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Abstract  
 
The study investigated factors associated with effectiveness of University-Based Rural Development Outreaches 
(UBRDOs) in Southwestern Nigeria. A total of 336 outreach beneficiaries were interviewed using interview schedule, in 
the two purposively selected UBRDOs using a multistage sampling procedure. Data collected were analysed using 
descriptive statistics and factor analysis. The mean age of the respondents was 52.4±15.8 years and 51.2 percent have 
been benefiting from UBRDOs for the past 10 years. A higher percentage (75.6%) got information about UBRDOs 
through their outreach’s personnel. Some of the activities facilitated by the outreach were workshop on income 
generating activities (100%) and linkage with collaborating agencies (100%). Many (55.16%) respondents indicated 
that the outreach was moderately effective. Factors associated with effectiveness of UBRDOs were socio economic 
related (λ = 1.9622), outreach personnel related (λ = 1.6744), institutional (UBRDOs) related (λ = 2.6458) and 
community related (λ = 0.9274) factors. The factors identified explained 83.50 percent of the variance in effectiveness 
of UBRDOs in Southwestern Nigeria. It is recommended that efforts and resources should be mobilized by the outreach 
administrators towards addressing the factors associated with effectiveness of UBRDOs.  
 
Key words: University-Based Outreaches, community leaders, capacity building, rural development, advisory services. 
 
INTRODUCTION  
 
The University-Based Rural Development 
Outreaches (UBRDOs) are borne out of the 
need for universities to fulfill their community 
engagement or community service 
responsibility to the immediate environment/ 
communities who host them. The outreaches 
were modeled after the Cooperative Extension 
System of the United States (Groark & McCall, 
2018; Ogunfiditimi & Ewuola, 1995) and 
tagged as part of the third role of the tripartite 
roles (teaching, research and community 
service) of universities. The outreach is 
anchored by Faculties/Colleges/Universities of 
Agriculture as the case may be. Although they 
have small area of coverage, nevertheless they 
are demand-driven, have in place highly 
technical staff, access to research reports of 
their academic departments, connections with 
research institutes and other development 
agencies. The outreach also put in place high 
quality services which are integrated in nature 
in implementing developmental programmes to 
selected rural communities and these 

developmental efforts are geared towards 
improving the livelihood of the rural dwellers. 
Some of the UBRDOs are: Integrated rural 
development programme (formally known as 
Isoya Project) of Obafemi Awolowo University 
Ile-Ife (OAU); Okpeju Project of University of 
Nigeria, Nsukka (UNN), Badeku Project of 
University of Ibadan and Kwara Project of 
Ahmadu Bello University (ABU), Zaria. In 
addition, all the universities of agriculture, that 
is Federal University of Agriculture Abeokuta 
(FUNAAB), Federal University of Agriculture 
Makurdi (FUAM) and Michael Okpara 
University of Agriculture Umudike (MOUAU) 
also have their own outreaches. 
Several authorities have carried out studies on 
UBRDOs. For instance, Madukwe et al. (2002) 
who studied analysis and comparison of the 
Agricultural Development Programme (ADP) 
and University agricultural technology transfer 
systems in Nigeria reported that the university 
had greater autonomy in agro-technology 
generation than the ADP. On technology 
transfer, the university grouped farmers and 
targeted them with programmes based on need 
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more than the ADP. ADP system had better 
knowledge of rural dynamics than the 
university system. The ADP had poor staff 
training facilities and provided inadequate 
training incentives to staff compared with the 
university which had better training facilities 
and provided competitive incentives to 
extension workers; Laogun et al. (2003) 
established that Isoya rural development 
programme has potential to boost food security 
in Nigeria; Adisa & Adeloye (2013) who 
examined the organization and management of 
farmers’ groups under Isoya rural development 
project reported that the benefits derived by the 
respondents as a result of the group were 
increased income, increased access to 
agricultural inputs and increased access to 
agricultural innovations in that rank order. 
Adeloye & Adisa (2015) studied gender-
sensitivity in the extension activities of 
UBRDOs in southwestern Nigeria concluded 
that there was higher interest in extension 
activities of UBRDOs among male farming 
youths than that of their female category; and 
Adeloye (2016) opined that UBRDOs in 
southwestern Nigeria were effective in the 
reduction of unemployment, diversification of 
livelihood activities, increase in income and 
improvement in living standard of the 
beneficiaries among others.  
While findings of some of the studies 
acknowledged the prospects and effectiveness 
of the programmes, none of the studies focused 
on factors associated with effectiveness of the 
programmes. Therefore, there is need to fill the 
existing gap of identifying factors associated 
with effectiveness of UBRDOs in the study 
area. It is against this backdrop that this study 
was set to isolate those factors that determine 
the effectiveness of UBRDOs in southwestern, 
Nigeria.   
The specific objectives of the study were to: 
i. describe the socio-demographic 

characteristics of the beneficiaries of 
UBRDOs; 

ii. identify rural development programmes 
facilitated by UBRDOs; 

iii. determine levels of effectiveness of 
UBRDOs; and  

iv. isolate factors associated with effectiveness 
of UBRDOs in the study area. 

 

MATERIALS AND METHODS   
 
The study was carried out in communities in 
South-Western Nigeria under the coverage of 
the UBRDOs, due to the fact that there is high 
concentration of the projects in the zone. A 
multi-stage sampling procedure was used to 
select respondents (outreach’s beneficiaries) for 
the study. At first stage, two UBRDOs were 
purposively selected from the zone based on 
full spring activities going on in the outreach 
communities. The outreaches selected were 
integrated rural development programme of 
OAU and Agricultural Media Resources and 
Extension Centre (AMREC) model villages’ 
development programme of FUNAAB 
covering 24 and 58 communities, respectively. 
The population for the study was a finite, that 
is, the population of UBRDOs’ beneficiaries in 
integrated rural development programme of 
OAU and AMREC was 1,028. Yamane (1967) 
provides a simplified formula to calculate the 
least sample sizes to be selected from finite 
population. This formula was used to calculate 
the least sample sizes thus:  
 A 95% confidence level and P = .5 was 
assumed. 

n = N / [1 + N (e)2] 
Where n is the sample size, N is the population 
size, and e is the level of precision.  
Therefore,  
       n = 1,028/[1+1,028(0.05)2] 
          = 1,028/3.57 
          = 288 
 
For more robust analysis, the sample size was 
increased to 336, at the second stage, using 
proportionate sampling technique, thirty-five 
per cent of the benefiting communities in each 
of the UBRDOs was selected making 28 
communities (20 and 8 communities from 
AMREC and integrated rural development 
programme of OAU, respectively). Finally, at 
third stage, a systematic random sampling 
technique, with a random start at an interval of 
two using beneficiaries’ register as sampling 
frame was used to select 336 beneficiaries (240 
and 96 beneficiaries from AMREC and 
integrated rural development programme of 
OAU, respectively) for the study. Data for this 
study was collected using interview schedule. 

Data collected were analysed using descriptive 
statistics and factor analysis respectively. 
Identification of rural development 
programmes facilitated by UBRDOs was 
measured by asking the beneficiaries to 
indicate the rural development programmes 
undertaken by the university in the last five 
years. A list of rural development programmes 
from pilot study and literature was made 
available. 
For the effectiveness of the outreach, the 
beneficiaries were asked to assess each 
determinant of UBRDOs’ effectiveness for the 
last five years. The response was on a 4-points 
scale from Excellent (4 points), Good (3 
points), Fair (2 points), and Poor (1 point). The 
minimum and maximum scores were 4 and 68, 
respectively.  
The total score per respondent was further 
classified into three levels of organisational 
effectiveness as follows: low, moderate and 
high organisational effectiveness using mean of 
total organisational effectiveness score plus and 
minus standard deviation. That is: high for 
scores above mean plus standard deviation; low 
for scores below mean minus standard 
deviation; and moderate for scores between the 
two. The names and photographs of the 
respondents were not taken to protect their 
privacy and anonymity right. 
Factor analysis was carried out to isolate the 
crucial and unique factors influencing the 
effectiveness of UBRDOs. The factors in each 
group were named based on the following 
criteria as employed by Farinde (1995). 
i. picking synonyms of the higher loaded 

variables on each factor; 
ii. joint explanation or interpretation of the 

highly loaded variables on each factor; and 
iii. retaining the name based on the similarity of 

the factors reposed in the variables 
contributive to the factors. 

In order to decide which factor to exclude, 
Kaiser’s criterion was employed which 
according to Koutosoyianus (1977) was to 
select those factors which have Eigen value 
of greater than 0.3. Data collected were 
analyzed using both descriptive and 
inferential statistics with Statistical Package 
for Social Sciences (SPSS) 20th Edition. 

 

RESULTS AND DISCUSSIONS  
 
Socio-demographic characteristics of the 
respondents  
Results in Table 1 reveal that the mean age of 
the respondents was 52.4±15.8 years. This 
implies that the respondents comprise people of 
active minds and bodies, which might be 
versatile in making use of production 
technologies disseminated to them by the 
outreach.  
More than half (52.3%) were male. This 
indicates that the outreaches were gender 
sensitive. Since only few (8.6%) were not 
having formal education; it implies that 
majority were literate. This contradicts the 
position of Olanrewaju (2014), aligned with the 
submissions of Soyebo (2005) and Alao (2010) 
that rural dwellers in Osun State were illiterate, 
this might be connected to their closeness to 
University which could upgrade their education 
status. The implication of this submission is 
that respondents are likely to be more receptive 
of innovations, improved practices and new 
ideas introduced to them. In addition, the result 
indicates that information about UBRDOs in 
the study area was mainly through outreach’s 
personnel (75.6%), community leaders (74.7%) 
and media (71.4%). Furthermore, all (100%) 
the respondents participated in the outreach to 
better their lot in life, this is a departure from 
previous reasons for participating in 
development outreaches (mere interest and 
leisure) as reported by Olujide & Adeogun 
(2006).  
Also the idea of anything coming from 
universities (69.8%) is authentic and laudable 
was strong in the study area. The average 
period of being outreaches’ beneficiaries was 
7.4±4.6 years. The result implies that the 
relative long years of participating in UBRDOs 
was part of evidences that the UBRDOs had 
imparted their lives positively.  
Identification of rural development 
programmes facilitated by the outreaches   
Results in Table 2 show that 33 rural 
development programmes facilitated by the 
outreaches in the study area, for the past five 
years, were identified by the respondents. 
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more than the ADP. ADP system had better 
knowledge of rural dynamics than the 
university system. The ADP had poor staff 
training facilities and provided inadequate 
training incentives to staff compared with the 
university which had better training facilities 
and provided competitive incentives to 
extension workers; Laogun et al. (2003) 
established that Isoya rural development 
programme has potential to boost food security 
in Nigeria; Adisa & Adeloye (2013) who 
examined the organization and management of 
farmers’ groups under Isoya rural development 
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improvement in living standard of the 
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area. It is against this backdrop that this study 
was set to isolate those factors that determine 
the effectiveness of UBRDOs in southwestern, 
Nigeria.   
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i. describe the socio-demographic 

characteristics of the beneficiaries of 
UBRDOs; 

ii. identify rural development programmes 
facilitated by UBRDOs; 

iii. determine levels of effectiveness of 
UBRDOs; and  

iv. isolate factors associated with effectiveness 
of UBRDOs in the study area. 

 

MATERIALS AND METHODS   
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the least sample sizes thus:  
 A 95% confidence level and P = .5 was 
assumed. 

n = N / [1 + N (e)2] 
Where n is the sample size, N is the population 
size, and e is the level of precision.  
Therefore,  
       n = 1,028/[1+1,028(0.05)2] 
          = 1,028/3.57 
          = 288 
 
For more robust analysis, the sample size was 
increased to 336, at the second stage, using 
proportionate sampling technique, thirty-five 
per cent of the benefiting communities in each 
of the UBRDOs was selected making 28 
communities (20 and 8 communities from 
AMREC and integrated rural development 
programme of OAU, respectively). Finally, at 
third stage, a systematic random sampling 
technique, with a random start at an interval of 
two using beneficiaries’ register as sampling 
frame was used to select 336 beneficiaries (240 
and 96 beneficiaries from AMREC and 
integrated rural development programme of 
OAU, respectively) for the study. Data for this 
study was collected using interview schedule. 

Data collected were analysed using descriptive 
statistics and factor analysis respectively. 
Identification of rural development 
programmes facilitated by UBRDOs was 
measured by asking the beneficiaries to 
indicate the rural development programmes 
undertaken by the university in the last five 
years. A list of rural development programmes 
from pilot study and literature was made 
available. 
For the effectiveness of the outreach, the 
beneficiaries were asked to assess each 
determinant of UBRDOs’ effectiveness for the 
last five years. The response was on a 4-points 
scale from Excellent (4 points), Good (3 
points), Fair (2 points), and Poor (1 point). The 
minimum and maximum scores were 4 and 68, 
respectively.  
The total score per respondent was further 
classified into three levels of organisational 
effectiveness as follows: low, moderate and 
high organisational effectiveness using mean of 
total organisational effectiveness score plus and 
minus standard deviation. That is: high for 
scores above mean plus standard deviation; low 
for scores below mean minus standard 
deviation; and moderate for scores between the 
two. The names and photographs of the 
respondents were not taken to protect their 
privacy and anonymity right. 
Factor analysis was carried out to isolate the 
crucial and unique factors influencing the 
effectiveness of UBRDOs. The factors in each 
group were named based on the following 
criteria as employed by Farinde (1995). 
i. picking synonyms of the higher loaded 

variables on each factor; 
ii. joint explanation or interpretation of the 

highly loaded variables on each factor; and 
iii. retaining the name based on the similarity of 

the factors reposed in the variables 
contributive to the factors. 

In order to decide which factor to exclude, 
Kaiser’s criterion was employed which 
according to Koutosoyianus (1977) was to 
select those factors which have Eigen value 
of greater than 0.3. Data collected were 
analyzed using both descriptive and 
inferential statistics with Statistical Package 
for Social Sciences (SPSS) 20th Edition. 

 

RESULTS AND DISCUSSIONS  
 
Socio-demographic characteristics of the 
respondents  
Results in Table 1 reveal that the mean age of 
the respondents was 52.4±15.8 years. This 
implies that the respondents comprise people of 
active minds and bodies, which might be 
versatile in making use of production 
technologies disseminated to them by the 
outreach.  
More than half (52.3%) were male. This 
indicates that the outreaches were gender 
sensitive. Since only few (8.6%) were not 
having formal education; it implies that 
majority were literate. This contradicts the 
position of Olanrewaju (2014), aligned with the 
submissions of Soyebo (2005) and Alao (2010) 
that rural dwellers in Osun State were illiterate, 
this might be connected to their closeness to 
University which could upgrade their education 
status. The implication of this submission is 
that respondents are likely to be more receptive 
of innovations, improved practices and new 
ideas introduced to them. In addition, the result 
indicates that information about UBRDOs in 
the study area was mainly through outreach’s 
personnel (75.6%), community leaders (74.7%) 
and media (71.4%). Furthermore, all (100%) 
the respondents participated in the outreach to 
better their lot in life, this is a departure from 
previous reasons for participating in 
development outreaches (mere interest and 
leisure) as reported by Olujide & Adeogun 
(2006).  
Also the idea of anything coming from 
universities (69.8%) is authentic and laudable 
was strong in the study area. The average 
period of being outreaches’ beneficiaries was 
7.4±4.6 years. The result implies that the 
relative long years of participating in UBRDOs 
was part of evidences that the UBRDOs had 
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Table 1. Socio-demographic characteristics of the respondents n = 336 
 

Variables Frequency Percentages Mean 
Age (years)    
Below 16 71 21.3 52.4±15.8 
16-35 108 32.1  
36-55 140 41.6  
Above 55 17 5.0  
Sex    
Male 176 52.3  
Female 160 47.7  
Membership of social group    
Yes 274 81.7  
No 62 38.3  
Nativity    
Indigene 245 72.9  
Non-indigene 91 27.1  
Ethnicity    
Yoruba 283 84.3  
Igbo 44 13.1  
Others 9 2.6  
Years of formal education    
No formal education 29 8.6  
1-6 68 20.2 9.3±3.9 
7-12 178 52.9  
Above 12 61 18.3  
*Sources of information about the projects    
Outreach’s personnel 254 75.6  
Neighbours 201 59.8  
Friends 132 39.3  
Community leaders 251 74.7  
Media 240 71.4  
*Reasons for participation in the projects    
To make ends meet 252 75.0  
Personal interest 203 60.4  
For leisure 84 25.0  
To better my lot in life 336 100.0  
Universities being the anchor 236 69.8  
How long have you been beneficiary of the projects 
(years)? 

   

Below 5 83 24.8  
5-10 172 51.2 7.4±4.6 
11-15 51 15.1  
Above 15 30 8.9  

*Multiple responses  
Source: Field survey, 2017        
 
It was also revealed that all the respondents 
indicated that the outreaches facilitated 
production inputs sourcing and procurement, 
workshop on storage, processing and utilisation 
of agricultural produce, workshop on income 
generating activities and linkage with 
collaborating agencies. Also, 98.5 and 88.1 
percent of the respondents indicated that the 
outreaches facilitated group and cooperatives 
formation programmes, respectively; while few 
(25.0%) of the project beneficiaries indicated 

that the outreaches undertook adult education, 
introduction of 4-H club in secondary schools, 
agriculture in secondary schools and vocational 
training in bead making. 
This finding implies that inputs sourcing and 
procurement, workshop on storage, processing 
and utilisation of agricultural produce, 
workshop on income generating activities 
linkage with collaborating agencies, group and 
cooperatives formation are the main rural 
development programmes facilitated by the 

outreaches in the study area. The finding was in 
agreement with AMREC (2017) that reported 
main programmes facilitated by FUNAAB 

outreach were workshop on income generating, 
linkage with collaborating agencies and 
cooperative formation. 

 
Table 2. Identification of rural development programmes facilitated by the outreaches n = 336 

N/S *Rural development programmes Frequency  Percentages   
1 Production inputs sourcing and procurement                                           336 100.0 
2 Workshop on storage, processing and utilisation of agric. produce          336 100.0 
3 Workshop on income generating activities                                                336 100.0 
4 Linkage with collaborating agencies                                                          336 100.0 
5 Group formation                                                                                        331 98.5 
6 Cooperatives formation 296 88.1 
7 Land utilization programme            286 85.1 
8 Distribution of soybeans thrashers to farmers                                            286 85.1 
9 Distribution of Hydraulic presses to cassava farmers                                274 82.1 
10 Agricultural programmes on media like radio                                            254 75.6 
11 Training on loan management 252 75.0 
12 Training on water purification with moringa  252 75.0 
13 Introduction of vitamin A fortified cassava                                             252 75.0 
14 Cassava: Adding Value to Africa (C:AVA)                                             240 71.4 
15 Workshop on personal cleanliness and hygiene                                         240 71.4 
16 Training on drug use, misuse and abuse                                                    240 71.4 
17 Workshop on fortification of food with moringa                                      237 70.5 
18 Workshop on aquatic management                                                           234 69.6 
19 Vocational training on hat making                                                           225 67.0 
20 Market price surveys and analysis 192 57.1 
21 Workshop on fortification of food with soybean                                      191 56.8 
22 Advisory services on bee-keeping  160 47.6 
23 Diagnostic survey                                                                                      177 52.7 
24 Workshop on parenting and marital stability                                             172 51.2 
25 Vocational training on rug making                                                            156 46.4 
26 Free medication like analgesics, haematinics                                            156 46.4 
27 Vocational training on liquid detergent making                                      141 42.0 
28 Distribution of knapsack sprayers to farmers                                             141 42.0 
29 Distribution of fermentation vat to farmers                                               111 33.0 
30 Vocational training on bead making                                                         84 25.0 
31 Adult literacy 84 25.0 
32 Agriculture in secondary school  84 25.0 
33 Introduction of 4-H club in secondary schools 84 25.0 

*Multiple responses  
Source: Field survey, 2017          
 
Levels of effectiveness of UBRDPs  
Results in Figure 1 show that 7.74 percent of 
the outreaches’ beneficiaries indicated that 
UBRDOs had a low effectiveness, 55.16 
percent indicated that it had a moderate 
effectiveness, while 37.1 percent indicated that 
it had high effectiveness. The effectiveness 

mean score was 58.7±7.5. The findings further 
reveal that majority (92.3%) of the 
beneficiaries indicated that UBRDOs were 
effective. This finding corroborates that of 
Burns (2007) and Cooper (2011) which stated 
that UBRDOs were effective.  
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percent indicated that it had a moderate 
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Figure 1. Pyramid chart showing distribution of respondents by levels of UBRDOs’ effectiveness 
Source: Field survey, 2017 

 
Factors associated with effectiveness of 
UBRDOs 
Results in Table 3 indicates that factors 
associated with effectiveness of UBRDOs in 
Southwestern Nigeria were socio-economic     

(λ = 2.6458), this pointed to the fact that the 
better and higher the socio economic status of 
the beneficiaries, the higher the likelihood that 
they are receptive to innovations introduced to 
them by UBRDOs.  

 
Table 3. Factor analysis showing variables associated with effectiveness of UBRDOs 

 Factors and contributing  variables  L L2 λ 
1 Socio-economic factor     
 Beneficiaries’ age 0.545 0.2970  
 Beneficiaries’ sex 0.561 0.3147  
 Years spent in formal education  0.621 0.3654 1.9622 
 Social group membership  0.723 0.5227  
 Years of benefiting  0.680 0.4624  
2 Outreach personnel’ factor     
 Integrity  0.582 0.3387  
 Commitment  0.393 0.1544  
 Desired technical skills 0.602 0.3624  
 Communication skills  0.440 0.1936 1.6744 
 Facilitation skills  0.543 0.2947  
 Organisation skills 0.575 0.3306  
3 Institutional (UBRDOs) factor    
 Accessibility to beneficiaries  0.440 0.1936  
 Organisational structure  0.618 0.3819  
 Availability of resources  0.637 0.4058 2.6458 
 Operational strategies  0.417 0.1739  
 Incentive for personnel  0.711 0.5055  
4 Community related factor    
 Community perception of UBRDOs 0.551 0.3036  
 Community psychological characteristics  0.550 0.3025 0.9274 
 Presence/absence of conflict  0.416 0.1731  
 Community infrastructure  0.385 0.1481  

Source: Field survey, 2017 
Significantly contributing at 0.05 percent 
L = Loading for factor, 
L2 = Square of loading factor 
λ = Latent root for the factor (ƩL2) 
 
The implication is that such beneficiaries, if 
convinced about the economic benefits of 
introduced innovation by UBRDOs might be 
handy in encouraging some other individuals 
too within same environment; outreach 

personnel’ (λ = 1.6744), this indicated that the 
better the projects’ personnel characteristics, 
the better equipped they are to give their best 
for the betterment of the beneficiaries; they are 
also the ultimate means by which all other 

resources needed by the projects are acquired. 
This corroborate the finding of Madukwe et al. 
(2002) which posited that university system 
appears to have more positive impact on the 
socio-economic characteristics, skills and 
commitment of personnel, thereby leading to 
retaining high quality development personnel, 
as it offers better conditions of service; 
institutional (UBRDOs) (λ = 1.8202), this 
implied that the more rational the 
organisational processes of UBRDOs, the more 
the effectiveness of the outreaches are 
enhanced. This agreed with the finding of 
IDRC (2006), Bragg (2001), and Archer-Kuhn 
& Grant (2014) which affirmed that processes 

within an institution are germane to the 
achievement of its objectives; and community 
related (λ = 0.7792), this indicated that the 
more amiable the community to innovation, the 
more the effectiveness of UBRDOs are 
enhanced. The finding confirmed that of 
Groark & McCall (2018), and Adisa (2001) 
that reported that influence participation of 
rural dwellers in rural/community development 
projects/activities in Osun State, Nigeria.  
The results in Table 4 reveal that the factors 
loaded explained 83.50 percent of variance, 
while unknown factors explained the remaining 
16.50 percent of variance.  

 
Table 4. Factor names and percentage variation accounted for by each factor associated with effectiveness of UBRDOs 

Factors  Name  % Variance  Comm. % var. 
1 Socio-economic 21.80 21.80 
2 Outreach’ personnel  19.20 41.00 
3 Institutional (UBRDOs) 32.20 73.20 
4 Community related  10.30 83.50 

Source: Field survey, 2017 
 
CONCLUSIONS 
 
Based on the findings of the study, it was 
concluded that majority of the outreaches’ 
beneficiaries were adults that have been 
participating for past 10 years. Some of the 
activities facilitated by the outreaches were 
workshop on income generating activities, 
linkage with collaborating agencies, groups and 
cooperatives formation, training on loan 
management and training on use, misuse and 
abuse of drugs among others. Socio-economic, 
outreach personnel, institutional and 
community factors among others are associated 
with effectiveness of UBRDOs. It is therefore 
recommended that efforts and resources should 
be mobilized by the outreach administrators 
towards the isolated factors associated with 
effectiveness of UBRDOs. 
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Figure 1. Pyramid chart showing distribution of respondents by levels of UBRDOs’ effectiveness 
Source: Field survey, 2017 

 
Factors associated with effectiveness of 
UBRDOs 
Results in Table 3 indicates that factors 
associated with effectiveness of UBRDOs in 
Southwestern Nigeria were socio-economic     

(λ = 2.6458), this pointed to the fact that the 
better and higher the socio economic status of 
the beneficiaries, the higher the likelihood that 
they are receptive to innovations introduced to 
them by UBRDOs.  

 
Table 3. Factor analysis showing variables associated with effectiveness of UBRDOs 

 Factors and contributing  variables  L L2 λ 
1 Socio-economic factor     
 Beneficiaries’ age 0.545 0.2970  
 Beneficiaries’ sex 0.561 0.3147  
 Years spent in formal education  0.621 0.3654 1.9622 
 Social group membership  0.723 0.5227  
 Years of benefiting  0.680 0.4624  
2 Outreach personnel’ factor     
 Integrity  0.582 0.3387  
 Commitment  0.393 0.1544  
 Desired technical skills 0.602 0.3624  
 Communication skills  0.440 0.1936 1.6744 
 Facilitation skills  0.543 0.2947  
 Organisation skills 0.575 0.3306  
3 Institutional (UBRDOs) factor    
 Accessibility to beneficiaries  0.440 0.1936  
 Organisational structure  0.618 0.3819  
 Availability of resources  0.637 0.4058 2.6458 
 Operational strategies  0.417 0.1739  
 Incentive for personnel  0.711 0.5055  
4 Community related factor    
 Community perception of UBRDOs 0.551 0.3036  
 Community psychological characteristics  0.550 0.3025 0.9274 
 Presence/absence of conflict  0.416 0.1731  
 Community infrastructure  0.385 0.1481  

Source: Field survey, 2017 
Significantly contributing at 0.05 percent 
L = Loading for factor, 
L2 = Square of loading factor 
λ = Latent root for the factor (ƩL2) 
 
The implication is that such beneficiaries, if 
convinced about the economic benefits of 
introduced innovation by UBRDOs might be 
handy in encouraging some other individuals 
too within same environment; outreach 

personnel’ (λ = 1.6744), this indicated that the 
better the projects’ personnel characteristics, 
the better equipped they are to give their best 
for the betterment of the beneficiaries; they are 
also the ultimate means by which all other 

resources needed by the projects are acquired. 
This corroborate the finding of Madukwe et al. 
(2002) which posited that university system 
appears to have more positive impact on the 
socio-economic characteristics, skills and 
commitment of personnel, thereby leading to 
retaining high quality development personnel, 
as it offers better conditions of service; 
institutional (UBRDOs) (λ = 1.8202), this 
implied that the more rational the 
organisational processes of UBRDOs, the more 
the effectiveness of the outreaches are 
enhanced. This agreed with the finding of 
IDRC (2006), Bragg (2001), and Archer-Kuhn 
& Grant (2014) which affirmed that processes 

within an institution are germane to the 
achievement of its objectives; and community 
related (λ = 0.7792), this indicated that the 
more amiable the community to innovation, the 
more the effectiveness of UBRDOs are 
enhanced. The finding confirmed that of 
Groark & McCall (2018), and Adisa (2001) 
that reported that influence participation of 
rural dwellers in rural/community development 
projects/activities in Osun State, Nigeria.  
The results in Table 4 reveal that the factors 
loaded explained 83.50 percent of variance, 
while unknown factors explained the remaining 
16.50 percent of variance.  

 
Table 4. Factor names and percentage variation accounted for by each factor associated with effectiveness of UBRDOs 

Factors  Name  % Variance  Comm. % var. 
1 Socio-economic 21.80 21.80 
2 Outreach’ personnel  19.20 41.00 
3 Institutional (UBRDOs) 32.20 73.20 
4 Community related  10.30 83.50 

Source: Field survey, 2017 
 
CONCLUSIONS 
 
Based on the findings of the study, it was 
concluded that majority of the outreaches’ 
beneficiaries were adults that have been 
participating for past 10 years. Some of the 
activities facilitated by the outreaches were 
workshop on income generating activities, 
linkage with collaborating agencies, groups and 
cooperatives formation, training on loan 
management and training on use, misuse and 
abuse of drugs among others. Socio-economic, 
outreach personnel, institutional and 
community factors among others are associated 
with effectiveness of UBRDOs. It is therefore 
recommended that efforts and resources should 
be mobilized by the outreach administrators 
towards the isolated factors associated with 
effectiveness of UBRDOs. 

 
REFERENCES 
  
Adeloye, K.A. (2016). Assessment of the Effectiveness 

of University-Based Rural Development Projects in 
Southwestern Nigeria. A Ph.D. Thesis in Department 
of Agricultural Extension and Rural Development, 
Obafemi Awolowo University, Ile-Ife, Nigeria. 

Adeloye, K.A., Adisa, B.O. (2015). Gender-Sensitivity 
in the Extension Activities of University-Based Rural 
Development Projects in Southwestern Nigeria: 

Implication for Farm Youths’ Interest in Agriculture. 
Annals of child and youth studies, 6(1): 98-107.  

Adisa, B.O. (2001). Participation of Community Based 
Organisations in Rural Development Projects in Osun 
State Nigeria. An Unpublished Ph.D. Thesis, 
Department of Agricultural Extension and Rural 
Development, Obafemi Awolowo University, Ile-Ife, 
Nigeria, 78-89. 

Adisa, B.O., Adeloye, K.A. (2013). Organisation and 
Management of Farmer’s Groups under University 
Based Integrated Rural Development Project of 
Obafemi Awolowo University, Ile-Ife Nigeria. 
American-Eurasian Journal of Agriculture and 
Environmental Sciences, 13(6): 791-796. 

Alao, O.T. (2010). Assessment of Socio-cultural Factors 
Influencing the Under-cultivation of Selected Locally 
Available Trees and Spices in Osun State, Nigeria. 
An Unpublished Ph.D. Thesis, Department of 
Agricultural Extension and Rural Development 
Obafemi Awolowo University, Ile Ife, Nigeria. 

Arcger-Kuhn, B. and Grant, J. (2014). Challenging 
Contextual Factors in University- Community 
Partnerships. Journal of Community Engagement and 
Scholarship, 7(2), 40-49. 

Bragg, T. (2001). Three Ways to Deal with Conflict in 
Organisations. Available at: http://www. 
terrybragg.com/Article_OrganisationalConflict.htm 
(Accessed on 7 July 2018). 

Burns, D. (2007). Systemic action research: A Strategy 
for whole system change. Bristol, UK: Policy Press.  

Cooper, D. (2011). The University in development:Case 
studies of use-oriented research. Capetown, South 
Africa: HSRC Press. 

Farinde, A.J. (1995). Factors Associated with the 
Effectiveness of the Training and Visit Extension 



18

System of the Lagos State Agricultural Development 
Programme, Nigeria. An Unpublished Ph.D. Thesis. 
Department of Agricultural Extension and Rural 
Development, Obafemi Awolowo University, Ile-Ife, 
pp. 313. 

Groark, C.J. and McCall, R.B. (2018). Lessons learned 
from 30 years of University- Community 
Engagement Centre. Journal of Higher Education 
Outreach and Engagement, 22(2), 7-31.  

Koutosoyianus, A. (1977). Theory of Econometrics: An 
Introductory Exposition to Econometric Methods. 2nd 
ed. London Tokyo Macmillan Press Ltd., 425-436. 

Laogun, E.A., Olayinka, A., Olubunmi, P., Alimi, T., 
Farinde, A.J. and Amujoyegbe, A. (2003). Isoya 
Agricultural Extension and Food Security in Nigeria. 
Carnegie Foundation Publication, New York. 

Madukwe, M.C., Okoli E.C. and Eze S.O. (2002). 
Analysis and Comparison of the Agricultural 
Development Programme and University 
Agricultural Technology Transfer Systems in 
Nigeria. African Technology Policy Studies Network 
Working Paper. 

Ogunfidititimi, T.O. and Ewuola, S.O. (1995). The 
Synthesis of Comparative Agricultural Extension 
Systems. Emuni Press Ltd., Ibadan, Nigeria, pp. 87. 

Olanrewaju, K.O. (2014). Assessment of Traditional 
Communication Methods Used in Information 
Dissemination amongst Farmers in Osun State, 
Nigeria. An Unpublished M. Sc. Thesis, Department 
of Agricultural Extension and Rural Development, 
Obafemi Awolowo University, Ile Ife, Nigeria. 

Olujide, M.G. and Adeogun, S.O. (2006). Assessment of 
Cocoa growers’ Farm Management Practices in Ondo 
State, Nigeria. Spanish Journal of Agricultural 
Research, 4(2), 173-179. 

Soyebo, K.O. (2005). Rural Households Resources 
Management in Osun State, Nigeria. Unpublished 
Ph.D. Thesis, Department of Agricultural Extension 
and Rural Sociology, Obafemi Awolowo University, 
Ile Ife, Nigeria. 

Yamane, T. (1967). Statistics: An Introductory Analysis. 
2nd Ed., New York: Harper and Row. 

***Agricultural Media Resources and Extension Centreb 
(AMREC) (2017). AMREC Annual report from 
January-December 2014, University of Agriculture, 
Abeokuta, 7-10. 

***International Development Research Centre (IDRC) 
(2006). Institutional Assessment, Available at: 
http://www.idrc.ca/en/ev-28362-201-1-
DO_TOPIC.html (Accessed on 8 July 2017).   

 
 

 
ANALYSIS OF THE TECHNICAL CHARACTERISTICS  

OF THE DRAINAGE NETWORK ON THE ARABLE LAND  
OF THE ROTOPĂNEŞTI-RĂDĂŞENI-FÎNTÎNA MARE SYSTEM  

IN SUCEAVA COUNTY 
 

Minodora AILENEI (RADU)1, Oprea RADU1, Daniel CUREA2, Daniel BUCUR1 
 

1University of Agricultural Sciences and Veterinary Medicine “Ion Ionescu de la Brad” of Iasi,  
3 Mihail Sadoveanu Alley, Iasi, Romania 

2Office for Pedological and Agrochemical Studies, 3 Dumbrava Rosie Street, Iasi, Romania 
 

Corresponding author email: aminodora2004@yahoo.com 
 
Abstract 
 
Any changes to the technical components of the drainage network and the efficient removal of excess water are highly 
dependent on both the manner in which the prepared surfaces are used, either in bulk or in individual plots, and their 
use class. This paper tackles the operational behaviour of the drainage network after 40 years of use on arable land. 
Our research has revealed that the banks of the higher rank ditches have eroded and their bottom has clogged, which 
has reduced their flow section by 15% on the average. This diminution does not hinder the capture, flow and discharge 
of collected waters. The absence of any maintenance works has allowed woody and hygrophilous vegetation to grow, 
which reduces the water flow rate, increases alluvial sediments and clogs the discharges holes of the drains. In the 
lower rank ditches on the drained surfaces, the 0.40-0.70 m thick alluvial sediments have led to the complete plugging 
of the discharge holes of the plastic drains. The use of land as individual plots has accelerated the decommissioning of 
lower rank ditches, which served only for draining the land and which were then released for agricultural use. 
 
Key words: bank erosion, clogging, drainage ditches, excess humidity, geometric and hydraulic parameters. 
 
INTRODUCTION  
 
Over 50% of the surface and subsurface 
drainage systems worldwide require some sort 
of rehabilitation (Schultz & De Wrachien, 
2002). 
Drainage ditches were originally designed to 
remove excess water and to prevent soil erosion 
on agricultural land. The operation of these 
ditches at the originally designed standards is 
highly dependent on the frequency and quality 
of the maintenance works conducted. 
Maintenance works, including ditch 
unclogging, should be carried out when the 
nutritional loads are expected to be low, thus 
reducing any potential impact on water quality 
(Smith & Pappas, 2007).  
Dollinger et al. (2017) argued that properly 
maintained ditches improve hydraulic capacity 
of up to 3 times, yet have a negative impact on 
the herbicide retention functions and 
biodiversity preservation.  
The two-stage ditch design demonstrates an 
increase in river stability, facilitates sediment 

deposition and creates important habitat 
characteristics. This management approach 
may be a viable option for addressing erosion 
issues, sediment imbalance and poor habitats in 
the surface and subsurface drainage systems. 
Thus, the low water reserve and the improved 
hydrological efficiency of the artificial 
agricultural drainage seem to enhance the 
response of the water flow to the increase of 
rainfall (Dunn et al., 2016; Hodaj et al., 2017; 
Kelly et al., 2017; Krider et al., 2017; Kalcic et 
al., 2018). 
 
MATERIALS AND METHODS 
 
The Rotopăneşti-Rădăşeni-Fîntîna Mare 
surface and subsurface drainage system is 
located on the left side of the Moldova River 
watershed, being 5 km wide and 15 km long 
(Figure 1). 
The system includes the flood plain and 
terraces of the Moldova River, as well as of its 
tributary streams Şomuzul Băii and Şomuzel. 
The hydrographic network includes the 
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Any changes to the technical components of the drainage network and the efficient removal of excess water are highly 
dependent on both the manner in which the prepared surfaces are used, either in bulk or in individual plots, and their 
use class. This paper tackles the operational behaviour of the drainage network after 40 years of use on arable land. 
Our research has revealed that the banks of the higher rank ditches have eroded and their bottom has clogged, which 
has reduced their flow section by 15% on the average. This diminution does not hinder the capture, flow and discharge 
of collected waters. The absence of any maintenance works has allowed woody and hygrophilous vegetation to grow, 
which reduces the water flow rate, increases alluvial sediments and clogs the discharges holes of the drains. In the 
lower rank ditches on the drained surfaces, the 0.40-0.70 m thick alluvial sediments have led to the complete plugging 
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INTRODUCTION  
 
Over 50% of the surface and subsurface 
drainage systems worldwide require some sort 
of rehabilitation (Schultz & De Wrachien, 
2002). 
Drainage ditches were originally designed to 
remove excess water and to prevent soil erosion 
on agricultural land. The operation of these 
ditches at the originally designed standards is 
highly dependent on the frequency and quality 
of the maintenance works conducted. 
Maintenance works, including ditch 
unclogging, should be carried out when the 
nutritional loads are expected to be low, thus 
reducing any potential impact on water quality 
(Smith & Pappas, 2007).  
Dollinger et al. (2017) argued that properly 
maintained ditches improve hydraulic capacity 
of up to 3 times, yet have a negative impact on 
the herbicide retention functions and 
biodiversity preservation.  
The two-stage ditch design demonstrates an 
increase in river stability, facilitates sediment 

deposition and creates important habitat 
characteristics. This management approach 
may be a viable option for addressing erosion 
issues, sediment imbalance and poor habitats in 
the surface and subsurface drainage systems. 
Thus, the low water reserve and the improved 
hydrological efficiency of the artificial 
agricultural drainage seem to enhance the 
response of the water flow to the increase of 
rainfall (Dunn et al., 2016; Hodaj et al., 2017; 
Kelly et al., 2017; Krider et al., 2017; Kalcic et 
al., 2018). 
 
MATERIALS AND METHODS 
 
The Rotopăneşti-Rădăşeni-Fîntîna Mare 
surface and subsurface drainage system is 
located on the left side of the Moldova River 
watershed, being 5 km wide and 15 km long 
(Figure 1). 
The system includes the flood plain and 
terraces of the Moldova River, as well as of its 
tributary streams Şomuzul Băii and Şomuzel. 
The hydrographic network includes the 
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Şomuzul Băii and Şomuzel brook, which cuts 
the Rădăşeni-Fîntîna Mare-Baia area in two and 
has a shallow waterbed, only 0.30-0.60 m deep 
and in some sections it even flows on the 
surface of the land. This has always been a 
cause of excess humidity on heavy rainfall, 

which has caused the flooding of neighbouring 
agricultural land (Radu et al., 2017).  
The first preparation works were done in 1959-
1960 and included regulation works on the 
Şomuzul Băii, Şomuzel brook and the drainage 
of an area of 1697 ha. 

 

 
 

Figure 1. Location of the Rotopăneşti-Rădăşeni-Fîntîna Mare Surface and Subsurface Drainage System 

 
Additional works to the existing ones, new 
surface and subsurface drainage works and 
rehabilitation works on the main collecting 
drains were done between 1978 and 1980, in 
order to improve the removal of excess water 
from rainfall and the phreatic zone. To this end, 
drainage works were carried out on an area of 
5527 ha, of which 1806 ha were prepared by 
underground drainage works. 
The preparation works, both the additional ones 
and the newly designed ones, materialized in a 
systematic network of drainage and discharge 
ditches. The ditches are 300-400 m apart and 
their total length is 168.10 km, which also 
includes the regulation-drainage network. The 

drainage ditches were designed with a 
trapezoid cross section and a 1.25 slope 
coefficient. The Şomuzel and Şomuzul Băii 
brooks were regulated, with slope inclinations 
of 1:1.5 and 1:2.0, respectively.  
The sizing of higher rank ditches was done by 
telescopic means, considering the slope and 
outflow of the component sections. From the 
hydraulic point of view, the ditch cross sections 
were designed so as to allow maximum 
outflows of 5% and of 10% for the Şomuzul 
Băii and Şomuzel brooks, respectively. The 
drainage outflow was not considered, as the 
maximum outflows were not thought to be 
concomitant. 

 

 
The best use was made of the depression areas 
(furrows and valleys) and of the existing 
network, when designing the network of main 
and secondary collecting ditches. 
In order to determine the changes of the 
geometric and hydraulic parameters of the ditch 
network after a 40-year operation, topographic 
measurements were carried out with a ROVER 
STONEX S7-G GPS. The collected data were 
processed in Auto-CAD Map 3D 2014. 
The cartographic data were collected and 
processed with TNTmips v.6.9 and QGIS 
software. An important step in spatial modelling 
was the development of the Digital Land Model 
(DLM) by vectoring the contours and elevations 
on topographic maps at a 1:25 000 scale.   
 
RESULTS AND DISCUSSIONS 
 
The drainage system was designed to be 
operated on drainage sections. Following land 
repossessing according to the Land Fund Law 
no. 18/1991, most of the prepared surface was 
used as individual plots of land, and some 
surfaces changed their use class. 

Depending on the operation of the prepared 
surfaces on which drainage-drying works were 
performed and on the frequency of current and 
periodic maintenance works, changes in the 
geometric and hydraulic parameters of the ditch 
network may occur, due to bank erosion and 
clogging of the bottom of the ditches. 
The actual drainage ditch network of the 
Rotopăneşti-Rădăşeni-Fîntîna Mare system 
includes main ditches, secondary ditches, 
section ditches and belt canals. 
In the cross section performed on the main 
Şomuzel collecting ditch dug on arable land, no 
significant changes of the geometric and 
hydraulic parameters were found after 40 years 
of operation (Figure 2). 
On that section, the clogging of the Şomuzel 
ditch was about 0.45 m, which decreased the 
depth of the canal from 2.60 m to 2.15 m. This 
clogging has led to the widening of the bottom 
of the ditch from 1.00 m to 2.20 m. During its 
operation there was an erosion of the bank 
which increased the ditch opening from 8.50 m 
to 8.80 m. 

 

 
Figure 2. Cross section of the main Şomuzel collecting ditch 

 
We also found an erosion of the bank and 
clogging of the bottom of the secondary 
collecting ditches. The cross section of a 
secondary collecting ditch (Figure 3), which 
drains an area of about 380 ha, revealed it was 
also clogged, its depth being reduced from 1.90 
m to 1.50 m, which led to the widening of the 
bottom of the ditch from 0.60 m to 1.58 m. The 

opening of the collecting ditch increased from 
5.80 m to 6.37 m also due to bank erosion. 
Figures 2 and 3 show more significant bank 
erosion on the left side of the ditches, because, 
on the sections where the cross sections were 
made, the surface served by the ditches has a 
greater incline than the opposite side, where the 
land is relatively flat. 
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also clogged, its depth being reduced from 1.90 
m to 1.50 m, which led to the widening of the 
bottom of the ditch from 0.60 m to 1.58 m. The 

opening of the collecting ditch increased from 
5.80 m to 6.37 m also due to bank erosion. 
Figures 2 and 3 show more significant bank 
erosion on the left side of the ditches, because, 
on the sections where the cross sections were 
made, the surface served by the ditches has a 
greater incline than the opposite side, where the 
land is relatively flat. 
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Figure 3. Cross section of a secondary collecting ditch 

 
The 1.5-2.0 m deep belt canals dug at about 20-
50 m of the foot of the slopes, the role of which 
was to protect the prepared surface from the 
water flowing from the higher neighbouring 
areas, were generally more clogged, the 
clogging running from 0.40 to 0.70 m. 
The cross section of a belt canal (Figure 4), the 
initial depth of which was 1.90 m, revealed 

more significant clogging on the left side, i.e. 
0.75 m, compared to the right side of the canal 
(0.60 m). The more significant clogging and 
bank erosion on the left side are probably due 
to the water flowing from the higher 
neighbouring areas. 

 

 
Figure 4. Cross section of a belt canal 

 
Field observations, measurements and analysis 
of the cross sections of higher rank ditches 
revealed an average 15% decrease of the flow 
section. 
The changes of the geometric and hydraulic 
parameters of most higher rank ditches during 
the 40 years of operation and existence of the 
Rotopăneşti-Rădăşeni-Fîntîna Mare system 
should not significantly hinder water collection, 
flow and discharge from the prepared area. 
However, the failure to carry out current 

maintenance works has, over time, led to the 
occurrence of genuine riverside coppices by the 
ditches. 
The trunks of the trees on the ditches act as 
dams and reduce water flow speed by retaining 
plant debris and other materials brought by 
high waters. Water flow speed reduction 
contributed to alluvial sediments build-up and 
hygrophilousvegetation development, thus 
gradually clogging the discharge holes of the 
collecting and plastic drains (Figure 5). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Current condition of higher rank drainage ditches and discharge holes 

 
Lower rank ditches fall into two categories: 
ditches collecting the water discharged from 
the plastic drains and drainage only ditches. 
Following the observations and measurements 
performed on 1.30-1.60m-deep lower rank 
ditches, which were designed to collect the 
water discharged by plastic drains, we found 
that their 0.40-0.70 m deep clogging usually 
completely plugged the discharge holes of the 
plastic drains. 
Figure 6 shows a cross section of a section 
collecting ditch designed to collect the water 
discharged by plastic drains, which was 
initially 1.40 m deep and 0.40 m wide (at the 
bottom), and had a 3.60 m opening.  
The measurements performed after 40 years of 
operation revealed ditch clogging by about 0.50 
m. The 20% diminution of the flow section of 
this ditch due to clogging does not significantly 
hinder water passage and discharge. It did 
however cause the clogging of the discharge 
holes of plastic drains. This clogging has 
repercussions on excess water discharge, which 
in its turn causes delays in the agricultural 
works that need to be done, all having a 
negative effect on the yields obtained. 

The more significant clogging of these ditches 
is due to their small initial section and low 
outflow, which cannot carry any alluvia. 
Another important role in the high clogging 
rate of these ditches was played by the 
occasional plugging of the ditches to allow 
access to individual plots of land and to allow 
storage of plant debris. 
Drainage-only lower rank ditches, which were 
designed and dug at a smaller scale (0.90-1.10 
m deep and 0.40 m wide at the bottom, on the 
average), along contour lines, have been 
completely taken out of use. These ditches 
were covered with earth and used as farmland 
either on sections, or separately. The existence 
and direction of these ditches were not 
considered on land repossessing according to 
the Land Fund Law no. 18/1991, which usually 
occurred on the former locations. In order to 
facilitate land ploughing on individual plots, 
repossessed land owners turned these ditches 
into arable land by covering them with earth or 
successive ploughing. The remaining ditch 
sections are clogged and have a role of small-
scale topographic depression (Figure 7), which 
facilitates tree and hygrophilous vegetation 
growing. 
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Figure 6. Cross section of a section collecting ditch in which plastic drains are discharged 

 

 
 

Figure 7. Cross section of a drainage section collecting ditch 

 
In order to efficiently discharge excess water 
through higher rank ditches, it is recommended 
that the discharge holes of the plastic drains be 
unclogged, and that woody vegetation and 
hygrophilous vegetation be removed. Lower 
rank ditches, which are designed to collect the 
water discharged by the plastic drains, should 

also be unclogged and their section should be 
restored.  
The discharge holes of the drains should be 
rebuilt on both the lower and upper rank 
ditches. Excavation deposits should be used to 
cover the micro-depressions formed on the 
prepared surface, as a result of the use of land 
on individual plots.    

 
CONCLUSIONS  
 
After 40 years of operation, the changes of the 
geometric parameters of the higher rank 
drainage ditches of the Rotopăneşti-Rădăşeni-
Fîntîna Mare surface and subsurface drainage 
system, built on arable land, reduce the flow 
section by 15%, on the average. 
The clogging and bank erosion phenomena 
affecting higher rank ditches do not hinder 
excess water collection, passage and discharge. 
The bushes and hygrophilous vegetation 
growing in the ditches reduce water flow speed 
and facilitate alluvial sediment deposition and 
discharge hole clogging. 
The 0.40-0.70 m-thick alluvial deposits in the 
lower rank ditches draining the prepared 
surfaces have completely plugged the discharge 
holes of plastic drains. 
Given the private ownership of land and land 
use on individual plots, drainage-only lower 
rank ditches have been completely taken out of 
use and included in the farmland and/or 
clogged. The small-scale topographic 
depression facilitated tree and hygrophilous 
vegetation growing.  
After 40 years of their development, higher 
rank ditches need their woody vegetation to be 
removed and the discharge holes of their plastic 
and collecting drains to be unclogged. 
Lower rank ditches on the drained surfaces also 
need unclogging and restoration of their cross 
section, unclogging of the discharge holes of 
their plastic drains and removal of their woody 
vegetation. 
After these works have been carried out, 
current maintenance works must be rigorously 
performed in order to ensure effective excess 
water removal, according to the set technical 
parameters. 
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Abstract  
 
Grasses serve as the primary food source for most of the herbivorous but generally grasses are considered as weeds of 
open fields. The present study aimed to quantify and compare the mineral and proximate composition from the dry leaf 
powder of five weedy grasses, namely Apluda mutica, Bothriochloa pertusa, Chloris barbata, Paspalidium flavidum 
and Stenotaphrum dimidiatum. Among the five weedy grasses, it has been found that Apluda mutica possess high fodder 
potential because of its highest amount of calcium (53.60 mg/100 g), sodium (123.60 mg/100 g), crude lipid (5.48%) 
and caloric value (354.84 kcal/100 g) compared to other grasses. Stenotaphrum dimidiatum shows highest crude 
protein (39.97%) and highest amount of carbohydrate is reported in Paspalidium flavidum (58.87%). A reasonable 
amount of macro and micro nutrients, total ash, moisture content, crude protein, crude lipid, carbohydrates, crude 
fibre, and caloric value were also observed in other grasses respectively. The present investigation provides a scientific 
data for utilisation of the weedy grass as fodder based on the nutritional and biochemical assessments.  
 
Key words: fodder, mineral, nutrient, weedy grass, proximate analysis. 
 
INTRODUCTION 
 
Grasses are mostly C4 plants which contain 
most wide-ranging, much required and familiar 
component of range vegetation particularly in 
extreme climates of the range areas. Grasses 
are cosmopolitan in nature, better in taste, fast 
digestibility and high nutritive value than 
shrubs and trees (Quraishi, 1999). They can be 
best choice for fodder purposes due to the 
above-mentioned properties (Manzoor et al., 
2013). Khan et al. (2013) reported that grasses 
offer a potential alternative forage source for 
ruminants in tropical countries, especially in 
slump periods when quantity and quality of 
fodder are in limited. Wild grasses have a 
significant role in feeding grazing livestock in 
pastures, rangelands, plains as well as mountain 
ecosystems. The health and performance of 
cattle depends on the availability and 
concentration of nutrients and mineral elements 
present in these grasses. Grasses provide feed 
to about 53% of the total fodder to the 
ruminants (Ukanwoko & Igwe, 2012). 
The increase in demand of fodder species to fill 
the gap between fodder availability and 
consumption needs alternative forage 

resources. The current fodder crops are unable 
to meet the demand in many tropical and 
subtropical countries. Traditionally, only a few 
plants species are used for fodder purposes and 
almost no data is available about the proximate 
and mineral analysis of most of the plants 
(Ukanwoko & Igwe, 2012). The information on 
mineral and nutrition composition will provide 
a baseline to uses these species to feed 
livestock. Amount and quality of nutrients of 
fodder available to animals are important in 
determination animals' productivity and 
growth. 90% of the dry weight (DW) of a diet 
is composed of carbohydrates, fats and proteins 
(Hussain & Durrani, 2009). 
Worldwide, approximately 11,000 to 13,000 
species of grasses have been reported with 800 
genera (Mall & Tripathi, 2016). They can 
highly proliferate in nature and the main reason 
for their survival and spread is their structure 
and shape. The grasses in India serve as food 
source for more than 470 million of livestock. 
Nearly one-third of Indian grasses considered 
to have fodder value. Fodder grasses are a rich 
source of protein and energy for the livestock 
(Dayanandan, 1994). Due to its adaptive 
capacity, it can be explored further in 

 

economic, ecological and therapeutically 
aspect. Grasses are generally rich in vitamins 
and minerals and they also contain secondary 
metabolites such as alkaloids, tannins, 
flavonoids, phenols, saponins, cardiac 
glycosides, steroids and many other 
phytochemicals (Babu & Savithramma, 2013). 
Minerals and secondary metabolites are a very 
important component of any living body. Plants 
and animals need minerals for their proper 
growth and development. Plants obtain macro 
and micro nutrients from water and soil. 
Humans and herbivores obtain some minerals 
by consuming the plants. Understanding the 
nutrients present in the plant samples will help 
us to indirectly find out the amount of nutrients 
which will be available to the cattle or other 
domesticated animals which feed on these 
fodder grasses (Bradshaw, 1962; Paudel et al., 
2019). 
A brief description of the grasses based on the 
following scientific literatures such as Bor 
(1960), Mayuranathan (1994), Karthikeyan 
(2005), and Kabeer and Nair (2009) are 
provided below.  
Apluda mutica L. named as Mauritian grass is a 
perennial belonging to the tribe 
Andropogoneae. It is commonly seen in the 
plains. The culms will grow up to 2 m tall; leaf 
blade is linear to lanceate; spathes are boat 
shaped; spikelets are sessile, awned or 
unawned; the lower glume is keeled, upper 
glume boat shaped; grains are oblong. 
Flowering and fruiting season are from 
September to March. It is considered as a good 
fodder grass and the young shoots are readily 
eaten by cattle. It also forms the large part of 
the undergrowth in forests (Figure 1). 
 

 
Figure 1. Habit of Apluda mutica 

Bothriochloa pertusa (L.) A. Camus is also 
called as sour grass belonging to the tribe 
Andropogoneae found along roadsides, field 
bunds and on slopes of foot hills. It is a 
perennial herb with culms up to 80 cm tall; leaf 
blade is linear; panicles are 8 cm long; 
inflorescence is a raceme 3 to 8, subdigitate, 
sessile and pedicelled spikelets; the grains are 
oblong and flowering and fruiting season is 
from September to March. This grass also is 
known for its fodder value (Figure 2). 
 

 
Figure 2. Habit of Bothriochloa pertusa 

 
Chloris barbata Sw. is also known as Swollen 
finger grass belonging to the tribe 
Cynodonteae. It is commonly seen in disturbed 
sites, waste areas and in pastures as a weed of 
open grounds. It is a perennial herb with culms 
up to 60 cm tall; leaf blade is linear; 
inflorescene is a spike; spikelets are 2 to 6 mm 
long, 2-seriate; grains are subtrigonous. 
Flowering and fruiting season extends 
throughout the year (Figure 3). 
 

 
Figure 3. Habit of Chloris barbata 
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slump periods when quantity and quality of 
fodder are in limited. Wild grasses have a 
significant role in feeding grazing livestock in 
pastures, rangelands, plains as well as mountain 
ecosystems. The health and performance of 
cattle depends on the availability and 
concentration of nutrients and mineral elements 
present in these grasses. Grasses provide feed 
to about 53% of the total fodder to the 
ruminants (Ukanwoko & Igwe, 2012). 
The increase in demand of fodder species to fill 
the gap between fodder availability and 
consumption needs alternative forage 

resources. The current fodder crops are unable 
to meet the demand in many tropical and 
subtropical countries. Traditionally, only a few 
plants species are used for fodder purposes and 
almost no data is available about the proximate 
and mineral analysis of most of the plants 
(Ukanwoko & Igwe, 2012). The information on 
mineral and nutrition composition will provide 
a baseline to uses these species to feed 
livestock. Amount and quality of nutrients of 
fodder available to animals are important in 
determination animals' productivity and 
growth. 90% of the dry weight (DW) of a diet 
is composed of carbohydrates, fats and proteins 
(Hussain & Durrani, 2009). 
Worldwide, approximately 11,000 to 13,000 
species of grasses have been reported with 800 
genera (Mall & Tripathi, 2016). They can 
highly proliferate in nature and the main reason 
for their survival and spread is their structure 
and shape. The grasses in India serve as food 
source for more than 470 million of livestock. 
Nearly one-third of Indian grasses considered 
to have fodder value. Fodder grasses are a rich 
source of protein and energy for the livestock 
(Dayanandan, 1994). Due to its adaptive 
capacity, it can be explored further in 

 

economic, ecological and therapeutically 
aspect. Grasses are generally rich in vitamins 
and minerals and they also contain secondary 
metabolites such as alkaloids, tannins, 
flavonoids, phenols, saponins, cardiac 
glycosides, steroids and many other 
phytochemicals (Babu & Savithramma, 2013). 
Minerals and secondary metabolites are a very 
important component of any living body. Plants 
and animals need minerals for their proper 
growth and development. Plants obtain macro 
and micro nutrients from water and soil. 
Humans and herbivores obtain some minerals 
by consuming the plants. Understanding the 
nutrients present in the plant samples will help 
us to indirectly find out the amount of nutrients 
which will be available to the cattle or other 
domesticated animals which feed on these 
fodder grasses (Bradshaw, 1962; Paudel et al., 
2019). 
A brief description of the grasses based on the 
following scientific literatures such as Bor 
(1960), Mayuranathan (1994), Karthikeyan 
(2005), and Kabeer and Nair (2009) are 
provided below.  
Apluda mutica L. named as Mauritian grass is a 
perennial belonging to the tribe 
Andropogoneae. It is commonly seen in the 
plains. The culms will grow up to 2 m tall; leaf 
blade is linear to lanceate; spathes are boat 
shaped; spikelets are sessile, awned or 
unawned; the lower glume is keeled, upper 
glume boat shaped; grains are oblong. 
Flowering and fruiting season are from 
September to March. It is considered as a good 
fodder grass and the young shoots are readily 
eaten by cattle. It also forms the large part of 
the undergrowth in forests (Figure 1). 
 

 
Figure 1. Habit of Apluda mutica 

Bothriochloa pertusa (L.) A. Camus is also 
called as sour grass belonging to the tribe 
Andropogoneae found along roadsides, field 
bunds and on slopes of foot hills. It is a 
perennial herb with culms up to 80 cm tall; leaf 
blade is linear; panicles are 8 cm long; 
inflorescence is a raceme 3 to 8, subdigitate, 
sessile and pedicelled spikelets; the grains are 
oblong and flowering and fruiting season is 
from September to March. This grass also is 
known for its fodder value (Figure 2). 
 

 
Figure 2. Habit of Bothriochloa pertusa 

 
Chloris barbata Sw. is also known as Swollen 
finger grass belonging to the tribe 
Cynodonteae. It is commonly seen in disturbed 
sites, waste areas and in pastures as a weed of 
open grounds. It is a perennial herb with culms 
up to 60 cm tall; leaf blade is linear; 
inflorescene is a spike; spikelets are 2 to 6 mm 
long, 2-seriate; grains are subtrigonous. 
Flowering and fruiting season extends 
throughout the year (Figure 3). 
 

 
Figure 3. Habit of Chloris barbata 
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Paspalidium flavidum (Retz.) A. Camus is 
known as yellow water crown grass of the tribe 
Paniceae. The grass is considered to be an 
excellent fodder and the grain is collected and 
eaten in times of scarcity. It is an annual herb 
with culm up to 50 cm tall; leaf blade is linear 
to lanceate; inflorescence is a raceme (5 to 10); 
spikelets are 2.5 to 3 mm long; lower glume is 
ovate to oblong and the upper glume is ovate 
and the grains are ovoid. Flowering and fruiting 
season is between September and January 
(Figure 4). 
 

 
Figure 4. Habit of Paspalidium flavidum 

 
Stenotaphrum dimidiatum (L.) Brongn is 
commonly called as buffalo grass belonging to 
the tribe Paniceae. It is a stoloniferous herb, 
creeping and forming mats with culm up to 18 
to 60 cm long; leaf blade is linear to oblong; 
inflorescence is a solitary raceme; spikelets (3 
to 5), alternately arranged; upper glume is 
ovate to lanceolate. Flowering and fruiting is 
from August to December. It mostly occurs in 
natural swards or planted as turf. It plays an 
important role as pasture or soil conservation 
ground cover (Figure 5). 
 

 
Figure 5. Habit of Stenotaphrum dimidiatum 

Plants and animals need minerals for their 
proper growth and development. Plants obtain 
macro and micro nutrients from water and soil. 
Humans and herbivores obtain minerals mostly 
by consuming plants. Analysis of minerals 
present in the plant sample will indirectly 
determine the amount of minerals which will be 
obtained by the cattle or other domesticated 
animals which feed on these fodder grasses. 
Bradshaw (1962) have carried out the work 
using sand culture technique and proposed that 
a species might resemble one another with their 
response to one nutrient. The nutritional level 
of the fodder grass shall change due to some 
environmental factors such as fire and 
overgrazing nitrogen content and rainfall and 
soil condition plays an important role in the 
distribution of nutritive elements in the plants 
(Mbatha & Ward, 2010). Wheat grass juice is 
found to possess richest source of vitamins and 
essential minerals as calcium, potassium, iron, 
magnesium, sodium and sulphur used as fodder 
as well as consumed by humans (Mujoriya & 
Bodla, 2011). Grasses do have protein content 
and leaves form a potential Hominin dietary 
resource (Oliver et al., 2018). Khan et al. 
(2017) have made an assessment of proximate 
and elemental analysis of six wild weedy 
grasses and identified them as of potential 
source of fodder for cattle to meet the fodder 
crisis. Some of the recent researches on the 
nutritional and proximate analysis of the 
selected fodder grasses include Hughes et al. 
(2015), Sayed et al. (2017), Megersa et al. 
(2017), and Brown et al. (2018). In general, 
research work on grasses have been carried out 
for a very long time and recent studies have 
incorporated some advanced techniques to find 
out the nutritive and fodder value of grass. In 
this study, five weedy grasses were analysed 
for their nutritive and proximate properties for 
potential use as local fodder for the livestock 
and also recommended for cultivation to meet 
the demand for the fodder shortage due to 
urbanisation. 
 
MATERIALS AND METHODS 
 
Source of the grass samples 
The selected species of five weedy grasses such as 
Apluda mutica L., Bothriochloea pertusa (L.) A. 
Camus, Chloris barbata Sw., Paspalidium flavidum 
(Retz.) A. Camus, Stenotaphrum dimidiatum (L.) 

 

Brongn were identified and collected from different 
sites in and around Tambaram, Chennai, India 
during 10-15 November 2019. The collected grass 
samples were authenticated at the Centre for Floristic 
Research and Herbarium, Department of Botany, 
Madras Christian College (Autonomous) using 
standard literatures (Karthikeyan, 2005; Kabeer and 
Nair, 2009). 
 
Preparation of grass samples for mineral 
and proximate analysis 
The leaves of selected fodder grasses were 
rinsed thoroughly in running water, shade-dried 
for about two weeks, pulverised, sieved into 
fine powder and stored in airtight container. 
The mineral and proximate analysis were 
carried out in dried powdered leaf samples 
separately. 
 
Mineral analysis 
Dry ash of the powdered leaf samples was 
digested 100 ml of 1 M Hydrochloric acid and 
five macro minerals such as calcium, iron, 
magnesium, sodium and phosphorus and two 
micro minerals such as selenium and zinc were 
determined using atomic absorption spectro-
photometer (AAS) and flame photometer 
(FPM). The results for mineral contents were 
expressed as mg/100 g DW (AOAC, 2003). 
 
Proximate analysis 
Proximate analysis was carried out for the 
estimation of total ash, moisture, crude protein, 
crude fat, crude fibre and carbohydrate in the 
powdered leaf samples and the results were 
determined by using standard methods. 
 
Total ash 
The powdered sample was heated in silica 
crucible in a low flame followed by heating in a 
muffle furnace for about 3 to 5 h at 550°C, 
cooled and weighed for determining the ash 
content (AOAC, 2003). 
 
Moisture content 
It was determined by keeping the sample in an 
air oven at 110°C and weighed (AOAC, 2003). 
The percentage of moisture content was 
calculated as follows: 
Percentage of moisture content = 1 ‒ weight of 
dry sample/weight of wet sample  100. 
 

Crude protein 
The crude protein content was analysed by 
adopting micro-Kjeldahl method. 2 g of the 
dried sample was taken in a Kjeldahl flask and 
30 ml conc. H2SO4 was added followed by the 
addition of 10 g potassium sulphate and 1 g 
copper sulphate. The solution was heated till 
the frothing had ceased. When the solution 
became colourless or clear, it was heated for 
another hour, allowed to cool, diluted with 
distilled water and transferred to an 800 ml 
Kjeldahl flask, washing the digestion flask. 
Zinc and 100 ml of 40% caustic soda were 
added and then 25 ml of 0.1 N sulphuric acid 
was taken in the receiving flask and distilled. 
It was tested for completion of reaction and 
titrated against 0.1 N caustic soda solution 
using methyl red indicator for estimation of 
Kjeldahl nitrogen, from which protein content is 
determined (Indrayan et al., 2005). 
 
Crude lipid 
2 g of moisture-free sample was extracted with 
petrol in a Soxhlet extractor and heated in the 
flask on a sand-bath for about 6 h till a drop 
taken from the drippings left no greasy stain on 
the filter paper. Boiled with petrol and the 
residual petrol was filtered with Whatman no. 
40 filter paper and the filtrate was evaporated 
in a pre-weighed beaker and increase in weight 
of beaker gave crude lipid (Indrayan et al., 
2005). 
 
Crude fibre 
2 g of moisture and fat-free material of sample 
was treated with 200 ml of 1.25% H2SO4. 
Washed, filtered and after the residue was 
treated with 1.25% NaOH. Again it was 
filtered, washed with hot water and then 1% 
HNO3 and again with hot water. The residue 
was ignited and the ash weighed. Crude fibre 
content was determined by measuring loss in 
weight (Indrayan et al., 2005). 
 
Carbohydrate 
The total carbohydrate content (%) in the 
samples was calculated by difference method 
(Ooi et al., 2012). The percentage of carbohy-
drate was calculated as follows: Percentage of 
carbohydrate = 100 − (percentage of ash + 
percentage of moisture + percentage of fat + 
percentage of protein). 
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Paspalidium flavidum (Retz.) A. Camus is 
known as yellow water crown grass of the tribe 
Paniceae. The grass is considered to be an 
excellent fodder and the grain is collected and 
eaten in times of scarcity. It is an annual herb 
with culm up to 50 cm tall; leaf blade is linear 
to lanceate; inflorescence is a raceme (5 to 10); 
spikelets are 2.5 to 3 mm long; lower glume is 
ovate to oblong and the upper glume is ovate 
and the grains are ovoid. Flowering and fruiting 
season is between September and January 
(Figure 4). 
 

 
Figure 4. Habit of Paspalidium flavidum 

 
Stenotaphrum dimidiatum (L.) Brongn is 
commonly called as buffalo grass belonging to 
the tribe Paniceae. It is a stoloniferous herb, 
creeping and forming mats with culm up to 18 
to 60 cm long; leaf blade is linear to oblong; 
inflorescence is a solitary raceme; spikelets (3 
to 5), alternately arranged; upper glume is 
ovate to lanceolate. Flowering and fruiting is 
from August to December. It mostly occurs in 
natural swards or planted as turf. It plays an 
important role as pasture or soil conservation 
ground cover (Figure 5). 
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proper growth and development. Plants obtain 
macro and micro nutrients from water and soil. 
Humans and herbivores obtain minerals mostly 
by consuming plants. Analysis of minerals 
present in the plant sample will indirectly 
determine the amount of minerals which will be 
obtained by the cattle or other domesticated 
animals which feed on these fodder grasses. 
Bradshaw (1962) have carried out the work 
using sand culture technique and proposed that 
a species might resemble one another with their 
response to one nutrient. The nutritional level 
of the fodder grass shall change due to some 
environmental factors such as fire and 
overgrazing nitrogen content and rainfall and 
soil condition plays an important role in the 
distribution of nutritive elements in the plants 
(Mbatha & Ward, 2010). Wheat grass juice is 
found to possess richest source of vitamins and 
essential minerals as calcium, potassium, iron, 
magnesium, sodium and sulphur used as fodder 
as well as consumed by humans (Mujoriya & 
Bodla, 2011). Grasses do have protein content 
and leaves form a potential Hominin dietary 
resource (Oliver et al., 2018). Khan et al. 
(2017) have made an assessment of proximate 
and elemental analysis of six wild weedy 
grasses and identified them as of potential 
source of fodder for cattle to meet the fodder 
crisis. Some of the recent researches on the 
nutritional and proximate analysis of the 
selected fodder grasses include Hughes et al. 
(2015), Sayed et al. (2017), Megersa et al. 
(2017), and Brown et al. (2018). In general, 
research work on grasses have been carried out 
for a very long time and recent studies have 
incorporated some advanced techniques to find 
out the nutritive and fodder value of grass. In 
this study, five weedy grasses were analysed 
for their nutritive and proximate properties for 
potential use as local fodder for the livestock 
and also recommended for cultivation to meet 
the demand for the fodder shortage due to 
urbanisation. 
 
MATERIALS AND METHODS 
 
Source of the grass samples 
The selected species of five weedy grasses such as 
Apluda mutica L., Bothriochloea pertusa (L.) A. 
Camus, Chloris barbata Sw., Paspalidium flavidum 
(Retz.) A. Camus, Stenotaphrum dimidiatum (L.) 

 

Brongn were identified and collected from different 
sites in and around Tambaram, Chennai, India 
during 10-15 November 2019. The collected grass 
samples were authenticated at the Centre for Floristic 
Research and Herbarium, Department of Botany, 
Madras Christian College (Autonomous) using 
standard literatures (Karthikeyan, 2005; Kabeer and 
Nair, 2009). 
 
Preparation of grass samples for mineral 
and proximate analysis 
The leaves of selected fodder grasses were 
rinsed thoroughly in running water, shade-dried 
for about two weeks, pulverised, sieved into 
fine powder and stored in airtight container. 
The mineral and proximate analysis were 
carried out in dried powdered leaf samples 
separately. 
 
Mineral analysis 
Dry ash of the powdered leaf samples was 
digested 100 ml of 1 M Hydrochloric acid and 
five macro minerals such as calcium, iron, 
magnesium, sodium and phosphorus and two 
micro minerals such as selenium and zinc were 
determined using atomic absorption spectro-
photometer (AAS) and flame photometer 
(FPM). The results for mineral contents were 
expressed as mg/100 g DW (AOAC, 2003). 
 
Proximate analysis 
Proximate analysis was carried out for the 
estimation of total ash, moisture, crude protein, 
crude fat, crude fibre and carbohydrate in the 
powdered leaf samples and the results were 
determined by using standard methods. 
 
Total ash 
The powdered sample was heated in silica 
crucible in a low flame followed by heating in a 
muffle furnace for about 3 to 5 h at 550°C, 
cooled and weighed for determining the ash 
content (AOAC, 2003). 
 
Moisture content 
It was determined by keeping the sample in an 
air oven at 110°C and weighed (AOAC, 2003). 
The percentage of moisture content was 
calculated as follows: 
Percentage of moisture content = 1 ‒ weight of 
dry sample/weight of wet sample  100. 
 

Crude protein 
The crude protein content was analysed by 
adopting micro-Kjeldahl method. 2 g of the 
dried sample was taken in a Kjeldahl flask and 
30 ml conc. H2SO4 was added followed by the 
addition of 10 g potassium sulphate and 1 g 
copper sulphate. The solution was heated till 
the frothing had ceased. When the solution 
became colourless or clear, it was heated for 
another hour, allowed to cool, diluted with 
distilled water and transferred to an 800 ml 
Kjeldahl flask, washing the digestion flask. 
Zinc and 100 ml of 40% caustic soda were 
added and then 25 ml of 0.1 N sulphuric acid 
was taken in the receiving flask and distilled. 
It was tested for completion of reaction and 
titrated against 0.1 N caustic soda solution 
using methyl red indicator for estimation of 
Kjeldahl nitrogen, from which protein content is 
determined (Indrayan et al., 2005). 
 
Crude lipid 
2 g of moisture-free sample was extracted with 
petrol in a Soxhlet extractor and heated in the 
flask on a sand-bath for about 6 h till a drop 
taken from the drippings left no greasy stain on 
the filter paper. Boiled with petrol and the 
residual petrol was filtered with Whatman no. 
40 filter paper and the filtrate was evaporated 
in a pre-weighed beaker and increase in weight 
of beaker gave crude lipid (Indrayan et al., 
2005). 
 
Crude fibre 
2 g of moisture and fat-free material of sample 
was treated with 200 ml of 1.25% H2SO4. 
Washed, filtered and after the residue was 
treated with 1.25% NaOH. Again it was 
filtered, washed with hot water and then 1% 
HNO3 and again with hot water. The residue 
was ignited and the ash weighed. Crude fibre 
content was determined by measuring loss in 
weight (Indrayan et al., 2005). 
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The total carbohydrate content (%) in the 
samples was calculated by difference method 
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Caloric value 
The caloric value (nutritive value) was 
calculated by sum of the percentages of protein 
and carbohydrates multiplied by a factor of 4 
(kcal/g) and total lipids multiplied by a factor 
of 9 (kcal/g) (Ooi et al., 2012). 
 
Statistical analysis 
Mean and standard error of mean were 
calculated in triplicates for all determinations 
using SPSS version 15.0. 
 
RESULTS AND DISCUSSIONS 
 
Grasses are generally used for fodder purpose 
but nutritional and medicinal value of most of 
the fodder grasses is unknown. It is quite 
important to understand the nutritional and 

biochemical properties of fodder grasses to 
utilise them as a potential fodder. The present 
study made an attempt to study the nutritive, 
proximate analysis of selected grasses such as 
Apluda mutica, Bothriochloa pertusa, Chloris 
barbata, Paspalidium flavidum and 
Stenotaphrum dimidiatum. 
 
Mineral analysis 
In the present study, some of the macro 
minerals, such as calcium, iron, magnesium, 
sodium and phosphorous, were estimated in the 
selected grass samples, and the amount of 
macro minerals present in leaf samples on DW 
basis is represented in Table 1. Calcium is an 
important mineral nutrient for plants. It is 
involved in holding together the cell wall of 
plants. 

 
Table 1. Estimation of macro and micro minerals of the selected weedy grasses 

Botanical  
name 

Macro minerals Micro minerals 

Calcium 
(mg/100 g) 

Iron 
(mg/100 g) 

Magnesium 
(mg/100 g) 

Sodium 
(mg/100 g) 

Phosphorus 
(mg/100 g) 

Selenium 
(mg/100 g) 

Zinc 
(mg/100 g) 

Apluda mutica 53.60  0.12 2.65  0.01 23.80  0.08 123.60  0.12 31.50  0.12 1.47  0.01 13.70  0.16 
Bothriochloa 

pertusa 34.30  0.08 3.13  0.01 10.50  0.20 34.80  0.08 11.50  0.16 1.36  0.01 10.7  0.08 

Chloris barbata 12.70  0.12 2.55  0.01 15.40  0.12 34.60  0.12 10.50  0.16 1.35  0.01 4.57  0.01 
Paspalidium 

flavidum 28.40  0.08 4.39  0.01 18.60  0.12 30.70  0.16 12.50  0.12 4.34  0.01 20.18  0.08 

Stenotaphrum 
dimidiatum 20.20  0.12 4.56  0.01 9.47  0.01 23.60  0.16 8.47  0.01 2.34  0.01 5.87  0.01 

Values are represented as mean ± standard deviation (n = 3) of three determinations on dry weight (DW) basis. 
 
Calcium is taken up by roots from the soil 
solution and delivered to the shoot via the 
xylem (White & Broadley, 2003). It plays an 
important role in activating certain enzymes 
such as Ca2+ ATPases (Sze et al., 2000). These 
enzymes send some signals to coordinate 
certain cellular activities and it helps to face 
environmental challenges (Sanders et al., 2002; 
White, 2000). Magnesium is one of the 
essential mineral nutrients required by plants 
because it contains various physiological 
functions such as phloem loading and transport 
of photoassimilates into roots, shoot tips and 
seeds (Cakmak et al., 1994; Hermans et al., 
2005). It also involved in the process of 
photosynthesis, enzyme activation, formation 
and utilisation of ATP. Hence, the formation of 
root and seed gets affected because of low 
supply of Mg in soil (Cakmak & Kirkby, 2008; 
Hermans et al., 2005). The data revealed that   
A. mutica contains the highest amount of the 

rest of the macro minerals that include calcium 
(53.60 mg/100 g), magnesium (23.80 mg/100 
g), sodium (123.60 mg/100 g) and phosphorous 
(31.50 mg/100 g). Na+ is useful to many 
species at lower levels of supply, but in certain 
C4 species, it is very essential and accumulates 
to significant levels in plant organelles as same 
of K+ (Gattward et al., 2012; Schulze et al., 
2012), there are several pathways for its entry 
across root plasma membranes. Phosphorus 
play a major role in establishing root growth, 
seed germination and plant growth. In lack of 
phosphorus, grass would arrive stunted during 
the early stages of development. It acts as 
energy transfer of plants and also is an 
important component in the building blocks of 
DNA (Maathuis & Diatloff, 2013). The lowest 
amount of calcium was present in C. barbata 
(12.70 mg/100 g), and the lowest amount of 
magnesium (9.47 mg/100 g), sodium (23.60 
mg/100 g) and phosphorus (8.47 mg/100 g) 

 

was observed in S. dimidiatum. Sherasia et al. 
(2016) studied nutritional content of few fodder 
plant and similar to our study, they also repor-
ted Ca, P, Cu, Zn and Mn content from various 
feed resources including straws of Sorghum 
bicolor, Triticum aestivum and Pennisetum 
glaucum. Sahoo et al. (2014) reported 
nutritional analysis of 13 marginal land grasses 
and results states that grasses were rich source 
of Ca and moderate source of other elements.  
Iron is essential for some metabolic activities 
such as photosynthesis, DNA synthesis, and 
respiration. The highest amount of iron was 
found in S. dimidiatum (4.56 mg/100 g), 
whereas the lowest amount of iron was present 
in C. barbata (2.55 mg/100 g). It is involved in 
many biochemical pathways especially electron 
transport chain. Ishimaru et al. (2011) reported 
that graminaceous plants depend on an Fe+3 
chelation system at the time of secretion of 
mugineic acid family phytosiderophores. 
Mugineic acids are secreted to the rhizosphere 
via TOM1, and then they chelate Fe+3. The 
amount of micro minerals, such as selenium 
and zinc, was estimated in the weedy grass 
samples and is described in Table 1. Although 
essentiality of Se to plants is in less, however, 
many workers have reported beneficial effect 
of Se in different plants (Cartes et al., 2010; 
Hasanuzzaman & Fujita, 2011; Pandey & 
Gupta, 2015). Some studies have described that 
Se at low levels protect the plants from variety 
of abiotic stresses containing cold (Chu et al., 
2010), dryness (Hasanuzzaman & Fujita, 
2011), desiccation (Pukacka et al., 2011), and 
metal stress (Kumar et al., 2012; Pandey & 
Gupta, 2015). The same selected samples were 
used and found that the highest amount of the 
micro minerals, selenium (4.34 mg/100 g) and 
zinc (20.18 mg/100 g), was present in               
P. flavidum, whereas the lowest amount of 
selenium (1.35 mg/100 g) and zinc (4.57 
mg/100 g) was found in C. barbata. Zinc is an 
important micronutritent for plant growth and 
development. Zinc is involved in various 
processes such as growth hormone production 
and internode elongation. It is also help the 
plant to produce chlorophyll content. In 
addition, zinc has a structural role in enzymes 
(John et al., 2013). 
Mujoriya and Bodla (2011) have studied the 
nutritional value of young grass blade of wheat 

plant. They have concluded in their research by 
proving that wheat grass is not only has high 
nutritive values but also has good medicinal 
properties such as the anticancer property. 
Khan et al. (2007) reported Fe, Cu, Zn, Mn and 
Se content of four different grasses including 
Bermuda grass, Bahia grass, Star grass and 
Guinea grass of different seasons. They 
concluded that there was not a significant 
variation in micro-nutrient status of the grasses 
due to seasonal changes. Similarly, seasonal 
changes of mineral content of grasses was 
studied by Kappel et al. (1985). 
 
Proximate analysis 
The proximate analysis includes the estimation 
of the total ash, moisture, crude protein, crude 
lipid, crude fibre and carbohydrates and caloric 
value of weedy grass samples (Table 2). It was 
observed that C. barbata has the higher 
quantity of total ash (16.74%), moisture content 
(10.38%) and caloric value (354 kcal/100 g). 
The low quantity of total ash was found in      
B. pertusa (11.31%), the less amount of 
moisture content was present in A. mutica (6.08 
 0.08%), and the less caloric value was 
observed in P. flavidum (186.7 kcal/100 g). 
Kumar et al. (2015) reported CP, EE and total 
ash content of leguminous and non-leguminous 
green fodder. In another study, Sultan et al. 
(2008) analysed dry matter, organic matter, ash 
and crude protein content from 12 marginal 
land grasses. The results indicates that               
S. dimidiatum has the higher amount of crude 
protein (39.97%) and P. flavidum has the lower 
amount of crude protein (20.84%). The higher 
amount of crude lipid was present in A. mutica 
(5.48%) and the less amount of crude lipid was 
found in C. barbata (1.35%) and S. dimidiatum 
(1.35%). The higher amount of crude fibre was 
present in C. barbata (6.36%) and the less 
amount of crude fibre was present in                
P. flavidum (5.09%). The less amount of 
carbohydrate was present in S. dimidiatum 
(35.97%) and higher value reported in              
P. flavidum (58.87%). Babu and Savithramma 
(2013) reported the nutrient content of 20 grass 
species from Poaceae family. They concluded 
that grasses contain high nutritive value can be 
chosen for feeding the livestock. Dayanandan 
(1994) has studied the nutritive value of some 
of the selected fodder grasses. In his study, he 
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Caloric value 
The caloric value (nutritive value) was 
calculated by sum of the percentages of protein 
and carbohydrates multiplied by a factor of 4 
(kcal/g) and total lipids multiplied by a factor 
of 9 (kcal/g) (Ooi et al., 2012). 
 
Statistical analysis 
Mean and standard error of mean were 
calculated in triplicates for all determinations 
using SPSS version 15.0. 
 
RESULTS AND DISCUSSIONS 
 
Grasses are generally used for fodder purpose 
but nutritional and medicinal value of most of 
the fodder grasses is unknown. It is quite 
important to understand the nutritional and 

biochemical properties of fodder grasses to 
utilise them as a potential fodder. The present 
study made an attempt to study the nutritive, 
proximate analysis of selected grasses such as 
Apluda mutica, Bothriochloa pertusa, Chloris 
barbata, Paspalidium flavidum and 
Stenotaphrum dimidiatum. 
 
Mineral analysis 
In the present study, some of the macro 
minerals, such as calcium, iron, magnesium, 
sodium and phosphorous, were estimated in the 
selected grass samples, and the amount of 
macro minerals present in leaf samples on DW 
basis is represented in Table 1. Calcium is an 
important mineral nutrient for plants. It is 
involved in holding together the cell wall of 
plants. 

 
Table 1. Estimation of macro and micro minerals of the selected weedy grasses 

Botanical  
name 

Macro minerals Micro minerals 

Calcium 
(mg/100 g) 

Iron 
(mg/100 g) 

Magnesium 
(mg/100 g) 

Sodium 
(mg/100 g) 

Phosphorus 
(mg/100 g) 

Selenium 
(mg/100 g) 

Zinc 
(mg/100 g) 

Apluda mutica 53.60  0.12 2.65  0.01 23.80  0.08 123.60  0.12 31.50  0.12 1.47  0.01 13.70  0.16 
Bothriochloa 

pertusa 34.30  0.08 3.13  0.01 10.50  0.20 34.80  0.08 11.50  0.16 1.36  0.01 10.7  0.08 

Chloris barbata 12.70  0.12 2.55  0.01 15.40  0.12 34.60  0.12 10.50  0.16 1.35  0.01 4.57  0.01 
Paspalidium 

flavidum 28.40  0.08 4.39  0.01 18.60  0.12 30.70  0.16 12.50  0.12 4.34  0.01 20.18  0.08 

Stenotaphrum 
dimidiatum 20.20  0.12 4.56  0.01 9.47  0.01 23.60  0.16 8.47  0.01 2.34  0.01 5.87  0.01 

Values are represented as mean ± standard deviation (n = 3) of three determinations on dry weight (DW) basis. 
 
Calcium is taken up by roots from the soil 
solution and delivered to the shoot via the 
xylem (White & Broadley, 2003). It plays an 
important role in activating certain enzymes 
such as Ca2+ ATPases (Sze et al., 2000). These 
enzymes send some signals to coordinate 
certain cellular activities and it helps to face 
environmental challenges (Sanders et al., 2002; 
White, 2000). Magnesium is one of the 
essential mineral nutrients required by plants 
because it contains various physiological 
functions such as phloem loading and transport 
of photoassimilates into roots, shoot tips and 
seeds (Cakmak et al., 1994; Hermans et al., 
2005). It also involved in the process of 
photosynthesis, enzyme activation, formation 
and utilisation of ATP. Hence, the formation of 
root and seed gets affected because of low 
supply of Mg in soil (Cakmak & Kirkby, 2008; 
Hermans et al., 2005). The data revealed that   
A. mutica contains the highest amount of the 

rest of the macro minerals that include calcium 
(53.60 mg/100 g), magnesium (23.80 mg/100 
g), sodium (123.60 mg/100 g) and phosphorous 
(31.50 mg/100 g). Na+ is useful to many 
species at lower levels of supply, but in certain 
C4 species, it is very essential and accumulates 
to significant levels in plant organelles as same 
of K+ (Gattward et al., 2012; Schulze et al., 
2012), there are several pathways for its entry 
across root plasma membranes. Phosphorus 
play a major role in establishing root growth, 
seed germination and plant growth. In lack of 
phosphorus, grass would arrive stunted during 
the early stages of development. It acts as 
energy transfer of plants and also is an 
important component in the building blocks of 
DNA (Maathuis & Diatloff, 2013). The lowest 
amount of calcium was present in C. barbata 
(12.70 mg/100 g), and the lowest amount of 
magnesium (9.47 mg/100 g), sodium (23.60 
mg/100 g) and phosphorus (8.47 mg/100 g) 

 

was observed in S. dimidiatum. Sherasia et al. 
(2016) studied nutritional content of few fodder 
plant and similar to our study, they also repor-
ted Ca, P, Cu, Zn and Mn content from various 
feed resources including straws of Sorghum 
bicolor, Triticum aestivum and Pennisetum 
glaucum. Sahoo et al. (2014) reported 
nutritional analysis of 13 marginal land grasses 
and results states that grasses were rich source 
of Ca and moderate source of other elements.  
Iron is essential for some metabolic activities 
such as photosynthesis, DNA synthesis, and 
respiration. The highest amount of iron was 
found in S. dimidiatum (4.56 mg/100 g), 
whereas the lowest amount of iron was present 
in C. barbata (2.55 mg/100 g). It is involved in 
many biochemical pathways especially electron 
transport chain. Ishimaru et al. (2011) reported 
that graminaceous plants depend on an Fe+3 
chelation system at the time of secretion of 
mugineic acid family phytosiderophores. 
Mugineic acids are secreted to the rhizosphere 
via TOM1, and then they chelate Fe+3. The 
amount of micro minerals, such as selenium 
and zinc, was estimated in the weedy grass 
samples and is described in Table 1. Although 
essentiality of Se to plants is in less, however, 
many workers have reported beneficial effect 
of Se in different plants (Cartes et al., 2010; 
Hasanuzzaman & Fujita, 2011; Pandey & 
Gupta, 2015). Some studies have described that 
Se at low levels protect the plants from variety 
of abiotic stresses containing cold (Chu et al., 
2010), dryness (Hasanuzzaman & Fujita, 
2011), desiccation (Pukacka et al., 2011), and 
metal stress (Kumar et al., 2012; Pandey & 
Gupta, 2015). The same selected samples were 
used and found that the highest amount of the 
micro minerals, selenium (4.34 mg/100 g) and 
zinc (20.18 mg/100 g), was present in               
P. flavidum, whereas the lowest amount of 
selenium (1.35 mg/100 g) and zinc (4.57 
mg/100 g) was found in C. barbata. Zinc is an 
important micronutritent for plant growth and 
development. Zinc is involved in various 
processes such as growth hormone production 
and internode elongation. It is also help the 
plant to produce chlorophyll content. In 
addition, zinc has a structural role in enzymes 
(John et al., 2013). 
Mujoriya and Bodla (2011) have studied the 
nutritional value of young grass blade of wheat 

plant. They have concluded in their research by 
proving that wheat grass is not only has high 
nutritive values but also has good medicinal 
properties such as the anticancer property. 
Khan et al. (2007) reported Fe, Cu, Zn, Mn and 
Se content of four different grasses including 
Bermuda grass, Bahia grass, Star grass and 
Guinea grass of different seasons. They 
concluded that there was not a significant 
variation in micro-nutrient status of the grasses 
due to seasonal changes. Similarly, seasonal 
changes of mineral content of grasses was 
studied by Kappel et al. (1985). 
 
Proximate analysis 
The proximate analysis includes the estimation 
of the total ash, moisture, crude protein, crude 
lipid, crude fibre and carbohydrates and caloric 
value of weedy grass samples (Table 2). It was 
observed that C. barbata has the higher 
quantity of total ash (16.74%), moisture content 
(10.38%) and caloric value (354 kcal/100 g). 
The low quantity of total ash was found in      
B. pertusa (11.31%), the less amount of 
moisture content was present in A. mutica (6.08 
 0.08%), and the less caloric value was 
observed in P. flavidum (186.7 kcal/100 g). 
Kumar et al. (2015) reported CP, EE and total 
ash content of leguminous and non-leguminous 
green fodder. In another study, Sultan et al. 
(2008) analysed dry matter, organic matter, ash 
and crude protein content from 12 marginal 
land grasses. The results indicates that               
S. dimidiatum has the higher amount of crude 
protein (39.97%) and P. flavidum has the lower 
amount of crude protein (20.84%). The higher 
amount of crude lipid was present in A. mutica 
(5.48%) and the less amount of crude lipid was 
found in C. barbata (1.35%) and S. dimidiatum 
(1.35%). The higher amount of crude fibre was 
present in C. barbata (6.36%) and the less 
amount of crude fibre was present in                
P. flavidum (5.09%). The less amount of 
carbohydrate was present in S. dimidiatum 
(35.97%) and higher value reported in              
P. flavidum (58.87%). Babu and Savithramma 
(2013) reported the nutrient content of 20 grass 
species from Poaceae family. They concluded 
that grasses contain high nutritive value can be 
chosen for feeding the livestock. Dayanandan 
(1994) has studied the nutritive value of some 
of the selected fodder grasses. In his study, he 
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has compared the nutritional value of nine 
species of native fodder grass. Among these 
nine species, A. mutica and B. pertusa were 
used in the present study also. There are 

differences in the values of protein, fibre and 
moisture content, it can be due to some 
ecological factors that impact the nutritional 
content of the plants. 

 
Table 2. Proximate composition of the selected weedy grasses 

Botanical 
name 

Total ash 
(%) 

Moisture 
(%) 

Crude protein 
(%) 

Crude lipid 
(%) 

Carbohydrate 
(%) 

Crude fibre 
(%) 

Caloric value 
(kcal/100 g) 

Apluda mutica 12.06  0.82 6.08  0.08 30.64  0.01 5.48  0.08 45.74  0.04 5.42  0.04 354.84  0.82 
Bothriochloa 

pertusa 11.31  0.81 8.50  0.54 29.96  0.01 1.98  0.08 48.25  0.04 5.68  0.01 330.66  2.75 

Chloris  
barbata 16.74  0.85 10.38  0.54 32.97  0.01 1.35  0.08 38.56  0.81 6.36  0.01 298.27  0.97 

Paspalidium 
flavidum 12.60  0.81 6.09  0.01 20.84  0.01 1.60  0.07 58.87  1.73 5.09  0.08 333.24  0.08 

Stenotaphrum 
dimidiatum 14.62  0.81 8.09  0.08 39.97  0.08 1.35  0.07 35.97  0.01 5.26  0.01 315.41  2.75 

Values are represented as mean ± standard deviation (n = 3) of three determinations on dry weight (DW) basis. 
 
Paine et al. (2017) have proved that grasses do 
have protein content and the grasses can be 
broadly divided into high- and low-level 
protein containing grass and thereby they 
concluded their result by considering grass 
leaves as a potential “hominin” dietary 
resource. Mbatha and Ward (2010) also studied 
that various impacts on the nutritional level of 
the fodder grass because of some environ-
mental factors such as fire and overgrazing 
nitrogen content. They have explained that 
rainfall and soil condition plays an important 
role in the distribution of nutritive elements in 
the plants. Therefore, this might the one of the 
reason for variation in the readings. The other 
reason for different nutritional values can be 
due to seasonal changes as studied by Megersa 
et al. (2017). As per Hughes et al. (2015), the 
variation of nutritional content can also be due 
to the reason that the leaves have different 
nutritional values at different stages of growth. 
 
CONCLUSIONS 
 
The decline of the grasslands and demand for 
the fodder grass is increasing tremendously and 
also fodder with low nutrients directly affects 
the growth and productivity of livestock. 
The present investigation suggest that selected 
weedy grasses possess good source of minerals 
and nutrients and caloric value. Hence, they can 
be utilised as a potential source of fodder by 
recommending for cultivation. Further studies 

on the distribution of phytochemicals in these 
grasses would help to improve the health status 
of the grazing animals.  
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has compared the nutritional value of nine 
species of native fodder grass. Among these 
nine species, A. mutica and B. pertusa were 
used in the present study also. There are 

differences in the values of protein, fibre and 
moisture content, it can be due to some 
ecological factors that impact the nutritional 
content of the plants. 

 
Table 2. Proximate composition of the selected weedy grasses 

Botanical 
name 

Total ash 
(%) 

Moisture 
(%) 

Crude protein 
(%) 

Crude lipid 
(%) 

Carbohydrate 
(%) 

Crude fibre 
(%) 

Caloric value 
(kcal/100 g) 

Apluda mutica 12.06  0.82 6.08  0.08 30.64  0.01 5.48  0.08 45.74  0.04 5.42  0.04 354.84  0.82 
Bothriochloa 

pertusa 11.31  0.81 8.50  0.54 29.96  0.01 1.98  0.08 48.25  0.04 5.68  0.01 330.66  2.75 

Chloris  
barbata 16.74  0.85 10.38  0.54 32.97  0.01 1.35  0.08 38.56  0.81 6.36  0.01 298.27  0.97 

Paspalidium 
flavidum 12.60  0.81 6.09  0.01 20.84  0.01 1.60  0.07 58.87  1.73 5.09  0.08 333.24  0.08 

Stenotaphrum 
dimidiatum 14.62  0.81 8.09  0.08 39.97  0.08 1.35  0.07 35.97  0.01 5.26  0.01 315.41  2.75 

Values are represented as mean ± standard deviation (n = 3) of three determinations on dry weight (DW) basis. 
 
Paine et al. (2017) have proved that grasses do 
have protein content and the grasses can be 
broadly divided into high- and low-level 
protein containing grass and thereby they 
concluded their result by considering grass 
leaves as a potential “hominin” dietary 
resource. Mbatha and Ward (2010) also studied 
that various impacts on the nutritional level of 
the fodder grass because of some environ-
mental factors such as fire and overgrazing 
nitrogen content. They have explained that 
rainfall and soil condition plays an important 
role in the distribution of nutritive elements in 
the plants. Therefore, this might the one of the 
reason for variation in the readings. The other 
reason for different nutritional values can be 
due to seasonal changes as studied by Megersa 
et al. (2017). As per Hughes et al. (2015), the 
variation of nutritional content can also be due 
to the reason that the leaves have different 
nutritional values at different stages of growth. 
 
CONCLUSIONS 
 
The decline of the grasslands and demand for 
the fodder grass is increasing tremendously and 
also fodder with low nutrients directly affects 
the growth and productivity of livestock. 
The present investigation suggest that selected 
weedy grasses possess good source of minerals 
and nutrients and caloric value. Hence, they can 
be utilised as a potential source of fodder by 
recommending for cultivation. Further studies 

on the distribution of phytochemicals in these 
grasses would help to improve the health status 
of the grazing animals.  
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Abstract 
 
The objective of this research was to evaluate the effect of supplementary feeding of “Effective Microorganisms (EM)” 
and Urea treated rice straw on milk production performance of local cows using supplementary feeding of concentrate 
mixture as positive control treatment, under small holder’s condition in Fogera district. Assessment of the farmer’s 
perception was also included. A total of 40 farmers owning lactating local cow(s) at early lactating stage with 1-3 stage 
of parity were purposively selected based on information provided by Development Agents and District Livestock 
experts. The farmers were trained in the principles of straw treatment, dairy cattle management, data collection and 
related issues. The farmers (45 cows) were randomly (lottery method) assigned three different treatments (grazing plus 
urea treated rice straw, grazing plus EM treated rice straw and grazing plus concentrate mixture) in Randomized 
Complete Block Design. All the data collected were subjected to statistical analysis. The results obtained showed that 
there was increase in crude protein content and reduction in total   fiber fraction of rice straw as a result of treatment 
with both urea and EM solution. There was improvement in milk production of all the treatment groups. Mean milk 
production /cow/day was higher for the groups assigned to grazing plus supplementary feeding of EM treated rice 
straw, followed by the groups placed on grazing with the addition of supplementary concentrate mixture. The results of 
partial budget analysis showed that the group placed on grazing plus supplementary EM treated rice straw produced at 
cheaper cost of production and brought significantly higher daily net return. On the contrary, the groups placed on 
grazing with the addition of supplementary concentrate mixture were characterized by high cost of production 
compared to the others. EM treated rice straw produced at cheaper cost of production and brought significantly higher 
daily net return. The results of analysis of farmers’ perception elucidated that all the participated farmers (100% of the 
respondents) reported to have impressed by the results of the technologies tested and would like to proceed with the 
promising one with their own resources aimed at improving the performance of lactating cows. According to the results 
of the current study, it can be concluded that feeding of supplementary rice straw treated with EM to dairy cows is 
economically viable under small holders conditions compared to the others. 
 
Key words: effective microbes, urea treatment, milk yield, Fogera cows. 
 
INTRODUCTION 
 
Ethiopia has the largest livestock population in 
Africa (CSA, 2018). Livestock contributes 15-
17% of national gross domestic product (GDP), 
35–47.7% of agricultural GDP and 37-87% of 
the household incomes (IGAD, 2011; Gebre 
Mariam et al., 2013). It also contributes 15% of 
export earnings and 30% of agricultural 
employment opportunities (Behnke, 2010). 
Livestock production contributes to the 
nutritional status and family income (CSA, 
2018). Moreover, the Ethiopian livestock sub-
sector plays a significant social and economic 
role as a strategic tool to offset the prevailing 
social and economic consequences of poverty. 

However, productivity per animal is reported to 
be very low (IGAD, 2011), mainly due to feed 
shortage both in quantity and quality both of 
which are subjected to seasonal variation in 
availability (Alemayehu et al., 2017). The 
major feed resources during the dry period are 
crop residues. Crop residues are fibrous and 
inherently low in nutritive value unless 
corrective management strategies are designed. 
The feeding value of crop residues is also 
limited by their poor voluntary intakes and low 
digestibility. This situation warrants chemical 
treatment (among others) of crop residues was 
reported to be an important strategy for the 
enhancement their nutritive value. This being 
the case, the objective of this research was on-
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The objective of this research was to evaluate the effect of supplementary feeding of “Effective Microorganisms (EM)” 
and Urea treated rice straw on milk production performance of local cows using supplementary feeding of concentrate 
mixture as positive control treatment, under small holder’s condition in Fogera district. Assessment of the farmer’s 
perception was also included. A total of 40 farmers owning lactating local cow(s) at early lactating stage with 1-3 stage 
of parity were purposively selected based on information provided by Development Agents and District Livestock 
experts. The farmers were trained in the principles of straw treatment, dairy cattle management, data collection and 
related issues. The farmers (45 cows) were randomly (lottery method) assigned three different treatments (grazing plus 
urea treated rice straw, grazing plus EM treated rice straw and grazing plus concentrate mixture) in Randomized 
Complete Block Design. All the data collected were subjected to statistical analysis. The results obtained showed that 
there was increase in crude protein content and reduction in total   fiber fraction of rice straw as a result of treatment 
with both urea and EM solution. There was improvement in milk production of all the treatment groups. Mean milk 
production /cow/day was higher for the groups assigned to grazing plus supplementary feeding of EM treated rice 
straw, followed by the groups placed on grazing with the addition of supplementary concentrate mixture. The results of 
partial budget analysis showed that the group placed on grazing plus supplementary EM treated rice straw produced at 
cheaper cost of production and brought significantly higher daily net return. On the contrary, the groups placed on 
grazing with the addition of supplementary concentrate mixture were characterized by high cost of production 
compared to the others. EM treated rice straw produced at cheaper cost of production and brought significantly higher 
daily net return. The results of analysis of farmers’ perception elucidated that all the participated farmers (100% of the 
respondents) reported to have impressed by the results of the technologies tested and would like to proceed with the 
promising one with their own resources aimed at improving the performance of lactating cows. According to the results 
of the current study, it can be concluded that feeding of supplementary rice straw treated with EM to dairy cows is 
economically viable under small holders conditions compared to the others. 
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17% of national gross domestic product (GDP), 
35–47.7% of agricultural GDP and 37-87% of 
the household incomes (IGAD, 2011; Gebre 
Mariam et al., 2013). It also contributes 15% of 
export earnings and 30% of agricultural 
employment opportunities (Behnke, 2010). 
Livestock production contributes to the 
nutritional status and family income (CSA, 
2018). Moreover, the Ethiopian livestock sub-
sector plays a significant social and economic 
role as a strategic tool to offset the prevailing 
social and economic consequences of poverty. 

However, productivity per animal is reported to 
be very low (IGAD, 2011), mainly due to feed 
shortage both in quantity and quality both of 
which are subjected to seasonal variation in 
availability (Alemayehu et al., 2017). The 
major feed resources during the dry period are 
crop residues. Crop residues are fibrous and 
inherently low in nutritive value unless 
corrective management strategies are designed. 
The feeding value of crop residues is also 
limited by their poor voluntary intakes and low 
digestibility. This situation warrants chemical 
treatment (among others) of crop residues was 
reported to be an important strategy for the 
enhancement their nutritive value. This being 
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farm evaluation of the effects of effective 
microorganism and urea treated rice straw on 
performance of local dairy cows and farmers 
perception in Fogera District of Northwestern 
Ethiopia.  
 
MATERIALS AND METHODS 
 
Description of Study Area 
This study was conducted in Fogera District, 
northwestern Ethiopia. Fogera District is 
located in South Gondar Zone of the Amhara 
Regional State. It is situated at 110 58 latitude 
and 370 41 longitude. The land coverage of 
Fogera district is characterized by flat land, 
mountain and hills, and valley bottom accounts 
for 76, 11 and 13% of the land. The study was 
conducted at Woreta Agricultural Technical 
and Vocational Training Centre (TVET), found 
in the outskirts of the Woreta town. In the 
district there are three agro-ecological zones 
with mean annual rainfall ranging from 974 to 
1,516 mm and mean annual temperature ranges 
from 19-20°C.  
The district grows different types of crops and 
is suitable for different species of livestock. 
The ecological zones range from 1700 to 2400 
masl (IPMS, 2005). The dominant soil type in 
the Fogera plain is black clay soil (Pellic 
Vertisols), while the middle and high altitude 
areas are Orthic Luvisols. Specifically, Yemane 
(2010) categorized the soil types of the district 
into 12% red, 20% brown, 65% black soils 
(vertisol), and 3% gray soils. 
Selection of the Participating Households  
Two Kebele’s (peasant associations) i.e. Kuhar 
Abo and Kuhar Michael were purposively 
selected based on accessibility to the ATVET 
College, experience in rice straw utilization and 
dairy cattle production potential. Twenty 20 
volunteers from each kebele and a total of 40 
farmers were selected from the two Kebeles 
based on discussion held with district level 
experts and local development argents. 
Moreover, the 40 farmers selected had at least 
two lactating dairy cows at the mid-lactation 
stage based on the information provided by 
district livestock experts and Development 
Agents (DAs). The selected participating 
farmers were trained on treating crop residue 
including treatments techniques, feeding 
practice and principles of management of dairy 

animals. Adequate rice straw, urea, molasses 
and Effective Micro-organisms (EM) were 
purchased from local markets and distributed to 
the selected farmers.  
Treatment of Rice Straw 
Urea was purchased from market and dissolved 
in water at a concentration of 50 g of urea per 
liter of water. The solution was sprayed on rice 
straw at the rate of one liter per kg of straw. 
The treatment of the straw was done in pits, 
using polyethylene sheets as inner linings. The 
treated straw was made airtight for three weeks 
and fed to lactating cows after aeration for 
about an hour. On the other side, EM solution 
was prepared by mixing stock EM with 
chlorine free water in the ratio of 1:18 (stock: 
water). This EM solution was storing in closed 
large plastic barrel of 200 litter capacity until 
activation. The pH of the EM was checked 
after three weeks of storage and adjusted to pH 
of 4.0 which is more suitable for EM 
multiplication. The activated EM was 
thoroughly mixed and used to ensile chopped 
rice straw at the rate of one liter per kg of dry 
matter of chopped straw. The mixture was 
ensiled with the use of compacted and airtight 
plastic bags of 100 kg capacity for a period of 
24 hours. These were fed to the experimental 
animals within three days after opening.  
Management of the Experimental Animals  
The experiment was carried under farmers’ 
condition using farmers’ milking cows. Forty 
lactating cows at early lactation stage (1 up to 3 
months of lactation), but at different stages of 
parity were selected from the available lacta-
ting cows owned by the selected participating 
smallholder farmers. The weight of the experi-
mental cows was taken using heart girth meter 
early in the morning before feeding. All the 
cows were tested for the incidence of mastitis 
using a standard California Mastitis Test and 
treated with Penstrip (Malty inject) before the 
commencement of the experiment. All the expe-
rimental animals were de-wormed for internal 
parasites with Zanisol and teraclozan (malty 
inject). Cows were housed in the same manner 
as that of farmers’ traditional management 
system. Finally the experimental cows were 
randomly assigned to the treatments stated 
below in Randomized Complete Block Design.  
All the cows were hand milked twice a day (in 
the morning at 7:00 am and in the evening at 

 

5:00 pm). Milk yield measurements was taken 
using locally customized measurement units 
called ‘jug’ which is equivalent to a litter 
volume during the entire study period. The 
animals were offered experimental feeds for 
about 45 days of adaptation period before the 
commencement of actual feeding and data 
collection. The numbers of animals to be 
employed in each of the treatment were 15 and 
different data were collected for the specified 
days. Farmers’ perception about the technology 
was assessed with the use of semi-structured 
questionnaire.  
 
Treatments 
T1 = Grazing + Urea molasses treated rice straw  
T2 = Grazing + Effective microorganism (EM) 
solution treated rice straw  
T3 = Grazing + local concentrate mixture (a 
mixture of wheat bran and noug seed cake)  
 
Milk Yield 
The farmers were trained in data collection 
using data collection format prepared in 
advance. Data collection monitoring was done 
for a period of 2 months starting from the 
month of May. During the monitoring period 
milk yield was recorded from both morning 
and in evening milking.  Milk produced during 
each milking time was measured using a one 
liter holding plastic container locally known as 
“Jog” (holding 1 liter). In addition to milk 
yield farmers perception about the technology 
was assessed using semi-structured question. 
For assessment, all forty farmers participated in 
milk yield study were used. 
Laboratory Chemical Analysis  
The chemical analyses of samples were done at 
Bahir Dar University, College of Agriculture 
and Environmental Sciences, Animal Nutrition 
Laboratory. All feed samples was analysed for 
Dry Matter (DM), total Ash, Organic Matter 
(OM), Crude Protein (CP). Dry matter content 
was determined by oven drying of the samples 
at 1050C. Ash was determined by igniting the 
samples in muffle furnaces at 5500C overnight 
(AOAC, 1990). Nitrogen was determined by 
auto-analysis (Chemlab, 1978 and 1984) and 
crude protein (CP) was calculated as N×6.25. 
Neutral Detergent Fiber (NDF) and Acid 
Detergent Fiber (ADF) were determined 
according to the method of Van Soest and 
Robertson (1985). 

Farmers’ Perception Analysis 
For farmers’ perception data, were collected 
from the selected participating farmers who 
were participated in the feeding trial. The 
collected data included assessment on the 
acceptance and sustainability of the technology. 
To collect the primary data, a semi-structured 
questionnaire was designed, pre-tested and 
modified for appropriateness before the actual 
data collection was commenced. Experienced 
data collectors were recruited and trained to 
facilitate primary data collection under the close 
supervisions of the researcher. To reinforce the 
primary data, direct observation, key informants 
and informal interview were carried. 
Partial Budget Analysis 
For partial budge analysis, all costs related to 
feed preparation were added to total variable 
cost. The total return was considered by 
assessing the price of milk per liter during the 
experimental period. The difference between 
cost of feed and feed preparation and selling 
price of milk in each treatment was considered 
as total return (TR).  
Experimental Design and Data Analysis 
A Randomized Complete Block Design 
(RCBD) was used to carry out the experiment. 
Blocking was done using individual farmers as 
a block with four replications. The data 
collected were coded and enter in to Microsoft 
Excel and checked for outliers. Data were 
analyzed with statistical package for social 
science (SPSS) version 20 or statistical analysis 
and GLM of statistical analysis system (SAS) 
9.1.3 software’s. The economic analysis of feed 
types used in the experiment and associated 
benefits were analyzed using Upton (1979). 
Model as given below was used for most of the 
dependent variables of questionnaire based data 
such as cow treatment and individual farmers’ 
perception. Following a step-down procedure, 
interactions were removed from the model 
unless they were significant (p<0.05). 
Model: Yi jk = μ + Ti + Fj + ɛij 
Where: 
Yi j = is the response variable; 
μ = overall mean;  
T = Treatments (i = Untreated straw, Urea 
treated straw, EM treated straw and 
Concentrate supplementation); 
Fj = Farmers perception (j = individual farmers 
from farmer 1 to 40);  
ɛijk = is the random error. 
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This study was conducted in Fogera District, 
northwestern Ethiopia. Fogera District is 
located in South Gondar Zone of the Amhara 
Regional State. It is situated at 110 58 latitude 
and 370 41 longitude. The land coverage of 
Fogera district is characterized by flat land, 
mountain and hills, and valley bottom accounts 
for 76, 11 and 13% of the land. The study was 
conducted at Woreta Agricultural Technical 
and Vocational Training Centre (TVET), found 
in the outskirts of the Woreta town. In the 
district there are three agro-ecological zones 
with mean annual rainfall ranging from 974 to 
1,516 mm and mean annual temperature ranges 
from 19-20°C.  
The district grows different types of crops and 
is suitable for different species of livestock. 
The ecological zones range from 1700 to 2400 
masl (IPMS, 2005). The dominant soil type in 
the Fogera plain is black clay soil (Pellic 
Vertisols), while the middle and high altitude 
areas are Orthic Luvisols. Specifically, Yemane 
(2010) categorized the soil types of the district 
into 12% red, 20% brown, 65% black soils 
(vertisol), and 3% gray soils. 
Selection of the Participating Households  
Two Kebele’s (peasant associations) i.e. Kuhar 
Abo and Kuhar Michael were purposively 
selected based on accessibility to the ATVET 
College, experience in rice straw utilization and 
dairy cattle production potential. Twenty 20 
volunteers from each kebele and a total of 40 
farmers were selected from the two Kebeles 
based on discussion held with district level 
experts and local development argents. 
Moreover, the 40 farmers selected had at least 
two lactating dairy cows at the mid-lactation 
stage based on the information provided by 
district livestock experts and Development 
Agents (DAs). The selected participating 
farmers were trained on treating crop residue 
including treatments techniques, feeding 
practice and principles of management of dairy 

animals. Adequate rice straw, urea, molasses 
and Effective Micro-organisms (EM) were 
purchased from local markets and distributed to 
the selected farmers.  
Treatment of Rice Straw 
Urea was purchased from market and dissolved 
in water at a concentration of 50 g of urea per 
liter of water. The solution was sprayed on rice 
straw at the rate of one liter per kg of straw. 
The treatment of the straw was done in pits, 
using polyethylene sheets as inner linings. The 
treated straw was made airtight for three weeks 
and fed to lactating cows after aeration for 
about an hour. On the other side, EM solution 
was prepared by mixing stock EM with 
chlorine free water in the ratio of 1:18 (stock: 
water). This EM solution was storing in closed 
large plastic barrel of 200 litter capacity until 
activation. The pH of the EM was checked 
after three weeks of storage and adjusted to pH 
of 4.0 which is more suitable for EM 
multiplication. The activated EM was 
thoroughly mixed and used to ensile chopped 
rice straw at the rate of one liter per kg of dry 
matter of chopped straw. The mixture was 
ensiled with the use of compacted and airtight 
plastic bags of 100 kg capacity for a period of 
24 hours. These were fed to the experimental 
animals within three days after opening.  
Management of the Experimental Animals  
The experiment was carried under farmers’ 
condition using farmers’ milking cows. Forty 
lactating cows at early lactation stage (1 up to 3 
months of lactation), but at different stages of 
parity were selected from the available lacta-
ting cows owned by the selected participating 
smallholder farmers. The weight of the experi-
mental cows was taken using heart girth meter 
early in the morning before feeding. All the 
cows were tested for the incidence of mastitis 
using a standard California Mastitis Test and 
treated with Penstrip (Malty inject) before the 
commencement of the experiment. All the expe-
rimental animals were de-wormed for internal 
parasites with Zanisol and teraclozan (malty 
inject). Cows were housed in the same manner 
as that of farmers’ traditional management 
system. Finally the experimental cows were 
randomly assigned to the treatments stated 
below in Randomized Complete Block Design.  
All the cows were hand milked twice a day (in 
the morning at 7:00 am and in the evening at 

 

5:00 pm). Milk yield measurements was taken 
using locally customized measurement units 
called ‘jug’ which is equivalent to a litter 
volume during the entire study period. The 
animals were offered experimental feeds for 
about 45 days of adaptation period before the 
commencement of actual feeding and data 
collection. The numbers of animals to be 
employed in each of the treatment were 15 and 
different data were collected for the specified 
days. Farmers’ perception about the technology 
was assessed with the use of semi-structured 
questionnaire.  
 
Treatments 
T1 = Grazing + Urea molasses treated rice straw  
T2 = Grazing + Effective microorganism (EM) 
solution treated rice straw  
T3 = Grazing + local concentrate mixture (a 
mixture of wheat bran and noug seed cake)  
 
Milk Yield 
The farmers were trained in data collection 
using data collection format prepared in 
advance. Data collection monitoring was done 
for a period of 2 months starting from the 
month of May. During the monitoring period 
milk yield was recorded from both morning 
and in evening milking.  Milk produced during 
each milking time was measured using a one 
liter holding plastic container locally known as 
“Jog” (holding 1 liter). In addition to milk 
yield farmers perception about the technology 
was assessed using semi-structured question. 
For assessment, all forty farmers participated in 
milk yield study were used. 
Laboratory Chemical Analysis  
The chemical analyses of samples were done at 
Bahir Dar University, College of Agriculture 
and Environmental Sciences, Animal Nutrition 
Laboratory. All feed samples was analysed for 
Dry Matter (DM), total Ash, Organic Matter 
(OM), Crude Protein (CP). Dry matter content 
was determined by oven drying of the samples 
at 1050C. Ash was determined by igniting the 
samples in muffle furnaces at 5500C overnight 
(AOAC, 1990). Nitrogen was determined by 
auto-analysis (Chemlab, 1978 and 1984) and 
crude protein (CP) was calculated as N×6.25. 
Neutral Detergent Fiber (NDF) and Acid 
Detergent Fiber (ADF) were determined 
according to the method of Van Soest and 
Robertson (1985). 

Farmers’ Perception Analysis 
For farmers’ perception data, were collected 
from the selected participating farmers who 
were participated in the feeding trial. The 
collected data included assessment on the 
acceptance and sustainability of the technology. 
To collect the primary data, a semi-structured 
questionnaire was designed, pre-tested and 
modified for appropriateness before the actual 
data collection was commenced. Experienced 
data collectors were recruited and trained to 
facilitate primary data collection under the close 
supervisions of the researcher. To reinforce the 
primary data, direct observation, key informants 
and informal interview were carried. 
Partial Budget Analysis 
For partial budge analysis, all costs related to 
feed preparation were added to total variable 
cost. The total return was considered by 
assessing the price of milk per liter during the 
experimental period. The difference between 
cost of feed and feed preparation and selling 
price of milk in each treatment was considered 
as total return (TR).  
Experimental Design and Data Analysis 
A Randomized Complete Block Design 
(RCBD) was used to carry out the experiment. 
Blocking was done using individual farmers as 
a block with four replications. The data 
collected were coded and enter in to Microsoft 
Excel and checked for outliers. Data were 
analyzed with statistical package for social 
science (SPSS) version 20 or statistical analysis 
and GLM of statistical analysis system (SAS) 
9.1.3 software’s. The economic analysis of feed 
types used in the experiment and associated 
benefits were analyzed using Upton (1979). 
Model as given below was used for most of the 
dependent variables of questionnaire based data 
such as cow treatment and individual farmers’ 
perception. Following a step-down procedure, 
interactions were removed from the model 
unless they were significant (p<0.05). 
Model: Yi jk = μ + Ti + Fj + ɛij 
Where: 
Yi j = is the response variable; 
μ = overall mean;  
T = Treatments (i = Untreated straw, Urea 
treated straw, EM treated straw and 
Concentrate supplementation); 
Fj = Farmers perception (j = individual farmers 
from farmer 1 to 40);  
ɛijk = is the random error. 
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RESULTS AND DISCUSSIONS 
 
Chemical Composition of Feeds 
The chemical composition of treatment feed 
ingredients is shown in Table 1. As shown in 
the table, the mean DM% content of untreated 
rice straw was 91.3%, the value of which was 
comparable to the finding of Gulilat and 
Walelign (2017) who reported that the DM 
content of untreated rice straw was 91.9%. 
However, the results of the current study was  
higher than that reported by Kamla et al. (2015) 
who reported a DM of untreated rice straw of  
88.2%. The CP content of untreated rice straw 
(4.4%) was higher than that of Gulilat and 
Walelign (2017) who reported CP content 
(3.46%) comparable to that of Kamla et al. 
(2015) and lower than that of Samsudin et al. 
(2013) who reported a CP of untreated rice 
straw of 5.0%. The mean CP content obtained 
from the current finding is below the 
maintenance requirement of animals which is 
7-8% (Van Soest, 1994). This is also supported 
by Hernández-Castellano et al. (2019), who 
stated that majority of tropical feed resources 
are inherently poor in terms of protein and 
metabolizable energy as compared to the 
temperate ones. The mean CP content of urea 
treated rice straw is higher than that of the 
untreated rice straw, indicating that urea 
treatment enhanced the CP content of rice 
straw by 46.016% and is above the main-
tenance requirement of growing animals (Table 
1). The CP increment in the current study is 
lower than values reported by Gunun et al. 
(2013) and Adugna et al. (2020) where they 
reported nearly 50% increment in the urea 
treated straw. The deviation of the current 
result from the previous findings might be 
related to type of rice cultivar used, 
environmental where the treatment done and 
amount of urea added.  
The mean ash content of the untreated straw 
was 11.1%, the value of which was lower than 
that of Kamla et al. (2015) and Samsudin et al. 
(2013) who reported total ash content of 
untreated rice straw of 14.2%. The mean NDF 
content of untreated rice straw was 69.4%, the 
value of which was comparable to that of 
Gulilat and Walelign (2017) who reported NDF 
content of 69.1% but lower than that (82.8%) 
of Samsudin et al. (2013). However, the NDF 

content of the current study was lower than that 
of Gunun et al. (2013), who reported 75.5% of 
NDF for untreated rice straw. The ADF content 
of untreated rice straw recorded from the 
current study was 44.6%, the value of which 
was lower than that of Samsudin et al. (2013) 
who reported 66.5% ADF from untreated rice 
straw in Malasiya. The ADL content of 
untreated rice straw was 21.66% which is 
higher than that reported (4.3%) by Samsudin 
et al. (2013). The difference in chemical 
composition of the untreated rice straw might 
be attributed to variations in the management 
of the straw, environmental variations and 
cultivar of the rice.  
According to the results of the current study, 
urea molasses treated rice straw showed  
increase in percent CP and reduction in NDF, 
ADF and ADL contents. These result were in 
agreement with that of Adugna et al. (2020), 
Chalchissa and Arega (2018); Gashu (2014), 
Nasia et al. (2013). There are adequate 
evidences indicating that urea-molasses treat-
ment of rice straw increase the CP content and 
decrease the crude fiber fraction (Paudel et al., 
2015; Nguyen et al., 2019 and Nguyen et al., 
2001). According to the results of the current 
study, treatment of rice straw with Effective 
Microbes showed slight increment in CP and 
reduction in NDF, ADF and ADL contents, in 
agreement to that of Adugna et al. (2020), 
indicating that the uses of biological treatment 
of rice straw have potential in the enhancement 
of nutritive value as compared to the use of 
expensive chemicals associated with 
environmental pollution (Kamla et al., 2015). 
According to the results of the current study, 
urea and EM treatment of rice straw could be 
an option suitable for small-scale farmers to 
improve the quality of straws (Sarnklong et al., 
2010). Nguyen et al. (2001) also indicated that 
the treatment of rice straw with lime and/or 
urea improved the nutrient utilization and 
production performance of cattle in China. 
The results of the current  study is in line with 
the earlier reports that state, combination of 
chemical treatments and addition of  protein 
supplements offers a wide range of improve-
ment in the composition of the diets of dairy 
cows with positive effects on dairy production 
and feed costs as suggested by (Wittayakun et 
al., 2005; Oddoye et al., 2002). 

 

Table 1. The chemical composition of treatment feeds 
 

Treatment DM % Ash % CP % NDF % ADF % ADL % HC% CL% 
Untreated straw 

90.85 11.1 4.375 69.355 44.59 21.65 24.765 22.94 
Urea treated straw 91.3 17.55 6.39 61.74 43.655 10.97 18.085 32.685 
EM treated straw 90.45 14.4 5.03 63.04 43.285 18.35 19.755 24.935 
Concentrate mixture  

91.74 6.14 23.45 52.88 32.8 12.43 
20.08 20.37 

Mean 
91.09 12.30 9.81 61.75 41.08 15.85 20.67 25.23 

SD 
0.56 4.88 9.13 6.79 5.55 5.01 2.87 5.31 

EM=Effective microorganism; DM=Dry matter; CP=crude protein; NDF=Neutral Detergent Fiber; ADF=Acid detergent fiber; ADL=Acid detergent 
lignin; HC=Hemicellulose; CL=Cellulose. 
 
Similar study also elucidated that in dairy 
heifers, a combination of urea-treated rice straw 
and addition of cottonseed cake resulted in 
optimal weight gain and lower feed costs. Rice 
straw treated with urea-molasses and mixed 
with rice bran improved live-weight gain, 
weight of calves and milk yield (Hari Singh et 
al., 2001). The general tendency is that supple-
mentation of local cows with available and 
accessible feed resource could enhance milk 
production performance under farmers’ mana-
gement condition in the highlands of Ethiopia.  
Milk Production Performance  
The results of milk production of Fogera cows 
assigned to the different treatments diets are 
presented in Table 2. As indicated in the table, 
for Kuhar Abo Kebele which is located in 
themajor rice cultivation area, there was 
significant difference (P<0.05) between the 
treatment groups in mean daily milk 
production. Significantly higher (P<0.05) mean 
milk production of 2.81 liter/cow was obtained 
from the groups placed on grazing plus EM 
treated rice straw, followed by the groups 
placed on grazing with the addition of 
concentrate mixture. There was no significant 
difference (P>0.05) between the groups fed on 
grazing plus urea treated rice straw and grazing 
plus concentrate mixture in mean daily milk 
production. The difference in milk yield for 
Kuhar Abo farmers might be related to the 
farmers’ management practice and the 
difference between individual farmers. For 
Kuhar Michael Kebele, there was no significant 
difference between the all the treatment groups 
in mean daily milk production, indicating that 
all the three supplementations are equally 
effective in enhancing milk production under 
the current management condition.  

Table 2. Milk yield of local cows supplemented with EM 
and urea treated rice straw and concentrate mixture 

 

Treatment  Kuhar Abo 
(Mean+SE) 

Kuhar 
Michael 
(Mean+SE) 

Overall  
Mean 

Grazing + 
UTRS 

1.91+0.17b 2.19+0.18 
2.05+0.17 

Grazing + 
EMTRS 

2.81+0.099 a 2.5859+0.04 
2.71+0.07 

Grazing + 
CM 

1.95+0.14b 2.7383+.0.29 
2.35+0.21 

Mean 2.23+0.13 2.51+0.11 
2.37+0.12 

P Value 0.001 0.141 - 
SL *** NS  

P=probability; SE=Standard error. 
 
The mean daily milk production of all the 
groups fed on grazing plus urea treated rice 
straw was 2.05 litter per day per cow. The 
results of the current study, was lower than that 
of Hussien (2018) who reported that average 
daily milk production of local cows in the 
highland and midland was 2.2 and 2.3 liter per 
day per cow respectively in Dawro Zone, 
Southern Ethiopia. The average daily milk 
production of highland Zebu cattle was 
reported to be 1.5-2 liters over 150-180 day 
lactation period (Kassa, 2019). In another 
study, Tekliye et al. (2018) reported that Urea 
treated rice straw has a potential for ruminant 
animals in Ethiopia and there was improvement 
in the performance of sheep fed on urea treated 
supplementary rice straw.  
The results of the current study, was in 
agreement with that of Teshome et al. (2019) 
who reported that there was increment in milk 
yield of cross bred cows supplemented with 
dietary protein source. The average milk yield 
obtained from the current study, was 
comparable to that of Beriso et al. (2015) who 
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RESULTS AND DISCUSSIONS 
 
Chemical Composition of Feeds 
The chemical composition of treatment feed 
ingredients is shown in Table 1. As shown in 
the table, the mean DM% content of untreated 
rice straw was 91.3%, the value of which was 
comparable to the finding of Gulilat and 
Walelign (2017) who reported that the DM 
content of untreated rice straw was 91.9%. 
However, the results of the current study was  
higher than that reported by Kamla et al. (2015) 
who reported a DM of untreated rice straw of  
88.2%. The CP content of untreated rice straw 
(4.4%) was higher than that of Gulilat and 
Walelign (2017) who reported CP content 
(3.46%) comparable to that of Kamla et al. 
(2015) and lower than that of Samsudin et al. 
(2013) who reported a CP of untreated rice 
straw of 5.0%. The mean CP content obtained 
from the current finding is below the 
maintenance requirement of animals which is 
7-8% (Van Soest, 1994). This is also supported 
by Hernández-Castellano et al. (2019), who 
stated that majority of tropical feed resources 
are inherently poor in terms of protein and 
metabolizable energy as compared to the 
temperate ones. The mean CP content of urea 
treated rice straw is higher than that of the 
untreated rice straw, indicating that urea 
treatment enhanced the CP content of rice 
straw by 46.016% and is above the main-
tenance requirement of growing animals (Table 
1). The CP increment in the current study is 
lower than values reported by Gunun et al. 
(2013) and Adugna et al. (2020) where they 
reported nearly 50% increment in the urea 
treated straw. The deviation of the current 
result from the previous findings might be 
related to type of rice cultivar used, 
environmental where the treatment done and 
amount of urea added.  
The mean ash content of the untreated straw 
was 11.1%, the value of which was lower than 
that of Kamla et al. (2015) and Samsudin et al. 
(2013) who reported total ash content of 
untreated rice straw of 14.2%. The mean NDF 
content of untreated rice straw was 69.4%, the 
value of which was comparable to that of 
Gulilat and Walelign (2017) who reported NDF 
content of 69.1% but lower than that (82.8%) 
of Samsudin et al. (2013). However, the NDF 

content of the current study was lower than that 
of Gunun et al. (2013), who reported 75.5% of 
NDF for untreated rice straw. The ADF content 
of untreated rice straw recorded from the 
current study was 44.6%, the value of which 
was lower than that of Samsudin et al. (2013) 
who reported 66.5% ADF from untreated rice 
straw in Malasiya. The ADL content of 
untreated rice straw was 21.66% which is 
higher than that reported (4.3%) by Samsudin 
et al. (2013). The difference in chemical 
composition of the untreated rice straw might 
be attributed to variations in the management 
of the straw, environmental variations and 
cultivar of the rice.  
According to the results of the current study, 
urea molasses treated rice straw showed  
increase in percent CP and reduction in NDF, 
ADF and ADL contents. These result were in 
agreement with that of Adugna et al. (2020), 
Chalchissa and Arega (2018); Gashu (2014), 
Nasia et al. (2013). There are adequate 
evidences indicating that urea-molasses treat-
ment of rice straw increase the CP content and 
decrease the crude fiber fraction (Paudel et al., 
2015; Nguyen et al., 2019 and Nguyen et al., 
2001). According to the results of the current 
study, treatment of rice straw with Effective 
Microbes showed slight increment in CP and 
reduction in NDF, ADF and ADL contents, in 
agreement to that of Adugna et al. (2020), 
indicating that the uses of biological treatment 
of rice straw have potential in the enhancement 
of nutritive value as compared to the use of 
expensive chemicals associated with 
environmental pollution (Kamla et al., 2015). 
According to the results of the current study, 
urea and EM treatment of rice straw could be 
an option suitable for small-scale farmers to 
improve the quality of straws (Sarnklong et al., 
2010). Nguyen et al. (2001) also indicated that 
the treatment of rice straw with lime and/or 
urea improved the nutrient utilization and 
production performance of cattle in China. 
The results of the current  study is in line with 
the earlier reports that state, combination of 
chemical treatments and addition of  protein 
supplements offers a wide range of improve-
ment in the composition of the diets of dairy 
cows with positive effects on dairy production 
and feed costs as suggested by (Wittayakun et 
al., 2005; Oddoye et al., 2002). 

 

Table 1. The chemical composition of treatment feeds 
 

Treatment DM % Ash % CP % NDF % ADF % ADL % HC% CL% 
Untreated straw 

90.85 11.1 4.375 69.355 44.59 21.65 24.765 22.94 
Urea treated straw 91.3 17.55 6.39 61.74 43.655 10.97 18.085 32.685 
EM treated straw 90.45 14.4 5.03 63.04 43.285 18.35 19.755 24.935 
Concentrate mixture  

91.74 6.14 23.45 52.88 32.8 12.43 
20.08 20.37 

Mean 
91.09 12.30 9.81 61.75 41.08 15.85 20.67 25.23 

SD 
0.56 4.88 9.13 6.79 5.55 5.01 2.87 5.31 

EM=Effective microorganism; DM=Dry matter; CP=crude protein; NDF=Neutral Detergent Fiber; ADF=Acid detergent fiber; ADL=Acid detergent 
lignin; HC=Hemicellulose; CL=Cellulose. 
 
Similar study also elucidated that in dairy 
heifers, a combination of urea-treated rice straw 
and addition of cottonseed cake resulted in 
optimal weight gain and lower feed costs. Rice 
straw treated with urea-molasses and mixed 
with rice bran improved live-weight gain, 
weight of calves and milk yield (Hari Singh et 
al., 2001). The general tendency is that supple-
mentation of local cows with available and 
accessible feed resource could enhance milk 
production performance under farmers’ mana-
gement condition in the highlands of Ethiopia.  
Milk Production Performance  
The results of milk production of Fogera cows 
assigned to the different treatments diets are 
presented in Table 2. As indicated in the table, 
for Kuhar Abo Kebele which is located in 
themajor rice cultivation area, there was 
significant difference (P<0.05) between the 
treatment groups in mean daily milk 
production. Significantly higher (P<0.05) mean 
milk production of 2.81 liter/cow was obtained 
from the groups placed on grazing plus EM 
treated rice straw, followed by the groups 
placed on grazing with the addition of 
concentrate mixture. There was no significant 
difference (P>0.05) between the groups fed on 
grazing plus urea treated rice straw and grazing 
plus concentrate mixture in mean daily milk 
production. The difference in milk yield for 
Kuhar Abo farmers might be related to the 
farmers’ management practice and the 
difference between individual farmers. For 
Kuhar Michael Kebele, there was no significant 
difference between the all the treatment groups 
in mean daily milk production, indicating that 
all the three supplementations are equally 
effective in enhancing milk production under 
the current management condition.  

Table 2. Milk yield of local cows supplemented with EM 
and urea treated rice straw and concentrate mixture 

 

Treatment  Kuhar Abo 
(Mean+SE) 

Kuhar 
Michael 
(Mean+SE) 

Overall  
Mean 

Grazing + 
UTRS 

1.91+0.17b 2.19+0.18 
2.05+0.17 

Grazing + 
EMTRS 

2.81+0.099 a 2.5859+0.04 
2.71+0.07 

Grazing + 
CM 

1.95+0.14b 2.7383+.0.29 
2.35+0.21 

Mean 2.23+0.13 2.51+0.11 
2.37+0.12 

P Value 0.001 0.141 - 
SL *** NS  

P=probability; SE=Standard error. 
 
The mean daily milk production of all the 
groups fed on grazing plus urea treated rice 
straw was 2.05 litter per day per cow. The 
results of the current study, was lower than that 
of Hussien (2018) who reported that average 
daily milk production of local cows in the 
highland and midland was 2.2 and 2.3 liter per 
day per cow respectively in Dawro Zone, 
Southern Ethiopia. The average daily milk 
production of highland Zebu cattle was 
reported to be 1.5-2 liters over 150-180 day 
lactation period (Kassa, 2019). In another 
study, Tekliye et al. (2018) reported that Urea 
treated rice straw has a potential for ruminant 
animals in Ethiopia and there was improvement 
in the performance of sheep fed on urea treated 
supplementary rice straw.  
The results of the current study, was in 
agreement with that of Teshome et al. (2019) 
who reported that there was increment in milk 
yield of cross bred cows supplemented with 
dietary protein source. The average milk yield 
obtained from the current study, was 
comparable to that of Beriso et al. (2015) who 
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reported mean milk yield of local cows of 2.21 
per day. According to the review made by 
Kassa (2019) the average milk yield of local 
cows ranges between 1.5 and 2 liter per day. 
The results of milk yield of the current study, 
was higher than that of Hussien et al. (2013); 
Melku (2016), CSA (2018) and Assefa et al. 
(2015) who reported mean daily milk produc-
tion of local cows to be 1.44, 1.86, and 1.37 
and, 1.25 liter per day per cow respectively. 
The inconsistency of the results might be 
related to differences in feedings management, 
breed variation and environmental differences.  
Farmers’ Perception  
The socioeconomic characteristics of 
respondents participated in the study is shown 
in Table 3. Regarding the gender of research 

participants the majority were male headed 
households in both study sites. This is in line 
with reports of (Abebe et al., 2020) where 
majority of respondents were male headed 
households in northwestern Ethiopia. Of the 
respondents, the majority of (80%) were 
literate which is in agreement with Abebe et al. 
(2020) but disagrees with Asmare and 
Mekuriaw (2019) who reported that majority 
were illiterate. The higher proportion of 
respondents in the current study is important to 
easily adopt agricultural technologies as stated 
by Weir (1999). The reason why male 
household heads are common in agricultural 
production systems might be due to the nature 
of the task where males are more exposed to 
outside work.  

 
Table 3. Socioeconomic characteristics of on-farm research participants 

 Kuharabo Kuhar Michael Mean (%) 
Characteristics  N  %   N % 
Male 11 73.33 15 100 26 86.87 
Female 4 26.2 0 0 4 13.13 
Mean age of HH 47.27  40.47  43.87  
Education level       
Illiterate 3 20 0 0   
Literate 11 80 15 100   
Mean family size 5.67  6.07  5.87  

 
The major feed resource for all dairy cows 
during dry season is rice straw which is used as 
a supplement for ruminant livestock which is in 
line with Asmare et al. (2016), Asmare and 
Mekuriaw (2019). The participated smallholder 
farmers had positive attitude towards their 
respective treatments during the experiment. 
All the respondents (100%) reported to have 
liked to continue the feeding package for dairy 
production. This result was in agreement with 
that of Shiferaw et al. (2018) who reported that 
the households interviewed on the acceptance 
of improved forage production and utilization 
could benefit the households. The results of the 
current study was comparable to that of Geleti 
(2014) who indicated that feed development 
particularly forage development practices by 
smallholder farmers increased from time to 
time. However, the general adoption rate of 
feed technology under mixed crop livestock 
farming systems of Ethiopia is weak and require 
more extension service or a different approach 
of agricultural extension service delivery, and 
this fact was supported by Teklu et al. (2011).  

The majority of the respondents, who 
participated in the on-farm trial were capable of 
reading and writing of agricultural manuals the 
results of which was in agreement with that of 
Asemu et al. (2016) who stated that many of 
the respondents were illiterate in northwestern 
Ethiopia, which in turn results in high literacy 
level and  acceptance of the technology. All the 
respondents (100%) indicated that the current 
on farm trial has positively influenced the 
participant to adopt the supplementary dairy 
cow feed technology tested. The results of this 
study calls for further and wider level of 
interventions and the placement of special 
attentions in the future small scale dairy 
production in the study district and beyond. 
The current result is in line with that of 
Victoria et al. (2018), who reported that farmer 
perceptions of the innovations and their interest 
to adopt the agricultural innovations. The 
positive feedback of farmers in the current 
study is in line with earlier reports by Haile et 
al. (2017) who found similar finding for on-
farm experiment conducted on the promotion 

 

of urea treated rice straw in the ration of 
fattening oxen in the Ethiopian highlands. This 
indicates that farmers could use their respective 
feeding options for their animals to improve 
milk yield and related animal performances. 
 
Partial Budget Analysis 
The results of partial budget analysis of local 
cows assigned to the treatment rations under 
farmers’ management condition are shown in 
Table 4. As indicated in the Table, the total 
variable cost required to produce a unit of milk 
is highest in the case of concentrate supple-
mentation. A total of 13 birr was required to 
produces a liter of milk by the groups placed on 
grazing with the addition of concentrate 
mixture. Such a comparatively high cost of 
production might be due to the escalated price 
of concentrates which in turn attributed to the 
increment in market price of concentrate feed 

ingredients. On the other side, a total of 10 Birr 
was required to produce a liter of milk by the 
groups placed on grazing plus urea treated rice 
straw associated with an increased market price 
of urea fertilizer and molasses. A total of 3 Birr 
was required to produce a liter of milk by the 
groups placed on grazing plus EM treated rice 
straw indicating that the cheapest treatment diet 
in the current study is the use of effective 
microbes for rice straw treatment. Relatively 
low market price was required to acquire EM 
solution to treat a kg of straw under the current 
Ethiopian circumstances. Significantly higher 
net return of Birr 17.20 was recorded from the 
groups assigned to grazing plus EM treated rice 
straw, followed by the groups (Birr 13.00) 
assigned to grazing plus urea treated rice straw. 
Significantly lower net return of Birr 5.00 was 
recorded from the groups placed on grazing 
with the addition of concentrate mixture.  

 
Table 4. Partial budget analysis of local cows supplemented with different feed treatment  

and concentrates under on-farm condition 
 

Parameters T1(UTRS) T2(CM) T3(EMTRS) 
Total supplement diet intake (kg/day) 3.5 2.5 3.5 
Mean milk yield (liter/day/cow) 2.05 2.35 2.71 
Total variable cost (ETB/day/cow) 20.825 30 7.625 
Gross income (ETB/day/cow) 47 41 54.2 
Total return (ETB/day/cow) 26.175 11 46.575 
Net return (ETB/liter) of milk  12.77 4.69 17.19 

ETB=Ethiopian birr; T1=Grazing+urea treated rice straw; T2=Grazing+Concentrate supplementation; T3=Grazing+Effective microbe treated straw 
supplementation. 
 
Hence, based on the results of the current 
study, it can be concluded that feeding of 
supplementary rice straw treated with EM to 
dairy cows is economically viable followed by 
feeding supplementary rice straw treated with 
urea molasses. 
 
CONCLUSIONS 
 
The current study was conducted to evaluate 
the milk performance of local cow placed on 
grazing plus urea treated rice straw, EM treated 
rice straw and addition of concentrate mixture.  
The result obtained revealed that there was 
increase in CP content and decrease in the fiber 
fractions of rice straw treated with either urea 
molasses or effective microorganism. There 
was no significant difference between all the 
treatment groups in milk yield. The results of 
farmers’ perception analysis indicated that the 
participating farmers were happy with the 

introduction of the feed treatment technology. 
From economic analysis point of view, the 
treatment of rice straw with EM was found to 
be economically viable, followed by rice straw 
treatment with urea.  
To address the problems of feed shortage in the 
mixed crop livestock systems of the Ethiopian 
highlands crop residue improvement is the first 
option. Based on the current initial on-farm 
testing the following research focus areas were 
suggested: 
• Further research on the validity of different 

levels EM solution in treating different crop 
residues. 

• Study on the effect of EM treated crop 
residues supplementation on the milk 
composition of local and crossbred milking 
cows.  

• Scaling of EM technologies in different 
agro-ecologies. 
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reported mean milk yield of local cows of 2.21 
per day. According to the review made by 
Kassa (2019) the average milk yield of local 
cows ranges between 1.5 and 2 liter per day. 
The results of milk yield of the current study, 
was higher than that of Hussien et al. (2013); 
Melku (2016), CSA (2018) and Assefa et al. 
(2015) who reported mean daily milk produc-
tion of local cows to be 1.44, 1.86, and 1.37 
and, 1.25 liter per day per cow respectively. 
The inconsistency of the results might be 
related to differences in feedings management, 
breed variation and environmental differences.  
Farmers’ Perception  
The socioeconomic characteristics of 
respondents participated in the study is shown 
in Table 3. Regarding the gender of research 

participants the majority were male headed 
households in both study sites. This is in line 
with reports of (Abebe et al., 2020) where 
majority of respondents were male headed 
households in northwestern Ethiopia. Of the 
respondents, the majority of (80%) were 
literate which is in agreement with Abebe et al. 
(2020) but disagrees with Asmare and 
Mekuriaw (2019) who reported that majority 
were illiterate. The higher proportion of 
respondents in the current study is important to 
easily adopt agricultural technologies as stated 
by Weir (1999). The reason why male 
household heads are common in agricultural 
production systems might be due to the nature 
of the task where males are more exposed to 
outside work.  

 
Table 3. Socioeconomic characteristics of on-farm research participants 
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is highest in the case of concentrate supple-
mentation. A total of 13 birr was required to 
produces a liter of milk by the groups placed on 
grazing with the addition of concentrate 
mixture. Such a comparatively high cost of 
production might be due to the escalated price 
of concentrates which in turn attributed to the 
increment in market price of concentrate feed 

ingredients. On the other side, a total of 10 Birr 
was required to produce a liter of milk by the 
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was required to produce a liter of milk by the 
groups placed on grazing plus EM treated rice 
straw indicating that the cheapest treatment diet 
in the current study is the use of effective 
microbes for rice straw treatment. Relatively 
low market price was required to acquire EM 
solution to treat a kg of straw under the current 
Ethiopian circumstances. Significantly higher 
net return of Birr 17.20 was recorded from the 
groups assigned to grazing plus EM treated rice 
straw, followed by the groups (Birr 13.00) 
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recorded from the groups placed on grazing 
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Hence, based on the results of the current 
study, it can be concluded that feeding of 
supplementary rice straw treated with EM to 
dairy cows is economically viable followed by 
feeding supplementary rice straw treated with 
urea molasses. 
 
CONCLUSIONS 
 
The current study was conducted to evaluate 
the milk performance of local cow placed on 
grazing plus urea treated rice straw, EM treated 
rice straw and addition of concentrate mixture.  
The result obtained revealed that there was 
increase in CP content and decrease in the fiber 
fractions of rice straw treated with either urea 
molasses or effective microorganism. There 
was no significant difference between all the 
treatment groups in milk yield. The results of 
farmers’ perception analysis indicated that the 
participating farmers were happy with the 

introduction of the feed treatment technology. 
From economic analysis point of view, the 
treatment of rice straw with EM was found to 
be economically viable, followed by rice straw 
treatment with urea.  
To address the problems of feed shortage in the 
mixed crop livestock systems of the Ethiopian 
highlands crop residue improvement is the first 
option. Based on the current initial on-farm 
testing the following research focus areas were 
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Abstract  
 
The aim of this article is to investigate medicinal plants in Ben Srour region of M'sila, province and their use for 
treating several diseases in traditional medicine. The traditional and local uses of collected plants were questioned 
through semi-structured interviews with local informants and practitioners. The obtained data allowed to identify 84 
species belonging to 37 botanical families with dominance of Lamiaceae (11 species), Asteraceae (8 species), Fabaceae 
(7 species) and Apiaceae (6 species). The most used parts of the plant are leaves (43%), aerial parts (21.7%), stems 
(9.6%) and seeds (7.7%), respectively. Decoction (37.87%), infusion (27.51%), powder (11.31%), maceration (5.48%) 
and raw (6%) are mode of traditional preparation of the medicinal plants by the local people. According to the results, 
used plants in Ben Srour region can be as a potential source of useful drugs. 
 
Key words: Ben Srour, M'sila, investigation, medicinal plants, traditional preparation. 
 
INTRODUCTION  
 
Plants have been used in traditional medicine 
for several thousand years (Abu-Rabia, 2005). 
Since the advent of modern allopathic 
medicine, the use of traditional medicine 
(including the use of medicinal plants for cure) 
declined to a considerable extent. However, in 
recent years, traditional medicine has made a 
comeback for a variety of reasons such as side-
effects and toxicity of modern synthetic drugs, 
evolution of multi-drug resistance 
microorganisms, and the inability of modern 
medicine to find effective cures for a number of 
diseases. During the last few decades there has 
been an increasing interest in the traditional use 
of medicinal plants in different parts of the 
world (Al-Qura'n, 2005; Gazzaneo et al., 2005; 
Lev, 2006). Several studies highlight the 
importance of herbal medicine among 
indigenous peoples (Tabuti et al., 2003; 
Kujawska et al., 2017).  

Therefore ethnobotanical studies are often 
significant in revealing locally plant species 
important especially for the discovery of crude 
drugs. Thus, documenting the indigenous 
knowledge through ethnobotanical studies is 
important for the conservation and utilization 
of biological resources. Nowadays, according 
to the World Health Organization (WHO), as 
many as 80% of the world's people depend on 
traditional medicine for their primary 
healthcare needs. Ethno-medicinal surveys or 
surveys of medicinal plants used by traditional 
medicinal practitioners could represent a rich 
source of data for the knowledge of medicinal 
plants and the ailments for which they are used. 
These data can provide the background and 
save the potential researcher from fruitless 
research in modern scientific inquiries about 
the disease-curing properties of any particular 
plant. The study of medicinal plants in this area 
has not been realized as fully as that of other 
traditional communities elsewhere. In this 
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Abstract  
 
The aim of this article is to investigate medicinal plants in Ben Srour region of M'sila, province and their use for 
treating several diseases in traditional medicine. The traditional and local uses of collected plants were questioned 
through semi-structured interviews with local informants and practitioners. The obtained data allowed to identify 84 
species belonging to 37 botanical families with dominance of Lamiaceae (11 species), Asteraceae (8 species), Fabaceae 
(7 species) and Apiaceae (6 species). The most used parts of the plant are leaves (43%), aerial parts (21.7%), stems 
(9.6%) and seeds (7.7%), respectively. Decoction (37.87%), infusion (27.51%), powder (11.31%), maceration (5.48%) 
and raw (6%) are mode of traditional preparation of the medicinal plants by the local people. According to the results, 
used plants in Ben Srour region can be as a potential source of useful drugs. 
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INTRODUCTION  
 
Plants have been used in traditional medicine 
for several thousand years (Abu-Rabia, 2005). 
Since the advent of modern allopathic 
medicine, the use of traditional medicine 
(including the use of medicinal plants for cure) 
declined to a considerable extent. However, in 
recent years, traditional medicine has made a 
comeback for a variety of reasons such as side-
effects and toxicity of modern synthetic drugs, 
evolution of multi-drug resistance 
microorganisms, and the inability of modern 
medicine to find effective cures for a number of 
diseases. During the last few decades there has 
been an increasing interest in the traditional use 
of medicinal plants in different parts of the 
world (Al-Qura'n, 2005; Gazzaneo et al., 2005; 
Lev, 2006). Several studies highlight the 
importance of herbal medicine among 
indigenous peoples (Tabuti et al., 2003; 
Kujawska et al., 2017).  

Therefore ethnobotanical studies are often 
significant in revealing locally plant species 
important especially for the discovery of crude 
drugs. Thus, documenting the indigenous 
knowledge through ethnobotanical studies is 
important for the conservation and utilization 
of biological resources. Nowadays, according 
to the World Health Organization (WHO), as 
many as 80% of the world's people depend on 
traditional medicine for their primary 
healthcare needs. Ethno-medicinal surveys or 
surveys of medicinal plants used by traditional 
medicinal practitioners could represent a rich 
source of data for the knowledge of medicinal 
plants and the ailments for which they are used. 
These data can provide the background and 
save the potential researcher from fruitless 
research in modern scientific inquiries about 
the disease-curing properties of any particular 
plant. The study of medicinal plants in this area 
has not been realized as fully as that of other 
traditional communities elsewhere. In this 
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study, we present information on plant species 
used as medicines by people that inhabit an 
important step area. Out of the total flowering 
plants reported from the world, more than 
50,000 are used for medicinal purposes 
(Govaerts, 2001). The Algerian flora with more 
than 3139 species (Quézel & Santa, 1962; 
1963) is one of the richest of North Africa 
(Miara et al., 2018). In Algeria, where 
phytotherapy is an integral part of the local 
culture, population has an important indigenous 
knowledge empirically acquired through the 
generations (Bouasla et al., 2017). Traditional 
medicine still remains the main resource for a 
large majority of the people in Algeria in order 
to treat health problems and a traditional 
medical consultancy including the consumption 
of the medicinal plants has a much lower cost 
than modern medical attention. Recently, there 
are some works done in Algerian provinces that 
recorded medicinally important plants (Ould El 
Hadj et al., 2003; Chehma & Djebar, 2008; 
Rebbas et al., 2012; Boudjelal et al., 2013; 
Miara et al., 2013; Benarba et al., 2015; 
Chermat & Gharzouli, 2015; Hammiche & 
Maiza, 2015; Meddour & Meddour-Sahar, 
2015; Bouchikh et al., 2016; Ouelbani et al., 
2016; Bendif et al., 2018; Miara et al., 2018; 
Souilah et al., 2018; Miara et al., 2019a; 
2019b). Despite the existence of a rich ethnic 
heritage in the region of our interest, only a few 

dedicated ethnobotanical studies have been 
published so far. Recently, various authors 
(Rebbas et al., 2012; Benderradji et al., 2014; 
Bounar et al., 2016), independently carried out 
a study in a few localities of the province of 
M’sila, reporting the uses of medicinal plants. 
It is in this context that the present work is part 
and has the following objectives: to collect as 
much information about the therapeutic uses 
practiced in this region, to analyze the results 
concerning the relationships between medicinal 
species and types of diseases treated, to identify 
all the diseases treated, to preserve the 
medicinal plants used by the local population 
and to highlight its importance and therapeutic 
interest by ethno-pharmacology based on drug 
discovery and biological studies. 
 
MATERIALS AND METHODS 
 
THE STUDY AREA AND 
ETHNOBOTANICAL INVESTIGATION 
The study area of Ben Srour is located in the 
Southeast of the province of M’sila in the 
Central North part of Algeria, at 40 km of the 
largest city nearby Bou Saâda (N 35 °2'25''; E 
4° 33'50'') (Figure 1). This region has a step 
ecosystem with arid climate, includes a forest 
with accentuated relief, and a mountainous 
area. 

 

 
 

Figure 1. Location of the study area Ben Srour, Central North of Algeria (National Agency for Investment 
Development, 2015) http://www.andi.dz/PDF/monographies/Msila.pdf. 

 
For the study area (Ben Srour, province of 
M'sila), the population density by commune is 
shown in Table 1. The structure by sex gives a 
female population; the sex ratio is 1.04 men for 
a woman. The nomadic population has always 
remained located in the south east and in the 
center of the state. Some municipalities are 

practically made up of a nomadic population: 
Ouled Slimane, Khoubana Ben Zouh, Sidi 
Hadjres, El Houamed and M’cif.  
In general, this region is inhabited by rural 
population with majority of dwellers being 
farmers who still continue to practice 
traditional medicine.  

ALGERIA 

Ben Srour 
In black  

N 

Table 1. Population structure by commune (Ben Srour, province of M'sila) 
Commune Population 

2015 
Population sex Density (inhabitant/km2) Urban  

Population 
Rural 

Population Male  Female 
Ouled Sliman 7.201 3.672  3.528  23 0  7.201  
Zarzour 6.781 3.458  3.323  28 0  6.781  
Mohamed Boudiaf 17.611 8.982  8.629  27 0  17.611  
Ben Srour 28.084 14.327  13.757  60 24.222  3.862  

(National Agency for Investment Development, 2015) http://www.andi.dz/PDF/monographies/Msila.pdf. 
 

DATA COLLECTION 
 
The investigation of medicinal plants used 
within the communities of Ben Srour and the 
surrounding areas took place between January 
and May 2017.This study was conducted 
among randomly selected local people of Ben 
Srour region (Table 2). 200 people were 
interviewed using a questionnaire. Oral semi-
structured interviews and questionnaires were 
the tools commonly used for data collection. 
The plants were collected around the region of 
the informants and were shown to them to 
confirm the plant names.  
The questionnaire contained information about 
the interviewed people and their uses of medi-
cinal plants, various data such as local names, 
conditions and, therapeutic effects, parts of 
plants used, mode of and administration. To 
include medicinal plants in this inventory, two 
inclusion criteria were used: first - only herbal 
remedies that have been passed down from the 
oral tradition were taken into account; and 
second - only the plant species that could be 
directly identified and collected by the 
respondent are listed in this article.  
 

Table 2. Distributions of investigations in the 
communities of Ben Srour 

Region Number of investigation 
Ben Srour 100 
Ouled Sliman 25 
Zarzour 25 
Mohamed Boudiaf 50 
Total 200 

RESULTS AND DISCUSSIONS 
 
Overall 84 plants belonging to 37 botanical 
families have been documented. Of the 37 
families encountered four families clearly 
dominate the use profile, namely: Apiaceae 
with 6 species, Fabaceae with 7 species, 
Asteraceae with 8 species and Lamiaceae with 
11 species (Table 4). The plant parts ranged 
from aerial parts, bulbs, bark, leaves, flowers, 

fruits, seeds, roots, resin, rhizome and stems 
(Figure 2). The parts most used by people in 
study area appeared to be the leaves and aerial 
parts. This has also been observed by several 
authors in different regions of Algeria (Benarba 
et al., 2015; Chermat & Gharzouli, 2015; 
Ouelbani et al., 2016; Bouasla and Bouasla, 
2017; Miara et al., 2019c). This may be related 
to the nature of active compounds in these 
parts. In order to facilitate the administration of 
the drug, several methods are used, namely 
decoction, infusion, powder, fumigation, 
poultice, and maceration. Users are always 
looking for the simplest method to prepare 
herbal medicines (Figure 3), the most frequent 
being the decoction and infusion. The 
dominance of these modes of preparation was 
also observed in Constantine by Ouelbani et al. 
(2016). However, Benarba et al. (2015) 
reported the dominance of decoction prepa-
ration. Among the people questioned, those 
aged 40-50 years were the most prevalent, at 
25%, followed by those aged 50-60 years at 
22%, then those aged 30-40 years at 19%, and 
20-30 years at 16%, the over 60 year-oldest 
11%. The herbalists aged less of 20 years were 
a moderate 8% of the group (Figure 4). There 
is also a loss of information on medicinal 
plants, which could be explained by the 
mistrust of some people, especially young 
people, who tend to no longer believe too much 
in traditional medicine.  
Our results are confirmed by the study of 
Anyinam (1995) who stated that knowledge of 
medicinal plants and their properties is 
generally acquired after a long experience 
accumulated and transmitted from one 
generation to another. The transmission of this 
knowledge is currently in danger because it is 
not always ensured. The questionnaire affected 
both sexes (male and female). The majority of 
the people who used the medicinal plants in 
Ben Srour were female (60%) while only 40% 
were males, since women often use medicinal 
plants compared to men (Figure 5). This is 
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study, we present information on plant species 
used as medicines by people that inhabit an 
important step area. Out of the total flowering 
plants reported from the world, more than 
50,000 are used for medicinal purposes 
(Govaerts, 2001). The Algerian flora with more 
than 3139 species (Quézel & Santa, 1962; 
1963) is one of the richest of North Africa 
(Miara et al., 2018). In Algeria, where 
phytotherapy is an integral part of the local 
culture, population has an important indigenous 
knowledge empirically acquired through the 
generations (Bouasla et al., 2017). Traditional 
medicine still remains the main resource for a 
large majority of the people in Algeria in order 
to treat health problems and a traditional 
medical consultancy including the consumption 
of the medicinal plants has a much lower cost 
than modern medical attention. Recently, there 
are some works done in Algerian provinces that 
recorded medicinally important plants (Ould El 
Hadj et al., 2003; Chehma & Djebar, 2008; 
Rebbas et al., 2012; Boudjelal et al., 2013; 
Miara et al., 2013; Benarba et al., 2015; 
Chermat & Gharzouli, 2015; Hammiche & 
Maiza, 2015; Meddour & Meddour-Sahar, 
2015; Bouchikh et al., 2016; Ouelbani et al., 
2016; Bendif et al., 2018; Miara et al., 2018; 
Souilah et al., 2018; Miara et al., 2019a; 
2019b). Despite the existence of a rich ethnic 
heritage in the region of our interest, only a few 

dedicated ethnobotanical studies have been 
published so far. Recently, various authors 
(Rebbas et al., 2012; Benderradji et al., 2014; 
Bounar et al., 2016), independently carried out 
a study in a few localities of the province of 
M’sila, reporting the uses of medicinal plants. 
It is in this context that the present work is part 
and has the following objectives: to collect as 
much information about the therapeutic uses 
practiced in this region, to analyze the results 
concerning the relationships between medicinal 
species and types of diseases treated, to identify 
all the diseases treated, to preserve the 
medicinal plants used by the local population 
and to highlight its importance and therapeutic 
interest by ethno-pharmacology based on drug 
discovery and biological studies. 
 
MATERIALS AND METHODS 
 
THE STUDY AREA AND 
ETHNOBOTANICAL INVESTIGATION 
The study area of Ben Srour is located in the 
Southeast of the province of M’sila in the 
Central North part of Algeria, at 40 km of the 
largest city nearby Bou Saâda (N 35 °2'25''; E 
4° 33'50'') (Figure 1). This region has a step 
ecosystem with arid climate, includes a forest 
with accentuated relief, and a mountainous 
area. 

 

 
 

Figure 1. Location of the study area Ben Srour, Central North of Algeria (National Agency for Investment 
Development, 2015) http://www.andi.dz/PDF/monographies/Msila.pdf. 

 
For the study area (Ben Srour, province of 
M'sila), the population density by commune is 
shown in Table 1. The structure by sex gives a 
female population; the sex ratio is 1.04 men for 
a woman. The nomadic population has always 
remained located in the south east and in the 
center of the state. Some municipalities are 

practically made up of a nomadic population: 
Ouled Slimane, Khoubana Ben Zouh, Sidi 
Hadjres, El Houamed and M’cif.  
In general, this region is inhabited by rural 
population with majority of dwellers being 
farmers who still continue to practice 
traditional medicine.  

ALGERIA 

Ben Srour 
In black  

N 

Table 1. Population structure by commune (Ben Srour, province of M'sila) 
Commune Population 

2015 
Population sex Density (inhabitant/km2) Urban  

Population 
Rural 

Population Male  Female 
Ouled Sliman 7.201 3.672  3.528  23 0  7.201  
Zarzour 6.781 3.458  3.323  28 0  6.781  
Mohamed Boudiaf 17.611 8.982  8.629  27 0  17.611  
Ben Srour 28.084 14.327  13.757  60 24.222  3.862  

(National Agency for Investment Development, 2015) http://www.andi.dz/PDF/monographies/Msila.pdf. 
 

DATA COLLECTION 
 
The investigation of medicinal plants used 
within the communities of Ben Srour and the 
surrounding areas took place between January 
and May 2017.This study was conducted 
among randomly selected local people of Ben 
Srour region (Table 2). 200 people were 
interviewed using a questionnaire. Oral semi-
structured interviews and questionnaires were 
the tools commonly used for data collection. 
The plants were collected around the region of 
the informants and were shown to them to 
confirm the plant names.  
The questionnaire contained information about 
the interviewed people and their uses of medi-
cinal plants, various data such as local names, 
conditions and, therapeutic effects, parts of 
plants used, mode of and administration. To 
include medicinal plants in this inventory, two 
inclusion criteria were used: first - only herbal 
remedies that have been passed down from the 
oral tradition were taken into account; and 
second - only the plant species that could be 
directly identified and collected by the 
respondent are listed in this article.  
 

Table 2. Distributions of investigations in the 
communities of Ben Srour 

Region Number of investigation 
Ben Srour 100 
Ouled Sliman 25 
Zarzour 25 
Mohamed Boudiaf 50 
Total 200 

RESULTS AND DISCUSSIONS 
 
Overall 84 plants belonging to 37 botanical 
families have been documented. Of the 37 
families encountered four families clearly 
dominate the use profile, namely: Apiaceae 
with 6 species, Fabaceae with 7 species, 
Asteraceae with 8 species and Lamiaceae with 
11 species (Table 4). The plant parts ranged 
from aerial parts, bulbs, bark, leaves, flowers, 

fruits, seeds, roots, resin, rhizome and stems 
(Figure 2). The parts most used by people in 
study area appeared to be the leaves and aerial 
parts. This has also been observed by several 
authors in different regions of Algeria (Benarba 
et al., 2015; Chermat & Gharzouli, 2015; 
Ouelbani et al., 2016; Bouasla and Bouasla, 
2017; Miara et al., 2019c). This may be related 
to the nature of active compounds in these 
parts. In order to facilitate the administration of 
the drug, several methods are used, namely 
decoction, infusion, powder, fumigation, 
poultice, and maceration. Users are always 
looking for the simplest method to prepare 
herbal medicines (Figure 3), the most frequent 
being the decoction and infusion. The 
dominance of these modes of preparation was 
also observed in Constantine by Ouelbani et al. 
(2016). However, Benarba et al. (2015) 
reported the dominance of decoction prepa-
ration. Among the people questioned, those 
aged 40-50 years were the most prevalent, at 
25%, followed by those aged 50-60 years at 
22%, then those aged 30-40 years at 19%, and 
20-30 years at 16%, the over 60 year-oldest 
11%. The herbalists aged less of 20 years were 
a moderate 8% of the group (Figure 4). There 
is also a loss of information on medicinal 
plants, which could be explained by the 
mistrust of some people, especially young 
people, who tend to no longer believe too much 
in traditional medicine.  
Our results are confirmed by the study of 
Anyinam (1995) who stated that knowledge of 
medicinal plants and their properties is 
generally acquired after a long experience 
accumulated and transmitted from one 
generation to another. The transmission of this 
knowledge is currently in danger because it is 
not always ensured. The questionnaire affected 
both sexes (male and female). The majority of 
the people who used the medicinal plants in 
Ben Srour were female (60%) while only 40% 
were males, since women often use medicinal 
plants compared to men (Figure 5). This is 
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explained by various factors e.g. women are 
concerned with the treatment (not only of 
themselves but also of their families), 
preparation of recipes for care, their 
responsibility as mothers, providing first aid, in 
particular for children, all these showing that 
women are more holders of traditional 
phytotherapeutic knowledge. 
More than half of the people were college 
graduates (51%). Those are illiterate with no 
level of study accounted for 25%, while those 
with a primary or secondary level of education 
were only 14 and 10% (Figure 6).  
The most common users in these surveys are 
married people (54%), followed by single 
people (30%), then widows (13%), and 
divorced people (3%) (Figure7).  
The unemployed and civil servants constitute 
the major part of the informants, representing 
34.5% and 26%, respectively. People with free 
work come in third place (8%), and finally 
herbalists (3% of the people surveyed).  
The unemployed make up the majority of users 
of herbal medicines (35%), because plants are 
available year-round in their environment, and 
plants are cheaper compared to pharmaco-
logical drugs (Figure 8). 
 
DISEASES THERAPY 
 
The information collected from traditional 
medical practitioners was summarized (Table 
4). Most of the plants in Ben Srour region were 
found to be very effective in the treatment of 
infectious, endocrine system, cardiovascular, 
and respiratory system diseases, as well, they 
are used to treat gastrointestinal, and urinary 
system complications, especially, in 
hematology, neurology, gynecology, 
torhinolaryngology and tumors fields. 
 

   
 

Figure 2. Proportion of plant parts used by local people  
 

 
 

Figure 3. Methods of herbal preparation used by local 
people 

 

 
 

Figure 4. Proportion distribution of users by age   
 

 
 

Figure 5. Proportion distribution of users by sex 
 

 
 

Figure 6. Proportion distribution of users  
sby level of study 

 

 
 

Figure 7. Proportion distribution of users by family 
situation 

 
Figure 8. Proportion distribution of users according to 

profession 
 
 

TOXICITY OF MEDICINAL PLANTS 
 
The toxicity of the plant can depend on (i) part 
used, (ii) how the body came into contact with 
the plant, (iii) the dose to which the organism 

was exposed, and various other factors. The 
interviewed people reported 6 plants that were 
toxic when used at high doses (Table 3). 
In previous study, Peganum. harmala L. and 
Nerium. oleander L., were reported as toxic 
species in Bordj Bou Arreridj region (Miara et 
al., 2019c). In regard to dosage, the people 
reported that the dose differed from one plant 
to another, and should be optimized by taking 
into consideration several parameters, such as 
the patient’s age, general state of health, 
previous diseases or presence of any current 
chronic diseases.  
Unfortunately, there was no general agreement 
on precise dose limits for these plants. 

 
Table 3. Medicinal plants identified with a toxic effect 

Plants Families Number of informants 
Peganum harmala L. (Harmal) Nitrariaceae 4 
Ruta chalepensis L. (Fidjel) Rutaceae 5 
Nerium oleander L. (Defla) Apocynaceae 22 
Urtica urens L. (Horig) Urticaceae 7 
Citrullus colocynthis (L.) Schrad. (Hdadj) Cucurbitaceae 32 
Thapsia garganica L. (Bounafaa) Papaveraceae 12 

 
FUTURE PERSPECTIVES AND  
CONCLUSIONS 
 
The ethnobotanical investigation carried out in 
Ben Srour documented 84 medicinal plant 
species distributed in 37 families, with the 
predominance of Lamiaceae, Asteraceae, 
Apiaceae and Fabaceae. M. viridis L., A. herba-
alba Asso, J. communis L., A. campestris L., R. 
officinalis L., P. harmala L., A. sativum L., T. 
polium L. and A. cepa L were most commonly 
used by the indigenous people of Ben Srour 
region. The above-mentioned medicinal plants 
in Ben Srour region can be as a potential source 
of useful drugs. The findings of this review are 
promising in diseases traditional therapy. 
Generally, despite the fact that promising 
information indicate the efficacy of the 
medicinal plants of the region in the treatment 
of several diseases, future researches on 
investigating mechanisms of actions, dosages, 

clinical efficacy, and safety of the extracts in 
diseases treatment are recommended.  
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Abstract 
 
Plants are spontaneously colonized by various microorganisms with rhizospheric, endophytic or epiphytic development. 
Moreover, plants microbiota can also be enriched, for various purposes, with microbial inoculants. Among 
microorganisms, bacteria are more abundant, compared to other microbial categories. The most studied, well-known 
and applied beneficial bacteria are the one colonizing the rhizosphere. However, bacterial endophytes provide similar 
advantages. Since an intimate bound with their plant host is established, not only the plant is benefiting from the 
biological traits of the endophytic bacteria, but also the microorganisms are in some way protected by various 
environmental factors once inside the plant tissue. Plant-endophyte associations are diverse and complex, triggering a 
high interest, mostly due to their beneficial traits in improving crop performance and plant protection against biotic 
and abiotic stress. Bacterial endophytes can increase nutrient uptake in the host plants, elicit plant defense reaction and 
stress tolerance, or prime a faster and stronger plant protection mechanism. Beside the agricultural benefits that can be 
achieved through endophyte colonization, there are also environmental protection aspects. Some endophytes are 
indirectly involved in the phytoremediation process, or improve the plant’s capacity to colonize new harsher 
environmental areas. By understanding the mechanisms and functions of endophyte’s relationship with their hosts in 
specific environmental circumstances we can improve the microbial balance for a better use of agricultural inoculants 
and microbial land-improvers. 
 
Key words: plant growth promoting endophytes (PGPE). 
 
INTRODUCTION 
 
Endophytes are internal colonizers of plant 
tissues coexisting with their hosts without 
causing visible symptoms or harm, but 
sometime influencing plants’ vegetation, 
mainly in a good way. They colonize mostly 
the intercellular space and they can transit also 
through vessels (Maela & Serepa-Dlamini, 
2019). In only a few cases endophytes were 
reported as intracellular microorganisms, 
mostly related to symbiotic associations, as 
those present in rhizobia (Thomas & Sekhar, 
2014). 
Although potential endophytes can naturally 
use different access pathways to enter inside 
plants, there are motifs to enrich plants 
microbiota with beneficial inoculants, for 
purposes such as: plant growth promotion, 
plant protection, or environmental safety.  
Among microorganisms, bacteria are more 
abundant, compared to other microbial 
categories. The most studied, well-known and 

applied beneficial bacteria are the ones 
colonizing the rhizosphere. However, bacterial 
endophytes provide similar advantages. Since 
an intimate bound with their plant host is 
established, not only the plant is benefiting 
from the biological traits of the endophytic 
bacteria, but also the microorganisms are in 
some way protected by various environmental 
factors once inside the plant tissue. Plant-
endophyte associations are diverse and 
complex, triggering a high interest, mostly due 
to their beneficial traits in improving crop 
performance and plant protection against biotic 
and abiotic stress (Dey et al., 2019; Eid et al., 
2019).  
Bacterial endophytes can increase nutrient 
uptake in the host plants, from both organic and 
inorganic sources, can increase the root system, 
improve photosynthesis, enrich the levels of 
phytohormones and biostimulant compounds 
for the plants, enhance vegetation in biotic and 
abiotic stressful conditions, elicit plant 
defensereaction and stress tolerance, or prime 

 
faster and stronger plant protection 
mechanisms.  
Beside the agricultural benefits that can be 
achieved through endophyte colonization, there 
are also environmental protection aspects. 
Some endophytes are indirectly involved in the 
phytoremediation process, or improve the 
plant’s capacity to colonize new harsher 
environmental areas. By understanding the 
mechanisms and functions of endophyte’s 
relationship with their hosts in specific 
environmental circumstances we can improve 
the microbial balance for a better use of 
agricultural inoculants and microbial land-
improvers. 
 
ENDOPHYTES ACCESS PATHWAYS IN 
PLANTS  
In most situations, endophytic colonization 
starts after a complex communication between 
the plants and the adjacent microbial 
communities. During this process both partners 
are changing their behavior and alter the 
surrounding environment, affecting also 
neighboring life forms.  
Endophytic lifestyle can be achieved by many 
types of microorganisms, such as soil, 

rhizosphere or epiphytic inhabitants that find a 
way to enter inside plants by active or passive 
manners.  
Endophytes could be transmitted also vertically 
through seeds and vegetative multiplication 
(Figure 1). More common is horizontal 
transmission, when soil, rhizosphere, air-borne 
and epiphyte microorganisms succeed to enter 
inside plant tissues. Underground roots can 
contact soil and rhizosphere microorganisms’ 
through bio-chemical signaling or direct 
interaction (Koo et al., 2005; Palmieri et al., 
2019). Soil and rhizosphere microorganisms 
can enter into the plant through lenticels, root 
cracks, natural injuries, and degraded root 
hairs. Some soil inhabitants such as nematodes, 
soil insects and vertebrates can also contribute 
to microbial inoculation. Likewise, humans’ 
activities such as soil works can cause root 
cracks that facilitate microorganisms to enter 
the plants. In the case of leguminous plants, 
microorganisms as rhizobia can be coopted by 
the plant root hairs, during root coiling, leading 
to the formation of root nodules (Dincă & 
Dunea, 2017). Once inside the roots, 
endophytic bacteria can colonize the adjacent 
internal plant tissues (Figure 2). 

 

 
Figure 1. Vertical transmission of endophytes during vegetative and generative plant propagation 

Note. This figure was createdby the authors using various sources: http://agritech.tnau.ac.in; https://clip.cookdiary.net; https://www.enasco.com; 
https://i.pinimg.com; https://www.ucbmsh.org) 

 
Plants can also contact outer microorganisms 
that were brought by the wind, water, 

pollinators or other arthropods, vertebrates, 
including human activities.  
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specific environmental circumstances we can improve the microbial balance for a better use of agricultural inoculants 
and microbial land-improvers. 
 
Key words: plant growth promoting endophytes (PGPE). 
 
INTRODUCTION 
 
Endophytes are internal colonizers of plant 
tissues coexisting with their hosts without 
causing visible symptoms or harm, but 
sometime influencing plants’ vegetation, 
mainly in a good way. They colonize mostly 
the intercellular space and they can transit also 
through vessels (Maela & Serepa-Dlamini, 
2019). In only a few cases endophytes were 
reported as intracellular microorganisms, 
mostly related to symbiotic associations, as 
those present in rhizobia (Thomas & Sekhar, 
2014). 
Although potential endophytes can naturally 
use different access pathways to enter inside 
plants, there are motifs to enrich plants 
microbiota with beneficial inoculants, for 
purposes such as: plant growth promotion, 
plant protection, or environmental safety.  
Among microorganisms, bacteria are more 
abundant, compared to other microbial 
categories. The most studied, well-known and 

applied beneficial bacteria are the ones 
colonizing the rhizosphere. However, bacterial 
endophytes provide similar advantages. Since 
an intimate bound with their plant host is 
established, not only the plant is benefiting 
from the biological traits of the endophytic 
bacteria, but also the microorganisms are in 
some way protected by various environmental 
factors once inside the plant tissue. Plant-
endophyte associations are diverse and 
complex, triggering a high interest, mostly due 
to their beneficial traits in improving crop 
performance and plant protection against biotic 
and abiotic stress (Dey et al., 2019; Eid et al., 
2019).  
Bacterial endophytes can increase nutrient 
uptake in the host plants, from both organic and 
inorganic sources, can increase the root system, 
improve photosynthesis, enrich the levels of 
phytohormones and biostimulant compounds 
for the plants, enhance vegetation in biotic and 
abiotic stressful conditions, elicit plant 
defensereaction and stress tolerance, or prime 

 
faster and stronger plant protection 
mechanisms.  
Beside the agricultural benefits that can be 
achieved through endophyte colonization, there 
are also environmental protection aspects. 
Some endophytes are indirectly involved in the 
phytoremediation process, or improve the 
plant’s capacity to colonize new harsher 
environmental areas. By understanding the 
mechanisms and functions of endophyte’s 
relationship with their hosts in specific 
environmental circumstances we can improve 
the microbial balance for a better use of 
agricultural inoculants and microbial land-
improvers. 
 
ENDOPHYTES ACCESS PATHWAYS IN 
PLANTS  
In most situations, endophytic colonization 
starts after a complex communication between 
the plants and the adjacent microbial 
communities. During this process both partners 
are changing their behavior and alter the 
surrounding environment, affecting also 
neighboring life forms.  
Endophytic lifestyle can be achieved by many 
types of microorganisms, such as soil, 

rhizosphere or epiphytic inhabitants that find a 
way to enter inside plants by active or passive 
manners.  
Endophytes could be transmitted also vertically 
through seeds and vegetative multiplication 
(Figure 1). More common is horizontal 
transmission, when soil, rhizosphere, air-borne 
and epiphyte microorganisms succeed to enter 
inside plant tissues. Underground roots can 
contact soil and rhizosphere microorganisms’ 
through bio-chemical signaling or direct 
interaction (Koo et al., 2005; Palmieri et al., 
2019). Soil and rhizosphere microorganisms 
can enter into the plant through lenticels, root 
cracks, natural injuries, and degraded root 
hairs. Some soil inhabitants such as nematodes, 
soil insects and vertebrates can also contribute 
to microbial inoculation. Likewise, humans’ 
activities such as soil works can cause root 
cracks that facilitate microorganisms to enter 
the plants. In the case of leguminous plants, 
microorganisms as rhizobia can be coopted by 
the plant root hairs, during root coiling, leading 
to the formation of root nodules (Dincă & 
Dunea, 2017). Once inside the roots, 
endophytic bacteria can colonize the adjacent 
internal plant tissues (Figure 2). 

 

 
Figure 1. Vertical transmission of endophytes during vegetative and generative plant propagation 

Note. This figure was createdby the authors using various sources: http://agritech.tnau.ac.in; https://clip.cookdiary.net; https://www.enasco.com; 
https://i.pinimg.com; https://www.ucbmsh.org) 

 
Plants can also contact outer microorganisms 
that were brought by the wind, water, 

pollinators or other arthropods, vertebrates, 
including human activities.  
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The entering parts could be the natural 
openings, such as stomata, lenticels, pollinating 
tube, but also injuries of any type. 
In some cases, plant association with 
microorganisms is already established, if 

endophytes were vertically transmitted during 
seed formation or horizontally spread within 
plant tissues before vegetative propagation 
(Frank et al., 2017; Luo et al., 2019).  

 

 
Figure 2. Endophytes access pathways into the plant 

Note. This figure was createdby the authorsusing various sources: Chowdhury et al. (2019); https://bio1152.nicerweb.com; 
https://garden.lovetoknow.com; https://www.shutterstock.com; Liu et al. (2017); Stavrinidou et al. (2015) 

 
BENEFITS OF PLANT - ENDOPHYTE 
INTERACTION 
 
Plant growth promotion has always been of 
interest for agriculture and environmental 
protection. There are continuous reasons for 
improving plant growth, either because of the 
economic advantages, demographic increase, 
climate changing conditions, phytoremediation 
needs, or even for pride.  
Endophyte microorganisms have the advantage 
of being intimate with their host plants. Many 
biologic processes are activated more rapidly 
by endophytes compared toother microorga-
nisms. This benefitis not only for plant growth 

promotion, but also for plant protection in 
biotic and abiotic stressful conditions. 
Plant growth promoting endophytes (PGPE) 
are able to mediate the phytohormone levels in 
plants and therefore the metabolic pathways 
depending on it. But choosing endophytes do 
not have to limit only to these traits, and should 
provide also an increased nutrient availability 
and uptake, reduced stress effects on their hosts 
and support plant growth and productivity in 
various or extreme environmental conditions. 
Recently, the modulation by endophytes of 
secondary metabolism for bioactive molecule 
production in medicinal plants has also be 
shown (Maggini et al., 2020). 

 
Nowadays, the advantages of microbial 
inoculants are largescale known. The most 
commonly used bacterial inoculants are those 
based on rhizobia andrhizobacteria (Dincă & 
Dunea, 2017; Helepciuc et al., 2019) such as 
Azospirillum, Azotobacter, Bacillus, 
Pseudomonas and Rhizobium, or closely related 
(Soare et al., 2017; Dumitru et al., 2019; Santos 
et al., 2019). But the interest forendophyte 
application has started to grow, as well as the 
microbial variety of endophytic species (Ou et 
al., 2019). Thereby, when choosing the 
appropriate endophytes for inoculants 
production, the fact that their application is not 
inside the plants must be considered. Therefore, 
potential endophytes need to be competitive to 
other microorganisms (Checcucci et al., 2017). 
Ideally, they should promote plant growth even 
before entering into their host. In this concern 
when selecting PGPE we must consider not 
only plant hormone modulation and activation 
of their metabolic pathways, but also bacterial 
potential to increase nutrients bioavailability 
for the plants, in order to stimulate plants 
interests to collaborate and coopt the inoculated 
endophytic strains.  

LABORATORY PROCEDURES 
ENABLING PGPE SELECTION 
 
Phytohormone production 
Phytohormones are plant growth regulators 
with a great beneficial impact on plant growth 
in both regular and stressful conditions. Studies 
have revealed that phytohormone 
supplementation can improve plant metabolic 
activity and stimulate plant defense response to 
abiotic stress factors (Egamberdieva et al., 
2017). To select those bacteria capable to 
produceindole-3-acetic acid (IAA) and secrete 
it outside the cell there are several tests that can 
be performed. The most used are performed 
through microbiologic and biochemical 
analysis. At first, for strain selection, it is better 
to use a qualitative test on agar plates. This 
way, a large number of bacterial isolates can be 
tested with minimum expenses. For IAA 
testing on agar plates the growth media should 
contain 100 µg/ml tryptophan, as precursor. 
Umesh and Ashok (2011) recommend using 
JNFb- agar (Table 1), supplemented with 
tryptophan. 

 
Table 1. Selective media for endophytes characterization  

Medium name Composition References 
JNFb solid medium (g/L) Malic acid, 5.0; K2HPO4, 0.6; KH2PO, 1.8; 

MgSO4·7H2O, 0.2; NaCl, 0.1; CaCl2·2H2O, 0.02; 
Micronutrient solution, 2 mL; bromothymol blue 
solution, 2 mL; Fe-EDTA solution (16.4 g/L), 4 mL; 
vitamin solution, 1 mL; KOH, 4.5; agar 17.0. The pH 
must be adjusted to 5.8 with KOH 

Baldani et al., 1992, 
2014 

Micronutrient solution for 
JNFb medium (g/L) 

CuSO4·5H2O, 0.04; ZnSO4·7H2O, 0.12; H3BO3, 1.40; 
Na2MoO4·2H2O, 1.0; MnSO4· H2O, 1.175. 

Bromothymol blue solution 
for JNFb medium 

5 g/L bromothymol blue in 0.2 N KOH 

Vitamin solution for JNFb 
medium 

0.01% biotin and 0.02% pyridoxal-HCl in distilled 
water. Placed in hot water bath for dissolution 

DF minimal medium (g/L) KH2PO4, 4.0; Na2HPO4, 6.0; MgSO4·7H2O, 0.2; 
glucose, 2.0; gluconic acid 2.0; citric acid 2.0; 0.1ml of 
trace elements solution; 0.1ml ferrous sulphate 
solution; agar 18.0 

Penrose & Glick, 2003 

Trace elements solution for 
DF minimal medium 

10 mg H3BO3; 11.19 mg MnSO4·H2O; 124.6 mg 
ZnSO4·7H2O; 78.22 mg CuSO4·5H2O; 10 mg MoO3 
dissolved in 100 ml of distilled water 

Ferrous sulphate solution for 
DF minimal medium 

100 mg FeSO4·7H2O dissolved in 10 ml of distilled 
water  

Pikowskaya (PVK) medium 
for phosphate solubilization 
(g/L) 

Glucose, 10; yeast extract, 0.5; (NH4)2SO4, 0.5; KCl, 
0.2; MgSO4·7H2O, 0.01; FeSO4·7H2O, 0.0001; 
MnSO4·H2O, 0.0001; Ca3(PO4)2, 5.0; agar, 15; pH 7.0  

Kaur & Reddy, 2013;  
Dobre et al., 2016 

NBRIP medium for phosphate 
solubilization (g/L) 

Glucose, 10; (NH4)2SO4, 0.1; KCl, 0.2; MgCl2·6H2O, 
5; MgSO4·7H2O, 0.25; Ca3(PO4)2, 5; agar, 15; pH 7.0  

Dobre et al., 2016 
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The entering parts could be the natural 
openings, such as stomata, lenticels, pollinating 
tube, but also injuries of any type. 
In some cases, plant association with 
microorganisms is already established, if 

endophytes were vertically transmitted during 
seed formation or horizontally spread within 
plant tissues before vegetative propagation 
(Frank et al., 2017; Luo et al., 2019).  

 

 
Figure 2. Endophytes access pathways into the plant 

Note. This figure was createdby the authorsusing various sources: Chowdhury et al. (2019); https://bio1152.nicerweb.com; 
https://garden.lovetoknow.com; https://www.shutterstock.com; Liu et al. (2017); Stavrinidou et al. (2015) 

 
BENEFITS OF PLANT - ENDOPHYTE 
INTERACTION 
 
Plant growth promotion has always been of 
interest for agriculture and environmental 
protection. There are continuous reasons for 
improving plant growth, either because of the 
economic advantages, demographic increase, 
climate changing conditions, phytoremediation 
needs, or even for pride.  
Endophyte microorganisms have the advantage 
of being intimate with their host plants. Many 
biologic processes are activated more rapidly 
by endophytes compared toother microorga-
nisms. This benefitis not only for plant growth 

promotion, but also for plant protection in 
biotic and abiotic stressful conditions. 
Plant growth promoting endophytes (PGPE) 
are able to mediate the phytohormone levels in 
plants and therefore the metabolic pathways 
depending on it. But choosing endophytes do 
not have to limit only to these traits, and should 
provide also an increased nutrient availability 
and uptake, reduced stress effects on their hosts 
and support plant growth and productivity in 
various or extreme environmental conditions. 
Recently, the modulation by endophytes of 
secondary metabolism for bioactive molecule 
production in medicinal plants has also be 
shown (Maggini et al., 2020). 

 
Nowadays, the advantages of microbial 
inoculants are largescale known. The most 
commonly used bacterial inoculants are those 
based on rhizobia andrhizobacteria (Dincă & 
Dunea, 2017; Helepciuc et al., 2019) such as 
Azospirillum, Azotobacter, Bacillus, 
Pseudomonas and Rhizobium, or closely related 
(Soare et al., 2017; Dumitru et al., 2019; Santos 
et al., 2019). But the interest forendophyte 
application has started to grow, as well as the 
microbial variety of endophytic species (Ou et 
al., 2019). Thereby, when choosing the 
appropriate endophytes for inoculants 
production, the fact that their application is not 
inside the plants must be considered. Therefore, 
potential endophytes need to be competitive to 
other microorganisms (Checcucci et al., 2017). 
Ideally, they should promote plant growth even 
before entering into their host. In this concern 
when selecting PGPE we must consider not 
only plant hormone modulation and activation 
of their metabolic pathways, but also bacterial 
potential to increase nutrients bioavailability 
for the plants, in order to stimulate plants 
interests to collaborate and coopt the inoculated 
endophytic strains.  

LABORATORY PROCEDURES 
ENABLING PGPE SELECTION 
 
Phytohormone production 
Phytohormones are plant growth regulators 
with a great beneficial impact on plant growth 
in both regular and stressful conditions. Studies 
have revealed that phytohormone 
supplementation can improve plant metabolic 
activity and stimulate plant defense response to 
abiotic stress factors (Egamberdieva et al., 
2017). To select those bacteria capable to 
produceindole-3-acetic acid (IAA) and secrete 
it outside the cell there are several tests that can 
be performed. The most used are performed 
through microbiologic and biochemical 
analysis. At first, for strain selection, it is better 
to use a qualitative test on agar plates. This 
way, a large number of bacterial isolates can be 
tested with minimum expenses. For IAA 
testing on agar plates the growth media should 
contain 100 µg/ml tryptophan, as precursor. 
Umesh and Ashok (2011) recommend using 
JNFb- agar (Table 1), supplemented with 
tryptophan. 

 
Table 1. Selective media for endophytes characterization  

Medium name Composition References 
JNFb solid medium (g/L) Malic acid, 5.0; K2HPO4, 0.6; KH2PO, 1.8; 

MgSO4·7H2O, 0.2; NaCl, 0.1; CaCl2·2H2O, 0.02; 
Micronutrient solution, 2 mL; bromothymol blue 
solution, 2 mL; Fe-EDTA solution (16.4 g/L), 4 mL; 
vitamin solution, 1 mL; KOH, 4.5; agar 17.0. The pH 
must be adjusted to 5.8 with KOH 

Baldani et al., 1992, 
2014 

Micronutrient solution for 
JNFb medium (g/L) 

CuSO4·5H2O, 0.04; ZnSO4·7H2O, 0.12; H3BO3, 1.40; 
Na2MoO4·2H2O, 1.0; MnSO4· H2O, 1.175. 

Bromothymol blue solution 
for JNFb medium 

5 g/L bromothymol blue in 0.2 N KOH 

Vitamin solution for JNFb 
medium 

0.01% biotin and 0.02% pyridoxal-HCl in distilled 
water. Placed in hot water bath for dissolution 

DF minimal medium (g/L) KH2PO4, 4.0; Na2HPO4, 6.0; MgSO4·7H2O, 0.2; 
glucose, 2.0; gluconic acid 2.0; citric acid 2.0; 0.1ml of 
trace elements solution; 0.1ml ferrous sulphate 
solution; agar 18.0 

Penrose & Glick, 2003 

Trace elements solution for 
DF minimal medium 

10 mg H3BO3; 11.19 mg MnSO4·H2O; 124.6 mg 
ZnSO4·7H2O; 78.22 mg CuSO4·5H2O; 10 mg MoO3 
dissolved in 100 ml of distilled water 

Ferrous sulphate solution for 
DF minimal medium 

100 mg FeSO4·7H2O dissolved in 10 ml of distilled 
water  

Pikowskaya (PVK) medium 
for phosphate solubilization 
(g/L) 

Glucose, 10; yeast extract, 0.5; (NH4)2SO4, 0.5; KCl, 
0.2; MgSO4·7H2O, 0.01; FeSO4·7H2O, 0.0001; 
MnSO4·H2O, 0.0001; Ca3(PO4)2, 5.0; agar, 15; pH 7.0  

Kaur & Reddy, 2013;  
Dobre et al., 2016 

NBRIP medium for phosphate 
solubilization (g/L) 

Glucose, 10; (NH4)2SO4, 0.1; KCl, 0.2; MgCl2·6H2O, 
5; MgSO4·7H2O, 0.25; Ca3(PO4)2, 5; agar, 15; pH 7.0  

Dobre et al., 2016 
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Medium name Composition References 
Modified PVK and NBRIP 
growth media for phosphate 
solubilization 

Mentioned growth media supplemented with pH 
sensitive dyes, such as bromphenol blue 0.1 g/L or 
bromcrezol purple 0.1 g/L. 

Gupta et al., 1994; 
Agrawal et al., 2015; 
Matos et al., 2017 

PSM for phytate solubilization 
(g/L) 

Glucose, 15; (NH4)2SO4, 5; KCl, 0.5; MgSO4·7H2O, 
0.1; NaCl, 0.1; CaCl2·2H2O, 0.1; FeSO4, 0.01; MnSO4, 
0.01; sodium phytate, 5.0; agar, 15.0; pH 6.5 

Bae et al., 1999; Singh et 
al., 2013; Tungala et al., 
2013;Dobre et al., 2016 

Aleksandrov medium for PSB 
and KSB screening (g/L) 

Glucose, 5.0; MgSO4·7H2O, 0.5; CaCO3, 0.1; FeCl3, 
0.006; Ca3(PO4)2, 2.0; potassium aluminium silicate 
(feldspar), 3.0; agar, 20.0; pH = 7.2 

Prajapati & Modi, 2012;  
Etesami et al., 2017; 
Rajawat et al., 2016, 2019 

Aleksandrov medium Modified 
by Rajawat et al. (2016)for PSB 
and KSB screening (g/L) 

Aleksandrov medium amended with 100mg/L of 
different acid-base indicator dyes: phenol red, 
bromocresol purple, or bromothymol blue   

Etesami et al., 2017; 
Rajawat et al., 2016, 2019 

Aleksandrov medium Modified 
by Hu et al. (2006)for PSB and 
KSB screening (g/L) 

Glucose, 5.0; MgSO4·7H2O, 0.5; CaCO3, 0.1; FeCl3, 
0.005; phosphorite GY, 2.0; montmorillonite, 2.0; agar, 
18.0; pH = 7.0 

Hu et al., 2006 
Rajawat et al., 2019 

Selective media for KSB 
screening (g/L) 

Sucrose, 10.0; yeast extract, 0.5; (NH4)2SO4, 1.0; 
Na2HPO4, 2.0; MgSO4·7H2O, 0.5; CaCO3, 1.0; potash 
feldspar, 1.0; agar, 15.0. 

Liu et al., 2013;  
Dong at al., 2019  

Bunt & Rovira medium (g/L) Glucose, 20; peptone, 1; yeast extract, 1; (NH4)2SO4, 
0.5; K2HPO4, 0.4; MgCl2, 0.1; FeCl3, 0.01; agar 18.0; 
pH 6.6.-7.0. Some recommend using soil extract in a 
ratio of 1:3 v/v of the final volume (which means 
250ml soil extract in a final volume of 1L of medium). 

Dobre et al., 2016 

Bunt & Rovira supplemented 
medium for zinc-compounds 
solubilization (g/L) 

0.1% ZnO Abaid-Ullah et al., 2015 
0.1% ZnCO3 - 
pH sensitive dyes such as bromphenol blue 0.1 g/L or 
bromcrezol purple 0.1 g/L 

Kumar et al., 2012 

Growth medium for KSB 
screening(g/L) 

Dextrose, 10.0; (NH4)2SO4, 1.0; KCl, 0.2; K2HPO4, 
0.1; MgSO4·7H2O, 0.2; 0.1% insoluble Zn compound 
(ZnO or ZnCO3); agar, 15.0; pH 7.0 

Saravanan et al., 2007; 
Goteti et al., 2013 

DB agar medium for CDB (g/L) Glucose, 5.0; Yeast extract, 1.0; Peptone, 1.0; K2HPO4, 
0.4; MgSO4, 0.01; NaCl, 5.0; (NH4)2SO4, 0.05; CaCO3, 
5.0; agar 20.0  

Tamilselvi et al., 2016   

King B (g/L) Proteose peptone, 20.0; K2HPO4, 1.5; MgSO4·7H2O, 
1.5; glycerol 10ml; agar 18.0 

- 

Arnow’s reagent 10g NaNO2, 10g Na2MoO4·2H2O in 50 ml distilled 
water 

Kotasthane et al., 2017 

Iron free modified M9 medium  KH2PO4, 0.3 g/L; NaCl, 0.5 g/L; NH4Cl, 1 g/L; 
MgSO4·7H2O, 493 mg/L; CaCl2, 11 mg/L; 
MnSO4·H2O, 1.17 mg/L; H3BO3, 1.4 mg/L; 
CuSO4·5H2O, 0.04 mg/L; ZnSO4·7H2O, 1.2 mg/L; 
Na2MoO4·2H2O, 1 mg/L; casamino acids, 3 g/L; 
PIPES, 30.24 g/L; FeCl3·6H2O, 10 μM/L; EDTA, 
3.27 mg/L; glycerol, 5 g/L; agar, 1 8g/L 

Radzki et al., 2013 

where PSB: phosphorus solubilizing bacteria; KSB: potassium solubilizing bacteria; ZnSB: zinc-compounds solubilizing bacteria; SiSB: silicon-
compounds solubilizing bacteria; CDB: calcite dissolving bacteria 

 
Auxin quantitative test could be also performed 
in Luria-Bertani medium with IAA precursor. 
For this test, fresh bacterial cultures should be 
inoculated in cavities, aseptically made in the 
culture media. After overnight incubation, the 
suspension must be removed, and the holes 
filled with an equal amount of Salkowski 
reagent (2% of 0.5M FeCl3 in 35% HClO4 
solution). In positive reactions a pink color 
appears in and around cavities (Figure 3). The 
pink halo rings of the positive reactions can be 
used to appreciate which bacterial strains are 

higher IAA producer. Umesh & Ashok (2011) 
reveal a good correlation between this semi-
quantitative method and the results obtained 
when IAA amount was quantified through the 
colorimetric analysis. 
Spectrophotometric analysis for IAA 
quantification is another approach for 
beneficial bacterial strain selection. A 
calibration curve must be performed along with 
this analysis for correct determination of the 
IAA produced. For this analysis, bacteria are 
grown in usual culture medium and in media 

 
supplemented with IAA precursor, usually      
2.5 mM and sometime 5 mM tryptophan. 
 

 
Figure 3. Detection of IAA by semi-quantitative (a) 

and quantitative (b) methods 
 
The test should be performed with standardized 
inocula, with the same concentration of 
CFU/ml at starting time (Sicuia et al., 2016). 
Overnight or up to 3 days old cultures can be 
used in the quantification. To each 2 ml of clear 
supernatant, collected by centrifugation, 3  
drops of o-phosphoric acid and 4 ml Salkowski 
reagent (FeCl3-HClO4) are added. The 
homogenate should be incubated for 25-30 min 
at room temperature before the reading at 530 
nm. The spectrophotometric determination is 
than correlated with the standard curve 
(containing 0÷100 mg IAA/ml) in order to 
perform IAA quantification. 
For gibberellic acid (GA) production, specific 
ELISA kits could be used. Indirect tests, using 
crude GA extracts for plant growth stimulation 
are also mentioned (Hasan, 2002). A rapid and 
simple way to detect and quantify bacterial 
strains producing GA is the spectrophotometric 
analysis (Pandya & Desai, 2014). Two days old 
bacterial cultures are centrifuged at high speed 
for at least 15 minutes. The cell free 
supernatant is treated with 3.75 N HCl until the 
pH value drops to 2.5.The samples are 
subjected to liquid-liquid extraction method 
(Siddikee et al., 2010) using two times 1:10 v/v 
ethyl acetate, then 1M NaHCO3 (pH 2.0) 1:1 
v/v, to purify the ethyl acetate fraction. The 
NaHCO3 solution having the free GA is 
partitioned in two, and mixed again with ethyl 
acetate (Volume 1:10). The upper fractions are 
collected, reunited, and dried using rotary 
evaporator. The residue is dissolved in 4 ml 
absolute methanol and filtered through 
Whatman No. 42 paper. The GAs extracts can 
then be measured in UV light (254nm) against 
control blank. A calibration curve should also 
be performed in order to quantify the 
spectrophotometric readings, using different 
concentrations of GA dissolved in absolute 

methanol. Beside this method, Sharma et al. 
(2018) are describing another gibberellins 
estimation assay. For 15 volumes of culture 
supernatant there should be used 2 volumes of 
zinc acetate reagent prepared from 1M zinc 
acetate and 1% glacial acetic acid. Two 
minutes after, 2 volumes of 250 mM potassium 
ferrocyanide should be added and the mixture 
centrifuged for 15 minutes at low speed. Equal 
volumes of clear supernatant and 30% HCI 
should be mixed an incubated for 75 minutes at 
room temperature before spectrophotometric 
analysis (254 nm). For blank a 5% HCl 
solution is used, and the quantification is 
determined comparing with a standard curve, 
with 0.01 to 0.1% GA3. 
It was shown that gibberellins are responsible 
for the induction of several degrading enzymes 
such as α-amylase, β-glucanase and protease 
(Barr, 1976). First studies were revealed on 
barley endosperm (Coombe et al., 1967a). 
Atzorn & Weiler (1983) confirmed that the 
increase of GA levels is correlated with an 
increase of α-amylase activity. Considering 
these Lindow et al. (1998) developed a 
bioassay that correlates gibberellins with the α-
amylase released. Sharma et al. (2018) express 
the enzyme activity in units of reducing starch, 
correlated with the response to GA3 dose from 
the prepared curve. The α-amylase test could be 
also performed on barley endosperm coupled 
with gel diffusion technique (Coombe et al., 
1967b). The gibberellins are extracted from the 
microbial cultures by reversed dialysis. The 
extract is then used to treat the sterilized barley 
endosperm. The test is performed in the starch-
agar gel, prepared from 2.5% agar with 1% 
starch and poured in 2-3 mm layer on acetate 
foil or microscopic slides. The barley 
endosperm is placed together with the extract 
in5 mm diameter holes performed in the agar 
layer. After 3 days of incubation at room 
temperature, in the dark, the gel is stained with 
iodine solution that colors in blue the remains 
of starch (Figure 4). Since there are many 
bacterial strains producing amylase it is 
mandatory for this assay to not use culture 
supernatant as it is, and submit it for proper 
phytohormone extraction. 
 

a b 



61

 
Medium name Composition References 
Modified PVK and NBRIP 
growth media for phosphate 
solubilization 

Mentioned growth media supplemented with pH 
sensitive dyes, such as bromphenol blue 0.1 g/L or 
bromcrezol purple 0.1 g/L. 

Gupta et al., 1994; 
Agrawal et al., 2015; 
Matos et al., 2017 

PSM for phytate solubilization 
(g/L) 

Glucose, 15; (NH4)2SO4, 5; KCl, 0.5; MgSO4·7H2O, 
0.1; NaCl, 0.1; CaCl2·2H2O, 0.1; FeSO4, 0.01; MnSO4, 
0.01; sodium phytate, 5.0; agar, 15.0; pH 6.5 

Bae et al., 1999; Singh et 
al., 2013; Tungala et al., 
2013;Dobre et al., 2016 

Aleksandrov medium for PSB 
and KSB screening (g/L) 

Glucose, 5.0; MgSO4·7H2O, 0.5; CaCO3, 0.1; FeCl3, 
0.006; Ca3(PO4)2, 2.0; potassium aluminium silicate 
(feldspar), 3.0; agar, 20.0; pH = 7.2 

Prajapati & Modi, 2012;  
Etesami et al., 2017; 
Rajawat et al., 2016, 2019 

Aleksandrov medium Modified 
by Rajawat et al. (2016)for PSB 
and KSB screening (g/L) 

Aleksandrov medium amended with 100mg/L of 
different acid-base indicator dyes: phenol red, 
bromocresol purple, or bromothymol blue   

Etesami et al., 2017; 
Rajawat et al., 2016, 2019 

Aleksandrov medium Modified 
by Hu et al. (2006)for PSB and 
KSB screening (g/L) 

Glucose, 5.0; MgSO4·7H2O, 0.5; CaCO3, 0.1; FeCl3, 
0.005; phosphorite GY, 2.0; montmorillonite, 2.0; agar, 
18.0; pH = 7.0 

Hu et al., 2006 
Rajawat et al., 2019 

Selective media for KSB 
screening (g/L) 

Sucrose, 10.0; yeast extract, 0.5; (NH4)2SO4, 1.0; 
Na2HPO4, 2.0; MgSO4·7H2O, 0.5; CaCO3, 1.0; potash 
feldspar, 1.0; agar, 15.0. 

Liu et al., 2013;  
Dong at al., 2019  

Bunt & Rovira medium (g/L) Glucose, 20; peptone, 1; yeast extract, 1; (NH4)2SO4, 
0.5; K2HPO4, 0.4; MgCl2, 0.1; FeCl3, 0.01; agar 18.0; 
pH 6.6.-7.0. Some recommend using soil extract in a 
ratio of 1:3 v/v of the final volume (which means 
250ml soil extract in a final volume of 1L of medium). 

Dobre et al., 2016 

Bunt & Rovira supplemented 
medium for zinc-compounds 
solubilization (g/L) 

0.1% ZnO Abaid-Ullah et al., 2015 
0.1% ZnCO3 - 
pH sensitive dyes such as bromphenol blue 0.1 g/L or 
bromcrezol purple 0.1 g/L 

Kumar et al., 2012 

Growth medium for KSB 
screening(g/L) 

Dextrose, 10.0; (NH4)2SO4, 1.0; KCl, 0.2; K2HPO4, 
0.1; MgSO4·7H2O, 0.2; 0.1% insoluble Zn compound 
(ZnO or ZnCO3); agar, 15.0; pH 7.0 

Saravanan et al., 2007; 
Goteti et al., 2013 

DB agar medium for CDB (g/L) Glucose, 5.0; Yeast extract, 1.0; Peptone, 1.0; K2HPO4, 
0.4; MgSO4, 0.01; NaCl, 5.0; (NH4)2SO4, 0.05; CaCO3, 
5.0; agar 20.0  

Tamilselvi et al., 2016   

King B (g/L) Proteose peptone, 20.0; K2HPO4, 1.5; MgSO4·7H2O, 
1.5; glycerol 10ml; agar 18.0 

- 

Arnow’s reagent 10g NaNO2, 10g Na2MoO4·2H2O in 50 ml distilled 
water 

Kotasthane et al., 2017 

Iron free modified M9 medium  KH2PO4, 0.3 g/L; NaCl, 0.5 g/L; NH4Cl, 1 g/L; 
MgSO4·7H2O, 493 mg/L; CaCl2, 11 mg/L; 
MnSO4·H2O, 1.17 mg/L; H3BO3, 1.4 mg/L; 
CuSO4·5H2O, 0.04 mg/L; ZnSO4·7H2O, 1.2 mg/L; 
Na2MoO4·2H2O, 1 mg/L; casamino acids, 3 g/L; 
PIPES, 30.24 g/L; FeCl3·6H2O, 10 μM/L; EDTA, 
3.27 mg/L; glycerol, 5 g/L; agar, 1 8g/L 

Radzki et al., 2013 

where PSB: phosphorus solubilizing bacteria; KSB: potassium solubilizing bacteria; ZnSB: zinc-compounds solubilizing bacteria; SiSB: silicon-
compounds solubilizing bacteria; CDB: calcite dissolving bacteria 

 
Auxin quantitative test could be also performed 
in Luria-Bertani medium with IAA precursor. 
For this test, fresh bacterial cultures should be 
inoculated in cavities, aseptically made in the 
culture media. After overnight incubation, the 
suspension must be removed, and the holes 
filled with an equal amount of Salkowski 
reagent (2% of 0.5M FeCl3 in 35% HClO4 
solution). In positive reactions a pink color 
appears in and around cavities (Figure 3). The 
pink halo rings of the positive reactions can be 
used to appreciate which bacterial strains are 

higher IAA producer. Umesh & Ashok (2011) 
reveal a good correlation between this semi-
quantitative method and the results obtained 
when IAA amount was quantified through the 
colorimetric analysis. 
Spectrophotometric analysis for IAA 
quantification is another approach for 
beneficial bacterial strain selection. A 
calibration curve must be performed along with 
this analysis for correct determination of the 
IAA produced. For this analysis, bacteria are 
grown in usual culture medium and in media 

 
supplemented with IAA precursor, usually      
2.5 mM and sometime 5 mM tryptophan. 
 

 
Figure 3. Detection of IAA by semi-quantitative (a) 

and quantitative (b) methods 
 
The test should be performed with standardized 
inocula, with the same concentration of 
CFU/ml at starting time (Sicuia et al., 2016). 
Overnight or up to 3 days old cultures can be 
used in the quantification. To each 2 ml of clear 
supernatant, collected by centrifugation, 3  
drops of o-phosphoric acid and 4 ml Salkowski 
reagent (FeCl3-HClO4) are added. The 
homogenate should be incubated for 25-30 min 
at room temperature before the reading at 530 
nm. The spectrophotometric determination is 
than correlated with the standard curve 
(containing 0÷100 mg IAA/ml) in order to 
perform IAA quantification. 
For gibberellic acid (GA) production, specific 
ELISA kits could be used. Indirect tests, using 
crude GA extracts for plant growth stimulation 
are also mentioned (Hasan, 2002). A rapid and 
simple way to detect and quantify bacterial 
strains producing GA is the spectrophotometric 
analysis (Pandya & Desai, 2014). Two days old 
bacterial cultures are centrifuged at high speed 
for at least 15 minutes. The cell free 
supernatant is treated with 3.75 N HCl until the 
pH value drops to 2.5.The samples are 
subjected to liquid-liquid extraction method 
(Siddikee et al., 2010) using two times 1:10 v/v 
ethyl acetate, then 1M NaHCO3 (pH 2.0) 1:1 
v/v, to purify the ethyl acetate fraction. The 
NaHCO3 solution having the free GA is 
partitioned in two, and mixed again with ethyl 
acetate (Volume 1:10). The upper fractions are 
collected, reunited, and dried using rotary 
evaporator. The residue is dissolved in 4 ml 
absolute methanol and filtered through 
Whatman No. 42 paper. The GAs extracts can 
then be measured in UV light (254nm) against 
control blank. A calibration curve should also 
be performed in order to quantify the 
spectrophotometric readings, using different 
concentrations of GA dissolved in absolute 

methanol. Beside this method, Sharma et al. 
(2018) are describing another gibberellins 
estimation assay. For 15 volumes of culture 
supernatant there should be used 2 volumes of 
zinc acetate reagent prepared from 1M zinc 
acetate and 1% glacial acetic acid. Two 
minutes after, 2 volumes of 250 mM potassium 
ferrocyanide should be added and the mixture 
centrifuged for 15 minutes at low speed. Equal 
volumes of clear supernatant and 30% HCI 
should be mixed an incubated for 75 minutes at 
room temperature before spectrophotometric 
analysis (254 nm). For blank a 5% HCl 
solution is used, and the quantification is 
determined comparing with a standard curve, 
with 0.01 to 0.1% GA3. 
It was shown that gibberellins are responsible 
for the induction of several degrading enzymes 
such as α-amylase, β-glucanase and protease 
(Barr, 1976). First studies were revealed on 
barley endosperm (Coombe et al., 1967a). 
Atzorn & Weiler (1983) confirmed that the 
increase of GA levels is correlated with an 
increase of α-amylase activity. Considering 
these Lindow et al. (1998) developed a 
bioassay that correlates gibberellins with the α-
amylase released. Sharma et al. (2018) express 
the enzyme activity in units of reducing starch, 
correlated with the response to GA3 dose from 
the prepared curve. The α-amylase test could be 
also performed on barley endosperm coupled 
with gel diffusion technique (Coombe et al., 
1967b). The gibberellins are extracted from the 
microbial cultures by reversed dialysis. The 
extract is then used to treat the sterilized barley 
endosperm. The test is performed in the starch-
agar gel, prepared from 2.5% agar with 1% 
starch and poured in 2-3 mm layer on acetate 
foil or microscopic slides. The barley 
endosperm is placed together with the extract 
in5 mm diameter holes performed in the agar 
layer. After 3 days of incubation at room 
temperature, in the dark, the gel is stained with 
iodine solution that colors in blue the remains 
of starch (Figure 4). Since there are many 
bacterial strains producing amylase it is 
mandatory for this assay to not use culture 
supernatant as it is, and submit it for proper 
phytohormone extraction. 
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Figure 4. Barley endosperm assay detecting gibberellin 
inducing α-amylase: a. Negative control, b. Treatment 

with Bacillus sp. gibberellins extract 
 
Phytohormone producing microorganisms can 
also be evaluated by various bioassays. The 
microorganisms are first grown in specific 
broth with or without precursors, such as L-
tryptophan for auxins (Zhao, 2014), furfural or 
adenine and isopentyl alcohol for cytokinins 
(Zahir et al., 2001), or ent-kaurene for 
gibberellins (Otsuka et al., 2004). The culture 
supernatant is then submitted to specific 
extraction procedures and used for different 
bioassays. Each time a series of phytohormone 
dilutions should be used as standard curve. The 
etiolated wheat coleoptiles bioassay is used for 
indole acetic acid evaluation (Bose et al., 
2013), for gibberellins evaluation, excised 
lettuce hypocotyl sections can be used (Silk and 
Jones, 1975), and for cytokinins, excised 
cucumber or radish cotyledons (Figure 5) are 
used (Letham, 2006). 
 

 
Figure 5. Cytokinin bioassay using excised radish 
cotyledons: a. Negative control, b. Treatment with           

B. subtilis cytokinins extract 
 
Among plant hormones there are also other 
compounds whose level can be changed due to 
microbial activity, for instance: abscisic acid, 
ethylene, polyamines, jasmonates, salicylic acid 
and strigolactones. Modifying phytohormone 
levels in plants, the microorganisms influence 
plant reaction to biotic and abiotic stress 
factors. Most studies in these concerns are 
debated in studies that discuss plant protection 
and environmental issues. 
 
ACC deaminase production 
A widespread characteristic among plant 
growth promoting bacteria is the ACC 

deaminase activity. This enzyme hydrolyses 
ACC (1-aminocyclopropane-1-carboxylic 
acid), a precursor of ethylene, and therefore is 
lowering the amounts of this hormone in plants 
(Vanderstraeten et al., 2019).  
Ethylene is involved in the regulation of 
various physiological processes of plants. In 
abiotic stressful condition ethylene production 
increases, which negatively influences plant 
growth and development. Considering these 
bacteria showing ACC-deaminase activity can 
exert beneficial effects on abiotic stressed 
plants (Gupta & Pandey, 2019). Moreover, 
endophytes that possess this enzyme can use 
the ACC as nitrogen source, converting it into 
ammonia and α-ketobutyrate, and thereby 
lowering the levels of ethylene in plants and 
maintaining a normal growth potential in 
stressful abiotic conditions (Kuźniar et al., 
2019).  
Testing bacteria for ACC-deaminase presume 
growing them on DF salt minimal medium 
(Table 1) supplemented with 3 mM ACC as 
sole nitrogen source. Positive and negative 
controls should be prepared using DF medium 
supplemented with 2 g/L ammonium sulphate 
as positive control, and N-free DF medium as 
negative control (Penrose & Glick, 2003). 
 
Nitrogen-fixation 
Improving nitrogen fixation in plants is an 
important trait obtained after a proper 
symbiosis with specific beneficial 
microorganisms, such as diazotrophs and other 
biological nitrogen fixers (BNF). The most 
studied are the rhizobia and leguminous plants 
associations, then Azospirillum and 
Azotobacter species with cereals (Sivasakthi et 
al., 2017; Rosenblueth et al., 2018). However, 
there are many other bacterial species able to 
fix nitrogen in plants.  
Research activities have shown various 
methods to evaluate microbial ability to 
improve nitrogen fixation in plants. Some of 
these methods are tracking plant morpho-
physiological changes associated with nitrogen 
fixation, such as chlorophyll content, number 
and weight of biological active nodules, total 
nitrogen differences etc. There are also other 
methods such as:acetylene reduction assay, N-
solute analysis of xylem exudate method and 
detection of 15N labeled compounds. 
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Figure 6. Different approaches for studying plant-microbial interactions

Testing bacterial nitrogen-fixing activity 
requests controlled growth condition of the 
plant growth substrate also. For such studies, 
inert substrate like sand, perlite, vermiculite, 
and sometime agar are used. To evaluate the 
nitrogen–fixing abilities of plant associated 
microorganisms it is required to grow the host 
plant in a nitrogen–free medium. There are 
several nutrient solutions already described. 
However, first compositions of nutrient 
mixtures were those used in soilless cultures 
such as Knop's (used in hydroponics), Helriegel 
(used in sand cultures), Prianishnikov (with a 
much stable pH compared to the ones before) 
that had also nitrogen input. Later on, nitrogen 
free nutrient solution like Hoagland, Crone, or 
Bryan's modification of Crone's salt 
formulation appeared, some are nitrogen free 
and others that have all macronutrients in order 
to be used as control (El-Ramady et al., 2014).  
Controlled plant growth can be performed in 
various assay systems such as gnotobiotic 
condition, Cyg pouches, Leonard jars or similar 
(Figure 6), depending on plant species and 
microbial inoculants. 
 
Phosphorus solubilization 
Phosphorus (P) is one of the macronutrients 
essential for plant nutrition, structure, growth 
and biologic activities. It is involved in root 
growth stimulation, plant vigor increase, stem 
strengthen, flowering stimulation, fruiting 
uniformity, seed production, crop quality 
improvement, earlier crop maturity and 
increase plant resistance to pathogens attack 
(Shen et al., 2011; Malhotra et al., 2018). 

Phosphorus deposits in nature are plentiful, in 
both organic and inorganic forms. However, 
the available forms that can be absorbed by 
plants are not always sufficient for proper 
nutrition. Fertilizers application raises the 
amount of available phosphorus for the plants, 
but after a short time almost tree quarter of the 
amount are blocked in the soil. Therefore, 
microbial conversion of P-compounds into 
water soluble forms, easily absorbed by plants, 
is of great interest for the agriculture. There are 
many ways to select P-solubilizing 
microorganisms, but the easiest and economic 
way is by growing them on insoluble 
phosphates or phytates enriched media. The 
most common media for such tests are 
Pikovskaya agar and NBRIP that contain 
tricalcium phosphate (Dobre et al., 2016; Matos 
et al., 2017), or PSM and TS agar media 
containing phytates (Demirkan et al., 2014), 
with or without pH sensitive dyes (Table 1). 
Dynamic semi-quantitative tests could be 
performed on such growth media by 
inoculating the plates and measuring the 
clearing halos at different incubation times 
(Figure 7). Such measurements can be used 
also for comparative analysis between strains. 
In such case it is recommended to use the 
phosphate solubilization index (Firew et al., 
2016): 

SI = CD + HD
CD  

where: SI = solubilization index; CD = microbial colony 
diameter; HD = halo zone diameter. 
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with Bacillus sp. gibberellins extract 
 
Phytohormone producing microorganisms can 
also be evaluated by various bioassays. The 
microorganisms are first grown in specific 
broth with or without precursors, such as L-
tryptophan for auxins (Zhao, 2014), furfural or 
adenine and isopentyl alcohol for cytokinins 
(Zahir et al., 2001), or ent-kaurene for 
gibberellins (Otsuka et al., 2004). The culture 
supernatant is then submitted to specific 
extraction procedures and used for different 
bioassays. Each time a series of phytohormone 
dilutions should be used as standard curve. The 
etiolated wheat coleoptiles bioassay is used for 
indole acetic acid evaluation (Bose et al., 
2013), for gibberellins evaluation, excised 
lettuce hypocotyl sections can be used (Silk and 
Jones, 1975), and for cytokinins, excised 
cucumber or radish cotyledons (Figure 5) are 
used (Letham, 2006). 
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Among plant hormones there are also other 
compounds whose level can be changed due to 
microbial activity, for instance: abscisic acid, 
ethylene, polyamines, jasmonates, salicylic acid 
and strigolactones. Modifying phytohormone 
levels in plants, the microorganisms influence 
plant reaction to biotic and abiotic stress 
factors. Most studies in these concerns are 
debated in studies that discuss plant protection 
and environmental issues. 
 
ACC deaminase production 
A widespread characteristic among plant 
growth promoting bacteria is the ACC 

deaminase activity. This enzyme hydrolyses 
ACC (1-aminocyclopropane-1-carboxylic 
acid), a precursor of ethylene, and therefore is 
lowering the amounts of this hormone in plants 
(Vanderstraeten et al., 2019).  
Ethylene is involved in the regulation of 
various physiological processes of plants. In 
abiotic stressful condition ethylene production 
increases, which negatively influences plant 
growth and development. Considering these 
bacteria showing ACC-deaminase activity can 
exert beneficial effects on abiotic stressed 
plants (Gupta & Pandey, 2019). Moreover, 
endophytes that possess this enzyme can use 
the ACC as nitrogen source, converting it into 
ammonia and α-ketobutyrate, and thereby 
lowering the levels of ethylene in plants and 
maintaining a normal growth potential in 
stressful abiotic conditions (Kuźniar et al., 
2019).  
Testing bacteria for ACC-deaminase presume 
growing them on DF salt minimal medium 
(Table 1) supplemented with 3 mM ACC as 
sole nitrogen source. Positive and negative 
controls should be prepared using DF medium 
supplemented with 2 g/L ammonium sulphate 
as positive control, and N-free DF medium as 
negative control (Penrose & Glick, 2003). 
 
Nitrogen-fixation 
Improving nitrogen fixation in plants is an 
important trait obtained after a proper 
symbiosis with specific beneficial 
microorganisms, such as diazotrophs and other 
biological nitrogen fixers (BNF). The most 
studied are the rhizobia and leguminous plants 
associations, then Azospirillum and 
Azotobacter species with cereals (Sivasakthi et 
al., 2017; Rosenblueth et al., 2018). However, 
there are many other bacterial species able to 
fix nitrogen in plants.  
Research activities have shown various 
methods to evaluate microbial ability to 
improve nitrogen fixation in plants. Some of 
these methods are tracking plant morpho-
physiological changes associated with nitrogen 
fixation, such as chlorophyll content, number 
and weight of biological active nodules, total 
nitrogen differences etc. There are also other 
methods such as:acetylene reduction assay, N-
solute analysis of xylem exudate method and 
detection of 15N labeled compounds. 
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Testing bacterial nitrogen-fixing activity 
requests controlled growth condition of the 
plant growth substrate also. For such studies, 
inert substrate like sand, perlite, vermiculite, 
and sometime agar are used. To evaluate the 
nitrogen–fixing abilities of plant associated 
microorganisms it is required to grow the host 
plant in a nitrogen–free medium. There are 
several nutrient solutions already described. 
However, first compositions of nutrient 
mixtures were those used in soilless cultures 
such as Knop's (used in hydroponics), Helriegel 
(used in sand cultures), Prianishnikov (with a 
much stable pH compared to the ones before) 
that had also nitrogen input. Later on, nitrogen 
free nutrient solution like Hoagland, Crone, or 
Bryan's modification of Crone's salt 
formulation appeared, some are nitrogen free 
and others that have all macronutrients in order 
to be used as control (El-Ramady et al., 2014).  
Controlled plant growth can be performed in 
various assay systems such as gnotobiotic 
condition, Cyg pouches, Leonard jars or similar 
(Figure 6), depending on plant species and 
microbial inoculants. 
 
Phosphorus solubilization 
Phosphorus (P) is one of the macronutrients 
essential for plant nutrition, structure, growth 
and biologic activities. It is involved in root 
growth stimulation, plant vigor increase, stem 
strengthen, flowering stimulation, fruiting 
uniformity, seed production, crop quality 
improvement, earlier crop maturity and 
increase plant resistance to pathogens attack 
(Shen et al., 2011; Malhotra et al., 2018). 

Phosphorus deposits in nature are plentiful, in 
both organic and inorganic forms. However, 
the available forms that can be absorbed by 
plants are not always sufficient for proper 
nutrition. Fertilizers application raises the 
amount of available phosphorus for the plants, 
but after a short time almost tree quarter of the 
amount are blocked in the soil. Therefore, 
microbial conversion of P-compounds into 
water soluble forms, easily absorbed by plants, 
is of great interest for the agriculture. There are 
many ways to select P-solubilizing 
microorganisms, but the easiest and economic 
way is by growing them on insoluble 
phosphates or phytates enriched media. The 
most common media for such tests are 
Pikovskaya agar and NBRIP that contain 
tricalcium phosphate (Dobre et al., 2016; Matos 
et al., 2017), or PSM and TS agar media 
containing phytates (Demirkan et al., 2014), 
with or without pH sensitive dyes (Table 1). 
Dynamic semi-quantitative tests could be 
performed on such growth media by 
inoculating the plates and measuring the 
clearing halos at different incubation times 
(Figure 7). Such measurements can be used 
also for comparative analysis between strains. 
In such case it is recommended to use the 
phosphate solubilization index (Firew et al., 
2016): 

SI = CD + HD
CD  

where: SI = solubilization index; CD = microbial colony 
diameter; HD = halo zone diameter. 
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The measurements must be carried out after the 
same incubation period, performed in identical 
growth conditions. 
 

 

 
Figure 7. Phosphate solubilizing bacteria on 

Pikovskayaagar media, with or without (a, b) pH 
sensitive dyes: bromophenol blue (c), or bromocresol 

purple (d), after different incubation times 
 
Microbial potential to mobilize inorganic and 
organic P-compounds could also be quantified 
spectrophotometric. For insoluble phosphates 
mobilization, or phytase activity, Firew et al. 
(2016) recommend a comparative quantitative 
assay, performed in PVK liquid medium 
supplemented with 0.5% Ca3(PO4)2 (equivalent 
to 997 µg “P”/ml), along with PVK 
supplemented with 0.25% (w/v) rock phosphate 
(equivalent to 500 µg “P”/ml). Media 
inoculation must be performed with 
standardized microbial suspension at a rate of 
10% (v/v).The incubation is recommended 
under controlled, constant temperature and 
shaking condition. After different times of 
incubation, 3 days to 3 weeks, aliquot could be 
aseptically withdrawn, periodically, and 
centrifuged in order to collect the clear 
supernatant. Theamount of solubilized 
phosphorus can be estimated by Jackson 
method (Selvi et al., 2011) and expressed as 
equivalent phosphate (µg/ml). Studies 
performed by Firew et al. (2016) revealed 
direct proportionality between P-solubilization 
and culture acidification, confirming that 

organic acids play an important role in 
inorganic P-compounds mobilization. 
 
Potassium solubilizing bacteria (KSB) 
Potassium (K) is one of the nutrients essential 
in plant growth and development, involved in 
plenty plant biologic activities, such as nutrient 
transportation, turgor maintenance, enzymes 
activation and several defense mechanisms 
against disease and insect attacks. 
Screening microbial potential for potassium 
solubilization is more common in soil and 
rhizosphere microorganisms. However, for 
microbial inoculants, although of endophytic 
potential, such characteristics are beneficial, 
mostly because many inoculants are applied in 
the growing substrate, therefore externally to 
the plant. 
The most common KSB studies are performed 
on Aleksandrov medium and modified 
Aleksandrov media (Hu et al., 2006 or 
Rajawatet al., 2016) (Table 1). However, those 
media are also containing tricalcium phosphate 
thus the solubilization halos could be 
influenced by strains ability to solubilize 
phosphates. Therefore, it is believed that the 
growth medium mentioned by Liu et al. (2013) 
and sustained by Dong et al. (2019) is more 
appropriated (Table 1). There should be also 
considered that bearing insoluble K-minerals 
(such as: K-feldspar, K-rich shales, muscovite, 
illite, biotite) could be influenced by strain 
ability to solubilize Si-compounds, due to rocks 
composition. Therefore, such qualitative assays 
must be performed in parallel to phosphate and 
silica solubilization tests (as in Figure 8).  
In qualitative assays for KSB screening 
cultures should be incubated for at least 48h at 
27-30°C, or depending on the microorganisms. 
Positive results are revealed by the clearing 
halo developed by the solubilizing bacteria 
around their colonies. If pH-sensitive dyes are 
added into the substrate, as in modified 
Aleksandrov media (Rajawat et al., 2016), the 
halo will have a yellow color (Figure 8c) due to 
organic acids production released by the 
microorganism in order to solubilize the 
substrate. 
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Figure 8. Bacterial growth (strain Si10) revealing solubilization halos on different growth media comprising insoluble 
compounds: Pikovskaya agar containing Ca3(PO4)2 (a), Aleksandrov medium containing Ca3(PO4)2 and feldspar (b); 
modified Aleksandrov medium with Ca3(PO4)2, feldspar and bromphenol blue (c), Potassium solubilization media 

containing feldspar (potassium aluminium silicate) (d), and Bunt &Rovira medium supplemented with talc (magnesium 
silicate) (e) at different incubation times. These media are able to indicate PSB (a), both PSB and KSB (b, c), KSB (d) 

and SiSB (e) 
 
Enhanced micronutrient acquisition  
Microbial beneficial attribute for plant nutrition 
is already a known fact. Plant nutrition can be 
improved not only by fertilizers application but 
also through nutrient solubilizing 
microorganisms, especially those providing the 
nutrients that are blocked within indissoluble 
compounds, or cannot by absorbed due to some 
abiotic stress factors. Such elements are 
calcium, copper, iron, manganese, selenium, 
silicon and zinc (Mora et al., 2015).  
In some cases, the amount of available 
micronutrients in the soil is enough for plant 
nutrition. However, due to the benefits of some 
elements for human health and nutrition (such 
as Se, Fe, Zn), growers are interested to boost 
their amount in the edible plants’ parts, by 
supporting natural acquisition. In this concern, 
there are already countries that developed 
strategies for plants’ biofortification. Mora et 
al. (2015) have listed some of the plant growth 
promoting bacteria already used for such 
purpose in countries like Finland, United 
Kingdom, USA, Australia, and New Zealand.  
In the case of Se-biofortification in plants the 
most common sources are sodium selenite, 
sodium selenate, selenobacteria and 
endophytes. Studies have shown that 
endophytic selenobacteria applied alone or 
together with arbuscular mycorrhizal fungi can 
provide plant growth promotion and 
biofortification of plants also in stressful 
conditions (Duran et al., 2018; Trivedi et al., 
2019). 
To select those bacteria able to acquire 
selenium, they could be inoculated on Nutrient-
Agar medium supplemented with 2 mM 
sodium selenite (Na2SeO3), or sodium selenate 
(Na2SeO4). It is important that selenite sodium 

salts be sterilized by filtration, due to their 
sensitivity at high temperature. After 24-48 h of 
incubation, the colonies turning red are those 
considered selenobacteria (Trivedi et al., 2019), 
as the red coloring indicates Se reduction 
(Sura-de Jong, 2015). 
For plants, zinc compounds solubilization is 
also an important aspect. Zn is involved in 
essential life processes in plants, such as: 
nitrogen metabolism, chlorophyll synthesis, 
pollen formation, cell membrane integrity, or 
plant resistance to oxidative stress and phyto-
pathogens attack (Saharan et al., 2019). 
Microorganisms play an important role in zinc 
bioavailability, releasing Zn from insoluble 
compounds, in the benefit of plant nutrition. In 
order to evaluate microbial potential for Zn 
solubilization several semi-quantitative tests 
can be performed on mineral salt media, such 
as Bunt & Rovia (Table 1),supplemented with 
ZnO, ZnCO3, or Zn3(PO4)2. Clearing halo can 
be seen around solubilizing strains (Dobre et 
al., 2016) after 1 to 5 days of proper incubation. 
Calcite dissolving bacteria are screened on DB 
agar medium (Table 1). Positive strains are 
evaluated based on the clear zone formation 
around colonies. As in all plate assays, the 
solubilization index (SI) can be calculated 
based onhalo diameter and colony size 
(Tamilselvi et al., 2016). 
In the case of iron, usually the soil is providing 
enough amounts for plants requirements. Still, 
there are some cases when iron availability is 
severely limited, as in calcareous and alkaline 
soil. Iron acquisition from soil to roots is 
mostly depending on the environmental factors, 
such as soil pH, redox potential, organic matter 
amounts, and also microbial processes. As iron 
is mainly present in the soil as Fe3+, it is not 
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The measurements must be carried out after the 
same incubation period, performed in identical 
growth conditions. 
 

 

 
Figure 7. Phosphate solubilizing bacteria on 

Pikovskayaagar media, with or without (a, b) pH 
sensitive dyes: bromophenol blue (c), or bromocresol 

purple (d), after different incubation times 
 
Microbial potential to mobilize inorganic and 
organic P-compounds could also be quantified 
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mobilization, or phytase activity, Firew et al. 
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incubation, 3 days to 3 weeks, aliquot could be 
aseptically withdrawn, periodically, and 
centrifuged in order to collect the clear 
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inorganic P-compounds mobilization. 
 
Potassium solubilizing bacteria (KSB) 
Potassium (K) is one of the nutrients essential 
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Figure 8. Bacterial growth (strain Si10) revealing solubilization halos on different growth media comprising insoluble 
compounds: Pikovskaya agar containing Ca3(PO4)2 (a), Aleksandrov medium containing Ca3(PO4)2 and feldspar (b); 
modified Aleksandrov medium with Ca3(PO4)2, feldspar and bromphenol blue (c), Potassium solubilization media 

containing feldspar (potassium aluminium silicate) (d), and Bunt &Rovira medium supplemented with talc (magnesium 
silicate) (e) at different incubation times. These media are able to indicate PSB (a), both PSB and KSB (b, c), KSB (d) 

and SiSB (e) 
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purpose in countries like Finland, United 
Kingdom, USA, Australia, and New Zealand.  
In the case of Se-biofortification in plants the 
most common sources are sodium selenite, 
sodium selenate, selenobacteria and 
endophytes. Studies have shown that 
endophytic selenobacteria applied alone or 
together with arbuscular mycorrhizal fungi can 
provide plant growth promotion and 
biofortification of plants also in stressful 
conditions (Duran et al., 2018; Trivedi et al., 
2019). 
To select those bacteria able to acquire 
selenium, they could be inoculated on Nutrient-
Agar medium supplemented with 2 mM 
sodium selenite (Na2SeO3), or sodium selenate 
(Na2SeO4). It is important that selenite sodium 
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incubation, the colonies turning red are those 
considered selenobacteria (Trivedi et al., 2019), 
as the red coloring indicates Se reduction 
(Sura-de Jong, 2015). 
For plants, zinc compounds solubilization is 
also an important aspect. Zn is involved in 
essential life processes in plants, such as: 
nitrogen metabolism, chlorophyll synthesis, 
pollen formation, cell membrane integrity, or 
plant resistance to oxidative stress and phyto-
pathogens attack (Saharan et al., 2019). 
Microorganisms play an important role in zinc 
bioavailability, releasing Zn from insoluble 
compounds, in the benefit of plant nutrition. In 
order to evaluate microbial potential for Zn 
solubilization several semi-quantitative tests 
can be performed on mineral salt media, such 
as Bunt & Rovia (Table 1),supplemented with 
ZnO, ZnCO3, or Zn3(PO4)2. Clearing halo can 
be seen around solubilizing strains (Dobre et 
al., 2016) after 1 to 5 days of proper incubation. 
Calcite dissolving bacteria are screened on DB 
agar medium (Table 1). Positive strains are 
evaluated based on the clear zone formation 
around colonies. As in all plate assays, the 
solubilization index (SI) can be calculated 
based onhalo diameter and colony size 
(Tamilselvi et al., 2016). 
In the case of iron, usually the soil is providing 
enough amounts for plants requirements. Still, 
there are some cases when iron availability is 
severely limited, as in calcareous and alkaline 
soil. Iron acquisition from soil to roots is 
mostly depending on the environmental factors, 
such as soil pH, redox potential, organic matter 
amounts, and also microbial processes. As iron 
is mainly present in the soil as Fe3+, it is not 
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directly accessible for plants, neither for 
microorganisms. Dicotyledonous and non-
graminaceous monocotsare releasing protons, 
to increase rhizosphere acidification,or exude 
organic compounds, such as phenolics, to 
support Fe3+ solubility (Jin et al., 2010); while 
graminaceous plants secrete phytosiderophores 
which chelate Fe (Zhang et al., 2019). To 
promote iron uptake in cultivated plants there is 
also the possibility to enrich soil microbiota 
with plant beneficial microorganisms. Selecting 
such microorganisms can be performed in 
various ways. The most facile way is to use 
dedicated plate assays on various Fe free media 
supplemented with chrome azurol S (CAS). 
The blue agar CAS medium (Louden et al., 
2011) can detect all siderophore types, and can 
be used for most of the microbial species. This 
test indicates siderophore producing bacteria 
due to a colour change from blue to orange. 
The chrome azurol S also reacts to low 
molecular weight organic acids, which means 
that it is not very specific in siderophore 
detection (Dimkpa, 2016), but it remains 
suitable in detecting iron solubilisation. 
As there are different classes of siderophores, 
hydroxamate, catecholate and mixed ligand 
siderophores, several tests were developed for 
their detection. 
Kothasthane et al. (2017) presented various 
plate assays able to detect most avid iron 
chelator Pseudomonads. They supplemented 
the King B medium with 50 ml/L 8-
hydroxyquinoline, which is a strong chelator, to 
check for those strains able to capture iron in 
harsh competitive conditions. On such medium 
only eager iron-capturing bacteria are able to 
grow. To detect catechol type siderophores they 
recommend Arnow’s assay, where King B 
culture supernatants are mixed with 5N HCl, 
Arnow’s reagent (Table 1) and 10N NaOH, in 
10:1:5:1 (v/v/v/v) ratio. Positive reactions 
showa reddish color after 10 min of mixture 
incubation.The tetrazolium salt test is 
recommended for hydroxamate siderophores 
detection. For this test, to 1ml cell-free 
supernatant is added a dash of tetrazolium salt 
and 2 drops of 2 N NaOH, which will reveal a 
spontaneous red color if hydroxamate nature 
siderophores are present. These compounds can 
also be revealed by Csaky's Test. 

Similar tests can be performed also on Fe-free 
modified M9 medium (Radzki et al., 2013) for 
a larger spectrum of microorganisms. 
Among mixed ligand siderophores, there are 
the pyoverdines. These are fluorescent 
compounds produced mainly by 
Pseudomonads. Thepyoverdines contain 
dihydroxyquinolinechoromophores that can be 
easily differentiated from the other 
siderophores due to their fluorescence in UV 
light (Figure 9). 
 

 
Figure 9. Pyoverdine siderophores. Pseudomonads 

positive strains produce a fluorescent compounds visible 
under UV light, after the growthin King B agar 

 
Another argument for the applications of 
siderophore producing beneficial microbial 
strains is their ability to compete plant 
pathogens for nutrients acquisition. 
 
CONCLUSIONS  
 
Using endophytes for plant growth promotion 
may seem as new approach for agriculture; 
however, they have been used for decades as 
inoculants for leguminous plants. Rhizobia are 
the most known endophytes, due to their 
beneficial traits, and they are now widely used 
and produced on large scale. Diversifying the 
species spectrum of such inoculants is 
demanded by the agricultural needs. Research 
studies are sustaining the feasibility of such 
inoculants. Endophyte microorganisms have 
the advantage of being more intimate with their 
host plants, than any other type of 
microorganisms. By colonizing the inside parts 
of their host plants, they can activate more 
rapidly plants’ biological processes. Therefore, 
they could be more appropriate, than soil and 
rhizospheric microorganisms, for plant 
protection and growth promotion purposes. 

 
Due to the most common application 
procedures, in soil or on seeds teguments, 
endophytes should be competitive to other 
microorganisms. It is recommended that 
endophytes be able to dissolute low-soluble 
nutritional complexes. This way plant growth 
promotion can start before the microorganism 
found its’ future hosting plant. A more 
branched root system will also raise the 
possibility that cultivated plants contact and 
establish a connection with potential 
endophytes. Considering these, selecting 
performing and competitive endophytes for 
plant growth promotion will be for a long time 
a valuable activity for agriculture and 
environmental protection.   
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Abstract 
 
The effects of grazing and mowing on the ontogenetic structure of cereal population of Dactylis glomerata L., Festuca 
pratensis Huds., Phleum pratense L., Deschampsia cespitosa (L.) P. Beauv., Alopecurus pratensis L., Elytrigia repens 
(L.) Nevski., Bromopsis inermis (Leyss.) Holub. were studied in the floodplains meadows of Psel River and Sula River 
(Forest-Steppe zone of the North-Eastern Ukraine). It was established with the decrease in the abundance (projective 
cover) of cereal grasses significant changes in the ontogenetic structure of populations occurred simultaneously on the 
pasture and mowing gradients. Grazing caused deeper transformation of the population structure of meadow grass 
than moving. The experimental results confirmed that the systematic implementation of geobotanical and population 
monitoring of meadow lands can be the advisable tool for organizing their optimal use and successful management. 
This will allow making corrections to the technology of using pastures and hayfields in order to prevent their 
degradation. 
 
Key words: cereals,  populations, mowing, grazing, degradation.  
 
INTRODUCTION  
 
Floodplain meadows are very important ecosystem 
and habitats. Floodplain meadows have been 
common part of the farmed landscape for a 
long time. Traditionally, floodplain meadows 
were managed either for hay making or as 
pasture with low-level grazing throughout 
much of the growing season. Nowdays many of 
these ecosystems have been converted to 
grasslands which characterized by intensive 
agricultural use and strong human impact.  
Floodplain meadows of the Forest-Steppe zone 
of Ukraine are located in a region with high 
population density and high level of plowed 
soils. Meadow phytocenoses have been in 
conditions of active economic use for a long 
time in the region. Therefore, grazing and 
mowing practiced here with particular 
intensity.  
As mentioned above the floodplain meadows 
can be sustained by managing the meadow for 
hay making or as pasture. Both types of 
management may be very successful at 
maintaining and restoring meadows species and 
their diversity. Diverse grasslands and 
meadows with abundance species of local 
communities and large cenoeses differences 

between for the functionality of ecosystems are 
very important on a global scale (Hautier et al., 
2018; Li et al., 2018; Wang &Tang, 2019). 
Knowledge base on the impact of mowing and 
grazing regimes, fertilization, disturbances in 
the meadow have been established (Bondarieva 
& Bjelan, 2010; Socher et al., 2012). 
Differences in grazing regimes and thus 
vegetation can also contribute to the landscape 
biodiversity (Klimek et al., 2008; Gaujour et 
al., 2012; Steinshamn et al., 2018). 
Floodplain meadow grasses are traditionally 
used for haymaking so their flora is adapted to 
cutting, and it is vital to continue this practice 
to maintain this plant community. However 
changes in mowing regime may also influence 
the species composition, biomass production, 
vegetation structure, cover, and domination of 
grasslands as well as the performance and life 
cycle of individual species (Bomanowska et al., 
2019; Milberg et al., 2017; Kohler et al., 2005; 
Close et al., 2007; Beltman et al., 2003).  
Transition from the meadow to the pasture 
regime can result in the loss of plants that are 
not well adapted to being grazed (Krahulec et 
al., 2001; Schmitz & Isselstein, 2020). 
During economic use various changes occur in 
the grass species of meadow ecosystem. The 
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Abstract 
 
The effects of grazing and mowing on the ontogenetic structure of cereal population of Dactylis glomerata L., Festuca 
pratensis Huds., Phleum pratense L., Deschampsia cespitosa (L.) P. Beauv., Alopecurus pratensis L., Elytrigia repens 
(L.) Nevski., Bromopsis inermis (Leyss.) Holub. were studied in the floodplains meadows of Psel River and Sula River 
(Forest-Steppe zone of the North-Eastern Ukraine). It was established with the decrease in the abundance (projective 
cover) of cereal grasses significant changes in the ontogenetic structure of populations occurred simultaneously on the 
pasture and mowing gradients. Grazing caused deeper transformation of the population structure of meadow grass 
than moving. The experimental results confirmed that the systematic implementation of geobotanical and population 
monitoring of meadow lands can be the advisable tool for organizing their optimal use and successful management. 
This will allow making corrections to the technology of using pastures and hayfields in order to prevent their 
degradation. 
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INTRODUCTION  
 
Floodplain meadows are very important ecosystem 
and habitats. Floodplain meadows have been 
common part of the farmed landscape for a 
long time. Traditionally, floodplain meadows 
were managed either for hay making or as 
pasture with low-level grazing throughout 
much of the growing season. Nowdays many of 
these ecosystems have been converted to 
grasslands which characterized by intensive 
agricultural use and strong human impact.  
Floodplain meadows of the Forest-Steppe zone 
of Ukraine are located in a region with high 
population density and high level of plowed 
soils. Meadow phytocenoses have been in 
conditions of active economic use for a long 
time in the region. Therefore, grazing and 
mowing practiced here with particular 
intensity.  
As mentioned above the floodplain meadows 
can be sustained by managing the meadow for 
hay making or as pasture. Both types of 
management may be very successful at 
maintaining and restoring meadows species and 
their diversity. Diverse grasslands and 
meadows with abundance species of local 
communities and large cenoeses differences 

between for the functionality of ecosystems are 
very important on a global scale (Hautier et al., 
2018; Li et al., 2018; Wang &Tang, 2019). 
Knowledge base on the impact of mowing and 
grazing regimes, fertilization, disturbances in 
the meadow have been established (Bondarieva 
& Bjelan, 2010; Socher et al., 2012). 
Differences in grazing regimes and thus 
vegetation can also contribute to the landscape 
biodiversity (Klimek et al., 2008; Gaujour et 
al., 2012; Steinshamn et al., 2018). 
Floodplain meadow grasses are traditionally 
used for haymaking so their flora is adapted to 
cutting, and it is vital to continue this practice 
to maintain this plant community. However 
changes in mowing regime may also influence 
the species composition, biomass production, 
vegetation structure, cover, and domination of 
grasslands as well as the performance and life 
cycle of individual species (Bomanowska et al., 
2019; Milberg et al., 2017; Kohler et al., 2005; 
Close et al., 2007; Beltman et al., 2003).  
Transition from the meadow to the pasture 
regime can result in the loss of plants that are 
not well adapted to being grazed (Krahulec et 
al., 2001; Schmitz & Isselstein, 2020). 
During economic use various changes occur in 
the grass species of meadow ecosystem. The 
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amount of aboveground phytomass available 
for use decreases, floristic diversity becomes 
lower, the abundance and the ratio of grass in 
the herbage changes. As the result of digression 
processes in such sites of the meadow the 
biodiversity decreases (Kuzemko & Kozyr, 
2011; Ternovaya & Rusev, 2012; Sizykh et al., 
2016; Wehn et al., 2017).  
The degradation ranks of the meadow 
vegetation cover under the influence of grazing 
are usually called pasture digression and under 
the haymaking influence - moving digression. 
Taking into account the degree of 
transformation of the meadow grass stand, the 
ranks of pasture and moving digression are 
divided into different degrees.  
The main value in meadow phytocenoses are 
populations of cereal grass. Population is the 
real form of species existence (Zlobin, 2009).  
At this level the main changes occur 
determining the existence of phytocenosis. One 
of the indicators of permissible limits of 
anthropogenic impact is the vitality structure of 
plant populations (Zlobin, 2018; Bondarieva et 
al., 2019). The ontogenetic structure of 
populations is always present as part of a 
comprehensive population analysis (Skliar et 
al., 2020; Zhivotovsky, 2001; Zhukova, 2001). 
The correlation of individuals of different 
ontogenetic states and their implementation of 
certain survival strategies in the population 
makes it is possible to draw conclusions about 
the further population dynamics and to predict 
the development of the phytocenosis as a 
whole. (Roberta et al., 2018). The general 
patterns of changes in meadow phytocenoses 
under the influence of pasture and moving have 
been investigated in many researches, but  
information on the individual response of 
cenoses-forming species of meadow cereals to 
the same anthropogenic impact has hardly been 
studied. The aim of this work was to study 
changes in the state of populations of forage 
cereals species under the influence of grazing 
and mowing of different intensity degrees.  
 
MATERIALS AND METHODS 

 
Ontogenetic characteristics of populations of 
seven cereal species were studied in natural 
meadow phytocenoses during 2010-2019 
growing seasons. They were in economic use 

of varying degrees of intensity. The objects of 
research were species: Dactylis glomerata L., 
Festuca pratensis Huds., Phleum pratense L., 
Deschampsia cespitosa (L.) P. Beauv., 
Alopecurus pratensis L., Elytrigia repens (L.) 
Nevski., Bromopsis inermis (Leyss.) Holub. 
The study was carried out in the central parts of 
the floodplains of two left tributaries of the 
Dnipro River - Psel River and Sula River 
(within the boundaries of the Sumy 
administrative region). The research areas were 
located in the most typical phytocenoses of the 
floodplains meadows of the region: Festuceta 
pratensis, Phleeta pratensis, Elytrigieta 
repentis, Dactylieta glomeratae. According to 
the Brown-Blanca system, these phytocenoses 
belong to the classes of Festuca-Brometea Br.-
Bl. et Tux. and Arrhenatheretea R. Tx.  
Stages of pasture and mowing gradients were 
established by the changes in the floristic 
composition and intensity of economic use. 
Control plots (CP) corresponded to meadow 
phytocenoses not be included in economic use. 
Pasture gradient was subdivided into 5 degrees 
(CP, PD1, PD2, PD3 and PD4) depending on 
the number of grazed animals per hectare of 
pasture. Mowing gradient was divided into 4 
degrees: CP, MD1, MD2, MD3 depending on 
the frequency of mowing during the vegetation 
season. On the pasture gradient, the degrees 
corresponded to the following ones: CP - 
without grazing (control plot), PD1 (pasture 
degression) - weak grazing up to 1-3 cattle per 
1 ha, PD2 - moderate grazing, with 4-8 cattle 
per 1 ha, PD3 - high pasture impact with 9-12 
cattle per 1 ha, and PD4 - severe degradation of 
the grass stand, grazing more than 12 cattle per 
1 ha. On the mowing gradient, the stages 
corresponded to the following ones: CP - 
without mowing (control plot), MD1 (mowing 
degression) - the initial phase of mowing 
digression, one-time mowing per year, MD2 - 
moderate digression, two-times mowing per 
year: during the budding phase of the grass 
stands and in after grass, MD3 - strong 
digression, multiple mowing during the 
growing season.  
To study the state of meadow phytocenoses and 
populations of the cereal species geobotanical 
and population methods were used.  
Schemes for the periodization of ontogenesis 
for cereal species have been developed. 

 
 
(Zhukova, 2001). In our study they were used 
with minor refinements. In accordance with the 
generally accepted methodology, for each of 
the cereal species, we identified 9 stages of 
ontogenesis: p - seedlings; j - juvenile, im - 
immature, v - virginal, g1, g2, g3 - young, 
medium and old generative, ss - subsenile, s - 
senile plants. 
For an integral estimation of ontogenetic 
spectra, the generativity and age indices were 
applied (Kovalenko, 2006). The generativity 
index shows the ratio of the individuals part in 
the flowering-maturing phase and is calculated 
by the formula: 
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The population age index reflects the ratio of 
the aging index to the renewability index of a 
particular population and is determined by the 
formula: 
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where: p, j, im,v, g1, g2, g3, ss, s are symbols of 
ontogenetic states of individuals in standard 
notation;  
i - is the number of individuals in a population. 
 
Increase in the values of these indices means 
the growth in the generativity and age of 
populations, respectively. 
 
RESULTS AND DISCUSSIONS 
 
According to the classical method, the age 
composition of phytopopulations is divided 
into three categories: invasive, normal and 
regressive (Rabotnov, 1950; Uranov, 1975). At 
the same time, no objective criteria for 
determining the age category of the population 
have been developed. Thus, the assessment is 
carried out only by the predominance in the 
population of individuals of certain ages. To 
objectify the integrated assessment of age 
categories of populations, in our research we 
have developed a model for the species of 
cereals, which made it more objective to assign 
a specific population to one of these three 
categories. We assumed that all studied cereals 
had an average lifespan of 12 to 15 years and 

the ontogenesis of all studied cereal species 
was equally divided into nine age stages. In this 
case, in the normal population under optimal 
growth conditions, individuals of each age 
group (separately) should be 11.1% (Figure 
1a). However, the actual duration of the plant 
in a particular age was not the same. Based on 
the literature data and our own field research, 
we found that the the duration of cereals in the 
state of seedlings (p) was shortest, more longer 
- in the juvenile (j), immature (im) and senile 
(s) states. For the longest time, cereals can be in 
the state of virginal individuals (v) and, 
especially, in the state of g2. Taking into 
account this fact, the normal age spectrum for 
cereals should include the following 
proportions of individuals (in percent): p - 3.6, j 
- 5.6, im - 5.6, v - 18.5, g1 - 11.1, g2 - 22.3, g3 
- 11.1, ss - 16.6, s - 5.6 (Figure 1b). In this 
population, the share of pregenerative 
individuals is 33.3%, generative - 44.5% and 
postgenerative - 22.2%. The ideal normal age 
population of cereals can contain pregenerative 
individuals in the range of 28.3-38.3%, 
generative individuals - 39.5-49.5% and 
postgenerative - 17.2-27.2% (with a 95% 
confidence interval). 
 

 
Figure 1. Models of the distribution of cereal individuals 

by age in the normal coenopopulation of the studied 
species of cereal plants: 

a - percentage of individuals in the population with the 
same duration of all stages of ontogenesis (%); 

b - percentage of individuals in the population, based the 
real duration of each of the stages of ontogenesis (%) 

 
When pregenerative individuals are more than 
38.3%, the population belongs to the category 
of invasive. Population can be classified as 
regressive one with postgenerative individuals 
more than 27.2%. The category of normal 
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amount of aboveground phytomass available 
for use decreases, floristic diversity becomes 
lower, the abundance and the ratio of grass in 
the herbage changes. As the result of digression 
processes in such sites of the meadow the 
biodiversity decreases (Kuzemko & Kozyr, 
2011; Ternovaya & Rusev, 2012; Sizykh et al., 
2016; Wehn et al., 2017).  
The degradation ranks of the meadow 
vegetation cover under the influence of grazing 
are usually called pasture digression and under 
the haymaking influence - moving digression. 
Taking into account the degree of 
transformation of the meadow grass stand, the 
ranks of pasture and moving digression are 
divided into different degrees.  
The main value in meadow phytocenoses are 
populations of cereal grass. Population is the 
real form of species existence (Zlobin, 2009).  
At this level the main changes occur 
determining the existence of phytocenosis. One 
of the indicators of permissible limits of 
anthropogenic impact is the vitality structure of 
plant populations (Zlobin, 2018; Bondarieva et 
al., 2019). The ontogenetic structure of 
populations is always present as part of a 
comprehensive population analysis (Skliar et 
al., 2020; Zhivotovsky, 2001; Zhukova, 2001). 
The correlation of individuals of different 
ontogenetic states and their implementation of 
certain survival strategies in the population 
makes it is possible to draw conclusions about 
the further population dynamics and to predict 
the development of the phytocenosis as a 
whole. (Roberta et al., 2018). The general 
patterns of changes in meadow phytocenoses 
under the influence of pasture and moving have 
been investigated in many researches, but  
information on the individual response of 
cenoses-forming species of meadow cereals to 
the same anthropogenic impact has hardly been 
studied. The aim of this work was to study 
changes in the state of populations of forage 
cereals species under the influence of grazing 
and mowing of different intensity degrees.  
 
MATERIALS AND METHODS 

 
Ontogenetic characteristics of populations of 
seven cereal species were studied in natural 
meadow phytocenoses during 2010-2019 
growing seasons. They were in economic use 

of varying degrees of intensity. The objects of 
research were species: Dactylis glomerata L., 
Festuca pratensis Huds., Phleum pratense L., 
Deschampsia cespitosa (L.) P. Beauv., 
Alopecurus pratensis L., Elytrigia repens (L.) 
Nevski., Bromopsis inermis (Leyss.) Holub. 
The study was carried out in the central parts of 
the floodplains of two left tributaries of the 
Dnipro River - Psel River and Sula River 
(within the boundaries of the Sumy 
administrative region). The research areas were 
located in the most typical phytocenoses of the 
floodplains meadows of the region: Festuceta 
pratensis, Phleeta pratensis, Elytrigieta 
repentis, Dactylieta glomeratae. According to 
the Brown-Blanca system, these phytocenoses 
belong to the classes of Festuca-Brometea Br.-
Bl. et Tux. and Arrhenatheretea R. Tx.  
Stages of pasture and mowing gradients were 
established by the changes in the floristic 
composition and intensity of economic use. 
Control plots (CP) corresponded to meadow 
phytocenoses not be included in economic use. 
Pasture gradient was subdivided into 5 degrees 
(CP, PD1, PD2, PD3 and PD4) depending on 
the number of grazed animals per hectare of 
pasture. Mowing gradient was divided into 4 
degrees: CP, MD1, MD2, MD3 depending on 
the frequency of mowing during the vegetation 
season. On the pasture gradient, the degrees 
corresponded to the following ones: CP - 
without grazing (control plot), PD1 (pasture 
degression) - weak grazing up to 1-3 cattle per 
1 ha, PD2 - moderate grazing, with 4-8 cattle 
per 1 ha, PD3 - high pasture impact with 9-12 
cattle per 1 ha, and PD4 - severe degradation of 
the grass stand, grazing more than 12 cattle per 
1 ha. On the mowing gradient, the stages 
corresponded to the following ones: CP - 
without mowing (control plot), MD1 (mowing 
degression) - the initial phase of mowing 
digression, one-time mowing per year, MD2 - 
moderate digression, two-times mowing per 
year: during the budding phase of the grass 
stands and in after grass, MD3 - strong 
digression, multiple mowing during the 
growing season.  
To study the state of meadow phytocenoses and 
populations of the cereal species geobotanical 
and population methods were used.  
Schemes for the periodization of ontogenesis 
for cereal species have been developed. 

 
 
(Zhukova, 2001). In our study they were used 
with minor refinements. In accordance with the 
generally accepted methodology, for each of 
the cereal species, we identified 9 stages of 
ontogenesis: p - seedlings; j - juvenile, im - 
immature, v - virginal, g1, g2, g3 - young, 
medium and old generative, ss - subsenile, s - 
senile plants. 
For an integral estimation of ontogenetic 
spectra, the generativity and age indices were 
applied (Kovalenko, 2006). The generativity 
index shows the ratio of the individuals part in 
the flowering-maturing phase and is calculated 
by the formula: 
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The population age index reflects the ratio of 
the aging index to the renewability index of a 
particular population and is determined by the 
formula: 
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where: p, j, im,v, g1, g2, g3, ss, s are symbols of 
ontogenetic states of individuals in standard 
notation;  
i - is the number of individuals in a population. 
 
Increase in the values of these indices means 
the growth in the generativity and age of 
populations, respectively. 
 
RESULTS AND DISCUSSIONS 
 
According to the classical method, the age 
composition of phytopopulations is divided 
into three categories: invasive, normal and 
regressive (Rabotnov, 1950; Uranov, 1975). At 
the same time, no objective criteria for 
determining the age category of the population 
have been developed. Thus, the assessment is 
carried out only by the predominance in the 
population of individuals of certain ages. To 
objectify the integrated assessment of age 
categories of populations, in our research we 
have developed a model for the species of 
cereals, which made it more objective to assign 
a specific population to one of these three 
categories. We assumed that all studied cereals 
had an average lifespan of 12 to 15 years and 

the ontogenesis of all studied cereal species 
was equally divided into nine age stages. In this 
case, in the normal population under optimal 
growth conditions, individuals of each age 
group (separately) should be 11.1% (Figure 
1a). However, the actual duration of the plant 
in a particular age was not the same. Based on 
the literature data and our own field research, 
we found that the the duration of cereals in the 
state of seedlings (p) was shortest, more longer 
- in the juvenile (j), immature (im) and senile 
(s) states. For the longest time, cereals can be in 
the state of virginal individuals (v) and, 
especially, in the state of g2. Taking into 
account this fact, the normal age spectrum for 
cereals should include the following 
proportions of individuals (in percent): p - 3.6, j 
- 5.6, im - 5.6, v - 18.5, g1 - 11.1, g2 - 22.3, g3 
- 11.1, ss - 16.6, s - 5.6 (Figure 1b). In this 
population, the share of pregenerative 
individuals is 33.3%, generative - 44.5% and 
postgenerative - 22.2%. The ideal normal age 
population of cereals can contain pregenerative 
individuals in the range of 28.3-38.3%, 
generative individuals - 39.5-49.5% and 
postgenerative - 17.2-27.2% (with a 95% 
confidence interval). 
 

 
Figure 1. Models of the distribution of cereal individuals 

by age in the normal coenopopulation of the studied 
species of cereal plants: 

a - percentage of individuals in the population with the 
same duration of all stages of ontogenesis (%); 

b - percentage of individuals in the population, based the 
real duration of each of the stages of ontogenesis (%) 

 
When pregenerative individuals are more than 
38.3%, the population belongs to the category 
of invasive. Population can be classified as 
regressive one with postgenerative individuals 
more than 27.2%. The category of normal 
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populations is defined as quite broad: it can be 
incomplete, but generative individuals should 
be at least 28.3%. This approach was used by 
us in estimating the age category of populations 
of cereals under different growth conditions. To 
analyze the age structure of populations of 
seven cereal species an assessment of the 
ontogenetic state of 4796 individuals (genets 
and ramets) was carried out. 
Comparative analysis of the ontogenetic spectra 
of the populations showed that due to the 
peculiarities of life forms and the long 
evolutionary process, cereals in meadow 
ecosystems under conditions of grazing and 
mowing mainly preserve normal or incomplete 
populations of the normal type (Table 1).  
This population types were registered at the 
pasture and mowing gradients in 70% of cases. 
Only on the pastures (last degrees, PD4) as well 
as at unsystematic mowing (PD3) they transfer 
to the category of invasive or regressive. 
Similar results were got in the study of the 
population ontogenetic structure of forbs; some 
species turned out to be even less resistant to 
anthropogenic effects. (Zhivotovsky, 2001). 
Species of Deschampsia cespitosa and Phleum 
pretense were most resistant to the preservation 
of normal type populations.   
 
Table 1. Ontogenetic categories1 of cereals populations 

on the pasture and mowing gradients 
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CP N N N N N N N 
PASTURE DIGRESSION 

PD1 N I N N N N N 
PD2 I I N I N N N 
PD 3 I N R I R N R 
PD 4 N R R I R N R 

MOWING DIGRESSION 
MD1 N N N I N N N 
MD2 N N N N N N N 
MD3 N N N R N N N 

1I - invasive, N - normal, R - regressive categories of populations 
(according to Rabotnov T.A.). 
2CP - control plot, PD1-PD4 - stages of pasture digression, MD1-MD3 
- stages of mowing digression.  

 
Change of meadow grass generations on 
pastures and hayfields was primarily 
determined by the preservation of their ability 
for reproduction (Table 2).  
 
Table 2. Generation indices (Igener.) of cereal populations 
depending on the level of pasture and mowing pressure 
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CP 55.9 50 54.3 51.1 65.7 40 66.4 
PASTURE DIGRESSION 

PD1 56.9 52.9 60.9 68.7 63.4 56.3 60 
PD2 47.2 21.7 55 44.4 65.7 52 60.9 
PD 3 50.6 57 37.8 50 48.6 66.7 62.8 
PD 4 53.7 23.1 22.9 33.3 40 60 47.4 

MOWING DIGRESSION 
MD1 59.2 54 58.7 25 69.2 38 68.6 
MD2 50.6 51.9 46.7 80.7 73.4 45 60.8 
MD3 57.5 64.6 42.9 25 65.2 40 52.8 

1CP - control plot, PD1 - PD4 - stages of pasture digression, MD1 - 
MD3 - stages of mowing digression.  
 
The data show that the proportion of plants in 
the flowering and maturing phase, estimated by 
the index of generativity, in the control plots 
was high, at the level of 50-66%.   
With impact increasing, the generativity of 
cereal populations stably remained and 
decreased to 23-53% only on pasture. Species 
of Deschampsia cespitosa as dense bush plants 
had an individual reaction to grazing: according 
to the pasture gradient, the proportion of 
generative individuals in its populations 
increased from 40 to 60–66%. Unlike pastures, 
even several-times mowing during the growing 
season do not significantly changed the index 
of cereal population generativity. 
The ratio of the rejuvenation and aging 
processes of individuals in populations reveals 
an age index. In response to increasing pasture 
pressure, cereals can be divided into three 
groups (Table 3).   

 

 

 

 

 

 
 

Table 3. The age indices (Iage) of cereal populations 
depending on the level of pasture and mowing pressure 
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CP 1.89 1.47 1.7 0.87 0.42 0.75 1.36 
PASTURE DIGRESSION 

PD1 0.93 1.11 1.59 0.88 2.22 0.86 0.66 
PD2 0.96 0.59 1.5 0.75 5.51 0.6 1.91 
PD 3 1.07 1.26 1.68 0.46 3.23 0.49 3.46 
PD 4 1.6 1 2.19 0.81 4.13 0.31 1.36 

MOWING DIGRESSION 
MD1 1.56 1.96 1.99 0 0,89 0.32 0.89 
MD2 1.39 2.36 1.11 2.7 1,75 0.75 0.68 
MD3 1.55 2.37 1.28 6.65 1,78 1 0.62 

1CP - control plot, PD1-PD4 - stages of pasturable digression, MD1- 
MD3 - stages of mowing digression. 
 
In the first species group (Alopecurus pratensis, 
Elytrigia repens) no regular changes in the age 
of the populations were observed. The process 
of rejuvenation of populations, characterized by 
increase in the proportion of pregenerative 
plants was fixed in the second spesies group 
(Dactylis glomerata, Festuca pratensis, 
Deschampsia cespitosa). In the third group 
(spesies of Phleum pratense, Bromopsis 
inermis) pasture pressure led to population 
aging with increase in the proportion of plants 
of the g3 , ss, and s  ontogenetic states. 
Species of cereals differed in individual 
reaction to mowing. The sharp increase in age 
was characteristic of populations of Alopecurus 
pratensis. 
 
CONCLUSIONS 
 
General analysis of the population ontogenetic 
structures shows that the most dangerous 
changes in cereal populations occur at the 
degrees of the PD3 and PD4 gradient, when the 
number of grazed animals exceeds 7-10 cattle 
per 1 ha. When meadows are used as hayfields, 
the most dangerous is the unsystematic mowing 
of the grass stand throughout the entire growing 
season (MD3 of the mowing gradient).  Early 
mowing and early grazing of farm animals are 
especially harmful. Thus, different types of 
cereals react to grazing and mowing 

individually. This reflects the different degree 
of their adaptation to economic use. 
Populations of cereal grasses within the same 
taxonomic species at different stages of 
gradients of pasture and mowing digression are 
distinctive and differ from each other in the 
characteristic of the ontogenesis and, 
accordingly, the specificity of the ontogenetic 
composition. The level of population 
degradation on pastures and hayfields must be 
taken into account when determining the 
optimal modes of their use and management. 
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populations is defined as quite broad: it can be 
incomplete, but generative individuals should 
be at least 28.3%. This approach was used by 
us in estimating the age category of populations 
of cereals under different growth conditions. To 
analyze the age structure of populations of 
seven cereal species an assessment of the 
ontogenetic state of 4796 individuals (genets 
and ramets) was carried out. 
Comparative analysis of the ontogenetic spectra 
of the populations showed that due to the 
peculiarities of life forms and the long 
evolutionary process, cereals in meadow 
ecosystems under conditions of grazing and 
mowing mainly preserve normal or incomplete 
populations of the normal type (Table 1).  
This population types were registered at the 
pasture and mowing gradients in 70% of cases. 
Only on the pastures (last degrees, PD4) as well 
as at unsystematic mowing (PD3) they transfer 
to the category of invasive or regressive. 
Similar results were got in the study of the 
population ontogenetic structure of forbs; some 
species turned out to be even less resistant to 
anthropogenic effects. (Zhivotovsky, 2001). 
Species of Deschampsia cespitosa and Phleum 
pretense were most resistant to the preservation 
of normal type populations.   
 
Table 1. Ontogenetic categories1 of cereals populations 

on the pasture and mowing gradients 
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CP N N N N N N N 
PASTURE DIGRESSION 

PD1 N I N N N N N 
PD2 I I N I N N N 
PD 3 I N R I R N R 
PD 4 N R R I R N R 

MOWING DIGRESSION 
MD1 N N N I N N N 
MD2 N N N N N N N 
MD3 N N N R N N N 

1I - invasive, N - normal, R - regressive categories of populations 
(according to Rabotnov T.A.). 
2CP - control plot, PD1-PD4 - stages of pasture digression, MD1-MD3 
- stages of mowing digression.  

 
Change of meadow grass generations on 
pastures and hayfields was primarily 
determined by the preservation of their ability 
for reproduction (Table 2).  
 
Table 2. Generation indices (Igener.) of cereal populations 
depending on the level of pasture and mowing pressure 
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CP 55.9 50 54.3 51.1 65.7 40 66.4 
PASTURE DIGRESSION 

PD1 56.9 52.9 60.9 68.7 63.4 56.3 60 
PD2 47.2 21.7 55 44.4 65.7 52 60.9 
PD 3 50.6 57 37.8 50 48.6 66.7 62.8 
PD 4 53.7 23.1 22.9 33.3 40 60 47.4 

MOWING DIGRESSION 
MD1 59.2 54 58.7 25 69.2 38 68.6 
MD2 50.6 51.9 46.7 80.7 73.4 45 60.8 
MD3 57.5 64.6 42.9 25 65.2 40 52.8 

1CP - control plot, PD1 - PD4 - stages of pasture digression, MD1 - 
MD3 - stages of mowing digression.  
 
The data show that the proportion of plants in 
the flowering and maturing phase, estimated by 
the index of generativity, in the control plots 
was high, at the level of 50-66%.   
With impact increasing, the generativity of 
cereal populations stably remained and 
decreased to 23-53% only on pasture. Species 
of Deschampsia cespitosa as dense bush plants 
had an individual reaction to grazing: according 
to the pasture gradient, the proportion of 
generative individuals in its populations 
increased from 40 to 60–66%. Unlike pastures, 
even several-times mowing during the growing 
season do not significantly changed the index 
of cereal population generativity. 
The ratio of the rejuvenation and aging 
processes of individuals in populations reveals 
an age index. In response to increasing pasture 
pressure, cereals can be divided into three 
groups (Table 3).   

 

 

 

 

 

 
 

Table 3. The age indices (Iage) of cereal populations 
depending on the level of pasture and mowing pressure 
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CP 1.89 1.47 1.7 0.87 0.42 0.75 1.36 
PASTURE DIGRESSION 

PD1 0.93 1.11 1.59 0.88 2.22 0.86 0.66 
PD2 0.96 0.59 1.5 0.75 5.51 0.6 1.91 
PD 3 1.07 1.26 1.68 0.46 3.23 0.49 3.46 
PD 4 1.6 1 2.19 0.81 4.13 0.31 1.36 

MOWING DIGRESSION 
MD1 1.56 1.96 1.99 0 0,89 0.32 0.89 
MD2 1.39 2.36 1.11 2.7 1,75 0.75 0.68 
MD3 1.55 2.37 1.28 6.65 1,78 1 0.62 

1CP - control plot, PD1-PD4 - stages of pasturable digression, MD1- 
MD3 - stages of mowing digression. 
 
In the first species group (Alopecurus pratensis, 
Elytrigia repens) no regular changes in the age 
of the populations were observed. The process 
of rejuvenation of populations, characterized by 
increase in the proportion of pregenerative 
plants was fixed in the second spesies group 
(Dactylis glomerata, Festuca pratensis, 
Deschampsia cespitosa). In the third group 
(spesies of Phleum pratense, Bromopsis 
inermis) pasture pressure led to population 
aging with increase in the proportion of plants 
of the g3 , ss, and s  ontogenetic states. 
Species of cereals differed in individual 
reaction to mowing. The sharp increase in age 
was characteristic of populations of Alopecurus 
pratensis. 
 
CONCLUSIONS 
 
General analysis of the population ontogenetic 
structures shows that the most dangerous 
changes in cereal populations occur at the 
degrees of the PD3 and PD4 gradient, when the 
number of grazed animals exceeds 7-10 cattle 
per 1 ha. When meadows are used as hayfields, 
the most dangerous is the unsystematic mowing 
of the grass stand throughout the entire growing 
season (MD3 of the mowing gradient).  Early 
mowing and early grazing of farm animals are 
especially harmful. Thus, different types of 
cereals react to grazing and mowing 

individually. This reflects the different degree 
of their adaptation to economic use. 
Populations of cereal grasses within the same 
taxonomic species at different stages of 
gradients of pasture and mowing digression are 
distinctive and differ from each other in the 
characteristic of the ontogenesis and, 
accordingly, the specificity of the ontogenetic 
composition. The level of population 
degradation on pastures and hayfields must be 
taken into account when determining the 
optimal modes of their use and management. 
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Abstract  
 
This study was undertaken to investigate bioconcentrations of Cr and Ni in single and binary tratments by C. 
demersum. The macrophyte was treated with 0.1, 1 and 10 mg L-1 Cr and Ni concentrations their combinations (0+0, 
0.1+0.1, 1+1 and 10+10 mg L-1 Cr plus Ni). Chromium and nickel accumulation capacities of the macrophyte were 
found to be different. Compared to Ni, more Cr was accumulated in the macrophyte tissues. Binary applications of Cr 
and Ni have generally reduced metal uptake compared to single applications. There was a decrease in bioconcentration 
factors with increased external the metal concentrations. It was concluded that the macrophyte can bioaccumulate in its 
tissues by uptake more metal from the environment at low concentrations. 
 
Key words: Ceratophyllum demersum, chromium, nickel, bioaccumulation. 
 
INTRODUCTION  
 
The term heavy metal is used for metals or 
metalloids with a density greater than 5 g/cm³. 
The most common heavy metals include Pb, 
Cr, Fe, Cu, Ni, Zn, Co and Hg. The metals in 
our environment originate from natural and 
anthropogenic reasons (Ross, 1994). Heavy 
metal pollution in the environment has become 
an important problem, especially due to 
intensive industrial activities (Eick et al., 1999; 
Sevindik, 2018). Large areas are contaminated 
with heavy metals due to sewage or urban 
composts, pesticides and fertilizer use, 
municipal waste, car exhausts, mining waste 
and metal melting industries. Among these, a 
large part of Cr is used for stainless steel and 
chromate coating. In the chemical industry, Cr 
is mainly used in pigments, metal coatings and 
wood preservatives. The main source of Cr 
pollution is thought to be caused by dyes and 
leather tanning when wastes are discharged 
directly into waste streams as liquid or solid 
(Kabata-Pendias, 2011). Nickel is widely used 
for magnetic components and electrical 
equipment. Ni-alloys are used for different 
tools and containers used in medicine and food 

technology and kitchen equipment. It is also 
used as a dye in Ni ceramic and glass 
manufacturers and batteries containing Ni-Cd 
compounds (Kabata-Pendias, 2011). 
The macrophytes are an important part of the 
aquatic ecosystem. Aquatic macrophytes 
include flowering and non flowering plants that 
live in streams such as rivers and stagnant 
waters such as lakes. These macrophytes are 
divided into three main groups according to the 
ecological characteristics of the environment in 
which they live. These are (i) emers type 
macrofites that grow on the shore, and a part of 
its stem and body, in water, (ii) the leaves 
whose roots are bound to sediment, swimmer 
macrophytes, and all morphological organs 
floating in water, (iii) completely underwater 
(in some species, genarative organs above the 
water). can be grouped as living submers type 
macrophytes (Dogan, 2011). They are known 
to have great importance, forming a substantial 
component of the primary production in many 
aquatic habitats (Pip, 1990). The macrophytes 
may accumulate considerable amounts of heavy 
metals in their tissues (Kovacks et al., 1984). In 
the recent past, the main groups of macrophytes 
are reported to bioconcentrate heavy metals in 
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Abstract  
 
This study was undertaken to investigate bioconcentrations of Cr and Ni in single and binary tratments by C. 
demersum. The macrophyte was treated with 0.1, 1 and 10 mg L-1 Cr and Ni concentrations their combinations (0+0, 
0.1+0.1, 1+1 and 10+10 mg L-1 Cr plus Ni). Chromium and nickel accumulation capacities of the macrophyte were 
found to be different. Compared to Ni, more Cr was accumulated in the macrophyte tissues. Binary applications of Cr 
and Ni have generally reduced metal uptake compared to single applications. There was a decrease in bioconcentration 
factors with increased external the metal concentrations. It was concluded that the macrophyte can bioaccumulate in its 
tissues by uptake more metal from the environment at low concentrations. 
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INTRODUCTION  
 
The term heavy metal is used for metals or 
metalloids with a density greater than 5 g/cm³. 
The most common heavy metals include Pb, 
Cr, Fe, Cu, Ni, Zn, Co and Hg. The metals in 
our environment originate from natural and 
anthropogenic reasons (Ross, 1994). Heavy 
metal pollution in the environment has become 
an important problem, especially due to 
intensive industrial activities (Eick et al., 1999; 
Sevindik, 2018). Large areas are contaminated 
with heavy metals due to sewage or urban 
composts, pesticides and fertilizer use, 
municipal waste, car exhausts, mining waste 
and metal melting industries. Among these, a 
large part of Cr is used for stainless steel and 
chromate coating. In the chemical industry, Cr 
is mainly used in pigments, metal coatings and 
wood preservatives. The main source of Cr 
pollution is thought to be caused by dyes and 
leather tanning when wastes are discharged 
directly into waste streams as liquid or solid 
(Kabata-Pendias, 2011). Nickel is widely used 
for magnetic components and electrical 
equipment. Ni-alloys are used for different 
tools and containers used in medicine and food 

technology and kitchen equipment. It is also 
used as a dye in Ni ceramic and glass 
manufacturers and batteries containing Ni-Cd 
compounds (Kabata-Pendias, 2011). 
The macrophytes are an important part of the 
aquatic ecosystem. Aquatic macrophytes 
include flowering and non flowering plants that 
live in streams such as rivers and stagnant 
waters such as lakes. These macrophytes are 
divided into three main groups according to the 
ecological characteristics of the environment in 
which they live. These are (i) emers type 
macrofites that grow on the shore, and a part of 
its stem and body, in water, (ii) the leaves 
whose roots are bound to sediment, swimmer 
macrophytes, and all morphological organs 
floating in water, (iii) completely underwater 
(in some species, genarative organs above the 
water). can be grouped as living submers type 
macrophytes (Dogan, 2011). They are known 
to have great importance, forming a substantial 
component of the primary production in many 
aquatic habitats (Pip, 1990). The macrophytes 
may accumulate considerable amounts of heavy 
metals in their tissues (Kovacks et al., 1984). In 
the recent past, the main groups of macrophytes 
are reported to bioconcentrate heavy metals in 
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natural waters as well as after exposure to 
wastewaters (Greger, 1999). Previous studies 
have reported that macrophytes accumulate 
different heavy metals in their tissues.               
C. demersum, for example Cd (Saygideger and 
Dogan, 2004; Keskinkan et al., 2004; Dogan et. 
al., 2018), Cu (Rama Devi and Prasad, 1998), 
Cr (Garg and Chandra, 1990), Pb (Saygideger 
and Dogan, 2004; Dogan et al., 2018) and Hg 
(Suckcharoen, 1979) have been reported to take 
metals from contaminated solutions. 
Although many studies have been conducted on 
heavy metal accumulation in aquatic 
macrophytes, studies on metal interaction are 
limited. Therefore, this experiment was 
designed to study determination of Cr and Ni 
accumulations at single and binary applications 
in C. demersum. 
 
MATERIALS AND METHODS  
 
C. demersum L. (coontail) belongs to the 
family Ceratophyllaceae (hornworts). The 
macrophyte is commonly available aquatic 
macrophyte in Turkey. C. demersum was 
collected from the local water bodies. This was 
acclimatized in 10% Arnon and Hoagland 
nutrient solution under 25-27ºC, 16 h light and 
8 h dark periods during two weeks in a climate 
chamber. Then, the macrophytes were treated 
with 0, 0.1, 1 and 10 mg L-1 Cr as K2Cr2O7 and 
(NiCl2.6H2O) and their combinations (0+0, 
0.1+0.1, 1+1 and 10+10 mg L-1 Cr+Ni) in 500 
mL beher glass. A sample of 10% nutrient 
solution was used as control. pH’s of the test 
solutions were adjusted to 6.4-6.6. All 
experiment carried out in triplicate.  
After two days of application, macrophytes 
were collected. they were washed three times 
with distilled water. The macrophytes were 
then dried to an constant weight at 80°C in an 
electric furnace and pulverized. The samples 
were dissolved in 14 M HN03 and the residue 
was dissolved in 1 M HCl. After 
mineralization, Cr and Ni were determined 
using a flame AAS. Control macrophytes were 
treated in the same way.  
Bioconcentration factor (BCF) was computed 
as follows: 
 
BCF = Cmetal content in macrophyte / Cmetal in solution 
 

The statistical analysis of the data obtained was 
made using the SPSS program. The 
significance of the differences between the 
values was determined by LSD test. 
 
RESULTS AND DISCUSSIONS  
 
Accumulations of Cr and Ni in single 
treatments are given in Figure 1. According to 
this, Cr accumulations of the C. demersum 
tissues were increased with increasing Cr 
concentrations. Chromium contents of the 
macrophye at 0.1, 1 and 10 mg L-1 were found 
about 14.8, 24.2 and 33.0 times greater than 
with respect to control, respectively (Figure 
1A). Moreover Ni content in the macrophyte 
tissues was increased up to 45.8-fold at 10 mg 
L-1 concentration with respect to control 
(Figure 1C). BCF, defined as the concentration 
ratio of the metal in the plant, was used to 
measure the effectiveness of the macrophyte in 
concentrating Cr and Ni on tissues. 
Accordingly, there was a decrease in BCF with 
increased external Cr and Ni concentrations 
(Figure 1B and D). The highest BCFs were 
calculated at 0.1 mg/L Cr and 0.1 mg L-1 Ni 
concentrations as 311 and 164, respectively. 
According to the findings, macrophyte has 
more Cr bioaccumulation ability than Ni. It 
also showed that the macrophyte can 
bioaccumulate more the metals at low 
concentrations. 
Co-occurrence of heavy metals is observed in 
environment. However, their individual and 
combined uptakes by macrophytes are not well 
documented. Cr and Ni contents in all tested 
binary treatments are given Figure 2. In the 
applications, both Cr and Ni accumulations 
were increased with increasing the metals 
concentrations. The maximum Cr and Ni 
contents in the combine treatment were 
measured at 10 + 10 mg L-1 Cr + Ni. These are 
about 23.1 for Cr and 8.0, for Ni, times greater 
than control respective metal contents (Figure 
2A and C). However both the metal 
accumulations were decreased compared to 
individul Cr and Ni applications exception of 
0.1 + 0.1 Cr + Ni application for Cr. While Cr 
content increased by 70.0% in 0.1 + 0.1 Cr plus 
Ni interaction compared to single Cr 
application, it decreased by 43.5% and 29.8% 
in 1 + 1 and 10 + 10 Cr + Ni interactions. 

 

Besides Ni content decresed by 59.1%, 76.9% 
and 82.5% with respect to individual Ni 
application. So in the combination Ni 
accumulations was decreased by Cr. In 

addition, as in single metal applications, in the 
binary metal application, decreases in BCF 
ratios were found with increasing metal 
concentration (Figure 2B and D). 

 

 
Figure 1. Chromium (A) and nickel accumulations (C) and their bioconcentration factors (BCFs) (B and D) in single 

treatments by C. demersum. Values expressed as mean ± standard deviation. Different letters on the bars indicate their 
significance according to the LSD test (p<0.05) 

 
Heavy metals are important environmental 
pollutants and are toxic even at low 
concentrations (Krupodorova and Sevindik, 
2020; Mushtaq et al., 2020). Macrophytes have 
an important role in the heavy metal cycle in 
water directly and indirectly. The accumulation 
of heavy metals by aquatic macrophytes has 
been studied by many researchers (Manny et 
al., 1991; Rama Devi and Prasad, 1998; 
Keskinkan et al., 2004; Saygideger and Dogan, 
2004; Dogan et al., 2018). Macrophytes living 
in wetlands have been found to accumulate 
metal at high concentrations in the roots and 
shoots (Fritioff and Greger, 2001). Submerged 
macrophytes Ceratophyllum demersum, 
Myriophyllum brasiliense and Hippuris 
vulgaris, living in metal-contaminated waters, 
have also been reported to accumulate metal at 
high concentrations in their tissues (Rai et al., 
1995; Quian et al., 1999; Saygideger and 
Dogan, 2004; Saygideger and Dogan, 2005). 
As a result, according to the findings,               
C. demersum was able to accumulate a 

significant amount of metals in its tissues with 
increased Cr and Ni concentrations. In addition, 
it has accumulated more Cr than Ni, showing 
that it has metal specific accumulation 
capacity. Previously, accumulation capabilities 
of heavy metals in Potamogetonaceae species 
were determined as Pb> Cu> Ni> Cr. So           
C. demersum differed in their accumulation 
capacities with respect to each particular ion. 
Similar results have been reported by other 
researchers (Saygideger and Dogan, 2004; 
Demirezen and Aksoy, 2006). As also 
described by Denny (1980), one reason of this 
may be differences in cellular mechanisms of 
metal ions uptake in the macrophytes. 
According to findings, Cr-Ni interaction 
generally showed an antagonistic effect on 
absobtion of both metals compared to the 
single Cr and Ni applications. Interactions 
between metals can be both antagonistic and 
synergistic. Antagonism occurs when the 
combined physiological effect of two or more 
metals is less than the sum of its independent 
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natural waters as well as after exposure to 
wastewaters (Greger, 1999). Previous studies 
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combined physiological effect of two or more 
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effects. Synergism occurs when the combined 
metals are greater. These interactions may also 
refer to a metal ability to inhibit or stimulate 
the absorption of other metals in plants 
(Kabata-Pendias, 2011). Chromium has been 
observed to have both antegonistic and 

synergetic effects with metals (Turner and 
Rust, 1971; Dong et al., 2007; Kabata-Pendias, 
2011). In addition, similar interactions of Ni 
with other metals have been reported (Kabata-
Pendias, 2011). 

 

  
Figure 2. Chromium (A) and nickel accumulations (C) of C. demersum after Cr plus Ni applications and their 

bioconcentration factors (BCFs) (B and D). Values expressed as mean ± standard deviation. Different letters on the bars 
indicate their significance according to the LSD test (p<0.05) 

 
 

CONCLUSIONS  
 
As a result, metal accumulation capacity of      
C. demersum was found to be different. 
Compared to Ni, more Cr was accumulated by 
the macrophyte. In addition, the application of 
metals together has generally reduced metal 
uptake compared to single applications. It was 
also concluded that the macrophyte can 
bioaccumulate in its tissues by removing more 
metal from the environment at low 
concentrations. Rapid urbanization, increase in 
industrialization and intensive use of pesticides 
increase heavy metal contamination in the 
environment. Aquatic macrophytes have the 
ability to accumulate metals from contaminated 
waters by taking into consideration their levels. 
Removal of such pollutants from the 
environment or reduction of their effects has 
recently become a popular practice. 
Phytoremediation is known as a promising cost 

effective and environmentally sustainable 
technology, especially for the treatment of 
water contaminated by heavy metals. 
Macrophytes are often used for the 
phytoemediation of water contaminated with 
heavy metals. The high metal accumulation 
capacity, especially Cr, can make C. demersum 
a choice for phytoremediation of heavy metals. 
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2011). In addition, similar interactions of Ni 
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Abstract  
 
Nowadays arbuscular mycorrhiza (AM) is widely recognized as one of the most successful plant-fungi partnerships. 
Although the evidence for ecosystem services provided by these microorganisms is comprehensive, surprisingly few 
studies document arbuscular mycorrhiza in cities. The aim of this research was to describe arbuscular mycorrhiza 
(Glomeromycota) colonization pattern across a genotypic and seasonal gradient for Iris germanica. Colonization 
parameters were assessed for 2160 root segments from six Iris germanica cultivars collected in spring and autumn (two 
contrasting phenophases). The results showed that Iris germanica presents Paris AM morphotype. Phenophase 
exercised a significant influence over AM colonization parameters explaining around 70% of variance while the 
influence of the cultivar was non-significant and explained between 13-18% of variance. Towards autumn AM 
frequency decreased and average of 18.36% relative to spring while intra-radicular AM spores and vesicles increased 
on average of 22.73% relative to spring. This study suggests that plant-fungi interaction is controlled by plant 
metabolic state and decrease of frequency coincides with the debut of leaf senescence and implicitly a reduction of the 
carbon flux in plant, to which AM fungi react by sporulating.  
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INTRODUCTION 
 
Iris germanica L. is a perennial ornamental and 
medicinal plant and the most cultivated species 
from this genus (Crișan et al., 2019). This 
species has been used as model plant for root 
studies (Meyer et al., 2011).  
Green areas in urban environment play an 
important role in improving quality of life 
(Vargas-Hernández et al., 2018) not only due to 
their aesthetic and recreational value (Xu et al., 
2016) but because can provide key ecosystem 
services such as nutrient cycling (Francini et 
al., 2018) or reduction of urban heat island 
effect, a meteorological phenomenon of current 
concern due to negative impact on human well-
being (Aram et al., 2019; Maheng et al., 2019). 
Ecosystem services provided by green spaces 
in cities are dependent on the activity of 
organisms from soil that in turn are conditioned 
by vegetation type, distribution and soil 
properties (Francini et al., 2018). Because 
urban landscape is characterized by profound 
changes of ecological conditions, fragmented 
habitats, low biodiversity and shift towards 
non-native plant species (Anastasiu et al., 

2017), can be affirmed that challenges related 
to the health of urban ecosystems are unique 
and unlike those from natural ecosystems.  
Arbuscular mycorrhiza (AM) is a symbiosis 
currently established by more than 70% of 
flowering plants with Glomeromycota fungi, in 
which characteristic exchange structures form 
inside root cortex. Fossil evidence suggests that 
this symbiosis has been a successful 
partnership since land colonization by first 
plants (Brundrett & Tedersoo, 2018).  
Beneficial effects of arbuscular mycorrhiza are 
diverse and range from improving soil quality 
to increasing plant tolerance to various biotic 
and abiotic stressors. Following AM 
colonization, plant development can be 
improved both under normal as well as under 
stressful conditions chiefly due to enhanced 
nutrient uptake (Begum et al., 2019). Soil 
fungal webs have high capacity to store 
nutrients (Francini et al., 2018), and in 
particular arbuscular mycorrhizal fungi (AMF) 
can contribute to sustainable development of 
urban ecosystems by tackling emerging 
environmental challenges that plants face in 
urban conditions (Shi et al., 2011). Gardening 

 

and landscaping are currently among the top 
sectors that employ commercial mycorrhiza 
application and there is increasing number of 
companies that produce inoculants driven by 
the growing interest for using them (Chen et 
al., 2018). However, to date there is a lack of 
studies documenting arbuscular mycorrhiza in 
urban environments, as well as the factors that 
can influence mycorrhizal symbiosis in cities 
(Chaudhary et al., 2019). Thus, although the 
knowledge of beneficial effects of arbuscular 
mycorrhizal fungi for soil and plant health are 
comprehensive (Chen et al., 2018) there are 
aspects that require more attention. Research on 
particularities and biology of arbuscular 
mycorrhizal symbiosis in urban environments 
can provide the knowledge base necessary to 
optimize their use or elaborate mycorrhiza-
friendly management practices for greening 
cities.  
The aim of this research was to obtain a 
comprehensive description of AM colonization 
pattern across a genotypic and seasonal 
gradient for Iris germanica from conditions of 
Cluj-Napoca. Two objectives were defined: 1) 
Identification of the influence of phenophase 
and cultivar on AM endophytic root 
colonization parameters, 2) Analysis of 
relationship existing between the colonization 
parameters to explain mycorrhiza continuity.  
 
MATERIALS AND METHODS 
 
Cluj-Napoca is the largest city from 
Transylvania region of Romania, situated in 
transitional temperate-continental climate 
(Criveanu, 2002), and experiences the effects 
of the atmospheric urban heat island (Herbel et 
al., 2016). Climatic conditions are suitable for 
cultivation of frost hardy Iris species (Crișan et 
al., 2016). Experimental plot was established in 
a green space from western part of Cluj-Napoca 
city at decimal degrees coordinates (DD): 
46.766569, 23.545294. Plot used in this 
experiment was cleared of wild vegetation. 
Because no treatments were applied to this plot 
at least in last 15 years, it was considered 
suitable for studying natural occurring AM 
colonization dynamic in urban conditions.  
The experiment was established in July 2017 
and starting with spring of 2018 root samples 
were collected to assess natural AM 

colonization dynamic. Climatic data between 
planting, first and second root collecting 
indicates that highest temperatures were 
registered in August 2017 (37ºC), after planting 
the rhizomes and lowest in March 2018 (-17ºC) 
right before plants entered in vegetation. 
Highest precipitation levels were registered in 
June 2018 after flowering. Compared to 
multiannual average temperature on 11 years 
(2006-2016) which was 9.99ºC 
(https://en.tutiempo.net), average annual 
temperature registered in Cluj-Napoca city was 
5.11% higher in 2017, and 12.11% higher in 
2018. Compared to multiannual average for the 
sum of precipitation registered between 2006-
2016 (https://en.tutiempo.net) which was 
652.57 mm/m2, the sum of precipitation was 
37.49% lower in 2017 and 19.73% lower in 
2018 (Figure 1). These values indicate that 
experimental year was slightly hotter and drier 
compared to average values from last decade.   
 

 
Figure 1. Monthly temperature and precipitation levels 

during planting and last sampling 
(https://en.tutiempo.net, https://wunderground.com) 

 
Soil type in Cluj-Napoca city is luvisol (Stănilă 
et Dumitru, 2016). Analysis of soil sample 
(depth 0-20 cm) from experimental plot was 
conducted at an authorized agrochemical 
laboratory from Cluj-Napoca (OSPA Cluj). 
Results are presented in Table 1.  

 
Table 1. Soil physicochemical properties 

Analysis Method Result 
pH potentiometric 8.05 
Humus Walkley-Black 3.24% 
Nitrogen Kjeldahl 0.129% 
Phosphorus Colorimetric 224 ppm 

Potassium Flame 
photometry 304 ppm 

CaCO3 Scheibler 10.4 me/100 g 
Granulometric Kacinscki clay-loam 
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Abstract  
 
Nowadays arbuscular mycorrhiza (AM) is widely recognized as one of the most successful plant-fungi partnerships. 
Although the evidence for ecosystem services provided by these microorganisms is comprehensive, surprisingly few 
studies document arbuscular mycorrhiza in cities. The aim of this research was to describe arbuscular mycorrhiza 
(Glomeromycota) colonization pattern across a genotypic and seasonal gradient for Iris germanica. Colonization 
parameters were assessed for 2160 root segments from six Iris germanica cultivars collected in spring and autumn (two 
contrasting phenophases). The results showed that Iris germanica presents Paris AM morphotype. Phenophase 
exercised a significant influence over AM colonization parameters explaining around 70% of variance while the 
influence of the cultivar was non-significant and explained between 13-18% of variance. Towards autumn AM 
frequency decreased and average of 18.36% relative to spring while intra-radicular AM spores and vesicles increased 
on average of 22.73% relative to spring. This study suggests that plant-fungi interaction is controlled by plant 
metabolic state and decrease of frequency coincides with the debut of leaf senescence and implicitly a reduction of the 
carbon flux in plant, to which AM fungi react by sporulating.  
 
Key words: urban microbiome, soil, rhizosphere, fungi, ornamentals.  
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particular arbuscular mycorrhizal fungi (AMF) 
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urban ecosystems by tackling emerging 
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application and there is increasing number of 
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the growing interest for using them (Chen et 
al., 2018). However, to date there is a lack of 
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can influence mycorrhizal symbiosis in cities 
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comprehensive (Chen et al., 2018) there are 
aspects that require more attention. Research on 
particularities and biology of arbuscular 
mycorrhizal symbiosis in urban environments 
can provide the knowledge base necessary to 
optimize their use or elaborate mycorrhiza-
friendly management practices for greening 
cities.  
The aim of this research was to obtain a 
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gradient for Iris germanica from conditions of 
Cluj-Napoca. Two objectives were defined: 1) 
Identification of the influence of phenophase 
and cultivar on AM endophytic root 
colonization parameters, 2) Analysis of 
relationship existing between the colonization 
parameters to explain mycorrhiza continuity.  
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(Criveanu, 2002), and experiences the effects 
of the atmospheric urban heat island (Herbel et 
al., 2016). Climatic conditions are suitable for 
cultivation of frost hardy Iris species (Crișan et 
al., 2016). Experimental plot was established in 
a green space from western part of Cluj-Napoca 
city at decimal degrees coordinates (DD): 
46.766569, 23.545294. Plot used in this 
experiment was cleared of wild vegetation. 
Because no treatments were applied to this plot 
at least in last 15 years, it was considered 
suitable for studying natural occurring AM 
colonization dynamic in urban conditions.  
The experiment was established in July 2017 
and starting with spring of 2018 root samples 
were collected to assess natural AM 

colonization dynamic. Climatic data between 
planting, first and second root collecting 
indicates that highest temperatures were 
registered in August 2017 (37ºC), after planting 
the rhizomes and lowest in March 2018 (-17ºC) 
right before plants entered in vegetation. 
Highest precipitation levels were registered in 
June 2018 after flowering. Compared to 
multiannual average temperature on 11 years 
(2006-2016) which was 9.99ºC 
(https://en.tutiempo.net), average annual 
temperature registered in Cluj-Napoca city was 
5.11% higher in 2017, and 12.11% higher in 
2018. Compared to multiannual average for the 
sum of precipitation registered between 2006-
2016 (https://en.tutiempo.net) which was 
652.57 mm/m2, the sum of precipitation was 
37.49% lower in 2017 and 19.73% lower in 
2018 (Figure 1). These values indicate that 
experimental year was slightly hotter and drier 
compared to average values from last decade.   
 

 
Figure 1. Monthly temperature and precipitation levels 

during planting and last sampling 
(https://en.tutiempo.net, https://wunderground.com) 

 
Soil type in Cluj-Napoca city is luvisol (Stănilă 
et Dumitru, 2016). Analysis of soil sample 
(depth 0-20 cm) from experimental plot was 
conducted at an authorized agrochemical 
laboratory from Cluj-Napoca (OSPA Cluj). 
Results are presented in Table 1.  

 
Table 1. Soil physicochemical properties 

Analysis Method Result 
pH potentiometric 8.05 
Humus Walkley-Black 3.24% 
Nitrogen Kjeldahl 0.129% 
Phosphorus Colorimetric 224 ppm 

Potassium Flame 
photometry 304 ppm 

CaCO3 Scheibler 10.4 me/100 g 
Granulometric Kacinscki clay-loam 
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According to analysis, the soil has clay-loam 
texture (coarse sand 11.45, fine sand 32.96, silt 
I 9.15, silt II 13.20, clay 33.24), has slight 
alkaline pH with moderate carbonate content, 
moderate humus level, low nitrogen content but 
very good/high phosphorus and potassium 
levels, compared to reference thresholds from 
literature (Davidescu et al., 1981). 
The biologic material was represented by 
rhizomes of six Iris germanica L. cultivars with 
different flower colours (Figure 2), imported 
from Holland. Specimens from each cultivar 
studied can be found at Agro-Botanical Garden 
UASVM Cluj-Napoca, Romania (Table 2).  

 
Table 2. Iris germanica cultivars and accession number 

Cultivar Flower IPEN1 code 
‘Black Dragon’ black XX-0-CLA-1757 
‘Blue Rhythm’ blue XX-0-CLA-1758 
‘Sultan’s Palace’ red XX-0-CLA-1759 
‘Lime Fizz’ yellow XX-0-CLA-1761 
‘Pinafore Pink’ pink XX-0-CLA-1762 
‘Pure As The’ white XX-0-CLA-1763 

1International Plant Exchange Network 
 
Rhizomes (with leaves and roots trimmed), 
were planted in six randomized blocks with 
three rhizomes per replicate, resulting in a total 
of 108 rhizomes planted (18 rhizomes/cultivar).  
 

 
Figure 2. Iris germanica cultivars in bloom (original) 

 
Next vegetative season after planting, when 
plants were already well-established, roots were 
collected for assessment of natural AM 
colonization. Sampling was conducted on 
20.04.2018 and 14.09.2018, when plants were in 
two distinct phenophases. At the time of root 
collecting in April (IV) plants were in shoot 
growth and leaf extension phenophase, while in 
September (IX) plants were at the debut of leaf 
senescence. Roots were taken immediately to 
the lab for processing on the same day. Root 

samples were stained using the method by 
Vierheilig et al. (1998) but with the modification 
that two clearing stages were applied: first 
clearing with 5% KOH + 10% NaOH, and the 
second one with 15% NaOH. Stained roots were 
mounted on glass slides and squashed with the 
cover class. Observation was conducted at 
magnification 100× - 400× under Optika 
brightfield microscope equipped with condenser 
0.90 N.A. Microscopic evaluation was 
performed on sets of 30 root segments of 1 cm 
long each in six replicates for each of the six 
cultivars both in spring and autumn. In total 
were analysed 2160 root samples (30 segments 
× 6 replicates × 6 cultivars × 2 samplings). 
Arbuscular mycorrhizal indicators as defined by 
Trouvelot et al. (1986) were obtained using 
Mycocalc software (https://www2.dijon.inra.fr).  
Arbuscular mycorrhiza (AM) colonization 
parameters calculated were: F% = frequency of 
mycorrhizal colonization, m% = intensity of the 
mycorrhizal colonization in the colonized root 
fragments, M% = intensity of the mycorrhizal 
colonization in the root system. In addition, 
were counted all AM spores and vesicles in each 
root segment and was calculated the frequency 
of AM vesicles and spores inside roots for each 
cultivar in spring and autumn. Statistical 
analysis was conducted by applying two-way 
ANOVA, Duncan test and Pearson correlation.  
 
RESULTS AND DISCUSSIONS 
 
Microscopic analysis of stained root fragments 
revealed that arbuscular mycorrhizal 
colonization in Iris germanica presented a 
typical Paris morphotype (Figure 4). Similar 
morphotype was described before in another 
species from same genus: Iris stolonifera 
(Zubek et al., 2011).  
Average values of colonization parameters 
varied between cultivars within range 66.95-
78.06 for the frequency of colonization, 15.10-
10.28 for the intensity of colonization in root 
fragments, 8.16-10.39 for the intensity of 
colonization in root system. Analysis of the 
influence exercised by experimental factors on 
mycorrhizal colonization revealed that 
phenophase had a highly significant influence 
over two AM parameters: frequency of 
colonization (F %) and intensity of mycorrhizal 
colonization in root fragments (m %).  

 

Phenophase explained around 70% of the 
overall variance observed for colonization 
parameters (η2 = 0.69-0.75). It was also 
observed that the cultivar gradient and 
interaction between phenophase and cultivar 
(C×P) did not exercise a significant influence 

on AM root colonization parameters. Cultivar 
explained between 13-18% of variance while 
the interaction between cultivar and 
phenophase explained 12-17% of the overall 
variance registered for AM colonization 
parameters (Table 3).  

 
Table 3. Influence of phenophase and cultivar on arbuscular mycorrhiza (AM) colonization indicators: frequency (F %) 

and intensity (m %, M %) in Iris germanica roots 

AM Factors Mean 
square F p Sig. η2 s2 

F% 
Phenophase (P) 3707.47 12.02 <0.001 *** 0.69 

336.60 Cultivar (C)  192.47 0.62 0.682 n.s. 0.18 
Interaction (C×P) 143.12 0.46 0.801 n.s. 0.13 

m% 
Phenophase (P) 957.83 14.32 <0.001 *** 0.75 

74.53 Cultivar (C) 32.81 0.49 0.782 n.s. 0.13 
Interaction (C×P) 31.11 0.46 0.800 n.s. 0.12 

M% 
Phenophase (P) 302.01 6.15 0.015 * 0.70 

47.58 Cultivar (C) 11.84 0.24 0.942 n.s. 0.14 
Interaction (C×P) 14.60 0.30 0.912 n.s. 0.17 

Sig. = significance, η2 = partitioning of variance, s2 = variance   
Two-way ANOVA; p > 0.05 (n.s.), p < 0.05 (*), p < 0.01 (**), p < 0.001 (***)  
 

Table 4. Combined effect of cultivar and month of root sampling on arbuscular mycorrhiza frequency (F %) and 
intensity of colonization (m %, M %) in Iris germanica roots 

Experimental factors Frequency of colonization (F %) Intensity of colonization (m %) 
Month Cultivar Mean ±SD ±SE Mean ±SD ±SE 

April 
(IV) 

‘Black Dragon’ 75.00 abcd 13.62 5.56 9.09 abc 3.84 1.57 
‘Blue Rhythm’ 82.22 cd 7.79 3.18 10.08 abc 4.19 1.71 
‘Sultan’s Palace’ 84.44 d 7.20 2.94 9.55 abc 3.25 1.33 
‘Lime Fizz’ 70.56 abcd 27.19 11.10 8.36 ab 4.53 1.85 
‘Pinafore Pink’ 79.45 bcd 13.07 5.33 10.60 abc 9.16 3.74 
‘Pure As The’ 77.22 bcd 9.29 3.79 7.09 a 3.15 1.29 

Sept. 
(IX) 

‘Black Dragon’ 61.11 ab 25.36 10.35 16.54 abc 13.06 5.33 
‘Blue Rhythm’ 63.33 abc 20.33 8.30 17.73 abc 6.67 2.72 
‘Sultan’s Palace’ 71.67 abcd 22.49 9.18 11.02 abc 4.96 2.02 
‘Lime Fizz’ 68.89 abcd 17.08 6.97 15.41 abc 7.32 2.99 
‘Pinafore Pink’ 61.11 ab 19.05 7.78 19.60 c 8.60 3.51 
‘Pure As The’ 56.67 a 13.82 5.64 18.23 bc 16.69 6.81 

Overall Iris germanica 70.97 18.35 2.16 12.77 8.63 1.02 
Values followed by same letters have non-significant differences, Duncan test, p < 0.05   
±SD (standard deviation), ±SE (standard error of mean)  
 
By analysing the influence of phenophase on 
colonization indicators, it was observed that the 
frequency of colonization decreased and 
average of 18.36% at the start of leaf 
senescence relative to leaf growth phenophase.  
Results indicate there was no significant 
difference for frequency of colonization nor for 
intensity of colonization in root fragments 
between cultivars either in spring or autumn. 
This shows that all cultivars displayed similar 
susceptibility to colonization. The cultivar with 

white flowers ‘Pure As The’ registered 
significant differences between the two 
phenophases both for frequency and intensity 
of colonization. 
Highest colonization frequency was identified 
in spring for cultivar ‘Sultan’s Palace’ (F % = 
84.44) and lowest frequency in autumn for 
‘Pure As The’ (F % = 56.57). The lowest 
colonization intensity in root fragments was 
registered for cultivar ‘Pure As The’ in spring 
(m % = 7.09) and the highest intensity for 
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alkaline pH with moderate carbonate content, 
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levels, compared to reference thresholds from 
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The biologic material was represented by 
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two distinct phenophases. At the time of root 
collecting in April (IV) plants were in shoot 
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that two clearing stages were applied: first 
clearing with 5% KOH + 10% NaOH, and the 
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colonization in the root system. In addition, 
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root segment and was calculated the frequency 
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analysis was conducted by applying two-way 
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RESULTS AND DISCUSSIONS 
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colonization in Iris germanica presented a 
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observed that the cultivar gradient and 
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explained between 13-18% of variance while 
the interaction between cultivar and 
phenophase explained 12-17% of the overall 
variance registered for AM colonization 
parameters (Table 3).  

 
Table 3. Influence of phenophase and cultivar on arbuscular mycorrhiza (AM) colonization indicators: frequency (F %) 
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‘Lime Fizz’ 70.56 abcd 27.19 11.10 8.36 ab 4.53 1.85 
‘Pinafore Pink’ 79.45 bcd 13.07 5.33 10.60 abc 9.16 3.74 
‘Pure As The’ 77.22 bcd 9.29 3.79 7.09 a 3.15 1.29 

Sept. 
(IX) 

‘Black Dragon’ 61.11 ab 25.36 10.35 16.54 abc 13.06 5.33 
‘Blue Rhythm’ 63.33 abc 20.33 8.30 17.73 abc 6.67 2.72 
‘Sultan’s Palace’ 71.67 abcd 22.49 9.18 11.02 abc 4.96 2.02 
‘Lime Fizz’ 68.89 abcd 17.08 6.97 15.41 abc 7.32 2.99 
‘Pinafore Pink’ 61.11 ab 19.05 7.78 19.60 c 8.60 3.51 
‘Pure As The’ 56.67 a 13.82 5.64 18.23 bc 16.69 6.81 

Overall Iris germanica 70.97 18.35 2.16 12.77 8.63 1.02 
Values followed by same letters have non-significant differences, Duncan test, p < 0.05   
±SD (standard deviation), ±SE (standard error of mean)  
 
By analysing the influence of phenophase on 
colonization indicators, it was observed that the 
frequency of colonization decreased and 
average of 18.36% at the start of leaf 
senescence relative to leaf growth phenophase.  
Results indicate there was no significant 
difference for frequency of colonization nor for 
intensity of colonization in root fragments 
between cultivars either in spring or autumn. 
This shows that all cultivars displayed similar 
susceptibility to colonization. The cultivar with 

white flowers ‘Pure As The’ registered 
significant differences between the two 
phenophases both for frequency and intensity 
of colonization. 
Highest colonization frequency was identified 
in spring for cultivar ‘Sultan’s Palace’ (F % = 
84.44) and lowest frequency in autumn for 
‘Pure As The’ (F % = 56.57). The lowest 
colonization intensity in root fragments was 
registered for cultivar ‘Pure As The’ in spring 
(m % = 7.09) and the highest intensity for 
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‘Pinafore Pink’ in autumn (m % = 19.60); this 
difference is statistically significant (Table 4).  
For Iris germanica cultivars, the frequency of 
root fragments with intra-radicular spores and 
vesicles increased an average of 22.73% in 
autumn relative to spring.  
In spring the frequency of root fragments with 
intra-radicular spores and vesicles ranged 
between 3.89-7.22% and in autumn ranged 
between 3.33-8.33%. Although in both 

phenophases and for all six cultivars the 
frequency of root fragments with spores and 
vesicles maintained fewer than 10%, in autumn 
increased the number of spores and vesicles per 
cm root. Thus, in spring there were no more 
than 5 spores and vesicles per cm root, while in 
autumn the cultivars studied had up to 3% root 
fragments with more than 10 spores and 
vesicles per cm root (Figure 3).    

 

 
Figure 3. Occurrence (%) of root fragments with intra-radicular AM spores and vesicles: blue - fragments without 

spores and vesicles, green - fragments with 1-5 spores and vesicles per cm, yellow - fragments with 6-10 spores and 
vesicles per cm, orange - more than 10 spores and vesicles per cm root, in six Iris germanica cultivars: (a) ‘Black 

Dragon’, (b) ‘Blue Rhythm’, (c) ‘Sultan’s Palace’, (d) ‘Lime Fizz’, (e) ‘Pinafore Pink’ (f) ‘Pure As The’, in April (IV) 
and September (IX) 

 

 
Figure 4. Arbuscular mycorrhiza (AM - Glomeromycota) in Iris germanica stained roots: (a-h) hyphae displaying cell to 

cell spreading (coils) - Paris morphotype, scale bar = 50 μm; (i-l) intra-radicular AM spores and vesicles 
 
Correlation coefficients between colonization 
indicators were analysed for two reasons: 
firstly, to define the relationship between 

colonization parameters at a given phenophase 
and secondly in an attempt to identify the 
existence of endomycorrhiza continuity 

 
between the two phenophases. Correlation 
matrix is presented in Figure 5. It was found a 
significant positive correlation between AM 
frequency colonization in April and September 
(r = 346*). Between the intensity of 
colonization in root fragments (m %) and root 
system (M %), there was a highly significant 
positive correlation both in April and 
September and having identical value (r = 
0.945***). Correlation between frequency of 
colonization (F %) and intensity of colonization 
in root fragments (m %) that was not 
significant at phenophase of shoot and leaf 
growth (r = 0.211) became significant in 
autumn (r = 0.478**).  
 

 
Figure 5. Pearson correlation matrix for AM colonization 
indicators: frequency (F %) and intensity (m %, M %) in 

April (IV) and September (IX), crossed p > 0.05 (n.s.) 
 
Iris germanica plants presented AM intra-
radicular spreading corresponding to typical 
Paris morphotype regardless of season or 
cultivar. Far fewer studies have been conducted 
on Paris morphotype compared to Arum, and 
as a result the AM biology and development 
under this morphotype are not well understood. 
There is evidence that Paris-type develops 
slower (Cavagnaro et al., 2001). Differences in 
colonization morphotypes between plant 
species can be firstly attributed to root 
histologic structure (Dickson, 2004) and 
secondly to fungi species colonizing the plant 
(Dickson et al., 2007). Paris-morphotype is 
considered more common in forest floor 
herbaceous plants which grow in partial shade, 
evergreen plants as well as long-lived woody 

plants. Previous authors point out the 
interesting fact that Paris-type plants appear to 
have lower photosynthetic rates than Arum-type 
plants. Furthermore, recent experimental data 
based on stable isotope enrichment factors 
suggests that plants which develop Paris-
morphotype could exhibit partial-
mycoheterotrophy, thus implying transfer of 
photosynthates from one green plant to another 
through Arum-Paris type network (Giesemann 
et al., 2019). These aspects come to highlight 
the importance of morphotype for 
particularities existing within this partnership, 
which have been insufficiently explored in the 
past. The low frequency of intra-radicular spore 
and vesicles registered both in spring and 
autumn for Iris germanica could be due to 
occurrence of Paris morphotype. The 
frequency of spores and vesicles (<10%) can be 
considered low because Arum-type geophyte 
species in the same pedo-climatic conditions 
were shown to reach much higher frequency of 
spores and vesicles such as in Dahlia variabilis 
(60%) or Liatris spicata (75%) (Crișan et al., 
2018; Crișan et al., 2019).  
It is proposed that because in Paris morphotype 
the hyphae are spreading solely from cell to 
cell (Dickson, 2004) and since after a few days 
the intracellular mycorrhiza structures are 
digested by the plant cell (Bonfante & Genre, 
2010), repeated dissolution of mycorrhiza 
structures could also limit the time interval 
necessary for intra-radicular spores and vesicles 
to form resulting in lower levels, as observed 
here. However, the biological and ecological 
significance of a lower count of intra-radicular 
spores remains to be determined. Formation of 
mycorrhiza storage structures, represented by 
spores and vesicles is a key stage in life cycle 
of arbuscular mycorrhizal fungi (Müller et al., 
2017) and limited ability of a plant species such 
as Iris germanica, due to Paris-type 
morphotype to form intra-radicular spores 
could probably act in time as selective factor on 
AM community. This particularly when 
considering propagation strategies of different 
AMF taxa, such as ability to initiate 
colonization mostly through spores, or in 
addition through vesicles and mycelia 
fragments or colonized root fragments 
(Klironomos & Hart, 2002). Although spores 
are formed also by extra-radicular mycelia and 
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‘Pinafore Pink’ in autumn (m % = 19.60); this 
difference is statistically significant (Table 4).  
For Iris germanica cultivars, the frequency of 
root fragments with intra-radicular spores and 
vesicles increased an average of 22.73% in 
autumn relative to spring.  
In spring the frequency of root fragments with 
intra-radicular spores and vesicles ranged 
between 3.89-7.22% and in autumn ranged 
between 3.33-8.33%. Although in both 

phenophases and for all six cultivars the 
frequency of root fragments with spores and 
vesicles maintained fewer than 10%, in autumn 
increased the number of spores and vesicles per 
cm root. Thus, in spring there were no more 
than 5 spores and vesicles per cm root, while in 
autumn the cultivars studied had up to 3% root 
fragments with more than 10 spores and 
vesicles per cm root (Figure 3).    
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significant positive correlation between AM 
frequency colonization in April and September 
(r = 346*). Between the intensity of 
colonization in root fragments (m %) and root 
system (M %), there was a highly significant 
positive correlation both in April and 
September and having identical value (r = 
0.945***). Correlation between frequency of 
colonization (F %) and intensity of colonization 
in root fragments (m %) that was not 
significant at phenophase of shoot and leaf 
growth (r = 0.211) became significant in 
autumn (r = 0.478**).  
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Iris germanica plants presented AM intra-
radicular spreading corresponding to typical 
Paris morphotype regardless of season or 
cultivar. Far fewer studies have been conducted 
on Paris morphotype compared to Arum, and 
as a result the AM biology and development 
under this morphotype are not well understood. 
There is evidence that Paris-type develops 
slower (Cavagnaro et al., 2001). Differences in 
colonization morphotypes between plant 
species can be firstly attributed to root 
histologic structure (Dickson, 2004) and 
secondly to fungi species colonizing the plant 
(Dickson et al., 2007). Paris-morphotype is 
considered more common in forest floor 
herbaceous plants which grow in partial shade, 
evergreen plants as well as long-lived woody 

plants. Previous authors point out the 
interesting fact that Paris-type plants appear to 
have lower photosynthetic rates than Arum-type 
plants. Furthermore, recent experimental data 
based on stable isotope enrichment factors 
suggests that plants which develop Paris-
morphotype could exhibit partial-
mycoheterotrophy, thus implying transfer of 
photosynthates from one green plant to another 
through Arum-Paris type network (Giesemann 
et al., 2019). These aspects come to highlight 
the importance of morphotype for 
particularities existing within this partnership, 
which have been insufficiently explored in the 
past. The low frequency of intra-radicular spore 
and vesicles registered both in spring and 
autumn for Iris germanica could be due to 
occurrence of Paris morphotype. The 
frequency of spores and vesicles (<10%) can be 
considered low because Arum-type geophyte 
species in the same pedo-climatic conditions 
were shown to reach much higher frequency of 
spores and vesicles such as in Dahlia variabilis 
(60%) or Liatris spicata (75%) (Crișan et al., 
2018; Crișan et al., 2019).  
It is proposed that because in Paris morphotype 
the hyphae are spreading solely from cell to 
cell (Dickson, 2004) and since after a few days 
the intracellular mycorrhiza structures are 
digested by the plant cell (Bonfante & Genre, 
2010), repeated dissolution of mycorrhiza 
structures could also limit the time interval 
necessary for intra-radicular spores and vesicles 
to form resulting in lower levels, as observed 
here. However, the biological and ecological 
significance of a lower count of intra-radicular 
spores remains to be determined. Formation of 
mycorrhiza storage structures, represented by 
spores and vesicles is a key stage in life cycle 
of arbuscular mycorrhizal fungi (Müller et al., 
2017) and limited ability of a plant species such 
as Iris germanica, due to Paris-type 
morphotype to form intra-radicular spores 
could probably act in time as selective factor on 
AM community. This particularly when 
considering propagation strategies of different 
AMF taxa, such as ability to initiate 
colonization mostly through spores, or in 
addition through vesicles and mycelia 
fragments or colonized root fragments 
(Klironomos & Hart, 2002). Although spores 
are formed also by extra-radicular mycelia and 
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identity of AM taxa exercises influence on the 
abundance of intra-radicular spores or 
formation of vesicles (Błaszkowski, 2012), 
undoubtedly intra-radicular spores and vesicles 
increase the quantity of infective AM 
propagules in rhizosphere. Thus, it could prove 
useful to explore the influence of colonization 
morphotype across Arum-Paris continuum on 
formation of spores and vesicles in relation 
with AMF taxa exhibiting different propagation 
strategies. This could be a way to identify if the 
presence of a particular morphotype possesses 
any selective influence, such as for example a 
Paris-type host “disadvantaging” in time the 
AMF species that rely mostly on spores to 
initiate re/colonization. It could be the case that 
plant species such as Iris germanica could rely 
to a higher degree on exogenous sources of 
infection such as presence of propagules in the 
surrounding soil to maintain a certain level of 
colonization during entire growth season. 
Regarding the other AM parameters, results 
indicated a potential dependency of AM 
colonization level registered at the beginning of 
leaf senescence on colonization level from 
shoot growth phenophase, reflected by a 
significant positive correlation between AM 
frequency at the start and the end of growth 
season. Firstly, this could highlight the 
importance of colonization initiated in spring 
when plants develop new roots. Secondly this 
could indicate mycorrhiza continuity within 
root system during entire growth season. A 
previous study involving another ornamental 
geophyte plant - Gladiolus grandiflorus, in 
experimental conditions demonstrated that both 
vegetative and reproductive parameters of the 
plants were correlated with AM colonization at 
early growth stage (Javaid & Riaz, 2008), 
further indicating the importance of early 
colonization. The significant influence of 
phenophase on AM colonization parameters 
could be explained by the control of plant 
metabolic state over the symbiose, higher AM 
frequency occurring in spring when Iris 
germanica plants experience accelerated 
growth, compared to autumn. Results are in 
consensus with previous findings that showed 
the existence of a variation in AM colonization 
levels between seasons or growth stages as 
described for Allium tricoccum (Hewins et al., 

2015), Acaena elongata (Vasquez-Santos et al., 
2019) and Asphodelus fistulosus (Cavagnaro et 
al., 2001). Study of the relationship between 
AM colonization parameters in Iris germanica 
from this study has put in evidence a stable 
interdependence between some AM 
parameters. Previous investigations in other 
plant species also found evidence of an existing 
interdependence between parameters assessing 
different AM structures inside roots. Thus, in 
Paris-type plant Asphodelus sp. was found a 
significant association between entry points in 
root and hyphae coils in cortex (Cavagnaro et 
al., 2001), while pairwise significant positive 
correlations for AM total colonization, hyphal 
colonization and vesicles presence were 
identified in plant species Zoysia tenuifolia and 
Desmodium triflorum from a urban lawn (Han 
et al., 2019).  
The results of this research attempt to bring a 
contribution to the understanding of AM 
biology for the least studied morphotype: 
Paris, in a common ornamental from urban 
environment. Based on the observations from 
this study it is considered that Iris germanica is 
a suitable model plant for studies on this 
colonization morphotype. Urban green spaces 
can harbor fungal biodiversity which can have 
implications for sustainable management of 
green areas and help plants cope better with 
stressors typical for urban environments. Thus, 
it is beneficial to use in landscaping plants 
which can establish arbuscular mycorrhiza 
while colonization indicators can prove useful 
in evaluating soil mycorrhizal potential in 
urban areas.  
 
CONCLUSIONS  
 
This study showed that phenophase exercises a 
significant influence on AM colonization 
frequency and intensity while the influence of 
the cultivar is non-significant. It is proposed 
that Iris germanica could be a good model 
plant for research on AM Paris morphotype. 
Based on the results and literature review, it is 
concluded that interdependence between some 
AM parameters exists, but the biologic 
significance for symbiosis and plant remains to 
be determined.  
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identity of AM taxa exercises influence on the 
abundance of intra-radicular spores or 
formation of vesicles (Błaszkowski, 2012), 
undoubtedly intra-radicular spores and vesicles 
increase the quantity of infective AM 
propagules in rhizosphere. Thus, it could prove 
useful to explore the influence of colonization 
morphotype across Arum-Paris continuum on 
formation of spores and vesicles in relation 
with AMF taxa exhibiting different propagation 
strategies. This could be a way to identify if the 
presence of a particular morphotype possesses 
any selective influence, such as for example a 
Paris-type host “disadvantaging” in time the 
AMF species that rely mostly on spores to 
initiate re/colonization. It could be the case that 
plant species such as Iris germanica could rely 
to a higher degree on exogenous sources of 
infection such as presence of propagules in the 
surrounding soil to maintain a certain level of 
colonization during entire growth season. 
Regarding the other AM parameters, results 
indicated a potential dependency of AM 
colonization level registered at the beginning of 
leaf senescence on colonization level from 
shoot growth phenophase, reflected by a 
significant positive correlation between AM 
frequency at the start and the end of growth 
season. Firstly, this could highlight the 
importance of colonization initiated in spring 
when plants develop new roots. Secondly this 
could indicate mycorrhiza continuity within 
root system during entire growth season. A 
previous study involving another ornamental 
geophyte plant - Gladiolus grandiflorus, in 
experimental conditions demonstrated that both 
vegetative and reproductive parameters of the 
plants were correlated with AM colonization at 
early growth stage (Javaid & Riaz, 2008), 
further indicating the importance of early 
colonization. The significant influence of 
phenophase on AM colonization parameters 
could be explained by the control of plant 
metabolic state over the symbiose, higher AM 
frequency occurring in spring when Iris 
germanica plants experience accelerated 
growth, compared to autumn. Results are in 
consensus with previous findings that showed 
the existence of a variation in AM colonization 
levels between seasons or growth stages as 
described for Allium tricoccum (Hewins et al., 

2015), Acaena elongata (Vasquez-Santos et al., 
2019) and Asphodelus fistulosus (Cavagnaro et 
al., 2001). Study of the relationship between 
AM colonization parameters in Iris germanica 
from this study has put in evidence a stable 
interdependence between some AM 
parameters. Previous investigations in other 
plant species also found evidence of an existing 
interdependence between parameters assessing 
different AM structures inside roots. Thus, in 
Paris-type plant Asphodelus sp. was found a 
significant association between entry points in 
root and hyphae coils in cortex (Cavagnaro et 
al., 2001), while pairwise significant positive 
correlations for AM total colonization, hyphal 
colonization and vesicles presence were 
identified in plant species Zoysia tenuifolia and 
Desmodium triflorum from a urban lawn (Han 
et al., 2019).  
The results of this research attempt to bring a 
contribution to the understanding of AM 
biology for the least studied morphotype: 
Paris, in a common ornamental from urban 
environment. Based on the observations from 
this study it is considered that Iris germanica is 
a suitable model plant for studies on this 
colonization morphotype. Urban green spaces 
can harbor fungal biodiversity which can have 
implications for sustainable management of 
green areas and help plants cope better with 
stressors typical for urban environments. Thus, 
it is beneficial to use in landscaping plants 
which can establish arbuscular mycorrhiza 
while colonization indicators can prove useful 
in evaluating soil mycorrhizal potential in 
urban areas.  
 
CONCLUSIONS  
 
This study showed that phenophase exercises a 
significant influence on AM colonization 
frequency and intensity while the influence of 
the cultivar is non-significant. It is proposed 
that Iris germanica could be a good model 
plant for research on AM Paris morphotype. 
Based on the results and literature review, it is 
concluded that interdependence between some 
AM parameters exists, but the biologic 
significance for symbiosis and plant remains to 
be determined.  
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Abstract  
 
The citrus flatid planthopper, Metcalfa pruinosa Say, 1830 (Homoptera: Flatidae) is a native planthopper originating 
on eastern North America. On the European continent it entered in 1979, is first mentioned in the northern part of Italy, 
after which it spread in most of European countries. The pest was reported in Romania by Preda and Skolka, in 2009, 
in the eastern part of the country, and in the next years was signaled both in the west and in the south of the country. 
This pest can be considered a slow expanding species, adapting easily from one area to another. Currently is 
encountered in parks and green areas, fruit and wine plantations, herbaceous plants and herbaceous species, almost 
everywhere in Romania. The current paper presents the findings of one recent survey in Didactic Farm Moara 
Domneasca, with emphasis on the pest host plant spectrum. 
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INTRODUCTION  
 
Honey cicada (Metcalfa pruinosa), included in 
the Flatidae family of planthoppers, is native to 
eastern North America. It was first mentioned 
by Tomas Say in 1830 as Flata pruinosa and 
identified as Poeciloptera, Ormenis and 
Melormenis by various authors. On the 
American continent, cicada had a rapid 
evolution, being present in almost all the 
United States of America and also in Canada. 
In Asia it was reported in the Peninsula Korea 
in 2009. In Europe it was first reported in 1979 
in Italy where it was accidentally introduced 
(Zangheri and Donadini, 1980). Gradually it 
spread to the neighboring countries and then to 
the distant countries: Croatia, Switzerland, 
France, Spain, Slovakia, Austria, Greece, 
Serbia and Montenegro, Bulgaria, Bosnia and 
Herzegovina, Hungary, Turkey, Albania, 
Slovakia, Czech Republic, Sea UK, Russia etc. 
Metcalfa prurinosa populations were 
eradicated in Great Britain and Czech Republic 
using insecticides (Strauss, 2010). In 2009 was 
first mentioned in south-east Romania 
(Constanta) by Preda and Skolka (2009). In the 

west of the country (Timisoara) was reported a 
year later by Gorgan et al. (2010) and in 2011 
was also reported in Bucharest (Chireceanu and 
Gutue, 2011). During August-October 2011, 
the presence of Metcalfa pruinosa was detected 
on fruit trees, grapevines and different 
ornamental and shrubs plant species in private 
gardens, public institutions courts in Bucharest 
city and adjacent areas (Chireceanu and Gutue, 
2011). At the Didactic Farm Moara Domneasca 
Metcalfa pruinosa was observed in 2014 on the 
fruit trees. The attack was initially confused 
with the woolly louse (Eriosoma laringerum) 
and later was considered for proper 
identification. The intensification of human 
activities at the Didactic Farm Moara 
Domneasa has generated changes in the 
structure of the biocenosis of the ecosystem, 
which requires careful monitoring and the need 
to take measures. 
The main aims pursued in this study were: i) 
monitoring of the invasive species honeycomb 
cicada, Metcalfa pruinosa, on the territory of 
the Didactic Farm Moara Domneasca; ii) 
identification and establishment of the range of 
host plants; iii) identification of outbreaks, 
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first mentioned in south-east Romania 
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year later by Gorgan et al. (2010) and in 2011 
was also reported in Bucharest (Chireceanu and 
Gutue, 2011). During August-October 2011, 
the presence of Metcalfa pruinosa was detected 
on fruit trees, grapevines and different 
ornamental and shrubs plant species in private 
gardens, public institutions courts in Bucharest 
city and adjacent areas (Chireceanu and Gutue, 
2011). At the Didactic Farm Moara Domneasca 
Metcalfa pruinosa was observed in 2014 on the 
fruit trees. The attack was initially confused 
with the woolly louse (Eriosoma laringerum) 
and later was considered for proper 
identification. The intensification of human 
activities at the Didactic Farm Moara 
Domneasa has generated changes in the 
structure of the biocenosis of the ecosystem, 
which requires careful monitoring and the need 
to take measures. 
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areas infested with this invasive species; iv) 
assessing the degree of attack on spontaneous 
plants and crops on the farm's territory; v) test 
chemical treatments to reduce the attack. 
 
MATERIALS AND METHODS  
 
The design of the observations: 
The Didactic Farm Moara Domnească has an 
area of 556 ha, organized in 8 soles some 
separated by the protective forest buffers, an 
administrative area with housing of about 24 ha 
- office buildings, parks and gardens. For the 
present study, a series of field routes have been 
established in order to find possible outbreaks 
with this species during 2017 and 2018: 
- route 1 comprised the administrative area 
(green area around administrative buildings, 
parks and gardens); 
- route 2, field crops (wheat, triticale, peas, 
sunflower, corn, rapeseed and alfalfa); 
- route 3, fruit crops (orchards of apple, hair, 
plum, apricot, cherry and walnut); 
- route 4, the network of logs (forest protection 
curtains); 
- route 5, the edge of the road that connects the 
village of Moara Domneasca with the European 
road 85. 
The larvae and adults of Metcalfa pruinosa 
were monitored and outbreaks within the 
attacked plants were noted. Photos were taken 
in different phases of vegetation. The frequency 
index (F), the intensity index (I) and the degree 
of attack (A) were established in the infested 
plants. Frequency (F%) = (number of attacked 
branches or plants / total number of branches) x 
100; 10 plants or 10 branches were taken 
randomly to determine the index. Intensity (I%) 
= percentage of the attack taking into 
consideration the whole plant (observations on 
the surface of infested leaves or branches). The 
degree of attack (A%) = Frequency x Intensity / 
100. In order to reduce the infestation with 
Metcalfa pruinosa, a series of treatments were 
applied with synthetic pesticides. 
 Characteristics of the Didactic Farm Moara 
Domneasca: 
The Didactic Farm Moara Domneasca within 
the University of Agronomic Sciences and 
Veterinary Medicine of Bucharest is located in 
the NE part of the Bucharest. The activity in 
the farm is divided into 5 sectors: vegetable 

farm, horticultural farm, cattle farm, palm farm 
and the cold storage under controlled 
conditions. The vegetable farm covers an area 
of about 250 ha where plants from the big crop 
are cultivated: wheat, triticale, peas, sunflower, 
corn, rapeseed and alfalfa. The horticultural 
farm covers an area of 65 ha and includes the 
collection of fruit species, native and foreign 
varieties of apple (22 ha), plum (7 ha), apricot 
(6 ha), cherry (5 ha) and walnut (5 ha), where 
monitoring activities (breeding, fruiting, 
production evaluation) are carried out on the 
soil type - red forest glove. From a 
geomorphological point of view, the landscape 
is characteristic to the Vlăsiei Plain, horizontal 
plane, with depressions of different shapes and 
sizes, with areas showing crows. 
Vegetation and climate conditions of the 
location: 
The Didactic Farm Moara Domneasca is 
located in the transition zone from the forest 
steppe to the plain forest area and the 
vegetation is characteristic of this transition as 
well as the forest area. The area has a 
pronounced steppe character due to the 
presence of characteristic species such as 
Festuca valesiaca and Digitalis lanata, 
together with species characteristic of the 
silvosteppe zone: Poa bulbosa, Medicago 
sativa, Medicago falcata, Melilotus officinalis, 
etc. The most common families are crucifers 
and grasses with numerous species, of which 
we can mention: Sinapis arvensis, Thlaspi 
arvense, Capsella bursa pastoris, Agropyron 
repens, Cynodon dactylon, Setaria sp., 
Echinochloa crus galli etc. 
The natural vegetation of silvosteppe is 
strongly affected by the crops and thus it is 
found on restricted surfaces (on the lake shore, 
on the roadsides, drainage channels and in the 
protection ditches in the area). Hydrophilic 
plants are also present: Phragmites communis, 
Typha latyfolia, Equisetum arvense, 
Polygonum amphibium, Ranunculus arvensis 
(Petcu, 2008; Mihalache et al., 2009). 
Observations were made during the agricultural 
years 2016-2018.  
Temperature and precipitation regime, as well 
as the multiannual averages were collected 
from the Afumati Meteorological Station, 
which is located approximately 4 km from the 
farm headquarters while rainfall is recorded at 

 

the Moara Domneasca using the own rain 
gauge. 
 
RESULTS AND DISCUSSIONS  
 
The research carried out in 2017 (Figure 1) 
showed that the first larvae appeared in May 
and the larval activity lasted until August. 
Larvae at different stages were identified on the 
same plant. 
Since July, adults have appeared until October. 
In July and August were noticed both larvae in 
different stages of development and adults on 
the same plant. 
  

 
Figure 1. The presence or absence (1/0) of different 

developmental stages of Metcalfa pruinosa during 2017 
at Moara Domneasca 

 
The study conducted in 2018 on the phenology 
of Metcalfa pruinosa revealed that the species 
appeared later after one month and the attack 
was smaller than in the previous year. The 
species was highlighted in the administrative 
area - inhabited and along the tree line. The 
first larvae appeared in June and the larval 
activity lasted until August. Adults were active 
until September (Figure 2). Compared to 2017, 
the activity of the species was lower and this 
may be determined by the adverse climatic 
conditions. Between June 15 and July 31 it 
rained heavily (268 l/m2), which led to the 
registration of a lower degree of attack.  
The presence of cicada was observed on 26 
species of host plants in 2017, while in 2018 it 
was observed on only 10 species of the host 
plants. The evolution of the species regarding 
the host plants infested in Romania is visible 
through the analysis over time. In 2009 the 
invasive species Metcalfa pruinosa was first 
reported in the south-eastern extremity of 
Romania, and at that time the cicada attacked 
six plant species (Preda and Skolka, 2009). In 
2010 it is reported on 16 species grassy and 

woody (Grozea et al., 2011), later in the west of 
the country, 50 host plants are identified 
(Gogan, 2013). In parallel with the 
observations from the west, in Bucharest, the 
cicada attacks 33 plant species (Chireceanu and 
Gutue, 2011). Observations made by Vlad and 
Grozea (2016a) in 2014 and 2015 showed that 
the invasive species evolved attacking 66 plant 
species with most attacked Prunus, Buxus, 
Rosa, Hibiscus, Acer and Ligustrum. The most 
attacked species of plants, but also with a 
higher frequency in the observation points were 
the following: Hibiscus syriacus, Acer negundo 
followed by Prunus sp. with the same intensity, 
Ligustrum vulgare and Rosa sp. Buxus 
sempervirens with a very high presence in 
Timiș county was also attacked in 2 other 
counties - Arad and Bihor. Gymnosperms were 
less frequently attacked, possibly due to the 
morphological characteristics of luxuries and 
leaves, often acicular or scaly, with thick, hard 
and waxy epidermis (Vlad and Grozea, 2016). 
 

 
Figure 2. The presence or absence (1/0) of different 

developmental stages of Metcalfa pruinosa during 2018 
at Moara Domneasca 

 
The year 2017 was less favorable to the 
evolution of the pest due to adverse climatic 
conditions. The highest level of attack was 
registered in 2017 (IA = 10.0%; Figure 3) on 
Acer negundo. The cicada may be considered 
as especially attracted to this species. It has rich 
foliage creating a favorable microclimate. The 
leaves are heavily invaded by the larvae to 
absorb the sap they feed on and the woody 
tissues are soft in texture and are preferred by 
adults for laying eggs. 
The degree of attack was lower in other woody 
species: mulberry, apple, peach and walnut, 
between 0.1-3.0% and generally the larvae 
were present on greedy shoots.  
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corn, rapeseed and alfalfa. The horticultural 
farm covers an area of 65 ha and includes the 
collection of fruit species, native and foreign 
varieties of apple (22 ha), plum (7 ha), apricot 
(6 ha), cherry (5 ha) and walnut (5 ha), where 
monitoring activities (breeding, fruiting, 
production evaluation) are carried out on the 
soil type - red forest glove. From a 
geomorphological point of view, the landscape 
is characteristic to the Vlăsiei Plain, horizontal 
plane, with depressions of different shapes and 
sizes, with areas showing crows. 
Vegetation and climate conditions of the 
location: 
The Didactic Farm Moara Domneasca is 
located in the transition zone from the forest 
steppe to the plain forest area and the 
vegetation is characteristic of this transition as 
well as the forest area. The area has a 
pronounced steppe character due to the 
presence of characteristic species such as 
Festuca valesiaca and Digitalis lanata, 
together with species characteristic of the 
silvosteppe zone: Poa bulbosa, Medicago 
sativa, Medicago falcata, Melilotus officinalis, 
etc. The most common families are crucifers 
and grasses with numerous species, of which 
we can mention: Sinapis arvensis, Thlaspi 
arvense, Capsella bursa pastoris, Agropyron 
repens, Cynodon dactylon, Setaria sp., 
Echinochloa crus galli etc. 
The natural vegetation of silvosteppe is 
strongly affected by the crops and thus it is 
found on restricted surfaces (on the lake shore, 
on the roadsides, drainage channels and in the 
protection ditches in the area). Hydrophilic 
plants are also present: Phragmites communis, 
Typha latyfolia, Equisetum arvense, 
Polygonum amphibium, Ranunculus arvensis 
(Petcu, 2008; Mihalache et al., 2009). 
Observations were made during the agricultural 
years 2016-2018.  
Temperature and precipitation regime, as well 
as the multiannual averages were collected 
from the Afumati Meteorological Station, 
which is located approximately 4 km from the 
farm headquarters while rainfall is recorded at 

 

the Moara Domneasca using the own rain 
gauge. 
 
RESULTS AND DISCUSSIONS  
 
The research carried out in 2017 (Figure 1) 
showed that the first larvae appeared in May 
and the larval activity lasted until August. 
Larvae at different stages were identified on the 
same plant. 
Since July, adults have appeared until October. 
In July and August were noticed both larvae in 
different stages of development and adults on 
the same plant. 
  

 
Figure 1. The presence or absence (1/0) of different 

developmental stages of Metcalfa pruinosa during 2017 
at Moara Domneasca 

 
The study conducted in 2018 on the phenology 
of Metcalfa pruinosa revealed that the species 
appeared later after one month and the attack 
was smaller than in the previous year. The 
species was highlighted in the administrative 
area - inhabited and along the tree line. The 
first larvae appeared in June and the larval 
activity lasted until August. Adults were active 
until September (Figure 2). Compared to 2017, 
the activity of the species was lower and this 
may be determined by the adverse climatic 
conditions. Between June 15 and July 31 it 
rained heavily (268 l/m2), which led to the 
registration of a lower degree of attack.  
The presence of cicada was observed on 26 
species of host plants in 2017, while in 2018 it 
was observed on only 10 species of the host 
plants. The evolution of the species regarding 
the host plants infested in Romania is visible 
through the analysis over time. In 2009 the 
invasive species Metcalfa pruinosa was first 
reported in the south-eastern extremity of 
Romania, and at that time the cicada attacked 
six plant species (Preda and Skolka, 2009). In 
2010 it is reported on 16 species grassy and 

woody (Grozea et al., 2011), later in the west of 
the country, 50 host plants are identified 
(Gogan, 2013). In parallel with the 
observations from the west, in Bucharest, the 
cicada attacks 33 plant species (Chireceanu and 
Gutue, 2011). Observations made by Vlad and 
Grozea (2016a) in 2014 and 2015 showed that 
the invasive species evolved attacking 66 plant 
species with most attacked Prunus, Buxus, 
Rosa, Hibiscus, Acer and Ligustrum. The most 
attacked species of plants, but also with a 
higher frequency in the observation points were 
the following: Hibiscus syriacus, Acer negundo 
followed by Prunus sp. with the same intensity, 
Ligustrum vulgare and Rosa sp. Buxus 
sempervirens with a very high presence in 
Timiș county was also attacked in 2 other 
counties - Arad and Bihor. Gymnosperms were 
less frequently attacked, possibly due to the 
morphological characteristics of luxuries and 
leaves, often acicular or scaly, with thick, hard 
and waxy epidermis (Vlad and Grozea, 2016). 
 

 
Figure 2. The presence or absence (1/0) of different 

developmental stages of Metcalfa pruinosa during 2018 
at Moara Domneasca 

 
The year 2017 was less favorable to the 
evolution of the pest due to adverse climatic 
conditions. The highest level of attack was 
registered in 2017 (IA = 10.0%; Figure 3) on 
Acer negundo. The cicada may be considered 
as especially attracted to this species. It has rich 
foliage creating a favorable microclimate. The 
leaves are heavily invaded by the larvae to 
absorb the sap they feed on and the woody 
tissues are soft in texture and are preferred by 
adults for laying eggs. 
The degree of attack was lower in other woody 
species: mulberry, apple, peach and walnut, 
between 0.1-3.0% and generally the larvae 
were present on greedy shoots.  
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Table 1. Plant hosts infested by Metcalfa pruinosa during 2017 and 2018 at Moara Domneasca 
A. negundo* M. alba* M. nigra* M. domestica* P. persica* R. ideus* 
R. fruticosus* L. esculentum* C. sativus* L. officinale* P. vulgaris* B. vulgaris* 
H. esculentus* M. sativa* C. arvense* T. officinale* D. carota* P. communis 
J. regia A. alba P. strobus V. vinifera C. annuum S. tuberosum 
A. retroflexus X. italicum C. album    

*species were infested during both years 
 

 
Figure 3. The intensity of the attack caused by Metcalfa 

prurinosa in 2017 and 2018 on different host plants 
 

Favorable conditions for shelter and 
development of the invasive species are created 
by vines, raspberries and blackberries, 
registering an attack degree up to 3.0%, 
depending on the host plant and the year of 
observation. The invasive species was present 
on a large number of annual plants, vegetables 
and weeds and it appears that the insect reached 
these annual species due to a source of the 
infestation in the proximity. The adult was not 
reported on annual plants but only on woody 
plants and especially on the growth tips. 
Frequency high values were registered for A. 
retroflexus and A. negundo in 2017 and V. 
vinifera in 2018 (Figure 4). 
 

 
Figure 4. The frequency of Metcalfa prurinosa in 2017 

and 2018 on different host plants 
 
CONCLUSIONS  
 
At the Didactic Farm Moara Domneasca, M. 
pruinosa was found to feed on 26 plants 
species. The year 2017 was favorable for the 
development of the cicada compared to 2018 
when the first stages of development were 
delayed. The attack of the cicada on the 
infested plant species determined inferior fruit 
quality due to waxy substances secreted. 
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Abstract 
 
The study analyzed different models for estimating seeds production on maize mature ear based on biometric 
parameters of plants. The biological material was represented by the maize MAS 59 hybrid. In the main growth stage 5 
(55-57 BBCH code) stem based diameter (SBD), stem height (SH), stem weight (SW) and stem leaf number (SLN) were 
determined. At maturity, the weight of the grains (GW) per mature maize ear was determined. Moderate correlations 
between GW and SH (r = 0.778) and strong correlations between GW with SW (r = 0.819), GW with SBD (r = 0.850) 
and GW with SLN (r = 0887) were found. The regression analysis led to obtaining polynomial equations of degree 2, 
which facilitated the estimation of GW according to biometric parameters, in statistical safety conditions (p < 0.05). 
Based on RMSEP values, it was estimated that the most reliable estimate was obtained based on SLN (RMSEP = 
20.80075), compared to SH where RMSEP = 28.13223. Optimal values were calculated for SBD, SH, SW and SLN in 
relation to GW. 3D and isoquants graphics were obtained for GW distribution according to biometric parameters. 
 
Key words: biometric parameters, grains weight estimation, mathematical model, maize, RMSEP. 
 
INTRODUCTION 
 
Maize is a crop plant of high importance in 
human nutrition, in industry, as fodder, as 
ornamental plant etc. (Shiferaw et al., 2011; 
Shah et al., 2016; Budak and Aydemir, 2018; 
Capstaff and Miller, 2018; Langner et al., 
2019). 
The great variety of genotypes, the high 
ecological plasticity in maize, made it possible 
to cultivate corn in very varied conditions in 
terms of soil, climate, relief conditions 
(Kusmec et al., 2018; Schneider et al., 2020). 
At the same time, corn is a plant that responds 
favorably to various levels of agricultural 
technologies, both in subsistence conditions 
and in conditions of high-performance 
technologies (Gouse, 2012; Lana et al., 2017). 
A number of studies have evaluated the 
behavior of maize genotypes in various 
climatic conditions (Ramirez-Cabral et al., 
2017; Yang et al., 2019), soil fertility (Zhang et 
al., 2018), and different agricultural practices 
(Fromme et al., 2019; Zhou et al., 2019). 
Physiological indices in crop plants have been 
studied in relation to various influencing 
factors such as water (Hernández et al., 2020), 
soil type and its properties (Moreira et al., 

2020), mineral elements (Rawashdeh and Sala, 
2014a, 2014b; Căbăroiu et al., 2018, 2019; 
Abubakar et al., 2019), plant density and mode 
of reflection in production (Liu et al., 2020), 
stress factors etc. (Grzesiak et al., 2017; Wang 
et al., 2019). 
Modeling and models are very useful methods 
and tools in the study of plants, crops and 
agricultural systems (Antle et al., 2017a, 
2017b; Jones et al., 2017). Numerous models, 
some given by different mathematical 
expressions, have been found for the study of 
plants in relation to climatic, technological, 
mineral elements, stress factors, nutritional 
status, or to describe its production and quality 
(Jing et al., 2016; Adnan et al., 2017; Choruma 
et al., 2019; Liu and Basso, 2020). 
In maize crops, different models were also used 
to analyze, describe and estimate some 
physiological indices (Schlemmer et al., 2013; 
Căbăroiu et al., 2018; Zhang et al., 2019), 
certain fertilization imbalances (Sala et al., 
2016), or biomass production (Herbei and Sala, 
2016; Tandzi and Mutengwa, 2020). 
The present study found models for estimating 
grains weight in maize mature ears based on 
some plants biometric parameters determined 
in intermediate stages of vegetation. 
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Table 1. Plant hosts infested by Metcalfa pruinosa during 2017 and 2018 at Moara Domneasca 
A. negundo* M. alba* M. nigra* M. domestica* P. persica* R. ideus* 
R. fruticosus* L. esculentum* C. sativus* L. officinale* P. vulgaris* B. vulgaris* 
H. esculentus* M. sativa* C. arvense* T. officinale* D. carota* P. communis 
J. regia A. alba P. strobus V. vinifera C. annuum S. tuberosum 
A. retroflexus X. italicum C. album    

*species were infested during both years 
 

 
Figure 3. The intensity of the attack caused by Metcalfa 

prurinosa in 2017 and 2018 on different host plants 
 

Favorable conditions for shelter and 
development of the invasive species are created 
by vines, raspberries and blackberries, 
registering an attack degree up to 3.0%, 
depending on the host plant and the year of 
observation. The invasive species was present 
on a large number of annual plants, vegetables 
and weeds and it appears that the insect reached 
these annual species due to a source of the 
infestation in the proximity. The adult was not 
reported on annual plants but only on woody 
plants and especially on the growth tips. 
Frequency high values were registered for A. 
retroflexus and A. negundo in 2017 and V. 
vinifera in 2018 (Figure 4). 
 

 
Figure 4. The frequency of Metcalfa prurinosa in 2017 

and 2018 on different host plants 
 
CONCLUSIONS  
 
At the Didactic Farm Moara Domneasca, M. 
pruinosa was found to feed on 26 plants 
species. The year 2017 was favorable for the 
development of the cicada compared to 2018 
when the first stages of development were 
delayed. The attack of the cicada on the 
infested plant species determined inferior fruit 
quality due to waxy substances secreted. 
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Abstract 
 
The study analyzed different models for estimating seeds production on maize mature ear based on biometric 
parameters of plants. The biological material was represented by the maize MAS 59 hybrid. In the main growth stage 5 
(55-57 BBCH code) stem based diameter (SBD), stem height (SH), stem weight (SW) and stem leaf number (SLN) were 
determined. At maturity, the weight of the grains (GW) per mature maize ear was determined. Moderate correlations 
between GW and SH (r = 0.778) and strong correlations between GW with SW (r = 0.819), GW with SBD (r = 0.850) 
and GW with SLN (r = 0887) were found. The regression analysis led to obtaining polynomial equations of degree 2, 
which facilitated the estimation of GW according to biometric parameters, in statistical safety conditions (p < 0.05). 
Based on RMSEP values, it was estimated that the most reliable estimate was obtained based on SLN (RMSEP = 
20.80075), compared to SH where RMSEP = 28.13223. Optimal values were calculated for SBD, SH, SW and SLN in 
relation to GW. 3D and isoquants graphics were obtained for GW distribution according to biometric parameters. 
 
Key words: biometric parameters, grains weight estimation, mathematical model, maize, RMSEP. 
 
INTRODUCTION 
 
Maize is a crop plant of high importance in 
human nutrition, in industry, as fodder, as 
ornamental plant etc. (Shiferaw et al., 2011; 
Shah et al., 2016; Budak and Aydemir, 2018; 
Capstaff and Miller, 2018; Langner et al., 
2019). 
The great variety of genotypes, the high 
ecological plasticity in maize, made it possible 
to cultivate corn in very varied conditions in 
terms of soil, climate, relief conditions 
(Kusmec et al., 2018; Schneider et al., 2020). 
At the same time, corn is a plant that responds 
favorably to various levels of agricultural 
technologies, both in subsistence conditions 
and in conditions of high-performance 
technologies (Gouse, 2012; Lana et al., 2017). 
A number of studies have evaluated the 
behavior of maize genotypes in various 
climatic conditions (Ramirez-Cabral et al., 
2017; Yang et al., 2019), soil fertility (Zhang et 
al., 2018), and different agricultural practices 
(Fromme et al., 2019; Zhou et al., 2019). 
Physiological indices in crop plants have been 
studied in relation to various influencing 
factors such as water (Hernández et al., 2020), 
soil type and its properties (Moreira et al., 

2020), mineral elements (Rawashdeh and Sala, 
2014a, 2014b; Căbăroiu et al., 2018, 2019; 
Abubakar et al., 2019), plant density and mode 
of reflection in production (Liu et al., 2020), 
stress factors etc. (Grzesiak et al., 2017; Wang 
et al., 2019). 
Modeling and models are very useful methods 
and tools in the study of plants, crops and 
agricultural systems (Antle et al., 2017a, 
2017b; Jones et al., 2017). Numerous models, 
some given by different mathematical 
expressions, have been found for the study of 
plants in relation to climatic, technological, 
mineral elements, stress factors, nutritional 
status, or to describe its production and quality 
(Jing et al., 2016; Adnan et al., 2017; Choruma 
et al., 2019; Liu and Basso, 2020). 
In maize crops, different models were also used 
to analyze, describe and estimate some 
physiological indices (Schlemmer et al., 2013; 
Căbăroiu et al., 2018; Zhang et al., 2019), 
certain fertilization imbalances (Sala et al., 
2016), or biomass production (Herbei and Sala, 
2016; Tandzi and Mutengwa, 2020). 
The present study found models for estimating 
grains weight in maize mature ears based on 
some plants biometric parameters determined 
in intermediate stages of vegetation. 
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MATERIALS AND METHODS 
 
The study evaluated the safety of some 
mathematical models that were obtained to 
estimate grains weight in maize mature ears, 
based on plant biometric parameters. 
The study was carried out in the area of Nădlac 
Locality, Arad County, Romania, on a 
chernozem soil type, in the 2018-2019 
agricultural year. 
The biological material was represented by the 
maize MAS 59 hybrid. Biometric parameters of 
the plants were determined in the Inflorescence 
emergence stage (Main growth stage 5), 55-57 
BBCH code. 
Stem based diameter (SBD) was determined 
with electronic caliper (± 0.001 mm). The 
height of the stem (SH) was measured with a 
ruler (± 0.5 mm); the number of leaves per 
stem (SLN) was determined by counting. The 
weight of the stem (SW) and the weight of the 
grains (GW) were determined by weighing 
with a technical balance (± 0.05 g). 
The ANOVA test was used to evaluate the 
safety of the experimental data and the 
presence of variance in the data set. The 
correlation analysis was performed in order to 
evaluate the level of interdependence between 
the analyzed parameters Regression analysis 
was used to estimate the GW variation in 
relation to biometric parameters. Based on the 
regression analysis, models were obtained such 
as polynomial equations that facilitated the 
estimation of GW according to biometric 
parameters of the plants studied. 
The statistical safety of the obtained equations 
and of the results was described by the 
regression coefficient (R2), and by p, F-test and 
RMSEP (Root Mean Square Error of 
Prediction) parameters, equation (1). For data 
analysis and graph representation PAST 
software (Hammer et al., 2001) and Wolfram 
Alpha software were used. 
 

( )2n

1 jy
n
1RMSEP  =

−=
j jy    (1) 

 
RESULTS AND DISCUSSIONS 
 
Based on the measurements and determinations 
made on the plants and grains at mature ears, 
the values of the experimental data were 

obtained: stem base diameter (SBD), stem 
height (SH), stem weight (SW), stem leaf 
number (SLN) and grain weight (GW), Table 1. 
The ANOVA single factor test confirmed the 
data safety and the presence of the variance in 
the experimental data set, according to p << 
0.001, F> Fcrit (F = 27.1545, Fcrit = 5.5639), 
for Alpha = 0.001.  
 
Table 1. Values of plant stem biometric parameters and 

grains weight for maize, MAS 59 hybrid 

Sample 
SBD SH SW SLN GW 

(mm) (cm) (g) (no) (g) 

1 24.26 127 665.4 10 276.0 

2 12.85 69 121.6 6 153.9 

3 19.13 80 282.5 8 201.2 

4 25.49 156 812.2 10 280.8 

5 23.7 119 560.8 10 294.5 

6 26.64 151 816.9 12 302.3 

7 26.57 145 816.9 10 251.0 

8 26.26 142 743.8 10 289.4 

9 12.44 51 115.5 6 218.5 

10 21.71 84 361.6 9 256.1 

SE ± 1.713 ± 1.062 ± 9.521 ± 0.604 ± 5.138 

 
According to the values of the coefficient of 
variation (CV), there was a higher variation in 
the stem weight (CVSW = 54.0385) and a lower 
variation in the grain weight parameter (CVGW 
= 18.9035). In the case of the stem height 
parameter, the coefficient of variation had the 
value CVSH = 33.9382, and SBD and SLN 
parameters had close values of the coefficient 
of variation (CVSBD = 24.7291; CVSLN = 
21.0105). 
The linear correlation analysis (Pearson) led to 
the data in Table 2. The analysis of the 
obtained values highlighted the existence of 
strong correlations of GW with SBD, SW and 
SLN and moderate correlations with SH. Also, 
between the values of the biometric parameters 
determined in plants, very strong and strong, 
positive correlations were registered. 
 
Table 2. The values of the correlation coefficient for the 

studied parameters in maize, the MAS 59 hybrid 
  SBD SH SW SLN GW 

SBD  7.94E-05 1.43E-05 1.30E-05 0.00182 

SH 0.933  5.84E-08 0.000415 0.008017 

SW 0.957 0.989  0.000171 0.003751 

SLN 0.958 0.898 0.919  0.00063 

GW 0.850 0.778 0.819 0.887  

 

The relationship between SH and SBD was 
described by equation (2) in statistical safety 
conditions according to R2 = 0.939, p << 0.001, 
F = 54.817. 
 

2.14853.135148.0SH 2 +−= xx          (2) 
 
where:  SH - stem hight (cm) 
 x - SBD - stem based diameter (mm) 
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Figure 1. Graphical distribution of SH in relation to SBD 

in maize, the MAS 59 hybrid 
 
The variation of SW values in relation to SBD 
were described by equation (3) in statistical 
safety conditions (R2 = 0.976, p << 0.001, F = 
142.89). 
 

7.68576.90619.3SW 2 +−= xx          (3) 
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Figure 2. Graphical distribution of SW in relation to 

SBD in maize, the MAS 59 hybrid 
 
The regression analysis facilitated the obtaining 
of GW estimation models based on the 
individual values of the biometric parameters 
determined in plants, growth stage 55-57 
BBCH code. 
Models of the type of polynomial equations of 
degree 2, equations (4) to (7), were obtained 
which facilitated the estimation of GW in 
statistical safety conditions, Table 3. 
Based on the values of the statistical safety 
parameters (R2, p, F-test, and RMSEP), it 
turned out that SLN provided the safest 
prediction of GW, compared to the other 
biometric parameters. 

Table 3. GW prediction equations based on biometric parameters of maize plants, the MAS 90 hybrid 

Biometric 
parameter Equation Equation 

number 
Statistical safety parameters 

R2 p F-test RMSEP 

SBD 6.122655.30982.0GW 2 ++= xx  (4) 0.725 0.0109 9.2207 23.73994 

SH 36.98929.1004506.0GW 2 ++−= xx  (5) 0.613 0.0358 5.5587 28.13223 

SW 1364141.00002905.0GW 2 ++−= xx  (6) 0.760 0.0067 11.111 22.15136 

SLN 038.385.336818.0GW 2 ++−= xx  (7) 0.788 0.0043 13.07 20.80075 

 
Multiple regression analysis led to the finding 
of models that facilitated the estimation of 
grain weight (GW) on maize mature ears 
according to plant biometric parameters 
(determined in 55-57 BBCH code), as their 
simultaneous action. Equations of the type 
GW=f (x, y) were obtained, where x, y was the 
biometric parameters, taken in pairs (SBD, SH, 
SW, SLN). The equations for estimating the 
grains weight (GW) on maize mature ears were 

obtained, Eq. (8) to Eq. (11), with different 
levels of statistical safety (according to p < 
0.05). 
Although each biometric parameter of the 
plants is important, still from the multiple 
regression analysis were found certain pairs of 
parameters that facilitated the estimation of 
GW in high statistical safety conditions 
according to ANOVA test (both in general 
terms of the equations and for each parameter 
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MATERIALS AND METHODS 
 
The study evaluated the safety of some 
mathematical models that were obtained to 
estimate grains weight in maize mature ears, 
based on plant biometric parameters. 
The study was carried out in the area of Nădlac 
Locality, Arad County, Romania, on a 
chernozem soil type, in the 2018-2019 
agricultural year. 
The biological material was represented by the 
maize MAS 59 hybrid. Biometric parameters of 
the plants were determined in the Inflorescence 
emergence stage (Main growth stage 5), 55-57 
BBCH code. 
Stem based diameter (SBD) was determined 
with electronic caliper (± 0.001 mm). The 
height of the stem (SH) was measured with a 
ruler (± 0.5 mm); the number of leaves per 
stem (SLN) was determined by counting. The 
weight of the stem (SW) and the weight of the 
grains (GW) were determined by weighing 
with a technical balance (± 0.05 g). 
The ANOVA test was used to evaluate the 
safety of the experimental data and the 
presence of variance in the data set. The 
correlation analysis was performed in order to 
evaluate the level of interdependence between 
the analyzed parameters Regression analysis 
was used to estimate the GW variation in 
relation to biometric parameters. Based on the 
regression analysis, models were obtained such 
as polynomial equations that facilitated the 
estimation of GW according to biometric 
parameters of the plants studied. 
The statistical safety of the obtained equations 
and of the results was described by the 
regression coefficient (R2), and by p, F-test and 
RMSEP (Root Mean Square Error of 
Prediction) parameters, equation (1). For data 
analysis and graph representation PAST 
software (Hammer et al., 2001) and Wolfram 
Alpha software were used. 
 

( )2n

1 jy
n
1RMSEP  =

−=
j jy    (1) 

 
RESULTS AND DISCUSSIONS 
 
Based on the measurements and determinations 
made on the plants and grains at mature ears, 
the values of the experimental data were 

obtained: stem base diameter (SBD), stem 
height (SH), stem weight (SW), stem leaf 
number (SLN) and grain weight (GW), Table 1. 
The ANOVA single factor test confirmed the 
data safety and the presence of the variance in 
the experimental data set, according to p << 
0.001, F> Fcrit (F = 27.1545, Fcrit = 5.5639), 
for Alpha = 0.001.  
 
Table 1. Values of plant stem biometric parameters and 

grains weight for maize, MAS 59 hybrid 

Sample 
SBD SH SW SLN GW 

(mm) (cm) (g) (no) (g) 

1 24.26 127 665.4 10 276.0 

2 12.85 69 121.6 6 153.9 

3 19.13 80 282.5 8 201.2 

4 25.49 156 812.2 10 280.8 

5 23.7 119 560.8 10 294.5 

6 26.64 151 816.9 12 302.3 

7 26.57 145 816.9 10 251.0 

8 26.26 142 743.8 10 289.4 

9 12.44 51 115.5 6 218.5 

10 21.71 84 361.6 9 256.1 

SE ± 1.713 ± 1.062 ± 9.521 ± 0.604 ± 5.138 

 
According to the values of the coefficient of 
variation (CV), there was a higher variation in 
the stem weight (CVSW = 54.0385) and a lower 
variation in the grain weight parameter (CVGW 
= 18.9035). In the case of the stem height 
parameter, the coefficient of variation had the 
value CVSH = 33.9382, and SBD and SLN 
parameters had close values of the coefficient 
of variation (CVSBD = 24.7291; CVSLN = 
21.0105). 
The linear correlation analysis (Pearson) led to 
the data in Table 2. The analysis of the 
obtained values highlighted the existence of 
strong correlations of GW with SBD, SW and 
SLN and moderate correlations with SH. Also, 
between the values of the biometric parameters 
determined in plants, very strong and strong, 
positive correlations were registered. 
 
Table 2. The values of the correlation coefficient for the 

studied parameters in maize, the MAS 59 hybrid 
  SBD SH SW SLN GW 

SBD  7.94E-05 1.43E-05 1.30E-05 0.00182 

SH 0.933  5.84E-08 0.000415 0.008017 

SW 0.957 0.989  0.000171 0.003751 

SLN 0.958 0.898 0.919  0.00063 

GW 0.850 0.778 0.819 0.887  

 

The relationship between SH and SBD was 
described by equation (2) in statistical safety 
conditions according to R2 = 0.939, p << 0.001, 
F = 54.817. 
 

2.14853.135148.0SH 2 +−= xx          (2) 
 
where:  SH - stem hight (cm) 
 x - SBD - stem based diameter (mm) 
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Figure 1. Graphical distribution of SH in relation to SBD 

in maize, the MAS 59 hybrid 
 
The variation of SW values in relation to SBD 
were described by equation (3) in statistical 
safety conditions (R2 = 0.976, p << 0.001, F = 
142.89). 
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Figure 2. Graphical distribution of SW in relation to 

SBD in maize, the MAS 59 hybrid 
 
The regression analysis facilitated the obtaining 
of GW estimation models based on the 
individual values of the biometric parameters 
determined in plants, growth stage 55-57 
BBCH code. 
Models of the type of polynomial equations of 
degree 2, equations (4) to (7), were obtained 
which facilitated the estimation of GW in 
statistical safety conditions, Table 3. 
Based on the values of the statistical safety 
parameters (R2, p, F-test, and RMSEP), it 
turned out that SLN provided the safest 
prediction of GW, compared to the other 
biometric parameters. 

Table 3. GW prediction equations based on biometric parameters of maize plants, the MAS 90 hybrid 

Biometric 
parameter Equation Equation 

number 
Statistical safety parameters 

R2 p F-test RMSEP 

SBD 6.122655.30982.0GW 2 ++= xx  (4) 0.725 0.0109 9.2207 23.73994 

SH 36.98929.1004506.0GW 2 ++−= xx  (5) 0.613 0.0358 5.5587 28.13223 

SW 1364141.00002905.0GW 2 ++−= xx  (6) 0.760 0.0067 11.111 22.15136 

SLN 038.385.336818.0GW 2 ++−= xx  (7) 0.788 0.0043 13.07 20.80075 

 
Multiple regression analysis led to the finding 
of models that facilitated the estimation of 
grain weight (GW) on maize mature ears 
according to plant biometric parameters 
(determined in 55-57 BBCH code), as their 
simultaneous action. Equations of the type 
GW=f (x, y) were obtained, where x, y was the 
biometric parameters, taken in pairs (SBD, SH, 
SW, SLN). The equations for estimating the 
grains weight (GW) on maize mature ears were 

obtained, Eq. (8) to Eq. (11), with different 
levels of statistical safety (according to p < 
0.05). 
Although each biometric parameter of the 
plants is important, still from the multiple 
regression analysis were found certain pairs of 
parameters that facilitated the estimation of 
GW in high statistical safety conditions 
according to ANOVA test (both in general 
terms of the equations and for each parameter 
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in part; p<0.05). Thus, high statistical safety 
was obtained for the analysis in combination of 
parameters SBD with SLN, and SH with SW, 
respectively. 
The estimation of GW based on SBD (stem 
base diameter) and SLN (stem leaf number) 
was described by equation (8) in general 
statistical safety conditions (R2 = 0.996, p << 
0.001, F = 804.0272). Also for each term of 
equation (8) was recorded statistical certainty, 
according to the p values obtained (p = 0.0355 
for x2, p = 0.0093 for y2, p = 0.0040 for x, p = 
0.00164 for y, and p = 0.0150 for xy, 
respectively, where x - SBD, and y - SLN). 
 

fexydycxbyax +++++= 22GW          (8) 
 
where:  GW - grain weight in maize mature ear; 

x - SBD - stem based diameter (mm); 
y - SLN - stem leaf number; 
a, b, c, d, e, f - the equation (8) coefficients; 
a = -5.54621410449098; 
b = -60.4859095649374; 
c = -122.475929977058; 
d = 303.038174731417; 
e = 39.3402740721637; 
f = 0. 
 

The 3D graphical distribution of GW values in 
relation to SBD (x-axis) and SLN (y-axis) is 
presented in Figure 3. Based on the values of 
the coefficients of equation (8), the optimal 
values for SBD (x = 14.0657) and SLN (y = 
7.0792) were obtained, and the graphical 
representation in the form of isoquants is 
presented in Figure 4. 
 

 
Figure 3. 3D graphical representation of the variation of 
the GW value in relation to SBD (x-axis) and SLN (y-

axis) 

 
Figure 4. Graphical representation in the form of 

isoquants of the distribution of GW values according to 
SBD (x-axis) and SLN (y-axis) 

 
The estimation of GW based on SH (stem 
height) and SW (stem weight) was described by 
equation (9) in general statistical safety 
conditions, according to R2 = 0.996, p << 
0.001, F = 846.4896. Also for each term of 
equation (9) statistic safety was recorded, 
according to the p values obtained (p << 0.001 
for x2, p << 0.001 for y2, p << 0.001 for x, p = 
0.000224 for y, p < <0.001 for xy). 
 

fexydycxbyax +++++= 22GW          (9) 
 
where:  GW - grain weight in maize mature ear; 

x - SH - stem height (cm); 
y - SW - stem weight (g); 
a, b, c, d, e, f - the equation (9) coefficients; 
a = -0.184741346834375; 
b = -0.00453570586772057; 
c = 11.7082990067731; 
d = -1.59048298832375; 
e = 0.0572027400268204; 
f = 0. 

 
The 3D graphical distribution of the GW 
variation in relation to SH and SW is presented 
in Figure 5. Based on the values of the 
coefficients of equation (9), the optimal values 
for SH (x = 191.399 cm) and SW (y = 1031.601 
g) in relation to GW were obtained, and the 
graphical representation in the form of 
isoquants is presented in Figure 6. 
 
 
 
 

 

The estimation of GW based on SBD and SW 
was described by equation (10) in general 
conditions of statistical safety of the equation 
(R2 = 0.992, p << 0.001, F = 409.1736). 
 

 
Figure 5. 3D graphical representation of the variation of 

GW values in relation to SH (x-axis) and SW (y-axis) 
 

 
Figure 6. Graphical representation in the form of 
isoquants of the GW distribution according to SH  

(x-axis) and SW (y-axis) 
 
Within the parameters of the equation (10) 
statistical safety was registered only for the 
stem based diameter (SBD), respectively p = 
0.00164 for x and p = 0.03707 for x2. 
 

fexydycxbyax +++++= 22GW          (10) 
 
where:  GW - grain weight in maize mature ear; 

x - SBD - stem based diameter (mm); 
y - SW - stem weight (g); 
a, b, c, d, e, f - the equation (10) coefficients; 
a = -1.44630575467533; 
b = -0.00114731028912421; 
c = 28.5990692292411; 
d = -0.346527674314089; 
e = 0.0732732499500045; 
f = 0. 

 
From the analysis of the 3D distribution of GW 
values in relation to SBD and SW it was found 
that at a small variation of SW (y axis), a very 

important role in defining GW was given by 
SBD (x axis), Figure 7. In relation to the two 
independent variables (x, y) for obtaining the 
optimal value of GW, the values xopt = 31.717 
mm, respectively yopt = 861.803 g were 
obtained. The graphical distribution in the form 
of isoquants for the variation GW in relation to 
SBD and SW is presented in Figure 8. 
 

 
Figure 7. 3D graphical distribution of GW values in 

relation to SBD (x-axis) and SW (y-axis) 
 

 
Figure 8. Graphical distribution in the form of isoquants 

of GW values in relation to SBD (x-axis) and SW  
(y-axis) 

 
The estimation of GW based on SW and SLN 
was given by equation (11) under general 
conditions of statistical safety, according to R2 
= 0.994, p << 0.001, F = 512.8562. However, 
within the parameters of the equation, statistical 
safety was recorded only for x (SW, p = 
0.01298). From the analysis of the 3D 
distribution of GW values in relation to SW 
and SLN, a small variation of SW (x-axis) was 
found, and a very important role in defining 
GW was given by SLN (y-axis), Figure 9.  
 

fexydycxbyax +++++= 22GW          (11) 
 
where:  GW - grain weight in maize mature ear; 

x - SBD - stem based diameter (mm); 
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in part; p<0.05). Thus, high statistical safety 
was obtained for the analysis in combination of 
parameters SBD with SLN, and SH with SW, 
respectively. 
The estimation of GW based on SBD (stem 
base diameter) and SLN (stem leaf number) 
was described by equation (8) in general 
statistical safety conditions (R2 = 0.996, p << 
0.001, F = 804.0272). Also for each term of 
equation (8) was recorded statistical certainty, 
according to the p values obtained (p = 0.0355 
for x2, p = 0.0093 for y2, p = 0.0040 for x, p = 
0.00164 for y, and p = 0.0150 for xy, 
respectively, where x - SBD, and y - SLN). 
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where:  GW - grain weight in maize mature ear; 

x - SBD - stem based diameter (mm); 
y - SLN - stem leaf number; 
a, b, c, d, e, f - the equation (8) coefficients; 
a = -5.54621410449098; 
b = -60.4859095649374; 
c = -122.475929977058; 
d = 303.038174731417; 
e = 39.3402740721637; 
f = 0. 
 

The 3D graphical distribution of GW values in 
relation to SBD (x-axis) and SLN (y-axis) is 
presented in Figure 3. Based on the values of 
the coefficients of equation (8), the optimal 
values for SBD (x = 14.0657) and SLN (y = 
7.0792) were obtained, and the graphical 
representation in the form of isoquants is 
presented in Figure 4. 
 

 
Figure 3. 3D graphical representation of the variation of 
the GW value in relation to SBD (x-axis) and SLN (y-

axis) 

 
Figure 4. Graphical representation in the form of 

isoquants of the distribution of GW values according to 
SBD (x-axis) and SLN (y-axis) 

 
The estimation of GW based on SH (stem 
height) and SW (stem weight) was described by 
equation (9) in general statistical safety 
conditions, according to R2 = 0.996, p << 
0.001, F = 846.4896. Also for each term of 
equation (9) statistic safety was recorded, 
according to the p values obtained (p << 0.001 
for x2, p << 0.001 for y2, p << 0.001 for x, p = 
0.000224 for y, p < <0.001 for xy). 
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where:  GW - grain weight in maize mature ear; 

x - SH - stem height (cm); 
y - SW - stem weight (g); 
a, b, c, d, e, f - the equation (9) coefficients; 
a = -0.184741346834375; 
b = -0.00453570586772057; 
c = 11.7082990067731; 
d = -1.59048298832375; 
e = 0.0572027400268204; 
f = 0. 

 
The 3D graphical distribution of the GW 
variation in relation to SH and SW is presented 
in Figure 5. Based on the values of the 
coefficients of equation (9), the optimal values 
for SH (x = 191.399 cm) and SW (y = 1031.601 
g) in relation to GW were obtained, and the 
graphical representation in the form of 
isoquants is presented in Figure 6. 
 
 
 
 

 

The estimation of GW based on SBD and SW 
was described by equation (10) in general 
conditions of statistical safety of the equation 
(R2 = 0.992, p << 0.001, F = 409.1736). 
 

 
Figure 5. 3D graphical representation of the variation of 

GW values in relation to SH (x-axis) and SW (y-axis) 
 

 
Figure 6. Graphical representation in the form of 
isoquants of the GW distribution according to SH  

(x-axis) and SW (y-axis) 
 
Within the parameters of the equation (10) 
statistical safety was registered only for the 
stem based diameter (SBD), respectively p = 
0.00164 for x and p = 0.03707 for x2. 
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where:  GW - grain weight in maize mature ear; 

x - SBD - stem based diameter (mm); 
y - SW - stem weight (g); 
a, b, c, d, e, f - the equation (10) coefficients; 
a = -1.44630575467533; 
b = -0.00114731028912421; 
c = 28.5990692292411; 
d = -0.346527674314089; 
e = 0.0732732499500045; 
f = 0. 

 
From the analysis of the 3D distribution of GW 
values in relation to SBD and SW it was found 
that at a small variation of SW (y axis), a very 

important role in defining GW was given by 
SBD (x axis), Figure 7. In relation to the two 
independent variables (x, y) for obtaining the 
optimal value of GW, the values xopt = 31.717 
mm, respectively yopt = 861.803 g were 
obtained. The graphical distribution in the form 
of isoquants for the variation GW in relation to 
SBD and SW is presented in Figure 8. 
 

 
Figure 7. 3D graphical distribution of GW values in 

relation to SBD (x-axis) and SW (y-axis) 
 

 
Figure 8. Graphical distribution in the form of isoquants 

of GW values in relation to SBD (x-axis) and SW  
(y-axis) 

 
The estimation of GW based on SW and SLN 
was given by equation (11) under general 
conditions of statistical safety, according to R2 
= 0.994, p << 0.001, F = 512.8562. However, 
within the parameters of the equation, statistical 
safety was recorded only for x (SW, p = 
0.01298). From the analysis of the 3D 
distribution of GW values in relation to SW 
and SLN, a small variation of SW (x-axis) was 
found, and a very important role in defining 
GW was given by SLN (y-axis), Figure 9.  
 

fexydycxbyax +++++= 22GW          (11) 
 
where:  GW - grain weight in maize mature ear; 

x - SBD - stem based diameter (mm); 
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y - SW - stem weight (g); 
a, b, c, d, e, f - the equation (11) coefficients; 
a = -0.000704285832822687; 
b = -5.85197982516811; 
c = -0.205824441634237; 
d = 57.9863038463908; 
e = 0.111342770989778; 
f = 0. 

 

 
Figure 9. 3D graphical distribution of GW values in 

relation to SW (x-axis) and SLN (y-axis) 
 
In relation to the two independent variables (x, 
y) for achieving the optimal value of GW, the 
values xopt = 989.909 g (SW), and yopt = 14.37 
(SLN) respectively, were obtained. Under the 
given conditions, for the optimal GW, SW 
should have the optimal value of 989.909 g, 
and under the experimental conditions 
maximum values for SW of 816.9 g were 
recorded, with a difference of 173.009 g. This 
could be achieved through better supply of 
water and plant nutrients. The graphical 
distribution in the form of isoquants for the 
GW variation in relation to SW (x-axis) and 
SLN (axis 4) is presented in Figure 10. 
 

 
Figure 10. Graphical distribution in the form of isoquants 

of GW in relation to SW (x-axis) and SLN (y-axis) 

The obtained models, of the type of polynomial 
equations of degree 2, equations (4) to (7), 
facilitated the estimation of grain weight on 
maize mature ears, based on biometric 
parameters of plants determined in stage 55-57 
BBCH code. Models such as eq. (8) to eq. (11) 
facilitated the description of GW variation 
according to plants biometric parameters under 
conditions of simultaneous action, and also 
facilitated the obtaining of optimal values for 
the studied parameters, in order to ensure 
GWoptim. 
Physiological indices and biometric parameters 
of maize plants are important elements to 
ensuring productivity, production and quality 
and have been studied primarily in relation to 
genetic variation and breeding in maize 
(Lorenz et al., 2010; Hassan et al., 2018). Also 
physiological indices, biometric parameters and 
quality indices in corn were studied in relation 
to climatic conditions, soil conditions, mineral 
elements, plants nutritional status (Valadabadi 
and Farahani, 2010; Ciampitti and Vyn, 2012; 
Prisecaru and Sala, 2017; Căbăroiu et al., 
2019). 
The importance of methods and models for 
estimating and predicting production of plants 
of agricultural interest has been highlighted in 
various studies, due to their importance for 
obtaining accurate agricultural statistics, eva-
luation of agricultural practices, adjustment of 
technology elements, decisions in regarding the 
capitalization of agricultural production (Sala 
and Boldea, 2011; Popescu, 2018; Popescu et 
al., 2018; Tendzi and Mutengwa, 2020). 
Based on Chl (chlorophyll content) FB (fresh 
biomass), and NDBR indices, Herbei and Sala 
(2016) obtained a model for estimating the 
production of biomass in silage maize in very 
high statistical safety conditions (R2 = 0.986, p 
<0.01). High level of statistical safety (R2 = 
0.7) in estimating grain production in maize in 
relation to nitrogen fertilization was reported 
by Vergara-Díaz et al. (2016). Various models 
for estimating maize production in relation to 
biometric indices and parameters of plants, 
cobs, as well as in relation to the NDVI index 
were also presented by Tendzi and Mutengwa 
(2020). 
The results obtained and communicated by this 
study are in the general context of approaching 
the models for estimating production at the 

 

main plants of agricultural interest, in order to 
provide solutions for improving technologies 
and optimizing production. 
 
CONCLUSIONS 
 
By regression analysis were obtained models 
for estimating grain weight in mature maize 
ears based on biometric parameters of plants 
determined in the Main growth stage 5 (55-57 
BBCH code). 
The optimal values of the biometric parameters 
in relation to the optimal GW were determined, 
and this can contribute to the optimization of 
some elements of technology in order to 
manage the production of maize grains. 
The obtained models allow the estimation of 
maize grain production from early vegetation 
stages, so that the information generated can be 
the basis for decisions on the destination of the 
maize crop, and of the grains or biomass 
productions. 
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y - SW - stem weight (g); 
a, b, c, d, e, f - the equation (11) coefficients; 
a = -0.000704285832822687; 
b = -5.85197982516811; 
c = -0.205824441634237; 
d = 57.9863038463908; 
e = 0.111342770989778; 
f = 0. 

 

 
Figure 9. 3D graphical distribution of GW values in 

relation to SW (x-axis) and SLN (y-axis) 
 
In relation to the two independent variables (x, 
y) for achieving the optimal value of GW, the 
values xopt = 989.909 g (SW), and yopt = 14.37 
(SLN) respectively, were obtained. Under the 
given conditions, for the optimal GW, SW 
should have the optimal value of 989.909 g, 
and under the experimental conditions 
maximum values for SW of 816.9 g were 
recorded, with a difference of 173.009 g. This 
could be achieved through better supply of 
water and plant nutrients. The graphical 
distribution in the form of isoquants for the 
GW variation in relation to SW (x-axis) and 
SLN (axis 4) is presented in Figure 10. 
 

 
Figure 10. Graphical distribution in the form of isoquants 

of GW in relation to SW (x-axis) and SLN (y-axis) 

The obtained models, of the type of polynomial 
equations of degree 2, equations (4) to (7), 
facilitated the estimation of grain weight on 
maize mature ears, based on biometric 
parameters of plants determined in stage 55-57 
BBCH code. Models such as eq. (8) to eq. (11) 
facilitated the description of GW variation 
according to plants biometric parameters under 
conditions of simultaneous action, and also 
facilitated the obtaining of optimal values for 
the studied parameters, in order to ensure 
GWoptim. 
Physiological indices and biometric parameters 
of maize plants are important elements to 
ensuring productivity, production and quality 
and have been studied primarily in relation to 
genetic variation and breeding in maize 
(Lorenz et al., 2010; Hassan et al., 2018). Also 
physiological indices, biometric parameters and 
quality indices in corn were studied in relation 
to climatic conditions, soil conditions, mineral 
elements, plants nutritional status (Valadabadi 
and Farahani, 2010; Ciampitti and Vyn, 2012; 
Prisecaru and Sala, 2017; Căbăroiu et al., 
2019). 
The importance of methods and models for 
estimating and predicting production of plants 
of agricultural interest has been highlighted in 
various studies, due to their importance for 
obtaining accurate agricultural statistics, eva-
luation of agricultural practices, adjustment of 
technology elements, decisions in regarding the 
capitalization of agricultural production (Sala 
and Boldea, 2011; Popescu, 2018; Popescu et 
al., 2018; Tendzi and Mutengwa, 2020). 
Based on Chl (chlorophyll content) FB (fresh 
biomass), and NDBR indices, Herbei and Sala 
(2016) obtained a model for estimating the 
production of biomass in silage maize in very 
high statistical safety conditions (R2 = 0.986, p 
<0.01). High level of statistical safety (R2 = 
0.7) in estimating grain production in maize in 
relation to nitrogen fertilization was reported 
by Vergara-Díaz et al. (2016). Various models 
for estimating maize production in relation to 
biometric indices and parameters of plants, 
cobs, as well as in relation to the NDVI index 
were also presented by Tendzi and Mutengwa 
(2020). 
The results obtained and communicated by this 
study are in the general context of approaching 
the models for estimating production at the 

 

main plants of agricultural interest, in order to 
provide solutions for improving technologies 
and optimizing production. 
 
CONCLUSIONS 
 
By regression analysis were obtained models 
for estimating grain weight in mature maize 
ears based on biometric parameters of plants 
determined in the Main growth stage 5 (55-57 
BBCH code). 
The optimal values of the biometric parameters 
in relation to the optimal GW were determined, 
and this can contribute to the optimization of 
some elements of technology in order to 
manage the production of maize grains. 
The obtained models allow the estimation of 
maize grain production from early vegetation 
stages, so that the information generated can be 
the basis for decisions on the destination of the 
maize crop, and of the grains or biomass 
productions. 
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Abstract 
 
This review summarizes several important aspects for primary production and advanced processing of Helianthus 
tuberosus. At the same time, a series of use areas of inulin are pointed out, which also offer some prospects for 
maximizing the benefits and the economic potential of this resource. Inulin from Helianthus tuberosus has been studied 
from the point of view of agricultural production by addressing the cultivation, harvesting, storage and drying from the 
perspective of the inulin content, as well as from the point of view of the extraction and processing technologies for the 
economic use as food, food supplement or biomass, respectively as biofuel/bioethanol. 
 
Key words: inulin, Jerusalem artichoke, Helianthus tuberosus. 
 
INTRODUCTION 
 
From a scientific point of view, there is a 
permanent search for new biological resources, 
which have the potential for maximum eco-
nomic use and optimal ratio in terms of costs 
and efficiency of economic exploitation.  
From our perspective, Helianthus tuberosus 
(taking into account, primarily inulin as the 
main component of its tubers) is one of those 
insufficiently exploited biological resources that 
can bring great benefits, given the possibility of 
being used as food - for humans and animals, as 
a source for pharmaceuticals and not at least as a 
source of biomass and biofuel. 
Inulins are o type of polysaccharides found in 
various parts of plants as reserve carbohydrate 
(Roberfroid, 2005) usually as an alternative to 
starch. This class of fructans are involved also 
in biological processes of resistance to low 
temperatures (Niness, 1999). Considering their 
roles as energy reserve and as biological 
regulators in cold environment, inulins are 
found mainly in the bulbs, tubers, rhizomes and 
tuberous roots of the plants (Franck & De 
Leenheer, 2005).  
Natural sources of fructans are many plants of 
mono and dicotyledonous families such as 
Liliaceae, Amaryllidaceae, Gramineae, and 
Compositae (more than 25,000 species) (Chi et 

al., 2011). Speaking specifically about inulins, 
this class of fructans is common and prevalent 
in Compositae family (Franck & De Leenheer, 
2005). 
The list of plants with a significant content of 
inulin (up to 22% of fresh weight), include 
among others: Onion (Allium cepa), Jerusalem 
artichoke (Helianthus tuberosus), Chicory 
(Cichorium intybus), Leek (Allium 
ampeloprasum L.), Garlic (Allium sativum), 
Globe Artichoke (Cynara scolymus, Cynara 
cardunculus var. scolymus), Banana, Rye 
(Secale cereale), Barley (Hordeum vulgare), 
Dandelion (Taraxacum officinale), Burdock 
(Arctium lappa), Camas (Camassia spp.), 
Murnong (Microseris lanceolata), Yacon 
(Smallanthus sonchifolius), Salsify 
(Tragopogon porrifolius), Agave (Agave spp.), 
Coneflower (Echinacea spp.), Elecampane 
(Inula helenium) (Franck & De Leenheer, 
2005) and (Table 1) (Wouters, 2009). 
Inulin was discovered by Rose Valentin in 
1804 using boiling water extraction method on 
Elecampane (Inula helenium) prepared roots 
(Boeckner et al., 2001), it was detected by 
Julius Sachs in Jerusalem artichoke, Dahlia and 
Elecampane after ethanol precipitation (Franck 
& Levecke, 2012). 
Contrary of most crops, which store carbon as 
starch, in Helianthus tuberosus L. carbon is 
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Abstract 
 
This review summarizes several important aspects for primary production and advanced processing of Helianthus 
tuberosus. At the same time, a series of use areas of inulin are pointed out, which also offer some prospects for 
maximizing the benefits and the economic potential of this resource. Inulin from Helianthus tuberosus has been studied 
from the point of view of agricultural production by addressing the cultivation, harvesting, storage and drying from the 
perspective of the inulin content, as well as from the point of view of the extraction and processing technologies for the 
economic use as food, food supplement or biomass, respectively as biofuel/bioethanol. 
 
Key words: inulin, Jerusalem artichoke, Helianthus tuberosus. 
 
INTRODUCTION 
 
From a scientific point of view, there is a 
permanent search for new biological resources, 
which have the potential for maximum eco-
nomic use and optimal ratio in terms of costs 
and efficiency of economic exploitation.  
From our perspective, Helianthus tuberosus 
(taking into account, primarily inulin as the 
main component of its tubers) is one of those 
insufficiently exploited biological resources that 
can bring great benefits, given the possibility of 
being used as food - for humans and animals, as 
a source for pharmaceuticals and not at least as a 
source of biomass and biofuel. 
Inulins are o type of polysaccharides found in 
various parts of plants as reserve carbohydrate 
(Roberfroid, 2005) usually as an alternative to 
starch. This class of fructans are involved also 
in biological processes of resistance to low 
temperatures (Niness, 1999). Considering their 
roles as energy reserve and as biological 
regulators in cold environment, inulins are 
found mainly in the bulbs, tubers, rhizomes and 
tuberous roots of the plants (Franck & De 
Leenheer, 2005).  
Natural sources of fructans are many plants of 
mono and dicotyledonous families such as 
Liliaceae, Amaryllidaceae, Gramineae, and 
Compositae (more than 25,000 species) (Chi et 

al., 2011). Speaking specifically about inulins, 
this class of fructans is common and prevalent 
in Compositae family (Franck & De Leenheer, 
2005). 
The list of plants with a significant content of 
inulin (up to 22% of fresh weight), include 
among others: Onion (Allium cepa), Jerusalem 
artichoke (Helianthus tuberosus), Chicory 
(Cichorium intybus), Leek (Allium 
ampeloprasum L.), Garlic (Allium sativum), 
Globe Artichoke (Cynara scolymus, Cynara 
cardunculus var. scolymus), Banana, Rye 
(Secale cereale), Barley (Hordeum vulgare), 
Dandelion (Taraxacum officinale), Burdock 
(Arctium lappa), Camas (Camassia spp.), 
Murnong (Microseris lanceolata), Yacon 
(Smallanthus sonchifolius), Salsify 
(Tragopogon porrifolius), Agave (Agave spp.), 
Coneflower (Echinacea spp.), Elecampane 
(Inula helenium) (Franck & De Leenheer, 
2005) and (Table 1) (Wouters, 2009). 
Inulin was discovered by Rose Valentin in 
1804 using boiling water extraction method on 
Elecampane (Inula helenium) prepared roots 
(Boeckner et al., 2001), it was detected by 
Julius Sachs in Jerusalem artichoke, Dahlia and 
Elecampane after ethanol precipitation (Franck 
& Levecke, 2012). 
Contrary of most crops, which store carbon as 
starch, in Helianthus tuberosus L. carbon is 
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stocked as inulin. Therefore, this have a 
definite consequence on the value and utility of 
the crop. A highly important attribute of inulin 

is its nutritional value, which is, however, 
under-exploited. 

 
Table 1. Inulin content (percentage of fresh weight) in some edible plants (Stephen et al., 2006) 

Source Edible Part Dry solids Inulin 
Onion Bulb 6-12 2-6 
Jerusalem artichoke Tuber 19-25 14-19 
Chicory  Root  20-25 15-20 
Leek Bulb 15-20a 3-10 
Garlic Bulb 40-45a 9-16 
Artichoke Leaves-heart 14-16 3-10 
Banana  Fruit 24-26 0.3-0.7 
Rye Cereal 88-90 0.5-1.0a 
Barley Cereal NAb 0.5-1.5a 
Dandelion Leaves 50-55a 12-15 
Burdock Root 21-25 3.5-4.0 
Camas Bulb 31-50 12-22 
Murnong Root 25-28 8-13 
Yacon Root 13-31 3-19 
Salsify Root 20-22 4-11 

aEstimated. 
bNA: data not available. 
Source: From Van Loo, J., Coussement, P., De Leenheer, L., Hoebregs, H., and Smits, G., Crit. Rev. Food Sci. Nutr., 35, 525, 1995. 
 
MATERIALS AND METHODS  
 
We systematically searched ScienceDirect, 
Research Gate, DeepDyve Library, Academia, 
Wiley, NCBI, Google Schoolar and other 
databases for literature from 1980 to 2020 
using the following search terms: “inulin”, 
“Helianthus tuberosus” and “Jerusalem 
artichoke”. From searches were selected 195 
articles. Inclusion criteria were defined as: 
report on the obtaining, describing, analysing 
and use of inulin and Helianthus tuberosus; in 
English.  
Papers were not considered if they presented 
literature review, if described clinical 
investigations, if reported only on the effects of 
inulin on the human body or specific diseases. 
Abstracts were reviewed to identify those 
relevant to the purpose of this review, for 
which the full papers were then obtained. In 
this way, 33 studies fulfilled the inclusion 
criteria for this review. Due to the range of 
largely different methodologies employed, it 
was not possible to apply a single quality 
assessment method to studies. 
 
RESULTS AND DISCUSSIONS  
 
Inulin 
In nature, inulin is a mixture of polysaccharides 
composed of 20-30 fructose unit chains (linked 

by β-(2.1)-D-fructosyl-fructose bonds) of 
various lengths with a glucose molecule at the 
end of each fructose chain and produced by 
some plants. In garlic specifically it has a (2.1)-
linked β-D-fructosyl backbone with (2.6)-
linked β-D-fructosyl side chains (Chi et al., 
2011) (Van Loo, 2012). A starting glucose 
moiety may be present, but not necessarily. 
Both GFn and Fn compounds (where F is a 
fructosyl unit and G a glucosyl unit) are thus 
included under the same nomenclature 
(Stephen et al., 2006). 
Because fructans are synthesized from sucrose 
by repeated fructosyl transfer from a fructosyl 
donor inulins, but not always, they have a 
terminal glucose unit. The enzyme generally 
considered to be involved in plant fructan 
synthesis is sucrose-sucrose fructosyl 
transferase (EC 2⋅4⋅1⋅99) which catalyses the 
transfer of a fructose molecule from one 
sucrose molecule to another, leading to 
glucosyl-1, 2 fructosyl-1, 2 fructose formation. 
Chain elongation is mediated by either 1F-or 
6F fructan-fructan-fructosyl (EC 2⋅4⋅1⋅100) 
transferase leading to inulin (Kaur & Gupta, 
2002). 
One of the plants which has high content of 
inulin is Helianthus tuberosus, which is also 
exploited industrially, yet far from its economic 
potential.  

 

Helianthus tuberosus L. inulin has only 20% of 
chains with a degree of polymerization longer 
than 10 (Franck & Levecke, 2012). 
 
Helianthus tuberosus 
Helianthus tuberosus L. is a flower plant of the 
family helianthus, native to cold areas, with 
large amount of inulin (14-19%) in its tubers. 
The extraction yield (98%) of inulin was 
obtained with dry Helianthus tuberosus L. 
powder (Yi et al., 2010) with medium-chain 
inulins (DPmax<40) (Van Loo, 2012). 
The genus Helianthus L. include about 50 
annual and perennial sunflower species (tribe 
Heliantheae). Jerusalem artichoke (Helianthus 
tuberosus L., syn. H. serotinus Tausch) and 
sunflower (H. annuus L.) are the only 
cultivated crops of this genus. H. tuberosus is a 
perennial plant species, distributed in all 
regions of the world including Romania, where 
it can be frequently found as a weed species of 
pastures and fallow or as ornamental plant. The 
tubers of H. tuberosus having high content of 
inulin, makes them interesting to produce 
sweeteners, low-caloric food products, 
supplements and beverages, and biomass and 
bioethanol (Radulovic̈ & Dordevic̈, 2014). 
Collections of Helianthus tuberosus L. 
cultivars have a tendency to be dispersed, 
resulting in duplication and naming confusions 
in identification of varieties. Two local 
cultivars originating in Romania are held by the 
University of Agricultural Sciences and 
Veterinary Medicine from Timișoara, Romania: 
“GURAHONT” (‘ROM023-6150’) and 
“SEBIS” (‘ROM023-6151’), collected in 1989 
(Kays & Nottingham, 2007). 
 
Crop and growth 
Helianthus tuberosus L. is cultivated in Europe 
and other parts of the world as a food crop and 
ornamental plant (Radulovic̈ & Dordevic̈, 
2014).  
Because of specific responses of Helianthus 
tuberosus cultivars to planting dates for total 
dry mass, inulin content and inulin yield is 
pointed out the importance of choice for 
adaptation of Helianthus tuberosus L. varieties 
for the most convenient growing seasons which 

differ in temperature sums. Planting dates with 
warmer weather are beneficial as Helianthus 
tuberosus L. varieties grow better under these 
conditions producing and accumulating more 
inulin in tubers later growth phases. For a mean 
temperature sum of 2,965°C were obtained 
70.9 g/plant as total dry weight, 67.0% of 
inulin content and 45.4 g/plant of inulin yield 
(Puangbut et al., 2012).  
The collected data on total dry weight and 
inulin content of Helianthus tuberosus L. 
related to planting dates and temperature sums 
offer support for a definite choice of planting 
date for suitable processing of tubers as source 
of inulin for utilization as prebiotic and 
functional food (Puangbut et al., 2012).  
Related to soil condition it is suggested to not 
cultivate Helianthus tuberosus L. in clay soil as 
the tubers are small and irregular and, hence, a 
lot of soil is attached to them (Wouters, 2009). 
When Helianthus tuberosus start to germinate, 
sprouts emerge from the “seed” tuber. In six 
weeks, the number of sprouts reach a maximum 
(for ~9 per plant), and then decrease by ~30% 
by the end of the growing season. In the 4th 
week after planting, fully expanded leaves and 
small branches begin to be formed on the 
shoots. Leaf number increase, reaching a mean 
of ~500 leaves per plant in the 20th week after 
planting and then abruptly decline, by the end 
of November.  
The number of branches develop gradually 
from the early phase of the growth, up to 
approximately 60 branches per plant by the end 
of the season, having greatest growth in 
branches per plant between 6th and 8th weeks. 
The first stolon emerges at the base of the plant 
preceding the 8th week after planting; in the 8th 
week there are approximately 16 stolons per 
plant. 
The most rapid rise in number of tubers is 
between 14th (24 tubers) and 16th week (68 
tubers) and with maximum in the 24th after 
planting (85.5 tubers per plant) (McLaurin et 
al., 1999). 
Helianthus tuberosus L. shows a significantly 
high inulin content (14-19%) (Franck & 
Levecke, 2012); its inulin metabolism is very 
sensitive to cold.  
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the tubers are small and irregular and, hence, a 
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sprouts emerge from the “seed” tuber. In six 
weeks, the number of sprouts reach a maximum 
(for ~9 per plant), and then decrease by ~30% 
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week after planting, fully expanded leaves and 
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Table 2. Content of soluble inulin and DpN of inulin in early varieties ʻBellaʼ, ʻBiankaʼ, also in Middle Early Varieties 

ʻTopstarʼ and ʻGigantʼ (Kocsis et al., 2007) 

Harvest time ʻBELLAʼ ʻBIANKAʼ ʻTOPSTARʼ ʻGIGANTʼ 
weeks 
(after 

planting) 

temp-
sum 
[°C] 

inulin 
[g/100 g] 

DpN of 
inulin 

average 

inulin 
[g/100 g] 

DpN of 
inulin 

average 

inulin 
[g/100 g] 

DpN of 
inulin 

average 

inulin 
[g/100 g] 

DpN of 
inulin 

average 
14 1733 53.5±0.4 a 11.6±0.8 ab 63.5±0.5 a 11.2±0.1 ad 57.5±0.6 ab 12.5±0.1 ac 61.9±0.1 a 13.2±0.1 ab 
17 2138 55.2±0.6 a 11.9±0.2 ab 63.0±0.9 ab 12.2±0.1 ab 58.2±0.3 a 15.1±0.3 b 58.4±0.3 bcd 14.4±0.9 a 
19 2444 54.8±0.8 a 13.2±0.1 b 62.5±0.2 ab 13.2±0.1 b 60.9±0.7 a 13.2±0.2 ab 57.7±0.7 c 13.1±0.8 ab 
22 2823 54.2±0.9 a 10.5±0.3 a 58.3±0.3 b 13.1±0.4 b 56.3±0.9 abc 12.4±0.1 ac 59.6±0.5 d 13.4±0.7 ab 
25 3053 49.2±0.3 b 9.9±0.3 a 47.7±0.8 c 10.5±0.9 a 55.0±0.6 abc 10.3±0.3 c 55.9±0.2 e 10.9±0.4 b 
29 3282 44.4±0.5 c 6.7±0.9 c 43.4±0.2 d 8.6±0.1 c 50.6±0.4 bc 6.5±0.1 d 52.4±0.4 f 7.4±0.1 c 
33 3328 32.8±0.4 d 5.3±0.3 c 45.2±0.7 cd 10.0±0.9 cd 49.7±0.8 c 5.5±0.1 d 41.3±0.3 g 7.7±0.2 c 
44 3476 37.6±0.8 e 5.6±0.1 c 35.2±0.5 e 6.5±0.1 e 41.5±0.5 d 6.5±0.2 d 31.4±0.6 h 7.4±0.3 c 
47 3578 30.8±0.4 d 5.5±0.2 c 35.3±0.6 e 6.3±0.2 e 39.5±0.4 d 6.8±0.4 d 30.0±0.2 h 7.7±0.2 c 

 
Helianthus tuberosus L. inulin has 20% of 
chains with a DP >10 (Table 3) (Stephen et al., 
2006). 
Considering a test of 37 varieties of Helianthus 
tuberosus was found that fructose/glucose 
ratios of Helianthus tuberosus L. cultivars 
shows high ratio for ʻMEDIUSʼ, ʻGRANDOʼ 
and ʻFAUCHOʼ (Chekroun et al., 1996). 
 

Table 3. Yield and inulin content of Dahlia, Jerusalem 
Artichoke, and Chicory (Stephen et al., 2006) 

 Dhalia J. Artichoke Chicory 
Roots or 
tubers (tons 
per ha) 

25 35-60 25-75 

DMa (%) 15-22 19-25 20-25 
Inulin (%) 10-12 14-18 15-18 
Inulin (tons 
per ha) 2.5-3.0 4.5-8.5 5-11 

Mean DPb 13-20 6-10 10-14 
aDM: dry matter. 
bDP: degree of polymerization. 
 
A high content (60-65% of dry mass DM) of 
inulin was found in early harvested cultivars 
(ʻBELLAʼ and ʻBIANKAʼ) and middle early 
cultivars (ʻTOPSTARʼ and ʻGIGANTʼ) 
harvested 22-25 weeks after plantation. In late 
cultivars (ʻWALDSPINDELʼ, ʻVIOLET DE 
RENNESʼ, ʻROTE ZONENKUGELʼ) a similar 
amount was obtained (55-60% of DM) when 
harvested 29-33 weeks after planting.  
There was a specific effect on maturing process 
as well as extreme cold period modifications 
which resulted in transformation of high 
polymer inulin to low polymer inulin as well as 
to sucrose. The highest yield for tubers of early 

cultivars was found to be at the end of 
September with 17.5 t/ha of DM and similar 
level of yield for middle late and late cultivars 
was achieved at the end of November/(Table 2) 
(Kocsis et al., 2007).  
 

Table 4. Content of inulin in three varieties  
of Jerusalem artichoke tubers (g/100 g fresh weight) 

(Bach et al., 2012) 

Harvest time 
(week) ʻMARIʼ ʻDRAGAʼ ʻREMAʼ 

30 9.6 10.7 11.9 
38 9.8 10.6 12.0 
46 10.3 10.2 11.3 

 
The content of inulin was constant across the 
three harvest times for all varieties (Table 4); It 
is known that inulin degrades into polymers of 
shorter chain length during hibernation (Bach 
et al., 2012).  
A decrease in the more polymerised fractions 
(degree of polymerisation, DP>10) with an 
increase in fructose and sucrose composition 
was observed for late harvested (20 weeks) 
tubers (Praznik & Beck, 1987). The inulin DP 
distribution profile from tubers (Figure 1), 
stored at 2 and 5°C, significantly changed with 
increased storage time and temperature. 
Sucrose and DP 3-10 fractions increased while 
DP>10 decreased, particularly after 4-6 weeks 
of storage. Storage of Helianthus tuberosus L. 
tubers at low temperature (4°C) for 34 days 
also increases the fructo-oligosaccharide 
content (Saengthongpinit & Sajjaanantakul, 
2005). 

 

 

 
Figure 1. Relative percentage composition of inulin of 
Helianthus tuberosus L. tubers with different maturity 

(DP - degree of polymerisation) 
 
Drying of J. artichoke tubers for storing, 
resulted in good performance with high quality 
product in terms of drying time (DT), effective 
moisture diffusivity (EMD), and rehydration 
ratio (RhR). Models developed by response 
surface methodology (RSM) and genetic 
algorithms (GA) displayed similar perfor-
mances to predict the experimental results 
determined for each interested response; 
optimization procedure by RSM was conducted 
for all responses as a function of processing 
conditions. The EMD and RhR were 
maximized, since higher values of these 
responses means faster drying and better 
product quality, respectively. The DT response 
was minimized because a short process length 
is preferred due to economic considerations. As 
a result of the optimization procedures for these 
three drying characteristics, the following 
operating conditions were found to be optimal: 
power of 235 W; slice thickness of 5.95 mm; 
and NaCl concentration of 0.081 (Karacabey et 
al., 2016). 
Stored at different relative humidity, powder 
products can be physically transformed (i.e. 
crystallisation) and because of this effect, the 
measurement and control of water content of 
inulin during storage and quality control 
requires correct analytical techniques for 
determination in order to prevent such negative 
effects. Given the above the inulin powder is 
the most reliable form for commercial inulin, 
having the advantage of facilitating packing, 
storage and transport (Ronkart et al., 2006). 

 
Nutritional, pharmacological and medical 
value of inulin 
Helianthus tuberosus L. tubers have been 
utilized as a subsistence crop at various times 
and in diverse places; from this plant some 
parts of the plant are not used in human diet. 
With issue about the rising occurrence of 
obesity and diabetes, the dietary intake of 
inulin-containing products derived from 
Helianthus tuberosus, should offer major health 
enhance. Generally, inulin is used for its 
consistency and sweetness for replacement of 
sugar and fat, to boost texture, taste and 
organoleptic qualities of the foods.  
Tubers of Helianthus tuberosus are used in the 
human diet and above-ground parts and tubers 
are used as animal feed as well (Radulovic̈ & 
Dordevic̈, 2014). 
Inulin has large applications in various types of 
food products like confectionery, fruit 
preparations, milk desserts, yogurt and fresh 
cheese, baked goods, chocolate, ice cream and 
sauces (Chi et al., 2011). 
The main sources of inulin and oligofructose 
that are used in the food industry are chicory 
and Helianthus tuberosus L. 
Inulin provides various useful nutritional and 
pharmacological benefits to humans and 
animals (Table 5) (Franck & Levecke, 2012). 
The use of inulin and by-products in the food 
industry are in constant development, and the 
main advantages and nutritional interests of 
these products are widely discussed and 
analysed in the literature. 
Inulin and oligofructose are considered as 
functional food ingredients since they influence 
physiological and biochemical processes in 
human beings and animals, generating better 
health and reduction in the risk of many 
diseases (Kaur & Gupta, 2002). 
Products obtained from Helianthus tuberosus 
have some pharmacological effects: (a) 
antioxidant effect of leaves n-butanol and ethyl 
acetate extracts also ethanol extracts of tubers, 
(b) anticancer effect of methanol extracts, (c) 
antidiabetic effect of tubers, (d) antifungal 
effect of crude extract or n-butanol fraction of 
leaves (Al-Snafi, 2018). 
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Table 2. Content of soluble inulin and DpN of inulin in early varieties ʻBellaʼ, ʻBiankaʼ, also in Middle Early Varieties 

ʻTopstarʼ and ʻGigantʼ (Kocsis et al., 2007) 

Harvest time ʻBELLAʼ ʻBIANKAʼ ʻTOPSTARʼ ʻGIGANTʼ 
weeks 
(after 

planting) 

temp-
sum 
[°C] 

inulin 
[g/100 g] 

DpN of 
inulin 

average 

inulin 
[g/100 g] 

DpN of 
inulin 

average 

inulin 
[g/100 g] 

DpN of 
inulin 

average 

inulin 
[g/100 g] 

DpN of 
inulin 

average 
14 1733 53.5±0.4 a 11.6±0.8 ab 63.5±0.5 a 11.2±0.1 ad 57.5±0.6 ab 12.5±0.1 ac 61.9±0.1 a 13.2±0.1 ab 
17 2138 55.2±0.6 a 11.9±0.2 ab 63.0±0.9 ab 12.2±0.1 ab 58.2±0.3 a 15.1±0.3 b 58.4±0.3 bcd 14.4±0.9 a 
19 2444 54.8±0.8 a 13.2±0.1 b 62.5±0.2 ab 13.2±0.1 b 60.9±0.7 a 13.2±0.2 ab 57.7±0.7 c 13.1±0.8 ab 
22 2823 54.2±0.9 a 10.5±0.3 a 58.3±0.3 b 13.1±0.4 b 56.3±0.9 abc 12.4±0.1 ac 59.6±0.5 d 13.4±0.7 ab 
25 3053 49.2±0.3 b 9.9±0.3 a 47.7±0.8 c 10.5±0.9 a 55.0±0.6 abc 10.3±0.3 c 55.9±0.2 e 10.9±0.4 b 
29 3282 44.4±0.5 c 6.7±0.9 c 43.4±0.2 d 8.6±0.1 c 50.6±0.4 bc 6.5±0.1 d 52.4±0.4 f 7.4±0.1 c 
33 3328 32.8±0.4 d 5.3±0.3 c 45.2±0.7 cd 10.0±0.9 cd 49.7±0.8 c 5.5±0.1 d 41.3±0.3 g 7.7±0.2 c 
44 3476 37.6±0.8 e 5.6±0.1 c 35.2±0.5 e 6.5±0.1 e 41.5±0.5 d 6.5±0.2 d 31.4±0.6 h 7.4±0.3 c 
47 3578 30.8±0.4 d 5.5±0.2 c 35.3±0.6 e 6.3±0.2 e 39.5±0.4 d 6.8±0.4 d 30.0±0.2 h 7.7±0.2 c 

 
Helianthus tuberosus L. inulin has 20% of 
chains with a DP >10 (Table 3) (Stephen et al., 
2006). 
Considering a test of 37 varieties of Helianthus 
tuberosus was found that fructose/glucose 
ratios of Helianthus tuberosus L. cultivars 
shows high ratio for ʻMEDIUSʼ, ʻGRANDOʼ 
and ʻFAUCHOʼ (Chekroun et al., 1996). 
 

Table 3. Yield and inulin content of Dahlia, Jerusalem 
Artichoke, and Chicory (Stephen et al., 2006) 

 Dhalia J. Artichoke Chicory 
Roots or 
tubers (tons 
per ha) 

25 35-60 25-75 

DMa (%) 15-22 19-25 20-25 
Inulin (%) 10-12 14-18 15-18 
Inulin (tons 
per ha) 2.5-3.0 4.5-8.5 5-11 

Mean DPb 13-20 6-10 10-14 
aDM: dry matter. 
bDP: degree of polymerization. 
 
A high content (60-65% of dry mass DM) of 
inulin was found in early harvested cultivars 
(ʻBELLAʼ and ʻBIANKAʼ) and middle early 
cultivars (ʻTOPSTARʼ and ʻGIGANTʼ) 
harvested 22-25 weeks after plantation. In late 
cultivars (ʻWALDSPINDELʼ, ʻVIOLET DE 
RENNESʼ, ʻROTE ZONENKUGELʼ) a similar 
amount was obtained (55-60% of DM) when 
harvested 29-33 weeks after planting.  
There was a specific effect on maturing process 
as well as extreme cold period modifications 
which resulted in transformation of high 
polymer inulin to low polymer inulin as well as 
to sucrose. The highest yield for tubers of early 

cultivars was found to be at the end of 
September with 17.5 t/ha of DM and similar 
level of yield for middle late and late cultivars 
was achieved at the end of November/(Table 2) 
(Kocsis et al., 2007).  
 

Table 4. Content of inulin in three varieties  
of Jerusalem artichoke tubers (g/100 g fresh weight) 

(Bach et al., 2012) 

Harvest time 
(week) ʻMARIʼ ʻDRAGAʼ ʻREMAʼ 

30 9.6 10.7 11.9 
38 9.8 10.6 12.0 
46 10.3 10.2 11.3 

 
The content of inulin was constant across the 
three harvest times for all varieties (Table 4); It 
is known that inulin degrades into polymers of 
shorter chain length during hibernation (Bach 
et al., 2012).  
A decrease in the more polymerised fractions 
(degree of polymerisation, DP>10) with an 
increase in fructose and sucrose composition 
was observed for late harvested (20 weeks) 
tubers (Praznik & Beck, 1987). The inulin DP 
distribution profile from tubers (Figure 1), 
stored at 2 and 5°C, significantly changed with 
increased storage time and temperature. 
Sucrose and DP 3-10 fractions increased while 
DP>10 decreased, particularly after 4-6 weeks 
of storage. Storage of Helianthus tuberosus L. 
tubers at low temperature (4°C) for 34 days 
also increases the fructo-oligosaccharide 
content (Saengthongpinit & Sajjaanantakul, 
2005). 

 

 

 
Figure 1. Relative percentage composition of inulin of 
Helianthus tuberosus L. tubers with different maturity 

(DP - degree of polymerisation) 
 
Drying of J. artichoke tubers for storing, 
resulted in good performance with high quality 
product in terms of drying time (DT), effective 
moisture diffusivity (EMD), and rehydration 
ratio (RhR). Models developed by response 
surface methodology (RSM) and genetic 
algorithms (GA) displayed similar perfor-
mances to predict the experimental results 
determined for each interested response; 
optimization procedure by RSM was conducted 
for all responses as a function of processing 
conditions. The EMD and RhR were 
maximized, since higher values of these 
responses means faster drying and better 
product quality, respectively. The DT response 
was minimized because a short process length 
is preferred due to economic considerations. As 
a result of the optimization procedures for these 
three drying characteristics, the following 
operating conditions were found to be optimal: 
power of 235 W; slice thickness of 5.95 mm; 
and NaCl concentration of 0.081 (Karacabey et 
al., 2016). 
Stored at different relative humidity, powder 
products can be physically transformed (i.e. 
crystallisation) and because of this effect, the 
measurement and control of water content of 
inulin during storage and quality control 
requires correct analytical techniques for 
determination in order to prevent such negative 
effects. Given the above the inulin powder is 
the most reliable form for commercial inulin, 
having the advantage of facilitating packing, 
storage and transport (Ronkart et al., 2006). 

 
Nutritional, pharmacological and medical 
value of inulin 
Helianthus tuberosus L. tubers have been 
utilized as a subsistence crop at various times 
and in diverse places; from this plant some 
parts of the plant are not used in human diet. 
With issue about the rising occurrence of 
obesity and diabetes, the dietary intake of 
inulin-containing products derived from 
Helianthus tuberosus, should offer major health 
enhance. Generally, inulin is used for its 
consistency and sweetness for replacement of 
sugar and fat, to boost texture, taste and 
organoleptic qualities of the foods.  
Tubers of Helianthus tuberosus are used in the 
human diet and above-ground parts and tubers 
are used as animal feed as well (Radulovic̈ & 
Dordevic̈, 2014). 
Inulin has large applications in various types of 
food products like confectionery, fruit 
preparations, milk desserts, yogurt and fresh 
cheese, baked goods, chocolate, ice cream and 
sauces (Chi et al., 2011). 
The main sources of inulin and oligofructose 
that are used in the food industry are chicory 
and Helianthus tuberosus L. 
Inulin provides various useful nutritional and 
pharmacological benefits to humans and 
animals (Table 5) (Franck & Levecke, 2012). 
The use of inulin and by-products in the food 
industry are in constant development, and the 
main advantages and nutritional interests of 
these products are widely discussed and 
analysed in the literature. 
Inulin and oligofructose are considered as 
functional food ingredients since they influence 
physiological and biochemical processes in 
human beings and animals, generating better 
health and reduction in the risk of many 
diseases (Kaur & Gupta, 2002). 
Products obtained from Helianthus tuberosus 
have some pharmacological effects: (a) 
antioxidant effect of leaves n-butanol and ethyl 
acetate extracts also ethanol extracts of tubers, 
(b) anticancer effect of methanol extracts, (c) 
antidiabetic effect of tubers, (d) antifungal 
effect of crude extract or n-butanol fraction of 
leaves (Al-Snafi, 2018). 
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Table 5. Physiological properties of inulin (Franck & 

Levecke, 2012) 

Strong evidence:  
• Nondigestibility and low caloric value (1-1.5 kcal/g)  
• Suitable for diabetics  
• Soluble dietary fiber  
• Stool bulking effect: increase in stool weight and 

stool frequency, relief of constipation  
• Modulation of the gut flora composition, stimulating 

beneficial bacteria (Bifidobacteria) and repressing 
harmful ones (Clostridia): prebiotic/bifidogenic 
effect  

• Improvement of calcium (and magnesium) 
bioavailability  

Promising evidence:  
• Reduction of serum and liver triglycerides and 

serum insulin levels  
• Reduction of colon cancer risk (in animal models)  
• Modulation of immune response and resistance  
• Protection against intestinal disorders and infections  
• Improved well-being metabolism, 

 
For extracts from Helianthus tuberosus have 
been reported a lot of biological activities as 
antimicrobial and cytotoxic properties; also 
folk medicine use preparations for the 
treatment of diabetes and rheumatism, for 
aiding digestion and preventing constipation, or 
as a diuretic. (Radulovic̈ & Dordevic̈, 2014). 
Experimental studies have shown fructans and 
inulin particularly benefits as bifidogenic 
agents, improving the immune system, 
lowering the activity of pathogenic bacteria in 
the intestine, relieving constipation, reducing 
the risk of osteoporosis by increasing mineral 
absorption (Kuntz et al., 2013), decreasing the 
risk of atherosclerosis by lowering the 
synthesis of triglycerides and fatty acids. 
Fructans modulate the hormonal level of 
insulin and glucagon, thereby regulating 
carbohydrate and lipid metabolism by lowering 
the blood glucose levels. Inulin and 
oligofructose also reduce the incidence of colon 
cancer (Kaur & Gupta, 2002). 
Because of the β-(21) configuration of the 
fructosyl-fructose osidic linkages, inulin resist 
digestion in the upper gastrointestinal tract but 
are fermented in the colon. For these 
phenomenon, they are definitely part of the 
dietary fibre complex (Roberfroid, 2005). 
Other parts of Helianthus tuberosus, especially 
the leaves show antipyretic, analgesic, anti-
inflammatory effects and for this reason leaves 
are used as folk medicine in China for the 

treatment of fractures, skin wound, swelling 
and pain (Yuan et al., 2013). 
Moreover, the stalks and leaves of this plant 
were also found to possess various biological 
activities including antimicrobial, antifungal 
and anticancer activities. Sesquiterpene 
lactones were presented as the major active 
component of the aerial parts of Helianthus 
tuberosus and cytotoxic activities of these 
compounds were subsequently tested against 
the MCF-7, A549 and HeLa cancer cells lines. 
The results showed that sesquiterpene lactones 
exhibited persistent cytotoxicity against all 
three cancer cell lines and flavones showed 
selective inhibitory action against HeLa cell 
lines (Yuan et al., 2013). 
 
Inulin processing 
Microwave-assisted extraction (MAE) has been 
studied as a potential alternative to traditional 
solid-liquid extraction for the isolation of inulin 
yield. MAE shows considerably higher and 
better extraction yield than traditional method 
under optimum conditions. Use of aqueous 
phase leads to rapid energy transfer between 
polar molecules. The parameters were 
optimised using RSM and the optimum values 
for solid: liquid ratio, microwave power, 
temperature and time were found to be 1:40, 
400 W, 90°C and 30 min (Table 6) 
(Kulathooran Ramalakshmi, 2014). 
 
Table 6. Comparative analysis of MAE and conventional 

extracts (Kulathooran Ramalakshmi, 2014) 
Exp. 
Set 

Method of 
Extraction Parameters Inulin Yield, % 

I Conventional 
heat reflux 
method of 
extraction 
 

Time (30 min) 
Temperature (at 
boiling) Solid: Liquid 
ratio (1:40) 

51.20 ± 0.14a 

II Microwave-
assisted 
extraction 
(MAE) 

Time (30 min) 
Temperature (90°C) 
Power (400 W) Solid: 
Liquid ratio (1:40) 

63.00 ± 0.04b 

Values are Means ± SD of triplicates. 
 
The analysis of microwave power and 
extraction time on the inulin yield and 
extraction efficiency shows the highest yield 
(39.61 and 36.38%) of purified inulin observed 
with (700 W/5 min & 450 W/14 min) 
respectively, with no significant differences 
between them (P<0.05). Regarding the 
extraction an efficiency (EF), the highest EF 

 
(94.34%) achieved with 700 W/5 min, followed 
by 450 W/8 min (86.62%) and 350 W/14 min 
(80.64%). There were reported that the highest 
EF of inulin was recorded at 80˚C/90 min. 
using conventional heat reflux method (Gaafar 
et al., 2010). The high temperatures in closed 
vessels extraction by MAE resulted in higher 
extraction performance. While the surface 
tension and solvent viscosity will decline as 
temperature increases, consequently the 
efficiency of the inulin extraction will rise (S. 
ch. Abood & Alabadi, 2020). 
For concentration of the solution the 
precipitation process can be optimized by 
measuring the soluble solids concentration in 
the precipitated inulin. The best centrifuge 
velocity and time values, would be keeping the 
concentrated solution at a temperature of -24 
°C followed by centrifugation at a velocity of 
10,000 rpm for a time interval of 15 min (Leite 
et al., 2007). 
Inulin from Helianthus tuberosus is used to 
obtain ethanol, fructose, single cell oil 
production  (SCO) and ultra-high fructose 
syrup (Chi et al., 2011).  
Helianthus tuberosus L. is suitable for 
biorefinery applications due to high biomass 
production and limited cultivation 
requirements. For economic profit, the products 
of highest economical value from the crop have 
to be defined for a biorefinery utilization of the 
crop (Johansson et al., 2015). 
Inulin is a better material for high concentration 
ethanol production than starch, cellulose and 
xylan. In order to go through this bioprocess 
two phases are needed, in the first one an 
enzyme, the exo-inulinase, catalyses removal of 
the terminal fructose group from the non-
reducing end of the inulin molecule in one step, 
producing fructose and glucose units, which 
can be easily converted into ethanol by S. 
cerevisiae in the second step (Chi et al., 2011). 
Fructose can also be obtained by acid 
hydrolysis of inulin, but fructose is easily 
degraded at low pH and the process gives rise 
to colouring of the inulin hydrolysate and by-
product formation in the form of difructose 
anhydrides. An easier, direct, cheap and 
quicker alternative could be enzymatic 
hydrolysis of inulin. This method includes 
microbial sources, which secrete high amount 
of inulinase and can produce fructose from 

inulin by a single step catalysed reaction with 
yields up to 95% of fructose (Chi et al., 2011). 
For SCO Rhodotorula mucilaginosa TJY15a 
was isolated from surface of marine fish and it 
could accumulate 47.9% (w/w) oil from 
hydrolysate during batch cultivation, whereas 
52.9% (w/w) of lipid was obtained during the 
fed-batch cultivation (Li et al., 2010a).  
In order to know if inulin and extract of 
Helianthus tuberosus L. tubers can be used as 
the substrates for single oil cell production by 
R. mucilaginosa TJY15a, inulin and extract of 
Helianthus tuberosus L. tubers were 
hydrolysed by the recombinant exo-inulinase 
produced by the recombinant P. pastoris X-33 
Then, the hydrolysates of inulin and extract of 
Helianthus tuberosus L. tubers were used as the 
substrates for SCO production by R. 
mucilaginosa TJY15a. It was found that R. 
mucilaginosa TJY15a could accumulate 48.8% 
(w/w) oil from hydrolysate of inulin and its cell 
dry weight reached 14.8 g/l during the batch 
cultivation while it could accumulate 48.6% 
(w/w) oil and 52.2% (w/w) oil from 
hydrolysate of extract of Helianthus tuberosus 
L. tubers and its cell dry weight reached 14.4 
g/l and 19.5 g/l during the batch and fed-batch 
cultivations, respectively. Over 87.6% of the 
fatty acids from the yeast strain TJY15a 
cultivated in the hydrolysate of extract of 
Helianthus tuberosus L. tubers was C16:0, 
C18:1 and C18:2, especially C18:1 (54.7%) 
(Zhao et al., 2010a). Therefore, the results 
show that hydrolysates of inulin and extract of 
Helianthus tuberosus L. tubers were good 
materials for single cell oil production (Chi et 
al., 2011). 
There have been revived interests in edible 
films made of renewable and natural resources. 
Compared to other traditional edible films, 
Helianthus tuberosus L. derived edible films 
have several advantages in free of animal 
disease and heavy metals, environment friendly 
and low cost. The most important feature of 
inulin in film forming is its hygroscopic 
property and capability to maintain water (Li et 
al., 2013). 
An important factor in design and scale-up 
bioprocesses which involve use of inulin and 
Helianthus tuberosus extracts is the rheological 
characteristics of the material. So, there were 
conducted studies on solutions of inulin. 
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Table 5. Physiological properties of inulin (Franck & 

Levecke, 2012) 

Strong evidence:  
• Nondigestibility and low caloric value (1-1.5 kcal/g)  
• Suitable for diabetics  
• Soluble dietary fiber  
• Stool bulking effect: increase in stool weight and 

stool frequency, relief of constipation  
• Modulation of the gut flora composition, stimulating 

beneficial bacteria (Bifidobacteria) and repressing 
harmful ones (Clostridia): prebiotic/bifidogenic 
effect  

• Improvement of calcium (and magnesium) 
bioavailability  

Promising evidence:  
• Reduction of serum and liver triglycerides and 

serum insulin levels  
• Reduction of colon cancer risk (in animal models)  
• Modulation of immune response and resistance  
• Protection against intestinal disorders and infections  
• Improved well-being metabolism, 

 
For extracts from Helianthus tuberosus have 
been reported a lot of biological activities as 
antimicrobial and cytotoxic properties; also 
folk medicine use preparations for the 
treatment of diabetes and rheumatism, for 
aiding digestion and preventing constipation, or 
as a diuretic. (Radulovic̈ & Dordevic̈, 2014). 
Experimental studies have shown fructans and 
inulin particularly benefits as bifidogenic 
agents, improving the immune system, 
lowering the activity of pathogenic bacteria in 
the intestine, relieving constipation, reducing 
the risk of osteoporosis by increasing mineral 
absorption (Kuntz et al., 2013), decreasing the 
risk of atherosclerosis by lowering the 
synthesis of triglycerides and fatty acids. 
Fructans modulate the hormonal level of 
insulin and glucagon, thereby regulating 
carbohydrate and lipid metabolism by lowering 
the blood glucose levels. Inulin and 
oligofructose also reduce the incidence of colon 
cancer (Kaur & Gupta, 2002). 
Because of the β-(21) configuration of the 
fructosyl-fructose osidic linkages, inulin resist 
digestion in the upper gastrointestinal tract but 
are fermented in the colon. For these 
phenomenon, they are definitely part of the 
dietary fibre complex (Roberfroid, 2005). 
Other parts of Helianthus tuberosus, especially 
the leaves show antipyretic, analgesic, anti-
inflammatory effects and for this reason leaves 
are used as folk medicine in China for the 

treatment of fractures, skin wound, swelling 
and pain (Yuan et al., 2013). 
Moreover, the stalks and leaves of this plant 
were also found to possess various biological 
activities including antimicrobial, antifungal 
and anticancer activities. Sesquiterpene 
lactones were presented as the major active 
component of the aerial parts of Helianthus 
tuberosus and cytotoxic activities of these 
compounds were subsequently tested against 
the MCF-7, A549 and HeLa cancer cells lines. 
The results showed that sesquiterpene lactones 
exhibited persistent cytotoxicity against all 
three cancer cell lines and flavones showed 
selective inhibitory action against HeLa cell 
lines (Yuan et al., 2013). 
 
Inulin processing 
Microwave-assisted extraction (MAE) has been 
studied as a potential alternative to traditional 
solid-liquid extraction for the isolation of inulin 
yield. MAE shows considerably higher and 
better extraction yield than traditional method 
under optimum conditions. Use of aqueous 
phase leads to rapid energy transfer between 
polar molecules. The parameters were 
optimised using RSM and the optimum values 
for solid: liquid ratio, microwave power, 
temperature and time were found to be 1:40, 
400 W, 90°C and 30 min (Table 6) 
(Kulathooran Ramalakshmi, 2014). 
 
Table 6. Comparative analysis of MAE and conventional 

extracts (Kulathooran Ramalakshmi, 2014) 
Exp. 
Set 

Method of 
Extraction Parameters Inulin Yield, % 

I Conventional 
heat reflux 
method of 
extraction 
 

Time (30 min) 
Temperature (at 
boiling) Solid: Liquid 
ratio (1:40) 

51.20 ± 0.14a 

II Microwave-
assisted 
extraction 
(MAE) 

Time (30 min) 
Temperature (90°C) 
Power (400 W) Solid: 
Liquid ratio (1:40) 

63.00 ± 0.04b 

Values are Means ± SD of triplicates. 
 
The analysis of microwave power and 
extraction time on the inulin yield and 
extraction efficiency shows the highest yield 
(39.61 and 36.38%) of purified inulin observed 
with (700 W/5 min & 450 W/14 min) 
respectively, with no significant differences 
between them (P<0.05). Regarding the 
extraction an efficiency (EF), the highest EF 

 
(94.34%) achieved with 700 W/5 min, followed 
by 450 W/8 min (86.62%) and 350 W/14 min 
(80.64%). There were reported that the highest 
EF of inulin was recorded at 80˚C/90 min. 
using conventional heat reflux method (Gaafar 
et al., 2010). The high temperatures in closed 
vessels extraction by MAE resulted in higher 
extraction performance. While the surface 
tension and solvent viscosity will decline as 
temperature increases, consequently the 
efficiency of the inulin extraction will rise (S. 
ch. Abood & Alabadi, 2020). 
For concentration of the solution the 
precipitation process can be optimized by 
measuring the soluble solids concentration in 
the precipitated inulin. The best centrifuge 
velocity and time values, would be keeping the 
concentrated solution at a temperature of -24 
°C followed by centrifugation at a velocity of 
10,000 rpm for a time interval of 15 min (Leite 
et al., 2007). 
Inulin from Helianthus tuberosus is used to 
obtain ethanol, fructose, single cell oil 
production  (SCO) and ultra-high fructose 
syrup (Chi et al., 2011).  
Helianthus tuberosus L. is suitable for 
biorefinery applications due to high biomass 
production and limited cultivation 
requirements. For economic profit, the products 
of highest economical value from the crop have 
to be defined for a biorefinery utilization of the 
crop (Johansson et al., 2015). 
Inulin is a better material for high concentration 
ethanol production than starch, cellulose and 
xylan. In order to go through this bioprocess 
two phases are needed, in the first one an 
enzyme, the exo-inulinase, catalyses removal of 
the terminal fructose group from the non-
reducing end of the inulin molecule in one step, 
producing fructose and glucose units, which 
can be easily converted into ethanol by S. 
cerevisiae in the second step (Chi et al., 2011). 
Fructose can also be obtained by acid 
hydrolysis of inulin, but fructose is easily 
degraded at low pH and the process gives rise 
to colouring of the inulin hydrolysate and by-
product formation in the form of difructose 
anhydrides. An easier, direct, cheap and 
quicker alternative could be enzymatic 
hydrolysis of inulin. This method includes 
microbial sources, which secrete high amount 
of inulinase and can produce fructose from 

inulin by a single step catalysed reaction with 
yields up to 95% of fructose (Chi et al., 2011). 
For SCO Rhodotorula mucilaginosa TJY15a 
was isolated from surface of marine fish and it 
could accumulate 47.9% (w/w) oil from 
hydrolysate during batch cultivation, whereas 
52.9% (w/w) of lipid was obtained during the 
fed-batch cultivation (Li et al., 2010a).  
In order to know if inulin and extract of 
Helianthus tuberosus L. tubers can be used as 
the substrates for single oil cell production by 
R. mucilaginosa TJY15a, inulin and extract of 
Helianthus tuberosus L. tubers were 
hydrolysed by the recombinant exo-inulinase 
produced by the recombinant P. pastoris X-33 
Then, the hydrolysates of inulin and extract of 
Helianthus tuberosus L. tubers were used as the 
substrates for SCO production by R. 
mucilaginosa TJY15a. It was found that R. 
mucilaginosa TJY15a could accumulate 48.8% 
(w/w) oil from hydrolysate of inulin and its cell 
dry weight reached 14.8 g/l during the batch 
cultivation while it could accumulate 48.6% 
(w/w) oil and 52.2% (w/w) oil from 
hydrolysate of extract of Helianthus tuberosus 
L. tubers and its cell dry weight reached 14.4 
g/l and 19.5 g/l during the batch and fed-batch 
cultivations, respectively. Over 87.6% of the 
fatty acids from the yeast strain TJY15a 
cultivated in the hydrolysate of extract of 
Helianthus tuberosus L. tubers was C16:0, 
C18:1 and C18:2, especially C18:1 (54.7%) 
(Zhao et al., 2010a). Therefore, the results 
show that hydrolysates of inulin and extract of 
Helianthus tuberosus L. tubers were good 
materials for single cell oil production (Chi et 
al., 2011). 
There have been revived interests in edible 
films made of renewable and natural resources. 
Compared to other traditional edible films, 
Helianthus tuberosus L. derived edible films 
have several advantages in free of animal 
disease and heavy metals, environment friendly 
and low cost. The most important feature of 
inulin in film forming is its hygroscopic 
property and capability to maintain water (Li et 
al., 2013). 
An important factor in design and scale-up 
bioprocesses which involve use of inulin and 
Helianthus tuberosus extracts is the rheological 
characteristics of the material. So, there were 
conducted studies on solutions of inulin. 
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Extracted solution concentration process has 
resulted in a concentrated inulin solution with 
28 °Brix of soluble solids concentration. This 
material presented a rheological behaviour of a 
highly pseudoplastic fluid, with high resistance 
to flow at low pressure rates followed by a 
breakdown of the structure when the pressure 
rate increases, originating low apparent 
viscosity values and a tendency to linear 
behaviour. The rheological behaviour of the 
inulin-concentrated solution with 28°Brix of 
soluble solids can be defined by Power Law, 
Herschel-Buckley, Casson or Cross rheological 
equations. The apparent viscosity of the inulin-
concentrated solution increases when 
temperature increases between 25 and 53°C, 
corresponding, according to the Arrhenius 
equation. For a measuring temperature of 60°C, 
the apparent viscosity is higher, possibly as a 
result of of the hydrolysis of high molecular 
weight components. The inulin solutions 
prepared at the concentrations of 12.5, 16 and 
19.5°Brix presented a pseudoplastic behaviour, 
which can be represented by the Power Law 
model. The consistency index of the Power 
Law equation heightened with the rise of the 
measurement temperature and the soluble 
solids concentration. The effect of temperature 
on the consistency index can be described by 
the Arrhenius equation, with high activation 
energy values, showing a strong relation 
between the consistency index and the 
temperature (Toneli et al., 2008). 
 
CONCLUSIONS  
 
The Helianthus tuberosus L. is adapted to both 
high and low technology and inputs, but as a 
crop plant, the Helianthus tuberosus L. has 
stagnated behind the traditional crop plants. 
The global production of Helianthus tuberosus 
is not monitored by the Food and Agriculture 
Organization in its annual statistics of 
agricultural crops. However, the necessity for 
inulin is rising, mainly within the food 
industry. Also, the need to reduce the effects of 
global climate change have pushed high 
interest in alternative fuels and energy sources, 
including biofuels. Helianthus tuberosus L. is 
one of the appropriate plants which yield large 
quantities of biomass, is fast growing, needs 
relatively few inputs in terms of pesticides, 

fertilizer, and water, and can be grown on 
marginal land; therefore, it is an useful crop for 
obtaining biofuel, and in particular bioethanol. 
We consider that, in addition to the develop-
ment of Helianthus tuberosus cultures, the de-
velopment of Helianthus tuberosus processing 
technology in accordance with the economic 
potential will be an important future area. 
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Extracted solution concentration process has 
resulted in a concentrated inulin solution with 
28 °Brix of soluble solids concentration. This 
material presented a rheological behaviour of a 
highly pseudoplastic fluid, with high resistance 
to flow at low pressure rates followed by a 
breakdown of the structure when the pressure 
rate increases, originating low apparent 
viscosity values and a tendency to linear 
behaviour. The rheological behaviour of the 
inulin-concentrated solution with 28°Brix of 
soluble solids can be defined by Power Law, 
Herschel-Buckley, Casson or Cross rheological 
equations. The apparent viscosity of the inulin-
concentrated solution increases when 
temperature increases between 25 and 53°C, 
corresponding, according to the Arrhenius 
equation. For a measuring temperature of 60°C, 
the apparent viscosity is higher, possibly as a 
result of of the hydrolysis of high molecular 
weight components. The inulin solutions 
prepared at the concentrations of 12.5, 16 and 
19.5°Brix presented a pseudoplastic behaviour, 
which can be represented by the Power Law 
model. The consistency index of the Power 
Law equation heightened with the rise of the 
measurement temperature and the soluble 
solids concentration. The effect of temperature 
on the consistency index can be described by 
the Arrhenius equation, with high activation 
energy values, showing a strong relation 
between the consistency index and the 
temperature (Toneli et al., 2008). 
 
CONCLUSIONS  
 
The Helianthus tuberosus L. is adapted to both 
high and low technology and inputs, but as a 
crop plant, the Helianthus tuberosus L. has 
stagnated behind the traditional crop plants. 
The global production of Helianthus tuberosus 
is not monitored by the Food and Agriculture 
Organization in its annual statistics of 
agricultural crops. However, the necessity for 
inulin is rising, mainly within the food 
industry. Also, the need to reduce the effects of 
global climate change have pushed high 
interest in alternative fuels and energy sources, 
including biofuels. Helianthus tuberosus L. is 
one of the appropriate plants which yield large 
quantities of biomass, is fast growing, needs 
relatively few inputs in terms of pesticides, 

fertilizer, and water, and can be grown on 
marginal land; therefore, it is an useful crop for 
obtaining biofuel, and in particular bioethanol. 
We consider that, in addition to the develop-
ment of Helianthus tuberosus cultures, the de-
velopment of Helianthus tuberosus processing 
technology in accordance with the economic 
potential will be an important future area. 
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Abstract  
 
One of the most common causes of brain dysfunction in small dogs is meningoencephalitis of unknown origin. 
Prognosis and treatment outcome for this disease are often challenging, so diagnosis and therapeutic protocols must be 
strictly followed in order to increase the patient survival rate. This article presents the clinical features and the therapy 
results of a 4 years-old Yorkshire terrier dog in which neurological examination and MRI scan findings were 
subsequent for an inflammatory lesion of the forebrain. A protocol including cytosine arabinoside and prednisolone at 
immunosuppressive doses was started and neurological reassessment was performed before each administration and 
one month after the completion of the protocol. The findings consisted of a slightly improvement of mental status, 
posture, proprioception and gait. Additionally, the owner claimed that the patient has a better quality of life. To the best 
of the authors knowledge, this is the first reported case in which cytosine arabinoside in combination with prednisolone 
was used to treat meningoencephalitis of unknown origin in a dog in our country. 
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INTRODUCTION  
 
Meningoencephalitis of unknown origin 
(MUO) is an inflammatory disease of the brain 
that is unrelated to infectious agents and in 
general it has a good response to 
immunosuppressive treatment (Dewey, 2016). 
The group of non-infectious or autoimmune 
type of meningoencephalitis includes several 
diseases, such as: granulomatous meningo-
encephalitis, necrotizing meningoencephalitis, 
necrotizing leukoencephalitis and eosinophilic 
meningoencephalitis (de Lahunta & Glass, 
2009). Although many attempts have been 
made to corelate brain lesions to a specific 
etiological agent, so far, the most plausible 
hypothesis remains the involvement of an 
immune-mediated mechanism in triggering the 
disease (Schatzberg et al., 2005).  Considering 
this, the therapy of choice for this condition is 
represented by immunosuppressants, especially 
steroids.  However, recent studies have shown 
that the addition of cytosine arabinoside to the 
classic treatment plan has prolonged patients' 
lives and has improved clinical signs (Menaut 

et al., 2008; Nuhsbaum et al., 2002; Lowrie et 
al., 2013; Zarfoss et al., 2006).  
Cytosine arabinoside is a drug with anti-
inflammatory and antineoplastic properties able 
to cross the blood - brain barrier (Scott-
Moncrieff et al., 1991). Compared with 
corticosteroids, this medicine does not cause 
polyuria, polydipsia and liver dysfunction 
(MacEwen & Young, 1989). 
The aim of this paper is to present the clinical 
features and the therapy results of a 4 years-old 
Yorkshire terrier dog in which neurological 
examination and MRI scan findings were 
subsequent for an inflammatory lesion of the 
forebrain.  
 
MATERIALS AND METHODS  
 
The dog included in the case study was referred 
at the Clinic of the Faculty of Veterinary 
Medicine of Bucharest for a specialised 
consultation. The evaluation was performed 
according to the protocol already implemented 
in our clinic for neurological patients which has 
the following steps: animal signalment, history, 

physical and neurological examination, 
neurolocalisation of the disease, differential 
diagnosis using the acronym VITAMIND 
(vascular, inflammatory / infectious, traumatic, 
anomalous, metabolic, idiopathic, neoplastic, 
degenerative), recommendations of paraclinical 
investigations, diagnostic and treatment  
(Neagu et al., 2018; Turbatu et al., 2019).  
Therapy included immunosuppressive doses of 
prednisolone (1 mg/kg twice a day tapered over 
6 months) and cytarabine arabinoside (50 
mg/m² twice per day for 48 hours, repeated 
every three weeks and administered 
subcutaneously) (Menaut et al., 2008). 
A reassessment was performed before each use 
of the protocol and one month after the end of 
the therapy in order to record all changes and 
the possible side effects.   
 
Animal signalment and history 
A 4-year-old dog, male, spayed, Yorkshire 
terrier was referred for a neurological 
consultation with a two weeks history of 
walking into objects and falling on the right 
side. Two days prior to consultation, the patient 
also started circling (in small circles) on the 
right side. The appetite for food and water was 
normal and the owner did not notice any 
changes in urination or defecation. Until the 
moment of examination, there was no other 
treatment in progress for this case. The 
vaccination and deworming schemes were 
updated according to the standard protocols and 
included also the rabies vaccine- considering 
the fact that the dog was presented with a 
nervous symptomatology and rabies cases have 
been reported in our country, this was an 
important information to consider (Vuță et al., 
2017). Previously, the dog had been examined 
by an ophthalmologist, as the owner considered 
that the apparent lack of vision determined the 
patient to walk into objects, who concluded that 
the symptomatology was not caused by ocular 
lesions and recommended a neurological 
examination. 
After the physical examination, we proceeded to 
neurological examination in order to identify 
and establish the localisation of the lesion within 
the nervous system. Mental status, posture, 
cranial nerves, proprioception, gait, spinal 
reflexes and sensory testing were assessed. 
Findings were recorded in the neurological 

examination sheet, which has been used to 
monitor the subsequent evolution of the case. 

 
RESULTS AND DISCUSSIONS 
 
Physical and neurological examination 
findings 
The physical examination revealed a normal 
body temperature (38.7 ºC), a cardiac 
frequency of 118 beats per minute synchronous 
with femoral pulse, a respiratory rate of 23 
respiration per minute, pink mucous 
membranes and a capillary refill time of 1.5 
seconds. The palpable lymph nodes were 
normal in shape and consistency and the patient 
did not express pain when the abdomen was 
deeply palpated.  
First step of the neurological examination was 
based on observation, so we started by 
evaluating mentation, posture and gait. 
Findings were a depressed mental status, head 
turn to the right side and lumbar hyperlordosis 
to the same side, kyphosis. Gait was 
characterized by small circles on the right side, 
also. Proprioception tests revealed deficits 
characterized by a delayed reaction in the left 
thoracic and pelvic limbs on proprioceptive 
positioning, hemiwalking, tactile placing and 
extensor postural thrust. Cranial nerves 
assessment shown anisocoria (right pupil 
smaller than the left pupil), an absent cotton 
ball response on both eyes, a menace response  
delayed for the left eye and absent for the right 
eye and positional ventrolateral strabismus 
(Figure 1).  
 

Figure 1. Cranial nerve deficits: positional 
ventrolateral strabismus 
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Palpebral, corneal reflexes and sensitivity of 
the face were normal. Following gait and 
postural reactions testing, we evaluated spinal 
reflexes, which were normal in all four limbs, 
but with a delayed flexion on both pelvic limbs. 
Panniculus and perianal reflexes were also 
normal.  
Based on main neurological examination 
findings, the lesion was localised in forebrain 
and right central vestibular system, being 
characterised as a diffuse or multifocal lesion.  
 
Paraclinical investigations and diagnosis 
 
After we localised the lesion, the next step was 
to establish the list of differential diagnoses 
using the acronym VITAMIND.  
Considering the subacute and progressive 
evolution of the disease and the neurological 
deficits, the main pathologies taken into 
account were the ones with vascular, 
inflammatory or neoplastic origin. An anomaly 
(like ventricular asymmetry or hydrocephaly) 
could not be ruled out given signalment of the 
case and specific clinical signs like bilateral 
ventrolateral strabismus, depression or lack of 
vision (Przyborowska et al., 2013). 
In order to obtain an etiological diagnosis, we 
recommended a set of biochemistry and 
haematology analyses, a cardiologic 
examination and an MRI scan. No 
abnormalities were detected on blood analysis 
and the cardiologist ruled out any modification 
of the heart that could have produced the 
symptomatology.  
An MRI examination and a cerebrospinal fluid 
collection test were conducted 1 month after 
the presentation.  
The magnetic resonance examination was 
performed on the neurocranium with a VET 
MR GRADE device from ESAOTE with a 
power of 0.3 Tesla. Protocols used to obtain 
images consisting of T1 Spin Eco (SE) and T2 
Fast Spin Eco (FSE) sequences in three planes 
(sagittal, transverse, and dorsal) and post 
contrast images were obtained in T1 sequences, 
after intravenous contrast administration. The 
animal underwent inhalation anaesthesia to 
obtain high quality images and free of motion 
artefacts. 
Interpretation of the MRI results demonstrated 
a lesion with T2 / FLAIR hyperintense signal, 

T1 hypo-signal and slight post-administration 
T1 contrast enhancement, with localization at 
the right thalamus and the temporal lobe, 
without mass effect (Figures 2, 3, 4A, 4B  
and 5). 

 
The findings on MRI scan supported a 
diagnosis of multifocal inflammation. In this 
case differential diagnosis was made between 
meningoencephalitis of unknown origin 
(especially necrotizing encephalitis) and a 
neoplastic process, although there was no mass 
effect that compresses the ventricular system or  
other structures. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. T2 / transversal: Transverse section at the 
level of the thalamus and the ventricular system, area 
with hyperintense signal, diffused at the level of the 

cerebral nervous substance, with localization at the level 
of the right temporal lobe and the right thalamus, 

without mass effect 

Figure 3. Sagittal section in the right temporal lobe, 
areas with hypointense signal, with slightly 

perilesional hypersignal, diffused in the cerebral 
nervous substance, without mass effect 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cerebrospinal fluid examination shown mild 
pleocytosis (mononuclear cells) and elevated 
protein levels: protein level in mg per dl- 36 
(normal < 30), total nucleated cell count in µl: 
9 (normal < 6). 
Necrotizing encephalitis of unknown etiology 
has been reported in several breeds of dog and 
Yorkshire terrier is one of that breeds. 
Considering that clinical signs for this 
pathology include visual deficits, circling or 
depression, which means deficits compatible 
with a diffuse lesion of forebrain and central 
vestibular system, diagnostic suspicion in the 
case presented in this article has a strong 
scientific basis (Kuwamura  et al., 2002).  
 
Treatment and follow-up 
Before we started the protocol of treatment 
with cytosine arabinoside (Cytarabine 100 
mg/1ml, solution for injection or infusion – 
Accord Healthcare®) and immunosuppressive 
doses of prednisolone, the patient was under 
treatment with prednisolone (1 mg/kg BID), 
ceftriaxone- beta lactam antibiotic (25 mg/kg 
BID) and a product that supports liver function 
for 4 weeks, as we initially suspected an 
infectious encephalitis. During this time, the 
clinical condition and neurological deficits 
worsened with partial extrusion of the tongue 
as a consequence of multiple cranial nerves 
deficits and depressed mental status, left 
hemiparesis, loss of balance, more often 
circling and falling on the side. 
Considering that this case did not responded to 
the classic immunosuppressive therapy, a 
protocol of cytosine arabinoside was used and 
the patient was re-examined before each 
administration and one month after treatment.  
To the best of the authors knowledge, this is the 
first reported case in which cytosine 
arabinoside in combination with prednisolone 
was used to treat meningoencephalitis of 
unknown origin in a dog in our country. 
The protocol of cytosine arabinoside and 
prednisolone was started on 6 May 2019 and it 
was followed in accordance with guidelines 
from previous studies (Menaut et al., 2008; 
Nuhsbaum, 2002; Zarfoss, et al., 2006). In 
addition, we completed the treatment with a 
product that supports function of the liver 
(administered to diminish the adverse side 
effects of the prednisolone).   

A 

B 

Figure 4A and 4B.  A: Transverse section at the level 
of the thalamus and the ventricular system, areas with 

hypointense signal, diffused at the level of the 
cerebral nerve substance, with localization at the level 

of the right temporal lobe and the right thalamus, 
without mass effect.                                                     

B (contrast enhancement): Transverse section at the 
level of the thalamus and ventricular system, slight 
hyperintense signal outlet at the level of the lesion 

 
 

Figure 5. Transverse section at the level of the 
thalamus and the ventricular system, area with 
hyperintense signal, diffused at the level of the 

cerebral nerve substance, with localization at the level 
of the right temporal lobe and the right thalamus, 

without mass effect 

B 
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We administered 9 cycles of 4 subcutaneous 
injections of cytosine arabinoside (Figure 6) 
given 12 hours apart for 2 days and we lowered 
the dose of prednisolone every 6 weeks.  
A reexamination was performed before every 
administration of the protocol and one month 
after the end of treatment. The doses used and 
clinical evolution can be seen in Table 1. 
In the first six weeks of treatment, the 
neurological deficits were stationery and owner 

did not observe any changes in the behavior or 
the quality of life of the dog, excepting polyuria 
and polydipsia which have been associated 
with the administration of prednisolone. 
After the 4th administration, neurological 
examination showed a normal position of the 
head, improved proprioception, a better ability 
to walk and a decreased frequency of circling 
on the right side. 

 
Table 1. Treatment schedule for the cytosine arabinoside and prednisolone protocol and evolution of clinical condition 

 

Date of administration Cytosine arabinoside Prednisolone Clinical evolution 
6.05.2019 50 mg/m² BID for 48 hours 1 mg/kg BID Worsen 

27.06.2019 50 mg/m² BID for 48 hours 1 mg/kg BID stationary 

18.07.2019 50 mg/m² BID for 48 hours 0.5 mg/kg BID stationary 
8.08.2019 50 mg/m² BID for 48 hours 0.5 mg/kg BID Improved 

29.08.2019 50 mg/m² BID for 48 hours 0.25 mg/kg BID Improved 
19.09.2019 50 mg/m² BID for 48 hours 0.25 mg/kg BID Improved 
10.10.2019 50 mg/m² BID for 48 hours 0.25 mg/kg every other day Improved 

31.10.2019 50 mg/m² BID for 48 hours 0.25 mg/kg every other day Improved 
21.11.2019 50 mg/m² BID for 48 hours 0.25 mg/kg every third day Improved 

BID= twice a day 

The favorable evolution could be observed also 
in the following reassessments, including an 
improvement of the cranial nerve deficits: 
normal pupils’ size, a present cotton ball 
response on both eyes and a better menace 
response. Owner noticed that the animal was 
more active and able to navigate skillfully 
around obstacles. Also, it began to resume 
activities that were common before the onset of 
clinical signs. 
In this condition, the cytosine arabinoside was 
removed and the clinical recommendation was 
to continue with prednisolone at a very low 
dose (0.25 mg/kg every third day) and 
supplements that support the activity of the 
brain. In addition, dietary recommendations 
included optimized nutrition for the nervous 
system have been made.  
 Approximately 4 months after discontinuing the 
treatment, the dog was very actively and with a 
normal behavior.  
 
CONCLUSIONS 
 
Meningoencephalitis of unknown origin is a 
common disease of small breeds. 

In order to obtain a correct diagnosis for this 
disease, findings of physical and neurological 
examination, as well as the imaging aspects and 
the results of the examination of the 
cerebrospinal fluid must be correlated.  
The protocol of treatment including cytarabine 
arabinoside and prednisolone was used 
successfully to treat a case of 4-years-old 
Yorkshire Terrier, whose clinical, imagistic and 
cerebrospinal fluid results were subsequent for 
a diagnostic of necrotizing encephalitis. 
Since the evolution of the patient was 
favorable, the histological confirmation of the 
diagnostic could not be accomplished.   
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We administered 9 cycles of 4 subcutaneous 
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Abstract  
 
Biodiversity conservation is dependent on correct taxonomic cataloguing and searchable databases structuring. 
Ethiopian pea has few seed accessions and has been excluded from many Pisum studies; its true taxonomic status is still 
dubious. This necessitates evaluating the crop’s scientific names, distribution and record types on the global datasets. A 
total of 367 Ethiopian pea collections described with four scientific names, from 19 global datasets were used. The 
population included unknown record types, living and preserved specimens, and cultivated landraces. Classification 
and Regression Tree analysis was used as an evaluation tool. Names of the taxon were analysed as 271 Pisum 
abyssinicum A. Braun, 88 Pisum sativum subsp. abyssinicum (A. Braun) Govorov, 7 Pisum sativum var. abyssinicum A. 
Braun, and 1 Pisum abyssinicum A. Braun var. vavilovianum Gov. Most of them (305) were unknown, 37 preserved 
specimens, 19 living specimens, and 6 cultivated record types. Of these, 184 unknown, 22 preserved specimens, 12 
living specimens, and 6 cultivated types are collected from Ethiopia. The preserved and living specimens were 
subspecies types. There is an urgent need to conserve the crop via sufficient documentation at current situation. 
 
Key words: datasets, inconsistency, living specimen, preserved specimen. 
 
INTRODUCTION  
 
Ethiopian pea is a crop of practical interest for 
crop genetic diversity enhancement (Kosterin, 
2017; Tsegay and Gebreegziabher, 2019). 
Ethiopian pea contains genes likely to be 
involved in the physiological and biochemical 
processes useful for developing more 
productive, nutritious and resilient varieties. 
These includes the genes for the early stages of 
nodule formation (Weeden, 2007; Abbo et al., 
2014), delightful taste, early flowering, and 
early maturity (Weeden, 2007; Yemane and 
Skjelvåg 2003; Weller et al., 2012; Smýkal et 
al., 2015; MoANR, 2016; Kosterin, 2017; 
Rubenach et al., 2017; Gebreegziabher and 
Tsegay, 2018). Ethiopian pea maturity is 
determined by the stock of small quantitative 
genes (Yarnell, 1962) that help to escape 
terminal drought. It owns genes resistant to 
viruses such as eIF4E gene particularly; eIF4EB 

allele in its germplasm (Konečná et al., 2014) 
and pea bacterial blight resistance genes 
(Kumar and Hirochika, 2001; Elvira-Recuenco 
et al., 2003; Hollaway et al., 2007; Kole, 2011; 

Martίn-sanz et al., 2012). Ethiopian pea has 
ribosomal transcribed spacing genes used to 
systematic analysis of closely related pea taxa 
(Polans and Saar, 2002). Ethiopian pea can, 
therefore, play a significant role in maintaining 
global food security and ecosystem resilience. 
But, Ethiopian pea is less utilized both locally 
and globally due to the lack of clear infor-
mation in its origin, domestication process, 
geographical distribution, and obtainable 
worldwide inventories. These all may contri-
bute to the obscure identification of the taxon. 
Even in Ethiopia where the crop is native, less 
attention is given for this crop and is cultivated 
rarely at small scale farming for local 
consumption and local market. Moreover, there 
is no sufficient research done on the crop which 
required this analysis.  
The English local name, Ethiopian pea was first 
described by Georg Wilhelm Schimper from 
1837 to 1878 in Northern Ethiopia (McEwan, 
2018). The type specimen was collected in 
1840 and is stored at the herbarium of National 
Botanic Garden of Belgium (BR, 
BR0000006255831). Alexander Karl Heinrich 

 

 
 

Braun (1805-1877) termed the crop scientific 
name as P. abyssinicum. However, in Ethiopia, 
it was documented in 1989 in the third volume 
flora of Ethiopia as Pisum sativum var. 
abyssinicum A. Braun (Hedberg and Edwards, 
1989). But, a recent study by Holden (2009) 
claimed that the origin of Ethiopian pea is 
doubtful. From the studies by Kosterin (2016) 
and Trnѐný et al. (2018), domestication process 
and the identity of the wild progenitors of 
Ethiopian pea are reported as unknown. Still 
there is no full agreement on its domestication 
process and its domesticated nature. It is 
considered as wild type by some authors (Zong et 
al., 2009; Smýkal et al., 2011; Weeden, 2018).  
Ethiopian pea is suggested as domesticated 
crop independently rather than a hybrid origin 
by several authors (Westphal, 1974; Ellis and 
Poyser, 1998; Ellis and Poyser, 2002; 
Vershinin et al., 2003; Baranger et al., 2004; 
Jing et al., 2010; Smýkal et al., 2011; Sindhu et 
al., 2014; Trnѐný et al., 2018; Weeden, 2018). 
For many years, different authors also studied 
the geographical distribution, evolution and 
germination of Ethiopian pea (Westphal, 1974; 
Kole, 2011; Abbo et al., 2014; Gebreslassie and 
Abraha, 2016). Previous studies reported that 
Ethiopian pea is confined to the highlands of 
Ethiopia although some accessions have been 
attributed to Yemen (Ellis and Poyser, 2002; 
Holden, 2009; Trnѐný et al., 2018). Recent 
report by Mansfeld’s World Database of 
Agricultural and Horticultural Crops generated 
on 13 April 2019 indicated that Ethiopian pea 
may escape to other parts of the World (Tsegay 
and Gebreegziabher, 2019).  
The narrow distributional range and less 
biologically conserved of Ethiopian pea could 
be resulted from its domestication process, 
because, domestication process is stated as a 
role player for narrow eco-geographical range 
of peas by many authors (Weeden and Wolko, 
2001; Weeden, 2007; Doust et al., 2014; 
Konečná et al., 2014; Trnѐný et al., 2018; 
Weeden, 2018). Amano and Sutherland (2013) 
in their study also identified geographical 
location or distribution as one of the barriers to 
the global understanding of biodiversity 
conservation. 
Ethiopian pea has few seed accessions 
available and has been excluded from many 

Pisum studies, and as a result its true taxonomic 
status is still dubious (Maxted and Ambrose, 
2001). Initially it was described as a separate 
species by Alexander Karl Heinrich Braun in 
1841 (Trnѐný et al., 2018) and adopted in the 
same rank by many authors (Ellis et al., 1998; 
Maxted and Ambrose, 2001; Vershinin et al., 
2003; Kosterin and Bogdanova, 2008 and 
2015; Maxted and Kell, 2009; Kosterin et al., 
2010; Zaytseva et al., 2012 and 2015). But this 
taxonomy is not universally accepted because 
of the subspecies and/or varietal level ranks 
reported by several authors (Westphal, 1974; 
Hedberg and Edwards, 1989; Yemane and 
Skjelvåg, 2003; Edwards et al., 2007; Holden, 
2009; Jing et al., 2010; Ellis, 2011; Keneni et 
al., 2013; Sindhu et al., 2014; Tsegay and 
Gebreslassie, 2014; Gebreslassie and Abraha, 
2016; Gebreegziabher and Tsegay, 2018; 
Weeden, 2007 and 2018, Tsegay and 
Gebreegziabher, 2019). Kosterin (2017) has 
morphologically renamed Ethiopian pea as 
Lathyrus schaeferi Kosterin pro Pisum 
abyssinicum A. Bruan. From the current study 
however it has been observed that, preserved 
and living specimens in most datasets were 
subspecies types and the varietal collections are 
mostly cultivated types. 
 
MATERIALS AND METHODS  

Ethiopian pea collections and the datasets 
A total of 367 Ethiopian peas collections 
described with four different scientific names, 
from different global datasets were used for this 
analysis (Table 1). The pea collections were 
collected from 19 international datasets and 
included unknown record types, living 
specimens, preserved specimens, and plant 
types that are at present under small scale 
farming cultivations (Table 1). 
Statistical analyses 
Classification and Regression Tree (CART) 
analysis using Statistical Package for the Social 
Sciences (SPSS) version 25 software was used 
to evaluate optimal outcomes with minimum 
variances from predictors. The CART 
algorithm builds a binary regression tree by 
partitioning a node into two new nodes, until 
the variance within the nodes is minimized and 
the variance between the nodes is maximized 
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Ethiopian pea has few seed accessions and has been excluded from many Pisum studies; its true taxonomic status is still 
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total of 367 Ethiopian pea collections described with four scientific names, from 19 global datasets were used. The 
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attention is given for this crop and is cultivated 
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(Loh, 2011; West, 2012; Trendowicz and 
Jeffery, 2014; Wang et al., 2017). 
 
Table 1. Global distribution of Ethiopian pea by country 

areas and datasets 
Country areas of 

collection 
Ethiopian pea 

(Number) 
Ethiopian 
pea (%) 

Datasets (Number 
of  Ethiopian pea) 

Afghanistan 61 16.6 I(60),VIII(1) 
Argentina 1 0.3 I(1) 
Denmark 3 0.8 I(1) 
Ethiopia 224 61.0 I(147), II(1), III(2), 

IV(3), V(1), VI(2), 
VII(14), VIII(11), 

IX(10), X(1), XI(12), 
XII (12), XV(1), 
XVI(6), XIX(1) 

Germany 1 0.3 XIV(1) 
Greece 2 0.5 I(2), II(1), 
Italy 2 0.5 I(2) 
Libya 1 0.3 I(1) 
Morocco 1 0.3 VIII(1) 
Russian Federation 10 2.7 I(7), VII(2), XIII(1) 

Sweden 2 0.5 VIII(2) 
United Kingdom 27 4.7 I(21), IV(1), VII(4), 

XI(1) 
United States of 
America 

2 0.5 IX(2) 

Yemen 
Unknown country 
Total 

7 
23 

 
367 

1.9 
6.3 

 
100 

I(6),VIII(1) 
I(2), II(2), III(1), 

IX(3), XI(7), XII(5), 
XVII(2), XVIII(1) 

19(367) 

Note! I=A global database for distribution of crop wild relatives, II= 
Naturalis Biodiversity Center (NL)-Botany, III= The Vascular Plant 
Collection at the Botanische Staatssammlung München, IV= Natural 
History Museum, Vienna - Herbarium W, V= Herbarium specimens of 
Université de Montpellier 2, Institut de Botanique (MPU), VI= Meise 
Botanic Garden Herbarium (BR), VII= The System-wide Information 
Network for Genetic Resources (SINGER), VIII= United States 
National Plant Germplasm System Collection, IX= Nordic Genetic 
Resources, X= Centre for Genetic Resources, the Netherlands, PGR 
passport data, XI= EURISCOXI, The European Genetic Resources 
Search Catalogue, XII= SINGR Coordinator, XIII= Royal Botanic 
Garden Edinburgh Living Plant Collections (E), XIV= CZE National 
PGR Inventory, XV=Ethiopian Biodiversity Institute (EBI), XVI= 
Farmers landrace, XVII= Tropicos Specimen Data, XVIII= Jardin 
Botanique de Lyon, XIX= RB - Rio de Janeiro Botanical Garden 
Herbarium Collection. 
 
Numbers of nodes were defined for each output 
with a parent to child nodes ratio of 5:1. The 
CART decision diagram for the scientific 
names of Ethiopian pea based on the datasets 
was defined at the minimum cases of 1:1 parent 
to child node ratio to split datasets containing 
only a single Ethiopian pea species. The 
command order used in the SPSS (Statistical 
Package for the Social Sciences), also known 
as IBM SPSS Statistics was Analyse → 
Classify → Tree, where IBM stands for 
International Business Machines Corporation. 
The cross validation was set to 10 and tree 
depth to 5. Pruning was activated to prevent 
unnecessary branching. Optimal splits were 
defined by improvement value for variables 
output. Overlapping occurs when a predictor is 

significant on more than one group within the 
same branch, and results in objects being 
assigned in more than one category (Loh, 2011; 
Díaz-Pérez and Bethencourt-Cejas, 2016). The 
minimum change in improvement value was 
used as the minimum decrease in impurity 
required in splitting a node. A terminal node in 
which all cases have the same value for the 
dependent variable is considered as a 
homogeneous or pure node (SPSS 
Classification Trees™ 13.0, 2004).  
 
RESULTS AND DISCUSSIONS 
 
Taxonomic evaluation of Ethiopian pea 
collections  
In order to examine the overall taxonomy of 
Ethiopian pea collections from the global 
datasets, 19 global biodiversity datasets, which 
may be indicative of data availability across the 
studied countries, were used. CART analysis 
was used to analyse taxonomic inventory of the 
367 Ethiopian pea collections outcomes with 
minimum variances from the 19 global 
datasets. The CART growth model analyses 
result showed that the species, subspecies, and 
varietal ranks are used globally for the single 
Ethiopian pea taxon. These were Pisum 
abyssinicum A. Braun, Pisum sativum subsp. 
abyssinicum (A. Braun) Govorov, Pisum 
sativum var. abyssinicum A. Braun, and Pisum 
abyssinicum A. Braun var. vavilovianum Gov. 
from the most to the list, respectively (Table 2). 
The current study analyzed that the commonly 
known was P. abyssinicum A. Braun by about 
73.8% of the total collections (Table 2).  
Such findings to our knowledge are the first to 
demonstrate that, the taxon was documented 
with three different taxonomic ranks and four 
different record types. Moreover, the current 
study present a first methodical global 
assessment of the ex situ and in situ upkeep 
status of Ethiopian pea collections. Ethiopian 
pea was described as P. sativum subsp. 
abyssinicum (A. Braun) Govorov with 24% of 
all the species (Table 2) when analysed by the 
crop collection countries. There were no 
previous reports indicating about inconsis-
tencies of Ethiopian pea taxonomy, country 
areas of collection, and record types from 
global datasets. 

 

 
 

Table 2. Taxonomic status proportion of Ethiopian pea 
collections under global datasets 

 
Scientific name 

Taxonomic status 
Species Subspecies Variety 

P. abyssinicum A. Braun 271(73.8%) - - 
1(0.3%) 
- 

P. abyssinicum A. Braun 
var.vavilovianum Gov 

- - 

P. sativum subsp. 
abyssinicum (A. Braun) 
Govorov 

- 88(24%) 

P. sativum var. 
abyssinicum A. Braun 

- - 7(1.9%) 

Evaluating scientific names of the Ethiopian 
pea collections based on country areas of 
collection 
Scientific names of Ethiopian pea across global 
datasets as evaluated by country areas of 
collection are presented in table 3 below. It has 
been estimated that the 67 collections from 
Afghanistan, Libya, Italy, Greece and 
Argentina were solely of P. abyssinicum A. 
Braun. Similarly, 7 of the Ethiopian pea 
collections from Yemen were 6 P. abyssinicum 
A. Braun with 1 P. sativum subsp. abyssinicum 
(A. Braun) Govorov. For Ethiopian collections, 
the Ethiopian pea was found as identifiable by 
the three taxonomic ranks viz. P. abyssinicum 
A. Braun 157(70.1%), P. sativum subsp. 
abyssinicum (A.Braun) Govorov 60(26.8%) 
and P. sativum var. abyssinicum A. Braun 7 
(3.1%). Ethiopia collection accounts 61% of 
the total Ethiopian pea collections of the 
datasets. Furthermore, the 29 collections from 
United Kingdom and Russian Federation were 
analyzed to be P. abyssinicum A. Braun.  
A scientific name clustering of Ethiopian pea 
collections using classification and regression 
analysis was done for 6 Ethiopian pea 
collections from the United States of America, 
Sweden, Germany and Morocco (improvement 
value = 0.006). It was found that they all were 
P. sativum subsp. abyssinicum (A. Braun) 
Govorov subspecies types (Table 3). After final 
repulsive splitting of the CART analysis with 
nodes (improvement value = 0.000), 23 of the 
Ethiopian pea collections were identified as 
they were from unknown areas of collection 
(Table 3). The 3 Ethiopian pea collections were 
obtained from Denmark were 2 P. sativum 
subsp. abyssinicum (A. Braun) Govorov and 1 
P. abyssinicum A. Braun (Table 3). 
From the reverse analyses (area of collection by 
scientific name), it was observed that about 224 
(61%) of the crop collections are from Ethiopia 

(Table 3). Sixty one (16.6%) of the Ethiopian 
pea collections was from Afghanistan (Table 3) 
which signposts probability of domestication 
history of the crop in Afghanistan. But, 
evaluated results as unknown record types for 
the Ethiopian pea collections from Afghanistan 
made this suggestion weak. Moreover, from the 
88 subspecies designated as P. sativum subsp. 
abyssinicum (A. Bruan) Govorov, 60 of them 
were analyzed as Ethiopian collections (Table 
3) at the improvement value of 0.002 as 
significance test. Eleven of the Ethiopian pea 
subspecies were evaluated as not known from 
where they were collected. The rest 17 
Ethiopian pea subspecies were sporadically 
distributed to United Kingdom (6), Denmark 
(2), Russian Federation (2), Sweden (2), United 
States of America (2) Germany (1) Morocco 
(1) and Yemen (1). Likewise, scientific name 
as an explainer variable foretells that                
P. sativum var. abyssinicum A. Braun with a 
varietal taxonomic rank was uniquely found in 
Ethiopia (Table 3).  
 

Table 3. Ethiopian pea scientific names evaluated by 
countries areas of collection 

Scientific names Collecting countries (Number of species) 
P. abyssinicum A. Braun Afghanistan (61), Argentina (1), Denmark 

(1), Ethiopia (157), Greece (2), Italy (2), 
Libya (1), Russian Federation (8), United 
Kingdom (21), Yemen (6), and Unknown 
(11) 

P. sativum subsp. 
abyssinicum (A. Braun) 
Govorov 

Denmark (2), Ethiopia (60), Germany (1), 
Morocco (1), Russian Federation (2), 
Sweden (2), United Kingdom (6),  United 
States of America (2), Yemen (1), and 
Unknown (11) 

P. sativum var. 
abyssinicum A. Braun 

Ethiopia (7) 

Pisum abyssinicum A. 
Braun var. vavilovianum 
Gov.  

Unknown (1) 

Evaluation of Ethiopian pea scientific names 
based on global record types  
It was analysed that 305 of the Ethiopian pea 
collections were with unrevealed record types 
described by two scientific names (Table 4). Of 
these, 252 (82.6%) of them were P. 
abyssinicum A. Braun and 53 (17.4%) were      
P. sativum subsp. abyssinicum (A. Braun) 
Govorov. Six of the cultivated Ethiopian pea 
collections were analyzed as having the 
scientific name of P. sativum var. abyssinicum 
A. Braun (Table 4). Moreover, the CART 
analysis enable to distinguish the scientific 
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(Loh, 2011; West, 2012; Trendowicz and 
Jeffery, 2014; Wang et al., 2017). 
 
Table 1. Global distribution of Ethiopian pea by country 

areas and datasets 
Country areas of 

collection 
Ethiopian pea 

(Number) 
Ethiopian 
pea (%) 

Datasets (Number 
of  Ethiopian pea) 

Afghanistan 61 16.6 I(60),VIII(1) 
Argentina 1 0.3 I(1) 
Denmark 3 0.8 I(1) 
Ethiopia 224 61.0 I(147), II(1), III(2), 

IV(3), V(1), VI(2), 
VII(14), VIII(11), 

IX(10), X(1), XI(12), 
XII (12), XV(1), 
XVI(6), XIX(1) 

Germany 1 0.3 XIV(1) 
Greece 2 0.5 I(2), II(1), 
Italy 2 0.5 I(2) 
Libya 1 0.3 I(1) 
Morocco 1 0.3 VIII(1) 
Russian Federation 10 2.7 I(7), VII(2), XIII(1) 

Sweden 2 0.5 VIII(2) 
United Kingdom 27 4.7 I(21), IV(1), VII(4), 

XI(1) 
United States of 
America 

2 0.5 IX(2) 

Yemen 
Unknown country 
Total 

7 
23 

 
367 

1.9 
6.3 

 
100 

I(6),VIII(1) 
I(2), II(2), III(1), 

IX(3), XI(7), XII(5), 
XVII(2), XVIII(1) 

19(367) 

Note! I=A global database for distribution of crop wild relatives, II= 
Naturalis Biodiversity Center (NL)-Botany, III= The Vascular Plant 
Collection at the Botanische Staatssammlung München, IV= Natural 
History Museum, Vienna - Herbarium W, V= Herbarium specimens of 
Université de Montpellier 2, Institut de Botanique (MPU), VI= Meise 
Botanic Garden Herbarium (BR), VII= The System-wide Information 
Network for Genetic Resources (SINGER), VIII= United States 
National Plant Germplasm System Collection, IX= Nordic Genetic 
Resources, X= Centre for Genetic Resources, the Netherlands, PGR 
passport data, XI= EURISCOXI, The European Genetic Resources 
Search Catalogue, XII= SINGR Coordinator, XIII= Royal Botanic 
Garden Edinburgh Living Plant Collections (E), XIV= CZE National 
PGR Inventory, XV=Ethiopian Biodiversity Institute (EBI), XVI= 
Farmers landrace, XVII= Tropicos Specimen Data, XVIII= Jardin 
Botanique de Lyon, XIX= RB - Rio de Janeiro Botanical Garden 
Herbarium Collection. 
 
Numbers of nodes were defined for each output 
with a parent to child nodes ratio of 5:1. The 
CART decision diagram for the scientific 
names of Ethiopian pea based on the datasets 
was defined at the minimum cases of 1:1 parent 
to child node ratio to split datasets containing 
only a single Ethiopian pea species. The 
command order used in the SPSS (Statistical 
Package for the Social Sciences), also known 
as IBM SPSS Statistics was Analyse → 
Classify → Tree, where IBM stands for 
International Business Machines Corporation. 
The cross validation was set to 10 and tree 
depth to 5. Pruning was activated to prevent 
unnecessary branching. Optimal splits were 
defined by improvement value for variables 
output. Overlapping occurs when a predictor is 

significant on more than one group within the 
same branch, and results in objects being 
assigned in more than one category (Loh, 2011; 
Díaz-Pérez and Bethencourt-Cejas, 2016). The 
minimum change in improvement value was 
used as the minimum decrease in impurity 
required in splitting a node. A terminal node in 
which all cases have the same value for the 
dependent variable is considered as a 
homogeneous or pure node (SPSS 
Classification Trees™ 13.0, 2004).  
 
RESULTS AND DISCUSSIONS 
 
Taxonomic evaluation of Ethiopian pea 
collections  
In order to examine the overall taxonomy of 
Ethiopian pea collections from the global 
datasets, 19 global biodiversity datasets, which 
may be indicative of data availability across the 
studied countries, were used. CART analysis 
was used to analyse taxonomic inventory of the 
367 Ethiopian pea collections outcomes with 
minimum variances from the 19 global 
datasets. The CART growth model analyses 
result showed that the species, subspecies, and 
varietal ranks are used globally for the single 
Ethiopian pea taxon. These were Pisum 
abyssinicum A. Braun, Pisum sativum subsp. 
abyssinicum (A. Braun) Govorov, Pisum 
sativum var. abyssinicum A. Braun, and Pisum 
abyssinicum A. Braun var. vavilovianum Gov. 
from the most to the list, respectively (Table 2). 
The current study analyzed that the commonly 
known was P. abyssinicum A. Braun by about 
73.8% of the total collections (Table 2).  
Such findings to our knowledge are the first to 
demonstrate that, the taxon was documented 
with three different taxonomic ranks and four 
different record types. Moreover, the current 
study present a first methodical global 
assessment of the ex situ and in situ upkeep 
status of Ethiopian pea collections. Ethiopian 
pea was described as P. sativum subsp. 
abyssinicum (A. Braun) Govorov with 24% of 
all the species (Table 2) when analysed by the 
crop collection countries. There were no 
previous reports indicating about inconsis-
tencies of Ethiopian pea taxonomy, country 
areas of collection, and record types from 
global datasets. 

 

 
 

Table 2. Taxonomic status proportion of Ethiopian pea 
collections under global datasets 

 
Scientific name 

Taxonomic status 
Species Subspecies Variety 

P. abyssinicum A. Braun 271(73.8%) - - 
1(0.3%) 
- 

P. abyssinicum A. Braun 
var.vavilovianum Gov 

- - 

P. sativum subsp. 
abyssinicum (A. Braun) 
Govorov 

- 88(24%) 

P. sativum var. 
abyssinicum A. Braun 

- - 7(1.9%) 

Evaluating scientific names of the Ethiopian 
pea collections based on country areas of 
collection 
Scientific names of Ethiopian pea across global 
datasets as evaluated by country areas of 
collection are presented in table 3 below. It has 
been estimated that the 67 collections from 
Afghanistan, Libya, Italy, Greece and 
Argentina were solely of P. abyssinicum A. 
Braun. Similarly, 7 of the Ethiopian pea 
collections from Yemen were 6 P. abyssinicum 
A. Braun with 1 P. sativum subsp. abyssinicum 
(A. Braun) Govorov. For Ethiopian collections, 
the Ethiopian pea was found as identifiable by 
the three taxonomic ranks viz. P. abyssinicum 
A. Braun 157(70.1%), P. sativum subsp. 
abyssinicum (A.Braun) Govorov 60(26.8%) 
and P. sativum var. abyssinicum A. Braun 7 
(3.1%). Ethiopia collection accounts 61% of 
the total Ethiopian pea collections of the 
datasets. Furthermore, the 29 collections from 
United Kingdom and Russian Federation were 
analyzed to be P. abyssinicum A. Braun.  
A scientific name clustering of Ethiopian pea 
collections using classification and regression 
analysis was done for 6 Ethiopian pea 
collections from the United States of America, 
Sweden, Germany and Morocco (improvement 
value = 0.006). It was found that they all were 
P. sativum subsp. abyssinicum (A. Braun) 
Govorov subspecies types (Table 3). After final 
repulsive splitting of the CART analysis with 
nodes (improvement value = 0.000), 23 of the 
Ethiopian pea collections were identified as 
they were from unknown areas of collection 
(Table 3). The 3 Ethiopian pea collections were 
obtained from Denmark were 2 P. sativum 
subsp. abyssinicum (A. Braun) Govorov and 1 
P. abyssinicum A. Braun (Table 3). 
From the reverse analyses (area of collection by 
scientific name), it was observed that about 224 
(61%) of the crop collections are from Ethiopia 

(Table 3). Sixty one (16.6%) of the Ethiopian 
pea collections was from Afghanistan (Table 3) 
which signposts probability of domestication 
history of the crop in Afghanistan. But, 
evaluated results as unknown record types for 
the Ethiopian pea collections from Afghanistan 
made this suggestion weak. Moreover, from the 
88 subspecies designated as P. sativum subsp. 
abyssinicum (A. Bruan) Govorov, 60 of them 
were analyzed as Ethiopian collections (Table 
3) at the improvement value of 0.002 as 
significance test. Eleven of the Ethiopian pea 
subspecies were evaluated as not known from 
where they were collected. The rest 17 
Ethiopian pea subspecies were sporadically 
distributed to United Kingdom (6), Denmark 
(2), Russian Federation (2), Sweden (2), United 
States of America (2) Germany (1) Morocco 
(1) and Yemen (1). Likewise, scientific name 
as an explainer variable foretells that                
P. sativum var. abyssinicum A. Braun with a 
varietal taxonomic rank was uniquely found in 
Ethiopia (Table 3).  
 

Table 3. Ethiopian pea scientific names evaluated by 
countries areas of collection 

Scientific names Collecting countries (Number of species) 
P. abyssinicum A. Braun Afghanistan (61), Argentina (1), Denmark 

(1), Ethiopia (157), Greece (2), Italy (2), 
Libya (1), Russian Federation (8), United 
Kingdom (21), Yemen (6), and Unknown 
(11) 

P. sativum subsp. 
abyssinicum (A. Braun) 
Govorov 

Denmark (2), Ethiopia (60), Germany (1), 
Morocco (1), Russian Federation (2), 
Sweden (2), United Kingdom (6),  United 
States of America (2), Yemen (1), and 
Unknown (11) 

P. sativum var. 
abyssinicum A. Braun 

Ethiopia (7) 

Pisum abyssinicum A. 
Braun var. vavilovianum 
Gov.  

Unknown (1) 

Evaluation of Ethiopian pea scientific names 
based on global record types  
It was analysed that 305 of the Ethiopian pea 
collections were with unrevealed record types 
described by two scientific names (Table 4). Of 
these, 252 (82.6%) of them were P. 
abyssinicum A. Braun and 53 (17.4%) were      
P. sativum subsp. abyssinicum (A. Braun) 
Govorov. Six of the cultivated Ethiopian pea 
collections were analyzed as having the 
scientific name of P. sativum var. abyssinicum 
A. Braun (Table 4). Moreover, the CART 
analysis enable to distinguish the scientific 
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names of the 37 preserved specimens and 19 
living specimens, record types (Table 4). 
However, there were only 17 preserved 
specimens, 2 living specimens with the 
scientific name P. abyssinicum A. Braun 
through the datasets (Table 4).  
 

Table 4. Ethiopian pea collections scientific names as 
evaluated by record types 

 
Scientific name 

                                     Record type 
Cultivated Living 

specimens 
Preserved 
specimens 

Unknown Total % 

P. abyssinicum  
A. Braun 

- 2 17 252 271 73.8 

P. abyssinicum  
A. Braun 
var.vavilovianum 
Gov 

- - 1 - 1 0.3 

P. sativum subsp. 
abyssinicum  
(A. Braun) Govorov 

- 16 19 53 88 24 

P. sativum var. 
abyssinicum  
A. Braun 

6 1 - - 1 1.9 

Total number of 
Ethiopian peas  

6 19 37 305 367 100 

 
Evaluation of Ethiopian pea collections 
scientific names based on global datasets 
Scientific names of Ethiopian pea collections 
were evaluated per datasets. Datasets namely 
Naturalis Biodiversity Center (NL)-Botany and 
Natural History Museum, Vienna - Herbarium 
W. were estimated as having 7 Ethiopian pea 
collections with 2 and 3 P. abyssinicum A. 
Braun, and 1 each P. sativum subsp. 
abyssinicum (A. Braun) Govorov, respectively 
(Table 5). Datasets: (1) A global database for 
distribution of crop wild relatives, (2). The 
Vascular Plant Collection at the Botanische 
Staatssammlung München, (3) Herbarium 
specimens of Université de Montpellier 2, 
Institut de Botanique (MPU), (4) Meise Botanic 
Garden Herbarium, (5) Royal Botanic Garden 
Edinburgh Living Plant Collections, (6) 
Tropicos Specimen Data and (7) RB-Rio de 
Janeiro Botanical Garden Herbarium Collection 
were evaluated all together containing 260 
Ethiopian pea collections designated as             
P. abyssinicum A. Braun (Table 5). The 
EURISCO, The European Genetic Resources 
Search Catalogue dataset was the only dataset 
that contains the species (1), subspecies (17) 
and variety (1) taxonomic ranks of the 
Ethiopian pea collections globally (Table 5). 
Datasets: (1) The System-wide Information 
Network for Genetic Resources (SINGER), (2) 
United States National Plant Germplasm 
System Collection, and (3) Nordic Genetic 
Resources contained 19, 17, and 13 P. sativum 

subsp. abyssinicum (A. Braun) Govorov and 1 
each P. abyssinicum A. Braun, respectively 
(Table 5). Datasets: (1) Centre for Genetic 
Resources, the Netherlands, PGR passport data, 
(2) SINGER Coordinator, (3) CZE National 
PGR Inventory and (4) Jardin Botanique de 
Lyon were evaluated as contained 20 Ethiopian 
pea collections that were partitioned as 1, 17, 1 
and 1 P. sativum subsp. abyssinicum (A. 
Braun) Govorov per each dataset, respectively 
(Table 5). 

Table 5. Scientific names as evaluated by global datasets 
 

Scientific names Dataset/s (Number of collections) 
1. P. abyssinicum 
A. Braun 
accounts 271 
(73.8%) of the 
total collections 
from the 13 
(64.42%) global 
datasets. 

1. A global database for distribution of crop wild 
relatives (250) 
2. Naturalis Biodiversity Center (NL)-Botany (2) 
3. The Vascular Plant Collection at the 
Botanische Staatssammlung München (3) 
4. Natural History Museum, Vienna - Herbarium 
W (3) 
5. Herbarium specimens of Université de 
Montpellier 2, Institut de Botanique (MPU) (1) 
6. Meise Botanic Garden Herbarium (BR) (2) 
7. The System-wide Information Network for 
Genetic Resources (SINGER)  (1) 
8. United States National Plant Germplasm 
System Collection (1) 
9. Nordic Genetic Resources (1) 
10. EURISCO, The European Genetic Resources 
Search Catalogue (3) 
11. Royal Botanic Garden Edinburgh Living 
Plant Collections (E) (1) 
12. Tropicos Specimen Data (2) 
13. RB - Rio de Janeiro Botanical Garden 
Herbarium Collection (1) 

2. P. sativum 
subsp. 
abyssinicum (A. 
Braun) Govorov 
accounts 
88(24%) of the 
total collections 
from the 10 
(52.63%) global 
datasets. 

1. Naturalis Biodiversity Center (NL)-Botany (1) 
2. Natural History Museum, Vienna - Herbarium 
W (1) 
3. The System-wide Information Network for 
Genetic Resources (SINGER) (19) 
4. United States National Plant Germplasm 
System Collection (17) 
5. Nordic Genetic Resources (13) 
6. Centre for Genetic Resources, the Netherlands, 
PGR passport data (1) 
7. EURISCO, The European Genetic Resources 
Search Catalogue (17) 
8. SINGER Coordinator (17) 
9. CZE National PGR Inventory (1) 
10. Jardin Botanique de Lyon (1) 

3. P. sativum var. 
abyssinicum A. 
Braun books 
7(1.9%) of the 
whole collections 
which are 
exclusively from 
Ethiopia 

1. Ethiopian Biodiversity Institute (EBI) (1) 
2. Ethiopian farmers landrace (6) 

4. P. abyssinicum 
A. Braun var. 
vavilovianum 
Gov. This is the 
only and singly 
varietal type 
found at ex situ 
upkeep status. 

1. EURISCO, The European Genetic Resources 
Search Catalogue (1) 

 

 
 

Ethiopian pea record types distribution 
evaluation among the global datasets 
Examined occurrences results per basis of 
record for the 367 Ethiopian pea collections 
based on their frequency distribution in the 
global datasets were analysed. Results 
indicated that, 305 (83.1%) of the Ethiopian 
pea collections were obscurely recorded, 37 
(10.1%) were preserved specimens, 19 (5.2%) 
were living species and 6 (1.6%) are still 
landraces or farmers cultivars at small farming 
scale in Ethiopia. The unknown record types 
were mostly found from datasets; (1) A global 
database for the distribution of Crop Wild 
Relatives (250), (2) The System-wide 
Information Network for Genetic Resources 
(SINGER) (20), and (3) United States National 
Plant Germplasm System Collection (18). 
EURISCO, The European Genetic Resources 
Search Catalogue dataset is found to owing 
most number of preserved species (21). Nordic 
Genetic Resource was the dataset having more 
number of living specimens (14). Both 
preserved (3) and living (1) specimens were 
found from Natural History Museum, Vienna - 
Herbarium W dataset, and living (1) and 
cultivated (6) were from Ethiopian datasets.  
 
Ethiopian pea global country areas of 
occurrence based on record types 
CART based analysis was carried out to clarify 
how the global Ethiopian pea collections were 
documented per country (Figure 1). The 
collection sites of the 23 (6.3%) Ethiopian peas 
were not known (Node 0). Ethiopian 
collections were documented as 22 (59.5%) 
preserved specimen (Node 3), 12 (63.2%) 
living specimen (Node 4), 184 (60.3%) 
unknown types (Node 5), and 6 (100%) 
cultivated (Node 6). The Afghanistan Ethiopian 
pea collections were not specified what record 
types they are (Figure 1, Node 5). The total 37 
preserved specimens representing the species, 
subspecies and variety taxonomic ranks (Table 
5) were analyzed (improvement = 0.002) from 
the19 global datasets (Node 3). These were 
analysed as collected from Ethiopia (22), 
unknown (13), United Kingdom (1), and 
Denmark (1). Moreover, analysis was carried 
out for the living specimens at the improvement 
value 0.003. There were 19 living specimens 

across the global datasets collected from five 
country areas (Node 4) namely Ethiopia (12), 
unknown (3), United Kingdom (1), Germany 
(1), Denmark (1), and Russian Federation (1).  
The unknown record types were found in all 
the collection areas except Germany (Node 5). 
Most were from Ethiopia (184), Afghanistan 
(61), United Kingdom (25), and Russian 
Federation (9), respectively. The others were 
from Yemen (7), United States of America (2), 
Sweden (2), Greece (2), Italy (2), Argentina 
(1), Denmark (1), Libya (1) and Morocco (1). 
This indicated that, there were no clear 
protruding characterization and adoption works 
done yet for exactness whether the global 
collections were of Ethiopian peas existing and 
cultivated in its present range in North Ethiopia 
or not. 

 
Figure 1. The CART decision diagram for global country 

areas of collection distribution of Ethiopian pea as 
evaluated by record types at the minimum cases of 5 

parent nodes and 1 child node. Nodes were determined 
by the significance using improvement values where 

green ones were predicted categories 
From the above results the following arguments 
were conferred. Though Abyssinia, the now 
Ethiopia is one of the eight centres of crop 
diversity (Turrill, 1926; Vavilov, 1935; 
Hawkes, 1993; Hunter et al., 2012; Delêtre et 
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names of the 37 preserved specimens and 19 
living specimens, record types (Table 4). 
However, there were only 17 preserved 
specimens, 2 living specimens with the 
scientific name P. abyssinicum A. Braun 
through the datasets (Table 4).  
 

Table 4. Ethiopian pea collections scientific names as 
evaluated by record types 

 
Scientific name 

                                     Record type 
Cultivated Living 

specimens 
Preserved 
specimens 

Unknown Total % 

P. abyssinicum  
A. Braun 

- 2 17 252 271 73.8 

P. abyssinicum  
A. Braun 
var.vavilovianum 
Gov 

- - 1 - 1 0.3 

P. sativum subsp. 
abyssinicum  
(A. Braun) Govorov 

- 16 19 53 88 24 

P. sativum var. 
abyssinicum  
A. Braun 

6 1 - - 1 1.9 

Total number of 
Ethiopian peas  

6 19 37 305 367 100 

 
Evaluation of Ethiopian pea collections 
scientific names based on global datasets 
Scientific names of Ethiopian pea collections 
were evaluated per datasets. Datasets namely 
Naturalis Biodiversity Center (NL)-Botany and 
Natural History Museum, Vienna - Herbarium 
W. were estimated as having 7 Ethiopian pea 
collections with 2 and 3 P. abyssinicum A. 
Braun, and 1 each P. sativum subsp. 
abyssinicum (A. Braun) Govorov, respectively 
(Table 5). Datasets: (1) A global database for 
distribution of crop wild relatives, (2). The 
Vascular Plant Collection at the Botanische 
Staatssammlung München, (3) Herbarium 
specimens of Université de Montpellier 2, 
Institut de Botanique (MPU), (4) Meise Botanic 
Garden Herbarium, (5) Royal Botanic Garden 
Edinburgh Living Plant Collections, (6) 
Tropicos Specimen Data and (7) RB-Rio de 
Janeiro Botanical Garden Herbarium Collection 
were evaluated all together containing 260 
Ethiopian pea collections designated as             
P. abyssinicum A. Braun (Table 5). The 
EURISCO, The European Genetic Resources 
Search Catalogue dataset was the only dataset 
that contains the species (1), subspecies (17) 
and variety (1) taxonomic ranks of the 
Ethiopian pea collections globally (Table 5). 
Datasets: (1) The System-wide Information 
Network for Genetic Resources (SINGER), (2) 
United States National Plant Germplasm 
System Collection, and (3) Nordic Genetic 
Resources contained 19, 17, and 13 P. sativum 

subsp. abyssinicum (A. Braun) Govorov and 1 
each P. abyssinicum A. Braun, respectively 
(Table 5). Datasets: (1) Centre for Genetic 
Resources, the Netherlands, PGR passport data, 
(2) SINGER Coordinator, (3) CZE National 
PGR Inventory and (4) Jardin Botanique de 
Lyon were evaluated as contained 20 Ethiopian 
pea collections that were partitioned as 1, 17, 1 
and 1 P. sativum subsp. abyssinicum (A. 
Braun) Govorov per each dataset, respectively 
(Table 5). 

Table 5. Scientific names as evaluated by global datasets 
 

Scientific names Dataset/s (Number of collections) 
1. P. abyssinicum 
A. Braun 
accounts 271 
(73.8%) of the 
total collections 
from the 13 
(64.42%) global 
datasets. 

1. A global database for distribution of crop wild 
relatives (250) 
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12. Tropicos Specimen Data (2) 
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2. P. sativum 
subsp. 
abyssinicum (A. 
Braun) Govorov 
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total collections 
from the 10 
(52.63%) global 
datasets. 

1. Naturalis Biodiversity Center (NL)-Botany (1) 
2. Natural History Museum, Vienna - Herbarium 
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3. The System-wide Information Network for 
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4. United States National Plant Germplasm 
System Collection (17) 
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PGR passport data (1) 
7. EURISCO, The European Genetic Resources 
Search Catalogue (17) 
8. SINGER Coordinator (17) 
9. CZE National PGR Inventory (1) 
10. Jardin Botanique de Lyon (1) 

3. P. sativum var. 
abyssinicum A. 
Braun books 
7(1.9%) of the 
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which are 
exclusively from 
Ethiopia 

1. Ethiopian Biodiversity Institute (EBI) (1) 
2. Ethiopian farmers landrace (6) 

4. P. abyssinicum 
A. Braun var. 
vavilovianum 
Gov. This is the 
only and singly 
varietal type 
found at ex situ 
upkeep status. 

1. EURISCO, The European Genetic Resources 
Search Catalogue (1) 

 

 
 

Ethiopian pea record types distribution 
evaluation among the global datasets 
Examined occurrences results per basis of 
record for the 367 Ethiopian pea collections 
based on their frequency distribution in the 
global datasets were analysed. Results 
indicated that, 305 (83.1%) of the Ethiopian 
pea collections were obscurely recorded, 37 
(10.1%) were preserved specimens, 19 (5.2%) 
were living species and 6 (1.6%) are still 
landraces or farmers cultivars at small farming 
scale in Ethiopia. The unknown record types 
were mostly found from datasets; (1) A global 
database for the distribution of Crop Wild 
Relatives (250), (2) The System-wide 
Information Network for Genetic Resources 
(SINGER) (20), and (3) United States National 
Plant Germplasm System Collection (18). 
EURISCO, The European Genetic Resources 
Search Catalogue dataset is found to owing 
most number of preserved species (21). Nordic 
Genetic Resource was the dataset having more 
number of living specimens (14). Both 
preserved (3) and living (1) specimens were 
found from Natural History Museum, Vienna - 
Herbarium W dataset, and living (1) and 
cultivated (6) were from Ethiopian datasets.  
 
Ethiopian pea global country areas of 
occurrence based on record types 
CART based analysis was carried out to clarify 
how the global Ethiopian pea collections were 
documented per country (Figure 1). The 
collection sites of the 23 (6.3%) Ethiopian peas 
were not known (Node 0). Ethiopian 
collections were documented as 22 (59.5%) 
preserved specimen (Node 3), 12 (63.2%) 
living specimen (Node 4), 184 (60.3%) 
unknown types (Node 5), and 6 (100%) 
cultivated (Node 6). The Afghanistan Ethiopian 
pea collections were not specified what record 
types they are (Figure 1, Node 5). The total 37 
preserved specimens representing the species, 
subspecies and variety taxonomic ranks (Table 
5) were analyzed (improvement = 0.002) from 
the19 global datasets (Node 3). These were 
analysed as collected from Ethiopia (22), 
unknown (13), United Kingdom (1), and 
Denmark (1). Moreover, analysis was carried 
out for the living specimens at the improvement 
value 0.003. There were 19 living specimens 

across the global datasets collected from five 
country areas (Node 4) namely Ethiopia (12), 
unknown (3), United Kingdom (1), Germany 
(1), Denmark (1), and Russian Federation (1).  
The unknown record types were found in all 
the collection areas except Germany (Node 5). 
Most were from Ethiopia (184), Afghanistan 
(61), United Kingdom (25), and Russian 
Federation (9), respectively. The others were 
from Yemen (7), United States of America (2), 
Sweden (2), Greece (2), Italy (2), Argentina 
(1), Denmark (1), Libya (1) and Morocco (1). 
This indicated that, there were no clear 
protruding characterization and adoption works 
done yet for exactness whether the global 
collections were of Ethiopian peas existing and 
cultivated in its present range in North Ethiopia 
or not. 

 
Figure 1. The CART decision diagram for global country 

areas of collection distribution of Ethiopian pea as 
evaluated by record types at the minimum cases of 5 

parent nodes and 1 child node. Nodes were determined 
by the significance using improvement values where 

green ones were predicted categories 
From the above results the following arguments 
were conferred. Though Abyssinia, the now 
Ethiopia is one of the eight centres of crop 
diversity (Turrill, 1926; Vavilov, 1935; 
Hawkes, 1993; Hunter et al., 2012; Delêtre et 
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al., 2012), habitat loss in the Ethiopian montane 
grasslands and woodlands eco-region is the 
peak with 82.5% (Stolton et al., 2008) that 
require clarion call for the more recently 
advocated in natural habitat (in situ) 
conservation priority of agrobiodiversity. 
Presently, the Ethiopian pea traditional crop 
varieties or landraces have in situ protection 
status of 8.4% (Stolton et al., 2008; Delêtre et 
al., 2012) which is below the 10% minimum 
International Union for the Conservation of 
Nature (IUCN) recommended level of 
protection (Stolton et al., 2008). Although CSA 
has no statistics yet on Ethiopian pea (Bishaw 
et al., 2018), MoANR (2016) reported that, 
there are two Ethiopian pea (RAYA-1 and 
RAYA-2) varieties released in 2015. Beyond 
being hotspot, among the 34 global hotspots 
(Myers et al., 2000; Delêtre et al., 2012), 
Ethiopia idyllically is the conservation priority 
site to contain exceptional plant endemism and 
exceptional threat (Myers et al., 2000; Giam et 
al., 2010; Delêtre et al., 2012) and more likely 
to feature further priority areas for crop gene 
pools (Maxted and Kell, 2009; Hunter et al., 
2012). Hence, this evaluation study was not 
about Ethiopian pea taxonomy, rather it 
discussed about the world-wide inventories of 
Ethiopian pea for further in situ agroecological 
based landraces diversity protection. 
Scientific names information has a special 
significance to link information elements to 
biodiversity and conservation studies (Husen et 
al., 2012; Hardisty and Roberts, 2013). From 
the current study, it was believed that the 
taxonomic ambiguity of the Ethiopian pea can 
impair its effective ex situ and in situ 
conservation priorities and the potential use as 
plant genetic improvement resource for future 
reference. In biodiversity conservation, there is 
need of taxonomic identification at species, 
subspecies and population level (Husen et al., 
2012). This is because biodiversity 
conservation and obtainability of plant genetic 
resources are dependent on the correct 
taxonomic cataloguing and on the structuring 
of searchable databases (Baillie et al., 2008; 
Husen et al., 2012; Hardisty and Roberts, 2013; 
Ely et al., 2017; Korpelainen and Pietiläinen, 
2019). Moreover taxonomic ambiguity of the 
crop may contribute to its limited distribution, 

less known of its origin (Berg, 2009; Holden, 
2009) and domestication background globally 
confirming the reports from various authors 
(Hassan, 2002; Ellis, 2011; Mikić and 
Mihailović, 2014; Gebreegziabher and Tsegay, 
2018).  
In addition, the narrow in genetic basis of 
Ethiopian pea (Mikić and Mihailović, 2014) 
could be perhaps, due to the lack of eminence 
biodiversity data on taxonomic and varietal 
types; the communal occasion within Pisum 
genus (Zong et al., 2009; Hardisty and Roberts, 
2013) except P. sativum var. abyssinicum A. 
Braun from Ethiopia and P. abyssinicum A. 
Braun var. vavilovianum Gov. from unknown 
area of collection. Abbo et al. (2014) have 
reported that the narrow eco-geographic 
distribution and unknown wild progenitor of 
legume crops hinder their growth performances 
improvement and their utilization. This showed 
the sporadic distribution of the crop analogous 
to the claims by some authors (Yemane and 
Skjelvåg, 2003; Mikić and Mihailović, 2014; 
Gebreegziabher and Tsegay, 2018). 
Ethiopian peas collected from Ethiopia were 
evaluated to contain three of the taxonomic 
ranks, showing probably better collection 
priority of the country. Previous authors have 
been suggested that Ethiopia can be 
recommended as Ethiopian pea collection 
priority and hypothesized primary gene pool 
selection area (Maxted and Kell, 2009; Smýkal 
et al., 2015). Finding from Teshome et al. 
(2014), also explored the primary gene pool of 
field peas from Ethiopia as a potential source of 
pea weevil resistance. In addition, Zong et al. 
(2009), recommended that genetic potentials in 
the Abyssinian Centre (Ethiopia) one among 
the eight Vavilov’ centers of diversity. Maxted 
and Kell (2009) in their study also suggested 
that gene pools from the eight Vavilov’ centers 
of diversity should be thoroughly exploited in 
order to broaden the genetic bases of pea 
varieties. Moreover, it could be better 
explained that Ethiopia is the center of diversity 
for this top 14 priority crop wild relative 
species (Maxted and Kell, 2009; FAO, 2010; 
MoANR, 2016; Mikić, 2018).  
Strengthening this idea, Ethiopia is described as 
domestication origin and distribution of the 
endemic Ethiopian pea taxa in the Ancient 

 

 
 

Mediterranean area of origin of cultivated 
plants 
(https://www.bioversityinternational.org/filead
min/bioversity/publications/Web_version/47/ch
06.htm; Gebreslassie and Abraha, 2016; 
Nováková et al., 2019).  
From a paleontological standpoint, Ethiopia is 
also stated as centers of diversity for Ethiopian 
pea, one of the economically most important 
pulse crops in the world and throughout the 
history (Zeven and Zhukovsky, 1975; Delêtre 
et al., 2012). Here too is shown that Ethiopia is 
better collection area of Ethiopian pea as shown 
from (75%) of the scientific names used for the 
collections. This is comparable to what has 
been stated by many authors (Yarnell, 1962; 
Abbo et al., 2003; Baranger et al., 2004; 
Gixhari et al., 2014). Similarly, insufficient 
geographical information of accessions, 
confusion of germplasm collections about 
Ethiopian pea and the between countries 
taxonomic variety may contribute in the crop 
unsatisfactory taxonomic suggestions (Mikić et 
al., 2013; Burstin et al., 2015; Kosterin, 2017; 
Bogdanova et al., 2018). 
The scientific names analysed based on record 
types directed the authors to suggest the 
supposed species name of the crop as                
P. abyssinicum A. Braun was related to the 
inadequate investigation done on the crop’s 
taxonomy, collection, recording, and 
agrobiology. Therefore, it can be discoursed 
that, the cultivated record type was evaluated to 
be P. sativum var. abyssinicum A. Braun type. 
This confirms the report by Ellis and Poyser 
(2002) who stated P. abyssinicum is a variety 
of cultivated pea with P. sativum in Ethiopia. 
Ethiopian pea collections designated with 
farmers landraces dataset predicted as 
cultivated types are growing sporadically in 
North Ethiopia (Westphal, 1974; 
Gebreegziabher and Tsegay, 2018; Tsegay and 
Gebreegziabher; 2019) which can be of good 
breeding resources supporting the report that 
pea breeding will rely on exploitable resources 
that can be found in the cultivated stated (Ellis 
and Poyser, 2002; Burstin et al., 2015). The 
present analysis result were contrary to the 
previous reports by some authors (Zong et al., 
2009; Smýkal et al., 2011; Burstin et al., 2015) 
who considered P. abyssinicum as wild type.    

P. abyssinicum A. Braun var. vavilovianum 
Gov. and P. sativum var. abyssinicum A. Braun 
were the only varietal preserved and living 
specimens, respectively. From this analysis it 
can be suggested that there might be gaps with 
the genetic studies conducted so far for 
Ethiopian pea which might use the unknown 
record types designated with P. abyssinicum A. 
Braun. This might basket genetic diversity and 
conservation effort of the preserved specimens, 
living specimens and cultivated types of the 
crop from the available datasets. Similar cases 
were reported by some authors (Ely et al., 
2017; Guzzon and Ardenghi, 2018; Sales et 
al., 2018) for other legume crops on use of 
dataset information to indicate the implications 
of poor taxonomy, taxonomic misnaming, and 
hidden diversity on conservation efforts and 
usage of plant genetic resources.  
Limited to these datasets, Ethiopian pea was 
relatively represented by the P. abyssinicum A. 
Braun species rank, ratifying the description 
and adoption of the crop taxonomic rank by 
many scholars (Errico et al., 1991; Ellis et al., 
1998; Vershinin et al., 2003; Baranger et al., 
2004; Ellis, 2011; Zaytseva et al., 2015). On 
the other hand, the existence of evidences with 
the varietal scientific name designation both 
from the currently examined data and the 
reviewed literature from several scholars 
(Hassan, 2002; Abbo et al., 2003; Yemane and 
Skjelvåg, 2003; Weller et al., 2012; Doust et 
al., 2014; Mikić  and Mihailović, 2014; 
Weeden, 2018) gives an impression of the 
crop’s stated cultivation and domestication 
tradition with highest genetic diversity in 
Ethiopia (Ellis and Poyser, 2002; Baranger et 
al., 2004;  Edwards et al., 2007) as a variety of 
P. sativum var. sativum. As a global food 
perspective, Ethiopian pea is also recognized as 
one of the genetically diverse crop used for 
food improvement in the Mediterranean diet 
(Alarcón and Aldasoro, 2015; Nováková et al., 
2019). There is still evidence from 
Hodmedod’s British Pulses and Grains that 
Ethiopian highlands are one of the key global 
sites for crop domestication 10,000 years ago 
(https://hodmedods.co.uk/blogs/news/abyssinia
n-peas/). It is also evidenced that there are 
cultivated Ethiopian pea varietal types 
(MoANR, 2016; Gebreegziabher and Tsegay, 
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al., 2012), habitat loss in the Ethiopian montane 
grasslands and woodlands eco-region is the 
peak with 82.5% (Stolton et al., 2008) that 
require clarion call for the more recently 
advocated in natural habitat (in situ) 
conservation priority of agrobiodiversity. 
Presently, the Ethiopian pea traditional crop 
varieties or landraces have in situ protection 
status of 8.4% (Stolton et al., 2008; Delêtre et 
al., 2012) which is below the 10% minimum 
International Union for the Conservation of 
Nature (IUCN) recommended level of 
protection (Stolton et al., 2008). Although CSA 
has no statistics yet on Ethiopian pea (Bishaw 
et al., 2018), MoANR (2016) reported that, 
there are two Ethiopian pea (RAYA-1 and 
RAYA-2) varieties released in 2015. Beyond 
being hotspot, among the 34 global hotspots 
(Myers et al., 2000; Delêtre et al., 2012), 
Ethiopia idyllically is the conservation priority 
site to contain exceptional plant endemism and 
exceptional threat (Myers et al., 2000; Giam et 
al., 2010; Delêtre et al., 2012) and more likely 
to feature further priority areas for crop gene 
pools (Maxted and Kell, 2009; Hunter et al., 
2012). Hence, this evaluation study was not 
about Ethiopian pea taxonomy, rather it 
discussed about the world-wide inventories of 
Ethiopian pea for further in situ agroecological 
based landraces diversity protection. 
Scientific names information has a special 
significance to link information elements to 
biodiversity and conservation studies (Husen et 
al., 2012; Hardisty and Roberts, 2013). From 
the current study, it was believed that the 
taxonomic ambiguity of the Ethiopian pea can 
impair its effective ex situ and in situ 
conservation priorities and the potential use as 
plant genetic improvement resource for future 
reference. In biodiversity conservation, there is 
need of taxonomic identification at species, 
subspecies and population level (Husen et al., 
2012). This is because biodiversity 
conservation and obtainability of plant genetic 
resources are dependent on the correct 
taxonomic cataloguing and on the structuring 
of searchable databases (Baillie et al., 2008; 
Husen et al., 2012; Hardisty and Roberts, 2013; 
Ely et al., 2017; Korpelainen and Pietiläinen, 
2019). Moreover taxonomic ambiguity of the 
crop may contribute to its limited distribution, 

less known of its origin (Berg, 2009; Holden, 
2009) and domestication background globally 
confirming the reports from various authors 
(Hassan, 2002; Ellis, 2011; Mikić and 
Mihailović, 2014; Gebreegziabher and Tsegay, 
2018).  
In addition, the narrow in genetic basis of 
Ethiopian pea (Mikić and Mihailović, 2014) 
could be perhaps, due to the lack of eminence 
biodiversity data on taxonomic and varietal 
types; the communal occasion within Pisum 
genus (Zong et al., 2009; Hardisty and Roberts, 
2013) except P. sativum var. abyssinicum A. 
Braun from Ethiopia and P. abyssinicum A. 
Braun var. vavilovianum Gov. from unknown 
area of collection. Abbo et al. (2014) have 
reported that the narrow eco-geographic 
distribution and unknown wild progenitor of 
legume crops hinder their growth performances 
improvement and their utilization. This showed 
the sporadic distribution of the crop analogous 
to the claims by some authors (Yemane and 
Skjelvåg, 2003; Mikić and Mihailović, 2014; 
Gebreegziabher and Tsegay, 2018). 
Ethiopian peas collected from Ethiopia were 
evaluated to contain three of the taxonomic 
ranks, showing probably better collection 
priority of the country. Previous authors have 
been suggested that Ethiopia can be 
recommended as Ethiopian pea collection 
priority and hypothesized primary gene pool 
selection area (Maxted and Kell, 2009; Smýkal 
et al., 2015). Finding from Teshome et al. 
(2014), also explored the primary gene pool of 
field peas from Ethiopia as a potential source of 
pea weevil resistance. In addition, Zong et al. 
(2009), recommended that genetic potentials in 
the Abyssinian Centre (Ethiopia) one among 
the eight Vavilov’ centers of diversity. Maxted 
and Kell (2009) in their study also suggested 
that gene pools from the eight Vavilov’ centers 
of diversity should be thoroughly exploited in 
order to broaden the genetic bases of pea 
varieties. Moreover, it could be better 
explained that Ethiopia is the center of diversity 
for this top 14 priority crop wild relative 
species (Maxted and Kell, 2009; FAO, 2010; 
MoANR, 2016; Mikić, 2018).  
Strengthening this idea, Ethiopia is described as 
domestication origin and distribution of the 
endemic Ethiopian pea taxa in the Ancient 

 

 
 

Mediterranean area of origin of cultivated 
plants 
(https://www.bioversityinternational.org/filead
min/bioversity/publications/Web_version/47/ch
06.htm; Gebreslassie and Abraha, 2016; 
Nováková et al., 2019).  
From a paleontological standpoint, Ethiopia is 
also stated as centers of diversity for Ethiopian 
pea, one of the economically most important 
pulse crops in the world and throughout the 
history (Zeven and Zhukovsky, 1975; Delêtre 
et al., 2012). Here too is shown that Ethiopia is 
better collection area of Ethiopian pea as shown 
from (75%) of the scientific names used for the 
collections. This is comparable to what has 
been stated by many authors (Yarnell, 1962; 
Abbo et al., 2003; Baranger et al., 2004; 
Gixhari et al., 2014). Similarly, insufficient 
geographical information of accessions, 
confusion of germplasm collections about 
Ethiopian pea and the between countries 
taxonomic variety may contribute in the crop 
unsatisfactory taxonomic suggestions (Mikić et 
al., 2013; Burstin et al., 2015; Kosterin, 2017; 
Bogdanova et al., 2018). 
The scientific names analysed based on record 
types directed the authors to suggest the 
supposed species name of the crop as                
P. abyssinicum A. Braun was related to the 
inadequate investigation done on the crop’s 
taxonomy, collection, recording, and 
agrobiology. Therefore, it can be discoursed 
that, the cultivated record type was evaluated to 
be P. sativum var. abyssinicum A. Braun type. 
This confirms the report by Ellis and Poyser 
(2002) who stated P. abyssinicum is a variety 
of cultivated pea with P. sativum in Ethiopia. 
Ethiopian pea collections designated with 
farmers landraces dataset predicted as 
cultivated types are growing sporadically in 
North Ethiopia (Westphal, 1974; 
Gebreegziabher and Tsegay, 2018; Tsegay and 
Gebreegziabher; 2019) which can be of good 
breeding resources supporting the report that 
pea breeding will rely on exploitable resources 
that can be found in the cultivated stated (Ellis 
and Poyser, 2002; Burstin et al., 2015). The 
present analysis result were contrary to the 
previous reports by some authors (Zong et al., 
2009; Smýkal et al., 2011; Burstin et al., 2015) 
who considered P. abyssinicum as wild type.    

P. abyssinicum A. Braun var. vavilovianum 
Gov. and P. sativum var. abyssinicum A. Braun 
were the only varietal preserved and living 
specimens, respectively. From this analysis it 
can be suggested that there might be gaps with 
the genetic studies conducted so far for 
Ethiopian pea which might use the unknown 
record types designated with P. abyssinicum A. 
Braun. This might basket genetic diversity and 
conservation effort of the preserved specimens, 
living specimens and cultivated types of the 
crop from the available datasets. Similar cases 
were reported by some authors (Ely et al., 
2017; Guzzon and Ardenghi, 2018; Sales et 
al., 2018) for other legume crops on use of 
dataset information to indicate the implications 
of poor taxonomy, taxonomic misnaming, and 
hidden diversity on conservation efforts and 
usage of plant genetic resources.  
Limited to these datasets, Ethiopian pea was 
relatively represented by the P. abyssinicum A. 
Braun species rank, ratifying the description 
and adoption of the crop taxonomic rank by 
many scholars (Errico et al., 1991; Ellis et al., 
1998; Vershinin et al., 2003; Baranger et al., 
2004; Ellis, 2011; Zaytseva et al., 2015). On 
the other hand, the existence of evidences with 
the varietal scientific name designation both 
from the currently examined data and the 
reviewed literature from several scholars 
(Hassan, 2002; Abbo et al., 2003; Yemane and 
Skjelvåg, 2003; Weller et al., 2012; Doust et 
al., 2014; Mikić  and Mihailović, 2014; 
Weeden, 2018) gives an impression of the 
crop’s stated cultivation and domestication 
tradition with highest genetic diversity in 
Ethiopia (Ellis and Poyser, 2002; Baranger et 
al., 2004;  Edwards et al., 2007) as a variety of 
P. sativum var. sativum. As a global food 
perspective, Ethiopian pea is also recognized as 
one of the genetically diverse crop used for 
food improvement in the Mediterranean diet 
(Alarcón and Aldasoro, 2015; Nováková et al., 
2019). There is still evidence from 
Hodmedod’s British Pulses and Grains that 
Ethiopian highlands are one of the key global 
sites for crop domestication 10,000 years ago 
(https://hodmedods.co.uk/blogs/news/abyssinia
n-peas/). It is also evidenced that there are 
cultivated Ethiopian pea varietal types 
(MoANR, 2016; Gebreegziabher and Tsegay, 
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2018; Tsegay and Gebreegiabher, 2019) and 
agrarian communities in Ethiopia that are still 
increasing crop genetic diversity, both via 
breeding new farmers’ varieties of existing 
crops, and through domesticating altogether 
new crop species (GebreEgziabher and 
Edwards, 2012). 
This evaluation can be used to discern the 
future and know what fate holds the datasets 
for which reliable comparisons are practicable, 
and those for which limited data are available 
and help in avoiding future loss, and datasets 
taxonomic nebulousness events of the crop. 
Similar cases were reported for other datasets 
on the implication of poor taxonomy on 
biodiversity conservation (Ely et al., 2017; 
Guzzon and Ardenghi, 2018). Supporting to 
the current findings, geographic and taxonomic 
biases are recently stated as the bottlenecks to 
make meaningful conclusions about rates of 
biodiversity in tropical nations (Amano and 
Sutherland, 2013; Ely et al., 2017; Collen et al., 
2008; GebreEgziabher and Edwards, 2012; 
García et al., 2017; Nováková et al., 2019). 
Such findings to our knowledge are the first to 
demonstrate how conservation measures can be 
helped by datasets examination. Such 
examination provides a new way to analyze 
variability in the Ethiopian pea with global 
ranking gateways for the taxon of agricultural 
and economic interest (Zeven and Zhukovsky, 
1975; Mikić, 2018). Like to the literatures by 
García et al. (2017), Cernay et al. (2016), and 
Doust (2019), gathering legume crops from 
datasets, the current systematized taxonomic 
analyses could hint new gathering way of the 
Ethiopian pea and other grain legumes starting 
from scarce occurrence data. The datasets and 
analyses results can further use for spatial and 
temporal studies of this priority taxon. Datasets 
based spatial and temporal studies are directed 
in the distribution study for crops and pastures 
across Amazonia by Imbach et al. (2015) and 
the distribution prediction for 98 priority 
species related to cereal and legume crops from 
Spanish by García et al. (2017). 
Based on the current study it can be suggested 
that, Ethiopian pea collections with unknown 
record types may contribute to paradigm of 
unclear origin (Berg, 2009) and domestication 
background of Ethiopian pea and the whole pea 

taxonomy. It was also most likely that the 
narrow eco-geographical assortment of the 
preserved specimens, living specimens and 
cultivated forms of the Ethiopian pea may 
contribute to specific gene and allele 
composition, and phenotypic emergence like 
the cased described by Doust et al. (2014). This 
is via adaptation or the reverse effect stated by 
Weeden and Wolko (2001), Konečná et al. 
(2014), Trnѐný et al. (2018), and Weeden 
(2007, 2018). Moreover, the attribution of 
Yemen as country of origin, domestication, 
diversity, and local area of cultivation with 
Ethiopia of the crop stated by several authors 
(Ellis et al., 1998; Holden, 2009; Mikić and 
Mihailović, 2014; Bogdanova et al., 2018; 
Trnѐný et al., 2018) was analyzed as not 
practically evidenced beyond the literatures 
adoption. It was also evidenced that Ethiopian 
pea has been recorded in Ethiopia and Yemen, 
but occurrence records reported by Maxted and 
Kell (2009) indicated that Ethiopian pea is 
found only in Ethiopia. Perhaps most important 
is far to the north, the Asir Mountains of 
southwest Saudi Arabia and the highlands of 
Yemen have biological affinities with the 
Ethiopian highlands, being as they were at one 
stage part of the large Ethiopian dome that 
began to arise some 75 million years ago 
(Kingdon,1989; Mittermeier et al., 2004). 
Studies on early agricultural pathways and 
genomic tools in pea breeding programs 
respectively indicated that, Ethiopian pea is 
taxon that is distinctly domesticated (Fuller et 
al., 2012) and only cultivated in Ethiopia 
(Tayeh et al., 2015). 

CONCLUSIONS 

A Classification and Regression Trees analysis 
was a good algorithmic tool for evaluation of 
datasets information on Ethiopian pea 
collections. It clearly distinguished what the 
Ethiopian pea collections with the global 
datasets looked like. It better showed the 
dissimilarities in scientific names, the crops 
dispersion in various countries and incomplete 
record types. This was a one step forward to 
future studies on productivity enhancement and 
sustainable utilization of the available 
Ethiopian pea collections. Most of the 
Ethiopian pea global collections were with the 

 

 
 

scientific name Pisum abyssinicum A. Braun. 
However, the preserved and living specimens 
in most datasets were subspecies types 
designated as P. sativum subsp. abyssinicum 
(A. Braun) Govoro. Most collections were from 
Ethiopia (with 4 of the record types) and with 
cultivated variety (P. sativum var. abyssinicum 
A. Braun) followed by Afghanistan. Therefore, 
it was proposed that the lack of taxonomic 
clarity and the incomplete records of the world 
Ethiopian pea collections have severely 
constrained the improvement, productivity and 
sustainability of the crop. The current 
evaluation analyses suggested that there is an 
urgent need to conserve the crop in situ for 
maintaining in its agrobiodiversity via 
sufficient documentation at current situation. 
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in most datasets were subspecies types 
designated as P. sativum subsp. abyssinicum 
(A. Braun) Govoro. Most collections were from 
Ethiopia (with 4 of the record types) and with 
cultivated variety (P. sativum var. abyssinicum 
A. Braun) followed by Afghanistan. Therefore, 
it was proposed that the lack of taxonomic 
clarity and the incomplete records of the world 
Ethiopian pea collections have severely 
constrained the improvement, productivity and 
sustainability of the crop. The current 
evaluation analyses suggested that there is an 
urgent need to conserve the crop in situ for 
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Abstract 
 
Potted Grapevine fleck virus-infected and virus-free grapevine belonging to V. vinifera L., Tămâioasă românească 
selection, have been subjected to progressive water deficit. At a daily thermal amplitude of 23.7-30.3°C, the soil 
temperature did not exceed 29.8°C. After 37 days the shoots of the plants were completely dry, the soil moisture 
reaching 4.8%. The difference in leaf angle values between drought and control plants was higher in infected 
grapevines as compared to healthy ones, at the beginning of plant wilting. The total water content decreased during the 
intensification of the wilting degree of the leaves, significant differences comparatively to the control in the virus-free 
plants being registered. Stomata opening decreased significantly in water stressed virus-infected plants at the onset of 
wilting, as compared to healthy water stressed plants. The water deficit did not influence significantly the content of 
assimilating pigments either in healthy or virus-infected plants. 
 
Key words: Vitis, GFkV and water stress, leaf angle, stomata, assimilating pigments. 
 
INTRODUCTION 
 
Grapevine (Vitis vinifera L.) is an important 
crop in the temperate climates. Unfortunately, 
it is considered one of the most affected plant, 
by a large number of viruses. So far, a list of 
over 80 distinct viral species has been 
identified. About half of viruses (31) are 
associated with the four major disease 
complexes known as: infectious degeneration 
(12 Eurasian/European/Mediterranean 
nepoviruses) and decline (4 American 
nepoviruses); leafroll (5 viruses), rugose wood 
(6 viruses), and fleck (4 viruses) (Martelli, 
2017). Often, the grapevine plants go through 
periods of drought with high temperatures, 
especially because of the current conditions of 
climate changes. Both drought (one of the 
major abiotic stress factors) and virus infection 
(as a biotic stress factor), are limiting factors of 
the grapes quality and quantity (Malossini et 
al., 2003). The influence of stress caused by 
virus infection (Cui et al., 2015) or drought 
(Zhu, 2002) have been well presented regarding 
plant growth and development, photosynthetic 
capacity and grapes production. However, the 
studies on their combined effects have been 
limited. Plants grown in the field are 

simultaneously exposed to abiotic and biotic 
stress factors. Abiotic stress has been shown to 
alter the resistance or tolerance of plants to 
pathogens. Similarly, biotic stress alters the 
host resistance tolerance to abiotic stress. 
Consequently, the plant response to a single 
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Abstract 
 
Potted Grapevine fleck virus-infected and virus-free grapevine belonging to V. vinifera L., Tămâioasă românească 
selection, have been subjected to progressive water deficit. At a daily thermal amplitude of 23.7-30.3°C, the soil 
temperature did not exceed 29.8°C. After 37 days the shoots of the plants were completely dry, the soil moisture 
reaching 4.8%. The difference in leaf angle values between drought and control plants was higher in infected 
grapevines as compared to healthy ones, at the beginning of plant wilting. The total water content decreased during the 
intensification of the wilting degree of the leaves, significant differences comparatively to the control in the virus-free 
plants being registered. Stomata opening decreased significantly in water stressed virus-infected plants at the onset of 
wilting, as compared to healthy water stressed plants. The water deficit did not influence significantly the content of 
assimilating pigments either in healthy or virus-infected plants. 
 
Key words: Vitis, GFkV and water stress, leaf angle, stomata, assimilating pigments. 
 
INTRODUCTION 
 
Grapevine (Vitis vinifera L.) is an important 
crop in the temperate climates. Unfortunately, 
it is considered one of the most affected plant, 
by a large number of viruses. So far, a list of 
over 80 distinct viral species has been 
identified. About half of viruses (31) are 
associated with the four major disease 
complexes known as: infectious degeneration 
(12 Eurasian/European/Mediterranean 
nepoviruses) and decline (4 American 
nepoviruses); leafroll (5 viruses), rugose wood 
(6 viruses), and fleck (4 viruses) (Martelli, 
2017). Often, the grapevine plants go through 
periods of drought with high temperatures, 
especially because of the current conditions of 
climate changes. Both drought (one of the 
major abiotic stress factors) and virus infection 
(as a biotic stress factor), are limiting factors of 
the grapes quality and quantity (Malossini et 
al., 2003). The influence of stress caused by 
virus infection (Cui et al., 2015) or drought 
(Zhu, 2002) have been well presented regarding 
plant growth and development, photosynthetic 
capacity and grapes production. However, the 
studies on their combined effects have been 
limited. Plants grown in the field are 

simultaneously exposed to abiotic and biotic 
stress factors. Abiotic stress has been shown to 
alter the resistance or tolerance of plants to 
pathogens. Similarly, biotic stress alters the 
host resistance tolerance to abiotic stress. 
Consequently, the plant response to a single 
stress factor differs from that of several 
stressors and theirs simultaneous action can 
induce complex plant responses (Suzuki et al., 
2014). Thus, a better understanding of the 
effects of combining abiotic with biotic stress 
has a great importance and would allow the 
orientation of agricultural management 
strategies to ensure the durable development of 
agricultural production.  
The study deals with the response of a 
romanian grapevine variety, Tămâioasă 
românească selection, under combined stress 
induced by Grapevine fleck virus (GFkV) 
infection and drought, in the greenhouse 
conditions. 
GFkV has been chosen for investigations 
having a wide spread in all viticultural regions 
of the world, with typical symptoms of vein 
clearing on the sensitive indicator V. rupestris 
St. George and latent infection on V. vinifera 
cultivars, but often identified in mixed 
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infections with other more dangerous viruses 
(Buciumeanu et al., 2009; Martelli & Boudon- 
Padieu, 2006). 
 
MATERIALS AND METHODS 
 
Own-rooted grapevine plants, four years old, 
belonging to V. vinifera L., Tămâioasă 
românească selection, from two distinct batch 
(GFkV-infected and GFkV-free) have been 
subjected to progressive water deficit. Watered 
plants have been used as control in each batch. 
The plants were grown in greenhouse, in 10 l 
pots with a grapevine specific substrate. At the 
beginning of the experiment, the plants were 
uniform developed, with canes lengths of 19-22 
internodes. 
GFkV - infected plants are maintained in the 
grapevine virus collection belonging to 
NRDIBH Ștefănești-Argeș. The presence of the 
virus in naturally infected grapevine have been 
checked by DAS-ELISA (Clark & Adams, 
1977), with commercial reagents (Bioreba, 
Switzerland). GFkV-free grapevine plants have 
been obtained by in vitro chemotherapy 
elsewhere (Guță et al., 2014). 
Along 6 weeks, at 1 pm every day, the air 
temperature, the minimum and maximum 
temperature in the greenhouse, were recorded 
by Oakton RH/TempLog datalogger, as well as 
the temperature (with digital thermometer with 
15.5 cm probe) and soil moisture (with soil 
moisture meter TDR 300: rods of 10.5 cm) in 
the vegetative pots were monitored. The effects 
of water stress on the grapevine plants were 
evaluated based on the daily thermal amplitude 
(Tmax-Tmin) and the values of soil 
temperature and humidity that were calculated 
as averages of measurements made in the pots 
for each variant. To quantify the effects caused 
by the lack of water, the angle of the leaf, the 
stomata opening (pore) measurements have 
been done, total water and chlorophyll 
pigments were dosed on the leaves at the lower 
and upper part of the shoots in several phases: 
at the beginning of wilting, when the shoot was 
completely wilted and when the plant had half 
dry shoot. 
The angle of the leaf was measured manually 
with a protractor as the angle formed by the 
main vein of the leaf and its petiole. 

In order to study the stomata apparatus, leaf 
epidermal imprints were collected (Gokbayrak 
et al., 2008) from the underside of healthy/ 
GFkV-infected, control/water stress grapevines. 
Three different regions of a leaf were used 
(basal, lateral and apical zone of the shoot) and 
five fields/zone were investigated, using 
objective of 40x and 10x ocular. The stomata 
measurements have been made using Quick 
PHOTO MICRO 2.2 software (OLYMPUS BX 
41 microscope equipped with digital camera).   
The extraction of assimilating pigments from 
fresh leaf material was realized with 85% 
acetone (Holm, 1954). The assimilating 
pigments (chlorophyll a, chlorophyll b and 
carotenoids) concentration was expressed in 
mg/g fresh weight (f.w.). 
Statistical significance of differences was 
analyzed by SPSS 10 for Windows, taking 
P<0.05 as significant according to one-way 
ANOVA. 
 
RESULTS AND DISCUSSIONS  
 
The grapevine is a mesophytic plant with high 
ecological plasticity, which can adapt relatively 
easily to humidity variations. Grapevine 
growing on sloping or sandy soils led to the 
impression that this plant is not moisture 
demanding. Achieving satisfactory results in a 
poorer humidity regime is due to the strong 
root system, which explores a large volume of 
soil and the high absorption capacity through 
which it can provide water with the necessary 
nutrients. What is certain is that the lack of 
water in the soil decreases the efficiency of 
photosynthesis and the accumulation of dry 
matter (Oprea, 2001). 
During the study, the minimum temperatures in 
the greenhouse did not fall below 11°C, most 
values being in the range of 19-22°C, while the 
maximum temperatures were in the range 39-
52.1°C. It is estimated that, during the 
vegetation period, the optimal temperature 
level for grapevine is between 25 and 35°C, the 
physiological processes taking place with a 
maximum yield (Oprea, 2001). The studied 
plants maintained in the greenhouse where the 
maximum temperatures have exceeded often 
40°C were subjected under the influence of 
both thermal and water stress. Thus, at a daily 
thermal amplitude of 23.7-30.3°C, the soil 

 

temperature in the vegetation pots in the first 
15 cm depth, reached values between 22.6 and 
29.8°C. The soil temperature in the pots that 
did not exceed 30°C being at the level that 
determines the growth of the roots of grapevine 
(Țârdea & Dejeu, 1995). This high temperature 
caused a progressive decrease in soil moisture 
in the first 10 cm of substrate in vegetation pots 
subjected to water stress, which led to the 
dehydration of grapevine plant tissues, 
expressed by wilting of leaves from the upper 
to the lower part of the shoot. At a slightly 
variable level of daily temperature amplitude 
and soil temperature, the first signs of shoot 
wilting, visible on the leaves at the upper part, 
appeared after 10 days, when the average soil 
moisture dropped from 32.8% at the beginning 
of the experiment, at 11.3%. After 5 days, 
when the soil moisture reached an average 
value of 8.72%, the process of wilting of the 
leaves covered the entire length of the shoot. 
The degradations caused by the lack of water 
continued with the drying of the tendrils and 
the appearance of the first yellowed leaves, at 
the base of the plant, when the soil moisture 
decreased to 6.7%, after another 2 days. The 
drying of the leaves started from the base of the 

plants continued reaching, after another 4 days, 
the lower half of the shoot (Figure 1). 
 

 
Figure 1. Wilting and drying symptoms on grapevine 
(Tămâioasă românească selection), under water deficit 
 
After 37 days from the beginning of the 
experiment, the grapevines were declared dry. 
Slight increases in soil moisture in vegetation 
pots subject to water stress, which deviated 
from the linear decrease, were determined by 
variations of air temperature and humidity in 
the greenhouse, as the studied plant lot was not 
completely isolated from the control plants, 
watered periodically as needed (Figure 2). 
 

 
Figure 2. Evolution of soil moisture (SM) depending on the daily thermal amplitude (DTA) and soil temperature 

in vegetation pots (ST). *Marking the progressive phenomena of grapevine plants degradation subjected to water stress 
(starting of wilting on the top of the shoot; wilting the entire shoot; drying of the tendrils and the appearance of the first 

yellow leaves on the base of the shoot; drying of the leaves on the lower half of the shoot; drying the plant) 
 

When the process of leaves drying reached the 
lower half of the cane, the others being 
withered, watering was resumed on some of the 
plants subjected to water stress. Even the next 
day, the very young leaves located at the top of 
the shoots remained withered and those located 
immediately below began to regain their turgor. 

After 15 days from the watering 
recommencing, the appearance of secondary 
shoots towards the top of the cane marked the 
fact that the plants resumed their physiological 
processes, producing new vegetative organs. 
The capacity of recovering after water stress 
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NRDIBH Ștefănești-Argeș. The presence of the 
virus in naturally infected grapevine have been 
checked by DAS-ELISA (Clark & Adams, 
1977), with commercial reagents (Bioreba, 
Switzerland). GFkV-free grapevine plants have 
been obtained by in vitro chemotherapy 
elsewhere (Guță et al., 2014). 
Along 6 weeks, at 1 pm every day, the air 
temperature, the minimum and maximum 
temperature in the greenhouse, were recorded 
by Oakton RH/TempLog datalogger, as well as 
the temperature (with digital thermometer with 
15.5 cm probe) and soil moisture (with soil 
moisture meter TDR 300: rods of 10.5 cm) in 
the vegetative pots were monitored. The effects 
of water stress on the grapevine plants were 
evaluated based on the daily thermal amplitude 
(Tmax-Tmin) and the values of soil 
temperature and humidity that were calculated 
as averages of measurements made in the pots 
for each variant. To quantify the effects caused 
by the lack of water, the angle of the leaf, the 
stomata opening (pore) measurements have 
been done, total water and chlorophyll 
pigments were dosed on the leaves at the lower 
and upper part of the shoots in several phases: 
at the beginning of wilting, when the shoot was 
completely wilted and when the plant had half 
dry shoot. 
The angle of the leaf was measured manually 
with a protractor as the angle formed by the 
main vein of the leaf and its petiole. 

In order to study the stomata apparatus, leaf 
epidermal imprints were collected (Gokbayrak 
et al., 2008) from the underside of healthy/ 
GFkV-infected, control/water stress grapevines. 
Three different regions of a leaf were used 
(basal, lateral and apical zone of the shoot) and 
five fields/zone were investigated, using 
objective of 40x and 10x ocular. The stomata 
measurements have been made using Quick 
PHOTO MICRO 2.2 software (OLYMPUS BX 
41 microscope equipped with digital camera).   
The extraction of assimilating pigments from 
fresh leaf material was realized with 85% 
acetone (Holm, 1954). The assimilating 
pigments (chlorophyll a, chlorophyll b and 
carotenoids) concentration was expressed in 
mg/g fresh weight (f.w.). 
Statistical significance of differences was 
analyzed by SPSS 10 for Windows, taking 
P<0.05 as significant according to one-way 
ANOVA. 
 
RESULTS AND DISCUSSIONS  
 
The grapevine is a mesophytic plant with high 
ecological plasticity, which can adapt relatively 
easily to humidity variations. Grapevine 
growing on sloping or sandy soils led to the 
impression that this plant is not moisture 
demanding. Achieving satisfactory results in a 
poorer humidity regime is due to the strong 
root system, which explores a large volume of 
soil and the high absorption capacity through 
which it can provide water with the necessary 
nutrients. What is certain is that the lack of 
water in the soil decreases the efficiency of 
photosynthesis and the accumulation of dry 
matter (Oprea, 2001). 
During the study, the minimum temperatures in 
the greenhouse did not fall below 11°C, most 
values being in the range of 19-22°C, while the 
maximum temperatures were in the range 39-
52.1°C. It is estimated that, during the 
vegetation period, the optimal temperature 
level for grapevine is between 25 and 35°C, the 
physiological processes taking place with a 
maximum yield (Oprea, 2001). The studied 
plants maintained in the greenhouse where the 
maximum temperatures have exceeded often 
40°C were subjected under the influence of 
both thermal and water stress. Thus, at a daily 
thermal amplitude of 23.7-30.3°C, the soil 

 

temperature in the vegetation pots in the first 
15 cm depth, reached values between 22.6 and 
29.8°C. The soil temperature in the pots that 
did not exceed 30°C being at the level that 
determines the growth of the roots of grapevine 
(Țârdea & Dejeu, 1995). This high temperature 
caused a progressive decrease in soil moisture 
in the first 10 cm of substrate in vegetation pots 
subjected to water stress, which led to the 
dehydration of grapevine plant tissues, 
expressed by wilting of leaves from the upper 
to the lower part of the shoot. At a slightly 
variable level of daily temperature amplitude 
and soil temperature, the first signs of shoot 
wilting, visible on the leaves at the upper part, 
appeared after 10 days, when the average soil 
moisture dropped from 32.8% at the beginning 
of the experiment, at 11.3%. After 5 days, 
when the soil moisture reached an average 
value of 8.72%, the process of wilting of the 
leaves covered the entire length of the shoot. 
The degradations caused by the lack of water 
continued with the drying of the tendrils and 
the appearance of the first yellowed leaves, at 
the base of the plant, when the soil moisture 
decreased to 6.7%, after another 2 days. The 
drying of the leaves started from the base of the 

plants continued reaching, after another 4 days, 
the lower half of the shoot (Figure 1). 
 

 
Figure 1. Wilting and drying symptoms on grapevine 
(Tămâioasă românească selection), under water deficit 
 
After 37 days from the beginning of the 
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Figure 2. Evolution of soil moisture (SM) depending on the daily thermal amplitude (DTA) and soil temperature 
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When the process of leaves drying reached the 
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plants subjected to water stress. Even the next 
day, the very young leaves located at the top of 
the shoots remained withered and those located 
immediately below began to regain their turgor. 

After 15 days from the watering 
recommencing, the appearance of secondary 
shoots towards the top of the cane marked the 
fact that the plants resumed their physiological 
processes, producing new vegetative organs. 
The capacity of recovering after water stress 
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Table 1. The difference between the value of the leaf 
angle in Tămâioasă românească selection grapevine 

subject to drought and control 
(M1 - leaf wilting at the top of the shoot, M2 - wilting of 

the leaves along the entire length of the shoot) 

Leaf 
position 

Grapevine leaf angle (°) 
Healthy GFkV - infected  

M1 M2 M1 M2 
Base  24.00 31.20 29.20 16.65 
Top 18.35 81.65 64.20 51.80 

 
Other authors have noted in their studies on the 
effects of drought on plants, the phenomenon 
of leaf twisting that reduced the area exposed to 
thermal radiation (Duan et al., 2018). In the 
studied grapevine genotype, the leaves lost 
their turgor until they dried, without showing 
the twisting phenomenon. 
Total water 
The presence of sufficient water is an essential 
factor for the survival, growth and development 
of plants. Depending on the external factors, 
the water content depends on its absorption and 
loss by plants.  
The existence of a continuous flow of water 
through the body of the plant is an essential 
condition of metabolic activity and therefore of 
plant survival. These processes are modified at 
the same time by some environmental factors 
such temperature, humidity and air movements, 
which strongly influence the degree of 
hydration of tissues (Boldor et al., 1981). 
Despite all the losses, the leaves must maintain 
a high water content, about 75-85% of their 
fresh weight (Târdea and Dejeu, 1995). 

Evaluation of the total water content in the 
leaves positioned at the base and upper part  of 
the cane at the time of the first signs of wilting 
at the end of the plant led to the following 
observations: water stress does not seem to 
influence the total water in the leaves at the 
base or top of healthy plants; in virus-infected 
plants subjected to water stress, the total water 
was significantly higher both at the base and at 
the top of the shoot as compared to the virus-
infected control (values are not statistically 
assured), due to the suction processes 
intensification as a result of water loss through 
perspiration (Table 2). 
At the time when the grapevine shoots of the 
plants subjected to water stress showed drying 
phenomena of the leaves on the lower half, the 
total water content in the leaves located on the 
upper half was significantly lower at P < 0.05 
as compared to the control, to healthy plants. 
Similarly, the total water content varied in 
plants infected with GFkV, but the values were 
not statistically assured (Table 3). 
Stomata opening  
Losing water in the form of vapor, the 
grapevine is protected from excessive tempe-
ratures, so that the leaves can normally carry 
out the photosynthesis and other physiological 
and biochemical processes (Târdea and Dejeu, 
1995).  

 

Table 2. Variation of the total water content and stomata opening (SO) to the leaves of plants subjected to drought as 
compared to the control, depending on the virological status of the plant and the position on the cane, when wilting was 

visible on the leaves at the top of the cane  

Grapevine 
virological status 

Variants Leaf position  
on the cane 

Total water 
(%) 

SO ± sd 
(µm) 

Healthy Control Base 74.195 ± 1.492 5.15 ± 0.3536 
Tip 76.375 ± 0.7707 5.35 ± 0.9192 

Water stress Base 74.975 ±7.77E-02 6.25 ± 1.0607* 

Tip 76.865 ± 1.3081 6.10 ± 1.8385 
GFkV- infected Control Base 74.440 ± 0.7071 4.80 ± 0.000 

Tip 74.750 ± 1.6405 4.75 ± 0.212 
Water stress Base 75.465 ± 0.5728 4.20 ± 0.5657* 

Tip 75.780 ± 0.2546 5.00 ± 0.4243 
*significant difference at P < 0.05 between the experimental variants 

 

 

 

 

was not influenced by the presence of viral 
infection. 
Surprisingly, Grapevine leafroll-associated 
virus serotype 1 and 3 (GLRaV-1, GLRaV-3) 
have been shown to increase the intrinsic 
efficiency of water use in the Touriga Nacional 
grapevine variety under field conditions 
(Moutinho-Pereira et al., 2012). Also, the 
interaction between Grapevine rupestris stem  
pitting-associated virus (GRSPaV) and 
grapevine seems to have improved the plant's 
tolerance to drought in greenhouse conditions 
(Pantaleo et al., 2016). 
 
Leaf angle  
Studies on the symptoms caused by the water 
stress in the grapevine have highlighted the 
decrease in the angle formed by the main vein 
and the petiole of the leaf (Pool & Lakso, 
2000). 
The angle of the leaf is an indicator of the 
plant-water relationship, as it changes 
depending on the water supply state and tissue 
turgor (Smart, 1974). Another observation was 
that changing the angle of the leaves was 
involved in tolerance to water stress. Thus, 
variation of leaf angle can reduce the thermo-
radiative load on leaves, contributing to water 
conservation (Gamon & Pearcy, 1989; Palliotti 
et al., 2008). 

Measurements made on the leaves at the base 
and top of the plants showed a decrease in leaf 
angle (Figure 3), with increased drought both in 
healthy and GFkV-infected grapevines at both 
moments of the study (M1 - leaf wilting at the 
top of the shoot, M2 - wilting of the leaves 
along the entire length of the shoot). In the case 
of healthy grapevines, when the wilting 
covered the entire plant, the angle of the leaves 
located at the apical extremity was significantly 
lower at P < 0.05 as compared to the control 
(Figure 4). 
 

 
Figure 3. Leaf angle decreasing under the influence of 

water deficit (Tămâioasă românească, selection) 

F
Figure 4. Variations of the leaves angle placed the lower and upper part of the shoots on healthy and GFkV-infected 
grapevine (Tămâioasă românească selection), subject to progressive water deficit. Bars indicate standard deviations 
of measurement averages, letters mark the significance of differences at P < 0.05 (M1 - leaf wilting at the top of the 

shoot, M2 - wilting of the leaves along the entire length of the shoot) 
 

Regarding the influence of virus infection on 
the expression of drought symptoms in 
grapevines, wilting is more pronounced in 
infected plants. The difference in leaf angle 
values between plants subjected to drought and 
control is higher in GFkV-infected grapevine as 

compared to the healthy one, both at the base 
and at the top of the cane, at the first 
measurement (M1). When wilting was evident 
along the entire length of the shoot (M2), this 
difference could not be maintained (Table 1). 
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Table 1. The difference between the value of the leaf 
angle in Tămâioasă românească selection grapevine 

subject to drought and control 
(M1 - leaf wilting at the top of the shoot, M2 - wilting of 

the leaves along the entire length of the shoot) 

Leaf 
position 

Grapevine leaf angle (°) 
Healthy GFkV - infected  

M1 M2 M1 M2 
Base  24.00 31.20 29.20 16.65 
Top 18.35 81.65 64.20 51.80 

 
Other authors have noted in their studies on the 
effects of drought on plants, the phenomenon 
of leaf twisting that reduced the area exposed to 
thermal radiation (Duan et al., 2018). In the 
studied grapevine genotype, the leaves lost 
their turgor until they dried, without showing 
the twisting phenomenon. 
Total water 
The presence of sufficient water is an essential 
factor for the survival, growth and development 
of plants. Depending on the external factors, 
the water content depends on its absorption and 
loss by plants.  
The existence of a continuous flow of water 
through the body of the plant is an essential 
condition of metabolic activity and therefore of 
plant survival. These processes are modified at 
the same time by some environmental factors 
such temperature, humidity and air movements, 
which strongly influence the degree of 
hydration of tissues (Boldor et al., 1981). 
Despite all the losses, the leaves must maintain 
a high water content, about 75-85% of their 
fresh weight (Târdea and Dejeu, 1995). 

Evaluation of the total water content in the 
leaves positioned at the base and upper part  of 
the cane at the time of the first signs of wilting 
at the end of the plant led to the following 
observations: water stress does not seem to 
influence the total water in the leaves at the 
base or top of healthy plants; in virus-infected 
plants subjected to water stress, the total water 
was significantly higher both at the base and at 
the top of the shoot as compared to the virus-
infected control (values are not statistically 
assured), due to the suction processes 
intensification as a result of water loss through 
perspiration (Table 2). 
At the time when the grapevine shoots of the 
plants subjected to water stress showed drying 
phenomena of the leaves on the lower half, the 
total water content in the leaves located on the 
upper half was significantly lower at P < 0.05 
as compared to the control, to healthy plants. 
Similarly, the total water content varied in 
plants infected with GFkV, but the values were 
not statistically assured (Table 3). 
Stomata opening  
Losing water in the form of vapor, the 
grapevine is protected from excessive tempe-
ratures, so that the leaves can normally carry 
out the photosynthesis and other physiological 
and biochemical processes (Târdea and Dejeu, 
1995).  

 

Table 2. Variation of the total water content and stomata opening (SO) to the leaves of plants subjected to drought as 
compared to the control, depending on the virological status of the plant and the position on the cane, when wilting was 

visible on the leaves at the top of the cane  

Grapevine 
virological status 

Variants Leaf position  
on the cane 

Total water 
(%) 

SO ± sd 
(µm) 

Healthy Control Base 74.195 ± 1.492 5.15 ± 0.3536 
Tip 76.375 ± 0.7707 5.35 ± 0.9192 

Water stress Base 74.975 ±7.77E-02 6.25 ± 1.0607* 

Tip 76.865 ± 1.3081 6.10 ± 1.8385 
GFkV- infected Control Base 74.440 ± 0.7071 4.80 ± 0.000 

Tip 74.750 ± 1.6405 4.75 ± 0.212 
Water stress Base 75.465 ± 0.5728 4.20 ± 0.5657* 

Tip 75.780 ± 0.2546 5.00 ± 0.4243 
*significant difference at P < 0.05 between the experimental variants 

 

 

 

 

was not influenced by the presence of viral 
infection. 
Surprisingly, Grapevine leafroll-associated 
virus serotype 1 and 3 (GLRaV-1, GLRaV-3) 
have been shown to increase the intrinsic 
efficiency of water use in the Touriga Nacional 
grapevine variety under field conditions 
(Moutinho-Pereira et al., 2012). Also, the 
interaction between Grapevine rupestris stem  
pitting-associated virus (GRSPaV) and 
grapevine seems to have improved the plant's 
tolerance to drought in greenhouse conditions 
(Pantaleo et al., 2016). 
 
Leaf angle  
Studies on the symptoms caused by the water 
stress in the grapevine have highlighted the 
decrease in the angle formed by the main vein 
and the petiole of the leaf (Pool & Lakso, 
2000). 
The angle of the leaf is an indicator of the 
plant-water relationship, as it changes 
depending on the water supply state and tissue 
turgor (Smart, 1974). Another observation was 
that changing the angle of the leaves was 
involved in tolerance to water stress. Thus, 
variation of leaf angle can reduce the thermo-
radiative load on leaves, contributing to water 
conservation (Gamon & Pearcy, 1989; Palliotti 
et al., 2008). 

Measurements made on the leaves at the base 
and top of the plants showed a decrease in leaf 
angle (Figure 3), with increased drought both in 
healthy and GFkV-infected grapevines at both 
moments of the study (M1 - leaf wilting at the 
top of the shoot, M2 - wilting of the leaves 
along the entire length of the shoot). In the case 
of healthy grapevines, when the wilting 
covered the entire plant, the angle of the leaves 
located at the apical extremity was significantly 
lower at P < 0.05 as compared to the control 
(Figure 4). 
 

 
Figure 3. Leaf angle decreasing under the influence of 

water deficit (Tămâioasă românească, selection) 

F
Figure 4. Variations of the leaves angle placed the lower and upper part of the shoots on healthy and GFkV-infected 
grapevine (Tămâioasă românească selection), subject to progressive water deficit. Bars indicate standard deviations 
of measurement averages, letters mark the significance of differences at P < 0.05 (M1 - leaf wilting at the top of the 

shoot, M2 - wilting of the leaves along the entire length of the shoot) 
 

Regarding the influence of virus infection on 
the expression of drought symptoms in 
grapevines, wilting is more pronounced in 
infected plants. The difference in leaf angle 
values between plants subjected to drought and 
control is higher in GFkV-infected grapevine as 

compared to the healthy one, both at the base 
and at the top of the cane, at the first 
measurement (M1). When wilting was evident 
along the entire length of the shoot (M2), this 
difference could not be maintained (Table 1). 
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Table 3. Variation of the total water content, the stomata opening and the content of assimilating pigments,  
in the leaves of plants subjected to drought as compared to the control, depending on the grapevine virological status 

and the position on the cane, when the drought induced the dry of the leaves on the lower half 

*significant difference at P < 0.05 between experimental variants at the same indicator 
 
The water elimination takes place mainly 
through the ostioles of the stomata. Variations 
in the degree of ostioles opening may be due to 
the variations in the turgor of the stomatal cells 
and variations in the turgor of the epidermal 
cells adjacent to the stomata. The passage of 
water from the epidermal cells to the stomatal 
ones determines the increase of the ostioles 
opening degree. The temperature decisively 
influences the sweating process in the sense 
that as the temperature increases, the 
perspiration intensifies to an optimum, around 
30°C. Above the optimum temperature, 
perspiration decreases sharply to a temperature 
of 45°C, and the further increase in temperature 
becomes pathological due to damage of the 
protoplasm. The cell permeability increases, the 
stomata increase again the degree of opening, 
the tissues wither and the plant dies, the water 
in it continuing to be lost by evaporation. On 
the other hand, the lack of water in the soil 
causes the stomata to decrease the degree of 
opening of the ostiole to limit water loss, 
increase osmotic pressure, increase respiration, 
reduce the intensity of photosynthesis (Boldor 
et al., 1981). 
The high temperature in the greenhouse and the 
progressive water decrease of in the vegetation 
pots determined an imbalance between the 
physiological processes in the studied 
grapevine plants. 
When the first obvious signs of wilting of the 
leaves located at the top of the shoots appear, in 
healthy plants the water stress seems to cause a 
higher opening of the stomata along the entire 
length of the shoot while in virus-infected 
plants an increase can be observed only in the 
upper part of the plant (values are not 

statistically assured). The degree of stomata 
opening can be influenced by the presence of 
virus infection as the average values of ostiole 
width are higher in healthy plants, even to those 
under water stress (values are not statistically 
assured). The average value of stomata opening 
was significantly lower at P < 0.05 for the 
leaves at the base of the shoot of virus-infected 
plants subjected to water stress as compared to 
the same level of healthy plants without water 
(Table 2). 
When the lack of water in the soil determined 
the maintenance of the foliar apparatus only in 
the upper half of the shoots in plants subjected 
to water stress, there was a higher opening of 
the stomata both in healthy and virus-infected 
plants, significant differences as compared to 
the control at P < 0.05 registering in healthy 
plants (Table 3). 
GRSPaV-infection caused a profound change 
in the expression of genes involved in hormone 
metabolism. In addition, a significant overlap 
of cellular responses was observed between 
GRSPaV-infection and abiotic stress, such as 
water deficiency and salinity (Gambino et al., 
2012). 
Assimilating pigments 
Another approach to quantifying the effects 
caused by the lack of water in the soil on 
grapevine was the assessment of the photosyn-
thesis process by monitoring the content of 
chlorophyllous pigments and carotenoids. 
Photosynthesis is influenced by the degree of 
hydration of the assimilating tissues. At water 
deficits higher than 13%, the process progre-
ssively decreases and stops at a water deficit 
between 40-50%. Research on the influence of 
the amount of assimilating pigments in 

Grapevine 
virological 

status 
Variants Total water 

(%) 
SO ± sd 

(µm) 
Chl a 

(mg/g f.w.) 
Chl b 

(mg/g f.w.) 
Carotenoids 
(mg/g f.w.) Chl a/Chl b 

Healthy 
Control 74.6 ± 

0.4808* 
5.15 ± 

0.6364* 
1.082 ± 

3.111E-02 
0.566 ± 

1.838E-02 
0.820 ± 
0.112 

1.912 ± 
7.071E-02* 

Water 
stress 

69.76 ± 
0.3677* 

6.75 ± 
0.3536* 

1.025 ± 
5.869E-02 

0.601 ± 
2.404E-02 

0.736 ± 
6.858E-02 

1.706 ± 
2.757E-02 

GFkV -
infected 

Control 73.8 ± 
0.4879 

5.4 ± 
0.1414 

1.459 ± 
0.20718 

0.648 ± 
0.1272 

0.911 ± 
0.128 

2.265 ± 
0.12445* 

Water 
stress 

72.44 ± 
1.6263 

6.1 ± 
7.071E-02 

1.388 ± 
0.239 

0.680 ± 
5.656E-02 

0.947 ± 
0.115 

2.034 ± 
0.18314 

 
chloroplasts did not lead to a correlation 
between the amount of pigments and the 
intensity of photosynthesis. The amount of 
assimilating pigments becomes a limiting factor 
only in cases of etiolation of plants caused by 
lack of light (Boldor et al., 1981). 
In terms of eco-physiological performance, the 
presence of double infection with GLRaV-1 
and Grapevine virus A (GVA) penalized all the 
parameters involved, as compared to the 
healthy plants. The reduction of photosynthetic 
activity has been evident since the early 
assessment and has increased during the 
summer. When only GVA infection was 
present, the reduction of photosynthesis was 
delayed when climatic conditions caused water 
stress. However, the difference between GVA-
infected and healthy grapevine in the 
physiological behaviour of plants  was less 
important as compared to that in which double 
infection was involved (Couzzo et al., 2018). 
In our experiment there were no correlations of 
the concentration of chlorophyllous pigments 
and carotenoids in the leaves located in the 
upper part of the half-dried shoot, with the lack 
of water in the soil. Viral infection appears to 
influence the Chl a/Chl b ratio. In GFkV-
infected control plants, a significantly higher 
value was recorded at P < 0.05 as compared to 
healthy control plants. Water stress did not 
significantly influence this parameter (Table 3). 
The combination between GLRaV-3 infection 
and water stress decreased most physiological 
parameters in vines Banyalbufar and Giro ros 
Malvasia varieties, but did not increase further 
the effects on plant development or parameters 
regarding the gas exchange at the level of 
leaves, as compared to the individual water 
stress.  
At the metabolic level, responses to combined 
stress were specific and are not anticipated 
quantitatively from the sum of responses to 
each unique stress. Specific adjustment of 
respiratory metabolism may explain the 
maintenance of carbon balance in the leaves 
and the growth of the grapevine under 
conditions of combined stress (El Aou-ouad, 
2017). 
Further studies will complete the knowledge 
regarding the combined drought and virus-
infection effects on the quality and quantity of 
grape production.  

CONCLUSIONS 
 
In our study, the degradation processes of the 
grapevine V. vinifera L., Tămâioasă 
românească selection, subjected to water stress, 
began with the wilting of the leaves from the 
upper to the lower part of the cane, followed by 
the leaves drying that started with the mature 
ones located at the base of the plant. The lack 
of water in the soil induced the decrease of the 
absorption capacity through the roots and the 
aerial part, continuing to perspire, determined 
an imbalance expressed by the withering of the 
leaves, influenced also by the mesophilic 
structure and the degree of cuticle permeability. 
The first signs of water stress appeared after 10 
days of water stress, the process being 
reversible if the plant still has enough foliar 
apparatus to resume physiological processes. 
The complete drying of the plants was 
registered after 37 days of water deficit, in a 
restricted vegetation volume and subjected to 
maximum daily temperatures of over 40°C. 
The soil temperature in the vegetation pots that 
did not exceed 30°C, being within the range 
that allows the growth of the grapevine roots.  
GFkV infection induced fiziological 
modification during the progressive water 
deficit. The wilting process expressed by 
lowering the leaf angle was more pronounced 
in virus-infected plants. Also, the loss of turgor 
of tissues affected the dynamics of the stomata 
opening, the por being smaller in infected 
grapevine. 
The management of the grapevine crop in the 
current climate changes involves the interaction 
between genetic resources and phytosanitary 
status in order to obtain quantitative and 
qualitative productions.  
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Table 3. Variation of the total water content, the stomata opening and the content of assimilating pigments,  
in the leaves of plants subjected to drought as compared to the control, depending on the grapevine virological status 

and the position on the cane, when the drought induced the dry of the leaves on the lower half 

*significant difference at P < 0.05 between experimental variants at the same indicator 
 
The water elimination takes place mainly 
through the ostioles of the stomata. Variations 
in the degree of ostioles opening may be due to 
the variations in the turgor of the stomatal cells 
and variations in the turgor of the epidermal 
cells adjacent to the stomata. The passage of 
water from the epidermal cells to the stomatal 
ones determines the increase of the ostioles 
opening degree. The temperature decisively 
influences the sweating process in the sense 
that as the temperature increases, the 
perspiration intensifies to an optimum, around 
30°C. Above the optimum temperature, 
perspiration decreases sharply to a temperature 
of 45°C, and the further increase in temperature 
becomes pathological due to damage of the 
protoplasm. The cell permeability increases, the 
stomata increase again the degree of opening, 
the tissues wither and the plant dies, the water 
in it continuing to be lost by evaporation. On 
the other hand, the lack of water in the soil 
causes the stomata to decrease the degree of 
opening of the ostiole to limit water loss, 
increase osmotic pressure, increase respiration, 
reduce the intensity of photosynthesis (Boldor 
et al., 1981). 
The high temperature in the greenhouse and the 
progressive water decrease of in the vegetation 
pots determined an imbalance between the 
physiological processes in the studied 
grapevine plants. 
When the first obvious signs of wilting of the 
leaves located at the top of the shoots appear, in 
healthy plants the water stress seems to cause a 
higher opening of the stomata along the entire 
length of the shoot while in virus-infected 
plants an increase can be observed only in the 
upper part of the plant (values are not 

statistically assured). The degree of stomata 
opening can be influenced by the presence of 
virus infection as the average values of ostiole 
width are higher in healthy plants, even to those 
under water stress (values are not statistically 
assured). The average value of stomata opening 
was significantly lower at P < 0.05 for the 
leaves at the base of the shoot of virus-infected 
plants subjected to water stress as compared to 
the same level of healthy plants without water 
(Table 2). 
When the lack of water in the soil determined 
the maintenance of the foliar apparatus only in 
the upper half of the shoots in plants subjected 
to water stress, there was a higher opening of 
the stomata both in healthy and virus-infected 
plants, significant differences as compared to 
the control at P < 0.05 registering in healthy 
plants (Table 3). 
GRSPaV-infection caused a profound change 
in the expression of genes involved in hormone 
metabolism. In addition, a significant overlap 
of cellular responses was observed between 
GRSPaV-infection and abiotic stress, such as 
water deficiency and salinity (Gambino et al., 
2012). 
Assimilating pigments 
Another approach to quantifying the effects 
caused by the lack of water in the soil on 
grapevine was the assessment of the photosyn-
thesis process by monitoring the content of 
chlorophyllous pigments and carotenoids. 
Photosynthesis is influenced by the degree of 
hydration of the assimilating tissues. At water 
deficits higher than 13%, the process progre-
ssively decreases and stops at a water deficit 
between 40-50%. Research on the influence of 
the amount of assimilating pigments in 

Grapevine 
virological 

status 
Variants Total water 

(%) 
SO ± sd 

(µm) 
Chl a 

(mg/g f.w.) 
Chl b 

(mg/g f.w.) 
Carotenoids 
(mg/g f.w.) Chl a/Chl b 

Healthy 
Control 74.6 ± 
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1.082 ± 

3.111E-02 
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7.071E-02* 

Water 
stress 
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5.869E-02 

0.601 ± 
2.404E-02 

0.736 ± 
6.858E-02 

1.706 ± 
2.757E-02 

GFkV -
infected 

Control 73.8 ± 
0.4879 

5.4 ± 
0.1414 

1.459 ± 
0.20718 

0.648 ± 
0.1272 

0.911 ± 
0.128 

2.265 ± 
0.12445* 

Water 
stress 

72.44 ± 
1.6263 

6.1 ± 
7.071E-02 

1.388 ± 
0.239 

0.680 ± 
5.656E-02 

0.947 ± 
0.115 

2.034 ± 
0.18314 

 
chloroplasts did not lead to a correlation 
between the amount of pigments and the 
intensity of photosynthesis. The amount of 
assimilating pigments becomes a limiting factor 
only in cases of etiolation of plants caused by 
lack of light (Boldor et al., 1981). 
In terms of eco-physiological performance, the 
presence of double infection with GLRaV-1 
and Grapevine virus A (GVA) penalized all the 
parameters involved, as compared to the 
healthy plants. The reduction of photosynthetic 
activity has been evident since the early 
assessment and has increased during the 
summer. When only GVA infection was 
present, the reduction of photosynthesis was 
delayed when climatic conditions caused water 
stress. However, the difference between GVA-
infected and healthy grapevine in the 
physiological behaviour of plants  was less 
important as compared to that in which double 
infection was involved (Couzzo et al., 2018). 
In our experiment there were no correlations of 
the concentration of chlorophyllous pigments 
and carotenoids in the leaves located in the 
upper part of the half-dried shoot, with the lack 
of water in the soil. Viral infection appears to 
influence the Chl a/Chl b ratio. In GFkV-
infected control plants, a significantly higher 
value was recorded at P < 0.05 as compared to 
healthy control plants. Water stress did not 
significantly influence this parameter (Table 3). 
The combination between GLRaV-3 infection 
and water stress decreased most physiological 
parameters in vines Banyalbufar and Giro ros 
Malvasia varieties, but did not increase further 
the effects on plant development or parameters 
regarding the gas exchange at the level of 
leaves, as compared to the individual water 
stress.  
At the metabolic level, responses to combined 
stress were specific and are not anticipated 
quantitatively from the sum of responses to 
each unique stress. Specific adjustment of 
respiratory metabolism may explain the 
maintenance of carbon balance in the leaves 
and the growth of the grapevine under 
conditions of combined stress (El Aou-ouad, 
2017). 
Further studies will complete the knowledge 
regarding the combined drought and virus-
infection effects on the quality and quantity of 
grape production.  

CONCLUSIONS 
 
In our study, the degradation processes of the 
grapevine V. vinifera L., Tămâioasă 
românească selection, subjected to water stress, 
began with the wilting of the leaves from the 
upper to the lower part of the cane, followed by 
the leaves drying that started with the mature 
ones located at the base of the plant. The lack 
of water in the soil induced the decrease of the 
absorption capacity through the roots and the 
aerial part, continuing to perspire, determined 
an imbalance expressed by the withering of the 
leaves, influenced also by the mesophilic 
structure and the degree of cuticle permeability. 
The first signs of water stress appeared after 10 
days of water stress, the process being 
reversible if the plant still has enough foliar 
apparatus to resume physiological processes. 
The complete drying of the plants was 
registered after 37 days of water deficit, in a 
restricted vegetation volume and subjected to 
maximum daily temperatures of over 40°C. 
The soil temperature in the vegetation pots that 
did not exceed 30°C, being within the range 
that allows the growth of the grapevine roots.  
GFkV infection induced fiziological 
modification during the progressive water 
deficit. The wilting process expressed by 
lowering the leaf angle was more pronounced 
in virus-infected plants. Also, the loss of turgor 
of tissues affected the dynamics of the stomata 
opening, the por being smaller in infected 
grapevine. 
The management of the grapevine crop in the 
current climate changes involves the interaction 
between genetic resources and phytosanitary 
status in order to obtain quantitative and 
qualitative productions.  
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Abstract  
 
The aim of the research was to improve the genetic transformation and adaptation conditions of commercial winter 
rapeseed line Brassica napus L. with subsequent production of transgenic seeds.It was optimized the technique of 
Agrobacterium-mediated genetic transformation of winter rapeseed Bn1 line (Brassica napus L.) using hypocotyls of 6-
day-old seedlings as explants. GUS activity histochemical analysis showed a positive reaction in calli cultures and 
regenerant plant leaves obtained after Agrobacterium tumefaciens GV3101transformation, which carried pCB203 
plasmid with gus and bar genes. The optimal transformation conditions were determined as follows: the bacterial 
suspension optical density at a 600 nm wavelength - OD = 0.5, 10 min of inoculation and 48 h of co-cultivation. Stable 
integration of marker genes was confirmed by both histochemical and PCR analysis. 
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INTRODUCTION 
 
In many countries of the world, rapeseed is 
primarily cultivated as an oilseed. In the United 
States, canola’s oil has an official safe status 
for human consumption since 1985. The 
improvement in the rapeseed oil quality has 
caused a sharp increase in demand for it 
throughout the world. Oilseed rape varieties – 
winter (Brassica napus var. oleiferabiennis) 
and spring (Brassica napus var. oleifera annua) 
do not differ morphologically 
(U S Pharmacopeia, 1989). However, among 
the oilseed Brassicaceae family winter rape 
takes first place in oil content, which in its 
seeds contain 48-52%, 16-29% of proteins, 
6.7% of fats and 17% carbohydrates. Rapeseed 
oil consumes in kind, and it is the best material 
for the production of sandwich butter, 
margarine, mayonnaise, dressings and 
confectionery. Rapeseed oil also produces 
plastics, paints, varnishes. 
In order to improve the genetic characteristics 
of rapeseed, protocols have been developed for 
its Agrobacterium-mediated transformation 
since the late 1980s (Fry et al., 1987; De Block 

et al., 1989; Moloney et al., 1989). Genetic 
transformation using agrobacteria has several 
advantages and remains one of the most 
common methods for modifying the plant 
genome. The efficiency of genetic 
transformation depends on many factors, 
including the genotype of the original plant, its 
susceptibility to transformation, explants type, 
transformation and cultivation conditions. The 
ability to regenerate plants from transformed 
cells is also essential for successful 
transformation (Bhalla & Singh, 2008). 
Although some commercial rapeseed lines have 
already been successfully transformed 
(Bhalla & Singh, 2008; Mashayekhi et al., 
2008; Rahnama & Sheykhhasan, 2016; Bates 
et al., 2017), to maximize the release of 
transgenic plants the Agrobacterium-mediated 
genetic transformation protocol should be 
optimized for each individual genotype. The 
urgency of the work is that the transformation 
conditions for the Ukrainian breeding winter 
rapeseed commercial line should be optimize. 
This protocol allows obtaining the first 
transgenic plants in 3-4 months after the 
beginning of the experiment, and the seeds in 
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The aim of the research was to improve the genetic transformation and adaptation conditions of commercial winter 
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INTRODUCTION 
 
In many countries of the world, rapeseed is 
primarily cultivated as an oilseed. In the United 
States, canola’s oil has an official safe status 
for human consumption since 1985. The 
improvement in the rapeseed oil quality has 
caused a sharp increase in demand for it 
throughout the world. Oilseed rape varieties – 
winter (Brassica napus var. oleiferabiennis) 
and spring (Brassica napus var. oleifera annua) 
do not differ morphologically 
(U S Pharmacopeia, 1989). However, among 
the oilseed Brassicaceae family winter rape 
takes first place in oil content, which in its 
seeds contain 48-52%, 16-29% of proteins, 
6.7% of fats and 17% carbohydrates. Rapeseed 
oil consumes in kind, and it is the best material 
for the production of sandwich butter, 
margarine, mayonnaise, dressings and 
confectionery. Rapeseed oil also produces 
plastics, paints, varnishes. 
In order to improve the genetic characteristics 
of rapeseed, protocols have been developed for 
its Agrobacterium-mediated transformation 
since the late 1980s (Fry et al., 1987; De Block 

et al., 1989; Moloney et al., 1989). Genetic 
transformation using agrobacteria has several 
advantages and remains one of the most 
common methods for modifying the plant 
genome. The efficiency of genetic 
transformation depends on many factors, 
including the genotype of the original plant, its 
susceptibility to transformation, explants type, 
transformation and cultivation conditions. The 
ability to regenerate plants from transformed 
cells is also essential for successful 
transformation (Bhalla & Singh, 2008). 
Although some commercial rapeseed lines have 
already been successfully transformed 
(Bhalla & Singh, 2008; Mashayekhi et al., 
2008; Rahnama & Sheykhhasan, 2016; Bates 
et al., 2017), to maximize the release of 
transgenic plants the Agrobacterium-mediated 
genetic transformation protocol should be 
optimized for each individual genotype. The 
urgency of the work is that the transformation 
conditions for the Ukrainian breeding winter 
rapeseed commercial line should be optimize. 
This protocol allows obtaining the first 
transgenic plants in 3-4 months after the 
beginning of the experiment, and the seeds in 
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10 months. Thus, this technique can be use in 
further studies to create biotechnological 
rapeseed plants with improved genetic 
characteristics. 
 
MATERIALS AND METHODS 
 
Plant material and in vitro culture 
Seeds of Bn1 winter rape line were kindly 
provided by Ltd “Ukrainian Scientific Institute 
of Plant Breeding” (VNIS). Seeds were surface 
sterilized according to the following method: 
70% ethyl alcohol treatment for 5 min, soaking 
in 1.5% sodium hypochlorite solution for 20-30 
min followed by washing in sterile distilled 
water three times for 5 min. After sterilization, 
the seeds were planted on a hormone-free 
nutrient medium MS (Murashige & Skoog, 
1962), supplemented with 400 mg/L of 
antibiotic Ceftriaxone (MSG) and cultivated for 
24 h in the dark at 24°C. Further, the dishes 
were cultured for another 5 days in the culture 
room at 16-h photoperiod and 24°C. 
 
Callus induction and regeneration 
To induce callus formation and shoot 
regeneration a modified technique (Rahnama & 
Sheykhhasan, 2016) was used. 
3-day old calli cultures obtained from 
hypocotyl segments (0.5-1 cm) of 6-days old 
rapeseed seedlings on MS nutrient medium 
supplemented with 1 mg/L 2.4-
Dichlorophenoxyacetic acid (2.4-D) (MSC) 
were used as explants for genetic 
transformation. 
The organogenesis induction in the transformed 
tissues was performed on MS nutrient medium 
supplemented with 4 mg/L 6-
Benzylaminopurine (BAP), 2 mg/L N6-(∆2-
Isopentenyl)adenine (2-iP), 5 mg/L AgNO3 and 
5 mg/L DL-Phosphinothricin (ppt) as a 
selective agent (MSO). After 2-3 weeks of 
cultivation, when the adventitious buds were 
formed, the explants were transferred to 
regeneration MS medium containing 3 mg/L 
BAP, 2 mg/L 2-iP and 8 mg/L ppt (MSR). The 
shoots elongation was carried out on nutrient 
MS medium with half macro- and micro-salts 
content and supplemented with 0.1 mg/L BAP 
and 3 mg/L ppt (MSE). Rooting of plants was 
performed on a hormone-free MS medium with 
half macro- and micro-salts content and 

supplemented with 3 mg/L ppt (MSA). All 
media were supplemented with 400 mg/L 
Ceftriaxone (Ct); the composition of all media 
is shown in Table 1. 
 
Adaptation and vernalization of plants 
The regenerated plants were planted in a peat 
mixture and grown under greenhouse 
conditions (16-h photoperiod, 24°C) for 6-8 
weeks. For vernalization, the plants were 
placed in a climate chamber with a temperature 
4ºC and an 8-h photoperiod for 8 weeks. After 
the vernalization, the plants were grown under 
greenhouse conditions (24°C, 16-h 
photoperiod); the bud formation was observed 
after 4-5 weeks. To obtain seeds, all peduncles 
were covered with plastic insulators and self-
pollinated. 
 
Bacterial strains and vectors 
Agrobacteria Agrobacterium tumefaciens, 
strain GV3101, containing plasmid pCB203, 
was used for Agrobacterium-mediated gene 
transfer. Bacterial strain GV3101 (Holsters et 
al., 1980) was obtained from the Genetic 
Engineering department Bank of Bacterial 
strains and Plasmids of the Institute ofCell 
Biology and Genetic Engineering (Kyiv, 
Ukraine).The construct contains a β-
glucuronidase (gus) reporter gene and a 
selective phosphinothricinacetyltransferase 
(bar) gene that provides plant cells resistance to 
the Basta® herbicide (the active substance - L-
phosphinothricin). The product of the bar gene 
activity is phosphinothricinacetyltransferase, an 
enzyme that neutralizes phosphinotricin, 
providing growth and rooting of transgenic 
plants on a selective medium. Polyubiquitin-1 
(Ubi1) promoter and maize introns were used 
in the vector to achieve high expression levels 
of these genes (Christensen & Quail, 1996) 
(Figure 1). 
 

 
Figure 1. Schematic representation of the рСВ203 vector 

T-DNA 
 
Genetic transformation 
A. tumefaciens GV3101 was grown overnight 
at 28ºC for 18 hours in LB medium (Bertani, 
1951), which contained following antibiotics: 

Rifampicin (Rf) - 50 mg/L, Ampicillin (Amp) - 
100 mg/L, Gentamicin (Gm) - 25 mg/L. The 
bacterial cells were centrifuged and 
resuspended in the inoculation medium MSI 
(Table 1). So that the optical density of the 
bacteria suspension was 0.2, 0.5 or 1.0, at a 
wavelength of light 600 nm. The inoculation of 
the pre-cultured hypocotyl explants was 
performed for 10, 30 or 60 minutes, followed 
by drying on sterile filter paper. Then the 
explants were placed on MSC medium (Table 
1) and co-cultured in the dark at 24°C. After 48 
hours, they were transplanted to MSC medium 
supplemented with 400 mg/L antibiotic 
Ceftriaxone to eliminate bacterial cells and 
cultured at the same conditions for another 10-
12 days. Next, the explants were transplanted 
onto MSO medium (Table 1) supplemented 
with 5 mg/L ppt for selection of transformed 
cells followed with increasing of the amount of 
herbicide in the MSR medium (Table 1) up to 8 
mg/L. All media at this stage contained 400 
mg/L Ct. Every two weeks explants were 
transferred onto the fresh medium. 
 
Total DNA extraction 
The total DNA was extracted by СТАВ method 
(Sambrook et al., 1989) from leaf material of 
regenerated canola plants, B. napus L., 
obtained after in vitro transformation using 
A. tumefaciens pCB203 genetic construct. 

Polymerase chain reaction 
The reaction mixtures included: specific 
primers, 2 μl of PCR buffer 10хDreamTaq™ 
GreenBuffer (Thermo Scientific) 0.2 mM of 
each deoxyribonucleoside triphosphate 
(Thermo Scientific), 2 units polymerase 
DreamTaq™ DNA Polymerase (Thermo 
Scientific), 100 ng of total DNA. The reaction 
mixture was adjusted to a final volume of 20 μl 
with deionized water Milli-Q. 
GUS forward primer: 5’-ATG-GGT-CAG-
TCC-CTT-ATG-TTA-3’ 
GUS reverse primer: 5’-ATA-AAG-ACT-
TCG-CGC-TGA-T-3’ 
The expected band size - 239 bp. 
The reactions were performed using the 
following profiles: initial denaturation 5 min at 
95°C, 40 cycles - denaturation 40 sec at 95°C, 
annealing 40 sec at 50°C, elongation 45 sec at 
72°C, final elongation 7 min at 72°C. 
 
Histochemical GUS expression 
To analyse the gus gene expression in 
transformed plants, histochemical analysis of 
GUS activity was performed using method 
(Jefferson, 1987). The organ and callus 
fragments were incubated overnight with 5-
Bromo-4-chloro-3-indolyl-β-D-glucuronide(X-
Gluc) solution followed by washing in 70% 
ethyl alcohol. 
 

 
Table 1. The composition of the nutrient media used in the study 
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2.4-D, 
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BAP, 
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2-iP, 
mg/L 

AgNO3, 
mg/L 

Ct,  
mg/L 

ppt, 
mg/L 

MSG MS 20 7 5.7-5.8 - - - - 400 - 

MSC MS 30 7 5.7-5.8 1 - - - - - 

MSI 1/2 MS 20 - 5.2 - - - 5 - - 

MSO MS 30 7 5.7-5.8 - 4 2 5 400 5 

MSR MS 30 7 5.7-5.8 - 3 2 - 400 8 

MSE 1/2 MS 20 8 5.7-5.8 - 0.1 - - 400 3 

MSA 1/2 MS 20 8 5.7-5.8 - - - - 400 3 

 
Statistical data processing 
The experiments were conducted in three 
replicates. The regeneration frequency of 
transformed tissues was calculated as the ratio 

of the explants number that formed organs on a 
selective medium to the total number of 
explants used in the experiment. The 
transformation frequency was calculated as the 
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10 months. Thus, this technique can be use in 
further studies to create biotechnological 
rapeseed plants with improved genetic 
characteristics. 
 
MATERIALS AND METHODS 
 
Plant material and in vitro culture 
Seeds of Bn1 winter rape line were kindly 
provided by Ltd “Ukrainian Scientific Institute 
of Plant Breeding” (VNIS). Seeds were surface 
sterilized according to the following method: 
70% ethyl alcohol treatment for 5 min, soaking 
in 1.5% sodium hypochlorite solution for 20-30 
min followed by washing in sterile distilled 
water three times for 5 min. After sterilization, 
the seeds were planted on a hormone-free 
nutrient medium MS (Murashige & Skoog, 
1962), supplemented with 400 mg/L of 
antibiotic Ceftriaxone (MSG) and cultivated for 
24 h in the dark at 24°C. Further, the dishes 
were cultured for another 5 days in the culture 
room at 16-h photoperiod and 24°C. 
 
Callus induction and regeneration 
To induce callus formation and shoot 
regeneration a modified technique (Rahnama & 
Sheykhhasan, 2016) was used. 
3-day old calli cultures obtained from 
hypocotyl segments (0.5-1 cm) of 6-days old 
rapeseed seedlings on MS nutrient medium 
supplemented with 1 mg/L 2.4-
Dichlorophenoxyacetic acid (2.4-D) (MSC) 
were used as explants for genetic 
transformation. 
The organogenesis induction in the transformed 
tissues was performed on MS nutrient medium 
supplemented with 4 mg/L 6-
Benzylaminopurine (BAP), 2 mg/L N6-(∆2-
Isopentenyl)adenine (2-iP), 5 mg/L AgNO3 and 
5 mg/L DL-Phosphinothricin (ppt) as a 
selective agent (MSO). After 2-3 weeks of 
cultivation, when the adventitious buds were 
formed, the explants were transferred to 
regeneration MS medium containing 3 mg/L 
BAP, 2 mg/L 2-iP and 8 mg/L ppt (MSR). The 
shoots elongation was carried out on nutrient 
MS medium with half macro- and micro-salts 
content and supplemented with 0.1 mg/L BAP 
and 3 mg/L ppt (MSE). Rooting of plants was 
performed on a hormone-free MS medium with 
half macro- and micro-salts content and 

supplemented with 3 mg/L ppt (MSA). All 
media were supplemented with 400 mg/L 
Ceftriaxone (Ct); the composition of all media 
is shown in Table 1. 
 
Adaptation and vernalization of plants 
The regenerated plants were planted in a peat 
mixture and grown under greenhouse 
conditions (16-h photoperiod, 24°C) for 6-8 
weeks. For vernalization, the plants were 
placed in a climate chamber with a temperature 
4ºC and an 8-h photoperiod for 8 weeks. After 
the vernalization, the plants were grown under 
greenhouse conditions (24°C, 16-h 
photoperiod); the bud formation was observed 
after 4-5 weeks. To obtain seeds, all peduncles 
were covered with plastic insulators and self-
pollinated. 
 
Bacterial strains and vectors 
Agrobacteria Agrobacterium tumefaciens, 
strain GV3101, containing plasmid pCB203, 
was used for Agrobacterium-mediated gene 
transfer. Bacterial strain GV3101 (Holsters et 
al., 1980) was obtained from the Genetic 
Engineering department Bank of Bacterial 
strains and Plasmids of the Institute ofCell 
Biology and Genetic Engineering (Kyiv, 
Ukraine).The construct contains a β-
glucuronidase (gus) reporter gene and a 
selective phosphinothricinacetyltransferase 
(bar) gene that provides plant cells resistance to 
the Basta® herbicide (the active substance - L-
phosphinothricin). The product of the bar gene 
activity is phosphinothricinacetyltransferase, an 
enzyme that neutralizes phosphinotricin, 
providing growth and rooting of transgenic 
plants on a selective medium. Polyubiquitin-1 
(Ubi1) promoter and maize introns were used 
in the vector to achieve high expression levels 
of these genes (Christensen & Quail, 1996) 
(Figure 1). 
 

 
Figure 1. Schematic representation of the рСВ203 vector 

T-DNA 
 
Genetic transformation 
A. tumefaciens GV3101 was grown overnight 
at 28ºC for 18 hours in LB medium (Bertani, 
1951), which contained following antibiotics: 

Rifampicin (Rf) - 50 mg/L, Ampicillin (Amp) - 
100 mg/L, Gentamicin (Gm) - 25 mg/L. The 
bacterial cells were centrifuged and 
resuspended in the inoculation medium MSI 
(Table 1). So that the optical density of the 
bacteria suspension was 0.2, 0.5 or 1.0, at a 
wavelength of light 600 nm. The inoculation of 
the pre-cultured hypocotyl explants was 
performed for 10, 30 or 60 minutes, followed 
by drying on sterile filter paper. Then the 
explants were placed on MSC medium (Table 
1) and co-cultured in the dark at 24°C. After 48 
hours, they were transplanted to MSC medium 
supplemented with 400 mg/L antibiotic 
Ceftriaxone to eliminate bacterial cells and 
cultured at the same conditions for another 10-
12 days. Next, the explants were transplanted 
onto MSO medium (Table 1) supplemented 
with 5 mg/L ppt for selection of transformed 
cells followed with increasing of the amount of 
herbicide in the MSR medium (Table 1) up to 8 
mg/L. All media at this stage contained 400 
mg/L Ct. Every two weeks explants were 
transferred onto the fresh medium. 
 
Total DNA extraction 
The total DNA was extracted by СТАВ method 
(Sambrook et al., 1989) from leaf material of 
regenerated canola plants, B. napus L., 
obtained after in vitro transformation using 
A. tumefaciens pCB203 genetic construct. 

Polymerase chain reaction 
The reaction mixtures included: specific 
primers, 2 μl of PCR buffer 10хDreamTaq™ 
GreenBuffer (Thermo Scientific) 0.2 mM of 
each deoxyribonucleoside triphosphate 
(Thermo Scientific), 2 units polymerase 
DreamTaq™ DNA Polymerase (Thermo 
Scientific), 100 ng of total DNA. The reaction 
mixture was adjusted to a final volume of 20 μl 
with deionized water Milli-Q. 
GUS forward primer: 5’-ATG-GGT-CAG-
TCC-CTT-ATG-TTA-3’ 
GUS reverse primer: 5’-ATA-AAG-ACT-
TCG-CGC-TGA-T-3’ 
The expected band size - 239 bp. 
The reactions were performed using the 
following profiles: initial denaturation 5 min at 
95°C, 40 cycles - denaturation 40 sec at 95°C, 
annealing 40 sec at 50°C, elongation 45 sec at 
72°C, final elongation 7 min at 72°C. 
 
Histochemical GUS expression 
To analyse the gus gene expression in 
transformed plants, histochemical analysis of 
GUS activity was performed using method 
(Jefferson, 1987). The organ and callus 
fragments were incubated overnight with 5-
Bromo-4-chloro-3-indolyl-β-D-glucuronide(X-
Gluc) solution followed by washing in 70% 
ethyl alcohol. 
 

 
Table 1. The composition of the nutrient media used in the study 
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2.4-D, 
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BAP, 
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2-iP, 
mg/L 

AgNO3, 
mg/L 

Ct,  
mg/L 

ppt, 
mg/L 

MSG MS 20 7 5.7-5.8 - - - - 400 - 

MSC MS 30 7 5.7-5.8 1 - - - - - 

MSI 1/2 MS 20 - 5.2 - - - 5 - - 

MSO MS 30 7 5.7-5.8 - 4 2 5 400 5 

MSR MS 30 7 5.7-5.8 - 3 2 - 400 8 

MSE 1/2 MS 20 8 5.7-5.8 - 0.1 - - 400 3 

MSA 1/2 MS 20 8 5.7-5.8 - - - - 400 3 

 
Statistical data processing 
The experiments were conducted in three 
replicates. The regeneration frequency of 
transformed tissues was calculated as the ratio 

of the explants number that formed organs on a 
selective medium to the total number of 
explants used in the experiment. The 
transformation frequency was calculated as the 
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ratio of PCR-positive plants to the original 
number of explants. The results were 
statistically processed using Microsoft Office 
Excel. 
 
RESULTS AND DISCUSSIONS 
 
The aim of the research was to improve the 
Agrobacterium-mediated genetic transfor-
mation conditions (the duration of inoculation 
with the agrobacterial suspension, the optical 
density of the suspension and the composition 
of the inoculation and regeneration media) of 
commercial winter rapeseed Ukrainian bree-
ding line in order to develop a cost-effective 
and efficient transformation technique. 
 
Callus induction and regeneration via 
hypocotyl explants 
0.5-1.0 cm explants obtained from 6-days old 
rapeseed seedling hypocotyls have proven 
optimal for callus production (Cardoza & 
Stewart, 2003; Rahnama & Sheykhhasan, 
2016). The cotyledons were separated to ensure 
the absence of meristem explants. The callus 
was formed at the cut sites on the third day of 
cultivation on MSC medium (Table 1). With 
increasing of pre-cultivation time on MSC 
medium up to 1 week, further regeneration 
occurred by rhizogenesis. 
 
Search for transformation conditions for 
Ukrainian breeding Bn1 line of winter rape 
For transformation of commercial rapeseed 
hypocotyl explants agrobacterial suspension is 
used with an optical density at a wavelength of 
600 nm (OD600) from 0.2 (Maheshwari et al., 
2011), 0.4 (Hussain et al., 2014), 0.5 (Liu et al., 
2015) to 0.8 (Mashayekhi et al., 2008) and 1.0 
(Hao et al., 2010). Currently the influence of 
inoculation time on the regeneration and 
transformation frequency of winter commercial 
rape lines is not studied yet. To determine the 
optimal bacterial cell density the following 
values OD600 were used: 0.2, 0.5 and 1. The 
inoculation time was 10, 30 and 60 min. The 
control was considered the regeneration 
frequency of winter rapeseed explants Bn1 line 
without inoculation and selection. During the 
experiments, it was determined that the optical 
density of bacteria OD600 = 0.5 is optimal for 
inoculation of rapeseed explants, since the 

regeneration frequency after transformation is 
significantly reduced at OD600 = 0.2 and OD600 
= 1.0. In addition, at OD600 = 1.0, the 
agrobacterial contamination and necrosis 
formation frequency increases after co-
cultivation (Figure 2). 
The maximum rate of explant regeneration 
(25.02% ± 4.59%) after transformation was 
observed with tissue inoculation time 10 
min(Figure 3).Increasing of inoculation time 
contributed to the significant necrosis and 
contamination of tissues, which made the 
process of obtaining regenerated plants more 
complicated (Figure 3). 
Often, to increase the Agrobacterium-mediated 
transformation frequency, acetosyringone (50-
200 µM), a synthetic phenolic compound that 
activates A. tumefaciens virulence genes, is 
added into the inoculation medium (Boulter 
et al., 1990; Cardoza & Stewart, 2003; 
Mashayekhi et al., 2008; Hao et al., 2010; 
Maheshwari et al., 2011; Hussain et al., 2014; 
Liu et al., 2015; Rahnama & Sheykhhasan, 
2016; Ravanfar et al., 2017).It was established, 
that the addition of acetosyringone to the 
inoculation medium is not appropriate because 
it causes necrosis of rapeseed tissues and 
reduces the winter rape Bn1 line regeneration 
frequency by 20%. 
Step-by-step selection with increasing of 
phosphinothricin concentration in the 
regeneration MSR medium up to 8 mg/L 
allowed to select the maximum number of 
transgenic plants and to reject false-positive 
variants. In order to form roots by the plants, 
the ppt concentration was reduced to 3 mg/L in 
MSE and MSA media. 
 

 
Figure 2. Dependence of the regeneration frequency of 
winter rapeseed Bn1 line on the selective MSR medium 

on the optical density of the bacterial suspension OD at a 
wavelength 600 nm (with 10 min inoculation); 

C - Control 

0
10
20
30
40
50
60

C 0,2 0,5 1R
eg

en
er

at
io

n 
fr

eq
ue

nc
y,

 
%

OD600

 
Figure 3. Dependence of the regeneration frequency of 
winter rapeseed Bn1 line on the selective MSR medium 

on the inoculation time (optical density of bacterial 
suspension OD600 = 0.5); C - Control 

 
Checking the marker gene stable integration 
Histochemical analysis of GUS activity 
revealed the β-glucuronidase expression in 
regenerated plants and in all fertile winter 
rapeseed plants of Bn1 line (Figure 4). 
PCR by the gus gene confirmed the presence of 
the transgene in 20 of the 22 rapeseed plants. 

 
Figure 4. Histochemical analysis of β-glucuronidase 

expression in plant tissues: 

A - winter rape Bn1 line regenerated plant, obtained after 
genetic transformation using the pCB203 construct; B, C, 
F - the β-glucuronidase expression in leaves and buds of 
transformed rapeseed; D - negative and positive control 

(Nicotiana tabacum L.); E - negative control 
(Brassica napus L.) 

 
Thus, the transformation rate of winter 
rapeseed Bn1 line is 22.75% ± 2.28% 
(Figure 5). 

 

 
Figure 5. PCR analysis of transgenic rape plants using gus specific primers: 

Lanes 1-22 - test samples; C1 - positive control - Agrobacterium tumefaciens GV3101 pCB203 colony; C2 - negative 
control - intact rapeseed Bn1 line DNA; M - a molecular marker DNA LadderMix 

 
Winter rapeseed Bn1 line transgenic seeds 
obtaining 
After rooting on MSA medium all regenerated 
winter rapeseed Bn1 line plants were planted in 
peat mixture and vernalized by (Savelieva & 
Tarakanov, 2014; Filek et al., 2007; Waalen et 
al., 2014). Seeds were obtained from vernalized 
winter plants (Figure 6). 
 

 
Figure 6. Transgenic seeds of winter rapeseed Bn1 line 

obtaining after transformation by pCB203 vector: 
A- rooting of regenerated plants on the MSA medium;  

B- adaptation of plants to the in vivo conditions;  
C- isolation of peduncles after vernalization for seeds 
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ratio of PCR-positive plants to the original 
number of explants. The results were 
statistically processed using Microsoft Office 
Excel. 
 
RESULTS AND DISCUSSIONS 
 
The aim of the research was to improve the 
Agrobacterium-mediated genetic transfor-
mation conditions (the duration of inoculation 
with the agrobacterial suspension, the optical 
density of the suspension and the composition 
of the inoculation and regeneration media) of 
commercial winter rapeseed Ukrainian bree-
ding line in order to develop a cost-effective 
and efficient transformation technique. 
 
Callus induction and regeneration via 
hypocotyl explants 
0.5-1.0 cm explants obtained from 6-days old 
rapeseed seedling hypocotyls have proven 
optimal for callus production (Cardoza & 
Stewart, 2003; Rahnama & Sheykhhasan, 
2016). The cotyledons were separated to ensure 
the absence of meristem explants. The callus 
was formed at the cut sites on the third day of 
cultivation on MSC medium (Table 1). With 
increasing of pre-cultivation time on MSC 
medium up to 1 week, further regeneration 
occurred by rhizogenesis. 
 
Search for transformation conditions for 
Ukrainian breeding Bn1 line of winter rape 
For transformation of commercial rapeseed 
hypocotyl explants agrobacterial suspension is 
used with an optical density at a wavelength of 
600 nm (OD600) from 0.2 (Maheshwari et al., 
2011), 0.4 (Hussain et al., 2014), 0.5 (Liu et al., 
2015) to 0.8 (Mashayekhi et al., 2008) and 1.0 
(Hao et al., 2010). Currently the influence of 
inoculation time on the regeneration and 
transformation frequency of winter commercial 
rape lines is not studied yet. To determine the 
optimal bacterial cell density the following 
values OD600 were used: 0.2, 0.5 and 1. The 
inoculation time was 10, 30 and 60 min. The 
control was considered the regeneration 
frequency of winter rapeseed explants Bn1 line 
without inoculation and selection. During the 
experiments, it was determined that the optical 
density of bacteria OD600 = 0.5 is optimal for 
inoculation of rapeseed explants, since the 

regeneration frequency after transformation is 
significantly reduced at OD600 = 0.2 and OD600 
= 1.0. In addition, at OD600 = 1.0, the 
agrobacterial contamination and necrosis 
formation frequency increases after co-
cultivation (Figure 2). 
The maximum rate of explant regeneration 
(25.02% ± 4.59%) after transformation was 
observed with tissue inoculation time 10 
min(Figure 3).Increasing of inoculation time 
contributed to the significant necrosis and 
contamination of tissues, which made the 
process of obtaining regenerated plants more 
complicated (Figure 3). 
Often, to increase the Agrobacterium-mediated 
transformation frequency, acetosyringone (50-
200 µM), a synthetic phenolic compound that 
activates A. tumefaciens virulence genes, is 
added into the inoculation medium (Boulter 
et al., 1990; Cardoza & Stewart, 2003; 
Mashayekhi et al., 2008; Hao et al., 2010; 
Maheshwari et al., 2011; Hussain et al., 2014; 
Liu et al., 2015; Rahnama & Sheykhhasan, 
2016; Ravanfar et al., 2017).It was established, 
that the addition of acetosyringone to the 
inoculation medium is not appropriate because 
it causes necrosis of rapeseed tissues and 
reduces the winter rape Bn1 line regeneration 
frequency by 20%. 
Step-by-step selection with increasing of 
phosphinothricin concentration in the 
regeneration MSR medium up to 8 mg/L 
allowed to select the maximum number of 
transgenic plants and to reject false-positive 
variants. In order to form roots by the plants, 
the ppt concentration was reduced to 3 mg/L in 
MSE and MSA media. 
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Figure 3. Dependence of the regeneration frequency of 
winter rapeseed Bn1 line on the selective MSR medium 

on the inoculation time (optical density of bacterial 
suspension OD600 = 0.5); C - Control 

 
Checking the marker gene stable integration 
Histochemical analysis of GUS activity 
revealed the β-glucuronidase expression in 
regenerated plants and in all fertile winter 
rapeseed plants of Bn1 line (Figure 4). 
PCR by the gus gene confirmed the presence of 
the transgene in 20 of the 22 rapeseed plants. 

 
Figure 4. Histochemical analysis of β-glucuronidase 

expression in plant tissues: 

A - winter rape Bn1 line regenerated plant, obtained after 
genetic transformation using the pCB203 construct; B, C, 
F - the β-glucuronidase expression in leaves and buds of 
transformed rapeseed; D - negative and positive control 

(Nicotiana tabacum L.); E - negative control 
(Brassica napus L.) 

 
Thus, the transformation rate of winter 
rapeseed Bn1 line is 22.75% ± 2.28% 
(Figure 5). 

 

 
Figure 5. PCR analysis of transgenic rape plants using gus specific primers: 

Lanes 1-22 - test samples; C1 - positive control - Agrobacterium tumefaciens GV3101 pCB203 colony; C2 - negative 
control - intact rapeseed Bn1 line DNA; M - a molecular marker DNA LadderMix 

 
Winter rapeseed Bn1 line transgenic seeds 
obtaining 
After rooting on MSA medium all regenerated 
winter rapeseed Bn1 line plants were planted in 
peat mixture and vernalized by (Savelieva & 
Tarakanov, 2014; Filek et al., 2007; Waalen et 
al., 2014). Seeds were obtained from vernalized 
winter plants (Figure 6). 
 

 
Figure 6. Transgenic seeds of winter rapeseed Bn1 line 

obtaining after transformation by pCB203 vector: 
A- rooting of regenerated plants on the MSA medium;  

B- adaptation of plants to the in vivo conditions;  
C- isolation of peduncles after vernalization for seeds 
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CONCLUSIONS 
 
This study presents an optimized protocol for 
Agrobacterium-mediated genetic transforma-
tion of Ukrainian breeding winter rape. The 
aim of transformation was to choose the 
optimal inoculation time with the agrobacterial 
suspension, suspension optical density and the 
composition of the inoculation and regeneration 
media.We selected following parameters: the 
optical density of the bacterial suspension for 
plant inoculation should be OD600 = 0.5, and 
the inoculation time - 10 min. The addition of 
acetosyringone caused a negative effect on the 
rapeseed regeneration rate in our experiments. 
Also in our work we used 2-iP as a cytokinin 
instead of Zeatin, which is 5 times more 
expensive than the first one.According to the 
PCR results, the transformation frequency of 
the Bn1 line by the gus gene is 22.75%±2.28%. 
After vernalization of rapeseed plants seeds, 
that do not morphologically differ from native, 
were obtained. Thus, this technique can be used 
to obtain biotechnological winter rape plants 
and further research. 
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CONCLUSIONS 
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Abstract  
 
The aim of this study is to describe the clinical course, outcome and success rate of 23 dogs and two horses with 
persistent pneumothorax treated with autologous blood pleurodesis. The cases included in the study consisted of 
unresolved pneumothorax through thoracostomy tube maintained for 1-3 days to remove pleural effusion and free air. 
In dogs, persistent pneumothorax was treated by pleurodesis after diaphragmatic hernia surgery (19) and four cases 
after traumatic chest injury. In the two horses, the persistent pneumothorax occurred after blunt trauma (traumatic 
accidents). Autologous blood pleurodesis was performed by intrapleural injection of 5 mL/kg of whole blood. The 
duration required for air leak to seal, chest drainage duration, length of hospital stay, and the incidence of 
complications were noted. In all dogs and in one horse the pneumothorax resolved within 12-72 hours after treatment. 
Minor complications occurred in other two dogs and resolved in both; one horse was euthanized. Blood pleurodesis 
may provide a simple, safe, and inexpensive medical treatment for resolution of persistent pneumothorax. 
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INTRODUCTION  
 
Cases involving pneumothorax occur relatively 
frequently in clinical practice. In dogs 
pneumothorax occurs spontaneously caused by 
pulmonary blebs and bullae, after thoracic 
trauma or thoracic surgery (Puerto et al., 2002; 
Lipscomb et al., 2003; Lynch and Campos, 
2018; Money, 2018). Horses developed 
pneumothorax secondary to pleuropneumonia, 
by open thoracic wounds, closed trauma, 
surgery involving the upper portion of the 
respiratory tract, and surgery involving the 
thoracic cavity (Boy and Sweeney, 2000; 
Hance and Robertson, 1992; Joswig and Hardy, 
2013; Laverty et al., 1996).   
Persistent air leak following traumatic or 
spontaneous pneumothorax in dogs can be 
managed conservatively via percutaneous 
thoracentesis, with thoracostomy tube 
placement or surgically by removing the 
affected lung lobes (Puerto et al., 2002; Lynch 
and Campos, 2018; Money, 2018) 
Pleurodesis is another treatment method, 
commonly performed for recurrent or persistent 
pneumothorax or chronic pleural effusion more 

often in human medicine. Pleurodesis methods 
consist in talc slurry, instillation of various 
chemical sclerosing agents (Jeram et al., 1999), 
of whole blood and via thoracoscopic guided 
pleural scarification with either neodymium: 
yttrium-aluminum-garnet (Nd:YAG) laser or 
argon beam coagulator (Almind et al., 1989; 
Bresticker et al., 1993; Oppenheimer et al., 
2014; Torre and  Belloni, 1989; Wied et al., 
1983). Although experimental pleurodesis in 
dogs has been reported in several studies 
(Bresticker et al., 1993), the therapeutic 
efficacy of pleurodesis in clinical cases of 
animals with pneumothorax is difficult to 
assess, with a limited number of clinical 
applications in dogs (Oppenheimer et al., 2014) 
and lacking data on horses. 
The aim of this study is to describe the clinical 
course, outcome, and success rate of 23 dogs 
and two horses with persistent pneumothorax 
treated with autologous blood pleurodesis. 
 
MATERIALS AND METHODS 
 
Medical records from the Surgery clinic from 
2000–2016 were reviewed to identify cases that 

 
had persistent pneumothorax and/or unresolved 
pneumothorax through thoracostomy tube to 
remove pleural effusion and free air after 1-3 
days of treatment and who were treated with 
autologous blood injected into the pleural 
cavity. 
Autologous blood pleurodesis was performed 
using 5 mL/kg of non-coagulated aseptically 
collected whole blood.  
The duration required for air leak to seal, chest 
drainage duration, length of hospital stay, and 
the incidence of complications were noted. 
 
RESULTS AND DISCUSSIONS 
 
Blood pleurodesis was used for resolution of 
pneumothorax in 19 dogs after correction of a 
diaphragmatic hernia and four dogs after 
traumatic chest injury and in two horses after 
traumatic pneumothorax from an axillary 
wound.  
On admission, the dogs presented a marked 
increase in breathing effort, tachypnoea 
(respiratory rate, 64 breaths/min), decreased 
bronchovesicular sounds (bilateral), and 
muffled heart sounds. Thoracic radiographs 
revealed diffuse opacification of the thoracic 
cavity, the cardiac silhouettes and 
diaphragmatic contours were obscured by soft 
tissue opacity. The caudodorsal lung lobes were 
collapsed, and abdominal organs were 
identified in the thoracic cavity (Figure 1). 
 

  
 

Figure 1. Radiographic views - diaphragmatic hernia in 
dogs 

 
Based on the radiographic findings and 
anamnesis, in 19 dogs, a diagnosis of traumatic 
diaphragmatic hernia was stated.  
Similar clinical findings were observed in 4 
dogs after motor vehicle accidents and 
anamnesis and radiographic images led to the 
diagnosis of closed traumatic pneumothorax 
(Figure 2). 
 

 
 

Figure 2. Closed traumatic pneumothorax in dog 
 

Oxygen was initially administered to all 23 
dogs. An IV catheter was inserted in the right 
cephalic vein and used to administer lactated 
Ringer’s solution (5 mL/kg/h). Despite 
treatment, the clinical status of the all dogs 
continued to deteriorate (orthopnoea, dyspnoea, 
and marked discomfort).  
Exploratory celiotomy and herniorrhaphy were 
performed within 3 and 72 hours after 
admission in dogs with diaphragmatic hernia. 
Premedication consisted in administration of 
diazepam (0.50 mg/kg, IV) in combination with 
ketamine hydrochloride (4-5 mg/kg, IV), for 
induction of general anaesthesia was used 
propofol (2 mg/kg, IV) and for maintenance 
2% isoflurane and positive pressure ventilation. 
Celiotomy was performed via a ventral midline 
incision (Figure 3). The herniated abdominal 
organs (the liver lobes, intestinal loops and 
omentum) were reduced into the abdomen.  
 

 
 

Figure 3. The herniated abdominal organs 
 

In five dogs, due to multiple adhesions between 
the herniated organs and the lungs, sharp 
debridement was necessary. The thoracic 
cavities were filled with sterile saline solution 
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In five dogs, due to multiple adhesions between 
the herniated organs and the lungs, sharp 
debridement was necessary. The thoracic 
cavities were filled with sterile saline solution 
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(0.9% NaCl), and no air leakage was detected 
from the lung adherence sites. In all 23 dogs 
(19 with surgery for diaphragmatic hernia and 4 
dogs with closed traumatic pneumothorax) a 
thoracostomy tube (diameter, 8.0 mm; length, 
40 cm) was inserted in intercostal space 
between ribs 8 and 9 (through the skin and 
musculature) into the thoracic cavity. Purse-
string and finger-trap sutures were used to 
secure the thoracostomy tubes. The tube was 
hooked up to a suction and postoperative 
Heimlich valve was connected to it (Figure 4). 
 

  
 

Figure 4. Pneumothorax - thoracostomy tube connected 
at Heimlich valve (radiographic views) 

   
Postoperative, the rate of administration of 
lactated Ringer’s solution was increased to 6-8 
mL/kg/h during recovery from anaesthesia. 
Other postoperative treatments included 
administration of ketamine hydrochloride (0.12 
mg/kg/h) or butorphanol (0.005 mg/kg q 12 h), 
and administration of ampicillin-sulbactam (20 
mg/kg, IV, q 8 h). Pneumothorax resolution 
was obtained by intermittent (once a day) 
connection of thoracotomy's tube to a suction 
device. Clinical status of all dogs improved 
during the next 1-3 days, except for a non-
resolving pneumothorax and mild pleural 
effusion (clinical and radiographic findings). 
Blood pleurodesis was performed in all 23 dogs 
under aseptic conditions. Whole blood without 
anticoagulant was collected from the cephalic 
vein by use of a 50-mL syringes. The blood (5 
mL/kg) was immediately instilled into the 
thoracic cavity via the thoracostomy tube, 
followed by flushing whit 10-20 mL of sterile 
saline solution. The drainage tube was clamped 
for at least 4 hours, after which the dogs were 
reconnected to the Heimlich valve. Following 
the pleurodesis procedure, the Heimlich valves 
remained connected for 24 hours; however, the 
valves appeared to be non-functional as a result 
of filled with fluid. The thoracostomy tube was 
then purposefully occluded because the 
breathing rate and pattern had remained stable 
in all dogs. The thoracostomy tube was 

removed 24 hours after the instillation of blood 
into the intrapleural space.   
Rapid resolution of the pneumothorax was 
observed in 18 of the dogs, while the other 5 
required additional treatments. Pleurodesis was 
repeated once in these dogs, after which air 
leak was not observed meaning pneumothorax 
resolution. Out of a total of 28 pleurodesis 
procedures performed in 23 dogs, 18 (78.2%) 
were successful after one procedure and the 
success rate increased to 100% after the second 
procedure. No significant modification of 
hemodynamic occurred after blood withdrawal 
with the exception of two dogs at which a mild 
hypotension was recorded and resolved after 
increasing the administration rate of lactated 
Ringer’s solution. Thoracic radiographs after 
the procedure revealed lung re-expansion in all 
dogs, after 1-3 days from the pleurodesis 
procedures. All dogs were discharged 4 days 
after performing the pleurodesis. 

In two horses with bilateral pneumothorax 
following axillary penetrating wounds (Figure 
5) manifested by anxiety, distress and massive 
subcutaneous emphysema, after antisepsis and 
wounds sutures, pleurodesis with autologous 
blood (5 mL/kg) was performed, similar to the 
technique used in dogs. Rapid (after 48 hours) 
and complete resolution of the pneumothorax 
was observed in one horse. One horse was 
euthanized, because after 48 hours, its general 
condition deteriorated and the massive 
empyema obliterated the thoracostomy tube. 
 

A  B  
Figure 5. Bilateral pneumothorax following axillary 
penetrating wounds (A) with massive subcutaneous 

emphysema (B) 
 
Pleurodesis, from the Greek pleura and desis 
(binding together), is intended to achieve a 
fusion of the parietal and visceral pleura, in 
order to prevent accumulation of either air 
(pneumothorax) or fluid (pleural effusion) in 
the pleural space. The mechanism of 

 
pleurodesis is based on pleural irritation in 
order to create an inflammatory reaction 
leading to fibrinogenesis (Kroegel and Antony, 
1997). The cellular and molecular mechanisms 
involved in pleurodesis include the activation 
of the coagulation cascade of the pleura; fibrin 
deposition; fibroblast recruitment, activation, 
and proliferation; and collagen deposition 
(Antony et al., 1992).  
The mechanism responsible for the sealing 
effect of blood is likely multifactorial. Possible 
mechanisms, according to another study 
(Oppenheimer et al., 2014) include true 
pleurodesis that results in pleural adhesions; 
blood generates an inflammatory reaction in the 
pleural cavity that may contribute to the 
adhesion between the parietal and visceral 
pleura, or sealing the site of air leakage by 
blood clots. 
In humans, pleurodesis with talc, insufflated or 
as a slurry, is controversial, there are reports 
showing that it can lead to the development of 
acute respiratory distress syndrome and even 
death (Light, 2000; Janssen et al., 2007). 
Pleurodesis by infusion of blood into the 
pleural cavity has been used in human medicine 
for the treatment of several conditions, which 
include primary and secondary pneumothorax, 
persistent postoperative air leakage, and 
chronic effusions refractory to chemical 
pleurodesis (Williams and Laing, 2005; Rinaldi 
et al., 2009). 
In veterinary medicine (excluding laboratory 
animals) autologous blood pleurodesis was 
reported in 9 dogs’ clinical cases (Oppenheimer 
et al., 2014; Merbl et al., 2010). 
In laboratory animals, other authors compared 
the efficacy of pleurodesis by the infusion of 
blood or application of doxycycline or talc 
powder in rabbits. The application of 
doxycycline was effective, but caused severe 
local adverse effects. 
The application of talc powder and doxycycline 
were both associated with histological changes 
in the contralateral lung lobes and increases in 
serum liver transaminase activity that suggest 
undesirable systemic effects (Mitchem et al., 
1999). The pleurodesis with autologous blood 
in rabbits was ineffective over the short-term 
(Mitchem et al., 1999), although in human 
medicine there are some successful clinical 
reports of using autologous blood for 

pleurodesis (Dumire et al., 1992; Robinson, 
1987).  
Jerram et al., 1999 in an experimental 10-dog 
study on the efficacy of mechanical abrasion 
and talc slurry as methods of pleurodesis, 
showed that neither method of pleurodesis 
produced sufficient pleural adhesions to 
obliterate the pleural space. 
Surgical intervention is seldom required in 
dogs with traumatic pneumothorax, healing 
occurs usually within 3 to 5 days after 
thoracentesis, thoracostomy and suction 
(Fossum, 1998; 2002; 2018). We report 4 dogs 
with unresolved traumatic pneumothorax after 
being managed with thoracentesis and 
thoracostomy tube and on which was obtained 
complete resolution only after management 
with blood autologous pleurodesis.  
In a literature study, in total, 13 procedures of 
the blood pleurodesis were performed in 8 
dogs, of which 5 (62.5%) were successful after 
one procedure and success rate increased to 
87.5% after additional procedures 
(Oppenheimer et al., 2014).  
In our study, 23 dogs (19 dogs had a history of 
pneumothorax secondary to diaphragmatic 
surgery and 4 dogs with closed traumatic 
pneumothorax) were initially treated with 
thoracentesis and placement of thoracostomy 
tubes with no reduction in the amount of air 
accumulation at 1-3 days after tube placement 
and healing occurred only when autologous 
blood pleurodesis was applied. The success rate 
was recorded in 78% of cases after one 
procedure and in 100% of cases after the 
second procedure. 
Possible complications of blood pleurodesis 
described in humans include bacterial infection 
and tension pneumothorax. Bacterial infection 
is a result of the initial surgical procedure or 
unsterile conditions during the infusion of 
blood, which both sequentially cause empyema 
(Lang-Lazdunski and Coonar, 2004). Empyema 
is the complication most frequently reported 
with blood pleurodesis. Studies have revealed 
the incidence of empyema to be 9% (Williams 
and Laing, 2005). In our study, a fatal 
complication - massive empyema - in one horse 
with traumatic pneumothorax was reported. 

The present article does not provide definitive 
proof that treatment with blood pleurodesis for 
the resolution of pneumothorax will be 
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and proliferation; and collagen deposition 
(Antony et al., 1992).  
The mechanism responsible for the sealing 
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(Oppenheimer et al., 2014) include true 
pleurodesis that results in pleural adhesions; 
blood generates an inflammatory reaction in the 
pleural cavity that may contribute to the 
adhesion between the parietal and visceral 
pleura, or sealing the site of air leakage by 
blood clots. 
In humans, pleurodesis with talc, insufflated or 
as a slurry, is controversial, there are reports 
showing that it can lead to the development of 
acute respiratory distress syndrome and even 
death (Light, 2000; Janssen et al., 2007). 
Pleurodesis by infusion of blood into the 
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include primary and secondary pneumothorax, 
persistent postoperative air leakage, and 
chronic effusions refractory to chemical 
pleurodesis (Williams and Laing, 2005; Rinaldi 
et al., 2009). 
In veterinary medicine (excluding laboratory 
animals) autologous blood pleurodesis was 
reported in 9 dogs’ clinical cases (Oppenheimer 
et al., 2014; Merbl et al., 2010). 
In laboratory animals, other authors compared 
the efficacy of pleurodesis by the infusion of 
blood or application of doxycycline or talc 
powder in rabbits. The application of 
doxycycline was effective, but caused severe 
local adverse effects. 
The application of talc powder and doxycycline 
were both associated with histological changes 
in the contralateral lung lobes and increases in 
serum liver transaminase activity that suggest 
undesirable systemic effects (Mitchem et al., 
1999). The pleurodesis with autologous blood 
in rabbits was ineffective over the short-term 
(Mitchem et al., 1999), although in human 
medicine there are some successful clinical 
reports of using autologous blood for 

pleurodesis (Dumire et al., 1992; Robinson, 
1987).  
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study on the efficacy of mechanical abrasion 
and talc slurry as methods of pleurodesis, 
showed that neither method of pleurodesis 
produced sufficient pleural adhesions to 
obliterate the pleural space. 
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occurs usually within 3 to 5 days after 
thoracentesis, thoracostomy and suction 
(Fossum, 1998; 2002; 2018). We report 4 dogs 
with unresolved traumatic pneumothorax after 
being managed with thoracentesis and 
thoracostomy tube and on which was obtained 
complete resolution only after management 
with blood autologous pleurodesis.  
In a literature study, in total, 13 procedures of 
the blood pleurodesis were performed in 8 
dogs, of which 5 (62.5%) were successful after 
one procedure and success rate increased to 
87.5% after additional procedures 
(Oppenheimer et al., 2014).  
In our study, 23 dogs (19 dogs had a history of 
pneumothorax secondary to diaphragmatic 
surgery and 4 dogs with closed traumatic 
pneumothorax) were initially treated with 
thoracentesis and placement of thoracostomy 
tubes with no reduction in the amount of air 
accumulation at 1-3 days after tube placement 
and healing occurred only when autologous 
blood pleurodesis was applied. The success rate 
was recorded in 78% of cases after one 
procedure and in 100% of cases after the 
second procedure. 
Possible complications of blood pleurodesis 
described in humans include bacterial infection 
and tension pneumothorax. Bacterial infection 
is a result of the initial surgical procedure or 
unsterile conditions during the infusion of 
blood, which both sequentially cause empyema 
(Lang-Lazdunski and Coonar, 2004). Empyema 
is the complication most frequently reported 
with blood pleurodesis. Studies have revealed 
the incidence of empyema to be 9% (Williams 
and Laing, 2005). In our study, a fatal 
complication - massive empyema - in one horse 
with traumatic pneumothorax was reported. 

The present article does not provide definitive 
proof that treatment with blood pleurodesis for 
the resolution of pneumothorax will be 
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successful in all dogs, observations that 
concords with another studies (Oppenheimer et 
al., 2014; Merbl et al., 2010).  
To our knowledge, the horses reported in our 
study are the first ones in which the treatment 
of pneumothorax by blood pleurodesis has been 
reported.  
Blood pleurodesis does not require advanced 
equipment or technical skills, and instillation of 
blood into the pleural space is likely to cause 
less pain and resolution of pneumothorax may 
be observed shortly after this. 
 
CONCLUSIONS 
 
The autologous blood pleurodesis may be 
considered as a medical alternative for the 
treatment of pneumothorax from unresolved air 
leakage, in dogs.  
Blood pleurodesis may provide a simple, safe, 
and inexpensive treatment for resolution of 
persistent pneumothorax. 
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Abstract 
 
Feline corneal sequestrum develops secondary to the quantitative or qualitative deficit of the lacrimal tear film or 
represents a sequela in the healing process of corneal ulcers. The classic surgical approach is keratectomy and 
corneal-conjunctival flap for which not only special equipment is required (surgical microscope, corneal surgery kit), 
but also good knowledge of the technique of corneal sutures. For 32 cats diagnosed with corneal sequestrum (Persian, 
Exotic Shorthair, British Shorthair and Domestic Shorthair), a new surgical protocol was performed: keratectomy, 
application of the SoftShield® collagen contact lens and third eyelid flap. The sutures were maintained for three weeks. 
The healing of the cornea was achieved with minimal scarring, compared to the cases in which the corneal-conjunctival 
flap was performed. This surgical technique for feline corneal sequestrum can be performed by any veterinarian 
because it does not require special equipment or knowledge of corneal suture techniques. 
 
Key words: corneal sequestrum, keratectomy, SoftShield®, third eyelid flap. 
 
INTRODUCTION 
 
Corneal sequestrum (also known as corneal 
mummification, necrotizing keratitis) is a common 
disease in cats, although it has been documented in 
dogs and horse as well (McLellan & Archer, 2000; 
Bouhanna et al., 2008; Dubin et al., 2013). It occurs 
more frequently in brachycephalic breeds, like the 
Persian, Himalayan, Siamese and Burmese, but the 
Domestic Shorthair is also affected (Featherstone & 
Sansom, 2004; Graham et al., 2017). 
The pathogenesis is not fully understood. Most 
common causal associations are quantitative or 
qualitative tear film abnormalities, corneal ulcers, 
lagophthalmos, chronic corneal irritations, 
entropion, trichiasis, breed predisposition, feline-
herpesvirus-1, Chlamydia psittaci infection 
(Nasisse, 1990;1998; Featherstone & Sansom, 
2004; Volopich et al., 2005; Lim et al., 2009; 
Ionașcu, 2017; Graham et al., 2017). 
Characteristic lesions are usually unilateral, but 
can also occur bilaterally, it can be located 
centrally or paracentrally. The discolouration is 
variable, ranging from opaque to black, repre-
senting focal stromal collagen degeneration and 
necrosis, with or without vascularization 
(Figure 1) (Andrew et al., 2001; Featherstone 
& Sansom, 2004; Graham et al., 2017). 
Clinical signs manifest as blepharospasm, epiphora 
and ocular discharge. Sequestrum can vary in size 
and depth, affecting from superficial stroma to 
involvement of Descemet’s membrane and 
subsequent corneal perforation. 

 
Figure 1. OD Central corneal sequestrum  

in an 8-years-old DSH 
 
Surgical management is often the treatment of 
choice to alleviate the pain and decrease the chance 
of recurrence or progression to deeper corneal 
tissue (Andrew et al., 2001; Graham et al., 2017; 
Yang et al., 2019). It generally consists of a 
keratectomy (lamellar or full-thickness) to remove 
the affected cornea and techniques to provide 
tectonic support during corneal healing. Reported 
surgical interventions include: corneoconjunctival 
transposition (CCT), conjunctival grafts, porcine 
small intestinal submucosal (SIS) graft, porcine 
urinary bladder submucosa, bovine pericardial 
grafts, donor keratoplasty, and amniotic membrane 
transplantation (Andrew et al., 2001; Featherstone 
et al., 2001; Townsend et al. 2008; Barachetti et al., 
2010; Dulaurent et al., 2014; Laguna et al. 2015; 

Chow & Westermeyer, 2016; Ion et al., 2016; 
Graham et al., 2017). 
The objective of this study is to report the use of 
Softshield® collagen bandage lens as an option in 
the management of corneal sequestrum. 
 
MATERIALS AND METHODS 
 
Medical records of 32 cats were analysed. Patients 
that were included in this study had a clinical 
diagnostic of corneal sequestrum and underwent 
lamellar keratectomy and Softshield® collagen lens 
application, followed by a third eyelid flap. 
All patients underwent complet ocular and physical 
examination. Pain, conjunctival dischage (Figure 2) 
and mild blepharospasm were observed. 
 

 
Figure 2. OD Corneal sequestrum and conjunctival 

discharge in a 3-years-old Persia 
 
In all cases the Schirmer Tear Test had low values 
(0 mm/min to 10 mm/min) and IOP was in normal 
range. The aspect of the cornea varied: in ten cases 
(10/32) the central necrotic tissue was well 
delimited and on the periphery the cornea was clear 
(Figure 3). 
 

 
Figure 3. OD Central corneal sequestrum well delimited 

in a 7-years-old Persian 
 
In fourteen cases (14/32) the blood vessels 
surrounded the necrotic tissue and the periphery had 

mild corneal edema (Figure 4) and slight positive 
fluorescein test. 
 

 
Figure 4. OD Corneal sequestrum with edema and 

positive fluoresceine test in a 6-years-old BSH 
 
In cases which did not uptake fluorescein, the 
dye cannot penetrate the sequestrum surface 
because the sequestrum lacks stromal ground 
substances (Andrew et al., 2001). 
In eight cases (8/32) the corneal sequestrum 
was covering the central part of the cornea, the 
corneal edema was marked and the cats had 
visual deficits (Figure 5). Additional diagnostic 
tests, such as complete blood count and serum 
biochemistry were unremarkable. 
Patients were placed under general anesthesia. 
The cats were pre-medicated with 
dexmedetomidine (Dexdomitor 0.1 mg/ml, 
Orion Pharma) 15 mcg/kg, ketamine 
(Ketamidor 100 mg/ml, Richter Pharma, 
Austria) 5 mg/kg and butorphanol (Butomidor 
10mg/ml, Richter Pharma, Austria) 0.2 mg/kg 
IM. Anesthesia was induced with propofol 
(Propofol Lipuro 10 mg/ml, Braun Germany) 
IV 2-4 mg/kg. 
 

 
Figure 5. OD Massive central corneal sequestrum in an 

11-years-old Burmese 
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The patients were intubated, maintained on 
oxygen and isoflurane 1.5-2% (Anesteran, 
Rompharm SA, Romania). Topical anesthesia 
consisted of oxybuprocaine hydrochloride 
0.4% (Benoxi®, Unimed Pharma). 
The corneal sequestrum (Figure 6 and Figure 8) 
was delineated using a crescent knife and a 
keratectomy was performed to remove the 
entire necrotic tissue (Figure 7 and Figure 9). 
After keratectomy the lavage of the cornea was 
performed using saline and antibiotic eye drops 
were applied (Floxal, Bausch & Lomb 
Rochester, NY, SUA). 
 

 
Figure 6. OS Central corneal sequestrum prior to the 

surgery in an 12-years-old Burmese 
 

 
Figure 7. OS Lamellar keratectomy in previous case (12-

years-old Burmese) 
 

 
Figure 8. OD Corneal sequestrum with blood vessels and 

edema in a 4-years-old BSH 
 

 
Figure 9. OD Lamellar keratectomy in previous case 

(4-years-old BSH) 
 

 
Figure 10. OD The collagen lens applied on the cornea 

in previous case (4-years-old BSH) 
 

 
Figure 11. OD Complete third eyelid flap after 

keratectomy and application of Softshield® bandage 
collagen lens in an 8-years-old Persian 

 
For tectonic support of the cornea we used a 
Softshield® bandage collagen lens (Softshield 
Collagen Corneal Shield 72 hr, Oasis Medical 
Inc, USA). The collagen bandage lens is 
hydrated with saline, inverted and applied on 
the cornea. The air bubbles were removed from 
under the bandage collagen lens with soft 
pressure using a cotton swab. After this 

procedure, the collagen lens was adherent to 
the entire cornea (Figure 10). 
A complete third eyelid flap was performed 
using a simple interrupted suture (Vicryl 3/0, 
Ethicon, Johnson & Johnson, Germany) in 
order to mantain the collagen lens on the 
surface of the cornea (Figure 11). The sutures 
were maintained for 21 days. After the surgery, 
the Elizabethan collar is mandatory. 
Postoperative medications included doxicycline 
(Ronaxan® 20 mg, Merial, Lyon, France) 10 
mg/kg SID 10 days, local antibiotics (Floxal, 
Bausch & Lomb Rochester, NY, SUA) for 21 
days and kanamycin ointment BID on the 
sutures of the third eyelid flap (Kanamicina®, 
SC Antibiotice SA, Iasi, Romania). 
Cats were re-evaluated weekly, one month after 
the surgery, to check the ocular discharge and 
the sutures and after that at 2, 3 and 6 months 
postoperatively. Information regarding time to 
healing, recurrence rate, and evidence of 
scarring were noted. After sutures’ removal at 
21 days postoperatively, the local treatment 
consisted only of artificial tears with hyaluronic 
acid gel BID a la long (Optixcare Eye Lube 
Plus®, CLC Medica, Ontario, Canada). 
 
RESULTS AND DISCUSSIONS 
 
In this study were included 32 cats: 13 Persian, 
4 Burmese, 3 Exotic Shorthair, 3 British 
Shorthair and 9 Domestic Shorthair. No sex 
predilection was identified; there were 18 
females and 14 males. The age of the patients 
ranged from 3 years to 16 years (mean age 6.71 
years, SD ± 2.79). The right eye was affected in 
17 cats and the left eye in 15 cats. This study 
was similar to previous studies in which the 
highest incidence is reported in brachycephalic 
cats (19 cats) and there is no gender 
predilection (Andrew et al., 2001; Graham et 
al., 2017). 
Fourteen cases (14/32) presented vascularized 
corneal sequestrum (Figure 12) and slight 
positive fluorescein test (Figure 13). 
Collagen bandage lenses use has been reported 
in several studies, but to the authors’ 
knowledge this is the first report of its use in 
corneal sequestrum. 
Collagen corneal shields (CCS) are contact 
lens-shaped, biodegradable protein matrixes 
placed on the cornea. They are currently 

indicated for ocular surface protection 
following surgery and after corneal trauma, 
ulcers or abrasion, and can also be used as drug 
delivery device. 
 

 
Figure 12. OS Corneal sequestrum with blood vessels in 

a 5-years-old DSH 
 

 
Figure 13. OS Corneal sequestrum with positive 

fluoresceine test in a 9-years-old Exotic Shorthair 
 
Collagen shields are manufactured from 
porcine or bovine collagen and three different 
collagen shields are currently available with 
dissolution times of 12, 24, and 72 hours 
(Guber et al., 2019; Willoughby et al., 2002). 
Studies in animals with corneal epithelial 
defects and keratectomy wounds has 
demonstrated that CCS have an important role 
in the promotion of re-epithelialisation and 
reduces stromal inflammation and edema 
(Willoughby et al., 2002; Eshar et al., 2011; Ion 
et al., 2016). 
Softshield® has a dissolution time of 72 hours, 
but we maintained the suture for 21 days for a 
better corneal healing outcome. According to 
author’s experience (unpublished data), when 
the sutures are removed before 21 days, for 
example 7 days after the surgery, the cornea is 
not healed, it has stromal edema, the blood 
vessels reached the periphery of the collagen 
lens and the fluorescein test is positive (Figure 
14). 
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Figure 14. OS Clinical aspect of the cornea 7 days after 

the surgery (5-years-old DSH) 
 
Clinical aspect at 21 days postoperatively, 
when the third eyelid flap sutures are removed, 
show rich corneal neovascularization (Figure 
15) or mild neovascularization (Figure 16) and 
the collagen shield included in the corneal 
structure. 
 

 
Figure 15. OD Clinical aspect 21 days postoperatively, 

when the sutures of the third eyelid flap are removed (8-
years-old DSH) 

 

 
Figure 16. OS Clinical aspect 21 days postoperatively, 
when the sutures of the third eyelid flap are removed 

(3-years-old BSH) 

Clinical aspect 2 months postoperatively show 
reduced corneal vascularization and central 
opacification where the collagen bandage lens 
is included in the corneal structure (Figure 17). 
 

 
Figure 17. OS Clinical aspect 2 months after the surgery, 

reduced corneal vascularization (10-years-old Persian) 
 
Six months postoperatively the cornea has 
minimal scarring (Figure 18), comparing to the 
cases in which the conjunctival flap was 
performed (Figure 19 and Figure 20).  
 

 
Figure 18. OD Minimal corneal scar 6 months after the 

surgery (4-years- old BSH) 
 

 
Figure 19. OD Aspect of conjunctival graft 6 months 

after keratectomy (5-years-old Persian) 
 

 
Figure 20. OD Corneal scar after sectioning the 

conjunctival graft performed 6 months before for corneal 
sequestrum (5-years-old Persian) 

 
Artificial tears with hyaluronic acid were 
prescribed long-term BID because all patients 
were diagnosed with keratoconjunctivitis sicca, 
Schirmer Tear Test values being 0-10 mm/min. 
Knowing that KCS is an important factor in the 
development of feline corneal sequestrum, 
hyaluronic acid was used to prevent 
recurrences as well. 
At all recheck examinations the fluorescein test 
was negative and for Schirmer Tear Test we 
recorded increased values (8-15 mm/min). 
None of the patients in this study had 
recurrences in our follow-up period with a 
range between 8 and 32 months. Because long-
term follow-up was not always available, it is 
possible that corneal sequestrum recurred 
without being diagnosed. Regarding the 
absence of recurrences, the relatively low 
number of cases and the duration of follow-up 
time remain limitations of this study. 
After keratectomy, the Softshield® collagen 
bandage lens acts as tectonic support, providing 
tissue to fill the lack of the corneal structure 
and facilitating healing via vascularization 
starting from the limbus. 
Previously reported surgical treatments for 
feline corneal sequestrum include among others 
keratectomy with conjunctival grafts. This 
technique utilizes the patient’s own conjunctiva 
and is reported to have a good success rate but 
it usually leads to corneal opacification, being 
associated with secondary corneal scarring of 
varying densities (Morgan, 1994; Pumphrey et 
al., 2019). 

For this technique special equipment is 
required (surgical microscope, corneal surgery 
kit), but also good knowledge of the technique 
of corneal sutures. 
The surgical protocol for feline corneal 
sequestrum proposed in this study can be 
performed by any veterinarian because it does 
not require special equipment or knowledge of 
corneal suture techniques. Other benefits of this 
approach include decreased anaesthesia time 
and lower procedure costs for the owner. 
In our case-series, all cases undergoing 
keratectomy followed by application of 
Softshield® bandage collagen lens 
demonstrated good corneal transparency and 
improved vision. 
 
CONCLUSIONS 
 
Application of Softshield® bandage collagen 
lens is an effective alternative to conjunctival 
grafting procedures in cats undergoing 
keratectomy for treatment of feline corneal 
sequestrum. 
It has a good outcome in terms of corneal 
transparency and vision improvement. 
This novel surgical approach can be performed 
by any veterinary doctor because it does not 
require special equipment or knowledge of 
corneal suture techniques. 
To the authors’ knowledge, this is the first 
report of its use in feline corneal sequestrum. 
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Abstract 
 
Strongylus vulgaris (Nematoda: Strongylidae) is the most pathogenic helminth parasite of horses. Despite of the 
increasingly reports on reducing its prevalence in well managed horse farms, surveys of horse populations across the 
world still document the presence of this parasite. Therefore, this study aimed to investigate the occurrence of S. 
vulgaris in different horse establishments in Romania. For this purpose, a total of 439 horses, originated from 20 
premises and nine counties of Romania, including horses (n = 228) from three stud farms, four sport / recreational 
units (n = 43), and working horses (n = 168), which tested positive for strongyle infection, were included in the study. 
Individual fresh faecal samples with the strongyle egg per gram (EPG) count > 100 were subjected for larval culturing; 
subsequently third stage larvae (L3), harvested using a Baermann technique, were further subjected for morphological 
analysis to identify S. vulgaris species. Additionally, 64 pooled samples (obtained from 5-10 individual coprocultures) 
of mixed strongyle-type L3 larvae, including 27, 4, and 33 samples from stud, sport, and working-horses, respectively) 
were molecularly screened for S. vulgaris by Real-Time PCR. On microscopic examination of individual coprocultures, 
S. vulgaris L3 larvae were identified only in working horses (15.5% at individual level). Additionally, the RT-PCR 
confirmed S. vulgaris-DNA in 8 of screened pooled-samples, of which 7 were from working horses and 1 from stud farm 
horses. Altogether, the results revealed the occurrence of S. vulgaris in Romanian horses and particularly emphasized 
the higher sensitivity of PCR-based methods for its monitoring in horse populations. Moreover, these preliminary 
findings are the base for on-going molecular investigations of horses for S. vulgaris at individual level to provide useful 
information for a sustainable control of equine strongyles in Romania. 
 
Key words: equine, Strongylus vulgaris, coprocultures, Real-Time PCR. 
 
INTRODUCTION 
 
Strongyles (Nematoda: Strongylidae) are the 
most common helminth parasites (Reinemeyer 
et al., 1984; Mitrea, 2011). Equine strongyles, 
members of two subfamilies, Strongylinae and 
Cyathostominae, are of significant veterinary 
interest because of their high pathogenicity due 
to the species-specific visceral migration, and 
their development of anthelmintic resistence, 
respectively (Kaplan, 2004; Lyons et al., 2008a; 
2008b; 2011a). Of them, particularly, the large 
strongyle Strongylus vulgaris (subfamily 
Strongylinae) is regarded as the most 
pathogenic parasite of horses (Drudge and 
Lyons, 1986; Mitrea, 2011). The adult worms 
parasitize in the cecum and the right ventral 
colon, while the larvae (the fourth-L4 and fifth-
L5 stages) migrate in the circulatory system, 
the cranial mesenteric arterial tree, causing 
fibrinous endarteritis, trombosis, and severe 
aneurysms (Duncan and Pirie, 1985).  

Despite of the increasingly reports on reducing 
its prevalence in well managed horse farms, 
surveys of horse populations across the world 
still document the presence of this parasite 
(Herd, 1990; Kaspar et al., 2017). 
Due to the inability of the classical and widely 
applied copro-parasitological techniques, which 
are used for detecting strongyle-type eggs, to 
differentiate the strongyle species that inhabit 
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Abstract 
 
Strongylus vulgaris (Nematoda: Strongylidae) is the most pathogenic helminth parasite of horses. Despite of the 
increasingly reports on reducing its prevalence in well managed horse farms, surveys of horse populations across the 
world still document the presence of this parasite. Therefore, this study aimed to investigate the occurrence of S. 
vulgaris in different horse establishments in Romania. For this purpose, a total of 439 horses, originated from 20 
premises and nine counties of Romania, including horses (n = 228) from three stud farms, four sport / recreational 
units (n = 43), and working horses (n = 168), which tested positive for strongyle infection, were included in the study. 
Individual fresh faecal samples with the strongyle egg per gram (EPG) count > 100 were subjected for larval culturing; 
subsequently third stage larvae (L3), harvested using a Baermann technique, were further subjected for morphological 
analysis to identify S. vulgaris species. Additionally, 64 pooled samples (obtained from 5-10 individual coprocultures) 
of mixed strongyle-type L3 larvae, including 27, 4, and 33 samples from stud, sport, and working-horses, respectively) 
were molecularly screened for S. vulgaris by Real-Time PCR. On microscopic examination of individual coprocultures, 
S. vulgaris L3 larvae were identified only in working horses (15.5% at individual level). Additionally, the RT-PCR 
confirmed S. vulgaris-DNA in 8 of screened pooled-samples, of which 7 were from working horses and 1 from stud farm 
horses. Altogether, the results revealed the occurrence of S. vulgaris in Romanian horses and particularly emphasized 
the higher sensitivity of PCR-based methods for its monitoring in horse populations. Moreover, these preliminary 
findings are the base for on-going molecular investigations of horses for S. vulgaris at individual level to provide useful 
information for a sustainable control of equine strongyles in Romania. 
 
Key words: equine, Strongylus vulgaris, coprocultures, Real-Time PCR. 
 
INTRODUCTION 
 
Strongyles (Nematoda: Strongylidae) are the 
most common helminth parasites (Reinemeyer 
et al., 1984; Mitrea, 2011). Equine strongyles, 
members of two subfamilies, Strongylinae and 
Cyathostominae, are of significant veterinary 
interest because of their high pathogenicity due 
to the species-specific visceral migration, and 
their development of anthelmintic resistence, 
respectively (Kaplan, 2004; Lyons et al., 2008a; 
2008b; 2011a). Of them, particularly, the large 
strongyle Strongylus vulgaris (subfamily 
Strongylinae) is regarded as the most 
pathogenic parasite of horses (Drudge and 
Lyons, 1986; Mitrea, 2011). The adult worms 
parasitize in the cecum and the right ventral 
colon, while the larvae (the fourth-L4 and fifth-
L5 stages) migrate in the circulatory system, 
the cranial mesenteric arterial tree, causing 
fibrinous endarteritis, trombosis, and severe 
aneurysms (Duncan and Pirie, 1985).  

Despite of the increasingly reports on reducing 
its prevalence in well managed horse farms, 
surveys of horse populations across the world 
still document the presence of this parasite 
(Herd, 1990; Kaspar et al., 2017). 
Due to the inability of the classical and widely 
applied copro-parasitological techniques, which 
are used for detecting strongyle-type eggs, to 
differentiate the strongyle species that inhabit 
the digestive tract of horses, currently it is a 
large interest for developing and applying 
complementary techniques, such as larval 
culturing and molecular techniques (Andersen 
et al., 2013). Moreover, larval cultures (copro-
cultures) is a practice used in many countries 
(i.e. Denmark, Germany), where, in order to 
reduce the intensity of antiparasitic treatments 
and to minimize the development of 
chemoresistance a targeted selective therapy 
regimen is applied, being part of the 
surveillance program implemented to monitor 
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the occurrence of S. vulgaris (Pfister and van 
Doorn, 2018 ).  
Identification of the strongyle L3 it is a very 
important tool for epidemiological studies of 
equine strongyles, as it is known that the most 
prevalent larval types are produced by the most 
resistant species (Madeira de Carvalho et al., 
2008, Matthews et al., 2004).  
Accordingly, based on morphological keys 
(number, shape, and arrangement of intestinal 
cells, type of oesophagus, length of tail),  there 
have been described different L3 morphotypes, 
for the both, cyathostomins and strongylins (L3 
with different arrangemments of the 6 to 16 and 
16 to 32 intestinal cells, respectively) (Kornas 
et al., 2009). 
Currently, larval culture and subsequent 
morphological identification of third larvae (L3) 
(the standard method) and Real-Time PCR are 
useful tools for differentiation of cyathostomins 
and strongylins (Nielsen et al., 2012). Therefore, 
this study aimed to preliminary assess the 
occurrence of S. vulgaris in horses from 
different horse establishments in Romania by 
using larval cultures and, for the first time in 
Romania, by Real-Time PCR. 
 
MATERIALS AND METHODS 
 
Animals and samples 
A total of 439 horses, originated from 20 
premises and nine counties of Romania, 
including horses (n = 228) from three stud 
farms, four sport/recreational units (n = 43), 
and working horses (n = 168), were enrolled in 
a coprological study. From them, individual 
fresh faecal samples were collected and 
analyzed using a modified McMaster method 
for strongyle egg per gram (EPG) counting 
(with a limit of detection of 25 epg). All 
individual fecal samples with the strongyle 
EPG count >100 were subjected for larval 
culturing. 
 
Larval cultures 
Larval cultures were performed as described by 
Henriksen and Korsholm (1983). Briefly, 10 
grams of faeces were incubated at 22-24ºC for 
14 days. Regularly, the cultures were checked 
for dessication and moistened. Third stage 
larvae (L3) were harvested after 24 h 
sedimentation using a Baermann technique.  

For each sample, 1 ml of sediment was 
collected, centrifuged (at 3000 rpm, 5 min), and 
was subjected for morphological analysis of the 
strongyle L3, as described before (Bellaw and 
Nielsen, 2015; Anutescu et al., 2016). Briefly 
described, of each 1 ml sediment, harvested 
larvae morphological identification was  perfor-
med from an aliquot of 100 µl, to characterize 
the structure of strongyle-populations and the 
remaining sediment (900 µl) was examined for 
the the presence of S. vulgaris larvae (Buzatu et 
al., 2017).   
Identification and differentiation of harvested 
larvae into different strongyle L3 morphotypes 
were performed using morphological (number, 
shape, and arrangement of intestinal cells, type 
of oesophagus, length of tail) keys (Kornas et 
al., 2009).    
A total number of 64 pooled samples of mixed 
strongyle-type L3 larvae, including 27, 4, and 33 
samples from stud, sport, and working-horses, 
respectively) were constituted using collected 
larvae from 5 to 10 individual coprocultures and 
subjected for molecular screening for S. vulgaris 
by using Real-Time PCR.  
 
DNA extraction and Real-Time PCR 
DNA-extraction from harvested larvae was 
carried out following the manufacturer’s 
recommendations (PureLink® Genomic DNA 
Kit, Invitrogen) according to the blood or body 
fluid spin protocol (Qiagen, Hilden, Germany). 
DNA samples were stored at –20°C until used 
for RT-PCR analysis. 
Samples were screened for S. vulgaris by real-
time PCR using the StepOnePlus Real Time 
PCR System (Applied Biosystems, Darmstadt, 
Germany), targeting rDNA sequences of the 
ITS-2 (the second internal transcribed spacer). 
The amplification RT-PCR protocol was 
adapted after Nielsen et al. (2008) and Kaspar 
et al. (2017). 
 
RESULTS AND DISCUSSIONS 
 
Larval cultures 
The number of larvae morphologically 
identified (in 100 μl of the sediment) from 
larval cultures of stud, sport, and working 
horses varied, depending on the initial EPG 
values, from 5 to 118 (average 69), 1 to 77 

(average 56), and from 1 to 88 (average of 49), 
respectively.  
The analysis of the larval coprocultures, 
respectively the differentiation and 
identification of L3 larvae revealed the 
presence of mixed larvae populations, with the 
both cyathostomine and strongyline species.  

However, coprocultures revealed the presence of 
S. vulgaris L3 only in working horses, with a 
mean prevalence of 15.50%.  
Synthesized data about the occurrence of 
different strongyle larval morphotypes/species in 
the investigated horses are presented in Table 1. 

 
 

Table 1. Sintetized data on number and percentage of positive horses for different strongyle L3 morphotypes/species, 
horses from different breeding systems (data on larval cultures) 

 

Breeding 
system 

 

Third stage strongyle larval morphotypes/species of cyathostomines and strongylines  
(from individual aliquot of 1000 µl sediment) 

Cyathostominae Strongylinae 

A B C D E F G H Gy Po Sv Sed Seq Oe Cr Tr 

Stud farms 

L.C.   
n=228 228 7 166 77 9 26 10 19 4 6 0 0 0 0 0 2 

% 100 3.07 72.80 33.80 3.95 11.40 4.40 8.33 1.75 2.60 0 0 0 0 0 0.88 

Sport units 

L.C.   
n=43 43 0 24 4 0 1 1 0 0 0 0 0 0 0 2 0 

% 100 0 55.80 9.30 0 2.33 2.33 0 0 0 0 0 0 0 4.65 0 

Working horses 

L.C.   
n=168 168 1 82 36 2 6 1 9 10 9 26 1 2 8 10 3 

% 100 0.60 48.80 21.40 1.20 3.50 0.60 5.30 5.95 5.36 15.50 0.60 1.20 4.70 5.60 1.80 

L.C.= larval cultures; n= number of horses; %: percentage: A-H: Cyathostominae morphotypes; Gy: Gyalocephalus capitatus;  
Po: Poteriostomum spp.; Strongylinae (subfamily): S.v: Strongylus vulgaris; S.ed: Strongylus edentatus; S. eq: Strongylus equinus; 
Oe: Oesophagodontus robustus; Cr: Craterostomum acuticaudatum; Tr: Triodontophorus spp. 
 
Real-Time PCR  
A total number of 64 pooled samples, including 
33, 27, and 4 samples from working, stud 
farms, and sport horses, respectively,  
containing mixed strongyle-type L3 larvae, 
were tested for S. vulgaris DNA. Each sample 
contained, between 37 and 200 larvae. 
Subsequently to the molecular analysis, the 
RT-PCR confirmed S. vulgaris DNA in 
working horses (7/33 pooled samples, 
including all individual samples positive at 
larval cultures) but also in one pooled samples 
from horses originating from stud farm (1/27 
pooled samples), while none of the pooled 
samples from sport horses were positive for S. 
vulgaris DNA. 
A detection threshold of 500 fluorescence units 
(dR) was used and results were recorded as the 
mean PCR cycle number at which the 

fluorescence detection threshold had been 
exceeded (Ct) (Table 2). 
 

Table 2. Data on the Strongylus vulgaris positive 
samples by RT-PCR compared with the larval cultures 

 

ID *Orig. 
county 

Type 
establish 

ment 

Strongylus vulgaris RT-PCR 

LC RT-PCR *Ct 

P1 TL working positive positive 29.6337 
P2 TL working positive positive 30.1878 
P3 TL working positive positive 30.4090 
P4 BV working negative positive 35.9485 
P5 BV working positive positive 30.4395 
P6 IL working negative positive 33.7626 
P7 IL working positive positive 34.4597 

P8 BV stud 
farm 

negative positive 30.8645 

Positive control [PC]   positive 20.8894 

P1-P8: pooled samples of mixed strongyle third stage larvae from 
larval cultures; *horse originating county; TL: Tulcea; BV: Brasov: IL: 
Ialomita; **Ct: mean PCR cycle number threshold; LC: larval culture 
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the occurrence of S. vulgaris (Pfister and van 
Doorn, 2018 ).  
Identification of the strongyle L3 it is a very 
important tool for epidemiological studies of 
equine strongyles, as it is known that the most 
prevalent larval types are produced by the most 
resistant species (Madeira de Carvalho et al., 
2008, Matthews et al., 2004).  
Accordingly, based on morphological keys 
(number, shape, and arrangement of intestinal 
cells, type of oesophagus, length of tail),  there 
have been described different L3 morphotypes, 
for the both, cyathostomins and strongylins (L3 
with different arrangemments of the 6 to 16 and 
16 to 32 intestinal cells, respectively) (Kornas 
et al., 2009). 
Currently, larval culture and subsequent 
morphological identification of third larvae (L3) 
(the standard method) and Real-Time PCR are 
useful tools for differentiation of cyathostomins 
and strongylins (Nielsen et al., 2012). Therefore, 
this study aimed to preliminary assess the 
occurrence of S. vulgaris in horses from 
different horse establishments in Romania by 
using larval cultures and, for the first time in 
Romania, by Real-Time PCR. 
 
MATERIALS AND METHODS 
 
Animals and samples 
A total of 439 horses, originated from 20 
premises and nine counties of Romania, 
including horses (n = 228) from three stud 
farms, four sport/recreational units (n = 43), 
and working horses (n = 168), were enrolled in 
a coprological study. From them, individual 
fresh faecal samples were collected and 
analyzed using a modified McMaster method 
for strongyle egg per gram (EPG) counting 
(with a limit of detection of 25 epg). All 
individual fecal samples with the strongyle 
EPG count >100 were subjected for larval 
culturing. 
 
Larval cultures 
Larval cultures were performed as described by 
Henriksen and Korsholm (1983). Briefly, 10 
grams of faeces were incubated at 22-24ºC for 
14 days. Regularly, the cultures were checked 
for dessication and moistened. Third stage 
larvae (L3) were harvested after 24 h 
sedimentation using a Baermann technique.  

For each sample, 1 ml of sediment was 
collected, centrifuged (at 3000 rpm, 5 min), and 
was subjected for morphological analysis of the 
strongyle L3, as described before (Bellaw and 
Nielsen, 2015; Anutescu et al., 2016). Briefly 
described, of each 1 ml sediment, harvested 
larvae morphological identification was  perfor-
med from an aliquot of 100 µl, to characterize 
the structure of strongyle-populations and the 
remaining sediment (900 µl) was examined for 
the the presence of S. vulgaris larvae (Buzatu et 
al., 2017).   
Identification and differentiation of harvested 
larvae into different strongyle L3 morphotypes 
were performed using morphological (number, 
shape, and arrangement of intestinal cells, type 
of oesophagus, length of tail) keys (Kornas et 
al., 2009).    
A total number of 64 pooled samples of mixed 
strongyle-type L3 larvae, including 27, 4, and 33 
samples from stud, sport, and working-horses, 
respectively) were constituted using collected 
larvae from 5 to 10 individual coprocultures and 
subjected for molecular screening for S. vulgaris 
by using Real-Time PCR.  
 
DNA extraction and Real-Time PCR 
DNA-extraction from harvested larvae was 
carried out following the manufacturer’s 
recommendations (PureLink® Genomic DNA 
Kit, Invitrogen) according to the blood or body 
fluid spin protocol (Qiagen, Hilden, Germany). 
DNA samples were stored at –20°C until used 
for RT-PCR analysis. 
Samples were screened for S. vulgaris by real-
time PCR using the StepOnePlus Real Time 
PCR System (Applied Biosystems, Darmstadt, 
Germany), targeting rDNA sequences of the 
ITS-2 (the second internal transcribed spacer). 
The amplification RT-PCR protocol was 
adapted after Nielsen et al. (2008) and Kaspar 
et al. (2017). 
 
RESULTS AND DISCUSSIONS 
 
Larval cultures 
The number of larvae morphologically 
identified (in 100 μl of the sediment) from 
larval cultures of stud, sport, and working 
horses varied, depending on the initial EPG 
values, from 5 to 118 (average 69), 1 to 77 

(average 56), and from 1 to 88 (average of 49), 
respectively.  
The analysis of the larval coprocultures, 
respectively the differentiation and 
identification of L3 larvae revealed the 
presence of mixed larvae populations, with the 
both cyathostomine and strongyline species.  

However, coprocultures revealed the presence of 
S. vulgaris L3 only in working horses, with a 
mean prevalence of 15.50%.  
Synthesized data about the occurrence of 
different strongyle larval morphotypes/species in 
the investigated horses are presented in Table 1. 

 
 

Table 1. Sintetized data on number and percentage of positive horses for different strongyle L3 morphotypes/species, 
horses from different breeding systems (data on larval cultures) 

 

Breeding 
system 

 

Third stage strongyle larval morphotypes/species of cyathostomines and strongylines  
(from individual aliquot of 1000 µl sediment) 

Cyathostominae Strongylinae 

A B C D E F G H Gy Po Sv Sed Seq Oe Cr Tr 

Stud farms 

L.C.   
n=228 228 7 166 77 9 26 10 19 4 6 0 0 0 0 0 2 

% 100 3.07 72.80 33.80 3.95 11.40 4.40 8.33 1.75 2.60 0 0 0 0 0 0.88 

Sport units 

L.C.   
n=43 43 0 24 4 0 1 1 0 0 0 0 0 0 0 2 0 

% 100 0 55.80 9.30 0 2.33 2.33 0 0 0 0 0 0 0 4.65 0 

Working horses 

L.C.   
n=168 168 1 82 36 2 6 1 9 10 9 26 1 2 8 10 3 

% 100 0.60 48.80 21.40 1.20 3.50 0.60 5.30 5.95 5.36 15.50 0.60 1.20 4.70 5.60 1.80 

L.C.= larval cultures; n= number of horses; %: percentage: A-H: Cyathostominae morphotypes; Gy: Gyalocephalus capitatus;  
Po: Poteriostomum spp.; Strongylinae (subfamily): S.v: Strongylus vulgaris; S.ed: Strongylus edentatus; S. eq: Strongylus equinus; 
Oe: Oesophagodontus robustus; Cr: Craterostomum acuticaudatum; Tr: Triodontophorus spp. 
 
Real-Time PCR  
A total number of 64 pooled samples, including 
33, 27, and 4 samples from working, stud 
farms, and sport horses, respectively,  
containing mixed strongyle-type L3 larvae, 
were tested for S. vulgaris DNA. Each sample 
contained, between 37 and 200 larvae. 
Subsequently to the molecular analysis, the 
RT-PCR confirmed S. vulgaris DNA in 
working horses (7/33 pooled samples, 
including all individual samples positive at 
larval cultures) but also in one pooled samples 
from horses originating from stud farm (1/27 
pooled samples), while none of the pooled 
samples from sport horses were positive for S. 
vulgaris DNA. 
A detection threshold of 500 fluorescence units 
(dR) was used and results were recorded as the 
mean PCR cycle number at which the 

fluorescence detection threshold had been 
exceeded (Ct) (Table 2). 
 

Table 2. Data on the Strongylus vulgaris positive 
samples by RT-PCR compared with the larval cultures 

 

ID *Orig. 
county 

Type 
establish 

ment 

Strongylus vulgaris RT-PCR 

LC RT-PCR *Ct 

P1 TL working positive positive 29.6337 
P2 TL working positive positive 30.1878 
P3 TL working positive positive 30.4090 
P4 BV working negative positive 35.9485 
P5 BV working positive positive 30.4395 
P6 IL working negative positive 33.7626 
P7 IL working positive positive 34.4597 

P8 BV stud 
farm 

negative positive 30.8645 

Positive control [PC]   positive 20.8894 

P1-P8: pooled samples of mixed strongyle third stage larvae from 
larval cultures; *horse originating county; TL: Tulcea; BV: Brasov: IL: 
Ialomita; **Ct: mean PCR cycle number threshold; LC: larval culture 
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Discussion 
Performing larval culture for identification of 
infesting larval stages (L3) of strongyles plays 
a very important role for studying the 
epidemiology of equine strongyles; previous 
reports showed that the most prevalent 
strongyle larval morpoypes are produced by the 
most resistant species (Madeira de Carvalho et 
al., 2008; Matthews et al., 2004). 
In this respect, the results of the present study 
are particularly relevant, showing the 
morphotypes A with highest frequency; in 
previous studies the morphotype A is reported 
to be produced by the most prevalent and 
chemoresistant cyathostomin species  (Madeira 
de Carvalho et al., 2008). Moreover, it has been 
shown that regular deworming impacts the 
structure of strongyle populations in horses. For 
this reason, investigations on natural equine 
strongyle infections and the species-composition 
of strongyle populations are essential for a better 
understanding of the anthelmintic chemo-
resistance mechanisms developed by small 
strongyle species in horses (Lyons et al., 2011b).  
In Romania, strongyle infections are very 
common in horses, with high prevalence and 
frequency in different equine breeding systems, 
throughout all the country. Recent studies have 
been reported prevalence values for strongyle 
infection from 44.0%, 79.3% up to 88.4% for 
sport, working and stud farm horses, respectively 
(Ionita et al., 2013; Buzatu et al., 2014, 2016). 
Moreover, 100% extensivity for strongyle 
infection was reported by both copropara-
sitologic examination and necropsy, in horses 
from eastern Romania (Covasa and Miron, 
2011). Other similar studies, conducted in 
western, centre, or eastern areas of in horses 
from Romania, investigating the strongyle-
species population composition, have reported 
also the cyathostomine morphotype A as the 
most common. Additionally, among the 
cyathostomine and strongyline species, 
Cyathostomum catinatum, C. pateratum, 
Cylicostephanus goldi, C. longibursatus, and  
Strongylus vulgaris, S. edentatus, Oe. robustus, 
Triodontophorus spp., respectivelly, have been 
reported (Cernea et al., 2003, 2015; Badea et al., 
2015: Anutescu et al., 2016; Buzatu et al., 2017). 
Knowledge of the biodiversity of larval 
morphotypes among strongylid populations in 
Romania will therefore allow an indirect 

assessment of the susceptibility and/or resistance 
status of different subpopulations of 
cyathostomins (Cernea et al., 2015), as a basis for 
further studies on the epidemiology of strongyle 
infections in horses in Romania. 
A comparative study by Madeira et al. (2008) in 
dewormed and non-dewormed horses and 
donkeys, from Romania and Portugal, revealed 
that morphotype A cyatostomins had the highest 
prevalence in dewormed animals, followed by 
type C and D. Therefore, a good identification of 
cyatostomines will provide knowledge about 
epidemiology, biology or even monitoring their 
antiparasitic resistance. 
Regarding the presence of S. vulgaris species, 
it is rarely reported in horses in farms where 
rigorous long-term parasitological control 
programs are applied (for the last 50 years), 
based on frequent prophylactic anthelmintic 
treatments (Kaplan, 2004). However, there are 
also studies that report the presence of this 
species in such farms, even if at lower 
prevalence values, which could be due to also 
the investigation methods used (Mitrea, 2002; 
Schneider et al., 2014). 
Also, there are currently studies showing that in 
horse farms where parasitological control 
programs based on selective therapy are already 
applied, based on the less frequent application of 
anthelmintic treatments, there is a risk of re-
emergence of S. vulgaris, as reported in 
Denmark (Nielsen et al., 2006; 2012). 
In contrast, the species S. vulgaris is more 
frequently reported in working horses or horses 
on farms where prophylactic treatments are 
performed with low frequency, an aspect 
confirmed also in our studies, with a prevalence 
of 15%. These results are in agreement with 
previous studies carried out in Romania in 
slaughtered horses: thus, Cernea (2006) reports 
a prevalence of 10.38% for S. vulgaris and 
2.12% for S. edentatus and lower prevalence 
values (5.08-1.58%) for other strongyline 
species, such as Oe. robustus, 
Triodonthophorus spp., Cr. acuticaudatum.  
More recently, a post-mortem examination 
study of 47 working horses from Romania 
revealed 100% positive for small strongyles 
(Cyathostominae) infections and 24 species 
were identified; of them, Cyathostomum 
catinatum, Cylicocyclus insigne, and C. nassatus 

had the highest prevalence (100%) (Morariu et 
al., 2016). 
In Poland, in slaughtered horses, S. vulgaris 
was the dominant species among nematodes 
(22.8%), followed by S. edentatus (18.3%) and 
S. equinus (1.7%) (Studzińska et al., 2012). 
Thus, S. vulgaris is still a threat to horse health 
and therefore monitoring studies are required. 
Additional to the larval cultures, which are the 
standard method of monitoring the presence of 
this parasite in many European countries, such 
as Denmark, Germany, Italy, currently more 
sensitive methods, based on PCR, have been 
developed and applied (Ioniță et al., 2010; 
Nielsen et al., 2012; Kaspar et al., 2017). 
In this study, RT-PCR confirmed the S. 
vulgaris DNA in all the samples which 
comprises the individual positive samples at 
larval cultures but also in samples which were 
negative at larval examinations, including one 
pooled sample from stud farm horses. This fact 
falls within the limits of the larval cultivation 
method and can be explained by the fact that 
the development of certain species of 
strongylides requires different conditions of 
temperature and humidity and thus it is 
possible the incomplete larval development 
(with indefinite appearance and/or  
indistinguishable morphological elements) 
(Roeber and Kahn, 2014).  
PCR-based molecular biology techniques 
represent alternative or complementary tools 
with superior specificity and sensitivity that can 
validate the results (Kaspar et al., 2017).  
Therefore, the findings of the present study 
confirmed the higher sensitivity of RT-PCR 
technique for investigating the occurrence of    
S. vulgaris in horse populations.  
 
CONCLUSIONS 
 
Altogether, the results revealed by larval 
culture and for the first time molecularly, by 
RT-PCR, the occurrence of S. vulgaris in 
Romanian horses.  
Moreover, these preliminary findings are the 
base for on-going molecular investigations of 
horses for S. vulgaris at individual level to 
provide useful information for a sustainable 
control of this important parasite of horses, in 
Romania. 
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Abstract  
 
Insecticides used in agriculture are important for pest’s management. However, due to their known environmental 
damage, the study of their effect on non-target organisms is crucial. The literature on this topic deals with the effect 
of insecticide on plants, animals, fungus, algae, and cyanobacteria. So far, no ecotoxicological studies could be 
found about their effect on lichen or mosses. Our study aimed to evaluate the effect of Chlorpyrifos-ethyl and 
Malathion on Xanthoria parietina and Funaria hygrometrica respectively a lichen and moss widely used in 
biomonitoring. Laboratory biotests were conducted applying insecticides by pulverization in controlled conditions. 
The results have shown no significant effect of the two pesticides in the two species within three days as F. 
hygrometrica treated with malathion within seven days. After seven days CPE is adversely affecting the lichen and 
the mosses resulting in a decrease of the photosynthetic pigment, in addition to, an increase in the concentrations of 
the products of oxidations. From this study, it was observed that that X. parietina and F. hygrometrica may be 
proposed to be used in biomonitoring of some insecticides risk. 
 
Key words: insecticides, lichens, mosses, ecotoxicity. 
 
INTRODUCTION 
 
Agriculture plays an important role in many 
economies (Toop et al., 2017). The improve-
ment of its productivity is fundamental to 
achieve food security and sustainable 
economic development (Godfray and Garnett, 
2014).  
Insecticide and other kinds of pesticides 
associated with modern inputs have certainly 
led to an increase in agricultural outputs. 
During decades, they have induced an 
increase in agricultural productivity, but more 
recently there has been a growing concern 
about the risks associated with their use 
(Pretty and Bharucha, 2015). They have been 
considered as one of the major threats to 
ecosystems leading to environmental 
pollution, pest resistance and biodiversity loss 
(Geiger et al., 2010). Insecticides can have 
widespread dissemination and may 

accumulate in different habitats water, air, 
soil and leaving organisms (Kumari et al., 
2008). It is proven that they have been 
implicated in many population regressions 
(Davidson et al., 2002).  
The Evaluation of their impact on non-target 
organisms is important to prove their safety. 
Although many papers have been published 
on ecotoxicological risk assessment of 
insecticides, the majority of the studies were 
about insecticides toxicity on superior plants, 
animals, fungus, algae and cyanobacteria. So 
far, no ecotoxicological studies could be 
found about insecticide effect on the mosses 
(bryophyte) or lichens. In this context, we 
have decided to study in the laboratory the 
insecticide toxicity on lichens and mosses.  
The ecotoxicological assessment of insecti-
cide on species such as fungi, algae, and 
cyanobacteria is complex due to the variety of 
species and the absence of specific toxicity 
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tests. Moreover, the existing results in the 
literature are conflicting; some reported a 
negative effect (Jha and Mishra, 2005; 
Sheridan and Simms, 1975). Others did not 
find any significant effects of insecticide on 
algae; macrophytes and cyanobacteria 
(Stratton and Corke, 1982; Wendt-Rasch et 
al., 2004); even in one study, they noted a 
positive effect (Leganés et al., 2001).  
Among the insecticide largely used in Algeria 
and all over the world we find Chlorpyrifos-
ethyl (CPE: 0.0-Diethyl-0-3,5,6-trichloro-2-
pyridyl Phosphorothioate) and Malathion 
(MAL: 2-[(dimethoxy phosphorothioyl) 
sulfanyl] butanedioate, Diethyl) which despite 
its prohibition, it is still used by many 
farmers. Both malathion and Chlorpyrifos-
ethyl are organophosphorus pesticides used in 
agriculture, residential areas, public 
recreation areas and pest control programs. 
They are toxic to humans (Meng et al., 2010). 
Currently, they are used by the USEPA as 
case studies to evaluate their risks to 
endangered or threatened species (Moore et 
al., 2018).  
Their effect on fungi, cyanobacteria, and 
algae has been well studied. At low dose CPE 
has a stimulatory effect on the growth of 
cyanobacteria and negative impact at a high 
dose (Jha and Mishra, 2005),  it has a 
negative impact on several algae species (Van 
Donk et al., 1992), it causes a transitory shift 
on fungi (Elgueta et al., 2017) and it has a 
stimulatory effect on the fungal population at 
low concentration and the inhibiting effect at 
a high one (Bisht et al., 2016). At a low dose, 
MAL does not have a direct inhibitory effect 
on algae, but it reduces algal biomass at a 
high dose  (Steven et al., 1999). it affects total 
carbohydrate and protein contents of algal 
strains (Ibrahim et al., 2014).  
One study, indicate that MAL has a negative 
impact on fungal growth with a dose-effect 
correlation (Ma and Ghany Tm, 2016). The 
current paper aims to present the results of the 
study that has been done in the laboratory 
under controlled conditions about the effects 
of exposure of the lichen X. parietina and the 
moss Funaria hygrometrica to the insecticide 
CPE and MAL.   
 

MATERIALS AND METHODS  
 
Biological materiel  
X. parietina, a foliose epiphytic lichen widely 
distributed in urban and rural areas (Money, 
2016) and F. hygrometrica known as bonfire 
moss were chosen for this study because they 
have been used for a long time in 
biomonitoring surveys (Ebong, 2015; Kumar 
and Tewary, 1999; Paoli et al., 2013, 2014; 
Scerbo et al., 2002; Vannini et al., 2016) as 
well as  for their availability with big amount 
in the study area. The samples of both species 
were randomly collected from a remote urban 
area away from any agricultural pollution in a 
small forest situated in 35.70˚ N and -0°577 ˚ 
at 150 m above sea level in Oran city, western 
Algeria, which has Mediterranean climate. 
The lichens were taken from pine trees (Pinus 
halepensis).  The mosses were taken from the 
soil of the same sites. The samples were 
transferred in paper bags to the laboratory at 
room temperature. They have been carefully 
cleaned, the thalli were separated from the 
twigs and the soil to avoid any 
contaminations of particles of the wood or 
soil. The experiment has been done after the 
sampling day to avoid any stress. 
 
Agriculture contaminant  
The insecticides CPE and MAL applied in the 
experiment are branded respectively 
PYRICAL 480® EC (formulated by ACI 
SPA) and Sif® Malathion 50 (formulated by 
cheminova). They were obtained from the 
market. 
 
Treatment  
The exposure system was inspired from the 
work of (Carrera and Carreras, 2011). The 
samples were placed in a glass box (15 g of 
plant material per box) under temperature 
(20°C at day and 10°C at night), light 
intensity (10 μmol photons m-2 s-1 at day). The 
tests have been conducted by using the 
pulverization of two different concentrations 
of the used insecticides in addition to the 
control which consist only water. Dilutions 
were made to match the concentration of the 
formula used in the field (1.5 l/ha for the CPE 
and 2 l/ha for MAL), considering the surface 



167

 

tests. Moreover, the existing results in the 
literature are conflicting; some reported a 
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The insecticides CPE and MAL applied in the 
experiment are branded respectively 
PYRICAL 480® EC (formulated by ACI 
SPA) and Sif® Malathion 50 (formulated by 
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of the exposure box. The second 
concentration is the double of the first one (3 
l/ha for the CPE and 4 l/ha for MAL), 
considering the surface of the exposure box. 
In a control box, the lichens and the moss 
were sprayed only with water (control of 
possible effects produced only by an increase 
in the humidity of the chamber). The 
physiological effects were measured after 3 
and 7 days. The treated samples were set in a 
factorial design with five samples per 
treatment.  
 
Biomarkers response  
Photosynthetic pigment  
Chlorophyll and carotenoid extraction were 
done using the Bajpai et al. (2012) method 
which consists of the grounding of 1 g of the 
lichen sample in 10 ml acetone 80% and 25 
mg of CaCO3 then we have processed the 
centrifugation. The supernatant was analyzed 
by spectrometry Optima SP-300. The 
Chlorophyll content was determined using the 
formula of Arnon (1949) and carotenoid 
using the formula of Perron and Juneau 
(2011).  
 
Proline  
Proline dosage was done using the technique 
of Dreier and Goring (1974) which consists of 
isolating the proline from 1 g the fresh matter 
with methanol, then containing it in the 
ninhydrin reagent in an acid medium and 
finally extracting it with toluene. The Proline 
contents were determined by spectroscopy at 
528 nm wavelength than by comparing the 
measured optic density with those of the 
calibration curve. 
 
Total Protein  
The total protein concentration was deter-
mined by a spectrophotometric technique 
using the Bradford method Bradford (1976). 
We used bovine serum albumin as a standard. 
The samples were rinsed in deionized water 
and homogenized in a mortar with sand and 2 
ml of 50 mM phosphate buffer solution (pH = 
6.8) then centrifuged at 12,000 rpm at 4°C for 
20 minutes; 1.5 ml of Bradford solution was 
added to the100 ml supernatant. The resulting 
mixture was shaken and left to react for 10 

minutes. The Protein contents were deducted 
by comparing the measured optic density with 
those of the calibration curve. 
 
Soluble sugar  
The soluble sugar concentration was 
determined using the methods of Dubois et al. 
(1956). To extract the sugar, 100 mg of fresh 
material was placed in test tubes with 3 ml of 
ethanol 80%, the tubes were left for 48 hours 
in darkness at ambient temperature. 2 ml of 
the resulting solution was put in a tube with 1 
ml of phenol 5% and 5 ml of sulfuric acid. 
The tubes were let for 10 minutes, then 
agitated and placed for 20 minutes at a 
temperature of 30°C. The absorbance 
measurements were made in length of 485 
nm.  
 
Statistics  
To show the significance of the differences 
between groups of data, the ANOVA 
statistical analysis, and posthoc test of Tukey 
were executed using the xlstat program 
(version 2018.7) P-value < 0.05 was 
considered as significant. 
 
RESULTS AND DISCUSSIONS 
 
The data that show the effect of different 
concentrations of CPE and MAL on the moss 
and the lichen after 3 and 7 days of exposure 
are presented in Table 1, Figure 1 and Figure 
2. The study revealed that the used 
insecticides causes a reduction of the 
photosynthetic performance and an increase 
in the concentration of protein, proline, and 
soluble sugar. Among all samples, the 
adverse effect was more accentuated in the 
sample treated with a double dose compared 
to the single dose. However, no statistically 
significant (P > 0.05) effect of the two 
pesticides was seen in the two species within 
the period of three days (Table 1). The 
physiochemical parameters of both species 
were unaffected by the exposure to an 
insecticides that the literature describes as 
being highly phytotoxic to many species;  in 
one study they noticed that the inhibitory 
effect of the insecticides on the algae was 
apparent within two days (Megharaj et al., 
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1989). We assume that it may not be excluded 
that the duration of exposure was not enough 
to allow the pesticide to exert effects on the 
moss or lichen. Furthermore, we assume also, 
the fact that X. parietina was unaffected 
possibly due to 1) the particular structure of 
the lichen thalli, where the algae are 
surrounded and protected by a fungus (Pisani 
et al., 2011); 2) The capacity of fungi to 
degrade insecticide such as MAL (Mostafa et 
al., 1972) and 3) their  negligible effect on 
some algae species  (Tandon et al., 1988). In 

the case of                   F. hygrometrica, the 
biomarkers were unaffected maybe du to 
according to its cell wall and vascular 
compartmentation that might be considered as 
tolerant to the exposition to a certain 
xenobiotic (Basile et al., 2008).  
After 7 days in F. hygrometrica treated with 
Malathion it was noticed: a non-significant 
decrease in the concentration of chlorophyll 
'a', chlorophyll 'b', chlorophyll a + b and 
carotenoid (Figure 1). 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A non-significant decrease the concentration 
of carotenoids and a non-significant increase 
in the concentration of protein, proline and 
sugar (Figure 2). Thus, it can be assumed that 
this moss is tolerant to MAL exposition or the 
used concentrations were not able to provoke 
any stress in F. hygrometrica. treated with 
CPE it was noticed a significant decrease in 
the concentration of chlorophyll 'a', 

chlorophyll 'b', chlorophyll a + b and a non-
significant decrease the concentration of 
carotenoids (Figure 1) and a significant 
increase in the concentration of protein, 
proline and sugar. Moreover, after 7 days In 
X. parietina treated with both insecticide it 
was noticed: a significant decrease in the 
concentration of chlorophyll 'a', chlorophyll 
'b', chlorophyll a+b. A non-significant 

Table 1. Concentration of photosynthetic pigments (μg/mg), Soluble protein (mg/g), Proline (μg/g), and total sugar 
(μg/g) in treated samples of X. parietina and F. hygrometrica. Data are reported as mean ±standard deviation. Means (n 

= 5) with the same lower-case letter are not significantly different at P < 0.05 according to Tukey’s test 

Carotenoids Chlorophyll a Chlorophyll b Chlorophyll a+b 

Control 1 dose 2 doses Control 1 dose 2 
doses 

Control 1 dose 2 doses Contr
ol 

1 dose  2 doses 

Effects of CPE concentrations on X. parietina After 3 days 
 0,65± 
0.08a 

 0.66± 
0.09a 

 0.60±         
0.12a 

3.13± 
0.9a 

2.97± 
0.55a 

2.72± 
0.72a 

 0.90± 
0.29a 

 0.85± 
0.18a 

 0.62± 
0.16a 

 4.15± 
0.42a 

 3.85± 
0.42a 

 3.65±  
0.70a 

Effects of MAL concentrations on X. parietina After 3 days 
 0.68± 
0.14a 

 0.69±0.
17a 

 0.68± 
0.14a 

3.66± 
1.57a 

3.67± 
1.66a 

3.67± 
1.47a 

 1.07±0.
47a 

 1.06± 
0.53a 

 0.82± 
0.32a 

 5.14± 
1.56a 

 4.49±
2.19a 

 4.52±  
1.70a 

Effects of CPE concentrations on F. hygrometrica After 3 days 
 0.84± 
0.21a 

 0.78±0.
19a 

 0.73± 
0.11a 

4.72±           
1.001a 

4.46± 
1.80a 

3.98± 
0.95a 

 3.98±1.
22a 

 3.75±
1.27a 

 3.80±1.
38a 

 8.07± 
1.32a 

 8.19±
1.82a 

 7.50±  
1.69a 

Effects of MAL concentrations on F. hygrometrica After 3 days 
0.83± 
0.12a 

0.79± 
0.1a 

0.72± 
0.12a 

3.81± 
0.26a 

3.32±0
.40a 

3.35± 
0.26a 

 2.82±0.
55a 

 2.73±
0.48a 

 2.84±0.
28a 

 6.43± 
0.96a 

 6.22± 
0.52a 

 5.85± 
 0.57a 

 
Total soluble protein Proline                                      Total sugar 

Control 1 dose 2 doses Control 1 dose 2 doses Control 1 dose 2 doses 

Effects of CPE concentrations on X. parietina After 3 days 

10,87± 
0.46a 

10.82± 
0.43a 

10.96± 
0.87a 

22.434± 
3.10a 

23.04± 
1.85a 

25.86± 
1.61a 

115.49± 
4.38a 

122.43± 
10.27a 

130.36± 
21.39a 

Effects of MAL concentrations on X. parietina After 3 days 

10.89± 
1.14a 

10.92± 
0.97a 

10.53± 
0.54a 

23.33± 
2.55a 

24.03± 
3.28a 

26.1± 
3.60a 

110.82± 
5.14a 

121.25± 
18.63a 

132.28± 
18.44a 

Effects of CPE concentrations on F. hygrometrica After 3 days 

10.52± 
0.41a 

11.49± 
1.02ab 

11.53± 
0.39b 

38.58± 
2.65a 

39.30± 
2.87a 

42.73± 
2.99a 

122.14± 
2.98a 

124.60± 
4.32a 

126.92± 
6.76a 

Effects of MAL concentrations on F. hygrometrica After 3 days 
10.71± 

0.5a 
10.75± 
0.46a 

11.36± 
0.14a 

41.81± 
2.98a 

41.77± 
6.20a 

46.00± 
3.97a 

125.28± 
4.77a 

126.73± 
5.97a 

132.20± 
6.28a 
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Effects of MAL concentrations on F. hygrometrica After 3 days 
0.83± 
0.12a 

0.79± 
0.1a 

0.72± 
0.12a 

3.81± 
0.26a 

3.32±0
.40a 

3.35± 
0.26a 

 2.82±0.
55a 

 2.73±
0.48a 

 2.84±0.
28a 

 6.43± 
0.96a 

 6.22± 
0.52a 

 5.85± 
 0.57a 

 
Total soluble protein Proline                                      Total sugar 

Control 1 dose 2 doses Control 1 dose 2 doses Control 1 dose 2 doses 

Effects of CPE concentrations on X. parietina After 3 days 

10,87± 
0.46a 

10.82± 
0.43a 

10.96± 
0.87a 

22.434± 
3.10a 

23.04± 
1.85a 

25.86± 
1.61a 

115.49± 
4.38a 

122.43± 
10.27a 

130.36± 
21.39a 

Effects of MAL concentrations on X. parietina After 3 days 

10.89± 
1.14a 

10.92± 
0.97a 

10.53± 
0.54a 

23.33± 
2.55a 

24.03± 
3.28a 

26.1± 
3.60a 

110.82± 
5.14a 

121.25± 
18.63a 

132.28± 
18.44a 

Effects of CPE concentrations on F. hygrometrica After 3 days 

10.52± 
0.41a 

11.49± 
1.02ab 

11.53± 
0.39b 

38.58± 
2.65a 

39.30± 
2.87a 

42.73± 
2.99a 

122.14± 
2.98a 

124.60± 
4.32a 

126.92± 
6.76a 

Effects of MAL concentrations on F. hygrometrica After 3 days 
10.71± 

0.5a 
10.75± 
0.46a 

11.36± 
0.14a 

41.81± 
2.98a 

41.77± 
6.20a 

46.00± 
3.97a 

125.28± 
4.77a 

126.73± 
5.97a 

132.20± 
6.28a 

 

 

decrease the concentration of carotenoids. A 
non-significant increase in the concentration 
of protein and a significant increase in proline 
and sugar (Figure 2). Photosynthetic pigment 

content is a valuable indicator of the 
physiological state of lichen and Mosses 
(Augusto et al., 2013; Garty et al., 2001; 
Tyler, 1990).   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Several studies about different types of 
pollutants from agricultural sources found a 
positive correlation between chlorophyll in 
lichens and the amounts of pollutants in the 
air (Gaio-Oliveira et al., 2005; Munzi et al., 
2009; Sanchez-Hoyos and Manrique, 1995). 
Found a positive correlation between 

chlorophyll of different species of lichens and 
the amounts of pollutants in the air. However 
(Boonpragob and Nash III, 1991; Gombert et 
al., 2003; Schmull et al., 2002) found a 
negative correlation. (Steven et al., 1999; 
Ware and Roan, 1970)  reported that MAL 
reduced phytoplankton photosynthesis. 

 
 

 
Figure 1. Concentration of photosynthetic pigments (µg/mg), after 7 days, in treated samples of X. parietina and         
F. hygrometrica. Vertical bars indicate standard deviation. Means (n = 5) with the same lower-case letter are not 

significantly different at P < 0.05 according to Tukey’s test 
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Figure 2. Concentration of Soluble protein (mg/g), Proline (µg/g), and total sugar (µg/g) after 7 days  
in treated samples of X. parietina and F. hygrometrica. Data are reported as mean ± standard deviation.  

Vertical bars indicate standard deviation.  Means (n=5) with the same lower-case letter are not significantly  
different at P < 0.05 according to Tukey’s test 

 
In the affected samples of our study; 
photosynthetic activity appears to be sensitive 
to pesticide concentrations in both lichens and 
mosses. Indeed, the treated samples have 
significantly lower levels of chlorophyll a, 
chlorophyll b, chlorophyll a+b compared to 
the control sample. These results are in 
agreement with those found in the literature, 
which show that the degradation of the 

pigments depends on the concentrations of 
the pollutants. Ebenezer and Ki (2014) 
noticed the reduction of Chla content of 
marine microalgae caused by toxicity of a 
pesticide. Carrera and Carreras (2011); 
González and Pignata (1997) reported a 
correlation between changes in 
photosynthetic pigment content of lichens and 
air pollution. In the case of X. parietina, the 
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measurement of the average levels of Chla, 
Chlb, Chla+b and carotenoid obtained 
indicate the existence of a state of stress due 
to the presence of the insecticide; chlorophyll 
is sensitive to oxidative processes initiated by 
stress, such as photochemical oxidation 
(Chettri et al., 1998). Mascher et al. (2002) 
concluded that the decline in chlorophyll 
content and carotenoid is an indication of 
poisoning. Silberstein and Galun (1988) 
report that chlorophyll degradation is one of 
the most obvious indications of damage 
caused by air pollutants. The production and 
accumulation of carotenoids in plants are a 
highly regulated process (Cunningham Jr and 
Gantt, 1998). According to our results; CPE 
causes a decrease of this pigment in X. 
parietina. No decrease of later pigment was 
noticed in all other cases; thus, we suggest 
further analysis to understand the mechanism 
of interaction.   
Proline is considered as a biomarker of stress; 
its accumulation is one of the most 
remarkable manifestations of stress (Nash III 
and Gries, 1995). The proline content in our 
affected samples allowed us to detect a stress 
phenomenon, both mosses and lichens 
experiencing a metabolic disturbance caused 
by the treatment. Prolines accumulate in the 
majority of living organisms that are subject 
to abiotic stress (Saradhi and Vani, 1993). 
Our results are in an agreement with the work 
on the behavior of mosses and lichens vis-a-
vis atmospheric pollutants. X. parietina and           
F. hygrometrica had a metabolism disrupted 
by pesticide treatment resulting in the 
accumulation of proline. According to 
Carceller (1995), the accumulation of proline 
is due to the inhibition of the oxidation 
caused by mitochondrial dysfunction. 
To evaluate the effect of the insecticides on 
the soluble protein level in the two selected 
biological models, we have used the method 
of Bradford (1976). According to many 
studies the organophosphorus pesticides 
reduce the growth rate and prevent the protein 
biosynthesis (Jena et al., 2012; Mohapatra 
and Mohanty, 1992; Mohapatra et al., 1997; 
Mohapatra et al., 2010). In our study, the 
insecticides provoked a non-significant 
increase in soluble protein content except in 

the case in F. hygrometrica treated with CPE 
where the increase was significant.   
The increase in soluble protein content may 
be explained by the improvement of nitrogen 
uptake and by biosynthesis of the 
detoxification enzyme (Chaillou et al., 1986; 
Chaillou et al., 1991). In consistent with our 
results, the study of Ahmed (2009); Alonge 
(2000) who worked on the effects of 
insecticides on higher plants; they noticed a 
significant improvement in protein levels in 
treated species. However, these results are 
inconsistent with those of Bačkor and Fahselt 
(2005); Bačkor and Loppi (2009); Pisani et al. 
(2011) who found a decrease in protein levels 
following exposure of X. parietina to the 
pollutant and this is also the result of (Paoli et 
al., 2013) who explain this decrease by the 
membrane lipid peroxidation, which causes 
the inactivation of proteins. 
The sugars occupy a central position in the 
physiological stress response through their 
close relationships with photosynthesis, 
mitochondrial respiration (Couée et al., 
2006). The regulation of sugar levels is 
complex (F., 2013). The ability of plants to 
respond to changes in soluble sugar levels can 
serve as a control mechanism that integrates 
external environmental conditions (Xiao et 
al., 2000). The treated samples showed an 
increase trends which was statistically 
significant only at the highest dose and after 7 
days of incubation. This augmentation may be 
due to the fact that soluble sugars accumulate 
during different abiotic stress conditions 
related to oxidative stress(Couée et al., 2006). 
According to De Raïssac (1992), the process 
of accumulation of soluble sugars and/or 
proline in the leaf tissues of stressed plants is 
known as an adaptation characteristic. These 
results are in consistent with ours and with 
the one of Ramel (2009) that studied the 
involvement of soluble sugars in the 
responses to xenobiotic and oxidative stress 
in Arabidopsis thaliana in interaction with 
molecules of a pesticide. Our results disagree 
with what has been reported by Jena et al. 
(2012) that pesticides prevent the biosynthesis 
of sugars. 
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CONCLUSIONS 
 
The results of the present study showed that 
experimental exposure of the lichen species 
X. parietina and the moss Funaria 
hygrometrica to the insecticides CPE and 
MAL does not cause a toxicity within three 
days. The damage appears within seven days. 
Their response appears to be insecticide 
specific; they may be relevant as biomarker 
species for pesticide research. However, 
further studies are suggested to understand 
the process of insecticides bioaccumulation 
and their toxicity on lower plants. 
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Abstract  
 
The fatty acid spectrum of gluten-free flours, which is predominantly represented by unsaturated fatty acids ranging 
from 74.78% to 85.4% of the fat fraction, has been studied. The amount of SFA in different flours varies from 14.35% to 
25.09%. 
The total omega-3 fatty acid content in the gluten-free meals tested ranges from 1.17 g/100 g fat in millet flour to 2.46 
g/100 g fat in chickpeas flour.  
Omega-6 fatty acids have a high value due to the high linoleic acid content. Based on the study, the extremely low 
content of omega-3 fatty acids has been found, as a result of which the ratio between the two groups of fatty acids- 
omega-6 and omega-3 is relatively high- 22.26 in the chickpeas flour, 30.07 and 30.34 for rice flours and 53.92 for 
millet flour. 
The purpose of the study is to select suitable flours according to its fatty acid composition to obtain gluten-free bread. 
From the study it was found that when glues of rice, millet and chickpeas are put in suitable proportions, gluten-free 
bread with good technological parameters can be obtained. 
  
Key words: rice, millet, chickpeas, flours, gluten-free bread, fatty acid composition. 
 
INTRODUCTION  
 
Recently, demand for gluten-free products has 
increased, due to the increased consumer 
awareness. People suffering from gluten 
intolerance need to eat gluten-free foods. In 
order to produce such foods, it is necessary to 
study the gluten-free flours and to put them in 
the appropriate proportions (Arendt, 2012; 
Borisova, 2015). Celiac disease is an 
autoimmune disease of the small intestine, 
which leads to the malabsorption of several 
important nutrients, finding a lack of iron, folic 
acid, calcium and fat-soluble vitamins. Anemia, 
mouth ulcers, diarrhea or constipation, 
abdominal pain, bloating, fatigue, osteoporosis, 
infertility, cancer, anxiety and depression are 
the most important symptoms associated with 
this disease (Borisova, 2016; Karadzhov et al., 
2007; Koinov, 1983; Koinov & Radkov, 1981). 
Studies have shown that the disease affects 
about 1% of the population. Throughout their 
lives, patients with this disease have an 
intolerance to the prolamine fraction of wheat 
(gliadins), rye (chakras) and barley (chordines). 
Celiac disease is a global phenomenon and its 
prevalence is greatly increased due to improved 

diagnostic procedures and changes in eating 
habits (Kotsev, 2012; Kozmina, 1971; Torbica, 
2010). The fatty acid composition of gluten-
free flours is mainly represented by unsaturated 
fatty acids. Omega-6 fatty acids have a high 
value due to the high content of linoleic acid in 
cereals at the expense of shorter and medium-
chain fatty acids that are missing (Vangelov, 
1999; Zannini et al., 2010). 
 
MATERIALS AND METHODS  
 
Organoleptic assessment 
Organoleptic evaluation of the raw materials - 
appearance, color, taste, aroma. The breads 
developed were organoleptically evaluated on 
the 9th Bald Hedonic Scale (Lim et al., 2009). 
 
Biochemical methods 
Determination of fatty acid composition 
The extraction of common lipids in flour and 
bread was performed by the method of Bligh & 
Dyer, the methyl esters of fatty acids (FAME) 
being analyzed using a Shimadzu-2010 gas 
chromatograph (Kyoto, Japan) equipped with a 
flame ionization detector and an automatic 
injection system. 
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Abstract  
 
The fatty acid spectrum of gluten-free flours, which is predominantly represented by unsaturated fatty acids ranging 
from 74.78% to 85.4% of the fat fraction, has been studied. The amount of SFA in different flours varies from 14.35% to 
25.09%. 
The total omega-3 fatty acid content in the gluten-free meals tested ranges from 1.17 g/100 g fat in millet flour to 2.46 
g/100 g fat in chickpeas flour.  
Omega-6 fatty acids have a high value due to the high linoleic acid content. Based on the study, the extremely low 
content of omega-3 fatty acids has been found, as a result of which the ratio between the two groups of fatty acids- 
omega-6 and omega-3 is relatively high- 22.26 in the chickpeas flour, 30.07 and 30.34 for rice flours and 53.92 for 
millet flour. 
The purpose of the study is to select suitable flours according to its fatty acid composition to obtain gluten-free bread. 
From the study it was found that when glues of rice, millet and chickpeas are put in suitable proportions, gluten-free 
bread with good technological parameters can be obtained. 
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INTRODUCTION  
 
Recently, demand for gluten-free products has 
increased, due to the increased consumer 
awareness. People suffering from gluten 
intolerance need to eat gluten-free foods. In 
order to produce such foods, it is necessary to 
study the gluten-free flours and to put them in 
the appropriate proportions (Arendt, 2012; 
Borisova, 2015). Celiac disease is an 
autoimmune disease of the small intestine, 
which leads to the malabsorption of several 
important nutrients, finding a lack of iron, folic 
acid, calcium and fat-soluble vitamins. Anemia, 
mouth ulcers, diarrhea or constipation, 
abdominal pain, bloating, fatigue, osteoporosis, 
infertility, cancer, anxiety and depression are 
the most important symptoms associated with 
this disease (Borisova, 2016; Karadzhov et al., 
2007; Koinov, 1983; Koinov & Radkov, 1981). 
Studies have shown that the disease affects 
about 1% of the population. Throughout their 
lives, patients with this disease have an 
intolerance to the prolamine fraction of wheat 
(gliadins), rye (chakras) and barley (chordines). 
Celiac disease is a global phenomenon and its 
prevalence is greatly increased due to improved 

diagnostic procedures and changes in eating 
habits (Kotsev, 2012; Kozmina, 1971; Torbica, 
2010). The fatty acid composition of gluten-
free flours is mainly represented by unsaturated 
fatty acids. Omega-6 fatty acids have a high 
value due to the high content of linoleic acid in 
cereals at the expense of shorter and medium-
chain fatty acids that are missing (Vangelov, 
1999; Zannini et al., 2010). 
 
MATERIALS AND METHODS  
 
Organoleptic assessment 
Organoleptic evaluation of the raw materials - 
appearance, color, taste, aroma. The breads 
developed were organoleptically evaluated on 
the 9th Bald Hedonic Scale (Lim et al., 2009). 
 
Biochemical methods 
Determination of fatty acid composition 
The extraction of common lipids in flour and 
bread was performed by the method of Bligh & 
Dyer, the methyl esters of fatty acids (FAME) 
being analyzed using a Shimadzu-2010 gas 
chromatograph (Kyoto, Japan) equipped with a 
flame ionization detector and an automatic 
injection system. 
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RESULTS AND DISCUSSIONS 
 
The fatty acid composition of gluten-free flours 
is mainly represented by unsaturated fatty acids 
ranging from 74.78% to 85.4% of the fat 
fraction. The amount of SFA in the various 
flours varies from 14.35% to 25.09% (Table 1). 
Fatty acid range of gluten-free flours (g/100 g 
fat). 
Were used mixes of flours - rice, millet and 
chickpeas to produce gluten-free bread. In 
addition to the main flours, corn starch, 
crystalline sugar and beta-glycans are 
incorporated as auxiliary raw materials. 
Hydrocoagulants (carboxymethylcellulose, 
guar gum, and xanthan gum) are incorporated 
as structuring agents. 

Flours need to be tempered at room 
temperature as they are stored in a dry and cool 
place. Of all the raw materials it is necessary to 
dispense the necessary quantities according to 
the gluten-free bread formula. Mix the dough 
by the single-phase method. The dies are 
placed in molds because the die-hardness of the 
gluten-free dough is weak, it is difficult to form 
a dough and spills. 
The fermentation is carried out in a thermostat 
at 30°C for 15 minutes, mixing and another 20 
minutes. 
The final fermentation is 25 minutes. 
Baking was done for 35 minutes at 200°C. 
The fatty acid profile of gluten-free flours and 
bread is analyzed. The results are calculated in 
g/100 g of fat (Table 1). 
 

 
Таble 1. Fatty acid range of gluten-free flours (g/100 g fat) 

Groups FA Rice/ 
polished/ 

Rice 
/whole grain/ Millet Chickpeas 

SFA 25.09 20.53 14.65 14.35 
MUFA 35.27 39.39 21.14 28.09 
PUFA 39.50 39.84 64.10 57.26 
cis- FA 33.92 37.73 20.22 26.52 
Σ n-3 1.27 1.27 1.17 2.46 
Σ n-6 38.25 38.57 62.93 54.81 

Σ n-6/Σn-3 30.07 30.34 53.92 22.26 
Branched 0.16 0.22 0.13 0.31 

    
For rice flours, the ratio of monounsaturated to 
polyunsaturated is 1:1, while in millet and 
chick pea the content of PUFA to MUFA is 2 
to 3 times higher. The most rich of 
polyunsaturated fatty acids is the millet flour, 
followed by chickpeas flour and rice flour. 

 
Looking at the individual fractions, it is 
noteworthy that the fatty acid content is 
significant in the proportion of palmate (C16:0) 
and stearic (C18:0) fatty acids, while other 
saturated fatty acids are less than 1 g/100 g fat 
(Table 2). 

 
Таble 2. Fatty acid range of gluten-free flours (g/100 g fat) 

SFA Rice 
/polished/ 

Rice 
/whole grain/ Millet Chickpeas 

C-10:0 0.12 0.01 0.01 0.01 
C-12:0 0.09 0.03 0.01 0.03 
C-14:0 0.52 0.29 0.05 0.24 
C-15:0 0.08 0.02 0.02 0.08 
C-16:0 21.31 17.12 9.28 10.78 
C-17:0 0.05 0.08 0.06 0.05 
C-18:0 1.85 1.44 3.26 1.68 
C-20:0 0.52 0.55 0.92 0.65 
C-21:0 0.05 0.02 0.09 0.09 
C-22:0 0.16 0.24 0.47 0.42 
МUFA     

C-16:1n7 0.08 0.15 0.07 0.02 
C-17:1n7 0.01 0.02 0.03 0.08 
C-18:1c9 33.87 37.73 20.19 26.46 

C-18:1c11 0.80 0.83 0.56 1.32 
PUFA     

C-18:2c9,12 38.08 38.47 62.85 54.67 
aC-18:3n3 1.20 1.22 1.12 2.34 
C-22:2n6 0.14 0.04 0.00 0.07 

 

 
 

Palmate acid (C-16:0) is the highest in rice 
flour, 21.31 g/100 g of fat, and the lowest in 
millet flour is 9.28 g/100 g of fat. Stearic acid 
(C-18:0) is in the largest quantities in millet 
flour - 3.26 g/100 g fat and with the lowest 
values for whole grain flour of rice - 1.44 g/100 
g of fat. 
Oleic acid in whole meal rice flour has the 
highest content of 37.73 g/100 g of fat and the 
lowest in millet flour of 20.19 g/100 g of fat 
and the vaccine acid in flour is less than 0.02 
g/100 g of fat. Polyunsaturated fatty acids in 
the different types of flours are predominantly 
linoleic (C18:2) and aliened (C18:3n3) fatty 
acids. Linoleic acid has the highest content in 
the flour of millet - 62.85 g/100 g of fat and 
chick peas - 54.67 g/100 g of fat, while for the 
alanine highest value was found in chickpeas - 
2.34 g/100 g fat. The total omega-3 fatty acid 
content (Table 7) in the gluten-free meals tested 
ranges from 1.17 g/100 g fat in millet flour to 
2.46 g/100 g fat in chickpeas flour. Omega-6 
fatty acids have a high value due to the high 
linoleic acid content. Based on the study, the 
extremely low content of omega-3 fatty acids 
has been found, as a result of which the ratio 

between the two groups of fatty acids - omega-
6 and omega-3 is relatively high - 22.26 in the 
chickpeas flour, 30.07 and 30.34 for rice flours 
and 53.92 for millet flour. 
The fatty acid composition of gluten-free bread 
is shown in Tables 3 and 4. It consists 
predominantly of unsaturated fatty acids. 
Monounsaturated fatty acids are the highest in 
the mix 1 - 30.12 g/100 g of fat and the lowest 
at the mix 3 - 28.51 g/100 g of fat. In 
polyunsaturated fatty acids it was found that 
mix 3 had the highest content - 54.87 and mix 1 
- with the lowest - 53.55 g/100 g of fat. 
Saturated fatty acids (NMCs) in the gluten-free 
bread tested range from 15.30 (mix 1) to 16.80 
g/100 g of fat (mix 2). Of the saturated fatty 
acids, the share of palmate acid (C16:0) is 
significant, with the highest concentration 
being obtained in the mix 2 - 11.11 and the 
lowest in the mix 1 - 10.19 g/100 g of fat. 
Stearic acid in the mixes is from 3.84 at mix 1 
to 3.34 at mix 2. Enriching rice flour with 
chickpeas and millet flour leads to a decrease in 
palmate acid concentration in new mixes and 
an increase in stearic acid content. 

 
Таble 3. Fatty acid range of gluten-free bread (g/100 g fat) 

Groups FA Bread mix 1 Bread mix 2 Bread mix 3  
SFA 15.30 16.80 16.20 

MUFA 30.12 29.20 28.51 
PUFA 53.55 53.95 54.87 

trans-FA 0.02 0.09 0.48 
cis-FA 28.22 27.16 25.64 
Σ n-3 0.63 1.26 1.01 
Σ n-6 53.58 54.02 55.32 

Σ n-6/Σn-3 84.94 43.02 54.90 
Branched 0.35 0.42 0.51 

 
Таble 4. Fatty acid range of gluten-free bread (g/100 g fat) 

SFA Bread mix 1 Bread mix 2 Bread mix 3  
C-10:0 0.00 0.17 0.16 

             C-12:0                 0.02 0.04 0.04 
C-14:0 0.29 0.57 0.33 
C-16:0 10.19 11.11 10.46 
C-18:0 3.84 3.34 3.56 
C-20:0 0.28 0.41 0.26 
C-22:0 0.42 0.55 0.29 

МUFA    
C-16:1n7 0.07 0.13 0.11 
C-17:1n7 1.17 0.01 0.02 
C-18:1t9 0.14 0.02 0.11 
C-18:1t10 0.03 0.00 0.15 
C-18:1c9 27.47 26.25 24.63 

C-18:1c11 0.75 0.88 0.59 
PUFA    

C-18:2c9.12 53.55 53.95 54.87 
αC-18:3n3 0.63 1.26 0.85 
C-20:2n6 0.01 0.00 0.17 
C-22:2n6 0.00 0.02 0.00 
C-22:5n3 0.00 0.07 0.15 
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RESULTS AND DISCUSSIONS 
 
The fatty acid composition of gluten-free flours 
is mainly represented by unsaturated fatty acids 
ranging from 74.78% to 85.4% of the fat 
fraction. The amount of SFA in the various 
flours varies from 14.35% to 25.09% (Table 1). 
Fatty acid range of gluten-free flours (g/100 g 
fat). 
Were used mixes of flours - rice, millet and 
chickpeas to produce gluten-free bread. In 
addition to the main flours, corn starch, 
crystalline sugar and beta-glycans are 
incorporated as auxiliary raw materials. 
Hydrocoagulants (carboxymethylcellulose, 
guar gum, and xanthan gum) are incorporated 
as structuring agents. 

Flours need to be tempered at room 
temperature as they are stored in a dry and cool 
place. Of all the raw materials it is necessary to 
dispense the necessary quantities according to 
the gluten-free bread formula. Mix the dough 
by the single-phase method. The dies are 
placed in molds because the die-hardness of the 
gluten-free dough is weak, it is difficult to form 
a dough and spills. 
The fermentation is carried out in a thermostat 
at 30°C for 15 minutes, mixing and another 20 
minutes. 
The final fermentation is 25 minutes. 
Baking was done for 35 minutes at 200°C. 
The fatty acid profile of gluten-free flours and 
bread is analyzed. The results are calculated in 
g/100 g of fat (Table 1). 
 

 
Таble 1. Fatty acid range of gluten-free flours (g/100 g fat) 

Groups FA Rice/ 
polished/ 

Rice 
/whole grain/ Millet Chickpeas 

SFA 25.09 20.53 14.65 14.35 
MUFA 35.27 39.39 21.14 28.09 
PUFA 39.50 39.84 64.10 57.26 
cis- FA 33.92 37.73 20.22 26.52 
Σ n-3 1.27 1.27 1.17 2.46 
Σ n-6 38.25 38.57 62.93 54.81 

Σ n-6/Σn-3 30.07 30.34 53.92 22.26 
Branched 0.16 0.22 0.13 0.31 

    
For rice flours, the ratio of monounsaturated to 
polyunsaturated is 1:1, while in millet and 
chick pea the content of PUFA to MUFA is 2 
to 3 times higher. The most rich of 
polyunsaturated fatty acids is the millet flour, 
followed by chickpeas flour and rice flour. 

 
Looking at the individual fractions, it is 
noteworthy that the fatty acid content is 
significant in the proportion of palmate (C16:0) 
and stearic (C18:0) fatty acids, while other 
saturated fatty acids are less than 1 g/100 g fat 
(Table 2). 

 
Таble 2. Fatty acid range of gluten-free flours (g/100 g fat) 

SFA Rice 
/polished/ 

Rice 
/whole grain/ Millet Chickpeas 

C-10:0 0.12 0.01 0.01 0.01 
C-12:0 0.09 0.03 0.01 0.03 
C-14:0 0.52 0.29 0.05 0.24 
C-15:0 0.08 0.02 0.02 0.08 
C-16:0 21.31 17.12 9.28 10.78 
C-17:0 0.05 0.08 0.06 0.05 
C-18:0 1.85 1.44 3.26 1.68 
C-20:0 0.52 0.55 0.92 0.65 
C-21:0 0.05 0.02 0.09 0.09 
C-22:0 0.16 0.24 0.47 0.42 
МUFA     

C-16:1n7 0.08 0.15 0.07 0.02 
C-17:1n7 0.01 0.02 0.03 0.08 
C-18:1c9 33.87 37.73 20.19 26.46 

C-18:1c11 0.80 0.83 0.56 1.32 
PUFA     

C-18:2c9,12 38.08 38.47 62.85 54.67 
aC-18:3n3 1.20 1.22 1.12 2.34 
C-22:2n6 0.14 0.04 0.00 0.07 

 

 
 

Palmate acid (C-16:0) is the highest in rice 
flour, 21.31 g/100 g of fat, and the lowest in 
millet flour is 9.28 g/100 g of fat. Stearic acid 
(C-18:0) is in the largest quantities in millet 
flour - 3.26 g/100 g fat and with the lowest 
values for whole grain flour of rice - 1.44 g/100 
g of fat. 
Oleic acid in whole meal rice flour has the 
highest content of 37.73 g/100 g of fat and the 
lowest in millet flour of 20.19 g/100 g of fat 
and the vaccine acid in flour is less than 0.02 
g/100 g of fat. Polyunsaturated fatty acids in 
the different types of flours are predominantly 
linoleic (C18:2) and aliened (C18:3n3) fatty 
acids. Linoleic acid has the highest content in 
the flour of millet - 62.85 g/100 g of fat and 
chick peas - 54.67 g/100 g of fat, while for the 
alanine highest value was found in chickpeas - 
2.34 g/100 g fat. The total omega-3 fatty acid 
content (Table 7) in the gluten-free meals tested 
ranges from 1.17 g/100 g fat in millet flour to 
2.46 g/100 g fat in chickpeas flour. Omega-6 
fatty acids have a high value due to the high 
linoleic acid content. Based on the study, the 
extremely low content of omega-3 fatty acids 
has been found, as a result of which the ratio 

between the two groups of fatty acids - omega-
6 and omega-3 is relatively high - 22.26 in the 
chickpeas flour, 30.07 and 30.34 for rice flours 
and 53.92 for millet flour. 
The fatty acid composition of gluten-free bread 
is shown in Tables 3 and 4. It consists 
predominantly of unsaturated fatty acids. 
Monounsaturated fatty acids are the highest in 
the mix 1 - 30.12 g/100 g of fat and the lowest 
at the mix 3 - 28.51 g/100 g of fat. In 
polyunsaturated fatty acids it was found that 
mix 3 had the highest content - 54.87 and mix 1 
- with the lowest - 53.55 g/100 g of fat. 
Saturated fatty acids (NMCs) in the gluten-free 
bread tested range from 15.30 (mix 1) to 16.80 
g/100 g of fat (mix 2). Of the saturated fatty 
acids, the share of palmate acid (C16:0) is 
significant, with the highest concentration 
being obtained in the mix 2 - 11.11 and the 
lowest in the mix 1 - 10.19 g/100 g of fat. 
Stearic acid in the mixes is from 3.84 at mix 1 
to 3.34 at mix 2. Enriching rice flour with 
chickpeas and millet flour leads to a decrease in 
palmate acid concentration in new mixes and 
an increase in stearic acid content. 

 
Таble 3. Fatty acid range of gluten-free bread (g/100 g fat) 

Groups FA Bread mix 1 Bread mix 2 Bread mix 3  
SFA 15.30 16.80 16.20 

MUFA 30.12 29.20 28.51 
PUFA 53.55 53.95 54.87 

trans-FA 0.02 0.09 0.48 
cis-FA 28.22 27.16 25.64 
Σ n-3 0.63 1.26 1.01 
Σ n-6 53.58 54.02 55.32 

Σ n-6/Σn-3 84.94 43.02 54.90 
Branched 0.35 0.42 0.51 

 
Таble 4. Fatty acid range of gluten-free bread (g/100 g fat) 

SFA Bread mix 1 Bread mix 2 Bread mix 3  
C-10:0 0.00 0.17 0.16 

             C-12:0                 0.02 0.04 0.04 
C-14:0 0.29 0.57 0.33 
C-16:0 10.19 11.11 10.46 
C-18:0 3.84 3.34 3.56 
C-20:0 0.28 0.41 0.26 
C-22:0 0.42 0.55 0.29 

МUFA    
C-16:1n7 0.07 0.13 0.11 
C-17:1n7 1.17 0.01 0.02 
C-18:1t9 0.14 0.02 0.11 
C-18:1t10 0.03 0.00 0.15 
C-18:1c9 27.47 26.25 24.63 

C-18:1c11 0.75 0.88 0.59 
PUFA    

C-18:2c9.12 53.55 53.95 54.87 
αC-18:3n3 0.63 1.26 0.85 
C-20:2n6 0.01 0.00 0.17 
C-22:2n6 0.00 0.02 0.00 
C-22:5n3 0.00 0.07 0.15 
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Oleic acid in the test mixes has the highest 
value at mix 1 - 27.47 and lowest at mix 3 - 
24.63 g/100 g of fat. Vaccine acid in the gluten-
free bread analyzed is higher at mix 1 and mix 
3 and 0.08 and 0.07 g/100 g, respectively. 
Of the polyunsaturated fatty acids in the fat 
obtained from the different types of bread mix, 
the linoleic (C18:2) mixtures 1 - 53.55, mix 2 - 
53.95 and 54.87 g/100 g fat and the aliened 
(C18:3n3) - from 0.63 to 1.26 g/100 g of fat. 
The enrichment of rice flour with millet flour 
and chickpeas leads to an increase in linoleic 
acid. 
The total content of omega-3 fatty acids in the 
gluten free bread is low and ranges from 0.63 
(mix 1) to 1.26 (mix 2) g/100 g fat and 53.55 to 
54.87 g/100 g fat in omega-6 fatty acids.  
 
CONCLUSIONS  
 
The amount of SFA in different flours varies 
from 14.35% to 25.09%. 
For rice flours, the ratio of monounsaturated to 
polyunsaturated is 1: 1, while in millet  
and chickpea the content of PUFA to MUFA is 
2 to 3 times higher. The highest content of 
polyunsaturated fatty acids was found in millet 
flour, followed by chickpeas and the lowest in 
rice flour. The total omega-3 fatty acid content 
in the gluten-free meals tested ranges from 1.17 
g/100 g fat in millet flour to 2.46 g/100 g fat in 
chickpeas flour. Omega-6 fatty acids have a 
high value due to the high linoleic acid content. 
Based on the study, the extremely low content 
of omega-3 fatty acids has been found, as a 
result of which the ratio between the two 
groups of fatty acids - omega-6 and omega-3 is 
relatively high - 22.26 in the chickpeas flour, 
30.07 and 30.34 for rice flours and 53.92 for 
millet flour. 
Flour from rice, millet and chickpeas are 
extremely suitable for the production of gluten-
free bread. 
 
 
 

Based on the study, we found low omega-3 
fatty acids, resulting in a ratio between the two 
groups of fatty acids-omega-6 and omega-3 
with a high coefficient above 40. The gluten-
free bread is rich in oleic and linoleic acid. 
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Abstract 
 
Bitter fruit rot is an extremely damaging disease in all countries where apple cultivation is predominant. The pathogen 
attacks the fruits, especially those that are injured or stored in conditions unsuitable for preservation. The biological 
material (apple)was collected from the Research Institute for Fruit Growing Pitesti Maracineni. Using derivatives of 
dithiocarbamic acid, cinnamic acid, carbamate ester, nicotinic acid  and copper hydroxide, they were evaluated in 
order to control the colony growth of mycelium, at the concentrations recommended in agriculture by the specialized 
literature. Although the minimum inhibitory concentration of the chemical compounds on the growth of the pathogen 
has been established, in order to avoid the excessive use of these compounds. In the present study, the optimal dose of 
use of some plant extracts was used for crop protection. Mancozeb had a special efficacy in all the studied variants, and 
among the used extracts. The Capsicum extract at the concentration of 15 μg/ml inhibited the growth of mycelium with 
a value close to that of copper hydroxide 0.2% and higher than the pyraclostrobin + boscalid combination. 
 
Key words: bitter rot apple, in vitro, fungicide, plant extracts. 
 
INTRODUCTION  
 
The apple and pear cropsare very widespread 
with a share of about half of fruit production in 
Europe. In Romania, apple and pear orchards 
occupy an important place in domestic 
production being estimated at approximately 
350 000 tons in 2019. 
The Golden Deliciosus, Starkrimson, Ionathan, 
and Idared varieties are well known in southern 
Europe, while in the northern part the Elstar 
and Conference varieties are very popular 
(CBS, 2016). In the absence of phytosanitary 
treatments, the susceptibility of the host to the 
attack of key pathogens is high. Thus, 
pathogens such as brown spot and apple and 
pear blights (Venturia inaequalis), powdery 
mildew (Podosphaera leucotricha), and open 
branch cancer (Nectria galligena) can cause 
economic losses in favorable years up to 70% 
(McHardy, 1996; Sutton et al., 2014). In the 
absence of phytosanitary treatments and 
improper storage conditions, other pathogens 
may appear in the stored fruits: gray rot 
(Botrytis cinerea), brown rot (Monilinia 
fructigena), green mold (Penicillium 
expansum), black rot (Sphaeropsis malorum), 
and soft fruit rot (Rhizopus stolonifer). 

Romania has variable environmental 
conditions, which favors the growth and 
development of Colletotrichum spp. to infect 
different hosts. Colletorichum gloeosporioides, 
Colletorichum coccodes, Colletorichum 
falcatum, Colletorichum truncatum, 
Colletorichum acutatum, and Colletorichum 
lindemuthianum are some important species 
reported to be associated with anthracnose 
disease in Romania. Colletorichum 
gloeosporioides is an important pathogen in 
many crop plantsin Romania. The species is 
polyphagous with various symptoms such as 
brownish brown spots, immersed in the 
substrate, with concentric brown or grey 
concentric areas.   
In Romania, the best results were obtained in 
the control of brown rot with Chorus 75 WDG, 
Signum, Switch and Bellis 38 WG. In modern 
agriculture, the concept of integrated control 
involves the corroboration of all physical, 
chemical and biological methods for combating 
diseases in agroecosystems (Dunea et al., 2015; 
Dincă and Dunea, 2017). 
Although the chemicalization of agriculture 
predominates, the principles of organic farming 
that protect useful fauna in agroecosystems 
(Dunea et al., 2019), do not induce the 
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Oleic acid in the test mixes has the highest 
value at mix 1 - 27.47 and lowest at mix 3 - 
24.63 g/100 g of fat. Vaccine acid in the gluten-
free bread analyzed is higher at mix 1 and mix 
3 and 0.08 and 0.07 g/100 g, respectively. 
Of the polyunsaturated fatty acids in the fat 
obtained from the different types of bread mix, 
the linoleic (C18:2) mixtures 1 - 53.55, mix 2 - 
53.95 and 54.87 g/100 g fat and the aliened 
(C18:3n3) - from 0.63 to 1.26 g/100 g of fat. 
The enrichment of rice flour with millet flour 
and chickpeas leads to an increase in linoleic 
acid. 
The total content of omega-3 fatty acids in the 
gluten free bread is low and ranges from 0.63 
(mix 1) to 1.26 (mix 2) g/100 g fat and 53.55 to 
54.87 g/100 g fat in omega-6 fatty acids.  
 
CONCLUSIONS  
 
The amount of SFA in different flours varies 
from 14.35% to 25.09%. 
For rice flours, the ratio of monounsaturated to 
polyunsaturated is 1: 1, while in millet  
and chickpea the content of PUFA to MUFA is 
2 to 3 times higher. The highest content of 
polyunsaturated fatty acids was found in millet 
flour, followed by chickpeas and the lowest in 
rice flour. The total omega-3 fatty acid content 
in the gluten-free meals tested ranges from 1.17 
g/100 g fat in millet flour to 2.46 g/100 g fat in 
chickpeas flour. Omega-6 fatty acids have a 
high value due to the high linoleic acid content. 
Based on the study, the extremely low content 
of omega-3 fatty acids has been found, as a 
result of which the ratio between the two 
groups of fatty acids - omega-6 and omega-3 is 
relatively high - 22.26 in the chickpeas flour, 
30.07 and 30.34 for rice flours and 53.92 for 
millet flour. 
Flour from rice, millet and chickpeas are 
extremely suitable for the production of gluten-
free bread. 
 
 
 

Based on the study, we found low omega-3 
fatty acids, resulting in a ratio between the two 
groups of fatty acids-omega-6 and omega-3 
with a high coefficient above 40. The gluten-
free bread is rich in oleic and linoleic acid. 
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Abstract 
 
Bitter fruit rot is an extremely damaging disease in all countries where apple cultivation is predominant. The pathogen 
attacks the fruits, especially those that are injured or stored in conditions unsuitable for preservation. The biological 
material (apple)was collected from the Research Institute for Fruit Growing Pitesti Maracineni. Using derivatives of 
dithiocarbamic acid, cinnamic acid, carbamate ester, nicotinic acid  and copper hydroxide, they were evaluated in 
order to control the colony growth of mycelium, at the concentrations recommended in agriculture by the specialized 
literature. Although the minimum inhibitory concentration of the chemical compounds on the growth of the pathogen 
has been established, in order to avoid the excessive use of these compounds. In the present study, the optimal dose of 
use of some plant extracts was used for crop protection. Mancozeb had a special efficacy in all the studied variants, and 
among the used extracts. The Capsicum extract at the concentration of 15 μg/ml inhibited the growth of mycelium with 
a value close to that of copper hydroxide 0.2% and higher than the pyraclostrobin + boscalid combination. 
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INTRODUCTION  
 
The apple and pear cropsare very widespread 
with a share of about half of fruit production in 
Europe. In Romania, apple and pear orchards 
occupy an important place in domestic 
production being estimated at approximately 
350 000 tons in 2019. 
The Golden Deliciosus, Starkrimson, Ionathan, 
and Idared varieties are well known in southern 
Europe, while in the northern part the Elstar 
and Conference varieties are very popular 
(CBS, 2016). In the absence of phytosanitary 
treatments, the susceptibility of the host to the 
attack of key pathogens is high. Thus, 
pathogens such as brown spot and apple and 
pear blights (Venturia inaequalis), powdery 
mildew (Podosphaera leucotricha), and open 
branch cancer (Nectria galligena) can cause 
economic losses in favorable years up to 70% 
(McHardy, 1996; Sutton et al., 2014). In the 
absence of phytosanitary treatments and 
improper storage conditions, other pathogens 
may appear in the stored fruits: gray rot 
(Botrytis cinerea), brown rot (Monilinia 
fructigena), green mold (Penicillium 
expansum), black rot (Sphaeropsis malorum), 
and soft fruit rot (Rhizopus stolonifer). 

Romania has variable environmental 
conditions, which favors the growth and 
development of Colletotrichum spp. to infect 
different hosts. Colletorichum gloeosporioides, 
Colletorichum coccodes, Colletorichum 
falcatum, Colletorichum truncatum, 
Colletorichum acutatum, and Colletorichum 
lindemuthianum are some important species 
reported to be associated with anthracnose 
disease in Romania. Colletorichum 
gloeosporioides is an important pathogen in 
many crop plantsin Romania. The species is 
polyphagous with various symptoms such as 
brownish brown spots, immersed in the 
substrate, with concentric brown or grey 
concentric areas.   
In Romania, the best results were obtained in 
the control of brown rot with Chorus 75 WDG, 
Signum, Switch and Bellis 38 WG. In modern 
agriculture, the concept of integrated control 
involves the corroboration of all physical, 
chemical and biological methods for combating 
diseases in agroecosystems (Dunea et al., 2015; 
Dincă and Dunea, 2017). 
Although the chemicalization of agriculture 
predominates, the principles of organic farming 
that protect useful fauna in agroecosystems 
(Dunea et al., 2019), do not induce the 
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phenomenon of resistance to virulent strains 
and minimize pesticide residues that can 
accumulate in the soil should not be omitted 
from the protection programs (Desneux et al., 
2007; Roubos et al., 2014). 
Irrational application of non-selective 
pesticides in orchards leads to the phenomenon 
of resistance even to secondary pathogens, 
which normally do not cause damage to 
agricultural crops (Damos et al., 2015). 
 
MATERIALS AND METHODS 
 
Colletotrichum gloeosporioides was isolated 
from the infected fruit of apple collected from 
Arges region. The pathogen was isolated from 
the fruit and grown on differential culture 
media such as potato dextrose agar (PDA) and 
Czapek Dox. In all experiments, incubation 
was at 25C. In our studies, five repetitions 
were used for each variant for a correct 
statistical correlation. 
In vitro evaluation of fungicides against 
Colletotrichum gloeosporioides 
The pathogen dynamics was followed by the 
use of conventional systemic and contact 
fungicides: mancozeb 80% in concentration of 
0.15%, 0.2%, 0.3%, 0.4%, dimetomorph 90 g/ 
kg and mancozeb 600 g/kg in concentration of 
0.1%, 0.2%, 0.25%, 0.3%, boscalid 26.7% and 
piraclostrobin 6.7% in concentration of 0.05%, 
0.1%, 0.15%, 0.2% and 50% copper 
hydroxidein concentration of 0.2%, 0.4%, 
0.5%, and 0.6%. 
The dynamics of Colletotrichum 
gloeosporioides pathogen growth was 
calculated using the Vincent's formula, the 
percentage of hyphae inhibition in the 
experimental variants (Vincent, 1947). For this, 
discs with a diameter of 1 cm were cut from the 
control samples and placed in the center of the 
Petri dishes with the variants with the 
fungicides studied in different concentrations. 
The samples were incubated 14 days at 25C. 
The percentage of inhibition was calculated 
after certain time intervals: three days, seven 
days, and ten days, respectively. 

I = (C-T)/C  100 
where: 
I = Per cent inhibition; 
C = Radial growth in control;  
T = Radial growth in treatment (fungicide). 

Development of the microwave assisted 
extraction procedure (MAE) 
The plant material represented by gooseberry, 
pepper and fern was used to obtain the extract. 
For microwave assisted extraction (MAE) plant 
material was preliminarily processed by drying, 
grinding and sieving (Brajesh et al., 2014). The 
extract was obtained using a microwave 
equipment, model NEOS - GR (Microwave 
Extraction System from Milestone Inc.), 
following the following experimental 
parameters: power, time, and temperature. 
Following the establishment of the 
experimental protocol, a single experimental 
variant was performed using 12.5 g of plant 
dissolved in 300 ml of solvent (water: alcohol), 
at a power of 312 W, for 10 minutes 
(Horbowicz, 2002). To highlight the antifungal 
efficacy of extracts, it was incorporated into the 
medium in different concentrations using three 
experimental variants: 5 μg·ml-1, 10μg·ml-1, 
and 15 μg·ml-1. 
 
RESULTS AND DISCUSSIONS 
 
The Colletotrichum gloeosporioides pathogen 
grown on PDA culture medium (potato glucose 
agar) forms whitish colonies with a radial 
development from the inoculation point, with 
regular margin. Mycelial hyphae are hyaline, 
superficial, septate, and branched. This culture 
medium is rich in dextrose, due to which the 
growth of mycelial hyphae was very fast; in 
four days, the diameter of the colony was on 
average 4.5/3.9 cm, and after ten days, the 
surface of the Petri dish was completely 
covered. In our in vitro observations, we also 
observed a color change of the colonies from 
palegrey with white concentric zones to 
uniform grey throughout the mass after about 
two weeks (Figure 1). Being a coelomycetes, 
the fungus form sconidiomata acervular, 
separate in concentric zones; the conidia from 
the culture measured 8-15 × 3- 4.5µm. More or 
less, Wang et al. (2012) observed the same 
trend. On the medium Czapek Dox, the fungus 
had a slow growth, the colonies having a white 
color, with irregular margins, the diameter 
being 1/1cm at 3 days and 3.5/4.8 cm at 10 
days. The sporulation of the fungus on this 
medium is weak compared to the sporulation 

 
on the PDA; the conidia from the culture 
measured 6-11 × 3-5µm.  
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(C4H4N2S4Zn)y is a derivative of dithiocarbamic 
acid with well-known fungicidal properties. 
The exact mode of biological activity of these 
products is still little known. They are thought 
to be involved in cellular metabolism through 
their breakdown products, which have the 
ability to inactivate the thiol and sulfhydryl 
groups of amino acids. However mancozeb non 
systemic fungicide showed 100% inhibition at 
0.15%, 0.2%, 0.3%, 0.4% concentrations 
(Figure 2).    
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inhibition at 0.4%, 0.5%, 0.6%. The 
bactericidal effect of cupric compounds is due 
to the action of copper ions, which combined 
with the thiol groups of organic molecules, is 
able to inactivate the enzymes and coenzymes 
involved in the cellular respiration. In addition 
to this direct action, copper salts, acting as 
abiotic elicitors, induce the synthesis of 

phytoalexins, which are substances endowed 
with the ability to inhibit a wide range of 
microorganisms (Figure 5). 
Similar results were obtained by Solano and 
Arauz (1995) who applied mancozeb and 
captan against papaya anthracnose (C. 
gloeosporioides), and found that fungicides are 
very effective against the pathogen. 
 

 
Figure 3. C. gloeosporioides - variant mancozeb + 

dimetomorph 
 
Gawande et al. (2006) have reported that 
bordeaux mixture (1%) has a very good 
fungicidal effect on the pathogen, inhibiting 
mycelia growth by 90.7%. 
The combination mancozeb + dimetomorph 
(C4H6N2S4Mn)a (C4H4N2S4Zn)y+ C21H22ClNO4 

showed toxic fungicidal effect at all 
concentrations (0.1%, 0.2%, 0.25% and 0.3%). 
Dimetomorph is a cinnamic acid derivative that 
acts systemically by inhibiting the formation of 
cell walls, having preventive, curative, and 
antisporulating effects. In combination with 
mancozeb, the fungicidal activity is exceptional 
(Figure 3). 
Mancozeb is a fungicide with a multisite 
action, manifesting a contact action on the 
tissues of the host plant. During the 
pathogenesis process, the action is effective 
only in prevention. In curative control 
programs, mancozeb is associated with 
systemic synthetic products, achieving a double 
protection of crops and avoiding the 
phenomenon of resistance. 
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Figure 4. C. gloeosporioides - variant piraclostrobin + boscalid 
 
The long-term strategy of using fungicides 
recommends the use of mixtures, as shown by 
us in laboratory observations. Along with 
dimethomorph, mancozeb has an excellent 
fungicidal action compared to even lower 
concentrations than recommended. Studies in 
this regard have shown that to avoid the 
emergence of resistant strains of 
Plasmoparaviticola, mancozeb is associated 
with folpet, aluminum fossil or azoxystrobins 
(Sierotzki et al., 2008). 
 

 
Figure 5. C. gloeosporioides - variant with copper 

 
The efficacy of pyraclostrobin + boscalid 
C19H18ClN3O4 + C18H12Cl2N2O increased with 
the increase in the concentration (Figure 4). At 
0.1% and 0.15% and 0.2% pyraclostrobin + 
boscalid slightly inhibited the mycelial growth 
(mean 49.84% inhibition of mycelia growth), 
while at the concentration of an 0.05% 
improvement of the inhibition rate found 
around 32.76%.  

 

 
Figure 6. In vitro efficacy of mancozeb at different 

concentrations on mycelia growth of C. gloeosporioides 
 

 
Figure 7. In vitro efficacy of mancozeb + dimetomorph at 

different concentrations on mycelia growth of                           
C. gloeosporioides 

 
The treatments with pyraclostrobin + boscalid 
have a progressive efficacy depending on the 
concentration used, which is also confirmed by 
the studies of Mari M. et al. (2009) on the 
species Colletotrichum acutatum in strawberry, 
where the percentage of mycelium inhibition 
was on average 60%. 
 

 
Figure 8. In vitro efficacy of piraclostrobin + boscalidat 

different concentrations on mycelia growth of                             
C. gloeosporioides 
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Figure 9. In vitro efficacy of copper hydroxide at different 
concentrations on mycelia growth of C. gloeosporioides 

 
Mancozeb had an inhibitory action on the 
fungal hyphae by 100% in all used concen-
trations (Figure 8). The percentage of 100% 
inhibition was also observed in the case of 
copper hydroxide variants 0.4-0.6% (Figure 9) 
and mancozeb + dimetomorph 0.2-0.3% 
(Figure 7). 
The fungicidal or fungistatic effect on the 
pathogen C. gloeosporioides was also tested in 
the case of the ethyl extract of Ribes, Capsicum 
and Lycopodium in concentrations of 5 μg·ml-1, 
10 μg·ml-1, and 15 μg·ml-1. From the analysis 
of the graph, the Capsicum extract at the 
concentration of 15 μg/ml had a remarkable 
fungicidal effect on the growth of the pathogen, 
the inhibition rate being 80.78%. There are 
significant differences in the action of 
Capsicum extract 15 μg/ml on the inhibition of 
mycelial hyphae and currant and Lycopodium 
extracts, where in all variants the fungistatic 
effect is weak (Figure 10). 
Similar results were obtained in establishing 
the fungicidal or fungistatic effect of 
Cymbopogon citratus essential oil on 
pathogens. At a low concentration of 0.25 
mg/ml of essential oil, the mycelial hyphae 
were inhibited in a favorable percentage 
(Duarte, 2010). 
The ecological alternative of using 
phytopreparations to combat bacterial and 
fungal diseases is increasingly agreed in 
agriculture. Spraying essential oils on leaf 
surfaces and treating fruits during storage with 
extracts from various plants have proven 
beneficial effects in combating a considerable 
number of pathogens (Aly et al., 2013; 
Sivakumar et al., 2014). 

 
 

Figure 10. In vitro efficacy of plant extracts at different 
concentration of mycelia growth of C. gloeosporioides 

 
CONCLUSIONS  
 
The in vitro efficacy of synthetic chemical 
compounds has shown that dimetomorph + 
mancozeb and mancozeb are highly effective 
against this pathogen, and it is recommended to 
be used in the treatment of fruits before storage. 
Biological control of pathogens is a modern 
alternative for the current agricultural practices. 
In this context, our studies focused on finding 
biological products with fungistatic or 
fungicidal effect on the pathogen under study. 
In this sense, only the Capsicum extract turned 
out to be efficient compared to other lower 
concentrations of Capsicum or the extracts of 
Ribes and Lonicera that were suitable for the 
control variant. 
 
REFERENCES 
 
Aly, A.A., Mohamed, H.I., Mansour M.T.M., Omar, 

M.R. (2013). Suppression of powdery mildew on flax 
by foliar application of essential oils. J Phytopathol., 
161(6), 376-381. 

Brajesh, K., Kumari, S., Kumar, B., Cumbal, L., Rosero, 
G. (2014). Microwave-assisted extraction and solid-
phase separation of quercetin from solid onion 
(Allium cepa L.), Separation Science and 
Technology, 49, 2502-2509. 

Damos, P., Escudero, Colomar, L-A., Ioriatti, C. (2015). 
Integrated fruit production and pest management in 
Europe: The apple case study and how far we are 
from the original concept, Insects, 6, 626-657. 

Desneux, N., Decourtye, A., Delpuech, J-M. (2007). The 
sublethal effects of pesticides on beneficial 
arthropods. Annual Review of Entomology, 52, 81-
106. 

Dincă, N., Dunea, D. (2017). The influence of Rhizobium 
inoculation and nitrogen/molybdenum fertilization on 

R² = 0,4489

0

20

40

60

80

100

120

140

160

0.2 0.4 0.5 0.6 control

%
 in

hi
bi

tio
n 

of
 m

yc
el

ia
l g

ro
w

th

concentration %

0

10

20

30

40

50

60

70

80

90

capsiccum extract gooseberry extract Lycopodium
extract

control

%
 in

hi
bi

tio
n 

of
 m

yc
el

ia
l g

ro
w

th

5 μg/ml 10 μg/ml 15 μg/ml



183

 

 
Figure 4. C. gloeosporioides - variant piraclostrobin + boscalid 
 
The long-term strategy of using fungicides 
recommends the use of mixtures, as shown by 
us in laboratory observations. Along with 
dimethomorph, mancozeb has an excellent 
fungicidal action compared to even lower 
concentrations than recommended. Studies in 
this regard have shown that to avoid the 
emergence of resistant strains of 
Plasmoparaviticola, mancozeb is associated 
with folpet, aluminum fossil or azoxystrobins 
(Sierotzki et al., 2008). 
 

 
Figure 5. C. gloeosporioides - variant with copper 

 
The efficacy of pyraclostrobin + boscalid 
C19H18ClN3O4 + C18H12Cl2N2O increased with 
the increase in the concentration (Figure 4). At 
0.1% and 0.15% and 0.2% pyraclostrobin + 
boscalid slightly inhibited the mycelial growth 
(mean 49.84% inhibition of mycelia growth), 
while at the concentration of an 0.05% 
improvement of the inhibition rate found 
around 32.76%.  

 

 
Figure 6. In vitro efficacy of mancozeb at different 

concentrations on mycelia growth of C. gloeosporioides 
 

 
Figure 7. In vitro efficacy of mancozeb + dimetomorph at 

different concentrations on mycelia growth of                           
C. gloeosporioides 

 
The treatments with pyraclostrobin + boscalid 
have a progressive efficacy depending on the 
concentration used, which is also confirmed by 
the studies of Mari M. et al. (2009) on the 
species Colletotrichum acutatum in strawberry, 
where the percentage of mycelium inhibition 
was on average 60%. 
 

 
Figure 8. In vitro efficacy of piraclostrobin + boscalidat 

different concentrations on mycelia growth of                             
C. gloeosporioides 

R² = 0,5

0

50

100

150

200

0.15 0.2 0.3 0.4 control%
 in

hi
bi

tio
n 

of
 m

yc
el

ia
l 

gr
ow

th

concentration %

R² = 0,4949

0

50

100

150

200

0.1 0.2 0.25 0.3 control

%
 in

hi
bi

tio
n 

of
 m

yc
el

ia
l 

gr
ow

th

concentration %

R² = 0,3904

0

10

20

30

40

50

60

0.05 0.1 0.15 0.2 control

%
 in

hi
bi

tio
n 

of
 m

yc
el

ia
l 

gr
ow

th

concentration %

 

 
Figure 9. In vitro efficacy of copper hydroxide at different 
concentrations on mycelia growth of C. gloeosporioides 

 
Mancozeb had an inhibitory action on the 
fungal hyphae by 100% in all used concen-
trations (Figure 8). The percentage of 100% 
inhibition was also observed in the case of 
copper hydroxide variants 0.4-0.6% (Figure 9) 
and mancozeb + dimetomorph 0.2-0.3% 
(Figure 7). 
The fungicidal or fungistatic effect on the 
pathogen C. gloeosporioides was also tested in 
the case of the ethyl extract of Ribes, Capsicum 
and Lycopodium in concentrations of 5 μg·ml-1, 
10 μg·ml-1, and 15 μg·ml-1. From the analysis 
of the graph, the Capsicum extract at the 
concentration of 15 μg/ml had a remarkable 
fungicidal effect on the growth of the pathogen, 
the inhibition rate being 80.78%. There are 
significant differences in the action of 
Capsicum extract 15 μg/ml on the inhibition of 
mycelial hyphae and currant and Lycopodium 
extracts, where in all variants the fungistatic 
effect is weak (Figure 10). 
Similar results were obtained in establishing 
the fungicidal or fungistatic effect of 
Cymbopogon citratus essential oil on 
pathogens. At a low concentration of 0.25 
mg/ml of essential oil, the mycelial hyphae 
were inhibited in a favorable percentage 
(Duarte, 2010). 
The ecological alternative of using 
phytopreparations to combat bacterial and 
fungal diseases is increasingly agreed in 
agriculture. Spraying essential oils on leaf 
surfaces and treating fruits during storage with 
extracts from various plants have proven 
beneficial effects in combating a considerable 
number of pathogens (Aly et al., 2013; 
Sivakumar et al., 2014). 

 
 

Figure 10. In vitro efficacy of plant extracts at different 
concentration of mycelia growth of C. gloeosporioides 

 
CONCLUSIONS  
 
The in vitro efficacy of synthetic chemical 
compounds has shown that dimetomorph + 
mancozeb and mancozeb are highly effective 
against this pathogen, and it is recommended to 
be used in the treatment of fruits before storage. 
Biological control of pathogens is a modern 
alternative for the current agricultural practices. 
In this context, our studies focused on finding 
biological products with fungistatic or 
fungicidal effect on the pathogen under study. 
In this sense, only the Capsicum extract turned 
out to be efficient compared to other lower 
concentrations of Capsicum or the extracts of 
Ribes and Lonicera that were suitable for the 
control variant. 
 
REFERENCES 
 
Aly, A.A., Mohamed, H.I., Mansour M.T.M., Omar, 

M.R. (2013). Suppression of powdery mildew on flax 
by foliar application of essential oils. J Phytopathol., 
161(6), 376-381. 

Brajesh, K., Kumari, S., Kumar, B., Cumbal, L., Rosero, 
G. (2014). Microwave-assisted extraction and solid-
phase separation of quercetin from solid onion 
(Allium cepa L.), Separation Science and 
Technology, 49, 2502-2509. 

Damos, P., Escudero, Colomar, L-A., Ioriatti, C. (2015). 
Integrated fruit production and pest management in 
Europe: The apple case study and how far we are 
from the original concept, Insects, 6, 626-657. 

Desneux, N., Decourtye, A., Delpuech, J-M. (2007). The 
sublethal effects of pesticides on beneficial 
arthropods. Annual Review of Entomology, 52, 81-
106. 

Dincă, N., Dunea, D. (2017). The influence of Rhizobium 
inoculation and nitrogen/molybdenum fertilization on 

R² = 0,4489

0

20

40

60

80

100

120

140

160

0.2 0.4 0.5 0.6 control

%
 in

hi
bi

tio
n 

of
 m

yc
el

ia
l g

ro
w

th

concentration %

0

10

20

30

40

50

60

70

80

90

capsiccum extract gooseberry extract Lycopodium
extract

control

%
 in

hi
bi

tio
n 

of
 m

yc
el

ia
l g

ro
w

th

5 μg/ml 10 μg/ml 15 μg/ml



184

 
the growth characteristics of red clover. AgroLife 
Scientific Journal, 6(2), 83-88. 

Duarte A.N., Schmidt, F.L., Duarte C.T., Figueira G.M., 
Delarmelina, C., Benato, E.A., Sartoratto, A. (2010). 
Control of Colletotrichum gloeosporioides in yellow 
passion fruit using Cymbopogon citratus essential oil. 
Braz. J. Microbiol., 41(1). 

Dunea, D., Dincă, N., Stanciu, A.M., Mihăescu, C. 
(2019). Determination of light absorption patterns 
within alfalfa varieties in Gherghita Plain. AgroLife 
Scientific Journal, 8(2), 40-47. 

Dunea, D., Neagu Frăsin, L.B., Dincă, N. (2015). 
Ecophysiological responses of white clover - hybrid 
ryegrass mixture to foliar fertilisation. Notulae 
Botanicae Horti Agrobotanici Cluj-Napoca, 43(1), 
173-178. 

Gawande, A.D., Asalmol, M.N., Raut, S.P. (2006). 
Management of Colletotrichum spp. on Piper 
longum, Linn. Annals Plant Prot. Sci, 14(2), 411-414. 

Horbowicz, M. (2002). Method of quercetin extraction 
from dry scales of onion. Veget. Crops Res. Bull., 57, 
119-124. 

Mari, M., Gengotti, S., Ceredi, G., Antoniacci, L., 
Montuschi, C. (2009). Control strategies 
for Colletotrichum acutatum on strawberries in north 
Italy ISHS, Acta Horticulturae, 842(842), 299-302. 

McHardy, W.E. (1996). Apple scab: Biology, 
epidemiology and management. 545 p. APS Press, 
The American Phytopathological Society, St Paul, 
Minnesota, USA. 

Roubos, C.R., Rodriguez-Saona, C., Holdcraft, R., 
Mason, K.S., Isaacs, R. (2014). Relative toxicity and 
residual activity of insecticides used in blueberry pest 

management: mortality of natural enemies. Journal of 
Economic Entomology, 107, 277-285. 

Sierotzki, H., Kraus, N., Pepin, S., Fernandes, N., Gisi, 
U. (2008). Dynamics of QoI resistance in 
Plasmopara viticola. Pages 151-157 in: Modern 
Fungicides and Antifungal Compounds IV. H. W. 
Dehne, H.B. Deising, U. Gisi, K.H. Kuck, P.E. 
Russell, and H. Lyr, eds. 14th Int. Reinhardsbrunn 
Sympos. British Crop Protection Council, Farnham, 
Surrey. 

Sivakumar, D., Bautista-Baños, S. (2014). A review on 
the use of essential oils for postharvest decay control 
and maintenance of fruit quality during storage. Crop 
Protect., 64, 27-37. 

Solano, V., Arauz, L.F. (1995). Combating anthracnose 
in papaya fruit through fungicide application in 
Atlantic region of Costa Rica. Agronomia 
Costarricense, 19, 25-30. 

Sutton, T.B., Aldwinckle, H.S., Agnello, A.M., 
Walgenbach, J.F. (2014). Compendium of apple and 
pear diseases and pests. APS Press. 

Vincent, J.M. (1947). The esters of 4-hydroxybenzoic 
acid and related compounds. Part I. Methods for the 
study of their fungistatic properties. J. Soc. Chem. 
Ind., 6, 149-155. 

Wang, C.X., Zhang, Z.F., Li, B.H., Wang, H.Y., Dong, 
X.L. (2012). First report of Glomerella leaf spot of 
apple caused by Glomerella cingulata in China. Plant 
Dis., 96, 912. 

***CBS (2016). Statistics Netherlands. 
http://www.cbs.nl/en-GB/menu/home/default.htm. 

 
 

 
 
 

 
 

 
DIFFERENT VEGETATION PERIODS HARVESTED SAINFOIN 

NUTRIENT INGREDIENT AND CONDENSED TANNIN CONTENTS 
 

Abdullah ÖZBILGIN1, Behiç COŞKUN2  
 

1University of Veterinary Medicine of Cumhuriyet, Sivas, Turkey  
2Konya Food and Agriculture University, Animal Husbandry Research and Application Center, 

Konya, Turkey  
 

Corresponding author email: abdullahozbilgin@gmail.com  
 
Abstract  
 
This study was carried out to determine green, dry herbage yields and most suitable harvest period of sainfoin. Also, it 
was made in order to determine amount of nutrient matter and condensed tannin. Samples were collected from seven 
different trial fields in four different harvest periods (beginning of budding, 10% flowering, 50% flowering and 
seedpod) and four replications. There was no statistically significant difference between the average of the field at each 
harvest period (p=0.80). In terms of dry matter ratio, there was a statistically significant difference between harvesting 
periods from budding to seedpod period (p=0.001). There was a statistically significant difference in crude protein, 
NDF and ADF parameters depending on the progress of harvest period (p=0.001). There was a statistically significant 
difference in terms of metabolic energy (ME-3X) parameter depending on the progress of harvest period (p=0.001). At 
harvest periods, there was respectively 4.42%, 4.92%, 5.93%, 7.59% extractable condensed tannin values. There was a 
statistically significant difference between harvesting periods in terms of condensed tannin parameter (p=0.001). 
 
Key words: harvest, hay, herbage, nutrient, sainfoin. 
 
INTRODUCTION  
 
Alfalfa, sainfoin, vetch such as many 
traditional forage crops are cultivated. Turkey 
Statistical Institute (TÜİK), according to 2017 
data, our country has approximately 14.6 
million hectares of meadows and pastures. In 
addition, forage plant sowing area sainfoin; 
alfalfa, corn silage, common vetch is the 4th 
and approximately 1.9 million decares of land 
is cultivated and approximately 1.650.000 tons 
of sainfoin green herbage is obtained. In terms 
of forage production data, sainfoin, alfalfa and 
vetch are important. Between 2007-2017 years, 
there is a regular increase in sainfoin 
cultivation areas (Anonim, 2017). On the other 
hand, green herbage yield fluctuates due to 
various reasons, mostly due to precipitation 
regime. Sainfoin is defined by the words "Sain" 
and "Foin", "Sain" healthy and "Foin" grass 
means. So, the name of the sainfoin is "healthy 
herbage". This name has changed to English as 
well. A project supported by the European 
Union and focused on sainfoin was named 
"Healthy hay" as the project title. In some 
sources, it is also called "holy hay". In Greek, 
sainfoin is expressed by ónos (ὄνος, donkey), 
which means donkey's favorite fodder 

(Ruprecht, 2005; Smith, 2011; Carbonero, 
2011; Carbonero et al., 2012). Sainfoin plant 
according to the harvest, of the beginning of 
flowering, 10% flowering, 50% flowering and 
seedpod is classified into four periods. It is 
possible to grow in an area with an altitude of 
100-2500 m (García Salmerón et al., 1966; 
Demdoum, 2012). Sainfoin has attracted 
intense interest in animal husbandry due to its 
pasture potential. Although alfalfa (Medicago 
sativa) is a quality forage plant in terms of 
nutritional values, it is more suitable for 
irrigated agriculture. Sainfoin (Onobrychis 
sativa Scop.) is more resistant to cold and more 
suitable for growing in dry areas than clover. 
Sainfoin is equivalent to alfalfa in terms of 
nutrient content (Temel, 2010). Sainfoin 
cultivation can be expanded to reduce feed 
costs and organic livestock. Forage-derived 
organic livestock can be used with less 
concentrated feed and more sainfoin (Ecocrop, 
2009). Sainfoin has a cell wall structure similar 
to alfalfa and has a better water soluble 
carbohydrate and energy/nitrogen 
concentration. Nitrogen in sainfoin is better 
evaluated by ruminants, although it has a lower 
protein content than alfalfa. The tannins in the 
plant bind proteins and protect them from 
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Abstract  
 
This study was carried out to determine green, dry herbage yields and most suitable harvest period of sainfoin. Also, it 
was made in order to determine amount of nutrient matter and condensed tannin. Samples were collected from seven 
different trial fields in four different harvest periods (beginning of budding, 10% flowering, 50% flowering and 
seedpod) and four replications. There was no statistically significant difference between the average of the field at each 
harvest period (p=0.80). In terms of dry matter ratio, there was a statistically significant difference between harvesting 
periods from budding to seedpod period (p=0.001). There was a statistically significant difference in crude protein, 
NDF and ADF parameters depending on the progress of harvest period (p=0.001). There was a statistically significant 
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INTRODUCTION  
 
Alfalfa, sainfoin, vetch such as many 
traditional forage crops are cultivated. Turkey 
Statistical Institute (TÜİK), according to 2017 
data, our country has approximately 14.6 
million hectares of meadows and pastures. In 
addition, forage plant sowing area sainfoin; 
alfalfa, corn silage, common vetch is the 4th 
and approximately 1.9 million decares of land 
is cultivated and approximately 1.650.000 tons 
of sainfoin green herbage is obtained. In terms 
of forage production data, sainfoin, alfalfa and 
vetch are important. Between 2007-2017 years, 
there is a regular increase in sainfoin 
cultivation areas (Anonim, 2017). On the other 
hand, green herbage yield fluctuates due to 
various reasons, mostly due to precipitation 
regime. Sainfoin is defined by the words "Sain" 
and "Foin", "Sain" healthy and "Foin" grass 
means. So, the name of the sainfoin is "healthy 
herbage". This name has changed to English as 
well. A project supported by the European 
Union and focused on sainfoin was named 
"Healthy hay" as the project title. In some 
sources, it is also called "holy hay". In Greek, 
sainfoin is expressed by ónos (ὄνος, donkey), 
which means donkey's favorite fodder 

(Ruprecht, 2005; Smith, 2011; Carbonero, 
2011; Carbonero et al., 2012). Sainfoin plant 
according to the harvest, of the beginning of 
flowering, 10% flowering, 50% flowering and 
seedpod is classified into four periods. It is 
possible to grow in an area with an altitude of 
100-2500 m (García Salmerón et al., 1966; 
Demdoum, 2012). Sainfoin has attracted 
intense interest in animal husbandry due to its 
pasture potential. Although alfalfa (Medicago 
sativa) is a quality forage plant in terms of 
nutritional values, it is more suitable for 
irrigated agriculture. Sainfoin (Onobrychis 
sativa Scop.) is more resistant to cold and more 
suitable for growing in dry areas than clover. 
Sainfoin is equivalent to alfalfa in terms of 
nutrient content (Temel, 2010). Sainfoin 
cultivation can be expanded to reduce feed 
costs and organic livestock. Forage-derived 
organic livestock can be used with less 
concentrated feed and more sainfoin (Ecocrop, 
2009). Sainfoin has a cell wall structure similar 
to alfalfa and has a better water soluble 
carbohydrate and energy/nitrogen 
concentration. Nitrogen in sainfoin is better 
evaluated by ruminants, although it has a lower 
protein content than alfalfa. The tannins in the 
plant bind proteins and protect them from 
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microbial degradation in the rumen. Most of 
the condensed tannin concentration is in the 
leaves. In general, the amount of condensed 
tannin in the sainfoin decreases as the plant 
matures. This decrease is related to the 
decrease in tannin content in the leaves (Li et 
al., 2013). It has been reported that tannin 
concentration of 4% to 10% of sainfoin has 
beneficial effects for ruminants (Min et al., 
2003). The proteins in legume feeds cannot be 
used sufficiently by ruminants due to their 
rapid destruction in the rumen (Broderick, 
1995; Gebrehiwot, 2002; Min et al., 2003). 
When plants containing tannins are consumed, 
degradation of proteins in the rumen to 
ammonia occurs at a low rate. Tannins reduce 
the degradation of plant proteins and thus allow 
the formation of by-pass proteins (Aerts et al., 
1999; McMahon et al., 2000; Waghorn et al., 
2008). The nutritional value of sainfoin is 
lower than alfalfa. This decrease can occur due 
to loss of leaves during hay production and can 
be consumed as fresh feed to prevent. 
However, since the condensed tannins protect 
the protein, the proteins in the sainfoin silage 
are better protected than proteolysis. In silage 
production Sainfoin's high carbohydrate 
concentration helps to make the silo faster. 
Açıkgöz (2001), when the nutrient content of 
the preservative according to the harvest 
period; 21.20% crude protein, before flowering 
2.10% crude oil, 22.30% crude cellulose, 
44.70% non-nitrogenous substance; 18.90% 
crude protein at the beginning of flowering 
3.20% crude oil, 29.80% crude cellulose, 
42.60% non-nitrogenous substance, 17.30% 
crude protein; in 100% flowering period 3.0% 
crude oil, 33.70% crude cellulose. It has been 
reported that 41.00% contains nitrogen-free 
substance. In a research, chemical analysis on 
sainfoin hay was performed in different 
vegetation periods. Analyses were made at the 
beginning of flowering, flowering and seedpod 
periods. In this study, NDF contents 
respectively were 46.14%, 49.27% and 
55.71%; ADF contents 33.40%, 37.21% and 
40.15%; ADL contents were 7.10%, 8.20% and 
11.10%; crude protein contents 19.5%, 14.5% 
and 13.05%; crude ash contents were 8.31%, 
6.88% and 7.18%. In addition, condensed 

tannins were reported as 10.51%, 6.96% and 
4.26% (Bal et al., 2006). According to the 
harvest period green herbage yield is between 
700-1500 kg/de and is less than alfalfa. In the 
experiments conducted in Şavşat region in 
Turkey, yields of green herbage were 
determined between 1566 kg and 1734 kg at an 
altitude of 850-1010 m. It has been reported 
that green herbage and hay yields of sainfoin 
plant vary depending on soil structure and 
elevation of cultivated area and there is a 
significant decrease in yield at 1475 m altitude. 
In a study reported that the yield of dry herbage 
of the sainfoin is between 300-700 kg/de 
(Koivisto and Lane, 2001; Temel, 2010). 831 
kg/de in dry conditions and 645 kg/de in dry 
conditions were obtained (Erkovan and Tan, 
2009). Green herbage yields of sainfoin 
varieties (Koç 1461, Emre, Yunus, Fatih, 
Mehmet alibey and Hilal) cultivated in 
Altınova and Gözlü farm belonging to the 
General Directorate of Agricultural Enterprises 
(TİGEM) were 2077-2674  kg/de; hay yields 
were reported to be 456-575 kg/de (Koç and 
Akdeniz, 2017). In a study investigating the 
effects of different nitrogen ratios on growth 
and development; Green herbage yield of 
Siberian sainfoin 167-201 kg/de; hay yield was 
found to be 59.50-79.05 kg/de (Kılıç, 1991). 
This study was made order to determine the 
most suitable harvest period, green and dry 
herbage yields, also nutrient components and 
amount of condensed tannins in sainfoin. 

Table 1. Altitude and coordinates of sainfoin samples 

Village District Altitude Coordinate 
Boğazdere Ulaş 1566 39°22'37.1''N-

36°55'14.8''E 
Çevirme Ulaş 1685 39°16'06.8''N-

36°56'16.2''E 
Center Altınyayla 1537 39°16'27.7''N-

36°45'54.8''E 
Kocakurt Kangal 1493 39°10'09.3''N-

37°14'55.6''E 
Kuşkayası Kangal 1509 39°10'18.2''N-

37°14'59.0''E 
Kızılören Gürün 1677 38°47'11.0''N-

37°12'23.0''E 
Böğrüdelik Gürün 1788 38°57'38.4''N-

37°17'10.0''E 

  

MATERIALS AND METHODS 
 
Ulas, Altınyayla, Kangal and Gürün districts 
from province of Sivas in Turkey, seven 
different trial fields in four different periods 
(budding, 10% flowering, 50% flowering and 
seedpod) and four replications of were taken 
samples of sainfoin fields (Table 1). Samples 
were taken from random areas by drawing 
zigzags in the field with quadrate of 50 x 50 cm 
dimensions from each repetition. After the 
samples were dried after weighting, for 
chemical analyses were carried out in Selcuk 
University Faculty of Veterinary Medicine 
Animal Nutrition and Nutritional Diseases 
Department Feed Analysis Laboratory. AOAC 

(1999), conducted dry matter, crude protein, 
crude oil and crude ash analysis in accordance 
with the reported methods. Neutral detergent 
fiber (NDF) and acid detergent fiber (ADF) 
levels were determined in Ankom 200 Fiber 
Analyzer according to the method reported by 
Van Soest et al. (1991). Protein fractions 
analysis was performed according to the 
method reported by Krishnamoorthy et al. 
(1982); condensed tannin analysis was carried 
out according to the acid-butanol method 
(Bate-Smith, 1975). SPPS 25 (IBM Corp. 
Released 2017. IBM SPSS Statistics for 
Windows, Version 25.0, Armonk, NY: IBM 
Corp.) statistical package program was used for 
the evaluation of the data.  

Table 2. Data of 1930-2018 years and 2016-2017 years temperature (℃) and precipitation (mm) in Ulas, Altinyayla, 
Gürün and Kangal districts of Sivas (Mevbis, 2018; MGM 2019) 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
RESULTS AND DISCUSSIONS 
 
Mean yields of green herbage of seven 
different trial fields for the budding, 10% 
flowering, 50% flowering and seedpod periods 

were respectively found 1869 kg, 1644 kg, 
1800 kg, 1704 kg (Table 3). In terms of 
average hay yields of the trial fields, the 
average yield for the budding, 10% flowering, 
50% flowering and seedpod periods, 

   Temperature (℃)     
           2016             2017   
          Month           Month 
   9  10  11   12 1 2 3 4 5 6 
Ulaş 14.20 10.71 3.80 -4.90 -5.14 -3.40 4.22 8.11 12.13 16.57 

Altınyayla 12.90 9.05 2.28 -4.51 -5.58 -3.97 3.52 7.80 11.65 15.89 

Kangal 13.00 8.84 1.64 -6.84 -8.41 -6.29 2.79 7.04 11.34 16.17 

Gürün  17.28 12.91 4.16 -2.58 -5.57 -3.08 4.25 9.88 14.60 21.23 

Average 
temperature in 
Sivas 
(1930-2018) 

16.1 10.8 4.7 -0.7 -3.5 -2.1 2.7 8.9 13.5 16 

    Precipitation (mm)      
        2016      2017     
       Month     Month    
  9  10  11          12 1 2 3 4 5 6 mean 

Ulaş 17.4 4.0 7.7 36.3 29.6 1.9 34.8 55.8 66.7 27.5 281.7 

Altınyayla 14.0 2.8 8.7 34.6 33.3 9.5 25.4 36 62.2 41.1 267.6 

Kangal 6.0 2.4 3.0 21.6 18.2 1.4 27.8 47.8 59.2 6.8 194.2 

Gürün 19.0 4.2 3.1 42.6 16.9 0.9 26.7 55 43.8 3.4 215.6 
Average rainfall 
in Sivas  
(1930-2018) 

17.3 33.4 40.5 44.8 43 39.2 45.1 57.1 61.6 33.8 415.8 
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microbial degradation in the rumen. Most of 
the condensed tannin concentration is in the 
leaves. In general, the amount of condensed 
tannin in the sainfoin decreases as the plant 
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decrease in tannin content in the leaves (Li et 
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Department Feed Analysis Laboratory. AOAC 

(1999), conducted dry matter, crude protein, 
crude oil and crude ash analysis in accordance 
with the reported methods. Neutral detergent 
fiber (NDF) and acid detergent fiber (ADF) 
levels were determined in Ankom 200 Fiber 
Analyzer according to the method reported by 
Van Soest et al. (1991). Protein fractions 
analysis was performed according to the 
method reported by Krishnamoorthy et al. 
(1982); condensed tannin analysis was carried 
out according to the acid-butanol method 
(Bate-Smith, 1975). SPPS 25 (IBM Corp. 
Released 2017. IBM SPSS Statistics for 
Windows, Version 25.0, Armonk, NY: IBM 
Corp.) statistical package program was used for 
the evaluation of the data.  

Table 2. Data of 1930-2018 years and 2016-2017 years temperature (℃) and precipitation (mm) in Ulas, Altinyayla, 
Gürün and Kangal districts of Sivas (Mevbis, 2018; MGM 2019) 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
RESULTS AND DISCUSSIONS 
 
Mean yields of green herbage of seven 
different trial fields for the budding, 10% 
flowering, 50% flowering and seedpod periods 

were respectively found 1869 kg, 1644 kg, 
1800 kg, 1704 kg (Table 3). In terms of 
average hay yields of the trial fields, the 
average yield for the budding, 10% flowering, 
50% flowering and seedpod periods, 

   Temperature (℃)     
           2016             2017   
          Month           Month 
   9  10  11   12 1 2 3 4 5 6 
Ulaş 14.20 10.71 3.80 -4.90 -5.14 -3.40 4.22 8.11 12.13 16.57 

Altınyayla 12.90 9.05 2.28 -4.51 -5.58 -3.97 3.52 7.80 11.65 15.89 

Kangal 13.00 8.84 1.64 -6.84 -8.41 -6.29 2.79 7.04 11.34 16.17 

Gürün  17.28 12.91 4.16 -2.58 -5.57 -3.08 4.25 9.88 14.60 21.23 

Average 
temperature in 
Sivas 
(1930-2018) 

16.1 10.8 4.7 -0.7 -3.5 -2.1 2.7 8.9 13.5 16 

    Precipitation (mm)      
        2016      2017     
       Month     Month    
  9  10  11          12 1 2 3 4 5 6 mean 

Ulaş 17.4 4.0 7.7 36.3 29.6 1.9 34.8 55.8 66.7 27.5 281.7 

Altınyayla 14.0 2.8 8.7 34.6 33.3 9.5 25.4 36 62.2 41.1 267.6 

Kangal 6.0 2.4 3.0 21.6 18.2 1.4 27.8 47.8 59.2 6.8 194.2 

Gürün 19.0 4.2 3.1 42.6 16.9 0.9 26.7 55 43.8 3.4 215.6 
Average rainfall 
in Sivas  
(1930-2018) 

17.3 33.4 40.5 44.8 43 39.2 45.1 57.1 61.6 33.8 415.8 
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respectively was obtained 436.28 kg, 423.16 
kg, 485.52 kg, 482.83 kg. In a study conducted 
on Siberian sainfoin, green herbage yield was 
167.78-201.90 kg/de and dry herbage yield was 
lower than 59.50-79.05 kg/de (Kılıç, 1991). 
Büyükburç (1991), 250-350 kg/de dry herbage 
yield with less than the current study; In a 
study conducted in İzmir, green herbage yield 
of 1890 kg/de and 350 kg/de of dry herbage 
were obtained from sainfoin in the same year. 
Also; sainfoin has 481.20 kg/de yield of dry 
herbage (Sea et al., 2005).  

Deniz et al. (2005), by budding, 25%, 50%, 
100% flowering and seedpod period 
respectively have been reported 2861 kg, 
3603.30 kg, 3473.30 kg, 3840 kg, 3330 kg. 
Green herbage yield is higher than the current 
working average. But, Deniz et al. (2005) has 
similarities with the yield amount determined 
by the budding and 10% flowering periods in 
Kuşkayası village of Kangal district. But; 
Deniz et al (2005) obtained better results than 
the present study in terms of average yields. 

 
Table 3. Green and dry herbage in the experimental field crude protein, ME (metabolic energy) yield (kg/decare) 

 
According to the harvest of dry herbage yield 
reported, respectively 333.50 kg, 629.20 kg, 
815.20 kg, 1112.60 kg and 1020.90 kg. In the 
present study, herbage yield values were found 
higher in terms of budding and 10% flowering 
period. However, there was a steady increase in 

the later harvest periods (Deniz et al., 2005). In 
the present study, there was no regular increase 
in green and hay yields due to the progress of 
the harvest period. The nutrient and energy 
contents of sainfoin varied depending on the 
harvest period. Dry matter yields of the trial 

     Green herbage yield        

    Budding        10%  
   flowering 

    50%  
flowering   Seedpod   

         x̄± Sx̄          x̄± Sx̄       x̄± Sx̄       x̄± Sx̄  p  

Boğazdere 2593±251.56 1720±98.02 1754±131.04 2028±129.14 0.25  

Çevirme 1904a±211.27 1545ab±109.69 1177b±179.27 1282b±157.49 0.01  

Altınyayla  1635±258.85 1500±251.36 1443±206.78 1546±146.24 0.89  

Kocakurt 2407a±892.21 1820b±215.34 2993a±195.56 2099b±239.52 0.01  

Kuşkayası 3063±325.23 3291±119.89 3003±190.68 2437±231.35 0.20  

Kızılören 631,92c±96.53 661,24c±89.37 1132b±204.58 1409a±202.89 0.01  

Böğrüdelik 847,09±121.72 973,38±87.49 1100±62.2 1129±119.04 0.06  

Mean± Sx̄ 1869±135.40 1644±117.58 1800±122.86 1704±88.59 0.19  

    Dry herbage yield        

    Budding    10% 
flowering 

  50%  
flowering   Seedpod  p  

Boğazdere 639.32±59.07 521.04±25.45 514.79±32.55 630.56±47.32 0.06  

Çevirme 431.88±40.57 418.08±23.07 340.13±50.42 382.16±39.08 0.39  

Altınyayla  384.39±46.03 393.18±60.13 395.14±53.49 426.32±36.87 0.89  

Kocakurt 594.62±23.61 473.78±49.87 763.13±53.07 571.49±50.79 0.05  

Kuşkayası 591.24±58.53 719.52±24.34 755.95±55.64 588.76±57.00 0.08  

Kızılören 166.46b±23.81 178.01b±23.01 311.51a±56.36 414.60a±57.76 0.03  

Böğrüdelik 246.05b±30.58 258.52b±22.57 318a±16.70 365.91a±33.54 0.05  

Mean± Sx̄ 436.28±27.50 423.16±25.51 485.52±30.13 482.83±21.65 0.80  

    Budding   10%  
flowering 

  50%  
flowering    Seedpod  p  

CP kg/decare 74.52±4.26 65.30±2.65 71.16±3.13 64.51±2.90 0.22  

ME kg/decare 924.22±52.82 846.41±34.38 938.48±41.24 926.45±41.58 0.42  

 
fields increased regularly as expected 
compared to the harvest period. But; dry matter 
yields were very close to each other due to the 
short time between budding and seedpod stage. 
There was a statistically significant difference 
between four different harvest periods within 
the scope of average of dry matter yield in trial 
fields (p<0.05) (Table 3). From beginning of 
budding to seedpod period, respectively 
24.70%, 26.60%, 27.67% and 29.03% dry 
matter values were obtained. But, Deniz et al 
(2005) in their study budding, 25%, 50%, 
100% flowering and seedpod periods, 
respectively 11.65%, 17.39%, 23.49%, 28.96% 
and 30.59% reported dry matter yields. It was 
natural that different and higher dry matter 
values were obtained from the present study 

due to differences between the study data and 
the current study data in the selected periods 
and the sampling time being 35 days in total 
and the drying of green herbage in the field. 
The crude protein decreased as expected due to 
the progress of the harvest period. In this 
decrease, the ripening of the plant and the leaf/ 
stem ratio are the factors. According to the 
2017 years weather data shown in Table 2, the 
rainfall in the 5th month has decreased by half 
in the 6th month and temperatures increased by 
5-6 degrees. However, especially according to 
the increasing temperature and data for many 
years. In 2017, due to the lower total rainfall, 
rapid flowering and subsequent seedpod were 
observed. 

Table 4. Nutrient content of sainfoin collected from trial fields in four different harvest periods (% DM) 

 
The number of days that the sainfoin remained 
in the flower showed a rapid course due to low 

rainfall and high temperature. In terms of crude 
protein value, the average data of the 

  Budding 10% 
flowering 

50% 
flowering Seedpod  

 x̄ ± Sx̄        x̄ ± Sx̄      x̄ ± Sx̄      x̄ ± Sx̄   p 
Dry matter, % 24.70c±0.86 26.60b±0.49 27.67ab±0.80 29.03a±0.78 0.001 
Crude protein, % 16.53a±0.23 15.43b±1.09 15.09b±0.17 13.30c±0.17 0.001 
Crude fat, % 2.14a±0.05 2.09a±0.20 1.94ab±0.06 1.72b±0.05 0.001 
Crude ash, % 7.72a±0.15 6.78bc±0.96 7.40ab±0.15 6.72c±0.10 0.001 
NDF% 35.87b±0.53 38.37b±3.81 40.47a±0.76 41.33a±0.66 0.001 
ADF% 33.49c±0.60 36.48b±3.68 36.91bc±0.70 38.33ab±0.63 0.001 
NFC% 37.74ab±0.50 37.33a±3.19 35.10b±0.73 36.94ab±0.58 0.001 
Lignin% 9.37ab±0.46 10.25ab±0.94 9.45b±0.37 11.04a±0.17 0.001 
NDICP% 3.030a±0.08 2.55b±0.53 2.32bc±0.16 1.38d±0.05 0.001 
ADICP% 2.61a±0.15 2.99a±0.58 2.63a±0.08 2.15b±0.07 0.001 
A Frak. %CP 21.19±1.23 21.77±3.74 18.55±1.24 18.81±0.73 0.08 
B Frak. %CP 62.73ab±1.56 58.07b±3.37 63.93a±0.78 65.37a±0.67 0.02 
C Frak. %CP 16.08ab±1.15 19.45ab±4.03 17.52ab±1.03 16.19b±0.60 0.001 
RUP 2% 35.51a±0.64 34.26a±2.75 34.16a±0.65 31.44b±0.38 0.001 
RUP 4% 38.67a±0.67 37.41a±2.66 37,58a±0.61 35.11b±0.39 0.001 
RUP Dig., % 62.29b±0.35 61.81b±1.46 62.86b±0.21 64.37a±0.20 0.001 
DE-1X, Mcal/kg 2.68a±0.03 2.59a±0.08 2.57ab±0.03 2.48b±0.02 0.001 
ME-3X, Mcal/kg 2.05a±0.02 2.00a±0.07 1.99a±0.02 1.91b±0.01 0.001 
NEL-3X, Mcal/kg 1.25a±0.01 1.21a±0.05 1.20a±0.02 1.14b±0.01 0.001 
NEL-4X, Mcal/kg 1.19a±0.01 1.16a±0.04 1.15a±0.01 1.10b±0.01 0.001 
NEM-3X, Mcal/kg 1.24a±0.02 1.19a±0.07 1.17a±0.02 1.09b±0.01 0.001 

NEG-3X, Mcal/kg 0.65a±0.02 0.61a±0.06 0.60a±0.02 0.52b±0.01 0.001 
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respectively was obtained 436.28 kg, 423.16 
kg, 485.52 kg, 482.83 kg. In a study conducted 
on Siberian sainfoin, green herbage yield was 
167.78-201.90 kg/de and dry herbage yield was 
lower than 59.50-79.05 kg/de (Kılıç, 1991). 
Büyükburç (1991), 250-350 kg/de dry herbage 
yield with less than the current study; In a 
study conducted in İzmir, green herbage yield 
of 1890 kg/de and 350 kg/de of dry herbage 
were obtained from sainfoin in the same year. 
Also; sainfoin has 481.20 kg/de yield of dry 
herbage (Sea et al., 2005).  

Deniz et al. (2005), by budding, 25%, 50%, 
100% flowering and seedpod period 
respectively have been reported 2861 kg, 
3603.30 kg, 3473.30 kg, 3840 kg, 3330 kg. 
Green herbage yield is higher than the current 
working average. But, Deniz et al. (2005) has 
similarities with the yield amount determined 
by the budding and 10% flowering periods in 
Kuşkayası village of Kangal district. But; 
Deniz et al (2005) obtained better results than 
the present study in terms of average yields. 

 
Table 3. Green and dry herbage in the experimental field crude protein, ME (metabolic energy) yield (kg/decare) 

 
According to the harvest of dry herbage yield 
reported, respectively 333.50 kg, 629.20 kg, 
815.20 kg, 1112.60 kg and 1020.90 kg. In the 
present study, herbage yield values were found 
higher in terms of budding and 10% flowering 
period. However, there was a steady increase in 

the later harvest periods (Deniz et al., 2005). In 
the present study, there was no regular increase 
in green and hay yields due to the progress of 
the harvest period. The nutrient and energy 
contents of sainfoin varied depending on the 
harvest period. Dry matter yields of the trial 

     Green herbage yield        

    Budding        10%  
   flowering 

    50%  
flowering   Seedpod   

         x̄± Sx̄          x̄± Sx̄       x̄± Sx̄       x̄± Sx̄  p  

Boğazdere 2593±251.56 1720±98.02 1754±131.04 2028±129.14 0.25  

Çevirme 1904a±211.27 1545ab±109.69 1177b±179.27 1282b±157.49 0.01  

Altınyayla  1635±258.85 1500±251.36 1443±206.78 1546±146.24 0.89  

Kocakurt 2407a±892.21 1820b±215.34 2993a±195.56 2099b±239.52 0.01  

Kuşkayası 3063±325.23 3291±119.89 3003±190.68 2437±231.35 0.20  

Kızılören 631,92c±96.53 661,24c±89.37 1132b±204.58 1409a±202.89 0.01  

Böğrüdelik 847,09±121.72 973,38±87.49 1100±62.2 1129±119.04 0.06  

Mean± Sx̄ 1869±135.40 1644±117.58 1800±122.86 1704±88.59 0.19  

    Dry herbage yield        

    Budding    10% 
flowering 

  50%  
flowering   Seedpod  p  

Boğazdere 639.32±59.07 521.04±25.45 514.79±32.55 630.56±47.32 0.06  

Çevirme 431.88±40.57 418.08±23.07 340.13±50.42 382.16±39.08 0.39  

Altınyayla  384.39±46.03 393.18±60.13 395.14±53.49 426.32±36.87 0.89  

Kocakurt 594.62±23.61 473.78±49.87 763.13±53.07 571.49±50.79 0.05  

Kuşkayası 591.24±58.53 719.52±24.34 755.95±55.64 588.76±57.00 0.08  

Kızılören 166.46b±23.81 178.01b±23.01 311.51a±56.36 414.60a±57.76 0.03  

Böğrüdelik 246.05b±30.58 258.52b±22.57 318a±16.70 365.91a±33.54 0.05  

Mean± Sx̄ 436.28±27.50 423.16±25.51 485.52±30.13 482.83±21.65 0.80  

    Budding   10%  
flowering 

  50%  
flowering    Seedpod  p  

CP kg/decare 74.52±4.26 65.30±2.65 71.16±3.13 64.51±2.90 0.22  

ME kg/decare 924.22±52.82 846.41±34.38 938.48±41.24 926.45±41.58 0.42  

 
fields increased regularly as expected 
compared to the harvest period. But; dry matter 
yields were very close to each other due to the 
short time between budding and seedpod stage. 
There was a statistically significant difference 
between four different harvest periods within 
the scope of average of dry matter yield in trial 
fields (p<0.05) (Table 3). From beginning of 
budding to seedpod period, respectively 
24.70%, 26.60%, 27.67% and 29.03% dry 
matter values were obtained. But, Deniz et al 
(2005) in their study budding, 25%, 50%, 
100% flowering and seedpod periods, 
respectively 11.65%, 17.39%, 23.49%, 28.96% 
and 30.59% reported dry matter yields. It was 
natural that different and higher dry matter 
values were obtained from the present study 

due to differences between the study data and 
the current study data in the selected periods 
and the sampling time being 35 days in total 
and the drying of green herbage in the field. 
The crude protein decreased as expected due to 
the progress of the harvest period. In this 
decrease, the ripening of the plant and the leaf/ 
stem ratio are the factors. According to the 
2017 years weather data shown in Table 2, the 
rainfall in the 5th month has decreased by half 
in the 6th month and temperatures increased by 
5-6 degrees. However, especially according to 
the increasing temperature and data for many 
years. In 2017, due to the lower total rainfall, 
rapid flowering and subsequent seedpod were 
observed. 

Table 4. Nutrient content of sainfoin collected from trial fields in four different harvest periods (% DM) 

 
The number of days that the sainfoin remained 
in the flower showed a rapid course due to low 

rainfall and high temperature. In terms of crude 
protein value, the average data of the 

  Budding 10% 
flowering 

50% 
flowering Seedpod  

 x̄ ± Sx̄        x̄ ± Sx̄      x̄ ± Sx̄      x̄ ± Sx̄   p 
Dry matter, % 24.70c±0.86 26.60b±0.49 27.67ab±0.80 29.03a±0.78 0.001 
Crude protein, % 16.53a±0.23 15.43b±1.09 15.09b±0.17 13.30c±0.17 0.001 
Crude fat, % 2.14a±0.05 2.09a±0.20 1.94ab±0.06 1.72b±0.05 0.001 
Crude ash, % 7.72a±0.15 6.78bc±0.96 7.40ab±0.15 6.72c±0.10 0.001 
NDF% 35.87b±0.53 38.37b±3.81 40.47a±0.76 41.33a±0.66 0.001 
ADF% 33.49c±0.60 36.48b±3.68 36.91bc±0.70 38.33ab±0.63 0.001 
NFC% 37.74ab±0.50 37.33a±3.19 35.10b±0.73 36.94ab±0.58 0.001 
Lignin% 9.37ab±0.46 10.25ab±0.94 9.45b±0.37 11.04a±0.17 0.001 
NDICP% 3.030a±0.08 2.55b±0.53 2.32bc±0.16 1.38d±0.05 0.001 
ADICP% 2.61a±0.15 2.99a±0.58 2.63a±0.08 2.15b±0.07 0.001 
A Frak. %CP 21.19±1.23 21.77±3.74 18.55±1.24 18.81±0.73 0.08 
B Frak. %CP 62.73ab±1.56 58.07b±3.37 63.93a±0.78 65.37a±0.67 0.02 
C Frak. %CP 16.08ab±1.15 19.45ab±4.03 17.52ab±1.03 16.19b±0.60 0.001 
RUP 2% 35.51a±0.64 34.26a±2.75 34.16a±0.65 31.44b±0.38 0.001 
RUP 4% 38.67a±0.67 37.41a±2.66 37,58a±0.61 35.11b±0.39 0.001 
RUP Dig., % 62.29b±0.35 61.81b±1.46 62.86b±0.21 64.37a±0.20 0.001 
DE-1X, Mcal/kg 2.68a±0.03 2.59a±0.08 2.57ab±0.03 2.48b±0.02 0.001 
ME-3X, Mcal/kg 2.05a±0.02 2.00a±0.07 1.99a±0.02 1.91b±0.01 0.001 
NEL-3X, Mcal/kg 1.25a±0.01 1.21a±0.05 1.20a±0.02 1.14b±0.01 0.001 
NEL-4X, Mcal/kg 1.19a±0.01 1.16a±0.04 1.15a±0.01 1.10b±0.01 0.001 
NEM-3X, Mcal/kg 1.24a±0.02 1.19a±0.07 1.17a±0.02 1.09b±0.01 0.001 

NEG-3X, Mcal/kg 0.65a±0.02 0.61a±0.06 0.60a±0.02 0.52b±0.01 0.001 
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experimental fields showed a statistically 
significant difference between the periods 
according to the harvest periods (p=0.001). In 
budding, 10% flowering, 50% flowering and 
seedpod periods crude protein were determined 
respectively 16.53%, 15.43%, 15.09% and 
13.30%. Deniz et al. (2005) at the beginning of 
budding, 25%, 50%, 100% flowering and 
seedpod periods has, respectively, 21.62%, 
16.06%, 12.35%, 12.31% and 11.60% the 
crude protein values. In the study of Deniz et 
al. (2005), because of the low dry matter 
content at the budding, higher crude protein 
value was obtained and seedpod period was 
obtained with higher dry matter content and 
lower crude protein values. For this reason, the 
current study does not agree with the findings 
of Deniz et al. (2005). Bal et al. (2006), crude 
protein values in the beginning of flowering, 
flowering and seedpod periods, respectively 
found 19.50%, 14.50% and 13.05%. The 
findings of the present study were consistent 
only with the seeding period. Kaplan et al. 
(2014) in their study before flowering, 
flowering and seedpod periods, respectively, 
found 17.43%, 15.67% and 13.06% crude 
protein content. These values were similar to 
those in the present study. The fact that the data 
in the literature are not the same in the current 
study are directly related to the harvest period. 
It cannot be expected that the nutrient contents 
of the plants that are not harvested in the same 

period and are not in the same climate zone are 
similar. As shown in Table 4 in terms of crude 
ash, was found statistically significant 
difference between different harvest periods 
according to the average data of trial fields 
(p<0.05). Budding, 10% flowering, 50% 
flowering and seedpod periods, respectively 
7.72%, 6.78%, 7.44% and 6.72% crude ash 
were found. The reason for the decrease in the 
crude ash content from budding to the 10% 
flowering period is unknown but showed some 
increase in the 50% flowering period and 
generally tended to decrease. This decrease was 
attributed to the decrease of inorganic material 
and the increase of organic material. Bal et al. 
(2006) reported that the rate of crude ash in 
sainfoin dry herbages was 8.31%, 6.88% and 
7.18% in different vegetation periods. These 
values correspond to the current study. Also; 
Deniz et al. (2005), in their study budding, 
25%, 50%, 100% flowering and seedpod 
periods reported crude ash values 9.25%, 
7.81%, 6.87%, 6.59% and 6.24% respectively. 
Deniz et al. (2005) determined that the rate of 
crude ash during budding is lower than the 
present study. Crude ash data in other periods 
were consistent with the present study. In terms 
of NDF and ADF parameters, statistically 
significant difference was found between 
different harvest periods according to  
the average data of the trial fields (p<0.05) 
(Table 4).        

Table 5. Sampling dates of sainfoin green herbage at different harvest periods in trial fields 

 
According to the sainfoin harvest period, NDF 
values were 35.87%, 38.37%, 40.47% and 
41.33%. It has an ADF value of 33.49%, 
36.48%, 36.91% and 38.33%.NDF and ADF 
values increased as expected in parallel with 
the harvest period. The highest NDF and ADF 
values were obtained during the seedpod period 
and this was due to the increase in fiber content 

of the plant. Although the NDF ratio is lower 
than the ADF ratio, they both increase due to 
the delay of the harvest period. Bal et al. 
(2006); carried out analyses during the 
beginning of flowering, flowering and seedpod 
periods. In this context; NDF contents were 
reported as 46.14%, 49.27% and 55.71%, and 
ADF contents were reported as 33.40%, 

Field Budding  
10% 

flowering 
50% 

flowering           Seedpod 
Boğazdere 06.06.2017 07.06.2017 10.06.2017 20.06.2017 
Çevirme 07.06.2017 11.06.2017 15.06.2017 20.06.2017 
Altınyayla  06.06.2017 07.06.2017 10.06.2017 19.06.2017 
Kocakurt 08.06.2017 08.06.2017 11.06.2017 19.06.2017 
Kuşkayası 08.06.2017 11.06.2017 12.06.2017 19.06.2017 
Kızılören 08.06.2017 09.06.2017 12.06.2017 20.06.2017 
Böğrüdelik 09.06.2017 09.06.2017 15.06.2017 20.06.2017 

 
37.21% and 40.15%, respectively. Deniz et al 
(2005) in their study budding, 25%, 50%, 
100% flowering and seedpod periods 40.12%, 
48.38%, 52.31%, 52.03% and 55.38% have 
NDF respectively; they also detected 29.72%, 
37.92%, 41.71%, 40.39% and 44.22% of ADF. 
Values in the present study; It is lower than the 
values determined by Deniz et al. (2005) and 
Bal et al. (2006). This may be attributed to the 
early completion of the vegetation of the plant. 
The plant binded seed after flowering in 10-15 
days. In the present study, a statistically 
significant difference was found between seven 
different trial fields in terms of condensed 
tannin parameter and between different harvest 
periods according to the average data of trial 
fields (p <0.05). According to the data in Table 
6, there are 4.42% extractable condensed tannin 
values at budding, 4.92% at 10% flowering, 
5.93% at 50% flowering and 7.59% at seedpod 
stage. According to the data obtained from 
Meteorology data information system 
(MEVBİS) it was observed that the plant tied 
the seeds quickly due to the low rainfall in the 
four districts where the study was carried out 
according to the temperature and precipitation 
data for 2016-2017 and the average 
temperature was above the seasonal norms 
(Table 2). In the light of these data, it was 
observed that condensed tannin increased. 
Multiple analyses were performed to confirm 
this data. Similar results were obtained in these 
analyses. As the harvest period progresses, the 
amount of condensed tannins should decrease. 

But in the present study, the amount of 
condensed tannins did not decrease due to the 
ripening of the plant. Condensed tannin 
increased from the beginning of the harvest 
period to the end. The flower color darkened 
from the beginning of flowering to the seedpod 
period and the contrast observed in the analysis 
increased. It increased spectrophotometric 
absorption with increasing contrast and 
consequently the amount of phenolic 
(condensed tannin) was high. The fact that the 
plant's crude protein content does not decrease 
significantly despite the progression of the 
harvest period may also mean that the phenolic 
phase is not completed. Bal et al. (2006), 
sainfoin on the beginning of flowering, 
flowering and seedpod periods in the 
condensed tannin content 10.51%, 6.96% and 
4.26% have been reported respectively. 
Azuhnwii et al. (2013) for sainfoin during early 
flowering in their study 41-85 g; Wang et al. 
(2008) 43.60-61.80 g; Berard et al. (2011) 
found 16.30-94.40 g of condensed tannins. For 
the flowering period Kaplan (2011), 41.90-
99.50 g; Azuhnwi et al. (2013) 46.90-68.70 g; 
Lorenz et al. (2010) reported that it contains 
32.20-42.40 g extractable condensed tannin. 
The values in the present study are consistent 
with the data of Azuhnwi et al. (2013), 
although the harvest period is not known. In 
general, the increase in the rate of condensed 
tannin from budding to seedpod period is not 
consistent with the present study. 

Table 6. Condensed tannin ratio according to trial fields and harvest period (% DM) 

 

  Budding 
10% 

flowering 
50% 

flowering Seedpod  
Field x̄ ± Sx̄ x̄ ± Sx̄ x̄ ± Sx̄ x̄ ± Sx̄    p 

Boğazdere 3.18c± 0.02 4.46b±0.02 4.03b±0.03 8.07a±0.01 0.001 

Çevirme 3.95d±0.03 5.11c±0.13 6.62b±0.02 7.39a±0.01 0.001 

Altınyayla  4.95d±0.03 5.86c±0.05 9.20b±0.03 9.48a±0.01 0.001 

Kocakurt 4.42a±0.01 4.34b±0.01 2.94c±0.01 4.33b±0.01 0.001 

Kuşkayası 2.37c±0.01 3.32b±0.03 2.53c±0.01 6.58a±0.01 0.001 

Kızılören 5.82d±0.02 6.46c±0.08 9.10a±0.03 8.49b±0.02 0.001 

Böğrüdelik 6.23c±0.03 4.93d±0.02 7.08b±0.02 8.84a±0.27 0.001 

Mean±SE 4.42c±0.25 4.92c±0.19 5.93b±0.50 7.59a±0.31 0.001 
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experimental fields showed a statistically 
significant difference between the periods 
according to the harvest periods (p=0.001). In 
budding, 10% flowering, 50% flowering and 
seedpod periods crude protein were determined 
respectively 16.53%, 15.43%, 15.09% and 
13.30%. Deniz et al. (2005) at the beginning of 
budding, 25%, 50%, 100% flowering and 
seedpod periods has, respectively, 21.62%, 
16.06%, 12.35%, 12.31% and 11.60% the 
crude protein values. In the study of Deniz et 
al. (2005), because of the low dry matter 
content at the budding, higher crude protein 
value was obtained and seedpod period was 
obtained with higher dry matter content and 
lower crude protein values. For this reason, the 
current study does not agree with the findings 
of Deniz et al. (2005). Bal et al. (2006), crude 
protein values in the beginning of flowering, 
flowering and seedpod periods, respectively 
found 19.50%, 14.50% and 13.05%. The 
findings of the present study were consistent 
only with the seeding period. Kaplan et al. 
(2014) in their study before flowering, 
flowering and seedpod periods, respectively, 
found 17.43%, 15.67% and 13.06% crude 
protein content. These values were similar to 
those in the present study. The fact that the data 
in the literature are not the same in the current 
study are directly related to the harvest period. 
It cannot be expected that the nutrient contents 
of the plants that are not harvested in the same 

period and are not in the same climate zone are 
similar. As shown in Table 4 in terms of crude 
ash, was found statistically significant 
difference between different harvest periods 
according to the average data of trial fields 
(p<0.05). Budding, 10% flowering, 50% 
flowering and seedpod periods, respectively 
7.72%, 6.78%, 7.44% and 6.72% crude ash 
were found. The reason for the decrease in the 
crude ash content from budding to the 10% 
flowering period is unknown but showed some 
increase in the 50% flowering period and 
generally tended to decrease. This decrease was 
attributed to the decrease of inorganic material 
and the increase of organic material. Bal et al. 
(2006) reported that the rate of crude ash in 
sainfoin dry herbages was 8.31%, 6.88% and 
7.18% in different vegetation periods. These 
values correspond to the current study. Also; 
Deniz et al. (2005), in their study budding, 
25%, 50%, 100% flowering and seedpod 
periods reported crude ash values 9.25%, 
7.81%, 6.87%, 6.59% and 6.24% respectively. 
Deniz et al. (2005) determined that the rate of 
crude ash during budding is lower than the 
present study. Crude ash data in other periods 
were consistent with the present study. In terms 
of NDF and ADF parameters, statistically 
significant difference was found between 
different harvest periods according to  
the average data of the trial fields (p<0.05) 
(Table 4).        

Table 5. Sampling dates of sainfoin green herbage at different harvest periods in trial fields 

 
According to the sainfoin harvest period, NDF 
values were 35.87%, 38.37%, 40.47% and 
41.33%. It has an ADF value of 33.49%, 
36.48%, 36.91% and 38.33%.NDF and ADF 
values increased as expected in parallel with 
the harvest period. The highest NDF and ADF 
values were obtained during the seedpod period 
and this was due to the increase in fiber content 

of the plant. Although the NDF ratio is lower 
than the ADF ratio, they both increase due to 
the delay of the harvest period. Bal et al. 
(2006); carried out analyses during the 
beginning of flowering, flowering and seedpod 
periods. In this context; NDF contents were 
reported as 46.14%, 49.27% and 55.71%, and 
ADF contents were reported as 33.40%, 

Field Budding  
10% 

flowering 
50% 

flowering           Seedpod 
Boğazdere 06.06.2017 07.06.2017 10.06.2017 20.06.2017 
Çevirme 07.06.2017 11.06.2017 15.06.2017 20.06.2017 
Altınyayla  06.06.2017 07.06.2017 10.06.2017 19.06.2017 
Kocakurt 08.06.2017 08.06.2017 11.06.2017 19.06.2017 
Kuşkayası 08.06.2017 11.06.2017 12.06.2017 19.06.2017 
Kızılören 08.06.2017 09.06.2017 12.06.2017 20.06.2017 
Böğrüdelik 09.06.2017 09.06.2017 15.06.2017 20.06.2017 

 
37.21% and 40.15%, respectively. Deniz et al 
(2005) in their study budding, 25%, 50%, 
100% flowering and seedpod periods 40.12%, 
48.38%, 52.31%, 52.03% and 55.38% have 
NDF respectively; they also detected 29.72%, 
37.92%, 41.71%, 40.39% and 44.22% of ADF. 
Values in the present study; It is lower than the 
values determined by Deniz et al. (2005) and 
Bal et al. (2006). This may be attributed to the 
early completion of the vegetation of the plant. 
The plant binded seed after flowering in 10-15 
days. In the present study, a statistically 
significant difference was found between seven 
different trial fields in terms of condensed 
tannin parameter and between different harvest 
periods according to the average data of trial 
fields (p <0.05). According to the data in Table 
6, there are 4.42% extractable condensed tannin 
values at budding, 4.92% at 10% flowering, 
5.93% at 50% flowering and 7.59% at seedpod 
stage. According to the data obtained from 
Meteorology data information system 
(MEVBİS) it was observed that the plant tied 
the seeds quickly due to the low rainfall in the 
four districts where the study was carried out 
according to the temperature and precipitation 
data for 2016-2017 and the average 
temperature was above the seasonal norms 
(Table 2). In the light of these data, it was 
observed that condensed tannin increased. 
Multiple analyses were performed to confirm 
this data. Similar results were obtained in these 
analyses. As the harvest period progresses, the 
amount of condensed tannins should decrease. 

But in the present study, the amount of 
condensed tannins did not decrease due to the 
ripening of the plant. Condensed tannin 
increased from the beginning of the harvest 
period to the end. The flower color darkened 
from the beginning of flowering to the seedpod 
period and the contrast observed in the analysis 
increased. It increased spectrophotometric 
absorption with increasing contrast and 
consequently the amount of phenolic 
(condensed tannin) was high. The fact that the 
plant's crude protein content does not decrease 
significantly despite the progression of the 
harvest period may also mean that the phenolic 
phase is not completed. Bal et al. (2006), 
sainfoin on the beginning of flowering, 
flowering and seedpod periods in the 
condensed tannin content 10.51%, 6.96% and 
4.26% have been reported respectively. 
Azuhnwii et al. (2013) for sainfoin during early 
flowering in their study 41-85 g; Wang et al. 
(2008) 43.60-61.80 g; Berard et al. (2011) 
found 16.30-94.40 g of condensed tannins. For 
the flowering period Kaplan (2011), 41.90-
99.50 g; Azuhnwi et al. (2013) 46.90-68.70 g; 
Lorenz et al. (2010) reported that it contains 
32.20-42.40 g extractable condensed tannin. 
The values in the present study are consistent 
with the data of Azuhnwi et al. (2013), 
although the harvest period is not known. In 
general, the increase in the rate of condensed 
tannin from budding to seedpod period is not 
consistent with the present study. 

Table 6. Condensed tannin ratio according to trial fields and harvest period (% DM) 

 

  Budding 
10% 

flowering 
50% 

flowering Seedpod  
Field x̄ ± Sx̄ x̄ ± Sx̄ x̄ ± Sx̄ x̄ ± Sx̄    p 

Boğazdere 3.18c± 0.02 4.46b±0.02 4.03b±0.03 8.07a±0.01 0.001 

Çevirme 3.95d±0.03 5.11c±0.13 6.62b±0.02 7.39a±0.01 0.001 

Altınyayla  4.95d±0.03 5.86c±0.05 9.20b±0.03 9.48a±0.01 0.001 

Kocakurt 4.42a±0.01 4.34b±0.01 2.94c±0.01 4.33b±0.01 0.001 

Kuşkayası 2.37c±0.01 3.32b±0.03 2.53c±0.01 6.58a±0.01 0.001 

Kızılören 5.82d±0.02 6.46c±0.08 9.10a±0.03 8.49b±0.02 0.001 

Böğrüdelik 6.23c±0.03 4.93d±0.02 7.08b±0.02 8.84a±0.27 0.001 

Mean±SE 4.42c±0.25 4.92c±0.19 5.93b±0.50 7.59a±0.31 0.001 
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CONCLUSIONS  
 
Sainfoin, the most sown forage plant after 
alfalfa, silage maize, vetch and oats, is a source 
of roughage. In this study, feed value was 
determined by sampling the sainfoin plant from 
four different harvesting periods in seven 
different villages in 4 different districts in 
Sivas. The following important results were 
noted. The sainfoin plant grows mainly in 
winter and spring rainfall. In 2016-2017 years 
when the meteorological data given in Table 2 
was examined, a very dry autumn, winter and 
spring were observed in the experiment fields.  
The amount of precipitation in the districts of 
Ulaş, Altınyayla, Kangal and Gürün, where the 
plant was fed from September 2016 to June 
2017, was respectively 281.70, 267.60, 194.20 
and 205.60 mm. In other words, the rainfall in 
the districts decreased by almost half. 
Inadequate precipitation affected the yield, 
disrupted homogeneity in the fields, and it was 
not possible to make a healthy sampling. 
During the sampling process, low rainfall and 
hot weather caused the harvest times to 
progress rapidly. Therefore, in dry years, 
harvest time must be followed carefully. In 
seven different sainfoin fields in different 
districts where harvesting times are given, the 
difference between budding time and seedpod 
time harvests is 11-14 days (Table 5). 
During the sampling process, low rainfall and 
hot weather caused the harvest times to 
progress rapidly. Therefore, in dry years, 
harvest time must be followed carefully. 
Depending on the ripening process of the plant, 
energy and nutrient contents decreased as 
expected.  
The most significant decrease occurred during 
the seedpod period. For this reason, it is 
important to preserve the roughage quality 
before the seeding period. There was no 
statistically significant difference between the 
amounts of metabolic energy and protein 
obtained from decare (p>0.05). If it is wanted 
to be emphasized, it can be said that it will be 
more beneficial to make an early harvest 
considering the quality of the product, since 
there will not be a significant change 
depending on the harvest time in dry 
conditions. In contrast to the data obtained 
from many sources, the concentration of 

condensed tannin contained in the sainfoin as 
bioactive material increased, probably with the 
effect of drought, with the progress of harvest 
time.  
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CONCLUSIONS  
 
Sainfoin, the most sown forage plant after 
alfalfa, silage maize, vetch and oats, is a source 
of roughage. In this study, feed value was 
determined by sampling the sainfoin plant from 
four different harvesting periods in seven 
different villages in 4 different districts in 
Sivas. The following important results were 
noted. The sainfoin plant grows mainly in 
winter and spring rainfall. In 2016-2017 years 
when the meteorological data given in Table 2 
was examined, a very dry autumn, winter and 
spring were observed in the experiment fields.  
The amount of precipitation in the districts of 
Ulaş, Altınyayla, Kangal and Gürün, where the 
plant was fed from September 2016 to June 
2017, was respectively 281.70, 267.60, 194.20 
and 205.60 mm. In other words, the rainfall in 
the districts decreased by almost half. 
Inadequate precipitation affected the yield, 
disrupted homogeneity in the fields, and it was 
not possible to make a healthy sampling. 
During the sampling process, low rainfall and 
hot weather caused the harvest times to 
progress rapidly. Therefore, in dry years, 
harvest time must be followed carefully. In 
seven different sainfoin fields in different 
districts where harvesting times are given, the 
difference between budding time and seedpod 
time harvests is 11-14 days (Table 5). 
During the sampling process, low rainfall and 
hot weather caused the harvest times to 
progress rapidly. Therefore, in dry years, 
harvest time must be followed carefully. 
Depending on the ripening process of the plant, 
energy and nutrient contents decreased as 
expected.  
The most significant decrease occurred during 
the seedpod period. For this reason, it is 
important to preserve the roughage quality 
before the seeding period. There was no 
statistically significant difference between the 
amounts of metabolic energy and protein 
obtained from decare (p>0.05). If it is wanted 
to be emphasized, it can be said that it will be 
more beneficial to make an early harvest 
considering the quality of the product, since 
there will not be a significant change 
depending on the harvest time in dry 
conditions. In contrast to the data obtained 
from many sources, the concentration of 

condensed tannin contained in the sainfoin as 
bioactive material increased, probably with the 
effect of drought, with the progress of harvest 
time.  
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Abstract 
 
Irises are valued as ornamental and medicinal plant species, the wild populations being valuable sources of material 
for horticulture and/or for secondary metabolites extraction. Iris pontica is an endangered plant species with a 
restricted distribution range from Eastern Europe to Caucasus region. Until recently, the species was recorded in 
Romania from a few counties from Transylvania only, but a new population was reported, thus extending the species 
national occurrence to East. The aim of present study was to evaluate the genetic diversity of the newly reported 
population of I. pontica using Inter-simple sequence repeats (ISSR). The results showed low level of genetic diversity 
within population as well as a homogeneous spatial distribution of genotypes. We can conclude that supplementary in 
situ conservation measure should be taken as well as some complementary ex situ approaches in order to preserve the 
valuable genetic resources of this ornamental and medicinal species.  
 
Key words: Iris, endangered, ornamental, genetic diversity. 
 
INTRODUCTION 

The genus Iris L. (Iridaceae) was differentiated 
from a clade originate to Africa and Lord Howe 
Island about 45 million years ago (Goldblatt et 
al., 2008) and first occurred in Eastern and 
Southeastern Asia (Rodionenko, 1987). From 
Asia, the range was expanding in the temperate 
Northern Hemisphere consequently with 
species differentiation. Currently, the genus 
comprises more than 300 species being the 
largest from Iridaceae family (Makarevitch et 
al., 2003).  
Due to their beauty and wide distribution range, 
irises are valued from ancient times as 
ornamental plants. The early history of 
cultivates irises date from Egyptian Pharaohs 
and continues in our days when extensively 
grown all over the world. There were 
developed large collections with thousands of 
iris plants, as those of Presby Memorial Iris 
Garden (New Jersey, USA) and Giardino dell 
Iris (Florence, Italy). 
Apart of their ornamental value, many species 
of irises have a long history of traditional 

medicinal use. Theophrast (371-287 BC) was 
probably one of the first who left written 
documents regarding medicinal properties of 
iris rhizome. Both rhizomes and leaves are 
recognised as rich sources of secondary 
metabolites, especially flavonoids. In only one 
decade, between 1999-2008 over 90 flavonoid 
constituents have been discovered and 
characterized from Iris species (Wang et al., 
2010). Currently, Iris genus is estimated as the 
richest in isoflavonoids from monocotyledons  
(Kaššák, 2013). 
Iris pontica Zapal. (Figure 1), is a critically 
endangered iris species belonging to subgenus 
Limniris and series Spuriae. It grows in dry 
grasslands and meadows of steppes from 
Eastern Europe (Romania, Ukraine, Republic 
of Moldova, North-Eastern Turkey) and 
Central and South-Western Asia - Caucasus 
region (Webb and Chatter, 1980; Dihoru and 
Negrean, 2009).  
Since 20th century I. pontica was included into 
the breeding together with I. lutescens Lam., I. 
reichenbachii Heuff., I. imbricata Lindl., I. 

pumila L. and I. aphylla (Kunth) Kuntze, 
resulting in a multitude of new created 
ornamental hybrids (Niketić et al., 2018). 
Currently, the species is cultivated as an 
ornamental plant, all over the world, mostly in 
private gardens (Cullen et al., 2011) but also in 
botanical gardens as University Botanic Garden 
Ljubljana, St. Petersburg Botanical Garden, 
Pruhonice Botanic Garden etc. 
 

 
Figure 1. I. pontica in natural populations from Movila 

lui Burcel protected area 
 
Until recently, in Romania, species occurrence 
was limited to 5 counties from Transylvania 
(Alba, Bistrița-Năsăud, Cluj, Mureș and Sibiu), 
but since 2013 the occurrence was extended to 
Eastern Romania when the species was 
identified from Movila lui Burcel, a protected 
area from Miclești commune, Vaslui county 
(Irimia and Mânzu, 2013). The Movila lui 
Burcel botanical reserve - Site of Community 
Importance in Natura 2000 Network 
(ROSCI0117) - is a remnant of Western-Pontic 
steppe meadow (Habitat 62C0* - Ponto-
Sarmatic steppes) being a habitat with high 
conservation value (Mănoiu and Brânzan, 
2013). The taxa of community interest found in 
the botanical reserve are two species of 
cormophytes (Echium russicum and Iris 
aphylla ssp. hungarica), and a species of 
mammals (Spermophilus citellus). Moreover, a 
range of rare phytotaxa grows on the reserve 
area: Adonis vernalis L., Adonis volgensis 
Steven ex DC., Adonis x hybrida C. F. Wolff 
ex Nyman, Allium moschatum L., Astragalus 
dasyanthus Pall., Astragalus glaucus M. Bieb., 
Astragalus pubiflorus DC., Centaurea 
marschalliana Spreng., Cirsium serrulatum 

(M. Bieb.) Fisch., Kengia bulgarica (Bornm.) 
Packer, Crocus reticulatus Steven ex Adams, 
Dianthus capitatus Balb. ex DC., Galium 
volhynicum Pobed., Goniolimon besserianum 
(Schult. ex Rchb.) Kusn. Hyacinthella 
leucophaea (K. Koch) Schur, Iris aphylla L., 
Iris pontica Zapal., Salvia aethiopis L. and 
Salvia nutans L. (Irimia et al., 2015).  
The latest assessment of the protected area 
revealed some endangering anthropic 
influences like the plantations invading 
concurrent species black locust (Robinia 
pseudoacacia) and Russian olive (Elaeagnus 
angustifolia), grazing, wastes and fire hearths. 
All these interventions have resulted in habitat 
changes that endanger the rare indigenous flora 
from the protected area (Irimia et al., 2015).  
The newly identified population is very small 
and spread over an area of about 50 m2. Taking 
into account species rarity and population size, 
we have considered that an assessment of 
genetic diversity will bring new information 
regarding population conservation status.  
Molecular markers have been widely used to 
characterize wild plant populations (Rakoczy-
Trojanowska and Bolibok, 2001; Laurentin, 
2009). Inter-simple sequence repeats (ISSR) 
are dominant markers amplified through 
polymerase chain reaction (PCR) from regions 
of genomic DNA located between two 
identical, adjacent and inversely oriented 
microsatellites (Assefa et al., 2003). ISSR 
sequences are reproducible, abundant and 
polymorphic in plant genomes (Bornet and 
Branchard, 2001) and their use do not require 
data of microsatellite regions, thus are 
frequently used to investigate both wild and 
cultivated plant species. Using ISSR markers is 
assessed as a reliable, informative, rapid, 
simple, inexpensive and reproductible method 
for studies on population genetic diversity 
(Rosa et al., 2017; Christopoulos et al. 2010; 
Bonet and Branchard, 2001; Rakoczy-
Trojanowska and Bolibok, 2001).  
Currently, are available only a few studies 
regarding genetic structure of Iris species and 
among them very few concerns wild 
populations, but none refers to I. pontica. 
(Artyukova et al., 2001; Bublyk et al., 2013; 
Brothers et al., 2013; Cornman et al., 2004; 
Kostrakiewicz and Wróblewska, 2008; Lamote 
et al., 2002; Meerow et al., 2007; Taylor et al., 
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Irises are valued as ornamental and medicinal plant species, the wild populations being valuable sources of material 
for horticulture and/or for secondary metabolites extraction. Iris pontica is an endangered plant species with a 
restricted distribution range from Eastern Europe to Caucasus region. Until recently, the species was recorded in 
Romania from a few counties from Transylvania only, but a new population was reported, thus extending the species 
national occurrence to East. The aim of present study was to evaluate the genetic diversity of the newly reported 
population of I. pontica using Inter-simple sequence repeats (ISSR). The results showed low level of genetic diversity 
within population as well as a homogeneous spatial distribution of genotypes. We can conclude that supplementary in 
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All these interventions have resulted in habitat 
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from the protected area (Irimia et al., 2015).  
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and spread over an area of about 50 m2. Taking 
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2009). Inter-simple sequence repeats (ISSR) 
are dominant markers amplified through 
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2013; Wang et al., 2009; Wroblewska et al., 
2003).  
Based on the lack of information about genetic 
structure of I. pontica population from 
Romania, the aim of the present study was to 
fulfill this gap assessing genetic diversity 
within the newly discovered eastern population. 
The information gathered will enable to 
evaluate population adaptative potential to 
current both anthropogenic and climate 
pressure.  
 
 MATERIALS AND METHODS 
 
Plant material 
Leaf material was collected from a total of 13 
individuals which represents the entire 
population from Movila lui Burcel botanical 
reserve (46º50ʹ52ʺN, 27°48ʹ07ʺE – 46°50ʹ54ʺN, 
27°48ʹ07ʺE).  
 
DNA extraction 
The fragments of fresh leaf were frozen and 
stored at -20°C until DNA extraction. DNA 
was extracted using a Wizard® Genomic DNA 
Purification Kit (#A1125, Promega) in 
accordance with the manufacturer’s protocol. 
The concentration and purity of the total 
extracted DNA were assessed using a 
NanoDrop 1000 spectrophotometer. 
 
PCR amplification and electrophoresis 
Two individual DNA samples material were 
initially amplified using a number of 18 ISSR 
primers from the UBC primer set no. 9, 
(Biotechnology Laboratory, University of 
British Columbia). Following the initial 
screening, 5 of these primers noted as UBC no. 
855, 866, 880, 889 and, 890 (Table 1) 
generated clear distinguished bands and were 
selected for further analysis. 
Polymerase Chain Reaction (PCR) was carried 
out in a total volume of 20 µL, containing 1X 
AmpliTaq Gold® 360 Master Mix (Applied 
Biosystems), 3 µL 360 GC Enhancer (Applied 
Biosystems), 0.5 µM primer, 1 µL template 
DNA, and PCR grade water. PCR was 
performed with an Eppendorf thermal cycler 
(Mastercycler Gradient) using the following 
program: initial denaturation for 10 min at 
95°C, 35 cycles of 30 s at 95°C, 45 s at 50°C, 2 
min at 72°C, and 10 min at 72°C for the final 

extension. Negative controls with water 
replacing the template DNA were used to 
monitor for contamination. PCR products were 
separated by electrophoresis in 1.5% agarose 
gels buffered with 1X TBE at a constant 
voltage of 4V/cm, for three hours. 1Kb Plus 
DNA Ladder (Invitrogen) was used as size 
marker. PCR products were visualized under 
GENi Gel Documentation System from 
SynGene. The bands were identified by image 
analysis software (Gene Tools software 
(SynGene, Cambridge, UK, version 4.02). 
 

Table 1. Sequences of selected primers 
Primer  Sequence 
UBC855 ACA CAC ACA CAC ACA CYT 
UBC866 CTC CTC CTC CTC CTC CTC 
UBC880 GGA GAG GAG AGG AGA 
UBC889 DBD ACA CAC ACA CAC AC 
UBC890 VHV GTG TGT GTG TGT GT 

 
Data analysis 
ISSR bands were scored as presence or absence 
of binary characters. The resulting 
presence/absence data matrix was analysed 
using GenAlEx 6.5 (Peakall and Smouse 2006, 
2012) in order to estimate the percentage of 
polymorphic loci (P) and expected 
heterozygosity (HE). The presence/absence data 
matrix was also used to generate a pairwise 
genetic distance matrix for binary data (D) 
which was visualized using a cluster analysis 
(unweighted pair-group method with arithmetic 
averages, UPGMA) and illustrated in a 
dendrogram (Figure 2A) using MEGA version 
7 (Tamura et al., 2013).  
In order to test for putative correlations 
between genetic distances (D) and spatial 
distances (estimated in meters) amongst the 
individuals, a Mantel test was performed with 
GenAlEx 6.5. The spatial distribution of the 
individuals is illustrated in a plot designed in 
Excell 2018 using the original geospatial data 
(Figure 2B). 
 
RESULTS AND DISCUSSIONS 
 
The 5 primers chosen for analysis produced a 
total of 59 reproducible ISSR bands at an 
average of 11.8 bands per primer. Al 59 scored 
bands were polymorphic with an average of 
0.44 per locus. Assuming Hardy-Weinberg 
equilibrium, expected heterozygosity (HE) was 

estimated to be 0.317 at the population level, 
while the Shannon index (I) was 0.483. These 
results show a relatively low level of genetic 
diversity.  
The dendrogram of genetic distances (Figure 
2A) showed that individuals clustered in 5 
slightly separate groups as follows: (1, 2, 5), (6, 
7, 9), (3, 4, 10), (13), and (8, 11, 12). When 
compared, using the Mantel test, the genetic 
distances and spatial distances show a low 
positive correlation (R2 = 0.1235).  

The clusters resulted from genetic distances are 
consistent with the spatial distribution showing 
that genetically related individuals are nearly 
located into the habitat (Figure 2). Moreover, 
this correlation shows that the main 
reproductive strategy within the population is 
vegetative propagation which also explains the 
relatively low level of genetic diversity.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
The population is located in the upper hill zone 
on the North-Western slope but the area 
covered by the iris individuals is very small 
(Irimia and Mânzu, 2013), showing that 
population territorial extension is limited by 
some specific habitat requirements. Most 
probably, these specific requirements consists 
in soil chemistry and composition, I. pontica 
being a species which grows onto limestone 
and chalky slopes. According to Costică and 
Stoleriu report (2012) onto Movila lui Burcel 
protected area the land is highly fragmented 
and only a limited surface with western 
location is characterized by a calcareous 
substrate.  
Under currently multiple pressures, both 
anthropic (Irimia et al., 2015) and climatic, 
correlated with specific substrate requirements, 
the adaptive response of the population to the 
environment is limited by the low genetic 
variance and could not ensure population 
persistence in time and space. The assumption 
that population is not in a favorable 
conservation status was previously rereported 
based on field observations (Irimia and Mânzu, 
2013) and are sustained by our current results 
concerning genetic variation within the 
population. 

Unfortunately, wild populations of irises are 
decreasing all over Europe (Crișan et al., 2017) 
and with every lost population, a valuable 
resource for plant breeding is also lost. In this 
context, an understanding of population 
diversity is important also, for an effective 
utilization and preservation of the genotypes 
still available to breeders (Jabbarzadeh et al., 
2010). Thus, there is a need for increased 
attention and awareness concerning the 
protection of natural populations of irises. In 
the case of I. pontica from Movila lui Burcel 
protected area, the conservation measure 
should consist in both in situ and ex situ 
approaches. In situ conservation measures 
should be conducted mainly to mitigate 
anthropic pressure by excluding waste 
disposals, fire activities and grazing, onto the 
territory of the protected area. Another urgent 
measure should be an effective control of the 
continuous extending of planted species 
Robinia pseudoacacia and Elaeagnus 
angustifolia that covers more than 50% of the 
protected area surface (Costică and Stoleriu, 
2012) and soon will invade the population 
territory. These measures should regard mostly 
the locations characterized by calcareous soils 
in order to facilitate iris population spatial 

Figure 2. Genetic relations (A) and corresponding spatial distribution (B) of the 13 I. pontica samples 
(Color correspond to clusters) 
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2013; Wang et al., 2009; Wroblewska et al., 
2003).  
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structure of I. pontica population from 
Romania, the aim of the present study was to 
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program: initial denaturation for 10 min at 
95°C, 35 cycles of 30 s at 95°C, 45 s at 50°C, 2 
min at 72°C, and 10 min at 72°C for the final 
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SynGene. The bands were identified by image 
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(SynGene, Cambridge, UK, version 4.02). 
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diversity is important also, for an effective 
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2010). Thus, there is a need for increased 
attention and awareness concerning the 
protection of natural populations of irises. In 
the case of I. pontica from Movila lui Burcel 
protected area, the conservation measure 
should consist in both in situ and ex situ 
approaches. In situ conservation measures 
should be conducted mainly to mitigate 
anthropic pressure by excluding waste 
disposals, fire activities and grazing, onto the 
territory of the protected area. Another urgent 
measure should be an effective control of the 
continuous extending of planted species 
Robinia pseudoacacia and Elaeagnus 
angustifolia that covers more than 50% of the 
protected area surface (Costică and Stoleriu, 
2012) and soon will invade the population 
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extension. Ex situ measures could be 
cultivation in protected habitats, less exposed 
to endangering factors, ensuring species 
specific requirements, like botanical gardens, 
private collections, parks, recreative spaces, 
etc. Another effective ex situ conservation 
measures are in vitro cultivation and 
micropropagation. Establishing in vitro 
collections of I. pontica germplasm could 
ensure species medium-term conservation and 
could provide plant material for breeding or in 
situ conservation programs. The in vitro 
preserved material could be also evaluated as a 
potential source of valuable secondary 
metabolites, eliminating the pressure on the 
collections from natural populations. Another 
efficient measure for long-term ex situ 
conservation is seed preservation in seed banks 
or in cryo-collections.  
 
CONCLUSIONS 
 
Summing up, using ISSR polymorphism is an 
efficient method to assess genetic diversity 
within the irises population and could be 
successfully used for further genetic analyses 
of other populations of I. pontica. 
Even though the population was identified into 
a protected area, its conservation status is not 
favourable and some in situ conservation 
measures should be taken in order to reduce 
anthropic pressure and to sustain population 
survival in time and space. In addition, 
complementary ex situ conservation measures, 
like cultivation in other favourable 
environments should be taken, in order to 
preserve its valuable genetical resources. 
Moreover, establishing an in vitro collection of 
I. pontica with samples from all Romanian 
population, could be an efficient strategy to 
maintain ex situ, in a controlled environment, 
the germplasm of this critically endangered 
plant species.  
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extension. Ex situ measures could be 
cultivation in protected habitats, less exposed 
to endangering factors, ensuring species 
specific requirements, like botanical gardens, 
private collections, parks, recreative spaces, 
etc. Another effective ex situ conservation 
measures are in vitro cultivation and 
micropropagation. Establishing in vitro 
collections of I. pontica germplasm could 
ensure species medium-term conservation and 
could provide plant material for breeding or in 
situ conservation programs. The in vitro 
preserved material could be also evaluated as a 
potential source of valuable secondary 
metabolites, eliminating the pressure on the 
collections from natural populations. Another 
efficient measure for long-term ex situ 
conservation is seed preservation in seed banks 
or in cryo-collections.  
 
CONCLUSIONS 
 
Summing up, using ISSR polymorphism is an 
efficient method to assess genetic diversity 
within the irises population and could be 
successfully used for further genetic analyses 
of other populations of I. pontica. 
Even though the population was identified into 
a protected area, its conservation status is not 
favourable and some in situ conservation 
measures should be taken in order to reduce 
anthropic pressure and to sustain population 
survival in time and space. In addition, 
complementary ex situ conservation measures, 
like cultivation in other favourable 
environments should be taken, in order to 
preserve its valuable genetical resources. 
Moreover, establishing an in vitro collection of 
I. pontica with samples from all Romanian 
population, could be an efficient strategy to 
maintain ex situ, in a controlled environment, 
the germplasm of this critically endangered 
plant species.  
 
ACKNOWLEDGEMENTS 
 
The study was funded by project no RO1567-
IBB08/2019 supported by Romanian Academy.  
 
REFERENCES 
 
Artyukova, E.V., Kozyrenko, M.M., Ilyushko, M. V., 

Zhuravlev, Y.N., Reunova G.D. (2001). Genetic 

variability of Iris setosa. Molecular Biology, 35(1), 
134-138. 

Assefa, K., Merker, A., Tefera, H. (2003). Inter simple 
sequence (ISSR) analysis of genetic diversity in tef 
[Eragrostistef (Zucc.) Trotter]. Hereditas, 139, 174-
83. 

Bornet, B.,  Branchard, M. (2001). Non-anchored inter-
simple sequence repeat (ISSR) markers: reproducible 
and specific tools for genome fingerprinting. Plant 
Molecular Biology Reporter, 19, 209-215.  

Brothers, A.N., Barb, J.G., Ballerini, E.S., Drury, D.W., 
Knapp, S.J.,  Arnold, M.L. (2013). Genetic 
architecture of floral traits in Iris hexagona and Iris 
fulva. Journal of Heredity, 104(6), 853-861. 

Bublyk, O.M., Andreev, I.O., Kalendar, R.N., 
Spiridonova, K.V., Kunakh, V.A. (2013). Efficiency 
of different PCR-based marker systems for 
assessment of Iris pumila genetic diversity. Biologia, 
68(4), 613-620. 

Christopoulos, M.V., Rouskas, D., Tsantili, E., Bebeli, 
P.J. (2010). Germplasm diversity and genetic 
relationships among walnut (Juglans regia L.) 
cultivars and Greek local selections revealed by inter-
simple sequence repeat (ISSR) markers. Scientia 
Horticulturae, 125, 584-92. 

Cornman, R.S., Burke, J.M., Wesselingh, R.A.,  Arnold, 
M.L. (2004). Contrasting genetic structure of adults 
and progeny in a Louisiana Iris hybrid population. 
Evolution, 58(12), 2669-2681. 

Costică, T.M., Stoleriu, C.C. (2012). Raport final: Studiu 
de evaluare a stării de conservare a speciilor şi a 
habitatului din cadrul sitului ROSCI0117 Movila lui 
Burcel. https://www.fundatiacorona.ro (accessed on 
12.10.2019). 

Crișan, I., Vidican, R., Stoian, V., Stoie, A. (2017). Wild 
Iris spp. from Romanian meadows and their 
importance for ornamental plant breeding. Romanian 
Journal of Grassland and Forage Crops, 16, 21-32. 

Cullen, J., Knees, S.G., Cubey, H.S., Shaw, J.M.H. 
(Eds.) (2011). The European garden flora flowering 
plants: a manual for the identification of plants 
cultivated in Europe, both out-of-doors and under 
glass (Vol. 1). Cambridge University Press, pg. 256. 

Dihoru, Gh., Negrean, G. (2009). Cartea roşie a 
plantelor vasculare din România. Editura Academiei 
Române, București. 

Goldblatt, P., Rodriguez, A., Powell, M.P., Davies, J.T., 
Manning, J.C., Van der Bank, M., Savolainen, V. 
(2008). Iridaceae'out of Australasia? Phylogeny, 
biogeography, and divergence time based on plastid 
DNA sequences. Systematic Botany, 33(3), 495-508. 

Irimia, I., Ambrono, V., Stratu, A. (2015). Aspects 
Regarding The Anthropic Influence On The “Movila 
Lui Burcel” Protected Area (Vaslui County). Present 
Environment and Sustainable Development, 9(2), 
159-172. 

Irimia, I., Mânzu, C. (2013). Iris pontica Zapal. in 
Moldova’s Flora (Romania). Analele Științifice ale 
Universității 'Al I Cuza' din Iași. (Serie Nouă) s. II a. 
Biologie Vegetală, 59(1), 45-51. 

Jabbarzadeh, Z., Khosh-Khui, M., Salehi, H., 
Saberivand,  A. (2010). Inter simple sequence repeat 
(ISSR) markers as reproducible and specific tools for 

genetic diversity analysis of rose species. African 
Journal of Biotechnology, 9(37), 6091-6095.  

Kaššák, P. (2013). Secondary metabolites of the choosen 
genus Iris species. Acta Universitatis agriculturae et 
silviculturae Mendelianae brunensis, 60(8), 269-280. 

Kostrakiewicz, K., Wróblewska, A. (2008). Low genetic 
variation in subpopulations of an endangered clonal 
plant Iris sibirica in southern Poland. Annales 
Botanici Fennici, 45(3), 186-194.  

Lamote, V., Roldán-Ruiz, I., Coart, E., De Loose, M.,  
Van Bockstaele, E. (2002). A study of genetic 
variation in Iris pseudcorus populations using 
amplified fragment length polymorphisms (AFLPs). 
Aquatic Botany, 73(1), 19-31. 

Laurentin, H. (2009). Data analysis for molecular 
characterization of plant genetic resources. Genetic 
Resources and Crop Evolution, 56.2, 277-292. 

Makarevitch, I., Golovnina, K., Scherbik, S., Blinov, A. 
(2003). Phylogenetic relationships of the Siberian Iris 
species inferred from noncoding chloroplast DNA 
sequences. International Journal of Plant Sciences, 
164(2), 229-237. 

Mănoiu, T., Brânzan, T. (2013). Catalogul habitatelor, 
speciilor şi siturilor Natura 2000 în România. 
Editura Fundaţia Centrul Naţional pentru Dezvoltare 
Durabilă, Bucureşti. 

Meerow, A.W., Gideon, M., Kuhn, D.N., Motamayor, 
J.C. Nakamura, K. (2007). Genetic structure and gene 
flow among south Florida populations of Iris 
hexagona Walt. (Iridaceae) assessed with 19 
microsatellite DNA loci. International Journal of 
Plant Sciences, 168(9), 1291-1309. 

Niketić, M., Tomović, G., Siljak-Yakovlev, S. (2018). A 
new spontaneous hybrid between the cultivated and 
wild iris species from Serbia. Bulletin of the Natural 
History Museum, 11, 189-210. 

Peakall, R., Smouse, P.E. (2006). GENALEX 6: genetic 
analysis in Excel. Population genetic software for 
teaching and research. Molecular Ecology Notes, 6, 
288-295. 

Peakall, R., Smouse, P.E. (2012). GenAlEx 6.5: genetic 
analysis in Excel. Population genetic software for 

teaching and research-an update. Bioinformatics, 28, 
2537-2539.  

Rakoczy-Trojanowska, M.,  Bolibok, H. (2004). 
Characteristics and a comparison of three classes of 
microsatellite-based markers and their application in 
plants. Cellular and Mollecular Biology Letters, 9, 
221-238. 

Rodionenko, G.I. (1987). The genus Iris L. (questions of 
morphology, biology evolution and systematics). 
British Iris Society. 

Rosa, J.D., Weber, G.G., Cardoso, R., Górski, F.,  Da-
Silva, P.R. (2017). Variability and population genetic 
structure in Achyrocline flaccida (Weinm.) DC., a 
species with high value in folk medicine in South 
America. PLoS ONE, 12(8): e0183533.  

Tamura, K., Stecher, G., Peterson, D., Filipski, A., 
Kumar, S. (2013). MEGA6: Molecular Evolutionary 
Genetics Analysis version 6.0., Molecular Biology 
and Evolution, 30, 2725-2729. 

Taylor, S.J., Rojas, L.D., Ho, S.W., Martin, N.H. (2013). 
Genomic collinearity and the genetic architecture of 
floral differences between the homoploid hybrid 
species Iris nelsonii and one of its progenitors, Iris 
hexagona. Heredity, 110(1), 63. 

Wang, H., Cui, Y., Zhao, C. (2010). Flavonoids of the 
genus Iris (Iridaceae). Mini reviews in medicinal 
chemistry, 10(7), 643-661. 

Wang, K., Kang, J., Zhou, H., Sun, Y., Yang, Q., Dong, 
J., Meng, L. (2009). Genetic diversity of Iris lactea 
var. chinensis germplasm detected by inter-simple 
sequence repeat (ISSR). African Journal of 
Biotechnology, 8(19), 4856-4863. 

Webb, D.A., Chater, A.O. (1980). Iris L.In: T. G. Tutin, 
V. H. Heywood, N. A. Burges, D. M. Moore, D. H. 
Valentine, S. M. Walters, D. A.Weeb (Eds.). Flora 
Europaea, Cambridge University Press, 5, 91. 

Wroblewska, A., Brzosko, E., Czarneck, B., 
Nowolosielski, J. (2003). High levels of genetic 
diversity in populations of Iris aphylla L. (Iridaceae), 
an endangered species in Poland. Botanical Journal 
of the linnean Society, 142(1), 65-72. 

 



200

 
A COPROLOGICAL STUDY ON GASTRO-INTESTINAL PARASITE 

COMMUNITY IN WATER BUFFALOES FROM A ROMANIAN FARM 
 
Andreea Cristina PALTIN1, Mariana IONIŢĂ1, Adrian BOTA2, Elena Cătălina IONESCU3, 

Ioan Liviu MITREA1 

 
1University of Agronomic Sciences and Veterinary Medicine of Bucharest, Faculty of Veterinary 

Medicine, 105 Spl. Independentei, District 5, 050097, Bucharest, Romania 
2Research and Development Station for Raising Buffaloes, Sercaia, Romania 

3DSVSA Brasov, Romania 
 

Corresponding author email: paltin.cristina@yahoo.com 
 

Abstract 
 
Parasite infections are one of the major constraints for profitable animal industry worldwide. Despite of the importance 
of water buffalo (Bubalus bubalis) in the overall economy of many countries, little is known about the occurrence and 
prevalence of parasitic species and its potential impact on the animal health and productivity. Therefore, the present 
study aimed to determine the endo-parasitophauna in a water buffalo farm in Romania. For this, during of April 2018, 
a coprological study was conducted, in which a total number of 105 buffaloes, allocated in four age category              
(< 6 months, n = 21; 6 months-2 years, n = 20; heifers, n = 30; milking, > 3 years, n = 34) were included. Fecal 
samples, collected from individual animals, were subjected for analysis by standard qualitative copro-parasitological 
methods to detect parasitic stages (protozoan oocysts, helminth eggs and larvae). Overall, 55.2% of samples were 
positive for parasite infection, of which, 36.2% as single parasite species and 18.9% with mixed infections of two 
(13.8%) and three (5.2%), respectively, parasite species. The endoparasite community included protozoa (Eimeria spp., 
Giardia intestinalis), trematodes (Fasciola hepatica, Paramphistomum spp., Dicrocoelium dendriticum), tapeworms 
(Moniezia spp.), and nematodes (lung-worms and digestive strongyles), with different prevalence value, according to 
the age category. These findings represent an important step for further epidemiological studies in order to develop 
sustainable control programs for Romanian water buffalo farms. 
 
Key words: internal parasite community, coproscopy, water buffaloes, Romania. 
 
INTRODUCTION 
 
Water buffaloes (Bubalus bubalis), large bovines 
(Artiodactylla: Bovidae), have a significant 
economic importance as providers of milk and 
meat in many countries (Borghese, 2005). They 
are ranked second in the world after the cow’s 
milk, producing for over 12% of the world 
production of milk (CNIEL, 2002). 
Additionally, the importance of buffaloes must 
be understood by their added economic value 
related to the breeding and originating areas 
and to their capacity for expansion and 
adaptation to territories/regions to which cattle 
can not adapt and do not provide adequate 
productions (Burghese, 2011).  
The global population of water buffaloes is 
about 172 million, of which 97% are found in 
Asia, 2.3% and 2.4% in Africa (Egypt) and 
South America, respectively, 0.3% in Europe 
and 0.02% in Australia. Of the approximately 
500,000 water buffaloes from Europe, the 

largest populations are in Bulgaria, Romania, 
and Italy (Borghese, 2011). 
Buffalo milk is recognized and highly 
appreciated due to its nutrient content (Amarjit 
and Toshihiko, 2003). For instance, the 
Mediterranean buffalo breed produces high 
quality milk used for production of the famous 
„mozzarella” cheese (Romano et al., 2001). 
In Romania, breeding of buffaloes is a 
traditional activity with a very long back 
history. The buffalo population was more than 
200,000 animals in 1996, but afterwards its 
population decreased at about 100,000 in 2005 
(Borghese and Mazzi, 2005).  
Nevertheless, buffaloes are still used today on 
small private farms for draught and the goal of 
the selection process is to create a dual-purpose 
type of animal (milk and meat). Animals are 
housed and tied during the winter due to the 
unfavourable weather conditions and fed with 
hay, concentrates, silage, grazing on pasture in 
the warm season. 

Currently, buffalo herds are spread in different 
counties especially from central and western 
Romania. Of these, an important breeding area 
is Ţara Făgăraşului (the Land of Fagaras), 
where, in direct competition with cattle, 
buffaloes have an increased efficiency in using 
low- quality vegetation. Buffaloes have been 
very well adapted to the ecological features of 
the local areas, contributing to the local 
economy. As production properties, buffaloes 
are mainly suitable for milk and meat 
productions. In addition to these characteristics 
of mixed production, this species is also used as 
a driving force in carrying out agricultural and 
transport activities (Borghese and Mazzi, 2005). 
There is well known that parasite infections 
represent major constrains for the economic 
profitability of breeding buffaloes, but also for 
the health and welfare of animals. Gastro-
intestinal parasites are very common in animals 
using pasture and in farms using the extensive 
breeding management (Taylor, 2010).  
Therefore, for a better management of the both, 
economic part and animal health it is of high 
relevance the knowledge on the occurrence 
and prevalence of different gastro-intestinal 
parasites in a particular area (Mitrea, 2002). 
Limited approaches have been made in the last 
years on investigation parasitic infections in 
water buffaloes in Romania.  
Therefore, this study aimed to investigate the 
endo-parasite infections of water buffaloes 
from a Romanian farm. 
 
MATERIALS AND METHODS 
 
Study area 
The study was conducted during of April 2018, 
in a buffaloes farm located in centre Romania, 
Brasov County (45°50'10.2"N 25°08'01.2"E), 
form the Land of Fagaras. This region is the 
main area for the distribution of buffaloes in 
Brasov County, where, in direct competition 
with cattle, they showed an increased 
efficiency in using of local vegetation.  
The Land of Făgăraș, a historical region of 
Transylvania located in central Romania being 
surrounded by the Fagaras Mountains and Olt 
River’s Valley, is a depression located along 
the middle course of the Olt River. It is 
characterized by two main types of relief: hilly 
relief, formed by the sub-mountain hills of 

Persano-Făgăraș, with altitudes between 500 
and 800 m, deeply fragmented by the 
groundwater action of the mountain rivers, and 
the Piedmont Plain of Făgăraș. With regards to 
the natural environment, this region belongs to 
the “slope lands” category (Cocean, 2011).  
As climate, the territory is under the influence 
of the physical-geographical location (in the 
centre of the country), the presence and 
influence of the Southern Carpathians and the 
presence of the Olt River. Thus, the climate is 
cool (the annual average temperature is about 
6-8°C), with thermal inversions in the cold 
season of the year, and rich rainfall (about 700-
850 mm/year).  
The local vegetation includes meadows and 
pastures that alternate with clusters of beech 
and oak forests. Gramineae have the highest 
spread in meadows, participating with up to 
90% in the floristic structure of meadows, 
along with Leguminosae of which the most 
frequent are: Trifolium pratensis, Trifolium 
repens, Lotus corniculatus, Onobrichis vicifolia 
(https://en.wikipedia.org/wiki/Fagaras).  
All these features characterize a favourable 
environment for raising animals in the Land of 
Făgăraş, including buffaloes. 
 
Animals, samples, and investigations 
A total number of 105 buffaloes, allocated in 
four age category groups, as follows: < 6 
months (n = 21); from 6 months to 2 years (n = 
20); heifers (n = 30); milking cows (> 3 years) 
(n = 34) was randomly selected for a copro-
parasitological study.  
Fresh faecal samples were collected from 
individual animals, and rapidly transported to 
the Laboratory of Parasitology, Faculty of 
Veterinary Medicine of Bucharest within 24 h, 
for parasitological analyses. 
The faecal samples were processed and 
subjected for parasitological investigations by 
using standard qualitative coproscopical 
methods (Ionita and Mitrea, 2013), as follows: 
- a flotation technique was used for 
demonstrating nematode and cestode helminth 
eggs and protozoan oocysts; 
- a sedimentation technique for detecting 
trematode eggs.  
The parasitic stages were microscopically 
identified based on their morphological 
characters.  
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Abstract 
 
Parasite infections are one of the major constraints for profitable animal industry worldwide. Despite of the importance 
of water buffalo (Bubalus bubalis) in the overall economy of many countries, little is known about the occurrence and 
prevalence of parasitic species and its potential impact on the animal health and productivity. Therefore, the present 
study aimed to determine the endo-parasitophauna in a water buffalo farm in Romania. For this, during of April 2018, 
a coprological study was conducted, in which a total number of 105 buffaloes, allocated in four age category              
(< 6 months, n = 21; 6 months-2 years, n = 20; heifers, n = 30; milking, > 3 years, n = 34) were included. Fecal 
samples, collected from individual animals, were subjected for analysis by standard qualitative copro-parasitological 
methods to detect parasitic stages (protozoan oocysts, helminth eggs and larvae). Overall, 55.2% of samples were 
positive for parasite infection, of which, 36.2% as single parasite species and 18.9% with mixed infections of two 
(13.8%) and three (5.2%), respectively, parasite species. The endoparasite community included protozoa (Eimeria spp., 
Giardia intestinalis), trematodes (Fasciola hepatica, Paramphistomum spp., Dicrocoelium dendriticum), tapeworms 
(Moniezia spp.), and nematodes (lung-worms and digestive strongyles), with different prevalence value, according to 
the age category. These findings represent an important step for further epidemiological studies in order to develop 
sustainable control programs for Romanian water buffalo farms. 
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INTRODUCTION 
 
Water buffaloes (Bubalus bubalis), large bovines 
(Artiodactylla: Bovidae), have a significant 
economic importance as providers of milk and 
meat in many countries (Borghese, 2005). They 
are ranked second in the world after the cow’s 
milk, producing for over 12% of the world 
production of milk (CNIEL, 2002). 
Additionally, the importance of buffaloes must 
be understood by their added economic value 
related to the breeding and originating areas 
and to their capacity for expansion and 
adaptation to territories/regions to which cattle 
can not adapt and do not provide adequate 
productions (Burghese, 2011).  
The global population of water buffaloes is 
about 172 million, of which 97% are found in 
Asia, 2.3% and 2.4% in Africa (Egypt) and 
South America, respectively, 0.3% in Europe 
and 0.02% in Australia. Of the approximately 
500,000 water buffaloes from Europe, the 

largest populations are in Bulgaria, Romania, 
and Italy (Borghese, 2011). 
Buffalo milk is recognized and highly 
appreciated due to its nutrient content (Amarjit 
and Toshihiko, 2003). For instance, the 
Mediterranean buffalo breed produces high 
quality milk used for production of the famous 
„mozzarella” cheese (Romano et al., 2001). 
In Romania, breeding of buffaloes is a 
traditional activity with a very long back 
history. The buffalo population was more than 
200,000 animals in 1996, but afterwards its 
population decreased at about 100,000 in 2005 
(Borghese and Mazzi, 2005).  
Nevertheless, buffaloes are still used today on 
small private farms for draught and the goal of 
the selection process is to create a dual-purpose 
type of animal (milk and meat). Animals are 
housed and tied during the winter due to the 
unfavourable weather conditions and fed with 
hay, concentrates, silage, grazing on pasture in 
the warm season. 

Currently, buffalo herds are spread in different 
counties especially from central and western 
Romania. Of these, an important breeding area 
is Ţara Făgăraşului (the Land of Fagaras), 
where, in direct competition with cattle, 
buffaloes have an increased efficiency in using 
low- quality vegetation. Buffaloes have been 
very well adapted to the ecological features of 
the local areas, contributing to the local 
economy. As production properties, buffaloes 
are mainly suitable for milk and meat 
productions. In addition to these characteristics 
of mixed production, this species is also used as 
a driving force in carrying out agricultural and 
transport activities (Borghese and Mazzi, 2005). 
There is well known that parasite infections 
represent major constrains for the economic 
profitability of breeding buffaloes, but also for 
the health and welfare of animals. Gastro-
intestinal parasites are very common in animals 
using pasture and in farms using the extensive 
breeding management (Taylor, 2010).  
Therefore, for a better management of the both, 
economic part and animal health it is of high 
relevance the knowledge on the occurrence 
and prevalence of different gastro-intestinal 
parasites in a particular area (Mitrea, 2002). 
Limited approaches have been made in the last 
years on investigation parasitic infections in 
water buffaloes in Romania.  
Therefore, this study aimed to investigate the 
endo-parasite infections of water buffaloes 
from a Romanian farm. 
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in a buffaloes farm located in centre Romania, 
Brasov County (45°50'10.2"N 25°08'01.2"E), 
form the Land of Fagaras. This region is the 
main area for the distribution of buffaloes in 
Brasov County, where, in direct competition 
with cattle, they showed an increased 
efficiency in using of local vegetation.  
The Land of Făgăraș, a historical region of 
Transylvania located in central Romania being 
surrounded by the Fagaras Mountains and Olt 
River’s Valley, is a depression located along 
the middle course of the Olt River. It is 
characterized by two main types of relief: hilly 
relief, formed by the sub-mountain hills of 

Persano-Făgăraș, with altitudes between 500 
and 800 m, deeply fragmented by the 
groundwater action of the mountain rivers, and 
the Piedmont Plain of Făgăraș. With regards to 
the natural environment, this region belongs to 
the “slope lands” category (Cocean, 2011).  
As climate, the territory is under the influence 
of the physical-geographical location (in the 
centre of the country), the presence and 
influence of the Southern Carpathians and the 
presence of the Olt River. Thus, the climate is 
cool (the annual average temperature is about 
6-8°C), with thermal inversions in the cold 
season of the year, and rich rainfall (about 700-
850 mm/year).  
The local vegetation includes meadows and 
pastures that alternate with clusters of beech 
and oak forests. Gramineae have the highest 
spread in meadows, participating with up to 
90% in the floristic structure of meadows, 
along with Leguminosae of which the most 
frequent are: Trifolium pratensis, Trifolium 
repens, Lotus corniculatus, Onobrichis vicifolia 
(https://en.wikipedia.org/wiki/Fagaras).  
All these features characterize a favourable 
environment for raising animals in the Land of 
Făgăraş, including buffaloes. 
 
Animals, samples, and investigations 
A total number of 105 buffaloes, allocated in 
four age category groups, as follows: < 6 
months (n = 21); from 6 months to 2 years (n = 
20); heifers (n = 30); milking cows (> 3 years) 
(n = 34) was randomly selected for a copro-
parasitological study.  
Fresh faecal samples were collected from 
individual animals, and rapidly transported to 
the Laboratory of Parasitology, Faculty of 
Veterinary Medicine of Bucharest within 24 h, 
for parasitological analyses. 
The faecal samples were processed and 
subjected for parasitological investigations by 
using standard qualitative coproscopical 
methods (Ionita and Mitrea, 2013), as follows: 
- a flotation technique was used for 
demonstrating nematode and cestode helminth 
eggs and protozoan oocysts; 
- a sedimentation technique for detecting 
trematode eggs.  
The parasitic stages were microscopically 
identified based on their morphological 
characters.  
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Data analysis 
The results were statistically analyzed by 
Quantitative Parasitology 3.0 free software 
(Rozsa et al., 2000). A p-values < 0.05 was 
considered statistically significant. The 95% 
confidence intervals (CI) were computed. 
 
RESULTS AND DISCUSSIONS 
 
For assessing the gastro-intestinal parasite 
community in water buffaloes a 
parasitological study was conducted, in a 
buffalo farm in Centre Romania. For this, a 
total number of 105 animals randomly 
selected and allocated in four age categories 
(under 6 months; 6 months-2 years; between 
2-3 years and >3 years) were subjected for 
coprological investigations. Subsequently, 
55.2% (58/108; 95% CI: 45.22-64.96) of the 
tested animals were positive for at least one 
parasite infection, helminth and /or protozoan 
parasitic species. Overall, 11.4% (12/105) 
were single infection, while 43.8% (46/105) 
were mixed infections with two (25.7%; 

27/105) and three (18.1%; 19/105) parasite 
species, respectively (Table 1).  
The copro-parasitological investigations 
revealed a diverse gastro-intestinal parasite 
community, including protozoa (Giardia 
duodenalis, Cryptosporidium parvum, Eimeria 
spp.), trematode (Fasciola hepatica, 
Paramphistomum cervi, Dicrocoelium 
dendriticum), cestode (Moniezia spp.), and 
nematode (digestive strongyles) helminths.  
The most prevalent parasite infection was 
represented by gastro-intestinal strongyles 
which were found in 41.9% of the tested 
animals, followed by the rumen fluke (P. cervi; 
24.8%), the liver fluke Fasciola hepatica 
(21.0%), and Eimeria spp. (16.2%). 
Other parasite infections were also detected, 
but in lower prevalence ranging from 1.9% to 
4.8%, including the protozoa G. duodenalis and 
C. parvum, the lancet liver fluke D. 
dendriticum, and the tapeworm Moniezia spp. 
Details on the parasite species and prevalence 
by age category are presented in the Table 2 
and Figure 1. 
 

Table 1. Prevalence of endo-parasite community, as single and/or mixed infections,  
stratified by the age category, in a water-buffalo farm, Center Romania 

 

Investigated animals/age group 
Number (%) of positive animals for endoparasite infection  

total 
positive single infection mixed infection 

(w2 spp.) 
mixed infection 
(w3 spp.) 

Total        
(n = 105) 

58 (55.2) 12 (11.4) 27 (25.7) 19 (18.1) 

Age group     

< 6 months  
(n = 21) 

9 (42.9) 6 (28.6) 3 (14.3) 0 

6 months-2 years  
(n = 20) 

10 (50.0) 2 (10.0) 6 (30.0) 2 (10.0) 

2-3 years (heifers) 
(n = 30) 

22 (73.3) 2 (6.66) 14 (46.6) 6 (20.0) 

> 3years (milking) 
(n = 34) 

17 (50.0) 2 (5.8) 4 (11.8) 11 (32.3) 

 
Table 2. Prevalence of gastro-intestinal parasite species in water buffaloes from a farm, Center Romania 

 

Investigated 
animals/  
age group 

Parasite species/genus: number and percentage (%) of positive animals 
Cryptospo-
ridium  

Giardia 
duodenalis Eimeria  Fasciola 

hepatica Paramphi-stomum Dicrocoelium 
dendriticum Moniezia GI strongyles 

Total 
(n = 105) 

4  
(3.8) 

5 
(4.8) 17 (16.2) 22  

(21.0) 
26 
(24.8) 

4 
(3.8) 

2  
(1.9) 

44 
(41.9) 

Age group         

< 6 months  
(n = 21) 

4 (19.0) 2 (9.5) 6 (28.6) 0 0 0 0 0 

6 months-2 years 
(n = 20) 

0 3 (15.0) 4 (20.0) 3 (15.0) 1 (5.0) 0 2 (10.0) 7 (35.0) 

2-3 years (heifers)          
(n = 30) 

0 0 5 (16.7) 8 (26.7) 14 (46.7) 1 (3.3) 0 20 (66.7) 

> 3years (milking)           
(n = 34) 

0 0 2 (5.9) 11 (32.4) 11 (32.4) 3 (8.8) 0 17 (50.0) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The coprological study undertaken to 
investigate the gastro-intestinal parasites in a 
buffalo farm in Center Romania showed a 
diverse parasite community, including protozoa 
and helminth species. Different prevalence 
values (statistically significant: p < 0.0001) 
according to the animal age category were 
registered. Thus, protozoa infections were more 
prevalent in animals aging under 6 months, 
while the helminth infections with gastro-
intestinal strongyle and trematode helminths 
were more prevalent in heifers (animals aging 
between 2 and 3 years), followed by animals 
aging over 3 years (Figure 1). These findings 
confirm that grazing animals are exposed to 
parasite infection (Ionita et al., 2013; Buzatu et 
al., 2014). Animals under 6 months are more 
exposed to protozoa infections, while heifers 
and milking animals more likely to have 
helminth-infections. 
The prevalence values relating to GI parasites 
in water buffaloes in this study are in line with 
similar studies in water buffaloes reared in 
grazing systems, such as in Poland, Italy, or 
India (Cringoli et al., 2009; Kobak and 
Pilarczik, 2012; Marskole et al., 2016).  
Therefore, strongyles are reported to be the 
most common parasites (up to 47.73%) in dairy 
water buffaloes (Swarnakar et al., 2015; 
Marskole et al., 2016). GI-strongyles are also 
reported as the most frequent helminths in 
water buffalo farms (33.1%) of central Italy, 

but with lower individual level infection 
(5.4%), which could be due to the intensive 
buffalo breeding currently used (Rinaldi et al., 
2009). Similarly, GI-stronglye infections were 
reported in water buffaloes from Poland, in a 
recent study, with the highest prevalence, of 
22.22%, in May (Kobak and Pilarczik, 2012). 
The liver (F. hepatica) and the rumen 
(Paramphistomum spp.) flukes were the second 
most frequent parasite infection in water 
buffaloes in our study, with very close 
prevalence values (21.0% and 24.8%, 
respectively), but higher than those reported by 
recent studies in European studies (7.1% and 
1.3% and 2.1% at farm and individual, 
respectively level) (Rinaldi et al., 2009). These 
findings are consistent by the similar life cycle 
of these two trematode helminths requiring 
amphibious snails (Galba truncatula) as 
intermediate host, and therefore environmental 
factors from the study area are strong 
determinants (Mitrea, 2002).  
However, flukes, F. hepatica and P. cervi were 
reported as the most prevalent GI-parasites in 
water buffaloes from a region in Poland (the 
Notecka forest region), with a mean prevalence 
of 32.0% and 11.0%, respectively, emphasizing 
that local climatic conditions favor mass 
infections of animals on pastures (Kobak and 
Pilaczyk, 2012). 
On contrast, occurrence of the lancet liver fluke 
in the water buffaloes tested was reported with 

Figure 1. Prevalence of gastro-intestinal parasites, stratified by age 
category, in buffaloes from a farm in Center Romania 
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Data analysis 
The results were statistically analyzed by 
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considered statistically significant. The 95% 
confidence intervals (CI) were computed. 
 
RESULTS AND DISCUSSIONS 
 
For assessing the gastro-intestinal parasite 
community in water buffaloes a 
parasitological study was conducted, in a 
buffalo farm in Centre Romania. For this, a 
total number of 105 animals randomly 
selected and allocated in four age categories 
(under 6 months; 6 months-2 years; between 
2-3 years and >3 years) were subjected for 
coprological investigations. Subsequently, 
55.2% (58/108; 95% CI: 45.22-64.96) of the 
tested animals were positive for at least one 
parasite infection, helminth and /or protozoan 
parasitic species. Overall, 11.4% (12/105) 
were single infection, while 43.8% (46/105) 
were mixed infections with two (25.7%; 

27/105) and three (18.1%; 19/105) parasite 
species, respectively (Table 1).  
The copro-parasitological investigations 
revealed a diverse gastro-intestinal parasite 
community, including protozoa (Giardia 
duodenalis, Cryptosporidium parvum, Eimeria 
spp.), trematode (Fasciola hepatica, 
Paramphistomum cervi, Dicrocoelium 
dendriticum), cestode (Moniezia spp.), and 
nematode (digestive strongyles) helminths.  
The most prevalent parasite infection was 
represented by gastro-intestinal strongyles 
which were found in 41.9% of the tested 
animals, followed by the rumen fluke (P. cervi; 
24.8%), the liver fluke Fasciola hepatica 
(21.0%), and Eimeria spp. (16.2%). 
Other parasite infections were also detected, 
but in lower prevalence ranging from 1.9% to 
4.8%, including the protozoa G. duodenalis and 
C. parvum, the lancet liver fluke D. 
dendriticum, and the tapeworm Moniezia spp. 
Details on the parasite species and prevalence 
by age category are presented in the Table 2 
and Figure 1. 
 

Table 1. Prevalence of endo-parasite community, as single and/or mixed infections,  
stratified by the age category, in a water-buffalo farm, Center Romania 

 

Investigated animals/age group 
Number (%) of positive animals for endoparasite infection  

total 
positive single infection mixed infection 

(w2 spp.) 
mixed infection 
(w3 spp.) 

Total        
(n = 105) 

58 (55.2) 12 (11.4) 27 (25.7) 19 (18.1) 

Age group     

< 6 months  
(n = 21) 

9 (42.9) 6 (28.6) 3 (14.3) 0 

6 months-2 years  
(n = 20) 

10 (50.0) 2 (10.0) 6 (30.0) 2 (10.0) 

2-3 years (heifers) 
(n = 30) 

22 (73.3) 2 (6.66) 14 (46.6) 6 (20.0) 

> 3years (milking) 
(n = 34) 

17 (50.0) 2 (5.8) 4 (11.8) 11 (32.3) 

 
Table 2. Prevalence of gastro-intestinal parasite species in water buffaloes from a farm, Center Romania 

 

Investigated 
animals/  
age group 

Parasite species/genus: number and percentage (%) of positive animals 
Cryptospo-
ridium  

Giardia 
duodenalis Eimeria  Fasciola 

hepatica Paramphi-stomum Dicrocoelium 
dendriticum Moniezia GI strongyles 

Total 
(n = 105) 

4  
(3.8) 

5 
(4.8) 17 (16.2) 22  

(21.0) 
26 
(24.8) 

4 
(3.8) 

2  
(1.9) 

44 
(41.9) 

Age group         

< 6 months  
(n = 21) 

4 (19.0) 2 (9.5) 6 (28.6) 0 0 0 0 0 

6 months-2 years 
(n = 20) 

0 3 (15.0) 4 (20.0) 3 (15.0) 1 (5.0) 0 2 (10.0) 7 (35.0) 

2-3 years (heifers)          
(n = 30) 

0 0 5 (16.7) 8 (26.7) 14 (46.7) 1 (3.3) 0 20 (66.7) 

> 3years (milking)           
(n = 34) 

0 0 2 (5.9) 11 (32.4) 11 (32.4) 3 (8.8) 0 17 (50.0) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The coprological study undertaken to 
investigate the gastro-intestinal parasites in a 
buffalo farm in Center Romania showed a 
diverse parasite community, including protozoa 
and helminth species. Different prevalence 
values (statistically significant: p < 0.0001) 
according to the animal age category were 
registered. Thus, protozoa infections were more 
prevalent in animals aging under 6 months, 
while the helminth infections with gastro-
intestinal strongyle and trematode helminths 
were more prevalent in heifers (animals aging 
between 2 and 3 years), followed by animals 
aging over 3 years (Figure 1). These findings 
confirm that grazing animals are exposed to 
parasite infection (Ionita et al., 2013; Buzatu et 
al., 2014). Animals under 6 months are more 
exposed to protozoa infections, while heifers 
and milking animals more likely to have 
helminth-infections. 
The prevalence values relating to GI parasites 
in water buffaloes in this study are in line with 
similar studies in water buffaloes reared in 
grazing systems, such as in Poland, Italy, or 
India (Cringoli et al., 2009; Kobak and 
Pilarczik, 2012; Marskole et al., 2016).  
Therefore, strongyles are reported to be the 
most common parasites (up to 47.73%) in dairy 
water buffaloes (Swarnakar et al., 2015; 
Marskole et al., 2016). GI-strongyles are also 
reported as the most frequent helminths in 
water buffalo farms (33.1%) of central Italy, 

but with lower individual level infection 
(5.4%), which could be due to the intensive 
buffalo breeding currently used (Rinaldi et al., 
2009). Similarly, GI-stronglye infections were 
reported in water buffaloes from Poland, in a 
recent study, with the highest prevalence, of 
22.22%, in May (Kobak and Pilarczik, 2012). 
The liver (F. hepatica) and the rumen 
(Paramphistomum spp.) flukes were the second 
most frequent parasite infection in water 
buffaloes in our study, with very close 
prevalence values (21.0% and 24.8%, 
respectively), but higher than those reported by 
recent studies in European studies (7.1% and 
1.3% and 2.1% at farm and individual, 
respectively level) (Rinaldi et al., 2009). These 
findings are consistent by the similar life cycle 
of these two trematode helminths requiring 
amphibious snails (Galba truncatula) as 
intermediate host, and therefore environmental 
factors from the study area are strong 
determinants (Mitrea, 2002).  
However, flukes, F. hepatica and P. cervi were 
reported as the most prevalent GI-parasites in 
water buffaloes from a region in Poland (the 
Notecka forest region), with a mean prevalence 
of 32.0% and 11.0%, respectively, emphasizing 
that local climatic conditions favor mass 
infections of animals on pastures (Kobak and 
Pilaczyk, 2012). 
On contrast, occurrence of the lancet liver fluke 
in the water buffaloes tested was reported with 

Figure 1. Prevalence of gastro-intestinal parasites, stratified by age 
category, in buffaloes from a farm in Center Romania 
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a lower prevalence (3.8%), which could be also 
probably due to its life cycle involving earth 
snails (Zebrina, Helicella) and ants as 
intermediate hosts - thus, requiring different 
ecological conditions than those for the liver 
and rumen fluke (Mitrea, 2011). Similarly, it 
could be explained the lower occurrence 
(1.9%) of the tapeworm Moniezia spp., in line 
with those reported by other studies in Italian 
water buffaloes (2.4%) (Rinaldi et al., 2009); 
this is correlated with its dixenous life cycle, 
requiring pasture oribatid mites to complete it. 
Eimeria infection was more prevalent in young 
animals, aging up to 2 years (prevalence values 
over 20.0%, up to 28.2%), but Eimeria oocysts 
have been identified in animals from all age 
categories (prevalence values ranging from 
5.9%  up to 28.6%), suggesting the carrier-role 
of adults animals and their role for 
environmental contamination with oocysts 
infective for calves. Therefore, young animals 
should be kept off heavily contaminated 
pastures when they are most susceptible 
(Taylor, 2010; Mitrea, 2011).  
Additionally, among the parasite community, 
there were also identified parasite species of 
zoonotic concern such as G. duodenalis and C. 
parvum, suggesting that water buffaloes can be 
involved in the spread and environmental 
contamination with cysts and oocysts 
potentially infectious to humans. Recent studies 
in Italian water buffaloes report infection with 
G. duodenalis (prevalence values ranging from 
14.7% to 26.3%) and C. parvum (prevalence 
values up to 14.7%) (Rinaldi et al., 2007; 
Caccio et al., 2007). Additionaly, by molecular 
analyses of the Giardia ß-giardin and the 
Cryptosporidium small subunit ribosomal DNA 
gene, respectively, showed the presence of both 
zoonotic parasites, namely G. duodenalis 
assemblage A and C. parvum, respectively 
(Caccio et al., 2007).  
Therefore, a proper disposal of animal feces 
and adequate management measures to clean 
the pasture are recommended, in order to avoid 
these risks (Giangaspero et al., 2007; El-
Khodery and Osman, 2008). 
It is known that the agroclimatic conditions, 
animal husbandry practice, and pasture 
management largely determine the occurrence, 
prevalence, and severity of various parasitic 
diseases in a particular geographical area. 

Recent epidemiological studies in Romania 
have been reported on the occurrence and eco-
epidemiology of the internal parasite 
community and horses, cattle and sheep, in 
different geographical areas (Mitrea et al., 
2008; Ionita et al., 2013; Buzatu et al., 2014, 
2016; Andrei et al., 2020). Therefore, update 
knowledge on the parasite community in water 
buffalo farms are of significant relevance for 
both animal health and welfare and 
productivity, will contribute to develop 
effective parasitological control programs. 
 
CONCLUSIONS 
 
The findings of the present study showed a 
diverse gastrointestinal parasite community in 
water buffaloes from a farm in Center Romania 
and emphasize on the epidemiologic pattern 
modulated by the ecological conditions that are 
favourable for evolving the life cycle of a large 
number of parasites, which may impact the 
animal health and their productions. Therefore, 
adequate parasitological control measures are 
suggested. 
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a lower prevalence (3.8%), which could be also 
probably due to its life cycle involving earth 
snails (Zebrina, Helicella) and ants as 
intermediate hosts - thus, requiring different 
ecological conditions than those for the liver 
and rumen fluke (Mitrea, 2011). Similarly, it 
could be explained the lower occurrence 
(1.9%) of the tapeworm Moniezia spp., in line 
with those reported by other studies in Italian 
water buffaloes (2.4%) (Rinaldi et al., 2009); 
this is correlated with its dixenous life cycle, 
requiring pasture oribatid mites to complete it. 
Eimeria infection was more prevalent in young 
animals, aging up to 2 years (prevalence values 
over 20.0%, up to 28.2%), but Eimeria oocysts 
have been identified in animals from all age 
categories (prevalence values ranging from 
5.9%  up to 28.6%), suggesting the carrier-role 
of adults animals and their role for 
environmental contamination with oocysts 
infective for calves. Therefore, young animals 
should be kept off heavily contaminated 
pastures when they are most susceptible 
(Taylor, 2010; Mitrea, 2011).  
Additionally, among the parasite community, 
there were also identified parasite species of 
zoonotic concern such as G. duodenalis and C. 
parvum, suggesting that water buffaloes can be 
involved in the spread and environmental 
contamination with cysts and oocysts 
potentially infectious to humans. Recent studies 
in Italian water buffaloes report infection with 
G. duodenalis (prevalence values ranging from 
14.7% to 26.3%) and C. parvum (prevalence 
values up to 14.7%) (Rinaldi et al., 2007; 
Caccio et al., 2007). Additionaly, by molecular 
analyses of the Giardia ß-giardin and the 
Cryptosporidium small subunit ribosomal DNA 
gene, respectively, showed the presence of both 
zoonotic parasites, namely G. duodenalis 
assemblage A and C. parvum, respectively 
(Caccio et al., 2007).  
Therefore, a proper disposal of animal feces 
and adequate management measures to clean 
the pasture are recommended, in order to avoid 
these risks (Giangaspero et al., 2007; El-
Khodery and Osman, 2008). 
It is known that the agroclimatic conditions, 
animal husbandry practice, and pasture 
management largely determine the occurrence, 
prevalence, and severity of various parasitic 
diseases in a particular geographical area. 

Recent epidemiological studies in Romania 
have been reported on the occurrence and eco-
epidemiology of the internal parasite 
community and horses, cattle and sheep, in 
different geographical areas (Mitrea et al., 
2008; Ionita et al., 2013; Buzatu et al., 2014, 
2016; Andrei et al., 2020). Therefore, update 
knowledge on the parasite community in water 
buffalo farms are of significant relevance for 
both animal health and welfare and 
productivity, will contribute to develop 
effective parasitological control programs. 
 
CONCLUSIONS 
 
The findings of the present study showed a 
diverse gastrointestinal parasite community in 
water buffaloes from a farm in Center Romania 
and emphasize on the epidemiologic pattern 
modulated by the ecological conditions that are 
favourable for evolving the life cycle of a large 
number of parasites, which may impact the 
animal health and their productions. Therefore, 
adequate parasitological control measures are 
suggested. 
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Abstract 
 
The paper aimed to conclude that in profile-differentiated soils of Beskydy Pre-Carpathian region ortsteins are formed 
- specific Fe-Mn pedofeatures, which have clear outer contours, concentric inner structure with alternation of rings of 
rusty-brown and black color. Based on analyzed data the highest content of ortsteins is typical for elluvial horizon. In 
order to identify the genesis and elemental composition, a plate of tubular ortstein with a diameter of 1.2 cm selected 
from the Cg horizon has been made. It has been established that ortsteins in the profile-differentiated soils have been 
formed as a result of alternation of redox conditions and gley-eluvial, segregation processes of soil formation. The 
small ortsteins in the overiluvial part of the profile are the result of modern soil formation, and the large ones within 
the transition to the rock horizon are relict and connected with the early stages of soil formation in the Pre-Carpathian 
region of Ukraine. 
 
Key words: ortsteins, profile-differentiated soils, Beskydy Pre-Carpathian region, accumulation factor, electron 
scanning microscope. 
 
INTRODUCTION  
 
Beskydy Pre-Carpathian region is a part of the 
Pre-Carpathian highlands, it extends from the 
north-west to the southeast from the border 
with Poland to the river Svicha, and the 
northeast border with the Siansko-Dnister 
watershed is laid along the river Strivyazh to 
the Dniester River, before the confluence of the 
river Svicha. The combined influence of the 
factors of soil formation has led to the 
formation within the territory of variegated soil 
cover, and the altitude is expressed in the 
propagation of soils. Changes in absolute 
heights, in turn, cause changes in climatic 
characteristics, the level of occurrence of 
groundwater and types of water regime, 
vegetation types, which together determine the 
morphological features and physical and 
chemical properties of soils. 
Profile-differentiated soils (with eluvial-illuvial 
type profile) are characterized by depletion of 
the upper eluvial part per silt, ferro-oxides of 
Ferrum, Aluminum, Manganese and the 
presence of an illuvial horizon of prismatic 
structure, heavy granulometric composition of 
the upper part located within the limits of 
Drohobych, Morshyn, and Stivigorsk hills. The 

complex genetic nature of the Pre-Carpathian 
profile-differentiated soils, the ambiguity of the 
interpretation of the morphological features of 
the genetic horizons, the lack of uniform 
diagnostic features of the intensity and 
orientation of the elementary soil-forming 
processes have caused intense discussions at 
the genetic and taxonomic levels. Most 
scientists use the results of gross chemical 
composition of soils and sludge, group and 
fractional composition of humus, chemical and 
physicochemical properties to determine the 
genesis and aggregate of elementary soil 
processes that form morphological features and 
properties of profile-differentiated soils (molar 
ratios of SiO2: R2O, SiO2: Fe2O3, SiO2: Al2O3, 
leaching factor, EA coefficients, silicate change 
factor, etc.). However, little attention is paid to 
the study of morphology (location within the 
horizons, sizes, shape, color) and chemical 
properties of Fe-Mn pedofeatures, the presence 
of which is noted by most researchers in their 
works (Kanivets 1975; Nicorych at al., 2003; 
Pankiv et al., 2017).  
The Fe-Mn pedofeatures are solid discrete 
bodies of specific color, which are formed as a 
result of alternation of redox conditions during 
the processes of reduction, translocation, 

  
oxidation of ferrum and manganese (Nicorych 
& Szymanski, 2013). In recent years, the terms 
“ortsteins,” “nodules,” “concretions,” have 
been used to define Fe-Mn pedofeatures. As the 
term "concretion" is a generalization, it is 
advisable to diagnose such pedofeatures as an 
ortstein or a nodule. Modern studies have 
revealed clear diagnostic features for Fe - Mn 
pedofeatures: nodule - neoplasms with 
relatively uniform saturation of Fe and Mn 
throughout the section, fuzzy shape and with 
diffuse contours, and their chemical 
composition is not different from the content 
horizon; ortstein - has a clear internal structure 
with well-pronounced concentric rings of 
accumulation of Fe and Mn, oval, tubular form 
with clear outer contours, and their elemental 
composition is different from the content 
horizon. Various redox-morphological features 
of these neoplasms reflect the features of 
pedogenesis (Nicorych, 2013; Gasparatos et al., 
2005; Gasparatos, 2012). Publications on the 
study of profile-differentiated soils of the Pre-
Carpathian region indicate the presence of 
small (0.25-1.0 cm) oval-shaped ortsteins, 
ocher-brown color with concentric structure in 
the overiluvial part of the profile (Kanivets, 
1975; Pankiv et al., 2017) and large (1.0 - 5.0 
cm), oval and tubular forms with a system of 
concentric rings within the transition to the rock 
horizon (Pankiv et al., 2017). However, 
ortsteins have a differentiated concentric 
structure, which indicates an uneven 
accumulation of chemical elements within their 
boundaries. To determine the features of the 
distribution of elements within ortsteins, 
modern studies are performed using scanning 
electron microscopy (SEM) and atomic 
adsorption spectroscopy (AAS). 
 
MATERIALS AND METHODS  
 
To determine the chemical composition, the 
genesis of ortsteins in profile-differentiated 
soils of the Beskydy Pre-Carpathians region, 
we have selected key sites within the 
Drohobych height (the fourth Dnister 
floodplain): in the vicinity of the village Girne 
(N49°10'31.6'' E23°42'27.1''; N49°10'30.6'' 
E23°42'24.6'') and of Dolgoluka (N49°10'38.5'' 

E23°41'24.1''; N49°10'37.3'' E23°41'25.2'') of 
Stryi district of Lviv region, where four soil 
sections were laid and field morphological 
studies were performed (Figure 1). Based on 
morphological studies, small specific 
pedofeatures were diagnosed in the overiluvial 
part, with the maximum number in the eluvial 
horizon and large ones in the lower transition to 
the rock horizon. In the field, soil samples were 
taken from the genetic horizons for laboratory 
testing. In the laboratory, the washing of 
ortstein on sieves, determination of their 
content and fractional composition by 
thermostatic-weight method were done. Gross 
chemical composition was determined in the 
selected ortstein and fine earth containing 
horizons according to the methods of E.V. 
Arinushkina, and on the basis of it the 
coefficient of accumulation of Kx was 
calculated (Zaidelman et al., 2001). 
In order to identify the genesis and elemental 
composition, a plate of tubular ortstein with a 
diameter of 1.2 cm selected from the Pigl 
horizon (220-240 cm) was made. In different 
parts of the plate different in color, four points 
up to 1 μm in size (two against a light 
background and two against a dark one) were 
selected, within which elemental composition 
was determined by micro-X-ray spectrometry 
(Goldstein et al., 1981). The measurements 
were performed on a scanning electron 
microscope REM-106 (Ukraine) with a 
resolution of 5 nm and an energy-dispersive X-
ray detector. To photograph the surface of the 
samples 50-200, single magnification was used, 
and the accelerating voltage was 20 kV. As a 
microprobe device, an X-ray energy dispersive 
Si (Li) semiconductor microanalyzer was used 
as a prefix to a SELMI microscope with a range 
of Mg-U elements with a resolution of 163 eV. 
t-The electron beam spot diameter was 1 μm 
and the X-ray intensity was 2000 imp/s for 
microprobe analysis. 
The aim is to determine the features of profile 
distribution, fractional and chemical 
composition, genesis of ortsteins in profile-
differentiated soils of the Beskydy Pre-
Carpathian region.  
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Abstract 
 
The paper aimed to conclude that in profile-differentiated soils of Beskydy Pre-Carpathian region ortsteins are formed 
- specific Fe-Mn pedofeatures, which have clear outer contours, concentric inner structure with alternation of rings of 
rusty-brown and black color. Based on analyzed data the highest content of ortsteins is typical for elluvial horizon. In 
order to identify the genesis and elemental composition, a plate of tubular ortstein with a diameter of 1.2 cm selected 
from the Cg horizon has been made. It has been established that ortsteins in the profile-differentiated soils have been 
formed as a result of alternation of redox conditions and gley-eluvial, segregation processes of soil formation. The 
small ortsteins in the overiluvial part of the profile are the result of modern soil formation, and the large ones within 
the transition to the rock horizon are relict and connected with the early stages of soil formation in the Pre-Carpathian 
region of Ukraine. 
 
Key words: ortsteins, profile-differentiated soils, Beskydy Pre-Carpathian region, accumulation factor, electron 
scanning microscope. 
 
INTRODUCTION  
 
Beskydy Pre-Carpathian region is a part of the 
Pre-Carpathian highlands, it extends from the 
north-west to the southeast from the border 
with Poland to the river Svicha, and the 
northeast border with the Siansko-Dnister 
watershed is laid along the river Strivyazh to 
the Dniester River, before the confluence of the 
river Svicha. The combined influence of the 
factors of soil formation has led to the 
formation within the territory of variegated soil 
cover, and the altitude is expressed in the 
propagation of soils. Changes in absolute 
heights, in turn, cause changes in climatic 
characteristics, the level of occurrence of 
groundwater and types of water regime, 
vegetation types, which together determine the 
morphological features and physical and 
chemical properties of soils. 
Profile-differentiated soils (with eluvial-illuvial 
type profile) are characterized by depletion of 
the upper eluvial part per silt, ferro-oxides of 
Ferrum, Aluminum, Manganese and the 
presence of an illuvial horizon of prismatic 
structure, heavy granulometric composition of 
the upper part located within the limits of 
Drohobych, Morshyn, and Stivigorsk hills. The 

complex genetic nature of the Pre-Carpathian 
profile-differentiated soils, the ambiguity of the 
interpretation of the morphological features of 
the genetic horizons, the lack of uniform 
diagnostic features of the intensity and 
orientation of the elementary soil-forming 
processes have caused intense discussions at 
the genetic and taxonomic levels. Most 
scientists use the results of gross chemical 
composition of soils and sludge, group and 
fractional composition of humus, chemical and 
physicochemical properties to determine the 
genesis and aggregate of elementary soil 
processes that form morphological features and 
properties of profile-differentiated soils (molar 
ratios of SiO2: R2O, SiO2: Fe2O3, SiO2: Al2O3, 
leaching factor, EA coefficients, silicate change 
factor, etc.). However, little attention is paid to 
the study of morphology (location within the 
horizons, sizes, shape, color) and chemical 
properties of Fe-Mn pedofeatures, the presence 
of which is noted by most researchers in their 
works (Kanivets 1975; Nicorych at al., 2003; 
Pankiv et al., 2017).  
The Fe-Mn pedofeatures are solid discrete 
bodies of specific color, which are formed as a 
result of alternation of redox conditions during 
the processes of reduction, translocation, 

  
oxidation of ferrum and manganese (Nicorych 
& Szymanski, 2013). In recent years, the terms 
“ortsteins,” “nodules,” “concretions,” have 
been used to define Fe-Mn pedofeatures. As the 
term "concretion" is a generalization, it is 
advisable to diagnose such pedofeatures as an 
ortstein or a nodule. Modern studies have 
revealed clear diagnostic features for Fe - Mn 
pedofeatures: nodule - neoplasms with 
relatively uniform saturation of Fe and Mn 
throughout the section, fuzzy shape and with 
diffuse contours, and their chemical 
composition is not different from the content 
horizon; ortstein - has a clear internal structure 
with well-pronounced concentric rings of 
accumulation of Fe and Mn, oval, tubular form 
with clear outer contours, and their elemental 
composition is different from the content 
horizon. Various redox-morphological features 
of these neoplasms reflect the features of 
pedogenesis (Nicorych, 2013; Gasparatos et al., 
2005; Gasparatos, 2012). Publications on the 
study of profile-differentiated soils of the Pre-
Carpathian region indicate the presence of 
small (0.25-1.0 cm) oval-shaped ortsteins, 
ocher-brown color with concentric structure in 
the overiluvial part of the profile (Kanivets, 
1975; Pankiv et al., 2017) and large (1.0 - 5.0 
cm), oval and tubular forms with a system of 
concentric rings within the transition to the rock 
horizon (Pankiv et al., 2017). However, 
ortsteins have a differentiated concentric 
structure, which indicates an uneven 
accumulation of chemical elements within their 
boundaries. To determine the features of the 
distribution of elements within ortsteins, 
modern studies are performed using scanning 
electron microscopy (SEM) and atomic 
adsorption spectroscopy (AAS). 
 
MATERIALS AND METHODS  
 
To determine the chemical composition, the 
genesis of ortsteins in profile-differentiated 
soils of the Beskydy Pre-Carpathians region, 
we have selected key sites within the 
Drohobych height (the fourth Dnister 
floodplain): in the vicinity of the village Girne 
(N49°10'31.6'' E23°42'27.1''; N49°10'30.6'' 
E23°42'24.6'') and of Dolgoluka (N49°10'38.5'' 

E23°41'24.1''; N49°10'37.3'' E23°41'25.2'') of 
Stryi district of Lviv region, where four soil 
sections were laid and field morphological 
studies were performed (Figure 1). Based on 
morphological studies, small specific 
pedofeatures were diagnosed in the overiluvial 
part, with the maximum number in the eluvial 
horizon and large ones in the lower transition to 
the rock horizon. In the field, soil samples were 
taken from the genetic horizons for laboratory 
testing. In the laboratory, the washing of 
ortstein on sieves, determination of their 
content and fractional composition by 
thermostatic-weight method were done. Gross 
chemical composition was determined in the 
selected ortstein and fine earth containing 
horizons according to the methods of E.V. 
Arinushkina, and on the basis of it the 
coefficient of accumulation of Kx was 
calculated (Zaidelman et al., 2001). 
In order to identify the genesis and elemental 
composition, a plate of tubular ortstein with a 
diameter of 1.2 cm selected from the Pigl 
horizon (220-240 cm) was made. In different 
parts of the plate different in color, four points 
up to 1 μm in size (two against a light 
background and two against a dark one) were 
selected, within which elemental composition 
was determined by micro-X-ray spectrometry 
(Goldstein et al., 1981). The measurements 
were performed on a scanning electron 
microscope REM-106 (Ukraine) with a 
resolution of 5 nm and an energy-dispersive X-
ray detector. To photograph the surface of the 
samples 50-200, single magnification was used, 
and the accelerating voltage was 20 kV. As a 
microprobe device, an X-ray energy dispersive 
Si (Li) semiconductor microanalyzer was used 
as a prefix to a SELMI microscope with a range 
of Mg-U elements with a resolution of 163 eV. 
t-The electron beam spot diameter was 1 μm 
and the X-ray intensity was 2000 imp/s for 
microprobe analysis. 
The aim is to determine the features of profile 
distribution, fractional and chemical 
composition, genesis of ortsteins in profile-
differentiated soils of the Beskydy Pre-
Carpathian region.  
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Figure 1. Location of the points of determination of the elemental composition of the surface  

of ortstein from the Pigl horizon 
 
RESULTS AND DISCUSSIONS 

 
Profile-differentiated soils of the Beskydy Pre-
Carpathians predominate within the heights 
(Drohobych, Morshyn, Stivigorsk), where they 
occupy ancient terraced watersheds of the third 
and fifth alluvial terraces. They were formed on 
carbonate-free alluvial, deluvial, alluvial-
deluvial loamy rocks under conditions of 
excess moistening, stagnant-washing type of 
water regime under deciduous and mixed 
forests on the basis of the aggregate action of 
the glesish-eluvial, segregation processes of 
soil formation (Kanivets, 1975; Nicorych et al., 
2003; Pankiv et al., 2017). In the course of the 
combined action of the factors of soil formation 
and soil forming processes, a sharply 
differentiated (S = 4.5-6.1) eluvial-illuvial type 
profile was formed with poor silt, semi-oxides, 
and relatively silica-rich upper eluvial part and 
oxide rich in silt, Al, Mn, which is heavier in 
particle size distribution with prismatic 
structure and the illuvial part. The ambiguity of 
interpretation of morphological features, 
imperfection of diagnostic criteria of 
elementary soil-forming processes caused the 

problems at the genetic and classification level. 
Publications devoted to the study of soils of the 
Pre-Carpathian region indicate the presence 
within the profile of Fe-Mn pedofeatures in the 
form by brown spots, pseudophybras, ortsteins, 
nodules etc. (Kanivets, 1975; Nicorych et al., 
2003; Pankiv et al., 2017). 
The most accessible ones to the study are 
specific Fe-Mn neoplasms, for which the term 
“ortstein” or “nodule” is used. 
Based on the morphological analysis of the 
profiles within the key area, it is diagnosed that 
specific pedofeatures are characteristic of the 
overiluvial part of the profile and the transition 
to the rock of the horizon. The oval and tubular 
shape of the pedofeatures, the clear outer 
contours and the concentric inner structure 
make it possible to assert that in profile-
differentiated soils of the Beskydy Pre-
Carpathian region are dominated. The 
percentage content and fractional composition 
of ortsteins of the profile-differentiated soil are 
given in Table 1.  
The obtained results show that the highest 
content of ortsteins (7.7%) is characteristic of 
the eluvial low-humus horizon, within which 

  
small fractions from 0.25 to 3.0 mm (51.3%) 
dominate, while the average (3.1-10), make up 
46.7%. The highest content within the A2g 
horizon (27.2%) has a fraction of 7.1 to 10.0 
mm. Within the A1A2g horizon, the content of 
the ortsteins is 2.8%, dominated by small 
fractions (0.5-3.0 mm), and in the fractional 
composition, the fraction from 2.1 to 3.0 mm 
(37.5 mm) prevails. 
 

Table 1.  Percentage and fractional composition of 
ortsteins of the profile-differentiated soils in the Beskydy 

Pre-Carpathian region 
Genetic horizon 

and depth of 
sampling 

Percentage 
content, % 

The size of the 
fraction 

Fraction 
content, % 

A1A2g 
6-26 cm 

 

2.0-3.2 
2.8 

 

0.5-1.0 mm 
1.1-2.0 mm 
2.1-3.0 mm 

27.8 
34.7 
37.5 

A2g 
30-40 cm 

6.3-8.9 
7.7 

0.25-0.5 mm 
0.6-1.0 mm 
1.1-2.0 mm 
2.1-3.0 mm 
3.1-5.0 mm 
5.1-7.0 mm 

7.1-10.0 mm 

17.1 
10.4 
16.1 
7.7 
9.2 

12.3 
27.2 

A2Bg 
40-50 cm 

 
1.0-6.9 

3.1 
 
 
 

0.5-1.0 mm 
1.1-2.0 mm 
2.1-3.0 mm 
3.1-5.0 mm 
5.1-7.0 mm 

7.1-10.0 mm 

5.7 
11.2 
17.5 
35.1 
16.6 
13.9 

Cg  
220-230 cm 

16.0-19.0 
17.6 10.1-50.0  mm 17.6 

 
In the A2Bg horizon, the content of ortstein 
ranges from 1.0 to 6.9% and is dominated by 
medium fractions (3.1-10.0 mm) and the 
maximum content (35.1%) has a fraction of 3.1 
to 5.0 mm. A large fraction (1.0 to 5.0 cm) of 
oval and tubular form with concentric inner 
structure ortsteins was diagnosed in the 
transition to the rock horizon. Remnants of 
water-loving herbaceous vegetation have been 
diagnosed at the center of the tubular ortsteins, 
indicating that they are formed in 
hydromorphic conditions in the early stages of 
soil evolution. The content of ortsteins within 
the Cg horizon is 17.6%. According to the 
results of gross chemical composition of 
ortsteins and content horizons, the 
accumulation factor (Kx) was calculated, which 
indicates the accumulation within their 
boundaries of ferrum, manganese, calcium and 
aluminum (Table 2). The ratio of Fe: Mn in 
ortsteins ranges from 9.1 to 12.1 and is low, 
since the reference rapporteur uses the ratios of 
these elements. 

Modern studies prove the existence of three 
concepts for the formation of the trace element 
composition of Fe-Mn pedofeatures: 
inheritance from morphological elements that 
underlie neoplasms; biogenic accumulation due 
to microbiological activity; isomorphic 
substitution and sorption in the process of 
physico-chemical interaction of the mineral part 
and pedofeatures, which is the most probable 
(Timofeeva et al., 2010). 
 

Table 2. Coefficient of accumulation elements (Kх) of 
the profile-differentiated soils in the Beskydy Pre-

Carpathian region (Pankiv et al., 2017) 
Genetic 
horizon 

Depth, cm SiО2 AI2O3 Fe2O3 TiO2 CaO 

A1A2g 10-25 0.90 1.20 2.80 1.15 1.43 
A2g 25-35 0.88 1.90 2.74 1.04 1.73 
A2Bg 35-50 0.89 1.09 2.70 1.02 1.2 
Cg 220-230 0.92 0.99 2.65 0.92 0.79 
Genetic 
horizon 

Depth, cm MgO K2O Na2O Mn3O4 

A1A2g 10-25 0.40 0.85 0.76 1.40 
A2g 25-35 0.47 0.91 0.86 1.61 
A2Bg 35-50 0.76 0.81 0.82 1.45 
Cg 220-230 0.57 0.84 0.83 1.6 

 
The clear outer contours of the artharts and the 
difference between their chemical composition 
and the content horizon, which confirms Khx, 
indicate an exetic genesis. Formation of 
ortsteins in the profile-differentiated soils of the 
Pre-Carpathian region is due to alternation of 
redox conditions, sporadic-pulsating water 
regime with the participation of specific, 
nonspecific microflora and s gley-eluvial, 
segregation processes of soil formation. The 
size of ortsteins should be considered as a 
function of time: the larger the size, the more 
time it takes to form them (Zaidelman et al., 
2001; Zaidelman et al., 2010).  Consequently, 
the small ortsteins (0.25-1.0 cm) in the 
overiluvial part of the profile are the result of 
modern soil formation, and the large (1.0-5.0 
cm) within the transition to the rock horizon are 
relict and associated with the early stages 
formation of soils of the Pre-Carpathian region. 
The value of Kx indicates that oxides of Fe, Al, 
Mn, Ca accumulate within the ortstein 
compared to the content horizon. However, the 
internal structure of the ortstein is composed of 
a system of concentric rings, which is different 
in color and, accordingly, various chemical 
elements accumulate within them (Figure 2, 
Figure 3). 
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Figure 1. Location of the points of determination of the elemental composition of the surface  

of ortstein from the Pigl horizon 
 
RESULTS AND DISCUSSIONS 

 
Profile-differentiated soils of the Beskydy Pre-
Carpathians predominate within the heights 
(Drohobych, Morshyn, Stivigorsk), where they 
occupy ancient terraced watersheds of the third 
and fifth alluvial terraces. They were formed on 
carbonate-free alluvial, deluvial, alluvial-
deluvial loamy rocks under conditions of 
excess moistening, stagnant-washing type of 
water regime under deciduous and mixed 
forests on the basis of the aggregate action of 
the glesish-eluvial, segregation processes of 
soil formation (Kanivets, 1975; Nicorych et al., 
2003; Pankiv et al., 2017). In the course of the 
combined action of the factors of soil formation 
and soil forming processes, a sharply 
differentiated (S = 4.5-6.1) eluvial-illuvial type 
profile was formed with poor silt, semi-oxides, 
and relatively silica-rich upper eluvial part and 
oxide rich in silt, Al, Mn, which is heavier in 
particle size distribution with prismatic 
structure and the illuvial part. The ambiguity of 
interpretation of morphological features, 
imperfection of diagnostic criteria of 
elementary soil-forming processes caused the 

problems at the genetic and classification level. 
Publications devoted to the study of soils of the 
Pre-Carpathian region indicate the presence 
within the profile of Fe-Mn pedofeatures in the 
form by brown spots, pseudophybras, ortsteins, 
nodules etc. (Kanivets, 1975; Nicorych et al., 
2003; Pankiv et al., 2017). 
The most accessible ones to the study are 
specific Fe-Mn neoplasms, for which the term 
“ortstein” or “nodule” is used. 
Based on the morphological analysis of the 
profiles within the key area, it is diagnosed that 
specific pedofeatures are characteristic of the 
overiluvial part of the profile and the transition 
to the rock of the horizon. The oval and tubular 
shape of the pedofeatures, the clear outer 
contours and the concentric inner structure 
make it possible to assert that in profile-
differentiated soils of the Beskydy Pre-
Carpathian region are dominated. The 
percentage content and fractional composition 
of ortsteins of the profile-differentiated soil are 
given in Table 1.  
The obtained results show that the highest 
content of ortsteins (7.7%) is characteristic of 
the eluvial low-humus horizon, within which 

  
small fractions from 0.25 to 3.0 mm (51.3%) 
dominate, while the average (3.1-10), make up 
46.7%. The highest content within the A2g 
horizon (27.2%) has a fraction of 7.1 to 10.0 
mm. Within the A1A2g horizon, the content of 
the ortsteins is 2.8%, dominated by small 
fractions (0.5-3.0 mm), and in the fractional 
composition, the fraction from 2.1 to 3.0 mm 
(37.5 mm) prevails. 
 

Table 1.  Percentage and fractional composition of 
ortsteins of the profile-differentiated soils in the Beskydy 

Pre-Carpathian region 
Genetic horizon 

and depth of 
sampling 

Percentage 
content, % 

The size of the 
fraction 

Fraction 
content, % 

A1A2g 
6-26 cm 

 

2.0-3.2 
2.8 

 

0.5-1.0 mm 
1.1-2.0 mm 
2.1-3.0 mm 

27.8 
34.7 
37.5 

A2g 
30-40 cm 

6.3-8.9 
7.7 

0.25-0.5 mm 
0.6-1.0 mm 
1.1-2.0 mm 
2.1-3.0 mm 
3.1-5.0 mm 
5.1-7.0 mm 
7.1-10.0 mm 

17.1 
10.4 
16.1 
7.7 
9.2 

12.3 
27.2 

A2Bg 
40-50 cm 

 
1.0-6.9 

3.1 
 
 
 

0.5-1.0 mm 
1.1-2.0 mm 
2.1-3.0 mm 
3.1-5.0 mm 
5.1-7.0 mm 
7.1-10.0 mm 

5.7 
11.2 
17.5 
35.1 
16.6 
13.9 

Cg  
220-230 cm 

16.0-19.0 
17.6 10.1-50.0  mm 17.6 

 
In the A2Bg horizon, the content of ortstein 
ranges from 1.0 to 6.9% and is dominated by 
medium fractions (3.1-10.0 mm) and the 
maximum content (35.1%) has a fraction of 3.1 
to 5.0 mm. A large fraction (1.0 to 5.0 cm) of 
oval and tubular form with concentric inner 
structure ortsteins was diagnosed in the 
transition to the rock horizon. Remnants of 
water-loving herbaceous vegetation have been 
diagnosed at the center of the tubular ortsteins, 
indicating that they are formed in 
hydromorphic conditions in the early stages of 
soil evolution. The content of ortsteins within 
the Cg horizon is 17.6%. According to the 
results of gross chemical composition of 
ortsteins and content horizons, the 
accumulation factor (Kx) was calculated, which 
indicates the accumulation within their 
boundaries of ferrum, manganese, calcium and 
aluminum (Table 2). The ratio of Fe: Mn in 
ortsteins ranges from 9.1 to 12.1 and is low, 
since the reference rapporteur uses the ratios of 
these elements. 

Modern studies prove the existence of three 
concepts for the formation of the trace element 
composition of Fe-Mn pedofeatures: 
inheritance from morphological elements that 
underlie neoplasms; biogenic accumulation due 
to microbiological activity; isomorphic 
substitution and sorption in the process of 
physico-chemical interaction of the mineral part 
and pedofeatures, which is the most probable 
(Timofeeva et al., 2010). 
 

Table 2. Coefficient of accumulation elements (Kх) of 
the profile-differentiated soils in the Beskydy Pre-

Carpathian region (Pankiv et al., 2017) 
Genetic 
horizon 

Depth, cm SiО2 AI2O3 Fe2O3 TiO2 CaO 

A1A2g 10-25 0.90 1.20 2.80 1.15 1.43 
A2g 25-35 0.88 1.90 2.74 1.04 1.73 
A2Bg 35-50 0.89 1.09 2.70 1.02 1.2 
Cg 220-230 0.92 0.99 2.65 0.92 0.79 
Genetic 
horizon 
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A2g 25-35 0.47 0.91 0.86 1.61 
A2Bg 35-50 0.76 0.81 0.82 1.45 
Cg 220-230 0.57 0.84 0.83 1.6 

 
The clear outer contours of the artharts and the 
difference between their chemical composition 
and the content horizon, which confirms Khx, 
indicate an exetic genesis. Formation of 
ortsteins in the profile-differentiated soils of the 
Pre-Carpathian region is due to alternation of 
redox conditions, sporadic-pulsating water 
regime with the participation of specific, 
nonspecific microflora and s gley-eluvial, 
segregation processes of soil formation. The 
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The value of Kx indicates that oxides of Fe, Al, 
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in color and, accordingly, various chemical 
elements accumulate within them (Figure 2, 
Figure 3). 
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To determine the spatial distribution of 
chemical elements within the ortstein and their 
genesis, we used a micro-ray spectropho-
tometric method to determine the elemental 
composition of the sample surface. On a 200-
fold increase in ortstein, four points were 
selected: two on light rings (1 and 2) and two 
on dark (3 and 4) (Figure 4), and within them 
the elemental composition was determined 
(Table 3). 
 

 
Figure 2. Macrophoto of ortstein from Cg horizon        

(8x magnification) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Macrophoto of ortstein at 50x (a, b) and 200x 

(c, d) magnification 
 
The elemental composition of the various parts 
of the ortstein suggests that the change in 
brown color to black is caused by an increase in 
the percentage of manganese by 1.6-3.4, 

aluminum by 1.4-2.3, and calcium by 2.1-5.1 
times. 
 

 
 

 
 

 
 

Figure 4. Location of the points of determination of the 
elemental composition of the ortstein (Cg horizon) 

 
The percentage of ferrum is almost the same in 
different parts of ortstein (1.79-2.79%) and 
determines its rusty-brown color. The increase 
in the content of manganese, aluminum, 
calcium within the black rings of ortstein is 
caused by the change of geochemical situation 

a b 

c d 

  
in different geological periods of formation of 
profile-differentiated soils of the Pre-
Carpathian region. 
 

Table 3. Elemental composition within the points of 
studying ortstein, % 

Point О Na2O1 Mg1O1 Al2O3 Si1O2 S1O3 

1 62.8795 1.1909 1.6396 4.5747 24.1786 0.1825 

2 63.309 0.6295 1.5294 4.5431 24.8589 0.1098 

3 61.2413 1.0871 1.6804 6.3726 20.1592 0.475 

4 60.2515 2.1774 2.8408 10.2946 16.1027 0.2725 

Point Cl K2O1 Ca1O1 Ti1O2 Mn1O1 Fe1O1 

1 0.1767 0.8699 0.6669 0.1351 0.7083 2.7974 

2 0.0548 1.1884 0.7508 0.2317 0.9128 1.8818 

3 0.5602 1.6478 1.4685 0.115 2.3995 2.7934 

4 0.428 0.5968 3.6079 0.5232 1.1123 1.7922 

 
CONCLUSIONS 
 
Ortsteins in the profile of sod-podzolic  
pseudogley soils  of the Beskydy Pre-
Carpathian region  have been formed  as a 
result of alternation of redox conditions with 
the participation of specific, nonspecific 
microflora and gley-eluvial, segregation 
processes of soil formation, which have a clear 
internal structure with well-defined concentric 
rings of accumulation of chemical elements, 
oval and tubular shape with clear outer 
contours, and their elemental composition is 
different from the content horizon. In the 
overiluvial part of the profile of the studied 
soils, small ortsteins (0.25-1.0 cm) are formed 
with a maximum in the A2g horizon (7.7%), 
which is a consequence of modern soil 
formation. The Cg horizon was diagnosed with 
large (1.0–5.0 cm) oval and tubular shaped 
artillery with a content of 17.7%, which are 
relict and formed in the early stages of soil 
formation. The ratio of the results of the gross 
chemical composition of ortstein and content 
horizons indicate the accumulation within their 
boundaries of ferrum, manganese, calcium, and 
aluminum. The ratio of Fe:Mn in the arthole is 
9.1–12.1. The study of ortstein using an 
electron scanning microscope has made it 
possible to determine that the content of the 
ferrum in its various parts is almost the same 
(1.79-2.79%). Formation of black rings is 
caused by an increase in their percentage of 
manganese content by 1.6-3.4, aluminum by 
1.4-2.3, and calcium by 2.1-5.4 times.  
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Abstract 
 
As the horse mackerel Trachurus mediterraneus (Steindachner, 1868) is one of the most exploited commercial species 
of the Black Sea fisheries, the knowledge of its different biological aspects related to growth and reproduction is highly 
important. This paper presents preliminary results of the analysis of morphological measurements (total length, total 
weight), Fulton relative body condition index, age, sex and degree of maturity of the horse mackerel population from 
the Romanian Black Sea coast. 563 individuals were collected between June and November in 2013, 2014, 2015 and 
2018, from trawl and trap net catches. Their mean total length was 11.4 ± 2.4 cm, their mean total weight was14.4 ± 
8.5 g and they had between 0 and 4+ years with a mean age of 1.7 ± 1.1 years. The data analyses of their 
measurements highlighted significant temporal differences between years and months, but no differences occurred 
between areas and sexes. These results should contribute to a better knowledge of the biology of the horse mackerel and 
may help to improve the management of the stock of this species for sustainable fisheries. 
 
Key words:age, biometry, Fulton index, sex-ratio. 
 
INTRODUCTION 
 
The ecosystem approach to fisheries is an 
approach that supports the concept of 
sustainable development by promoting the 
maintenance of fishery resources in sufficient 
quantities for both current and future 
generations and it is envisaged that the 
development of conservation and management 
measures will be based on the best scientific 
evidence (ecological, social and economic) but 
also taking into account the traditional 
knowledge (Staples and Funge, 2009). 
The horse mackerel (Trachurus mediterraneus) 
is a member of Carangid Family and represents 
a large part of the fisheries in Black Sea basin. 
The species of the genus Trachurus are pelagic 
fishes of economic importance (Bektas and 
Belduz, 2009). The small pelagic species horse 
mackerel is also important for Romanian 
fisheries for economic and social reasons in 
term of number of fishermen involved. 
Analysing the raw data from National Data 
Collection Programme, Păunet al. (2019) have 

noticed that this species represents about 30% 
of the Romanian summer pelagic catches, and a 
considerable percentage of the Black Sea total 
catches and provides income for the fisherman. 
Fisheries are a very diverse sector, which uses 
different fishing technologies and offers a wide 
variety of specific products (Nicolae et al., 
2015). Fishermen from the Romanian Black 
sea area use diverse fishing methods such as 
setlines, long lines, and gillnets 
Global state and dynamics of fish stocks of the 
main species with economic value represents a 
major concern since the size of fish stocks varies 
from year to year as a result of the most diverse 
natural and human causes (Nicolae et al., 2018). 
Multiple natural causes such as environmental 
variations and diet resources may influence 
growth, an important component of fish ecology, 
especially during early life history stages 
(Sogard, 1994; Claramunt and Wahl, 2000). 
These variations may be depicted by temporal 
survey of several biological population 
indicators such as size, weight, relative body 
condition factor, age and reproduction etc.  

 
Biological characteristics of horse mackerel 
have been previously characterized in different 
areas of the Black Sea. Prodanov et al. (1997) 
studied growth and estimated the optimal level 
of exploitation of horse mackerel along the 
Bulgarian coast. Yankova and Raykov (2006), 
reported data for the growth parameters and 
natural mortality coefficient of this species in 
Turkey.  
Ambroaz (1954) investigated the distribution, 
migratory patterns, and catch composition. The 
biology of this species along the Romanian 
coast has been reported in 1979 by Cautis and 
Jonescu. Despite the significant number of 
studies on horse mackerel, we notice a lack of 
recent data regarding morphometrics and 
reproduction of this species at the Romanian 
coast.  
In the present paper growth and reproduction 
variables of the horse mackerel from the 
Romanian Black sea cost were reported. The 
studied variables were total length, total 
weight, condition factor, age, sex and gonadal 
maturity. The main hypothesis of our study is 
that they may change in time (year, month) and 
space and according to sex.  

These variables are of high importance in 
fishery biology and stock management 
(Gulland, 1983).  
 
MATERIALS AND METHODS 
 
The study area was located in the north-western 
part of the Black Sea (Figure 1). The Romanian 
coastline (244 km) can be divided into two 
main geographical and geomorphological 
areas: North and South. These two areas 
present different hydrological, physical, 
chemical, sedimentary and biological 
characteristics (Panin, 2005). Seawaters of the 
Romanian coast are characterized by strong 
spatial and seasonal changes in temperature (0-
27°C) and salinity (4-17) under Danube River 
and wind influences (Berlinsky et al., 2006).  
For the purpose of this study, more than 563 
individuals were collected from the trawl and 
traps net catches along the Black Sea coast area 
in the northern area (Corbu, Midia, Navodari, 
Mamaia) and the southern area (Eforie Sud, 
Costinesti, Olimp, Vama Veche) between June 
and November in 2013, 2014, 2015 and 2018 
(Figure 1). 

 

 
Figure 1. Sampling map  (Photo original) 

 
The captured fish were transported 
immediately on ice to the laboratory for 
analysis. Total length (TL) was measured to the 
nearest 0.1 cm and body weight to the nearest 

0.1 g. The present study used otoliths to 
determine individuals’age for 383 individuals. 
Otoliths removed from the fish were stored dry 
in paper envelopes, and were then examined in 
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present different hydrological, physical, 
chemical, sedimentary and biological 
characteristics (Panin, 2005). Seawaters of the 
Romanian coast are characterized by strong 
spatial and seasonal changes in temperature (0-
27°C) and salinity (4-17) under Danube River 
and wind influences (Berlinsky et al., 2006).  
For the purpose of this study, more than 563 
individuals were collected from the trawl and 
traps net catches along the Black Sea coast area 
in the northern area (Corbu, Midia, Navodari, 
Mamaia) and the southern area (Eforie Sud, 
Costinesti, Olimp, Vama Veche) between June 
and November in 2013, 2014, 2015 and 2018 
(Figure 1). 

 

 
Figure 1. Sampling map  (Photo original) 

 
The captured fish were transported 
immediately on ice to the laboratory for 
analysis. Total length (TL) was measured to the 
nearest 0.1 cm and body weight to the nearest 

0.1 g. The present study used otoliths to 
determine individuals’age for 383 individuals. 
Otoliths removed from the fish were stored dry 
in paper envelopes, and were then examined in 
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glycerine under a digital microscope. Age was 
determined from otolith rings, as previously 
described by Pravdin (1966).  
Sexual maturity in fish has a great practical 
importance in the analysis of many population 
parameters. In general, fish are considered to 
be mature when they reach the middle of their 
maximum size (Holden and Raitt, 1974). 
Sex, sex-ratio and reproduction stages were 
estimated for 325 individuals. Identification of 
sex and sexual maturity stages find their primary 
application in providing basic knowledge of the 
reproductive biology of a stock. 
Regarding the determination of the degree of 
maturation, the visual examination is generally 
used. However, if difficulties are encountered 
in the determination, histological analysis of 
the gonads may be used. 
The maturity stages used are those developed 
by Nikolski (1962) and taking into account the 
recommendations of DCRF, ver. 19.1 (GFCM, 
2018) as follows: stage 0: undetermined; stage 
1: immature; stage 2: beginning of ripening; 
stage 3: mature; reproductive; stage 4: in full 
reproduction activity; breeder; stage 5: end of 
reproduction; spent; stage 6: resting, recovering. 
Fulton's relative body condition factor (Ricker, 
1975) was calculated per individual for 563 
individuals using the following formula: K = 
(TW × 100)/TL3, with TW = total mass (in 
grams) and TL = total length (in centimetres). 
Non-parametric analyses of variance (Kruskal-
Wallis) were performed using the 
STATISTICA 13.1 in order to analyze diffe-
rences between years, months, areas and sex.  
Normality and homogeneity of variances was 
tested using the Shapiro-Wilk and Levene tests 
prior to these analyses and means were 
compared using multiple comparison tests 
(Underwood, 1997).  
 
RESULTS AND DISCUSSIONS 
 
Determination of growth parameters and age is 
important in ichthyologic investigations, as fish 
growth is one of the main factors that 
determine stock variations (Mikhailov and 
Prodanov, 1983).  
Growth parameters are based on morphome-
trics such as total length, total weight and age. 
Environment and diet may influence their 
relative body condition.  

Fulton relative body condition factor (Ricker, 
1975) is used to compare the condition of 
individuals and is based on the initial 
assumption that for the same given length, a 
heavier individual will have better relative 
body condition.  
Relative body condition is highly important 
since it influences growth, reproduction and 
survival of individuals (Shulman and Love, 
1999).  
In fact, larger and fatter individuals will have 
more reserves and more eggs with more yolk. 
These reserves will ensure better chances of 
survival and recruitment of larvae and juveniles 
in the population, as well as better chances of 
survival in a disturbed situation.  
 
Total length 
The mean total length of the 563 analyzed 
individuals was 11.4 ± 2.4 cm. High significant 
differences were shown between years, 
followed by differences between months and 
the lowest ones between sexes (see H tests 
values in Tables 1 to 3). 
The highest mean total length was registered in 
2015 (13.9 ± 1.2 cm), and the lowest one in 
2014 (8.5 ± 1.5 cm) (Table 1). 
The highest values were recorded in July and 
the lowest ones in October-November (Table 
2).  
Significant different values were found only 
between females and juveniles (Table 3). 
However the low number of juveniles sampled 
is not concluding and is related to the 
selectivity of the fishing gear and area.For all 
the analysed variables no significant 
differences were founded between northern and 
southern areas (p < 0.05). 
The captured individuals were smaller than 
those identified on the Bulgarian Black Sea 
coast, up to 19 cm (Yankova, 2013).The horse 
mackerel samples from the Romanian Black 
Sea coast have a growth rate different from 
those in other areas of the sea, most likely due 
to different living conditions and availability of 
food (Bănaru et al., 2009). Inter annual 
variation may be related to differences in 
recruitment but also to migrations and larger 
scale studies should be make in the Black sea 
in order to cover the entire migration area of 
the horse mackerel. 

 
Table 1. Mean values and standard error of the total length (TL), total weight (TW) and Fulton index (K) by year 

 
Year 

 TL (cm) TW (g) K 
N Mean SE Mean SE Mean SE 

2013 155 11.1 2.3 a 12.7 6.4 a 0.84 0.18 a 
2014 120 8.8 1.5 b 6.0 2.5 b 0.86 0.99 a 
2015 108 13.9 1.2 c 22.8 5.7 c 0.84 0.06 a 
2018 180 11.9 1.8 a 16.4 8.6 d 0.91 0.09 b 

  H = 275.18  H = 291.33  H = 68.2  
  p < 0.001 p < 0.001 p < 0.0001 

N.B.: H represents the test statistics of Kruskal-Wallis testing the significance of the differences between years; P = associated p-value; Superscript 
letters represent post-hoc groups. For each variable values with similar post-hoc letters are not significantly different (P > 0.05); N= number of 
analysed individuals; SE = standard error. 
 

Table 2. Mean values and standard error of the total length (TL), total weight (TW), Fulton index (K), age (A) and 
degree of maturity (DM) by month 

    TL 
(cm)   TW 

(g)   K        Age 
(y)       DM    

Month  N Mean SE Mean SE Mean SE   N Mean SE   N Mean SE 

June 70 11.9 0.6bc 13.4 2.0bc 0.80 0.06 a  70 2.7 0.5 c  70 2.7 0.9 b 
July 192 12.4 2.0 c 18.4 8.8 c 0.89 0.09 c  63 2.0 1.0 b  72 3.3 0.9 c 
August 130 11.2 3.0 b 14.4 8.9 b 0.89 0.19 c  130 1.6 0.9 b  63 2.1 0.8 a 
September 61 12.0 2.6bc 16.4 9.4bc 0.84 0.07ab  50 1.8 1.2b  50 2.9 0.9bc 
October 40 8.6 1.4a 5.7 2.1 a 0.87 0.11 b  40 0.7 0.6 a  40 2.0 0.6 a 
November 70 9.5 1.2 a 7.4 2.4 a 0.85 0.09 b   30 0.8 0.7 a   30 2.0 0.6a 
    H = 157.79 H = 167.06 H = 67.99     H = 132.92     H = 85.21  
    p < 0.001 p < 0.001 p < 0.0001     p < 0.001      p < 0.0001 

N.B.: H represents the test statistics of Kruskal-Wallis testing the significance of the differences between months; P = associated p-value; Superscript 
letters represent post-hoc groups. For each variable values with similar post-hoc letters are not significantly different (P > 0.05); N= number of 
analysed individuals; SE = standard error. 
 

Table 3. Mean values and standard error of the total length (TL), 
total weight (TW) and Fulton index (K) by sex 

 
Sex 

 TL (cm) TW (g) K 
N Mean SE Mean SE Mean SE 

Males 251 11.2 2.4ab 13.6 8.5ab 0.86 0.10 a 
Females 310 11.6 2.3 a 15.1 8.5 a 0.86 0.09 a 
Juveniles 2 3.1 0.1 b 0.6 0.1 b 2.11 0.53 b 

  H = 9.2 H = 11.38 H = 6.15 
  p < 0.01 p < 0.001 p < 0.05 

N.B.: H represents the test statistics of Kruskal-Wallis testing the significance of the differences between sexes; P = associated p-value; Superscript 
letters represent post-hoc groups. For each variable values with similar post-hoc letters are not significantly different (P > 0.05); N= number of 
analysed individuals; SE = standard error. 
 
Total weight 
The mean total weight of the 563 analyzed 
individuals was 14.4 ± 8.5 g.  
The highest total weight was registered in 2015 
(22.75 ± 5.67 g), and the lowest ones in 2014 
(6.03 ± 2.50 g) (Table 1). Similarly to the total 
length, the highest values were recorded in July 
and the lowest ones in October-November 
(Table 2) and significant different values were 
found only between females and juveniles 
(Table 3). Studies conducted for horse 
mackerel taken from the Turkish Black Sea 

region revealed a spectrum of weight between 
3.32 g and 59.98 g (Aydin and Karadurmuş, 
2012). 
The total length was highly correlated with the 
total weight (TW = 0.5058 * e0.2761TL; R2 = 
0.9521). 
 
Fulton Index 
The mean value of the Fulton index of the 563 
analyzed individuals was 0.87 ± 0.12. Higher 
the Fulton coefficient is and better the relative 
body condition is. Higher relative body 
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glycerine under a digital microscope. Age was 
determined from otolith rings, as previously 
described by Pravdin (1966).  
Sexual maturity in fish has a great practical 
importance in the analysis of many population 
parameters. In general, fish are considered to 
be mature when they reach the middle of their 
maximum size (Holden and Raitt, 1974). 
Sex, sex-ratio and reproduction stages were 
estimated for 325 individuals. Identification of 
sex and sexual maturity stages find their primary 
application in providing basic knowledge of the 
reproductive biology of a stock. 
Regarding the determination of the degree of 
maturation, the visual examination is generally 
used. However, if difficulties are encountered 
in the determination, histological analysis of 
the gonads may be used. 
The maturity stages used are those developed 
by Nikolski (1962) and taking into account the 
recommendations of DCRF, ver. 19.1 (GFCM, 
2018) as follows: stage 0: undetermined; stage 
1: immature; stage 2: beginning of ripening; 
stage 3: mature; reproductive; stage 4: in full 
reproduction activity; breeder; stage 5: end of 
reproduction; spent; stage 6: resting, recovering. 
Fulton's relative body condition factor (Ricker, 
1975) was calculated per individual for 563 
individuals using the following formula: K = 
(TW × 100)/TL3, with TW = total mass (in 
grams) and TL = total length (in centimetres). 
Non-parametric analyses of variance (Kruskal-
Wallis) were performed using the 
STATISTICA 13.1 in order to analyze diffe-
rences between years, months, areas and sex.  
Normality and homogeneity of variances was 
tested using the Shapiro-Wilk and Levene tests 
prior to these analyses and means were 
compared using multiple comparison tests 
(Underwood, 1997).  
 
RESULTS AND DISCUSSIONS 
 
Determination of growth parameters and age is 
important in ichthyologic investigations, as fish 
growth is one of the main factors that 
determine stock variations (Mikhailov and 
Prodanov, 1983).  
Growth parameters are based on morphome-
trics such as total length, total weight and age. 
Environment and diet may influence their 
relative body condition.  

Fulton relative body condition factor (Ricker, 
1975) is used to compare the condition of 
individuals and is based on the initial 
assumption that for the same given length, a 
heavier individual will have better relative 
body condition.  
Relative body condition is highly important 
since it influences growth, reproduction and 
survival of individuals (Shulman and Love, 
1999).  
In fact, larger and fatter individuals will have 
more reserves and more eggs with more yolk. 
These reserves will ensure better chances of 
survival and recruitment of larvae and juveniles 
in the population, as well as better chances of 
survival in a disturbed situation.  
 
Total length 
The mean total length of the 563 analyzed 
individuals was 11.4 ± 2.4 cm. High significant 
differences were shown between years, 
followed by differences between months and 
the lowest ones between sexes (see H tests 
values in Tables 1 to 3). 
The highest mean total length was registered in 
2015 (13.9 ± 1.2 cm), and the lowest one in 
2014 (8.5 ± 1.5 cm) (Table 1). 
The highest values were recorded in July and 
the lowest ones in October-November (Table 
2).  
Significant different values were found only 
between females and juveniles (Table 3). 
However the low number of juveniles sampled 
is not concluding and is related to the 
selectivity of the fishing gear and area.For all 
the analysed variables no significant 
differences were founded between northern and 
southern areas (p < 0.05). 
The captured individuals were smaller than 
those identified on the Bulgarian Black Sea 
coast, up to 19 cm (Yankova, 2013).The horse 
mackerel samples from the Romanian Black 
Sea coast have a growth rate different from 
those in other areas of the sea, most likely due 
to different living conditions and availability of 
food (Bănaru et al., 2009). Inter annual 
variation may be related to differences in 
recruitment but also to migrations and larger 
scale studies should be make in the Black sea 
in order to cover the entire migration area of 
the horse mackerel. 

 
Table 1. Mean values and standard error of the total length (TL), total weight (TW) and Fulton index (K) by year 

 
Year 

 TL (cm) TW (g) K 
N Mean SE Mean SE Mean SE 

2013 155 11.1 2.3 a 12.7 6.4 a 0.84 0.18 a 
2014 120 8.8 1.5 b 6.0 2.5 b 0.86 0.99 a 
2015 108 13.9 1.2 c 22.8 5.7 c 0.84 0.06 a 
2018 180 11.9 1.8 a 16.4 8.6 d 0.91 0.09 b 

  H = 275.18  H = 291.33  H = 68.2  
  p < 0.001 p < 0.001 p < 0.0001 

N.B.: H represents the test statistics of Kruskal-Wallis testing the significance of the differences between years; P = associated p-value; Superscript 
letters represent post-hoc groups. For each variable values with similar post-hoc letters are not significantly different (P > 0.05); N= number of 
analysed individuals; SE = standard error. 
 

Table 2. Mean values and standard error of the total length (TL), total weight (TW), Fulton index (K), age (A) and 
degree of maturity (DM) by month 

    TL 
(cm)   TW 

(g)   K        Age 
(y)       DM    

Month  N Mean SE Mean SE Mean SE   N Mean SE   N Mean SE 

June 70 11.9 0.6bc 13.4 2.0bc 0.80 0.06 a  70 2.7 0.5 c  70 2.7 0.9 b 
July 192 12.4 2.0 c 18.4 8.8 c 0.89 0.09 c  63 2.0 1.0 b  72 3.3 0.9 c 
August 130 11.2 3.0 b 14.4 8.9 b 0.89 0.19 c  130 1.6 0.9 b  63 2.1 0.8 a 
September 61 12.0 2.6bc 16.4 9.4bc 0.84 0.07ab  50 1.8 1.2b  50 2.9 0.9bc 
October 40 8.6 1.4a 5.7 2.1 a 0.87 0.11 b  40 0.7 0.6 a  40 2.0 0.6 a 
November 70 9.5 1.2 a 7.4 2.4 a 0.85 0.09 b   30 0.8 0.7 a   30 2.0 0.6a 
    H = 157.79 H = 167.06 H = 67.99     H = 132.92     H = 85.21  
    p < 0.001 p < 0.001 p < 0.0001     p < 0.001      p < 0.0001 

N.B.: H represents the test statistics of Kruskal-Wallis testing the significance of the differences between months; P = associated p-value; Superscript 
letters represent post-hoc groups. For each variable values with similar post-hoc letters are not significantly different (P > 0.05); N= number of 
analysed individuals; SE = standard error. 
 

Table 3. Mean values and standard error of the total length (TL), 
total weight (TW) and Fulton index (K) by sex 

 
Sex 

 TL (cm) TW (g) K 
N Mean SE Mean SE Mean SE 

Males 251 11.2 2.4ab 13.6 8.5ab 0.86 0.10 a 
Females 310 11.6 2.3 a 15.1 8.5 a 0.86 0.09 a 
Juveniles 2 3.1 0.1 b 0.6 0.1 b 2.11 0.53 b 

  H = 9.2 H = 11.38 H = 6.15 
  p < 0.01 p < 0.001 p < 0.05 

N.B.: H represents the test statistics of Kruskal-Wallis testing the significance of the differences between sexes; P = associated p-value; Superscript 
letters represent post-hoc groups. For each variable values with similar post-hoc letters are not significantly different (P > 0.05); N= number of 
analysed individuals; SE = standard error. 
 
Total weight 
The mean total weight of the 563 analyzed 
individuals was 14.4 ± 8.5 g.  
The highest total weight was registered in 2015 
(22.75 ± 5.67 g), and the lowest ones in 2014 
(6.03 ± 2.50 g) (Table 1). Similarly to the total 
length, the highest values were recorded in July 
and the lowest ones in October-November 
(Table 2) and significant different values were 
found only between females and juveniles 
(Table 3). Studies conducted for horse 
mackerel taken from the Turkish Black Sea 

region revealed a spectrum of weight between 
3.32 g and 59.98 g (Aydin and Karadurmuş, 
2012). 
The total length was highly correlated with the 
total weight (TW = 0.5058 * e0.2761TL; R2 = 
0.9521). 
 
Fulton Index 
The mean value of the Fulton index of the 563 
analyzed individuals was 0.87 ± 0.12. Higher 
the Fulton coefficient is and better the relative 
body condition is. Higher relative body 
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conditions were shown in 2018 (0.91 + 0.09) 
compared to the other years (Table 1). Seasonal 
variations of the relative body condition were 
highlighted with the lowest values in June and 
the highest ones in July and August (Table 2). 
These variations may be related to the life 
history traits and their environmental condition 
and diet during the previous months. Juveniles 
had better relative body condition than males 
and females (Table 3). 
 
Age 
Determining the age of fish is an important 
element for the study of the populations 
dynamics. Analyzedhorse mackerel individuals 
age varied between 0 and 4+ years. The mean 
age was 1.7 ± 1.1. Seasonal differences were 
highlighted with the oldest individuals were 

found in June (2.7 + 0.5 years) and the 
youngest in October-November (0.7-0.8 years) 
(Table 2). No significant differences in ages 
were found between years, areas and sexes (p < 
0.05). 
Mean total length and total weight increased 
with age from 7.2 + 1.0 cm and respectively 3.7 
+ 1.0 cm for 0+ age individuals to 15.5 + 0.8 
cm and, respectively 31.0 + 5.9 g for 4 years 
individuals (Table 4). Relative body condition 
factor decreases from 0+ (0.98) to 1-2 years 
(0.83-0.85) and to 3-4 years (0.80-0.83), while 
the degree of maturity increases with age from 
1.5 + 0.4 for 0+ year individuals to 4 + 0.4 for 
4 years individuals. This inverse relation may 
be related to higher energetic investment for 
reproduction in larger and older individuals. 
 

 
Table 4. Mean values and standard error of the total length (TL), total weight (TW), 

Fulton index (K) and maturity degree by age (years) 

Age (y)    TL (cm) TW (g) K     DM 
  N Mean SE Mean SE Mean SE   N Mean SE 
0+ 55 7.2 1.0 3.7 1.0 0.98 0.25  53 1.5 0.4 
1 106 9.6 1.7 8.0 4.3 0.83 0.08  86 2.2 0.5 
2 118 12.2 1.3 15.9 5.0 0.85 0.08  70 2.7 0.8 
3 97 13.5 1.5 20.6 7.3 0.80 0.08  60 3.0 1.0 
4 7 15.5 0.8 31.0 5.9 0.83 0.04   4 4.0 0.4 
            
N.B.: N = number of analysed individuals; SE = standard error 
 
Sex 
Gonads differences between sexes appeared 
early at 0+ age individuals. Only two juvenile 
individuals were recorded. Mean sex-ratio 
(males/females) over the study period was 0.88. 
This ratio was variable between years 
(minimum = 0.46 in 2015 and maximum = 1.04 
in 2013), months (minimum = 1.92 in June and 
maximum = 0.78 in July) and areas (0.74 in the 
north and 0.81 in the south). Males dominated 
the 0+ age class (sex-ratio = 1.1) while female 
dominated in 1 year age class (sex-ratio = 
0.45). Natural variability of sex-ratio in 
recruitment but also fisheries pressure on 
young stages may be responsible of these 
differences. 
 
Gonadal maturity 
Sexual maturity has a practical importance in 
the analysis of population. Generally, fish are 
considered to be mature when they reach the 

middle of their maximum size (Păun et al., 
2019). 
Over the whole studied period, the mean value 
of the gonadal maturity index of the 325 
analyzed individuals was 2.6 ± 1. Significant 
differences were shown between months with 
the highest values in July(3.3 + 0.9) when they 
also had the better relative body condition, 
while the lowest values were observed in 
October and November (Table 2). No 
significant differences in ages were found 
between years and sexes for gonadal maturity 
(p < 0.05). 
 
CONCLUSIONS 
 
Mean total length and weight of the analyzed 
horse mackerels from the Romanian Black sea 
coast were rather low as the majority concerned 
1 and 2 years aged individuals confirming the 
interest of this region as feeding and nursery 

 
area. Temporal variations were highlighted. 
Total length and weight showed the highest 
values in 2015 and in July and the lowest ones 
in 2014 and in October-November. Inter-annual 
variations of the studied variables appeared to 
be the highest compared to monthly variations. 
Sex had low influence. 
Relative body conditions values were higher in 
2018 compared to the other years and higher in 
July and August compared to June. Relative 
body condition factor decreases from younger 
to older individual, while the degree of 
maturity increases with age. The gonadal 
maturity analyses showed that the reproduction 
occurs mainly during summer with a maximum 
in June. Between June and September larger, 
heavier and older individuals come in this area 
to reproduce. 
This survey should be completed and extended 
to a longer period and to the others month of 
the year. Spatial coverage extension should 
also be considered at a larger scale in the Black 
sea area as the horse mackerel is a migratory 
species. 
In recent years the Romanian catches of horse 
mackerel have not exceeded 2% of the total 
catch. However for the Black sea the 
percentage of species whose stocks are outside 
safety limits was close to 90%. Exceeding the 
safety limits is not only due to the over-
exploitation of the Romanian marine sector, the 
majority of the fish species having a cross-
border distribution, which requires a regional 
management, as well as an ecosystem approach. 
This management should also take into account 
these biological variables of the exploited 
populations and relate them to environmental 
and intra- and interspecific variations in order 
to put these data into a global ecosystem 
approach at the Black sea level. 
 
REFERENCES 
 
Ambroaz, A. (1954). Distribution and fishery of the 

Black Sea horse mackerel. Tr.VNIRO, 28, 113-125 
(In Russian). 

Aydin, M., Karadurmuș, U. (2012). Age, growth, length-
weight relationship and reproduction of the Atlantic 
horse mackerel (Trachurus trachurus Linnaeus, 
1758) in Ordu (Black Sea). Ordu University Journal 
of Science and Tecnology, II(II), 68-77. 

Bănaru, D., Harmelin-Vivien, M. (2019). 
Feedingbehavior of Black Seabottomfishes: Did it 
change over time? ActaOecologica, 35, 769-777. 

Bektas,Yu.,Belduz, A. (2009). Morphological variation 
among Atlantic horse mackerel, Trachurus trachurus 
Populations from Turkish Coastal Waters. Journal of 
Animal and Veterinary Advances, 8(3), 511-517. 

Berlinsky, N., Bogatova, Y., Garkavaya, G. (2006). 
Estuary of the Danube. Hdb Environ. Chem., 5, 233-
264. 

Cautis, I.,Jonescu, N. (1979). Structura populatiilor de 
stavrid. In E. Poraed. - Le Chinchard de la Mer Noire 
(Trachurus mediterraneus ponticus) Etude 
monographique, Deuxieme Partie: 485-508 (in 
Romanian). 

Claramunt, R.M., Wahl, D.H. (2000). The effects of 
abiotic and biotic factors in determining larval fish 
growth rates: a comparison across species and 
reservoirs. Transaction of the American Fisheries 
Society,129, 835-851. 

Gulland, J.A. (1983). Fish stock assessment: a manual of 
basic methods. FAO/Wiley Series on Food and 
Agriculture, Rome, I, 184 pp. 

Holden, M.J., Raitt, D.F.S. (1974). Manual of Fisheries 
Sciences, Part 2 - Methods of Resource Investigation 
and their Application, FAO, Rome, 255 pp. Retrieved 
November 12, 2019, from 
http://www.fao.org/3/F0752E/F0752E00.htm. 

Mikhailov, K., Prodanov, K. (1983). Approximate 
assessment of the natural mortality rate of the 
anchovy in the Bulgarian Black Sea coast. Pross. 
IRR, Varna, 20, 173-182. 

Nicolae, C.G., Moga, L.M., Nenciu, M.I., Bahaciu, G.V., 
Marin, M.P. (2015). Particularities and management 
of the distribution chain for fish and fishery products. 
AgroLifeScientific Journal, 4(1), 111-116. 

Nicolae, C.G., Păun, C., Nuţă, A.M., Marin, M., 
Pogurschi, E., Bahaciu, G., Maftei, M. (2018). Study 
of the ichthyofauna diversity in the Romanian seaside 
area. Current Trends in Natural Sciences, 7(14), 168-
175. 

Nikolski, G.V. (1962). Fish Ecology, RPP Academy. 
The Institute of Romanian-Soviet Studies, p. 362 (in 
Romanian). 

Panin, N. (2005). The Black sea coastal zone - an 
overview. Geo-Eco-Marina (European seas: coastal 
zones and rivers – sea system), 11, 21-40. 

Păun, C., Galaţchi, M., Popescu, A., Vidu, L., Pogurschi, 
E., Nicolae, C.G. (2019). Age at first sexual maturity 
of Trachurus mediterraneus (Steindachner, 1868) 
from Romanian Black Sea waters, indicator of good 
status of the population. Scientific Papers. Series D. 
Animal Science, LXII (2), 371-376. 

Pravdin, U. (1966). Manual of fish research. Nutritional 
Industry, Moscow, 179-191 (in Russian). 

Prodanov, K., Mikhailov, K., Daskalov, G., Maxim, K., 
Chashchin, A., Arkhipov, A., Shlyakhov, V., 
Ozdamar, E. (1997). General fisheries council for 
Mediterranean, FAO. Studies and reviews. 
Environmental management of fish resources in the 
Black Sea and their rational exploitation. Studies and 
reviews, 68, 73-81. 

Ricker, W.E.(1975). Computation and interpretation of 
biological statistics of fish populations. Bulletin of 
the Fisheries Research Board of Canada, 191, 1-382.  



217

 
conditions were shown in 2018 (0.91 + 0.09) 
compared to the other years (Table 1). Seasonal 
variations of the relative body condition were 
highlighted with the lowest values in June and 
the highest ones in July and August (Table 2). 
These variations may be related to the life 
history traits and their environmental condition 
and diet during the previous months. Juveniles 
had better relative body condition than males 
and females (Table 3). 
 
Age 
Determining the age of fish is an important 
element for the study of the populations 
dynamics. Analyzedhorse mackerel individuals 
age varied between 0 and 4+ years. The mean 
age was 1.7 ± 1.1. Seasonal differences were 
highlighted with the oldest individuals were 

found in June (2.7 + 0.5 years) and the 
youngest in October-November (0.7-0.8 years) 
(Table 2). No significant differences in ages 
were found between years, areas and sexes (p < 
0.05). 
Mean total length and total weight increased 
with age from 7.2 + 1.0 cm and respectively 3.7 
+ 1.0 cm for 0+ age individuals to 15.5 + 0.8 
cm and, respectively 31.0 + 5.9 g for 4 years 
individuals (Table 4). Relative body condition 
factor decreases from 0+ (0.98) to 1-2 years 
(0.83-0.85) and to 3-4 years (0.80-0.83), while 
the degree of maturity increases with age from 
1.5 + 0.4 for 0+ year individuals to 4 + 0.4 for 
4 years individuals. This inverse relation may 
be related to higher energetic investment for 
reproduction in larger and older individuals. 
 

 
Table 4. Mean values and standard error of the total length (TL), total weight (TW), 

Fulton index (K) and maturity degree by age (years) 

Age (y)    TL (cm) TW (g) K     DM 
  N Mean SE Mean SE Mean SE   N Mean SE 
0+ 55 7.2 1.0 3.7 1.0 0.98 0.25  53 1.5 0.4 
1 106 9.6 1.7 8.0 4.3 0.83 0.08  86 2.2 0.5 
2 118 12.2 1.3 15.9 5.0 0.85 0.08  70 2.7 0.8 
3 97 13.5 1.5 20.6 7.3 0.80 0.08  60 3.0 1.0 
4 7 15.5 0.8 31.0 5.9 0.83 0.04   4 4.0 0.4 
            
N.B.: N = number of analysed individuals; SE = standard error 
 
Sex 
Gonads differences between sexes appeared 
early at 0+ age individuals. Only two juvenile 
individuals were recorded. Mean sex-ratio 
(males/females) over the study period was 0.88. 
This ratio was variable between years 
(minimum = 0.46 in 2015 and maximum = 1.04 
in 2013), months (minimum = 1.92 in June and 
maximum = 0.78 in July) and areas (0.74 in the 
north and 0.81 in the south). Males dominated 
the 0+ age class (sex-ratio = 1.1) while female 
dominated in 1 year age class (sex-ratio = 
0.45). Natural variability of sex-ratio in 
recruitment but also fisheries pressure on 
young stages may be responsible of these 
differences. 
 
Gonadal maturity 
Sexual maturity has a practical importance in 
the analysis of population. Generally, fish are 
considered to be mature when they reach the 

middle of their maximum size (Păun et al., 
2019). 
Over the whole studied period, the mean value 
of the gonadal maturity index of the 325 
analyzed individuals was 2.6 ± 1. Significant 
differences were shown between months with 
the highest values in July(3.3 + 0.9) when they 
also had the better relative body condition, 
while the lowest values were observed in 
October and November (Table 2). No 
significant differences in ages were found 
between years and sexes for gonadal maturity 
(p < 0.05). 
 
CONCLUSIONS 
 
Mean total length and weight of the analyzed 
horse mackerels from the Romanian Black sea 
coast were rather low as the majority concerned 
1 and 2 years aged individuals confirming the 
interest of this region as feeding and nursery 

 
area. Temporal variations were highlighted. 
Total length and weight showed the highest 
values in 2015 and in July and the lowest ones 
in 2014 and in October-November. Inter-annual 
variations of the studied variables appeared to 
be the highest compared to monthly variations. 
Sex had low influence. 
Relative body conditions values were higher in 
2018 compared to the other years and higher in 
July and August compared to June. Relative 
body condition factor decreases from younger 
to older individual, while the degree of 
maturity increases with age. The gonadal 
maturity analyses showed that the reproduction 
occurs mainly during summer with a maximum 
in June. Between June and September larger, 
heavier and older individuals come in this area 
to reproduce. 
This survey should be completed and extended 
to a longer period and to the others month of 
the year. Spatial coverage extension should 
also be considered at a larger scale in the Black 
sea area as the horse mackerel is a migratory 
species. 
In recent years the Romanian catches of horse 
mackerel have not exceeded 2% of the total 
catch. However for the Black sea the 
percentage of species whose stocks are outside 
safety limits was close to 90%. Exceeding the 
safety limits is not only due to the over-
exploitation of the Romanian marine sector, the 
majority of the fish species having a cross-
border distribution, which requires a regional 
management, as well as an ecosystem approach. 
This management should also take into account 
these biological variables of the exploited 
populations and relate them to environmental 
and intra- and interspecific variations in order 
to put these data into a global ecosystem 
approach at the Black sea level. 
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Abstract 
 
During 2017-2019 period a study was performed at NARDI Fundulea to assess the influence of genotype, seed rate and 
climate conditions influence on yield and three quality indices of winter barley (six-rows) grains. 
Two seeding rates (SR) were compared: SR1 = 500 seeds/m2 and SR2 = 350 seeds/m2, and the optimum target seed 
density was suggested for winter barley genotypes in order to maximize grain yield response. 
Analysis of variance for studied traits showed differences among the genotypes, seed rates and climatic conditions of 
the growing seasons (years), as well as: a significant influence of genotype and interactions of year climate conditions x 
genotype on yield, grain weight, protein and starch content; year climatic conditions influenced grain weight, protein 
and starch content while seed rate had effect on yield, grain weight and starch content; interaction between year 
climatic conditions and seed rate influenced significant only yield and grain weight; interactions between seed rate x 
genotype and year climate conditions x seed rate x genotype were significant only for grain weight.  
Seeding rate of 350 seeds/m2 (SR2) produced a higher yield, ranging from 6064 to 8082 kg/ha, comparing to seeding 
rate of 500 seeds/m2 (SR1), where the yield ranged from 5840 to 7791 kg/ha. There was a slightly decrease in grain 
protein content and an increase of starch content associated with a lower seed rate. 
Grain weight parameter (expressed as thousand grain weight) had a significant variation, ranging between 46.6 and 
53.6 g under SR2, with an average increase of 3.5 g comparing with SR1. 
 
Key words: barley, growing conditions, protein and starch content, seed rate, yield. 
 
INTRODUCTION 

 
Barley (Hordeum vulgare L.) is an important 
annual grain crop that is used as raw material in 
the malt and beer industry, in animal feed and 
also in human nutrition. According to data from 
FAO Database, less than 25% of barley yield is 
accepted for malt industry because of the 
specific requirements regarding disease-free 
seeds, low protein content, plumpness of grains 
and none of the less seed uniformity (Brewing 
and Malting Barley Research Institute, 2010).  
In this respect, recommended barley sowing 
rates for raw material used in malt and beer 
industry should be more precisely in order to 
achieve a desirable size uniformity to obtain 
homogenous malt (Wade and Froment, 2003) 
and also a low protein content to achieve a 
better endosperm modification (Mathre, 1997). 
Some study revealed how seed rate influence 
the yield and grain quality and also using as 
integrated crop protection management as 

increasing the seed rate had a major impact 
against weeds (Paynter and Hills, 2009). 
The raw industry requires quantity and quality 
and often this condition is not fulfilled from 
both points of view. To meet these 
requirements, other studies were performed 
(Canada) to see the seeding rate, nitrogen rate 
and cultivar effects on malting barley 
(O’Donovan et al., 2011) and how much does 
seed rate influence the barley performances 
(Paynter et al., 2016) regarding plant height, 
lodging, grain yield, grain weight, plumpness 
and grain protein content (Australia). 
Trainor and Paynter (2017) from the 
Department of Agriculture and Food, Western 
Australia's barley agronomy team, 
recommended two different barley plant 
densities per square meter depending on the use 
of barley. Thus, for malt suggested 
120-150 plants/m2 and for feed 180 plants/m2 
but the seed rates were different depending on 
the weight of the barley grains.  
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Abstract 
 
During 2017-2019 period a study was performed at NARDI Fundulea to assess the influence of genotype, seed rate and 
climate conditions influence on yield and three quality indices of winter barley (six-rows) grains. 
Two seeding rates (SR) were compared: SR1 = 500 seeds/m2 and SR2 = 350 seeds/m2, and the optimum target seed 
density was suggested for winter barley genotypes in order to maximize grain yield response. 
Analysis of variance for studied traits showed differences among the genotypes, seed rates and climatic conditions of 
the growing seasons (years), as well as: a significant influence of genotype and interactions of year climate conditions x 
genotype on yield, grain weight, protein and starch content; year climatic conditions influenced grain weight, protein 
and starch content while seed rate had effect on yield, grain weight and starch content; interaction between year 
climatic conditions and seed rate influenced significant only yield and grain weight; interactions between seed rate x 
genotype and year climate conditions x seed rate x genotype were significant only for grain weight.  
Seeding rate of 350 seeds/m2 (SR2) produced a higher yield, ranging from 6064 to 8082 kg/ha, comparing to seeding 
rate of 500 seeds/m2 (SR1), where the yield ranged from 5840 to 7791 kg/ha. There was a slightly decrease in grain 
protein content and an increase of starch content associated with a lower seed rate. 
Grain weight parameter (expressed as thousand grain weight) had a significant variation, ranging between 46.6 and 
53.6 g under SR2, with an average increase of 3.5 g comparing with SR1. 
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INTRODUCTION 

 
Barley (Hordeum vulgare L.) is an important 
annual grain crop that is used as raw material in 
the malt and beer industry, in animal feed and 
also in human nutrition. According to data from 
FAO Database, less than 25% of barley yield is 
accepted for malt industry because of the 
specific requirements regarding disease-free 
seeds, low protein content, plumpness of grains 
and none of the less seed uniformity (Brewing 
and Malting Barley Research Institute, 2010).  
In this respect, recommended barley sowing 
rates for raw material used in malt and beer 
industry should be more precisely in order to 
achieve a desirable size uniformity to obtain 
homogenous malt (Wade and Froment, 2003) 
and also a low protein content to achieve a 
better endosperm modification (Mathre, 1997). 
Some study revealed how seed rate influence 
the yield and grain quality and also using as 
integrated crop protection management as 

increasing the seed rate had a major impact 
against weeds (Paynter and Hills, 2009). 
The raw industry requires quantity and quality 
and often this condition is not fulfilled from 
both points of view. To meet these 
requirements, other studies were performed 
(Canada) to see the seeding rate, nitrogen rate 
and cultivar effects on malting barley 
(O’Donovan et al., 2011) and how much does 
seed rate influence the barley performances 
(Paynter et al., 2016) regarding plant height, 
lodging, grain yield, grain weight, plumpness 
and grain protein content (Australia). 
Trainor and Paynter (2017) from the 
Department of Agriculture and Food, Western 
Australia's barley agronomy team, 
recommended two different barley plant 
densities per square meter depending on the use 
of barley. Thus, for malt suggested 
120-150 plants/m2 and for feed 180 plants/m2 
but the seed rates were different depending on 
the weight of the barley grains.  
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In an experiment performed in India (2015-
2017 period) there was studied the effect of 
sowing time, seed rates and row spacing on 
yield of barley (Singh et al., 2019) and has been 
found that the sowing rates used (87.50 and 
96.25 kg/ha) did not influence barley grain 
yield. 
In Romania, there are reduced published data 
about the effects of agronomic practices on 
winter barley such as low seed rate as 
technological sequence combined with variety 
and year climatic conditions influence.  
Also, till now, there were not presented the 
Romanian winter barley varieties and lines 
response regarding grain yield capacity under a 
reduced seed rate and over different climatic 
conditions (at least three years).  
The concept of this experiment is to see if a 
lower seed rate can conduct to obtain maximum 
grain yield from the tested genotype and which 
of them can be recommended for the low seed 
rate.  
In parallel, it was intended to see how the grain 
weight, the protein and starch content change. 
The seed rate optimization for a growing barley 
genotype in a farm is very important due to the 
cost per kilogram of seed. A low seed quantity 
used for sowing means for a farmer a substan-
tial saving and the potential to be more 
profitable.  
 
MATERIALS AND METHODS 
 
Twenty winter barley genotypes (six-rows) 
developed at National Agricultural Research 
and Development Institute Fundulea (NARDI 
Fundulea) were sown for 3 years consecutively 
in trials, respectively 2017, 2018, and 2019 
under two different seeding rates: classical one 
SR1 = 500 seeds/m2 and lower seeding rate 
SR2 = 350 seeds/m2. The researches were 
performed within Barley Breeding Field 
belonging to NARDI Fundulea, which is 
situated in the South Romania, close to 
Fundulea town (44°33' Northern latitude and 
24°10' Eastern longitude). The twenty winter 
barley genotypes composed by eight varieties 
(Ametist, Cardinal FD, Dana, Lucian, Onix, 
Simbol, Smarald, and Univers) and 12 
advanced lines (F8-2-12, F8-3-01, F8-3-12, F8-
4-12, F8-5-12, F8-5-13, F8-6-12, F8-6-17, F8-
10-12, F8-11-12, F8-19-10, V20) were 
evaluated for their response at a regularly 

nitrogen dose (a nitrogen rate of 46 kg active 
substance/ha, respectively 100 kg of urea/ha 
was applied every year in March), the 
preceding crop being peas.  
A randomised blocks design was used with the 
plots having 6 m of length (8 rows at 12.5 cm 
between rows) in three replications. The seed 
rate was established every year for each variety 
and line based on their grain weight.  
After harvest, the grain yield (GY) was 
determined by weighing the obtained grains 
from each replication, and then it was 
calculated in kg/ha and expressed at 14% 
moisture content. After the seeds cleaning by 
thresher, some quality grain parameters (grain 
weight, protein and starch content) have been 
determined in three replications: grain weight 
(GW) was determined by numbering of 1,000 
grains with Contador (two replications of 500 
seeds) and weighing them on the electronic 
balance with 2 decimals (so, the grain weight is 
expressed as the thousand grain weight - 
TGW); protein (P) and starch content (S) were 
determined by using INFRATEC 1245 on a 
quantity of 300 g grains for each sample in 
three replications (the values were expressed in 
percent).  
Data obtained was analysed with MSTAT 
programme, the results were presented as 
minimum, mean and maximum, and as a 
measure of each studied parameter stability, the 
coefficient of variation (%) was calculated.  
The following scale was used (Ceapoiu, 1968) 
to interpret the values of the coefficient of 
variation (CV), when:  
- CV < 10% - low and very low variability;  
- 10% < CV < 20% - medium variability;  
- 20% < CV < 30% - high variability;  
- CV > 30% - very large variability. 
The objective of the present paper was to test 
and analyse twenty winter barley genotypes 
(varieties and lines) at two seed rates in order to: 
- assess if there is a loss of grain yield for 

varieties and lines and determine the diffe-
rence in their response due to these seed rates;  

- find out how the seed rates influence the 
grain quality of the winter barley varieties 
and lines;  

- recommend for the winter barley varieties 
the optimal seed rates to obtain the highest 
yield in the seed producer sector and also 
farms.  

 
RESULTS AND DISCUSSIONS 
 
Analysis of variance for the studied traits 
showed differences among the genotypes, seed 
rates and growing seasons (years), as follows 
(Table 1):  
- a significant influence of genotype and 

interactions of year x genotype on yield, 
grain weight, protein and starch content;  

- year influenced grain weight, protein and 
starch content while seed rate had effect on 
yield, grain weight and starch content;  

- interaction between year and seed rate 
influenced significant only yield and grain 
weight; interactions between seed rate x 
genotype and year x seed rate x genotype 
were significant only for grain weight. 

 
Table 1. Analysis of variance for main effects of year (climatic conditions), seed rate, genotype and their interactions 

Source of 
variation 

Degree of 
freedom 

Probability 
Yield Grain weight Protein content Starch content 

Year  2 n.s. *** *** *** 
Seed rate            1 *** *** n.s. *** 
Genotype          20 *** *** *** *** 
Y x SR  2 *** *** n.s. n.s. 
Y x G 38 *** *** *** *** 
SR x G 19 n.s. ** n.s. n.s. 
Y x SR x G 38 n.s. ** n.s. n.s. 

CV (%) 10.5% 3.0% 5.8% 0.8% 
Significance: *** = p<0.001, ** = p<0.01 and n.s. = not significant. 

 
Table 2. October - June rainfall (monthly sum) and temperatures (monthly mean) for 2017-2019 period 

2016-2017 year 
Month October November December January February  March April May  June 
Rainfall (mm) 74.4 48.8 0.2 35.4 50.5 47.6 73.4 65.8 96.4 
Temperature (oC) 10.3 5.7 -0.3 -5.5 -0.1 8.5 10.6 16.8 22.2 

2017-2018 year 
Rainfall (mm) 111.6 49.2 27.8 36.0 58.6 40.6 2.4 34.0 120.6 
Temperature (oC) 11.7 6.9 3.6 0.7 1.6 3.3 15.8 19.4 22.6 

2018-2019 year 
Rainfall (mm) 10.8 23.0 43.0 53.8 21.4 22.4 51.4 124.2 74.6 
Temperature (oC) 13.4 5.2 -0.1 1.5 4.1 9.3 11.2 17.2 23.6 

 
In two consecutive years (2016 and 2017) in 
the second decade of October (Table 2) after 
the seedling, rainfall was high (over 74 and 
110 mm respectively), which assured a proper 
establishment of barley plant density (data no 
shown). In the third year (2018), the rainfall 
quantity was low and the barley plants were 
established after two weeks from the sowing 
data with no influence of this. 
During the winter period, the lowest mean 
temperature was registered in the first month of 
the 2017 year (-5.5oC in January) but without 
plant losses, while in 2018 was no negative 
mean temperatures and in 2019 the lowest 
temperatures was registered in December, but 
this was only -0.1oC. 
Regarding the temperatures during the filling 
grain period (in the tested periods), it can be 
noticed that from one year to another, the mean 

temperature had increased in May from 16.8 to 
19.4oC and in June from 22.2 to 23. 6oC.  
So, the tested years were different and these 
climate characteristics influenced the winter 
barley development which had conducted to 
obtain conclusive yield and yield quality grain 
data.  
The yield minimum value obtained was 5840 
and 6064 kg/ha under SR1 and respectively 
SR2 (Figure 1). Maximum yield average 
response of the winter barley genotypes at the 
two seed rates was 7791 kg/ha for SR1 and 
8082 kg/ha for SR2. The difference between 
minimum and maximum values of the barley 
yield of the two seeding rates was quantified in 
2242 kg/ha which shows that the winter barley 
varieties and lines different behaviour is due to 
the barley specific genotype agronomic 
performances and their reaction to seed rate and 
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In an experiment performed in India (2015-
2017 period) there was studied the effect of 
sowing time, seed rates and row spacing on 
yield of barley (Singh et al., 2019) and has been 
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response regarding grain yield capacity under a 
reduced seed rate and over different climatic 
conditions (at least three years).  
The concept of this experiment is to see if a 
lower seed rate can conduct to obtain maximum 
grain yield from the tested genotype and which 
of them can be recommended for the low seed 
rate.  
In parallel, it was intended to see how the grain 
weight, the protein and starch content change. 
The seed rate optimization for a growing barley 
genotype in a farm is very important due to the 
cost per kilogram of seed. A low seed quantity 
used for sowing means for a farmer a substan-
tial saving and the potential to be more 
profitable.  
 
MATERIALS AND METHODS 
 
Twenty winter barley genotypes (six-rows) 
developed at National Agricultural Research 
and Development Institute Fundulea (NARDI 
Fundulea) were sown for 3 years consecutively 
in trials, respectively 2017, 2018, and 2019 
under two different seeding rates: classical one 
SR1 = 500 seeds/m2 and lower seeding rate 
SR2 = 350 seeds/m2. The researches were 
performed within Barley Breeding Field 
belonging to NARDI Fundulea, which is 
situated in the South Romania, close to 
Fundulea town (44°33' Northern latitude and 
24°10' Eastern longitude). The twenty winter 
barley genotypes composed by eight varieties 
(Ametist, Cardinal FD, Dana, Lucian, Onix, 
Simbol, Smarald, and Univers) and 12 
advanced lines (F8-2-12, F8-3-01, F8-3-12, F8-
4-12, F8-5-12, F8-5-13, F8-6-12, F8-6-17, F8-
10-12, F8-11-12, F8-19-10, V20) were 
evaluated for their response at a regularly 

nitrogen dose (a nitrogen rate of 46 kg active 
substance/ha, respectively 100 kg of urea/ha 
was applied every year in March), the 
preceding crop being peas.  
A randomised blocks design was used with the 
plots having 6 m of length (8 rows at 12.5 cm 
between rows) in three replications. The seed 
rate was established every year for each variety 
and line based on their grain weight.  
After harvest, the grain yield (GY) was 
determined by weighing the obtained grains 
from each replication, and then it was 
calculated in kg/ha and expressed at 14% 
moisture content. After the seeds cleaning by 
thresher, some quality grain parameters (grain 
weight, protein and starch content) have been 
determined in three replications: grain weight 
(GW) was determined by numbering of 1,000 
grains with Contador (two replications of 500 
seeds) and weighing them on the electronic 
balance with 2 decimals (so, the grain weight is 
expressed as the thousand grain weight - 
TGW); protein (P) and starch content (S) were 
determined by using INFRATEC 1245 on a 
quantity of 300 g grains for each sample in 
three replications (the values were expressed in 
percent).  
Data obtained was analysed with MSTAT 
programme, the results were presented as 
minimum, mean and maximum, and as a 
measure of each studied parameter stability, the 
coefficient of variation (%) was calculated.  
The following scale was used (Ceapoiu, 1968) 
to interpret the values of the coefficient of 
variation (CV), when:  
- CV < 10% - low and very low variability;  
- 10% < CV < 20% - medium variability;  
- 20% < CV < 30% - high variability;  
- CV > 30% - very large variability. 
The objective of the present paper was to test 
and analyse twenty winter barley genotypes 
(varieties and lines) at two seed rates in order to: 
- assess if there is a loss of grain yield for 

varieties and lines and determine the diffe-
rence in their response due to these seed rates;  

- find out how the seed rates influence the 
grain quality of the winter barley varieties 
and lines;  

- recommend for the winter barley varieties 
the optimal seed rates to obtain the highest 
yield in the seed producer sector and also 
farms.  

 
RESULTS AND DISCUSSIONS 
 
Analysis of variance for the studied traits 
showed differences among the genotypes, seed 
rates and growing seasons (years), as follows 
(Table 1):  
- a significant influence of genotype and 

interactions of year x genotype on yield, 
grain weight, protein and starch content;  

- year influenced grain weight, protein and 
starch content while seed rate had effect on 
yield, grain weight and starch content;  

- interaction between year and seed rate 
influenced significant only yield and grain 
weight; interactions between seed rate x 
genotype and year x seed rate x genotype 
were significant only for grain weight. 

 
Table 1. Analysis of variance for main effects of year (climatic conditions), seed rate, genotype and their interactions 

Source of 
variation 

Degree of 
freedom 

Probability 
Yield Grain weight Protein content Starch content 

Year  2 n.s. *** *** *** 
Seed rate            1 *** *** n.s. *** 
Genotype          20 *** *** *** *** 
Y x SR  2 *** *** n.s. n.s. 
Y x G 38 *** *** *** *** 
SR x G 19 n.s. ** n.s. n.s. 
Y x SR x G 38 n.s. ** n.s. n.s. 

CV (%) 10.5% 3.0% 5.8% 0.8% 
Significance: *** = p<0.001, ** = p<0.01 and n.s. = not significant. 

 
Table 2. October - June rainfall (monthly sum) and temperatures (monthly mean) for 2017-2019 period 

2016-2017 year 
Month October November December January February  March April May  June 
Rainfall (mm) 74.4 48.8 0.2 35.4 50.5 47.6 73.4 65.8 96.4 
Temperature (oC) 10.3 5.7 -0.3 -5.5 -0.1 8.5 10.6 16.8 22.2 

2017-2018 year 
Rainfall (mm) 111.6 49.2 27.8 36.0 58.6 40.6 2.4 34.0 120.6 
Temperature (oC) 11.7 6.9 3.6 0.7 1.6 3.3 15.8 19.4 22.6 

2018-2019 year 
Rainfall (mm) 10.8 23.0 43.0 53.8 21.4 22.4 51.4 124.2 74.6 
Temperature (oC) 13.4 5.2 -0.1 1.5 4.1 9.3 11.2 17.2 23.6 

 
In two consecutive years (2016 and 2017) in 
the second decade of October (Table 2) after 
the seedling, rainfall was high (over 74 and 
110 mm respectively), which assured a proper 
establishment of barley plant density (data no 
shown). In the third year (2018), the rainfall 
quantity was low and the barley plants were 
established after two weeks from the sowing 
data with no influence of this. 
During the winter period, the lowest mean 
temperature was registered in the first month of 
the 2017 year (-5.5oC in January) but without 
plant losses, while in 2018 was no negative 
mean temperatures and in 2019 the lowest 
temperatures was registered in December, but 
this was only -0.1oC. 
Regarding the temperatures during the filling 
grain period (in the tested periods), it can be 
noticed that from one year to another, the mean 

temperature had increased in May from 16.8 to 
19.4oC and in June from 22.2 to 23. 6oC.  
So, the tested years were different and these 
climate characteristics influenced the winter 
barley development which had conducted to 
obtain conclusive yield and yield quality grain 
data.  
The yield minimum value obtained was 5840 
and 6064 kg/ha under SR1 and respectively 
SR2 (Figure 1). Maximum yield average 
response of the winter barley genotypes at the 
two seed rates was 7791 kg/ha for SR1 and 
8082 kg/ha for SR2. The difference between 
minimum and maximum values of the barley 
yield of the two seeding rates was quantified in 
2242 kg/ha which shows that the winter barley 
varieties and lines different behaviour is due to 
the barley specific genotype agronomic 
performances and their reaction to seed rate and 
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interaction between year x seed rate and year x 
genotype. 
 

 
Figure 1. Yield average response of winter barley 

genotypes (minimum, mean and maximum values) at 
two seed rates (SR1 = 500 seeds/m2 and SR2 = 350 

seeds/m2) 
 
In the case of average response of the winter 
barley genotypes regarding the grain weight 
(expressed as thousand grain weight - TGW), 
this trait had an impressive increase from a 
minimum of 43.6 g to a maximum of 50.6 g at 
SR1 and from a minimum of 46.6 g to a 
maximum of 53.6 g at SR2 (Figure 2). 
It can be noticed that the grain weight of the 
studied winter barley genotypes had registered 
the same difference (7.0 g) between minimum 
and maximum values at both seed rates, but the 
minimum value registered under SR2 was 
higher than the minimum value under SR1. 
Also, it can be noticed that the difference 
between the minimum values (from 43.6 to 
46.6 g) and respectively the maximum values 
(from 50.6 to 53.6 g) registered at the two seed 
rates (SR1 and SR2) is of 3 g. 
The value of protein content (Figure 3) had 
oscillated between 10.0 and 11.8% under SR1 
and between 10.0 and 11.7% under SR2, which 
shows that the year, genotype and interaction 
between year x genotype had a significant 
influence on this quality seed parameter. Even 
the average values of differences between 
winter barley genotypes response as minimum, 
mean and maximum at the two seed rates are 
not so high (0.0% for minimum and 0.1% for 
maximum) among studied genotypes it is clear 
that appears a different assimilate translocation 
mechanism related to the climatic condition 
from the grain filling months (from May after 
anthesis till grain filling at the end of June).  
 

 
Figure 2. Grain weight (expressed as thousand grain 
weight - TGW) average response of winter barley 

genotypes (minimum, mean and maximum values) at 
two seed rates (SR1 = 500 seeds/m2 and SR2 = 350 

seeds/m2)  
 

 
Figure 3. Protein content average response of winter 

barley genotypes (minimum, mean and maximum 
values) at two seed rates (SR1 = 500 seeds/m2 and SR2 = 

350 seeds/m2) 
 
Regarding the starch content (Figure 4), in 
average the response was almost similar for the 
minimum values, which were over 60% for 
both seed rates (61% at SR1 and 61.1% at SR2) 
as well as for the maximum values, which were 
about 63% for both seed rates (62.9% at SR1 
and 63.1% at SR2). 
The years during which the experiments were 
performed were characterized by especially 
climatic conditions being very favorable to 
achieve an equilibrium between protein and 
starch seed content.  
Grain yield stability was well done illustrated 
by the coefficient of variation values (CV), this 
varied between 1.1-14.8% under SR1 
(500 g.s/m2) and from 2.0 to 14.6% under SR2 
(350 g.s/m2), according to Ceapoiu 
classification, 1968, which means a low and 
medium variation of this parameter under both 
seed rates (Figure 5). 

 

 
Figure 4. Starch content average response of winter 
barley genotypes (minimum, mean and maximum 

values) at two seed rates (SR1 = 500 seeds/m2 and SR2 = 
350 seeds/m2) 

 
The grain yield coefficient of variation for 
some of winter six row barley varieties and few 
advanced lines is different under the SR2. The 
winter barley varieties Dana, Univers, Lucian 
and advanced lines F 8-19-10, F 8-3-12, F 8-6-
17 and V20 comparing with their CV under 
SR1, had registered a decreased CV (%) which 
showed a better yield stability under reduced 
sowing density (SR2). The smallest CV 
differences between SR1 and SR2 were 
recorded by winter barley varieties Ametist and 
Onix and advanced winter barley lines F 8-6-12 
and F 8-5-13 (between 0.3 and 1.8%). 
 

 
Figure 5. Grain yield coefficient of variation (CV) under 

SR1 and SR2, as mean of 3 years 
 
Concerning grain yield coefficient of variation 
(Figure 5), older variety Univers and one 
advanced barley line F 8-6-12 registered higher 
values for both experimented conditions 
(Univers variety from 12.5 to 14.4% and F 8-6-
12 from 10.6 to 10.9%). Most of varieties and 
lines had a small coefficient of variation under 
SR1 and SR2 (<10%). Two winter barley lines 
(F8-10-12 and F8-5-12) showed a better yield 
stability under SR1 (500 g.s/m2) with a lower 
CV% (4.7% and respective 4.9%) while for 

SR2 (350 g.s/m2) CV% was over 14.6%         
(F 8-10-12) and 10.1% (F 8-5-12) showing the 
yield instability for these 3 years. 
Out of all winter barley varieties, Ametist had 
the smallest CV under both seed rates (Figure 
5) while one of the oldest studied winter barley 
variety, Univers (registered in 2004) had a 
medium CV (over 12% under both conditions). 
Grain weight coefficient of variation value 
(CV), was under 10% for all the tested winter 
barley genotypes (according to Ceapoiu 
classification, 1968), this means a low variation 
of this parameter (Figure 6) under both seed 
rates. 
 

 
Figure 6. Grain weight coefficient of variation (CV) 

under SR1 and SR2, as mean of 3 years 
 
This qualitative index (grain weight) is the only 
one which is influenced by the all source of 
variations (year, genotype, seed rate and their 
interactions).  
The winter barley varieties Cardinal FD, 
Simbol, Lucian and advanced winter barley 
lines F 8-3-12, F 8-5-12, F 8-10-12, F 8-3-01 
have maintained their CV under 2% under both 
seed rates revealing a good stability for grain 
weight for 3 years consecutively.  
Also, protein content coefficient of variation 
was low (<10%), but the genotypes had reacted 
different at the tested seed rates (Figure 7). The 
variation of the grain protein content among the 
winter barley studied genotypes was narrow 
(from 10.0 to 11.8%) so only five genotypes 
had a higher CV than 5% (Ametist, F 8-5-12, 
V20, F 8-5-13, F 8-11-12). The lowest CV had 
Dana and Cardinal FD varieties (between 1 and 
2%), the tendency being towards an increase of 
the protein content coefficient of variation 
under SR2. The low value of this increase 
showed that this trait is a prerogative of barley 
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interaction between year x seed rate and year x 
genotype. 
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Figure 4. Starch content average response of winter 
barley genotypes (minimum, mean and maximum 
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advanced lines is different under the SR2. The 
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showed a better yield stability under reduced 
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differences between SR1 and SR2 were 
recorded by winter barley varieties Ametist and 
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Figure 5. Grain yield coefficient of variation (CV) under 

SR1 and SR2, as mean of 3 years 
 
Concerning grain yield coefficient of variation 
(Figure 5), older variety Univers and one 
advanced barley line F 8-6-12 registered higher 
values for both experimented conditions 
(Univers variety from 12.5 to 14.4% and F 8-6-
12 from 10.6 to 10.9%). Most of varieties and 
lines had a small coefficient of variation under 
SR1 and SR2 (<10%). Two winter barley lines 
(F8-10-12 and F8-5-12) showed a better yield 
stability under SR1 (500 g.s/m2) with a lower 
CV% (4.7% and respective 4.9%) while for 

SR2 (350 g.s/m2) CV% was over 14.6%         
(F 8-10-12) and 10.1% (F 8-5-12) showing the 
yield instability for these 3 years. 
Out of all winter barley varieties, Ametist had 
the smallest CV under both seed rates (Figure 
5) while one of the oldest studied winter barley 
variety, Univers (registered in 2004) had a 
medium CV (over 12% under both conditions). 
Grain weight coefficient of variation value 
(CV), was under 10% for all the tested winter 
barley genotypes (according to Ceapoiu 
classification, 1968), this means a low variation 
of this parameter (Figure 6) under both seed 
rates. 
 

 
Figure 6. Grain weight coefficient of variation (CV) 

under SR1 and SR2, as mean of 3 years 
 
This qualitative index (grain weight) is the only 
one which is influenced by the all source of 
variations (year, genotype, seed rate and their 
interactions).  
The winter barley varieties Cardinal FD, 
Simbol, Lucian and advanced winter barley 
lines F 8-3-12, F 8-5-12, F 8-10-12, F 8-3-01 
have maintained their CV under 2% under both 
seed rates revealing a good stability for grain 
weight for 3 years consecutively.  
Also, protein content coefficient of variation 
was low (<10%), but the genotypes had reacted 
different at the tested seed rates (Figure 7). The 
variation of the grain protein content among the 
winter barley studied genotypes was narrow 
(from 10.0 to 11.8%) so only five genotypes 
had a higher CV than 5% (Ametist, F 8-5-12, 
V20, F 8-5-13, F 8-11-12). The lowest CV had 
Dana and Cardinal FD varieties (between 1 and 
2%), the tendency being towards an increase of 
the protein content coefficient of variation 
under SR2. The low value of this increase 
showed that this trait is a prerogative of barley 



224

 
genotype under a low seed rate because it does 
not influence the protein content.  
 

 
Figure 7. Protein content coefficient of variation (CV%) 

under SR1 and SR2, as mean of 3 years 
 

Ametist variety CV regarding the protein 
content was almost equal under both seed rates 
(Figure 7), which means a similar protein 
content no matter seed rates, respectively it 
clearly showed that this variety cannot be 
influenced by the second seed rate (SR2) 
technological sequence.  
Among the studied parameters, the starch content 
coefficient of variation was the lowest, this 
oscillating between 0 and 0.8% under SR2 and 
between 0 and 1.6% under the SR1 (Figure 8).  
All the tested genotype had a lower CV of the 
starch content, but in the case of this quality 
seed parameter, the stability was better under 
SR2 than under SR1, opposite to the trends of 
all the others studied parameters.  
 

 
Figure 8. Starch content coefficient of variation (CV) 

under SR1 and SR2, as mean of 3 years 
 
The sowing rate SR2 improved significant the 
grain yield, grain weight, protein and starch 
content (Table 3). 

The average yield effect of the SR2 compared 
to SR1 varied between 145 kg/ha (F 8-2-12 
line) and 1328 kg/ha for advanced line F 8-10-
12. The higher grain yield increase at SR2 was 
registered also by the Simbol and Cardinal FD 
variety with 1169 kg/ha and 1316 kg/ha 
respectively. 
All the winter barley varieties, respectively 
Dana, Cardinal FD, Univers, Ametist, Smarald, 
Simbol, Lucian and Onix, at SR2 achieved a 
grain yield over the classical seed rate (500 
seeds/m2), the difference being between 371 
and 1316 kg/ha. Also, the seed quality 
parameters were slight improved at SR2 but in 
a characteristic manner of each genotype. Thus, 
the grain weight increased at SR2 with 1.3-6.1 
g and the protein and starch content varied 
from -0.6 to +0.3% and from -0.1 to +0.6% 
respectively. In none of the analyzed cases, the 
values of seed quality parameters do not 
decrease under the raw industry requests (9.5-
11.5% for protein content and over the 60% for 
starch content). 
 

Table 3. Sowing rate (SR2) effect to the grain yield 
(+kg), grain weight (+g), protein and starch content 

(plus/minus %), as mean of 3 years 

Variety/line 
GY 
(kg) 

GW 
(g) 

P 
(%) 

S 
(%) 

Dana +934 +1.3 +0.2 -0.1 

Cardinal FD +1316 +3.6 +0.2 +0.3 
Univers +374 +2.9 -0.3 +0.4 

Ametist +717 +3.3 -0.6 +0.2 

Smarald +622 +6.1 -0.1 +0.3 

Simbol +1169 +3.4 +0.2 +0.3 

F8-19-10 +429 +4.2 -0.1 +0.6 

Lucian +371 +3.3 +0.3 +0.4 

Onix +922 +3.5 -0.2 +0.3 
F8-2-12 +145 +3.6 -0.1 +0.1 

F8-3-01 +490 +3.0 -0.6 +0.6 
F8-3-12 +245 +3.5 -0.2 +0.2 

F8-4-12 +338 +4.1 -0.1 +0.2 

F8-5-12 +713 +4.3 -0.5 +0.2 

F8-6-12 +587 +2.5 -0.4 -0.1 
F8-10-12 +1328 +3.7 +0.1 +0.3 

F8-11-12 +224 +2.7 +0.2 -0.1 

F8-5-13 +512 +2.8 +0.1 +0.4 

F8-6-17 +284 +2.8 +0.1 +0.0 

V 20 +291 +4.1 -0.1 +0.5 
min 145 1.3 -0.6 -0.1 

mean 601 3.4 -0.1 0.3 
max 1328 6.1 0.3 0.6 

 

 
Correlation coefficients among the winter 
barley analyzed parameters (Table 4) indicated 
that under the SR1 there was no correlations 
between grain yield and other parameters. 
Grain weight was positively correlated (r = 
0.66***) with protein content and negatively 
correlated (r = -0.67ooo) with starch content 
under SR1. 
Under the SR2 (Table 5), grain yield was 
significantly negatively associated with protein 
content (r = -0.57ooo) and positively correlated 
with starch content (r = 0.46**). In the case of 
SR2, the grain weight was negatively correlated 
with starch content (r = -0.48oo).  
Under both seed rates (Tables 4 and 5), protein 
content was strongly negatively correlated (r = 
-0.78ooo and r = -0.84ooo respectively) with 
starch content.  
 
Table 4. Correlations between the winter barley analyzed 

parameters (grain yield - GY, grain weight - GW,  
protein - P and starch - S content) under SR1 

Parameter GY  GW  P  S  

GY  1 -0.12 -0.39 0.06 
GW   1 0.66*** -0.67OOO 

P    1 0.78OOO 
S     1 

 
Table 5. Correlations between the winter barley analyzed 

parameters (grain yield - GY, grain weight - GW,  
protein - P and starch - S content) under SR2 

Parameter GY  GW  P  S  

GY  1 -0.03 -0.57OOO 0.46** 
GW   1 0.32 -0.48OO 

P    1 -0.84OOO 
S      1 

 
CONCLUSIONS 
 
There were registered large variations among 
the winter barley varieties and advanced lines 
regarding the agronomic performances related 
to the grain yield. Barley grain yield positively 
responded and had increased when seed rate 
decreased from 500 seeds/m² to 350 seeds/m², 
this being associated with a slight increase of 
grain quality parameters. 
This study revealed that using a winter barley 
low seed rate which fits for every variety is 

necessary to enhance not only grain yield but 
also the grain quality which leads to specific 
recommendation for each barley variety. 
Therefore, farmers from the south-east of 
Romania producing winter barley should use a 
low sowing rate for all Romanian varieties for 
having an enhanced productivity. However, in 
order to use the seed rate of 350 seeds/m² as a 
standard sowing density, the main condition is 
to have a seedbed well prepared and enough 
moisture in the soil as to obtain a fast 
emergence of the barley plants. 
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genotype under a low seed rate because it does 
not influence the protein content.  
 

 
Figure 7. Protein content coefficient of variation (CV%) 

under SR1 and SR2, as mean of 3 years 
 

Ametist variety CV regarding the protein 
content was almost equal under both seed rates 
(Figure 7), which means a similar protein 
content no matter seed rates, respectively it 
clearly showed that this variety cannot be 
influenced by the second seed rate (SR2) 
technological sequence.  
Among the studied parameters, the starch content 
coefficient of variation was the lowest, this 
oscillating between 0 and 0.8% under SR2 and 
between 0 and 1.6% under the SR1 (Figure 8).  
All the tested genotype had a lower CV of the 
starch content, but in the case of this quality 
seed parameter, the stability was better under 
SR2 than under SR1, opposite to the trends of 
all the others studied parameters.  
 

 
Figure 8. Starch content coefficient of variation (CV) 

under SR1 and SR2, as mean of 3 years 
 
The sowing rate SR2 improved significant the 
grain yield, grain weight, protein and starch 
content (Table 3). 

The average yield effect of the SR2 compared 
to SR1 varied between 145 kg/ha (F 8-2-12 
line) and 1328 kg/ha for advanced line F 8-10-
12. The higher grain yield increase at SR2 was 
registered also by the Simbol and Cardinal FD 
variety with 1169 kg/ha and 1316 kg/ha 
respectively. 
All the winter barley varieties, respectively 
Dana, Cardinal FD, Univers, Ametist, Smarald, 
Simbol, Lucian and Onix, at SR2 achieved a 
grain yield over the classical seed rate (500 
seeds/m2), the difference being between 371 
and 1316 kg/ha. Also, the seed quality 
parameters were slight improved at SR2 but in 
a characteristic manner of each genotype. Thus, 
the grain weight increased at SR2 with 1.3-6.1 
g and the protein and starch content varied 
from -0.6 to +0.3% and from -0.1 to +0.6% 
respectively. In none of the analyzed cases, the 
values of seed quality parameters do not 
decrease under the raw industry requests (9.5-
11.5% for protein content and over the 60% for 
starch content). 
 

Table 3. Sowing rate (SR2) effect to the grain yield 
(+kg), grain weight (+g), protein and starch content 

(plus/minus %), as mean of 3 years 

Variety/line 
GY 
(kg) 

GW 
(g) 

P 
(%) 

S 
(%) 

Dana +934 +1.3 +0.2 -0.1 

Cardinal FD +1316 +3.6 +0.2 +0.3 
Univers +374 +2.9 -0.3 +0.4 

Ametist +717 +3.3 -0.6 +0.2 

Smarald +622 +6.1 -0.1 +0.3 

Simbol +1169 +3.4 +0.2 +0.3 

F8-19-10 +429 +4.2 -0.1 +0.6 

Lucian +371 +3.3 +0.3 +0.4 

Onix +922 +3.5 -0.2 +0.3 
F8-2-12 +145 +3.6 -0.1 +0.1 

F8-3-01 +490 +3.0 -0.6 +0.6 
F8-3-12 +245 +3.5 -0.2 +0.2 

F8-4-12 +338 +4.1 -0.1 +0.2 

F8-5-12 +713 +4.3 -0.5 +0.2 

F8-6-12 +587 +2.5 -0.4 -0.1 
F8-10-12 +1328 +3.7 +0.1 +0.3 

F8-11-12 +224 +2.7 +0.2 -0.1 

F8-5-13 +512 +2.8 +0.1 +0.4 

F8-6-17 +284 +2.8 +0.1 +0.0 

V 20 +291 +4.1 -0.1 +0.5 
min 145 1.3 -0.6 -0.1 

mean 601 3.4 -0.1 0.3 
max 1328 6.1 0.3 0.6 

 

 
Correlation coefficients among the winter 
barley analyzed parameters (Table 4) indicated 
that under the SR1 there was no correlations 
between grain yield and other parameters. 
Grain weight was positively correlated (r = 
0.66***) with protein content and negatively 
correlated (r = -0.67ooo) with starch content 
under SR1. 
Under the SR2 (Table 5), grain yield was 
significantly negatively associated with protein 
content (r = -0.57ooo) and positively correlated 
with starch content (r = 0.46**). In the case of 
SR2, the grain weight was negatively correlated 
with starch content (r = -0.48oo).  
Under both seed rates (Tables 4 and 5), protein 
content was strongly negatively correlated (r = 
-0.78ooo and r = -0.84ooo respectively) with 
starch content.  
 
Table 4. Correlations between the winter barley analyzed 

parameters (grain yield - GY, grain weight - GW,  
protein - P and starch - S content) under SR1 

Parameter GY  GW  P  S  

GY  1 -0.12 -0.39 0.06 
GW   1 0.66*** -0.67OOO 

P    1 0.78OOO 
S     1 

 
Table 5. Correlations between the winter barley analyzed 

parameters (grain yield - GY, grain weight - GW,  
protein - P and starch - S content) under SR2 

Parameter GY  GW  P  S  

GY  1 -0.03 -0.57OOO 0.46** 
GW   1 0.32 -0.48OO 

P    1 -0.84OOO 
S      1 

 
CONCLUSIONS 
 
There were registered large variations among 
the winter barley varieties and advanced lines 
regarding the agronomic performances related 
to the grain yield. Barley grain yield positively 
responded and had increased when seed rate 
decreased from 500 seeds/m² to 350 seeds/m², 
this being associated with a slight increase of 
grain quality parameters. 
This study revealed that using a winter barley 
low seed rate which fits for every variety is 

necessary to enhance not only grain yield but 
also the grain quality which leads to specific 
recommendation for each barley variety. 
Therefore, farmers from the south-east of 
Romania producing winter barley should use a 
low sowing rate for all Romanian varieties for 
having an enhanced productivity. However, in 
order to use the seed rate of 350 seeds/m² as a 
standard sowing density, the main condition is 
to have a seedbed well prepared and enough 
moisture in the soil as to obtain a fast 
emergence of the barley plants. 
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Abstract 
 
In the past decades, veterinary medicine has endorsed more alternative medicine practices, among which ozone 
therapy. Ozone therapy is a therapeutic method associated with integrative medicine by which ozone is administered to 
an organism in order to treat or ameliorate certain pathologies, however, controversy exists due to the lack of sufficient 
scientific proof of efficacy. This review aims to gather and summarize the current knowledge about the potential uses of 
ozone in veterinary medicine. A search in several biomedical databases such as PubMed, Science Direct, Research 
Gate, Google Scholar, Scopus but also in the archives of dedicated ozone journals, was performed using specific 
keywords. The results of the literature retrieval (117 papers) were grouped by pathology, affected system, or species in 
which ozone therapy can be applied or has been studied. Although the number of potential uses for ozone therapy 
quoted is large, there aren’t enough studies to demonstrate the efficacy of each use. Most articles have positive yet 
uncertain conclusions, confirming the therapeutic effect of ozone but recommending further studies. The literature 
mentions clinical improvement after the use of ozone and suggests ozone therapy as an alternative approach to specific 
pathologies, or as an adjuvant to therapeutic protocols. Almost half of the work published is experimental, on animal 
models, and among the clinical studies, just a small percentage is related to small animal medicine. The therapeutic 
array of ozone therapy is yet to be defined. 
 
Key words: animal, autohemotherapy, ozone insufflation, oxygen-ozone, ozone therapy, veterinary. 
 
INTRODUCTION 
 
Ozone therapy has received more attention 
from veterinary professionals in the past two 
decades, and even more in the past couple of 
years. However, the use of ozone in medical 
practices is documented for more than 100 
years (Rubin, 2001). This molecule was 
discovered in 1840 by a German chemist who 
named it after the Greek word “ozein” which 
translates as smell, odour, due to it’s 
unpleasant, evident smell (Rubin, 2001; 2002). 
Ozone is a molecule consisting of three atoms 
of oxygen, that share the same electrons, this 
particularity making it unstable. It has a half-
life of 40 minutes at 20ºC, of 140 minutes at 
0ºC, and 3 months at -50ºC. The fact that at 
room temperature it has a very short life is the 
most considerable disadvantage, as it can’t be 
stored. Ozone, compared to oxygen, is ten 
times more soluble in water. In nature, ozone is 
produced after a substantial electric discharge 
such as lightening through the atmospheric 
oxygen or by a UV solar emission that catalysis 
ozone production. In the stratosphere, in the 

ozone layer, placed at approximately 22 km 
from the earth’s surface, at a concentration of 
10 ppm (parts per million volume), the quantity 
of ozone seems to remain somewhat constant 
due to an equilibrium between formation and 
dissociation of this molecule. This layer 
absorbs the UV rays with mitogenic properties. 
Human activity and the subsequent pollution of 
air by the emission of certain substances led to 
an increased ozone concentration. Ozone, 
combined with other elements, forms the 
photochemical smog that has toxic effects on 
human and animal health. Studies made to 
determine the influence of these substances on 
different tissues such as skin, respiratory 
mucosa, eyes, lungs, led to the general opinion 
that ozone is a toxic gas (Valacchi et al., 2005). 
Recently the focus has shifted to research on 
the therapeutic effects of this gas, the 
concentration, doses, and route of 
administration to make it useful rather than 
toxic. Given the fact that for an extended 
period, ozone was considered to be toxic, its 
“migration” into the medical field is not 

entirely accepted by the medical community 
(Bocci, 2002; 2004; 2011).  
The ozone concentration has been reported in 
µg/ml, mg/L, and ppm, which produces 
confusion. The conversion rate is the 
following: 467ppm=1.0 µg/ml or 1 mg/L or 1 
g/m3; 1000 ppm=2.1 µg/ml or 2.1 mg/L or 2.1 
g/m3. 
The first use of ozone was as a disinfectant, for 
water as well as surfaces; leading to its current 
use in sterilizing operating theatres. The FDA 
approved the use of ozone as an antimicrobial 
agent related to the food industry. Water plants 
all over the world confirm the efficacy of ozone 
as a disinfectant as well as its effect on 
improving the organoleptic features of water 
(Langlais et al., 1991; Rodriguez et al., 2008; 
Martinelli et al., 2019). 
Medical ozone is produced by an ozone 
generator that uses pure oxygen (100%) that is 
exposed to an electric arc. Similar to what 
happens in nature with the electrical discharge, 
the two molecules of oxygen are split, and part 
of them bound in pairs of three as ozone 
molecules. The ozone generator has to be made 
out of ozone resistant materials and to be able 
to measure the concentration of ozone 
produced.  
The resulting gas is an oxygen-ozone mixture, 
in which the concentration of ozone is 3-5% of 
the mix defined as medical ozone. Seeing as 
ozone is an unstable molecule with a short 
therapeutic window, it is necessary to prepare it 
before each use. The ozone generator can 
produce ozone with a concentration that ranges 
between 1 and 80 µg/ml. The total dose of 
ozone delivered is obtained by multiplying the 
volume in ml with the preselected 
concentration. 
This systematic review aims to gather and 
update relevant knowledge related to the use of 
ozone therapy in veterinary medicine. The 
paper intends to underline the worldwide 
interest for this therapy and the major need for 
further research to completely understand 
itsextent.  
The data is presented in a systematic matter, 
the lack of similar data making it impossible to 
use a statistical approach as needed to perform 
a meta-analysis. 
 
 

MATERIALS AND METHODS 
 
The PRISMA Checklist 2009 was used to 
perform this systematic review. A search in 
several medical databases such as PubMed, 
Science Direct, Research Gate, Scopus, Google 
Scholar, as well as the archives of the ozone 
journals, was performed using the following 
key words: ozone therapy, veterinary, 
autohemotherapy, animal, ozone insufflation, 
oxygen-ozone. 
The exclusion criteria selected were the 
publishing year and the field of application. 
The articles taken into consideration were 
published between January 2000 and March 
2020.  
Although the number of papers on ozone 
therapy is considerably larger in human 
medicine, to accomplish the aim of this review 
we only included those referring to studies, 
case reports, or reviews associated with 
veterinary medicine, performed on animals or 
in vitro. All articles found on this topic were 
included regardless of the impact of the 
journals, the type of the paper, or the methods 
used for the studies.  
After the initial search performed by two 
different operators, 3554 results were obtained 
to which we added 20 other papers from other 
sources such as archives of Italian and Spanish 
ozone journals.  
After a thorough screening, the duplicates and 
all articles not related to veterinary medicine 
were removed. At the end of the eligibility 
assessment, a total of 117 papers were taken 
into consideration for this systematic review 
and subsequently grouped into several major 
categories. 
 
RESULTS 
 
To facilitate understanding, the major routes of 
medical ozone administration are presented 
(Table 1), without details about the action 
mechanism, focusing on the clinical aspect of 
this therapy (Kozat and Okman, 2019; 
Schwartz-Tapia et al., 2015; Baeza et al., 2015; 
Khan et al., 2017; Re, 2018, Sciorci et al., 
2020; Repciuc, 2016).  
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following: 467ppm=1.0 µg/ml or 1 mg/L or 1 
g/m3; 1000 ppm=2.1 µg/ml or 2.1 mg/L or 2.1 
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The first use of ozone was as a disinfectant, for 
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improving the organoleptic features of water 
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the two molecules of oxygen are split, and part 
of them bound in pairs of three as ozone 
molecules. The ozone generator has to be made 
out of ozone resistant materials and to be able 
to measure the concentration of ozone 
produced.  
The resulting gas is an oxygen-ozone mixture, 
in which the concentration of ozone is 3-5% of 
the mix defined as medical ozone. Seeing as 
ozone is an unstable molecule with a short 
therapeutic window, it is necessary to prepare it 
before each use. The ozone generator can 
produce ozone with a concentration that ranges 
between 1 and 80 µg/ml. The total dose of 
ozone delivered is obtained by multiplying the 
volume in ml with the preselected 
concentration. 
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paper intends to underline the worldwide 
interest for this therapy and the major need for 
further research to completely understand 
itsextent.  
The data is presented in a systematic matter, 
the lack of similar data making it impossible to 
use a statistical approach as needed to perform 
a meta-analysis. 
 
 

MATERIALS AND METHODS 
 
The PRISMA Checklist 2009 was used to 
perform this systematic review. A search in 
several medical databases such as PubMed, 
Science Direct, Research Gate, Scopus, Google 
Scholar, as well as the archives of the ozone 
journals, was performed using the following 
key words: ozone therapy, veterinary, 
autohemotherapy, animal, ozone insufflation, 
oxygen-ozone. 
The exclusion criteria selected were the 
publishing year and the field of application. 
The articles taken into consideration were 
published between January 2000 and March 
2020.  
Although the number of papers on ozone 
therapy is considerably larger in human 
medicine, to accomplish the aim of this review 
we only included those referring to studies, 
case reports, or reviews associated with 
veterinary medicine, performed on animals or 
in vitro. All articles found on this topic were 
included regardless of the impact of the 
journals, the type of the paper, or the methods 
used for the studies.  
After the initial search performed by two 
different operators, 3554 results were obtained 
to which we added 20 other papers from other 
sources such as archives of Italian and Spanish 
ozone journals.  
After a thorough screening, the duplicates and 
all articles not related to veterinary medicine 
were removed. At the end of the eligibility 
assessment, a total of 117 papers were taken 
into consideration for this systematic review 
and subsequently grouped into several major 
categories. 
 
RESULTS 
 
To facilitate understanding, the major routes of 
medical ozone administration are presented 
(Table 1), without details about the action 
mechanism, focusing on the clinical aspect of 
this therapy (Kozat and Okman, 2019; 
Schwartz-Tapia et al., 2015; Baeza et al., 2015; 
Khan et al., 2017; Re, 2018, Sciorci et al., 
2020; Repciuc, 2016).  
 



228

 
Major autohemotherapy (MAHT) 
Autohemotherapy is the most common form of 
ozone administration both in human and 
veterinary medicine and is considered to have a 
systemic effect, through immunomodulation 
and its anti-inflammatory and analgesic effects. 
It enhances oxygen delivery and consumption. 
The principle of this technique is to ozonize the 
patient's blood extracorporeally and reintroduce 
it into the vascular bed. A certain amount of 
blood is collected from one of the peripheral 
veins, exposed to ozone at a preset 
concentration, and transfused back to the 
patient. All equipment used has to be ozone 
resistant, sterile, and respect all criteria 
required for intravenous administration. 
This method has been perfected over time and 
multiple ways of drawing and transfusing blood 
have been proposed. Nowadays, ozone 
generators are equipped with vacuum systems 
that help draw the blood through extension 
lines into a recipient with anticoagulant, where 
it is ozonated before transfusion, thus forming a 
closed system which is controlled by the 
machine, with little human interaction with the 
blood. 
 

Minor autohemotherapy (mHAT) 
mHAT is a technique used for unspecific 
immunomodulation by intramuscular 
administration of ozonized blood. More than 50 
years ago, blood or sterile milk was injected 
into the body based on the same principle, with 
a similar desired response. Peripheral blood is 
drawn into a syringe, to which is added an 
equal volume of ozone of the same 
concentration used in autohemotherapy. The 
syringe is vigorously agitated to break the 
erythrocytes and obtain a homogenous mixture 
of blood-ozone. This product is then 

administered as an intramuscular injection in 
the hind leg. 
 
Rectal/vaginal insufflation 
The oxygen-ozone mix is administered through 
a rectal catheter at a lower concentration, but a 
greater volume is delivered. Some ozone 
generators have an insufflation function while 
others can only produce the ozone, that can be 
collected into a syringe and then administered 
locally. 
 

Ozone infiltration 
This method refers to the administration of 
gaseous ozone directly into different tissues, 
for its anti-inflammatory and analgesic effect. 
The ozone can be administered subcutaneously, 
intramuscularly, intraarticularly, peri-
articularly, or even in or around a lesion or 
tumour. 
 

Ozone bagging 
This method is used for the topical 
administration of ozone. It was conceived for 
use in extremities that can easily be introduced 
into an ozone resistant bag and then exposed to 
ozone at a high concentration. The main 
indications are chronic unhealing wounds and 
dermatology.  
The ozone can be used to produce ozonated 
saline or oil that can be applied topically, used 
to lavage different cavities or wounds (urinary 
bladder, ear, uterus, peritoneal cavity, fistulas).  
The medical uses of ozone, which have 
considerably expanded, are increasingly being 
recommended as a possible approach to 
different pathologies. 
The search results were grouped into several 
categories, as follows: wound management, 
buiatrics, musculoskeletal disorders, oncology, 
dentistry, ozone sterilization and antibacterial 
effect, equine pathology, urinary pathologies, 
ozone toxicosis, and miscellaneous studies. 

 
Wound management 
This is an immense and continuously evolving 
topic. Many commercial and "homemade 
recipes" were studied and documented over 
time (Mocanu et al., 2015; Bodea et al., 2017). 
In the past couple of decades, ozone was 
introduced as a potential therapy for wound 
healing. A large number of articles approach 
the use of ozone for chronic wound healing in 
human subjects. In veterinary medicine, just a 

Table 1. Ozone administration routes 
Parenteral Topical/locoregional 

Intravenous (major 
autohemotherapy) Oral 

Intramuscular (minor 
autohemotherapy/ 

infiltration) 
Auricular 

Subcutaneous Vaginal 
Intraperitoneal/ 

intrapleural Urethral/intra bladder 

Intra/periarticular Rectal 
Intradiscal Cutaneous 

Intralesional Dental 

few studies have been published on this topic, 
although it seems that it is used on a much 
larger scale but without being documented 
(Roman, 2013). 
In wound management, ozone is mainly 
applied topically as a gas during the bagging 
technique or through perilesional infiltration, as 
ozonated saline lavage (ozone hydrotherapy) or 
as ozonated oils and creams that act as healing 
enhancement agents (Al-Saadi et al., 2015; 
Travagli et al., 2010; Yildirim, 2018). Ozone 
plays a role in different phases of wound 
healing. It first helps eliminate contamination, 
then releases oxygen, which activates 
fibroblastic proliferation that leads to the 
formation of healthy granulation tissue and 
subsequent epithelisation (Krkl et al., 2016; 
Orsini, 2007; Zeng and Lu, 2018). 
Another study was performed on guinea pigs to 
determine the effect of topical application of 
ozonated oil on wound healing. were used to 
determine the difference between the groups. 
Superior values were obtained 
(immunohistochemical analysis and collagen 
fibres and fibroblasts count) for the ozonated 
oil group showing that this product can 
accelerate cutaneous wound healing (Kim et 
al., 2009). 
A similar study performed on SKH1 mice 
showed the efficacy of ozonated sesame oil as a 
healing enhancer when applied at three 
different concentrations. The level of peroxide 
in the ozonated oil was analysed in correlation 
with the healing rate (Valacchi et al., 2010; 
2013).  
A paper referring to induced gingival wounds 
in pigs concluded that ozone may be effective 
in the early stages of wound healing, although 
there was no statistical difference between the 
tested and the control group (Eroglu et al., 
2018). 
Ozone was used both systemically as major 
autohemotherapy and locally in dogs, but the 
proof of its efficiency was evaluated only based 
on clinical improvement (a qualitative 
granulation tissue with fast epithelization and 
normalization of haematological values) 
(Gayon-Amaro & Flores-Colin, 2019b; 
Kosachenco et al., 2018). 
A case report revealed the protocol used in a 
horse with lesions from cutaneous 
habronemiasis treated locally with ozonized 

water and ozonized oil, fully healed in two 
months (Berbert et al., 2010). 
Although there are recommendations for ozone 
use in dermatological diseases, our search 
revealed a single experimental study on 30 
dogs with generalized dermatopathies such as 
traumatic dermatitis or intertrigo, in which 
ozone was applied locally as gas. They 
obtained remission, on average, after day 21 
(Jordan et al., 2019). In vitro, Ouf (2016) 
demonstrated the anti-fungal potential of ozone 
against dermatophytes. 
Another interesting study analyzed the toxic 
(not therapeutic) effect of ozone on wound 
healing in correlation with age. Lim et al. 
(2006), confirmed their hypothesis that oxidant 
pollutants delay wound healing in adult 
subjects, that were exposed for more extended 
periods. 
Three studies published in consecutive years, 
review the oxidative, antioxidant, or toxic 
effect of ozone after controlled exposure of rat 
skin to this gas (Valacchi et al., 2002; 2003; 
2004). 

 

Buiatrics 
Veterinarians working with cattle showed a 
great interest in ozone therapy by studying its 
potential uses to overcome the deficits of 
conventional protocols. In this area of 
veterinary medicine, ozone is used mainly as an 
alternative to antibiotics in the treatment of 
metritis, fetal membranes retention, mastitis, or 
as an adjuvant in improving reproductive 
efficacy in dairy cows. 
A group of researchers from Croatia published 
several articles related to this subject and a 
review of the use of ozone in buiatrics (Duricic 
et al., 2015). One of the studies was performed 
on 404 Holstein cows, divided into three 
groups to assess reproductive performance after 
administering ozone pearls and ozone foam. 
The results showed an improvement when the 
products were administered in the early 
puerperal period (Djuricic et al., 2011). A 
similar study on cows with retained fetal 
membranes demonstrated that using 
intrauterine ozone improves reproductive 
performance (Djuricic et al., 2012). Sheep also 
demonstrated better outcomes when treated 
with ozone as compared to antibiotics when 
fetal membranes were retained after normal 
delivery (Djuricic et al., 2016). 
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Major autohemotherapy (MAHT) 
Autohemotherapy is the most common form of 
ozone administration both in human and 
veterinary medicine and is considered to have a 
systemic effect, through immunomodulation 
and its anti-inflammatory and analgesic effects. 
It enhances oxygen delivery and consumption. 
The principle of this technique is to ozonize the 
patient's blood extracorporeally and reintroduce 
it into the vascular bed. A certain amount of 
blood is collected from one of the peripheral 
veins, exposed to ozone at a preset 
concentration, and transfused back to the 
patient. All equipment used has to be ozone 
resistant, sterile, and respect all criteria 
required for intravenous administration. 
This method has been perfected over time and 
multiple ways of drawing and transfusing blood 
have been proposed. Nowadays, ozone 
generators are equipped with vacuum systems 
that help draw the blood through extension 
lines into a recipient with anticoagulant, where 
it is ozonated before transfusion, thus forming a 
closed system which is controlled by the 
machine, with little human interaction with the 
blood. 
 

Minor autohemotherapy (mHAT) 
mHAT is a technique used for unspecific 
immunomodulation by intramuscular 
administration of ozonized blood. More than 50 
years ago, blood or sterile milk was injected 
into the body based on the same principle, with 
a similar desired response. Peripheral blood is 
drawn into a syringe, to which is added an 
equal volume of ozone of the same 
concentration used in autohemotherapy. The 
syringe is vigorously agitated to break the 
erythrocytes and obtain a homogenous mixture 
of blood-ozone. This product is then 

administered as an intramuscular injection in 
the hind leg. 
 
Rectal/vaginal insufflation 
The oxygen-ozone mix is administered through 
a rectal catheter at a lower concentration, but a 
greater volume is delivered. Some ozone 
generators have an insufflation function while 
others can only produce the ozone, that can be 
collected into a syringe and then administered 
locally. 
 

Ozone infiltration 
This method refers to the administration of 
gaseous ozone directly into different tissues, 
for its anti-inflammatory and analgesic effect. 
The ozone can be administered subcutaneously, 
intramuscularly, intraarticularly, peri-
articularly, or even in or around a lesion or 
tumour. 
 

Ozone bagging 
This method is used for the topical 
administration of ozone. It was conceived for 
use in extremities that can easily be introduced 
into an ozone resistant bag and then exposed to 
ozone at a high concentration. The main 
indications are chronic unhealing wounds and 
dermatology.  
The ozone can be used to produce ozonated 
saline or oil that can be applied topically, used 
to lavage different cavities or wounds (urinary 
bladder, ear, uterus, peritoneal cavity, fistulas).  
The medical uses of ozone, which have 
considerably expanded, are increasingly being 
recommended as a possible approach to 
different pathologies. 
The search results were grouped into several 
categories, as follows: wound management, 
buiatrics, musculoskeletal disorders, oncology, 
dentistry, ozone sterilization and antibacterial 
effect, equine pathology, urinary pathologies, 
ozone toxicosis, and miscellaneous studies. 

 
Wound management 
This is an immense and continuously evolving 
topic. Many commercial and "homemade 
recipes" were studied and documented over 
time (Mocanu et al., 2015; Bodea et al., 2017). 
In the past couple of decades, ozone was 
introduced as a potential therapy for wound 
healing. A large number of articles approach 
the use of ozone for chronic wound healing in 
human subjects. In veterinary medicine, just a 

Table 1. Ozone administration routes 
Parenteral Topical/locoregional 

Intravenous (major 
autohemotherapy) Oral 

Intramuscular (minor 
autohemotherapy/ 

infiltration) 
Auricular 

Subcutaneous Vaginal 
Intraperitoneal/ 

intrapleural Urethral/intra bladder 

Intra/periarticular Rectal 
Intradiscal Cutaneous 

Intralesional Dental 

few studies have been published on this topic, 
although it seems that it is used on a much 
larger scale but without being documented 
(Roman, 2013). 
In wound management, ozone is mainly 
applied topically as a gas during the bagging 
technique or through perilesional infiltration, as 
ozonated saline lavage (ozone hydrotherapy) or 
as ozonated oils and creams that act as healing 
enhancement agents (Al-Saadi et al., 2015; 
Travagli et al., 2010; Yildirim, 2018). Ozone 
plays a role in different phases of wound 
healing. It first helps eliminate contamination, 
then releases oxygen, which activates 
fibroblastic proliferation that leads to the 
formation of healthy granulation tissue and 
subsequent epithelisation (Krkl et al., 2016; 
Orsini, 2007; Zeng and Lu, 2018). 
Another study was performed on guinea pigs to 
determine the effect of topical application of 
ozonated oil on wound healing. were used to 
determine the difference between the groups. 
Superior values were obtained 
(immunohistochemical analysis and collagen 
fibres and fibroblasts count) for the ozonated 
oil group showing that this product can 
accelerate cutaneous wound healing (Kim et 
al., 2009). 
A similar study performed on SKH1 mice 
showed the efficacy of ozonated sesame oil as a 
healing enhancer when applied at three 
different concentrations. The level of peroxide 
in the ozonated oil was analysed in correlation 
with the healing rate (Valacchi et al., 2010; 
2013).  
A paper referring to induced gingival wounds 
in pigs concluded that ozone may be effective 
in the early stages of wound healing, although 
there was no statistical difference between the 
tested and the control group (Eroglu et al., 
2018). 
Ozone was used both systemically as major 
autohemotherapy and locally in dogs, but the 
proof of its efficiency was evaluated only based 
on clinical improvement (a qualitative 
granulation tissue with fast epithelization and 
normalization of haematological values) 
(Gayon-Amaro & Flores-Colin, 2019b; 
Kosachenco et al., 2018). 
A case report revealed the protocol used in a 
horse with lesions from cutaneous 
habronemiasis treated locally with ozonized 

water and ozonized oil, fully healed in two 
months (Berbert et al., 2010). 
Although there are recommendations for ozone 
use in dermatological diseases, our search 
revealed a single experimental study on 30 
dogs with generalized dermatopathies such as 
traumatic dermatitis or intertrigo, in which 
ozone was applied locally as gas. They 
obtained remission, on average, after day 21 
(Jordan et al., 2019). In vitro, Ouf (2016) 
demonstrated the anti-fungal potential of ozone 
against dermatophytes. 
Another interesting study analyzed the toxic 
(not therapeutic) effect of ozone on wound 
healing in correlation with age. Lim et al. 
(2006), confirmed their hypothesis that oxidant 
pollutants delay wound healing in adult 
subjects, that were exposed for more extended 
periods. 
Three studies published in consecutive years, 
review the oxidative, antioxidant, or toxic 
effect of ozone after controlled exposure of rat 
skin to this gas (Valacchi et al., 2002; 2003; 
2004). 

 

Buiatrics 
Veterinarians working with cattle showed a 
great interest in ozone therapy by studying its 
potential uses to overcome the deficits of 
conventional protocols. In this area of 
veterinary medicine, ozone is used mainly as an 
alternative to antibiotics in the treatment of 
metritis, fetal membranes retention, mastitis, or 
as an adjuvant in improving reproductive 
efficacy in dairy cows. 
A group of researchers from Croatia published 
several articles related to this subject and a 
review of the use of ozone in buiatrics (Duricic 
et al., 2015). One of the studies was performed 
on 404 Holstein cows, divided into three 
groups to assess reproductive performance after 
administering ozone pearls and ozone foam. 
The results showed an improvement when the 
products were administered in the early 
puerperal period (Djuricic et al., 2011). A 
similar study on cows with retained fetal 
membranes demonstrated that using 
intrauterine ozone improves reproductive 
performance (Djuricic et al., 2012). Sheep also 
demonstrated better outcomes when treated 
with ozone as compared to antibiotics when 
fetal membranes were retained after normal 
delivery (Djuricic et al., 2016). 
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In another study, rectal temperatures above 
39.7ºC and the number of escape therapies 
were used as an indicator of the efficacy of 
ozone therapy (Imhof et al., 2019). Ozone has 
been used by another group as uterine ozone-
flushes to improve fertility rate (Zobel et al., 
2014), as a treatment for retained placenta in 
dairy cattle (Zobel and Tkalcic, 2012; 
Samardzija et al., 2017) and to overcome the 
reproductive consequences of urovagina (Zobel 
et al., 2012). 
Another sector in which ozone has been 
intensively used is in the treatment of the 
mammary gland in ruminants. A small study on 
18 quarters concluded that the administration of 
1 ppm ozone intramammary for three days may 
be useful for treating mastitis (Kwon et al., 
2005). A similar one performed in Turkey, on 
22 cows considers ozone as a significant 
alternative to antibiotics in treating acute 
mastitis, with some limitations (no response in 
mastitis caused by Streptococcus spp. and 
Candida spp.) (Sertkol et al., 2018). Another 
study demonstrated a 50% improvement in 
subclinical mastitis after four days of ozone 
therapy (Aguirre et al., 2019). The ozone was 
administered directly as a gas into the 
mammary gland as in a study performed in 
Japan (Ogata and Nagahata, 2000), as ozone 
water to determine the efficacy of mammary 
irrigation in cows with acute coliform mastitis 
(Shinozuka et al., 2008) or even as ozonated oil 
infused into the affected quarters (Jo et al., 
2005). Most of the studies on this subject 
encourage the use of intramammary ozone, 
having a lower treatment cost, and zero waiting 
period compared with a classic approach 
(Koseman et al., 2019; Enginler et al., 2015; 
Aguirre et al., 2019). The intramammary use of 
ozone-oxygen mixture combined with a platelet 
concentrate in an oil vehicle was researched as 
part of doctoral studies in Italy (Bignotti, 
2014). 
The versatility of the ozone molecule is shown 
in one paper that describes the use of ozone to 
fumigate food storage facilities, with a good 
outcome in preventing recurrent mastitis in 
dairy buffaloes (Atef et al., 2016). 
The changes that occur in blood and milk 
cellularity where observed both in in vitro and 
in vivo studies in cattle after ozone was 
administered as gas in vitro or as 

autohemotherapy. Immunological changes have 
been noticed. (Ducusin et al., 2003; Ohtsuka et 
al., 2006; Terasaki et al., 2001). 
 

Musculoskeletal disorders 
Ozonetherapy in musculoskeletal disorders has 
two main directions: orthopaedic and spinal 
injuries both in large and small animals. It is 
used for chronic pain relief in osteoarthritis, 
muscular disorders, disc herniation, nerve 
damage, and osteomyelitis (Khan et al., 2018). 
Ozone has gained much terrain in clinical 
orthopaedic practice, leading to a considerable 
number of publications. Balardini (2005) 
obtained a positive response after using ozone 
infiltration in four horses with spinal muscular 
pain. More data about the use of ozone in 
spinal muscle disorders was presented in a 
review that mentions ozone in horses (Seyam et 
al., 2010). Remission of clinical signs was 
obtained in a case of chronic laminitis in a 
horse after the administration of ozone 
intramuscularly, peritendinous and intrarectally 
as shown in a recent case report (Coelho et al., 
2015; Flores-Colin and Gayon-Amaro, 2019a). 
In dogs with intervertebral disc herniation, 
ozone can be administered directly into the 
herniated disk, leading to its shrinkage and 
subsequent decompression and gait 
improvement (Han et al., 2007; Jang et al., 
2009). Another experimental study on 
miniature pigs describes the mechanisms of 
action of ozone in intradiscal administration 
(Murphy et al., 2016). Clinical improvement 
was described in a study made on two unrelated 
canine groups: first group diagnosed with 
osteoarthritis and the second one presenting 
pain or lameness due to spinal injuries 
(Hernandez Aviles, 2013). Castrini (2002) 
published a treatment protocol for herniated 
discs in dogs, using ozone infiltrations. An 
abstract mentions the use of ozone in dogs with 
orthopaedic conditions (Scrollavezza, 2019). 
To determine if ozone is safe for intraarticular 
administration in horses, the effect of ozone on 
joint components was analyzed through 
physical examination, lameness evaluation, 
ultrasonography, and synovial fluid analysis. 
Ozone was given to two groups in different 
concentrations, both being considered safe after 
no cartilage damage or significant 
inflammation was identified (Vendruscolo et 
al., 2018). The same hypothesis was confirmed 

in a histological study on rats (Iliakis et al., 
2008). A second study on rats measured the 
level of several tumour necrosis factors after 
ozone intraarticular administration in subjects 
with rheumatoid arthritis and found that at a 
concentration of 40 µg/mL, ozone suppresses 
joint inflammation (Chen et al., 2013). 
Another recent study describes the combined 
effect of ozone and methylprednisolone in 
sciatic nerve regeneration after a crush injury, 
with potential beneficial effects (Ozturk et al., 
2016). The effect of ozone on the crushed 
sciatic nerve was of interest in another 
experimental study (Somay et al., 2017). The 
therapeutic and preventive effect of ozone has 
been supported by a study on rats with 
experimentally-induced osteomyelitis (Gonenci 
et al., 2017). Experimental studies have also 
evaluated bone regeneration and tendon healing 
in association with ozone therapy (Alpan et al., 
2016; Duman et al., 2017; Ozdemir et al.,2013; 
Kizilkaya et at., 2018) 
Ozone therapy has been tested as a potential 
therapy for pododermatitis in the form of 
autohemotherapy in cows (Scrollavezza et al., 
2002) or as a combined technique of ozone 
therapy and platelet-rich plasma in sheep 
(Szponder et at., 2017). 
 

Oncology 
In this field, ozone is considered an adjuvant to 
conventional oncological therapy. To better 
understand the full extent of the effect that 
ozone has on a subject that develops a 
cancerous process, several experimental studies 
on animal models have been performed 
(Gonzalez et al., 2004; Kesik et al., 2009; 
Kuroda et al., 2018; Teke et al., 2017; 
Rossmann et al., 2014; Clavo et al., 2018; 
Caquetti et al., 2017). 
Two preclinical studies were published on the 
effect of ozone on mice inoculated with Ehrlich 
ascitic tumour cells. Ozone was administered 
via rectal insufflation in one study, and directly 
into the peritoneal cavity in the other. The 
results were concentration-dependent, at higher 
ozone concentrations a lower number of 
tumour cell per mice, and a lower number of 
pulmonary metastases were observed 
(Menéndez et al., 2008; Kızıltan et al., 2015). 
Another group of researchers used a rabbit 
model to administer ozone intraperitoneally 
after they induced squamous cell carcinoma 

metastases. They considered that ozone had an 
indirect effect, as it had no direct contact with 
the cancer cells, and suggested that stimulation 
of the immune system might be responsible for 
the significant regression of the tumour 
(Schulz, et al., 2008). An experimental rat 
model was used to determine the impact of 
ozone and radiotherapy on tongue cancer as 
monotherapy or in combination. Survival rates 
were higher in the group in which ozone and 
radiation therapy were used combined 
compared with the use of radiotherapy alone or 
ozone therapy alone (Dogan et al., 2018).  
A case report series describes the protocols 
used in the treatment of four dogs with 
different types of cancer. No specific 
parameters were objectively analyzed to 
determine the effect of ozone, but the improved 
outcome was associated with longer survival 
rates, a better quality of life, and a lower 
therapeutic cost (Hernandez et al., 2016). 
 

Dentistry 
Ozone has recommendations in human 
medicine such as oral cavity lavage, 
periodontal disease, infected wound cavities, 
ulcers, wound healing, and osseointegration 
(Ahmed et al., 2013). All of these uses can be 
extrapolated to veterinary medicine, and are 
gaining terrain in daily practice, but a small 
number of studies have been published. 
Experimental studies in rats evaluated the 
effect of ozone in dental pathologies such as 
treating periodontitis or as a tooth whitening 
agent in tetracycline-stained rat incisors. In the 
ozone groups, a positive response was 
observed, the intraperitoneal route being more 
effective in the first study (Saglam et al., 2019; 
Tessier et al., 2010). A positive response was 
also observed after the use of ozone as a 
healing enhancer in peri-implant lesions in 
rabbits (Yildirim, 2018).   
 

Antibacterial and sterilization role 
Several studies demonstrate the disinfectant 
and sterilizing effect of ozone, for spaces, 
objects, and organisms.  
The antibacterial activity of ozonized oil was 
tested on several bacterial species. This product 
has an important antibacterial activity when 
tested in vitro (Sechi et al., 2001). 
Another in vitro study shows that Escherichia 
coli releases a smaller amount of endotoxin 
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In another study, rectal temperatures above 
39.7ºC and the number of escape therapies 
were used as an indicator of the efficacy of 
ozone therapy (Imhof et al., 2019). Ozone has 
been used by another group as uterine ozone-
flushes to improve fertility rate (Zobel et al., 
2014), as a treatment for retained placenta in 
dairy cattle (Zobel and Tkalcic, 2012; 
Samardzija et al., 2017) and to overcome the 
reproductive consequences of urovagina (Zobel 
et al., 2012). 
Another sector in which ozone has been 
intensively used is in the treatment of the 
mammary gland in ruminants. A small study on 
18 quarters concluded that the administration of 
1 ppm ozone intramammary for three days may 
be useful for treating mastitis (Kwon et al., 
2005). A similar one performed in Turkey, on 
22 cows considers ozone as a significant 
alternative to antibiotics in treating acute 
mastitis, with some limitations (no response in 
mastitis caused by Streptococcus spp. and 
Candida spp.) (Sertkol et al., 2018). Another 
study demonstrated a 50% improvement in 
subclinical mastitis after four days of ozone 
therapy (Aguirre et al., 2019). The ozone was 
administered directly as a gas into the 
mammary gland as in a study performed in 
Japan (Ogata and Nagahata, 2000), as ozone 
water to determine the efficacy of mammary 
irrigation in cows with acute coliform mastitis 
(Shinozuka et al., 2008) or even as ozonated oil 
infused into the affected quarters (Jo et al., 
2005). Most of the studies on this subject 
encourage the use of intramammary ozone, 
having a lower treatment cost, and zero waiting 
period compared with a classic approach 
(Koseman et al., 2019; Enginler et al., 2015; 
Aguirre et al., 2019). The intramammary use of 
ozone-oxygen mixture combined with a platelet 
concentrate in an oil vehicle was researched as 
part of doctoral studies in Italy (Bignotti, 
2014). 
The versatility of the ozone molecule is shown 
in one paper that describes the use of ozone to 
fumigate food storage facilities, with a good 
outcome in preventing recurrent mastitis in 
dairy buffaloes (Atef et al., 2016). 
The changes that occur in blood and milk 
cellularity where observed both in in vitro and 
in vivo studies in cattle after ozone was 
administered as gas in vitro or as 

autohemotherapy. Immunological changes have 
been noticed. (Ducusin et al., 2003; Ohtsuka et 
al., 2006; Terasaki et al., 2001). 
 

Musculoskeletal disorders 
Ozonetherapy in musculoskeletal disorders has 
two main directions: orthopaedic and spinal 
injuries both in large and small animals. It is 
used for chronic pain relief in osteoarthritis, 
muscular disorders, disc herniation, nerve 
damage, and osteomyelitis (Khan et al., 2018). 
Ozone has gained much terrain in clinical 
orthopaedic practice, leading to a considerable 
number of publications. Balardini (2005) 
obtained a positive response after using ozone 
infiltration in four horses with spinal muscular 
pain. More data about the use of ozone in 
spinal muscle disorders was presented in a 
review that mentions ozone in horses (Seyam et 
al., 2010). Remission of clinical signs was 
obtained in a case of chronic laminitis in a 
horse after the administration of ozone 
intramuscularly, peritendinous and intrarectally 
as shown in a recent case report (Coelho et al., 
2015; Flores-Colin and Gayon-Amaro, 2019a). 
In dogs with intervertebral disc herniation, 
ozone can be administered directly into the 
herniated disk, leading to its shrinkage and 
subsequent decompression and gait 
improvement (Han et al., 2007; Jang et al., 
2009). Another experimental study on 
miniature pigs describes the mechanisms of 
action of ozone in intradiscal administration 
(Murphy et al., 2016). Clinical improvement 
was described in a study made on two unrelated 
canine groups: first group diagnosed with 
osteoarthritis and the second one presenting 
pain or lameness due to spinal injuries 
(Hernandez Aviles, 2013). Castrini (2002) 
published a treatment protocol for herniated 
discs in dogs, using ozone infiltrations. An 
abstract mentions the use of ozone in dogs with 
orthopaedic conditions (Scrollavezza, 2019). 
To determine if ozone is safe for intraarticular 
administration in horses, the effect of ozone on 
joint components was analyzed through 
physical examination, lameness evaluation, 
ultrasonography, and synovial fluid analysis. 
Ozone was given to two groups in different 
concentrations, both being considered safe after 
no cartilage damage or significant 
inflammation was identified (Vendruscolo et 
al., 2018). The same hypothesis was confirmed 

in a histological study on rats (Iliakis et al., 
2008). A second study on rats measured the 
level of several tumour necrosis factors after 
ozone intraarticular administration in subjects 
with rheumatoid arthritis and found that at a 
concentration of 40 µg/mL, ozone suppresses 
joint inflammation (Chen et al., 2013). 
Another recent study describes the combined 
effect of ozone and methylprednisolone in 
sciatic nerve regeneration after a crush injury, 
with potential beneficial effects (Ozturk et al., 
2016). The effect of ozone on the crushed 
sciatic nerve was of interest in another 
experimental study (Somay et al., 2017). The 
therapeutic and preventive effect of ozone has 
been supported by a study on rats with 
experimentally-induced osteomyelitis (Gonenci 
et al., 2017). Experimental studies have also 
evaluated bone regeneration and tendon healing 
in association with ozone therapy (Alpan et al., 
2016; Duman et al., 2017; Ozdemir et al.,2013; 
Kizilkaya et at., 2018) 
Ozone therapy has been tested as a potential 
therapy for pododermatitis in the form of 
autohemotherapy in cows (Scrollavezza et al., 
2002) or as a combined technique of ozone 
therapy and platelet-rich plasma in sheep 
(Szponder et at., 2017). 
 

Oncology 
In this field, ozone is considered an adjuvant to 
conventional oncological therapy. To better 
understand the full extent of the effect that 
ozone has on a subject that develops a 
cancerous process, several experimental studies 
on animal models have been performed 
(Gonzalez et al., 2004; Kesik et al., 2009; 
Kuroda et al., 2018; Teke et al., 2017; 
Rossmann et al., 2014; Clavo et al., 2018; 
Caquetti et al., 2017). 
Two preclinical studies were published on the 
effect of ozone on mice inoculated with Ehrlich 
ascitic tumour cells. Ozone was administered 
via rectal insufflation in one study, and directly 
into the peritoneal cavity in the other. The 
results were concentration-dependent, at higher 
ozone concentrations a lower number of 
tumour cell per mice, and a lower number of 
pulmonary metastases were observed 
(Menéndez et al., 2008; Kızıltan et al., 2015). 
Another group of researchers used a rabbit 
model to administer ozone intraperitoneally 
after they induced squamous cell carcinoma 

metastases. They considered that ozone had an 
indirect effect, as it had no direct contact with 
the cancer cells, and suggested that stimulation 
of the immune system might be responsible for 
the significant regression of the tumour 
(Schulz, et al., 2008). An experimental rat 
model was used to determine the impact of 
ozone and radiotherapy on tongue cancer as 
monotherapy or in combination. Survival rates 
were higher in the group in which ozone and 
radiation therapy were used combined 
compared with the use of radiotherapy alone or 
ozone therapy alone (Dogan et al., 2018).  
A case report series describes the protocols 
used in the treatment of four dogs with 
different types of cancer. No specific 
parameters were objectively analyzed to 
determine the effect of ozone, but the improved 
outcome was associated with longer survival 
rates, a better quality of life, and a lower 
therapeutic cost (Hernandez et al., 2016). 
 

Dentistry 
Ozone has recommendations in human 
medicine such as oral cavity lavage, 
periodontal disease, infected wound cavities, 
ulcers, wound healing, and osseointegration 
(Ahmed et al., 2013). All of these uses can be 
extrapolated to veterinary medicine, and are 
gaining terrain in daily practice, but a small 
number of studies have been published. 
Experimental studies in rats evaluated the 
effect of ozone in dental pathologies such as 
treating periodontitis or as a tooth whitening 
agent in tetracycline-stained rat incisors. In the 
ozone groups, a positive response was 
observed, the intraperitoneal route being more 
effective in the first study (Saglam et al., 2019; 
Tessier et al., 2010). A positive response was 
also observed after the use of ozone as a 
healing enhancer in peri-implant lesions in 
rabbits (Yildirim, 2018).   
 

Antibacterial and sterilization role 
Several studies demonstrate the disinfectant 
and sterilizing effect of ozone, for spaces, 
objects, and organisms.  
The antibacterial activity of ozonized oil was 
tested on several bacterial species. This product 
has an important antibacterial activity when 
tested in vitro (Sechi et al., 2001). 
Another in vitro study shows that Escherichia 
coli releases a smaller amount of endotoxin 
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when exposed to ozone compared to 
antibiotics, making ozone sterilization a viable 
method (Shinozuka et al., 2007).  
Another paper showed that ozonized water can 
be efficient against Escherichia coli, with best 
results when is applied at a concentration of 3 
ppm and for more than 1 second (Leusink and 
Kraft, 2012) 
A preliminary study in dogs, showed a 
reduction of the bacterial load at the level of 
the conjunctival sac and periocular skin, after 
using topical liposomal ozone (Marchegiani et 
al., 2019). 
The antibacterial activity was analyzed in a 
couple of studies on animal models, 
experimental creating ozone 
pneumoperitoneum (Schulz et al., 2003; Silva 
et al., 2009; Souza et al., 2010).  
A negative response, that supported the need 
for further research in this field, was obtained 
at the end of a study on rats, where ozone was 
administered as pre-treatment in subjects with 
experimental induced sepsis. The survival rate 
was reduced in the group where ozone was 
administered before sepsis treatment (Torossian 
et al., 2004). 
In 2003, a Canadian company obtained 
clearance to market its method to use ozone as 
a sterilizing agent for heat-sensitive materials 
in hospitals (Dufresne et al., 2004). A thorough 
review gathered literature data concerning 
ozone sterilization in the health care field, 
describing its limitations and need for further 
studies, but also its great potential (Sousa et al., 
2010). 
 

Equine medicine 
The use of ozone has been studied for various 
equine pathologies.  
A work developed collaboratively between the 
surgical and pathology departments of a 
veterinary research institute lists the potential 
benefits of ozone therapy and describes its 
mechanism of action (reviewed in Bhatt et al., 
2016). 
Besides the articles already discussed on topics 
such as laminitis, lumbar pain, or cutaneous 
wound healing already mentioned in other 
categories, they describe the use of ozone to 
inactivate the Venezuelan equine encephalitis 
virus. To verify the toxicity of ozone in horses, 
several studies analyzed the oxidative stress 
produced by this gas by various ways of 

administration. In a comparative study between 
healthy horses and horses affected by recurrent 
airway obstruction, no difference was found in 
antioxidant capacity, as ozone induced a non-
significant level of inflammation when inhaled 
(Deaton et al., 2005). 
One study focused on the haematological 
changes in horses after intravenous ozone 
administration. There was a variation in platelet 
count and increased hematocrit. The fluctuation 
depended on the sex of the animal, but not on 
the volume of ozone. (Haddad et al., 2009; 
Ballardini, 2006). Autohemotherapy in horses 
helps to improve the biological antioxidant 
potential of these subjects (Tsuzuki et al., 
2015). 
 

Urinary system 
Although several practitioners recommend and 
use ozone for urinary tract disease, especially 
cystitis, few papers exist on this topic. An 
experimental study on rabbits used ozone to 
treat interstitial cystitis by direct administration 
into the urinary bladder (Bayrak et al., 2014). 
In rats, the effect of ozone has been tested on 
different kidney injuries, with beneficial effects 
(Caliskan et al., 2011; Calunga et al., 2005). 
 

Toxicity 
Most of the quoted sources support the idea 
that ozone can have therapeutic effects, with 
little to no side effects, by all routes of 
administration described, except inhalation. 
Inhaled ozone, especially at high 
concentrations or for large periods, transforms 
from an irritant of the respiratory tract to a 
toxic gas for the organism. Many studies were 
written about air pollution and ozone 
implication in different injuries. Manufacturers 
of emission protective gear mention the fact 
that small animals can die from exposure to 
ozone over the concentration of 15 ppm for 
more than 2 hours.  
In more recent articles on ozone toxicity, lung 
inflammation, lung injuries, and the effect of 
air pollution on humans, animals, and plants 
are described in detail (Iriti & Faoro, 2017; 
Last et al., 2018). Most refer to exposure to 
atmospheric ozone, but ozone from air purifiers 
can be harmful to small animals as well. A 
recent case report describes noncardiogenic 
pulmonary oedema in three kittens after 
inhaling ozonized air produced by an ozone air-

purifier device. Respiratory signs disappeared 
after three days of intensive care treatment, 
considered to be rapidly reversed by the 
oxygen supplementation and medical treatment 
(Caudal et al., 2018). Experimental studies on 
animals tried to distinguish between the 
therapeutic and toxic effects of ozone, 
describing respiratory system injuries and 
analyzing tumorigenesis after ozone exposure 
(Kim & Cho, 2009; Dorado-Martínez et al., 
2001; Alfaro et al., 2004; Rodriguez, 2009; 
Schelegle et al., 2003). 
 

Miscellaneous studies 
Besides the work on the subjects already 
mentioned, scientists studied the therapeutic 
potential of ozone in other diseases, such as 
endometrial injuries in rats (Wei et al., 2018) 
and atrophic rhinitis in an albino rat model 
(Altas et al., 2018). Good results were obtained 
using ozone to prevent testicular damage in an 
experimental cryptorchid rat model (Bicer, 
2018), similar to the results obtained in a study 
on a testicular torsion model rat in which ozone 
therapy prevented ischemia and reperfusion 
injury (Aydos et al., 2014). A clinical study on 
dogs compared the analgesic effect of ozone 
and meloxicam after ovariohysterectomy. To 
measure, the efficacy of the three analgesic 
protocols used (two with ozone and one with 
meloxicam), the modified Glasgow scale and 
the visual analogue scale were used. 
Satisfactory analgesia was provided by the two 
ozone protocols, considering it as an alternative 
pain reliever. 
Ozone therapy was tested as a therapeutic 
option for diabetes mellitus in dogs and rat 
models to diminish oxidative and endothelial 
damage, but with uncertain conclusions due to 
a small number of cases and parameters 
evaluated in these studies (Castrini et al., 2002; 
Al-Dalain et al., 2001).  
The versatility of ozone has been documented 
as a combination therapy with Chinese 
medicine to treat hepatic injuries in dogs and as 
ozone-based eye drops in both humans and 
animals (Li et al., 2007; Spadea et al., 2018). 
Another experimental study on mice uses 
ozone administered subcutaneously to prevent 
allodynia, with favourable outcomes (Fuccio et 
al., 2009). 
 
 
 

DISCUSSIONS 
 
Almost two-thirds of the articles selected were 
published in the past ten years, while the rest 
were published between 2000 and 2010, 
demonstrating the increased interest for ozone 
therapy in the past years. 
Fifty out of the 117 papers documented 
experiments performed on laboratory animals 
or in vitro, supporting the idea that a major part 
of ozone therapy is still experimental, 
compared to the low number of clinical studies 
quoted for each pathology. 
Positive, homogenous results were obtained in 
studies on the use of ozone in cattle and small 
ruminants. The therapeutic properties of ozone 
are confirmed by a considerable number of 
articles written on this topic. For this field, the 
ozone was tested on a large number of animals, 
in clinical studies that use standardized, 
reproducible protocols. 
Although research shows that ozone associated 
with air pollution has negative effects on the 
skin, a large number of papers found clinical 
improvement when using ozone therapy in 
wound management. A small number of papers 
included clinical cases, the few that did were 
case reports, the majority of articles concerning 
the use of ozone as a healing agent referred to 
experimental studies. 
Equine medicine embraced ozone therapy with 
good results for several pathologies. 
Most studies also encourage the use of ozone 
for musculoskeletal disorders, urinary system 
disease, or as adjuvant therapy in oncological 
patients. 
However, not all papers used standardized 
methods or analyzed objective, quantifiable 
parameters to measure the efficacy of ozone 
therapy. Some of them have a small number of 
subjects, which is insufficient for the studies to 
have statistical significance.  
The papers published on this topic favour the 
insertion of ozone into clinical practice, 
however, there is a need for more clinical 
studies to evolve from empirical ozone 
administration to standardized methods, which 
will lead to protocols that can be reproduced in 
similar circumstances. 
Ozone has no side effects when administered 
through the recommended routes, but it has a 
restriction for the respiratory system, as it is 
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when exposed to ozone compared to 
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the volume of ozone. (Haddad et al., 2009; 
Ballardini, 2006). Autohemotherapy in horses 
helps to improve the biological antioxidant 
potential of these subjects (Tsuzuki et al., 
2015). 
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that small animals can die from exposure to 
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more than 2 hours.  
In more recent articles on ozone toxicity, lung 
inflammation, lung injuries, and the effect of 
air pollution on humans, animals, and plants 
are described in detail (Iriti & Faoro, 2017; 
Last et al., 2018). Most refer to exposure to 
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can be harmful to small animals as well. A 
recent case report describes noncardiogenic 
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purifier device. Respiratory signs disappeared 
after three days of intensive care treatment, 
considered to be rapidly reversed by the 
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(Caudal et al., 2018). Experimental studies on 
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therapeutic and toxic effects of ozone, 
describing respiratory system injuries and 
analyzing tumorigenesis after ozone exposure 
(Kim & Cho, 2009; Dorado-Martínez et al., 
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using ozone to prevent testicular damage in an 
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therapy prevented ischemia and reperfusion 
injury (Aydos et al., 2014). A clinical study on 
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measure, the efficacy of the three analgesic 
protocols used (two with ozone and one with 
meloxicam), the modified Glasgow scale and 
the visual analogue scale were used. 
Satisfactory analgesia was provided by the two 
ozone protocols, considering it as an alternative 
pain reliever. 
Ozone therapy was tested as a therapeutic 
option for diabetes mellitus in dogs and rat 
models to diminish oxidative and endothelial 
damage, but with uncertain conclusions due to 
a small number of cases and parameters 
evaluated in these studies (Castrini et al., 2002; 
Al-Dalain et al., 2001).  
The versatility of ozone has been documented 
as a combination therapy with Chinese 
medicine to treat hepatic injuries in dogs and as 
ozone-based eye drops in both humans and 
animals (Li et al., 2007; Spadea et al., 2018). 
Another experimental study on mice uses 
ozone administered subcutaneously to prevent 
allodynia, with favourable outcomes (Fuccio et 
al., 2009). 
 
 
 

DISCUSSIONS 
 
Almost two-thirds of the articles selected were 
published in the past ten years, while the rest 
were published between 2000 and 2010, 
demonstrating the increased interest for ozone 
therapy in the past years. 
Fifty out of the 117 papers documented 
experiments performed on laboratory animals 
or in vitro, supporting the idea that a major part 
of ozone therapy is still experimental, 
compared to the low number of clinical studies 
quoted for each pathology. 
Positive, homogenous results were obtained in 
studies on the use of ozone in cattle and small 
ruminants. The therapeutic properties of ozone 
are confirmed by a considerable number of 
articles written on this topic. For this field, the 
ozone was tested on a large number of animals, 
in clinical studies that use standardized, 
reproducible protocols. 
Although research shows that ozone associated 
with air pollution has negative effects on the 
skin, a large number of papers found clinical 
improvement when using ozone therapy in 
wound management. A small number of papers 
included clinical cases, the few that did were 
case reports, the majority of articles concerning 
the use of ozone as a healing agent referred to 
experimental studies. 
Equine medicine embraced ozone therapy with 
good results for several pathologies. 
Most studies also encourage the use of ozone 
for musculoskeletal disorders, urinary system 
disease, or as adjuvant therapy in oncological 
patients. 
However, not all papers used standardized 
methods or analyzed objective, quantifiable 
parameters to measure the efficacy of ozone 
therapy. Some of them have a small number of 
subjects, which is insufficient for the studies to 
have statistical significance.  
The papers published on this topic favour the 
insertion of ozone into clinical practice, 
however, there is a need for more clinical 
studies to evolve from empirical ozone 
administration to standardized methods, which 
will lead to protocols that can be reproduced in 
similar circumstances. 
Ozone has no side effects when administered 
through the recommended routes, but it has a 
restriction for the respiratory system, as it is 
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toxic when inhaled. Once longer, more 
extensive studies performed using validated 
methods will be carried out, more accurate 
restrictions and dosage limitations may be set. 
 
CONCLUSIONS  
 
Ozone therapy is still a new field, with 
uncharted areas. The scientific proof that exists 
related to veterinary medicine is vastly 
scattered through the medical field and difficult 
to group. Both clinical and experimental data 
support the use of ozone for various 
pathologies and encourage further research. 
Ozone therapy deserves more attention, as its 
therapeutic range has not yet been fully defined. 
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toxic when inhaled. Once longer, more 
extensive studies performed using validated 
methods will be carried out, more accurate 
restrictions and dosage limitations may be set. 
 
CONCLUSIONS  
 
Ozone therapy is still a new field, with 
uncharted areas. The scientific proof that exists 
related to veterinary medicine is vastly 
scattered through the medical field and difficult 
to group. Both clinical and experimental data 
support the use of ozone for various 
pathologies and encourage further research. 
Ozone therapy deserves more attention, as its 
therapeutic range has not yet been fully defined. 
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Abstract  
 
The use of geomatics technologies in the mining engineering field, presents a modern approach for the conservation 
and greening of the areas affected by open or underground pits. The purpose of this research is to accomplish a three-
dimensional model of the active waste dump of the Uricani Mine. Based on the three-dimensional model, the volumes of 
deposited waste ore could be determined and it could be created an overview map of the area that will be subjected to 
greening: landscaping and revegetation. The greening works involve the landscaping, geometry, weeding and 
afforestation of the landfill area that has an area of 3.68 ha. In this context, the use of modern photogrammetric (UAV) 
and satellite (GNSS) measurement technologies, have been the fundamental basis for data acquisition from the field 
with a high precision, in order to achieve the three-dimensional model of the studied area. The combination of the 
satellite methods with the photogrammetric ones has led to the creation of an accurate 3D model that will be 
fundamental in the process of greening the waste dump.  
 
Key words: ecology, GNSS, mininig, UAV, waste dump.  
 
INTRODUCTION 
 
In the last period the UAV technology has 
increased its popularity in various fields 
including mining. 
Besides the actual mapping and 
photogrammetry, the foundation of this 
technology is the accuracy of the data retrieval 
planning in the studied area, respecting the 
geodetic and mining engineering needs, 
especially, in volume calculation (Călin et al., 
2015; Herbei et al., 2016; Sălăgean et al., 
2016).  
UAV technology covers the difference between 
classical equipment aerial photogrammetry and 
manual surveillance techniques, because they 
work in the near field. UAV techniques 
combine aerial and terrestrial photogrammetry, 
but also introduce low-cost alternatives to 
traditional methods (Sălăgean et al., 2019; Șuba 
et al., 2017).  
There are high accuracy requirements in terms 
of height, due to volume calculations and, 
therefore, high resolution of aerial images. 
However, very precise ground measurements 
may take a long time.  

On the other hand, by means of 
photogrammetric techniques, the large surfaces 
can be covered with high details in less than an 
hour (Cosarca, 2003; Sestraș et al., 2016; 
Zaharia et al., 2016). 
Compared to conventional geodesic methods, 
rangefinder photogrammetry is an efficient and 
fast method. It can significantly reduce the time 
required to collect terrestrial data.  
The accuracy of the volume calculation is 
proportional to the presentation of the land 
surface (Manu et al., 2014; Sălăgean et al., 
2018; Solcan et al., 2019; Șuba et al., 2017). 
The efficient management of the mining 
exploitations, Uricani Mining Exploitation in 
our case, Tailings Dump New Funicular II, 
requires the collection of fast and accurate data, 
updated in regular time intervals, in compliance 
with the laws in force, and they are in 
continuous research on the dump form, deposit 
heights, slope angles etc., as well as the 
volumetric calculation of the mass of deposited 
material. The frequent need to check sterile 
material deposits is in an interdependence with 
the most rapid, reliable and efficient methods 
of measurement and calculation. 

MATERIALS AND METHODS 
 
The tailings dumps are engineering 
constructions in which the underground rocks 
exploited underground are deposited along with 
the useful rock represented by the pit coal. 
They are located on the land around the mining 
operations. For the location of the dumps, the 
land is chosen which determines a minimal 
impact on the environment and requires the 
lowest waste disposal costs (Dima et al., 2014; 
Sestraș et al., 2019; Voina et al., 2016). 
 

 
Figure 1. Positioning of Tailings Dump New Funicular II 
 
The evolution of tailings dumps was marked by 
the elaboration of a long-term strategy 
regarding the location of the dumps, the 
integration in the landscape, the minimization 
of the impact on the environment, the 
renaturation and the vegetation cover. 
The shape of the dump can be changed, from 
the conical one with steep slopes, to the 
terraced ones, more stable and then to the 
dumps that become true landscape 
constructions, integrated in the environmental 
environment, in which new secondary biotopes, 
have often been arranged, wet or dry, which 
contributes to ensuring the living environment 
and the protection of many species of plants 
and animals (Samfira et al., 2011).  
The main damages caused by the dumps on the 
environment are the following: unpleasant 
visual impact (Figure 2a, b); destruction of land 
areas covered with vegetal soil and vegetation; 
contamination of surface and groundwater with 
dissolved chemical elements or suspensions of 

solid particles driven from the dumps by rain or 
seepage; air pollution with dust resulting from 
sterile discharges into landfills and gases 
resulting from mines; destruction of materials 
and human lives, located in the vicinity of 
them, due to the loss of the stability of the 
dumps (Dragomir et al., 2012; Moscovici et al., 
2019). 
 

 
a) 

 
b) 

Figure 2. The unpleasant visual impact: a) Tailings 
Dump New Funicular II Uricani Mine, South sight; b) 
Tailings Dump New Funicular II Uricani Mine, North 

sight 
 
Considering that our world is dynamic, new 
techniques and methods must be presented in 
many fields. 
The present work tends to outline the 
significance of UAV photogrammetry on 
classical ground GPS measurements, in some 
particular cases for the engineering needs of the 
areas where mining works are located. 
In this context, a suitable mining operation, EM 
Uricani, was chosen, being in the closure 
program, where the Tailings Dump New 
Funicular II is found.  
Two sets of measurements were made. First, 
the stock of material resulting from 
underground mining was measured by land 
GNSS technologies for modelling the berms of 
the quarry, after which the entire deposition 
area of sterile material was mapped using UAV 
technology. 
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1. GNSS technology 
In the last two decades, GNSS technologies 
have become an inseparable part of the 
geodesic world. The receivers could be various 
and for various purposes. Most often, for 
engineering tasks RTK receivers are used. The 
GPS receiver used for the study case is Leica 
viva GS08 with the possibility of measuring in 
real time with code and phase measurements 
(Figure 3). 
 

 
Figure 3. GNSS receiver GPS viva GS08 by Leica 

 
VTR (Virtual Reference Station) regime was 
used. The GPS receiver is a dual-frequency 
instrument with the following technical 
parameters regarding the accuracy, stated by 
the manufacturer - 5 mm + 0.5 ppm RMS 
horizontal and 10 mm + 0.5 ppm vertical. 
The reference stations are constantly sending 
their satellite signals to a central server. The 
corrections of the measurements are generated 
by this sever and the GPS receives corrected 
coordinates of the measured points (Herbei, 
2016). 
 

 
Figure 4. Model of control point 

2. UAV platform 
In the current context the market offers 
numerous UAV platforms with different 
specifications and for different applications. 
The UAV platforms are divided into two large 
groups - fixed wing UAV and multirotor UAV. 
For the particular case of our study, we used 
the Phantom 4 Pro UAV quadcopter platform, a 
multi-rotor that is lifted and powered by four 
continuous rotors (Figure 5), with a camera 
capable of capturing videos at 4K resolution at 
30 frames per second and Full HD 1080p at 
120 frames per second for slow motion. The 
lens is aspherical with a 940 field of view 
(FOV). 
 

 
Figure 5. Phantom 4 quadcopter drone in flight 

 
The device is equipped with GPS and 
GLONASS positioning equipment, which 
allow it to connect more quickly to satellites 
and position it with high accuracy in the air. 
Phantom 4 Pro automatically records the details 
of each flight performed, so it is possible to 
perform checks for previous flights (Smuleac et 
al., 2018). 
 
3. Software solutions 
The preliminary stage of data processing was 
achieved with the help of two different GNSS 
and UAV technologies, with the final result in 
common, being in an interdependence for the 
comparison, as well as for the reliable accuracy 
of the results (Popescu, 2015). 
Regarding the GNSS measurements for 
establishing the network points as well as the 
control points (Figure 4), their reporting in the 
reference system for determining the volume of 
material deposited in the Tailings Dump New 
Funicular II, the CAD work platform was used 
through the its subsidiary program, TopoLT 
(Figure 6). 

 
Figure 6. Representation of point clouds and volume in 

TopoLT 
 
And in terms of data processing using the UAV 
platform, the flight plan for collecting images 
from the ground, as well as determining points 
from the ground, was established with the help 
of Pix4D software (Figures 7, 8). 
This platform was used in the conditions 
described, given the ease with which the size, 
the mapping parameters as well as the image 
overlap, the angle of the camera and the 
altitude of flight are defined, it is the object of 
an execution in conditions of precision and 
efficiency (Smuleac et al., 2019). 
 

  
Figure 7. Pix4D Flight Plan 

 

 
Figure 8. Pix4D Data acquisition 

 
The processing was performed differently with 
the help of 4 software’s, to determine the 
volume values of the same stock and to be able 
to compare both in terms of efficiency and 
reliability of unmanned aerial photogrammetry 
when it comes to volumetric measurements. 

 

RESULTS AND DISCUSSIONS 
 
In order to obtain and process the aerial and 
terrestrial data of this study, the research was 
divided into five pre-preliminary stages, 
namely: the first stage refers to the preliminary 
study, the second stage to the placement of 
(GCP) control points, the third stage to measure 
the control points, with the help of GNSS 
technology, the fourth stage is the actual flight 
to obtain the aerial data, and the fifth stage 
refers to the processing of the GNSS data as 
well as the aerial data. 
 

 
Figure 9. Area recognition Tailings Dump New 

Funicular II, Uricani - DJI GO 
 
At the same time, for the acquisition of data for 
the mapping of the area with UAV equipment, 
the following steps will be performed: 
recognizing the area and identifying possible 
dangers for flights, identifying the take-off and 
landing point, locating the control points on the 
ground (GCP), aerial images from study area, 
with the help of DJI GO software (Figure 9) 
quality assurance and data  
processing, data accuracy assessment, image 
processing with Agisoft PhotoScan (Figure 10), 
3D mapping and 3D extraction operations, 
points and orthophotomaps (Figure 11). 
 

 
Figure 10. Image processing with Agisoft PhotoScan 

software locating the GCP 
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Figure 11. First alignment of aerial image Agisoft 

PhotoScan 
 
In the first precursor stage, the one for 
establishing and recognizing the terrain was 
used the integrated software of the quadcopter, 
DJI GO (Figure 12). 
 

 
Figure 12. Tailings Dump New Funicular II drone 

overview - DJI GO 
 
The placement of control points on the ground 
(GCP) was another process of data collection, 
which is one of the most important components 
during the study. 
 

 
Figure 13. GCP position in Orthophotomap 

 
Estimated GCP locations are marked with a dot 
or crossing. 
In order to complete the field data processing 
operations, including the georeferencing 
process, 5 control points were used, points that 
were determined with the Leica GPS, GS08 
model, using the RTK method (Figures 13, 14). 

 
Figure 14. GCP position in plan - Uricani Dump 

 
 

 
Figure 15. GCP locations and error estimates 

 
To increase the accuracy of data collection it 
was necessary to distribute more than three 
control points at different vertical heights 
(Table 1), in lines that could create regular 
patterns (Figures 15, 16). 
 

Table 1. Control points - error estimates (RMSE) 
 

Label X error 
(cm) 

Y error 
(cm) 

Z error 
(cm) 

Total (cm) Image 
(pix) 

Pct reper 
3 

-3.2351 3.21913 1.00114 4.6724 0.735 
(48) 

Pct reper 
4 

6.95329 3.26477 1.62517 7.85163 0.412 
(59) 

Pct reper 
5 

-3.3665 -2.98153 1.6978 4.80684 0.346 
(23) 

Pct reper 
2 

-0.4166 -3.61726 -1.874 4.09512 0.473 
(23) 

Total 4.1929 3.27855 1.58413 5.55327 0.535 

 

Of the 215 images taken, 120 images were 
aligned vertically at a constant altitude of 50 m, 
and the rest in an oblique plane, sufficient for 
the 3D model and obtaining the point cloud 
(Figures 17, 18). 
 

 
Figure 16. Camera locations and image overlap/error 

estimates 
 
The 215 aerial images were processed with the 
AgiSoft PhotoScan software, and the control 
points determined on the ground, with the GPS 
equipment, were identified and positioned 
manually. 
The marking centres were carefully checked 
and manually adjusted where necessary. 
 

Table 2. Presentation of coordinates of GCP  
ground control points in Stereographic 1970 Projection 

System 
GPS point No. X (m) Y (m) Z (m) 
Network pt 1 427,250.929 355,270.869 812,633 
Network pt 2 427,168.671 355,214.356 817,982 
Network pt 3 427,278.562 355,198.105 809,963 
Network pt 4 427,383.205 355,109.921 793,832 
Network pt 5 427,494.080 355,056.792 768,512 

 
The coordinates for the 5 GCP points (Table 2) 
were loaded and an initial alignment was 
performed (Figures 10, 17, 18). 
 

 
Figure 17. Identifying markers at the ground determined 

with GPS equipment 
 

 
Figure 18. Alignment of aerial images and D-Point 

Cloud 
 
After completing the steps involved in 
generating the basic plan, with direct reference 
to GNSS technology (Figure 19), as well as the 
cloud of points 3D Point Cloud (Figure 20), we 
can proceed to the next main purpose step, to 
determine the volume of the stock and to 
determine a comparative analysis of the results 
using the 4 different calculation methods. 
 

 
Figure 19. Situation plan for Tailings Dump Uricani 

Mine 
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overview - DJI GO 
 
The placement of control points on the ground 
(GCP) was another process of data collection, 
which is one of the most important components 
during the study. 
 

 
Figure 13. GCP position in Orthophotomap 

 
Estimated GCP locations are marked with a dot 
or crossing. 
In order to complete the field data processing 
operations, including the georeferencing 
process, 5 control points were used, points that 
were determined with the Leica GPS, GS08 
model, using the RTK method (Figures 13, 14). 

 
Figure 14. GCP position in plan - Uricani Dump 

 
 

 
Figure 15. GCP locations and error estimates 

 
To increase the accuracy of data collection it 
was necessary to distribute more than three 
control points at different vertical heights 
(Table 1), in lines that could create regular 
patterns (Figures 15, 16). 
 

Table 1. Control points - error estimates (RMSE) 
 

Label X error 
(cm) 

Y error 
(cm) 

Z error 
(cm) 

Total (cm) Image 
(pix) 

Pct reper 
3 

-3.2351 3.21913 1.00114 4.6724 0.735 
(48) 

Pct reper 
4 

6.95329 3.26477 1.62517 7.85163 0.412 
(59) 

Pct reper 
5 

-3.3665 -2.98153 1.6978 4.80684 0.346 
(23) 

Pct reper 
2 

-0.4166 -3.61726 -1.874 4.09512 0.473 
(23) 

Total 4.1929 3.27855 1.58413 5.55327 0.535 

 

Of the 215 images taken, 120 images were 
aligned vertically at a constant altitude of 50 m, 
and the rest in an oblique plane, sufficient for 
the 3D model and obtaining the point cloud 
(Figures 17, 18). 
 

 
Figure 16. Camera locations and image overlap/error 

estimates 
 
The 215 aerial images were processed with the 
AgiSoft PhotoScan software, and the control 
points determined on the ground, with the GPS 
equipment, were identified and positioned 
manually. 
The marking centres were carefully checked 
and manually adjusted where necessary. 
 

Table 2. Presentation of coordinates of GCP  
ground control points in Stereographic 1970 Projection 

System 
GPS point No. X (m) Y (m) Z (m) 
Network pt 1 427,250.929 355,270.869 812,633 
Network pt 2 427,168.671 355,214.356 817,982 
Network pt 3 427,278.562 355,198.105 809,963 
Network pt 4 427,383.205 355,109.921 793,832 
Network pt 5 427,494.080 355,056.792 768,512 

 
The coordinates for the 5 GCP points (Table 2) 
were loaded and an initial alignment was 
performed (Figures 10, 17, 18). 
 

 
Figure 17. Identifying markers at the ground determined 

with GPS equipment 
 

 
Figure 18. Alignment of aerial images and D-Point 

Cloud 
 
After completing the steps involved in 
generating the basic plan, with direct reference 
to GNSS technology (Figure 19), as well as the 
cloud of points 3D Point Cloud (Figure 20), we 
can proceed to the next main purpose step, to 
determine the volume of the stock and to 
determine a comparative analysis of the results 
using the 4 different calculation methods. 
 

 
Figure 19. Situation plan for Tailings Dump Uricani 

Mine 
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Figure 20. 3D-Point Cloud - Agisoft PhotoScan 

 
1. Calculating the volume of a stockpile from 
the GPS measurements  
The measurements for the first calculation 
method used in our research to obtain the 
volume of the New Funicular II stock, Uricani 
Mine, were made on February 06, 2020, and 
the estimated time for the measurements was 
about 5 and a half hours. 
Considering the importance and accuracy of the 
data taken from the ground in order to define 
the surface accurately, the measurements were 
made respecting the imposed geodesic 
characteristics. The number of points taken 
from the field amounts to about 850, points 
which indicate all the details necessary to carry 
out the basic plan as well as the volume 
calculation (Figures 19, 21). 
 

 
Figure 21. Stockpile surface measured by GPS and 

created in TopoLT 
 
After processing with the AutoCAD work 
platform, using the prism method (Figure 21), 
mainly used in the volume calculation, the 
reference surface and the estimated volume for 
the stock of Tailings Dump New Funicular II 
were determined (Figure 22). 
 

 
Figure 22. 3D model and volume calculation-TopoLT 

The total volume between two surfaces is given 
by the sum of all volumes related to the right 
prisms in the study area and is V = 238,560.67 
m3. 
 
2. Calculating the volume of the stockpile 
from the UAV flight  
The principles of calculation for the volume of 
an object of any type with photogrammetric 
software, differ slightly from the conventional 
methods applied. 
For the volume calculation using the Agisoft 
software, the basic surface with the 
reconstructed digital elevation model is 
required (Figure 23). 

 
Figure 23. Reconstructed digital elevation model 

 
When creating a volume in Agisoft, it is 
imperative that the stock be closed by 3D 
polylines with vertices of known coordinates. 
The value of the volume calculated by the 
Agisoft software, V = 235,113.70 m3, given 
automatically by selecting the closed polyline 
on the Digital Elevation Model (DEM) created 
following the steps required by the software 
(Figure 24). 
 

 
Figure 24. Digital Elevation Model (DEM) and calculate 

volume - Agisoft 
 
The third software used for volume calculation 
based on data taken from the UAV platform is 
CloudCompare, being a 3D point cloud 
processing software, in our case obtained by 

processing the images from the UAV platform 
(Figure 25). 
Based on the set of tools for manual editing and 
drafting of point clouds, we also calculated the 
volume of stock of material from the Tailings 
Dump New Funicular II, Uricani, and it was 
calculated at V = 237,030.66 m3 (Figure 26). 
 

 
Figure 25. 3D Model for waste ore storage Tailings 

Dump New Funicular II - CloudCompare 
 

 
Figure 26. Calculation of the volume of sterile material 

Tailings Dump New Funicular II - CloudCompare 
 
In a similar way to other software, Pix4D 
software is based on the same calculation 
principles (Figure 27). 
 

 
Figure 27. Pix4D planning for 3D models 

 
The important aspect to consider, both in 
Pix4D and in the other data processing 
software, is to strictly respect the steps before 
the basic calculation, in order to prevent 
possible errors. The total volume calculated 
with the Pix4D working program is V = 
235,133.31 m3 (Figure 28). 

 
Figure 28. Calculation of the volume of waste ore  

Tailings Dump New Funicular II - Pix4D 
 
CONCLUSIONS  
 
In the context of the research, the previous data 
regarding the deposition of sterile material on 
New Funicular II, Uricani Mine, were taken 
into account, with exact reference to the 
composition of the deposited material, the 
stabilization of the dump, as well as the slope 
angles for the slopes. 
Fortunately, the results of the present study 
demonstrate that the two technologies present 
accuracy, efficiency and reliability when it 
comes to surface mining measurements. 
Even though these methods of data retrieval 
and processing serve a single purpose, they are 
executed in time and with different resources. 
The volume resulting from the data taken with 
the GNSS technology processed with the 
AutoCAD-TopoLT software platform, 
represents the volume reported as the reference, 
V = 238,560.67 m3.  
The measurement time with this above 
mentioned technology is about five and a half 
hours, and the time for post-processing of the 
data is about three hours. 
When it comes to UAV technology, it is 
important to point out that the data was 
collected much faster than the ground 
measurements made with GNSS technology, 
and the estimated time for mapping the entire 
area was twenty-eight minutes for all 3 flights. 
Given the fact that the number of images taken 
from the field was reduced, the post-processing 
time is approximately two hours for each of the 
methods applied to calculate the volume of 
waste ore. 



247

 
Figure 20. 3D-Point Cloud - Agisoft PhotoScan 
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The precision obtained by processing the data 
for the three processing methods of the UAV 
technology are the following: 
The volumetric calculation using the Agisoft 
software is 235,113.70 m3 and represents 
1.40% error in accuracy compared to the 
reference volume; 
The volumetric calculation using the 
CloudCompare software is 237,030.66 m3 and 
represents 1.06% error in accuracy compared to 
the reference volume; 
The volumetric calculation using the Pix4D 
software is 235,133.31 m3 and represents 
1.44% error in accuracy compared to the 
reference volume. 
By comparing the GPS technology with the 
UAV platform, the accuracy obtained, 
compared to a previously calculated reference, 
is registered in the legitimate error of less than 
3%. 
A S.W.O.T analysis of the characteristics of 
these programs, with variety of applications, 
capable of generating two-dimensional, three-
dimensional models, mapping, volume 
calculation, orthophotoplans, etc., in our 
context, can be outlined directions that will 
cancel or diminish the weaknesses and threats. 
The main objective of the case study is not only 
the 3D modelling of the tailings dump, the 
determination of the volume of material 
deposited and the purchase of their results, but 
it also comes to the support of those who will 
execute the works of closing the mining 
perimeter through processes of geometry of the 
dump and restoration environment. 
For this reason, we considered it necessary a 
thorough study to efficiently manage the 
closing works of the mining perimeters, in this 
case, Tailings Dump New Funicular II, Uricani. 
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1.44% error in accuracy compared to the 
reference volume. 
By comparing the GPS technology with the 
UAV platform, the accuracy obtained, 
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Abstract 
 
This study is aimed at identifying the modern area of cultivation and preservation of rare species of subtropical 
coniferous woody plants, as well as possible regional directions for their further introduction in Ukraine. For this, a 
network of artificial reserved park cells in Ukraine, in which rare species of subtropical coniferous woody plants grow, 
were geographically determined ex situ. In the steppe area, this network covers 11 artificial reserve cells united in 5 so-
called acclimatization centers, in the broad-leaved forest area there are 12 reserve cells and 4 acclimatization centers, 
and in the Ukrainian Carpathians there are 7 reserve cells functioning, which are covered by 3 acclimatization centers. 
The species composition of the studied plants is given for each reserve cell. Most coniferous subtropical dendroratities 
are found in Odessa (13) and Uzhgorod (10) botanical gardens. We have compiled a general list of taxa, which 
includes 19 species and their varieties. They all belong to 5 families: Cupressaceae (9 taxa), Pinaceae (5), Taxodiacae 
(2) Cephalotaxaceae (2) and Araucariaceae (1). All of the studied taxa are listed on the IUCN Red List (2019). In 
Ukraine, the most suitable ectopic and landscape conditions for the wide acclimatization of subtropical conifers to the 
north of the Crimea are the Black Sea and Transcarpathian lowlands. If the current trend towards regional climate 
warming remains unchanged, possible territorial directions for further introduction and acclimatization of these plants 
into protective urban landscapes of the north of the Steppe, the Bukovyna foothills of the Carpathians, the Volcanic 
Carpathians, the brоadleaf forest zone, and the southern part of the Right-bank Forest Steppe are determined for the 
near future (30-40 years), and the northern part of the Right-bank Forest Steppe, Left-Bank Forest Steppe and the 
mixed forest zone of Ukraine in the long term (70-80 years). 
 
Key words: natural and geographical regions, subtropical conifers, rare tree species, introduction, acclimatization 
centers. 
 
INTRODUCTION 
 
Currently, there is an obvious decrease in the 
ecological potential of endemic dendrodiversity 
of forests, shrubs, steppes, oligotrophic swamps 
and other types of vegetation of Ukraine. 
However, an unforeseen expansive distribution 
of a number of introduced species of woody 
plants is observed, leading to hologenetic age-
related changes in natural landscapes 
(Diachenko & Popovych, 2015). This trend is 
another evidence of an intensification in the 
processes of anthropic evolution of the 
temperate zone phytostroma, where indigenous 
endemic phytocenosystems are replaced by 
secondary alien ones. The clearly evident 
landscape locations of this process are 
undoubtedly the basins of large rivers, along 
the valleys of which heat-loving species of 
woody plants spread mainly northward to the 
north under the conditions of climate warming. 
From another point of view, in Ukraine, 

landscape parks were historically created along 
the valleys of large rivers as cells for 
introducing species of woody plants. Such 
unique centers for introducing rare woody plant 
species to the world were generally formed on 
the territorial basis of ancient artificial reserve 
parks (Hornytskaia & Tkachuk, 2008; Kohno 
& Kurdyuk, 2010). Therefore, a priori, analysis 
of modern conditions and optimization of 
promising networks of these objects is relevant. 
In this aspect, it is important to increase the 
enrichment function of the collection funds of 
artificial nature reserves in order to monitor the 
behavior of predominantly subtropical, that is, 
warming resistant species of woody plants, 
especially those that are rare (Dunlop & 
Brown, 2007; Mackey, 2007). In the future, 
given the current trend toward climate 
warming, it will be possible to predict the 
formation of a promising network of reserved 
cells for the acclimatization of the studied 
species of woody plants in the central, northern 

 

and mountainous parts of Ukraine based on the 
results of the analysis of the introduction 
success. 
 
MATERIALS AND METHODS 
 
The term artificial reserve parks refers to the 
corresponding categories of artificial objects 
belonging to the nature reserve fund defined in 
Ukraine at the legislative level. These are 
botanical gardens, dendrological parks, 
memorial parks of landscape gardening art, 
zoological parks, artificial monuments of 
nature and, to some extent, even regional 
landscape parks. As a rule, rare species of 
woody plants are called dendrorarities in an 
abbreviated form, and such plants in Ukraine 
introduced from the world flora are denoted as 
dendroexots. 
In this connection, the objects of research are 
the species of coniferous dendrorarities with 
mainly natural habitats within the subtropical 
climate area. Only those plant species that grow 
in the lowlands and low mountains of their 
natural habitats were selected, since the plants 
growing in the subtropical zone of higher 
mountain degrees almost all over Ukraine are 
more or less acclimatized due to similar growth 
and development eco-optimums, that is, they 
withstand the current climatic conditions. The 
category of lowland and low-mountain heat-
loving subtropical coniferous plants was 
chosen taking into account the fact that such 
species will be able to acclimatize faster in the 
central, and subsequently in the northern 
latitudes of the country, in the conditions of 
growing aridization of Ukraine’s climate. 
The aim of the study was to identify the centers 
of current growth of subtropical coniferous 
dendrorarites in Ukraine, to combine cells in 
acclimatization centers by proximity of their 
locations and conformity of ecological 
conditions, as well as to determine the probable 
time of introduction of these plants into the 
northern regions of the country. 
In order to achieve the above goals, several 
methods, which are well tested in Ukraine, 
were used. The comprehensive research 
inventory method was applied as fundamental. 
This is a classic method in fundamental botany, 
zoology and environmental science. It gave us 
the opportunity to obtain rich factual material 

in the form of catalogues of rare 
dendrodiversity of the nature reserve fund of 
individual natural and geographical regions of 
Ukraine: Forest Steppe (Popovych, 2011), 
Steppe (Popovych, 2014), Ukrainian Polissia 
(Popovych, 2017), brоadleaf forest zone 
(Popovych, 2020). The corresponding 
catalogue for Ukrainian Carpathians is being 
prepared for publication. Such extensive 
material has been collected over the past 15 
years. The method for inventorying rare 
dendrodiversity and reserved cells of its growth 
included the collection of literature and field 
data, accumulation of information on the 
current spreading of dendroraties of all forms 
listed in the Red Books of global, European, 
national and regional significance, in Ukraine 
(in situ, ex situ, in vivo). In particular, 
documents and publications of international 
importance were used to identify their 
taxonomic and environmental status 
(Convention on the Conservation of European 
Wildlife and Natural Habitats, 1979; European 
Red List of Globally Threatened Animals and 
Plants, 1992; Walter & Gilett, 1997; 
Information materials on the implementation of 
the CITES Convention in Ukraine, 2002; Bilz 
et al., 2011; The IUCN Red List ver. 2015.4, 
2019). 
In order to identify the boundaries of the 
modern cultigenic range of introduction and 
acclimatization of species of subtropical 
coniferous dendrorarities, a cartographic 
method of research was used. Its essence was 
that the cells of their preservation in artificial 
reserve parks were marked on the map of 
Ukraine (М 1:8500000) with circles of 
different designation (solid, dotted and dotted 
closed lines). By using the solid line for 
incorporating the boundaries of individual local 
artificial reserve cells close by location, 
conditionally existing acclimatization centers 
were identified, which were assigned the 
corresponding serial numbers in Roman 
numerals. On the same basis, the possible 
centers of the short-term and distant 
perspectives of the introduction and 
acclimatization of the studied plant species 
were reflected by dotted and dotted closed 
lines, respectively. Thus, 12 acclimatization 
centers were projected on the map (Figure 1). 
The basis of the identification of the projected 
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INTRODUCTION 
 
Currently, there is an obvious decrease in the 
ecological potential of endemic dendrodiversity 
of forests, shrubs, steppes, oligotrophic swamps 
and other types of vegetation of Ukraine. 
However, an unforeseen expansive distribution 
of a number of introduced species of woody 
plants is observed, leading to hologenetic age-
related changes in natural landscapes 
(Diachenko & Popovych, 2015). This trend is 
another evidence of an intensification in the 
processes of anthropic evolution of the 
temperate zone phytostroma, where indigenous 
endemic phytocenosystems are replaced by 
secondary alien ones. The clearly evident 
landscape locations of this process are 
undoubtedly the basins of large rivers, along 
the valleys of which heat-loving species of 
woody plants spread mainly northward to the 
north under the conditions of climate warming. 
From another point of view, in Ukraine, 

landscape parks were historically created along 
the valleys of large rivers as cells for 
introducing species of woody plants. Such 
unique centers for introducing rare woody plant 
species to the world were generally formed on 
the territorial basis of ancient artificial reserve 
parks (Hornytskaia & Tkachuk, 2008; Kohno 
& Kurdyuk, 2010). Therefore, a priori, analysis 
of modern conditions and optimization of 
promising networks of these objects is relevant. 
In this aspect, it is important to increase the 
enrichment function of the collection funds of 
artificial nature reserves in order to monitor the 
behavior of predominantly subtropical, that is, 
warming resistant species of woody plants, 
especially those that are rare (Dunlop & 
Brown, 2007; Mackey, 2007). In the future, 
given the current trend toward climate 
warming, it will be possible to predict the 
formation of a promising network of reserved 
cells for the acclimatization of the studied 
species of woody plants in the central, northern 

 

and mountainous parts of Ukraine based on the 
results of the analysis of the introduction 
success. 
 
MATERIALS AND METHODS 
 
The term artificial reserve parks refers to the 
corresponding categories of artificial objects 
belonging to the nature reserve fund defined in 
Ukraine at the legislative level. These are 
botanical gardens, dendrological parks, 
memorial parks of landscape gardening art, 
zoological parks, artificial monuments of 
nature and, to some extent, even regional 
landscape parks. As a rule, rare species of 
woody plants are called dendrorarities in an 
abbreviated form, and such plants in Ukraine 
introduced from the world flora are denoted as 
dendroexots. 
In this connection, the objects of research are 
the species of coniferous dendrorarities with 
mainly natural habitats within the subtropical 
climate area. Only those plant species that grow 
in the lowlands and low mountains of their 
natural habitats were selected, since the plants 
growing in the subtropical zone of higher 
mountain degrees almost all over Ukraine are 
more or less acclimatized due to similar growth 
and development eco-optimums, that is, they 
withstand the current climatic conditions. The 
category of lowland and low-mountain heat-
loving subtropical coniferous plants was 
chosen taking into account the fact that such 
species will be able to acclimatize faster in the 
central, and subsequently in the northern 
latitudes of the country, in the conditions of 
growing aridization of Ukraine’s climate. 
The aim of the study was to identify the centers 
of current growth of subtropical coniferous 
dendrorarites in Ukraine, to combine cells in 
acclimatization centers by proximity of their 
locations and conformity of ecological 
conditions, as well as to determine the probable 
time of introduction of these plants into the 
northern regions of the country. 
In order to achieve the above goals, several 
methods, which are well tested in Ukraine, 
were used. The comprehensive research 
inventory method was applied as fundamental. 
This is a classic method in fundamental botany, 
zoology and environmental science. It gave us 
the opportunity to obtain rich factual material 

in the form of catalogues of rare 
dendrodiversity of the nature reserve fund of 
individual natural and geographical regions of 
Ukraine: Forest Steppe (Popovych, 2011), 
Steppe (Popovych, 2014), Ukrainian Polissia 
(Popovych, 2017), brоadleaf forest zone 
(Popovych, 2020). The corresponding 
catalogue for Ukrainian Carpathians is being 
prepared for publication. Such extensive 
material has been collected over the past 15 
years. The method for inventorying rare 
dendrodiversity and reserved cells of its growth 
included the collection of literature and field 
data, accumulation of information on the 
current spreading of dendroraties of all forms 
listed in the Red Books of global, European, 
national and regional significance, in Ukraine 
(in situ, ex situ, in vivo). In particular, 
documents and publications of international 
importance were used to identify their 
taxonomic and environmental status 
(Convention on the Conservation of European 
Wildlife and Natural Habitats, 1979; European 
Red List of Globally Threatened Animals and 
Plants, 1992; Walter & Gilett, 1997; 
Information materials on the implementation of 
the CITES Convention in Ukraine, 2002; Bilz 
et al., 2011; The IUCN Red List ver. 2015.4, 
2019). 
In order to identify the boundaries of the 
modern cultigenic range of introduction and 
acclimatization of species of subtropical 
coniferous dendrorarities, a cartographic 
method of research was used. Its essence was 
that the cells of their preservation in artificial 
reserve parks were marked on the map of 
Ukraine (М 1:8500000) with circles of 
different designation (solid, dotted and dotted 
closed lines). By using the solid line for 
incorporating the boundaries of individual local 
artificial reserve cells close by location, 
conditionally existing acclimatization centers 
were identified, which were assigned the 
corresponding serial numbers in Roman 
numerals. On the same basis, the possible 
centers of the short-term and distant 
perspectives of the introduction and 
acclimatization of the studied plant species 
were reflected by dotted and dotted closed 
lines, respectively. Thus, 12 acclimatization 
centers were projected on the map (Figure 1). 
The basis of the identification of the projected 
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and promising acclimatization centers is 
formed by the principles of the stepwise 
acclimatization method (Harkevich, 1966), 
which is one of the priorities in the introduction 
of plants. Its essence is that the species of 
plants acclimated in the south should be 
gradually adapted to the ecological conditions 
of the northern regions, which are colder and 
wetter, in the direction of the location of 
natural and geographical areas (steppe —› 
forest steppe —› brоadleaf forests —› mixed 
forests) or high-altitude zones (lowlands —› 
highlands, foothills —› mountains). 
The assessment of the living condition and the 
success of acclimatization of each plant species 
in their growth reserve cells within the 

framework of various natural and geographical 
regions was determined using a methodology, 
well-tested in Ukraine (Kohno & Kurdiuk, 
2010). Acclimatization numbers were 
calculated accordingly, the values of which 
indicate a high level of success in 
acclimatization in a particular natural and 
geographical region (Table 1). The higher the 
index, the better the plant is acclimatized. The 
maximum value of the acclimatization number 
is equal to 100 points. 
The taxonomic status of the studied species is 
given in accordance with the checklist of 
dendroexots of Ukraine (Popovych et al., 2016) 
and were validated according to The Plant List 
database.

 

 
 

Figure 1. Map of Regional Acclimatization Centers of Rare Subtropical Coniferous Dendrorarites ex situ in Ukraine 

RESULTS AND DISCUSSIONS 
 
Based on the results of inventory studies, we 
compiled a general list of rare species of 
subtropical coniferous dendroexots that come 
from eight floristic regions of the Earth 
(Takhtadzhian, 1978) and are protected ex situ 

in Ukraine in 30 artificial reserve sites. This list 
includes 19 plant species and their varieties 
(Table 1) belonging to five families: 
Cupressaceae (9 taxa), Pinaceae (5 taxa), 
Taxodiacae (2 taxa), Cephalotaxaceae (2 taxa) 
and Araucariaceae (1 taxon). 

 

 

Table 1. Reserve Representativeness and Current State of Acclimatization of Rare Species of Subtropical Coniferous 
Woody Plants in Ukraine 

 

Latin names  
of plant species 

Families Areas of natural 
distribution 

Natural and 
geographic
al region 

Number of 
nature 

reserve sites 

Accli 
matiza 

tion 
number 

Araucaria araucana  
(Mol.) C. Koch  

Araucariaceae Chile-Patagonian BFZ 1 33 

Cedrus atlantica  
(Endl.) Manetti ex Carrière 
 

Pinaceae Mediterranean SZ 7 35 
BFZ 3 33 
UC 2 31 

Cedrus libani var. brevifolia 
Hook. f.  

Pinaceae Mediterranean SZ 1 44 

Cedrus deodara  
(D. Don) G. Don. f. 

Pinaceae Irano-Turanian SZ 5 54 
UC 3 50 
BFZ 3 52 

Cedrus libani Harr.  
var. libani 
 

Pinaceae Irano-Turanian SZ 5 59 
BFZ 3 57 
UC 2 55 

Cephalotaxus fortunei  
Hook. var. fortune 

Cephalotaxace
ae 

Eastern Asiatic UC 1 38 

Cephalotaxus harringtonii  
(Knight ex. J. Forbes) C. Koch 

Cephalotaxace
ae 

Eastern Asiatic UC 3 35 

Cunninghamia lanceolata  
Lomb. 

Taxodiacae Irano-Turanian, 
Eastern Asiatic 

BFZ 6 41 
UC 4 39 

Cupressus arizonica  
Greene 
 

Cupressaceae Madrean, 
Atlantic-North 

American 

SZ 8 43 
BFZ 2 41 
UC 2 39 

Cupressus funebris Endl. Cupressaceae Irano-Turanian SZ 1 47 
Cupressus lusitanica Mill Cupressaceae Carribbean, 

Madrean 
SZ 2 37 

Cupressus macnabiana Murray Cupressaceae Madrean, Rocky 
Mountains  

SZ 1 43 
UC 2 40 

Cupressus  
guadalupensis Wats. 

Cupressaceae Caribben, Madrean SZ 1 44 

Cupressus sargentii Jepson Cupressaceae Madrean UC 1 43 
Cupressus sempervirens L. 
 

Cupressaceae Mediterranean,  
Irano-Turanian 

SZ 3 47 
UC 2 43 

Cupressus torulosa D. Don Cupressaceae Irano-Turanian SZ 1 37 
Pinus pinea L. Pinaceae Mediterranean,  

Irano-Turanian 
SZ 1 45 
UC 1 41 

Sequoia sempervirens  
(D. DON) Endl. 

Taxodiacae Madrean, Rocky 
Mountains  

SZ 1 37 
UC 3 33 

Sequoiadendron giganteum 
(Lindl.) J. Buchholz 

Cupressaceae Madrean SZ 6 37 
BFZ 2 35 
UC 2 33 

 

Note to Table 1: BFZ - brоadleaf forests zone, SZ - steppe zone, UC - Ukrainian Carpathians 
 
All the studied plant species (Table 1) are 
included in IUCN Red List (2019). In addition, 
Araucaria araucana is also included in the 
CITES Convention Appendix (Information 
materials on the implementation of the CITES 
Convention in Ukraine, 2002). Of this number, 
the category of taxa causing the least concern 
includes the largest (10) number of species, two 
species are threatened with extinction, three are 
vulnerable and three endangered, and 
information on one species is insufficient. The 

most rare species across the studied region are 
endangered, being Araucaria araucana, 
Cupressus guadalupensis Wats. and 
Sequoiadendron giganteum. 
In the context of continued global warming in 
the future, undoubtedly subtropical coniferous 
species of woody plants will grow and develop 
better than now in the temperate zone of 
Europe. Therefore, for Ukraine it is possible to 
determine at least two stages of their 
acclimatization in the central and northern parts 
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and promising acclimatization centers is 
formed by the principles of the stepwise 
acclimatization method (Harkevich, 1966), 
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well-tested in Ukraine (Kohno & Kurdiuk, 
2010). Acclimatization numbers were 
calculated accordingly, the values of which 
indicate a high level of success in 
acclimatization in a particular natural and 
geographical region (Table 1). The higher the 
index, the better the plant is acclimatized. The 
maximum value of the acclimatization number 
is equal to 100 points. 
The taxonomic status of the studied species is 
given in accordance with the checklist of 
dendroexots of Ukraine (Popovych et al., 2016) 
and were validated according to The Plant List 
database.
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Latin names  
of plant species 

Families Areas of natural 
distribution 

Natural and 
geographic
al region 

Number of 
nature 

reserve sites 

Accli 
matiza 

tion 
number 

Araucaria araucana  
(Mol.) C. Koch  

Araucariaceae Chile-Patagonian BFZ 1 33 

Cedrus atlantica  
(Endl.) Manetti ex Carrière 
 

Pinaceae Mediterranean SZ 7 35 
BFZ 3 33 
UC 2 31 

Cedrus libani var. brevifolia 
Hook. f.  

Pinaceae Mediterranean SZ 1 44 

Cedrus deodara  
(D. Don) G. Don. f. 

Pinaceae Irano-Turanian SZ 5 54 
UC 3 50 
BFZ 3 52 

Cedrus libani Harr.  
var. libani 
 

Pinaceae Irano-Turanian SZ 5 59 
BFZ 3 57 
UC 2 55 

Cephalotaxus fortunei  
Hook. var. fortune 

Cephalotaxace
ae 

Eastern Asiatic UC 1 38 

Cephalotaxus harringtonii  
(Knight ex. J. Forbes) C. Koch 

Cephalotaxace
ae 

Eastern Asiatic UC 3 35 

Cunninghamia lanceolata  
Lomb. 

Taxodiacae Irano-Turanian, 
Eastern Asiatic 

BFZ 6 41 
UC 4 39 

Cupressus arizonica  
Greene 
 

Cupressaceae Madrean, 
Atlantic-North 

American 

SZ 8 43 
BFZ 2 41 
UC 2 39 

Cupressus funebris Endl. Cupressaceae Irano-Turanian SZ 1 47 
Cupressus lusitanica Mill Cupressaceae Carribbean, 

Madrean 
SZ 2 37 

Cupressus macnabiana Murray Cupressaceae Madrean, Rocky 
Mountains  

SZ 1 43 
UC 2 40 

Cupressus  
guadalupensis Wats. 

Cupressaceae Caribben, Madrean SZ 1 44 

Cupressus sargentii Jepson Cupressaceae Madrean UC 1 43 
Cupressus sempervirens L. 
 

Cupressaceae Mediterranean,  
Irano-Turanian 

SZ 3 47 
UC 2 43 

Cupressus torulosa D. Don Cupressaceae Irano-Turanian SZ 1 37 
Pinus pinea L. Pinaceae Mediterranean,  

Irano-Turanian 
SZ 1 45 
UC 1 41 

Sequoia sempervirens  
(D. DON) Endl. 

Taxodiacae Madrean, Rocky 
Mountains  

SZ 1 37 
UC 3 33 

Sequoiadendron giganteum 
(Lindl.) J. Buchholz 

Cupressaceae Madrean SZ 6 37 
BFZ 2 35 
UC 2 33 

 

Note to Table 1: BFZ - brоadleaf forests zone, SZ - steppe zone, UC - Ukrainian Carpathians 
 
All the studied plant species (Table 1) are 
included in IUCN Red List (2019). In addition, 
Araucaria araucana is also included in the 
CITES Convention Appendix (Information 
materials on the implementation of the CITES 
Convention in Ukraine, 2002). Of this number, 
the category of taxa causing the least concern 
includes the largest (10) number of species, two 
species are threatened with extinction, three are 
vulnerable and three endangered, and 
information on one species is insufficient. The 

most rare species across the studied region are 
endangered, being Araucaria araucana, 
Cupressus guadalupensis Wats. and 
Sequoiadendron giganteum. 
In the context of continued global warming in 
the future, undoubtedly subtropical coniferous 
species of woody plants will grow and develop 
better than now in the temperate zone of 
Europe. Therefore, for Ukraine it is possible to 
determine at least two stages of their 
acclimatization in the central and northern parts 
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of the country, respectively. The 
acclimatization process will probably take 
around 30-40 years in the central regions, and 
will be completed in the northern lands by the 
end of this century (up to 80 years). Therefore, 
the issue is in the short-term and distant 
prospects of acclimatization. The basis for this 
process is the trends of climatic indicators, 
which have already caused a “climate boom” in 
the scientific literature, which will not be the 
focus our attention, since it is not the subject of 
consideration in this publication. We only note 
that different data on temperature trends are 
presented not only in scientific, but also in 
scientific reference works (Rudenko, 2007) and 
socio-ecological reports. In particular, from the 
latest report of the United Nations World 
Meteorological Organization (WMO) in 
Madrid (2019), it is known that this decade was 
recorded the hottest in the history of 
observations. In October 2019, the average 
world temperature was 1.1°C higher than that 
at the end of the 18th century. It was also 
reported that by the end of this century the 
temperature of the atmosphere will increase by 
an average of 3°C with no effective measures 
taken. At the same time, according to the data 
of Ukrainian hydrometeorological and 
geophysical services, many experts and 
relevant eco-organizations, even the media, it 
has already become known that by the end of 
the current century, the predicted average 
annual air temperature will increase by 3.2°C 
with the current dynamics of the accumulation 
of carbon volumes in Ukraine remaining, 
reducing the duration of winter by one month 
as a result. For example, October 2019 in Kyiv 
was the hottest in the entire history of 
observations, and precipitation level in Ukraine 
was two times less than normal in the autumn 
of the same year. After the autumn in Kyiv, the 
meteorological winter has not come, and on 
February 2, 2020, the average daily air 
temperature was 7.9 degrees by Celsius, which 
for the city is a new temperature record since 
2002. 
Further, let us consider the degree of 
representativeness of the plant species studied 
in the context of the natural and geographical 
regions of Ukraine and the network of their 
artificial reserve parks, and also describe the 
possible ways of their stepwise introduction 

from the southern regions to the northern ones 
(Figure 1). 
Steppe zone. In this largest natural and 
geographical region of Ukraine, five 
acclimatization centers were designed on the 
basis of a network of artificial reserve parks: 
Kryvyi Rih (І - the numbers of acclimatization 
centers are shown in Figure 1), Zaporizhia (ІІ), 
Askania-Nova - Kakhovka - Kherson (ІІІ), 
Yevpatoria - Saky (IV), Odesa (V). The entire 
species composition of woody plants of this 
center is collected and listed in our catalog 
(Popovych, 2014) for the first time. 
Kryvyi Rih acclimatization center (І. 
Dnipropetrovsk oblast`) is represented by the 
sole reserve site: Kryvyi Rih Botanical Garden 
(1 - the numbers of artificial reserve cells are 
shown in Figure 1), located in the very north of 
this region, which explains the presence of a 
minimum number of the plant species studied, 
that is, the growth of Sequoiadendron 
giganteum only was identified Therefore, it is 
of utmost importance to approbate new species 
of coniferous heat-loving plants from the 
southern acclimatization centers. It is worth 
attempting to introduce Sequoiadendron 
giganteum, acclimatized in the city of Kryvyi 
Rih, to the cities of Dnipro (botanical garden), 
Kropyvnytskyi (Kovalyivskyi Memorial Park 
of Landscape Art, “Veseli Bokovenki” 
Dendrological Park), Cherkasy (City 
Dendrological Park, National Dendrological 
Park "Sofiyivka"), Poltava (City Memorial 
Park of Landscape Art, Ustymivka 
Dendrological Park) in the near future, and to 
Donetsk (botanical garden), Luhansk (“Hostra 
Mohyla” Memorial Park of Landscape Art), 
Kharkiv (botanical garden) and Sumy 
(Dendrological Park) in the long term. 
Zaporizhia acclimatization center (ІІ, 
Zaporizhia oblast`) is also represented by the 
sole reserve site, namely the Zaporizhia 
Children's Botanical Garden Memorial Park of 
Landscape Art (2).  
It protects Cupressus sempervirens and Pinus 
pinea only, therefore, it is advisable to 
approbate new species of subtropical woody 
plants from the southern acclimatization 
centers there. It is advisable to acclimatize 
these two species in the future in the same way 
as suggested above for Sequoiadendron 
giganteum. 

 

Askania-Nova - Kakhovka - Kherson 
acclimatization center (ІІІ, Kherson oblast`) is 
designed on the basis of three reserve sites: 
F.E. Falz-Fein Biosphere Reserve “Askania-
Nova”, the oldest dendrological park in 
Ukraine (3), branch of Nikitsky Botanical 
Garden “Novokakhovske (Botanichne)” (4) and 
Memorial Park “Botanical Garden of Kherson 
Pedagogical University” (5). Plants of five taxa 
are cultivated in the Askania-Nova 
Dendrological Park: Cedrus atlantica, Cedrus 
deodara, Cedrus libani Harr. var. libani, 
Cupressus arizonica and Sequoiadendron 
giganteum. Cedrus atlantica, Cedrus libani 
Harr. var. libani, Cupressus arizonica, 
Cupressus macnabiana (the only habitat of this 
species among the protected sites of Ukraine) 
and Sequoiadendron giganteum (five taxa) 
were introduced in the Novokakhovske 
(Botanichne) artificial reserve site. Only two of 
the species studied grow in the Memorial Park 
“Botanical Garden of Kherson Pedagogical 
University”: Cedrus atlantica та Cupressus 
arizonica. The above mentioned plant species 
of this center may now be successfully 
introduced to parks in the city of Mykolaiv. 
Yevpatoria - Saky acclimatization center (IV, 
Autonomous Republic of Crimea), which is 
located in the southernmost region, will consist 
of two artificial reserve sites: Yevpatoria 
Dendrological Park (6) and Saky Memorial 
Park of Landscape Art (7). The first of these 
acclimates the plants of five taxa: Cedrus 
deodara, Cedrus libani Harr. var. libani, 
Cupressus arizonica, Cupressus sempervirens, 
Cupressus lusitanica, and the second - two: 
Cedrus atlantica and Cedrus deodara. Two 
species of this center, in particular, Cupressus 
sempervirens and Cupressus lusitanica should 
be recommended to replenish the collections of 
the Askania-Nova - Kakhovka - Kherson 
acclimatization center. 
Odesa acclimatization center (V, Odesa 
oblast`, the city of Odesa) designed on the basis 
of four artificial reserve sites: V.I. Lypsky 
Odesa Botanical Garden of I.I. Mechnikov 
Odesa National University (8), three memorial 
parks of landscape art: “Dendropark Pobedy” 
(9), “Studentskyi” (10) and “Yunnatskyi” (11). 
Of all the aforementioned sites, the Odesa 
Botanical Garden has the largest number of the 
plant species studied (13 out of 19), namely: 

Cedrus atlantica, Cedrus deodara, Cedrus 
libani var. brevifolia Hook. f. (the only habitat 
of this species among the reserve sites of 
Ukraine), Cedrus libani Harr. var. libani, 
Cupressus arizonica, Cupressus sempervirens, 
Cupressus guadalupensis (the only habitat of 
this species among the reserve sites of 
Ukraine), Cupressus torulosa (the only habitat 
of this species among the reserve sites of 
Ukraine), Cupressus lusitanica, Cupressus 
funebris (the only habitat of this species among 
the reserve sites of Ukraine), Sequoia 
sempervirens (the only habitat of this species 
among the reserve objects of the steppe zone), 
Sequoiadendron giganteum, Pinus pinea (the 
only habitat of this species among the reserve 
objects of the steppe zone). Such a significant 
number of subtropical taxa in this botanical 
garden is explained by the corresponding 
favorable environmental conditions and the 
centuries-old tradition of acclimatization of 
alien plant species. By the number of the plant 
species studied, Park “Studentskyi” occupies 
the second place with: Cedrus atlantica, 
Cedrus deodara, Cedrus libani Harr. var. 
libani, Cupressus arizonica, Sequoiadendron 
giganteum (fixe taxa). In the rest of the 
memorial parks of landscape art, in particular, 
in “Dendropark Pobedy” the following plants 
grow: Cedrus atlantica and Cupressus 
arizonica, which was also noted for the 
“Yunnatskyi” park. The above mentioned plant 
species of this center may now be successfully 
introduced in the parks of the city of Mykolaiv, 
as well as Askania-Nova - Kakhovka - Kherson 
and Yevpatoria - Saky acclimatization centers 
should be enriched with the taxa having the 
only habitat in this center (Cedrus libani var. 
brevifolia Hook. f., Cupressus guadalupensis, 
Cupressus torulosa, Cupressus funebris, 
Sequoia sempervirens, Pinus pinea). 
Thus, the Odesa acclimatization center will 
become a powerful center for enriching 
northern protected urban areas with rare species 
of subtropical coniferous woody plants within 
the boundaries of the Steppe of Ukraine on the 
taxonomic basis of the Odesa Botanical 
Garden. 
Brоadleaf forests zone. This smallest area of 
Ukraine has four acclimatization centers: 
Kamianets-Podilsk (VІ), Ternopil - 
Khmelnitsky (VІІ), Kremenets (VІІІ), Lviv 
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of the country, respectively. The 
acclimatization process will probably take 
around 30-40 years in the central regions, and 
will be completed in the northern lands by the 
end of this century (up to 80 years). Therefore, 
the issue is in the short-term and distant 
prospects of acclimatization. The basis for this 
process is the trends of climatic indicators, 
which have already caused a “climate boom” in 
the scientific literature, which will not be the 
focus our attention, since it is not the subject of 
consideration in this publication. We only note 
that different data on temperature trends are 
presented not only in scientific, but also in 
scientific reference works (Rudenko, 2007) and 
socio-ecological reports. In particular, from the 
latest report of the United Nations World 
Meteorological Organization (WMO) in 
Madrid (2019), it is known that this decade was 
recorded the hottest in the history of 
observations. In October 2019, the average 
world temperature was 1.1°C higher than that 
at the end of the 18th century. It was also 
reported that by the end of this century the 
temperature of the atmosphere will increase by 
an average of 3°C with no effective measures 
taken. At the same time, according to the data 
of Ukrainian hydrometeorological and 
geophysical services, many experts and 
relevant eco-organizations, even the media, it 
has already become known that by the end of 
the current century, the predicted average 
annual air temperature will increase by 3.2°C 
with the current dynamics of the accumulation 
of carbon volumes in Ukraine remaining, 
reducing the duration of winter by one month 
as a result. For example, October 2019 in Kyiv 
was the hottest in the entire history of 
observations, and precipitation level in Ukraine 
was two times less than normal in the autumn 
of the same year. After the autumn in Kyiv, the 
meteorological winter has not come, and on 
February 2, 2020, the average daily air 
temperature was 7.9 degrees by Celsius, which 
for the city is a new temperature record since 
2002. 
Further, let us consider the degree of 
representativeness of the plant species studied 
in the context of the natural and geographical 
regions of Ukraine and the network of their 
artificial reserve parks, and also describe the 
possible ways of their stepwise introduction 

from the southern regions to the northern ones 
(Figure 1). 
Steppe zone. In this largest natural and 
geographical region of Ukraine, five 
acclimatization centers were designed on the 
basis of a network of artificial reserve parks: 
Kryvyi Rih (І - the numbers of acclimatization 
centers are shown in Figure 1), Zaporizhia (ІІ), 
Askania-Nova - Kakhovka - Kherson (ІІІ), 
Yevpatoria - Saky (IV), Odesa (V). The entire 
species composition of woody plants of this 
center is collected and listed in our catalog 
(Popovych, 2014) for the first time. 
Kryvyi Rih acclimatization center (І. 
Dnipropetrovsk oblast`) is represented by the 
sole reserve site: Kryvyi Rih Botanical Garden 
(1 - the numbers of artificial reserve cells are 
shown in Figure 1), located in the very north of 
this region, which explains the presence of a 
minimum number of the plant species studied, 
that is, the growth of Sequoiadendron 
giganteum only was identified Therefore, it is 
of utmost importance to approbate new species 
of coniferous heat-loving plants from the 
southern acclimatization centers. It is worth 
attempting to introduce Sequoiadendron 
giganteum, acclimatized in the city of Kryvyi 
Rih, to the cities of Dnipro (botanical garden), 
Kropyvnytskyi (Kovalyivskyi Memorial Park 
of Landscape Art, “Veseli Bokovenki” 
Dendrological Park), Cherkasy (City 
Dendrological Park, National Dendrological 
Park "Sofiyivka"), Poltava (City Memorial 
Park of Landscape Art, Ustymivka 
Dendrological Park) in the near future, and to 
Donetsk (botanical garden), Luhansk (“Hostra 
Mohyla” Memorial Park of Landscape Art), 
Kharkiv (botanical garden) and Sumy 
(Dendrological Park) in the long term. 
Zaporizhia acclimatization center (ІІ, 
Zaporizhia oblast`) is also represented by the 
sole reserve site, namely the Zaporizhia 
Children's Botanical Garden Memorial Park of 
Landscape Art (2).  
It protects Cupressus sempervirens and Pinus 
pinea only, therefore, it is advisable to 
approbate new species of subtropical woody 
plants from the southern acclimatization 
centers there. It is advisable to acclimatize 
these two species in the future in the same way 
as suggested above for Sequoiadendron 
giganteum. 

 

Askania-Nova - Kakhovka - Kherson 
acclimatization center (ІІІ, Kherson oblast`) is 
designed on the basis of three reserve sites: 
F.E. Falz-Fein Biosphere Reserve “Askania-
Nova”, the oldest dendrological park in 
Ukraine (3), branch of Nikitsky Botanical 
Garden “Novokakhovske (Botanichne)” (4) and 
Memorial Park “Botanical Garden of Kherson 
Pedagogical University” (5). Plants of five taxa 
are cultivated in the Askania-Nova 
Dendrological Park: Cedrus atlantica, Cedrus 
deodara, Cedrus libani Harr. var. libani, 
Cupressus arizonica and Sequoiadendron 
giganteum. Cedrus atlantica, Cedrus libani 
Harr. var. libani, Cupressus arizonica, 
Cupressus macnabiana (the only habitat of this 
species among the protected sites of Ukraine) 
and Sequoiadendron giganteum (five taxa) 
were introduced in the Novokakhovske 
(Botanichne) artificial reserve site. Only two of 
the species studied grow in the Memorial Park 
“Botanical Garden of Kherson Pedagogical 
University”: Cedrus atlantica та Cupressus 
arizonica. The above mentioned plant species 
of this center may now be successfully 
introduced to parks in the city of Mykolaiv. 
Yevpatoria - Saky acclimatization center (IV, 
Autonomous Republic of Crimea), which is 
located in the southernmost region, will consist 
of two artificial reserve sites: Yevpatoria 
Dendrological Park (6) and Saky Memorial 
Park of Landscape Art (7). The first of these 
acclimates the plants of five taxa: Cedrus 
deodara, Cedrus libani Harr. var. libani, 
Cupressus arizonica, Cupressus sempervirens, 
Cupressus lusitanica, and the second - two: 
Cedrus atlantica and Cedrus deodara. Two 
species of this center, in particular, Cupressus 
sempervirens and Cupressus lusitanica should 
be recommended to replenish the collections of 
the Askania-Nova - Kakhovka - Kherson 
acclimatization center. 
Odesa acclimatization center (V, Odesa 
oblast`, the city of Odesa) designed on the basis 
of four artificial reserve sites: V.I. Lypsky 
Odesa Botanical Garden of I.I. Mechnikov 
Odesa National University (8), three memorial 
parks of landscape art: “Dendropark Pobedy” 
(9), “Studentskyi” (10) and “Yunnatskyi” (11). 
Of all the aforementioned sites, the Odesa 
Botanical Garden has the largest number of the 
plant species studied (13 out of 19), namely: 

Cedrus atlantica, Cedrus deodara, Cedrus 
libani var. brevifolia Hook. f. (the only habitat 
of this species among the reserve sites of 
Ukraine), Cedrus libani Harr. var. libani, 
Cupressus arizonica, Cupressus sempervirens, 
Cupressus guadalupensis (the only habitat of 
this species among the reserve sites of 
Ukraine), Cupressus torulosa (the only habitat 
of this species among the reserve sites of 
Ukraine), Cupressus lusitanica, Cupressus 
funebris (the only habitat of this species among 
the reserve sites of Ukraine), Sequoia 
sempervirens (the only habitat of this species 
among the reserve objects of the steppe zone), 
Sequoiadendron giganteum, Pinus pinea (the 
only habitat of this species among the reserve 
objects of the steppe zone). Such a significant 
number of subtropical taxa in this botanical 
garden is explained by the corresponding 
favorable environmental conditions and the 
centuries-old tradition of acclimatization of 
alien plant species. By the number of the plant 
species studied, Park “Studentskyi” occupies 
the second place with: Cedrus atlantica, 
Cedrus deodara, Cedrus libani Harr. var. 
libani, Cupressus arizonica, Sequoiadendron 
giganteum (fixe taxa). In the rest of the 
memorial parks of landscape art, in particular, 
in “Dendropark Pobedy” the following plants 
grow: Cedrus atlantica and Cupressus 
arizonica, which was also noted for the 
“Yunnatskyi” park. The above mentioned plant 
species of this center may now be successfully 
introduced in the parks of the city of Mykolaiv, 
as well as Askania-Nova - Kakhovka - Kherson 
and Yevpatoria - Saky acclimatization centers 
should be enriched with the taxa having the 
only habitat in this center (Cedrus libani var. 
brevifolia Hook. f., Cupressus guadalupensis, 
Cupressus torulosa, Cupressus funebris, 
Sequoia sempervirens, Pinus pinea). 
Thus, the Odesa acclimatization center will 
become a powerful center for enriching 
northern protected urban areas with rare species 
of subtropical coniferous woody plants within 
the boundaries of the Steppe of Ukraine on the 
taxonomic basis of the Odesa Botanical 
Garden. 
Brоadleaf forests zone. This smallest area of 
Ukraine has four acclimatization centers: 
Kamianets-Podilsk (VІ), Ternopil - 
Khmelnitsky (VІІ), Kremenets (VІІІ), Lviv 
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(ІХ). Most of the artificial reserve sites that 
will be included in them are located in the 
Dniester River basin, which indicates optimal 
conditions for the acclimatization of 
subtropical woody plants. The entire species 
composition of woody plants of this center is 
collected and listed in our catalogue 
(Popovych, 2020) for the first time. 
Kamianets-Podilskyi acclimatization center 
(VІ, Ternopil and Khmelnitsky oblast`s) is 
designed in the southern part of the brоadleaf 
forests zone. It will be represented by two 
artificial reserve sites: Kamyanets-Podilskyi 
Botanical Garden of State Agrarian and 
Engineering University in Podilia (12) and 
Hermakivka Dendrological Park (13). Only 
Cedrus libani Harr. var. Libani was found in 
the Kamyanets-Podilskyi Botanical Garden. In 
this center, the largest (4 species) of the plant 
species studied grow in the Hermakivka 
Dendrological Park, namely: Araucaria 
araucana (the only habitat of this species 
among the reserve sites of Ukraine), Cedrus 
atlantica, Cedrus deodara, Cunninghamia 
lanceolata. From this center, Araucaria 
araucana is the only plant to be recommended 
to be acclimated in the centers numbered VІІ, 
ХІ and ХІІ in the text. 
Ternopil - Khmelnitsky acclimatization center 
(VІІ, Ternopil and Khmelnitsky oblast`s) is 
designed in the central of brоadleaf forests 
zone. It will include five artificial reserve sites: 
the Botanical Garden of Khmelnitsky National 
University (14), two dendrological parks - 
Khorostkiv (15) and “Lisova Pisnya” (16), 
memorial parks of landscape art “Satanivska 
Perlyna” (17), as well as the “Zapovidnyi 
Kutochok” botanical monument of nature (18). 
Two species of plants were noted in the 
“Lisova Pisnya” dendrological park (Cedrus 
atlantica, Cedrus deodara) Only one species is 
found in the collections of the Botanical 
Garden of Khmelnytsky National University 
(Cunninghamia lanceolata), Khorostkiv 
Dendrological Park (Cedrus libani Harr. var. 
libani), “Satanivska Perlyna” memorial park of 
landscape art (Cedrus atlantica) and the 
“Zapovidnyi Kutochok” botanical monument 
of nature (Sequoiadendron giganteum). Except 
for the latter species, the remaining 
dendroextos mentioned above should be 
recommended for introduction in the VIIIII 

acclimatization center, and in the near future in 
the city of Vinnitsa (memorial park of 
landscape art “Podillya Botanical Garden”). 
Kremenets acclimatization center (VІІІ, 
Ternopil oblast`s) is also designed in the 
central part of the brоadleaf forest zone, yet it 
is located to the north of all the other sites. It 
will include only one artificial reserve object – 
the ancient Kremenets Botanical Garden (19), 
in which Sequoiadendron giganteum from 
among the composition of the studied plant 
species was found to be reliably resistant to 
environmental conditions of the central part of 
the territory of Right-Bank Ukraine. 
As the Kremenets Botanical Garden is 
currently the northernmost place of cultivation 
of Sequoiadendron giganteum in Ukraine, 
therefore, in the short term (30 years), one may 
decide to attempt introducing this species into 
the artificial reserve parks of the cities of Rivne 
and Lutsk (the “Volyn” botanical garden), 
which are 83 km and 97 km north of 
Kremenets, respectively. These cities are 
located in the northern parts of the brоadleaf 
forests zone of Ukraine. 
As an example and confirmation of the 
expressed thought, we give some weather 
indicators of the city of Rivne over the past 20 
years. In particular, its average annual 
temperature increased by 2.0°С, minimum 
temperature in winter also significantly 
increased from -35°С to -20°С. However, the 
average annual rainfall decreased by 100 mm 
(Korotun & Korotun, 1996; Report on the state 
of the environment in Rivne oblast` in 2016, 
2017). In our opinion, plants should be planted 
in areas well-protected from frost and northern 
winds on the territory of the “Rivne T.H. 
Shevchenko park of Culture and Rest” 
memorial park of landscape art. First of all, it is 
advisable to start the introduction of those 
plants that have a wide eco-amplitude, a high 
acclimatization number and which have 
successfully acclimatized not only in 
Kremenets, but also in Lviv and the foothills of 
the Carpathians. 
In addition to the above mentioned 
Sequoiadendron giganteum, and also taking 
into account a different, but noticeable increase 
in average annual air temperature (Figure 2), 
primarily in the cities of Lutsk, Rivne, 
Vinnytsia, Zhytomyr (botanical garden) and 

 

even Kyiv (three botanical gardens and two 
dendrological parks) it is worth starting to 
introduce other species in around 40 years - 
Cunninghamia lanceolata, Cupressus 
arizonica, Sequoia sempervirens, Cedrus 
atlantica, Cedrus deodara, Cedrus libani Harr. 
var. libani. It is advisable to plant them in 
dendro groups in dry topographic low locations 
and protect them from frost with topiary wall 
fences with Thuja occidentalis, which is very 
well acclimatized all over Ukraine and even in 
the colder regions - the mountain valleys of the 
Ukrainian Carpathians and the Ukrainian 
Polissya. These plants may be introduced by 
the end of the current century even in the city 
of Chernihiv (“City Garden” memorial park of 
landscape art). 
Lviv acclimatization center (ІХ, Lviv oblast`) 
is designed in the western part of the brоadleaf 
forests zone. It will be represented by two 
botanical gardens - of Ivan Franko National 

University of Lviv (20) and Danylo Halytsky 
Medical University of Lviv (21), “Park of 
Municipal 7th City Hospital of Lviv” Memorial 
Park of Landscape Art (22), as well as 
Rudotsky Dendrological Park (23). Of all the 
above-mentioned artificial reserve sites, the 
botanical garden of Ivan Franko National 
University of Lviv has the largest (5 taxa) 
number of plant taxa studied, that is: Cedrus 
deodara, Cedrus libani Harr. var. libani, 
Cupressus arizonica, Cunninghamia lanceolata 
та Sequoiadendron giganteum. The same 
species (Cunninghamia lanceolata) grows in 
three artificial reserve sites: Botanical Garden 
of Danylo Halytsky Medical University of 
Lviv, Rudotsky Dendrological Park and “Park 
of Municipal 7th City Hospital of Lviv” 
Memorial Park of Landscape Art. In the short 
term, the cities of Lutsk and Rivne may be the 
next stage of acclimatization of plant species of 
this center. 

 

 
Figure 2. Indicators of increase in average annual air temperature in northern cities of Ukraine over the last 10 years 

 
Thus, it is likely that in 30-40 years, rare 
species of subtropical woody plants, currently 
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in these centers are located in the warmest 
places of the valleys of the rivers Dniester, 
Prut, Uzh, Latorica and Tisza. 

Ivano-Frankivsk acclimatization center (Х, 
Ivano-Frankivsk oblast`) will include the sole 
artificial reserve site, namely the “Druzhba” 
dendrological park (24). It protects 
Cunninghamia lanceolata and Cephalotaxus 
harringtonii (Kuznetsov, 2017). These species 
may be recommended to be introduced in the 
cities of Kremenets, Lutsk and Rivne in the 
near future. 
Berehomet - Chernivtsi acclimatization center 
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landscape art - Berehomet (26) and Chornivka 
(27) parks. Along with the neighboring ancient 
arboretum, the botanical garden also has 
ancient historical traditions of introducing 
decorative woody plants. In combination with 
the university’s unique architectural structures, 
they are part of the UNESCO World Heritage 



257
 

(ІХ). Most of the artificial reserve sites that 
will be included in them are located in the 
Dniester River basin, which indicates optimal 
conditions for the acclimatization of 
subtropical woody plants. The entire species 
composition of woody plants of this center is 
collected and listed in our catalogue 
(Popovych, 2020) for the first time. 
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(VІ, Ternopil and Khmelnitsky oblast`s) is 
designed in the southern part of the brоadleaf 
forests zone. It will be represented by two 
artificial reserve sites: Kamyanets-Podilskyi 
Botanical Garden of State Agrarian and 
Engineering University in Podilia (12) and 
Hermakivka Dendrological Park (13). Only 
Cedrus libani Harr. var. Libani was found in 
the Kamyanets-Podilskyi Botanical Garden. In 
this center, the largest (4 species) of the plant 
species studied grow in the Hermakivka 
Dendrological Park, namely: Araucaria 
araucana (the only habitat of this species 
among the reserve sites of Ukraine), Cedrus 
atlantica, Cedrus deodara, Cunninghamia 
lanceolata. From this center, Araucaria 
araucana is the only plant to be recommended 
to be acclimated in the centers numbered VІІ, 
ХІ and ХІІ in the text. 
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zone. It will include five artificial reserve sites: 
the Botanical Garden of Khmelnitsky National 
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Khorostkiv (15) and “Lisova Pisnya” (16), 
memorial parks of landscape art “Satanivska 
Perlyna” (17), as well as the “Zapovidnyi 
Kutochok” botanical monument of nature (18). 
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“Lisova Pisnya” dendrological park (Cedrus 
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acclimatization center, and in the near future in 
the city of Vinnitsa (memorial park of 
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the artificial reserve parks of the cities of Rivne 
and Lutsk (the “Volyn” botanical garden), 
which are 83 km and 97 km north of 
Kremenets, respectively. These cities are 
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even Kyiv (three botanical gardens and two 
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species (Cunninghamia lanceolata) grows in 
three artificial reserve sites: Botanical Garden 
of Danylo Halytsky Medical University of 
Lviv, Rudotsky Dendrological Park and “Park 
of Municipal 7th City Hospital of Lviv” 
Memorial Park of Landscape Art. In the short 
term, the cities of Lutsk and Rivne may be the 
next stage of acclimatization of plant species of 
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Chernivtsi (ХІ), Rakhiv - Mukachevo - 
Uzhgorod (ХІІ). Territorially, they belong to 
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spurs of the Volcanic Carpathians (Marynych 
et al., 2003). Most of the artificial reserve sites 
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Ivano-Frankivsk acclimatization center (Х, 
Ivano-Frankivsk oblast`) will include the sole 
artificial reserve site, namely the “Druzhba” 
dendrological park (24). It protects 
Cunninghamia lanceolata and Cephalotaxus 
harringtonii (Kuznetsov, 2017). These species 
may be recommended to be introduced in the 
cities of Kremenets, Lutsk and Rivne in the 
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landscape art - Berehomet (26) and Chornivka 
(27) parks. Along with the neighboring ancient 
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decorative woody plants. In combination with 
the university’s unique architectural structures, 
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Site “Residence of Bukovinian and Dalmatian 
Metropolitans” (2011). The Chernivtsi 
Botanical Garden is growing: Cedrus deodara, 
Cupressus arizonica, Cunninghamia 
lanceolata, Sequoiadendron giganteum, 
Cephalotaxus fortunei Hook. var. fortune, 
Cephalotaxus harringtonii (Diachenko & 
Popovych, 2015; Kuznetsov, 2017; Litvinenko 
& Vykliuk, 2019). The first two species of 
plants have a real potential for transition to 
unprotected soil. However, one species of the 
plants studied was identified in the memorial 
parks of landscape art: Berehomet (Cupressus 
macnabiana) and Chornivka (Cupressus 
arizonica). By the way, the Berehomet Park is 
the only growth site for this species among the 
artificial reserve sites of the studied region 
(Kuznetsov, 2017), and Cupressus arizonica 
Greene reached a hundred years of age in the 
Chernivtsi Park, which is located on the eastern 
boundary of the Carpathian Mountain System 
(Chornei et al., 2012). 
Rakhiv - Mukachevo - Uzhgorod 
acclimatization center (ХІІ, Transcarpathian 
oblast`) is designed with three artificial reserve 
sites on a territorial basis: the Uzhgorod 
National University Botanical Garden (28), 
“Berezynka” dendrological park (29) Sequoia 
Nature Botanical Monument (30). Among the 
three sites of the center, the Uzhgorod National 
University Botanical Garden has the highest 
number of plant species studied (10 out of 19), 
namely: Cedrus atlantica (Cedrus deodara, 
Cedrus libani Harr. var. libani, Cupressus 
arizonica, Cupressus sempervirens (the only 
habitat of this species among the reserve sites 
of the Ukrainian Carpathians), Cupressus 
sargentii Jepson (the only habitat of this 
species among the reserve sites of Ukraine), 
Sequoiadendron giganteum, Sequoia 
sempervirens and Pinus pinea (the only habitat 
of this species among the reserve sites of the 
Ukrainian Carpathians), Cunninghamia 
lanceolata (Shevera, 2005; Diachenko & 
Popovych, 2015; Kuznetsov, 2017). A slightly 
smaller number (6 taxa) of the studied plant 
taxa is observed in the “Berezynka” 
dendrological park. On its territory, the 
following plants are found: Cedrus atlantica, 
Cedrus deodara, Cedrus libani Harr. var. 
libani, Cunninghamia lanceolata, 
Sequoiadendron giganteum, Sequoia 

sempervirens (Terletskyi et al., 1985; Kokhno 
et al., 2001; Kuznetsov, 2017). Sequoia Nature 
Botanical Monument has Sequoia sempervirens 
only, whose age has reached 100 years (Pop, 
2011). 
Thus, powerful botanical gardens of the 
Ukrainian Carpathians for the growth of rare 
subtropical coniferous dendrorarities are the 
botanical gardens of Chernivtsi and Uzhgorod, 
which would benefit from comparing their 
species composition and pre-climatizing a 
sufficient number of species, as well as 
beginning the introduction of new species of 
heat-loving plants. In this regard, another such 
feature should be noted. The studied 
dendroexotic species found in the artificial 
nature reserves of this region have been already 
enriching the urban landscapes of the cities of 
the Transcarpathian Lowland - Uzhgorod, 
Mukachevo, Berehovo and Vynogradiv as the 
warm cities of Transcarpathia. It is likely that 
these types of plants may be recommended for 
landscaping the protective urban landscapes of 
the foothill belt and the ridge of the Volcanic 
Carpathians in a few decades. 
The problem of introduction and 
acclimatization of subtropical coniferous 
woody plants as a source of natural, social and 
ecological, environmental resources has been 
attracting the attention of researchers for many 
centuries. It has become one of the fundamental 
issues in modern botanical science. (Kriusman, 
1986; Welch & Haddow, 1993; Farjon, 2001; 
Debreczy & Rácz, 2011; Kuznetsov, 2017). 
The majority of Ukrainian scientists’ works is 
devoted to bioecological bases of adaptation of 
subtropical plants in vivo (Cherevchenko, 1988; 
Hornytskaia & Tkachuk, 2008), and more 
recently, attention has been paid to their 
conservation status and the need for inventory 
in artificial nature reserves of Ukraine 
(Hrodzynskyi, 1991; Lebeda, 2011; Diachenko 
& Popovych, 2015). 
In connection with the need (Global Strategy 
for Plant Conservation, 2004) to resolve the 
issue of inventory of rare dendrodiversity of 
Ukraine, we have analyzed in detail the 
networks of artificial reserve parks of the four 
natural and geographical regions of the 
lowlands of Ukraine: (Popovych & Vasylenko, 
2009), Steppe (Popovych, 2012), mixed forests 
area or Ukrainian Polissia (Popovych, 2016) 

 

and brоadleaf forests zone (Popovych, 2018). 
Network analysis of the same category of 
Ukrainian Carpathian parks was carried out by 
N. V. Mykhailovych (2014). The results of 
these studies have shown that the majority of 
subtropical conifer dendrorarities, especially in 
the forest-steppe and mixed forest areas, are 
protected in botanical gardens in vivo. Also, the 
networks of the nature reserve fund of the large 
river basins of Ukraine are analyzed in detail: 
Desna (Stetsenko & Popovych, 1995), Dnipro 
(Popovych, 2003) and Dniester (Popovych & 
Vlasenko, 2019). As expected, of the 30 
identified artificial reserve centers of Ukraine, 
17 sites are located in the Dniester basin, in 
which plants of seven of the 19 taxa studied 
grow, and only 5 sites are found in the Dnieper 
basin, in which plants of 8 taxa are introduced. 
No sites under study were found in the Desna 
basin. 
The results of the inventory studies indicated 
the feasibility of optimizing the modern and 
promising network of artificial nature reserves 
that are needed to enrich and introduce species 
and intraspecific taxa of woody plants of the 
world dendroflora, primarily of subtropical 
origin, new to most natural and geographical 
regions of Ukraine. On the other hand, the 
results revealed foci of successful introduction 
of varying degrees of some subtropical taxa 
only in the Steppe (Vlasenko & Popovych, 
2016), brоadleaf forests zone (Miskevych & 
Popovych, 2019) and the Ukrainian 
Carpathians. No rare subtropical dendroexots 
were found ex situ in the forest-steppe of 
Ukraine (Stepanenko & Popovych, 2015) or the 
Ukrainian Polissia (Savoskina & Popovych, 
2019). However, a rather rich number of 
publications has not yet touched the subject of 
the geographical formation of a network of 
artificial reserve cells and the direction of 
determining the introduction channels for the 
cultivation and collection of rare species of 
subtropical woody plants in detail. 
Of course, the existing network of artificial 
reserve parks in Ukraine is not sufficient, 
therefore, the basis for its optimization is to 
form a system of principles and criteria for 
selecting the appropriate types of landscapes, 
primarily focusing on the climatic, orographic 
and ecotopic conditions of the areas where the 
introduction and acclimatization processes will 

be planned. Given this, the modern introduction 
as a science should take into account the real 
climatic situation that has developed in certain 
natural and geographical regions of Ukraine 
over the past half century. At present, the 
direction of planned or spontaneous 
introduction of heat-loving species of woody 
plants, in particular, subtropical ones, from the 
steppe zone to the north along the valleys of 
large rivers: Seversky Donets, Dnipro, 
Southern Bug, Dniester, and in the Ukrainian 
Carpathians, Tisza and Prut, is evidently 
visible. 
The uniqueness and typicality of natural 
conditions, lowland zoning and high altitude 
mountain zonality, as well as a branched 
hydrological network of Ukraine contribute to 
the introduction and acclimatization of various 
types of woody plants of the world flora within 
its limits. A developed and optimized network 
of artificial reserve parks should become the 
landscape basis for the large-scale 
implementation of this process. Undoubtedly, 
the degree of its development and value 
depends on the quantitative and qualitative 
composition of dendrofloristic richness of 
parks, especially on the rare fraction of 
dendroflora, including species of exotic woody 
plants. For example, a comparative analysis of 
rare regional dendroexofloras revealed a direct 
pattern pertaining to the plains of Ukraine 
(Popovych et al., 2018). In particular, based on 
physical and geographical zoning of Ukraine 
(Marynych et al., 2003) it was found that the 
largest number of all rare species of 
dendroexots of Ukraine is specific to a network 
of artificial reserve parks of the Forest-Steppe 
area and its latitudinal extension to the West - 
the brоadleaf forests zone. Accordingly, these 
natural and geographical regions have more 
developed networks of artificial reserve parks 
than in other neighboring regions - Steppes and 
Polissia. That is, the forest-steppe and the 
brоadleaf forests zone act as orographic and 
ecotopic optimums for the growth and 
development of rare dendroexot species in 
Ukraine. Today, most of them are represented 
in botanical gardens and dendrological parks. 
Still, the network of these categories of 
artificial reserve parks in the Steppe of Ukraine 
is less developed by the representative 
reflection of dendroflora of exotic plants of the 
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Site “Residence of Bukovinian and Dalmatian 
Metropolitans” (2011). The Chernivtsi 
Botanical Garden is growing: Cedrus deodara, 
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Cephalotaxus fortunei Hook. var. fortune, 
Cephalotaxus harringtonii (Diachenko & 
Popovych, 2015; Kuznetsov, 2017; Litvinenko 
& Vykliuk, 2019). The first two species of 
plants have a real potential for transition to 
unprotected soil. However, one species of the 
plants studied was identified in the memorial 
parks of landscape art: Berehomet (Cupressus 
macnabiana) and Chornivka (Cupressus 
arizonica). By the way, the Berehomet Park is 
the only growth site for this species among the 
artificial reserve sites of the studied region 
(Kuznetsov, 2017), and Cupressus arizonica 
Greene reached a hundred years of age in the 
Chernivtsi Park, which is located on the eastern 
boundary of the Carpathian Mountain System 
(Chornei et al., 2012). 
Rakhiv - Mukachevo - Uzhgorod 
acclimatization center (ХІІ, Transcarpathian 
oblast`) is designed with three artificial reserve 
sites on a territorial basis: the Uzhgorod 
National University Botanical Garden (28), 
“Berezynka” dendrological park (29) Sequoia 
Nature Botanical Monument (30). Among the 
three sites of the center, the Uzhgorod National 
University Botanical Garden has the highest 
number of plant species studied (10 out of 19), 
namely: Cedrus atlantica (Cedrus deodara, 
Cedrus libani Harr. var. libani, Cupressus 
arizonica, Cupressus sempervirens (the only 
habitat of this species among the reserve sites 
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sargentii Jepson (the only habitat of this 
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Sequoiadendron giganteum, Sequoia 
sempervirens and Pinus pinea (the only habitat 
of this species among the reserve sites of the 
Ukrainian Carpathians), Cunninghamia 
lanceolata (Shevera, 2005; Diachenko & 
Popovych, 2015; Kuznetsov, 2017). A slightly 
smaller number (6 taxa) of the studied plant 
taxa is observed in the “Berezynka” 
dendrological park. On its territory, the 
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Sequoiadendron giganteum, Sequoia 
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only, whose age has reached 100 years (Pop, 
2011). 
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Ukrainian Carpathians for the growth of rare 
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botanical gardens of Chernivtsi and Uzhgorod, 
which would benefit from comparing their 
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sufficient number of species, as well as 
beginning the introduction of new species of 
heat-loving plants. In this regard, another such 
feature should be noted. The studied 
dendroexotic species found in the artificial 
nature reserves of this region have been already 
enriching the urban landscapes of the cities of 
the Transcarpathian Lowland - Uzhgorod, 
Mukachevo, Berehovo and Vynogradiv as the 
warm cities of Transcarpathia. It is likely that 
these types of plants may be recommended for 
landscaping the protective urban landscapes of 
the foothill belt and the ridge of the Volcanic 
Carpathians in a few decades. 
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In connection with the need (Global Strategy 
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issue of inventory of rare dendrodiversity of 
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Network analysis of the same category of 
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reserve parks in Ukraine is not sufficient, 
therefore, the basis for its optimization is to 
form a system of principles and criteria for 
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implementation of this process. Undoubtedly, 
the degree of its development and value 
depends on the quantitative and qualitative 
composition of dendrofloristic richness of 
parks, especially on the rare fraction of 
dendroflora, including species of exotic woody 
plants. For example, a comparative analysis of 
rare regional dendroexofloras revealed a direct 
pattern pertaining to the plains of Ukraine 
(Popovych et al., 2018). In particular, based on 
physical and geographical zoning of Ukraine 
(Marynych et al., 2003) it was found that the 
largest number of all rare species of 
dendroexots of Ukraine is specific to a network 
of artificial reserve parks of the Forest-Steppe 
area and its latitudinal extension to the West - 
the brоadleaf forests zone. Accordingly, these 
natural and geographical regions have more 
developed networks of artificial reserve parks 
than in other neighboring regions - Steppes and 
Polissia. That is, the forest-steppe and the 
brоadleaf forests zone act as orographic and 
ecotopic optimums for the growth and 
development of rare dendroexot species in 
Ukraine. Today, most of them are represented 
in botanical gardens and dendrological parks. 
Still, the network of these categories of 
artificial reserve parks in the Steppe of Ukraine 
is less developed by the representative 
reflection of dendroflora of exotic plants of the 
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region as a whole. However, the category of 
rare species of subtropical coniferous 
dendroexots is better represented in the steppe 
zone than in other regions, due to their high 
concentration in individual artificial reserve 
sites. They are more introduced in the southern 
and southwestern parts of Ukraine. In our 
opinion, the most optimal types of landscapes 
for their introduction are the valleys of large 
rivers, in particular, of the Dniester and the 
Dnieper, flowing through almost all the natural 
and geographical areas of the country. 
 
CONCLUSIONS 
 
Thus, the network of artificial reserve centers 
of Ukraine containing rare species of 
subtropical coniferous woody plants includes 
11 sites in the steppe zone, combined into 5 
acclimatization centers, there are 12 reserve 
cells in the brоadleaf forests zone and designed 
4 acclimatization centers, 7 reserve cells have 
been established in the Ukrainian Carpathians, 
which form 3 acclimatization centers. In 
general, the modern network is formed of 30 
reserve cells, namely: 11 botanical gardens, 8 
dendrological parks, 9 memorial parks of 
landscape art and 2 botanical natural 
monuments. In this taxonomic network, 
botanical gardens are the rich objects, in 
particular, V.I. Lypsky Odesa Botanical Garden 
of I.I. Mechnikov Odesa National University 
(13 taxa) in the steppe zone, botanical garden 
of Ivan Franko National University of Lviv (5 
taxa) in the brоadleaf forests zone, botanical 
garden of Uzhgorod National University (10 
taxa) in the Ukrainian Carpathians. From this a 
conclusion can be drawn that at present, 
optimal environmental conditions for the wide 
acclimatization of subtropical conifers, besides 
a priori known Southern Coast of Crimea and 
the steppe part of the Crimean Peninsula, are at 
the Black Sea and Transcarpathian lowlands of 
Ukraine. 
By the combination of climatic, ecotopic, relief 
ecological conditions of Ukraine, the northern 
part of the steppe zone, Bukovyna foothills of 
the Ukrainian Carpathians, Volcanic 
Carpathians, brоadleaf forests zone will 
become favorable regions for widespread 
introduction and acclimatization of rare species 
of subtropical coniferous wood plants in the 

future (up to 30 years), and possibly in 30-40 
years - the southern part of the Right Bank and 
later the Left Bank Forest Steppe and the mixed 
forest zone and eastern Ukraine by the end of 
the century. In these regions, it is more 
expedient to introduce the plant species studied 
primarily into botanical gardens and 
dendrological parks, since they have already 
been formed as conservation and research 
institutions of an introduction direction. 
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region as a whole. However, the category of 
rare species of subtropical coniferous 
dendroexots is better represented in the steppe 
zone than in other regions, due to their high 
concentration in individual artificial reserve 
sites. They are more introduced in the southern 
and southwestern parts of Ukraine. In our 
opinion, the most optimal types of landscapes 
for their introduction are the valleys of large 
rivers, in particular, of the Dniester and the 
Dnieper, flowing through almost all the natural 
and geographical areas of the country. 
 
CONCLUSIONS 
 
Thus, the network of artificial reserve centers 
of Ukraine containing rare species of 
subtropical coniferous woody plants includes 
11 sites in the steppe zone, combined into 5 
acclimatization centers, there are 12 reserve 
cells in the brоadleaf forests zone and designed 
4 acclimatization centers, 7 reserve cells have 
been established in the Ukrainian Carpathians, 
which form 3 acclimatization centers. In 
general, the modern network is formed of 30 
reserve cells, namely: 11 botanical gardens, 8 
dendrological parks, 9 memorial parks of 
landscape art and 2 botanical natural 
monuments. In this taxonomic network, 
botanical gardens are the rich objects, in 
particular, V.I. Lypsky Odesa Botanical Garden 
of I.I. Mechnikov Odesa National University 
(13 taxa) in the steppe zone, botanical garden 
of Ivan Franko National University of Lviv (5 
taxa) in the brоadleaf forests zone, botanical 
garden of Uzhgorod National University (10 
taxa) in the Ukrainian Carpathians. From this a 
conclusion can be drawn that at present, 
optimal environmental conditions for the wide 
acclimatization of subtropical conifers, besides 
a priori known Southern Coast of Crimea and 
the steppe part of the Crimean Peninsula, are at 
the Black Sea and Transcarpathian lowlands of 
Ukraine. 
By the combination of climatic, ecotopic, relief 
ecological conditions of Ukraine, the northern 
part of the steppe zone, Bukovyna foothills of 
the Ukrainian Carpathians, Volcanic 
Carpathians, brоadleaf forests zone will 
become favorable regions for widespread 
introduction and acclimatization of rare species 
of subtropical coniferous wood plants in the 

future (up to 30 years), and possibly in 30-40 
years - the southern part of the Right Bank and 
later the Left Bank Forest Steppe and the mixed 
forest zone and eastern Ukraine by the end of 
the century. In these regions, it is more 
expedient to introduce the plant species studied 
primarily into botanical gardens and 
dendrological parks, since they have already 
been formed as conservation and research 
institutions of an introduction direction. 
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Abstract 
 
The behaviour of the surface and subsurface drainage systems and the efficient removal of excess water are highly 
dependent on both the manner in which the prepared surfaces are used, and their use class. This paper tackles the 
behaviour of the drainage network after 28 years of use on pastures. Our research has revealed more significant bank 
erosion and ditch clogging than in the ditches found on arable land. Sheep grazing caused double bank erosion and 
alluvial sediments layers, whereas cattle grazing was three to four times more detrimental to the ditches than works 
carried out on arable land. When grazing sheep, bank erosion and bottom clogging generally range between 0.60 and 
1.00 m. On surfaces where cattle graze, bank erosion is as high as 1.20-2.00 m and alluvial sediment layer thickness is 
1.20-1.40 m. The preservation of the design parameters of the ditches may be achieved by rational grazing and special 
crossing facilities for the animals crossing the ditches. 
 
Key words: clogging channel, drainage works, grassland, vegetal cover. 
 
INTRODUCTION  
 
The improper maintenance of drainage 
networks, environmental concerns, land use 
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unevenly distributed on months and seasons, 
and it may fall heavily for 24 hours or on 1-5 
consecutive days. 
Given the humid climate in the Rădăşeni-
Fîntîna Mare-Baia depression, with a reduced 
consumption by evapotranspiration, heavy 
rainfall during 1-5 consecutive days is the main 

source of excess moisture of hardly permeable 
soils (Radu et al., 2017). 
The system was built between 1978 and 1980, 
drainage works were carried out on an area of 
5527 ha, of which 1806 ha were prepared by 
underground drainage works, and it includes 
the flood plain and terraces of the Moldova 
River. 

 

 
Figure 1. Location of the Rotopăneşti-Rădăşeni-Fîntîna Mare System 

 
The preparation works materialized in a 
systematic network of drainage and discharge 
ditches. The drainage ditches were designed 
with a trapezoid cross section and a 1.25 slope 
coefficient. The Şomuzel and Şomuzul Băii 
brooks, the main collectors and dischargers, 
were regulated, with slope inclinations of 1:1.5 
and 1:2.0, respectively. 
The sizing of higher rank ditches was done by 
telescopic means, considering the slope and 
outflow of the component sections. The ditch 
outflows were determined depending on the 
drained surface and on the specific drainage 
flow, which was set at 2.17 l/s/ha for the 
drainage network and 9.40 l/s/ha for the belt 
canals. The improvement of the aerohydric 
conditions and the lowering of the groundwater 
level, as a result of the performance of 
drainage-drying works on the land affected by 
excess moisture, allowed farmland to be 
cultivated more intensively and to change its 

use. Thus, in the studied area, as a result of the 
development of the Rotopăneşti-Rădăşeni-
Fîntîna Mare surface and subsurface drainage 
system, the arable area increased by 1709 ha. 
This arable land increase was due to the 
inclusion in the crop of large areas that had 
previously been used as meadows (1170 ha) 
and pastures (559 ha). Starting with 1992, 
following the application of the Land Fund 
Law no. 18/1991, 559 ha resumed its previous 
use, that of pasture.In orderto determine the 
changes of the geometric and hydraulic 
parameters of the ditch network after a 40-year 
operation, topographic measurements were 
carried out with a ROVER STONEX S7-G 
GPS.  
The collected data were processed in Auto-
CAD Map 3D 2014.The cartographic data were 
collected and processed with TNTmips v.6.9 
and QGIS software. An important step in 
spatial modelling was the development of the 

 
Digital Land Model (DLM) by vectoring the 
contours and elevations on topographic maps at 
a 1:25 000 scale. 
 
RESULTS AND DISCUSSIONS 
 
The topographic measurements and the 
analysis of the drainage ditches that serve 
pastures, both for sheep and cattle, revealed 

significant bank erosion and ditch bottom 
clogging. 
The cross section of the main collecting ditch, 
which crosses the pasture, revealed that the 
depth decreased from 2.00 m to 1.40 m (Figure 
2). This ditch clogging is due to bank erosion, 
as the ditch opening increased by 1.30 m 
compared to its original opening. 

 
 

Figure 2. Cross section of the main collecting ditch 
 

The geometric parameters of the ditch changed 
primarily after the land had been turned into 
pasture, in application of the Land Fund Law 
no. 18/1991. When its use class was changed, 
no special animal crossing facilities were built 
and the animals are free to cross the ditch 
wherever they want. Repeated ditch crossing in 
the same spot has led, over the years, to the 

occurrence of countless paths that have 
substantially altered the ditch section. All these, 
as well as grazing along the ditch both during 
excess humidity periods and during droughty 
periods have led to the clogging of the 
discharge holes of the drains and their taking 
out of use (Figure 3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Effects of repeated animal crossing of the ditches 

Whereas the layer of alluvial sediments in the 
main collecting ditch, with permanent flow, is 
about 0.60 m thick, in the belt canals, which 
collect the water flowing from the higher 

neighbouring areas, the clogging of their 
bottom is much more visible. 
The cross section of the belt canal draining a 
sheep pasture (Figure 4), revealed a 0.80 m 
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increase of the canal opening and canal depth 
diminution from 1.40 m, initially, to about    
0.60 m. This clogging may be blamed on bank 
erosion and soil particles brought about by the 

water flowing on the land during heavy rainfall. 
The slope, at the foot of which the belt canal 
was dug, is not grazed in a rational manner and 
about 20-30% of the plant cover is destroyed. 

 

 
Figure 4. Cross section of the belt canal on a sheep pasture 

 
The measurements performed on the same belt 
canal, 1500 m downstream of the first section, 
on a portion where grazing is done only on the 
left side, as the opposite bank is occupied by a 
forest, show a natural change of the slope 

coefficient after 40 years of operation (Figure 
5). The slope has a healthy green cover and the 
about 0.40 m-thick alluvial layer is due to 
sediments carried from upstream during heavy 
rainfall periods. 

 

 
 

Figure 5. Cross section of the belt canal surrounding the pasture 

Bank erosion and bottom clogging are much 
more significant in the ditches crossing cattle 
pastures, and they are due both to grazing and 
to the animals repeatedly crossing the ditches at 
different places.  

According to the data in Figure 6, the ditch 
opening increased by 1.50 m, namely from 5.10 
m initially to 6.60 m after 40 years of 
operation, of which 30 years as pasture. At the 
same time, the ditch depth decreased by 1.20 
m, namely from 1.80 m to 0.60 m. 

 

 

 
Figure 6. Cross section of the belt canal dug on a cattle pasture 

 
The improvement of excess water removal and 
the growth and development of a high quality 
vegetation cover may be achieved by 
unclogging the discharge holes of plastic and 
collecting drains. The unclogging and 
restoration of the cross section of belt canals is 
required in order to allow the collected water to 
flow and to prevent the overflow of water on 
the pasture. It is also recommended to organize 
the land and implement a pasture arrangement 
taking into account the existence of the 
drainage network. 
 
CONCLUSIONS  
 
After 40 years of operation, the cross section of 
the drainage ditches on pastures is greatly 
altered due to bank erosion and bottom 
clogging. 
The changes of the geometric and hydraulic 
components of the ditches greatly depend on 
the animal species grazing on that land. On 
land where sheep graze, the ditch opening 
generally increased by 0.80 m and the alluvial 
layer is about 0.80 m thick. These changes are 
far greater on cattle grazing land, as the ditch 
opening increased by about 1.80 m and the 
ditch depth decrease by 1.20 m on the average, 
due to clogging. 

Ditch clogging caused the discharged holes of 
the plastic and collecting drains to become 
plugged and to be taken out of use, which led to 
the increase of excessive moisture. 
The high belt canal clogging degree hinder 
collected water flow during heavy rainfall 
periods and lead to water outflow and flooding 
of the drained-dried surface. 
The sustainable management of pastures 
located on drained-dried surfaces requires 
rational grazing and special crossing facilities 
for the animals crossing the ditches. 
On the studied surface, it is necessary to unclog 
the drainage network, to unclog and restore the 
discharge holes of the plastic and collecting 
drains, and to restore the section of the belt 
canals designed to protect the drained-dried 
surface. 
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Abstract 
 
Climate change is a terminology used during the last decades, referring to the changes in climate experienced in most 
areas of the world. The changes in climate are experienced mainly as extreme weather conditions, heavy and sudden 
rainfall, ice melting, extreme high temperatures during the summer months accompanied by long dry periods, in areas 
never before experiencing such weather conditions. The most evident though example is the increase of earth’s mean 
temperature, referred as global warming. Apart from the direct effects in humanity’s day life and way of living, every 
living organism is experiencing right now the effects of climate change. Plants are among the organisms most affected 
by adverse weather conditions, as they do not have the mechanism of easy escape from the stress, i.e. cannot immigrate. 
The effects on plant growth and productivity as well as on plant diversity are expected to be severe and important. The 
present review aims on presenting the effects on the main physiological functions of the plants along with ways to 
mitigate these adverse effects. 
 
Key words: drought, frost, heat stress, phytoprotectants, salinity. 
 
INTRODUCTION 
 
According to NASA “climate change is a long-
term change in the average weather patterns 
that have come to define Earth’s local, regional 
and global climates”. Plants are among the 
living organisms severely affected by climate 
change and weather conditions, as they are 
often encounter unfavorable growth conditions. 
These harsh conditions, which may be a direct 
or indirect effect of climate change, impose 
severe imbalances in the physiological 
functions of the plants and are characterized as 
abiotic stresses.  
Abiotic stress is generally defined as the 
negative impact of non-living ecological and/or 
environmental factors on the living organisms, 
under specific environmental conditions and it 
includes various stresses such as temperature 
stress, radiation stress, osmotic stress etc. 
(Khalid et al., 2019). Almost 90% of the 
cultivated land worldwide experiences one or 
more abiotic stresses, among which the most 
common, as well as the most severe ones, are 
drought, salinity and extreme temperatures. 
Plants grown under abiotic stress experience 
various physiological malfunctions, which may 
be visible as growth retardation, yield losses or 
even plant death (Bucur & Dejeu, 2016). Plants 

can face several abiotic stress factors, either 
momentarily or long lasting, either one every 
time or many stress factors simultaneously. 
Among the abiotic stresses the plants face is 
drought (water stress, water deprivation), 
extreme temperatures (either low or high ones), 
high light intensity, flooding or waterlogging, 
ion toxicity (mainly sodium and chloride 
toxicity as well as boron, manganese, heavy 
metals, or even high carbonate ions imposing 
nutrient imbalances) etc. (Khalid et al., 2019). 
An example of the effects of climate change in 
only a small part of the world is the case of 
European continent. It is expected that the 
north-eastern part of Europe will have to face 
increased sea and lake levels as well as 
increased incidences of storms and floods. At 
the same time increased temperature during the 
summer months, which will become drier, will 
extend the growing period and crop potential as 
well as it will increase pest infestation pressure. 
On the other hand, the southern part of Europe 
is already facing increased temperature 
(experienced as mild winters and hot and dry 
summers), low annual rainfalls and 
consequently low water availability and 
increased drought risk and heat stress. All these 
environmental changes will result in decreased 
crop yields and severe problems in finding 
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Abstract 
 
Climate change is a terminology used during the last decades, referring to the changes in climate experienced in most 
areas of the world. The changes in climate are experienced mainly as extreme weather conditions, heavy and sudden 
rainfall, ice melting, extreme high temperatures during the summer months accompanied by long dry periods, in areas 
never before experiencing such weather conditions. The most evident though example is the increase of earth’s mean 
temperature, referred as global warming. Apart from the direct effects in humanity’s day life and way of living, every 
living organism is experiencing right now the effects of climate change. Plants are among the organisms most affected 
by adverse weather conditions, as they do not have the mechanism of easy escape from the stress, i.e. cannot immigrate. 
The effects on plant growth and productivity as well as on plant diversity are expected to be severe and important. The 
present review aims on presenting the effects on the main physiological functions of the plants along with ways to 
mitigate these adverse effects. 
 
Key words: drought, frost, heat stress, phytoprotectants, salinity. 
 
INTRODUCTION 
 
According to NASA “climate change is a long-
term change in the average weather patterns 
that have come to define Earth’s local, regional 
and global climates”. Plants are among the 
living organisms severely affected by climate 
change and weather conditions, as they are 
often encounter unfavorable growth conditions. 
These harsh conditions, which may be a direct 
or indirect effect of climate change, impose 
severe imbalances in the physiological 
functions of the plants and are characterized as 
abiotic stresses.  
Abiotic stress is generally defined as the 
negative impact of non-living ecological and/or 
environmental factors on the living organisms, 
under specific environmental conditions and it 
includes various stresses such as temperature 
stress, radiation stress, osmotic stress etc. 
(Khalid et al., 2019). Almost 90% of the 
cultivated land worldwide experiences one or 
more abiotic stresses, among which the most 
common, as well as the most severe ones, are 
drought, salinity and extreme temperatures. 
Plants grown under abiotic stress experience 
various physiological malfunctions, which may 
be visible as growth retardation, yield losses or 
even plant death (Bucur & Dejeu, 2016). Plants 

can face several abiotic stress factors, either 
momentarily or long lasting, either one every 
time or many stress factors simultaneously. 
Among the abiotic stresses the plants face is 
drought (water stress, water deprivation), 
extreme temperatures (either low or high ones), 
high light intensity, flooding or waterlogging, 
ion toxicity (mainly sodium and chloride 
toxicity as well as boron, manganese, heavy 
metals, or even high carbonate ions imposing 
nutrient imbalances) etc. (Khalid et al., 2019). 
An example of the effects of climate change in 
only a small part of the world is the case of 
European continent. It is expected that the 
north-eastern part of Europe will have to face 
increased sea and lake levels as well as 
increased incidences of storms and floods. At 
the same time increased temperature during the 
summer months, which will become drier, will 
extend the growing period and crop potential as 
well as it will increase pest infestation pressure. 
On the other hand, the southern part of Europe 
is already facing increased temperature 
(experienced as mild winters and hot and dry 
summers), low annual rainfalls and 
consequently low water availability and 
increased drought risk and heat stress. All these 
environmental changes will result in decreased 
crop yields and severe problems in finding 
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suitable crops and cultivars to withstand and 
grow sufficiently in this changing environment.  
Plants have evolved several mechanisms to 
cope or even adapt to stressful conditions. 
Nonetheless, the efficacy of these mechanisms 
often depends on the severity and duration of 
the stress factors, the physiological stage of the 
plant at the specific moment the stress occurs, 
the cultural conditions and the overall genetic 
capacity of the cultivar or species.  
One of the first physiological functions affected 
by abiotic stress is the photosynthetic 
mechanism of the plant. This reaction triggers 
multiple defense responses able or not to cope 
with the stress. Carbon assimilation rate is 
reduced due to stomatal closure, in order for 
the plant to control more efficiently water 
losses (Rohman et al., 2019). As the stomata 
remain closed and depending on the stress, the 
light energy reaching the leaf surface generates 
an over-reduction of the electron transport 
chain, leading thus to over reduction of the 
molecules participating in energy and electron 
capture and thus to reactive oxygen species 
(ROS), such as hydrogen peroxide (H2O2), the 
hydroxyl radical (HO∙), superoxide anion radical 
(O2-), and singlet oxygen (1O2) (Desikan, et al., 
2003; Grappadelli & Morandi, 2012; Rohman 
et al., 2019). As the concentration of these 
molecules rises, plants face oxidative stress and 
are trying to de-toxify the molecules 
responsible, by up-regulating a network of 
various antioxidant mechanisms, of enzymatic 
or non-enzymatic nature and by manipulating 
various cross-talk mechanisms among their 
defense arsenal. Nonetheless, hydrogen 
peroxide apart from an oxidative molecule, it 
can serve as a signaling molecule too, inducing 
a series of responses by the cellular 
components against eminent attack or danger. 
Both enzymatic and non-enzymatic 
antioxidants are involved in detoxifying-
neutralizing the ROS produced due to the 
stress. The ROS are toxic to plant’s metabolic 
activities, imposing deleterious impacts on 
proteins, nucleic acids, lipid molecules, 
chlorophylls, resulting in the loss of membrane 
integrity, leading eventually to leakage, 
desiccation and eventually to cell death, unless 
the oxidation of these cellular components is 
interrupted and controlled (Kordrostami & 
Rabiei, 2019).  

The enzymatic components of plants’ 
antioxidant arsenal include, among others, 
catalase (CAT), superoxide dismutase (SOD), 
ascorbate peroxidase (APX or APOX), 
glutathione reductase (GR), guaiacol 
peroxidase (GPX), dehydroascorbate reductase 
(DHAR) and monodehydroascorbate reductase 
(MDAR) (Ahmad et al., 2019; Rohman et al., 
2019). On the other hand, the non-enzymatic 
components include ascorbic acid, reduced 
glutathione, tocopherols, carotenoids, proline 
(an efficient osmolyte too), various phenolic 
compounds, all molecules easily oxidized by 
scavenging the formed toxic radicals, thus 
reducing oxidative stress, protecting membrane 
stability and integrity and cellular functions 
(Ahmad et al., 2019; Rohman et al., 2019). 
Both enzymatic and non-enzymatic compo-
nents of plants defense network are working 
closely together, in order to effectively control 
oxidative damages (Amir, Iqbal, Khan, Munir, 
& Keyani, 2019). The most known orchestrated 
collaboration between enzymatic and non-
enzymatic components of plant antioxidant 
mechanism is the ascorbate-glutathione (AsA-
GSH) cycle, also known as Asada-Halliwell 
pathway, where ascorbate and glutathione take 
part along with APX, MDAR. DHAR and GR 
in the detoxification of H2O2 (Amir et al., 
2019). 
Besides though the oxidative part of an abiotic 
stress, there are also other mechanisms affected 
and triggered by stress. Salinity, heat, high 
irradiance and drought stress induce (indirectly 
and directly) mild or severe water deprivation. 
In order for the plants to cope with water 
shortage, they have evolved various mecha-
nisms, among which anatomical leaf changes 
and accumulation of compounds known as 
compatible solutes (osmolytes) are the most 
distinctive ones (Ejaz et al., 2019). Compatible 
solutes are compounds highly soluble in water, 
which do not interfere with normal metabolic 
activities and are not toxic even at high 
concentrations and through the induced 
osmolyte gradient, they may preserve cell 
water potential to levels favoring (to some 
extend) the unhindered water supply, when 
water is found in low soil water potentials (Ejaz 
et al., 2019). Compounds serving as potential 
osmolytes can be categorized in the following 
groups: amino acids (such as proline, alanine 

etc.), quaternary ammonium compounds (such 
as glycine betaine, proline betaine etc.), sugars 
(such as trehalose etc.) and sugar alcohols 
(such as pinitol, ononitol, mannitol etc.) (Hare 
et al.,1998). 
Heat stress has been evolved to a major plant 
growth constraint in many areas of the world, 
especially during the summer months. Some 
plants such as olive are characterized by leaf 
para-heliotropic movement, orienting their 
leaves parallel to incident sunrays in order to be 
able to reduce leaf heat load (Connor, 2005). 
During the last decades increased interest has 
arisen on the mineral clay technology. Clay 
particles applied to the leaf surface are able to 
reflect excess sunlight, relieving thus the leaves 
form heat load, without interfering much with 
the photosynthetic rate. Kaolin clay particles 
has become an emerging technology with 
various applications in horticulture, as the film 
produced on leaf surface is able to reflect most 
of the damaging UV radiation, while at the 
same time permitting photosynthetically active 
radiation (PAR, 400-700 nm) to pass through 
the particles and reach leaf surface and 
photosystems’ center (Glenn & Puterka, 2005).  
Fruit trees are perennial plant species, 
subjected to continues and along years stress 
factors. Due to their perennial nature, fruit trees 
consist a great horticultural capital and 
investment, which takes a long period to 
become profitable. Any factor jeopardizing the 
productivity potential of an orchard is 
considered crucial, as it does not only affect 
current year’s yield, but also future years’ 
productivity and tree longevity. That is the 
reason why climate change and abiotic factors 
accompanied it are important threats for fruit 
trees and merit serious attention. 
 
DROUGHT STRESS EFFECTS AND 
MITIGATION STRATEGIES  
As already mentioned, drought stress is 
considered as one of the major growth and 
productivity constraints all over the world. 
Many areas in the world suffer from inadequate 
rainfalls or of a short period of rainy season 
(Wood, 2005). Most trees require high amounts 
of water per season in order to be able to 
produce high yields of excellent quality. 
Drought imposes osmotic imbalances to the 
plants, which react by closing stomata, in order 

to reduce water loss. By closing the stomata, 
gas exchange rate is reduced, which means that 
the photosynthesis rate is severely impaired. As 
drought usually occurs during the summer 
months, the continued solar irradiance 
interception by the leaves leads to the 
generation of ROS, responsible for possible 
oxidative stress. The consequence of this chain 
of reactions is the reduced plant growth along 
with reduced productivity, while if water stress 
continues, plant loss may be eminent.  
Various measures can be undertaken in order to 
alleviate or even diminish the adverse effects of 
water stress. The most viable solution is based 
on the judicious selection of tolerant species 
and/or rootstocks and/or cultivars for the 
specific pedoclimatic conditions. In case that 
there is not enough water for irrigation, the 
regulated deficit irrigation (RDI) can be a 
valuable alternative, in order to preserve both 
natural resources (i.e. water) as well as tree 
longevity. Shading could also be used as an 
efficient measure against water stress, as it 
reduces solar irradiance intercepted by the 
canopy and thus canopy heat load and 
transpiration rate, increasing leaf water content 
compared to unshaded leaves (Nicolás, 
Torrecillas, DellAmico, & Alarcón, 2005). 
Shading, by the use of properly selected nets, is 
feasible nowadays in most intensive orchards, 
where suitable supporting system is already 
established. During the last decades the use of 
alleviating agents has gain popularity, due its 
low application cost and high efficacy, when 
these agents are properly applied (Denaxa et 
al., 2012; Roussos et al., 2010).  
In a trial of ours with olive trees subjected to 
water holding we tested the efficacy of three 
alleviating products, of different mode of 
action. We used an osmoprotectant (osmolyte), 
i.e. glycine betaine, a solar rays reflectant 
(kaolin clay particles) and a synthetic 
antioxidant (Ambiol) (Denaxa et al., 2012). 
Based on various physiological and 
biochemical indexes it was found that the 
application of kaolin clay particles as well as 
glycine betaine was able to partially overcome 
the negative impact of drought stress (Denaxa 
et al., 2012; Roussos et al., 2010). When kaolin 
clay particles were applied in rainfed olive oil 
cultivars, in various areas with different 
pedoclimatic conditions and on various 
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suitable crops and cultivars to withstand and 
grow sufficiently in this changing environment.  
Plants have evolved several mechanisms to 
cope or even adapt to stressful conditions. 
Nonetheless, the efficacy of these mechanisms 
often depends on the severity and duration of 
the stress factors, the physiological stage of the 
plant at the specific moment the stress occurs, 
the cultural conditions and the overall genetic 
capacity of the cultivar or species.  
One of the first physiological functions affected 
by abiotic stress is the photosynthetic 
mechanism of the plant. This reaction triggers 
multiple defense responses able or not to cope 
with the stress. Carbon assimilation rate is 
reduced due to stomatal closure, in order for 
the plant to control more efficiently water 
losses (Rohman et al., 2019). As the stomata 
remain closed and depending on the stress, the 
light energy reaching the leaf surface generates 
an over-reduction of the electron transport 
chain, leading thus to over reduction of the 
molecules participating in energy and electron 
capture and thus to reactive oxygen species 
(ROS), such as hydrogen peroxide (H2O2), the 
hydroxyl radical (HO∙), superoxide anion radical 
(O2-), and singlet oxygen (1O2) (Desikan, et al., 
2003; Grappadelli & Morandi, 2012; Rohman 
et al., 2019). As the concentration of these 
molecules rises, plants face oxidative stress and 
are trying to de-toxify the molecules 
responsible, by up-regulating a network of 
various antioxidant mechanisms, of enzymatic 
or non-enzymatic nature and by manipulating 
various cross-talk mechanisms among their 
defense arsenal. Nonetheless, hydrogen 
peroxide apart from an oxidative molecule, it 
can serve as a signaling molecule too, inducing 
a series of responses by the cellular 
components against eminent attack or danger. 
Both enzymatic and non-enzymatic 
antioxidants are involved in detoxifying-
neutralizing the ROS produced due to the 
stress. The ROS are toxic to plant’s metabolic 
activities, imposing deleterious impacts on 
proteins, nucleic acids, lipid molecules, 
chlorophylls, resulting in the loss of membrane 
integrity, leading eventually to leakage, 
desiccation and eventually to cell death, unless 
the oxidation of these cellular components is 
interrupted and controlled (Kordrostami & 
Rabiei, 2019).  

The enzymatic components of plants’ 
antioxidant arsenal include, among others, 
catalase (CAT), superoxide dismutase (SOD), 
ascorbate peroxidase (APX or APOX), 
glutathione reductase (GR), guaiacol 
peroxidase (GPX), dehydroascorbate reductase 
(DHAR) and monodehydroascorbate reductase 
(MDAR) (Ahmad et al., 2019; Rohman et al., 
2019). On the other hand, the non-enzymatic 
components include ascorbic acid, reduced 
glutathione, tocopherols, carotenoids, proline 
(an efficient osmolyte too), various phenolic 
compounds, all molecules easily oxidized by 
scavenging the formed toxic radicals, thus 
reducing oxidative stress, protecting membrane 
stability and integrity and cellular functions 
(Ahmad et al., 2019; Rohman et al., 2019). 
Both enzymatic and non-enzymatic compo-
nents of plants defense network are working 
closely together, in order to effectively control 
oxidative damages (Amir, Iqbal, Khan, Munir, 
& Keyani, 2019). The most known orchestrated 
collaboration between enzymatic and non-
enzymatic components of plant antioxidant 
mechanism is the ascorbate-glutathione (AsA-
GSH) cycle, also known as Asada-Halliwell 
pathway, where ascorbate and glutathione take 
part along with APX, MDAR. DHAR and GR 
in the detoxification of H2O2 (Amir et al., 
2019). 
Besides though the oxidative part of an abiotic 
stress, there are also other mechanisms affected 
and triggered by stress. Salinity, heat, high 
irradiance and drought stress induce (indirectly 
and directly) mild or severe water deprivation. 
In order for the plants to cope with water 
shortage, they have evolved various mecha-
nisms, among which anatomical leaf changes 
and accumulation of compounds known as 
compatible solutes (osmolytes) are the most 
distinctive ones (Ejaz et al., 2019). Compatible 
solutes are compounds highly soluble in water, 
which do not interfere with normal metabolic 
activities and are not toxic even at high 
concentrations and through the induced 
osmolyte gradient, they may preserve cell 
water potential to levels favoring (to some 
extend) the unhindered water supply, when 
water is found in low soil water potentials (Ejaz 
et al., 2019). Compounds serving as potential 
osmolytes can be categorized in the following 
groups: amino acids (such as proline, alanine 

etc.), quaternary ammonium compounds (such 
as glycine betaine, proline betaine etc.), sugars 
(such as trehalose etc.) and sugar alcohols 
(such as pinitol, ononitol, mannitol etc.) (Hare 
et al.,1998). 
Heat stress has been evolved to a major plant 
growth constraint in many areas of the world, 
especially during the summer months. Some 
plants such as olive are characterized by leaf 
para-heliotropic movement, orienting their 
leaves parallel to incident sunrays in order to be 
able to reduce leaf heat load (Connor, 2005). 
During the last decades increased interest has 
arisen on the mineral clay technology. Clay 
particles applied to the leaf surface are able to 
reflect excess sunlight, relieving thus the leaves 
form heat load, without interfering much with 
the photosynthetic rate. Kaolin clay particles 
has become an emerging technology with 
various applications in horticulture, as the film 
produced on leaf surface is able to reflect most 
of the damaging UV radiation, while at the 
same time permitting photosynthetically active 
radiation (PAR, 400-700 nm) to pass through 
the particles and reach leaf surface and 
photosystems’ center (Glenn & Puterka, 2005).  
Fruit trees are perennial plant species, 
subjected to continues and along years stress 
factors. Due to their perennial nature, fruit trees 
consist a great horticultural capital and 
investment, which takes a long period to 
become profitable. Any factor jeopardizing the 
productivity potential of an orchard is 
considered crucial, as it does not only affect 
current year’s yield, but also future years’ 
productivity and tree longevity. That is the 
reason why climate change and abiotic factors 
accompanied it are important threats for fruit 
trees and merit serious attention. 
 
DROUGHT STRESS EFFECTS AND 
MITIGATION STRATEGIES  
As already mentioned, drought stress is 
considered as one of the major growth and 
productivity constraints all over the world. 
Many areas in the world suffer from inadequate 
rainfalls or of a short period of rainy season 
(Wood, 2005). Most trees require high amounts 
of water per season in order to be able to 
produce high yields of excellent quality. 
Drought imposes osmotic imbalances to the 
plants, which react by closing stomata, in order 

to reduce water loss. By closing the stomata, 
gas exchange rate is reduced, which means that 
the photosynthesis rate is severely impaired. As 
drought usually occurs during the summer 
months, the continued solar irradiance 
interception by the leaves leads to the 
generation of ROS, responsible for possible 
oxidative stress. The consequence of this chain 
of reactions is the reduced plant growth along 
with reduced productivity, while if water stress 
continues, plant loss may be eminent.  
Various measures can be undertaken in order to 
alleviate or even diminish the adverse effects of 
water stress. The most viable solution is based 
on the judicious selection of tolerant species 
and/or rootstocks and/or cultivars for the 
specific pedoclimatic conditions. In case that 
there is not enough water for irrigation, the 
regulated deficit irrigation (RDI) can be a 
valuable alternative, in order to preserve both 
natural resources (i.e. water) as well as tree 
longevity. Shading could also be used as an 
efficient measure against water stress, as it 
reduces solar irradiance intercepted by the 
canopy and thus canopy heat load and 
transpiration rate, increasing leaf water content 
compared to unshaded leaves (Nicolás, 
Torrecillas, DellAmico, & Alarcón, 2005). 
Shading, by the use of properly selected nets, is 
feasible nowadays in most intensive orchards, 
where suitable supporting system is already 
established. During the last decades the use of 
alleviating agents has gain popularity, due its 
low application cost and high efficacy, when 
these agents are properly applied (Denaxa et 
al., 2012; Roussos et al., 2010).  
In a trial of ours with olive trees subjected to 
water holding we tested the efficacy of three 
alleviating products, of different mode of 
action. We used an osmoprotectant (osmolyte), 
i.e. glycine betaine, a solar rays reflectant 
(kaolin clay particles) and a synthetic 
antioxidant (Ambiol) (Denaxa et al., 2012). 
Based on various physiological and 
biochemical indexes it was found that the 
application of kaolin clay particles as well as 
glycine betaine was able to partially overcome 
the negative impact of drought stress (Denaxa 
et al., 2012; Roussos et al., 2010). When kaolin 
clay particles were applied in rainfed olive oil 
cultivars, in various areas with different 
pedoclimatic conditions and on various 
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cultivars, it was constantly inducing higher 
olive oil yields, while the olive oil was 
characterized as Extra Virgin Olive Oil 
(EVOO) with high content of polyphenols, 
high antioxidant capacity and stability against 
oxidation. This was assigned to the lower 
canopy temperature induced by kaolin clay 
particles during the summer months, as well as 
to lower water loss and lower olive fruit fly 
infestation (Figure 1). 
 

 
Figure 1. Olive tree covered with kaolin clay particles 

(on the right) presenting lower temperature compared to 
control (on the left) 

 
Many other researchers have reported similar 
results after the use of either glycine betaine or 
proline (both effective osmolytes) against 
drought stress, or kaolin clay particles and 
various antioxidants (Anjum et al., 2011; Brito 
et al., 2019; Moustakas et al., 2011).  
It is evident thus that the application of 
alleviating factors can be a valuable solution 
against drought stress effects on fruit trees, 
achieving higher yields and best physiological 
function of the tree. 
 
TEMPERATURE EXTREMES AND HIGH 
SOLAR IRRADIANCE EFFECTS AND 
MITIGATION STRATEGIES  
Temperature extremes is another major abiotic 
stress factor affecting growth and productivity 
of plants. Temperature changes are more rapid 
and sudden that those of any other factor, 
pinpointing its role.  
Deciduous fruit trees are able to withstand low 
temperatures during the winter, when they are 
in the state of endodormancy. Nonetheless, 
frosts in spring may induce severe damages to 
the bursting buds, flowers and fruitlets 
(Guillaume et al., 2018). On the other hand, the 
evergreen trees are quite susceptible to low 
temperatures in winter. The best way to avoid 
frost damages is the careful selection of species 

to be cultivated in the specific region, taking 
into account the climatic and topography of the 
area. Besides the species, cultivars tolerant to 
cold or frost should also be selected or cultivars 
presenting specific features, such as late 
blooming, in order to avoid late frost damages. 
Alleviating factors have been used in order to 
induce tolerance to frost with various success. 
Farmers apply also overhead irrigation, during 
the coldest night, with excellent results, 
depending though on the severity and duration 
of the frost (Figure 2). This technique imposes 
though the threat of breaking limbs or branches 
due to the weight of the ice formed on the 
canopy. 
 

 
Figure 2. Ice formed on the canopy of an orange tree due 

to overhead irrigation during a frost-night 
 
In a trial of ours we tested four different olive 
cultivars (Koroneiki, Mavrelia, Gaidourelia and 
Picual) under freezing conditions (-10oC) and 
we found that the most tolerant ones, i.e. 
Koroneiki and Picual exhibited low chilling 
injury along with low electrolyte leakage, 
membrane lipid peroxidation and hydrogen 
peroxide concentration (data not presented). On 
the other hand the most susceptible ones 
Mavrelia and Gaidourelia presented high 
electrolyte leakage, indicative of cell 
membrane damage. Similarly, in a trial with 
various lemon cultivars and alleviating agents 
(a mixture of both proline plus glycine betaine, 
glycine betaine alone and a mixture of 
micronutrients) under frost conditions (-6oC) it 
was evident that there was a great difference 
regarding cultivar susceptibility, while products 
containing glycine betaine proved to be most 
efficient in reducing to some extends the 
effects of freeze stress in lemon trees.  

It is not only the low temperature in winter 
which causes significant malfunctions of plant 
biology, but also the high summer 
temperatures, which are accompanied by high 
solar irradiance too, causing desiccation, sun 
burns and oxidative stress (Larkindale et al., 
2005). Evaporative cooling, shading, 
application of alleviating agents such as 
reflectants, osmolytes and antioxidants have 
been used from time to time to reduce heat 
stress (Brito et al., 2019) (Figure 1). In an 
experiment in kiwi, against heat and high 
irradiance stress during the summer months, we 
used glycine betaine (osmolyte), a solution of 
calcium carbonate (as reflectant) and a 
commercial product containing tocopherol 
(antioxidant).  
Although the application of the antioxidant 
resulted in high mean fruit weight, glycine 
betaine application increased fruit yield by 
almost 17% compared to control, indicative of 
its ameliorative action. In a similar trial in kiwi 
we tested the efficacy of shading, by using 
black antihail nets (providing a shading of 
approximately 18%). Kiwi vines under the nets 
exhibited higher photosynthetic rate during the 
summer months compared to control, as well as 
higher SPAD index and lower leaf temperature 
(measured at 10.00 a.m.).  
This was translated into a 27% yield increase 
compared to control, although the mean fruit 
weight was slightly lower (probably due to 
higher fruit load) (Table 1). 
 

Table 1. Effect of shading with an antihail net  
(providing almost 18% shading) on kiwi fruit quality 

parameters at harvest 

Treatment 
Weight 
(g) 

Fruit 
Firmness 
(N) 

% Dry 
matter 

Total 
yield per 
tree (kg) 

Control 117.57 a 33.04 a 17.65 a 22.51 a 
Shading 109.76 b 34.36 a 17.58 a 28.19 a 

Means within the same column followed by the same letter do not 
differ significantly according to Student's T-test at α = 0.05. 
 
The effect of high temperature though is a 
crucial stress factor, not only during the 
summer months, but also during the winter, as 
deciduous trees require specific amount of chill 
(expressed as chilling units, hours below 7.2oC 
etc.) in order to overcome bud dormancy and 
successfully sprout in spring (Sheard et al., 
2009). Some of them require low temperature 
during the winter in order to differentiate also 

flower buds (vernalization), such as olive and 
kiwi (Fabbri & Benelli, 2000; Ozdemir, 2016).  
Inadequate chilling results in erratic bud burst, 
prolonged flowering, non-synchronization 
between the main cultivar and its pollinizers, 
low fruit set, low flower differentiation and 
thus low yields, making the specific cultivation 
in long-term, under continuous mild winters, 
non profitable (Sheard et al., 2009).  
The best solution under these circumstances is 
the careful selection of cultivars with low 
chilling requirements along with their proper 
pollinizers, if needed.  
In already established orchards though, 
evaporative cooling by overhead irrigation, 
dormancy release agents (DRA) or early 
defoliation in autumn may prove to be efficient 
measures in order to overcome the negative 
effects of a mild winter. Nonetheless, due to 
climate change, mild winters will occur more 
frequently, rendering these cultivation 
measures non-viable permanent solutions in 
long term. In a trial in kiwi we tested one DRA, 
at two different times, in order to test its 
efficacy.  
After a mild winter the application of this DRA 
resulted in more uniform bud bursting as well 
as in a higher number of buds burst per cane, 
while also in higher yields, reaching almost 
32% higher than control.  
Under a cold winter though, its efficacy 
dropped to almost 14% increase in yield, 
indicating the major role played by the 
conditions occurred before application. 
Similarly, in another kiwi orchard, almost zero 
flowering by the female vines occurred after a 
relatively warm winter, due to inadequate chill 
fulfillment for flower bud differentiation.  
The solution proposed was to apply overhead 
irrigation, if such conditions occur again, but 
the one applied was a more drastic one, i.e. the 
grafting of the existing vines with a cultivar of 
low chilling requirements.  
 
SALINITY STRESS EFFECTS AND 
MITIGATION STRATEGIES  
Salinity is a significant problem in many areas 
of the world, affecting almost 30% of irrigated 
land worldwide and may reach 50% till the mid 
of the century (Majeed & Muhammad, 2019). 
The most common salinity problems are 
imposed by the use of salty water, containing 
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cultivars, it was constantly inducing higher 
olive oil yields, while the olive oil was 
characterized as Extra Virgin Olive Oil 
(EVOO) with high content of polyphenols, 
high antioxidant capacity and stability against 
oxidation. This was assigned to the lower 
canopy temperature induced by kaolin clay 
particles during the summer months, as well as 
to lower water loss and lower olive fruit fly 
infestation (Figure 1). 
 

 
Figure 1. Olive tree covered with kaolin clay particles 

(on the right) presenting lower temperature compared to 
control (on the left) 
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results after the use of either glycine betaine or 
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evergreen trees are quite susceptible to low 
temperatures in winter. The best way to avoid 
frost damages is the careful selection of species 
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Alleviating factors have been used in order to 
induce tolerance to frost with various success. 
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Figure 2. Ice formed on the canopy of an orange tree due 

to overhead irrigation during a frost-night 
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fulfillment for flower bud differentiation.  
The solution proposed was to apply overhead 
irrigation, if such conditions occur again, but 
the one applied was a more drastic one, i.e. the 
grafting of the existing vines with a cultivar of 
low chilling requirements.  
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of the world, affecting almost 30% of irrigated 
land worldwide and may reach 50% till the mid 
of the century (Majeed & Muhammad, 2019). 
The most common salinity problems are 
imposed by the use of salty water, containing 
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high amounts of sodium chloride, especially in 
coastal areas. Salinity has multiple effects on 
plant physiology, as toxicity by the 
accumulation of Na+ and Cl- ions, especially in 
the upper part of the plant, osmotic and nutrient 
imbalances, all together leading to reduced 
growth and productivity, threatening the 
survival of the plant (Botella et al., 2005; 
Kordrostami & Rabiei, 2019).  
The best mitigation strategies are the use of 
tolerant rootstocks and/or cultivars, the 
leaching of salts to deeper soil levels by 
applying large amounts of good quality water, 
the use of various alleviating agents etc. The 
case of citrus is the most representative one, as 
there are many lists of rootstocks indicating 
their tolerance against Cl- and Na+ ions.  
Therefore, the careful selection of rootstock is 
of vital importance for the profitability of the 
cultivation. In a trial of ours, testing nine olive 
cultivars under hydroponic conditions, we 
found that three of them produced least 
symptoms of toxicity, based on growth indices 
as well as physiological measurements 
(Roussos et al., 2017).  
These three were grouped together after the 
application of discrimination analysis to the 
raw data, while the rest of the cultivars were 
placed randomly, outside the area of the 
tolerant ones, indicating the genetic variability 
among olive cultivars concerning salinity 
tolerance (Figure 3).  
 

 
Figure 3. Discrimination analysis of nine olive cultivars 

based on their performance under severe salt stress          
(150 mM NaCl) under hydroponic conditions 

 
In a similar experiment with four olive 
cultivars in a pot experiment with soil 
substrate, the most tolerant one showed the 
least symptoms of toxicity while the most 
sensitive one presented severe defoliation 
(Assimakopoulou et al., 2017) (Figure 4).  
 

 
Figure 4. Severe defoliation of the sensitive olive 

cultivar (on the right) compared to the tolerant one (on 
the left) under 150 mM NaCl imposed salinity 

 
WATERLOGGING AND FLOODING 
STRESS EFFECTS AND MITIGATION 
STRATEGIES  
Waterlogging as well as flooding are 
significant and deleterious stress factors in 
some areas and this will expand to other areas 
of the world due to climate change. 
Waterlogging in general imposes anaerobic 
conditions at the root zone level, growth is 
severely inhibited under hypoxia (limited 
oxygen supply) or anoxia (complete absence of 
oxygen) and wilting is eminent within a few 
hours or days, depending on plant species and 
physiological stage, as well as on the 
environmental conditions.  
The best mitigation practices rely mainly in 
preventive measurements, such as the use of 
tolerant species and/or rootstocks, planting in 
elevated soil beds and improvement of soil 
structure, while the implementation of drainage 
system can be also applied in already 
established orchards.  
 
CLIMATE CHANGE AND EMERGING 
ENEMIES - A BIOTIC STRESS 
PARAMETER OF CLIMATE CHANGE 
Besides the abiotic stresses that plant are going 
to face due to climate change, the latter affects 
the life cycle and biology of all living 
organisms, strengthening even more its 
significance for our planet. Among the various 
effects on living organisms, horticulture is 
going to face the emergence of new enemies in 
many regions of the world, along with 
alterations of the biology of existing enemies. 

Examples of such effects of climate change is 
the olive fruit fly (Bactrocera oleae), which 
during the last years presents early severe 
infestations after fruit set, along with 
anthracnose (Colletotrichum acutatum), which 
had devastating effects during the last year in 
almost all olive producing countries in 
Mediterranean basin.  
Mites are another group of pests, which are 
significantly affected by climate change, as 
they present earlier infestations and sometimes 
more generations.  
The heaven tree (Ailanthus altissima), an 
invasive perennial weed, has become a severe 
enemy in many orchards, antagonizing the trees 
for nutrients and water, while at the same time 
affecting them through allelopathy 
mechanisms, by the production and leaching of 
ailanthone into the soil. In order to control the 
emerging and old existing enemies, the 
strategies employed should focus on the 
exploitation of technological tools, such as 
weather monitoring, assessment of enemies’ 
population and forecasting through model and 
decision support systems development. 
 
FRUIT TREES AS MITIGATORS OF 
CLIMATE CHANGE 
It is not only the climate change that affects 
fruit tree growth and development, but fruit 
trees themselves may interact with climate 
change and serve as mitigators. It has been 
found through numerous LIFE projects that 
trees in overall, as well as fruit trees, can 
sequester significant amounts of CO2 from the 
atmosphere, one of the gases responsible for 
global warming. In order to gain as much as 
possible from fruit tree cultivation in the field 
of climate change mitigation, some cultivation 
measures have been proposed (through a LIFE 
project called ClimaTree). Among those 
measures are the following, a) the 
implementation of high density plantations, in 
order to achieve high amounts of CO2 
assimilation, even form the first years of the 
lifespan of the orchards (Grappadelli & 
Morandi, 2012), b) the adaptation of training 
systems with higher solar interception, in order 
to increase photosynthetic rate, c) 
implementation of minimum tillage in order to 
preserve soil structure, soil aggregates and soil 
organic matter (Simon et al., 2018) and of 

course d) the implementation of smart decision 
support systems, based on forecasting pest 
infestations and fungi or bacterial infections, in 
order to proceed to on-time applications. The 
use of tolerant species and/or rootstocks and/or 
cultivars, where feasible, is going to be a major 
factor on advancing orchard mitigation 
capacity, though the minimization of CO2 
emissions during cultivation processes. 
 
CONCLUSIONS 
 
It is clear by now that climate change is an 
ongoing phenomenon, able to severely affect 
fruit tree cultivation all around the world. 
Although there are effective mitigation 
measures that can be taken against each 
specific stress factor, one must have in mind 
that the best solution remains the inversion of 
climate change itself. 
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high amounts of sodium chloride, especially in 
coastal areas. Salinity has multiple effects on 
plant physiology, as toxicity by the 
accumulation of Na+ and Cl- ions, especially in 
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tolerant ones, indicating the genetic variability 
among olive cultivars concerning salinity 
tolerance (Figure 3).  
 

 
Figure 3. Discrimination analysis of nine olive cultivars 

based on their performance under severe salt stress          
(150 mM NaCl) under hydroponic conditions 

 
In a similar experiment with four olive 
cultivars in a pot experiment with soil 
substrate, the most tolerant one showed the 
least symptoms of toxicity while the most 
sensitive one presented severe defoliation 
(Assimakopoulou et al., 2017) (Figure 4).  
 

 
Figure 4. Severe defoliation of the sensitive olive 

cultivar (on the right) compared to the tolerant one (on 
the left) under 150 mM NaCl imposed salinity 

 
WATERLOGGING AND FLOODING 
STRESS EFFECTS AND MITIGATION 
STRATEGIES  
Waterlogging as well as flooding are 
significant and deleterious stress factors in 
some areas and this will expand to other areas 
of the world due to climate change. 
Waterlogging in general imposes anaerobic 
conditions at the root zone level, growth is 
severely inhibited under hypoxia (limited 
oxygen supply) or anoxia (complete absence of 
oxygen) and wilting is eminent within a few 
hours or days, depending on plant species and 
physiological stage, as well as on the 
environmental conditions.  
The best mitigation practices rely mainly in 
preventive measurements, such as the use of 
tolerant species and/or rootstocks, planting in 
elevated soil beds and improvement of soil 
structure, while the implementation of drainage 
system can be also applied in already 
established orchards.  
 
CLIMATE CHANGE AND EMERGING 
ENEMIES - A BIOTIC STRESS 
PARAMETER OF CLIMATE CHANGE 
Besides the abiotic stresses that plant are going 
to face due to climate change, the latter affects 
the life cycle and biology of all living 
organisms, strengthening even more its 
significance for our planet. Among the various 
effects on living organisms, horticulture is 
going to face the emergence of new enemies in 
many regions of the world, along with 
alterations of the biology of existing enemies. 

Examples of such effects of climate change is 
the olive fruit fly (Bactrocera oleae), which 
during the last years presents early severe 
infestations after fruit set, along with 
anthracnose (Colletotrichum acutatum), which 
had devastating effects during the last year in 
almost all olive producing countries in 
Mediterranean basin.  
Mites are another group of pests, which are 
significantly affected by climate change, as 
they present earlier infestations and sometimes 
more generations.  
The heaven tree (Ailanthus altissima), an 
invasive perennial weed, has become a severe 
enemy in many orchards, antagonizing the trees 
for nutrients and water, while at the same time 
affecting them through allelopathy 
mechanisms, by the production and leaching of 
ailanthone into the soil. In order to control the 
emerging and old existing enemies, the 
strategies employed should focus on the 
exploitation of technological tools, such as 
weather monitoring, assessment of enemies’ 
population and forecasting through model and 
decision support systems development. 
 
FRUIT TREES AS MITIGATORS OF 
CLIMATE CHANGE 
It is not only the climate change that affects 
fruit tree growth and development, but fruit 
trees themselves may interact with climate 
change and serve as mitigators. It has been 
found through numerous LIFE projects that 
trees in overall, as well as fruit trees, can 
sequester significant amounts of CO2 from the 
atmosphere, one of the gases responsible for 
global warming. In order to gain as much as 
possible from fruit tree cultivation in the field 
of climate change mitigation, some cultivation 
measures have been proposed (through a LIFE 
project called ClimaTree). Among those 
measures are the following, a) the 
implementation of high density plantations, in 
order to achieve high amounts of CO2 
assimilation, even form the first years of the 
lifespan of the orchards (Grappadelli & 
Morandi, 2012), b) the adaptation of training 
systems with higher solar interception, in order 
to increase photosynthetic rate, c) 
implementation of minimum tillage in order to 
preserve soil structure, soil aggregates and soil 
organic matter (Simon et al., 2018) and of 

course d) the implementation of smart decision 
support systems, based on forecasting pest 
infestations and fungi or bacterial infections, in 
order to proceed to on-time applications. The 
use of tolerant species and/or rootstocks and/or 
cultivars, where feasible, is going to be a major 
factor on advancing orchard mitigation 
capacity, though the minimization of CO2 
emissions during cultivation processes. 
 
CONCLUSIONS 
 
It is clear by now that climate change is an 
ongoing phenomenon, able to severely affect 
fruit tree cultivation all around the world. 
Although there are effective mitigation 
measures that can be taken against each 
specific stress factor, one must have in mind 
that the best solution remains the inversion of 
climate change itself. 
 
REFERENCES 
 
Ahmad, R., Hussain, S., Anjum, M.A., Khalid, M.F., 

Saqib, M., Zakir, I., Ahmad H., Shah, F. (2019). 
Oxidative stress and antioxidant defense mechanisms 
in plants under salt stress. In Hasanuzzaman M., 
Hakeem K., Nahar K., Alharby H. (Eds) Plant 
Abiotic Stress Tolerance (pp. 191-205). Berlin, 
Germany: Springer. 

Amir, R., Iqbal, T., Khan, M., Munir, F. & Keyani, R. 
(2019). Influence of phytoprotectants on abiotic stress 
signaling in plants. In M. Hasanuzzaman, M. Fijita, O. 
Hirosuke & M.T. Islam (Eds), Plant Tolerance to 
Environmental Stress: Role of Phytoprotectants, 9-28. 
Boca Raton, USA: CRC Press. 

Anjum, S., Farooq, M., Wang, L., Xue, L., Wang, S., 
Wang, L., Zhang, S., Chen, M. (2011). Gas exchange 
and chlorophyll synthesis of maize cultivars are 
enhanced by exogenously-applied glycinebetaine 
under drought conditions. Plant, Soil and 
Environment, 57(7), 326-331.  

Assimakopoulou, A., Salmas, I., Roussos, P., Nifakos, 
K., Kalogeropoulos, P. & Kostelenos, G. (2017). Salt 
tolerance evaluation of nine indigenous Greek olive 
cultivars. Journal of Plant Nutrition, 40(8), 1099-
1110.  

Botella, M.A., Rosado, A., Bressan, R.A. & Hasegawa, 
P. M. (2005). Plant adaptive responses to salinity 
stress. In M. Jenks & P. Hasegawa (Eds.), Plant 
abiotic stress, 38-70. Oxford, England:  Blackwell.  

Brito, C., Dinis, L.-T., Moutinho-Pereira, J. & Correia, 
C. (2019). Kaolin, an emerging tool to alleviate the 
effects of abiotic stresses on crop performance. 
Scientia Horticulturae, 250, 310-316.  

Bucur, G.M. & Dejeu, L. (2016). Climate change trends 
in some Romanian viticultural centres. AgroLife 
Scientific Journal, 5(2), 24-27.  



276

Connor, D.J. (2005). Adaptation of olive (Olea europaea 
L.) to water-limited environments. Australian 
Journal of Agricultural Research, 56(11), 1181-1189.  

Denaxa, N.-K., Roussos, P.A., Damvakaris, T. & 
Stournaras, V. (2012). Comparative effects of 
exogenous glycine betaine, kaolin clay particles and 
Ambiol on photosynthesis, leaf sclerophylly indexes 
and heat load of olive cv. Chondrolia Chalkidikis 
under drought. Scientia Horticulturae, 137, 87-94.  

Desikan, R., Hancock, J.T. & Neill, S.J. (2003). 
Oxidative stress signalling. In H. Hirt & K. Shinozaki 
(Eds.) Plant responses to abiotic stress, 121-149. 
Berlin, Germany: Springer. 

Ejaz, S., Hussain, S., Anjum, M.A. & Ahmad, S. (2019). 
Application of osmolytes in improving abiotic stress 
tolerance in plant. In M. Hasanuzzaman, M. Fijita, O. 
Hirosuke & M.T. Islam (Eds), Plant Tolerance to 
Environmental Stress: Role of Phytoprotectants, 47-
58. Boca Raton, USA: CRC Press. 

Fabbri, A. & Benelli, C. (2000). Review Article Flower 
bud induction and differentiation in olive. The 
Journal of Horticultural Science and Biotechnology, 
75(2), 131-141.  

Glenn, D.M. & Puterka, G.J. (2005). Particle films: a 
new technology for agriculture. Horticultural 
reviews, 31, 1-44.  

Grappadelli, L.C. & Morandi, B. (2012). The 
ecophysiology of carbon in fruit trees: a driver of 
productivity, a tool to face climate change, a 
producer of innovation that can become tomorrow's 
growing paradigm. AgroLife Scientific Journal, 1, 39-
47.  

Guillaume, C., Isabelle, C., Marc, B. & Thierry, A. 
(2018). Assessing frost damages using dynamic 
models in walnut trees: exposure rather than 
vulnerability controls frost risks. Plant, Cell & 
Environment, 41(5), 1008-1021.  

Hare, P.D., Cress, W.A. & Van Staden, J. (1998). 
Dissecting the roles of osmolyte accumulation during 
stress. Plant, cell & Environment, 21(6), 535-553.  

Khalid, M.F., Hussain, S., Ahmad, S., Ejaz, S., Zakir, I., 
Ali, M.A., Ahmed, A. & Anjum, M.A. (2019). 
Impacts of Abiotic Stresses on Growth and 
Development of Plants.  In M. Hasanuzzaman, M. 
Fijita, O. Hirosuke & M.T. Islam (Eds), Plant 
Tolerance to Environmental Stress: Role of 
Phytoprotectants, 1-8. Boca Raton, USA: CRC Press. 

Kordrostami, M. & Rabiei, B. (2019). Salinity stress 
tolerance in plants: physiological, molecular, and 
biotechnological approaches. In: Hasanuzzaman M., 
Hakeem K., Nahar K., Alharby H. (Eds), Plant 
Abiotic Stress Tolerance, 101-127. Berlin, Germany: 
Springer. 

Larkindale, J., Mishkind, M. & Vierling, E. (2005). Plant 
responses to high temperature. In M. Jenks & P. 

Hasegawa (Eds.), Plant abiotic stress, 100-144. 
Oxford, England:  Blackwell.  

Majeed, A. & Muhammad, Z. (2019). Salinity: A major 
agricultural problem - Causes, impacts on crop 
productivity and management strategies. In: 
Hasanuzzaman M., Hakeem K., Nahar K., Alharby 
H. (Eds),  Plant Abiotic Stress Tolerance, 83-99, 
Berlin, Germany: Springer. 

Moustakas, M., Sperdouli, I., Kouna, T., Antonopoulou, 
C.-I. & Therios, I. (2011). Exogenous proline induces 
soluble sugar accumulation and alleviates drought 
stress effects on photosystem II functioning of 
Arabidopsis thaliana leaves. Plant Growth 
Regulation, 65(2), 315.  

Nicolás, E., Torrecillas, A., DellAmico, J. & Alarcón, 
J.J. (2005). Sap flow, gas exchange, and hydraulic 
conductance of young apricot trees growing under a 
shading net and different water supplies. Journal of 
plant physiology, 162(4), 439-447.  

Ozdemir, Y. (2016). Effects of climate change on olive 
cultivation and table olive and olive oil quality. 
Scientific Papers. Series B, Horticulture, LX, 65-69.  

Rohman, M.M., Islam, M.R., Naznin, T., Omy, S.H., 
Begum, S., Alam, S.S., Amiruzzaman, M. & 
Hasanuzzaman, M. (2019). Maize production under 
salinity and drought conditions: oxidative stress 
regulation by antioxidant defense and glyoxalase 
systems. In: Hasanuzzaman M., Hakeem K., Nahar 
K., Alharby H. (Eds), Plant Abiotic Stress Tolerance, 
1-34: Berlin, Germany: Springer. 

Roussos, P., Assimakopoulou, A., Nikoloudi, A., 
Salmas, I., Nifakos, K., Kalogeropoulos, P. & 
Kostelenos, G. (2017). Intra-and inter-cultivar 
impacts of salinity stress on leaf photosynthetic 
performance, carbohydrates and nutrient content of 
nine indigenous Greek olive cultivars. Acta 
Physiologiae Plantarum, 39(6), 136.  

Roussos, P.A., Denaxa, N.-K., Damvakaris, T., 
Stournaras, V. & Argyrokastritis, I. (2010). Effect of 
alleviating products with different mode of action on 
physiology and yield of olive under drought. Scientia 
Horticulturae, 125(4), 700-711.  

Sheard, A., Johnson, S. & Cook, N. (2009). Effect of 
timing and concentration of rest breaking agents on 
budburst in ‘Bing’sweet cherry under conditions of 
inadequate winter chilling in South Africa. South 
African Journal of Plant and Soil, 26(2), 73-79.  

Simon, A., Rusu, T., Chetan, F., Chetan, C. & Moraru, 
P.I. (2018). Impact of minimum tillage systems in 
conservation of water in the soil in the case of pea 
crops. AgroLife Scientific Journal, 7(1), 115-122.  

Wood, A.J. (2005). Eco-physiological adaptations to 
limited water environments. In M. Jenks & P. 
Hasegawa (Eds.) Plant abiotic stress, 1-13. Oxford, 
England:  Blackwell. 

 
 
 
 
 

 

 
VARIATION MODEL OF SOME FRUITS BIOMETRIC PARAMETERS 

IN RELATION TO APPLE TREES PHYSIOLOGICAL INDICES 
 

Florin SALA 

 
Banat University of Agricultural Sciences and Veterinary Medicine, “King Michael I of Romania”, 

from Timisoara, Calea Aradului 119, 300645, Timisoara, Romania 
 

Corresponding author email: florin_sala@usab-tm.ro 
 
Abstract 
 
The study analyzed the variation of some biometric parameters of apple fruits, the 'Generos' variety, in relation to 
physiological indices, under the influence of foliar fertilizers. The experiment included 9 experimental variants, a 
control variant (T1) and 8 fertilized variants (T2 - T9) with foliar fertilizers: Foliarel combined with Uwafol, Waterfert, 
Biocomplex, Megafol and Calcium chloride. Fruit diameter (FD) and fruit weight (FW) were analyzed in relation to 
leaf area (LA) and chlorophyll content (Chl). The regression analysis facilitated the obtaining of mathematical models 
that described FD and FW variation in relation to LA and Chl, in statistical safety conditions. The optimal values for 
LA and Chl were determined and graphical representation of the FD and FW variation in relation to LA and Chl, in the 
form of isoquants, were generated. Based on PCA, PC1 explained 87.947% of variance, and PC2 explained 11.39% of 
variance. Grouping of variants based on affinity, under conditions of Coph.corr = 0.981, were obtained. According to 
similarity and distance indices (SDI), the highest affinity was recorded for T3 and T9 variants (SDI = 0.3027). 
 
Key words: apple, mathematical model, PCA, physiological indices, similarity. 
 
INTRODUCTION 
 
Plant physiological indices and plant 
physiological response have been intensively 
studied in relation to different biotic and abiotic 
factors of influence (Jing et al., 2016), and 
numerous studies have been conducted in the 
context of climate change regarding plant 
physiological responses (Becklin et al., 2016; 
Gray and Brady, 2016; Zhou et al., 2017; Raza 
et al., 2019). 
Physiological indices express the plant's 
vegetative state, plant relationship with the 
nutritional environment, the stages of plant 
development, the harvest quality (Nemeskéri 
and Helyes, 2019; Wang et al., 2019). On 
different crop plants, physiological indices 
were studied in relation to water regime 
(Lepaja et al., 2019; Nemeskéri and Helyes, 
2019), in relation to plant nutrition (Wünsche 
and Lakso, 2000; Janusauskaite et al., 2017; 
Datcu et al., 2018; Belhassine et al., 2019), to 
productivity elements (Rawashdeh and Sala, 
2016), with production and its quality (Jivan 
and Sala, 2014; Rawashdeh and Sala, 2015; 
Căbăroiu et al., 2019), or with stress factors 
(Füzy et al., 2019). In apple trees and apple 
orchards, physiological indices were studied in 

relation to different interstocks (Zhao et al., 
2015), in relation to different apple varieties 
(Ghafir et al., 2009), to plant stress tolerance 
and apple rootstocks (Wang et al., 2018), and in 
relation to physiological disorders in fruits 
(Martins et al., 2013). 
Mineral elements have a differentiated role in 
the nutrition of fruit trees in relation to the 
species, genotype, age of trees, vegetation 
conditions, vegetation cycle of trees, etc. (Ding 
et al., 2017; Cruz et al., 2019; Valverdi et al., 
2019). The relationship of mineral elements 
with fruit trees, at the level of physiological 
indices, physiological processes, fruits and their 
quality, was studied in relation to different 
fertilizers application, in soil or foliar (Amiri et 
al., 2008; Jivan and Sala, 2012; 2014). Mineral 
elements reserve in wood structure of the fruit 
trees was studied based on the importance for 
the shoots maturation, for fruit buds 
differentiation, the start of buds vegetation, 
formation and quality of fruit production etc. 
(Sorrenti et al., 2017; Carranca et al., 2018). 
Studies on the influence of mineral elements on 
production, fruit quality indices, and fruit 
storage have been carried out in different 
horticultural species and genotypes in relation 
to various soil and climatic conditions and 
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Abstract 
 
The study analyzed the variation of some biometric parameters of apple fruits, the 'Generos' variety, in relation to 
physiological indices, under the influence of foliar fertilizers. The experiment included 9 experimental variants, a 
control variant (T1) and 8 fertilized variants (T2 - T9) with foliar fertilizers: Foliarel combined with Uwafol, Waterfert, 
Biocomplex, Megafol and Calcium chloride. Fruit diameter (FD) and fruit weight (FW) were analyzed in relation to 
leaf area (LA) and chlorophyll content (Chl). The regression analysis facilitated the obtaining of mathematical models 
that described FD and FW variation in relation to LA and Chl, in statistical safety conditions. The optimal values for 
LA and Chl were determined and graphical representation of the FD and FW variation in relation to LA and Chl, in the 
form of isoquants, were generated. Based on PCA, PC1 explained 87.947% of variance, and PC2 explained 11.39% of 
variance. Grouping of variants based on affinity, under conditions of Coph.corr = 0.981, were obtained. According to 
similarity and distance indices (SDI), the highest affinity was recorded for T3 and T9 variants (SDI = 0.3027). 
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INTRODUCTION 
 
Plant physiological indices and plant 
physiological response have been intensively 
studied in relation to different biotic and abiotic 
factors of influence (Jing et al., 2016), and 
numerous studies have been conducted in the 
context of climate change regarding plant 
physiological responses (Becklin et al., 2016; 
Gray and Brady, 2016; Zhou et al., 2017; Raza 
et al., 2019). 
Physiological indices express the plant's 
vegetative state, plant relationship with the 
nutritional environment, the stages of plant 
development, the harvest quality (Nemeskéri 
and Helyes, 2019; Wang et al., 2019). On 
different crop plants, physiological indices 
were studied in relation to water regime 
(Lepaja et al., 2019; Nemeskéri and Helyes, 
2019), in relation to plant nutrition (Wünsche 
and Lakso, 2000; Janusauskaite et al., 2017; 
Datcu et al., 2018; Belhassine et al., 2019), to 
productivity elements (Rawashdeh and Sala, 
2016), with production and its quality (Jivan 
and Sala, 2014; Rawashdeh and Sala, 2015; 
Căbăroiu et al., 2019), or with stress factors 
(Füzy et al., 2019). In apple trees and apple 
orchards, physiological indices were studied in 

relation to different interstocks (Zhao et al., 
2015), in relation to different apple varieties 
(Ghafir et al., 2009), to plant stress tolerance 
and apple rootstocks (Wang et al., 2018), and in 
relation to physiological disorders in fruits 
(Martins et al., 2013). 
Mineral elements have a differentiated role in 
the nutrition of fruit trees in relation to the 
species, genotype, age of trees, vegetation 
conditions, vegetation cycle of trees, etc. (Ding 
et al., 2017; Cruz et al., 2019; Valverdi et al., 
2019). The relationship of mineral elements 
with fruit trees, at the level of physiological 
indices, physiological processes, fruits and their 
quality, was studied in relation to different 
fertilizers application, in soil or foliar (Amiri et 
al., 2008; Jivan and Sala, 2012; 2014). Mineral 
elements reserve in wood structure of the fruit 
trees was studied based on the importance for 
the shoots maturation, for fruit buds 
differentiation, the start of buds vegetation, 
formation and quality of fruit production etc. 
(Sorrenti et al., 2017; Carranca et al., 2018). 
Studies on the influence of mineral elements on 
production, fruit quality indices, and fruit 
storage have been carried out in different 
horticultural species and genotypes in relation 
to various soil and climatic conditions and 
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evaluation methods (Campeanu et al., 2009; 
Dobrei et al., 2009; Blidariu and Sala, 2012; 
Ikinci et al., 2014; Wang et al., 2015; Agnolet 
et al., 2017). 
The present study evaluated the variation of 
some biometric parameters of apple fruits in 
relation to physiological indices and evaluated 
the safety degree of some mathematical models 
to describe this variation. 
 
MATERIALS AND METHODS 
 
The aim of the study was to evaluate the 
variation of some biometric parameters of fruits 
in relation to apple physiological indices, under 
the influence of foliar fertilization and to found 
mathematical models to describe these 
relationships in statistical safety conditions. 
The study was conducted in Fruit-Vine 
Research Center, Didactic and Experimental 
Station, USAMVB Timisoara, 2011 and 2012 
period. The biological material was represented 
by the 'Generos' apple variety, cultivated in a 
semi-intensive system. 
Five foliar fertilizers were used, compared with 
a control variant (T1). From the foliar 
fertilizers combination resulted experimental 
variants: T2 (Foliarel + Uwafol), T3 (Foliarel + 
Uwafol + Ca), T4 (Foliarel + Waterfert), T5 
(Foliarel + Waterfert + Ca), T6 (Foliarel + 
Biocomplex), T7 (Foliarel + Biocomplex + 
Ca), T8 (Foliarel + Megafol), T9 (Foliarel + 
Megafol + Ca). Calcium was used as calcium 
chloride (CaCl2). Three foliar treatments were 
applied. 
Leaf area (LA) and chlorophyll content (Chl) 
were evaluated. Leaf area was determined by 
non-destructive method, based on the 
dimensional parameters of the leaves (length - 
L, and width - W) and a correction factor (CF), 
according to a general relationship of type as 
LA = L·W·CF. Chlorophyll content was 
determined with a portable chlorophyll meter 
(SPAD 502 Plus, Konica Minolta) with 
accuracy of ± 0.2 SPAD units.  
Fruit quality was evaluated based on biometric 
parameters, FD - fruit diameter, and FW - fruit 
weight. 
Fruits diameter was determined by 
measurement with an electronic calliper, with 
accuracy of ± 0.001 mm, and fruit weight was 
measured with a laboratory balance, with 

accuracy of ± 0.005 g. 
Experimental data were analyzed to evidence 
the presence of variance and overall statistical 
safety (ANOVA test). The level of correlation 
between physiological indices and quality 
parameters was evaluated. LA and Chl 
contribution to FD and FW variation was 
analyzed, and the optimal level of LA and Chl 
was determined to ensure FD and FW in the 
experimental conditions. Correlation and 
regression coefficients (r, R2), cophenetic 
coefficient, p parameter and F-test were used to 
evaluate the safety of the results. 
 
RESULTS AND DISCUSSIONS 
 
Foliar fertilization applied to apple, the 
'Generos' variety, influenced the values of 
physiological indices and photosynthetic 
processes, a fact highlighted at the level of leaf 
area (LA), chlorophyll content (Chl) and fruit 
size (FD - fruit diameter, FW - weight fruit). 
The values recorded for the physiological 
indices and for the fruits biometric parameters 
are presented in Table 1. 
 
Table 1. Physiological indices and biometric parameters 

values of apple fruits, 'Generos' variety  
(average values 2011-2012) 

Trial 
LA Chl FD FW 

(cm2) SPAD 
units (mm) (g) 

T1 30.26 43.27 60.88 92.225 
T2 32.52 46.86 62.72 112.008 
T3 33.84 48.77 64.54 118.428 
T4 40.70 54.61 63.98 118.630 
T5 44.50 56.78 64.48 119.018 
T6 35.28 50.06 65.17 120.960 
T7 39.94 54.26 66.42 123.435 
T8 37.13 52.36 63.19 117.450 
T9 38.67 54.71 64.24 118.468 
SE ±1.48 ±1.46 ±0.52 ±3.09 

 
Physiological index LA recorded values 
between 30.26 ± 1.48 cm2 in the control variant 
(T1), and 44.50 ± 1.48 cm2 in the T5 variant. A 
specific variation, in relation to the 
experimental variants, recorded the chlorophyll 
content (Chl), with the value 43.27 ± 1.46 
SPAD units at T1 variant, and 56.78 ± 1.46 
SPAD units at T5 variant. The parameter FD 

 

(fruit diameter) recorded values between 60.88 
± 0.52 mm for the control variant (T1) and 
66.42 ± 0.52 mm for the T7 variant. The fruit 
weight (FW) parameter recorded values 
between 92.225 ± 2.09 g for the control variant 
(T1), and 120.960 ± 3.09 g for the T6 variant. 
The statistical safety and the presence of 
variance in the data set (average values 2011-
2012) was confirmed by the ANOVA test, 
according to the values of the parameters p and 
F-test, for Alpha = 0.001 (p<<0.001; F>> 
Fcrit). The correlation analysis on the 
experimental data set revealed the existence of 
a very strong positive correlation between LA 
and Chl (r = 0.967), strong positive correlations 
between FD and FW (r = 0.899), and moderate 
and weak correlations between FW and LA (r = 
0.664), FW and Chl (r = 0.776), FD and LA (r 
= 0.604), and between FD and Chl, respectively 
(r = 0.680). 
The interdependence relationship identified 
between LA and Chl under the influence of 
foliar fertilization, was described by equation 
(1), under conditions of R2 = 0.989, p<<0.001, 
F = 292.08. 
 

93.54818.405194.0LA 2 −+−= ChlChl   (1) 
 
Dependency relationships were found between 
the fruits biometric parameters (FD and FW) 
and the physiological indices, LA and Chl.  
The variation of the FD parameter depending of 
LA was described by equation (2), but under 
low statistical safety conditions (R2 = 0.592,      
p = 0.0678, F = 4.354).  
The variation of FD in relation to Chl was 
described by equation (3) under conditions of 
moderate statistical safety (R2 = 0.639,              
p = 0.0471, F = 5.3066). 
 

217.4LA036.3LA03792.0FD 2 ++−=   (2) 
 

05.45Chl122.4Chl03867.0FD 2 −+−=   (3) 
 
Fruit weight (FW) registered a much closer 
variation in relation to the values of the two 
physiological indices, LA and Chl. Thus, the 
regression analysis led to equation (4) which 
described the variation of FW values in relation 
to LA under high statistical safety conditions 
(R2 = 0.802, p = 0.0077, F = 12.153). Also, the 
regression analysis resulted in equation (5) 

which described the variation of FW in relation 
to Chl, in very high statistical safety conditions 
(R2 = 0.934, p = 0.00029, F = 42.201). 
Graphical distribution is presented in Figure 1. 
 

1.321LA37.22LA2819.0FW 2 −+−=            (4) 

7.746Chl9.32Chl3117.0FW 2 −+−=              (5) 
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Figure 1. Graphical distribution of the FW parameter 
variation according to Chl in apple, 'Generos' variety 

 
The interdependence relationship between 
fruits biometric parameters (FD and FW) was 
described by equation (6) under very high 
statistical safety conditions (R2 = 0.967, 
p<<0.001, F = 87.832). 
 

5045FD157FD193.1FW 2 −+−=   (6) 
 
Principal Component Analysis led to the 
diagram in Figure 2, which includes the 
distribution of variants (T1-T9) in relation to 
the indices and parameters studied (LA, Chl, 
FD and FW, as biplots). PC1 explained 
87.947% of variance, and PC2 explained 
11.39% of variance. 
Cluster analysis led to the grouping of affinity-
based variants in relation to fruit biometric 
parameters (FD and FW), in statistical safety 
conditions (Coph.corr = 0.981). The separate 
positioning of the control variant T1 (Ct) was 
found, with the lowest values for parameters 
FD and FW (cluster C1). T2-T9 variants were 
grouped based on affinity in a cluster (C2) with 
several sub-clusters. Variant T2 occupied a 
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evaluation methods (Campeanu et al., 2009; 
Dobrei et al., 2009; Blidariu and Sala, 2012; 
Ikinci et al., 2014; Wang et al., 2015; Agnolet 
et al., 2017). 
The present study evaluated the variation of 
some biometric parameters of apple fruits in 
relation to physiological indices and evaluated 
the safety degree of some mathematical models 
to describe this variation. 
 
MATERIALS AND METHODS 
 
The aim of the study was to evaluate the 
variation of some biometric parameters of fruits 
in relation to apple physiological indices, under 
the influence of foliar fertilization and to found 
mathematical models to describe these 
relationships in statistical safety conditions. 
The study was conducted in Fruit-Vine 
Research Center, Didactic and Experimental 
Station, USAMVB Timisoara, 2011 and 2012 
period. The biological material was represented 
by the 'Generos' apple variety, cultivated in a 
semi-intensive system. 
Five foliar fertilizers were used, compared with 
a control variant (T1). From the foliar 
fertilizers combination resulted experimental 
variants: T2 (Foliarel + Uwafol), T3 (Foliarel + 
Uwafol + Ca), T4 (Foliarel + Waterfert), T5 
(Foliarel + Waterfert + Ca), T6 (Foliarel + 
Biocomplex), T7 (Foliarel + Biocomplex + 
Ca), T8 (Foliarel + Megafol), T9 (Foliarel + 
Megafol + Ca). Calcium was used as calcium 
chloride (CaCl2). Three foliar treatments were 
applied. 
Leaf area (LA) and chlorophyll content (Chl) 
were evaluated. Leaf area was determined by 
non-destructive method, based on the 
dimensional parameters of the leaves (length - 
L, and width - W) and a correction factor (CF), 
according to a general relationship of type as 
LA = L·W·CF. Chlorophyll content was 
determined with a portable chlorophyll meter 
(SPAD 502 Plus, Konica Minolta) with 
accuracy of ± 0.2 SPAD units.  
Fruit quality was evaluated based on biometric 
parameters, FD - fruit diameter, and FW - fruit 
weight. 
Fruits diameter was determined by 
measurement with an electronic calliper, with 
accuracy of ± 0.001 mm, and fruit weight was 
measured with a laboratory balance, with 

accuracy of ± 0.005 g. 
Experimental data were analyzed to evidence 
the presence of variance and overall statistical 
safety (ANOVA test). The level of correlation 
between physiological indices and quality 
parameters was evaluated. LA and Chl 
contribution to FD and FW variation was 
analyzed, and the optimal level of LA and Chl 
was determined to ensure FD and FW in the 
experimental conditions. Correlation and 
regression coefficients (r, R2), cophenetic 
coefficient, p parameter and F-test were used to 
evaluate the safety of the results. 
 
RESULTS AND DISCUSSIONS 
 
Foliar fertilization applied to apple, the 
'Generos' variety, influenced the values of 
physiological indices and photosynthetic 
processes, a fact highlighted at the level of leaf 
area (LA), chlorophyll content (Chl) and fruit 
size (FD - fruit diameter, FW - weight fruit). 
The values recorded for the physiological 
indices and for the fruits biometric parameters 
are presented in Table 1. 
 
Table 1. Physiological indices and biometric parameters 

values of apple fruits, 'Generos' variety  
(average values 2011-2012) 

Trial 
LA Chl FD FW 

(cm2) SPAD 
units (mm) (g) 

T1 30.26 43.27 60.88 92.225 
T2 32.52 46.86 62.72 112.008 
T3 33.84 48.77 64.54 118.428 
T4 40.70 54.61 63.98 118.630 
T5 44.50 56.78 64.48 119.018 
T6 35.28 50.06 65.17 120.960 
T7 39.94 54.26 66.42 123.435 
T8 37.13 52.36 63.19 117.450 
T9 38.67 54.71 64.24 118.468 
SE ±1.48 ±1.46 ±0.52 ±3.09 

 
Physiological index LA recorded values 
between 30.26 ± 1.48 cm2 in the control variant 
(T1), and 44.50 ± 1.48 cm2 in the T5 variant. A 
specific variation, in relation to the 
experimental variants, recorded the chlorophyll 
content (Chl), with the value 43.27 ± 1.46 
SPAD units at T1 variant, and 56.78 ± 1.46 
SPAD units at T5 variant. The parameter FD 

 

(fruit diameter) recorded values between 60.88 
± 0.52 mm for the control variant (T1) and 
66.42 ± 0.52 mm for the T7 variant. The fruit 
weight (FW) parameter recorded values 
between 92.225 ± 2.09 g for the control variant 
(T1), and 120.960 ± 3.09 g for the T6 variant. 
The statistical safety and the presence of 
variance in the data set (average values 2011-
2012) was confirmed by the ANOVA test, 
according to the values of the parameters p and 
F-test, for Alpha = 0.001 (p<<0.001; F>> 
Fcrit). The correlation analysis on the 
experimental data set revealed the existence of 
a very strong positive correlation between LA 
and Chl (r = 0.967), strong positive correlations 
between FD and FW (r = 0.899), and moderate 
and weak correlations between FW and LA (r = 
0.664), FW and Chl (r = 0.776), FD and LA (r 
= 0.604), and between FD and Chl, respectively 
(r = 0.680). 
The interdependence relationship identified 
between LA and Chl under the influence of 
foliar fertilization, was described by equation 
(1), under conditions of R2 = 0.989, p<<0.001, 
F = 292.08. 
 

93.54818.405194.0LA 2 −+−= ChlChl   (1) 
 
Dependency relationships were found between 
the fruits biometric parameters (FD and FW) 
and the physiological indices, LA and Chl.  
The variation of the FD parameter depending of 
LA was described by equation (2), but under 
low statistical safety conditions (R2 = 0.592,      
p = 0.0678, F = 4.354).  
The variation of FD in relation to Chl was 
described by equation (3) under conditions of 
moderate statistical safety (R2 = 0.639,              
p = 0.0471, F = 5.3066). 
 

217.4LA036.3LA03792.0FD 2 ++−=   (2) 
 

05.45Chl122.4Chl03867.0FD 2 −+−=   (3) 
 
Fruit weight (FW) registered a much closer 
variation in relation to the values of the two 
physiological indices, LA and Chl. Thus, the 
regression analysis led to equation (4) which 
described the variation of FW values in relation 
to LA under high statistical safety conditions 
(R2 = 0.802, p = 0.0077, F = 12.153). Also, the 
regression analysis resulted in equation (5) 

which described the variation of FW in relation 
to Chl, in very high statistical safety conditions 
(R2 = 0.934, p = 0.00029, F = 42.201). 
Graphical distribution is presented in Figure 1. 
 

1.321LA37.22LA2819.0FW 2 −+−=            (4) 

7.746Chl9.32Chl3117.0FW 2 −+−=              (5) 
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Figure 1. Graphical distribution of the FW parameter 
variation according to Chl in apple, 'Generos' variety 

 
The interdependence relationship between 
fruits biometric parameters (FD and FW) was 
described by equation (6) under very high 
statistical safety conditions (R2 = 0.967, 
p<<0.001, F = 87.832). 
 

5045FD157FD193.1FW 2 −+−=   (6) 
 
Principal Component Analysis led to the 
diagram in Figure 2, which includes the 
distribution of variants (T1-T9) in relation to 
the indices and parameters studied (LA, Chl, 
FD and FW, as biplots). PC1 explained 
87.947% of variance, and PC2 explained 
11.39% of variance. 
Cluster analysis led to the grouping of affinity-
based variants in relation to fruit biometric 
parameters (FD and FW), in statistical safety 
conditions (Coph.corr = 0.981). The separate 
positioning of the control variant T1 (Ct) was 
found, with the lowest values for parameters 
FD and FW (cluster C1). T2-T9 variants were 
grouped based on affinity in a cluster (C2) with 
several sub-clusters. Variant T2 occupied a 
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distinct position (sub-cluster C2-1), and the 
other variants were associated within two 
groups: sub-cluster C2-2a [(((T3, T9), T4), T5); 
T8], and a second sub-cluster C2-2b with 
variants (T6, T7), respectively, Figure 3. 
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Figure 2. PCA diagram with the variants distribution, 

'Generos' apple variety 
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Figure 3. Dendrogram of the variants grouping based on 
Euclidean distances in relation to FD and FW, 'Generos' 

apple variety 
 
By the analysis of SDI values (similarity and 
distance indices) found the highest affinity for 
T3 and T9 (SDI = 0.3027), followed by T9 and 
T4 (SDI = 0.3063), T3 and T4 (SDI = 0.5953), 
T3 and T5 (SDI = 0.5930), T9 and T5 
respectively (SDI = 0.6001).  

The complete set of values expressing the 
degree of similarity of the experimental 
variants in relation to FD and FW is presented 
in Table 2. 
Based on the correlations recorded, on the 
relationships identified between fruit biometric 
parameters and physiological indices, as well as 
on SDI index values, multiple regression 
analysis was used to find how the FD and FW 
fruit quality parameters were influenced by the 
two physiological indices (LA and Chl), as 
their simultaneously action. 
Equation (7) was obtained for the variation of 
FD in relation to LA and Chl, in general 
conditions of moderate statistical safety         
(R2 = 0.674). Starting from the general equation 
(6) the optimal values for x (LA) and y (Chl) 
were determined in relation to FD and resulted 
xopt = 40.64 cm2, yopt = 54.53 SPAD units. The 
graphic distribution in 3D form is presented in 
Figure 4, and the graphic distribution in the 
form of isoquants is presented in Figure 5. 
 

fexydycxbyaxFD 22 +++++=      (7) 

 
where:  x - LA - leaf area (cm2); 

y - Chl - Chlorophyll content (SPAD units); 
a, b, c, d, e, f - coefficients of the equation (7); 
a = -0.217077868276657; 
b = -0.273233884443766; 
c = -7.45835582731484; 
d = 11.0931639949924; 
e = 0.460316337521112; 
f = -85.8661919487794. 

 
 

 
 

Figure 4. 3D graphical distribution of FD values 
according to LA (x-axis) and Chl (y-axis), 'Generos' 

apple variety 
 

 

Table 2. SDI values in relation to biometric parameters FD and FW, 'Generos' apple variety 

  T1(Ct) T2 T3 T4 T5 T6 T7 T8 T9 
T1(Ct)  19.8680 26.4570 26.5860 27.0340 29.0530 31.6980 25.3310 26.4570 
T2 19.8680  6.6730 6.7408 7.2276 9.2812 12.0110 5.4623 6.6364 
T3 26.4570 6.6730  0.5953 0.5930 2.6092 5.3483 1.6670 0.3027 
T4 26.5860 6.7408 0.5953  0.6329 2.6163 5.3890 1.4200 0.3063 
T5 27.0340 7.2276 0.5930 0.6329  2.0609 4.8243 2.0304 0.6001 
T6 29.0530 9.2812 2.6092 2.6163 2.0609  2.7727 4.0300 2.6599 
T7 31.6980 12.0110 5.3483 5.3890 4.8243 2.7727  6.8010 5.4243 
T8 25.3310 5.4623 1.6670 1.4200 2.0304 4.0300 6.8010  1.4625 
T9 26.4570 6.6364 0.3027 0.3063 0.6001 2.6599 5.4243 1.4625  

 

 
Figure 5. Graphical distribution as isoquants of FD 
values according to LA (x-axis) and Chl (y-axis), 

'Generos' apple variety 
 
In the case of the FW parameter the multiple 
regression analysis led to equation (8), which 
described the variation of FW in relation to LA 
and Chl, as simultaneous action, in conditions 
of very high statistical safety (R2 = 0.963,  
p = 0.0233, F = 15.60669). 
 

fexydycxbyaxFW 22 +++++=      (8) 
 

where:  x - LA - leaf area (cm2); 
y - Chl - Chlorophyll content (SPAD units); 
a, b, c, d, e, f - coefficients of the equation (8); 
a = -1.04855116323077; 
b = -1.8234743024433; 
c = -65.8996248409577; 
d = 88.5299133910003; 
e= 2.75191899805017; 
f = -973.360137346891. 

 

Starting from the general equation (8) the 
optimal values for x (LA) and y (Chl) were 
determined in relation to FW, and resulted      

xopt = 43.95 cm2, yopt = 57.44 SPAD units. The 
graphic distribution in the form of 3D is 
presented in Figure 6, and the graphic 
distribution in the form of isoquants is 
presented in Figure 7. 
 

 
Figure 6. 3D graphical distribution of FW values 

according to LA (x-axis) and Chl (y-axis), 'Generos' 
apple variety 

 

 
Figure 7. Graphical distribution as isoquants of FW 
values according to LA (x-axis) and Chl (y-axis), 

'Generos' apple variety 
 
Modeling and imaging analysis have long been 
used as tools and methods for studied and 
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distinct position (sub-cluster C2-1), and the 
other variants were associated within two 
groups: sub-cluster C2-2a [(((T3, T9), T4), T5); 
T8], and a second sub-cluster C2-2b with 
variants (T6, T7), respectively, Figure 3. 
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in Table 2. 
Based on the correlations recorded, on the 
relationships identified between fruit biometric 
parameters and physiological indices, as well as 
on SDI index values, multiple regression 
analysis was used to find how the FD and FW 
fruit quality parameters were influenced by the 
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Equation (7) was obtained for the variation of 
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(R2 = 0.674). Starting from the general equation 
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Modeling and imaging analysis have long been 
used as tools and methods for studied and 
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evaluation in large-scale of agro-forestry and 
horticultural ecosystems (Herbei and Sala, 
2014; Herbei et al., 2015a;2015b), for analysis 
at horticultural farm level, plots, plants, 
vegetative organs, production and fruits quality 
elements (Govedarica et al., 2015; Barikloo and 
Ahmadi, 2013; Cheng et al., 2017). 
For the leaf area (LA) study, the non-
destructive methods are of high interest 
especially due to the fact that it is not necessary 
to detach the leaf samples for the test, and this 
methods are fast and sufficiently accurate. 
Various models and software applications have 
been developed for the rapid and accurate 
assessment of LA (Khan et al., 2016; 
Drienovsky et al., 2017a; Kumar et al., 2017; 
Cândea-Crăciun et al., 2018), as well as 
software applications for assessment of the 
degree of  pathogens attack (Drienovsky et al., 
2017b, Drienovsky and Sala, 2019). 
Fruit size and size index have been studied and 
are important in the general definition of fruit 
quality, as well as in relation to the fruits 
storage, marketing and industrialization 
(Salvador et al., 2006; Gonçalves et al., 2017). 
The usefulness and importance of the models 
resulted from other studies, in which they were 
used to evaluate the dynamics of fruit 
formation, quality, harvest time etc., useful 
elements in plantation management (Li et al., 
2015; Marini et al., 2019). 
In the context of interest in the quality of apple 
production, models and methods for estimating 
the quality of fruit production, confirmed by 
the literature, this study proposed models for 
evaluating the dimensional parameters of 
apples based on physiological indices, in 
statistical safety conditions. 
 
CONCLUSIONS 
 
The regression analysis facilitated the obtaining 
of models that has described the variation of 
FD and FW according to LA and Chl, in 
statistical safety conditions. From the mathe-
matical equations were found the optimal 
values for LA and Chl in relation to fruits 
parameters studied, FD and FW. 
PCA generated the variants distribution 
diagram, in which PC1 explained 87.947% of 
variance and PC2 explained 11.39% of 
variance. 

The clusters analysis led to the grouping of 
variants in clusters based on affinity, in 
conditions of high statistical safety, Coph.corr 
= 0.981. According to similarity and distance 
indices (SDI), the highest affinity was recorded 
for T3 and T9 variants (SDI = 0.3027). 
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evaluation in large-scale of agro-forestry and 
horticultural ecosystems (Herbei and Sala, 
2014; Herbei et al., 2015a;2015b), for analysis 
at horticultural farm level, plots, plants, 
vegetative organs, production and fruits quality 
elements (Govedarica et al., 2015; Barikloo and 
Ahmadi, 2013; Cheng et al., 2017). 
For the leaf area (LA) study, the non-
destructive methods are of high interest 
especially due to the fact that it is not necessary 
to detach the leaf samples for the test, and this 
methods are fast and sufficiently accurate. 
Various models and software applications have 
been developed for the rapid and accurate 
assessment of LA (Khan et al., 2016; 
Drienovsky et al., 2017a; Kumar et al., 2017; 
Cândea-Crăciun et al., 2018), as well as 
software applications for assessment of the 
degree of  pathogens attack (Drienovsky et al., 
2017b, Drienovsky and Sala, 2019). 
Fruit size and size index have been studied and 
are important in the general definition of fruit 
quality, as well as in relation to the fruits 
storage, marketing and industrialization 
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The usefulness and importance of the models 
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elements in plantation management (Li et al., 
2015; Marini et al., 2019). 
In the context of interest in the quality of apple 
production, models and methods for estimating 
the quality of fruit production, confirmed by 
the literature, this study proposed models for 
evaluating the dimensional parameters of 
apples based on physiological indices, in 
statistical safety conditions. 
 
CONCLUSIONS 
 
The regression analysis facilitated the obtaining 
of models that has described the variation of 
FD and FW according to LA and Chl, in 
statistical safety conditions. From the mathe-
matical equations were found the optimal 
values for LA and Chl in relation to fruits 
parameters studied, FD and FW. 
PCA generated the variants distribution 
diagram, in which PC1 explained 87.947% of 
variance and PC2 explained 11.39% of 
variance. 

The clusters analysis led to the grouping of 
variants in clusters based on affinity, in 
conditions of high statistical safety, Coph.corr 
= 0.981. According to similarity and distance 
indices (SDI), the highest affinity was recorded 
for T3 and T9 variants (SDI = 0.3027). 
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Abstract  
 
Mycotoxins, secondary metabolites, produced by toxigenic fungi genera such as Penicillium, Aspergillus and Fusarium 
are widely known as one of the main causes for foodborne diseases. Not surprisingly, mycotoxins prevalence is higher 
with conditions such as climatic changes, lack of control systems and plentiful of suitable substrates, thus causing 
serious risks for both human and animal health. Since chemical and physical decontamination are not sufficiently 
effective, biological transformation is considered to be the most promising approach to reduce mycotoxin 
concentration. To detoxify mycotoxin-contaminated feed, the most frequent method for industrial purposes is the 
inclusion of sorbent materials that will remove toxins through selective adsorption, during passage through 
gastrointestinal tract. Another reliable approach is the addition of enzymes or microorganisms capable of detoxifying 
some mycotoxins. Although the process of identification and characterization of degrading enzymes is time consuming, 
it is necessary in order to understand the mechanism of degradation. The use of enzymes has some benefits in 
comparison with the use of microorganisms such as: reproducible performances, no risk of contamination and no safety 
concerns. 
 
Key words: mycotoxins, feed, degradation, enzymes, biotransformation.  
 
INTRODUCTION 
 
Mycotoxins, secondary metabolites with low 
molecular weight are produced mainly by 
toxigenic fungi such as Penicillium, Aspergillus 
and Fusarium (Denli et al., 2015). 
The term mycotoxin was used for the first time 
in history in 1962 after an unusually veterinary 
crisis near London during which nearly 
100,000 turkey poults died. Turkey X disease 
was linked to a groundnut meal contaminated 
with secondary metabolites of Aspergillus 
flavus and that sensitized scientists to the 
possibility that other unknown mold 
metabolites might be deadly (Zain, 2011). 
Not surprisingly, mycotoxins prevalence 
becomes higher with the available supporting 
conditions such as proper climate changes and 
lack of controls.  
It is a well-known fact that the earth is warming 
at an unprecedented rate and therefore it is 
believed that the geographic distribution, as 
well as the phyllosphere microflora of crops are 
expected to be extremely affected by climate 
change. A good example in this case is the 
impact of climate change observed in Serbia, 

where no contamination with aflatoxins 
occurred prior, but extended hot and dry 
weather in 2012 followed in 69% of maize 
contaminated with aflatoxins (Liew & Mohd, 
2018). 
Human exposure can result from consumption 
of the plant-derived foods and animal products 
contaminated with toxins, or by exposure to 
contaminated air or dust, producing toxic 
effects referred to as mycotoxicosis (Bryden, 
2012). 
Currently, it is believed that a large number of 
mycotoxins exists, between 300 and 20,000 
even 300,000 mycotoxins. Despite the huge 
number of secondary metabolites, scientist’s 
attention is being drawn on those that have 
been proven to be of concern in public health 
(Lee & Ryu, 2017). 
The most important mycotoxins that pose great 
potential risk in food and feed contaminants 
are: aflatoxins (AF), trichothecenes (TCT), 
fumonisins (F), zearalenone (ZEA) and 
ochratoxin A (OTA). Reports indicate that 
these toxins account for one billion dollars due 
to decrease of productivity and over 500 
million dollars to reduce the damage produced 
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Key words: mycotoxins, feed, degradation, enzymes, biotransformation.  
 
INTRODUCTION 
 
Mycotoxins, secondary metabolites with low 
molecular weight are produced mainly by 
toxigenic fungi such as Penicillium, Aspergillus 
and Fusarium (Denli et al., 2015). 
The term mycotoxin was used for the first time 
in history in 1962 after an unusually veterinary 
crisis near London during which nearly 
100,000 turkey poults died. Turkey X disease 
was linked to a groundnut meal contaminated 
with secondary metabolites of Aspergillus 
flavus and that sensitized scientists to the 
possibility that other unknown mold 
metabolites might be deadly (Zain, 2011). 
Not surprisingly, mycotoxins prevalence 
becomes higher with the available supporting 
conditions such as proper climate changes and 
lack of controls.  
It is a well-known fact that the earth is warming 
at an unprecedented rate and therefore it is 
believed that the geographic distribution, as 
well as the phyllosphere microflora of crops are 
expected to be extremely affected by climate 
change. A good example in this case is the 
impact of climate change observed in Serbia, 

where no contamination with aflatoxins 
occurred prior, but extended hot and dry 
weather in 2012 followed in 69% of maize 
contaminated with aflatoxins (Liew & Mohd, 
2018). 
Human exposure can result from consumption 
of the plant-derived foods and animal products 
contaminated with toxins, or by exposure to 
contaminated air or dust, producing toxic 
effects referred to as mycotoxicosis (Bryden, 
2012). 
Currently, it is believed that a large number of 
mycotoxins exists, between 300 and 20,000 
even 300,000 mycotoxins. Despite the huge 
number of secondary metabolites, scientist’s 
attention is being drawn on those that have 
been proven to be of concern in public health 
(Lee & Ryu, 2017). 
The most important mycotoxins that pose great 
potential risk in food and feed contaminants 
are: aflatoxins (AF), trichothecenes (TCT), 
fumonisins (F), zearalenone (ZEA) and 
ochratoxin A (OTA). Reports indicate that 
these toxins account for one billion dollars due 
to decrease of productivity and over 500 
million dollars to reduce the damage produced 
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by only 3 mycotoxins: aflatoxins, fumonisins 
and trichothecenes (Dohlman, 2003). 
Over the past years, there have been certified 
and used methods for the analysis of 
mycotoxins in food and feed such as: TLC (thin 
layer chromatography), HPLC (high 
performance liquid chromatography) coupled 
with FLD, UV or MS detection; GC (gas 
chromatography) coupled with ECD, FID or 
MS detection (Alshannaq & Yu, 2017). 
Aflatoxins are produced by Aspergillus flavus, 
A. parasiticus (more frequently) A. bombycis, 
A. ochraceoroseus, A. nomius ,                         
A. pseudotamari and can be found as 
contaminants in maize and other cereals, 
peanuts, tree nuts and dried fruits (Peterson et 
al., 2001). There have been described 18 
structurally related aflatoxins since the 
detection of aflatoxin B1 (AFB1) in 1960. The 
most important and studied among them are 
considered to be AFB1, aflatoxin B2 (AFB2), 
aflatoxin G1 (AFG1), aflatoxin G2 (AFG2), 
aflatoxin M1 (AFM1) and aflatoxin M2 
(AFM2) (Aiko et al., 2015).  
Aflatoxins have a massive impact on both 
human and animal population. Furthermore, 
they determine major effects on economy by 
agriculture loss.  
Trichothecenes are a family that contains 
nearly 200 metabolites, divided into 4 
functional groups: A (includes T2 and HT2 
toxins), B (includes NIV and DON), C and D. 
They are produced by several fungal genera, of 
which approximately 40 are isolated from fungi 
that belong to Fusarium spp. (McCormick et 
al., 2011). Contamination with these secondary 
metabolites can be observed worldwide in 
commodities such as wheat, rye, maize, rice, 
barley and vegetables.  
Fumonisins, represented by fumonisin B1 
(FB1) and fumonisin B2 (FB2) are cancer-
promoting secondary metabolites mainly 
produced by Fusarium verticillioides and 
Fusarium proliferatum that usually 
contaminate commodities such as maize, rice 
and wheat (Lerda et al., 2017).  
Zearalenone is a mycotoxin produced by 
Fusarium graminearum, F. culmorum, F. 
cerealis and other Fusarium molds which 
normally contaminates wheat, maize, sorghum 
and rice. It is a non-steroidal oestrogen like 
compound with major implications in the 

affections of the reproductive tract on both 
human and animal organism (Da Rocha et al., 
2014). 
Ochratoxin A is a secondary metabolite 
produced mainly by fungi of the genera 
Aspergillus and Penicillum. Some of the most 
important species implicated OTA production 
includes A. ochraceus, A. carbonarius, A. 
melleus and A. niger (Liuzzi et al., 2017). OTA 
is a constant natural contaminant of many 
agricultural products such as cocoa beans, 
cereals, peanuts, tiger nuts, fish, dried fruits, 
grapes (Ramesh & Javagoudar, 2017).  
 
INCIDENCE OF MYCOTOXINS IN 
ANIMAL FEED 
 
In spite of the efforts made to control fungal 
contamination, both developed and under 
developed countries have been reporting 
extensively high mycotoxin incidence in animal 
feed. Being the main source of mycotoxin 
infestation of farm animals, the major concern 
regarding contaminated feed is referred to the 
impact on the economy, animal and human 
health (Alshannaq & Yu, 2017). 
The most important mycotoxins that are subject 
to legal regulations are: aflatoxins (AF), 
deoxynivalenol (DON), zearalenone (ZEA), 
fumonisins (FB) and ochratoxin A (OTA). 
Aflatoxins  
According to recent surveys and literature data, 
aflatoxins continue to pose a significant 
problem with a global incidence contamination 
rate higher than 30%.  AF’s production occurs 
in nuts and cereals in areas of favourable 
climatic condition such as high temperatures 
and low rainfall. As a result, they are detected 
especially in Africa, South Asia, South 
America and Southern Europe. Highest level of 
AF detected in Africa was 1,642 µg/kg, while 
in Europe the highest level was of 33 µg/kg 
(Lee & Ryu, 2017).  
The maximum limit for aflatoxin allowed in all 
feed materials is 0.02 mg/kg (Commision 
Directive 2003/100/EC). 
In the actual context of climate change, an 
increase of temperature in cool and temperate 
climates may determine an increase of aflatoxin 
contamination in these areas (Pinotti et al., 
2016). 
 

 
Deoxynivalenol 
As reported by recent studies, DON can be 
detected most commonly in wheat with a global 
incidence rate higher than 60%. 
Deoxynivalenol production is positively 
influenced by low temperatures and wet 
growing season. Therefore, it is mostly 
detected in North Asia, Northern Europe, North 
and South America (Pinotti et al., 2016). 
DON, which is also known as vomitoxin 
induces feed refusal and emesis, alters the 
immune system and intestinal functions in pigs 
(Streit et al., 2012). 
In consequence, the European Commission set 
maximum limits for DON in cereals and cereal 
products (8 mg/kg), maize by-products (12 
mg/kg) and complementary and complete 
feeding stuff for pigs (0.9 mg/kg) (Commission 
Recommandation 2006/576/EC).  
Zearalenone 
Recent surveys show that the global incidence 
rate of ZEA is higher than 30%. Similar to 
DON, production of ZEA usually occurs at low 
temperatures and wet growing season (Pinotti 
et al., 2016). 
The highest incidence of zearalenone 
contamination was detected in wheat and 
maize, in regions such as Central Europe, North 
and South America, North and South Asia (Lee 
& Ryu, 2017). 
In Europe, guidance values for ZEA 
concentration has been issued by the European 
Commission as follows: for complementary 
and complete feeding stuffs for piglets and gilts 
(0.1 mg/kg), complementary and complete 
feeding stuffs for calves, dairy cattle, sheep and 
goats (0.5 mg/kg) and maize by products (3 
mg/kg) (Commission Recommandation 
2006/576/EC).  
Fumonisins 
The occurrence data from numerous reports 
reveals that fumonisins have a global incidence 
rate higher than 50% and they are usually 
developed in corn. Fumonisins have been 
detected in South America, Africa, Southern 
Europe and both North and South Asia. Europe 
showed the lowest incidence (39%) among the 
list, while in North and South America was 
reported the highest incidence rate (95%) (Lee 
& Ryu, 2017). 
European guidance values for fumonisins are as 
follows: complementary and complete feeding 

stuffs for pigs, horses, rabbits and pet animals 
(5 mg/kg) and maize/maize products (60 
mg/kg) (Commission Recommandation 
2006/576/EC).  
Ochratoxin A 
Frequently found in cereals, can also 
contaminate soybeans and peanut, OTA is 
associated with insufficient drying or improper 
storage. According to numerous surveys it has 
been detected all over the world, having a 60% 
rate of global incidence contamination (Pinotti 
et al., 2016). 
The European Commission had issued 
guidance values for ochratoxin A as follows: 
0.05 mg/kg for complementary and complete 
feeding stuffs for pigs, respectively 0.25 mg/kg 
for cereals and cereals products (Commission 
Recommandation 2006/576/EC).  
 
IMPACT OF MYCOTOXINS ON ANIMAL 
HEALTH 
 
Similar to all toxicological conditions, 
mycotoxicosis are categorized as acute or 
chronic. 
As a result of the transplacental circulation of 
toxic metabolites, exposure to aflatoxins 
begins in the womb and continues during 
postnatal period through breastfeeding.  
Acute aflatoxicosis generally appears with an 
obvious toxic response (haemorrhages, acute 
liver damage, edema), while chronic exposure 
to aflatoxins results in cancer and other 
irreversible effects on animal organisms. After 
ingestion of contaminated feed, AFB1 is 
metabolized in liver by specific cytochrome 
P450 enzymes into metabolites that may cause 
aflatoxicosis by binding to proteins, or cancer 
by attaching to DNA (Wild & Turner, 2002) 
Consumption of contaminated feed in poultry 
and pigs is associated with reduced immunity, 
low growth performance due to poor feed 
utilization, causing major economic problems 
for the producers (Da Rocha et al., 2014). 
Feeding animals with contaminated feed, 
especially with AFB1, may results in finding 
the mycotoxins and/or their metabolites in milk 
(AFM1), meat and eggs. 
AFB1, which was classified by the 
International Agency for Research on Cancer 
(IARC) as a Group 1 human carcinogen, acts 
synergistically with hepatitis B virus (HBV) 
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by only 3 mycotoxins: aflatoxins, fumonisins 
and trichothecenes (Dohlman, 2003). 
Over the past years, there have been certified 
and used methods for the analysis of 
mycotoxins in food and feed such as: TLC (thin 
layer chromatography), HPLC (high 
performance liquid chromatography) coupled 
with FLD, UV or MS detection; GC (gas 
chromatography) coupled with ECD, FID or 
MS detection (Alshannaq & Yu, 2017). 
Aflatoxins are produced by Aspergillus flavus, 
A. parasiticus (more frequently) A. bombycis, 
A. ochraceoroseus, A. nomius ,                         
A. pseudotamari and can be found as 
contaminants in maize and other cereals, 
peanuts, tree nuts and dried fruits (Peterson et 
al., 2001). There have been described 18 
structurally related aflatoxins since the 
detection of aflatoxin B1 (AFB1) in 1960. The 
most important and studied among them are 
considered to be AFB1, aflatoxin B2 (AFB2), 
aflatoxin G1 (AFG1), aflatoxin G2 (AFG2), 
aflatoxin M1 (AFM1) and aflatoxin M2 
(AFM2) (Aiko et al., 2015).  
Aflatoxins have a massive impact on both 
human and animal population. Furthermore, 
they determine major effects on economy by 
agriculture loss.  
Trichothecenes are a family that contains 
nearly 200 metabolites, divided into 4 
functional groups: A (includes T2 and HT2 
toxins), B (includes NIV and DON), C and D. 
They are produced by several fungal genera, of 
which approximately 40 are isolated from fungi 
that belong to Fusarium spp. (McCormick et 
al., 2011). Contamination with these secondary 
metabolites can be observed worldwide in 
commodities such as wheat, rye, maize, rice, 
barley and vegetables.  
Fumonisins, represented by fumonisin B1 
(FB1) and fumonisin B2 (FB2) are cancer-
promoting secondary metabolites mainly 
produced by Fusarium verticillioides and 
Fusarium proliferatum that usually 
contaminate commodities such as maize, rice 
and wheat (Lerda et al., 2017).  
Zearalenone is a mycotoxin produced by 
Fusarium graminearum, F. culmorum, F. 
cerealis and other Fusarium molds which 
normally contaminates wheat, maize, sorghum 
and rice. It is a non-steroidal oestrogen like 
compound with major implications in the 

affections of the reproductive tract on both 
human and animal organism (Da Rocha et al., 
2014). 
Ochratoxin A is a secondary metabolite 
produced mainly by fungi of the genera 
Aspergillus and Penicillum. Some of the most 
important species implicated OTA production 
includes A. ochraceus, A. carbonarius, A. 
melleus and A. niger (Liuzzi et al., 2017). OTA 
is a constant natural contaminant of many 
agricultural products such as cocoa beans, 
cereals, peanuts, tiger nuts, fish, dried fruits, 
grapes (Ramesh & Javagoudar, 2017).  
 
INCIDENCE OF MYCOTOXINS IN 
ANIMAL FEED 
 
In spite of the efforts made to control fungal 
contamination, both developed and under 
developed countries have been reporting 
extensively high mycotoxin incidence in animal 
feed. Being the main source of mycotoxin 
infestation of farm animals, the major concern 
regarding contaminated feed is referred to the 
impact on the economy, animal and human 
health (Alshannaq & Yu, 2017). 
The most important mycotoxins that are subject 
to legal regulations are: aflatoxins (AF), 
deoxynivalenol (DON), zearalenone (ZEA), 
fumonisins (FB) and ochratoxin A (OTA). 
Aflatoxins  
According to recent surveys and literature data, 
aflatoxins continue to pose a significant 
problem with a global incidence contamination 
rate higher than 30%.  AF’s production occurs 
in nuts and cereals in areas of favourable 
climatic condition such as high temperatures 
and low rainfall. As a result, they are detected 
especially in Africa, South Asia, South 
America and Southern Europe. Highest level of 
AF detected in Africa was 1,642 µg/kg, while 
in Europe the highest level was of 33 µg/kg 
(Lee & Ryu, 2017).  
The maximum limit for aflatoxin allowed in all 
feed materials is 0.02 mg/kg (Commision 
Directive 2003/100/EC). 
In the actual context of climate change, an 
increase of temperature in cool and temperate 
climates may determine an increase of aflatoxin 
contamination in these areas (Pinotti et al., 
2016). 
 

 
Deoxynivalenol 
As reported by recent studies, DON can be 
detected most commonly in wheat with a global 
incidence rate higher than 60%. 
Deoxynivalenol production is positively 
influenced by low temperatures and wet 
growing season. Therefore, it is mostly 
detected in North Asia, Northern Europe, North 
and South America (Pinotti et al., 2016). 
DON, which is also known as vomitoxin 
induces feed refusal and emesis, alters the 
immune system and intestinal functions in pigs 
(Streit et al., 2012). 
In consequence, the European Commission set 
maximum limits for DON in cereals and cereal 
products (8 mg/kg), maize by-products (12 
mg/kg) and complementary and complete 
feeding stuff for pigs (0.9 mg/kg) (Commission 
Recommandation 2006/576/EC).  
Zearalenone 
Recent surveys show that the global incidence 
rate of ZEA is higher than 30%. Similar to 
DON, production of ZEA usually occurs at low 
temperatures and wet growing season (Pinotti 
et al., 2016). 
The highest incidence of zearalenone 
contamination was detected in wheat and 
maize, in regions such as Central Europe, North 
and South America, North and South Asia (Lee 
& Ryu, 2017). 
In Europe, guidance values for ZEA 
concentration has been issued by the European 
Commission as follows: for complementary 
and complete feeding stuffs for piglets and gilts 
(0.1 mg/kg), complementary and complete 
feeding stuffs for calves, dairy cattle, sheep and 
goats (0.5 mg/kg) and maize by products (3 
mg/kg) (Commission Recommandation 
2006/576/EC).  
Fumonisins 
The occurrence data from numerous reports 
reveals that fumonisins have a global incidence 
rate higher than 50% and they are usually 
developed in corn. Fumonisins have been 
detected in South America, Africa, Southern 
Europe and both North and South Asia. Europe 
showed the lowest incidence (39%) among the 
list, while in North and South America was 
reported the highest incidence rate (95%) (Lee 
& Ryu, 2017). 
European guidance values for fumonisins are as 
follows: complementary and complete feeding 

stuffs for pigs, horses, rabbits and pet animals 
(5 mg/kg) and maize/maize products (60 
mg/kg) (Commission Recommandation 
2006/576/EC).  
Ochratoxin A 
Frequently found in cereals, can also 
contaminate soybeans and peanut, OTA is 
associated with insufficient drying or improper 
storage. According to numerous surveys it has 
been detected all over the world, having a 60% 
rate of global incidence contamination (Pinotti 
et al., 2016). 
The European Commission had issued 
guidance values for ochratoxin A as follows: 
0.05 mg/kg for complementary and complete 
feeding stuffs for pigs, respectively 0.25 mg/kg 
for cereals and cereals products (Commission 
Recommandation 2006/576/EC).  
 
IMPACT OF MYCOTOXINS ON ANIMAL 
HEALTH 
 
Similar to all toxicological conditions, 
mycotoxicosis are categorized as acute or 
chronic. 
As a result of the transplacental circulation of 
toxic metabolites, exposure to aflatoxins 
begins in the womb and continues during 
postnatal period through breastfeeding.  
Acute aflatoxicosis generally appears with an 
obvious toxic response (haemorrhages, acute 
liver damage, edema), while chronic exposure 
to aflatoxins results in cancer and other 
irreversible effects on animal organisms. After 
ingestion of contaminated feed, AFB1 is 
metabolized in liver by specific cytochrome 
P450 enzymes into metabolites that may cause 
aflatoxicosis by binding to proteins, or cancer 
by attaching to DNA (Wild & Turner, 2002) 
Consumption of contaminated feed in poultry 
and pigs is associated with reduced immunity, 
low growth performance due to poor feed 
utilization, causing major economic problems 
for the producers (Da Rocha et al., 2014). 
Feeding animals with contaminated feed, 
especially with AFB1, may results in finding 
the mycotoxins and/or their metabolites in milk 
(AFM1), meat and eggs. 
AFB1, which was classified by the 
International Agency for Research on Cancer 
(IARC) as a Group 1 human carcinogen, acts 
synergistically with hepatitis B virus (HBV) 
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causing human primary liver cancer, mostly 
encountered in developing countries (Jemal et 
al., 2011). 
Fumonisin B1, the most representative of the 
numerous fumonisin analogues is categorized 
by IARC in Group 2B carcinogen (possibly 
carcinogenic in humans).  
Fumonisins are hydrophilic substances which 
enhances their toxic effect. In animals, their 
toxic effects vary from pulmonary edema and 
hydrotorax in swine, to leukoencephalomalacia 
in equine and hepatocellular carcinoma in rats. 
These secondary metabolites, whom toxic 
action is explained by the inhibitory effect on 
the uptake of folic acid via the folate receptor, 
where found to be associated with an epidemic 
of neural tube defects that occurred along 
Texas-Mexico border and China. Also, they 
have been implicated in an incident of acute 
food-borne disease located in India in which 
the manifestation of borborygmi, abdominal 
pain and diarrhoea was connected with the oral 
ingestion of contaminated maize (Ortiz et al., 
2015). 
Regarding trichothecenes, T-2 toxin and DON 
are the most important mycotoxins that causing 
toxicity to both human and animals through 
oral contamination. They are well-known 
compounds with inhibitory effect on protein 
synthesis via binding of peptidyl-transferaze 
(Yang et al., 2017). 
When ingested in high dosage, deoxynivalenol 
or vomitoxin, causes nausea and vomiting in 
animal organism, while small doses can cause 
refusal to eat and weight loss (Da Rocha et al., 
2014). 
Furthermore, DON has been associated with 
scabby grain toxicosis that occurred in USA, 
China, Australia and Japan (Etzel & Ryu, 
2014). 
Over the years, it has been suggested that 
trichothecenes were used as biological warfare 
agents; for example, in Cambodia an 
investigation conducted between 1978-1981 
concluded DON, DAS, T2-toxin were isolated 
from water around affected areas (Etzel & Ryu, 
2014). 
Ochratoxin A is considered to be the most 
economically important and prevalent 
secondary metabolite in the group of 
ochratoxins. OTA develops an 
immunosuppressive, teratogenic and 

nephrotoxic potential (Russo et al., 2016). 
Researches revealed that OTA is strongly 
linked to kidney affections (Ladeira et al., 
2017). 
Ingestion of contaminated feed with OTA 
induces negative effects on the digestive 
system which are expressed by the reduction of 
nutrient absorption, cell apoptosis and 
disruption of intestinal permeability (Pfohl-
Leszkowicz, 2009). 
Zearalenoneis non-steroidal compound with 
oestrogen-like activity that is mainly implicated 
in hyperoestrogenic conditions in humans.  
ZEA is involved in the affections of the 
reproductive system of farm animals like swine 
and cattle. These effects are explained by the 
structure of ZEA which allows it to link to the 
mammalian oestrogen receptor. ZEA has also 
proven to be hepatotoxic, immunotoxic and 
genotoxic (Fink-Gremmels & Malekinejad, 
2007). 
ZEA has been associated alongside DON with 
scabby grain disease toxicosis encountered in 
Japan, China and Australia, manifested with 
symptoms such as nausea, vomiting and 
diarrhoea (Etzel & Ryu, 2014). 
 
BIOLOGICAL CONTROL OF THE 
MYCOTOXIN-PRODUCING FUNGI 
 
The prime control strategy of the mycotoxin-
producing fungi is developed on the use as 
fungicides, which are also considered to be 
efficient in controlling postharvest diseases. 
Recently, due to public perception that 
pesticides are a threaten to both human and 
environmental safety and the increasing 
demand for produce food free of synthetic 
fungicides, it has been requested by the public 
the replacement of the chemicals with a safer 
and cleaner alternative approach. As a result, 
the use of antagonistic microorganisms to 
manage storage fungi and mycotoxin 
production has become a promising alternative 
(Korsten, 2006). 
Even though in vitro were discovered 
numerous useful biological control agents, 
because of the environmental conditions there 
have been reported no correlations between in 
vitro tests and field performance. Currently the 
number of biological control agents is 
increasing and it is evaluated at 1% of 

 
agricultural chemical sales with high 
expectancies to grow in future years (Medeiros 
et al., 2012). 
Regarding the sources of biological antagonists 
against mycotoxigenicmolds there have been 
tested different species of yeasts, fungi and 
bacteria (Fravel, 2005). 
According to Wiesniewski (1994), the most 
important characteristics of an ideal antagonist 
are: genetic stability, efficacy at low 
concentrations against a wide range of 
pathogens, simple nutritional requirements, 
high survival rate in adverse conditions of 
environment, lack of pathogenicity for the host 
plant, resistance the most used pesticides, 
compatibility with other chemical treatments 
and no production of potentially toxic 
metabolites to humans.  
Yeasts inherent features such as fast 
development, capacity of depriving nutrients 
from pathogens and fruit surface colonization 
have placed them as one of the most 
appropriate biocontrol agents. As a result, 
medical researches have been focused on their 
selection, isolation and potential use for 
mycotoxin-producing fungi (Abraham et al., 
2010). 
Mycotoxin-producing microorganisms may be 
“field fungi” that invade before harvest and 
“storage fungi” that develop especially during 
storage. Therefore, antagonists can be delivered 
by two main ways: at pre or post-harvest. Pre-
harvest delivery main purpose is to prevent the 
growth of the fungi and to reduce their 
mycotoxin production and it is based on the 
competition between toxigenic and 
nontoxigenic strains of Aspergillus flavus 
(Medeiros at al., 2012). 
There are two products that have been 
registered as biopesticides used in aflatoxin 
control: AF-36 (aflatoxin control on 
cottonseed) and Afla-Guard (aflatoxin control 
on corn and peanuts). Also, it has been brought 
to attention the effect of Saccharomyces 
cerevisiae RC008 and RC016 strains selected 
based on their mycotoxins binding ability and 
beneficial properties against A. carbonarius 
and P. graminearum (Mayfield et al., 2012). 
Both biological control agents have proven to 
be effective to reduce growth and production of 
OTA, ZEA, FB1 and DON. 

Bacteria also have been widely used as 
biocontrol agent against toxigenic fungi being 
developed into commercial product. Certain 
strains of Bacillus subtilis are used as an 
inhibitor of growth and aflatoxin production, 
while strains of Lactobacillus, Bifidobacteria 
and Steptococcus are used as biological agents 
to control production of OTA. Also, Bacillus 
amyloliquefaciens and Enterobacter 
hormaechei were proven to have antagonist 
effects on Fusarium verticilloides development 
and secondary metabolites production 
(Medeiros et al., 2012). 
 
CHEMICAL METHODS FOR 
MYCOTOXIN DECONTAMINATION 
 
There are a few chemical treatments that can 
convert toxic metabolites of fungi into non-
toxic substances. The ones who pose a great 
amount of interest will be presented in the 
following paragraphs.  
Oxidation  
Ozon and hydrogen peroxide, both oxidizing 
agents that can react with numerous functional 
groups, have been used to render mycotoxin 
contaminated feed providing no harm to it. For 
example, the biological activities of 
trichothecenes were changed by oxidation, 
ZEA was degraded by 83.9% using 10% H2O2 
at 80C, for 16 hours (Zinedine et al., 2007). 
McKenzie et al (1998) proved that the 
treatment with electrochemically produced 
ozone on contaminated corn provided 
protection against AFB1 in young turkey 
poults. Regarding OTA contamination, 
“Oxigreen” process using ozone reduced 
microbiological and mycotoxin contamination, 
but determined side-effects such as DNA 
adducts in wheat. 
Reduction 
Ascorbic acid, NaHSO3, Na2S2O5 are reducing 
agents that decrease mycotoxin levels, 
especially AFB1 and DON. Transformation of 
DON to DON-sulfonate (less toxic compound) 
is reported as an effective tool for 
overpowering the depressive effects of it on 
piglets. Nonetheless, the reaction at 65C, for 
48 hours, of FB1 with d-glucose/d-fructose 
(reducing sugars) blocks the primary amino 
group and may prevent FB1 induced toxicity on 
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causing human primary liver cancer, mostly 
encountered in developing countries (Jemal et 
al., 2011). 
Fumonisin B1, the most representative of the 
numerous fumonisin analogues is categorized 
by IARC in Group 2B carcinogen (possibly 
carcinogenic in humans).  
Fumonisins are hydrophilic substances which 
enhances their toxic effect. In animals, their 
toxic effects vary from pulmonary edema and 
hydrotorax in swine, to leukoencephalomalacia 
in equine and hepatocellular carcinoma in rats. 
These secondary metabolites, whom toxic 
action is explained by the inhibitory effect on 
the uptake of folic acid via the folate receptor, 
where found to be associated with an epidemic 
of neural tube defects that occurred along 
Texas-Mexico border and China. Also, they 
have been implicated in an incident of acute 
food-borne disease located in India in which 
the manifestation of borborygmi, abdominal 
pain and diarrhoea was connected with the oral 
ingestion of contaminated maize (Ortiz et al., 
2015). 
Regarding trichothecenes, T-2 toxin and DON 
are the most important mycotoxins that causing 
toxicity to both human and animals through 
oral contamination. They are well-known 
compounds with inhibitory effect on protein 
synthesis via binding of peptidyl-transferaze 
(Yang et al., 2017). 
When ingested in high dosage, deoxynivalenol 
or vomitoxin, causes nausea and vomiting in 
animal organism, while small doses can cause 
refusal to eat and weight loss (Da Rocha et al., 
2014). 
Furthermore, DON has been associated with 
scabby grain toxicosis that occurred in USA, 
China, Australia and Japan (Etzel & Ryu, 
2014). 
Over the years, it has been suggested that 
trichothecenes were used as biological warfare 
agents; for example, in Cambodia an 
investigation conducted between 1978-1981 
concluded DON, DAS, T2-toxin were isolated 
from water around affected areas (Etzel & Ryu, 
2014). 
Ochratoxin A is considered to be the most 
economically important and prevalent 
secondary metabolite in the group of 
ochratoxins. OTA develops an 
immunosuppressive, teratogenic and 

nephrotoxic potential (Russo et al., 2016). 
Researches revealed that OTA is strongly 
linked to kidney affections (Ladeira et al., 
2017). 
Ingestion of contaminated feed with OTA 
induces negative effects on the digestive 
system which are expressed by the reduction of 
nutrient absorption, cell apoptosis and 
disruption of intestinal permeability (Pfohl-
Leszkowicz, 2009). 
Zearalenoneis non-steroidal compound with 
oestrogen-like activity that is mainly implicated 
in hyperoestrogenic conditions in humans.  
ZEA is involved in the affections of the 
reproductive system of farm animals like swine 
and cattle. These effects are explained by the 
structure of ZEA which allows it to link to the 
mammalian oestrogen receptor. ZEA has also 
proven to be hepatotoxic, immunotoxic and 
genotoxic (Fink-Gremmels & Malekinejad, 
2007). 
ZEA has been associated alongside DON with 
scabby grain disease toxicosis encountered in 
Japan, China and Australia, manifested with 
symptoms such as nausea, vomiting and 
diarrhoea (Etzel & Ryu, 2014). 
 
BIOLOGICAL CONTROL OF THE 
MYCOTOXIN-PRODUCING FUNGI 
 
The prime control strategy of the mycotoxin-
producing fungi is developed on the use as 
fungicides, which are also considered to be 
efficient in controlling postharvest diseases. 
Recently, due to public perception that 
pesticides are a threaten to both human and 
environmental safety and the increasing 
demand for produce food free of synthetic 
fungicides, it has been requested by the public 
the replacement of the chemicals with a safer 
and cleaner alternative approach. As a result, 
the use of antagonistic microorganisms to 
manage storage fungi and mycotoxin 
production has become a promising alternative 
(Korsten, 2006). 
Even though in vitro were discovered 
numerous useful biological control agents, 
because of the environmental conditions there 
have been reported no correlations between in 
vitro tests and field performance. Currently the 
number of biological control agents is 
increasing and it is evaluated at 1% of 

 
agricultural chemical sales with high 
expectancies to grow in future years (Medeiros 
et al., 2012). 
Regarding the sources of biological antagonists 
against mycotoxigenicmolds there have been 
tested different species of yeasts, fungi and 
bacteria (Fravel, 2005). 
According to Wiesniewski (1994), the most 
important characteristics of an ideal antagonist 
are: genetic stability, efficacy at low 
concentrations against a wide range of 
pathogens, simple nutritional requirements, 
high survival rate in adverse conditions of 
environment, lack of pathogenicity for the host 
plant, resistance the most used pesticides, 
compatibility with other chemical treatments 
and no production of potentially toxic 
metabolites to humans.  
Yeasts inherent features such as fast 
development, capacity of depriving nutrients 
from pathogens and fruit surface colonization 
have placed them as one of the most 
appropriate biocontrol agents. As a result, 
medical researches have been focused on their 
selection, isolation and potential use for 
mycotoxin-producing fungi (Abraham et al., 
2010). 
Mycotoxin-producing microorganisms may be 
“field fungi” that invade before harvest and 
“storage fungi” that develop especially during 
storage. Therefore, antagonists can be delivered 
by two main ways: at pre or post-harvest. Pre-
harvest delivery main purpose is to prevent the 
growth of the fungi and to reduce their 
mycotoxin production and it is based on the 
competition between toxigenic and 
nontoxigenic strains of Aspergillus flavus 
(Medeiros at al., 2012). 
There are two products that have been 
registered as biopesticides used in aflatoxin 
control: AF-36 (aflatoxin control on 
cottonseed) and Afla-Guard (aflatoxin control 
on corn and peanuts). Also, it has been brought 
to attention the effect of Saccharomyces 
cerevisiae RC008 and RC016 strains selected 
based on their mycotoxins binding ability and 
beneficial properties against A. carbonarius 
and P. graminearum (Mayfield et al., 2012). 
Both biological control agents have proven to 
be effective to reduce growth and production of 
OTA, ZEA, FB1 and DON. 

Bacteria also have been widely used as 
biocontrol agent against toxigenic fungi being 
developed into commercial product. Certain 
strains of Bacillus subtilis are used as an 
inhibitor of growth and aflatoxin production, 
while strains of Lactobacillus, Bifidobacteria 
and Steptococcus are used as biological agents 
to control production of OTA. Also, Bacillus 
amyloliquefaciens and Enterobacter 
hormaechei were proven to have antagonist 
effects on Fusarium verticilloides development 
and secondary metabolites production 
(Medeiros et al., 2012). 
 
CHEMICAL METHODS FOR 
MYCOTOXIN DECONTAMINATION 
 
There are a few chemical treatments that can 
convert toxic metabolites of fungi into non-
toxic substances. The ones who pose a great 
amount of interest will be presented in the 
following paragraphs.  
Oxidation  
Ozon and hydrogen peroxide, both oxidizing 
agents that can react with numerous functional 
groups, have been used to render mycotoxin 
contaminated feed providing no harm to it. For 
example, the biological activities of 
trichothecenes were changed by oxidation, 
ZEA was degraded by 83.9% using 10% H2O2 
at 80C, for 16 hours (Zinedine et al., 2007). 
McKenzie et al (1998) proved that the 
treatment with electrochemically produced 
ozone on contaminated corn provided 
protection against AFB1 in young turkey 
poults. Regarding OTA contamination, 
“Oxigreen” process using ozone reduced 
microbiological and mycotoxin contamination, 
but determined side-effects such as DNA 
adducts in wheat. 
Reduction 
Ascorbic acid, NaHSO3, Na2S2O5 are reducing 
agents that decrease mycotoxin levels, 
especially AFB1 and DON. Transformation of 
DON to DON-sulfonate (less toxic compound) 
is reported as an effective tool for 
overpowering the depressive effects of it on 
piglets. Nonetheless, the reaction at 65C, for 
48 hours, of FB1 with d-glucose/d-fructose 
(reducing sugars) blocks the primary amino 
group and may prevent FB1 induced toxicity on 
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cell tissue cultures of both rats and swine (Jard 
et al., 2011). 
Ammoniation 
Applied for several years, ammoniation, it is 
considered to be an efficient procedure used to 
detoxify mainly aflatoxin-contaminated feed. 
When carried out at high temperature and 
pressure, this process can lead to the 
transformation of AFB1 in AFD1 (less toxic 
substance). This expensive treatment is 
inefficient against other mycotoxins and may 
lead to damaged food quality because of the 
extreme ammonia level involved (Park et al., 
1988). 
Alkalization 
Mycotoxin structure can vary under alkaline 
conditions; for instance, the 12-13-epoxy group 
of DON can be opened (Jard et al., 2011). 
Acidification 
It was discovered that treatments using strong 
acids can destroy the biological activity of 
AFB1, transforming it into the hemi-acetal 
form. A method using HCl has been proven to 
be effective in reducing AFB1 levels by 19.3% 
in 24 hours (Jard et al., 2011). 
 
PHISICAL METHODS FOR 
MYCOTOXIN DECONTAMINATION 
 
Sorting and washing 
In case of a heterogeneous contamination, the 
removal of the contaminated fraction can 
reduce the level of mycotoxins in the final 
product. Contaminated grain does not have the 
same colour as safe grain, so it can be sorted 
depending on its colour and even its density 
(Jard et al., 2011). 
Also, washing food and grain may reduce the 
level of contamination with mycotoxins. For 
example, the first step in the production of 
spaghetti is washing the wheat, which is proved 
to remove 23% of DON.  It is important to 
mention that both methods (washing and 
sorting) are not specific and generally 
exhaustive (Jard et al., 2011). 
Thermal treatment 
Some of the mycotoxins are substances with a 
remarkable stability at high temperatures, 
therefore, are rarely degraded using thermic 
methods.  In normal cooking conditions 
(frying, boiling), little or no reduction in 
mycotoxin level occurs. For instance, DON is 

stable at 120C, moderately stable at 180C and 
partially stable at 210C. Fumonisins are totally 
degraded at 220C, while thermic treatment of 
ZEA was proved to be ineffective (Kabak, 
2009). 
An important role in toxin degradation has the 
initial level of contamination, type and 
concentration of the mycotoxin, heating 
temperature, time period, moisture content, pH 
and ionic strength (Jard et al., 2011). 
Degradation by extrusion 
This method implies protein denaturation and 
inhibition of enzymatic activity and enables the 
removal of AF, DON, ZEA and FB1 from 
maize (Cazzaniga et al., 2001). 
Radiation  
A major part of mycotoxins possesses complex 
molecular structures, as a result they are not 
affected by irradiation. Gamma- radiation can 
reduce microorganisms, while radiation of 
AFB1 (sensitive to UV, X, Gamma rays) 
reduces the level of contamination. Also, 
micro-waves have the ability to reduce 
aflatoxins in peanuts and trichothecenes in 
maize (Jard et al., 2011). 
 
MICROORGANISMS USED FOR 
MYCOTOXIN DECONTAMINATION 
 
Flavobacterium aurantiacum, also known as 
Nocardiacoryne bacteriodes was one of the 
first bacteria investigated for its capacity of 
removing AFB1 (Hao et al., 1989). Using the 
crude extract, the scientists were able to 
transform AFB1 into a less toxic compound, 
involving an intracellular enzyme. 
Stenotrophonas maltophilia 35-3 was isolated 
on a selective medium that contained coumarin 
(source of carbon), which is a chemical 
component of the nucleus of AFB1. The culture 
supernatant was able to reduce AFB1 by 84.8% 
after incubation at pH 8 (Guan et al., 2008). 
Also, certain strains of Bacillus subtilis are able 
to detoxify AFB1 contaminated food/feed and 
even to facilitate animal growth rate. 
Mycobacterium fluoranthenivorans was proven 
effective in the removal of AFB1 from the 
contaminated food and feed (Teniola et al., 
2005). 
OTA can be transformed into ochratoxin alfa 
(less toxic compound) by numerous biological 
such as bacteria, moulds, plants and yeasts. 

 
Aureobasidium pullulans has been used as a 
control agent in wine, preventing OTA 
accumulation in grapes (De Felice et al., 2008). 
Trichosporon mycotoxinivorans has been 
developed into a product that can detoxify OTA 
in animal feed in less than 2 hours and a half 
(Molnar et al., 2004). 
The two main metabolites of DON are 
epoxidized DON and 3-keto-DON (both less 
toxic than DON). The Eubacterium sp. strain 
BBSH 797 developed into a commercial 
product has been proven to be effective in 
detoxifying trichothecenes in animal feed (Jard 
et al., 2011). 
The metabolism of T2 toxin was revealed in 
1988, it contains a sequence of steps: first, T-2 
toxin is transformed into HT-2 toxin 
(deacetylation), then it is converted to T-2 triol 
(20 times less toxic than T-2) and finally into 
T-2 tetraol. Bacteria isolated by enrichment 
from contaminated soil/water complete the 
sequence of transformation into less toxic 
compounds (Rood et al., 1988). 
It is a well-known fact that FB1 toxicity resides 
in its primary amine, therefore, the deamination 
of this molecule reduces its negative effects. 
The main microorganism which was proven 
capable of degrading FB1 is Exophialaspinifera 
(black yeast). The transformation of FB1 into 
AP1 is possible due to the intervention of an 
extracellular carboxylesterase. This enzyme 
was cloned and has been used with positive 
effects on transgenic maize, as it became 
resistant to fumonisins contamination (Duvick 
et al., 2003). 
Bacteria, yeasts, plants and molds can 
transform ZEA into oxidised compounds 
(zearalanone), hydroxyl compounds (alfa, beta- 
zearalenol), methyl compounds, gluco or sufo- 
conjugates and hydrolysed compounds. It was 
brought to attention that the transformation of 
ZEA into alfa-zearalenol is not a detoxifying 
action since the oestrogenic effects are even 
higher than ZEA’s (Jard et al., 2011). 
Trichosporon mycotoxinivorans, Rhodococcus 
and Nocardia spp. have the ability to 
decarboxylate ZEA. Recently, using an MCF-7 
cell line, it was shown that ZEA sulfonating 
leads to a reduction in oestrogenic toxicity 
(Duvick et al., 2003).  
Nevertheless, it has not been proven that 
sulfonating or glycosylation leads effectively to 

detoxification insofar as hydrolysis of this 
conjugate could occur in the digestive tract. 
Strains of soil Pseudomonas sp. were able to 
remove ZEA, even though the product was not 
identified but was assumed to be less toxic than 
ZEA. Also, an unidentified bacteria isolated 
from pig intestine was also able to remove 
ZEA. Furthermore, it was identified a 
concentration of 26% ZEA-sulphate and 18% 
of alfa-zearalenol after a ZEA transformation 
by Rhyzopus (Jard et al., 2011) 
 
ENZYMATIC BIOTRANSFORMATION 
OF MYCOTOXINS 
 
The process of identification and characte-
rization of degrading enzymes is a time consu-
ming, but necessary action to understand the 
mechanism of degradation. Enzymes deliver 
reproducible performances, no risk of contami-
nation and no safety concerns compared to the 
use of microorganisms. 
Currently, there are a few available commercial 
biotransforming feed additives, such as 
Mycofix, Biomin, BBSH 797 and FUMzyme. 
The majority of enzymes for degrading 
aflatoxins belong to oxidoreductase class. In 
1998, aflatoxin-oxidase was isolated from 
Chinese edible mushroom Armillariella 
tabescens and has the capacity of oxidising the 
furofuran ring and releasing H2O2 (Loi et al., 
2017). Regarding the toxicity of this enzyme it 
was shown to have minimal impact on liver 
health and to reduce genotoxicity on chicken 
embryos. AFB1 (0.05 µg/mL) was degraded 
100% after incubating at 28C at pH=6 (Liu et 
al., 1998). 
Three peroxidases with high degrading capacity 
on AFB1 were extracted and purified from 
Armoracia rusticana (42.2% in vitro degra-
dation/ 41% in real matrix), Phanerochaete 
sordida YK-624 (86% in vitro degradation) and 
Pleurotus ostreatus (90% in vitro degradation). 
Laccases produced by Trametes versicolor 
(87% in vitro degradation) and Streptomyces 
coelicor (100 % in vitro degradation), have 
been proposed for ZEA and AF’s biotransfor-
mation (Chitrangada et al., 2000.) 
F420H2-dependent reductases isolated from 
Mycobacterium smegmatis were used against 
AFB1, AFB2, AFG1 and AFG2 (Taylor et al., 
2010). 
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cell tissue cultures of both rats and swine (Jard 
et al., 2011). 
Ammoniation 
Applied for several years, ammoniation, it is 
considered to be an efficient procedure used to 
detoxify mainly aflatoxin-contaminated feed. 
When carried out at high temperature and 
pressure, this process can lead to the 
transformation of AFB1 in AFD1 (less toxic 
substance). This expensive treatment is 
inefficient against other mycotoxins and may 
lead to damaged food quality because of the 
extreme ammonia level involved (Park et al., 
1988). 
Alkalization 
Mycotoxin structure can vary under alkaline 
conditions; for instance, the 12-13-epoxy group 
of DON can be opened (Jard et al., 2011). 
Acidification 
It was discovered that treatments using strong 
acids can destroy the biological activity of 
AFB1, transforming it into the hemi-acetal 
form. A method using HCl has been proven to 
be effective in reducing AFB1 levels by 19.3% 
in 24 hours (Jard et al., 2011). 
 
PHISICAL METHODS FOR 
MYCOTOXIN DECONTAMINATION 
 
Sorting and washing 
In case of a heterogeneous contamination, the 
removal of the contaminated fraction can 
reduce the level of mycotoxins in the final 
product. Contaminated grain does not have the 
same colour as safe grain, so it can be sorted 
depending on its colour and even its density 
(Jard et al., 2011). 
Also, washing food and grain may reduce the 
level of contamination with mycotoxins. For 
example, the first step in the production of 
spaghetti is washing the wheat, which is proved 
to remove 23% of DON.  It is important to 
mention that both methods (washing and 
sorting) are not specific and generally 
exhaustive (Jard et al., 2011). 
Thermal treatment 
Some of the mycotoxins are substances with a 
remarkable stability at high temperatures, 
therefore, are rarely degraded using thermic 
methods.  In normal cooking conditions 
(frying, boiling), little or no reduction in 
mycotoxin level occurs. For instance, DON is 

stable at 120C, moderately stable at 180C and 
partially stable at 210C. Fumonisins are totally 
degraded at 220C, while thermic treatment of 
ZEA was proved to be ineffective (Kabak, 
2009). 
An important role in toxin degradation has the 
initial level of contamination, type and 
concentration of the mycotoxin, heating 
temperature, time period, moisture content, pH 
and ionic strength (Jard et al., 2011). 
Degradation by extrusion 
This method implies protein denaturation and 
inhibition of enzymatic activity and enables the 
removal of AF, DON, ZEA and FB1 from 
maize (Cazzaniga et al., 2001). 
Radiation  
A major part of mycotoxins possesses complex 
molecular structures, as a result they are not 
affected by irradiation. Gamma- radiation can 
reduce microorganisms, while radiation of 
AFB1 (sensitive to UV, X, Gamma rays) 
reduces the level of contamination. Also, 
micro-waves have the ability to reduce 
aflatoxins in peanuts and trichothecenes in 
maize (Jard et al., 2011). 
 
MICROORGANISMS USED FOR 
MYCOTOXIN DECONTAMINATION 
 
Flavobacterium aurantiacum, also known as 
Nocardiacoryne bacteriodes was one of the 
first bacteria investigated for its capacity of 
removing AFB1 (Hao et al., 1989). Using the 
crude extract, the scientists were able to 
transform AFB1 into a less toxic compound, 
involving an intracellular enzyme. 
Stenotrophonas maltophilia 35-3 was isolated 
on a selective medium that contained coumarin 
(source of carbon), which is a chemical 
component of the nucleus of AFB1. The culture 
supernatant was able to reduce AFB1 by 84.8% 
after incubation at pH 8 (Guan et al., 2008). 
Also, certain strains of Bacillus subtilis are able 
to detoxify AFB1 contaminated food/feed and 
even to facilitate animal growth rate. 
Mycobacterium fluoranthenivorans was proven 
effective in the removal of AFB1 from the 
contaminated food and feed (Teniola et al., 
2005). 
OTA can be transformed into ochratoxin alfa 
(less toxic compound) by numerous biological 
such as bacteria, moulds, plants and yeasts. 

 
Aureobasidium pullulans has been used as a 
control agent in wine, preventing OTA 
accumulation in grapes (De Felice et al., 2008). 
Trichosporon mycotoxinivorans has been 
developed into a product that can detoxify OTA 
in animal feed in less than 2 hours and a half 
(Molnar et al., 2004). 
The two main metabolites of DON are 
epoxidized DON and 3-keto-DON (both less 
toxic than DON). The Eubacterium sp. strain 
BBSH 797 developed into a commercial 
product has been proven to be effective in 
detoxifying trichothecenes in animal feed (Jard 
et al., 2011). 
The metabolism of T2 toxin was revealed in 
1988, it contains a sequence of steps: first, T-2 
toxin is transformed into HT-2 toxin 
(deacetylation), then it is converted to T-2 triol 
(20 times less toxic than T-2) and finally into 
T-2 tetraol. Bacteria isolated by enrichment 
from contaminated soil/water complete the 
sequence of transformation into less toxic 
compounds (Rood et al., 1988). 
It is a well-known fact that FB1 toxicity resides 
in its primary amine, therefore, the deamination 
of this molecule reduces its negative effects. 
The main microorganism which was proven 
capable of degrading FB1 is Exophialaspinifera 
(black yeast). The transformation of FB1 into 
AP1 is possible due to the intervention of an 
extracellular carboxylesterase. This enzyme 
was cloned and has been used with positive 
effects on transgenic maize, as it became 
resistant to fumonisins contamination (Duvick 
et al., 2003). 
Bacteria, yeasts, plants and molds can 
transform ZEA into oxidised compounds 
(zearalanone), hydroxyl compounds (alfa, beta- 
zearalenol), methyl compounds, gluco or sufo- 
conjugates and hydrolysed compounds. It was 
brought to attention that the transformation of 
ZEA into alfa-zearalenol is not a detoxifying 
action since the oestrogenic effects are even 
higher than ZEA’s (Jard et al., 2011). 
Trichosporon mycotoxinivorans, Rhodococcus 
and Nocardia spp. have the ability to 
decarboxylate ZEA. Recently, using an MCF-7 
cell line, it was shown that ZEA sulfonating 
leads to a reduction in oestrogenic toxicity 
(Duvick et al., 2003).  
Nevertheless, it has not been proven that 
sulfonating or glycosylation leads effectively to 

detoxification insofar as hydrolysis of this 
conjugate could occur in the digestive tract. 
Strains of soil Pseudomonas sp. were able to 
remove ZEA, even though the product was not 
identified but was assumed to be less toxic than 
ZEA. Also, an unidentified bacteria isolated 
from pig intestine was also able to remove 
ZEA. Furthermore, it was identified a 
concentration of 26% ZEA-sulphate and 18% 
of alfa-zearalenol after a ZEA transformation 
by Rhyzopus (Jard et al., 2011) 
 
ENZYMATIC BIOTRANSFORMATION 
OF MYCOTOXINS 
 
The process of identification and characte-
rization of degrading enzymes is a time consu-
ming, but necessary action to understand the 
mechanism of degradation. Enzymes deliver 
reproducible performances, no risk of contami-
nation and no safety concerns compared to the 
use of microorganisms. 
Currently, there are a few available commercial 
biotransforming feed additives, such as 
Mycofix, Biomin, BBSH 797 and FUMzyme. 
The majority of enzymes for degrading 
aflatoxins belong to oxidoreductase class. In 
1998, aflatoxin-oxidase was isolated from 
Chinese edible mushroom Armillariella 
tabescens and has the capacity of oxidising the 
furofuran ring and releasing H2O2 (Loi et al., 
2017). Regarding the toxicity of this enzyme it 
was shown to have minimal impact on liver 
health and to reduce genotoxicity on chicken 
embryos. AFB1 (0.05 µg/mL) was degraded 
100% after incubating at 28C at pH=6 (Liu et 
al., 1998). 
Three peroxidases with high degrading capacity 
on AFB1 were extracted and purified from 
Armoracia rusticana (42.2% in vitro degra-
dation/ 41% in real matrix), Phanerochaete 
sordida YK-624 (86% in vitro degradation) and 
Pleurotus ostreatus (90% in vitro degradation). 
Laccases produced by Trametes versicolor 
(87% in vitro degradation) and Streptomyces 
coelicor (100 % in vitro degradation), have 
been proposed for ZEA and AF’s biotransfor-
mation (Chitrangada et al., 2000.) 
F420H2-dependent reductases isolated from 
Mycobacterium smegmatis were used against 
AFB1, AFB2, AFG1 and AFG2 (Taylor et al., 
2010). 
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The most important path of ochratoxin A 
detoxification is represented by the hydrolysis 
of the amide bond between phenylalanine and 
the isocoumarin residue followed by the 
formation of ochratoxin alpha which has no 
toxicity. OTA degradation has been associated 
with two classes of carboxypeptidase: CPA 
(carboxypeptidase A), isolated from bovine 
pancreas and CPY (carboxypeptidase Y) 
isolated from Sacchraromyces cerevisiae (Loi 
et al., 2017). CPA uses one zinc ion for 
hydrolysis within the protein and it is able to 
perform the degrading reaction with Km= 
1.5ˆ10´4 M at a temperature of 25C, while 
CPY which is a serine-type carboxypeptidase 
has a very low specific activity of 52% after 
incubating for five days at 37C and pH=5.6 
(Pitout, 1969). Most of carboxypeptidases have 
optimal reaction temperatures of 30C or 
higher. Lipases, amidases and commercial 
neutral proteases are also able to perform OTA 
hydrolysis (Loi et al., 2017). 
Fumonisin B1 is degraded by the consecutive 
action of a carboxylesterase, an aminotransfe-
rase and a fumonisinesterase. These enzymes 
were isolated from Sphingomonas spp. 
(ATCC5552) and Sphingopyxis spp. (MTA 
144). ATCC5552 has proven 100% efficacy 
over FB1 (1000 µg/mL) after an overnight 
incubation at 37C, while MTA degraded FB1 
(3.6 µg/mL) after 2 hours of incubation at 37C 
(Loi et al., 2017). 
The esterase MTA 144 produced by a 
genetically modified strain has been included in 
a patented formulation FUMzyme. It partially 
degrades FB1 and related fumonisins by 
cleavage of the diester bonds and release of the 
tricarballylic acid (Heinl et al., 2009). 
Both hydroxylation and glycosylation of 
trichothecenes results in less toxic derivates. 
These substances usually generate a reverse 
reaction in the digestive tract of humans and 
animals; therefore, the use of these enzymes is 
limited in feed-related applications 
Recently it has been shown that DON, NIV and 
3-acetyl DON are hydroxylated by the bacterial 
cytochrome P450 isolated from Sphingomonas 
sp. strain KSM1, DON’s catabolic product 
being used by this strain as carbon source. In 
vitro degradation of DON (99.86 µg/mL) was 
proved to be efficient after 3 days of 
incubation, while NIV (105.25 µg/mL) was 

totally degraded after 5 days. Besides that, it 
was identified a UDP-glycotransferase produ-
ced by Arabidopsis thaliana with the ability to 
catalyze the transfer of glucose from UDP-
glucose to hydroxyl group at C3 of DON 
creating 3-O-glucopyranosyl-4-DON (Loi et 
al., 2017)  
Commercial products such as BBSH 797 that 
contains a pure culture of Eubacterium 
(isolated from bovine rumen fluid) capable of 
transforming DON into its de-epoxy form 
DOM-1 have already developed and patented. 
Nonetheless, purified enzymes that dispose a 
specific trichothecenes degrading activity has 
not been brought to public attention yet (Loi et 
al., 2017). 
The main purpose of the detoxification strategy 
of zearalenone is to disrupt its oestrogenic 
activity by an irreversible reaction. 
A lactonohydrolase from the fungus 
Clonostachys rosea is capable of degrading 
ZEA. Degrading conditions for this enzyme 
include incubation at 27C for 4h or at 32C 
degree for 2 h with 100% efficacy. In addition 
to this, the enzyme was purified, cloned and 
characterized by heterologous expression in S. 
cerevisiae and E. coli (Takahashi-Ando et al., 
2005). 
Apart from their activity towards AFs, 
mentioned above, laccases produced by 
Streptomyces coelicolor (incubation at 37C for 
24 h inducing a 100% efficacy) and Trametes 
versicolor (incubation at 30C for 4 h with only 
58% efficacy) have also the capacity to degrade 
ZEA (Azam et al., 2019). 
An additional ZEA degrading oxidoreductase is 
2-cis peroxiredoxin (Prx), produced by 
Acinetobacter sp. SM04. It is important to 
mention that nearly 90% of the toxin was 
degraded in contaminated corn samples treated 
at 30C for 6 h with purified Prx and 0.09% 
H2O2.  
Compulsory requirements for enzyme applica-
tions in food and feed industry are represented 
by: safety, effectiveness, stability at wide 
ranges of temperatures/pH/organic solvents and 
low cost of both production and purification 
(Tang et al., 2013). 

 
DECREASING BIOAVAILABILITY OF 
MYCOTOXINS USING ADSORBANTS 
 
Mineral and organic adsorbants 
The most commonly procedure used for 
decreasing exposure to mycotoxins is to reduce 
their bioavailability by the inclusion of various 
binding agents or adsorbents, which reduce 
mycotoxin uptake and subsequent distribution 
to the blood and target organs. 
These adsorbents show effectiveness only if the 
complex is stable in the animal’s digestive 
tract, so that bound mycotoxins are eliminated 
via urine and faeces. Mineral adsorbents are 
usually effective against AFB1 but their 
efficacy varies for other mycotoxins. 
Furthermore, in some cases, the addition of 
clay increases the effects of mycotoxicosis. 
a. Activated charcoal 
Due to its large surface area, its excellent 
adsorptive capacity and porosity, activated 
charcoal is a widely used adsorptive material 
that has positive effects on the main 
mycotoxins in an aqueous environment. One of 
the first conducted studies in which was tested 
the concept of mycotoxin binding revealed that 
activated charcoal could efficiently adsorb 
AFB1. Subsequent researches have shown that 
charcoal may not be as effective in binding 
aflatoxin as clay-based binders such as HSCAS 
(hydrated sodium calcium aluminosilicate). 
Charcoal can be used as a binder for both ZEA 
and DON (Huwig et al., 2001).   
In an in vitro gastrointestinal model it was 
shown that activated carbon significantly 
decreased the availability of DON, NIV and 
ZEA. For OTA and FB1 binding, there were no 
positive effects reported. Concerning T-2 toxin 
and HT-2, responses were variable depending 
on the tested animal. For instance, the addition 
of charcoal in contaminated feed elevated the 
rate of survival in mice from 50% to 90 %, 
while in chicken no positive effects were 
reported (Jard et al., 2011). 
b. Silicate binders 
They are divided into subclasses based on their 
structure. Phyllosilicate group is characterized 
by a sheet-type framework; the most 
extensively studied material in this group is 
HSCAS which was shown to have adsorptive 
effects in vitro on 80% of AFB1 (Jard et al., 
2011). 

It was shown that HSCASs adsorb selectively 
aflatoxins during the digestive process, 
providing unavailable aflatoxin for absorption. 
Also, it is important to mention that responses 
to HSCASs seem to be dose - dependent. 
Usually, HSCAS have low affinity for OTA, T-
2 toxin and DON and variable affinity for ZEA. 
Nevertheless, they were effectively used for a 
mixture of AFB1 and FB1 with an adsorption 
rate of 95% and 85% respectively (Jard et al., 
2011). 
The other intensively studied silicate include 
zeolites, bentonites and clinoptilolites. 
Originated from volcanic ash and containing 
montmorillonite as main constituent, bentonite 
is a widely known clay material. Similar to 
phyllosilicates, clays are silica sheets with high 
concentrations of water. Due to their structure, 
zeolites present a large specific surface (1000 
m2/g) that provides vacant spaces to form 
channels allowing movement of molecules in 
and out of it (Colella et al., 2011). 
OTA can be adsorbed in wine by bentonite and 
montmorillonite, the rate of adsorption may 
vary from 40% to 100%. Regarding, ZEA and 
T-2 toxin adsorption no positive effects were 
discovered. Beyond that, studies revealed that 
the addition of montmorillonite in ZEA 
contaminated feed increased oestrogenic 
toxicity. Zeolites have been proven to be very 
efficient in bovine rumen juice, with AFB1 
adsorption rate of 100%, but there were no 
positive findings on T-2 toxin binding capacity 
(Jard et al., 2011) 
c. Other mineral silicates 
Cholestryamine and polyvinylpyrrolidone, 
which are synthetic polymers can adsorb 
mycotoxins, while non-digestible dietary fibers 
have shown binding activity as well. Both fibre 
and cholestyramine can reduce the negative 
effects of ZEA; cholestyramine has been 
effective on FB1 and partially OTA 
contaminated feed, while non-digestible fibers 
shown binding activity toward T-2 toxin 
(Boudergue et al., 2009). 
Polyvinlypyrrolidone (PVP), which is a 
synthetic water-soluble polymer, has been 
investigated as a binder for mycotoxins; 
positive effects were reported on AFB1 and 
ZEA in vitro binding, while the toxicity of 
DON in pigs was not diminished (Jard et al., 
2011). 
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The most important path of ochratoxin A 
detoxification is represented by the hydrolysis 
of the amide bond between phenylalanine and 
the isocoumarin residue followed by the 
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trichothecenes results in less toxic derivates. 
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reaction in the digestive tract of humans and 
animals; therefore, the use of these enzymes is 
limited in feed-related applications 
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mentioned above, laccases produced by 
Streptomyces coelicolor (incubation at 37C for 
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DECREASING BIOAVAILABILITY OF 
MYCOTOXINS USING ADSORBANTS 
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efficacy varies for other mycotoxins. 
Furthermore, in some cases, the addition of 
clay increases the effects of mycotoxicosis. 
a. Activated charcoal 
Due to its large surface area, its excellent 
adsorptive capacity and porosity, activated 
charcoal is a widely used adsorptive material 
that has positive effects on the main 
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the concept of mycotoxin binding revealed that 
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AFB1. Subsequent researches have shown that 
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aflatoxin as clay-based binders such as HSCAS 
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and HT-2, responses were variable depending 
on the tested animal. For instance, the addition 
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rate of survival in mice from 50% to 90 %, 
while in chicken no positive effects were 
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They are divided into subclasses based on their 
structure. Phyllosilicate group is characterized 
by a sheet-type framework; the most 
extensively studied material in this group is 
HSCAS which was shown to have adsorptive 
effects in vitro on 80% of AFB1 (Jard et al., 
2011). 

It was shown that HSCASs adsorb selectively 
aflatoxins during the digestive process, 
providing unavailable aflatoxin for absorption. 
Also, it is important to mention that responses 
to HSCASs seem to be dose - dependent. 
Usually, HSCAS have low affinity for OTA, T-
2 toxin and DON and variable affinity for ZEA. 
Nevertheless, they were effectively used for a 
mixture of AFB1 and FB1 with an adsorption 
rate of 95% and 85% respectively (Jard et al., 
2011). 
The other intensively studied silicate include 
zeolites, bentonites and clinoptilolites. 
Originated from volcanic ash and containing 
montmorillonite as main constituent, bentonite 
is a widely known clay material. Similar to 
phyllosilicates, clays are silica sheets with high 
concentrations of water. Due to their structure, 
zeolites present a large specific surface (1000 
m2/g) that provides vacant spaces to form 
channels allowing movement of molecules in 
and out of it (Colella et al., 2011). 
OTA can be adsorbed in wine by bentonite and 
montmorillonite, the rate of adsorption may 
vary from 40% to 100%. Regarding, ZEA and 
T-2 toxin adsorption no positive effects were 
discovered. Beyond that, studies revealed that 
the addition of montmorillonite in ZEA 
contaminated feed increased oestrogenic 
toxicity. Zeolites have been proven to be very 
efficient in bovine rumen juice, with AFB1 
adsorption rate of 100%, but there were no 
positive findings on T-2 toxin binding capacity 
(Jard et al., 2011) 
c. Other mineral silicates 
Cholestryamine and polyvinylpyrrolidone, 
which are synthetic polymers can adsorb 
mycotoxins, while non-digestible dietary fibers 
have shown binding activity as well. Both fibre 
and cholestyramine can reduce the negative 
effects of ZEA; cholestyramine has been 
effective on FB1 and partially OTA 
contaminated feed, while non-digestible fibers 
shown binding activity toward T-2 toxin 
(Boudergue et al., 2009). 
Polyvinlypyrrolidone (PVP), which is a 
synthetic water-soluble polymer, has been 
investigated as a binder for mycotoxins; 
positive effects were reported on AFB1 and 
ZEA in vitro binding, while the toxicity of 
DON in pigs was not diminished (Jard et al., 
2011). 
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Biological adsorbants 
a. Yeast and /or yeast extracts  
Saccharomyces cerevisiae has the capacity to 
bind AFB1 and reduce its negative effects on 
broilers and rats. While the effect against 
aflatoxin when using live yeasts was confirmed 
in rats, thermalysed yeast were proven to be 
ineffective on other mycotoxins, but it was 
discovered that some thermalysed yeast cell 
walls successfully adsorbed ZEA. For example, 
esterified glucomannan polymer, originating 
from yeast cell wall, proved to have binding 
capacity on AFB1, OTA and T2-toxin when 
used in combination or individually. Moreover, 
the addition of esterified glucan polymer to 
contaminated cow feed induced a massive 
decrease of AFM1 residues and, when added in 
equine’s diet body weight and biochemical 
recovered (Whitlow, 2006). 
Aravind et al. (2003), adding 0.5% esterified 
glucomannan in their diet, reduced growth 
depression in broilers associated with 
contaminated diets containing AFB1, OTA, 
ZEA and T-2 toxin. Nonetheless, a glucan 
polymer product did not reduce the toxic 
effects of FB1, OTA and ZEA in minks. In 
pigs, the addition of glucomannan in their diet 
resulted in the reduction of the negative effects 
of both ZEA and DON, as the biochemical and 
immunological parameters significantly 
decreased. FB1 adsorption by yeast and/or cell 
wall yeast is deficient, while HT-2 toxin 
binding responses depended on the yeast 
modified glucan. 
b. Lactic acid bacteria 
Propionibacteria and bifidobacteria, both 
groups of lactic acid bacteria can be used with 
success in the mycotoxins-binding process. 
This process, which efficiency depends on the 
used strain, appears to be based on physical 
DON, NIV and other mycotoxins linkage to the 
hydrophobic pockets on the bacterial surface 
(Sicuia et al., 2014). 
AFB1 and AFM1 adsorption performed with 
both living and dead bacterial strains was 
proved to be reversible. Furthermore, 
inactivation of the bacteria, using acid or heat, 
increased the intensity of the adsorption. 
Positive effects were observed in binding OTA, 
and ZEA at pH between 4 and 8 (Haskard et 
al., 2001). 

Adsorption of FB1 and DON by Lactobacillus 
rhamnosus was not very efficient due to weak 
hydrophobic interactions involved in the 
process (Jard et al., 2011). 
 
CONCLUSIONS 
 
Mycotoxins, secondary metabolites mainly 
produced by toxigenic fungi such as 
Penicillium, Aspergillus and Fusarium are a 
major threat on economy and on both human 
and animal health.  
Their prevalence is higher with favourable 
conditions such as climatic changes, lack of 
control systems and plentiful of suitable 
substrates, thus causing serious risks for both 
human and animal health.  
Since chemical and physical decontamination 
are not sufficiently effective, biological 
transformation is considered to be the most 
promising approach to reduce mycotoxin 
concentration. 
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Biological adsorbants 
a. Yeast and /or yeast extracts  
Saccharomyces cerevisiae has the capacity to 
bind AFB1 and reduce its negative effects on 
broilers and rats. While the effect against 
aflatoxin when using live yeasts was confirmed 
in rats, thermalysed yeast were proven to be 
ineffective on other mycotoxins, but it was 
discovered that some thermalysed yeast cell 
walls successfully adsorbed ZEA. For example, 
esterified glucomannan polymer, originating 
from yeast cell wall, proved to have binding 
capacity on AFB1, OTA and T2-toxin when 
used in combination or individually. Moreover, 
the addition of esterified glucan polymer to 
contaminated cow feed induced a massive 
decrease of AFM1 residues and, when added in 
equine’s diet body weight and biochemical 
recovered (Whitlow, 2006). 
Aravind et al. (2003), adding 0.5% esterified 
glucomannan in their diet, reduced growth 
depression in broilers associated with 
contaminated diets containing AFB1, OTA, 
ZEA and T-2 toxin. Nonetheless, a glucan 
polymer product did not reduce the toxic 
effects of FB1, OTA and ZEA in minks. In 
pigs, the addition of glucomannan in their diet 
resulted in the reduction of the negative effects 
of both ZEA and DON, as the biochemical and 
immunological parameters significantly 
decreased. FB1 adsorption by yeast and/or cell 
wall yeast is deficient, while HT-2 toxin 
binding responses depended on the yeast 
modified glucan. 
b. Lactic acid bacteria 
Propionibacteria and bifidobacteria, both 
groups of lactic acid bacteria can be used with 
success in the mycotoxins-binding process. 
This process, which efficiency depends on the 
used strain, appears to be based on physical 
DON, NIV and other mycotoxins linkage to the 
hydrophobic pockets on the bacterial surface 
(Sicuia et al., 2014). 
AFB1 and AFM1 adsorption performed with 
both living and dead bacterial strains was 
proved to be reversible. Furthermore, 
inactivation of the bacteria, using acid or heat, 
increased the intensity of the adsorption. 
Positive effects were observed in binding OTA, 
and ZEA at pH between 4 and 8 (Haskard et 
al., 2001). 

Adsorption of FB1 and DON by Lactobacillus 
rhamnosus was not very efficient due to weak 
hydrophobic interactions involved in the 
process (Jard et al., 2011). 
 
CONCLUSIONS 
 
Mycotoxins, secondary metabolites mainly 
produced by toxigenic fungi such as 
Penicillium, Aspergillus and Fusarium are a 
major threat on economy and on both human 
and animal health.  
Their prevalence is higher with favourable 
conditions such as climatic changes, lack of 
control systems and plentiful of suitable 
substrates, thus causing serious risks for both 
human and animal health.  
Since chemical and physical decontamination 
are not sufficiently effective, biological 
transformation is considered to be the most 
promising approach to reduce mycotoxin 
concentration. 
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Abstract  
 
The aim of the study was to determine the evolution of sulphates and lead concentrations in groundwater on the western 
area of Oradea (Romania). The groundwater is stored in Crisul Repede alluvial cone which is developed on both banks 
and the body of groundwater ROCR 01 is the source of drinking water supply of Oradea. In the 1960s was developed 
an industrial platform and after 1989, there were essential changes in the industrial economic structure. The water 
quality has been analyzed for a period of 40 years, starting with 1977. In order to monitor the evolution of the two 
studied parameters were used the data obtained by the Control Station of Industrial Pollution (CSIP) in the industrial 
zone, provided by the "Crişuri” Water Administration Basin. Based on this pre-existing database was studied the 
variation of the sulphates and lead concentrations and was observed that the surfaces with groundwater polluted with 
SO4 are reduced in the 40 years of observations by 48.78% and in the case of Pb the reduction is 51.83%.  
 
Key words: groundwater, industrial pollution, water quality, sulphates, lead.  
 
INTRODUCTION  
 
Drinking water quality is a matter of ecological 
and social importance both in the urban 
environment (Duzen, 2017) and in rural areas. 
Considering that most of the populated centers 
use groundwater for water supply, their quality 
is influenced by the pollution caused by 
anthropogenic activities.  
In the case of urban agglomerations, pollution 
is due to excessive urbanization and 
industrialization (Marić et al., 2014) and in the 
case of rural settlements due to the intensive 
agriculture (Neziri et al., 2014). 
Underground waters are influenced, both 
quantitatively and qualitatively, by the current 
global climate change and by its irrational use. 
Their rational management is a challenge 
(Tellam et al., 2006), especially in arid and 
semi-arid areas (Salihou Djari et al., 2018), 
where the coverage of water needs to feed the 
population, competes with the water needs of 
various uses, including the irrigation water, 

required for agricultural holdings (Gálya et al., 
2018; Imbrea et al., 2017). The metallurgical 
and energy industries pollute the environmental 
factors through the tailings ponds and tailings 
dumps resulting from the production process. 
The uncontrolled landfill leachates of 
household waste in areas near major urban 
agglomerations is another important source of 
contamination of groundwater and surface 
water (Rusu et al., 2017; Șmuleac et al., 2017). 
Ispas et al. (2018) analyzing the drinking water 
quality of the Haneş mining area, Alba County 
reports high levels of sulfur in all analyzed 
samples in the years 2013-2015 and highlights 
the risk of groundwater pollution with 
sulphates (SO4).  
Schmidt et al. (2017), following the study on 
the risk assessment of pollution with toxic 
elements of groundwater from Slovakia and the 
Bratislava region, points out that, although 
polluted surfaces with heavy metals are small, 
the risk to human health should not be 
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Abstract  
 
The aim of the study was to determine the evolution of sulphates and lead concentrations in groundwater on the western 
area of Oradea (Romania). The groundwater is stored in Crisul Repede alluvial cone which is developed on both banks 
and the body of groundwater ROCR 01 is the source of drinking water supply of Oradea. In the 1960s was developed 
an industrial platform and after 1989, there were essential changes in the industrial economic structure. The water 
quality has been analyzed for a period of 40 years, starting with 1977. In order to monitor the evolution of the two 
studied parameters were used the data obtained by the Control Station of Industrial Pollution (CSIP) in the industrial 
zone, provided by the "Crişuri” Water Administration Basin. Based on this pre-existing database was studied the 
variation of the sulphates and lead concentrations and was observed that the surfaces with groundwater polluted with 
SO4 are reduced in the 40 years of observations by 48.78% and in the case of Pb the reduction is 51.83%.  
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INTRODUCTION  
 
Drinking water quality is a matter of ecological 
and social importance both in the urban 
environment (Duzen, 2017) and in rural areas. 
Considering that most of the populated centers 
use groundwater for water supply, their quality 
is influenced by the pollution caused by 
anthropogenic activities.  
In the case of urban agglomerations, pollution 
is due to excessive urbanization and 
industrialization (Marić et al., 2014) and in the 
case of rural settlements due to the intensive 
agriculture (Neziri et al., 2014). 
Underground waters are influenced, both 
quantitatively and qualitatively, by the current 
global climate change and by its irrational use. 
Their rational management is a challenge 
(Tellam et al., 2006), especially in arid and 
semi-arid areas (Salihou Djari et al., 2018), 
where the coverage of water needs to feed the 
population, competes with the water needs of 
various uses, including the irrigation water, 

required for agricultural holdings (Gálya et al., 
2018; Imbrea et al., 2017). The metallurgical 
and energy industries pollute the environmental 
factors through the tailings ponds and tailings 
dumps resulting from the production process. 
The uncontrolled landfill leachates of 
household waste in areas near major urban 
agglomerations is another important source of 
contamination of groundwater and surface 
water (Rusu et al., 2017; Șmuleac et al., 2017). 
Ispas et al. (2018) analyzing the drinking water 
quality of the Haneş mining area, Alba County 
reports high levels of sulfur in all analyzed 
samples in the years 2013-2015 and highlights 
the risk of groundwater pollution with 
sulphates (SO4).  
Schmidt et al. (2017), following the study on 
the risk assessment of pollution with toxic 
elements of groundwater from Slovakia and the 
Bratislava region, points out that, although 
polluted surfaces with heavy metals are small, 
the risk to human health should not be 
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underestimated, especially in the intensive 
populated areas.  
The studies were conducted in Oradea, Bihor 
County, located in the northwest part of 
Romania. In this paper was studied the 
influence of the industrial activities 
restructuring in the industrial zone of Oradea 
on the temporal evolution of sulphates (SO4) 
and lead (Pb) in groundwater. From the 1960s 
until 1985, in the western part of Oradea, on the 
right bank of Crişul Repede, the industrial 
platform with an area of approximately 9 km2 
was developed (Romocea et al., 2018). The 
main industrial enterprises that operate here 
are: Thermoelectric Power Plant (TPP), 
“Alumina” Metallurgical Plant (AMP), 
“Sinteza” Chemical Factory (SCF), “UAMT” 
Automotive Metalworking (UAM), “Diamant” 
Sugar Factory (DSF), “Alfa” Woodworking 
and Furniture Production (AWFP), 
Construction Materials Industry (careers for 
ballast operation) and Waste Water Treatment 
Plant (WWTP). Since 2004 in this area, there is 
a controlled landfill leachates of household 
waste (LLHW), managed by S.C. Eco BIHOR 
S.R.L., located near the uncontrolled landfill 
leachates of household waste, which was 
closed.   
Forced by necessity to implement EU 
environmental legislation (DIRECTIVE 
91/271/EEC, 1991; DIRECTIVE 118/EC, 
2006; ORDER ME no. 137, 2009) the plants 
and factories with a major negative impact on 
the water quality, which were active in the area, 
have greatly restricted their activity, 
restructured their production or went bankrupt. 
The industrial zone of Oradea has shown 
interest in assessing the impact of industrial 
activities on the main environmental factors, 
reported by: Romocea et al. (2003), impact of 
SCF on groundwater; Man et al. (2003), 
influence of tailings dumps from TPP Oradea 
on groundwater; Orlescu et al. (2003), 
influence of the tailings ponds from AMP 
Oradea on environmental factors. 
 
MATERIALS AND METHODS  
 
To study the temporal evolution of sulphates 
and lead in groundwater, cantonated in the 
water body ROCR 01 were used the data 
obtained by the Control Station of Industrial 

Pollution (CSIP) in the industrial zone, for a 
period of 40 years, provided by the “Crişuri” 
Water Administration Basin (Narw, 2017). For 
the study were used the years with complete 
analyzes (1977, 1986, 1990, which is 
representative of the industrial development of 
the communist period, 1995, 1997, 2008, 2010 
and 2017, respectively). Entire network of the 
hydrogeological drillings consist of 11 
hydrogeological drillings but for the study were 
selected 9 drillings on the right side of the 
watercourse.  
These are relevant through their location near 
industrial sites and through the complete set of 
analyzes. 4 drillings (F1, F2, F6-P13 and F7-
P14) are part of the first-order hydrogeological 
crossing, located in the south-north direction 
across the Crişul Repede, to which the second-
order drilling (F1-P15) was added in time. This 
is located at Sântăul Mic, near the tailing pond 
of TPP Oradea. The other hydrogeological 
drillings in the number of 6 (P1, P2, P3, P5, P6, 
P7) comprise the CSIP of groundwater in the 
industrial area, being disposed in the east-west 
direction, approximately parallel to the Oradea-
Borş road, in proximity of the main industrial 
objectives.  
The maximum admissible concentrations 
(MAC) of sulphates and lead according to 
LAW 458, 2002 and the methods of analysis 
are presented in Table 1. To analyse the 
statistical significance of the trends was used 
ANOVA variance analysis for a factor and for 
two factors. To test the possible correlations 
between the analyzed qualitative parameter 
values and the temporal and spatial 
characteristics the GNU PSPP Statistical 
Analysis Software was used (GNU PSPP, 
2016). 
The spatial trends of the analyzed parameters 
was highlighted with the GIS software, ESRI 
ArcGIS 9.3. In order to cover the area with 
agricultural uses the analyzed perimeter area 
was increased with 9 km2 to the west, resulting 
an area of 22.721 km2. 
 

Table 1. The MAC for analyzed parameter and the 
analysis methods 

Categories Sulphates SO4
2- Lead Pb 

U.M. mg/l mg/l 
MAC 250 0.01 
Analyses methods STAS 8601/70 STAS 6362/85 

 
 

 
RESULTS AND DISCUSSIONS  
 
The groundwater from the studied 
hydrogeological drillings is cantonated in the 
water body ROCR 01 which is a cross-border 
underground water reservoir, developed in the 
alluvial cone of Crișul Repede. In the industrial 
area of Oradea municipality, it has depths 
between 2.00 m and 8.00 m and thicknesses of 
water-bearing horizon of 10-17 m. In the 
industrial area, the underground waters are 
drained, to the south by the natural course of 
Crişul Repede and to the north by the tributary 
Crisul Mic river, that flowing in the east - 
northwest direction and passing through the 
territory of Hungary to the west of Santăul 
Mare.  
The underground water of this body is fed by 
rainfall and leakage from the slopes of Oradea 
Hills, located to the east of the analyzed area 
and to large waters, through infiltrations from 
the Crişul Repede River. 
In the analyzed perimeter, Orlescu et al. (2003) 
signals the possibility of SO4 pollution, due to 
sludge deposits from AMP and Man et al. 
(2003) mentions the TPP Oradea tailings pond 
as possible source of groundwater pollution. 
The evolution of SO4 in the Oradea industrial 
zone is aimed at identifying the periods with 
exceedances of the MAC of 250 mg/l and the 
polluted surfaces. 
The statistical analysis of the SO4 concentration 
values, in the waters collected from the 
hydrogeological drilling from the area, during 
the period 1977-2017 shows that multiannual 
averages exceed MAC in four cases (P1, P6, F6 
and F7) The standard error of the mean is 
between 6.54 mg/l and 39.42 mg/l. The 
Kurtosis values (K) show that the error 
distribution closest to the normal distribution 
curve is encountered at the P3 drilling (K = 
0.95 and the distribution curve displaced in the 
negative area of the errors is specific to the F7 
drilling, with the highest negative K value, K = 
-1.57 (Table 2). 
Annual mean of SO4 concentrations are the 
most common exceedances of MAC at drills: 
F6 drilling in 7 cases (1977, 1986, 1990, 2008, 
2010 and 2017); P1 in 6 cases (since 1990); P6 
in 4 cases (1977, 1995, 2008 and 2010); F7 
drilling in 4 cases (1977, 1990, 1995 and 
1997). It is noted that, in these points, most 

cases exceeding the MAC are present after 
1997 (Table 3). 
The SO4 concentration increases in the water 
samples collected from the P1 drilling after 
1990 are due to the fact that, upstream of this 
point, in the direction of the groundwater 
drainage, (northeast) at Santăul Mic, the 
tailings pond of TPP came into operation. For 
the F6 and P6 drillings, located in the central 
area of the analyzed perimeter, the 
identification of the polluting enterprises is 
relative, due to the fact that there are several 
industrial objectives in their vicinity: TPP 
Oradea, AMP, DSF and SCF. In the north-east, 
upstream of them on the direction of 
groundwater flow, before, 1980 there was a 
natural lake that was clogged with ashes and 
sludge from AMP and TPP Oradea. The F7 
drill is located in the northeastern part of this 
lake, currently clogged. 
 
Table 2. Statistical analysis of SO-

4 concentrations (mg/l) 
in the groundwater from industrial area Oradea  

(1977-2017) 
 

Dril N Minimu
m 

Maximu
m 

Mean Standa
rd 

Error 
of 

mean 

Standard 
Deviatio

n 

Kurtos
is 

(K) 

P1 28 75.05 674.65 317.81 33.48 177.17 -0.89 
P3 26 54.48 380.00 178.57 14.44 73.61 0.95 
P5 26 49.45 264.60 155.30 10.89 55.52 -0.35 
P6 26 74.00 716.43 265.12 31.84 162.36 0.53 
P7 26 9.05 232.27 114.78 13.57 69.21 -1.45 
P9 24 7.75 126.63 48.34 6.93 33.93 -0.19 
F5 26 34.00 141.60 70.38 6.54 33.36 -0.30 
F6 28 26.72 640.00 336.26 37.36 197.70 -1.29 
F7 26 80.00 649.59 362.95 39.42 201.00 -1.57 

 
Table 3. Evolution of SO-

4 concentrations (mg/l) in the 
groundwater from industrial area Oradea (1977-2017) 

 
 P1 P3 P5 P6 P7 P9 F5 F6 F7 
MAC  250 250 250 250 250 250 250 250 250 
1977 103.15 77.09 67.14 402.32 135.13 97.94 112.11 415.96 637.91 
Differ. -

146.85 
-

172.91 
-

182.86 
152.32 -

114.88 
-

152.06 
-

137.90 
165.96 387.91 

1986 154.00 144.50 134.00 114.50 58.00 22.50 59.50 282.25 125.50 
Differ. -96.00 -

105.50 
-

116.00 
-

135.50 
-

192.00 
-

227.50 
-

190.50 
32.25 -

124.50 
1990 518.25 268.25 187.50 102.00 135.00 55.25 61.00 525.50 480.00 
Differ. 268.25 18.25 -62.50 -

148.00 
-

115.00 
-

194.75 
-

189.00 
275.50 230.00 

1995 418.10 254.26 218.90 278.48 186.44 19.65 55.90 37.55 468.75 
Differ. 168.10 4.26 -31.10 28.48 -63.57 -

230.35 
-

194.11 
-

212.45 
218.75 

1997 320.93 204.53 191.90 203.72 158.73 31.27 56.08 118.03 424.29 
Differ. 70.93 -45.48 -58.10 -46.28 -91.27 -

218.74 
-

193.92 
-

131.97 
174.29 

2008 387.00 168.00 130.89 442.00 26.00 63.45 42.83 490.00 147.00 
Differ. 137.00 -82.00 -

119.11 
192.00 -

224.00 
-

186.55 
-

207.17 
240.00 -

103.00 
2010 351.40 145.10 140.05 360.90 93.50 - 140.05 500.80 151.40 
Differ. 101.40 -

104.90 
-

109.95 
110.90 -

156.50 
- -

109.95 
250.80 -98.60 

2017 295.10 - - - - - - 415.45 - 
Differ. 45.1 - - - - - - 165.45 - 

 
Correlation of SO4 concentration - time. The 
testing of the correlative links between the SO4 
concentrations recorded during the analyzed 
period, highlights the existence of statistically 
assured correlative links for all the drills, with 
the exception of F6 and P7. The closest 
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underestimated, especially in the intensive 
populated areas.  
The studies were conducted in Oradea, Bihor 
County, located in the northwest part of 
Romania. In this paper was studied the 
influence of the industrial activities 
restructuring in the industrial zone of Oradea 
on the temporal evolution of sulphates (SO4) 
and lead (Pb) in groundwater. From the 1960s 
until 1985, in the western part of Oradea, on the 
right bank of Crişul Repede, the industrial 
platform with an area of approximately 9 km2 
was developed (Romocea et al., 2018). The 
main industrial enterprises that operate here 
are: Thermoelectric Power Plant (TPP), 
“Alumina” Metallurgical Plant (AMP), 
“Sinteza” Chemical Factory (SCF), “UAMT” 
Automotive Metalworking (UAM), “Diamant” 
Sugar Factory (DSF), “Alfa” Woodworking 
and Furniture Production (AWFP), 
Construction Materials Industry (careers for 
ballast operation) and Waste Water Treatment 
Plant (WWTP). Since 2004 in this area, there is 
a controlled landfill leachates of household 
waste (LLHW), managed by S.C. Eco BIHOR 
S.R.L., located near the uncontrolled landfill 
leachates of household waste, which was 
closed.   
Forced by necessity to implement EU 
environmental legislation (DIRECTIVE 
91/271/EEC, 1991; DIRECTIVE 118/EC, 
2006; ORDER ME no. 137, 2009) the plants 
and factories with a major negative impact on 
the water quality, which were active in the area, 
have greatly restricted their activity, 
restructured their production or went bankrupt. 
The industrial zone of Oradea has shown 
interest in assessing the impact of industrial 
activities on the main environmental factors, 
reported by: Romocea et al. (2003), impact of 
SCF on groundwater; Man et al. (2003), 
influence of tailings dumps from TPP Oradea 
on groundwater; Orlescu et al. (2003), 
influence of the tailings ponds from AMP 
Oradea on environmental factors. 
 
MATERIALS AND METHODS  
 
To study the temporal evolution of sulphates 
and lead in groundwater, cantonated in the 
water body ROCR 01 were used the data 
obtained by the Control Station of Industrial 

Pollution (CSIP) in the industrial zone, for a 
period of 40 years, provided by the “Crişuri” 
Water Administration Basin (Narw, 2017). For 
the study were used the years with complete 
analyzes (1977, 1986, 1990, which is 
representative of the industrial development of 
the communist period, 1995, 1997, 2008, 2010 
and 2017, respectively). Entire network of the 
hydrogeological drillings consist of 11 
hydrogeological drillings but for the study were 
selected 9 drillings on the right side of the 
watercourse.  
These are relevant through their location near 
industrial sites and through the complete set of 
analyzes. 4 drillings (F1, F2, F6-P13 and F7-
P14) are part of the first-order hydrogeological 
crossing, located in the south-north direction 
across the Crişul Repede, to which the second-
order drilling (F1-P15) was added in time. This 
is located at Sântăul Mic, near the tailing pond 
of TPP Oradea. The other hydrogeological 
drillings in the number of 6 (P1, P2, P3, P5, P6, 
P7) comprise the CSIP of groundwater in the 
industrial area, being disposed in the east-west 
direction, approximately parallel to the Oradea-
Borş road, in proximity of the main industrial 
objectives.  
The maximum admissible concentrations 
(MAC) of sulphates and lead according to 
LAW 458, 2002 and the methods of analysis 
are presented in Table 1. To analyse the 
statistical significance of the trends was used 
ANOVA variance analysis for a factor and for 
two factors. To test the possible correlations 
between the analyzed qualitative parameter 
values and the temporal and spatial 
characteristics the GNU PSPP Statistical 
Analysis Software was used (GNU PSPP, 
2016). 
The spatial trends of the analyzed parameters 
was highlighted with the GIS software, ESRI 
ArcGIS 9.3. In order to cover the area with 
agricultural uses the analyzed perimeter area 
was increased with 9 km2 to the west, resulting 
an area of 22.721 km2. 
 

Table 1. The MAC for analyzed parameter and the 
analysis methods 

Categories Sulphates SO4
2- Lead Pb 

U.M. mg/l mg/l 
MAC 250 0.01 
Analyses methods STAS 8601/70 STAS 6362/85 

 
 

 
RESULTS AND DISCUSSIONS  
 
The groundwater from the studied 
hydrogeological drillings is cantonated in the 
water body ROCR 01 which is a cross-border 
underground water reservoir, developed in the 
alluvial cone of Crișul Repede. In the industrial 
area of Oradea municipality, it has depths 
between 2.00 m and 8.00 m and thicknesses of 
water-bearing horizon of 10-17 m. In the 
industrial area, the underground waters are 
drained, to the south by the natural course of 
Crişul Repede and to the north by the tributary 
Crisul Mic river, that flowing in the east - 
northwest direction and passing through the 
territory of Hungary to the west of Santăul 
Mare.  
The underground water of this body is fed by 
rainfall and leakage from the slopes of Oradea 
Hills, located to the east of the analyzed area 
and to large waters, through infiltrations from 
the Crişul Repede River. 
In the analyzed perimeter, Orlescu et al. (2003) 
signals the possibility of SO4 pollution, due to 
sludge deposits from AMP and Man et al. 
(2003) mentions the TPP Oradea tailings pond 
as possible source of groundwater pollution. 
The evolution of SO4 in the Oradea industrial 
zone is aimed at identifying the periods with 
exceedances of the MAC of 250 mg/l and the 
polluted surfaces. 
The statistical analysis of the SO4 concentration 
values, in the waters collected from the 
hydrogeological drilling from the area, during 
the period 1977-2017 shows that multiannual 
averages exceed MAC in four cases (P1, P6, F6 
and F7) The standard error of the mean is 
between 6.54 mg/l and 39.42 mg/l. The 
Kurtosis values (K) show that the error 
distribution closest to the normal distribution 
curve is encountered at the P3 drilling (K = 
0.95 and the distribution curve displaced in the 
negative area of the errors is specific to the F7 
drilling, with the highest negative K value, K = 
-1.57 (Table 2). 
Annual mean of SO4 concentrations are the 
most common exceedances of MAC at drills: 
F6 drilling in 7 cases (1977, 1986, 1990, 2008, 
2010 and 2017); P1 in 6 cases (since 1990); P6 
in 4 cases (1977, 1995, 2008 and 2010); F7 
drilling in 4 cases (1977, 1990, 1995 and 
1997). It is noted that, in these points, most 

cases exceeding the MAC are present after 
1997 (Table 3). 
The SO4 concentration increases in the water 
samples collected from the P1 drilling after 
1990 are due to the fact that, upstream of this 
point, in the direction of the groundwater 
drainage, (northeast) at Santăul Mic, the 
tailings pond of TPP came into operation. For 
the F6 and P6 drillings, located in the central 
area of the analyzed perimeter, the 
identification of the polluting enterprises is 
relative, due to the fact that there are several 
industrial objectives in their vicinity: TPP 
Oradea, AMP, DSF and SCF. In the north-east, 
upstream of them on the direction of 
groundwater flow, before, 1980 there was a 
natural lake that was clogged with ashes and 
sludge from AMP and TPP Oradea. The F7 
drill is located in the northeastern part of this 
lake, currently clogged. 
 
Table 2. Statistical analysis of SO-

4 concentrations (mg/l) 
in the groundwater from industrial area Oradea  

(1977-2017) 
 

Dril N Minimu
m 

Maximu
m 

Mean Standa
rd 

Error 
of 

mean 

Standard 
Deviatio

n 

Kurtos
is 

(K) 

P1 28 75.05 674.65 317.81 33.48 177.17 -0.89 
P3 26 54.48 380.00 178.57 14.44 73.61 0.95 
P5 26 49.45 264.60 155.30 10.89 55.52 -0.35 
P6 26 74.00 716.43 265.12 31.84 162.36 0.53 
P7 26 9.05 232.27 114.78 13.57 69.21 -1.45 
P9 24 7.75 126.63 48.34 6.93 33.93 -0.19 
F5 26 34.00 141.60 70.38 6.54 33.36 -0.30 
F6 28 26.72 640.00 336.26 37.36 197.70 -1.29 
F7 26 80.00 649.59 362.95 39.42 201.00 -1.57 

 
Table 3. Evolution of SO-

4 concentrations (mg/l) in the 
groundwater from industrial area Oradea (1977-2017) 

 
 P1 P3 P5 P6 P7 P9 F5 F6 F7 
MAC  250 250 250 250 250 250 250 250 250 
1977 103.15 77.09 67.14 402.32 135.13 97.94 112.11 415.96 637.91 
Differ. -

146.85 
-

172.91 
-

182.86 
152.32 -

114.88 
-

152.06 
-

137.90 
165.96 387.91 

1986 154.00 144.50 134.00 114.50 58.00 22.50 59.50 282.25 125.50 
Differ. -96.00 -

105.50 
-

116.00 
-

135.50 
-

192.00 
-

227.50 
-

190.50 
32.25 -

124.50 
1990 518.25 268.25 187.50 102.00 135.00 55.25 61.00 525.50 480.00 
Differ. 268.25 18.25 -62.50 -

148.00 
-

115.00 
-

194.75 
-

189.00 
275.50 230.00 

1995 418.10 254.26 218.90 278.48 186.44 19.65 55.90 37.55 468.75 
Differ. 168.10 4.26 -31.10 28.48 -63.57 -

230.35 
-

194.11 
-

212.45 
218.75 

1997 320.93 204.53 191.90 203.72 158.73 31.27 56.08 118.03 424.29 
Differ. 70.93 -45.48 -58.10 -46.28 -91.27 -

218.74 
-

193.92 
-

131.97 
174.29 

2008 387.00 168.00 130.89 442.00 26.00 63.45 42.83 490.00 147.00 
Differ. 137.00 -82.00 -

119.11 
192.00 -

224.00 
-

186.55 
-

207.17 
240.00 -

103.00 
2010 351.40 145.10 140.05 360.90 93.50 - 140.05 500.80 151.40 
Differ. 101.40 -

104.90 
-

109.95 
110.90 -

156.50 
- -

109.95 
250.80 -98.60 

2017 295.10 - - - - - - 415.45 - 
Differ. 45.1 - - - - - - 165.45 - 

 
Correlation of SO4 concentration - time. The 
testing of the correlative links between the SO4 
concentrations recorded during the analyzed 
period, highlights the existence of statistically 
assured correlative links for all the drills, with 
the exception of F6 and P7. The closest 
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correlation, of the second degree polynomial 
type, very statistically significant is found at 
the P5 drilling, the correlation coefficient being 
R2 = 0.7115. The correlation SO4 
concentrations (mg/l) - time (years) in the P1 
observation drilling, for 28 pairs of values, 
situated to the west of the area analyzed, 
statistically significant (R2 = 0.3446) shows a 
peak in the period 1995-2005 (Figure 1). This 
period of SO4 maximum concentrations 
occurred after the closure and safety of the old 
tailing pond from TPP and AMP and the 
opening of the new tailing pond from Sântăul 
Mic. The tendency to reduce SO4 
concentrations, after 2005 is explained by the 
groundwater protection measures, imposed in 
the exploitation of the Sântăul Mic tailing 
pond. Evolution of SO4 concentrations 
recorded at P6 drilling, located in the central 
area of the analyzed perimeter, according to 
time (years) using 26 pairs of values, 
statistically significant (R2 = 0.5991) is of 
polynomial type, grade III (Figure 1). The trend 
highlighted by the shape of the resulting curve 
indicates that from the first year of analysis 
(1977) the determined concentrations are 
reduced to 1987-1990 when they fall into the 
MAC, then to increase, except in the last year 
of observations 2010. The high values of SO4 
concentrations in P6 drilling water, from 2008, 
could be explained by the deposition of ash 
from TPP and sludge from the AMP in the 
former natural lake, located upstream in the 
direction of the groundwater drainage. After the 
clogging of the lake mentioned above, the 
tailing pond located near the Oradea-Borș road, 
in the immediate vicinity of the drilling was 
opened. To these are added the cumulative 
effect of emissions from the industrial 
enterprises (SCF, TPP and AMP) located in the 
northeastern neighborhood of P6 drilling. 
The tendency to reduce SO4 concentrations 
after 2010 can be attributed to the reduction of 
industrial production from SCF and AMP and 
respectively to the modernization of TPP by 
switching from energy production using solid 
fuels (coal) to natural gas. 
The space evolution Analysis of the spatial 
distribution of SO4 polluted areas, using 
ArcGIS 9.3. allows determination of the 
evolution of unpolluted land areas (with 
concentrations less than MAC). These increase 

from 8.788 km2 in 1977 to 20.458 km2 in the 
last year of observations 2017 (Table 4). 
Surfaces with double MAC overflows are high 
in 1977, 19.56%, for 1990 to become very low, 
of 1.496%. In 2010, an area of only 0.032 km2 
(0.141%) for which the SO4 concentration in 
groundwater exceeds 2 x MAC is registered. 
 

 
Figure 1. Evolution of SO4 concentration at P1 and P6 

drillings in the analyzed period 
 

Table 4. Surfaces contaminated with SO4
- (mg/l) in the 

Oradea industrial area 
 

Year U.M. > 2 x 
MAC 

1-2 MAC < MAC Total 

1977 km2 4.445 9.489 8,.788 22.722 
 % 19.56 41.76 38.68 100.00 
1990 km2 0.340 13.346 9.036 22.722 
 % 1.50 58.73 39.77 100.00 
1997 km2 - 9.653 13.069 22.722 
 % - 42.48 57.52 100.00 
2008 km2 - 8.619 14.103 22.722 
 % - 37.93 62.07 100.00 
2010 km2 0.032 7.873 14.817 22.722 
 % 0.14 34.66 65.21 100.00 
2017 km2 - 2.264 20.458 22.722 
 % - 9.96 90.04 100.00 

 
Time influences areas affected annually by SO4 
pollution. The correlation of the second degree 
polynomial type, the percentage area - time 
(years) is distinct statistically significant 
(Figure 2). If, before the reference year 1990, 
the surface on which the groundwater was 
polluted with SO4 represented about 60% of the 
analyzed area, the restructuring of the industrial 
enterprises from the area, causes the reduction 
of these surface to less than 10% in 2017. The 
Pb is one of the most toxic heavy metals, being 
encountered under natural conditions at very 
low concentrations in groundwater, due to the 
fact that, its compounds are poorly soluble. Pb 
can reach the groundwater, from the upper 
horizons of the soil profile, where it 
accumulates by solubilization, under the 
conditions of acidic waters and long contact 

 
with the polluted soil horizons. The MAC for 
underground water bodies is 0.01 mg/l. 
 

 
Figure 2. The connection between SO4 polluted areas 

(%) of and time (years) 
 

The statistical analysis. The mean multiannual 
values of Pb concentrations, in the water 
collected from the observation drills are 
between 0.0067 mg/l and 0.0209 mg/l, with 
MAC overruns in 6 cases (P1, P3, P5, P6, P7 
and P9). All the points of observation with 
exceedances of the MAC are part of the CSIP 
being located on one side and the other of the 
Oradea-Borș road, characterized by intense 
auto traffic (Table 5). 
 
Table 5. Statistical analysis of Pb concentrations (mg/l) 

(1977-2017) 
Drill N Minim Maxim Mean  Standard 

Error of 
mean 

Standard 
Deviation 

Kurtosis 
(K) 

P1 28 0.0002 0.1910 0.0152 0.01 0.04 12.58 
P3 26 0.0005 0.0990 0.0111 0.00 0.02 10.66 
P5 26 0.0001 0.1550 0.0171 0.01 0.03 12.26 
P6 26 0.0003 0.0905 0.0209 0.01 0.03 1.26 
P7 26 0.0002 0.0850 0.0147 0.00 0.02 6.95 
P9 24 0.0001 0.1230 0.0102 0.01 0.02 21.47 
F5 24 0.0001 0.0580 0.0086 0.00 0.01 6.54 
F6 28 0.0002 0.0180 0.0067 0.00 0.01 -0.66 
F7 26 0.0002 0.0570 0.0075 0.00 0.01 11.51 

The maximum values recorded (0.0180-0.1910 
mg/l) exceed the MAC for all observation 
points, but for P1 this exceedance being of 19 
times. In the case of 4 observation drillings, 
Standard Error of Means exceeds MAC (0.01 
mg/l), and Standard Deviation is higher than 
MAC in all analyzed cases. Kurtosis values are 
very different, presenting in most cases higher 
frequencies of positive errors, the error 
distribution curve being far from the normal. 
The closest error distributions relative to the 
normal Gaussian curve are found at the 
hydrogeological wells P6 (K = 1.26) and F6    
(K = -0.66) located in the central area of the 
analyzed surface. 
The temporal evolution. The analysis of annual 
mean values of Pb concentrations in 
groundwater shows that they exceed the MAC 
as follows: 6 drillings in the first year of 

research (P1, P3, P5, P7, F5 and F6); 7 cases in 
the years 1986 (P1, P5, P6, P7, F5, F6 and F7); 
6 in 1990 (P1, P3, P5, P6, P9 and F5); 2 cases 
in 1995 (P6 and P7); 5 in 1997 (P5, P6, P7, F6 
and F7) (Figure 3). In the last three years 
analyzed all the analyzed drills fall into the 
MAC. The graphical representation of mean 
values of Pb concentration in groundwater 
suggests the general tendency to reduce them 
with the passage of time. 
 

 
Figure 3. Evolution of annual average Pb concentrations 

in groundwater (1977-2010) 
 
Correlation of Pb concentration - time. The 
linear correlations established between the time 
expressed in years, of the observation period 
and the Pb concentrations, in the water 
harvested from the drillings are of exponential 
type. They show statistical significance only for 
4 drillings (P1, P5, F5, F6 and F7) of the 9 
analyzed. All drills in the first order cross and 
only 2 from CSIP have statistically assured 
correlations.  
For the drillings in the first order cross, the 
closest to Oradea-Borș, F5 and F6, the 
exponential correlations are very significant (R2 
= 0.6577) and respectively distinctly significant 
(R2 = 0.5333) (Figure 4). 
 

 
Figure 4. Correlative correlation between Pb 
concentrations at F5 and F6 and time (years) 
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correlation, of the second degree polynomial 
type, very statistically significant is found at 
the P5 drilling, the correlation coefficient being 
R2 = 0.7115. The correlation SO4 
concentrations (mg/l) - time (years) in the P1 
observation drilling, for 28 pairs of values, 
situated to the west of the area analyzed, 
statistically significant (R2 = 0.3446) shows a 
peak in the period 1995-2005 (Figure 1). This 
period of SO4 maximum concentrations 
occurred after the closure and safety of the old 
tailing pond from TPP and AMP and the 
opening of the new tailing pond from Sântăul 
Mic. The tendency to reduce SO4 
concentrations, after 2005 is explained by the 
groundwater protection measures, imposed in 
the exploitation of the Sântăul Mic tailing 
pond. Evolution of SO4 concentrations 
recorded at P6 drilling, located in the central 
area of the analyzed perimeter, according to 
time (years) using 26 pairs of values, 
statistically significant (R2 = 0.5991) is of 
polynomial type, grade III (Figure 1). The trend 
highlighted by the shape of the resulting curve 
indicates that from the first year of analysis 
(1977) the determined concentrations are 
reduced to 1987-1990 when they fall into the 
MAC, then to increase, except in the last year 
of observations 2010. The high values of SO4 
concentrations in P6 drilling water, from 2008, 
could be explained by the deposition of ash 
from TPP and sludge from the AMP in the 
former natural lake, located upstream in the 
direction of the groundwater drainage. After the 
clogging of the lake mentioned above, the 
tailing pond located near the Oradea-Borș road, 
in the immediate vicinity of the drilling was 
opened. To these are added the cumulative 
effect of emissions from the industrial 
enterprises (SCF, TPP and AMP) located in the 
northeastern neighborhood of P6 drilling. 
The tendency to reduce SO4 concentrations 
after 2010 can be attributed to the reduction of 
industrial production from SCF and AMP and 
respectively to the modernization of TPP by 
switching from energy production using solid 
fuels (coal) to natural gas. 
The space evolution Analysis of the spatial 
distribution of SO4 polluted areas, using 
ArcGIS 9.3. allows determination of the 
evolution of unpolluted land areas (with 
concentrations less than MAC). These increase 

from 8.788 km2 in 1977 to 20.458 km2 in the 
last year of observations 2017 (Table 4). 
Surfaces with double MAC overflows are high 
in 1977, 19.56%, for 1990 to become very low, 
of 1.496%. In 2010, an area of only 0.032 km2 
(0.141%) for which the SO4 concentration in 
groundwater exceeds 2 x MAC is registered. 
 

 
Figure 1. Evolution of SO4 concentration at P1 and P6 

drillings in the analyzed period 
 

Table 4. Surfaces contaminated with SO4
- (mg/l) in the 

Oradea industrial area 
 

Year U.M. > 2 x 
MAC 

1-2 MAC < MAC Total 

1977 km2 4.445 9.489 8,.788 22.722 
 % 19.56 41.76 38.68 100.00 
1990 km2 0.340 13.346 9.036 22.722 
 % 1.50 58.73 39.77 100.00 
1997 km2 - 9.653 13.069 22.722 
 % - 42.48 57.52 100.00 
2008 km2 - 8.619 14.103 22.722 
 % - 37.93 62.07 100.00 
2010 km2 0.032 7.873 14.817 22.722 
 % 0.14 34.66 65.21 100.00 
2017 km2 - 2.264 20.458 22.722 
 % - 9.96 90.04 100.00 

 
Time influences areas affected annually by SO4 
pollution. The correlation of the second degree 
polynomial type, the percentage area - time 
(years) is distinct statistically significant 
(Figure 2). If, before the reference year 1990, 
the surface on which the groundwater was 
polluted with SO4 represented about 60% of the 
analyzed area, the restructuring of the industrial 
enterprises from the area, causes the reduction 
of these surface to less than 10% in 2017. The 
Pb is one of the most toxic heavy metals, being 
encountered under natural conditions at very 
low concentrations in groundwater, due to the 
fact that, its compounds are poorly soluble. Pb 
can reach the groundwater, from the upper 
horizons of the soil profile, where it 
accumulates by solubilization, under the 
conditions of acidic waters and long contact 

 
with the polluted soil horizons. The MAC for 
underground water bodies is 0.01 mg/l. 
 

 
Figure 2. The connection between SO4 polluted areas 

(%) of and time (years) 
 

The statistical analysis. The mean multiannual 
values of Pb concentrations, in the water 
collected from the observation drills are 
between 0.0067 mg/l and 0.0209 mg/l, with 
MAC overruns in 6 cases (P1, P3, P5, P6, P7 
and P9). All the points of observation with 
exceedances of the MAC are part of the CSIP 
being located on one side and the other of the 
Oradea-Borș road, characterized by intense 
auto traffic (Table 5). 
 
Table 5. Statistical analysis of Pb concentrations (mg/l) 

(1977-2017) 
Drill N Minim Maxim Mean  Standard 

Error of 
mean 

Standard 
Deviation 

Kurtosis 
(K) 

P1 28 0.0002 0.1910 0.0152 0.01 0.04 12.58 
P3 26 0.0005 0.0990 0.0111 0.00 0.02 10.66 
P5 26 0.0001 0.1550 0.0171 0.01 0.03 12.26 
P6 26 0.0003 0.0905 0.0209 0.01 0.03 1.26 
P7 26 0.0002 0.0850 0.0147 0.00 0.02 6.95 
P9 24 0.0001 0.1230 0.0102 0.01 0.02 21.47 
F5 24 0.0001 0.0580 0.0086 0.00 0.01 6.54 
F6 28 0.0002 0.0180 0.0067 0.00 0.01 -0.66 
F7 26 0.0002 0.0570 0.0075 0.00 0.01 11.51 

The maximum values recorded (0.0180-0.1910 
mg/l) exceed the MAC for all observation 
points, but for P1 this exceedance being of 19 
times. In the case of 4 observation drillings, 
Standard Error of Means exceeds MAC (0.01 
mg/l), and Standard Deviation is higher than 
MAC in all analyzed cases. Kurtosis values are 
very different, presenting in most cases higher 
frequencies of positive errors, the error 
distribution curve being far from the normal. 
The closest error distributions relative to the 
normal Gaussian curve are found at the 
hydrogeological wells P6 (K = 1.26) and F6    
(K = -0.66) located in the central area of the 
analyzed surface. 
The temporal evolution. The analysis of annual 
mean values of Pb concentrations in 
groundwater shows that they exceed the MAC 
as follows: 6 drillings in the first year of 

research (P1, P3, P5, P7, F5 and F6); 7 cases in 
the years 1986 (P1, P5, P6, P7, F5, F6 and F7); 
6 in 1990 (P1, P3, P5, P6, P9 and F5); 2 cases 
in 1995 (P6 and P7); 5 in 1997 (P5, P6, P7, F6 
and F7) (Figure 3). In the last three years 
analyzed all the analyzed drills fall into the 
MAC. The graphical representation of mean 
values of Pb concentration in groundwater 
suggests the general tendency to reduce them 
with the passage of time. 
 

 
Figure 3. Evolution of annual average Pb concentrations 

in groundwater (1977-2010) 
 
Correlation of Pb concentration - time. The 
linear correlations established between the time 
expressed in years, of the observation period 
and the Pb concentrations, in the water 
harvested from the drillings are of exponential 
type. They show statistical significance only for 
4 drillings (P1, P5, F5, F6 and F7) of the 9 
analyzed. All drills in the first order cross and 
only 2 from CSIP have statistically assured 
correlations.  
For the drillings in the first order cross, the 
closest to Oradea-Borș, F5 and F6, the 
exponential correlations are very significant (R2 
= 0.6577) and respectively distinctly significant 
(R2 = 0.5333) (Figure 4). 
 

 
Figure 4. Correlative correlation between Pb 
concentrations at F5 and F6 and time (years) 
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The fact that the drillings from the CSIP, 
located on the vicinity of the road, do not have 
statistical correlations (except for the P1 and P5 
drillings) shows that the main source of 
contamination with Pb is not the heavy traffic. 
This source is obvious and manifested itself 
until the prohibition of Pb-additive gasoline in 
the 1990s.  
The drilling F6, which has the closest 
correlation, being located near the SCF, 
suggests that this is the main source of 
contamination with Pb. It is worth noting that 
for both observation points the tendency is to 
reduce Pb concentrations over time, the shape 
of the curves indicating an annual rate of 
decrease in concentration, higher at the F5 
drilling (0.0008 mg/l per year) located in the 
vicinity SCF. 
The space evolution. Thematic maps obtained 
using ArcGIS 9.3. confirms that the 
observation points with the highest 
concentrations of Pb are located in the central 
area of the studied perimeter, near the sources 
of pollution SCF and AMP (F6) and on the 
direction of drainage of the underground, which 
passes through this area. By spatial analysis of 
the Pb concentrations in the groundwater, the 
areas for which the Pb concentrations exceed 5 
times, are between 3-5 MAC and 1-3 MAC 
were highlighted (Table 6). 
 
Table 6. Polluted surfaces with Pb (mg/l) in the Oradea 

industrial area 
 

Year U.M. > 5 x 
MAC 

3-5 
MAC 

1-3 
MAC 

< MAC Total 

1977 km2 3.524 5.641 5.004 8.553 22.722 
 % 15.51 24.83 22.02 37.64 100.00 
1990 km2 - 1.250 11.776 9.696 22.722 
 % - 5.50 51.83 42.67 100.00 
1997 km2 - 4.217 7.205 11.300 22.722 
 % - 18.56 31.71 49.73 100.00 
2008 km2 - - 4.461 18.261 22.722 
 % - - 19.63 80.37 100.00 
2010 km2 - - - 22.722 22.722 
 % - - - 100.00 100.00 
2017 km2 - - - 22.722 22.722 
 % - - - 100.00 100.00 

 
If, in the first year of observations (1977), an 
area with exceedances of 5 x MAC (5,417 km2) 
is revealed, due to the general tendency of 
decreasing concentrations of Pb, in the 
following years surfaces are not so highly 
polluted. Surfaces with Pb concentrations in 
groundwater between 3-5 MACs are recorded 
in 1977-1997 and between 1-3 MACs in 1977 - 

2008. After 2008, there are no more surfaces 
with groundwater polluted with Pb, the 
concentrations determined being below the 
MAC value. 
Correlation of Pb polluted surfaces - time. The 
percentage of polluted surfaces, for which the 
Pb concentration of the groundwater exceeds 
the MAC, shows over time a polynomial 
second degree trend (Figure 5). This is 
statistically distinct significant (R2 = 0.9257). 
If, at the beginning of the observation period, 
37.64% of the surveyed area did not present Pb 
pollution problems, in the following years, the 
polluted areas decreased to: 57.33% in 1990 
and 50.27% in 1997 and respectively in 2008 to 
reach 19.63%. In 2010 and 2017 there are no 
more polluted areas. 
The rate of reduction of the surfaces for which 
the groundwater is polluted with Pb, resulting 
from the shape of the correlation curve is 
1.89%/year, corresponding to 430 ha/year. 
 

 
Figure 5. Correlative link between the percentage of 

polluted surfaces with Pb and time 
 
CONCLUSIONS  
 
The annual average values of SO4 shows the 
most frequent exceedances of the MAC (250 
mg/l) in 7 cases at the P1 drilling in the central 
part of the analyzed area. The tendency 
highlighted by the shape of the correlation 
curve, at the F6 drilling (polynomial of degree 
III), indicates that from the first year of 
analysis, the determined concentrations are 
reduced until 1990, when it is very close to the 
MAC, after which there is a tendency of growth 
up to in 2008, then to show a decreasing trend. 
Before 1990, the year of separation from the 
communist period, the area with water 
contaminated with SO4 was about 60% (13.934 
km2) of the analyzed area, so that, after 
restructuring the industrial objectives in the 

 
area, it decreased in the last year of 
observations (2017) to about 10% (2.264 km2). 
The concentrations of Pb in groundwater 
recorded during the 40-year observation period, 
at hydrogeological wells in the industrial area 
of Oradea are between 0.0001 mg/l (P5, P9, F5) 
and 0.191 mg/l (P1). 
The analysis of the average annual values of Pb 
concentrations in groundwater shows that they 
exceed MAC: in the first year at 6 drillings; in 
the second year at 7 drillings and in the third 
year at 6 drillings. 
The exponential correlations established 
between Pb concentrations at F5 and F6 wells 
(located in the vicinity of SCF at distances 
approximately equal to the Oradea-Borș road) 
and respectively time indicate the annual rate of 
decrease of the higher Pb concentration at F5 
drilling (0.0008 mg/l/year) than at F6 drilling. 
The spatial representation of Pb-polluted areas 
indicates that they are located in the central 
area of the studied perimeter, near the alleged 
sources of pollution, SCF and AMP (F6) and 
on the direction of the underground waters 
drainage, passing through this area. 
At the beginning of the observation period, 
1977, the surface polluted with Pb was 62.36% 
(14.169 km2), being registered the exceed of 5 
x MAC. Over time, the polluted surfaces are 
reduced, so that in 2010 and 2017 there will be 
no polluted surfaces. 
The quality of groundwater in Oradea's 
industrial area has improved as a result of the 
alignment of the Romanian environmental 
legislation with the EC requirements and the 
modernization and restructuring of the main 
industrial enterprises after the year 1990. 
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The fact that the drillings from the CSIP, 
located on the vicinity of the road, do not have 
statistical correlations (except for the P1 and P5 
drillings) shows that the main source of 
contamination with Pb is not the heavy traffic. 
This source is obvious and manifested itself 
until the prohibition of Pb-additive gasoline in 
the 1990s.  
The drilling F6, which has the closest 
correlation, being located near the SCF, 
suggests that this is the main source of 
contamination with Pb. It is worth noting that 
for both observation points the tendency is to 
reduce Pb concentrations over time, the shape 
of the curves indicating an annual rate of 
decrease in concentration, higher at the F5 
drilling (0.0008 mg/l per year) located in the 
vicinity SCF. 
The space evolution. Thematic maps obtained 
using ArcGIS 9.3. confirms that the 
observation points with the highest 
concentrations of Pb are located in the central 
area of the studied perimeter, near the sources 
of pollution SCF and AMP (F6) and on the 
direction of drainage of the underground, which 
passes through this area. By spatial analysis of 
the Pb concentrations in the groundwater, the 
areas for which the Pb concentrations exceed 5 
times, are between 3-5 MAC and 1-3 MAC 
were highlighted (Table 6). 
 
Table 6. Polluted surfaces with Pb (mg/l) in the Oradea 

industrial area 
 

Year U.M. > 5 x 
MAC 

3-5 
MAC 

1-3 
MAC 

< MAC Total 

1977 km2 3.524 5.641 5.004 8.553 22.722 
 % 15.51 24.83 22.02 37.64 100.00 
1990 km2 - 1.250 11.776 9.696 22.722 
 % - 5.50 51.83 42.67 100.00 
1997 km2 - 4.217 7.205 11.300 22.722 
 % - 18.56 31.71 49.73 100.00 
2008 km2 - - 4.461 18.261 22.722 
 % - - 19.63 80.37 100.00 
2010 km2 - - - 22.722 22.722 
 % - - - 100.00 100.00 
2017 km2 - - - 22.722 22.722 
 % - - - 100.00 100.00 

 
If, in the first year of observations (1977), an 
area with exceedances of 5 x MAC (5,417 km2) 
is revealed, due to the general tendency of 
decreasing concentrations of Pb, in the 
following years surfaces are not so highly 
polluted. Surfaces with Pb concentrations in 
groundwater between 3-5 MACs are recorded 
in 1977-1997 and between 1-3 MACs in 1977 - 

2008. After 2008, there are no more surfaces 
with groundwater polluted with Pb, the 
concentrations determined being below the 
MAC value. 
Correlation of Pb polluted surfaces - time. The 
percentage of polluted surfaces, for which the 
Pb concentration of the groundwater exceeds 
the MAC, shows over time a polynomial 
second degree trend (Figure 5). This is 
statistically distinct significant (R2 = 0.9257). 
If, at the beginning of the observation period, 
37.64% of the surveyed area did not present Pb 
pollution problems, in the following years, the 
polluted areas decreased to: 57.33% in 1990 
and 50.27% in 1997 and respectively in 2008 to 
reach 19.63%. In 2010 and 2017 there are no 
more polluted areas. 
The rate of reduction of the surfaces for which 
the groundwater is polluted with Pb, resulting 
from the shape of the correlation curve is 
1.89%/year, corresponding to 430 ha/year. 
 

 
Figure 5. Correlative link between the percentage of 

polluted surfaces with Pb and time 
 
CONCLUSIONS  
 
The annual average values of SO4 shows the 
most frequent exceedances of the MAC (250 
mg/l) in 7 cases at the P1 drilling in the central 
part of the analyzed area. The tendency 
highlighted by the shape of the correlation 
curve, at the F6 drilling (polynomial of degree 
III), indicates that from the first year of 
analysis, the determined concentrations are 
reduced until 1990, when it is very close to the 
MAC, after which there is a tendency of growth 
up to in 2008, then to show a decreasing trend. 
Before 1990, the year of separation from the 
communist period, the area with water 
contaminated with SO4 was about 60% (13.934 
km2) of the analyzed area, so that, after 
restructuring the industrial objectives in the 

 
area, it decreased in the last year of 
observations (2017) to about 10% (2.264 km2). 
The concentrations of Pb in groundwater 
recorded during the 40-year observation period, 
at hydrogeological wells in the industrial area 
of Oradea are between 0.0001 mg/l (P5, P9, F5) 
and 0.191 mg/l (P1). 
The analysis of the average annual values of Pb 
concentrations in groundwater shows that they 
exceed MAC: in the first year at 6 drillings; in 
the second year at 7 drillings and in the third 
year at 6 drillings. 
The exponential correlations established 
between Pb concentrations at F5 and F6 wells 
(located in the vicinity of SCF at distances 
approximately equal to the Oradea-Borș road) 
and respectively time indicate the annual rate of 
decrease of the higher Pb concentration at F5 
drilling (0.0008 mg/l/year) than at F6 drilling. 
The spatial representation of Pb-polluted areas 
indicates that they are located in the central 
area of the studied perimeter, near the alleged 
sources of pollution, SCF and AMP (F6) and 
on the direction of the underground waters 
drainage, passing through this area. 
At the beginning of the observation period, 
1977, the surface polluted with Pb was 62.36% 
(14.169 km2), being registered the exceed of 5 
x MAC. Over time, the polluted surfaces are 
reduced, so that in 2010 and 2017 there will be 
no polluted surfaces. 
The quality of groundwater in Oradea's 
industrial area has improved as a result of the 
alignment of the Romanian environmental 
legislation with the EC requirements and the 
modernization and restructuring of the main 
industrial enterprises after the year 1990. 
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Abstract 
 
Bee pollen is known to possess many nutritional and therapeutic properties due to high nutritional value and important 
content of bioactive compounds. The aim of this study was to identify the most representative monofloral pollen types 
from south Romania and to characterize them in terms of phenolic content and antioxidant activity. Pollen 
identification was based on morphological characteristics examined under scanning electron microscope (SEM) and 
screening of bee pollen phenolic compounds were performed using capillary electrophoresis method. Antioxidant 
activity investigated using DPPH and ABTS radicals showed that scavenging activity of Brassica sp. pollen extract was 
superior to all extracts tested after both methods. A complete characterization of different monofloral pollen types from 
various geographical regions could be useful to develop analytical standards of bee pollen and also to perform the 
efficacy of this bee product in apitherapy.  
 
Key words: bee pollen, phenolic compounds, antioxidant. 
 
INTRODUCTION 
 
Flowers pollen constitutes the raw material 
from which bees produce pollen loads after mix 
it with their own secretions. Bee pollen is 
composed of essential nutritive substances 
(carbohydrates, proteins, amino acids, lipids, 
minerals etc.) (Campos et al., 2008) and also 
important bioactive elements (polyphenols and 
flavonoids) (Morais et al., 2011; Xesús et al., 
2012). The complex chemical composition has 
been used both as food and medicine (Guiné, 
2015; Linskens et al., 1997). 
Chemical constituents of bee pollen may vary 
due to the geographical origin and plant source 
in special.  
Numerous nutritive constituents of bee pollen 
create a unique profile of a pollen type, each of 
which has an own fingerprint 
(flavonoid/phenolic profile) (Campos et al., 
2015; Sagona et al., 2017) independent from 
species (hybrids and transgenic) (Campos et al., 
2015). Despite this complex and highly 
variable composition, one of the most 
important biological activities of bee pollen is 
its antioxidant activity (Freire et al., 2012) 
which may be differently expressed according 

to botanical sources (Almeida da Silva et al., 
2013). Many researches have reported a 
positive correlation between antioxidant 
activity and total phenolic contents occurring in 
bee pollen composition (Gabriele et al., 2015; 
Pèrez, 2012; Bárbara, 2015). Thus, for further 
development and utilization of bee pollen is 
necessary a complete characterization and 
evaluation of health benefits. 
The aim of this study was to identify and 
quantify the phenolic compounds and 
antioxidant capacity of the most important 
pollen resources of south Romania. As a result, 
it will be contributed to create a database with 
potential analytical markers for a better 
characterization of monofloral bee pollen. 
 
MATERIALS AND METHODS 
 
Bee pollen samples 
The samples of bee pollen were harvested by 
bee colonies kept in the stationary apiary from 
south Romania. An enough amount of pollen 
was collected from each pollen type and stored 
in individual polypropylene bags at - 18°C 
before further analysis.  
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2015). Despite this complex and highly 
variable composition, one of the most 
important biological activities of bee pollen is 
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2013). Many researches have reported a 
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activity and total phenolic contents occurring in 
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development and utilization of bee pollen is 
necessary a complete characterization and 
evaluation of health benefits. 
The aim of this study was to identify and 
quantify the phenolic compounds and 
antioxidant capacity of the most important 
pollen resources of south Romania. As a result, 
it will be contributed to create a database with 
potential analytical markers for a better 
characterization of monofloral bee pollen. 
 
MATERIALS AND METHODS 
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The samples of bee pollen were harvested by 
bee colonies kept in the stationary apiary from 
south Romania. An enough amount of pollen 
was collected from each pollen type and stored 
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Microscopy analysis 
Botanical origin of bee pollen was determined 
using the palynological analysis and was 
performed separately for each harvest dates and 

pollen colors. Totally nine samples were 
selected following the Loveaux method and 
using reference collection of the author 
(Loveaux, 1978). For scanning electron 

microscopy (SEM), bee pollen grains were 
mounted on the SEM stubs provided with 
double adhesive carbon tape. Uncoated samples 
were examined in low vacuum mode (130 Pa), 
at 5 kV accelerating voltage. 
Bee pollen extract (BPE) 
For determination of phenolic compounds and 
antioxidant activity, BPE was prepared by 
extracting 5 grams of bee pollen in 50 mL of 
ethanol (1:10) (w:v).  
Total Phenolic and Flavonoid Content  
For total phenolic content (TPC), a 
modification of method reported by Rebiai and 
Lanez was employed (Rebiai et al., 2012). 100 
μL of pollen ethanolic extract were combined 
with 0.5 mL Folin-Ciocalteau reactive and 2 
mL of 20% Na2CO3. The absorbance was 
measured at 760 nm after 30 min. of incubation 
in the dark at ambient temperature. The results 
of total phenolic contents were reported as 
Gallic acid equivalents. 
The content of total flavonoids (TFC) was 
determined by the colorimetric method with 
AlCl3 described by (Rebiai et al., 2013). An 
aliquot of 1 mL pollen extract was mixed with 
the same volume of 2% AlCl3, methanolic 
solution. After 30 min at ambient temperature, 
the absorbance was measured at 430 nm against 
a blank sample. The total quantity of flavonoids 
was calculated as quercetin equivalents. 
Antioxidant Capacity 
The antioxidant capacity of bee pollen 
ethanolic extract was measured using two 
methods: DPPH and ABTS assays. 
DPPH radical scavenging activity 
Antioxidant capacity of bee pollen extract was 
tested for its ability to bleach the stable 1.1-
difenil-2-picril-hidrazil radical (Kedare et al., 
2011) 10 μL of various concentration of bee 
pollen ethanolic extract was mixed with 190 μL 
methanol and 100 μL DPPH methanolic solution 
(25 mmol/L). The decreases of the absorbance 
were measured at 517 nm after the samples were 
maintained 30 min at room temperature. 
Scavenging activity of ABTS radical cation 
Scavenging activity of ABTS radical cation 
was conducted in accordance with the method 
described by Erel O. (Erel, 2004) with slight 

modifications. The radical cation was prepared 
by mixing 7 mM ABTS aqueous stock solution 
with 2.45 mM potassium persulfate for 12 
hours, in the dark at room temperature. 250 μL 
of ABTS and 10 μL pollen extract was 
vortexed with 40 μL distilled water. The 
absorbance of obtained mixture was measured 
after 6 min at 734 nm against a blank sample. 
The antioxidant capacity was expressed as µg 
Trolox g -1 BPE.  
Determination of phenolic compounds using 
capillary zone electrophoresis (CZE) 
The determination of phenolic compounds was 
performed as described previously (Matei et al., 
2016) with slight modifications. An Agilent 
capillary electrophoresis instrument equipped 
with diode array detector was used for analysis; 
data acquisition and processing were done using 
ChemStation software. The compounds were 
separated using a fused-silica capillary column of 
72 cm total length and 50 µm internal diameter. 
The BGE consisting of 45 mM tetraborate 
buffer with 0.9 mM SDS (pH = 9.35 adjusted 
with HCl 1 M) was used (Gatea et al., 2015). 
The capillary was rinsed between runs with 
BGE for 2 min. The sample was hydrody-
namically injected for 12 s (35 mbar), the system 
was operated under positive voltage (30 kV) 
and the cassette temperature was maintained 
constant at 30°C. Electropherograms were 
recorded at 280 nm. 
Statistical analysis 
All values represented the mean of three 
repetitions. 
 
RESULTS AND DISCUSSIONS 
 
The microscopic examination of pollen 
samples revealed that all analyzed bee pollen 
samples could be considered monofloral due to 
frequency of a predominant pollen type (over 
45%). The morphological features of pollen 
grains presented in Figure 1(A-I), confirmed 
the botanical origin of bee pollen samples.  
The SEM images depict various shape of 
pollen grains samples (spheroidal-suboblate: 
Zea mays; oblate-spheroidal: Helianthus 
annuus, Carduus sp., Taraxacum officinalis; 

  
 
prolate: Brassica sp., prolate-spheroidal: 
Aesculus sp., Prunus sp.; suboblate: Tilia sp., 
Crataegus monogyna), apertures type 
(monoporate: Zea mays; tricolporate: the rest of 
the samples), exine ornamentation (echinate: 

Helianthus annuus, Carduus sp., Taraxacum 
officinalis; foveolate: Tilia sp.; striate: Prunus 
sp.; striate-perforate: Crataegus monogyna; 
scabrate: Zea mays; reticulate: Brassica sp., 
Papaver sp.). 

 

                                   

                                   

                                   
 
 

Figure 1. A - I Morphological features of pollen types identified in bee pollen loads X 20 μm (scanning electron 
microscopy). A-Brassica sp.; B-Carduus sp.; C-Taraxacum officinalis; D-Papaver sp.; E-Tilia sp.; F-Helianthus 

annuus; G-Prunus sp.; H-Crataegus monogyna; I-Zea mays 
 

Phenolic compounds are regarded as the major 
constituents of bee pollen responsible for 
antioxidant activity (Harif et al., 2017).  
In the present study the total phenolic and 
flavonoid contents of bee pollen ethanolic 
extracts showed high levels (Figure 2) and a 
wide range of variations, especially for 
phenolic content (TPC). Brassica sp. pollen 
type samples presented the highest quantities of 
TPC (26.8 ± 0.9 mg GAE/g pollen), and the 
lowest TPC were observed for Zea mays pollen 
samples (11.0 ± 0.4 mg GAE/g pollen). The 
minimum value for TFC ranged from 6.9 ± 1.3 
for Brassica sp. BPE and the maximum value 
of 15.1 ± 2.0 mg/g of dry weight, expressed as 
gallic acid equivalents (GAE), obtained for 
Helianthus annuus BPE. Furthermore, the 

values found for TPC of Crataegus monogyna 
bee pollen samples (16.26 ± 0.86 mg GAE/g 
pollen) were very close to those obtained by 
Cheng N. for Crataegus pinatifida (17.65 ± 
0.97 mg GAE/g pollen) (Cheng et al., 2013), 
the content of TPC being probably independent 
by species. In the case of Brassica sp. samples, 
our TPC results were higher than that of Sun 
L., who reported a value of 11.76 ± 0.04 mg 
GAE/g pollen for free phenolic extract of rape 
bee pollen (Sun et al., 2017). In a Romanian 
study regarding dynamics of total flavonoids of 
bee pollen collected from Moldavia area, 
Prelipcean A., has been investigated the 
flavonoid contents from a mixture of polyfloral 
bee pollen extracted with methanol (Prelipcean, 
2012).  
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The author reported that flavonoid contents of 
fresh bee pollen registered maximum values 
(20.44 mg QE/g pollen) and are comparable 
with our results (max. 15.11 mg QE/g pollen) 
but extracted with ethanol and other pollen 
type. In Transylvania, the same solvent was 
used for bee pollen extraction with a 

predominant pollen type over 45% and total 
flavonoids reveal the highest concentration for 
Malus domestica pollen followed by Prunus 
spp. pollen (Mărgăoan et al., 2013), while in 
our study Prunus spp. recorded 13.65 mg QE/g 
pollen, a higher amount. 

Figure 2. Total phenolic content (TPC) and total flavonoid content (TFC) for different bee pollen types 
 

Due to the complex matrix of bee pollen, the 
antioxidant activity was evaluated by two 
methods: DPPH assay expressed in term of 
IC50 and ABTS method. The experimental 
results presented in Table 1 suggest also that 

antioxidant capacity of bee pollen varies with 
their botanical sources. The DPPH radical 
scavenging was expressed as IC50 values and 
defined as extract concentrations required to 
scavenge DPPH radical by 50%.  

 
Table 1. Antioxidant activities of different bee pollen types (ABTS and DPPH assay)  

 
The scavenging activity of Brassica sp. pollen 
extract by DPPH (IC50 µg/mL) and ABTS 
method was superior to all extracts. The results 
of DPPH scavenging activity of chinese 
Brassica sp. pollen ethanolic extracts were 
superior to those found in our study. The 
authors obtained values ranged from 0.25 to 
0.38 µg/mL extract (Dai et al., 2013).  
Our results showed that antioxidant activities of 
Brassica sp. bee pollen expressed as IC50 (2.78 
± 0.03 µg/mL) were lower to a recent study 
about Brassica sp. also from China (1.27 ± 
0.00) with a better activity (Sun et al., 2017), 
but significantly higher DPPH scavengers than 
Indian Brassica juncea bee pollen (Ketkar et 

al., 2014). Regarding antioxidant activity by 
ABTS assay, the same fraction of Brassica sp. 
pollen recorded the highest antioxidant activity 
(791.46 ± 45), although reasonable activity was 
also found for Prunus L. sp. (763.54 ± 40) and 
Crataegus monogyna (526.44 ± 39). Despite 
DPPH values, ABTS screening of free radical 
scavenging capability revealed that Zea mays 
ethanolic extract possess a lower antioxidant 
potential than Carduus sp. pollen extract. 
Crude extract of Taraxacum officinale bee 
pollen (206.58 ± 26 µg Trolox/g pollen) 
showed similar activity with Helianthus annuus 
pollen extract (200.95 ± 29 µg Trolox/g 
pollen). 

Pollen type Antioxidant activities 
ABTS (µg Trolox/g pollen) DPPH (IC 50 µg/mL) 

Brassica sp. 791.46 ± 45 2.78 ± 0.03 
Carduus sp. 183.01 ± 19 16.80 ± 0.2 
Taraxacum officinale 206.58 ± 26 22.06 ± 0.15 
Papaver sp. 363.17 ± 33 5.54 ± 0.06 
Helianthus annuus 200.95 ± 29 13.33 ± 0.09 
Tilia sp. 109.82 ± 23 14.52 ± 0.1 
Prunus L. sp. 763.54 ± 40 3.22 ± 0.08 
Crataegus monogyna 526.44 ± 39 5.69 ± 0.08 
Zea mays 73.45 ± 10 16.49 ± 0.07 
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also found for Prunus L. sp. (763.54 ± 40) and 
Crataegus monogyna (526.44 ± 39). Despite 
DPPH values, ABTS screening of free radical 
scavenging capability revealed that Zea mays 
ethanolic extract possess a lower antioxidant 
potential than Carduus sp. pollen extract. 
Crude extract of Taraxacum officinale bee 
pollen (206.58 ± 26 µg Trolox/g pollen) 
showed similar activity with Helianthus annuus 
pollen extract (200.95 ± 29 µg Trolox/g 
pollen). 

Pollen type Antioxidant activities 
ABTS (µg Trolox/g pollen) DPPH (IC 50 µg/mL) 

Brassica sp. 791.46 ± 45 2.78 ± 0.03 
Carduus sp. 183.01 ± 19 16.80 ± 0.2 
Taraxacum officinale 206.58 ± 26 22.06 ± 0.15 
Papaver sp. 363.17 ± 33 5.54 ± 0.06 
Helianthus annuus 200.95 ± 29 13.33 ± 0.09 
Tilia sp. 109.82 ± 23 14.52 ± 0.1 
Prunus L. sp. 763.54 ± 40 3.22 ± 0.08 
Crataegus monogyna 526.44 ± 39 5.69 ± 0.08 
Zea mays 73.45 ± 10 16.49 ± 0.07 
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The CZE technic was used to confirm and 
quantify the targeted major compounds using 
analytic standards. The CZE analysis showed 
the presence of pinostrobin in all analyzed bee 
pollen samples, independent of the botanical 
origin. This is the first report of pinostrobin in 
Romanian bee pollen. 
Chrysin and rutin were also presented in major 
monofloral samples with some exceptions: 
Carduus sp. and Crataegus monogyna for 
chrysin, respectively Papaver sp. and 
Helianthus annuus for rutin. The 
concentrations of rutin (5652.42 ± 10.2) and 
pinostrobin (1046.15 ± 9.8) were found to be 
highest in Crataegus monogyna sample, while 
acacetin (463.36 ± 8.7) was found in highest 
amount in Brassica sp. bee pollen sample. The 
isolated phenolic compounds from bee pollen 
ethanolic extracts indicated by the observation 
that the pollen samples which exhibit the 
highest antioxidant activity tend to be those 
that contain the most numerous phenolic 
compounds and also the most abundant. A wide 
range of phenolic compounds has been 
determined previously from pollen of different 
botanical and geographic origin. Freire K. et al. 
identified flavonoids like isoquercetin, 
quercetin and isorhamnetin in more than 90% 
of the northeastern Brazilian bee pollen 
samples 
In a recently reviewed study, the most common 
flavonoids from phenolic extracts of bee pollen 
collected from different country were 
flavonoids such as quercitrin, kaempferol or 
isorhamnetin (Ares et al., 2018). In the 
northeast region of Portugal were characterized 
phenolic compounds of bee bread and the most 
abundant compounds identified were mainly 
quercetin, kaempferol, myricetin, isorhamnetin 
and herbacetrin glycoside derivatives (Sobral et 
al., 2017) On the contrary, in our study, none of 
pollen types, were registered the presence of 
kaempferol in composition, as can be seen in 
Table 2. 
Rutin was also identified in pollen samples 
from seven botanical species in quantities 
ranging from 25.26 ± 3.0 to 5652.42 ± 10.2 
(µg/mL-1). Indeed, the presence of rutin has 
been reported in bee pollen from several 
countries including Egypt (Hala et al., 2016), 
Turkey (Ulusoy et al., 2013) and Taiwan (Yen 
et al., 2011). In addition to the above 

mentioned, it is interesting to note that 
resveratrol and luteolin were poorly 
represented in bee pollen phenolic profile. 
Resveratrol was found in Brassica sp. and 
Papaver sp. pollen type and luteolin was 
identified in high amount in Papaver sp. bee 
pollen. Sun L. et al. reported also the presence 
of resveratrol in different Brassica sp. bee 
pollen fractions (Sun et al., 2017) and in 
methanol extract of Papaver rhoeas bee pollen 
from Korea was confirmed the presence of 
luteolin (Lee et al., 2016). 
 
CONCLUSIONS 
 
All the above results indicate that most of 
monofloral Romanian bee pollen differs from 
pollen to other world regions. After both 
antioxidant evaluation system applied, the most 
effective pollen extracts were Brassica sp. 
followed by Prunus sp. and Papaver sp. This is 
the first Romanian report quantifying phenolic 
compounds from bee pollen by capillary zone 
electrophoresis. Fifteen phenolic compounds 
and their derivatives, such as pinostrobin, 
acacetin, chrysin, rutin and quercetin were 
identified in Romanian bee pollen samples. 
Pinostrobin and chrysin were the most common 
compounds present in pollen samples. 
The present study outcome will be useful to 
establish a national standard for different types 
of bee pollen as a regulatory way to sustain 
nutritional and medical applications of bee 
pollen. 
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The CZE technic was used to confirm and 
quantify the targeted major compounds using 
analytic standards. The CZE analysis showed 
the presence of pinostrobin in all analyzed bee 
pollen samples, independent of the botanical 
origin. This is the first report of pinostrobin in 
Romanian bee pollen. 
Chrysin and rutin were also presented in major 
monofloral samples with some exceptions: 
Carduus sp. and Crataegus monogyna for 
chrysin, respectively Papaver sp. and 
Helianthus annuus for rutin. The 
concentrations of rutin (5652.42 ± 10.2) and 
pinostrobin (1046.15 ± 9.8) were found to be 
highest in Crataegus monogyna sample, while 
acacetin (463.36 ± 8.7) was found in highest 
amount in Brassica sp. bee pollen sample. The 
isolated phenolic compounds from bee pollen 
ethanolic extracts indicated by the observation 
that the pollen samples which exhibit the 
highest antioxidant activity tend to be those 
that contain the most numerous phenolic 
compounds and also the most abundant. A wide 
range of phenolic compounds has been 
determined previously from pollen of different 
botanical and geographic origin. Freire K. et al. 
identified flavonoids like isoquercetin, 
quercetin and isorhamnetin in more than 90% 
of the northeastern Brazilian bee pollen 
samples 
In a recently reviewed study, the most common 
flavonoids from phenolic extracts of bee pollen 
collected from different country were 
flavonoids such as quercitrin, kaempferol or 
isorhamnetin (Ares et al., 2018). In the 
northeast region of Portugal were characterized 
phenolic compounds of bee bread and the most 
abundant compounds identified were mainly 
quercetin, kaempferol, myricetin, isorhamnetin 
and herbacetrin glycoside derivatives (Sobral et 
al., 2017) On the contrary, in our study, none of 
pollen types, were registered the presence of 
kaempferol in composition, as can be seen in 
Table 2. 
Rutin was also identified in pollen samples 
from seven botanical species in quantities 
ranging from 25.26 ± 3.0 to 5652.42 ± 10.2 
(µg/mL-1). Indeed, the presence of rutin has 
been reported in bee pollen from several 
countries including Egypt (Hala et al., 2016), 
Turkey (Ulusoy et al., 2013) and Taiwan (Yen 
et al., 2011). In addition to the above 

mentioned, it is interesting to note that 
resveratrol and luteolin were poorly 
represented in bee pollen phenolic profile. 
Resveratrol was found in Brassica sp. and 
Papaver sp. pollen type and luteolin was 
identified in high amount in Papaver sp. bee 
pollen. Sun L. et al. reported also the presence 
of resveratrol in different Brassica sp. bee 
pollen fractions (Sun et al., 2017) and in 
methanol extract of Papaver rhoeas bee pollen 
from Korea was confirmed the presence of 
luteolin (Lee et al., 2016). 
 
CONCLUSIONS 
 
All the above results indicate that most of 
monofloral Romanian bee pollen differs from 
pollen to other world regions. After both 
antioxidant evaluation system applied, the most 
effective pollen extracts were Brassica sp. 
followed by Prunus sp. and Papaver sp. This is 
the first Romanian report quantifying phenolic 
compounds from bee pollen by capillary zone 
electrophoresis. Fifteen phenolic compounds 
and their derivatives, such as pinostrobin, 
acacetin, chrysin, rutin and quercetin were 
identified in Romanian bee pollen samples. 
Pinostrobin and chrysin were the most common 
compounds present in pollen samples. 
The present study outcome will be useful to 
establish a national standard for different types 
of bee pollen as a regulatory way to sustain 
nutritional and medical applications of bee 
pollen. 
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Abstract 
 
In February 2020, the nematode Philometroides sanguineus was detected in Carassius gibelio collected from Razim 
Lake and sold for human consumption at a fish market in Bucharest. Along with a parasitological examination, 
biometric information for the sample of Prussian carp was recorded. The features of philometrid adult females on their 
host were compared with similar studies. The size, body color, location site of attachment and seasonality of parasite 
occurrence were in agreement with previous reports of this nematode species. 
Also, a review of scientific and grey databases concerning species of Philometra Costa, 1845 and Philometroides 
Yamaguti, 1935 genera parasitising ichthyofauna of Romania was made. 
To our knowledge, after the source provided by Cojocaru (2010) this paper highlights for the second time in Romanian 
parasitological literature the use of scientific name Philometroides sanguineus. However, the adopted synonyms and 
the site of infection recorded by other authors suggest an earlier presence of this helminth species in gibel (Prussian) 
and crucian carps from various freshwater resources of Romania. 
 
Key words: Carassius gibelio, distribution, fish market, nematode, philometrids. 
 
INTRODUCTION  
 
Philometrids are worldwide nematodes 
parasitising the body cavities, tissues and 
gonads of freshwater, brackish-water and 
marine fishes (Moravec and de Buron, 2013). 
Most species of Philometra Costa, 1845 and 
Philometroides Yamaguti, 1935 genera are 
encountered in Cypriniformes from continental 
waters of Eurasia (Negreiros et al., 2019). 
These parasites are known for their sexual 
dimorphism, with female of larger size 
comparing to the conspecific male (Moravec 
and Justine, 2008). 
Philometroides sanguineus (Rudolphi, 1819) 
sometimes referred to Philometroides 
sanguinea is a parasite typically found on the 
fins of freshwater teleost fish belonging to 
Carassius genus (Schäperclaus, 1992) but 
Scardinius erytrophtalmus was also mentioned 
as host (Andrews and Chubb, 1984).  
Philometroides carassii, Philometra carassii, 
Philometra sanguinea, Filaria sanguinea, 
Ichthyonema sanguineum and Philometra 
trilabiata were synonyms used over time for 
this helminth species, however the valid name 

currently considered is Philometroides 
sanguineus (Moravec, 2004; Quiazon et al., 
2008; Brewster, 2016; https://fauna-eu.org/).  
This worm is transmitted via ingestion of the 
intermediate host, represented by free-living 
parasitized copepods (Pegg et al., 2011). While 
males are present in the body cavity of the fish 
host throughout the year, after fertilization the 
females migrates into the fins being 
increasingly in numbers during autumn and 
winter and by the end of June, left the fins to 
release larvae into the lake waters (Chubb, 
1982).  
P. sanguineus could be highly pathogenic 
causing philometroidosis, a serious disease in 
wild and cultured freshwater carps from Europe 
and Asia, such as crucian (Carassius carassius) 
and Prussian or gibel (C. gibelio) carps, 
especially in juvenile fish (Moravec and de 
Buron, 2013; Williams, 2007).   
Molnar et al. (2006) reported that                     
P. sanguineus leads to fraying of the fin rays, 
while Williams et al. (2012) noticed that the 
presence of gravid female parasite within the 
fins of juvenile hosts led to distortion, 
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displacement of tissues, compression and 
localized degenerative changes. 
In the parasitofauna of Romania, the available 
information on philometrids, their effects and 
distribution is sparse and, to the best of our 
knowledge, only one concrete naming of           
P. sanguineus was made so far (Cojocaru, 
2010).  
One the one hand, the present study aimed to 
review what has already been investigated by 
the specialist literature upon the presence of 
philometrid parasites in Romania, and on the 
other hand to discuss some characteristics of 
Philometroides sanguines and its host 
Carassius gibelio. 
 
MATERIALS AND METHODS 
 
A review of the scientific and grey published 
information was conducted in order to reveal 
the current state of knowledge about the 
philometrid species of Philometra and 
Philometroides genera in Romania. This 
documentation was motivated by gross 
observations of some carps initially purchased 
for food purposes.  
On 26th of February 2020, 40 individuals of 
Carassius gibelio (gibel carp or Prussian carp) 
were bought from a fish market located in 
Bucharest. According to the local seller, 
cyprinids were caught in the Razim (Razelm) 
Lake (44°49′36″N, 28°59′05″E). In lake-
complexes such as Razim-Sinoie from the 
Danube Delta Biosphere Reserve, main fish 
species is C. gibelio, native species in this 
freshwater resource (Năstase et al., 2019). 
Fish specimens were transported directly in the 
laboratory for biometric and parasitological 
analysis. 
Each individual of C. gibelio was measured for 
standard length (SL ± 1 mm) and weighted 
(TW ± 0.01 g). The length-weight relationship 
(LWR) was expressed by using the equation: 
TW = aSLb, where intercept (coefficient a) 
describes the rate of change of weight with 
length and slope of the regression line 
(coefficient b) gives information about 
isometric or allometric growth pattern (Froese, 
2006; Stavrescu-Bedivan et al., 2018). The 
linear regression, allometric type of growth and 
Fulton’s condition factor (K) were computed 
and interpreted according to previous similar 

studies (Karachle and Stergiou, 2012; Nehemia 
et al., 2012; Stavrescu-Bedivan et al., 2015). 
The external body surface of freshly C. gibelio 
specimens was macroscopically examined in 
order to record the presence of ectoparasites 
and their site of infection. The fins of each 
Prussian carp were checked under a binocular 
microscope and the adult nematodes were 
handled using a dissection scissor and tweezers 
(Figure 1). 
The nematode Philometroides sanguineus syn. 
P. sanguinea was identified according to the 
keys of Bauer (1987). 
 
RESULTS AND DISCUSSIONS 
 
Philometroides sanguineus on Carassius 
gibelio in Romania  
Overall, four adult females of Philometroides 
sanguineus measuring between 40 and 42 mm 
were collected from the caudal fins of their 
hosts. For each nematode, the red body color 
and the U-shaped positioning between caudal 
fin rays were registered as common features.  
The size, color, position site of attachment and 
seasonality of parasite occurrence were 
consistent with previous reports of this 
nematode species. 
It is already known that the unfertilised female 
worm of P. sanguineus initially localised on the 
wall of swim bladder where causes little 
damage, after copulation migrates into the fins 
where reaches up to 4 cm or even 5 cm in 
length and has the potential to produce 
substantial tissue damage (Schäperclaus, 1992; 
Pegg et al., 2011).  
Living in the blood vessels, the color of           
P. sanguineus adult females is blood-red, like 
many other haematophagous philometrids 
(Molnar et al., 2006; Moravec and de Buron, 
2013).  
Similar position in U-shape for P. sanguineus 
adult female was found in the caudal fins of 
Carassius carassius from England (Williams et 
al., 2012).  
In this study, the four Prussian carps each 
carrying into the caudal fin a single parasitic 
nematode had a standard length ranging from 
14.4 to 20.9 cm.  
The biometric data for the sample of 40 
Carassius gibelio were registered as: SL (min. 
14.4 - max. 22.1 cm, with a mean of 17.94 cm) 

 
and TW (min. 87.0 - max. 340.0 g, with an 
average of 157.22 g). The linear regression of 
the log-transformed values was calculated as 
Log (TW) = 2.3739 L Log (SL) - 0.7908 (r2 = 
0.798, 95% CL of the parameters a and b); the 
corresponding nonlinear equation was 
calculated as TW = 0.1619 x SL2.3739. Growth 
type for Prussian carp from Razim Lake was 
determined as negative allometric since b < 3, 
and Fulton’s condition factor K had a mean 
value of 2.68 (min. 2.00 - max. 3.90).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Philometroides sanguineus in the caudal fin of 
C. gibelio from Razim Lake 

 
The value of Fulton’s condition index may 
reflect good fitness for Prussian carps but the 
actual poor sample prevents us from 
determining if fishes were well adapted in their 
living environment.  
In addition to philometrids, four adult females 
of Lernaea cyprinacea and also ulcerations 
caused by these crustaceans were noticed on 
the external surface of other carp individuals 
caught from Lake Razim. 
At the time of purchase from the fish market, 
most carps had missing scales, hemorrhages or 

fringed fins. Although neither the anchor worm 
nor Philometroides sanguineus raise transmit-
ssion problems to humans, after recording the 
data, injured fish individuals were not 
recommended for human consumption. 
Moreover, in 2020, P. sanguineus has been 
identified in the caudal fins of some specimens 
of C. gibelio caught by local fishermen in 
freshwater ecosystems from Teleorman 
County: an artificial lake from Baldovinești 
(February 16th) (Figure 2) and Suhaia pond 
(May 14th) (Figure 3) (Nicolae and Stavrescu-
Bedivan, pers. obs.).  
Thus, the time of the year when adult worms 
were found between the bony rays of caudal fin 
was the same mentioned by Williams et al. 
(2012) who detected gravid females of  
P. sanguineus from early September until May, 
in the crucian carp from England. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. P. sanguineus (black arrows) in the caudal fin 
of carps from Baldovinești (photo by Melania Nicolae) 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. P. sanguineus (black arrow) in the caudal fin of 
carps from Suhaia pond (photo by Melania Nicolae) 

 
Philometrid distribution in Romania based 
on the literature overview  
The members of Philometridae family existing 
in the ichthyofauna of Romania are listed in 
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fringed fins. Although neither the anchor worm 
nor Philometroides sanguineus raise transmit-
ssion problems to humans, after recording the 
data, injured fish individuals were not 
recommended for human consumption. 
Moreover, in 2020, P. sanguineus has been 
identified in the caudal fins of some specimens 
of C. gibelio caught by local fishermen in 
freshwater ecosystems from Teleorman 
County: an artificial lake from Baldovinești 
(February 16th) (Figure 2) and Suhaia pond 
(May 14th) (Figure 3) (Nicolae and Stavrescu-
Bedivan, pers. obs.).  
Thus, the time of the year when adult worms 
were found between the bony rays of caudal fin 
was the same mentioned by Williams et al. 
(2012) who detected gravid females of  
P. sanguineus from early September until May, 
in the crucian carp from England. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. P. sanguineus (black arrows) in the caudal fin 
of carps from Baldovinești (photo by Melania Nicolae) 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. P. sanguineus (black arrow) in the caudal fin of 
carps from Suhaia pond (photo by Melania Nicolae) 

 
Philometrid distribution in Romania based 
on the literature overview  
The members of Philometridae family existing 
in the ichthyofauna of Romania are listed in 
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Table 1 in chronological order, by the author 
who first reported the nematode species.  
At the parasitological examination of fish 
stocks from aquatic farms belonging to Iași 
County, Vulpe (2002) mentioned 
Philometroides lusiana on the skin of common 
carp and Philometra carassi on skin and fins of 
Carassius auratus gibelio. 
 

Table 1. Philometrid parasites in Romania - a review 

Species* Host* Author 
Philometroides 

lusiana 
Cyprinus carpio Vulpe 

(2002) 
Philometra carassi Carassius auratus 

gibelio 
Philometra 
abdominalis 

Scardinius 
erythrophthalmus Cojocaru 

(2003) 
 

Philometroides 
lusiana 

Tinca tinca 

Philometroides sp. Carassius carassius Mihalca et 
al. (2008) 

P. lusiana Cyprinus carpio 
carpio 

Radu et al. 
(2008) 

Philometroides 
sanguineus 

Carassius auratus 
gibelio 

Cojocaru 
(2010) 

Philometra cyprini Cyprinus carpio 
Philometra sp. Various marine 

fishes, unspecified 
Radu et al. 

(2013) 
P. sanguineus Carassius gibelio Present 

study 
 as mentioned in original source by author٭
 
Following the investigation of Banat ichthyo-
parasitic fauna, Cojocaru (2003) has found two 
species of philometrids with low-medium 
pathogenicity: Philometra abdominalis in the 
abdominal cavity of Scardinius 
erythrophthalmus from Ghiroda reservoir and 
Philometroides lusiana on the skin of Tinca 
tinca caming from the irrigation channel of 
Giroc-Chișoda.  
Mihalca et al. (2008) have noticed one speci-
men of Philometroides sp. in the caudal fin of a 
juvenile belonging to Carassius carassius from 
a private pond in Cluj-Napoca.  
Radu et al. (2008) registered a single specimen 
of Philometroides lusiana on the tegument of 
common carp (Cyprinus carpio carpio) belon-
ging to Ropșa breed from SCDP Nucet ponds.  
It has been shown that Philometroides lusiana 
is a junior synonym for the valid name 
Phiometroides cyprini (Moravec and Červinka, 
2005). 
In Romania, the first concrete mention of 
Philometroides sanguineus in gibel (Prussian) 
carp can be attributed to Cojocaru (2010) who 
also cited Philometra cyprini in an update 

concerning monitoring of fish parasites in 
Romanian waters between 2000 and 2010.  
Nevertheless, according to the published site of 
infection and the used synonym, it could be 
assumed that in the case of Philometroides 
from Cluj County (Mihalca et al., 2008) and of 
Philometra carassii from Iași County (Vulpe, 
2002) respectively, it was also about the 
presence of Philometroides sanguineus.  
It can be suggested that in Romania, like in 
other European regions where the parasite is 
regarded as non-native, Philometroides 
sanguineus infects both crucian and gibel carps. 
In our country, these cyprinids are regarded as 
native species (Oțel, 2019; 
https://www.fishbase.se/). 
Chubb (1982) reported that nematode P. 
sanguinea was found at C. auratus gibelio and 
C. carassius in USSR fish farms. Furthermore, 
Brewster (2016) mentioned that there is 
evidence of transmission of P. sanguineus from 
goldfish (Carassius auratus) to the crucian 
carp, both fish being native species in UK.  
Concerning other philometrid species, it was 
assumed that the presence of Philometroides 
barbi can be expected in Romania due to the 
distribution area of Barbus meridionalis 
(Moravec et al., 2006). In 2015, it was stipu-
lated that the future threat for Meditteranean 
barbel could be P. barbi that causes high 
mortality in other European freshwater fish 
species, as mentioned in the Management Plan 
of Natura 2000 ROSCI 0062 of Defileul 
Crişului Repede - Pădurea Craiului site 
(http://apmbh.anpm.ro/). 
 
CONCLUSIONS  
 
The scarce data available on parasitism induced 
by philometrid parasites in the ichthyofauna of 
Romania has generated the necessity to initiate 
the present survey. 
Accordingly, it was provided some features of 
host-parasite relationship between Carassius 
gibelio purchased from a fish market in 
Bucharest and the nematode Philometroides 
sanguineus located on its caudal fin. The valid 
name P. sanguineus is mentioned for the 
second time in Romanian literature herein but 
considering the synonyms and the site on 
infections noted by other authors, this species is 
included into specialist publications since 2002. 

 
To date, the occurrence of this philometrid 
worm in C. gibelio and C. carassius could be 
related to freshwater natural and artificial 
ecosystems at least in the following Romanian 
counties: Cluj, Iași, Teleorman, Timiș and 
Tulcea. 
Based on literature sources on philometrid 
parasites, it can be concluded that in Romania 
were published so far three nominal species of 
Philometra genus (P. abdominalis, P. carassi, 
P. cyprini) and two species of Philometroides 
genus (P. lusiana, P. sanguineus). In addition 
to these, Philometroides barbi was mentioned 
as a potential presence taking into account the 
geographic range of the host species.  
Species of Philometra genus were cited in 
cyprinids belonging to both freshwater and 
marine ecosystems. 
These data could represent useful references for 
future outline of an area distribution range map 
for cyprinids and their associated philometrids. 
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Table 1 in chronological order, by the author 
who first reported the nematode species.  
At the parasitological examination of fish 
stocks from aquatic farms belonging to Iași 
County, Vulpe (2002) mentioned 
Philometroides lusiana on the skin of common 
carp and Philometra carassi on skin and fins of 
Carassius auratus gibelio. 
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(2010) 
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Philometra sp. Various marine 

fishes, unspecified 
Radu et al. 

(2013) 
P. sanguineus Carassius gibelio Present 

study 
 as mentioned in original source by author٭
 
Following the investigation of Banat ichthyo-
parasitic fauna, Cojocaru (2003) has found two 
species of philometrids with low-medium 
pathogenicity: Philometra abdominalis in the 
abdominal cavity of Scardinius 
erythrophthalmus from Ghiroda reservoir and 
Philometroides lusiana on the skin of Tinca 
tinca caming from the irrigation channel of 
Giroc-Chișoda.  
Mihalca et al. (2008) have noticed one speci-
men of Philometroides sp. in the caudal fin of a 
juvenile belonging to Carassius carassius from 
a private pond in Cluj-Napoca.  
Radu et al. (2008) registered a single specimen 
of Philometroides lusiana on the tegument of 
common carp (Cyprinus carpio carpio) belon-
ging to Ropșa breed from SCDP Nucet ponds.  
It has been shown that Philometroides lusiana 
is a junior synonym for the valid name 
Phiometroides cyprini (Moravec and Červinka, 
2005). 
In Romania, the first concrete mention of 
Philometroides sanguineus in gibel (Prussian) 
carp can be attributed to Cojocaru (2010) who 
also cited Philometra cyprini in an update 

concerning monitoring of fish parasites in 
Romanian waters between 2000 and 2010.  
Nevertheless, according to the published site of 
infection and the used synonym, it could be 
assumed that in the case of Philometroides 
from Cluj County (Mihalca et al., 2008) and of 
Philometra carassii from Iași County (Vulpe, 
2002) respectively, it was also about the 
presence of Philometroides sanguineus.  
It can be suggested that in Romania, like in 
other European regions where the parasite is 
regarded as non-native, Philometroides 
sanguineus infects both crucian and gibel carps. 
In our country, these cyprinids are regarded as 
native species (Oțel, 2019; 
https://www.fishbase.se/). 
Chubb (1982) reported that nematode P. 
sanguinea was found at C. auratus gibelio and 
C. carassius in USSR fish farms. Furthermore, 
Brewster (2016) mentioned that there is 
evidence of transmission of P. sanguineus from 
goldfish (Carassius auratus) to the crucian 
carp, both fish being native species in UK.  
Concerning other philometrid species, it was 
assumed that the presence of Philometroides 
barbi can be expected in Romania due to the 
distribution area of Barbus meridionalis 
(Moravec et al., 2006). In 2015, it was stipu-
lated that the future threat for Meditteranean 
barbel could be P. barbi that causes high 
mortality in other European freshwater fish 
species, as mentioned in the Management Plan 
of Natura 2000 ROSCI 0062 of Defileul 
Crişului Repede - Pădurea Craiului site 
(http://apmbh.anpm.ro/). 
 
CONCLUSIONS  
 
The scarce data available on parasitism induced 
by philometrid parasites in the ichthyofauna of 
Romania has generated the necessity to initiate 
the present survey. 
Accordingly, it was provided some features of 
host-parasite relationship between Carassius 
gibelio purchased from a fish market in 
Bucharest and the nematode Philometroides 
sanguineus located on its caudal fin. The valid 
name P. sanguineus is mentioned for the 
second time in Romanian literature herein but 
considering the synonyms and the site on 
infections noted by other authors, this species is 
included into specialist publications since 2002. 

 
To date, the occurrence of this philometrid 
worm in C. gibelio and C. carassius could be 
related to freshwater natural and artificial 
ecosystems at least in the following Romanian 
counties: Cluj, Iași, Teleorman, Timiș and 
Tulcea. 
Based on literature sources on philometrid 
parasites, it can be concluded that in Romania 
were published so far three nominal species of 
Philometra genus (P. abdominalis, P. carassi, 
P. cyprini) and two species of Philometroides 
genus (P. lusiana, P. sanguineus). In addition 
to these, Philometroides barbi was mentioned 
as a potential presence taking into account the 
geographic range of the host species.  
Species of Philometra genus were cited in 
cyprinids belonging to both freshwater and 
marine ecosystems. 
These data could represent useful references for 
future outline of an area distribution range map 
for cyprinids and their associated philometrids. 
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Abstract 
 
The Analytic Hierarchy Process (AHP) is a widespread mathematical technique for multi-criteria decision-making 
analyses, deals with the structured hierarchical database models, gathered from interdisciplinary criteria for future 
perspective analyses in the specific sector. Viticulture microzoning and terrain selection for potential vineyards are 
becoming important knowledge for vine farming systems. In this study the AHP method is used to gather, structure and 
resolve the data of variety sorts of vine, evaluate the physical natural resources (climate, soil and relief), socio-
economic and infrastructures conditions to dissolve different environmental problems of vineyards management. GIS 
(Geographical Information Systems) tools allow making multi-criteria analysis and combined various data of vineyards 
for digital complex environmental assessment.  The site selecting for a new vineyard for wine-grape or wine production 
is a fundamental and crucial decision as several factors have influenced on it. 
 
Key words: AHP, vineyards, microzoning, GIS, multi-criteria analysis. 
 
INTRODUCTION 
 
Cultivation is the act of making use of land 
resources to get production for livelihood of 
mankind. Therefore, cultivation involves both 
land characteristics including qualities and 
human attitudes. Social parameter of human 
being determines the need moreover need make 
decision parameter for the type of crop to be 
cultivated in given plot of available land. 
Production from the land is based on the land 
capability and investment input in terms of 
materials and services. Land capability gives 
rough sketch of the land. Separating land area 
for specific use by knowing its capacity to 
support type of crop is land suitability 
classification. So the process of land suitability 
classification is the appraisal and grouping of 
specific areas of land in terms of their 
suitability for a defined use (Giri et al., 2016). 
Viticulture is an important agricultural sector 
with high economical and societal values for 
country like Bulgaria, with a cultivation area 
about 65,000 hectares. Bulgaria has a great 
potential and ability to provide diversity in 
viticulture due to the favourable geographic 
and climatic conditions and soil properties. 
Selection of the vineyard site in consideration 
with the delicate nature of grapes becomes the 
most crucial step for the precision viticulture. 
Determination of suitable lands for the 

viticulture and utilization of them for grape 
cultivation purposes have a direct effect on the 
yield and the quality of the products (Ugur et 
al., 2019). Most of the European Union (EU) 
member countries employed their own national 
viticulture information systems in order to 
gather the information related to grapevine 
production potential since the EU request 
production estimations from the member 
countries (Rodriguez-Perez et al., 2008). 
Developments in satellite technology in 
conjunction with the new image analysis 
techniques enabled faster and easier 
information extraction related to Earth surface 
and also unlocked the ability to demonstrate the 
current land use/cover (LULC) status with use 
of up-to-date satellite images (Ugur et al., 
2019). Precision viticulture uses the remote 
sensing technology for mapping several 
characteristics of the vineyard areas. Analysis 
of high-resolution satellite images gives highly 
precise maps of land use/cover (Giri et al., 
2016). 
Different studies reported the efficient use of 
satellite images in agricultural applications 
such as determining vineyards and other 
permanent or annual crops (Alganci et al., 
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Abstract 
 
The Analytic Hierarchy Process (AHP) is a widespread mathematical technique for multi-criteria decision-making 
analyses, deals with the structured hierarchical database models, gathered from interdisciplinary criteria for future 
perspective analyses in the specific sector. Viticulture microzoning and terrain selection for potential vineyards are 
becoming important knowledge for vine farming systems. In this study the AHP method is used to gather, structure and 
resolve the data of variety sorts of vine, evaluate the physical natural resources (climate, soil and relief), socio-
economic and infrastructures conditions to dissolve different environmental problems of vineyards management. GIS 
(Geographical Information Systems) tools allow making multi-criteria analysis and combined various data of vineyards 
for digital complex environmental assessment.  The site selecting for a new vineyard for wine-grape or wine production 
is a fundamental and crucial decision as several factors have influenced on it. 
 
Key words: AHP, vineyards, microzoning, GIS, multi-criteria analysis. 
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being determines the need moreover need make 
decision parameter for the type of crop to be 
cultivated in given plot of available land. 
Production from the land is based on the land 
capability and investment input in terms of 
materials and services. Land capability gives 
rough sketch of the land. Separating land area 
for specific use by knowing its capacity to 
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classification. So the process of land suitability 
classification is the appraisal and grouping of 
specific areas of land in terms of their 
suitability for a defined use (Giri et al., 2016). 
Viticulture is an important agricultural sector 
with high economical and societal values for 
country like Bulgaria, with a cultivation area 
about 65,000 hectares. Bulgaria has a great 
potential and ability to provide diversity in 
viticulture due to the favourable geographic 
and climatic conditions and soil properties. 
Selection of the vineyard site in consideration 
with the delicate nature of grapes becomes the 
most crucial step for the precision viticulture. 
Determination of suitable lands for the 

viticulture and utilization of them for grape 
cultivation purposes have a direct effect on the 
yield and the quality of the products (Ugur et 
al., 2019). Most of the European Union (EU) 
member countries employed their own national 
viticulture information systems in order to 
gather the information related to grapevine 
production potential since the EU request 
production estimations from the member 
countries (Rodriguez-Perez et al., 2008). 
Developments in satellite technology in 
conjunction with the new image analysis 
techniques enabled faster and easier 
information extraction related to Earth surface 
and also unlocked the ability to demonstrate the 
current land use/cover (LULC) status with use 
of up-to-date satellite images (Ugur et al., 
2019). Precision viticulture uses the remote 
sensing technology for mapping several 
characteristics of the vineyard areas. Analysis 
of high-resolution satellite images gives highly 
precise maps of land use/cover (Giri et al., 
2016). 
Different studies reported the efficient use of 
satellite images in agricultural applications 
such as determining vineyards and other 
permanent or annual crops (Alganci et al., 
2013; Sertel and Yay, 2014). Apart from 
distinguishing vineyards from other land 
use/cover classes, remote sensing technologies 
also serves precision viticulture as a data source 
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to map many characteristics of the vineyard 
areas. Productivity of a vineyard depends on 
different biophysical/chemical characteristics 
of both the environment and the vineyards, 
therefore monitoring of these parameters is 
essential in vineyard management. The spectral 
and geospatial information derived from 
remotely sensed images are used to identify the 
grape varieties, to determine their spatial 
distribution and to monitor the crop condition 
(Hall et al., 2002; Bramley et al., 2011). 
Additionally, remote sensing technology has 
been successfully applied for assessing 
vineyard conditions with vegetation indices, 
estimating harvest and yield and early detection 
of distress (Gill-Perez et al., 2010; Meggio et 
al., 2010; Font et al., 2015). 
The proposed spatial information system for 
site selection and vineyard management, its 
structure and functions, need to recognise and 
support the complex parallel processes and 
needs of grape growth, management, 
information flow, analyses and decisions (Smit, 
2002). It will enable compilation of important 
information to spatially, and temporally, 
analyse and present information for decision 
purposes (Star et al., 1997). Analysis enables 
selection of sites, and decisions on how to use 
the sites, using optimum combinations of 
factors to achieve best desired results and 
minimising costs and risks - such as analyses of 
suitable combinations of vine performance, 
wine qualities and the vineyard environment, as 
managed by the strategic viticulture practices 
(Smit, 2002). 
The objective of this paper is to present, 
discuss, and apply the principles and techniques 
of the analytic hierarchy process (AHP) in the 
prioritization and selection of suitable vineyard 
locations. AHP is one of the main mathematical 
models currently available to support the 
decision theory. AHP was developed in the 
1970s by Thomas L. Saaty and has since been 
extensively studied, and is currently used in 
decision making for complex scenarios, where 
people work together to make decisions when 
human perceptions, judgments, and 
consequences have long-term repercussions 
(Bhushan and Rai, 2004). This method has 
been attracting the interest of many researchers, 
mainly due to the mathematical features of the 
method and the fact that data entry is fairly 

simple to be produced (Triantaphyllou and 
Mann, 1995). Its simplicity is characterized by 
the pair-wise comparison of the alternatives 
according to specific criteria (Vargas, 1990). 
Another important aspect is the quality of the 
evaluations made by the decision makers 
(Coyle, 2004). For a decision to be the most 
adequate possible, it must be consistent and 
coherent with organizational results. When 
looking into how organizations decide over 
which action to execute, we notice a constant 
desire to have clear, objective, and 
mathematical criteria (Haas et al., 2005). 
However, decision making is, in its totality, a 
cognitive and mental process derived from the 
most possible adequate selection based on 
tangible and intangible criteria (Saaty, 2009), 
which are arbitrarily chosen by those who make 
the decisions. 
Determination of the suitable vineyard areas 
can be performed with the integrated spatial 
analysis of satellite images, meteorological, soil 
and topographic data in a Geographical 
Information System (GIS) environment. 
Topography (slope, aspect and elevation), 
meteorological conditions and soil type have 
considerable impacts on grapevine production. 
So these parameters should be taken into 
account when deciding the most appropriate 
areas for viticulture practice in various 
Bulgarian regions. Therefore, applying a GIS 
based decision rule, which integrates different 
spatial data into decision-making procedure, is 
a common approach for viticulture site 
selections (Rikalovic et al., 2014; Star et al., 
1997). 
However, GIS is limited to certain analysis 
with simple spatial content and can be more 
successful in managing variety of spatial and 
semantic data in combination with spatial 
multi-criteria analysis (SMCA) (Voogd, 1983). 
The SMCA enables a more complex 
investigation by considering multiple 
conflicting criteria and their effects on the 
desired results (Carver, 1991). This method has 
been used successfully for various 
environmental decision-making applications 
and many review works conducted to evaluate 
these studies (Malczewski, 2006; Huang et al., 
2011; Seker and Yucel, 2017). 
Previous researches used the SMCA to address 
the several environmental issues which can be 

 

categorized under waste, water, air, energy, and 
natural resources management/quality 
applications (Huang et al., 2011). Aliyu and 
Ludin (2015) asserted in their review work that 
SCMA is one of the best structures for analysis 
of environmental problems and sustainability 
evaluations. However, there are few researches 
related to analysis of sustainability and 
suitability for vineyards using the SMCA. 
Irimia et al. assessed the climatic suitability of 
three wine-growing regions in Romania using 
the GIS based multi-criteria analysis and their 
results provided that only one of the regions is 
suitable for high quality red wines (Irimia et al. 
2013). Kumara and Sendanayake proposed a 
GIS based multicriteria analysis for exploring 
the potential vineyard sites in tropics (Kumara 
and Sendanayake, 2016). Dragincic et al. used 
a reverse approach to determine the most 
suitable grape variety for organic viticulture 
using group multicriteria decision making 
(Dragincic et al., 2015). The multi-criteria 
programming made through the use of the 
analytic hierarchy process is a technique for 
decision making in complex environments in 
which many variables or criteria are considered 
in the prioritization and selection of alternatives 
or projects. This paper also discusses the 
importance and some possible criteria for 
prioritizing the vineyards cultivation factors, it 
demonstrates AHP in a step-by-step manner 
accordingly to the viticulture in Bulgaria, 
where the resulting priorities are shown and the 
possible inconsistencies are determined. 
 
MATERIALS AND METHODS 
 
Many criteria will be involved in the vineyards 
site selection analyses and decisions. Spatial 
information systems are appropriate for this 
research because the used criteria’s can be 
represented spatially as layers of geographic 
data, aggregating and assessing combinations 
of criteria’s by different weightings to the 
various factors and applying priorities to them. 
The result will be able to produce a set of 
potential vineyards sites using Multi-Criteria 
Evaluation (MCE) (Malczewski, 1999), ranked 
according to their best fit conditions to the 
multiple criteria’s and theat tribute ranges 
required. The Analytic Hierarchy Process 
(AHP) is a well-known multi-criteria decision-

making method, proposed by Saaty in 1980 
(Saaty, 1980; 1996; 2001). According to the 
author, the method provides a theory of relative 
measurement of intangible criteria for decision 
analysis.  
The Analytic Hierarchy Process consists of the 
decomposition of the decision problem into 
simpler components or levels and the definition 
of a hierarchy framework by pair wise 
comparison between the levels. The key 
element, of the method, is the pair wise 
comparison of the components at each level of 
the hierarchical structure, namely the criteria 
and sub-criteria of the alternative scenarios, 
which affect the problem. For this purpose 
comparison matrices are structured for the 
comparison of the elements of a level of the 
hierarchy with the elements of the next higher 
level and so. The top level of the hierarchy is 
the goal of the decision problem. The next level 
consists of the tangible and intangible criteria 
and sub-criteria used to assess the alternatives, 
which in turn, form the bottom level of the 
hierarchy. 
AHP uses pairwise comparisons to assign 
weights to the individual elements of each 
level, by measuring their relative importance 
using Saaty´s 1-9 scale (Table 1), and then 
calculates the overall priority for the 
alternatives of the decision process (Saaty, 
2005; 2008). The method also calculates a 
consistency ratio associated with each matrix of 
pairwise comparisons to verify the consistency 
of the calculated values. The mathematical 
foundations of the method can be found in 
Saaty (1994; 1996). 
The decision-making process can be presented 
by the following steps: 
➢ Structuring the problem into ahierarchy. 
❖ Defining the overall goal of the decision 

problem. 
❖ Defining the decision criteria in the form of 

a hierarchy by identifying the main criteria 
and the sub-criteria under each main 
criterion. In this way each main criterion can 
be analyzed in detail considering the 
respective contribution of each sub-criterion. 

❖ Defining the decision alternatives. The 
process for the identification of the 
alternatives varies depending on the type of 
decision problem. 
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to map many characteristics of the vineyard 
areas. Productivity of a vineyard depends on 
different biophysical/chemical characteristics 
of both the environment and the vineyards, 
therefore monitoring of these parameters is 
essential in vineyard management. The spectral 
and geospatial information derived from 
remotely sensed images are used to identify the 
grape varieties, to determine their spatial 
distribution and to monitor the crop condition 
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been successfully applied for assessing 
vineyard conditions with vegetation indices, 
estimating harvest and yield and early detection 
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The proposed spatial information system for 
site selection and vineyard management, its 
structure and functions, need to recognise and 
support the complex parallel processes and 
needs of grape growth, management, 
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2002). It will enable compilation of important 
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analyse and present information for decision 
purposes (Star et al., 1997). Analysis enables 
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the sites, using optimum combinations of 
factors to achieve best desired results and 
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suitable combinations of vine performance, 
wine qualities and the vineyard environment, as 
managed by the strategic viticulture practices 
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The objective of this paper is to present, 
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of the analytic hierarchy process (AHP) in the 
prioritization and selection of suitable vineyard 
locations. AHP is one of the main mathematical 
models currently available to support the 
decision theory. AHP was developed in the 
1970s by Thomas L. Saaty and has since been 
extensively studied, and is currently used in 
decision making for complex scenarios, where 
people work together to make decisions when 
human perceptions, judgments, and 
consequences have long-term repercussions 
(Bhushan and Rai, 2004). This method has 
been attracting the interest of many researchers, 
mainly due to the mathematical features of the 
method and the fact that data entry is fairly 

simple to be produced (Triantaphyllou and 
Mann, 1995). Its simplicity is characterized by 
the pair-wise comparison of the alternatives 
according to specific criteria (Vargas, 1990). 
Another important aspect is the quality of the 
evaluations made by the decision makers 
(Coyle, 2004). For a decision to be the most 
adequate possible, it must be consistent and 
coherent with organizational results. When 
looking into how organizations decide over 
which action to execute, we notice a constant 
desire to have clear, objective, and 
mathematical criteria (Haas et al., 2005). 
However, decision making is, in its totality, a 
cognitive and mental process derived from the 
most possible adequate selection based on 
tangible and intangible criteria (Saaty, 2009), 
which are arbitrarily chosen by those who make 
the decisions. 
Determination of the suitable vineyard areas 
can be performed with the integrated spatial 
analysis of satellite images, meteorological, soil 
and topographic data in a Geographical 
Information System (GIS) environment. 
Topography (slope, aspect and elevation), 
meteorological conditions and soil type have 
considerable impacts on grapevine production. 
So these parameters should be taken into 
account when deciding the most appropriate 
areas for viticulture practice in various 
Bulgarian regions. Therefore, applying a GIS 
based decision rule, which integrates different 
spatial data into decision-making procedure, is 
a common approach for viticulture site 
selections (Rikalovic et al., 2014; Star et al., 
1997). 
However, GIS is limited to certain analysis 
with simple spatial content and can be more 
successful in managing variety of spatial and 
semantic data in combination with spatial 
multi-criteria analysis (SMCA) (Voogd, 1983). 
The SMCA enables a more complex 
investigation by considering multiple 
conflicting criteria and their effects on the 
desired results (Carver, 1991). This method has 
been used successfully for various 
environmental decision-making applications 
and many review works conducted to evaluate 
these studies (Malczewski, 2006; Huang et al., 
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Previous researches used the SMCA to address 
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Ludin (2015) asserted in their review work that 
SCMA is one of the best structures for analysis 
of environmental problems and sustainability 
evaluations. However, there are few researches 
related to analysis of sustainability and 
suitability for vineyards using the SMCA. 
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three wine-growing regions in Romania using 
the GIS based multi-criteria analysis and their 
results provided that only one of the regions is 
suitable for high quality red wines (Irimia et al. 
2013). Kumara and Sendanayake proposed a 
GIS based multicriteria analysis for exploring 
the potential vineyard sites in tropics (Kumara 
and Sendanayake, 2016). Dragincic et al. used 
a reverse approach to determine the most 
suitable grape variety for organic viticulture 
using group multicriteria decision making 
(Dragincic et al., 2015). The multi-criteria 
programming made through the use of the 
analytic hierarchy process is a technique for 
decision making in complex environments in 
which many variables or criteria are considered 
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or projects. This paper also discusses the 
importance and some possible criteria for 
prioritizing the vineyards cultivation factors, it 
demonstrates AHP in a step-by-step manner 
accordingly to the viticulture in Bulgaria, 
where the resulting priorities are shown and the 
possible inconsistencies are determined. 
 
MATERIALS AND METHODS 
 
Many criteria will be involved in the vineyards 
site selection analyses and decisions. Spatial 
information systems are appropriate for this 
research because the used criteria’s can be 
represented spatially as layers of geographic 
data, aggregating and assessing combinations 
of criteria’s by different weightings to the 
various factors and applying priorities to them. 
The result will be able to produce a set of 
potential vineyards sites using Multi-Criteria 
Evaluation (MCE) (Malczewski, 1999), ranked 
according to their best fit conditions to the 
multiple criteria’s and theat tribute ranges 
required. The Analytic Hierarchy Process 
(AHP) is a well-known multi-criteria decision-

making method, proposed by Saaty in 1980 
(Saaty, 1980; 1996; 2001). According to the 
author, the method provides a theory of relative 
measurement of intangible criteria for decision 
analysis.  
The Analytic Hierarchy Process consists of the 
decomposition of the decision problem into 
simpler components or levels and the definition 
of a hierarchy framework by pair wise 
comparison between the levels. The key 
element, of the method, is the pair wise 
comparison of the components at each level of 
the hierarchical structure, namely the criteria 
and sub-criteria of the alternative scenarios, 
which affect the problem. For this purpose 
comparison matrices are structured for the 
comparison of the elements of a level of the 
hierarchy with the elements of the next higher 
level and so. The top level of the hierarchy is 
the goal of the decision problem. The next level 
consists of the tangible and intangible criteria 
and sub-criteria used to assess the alternatives, 
which in turn, form the bottom level of the 
hierarchy. 
AHP uses pairwise comparisons to assign 
weights to the individual elements of each 
level, by measuring their relative importance 
using Saaty´s 1-9 scale (Table 1), and then 
calculates the overall priority for the 
alternatives of the decision process (Saaty, 
2005; 2008). The method also calculates a 
consistency ratio associated with each matrix of 
pairwise comparisons to verify the consistency 
of the calculated values. The mathematical 
foundations of the method can be found in 
Saaty (1994; 1996). 
The decision-making process can be presented 
by the following steps: 
➢ Structuring the problem into ahierarchy. 
❖ Defining the overall goal of the decision 
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❖ Defining the decision criteria in the form of 

a hierarchy by identifying the main criteria 
and the sub-criteria under each main 
criterion. In this way each main criterion can 
be analyzed in detail considering the 
respective contribution of each sub-criterion. 

❖ Defining the decision alternatives. The 
process for the identification of the 
alternatives varies depending on the type of 
decision problem. 
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➢  Criteria prioritization. At this stage the local 
weights of the criteria are calculated by 
pairwise comparison among the criteria of 
each level and then the global weights are 
obtained. 

➢ Prioritization of alternatives. The priorities 
of the alternatives are obtained for each 
criterion. 

➢ Setting overall priorities associated with 
each alternative. At this stage, the global 
priorities of each alternative are aggregated 
to yield the overall priority of an alternative 
for a certain criterion. 

The comparison between two elements using 
AHP can be done in different ways 
(Triantaphyllou and Mann, 1995). However, 
the relative importance scale between two 
alternatives as suggested by Saaty (Saaty, 
2005) is the most widely used. Attributing 
values that vary from 1 to 9, the scale 
determines the relative importance of an 
alternative when compared with another 
alternative (Table 1). 
 

Table 1. Saaty's Scale of Relative Importance (Saaty, 
2005) 

Scale of 
importance  Definition Reciprocal 

1 Equal importance 1 
2 Equal to moderate importance 1/2 
3 Moderate importance 1/3 
4 Moderate to strong importance 1/4 
5 Strong importance 1/5 
6 Strong to very strong importance 1/6 
7 Very strong importance 1/7 
8 Very to extremely strong importance 1/8 
9 Extreme importance 1/9 

 
A criteria weight, is defined through several 
means and indeed based on the researchers 
experiences in the field, through deep literature 
view and field survey conducted among 
farmers, vineyard managers and decision 
makers of the supply chain. Analytical 
hierarchy process (AHP) that compares the 
criteria as a pair and assigns scores from 1/9 (as 
extremely less important factor) to 9 (as 
extremely more important factor) considering 
how strong or weak the relationship between 
the pair of factors (Table 1) (Saaty, 1977). It is 
common to always use odd numbers from the 
table above to make sure there is a reasonable 
distinction among the measurement points. The 
use of even numbers should only be adopted if 
there is a need for negotiation between the 

evaluators. When a natural consensus cannot be 
reached, it raises the need to determine a 
middle point as the negotiated solution 
(compromise) (Saaty, 1980). The data input in 
comparison matrices, which represent the 
expression of preferences of the decision 
makers, resulting from the fundamental scale of 
Saaty, which is a qualitative scale that includes 
values from 1 to 9. These values are used by 
the decision makers for the purpose of 
benchmarking as equal (1), moderately strong 
(3), strong (5), very strong (7) and very strong 
(9) importance. Based on the scale preferences 
Saaty, all possible gradations of preference is P 
= {1, 2, 3, 4, 5, 6, 7, 8, 9, 1/2.1 / 3.1 / 4.1 / 5.1 / 
6.1 / 7.1 / 8.1 / 9}. Consequently, the scale 
proposed by Saaty, is a mathematical 
approximation of preferences and the 
importance of the criteria and alternative 
scenarios, attributed the decision makers. 
Nevertheless, in case that there is a precise 
measurement with respect to the preference of a 
criterion or alternative scenario over another, it 
is possible to use the exact measurement 
(Saaty, 1987; 1990; Karimi et al., 2011; Bottero 
et al., 2011). To ensure consistency in the pair 
wise comparisons, during AHP analysis, the 
calculation of the consistency ratio (CR) is 
essential to take place in order to evaluate any 
discrepancies in matrices of pair wise 
comparisons that should lead the decision 
makers to revise their initial estimates. AHP 
method is to set priorities among the criteria, 
and then for each criterion, among the different 
alternatives responding to paired comparisons 
as defined in the method. For each pairwise 
comparison matrix we verified that the 
consistency index was acceptable, i.e. less than 
0.1 (Saaty, 1994). According to the literature, 
any pair wise comparison matrix is considered 
to be consistent and hence acceptable when CR 
is less than 10% (Ozdemir, 2005). In addition 
to that, a sensitivity analysis on the AHP 
weights is unfolded to show the impact of 
varying weights to the final outcome (Georgiou 
et al., 2012). 
The production of wine grapes is a complex 
process of analyses, expert understandings, 
decisions and management determined by 
natural and managed factors, and dependent on 
the characteristics of the vineyard site. The 
suitability of the site depends on how well it 

 

has been assessed, selected and developed. 
These processes scan be supported by an 
information system that integrates appropriate 
factors and data, particularly using spatial 
relationships as the key - a system with data 
management, analytical, decision support, and 
interfaces functions. The modular system 
proposed above combines these functions, with 
the intention of providing a comprehensive 
practical system for its users (Smit, 2002). 
 
RESULTS AND DISCUSSIONS 
 
The production of high-quality wine is a 
complex process that depends on many factors, 
such as type of soil, climate, the characteristics 
of the vineyard, socio-economic and 
infrastructure components. When an investor 
wants to invest money in the production of 
high-quality wine actions have to be focused on 
a complex decision-making systems 
(Arnaudova et al., 2010). The present work 
addresses the problem of vineyard selection to 
produce high-quality wine using the Analytic 
Hierarchy Process (AHP) in the Bulgarian 
regions. 
Viticulture is a particularly intense form of 
agriculture, producing high value grape crops 
from specific areas of land. Results are 
dependent on the location of the vineyard and 
associated factors, and the management inputs 
and controls. This is site specific knowledge of 
the spatial and variable contributes to the 
success of the profitable resulting product. 
Seasonal variations and events also affect the 
results so temporal factors must also be 
understood and managed. And, economic and 
other operational successes depend on the scale 
and degree of detail of the vineyard 
management processes (Smit, 2002). 
Although the grapevine can grow in many 
places, its successful cultivation for quality 
wine production is limited to sites where 
specific characteristics and conditions occur 
and the necessary management practices can be 
achieved. The main factors affecting vines, 
their development and annual cycle of growth, 
and the coproduced each year include: Physical 
Environment- landform, altitude, slope, aspect, 
soils, nutrients, water and drainage, erosion and 
urbanization risk, climate, heat summations, 
season al variations, longer term cycles and 

fluctuations, weather and hazards, and 
Viticulture and Vineyard Management- 
selection of sites, design and layout of 
vineyards, varieties and rootstocks, 
infrastructures and services such as irrigation, 
road network, capital investment, 
mechanization, transportation of the product 
and another parameters (Smit, 2002; 
Arnaudova, 2008; Wolf et al., 2003; Baniya, 
2008). Multifunctional structure can be used for 
analyses of viticulture factors, for decision 
support, and for identification of suitable sites 
for vineyard establishment. It will provide the 
main visual interfaces for the proposed system. 
The purpose of this module is to enable an 
evaluation process, of the potential sites that 
meet particular suitability criteria, leading to a 
site selection (Kirkby et al., 1996). It will 
include multi-criteria evaluation to support a 
complex decision process, and multi-objective 
evaluation to meet several defined business 
objectives, that may be complementary or 
conflicting (Malczewski, 1999; Voogd,1983). 
Using a series of spatially referenced layers of 
information, analysing, merging and joining, 
areas of suitability can be derived, based on 
selected criteria, in order of significance. 
Unsuitable area scan be eliminated, and sites 
with potential can be classified, prioritised or 
ranked. First choices can be analysed in more 
detail, from more specific detailed information, 
in stages of an iterative process of analysis and 
decision (Kirkby et al., 1996). Determination of 
the suitable lands for vineyard plantation 
basically consists of two important steps. The 
first step is to determine the crucial parameters 
that should be involved in analysis and the 
second step is to apply a suitable weighting 
method for these parameters. These two steps 
can be performed simultaneously with a multi-
criteria decision-making strategy (Sertel et al., 
2011). Weightings can be applied to 
criteria/factors, some more important than 
others, or ‘tradeable’ factors, with comparative 
weightings between them, to set their 
empirical, ordinal or relative importance. This 
will help establish suitability thresholds for site 
selection, sites that are included or rejected, or 
to prioritise/rank the suitability of sites 
(Hossain et al., 2007). 
The methodologies developed and use two 
objectives: evaluation of viticulture potential 
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➢  Criteria prioritization. At this stage the local 
weights of the criteria are calculated by 
pairwise comparison among the criteria of 
each level and then the global weights are 
obtained. 

➢ Prioritization of alternatives. The priorities 
of the alternatives are obtained for each 
criterion. 

➢ Setting overall priorities associated with 
each alternative. At this stage, the global 
priorities of each alternative are aggregated 
to yield the overall priority of an alternative 
for a certain criterion. 

The comparison between two elements using 
AHP can be done in different ways 
(Triantaphyllou and Mann, 1995). However, 
the relative importance scale between two 
alternatives as suggested by Saaty (Saaty, 
2005) is the most widely used. Attributing 
values that vary from 1 to 9, the scale 
determines the relative importance of an 
alternative when compared with another 
alternative (Table 1). 
 

Table 1. Saaty's Scale of Relative Importance (Saaty, 
2005) 

Scale of 
importance  Definition Reciprocal 

1 Equal importance 1 
2 Equal to moderate importance 1/2 
3 Moderate importance 1/3 
4 Moderate to strong importance 1/4 
5 Strong importance 1/5 
6 Strong to very strong importance 1/6 
7 Very strong importance 1/7 
8 Very to extremely strong importance 1/8 
9 Extreme importance 1/9 

 
A criteria weight, is defined through several 
means and indeed based on the researchers 
experiences in the field, through deep literature 
view and field survey conducted among 
farmers, vineyard managers and decision 
makers of the supply chain. Analytical 
hierarchy process (AHP) that compares the 
criteria as a pair and assigns scores from 1/9 (as 
extremely less important factor) to 9 (as 
extremely more important factor) considering 
how strong or weak the relationship between 
the pair of factors (Table 1) (Saaty, 1977). It is 
common to always use odd numbers from the 
table above to make sure there is a reasonable 
distinction among the measurement points. The 
use of even numbers should only be adopted if 
there is a need for negotiation between the 

evaluators. When a natural consensus cannot be 
reached, it raises the need to determine a 
middle point as the negotiated solution 
(compromise) (Saaty, 1980). The data input in 
comparison matrices, which represent the 
expression of preferences of the decision 
makers, resulting from the fundamental scale of 
Saaty, which is a qualitative scale that includes 
values from 1 to 9. These values are used by 
the decision makers for the purpose of 
benchmarking as equal (1), moderately strong 
(3), strong (5), very strong (7) and very strong 
(9) importance. Based on the scale preferences 
Saaty, all possible gradations of preference is P 
= {1, 2, 3, 4, 5, 6, 7, 8, 9, 1/2.1 / 3.1 / 4.1 / 5.1 / 
6.1 / 7.1 / 8.1 / 9}. Consequently, the scale 
proposed by Saaty, is a mathematical 
approximation of preferences and the 
importance of the criteria and alternative 
scenarios, attributed the decision makers. 
Nevertheless, in case that there is a precise 
measurement with respect to the preference of a 
criterion or alternative scenario over another, it 
is possible to use the exact measurement 
(Saaty, 1987; 1990; Karimi et al., 2011; Bottero 
et al., 2011). To ensure consistency in the pair 
wise comparisons, during AHP analysis, the 
calculation of the consistency ratio (CR) is 
essential to take place in order to evaluate any 
discrepancies in matrices of pair wise 
comparisons that should lead the decision 
makers to revise their initial estimates. AHP 
method is to set priorities among the criteria, 
and then for each criterion, among the different 
alternatives responding to paired comparisons 
as defined in the method. For each pairwise 
comparison matrix we verified that the 
consistency index was acceptable, i.e. less than 
0.1 (Saaty, 1994). According to the literature, 
any pair wise comparison matrix is considered 
to be consistent and hence acceptable when CR 
is less than 10% (Ozdemir, 2005). In addition 
to that, a sensitivity analysis on the AHP 
weights is unfolded to show the impact of 
varying weights to the final outcome (Georgiou 
et al., 2012). 
The production of wine grapes is a complex 
process of analyses, expert understandings, 
decisions and management determined by 
natural and managed factors, and dependent on 
the characteristics of the vineyard site. The 
suitability of the site depends on how well it 

 

has been assessed, selected and developed. 
These processes scan be supported by an 
information system that integrates appropriate 
factors and data, particularly using spatial 
relationships as the key - a system with data 
management, analytical, decision support, and 
interfaces functions. The modular system 
proposed above combines these functions, with 
the intention of providing a comprehensive 
practical system for its users (Smit, 2002). 
 
RESULTS AND DISCUSSIONS 
 
The production of high-quality wine is a 
complex process that depends on many factors, 
such as type of soil, climate, the characteristics 
of the vineyard, socio-economic and 
infrastructure components. When an investor 
wants to invest money in the production of 
high-quality wine actions have to be focused on 
a complex decision-making systems 
(Arnaudova et al., 2010). The present work 
addresses the problem of vineyard selection to 
produce high-quality wine using the Analytic 
Hierarchy Process (AHP) in the Bulgarian 
regions. 
Viticulture is a particularly intense form of 
agriculture, producing high value grape crops 
from specific areas of land. Results are 
dependent on the location of the vineyard and 
associated factors, and the management inputs 
and controls. This is site specific knowledge of 
the spatial and variable contributes to the 
success of the profitable resulting product. 
Seasonal variations and events also affect the 
results so temporal factors must also be 
understood and managed. And, economic and 
other operational successes depend on the scale 
and degree of detail of the vineyard 
management processes (Smit, 2002). 
Although the grapevine can grow in many 
places, its successful cultivation for quality 
wine production is limited to sites where 
specific characteristics and conditions occur 
and the necessary management practices can be 
achieved. The main factors affecting vines, 
their development and annual cycle of growth, 
and the coproduced each year include: Physical 
Environment- landform, altitude, slope, aspect, 
soils, nutrients, water and drainage, erosion and 
urbanization risk, climate, heat summations, 
season al variations, longer term cycles and 

fluctuations, weather and hazards, and 
Viticulture and Vineyard Management- 
selection of sites, design and layout of 
vineyards, varieties and rootstocks, 
infrastructures and services such as irrigation, 
road network, capital investment, 
mechanization, transportation of the product 
and another parameters (Smit, 2002; 
Arnaudova, 2008; Wolf et al., 2003; Baniya, 
2008). Multifunctional structure can be used for 
analyses of viticulture factors, for decision 
support, and for identification of suitable sites 
for vineyard establishment. It will provide the 
main visual interfaces for the proposed system. 
The purpose of this module is to enable an 
evaluation process, of the potential sites that 
meet particular suitability criteria, leading to a 
site selection (Kirkby et al., 1996). It will 
include multi-criteria evaluation to support a 
complex decision process, and multi-objective 
evaluation to meet several defined business 
objectives, that may be complementary or 
conflicting (Malczewski, 1999; Voogd,1983). 
Using a series of spatially referenced layers of 
information, analysing, merging and joining, 
areas of suitability can be derived, based on 
selected criteria, in order of significance. 
Unsuitable area scan be eliminated, and sites 
with potential can be classified, prioritised or 
ranked. First choices can be analysed in more 
detail, from more specific detailed information, 
in stages of an iterative process of analysis and 
decision (Kirkby et al., 1996). Determination of 
the suitable lands for vineyard plantation 
basically consists of two important steps. The 
first step is to determine the crucial parameters 
that should be involved in analysis and the 
second step is to apply a suitable weighting 
method for these parameters. These two steps 
can be performed simultaneously with a multi-
criteria decision-making strategy (Sertel et al., 
2011). Weightings can be applied to 
criteria/factors, some more important than 
others, or ‘tradeable’ factors, with comparative 
weightings between them, to set their 
empirical, ordinal or relative importance. This 
will help establish suitability thresholds for site 
selection, sites that are included or rejected, or 
to prioritise/rank the suitability of sites 
(Hossain et al., 2007). 
The methodologies developed and use two 
objectives: evaluation of viticulture potential 
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and the proposal of suitable sites based on 
dominant observations of results (Baniya, 
2008). The whole physical/natural analysis can 
be presented by some steps or modules. The 
first module is development of indicators. 
Indicators represent mainly the climate and 
extend to soil, topography and land cover. The 
information presents key indicators and their 
meaning to the vineyard natural establishment, 
management and zoning. Data collection and 
databases development about natural main 
characteristics (climatic, soil, topography, land 
cover) have been built based on available data 
sets informants that can be directly used for the 
analysis. Second module consist the AHP 
analyses for each mention indicator and obtain 
appropriate weights based on the data using 
software and represented by a thematic maps. 
All individual suitability maps of climate, soil, 
topography and land cover aggregated in to one 
map showing potential values for vineyard 
establishment leading to selection of 
prospective sites (Beltrán et al., 2010). 
Accuracy assessment results can be assessed 
and compared with the existing vineyard 
locations to check the reliability of the method 
and then develop new indicators. Finally 
module includes zoning and exploration of 
potential sites. Potential site selection is a 
process of selecting best sites or better 
alternatives where a decision has to be taken 
considering several constraints and factors 
depending on their relative importance to the 
final objective integrated with GIS tools and 
procedures (Malczewski, 1999). 
The first step in building the AHP model lies in 
the determination of the criteria that will be 
used. Each structure develops and organizes its 
own set of criteria, which in turn must be 
aligned to the strategic purpose of the 
organization (Baniya, 2008). The application of 
AHP begins with a problem being decomposed 
into a hierarchy of criteria so as to be more 
easily analysed and compared in an 
independent manner (Teknomo, 2006). After 
this logical hierarchy is constructed, the 
decision makers can systematically assess the 
alternatives by making pair-wise comparisons 
for each of the chosen criteria. This comparison 
may use concrete data from the alternatives or 
human judgments as a way to input subjacent 
information (Saaty, 2008). AHP transforms the 

comparisons, which are most often empirical, 
into numerical values that are further processed 
and compared. The weight of each factor 
allows the assessment of each one of the 
elements inside the defined hierarchy. This 
capability of converting empirical data into 
mathematical models is the main distinctive 
contribution of the AHP technique when 
contrasted with other comparing techniques 
(Vaidya et al., 2006). 
The methodology relies on weighting the 
parameters derived from geo-spatial data in 
multi-criteria analysis. Weight is defined as the 
value that represents the importance of a 
particular assessment criterion relative to the 
other criteria in the equation; in which the more 
influential criteria possess greater weight. 
Therefore, derivation of weight is an essential 
step, which directly influences the production 
of final map. The ranking, rating, pairwise 
comparison, binary and trade-off analysis 
methods were the mostly used methods for 
weighting (Sertel et al., 2011b; Zardari et al., 
2015). Pairwise comparison method was 
selected due to its accuracy, theoretical strength 
and the wayit is implemented in GIS-based 
multicriteria analysis (Malczewski, 1999; 
Makropoulos and Butler, 2006). Pairwise 
method is an objective and simple method that 
allows ranking similar parameters by 
comparing and choosing between two 
parameters in each step. Then, parameters 
selected the most ranked accordingly (Saaty, 
1980). It is widely used to assign weights in 
numerous studies (Malczewski, 2004). The 
pairwise comparison method trusts two-way 
comparisons to create the ratio matrix. The 
method uses two-way comparisons of the input 
data and produces the relative weights. The 
method consists of three steps, which are 
namely, constructing the two-way comparison 
matrix, calculation of the criteria weights and 
inferring the coherence ratio. Land suitability 
assessment for vineyard development in 
Bulgaria is influenced by many fundamental 
parameters namely, soil and land parameters, 
climatic attributes, terrain and physiographic, 
social characteristics, cultural aspects, 
cultivation customs, infrastructure 
development, services available, market 
situations and many more. All of them can 
logically be discussed under three categories: 

 

Physical and environmental parameters 
(PHYENV); Socio-economic parameters 
(SOCECO) and Infrastructure parameters 
(INFSTR). Cultivation trend in society and 
land use practices is social and cultural traits, 
which makes impacts on yield of vineyard. 
From field to home (from soil to consumer) or 
to market is affected by the socio-economic and 
infrastructure attributes (Baniya, 2008). 
Plant growth is influenced by components of 
the physical environment. Almost all 
agronomical need of a crop is fulfilled by 
components of physical environment. Whereas 
latter parameter is more likely to effects on 
final yield and handling of the product and 
postharvest handling is also depends upon same 
parameters (Baniya, 2008). For the 
development of the viticulture farming in the 
areas like Bulgaria needs tounderst and fully 
the land capability, which is the first and far 
most important aspect. Land set up and soil 
characteristics are of unique type. 
Physiographic setting allows specific plant 
species attains full growth in such an 
environment. Planning of vineyard begins with 
the selection of the suitable species based on 
the ecological condition of the region. Very 
often local species are selected for the 
cultivation because of the genetic 
acclimatisation for specific environment (Jones 
et al., 2000). It was observed in several 
instances that under production and economic 
loss are caused by introduction of the new 
species. Traditional way of cultivar 
improvements and selection is cultural practice 
in many parts of regions on which farmers area 
customer (Tonietto et al., 2004).  
Accordingly to the Physical/natural parameters, 
the main criteria and factors are presented on 
Table 2. 
Table 2. Physical/natural (PHY) assessment parameters 

for suitability vineyard sites 

Criteria Factors 

Soil 

Soil depth 
Soil reaction (pH, H2O)  

Soil texture 
Organic matter  content  

Relief 
Elevation 

Slope 
Aspect 

Climate 

Total vegetation temperature 
Annual precipitation 

Minimum temperature in the coldest month 
Maximum temperature in the warmest month 

Mountain/river influence 

As a first step of data preparation, the 
precipitation map of the researched region is 
produced from meteorological stations by 
interpolation method and agro statistical 
information about Bulgarian regions. Secondly, 
aspect, slope and elevation maps were 
produced from the DEM elevation data. 
Thirdly, vector based soil map was converted 
to raster format in order to make it compatible 
with remaining data set and raster based 
calculations in GIS environment. 
Land use capability classes are defined 
according to several parameters of soil such as 
soil depth, soil salinity, erosion factor, etc., and 
consists of 4 levels that describes their 
potentialities and limitations for sustained 
production. The first level (0) corresponds to 
lands that their structure is even not suitable 
and can only be used for recreational purposes 
and the last level (3) corresponds to suitable 
and feasible lands for agricultural activity. 
Land use capability classes were assigned as 
attribute information in the soil map. Land use 
capability map was converted to raster format 
according to this attribute and ranked according 
to the land use capability classification as (0-1-
2-3) where 0 represents the inconvenient lands 
and 3 represents the most convenient lands. 
The reason for re-ranking the data is to give 
higher weights to more suitable land classes. 
Soil and climate are the most two important 
criteria for viticulture (Unal et al., 2014). These 
two criteria were considered more important 
than the others when constructing the 
comparison matrix.  
Viticulture can be performed without the 
necessity of irrigation in some regions of the 
Bulgaria, where annual precipitation amount is 
around 500-600 mm/year. It is found out that 
regions with elevation around 500 m are less 
compatible for viticulture due to temperature 
condition changes (Unal et al., 2014; Orman et 
al., 2016). 
Aspect information is also an important 
parameter because of its effects on moisture 
holding capacity of soil and sun illumination 
efficiency. The south, south-east and south-
west directions were asserted to be convenient 
for viticulture (Pitz and McKillip, 1984). 
According to Wolf and Boyer (2003), aspect 
has the least importance for viticulture 
suitability when compared with the other 
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and the proposal of suitable sites based on 
dominant observations of results (Baniya, 
2008). The whole physical/natural analysis can 
be presented by some steps or modules. The 
first module is development of indicators. 
Indicators represent mainly the climate and 
extend to soil, topography and land cover. The 
information presents key indicators and their 
meaning to the vineyard natural establishment, 
management and zoning. Data collection and 
databases development about natural main 
characteristics (climatic, soil, topography, land 
cover) have been built based on available data 
sets informants that can be directly used for the 
analysis. Second module consist the AHP 
analyses for each mention indicator and obtain 
appropriate weights based on the data using 
software and represented by a thematic maps. 
All individual suitability maps of climate, soil, 
topography and land cover aggregated in to one 
map showing potential values for vineyard 
establishment leading to selection of 
prospective sites (Beltrán et al., 2010). 
Accuracy assessment results can be assessed 
and compared with the existing vineyard 
locations to check the reliability of the method 
and then develop new indicators. Finally 
module includes zoning and exploration of 
potential sites. Potential site selection is a 
process of selecting best sites or better 
alternatives where a decision has to be taken 
considering several constraints and factors 
depending on their relative importance to the 
final objective integrated with GIS tools and 
procedures (Malczewski, 1999). 
The first step in building the AHP model lies in 
the determination of the criteria that will be 
used. Each structure develops and organizes its 
own set of criteria, which in turn must be 
aligned to the strategic purpose of the 
organization (Baniya, 2008). The application of 
AHP begins with a problem being decomposed 
into a hierarchy of criteria so as to be more 
easily analysed and compared in an 
independent manner (Teknomo, 2006). After 
this logical hierarchy is constructed, the 
decision makers can systematically assess the 
alternatives by making pair-wise comparisons 
for each of the chosen criteria. This comparison 
may use concrete data from the alternatives or 
human judgments as a way to input subjacent 
information (Saaty, 2008). AHP transforms the 

comparisons, which are most often empirical, 
into numerical values that are further processed 
and compared. The weight of each factor 
allows the assessment of each one of the 
elements inside the defined hierarchy. This 
capability of converting empirical data into 
mathematical models is the main distinctive 
contribution of the AHP technique when 
contrasted with other comparing techniques 
(Vaidya et al., 2006). 
The methodology relies on weighting the 
parameters derived from geo-spatial data in 
multi-criteria analysis. Weight is defined as the 
value that represents the importance of a 
particular assessment criterion relative to the 
other criteria in the equation; in which the more 
influential criteria possess greater weight. 
Therefore, derivation of weight is an essential 
step, which directly influences the production 
of final map. The ranking, rating, pairwise 
comparison, binary and trade-off analysis 
methods were the mostly used methods for 
weighting (Sertel et al., 2011b; Zardari et al., 
2015). Pairwise comparison method was 
selected due to its accuracy, theoretical strength 
and the wayit is implemented in GIS-based 
multicriteria analysis (Malczewski, 1999; 
Makropoulos and Butler, 2006). Pairwise 
method is an objective and simple method that 
allows ranking similar parameters by 
comparing and choosing between two 
parameters in each step. Then, parameters 
selected the most ranked accordingly (Saaty, 
1980). It is widely used to assign weights in 
numerous studies (Malczewski, 2004). The 
pairwise comparison method trusts two-way 
comparisons to create the ratio matrix. The 
method uses two-way comparisons of the input 
data and produces the relative weights. The 
method consists of three steps, which are 
namely, constructing the two-way comparison 
matrix, calculation of the criteria weights and 
inferring the coherence ratio. Land suitability 
assessment for vineyard development in 
Bulgaria is influenced by many fundamental 
parameters namely, soil and land parameters, 
climatic attributes, terrain and physiographic, 
social characteristics, cultural aspects, 
cultivation customs, infrastructure 
development, services available, market 
situations and many more. All of them can 
logically be discussed under three categories: 

 

Physical and environmental parameters 
(PHYENV); Socio-economic parameters 
(SOCECO) and Infrastructure parameters 
(INFSTR). Cultivation trend in society and 
land use practices is social and cultural traits, 
which makes impacts on yield of vineyard. 
From field to home (from soil to consumer) or 
to market is affected by the socio-economic and 
infrastructure attributes (Baniya, 2008). 
Plant growth is influenced by components of 
the physical environment. Almost all 
agronomical need of a crop is fulfilled by 
components of physical environment. Whereas 
latter parameter is more likely to effects on 
final yield and handling of the product and 
postharvest handling is also depends upon same 
parameters (Baniya, 2008). For the 
development of the viticulture farming in the 
areas like Bulgaria needs tounderst and fully 
the land capability, which is the first and far 
most important aspect. Land set up and soil 
characteristics are of unique type. 
Physiographic setting allows specific plant 
species attains full growth in such an 
environment. Planning of vineyard begins with 
the selection of the suitable species based on 
the ecological condition of the region. Very 
often local species are selected for the 
cultivation because of the genetic 
acclimatisation for specific environment (Jones 
et al., 2000). It was observed in several 
instances that under production and economic 
loss are caused by introduction of the new 
species. Traditional way of cultivar 
improvements and selection is cultural practice 
in many parts of regions on which farmers area 
customer (Tonietto et al., 2004).  
Accordingly to the Physical/natural parameters, 
the main criteria and factors are presented on 
Table 2. 
Table 2. Physical/natural (PHY) assessment parameters 

for suitability vineyard sites 

Criteria Factors 

Soil 

Soil depth 
Soil reaction (pH, H2O)  

Soil texture 
Organic matter  content  

Relief 
Elevation 

Slope 
Aspect 

Climate 

Total vegetation temperature 
Annual precipitation 

Minimum temperature in the coldest month 
Maximum temperature in the warmest month 

Mountain/river influence 

As a first step of data preparation, the 
precipitation map of the researched region is 
produced from meteorological stations by 
interpolation method and agro statistical 
information about Bulgarian regions. Secondly, 
aspect, slope and elevation maps were 
produced from the DEM elevation data. 
Thirdly, vector based soil map was converted 
to raster format in order to make it compatible 
with remaining data set and raster based 
calculations in GIS environment. 
Land use capability classes are defined 
according to several parameters of soil such as 
soil depth, soil salinity, erosion factor, etc., and 
consists of 4 levels that describes their 
potentialities and limitations for sustained 
production. The first level (0) corresponds to 
lands that their structure is even not suitable 
and can only be used for recreational purposes 
and the last level (3) corresponds to suitable 
and feasible lands for agricultural activity. 
Land use capability classes were assigned as 
attribute information in the soil map. Land use 
capability map was converted to raster format 
according to this attribute and ranked according 
to the land use capability classification as (0-1-
2-3) where 0 represents the inconvenient lands 
and 3 represents the most convenient lands. 
The reason for re-ranking the data is to give 
higher weights to more suitable land classes. 
Soil and climate are the most two important 
criteria for viticulture (Unal et al., 2014). These 
two criteria were considered more important 
than the others when constructing the 
comparison matrix.  
Viticulture can be performed without the 
necessity of irrigation in some regions of the 
Bulgaria, where annual precipitation amount is 
around 500-600 mm/year. It is found out that 
regions with elevation around 500 m are less 
compatible for viticulture due to temperature 
condition changes (Unal et al., 2014; Orman et 
al., 2016). 
Aspect information is also an important 
parameter because of its effects on moisture 
holding capacity of soil and sun illumination 
efficiency. The south, south-east and south-
west directions were asserted to be convenient 
for viticulture (Pitz and McKillip, 1984). 
According to Wolf and Boyer (2003), aspect 
has the least importance for viticulture 
suitability when compared with the other 
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physical characteristics such as elevation and 
slope. They also asserted that south and east 
directions has possible advantage by early 
morning exposure triggering the photosynthesis 
progress and also early drying after rain that 
prevents possible disease. According to Sertel 
et al. (2012), vineyards should receive direct 
sunlight even for the hot climatic regions. East 
direction is optimal for illumination and 
photosynthesis activity will start faster as 
sunlight will reach to the crops in early hours of 
the day. Moreover, grape crop starts the 
germination process earlier in south direction 
when compared with other directions. 
The elevation map was created using digital 
elevation data for the studied region. Elevation 
data was ranked with respect to different 
elevation levels using the reclassification 
technique and vineyard plant requirements. 
Elevation ranking was performed with respect 
Arnaudova (2008), which is also compatible 
with the local researches on the study region. In 
their study, they ranked the absolute elevation 
intervals according to ranking coefficients, 
which are 0-1-2-3. Absolute elevations of the 
study area and their respective ranks are given 
in thematic map according to their suitability 
for viticulture activity. 
Aspect map produced from DEM data, was 
used as one of the parameters to determinate 
suitable areas for viticulture. Distribution was 
established based on south, north, east and west 
directions. Then, all directions were ranked 
with reclassification; giving higher value to 
south and south east facing directions. 
Slope map produced from DEM data was also 
analysed for the same purpose of spatial 
analysis. The slope data is classified into 
groups defined in the guideline published by 
Food and Agriculture Organization of the 
United Nations (FAO) in (FAO, 2006) slope 
for grading eligibility in viticulture. Gently 
sloping land is preferred in viticulture for its 
ability to reduce the risk of frost injury and cold 
winter temperatures by allowing the cold air to 
drain low areas. Slopes greater than 15% are 
asserted to be inconvenient due to roll-over 
risks and management difficulties (Wolf and 
Boyer, 2003). Within the light of above 
mentioned researches, the main parameters 
were selected as precipitation, soil type, 

elevation, aspect and slope in the 
physical/natural criteria. 
Infrastructure development and investment of 
state and central government on the viticulture 
sector also plays role. Road access network, 
setting up market place and controlling price, 
agricultural subsidy, would make impact on the 
yield and economic benefit from the farming. 
In several instances, lack of proper storage 
arrangement caused heavy economic loss to the 
farmers (Baniya, 2008). Distance to nearest 
road head and to the market is also a problem. 
From these facts, it can simply be concluded 
that vineyard cultivation is act which need to be 
considered with set of conditions from all 
possible sector like physical environment, 
climatic, social, economic, infrastructure and 
agricultural input availability. Relationship 
among different influencing factors should be 
judged properly for selection of the land area 
according to agronomical need of plants, 
capability possess by land area, farming 
attitude of the society and economic 
potentiality with infrastructure investment 
inland. Similar consideration has been shown 
by Hossain et al. (2007). All these criteria are 
considered in the order of importance i.e. 
ratings. Evaluation of rated component of the 
factors will generate land area which is suitable 
for the specific type of grape with degree of 
difficulty and limitations. The classification 
result will yield suitability evaluation of land 
area. Suitability evaluation is carried out 
considering each component separately. 
Physical land suitability, socio-economic 
suitability and environmental suitability are 
established ones. Each basic category is 
consisted by a number of environmental, 
economic and technical sub-criteria (Table 3). 
In this research, all mention criteria can be 
presented by vineyard plantation suitability 
map of some Bulgarian regions or about the 
whole country, with variable viticulture activity 
and determined using multi-criteria decision 
analysis approach. This process was applied by 
the integration of socio-economic and 
infrastructure information derived from 
statistical data, in addition with the soil 
parameters derived from soil type maps, the 
meteorological information about the climate 
and topography accordingly to the studied 
region. 

 
Table 3. Assessment parameters for suitability vineyard sites 

Criteria Factors Description 

 Infrastructure (INFSTR) 

Irrigation (IRIGN) 
The influence of rainfall pattern on grape quality, the impact of humidity on plant 

water balance, the availability of potable water sources and/or the distance to a water 
supply network 

Road (ROAD) The conditions of the access roads from the wine cellar to distribution centres, 
Production transporting 

Mechanization (VALUE) Mechanization of the working 
Marketing (MARKET) The impact of the distribution and marketing channels on the final product cost 

Field size (FSIZE) Size of the land fields 
Distance to the collecting 
centre or winery (DCEN) The distance from the vineyards to the winery or a collecting centre 

Social and  Economic 
(SOCECO) 

Qualification (QUALIF) Qualification of the farmers 

Motivation (MOTIV) Motivation of the  farmers 

Labour force (LABFR) The difficulty and cost of grape harvest 

Land price (LPRICE) The price range of land, in leva (BG)/ha 

Capital investment (CAPINV) Investment capacity 

Environmental and  
physical/natural (PHYENV) 

Physical/natural (PHY) The suitability of the land, soil and climate 

Erosion (ERO) Erosion potential of land 

Urbanization (URB) Urbanization risk of site 

 
Weighting methods were investigated to assign 
the order importance between these parameters. 
The pairwise comparison method was selected 
as the most appropriate method of weighting 
according to review of previous researches 
(Arnaudova, 2008). The weights calculated by 
the comparison matrix was checked with 
consistency rate estimation and ‘acceptable 
consistency’ is obtained by performing the 
pairwise comparison. Lastly, the suitability 
map and the current vineyard spatial 
distribution map of researched parameters are 
compatible with cadastre map in order to 
investigate the suitability of existing vineyard 
locations and parcels. 
Calculating the weights of geographic, 
meteorological and soil data was one of the 
most important parts of the study. Weights 
were calculated by pairwise comparison 
method which compares all pairs of criteria and 
composing optimal weighted (Saaty, 1980). 
Consistency ratio values demonstrated the 
efficiency of weighting process for the 
parameters included in the AHP process 
(Beltrán et al., 2010). In the next step, ranked 
parameter maps are multiplied by the 
calculated relative weights and summed to 
produce ‘weighted sum overlay analysis map’ 
on the GIS environment. For this purpose, site 
statistics was applied to determine the 
statistical distribution of current parcels in 
terms of suitability classes. Comparison results 
are presented as overlay map. When this result 
evaluated together with the transportation 

networks of the area, intense vineyard 
plantation suitable lands can be explained by 
their closeness to the transportation 
infrastructures, water resources, highly modern 
mechanization and another infrastructure 
factors. Moreover, constructed AHP method is 
suitable for adding more parameters if available 
due to weighted sum capability which is an 
important advantage over direct assignment 
strategy (Kurtural et al., 2007). 
The proposed GIS multi-criteria evaluation 
approach with the set of indicators presented 
here underlines the great potential in extending 
the performance of previous research on zoning 
and vineyard site selection in Bulgarian region. 
AHP method is based on weights to evaluate a 
set of different indicators and range the 
dominant influence on vineyard site selection. 
Each basic category is consisted by a number 
of environmental, economic and technical sub-
criteria (Table 2 and Table 3). 
The multi-criteria method is applied on geo-
spatial data and including various and different 
forms of information in order to produce the 
vineyard plantation suitability map of the 
Bulgarian regions, where considerable amount 
of grape production take place. Specifically, the 
main objectives and purpose can be grouped in 
the next two levels: 
✓ Develop a spatial multi-criteria decision 

analysis with pairwise comparison 
weighting method and determine the 
vineyard suitability by use of various 
geospatial and meteorological data 
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physical characteristics such as elevation and 
slope. They also asserted that south and east 
directions has possible advantage by early 
morning exposure triggering the photosynthesis 
progress and also early drying after rain that 
prevents possible disease. According to Sertel 
et al. (2012), vineyards should receive direct 
sunlight even for the hot climatic regions. East 
direction is optimal for illumination and 
photosynthesis activity will start faster as 
sunlight will reach to the crops in early hours of 
the day. Moreover, grape crop starts the 
germination process earlier in south direction 
when compared with other directions. 
The elevation map was created using digital 
elevation data for the studied region. Elevation 
data was ranked with respect to different 
elevation levels using the reclassification 
technique and vineyard plant requirements. 
Elevation ranking was performed with respect 
Arnaudova (2008), which is also compatible 
with the local researches on the study region. In 
their study, they ranked the absolute elevation 
intervals according to ranking coefficients, 
which are 0-1-2-3. Absolute elevations of the 
study area and their respective ranks are given 
in thematic map according to their suitability 
for viticulture activity. 
Aspect map produced from DEM data, was 
used as one of the parameters to determinate 
suitable areas for viticulture. Distribution was 
established based on south, north, east and west 
directions. Then, all directions were ranked 
with reclassification; giving higher value to 
south and south east facing directions. 
Slope map produced from DEM data was also 
analysed for the same purpose of spatial 
analysis. The slope data is classified into 
groups defined in the guideline published by 
Food and Agriculture Organization of the 
United Nations (FAO) in (FAO, 2006) slope 
for grading eligibility in viticulture. Gently 
sloping land is preferred in viticulture for its 
ability to reduce the risk of frost injury and cold 
winter temperatures by allowing the cold air to 
drain low areas. Slopes greater than 15% are 
asserted to be inconvenient due to roll-over 
risks and management difficulties (Wolf and 
Boyer, 2003). Within the light of above 
mentioned researches, the main parameters 
were selected as precipitation, soil type, 

elevation, aspect and slope in the 
physical/natural criteria. 
Infrastructure development and investment of 
state and central government on the viticulture 
sector also plays role. Road access network, 
setting up market place and controlling price, 
agricultural subsidy, would make impact on the 
yield and economic benefit from the farming. 
In several instances, lack of proper storage 
arrangement caused heavy economic loss to the 
farmers (Baniya, 2008). Distance to nearest 
road head and to the market is also a problem. 
From these facts, it can simply be concluded 
that vineyard cultivation is act which need to be 
considered with set of conditions from all 
possible sector like physical environment, 
climatic, social, economic, infrastructure and 
agricultural input availability. Relationship 
among different influencing factors should be 
judged properly for selection of the land area 
according to agronomical need of plants, 
capability possess by land area, farming 
attitude of the society and economic 
potentiality with infrastructure investment 
inland. Similar consideration has been shown 
by Hossain et al. (2007). All these criteria are 
considered in the order of importance i.e. 
ratings. Evaluation of rated component of the 
factors will generate land area which is suitable 
for the specific type of grape with degree of 
difficulty and limitations. The classification 
result will yield suitability evaluation of land 
area. Suitability evaluation is carried out 
considering each component separately. 
Physical land suitability, socio-economic 
suitability and environmental suitability are 
established ones. Each basic category is 
consisted by a number of environmental, 
economic and technical sub-criteria (Table 3). 
In this research, all mention criteria can be 
presented by vineyard plantation suitability 
map of some Bulgarian regions or about the 
whole country, with variable viticulture activity 
and determined using multi-criteria decision 
analysis approach. This process was applied by 
the integration of socio-economic and 
infrastructure information derived from 
statistical data, in addition with the soil 
parameters derived from soil type maps, the 
meteorological information about the climate 
and topography accordingly to the studied 
region. 

 
Table 3. Assessment parameters for suitability vineyard sites 

Criteria Factors Description 

 Infrastructure (INFSTR) 

Irrigation (IRIGN) 
The influence of rainfall pattern on grape quality, the impact of humidity on plant 

water balance, the availability of potable water sources and/or the distance to a water 
supply network 

Road (ROAD) The conditions of the access roads from the wine cellar to distribution centres, 
Production transporting 

Mechanization (VALUE) Mechanization of the working 
Marketing (MARKET) The impact of the distribution and marketing channels on the final product cost 

Field size (FSIZE) Size of the land fields 
Distance to the collecting 
centre or winery (DCEN) The distance from the vineyards to the winery or a collecting centre 

Social and  Economic 
(SOCECO) 

Qualification (QUALIF) Qualification of the farmers 

Motivation (MOTIV) Motivation of the  farmers 

Labour force (LABFR) The difficulty and cost of grape harvest 

Land price (LPRICE) The price range of land, in leva (BG)/ha 

Capital investment (CAPINV) Investment capacity 

Environmental and  
physical/natural (PHYENV) 

Physical/natural (PHY) The suitability of the land, soil and climate 

Erosion (ERO) Erosion potential of land 

Urbanization (URB) Urbanization risk of site 

 
Weighting methods were investigated to assign 
the order importance between these parameters. 
The pairwise comparison method was selected 
as the most appropriate method of weighting 
according to review of previous researches 
(Arnaudova, 2008). The weights calculated by 
the comparison matrix was checked with 
consistency rate estimation and ‘acceptable 
consistency’ is obtained by performing the 
pairwise comparison. Lastly, the suitability 
map and the current vineyard spatial 
distribution map of researched parameters are 
compatible with cadastre map in order to 
investigate the suitability of existing vineyard 
locations and parcels. 
Calculating the weights of geographic, 
meteorological and soil data was one of the 
most important parts of the study. Weights 
were calculated by pairwise comparison 
method which compares all pairs of criteria and 
composing optimal weighted (Saaty, 1980). 
Consistency ratio values demonstrated the 
efficiency of weighting process for the 
parameters included in the AHP process 
(Beltrán et al., 2010). In the next step, ranked 
parameter maps are multiplied by the 
calculated relative weights and summed to 
produce ‘weighted sum overlay analysis map’ 
on the GIS environment. For this purpose, site 
statistics was applied to determine the 
statistical distribution of current parcels in 
terms of suitability classes. Comparison results 
are presented as overlay map. When this result 
evaluated together with the transportation 

networks of the area, intense vineyard 
plantation suitable lands can be explained by 
their closeness to the transportation 
infrastructures, water resources, highly modern 
mechanization and another infrastructure 
factors. Moreover, constructed AHP method is 
suitable for adding more parameters if available 
due to weighted sum capability which is an 
important advantage over direct assignment 
strategy (Kurtural et al., 2007). 
The proposed GIS multi-criteria evaluation 
approach with the set of indicators presented 
here underlines the great potential in extending 
the performance of previous research on zoning 
and vineyard site selection in Bulgarian region. 
AHP method is based on weights to evaluate a 
set of different indicators and range the 
dominant influence on vineyard site selection. 
Each basic category is consisted by a number 
of environmental, economic and technical sub-
criteria (Table 2 and Table 3). 
The multi-criteria method is applied on geo-
spatial data and including various and different 
forms of information in order to produce the 
vineyard plantation suitability map of the 
Bulgarian regions, where considerable amount 
of grape production take place. Specifically, the 
main objectives and purpose can be grouped in 
the next two levels: 
✓ Develop a spatial multi-criteria decision 

analysis with pairwise comparison 
weighting method and determine the 
vineyard suitability by use of various 
geospatial and meteorological data 
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✓ Perform a comparative evaluation of the 
current vineyard plantations and produced 
suitability map to uncover if the current 
vineyards are located in the suitable regions 
and if not, what could be the main factors 
influencing the current distribution patterns. 

In this paper the AHP method is used to help an 
investor to select the location of a vineyard for 
the production of high-quality wine. The 
method has the advantage of being able to 
systematically and reliably analyse multiple 
criteria (Kurtural et al., 2007). The problem 
relating to the case study is of great conceptual 
complexity due to the large number of criteria 
which had to be taken into account by the 
decision making system, aided by an expert 
winemaker and vineyard farmers (Beltrán et al., 
2010). The method is very useful because it 
allows sorting out a large amount of 
information. Additionally, the process forced 
analysis maker to deeply reflect on the problem 
in a simple and easy manner, as the questions 
in the questionnaire were easy to answer 
(Voogd, 1983). So the AHP method will be 
applied to the case study analysed and account 
the influences among the different elements of 
the problem. 
 
CONCLUSIONS 
 
In this paper the multi-criteria decision making 
technique AHP (Analytic Hierarchy Process) is 
used to select a sustainable vineyard location in 
Bulgarian regions for the production of high-
quality wine. The analysis was conducted with 
the knowledge of an expert winemaker, 
proficient farmers, who acted as the decision 
maker, and AHP decision-making tools. The 
whole process includes: vineyard selection, 
criteria selection and analysis and criteria 
weighting process, ranking of the alternatives 
and final aggregated priorities. 
In this study are introduced the most important 
socio-economy, infrastructure and 
environmental indicators for the Bulgarian 
regions. Representing climate, soil, terrain, 
land cover and land-use is investigated with the 
purpose of employing these indicators for 
evaluation of existing viticulture, potential site 
selection and zoning in the country of Bulgaria. 
Data can be collected from various information 
studies, expert knowledge and specific 

databases created for the analysis based on GIS 
approach. Reported works define different 
weights depending on the major characteristics 
of the region, authors experience based on the 
arguments supported by the literatures and the 
scale of analysis. GIS multi-criteria evaluation 
approaches are dominant in the above studies 
due to significant improvements of digital 
cartography and software platforms. 
Different parameters are compared for suitable 
and sustainable vineyard practice in Bulgaria 
by weighting method. Pairwise comparison 
method is the most appropriate one due to its 
suitable structure for GIS integration and its 
more objective strategy with taking into 
account all data pairs in comparison. 
Determination of suitable lands for viticulture 
could be assessed using multi-criteria analysis 
by the integration of different parameters such 
as aspect, elevation, slope, soil, land use 
capability and precipitation in GIS environment 
and assigning different weights to each 
parameter based on their importance. 
Weighting is one of the important steps of AHP 
analysis to produce more accurate results. 
Comparison of different factors as 
environmental, socio-economic and 
infrastructure criteria made for current vineyard 
parcels can be presented by suitability map in 
GIS platform. The results present the important 
factors that demonstrate the behaviour and 
perspective of farmers and/or companies in the 
site selection. A suitability map can assist the 
decision makers and farmers in evaluating the 
feasibility of current vineyards and deciding 
new vineyard plantation locations. 
This methodology enables full and intensely 
staged development of clearly defined 
components, rate their influence and 
modifications without restructuring the whole 
mechanism. The overall system of site 
selection becomes a tool of precision viticulture 
along with multi-criteria analysis combined 
with the spatial information systems. It is 
proposed as a module for the purposes 
described as the information backbone of a 
Precision Viticulture system. 
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✓ Perform a comparative evaluation of the 
current vineyard plantations and produced 
suitability map to uncover if the current 
vineyards are located in the suitable regions 
and if not, what could be the main factors 
influencing the current distribution patterns. 

In this paper the AHP method is used to help an 
investor to select the location of a vineyard for 
the production of high-quality wine. The 
method has the advantage of being able to 
systematically and reliably analyse multiple 
criteria (Kurtural et al., 2007). The problem 
relating to the case study is of great conceptual 
complexity due to the large number of criteria 
which had to be taken into account by the 
decision making system, aided by an expert 
winemaker and vineyard farmers (Beltrán et al., 
2010). The method is very useful because it 
allows sorting out a large amount of 
information. Additionally, the process forced 
analysis maker to deeply reflect on the problem 
in a simple and easy manner, as the questions 
in the questionnaire were easy to answer 
(Voogd, 1983). So the AHP method will be 
applied to the case study analysed and account 
the influences among the different elements of 
the problem. 
 
CONCLUSIONS 
 
In this paper the multi-criteria decision making 
technique AHP (Analytic Hierarchy Process) is 
used to select a sustainable vineyard location in 
Bulgarian regions for the production of high-
quality wine. The analysis was conducted with 
the knowledge of an expert winemaker, 
proficient farmers, who acted as the decision 
maker, and AHP decision-making tools. The 
whole process includes: vineyard selection, 
criteria selection and analysis and criteria 
weighting process, ranking of the alternatives 
and final aggregated priorities. 
In this study are introduced the most important 
socio-economy, infrastructure and 
environmental indicators for the Bulgarian 
regions. Representing climate, soil, terrain, 
land cover and land-use is investigated with the 
purpose of employing these indicators for 
evaluation of existing viticulture, potential site 
selection and zoning in the country of Bulgaria. 
Data can be collected from various information 
studies, expert knowledge and specific 

databases created for the analysis based on GIS 
approach. Reported works define different 
weights depending on the major characteristics 
of the region, authors experience based on the 
arguments supported by the literatures and the 
scale of analysis. GIS multi-criteria evaluation 
approaches are dominant in the above studies 
due to significant improvements of digital 
cartography and software platforms. 
Different parameters are compared for suitable 
and sustainable vineyard practice in Bulgaria 
by weighting method. Pairwise comparison 
method is the most appropriate one due to its 
suitable structure for GIS integration and its 
more objective strategy with taking into 
account all data pairs in comparison. 
Determination of suitable lands for viticulture 
could be assessed using multi-criteria analysis 
by the integration of different parameters such 
as aspect, elevation, slope, soil, land use 
capability and precipitation in GIS environment 
and assigning different weights to each 
parameter based on their importance. 
Weighting is one of the important steps of AHP 
analysis to produce more accurate results. 
Comparison of different factors as 
environmental, socio-economic and 
infrastructure criteria made for current vineyard 
parcels can be presented by suitability map in 
GIS platform. The results present the important 
factors that demonstrate the behaviour and 
perspective of farmers and/or companies in the 
site selection. A suitability map can assist the 
decision makers and farmers in evaluating the 
feasibility of current vineyards and deciding 
new vineyard plantation locations. 
This methodology enables full and intensely 
staged development of clearly defined 
components, rate their influence and 
modifications without restructuring the whole 
mechanism. The overall system of site 
selection becomes a tool of precision viticulture 
along with multi-criteria analysis combined 
with the spatial information systems. It is 
proposed as a module for the purposes 
described as the information backbone of a 
Precision Viticulture system. 
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Abstract  
 
Soybean is in high demand for both human and animal consumptions because of its nutritional values and potential use 
of biodiesel product. This crop is broadly cultivated on world arable soils with low nutritive elements. Investigation of 
soybean yield and related yield component traits with different types of fertilizer and different doses will help improve 
field management to optimize soybean production. The paper aimed to present the effects of different mineral fertilizers 
rates on soybean yield and yield components in 13 soybean cultivars from 3 different maturity groups: very early (000), 
early (00) and semi-early (0) genotypes. The results from this study reveals that positive response to mineral 
fertilization was mostly influenced by genotype and also maturity group (MG). A positive yield response to fertilization 
was observed in semi-early soybean genotypes at the 150 kg/ha rate of fertilization with an increase of production of 
175 kg/ha compared to the mean of the experimental variants. Data obtained in this experiment showed that it is 
possible to achive high soybean yields without supplying fertilizers on soils with good nutrient content. 
 
Key words: fertilization, soybean, yield. 
 
INTRODUCTION  
 
Soybean is an herbaceous annual legume which 
was first cultivated in China as an oilseed 
(Akparobi, 2009), categorizes as an ancient 
crop plant in the agriculture history (Jandong et 
al., 2011) being an essential source of dietary 
protein, oil and minerals for humans and 
animals. Several challenges of soybean yield 
need to be overcome for soybean production to 
sustain the predicted global population growth 
rate.  
The current yield increase rate is of 1.3%, but, 
required increase is around 2.4% for 
satisfaction of demands by 2050 (Ray et al., 
2013; Rocha et al., 2015).  
This crop is broadly cultivated on world arable 
soils with low nutritive elements. Application 
of fertilizers to soybean remains a complicated 
issue owing to conflicting results of previous 
research.  
Investigation of soybean yield and related yield 
component traits with different fertilizers rates 
will help improve field management to 
optimize soybean production (Appiah et al., 
2014).  

The use of fertilizer is considered to be one of 
the most important factors to increase crop 
yield. 
Fertilizers are used to supply soil and plant 
nutrients, maximize yield and return on 
investment (Rebeca, 2016). Most compound 
fertilizers will contain three essential elements   
for plant growth: NPK which stands for 
nitrogen (promotes leaf growth), phosphorus 
(root, flower, and fruit), and potassium (stem 
and root growth and protein analysis). Soybean 
nitrogen (N) requirements are met in a complex 
manner, as this crop is capable of utilizing both 
soil N (mostly in the form of nitrate) and 
atmospheric N (through symbiotic nitrogen 
fixation) (Vera et al., 2002). Sharma & Dixit 
(1987) reported that the effect of N fertilizer in 
general caused significant increase in growth 
and yield of soybean but highest seed yield.  
Jat & Nepalia (1995) conducted a field 
experiment to study the effect of N and P 
application on productivity of soybean and 
reported that the yield attributing characters 
like pods/plant, seeds/pods and test weight 

increases significantly upon the application of 
60 kg N/ha.  
Varvel & Peterson (1992) found that soybean 
plants act as a sink for soil-N and effectively 
use N regardless of source. Therefore, N 
fertilization could bring benefits to soybean. 
Nitrogen fertilizer has had positive effects on 
soybean growth and yield (Brevedan et al., 
1978; Sorensen and Penas, 1978). However, 
lack of response or even negative effects have 
also been observed with fertilizer-N 
applications to soybean (Diebert et al., 1979; 
Ham et al., 1975). 
Phosphorous has been shown to be an essential 
element, and its application has been shown to 
be important for growth, development, and 
yield of soybean (Kakar et al., 2002). 
Phosphorus deficiency is probably one of the 
greatest constraints for agriculture. 
Obtaining maximum yield is only possible 
when the plant’s nutritional requirements are 
met and environmental stress is limited. 
Maintaining a fertile growing environment is a 
risk management strategy that produces higher 
yield and healthier plants that are often better 
suited to withstand the yieldrobbing effects of 
biotic and abiotic stress. A well planned soil 
fertility program is a management strategy that 
leads to profitable soybean production. A 
knowledge of what the nutrients do, which ones 
are needed, how much to apply, and when to 
apply them is an important part a successful 
management strategy (McGrath et al., 2013). 
The interest in soybean has been increased, and 
research work on soybean has been reactivated, 
this was due to increasing demand for soybean 
as an industrial crop.  
The objective of this study was to investigate 
the effects of different mineral fertilizers rates 
on soybean yield and yield components (plant 
height, first pod height, number of pods per 
plant, number of grain per plant, grain yield per 
plant, 1000-grain weight) in 3 different 
maturity groups.  
 
MATERIALS AND METHODS  

 
Field trials were carried out in 2019, in the 
experimental field of Soybean Breeding 
Laboratory from Agricultural Research and 
Development Station Turda (ARDS Turda). 
The experiment had an area of 57 x 17 m and 

was based on a subdivided parcel design with 
three replications, using plots of 5 m2. The soil 
is characterized as faeozem vertical, loam clay 
texture, with pH 6.7. Two factors were 
analyzed in the experiment: soybean maturity 
group with 3 graduations (Table 1); NPK 
27:13.5:0 complex fertilizer with 4 doses: 
unfertilized (Control), 150 kg/ha, 200 kg/ha 
and 250 kg/ha (Figure 1).  
 

Table 1. Soybean varieties and their maturity groups 
 

Maturity group (MG) Variety 

MG 000 Perla 
Carla TD 

MG 00 

Felix 
Onix 

Caro TD 
T 161 
T 295 
T 165 

T 6117 
T 166 

MG 0 
Ada TD 

Raluca TD 
T 6126 

 
The soybean genotypes selected for the study 
are traditional cultivars and were bred at the 
ARDS Turda. At the end of the growing season 
10 randomly selected plants from each plot 
were evaluated for: height, insertion of the 
basal pods, number of pods/plant, number of 
grain/plant, grain weight/plant, thousand kernel 
weight (TKW) and yield. The experimental 
data was analyzed in Polifact using ANOVA 
test and Duncan’s test at the 0.05 probability 
level. The data matrix for correlation 
coefficient and linear regression was prepared 
and processed in Excel (Microsoft, USA). 
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Field experiment is located in area with a 
warm, calm climate, with moderate variations 
temperature along seasons and with mild 
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Abstract  
 
Soybean is in high demand for both human and animal consumptions because of its nutritional values and potential use 
of biodiesel product. This crop is broadly cultivated on world arable soils with low nutritive elements. Investigation of 
soybean yield and related yield component traits with different types of fertilizer and different doses will help improve 
field management to optimize soybean production. The paper aimed to present the effects of different mineral fertilizers 
rates on soybean yield and yield components in 13 soybean cultivars from 3 different maturity groups: very early (000), 
early (00) and semi-early (0) genotypes. The results from this study reveals that positive response to mineral 
fertilization was mostly influenced by genotype and also maturity group (MG). A positive yield response to fertilization 
was observed in semi-early soybean genotypes at the 150 kg/ha rate of fertilization with an increase of production of 
175 kg/ha compared to the mean of the experimental variants. Data obtained in this experiment showed that it is 
possible to achive high soybean yields without supplying fertilizers on soils with good nutrient content. 
 
Key words: fertilization, soybean, yield. 
 
INTRODUCTION  
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temperature along seasons and with mild 
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The rainfall and average temperature of each 
month are indicated in Figure 2. The yield and 
yield components of the studied soybean 

genotypes were influenced by the fertilization 
dose and also by atypical climatic conditions of 
this year. 

 

Figure 2. Climatic conditions during the soybean growing stages (Turda, 2019) 
 

Table 2 reveals the estimates of the correlation 
coefficients evaluated for the seven traits of 
agronomic importance for soybean leading to 
values which expose a close correlation 
between number of pods/plant and number of 
seeds/plant (r = 0.95).  
A very high positive statistical proven 
correlation was established (r > 0.83) between 
the seeds weight/plant and number of pods per 

plant and number of seeds per plant. These 
results are also supported by Siddiqui et al. 
(2007). 
Statistically, strong negative correlation 
between the height insertion of first pods and 
number of pods/plant, number of seeds/ plant 
and grain weight/plant was proven. These 
findings are in accordance with the results 
obtained by Samia et al. (2012). 

 
Table 2. Correlation coefficients of seven agronomic traits for the 13 very early, early and semi early 

 

 Plant height 
(cm) Insertion No. of pods 

/plant 

No. of 
seeds 
/plant 

Seeds 
weight 

/plant (g) 

TKW  
(g) 

Yield 
(kg/ha) 

Plant height 
(cm) 1      

 

Insertion 0.44 1      
No. of 

pods/plant -0.09 -0.78** 1    
 

No. of 
seeds/plant 0.02 -0.65* 0.95*** 1   

 

Seeds 
weight/plant 

(g) -0.06 -0.80** 0.85*** 0.83*** 1  

 

TKW (g) -0.43 -0.34 -0.18 -0.34 0.19 1  
Yield (kg/ha) -0.01 -0.25 0.38 0.49 0.36 -0.10 1 

 
The variance analysis of grain yield of soybean 
genotypes form three maturity groups fertilized 
with four different levels of NPK 27:13.5:0 
mineral fertilizer showed that maturity group 
and the double interaction between maturity 
group and fertilizer doses, significantly affected 

the grain yield (Table 3). The insignificant 
value of F-test calculated for the factor level of 
fertilization, shows that in the climatic 
condition of 2019, in the experimental field of 
SCDA Turda, fertilization did not change grain 
yield for the studied biological material.  
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Table 3. Analysis of variance for grain production 
 

Cause of variability SP GL s2 F 
D (dose) 549532.40 3 183177.50 2.88 

G (maturity group) 266140.60 2 133070.30 27.75*** 
D x G 100376.40 6 16729.40 3.49* 

R 9.37 2 9.37  
DxR 190842.80 6 63614.25  
GxR 2535.25 4 1267.62  

DxGxR 35815.08 12 5969.18  
Error D 190842.80 3 63614.25  
Error G 38350.33 8 4793.79  

 
Several reports worldwide show inconsistent 
responses to fertilization application in soybean 
grain yield. According to Duncan’s test, the 
experiment conducted at SCDA Turda in 2019, 
reveals that soybean grain yield from each 
maturity group was differently affected by the 
applied levels of fertilizer. In general, the 
control (without fertilization) produced higher 
grain yields: 2386 kg/ha (MG 0), 2380 kg/ha 
(MG 00) and 2257 kg/ha (MG 000). While 
increased yield due to 150 kg/ha level of 
mineral fertilization was observed at 00 
maturity group and 0 maturity group, yield 
decreases due to same dose was observed at 
very early soybean maturity group (MG 000) 
(Figure 3).  

The fertilization dose influenced the yield level 
differently.  
The best results being recorded by semi-early 
maturity group at the 150 kg/ha and 250 kg/ha 
NPK 27:13.5:0 complex fertilizer with an 
increase of production of 175 kg/ha 
respectively 106 kg/ha compared to the mean 
of the experimental variants (Table 4). 
A model proposed by Eberhart and Russell 
(1966) was used to analyse the grain yield 
obtained in soybean genotypes with different 
growing season under four levels of mineral 
fertilization. This regression method reveals the 
magnitude of maturity groups and fertilization 
level interactions in yield obtained by different 
maturity groups of soybean crop (Figure 4).  

 

 
 

Figue 3. Showing Duncan Multiple Range Test (DMRT) of four different levels of fertilization using three soybean 
maturity groups 

 
Environmental indices indicated that most 
favourable for the yield was the environment 
without fertilization (control). Whereas 
environment with 200 kg/ha level of 
fertilization was unfavourable for production 

obtained in early and semi-early soybean 
genotypes. 
The application of NPK fertilizer was also 
associated with small increases in yield in other 
studies (Cafaro et al., 2017; Farid, 2013). 
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The rainfall and average temperature of each 
month are indicated in Figure 2. The yield and 
yield components of the studied soybean 

genotypes were influenced by the fertilization 
dose and also by atypical climatic conditions of 
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The variance analysis of grain yield of soybean 
genotypes form three maturity groups fertilized 
with four different levels of NPK 27:13.5:0 
mineral fertilizer showed that maturity group 
and the double interaction between maturity 
group and fertilizer doses, significantly affected 

the grain yield (Table 3). The insignificant 
value of F-test calculated for the factor level of 
fertilization, shows that in the climatic 
condition of 2019, in the experimental field of 
SCDA Turda, fertilization did not change grain 
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Several reports worldwide show inconsistent 
responses to fertilization application in soybean 
grain yield. According to Duncan’s test, the 
experiment conducted at SCDA Turda in 2019, 
reveals that soybean grain yield from each 
maturity group was differently affected by the 
applied levels of fertilizer. In general, the 
control (without fertilization) produced higher 
grain yields: 2386 kg/ha (MG 0), 2380 kg/ha 
(MG 00) and 2257 kg/ha (MG 000). While 
increased yield due to 150 kg/ha level of 
mineral fertilization was observed at 00 
maturity group and 0 maturity group, yield 
decreases due to same dose was observed at 
very early soybean maturity group (MG 000) 
(Figure 3).  

The fertilization dose influenced the yield level 
differently.  
The best results being recorded by semi-early 
maturity group at the 150 kg/ha and 250 kg/ha 
NPK 27:13.5:0 complex fertilizer with an 
increase of production of 175 kg/ha 
respectively 106 kg/ha compared to the mean 
of the experimental variants (Table 4). 
A model proposed by Eberhart and Russell 
(1966) was used to analyse the grain yield 
obtained in soybean genotypes with different 
growing season under four levels of mineral 
fertilization. This regression method reveals the 
magnitude of maturity groups and fertilization 
level interactions in yield obtained by different 
maturity groups of soybean crop (Figure 4).  

 

 
 

Figue 3. Showing Duncan Multiple Range Test (DMRT) of four different levels of fertilization using three soybean 
maturity groups 

 
Environmental indices indicated that most 
favourable for the yield was the environment 
without fertilization (control). Whereas 
environment with 200 kg/ha level of 
fertilization was unfavourable for production 

obtained in early and semi-early soybean 
genotypes. 
The application of NPK fertilizer was also 
associated with small increases in yield in other 
studies (Cafaro et al., 2017; Farid, 2013). 



336

 

Table 4. The influence of maturity group x fertilizer doses on soybean grain yield (Turda, 2019) 
 

Doses Maturity group Yield 
(kg/ha) % Difference Significance 

 
D1 

150 kg/ha 

Average 
group 2048 100 0 Mt. 

GM 000 1766 86 -282 00 
GM 00 2155 105 107 - 
GM 0 2235 109 175 * 

 
D2 

200 kg/ha 

Average 
group 1945 100 0 Mt. 

GM 000 1881 97 -64 - 
GM 00 2015 104 70 - 
GM 0 1939 100 -6 - 

 
D3 

250/ha 

Average 
group 2014 100 0 Mt. 

GM 000 1849 92 -165 0 
GM 00 2073 103 59 - 
GM 0 2120 105 106 - 

 
D4  

Control 

Average 
group 2341 100 0 Mt. 

GM 000 2257 96 -83 - 
GM 00 2380 102 39 - 
GM 0 2386 102 45 - 

 
Figure 5 shows the genotypes that responded 
the best to fertilization. Raluca TD variety and 
the T-166 line, at doses of 200 kg/ha NPK 27: 
13.5:0 complex fertilizer, registered superior 
productions compared to the control variant. 

In summary, our results showed that it is 
possible to obtain high soybean yields without 
supplying fertilizer. Similar results were 
obtained by Aratani et al. (2008), Kaschuk et 
al. (2016) and Korber et al. (2017). 

 
 

 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 

Figure 4. The influence of maturity groups and fertilization level interactions in soybean yield using the method 
purposed by Eberhart and Russell (1966) 

 

Figure 5. Genotype response to fertilization
 

CONCLUSIONS  
 

Crop yield response to fertilization differed 
from each maturity group to another. The three 
different levels of complex mineral fertilization 
compared with a control (0) reveals that, in the 
climatic condition of 2019, in the experiment 
conducted at ARDS Turda, yield decreased 
when nutritional support was offered. Yield 
and yield components varied differently 
depending on MG and genotype, highlighting 
commercial varieties and perspective lines with 
good behaviour regarding mineral fertilization. 
A positive yield response to fertilization was 
observed in semi-early soybean genotypes at 
the 150 kg/ha rate of fertilization with an 
increase of production of 175 kg/ha compared 
to the mean of the experimental variants. 
Raluca TD variety and T-166 line fertilized 
with 150 kg/ha of NPK 27:13.5:0 recorded on 
average, positive grain yields compared to 
control.  
The inconsistent responses of soybean to 
fertilization application has created the need for 
more information concerning how yield of this 
crop can be improved. Responses obtained in 
this experiment suggest that soybean producers 
could increase their profits by not applying 
fertilizers on soils with good nutrient content.  
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Table 4. The influence of maturity group x fertilizer doses on soybean grain yield (Turda, 2019) 
 

Doses Maturity group Yield 
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commercial varieties and perspective lines with 
good behaviour regarding mineral fertilization. 
A positive yield response to fertilization was 
observed in semi-early soybean genotypes at 
the 150 kg/ha rate of fertilization with an 
increase of production of 175 kg/ha compared 
to the mean of the experimental variants. 
Raluca TD variety and T-166 line fertilized 
with 150 kg/ha of NPK 27:13.5:0 recorded on 
average, positive grain yields compared to 
control.  
The inconsistent responses of soybean to 
fertilization application has created the need for 
more information concerning how yield of this 
crop can be improved. Responses obtained in 
this experiment suggest that soybean producers 
could increase their profits by not applying 
fertilizers on soils with good nutrient content.  
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Abstract 
 
Evaluation of the buckwheat collection and elaboration of varietal models for summer–autumn growth period was 
carried out in 2015-2017 in the North-Eastern Forest-Steppe area of Ukraine. The conditions for secondary (summer) 
crops were used as an analyzing background. On the basis of a species collection of buckwheat (Fagopyrum 
esculentum Moench.) represented by 124 samples, the working collection of 35 ones was formed. These samples are 
characterized by vegetation duration range of 70-85 days and yield level of 1.8-5.6 g/plant and they are potentially 
suitable for summer sowing. Depending on the reaction of plants to the analyzing background, the differentiation of the 
working collection into clusters was carried out, with the predominance of long-day (14%), photoneutrality (46%) and 
short-day (40%) characteristics. The groups with vegetative and generative mechanisms of indicator realization and 
their combination among short-term samples were selected. Models of siderat and grain directions with potential yield 
level of 5.3-6.2 t/ha of dry matter and 2.8-3.6 t/ha of grain have been identified and created. 
 
Key words: buckwheat, short-day indicator, yield. 
 
INTRODUCTION 
 
Buckwheat is an important cereal crop, 
traditional for Ukraine, in a number of Eastern 
and Central Europe countries and Far Eastern 
region (Bastida, 2019). The stable feature of 
recent decades is the reduction of areas under 
buckwheat in the main regions of its 
cultivation. The main reason is the specific 
requirements for growth conditions, low and 
unstable yields and limited market for the use 
of crop products.  
Recently interest in buckwheat crop has been 
renewed. The basis of this trend is a change in 
approaches to the daily diet in favor of products 
with a balanced chemical composition. 
Identification of specific (gluten-free, 
restorative, sports etc.) nutrition trends is 
equally important (Ahmed et al., 2013). This 
has led to the expansion of buckwheat research 
as a source for human consumption (Skrabanja 
et al., 2004; Small, 2017; Bastida et al., 2019) 
as well as a forage compound for animal 
feeding (Christa & Soral-Smietana, 2008).  

Study of metabolism and synthesis of 
flavonoids in buckwheat seeds causes special 
interest in this area (Li et al., 2019). 
Unconventional area of research is the study of 
the taxonomy of the Fagopyrum species based 
on chemical composition of grain (Zhang et al., 
2017; Fesenko & Fesenko, 2019), color of 
flowers (Zaika et al., 2019), and genome 
coding sequences (Yasui et al., 2016; Shi et al., 
2017). 
The prospect of these studies is determined by 
the differences in the domestication conditions 
of crop and by low level of breeding 
restructuring of modern varieties. This leads to 
a high heterogeneity of the genetic material of 
modern buckwheat crop (Tryhub & Burdyha, 
2015; Trygub & Liashenko, 2017). Applied 
breeding and technological studies based on the 
specific biological characteristics of the 
Fagopyrum species are less common and need 
more attention. Mukasa et al. (2010) achieved 
significant results in this area of research, 
which received a 10% yield increase in F1 due 
to the use of the heterosis phenomenon. The 
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crops were used as an analyzing background. On the basis of a species collection of buckwheat (Fagopyrum 
esculentum Moench.) represented by 124 samples, the working collection of 35 ones was formed. These samples are 
characterized by vegetation duration range of 70-85 days and yield level of 1.8-5.6 g/plant and they are potentially 
suitable for summer sowing. Depending on the reaction of plants to the analyzing background, the differentiation of the 
working collection into clusters was carried out, with the predominance of long-day (14%), photoneutrality (46%) and 
short-day (40%) characteristics. The groups with vegetative and generative mechanisms of indicator realization and 
their combination among short-term samples were selected. Models of siderat and grain directions with potential yield 
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INTRODUCTION 
 
Buckwheat is an important cereal crop, 
traditional for Ukraine, in a number of Eastern 
and Central Europe countries and Far Eastern 
region (Bastida, 2019). The stable feature of 
recent decades is the reduction of areas under 
buckwheat in the main regions of its 
cultivation. The main reason is the specific 
requirements for growth conditions, low and 
unstable yields and limited market for the use 
of crop products.  
Recently interest in buckwheat crop has been 
renewed. The basis of this trend is a change in 
approaches to the daily diet in favor of products 
with a balanced chemical composition. 
Identification of specific (gluten-free, 
restorative, sports etc.) nutrition trends is 
equally important (Ahmed et al., 2013). This 
has led to the expansion of buckwheat research 
as a source for human consumption (Skrabanja 
et al., 2004; Small, 2017; Bastida et al., 2019) 
as well as a forage compound for animal 
feeding (Christa & Soral-Smietana, 2008).  

Study of metabolism and synthesis of 
flavonoids in buckwheat seeds causes special 
interest in this area (Li et al., 2019). 
Unconventional area of research is the study of 
the taxonomy of the Fagopyrum species based 
on chemical composition of grain (Zhang et al., 
2017; Fesenko & Fesenko, 2019), color of 
flowers (Zaika et al., 2019), and genome 
coding sequences (Yasui et al., 2016; Shi et al., 
2017). 
The prospect of these studies is determined by 
the differences in the domestication conditions 
of crop and by low level of breeding 
restructuring of modern varieties. This leads to 
a high heterogeneity of the genetic material of 
modern buckwheat crop (Tryhub & Burdyha, 
2015; Trygub & Liashenko, 2017). Applied 
breeding and technological studies based on the 
specific biological characteristics of the 
Fagopyrum species are less common and need 
more attention. Mukasa et al. (2010) achieved 
significant results in this area of research, 
which received a 10% yield increase in F1 due 
to the use of the heterosis phenomenon. The 
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technique is based on the use of the self-
compatibility gene obtained with Fagopyrum 
homotropicum Ohnishi. Koyama et al. (2019) 
analyzed the possibility of increasing yields by 
optimizing plant architectonics. The authors 
identified the number of critical phases of plant 
development that require technological control 
and determine approaches to developing the 
variety model for certain agroclimatic 
conditions (Siracusa et al., 2017; Koyama et al., 
2019). 
Another promising area for the breeding 
improvement of the modern buckwheat crop is 
the use of the photoperiodism phenomenon. 
Biological basics of it are analyzed in detail in 
many studies (Petr & Hradecka, 2003; Hara & 
Ohsawa, 2013; Chrungoo et al., 2016; Saad et 
al., 2019). However, this phenomenon so far 
has not gained wide practical implementation 
in crop improving. (Fesenko & Fesenko, 2019). 
The persistent tendency to climate warming has 
led to the technological possibility of 
buckwheat cultivation as secondary (summer) 
crop in areas with a sufficient level of 
humidity. In Ukraine, these areas are located in 
the northern Forest-Steppe and Polissya. The 
practice of expanding this type of crops shows 
significant differences between conditions of 
spring-summer growth period and the 
conditions of summer-autumn growth period in 
summer sowing. 
The actual yield of buckwheat crop with 
traditional varieties is at the level of 0.55-0.65 
t/ha. This situation needs the creation of 
specialized varieties adapted to the conditions 
of short day and higher level of warmth supply 
for juvenile developmental phases. 
The main task of the research was to study the 
buckwheat collection for the selection of 
samples suitable for сultivation under summer 
sowing in the northern Forest-Steppe of 
Ukraine. 
 
MATERIALS AND METHODS 
 
The studies were carried out for 2015-2017 at 
the Institute of Agriculture of the North-East of 
NAAS of Ukraine and Sumy National Agrarian 
University. The soil of the research plots is 
typical, low-humus chernozem, slightly 
leached, coarse-dusty, on medium-loamy loess. 
Main characteristics of the soil are: humus 

content - 4.1%, pH - 6.3, the content of mobile 
forms of phosphorus - 11.3 mg/100 g, the 
content of exchangable potassium - 9.2 mg/100 
g, the content of lightly hydrolyzed nitrogen 
according to Cornfield - 11.2 mg/100 g. The 
climate of zone is continental, with unevenly 
distributed of precipitation and medium air 
humidity. 
The weather conditions of the growth periods 
of 2015, 2016, 2017 were characterized by the 
following indicators: 
• Sum of temperatures: 2502, 2487, 2332°C; 
• Precipitation: 278, 382, 157 mm; 
• Hydrothermal coefficient (GTC): 1.11; 1.5; 
0.67. 
The average buckwheat yield in the region for 
these years was: 1.34; 1.39 and 1.15 t/ha. 
The wide range of weather conditions provided 
the opportunity to display and study the basic 
characteristics of the samples, efficient 
selection of breeding traits and the selection of 
valuable sources with characteristics of 
adaptability to the conditions of summer 
sowing. 
The research material was the species 
collection, represented by 124 samples of 
buckwheat of Fagopyrum esculentum Moench. 
of different ecological and geographical origin. 
The national standards of buckwheat –
Krupynka variety (determinant morphotype) 
and Ukrayinka variety - were used as testers. 
Testing of selection samples was carried out on 
the following variants: 
• Traditional sowing (spring-summer growth 
period). Cultivation conditions: spring barley as 
previous crop in rotation, the basic tillage was 
autumn plowing. Fertilizer application 
(N30P30K30) + pre-sowing cultivation was made 
in spring. Buckwheat samples was sown with 
breeding seeder on 10-12 of May, with row 
spacing of 15 cm and a sowing rate of 3.0 ml/ 
ha. Term of harvesting was 10-15 of July. 
• Summer sowing or secondary crop (summer-
autumn growth period). It was analyzing 
background. Cultivation conditions: pre-crop 
was winter wheat (harvested on 5-8 of July).  
Disking and rolling were used as soil tillage. 
Sowing was done on 6-9 of July, with breeding 
seeder, with row spacing of 15 cm and sowing 
rate of 3.0 ml/ha. Term of harvesting was 14-18 
of September. 

The placement of plots was systematic, in three 
replications. The accounting area of one plot is 
1.35 m2. 
In our research planning and conducting of 
experiments, the accounting of plant 
parameters, the level of yield and the quality of 
grain were carried out in accordance with 
“Method of state variety testing of agricultural 
crops” (2001). The evaluation of the buckwheat 
collection and hybrid material by 
morphological, technological characteristics 
and duration of vegetation was carried out in 
accordance with Tryhub et al. (2013).  
Data analysis and mathematical calculations 
were done with the help of the license packages 
“MS Office” and “Statistica 6.0”. The test of 
least significant differences (LSD) was applied 
to compare calculated averages of indicators 
(Steel and Torrie, 1997). 
Considering the difference in the expected 
“cluster volumes” and the use of different 
categories of indicators for grouping, the 
median (centroid) method was chosen with an 
cluster distance estimation in “percent of 
disagreement”. 
 
RESULTS AND DISCUSSIONS 
 
It has been determined that the conditions of 
summer sowing in the North-Eastern Forest-
Steppe were characterized by higher level of 
warm supply in juvenile phases of plant 
development (compared to spring sowing 
term). Thus, the indicator of the sum of average 
daily temperatures of the period of "seedlings–
flowering" was 720oC (½ of the total indicator 
of the sum of temperatures during the growing 
season).At the same time the value of this 
indicator under traditional cultivation was 350-
400 (less than 1/4). The beginning of 
generative phases of plant development was 
observed at the day length of 14-13 hours, 
while under the conditions of spring-summer 
growth period at 15-16 hours duration. Under 
summer sowing the precipitation for the 
growing season was 177 mm (19% lower than 
under traditional sowing conditions) and   
average air humidity was 18% lower.  
The complex factors of summer-autumn 
vegetation gave the reasons to search for 
genotypes with short-day characteristics. 
Variety samples should be marked by the 

accelerated passage of the period of "seedlings-
flowering" under conditions of shorter day 
length and positive reaction to the higher level 
of warm supply of juvenile phases of plant 
development. 
 
Characteristics of the buckwheat species 
collection 
The targeted creation of varieties focused on 
specific conditions of cultivation, there is a 
threat of narrowing their genetic basis. In order 
to reduce such phenomenon in the breeding 
work was involved the maximum number of 
collection samples of different origin, the 
characteristics of them were correspond to the 
conditions of the research area. On the basis of 
characteristics, the species collection of 124 
buckwheat samples of Fagopyrum esculentum 
Moench. was formed. The collection included 
94 specimens of the determinant (normal) type 
and 30 specimens of the determinant type 
(Figure 1). 

 

 
Figure 1. Sample distribution of the buckwheat species 
collection depending on productivity and duration of 
vegetation in the conditions of analyzing background 

(2015-2017) 
*figures indicate the samples included in the working 

collection 
 
The structure of collection corresponded to the 
differentiation of modern buckwheat crop in 
the conditions of the Forest-Steppe zone of the 
Eurasian continent. On the basis of such 
indicators as growth period duration, yield 
capacity and yield quality (mass of 1000 
seeds), the working collection was formed. It 
included 35 breeding samples and 2 variety-
standards. 
The working collection was created with some 
constriction of the genetic basis of the species 
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technique is based on the use of the self-
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season).At the same time the value of this 
indicator under traditional cultivation was 350-
400 (less than 1/4). The beginning of 
generative phases of plant development was 
observed at the day length of 14-13 hours, 
while under the conditions of spring-summer 
growth period at 15-16 hours duration. Under 
summer sowing the precipitation for the 
growing season was 177 mm (19% lower than 
under traditional sowing conditions) and   
average air humidity was 18% lower.  
The complex factors of summer-autumn 
vegetation gave the reasons to search for 
genotypes with short-day characteristics. 
Variety samples should be marked by the 

accelerated passage of the period of "seedlings-
flowering" under conditions of shorter day 
length and positive reaction to the higher level 
of warm supply of juvenile phases of plant 
development. 
 
Characteristics of the buckwheat species 
collection 
The targeted creation of varieties focused on 
specific conditions of cultivation, there is a 
threat of narrowing their genetic basis. In order 
to reduce such phenomenon in the breeding 
work was involved the maximum number of 
collection samples of different origin, the 
characteristics of them were correspond to the 
conditions of the research area. On the basis of 
characteristics, the species collection of 124 
buckwheat samples of Fagopyrum esculentum 
Moench. was formed. The collection included 
94 specimens of the determinant (normal) type 
and 30 specimens of the determinant type 
(Figure 1). 

 

 
Figure 1. Sample distribution of the buckwheat species 
collection depending on productivity and duration of 
vegetation in the conditions of analyzing background 

(2015-2017) 
*figures indicate the samples included in the working 

collection 
 
The structure of collection corresponded to the 
differentiation of modern buckwheat crop in 
the conditions of the Forest-Steppe zone of the 
Eurasian continent. On the basis of such 
indicators as growth period duration, yield 
capacity and yield quality (mass of 1000 
seeds), the working collection was formed. It 
included 35 breeding samples and 2 variety-
standards. 
The working collection was created with some 
constriction of the genetic basis of the species 
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collection: it did not included ultra-early 
samples with low-productivity and growth 
period less than 70 days; samples with a pro-
ductivity less than 1.5 g/plant, and late-matured 
samples with growth period more than 85 days.  
Created on the basis of the passport collection, 
it consisted of 17 national samples origin, in 
particular: UC0101979, UC0101065, 
UC0101059, UC0101058, UC0101008, 
UC0100653, UC0100658, UC0101129, 
UC0102195, UC0100153, UC0100987, 
UC0100988, UC0100267, UC0100340, 
UC0101990, UC0101993, UC0101925,18 
samples of foreign origin, including 12 from 
different administrative and geographical 
regions of the Russian Federation (UC0100066, 
UC0101116, UC0100045, UC0101868, 
UC0100990, UC0100130, UC0100002, 
UC0101195, UC0101093, UC0101871, 
UC0102183, UC0101195), 3 samples from the 
Republic of Belarus (UC0100991, UC0100367, 

UC0100362), 1 sample from Kazakhstan 
(UC0101698), 1 sample from Japan 
(UC010177) and 1 sample from Poland 
(UC0101977).  
The samples were ecologically and 
geographically distant. The most interesting 
genotypes among them were with such 
characteristics as: determinism, pronounced 
architectonics of plant habitus (UC0101975, 
UC0101993), narrow-leaved (UC0101977), 
limited branching (UC0100267), homostylus 
(UC0100362), drought-resistance and red-
flowering (UC0101871), large-fruited 
(UC0101698).  
The study of the working collection was 
conducted under the conditions of traditional 
sowing and analyzing background. The average 
values, range and level of variation of the main 
breeding-controlled traits were determined 
(Table 1). 

 
 

Тable 1. Characteristics of a working collection by parameters of vegetative 
and generative plant development (2015-2017) 

Indicators Traditional sowing Summer sowing (analyzing 
background) 

Х min max Cv, % Х min max Cv, % 
Seedlings-flowering, days 25.2 21.0 35.0 13.8 24.0 20.0 33.0 12.5 
Flowering-maturing, days 52.0 42.0 65.0 20.0 52.6 42.0 67.0 24.1 
Seedlings-maturing, days 77.2 70.0 80.0 8.8 76.6 70.0 90.0 9.8 
High of plant, сm 117.0 92.0 150.0 6.3 119.0 105.0 158.0 6.0 
Number of notes, pcs. 12.5 8.8 18.0 4.9 12.5 9.4 7.2 5.9 
Number of І-st order branches, pcs. 3.8 2.2 6.6 28.8 3.4 1.6 2.8 29.8 
Area of leaves, сm2 280.0 133.0 741.0 41.9 260.0 173.0 356.0 30.4 
Weight of plant, g 9.4 3.2 18.3 43.3 9.1 3.5 19.7 42.4 
Yield capacity (productivity), g/plant 2.45 0.71 6.32 33.6 2.01 0.64 4.12 25.5 
Number of filled seeds, pcs. 100.0 10.6 353.4 32.3 91.5 27.8 210.4 25.0 
Number of unfilled seeds, pcs. 120.0 22.6 259.0 43.9 136.0 37.4 261.0 32.1 
Мass of  1000 seeds, g 24.5 16.7 34.0 10.0 24.6 18.3 32.8 13.7 

It was determined that the conditions of the 
analyzing background increased the values in 
the following indicators: the duration of the 
“flowering-maturing” period, plant height, the 
number of unfilled seeds and the mass of 1000 
seeds by 1.15; 1.71; 13.3 and 0.41%, 
respectively. Increase in the level of variability 
(Cv) was observed in the duration of 
“flowering-maturing” period (4.1%) and the 
mass of 1000 seeds (3.7%), which was due to 
the slight extension of the values range. As for 
other indicators, the increase in the mean 
values was due to the shift of the range and 
narrowing of its limits. Yield capacity and the 

number of filled seeds are important indicators 
of generative development. These parameters 
were characterized by decrease in the mean 
values in the secondary sowing conditions by 
17.9 and 9.0%, respectively.  
The structure of the working buckwheat 
collection by reaction to the day length  
The reaction to the day duration is considered 
to be the complex ability of plant to adapt to 
environmental conditions. Comprehensive 
analysis of the working collection allowed to 
distinguish three clusters with predominance of 
long daytime indicator, photoneutrality and 
short daytime indicator (Figure 2). 

 
Figure 2. Dendrogram of sampe clustering of working collection by parameters of vegetative and generative 

development in the conditions of the analyzing background (2015-2017) 
 
The long-day (1) cluster included 5 samples, or 
14%. The clearest manifestation of long-day 
indicator was noted in sample of UC0101868. 
The duration of the “seedlings-flowering” 
period for it increased from 29 to 31 days 
(NIR0.05 = 2.0) with decreasing of plant 
productivity from 8.8 to 6.59 g. Samples of 
UC0101116, UC0100177 had the similar (but 
less clear) reaction on summer sowing. 
The cluster of photoneutral samples (2) had 16 
ones, or 46% of the total. The difference in the 
time of flowering phase in spring and summer 
crops did not exceed two days, and the 
difference in plant productivity did not exceed 
0.5 g/plant (LSD 0.05 = 0.56). This cluster also 
included variety-standards. 
The short-day predominance cluster (3) covered 
40.5% of the samples; it was formed by 
UC0100653, UC0101008, UC0101129, 
UC0102195, UC0101977, UC0100706, 
UC0100153, UC0100987, UC0100988, 
UC0100340, UC0100801, UC0100801 ones. 
The most clear short-day characteristics were 
observed in the UC0101990 sample (Kvitneva 
variety): the length of the “seedlings-
flowering” period decreased on average by 7 
days. However, the decline in growth period 
duration was not accompanied by a decrease in 
productivity. 

Differentiation of the cluster of short-day 
samples and mechanisms for the 
manifestation of the short-term indicator. 
Statistically significant differences between 
plant indicators in buckwheat collection 
samples under traditional and summer sowing 
were previously determined: reduction of the 
“seedlings-flowering” period, increase in plant 
productivity under short-day conditions and 
different combinations of these characteristics. 
They became the basis for further 
differentiation of buckwheat samples within the 
short-day cluster. There were 3 groups of 
samples with different mechanism of 
manifestation of short-day indicators. 
1. Group with a vegetative mechanism for the 
manifestation of short-day indicator 
(UC0101129, UC0101977 and UC0100987). In 
the conditions of summer sowing, the samples 
retained the productivity indicators (typical for 
traditional crops), however, they significantly 
reduced the duration of the “seedlings-end of 
vegetation” period. 
2. Group with "generative" mechanism of 
manifestation of the short-day indicator 
(UC0101093, UC0101990, UC0100340, 
UC0102195, UC0100653, UC0100706 and 
UC0100153). In the conditions of summer 
sowing, the samples increased the productivity 
of the plants with stable indicators of the 
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collection: it did not included ultra-early 
samples with low-productivity and growth 
period less than 70 days; samples with a pro-
ductivity less than 1.5 g/plant, and late-matured 
samples with growth period more than 85 days.  
Created on the basis of the passport collection, 
it consisted of 17 national samples origin, in 
particular: UC0101979, UC0101065, 
UC0101059, UC0101058, UC0101008, 
UC0100653, UC0100658, UC0101129, 
UC0102195, UC0100153, UC0100987, 
UC0100988, UC0100267, UC0100340, 
UC0101990, UC0101993, UC0101925,18 
samples of foreign origin, including 12 from 
different administrative and geographical 
regions of the Russian Federation (UC0100066, 
UC0101116, UC0100045, UC0101868, 
UC0100990, UC0100130, UC0100002, 
UC0101195, UC0101093, UC0101871, 
UC0102183, UC0101195), 3 samples from the 
Republic of Belarus (UC0100991, UC0100367, 

UC0100362), 1 sample from Kazakhstan 
(UC0101698), 1 sample from Japan 
(UC010177) and 1 sample from Poland 
(UC0101977).  
The samples were ecologically and 
geographically distant. The most interesting 
genotypes among them were with such 
characteristics as: determinism, pronounced 
architectonics of plant habitus (UC0101975, 
UC0101993), narrow-leaved (UC0101977), 
limited branching (UC0100267), homostylus 
(UC0100362), drought-resistance and red-
flowering (UC0101871), large-fruited 
(UC0101698).  
The study of the working collection was 
conducted under the conditions of traditional 
sowing and analyzing background. The average 
values, range and level of variation of the main 
breeding-controlled traits were determined 
(Table 1). 
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It was determined that the conditions of the 
analyzing background increased the values in 
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seeds by 1.15; 1.71; 13.3 and 0.41%, 
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of generative development. These parameters 
were characterized by decrease in the mean 
values in the secondary sowing conditions by 
17.9 and 9.0%, respectively.  
The structure of the working buckwheat 
collection by reaction to the day length  
The reaction to the day duration is considered 
to be the complex ability of plant to adapt to 
environmental conditions. Comprehensive 
analysis of the working collection allowed to 
distinguish three clusters with predominance of 
long daytime indicator, photoneutrality and 
short daytime indicator (Figure 2). 
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The long-day (1) cluster included 5 samples, or 
14%. The clearest manifestation of long-day 
indicator was noted in sample of UC0101868. 
The duration of the “seedlings-flowering” 
period for it increased from 29 to 31 days 
(NIR0.05 = 2.0) with decreasing of plant 
productivity from 8.8 to 6.59 g. Samples of 
UC0101116, UC0100177 had the similar (but 
less clear) reaction on summer sowing. 
The cluster of photoneutral samples (2) had 16 
ones, or 46% of the total. The difference in the 
time of flowering phase in spring and summer 
crops did not exceed two days, and the 
difference in plant productivity did not exceed 
0.5 g/plant (LSD 0.05 = 0.56). This cluster also 
included variety-standards. 
The short-day predominance cluster (3) covered 
40.5% of the samples; it was formed by 
UC0100653, UC0101008, UC0101129, 
UC0102195, UC0101977, UC0100706, 
UC0100153, UC0100987, UC0100988, 
UC0100340, UC0100801, UC0100801 ones. 
The most clear short-day characteristics were 
observed in the UC0101990 sample (Kvitneva 
variety): the length of the “seedlings-
flowering” period decreased on average by 7 
days. However, the decline in growth period 
duration was not accompanied by a decrease in 
productivity. 

Differentiation of the cluster of short-day 
samples and mechanisms for the 
manifestation of the short-term indicator. 
Statistically significant differences between 
plant indicators in buckwheat collection 
samples under traditional and summer sowing 
were previously determined: reduction of the 
“seedlings-flowering” period, increase in plant 
productivity under short-day conditions and 
different combinations of these characteristics. 
They became the basis for further 
differentiation of buckwheat samples within the 
short-day cluster. There were 3 groups of 
samples with different mechanism of 
manifestation of short-day indicators. 
1. Group with a vegetative mechanism for the 
manifestation of short-day indicator 
(UC0101129, UC0101977 and UC0100987). In 
the conditions of summer sowing, the samples 
retained the productivity indicators (typical for 
traditional crops), however, they significantly 
reduced the duration of the “seedlings-end of 
vegetation” period. 
2. Group with "generative" mechanism of 
manifestation of the short-day indicator 
(UC0101093, UC0101990, UC0100340, 
UC0102195, UC0100653, UC0100706 and 
UC0100153). In the conditions of summer 
sowing, the samples increased the productivity 
of the plants with stable indicators of the 
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"seedlings-flowering" length period and the 
total duration of the growing season. 
3. Group with a combination of "vegetative" 
and "generative" mechanisms of manifestation 
of the short-day indicator (UC0101988, 
UC0101008, UC0102183 and UC0101871). 
Samples of this group in summer sowing 
increased the productivity of plants while 
reducing the total growing season. 
Intra–group correlations between the plant 
productivity index (Wg) and the complex of 
indicators of their vegetative and generative 

development were determined to evaluate the 
features of yield formation in these groups and 
to determine possible directions of selection 
(Table 2). 
The first group (with the vegetative mechanism 
of manifestation of the short-day indicator) was 
characterized by large number of negative 
correlations of plant productivity index (Wg) 
with the parameters of their vegetative 
development and individual productivity 
indicators. This is explained by increased level 
of plant branching, their height and small seeds. 

 
Table 2. Group structure of productivity index (Wg) correlations of short-day buckwheat samples (2015-2017) 

Indicators Group 1 Group 2 Group 3 
Duration of "seedlings-flowering” period (Dse-fl), days -0.21 0.78 0.40 
Duration of vegetation period (D), days -0.31 0.25 0.04 
Mass of 1000 seeds (W1000), g -0.31 0.62 0.52 
Number of seeds per plant (NSE), pcs. 0.77 0.78 0.56 
Number of unfilled seeds (NS0), pcs. 0.65 -0.07 -0.61 
Number of inflorescences (NINF), pcs. 0.53 0.45 0.16 
Number of flowers (NFL), pcs. -0.16 0.18 0.26 
Hight of plant (H), сm -0.57 0.08 0.55 
Number of nodes (Nnd), pcs. -0.32 0.02 0.28 
Number of branches of І order (B1), pcs. -0.22 0.23 0.02 
Number of branches of ІI order (B2), pcs. 0.39 0.25 0.04 
Weight of plant (W), g 0.64 0.73 0.31 
Number of leaves per plant (NL), pcs. 0.59 0.66 0.11 
Area of leaves (A), сm2 0.50 0.27 0.23 
Area of one leaf (Al), сm2 0.03 -0.38 0.52 

 
The second group (the generative mechanism 
for the manifestation of the short–day indicator) 
was characterized by high level of correlation (r 
= 0.78) of the index (Wg) with the duration of 
the “seedlings–flowering” period. Significant 
positive correlations in the group were in terms 
of mass of 1000 seeds (r = 0.62) and number of 
seeds (r = 0.78). Like the first group, 
statistically significant correlations for Wp (r = 
0.73) and NL (r = 0.66) were retained. 
Samples of the third group had significantly 
different pattern of plant productivity index 
correlations. First of all, it was related to the 
presence of significant negative correlation of 
the number of unfilled seeds (r = –0.61) and 

positive correlations of the productivity index 
with the height (r = 0.55), the area of one leaf (r 
= 0.52). 
Based on the complex analysis of short-day 
sample group according to vegetation 
indicators under the conditions of analyzing 
background and characteristics evaluation  of 
their productivity forming, two possible 
directions of selection were identified. They 
will be the basis for creating the source 
material of buckwheat varieties, oriented to the 
conditions of summer sowing. For clarity, the 
identified directions and expected values of key 
indicators were presented as models of future 
varieties (Table 3). 

 
 
 
 
 
 
 

Table 3. Model indicators of buckwheat varieties for summer sowing 
in the area of the North-Eastern Forest-Steppe of Ukraine 

Indicators 
Models of variety for summer sowing 

Siderat direction Grain direction 
Semi-intensive type intensive type 

Duration of growth period, days more 80 70-80 70-75 
Height of plant, сm 
/Development type 120-150/common 95-100/determinant  

or 100-120/common 
70-100/determinant  or 

100-120/common 

Leaf area, сm2/рlant 300-350 200-320 200-300 
The potential of seed productivity, g/рlant 1.0-3.0 2.0-5.0 2.7-5.5 
Potential yield, g/ha - 2.8-3.5 3.2-3.6 
Biological yield, t/ha dry matter 5.3-6.2 - - 

 
The model of the siderat type was based on the use 
of the original sample forms: UC0101129, 
UC0101977 and UC0100987. 
The presence of negative correlations between 
the plant productivity index and the number of 
vegetative development indicators showed the 
narrowed specialization of the future variety 
and more complex (compared to the traditional) 
scheme for its selection and further seed 
production. 
Differentiation of grain direction models with 
the selection of intensive and semi-intensive 
variety types is less strict. It allows to make 
selection based on indicators of the seed 
number of and its size. Larger number of 
samples with these characteristics (7+4) 
indicates potentially high level of success of 
this breeding direction. 
 
CONCLUSIONS 
 
The completed stage of work confirmed the 
high level of heterogeneity of the modern 
buckwheat crop on the manifestation of 
photoperiodic characteristics and allowed to 
draw the following conclusions: 
It was established that the conditions of 
buckwheat growth period under the summer 
sowing in the North-Eastern Forest-Steppe area 
were characterized by higher (+ 80%) level of 
warm supply of the juvenile phases of 
development, reduced duration of light day 
(minus 2 hours in the flowering phase and 
minus 4 hours in the seed filling phase), 
reduced precipitation (by 18%). Samples were 
identified and mechanisms of realization of 
short-day characteristics were determined. 
"Vegetative" mechanism was manifested in the 
reduction (under the conditions of the 

analyzing background) of the duration of the 
period "seedlings-end of vegetation" without 
changing the productivity of plants, samples: 
UC0101129, UC0101977 and UC0100987. 
"Generative" mechanism of implementation 
was to increase of values of seed productivity 
without changing the duration of their growing 
season, samples: UC0101093, UC0101990, 
UC0100340, UC0102195, UC0100653, 
UC0100706 and UC0100153. 
The mechanism of combining the “vegetative” 
and “generative” directions for the 
implementation of the short-day trait was 
characterized by increase in plant productivity 
with a reduction in individual phases or the 
entire growth period, samples: UC0101988, 
UC0101008, UC0102183 and UC0101871. 
According to the differentiation results of the 
group of short-day samples and group features 
of productivity formation we have proposed 
models of grain varieties (intensive and semi-
intensive types) with a potential level of grain 
yield of 3.2-3.6; 2.8-3.5 t/ha and siderat 
varieties with 5.3-6.2 t/ha of dry matter. 
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"seedlings-flowering" length period and the 
total duration of the growing season. 
3. Group with a combination of "vegetative" 
and "generative" mechanisms of manifestation 
of the short-day indicator (UC0101988, 
UC0101008, UC0102183 and UC0101871). 
Samples of this group in summer sowing 
increased the productivity of plants while 
reducing the total growing season. 
Intra–group correlations between the plant 
productivity index (Wg) and the complex of 
indicators of their vegetative and generative 
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and more complex (compared to the traditional) 
scheme for its selection and further seed 
production. 
Differentiation of grain direction models with 
the selection of intensive and semi-intensive 
variety types is less strict. It allows to make 
selection based on indicators of the seed 
number of and its size. Larger number of 
samples with these characteristics (7+4) 
indicates potentially high level of success of 
this breeding direction. 
 
CONCLUSIONS 
 
The completed stage of work confirmed the 
high level of heterogeneity of the modern 
buckwheat crop on the manifestation of 
photoperiodic characteristics and allowed to 
draw the following conclusions: 
It was established that the conditions of 
buckwheat growth period under the summer 
sowing in the North-Eastern Forest-Steppe area 
were characterized by higher (+ 80%) level of 
warm supply of the juvenile phases of 
development, reduced duration of light day 
(minus 2 hours in the flowering phase and 
minus 4 hours in the seed filling phase), 
reduced precipitation (by 18%). Samples were 
identified and mechanisms of realization of 
short-day characteristics were determined. 
"Vegetative" mechanism was manifested in the 
reduction (under the conditions of the 

analyzing background) of the duration of the 
period "seedlings-end of vegetation" without 
changing the productivity of plants, samples: 
UC0101129, UC0101977 and UC0100987. 
"Generative" mechanism of implementation 
was to increase of values of seed productivity 
without changing the duration of their growing 
season, samples: UC0101093, UC0101990, 
UC0100340, UC0102195, UC0100653, 
UC0100706 and UC0100153. 
The mechanism of combining the “vegetative” 
and “generative” directions for the 
implementation of the short-day trait was 
characterized by increase in plant productivity 
with a reduction in individual phases or the 
entire growth period, samples: UC0101988, 
UC0101008, UC0102183 and UC0101871. 
According to the differentiation results of the 
group of short-day samples and group features 
of productivity formation we have proposed 
models of grain varieties (intensive and semi-
intensive types) with a potential level of grain 
yield of 3.2-3.6; 2.8-3.5 t/ha and siderat 
varieties with 5.3-6.2 t/ha of dry matter. 
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Abstract 
 
The paper aimed to present the effect of using two by-products from food industry in broiler diets, on meat fatty acids 
content. A 4-week feeding trial (14-42 days) was conducted on 200, Cobb 500 broilers, assigned to 5 groups (C, E1, E2, 
E3, E4) and reared in floor pens. The structure of all five groups was enriched in polyunsaturated fatty acids by 
(PUFA) using 4% flax meal, characterized by 50.73% alpha-linolenic acid (ALA). Compared to the control 
formulation, in both phases (grower/finisher) the experimental formulations included 3% and 6% white (2.48% ALA) or 
red (1.51% ALA) grape pomace. At the end of the trial, 6 broilers/ group were slaughtered and samples of thigh and 
breast meat were collected in order to determine the fatty acids content. The obtained results showed a higher content 
of PUFA for the experimental diets which included grape pomace, compared to the one that had only flax meal. 
Regarding the meat samples, the experimental diet that was supplemented with 3% red grape pomace recorded the 
highest content of PUFA, both in thigh and breast meat, compared to the control diet. 
 
Key words: broiler, fatty acids, flax meal, meat. 
 
INTRODUCTION 
 
It is estimated that by 2050 the world's 
population will reach 9 billion, and implicitly 
global demand for food will grow steadily in 
the near future (Wang et al., 2016). The meat 
fatty acids content is an important quality 
parameter, especially regarding the possible 
impact on human health following the chicken 
meat consumption (Rahimi et al., 2011). 
Omega-3 polyunsaturated fatty acids (PUFA n-
3) play an important role in the human diet, 
their health benefits including lower risk of 
cancer, cardiovascular disease, skin disorders, 
anxiety and stress, obesity, inflammation, 
arthritis rheumatoid, osteoporosis, asthma and 
allergies (Roy et al., 2020). Chicken meat is 
healthier, with relatively low-fat content, 
compared to meat from other animals.  The 
problem most countries face is the high intake 
of omega-6 fatty acids in diet, compared to 
omega-3, which leads to pathological changes 
(Simopoulos, 2016). Due to the limited level of 
PUFA n-3 in the human diet, different 
strategies have been tried lately to obtain food 
of animal origin with a higher concentration in 
these fatty acids. The polyunsaturated fatty 

acids are recognized as essential constituents 
for normal growth and development in both 
humans and animals’nutrition (Zhang et al., 
2010). Therefore, current nutritional strategies 
are focused on assessing the effects of 
terrestrial sources rich in PUFAs in poultry 
feed and their subsequent implications on 
product quality. Hybridity, sex, body weight at 
slaughter of chickens and not least the quality 
of the feeds are factors that can influence the 
meat quality (Pop and Frunza, 2018). 
Flax meal is one of the by-products that can be 
successfully introduced into broiler diets in 
order to improve feeds and meat nutritional 
value, as well as their sensory and functional 
properties (Russ and Oreopoulou, 2007). This 
by-product is rich in fatty acids, their PUFA n-
6: n-3 ratio being subunit. A high-fatty acids 
diet is an important source of energy, plus a 
better adsorption of fat-soluble vitamins and all 
the nutrients in the diet (Alzueta et al., 2003). 
On the other hand, the lack of antioxidants 
causes chicken meat to have a short shelf life, 
being prone to degradation due to lipid 
peroxidation. 
Grape pomace is rich, particularly in a wide 
range of polyphenols, which act as powerful 
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INTRODUCTION 
 
It is estimated that by 2050 the world's 
population will reach 9 billion, and implicitly 
global demand for food will grow steadily in 
the near future (Wang et al., 2016). The meat 
fatty acids content is an important quality 
parameter, especially regarding the possible 
impact on human health following the chicken 
meat consumption (Rahimi et al., 2011). 
Omega-3 polyunsaturated fatty acids (PUFA n-
3) play an important role in the human diet, 
their health benefits including lower risk of 
cancer, cardiovascular disease, skin disorders, 
anxiety and stress, obesity, inflammation, 
arthritis rheumatoid, osteoporosis, asthma and 
allergies (Roy et al., 2020). Chicken meat is 
healthier, with relatively low-fat content, 
compared to meat from other animals.  The 
problem most countries face is the high intake 
of omega-6 fatty acids in diet, compared to 
omega-3, which leads to pathological changes 
(Simopoulos, 2016). Due to the limited level of 
PUFA n-3 in the human diet, different 
strategies have been tried lately to obtain food 
of animal origin with a higher concentration in 
these fatty acids. The polyunsaturated fatty 

acids are recognized as essential constituents 
for normal growth and development in both 
humans and animals’nutrition (Zhang et al., 
2010). Therefore, current nutritional strategies 
are focused on assessing the effects of 
terrestrial sources rich in PUFAs in poultry 
feed and their subsequent implications on 
product quality. Hybridity, sex, body weight at 
slaughter of chickens and not least the quality 
of the feeds are factors that can influence the 
meat quality (Pop and Frunza, 2018). 
Flax meal is one of the by-products that can be 
successfully introduced into broiler diets in 
order to improve feeds and meat nutritional 
value, as well as their sensory and functional 
properties (Russ and Oreopoulou, 2007). This 
by-product is rich in fatty acids, their PUFA n-
6: n-3 ratio being subunit. A high-fatty acids 
diet is an important source of energy, plus a 
better adsorption of fat-soluble vitamins and all 
the nutrients in the diet (Alzueta et al., 2003). 
On the other hand, the lack of antioxidants 
causes chicken meat to have a short shelf life, 
being prone to degradation due to lipid 
peroxidation. 
Grape pomace is rich, particularly in a wide 
range of polyphenols, which act as powerful 
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antioxidants (Brenes et al., 2008). Studies 
regarding the grape pomace using in broilers 
diet indicated its effectiveness in preventing or 
at least delay the meat lipid peroxidation 
(Khodayari et al., 2014). The fact that these by-
products are a cheap source of antioxidant 
compounds offers important economic benefits 
when used in poultry feed. 
This study was, therefore, conducted to 
determine the effects of supplementing broilers 
PUFA enriched diets with two varieties of 
grape pomace on production performances, the 
development of carcass and organs and meat 
fatty acids content. 
 
MATERIALS AND METHODS 
 
Birds and experimental design 
The 4-week feeding trial was conducted within 
the experimental halls of the National Research 
and Development Institute for Biology and 
Animal Nutrition (IBNA-Balotesti, Romania) 
according to the protocol approved by the 
Ethical Commission of the institute. A number 
of 200, Cobb 500 broiler chicks, aged 14 days, 
were weighed individually and assigned to five 
groups C, E1, E2, E3 and E4 (40 chicks per 
group), without significant differences (p>0.05) 
of body weight between groups. The chicks 
were housed in environmentally controlled con-
ditions to the ground in a semi-intensive system, 
according to Cobb 500 Management Guide.   
During the grower (14-28 days) and finisher 
(29-42 days) stages, the chicks from control 

group (C) received a conventional diet based 
on corn and soybean meal (Table 1). The 
structure of all five groups was enriched in 
PUFA by using 4% flax meal. Compared to the 
control diet (C), the experimental formulations 
have differentiated by the addition of two 
levels and two varieties of grape pomace: 3% 
(E1) and 6% (E2) white grape pomace 
(Tamaioasa Romanesca); 3% (E3) and 6% (E4) 
red grape pomace (Merlot) variety. The broilers 
had free access to the feed and water.  
Throughout the experimental period (14-42 
days) the following parameters were moni-
tored: body weight (g), average daily feed 
intake (g feed/broiler/day), average daily 
weight gain (g/broiler/day) and feed conversion 
ratio (g feed/g gain).  
 
Sampling and chemical analysis 
Flax meal was analysed for the fatty acids 
content and grape pomace was analysed in 
order to determine the antioxidant capacity and 
total polyphenol concentration. Compound feed 
samples were collected and assayed for the 
fatty acids content and regarding the evolution 
of fat degradation indices after 7 and 14 days 
from manufacturing. At the end of the feeding 
trial, 6 broilers/group were slaughtered 
according to the working protocol and samples 
of breast and thigh meat (n = 6 for each dietary 
treatments) were collected and stored at −20°C 
until the fatty acid content was analysed.  
 

 
Table 1. Diet formulation 

Diet composition, % 
Grower stage 
(14-28 days) 

 Finisher stage 
(29-42 days) 

C E1 E2 E3 E4  C E1 E2 E3 E4 

Corn 35.50 31.37 37.16 31.60 37.36  39.37 34.23 31.12 34.46 31.97 
Wheat  20.00 20.00 10.00 20.00 10.00  20.00 20.00 20.00 20.00 19.58 
Corn gluten  4.00 6.00 9.25 6.00 8.73  6.00 6.00 10.00 6.00 10.00 
Soybean meal 27.02 25.02 22.50 24.86 22.83  20.81 21.32 16.81 21.16 16.53 
Flax meal  4.00 4.00 4.00 4.00 4.00  4.00 4.00 4.00 4.00 4.00 
White grape pomace 0.00 3.00 6.00 0.00 0.00  0.00 3.00 6.00 0.00 0.00 
Red grape pomace 0.00 0.00 0.00 3.00 6.00  0.00 0.00 0.00 3.00 6.00 
Vegetable oil 4.21 5.21 5.50 5.13 5.50  4.67 6.29 0.68 6.21 6.50 
Monocalcium phosphate 1.54 1.56 1.65 1.56 1.65  1.45 1.45 1.49 1.45 1.49 
Calcium carbonate 1.40 1.41 1.40 1.41 1.40  1.33 1.32 1.34 1.32 1.35 
Salt 0.36 0.36 0.37 0.36 0.37  0.33 0.34 0.34 0.34 0.34 
Methionine  0.29 0.28 0.24 0.28 0.25  0.26 0.27 0.22 0.27 0.23 
Lysine  0.41 0.47 0.55 0.48 0.54  0.48 0.47 0.60 0.48 0.61 
Threonine 0.22 0.27 0.33 0.27 0.32  0.25 0.26 0.35 0.26 0.35 
Choline 0.05 0.05 0.05 0.05 0.05  0.05 0.05 0.05 0.05 0.05 
Vitamin-mineral premix1 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 1.00 
1Content per kg diet: 1100000 IU vitamin A; 200000 IU vitamin D3; 2700 IU vitamin E; 300 mg vitamin K; 200 mg vitamin B1; 400 mg vitamin 
B2; 1485 mg pantothenic acid; 2700 mg nicotinic acid; 300 mg vitamin B6; 4 mg vitamin B7; 100 mg vitamin B9; 1.8 mg vitamin B12; 2000 mg 
vitamin C; 8000 mg manganese; 8000 mg iron; 500 mg copper; 6000 mg zinc; 37 mg cobalt; 152 mg iodine; 18 mg selenium. 

The grape pomace total polyphenol 
concentration was determined according to the 
method described by Untea et al. (2020) using 
a spectrophotometer. The results were 
expressed in mg gallic acid equivalents/g 
sample (mg EAG/g sample). 
The antioxidant capacity of grape pomace was 
determined according to the 
phosphomolybdenum method described by 
Untea et al. (2020). The results were expressed 
in mmol vitamin E equivalent/g sample. 
Fat degradation indices of feed samples. The 
peroxide value was determined using the 
iodometric method, according to SR EN ISO 
3960:2017 and the results were expressed in ml 
thiosulfate 0.1 N/g fat. Fat acidity was 
determined using the volumetric method, 
according to ISO 660:2009 and the results were 
expressed in mg KOH/g fat. 
The fatty acids were determined by gas 
chromatography, according to standard SR 
CEN ISO/TS 17764 -2: 2008, using a Perkin 
Elmer-Clarus 500 gas chromatograph, with 
capillary column injection system, high polarity 
stationary phase (BPX70: 60 m x 0.25 mm 
inner diameter and 0.25 µm thick film), and 
high polarity cyanopril phase, which give 
similar resolution for different geometric 
isomers (THERMO TR-Fame: 120 m x 0.25 
mm ID x 0.25 µm film). The results were 
expressed in g FAME/100 g total FAME. 
Statistical analysis 
The analytical data were compared by variance 
analysis (ANOVA and t test), using StatView 
program. The experimental results were 
expressed as mean values, the differences being 
considered statistically significant at p<0.05. 
 
RESULTS AND DISCUSSIONS 
 
The flax meal had a content of 66.72% total 
PUFA, of which 50.73% were represented by 
PUFA n-3 and 15.99% PUFA n-6, resulting an 
ideal value of their ratio of 0.31. The white 
grape pomace was characterized by an 
antioxidant capacity of 264.46 mmol vitamin E 
equivalent/g and a total polyphenol 
concentration of 13.13 mg GAE/g. The red 
grape pomace had an antioxidant capacity of 
213.69 mmol vitamin E equivalent/g and a total 
polyphenol concentration of 21.05 mg GAE/g. 
The results regarding the fatty acid content of 

compound feed are shown in Table 2. As can 
be seen, the highest ALA content in the grower 
stage, compared to the control group, was 
obtained in the 3% grape pomace level groups. 
In the finisher stage, the ALA content increased 
in the groups with a higher level of grape 
pomace (6%). Regarding the PUFA level, there 
was an improvement of feed in all experimental 
groups, compared to group C, regardless of the 
inclusion level. 
 

Table 2. Fatty acids content of the compound feeds by 
level of unsaturation  

Groups ALA, g/ 
100 g total 

FAME 

∑ SFA,  
% 

∑ MUFA, 
% 

∑ PUFA, 
% 

Grower stage (14-28 days) 
C 8.98 15.36 24.90 59.23 
E1 9.26 14.83 23.40 61.23 
E2 8.79 15.13 23.31 61.15 
E3 9.29 14.91 23.88 61.12 
E4 9.14 14.85 23.98 61.11 

 Finisher stage (29-42 days) 
C 8.78 14.91 24.97 60.07 
E1 8.58 14.92 24.22 60.87 
E2 8.84 11.12 26.73 61.61 
E3 8.79 10.96 28.48 60.38 
E4 8.90 11.19 26.19 62.14 

ALA-alpha linolenic acid; ∑-sum; SFA-saturated fatty acids; 
MUFA-monounsaturated fatty acids; PUFA-polyunsaturated fatty 
acids. 

 
Periodically, the evolution of fat degradation 
indices from feeds was monitored, making 
determinations regarding their degradation 
rates (Table 3).  
 
Table 3. The evolution of the fat degradation indices of 

the compound feed 
 

Fat degradation 
indices 

Grower stage (14-28 days) 
C E1 E2 E3 E4 

Peroxide 
value (ml 
thiosulfate 
0.1 N/g fat) 

7D 0.25 0.26 0.28 0.30 0.28 

14 d 0.54 0.56 0.62 0.65 0.54 

Fat acidity 
(mg KOH/g 
fat) 

7 d 12.10 13.05 13.70 13.48 13.05 

14 d 14.41 15.10 15.62 15.38 15.06 

 Finisher stage (29-42 days) 
Peroxid 
value 
(ml 
thiosulfate 
0.1 N/g fat) 

7 d 0.26 0.29 0.30 0.33 0.29 

14 d 0.59 0.60 0.58 0.62 0.61 

Fat acidity 
(mg KOH/g 
fat) 

7 d 12.28 12.70 12.59 12.69 12.83 

14 d 15.46 15.95 15.97 15.28 16.01 

 
Analyses carried out both after 7 days and after 
14 days from feeds manufacturing and storage, 
showed that the combined feeds did not 
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antioxidants (Brenes et al., 2008). Studies 
regarding the grape pomace using in broilers 
diet indicated its effectiveness in preventing or 
at least delay the meat lipid peroxidation 
(Khodayari et al., 2014). The fact that these by-
products are a cheap source of antioxidant 
compounds offers important economic benefits 
when used in poultry feed. 
This study was, therefore, conducted to 
determine the effects of supplementing broilers 
PUFA enriched diets with two varieties of 
grape pomace on production performances, the 
development of carcass and organs and meat 
fatty acids content. 
 
MATERIALS AND METHODS 
 
Birds and experimental design 
The 4-week feeding trial was conducted within 
the experimental halls of the National Research 
and Development Institute for Biology and 
Animal Nutrition (IBNA-Balotesti, Romania) 
according to the protocol approved by the 
Ethical Commission of the institute. A number 
of 200, Cobb 500 broiler chicks, aged 14 days, 
were weighed individually and assigned to five 
groups C, E1, E2, E3 and E4 (40 chicks per 
group), without significant differences (p>0.05) 
of body weight between groups. The chicks 
were housed in environmentally controlled con-
ditions to the ground in a semi-intensive system, 
according to Cobb 500 Management Guide.   
During the grower (14-28 days) and finisher 
(29-42 days) stages, the chicks from control 

group (C) received a conventional diet based 
on corn and soybean meal (Table 1). The 
structure of all five groups was enriched in 
PUFA by using 4% flax meal. Compared to the 
control diet (C), the experimental formulations 
have differentiated by the addition of two 
levels and two varieties of grape pomace: 3% 
(E1) and 6% (E2) white grape pomace 
(Tamaioasa Romanesca); 3% (E3) and 6% (E4) 
red grape pomace (Merlot) variety. The broilers 
had free access to the feed and water.  
Throughout the experimental period (14-42 
days) the following parameters were moni-
tored: body weight (g), average daily feed 
intake (g feed/broiler/day), average daily 
weight gain (g/broiler/day) and feed conversion 
ratio (g feed/g gain).  
 
Sampling and chemical analysis 
Flax meal was analysed for the fatty acids 
content and grape pomace was analysed in 
order to determine the antioxidant capacity and 
total polyphenol concentration. Compound feed 
samples were collected and assayed for the 
fatty acids content and regarding the evolution 
of fat degradation indices after 7 and 14 days 
from manufacturing. At the end of the feeding 
trial, 6 broilers/group were slaughtered 
according to the working protocol and samples 
of breast and thigh meat (n = 6 for each dietary 
treatments) were collected and stored at −20°C 
until the fatty acid content was analysed.  
 

 
Table 1. Diet formulation 

Diet composition, % 
Grower stage 
(14-28 days) 

 Finisher stage 
(29-42 days) 

C E1 E2 E3 E4  C E1 E2 E3 E4 

Corn 35.50 31.37 37.16 31.60 37.36  39.37 34.23 31.12 34.46 31.97 
Wheat  20.00 20.00 10.00 20.00 10.00  20.00 20.00 20.00 20.00 19.58 
Corn gluten  4.00 6.00 9.25 6.00 8.73  6.00 6.00 10.00 6.00 10.00 
Soybean meal 27.02 25.02 22.50 24.86 22.83  20.81 21.32 16.81 21.16 16.53 
Flax meal  4.00 4.00 4.00 4.00 4.00  4.00 4.00 4.00 4.00 4.00 
White grape pomace 0.00 3.00 6.00 0.00 0.00  0.00 3.00 6.00 0.00 0.00 
Red grape pomace 0.00 0.00 0.00 3.00 6.00  0.00 0.00 0.00 3.00 6.00 
Vegetable oil 4.21 5.21 5.50 5.13 5.50  4.67 6.29 0.68 6.21 6.50 
Monocalcium phosphate 1.54 1.56 1.65 1.56 1.65  1.45 1.45 1.49 1.45 1.49 
Calcium carbonate 1.40 1.41 1.40 1.41 1.40  1.33 1.32 1.34 1.32 1.35 
Salt 0.36 0.36 0.37 0.36 0.37  0.33 0.34 0.34 0.34 0.34 
Methionine  0.29 0.28 0.24 0.28 0.25  0.26 0.27 0.22 0.27 0.23 
Lysine  0.41 0.47 0.55 0.48 0.54  0.48 0.47 0.60 0.48 0.61 
Threonine 0.22 0.27 0.33 0.27 0.32  0.25 0.26 0.35 0.26 0.35 
Choline 0.05 0.05 0.05 0.05 0.05  0.05 0.05 0.05 0.05 0.05 
Vitamin-mineral premix1 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 1.00 
1Content per kg diet: 1100000 IU vitamin A; 200000 IU vitamin D3; 2700 IU vitamin E; 300 mg vitamin K; 200 mg vitamin B1; 400 mg vitamin 
B2; 1485 mg pantothenic acid; 2700 mg nicotinic acid; 300 mg vitamin B6; 4 mg vitamin B7; 100 mg vitamin B9; 1.8 mg vitamin B12; 2000 mg 
vitamin C; 8000 mg manganese; 8000 mg iron; 500 mg copper; 6000 mg zinc; 37 mg cobalt; 152 mg iodine; 18 mg selenium. 

The grape pomace total polyphenol 
concentration was determined according to the 
method described by Untea et al. (2020) using 
a spectrophotometer. The results were 
expressed in mg gallic acid equivalents/g 
sample (mg EAG/g sample). 
The antioxidant capacity of grape pomace was 
determined according to the 
phosphomolybdenum method described by 
Untea et al. (2020). The results were expressed 
in mmol vitamin E equivalent/g sample. 
Fat degradation indices of feed samples. The 
peroxide value was determined using the 
iodometric method, according to SR EN ISO 
3960:2017 and the results were expressed in ml 
thiosulfate 0.1 N/g fat. Fat acidity was 
determined using the volumetric method, 
according to ISO 660:2009 and the results were 
expressed in mg KOH/g fat. 
The fatty acids were determined by gas 
chromatography, according to standard SR 
CEN ISO/TS 17764 -2: 2008, using a Perkin 
Elmer-Clarus 500 gas chromatograph, with 
capillary column injection system, high polarity 
stationary phase (BPX70: 60 m x 0.25 mm 
inner diameter and 0.25 µm thick film), and 
high polarity cyanopril phase, which give 
similar resolution for different geometric 
isomers (THERMO TR-Fame: 120 m x 0.25 
mm ID x 0.25 µm film). The results were 
expressed in g FAME/100 g total FAME. 
Statistical analysis 
The analytical data were compared by variance 
analysis (ANOVA and t test), using StatView 
program. The experimental results were 
expressed as mean values, the differences being 
considered statistically significant at p<0.05. 
 
RESULTS AND DISCUSSIONS 
 
The flax meal had a content of 66.72% total 
PUFA, of which 50.73% were represented by 
PUFA n-3 and 15.99% PUFA n-6, resulting an 
ideal value of their ratio of 0.31. The white 
grape pomace was characterized by an 
antioxidant capacity of 264.46 mmol vitamin E 
equivalent/g and a total polyphenol 
concentration of 13.13 mg GAE/g. The red 
grape pomace had an antioxidant capacity of 
213.69 mmol vitamin E equivalent/g and a total 
polyphenol concentration of 21.05 mg GAE/g. 
The results regarding the fatty acid content of 

compound feed are shown in Table 2. As can 
be seen, the highest ALA content in the grower 
stage, compared to the control group, was 
obtained in the 3% grape pomace level groups. 
In the finisher stage, the ALA content increased 
in the groups with a higher level of grape 
pomace (6%). Regarding the PUFA level, there 
was an improvement of feed in all experimental 
groups, compared to group C, regardless of the 
inclusion level. 
 

Table 2. Fatty acids content of the compound feeds by 
level of unsaturation  

Groups ALA, g/ 
100 g total 

FAME 

∑ SFA,  
% 

∑ MUFA, 
% 

∑ PUFA, 
% 

Grower stage (14-28 days) 
C 8.98 15.36 24.90 59.23 
E1 9.26 14.83 23.40 61.23 
E2 8.79 15.13 23.31 61.15 
E3 9.29 14.91 23.88 61.12 
E4 9.14 14.85 23.98 61.11 

 Finisher stage (29-42 days) 
C 8.78 14.91 24.97 60.07 
E1 8.58 14.92 24.22 60.87 
E2 8.84 11.12 26.73 61.61 
E3 8.79 10.96 28.48 60.38 
E4 8.90 11.19 26.19 62.14 

ALA-alpha linolenic acid; ∑-sum; SFA-saturated fatty acids; 
MUFA-monounsaturated fatty acids; PUFA-polyunsaturated fatty 
acids. 

 
Periodically, the evolution of fat degradation 
indices from feeds was monitored, making 
determinations regarding their degradation 
rates (Table 3).  
 
Table 3. The evolution of the fat degradation indices of 

the compound feed 
 

Fat degradation 
indices 

Grower stage (14-28 days) 
C E1 E2 E3 E4 

Peroxide 
value (ml 
thiosulfate 
0.1 N/g fat) 

7D 0.25 0.26 0.28 0.30 0.28 

14 d 0.54 0.56 0.62 0.65 0.54 

Fat acidity 
(mg KOH/g 
fat) 

7 d 12.10 13.05 13.70 13.48 13.05 

14 d 14.41 15.10 15.62 15.38 15.06 

 Finisher stage (29-42 days) 
Peroxid 
value 
(ml 
thiosulfate 
0.1 N/g fat) 

7 d 0.26 0.29 0.30 0.33 0.29 

14 d 0.59 0.60 0.58 0.62 0.61 

Fat acidity 
(mg KOH/g 
fat) 

7 d 12.28 12.70 12.59 12.69 12.83 

14 d 15.46 15.95 15.97 15.28 16.01 

 
Analyses carried out both after 7 days and after 
14 days from feeds manufacturing and storage, 
showed that the combined feeds did not 
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degrade. The values obtained for peroxide 
index and fat acidity were within the allowed 
standardize limits.  
The production parameters recorded during the 
entire experimental period are shown in Table 
4. Significant differences (p<0.05) were 
observed regarding the final weigh, results 
corroborated withaverage daily weight gain of 
the broilers from all experimental groups, 
compared to group C.  
 

Table 4. Production parameters throughout the 
experimental period (14-42 days) 

 
Groups Initial 

weight  
(g) 

Final weight  
(g) 

Average daily 
weight gain 

(g/broiler/day) 

Average daily 
feed intake (g 

feed/broiler/day) 

Feed 
conversion 

ratio 
 (g feed/g 

gain) 
C 506.54a 3333.10a 78.27a 120.85a 1.54a 

E1 506.51a 3163.45bc 74.20b 115.49a 1.56a 

E2 506.91a 3186.31b 74.75b 114.19a 1.53a 

E3 506.85a 3109.76bc 72.93bc 113.54a 1.56a 

E4 506.33a 2987.63c 70.03c 109.75a 1.56a 

SEM 3.192 23.080 0.550 3.982 0.025 

p Value >0.9999 <0.0001 <0.0001 0.9379 0.9112 

a-cMeans within a column with no common superscript differ (p<0.05). 

 
The broilers with the lowest weight at the end 
of the feeding trial were those fed with 6% red 
grape pomace. There was no significant 
(p>0.05) difference in feed conversion 
throughout the entire experimental period, 
compared to C group. Kumanda et al. (2019) 
evaluated the effect of different grape pomace 
level (2.5%; 4.5%; 5.5% and 7.5%) in Cobb 
500 broilers diet. The use of 7.5% grape 
pomace level had the lowest feed intake 

(p<0.05) but there were no dietary effects on 
weight gain. As well, in the same broilers 
group, they had the lowest (p<0.05) feed 
conversion ratio (1.45) compared to the control 
group (1.79). Abu Hafsa and Ibrahim (2017) 
investigated the effect of using different levels 
of grape flour (10; 20 and 40 g/kg feed) on 
Cobb 500 broilers growth performance during 
42 day. The reported data showed that 20 g of 
grape flour/kg of feed led to the broilers weight 
gain, obtaining higher final weights and 
improved the feed conversion ratio, without 
affecting the feed consumption. 
The measurements made at broilers laughter 
regarding the development of their carcass and 
organs (Table 5) revealed a smaller (p<0.05) 
carcass for of broilers the fed with 6% white 
grape pomace, compared to the control. 
Regarding the breast meat weight, although in 
group E1 it was registered an increase (p>0.05) 
by 1.48% compared to C group, the broilers fed 
with red grape pomace showed significant 
smaller (p<0.05) weights. Significant 
differences (p<0.05) for thigh meat weight 
were obtained only for broilers fed with 3% 
white grape pomace (E1) and 6% red grape 
pomace (E4). There were no significant 
differences (p>0.05) between groups in terms 
of spleen, bile and gizzard samples. An 
increase (p<0.05) with 12.08% for the liver 
weight was observed in E2 group, compared to 
the control group. In contrast, the weight of 
heart samples from E2, E3 and E4 groups 
recorded smaller (p<0.05) values compared to 
those from the control group. 

 
Table 5. Data regarding the development of carcass and organs (42 days-old broilers)

Parameters 
(g/broiler) C E1 E2 E3 E4 SEM p Value 

Carcass 2619.17a 2590.00a 2607.50a 2528.33a 2340.83b 23.177 <0.0001 
Breast 756.00a 767.19a 727.81ab 690.87bc 653.14c 11.723 0.0036 
Thigh 570.60a 508.42b 548.75a 560.10a 494.15b 8.053 0.0016 
Liver 59.14ab 55.90a 66.29b 57.67ab 55.31a 1.515 0.0300 
Spleen 3.37a 2.90a 3.44a 3.06a 2.84a 0.114 0.3499 
Bile 2.48a 2.15a 2.15a 2.35a 2.54a 0.134 0.8185 
Heart 16.49a 14.61ab 13.85bc 13.38bc 12.64c 0.370 0.0053 
Gizzard 35.28a 33.41a 36.98a 38.04a 33.82a 1.168 0.7037 
a-c Means within a raw with no common superscript differ (p<0.05). 
 

The results regarding the fatty acid content of 
the thigh meat samples are shown in Table 6. 
Significant differences (p<0.05) compared to 
the control group were observed for all fatty 
acids’classes according to the level of 

unsaturation. There was an increase (p<0.05) of 
PUFA content particularly in groups with 6% 
white grape pomace (E2) and 3% red grape 
pomace (E3), compared to C group. However, 
there was no improvement in the PUFA n-6: n-

3 ratio. The obtained data are in agreement 
with those of Chamorro et al. (2015), in a study 
on the effect of grape meal in broilers diet (5% 
and 10%). They recorded an increase in the 
thigh meat PUFA content of 47.40 g PUFA for 
broilers fed with 5% grape meal and 53.10 
g/100 g total fatty acids for broilers fed with 
10% grape meal. 
 
Table 6. Fatty acids content of the thigh meat according 

to the level of unsaturation 
 

Fatty acids, % ∑SFA ∑MUFA ∑PUFA Ω6/Ω3 

C 25.76a 31.88ab 41.55a 7.97a 
E1 24.24bc 33.48ac 41.74a 10.99b 
E2 25.38ab 30.75b 43.42a 8.64a 
E3 23.62c 32.48abc 43.51a 9.82c 
E4 24.22bc 34.12c 41.36a 10.08c 
SEM 0.258 0.35 0.466 0.242 
p Value 0.0389 0.0082 0.4207 <0.0001 
SFA-saturated fatty acids; MUFA-monounsaturated fatty acids; 
PUFA-polyunsaturated fatty acids. 
a-c Means within a column with no common superscript differ  
(p< 0.05). 

 
The breast meat fatty acids (Table 7) 
highlighted as well as the thigh meat an 
improvement of PUFA content for all 4 
experimental groups. It was maintained the 
same tendency, namely the better efficiency of 
diets administered in E2 and E3 groups. 
Another favourable aspect of grape pomace 
using in broilers diet was that decreased 
(p<0.05) SFA content in breast meat samples, 
particularly for broilers fed with red grape 
pomace (E3). The obtained results are similar 
to those reported by Olteanu et al. (2017), who 
studied the effect of using 3% grape seed meal 
on meat fatty acid profile. Significantly higher 
values (p<0.05) were recorded in PUFA 
content from breast (32.46 ± 0.87 g) and thigh 
meat (37.68 ± 2.07 g), compared to the control 
group. 
 
Table 7. Fatty acids content of the breast meat according 

to the level of unsaturation 

Fatty acids, % ∑SFA ∑MUFA ∑PUFA Ω6/Ω3 

C 26.70a 33.11ac 39.83ab 7.71a 
E1 25.24a 35.79b 38.82b 10.12b 
E2 25.46a 31.25ac 43.09a 8.14a 
E3 23.35b 33.28c 43.12a 9.64b 
E4 25.62a 37.82b 36.34b 11.19c 
SEM 0.309 0.537 0.706 0.271 
p Value 0.0061 <0.0001 0.0024 <0.0001 
SFA-saturated fatty acids; MUFA-monounsaturated fatty acids; 
PUFA-polyunsaturated fatty acids. 
a-cMeans within a raw with no common superscript differ (p<0.05). 
 

Modern human nutrition aims to reduce or 
completely exclude foods that contribute to the 
onset of diseases of this century, which leads to 
the involvement of researchers in a series of 
experiments aimed at obtaining foods with 
beneficial effects for human health (Pogurschi 
et al., 2010).Meat quality is a very important 
aspect for both producers and consumers, but 
especially for the latter. There are a number of 
factors that sum up the concept of meat quality, 
including flavour, appearance and texture, meat 
colour, and last but not least, the 
polyunsaturated fatty acids content (Banaszak 
et al., 2020). The manipulation of PUFA 
content in chicken meat through animal 
nutrition is currently the best strategy to obtain 
a healthy food product, which will provide 
consumers with the necessary nutrients and 
which will help to maintain their health, if not 
to prevent the diseases appearance. Therefore, 
the use of by-products from industry, which 
have high nutrients concentrations, can 
effectively contribute to improve the feeds 
chemical composition used in broilers diet and 
their meat quality, using natural sources of 
nutrients. In addition to capitalizing on the 
resources of existing raw materials and the 
economic efficiency achieved, this action is 
also a good way to solve the ecological 
problems, generated by the huge quantity of 
resulting residues. 
 
CONCLUSIONS 
 
The production parameters recorded throughout 
the experimental period showed that grape 
pomace influenced the average daily weight 
gain and therefore body weight, meaning that 
broilers gained less weight especially in the 
group with 6% red grape pomace.  
On the other hand, the results of this study 
highlighted the beneficial effect of using flax 
meal in broilers diet in order to enrich them in 
polyunsaturated fatty acids. At the same time, 
the inclusion of grape pomace as natural 
antioxidant in diets contributed to overall 
quality of feeds and meat samples (thigh and 
breast) by slowing down the lipid degradation 
processes.  
The obtained results showed a higher content 
of PUFA for the experimental diets which 
included grape pomace, compared to the one 
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degrade. The values obtained for peroxide 
index and fat acidity were within the allowed 
standardize limits.  
The production parameters recorded during the 
entire experimental period are shown in Table 
4. Significant differences (p<0.05) were 
observed regarding the final weigh, results 
corroborated withaverage daily weight gain of 
the broilers from all experimental groups, 
compared to group C.  
 

Table 4. Production parameters throughout the 
experimental period (14-42 days) 

 
Groups Initial 

weight  
(g) 

Final weight  
(g) 

Average daily 
weight gain 

(g/broiler/day) 

Average daily 
feed intake (g 

feed/broiler/day) 

Feed 
conversion 

ratio 
 (g feed/g 

gain) 
C 506.54a 3333.10a 78.27a 120.85a 1.54a 

E1 506.51a 3163.45bc 74.20b 115.49a 1.56a 

E2 506.91a 3186.31b 74.75b 114.19a 1.53a 

E3 506.85a 3109.76bc 72.93bc 113.54a 1.56a 

E4 506.33a 2987.63c 70.03c 109.75a 1.56a 

SEM 3.192 23.080 0.550 3.982 0.025 

p Value >0.9999 <0.0001 <0.0001 0.9379 0.9112 

a-cMeans within a column with no common superscript differ (p<0.05). 

 
The broilers with the lowest weight at the end 
of the feeding trial were those fed with 6% red 
grape pomace. There was no significant 
(p>0.05) difference in feed conversion 
throughout the entire experimental period, 
compared to C group. Kumanda et al. (2019) 
evaluated the effect of different grape pomace 
level (2.5%; 4.5%; 5.5% and 7.5%) in Cobb 
500 broilers diet. The use of 7.5% grape 
pomace level had the lowest feed intake 

(p<0.05) but there were no dietary effects on 
weight gain. As well, in the same broilers 
group, they had the lowest (p<0.05) feed 
conversion ratio (1.45) compared to the control 
group (1.79). Abu Hafsa and Ibrahim (2017) 
investigated the effect of using different levels 
of grape flour (10; 20 and 40 g/kg feed) on 
Cobb 500 broilers growth performance during 
42 day. The reported data showed that 20 g of 
grape flour/kg of feed led to the broilers weight 
gain, obtaining higher final weights and 
improved the feed conversion ratio, without 
affecting the feed consumption. 
The measurements made at broilers laughter 
regarding the development of their carcass and 
organs (Table 5) revealed a smaller (p<0.05) 
carcass for of broilers the fed with 6% white 
grape pomace, compared to the control. 
Regarding the breast meat weight, although in 
group E1 it was registered an increase (p>0.05) 
by 1.48% compared to C group, the broilers fed 
with red grape pomace showed significant 
smaller (p<0.05) weights. Significant 
differences (p<0.05) for thigh meat weight 
were obtained only for broilers fed with 3% 
white grape pomace (E1) and 6% red grape 
pomace (E4). There were no significant 
differences (p>0.05) between groups in terms 
of spleen, bile and gizzard samples. An 
increase (p<0.05) with 12.08% for the liver 
weight was observed in E2 group, compared to 
the control group. In contrast, the weight of 
heart samples from E2, E3 and E4 groups 
recorded smaller (p<0.05) values compared to 
those from the control group. 

 
Table 5. Data regarding the development of carcass and organs (42 days-old broilers)

Parameters 
(g/broiler) C E1 E2 E3 E4 SEM p Value 

Carcass 2619.17a 2590.00a 2607.50a 2528.33a 2340.83b 23.177 <0.0001 
Breast 756.00a 767.19a 727.81ab 690.87bc 653.14c 11.723 0.0036 
Thigh 570.60a 508.42b 548.75a 560.10a 494.15b 8.053 0.0016 
Liver 59.14ab 55.90a 66.29b 57.67ab 55.31a 1.515 0.0300 
Spleen 3.37a 2.90a 3.44a 3.06a 2.84a 0.114 0.3499 
Bile 2.48a 2.15a 2.15a 2.35a 2.54a 0.134 0.8185 
Heart 16.49a 14.61ab 13.85bc 13.38bc 12.64c 0.370 0.0053 
Gizzard 35.28a 33.41a 36.98a 38.04a 33.82a 1.168 0.7037 
a-c Means within a raw with no common superscript differ (p<0.05). 
 

The results regarding the fatty acid content of 
the thigh meat samples are shown in Table 6. 
Significant differences (p<0.05) compared to 
the control group were observed for all fatty 
acids’classes according to the level of 

unsaturation. There was an increase (p<0.05) of 
PUFA content particularly in groups with 6% 
white grape pomace (E2) and 3% red grape 
pomace (E3), compared to C group. However, 
there was no improvement in the PUFA n-6: n-

3 ratio. The obtained data are in agreement 
with those of Chamorro et al. (2015), in a study 
on the effect of grape meal in broilers diet (5% 
and 10%). They recorded an increase in the 
thigh meat PUFA content of 47.40 g PUFA for 
broilers fed with 5% grape meal and 53.10 
g/100 g total fatty acids for broilers fed with 
10% grape meal. 
 
Table 6. Fatty acids content of the thigh meat according 

to the level of unsaturation 
 

Fatty acids, % ∑SFA ∑MUFA ∑PUFA Ω6/Ω3 

C 25.76a 31.88ab 41.55a 7.97a 
E1 24.24bc 33.48ac 41.74a 10.99b 
E2 25.38ab 30.75b 43.42a 8.64a 
E3 23.62c 32.48abc 43.51a 9.82c 
E4 24.22bc 34.12c 41.36a 10.08c 
SEM 0.258 0.35 0.466 0.242 
p Value 0.0389 0.0082 0.4207 <0.0001 
SFA-saturated fatty acids; MUFA-monounsaturated fatty acids; 
PUFA-polyunsaturated fatty acids. 
a-c Means within a column with no common superscript differ  
(p< 0.05). 

 
The breast meat fatty acids (Table 7) 
highlighted as well as the thigh meat an 
improvement of PUFA content for all 4 
experimental groups. It was maintained the 
same tendency, namely the better efficiency of 
diets administered in E2 and E3 groups. 
Another favourable aspect of grape pomace 
using in broilers diet was that decreased 
(p<0.05) SFA content in breast meat samples, 
particularly for broilers fed with red grape 
pomace (E3). The obtained results are similar 
to those reported by Olteanu et al. (2017), who 
studied the effect of using 3% grape seed meal 
on meat fatty acid profile. Significantly higher 
values (p<0.05) were recorded in PUFA 
content from breast (32.46 ± 0.87 g) and thigh 
meat (37.68 ± 2.07 g), compared to the control 
group. 
 
Table 7. Fatty acids content of the breast meat according 

to the level of unsaturation 

Fatty acids, % ∑SFA ∑MUFA ∑PUFA Ω6/Ω3 

C 26.70a 33.11ac 39.83ab 7.71a 
E1 25.24a 35.79b 38.82b 10.12b 
E2 25.46a 31.25ac 43.09a 8.14a 
E3 23.35b 33.28c 43.12a 9.64b 
E4 25.62a 37.82b 36.34b 11.19c 
SEM 0.309 0.537 0.706 0.271 
p Value 0.0061 <0.0001 0.0024 <0.0001 
SFA-saturated fatty acids; MUFA-monounsaturated fatty acids; 
PUFA-polyunsaturated fatty acids. 
a-cMeans within a raw with no common superscript differ (p<0.05). 
 

Modern human nutrition aims to reduce or 
completely exclude foods that contribute to the 
onset of diseases of this century, which leads to 
the involvement of researchers in a series of 
experiments aimed at obtaining foods with 
beneficial effects for human health (Pogurschi 
et al., 2010).Meat quality is a very important 
aspect for both producers and consumers, but 
especially for the latter. There are a number of 
factors that sum up the concept of meat quality, 
including flavour, appearance and texture, meat 
colour, and last but not least, the 
polyunsaturated fatty acids content (Banaszak 
et al., 2020). The manipulation of PUFA 
content in chicken meat through animal 
nutrition is currently the best strategy to obtain 
a healthy food product, which will provide 
consumers with the necessary nutrients and 
which will help to maintain their health, if not 
to prevent the diseases appearance. Therefore, 
the use of by-products from industry, which 
have high nutrients concentrations, can 
effectively contribute to improve the feeds 
chemical composition used in broilers diet and 
their meat quality, using natural sources of 
nutrients. In addition to capitalizing on the 
resources of existing raw materials and the 
economic efficiency achieved, this action is 
also a good way to solve the ecological 
problems, generated by the huge quantity of 
resulting residues. 
 
CONCLUSIONS 
 
The production parameters recorded throughout 
the experimental period showed that grape 
pomace influenced the average daily weight 
gain and therefore body weight, meaning that 
broilers gained less weight especially in the 
group with 6% red grape pomace.  
On the other hand, the results of this study 
highlighted the beneficial effect of using flax 
meal in broilers diet in order to enrich them in 
polyunsaturated fatty acids. At the same time, 
the inclusion of grape pomace as natural 
antioxidant in diets contributed to overall 
quality of feeds and meat samples (thigh and 
breast) by slowing down the lipid degradation 
processes.  
The obtained results showed a higher content 
of PUFA for the experimental diets which 
included grape pomace, compared to the one 



352

that had only flax meal. Regarding the meat 
samples, the experimental diet that was 
supplemented with 3% red grape pomace 
recorded the highest content of PUFA, both in 
thigh and breast meat, compared to the control 
diet. 
Thus, using flax meal and grape pomace as 
naturals feed ingredients has the potential to 
enhance the broilers production parameters and 
meat polyunsaturated fatty acids content.  
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Abstract 
 
The aim of the study was to evaluate alfalfa material on drought tolerance to distinguish the genotypes, which are 
resistant to water deficit at early stages of growth. The study was carried out during 2016-2018 in laboratory 
conditions at the Institute of Irrigated Agriculture of NAAS (Ukraine) using alfalfa seeds of different genotypes were 
subjected to germination in sucrose osmotic solutions with a pressure of 0.3, 0.5, 0.7 MPa within 7 days in the 
thermostat at the temperature 20 ± 2ºC. The control variant - purified water. The highest germination rate of alfalfa 
seeds was observed in the purified water - 82.0-96.1%. The increase of osmotic pressure in sucrose solutions decreased 
germination rate of seeds. Root length and hypocotyl length reached the highest values in the purified water – 24.1-33.9 
and 26.1-34.1 mm, respectively. Sucrose osmotic solution with the pressure of 3.04 bar oppressed the growth of root 
length and hypocotyl length, which at this variant reached 11.4-19.9 and 13.8-21.9 mm, respectively. Besides, different 
alfalfa genotypes showed different reaction to the osmotic stress. The highest values of vegetation growth intensity (VI) 
in the osmotic solution with the pressure of 0.3 MPa were recorded for genotypes MgP and Unitro - 31.7 and 34.1, 
respectively. The values of the index at 0.5 MPa decreased in the genotypes to 19.4 and 17.6, respectively. Particular 
attention should be paid to the genotypes Kazachka No.2 and Pr, which are characterized with a gradual decrease in VI 
with the increase of osmotic pressure from 0.3 MPa to 0.7 MPa in the solution: 20.3, 13.1, 10.5 and 25.1, 19.9, 7.3, 
respectively. The genotypes Kazachka No.2, Pr, Unitro had the best indices of germination rate, root, and hypocotyl 
length, VI values, and are recommended as the most prospective in alfalfa breeding for drought tolerance. 
 
Key words: alfalfa, drought tolerance, sucrose, seed, germination rate, vegetation growth intensity, hypocotyl, 
embryonic root. 
 
INTRODUCTION 
 
Recent increase in the warmth of climate 
resulted in the increase in adverse and extreme 
factors occurrence frequency. Firstly, it is an 
intensive raise of mean monthly air 
temperature, a decrease in rainfall amounts 
under the uneven distribution of precipitation, 
and prolonged drought period in the 
summertime (Lykhovyd, 2018). As a result, it is 
difficult to obtain strong sprouts of crops, 
which suffer from water stress and are 
oppressed, that results in the yield losses. 
Therefore, the study of alfalfa genotypes 
adaptability to the adverse conditions of 
environment are of a great value, besides, it is 
also important to study various breeding 
material of alfalfa to create adaptive varieties 
with sustainable productivity. 
Some scientists consider the ability of crops to 
deal with adverse environmental conditions 

during the vegetation season and form yield at 
the expense of biological features and genotype 
peculiarities is mainly connected with their 
drought tolerance (Orliuk & Honcharova, 
2002). 
Therefore, getting high alfalfa yields in arid 
conditions relates to seeking and creation of 
new morphotypes and adaptive potential. The 
most widely spread method for the evaluation 
of drought tolerance is water stress modeling 
using solution with high osmotic pressure. 
Greater number of sprouts testify about the 
ability of a variety to use low moisture content 
from soil that is an indirect indicator of its 
drought tolerance. Therefore, we can predict 
the resistance of genotypes to water stress at 
early stages (Udovenko, 1976; Gharoobi et al., 
2012) and distinguish the populations with a 
stress-tolerance at the earliest stages of growth 
(Sfarnejad, 2008; Hamidi & Safarnejad, 2010; 
Moskalets & Rybalchenko, 2015; Bychkova & 
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that had only flax meal. Regarding the meat 
samples, the experimental diet that was 
supplemented with 3% red grape pomace 
recorded the highest content of PUFA, both in 
thigh and breast meat, compared to the control 
diet. 
Thus, using flax meal and grape pomace as 
naturals feed ingredients has the potential to 
enhance the broilers production parameters and 
meat polyunsaturated fatty acids content.  
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Abstract 
 
The aim of the study was to evaluate alfalfa material on drought tolerance to distinguish the genotypes, which are 
resistant to water deficit at early stages of growth. The study was carried out during 2016-2018 in laboratory 
conditions at the Institute of Irrigated Agriculture of NAAS (Ukraine) using alfalfa seeds of different genotypes were 
subjected to germination in sucrose osmotic solutions with a pressure of 0.3, 0.5, 0.7 MPa within 7 days in the 
thermostat at the temperature 20 ± 2ºC. The control variant - purified water. The highest germination rate of alfalfa 
seeds was observed in the purified water - 82.0-96.1%. The increase of osmotic pressure in sucrose solutions decreased 
germination rate of seeds. Root length and hypocotyl length reached the highest values in the purified water – 24.1-33.9 
and 26.1-34.1 mm, respectively. Sucrose osmotic solution with the pressure of 3.04 bar oppressed the growth of root 
length and hypocotyl length, which at this variant reached 11.4-19.9 and 13.8-21.9 mm, respectively. Besides, different 
alfalfa genotypes showed different reaction to the osmotic stress. The highest values of vegetation growth intensity (VI) 
in the osmotic solution with the pressure of 0.3 MPa were recorded for genotypes MgP and Unitro - 31.7 and 34.1, 
respectively. The values of the index at 0.5 MPa decreased in the genotypes to 19.4 and 17.6, respectively. Particular 
attention should be paid to the genotypes Kazachka No.2 and Pr, which are characterized with a gradual decrease in VI 
with the increase of osmotic pressure from 0.3 MPa to 0.7 MPa in the solution: 20.3, 13.1, 10.5 and 25.1, 19.9, 7.3, 
respectively. The genotypes Kazachka No.2, Pr, Unitro had the best indices of germination rate, root, and hypocotyl 
length, VI values, and are recommended as the most prospective in alfalfa breeding for drought tolerance. 
 
Key words: alfalfa, drought tolerance, sucrose, seed, germination rate, vegetation growth intensity, hypocotyl, 
embryonic root. 
 
INTRODUCTION 
 
Recent increase in the warmth of climate 
resulted in the increase in adverse and extreme 
factors occurrence frequency. Firstly, it is an 
intensive raise of mean monthly air 
temperature, a decrease in rainfall amounts 
under the uneven distribution of precipitation, 
and prolonged drought period in the 
summertime (Lykhovyd, 2018). As a result, it is 
difficult to obtain strong sprouts of crops, 
which suffer from water stress and are 
oppressed, that results in the yield losses. 
Therefore, the study of alfalfa genotypes 
adaptability to the adverse conditions of 
environment are of a great value, besides, it is 
also important to study various breeding 
material of alfalfa to create adaptive varieties 
with sustainable productivity. 
Some scientists consider the ability of crops to 
deal with adverse environmental conditions 

during the vegetation season and form yield at 
the expense of biological features and genotype 
peculiarities is mainly connected with their 
drought tolerance (Orliuk & Honcharova, 
2002). 
Therefore, getting high alfalfa yields in arid 
conditions relates to seeking and creation of 
new morphotypes and adaptive potential. The 
most widely spread method for the evaluation 
of drought tolerance is water stress modeling 
using solution with high osmotic pressure. 
Greater number of sprouts testify about the 
ability of a variety to use low moisture content 
from soil that is an indirect indicator of its 
drought tolerance. Therefore, we can predict 
the resistance of genotypes to water stress at 
early stages (Udovenko, 1976; Gharoobi et al., 
2012) and distinguish the populations with a 
stress-tolerance at the earliest stages of growth 
(Sfarnejad, 2008; Hamidi & Safarnejad, 2010; 
Moskalets & Rybalchenko, 2015; Bychkova & 
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Khlebova, 2015; Kornievskaya & Silantjeva, 
2018). Using different osmotic materials is one 
of the best methods of studying the effect of 
osmotic stress on the sprouting (Gharoobi et al., 
2012). Prediction of drought tolerance of crops 
could be made using seed sprouting in the 
sucrose solutions (Denisov & Osipova, 2013), 
polyethylene glycol (PEG) (Budakli & Erdel, 
2015; Özkurt et al., 2019) or NaCl solutions 
(Lavrenko et al., 2019) if it is necessary to 
assess the tolerance to soil salinity level. This 
method has valuable advantages: simplicity, 
affordability, low labor expenditures, 
independence on weather conditions, and a 
possibility of conduction all year long. Seeds, 
which are cultivated in osmotic solutions, 
imitate water stress due to the fact of taking 
water from living cells by saccharose. Drought 
tolerant plants have high water holding 
capacity. Therefore, the greater number of 
seeds germinate in the solution, the more 
drought tolerance the plant has. It is considered 
that using sucrose solutions of different 
concentrations for the evaluation of drought 
tolerance is not only of theoretical, but of 
practical value either. 
The intensity of sprouts growth in the 
conditions of higher osmotic pressure of water 
solution characterizes the capacities of a 
genotype to survive in extreme conditions. The 
capacity of seed to give strong sprouts in the 
conditions of «physiological drought» tells us 
about the ability of seeds to germinate under 
the conditions of low moisture content and their 
high water uptake force, which determines the 
volume of water that might be consumed from 
solutions. This approach allows concluding 
seed germination rate and control the process of 
plants resistance to water deficit at the earliest 
stages of ontogenesis. It was determined that 
species and varieties differ by seeds 
germination in the stress conditions (Budakli & 
Erdel, 2015; Molor et al., 2016). 
One of the most important stages of plant 
breeding process is a preliminary evaluation of 
drought tolerance of a large set of populations 
to choose the best primary material. Right 
choice of primary material is a pre-condition of 
further success in plant breeding. 
Sucrose concentration for seed germination 
evaluation of alfalfa was selected to 
differentiate plant breeding material by the 

feature of drought tolerance. The level of 
expression of the studied feature is evaluated 
by the number of seeds that had germinated. 
The aim of the study was the evaluation of 
primary alfalfa material on drought tolerance at 
different concentrations of sucrose in 
laboratory conditions, and find out the 
populations, which are resistant to water deficit 
at early stages of growth to use the obtained 
data in further plant breeding work. 
 
MATERIALS AND METHODS 
 
The study was carried out using sucrose 
solutions with the osmotic pressure of 0.3, 0.5, 
0.7 MPa. To obtain the mentioned solutions, 
we dissolved 4.3, 7.2 and 10.0 g of sucrose in 
100 ml of purified water. The control variant 
was purified water. Alfalfa seeds were 
germinated in Petri dishes, in which pieces of 
filter paper were placed. The dishes and paper 
were sterilized in a thermostat at the 
temperature +105°C for 4 hours, the solutions 
were sterilized in autoclave at the pressure of 1 
MPa for 0.5 hours. We used undamaged seeds 
of alfalfa varieties Unitro, Veselka, populations 
Kazachka No.2, Pr, MgCP-11, Ram.d, MgP, 
LRH, Ver.d, Med, Dk of the reproductions 
obtained in 2016, 2017 and 2018.  The seeds of 
every sample were placed in 4-layer gauze bags 
and sunk into the solution of antiseptic (1% 
solution of KMnO4) for 10 minutes. Then they 
were washed with fresh-water and dried on the 
filter paper, evenly distributed in the dishes by 
50 in each dish. The dishes were closed with 
caps and placed into a thermostat at the 
temperature 20±2°C for seven days. Every day 
the number of germinated seeds was recorded. 
The experiment was carried out in four 
replications. The percentage of germinated 
seeds was calculated as follows (1): 

 (1) 
where: а - mean number of seeds, which 
germinated in the sucrose solutions, b - mean 
number of seeds, which germinated in the 
purified water (control).  
The level of drought tolerance was determined 
by the number of seeds, which germinated in 
the sucrose solutions. 
However, germination rate of the seeds is 
insufficient for the drought tolerance 
assessment. That is why the index of vegetation 

growth intensity (VI) was additionally deter-
mined. We took into account the peculiarities 
and intensity of the roots and hypocotyl growth 
as a more informative index for the assessment 
of sowing qualities of the seeds (Karpin et al., 
2012; Budakli & Erdel, 2015; Özkurt et al., 
2019). The vegetation growth intensity (VI) 
was determined using the formula (2):  

, (2) 

where: RL - the length of embryonic root, mm; 
SL - the length of hypocotyl, mm; GP - 
germination percentage, % (Abdul-baki & 
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performing Fisher’s least significant difference 
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(Dospekhov, 1985; Ushkarenko et al., 2008; 
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Variation was calculated by the standard 
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96.1%. The highest germination rate was 
recorded for Dk (96.1%), Unitro (95.0%), 
MgCP-11 (93.6%), Veselka (90.0%). The 
lowest germination rate in the control variant 
was recorded for the population Ver.d., with 
the germination rate of 82.0%. 
Germination of the alfalfa seeds in the control 
variant started on the next day, the maximum 
energy of germination was observed on the 
third day. Germination was significantly 
delayed in the osmotic solutions, where single 
seeds germinated just beginning from the 
second-third day (Figure 1). 
 

   

   
Figure 1. Germination of alfalfa seeds at 1st, 2nd, 3rd day (upper row - control, lower low - sucrose - 0.3 MPa) 
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maximum concentrations this time increases 

2.4-2.5 times depending on the crop genotype 
(Tilaki et al., 2009; Ghasemi & Shah, 2016). 
The germination percentage decreased 
gradually with the increase of sucrose 
concentration in comparison to the control. The 
minimum was reached at 0.7 MPa, while some 
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Khlebova, 2015; Kornievskaya & Silantjeva, 
2018). Using different osmotic materials is one 
of the best methods of studying the effect of 
osmotic stress on the sprouting (Gharoobi et al., 
2012). Prediction of drought tolerance of crops 
could be made using seed sprouting in the 
sucrose solutions (Denisov & Osipova, 2013), 
polyethylene glycol (PEG) (Budakli & Erdel, 
2015; Özkurt et al., 2019) or NaCl solutions 
(Lavrenko et al., 2019) if it is necessary to 
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affordability, low labor expenditures, 
independence on weather conditions, and a 
possibility of conduction all year long. Seeds, 
which are cultivated in osmotic solutions, 
imitate water stress due to the fact of taking 
water from living cells by saccharose. Drought 
tolerant plants have high water holding 
capacity. Therefore, the greater number of 
seeds germinate in the solution, the more 
drought tolerance the plant has. It is considered 
that using sucrose solutions of different 
concentrations for the evaluation of drought 
tolerance is not only of theoretical, but of 
practical value either. 
The intensity of sprouts growth in the 
conditions of higher osmotic pressure of water 
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conditions of «physiological drought» tells us 
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One of the most important stages of plant 
breeding process is a preliminary evaluation of 
drought tolerance of a large set of populations 
to choose the best primary material. Right 
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feature of drought tolerance. The level of 
expression of the studied feature is evaluated 
by the number of seeds that had germinated. 
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different concentrations of sucrose in 
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data in further plant breeding work. 
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Figure 1. Germination of alfalfa seeds at 1st, 2nd, 3rd day (upper row - control, lower low - sucrose - 0.3 MPa) 
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concentration in comparison to the control. The 
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of the studied genotypes showed the minimum 
just at 0.5 MPa. However, some of the studied 
genotypes showed almost equal to the control 
germination ability even at the osmotic 
pressure of 0.3-0.5 MPa. For example, 
genotypes Pr, Ver.d had germination 
percentage of 85.6 and 82.0% in the control 

variant, and under the osmotic stress of 0.3 
MPa - 83.0 and 78.0%, and under the pressure 
of the osmotic solution 0.5 MPa - 79.6% and 
72.0%, respectively. The variety Unitro 
preserved high ability to germinate under the 
minimum (0.3 MPa) osmotic stress - 82.6% 
(Figure 2). 

 

 
Figure 2. Germination rate of alfalfa at different concentrations of osmotic solution (average for 2016-2018) 

 
The decrease in germination rate of different 
alfalfa varieties under the impact of osmotic 
stress has been determined by the number of 
scientists (Castroluna et al., 2014; Özkurt et al., 
2019). Their results testified that the minimum 
stress does not have significant effect on 
germination, and the greater concentration of 
osmotic solutions were, the lower germination 
rate of alfalfa seeds was, that agrees with our 
results. Some researchers reported about the 
fact that the lowest (1.4 MPa) studied osmotic 
pressure significantly oppressed the 
germination of Triticeae seeds, while at the 

osmotic pressure of 2.0-2.4 MPa it was rapidly 
decreasing. Germination rate of seeds is the 
most informative index for the differentiation 
of crops by their sensitivity to water stress in 
laboratory studies (Budakli & Erdel, 2015).  
Our research shows that the lowest germination 
rate is at the highest osmotic pressure of 0.7 
MPa - germination percentage fluctuated within 
0-38.6%. The maximum root and hypocotyl 
lengths were recorded for the control variant 
with purified water with the fluctuations within 
24.1-33.9 and 26.1-34.1 mm, respectively 
(Table 1).  

Table 1. Effect of the osmotic stress on the sprouts of the alfalfa genotypes (average for 2016-2018) 

Name of a population 
Root length, mm Length of the hypocotyl, mm 

control 3.04 
bar 

5.07 
bar 

7.09 
bar control 3.04 

bar 
5.07 
bar 

7.09 
bar 

Kazachka No. 2 25.7 14.2 13.2* 12.5* 27.4 16.2 15.2* 14.5* 

Pr 30.4 14.1 11.0 10.0* 31.0 16.1 14.0* 10.0* 

MgCP-11 28.6 11.4 10.7 0.0 29.4 13.8 12.8 0.0 
Ver.d 32.3 17.5* 11.2 0.0 33.5 19.4 12.3 0.0 
MgP 33.9 19.8* 14.4* 0.0 34.1 21.9* 17.6* 0.0 
HLR 24.1 13.5 5.5 0.0 26.1 15.5 6.9 0.0 

Unitro 30.0 19.9* 12.5* 0.0 32.2 21.4* 14.3* 0.0 
Average by a population 29.2 15.8 11.2 3.2 30.5 17.8 13.3 3.5 

Variation,% 60.3 42.2 48.1 61.9 57.4 40.1 47.1 60.6 
Sx 3.6 2.54 2.66 2.69 3.7 2.59 2.76 2.75 

LSD05 8.3 5.80 6.10 6.10 8.4 5.9 6.32 6.29 
Note: *- significant at p<0.05; source: own study. 
 

The osmotic potential of 0.3 MPa started to 
cause inhibitory effect on the roots and 
hypocotyl growth, although, the length of root 
and hypocotyl in the variant was higher than on 
other studied sucrose solutions - 11.4-19.9 mm 
for root, and 13.8-21.9 mm for hypocotyl, 
respectively. The best values of the indices 
were recorded in the population MgP and 
variety Unitro (19.8, 19.9 and 21.4, 21.9 mm, 
respectively). 
We should mention that the increase in osmotic 
potential decreases the root length, but the 
reaction of different genotypes is different for 
every studied sucrose concentration. The 
populations Kazachka No. 2 and Pr slowly 
decrease the length of sprouts with a gradual 
increase in the osmotic pressure from 0.3 to 0.5 
and 0.7 MPa. Other populations demonstrated 
critical decrease in the growth at the osmotic 
stress of 0.3 and 0.5 MPa, and at the stress of 
0.7 MPa their growth was severely oppressed, 
resulting in the root length, which is equal to 
the seed length, or its length was 10 mm 
without hypocotyl formation. 
Osmotic stress has a great effect on the root and 
hypocotyl lengths (Castroluna et al., 2014; 
Özkurt et al., 2019). The study of Budakli & 
Erdel (2015) showed that they reached the peak 

length at the osmotic pressure of 2.95 bar, 
while further increase resulted in the sharp 
decrease of the root and hypocotyl lengths. 
Osmotic solution (1.6 MPa) significantly limits 
growth processes of Triticeae plants. The 
critical osmotic pressure for the coleoptile 
growth of such plants is 2.0 MPa, when it is 
weakly growing and forms the length of just 
about 0.2-0.8 cm or does not appear at all 
(Moskalets & Rybalchenko, 2015). The 
increase in osmotic pressure of solutions 
resulted in the oppression of root growth in the 
plants (Varavkin & Taran, 2014). 
The increase in osmotic stress increases 
variation of the root length (V= 42.2-61.9%) 
and hypocotyl length (V= 40.1-60.6%). 
We also have determined the VI values. As 
some scientific reports testify, the level of VI is 
a good estimator for the potential of further 
growth (Varavkin & Taran, 2014; Özkurt et al., 
2019).  
The highest VI in our study was recorded in the 
control variant. The reaction on the osmotic 
stress was different in the studied populations 
and varieties of alfalfa. The highest VI at the 
0.3 MPa osmotic stress was recorded for the 
population MgP and variety Unitro - 31.7, 34.1 
and 19.4, 17.6, respectively (Table 2). 

 
Table 2. Vegetation growth intensity (VI) of the sprouts of the alfalfa genotypes (average for 2016-2018) 

Name of a population Vegetation index of the sprouts at different osmotic pressure 
control 3.04 bar 5.07 bar 7.09 bar 

Kazachka No. 2 45.7 20.3 13.1 10.5* 

Pr 52.6 25.1 19.9* 7.3 
MgCP-11 54.3 19.4 10.5 0.0 

Ver.d 55.3 23.4 11.8 0.0 
MgP 59.8* 31.7* 19.4* 0.0 
HLR 43.6 21.5 7.8 0.0 

Unitro 59.1* 34.1* 17.6* 0.0 
Average by a population 51.4 21.5 14.3 2.5 

Variation, % 67.3 46.5 59.6 73.4 
Sx 7.0 4.8 5.4 5.4 

LSD05 12.1 7.1 8.3 8.5 
Note: *significant at p<0.05; source: own study. 

Low VI was attributed to the populations 
MgCP-11 and HLR, the greatest decrease in the 
index was observed at the osmotic pressure of 
0.5 MPa (10.8 and 7.8, respectively). The 
populations Kazachka No. 2 and Pr are 
characterized with slight gradual decrease in VI 
with the increase in osmotic stress (20.3, 13.1 
and 25.1, 19.9 for 0.3 and 0.5 MPa, 

respectively) with the minimum values of the 
index at the pressure of 0.7 MPa - 10.5 and 7.3, 
respectively. 
The studies of Varavkin & Taran (2014), 
Özkurt et al. (2019) support our results, 
testifying about gradual decrease in VI of 
plants with the increase in osmotic stress.  
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of the studied genotypes showed the minimum 
just at 0.5 MPa. However, some of the studied 
genotypes showed almost equal to the control 
germination ability even at the osmotic 
pressure of 0.3-0.5 MPa. For example, 
genotypes Pr, Ver.d had germination 
percentage of 85.6 and 82.0% in the control 

variant, and under the osmotic stress of 0.3 
MPa - 83.0 and 78.0%, and under the pressure 
of the osmotic solution 0.5 MPa - 79.6% and 
72.0%, respectively. The variety Unitro 
preserved high ability to germinate under the 
minimum (0.3 MPa) osmotic stress - 82.6% 
(Figure 2). 
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stress has been determined by the number of 
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germination, and the greater concentration of 
osmotic solutions were, the lower germination 
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fact that the lowest (1.4 MPa) studied osmotic 
pressure significantly oppressed the 
germination of Triticeae seeds, while at the 

osmotic pressure of 2.0-2.4 MPa it was rapidly 
decreasing. Germination rate of seeds is the 
most informative index for the differentiation 
of crops by their sensitivity to water stress in 
laboratory studies (Budakli & Erdel, 2015).  
Our research shows that the lowest germination 
rate is at the highest osmotic pressure of 0.7 
MPa - germination percentage fluctuated within 
0-38.6%. The maximum root and hypocotyl 
lengths were recorded for the control variant 
with purified water with the fluctuations within 
24.1-33.9 and 26.1-34.1 mm, respectively 
(Table 1).  

Table 1. Effect of the osmotic stress on the sprouts of the alfalfa genotypes (average for 2016-2018) 
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Root length, mm Length of the hypocotyl, mm 

control 3.04 
bar 

5.07 
bar 

7.09 
bar control 3.04 

bar 
5.07 
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7.09 
bar 

Kazachka No. 2 25.7 14.2 13.2* 12.5* 27.4 16.2 15.2* 14.5* 

Pr 30.4 14.1 11.0 10.0* 31.0 16.1 14.0* 10.0* 

MgCP-11 28.6 11.4 10.7 0.0 29.4 13.8 12.8 0.0 
Ver.d 32.3 17.5* 11.2 0.0 33.5 19.4 12.3 0.0 
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HLR 24.1 13.5 5.5 0.0 26.1 15.5 6.9 0.0 

Unitro 30.0 19.9* 12.5* 0.0 32.2 21.4* 14.3* 0.0 
Average by a population 29.2 15.8 11.2 3.2 30.5 17.8 13.3 3.5 

Variation,% 60.3 42.2 48.1 61.9 57.4 40.1 47.1 60.6 
Sx 3.6 2.54 2.66 2.69 3.7 2.59 2.76 2.75 

LSD05 8.3 5.80 6.10 6.10 8.4 5.9 6.32 6.29 
Note: *- significant at p<0.05; source: own study. 
 

The osmotic potential of 0.3 MPa started to 
cause inhibitory effect on the roots and 
hypocotyl growth, although, the length of root 
and hypocotyl in the variant was higher than on 
other studied sucrose solutions - 11.4-19.9 mm 
for root, and 13.8-21.9 mm for hypocotyl, 
respectively. The best values of the indices 
were recorded in the population MgP and 
variety Unitro (19.8, 19.9 and 21.4, 21.9 mm, 
respectively). 
We should mention that the increase in osmotic 
potential decreases the root length, but the 
reaction of different genotypes is different for 
every studied sucrose concentration. The 
populations Kazachka No. 2 and Pr slowly 
decrease the length of sprouts with a gradual 
increase in the osmotic pressure from 0.3 to 0.5 
and 0.7 MPa. Other populations demonstrated 
critical decrease in the growth at the osmotic 
stress of 0.3 and 0.5 MPa, and at the stress of 
0.7 MPa their growth was severely oppressed, 
resulting in the root length, which is equal to 
the seed length, or its length was 10 mm 
without hypocotyl formation. 
Osmotic stress has a great effect on the root and 
hypocotyl lengths (Castroluna et al., 2014; 
Özkurt et al., 2019). The study of Budakli & 
Erdel (2015) showed that they reached the peak 

length at the osmotic pressure of 2.95 bar, 
while further increase resulted in the sharp 
decrease of the root and hypocotyl lengths. 
Osmotic solution (1.6 MPa) significantly limits 
growth processes of Triticeae plants. The 
critical osmotic pressure for the coleoptile 
growth of such plants is 2.0 MPa, when it is 
weakly growing and forms the length of just 
about 0.2-0.8 cm or does not appear at all 
(Moskalets & Rybalchenko, 2015). The 
increase in osmotic pressure of solutions 
resulted in the oppression of root growth in the 
plants (Varavkin & Taran, 2014). 
The increase in osmotic stress increases 
variation of the root length (V= 42.2-61.9%) 
and hypocotyl length (V= 40.1-60.6%). 
We also have determined the VI values. As 
some scientific reports testify, the level of VI is 
a good estimator for the potential of further 
growth (Varavkin & Taran, 2014; Özkurt et al., 
2019).  
The highest VI in our study was recorded in the 
control variant. The reaction on the osmotic 
stress was different in the studied populations 
and varieties of alfalfa. The highest VI at the 
0.3 MPa osmotic stress was recorded for the 
population MgP and variety Unitro - 31.7, 34.1 
and 19.4, 17.6, respectively (Table 2). 
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Low VI was attributed to the populations 
MgCP-11 and HLR, the greatest decrease in the 
index was observed at the osmotic pressure of 
0.5 MPa (10.8 and 7.8, respectively). The 
populations Kazachka No. 2 and Pr are 
characterized with slight gradual decrease in VI 
with the increase in osmotic stress (20.3, 13.1 
and 25.1, 19.9 for 0.3 and 0.5 MPa, 

respectively) with the minimum values of the 
index at the pressure of 0.7 MPa - 10.5 and 7.3, 
respectively. 
The studies of Varavkin & Taran (2014), 
Özkurt et al. (2019) support our results, 
testifying about gradual decrease in VI of 
plants with the increase in osmotic stress.  
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CONCLUSIONS 
 
Laboratory study on the determination of 
alfalfa seeds germination rate and initial growth 
peculiarities under the osmotic stress, 
conducted using sucrose solutions with the 
osmotic pressure of 3-7 MPa, allowed 
screening plant breeding material for the 
drought tolerance and determination of the 
populations Kazachka No. 2, Pr, and variety 
Unitro with the highest indices of germination 
rate and vegetation growth intensity as the best 
ones for further selection work on obtaining 
highly resistant to drought varieties of the crop.  
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Abstract 
 
The article presents the results of many years of field research of the Bromus inermis productivity with different feed 
systems. The studies were conducted during 2011-2014 on gray forest soils. The following factors and their variants 
were included in the research scheme: the rate of mineral fertilizers and the time of foliar feeding with water-soluble 
fertilizer Master 18.18.18+3 at a dose of 5 kg/ha. Mars and Vseslav varieties were grown during the experiments. The 
experimental data from Bromus inermis were processed by the standard ANOVA procedure within MS Excel software. 
The most effective system of Bromus inermis fertilizer is the combination of mineral fertilizers N60P45K45 with the 
application of water-soluble fertilizer Master in the tillering stage (1-2 ten-days periods of April) and in the heading 
stage (1-2 ten-days periods of May) at a dose of 5 kg/ha, which, during the years of experiments in average, provided 
355 kg/ha of the seeds yield of the Mars variety and 370 kg/ha of the Vseslav variety, that is 55 and 60 kg/ha more than 
with the use of mineral fertilizers and 225 and 245 kg/ha more than in variant without fertilizers. 
 
Key words: Bromus inermis, fertilizers, generative shoot, height, vegetative shoot, yield. 
 
INTRODUCTION 
 
Perennial grasses are a major factor in 
environmental stability and soil restoration. 
Their unsatisfactory condition is associated 
with poor agrotechnical cultivation, which 
leads to a significant decrease in plant 
productivity, decrease in microbial mass, etc. 
(Perkins & Hatfield, 2016; Bach et al., 2012; 
Bartelt-Ryser et al., 2005; Corbin & 
D'Antonio, 2012). 
Bromopsis inermis (Leyss.) Holub is a 
perennial rhizome cereal species of the 
winter-spring type of development with high 
fodder value. It is indispensable on slopes that 
are influenced by water and wind erosion. In 
addition, it is a crop that can withstand floods 
by spring waters for 45-50 days, so it is a 
valuable species for flood-meadows 
(Otfinowski et al., 2007; Ulrich & Perkins, 
2014).  
It is used in the feed diet of farm (Heroy et al., 
2017; Rautio et al., 2012). The feeding value 
of the grass is high; it is well eaten by all 
kinds of animals due to the high leafiness of 
vegetative shoots. Protein content in the 
tillering stage is 23.0-24.4%, and in the 

heading stage, it is 11.7-12.0%. This plan 
reaches its maximum development in the second 
or third year. In the composition of grass 
mixtures, it provides highly productive grass 
stands for a long time - up to 6-8 years or more. 
It grows well after mowing and grazing. Harvest 
of Bromus inermis hay for two mowing is 6-9 
t/ha, with the content of 56-58 fodder units and 
5.5-5.8 kg of digestible protein per 100 kg of 
hay. 
Perennial grasses are of great importance in the 
cultural haylands and pastures development. 
They compound the bulk in herbage mixtures on 
the 4-6 years of life, in comparison with 
legumes. However, the development of such 
highly productive artificial seeding is prevented 
by seed shortages, especially in perennial 
grasslands (Antoniv, 2005; Foster et al., 2009). 
Seed sowings are only used for 2-3 years, which 
is not always effective, while the development of 
appropriate measures allow significantly increase 
the production of high-quality seeds and 
eliminate its current shortage for the needs of 
field and meadow forage production (Brunotte, 
2008). 
Studies in northern China have shown that the 
amount of moisture and sowing density has a 
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CONCLUSIONS 
 
Laboratory study on the determination of 
alfalfa seeds germination rate and initial growth 
peculiarities under the osmotic stress, 
conducted using sucrose solutions with the 
osmotic pressure of 3-7 MPa, allowed 
screening plant breeding material for the 
drought tolerance and determination of the 
populations Kazachka No. 2, Pr, and variety 
Unitro with the highest indices of germination 
rate and vegetation growth intensity as the best 
ones for further selection work on obtaining 
highly resistant to drought varieties of the crop.  
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Abstract 
 
The article presents the results of many years of field research of the Bromus inermis productivity with different feed 
systems. The studies were conducted during 2011-2014 on gray forest soils. The following factors and their variants 
were included in the research scheme: the rate of mineral fertilizers and the time of foliar feeding with water-soluble 
fertilizer Master 18.18.18+3 at a dose of 5 kg/ha. Mars and Vseslav varieties were grown during the experiments. The 
experimental data from Bromus inermis were processed by the standard ANOVA procedure within MS Excel software. 
The most effective system of Bromus inermis fertilizer is the combination of mineral fertilizers N60P45K45 with the 
application of water-soluble fertilizer Master in the tillering stage (1-2 ten-days periods of April) and in the heading 
stage (1-2 ten-days periods of May) at a dose of 5 kg/ha, which, during the years of experiments in average, provided 
355 kg/ha of the seeds yield of the Mars variety and 370 kg/ha of the Vseslav variety, that is 55 and 60 kg/ha more than 
with the use of mineral fertilizers and 225 and 245 kg/ha more than in variant without fertilizers. 
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INTRODUCTION 
 
Perennial grasses are a major factor in 
environmental stability and soil restoration. 
Their unsatisfactory condition is associated 
with poor agrotechnical cultivation, which 
leads to a significant decrease in plant 
productivity, decrease in microbial mass, etc. 
(Perkins & Hatfield, 2016; Bach et al., 2012; 
Bartelt-Ryser et al., 2005; Corbin & 
D'Antonio, 2012). 
Bromopsis inermis (Leyss.) Holub is a 
perennial rhizome cereal species of the 
winter-spring type of development with high 
fodder value. It is indispensable on slopes that 
are influenced by water and wind erosion. In 
addition, it is a crop that can withstand floods 
by spring waters for 45-50 days, so it is a 
valuable species for flood-meadows 
(Otfinowski et al., 2007; Ulrich & Perkins, 
2014).  
It is used in the feed diet of farm (Heroy et al., 
2017; Rautio et al., 2012). The feeding value 
of the grass is high; it is well eaten by all 
kinds of animals due to the high leafiness of 
vegetative shoots. Protein content in the 
tillering stage is 23.0-24.4%, and in the 

heading stage, it is 11.7-12.0%. This plan 
reaches its maximum development in the second 
or third year. In the composition of grass 
mixtures, it provides highly productive grass 
stands for a long time - up to 6-8 years or more. 
It grows well after mowing and grazing. Harvest 
of Bromus inermis hay for two mowing is 6-9 
t/ha, with the content of 56-58 fodder units and 
5.5-5.8 kg of digestible protein per 100 kg of 
hay. 
Perennial grasses are of great importance in the 
cultural haylands and pastures development. 
They compound the bulk in herbage mixtures on 
the 4-6 years of life, in comparison with 
legumes. However, the development of such 
highly productive artificial seeding is prevented 
by seed shortages, especially in perennial 
grasslands (Antoniv, 2005; Foster et al., 2009). 
Seed sowings are only used for 2-3 years, which 
is not always effective, while the development of 
appropriate measures allow significantly increase 
the production of high-quality seeds and 
eliminate its current shortage for the needs of 
field and meadow forage production (Brunotte, 
2008). 
Studies in northern China have shown that the 
amount of moisture and sowing density has a 
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great influence on the emergence and growth 
of plants, as well as on the accumulation of 
biomass of Leymus chinensis (Trin.) Tzvel. 
and Bromus inermis Leyss (Liu et al., 2016). 
Similar results were obtained by other 
scientists in other parts of the planet 
(Ruprecht et al., 2008; Bissels et al., 2006; 
Eckstein & Donath, 2005; Hovstad & Ohlson, 
2008; Jensen & Gutekunst, 2003; Liu et al., 
2008; Liu et al., 2015; Quested & Eriksson, 
2006; Fink & Wilson, 2011). 
Other experiments in the aspen parkland 
ecoregion of Alberta, Canada, which is a 
savanna-type habitat consisting of multiple 
plant community types and invaded by 
nonnative smooth brome, characterized by 
four community types by a suite of biotic and 
abiotic variables (brome seed density, plant 
richness, plant cover, soil pH, soil moisture, 
and organic and inorganic N) and performed a 
brome seed addition experiment. Brome 
seedling growth and survival were greater 
with increased levels of soil moisture, while 
growth decreased with increases in dissolved 
organic N, but did not vary with other 
environmental conditions. Both survival and 
growth of brome seedlings were lowest in 
brome-dominated areas. These results show 
support for the passenger model of invasion, 
as variation in local environmental conditions 
were associated with variation in brome 
performance. Further, brome appears to have 
a negative effect on its growth, a pattern 
uncommon among plant invaders (Carrigy et 
al., 2016). 
The results of previous studies have shown 
that under the conditions of the central forest-
steppe of Ukraine, nitrogen fertilizers should 
be applied in the first ten-day period of 
September, which contributes to the initiation 
of larger amount of generative shoots. N90-110 
in combination with phosphorus-potassium 
fertilizers must be applied in the sowings of 
Bromus inermis to obtain high seed 
productivity on gray forest soils. However, 
this amount of nitrogen fertilizers applied at 
one time, as a rule, is not fully absorbed by 
the Bromus inermis plants. In addition, 
fertilizers that are applied on the surface of 
vegetative sowings, without mixing it with a 
soil, are largely weathered. The single 
application of a high rate of nitrogen 

fertilizers contributes to the increase of 
vegetative shoots, the excessive growth of 
Bromus inermis plants, which leads to the crops 
lodging, and hence their poor pollination and 
seeds formation. Such crops are characterized by 
the irregular seed maturity, which complicates 
harvesting and leads to significant seed losses. In 
addition, Bromus inermis plants form the best 
yield in quantitative and qualitative terms, if 
mineral fertilizers, especially nitrogen, in 
addition to the main fertilizer in the autumn, are 
applied in the year of a crop formation in 
multiple steps, starting with early spring growth 
and ending with seed formation. Consequently, 
there is a need to develop a fertilizer system for 
Bromus inermis, which on the one hand will help 
to reduce the cost of fertilizers, and on the other 
hand will allow to obtain seed yields at the 
potential level of the crop (Antoniv, 2005; 
Petrichenko et al., 2005; Senyk, 2010; Senyk, 
2010; Koziar, 2003; Kurgak & Lukianets, 2004; 
Petrichenko, 2003). 
This study aims to develop the most optimal 
mode of fertilization for new varieties of Bromus 
inermis - Mars and Vseslav, components of 
which are the application of mineral fertilizers 
containing only macronutrients in the basic 
fertilizers and the use of water-soluble 
microfertilizers in critical periods of growth and 
development of Bromus inermis plants. 
 
MATERIALS AND METHODS 
 
The experiments were conducted at the 
experimental plots of the Institute of Feed 
Research & Agriculture of Podillya of NAAS. 
The experimental plots are located at the 
49°18'03.27"N latitude, 28°35'78.04"E longitude 
at an altitude of +5.79 286 m above mean sea 
level.  
The following factors and their variants were 
included in the research scheme:  
- А - rate of mineral fertilizers: А1 - N0P0K0; А2 
- N60; А3 - N60P45K45; 
- В - time of foliar application of water-soluble 
fertilizer Master 18.18.18+3 (manufactured by 
Valagro); pH (1% solution) - 4.3; solubility at 
20 С - 58 g/l; electrical conductivity (EC), μS/cm 
(0.1% solution) - 0.744; composition, %: N - 
18.0 including: NO3 - 1.5, NH4 - 1.5, NH2 - 15.0; 
P2O5 - 20.0; К2O - 20.0; MgO - 3.0; B - 0.02; Mn 
- 0.03, chelate in EDTA form; Zn - 0.01, chelate 

 

in EDTA form; Cu - 0.005, chelate in EDTA 
form; Fe - 0.07, chelate in EDTA form) at a 
dose of 5 kg/ha: В1 - fertilizer wasn’t applied; 
В2 - applied in autumn at the tillering stage 
(2-3 ten-days periods of October); В3 - in 
spring at the tillering stage (1-2 ten-days 
periods of April); В4 - in spring at the 
heading stage (1-2 ten-days periods of May); 
В5 - in spring at the tillering stage (1-2 ten-
days periods of April) and at the heading 
stage (1-2 ten-days periods of May).  
The study was conducted on gray forest soils. 

The topsoil tilth is characterized by the following 
agrochemical parameters: humus content is 1.75-
1.91, pH of salt extract is 5.2-5.6, hydrolytic 
acidity is 1.73-3.6 mg-eq. per 100 g of soil, easy 
hydrolysable nitrogen is 75-100 mg/kg, the 
content of mobile forms of phosphorus is 84-120 
mg/kg and potassium 64-85 mg/kg in the air-dry 
soil, the amount of absorbed bases is 12-13 mg-
eq. per 100 g of soil. The vegetation periods of 
2011-2014 had different weather conditions but 
they were favorable for Bromus inermis growing 
(Table 1). 

Table 1. Meteorological indexes during the period of Bromus inermis vegetation in the field experiments 

2011 2012 2013 2014 
Months AT, 

ºС 
PA, 
mm 

RH, 
% 

PA, 
mm 

RH, 
% 

RH, 
% 

AT, 
ºС 

PA, 
mm 

RH, 
% 

AT, 
ºС 

PA, 
mm 

RH, 
% 

- 7.2 19.0 91 - 6.8 19.0 86 - 2.4 27.0 85 - 11.5 28.0 82 January 
- 3.5 20.0 85 - 2.8 20.0 84 - 1.7 30.0 81 0.2 20.0 76 February 
4.0 16.0 83 4.0 16.0 80 - 1.5 64.0 78 5.8 17.2 74 March 
9.4 30.0 80 8.7 37.0 77 10.2 16.0 74 9.2 47.0 65 April 

15.7 32.0 75 15.3 34.0 61 17.5 62.0 65 17.0 127.0 69 May 
19.9 30.0 62 19.4 35.0 75 19.3 127.0 80 16.6 53.0 62 June 
21.1 85.0 65 21.1 15.0 60 18.8 22.2 74 20.2 65.0 73 July 
20.1 4.0 68 21.3 4.0 67 18.9 61.0 71 20.2 12.8 74 August 
8.5 35.0 74 17.0 35.0 75 11.9 121.0 88 14.8 32.0 62 September 
6.3 46.0 81 7.1 46.0 84 9.3 12.0 85 8.3 30.0 73 October 
4.2 32.0 87 4.2 12.0 88 6.7 45.0 89 2.3 43.0 79 November 

- 3.1 36.0 93 - 1.7 36.0 91 - 1.1 10.9 93 - 3.2 21.0 93 December 
Note: AT - air temperature; PA - precipitation amounts; RH - relative humidity. 
 
The growing technology of Bromus inermis 
was generally accepted for the conditions of 
Ukraine. Mars and Vseslav varieties were 
grown during the experiments. 
Mars variety is early-ripening, resistant to 
trampling and intensive grazing. Type of use 
is pasture and hay. It has high forage 
production. It is resistant to lodging and 
diseases. The growing season before the first 
hay cutting is 68-70 days, before the seed 
harvesting - 88-90 days. The dry matter yield 
for three cuttings is 12.5-12.6 t/ha, the seeds 
harvest is 0.69-0.71 t/ha. The content of crude 
protein in the dry matter is 13.8-14.0% and 
the content of fiber is 19.8-20.0 
Vseslav variety is resistant to lodging and 
drought. Type of use is haymaking. It has 
high potential of vegetative mass and seeds 
productivity. It grows intensively in spring 
and after cutting. The growing season before 
the first hay cutting is 65-66 days, before the 
seeds harvesting - 87-89 days. The dry matter 
yield for three cuttings is 12.7-13.0 t/ha, the 

seeds harvest is 0.79-0.81 t/ha. The content of 
crude protein in the dry matter is 13.4-14.9%, 
and the content of fiber is 19.4-20.1%.  
Winter wheat was a forecrop in the experiment. 
After harvesting the forecrop, stubble disking 
was carried out to a depth of 8-10 cm. Two 
weeks later tillage to a depth of 18-20 cm was 
performed. 14 days after tillage, cultivation to a 
depth of 10-12 cm was carried out for the 
additional soil smoothing. Harrowing was 
conducted in the early spring to destroy weeds 
and for the further soil smoothing. Sowing 
cultivation was performed to a depth of 1.5-2.0 
cm. Pre-sowing cultivation was performed to a 
depth of 1.5-2.0 cm. Fertilizers (ammonium 
nitrate, standard superphosphate, potassium salt) 
were introduced before the cultivation according 
to the scheme of the experiment. Bromus inermis 
varieties were sowed with a row spacing of 30 
cm with a seeding rate of 5.0 million / ha of 
similar seeds. After sowing the field was tilth 
rolled. During the growing season of Bromus 
inermis, 2-3 inter tillage’s were carried out to a 
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great influence on the emergence and growth 
of plants, as well as on the accumulation of 
biomass of Leymus chinensis (Trin.) Tzvel. 
and Bromus inermis Leyss (Liu et al., 2016). 
Similar results were obtained by other 
scientists in other parts of the planet 
(Ruprecht et al., 2008; Bissels et al., 2006; 
Eckstein & Donath, 2005; Hovstad & Ohlson, 
2008; Jensen & Gutekunst, 2003; Liu et al., 
2008; Liu et al., 2015; Quested & Eriksson, 
2006; Fink & Wilson, 2011). 
Other experiments in the aspen parkland 
ecoregion of Alberta, Canada, which is a 
savanna-type habitat consisting of multiple 
plant community types and invaded by 
nonnative smooth brome, characterized by 
four community types by a suite of biotic and 
abiotic variables (brome seed density, plant 
richness, plant cover, soil pH, soil moisture, 
and organic and inorganic N) and performed a 
brome seed addition experiment. Brome 
seedling growth and survival were greater 
with increased levels of soil moisture, while 
growth decreased with increases in dissolved 
organic N, but did not vary with other 
environmental conditions. Both survival and 
growth of brome seedlings were lowest in 
brome-dominated areas. These results show 
support for the passenger model of invasion, 
as variation in local environmental conditions 
were associated with variation in brome 
performance. Further, brome appears to have 
a negative effect on its growth, a pattern 
uncommon among plant invaders (Carrigy et 
al., 2016). 
The results of previous studies have shown 
that under the conditions of the central forest-
steppe of Ukraine, nitrogen fertilizers should 
be applied in the first ten-day period of 
September, which contributes to the initiation 
of larger amount of generative shoots. N90-110 
in combination with phosphorus-potassium 
fertilizers must be applied in the sowings of 
Bromus inermis to obtain high seed 
productivity on gray forest soils. However, 
this amount of nitrogen fertilizers applied at 
one time, as a rule, is not fully absorbed by 
the Bromus inermis plants. In addition, 
fertilizers that are applied on the surface of 
vegetative sowings, without mixing it with a 
soil, are largely weathered. The single 
application of a high rate of nitrogen 

fertilizers contributes to the increase of 
vegetative shoots, the excessive growth of 
Bromus inermis plants, which leads to the crops 
lodging, and hence their poor pollination and 
seeds formation. Such crops are characterized by 
the irregular seed maturity, which complicates 
harvesting and leads to significant seed losses. In 
addition, Bromus inermis plants form the best 
yield in quantitative and qualitative terms, if 
mineral fertilizers, especially nitrogen, in 
addition to the main fertilizer in the autumn, are 
applied in the year of a crop formation in 
multiple steps, starting with early spring growth 
and ending with seed formation. Consequently, 
there is a need to develop a fertilizer system for 
Bromus inermis, which on the one hand will help 
to reduce the cost of fertilizers, and on the other 
hand will allow to obtain seed yields at the 
potential level of the crop (Antoniv, 2005; 
Petrichenko et al., 2005; Senyk, 2010; Senyk, 
2010; Koziar, 2003; Kurgak & Lukianets, 2004; 
Petrichenko, 2003). 
This study aims to develop the most optimal 
mode of fertilization for new varieties of Bromus 
inermis - Mars and Vseslav, components of 
which are the application of mineral fertilizers 
containing only macronutrients in the basic 
fertilizers and the use of water-soluble 
microfertilizers in critical periods of growth and 
development of Bromus inermis plants. 
 
MATERIALS AND METHODS 
 
The experiments were conducted at the 
experimental plots of the Institute of Feed 
Research & Agriculture of Podillya of NAAS. 
The experimental plots are located at the 
49°18'03.27"N latitude, 28°35'78.04"E longitude 
at an altitude of +5.79 286 m above mean sea 
level.  
The following factors and their variants were 
included in the research scheme:  
- А - rate of mineral fertilizers: А1 - N0P0K0; А2 
- N60; А3 - N60P45K45; 
- В - time of foliar application of water-soluble 
fertilizer Master 18.18.18+3 (manufactured by 
Valagro); pH (1% solution) - 4.3; solubility at 
20 С - 58 g/l; electrical conductivity (EC), μS/cm 
(0.1% solution) - 0.744; composition, %: N - 
18.0 including: NO3 - 1.5, NH4 - 1.5, NH2 - 15.0; 
P2O5 - 20.0; К2O - 20.0; MgO - 3.0; B - 0.02; Mn 
- 0.03, chelate in EDTA form; Zn - 0.01, chelate 

 

in EDTA form; Cu - 0.005, chelate in EDTA 
form; Fe - 0.07, chelate in EDTA form) at a 
dose of 5 kg/ha: В1 - fertilizer wasn’t applied; 
В2 - applied in autumn at the tillering stage 
(2-3 ten-days periods of October); В3 - in 
spring at the tillering stage (1-2 ten-days 
periods of April); В4 - in spring at the 
heading stage (1-2 ten-days periods of May); 
В5 - in spring at the tillering stage (1-2 ten-
days periods of April) and at the heading 
stage (1-2 ten-days periods of May).  
The study was conducted on gray forest soils. 

The topsoil tilth is characterized by the following 
agrochemical parameters: humus content is 1.75-
1.91, pH of salt extract is 5.2-5.6, hydrolytic 
acidity is 1.73-3.6 mg-eq. per 100 g of soil, easy 
hydrolysable nitrogen is 75-100 mg/kg, the 
content of mobile forms of phosphorus is 84-120 
mg/kg and potassium 64-85 mg/kg in the air-dry 
soil, the amount of absorbed bases is 12-13 mg-
eq. per 100 g of soil. The vegetation periods of 
2011-2014 had different weather conditions but 
they were favorable for Bromus inermis growing 
(Table 1). 

Table 1. Meteorological indexes during the period of Bromus inermis vegetation in the field experiments 

2011 2012 2013 2014 
Months AT, 

ºС 
PA, 
mm 

RH, 
% 

PA, 
mm 

RH, 
% 

RH, 
% 

AT, 
ºС 

PA, 
mm 

RH, 
% 

AT, 
ºС 

PA, 
mm 

RH, 
% 

- 7.2 19.0 91 - 6.8 19.0 86 - 2.4 27.0 85 - 11.5 28.0 82 January 
- 3.5 20.0 85 - 2.8 20.0 84 - 1.7 30.0 81 0.2 20.0 76 February 
4.0 16.0 83 4.0 16.0 80 - 1.5 64.0 78 5.8 17.2 74 March 
9.4 30.0 80 8.7 37.0 77 10.2 16.0 74 9.2 47.0 65 April 

15.7 32.0 75 15.3 34.0 61 17.5 62.0 65 17.0 127.0 69 May 
19.9 30.0 62 19.4 35.0 75 19.3 127.0 80 16.6 53.0 62 June 
21.1 85.0 65 21.1 15.0 60 18.8 22.2 74 20.2 65.0 73 July 
20.1 4.0 68 21.3 4.0 67 18.9 61.0 71 20.2 12.8 74 August 
8.5 35.0 74 17.0 35.0 75 11.9 121.0 88 14.8 32.0 62 September 
6.3 46.0 81 7.1 46.0 84 9.3 12.0 85 8.3 30.0 73 October 
4.2 32.0 87 4.2 12.0 88 6.7 45.0 89 2.3 43.0 79 November 

- 3.1 36.0 93 - 1.7 36.0 91 - 1.1 10.9 93 - 3.2 21.0 93 December 
Note: AT - air temperature; PA - precipitation amounts; RH - relative humidity. 
 
The growing technology of Bromus inermis 
was generally accepted for the conditions of 
Ukraine. Mars and Vseslav varieties were 
grown during the experiments. 
Mars variety is early-ripening, resistant to 
trampling and intensive grazing. Type of use 
is pasture and hay. It has high forage 
production. It is resistant to lodging and 
diseases. The growing season before the first 
hay cutting is 68-70 days, before the seed 
harvesting - 88-90 days. The dry matter yield 
for three cuttings is 12.5-12.6 t/ha, the seeds 
harvest is 0.69-0.71 t/ha. The content of crude 
protein in the dry matter is 13.8-14.0% and 
the content of fiber is 19.8-20.0 
Vseslav variety is resistant to lodging and 
drought. Type of use is haymaking. It has 
high potential of vegetative mass and seeds 
productivity. It grows intensively in spring 
and after cutting. The growing season before 
the first hay cutting is 65-66 days, before the 
seeds harvesting - 87-89 days. The dry matter 
yield for three cuttings is 12.7-13.0 t/ha, the 

seeds harvest is 0.79-0.81 t/ha. The content of 
crude protein in the dry matter is 13.4-14.9%, 
and the content of fiber is 19.4-20.1%.  
Winter wheat was a forecrop in the experiment. 
After harvesting the forecrop, stubble disking 
was carried out to a depth of 8-10 cm. Two 
weeks later tillage to a depth of 18-20 cm was 
performed. 14 days after tillage, cultivation to a 
depth of 10-12 cm was carried out for the 
additional soil smoothing. Harrowing was 
conducted in the early spring to destroy weeds 
and for the further soil smoothing. Sowing 
cultivation was performed to a depth of 1.5-2.0 
cm. Pre-sowing cultivation was performed to a 
depth of 1.5-2.0 cm. Fertilizers (ammonium 
nitrate, standard superphosphate, potassium salt) 
were introduced before the cultivation according 
to the scheme of the experiment. Bromus inermis 
varieties were sowed with a row spacing of 30 
cm with a seeding rate of 5.0 million / ha of 
similar seeds. After sowing the field was tilth 
rolled. During the growing season of Bromus 
inermis, 2-3 inter tillage’s were carried out to a 
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depth of 8-10 cm. Spring harrowing of 
sowings was performed next year and further. 
The herbicide Dianate (active ingredient is 
Dicamba, 480 g/l) or Agritox (active 
ingredient is 2-methyl-4-chlorophenoxyacetic 
acid in the form of salts of dimethylamine, 
sodium and potassium, 500 g/l) were used to 
control weeds in a phase of 2-4 pairs of 
leaves. The fertilization of sowings with 
mineral fertilizers was carried out according 
to the scheme of experiments. 
Seeds of Bromus inermis were harvested by 
direct combining in the phase of its full 
maturity. The optimum moisture content of 
Bromus inermis seeds for direct combining is 
about 30%. After harvest, the seed yield was 
converted to basic humidity (15%).  
The experimental data of Bromus inermis 
were processed by the standard procedure of 
ANOVA within MS Excel software. The 
significance of the differences was proved for 
the reliability level of 95% (LSD05). 
 
RESULTS AND DISCUSSIONS 
 
The results of the study showed that the 
fertilizers significantly influenced the 
individual growth of the plant of Bromus 
inermis (Tables 2-5). The average height of 
vegetative shoots (average over 2011-2014) 
for the Mars variety ranged from 50.1-76.7 
cm, for generative shoots it was 76.6-107.7 
cm. For the Vseslav variety, the height of the 
vegetative shoots (average for 2012-2014) 
was 49.2-75.6 cm, for generative shoots – 
73.0-101.2 cm. Fertilizers introduced into the 
main fertilizer contributed to the height 
growth. Thus, at the introduction of N60, the 
height of generative shoots, compared to the 
variant without fertilizers, increased by 9.0-
11.1 cm depending on the variety, the height 
of vegetative shoots - by 6.2-10.6 cm. At the 
introduction of complete mineral fertilizers 
(N60P45K45), further increase in height of 
generative shoots by 8.1-12.7 cm and of 
vegetative shoots by 6.8-7.1 cm was 
observed, which in the total amount was 17.1-
23.8 cm for generative and 13.0-17.7 cm for 
vegetative shoots.  
Study has shown that the number of 
generative and vegetative shoots depended on 
the dosage of mineral nutrition. The largest 

impact on the shoots number had mineral 
fertilizers introduced in the main fertilizer. Thus, 
on the variant without fertilizers, the number of 
generative shoots for the Mars variety was 100 
pieces/m2 during the period of 2011-2014, and at 
the introduction of N60, it was 151 pieces/m2, at 
the introduction of N60P45K45 - 183 pieces/m2. 
For the Vseslav variety, on average for the 2012-
2014, these figures were 122; 180, and 208 
pieces/m2, respectively. The increase in the 
number of productive shoots, at the introduction 
of N60 and N60P45K45 in the main fertilizer, was 
51 and 83 pieces/m2 for the Mars variety and 58 
and 86 pieces/m2 for the Vseslav variety. 
The foliar application of water-soluble fertilizers 
also helped to increase the number of generative 
shoots. For the variants without fertilizers, the 
increase was 11-31 pieces/m2 depending on the 
application time, with the basic fertilizers N60 
and N60P45K45 it was 12-34 and 14-32 pieces/m2 
for the Mars variety, and 13-31, 11-33 and 12-30 
pieces/m2 for Vseslav variety, respectively. The 
highest number of generative shoots was 
observed in variants where water-soluble 
fertilizers were applied twice: in the stages of 
tillering and heading. According to the variety 
and dosage of the main fertilizer, the numbers of 
generative shoots on these variants were 131, 
184, 215 and 153, 213, 238 pieces/m2. The 
increase in the number of generative shoots in 
comparison with the corresponding variants 
without foliar fertilizing, depending on the 
dosage of the main fertilizer was 31, 34 and 32 
for the Mars variety, and 31, 33 and 30 shoots 
per m2 for the variety Vseslav. 
Study has shown that applied mineral fertilizers 
also contributed to increasing the number of 
vegetative shoots. The most significant increase 
in the number of such shoots was influenced by 
mineral fertilizers introduced into the main 
fertilizer. For example, at the introduction of N60, 
depending on the variety, the number of 
vegetative shoots increased by 56-66, at the 
introduction of N60P45K45 - by 86-111 pieces/m2, 
respectively. 
Foliar fertilization, depending on the period of 
application, contributed to the increase in the 
number of vegetative shoots in the sowings of 
Mars variety by 6-12 in variants without basic 
fertilizer, by 5-22 at applying N60 and 14-26 
pieces/m2 at applying N60P45K45. In the sowing 
of Vseslav variety, the increase of vegetative 

 

shoots amounted to 12-19, 15-18 and 4-8 
pieces/m2, respectively. The smallest increase 
in the number of vegetative shoots was 
observed during the autumn term of foliar 
fertilization. 
The two-time application of water-soluble 
fertilizers contributed to the increase in the 
number of vegetative shoots, depending on 
the variety, by 2-23 pieces/m2, compared to 

the same terms with a single application. In the 
study, mineral fertilizers applied to the main 
fertilizer in conditions of sufficient moisture 
supply contribute more to the growth of 
vegetative shoots than generative, so their 
application in high rates can cause excessive 
sowing densification, their lodging, and hence 
significantly reduction of their seed production. 

 
Table 2. The height of the generative and vegetative shoots of Bromus inermis  

of Mars variety depending on the fertilizer  

Rate of 
mineral 

fertilizers  

Time of the 
foliar 

fertilizing 

The height of the generative shoots, cm The height of the vegetative shoots, cm 
Years of the study average Years of the study average 2011 2012 2013 2014 2011 2012 2013 2014 

А1 

В1 68.2 84.7 69.0 84.6 76.6 47.6 49.2 46.1 57.5 50.1 
В2 75.0 86.0 72.1 87.4 80.1 48.3 50.5 47.7 58.3 51.2 
В3 78.9 87.5 79.4 91.9 84.4 54.0 53.0 48.3 60.6 54.0 
В4 80.9 88.2 78.4 90.7 84.6 52.6 52.8 47.9 61.2 53.6 
В5 81.0 87.9 80.5 93.0 85.6 58.4 55.4 49.1 62.2 56.3 

А2 

В1 88.5 93.2 89.2 100.9 93.0 62.4 65.7 55.4 67.1 62.6 
В2 93.8 97.2 92.3 101.3 96.2 63.1 68.3 57.0 68.2 64.2 
В3 93.8 96.4 95.0 105.7 97.7 65.9 68.8 58.6 70.9 66.0 
В4 96.1 97.0 94.1 105.3 98.1 64.8 69.5 58.0 72.1 66.1 
В5 106.3 98.0 95.5 108.2 102.0 70.6 70.2 60.0 72.0 68.2 

А3 

В1 99.3 101.3 96.1 107.7 101.1 64.2 70.8 65.0 77.7 69.4 
В2 100.0 102.0 97.0 109.2 102.1 68.5 72.2 66.8 80.2 71.9 
В3 104.1 103.4 99.3 113.5 105.1 70.1 76.0 68.0 82.0 74.0 
В4 106.8 104.5 98.7 111.2 105.3 69.6 75.2 67.8 81.4 73.5 
В5 108.8 105.2 102.2 114.7 107.7 75.5 78.0 69.0 84.3 76.7 

 

Table 3. The height of the generative and vegetative shoots of Bromus inermis of Vseslav variety depending on the 
fertilizer 

Rate of 
mineral 

fertilizers  

Time of 
the foliar 
fertilizing 

The height of the generative shoots, cm The height of the vegetative shoots, cm 
Years of the study average Years of the study average 2012 2013 2014 2012 2013 2014 

А1 

В1 71.4 67.3 80.4 73.0 46.0 48.4 53.2 49.2 
В2 76.6 69.5 82.2 76.1 48.2 49.7 54.4 50.8 
В3 76.4 74.1 83.6 78.0 52.4 50.7 56.0 53.0 
В4 77.0 74.5 84.0 78.5 52.6 50.4 56.5 53.2 
В5 77.2 77.9 85.6 80.2 54.4 51.0 58.2 54.5 

А2 

В1 79.5 85.2 87.6 84.1 60.0 56.1 63.4 59.8 
В2 80.4 85.0 90.2 85.2 62.2 56.9 64.0 61.0 
В3 82.5 88.3 96.4 89.1 63.6 63.0 67.0 64.5 
В4 82.9 88.0 97.2 89.4 64.6 64.2 66.8 65.2 
В5 83.5 89.5 100.6 91.2 68.6 65.0 69.2 67.6 

А3 

В1 91.9 93.1 105.5 96.8 64.2 66.0 70.4 66.9 
В2 93.4 95.5 106.8 98.6 66.5 67.1 70.8 68.1 
В3 93.9 95.0 109.0 99.3 68.5 70.1 74.4 71.0 
В4 92.5 96.1 108.4 99.0 68.6 72.0 75.7 72.1 
В5 94.0 99.0 110.6 101.2 73.5 74.4 78.8 75.6 
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depth of 8-10 cm. Spring harrowing of 
sowings was performed next year and further. 
The herbicide Dianate (active ingredient is 
Dicamba, 480 g/l) or Agritox (active 
ingredient is 2-methyl-4-chlorophenoxyacetic 
acid in the form of salts of dimethylamine, 
sodium and potassium, 500 g/l) were used to 
control weeds in a phase of 2-4 pairs of 
leaves. The fertilization of sowings with 
mineral fertilizers was carried out according 
to the scheme of experiments. 
Seeds of Bromus inermis were harvested by 
direct combining in the phase of its full 
maturity. The optimum moisture content of 
Bromus inermis seeds for direct combining is 
about 30%. After harvest, the seed yield was 
converted to basic humidity (15%).  
The experimental data of Bromus inermis 
were processed by the standard procedure of 
ANOVA within MS Excel software. The 
significance of the differences was proved for 
the reliability level of 95% (LSD05). 
 
RESULTS AND DISCUSSIONS 
 
The results of the study showed that the 
fertilizers significantly influenced the 
individual growth of the plant of Bromus 
inermis (Tables 2-5). The average height of 
vegetative shoots (average over 2011-2014) 
for the Mars variety ranged from 50.1-76.7 
cm, for generative shoots it was 76.6-107.7 
cm. For the Vseslav variety, the height of the 
vegetative shoots (average for 2012-2014) 
was 49.2-75.6 cm, for generative shoots – 
73.0-101.2 cm. Fertilizers introduced into the 
main fertilizer contributed to the height 
growth. Thus, at the introduction of N60, the 
height of generative shoots, compared to the 
variant without fertilizers, increased by 9.0-
11.1 cm depending on the variety, the height 
of vegetative shoots - by 6.2-10.6 cm. At the 
introduction of complete mineral fertilizers 
(N60P45K45), further increase in height of 
generative shoots by 8.1-12.7 cm and of 
vegetative shoots by 6.8-7.1 cm was 
observed, which in the total amount was 17.1-
23.8 cm for generative and 13.0-17.7 cm for 
vegetative shoots.  
Study has shown that the number of 
generative and vegetative shoots depended on 
the dosage of mineral nutrition. The largest 

impact on the shoots number had mineral 
fertilizers introduced in the main fertilizer. Thus, 
on the variant without fertilizers, the number of 
generative shoots for the Mars variety was 100 
pieces/m2 during the period of 2011-2014, and at 
the introduction of N60, it was 151 pieces/m2, at 
the introduction of N60P45K45 - 183 pieces/m2. 
For the Vseslav variety, on average for the 2012-
2014, these figures were 122; 180, and 208 
pieces/m2, respectively. The increase in the 
number of productive shoots, at the introduction 
of N60 and N60P45K45 in the main fertilizer, was 
51 and 83 pieces/m2 for the Mars variety and 58 
and 86 pieces/m2 for the Vseslav variety. 
The foliar application of water-soluble fertilizers 
also helped to increase the number of generative 
shoots. For the variants without fertilizers, the 
increase was 11-31 pieces/m2 depending on the 
application time, with the basic fertilizers N60 
and N60P45K45 it was 12-34 and 14-32 pieces/m2 
for the Mars variety, and 13-31, 11-33 and 12-30 
pieces/m2 for Vseslav variety, respectively. The 
highest number of generative shoots was 
observed in variants where water-soluble 
fertilizers were applied twice: in the stages of 
tillering and heading. According to the variety 
and dosage of the main fertilizer, the numbers of 
generative shoots on these variants were 131, 
184, 215 and 153, 213, 238 pieces/m2. The 
increase in the number of generative shoots in 
comparison with the corresponding variants 
without foliar fertilizing, depending on the 
dosage of the main fertilizer was 31, 34 and 32 
for the Mars variety, and 31, 33 and 30 shoots 
per m2 for the variety Vseslav. 
Study has shown that applied mineral fertilizers 
also contributed to increasing the number of 
vegetative shoots. The most significant increase 
in the number of such shoots was influenced by 
mineral fertilizers introduced into the main 
fertilizer. For example, at the introduction of N60, 
depending on the variety, the number of 
vegetative shoots increased by 56-66, at the 
introduction of N60P45K45 - by 86-111 pieces/m2, 
respectively. 
Foliar fertilization, depending on the period of 
application, contributed to the increase in the 
number of vegetative shoots in the sowings of 
Mars variety by 6-12 in variants without basic 
fertilizer, by 5-22 at applying N60 and 14-26 
pieces/m2 at applying N60P45K45. In the sowing 
of Vseslav variety, the increase of vegetative 

 

shoots amounted to 12-19, 15-18 and 4-8 
pieces/m2, respectively. The smallest increase 
in the number of vegetative shoots was 
observed during the autumn term of foliar 
fertilization. 
The two-time application of water-soluble 
fertilizers contributed to the increase in the 
number of vegetative shoots, depending on 
the variety, by 2-23 pieces/m2, compared to 

the same terms with a single application. In the 
study, mineral fertilizers applied to the main 
fertilizer in conditions of sufficient moisture 
supply contribute more to the growth of 
vegetative shoots than generative, so their 
application in high rates can cause excessive 
sowing densification, their lodging, and hence 
significantly reduction of their seed production. 

 
Table 2. The height of the generative and vegetative shoots of Bromus inermis  

of Mars variety depending on the fertilizer  

Rate of 
mineral 

fertilizers  

Time of the 
foliar 

fertilizing 

The height of the generative shoots, cm The height of the vegetative shoots, cm 
Years of the study average Years of the study average 2011 2012 2013 2014 2011 2012 2013 2014 

А1 

В1 68.2 84.7 69.0 84.6 76.6 47.6 49.2 46.1 57.5 50.1 
В2 75.0 86.0 72.1 87.4 80.1 48.3 50.5 47.7 58.3 51.2 
В3 78.9 87.5 79.4 91.9 84.4 54.0 53.0 48.3 60.6 54.0 
В4 80.9 88.2 78.4 90.7 84.6 52.6 52.8 47.9 61.2 53.6 
В5 81.0 87.9 80.5 93.0 85.6 58.4 55.4 49.1 62.2 56.3 

А2 

В1 88.5 93.2 89.2 100.9 93.0 62.4 65.7 55.4 67.1 62.6 
В2 93.8 97.2 92.3 101.3 96.2 63.1 68.3 57.0 68.2 64.2 
В3 93.8 96.4 95.0 105.7 97.7 65.9 68.8 58.6 70.9 66.0 
В4 96.1 97.0 94.1 105.3 98.1 64.8 69.5 58.0 72.1 66.1 
В5 106.3 98.0 95.5 108.2 102.0 70.6 70.2 60.0 72.0 68.2 

А3 

В1 99.3 101.3 96.1 107.7 101.1 64.2 70.8 65.0 77.7 69.4 
В2 100.0 102.0 97.0 109.2 102.1 68.5 72.2 66.8 80.2 71.9 
В3 104.1 103.4 99.3 113.5 105.1 70.1 76.0 68.0 82.0 74.0 
В4 106.8 104.5 98.7 111.2 105.3 69.6 75.2 67.8 81.4 73.5 
В5 108.8 105.2 102.2 114.7 107.7 75.5 78.0 69.0 84.3 76.7 

 

Table 3. The height of the generative and vegetative shoots of Bromus inermis of Vseslav variety depending on the 
fertilizer 

Rate of 
mineral 

fertilizers  

Time of 
the foliar 
fertilizing 

The height of the generative shoots, cm The height of the vegetative shoots, cm 
Years of the study average Years of the study average 2012 2013 2014 2012 2013 2014 

А1 

В1 71.4 67.3 80.4 73.0 46.0 48.4 53.2 49.2 
В2 76.6 69.5 82.2 76.1 48.2 49.7 54.4 50.8 
В3 76.4 74.1 83.6 78.0 52.4 50.7 56.0 53.0 
В4 77.0 74.5 84.0 78.5 52.6 50.4 56.5 53.2 
В5 77.2 77.9 85.6 80.2 54.4 51.0 58.2 54.5 

А2 

В1 79.5 85.2 87.6 84.1 60.0 56.1 63.4 59.8 
В2 80.4 85.0 90.2 85.2 62.2 56.9 64.0 61.0 
В3 82.5 88.3 96.4 89.1 63.6 63.0 67.0 64.5 
В4 82.9 88.0 97.2 89.4 64.6 64.2 66.8 65.2 
В5 83.5 89.5 100.6 91.2 68.6 65.0 69.2 67.6 

А3 

В1 91.9 93.1 105.5 96.8 64.2 66.0 70.4 66.9 
В2 93.4 95.5 106.8 98.6 66.5 67.1 70.8 68.1 
В3 93.9 95.0 109.0 99.3 68.5 70.1 74.4 71.0 
В4 92.5 96.1 108.4 99.0 68.6 72.0 75.7 72.1 
В5 94.0 99.0 110.6 101.2 73.5 74.4 78.8 75.6 
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Table 4. The seeds yield of Bromus inermis of Mars variety depending on the fertilizer  

Rate of mineral 
fertilizers 

Time of the 
foliar fertilizing 

Seed yield, kg/ha 
2011 2012  2013  2014  Average 

А1 

В1 95 125 151 130 125 
В2 108 148 167 152 144 
В3 113 165 170 166 154 
В4 118 168 181 170 159 
В5 133 190 195 188 176 

А2 

В1 223 235 287 220 241 
В2 239 260 293 235 257 
В3 240 282 322 255 275 
В4 250 285 318 250 276 
В5 268 300 350 270 297 

А3 

В1 270 330 388 300 322 
В2 285 358 400 320 341 
В3 288 370 429 333 355 
В4 300 380 427 340 362 
В5 318 420 450 355 386 

LSD05 
А 9.8 10.4 12.0 10.5 10.7 
В 10.6 9.7 10.2 11.3 10.5 
АВ 12.1 11.4 11.7 10.7 11.5 

 
 

Table 5. The seeds yield of Bromus inermis of Vseslav variety depending on the fertilizer 

Rate of mineral 
fertilizers 

Time of the 
foliar fertilizing 

Seed yield, kg/ha 
2012  2013  2014  Average 

А1 

В1 258 167 125 183 
В2 285 180 140 202 
В3 288 195 175 213 
В4 300 191 177 223 
В5 320 210 195 242 

А2 

В1 360 279 230 290 
В2 388 325 247 320 
В3 408 347 270 342 
В4 442 346 266 351 
В5 460 355 290 368 

А3 

В1 488 397 310 378 
В2 506 422 327 418 
В3 518 450 345 438 
В4 525 442 350 439 
В5 555 476 370 467 

LSD05 
А 10.0 10.7 9.7 10.1 
В 9.8 11.2 10.2 10.4 
АВ 11.6 10.5 10.3 10.8 

 

The analysis of the research results on seed 
productivity showed that due to the natural 
fertility (variants without fertilizers), on 
average, in 2011-2014, the harvest of Bromus 
inermis seeds of Mars varieties was obtained 
at the level of 125 kg/ha, whereas the seed 
productivity of the Vseslav variety (average 
for 2012-2014) amounted to 167 kg/ha. 
Like all types of grasses, Bromus inermis 
respond positively to nitrogen fertilizers. With 
the optimal nitrogen nutrition, the intensity of 
the synthesis of organic matter increases, the 

growth processes are stimulated, and with its 
high dosages, the growing season is prolonged, 
the process of seeds ripening is slowed down and 
its yield is reduced.  
In our study, nitrogen fertilizers, introduced into 
the basic fertilizer in the N60 rate in variants 
without fertilization allowed to increase the seed 
yield, compared to the variant without nutrition, 
by 116 kg/ha for Mars variety and by 107 kg/ha 
for Vseslav variety, and to reach the yield level 
241 and 290 kg/ha, respectively. 

 

In the case of full fertilizer application 
(N60P45K45), the seed yield of Mars variety 
was 322 kg/ha. The Vseslav variety provided 
a yield at a level of 378 kg/ha. The yield 
increase from the introduced phosphorus-
potassium fertilizers, compared to the N60 
variant, was 81 and 88 kg/ha, respectively. 
Study has shown the increase in yield, due to 
foliar fertilization. The introduction of water-
soluble fertilizer at different times in variants 
without basic fertilizer contributed to the 
increase of seed yield in Mars and Vseslav 
varieties by almost the same values - 19-34 
and 19-40 kg/ha, respectively, with a 
significant difference in yield in favor of the 
Vseslav variety (Mars variety - 144-159 
kg/ha, Vseslav variety - 202-223 kg/ha).  
Foliar fertilizer with the N60 dosage 
contributed to the yield increase depending on 
the terms of application by 16-35 kg/ha for 
the Mars variety and 20-61 kg/ha for the 
Vseslav variety, with yields of 241-276 and 
320-351 kg/ha, respectively.  
With the main fertilizer N60P45K45, yield 
growth with the foliar fertilization was 19-40 
and 20-41 kg/ha, respectively. Seeds harvest 
were 341-362 and 418-439 kg /ha. 
In terms of application time, the smallest 
effect on seed productivity growth was achie-
ved when water-soluble fertilizers were 
introduced in the autumn (1 ten-day period of 
September). However, the effectiveness of 
water-soluble fertilizers almost did not 
depend on the dosage of the main fertilizer. 
The yield increase for the Mars variety 
according to the dosage of the main fertilizer 
was 19, 16 and 19 kg/ha, for the Vseslav 
variety it was 19, 20 and 20 kg/ha. 
The dosage of the main fertilizer did not 
significantly affect the yield increase during 
the application of water-soluble fertilizers in 
the tillering stage - 29, 34, 33 and 30, 32, 43 
kg/ha. Increases in seed productivity during 
the fertilization of sowings in the heading 
stage were slightly larger - 34, 35, 40 and 40, 
61, 41 kg/ha. 
The greatest effect of water-soluble fertilizers 
in our study was achieved by double nutrition 
of the sowings: in the stages of tillering and 
heading. Accordingly, the dosage of water-
soluble fertilizers was double - 5 kg/ha + 5 
kg/ha. Depending on the variety, the yield of 

the sowings increased in the variants without the 
main fertilizer by 51, 59 kg/ha, at the application 
of N60 - by 56, 78 kg/ha and at N60P45K45 - 64, 69 
kg/ha.  
Research on the development of new and 
improvement of existing technologies for the 
cereals growing is currently conducted mainly on 
their most common species, but all of them relate 
only to individual agrotechnical techniques, 
without a comprehensive study of their 
relationship. 
A field trial was sown at Melfort, SK, Canada, in 
May 2013 to evaluate forage accumulation, 
nutritive value, and botanical composition of 
different mixtures of grasses and CMV under 
two-cut and three-cut harvest management from 
2014 to 2017. Thirteen forage mixtures consisted 
of (i) monocultures of Bromus riparius Rehm. 
(MB), Bromus riparius Rehm. × B. inermis 
Leyss. (HB), Agropyron cristatum (L.) (CWG), 
Agropyron intermedium Beauv. (IWG), and 
CMV; (ii) binary mixtures of each of the grass + 
CMV; (iii) a four-grass mixture (MB, HB, CWG, 
and IWG) (Mix 4); (iv) Mix 4 + CMV (Mix 5); 
(v) a six-grass mixture (Mix 4) + Dactylis 
glomerata L. and Phleum pratense L. (Mix 6); 
and (vi) Mix 6 + CMV (Mix 7). The two-cut 
system resulted in greater total forage 
accumulation (10.3 ± 2.8 Mg ha−1) compared 
with the three-cut system (8.6 ± 2.3 Mg ha−1) 
with the exception of 2017. On average, grass 
mixtures containing CMV and CMV 
monoculture (11.1 ± 1.7 Mg ha−1) had greater 
forage accumulation than grass monocultures 
and grass only mixtures (7.5 ± 2.4 Mg ha−1). 
Cicer milkvetch dominated in all mixtures (44.0–
68.8% of forage mass) in 2016 compared with its 
initial proportion of 2.1 to 31.2%. The 
concentration of crude protein was significantly 
increased with the inclusion of CMV compared 
with the grass-only treatments. Acid detergent 
fiber and neutral detergent fiber (NDF) 
concentrations were similar, but mixtures 
without CMV tended to have a greater NDF 
concentration. In conclusion, the inclusion of 
CMV in forage mixtures increased forage 
accumulation and protein concentration. Binary 
CMV-grass mixtures produced similar or greater 
forage accumulation than more complex CMV-
grass mixtures (Foster et al., 2019). 
The effectiveness of nitrogen depends largely on 
the presence of other nutrient elements in the 
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Table 4. The seeds yield of Bromus inermis of Mars variety depending on the fertilizer  

Rate of mineral 
fertilizers 

Time of the 
foliar fertilizing 

Seed yield, kg/ha 
2011 2012  2013  2014  Average 

А1 

В1 95 125 151 130 125 
В2 108 148 167 152 144 
В3 113 165 170 166 154 
В4 118 168 181 170 159 
В5 133 190 195 188 176 

А2 

В1 223 235 287 220 241 
В2 239 260 293 235 257 
В3 240 282 322 255 275 
В4 250 285 318 250 276 
В5 268 300 350 270 297 

А3 

В1 270 330 388 300 322 
В2 285 358 400 320 341 
В3 288 370 429 333 355 
В4 300 380 427 340 362 
В5 318 420 450 355 386 

LSD05 
А 9.8 10.4 12.0 10.5 10.7 
В 10.6 9.7 10.2 11.3 10.5 
АВ 12.1 11.4 11.7 10.7 11.5 

 
 

Table 5. The seeds yield of Bromus inermis of Vseslav variety depending on the fertilizer 

Rate of mineral 
fertilizers 

Time of the 
foliar fertilizing 

Seed yield, kg/ha 
2012  2013  2014  Average 

А1 

В1 258 167 125 183 
В2 285 180 140 202 
В3 288 195 175 213 
В4 300 191 177 223 
В5 320 210 195 242 

А2 

В1 360 279 230 290 
В2 388 325 247 320 
В3 408 347 270 342 
В4 442 346 266 351 
В5 460 355 290 368 

А3 

В1 488 397 310 378 
В2 506 422 327 418 
В3 518 450 345 438 
В4 525 442 350 439 
В5 555 476 370 467 

LSD05 
А 10.0 10.7 9.7 10.1 
В 9.8 11.2 10.2 10.4 
АВ 11.6 10.5 10.3 10.8 

 

The analysis of the research results on seed 
productivity showed that due to the natural 
fertility (variants without fertilizers), on 
average, in 2011-2014, the harvest of Bromus 
inermis seeds of Mars varieties was obtained 
at the level of 125 kg/ha, whereas the seed 
productivity of the Vseslav variety (average 
for 2012-2014) amounted to 167 kg/ha. 
Like all types of grasses, Bromus inermis 
respond positively to nitrogen fertilizers. With 
the optimal nitrogen nutrition, the intensity of 
the synthesis of organic matter increases, the 

growth processes are stimulated, and with its 
high dosages, the growing season is prolonged, 
the process of seeds ripening is slowed down and 
its yield is reduced.  
In our study, nitrogen fertilizers, introduced into 
the basic fertilizer in the N60 rate in variants 
without fertilization allowed to increase the seed 
yield, compared to the variant without nutrition, 
by 116 kg/ha for Mars variety and by 107 kg/ha 
for Vseslav variety, and to reach the yield level 
241 and 290 kg/ha, respectively. 

 

In the case of full fertilizer application 
(N60P45K45), the seed yield of Mars variety 
was 322 kg/ha. The Vseslav variety provided 
a yield at a level of 378 kg/ha. The yield 
increase from the introduced phosphorus-
potassium fertilizers, compared to the N60 
variant, was 81 and 88 kg/ha, respectively. 
Study has shown the increase in yield, due to 
foliar fertilization. The introduction of water-
soluble fertilizer at different times in variants 
without basic fertilizer contributed to the 
increase of seed yield in Mars and Vseslav 
varieties by almost the same values - 19-34 
and 19-40 kg/ha, respectively, with a 
significant difference in yield in favor of the 
Vseslav variety (Mars variety - 144-159 
kg/ha, Vseslav variety - 202-223 kg/ha).  
Foliar fertilizer with the N60 dosage 
contributed to the yield increase depending on 
the terms of application by 16-35 kg/ha for 
the Mars variety and 20-61 kg/ha for the 
Vseslav variety, with yields of 241-276 and 
320-351 kg/ha, respectively.  
With the main fertilizer N60P45K45, yield 
growth with the foliar fertilization was 19-40 
and 20-41 kg/ha, respectively. Seeds harvest 
were 341-362 and 418-439 kg /ha. 
In terms of application time, the smallest 
effect on seed productivity growth was achie-
ved when water-soluble fertilizers were 
introduced in the autumn (1 ten-day period of 
September). However, the effectiveness of 
water-soluble fertilizers almost did not 
depend on the dosage of the main fertilizer. 
The yield increase for the Mars variety 
according to the dosage of the main fertilizer 
was 19, 16 and 19 kg/ha, for the Vseslav 
variety it was 19, 20 and 20 kg/ha. 
The dosage of the main fertilizer did not 
significantly affect the yield increase during 
the application of water-soluble fertilizers in 
the tillering stage - 29, 34, 33 and 30, 32, 43 
kg/ha. Increases in seed productivity during 
the fertilization of sowings in the heading 
stage were slightly larger - 34, 35, 40 and 40, 
61, 41 kg/ha. 
The greatest effect of water-soluble fertilizers 
in our study was achieved by double nutrition 
of the sowings: in the stages of tillering and 
heading. Accordingly, the dosage of water-
soluble fertilizers was double - 5 kg/ha + 5 
kg/ha. Depending on the variety, the yield of 

the sowings increased in the variants without the 
main fertilizer by 51, 59 kg/ha, at the application 
of N60 - by 56, 78 kg/ha and at N60P45K45 - 64, 69 
kg/ha.  
Research on the development of new and 
improvement of existing technologies for the 
cereals growing is currently conducted mainly on 
their most common species, but all of them relate 
only to individual agrotechnical techniques, 
without a comprehensive study of their 
relationship. 
A field trial was sown at Melfort, SK, Canada, in 
May 2013 to evaluate forage accumulation, 
nutritive value, and botanical composition of 
different mixtures of grasses and CMV under 
two-cut and three-cut harvest management from 
2014 to 2017. Thirteen forage mixtures consisted 
of (i) monocultures of Bromus riparius Rehm. 
(MB), Bromus riparius Rehm. × B. inermis 
Leyss. (HB), Agropyron cristatum (L.) (CWG), 
Agropyron intermedium Beauv. (IWG), and 
CMV; (ii) binary mixtures of each of the grass + 
CMV; (iii) a four-grass mixture (MB, HB, CWG, 
and IWG) (Mix 4); (iv) Mix 4 + CMV (Mix 5); 
(v) a six-grass mixture (Mix 4) + Dactylis 
glomerata L. and Phleum pratense L. (Mix 6); 
and (vi) Mix 6 + CMV (Mix 7). The two-cut 
system resulted in greater total forage 
accumulation (10.3 ± 2.8 Mg ha−1) compared 
with the three-cut system (8.6 ± 2.3 Mg ha−1) 
with the exception of 2017. On average, grass 
mixtures containing CMV and CMV 
monoculture (11.1 ± 1.7 Mg ha−1) had greater 
forage accumulation than grass monocultures 
and grass only mixtures (7.5 ± 2.4 Mg ha−1). 
Cicer milkvetch dominated in all mixtures (44.0–
68.8% of forage mass) in 2016 compared with its 
initial proportion of 2.1 to 31.2%. The 
concentration of crude protein was significantly 
increased with the inclusion of CMV compared 
with the grass-only treatments. Acid detergent 
fiber and neutral detergent fiber (NDF) 
concentrations were similar, but mixtures 
without CMV tended to have a greater NDF 
concentration. In conclusion, the inclusion of 
CMV in forage mixtures increased forage 
accumulation and protein concentration. Binary 
CMV-grass mixtures produced similar or greater 
forage accumulation than more complex CMV-
grass mixtures (Foster et al., 2019). 
The effectiveness of nitrogen depends largely on 
the presence of other nutrient elements in the 
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soil. One researches (Fischer, 1987) showed 
that it depended on the content of phosphorus 
in the soil, and others (Holmes, 1980) - on the 
content of potassium, as well as phosphorus 
and potassium together. Regular application 
of high doses of nitrogen fertilizers did not 
increase yields unless phosphorus and 
potassium were applied at the same time. The 
introduction of phosphorus fertilizers into the 
soil causes a lack of zinc for plants and the 
use of potassium fertilizers - lack of 
magnesium (Horodnii, 2008; Kutuzova et al., 
1998; Petrichenko et al., 2005). The 
availability of plant nutrients is also affected 
by the soil solution reaction. It is found that 
the efficiency of molybdenum increases with 
increasing acidity, and the efficiency of 
copper - with decreasing acidity. 
The use of trace elements and bacterial 
fertilizers, along with other agrotechnical 
techniques is an additional reserve of increase 
in yield and quality of agricultural products, 
especially of perennial grasses (Videnko et 
al., 2008; Beliaeva et al., 2009; Vinton & 
Goergen, 2006; Piper et al., 2015; Bardgett 
et al., 2003). 
Mowing the aboveground part of plants 
affects its underground part, that is, the death 
of the part of old and the formation of new 
roots, stops their growth, reduces the ability to 
absorb nutrients.  
According to Kurkyn & Yakushev (1983), 
this is due to the relatively rapid loss and slow 
accumulation of nutrients in the plant, 
primarily carbohydrates, the low content of 
which is observed in the period of the 
maximum weight gain (stages of the stem 
elongation and the beginning of heading).  
After the early mowing, new shoots grow 
better, appears the opportunity to make more 
mowing and to obtain higher quality fodder 
(Babych et al., 1991). 
Thus, it is evident that the study of the 
dosages and timing of mineral fertilizers are 
necessary, and a comprehensive approach to 
the issue of technology development, which, 
taking into account both agro-environmental 
and agrotechnical factors, will make the 
process of Bromus inermis growing more 
controlled. 
 
 

CONCLUSIONS 
 
The most effective fertilizer system for Bromus 
inermis is the combination of mineral fertilizers 
N60P45K45 with the application of water-soluble 
fertilizer Master in the tillering stage (1-2 ten-
day periods of April) and heading stage (1-2 ten-
day periods of May) at a dose of 5 kg/ha, which, 
during the years of experiments in average 
provided 355 kg/ha of the seeds yield of the 
Mars variety and 370 kg/ha of the Vseslav 
variety, that is 55 and 60 kg/ha more than with 
the use of mineral fertilizers and 225 and 245 
kg/ha more than in variant without fertilizers. 
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soil. One researches (Fischer, 1987) showed 
that it depended on the content of phosphorus 
in the soil, and others (Holmes, 1980) - on the 
content of potassium, as well as phosphorus 
and potassium together. Regular application 
of high doses of nitrogen fertilizers did not 
increase yields unless phosphorus and 
potassium were applied at the same time. The 
introduction of phosphorus fertilizers into the 
soil causes a lack of zinc for plants and the 
use of potassium fertilizers - lack of 
magnesium (Horodnii, 2008; Kutuzova et al., 
1998; Petrichenko et al., 2005). The 
availability of plant nutrients is also affected 
by the soil solution reaction. It is found that 
the efficiency of molybdenum increases with 
increasing acidity, and the efficiency of 
copper - with decreasing acidity. 
The use of trace elements and bacterial 
fertilizers, along with other agrotechnical 
techniques is an additional reserve of increase 
in yield and quality of agricultural products, 
especially of perennial grasses (Videnko et 
al., 2008; Beliaeva et al., 2009; Vinton & 
Goergen, 2006; Piper et al., 2015; Bardgett 
et al., 2003). 
Mowing the aboveground part of plants 
affects its underground part, that is, the death 
of the part of old and the formation of new 
roots, stops their growth, reduces the ability to 
absorb nutrients.  
According to Kurkyn & Yakushev (1983), 
this is due to the relatively rapid loss and slow 
accumulation of nutrients in the plant, 
primarily carbohydrates, the low content of 
which is observed in the period of the 
maximum weight gain (stages of the stem 
elongation and the beginning of heading).  
After the early mowing, new shoots grow 
better, appears the opportunity to make more 
mowing and to obtain higher quality fodder 
(Babych et al., 1991). 
Thus, it is evident that the study of the 
dosages and timing of mineral fertilizers are 
necessary, and a comprehensive approach to 
the issue of technology development, which, 
taking into account both agro-environmental 
and agrotechnical factors, will make the 
process of Bromus inermis growing more 
controlled. 
 
 

CONCLUSIONS 
 
The most effective fertilizer system for Bromus 
inermis is the combination of mineral fertilizers 
N60P45K45 with the application of water-soluble 
fertilizer Master in the tillering stage (1-2 ten-
day periods of April) and heading stage (1-2 ten-
day periods of May) at a dose of 5 kg/ha, which, 
during the years of experiments in average 
provided 355 kg/ha of the seeds yield of the 
Mars variety and 370 kg/ha of the Vseslav 
variety, that is 55 and 60 kg/ha more than with 
the use of mineral fertilizers and 225 and 245 
kg/ha more than in variant without fertilizers. 
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Abstract 
 
Mediterranean salt marshes are fragile ecosystems, highly susceptible to the effects of climate change, inhabited by a 
characteristic halophytic flora, which includes abundant and widely distributed ‘structural’ halophytes, together with 
rare species of high ecological value. These plants are distributed along salinity gradients, primarily based on their 
relative salt tolerance; they are also adapted to the high temperatures and drought characteristic of Mediterranean 
summers. With periods of drought and heatwaves increasingly frequent and intense, global warming will also cause a 
rise in soil salinity. These changes could affect the distribution of some species, reducing their populations or even 
leading to the local disappearance of some taxa. Over the last years, we have investigated the salt and water stress 
responses of halophytes of several genera, in field studies and under greenhouse conditions. In this communication, we 
will present results showing that at least some of the species investigated possess mechanisms that can allow them to 
rapidly adapt and survive the climate change-induced alterations of the environment in their natural habitats 
 
Key words: climate change adaptation, drought, heatwaves, salinity, stress tolerance. 
 
INTRODUCTION 
 
Climate change represents a major concern for 
the boost of crop yields and food production 
that will be required in the next decades to feed 
a growing human population. Global warming-
induced alteration of normal seasonal weather 
patterns will increase the frequency, extent and 
intensity of meteorological phenomena, such as 
floods, drought periods or heatwaves, apart 
from the general rise of average temperatures 
worldwide (IPCC, 2014). In arid and semi-arid 
regions, and to a lesser extent in other areas, 
secondary salinisation of farmland cultivated 
under irrigation will also spread; good-quality 
fresh water is becoming an increasingly scarce 
resource for agriculture, and it will be more and 
more necessary to use low-quality, brackish 
water for irrigation.  
Abiotic environmental stress conditions, 
especially drought and soil salinity, are the 
major causes for the global reduction of crop 
yields (Buchanan et al., 2000; Boscaiu et al., 
2018). The sudden increase in temperature 
during a heatwave could also be devastating for 
a crop if its coincides with its pollination period 

since pollen development and viability are 
extremely sensitive to heat stress (Giorno et al., 
2013). Therefore, a lot of effort is being 
invested - with relatively little success, until 
now, but with promising results obtained in the 
last years - on enhancing the tolerance of our 
major crops to abiotic stress, especially to 
water deficit, salt stress and high temperatures. 
For this, all available methods are being tried, 
including traditional breeding (with the help of 
modern molecular tools), genetic engineering 
or even the domestication of naturally tolerant 
wild species (Fita et al., 2015). 
Much less attention has been paid to the 
harmful effects of climate change on the 
natural habitats of wild plants, many of them 
extremely interesting considering ecological, 
conservationist and biodiversity aspects, even if 
not with direct economic relevance. They 
include, for example, different types of saline 
ecosystems inhabited by halophytes, ‘salt-
loving’ plants that are able to survive and 
complete their life cycle in habitats with soil 
salinities equivalent to, at least, 200 mM NaCl 
– according to a generally accepted, operational 
definition (Flowers and Colmer 2008) - 
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although some of them can withstand much 
higher salt concentrations, even higher than 
that of seawater. 
Over the last years, we have performed field 
studies to assess the responses to seasonal 
changes in environmental stress conditions of a 
large number of halophytes of several genera, 
growing in different salt marshes of the 
Valencian Community (SE Spain). This work 
has been complemented by the analysis of their 
responses to water deficit and salt stress under 
controlled greenhouse conditions. The general 
aim of this ongoing project is to try and 
establish the physiological, biochemical and 
molecular mechanisms of stress tolerance of 
these naturally tolerant species; we believe that 
they are more useful for this kind of studies 
than more commonly used, but non-tolerant 
models such as Arabidopsis thaliana or some 
crop species. Moreover, the knowledge gained 
from this research may contribute to the design 
and implementation of efficient management, 
conservation and regeneration programmes of 
these threatened habitats. 
In this paper, we will present a summary of part 
of the work published by our group during the 
last years. As a general conclusion, our results 
suggest that at least some of the investigated 
species possess mechanisms that will most 
likely allow them to rapidly adapt and survive 
the climate change-induced exacerbation of the 
(already quite harsh) stressful environmental 
conditions in their natural habitats. 
 
MEDITERRANEAN SALT MARSHES 
Salt marshes are some of the most fragile and 
threatened ecosystems worldwide, much 
affected by anthropogenic actions. In the 
Mediterranean coast of Spain, as in many other 
regions, these habitats have been largely 
reduced or eliminated, because they were 
considered as insalubrious in the past, due to 
the expansion of agriculture, urbanism and 
industry, or by suffering an intense touristic 
pressure. Today, the remaining littoral salt 
marshes of the Valencian Community are 
protected habitats; protected, that is, from 
harmful human interventions, but still highly 
susceptible to the effects of climate change. 
Salt marshes are inhabited by a characteristic 
halophytic flora, which includes abundant and 
widely distributed ‘structural’ halophytes, 

along with rare and endemic species of high 
ecological value. Although all these species are 
‘halophytes’, as defined above, their degree of 
tolerance is variable, so that they are distributed 
along salinity gradients in the salt marsh, 
primarily based on their relative salt tolerance. 
However, soil salinity is not the only stress 
factor for the halophytes growing in 
Mediterranean salt marshes. They must also be 
adapted to the high temperatures and intense 
droughts of Mediterranean summers, often 
following heavy rains in spring. Therefore, in 
some years the plants may switch in a few 
months from waterlogging in spring to 
extremely dry conditions in summer, when the 
soil surface is covered by a salt crust, due to the 
intense evapotranspiration (Figure 1).  
  

 
Figure 1. Salt marsh in ‘La Albufera’ Natural Park, near 
the city of Valencia, in spring (left) and summer (right) 

 
In the Mediterranean Spanish coast, climate 
change has already caused, in the last years, 
out-of-season heavy rains, cold spells and high 
temperatures, and the periods of drought and 
heatwaves are becoming longer, more frequent 
and more intense. Therefore, the salt marsh 
vegetation will be affected shortly not only by 
higher soil salinity but also by an increase in 
other stressful environmental factors. As 
indicated in the title, the question arises as to 
whether the halophytic species present in these 
salt marshes will be able to quickly adapt to 
these changes and survive.  
 
RESPONSES OF HALOPHYTES TO 
ENVIRONMENTAL STRESS: FIELD 
STUDIES 
Our initial studies were carried out in a 
marked-off experimental plot within a littoral 
salt marsh in ‘La Albufera’ Natural Park, near 
the city of Valencia. Several (over ten) salt-
tolerant wild species present in this plot were 
selected for this project, including three 
succulent dicotyledonous halophytes, two of 
them highly salt-tolerant (Sarcocornia fruticosa 

and Inula crithmoides) and the third one 
(Plantago crassifolia) resistant to somewhat 
lower salinity levels. The study started in 2008 
and lasted several years, although only data 
from summer 2009 (July 1st) to autumn 2010 
(November 23rd) were initially published and 
are included in this report. During this period, 
in different seasons, we collected climate data 
and soil samples, to estimate the type and 
intensity of the environmental stress affecting 
the plants in their natural habitat and their 
seasonal variations. Simultaneously with soil 
samples, leaf material was collected from the 
plants, to determine the levels of several stress 
biomarkers (ions, compatible solutes, markers 
of oxidative stress, antioxidants). The same 
individual plants, labelled in the field, were 
used for all samplings (all selected species are 
perennial).  
Seasonal variations in atmospheric and soil 
parameters in the experimental zone 
During the study period, meteorological data 
[rainfall, evapotranspiration (ETP), and mean, 
maximum, and minimum temperatures], 
registered by a nearby (10 km away) 
agroclimatological station, were collected in a 
weekly basis. From these data, the mean 
temperature and ETP were calculated for two 
months before every sampling date. According 
to the general patterns of Mediterranean 
climate, this analysis revealed substantial 
seasonal variations in precipitations (abundant 
in autumn and spring and very low in summer) 
and ETP (highest in summer); changes in 
average temperatures, however, were relatively 
small as the salt marsh is close to the sea (data 
not shown). These seasonal oscillations in 
atmospheric conditions were reflected in 
parallel changes in soil properties. Some data 
of the soil analyses are shown in Figure 2 and 
Table 1. 
Soil salinity, measured as electric conductivity 
in soil/water (1:1) extracts (EC1:1), reached the 
highest values in summer of both, 2009 and 
2010, almost 10-fold larger than in spring 
2010, when the lowest EC was measured. 
Intermediate soil salinities were determined in 
autumn, relatively smaller in 2009 when 
rainfall was more intense than in 2010 (Figure 
2). Soil water content followed the opposite 
pattern, with the highest humidity measured in 
spring and the lowest in summer, especially in 

2009 since sampling was preceded by an 
extremely dry period (Figure 2). 
 

EC1:1 (dS m-1)   (cm3 cm-3) 
 

 
Figure 2. Soil electric conductivity (EC1:1) and soil 
humidity () in the experimental zone, in samples 

collected in (from left to right) summer 2009 (red), 
autumn 2009 (green), spring 2010 (blue), summer 2010 

(dark red) and autumn 2010 (light green) 
(Adapted from Gil et al., 2014) 

 
The seasonal oscillations in soil electric 
conductivity were paralleled by changes in Na+ 
and Cl- contents in the soil, again with the 
highest concentrations measured in summer 
2009 and the lowest in spring 2010. The 
observed differences between these extreme 
values were more than 8-fold for Na+, and more 
than 30-fold for Cl-. On the other hand, soil K+ 
contents were very low and did not change 
significantly during the whole study period 
(Table 1).  
 

Table 1. Ions contents in the soil samples of Figure 2 
(Adapted from Gil et al., 2014) 

Sampling Na+ 

(µmol g-1) 
Cl- 

(µmol g-1) 
K+  

(µmol g-1) 
Summer09 26.7 ± 6.0c 30.5 ± 7.2d 0.6 ± 0.4a 
Autumn09 3.3 ± 0.9a 4.2 ± 1.8b 0.5 ± 0.1a 
Spring10 3.2 ± 0.7a 0.9 ± 0.3a 0.5 ± 0.1a 
Summer10 20.0 ± 10.4c 22.8 ± 9.3d 0.7 ± 0.4a 
Autumn10 8.3 ± 3.1b 9.2 ± 4.3c 0.5 ± 0.1a 
 
We concluded from these measurements that 
the plants in the salt marsh are subjected to big 
seasonal changes in several stressful 
environmental parameters. Therefore, it is clear 
that they are already adapted to strong salinity 
and drought conditions, to a greater or lesser 
extent depending on the species, as these 
conditions are prevalent at least in summer. 
Elucidation of the mechanisms underlying the 
stress tolerance of a particular species should 
help to determine whether or not such 
mechanisms will be still effective if the 

0

1

2

3

4

0

0,05

0,1

0,15

0,2

0,25



371

although some of them can withstand much 
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tolerance is variable, so that they are distributed 
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primarily based on their relative salt tolerance. 
However, soil salinity is not the only stress 
factor for the halophytes growing in 
Mediterranean salt marshes. They must also be 
adapted to the high temperatures and intense 
droughts of Mediterranean summers, often 
following heavy rains in spring. Therefore, in 
some years the plants may switch in a few 
months from waterlogging in spring to 
extremely dry conditions in summer, when the 
soil surface is covered by a salt crust, due to the 
intense evapotranspiration (Figure 1).  
  

 
Figure 1. Salt marsh in ‘La Albufera’ Natural Park, near 
the city of Valencia, in spring (left) and summer (right) 

 
In the Mediterranean Spanish coast, climate 
change has already caused, in the last years, 
out-of-season heavy rains, cold spells and high 
temperatures, and the periods of drought and 
heatwaves are becoming longer, more frequent 
and more intense. Therefore, the salt marsh 
vegetation will be affected shortly not only by 
higher soil salinity but also by an increase in 
other stressful environmental factors. As 
indicated in the title, the question arises as to 
whether the halophytic species present in these 
salt marshes will be able to quickly adapt to 
these changes and survive.  
 
RESPONSES OF HALOPHYTES TO 
ENVIRONMENTAL STRESS: FIELD 
STUDIES 
Our initial studies were carried out in a 
marked-off experimental plot within a littoral 
salt marsh in ‘La Albufera’ Natural Park, near 
the city of Valencia. Several (over ten) salt-
tolerant wild species present in this plot were 
selected for this project, including three 
succulent dicotyledonous halophytes, two of 
them highly salt-tolerant (Sarcocornia fruticosa 

and Inula crithmoides) and the third one 
(Plantago crassifolia) resistant to somewhat 
lower salinity levels. The study started in 2008 
and lasted several years, although only data 
from summer 2009 (July 1st) to autumn 2010 
(November 23rd) were initially published and 
are included in this report. During this period, 
in different seasons, we collected climate data 
and soil samples, to estimate the type and 
intensity of the environmental stress affecting 
the plants in their natural habitat and their 
seasonal variations. Simultaneously with soil 
samples, leaf material was collected from the 
plants, to determine the levels of several stress 
biomarkers (ions, compatible solutes, markers 
of oxidative stress, antioxidants). The same 
individual plants, labelled in the field, were 
used for all samplings (all selected species are 
perennial).  
Seasonal variations in atmospheric and soil 
parameters in the experimental zone 
During the study period, meteorological data 
[rainfall, evapotranspiration (ETP), and mean, 
maximum, and minimum temperatures], 
registered by a nearby (10 km away) 
agroclimatological station, were collected in a 
weekly basis. From these data, the mean 
temperature and ETP were calculated for two 
months before every sampling date. According 
to the general patterns of Mediterranean 
climate, this analysis revealed substantial 
seasonal variations in precipitations (abundant 
in autumn and spring and very low in summer) 
and ETP (highest in summer); changes in 
average temperatures, however, were relatively 
small as the salt marsh is close to the sea (data 
not shown). These seasonal oscillations in 
atmospheric conditions were reflected in 
parallel changes in soil properties. Some data 
of the soil analyses are shown in Figure 2 and 
Table 1. 
Soil salinity, measured as electric conductivity 
in soil/water (1:1) extracts (EC1:1), reached the 
highest values in summer of both, 2009 and 
2010, almost 10-fold larger than in spring 
2010, when the lowest EC was measured. 
Intermediate soil salinities were determined in 
autumn, relatively smaller in 2009 when 
rainfall was more intense than in 2010 (Figure 
2). Soil water content followed the opposite 
pattern, with the highest humidity measured in 
spring and the lowest in summer, especially in 

2009 since sampling was preceded by an 
extremely dry period (Figure 2). 
 

EC1:1 (dS m-1)   (cm3 cm-3) 
 

 
Figure 2. Soil electric conductivity (EC1:1) and soil 
humidity () in the experimental zone, in samples 

collected in (from left to right) summer 2009 (red), 
autumn 2009 (green), spring 2010 (blue), summer 2010 

(dark red) and autumn 2010 (light green) 
(Adapted from Gil et al., 2014) 

 
The seasonal oscillations in soil electric 
conductivity were paralleled by changes in Na+ 
and Cl- contents in the soil, again with the 
highest concentrations measured in summer 
2009 and the lowest in spring 2010. The 
observed differences between these extreme 
values were more than 8-fold for Na+, and more 
than 30-fold for Cl-. On the other hand, soil K+ 
contents were very low and did not change 
significantly during the whole study period 
(Table 1).  
 

Table 1. Ions contents in the soil samples of Figure 2 
(Adapted from Gil et al., 2014) 

Sampling Na+ 

(µmol g-1) 
Cl- 

(µmol g-1) 
K+  

(µmol g-1) 
Summer09 26.7 ± 6.0c 30.5 ± 7.2d 0.6 ± 0.4a 
Autumn09 3.3 ± 0.9a 4.2 ± 1.8b 0.5 ± 0.1a 
Spring10 3.2 ± 0.7a 0.9 ± 0.3a 0.5 ± 0.1a 
Summer10 20.0 ± 10.4c 22.8 ± 9.3d 0.7 ± 0.4a 
Autumn10 8.3 ± 3.1b 9.2 ± 4.3c 0.5 ± 0.1a 
 
We concluded from these measurements that 
the plants in the salt marsh are subjected to big 
seasonal changes in several stressful 
environmental parameters. Therefore, it is clear 
that they are already adapted to strong salinity 
and drought conditions, to a greater or lesser 
extent depending on the species, as these 
conditions are prevalent at least in summer. 
Elucidation of the mechanisms underlying the 
stress tolerance of a particular species should 
help to determine whether or not such 
mechanisms will be still effective if the 
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intensity of the stress conditions increases as a 
consequence of climate change. 
Constitutive mechanisms of stress tolerance 
in highly tolerant, dicotyledonous halophytes 
One common mechanism of salt tolerance in 
dicotyledonous halophytes is based on the 
active transport of Na+ and Cl- ions to the aerial 
part of the plants. Then, they are predominantly 
stored in the vacuoles of the leaf cells, to avoid 
reaching toxic levels in their cytoplasms. 
Succulent plants, such as S. fruticosa, I. 
crithmoides and, to a lesser extent, P. 
crassifolia, with huge vacuole volume, can 
store the ions to high concentrations in the 
leaves. Indeed, this is what we observed when 
we measured leaf Na+ contents in the plants 
(Figure 3).  

 
Figure 3. Sodium contents in leaves of Sarcocornia 
fruticosa (Sc), Inula crithmoides (Ic) and Plantago 
crassifolia (Pc). Leaf material was collected in the 
indicated seasons from the same individual plants. 

Means ± SD (n = 5) (Adapted from Gil et al., 2014) 
 
In the most tolerant species, S. fructicosa, Na+ 
reached very high levels of around 6 mmol g-1 
DW; ion contents were somewhat lower in       
I. crithmoides (Figure 3). A very similar 
pattern, with somewhat higher absolute values, 
was obtained for Cl- (Gil et al., 2014). What is 
more important, in both species leaf ion levels 
were not significantly different, in general, in 
the different samplings, despite the wide 
seasonal variation in their concentrations in the 
soil (Table 1). Regarding the relatively less 
tolerant P. crassifolia, leaf Na+ (and also Cl-) 
levels showed seasonal patterns roughly 
following their changes in the soil; that is, 
highest concentrations in summer and lowest in 
spring. Still, even in this season, when soil 
salinity is at a minimum, the absolute values of 

ion contents in the leaves were quite high: 
about 2 mmol g-1 DW for Na+ and >3 mmol g-1 
DW for Cl- (Figure 3, and data not shown). 
Accumulation of compatible solutes or 
osmolytes is another general response of plants 
to drought, salinity and other stress conditions 
causing cellular dehydration. These compounds 
contribute to cellular osmotic balance under 
stress and have additional roles in stress 
responses as low-molecular-weight chaperons, 
ROS scavengers and signalling molecules 
(Slama et al., 2015).  
Glycine betaine (GB) is the major functional 
osmolyte in S. fruticosa and I. crithmoides, and 
it accumulated to high concentrations in the 
leaves of both species, especially in the former, 
during the whole period of study. In general, no 
significant seasonal changes in GB contents 
were observed, except for the substantially 
higher value measured in summer 2009 in          
I. crithmoides (Figure 4A). Plantago 
crassifolia, on the other hand, showed very low 
GB levels in all samplings, as this species is not 
a GB-accumulator (Figure 4A). It is well-
established that species of the genus Plantago 
use sorbitol as the major functional osmolyte 
and, indeed, we detected the accumulation of 
sorbitol in P. crassifolia following seasonal 
patterns roughly parallel to those of soil salinity 
(Figure 4B). 
 

  
A                                            B 

Figure 4. Glycine betaine (A) leaf contents in 
Sarcocornia fruticosa (Sc), Inula crithmoides (Ic) and 
Plantago crassifolia (Pc). Samplings as in Figure 3. 

Sorbitol (B) leaf contents in Plantago crassifolia. Leaf 
material was collected in the indicated seasons from the 

same individual plants. In both panels, means ± SD  
(n = 5) are shown  

Adapted from Gil et al., 2014 (A) and Gil et al. 2011 (B) 
 
These data clearly indicate that halophytes, at 
least the most salt-tolerant ones, possess 
constitutive mechanisms that allow them to 
rapidly respond to changes in the environment, 

 

for example, to seasonal oscillations in soil 
salinity and soil water content, which can be 
very wide in the salt marsh habitat. These 
mechanisms include the accumulation in the 
leaves of specific organic osmolytes (glycine 
betaine in the case of S. fruticosa and I. 
crithmoides), but also of inorganic osmolytes, 
Na+ and Cl- ions that contribute to osmotic 
balance under stress conditions. In terms of 
energy consumption, it is much ‘cheaper’ 
maintaining large leaf concentrations of 
organic and inorganic osmolytes all the year-
long, independently of the external conditions, 
than the stress-induced active transport of ions 
to the leaves or, especially, the de novo 
synthesis of GB or other organic osmolytes. 
Therefore, contrary to non-tolerant species, 
halophytes can invest a greater fraction of their 
resources in maintaining primary metabolism 
and growth under stress. 
Oxidative stress and activation of 
antioxidant systems 
Different abiotic stress conditions, including 
drought and salinity, cause as a secondary 
effect, oxidative stress in plants, through the 
increase in ‘reactive oxygen species’ (ROS) 
concentrations. The degree of oxidative stress 
affecting the plants is routinely assessed by 
measuring the stress-induced changes in the 
levels of biomarkers like malondialdehyde 
(MDA), a product of membrane lipid 
peroxidation. Plants respond to oxidative stress 
by activating a series of antioxidant systems, 
both enzymatic and non-enzymatic (Apel and 
Hirt, 2004).  
In our field study, however, we did not observe 
any significant seasonal change in MDA 
concentrations, in any of the investigated 
halophytes. Consequently, we also did not 
detect changes in the specific activities of some 
of the major antioxidant enzymes, SOD 
(superoxide dismutase), CAT (catalase) or GR 
(glutathione reductase), or in the levels of 
antioxidant compounds such as total phenolics 
or flavonoids (Gil et al., 2014). We concluded 
that, under field conditions, the observed stress 
tolerance mechanisms based on the control of 
ion transport and ion homeostasis, and on the 
synthesis and accumulation of specific 
osmolytes are efficient enough to avoid the 
generation of oxidative stress. Therefore, it is 
not necessary for the plants to activate 

antioxidant enzymes or to synthesise 
antioxidant metabolites to counteract the 
deleterious effects of salt or water stress.  
 
RESPONSES OF HALOPHYTES TO 
CONTROLLED STRESS TREATMENTS: 
GREENHOUSE STUDIES 
Field studies carried out with several 
halophytes, including those described above, 
indicate that these plants can rapidly adapt to 
changing environmental conditions in their 
natural habitat. To address the question of their 
possible tolerance to increased levels of stress 
in the salt marsh, which can be expected as a 
consequence of climate change, plants of the 
same and many other species have been 
subjected to controlled water deficit and salt 
stress treatments in the greenhouse.  
It is essential to point out that a direct 
comparison of the results obtained in the field 
and the greenhouse is not possible. First, the 
developmental stage of the plants is different. 
Adult plants of unknown age (all selected 
species are perennial) were studied in the field, 
whereas young plants obtained by seed 
germination were employed in the greenhouse 
experiments, and it is well established that 
stress tolerance varies with the age of the plants 
(Vicente et al., 2004). Second, plants in their 
natural environment are simultaneously 
affected by different stress factors. In a 
Mediterranean salt marsh in summer, they will 
include high soil salinity, intense drought and 
UV radiation and possibly high temperatures, 
especially during a heatwave. In the 
experimental set-up of the greenhouse, it is 
intended that plants are maintained under 
optimal conditions, except for the specific 
stress treatment applied. Finally, the root 
system of potted plants is constrained in a 
reduce volume under uniform conditions of, for 
example, substrate salinity or moisture. These 
plants do not have the possibility of responding 
to stress by morphological or developmental 
adaptations; in plants in the field, on the 
contrary, stress can induce root growth to reach 
more profound and more humid soil layers or 
to search for soil zones of lower salinity.  
Nevertheless, controlled stress treatments in the 
greenhouse provided relevant information on 
the possible limits of tolerance of the 
investigated species. Our results indicated that 
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intensity of the stress conditions increases as a 
consequence of climate change. 
Constitutive mechanisms of stress tolerance 
in highly tolerant, dicotyledonous halophytes 
One common mechanism of salt tolerance in 
dicotyledonous halophytes is based on the 
active transport of Na+ and Cl- ions to the aerial 
part of the plants. Then, they are predominantly 
stored in the vacuoles of the leaf cells, to avoid 
reaching toxic levels in their cytoplasms. 
Succulent plants, such as S. fruticosa, I. 
crithmoides and, to a lesser extent, P. 
crassifolia, with huge vacuole volume, can 
store the ions to high concentrations in the 
leaves. Indeed, this is what we observed when 
we measured leaf Na+ contents in the plants 
(Figure 3).  

 
Figure 3. Sodium contents in leaves of Sarcocornia 
fruticosa (Sc), Inula crithmoides (Ic) and Plantago 
crassifolia (Pc). Leaf material was collected in the 
indicated seasons from the same individual plants. 

Means ± SD (n = 5) (Adapted from Gil et al., 2014) 
 
In the most tolerant species, S. fructicosa, Na+ 
reached very high levels of around 6 mmol g-1 
DW; ion contents were somewhat lower in       
I. crithmoides (Figure 3). A very similar 
pattern, with somewhat higher absolute values, 
was obtained for Cl- (Gil et al., 2014). What is 
more important, in both species leaf ion levels 
were not significantly different, in general, in 
the different samplings, despite the wide 
seasonal variation in their concentrations in the 
soil (Table 1). Regarding the relatively less 
tolerant P. crassifolia, leaf Na+ (and also Cl-) 
levels showed seasonal patterns roughly 
following their changes in the soil; that is, 
highest concentrations in summer and lowest in 
spring. Still, even in this season, when soil 
salinity is at a minimum, the absolute values of 

ion contents in the leaves were quite high: 
about 2 mmol g-1 DW for Na+ and >3 mmol g-1 
DW for Cl- (Figure 3, and data not shown). 
Accumulation of compatible solutes or 
osmolytes is another general response of plants 
to drought, salinity and other stress conditions 
causing cellular dehydration. These compounds 
contribute to cellular osmotic balance under 
stress and have additional roles in stress 
responses as low-molecular-weight chaperons, 
ROS scavengers and signalling molecules 
(Slama et al., 2015).  
Glycine betaine (GB) is the major functional 
osmolyte in S. fruticosa and I. crithmoides, and 
it accumulated to high concentrations in the 
leaves of both species, especially in the former, 
during the whole period of study. In general, no 
significant seasonal changes in GB contents 
were observed, except for the substantially 
higher value measured in summer 2009 in          
I. crithmoides (Figure 4A). Plantago 
crassifolia, on the other hand, showed very low 
GB levels in all samplings, as this species is not 
a GB-accumulator (Figure 4A). It is well-
established that species of the genus Plantago 
use sorbitol as the major functional osmolyte 
and, indeed, we detected the accumulation of 
sorbitol in P. crassifolia following seasonal 
patterns roughly parallel to those of soil salinity 
(Figure 4B). 
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Figure 4. Glycine betaine (A) leaf contents in 
Sarcocornia fruticosa (Sc), Inula crithmoides (Ic) and 
Plantago crassifolia (Pc). Samplings as in Figure 3. 

Sorbitol (B) leaf contents in Plantago crassifolia. Leaf 
material was collected in the indicated seasons from the 

same individual plants. In both panels, means ± SD  
(n = 5) are shown  

Adapted from Gil et al., 2014 (A) and Gil et al. 2011 (B) 
 
These data clearly indicate that halophytes, at 
least the most salt-tolerant ones, possess 
constitutive mechanisms that allow them to 
rapidly respond to changes in the environment, 

 

for example, to seasonal oscillations in soil 
salinity and soil water content, which can be 
very wide in the salt marsh habitat. These 
mechanisms include the accumulation in the 
leaves of specific organic osmolytes (glycine 
betaine in the case of S. fruticosa and I. 
crithmoides), but also of inorganic osmolytes, 
Na+ and Cl- ions that contribute to osmotic 
balance under stress conditions. In terms of 
energy consumption, it is much ‘cheaper’ 
maintaining large leaf concentrations of 
organic and inorganic osmolytes all the year-
long, independently of the external conditions, 
than the stress-induced active transport of ions 
to the leaves or, especially, the de novo 
synthesis of GB or other organic osmolytes. 
Therefore, contrary to non-tolerant species, 
halophytes can invest a greater fraction of their 
resources in maintaining primary metabolism 
and growth under stress. 
Oxidative stress and activation of 
antioxidant systems 
Different abiotic stress conditions, including 
drought and salinity, cause as a secondary 
effect, oxidative stress in plants, through the 
increase in ‘reactive oxygen species’ (ROS) 
concentrations. The degree of oxidative stress 
affecting the plants is routinely assessed by 
measuring the stress-induced changes in the 
levels of biomarkers like malondialdehyde 
(MDA), a product of membrane lipid 
peroxidation. Plants respond to oxidative stress 
by activating a series of antioxidant systems, 
both enzymatic and non-enzymatic (Apel and 
Hirt, 2004).  
In our field study, however, we did not observe 
any significant seasonal change in MDA 
concentrations, in any of the investigated 
halophytes. Consequently, we also did not 
detect changes in the specific activities of some 
of the major antioxidant enzymes, SOD 
(superoxide dismutase), CAT (catalase) or GR 
(glutathione reductase), or in the levels of 
antioxidant compounds such as total phenolics 
or flavonoids (Gil et al., 2014). We concluded 
that, under field conditions, the observed stress 
tolerance mechanisms based on the control of 
ion transport and ion homeostasis, and on the 
synthesis and accumulation of specific 
osmolytes are efficient enough to avoid the 
generation of oxidative stress. Therefore, it is 
not necessary for the plants to activate 

antioxidant enzymes or to synthesise 
antioxidant metabolites to counteract the 
deleterious effects of salt or water stress.  
 
RESPONSES OF HALOPHYTES TO 
CONTROLLED STRESS TREATMENTS: 
GREENHOUSE STUDIES 
Field studies carried out with several 
halophytes, including those described above, 
indicate that these plants can rapidly adapt to 
changing environmental conditions in their 
natural habitat. To address the question of their 
possible tolerance to increased levels of stress 
in the salt marsh, which can be expected as a 
consequence of climate change, plants of the 
same and many other species have been 
subjected to controlled water deficit and salt 
stress treatments in the greenhouse.  
It is essential to point out that a direct 
comparison of the results obtained in the field 
and the greenhouse is not possible. First, the 
developmental stage of the plants is different. 
Adult plants of unknown age (all selected 
species are perennial) were studied in the field, 
whereas young plants obtained by seed 
germination were employed in the greenhouse 
experiments, and it is well established that 
stress tolerance varies with the age of the plants 
(Vicente et al., 2004). Second, plants in their 
natural environment are simultaneously 
affected by different stress factors. In a 
Mediterranean salt marsh in summer, they will 
include high soil salinity, intense drought and 
UV radiation and possibly high temperatures, 
especially during a heatwave. In the 
experimental set-up of the greenhouse, it is 
intended that plants are maintained under 
optimal conditions, except for the specific 
stress treatment applied. Finally, the root 
system of potted plants is constrained in a 
reduce volume under uniform conditions of, for 
example, substrate salinity or moisture. These 
plants do not have the possibility of responding 
to stress by morphological or developmental 
adaptations; in plants in the field, on the 
contrary, stress can induce root growth to reach 
more profound and more humid soil layers or 
to search for soil zones of lower salinity.  
Nevertheless, controlled stress treatments in the 
greenhouse provided relevant information on 
the possible limits of tolerance of the 
investigated species. Our results indicated that 
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all tested halophytes could survive, for 
relatively long periods, stress conditions much 
stronger than those they would normally 
encounter in their natural habitats. The stress 
treatments affect the plants in different degrees, 
according to their relative levels of tolerance. 
For example, some species of the genus 
Limonium survived for four weeks after 
complete withholding of irrigation (González-
Orenga et al., 2020), and in the presence of salt 
concentrations as high as 800 mM NaCl - more 
than double the salinity of seawater - (Al 
Hassan el at., 2017), showing no or very slight 
inhibition of growth. Moreover, two halophytes 
of the genus Juncus, J. maritimus and J. acutus, 
also survived eight weeks of water deficit or 
salt stress (400 mM NaCl) treatments, although 
in this case a significant inhibition of growth 
was observed in the stressed plants, as 
compared to the controls (Al Hassan et al., 
2016a). Similar results were obtained with two 
salt-tolerant Plantago species, P. crassifolia 
and P. coronopus, which withstood an 800 mM 
NaCl treatment for four weeks, salinity level 
much higher than that of their natural habitats 
(Al Hassan et al., 2016b).  
The mechanisms underlying the tolerance to 
salt and water stress of these plants are diverse, 
although some of them are shared by different, 
often taxonomically unrelated species. As an 
example, some results from our experiments 
with P. crassifolia are described and discussed 
in the following sections. 
Regulation of ion transport in the responses 
to stress in P. crassifolia 
Accumulation of Na+ to high concentrations 
(up to  3 mmol g-1 DW) was detected in the 
leaves of P. crassifolia plants, in parallel with 
the increase of salinity in the irrigation water, 
following the behaviour generally shown by 
dicotyledonous halophytes (Figure 5). It should 
be noticed that Na+ contents were also quite 
high (1 mmol g-1 DW) in the control plants, 
which were grown under very low salinity in 
the pots. These results confirmed the field data 
in that P. crassifolia, as other halophytes, 
activates the transport of ions to the leaves in 
response to increasing soil salinity, and that this 
response is in part constitutive, also operating 
in the absence of stress. 
The same pattern of leaf accumulation was 
observed for Cl- in P. crassifolia, and similar 

for both ions, Na+ and Cl- in P. coronopus, a 
congener halophytic species. It is worth 
mentioning that these specific responses to salt 
stress, based on the active transport of ions to 
the aboveground organs of the plants and the 
constitutive accumulation of Na+ in leaves in 
the absence of stress, are relevant for the 
mechanisms of salt tolerance in Plantago. 
In a glycophyte member of the same genus, P. 
major, the same treatments led to lower ion 
accumulation in the leaves, as compared with 
the halophytes, and very low Na+ and Cl- 
concentrations were measured in the controls 
(Al Hassan et al., 2016b). 
 

 
Figure 5. Leaf Na+ contents in P. crassifolia plants, after 
four weeks of growth in the presence of the indicated salt 

concentrations in the irrigation water.  
(Adapted from Al Hassan et al., 2016b) 

 
Interestingly, a significant increase in foliar 
Na+ (but not Cl-) contents has been observed in 
the halophytes P. crassifolia and P. coronopus 
(but not the glycophyte P. major) in response 
to the water deficit treatment (Table 2). 
Therefore, the halophytes can activate Na+ 
transport to the leaves as a mechanism of 
tolerance not only to high soil salinity but also 
to drought. This result highlights the role of 
sodium as ‘inorganic osmolyte’ in these 
tolerant species, contributing, together with 
organic compatible solutes to osmotic 
adjustment under salt stress and water deficit 
conditions. 
Maintenance of relatively large leaf K+ 
concentrations is considered as an essential 
contributor to salt tolerance, due to the crucial 
role of this ‘physiological cation’ in plant 
metabolism. Salt treatments generally lead to a 
decrease in K+ contents, in parallel with the 
increase of Na+, as both cations compete for the 
same binding sites in proteins and Na+ 
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interferes with K+ uptake into the cells by using 
its physiological membrane transporters 
(Flowers and Colmer, 2008). 
We observed this general pattern also in the 
Plantago halophytes, but only at low and 
moderate salinities. In the presence of 600 mM 
and 800 mM NaCl, K+ contents increased 
again, to reach control levels (Al Hassan et al., 
2016a). This result indicates the activation of 
K+ transport to the leaves at very high 
salinities, usually not reached in the natural 
habitats of the plants. This is not a mechanism 
specific for P. crassifolia and P. coronopus. 
We have observed the same response in some 
halophytes of other genera, such as Juncus 
maritimus and J. acutus, Inula crithmoides or 
some Limonium species, but not in typical 
glycophytes, such as P. major or J. articulatus.  
 

Table 2. Leaf Na+ and Cl- contents in plants of the 
indicated Plantago species, after four weeks of 

withholding irrigation. C, control; WS: water stress. 
Values are means ± SD (n = 5). For each species and ion, 

different letters indicate statistically significant 
differences between WS and control treatments 

Species Treat- 
ment 

Na+ Cl- 

(µmol g-1DW) (µmol g-1 DW) 

P. crassifolia C 1099.1 ± 186.2 a 1183.6 ± 260.6 a 
WS 1486.4 ± 174.8 b 884.7 ± 117.6 a 

P. coronopus C 1343.9 ± 93.1 a 516.5 ± 98.5 a 
WS 1636.4 ± 198.8 b 554.9 ± 150.9 a 

P. major C 249.1 ± 38.4 a 395.9 ± 10.6 a 
WS 236.1 ± 23.7 a 443.65 ± 60.6 a 

 
Activation of Pro synthesis at high salinities 
The greenhouse experiments also confirmed 
the role of sorbitol as the major osmolyte in 
Plantago, present at high concentration in the 
leaves of control, non-stressed plants of the 
three investigated species. An additional, salt-
induced increase in sorbitol contents was 
detected in all cases, especially in the most 
tolerant P. crassifolia. However, the absolute 
sorbitol values at all external salinities were 
similar in the three taxa. Therefore, the 
differences in tolerance cannot be explained by 
differential accumulation of sorbitol in the 
halophytes and P. major, even though sorbitol 
is probably the major contributor to osmotic 
adjustment under stress in all three species (Al 
Hassan et al., 2016a). However, we did observe 
a clear difference between the halophytes and 

the glycophyte in the salt-induced changes of 
leaf proline (Pro) contents.  
In the field study, very low Pro levels were 
measured in the selected dicotyledonous 
halophytes, including P. crassifolia, in all 
seasonal samplings. This was confirmed when 
the plants were treated in the greenhouse with 
NaCl solutions of up to 400 mM; however, 
higher salinities (600 mM and 800 mM NaCl) 
induced the synthesis and accumulation of Pro 
in P. crassifolia to levels about 15-fold more 
abundant than in the control, up to ca. 30 µmol 
g-1 DW (Figure 6). The same response, 
reaching even higher Pro concentrations ( 45 
µmol g-1 DW) was observed in P. coronopus. 
In P. major, on the contrary, Pro contents 
remained very low, below 3-4 µmol g-1 DW, 
indicating that Pro accumulation is a relevant 
mechanism of salt tolerance in Plantago when 
the plants are subjected to very high salinity 
levels (Al Hassan et al., 2016a). 
 

 
Figure 6. Leaf proline (Pro) contents in P. crassifolia 

plants, after four weeks of growth in the presence of the 
indicated salt concentrations in the irrigation water 

(Adapted from Al Hassan et al., 2016b) 
 
Oxidative stress and antioxidant systems 
As mentioned above, the studied halophytes 
did not seem to be affected by oxidative stress 
in their natural habitats. Under stronger, 
artificial stress conditions in the greenhouse, 
oxidative stress is however generated, as shown 
in several species by the increase in MDA 
concentrations; under these conditions, the 
plants responded by the activation of 
antioxidant systems. 
If climate change induces an increase in the 
level of stress affecting the halophytic 
vegetation of the salt marsh, the activation of 
the antioxidant machinery of the halophytes 
will be triggered to counteract the secondary 
oxidative stress generated. 
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all tested halophytes could survive, for 
relatively long periods, stress conditions much 
stronger than those they would normally 
encounter in their natural habitats. The stress 
treatments affect the plants in different degrees, 
according to their relative levels of tolerance. 
For example, some species of the genus 
Limonium survived for four weeks after 
complete withholding of irrigation (González-
Orenga et al., 2020), and in the presence of salt 
concentrations as high as 800 mM NaCl - more 
than double the salinity of seawater - (Al 
Hassan el at., 2017), showing no or very slight 
inhibition of growth. Moreover, two halophytes 
of the genus Juncus, J. maritimus and J. acutus, 
also survived eight weeks of water deficit or 
salt stress (400 mM NaCl) treatments, although 
in this case a significant inhibition of growth 
was observed in the stressed plants, as 
compared to the controls (Al Hassan et al., 
2016a). Similar results were obtained with two 
salt-tolerant Plantago species, P. crassifolia 
and P. coronopus, which withstood an 800 mM 
NaCl treatment for four weeks, salinity level 
much higher than that of their natural habitats 
(Al Hassan et al., 2016b).  
The mechanisms underlying the tolerance to 
salt and water stress of these plants are diverse, 
although some of them are shared by different, 
often taxonomically unrelated species. As an 
example, some results from our experiments 
with P. crassifolia are described and discussed 
in the following sections. 
Regulation of ion transport in the responses 
to stress in P. crassifolia 
Accumulation of Na+ to high concentrations 
(up to  3 mmol g-1 DW) was detected in the 
leaves of P. crassifolia plants, in parallel with 
the increase of salinity in the irrigation water, 
following the behaviour generally shown by 
dicotyledonous halophytes (Figure 5). It should 
be noticed that Na+ contents were also quite 
high (1 mmol g-1 DW) in the control plants, 
which were grown under very low salinity in 
the pots. These results confirmed the field data 
in that P. crassifolia, as other halophytes, 
activates the transport of ions to the leaves in 
response to increasing soil salinity, and that this 
response is in part constitutive, also operating 
in the absence of stress. 
The same pattern of leaf accumulation was 
observed for Cl- in P. crassifolia, and similar 

for both ions, Na+ and Cl- in P. coronopus, a 
congener halophytic species. It is worth 
mentioning that these specific responses to salt 
stress, based on the active transport of ions to 
the aboveground organs of the plants and the 
constitutive accumulation of Na+ in leaves in 
the absence of stress, are relevant for the 
mechanisms of salt tolerance in Plantago. 
In a glycophyte member of the same genus, P. 
major, the same treatments led to lower ion 
accumulation in the leaves, as compared with 
the halophytes, and very low Na+ and Cl- 
concentrations were measured in the controls 
(Al Hassan et al., 2016b). 
 

 
Figure 5. Leaf Na+ contents in P. crassifolia plants, after 
four weeks of growth in the presence of the indicated salt 

concentrations in the irrigation water.  
(Adapted from Al Hassan et al., 2016b) 
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interferes with K+ uptake into the cells by using 
its physiological membrane transporters 
(Flowers and Colmer, 2008). 
We observed this general pattern also in the 
Plantago halophytes, but only at low and 
moderate salinities. In the presence of 600 mM 
and 800 mM NaCl, K+ contents increased 
again, to reach control levels (Al Hassan et al., 
2016a). This result indicates the activation of 
K+ transport to the leaves at very high 
salinities, usually not reached in the natural 
habitats of the plants. This is not a mechanism 
specific for P. crassifolia and P. coronopus. 
We have observed the same response in some 
halophytes of other genera, such as Juncus 
maritimus and J. acutus, Inula crithmoides or 
some Limonium species, but not in typical 
glycophytes, such as P. major or J. articulatus.  
 

Table 2. Leaf Na+ and Cl- contents in plants of the 
indicated Plantago species, after four weeks of 

withholding irrigation. C, control; WS: water stress. 
Values are means ± SD (n = 5). For each species and ion, 

different letters indicate statistically significant 
differences between WS and control treatments 
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WS 236.1 ± 23.7 a 443.65 ± 60.6 a 
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In P. major, on the contrary, Pro contents 
remained very low, below 3-4 µmol g-1 DW, 
indicating that Pro accumulation is a relevant 
mechanism of salt tolerance in Plantago when 
the plants are subjected to very high salinity 
levels (Al Hassan et al., 2016a). 
 

 
Figure 6. Leaf proline (Pro) contents in P. crassifolia 

plants, after four weeks of growth in the presence of the 
indicated salt concentrations in the irrigation water 

(Adapted from Al Hassan et al., 2016b) 
 
Oxidative stress and antioxidant systems 
As mentioned above, the studied halophytes 
did not seem to be affected by oxidative stress 
in their natural habitats. Under stronger, 
artificial stress conditions in the greenhouse, 
oxidative stress is however generated, as shown 
in several species by the increase in MDA 
concentrations; under these conditions, the 
plants responded by the activation of 
antioxidant systems. 
If climate change induces an increase in the 
level of stress affecting the halophytic 
vegetation of the salt marsh, the activation of 
the antioxidant machinery of the halophytes 
will be triggered to counteract the secondary 
oxidative stress generated. 

 

a b a a

c

d

0
5

10
15
20
25
30

P. crassifolia

Pr
o 

(µ
m

ol
.g

-1
D

W
)



376

CONCLUSIONS 
 
Halophytic species present in littoral salt 
marshes of the Mediterranean Spanish coast are 
well adapted to the harsh conditions of their 
natural habitat and the extreme seasonal 
oscillations in soil salinity and humidity. This 
adaptation is achieved mainly through the 
control of ion transport and maintenance of 
osmotic balance by the accumulation of organic 
and inorganic osmolytes. Besides, these species 
appear to possess built-in mechanisms that will 
allow them surviving the potential exacerbation 
of environmental stress factors as a 
consequence of climate change. These 
mechanisms, observed under artificial 
conditions in the greenhouse, include, for 
example, triggering the synthesis of additional 
organic osmolytes or K+ transport to the leaves 
under very high salinities.  
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Abstract 

Bidens pilosa L. it is a medicinal plant which is often used traditionally in the treatment of several diseases. Many 
pharmaceutical products from this plant have been investigated and these are produced from a very large quantity of 
plant parts. However, the high production of biomass for this plant is requested. In vitro micropropagation may be a 
valuable solution to obtain multiple uniform plants in a short period of time. This study has been conducted to develop 
such specific in vitro multiplication protocol for Bidens pilosa L. The impacts of basal medium combined with different 
plants growth hormone at various dose have been examined for thedevelopment of three explants (shoot with one nod, 
leaves and cotyledons). The cotyledons and leaves transplanted in all tested culture medium didn’t show any 
development during this experiment. The utmost shoot elongation and the many number of roots from shoot tip explants 
were achieved on the culture media containing IAA and NAA. IAA at 1 mg/l increased the shoots length at 11.1 cmwith 
17 rootsfollowed by IAA at 0.5 mg/l (8.3 cm with 12 roots) and NAA at 0.5 mg/l (7.1 cm with 10 roots). The top number 
of the leaves was obtained with the association of BAP and IAA (23 leaves), BAP and NAA (20 leaves) at 0.5 mg/l 
concentrationand the shoots had 7 roots. BAP applied alone at 0.5 mg/l showed a meaningfully role in leaves 
multiplication (shoots have 17 leaves) but less effective in lengthening the shoots and roots initiation (shoots have 4 cm 
with 3 roots). The BAP used alone and in combination at 1.0 mg/l inhibit the plant growth. Healthy B. pilosa plants 
with roots were obtained after 23 days with the help of in-vitro culture and the plants sent in the greenhouse have been 
successfully adapted to the field conditions.  
 
Key words: Bidens pilosa L., in vitro propagation, medicinal plants, plant growth hormones. 
 
INTRODUCTION 
 
Bidens pilosa Linné (Asteraceae) is an annual 
herb native to South America thatis spread 
worldwide, especially in tropical and 
subtropical regions (Cortés-Rojas et al., 2013). 
B. pilosa L. isused globally in phototherapy 
and each plant part or the whole plant has been 
declared to have an effect in the treatment of 
many illnesses like malaria, flu, cancers, 
headache, inflammation, wounds, angina, 
metabolic syndrome, immunological disorders, 
digestive and infectious diseases etc. (Tan et 
al., 2000; Dimo et al., 2001; Young et al., 
2010). 
Nowadays, there is an increasing international 
attraction in the usage of B. pilosa and 
scientific investigations have revealed that 
B.pilosa extracts have many activities such as 
antiviral (Chiang et al., 2003), antidiabetic and 
antihyperglycemic (Hsu et al., 2009), antitumor 

(Sundararajan et al., 2006), antimalarial 
(Tobinaga et al., 2009), antibacterial 
(Shandukani et al. 2018), antihypertensive, 
vasodilatory (Nguelefack et al., 2005; Dimo et 
al., 2001) antioxidant and antifungal (Deba et 
al. 2008), immunomodulatory (Chiang et al., 
2007), anti-inflammatory (Horiuchi et al., 
2008), and antiulcerative (Tan et al., 2000). 
Some classes of compounds namely flavonoids, 
aliphatics, terpenoids, phenylpropanoids, 
aromatics, porphyrins were isolated from 
Bidens pilosa and are associated in the 
pharmacological activities of this plant (Wang 
et al., 2010; Silva et al., 2011; Wu et al., 2013; 
Cortés-Rojas et al., 2013). 
These pharmaceutical compounds are produced 
from a very large quantity of plant parts or 
whole plant; moreover, the industrial 
manufacturers of medicinal substances require 
massive quantities of biomass, which is a 
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CONCLUSIONS 
 
Halophytic species present in littoral salt 
marshes of the Mediterranean Spanish coast are 
well adapted to the harsh conditions of their 
natural habitat and the extreme seasonal 
oscillations in soil salinity and humidity. This 
adaptation is achieved mainly through the 
control of ion transport and maintenance of 
osmotic balance by the accumulation of organic 
and inorganic osmolytes. Besides, these species 
appear to possess built-in mechanisms that will 
allow them surviving the potential exacerbation 
of environmental stress factors as a 
consequence of climate change. These 
mechanisms, observed under artificial 
conditions in the greenhouse, include, for 
example, triggering the synthesis of additional 
organic osmolytes or K+ transport to the leaves 
under very high salinities.  
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difficulty in countries where certain species are 
rare (Ashish & Anchal, 2014). 
Understandably, the more the demand for 
bioactive compounds increases, the more the 
exploitation of medicinal plants also increases. 
Thus, researches arerequested to develop a 
specific method for the rapid and large-scale 
multiplication of this potential plant. 
In vitro propagation has always been an 
effective technique to grow and conserve 
multiple uniform medicinal plants in a short 
period of time (Wawrosch, 2010; Irvani et al., 
2010; Lodha et al., 2014; Gashi et al., 2015; 
Shahzad et al., 2017). 
The present study was conducted to develop the 
specific micropropagation protocol for Bidens 
pilosa L.  
 
MATERIALS AND METHODS 
 
Plant material preparation 
Bidens pilosa L. mature seeds were collected in 
July, 2018, at altitude 1500-1800m in 
Yabaramba zone, Kicukiro district, Rwanda. 
They were cleaned and kept at room 
temperature in the laboratory of Biology and 
Plant Biotechnology. They were sterilized with 
ethylic alcohol 70 for 1 minute and washed 
thoroughly 3 times with sterile distilled water.  
 
Culture medium conditions and inoculation 
Sterilized seeds were germinated on basal 
medium, containing MS salts (Murashige & 
Skoog, 1962), 2.0 % sucrose and 0.8% agar 
arranged to pH 5.7. Plant tissue culture tubes 
were used for seeds inoculation. Culture media 
were sterilized by autoclaving at 115°C for 20 
min. Seeding and transplanting takes place 
under a horizontal laminar flow hood. The 
cultures were carried out at 22 ± 1°C.  
 
Transplantation of explants in basal medium 
modified with plant growth hormones 
The explants taken (shoot with one node, 
cotyledon and leaf) from the in vitro 
germinated seeds were transplanted on 
modified MS medium with different growth 
regulators for direct organogenesis. The basal 
medium was associated with cytokinin (BAP = 
6-Benzylaminopurine) and auxins (IAA = 3-
Indoleacetic acid and NAA = 1-

Naphthaleneacetic acid) alone and in 
combination at the concentration of 0.5 mg/l 
and 1.0 mg/l. The 9 variants of hormonal 
combinations namely:M2 = MS+BAP(0.5 
mg/l), M3 = MS+BAP(1 mg/l), M4 = MS+3 
IAA (0.5 mg/l), M5 = MS+3 IAA (1 mg/l), M6 
= MS+BAP(0.5 mg/l) + 3 IAA (0.5 mg/l), M7 
= MS+BAP(1 mg/l) + 3 IAA (1 mg/l), M8 = 
MS+NAA (0.5 mg/l), M9 = MS+ NAA (0.5 
mg/l) +BAP (0.5 mg/l), M10 = MS+ NAA (1 
mg/l) +BAP (1 mg/l) were tested together with 
M1 (Basal medium) which is the control. The 
dataon explants development were 
collectedevery week based on shoot length, 
number of leaves and the numbers of roots. 
 
Acclimatization  
The plantlets rooted were separated from the 
culture media and their roots washed with 
distilled water to take away medium stuck on 
the roots. They were placed in transparent 
plastic cups with water for a week and 
thenmoved to the small pots containing garden 
soil with NPK mineral fertilizers. They were 
covered with plastic cups in a mini greenhouse 
and irrigated daily with distilled water;the 
leaves were also sprayed daily with water to 
create a high humidity environment. After 1 
week, the plastic coverswere removed and 
plantlets were keptin laboratory for 3 weeks at 
the temperature of 22 ± 1°C.  The plantlets 
were then transferred in the larger pots after 30 
daysand acclimatized for further growth and 
development.  
 
RESULTS AND DISCUSSIONS 
 
Shoot elongation and root initiation from 
shoot tip explants  
The results represent an average of the 
measured values from 4plants.The shoot tip 
explants showed the growth response in 
different culture media (M1 = Control; M2 = 
MS+BAP(0.5 mg/l), M3 = MS+BAP(1 mg/l), 
M4 = MS+3 IAA (0.5 mg/l), M5 = MS+3 IAA 
(1 mg/l), M6 = MS+BAP(0.5 mg/l) + 3 IAA 
(0.5 mg/l), M7 = MS+BAP(1 mg/l) + 3 IAA (1 
mg/l), M8 = MS+NAA (0.5 mg/l), M9 = MS+ 
NAA (0.5 mg/l) + BAP (0.5 mg/l), and M10 = 
MS+ NAA (1 mg/l) +BAP (1 mg/l) in a short 
period of 23 days after transplantation. The 

 
 

longest shoot and the many number of roots 
were produced in medium supplemented with 
IAA and NAA as it is detailed in the Figure 
1and Figure 2. The basal medium 
supplemented with IAA at 1.0 mg/l has the top 
shoot length of 11.1 cm with 17 roots followed 
by IAA at 0.5 mg/l (8.3 cm with 12 roots) and 
NAA at 0.5 mg/l (7.1 cm with 10 roots).These 
results prove that IAA at high concentration 
(1.0 mg/l) has the efficient shoot elongation 
and root induction than IAA at lower 

concentration (0.5 mg/l). It is also clearly that 
IAA is more effective in advancing shoot 
length, root initiation and multiplication than 
NAA and BAP. De Lima et al. (2017), reported 
that increasing the IAA concentration favoured 
organogenesis of shoots and rooting in 
Baccharis myriocephala DC (Asteraceae). 
Fotso et al. (2002) also confirmed that the high 
concentrations of NAA stimulate root 
formation and development in Bidens pilosa L. 

 
Figure 1. Average of explants shoot elongation transplanted on different culture media 

 
 

The results also show an interaction between 
plant growth hormones on shoots elongation 
and root induction (Figure 1 and Figure 2). The 
association of IAA and BAP; NAA and BAP at 
0.5 mg/l concentrationincreased shoot length at 
5.7 cm and 4.6 cm and the plantlets have 7 
roots. Regarding the BAP applied alone at 0.5 
mg/l, the shoot length increased at 4 cm with 3 
roots while at 1mg/l the shoot length increased 
at 3.4 cm with 1 root. Mutasim et al. (2007), 
have also proved that the association BAP and 
NAA at the concentration of 0.5 mg/l positively 
affected the shoot and root multiplication rate 

of the Vernonia amygdalina (Asteraceae) 
compared with BAP alone.  
The association of IAA and BAP, NAA and 
BAP at 1.0 mg/l demonstratedthe small 
influence in respect of their combination at 0.5 
mg/l. Shoots had 3.1 cm and 2.5 cm with only 
1 root. It was significantly evident thathigher 
concentrations of BAP (1.0 mg/l) inhibited the 
shoot length and root induction. Devi et al. 
(2013), stated that organogenesis (organ 
development) required cytokinin (BAP) in low 
concentration.
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The results also show an interaction between 
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Figure 2. Average of explants root initiation transplanted on different culture media 

 
 
On auxin free basal medium there is no 
efficient shoot elongation and root induction 
compared to the basal medium containing 
auxin. Victórioet al. in 2012, reported that 
auxin treatments resulted in plantlets of 

Calendula officinalis (Asteraceae) with greater 
shoots than plantlets under cytokinins alone. 
Other studies conducted on Stevia rebaudiana 
confirmed the same results (Anbazhagan et al., 
2010).

 

 
Figure 3. Average of Incressing in numbers of leaves for explants transplanted on different culture media 

 
 
 

 
 

Increasing in number of leaves from shoot 
tip explants 
The results regarding the leaves multiplication, 
they represent an average of the measured 
values from 4 plants. The 9 variants of 
hormonal combinations M2 = MS+BAP(0.5 
mg/l), M3 = MS+BAP(1 mg/l), M4 = MS+3 
IAA (0.5 mg/l), M5 = MS+3 IAA (1 mg/l), M6 
= MS+BAP(0.5 mg/l) + 3 IAA (0.5 mg/l), M7 
= MS+BAP(1 mg/l) + 3 IAA (1 mg/l), M8 = 
MS+NAA (0.5 mg/l), M9 = MS+ NAA (0.5 
mg/l) +BAP (0.5 mg/l), M10 = MS+ NAA (1 
mg/l) +BAP (1 mg/l) were tested together with 
M1 (Basal medium) which is the control. The 
top resultswereachieved in each basal medium 
containing BAP at 0.5 mg/l concentration in 
comparison to others (Figure 3). The many 
number of leaves was recorded on media 
modified with the combination of BAP and 
IAA at 0.5 mg/l with 23 leaves; BAP and NAA 
with 20 leaves per plantlet followed by the 
basal medium modified BAP alone with 17 
leaves per plantlets. According to Mok et al. 
(2001), cytokinins play role in the regulation of 
shoot formation and multiplication, the 
promotion of cell division and expansion. 

According to Lakshimi et al. (2003), BAP has 
always show great performance in shoot 
multiplication and in increasing the number of 
leaves for several medicinal plant species 
which is consistent with our research 
results.The results also show that the high 
concentration of BAP slowing down the leaves 
multiplication. The same number of leaves (14 
leaves) was recorded on the culture medium 
modified with BAP at 1.0 mg/l, and 
combination of IAA and BAP, NAA and BAP 
at 1.0 mg/l. Waseem et al. (2009), in their study 
on rapid plant regeneration of Chrysanthemum 
morifolium L. (Asteraceae), through shoot tip 
culture, has shown significant effects of BAP at 
lower concentration in shoot multiplication and 
increasing in number of leaves either used 
alone or in combinations with auxins (IAA). 
 
Development of leaf and cotyledon tip 
explants transplanted on tested culture 
media 
The leaf and cotyledon tip explants 
transplanted in all culture media didn’t show 
any development for this research. The details 
are mentioned in the Figures 1, 2 and 3.

 

 
Figure 4. Effects of hormones on explants of Bidens pilosa L. after 23 days of in vitro culture 
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Figure 5. In vitro propagation of Bidens pilosa L. 

 
 
CONCLUSIONS 
 
Our research has been conducted to develop a 
specific method of Biden spilosaL. in vitro 
multiplication by identifying the favourable 
culture media and plant growth hormones on 
tree different explants namely shoot with one 
node, cotyledons and leaves. The MS (1962), 
basal medium was associated with cytokinin 
(BAP) and/or auxins (IAA or NAA), alone or 
in two combinations. For the control, we used 
the basal medium MS (1962) free of any 
hormone. The 9 variants of hormonal 
combinations were M2 = MS+BAP(0.5 mg/l), 
M3 = MS+BAP(1 mg/l), M4 = MS+3 IAA (0.5 
mg/l), M5 = MS+3 IAA (1 mg/l), M6 = 
MS+BAP(0.5 mg/l) + 3 IAA (0.5 mg/l), M7 = 
MS+BAP(1 mg/l) + 3 IAA (1 mg/l), M8 = 
MS+NAA (0.5 mg/l), M9 = MS + NAA (0.5 
mg/l) + BAP (0.5 mg/l), M10 = MS+ NAA (1 
mg/l) + BAP (1 mg/l). 
The data on shoot length, number of leaves and 
root were recorded every week and only shoot 
tip explantsshowed the growth response in 
different culture media while cotyledon and 
leaves tip explants didn’t show any change in 

all culture media. The results represent an 
average of the measured values from 4 plants. 
The longest shoot and many numbers of roots 
generated from shoot tip explants were 
recorded on the basal medium supplemented 
with IAA and NAA.  
The maximum number of the leaves was 
attained with the association of BAP and IAA, 
BAP and NAA at 0.5 mg/l. The results also 
show a positive interaction of these 
combinations on shoots elongation, root 
initiation and multiplication.  
The BAP applied alone at 0.5 mg/l has an 
enhancing role in increasing the number of the 
leaves but less effective on shoot elongation 
and root initiation. It has also been confirmed 
that the raising of the concentration of BAP in 
the culture media caused the slowing down of 
explants development. 
The basal medium supplemented with IAA at 
1.0 mg/l and 0.5 mg/l, NAA at 0.5 mg/l, the 
combination of IAA and BAP, NAA and BAP 
at 0.5 mg/l concentrations showed marvellous 
results regarding the development of shoot tip 
explants and making the micropropagation 
process faster.  

 
 

The shoot explants become complete plants 
after 23 days and they were successfully 
adapted to field conditions. The plants showed 
growth characteristics (stem colour, leaf 
morphology, growth pattern, etc.) that are 
identical to those of the mother plant. 
Deepest research must be also undertaken to 
find the efficient method of in vitro 
multiplication from leave and cotyledon 
explants. 
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Figure 5. In vitro propagation of Bidens pilosa L. 

 
 
CONCLUSIONS 
 
Our research has been conducted to develop a 
specific method of Biden spilosaL. in vitro 
multiplication by identifying the favourable 
culture media and plant growth hormones on 
tree different explants namely shoot with one 
node, cotyledons and leaves. The MS (1962), 
basal medium was associated with cytokinin 
(BAP) and/or auxins (IAA or NAA), alone or 
in two combinations. For the control, we used 
the basal medium MS (1962) free of any 
hormone. The 9 variants of hormonal 
combinations were M2 = MS+BAP(0.5 mg/l), 
M3 = MS+BAP(1 mg/l), M4 = MS+3 IAA (0.5 
mg/l), M5 = MS+3 IAA (1 mg/l), M6 = 
MS+BAP(0.5 mg/l) + 3 IAA (0.5 mg/l), M7 = 
MS+BAP(1 mg/l) + 3 IAA (1 mg/l), M8 = 
MS+NAA (0.5 mg/l), M9 = MS + NAA (0.5 
mg/l) + BAP (0.5 mg/l), M10 = MS+ NAA (1 
mg/l) + BAP (1 mg/l). 
The data on shoot length, number of leaves and 
root were recorded every week and only shoot 
tip explantsshowed the growth response in 
different culture media while cotyledon and 
leaves tip explants didn’t show any change in 

all culture media. The results represent an 
average of the measured values from 4 plants. 
The longest shoot and many numbers of roots 
generated from shoot tip explants were 
recorded on the basal medium supplemented 
with IAA and NAA.  
The maximum number of the leaves was 
attained with the association of BAP and IAA, 
BAP and NAA at 0.5 mg/l. The results also 
show a positive interaction of these 
combinations on shoots elongation, root 
initiation and multiplication.  
The BAP applied alone at 0.5 mg/l has an 
enhancing role in increasing the number of the 
leaves but less effective on shoot elongation 
and root initiation. It has also been confirmed 
that the raising of the concentration of BAP in 
the culture media caused the slowing down of 
explants development. 
The basal medium supplemented with IAA at 
1.0 mg/l and 0.5 mg/l, NAA at 0.5 mg/l, the 
combination of IAA and BAP, NAA and BAP 
at 0.5 mg/l concentrations showed marvellous 
results regarding the development of shoot tip 
explants and making the micropropagation 
process faster.  

 
 

The shoot explants become complete plants 
after 23 days and they were successfully 
adapted to field conditions. The plants showed 
growth characteristics (stem colour, leaf 
morphology, growth pattern, etc.) that are 
identical to those of the mother plant. 
Deepest research must be also undertaken to 
find the efficient method of in vitro 
multiplication from leave and cotyledon 
explants. 
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