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Abstract  
 
The grape surface hosts a complex community of yeast Saccharomyces and non-Saccharomyces species responsible for 
spontaneous alcoholic fermentation in wine industry. The yeast strains used for this study were isolated from 
‘Tămâioasă Românească’ and ‘Busuioacă de Bohotin’ grape varieties from Pietroasa vineyard, and the isolates were 
identified through a molecular method. Identification of yeast strains through the BLASTn analysis of the 5.8S-ITS 
region revealed that PFE5 strain showed the best sequence match to Saccharomyces cerevisiae (98% similarity) and 
PFE15 strain to Starmerella bacillaris (99.78% similarity), respectively. In this first micro-pilot study, the differences 
between Sacharomyces and non-Saccharomyces yeasts in batch (for Starmella bacillaris) and fed-batch fermentation 
system (for S. cerevisae) and how these regimes influence the culture growth were assessed. The applied fed-batch 
process was capable for producing two times more S. cerevisae yeast biomass than Starmella bacillaris through a batch 
process. In addition, the yield of S. cerevisiae converting the substrate into biomass was 42.3%, almost double 
compared to the yield of Starmella bacillaris. Moreover, the cell wet weight (WCW) for S. cerevisae was 32.5 g/L and 
for Starmella bacillaris 15.35 g/L, respectively. Both yeast biomass will be used at Pietroasa winery for inoculation 
separately or mixed as co-culture for ‘Tămâioasă Românească’ and ‘Busuioacă de Bohotin’ grape juice. 
 
Key words: fed-batch system, batch system, fermentation, Starmella bacillaris, Saccharomyces cerevisiae. 
 
INTRODUCTION  
 
The results of the microorganism growing are 
the results of the interaction between the cells 
and culture medium. Pressure, temperature, 
concentrations of nutrients and of various 
resulting metabolism products influence the 
multiplication of yeast cells. Measuring the 
evolution of yeast cultures can be performed in 
two ways (Luedeking, 1967): by evaluating 
cells growth, which represents the mass growth 
of the microorganisms’ culture; and by 
evaluating the multiplication of microorga-
nisms, which represents the increase in the 
number of yeast cells (at the population level) 
(Anghel et al., 1993).  

It is known that during the exponential growth 
phase, yeasts divide at a constant rate. When 
nutrients are depleted and the by-products 
accumulate, the growth process slows, and the 
yeast culture enters the stationary growth 
phase. At this point, the cultivation process can 
be usually stopped. If the cultivation continues, 
it will eventually enter the death phase, which 
is characterized by a decrease in the density of 
viable cells (Yang & Sha, 2022) 
The industrial yeast fermentation process is a 
typical nonlinear dynamic process that requires 
control and monitoring to optimize yeast 
production (Chuo, 2020). Growth control rate 
for fed-batch fermentation, which is a semi-
continuous process, is challenging because the 
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process evolves non-linearly and is subject to 
unpredictable perturbations originating from 
culture metabolism (Brignoli, 2020). In batch 
cultivation, which is a discontinuous process, 
all medium nutrients are placed in the 
bioreactor at the beginning of the culture, 
except acid or base for pH control and antifoam 
agents. Fed-batch cultivation is a more 
productive modification of batch fermentation 
that is carried out in a semi-open system, and 
the volume of liquid culture in the bioreactor 
increases as the culture is systematically added. 
S. cerevisiae can grow both in aerobic and 
anaerobic and possesses the ability to use 
different sugars which influence its growth 
evolution. Both strains (S. cerevisae and 
Starmella bacillaris) required nitrogen and 
carbon sources to grow (Salari & Salari, 2017). 
Due to its capacity to produce high glycerol 
and moderate volatile acidity, Starmerella 
bacillaris is a non-Saccharomyces yeast that 
can contribute to improve wine quality when it 
is was used for grape must fermentation in 
association with S. cerevisiae (Nadai et al., 
2021). This paper presents the evolution of the 
growth curve for S. cerevisiae cultivated in a 
fed-batch system and for Starmella bacillaris 
cultivated in a batch system. 
 
MATERIALS AND METHODS 
 
Grapes from the varieties ‘Tămăioasă 
Românească’ and ‘Busuioacă de Bohotin’ 
harvested from the Pietroasa Viticulture and 
Winemaking Research and Development 
Station, were used for yeast isolation. 
Isolation of yeasts from grapes  
The grapes were pressed and the skins were left 
in direct contact with the must in sterile 50 ml 
tubes of at room temperature for 24 h. Decimal 
dilutions were made and the culture were 
grown on Dichloran Rose Bengal Base media 
for 24-48 h. Pink yeast colonies were isolated 
on YPG (yeast extract, peptone, glucose, agar) 
and MP (malt extract, peptone, agar) media. 
Identification of yeast isolates by molecular 
methods 
PCR-ITS and sequencing analysis 
The extracted DNA of the yeast strains was 
amplified with ITS1/ITS4 primers. The PCR 
products were sequenced by Cemia (Greece) in 
both directions using ITS1/ITS4 primers. The 

sequenced sequences obtained were aligned 
and compared with the sequences available in 
the NCBI database, applying the BLAST 
program 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi). 
Obtaining the maintenance and the 
preinoculum culture 
Maintenance and preinoculum cultures were 
obtained according to the cultivation method 
described by Barbulescu et al. (2022). 
Inoculum culture and cultivation conditions 
Different types of inoculum media were 
prepared for various purposes. 
Nutrients used for liquid inoculum 

• YSP is based on yeast extract (Sigma 
Aldrich), sugar, peptone hy-soy 
(purchased from WWR Life Science) 

• YGP is based on yeast extract (Sigma 
Aldrich), glucose, peptone hy-soy 
(WWR Life Science) 

The nutrients for YPG and YGP liquid 
inoculum media were weighed and dissolved in 
distilled water by shaking. The concentration of 
glucose and sugar was 8%. 
The liquid inoculum media were sterilized 
through autoclaving for 15 minutes at 115°C. 
Both liquids inoculum media were placed in 
Erlenmeyer flasks of 500 ml with 150 ml of 
medium and each flask was inoculated with 
pure preinoculum cultures. Four Erlenmeyer 
flasks were placed into orbital incubator and 
were let overnight at 30°C with stirring rate by 
240 rpm. 
Fermentation bioprocess was performed in 
bioreactors with total volume 6 L and working 
volume by 4 L (Figure 1). 
The culture media used for fermentation  

• sugar, yeast extract (purchased from 
Sigma Aldrich), KCl (Lach-Ner), 
MgSO4 × 7H2O (Lach-Ner) for                      
S. cerevisiae cultivation. 

• Glucose (WWR Life Science), yeast 
extract (purchased from Sigma 
Aldrich), KCl (Lach-Ner), MgSO4 × 
7H2O (Lach-Ner), for Starmella 
bacilaris cultivation. 

The entire 600 mL volume of the liquid 
inoculum was transferred from one Erlenmeyer 
flask to a pre-sterilized bottle, and the                       
S. cerevisiae and Starmella bacillaris 
suspensions were pumped into the bioreactor to 
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reach an inoculation ratio of 10-15% (v/v) for 
each run. 
The bioreactors are specifically designed for 
microbial applications for obtaining yeasts 
biomass. 
The empty bioreactors were autoclaved at 
121°C for 20 min.  
Culture fermentation media for each culture 
were separated sterilized at 1L bottle before to 
be introduced within the bioreactor.  
Antifoam silicone SNAPSIL FD 10 solution 
(WWR Life Science) was added to the ongoing 
fermentation medium, if necessary, as 
excessive antifoam may affect yeasts growth. 
In both runs presented in this study, the 0.03% 
(v/v) antifoam silicone was added at the 
beginning of medium preparation and this was 

sufficient for the rest of the fermentation 
process to appropriately control the foaming. 
The pH of the fermentation medium from 
bioreactor was controlled by 5% ammonia 
solution. 
On line parameters for fermentation bioprocess 
were the following: 

• Temperature: 29-30°C; 
• Stirring rate: 200-350 rpm; 
• Air flow: 1.5-2.5 L/min; 
• pH value was maintained by addition of 

ammonia solution through fermentation, 
to maintain a pH between 4-4.5.  

Total soluble solids (TSS) were used as of-line 
parameter in fermentation bioprocess.  

 

 
Figure 1. Biotechnological process 

 
Determination of yeast cell growth 
For the analysis of the growth curve of the 
microorganisms identified and used in the 
fermentation, samples were taken every 4 hours 
until the exponential growth phase and then 
every 2 hours. 
Post fermentation process 
The fermented medium was centrifuged at 
4000-4500 rpm for 5 min and washed 2-4 times 
with sterile distilled water (Barbulescu et al., 
2022). 
Yeast viability was determination was 
performed according to the method described 
by Barbulescu et al., 2021). 

Establishing the growth curve by 
determining the turbidity 
To establish the growth curve through turbidity 
determination, samples were taken from 
fermentations, dilutions of 1:50 were made and 
read on a spectrophotometer at a wavelength of 
570 nm, expressing their turbidity. The higher 
the turbidity, the higher the concentration of 
yeast in the solution (Groposila et al., 2020). 
Determination of the Wet Cell Weight 
(WCW) - the fermented medium was 
centrifuged at 4000-4500 rpm for 5 min, 
washed with sterile distilled water and 
weighed.  
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The yield of transformation of the substrate 
into biomass  
Following Monod's (1942) study, it was obser-
ved that the dry weight of cells produced was 
proportional to the amount of carbon source 
consumed, as long as this was the limiting 
factor (all other components were in excess). 
The proportionality factor, called substrate 
yield consumed to obtain one gram (mole) of 
biomass can be calculated with the following 
formula: 
 

Y𝑋𝑋𝑋𝑋
𝑆𝑆𝑆𝑆

= ∆𝑋𝑋𝑋𝑋
−∆𝑆𝑆𝑆𝑆

 [g/g] 
 
were: 
∆𝑋𝑋𝑋𝑋 = 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑐𝑐𝑐𝑐𝐵𝐵𝐵𝐵𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐵𝐵𝐵𝐵𝑐𝑐𝑐𝑐𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑐𝑐𝑐𝑐(𝑔𝑔𝑔𝑔

𝑙𝑙𝑙𝑙
); 

∆𝑆𝑆𝑆𝑆 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐵𝐵𝐵𝐵𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐵𝐵𝐵𝐵𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝐵𝐵𝐵𝐵𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐵𝐵𝐵𝐵𝑐𝑐𝑐𝑐𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑐𝑐𝑐𝑐 �
𝑔𝑔𝑔𝑔
𝑙𝑙𝑙𝑙
�, 

Y = yield of transformation of the substrate into 
biomass. 

 
The substrate yield can vary depending on the 
specific growth rate of the microorganism. 
For the exponential growth phase, a 
deterministic kinetic model was used based on 
an exponential growth of the biomass and a 
constant consumption yield of the carbon 
source. 
  
RESULTS AND DISCUSSIONS 
 
Macroscopic aspect of the yeast strains  
was evaluated based on the decimal dilution 
(Figure 2). 
Molecular identification of yeast strains 
through the BLASTn analysis of the 5.8S-ITS 
region revealed that PFE5 strain showed the 
best sequence match to Saccharomyces 
cerevisiae (98% similarity) and PFE15 strain to 
Starmerella bacillaris (99.78% similarity), 
respectively. 
For all yeasts cells, the growing can be charac-
terized by a few steps: increase in cell size, cell 
division and separation from the mother cell 
(Slater, 1984). Through these phases, two 
aspects can be assessed: growth (in biomass) 
and multiplication (increase in the number of 
yeast cells).  
The system used in the experiments to assess 
the dynamics of Starmella bacillaris cell 

proliferation was a discontinued one (batch 
system at bioreactors).  
Graphical representation of cell concentrations 
(expressed as cell count, optical density, or dry 
matter) over time (Monod, 1949) depicts the 
phases of the yeast growth cycle (Figures 3-6).  
The boundaries of the phases of the growth 
cycle are usually considered at the points where 
the slopes of the growth curve change. 
 

 

 
Figure 2. Colonies of S. cerevisiae and Starmella 

bacillaris 
 
During the fed-batch process, the feeding with 
substrate and supplements is performed 
constantly during cultivation, which prevents 
nutrients from becoming a limiting factor. 
The advantage of this type of feeding during 
cultivation is that it allows to obtain higher 
quantities of product overall (Allman, 2020).  
A fed-batch culture is a modification of batch 
fermentation in which medium nutrients are 
added systematically and therefore this is a 
semi-continuous process (Magar, 2021).
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Figure 3. Dynamics of S. cerevisiae biomass development in fed-batch system 

 

 
Figure 4. Growth curve in fed-batch fermentation for S. cerevisiae 

 
Depending on the evolution of the growth, the 
fermentation process of the yeast culture 
evolves in several successive phases. 
Fed-batch fermentation for S. cerevisiae 
The latency phase - also called the induction 
phase and the lag phase, begins when the cells 
are transferred to the environment (inoculation 
or seeding) and ends when they begin to 
multiply. During this period, the microbial 
population remains constant. It can vary from a 
few minutes to a few hours. For S. cerevisiae 
the lag phase is almost 4 h.  
The phase of accelerated growth - the period 
in which the reactions that make up the cellular 
metabolism continuously increase their speed, 

tending to the maximum speed that will be 
reached in the exponential phase. The duration 
of acceleration phase was between 4-6 h of 
cultivations. 
a) during the lag phase the growth rate is higher 
than the multiplication rate and, as a result, the 
cell sizes are larger than any other phase of the 
cell cycle; 
b)  duration of the latency phase depends 
primarily on the characteristics of the 
microorganism used and the composition of the 
culture medium. 
Exponential growth phase - is characterized 
by the fact that after a short period of 
acceleration of the specific growth rate, it 
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becomes constant and maximum (= max). The 
max phase was achieved between 12-14 h of 
cultivation (Anghel et al., 1993). 
The phase of decelerated growth corresponds 
to the period when the specific growth rate 
begins to decrease due to the impoverishment 
of the environment in essential nutrients. 
The decrease in the specific development 
speed can be fast (in the case of exhaustion of 
the carbon and/or energy source), or slower (in 
the case of the accumulation of inhibitory 
metabolites or the exhaustion of other 
nutrients). If during the previous phase, the 
death of microorganisms can be neglected 
(90% of the cells being viable), during this 
phase the viability of the cells begins to 
decrease. After 14 h of cultivation starts the 
decrease of the cellular concentration and of the 
viability.  
The stationary phase - includes the period in 
which the microbial population remains 
constant. Stationarity should not be understood 
in a static sense, as the growth of 
microorganisms, but as a dynamic process in 
which the speed of growth is equal to the speed 

of death of microorganisms. The stationary 
phase was achieved for S. cerevisiae at 16 h of 
cultivation. 
Accelerated and exponential death phase of 
microorganisms decrease of microbial 
population due to drastic decrease in the rate of 
multiplication (which is lower than the death 
rate of microorganisms) (Anghel et al., 1993). 
After 16 hour the cultivation the viability is 
lower and the dead of microorganisms is visible 
when the viability is 0.3 x1012 with a D.O570nm 
by 21.60 higher than the 0 h when the D.O570nm 
was 8.31. 
The addition of sugar sterile solution in the fed-
batch    fermentation    with   S. cerevisiae   was  
1 g/100 g at 10 hours. 
After 14 hours of cultivation, the TSS value 
clearly indicated that the S. cerevisiae yeast is 
in the stationary phase. 
In parallel, a batch fermentation process was 
carried out using a Starmella bacillaris yeast 
strain to compare its fermentation power with 
the S. cerevisiae yeast strain in the same 
system.

 

 
Figure 5. Dynamics of S. bacillaris biomass development in batch system 
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Figure 6. Growth curve for S. bacillaris in batch fermentation 

 
After 8 hours of cultivation the decrease in cell 
concentration and viability begins. 
Stationary phase was achieved for Starmella 
bacillaris after 10-12 hours of cultivation. 
After 16 hours of cultivation the viability 
decreased and the death of microorganisms is 
visible when the viability is 0.5 x1010 with a 
D.O 570nm of 9.45 higher than 0 h when the 
D.O 570nm was 4.39. 
Batch fermentation for Starmella bacillaris 
WCW (g/L) for fed-batch fermentation of 
Starmella bacillaris was 32.6 g/L yeast 
biomass compared to the batch fermentation 
where the yeast biomass was 15.9 g/L. In 
addition, the amount of biomass of S. 
cerevisiae is double that of Starmella 
bacillaris. 
The exponential phase was achieved at 8 h of 
fermentation. 
For the fed-batch cultivation which used                  
S. cerevisiae strain the yield of transformation 
of the substrate into biomass was: 

X = 137 g/4 L wet cell weight biomass 
S = 323.4 g/4 L 
Y = (137/323.4) × 100 = 42.3% 
For the batch cultivation which used 

Starmella bacillaris strain the yield of 
transformation of the substrate into biomass 
was: 

X = 61.71 g/4 L wet weight biomass 

S = 212 g/4 L 
Y= (61.7/212) × 100 = 29.10% 

Even though the biomass yield for fermentation 
of both yeasts was not substantial, a significant 
difference can be observed between these two 
yeast strains in terms of cell wet weight and 
substrate conversion yield to biomass. For 
example, the yield in biomass in the case of            
S. cerevisiae was 42.3%, which is almost 
double in comparison with Starmella bacillaris 
yield (29.10%). 
 
CONCLUSIONS 
 
Experiments developed in order to obtain yeast 
biomass represent first trials on small scale that 
will be assessed in order to optimize the 
bioprocess. The new isolated yeast strains were 
molecular identified as Saccharomyces 
cerevisiae and Starmella bacillaris. 
By optimizing the Starmella bacillaris 
fermentation process, it will be possible to 
improve the batch process, which can be 
transformed into fed batch that presents several 
technological advantages (such as higher 
yield). 
The new yeasts biomass will be further studied 
for the vinification process at Pietroasa 
Viticulture and Winemaking Research and 
Development Station. The substrate to biomass 
conversion yield of S. cerevisiae was 42.3%, 
which is almost double as the yield of 
Starmella bacillaris. 
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Abstract 
 

Research was conducted using Andrada winter wheat variety created at the Agricultural Research and Development 
Station Turda. The crop was treated with two types of foliar fertilizers, Folimax Gold and MicrofertU which were applied 
in two tillage systems: conventional and no-tillage. The main purpose of this paper is to assess the influence of foliar 
fertilization in the two systems of conventional tillage and conservative systems with no-tillage. Various growth stages of 
the wheat crop, in achieving high yields and quality indices were assessed. The promotion and identification of 
physiological mechanisms in wheat are useful in assessing biological development, correlated with the productivity 
elements of winter wheat. Measurements of assimilation of the physiological parameters and chlorophyll concentration 
were performed on the standard flag leaf five days from the last treatment, using foliar fertilizers considering the duration 
of adaptation of tissues in flag leaf. Measurements were performed five times per plant and five plants per variant, with 
three repetitions in June. Technology used in wheat cultivation showed that the net assimilation, physiological 
parameters, and production were higher, registering higher values for the conventional system (tilling), ranging between 
27-30 μmolm-2 s-1, and an increase of production, of over 700 kg ha-1. The values were statistically confirmed, as being 
significantly positive, compared to those from the conservative no-tillage system, in the conditions of the Transylvanian 
Plain. Physiological parameters taken into study had higher values for the conventional system in the variants treated 
with foliar fertilizers, compared to the no-tillage system, leaf to air vapor pressure deficit (VPD) being inversely 
proportional. Foliar fertilization applied to the Andrada wheat variety has beneficially influenced the quality indices in 
the two tillage systems, the percentage of protein obtained being between 12.1-13.8%, gluten between 23.5-27.3%, Zeleny 
index between 35-48%, and the mass of one thousand grains (MTG) was between 50-53.1 g. 
 
Key words: wheat, tillage system, foliar fertilizer, photosynthesis, production, quality. 
 
INTRODUCTION 
 
Wheat is one of the most adaptable crops to 
different environmental conditions, having a 
very wide ecological plasticity to pedoclimatic 
conditions, occupying the largest agricultural 
areas (Rusu et al., 2014; Bradshaw, 2016; Racz 
et al., 2016) and benefiting from efficient 
biological mechanisms in adapting to soil 
conditions (Stoian et al., 2015).  
Wheat responds to the tillage system in a way 
that is difficult to predict. The results depend on 
the association of different practices such as: 
soil preparation, sowing period, equipment used, 
crop rotation, variety used, form of fertilization 
(time and method of application), control of 
weeds, diseases and pests (Richards, 1996; De 
Carcer et al., 2019; Liebenberg et al., 2020) and 

many other parameters (Cappelli et al., 2020e; 
Guerrini et al., 2020; Sigua et al., 2020). The 
relationship between production - its quality and 
the tillage system is largely influenced by the 
previous management of the soil and weather 
conditions (Jug et al., 2011; Ernst et al., 2020). 
Tillage and fertilization have a direct and 
indirect influence on the production of winter 
wheat. Following the effect of the tillage system, 
there are differences in terms of plant 
development productivity elements and even 
density, height of plants, and quality indices. 
High production capacity is often associated 
with a lower grain protein content (Blackman & 
Payne, 1987). The protein is the main 
component that determines the baking quality of 
wheat (Fowler et al., 1990). From the analysis of 
the average values obtained it results that the 
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Abstract 
 

Research was conducted using Andrada winter wheat variety created at the Agricultural Research and Development 
Station Turda. The crop was treated with two types of foliar fertilizers, Folimax Gold and MicrofertU which were applied 
in two tillage systems: conventional and no-tillage. The main purpose of this paper is to assess the influence of foliar 
fertilization in the two systems of conventional tillage and conservative systems with no-tillage. Various growth stages of 
the wheat crop, in achieving high yields and quality indices were assessed. The promotion and identification of 
physiological mechanisms in wheat are useful in assessing biological development, correlated with the productivity 
elements of winter wheat. Measurements of assimilation of the physiological parameters and chlorophyll concentration 
were performed on the standard flag leaf five days from the last treatment, using foliar fertilizers considering the duration 
of adaptation of tissues in flag leaf. Measurements were performed five times per plant and five plants per variant, with 
three repetitions in June. Technology used in wheat cultivation showed that the net assimilation, physiological 
parameters, and production were higher, registering higher values for the conventional system (tilling), ranging between 
27-30 μmolm-2 s-1, and an increase of production, of over 700 kg ha-1. The values were statistically confirmed, as being 
significantly positive, compared to those from the conservative no-tillage system, in the conditions of the Transylvanian 
Plain. Physiological parameters taken into study had higher values for the conventional system in the variants treated 
with foliar fertilizers, compared to the no-tillage system, leaf to air vapor pressure deficit (VPD) being inversely 
proportional. Foliar fertilization applied to the Andrada wheat variety has beneficially influenced the quality indices in 
the two tillage systems, the percentage of protein obtained being between 12.1-13.8%, gluten between 23.5-27.3%, Zeleny 
index between 35-48%, and the mass of one thousand grains (MTG) was between 50-53.1 g. 
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INTRODUCTION 
 
Wheat is one of the most adaptable crops to 
different environmental conditions, having a 
very wide ecological plasticity to pedoclimatic 
conditions, occupying the largest agricultural 
areas (Rusu et al., 2014; Bradshaw, 2016; Racz 
et al., 2016) and benefiting from efficient 
biological mechanisms in adapting to soil 
conditions (Stoian et al., 2015).  
Wheat responds to the tillage system in a way 
that is difficult to predict. The results depend on 
the association of different practices such as: 
soil preparation, sowing period, equipment used, 
crop rotation, variety used, form of fertilization 
(time and method of application), control of 
weeds, diseases and pests (Richards, 1996; De 
Carcer et al., 2019; Liebenberg et al., 2020) and 

many other parameters (Cappelli et al., 2020e; 
Guerrini et al., 2020; Sigua et al., 2020). The 
relationship between production - its quality and 
the tillage system is largely influenced by the 
previous management of the soil and weather 
conditions (Jug et al., 2011; Ernst et al., 2020). 
Tillage and fertilization have a direct and 
indirect influence on the production of winter 
wheat. Following the effect of the tillage system, 
there are differences in terms of plant 
development productivity elements and even 
density, height of plants, and quality indices. 
High production capacity is often associated 
with a lower grain protein content (Blackman & 
Payne, 1987). The protein is the main 
component that determines the baking quality of 
wheat (Fowler et al., 1990). From the analysis of 
the average values obtained it results that the 
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additional fertilization ensures an increase of 
production as well as an increase of the average 
values of the other components of the 
production or of the qualitative indices, also 
conferring a smaller variation of the values of 
these characters (Richards, 2000; Racz et al., 
2016; Fonteyne et al., 2020). Furthermore, the 
correct management of fertilization is essential 
to guarantee the correct milling of wheat kernels 
(Doblado-Maldonado et al., 2012; Cappelli et 
al., 2020a; Cappelli et al., 2020b), optimal flour 
quality (Hackenberg et al., 2018; Bonilla et al., 
2019; Cappelli et al., 2020c), improved dough 
rheology, and best bread and bakery products 
characteristics (Cappelli et al., 2020d). 
Plant respiration is one of the main links in the 
carbon cycle through which CO2 fixed by plants 
returns to the atmosphere (Delian, 2010). At 
maturity, wheat mainly performs photosynthesis 
on the standard flag leaf and stem, this being the 
main source of assimilation for cereals during 
grain filling (Rawson et al., 1976; Racz et al., 
2014). In severe drought conditions the photo-
synthetic function decreases significantly. To 
the greatest extent it can damage the photosyn-
thetic apparatus (Petcu et al., 2007). When the 
drought does not persist for a long time and there 
are reduced water reserves in the soil, foliar 
applications may promote physiological mecha-
nisms of adaptation to drought and thus avoid or 
reduce tissue dehydratation. The application of 
foliar fertilizer treatments to unprocessed wheat 
crop in the no-tillage system has the advantage 
of better water conservation in the soil during 
drought seasons (Chetan et al., 2016). 
The choice of varieties depending on the area 
represented by the Transylvanian Plain, both 
macro and micronutrients applied to soil and 
foliage, contributes to adequate plant nutrition 
(Alaru et al., 2009; Knapowski et al., 2010; 
Stankowski et al., 2015; Wojtkowiak et al., 
2015). The pedoclimatic conditions associated 
with the applied technology are decisive factors 
in the success of wheat cultivation, both 
productively and quantitatively (De Vita et al., 
2007a; Warechowska, 2009; Ceclan et al., 2015; 
Zain et al., 2015). 
The main purpose of this paper is to assess the 
influence of foliar fertilization, in two systems: 
conventional tillage and no-tillage, in various 
phases of formation and development of the 
wheat crop, in achieving high yields and quality 

indices. The promotion and identification of 
physiological mechanisms in wheat is useful in 
assessing biological development which is 
correlated with productivity. 
 
MATERIALS AND METHODS 
 
The data presented in this paper was obtained 
under the climatic conditions from the 
Transylvanian Plain at the Agricultural 
Research and Development Station Turda 
(ARDS Turda) on a Faeoziom soil (RSST, 2012) 
(Phaeozem, World Reference Base, 2015). The 
experiments were carried out on a soil with a 
neutral pH (between 6.8-7.2; potentiometric 
method in distilled water), clayey texture (clay 
between 51.8-55.5%), and a humus content 
between 2.20-3.00% (Walkley-Black method), 
total nitrogen 0.162-0.124 % (Kjeldhal method); 
medium supplied with phosphorous, 0.9-5 ppm 
and well supplied with potassium, 126-140 ppm 
(Egner-Riehm-Domingo extraction method). 
Soil samples for the chemical analyses were 
collected along a depth of 0-30 cm. 
Regarding the location of the crop, the climatic 
conditions in the fall of 2019 were generally 
oscillating from month to month, from dry to 
normal, the amounts of precipitation making it 
difficult to prepare the soil, respectively tilling. 
Despite that a uniform emergence and rooting 
(growth stage - BBCH 10-11 (Racz et al., 2016) 
occurred for the Andrada wheat variety. 
Year 2019-2020 had warmer weather, the spring 
temperatures being higher, by over +1.7 °C 
compared to the multiannual average of the last 
60 years. The influence of the water deficit in the 
soil led to the decrease of the number of tillers 
and during April and May it caused a slow 
development of wheat. The characterization of 
the thermal and pluviometric regime for the 
wheat crop in the period 2019-2020 was made 
based on the primary data recorded by the 
ARDS Turda Meteorological Station, longitude: 
23°47' latitude 46°35' (Figures 1 and 2). 
The months of February, March, June, and July 
compensated with rainfall, ensuring sufficient 
water in the soil and causing a good develop-
ment of the crop especially in the stages of straw 
elongation (BBCH 28-30), appearance of 
standard flag leaf (BBCH 37-39), beginning of 
earing (BBCH 51-53) and during seed filling 
(BBCH 69-71). 

  
  

 
Figure 1. The average monthly temperatures recorded during October 1st, 2019 - July 31st, 2020 

 

 
Figure 2. The average monthly rainfall recorded during October 1st, 2019 - July 31st, 2020 

 
The studies were carried out in the period 2019-
2020 using the Andrada wheat variety, very 
productive, with high quality indices (Moldovan 
et al., 2012) and with a very good net 
assimilation, ranging from 28-35 μmolm-2s-1 on 
the standard flag leaf (Bărdaș et al., 2019), 
presenting a mechanism with a good resistance 
to drought and high temperatures, as Austin 
found in 1990 following experiments on wheat 
(Austin, 1990). 
The experimental factors: Factor A - Soil tillage: 
a1 - conventional system with plow (CS, control 
variant); a2 - no-tillage system (NT). Factor B - 
Foliar fertilizers: b1 - unfertilized variant 
control; b2 - basic fertilization + 2 treatments 
(BBCH 37-39 and BBCH 51-53) with Folimax 
Gold; b3 - basic fertilization + 2 treatments 
(BBCH 37-39 and BBCH 71-73) with Folimax 
Gold; b4 - basic fertilization + 3 treatments 
(BBCH 37-39, BBCH 51-53 and BBCH 71-73) 
with Folimax G; b5 - basic fertilization + 4 
treatments (BBCH 29-31, BBCH 37-39, BBCH 

51-53 and BBCH 71-73) with Folimax Gold; b6 
- basic fertilization + 2 treatments (BBCH 37-39 
and BBCH 51-53) with Microfert U; b7 - basic 
fertilization + 2 treatments (BBCH 37-39 and 
BBCH 71-73) with Microfert U; b8 - basic 
fertilization + 3 treatments (BBCH 37-39, 
BBCH 51-53 and BBCH 71-73) with Microfert 
U; b9 - basic fertilization + 4 treatments (BBCH 
29-31, BBCH 37-39, BBCH 51-53 and BBCH 
71-73) with Microfert U. 
During the vegetation period 2019-2020, in the 
conventional tillage system, tilling was done 30 
cm depth with a Kuhn reversible plow, followed 
by the preparation of the germination bed with a 
Gaspardo rotary harrow. The sowing and 
autumn fertilization were done at the same time 
using a universal straw seed drill. For the no-
tillage system sowing was done together with 
the autumn fertilization using a Directa 400 
sowing machine. In both variants the sowing 
was done in optimal conditions on October 24, 
2019. The depth of seed incorporation was 3-5 

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July

2019-2020 Years 13,5 8,9 0,8 -2,8 2,6 6,1 10,3 13,7 19,1 20,2

Average 60 Years 9,5 3,9 -1,4 -3,4 -0,9 4,7 9,9 15 17,9 19,7
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additional fertilization ensures an increase of 
production as well as an increase of the average 
values of the other components of the 
production or of the qualitative indices, also 
conferring a smaller variation of the values of 
these characters (Richards, 2000; Racz et al., 
2016; Fonteyne et al., 2020). Furthermore, the 
correct management of fertilization is essential 
to guarantee the correct milling of wheat kernels 
(Doblado-Maldonado et al., 2012; Cappelli et 
al., 2020a; Cappelli et al., 2020b), optimal flour 
quality (Hackenberg et al., 2018; Bonilla et al., 
2019; Cappelli et al., 2020c), improved dough 
rheology, and best bread and bakery products 
characteristics (Cappelli et al., 2020d). 
Plant respiration is one of the main links in the 
carbon cycle through which CO2 fixed by plants 
returns to the atmosphere (Delian, 2010). At 
maturity, wheat mainly performs photosynthesis 
on the standard flag leaf and stem, this being the 
main source of assimilation for cereals during 
grain filling (Rawson et al., 1976; Racz et al., 
2014). In severe drought conditions the photo-
synthetic function decreases significantly. To 
the greatest extent it can damage the photosyn-
thetic apparatus (Petcu et al., 2007). When the 
drought does not persist for a long time and there 
are reduced water reserves in the soil, foliar 
applications may promote physiological mecha-
nisms of adaptation to drought and thus avoid or 
reduce tissue dehydratation. The application of 
foliar fertilizer treatments to unprocessed wheat 
crop in the no-tillage system has the advantage 
of better water conservation in the soil during 
drought seasons (Chetan et al., 2016). 
The choice of varieties depending on the area 
represented by the Transylvanian Plain, both 
macro and micronutrients applied to soil and 
foliage, contributes to adequate plant nutrition 
(Alaru et al., 2009; Knapowski et al., 2010; 
Stankowski et al., 2015; Wojtkowiak et al., 
2015). The pedoclimatic conditions associated 
with the applied technology are decisive factors 
in the success of wheat cultivation, both 
productively and quantitatively (De Vita et al., 
2007a; Warechowska, 2009; Ceclan et al., 2015; 
Zain et al., 2015). 
The main purpose of this paper is to assess the 
influence of foliar fertilization, in two systems: 
conventional tillage and no-tillage, in various 
phases of formation and development of the 
wheat crop, in achieving high yields and quality 

indices. The promotion and identification of 
physiological mechanisms in wheat is useful in 
assessing biological development which is 
correlated with productivity. 
 
MATERIALS AND METHODS 
 
The data presented in this paper was obtained 
under the climatic conditions from the 
Transylvanian Plain at the Agricultural 
Research and Development Station Turda 
(ARDS Turda) on a Faeoziom soil (RSST, 2012) 
(Phaeozem, World Reference Base, 2015). The 
experiments were carried out on a soil with a 
neutral pH (between 6.8-7.2; potentiometric 
method in distilled water), clayey texture (clay 
between 51.8-55.5%), and a humus content 
between 2.20-3.00% (Walkley-Black method), 
total nitrogen 0.162-0.124 % (Kjeldhal method); 
medium supplied with phosphorous, 0.9-5 ppm 
and well supplied with potassium, 126-140 ppm 
(Egner-Riehm-Domingo extraction method). 
Soil samples for the chemical analyses were 
collected along a depth of 0-30 cm. 
Regarding the location of the crop, the climatic 
conditions in the fall of 2019 were generally 
oscillating from month to month, from dry to 
normal, the amounts of precipitation making it 
difficult to prepare the soil, respectively tilling. 
Despite that a uniform emergence and rooting 
(growth stage - BBCH 10-11 (Racz et al., 2016) 
occurred for the Andrada wheat variety. 
Year 2019-2020 had warmer weather, the spring 
temperatures being higher, by over +1.7 °C 
compared to the multiannual average of the last 
60 years. The influence of the water deficit in the 
soil led to the decrease of the number of tillers 
and during April and May it caused a slow 
development of wheat. The characterization of 
the thermal and pluviometric regime for the 
wheat crop in the period 2019-2020 was made 
based on the primary data recorded by the 
ARDS Turda Meteorological Station, longitude: 
23°47' latitude 46°35' (Figures 1 and 2). 
The months of February, March, June, and July 
compensated with rainfall, ensuring sufficient 
water in the soil and causing a good develop-
ment of the crop especially in the stages of straw 
elongation (BBCH 28-30), appearance of 
standard flag leaf (BBCH 37-39), beginning of 
earing (BBCH 51-53) and during seed filling 
(BBCH 69-71). 

  
  

 
Figure 1. The average monthly temperatures recorded during October 1st, 2019 - July 31st, 2020 

 

 
Figure 2. The average monthly rainfall recorded during October 1st, 2019 - July 31st, 2020 

 
The studies were carried out in the period 2019-
2020 using the Andrada wheat variety, very 
productive, with high quality indices (Moldovan 
et al., 2012) and with a very good net 
assimilation, ranging from 28-35 μmolm-2s-1 on 
the standard flag leaf (Bărdaș et al., 2019), 
presenting a mechanism with a good resistance 
to drought and high temperatures, as Austin 
found in 1990 following experiments on wheat 
(Austin, 1990). 
The experimental factors: Factor A - Soil tillage: 
a1 - conventional system with plow (CS, control 
variant); a2 - no-tillage system (NT). Factor B - 
Foliar fertilizers: b1 - unfertilized variant 
control; b2 - basic fertilization + 2 treatments 
(BBCH 37-39 and BBCH 51-53) with Folimax 
Gold; b3 - basic fertilization + 2 treatments 
(BBCH 37-39 and BBCH 71-73) with Folimax 
Gold; b4 - basic fertilization + 3 treatments 
(BBCH 37-39, BBCH 51-53 and BBCH 71-73) 
with Folimax G; b5 - basic fertilization + 4 
treatments (BBCH 29-31, BBCH 37-39, BBCH 

51-53 and BBCH 71-73) with Folimax Gold; b6 
- basic fertilization + 2 treatments (BBCH 37-39 
and BBCH 51-53) with Microfert U; b7 - basic 
fertilization + 2 treatments (BBCH 37-39 and 
BBCH 71-73) with Microfert U; b8 - basic 
fertilization + 3 treatments (BBCH 37-39, 
BBCH 51-53 and BBCH 71-73) with Microfert 
U; b9 - basic fertilization + 4 treatments (BBCH 
29-31, BBCH 37-39, BBCH 51-53 and BBCH 
71-73) with Microfert U. 
During the vegetation period 2019-2020, in the 
conventional tillage system, tilling was done 30 
cm depth with a Kuhn reversible plow, followed 
by the preparation of the germination bed with a 
Gaspardo rotary harrow. The sowing and 
autumn fertilization were done at the same time 
using a universal straw seed drill. For the no-
tillage system sowing was done together with 
the autumn fertilization using a Directa 400 
sowing machine. In both variants the sowing 
was done in optimal conditions on October 24, 
2019. The depth of seed incorporation was 3-5 
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cm and the distance between rows of 18 cm, 
ensuring optimal conditions of humidity and 
aeration, as well as favoring the formation of 
twinning nodes at 2-3 cm. The optimal 
germination temperature was between 23-25 °C, 
ensuring a density of 550 bg m-2, and the amount 
of seed per hectare was 280 kg. 
Basic fertilization (BF) was performed on a 40 
kg ha-1 nitrogen and phosphorus assured 
background, simultaneously with the sowing 
(N20 P20 K0 - 200 kg ha-1) as well as application 
of ammonium nitrate - 60 kg ha-1 N active 
substance in the spring at the resumption of 
vegetation. 

The vegetation stages in which the treatments 
were carried out were: growth stage 1 - at the 
end of twinning (BBCH 29-31); growth stage 2 
- at the appearance of the standard flag leaf 
(BBCH 37-39); growth stage 3 - at the beginning 
of sprouting (BBCH 51-53); growth stage 4 - 
when filling the seeds (BBCH 71-73). 
The number of treatments and application 
growth stage were different, resulting in eight 
graduations and a control variant in which 
mineral fertilization was not supplemented by 
foliar fertilization (Table 1).  
The total area of the experience with the  
two experimental variants of winter wheat was 
3,680 m2. 

 
Table 1. Foliar fertilizers used on winter wheat crop 

No Trade name, content dose - kg, l ha-1 Dose kg, l ha-1 / 250 l of water 
1 Folimax Gold Aminopower – 27 % N, + 1.5 % MgO + 1.0 % Mn +  

0.13 % Cu + 0.02 % Zn, B, Fe (produced by Fertinova) 
3.0 and 5.0  

2 Microfert U - NPK - 90:30:30 g l-1 + Mg + S, B, Co, Cu, Fe, Mn, Mo, Zn 
(produced by Alchimex SA Bucharest) 

3.0 and 5.0 

 
Wheat production was determined by weighing 
it on the experimental plots. Measurements of 
physiological parameters and chlorophyll 
concentration were performed directly on the 
flag leaf, after the last treatment with foliar 
fertilizers in June, depending on the duration of 
tissue adaptation in the flag leaf cuvette.  
The research method used was non-destructive 
(the leaves were not detached from the plant) 
and was based on the use of the CIRAS-3 (PP 
System, 2014) foliar gas analyzer (net 
assimilation, evapotranspiration, saturation 
deficiency of water vapor) and the Apogee MC-
100 which directly measures and shows the 
concentration of chlorophyll without damaging 
the plant material.  
The quality indices (mass of 1,000 grains, 
gluten, protein) were made using the Inframatic 
8800 NIR analyzer. 
The statistical analysis was exploratory, the 
correlations between experimental parameters 
and observations, respectively multiple 
comparisons (Fisher LSD - Least Significant 
Difference) evaluated the effect of fertilization 
on the biological development of plants.  
The results obtained regarding the quality 
indices and establishment of smallest significant 
differences were statistically processed by 
ANOVA (analysis of variance), for LSD 5%, 
1% and 0.1% (ANOVA, 2015). 

RESULTS AND DISCUSSIONS 
 
The average production in the 2019-2020 (Table 
2) vegetation year shows that wheat responds 
very well to the conventional tillage system with 
increases of over 900 kg ha-1 compared to the 
no-tillage system. A similar reaction was 
obtained in wheat in the Transylvanian Plain on 
fertile soils (Chețan et al., 2017), while the 
results are varied in soils with medium fertility 
(Moraru & Rusu, 2013). The production 
differences are therefore related to the soil, then 
to the conservation of water in the soil 
(controlled by the particularities of the tillage 
system) (Rusu et al., 2014). The results were 
ensured statistically with a very distinctly 
significantly negative correlation. The average 
net assimilation (An), chlorophyll concentration 
and evapotranspiration had higher values in the 
conventional tillage system compared to the no-
tillage one, results being significantly negative. 
A similar trend was obtained by He et al. (2020) 
at winter wheat (by reducing the intensity of 
tillage) and Monneveux et al. (2006) at maize 
crop, suggesting less nitrogen uptake to no-
tillage. The average experience of leaf to air 
vapor pressure deficit (VPD- kPa) had higher 
values in the no-tillage system, with a 
statistically significant positive difference 
compared to the conventional tillage system. 

 

The highest yields for the Andrada wheat variety 
in the conventional tillage system with the 
largest production increases of over 600 kg ha-1, 
were obtained in 2019-2020 for variants b4 and 
b7 treated with foliar fertilizers Folimax Gold 
and Microfert U, where 3 and 2 treatments with 
foliar fertilizer were applied, being statistically 
assured as being very significant positive 
compared to the control variant. In the no-tillage 

system, the large production increases of over 
620 kg ha-1 were obtained for variant b5, with 4 
treatments of Folimax Gold fertilizer and for 
variants b7 and b8, with Microfert U 2 and 3 were 
application, respectively foliar fertilizer 
treatments, being statistically assured as being 
significantly positive compared to the control 
variant (Table 3). 
 

 
Table 2. The average influence of experience, of different factors, on different tillage systems 

Measured property Unit Value Difference Significance LSD 
CS NT CS NT CS NT p=5% p=1% p=0.1% 

Yield kg ha-1 6,620 5,630 0.00 -990 cv 000 111.9 258.6 822.9 
Net assimilation  μmolm-2s-1 28.85 26.60 0.00 -2.25 cv 00 0.36 0.83 2.65 
Chlorophyll concentration μmolm-2 609.7 575.0 0.00 -34.7 cv 00 8.2 18.9 60.3 
Evapotranspiration  μmolm-2s-1 3.24 2.84 0.00 -0.40 cv 00 0.11 0.26 0.82 
Leaf to air vapor pressure deficit kPa 0.78 1.01 0.00 0.23 cv ** 0.06 0.14 0.46 

Note: CS - conventional system with plow; NT – no-tillage system; ** - distinctly significant positive; 0 - significant negative; 
 00 - distinctly significant negative; 000 - very significant negative; LSD - Least Significant Difference. 

 
Table 3. Effect of different tillage systems on wheat yield in different foliar fertilization variants 

Variants Yield, kg ha-1 Difference Significance 
Fertilizer / Systems Conventional 

tillage 
No-

tillage 
Conventional 

tillage 
No-

tillage 
Conventional 

tillage 
No-tillage 

b1 - Control variant (cv) 6,330 5,270 0.0 0.0 cv cv 
b2 - BF + 2 treat with FG 6,675 5,635 342.0 363.3 *** *** 
b3 - BF + 2 treat with FG 6,450 5,620 118.3 350.0 - *** 
b4 - BF + 3 treat with FG 6,995 5,440 665.0 170.0 *** * 
b5 - BF + 4 treat with FG 6,545 5,900 215.0 615.0 ** *** 
b6 - BF + 2 treat with MU 6,510 5,500 180.0 230.0 * ** 
b7 - BF + 2 treat with MU 6,985 5,880 655.0 610.0 *** *** 
b8 - BF + 3 treat with MU 6,525 5,800 195.0 530.0 * *** 
b9 - BF + 4 treat with MU 6,590 5,615 260.0 345.0 ** *** 

LSD (p 5 %) = 157; LSD (p 1 %) = 211;  LSD (p 0.1 %) = 280 
Note: BF - Basic fertilization; FG - Folimax Gold; MU - Microfert U; - not significant; * - significant positive; ** - distinctly significant 
positive; *** - very significant positive; LSD - Least Significant Difference. 
 
The net assimilation was between 25.5 and 27.1 
μmolm-2s-1 in the variant treated only with 
mineral-based fertilization and the variants 
treated, in addition, with different foliar 
fertilizers, the net assimilation had values 
between 26.1 and 30.0 μmolm-2s-1. Foliar 
fertilization positively influences the 
assimilation in both tillage systems, as found in 
wheat Hausherr Lüder et al., 2020 and 
Sobolewska et al., 2020. 
In the conventional tillage system, the highest 
values were obtained for the b5 variant, using the 
Folimax Gold fertilizer and for the Microfert U 
fertilizer with b6, b7 and b9 variants, being 
statistically assured as being very significantly 
positive compared to the control variant. In the 
no-tillage system, the values of net assimilation 
on the fertilized variants were between 25.5 and 
28.1 μmolm-2s-1 and were also obtained for 

variant b5, Folimax Gold fertilizer and variant b8 
and b9 at Microfert U, being statistically assured 
as being very significantly positive compared to 
the control variant (Table 4). 
For Andrada wheat variety, the application of 
foliar fertilizers in different growth stage of crop 
development was well used by plants, with a 
positive correlation between yields and net 
assimilation as found by Natr, 1975 and 
Marshall and Biscoe, 1981. The wheat crop for 
which the foliar fertilizers were applied obtained 
a higher net assimilation, eliminating more 
carbon per unit time (Ernst et al., 2020; Wozniak 
& Rachon, 2020).  
Chlorophyll is vital for photosynthesis and its 
concentration indicates the health and nutrition 
of plants, but it can also be an indicator of the 
availability of nitrogen in the soil (Fiorentini et 
al., 2019). In the variants treated with foliar 
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cm and the distance between rows of 18 cm, 
ensuring optimal conditions of humidity and 
aeration, as well as favoring the formation of 
twinning nodes at 2-3 cm. The optimal 
germination temperature was between 23-25 °C, 
ensuring a density of 550 bg m-2, and the amount 
of seed per hectare was 280 kg. 
Basic fertilization (BF) was performed on a 40 
kg ha-1 nitrogen and phosphorus assured 
background, simultaneously with the sowing 
(N20 P20 K0 - 200 kg ha-1) as well as application 
of ammonium nitrate - 60 kg ha-1 N active 
substance in the spring at the resumption of 
vegetation. 

The vegetation stages in which the treatments 
were carried out were: growth stage 1 - at the 
end of twinning (BBCH 29-31); growth stage 2 
- at the appearance of the standard flag leaf 
(BBCH 37-39); growth stage 3 - at the beginning 
of sprouting (BBCH 51-53); growth stage 4 - 
when filling the seeds (BBCH 71-73). 
The number of treatments and application 
growth stage were different, resulting in eight 
graduations and a control variant in which 
mineral fertilization was not supplemented by 
foliar fertilization (Table 1).  
The total area of the experience with the  
two experimental variants of winter wheat was 
3,680 m2. 

 
Table 1. Foliar fertilizers used on winter wheat crop 

No Trade name, content dose - kg, l ha-1 Dose kg, l ha-1 / 250 l of water 
1 Folimax Gold Aminopower – 27 % N, + 1.5 % MgO + 1.0 % Mn +  

0.13 % Cu + 0.02 % Zn, B, Fe (produced by Fertinova) 
3.0 and 5.0  

2 Microfert U - NPK - 90:30:30 g l-1 + Mg + S, B, Co, Cu, Fe, Mn, Mo, Zn 
(produced by Alchimex SA Bucharest) 

3.0 and 5.0 

 
Wheat production was determined by weighing 
it on the experimental plots. Measurements of 
physiological parameters and chlorophyll 
concentration were performed directly on the 
flag leaf, after the last treatment with foliar 
fertilizers in June, depending on the duration of 
tissue adaptation in the flag leaf cuvette.  
The research method used was non-destructive 
(the leaves were not detached from the plant) 
and was based on the use of the CIRAS-3 (PP 
System, 2014) foliar gas analyzer (net 
assimilation, evapotranspiration, saturation 
deficiency of water vapor) and the Apogee MC-
100 which directly measures and shows the 
concentration of chlorophyll without damaging 
the plant material.  
The quality indices (mass of 1,000 grains, 
gluten, protein) were made using the Inframatic 
8800 NIR analyzer. 
The statistical analysis was exploratory, the 
correlations between experimental parameters 
and observations, respectively multiple 
comparisons (Fisher LSD - Least Significant 
Difference) evaluated the effect of fertilization 
on the biological development of plants.  
The results obtained regarding the quality 
indices and establishment of smallest significant 
differences were statistically processed by 
ANOVA (analysis of variance), for LSD 5%, 
1% and 0.1% (ANOVA, 2015). 

RESULTS AND DISCUSSIONS 
 
The average production in the 2019-2020 (Table 
2) vegetation year shows that wheat responds 
very well to the conventional tillage system with 
increases of over 900 kg ha-1 compared to the 
no-tillage system. A similar reaction was 
obtained in wheat in the Transylvanian Plain on 
fertile soils (Chețan et al., 2017), while the 
results are varied in soils with medium fertility 
(Moraru & Rusu, 2013). The production 
differences are therefore related to the soil, then 
to the conservation of water in the soil 
(controlled by the particularities of the tillage 
system) (Rusu et al., 2014). The results were 
ensured statistically with a very distinctly 
significantly negative correlation. The average 
net assimilation (An), chlorophyll concentration 
and evapotranspiration had higher values in the 
conventional tillage system compared to the no-
tillage one, results being significantly negative. 
A similar trend was obtained by He et al. (2020) 
at winter wheat (by reducing the intensity of 
tillage) and Monneveux et al. (2006) at maize 
crop, suggesting less nitrogen uptake to no-
tillage. The average experience of leaf to air 
vapor pressure deficit (VPD- kPa) had higher 
values in the no-tillage system, with a 
statistically significant positive difference 
compared to the conventional tillage system. 

 

The highest yields for the Andrada wheat variety 
in the conventional tillage system with the 
largest production increases of over 600 kg ha-1, 
were obtained in 2019-2020 for variants b4 and 
b7 treated with foliar fertilizers Folimax Gold 
and Microfert U, where 3 and 2 treatments with 
foliar fertilizer were applied, being statistically 
assured as being very significant positive 
compared to the control variant. In the no-tillage 

system, the large production increases of over 
620 kg ha-1 were obtained for variant b5, with 4 
treatments of Folimax Gold fertilizer and for 
variants b7 and b8, with Microfert U 2 and 3 were 
application, respectively foliar fertilizer 
treatments, being statistically assured as being 
significantly positive compared to the control 
variant (Table 3). 
 

 
Table 2. The average influence of experience, of different factors, on different tillage systems 

Measured property Unit Value Difference Significance LSD 
CS NT CS NT CS NT p=5% p=1% p=0.1% 

Yield kg ha-1 6,620 5,630 0.00 -990 cv 000 111.9 258.6 822.9 
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Leaf to air vapor pressure deficit kPa 0.78 1.01 0.00 0.23 cv ** 0.06 0.14 0.46 

Note: CS - conventional system with plow; NT – no-tillage system; ** - distinctly significant positive; 0 - significant negative; 
 00 - distinctly significant negative; 000 - very significant negative; LSD - Least Significant Difference. 

 
Table 3. Effect of different tillage systems on wheat yield in different foliar fertilization variants 

Variants Yield, kg ha-1 Difference Significance 
Fertilizer / Systems Conventional 

tillage 
No-

tillage 
Conventional 

tillage 
No-

tillage 
Conventional 

tillage 
No-tillage 

b1 - Control variant (cv) 6,330 5,270 0.0 0.0 cv cv 
b2 - BF + 2 treat with FG 6,675 5,635 342.0 363.3 *** *** 
b3 - BF + 2 treat with FG 6,450 5,620 118.3 350.0 - *** 
b4 - BF + 3 treat with FG 6,995 5,440 665.0 170.0 *** * 
b5 - BF + 4 treat with FG 6,545 5,900 215.0 615.0 ** *** 
b6 - BF + 2 treat with MU 6,510 5,500 180.0 230.0 * ** 
b7 - BF + 2 treat with MU 6,985 5,880 655.0 610.0 *** *** 
b8 - BF + 3 treat with MU 6,525 5,800 195.0 530.0 * *** 
b9 - BF + 4 treat with MU 6,590 5,615 260.0 345.0 ** *** 

LSD (p 5 %) = 157; LSD (p 1 %) = 211;  LSD (p 0.1 %) = 280 
Note: BF - Basic fertilization; FG - Folimax Gold; MU - Microfert U; - not significant; * - significant positive; ** - distinctly significant 
positive; *** - very significant positive; LSD - Least Significant Difference. 
 
The net assimilation was between 25.5 and 27.1 
μmolm-2s-1 in the variant treated only with 
mineral-based fertilization and the variants 
treated, in addition, with different foliar 
fertilizers, the net assimilation had values 
between 26.1 and 30.0 μmolm-2s-1. Foliar 
fertilization positively influences the 
assimilation in both tillage systems, as found in 
wheat Hausherr Lüder et al., 2020 and 
Sobolewska et al., 2020. 
In the conventional tillage system, the highest 
values were obtained for the b5 variant, using the 
Folimax Gold fertilizer and for the Microfert U 
fertilizer with b6, b7 and b9 variants, being 
statistically assured as being very significantly 
positive compared to the control variant. In the 
no-tillage system, the values of net assimilation 
on the fertilized variants were between 25.5 and 
28.1 μmolm-2s-1 and were also obtained for 

variant b5, Folimax Gold fertilizer and variant b8 
and b9 at Microfert U, being statistically assured 
as being very significantly positive compared to 
the control variant (Table 4). 
For Andrada wheat variety, the application of 
foliar fertilizers in different growth stage of crop 
development was well used by plants, with a 
positive correlation between yields and net 
assimilation as found by Natr, 1975 and 
Marshall and Biscoe, 1981. The wheat crop for 
which the foliar fertilizers were applied obtained 
a higher net assimilation, eliminating more 
carbon per unit time (Ernst et al., 2020; Wozniak 
& Rachon, 2020).  
Chlorophyll is vital for photosynthesis and its 
concentration indicates the health and nutrition 
of plants, but it can also be an indicator of the 
availability of nitrogen in the soil (Fiorentini et 
al., 2019). In the variants treated with foliar 
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fertilizer the concentration of chlorophyll is 
higher than in the control variant treated only 
with basic fertilization. Between the control 
variant and the variants treated with different 

foliar fertilizers the chlorophyll concentration 
had values between 575 and 620 μmolm-2  
(Table 5). 

 
Table 4. Effect of different tillage systems on net assimilation in different foliar fertilization variants 

Variants Net assimilation,  
μmolm-2s-1 

Difference Significance 

Fertilizer / Systems Conventional 
tillage 

No-
tillage 

Conventional 
tillage 

No-tillage Conventional 
tillage 

No-tillage 

b1 - Control variant (cv) 27.1 25.5 0.0 0.0 cv cv 
b2 - BF + 2 treat with FG 28.9 26.3 1.77 0.77 ** - 
b3 - BF + 2 treat with FG 28.1 26.4 0.97 0.90 - - 
b4 - BF + 3 treat with FG 28.7 26.5 1.63 0.95 * - 
b5 - BF + 4 treat with FG 29.0 27.0 1.90 1.40 ** * 
b6 - BF + 2 treat with MU 29.8 26.1 2.73 0.57 *** - 
b7 - BF + 2 treat with MU 29.9 26.4 2.90 0.90 *** - 
b8 - BF + 3 treat with MU 28.5 27.3 1.43 1.73 * ** 
b9 - BF + 4 treat with MU 29.4 28.1 2.33 2.63 *** *** 

LSD (p 5 %) = 1.25; LSD (p 1 %) = 1.68;  LSD (p 0.1%) = 2.23 
Note: BF - Basic fertilization; FG - Folimax Gold; MU - Microfert U; - not significant; * - significant positive; ** - distinctly significant 
positive; *** - very significant positive; LSD - Least Significant Difference. 

 
Table 5. Effect of different tillage systems on chlorophyll concentration in different foliar fertilization variants 

Variants Chlorophyll concentration, 
μmolm-2 

Difference Significance 

Fertilizer / Systems Conventional 
tillage 

No-
tillage 

Conventional 
tillage 

No-tillage Conventional 
tillage 

No-tillage 

b1 - Control variant (cv) 573.7 520.0 0.0 0.00 cv cv 
b2 - BF + 2 treat with FG 613.0 561.0 39.3 41.0 *** *** 
b3 - BF + 2 treat with FG 622.0 570.0 48.3 50.0 *** *** 
b4 - BF + 3 treat with FG 615.7 595.0 41.7 75.0 *** *** 
b5 - BF + 4 treat with FG 616.7 598.3 43.0 78.3 *** *** 
b6 - BF + 2 treat with MU 595.7 568.3 22.0 48.3 * *** 
b7 - BF + 2 treat with MU 614.0 586.7 40.3 66.7 *** *** 
b8 - BF + 3 treat with MU 615.7 596.7 42.0 76.7 *** *** 
b9 - BF + 4 treat with MU 621.3 579.0 47.7 59.0 *** *** 

LSD (p 5 %) = 16.8;   LSD (p 1 %) = 22.6;   LSD (p 0.1 %) = 29.9 
Note: BF - Basic fertilization; FG - Folimax Gold; MU - Microfert U; * - significant positive; *** - very significant positive; LSD - 
Least Significant Difference. 
 
In the conventional tillage system, the 
concentration values are higher and more 
uniform for variant b3, Folimax Gold fertilizer 
and Microfert U fertilizer for variant b9 with a 
chlorophyll concentration of over 620 μmolm-2, 
being statistically assured as very significant 
positive compared to the control variant.  
In the no-tillage system, the chlorophyll 
concentration values were very uniform. The 
fertilized variants were over 595 μmolm-2 for the 
b4 and b5 variants, for the Folimax Gold fertilizer 
and for the b7 and b8 variant for Microfert U, 
being statistically assured as very significantly 
positive compared to the control variant. 
The application of foliar fertilizers in the 
different growth stage of crop development was 
well exploited by plants with a positive 

correlation between net assimilation and 
chlorophyll concentration. This has a positive 
influence on the productivity components of 
wheat (Sanchez-Bragado et al., 2017).  
The interaction between assimilation and 
production in wheat during the studied year 
indicates an increase in assimilation directly 
proportional to production (Figure 3). In 
general, the regression line indicates differences 
in the net assimilation between the two tillage 
systems. 
In the conventional tillage system, the net assi-
milation has a range of variation from 28.0-30.0 
µmol-2 s-1, with yields between 6,500 to over 
7,000 kg ha-1. In the no-tillage system, the net 
assimilation has values from 26 to 27 µmol-2s-1 
at yields exceeding 5,700-6,000 kg ha-1. The 

 

phenomenon is based on a physiological stress 
in 2020, due to lack of water during May, at the 
beginning of the bellows stage (BBCH 37-39), 
leading to a decrease in production and 
assimilation.  
The interaction between net assimilation and 
chlorophyll concentration in wheat crop during 
the experimental year is directly proportional. 
As the concentration of chlorophyll increases, 
the regression line generally indicates an 
increase in the assimilation between the two 

tillage systems. In the conventional tillage 
system, the chlorophyll concentration has a 
range of variation from 580-650 µmol-2 with net 
assimilations between 28.0-30.0 µmol-2s-1. In 
the no-tillage system the concentration of 
chlorophyll has values of 550-600 µmol-2 at a 
net assimilation from 26.0-30.0 µmol-2s-1.  
By closing the stomata, the assimilation 
decreases and with this a decrease in production 
(Figure 4). 

 
Figure 3. Multiple interaction between production and net assimilation 

 

 
Figure 4. Multiple interaction between net assimilation and chlorophyll concentration 

 
Data processing shows a Gaussian dynamic, 
where the normal data curve shows an increase 
in production of over 6,800 kg ha-1 with increa-
sing assimilation from 28 and 32 µmol-2 s-1 in a 
range of leaf to air vapor pressure deficit, after 
which, when the temperature rises to over 30 °C, 
the leaves begin to reduce. From the production 

graph it can be seen that the Andrada wheat 
variety has a special consistency when applying 
foliar fertilization in addition to basic 
fertilization, with a positive correlation between 
production and assimilation and inversely 
proportional to leaf to air vapor pressure deficit 
(VPD) (Rees et al., 1993) as the activity is 
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fertilizer the concentration of chlorophyll is 
higher than in the control variant treated only 
with basic fertilization. Between the control 
variant and the variants treated with different 

foliar fertilizers the chlorophyll concentration 
had values between 575 and 620 μmolm-2  
(Table 5). 

 
Table 4. Effect of different tillage systems on net assimilation in different foliar fertilization variants 

Variants Net assimilation,  
μmolm-2s-1 

Difference Significance 

Fertilizer / Systems Conventional 
tillage 

No-
tillage 

Conventional 
tillage 

No-tillage Conventional 
tillage 

No-tillage 

b1 - Control variant (cv) 27.1 25.5 0.0 0.0 cv cv 
b2 - BF + 2 treat with FG 28.9 26.3 1.77 0.77 ** - 
b3 - BF + 2 treat with FG 28.1 26.4 0.97 0.90 - - 
b4 - BF + 3 treat with FG 28.7 26.5 1.63 0.95 * - 
b5 - BF + 4 treat with FG 29.0 27.0 1.90 1.40 ** * 
b6 - BF + 2 treat with MU 29.8 26.1 2.73 0.57 *** - 
b7 - BF + 2 treat with MU 29.9 26.4 2.90 0.90 *** - 
b8 - BF + 3 treat with MU 28.5 27.3 1.43 1.73 * ** 
b9 - BF + 4 treat with MU 29.4 28.1 2.33 2.63 *** *** 

LSD (p 5 %) = 1.25; LSD (p 1 %) = 1.68;  LSD (p 0.1%) = 2.23 
Note: BF - Basic fertilization; FG - Folimax Gold; MU - Microfert U; - not significant; * - significant positive; ** - distinctly significant 
positive; *** - very significant positive; LSD - Least Significant Difference. 

 
Table 5. Effect of different tillage systems on chlorophyll concentration in different foliar fertilization variants 

Variants Chlorophyll concentration, 
μmolm-2 

Difference Significance 

Fertilizer / Systems Conventional 
tillage 

No-
tillage 

Conventional 
tillage 

No-tillage Conventional 
tillage 

No-tillage 

b1 - Control variant (cv) 573.7 520.0 0.0 0.00 cv cv 
b2 - BF + 2 treat with FG 613.0 561.0 39.3 41.0 *** *** 
b3 - BF + 2 treat with FG 622.0 570.0 48.3 50.0 *** *** 
b4 - BF + 3 treat with FG 615.7 595.0 41.7 75.0 *** *** 
b5 - BF + 4 treat with FG 616.7 598.3 43.0 78.3 *** *** 
b6 - BF + 2 treat with MU 595.7 568.3 22.0 48.3 * *** 
b7 - BF + 2 treat with MU 614.0 586.7 40.3 66.7 *** *** 
b8 - BF + 3 treat with MU 615.7 596.7 42.0 76.7 *** *** 
b9 - BF + 4 treat with MU 621.3 579.0 47.7 59.0 *** *** 

LSD (p 5 %) = 16.8;   LSD (p 1 %) = 22.6;   LSD (p 0.1 %) = 29.9 
Note: BF - Basic fertilization; FG - Folimax Gold; MU - Microfert U; * - significant positive; *** - very significant positive; LSD - 
Least Significant Difference. 
 
In the conventional tillage system, the 
concentration values are higher and more 
uniform for variant b3, Folimax Gold fertilizer 
and Microfert U fertilizer for variant b9 with a 
chlorophyll concentration of over 620 μmolm-2, 
being statistically assured as very significant 
positive compared to the control variant.  
In the no-tillage system, the chlorophyll 
concentration values were very uniform. The 
fertilized variants were over 595 μmolm-2 for the 
b4 and b5 variants, for the Folimax Gold fertilizer 
and for the b7 and b8 variant for Microfert U, 
being statistically assured as very significantly 
positive compared to the control variant. 
The application of foliar fertilizers in the 
different growth stage of crop development was 
well exploited by plants with a positive 

correlation between net assimilation and 
chlorophyll concentration. This has a positive 
influence on the productivity components of 
wheat (Sanchez-Bragado et al., 2017).  
The interaction between assimilation and 
production in wheat during the studied year 
indicates an increase in assimilation directly 
proportional to production (Figure 3). In 
general, the regression line indicates differences 
in the net assimilation between the two tillage 
systems. 
In the conventional tillage system, the net assi-
milation has a range of variation from 28.0-30.0 
µmol-2 s-1, with yields between 6,500 to over 
7,000 kg ha-1. In the no-tillage system, the net 
assimilation has values from 26 to 27 µmol-2s-1 
at yields exceeding 5,700-6,000 kg ha-1. The 

 

phenomenon is based on a physiological stress 
in 2020, due to lack of water during May, at the 
beginning of the bellows stage (BBCH 37-39), 
leading to a decrease in production and 
assimilation.  
The interaction between net assimilation and 
chlorophyll concentration in wheat crop during 
the experimental year is directly proportional. 
As the concentration of chlorophyll increases, 
the regression line generally indicates an 
increase in the assimilation between the two 

tillage systems. In the conventional tillage 
system, the chlorophyll concentration has a 
range of variation from 580-650 µmol-2 with net 
assimilations between 28.0-30.0 µmol-2s-1. In 
the no-tillage system the concentration of 
chlorophyll has values of 550-600 µmol-2 at a 
net assimilation from 26.0-30.0 µmol-2s-1.  
By closing the stomata, the assimilation 
decreases and with this a decrease in production 
(Figure 4). 

 
Figure 3. Multiple interaction between production and net assimilation 

 

 
Figure 4. Multiple interaction between net assimilation and chlorophyll concentration 

 
Data processing shows a Gaussian dynamic, 
where the normal data curve shows an increase 
in production of over 6,800 kg ha-1 with increa-
sing assimilation from 28 and 32 µmol-2 s-1 in a 
range of leaf to air vapor pressure deficit, after 
which, when the temperature rises to over 30 °C, 
the leaves begin to reduce. From the production 

graph it can be seen that the Andrada wheat 
variety has a special consistency when applying 
foliar fertilization in addition to basic 
fertilization, with a positive correlation between 
production and assimilation and inversely 
proportional to leaf to air vapor pressure deficit 
(VPD) (Rees et al., 1993) as the activity is 
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reduced by closing the stomata, the assimilation 
decreases and with it the production also 
decreases (Figure 5). 
The Andrada wheat variety maintains its 
pronounced stability, the mass of 1,000 grains 
(MTG) in both favorable and unfavorable 
environmental conditions (Ceclan et al., 2015; 
Blackman and Payne, 1987; Rees et al., 1993). 
The obtained values were higher and more 
balanced in the fertilized variants and the 
conventional tillage system, registering 
statistically significant negative differences 
compared to the control variant (Table 6). 
Regarding MTG for the Andrada wheat variety, 
the values obtained in the conventional tillage 
system were higher in variants b3, b5 and b9 
where 2 and 4 foliar fertilizations with Folimax 

Gold and 4 foliar fertilizations with Microfert U 
were applied, registering statistically assured 
differences as significant and distinctly 
significant compared to the control variant. 
Regarding the quality indices, the protein values 
were higher than the control variant both in the 
conventional tillage system and in the no-tillage 
system obtained in all b2, b3, b4 and b5 variants 
foliar fertilized with Folimax Gold and the b8 
variant at Microfert U statistically assured 
differences as very significant positive 
compared to the control variant. In the no-tillage 
system, all foliar fertilized variants with both 
Folimax Gold and Microfert U were statistically 
assured as being significantly positive compared 
to the control variant.  

 

 
Figure 5. Multiple interaction between production, leaf to air vapor pressure deficit (VPD) and net assimilation (An) 

 
Table 6. Quality indices for winter wheat Andrada in the years 2019-2020 

Variants Mass of 1,000 grains  
(MTG, g / significance) 

Protein  
(% / significance) 

Fertilizer / Systems Conventional 
tillage 

No-tillage Conventional tillage No-tillage 

b1 - Control variant (cv)    51.2 / cv 51.2 / cv 11.8 / cv               11.7 / cv 
b2 - BF + 2 treat with FG  52.1 /  - 52.0 /  - 12.2 /  * 12.7 / *** 
b3 - BF + 2 treat with FG 52.9 / * 50.6 /  -   12.8 / *** 12.8 / *** 
b4 - BF + 3 treat with FG 51.7 / - 50.5 /  -   12.0 / *** 13.3 / *** 
b5 - BF + 4 treat with FG 52.7 / * 50.5 /  -    12.4 / *** 13.3 / *** 
b6 - BF + 2 treat with MU 52.3 /  - 51.8 /  -            11.8 / - 13.6 / *** 
b7 - BF + 2 treat with MU 51.3 / - 49.8 /  0            11.9 / - 12.5 / *** 
b8 - BF + 3 treat with MU 52.1 / - 51.4 /  -    12.5 / ***              12.1 / * 
b9 - BF + 4 treat with MU   53.1 / ** 52.1 /  -            12.1 / -              12.2 / ** 

LSD (p 5 %) = 1.37; LSD (p 1 %) = 1.84;   
LSD (p 0.1 %) = 2.43 

LSD (p 5 %) = 0.36; LSD (p 1 %) = 0.48; 
 LSD (p 0.1 %) = 0.64 

 

Variants Gluten 
(% / significance) 

Zeleny index 
(% / significance) 

Fertilizer / Systems Conventional 
tillage 

No-tillage Conventional tillage No-tillage 

b1 - Control variant (cv)    23.1 / cv     23.5 / cv 34.5 / cv 34.0 / cv 
b2 - BF + 2 treat with FG  24.1 /  - 23.8 / - 38.1 / ** 36.8 / * 
b3 - BF + 2 treat with FG 24.2 / -   25.4 / ** 37.8 / ** 42.2 / *** 
b4 - BF + 3 treat with FG 24.6 / *     26.5 / *** 39.8 / *** 45.9 / *** 
b5 - BF + 4 treat with FG 24.6 / *     26.5 / *** 39.8 / *** 45.8 / *** 
b6 - BF + 2 treat with MU 23.1 / -      27.3 / *** 34.9 / - 48.7 / *** 
b7 - BF + 2 treat with MU 22.7 / - 24.3 / - 32.6 / - 38.9 / *** 
b8 - BF + 3 treat with MU 24.2 / - 23.6 / - 38.1 / ** 34.4 / - 
b9 - BF + 4 treat with MU 23.2 / - 26.2 / - 34.0 / - 37.6 / ** 

LSD (p 5 %) = 1.22;  LSD (p 1 %) = 1.64;   
LSD (p 0.1 %) = 2.17 

LSD (p 5 %) = 2.18; LSD (p 1 %) = 2.94;  
LSD (p 0.1 %) = 3.89 

Note: BF - Basic fertilization; FG - Folimax Gold; MU - Microfert U; - not significant; * - significant positive; ** - distinctly significant 
positive; *** - very significant positive; 0 - significant negative; LSD - Least Significant Difference. 
 
The percentage of gluten in the conventional 
tillage system was lower than in the no-tillage 
system on the variants where three foliar 
fertilizations b3, b4, b5 and b6 were applied with 
Folimax Gold, and Microfert U, being 
statistically assured as being very significantly 
positive compared to the control variant. Other 
research, regarding soil tillage system, in the 
Transylvanian Plain shows this trend (Grigoraș 
et al., 2012), but also in other pedoclimatic 
conditions (De Vita et al., 2007b).  
The Zeleny index, correlated with ecological 
and technological factors (Gaweda & Haliniarz, 
2021), had higher values in the no-tillage system 
than in the conventional tillage system, which 
was lower on the variants where foliar 
fertilizations with Microfert U were applied, 
being statistically assured as being very positive 
compared to the variant control. 
 
CONCLUSIONS 
 
Whilst applying foliar fertilizers, higher yields 
and quality indices for Andrada wheat variety 
were obtained in both conventional tillage and 
no-tillage systems compared to those where only 
basic fertilization was applied. This research 
results is very important for the technology 
applied in the Transylvanian Plain area, both in 
terms of quantity but especially due to the 
quality obtained. 
The highest production in the experiences from 
2020 was obtained in the conventional tillage 
system, with over 6,980 kg ha-1 for Folimax 
Gold and Microfert U fertilizers for variants 
where in addition to basic fertilization 3 and 2 
foliar fertilization were applied. 

 The values of chlorophyll concentration, net 
assimilation and physiological parameters were 
higher for the Andrada variety in the 
conventional tillage system for all variants in 
which foliar fertilizers were applied, except leaf 
to air vapor pressure deficit (VPD), which had 
inversely proportional values. 
Foliar fertilization applied to the Andrada wheat 
variety has beneficially influenced the quality 
indices in the two tillage systems, the percentage 
of protein obtained being between 12.1 and 13.8 
%, gluten between 23.5 and 27.3%, Zeleny 
index between 35 and 48%, and the mass of one 
1,000 grains was between 50 and 53.1 g.  
The obtained results show the technological 
ways of influencing the quantity and quality of 
winter wheat production. Further research must 
be related to the sustainability of the tillage 
system, in a variable climatic context and other 
adaptation measures.  
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reduced by closing the stomata, the assimilation 
decreases and with it the production also 
decreases (Figure 5). 
The Andrada wheat variety maintains its 
pronounced stability, the mass of 1,000 grains 
(MTG) in both favorable and unfavorable 
environmental conditions (Ceclan et al., 2015; 
Blackman and Payne, 1987; Rees et al., 1993). 
The obtained values were higher and more 
balanced in the fertilized variants and the 
conventional tillage system, registering 
statistically significant negative differences 
compared to the control variant (Table 6). 
Regarding MTG for the Andrada wheat variety, 
the values obtained in the conventional tillage 
system were higher in variants b3, b5 and b9 
where 2 and 4 foliar fertilizations with Folimax 

Gold and 4 foliar fertilizations with Microfert U 
were applied, registering statistically assured 
differences as significant and distinctly 
significant compared to the control variant. 
Regarding the quality indices, the protein values 
were higher than the control variant both in the 
conventional tillage system and in the no-tillage 
system obtained in all b2, b3, b4 and b5 variants 
foliar fertilized with Folimax Gold and the b8 
variant at Microfert U statistically assured 
differences as very significant positive 
compared to the control variant. In the no-tillage 
system, all foliar fertilized variants with both 
Folimax Gold and Microfert U were statistically 
assured as being significantly positive compared 
to the control variant.  

 

 
Figure 5. Multiple interaction between production, leaf to air vapor pressure deficit (VPD) and net assimilation (An) 

 
Table 6. Quality indices for winter wheat Andrada in the years 2019-2020 

Variants Mass of 1,000 grains  
(MTG, g / significance) 

Protein  
(% / significance) 

Fertilizer / Systems Conventional 
tillage 

No-tillage Conventional tillage No-tillage 

b1 - Control variant (cv)    51.2 / cv 51.2 / cv 11.8 / cv               11.7 / cv 
b2 - BF + 2 treat with FG  52.1 /  - 52.0 /  - 12.2 /  * 12.7 / *** 
b3 - BF + 2 treat with FG 52.9 / * 50.6 /  -   12.8 / *** 12.8 / *** 
b4 - BF + 3 treat with FG 51.7 / - 50.5 /  -   12.0 / *** 13.3 / *** 
b5 - BF + 4 treat with FG 52.7 / * 50.5 /  -    12.4 / *** 13.3 / *** 
b6 - BF + 2 treat with MU 52.3 /  - 51.8 /  -            11.8 / - 13.6 / *** 
b7 - BF + 2 treat with MU 51.3 / - 49.8 /  0            11.9 / - 12.5 / *** 
b8 - BF + 3 treat with MU 52.1 / - 51.4 /  -    12.5 / ***              12.1 / * 
b9 - BF + 4 treat with MU   53.1 / ** 52.1 /  -            12.1 / -              12.2 / ** 

LSD (p 5 %) = 1.37; LSD (p 1 %) = 1.84;   
LSD (p 0.1 %) = 2.43 

LSD (p 5 %) = 0.36; LSD (p 1 %) = 0.48; 
 LSD (p 0.1 %) = 0.64 

 

Variants Gluten 
(% / significance) 

Zeleny index 
(% / significance) 

Fertilizer / Systems Conventional 
tillage 

No-tillage Conventional tillage No-tillage 

b1 - Control variant (cv)    23.1 / cv     23.5 / cv 34.5 / cv 34.0 / cv 
b2 - BF + 2 treat with FG  24.1 /  - 23.8 / - 38.1 / ** 36.8 / * 
b3 - BF + 2 treat with FG 24.2 / -   25.4 / ** 37.8 / ** 42.2 / *** 
b4 - BF + 3 treat with FG 24.6 / *     26.5 / *** 39.8 / *** 45.9 / *** 
b5 - BF + 4 treat with FG 24.6 / *     26.5 / *** 39.8 / *** 45.8 / *** 
b6 - BF + 2 treat with MU 23.1 / -      27.3 / *** 34.9 / - 48.7 / *** 
b7 - BF + 2 treat with MU 22.7 / - 24.3 / - 32.6 / - 38.9 / *** 
b8 - BF + 3 treat with MU 24.2 / - 23.6 / - 38.1 / ** 34.4 / - 
b9 - BF + 4 treat with MU 23.2 / - 26.2 / - 34.0 / - 37.6 / ** 

LSD (p 5 %) = 1.22;  LSD (p 1 %) = 1.64;   
LSD (p 0.1 %) = 2.17 

LSD (p 5 %) = 2.18; LSD (p 1 %) = 2.94;  
LSD (p 0.1 %) = 3.89 

Note: BF - Basic fertilization; FG - Folimax Gold; MU - Microfert U; - not significant; * - significant positive; ** - distinctly significant 
positive; *** - very significant positive; 0 - significant negative; LSD - Least Significant Difference. 
 
The percentage of gluten in the conventional 
tillage system was lower than in the no-tillage 
system on the variants where three foliar 
fertilizations b3, b4, b5 and b6 were applied with 
Folimax Gold, and Microfert U, being 
statistically assured as being very significantly 
positive compared to the control variant. Other 
research, regarding soil tillage system, in the 
Transylvanian Plain shows this trend (Grigoraș 
et al., 2012), but also in other pedoclimatic 
conditions (De Vita et al., 2007b).  
The Zeleny index, correlated with ecological 
and technological factors (Gaweda & Haliniarz, 
2021), had higher values in the no-tillage system 
than in the conventional tillage system, which 
was lower on the variants where foliar 
fertilizations with Microfert U were applied, 
being statistically assured as being very positive 
compared to the variant control. 
 
CONCLUSIONS 
 
Whilst applying foliar fertilizers, higher yields 
and quality indices for Andrada wheat variety 
were obtained in both conventional tillage and 
no-tillage systems compared to those where only 
basic fertilization was applied. This research 
results is very important for the technology 
applied in the Transylvanian Plain area, both in 
terms of quantity but especially due to the 
quality obtained. 
The highest production in the experiences from 
2020 was obtained in the conventional tillage 
system, with over 6,980 kg ha-1 for Folimax 
Gold and Microfert U fertilizers for variants 
where in addition to basic fertilization 3 and 2 
foliar fertilization were applied. 

 The values of chlorophyll concentration, net 
assimilation and physiological parameters were 
higher for the Andrada variety in the 
conventional tillage system for all variants in 
which foliar fertilizers were applied, except leaf 
to air vapor pressure deficit (VPD), which had 
inversely proportional values. 
Foliar fertilization applied to the Andrada wheat 
variety has beneficially influenced the quality 
indices in the two tillage systems, the percentage 
of protein obtained being between 12.1 and 13.8 
%, gluten between 23.5 and 27.3%, Zeleny 
index between 35 and 48%, and the mass of one 
1,000 grains was between 50 and 53.1 g.  
The obtained results show the technological 
ways of influencing the quantity and quality of 
winter wheat production. Further research must 
be related to the sustainability of the tillage 
system, in a variable climatic context and other 
adaptation measures.  
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Abstract 
 
This study investigates influence of the anti-anthrax vaccination on blast transformation capacity of the leukocytes and 
also the possible in vitro influence of two, taxonomically different, autochthonous plants, Calendula officinalis and 
Vaccinium mirtyllus in promoting post-vaccinal proliferation. For that, blood was sampled on heparine (50 IU/ml) before 
and two weeks after the anti-anthrax vaccination (R 1190 Stamatin strain) of twenty-three dairy cows and 11 calves 
raised extensively. Blood samples were subjected to the in vitro blast transformation test, where glucose consumption 
was read after 72 hours of incubation at 37oC by the o-toluidine test. The experimental variants included samples treated 
with alcoholic extracts of the plants (7.5 µ/ml). There was a statistically significant increase in all the stimulation indices 
after the vaccination of the animals in cows, including those for Vaccinium myrtillus (48.57±13.27 to 53.53±12.49, 
p=0.02) and Calendulla officinalis (56.39±12.57 and 61.51±13.85, p=0.01). The increase induced in the growth of calf 
lymphocytes by the two plants was non-significant post vaccination.  
Both extracts could be used to enhance cell mediated immunity but there was an age dependent improvement of their in 
vitro response. 
 
Key words: dairy cows, anthrax, vaccination, blast transformation, extensive raising. 
 
INTRODUCTION  
 
For both small and industrial farmers, cattle 
represent an important financial resource 
worldwide. Cattle farming proved to have a 
broad economic impact, also influencing the 
health and habitat of people (Thornton, 2010). 
Cattle farming was blamed for increase in CO2 
concentrations in the atmosphere and also for 
the green-house effect, which lead to the 
decrease of the ozon layer around the planet 
(Herrero et al., 2013; Rotz et al., 2013).  
Nevertheless, cow milk and products obtained 
from it along with beef, provide important 
nutritional resources to humans all over the 
world, supporting the development of local 
markets and rural communities. 
The herd health status is utmost important for 
obtainment of adequate productions from the 
farming process. To intensify the production 

potential of bovine and also provide a healthy 
environment to the animals and protection 
towards diseases, improved nutrition strategies 
and perfected preventive measures were applied to 
farmed animals.  
Cattle-farming is one of the main branches of 
animal production, which provides people and 
the processing industry with particularly 
valuable products and by-products such as milk 
and meat as food products, and hides, bones, 
hooves, horns and manure as by-products 
(Pawlak and Kołodziejczak, 2020), especially in 
developing countries. 
Within the epidemiological triangle represented 
by the pathogen, host and the environment for 
their interaction, the close proximity of people 
and bovine has enhanced the progression of a 
new host-pathogen relationship and jump over 
species for various microbes, mainly viruses but 
also zoonotic bacteria (Schiffman et al., 2002).  

Although non-contagious, anthrax is considered 
to be a zoonotic disease, Bacillus anthracis 
being transferred mainly from the soil but also 
from the diseased individual to healthy suscep-
tible ones to direct contact. Anthrax infection 
from animal sources is mainly “targeting” risk 
categories such as farmers, veterinarians, 
slaughterhouse workers, caretakers, or 
personnel involved in handling carcases or by-
products (Rume et al., 2020).  
Vaccination represented one of the important 
veterinary operations to provide protection 
against microbial diseases (Turnbull, 1991; 
Misra, 1996). Numerous diseases were eradi-
cated due to vaccination from the affected terri-
tories, anthrax included in the category (OIE 
Manual). In most countries, where the epide-
miological pressure is still existing (Africa, 
Asia, etc.) the anti- anthrax vaccination is in-
volved in preventive protocols designed by the 
governments. Depending on the epidemiological 
situation, the vaccination protocols applied in 
cattle farms are diversified, some of them being 
included in the national strategic programs. 
In spite of the positive impact on health and 
economy, vaccinations have revealed lately 
adverse effects, especially those which needed 
repeated shots; allergic mechanisms underlie the 
hypersensitivity, allergy or anaphylactic shock 
caused either by the included antigenic 
structures or adjuvants used in the vaccine to 
increase its immunogenicity (Fasanella et al., 
2001).  
The immune system, with a high variety of 
structures and mechanisms involved in 
providing protection against microbes, mainly 
relies on the intervention of antigen presenting 
cells, T helper lymphocytes and plasma cells in 
producing specific antibodies (Cesaretti et al., 
2020).  
The response of such cells could be enhanced, 
thus providing an increased antibody protection 
by chemical but also natural products, including 
plant extracts.  
This research aimed at investigating the in vitro 
response of the leukocytes from anti-anthrax 
vaccinated animals to various mitogens, 
including the alcoholic extracts of Vaccinium 
myrtillus and Calendula officinalis, to estimate 
their immune enhancing potential and eventual 
possibility to use those as immune stimulating 
products.  

MATERIALS AND METHODS  
 
Biological material. Thirty-three cattle (23 
dairy cows and 11 calves, both males and 
females), reared extensively were selected for 
the experiment. The animals were vaccinated 
according to the Strategic Program, with a live 
R 1190 Stamatin strain vaccine, which is 
acapsulogenic but edematogenic and showed an 
increased immunogenicity.   
Blood samples were collected from all the 
animals before and two weeks after the 
vaccination on heparine (50 UI/ml) and 
subjected to the in vitro blast transformation test 
for evaluating the mitogenic capacity of the 
extracts. 
Plant extracts (Dacia Plant, Romania). The 
two extracts used in vitro during the evaluation 
of the blastogenic capacity of bovine leukocytes 
were commercial ones for human use. Both were 
prepared from dried plant parts, leaves in case of 
blueberries and flowers for the marigold extract, 
according to the techniques described by the 
German Pharmacopoeia.  
The leukocyte blast transformation test 
(Khokhlova et al., 2004) 
The leukocyte blast transformation test 
measures the in vitro reactivity of mononuclear 
cells to sensitizing (in vivo encountered) 
antigens. Similarly, it can be used to identify the 
effects of various substances, including plant 
extracts on immunogenesis (Hume & 
Weidemann, 1979).  
Cell growth was quantified by means of the 
glucose consumption technique, using orto-
toluidine.  
Blood samples were diluted in a proportion of 
1:4 with RPMI 1640 culture medium (Sigma, 
USA). The amont of blood+culture medium 
mixture was calculated according to the number 
of envisaged cultural variants, performed in 
duplicate.  
The mixture was distributed in wells of a 96-
well sterile plate (200 µl per well). Six variants 
were tested for each individual animal, namely 
(1) untreated control culture, (2) 70o alcohol (2.5 
µl per well), (3) Con A treated culture (1 µl per 
well), (4) phytohaemagglutinin-M (PHA) (1 µl 
per well) treated culture, (5-6) alcoholic extracts 
of Vaccinium myrtillus and Calendula 
officinalis (2.5 µl per well) treated cultures. The 
quantities of both PHA and antigens were 
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represent an important financial resource 
worldwide. Cattle farming proved to have a 
broad economic impact, also influencing the 
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Cattle farming was blamed for increase in CO2 
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The response of such cells could be enhanced, 
thus providing an increased antibody protection 
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plant extracts.  
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their immune enhancing potential and eventual 
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products.  
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the experiment. The animals were vaccinated 
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duplicate.  
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established when using the same technique 
during preliminary studies as being the most 
effective in vitro for the tested species. The 
cultures were incubated for 72 h at 37°C and 5% 
CO2.  
The cell growth was estimated by quantifying 
the glucose consumption in the wells. Glucose 
concentrations were measured in the initial 
medium and at the end of the incubation period, 
using a standard glucose solution (100 mg %), 
by means of an orto-toluidine colorimetric test. 
For that, 12.5µl of the cultural supernatant were 
transferred to 0.5 ml of orto-toluidine reagent, 
boiled for 8 min, suddenly cooled in water and 
read in 96-well plates at 610 nm wavelength in 
a spectrophotometer (SUMAL PE2, Karl Zeiss, 
Jena), using the o-toluidine reagent as a blank. 
The stimulation index (SI %) was calculated as 
follows: SI%=[(MG–SG)/MG]×100, where 
TI=blast transformation index, MG=glucose 
concentration in the initial RPMI and 
SG=glucose concentration in the sample after 
incubation. 
Statistical processing of the data. Averages of 
SI% for both samplings, prior and after the 
vaccination, along with the standard deviations 
were calculated.  
The Excel program was used to calculate the 
significance of the differences between the SI in 
vaccinated animals during the two samplings by 
means of the t- Student test. 
 
RESULTS AND DISCUSSIONS  
 
Eradication of numerous communicable 
diseases was achieved by injecting the 
susceptible hosts with antigens processed as 
vaccines. The method is beneficial in general, 
but side effects (vaccinoses) have been 
mentioned along time for various antigens. This 
led to implementation of modern antigen 
processing methods (genetic engineering, 
deleted antigens, etc.).  
The analysis of the host's protective response to 
pathogens indicated that mostly T and B 
lymphocytes are accountable for the cell-
mediated immunity and are also responsible for 
antigenic information and antibody synthesis.  
The proliferative response of bovine 
lymphocytes following stimulation with various 
alcoholic extracts of a vegetal nature was 
demonstrated by means of the blast 

transformation test, according to the protocol 
proposed by Ghergariu et al. (2000). 
The technique has been used over time in the 
evaluation of bovine blastogenesis (Ishikawa & 
Shirahata, 1986) in the evaluation of prolifera-
ting cell metabolism (Hume and Weidemann, 
1979) but also more recently for the evaluation 
of the energy balance of circulating 
mononuclear cells (Schwarm et al., 2013). 
The results obtained in the experiment related to 
SI% pre- and post-vaccination against anthrax of 
adult and young cattle are presented in Figure 1 
and Figure 2. 
It can be seen that in the case of adult animals, 
the blastisation indices are increased post-
vaccination, both in the case of spontaneous and 
mitogen-induced responses, except for 
blueberry extract, which, although leads to 
increased post-vaccination indices, compared to 
the alcohol control has a weaker effect. 
Calendula extract has a stimulating effect. 
 

 
Figure1. SI% calculated for the two samplings: prior and 

post vaccination in cows (x±s), with an anti-anthrax 
vaccination history  

Legend: (Series 1 before, Series 2 - after the vaccination, cont=control, 
alc-alcohol, Con-concanavaline A, PHA-phytohaemagglutinine, Vacc- 

Vaccinium myrtillus alcoholic extract, Cal - Calendula officinalis 
alcoholic extract) 

 

 
Figure 2. SI% calculated for the two samplings: prior and 

post vaccination in calves (x±s), with an anti-anthrax 
vaccination history  

Legend: (Series 1 before, Series 2- after the vaccination, cont=control, 
alc-alcohol, Con-concanavaline A, PHA-phytohaemagglutinine, Vacc- 

Vaccinium myrtillus alcoholic extract, Cal - Calendula officinalis 
alcoholic extract) 

0,00
10,00
20,00
30,00
40,00
50,00
60,00
70,00
80,00

co
nt al
c

Co
n

PH
A

Va
cc Ca

l

co
nt al
c

Co
n

PH
A

Va
cc Ca

l

Serie2

Serie1

0,00
10,00
20,00
30,00
40,00
50,00
60,00
70,00
80,00

co
nt al
c

Co
n

PH
A

Va
cc Ca

l

co
nt al
c

Co
n

PH
A

Va
cc Ca

l

Serie2

Serie1

In the case of the group of young animals, the in 
vitro cell-mediated response is weaker post-
vaccine (Figure 2) for all variants, except for the 
one treated with marigold extract, which proves 
to be stimulating in this case as well. 
A comparison of the values obtained post 
vaccination in cows and calves (Figure 3) 
indicated that the blueberry extract was more 
efficient in the calves while the marigold extract 
improved the blastogenesis in the adult animals. 
This stands for different active principles in the 
two taxonomically different plants and also for 
a difference in reactivity in different age 
categories of animals, although from the same 
species. 
 

 
Figure 3. Changes in SI% subsequent to vaccination 

(x±s) in cows and calves subject to vaccination 
Legend: (Series 1 before, Series 2- after the vaccination, cont=control, 

Vacc- Vaccinium myrtillus alcoholic extract, Cal - Calendula officinalis 
alcoholic extract) 

 
Table 1 shows the statistical significance of the 
stimulation observed after the vaccination, while 
calculating the differences between the two 
groups. All cultural variants used encountered 
an enhanced growth in cows, with higher SI% 
indices than those observed in calves. This 
phenomenon is probably due to the presence of 
the memory cells in the adult animals, subjected 
during their history to multiple vaccinations 
against anthrax.  
 

Table 1. The statistical significance of the comparison 
between cows and calves and the stimulation induced by 

the vegetal extracts 
t test 
BV - 
AV 

Contr Alc Con PHA Vacc Cal 

Cows 0.009 0.032 2x10-6 0.009 0.02 0.01 

calves 0.48 0.22 0.16 0.01 0.15 0.17 

Legend: (BV- before vaccination, AV-after vaccination, cont=control, 
Con – concanavalin A, PHA - phytohaemagglutinine, Vacc- Vaccinium 
myrtillus alcoholic extract, Cal - Calendula officinalis alcoholic extract) 

Similarly, the results obtained in this category 
were statistically ensured for both plant extracts. 
IN calves, only the standard mitogen PHA 
induced a sufficient increase post vaccination to 
be statistically supported, all the other variants, 
in spite of the recorded growth, proved to 
stimulate lesser the bovine immune cells. 
 
CONCLUSIONS  
 
The results supported the hypothesis that 
multiple vaccination, continuously triggering 
immune cell-mediated activity, could be 
responsible for the enhanced response to 
mitogens, but also to plant extracts. Therefore, 
further attempts should be made to identify the 
role not only of the age and plant taxonomy but 
also of the dosage in inducing immune 
stimulation at highest levels. Both extracts could 
be used to enhance cell mediated immunity but 
there was an age dependent improvement of 
their in vitro response. 
 
ACKNOWLEDGEMENTS  
 
This research work was carried out within the 
PhD study program of Paul Bor, logistically 
supported by the Doctoral school of USAMV 
Cluj-Napoca. 
 
REFERENCES  
 
Cesaretti, A., Montegiove, N., Calzoni, E., Leonardi, L., 

Emiliani, C. (2020). Protein hydrolysates: from 
agricultural waste biomasses to high added-value 
products (minireview). AgroLife Scientific Journal, 
Vol. 9, Number 1, ISSN 2285-5718, 79-87. 

Fasanella, A., Losito, S., Trotta, T., Adone, R., Massa, S., 
Ciuchini, F., Chiocco, D. (2001). Detection of anthrax 
vaccine virulence factors by polymerase chain 
reaction. Vaccine. 19(30): 4214-4218. 

Herrero, M., Havlík, P., Valin, H., Notenbaert, A., Rufino, 
M. C., Thornton, P. K., Blümmel, M., Weiss, F., 
Grace, D. and Obersteiner, M. (2013). Biomass use, 
production, feed efficiencies, and greenhouse gas 
emissions from global livestock systems. Proc. Natl. 
Acad. Sci. 110: 20888-20893.  

Khokhlova, I. S., Spinu, M., Krasnov, B. R., Degen, A. A. 
(2004). Immune response to fleas in a wild desert 
rodent: effect of parasite species, parasite burden, sex 
of host and host parasitological experience. J Exp 
Biol., 207(Pt 16): 2725-2733.  

Pawlak, K., Kołodziejczak, M. (2020). The role of 
agriculture in ensuring food security in developing 
countries: Considerations in the context of the problem 
of sustainable food production. Sustainability, 12, 
5488.  

0,00
10,00
20,00
30,00
40,00
50,00
60,00
70,00
80,00

cont Vacc Cal cont Vacc Cal

Serie2

Serie1



31

established when using the same technique 
during preliminary studies as being the most 
effective in vitro for the tested species. The 
cultures were incubated for 72 h at 37°C and 5% 
CO2.  
The cell growth was estimated by quantifying 
the glucose consumption in the wells. Glucose 
concentrations were measured in the initial 
medium and at the end of the incubation period, 
using a standard glucose solution (100 mg %), 
by means of an orto-toluidine colorimetric test. 
For that, 12.5µl of the cultural supernatant were 
transferred to 0.5 ml of orto-toluidine reagent, 
boiled for 8 min, suddenly cooled in water and 
read in 96-well plates at 610 nm wavelength in 
a spectrophotometer (SUMAL PE2, Karl Zeiss, 
Jena), using the o-toluidine reagent as a blank. 
The stimulation index (SI %) was calculated as 
follows: SI%=[(MG–SG)/MG]×100, where 
TI=blast transformation index, MG=glucose 
concentration in the initial RPMI and 
SG=glucose concentration in the sample after 
incubation. 
Statistical processing of the data. Averages of 
SI% for both samplings, prior and after the 
vaccination, along with the standard deviations 
were calculated.  
The Excel program was used to calculate the 
significance of the differences between the SI in 
vaccinated animals during the two samplings by 
means of the t- Student test. 
 
RESULTS AND DISCUSSIONS  
 
Eradication of numerous communicable 
diseases was achieved by injecting the 
susceptible hosts with antigens processed as 
vaccines. The method is beneficial in general, 
but side effects (vaccinoses) have been 
mentioned along time for various antigens. This 
led to implementation of modern antigen 
processing methods (genetic engineering, 
deleted antigens, etc.).  
The analysis of the host's protective response to 
pathogens indicated that mostly T and B 
lymphocytes are accountable for the cell-
mediated immunity and are also responsible for 
antigenic information and antibody synthesis.  
The proliferative response of bovine 
lymphocytes following stimulation with various 
alcoholic extracts of a vegetal nature was 
demonstrated by means of the blast 

transformation test, according to the protocol 
proposed by Ghergariu et al. (2000). 
The technique has been used over time in the 
evaluation of bovine blastogenesis (Ishikawa & 
Shirahata, 1986) in the evaluation of prolifera-
ting cell metabolism (Hume and Weidemann, 
1979) but also more recently for the evaluation 
of the energy balance of circulating 
mononuclear cells (Schwarm et al., 2013). 
The results obtained in the experiment related to 
SI% pre- and post-vaccination against anthrax of 
adult and young cattle are presented in Figure 1 
and Figure 2. 
It can be seen that in the case of adult animals, 
the blastisation indices are increased post-
vaccination, both in the case of spontaneous and 
mitogen-induced responses, except for 
blueberry extract, which, although leads to 
increased post-vaccination indices, compared to 
the alcohol control has a weaker effect. 
Calendula extract has a stimulating effect. 
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Figure 2. SI% calculated for the two samplings: prior and 

post vaccination in calves (x±s), with an anti-anthrax 
vaccination history  

Legend: (Series 1 before, Series 2- after the vaccination, cont=control, 
alc-alcohol, Con-concanavaline A, PHA-phytohaemagglutinine, Vacc- 

Vaccinium myrtillus alcoholic extract, Cal - Calendula officinalis 
alcoholic extract) 
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In the case of the group of young animals, the in 
vitro cell-mediated response is weaker post-
vaccine (Figure 2) for all variants, except for the 
one treated with marigold extract, which proves 
to be stimulating in this case as well. 
A comparison of the values obtained post 
vaccination in cows and calves (Figure 3) 
indicated that the blueberry extract was more 
efficient in the calves while the marigold extract 
improved the blastogenesis in the adult animals. 
This stands for different active principles in the 
two taxonomically different plants and also for 
a difference in reactivity in different age 
categories of animals, although from the same 
species. 
 

 
Figure 3. Changes in SI% subsequent to vaccination 

(x±s) in cows and calves subject to vaccination 
Legend: (Series 1 before, Series 2- after the vaccination, cont=control, 

Vacc- Vaccinium myrtillus alcoholic extract, Cal - Calendula officinalis 
alcoholic extract) 

 
Table 1 shows the statistical significance of the 
stimulation observed after the vaccination, while 
calculating the differences between the two 
groups. All cultural variants used encountered 
an enhanced growth in cows, with higher SI% 
indices than those observed in calves. This 
phenomenon is probably due to the presence of 
the memory cells in the adult animals, subjected 
during their history to multiple vaccinations 
against anthrax.  
 

Table 1. The statistical significance of the comparison 
between cows and calves and the stimulation induced by 

the vegetal extracts 
t test 
BV - 
AV 

Contr Alc Con PHA Vacc Cal 

Cows 0.009 0.032 2x10-6 0.009 0.02 0.01 

calves 0.48 0.22 0.16 0.01 0.15 0.17 

Legend: (BV- before vaccination, AV-after vaccination, cont=control, 
Con – concanavalin A, PHA - phytohaemagglutinine, Vacc- Vaccinium 
myrtillus alcoholic extract, Cal - Calendula officinalis alcoholic extract) 

Similarly, the results obtained in this category 
were statistically ensured for both plant extracts. 
IN calves, only the standard mitogen PHA 
induced a sufficient increase post vaccination to 
be statistically supported, all the other variants, 
in spite of the recorded growth, proved to 
stimulate lesser the bovine immune cells. 
 
CONCLUSIONS  
 
The results supported the hypothesis that 
multiple vaccination, continuously triggering 
immune cell-mediated activity, could be 
responsible for the enhanced response to 
mitogens, but also to plant extracts. Therefore, 
further attempts should be made to identify the 
role not only of the age and plant taxonomy but 
also of the dosage in inducing immune 
stimulation at highest levels. Both extracts could 
be used to enhance cell mediated immunity but 
there was an age dependent improvement of 
their in vitro response. 
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Abstract  
 
During storage, the aim is to keep the quality and quantity of agricultural products at a high level, without the risk of 
contamination. The most common storage pests are: Sitophilus granarius, Acarus siro, Caulophilus latinasus, 
Trimbolium consufusum and Trimbolium castaneum. Due to its multiple uses: in human and animal nutrition, winter 
wheat is one of the most valuable crops in the world. Seed quality can be influenced by the genetic factor also by the 
phytosanitary aspect during storage. Sitophilus granarius is one of the main storage pests that attacks wheat grains, 
barley and rye. During storage, the pests can greatly affect the quality of the seeds and also of the food. The flour 
resulting from the infested grains is unsuitable for consumption, having an unpleasant smell and bitter taste. The paper 
aimed to present the efficacy of four different concentrations (0.125%, 0.25%, 0.5% and 1%) of a modern liquid 
pyrethroid formulation against wheat weevil, in a three year experiment conducted in three different sizes grain 
warehouses. Also, the chemical composition of stored winter wheat seeds was determined using NIR spectroscopy, on 
unground samples. As expected, the highest percentage of dead insects, in a short period of time, was identified when 
the product was applied at the recommended dose (1%). Also small differences between studied parameters were 
revealed, but the quality of the samples was not lowered by the higher concentrations of insecticide.  
 
Key words: chemical composition, Sitophilus granarius, storage, winter wheat.  
 
INTRODUCTION  
 
Winter wheat is currently second to rice as the 
most important crop in the world (Abegunde et 
al., 2019), bread, the main human food being 
prepared especially from wheat flour (Pedersen 
and Eggum, 1983; Shewry, 2009; Keskin and 
Ozkaya, 2015; Nadarajah and Mahendran, 
2015).  
In order to appreciate the quality and 
digestibility specific to each winter wheat 
geotype (Ceapoiu et al., 1984) the most 
important parameters, such as: the protein 
content (%); the wet gluten (GU%); the ash 
content (%), the relative humidity (RH%); the 
fat content, the starch content (%); the fibre 
(%); NCDG (Enzymatic activity of cellulose, 
%); NDF (Neutral detergent fibre, %) and ADF 
(acid detergent fibre, %) have to be determined. 
Alveograph parameters determination is a way 
to assess the baking quality of wheat flour. One 
of the most important parameter, P, is an 

indicator of dough resistance to deformation 
being the maximum overpressure needed to 
inflate the dough bubble measured in mm H2O 
(Dubois et al., 2008; Jødal & Larsen, 2021). L 
is also called the extensibility, as it is a measure 
of how much the dough can be extended before 
it breaks and is strong and positive correlated 
with bread volume (Jødal & Larsen, 2021). The 
swelling index G is calculated from L and is 
considered dependent on the product of 
properties usually described as springiness and 
shortness (Rasper et al., 1986). Deformation 
energy, W, represents the energy required to 
inflate the dough bubble until rupture (Jødal & 
Larsen, 2021). 
Due to the demand for high quality and safe 
food by the consumers, there is necessary to 
eliminate the risk of contamination during 
storage. The wheat weevil (Sitophilus 
granarius L.) is the main pest of stored grain 
and other stored products in temperate climates 
(Nawrot et al., 2006; Yildirim et al., 2012). The 
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insect feeds differently depending on its 
development stage: grains in the adult stage and 
endosperm in the larval stage, in this case is 
more difficult to be detected. In this sense, late 
detection of the infestation, Strelec et al. (2012) 
call this “invisible infestation”, can cause major 
issues and losses can reach half of total harvest 
seeds (Fornal et al., 2007). In unfavourable 
storage conditions the adults of S. granarius 
can survive for long periods of time (Brader et 
al., 2002; Strelec et al., 2012).  Germinara et al. 
(2012) point out the important quantitative and 
qualitative losses produced by the infestation of 
this insect with repercussions on the nutritional 
value. 
Insecticide residues in cereal products are a real 
concern for consumers and scientists are 
interested in reducing chemicals to control 
stored seeds against pests (Fields, 2006; 
Nawrot et al., 2006), biological and physical 
methods being preferred (Warchalewski et al., 
2000). Therefore, the present work was 
undertaken to evaluate the quality of the winter 
wheat after treatment with different 
concentration of a commercial pesticide. The 
aim was to investigate not only the efficacy of 
these on wheat weevil but also the quality 
changes on technological properties of winter 
wheat.  

 
MATERIALS AND METHODS  
 
In order to evaluate the influence of different 
doses of insecticide on storage pests and also 
on winter wheat grain quality, a three years 
experiment, in three different sizes grain 
warehouses was carried out. As insecticide, a 
modern liquid pyrethroid formulation containing 
deltamethrin, synergised with piperonyl 
butoxide for the control of a wide variety of 
stored product insects known to infest grain 
was used (https://www.environmental 
science.bayer.co.uk). 
Four grain samples of 1 kg were taken being 
identified the presence of one to three specimen 
of Sitophilus granarius in each sample. In each 
experimental variant, a much larger number of 
specimens was added to determine the efficacy 
of the experimental insecticide. All samples 
were then stored, in the laboratory, 
individually, in closed plastic bags at a 
temperature of 24-26°C, at dark for two days. 

After this period of time it was noticed that the 
storage pests were on the surface of the 
product. One l/t insecticide solution with 4 
different concentrations: 0.125%, 0.25%, 0.5% 
and 1% were used. The required dose was 
calculated for 1 kg of product, requiring 14 jets 
that were sprayed with a small pump. Each 
sample was gently mixed during approximately 
30 s. Observations were made every 2 hours for 
8 hours, counting dead specimens. 
Grain unground samples were analysed using 
NIR spectroscopy for moisture, hectolitre 
weight (H Weigh), protein on dry matter 
(protein/DW), ash, gluten, Zeleny sedimen-
tation value and alveograph parameters (defor-
mation energy - W, extensibility - L, dough 
tenacity - P, P/L, G - swelling index). 
 
RESULTS AND DISCUSSIONS  
 
Europe wants to ensure food safety and security 
by promoting and using physical, biological or 
chemical agents environmentally friendly. 
During the storage, the aim is to keep the 
quality and quantity of agricultural products at 
a high level, without the risk of contamination. 
However, the presence of pests can cause 
significant crop losses, and the application of 
insecticides becomes necessary.  
The results obtained in this study reveals that in 
the warehouses from each location studied, an 
attack of Sitophilus granaries (Figure 1), one of 
the most common storage pests, was found. 
 

 
Figure 1. Sitophilus granarius (Linnaeus, 1758; 

https://www.biolib.cz/en/image/id370369/) 
 
Regardless of the concentration of insecticides 
used, all insects were found to have died within 
8 hours of application.  

 

As expected, the highest percentage of dead 
insects, in a short period of time, was identified 
when the product was applied at the 
recommended dose (1%).  

After two hours, in the sample treated with 
insecticide of concentration 1%, 27% of the 
insect were found dead, after 4 hours, 67% of 
them died, and after 6 hours almost 90% 
specimens were found dead (Figure 2). 

 

 
Figure 2. Percentage of dead insects for each time interval and concentration experimented 

 
Statistical analysis of the experimental data 
indicates a very significant (***) influence of 
the doses experimented on the studied 
characters (Table 1). While variation of 
moisture, H weight was very high influenced 
by all four studied factors, a statistical distinct 
significant influence of warehouses (W) on ash 
content was revealed. If the protein content was 
very high influenced by the W and D factors, 

the experimental year (Y) seems to have a 
small and non significant influence on this 
quality parameter. In average, similar values 
for the studied parameters were obtained. 
Regarding the behaviour at the four doses 
studied, maximum values for all these features 
were obtained when insecticide of 1% 
concentration was applied. 

Table 1. ANOVA test for quality of stored winter wheat seed treated with four different doses of insecticide 

 

FACTOR Moisture 
[%] 

H Weight 
[kg/hl] 

Protein/ 
DW [%] Ash [%] Gluten [%] Zeleny [ml] 

YEAR  
(Y) 

2017 12.8 74.56 13.69 1.42 27.11 45.81 
2018 12.91 74.51 13.72 1.44 27.67 46.94 
2019 12.84 74.05 13.81 1.46 27.26 46.92 
Average 12.85 74.37 13.74 1.44 27.35 46.56 

WAREHOUSES (W) 

W 1 14.24 72.8 14.11 1.43 29.49 42.44 
W 2 13.57 72.83 14.22 1.43 29.59 43.19 
W 3 10.73 77.48 12.89 1.45 22.96 54.03 
Average 12.85 74.37 13.74 1.44 27.35 46.56 

DOSES 
 (D) 

0.125 % 12.63 73.83 13.64 1.45 26.49 47.26 
0.25 % 12.71 74.27 13.62 1.41 27.19 46.74 
0.5 % 12.78 74.13 13.61 1.41 27.14 46.07 
1 % (Control) 13.27 75.26 14.09 1.48 28.56 46.15 

ANOVA 
Y ** *** ns *** * * 
W *** *** *** ** *** *** 
D *** *** *** *** *** *** 
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content was revealed. If the protein content was 
very high influenced by the W and D factors, 

the experimental year (Y) seems to have a 
small and non significant influence on this 
quality parameter. In average, similar values 
for the studied parameters were obtained. 
Regarding the behaviour at the four doses 
studied, maximum values for all these features 
were obtained when insecticide of 1% 
concentration was applied. 

Table 1. ANOVA test for quality of stored winter wheat seed treated with four different doses of insecticide 

 

FACTOR Moisture 
[%] 

H Weight 
[kg/hl] 

Protein/ 
DW [%] Ash [%] Gluten [%] Zeleny [ml] 

YEAR  
(Y) 

2017 12.8 74.56 13.69 1.42 27.11 45.81 
2018 12.91 74.51 13.72 1.44 27.67 46.94 
2019 12.84 74.05 13.81 1.46 27.26 46.92 
Average 12.85 74.37 13.74 1.44 27.35 46.56 

WAREHOUSES (W) 

W 1 14.24 72.8 14.11 1.43 29.49 42.44 
W 2 13.57 72.83 14.22 1.43 29.59 43.19 
W 3 10.73 77.48 12.89 1.45 22.96 54.03 
Average 12.85 74.37 13.74 1.44 27.35 46.56 

DOSES 
 (D) 

0.125 % 12.63 73.83 13.64 1.45 26.49 47.26 
0.25 % 12.71 74.27 13.62 1.41 27.19 46.74 
0.5 % 12.78 74.13 13.61 1.41 27.14 46.07 
1 % (Control) 13.27 75.26 14.09 1.48 28.56 46.15 

ANOVA 
Y ** *** ns *** * * 
W *** *** *** ** *** *** 
D *** *** *** *** *** *** 
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Table 2 reveals the influence of experimental 
year, four insecticide doses applied to seeds 
and also of the three warehouses on most 
important alveograph parameters, based on 
ANOVA Test. Even if these features are 
controlled especially by the genotype, they can 
be also influenced by storage condition of 
seeds. From the analysis of the F test values, 
while experimental year significantly 
influenced deformation energy (W) and L 

parameter, all the analysed quality parameters 
were distinct significantly or very significantly 
influenced by the warehouses and by the 
experimented doses. Generally, higher values 
were obtained when 1% of liquid pyrethroid 
formulation was experimented. From the values 
obtained for alveograph parameters, it could be 
observed that analysed samples stored did not 
suffered quality loss when different 
concentration of chemical product was applied.

Table 2. ANOVA test for alveograph parameters of stored winter wheat seed  
treated with four different doses of insecticide 

 
Principal component analysis (PCA) was used 
for the classification and discrimination of four 
doses variants. A set of six variables: moisture, 
hectolitre weight, protein/ DW, ash, gluten and 
Zeleny sedimentation were analysed with PCA 
while explaining more than 99 of variance 
(Figure 3). The model expose a close 
correlation between the ash and the protein 
content and higher values for gluten content 
when insecticide of 1% was experimented.  
 

 
Figure 3. Biplot for the experimental data set 

 
The cluster analysis reveals differences 
between the extreme concentrations 

experimented and appropriate values when 
0.25% and 0.5% of chemical product was 
applied (Figure 4). 

 

 
Figure 4. Cluster analyses for all four concentrations of 

pyrethroid formulation experimented 
 
When as variables for principal component 
analysis (PCA) were used the alveograph 
parameters: deformation energy - W, 
extensibility - L, dough tenacity - P, P/L, G - 
swelling index, a close correlation between the 
extensibility and swelling index was revealed 
(Figure 5).   

FACTOR P [mm] L [mm] G W [J*10-4] P/L 

YEAR  
(Y) 

2017 62.11 113.44 25.41 252.56 0.66 
2018 65.75 107.47 24.79 244.89 0.76 
2019 61.92 110.75 25.24 252.53 0.69 
Average 63.26 110.56 25.15 249.99 0.70 

WAREHOUSES (W) 

W 1 64.44 121.28 24.16 226.75 0.75 
W 2 59.42 118.5 24.91 237.94 0.72 
W 3 65.92 91.89 26.38 285.28 0.64 
Average 63.26 110.56 25.15 249.99 0.70 

DOSES 
 (D) 

0.125 % 59.11 111.93 25.67 250.04 0.65 
0.25 % 61.70 112.41 24.87 245.37 0.66 
0.5 % 62.37 107.52 24.43 244.78 0.70 
1 % (Control) 69.85 110.37 25.63 259.78 0.80 

ANOVA 
Y *** *** *** * * 
W *** *** *** *** *** 
D *** ** *** *** *** 
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The analysis of clusters in the case of 
alveographic parameters indicates results 
similar to those obtained in the previous case 
for concentrations of 0.125% and 1% 
respectively (Figure 6).  
 

 
Figure 6. Cluster analyses for all four 

concentrations of pyrethroid experimented  
 
The calculation of the correlation coefficients is 
essential to determine the degree of association 
between the quality parameters of winter 
wheat. There are significant correlations 
between the characters studied. The literature 
of specialty presents positive correlations 
between the protein content and the wet gluten 
(Khattak et al., 2005; Hruskova et al., 2000). 
Similar   result was obtained in our experiment 
and also a strong positive correlation was 
revealed between Zeleny value and protein 
content (r=0.7).  
In Figure 7, positive correlations were also 
observed between:  protein content and ash (r= 
0.95); Zeleny sedimentation value and gluten 
(r=0.72) and Zeleny sedimentation value and 
ash (r=0.9).  

 
Figure 7. The correlation coefficients (r) between main 

quality parameters 
 
Regarding the alveographic parameters (Figure 
8), as expected, a strong positive correlation 
was revealed between extensibility and 
swelling index (r=0.84).  
 

 
Figure 8. The correlation coefficients (r) between 

alveograph parameters 
 
CONCLUSIONS  
 
The results clearly showed that liquid 
pyrethroid formulation had high efficacy at all 
concentration (0.125%, 0.25%, 0.5% and 1%), 
all specimens of wheat weevil being found 
dead after 8 hours.  
As expected, the highest percentage of dead 
insects, in a short period of time, was identified 
when the product was applied at the 
recommended dose (1%).  
Regarding the quality, good results were 
obtained for studied parameter in all 
experimental variants, samples did not suffered 
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Abstract  
 
Soil microbial community is of high importance in preserving soil functions and its ecosystem goods and services. 
Within field experiences, regarding agricultural sustainability and the resilience of agro-ecosystems, a study was 
conducted to evaluate the evolution and abundance of the soil microbial community under the influence of 
environmental and agro-technical factors. For this purpose, periodic determinations of the microbial community on the 
depth of 0-20 cm were made in the plots cultivated with wheat, maize, soybean and a mixture of perennial grasses and 
legumes. In the experimental field, organic fertilizer materials (manure compost in doses of 15, 30 and 60 t/ha) and 
synthetic fertilizers (complex fertilizer in formula 20.20.0, in doses which varied with the specific consumption of crops 
and the amount of manure compost) were applied. At the same time, in the laboratory, biometric determinations were 
made regarding the antifungal efficacy of soil microorganisms after 5 days from incubation. The results of 
microbiological analyses showed that the microbial population from soil inhibits the in vitro development of the 
pathogen tested. 
 
Key words: soil microbial community, antifungal efficacy, sustainability, agroecosystem resilience.  
 
INTRODUCTION 
 
Soils represents a complex system “being 
essential for food production and a key 
component to sustainability, through its support 
of important societal and ecosystem services” 
(Lehmann et al., 2020). Soil microorganisms 
play diverse and important roles in the 
ecosystem services (Aislabie et al., 2013) even 
if only recently it has been understood that their 
biological and functional diversity is a crucial 
factor for maintaining all ecosystems (Pylro et 
al., 2020). The most populated area is 
considered the soil rhizosphere, where the 
microbial activity is intense (Borozan et al., 
2021). 
Soil microbial population contribute to nutrient 
cycling and soil structure maintenance 
(Helgason et al., 2010; Tian et al., 2015; FAO 
et al., 2020) and are “the agents of 
transformation of soil organic matter, nutrients 
and of most key soil processes” (Powlson et al., 
2001). Various studies reported that microbial 
biomass content, microbial diversity or soil 
enzymatic activity can be valuable soil quality 

indicators (Tian et al., 2015). Also, microbial 
diversity of soil is an important soil health 
indicator (Houskova et al., 2021). It is 
important to mention that the activities of soil 
microorganisms are influenced by the physico-
chemical and ecological interactions of soil 
(Powlson et al., 2001). 
Soil microbial composition can change 
depending on the soil type, vegetation, 
management strategy, and fertilization regime 
(Guan et al., 2022). 
Fertilization is an indispensable agricultural 
practice for increasing soil organic matter, 
improving plant nutrition (Tian et al., 2015) but 
can produce changes in soil microbial activity, 
abundance, and community (Chu et al., 2007; 
Hartmann et al., 2015; Tian et al., 2015; Zhang 
et al., 2019). 
A particular attention has been given to the 
effects of chemical fertilizers and organic 
amendments on soil microorganisms (Li et al., 
2018). A meta-analysis made by Geisseler et al. 
(2015) through 100 datasets from long-term 
trials in the world showed that nitrogen 
fertilisation, compared with an unfertilized 

 
quality loss when different concentration of 
chemical product was applied.  
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control, significantly increased soil microbial 
biomass with an average of 15.1% and that the 
addition of chemical N fertilizer generally 
promoted the growth of fungi (Esperschütz et 
al., 2007; Li et al., 2018; Zhang et al., 2019). 
Some studies showed that “low rates of mineral 
fertilizers can stimulate the growth of 
ammonifying and nitrifying microorganisms, as 
well as the proliferation of spore-forming 
bacteria” (Bučiene, 2012; Grzyb et al., 2020; 
Sivojiene et al., 2021). By comparison, other 
studies found that the application of nitrogen 
fertilizer reduced the abundance or biodiversity 
of soil microorganisms because of soil 
acidification (He et al., 2007; Wang et al., 
2018). Also, Ling et al. (2017) found that both 
N and P additions altered the bacterial 
community structure in a semi-arid steppe. 
Another research showed that long-term P 
input affected soil fungal and bacterial diversity 
but not the fungal community of arbuscular 
mycorrhiza in alfalfa (Beauregard et al., 2009). 
In contrast with mineral fertilization, “higher 
soil microbial biomass and different 
community structures have been observed in 
agricultural soil with regular organic manure 
application” (Franciolli et al., 2016).  
The type of the organic substrate influence 
significantly the abundance of microbial 
community and its functional diversity. For 
example, the application of organic wastes such 
as animal waste or poultry litter for a long 
period led to soil properties improvement and 
increase of the bacterial community diversity, 
especially bacteria (Gupta et al., 2022).  
Ye et al. (2020) suggested that pig and chicken 
manure significantly increased the abundance 
of bacteria in soil in correlation with an 
increase in total soil nitrogen, but composted 
pig manure reduced the amount of some 
organotrophic bacteria.  Also, the type of crop 
and crop rotation systems with different crop 
species can influence the soil microbial 
abundance biomass and community structure 
mainly through the root exudates and crop 
residues (Zhang et al., 2019). Plant root 
exudates can lead to the establishment of a 
different rhizosphere microbiota (Philippot et 
al., 2013). Regarding crop species influence on 
soil microbiota, previous reports showed that 
legume and grass have specific soil microbial 

community (Zhou et al., 2017). For example, 
the soil microbial community for Lotus 
corniculatus differed from that of Holcus 
lanatus grass (Ladygina et al., 2010).  Also, 
“Trifolium repens species enriched alpha-
proteobacteria abundance, but reduced beta-
proteobacteria abundance, indicating the 
improved soil fertility” (Chen et al., 2014). 
Turner et al. (2013) showed that the bacterial 
and fungal community structure in rhizosphere 
were different between pea and cereal crops 
which was also demonstrated by Benitez et al. 
(2016) who reported that Trifolium incarnatum 
and Vicia villosa cover crops enriched 
arbuscular mycorrhizal fungi in soil.  
The study of microbial communities and their 
relationship with the environment is essential 
for understanding ecosystem dynamics. So, it is 
necessary to investigate the modification of soil 
microbial activity, abundance, and community 
under different agricultural practices to 
maintain and enhance the fertility and 
productivity of soils and protecting soil 
ecosystems against disturbances (Gupta et al., 
2022).  
The main objectives of this study were to 
evaluate the evolution and abundance of soil 
microbial community under the influence of 
environmental and agro-technical factors as 
well as the antifungal efficacy of soil 
microorganisms. 
 
MATERIALS AND METHODS 
 
Study Site and Experimental Design 
The experiment was carried out in Moara 
Domneasca Teaching and Research Station of 
the USAMV Bucharest, situated in Sylvo-
steppe ecological area, on a red preluvosoil 
which characteristics are presented in Table 1. 
The preceding crop was alfalfa. Because of the 
drought installed in the fall, the soil was 
scarified 2 times to a depth of 40 cm, being 
very dry. The seed bed was prepared by two 
passes with the cultivator, the average soil 
moisture being of 19.5%.   
The experiment was organized into 4 blocks, 
each of them being organized into 32 plots. The 
area of one plot was of 15 m2. A plant species 
was cultivated in each block, and 8 fertilization 
treatments were carried out in 4 replicates. 

  

 

Table 1. The physico-chemical characteristics of the red 
preluvosoil from Moara Domneasca Experimental Field 

Soil parameters Mean values 

Ph 5.89 

C_org. (%) 1.94 

Ntotal (%) 0.26 

N-NO3 (mg/kg d.m.)1 11.84 

N-NH4 (mg/kg d.m.) 12.08 

PAL (mg/kg d.m.) 65.46 

KAL (mg/kg d.m.) 231.65 
1mg/kg dry matter 

 
The crops included in the experiment were as 
follows: winter wheat - Triticum aestivum L., 
mixture of grasses (rye grass - Lolium perenne 
L., blue grass - Poa pratensis L. and meadow 
fescue - Festuca pratensis L.) and perennial 
legumes (white clover - Trifolium repens L., 
bird’s foot trefoil - Lotus corniculatus L.), 
soybean (Glycine max L.) and maize (Zea mays 
L.). 
There were organized 8 experimental variants 
(V1.....V8) in 4 replicates and the treatments 
were the following:  
V1 - control (soil);  
V2 - complex chemical fertilizers (NPK);  
V3 - 15 t/ha compost;  
V4 - 15 t/ha compost + complex chemical 
fertilizers (NPK);  
V5 - 30 t/ha compost;  
V6 - 30 t/ha compost + complex chemical 
fertilizers (NPK);  
V7 - 60 t/ha compost;  
V8 - 60 t/ha compost + complex chemical 
fertilizers (NPK) (Photo 1). 
 

 
Photo 1. Different fertilization regime of manure 

compost in Moara Domneasca Experimental Field plots 
 

The complex fertilizers 20:20:0 were applied 
fractionally (Table 2). In September 2021 – 
July 2022 period, the climatic conditions of 
Moara Domneasca Experimental Field 
fluctuated as can be observed in Figure 1.  
 

 
Figure 1. Climatic conditions in Moara Domneasca 

Experimental Field, September 2021 - July 2022 period 
 
Soil microbiological analysis 
From each experimental block, soil samples 
were taken from 0-20 cm depth both before the 
application of chemical fertilizers, compost and 
crop cultivation as well as in crops vegetation 
period. In laboratory, serial decimal dilutions 
were prepared to quantify the microbial load 
and perform quantitative and qualitative 
microbiological analysis.  
In case of 10-1 dilutions, 10 g of soil were 
processed, which were put to infuse for 1 hour, 
at room temperature, under stirring at 120 rpm, 
then statically overnight. 
Depending on the type of analysis, 10-4÷10-6 
dilutions were subsequently used.  
Different agar substrates were used for 
quantitative and qualitative microbiological 
tests such as:  
i) Plate Count Agar (PCA) medium for 
determining the cultivable bacterial load;  
ii) Pink-Bengal Chloramphenicol Agar (RBC) 
medium for isolation and enumeration of 
fungal load;  
iii) Eosine Methylene Blue (EMB) Agar 
medium for the isolation, enumeration, and 
differentiation of Enterobacteriaceae.  
For detecting the specific microorganisms load, 
six nutrient substrates were used as follows:  
i) King B medium for detection of fluorescent 
siderophore producing Pseudomonas load 
under UV light;   
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addition of chemical N fertilizer generally 
promoted the growth of fungi (Esperschütz et 
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The study of microbial communities and their 
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microorganisms. 
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steppe ecological area, on a red preluvosoil 
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The preceding crop was alfalfa. Because of the 
drought installed in the fall, the soil was 
scarified 2 times to a depth of 40 cm, being 
very dry. The seed bed was prepared by two 
passes with the cultivator, the average soil 
moisture being of 19.5%.   
The experiment was organized into 4 blocks, 
each of them being organized into 32 plots. The 
area of one plot was of 15 m2. A plant species 
was cultivated in each block, and 8 fertilization 
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Figure 1. Climatic conditions in Moara Domneasca 

Experimental Field, September 2021 - July 2022 period 
 
Soil microbiological analysis 
From each experimental block, soil samples 
were taken from 0-20 cm depth both before the 
application of chemical fertilizers, compost and 
crop cultivation as well as in crops vegetation 
period. In laboratory, serial decimal dilutions 
were prepared to quantify the microbial load 
and perform quantitative and qualitative 
microbiological analysis.  
In case of 10-1 dilutions, 10 g of soil were 
processed, which were put to infuse for 1 hour, 
at room temperature, under stirring at 120 rpm, 
then statically overnight. 
Depending on the type of analysis, 10-4÷10-6 
dilutions were subsequently used.  
Different agar substrates were used for 
quantitative and qualitative microbiological 
tests such as:  
i) Plate Count Agar (PCA) medium for 
determining the cultivable bacterial load;  
ii) Pink-Bengal Chloramphenicol Agar (RBC) 
medium for isolation and enumeration of 
fungal load;  
iii) Eosine Methylene Blue (EMB) Agar 
medium for the isolation, enumeration, and 
differentiation of Enterobacteriaceae.  
For detecting the specific microorganisms load, 
six nutrient substrates were used as follows:  
i) King B medium for detection of fluorescent 
siderophore producing Pseudomonas load 
under UV light;   
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ii) NBRIP medium (National Botanical Research 
Institute's phosphate growth medium) based on 
tricalcium phosphate for the differentiation of 
microorganisms capable of solubilizing inorganic 
phosphate from poorly soluble compounds; 
iii) Chitin-Agar medium for the isolation and 
enumeration of chitinolytic microorganisms;  
iv) Carboxymethylcellulose-Agar (CMC-Agar) 
medium for the isolation and enumeration of 
cellulolytic microorganisms;  
v) Skim Milk Agar (SMA) medium for the 
isolation and enumeration of caseinase-
producing proteolytic microorganisms;  
vi) Yeast Mannitol Agar medium (YMA) 
supplemented with Congo red for the 
differentiation of Rhizobium-like bacteria.  
For testing, the seeding method in the lawn was 
used on the surface of the agar using 100μl 
suspension from the 10-3÷10-6 dilutions.  
The antifungal activity of soil microbial 
communities against different phytopathogenic 
fungus was also analysed. For this, the double 
culture method was used against Fusarium 
graminearum, Fusarium culmorum (soil key 
pathogens for cereal crops), Sclerotium 
bataticola (soil pathogen for grain legumes) 
and Sclerotinia sclerotiorum (soil pathogen 
with varied host spectrum).   
The tests were carried out in vitro, on PDA 
culture medium (Potato-Dextrose-Agar) which 
is specific for the development of fungi, and in 
comparison with some control cultures. 
Antimicrobial activity was assessed 
biometrically by measuring the growth rays of 
the tested phytopathogenic fungus and by 
determining the effectiveness of inhibiting 
phytopathogenic mycelial growth.  
 

RESULTS AND DISCUSSIONS 
 
To understand the microorganism’s response to 
chemical and organic fertilization, it is 
important to determine the initial microbial 
load and the properties of the cultivable 
microorganisms in the soil before fertilizer 
application and before the cultivation of winter 
wheat, maize, soybean, and the mixture of 
perennial herbs and legumes. Through the 
microbiological analysis there have been 
quantified the communities of microorganisms 
(bacteria and fungi) which can have beneficial 
properties for agricultural crops (Table 3). 

The microbiological tests showed a bacterial 
load of 107 CFU/g soil, a fungal load of 105 
CFU/g soil (Photo 2) and a high load of 
microorganisms that can have a beneficial 
impact on cultivated crops growth. For 
example, the number of CFU/g soil of 
Pseudomonas fluorescent varied from 2.9 x 105 
to 7 x 106.   

 
Table 3. The initial microbial composition and 

abundance in the soil before winter wheat, mixture of 
perennial grasses and legumes, soybean and maize 

cultivation 
Microbial 
composition 
(mean values) 

Soil - 
winter 
wheat  

Soil - mixture 
of perennial 
grasses and 
legumes  

Soil - 
soybean  

Soil -
maize  

Cultivable 
bacteria 
(CFU/g) 

3.3x 107 4.1x 107 5.7 x 107 3.6x 
107 

Fungus 
(CFU/g) 

2 x 105 2.1 x 105 3 x 105 2.8x 
105 

Pseudomonas 
fluorescent 
(CFU/g) 

6 x 106  7 x 106  
 

2.2 x 106  2.9x 
105 

Microorganis
ms 
solubilizing 
inorganic 
phosphorus 
(CFU/ml) 

8 x 106  1.1 x 107  7 x 106  5.3x 
106 

Chitinolytic 
microorganis
ms (CFU/ml) 

8 x 106 7 x 106  1.2 x 107 1.3x 
107 

Cellulosic 
microorganis
ms (CFU/ml) 

5 x 106 4 x 106 1.1 x 107 6.5x 
106 

Proteolytic 
microorganis
ms (CFU/ml) 

7 x 106 9 x 106 1 x 107 2.5x 
106 

Rhizobium 
like bacteria 
(CFU/ml) 

nd* nd 1.5 x 106 1.3x 
106 

*nd-indeterminate 
 

Many strains of Pseudomonas fluoresecent are 
known to enhance plant growth and some 
strains have been shown to be potential agents 
for the biocontrol, suppressing plant diseases 
by protecting the seeds and roots from the 
fungal infection (Ganeshan et al., 2007), aspect 
proved by the antagonistic tests realized in vitro 
in our experiments. 
The number of microorganisms that solubilize 
the phosphorus from the mineral compounds 
was between 5.3 x 106 in the soil that was to be 
cultivated with maize and 1.1 x 107 in the soil 
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ii) NBRIP medium (National Botanical Research 
Institute's phosphate growth medium) based on 
tricalcium phosphate for the differentiation of 
microorganisms capable of solubilizing inorganic 
phosphate from poorly soluble compounds; 
iii) Chitin-Agar medium for the isolation and 
enumeration of chitinolytic microorganisms;  
iv) Carboxymethylcellulose-Agar (CMC-Agar) 
medium for the isolation and enumeration of 
cellulolytic microorganisms;  
v) Skim Milk Agar (SMA) medium for the 
isolation and enumeration of caseinase-
producing proteolytic microorganisms;  
vi) Yeast Mannitol Agar medium (YMA) 
supplemented with Congo red for the 
differentiation of Rhizobium-like bacteria.  
For testing, the seeding method in the lawn was 
used on the surface of the agar using 100μl 
suspension from the 10-3÷10-6 dilutions.  
The antifungal activity of soil microbial 
communities against different phytopathogenic 
fungus was also analysed. For this, the double 
culture method was used against Fusarium 
graminearum, Fusarium culmorum (soil key 
pathogens for cereal crops), Sclerotium 
bataticola (soil pathogen for grain legumes) 
and Sclerotinia sclerotiorum (soil pathogen 
with varied host spectrum).   
The tests were carried out in vitro, on PDA 
culture medium (Potato-Dextrose-Agar) which 
is specific for the development of fungi, and in 
comparison with some control cultures. 
Antimicrobial activity was assessed 
biometrically by measuring the growth rays of 
the tested phytopathogenic fungus and by 
determining the effectiveness of inhibiting 
phytopathogenic mycelial growth.  
 

RESULTS AND DISCUSSIONS 
 
To understand the microorganism’s response to 
chemical and organic fertilization, it is 
important to determine the initial microbial 
load and the properties of the cultivable 
microorganisms in the soil before fertilizer 
application and before the cultivation of winter 
wheat, maize, soybean, and the mixture of 
perennial herbs and legumes. Through the 
microbiological analysis there have been 
quantified the communities of microorganisms 
(bacteria and fungi) which can have beneficial 
properties for agricultural crops (Table 3). 

The microbiological tests showed a bacterial 
load of 107 CFU/g soil, a fungal load of 105 
CFU/g soil (Photo 2) and a high load of 
microorganisms that can have a beneficial 
impact on cultivated crops growth. For 
example, the number of CFU/g soil of 
Pseudomonas fluorescent varied from 2.9 x 105 
to 7 x 106.   

 
Table 3. The initial microbial composition and 

abundance in the soil before winter wheat, mixture of 
perennial grasses and legumes, soybean and maize 

cultivation 
Microbial 
composition 
(mean values) 

Soil - 
winter 
wheat  

Soil - mixture 
of perennial 
grasses and 
legumes  

Soil - 
soybean  

Soil -
maize  

Cultivable 
bacteria 
(CFU/g) 

3.3x 107 4.1x 107 5.7 x 107 3.6x 
107 

Fungus 
(CFU/g) 

2 x 105 2.1 x 105 3 x 105 2.8x 
105 

Pseudomonas 
fluorescent 
(CFU/g) 

6 x 106  7 x 106  
 

2.2 x 106  2.9x 
105 

Microorganis
ms 
solubilizing 
inorganic 
phosphorus 
(CFU/ml) 

8 x 106  1.1 x 107  7 x 106  5.3x 
106 

Chitinolytic 
microorganis
ms (CFU/ml) 

8 x 106 7 x 106  1.2 x 107 1.3x 
107 

Cellulosic 
microorganis
ms (CFU/ml) 

5 x 106 4 x 106 1.1 x 107 6.5x 
106 

Proteolytic 
microorganis
ms (CFU/ml) 

7 x 106 9 x 106 1 x 107 2.5x 
106 

Rhizobium 
like bacteria 
(CFU/ml) 

nd* nd 1.5 x 106 1.3x 
106 

*nd-indeterminate 
 

Many strains of Pseudomonas fluoresecent are 
known to enhance plant growth and some 
strains have been shown to be potential agents 
for the biocontrol, suppressing plant diseases 
by protecting the seeds and roots from the 
fungal infection (Ganeshan et al., 2007), aspect 
proved by the antagonistic tests realized in vitro 
in our experiments. 
The number of microorganisms that solubilize 
the phosphorus from the mineral compounds 
was between 5.3 x 106 in the soil that was to be 
cultivated with maize and 1.1 x 107 in the soil 
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to be cultivated with the mixture of perennial 
grasses and legumes. 
 

 (a) 

 (b) 
Photo 2. Aspects on the cultivation of fungi  

on Pink-Bengal Cloramfenicol Agar medium  
from the soil samples - before cultivation of soybean  

(a) and maize (b) crops 
 
Also, the microbiological analysis showed a 
high number of chitinolytic, proteolytic and 
cellulosic microorganisms (106-107) that are 
active in the rhizosphere zone and that are 
producing mycolytic enzymes, especially 
chitinases, proteases and cellulase, which are 
known to hydrolyze chitin (a major component 
of fungal cell walls) (Brzezinska et al., 2014), 
protein and cellulose (one of the most 
widespread biomolecules of the biomass) 
(Nivesse et al., 2021).  
In samples taken from the soil where maize and 
soybean were to be cultivated, there was found 
a high load of Rhizobium bacteria (106) which 
have a great importance for the biological nitro-
gen fixation in grain legume crops (Photo 3). 
The activity of the microbial communities in 
the analyzed soil samples was biometrically 
determined to quantify the effectiveness of 
inhibiting phytopathogenic mycelial growth. 
Thus, the studies carried out in the laboratory 
have shown that the microbial load in the soil 
before cultivation of winter wheat and the 
mixture of perennial grasses and legumes 
inhibits the in vitro development of the tested 
pathogens (Figure 2). 
A strong antifungal efficacy against Fusarium 
culmorum, Fusarium graminearum and 
Sclerotium bataticola (87.16%, 86.23% and 
84.83%) and a moderate efficacy against 
Sclerotinia sclerotiorum (74.36%) was 
observed at isolates from soil before cultivation 
of winter wheat. 

         
(a)                                      (b) 

 
(c) 

Photo 3. Enumeration of (a) chitinolytic,  
(b) Rhizobium bacteria and (c) cellulosic 
microorganisms on different substrates 

 
Isolates from soil before cultivation of mixture 
of perennial grasses and legumes showed lower 
antifungal activities against the tested fungi 
(78.2% against Fusarium graminearum and 
73.06% against Fusarium culmorum).  
 

 
Figure 2. The efficacy of microbial communities to 
inhibit the phytopathogenic mycelial growths in soil 
before cultivation of winter wheat and the mixture of 

perennial grasses and legumes 
 
The microbial load from the soil where soybean 
and maize where to be sown didn’t influenced 
considerably the in vitro development of 
pathogens tested, the percentages of inhibition 
of phytopathogenic fungal growth being 
reduced (Figure 3). 
However, in case of pathogens that are specific 
to cereal crops, i.e Fusarium culmorum and 
Fusarium graminearum, a decrease in the 
growth potential of the fungi in the presence of 
the microbial community from the soil sample 
that was to be sown with soybean was 

 

observed. This aspect is less relevant since 
Fusarium culmorum and Fusarium 
graminearum would not have caused economic 
damage to soybean. 
 

 
Figure 3. The efficacy of microbial communities to 
inhibit the phytopathogenic mycelial growths in soil 

before cultivation of soybean and maize 
 
It is well documented that a good soil quality, 
which can be characterized by a diverse and 
abundant microbial community and activity, is 
a pre-requisite for plant growth and for crop 
production (Paz-Ferreiro et al., 2016). Both 
chemical and organic fertilizers can stimulate 
the growth of specific microorganisms by 
supplying nutrients and consequently can lead 
to an increase of microbial abundance and 
diversity (Dincă et al., 2022). 
Cultivable bacteria (107 CFU/g soil), chitino-
lytic, proteolytic, cellulosic microorganisms 
(106-107 CFU/ml) and Rhizobium bacteria (106 
CFU/ml) were the most abundant groups in soil 
samples (Table 4).  
The fungi load was lower (105) in all treatments 
and experiments, those results being in line 
with those obtained by Murphy et al. (1998) 
who reported a higher bacteria population than 
fungal one in the soil. The highest number of 
fungus cells was registered in soil from the 
mixture of perennial grasses and legumes, in 
variants V6 (11.5 x 105 CFU/g soil), V7 (6.7 x 
105 CFU/g soil) and V5 (6.6 x 105) 
respectively. The lowest number of fungi was 
observed in V3 from winter wheat experiment 
and V4 from maize experiment (1 x 105). 
According to the results obtained, fertilization 
with 30 t/ha compost and NPK in mixture of 
perennial herbs can be an option for increasing 
the fungal population in soil.  
Pseudomonas fluorescent bacteria load in the 
soil from all treatments was lower (103-104 

CFU/g soil), the number of cells varying from 
6.8 x 104 in V3 (winter wheat experiment) to 
less than 103, in all variants of mixture of 
perennial grasses and legumes and maize 
experiments, as well as in V1, V3, V5, V7 of 
soybean experiment.  
The highest cultivable bacteria number (8.9 x 
107 CFU/g soil) was determined in variant V5 
of winter wheat experiment (30 t compost/ha), 
and the lowest number, in V2 of soybean 
experiment (1 x 107 CFU/g soil). In the mixture 
of perennial grasses and legumes and maize 
experiments, there was observed a raised 
number of cultivable bacteria in variants with 
chemical fertilizers. This increase may be 
caused by the direct effect of chemical fertilizer 
on microbial population (Kanazawa et al., 
1988) or because the soil microorganisms may 
be carbon or nitrogen limited. However, the 
increase of microbial biomass is significant if 
soil pH is > 5 (Dincă et al., 2022).  
There were no significant differences between 
treatments in soil cultivated with winter wheat, 
mixture of perennial grasses and soybean regar-
ding the proteolytic microorganism’s presence. 
In the soil cultivated with maize, the proteolytic 
microorganisms number varied from 1 x 106 

CFU (V6 and V8) to 8 x 106 CFU (V2).  
The highest load (1 x 107) for cellulosic 
microorganisms was observed in variant V5 
(winter wheat blocks), followed by V8 (9.3 x 
106) from soybean blocks and variants V1, V2, 
V4, V5, V8 (9 x 106) in mixture of perennial 
grasses and legumes and the lowest load (3.5 x 
106), in V6 (mixture of perennial grasses and 
legumes experiment). 
Rhizobium bacteria were highlighted in the soil 
from all four experiments.  
Thereby, in soybean experiment, V6 registered 
the highest number of Rhizobium colonies (4.3 
x 106), followed by V3 and V1 (3.8 x 106) and 
the lowest number (1 x 106) was observed in 
the V7, where 60 t compost/ha was applied. In 
maize experiment, the number of Rhizobium 
bacteria was higher in V3, V6 and V8.  
In the mixture of perennial grasses and legumes 
experiment, a high number of Rhizobium 
bacteria colonies was found in variants V3 and 
V5 (3 x 106 CFU/g soil), followed by V7 (2.5 x 
106 CFU/g soil) and in the other variants, there 
were registered 2 x 106 CFU/g soil.
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a high load of Rhizobium bacteria (106) which 
have a great importance for the biological nitro-
gen fixation in grain legume crops (Photo 3). 
The activity of the microbial communities in 
the analyzed soil samples was biometrically 
determined to quantify the effectiveness of 
inhibiting phytopathogenic mycelial growth. 
Thus, the studies carried out in the laboratory 
have shown that the microbial load in the soil 
before cultivation of winter wheat and the 
mixture of perennial grasses and legumes 
inhibits the in vitro development of the tested 
pathogens (Figure 2). 
A strong antifungal efficacy against Fusarium 
culmorum, Fusarium graminearum and 
Sclerotium bataticola (87.16%, 86.23% and 
84.83%) and a moderate efficacy against 
Sclerotinia sclerotiorum (74.36%) was 
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(a)                                      (b) 

 
(c) 

Photo 3. Enumeration of (a) chitinolytic,  
(b) Rhizobium bacteria and (c) cellulosic 
microorganisms on different substrates 

 
Isolates from soil before cultivation of mixture 
of perennial grasses and legumes showed lower 
antifungal activities against the tested fungi 
(78.2% against Fusarium graminearum and 
73.06% against Fusarium culmorum).  
 

 
Figure 2. The efficacy of microbial communities to 
inhibit the phytopathogenic mycelial growths in soil 
before cultivation of winter wheat and the mixture of 

perennial grasses and legumes 
 
The microbial load from the soil where soybean 
and maize where to be sown didn’t influenced 
considerably the in vitro development of 
pathogens tested, the percentages of inhibition 
of phytopathogenic fungal growth being 
reduced (Figure 3). 
However, in case of pathogens that are specific 
to cereal crops, i.e Fusarium culmorum and 
Fusarium graminearum, a decrease in the 
growth potential of the fungi in the presence of 
the microbial community from the soil sample 
that was to be sown with soybean was 

 

observed. This aspect is less relevant since 
Fusarium culmorum and Fusarium 
graminearum would not have caused economic 
damage to soybean. 
 

 
Figure 3. The efficacy of microbial communities to 
inhibit the phytopathogenic mycelial growths in soil 

before cultivation of soybean and maize 
 
It is well documented that a good soil quality, 
which can be characterized by a diverse and 
abundant microbial community and activity, is 
a pre-requisite for plant growth and for crop 
production (Paz-Ferreiro et al., 2016). Both 
chemical and organic fertilizers can stimulate 
the growth of specific microorganisms by 
supplying nutrients and consequently can lead 
to an increase of microbial abundance and 
diversity (Dincă et al., 2022). 
Cultivable bacteria (107 CFU/g soil), chitino-
lytic, proteolytic, cellulosic microorganisms 
(106-107 CFU/ml) and Rhizobium bacteria (106 
CFU/ml) were the most abundant groups in soil 
samples (Table 4).  
The fungi load was lower (105) in all treatments 
and experiments, those results being in line 
with those obtained by Murphy et al. (1998) 
who reported a higher bacteria population than 
fungal one in the soil. The highest number of 
fungus cells was registered in soil from the 
mixture of perennial grasses and legumes, in 
variants V6 (11.5 x 105 CFU/g soil), V7 (6.7 x 
105 CFU/g soil) and V5 (6.6 x 105) 
respectively. The lowest number of fungi was 
observed in V3 from winter wheat experiment 
and V4 from maize experiment (1 x 105). 
According to the results obtained, fertilization 
with 30 t/ha compost and NPK in mixture of 
perennial herbs can be an option for increasing 
the fungal population in soil.  
Pseudomonas fluorescent bacteria load in the 
soil from all treatments was lower (103-104 

CFU/g soil), the number of cells varying from 
6.8 x 104 in V3 (winter wheat experiment) to 
less than 103, in all variants of mixture of 
perennial grasses and legumes and maize 
experiments, as well as in V1, V3, V5, V7 of 
soybean experiment.  
The highest cultivable bacteria number (8.9 x 
107 CFU/g soil) was determined in variant V5 
of winter wheat experiment (30 t compost/ha), 
and the lowest number, in V2 of soybean 
experiment (1 x 107 CFU/g soil). In the mixture 
of perennial grasses and legumes and maize 
experiments, there was observed a raised 
number of cultivable bacteria in variants with 
chemical fertilizers. This increase may be 
caused by the direct effect of chemical fertilizer 
on microbial population (Kanazawa et al., 
1988) or because the soil microorganisms may 
be carbon or nitrogen limited. However, the 
increase of microbial biomass is significant if 
soil pH is > 5 (Dincă et al., 2022).  
There were no significant differences between 
treatments in soil cultivated with winter wheat, 
mixture of perennial grasses and soybean regar-
ding the proteolytic microorganism’s presence. 
In the soil cultivated with maize, the proteolytic 
microorganisms number varied from 1 x 106 

CFU (V6 and V8) to 8 x 106 CFU (V2).  
The highest load (1 x 107) for cellulosic 
microorganisms was observed in variant V5 
(winter wheat blocks), followed by V8 (9.3 x 
106) from soybean blocks and variants V1, V2, 
V4, V5, V8 (9 x 106) in mixture of perennial 
grasses and legumes and the lowest load (3.5 x 
106), in V6 (mixture of perennial grasses and 
legumes experiment). 
Rhizobium bacteria were highlighted in the soil 
from all four experiments.  
Thereby, in soybean experiment, V6 registered 
the highest number of Rhizobium colonies (4.3 
x 106), followed by V3 and V1 (3.8 x 106) and 
the lowest number (1 x 106) was observed in 
the V7, where 60 t compost/ha was applied. In 
maize experiment, the number of Rhizobium 
bacteria was higher in V3, V6 and V8.  
In the mixture of perennial grasses and legumes 
experiment, a high number of Rhizobium 
bacteria colonies was found in variants V3 and 
V5 (3 x 106 CFU/g soil), followed by V7 (2.5 x 
106 CFU/g soil) and in the other variants, there 
were registered 2 x 106 CFU/g soil.
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Table 4. The microbial composition and abundance in soil cultivated with winter wheat, mixture of perennial grasses 
and legumes, soybean, and maize under various fertilization treatments 

Microbial 
composition V1 V2 V3 V4 V5 V6 V7 V8 

Winter wheat experiment - mean values 
Fungi (CFU/g) 2 x 105  4.5 x 105  1 x 105  3 x 105 2.8x 105 2.3 x 105 3.5 x 105 3.7 x 105 
Cultivable bacteria 
(CFU/g) 2.2 x 107  2.5 x 107  5.7 x 107  3.4 x 107  8.9 x 107 2.3 x 107  3.8 x 107 2.1 x 107 

Fluorescent 
Pseudomonas 
(CFU/g) 

2.5 x 104 5.7 x 104 6.8 x 104 3 x 104 6.4 x 104 3 x 104 3.5 x 104 4 x 104 

Microorganisms 
that solubilize 
inorganic 
phosphorus 
(CFU/ml) 

1 x 106 9 x 105 9.5 x 105 9.6x 105 1.5 x 106 1 x 106 1 x 106 3.5 x 106 

Chitinolytic 
microorganisms 
(CFU/ml) 

5 x 106 8 x 106 2 x 106 1 x 106 3 x 106 4 x 106 1 x 106 8 x 106 

Cellulosic 
microorganisms 
(CFU/ml) 

8.5 x 106 1.5 x 107 4 x 106 7 x 106 1 x 107 6 x 106 4 x 106 8 x 106 

Proteolytic 
microorganisms 
(CFU/ml) 

6 x 106 9.8 x 106 6 x 106 9 x 106 6 x 106 5 x 106 4 x 106 6.5 x 106 

Rhizobium like 
(CFU/g soil) 2 x 106 2 x 106 2.5 x 106 3 x 106 3 x 106 2 x 106 2 x 106 2.5 x 106 

Soybean experiment - Mean values 
Fungi (CFU/g) 3.0 x 105 3.8 x 105 3.4 x 105 3.8 x 105 2.7 x 105 3 x 105 4.4 x 105 2 x 105 
Cultivable bacteria 
(CFU/g) 

5.5 x 107 1 x 107 3 x 107 4 x 107 2.5 x 107 3 x 107 3 x 107 2 x 107 

Fluorescent 
Pseudomonas 
(CFU/g) 

1 x 104  ≤ 103  1 x 104  ≤ 103  1 x 104  ≤ 103  1 x 104  ≤ 103  

Microorganisms 
that solubilize 
inorganic phos-
phorus (CFU/ml) 

1.5 x 106 ≤ 105 2.5 x 106 ≤ 105 1 x 106 ≤ 105 1 x 106 ≤ 105 

Chitinolytic 
microorganisms 
(CFU/ml) 

6.5 x 106  2.5 x 106  7.5 x 106  5 x 106  3.5 x 106  3.5 x 106  3.5 x 106  5 x 106  

Cellulosic 
microorganisms 
(CFU/ml) 

4.5 x 106  9.1 x 106  9.2 x 106  9.2 x 106  9.2 x 106  8.5 x 106  9.2 x 106  9.3 x 106  

Proteolytic 
microorganisms 
(CFU/ml) 

7 x 106  7 x 106  5 x 106  6 x 106  6 x 106  6 x 106  6 x 106  5 x 106  

Rhizobium like 
(CFU/g soil) 

3.8 x 106 2 x 106 3.8 x 106 3.1 x 106 3.1 x 106 4.3 x 106 1.0 x 106 1.7 x 106 

Mixture of perennial grasses and legumes experiment - Mean values 
Fungi (CFU/g) 3 x 105 5.2 x 105 5.9 x 105 4.4x 105 6.6 x 105 11.5 x 105 6.7 x 105 4.3 x 105 
Cultivable bacteria 
(CFU/g) 2.5 x 107 5.6 x 107 3 x 107 5 x 107 4 x 107 4 x 107 5 x 107 5 x 107 

Fluorescent 
Pseudomonas 
(CFU/g) 

≤ 103 ≤ 103 ≤ 103 ≤ 103 ≤ 103 ≤ 103 ≤ 103 ≤ 103 

Microorganisms 
that solubilize 
inorganic 
phosphorus 
(CFU/ml) 

≤ 105 ≤ 105 ≤ 105 ≤ 105 ≤ 105 ≤ 105 ≤ 105 ≤ 105 

 

Chitinolytic 
microorganisms 
(CFU/ml) 

2 x 106 1 x 106 4 x 106 3.5 x 106 5 x 106 3 x 106 3 x 106 2 x 106 

Cellulosic 
microorganisms 
(CFU/ml) 

7 x 106 6 x 106 8.5 x 106 6 x 106 6.5 x 106 3.5 x 106 4.5 x 106 9.5 x 106 

Proteolytic 
microorganisms 
(CFU/ml) 

9 x 106 9 x 106 8 x 106 9 x 106 9 x 106 8 x 106 7 x 106 9 x 106 

Rhizobium like 
(CFU/g soil) 2 x 106 2 x 106 3 x 106 2 x 106 3 x 106 2 x 106 2.5 x 106 2 x 106 

Maize experiment – mean values 

Fungi (CFU/g) 2.3 x 105 4.8 x 105 4.1 x 105 1 x 105 2.6 x 105 1.3 x 105 2.8 x 105 1.5 x 105 
Cultivable bacteria 
(CFU/g) 2 x 107 6 x 107 5 x 107 5 x 107 3 x 107 5 x 107 2.5 x 107 2.3 x 107 

Fluorescent 
Pseudomonas 
(CFU/g) 

≤ 103 ≤ 103 ≤ 103 ≤ 103 ≤ 103 ≤ 103 ≤ 103 ≤ 103 

Microorganisms 
that solubilize 
inorganic 
phosphorus 
(CFU/ml) 

6 x 105 7 x 105 5 x 105 3 x 105 9 x 105 8 x 105 1 x 105 1 x 105 

Chitinolytic 
microorganisms 
(CFU/ml) 

7 x 106 5 x 106 4 x 106 4 x 106 2 x 106 1.8 x 106 3 x 106 2.5 x 106 

Cellulosic 
microorganisms 
(CFU/ml) 

6 x 106 6 x 106 4 x 106 5 x 106 7 x 106 6 x 106 4 x 106 7 x 106 

Proteolytic 
microorganisms 
(CFU/ml) 

6 x 106 8 x 106 5 x 106 3 x 106 4 x 106 1 x 106 3 x 106 1 x 106 

Rhizobium-like 
(CFU/g soil) 1 x 106 2.5 x 106 3.6 x 106 1.4 x 106 2.7 x 106 3.1 x 106 2.6 x 106 3.1 x 106 

 
In all cultivated blocks and in all variants, the 
antifungal activity of soil microbial 
communities against Fusarium culmorum, 
Fusarium graminearum, Sclerotinia 
sclerotiorum and Sclerotium bataticola was 
determined and expressed as a percentage of 
the effectiveness of inhibiting pathogenic 
growth (Figures 4 A., B., C., D.).  
So, the microorganisms isolated from the soil 
samples taken from winter wheat blocks 
showed a medium to high antagonistic efficacy 
on Fusarium graminearum strains, the percen-
tages varying from 52.3 % in V7 (60 t/ha 
compost) to 79.3 % in variants V2 (NPK) and 
V8 (Compost 60 t/ha + NPK) (Figure 4 A). 
The inhibitory effects against Sclerotium 
bataticola were week in all variants (15.2% in 
V6 to 48.5% in V4) and against Fusarium 
culmorum and Sclerotinia sclerotiorum, week 
to medium in all variants. 
The isolates from the soil within soybean expe-
riment showed week to medium antagonistic 

activity on all fungi that were tested. The 
highest percentage for antifungal efficacy was 
determined against Fusarium graminearum 
(64.5%) in V7 and the lowest, against 
Sclerotinia bataticola, in control variant (V1). 
The antifungal effect of soil microbes against 
Sclerotium bataticola (which cause infection 
especially in grain legumes) was very low and 
varied from 41.6% in V5 (30 t/ha compost) to 
11.3% in V1 (control) (Figure 4 B). 
In case of microorganisms isolated from soil 
samples taken from the mixture of perennial 
grasses and legumes, the antifungal activity 
against Sclerotinia sclerotiorum and Sclerotium 
bataticola was low and against Fusarium 
graminearum was medium, the values varying 
from 66.7 % in V1 and V3 and 38.9% in V7. 
For Fusarium culmorum, the antagonistic 
activity was medium in V5 (68.8%) and low in 
V1 (21.6%) (Figure 4 C). 
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Table 4. The microbial composition and abundance in soil cultivated with winter wheat, mixture of perennial grasses 
and legumes, soybean, and maize under various fertilization treatments 

Microbial 
composition V1 V2 V3 V4 V5 V6 V7 V8 

Winter wheat experiment - mean values 
Fungi (CFU/g) 2 x 105  4.5 x 105  1 x 105  3 x 105 2.8x 105 2.3 x 105 3.5 x 105 3.7 x 105 
Cultivable bacteria 
(CFU/g) 2.2 x 107  2.5 x 107  5.7 x 107  3.4 x 107  8.9 x 107 2.3 x 107  3.8 x 107 2.1 x 107 

Fluorescent 
Pseudomonas 
(CFU/g) 

2.5 x 104 5.7 x 104 6.8 x 104 3 x 104 6.4 x 104 3 x 104 3.5 x 104 4 x 104 

Microorganisms 
that solubilize 
inorganic 
phosphorus 
(CFU/ml) 

1 x 106 9 x 105 9.5 x 105 9.6x 105 1.5 x 106 1 x 106 1 x 106 3.5 x 106 

Chitinolytic 
microorganisms 
(CFU/ml) 

5 x 106 8 x 106 2 x 106 1 x 106 3 x 106 4 x 106 1 x 106 8 x 106 

Cellulosic 
microorganisms 
(CFU/ml) 

8.5 x 106 1.5 x 107 4 x 106 7 x 106 1 x 107 6 x 106 4 x 106 8 x 106 

Proteolytic 
microorganisms 
(CFU/ml) 

6 x 106 9.8 x 106 6 x 106 9 x 106 6 x 106 5 x 106 4 x 106 6.5 x 106 

Rhizobium like 
(CFU/g soil) 2 x 106 2 x 106 2.5 x 106 3 x 106 3 x 106 2 x 106 2 x 106 2.5 x 106 

Soybean experiment - Mean values 
Fungi (CFU/g) 3.0 x 105 3.8 x 105 3.4 x 105 3.8 x 105 2.7 x 105 3 x 105 4.4 x 105 2 x 105 
Cultivable bacteria 
(CFU/g) 

5.5 x 107 1 x 107 3 x 107 4 x 107 2.5 x 107 3 x 107 3 x 107 2 x 107 

Fluorescent 
Pseudomonas 
(CFU/g) 

1 x 104  ≤ 103  1 x 104  ≤ 103  1 x 104  ≤ 103  1 x 104  ≤ 103  

Microorganisms 
that solubilize 
inorganic phos-
phorus (CFU/ml) 

1.5 x 106 ≤ 105 2.5 x 106 ≤ 105 1 x 106 ≤ 105 1 x 106 ≤ 105 

Chitinolytic 
microorganisms 
(CFU/ml) 

6.5 x 106  2.5 x 106  7.5 x 106  5 x 106  3.5 x 106  3.5 x 106  3.5 x 106  5 x 106  

Cellulosic 
microorganisms 
(CFU/ml) 

4.5 x 106  9.1 x 106  9.2 x 106  9.2 x 106  9.2 x 106  8.5 x 106  9.2 x 106  9.3 x 106  

Proteolytic 
microorganisms 
(CFU/ml) 

7 x 106  7 x 106  5 x 106  6 x 106  6 x 106  6 x 106  6 x 106  5 x 106  

Rhizobium like 
(CFU/g soil) 

3.8 x 106 2 x 106 3.8 x 106 3.1 x 106 3.1 x 106 4.3 x 106 1.0 x 106 1.7 x 106 

Mixture of perennial grasses and legumes experiment - Mean values 
Fungi (CFU/g) 3 x 105 5.2 x 105 5.9 x 105 4.4x 105 6.6 x 105 11.5 x 105 6.7 x 105 4.3 x 105 
Cultivable bacteria 
(CFU/g) 2.5 x 107 5.6 x 107 3 x 107 5 x 107 4 x 107 4 x 107 5 x 107 5 x 107 

Fluorescent 
Pseudomonas 
(CFU/g) 

≤ 103 ≤ 103 ≤ 103 ≤ 103 ≤ 103 ≤ 103 ≤ 103 ≤ 103 

Microorganisms 
that solubilize 
inorganic 
phosphorus 
(CFU/ml) 

≤ 105 ≤ 105 ≤ 105 ≤ 105 ≤ 105 ≤ 105 ≤ 105 ≤ 105 

 

Chitinolytic 
microorganisms 
(CFU/ml) 

2 x 106 1 x 106 4 x 106 3.5 x 106 5 x 106 3 x 106 3 x 106 2 x 106 

Cellulosic 
microorganisms 
(CFU/ml) 

7 x 106 6 x 106 8.5 x 106 6 x 106 6.5 x 106 3.5 x 106 4.5 x 106 9.5 x 106 

Proteolytic 
microorganisms 
(CFU/ml) 

9 x 106 9 x 106 8 x 106 9 x 106 9 x 106 8 x 106 7 x 106 9 x 106 

Rhizobium like 
(CFU/g soil) 2 x 106 2 x 106 3 x 106 2 x 106 3 x 106 2 x 106 2.5 x 106 2 x 106 

Maize experiment – mean values 

Fungi (CFU/g) 2.3 x 105 4.8 x 105 4.1 x 105 1 x 105 2.6 x 105 1.3 x 105 2.8 x 105 1.5 x 105 
Cultivable bacteria 
(CFU/g) 2 x 107 6 x 107 5 x 107 5 x 107 3 x 107 5 x 107 2.5 x 107 2.3 x 107 

Fluorescent 
Pseudomonas 
(CFU/g) 

≤ 103 ≤ 103 ≤ 103 ≤ 103 ≤ 103 ≤ 103 ≤ 103 ≤ 103 

Microorganisms 
that solubilize 
inorganic 
phosphorus 
(CFU/ml) 

6 x 105 7 x 105 5 x 105 3 x 105 9 x 105 8 x 105 1 x 105 1 x 105 

Chitinolytic 
microorganisms 
(CFU/ml) 

7 x 106 5 x 106 4 x 106 4 x 106 2 x 106 1.8 x 106 3 x 106 2.5 x 106 

Cellulosic 
microorganisms 
(CFU/ml) 

6 x 106 6 x 106 4 x 106 5 x 106 7 x 106 6 x 106 4 x 106 7 x 106 

Proteolytic 
microorganisms 
(CFU/ml) 

6 x 106 8 x 106 5 x 106 3 x 106 4 x 106 1 x 106 3 x 106 1 x 106 

Rhizobium-like 
(CFU/g soil) 1 x 106 2.5 x 106 3.6 x 106 1.4 x 106 2.7 x 106 3.1 x 106 2.6 x 106 3.1 x 106 

 
In all cultivated blocks and in all variants, the 
antifungal activity of soil microbial 
communities against Fusarium culmorum, 
Fusarium graminearum, Sclerotinia 
sclerotiorum and Sclerotium bataticola was 
determined and expressed as a percentage of 
the effectiveness of inhibiting pathogenic 
growth (Figures 4 A., B., C., D.).  
So, the microorganisms isolated from the soil 
samples taken from winter wheat blocks 
showed a medium to high antagonistic efficacy 
on Fusarium graminearum strains, the percen-
tages varying from 52.3 % in V7 (60 t/ha 
compost) to 79.3 % in variants V2 (NPK) and 
V8 (Compost 60 t/ha + NPK) (Figure 4 A). 
The inhibitory effects against Sclerotium 
bataticola were week in all variants (15.2% in 
V6 to 48.5% in V4) and against Fusarium 
culmorum and Sclerotinia sclerotiorum, week 
to medium in all variants. 
The isolates from the soil within soybean expe-
riment showed week to medium antagonistic 

activity on all fungi that were tested. The 
highest percentage for antifungal efficacy was 
determined against Fusarium graminearum 
(64.5%) in V7 and the lowest, against 
Sclerotinia bataticola, in control variant (V1). 
The antifungal effect of soil microbes against 
Sclerotium bataticola (which cause infection 
especially in grain legumes) was very low and 
varied from 41.6% in V5 (30 t/ha compost) to 
11.3% in V1 (control) (Figure 4 B). 
In case of microorganisms isolated from soil 
samples taken from the mixture of perennial 
grasses and legumes, the antifungal activity 
against Sclerotinia sclerotiorum and Sclerotium 
bataticola was low and against Fusarium 
graminearum was medium, the values varying 
from 66.7 % in V1 and V3 and 38.9% in V7. 
For Fusarium culmorum, the antagonistic 
activity was medium in V5 (68.8%) and low in 
V1 (21.6%) (Figure 4 C). 
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Figure 4 (A., B., C., D.). Mean antifungal efficacy of soil 
microorganisms from winter wheat, soybean, mixture of 
perennial grasses and legumes and maize experiments 

and under different fertilization treatments 
 

In the soil from maize experiment, the anta-
gonistic activity of isolated microorganisms 
showed a medium inhibition against F. 
graminearum and Sclerotinia sclerotiorum and 
low to medium efficacy against Fusarium 
culmorum and Sclerotium bataticola (Figure 4 
D). The values do not differ significantly 
between the variants, exception for V2 (NPK), 
where the antifungal efficacy against 
Sclerotinia sclerotiorum was of 77.2%. 
 
CONCLUSIONS 
 
Various studies showed that fertilization affect 
the microbial community through the influence 
on soil nutrient contents. In our study, the 
microbial abundance was influenced both by 
fertilization regime and by cultivated species, 
but without significant differences between 
variants. This correspond to other previous 
studies in which was shown that changes in the 
microbial community structure are not always 
observed on short-term (Stark et al., 2007; 
Geisseler and Scow, 2014). 
The number of bacteria in soil was larger 
compared with the fungal population. The 
highest bacterial load was registered in soil 
cultivated with winter wheat and fertilized with 
30 t/ha compost whereas in the soil cultivated 
with mixture of perennial grasses and legumes 
and maize, the number of bacteria/g soil raised 
in variants with NPK fertilization. The increase 
of microbial number in chemical fertilized plots 
can be caused by the direct effect of chemical 
fertilizer.  
The fungal load registered a slightly raise in 
soil from winter wheat experiment in variants 
where only NPK or 60 t/ha compost and 60 t/ha 
compost + NPK were applied. Other studies 
showed as well that organic fertilization increases 
the fungal abundance in soils (Xiang et al., 
2020) and NPK fertilization could increase 
(Zhou et al., 2016) or decrease it (Xiang et al., 
2020). In the soil samples from soybean blocks, 
fertilization treatments did not significantly 
change the number of fungi in soil.   
Rhizobium bacteria was not significantly 
influenced by fertilization regimes, except for 
soybean experiment, where fertilization with 
high doses of compost determined a slightly 
decrease of population.   

 

Also, application of different doses of compost 
and compost + NPK lead to changes on the 
benefic microbial population in soil cultivated 
with winter wheat, mixture of perennial grasses 
and legumes, soybean and maize. A higher 
number of cellulosic microorganisms were 
observed in soybean plots, where both organic 
and mineral fertilizers were used. The 
proteolytic microorganism’s population raised 
in chemical fertilized variants from winter 
wheat and maize experiments. The number of 
chitinolytic microorganisms was larger in 
winter wheat experiment, when NPK and 60 
t/ha compost + NPK were applied. 
Although a rich load of microorganisms 
(including producers of lytic enzymes from the 
category of those capable of degrading the 
cellular constituents of phytopathogenic fungi) 
was found in the soil both before organic and 
mineral fertilization, and during plants vege-
tation period, the antifungal efficacy it turned 
out to be medium to low, exceptions being the 
winter wheat experiment, where the efficacy of 
soil microorganisms against Fusarium 
graminearum was medium to high. Agricultural 
practices such as fertilization can influence the 
microbial communities that are involved in the 
suppression of soil-borne plant pathogens, but 
further investigations are necessary to 
understand this process. Also, it is necessary to 
monitor the microbial abundance changes in 
response to fertilization regime on long-term to 
develop optimum fertilization strategies. 
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Figure 4 (A., B., C., D.). Mean antifungal efficacy of soil 
microorganisms from winter wheat, soybean, mixture of 
perennial grasses and legumes and maize experiments 

and under different fertilization treatments 
 

In the soil from maize experiment, the anta-
gonistic activity of isolated microorganisms 
showed a medium inhibition against F. 
graminearum and Sclerotinia sclerotiorum and 
low to medium efficacy against Fusarium 
culmorum and Sclerotium bataticola (Figure 4 
D). The values do not differ significantly 
between the variants, exception for V2 (NPK), 
where the antifungal efficacy against 
Sclerotinia sclerotiorum was of 77.2%. 
 
CONCLUSIONS 
 
Various studies showed that fertilization affect 
the microbial community through the influence 
on soil nutrient contents. In our study, the 
microbial abundance was influenced both by 
fertilization regime and by cultivated species, 
but without significant differences between 
variants. This correspond to other previous 
studies in which was shown that changes in the 
microbial community structure are not always 
observed on short-term (Stark et al., 2007; 
Geisseler and Scow, 2014). 
The number of bacteria in soil was larger 
compared with the fungal population. The 
highest bacterial load was registered in soil 
cultivated with winter wheat and fertilized with 
30 t/ha compost whereas in the soil cultivated 
with mixture of perennial grasses and legumes 
and maize, the number of bacteria/g soil raised 
in variants with NPK fertilization. The increase 
of microbial number in chemical fertilized plots 
can be caused by the direct effect of chemical 
fertilizer.  
The fungal load registered a slightly raise in 
soil from winter wheat experiment in variants 
where only NPK or 60 t/ha compost and 60 t/ha 
compost + NPK were applied. Other studies 
showed as well that organic fertilization increases 
the fungal abundance in soils (Xiang et al., 
2020) and NPK fertilization could increase 
(Zhou et al., 2016) or decrease it (Xiang et al., 
2020). In the soil samples from soybean blocks, 
fertilization treatments did not significantly 
change the number of fungi in soil.   
Rhizobium bacteria was not significantly 
influenced by fertilization regimes, except for 
soybean experiment, where fertilization with 
high doses of compost determined a slightly 
decrease of population.   

 

Also, application of different doses of compost 
and compost + NPK lead to changes on the 
benefic microbial population in soil cultivated 
with winter wheat, mixture of perennial grasses 
and legumes, soybean and maize. A higher 
number of cellulosic microorganisms were 
observed in soybean plots, where both organic 
and mineral fertilizers were used. The 
proteolytic microorganism’s population raised 
in chemical fertilized variants from winter 
wheat and maize experiments. The number of 
chitinolytic microorganisms was larger in 
winter wheat experiment, when NPK and 60 
t/ha compost + NPK were applied. 
Although a rich load of microorganisms 
(including producers of lytic enzymes from the 
category of those capable of degrading the 
cellular constituents of phytopathogenic fungi) 
was found in the soil both before organic and 
mineral fertilization, and during plants vege-
tation period, the antifungal efficacy it turned 
out to be medium to low, exceptions being the 
winter wheat experiment, where the efficacy of 
soil microorganisms against Fusarium 
graminearum was medium to high. Agricultural 
practices such as fertilization can influence the 
microbial communities that are involved in the 
suppression of soil-borne plant pathogens, but 
further investigations are necessary to 
understand this process. Also, it is necessary to 
monitor the microbial abundance changes in 
response to fertilization regime on long-term to 
develop optimum fertilization strategies. 
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Abstract 
 
This paper aimed to analyze the variability of spring phenophases in the apple species, the ‘GoldRush’ cultivar to 
analyze the risk of spring frost for apple production in Stănești area of Argeș County (45°13′44″N, 24°50′9″E, altitude 
540m), Romania, and the role of phenological acclimatization. The timing of phenological stages is made according to 
the definitions of the Biologische Bundesanstalt, Bundessortenamt, and CHemical industry (BBCH). Based on Julian 
day number, on average for 4 years, the phenophases occurred from the 85.54 day of year, marked by “beginning of 
leaf bud swelling/inflorescence bud swelling” (BBCH 01/51), until 1the 23.36 day of year for phenophase "end of 
flowering" (BBCH 69). Analyzing the data obtained, they allowed us to assess the temporal trends of development of 
budding and flowering phenophases and the trends of risks in the light of global warming. The research will be 
continued in order to analyze a longer period of time and to analyze different cultivars, in order to achieve sustainable 
and competitive fruit crops. 
 
Key words: apple, frost resistance, phenology. 
 
INTRODUCTION 
 
Plant phenology is a fundamental bioindicator 
of climate change (Cosmulescu et al., 2010; 
2018). From a phenological point of view, the 
main reaction to climate change is considered 
to be the increase of the duration of vegetation 
season (Menzel et al., 2002), respectively, an 
occurence of spring phenophases. Orchards are 
an important resource for the study of 
phenology (Cosmulescu et al., 2010). 
According to Eccel et al. (2009), in the context 
of global warming, the general trend towards 
earlier flowering dates of many temperate tree 
species is likely to result in an increased risk of 
damage from exposure to frost. Climate 
accidents such as spring frosts are among the 
most important causes of yield loss in fruit 
orchards in temperate regions (Snyder et al., 
2005). Like many fruit tree species, the apple is 
sensitive to spring frosts, especially as the 
vegetation phenophases are more advanced, 
newly emerged tissues are highly vulnerable to 
frost damage (Hoffmann & Rath, 2013). The 
literature shows that the increase in spring 
temperatures significantly advances the leaf 
shedding and flowering (Chuine et al., 2016; 

Fu et al., 2015). However, this advance could 
be offset by a delay in interrupting the 
dormancy due to mild winters, resulting in 
insufficient cooling requirements (Chuine et 
al., 2016; Campoy et al., 2011). As a result, the 
choice of cultivars better adapted to the 
growing area to cope with these climatic risks 
is a must. Changes in apple phenology have 
important implications, and as a result it is 
necessary to analyze the phenology in different 
areas of cultivation. Mainly, the optimal areas 
for cultivation are determined by phenology, 
and the cultivars can become poorly suited to 
an area as the climate is changing. One of the 
three factors that must be considered in order to 
properly estimate the risk of frost, according to 
Cannell & Smith (1986), is the likelihood of 
sub-frost temperatures that are harmful at 
different stages of bud, leaf and fruit 
development. The present paper aimed to 
analyze the variability of some spring 
phenophases in the apple species, ‘GoldRush’ 
cultivar, in order to analyze the risk of spring 
frost for apple production in the Stănești area of 
Argeș County, Romania, and the role of 
phenological acclimatization.  
 

MATERIALS AND METHODS 
 
Plant Material. The study was carried out on 
the cultivar ‘GoldRush’ apples in an orchard 
located in Stănești village, Argeș county, 
Romania (45°13′44″N, 24°50′9″E, altitude 540 
m). 'GoldRush' is a late-maturing yellow apple 
(Malus x domestica Borkh.) with excellent fruit 
quality and long storage ability combined with 
field immunity to apple scab incited by 
Venturia inaequalis (Cke.) Wint., a high level 
of resistance to apple mildew incited by 
Podosphaera leucotricha (Ell & EV.) Salm., 
and moderate resistance to fire blight incited by 
Erwinia amylovora (Buff.) Winslow (Crosby et 
al., 1994). A drip irrigation system was used 
for fertigation purposes. The climate is of the 
continental temperate type and specific to the 
high and low hills, the average annual 
temperature is 10-12°C. The highest values of 
average monthly temperatures are recorded 
over the period June-August, while the lowest 
are in January-February. The rainfall regime in 
this sector is characteristic of the hilly area, 
with average annual values of 500-600 mm. 
Methods. The timing of the phenological stages 
according to the definitions of the Biologische 

Bundesanstalt, Bundessortenamt, and 
CHemical industry (BBCH). The BBCH scale 
(Martínez et al., 2019) was used to group 
reproductive stages. Eleven main growth stages 
(Table 1) have been described, according to 
Meier et al. (1994). The plot was periodically 
visited to observe each of the identified stages. 
The data obtained were completed with the 
observations recorded by the camera installed 
in the experimental plot. Data were recorded 
simultaneously on all trees (15), once a week 
from the beginning of March until the first half 
of May and once every 3 days during the 
flowering period. The phenology of flowering 
was followed on the flowering branches of the 
crown facing north and south. The study for the 
identification of phenological stages was 
conducted for four years, over the period 2018-
2021. Hourly temperature records over a period 
of 4 years were used as a reference to analyze 
the risk of spring frost in apple production in 
Stănești area and the role of phenological 
acclimatization. Frost risk was judged by the 
daily minimum air temperature. For statistical 
analysis, Microsoft Excel and XLSTAT 
Pearson Edition version 2014.5.03, Addinsoft 
and R Core Team (2013) were used. 

 
Table 1. BBCH stages at the apple and their description* 

No BBCH Stage Description 
1 BBCH 01/BBCH 51 Beginning of leaf bud swelling/Inflorescence buds swelling 
2 

BBCH 03/BBCH 52 
End of leaf bud swelling: bud scales light coloured with some 
parts densely covered by hairs/End of bud swelling: light coloured bud scales visible 
with parts densely covered by hairs 

3 BBCH 07/BBCH 53 Beginning of bud break: first green leaf tips just visible/Bud burst: green leaf tips 
enclosing flowers visible 

4 
BBCH 10/BBCH 54 

Mouse-ear stage: Green leaf tips 10 mm above the bud scales; 
first leaves separating/Mouse-ear stage: green leaf tips 10 mm above bud scales; first 
leaves separating 

5 BBCH 15 More leaves unfolded, not yet at full size 
6 BBCH 31 Beginning of shoot growth: axes of developing shoots visible 
7 BBCH 55 Flower buds visible (still closed) 
8 BBCH 57 Pink bud stage: flower petals elongating; sepals slightly open; 

petals just visible 
9 BBCH 60 First flowers open 
10 BBCH 65 Full flowering: at least 50% of flowers open, first petals falling 
11 BBCH 69 End of flowering: all petals fallen 

*Meier et al., 1994 
 

Based on the observations made, the variability 
of phenological characteristics in ‘GoldRush’ 
cultivar was analyzed, using the number of 
days from January 1 (DOY = day of year) to 
the landmark stage. Table 2 shows the 
statistical processing of the data obtained, over 

four years of observations, regarding the 
development on eleven phenological growth 
stages in five growth stages (Table 1). Based 
on Julian day number, on average for 4 years, 
the phenophases occurred from the 85.54 day 
of year, marked by “beginning of leaf bud 
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Abstract 
 
This paper aimed to analyze the variability of spring phenophases in the apple species, the ‘GoldRush’ cultivar to 
analyze the risk of spring frost for apple production in Stănești area of Argeș County (45°13′44″N, 24°50′9″E, altitude 
540m), Romania, and the role of phenological acclimatization. The timing of phenological stages is made according to 
the definitions of the Biologische Bundesanstalt, Bundessortenamt, and CHemical industry (BBCH). Based on Julian 
day number, on average for 4 years, the phenophases occurred from the 85.54 day of year, marked by “beginning of 
leaf bud swelling/inflorescence bud swelling” (BBCH 01/51), until 1the 23.36 day of year for phenophase "end of 
flowering" (BBCH 69). Analyzing the data obtained, they allowed us to assess the temporal trends of development of 
budding and flowering phenophases and the trends of risks in the light of global warming. The research will be 
continued in order to analyze a longer period of time and to analyze different cultivars, in order to achieve sustainable 
and competitive fruit crops. 
 
Key words: apple, frost resistance, phenology. 
 
INTRODUCTION 
 
Plant phenology is a fundamental bioindicator 
of climate change (Cosmulescu et al., 2010; 
2018). From a phenological point of view, the 
main reaction to climate change is considered 
to be the increase of the duration of vegetation 
season (Menzel et al., 2002), respectively, an 
occurence of spring phenophases. Orchards are 
an important resource for the study of 
phenology (Cosmulescu et al., 2010). 
According to Eccel et al. (2009), in the context 
of global warming, the general trend towards 
earlier flowering dates of many temperate tree 
species is likely to result in an increased risk of 
damage from exposure to frost. Climate 
accidents such as spring frosts are among the 
most important causes of yield loss in fruit 
orchards in temperate regions (Snyder et al., 
2005). Like many fruit tree species, the apple is 
sensitive to spring frosts, especially as the 
vegetation phenophases are more advanced, 
newly emerged tissues are highly vulnerable to 
frost damage (Hoffmann & Rath, 2013). The 
literature shows that the increase in spring 
temperatures significantly advances the leaf 
shedding and flowering (Chuine et al., 2016; 

Fu et al., 2015). However, this advance could 
be offset by a delay in interrupting the 
dormancy due to mild winters, resulting in 
insufficient cooling requirements (Chuine et 
al., 2016; Campoy et al., 2011). As a result, the 
choice of cultivars better adapted to the 
growing area to cope with these climatic risks 
is a must. Changes in apple phenology have 
important implications, and as a result it is 
necessary to analyze the phenology in different 
areas of cultivation. Mainly, the optimal areas 
for cultivation are determined by phenology, 
and the cultivars can become poorly suited to 
an area as the climate is changing. One of the 
three factors that must be considered in order to 
properly estimate the risk of frost, according to 
Cannell & Smith (1986), is the likelihood of 
sub-frost temperatures that are harmful at 
different stages of bud, leaf and fruit 
development. The present paper aimed to 
analyze the variability of some spring 
phenophases in the apple species, ‘GoldRush’ 
cultivar, in order to analyze the risk of spring 
frost for apple production in the Stănești area of 
Argeș County, Romania, and the role of 
phenological acclimatization.  
 

MATERIALS AND METHODS 
 
Plant Material. The study was carried out on 
the cultivar ‘GoldRush’ apples in an orchard 
located in Stănești village, Argeș county, 
Romania (45°13′44″N, 24°50′9″E, altitude 540 
m). 'GoldRush' is a late-maturing yellow apple 
(Malus x domestica Borkh.) with excellent fruit 
quality and long storage ability combined with 
field immunity to apple scab incited by 
Venturia inaequalis (Cke.) Wint., a high level 
of resistance to apple mildew incited by 
Podosphaera leucotricha (Ell & EV.) Salm., 
and moderate resistance to fire blight incited by 
Erwinia amylovora (Buff.) Winslow (Crosby et 
al., 1994). A drip irrigation system was used 
for fertigation purposes. The climate is of the 
continental temperate type and specific to the 
high and low hills, the average annual 
temperature is 10-12°C. The highest values of 
average monthly temperatures are recorded 
over the period June-August, while the lowest 
are in January-February. The rainfall regime in 
this sector is characteristic of the hilly area, 
with average annual values of 500-600 mm. 
Methods. The timing of the phenological stages 
according to the definitions of the Biologische 

Bundesanstalt, Bundessortenamt, and 
CHemical industry (BBCH). The BBCH scale 
(Martínez et al., 2019) was used to group 
reproductive stages. Eleven main growth stages 
(Table 1) have been described, according to 
Meier et al. (1994). The plot was periodically 
visited to observe each of the identified stages. 
The data obtained were completed with the 
observations recorded by the camera installed 
in the experimental plot. Data were recorded 
simultaneously on all trees (15), once a week 
from the beginning of March until the first half 
of May and once every 3 days during the 
flowering period. The phenology of flowering 
was followed on the flowering branches of the 
crown facing north and south. The study for the 
identification of phenological stages was 
conducted for four years, over the period 2018-
2021. Hourly temperature records over a period 
of 4 years were used as a reference to analyze 
the risk of spring frost in apple production in 
Stănești area and the role of phenological 
acclimatization. Frost risk was judged by the 
daily minimum air temperature. For statistical 
analysis, Microsoft Excel and XLSTAT 
Pearson Edition version 2014.5.03, Addinsoft 
and R Core Team (2013) were used. 

 
Table 1. BBCH stages at the apple and their description* 

No BBCH Stage Description 
1 BBCH 01/BBCH 51 Beginning of leaf bud swelling/Inflorescence buds swelling 
2 

BBCH 03/BBCH 52 
End of leaf bud swelling: bud scales light coloured with some 
parts densely covered by hairs/End of bud swelling: light coloured bud scales visible 
with parts densely covered by hairs 

3 BBCH 07/BBCH 53 Beginning of bud break: first green leaf tips just visible/Bud burst: green leaf tips 
enclosing flowers visible 

4 
BBCH 10/BBCH 54 

Mouse-ear stage: Green leaf tips 10 mm above the bud scales; 
first leaves separating/Mouse-ear stage: green leaf tips 10 mm above bud scales; first 
leaves separating 

5 BBCH 15 More leaves unfolded, not yet at full size 
6 BBCH 31 Beginning of shoot growth: axes of developing shoots visible 
7 BBCH 55 Flower buds visible (still closed) 
8 BBCH 57 Pink bud stage: flower petals elongating; sepals slightly open; 

petals just visible 
9 BBCH 60 First flowers open 
10 BBCH 65 Full flowering: at least 50% of flowers open, first petals falling 
11 BBCH 69 End of flowering: all petals fallen 

*Meier et al., 1994 
 

Based on the observations made, the variability 
of phenological characteristics in ‘GoldRush’ 
cultivar was analyzed, using the number of 
days from January 1 (DOY = day of year) to 
the landmark stage. Table 2 shows the 
statistical processing of the data obtained, over 

four years of observations, regarding the 
development on eleven phenological growth 
stages in five growth stages (Table 1). Based 
on Julian day number, on average for 4 years, 
the phenophases occurred from the 85.54 day 
of year, marked by “beginning of leaf bud 
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swelling / inflorescence bud swelling” (BBCH 
01/51), until 123.36 day of year for phenophase 
"end of flowering" (BBCH 69) (Table 2). The 
coefficient of variability, for the eleven 

phenophases analyzed, had low values (3.98-
6.85%), which highlights a uniformity in terms 
of their development (Table 2).   

 
Table 2. Descriptive statistics of the start date (day of year; DOY) for the development of the main phenological stages 

No BBCH Stage Mean SD Sample  
Variance Minimum Maximum Range Confidence 

Level (95.0%) CV% 

1 BBCH 01/ 51 85.45 3.69 13.67 80 92 12 2.48 4.31 
2 BBCH 03/ 52 88.81 3.54 12.56 83 94 11 2.38 3.98 
3 BBCH 07/ 53 92.36 4.61 21.25 84 98 14 3.09 4.99 
4 BBCH 10/ 54 97.36 4.84 23.45 88 103 15 3.25 4.97 
5 BBCH 15 100.9 4.57 20.89 93 107 14 3.07 4.52 
6 BBCH 31 103.18 4.49 20.16 95 109 14 3.01 4.35 
7 BBCH 55 102.72 7.04 49.61 93 113 20 4.73 6.85 
8 BBCH 57 106.9 5.64 31.89 98 115 17 3.79 5.27 
9 BBCH 60 114.36 5.74 33.05 106 123 17 3.86 5.01 

10 BBCH 65 118.18 5.61 31.56 109 126 15 3.77 4.74 
11 BBCH 69 123.36 5.64 31.85 116 131 15 3.79 4.57 

 
During the four calendar years, the variation 
limits for the onset of phenophases varied 
between 11 (BBCH 03/52) and 20 (BBCH 55) 
days (Table 2). From one year to another, the 

development period of phenophases changes, in 
correlation with environmental factors etc. 
(Table 3).  

 
Table 3. Descriptive statistics of the start date (as Julian day number) for the development of the main phenological 

stages according to the climatic year 

Statistics/ BBCH 
stage 01/51 03/52 07/53 10/54 15 31 55 57 60 65 69 

2018 

Mean 91.3 94.3 94.6 99 102.3 103.6 104 106 108 111 118 
SD 2.1 1.5 1.5 2 1.5 1.52 2 2 2 2 2 
Min-max 89-93 93-96 93-96 97-101 101-104 102-105 102-106 104-108 106-110 109-113 116-120 
CV% 2.3 1.6 1.6 2.0 1.5 1.46 1.9 1.8 1.8 1.8 1.7 

2019 

Mean 81.6 84.3 86 90.3 94.6 97 97.6 99.6 110.3 115 117 
SD 1.5 1.5 2 2.5 1.5 2 1.52 1.52 1.52 1 1 
Min-max 80-83 83-86 84-88 88-93 93-96 95-99 96-99 98-101 109-112 114-116 116-118 
CV% 1.8 1.8 2.3 2.7 1.6 2.1 1.6 1.5 1.4 0.8 0.8 

2020 

Mean 83.6 88.6 93 99 101.6 104 100 107 116.3 120.3 126.3 
SD 1.5 1.5 2 1 1.5 2 1 1 1.5 1.5 1.5 
Min-max 82-85 87-90 91-95 98-100 100-103 102-106 99-101 106-108 115-118 119-122 125-128 
CV% 1.8 1.7 2.1 1.0 1.5 1.9 1 0.9 1.3 1.3 1.2 

2021 

Mean 87.6 90.3 97 101 106 107.6 112 114 121.3 124.6 129.6 
SD 1.5 1.5 1 2 1 1.5 1 1 1.52 1.15 1.52 
Min-max 86-89 89-92 96-98 99-103 105-107 106-109 111-113 113-115 120-123 124-126 128-131 
CV% 1.7 1.6 1.0 1.9 0.9 1.4 0.9 0.8 1.2 0.9 1.2 

 
Regarding the number of Julian days required 
to trigger the “beginning of leaf bud swelling/ 
inflorescence bud swelling” (BBCH 01/51) 
phenophases the earliest year was 2019 
(DOY = 81.66, range 80-83), followed by 2020 
year (DOY = 83.66, range 82-85), 2021 year 
(DOY = 87.66, range 86-89) and 2018 year 
(DOY = 91.33, range 89-93). Depending on the 
climatic conditions, the duration between 

phenophases was different. The number of days 
from phenophase “beginning of leaf bud 
swelling/inflorescence bud swelling” (BBCH 
01/51) to "end of flowering" (BBCH 69), 
differed from year to year, ranging from 26.7 
days (year 2018) to 42.7 days (year 2020) 
(Table 3). The low coefficient of variability 
(CV%: 0.87-2.77) highlights the uniformity of 
the observations in the experimental plot (Table 

3). Throughout the study, for the ‘GoldRush’ 
cultivar, the “first flowers open” phenophase 
occurred, in average, on 108 DOY (range 106-
110) in the year 2018, on 110.3 DOY (range 
109-112) in the year 2019, on  116.33 DOY 
(range 115-118) in the year 2020 and on 121.3 
DOY (range 120-123) in the year 2021 (Table 
3). The start and end dates of the apple blossom 
period (ie from the growth stages of BBCH 60 
“first open flowers” to BBCH 69 “end of 
flowering: all fallen petals”) were different 
from year to year. The duration of this period 
was, in average, 10 days in the year 2018 and 
2020, de 6.7 days in the year 2019, and 8.3 
days in the year 2021. Linear regression 
analysis over the four years of the study 
showed that the duration of flowering decreases 
with how much later the budding takes place 
(R2 = 0.0237, p <0.01; Figure 1), and this is 
probably due to the higher temperatures that 
are setting in over time.  
The knowledge on the phenology of fruit trees 
is absolutely essential for the precise 
programming of horticultural practices, such as 
pest management, physiological disorders, 
post-harvest management, and nutrients and 
water management (Martínez et al., 2019). 
Frost damage is a major concern in fruit-
producing regions (Asakura et al., 2010). The 
dormant buds of apple trees can withstand low 
temperatures down to -30°C, but at full bloom, 
the blossoms are very frost susceptible and 
freeze with temperatures close to zero. 
Since the spring cold resistance of apples 
depends on the phenophase, we considered 2 
periods: (1) beginning of leaf bud swelling/ 
inflorescence buds swelling (BBCH 01/51); (2) 
first flowers open (BBCH 60). 
 

 
Figure 1. Linear regression between “beginning of leaf 

bud swelling / inflorescence bud swelling” (BBCH 01/51 
and “first open flowers” (BBCH 60) phenophases (DOY) 

From a calendar point of view, the “beginning 
of leaf bud swelling/inflorescence bud 
swelling” (BBCH 01/51) phenophases took 
place, depending on the year, between March 
20 and April 1. Masaki (2000) believes that 
during the breaking of buds to the leaves, 
apples will have the highest risk of frost in 
future weather conditions. Over the four 
climate years analyzed, between March 20 and 
April 1, the minimum recorded temperatures 
were as follows: -5.2°C in the year 2018,          
-6.8°C in the year 2019, -7.2°C in the year 
2020 and -5.4°C in the year 2021, while the 
average temperatures of the period varied 
between 3.02°C (year 2018) and 7.53°C (2019) 
(Table 4). As a result, they have not affected 
the buds and fruit production over the analyzed 
period. 
In terms of flowering, apple blossoms are 
easily damaged by frost and substantial yield 
losses occur when apple flowering and spring 
frost events coincide, with a single frost being 
sufficient to damage the sensitive apple 
blossom (Rodrigo, 2000). The “first open 
flower” (BBCH 60) phenophase of the 
GoldRush apple variety took place at different 
times of the year, between April 15 and May 2. 
The flowering period is a crucial process to 
understand, as it is closely related to air 
temperature. Early flowering can be explained 
by the high temperature during the forcing 
period which induces the appearance of the 
first flowers in the trees (El Yaacoubi et al., 
2019). According to Richardson et al. (1975), 
during the flowering phase, the risk threshold 
for apple buds is slightly below -2°C. 
Regarding the spring frosts and the influence 
on some phenological stages, based on the 
predicted data of the sensitive phenophases and 
the analysis of the minimum temperatures 
during this interval, the risk of frost was 
evaluated on an annual basis (Table 4). Over 
the four climatic years analyzed, between April 
15 and May 2, no temperatures below the 
resistance threshold (-2°C) were recorded. The 
average temperatures during this period varied 
between 9.76 and 15.98°C, and the minimum 
between -1.1°C and 5.2°C (Table 4). As a 
result, over the four years analyzed, no 
temperature events were recorded to damage or 
even kill flower buds. Light frosts result in 
degradation of fruit quality (Eccel et al., 2009), 
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swelling / inflorescence bud swelling” (BBCH 
01/51), until 123.36 day of year for phenophase 
"end of flowering" (BBCH 69) (Table 2). The 
coefficient of variability, for the eleven 

phenophases analyzed, had low values (3.98-
6.85%), which highlights a uniformity in terms 
of their development (Table 2).   

 
Table 2. Descriptive statistics of the start date (day of year; DOY) for the development of the main phenological stages 

No BBCH Stage Mean SD Sample  
Variance Minimum Maximum Range Confidence 

Level (95.0%) CV% 

1 BBCH 01/ 51 85.45 3.69 13.67 80 92 12 2.48 4.31 
2 BBCH 03/ 52 88.81 3.54 12.56 83 94 11 2.38 3.98 
3 BBCH 07/ 53 92.36 4.61 21.25 84 98 14 3.09 4.99 
4 BBCH 10/ 54 97.36 4.84 23.45 88 103 15 3.25 4.97 
5 BBCH 15 100.9 4.57 20.89 93 107 14 3.07 4.52 
6 BBCH 31 103.18 4.49 20.16 95 109 14 3.01 4.35 
7 BBCH 55 102.72 7.04 49.61 93 113 20 4.73 6.85 
8 BBCH 57 106.9 5.64 31.89 98 115 17 3.79 5.27 
9 BBCH 60 114.36 5.74 33.05 106 123 17 3.86 5.01 

10 BBCH 65 118.18 5.61 31.56 109 126 15 3.77 4.74 
11 BBCH 69 123.36 5.64 31.85 116 131 15 3.79 4.57 

 
During the four calendar years, the variation 
limits for the onset of phenophases varied 
between 11 (BBCH 03/52) and 20 (BBCH 55) 
days (Table 2). From one year to another, the 

development period of phenophases changes, in 
correlation with environmental factors etc. 
(Table 3).  

 
Table 3. Descriptive statistics of the start date (as Julian day number) for the development of the main phenological 

stages according to the climatic year 
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CV% 1.8 1.8 2.3 2.7 1.6 2.1 1.6 1.5 1.4 0.8 0.8 
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Mean 83.6 88.6 93 99 101.6 104 100 107 116.3 120.3 126.3 
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Regarding the number of Julian days required 
to trigger the “beginning of leaf bud swelling/ 
inflorescence bud swelling” (BBCH 01/51) 
phenophases the earliest year was 2019 
(DOY = 81.66, range 80-83), followed by 2020 
year (DOY = 83.66, range 82-85), 2021 year 
(DOY = 87.66, range 86-89) and 2018 year 
(DOY = 91.33, range 89-93). Depending on the 
climatic conditions, the duration between 

phenophases was different. The number of days 
from phenophase “beginning of leaf bud 
swelling/inflorescence bud swelling” (BBCH 
01/51) to "end of flowering" (BBCH 69), 
differed from year to year, ranging from 26.7 
days (year 2018) to 42.7 days (year 2020) 
(Table 3). The low coefficient of variability 
(CV%: 0.87-2.77) highlights the uniformity of 
the observations in the experimental plot (Table 

3). Throughout the study, for the ‘GoldRush’ 
cultivar, the “first flowers open” phenophase 
occurred, in average, on 108 DOY (range 106-
110) in the year 2018, on 110.3 DOY (range 
109-112) in the year 2019, on  116.33 DOY 
(range 115-118) in the year 2020 and on 121.3 
DOY (range 120-123) in the year 2021 (Table 
3). The start and end dates of the apple blossom 
period (ie from the growth stages of BBCH 60 
“first open flowers” to BBCH 69 “end of 
flowering: all fallen petals”) were different 
from year to year. The duration of this period 
was, in average, 10 days in the year 2018 and 
2020, de 6.7 days in the year 2019, and 8.3 
days in the year 2021. Linear regression 
analysis over the four years of the study 
showed that the duration of flowering decreases 
with how much later the budding takes place 
(R2 = 0.0237, p <0.01; Figure 1), and this is 
probably due to the higher temperatures that 
are setting in over time.  
The knowledge on the phenology of fruit trees 
is absolutely essential for the precise 
programming of horticultural practices, such as 
pest management, physiological disorders, 
post-harvest management, and nutrients and 
water management (Martínez et al., 2019). 
Frost damage is a major concern in fruit-
producing regions (Asakura et al., 2010). The 
dormant buds of apple trees can withstand low 
temperatures down to -30°C, but at full bloom, 
the blossoms are very frost susceptible and 
freeze with temperatures close to zero. 
Since the spring cold resistance of apples 
depends on the phenophase, we considered 2 
periods: (1) beginning of leaf bud swelling/ 
inflorescence buds swelling (BBCH 01/51); (2) 
first flowers open (BBCH 60). 
 

 
Figure 1. Linear regression between “beginning of leaf 

bud swelling / inflorescence bud swelling” (BBCH 01/51 
and “first open flowers” (BBCH 60) phenophases (DOY) 

From a calendar point of view, the “beginning 
of leaf bud swelling/inflorescence bud 
swelling” (BBCH 01/51) phenophases took 
place, depending on the year, between March 
20 and April 1. Masaki (2000) believes that 
during the breaking of buds to the leaves, 
apples will have the highest risk of frost in 
future weather conditions. Over the four 
climate years analyzed, between March 20 and 
April 1, the minimum recorded temperatures 
were as follows: -5.2°C in the year 2018,          
-6.8°C in the year 2019, -7.2°C in the year 
2020 and -5.4°C in the year 2021, while the 
average temperatures of the period varied 
between 3.02°C (year 2018) and 7.53°C (2019) 
(Table 4). As a result, they have not affected 
the buds and fruit production over the analyzed 
period. 
In terms of flowering, apple blossoms are 
easily damaged by frost and substantial yield 
losses occur when apple flowering and spring 
frost events coincide, with a single frost being 
sufficient to damage the sensitive apple 
blossom (Rodrigo, 2000). The “first open 
flower” (BBCH 60) phenophase of the 
GoldRush apple variety took place at different 
times of the year, between April 15 and May 2. 
The flowering period is a crucial process to 
understand, as it is closely related to air 
temperature. Early flowering can be explained 
by the high temperature during the forcing 
period which induces the appearance of the 
first flowers in the trees (El Yaacoubi et al., 
2019). According to Richardson et al. (1975), 
during the flowering phase, the risk threshold 
for apple buds is slightly below -2°C. 
Regarding the spring frosts and the influence 
on some phenological stages, based on the 
predicted data of the sensitive phenophases and 
the analysis of the minimum temperatures 
during this interval, the risk of frost was 
evaluated on an annual basis (Table 4). Over 
the four climatic years analyzed, between April 
15 and May 2, no temperatures below the 
resistance threshold (-2°C) were recorded. The 
average temperatures during this period varied 
between 9.76 and 15.98°C, and the minimum 
between -1.1°C and 5.2°C (Table 4). As a 
result, over the four years analyzed, no 
temperature events were recorded to damage or 
even kill flower buds. Light frosts result in 
degradation of fruit quality (Eccel et al., 2009), 
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and the temperature that caused 50% frost 
damage ranged from -4.25°C to -5.30°C in the 
red bud stage, and -2.86°C to -3.86°C at the 
end of flowering, according to Szalay et al. 
(2019).  
The difference between the onset dates of the 
BBCH60 phenophase over the 4 calendar years 
was 13.3 days (Table 3). The year-on-year 

instability of the deviation can be attributed to 
the unequal temperatures over the period 
considered, leading to differences between the 
onset dates of the "first flowers open" 
phenophase, differences that were more or less 
pronounced depending on the temperature 
course to reach the heat requirement (degree 
hours). 

 
Table 4. Descriptive analysis of temperature during the development of phenophases BBCH 01/51 and BBCH 60 

Descriptive statistics/  
BBCH stage  

Beginning of leaf bud swelling/ 
inflorescence buds swelling (BBCH 

01/51)  

First flowers open (BBCH 60) 

2018 2019 2020 2021 2018 2019 2020 2021 
Mean 3.02 7.53 5.35 4.28 15.98 10.02 11.57 9.76 
Standard Error 0.16 0.17 0.17 0.15 0.12 0.12 0.13 0.13 
Standard Deviation 5.80 6.07 6.16 5.42 5.21 5.28 5.69 5.45 
Sample Variance 33.73 36.93 38.03 29.47 27.24 27.89 32.42 29.76 
Range 25.5 27.1 26.9 21.9 21.6 24.7 24.3 26.2 
Minimum -5.2 -6.8 -7.2 -5.4 5.2 0.1 -1.1 -0.7 
Maximum 20.3 20.3 19.7 16.5 26.8 24.8 23.2 25.5 
Sum 3767.2 9375.6 6663.9 5327.3 27618.7 17328.9 20002.6 16874 
Count 1244 1244 1244 1244 1728 1728 1728 1728 

 
CONCLUSIONS 
 
Analyzing the data obtained, they allowed us to 
assess the temporal trends of development of 
budding and flowering phenophases and the 
trends of risks in the light of global warming. 
The time periods when these phenophases 
occur differ from year to year, and are largely 
influenced by the temperatures in the period 
before budding.  
Fruit growers operating in similar climatic 
contexts can choose their cultivars so that, 
knowing the critical periods, they can solve the 
risk of frost. The research will be continued in 
order to analyze a longer period of time and to 
analyze different assortments, in order to 
achieve sustainable and competitive fruit crops. 
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The time periods when these phenophases 
occur differ from year to year, and are largely 
influenced by the temperatures in the period 
before budding.  
Fruit growers operating in similar climatic 
contexts can choose their cultivars so that, 
knowing the critical periods, they can solve the 
risk of frost. The research will be continued in 
order to analyze a longer period of time and to 
analyze different assortments, in order to 
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Abstract  
 
Climate change represents one of the greatest environmental challenges of the 21st century, accentuated by 
deforestation and the degradation of habitats. Changes in vital aspects such as temperature, the amount and 
distribution of rainfall or the frequency of extreme meteorological phenomena will probably negatively affect 
ecosystems. The possibilities of invasion will predictably increase, being endemic species especially vulnerable to the 
effects of climate change. Invasive species are extremely adaptable to climate variability, as evidenced by their current 
large latitudinal ranges. Generally, invasive plants also have rapid dispersal characteristics, allowing them to vary 
their ranges in response to changing climatic conditions rapidly. As a result, these species could become more 
dominant in many areas under changing climatic conditions. In many situations, the environmental stress generated by 
climate change and invasive plants are synergistic: invasive species can exacerbate the impacts of climate change on 
ecosystems, and in the same way, climate change can allow new invasions.  
 
Key words: climate change, invasive plants, adaptation, abiotic stress. 
 
INTRODUCTION  
 
Predictions estimate that environmental 
conditions will become more stressful due to 
global warming, especially in semi-arid and 
arid areas (IPCC, 2014). These conditions may 
affect the presence of many wild species, 
especially those that are already threatened, 
rare or endemic. Thus, climate change 
represents one of the most significant 
environmental challenges of the 21st century. 
Following the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change 
(IPCC), the average increase in global surface 
temperature is predicted to range from 1.7 to 
4.8 °C until the end of the 21st century (IPCC, 
2014). However, climate change does not only 
imply an increase in temperatures. Drought and 
salinity are the most critical environmental 
stress factors that reduce plant yields 
worldwide (Boyer, 1982; Mahajan & Tuteja, 
2005). Approximately 35 per cent of the total 
land area, including more than 120 countries 

and regions, are threatened by drought disasters 
(Wang et al., 2021), whilst salt-affected soils 
occur in more than 100 countries, with various 
extents, nature, and properties. No climatic 
zone in the world is free from salinisation, 
although the general perception focuses on arid 
and semi-arid regions (Rengasamy, 2006).  
Further, additional effects of climate change 
include extreme weather events and natural 
disasters, such as floods, hurricanes, or 
tsunamis, increased frequency of heavy 
precipitation events, extended dry periods, and 
potentially rising sea levels (IPCC, 2014).  
Climate variables are known to influence the 
presence, absence, distribution, reproductive 
success, and survival of both native and non-
native species (Finch et al., 2021). These 
changes will affect plant species in several 
ways, especially invasive, opportunistic plants, 
predictably changing their geographic ranges 
into new habitats. Consequently, native species 
will also be affected. 

  

 

CLIMATE CHANGE: INVASION 
OPPORTUNITIES 
 
Invasive species are those taxa that have been 
introduced recently and exert a substantial 
negative impact on native biota, economic 
values, or human health (Lodge et al., 2006). 
Biological invasion occurs when a species is 
introduced into a habitat or ecosystem to which 
it is not native, and then becomes established, 
spreads, and causes damage (Mainka & 
Howard, 2010). 
Climate change and biological invasions are 
two essential drivers affecting biodiversity and 
ecosystem services (Schröter et al., 2005). 
Therefore, their study should be considered in 
an integrated manner. At the broadest level, 
climate change creates conditions that favour 
introducing new invasive species or expanding 
the range of nearby exotic species into habitats 
that show enhanced suitability. In this way, the 
distribution of local species is altered 
(Hellmann et al., 2008; Walther et al., 2009). 
Moreover, as the climate warms, the ranges of 
many invasive species will also shift, creating 
new risks in some regions (Bradley et al., 
2010). 
Many regions will be confronted by climate 
change with species, mainly ornamental, that 
have not yet naturalised and will become a 
threat, as the expected changes will reduce the 
naturalisation barriers of some alien species 
(Haeuser et al., 2018). With a typical temperate 
flora, the northern Iberian Peninsula could be 
invaded by species with a precise 
Mediterranean distribution. These species 
constitute a challenge for monitoring and 
proactive management by researchers and 
administration. We are aware of the invasive 
plants in the Mediterranean area, many of them 
coming from other Mediterranean climate 
regions such as South Africa, Chile or 
California. It is expected that some of those 
species will increase its new distribution area 
northwards (Brundu & Richardson, 2016). For 
example, in Europe, the number of invasive 
alien species increased by 76% in the last 30 
years (Butchart et al., 2010), a trend that will 
accelerate rapidly, due to climate change 
(Haeuser et al., 2018) and the enormous 
number of exotic plants stored in domestic back 
yards, botanical gardens and plant nurseries 

(Pergl et al., 2016; van Kleunen et al., 2018).  
 
INVASIVE SPECIES ADAPTATION 
MECHANISMS 
 
The mechanisms by which species spread and 
adapt to new habitats have become a growing 
focus of research, particularly in the context of 
climate change and species invasions. Invasive 
species are rarely competitively dominant or 
major components in their native systems; 
however, in novel communities they often have 
larger populations, grow more densely, show 
higher fitness, and outcompete natives (Vilà et 
al., 2011). 
Invasive species utilise a wide array of trait 
strategies to establish in novel ecosystems. 
Rapid adaptation to local climates can facilitate 
the expansion of their ranges (Colautti and 
Barrett, 2013), even beyond the climatic 
distributions in their native habitats (Petitpierre 
et al., 2012). They are usually successful and 
abundant, also showing in many cases 
characteristics that differ from endemic species. 
Thus, invasive plants generally grow faster and 
larger than native species, allocating more 
resources to leaf area and shoot growth, and 
possessing advantageous physiological traits 
(van Kleunen et al., 2010; Dawson et al., 2011). 
Furthermore, many invasive plants have broad 
climatic tolerances and large geographic ranges 
(RejmáZhangnek, 1995; Goodwin et al., 1999; 
Qian & Ricklefs, 2006), characteristics that will 
affect their response to climate change. They 
may also present other features facilitating their 
rapid dispersals, such as low seed mass and a 
short time to maturity (Rejmánek & 
Richardson, 1996). In addition, plant 
architecture and resource allocation patterns 
contribute as well to tolerance; for example, 
individuals that store more resources below 
ground may be more tolerant to aboveground 
damage (Hochwender et al., 2000). 
Focusing on specific cases, Colautti and Barrett 
(2013) showed that, in Lhitrum salicaria, the 
evolution of earlier flowering is adaptive at the 
northern invasion front. It increases fitness as 
much as, or even more than the effects of 
specialist herbivores and the evolution of 
enhanced competitive ability. Some invasive 
plant species can also modify the soil they 
occupy to improve their fitness relative to 
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Focusing on specific cases, Colautti and Barrett 
(2013) showed that, in Lhitrum salicaria, the 
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much as, or even more than the effects of 
specialist herbivores and the evolution of 
enhanced competitive ability. Some invasive 
plant species can also modify the soil they 
occupy to improve their fitness relative to 
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native species. Positive feedback occurs if a 
heightened invader species increases the degree 
or extent of soil modification, in turn further 
favouring these invaders over natives (Jordan et 
al., 2008; Zhang et al., 2019; Tian et al., 2021). 
Another strategy of invasive plants to establish 
themselves in novel ecosystems is the ability to 
produce allelopathic compounds that can 
inhibit neighbouring native plants, either 
directly or suppressing native plants through 
disruption of beneficial subterranean microbial 
communities, or by alteration of ecosystem soil 
resources (Kalisz et al., 2021; Kato-Noguchi 
and Kurniadie, 2021; Qu et al., 2021). 
 
ECONOMIC AND ENVIRONMENTAL 
COSTS 
 
Currently, invasive alien species are considered 
one of the most relevant causes of biodiversity 
loss and one of the primary drivers of global 
change (Sala et al., 2000), entailing significant 
adverse environmental and socioeconomic 
impacts (Blackburn et al., 2019). Control of 
these invasive plants is a management priority, 
as they reduce native communities, ecological 
processes and ecosystem services (Zhang et al., 
2019; Milanović et al., 2020), and can disturb 
socioeconomic systems (Rockwell-Postel et al., 
2020), especially if their impact is high 
(Coville et al., 2021). Overall, invasive plants' 
negative ecological and socioeconomic 
consequences justify the advantages of 
proactively identifying and preventing high-
impact species from gaining a foothold in a 
favourable new habitat. Furthermore, once 
invasive alien species are established, 
eradication is time-consuming and costly 
(Angulo et al., 2021; Diagne et al., 2021; 
Haubrock et al., 2021; Kourantidou et al., 2021; 
Novoa et al., 2021), so the prevention of future 
invasions is considered the most cost-effective 
management approach (Genovesi, 2005). 
The Spanish government estimates that up to 
190 exotic species have already established 
invasive populations in the country (Spanish 
Catalogue of Invasive Alien Species, Royal 
Decree 630/2013). According to Angulo et al. 
(2021), invasive species management cost 
Spain at least 231.1 million € between 1997 
and 2019. Compared to other countries in the 

Mediterranean basin, Spain is the fifth most 
impacted country by the costs associated with 
invasive alien species (Kourantidou et al., 
2021), after France (690.9 million €), Italy (504 
million €), Libya (300.8 million €) and Turkey 
(288.4 million €). From a continental 
perspective, Haubrock et al. (2021) ranked 
Spain as similar to The Netherlands and 
Ireland, both countries being much smaller than 
Spain. Using a robust dataset, we showed that 
from all exotic invading species, the highest 
costs were reported for invasive plants (66%), 
especially from the orders Myrtales and 
Commelinales (Angulo et al., 2021). Figure 1 
shows a few examples of some of the most 
problematic plant species invading different 
habitats in Spain. 
 
FUTURE MANAGEMENT SOLUTIONS 
 
The future of invasive species management will 
require new tools, developed from research 
integrating invasion and climate-change 
biology. To control these invaders under a 
changing climate scenario, it is essential to 
anticipate which species will spread to new 
habitats and how rapidly they will do it. Also, it 
is necessary to understand how the 
characteristics of specific invaders may disrupt 
or have the potential to disrupt invaded 
ecosystems (Finch et al., 2021). 
Climate change poses a threat to native species, 
as it may reduce barriers to the naturalisation of 
some alien species. Identifying such species is 
very important to anticipate imminent invasions 
(Haeuser et al., 2018). Therefore, early 
detection is a key principle of invasive species 
management (Reaser et al., 2020). As 
monitoring for new species is costly, priority 
should be given to those invasive plants that 
will shift their range (Rockwell-Postel et al., 
2020) from the Mediterranean area because of 
global climate change. Proactive responses 
could be further enhanced by anticipating 
future threats (Hulme et al., 2017). Eradication 
efforts must be accomplished within weeks, a 
few months or, at most, 1-2 years, for a rapid 
response to be successful (Lodge et al. 2006). 
Invasion scenarios are unique and, therefore, 
the period to achieve eradication depends on 
the context.  

Figure 1. Presence of invasive species in Spain.  Spartina patens in a coastal salt marsh in Valencia (A),  
Agave americana on a beach in Alicante (B), Araujia sericifera in a citrus grove in Valencia (C),  

and Carpobrotus edulis in Pontevedra (Galicia) (D).  

 
In this sense, the resilience of the invaded 
space and the endangered species play a 
fundamental role, but the lack of a rapid and 
well-coordinated response will impede 
eradication. 
If monitoring fails, the new species will 
naturalise within the area and modify the 
biogeochemical processes of the ecosystem 
(Milanović et al., 2020). The chances of 
eradicating the species will decrease, and 
control will only be possible at a high cost and, 
probably, with little success (Westbrooks, 
2004). The use of robust and transparent 
protocols (Blackburn et al., 2014; Hawkins et 
al., 2015; Haeuser et al., 2018) to prioritise 
invasive plants that are likely to shift their 
range with climate change, is the best method 
to prevent their access to pristine habitats 
(Rockwell-Postel, 2020). This approach will 
provide insight into those high-priority species 
for early detection and rapid response, 
increasing the likelihood of successfully 
preventing future invasions.  
First, it is necessary to identify or predict which 
species are invasive, or possible invaders as 
candidates to respond positively to climate 
change. Once the invasive species is known, 
one of the critical scientific issues in invasion 
ecology is understanding the mechanisms 
underlying a successful invasion. The analysis 

of the physiological variability in functional 
traits is essential to aid the prediction of how 
invasive species will respond to climate 
change. For example, osmotic adjustment, 
antioxidant responses (Pintó-Marijuan & 
Munné-Bosch, 2013), hormonal responses 
(Fenollosa et al., 2018), phenols and tannins 
(Núñez-González et al., 2021), C and N 
isotopic composition, chlorophyll and 
xanthophyll cycle pigment contents (Campoy 
et al., 2021) and photosynthetic parameters 
(Souza-Alonso et al., 2019), amongst others, 
are important physiological traits that describe 
the adaptation state of species in worldwide 
habitats. This information will be helpful for 
predicting the potential distribution of invasive 
plants and for designing appropriate 
management strategies (Campoy et al., 2021). 
Tolerance limits against abiotic and biotic 
stress of invasive plants are poorly understood 
(Nischal & Sharma, 2019). Additionally, the 
degree of invasion differs between different 
habitats within the same species (Medvecká et 
al., 2018). Therefore, the combined study of 
field parameters in the different habitats 
invaded by a species and its responses under 
controlled conditions is necessary to 
understand the degree or capacity of invasion 
of the species of interest and its potential to 
affect native endangered species. Analysing 
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of the species of interest and its potential to 
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ecophysiological responses by characterising 
physiological and biochemical markers, such as 
osmotic adjustment or indicators of antioxidant 
protection under stress conditions, could help 
predict future invasiveness patterns and 
understand how widespread they will be. 
Different stresses cause the activation of a 
series of physiological, biochemical and 
molecular responses in plants, including the 
control of ionic transport, the accumulation of 
compatible solutes or osmolytes for osmotic 
adjustment, the activation of antioxidant 
systems to counteract the stress-induced 
generation of reactive oxygen species (ROS), 
hormonal balance or pigment relations (Fahad 
et al., 2015; Pessarakli et al., 2015; Kumar, 
2018; Zhao et al., 2021). When dealing with 
invasive plants, most studies have focused only 
on their invasiveness in a particular habitat and 
their relationship with other species. The stress 
tolerance mechanisms of plant species of 
specific habitats, for example, structural 
halophytes in salt marshes (e.g., Al Hassan et 
al., 2016b; Pardo-Domenech et al., 2016) have 
been investigated, as well as those of 
differential taxa, such as endemic or 
endangered species (Lampert et al., 2014; 
Duenas et al., 2018; González-Orenga et al., 
2020a; 2020b). However, there are very few 
comparative studies on the physiological and 
biochemical responses to stress of native and 
invasive plants competing in the same habitat 
(e.g., Al Hassan et al., 2016a). Therefore, the 
mechanisms underlying the presence of these 
plant taxa in the different habitats are still 
poorly understood. Incorporating these 
biochemical stress markers into the existing 
models will provide powerful tools to be used 
by modelling experts to improve their 
databases and design accurate models to predict 
future invasions (Pintó-Marijuan & Munné-
Bosch, 2013). 
 
CONCLUSIONS 
 
Invasive plants already pose a major threat to 
biodiversity and natural habitats, a problem that 
will worsen progressively because of the 
climate change, which creates conditions that 
favour the expansion of invasive species, 
causing significant negative environmental and 
socioeconomic impacts. Invasive species 

generally can adapt more efficiently and 
rapidly than the native flora to the new 
environmental conditions, as they have broad 
climatic tolerances, as shown by their large 
geographic ranges. They possess other traits 
contributing to their expansion, such as rapid 
growth, easy seed dispersal and high 
competitiveness. Native endangered taxa, such 
as rare and endemic species, are the most 
threatened by biological invasions. 
Control of these invasive plants is a 
management priority, which will require new 
tools, developed from research on plant stress 
physiology, climate change and invasion 
biology. It will be necessary to identify 
potential invasive species and proactively 
prevent their expansion, as eradication once 
they are established in the new habitats will be 
difficult and costly. Particularly relevant will 
be the elucidation of the mechanisms of 
tolerance to abiotic stress (drought, salinity, 
high temperatures) of invasive species, which 
are at present poorly understood. 
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ecophysiological responses by characterising 
physiological and biochemical markers, such as 
osmotic adjustment or indicators of antioxidant 
protection under stress conditions, could help 
predict future invasiveness patterns and 
understand how widespread they will be. 
Different stresses cause the activation of a 
series of physiological, biochemical and 
molecular responses in plants, including the 
control of ionic transport, the accumulation of 
compatible solutes or osmolytes for osmotic 
adjustment, the activation of antioxidant 
systems to counteract the stress-induced 
generation of reactive oxygen species (ROS), 
hormonal balance or pigment relations (Fahad 
et al., 2015; Pessarakli et al., 2015; Kumar, 
2018; Zhao et al., 2021). When dealing with 
invasive plants, most studies have focused only 
on their invasiveness in a particular habitat and 
their relationship with other species. The stress 
tolerance mechanisms of plant species of 
specific habitats, for example, structural 
halophytes in salt marshes (e.g., Al Hassan et 
al., 2016b; Pardo-Domenech et al., 2016) have 
been investigated, as well as those of 
differential taxa, such as endemic or 
endangered species (Lampert et al., 2014; 
Duenas et al., 2018; González-Orenga et al., 
2020a; 2020b). However, there are very few 
comparative studies on the physiological and 
biochemical responses to stress of native and 
invasive plants competing in the same habitat 
(e.g., Al Hassan et al., 2016a). Therefore, the 
mechanisms underlying the presence of these 
plant taxa in the different habitats are still 
poorly understood. Incorporating these 
biochemical stress markers into the existing 
models will provide powerful tools to be used 
by modelling experts to improve their 
databases and design accurate models to predict 
future invasions (Pintó-Marijuan & Munné-
Bosch, 2013). 
 
CONCLUSIONS 
 
Invasive plants already pose a major threat to 
biodiversity and natural habitats, a problem that 
will worsen progressively because of the 
climate change, which creates conditions that 
favour the expansion of invasive species, 
causing significant negative environmental and 
socioeconomic impacts. Invasive species 

generally can adapt more efficiently and 
rapidly than the native flora to the new 
environmental conditions, as they have broad 
climatic tolerances, as shown by their large 
geographic ranges. They possess other traits 
contributing to their expansion, such as rapid 
growth, easy seed dispersal and high 
competitiveness. Native endangered taxa, such 
as rare and endemic species, are the most 
threatened by biological invasions. 
Control of these invasive plants is a 
management priority, which will require new 
tools, developed from research on plant stress 
physiology, climate change and invasion 
biology. It will be necessary to identify 
potential invasive species and proactively 
prevent their expansion, as eradication once 
they are established in the new habitats will be 
difficult and costly. Particularly relevant will 
be the elucidation of the mechanisms of 
tolerance to abiotic stress (drought, salinity, 
high temperatures) of invasive species, which 
are at present poorly understood. 
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Abstract 
 
Open green spaces are the areas where the city, people and other living things breathe. Some plants used in these areas 
have both aesthetic and food features. These plants called edible ornamental plants can yield food products such as 
leaves, flowers and fruits suitable for consumption in urban areas without a commercial income. In this study, it was 
aimed to determine the potential of edible ornamental plants in the sample of Çanakkale City Center. The research was 
conducted in 15 streets, 4 parks and 31 schools in Çanakkale City Center. Plant species and numbers in the study area 
were determined on site. According to the analyses, a total of 60 families, 123 genera, 166 species, 53 edible species and 
29220 plants were identified in the study area. 44.39% of the plants were located in parks, 43.34% in streets and 12.28% 
in schools. The rate of edible species was determined as 37.38% in streets, 38.02% in parks and 35.09% in schools. The 
edible plant rate was 25.02% and the edible species rate was 32.12%. 
 
Key words: edible ornamental plants, edible flowers, edible landscape, open green spaces, city center. 
 
INTRODUCTION 
 
After the industrial revolution, urbanization 
increased with industrialization in Turkey in the 
1950s (Ozel & Cakmakyapan, 2015). The 
developments in the field of the industry have 
increased the diversity and use of agricultural 
tools and machines, but have led to less use of 
man power in agricultural production activities. 
Many people with decrescent employment 
opportunities in rural areas have migrated 
intensively to the large cities with hopes of 
finding work and a better quality of life. 
Increasing urban population and 
industrialization have led to rapid concretion 
and urbanization of open spaces. Rapid 
urbanization has led to an increase in workplace 
and housing construction, an increase in hard 
impermeable surfaces in urban areas, the 
formation of urban heat islands and a decrease 
in open green spaces (Sun et al. 2017; Irmak et 
al., 2020). Open green spaces are the areas 
where the citizens rest, socialize, relieve their 
stress and do many activities in the busy city life. 
These areas are also places where urban people 
meet their longing for nature. The urban people 
find the opportunity to recognize many different 

plants in these areas, to see, smell and touch their 
different parts such as flowers and fruits more 
closely. Even the urban people have the chance 
to pick the flowers and fruits of some plants 
from their branches and consume them fresh. 
Plants in landscape design have aesthetic and 
beautiful appearances, as well as some of them 
have the characteristics of being edible and 
consumed as food. In landscape designs, the use 
of plants with flavor, food and ornamental plant 
functions is called “Edible Landscape”. The 
plants used in the landscape design is referred to 
as edible ornamental plants (Celik, 2017; 
Fetouh, 2018; Sevik et al., 2020). Fruit trees, 
mulberry bushes, vegetables, herbs, edible 
flowers and ornamental plants are included in 
edible landscaping. These plants have both 
aesthetic and food properties (Celik, 2017; 
Fetouh, 2018; Salbitano et al., 2019). 
Plants with edible flower are Borago officinialis, 
Allium schoenoprasum, Calendula officinalis, 
Citrus sp., Chamaemelum nobile, Dianthus 
caryophyllus, Gladiolus sp., Fuchsia x hybrida, 
Hemerocallis sp., Helianthus annus, Impatiens 
wallerana, Lavandula angustifolia, Jasminum 
officinale, Yucca flamentosa, Lonicera 
japonica, Monarda didyma, Malus sp., Musa 

 

paradisiaca, Pelargonium sp., Paeonia 
lactiflora, Phlox paniculata, Rosa sp., Primula 
vulgaris, Rosemarinus officinalis, Syringa 
vulgaris, Sambucus sp., Tagetes sp., 
Tropaeolum majus, Tilia sp., Viola sp. and 
Tulipa sp. species (Saygili & Sirin, 2010). 
Plants with edible fruit are Arbutus unedo, Rosa 
canina, Crateagus monogyna, Corylus avellana, 
Citrus sinensis, Crateagus monogyna, 
Diospyros kaki, Laurocerasus officinalis, 
Sorbus torminalis, Pyrus communis, Ficus 
caria, Mespilus germanica, Olea europaea,  
Vaccinium arcthostophyllos, Prunus persica, 
Cornus mas, Crataegus orientalis, Celtis 
australis, Prunus domestica, Diospyros kaki, 
Laurocerasus officinalis, Morus nigra, 
Hippophae rhamnoides, Mespilus germenica, 
Prunus armenicana, Prunus avium, Prunus 
divaricata, Pyracantha coccinea, Punica 
granatum, Rhus coriaria, Ribes orientale, 
Vaccinum myritillus, Tilia rubra, Sorbus 
aucuparia, Vitis vinifera and Viburnum opulus 
species (Bekci et al., 2010; Creasy, 2010; Sari, 
2016). 
There are some advantages of using edible plant 
species in landscape design such as increasing 
the contact of the citizens with nature, 
supporting wildlife and sustainability, 
contributing to the dissemination of local 
products, providing the opportunity to consume 
plant products fresh from the branch, sharing 
and contributing to communication between 
people (Celik, 2017; Olgun et al., 2018). Some 
of the edible ornamental plants can be found in 
existing parks, roads, school gardens, coastal 
areas, gardens of public buildings, private 
workplaces, roof gardens and home gardens 
(Russo et al., 2017; Nadal et al., 2018). 
This study was carried out to determine the 
potential of edible ornamental plants in the 
sample of Çanakkale City Center. 
 
MATERIALS AND METHODS 
 
Çanakkale province is located in the northwest 
of Turkey, between 40o 03' and 40o 18' north 
latitudes and 26o 34' and 26o 47'east longitudes. 
Çanakkale is one of the provinces on the 
continents of both Europe and Asia. The City 
Center is located in the Asian continent 
(Ministry of Culture and Tourism, 2021). This 
study was carried out in public spaces in 

Çanakkale City Center (Figure 1) between 2017-
2018. The streets, parks, and all public school 
gardens, except the university, which had been 
heavily preferred by city center users, were 
determined as the study areas. With on-site 
investigations, plant species and numbers were 
determined in 15 streets (Figure 2), 31 school 
gardens (Figure 3), and 4 parks (Figure 4) in 
Çanakkale City Center. The families and genera 
of edible ornamental species were determined 
according to the literature. The plant density 
(piece/100 m or piece/100 m2) and edible 
species ratio (%) encountered on the streets, 
schools and parks were calculated in MS Office 
2016 Excel software and graphs and tables were 
made. 

 
Figure 1. The research area (modified from Google Maps 

and Wikipedia, 2021) 

 
Figure 2. Streets in the research area (modified from 

Google Maps, 2021) 
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Figure 1. The research area (modified from Google Maps 

and Wikipedia, 2021) 

 
Figure 2. Streets in the research area (modified from 

Google Maps, 2021) 
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Figure 3. Schools in the research area (modified from 

Google Maps, 2021) 
 

 
Figure 4. Parks in the research area (modified from 

Google Maps, 2021) 
 
RESULTS AND DISCUSSIONS 
 
A total of 60 families, 123 genera, 166 species, 
and a total of 29220 plants were identified in 
Çanakkale City Center study areas. 12663 of 
these plants were determined on the street, 
12970 in parks and 3587 in schools. The rate of 
edible plants in the study area was 25.02% and 
the rate of edible species was found to be 
32.12%. In the study area, the highest edible 

plant rate was found on the streets, and the 
lowest edible plant rate was found in the parks 
(Figure 5). Despite the low rate of edible plants, 
the highest rate of edible species was obtained in 
the parks. This showed that edible plant species 
were less in the area in terms of plant numbers. 
 

 
Figure 5. Edible species and plant ratio according to the 

study areas 
 
Rosaceae family was the family with the highest 
number of plants in the study area. This family 
was represented in the area with 15 genera and 
22 species. The edible species rate of this family 
in the area was 77.27%. After Rosaceae family, 
Fabaceae family ranked second with 10 genera, 
13 species, and 3 edible plant species. 12 
families with 100% edible species ratio were 
identified (Table 1). Demircioglu Street (197 
pieces/100 m) had the highest density among the 
streets of Çanakkale City Center. The street with 
the least plant density was Plaj Street (1 
piece/100 m). Among the streets, the street with 
the highest edible species ratio was 100. Yıl 
Street (Figure 6). Troya Street and Atatürk 
Street were the streets with the highest values in 
terms of family, genera, species, edible species 
and plant numbers. Only two plant species were 
identified in Plaj Street which had no edible 
species (Table 2). 
Among the schools studied in Çanakkale City 
Center; the highest plant density was in Merkez 
Çanakkale Anadolu High School; the highest 
rate of edible species was found in Akçansa 
Güzel Sanatlar High School (Figure 7). 290 
plants in Akçansa Güzel Sanatlar High School 
and 750 plants in Merkez Çanakkale Anadolu 
High School were identified. The highest 
number of edible species was determined in 

 

Merkez Mehmet Akif Ersoy Mesleki ve Teknik 
Anadolu High School and Çanakkale Mesleki ve 
Teknik Anadolu High School (Table 3). Ömer 
Mart Secondary School and Çanakkale Mesleki 
ve Teknik Anadolu High School were the 
schools with the highest.  
 

 
Figure 6. Plant density and edible species ratio on the 

streets 
 

 
Figure 7. Edible species ratio on the schools 

 
The highest plant density among the parks of 
Çanakkale City Center was in Halk Garden with 
8427 plants; the highest rate of edible species 

was found in Yörem Fruit Garden with 20 edible 
species (Figure 8). The highest number of edible 
species was determined in Halk Garden, and the 
lowest number of edible species was determined 
in Özgürlük Park (Table 4). 
 

 
Figure 8. Edible species ratio on the parks 

 
53 edible species were identified in Çanakkale 
City Center study area. These were Amygdalus 
communis, Arbutus unedo, Berberis thunbergii 
var. atropurpurea, Castanea sativa, Celtis 
australis, Cerasus mahaleb, Citrus aurantium, 
Citrus limon, Citrus reticulata, Cydonia 
vulgaris, Diospyros kaki, Eleagnus angustifolia, 
Eriobotrya japonica, Euryops pectinatus, Ficus 
carica, Juglans regia, Laurus nobilis, 
Lavandula officinalis, Lonicera caprifolium, 
Mahonia aquifolium, Malus domestica, Malus 
floribunda, Mespilus germanica, Morus alba, 
Morus nigra pendula, Morus nigra, Myrtus 
communis, Olea europaea, Opuntia robusta, 
Passiflora caerulea, Pinus pinea, Prunus 
armenica, Prunus avium, Prunus cerasifera, 
Prunus domestica, Prunus laurocerasus, 
Prunus persica, Punica granatum, Pyracantha 
coccinea, Pyrus domestica, Rhamnus 
cathartica, Robinia pseudoacacia, Robinia 
pseudoacacia umbraculifera, Rosa spp., 
Rosmarinus officinalis, Rubus idaeus, Salvia 
officinialis, Syringa vulgaris, Taxus baccata 
fastigiata, Tilia tomentosa, Vitis vinifera, Yucca 
filamentosa and Zizyphus vulgaris edible plant 
species. 
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Figure 3. Schools in the research area (modified from 

Google Maps, 2021) 
 

 
Figure 4. Parks in the research area (modified from 

Google Maps, 2021) 
 
RESULTS AND DISCUSSIONS 
 
A total of 60 families, 123 genera, 166 species, 
and a total of 29220 plants were identified in 
Çanakkale City Center study areas. 12663 of 
these plants were determined on the street, 
12970 in parks and 3587 in schools. The rate of 
edible plants in the study area was 25.02% and 
the rate of edible species was found to be 
32.12%. In the study area, the highest edible 

plant rate was found on the streets, and the 
lowest edible plant rate was found in the parks 
(Figure 5). Despite the low rate of edible plants, 
the highest rate of edible species was obtained in 
the parks. This showed that edible plant species 
were less in the area in terms of plant numbers. 
 

 
Figure 5. Edible species and plant ratio according to the 

study areas 
 
Rosaceae family was the family with the highest 
number of plants in the study area. This family 
was represented in the area with 15 genera and 
22 species. The edible species rate of this family 
in the area was 77.27%. After Rosaceae family, 
Fabaceae family ranked second with 10 genera, 
13 species, and 3 edible plant species. 12 
families with 100% edible species ratio were 
identified (Table 1). Demircioglu Street (197 
pieces/100 m) had the highest density among the 
streets of Çanakkale City Center. The street with 
the least plant density was Plaj Street (1 
piece/100 m). Among the streets, the street with 
the highest edible species ratio was 100. Yıl 
Street (Figure 6). Troya Street and Atatürk 
Street were the streets with the highest values in 
terms of family, genera, species, edible species 
and plant numbers. Only two plant species were 
identified in Plaj Street which had no edible 
species (Table 2). 
Among the schools studied in Çanakkale City 
Center; the highest plant density was in Merkez 
Çanakkale Anadolu High School; the highest 
rate of edible species was found in Akçansa 
Güzel Sanatlar High School (Figure 7). 290 
plants in Akçansa Güzel Sanatlar High School 
and 750 plants in Merkez Çanakkale Anadolu 
High School were identified. The highest 
number of edible species was determined in 

 

Merkez Mehmet Akif Ersoy Mesleki ve Teknik 
Anadolu High School and Çanakkale Mesleki ve 
Teknik Anadolu High School (Table 3). Ömer 
Mart Secondary School and Çanakkale Mesleki 
ve Teknik Anadolu High School were the 
schools with the highest.  
 

 
Figure 6. Plant density and edible species ratio on the 

streets 
 

 
Figure 7. Edible species ratio on the schools 

 
The highest plant density among the parks of 
Çanakkale City Center was in Halk Garden with 
8427 plants; the highest rate of edible species 

was found in Yörem Fruit Garden with 20 edible 
species (Figure 8). The highest number of edible 
species was determined in Halk Garden, and the 
lowest number of edible species was determined 
in Özgürlük Park (Table 4). 
 

 
Figure 8. Edible species ratio on the parks 

 
53 edible species were identified in Çanakkale 
City Center study area. These were Amygdalus 
communis, Arbutus unedo, Berberis thunbergii 
var. atropurpurea, Castanea sativa, Celtis 
australis, Cerasus mahaleb, Citrus aurantium, 
Citrus limon, Citrus reticulata, Cydonia 
vulgaris, Diospyros kaki, Eleagnus angustifolia, 
Eriobotrya japonica, Euryops pectinatus, Ficus 
carica, Juglans regia, Laurus nobilis, 
Lavandula officinalis, Lonicera caprifolium, 
Mahonia aquifolium, Malus domestica, Malus 
floribunda, Mespilus germanica, Morus alba, 
Morus nigra pendula, Morus nigra, Myrtus 
communis, Olea europaea, Opuntia robusta, 
Passiflora caerulea, Pinus pinea, Prunus 
armenica, Prunus avium, Prunus cerasifera, 
Prunus domestica, Prunus laurocerasus, 
Prunus persica, Punica granatum, Pyracantha 
coccinea, Pyrus domestica, Rhamnus 
cathartica, Robinia pseudoacacia, Robinia 
pseudoacacia umbraculifera, Rosa spp., 
Rosmarinus officinalis, Rubus idaeus, Salvia 
officinialis, Syringa vulgaris, Taxus baccata 
fastigiata, Tilia tomentosa, Vitis vinifera, Yucca 
filamentosa and Zizyphus vulgaris edible plant 
species. 

  



70

 
Table 1. Plant status of Çanakkale City Center study areas by family 

Family Total 
Genera 

Total 
Species 

Total Edible 
Species 

Edible Species 
Ratio (%) 

Plant 
Number 

Plant Ratio 
(%) 

Aceraceae 3 3 - - 476 1.629 
Agavaceae 1 1 1 100.00 32 0.110 
Altingiaceae 1 1 - - 20 0.068 
Amaranthacaea 1 1 - - 12 0.041 
Amaryllidaceae 1 1 - - 13 0.044 
Anacardiaveae 1 1 - - 14 0.048 
Apocynaceae 2 2 - - 1000 3.422 
Aquifoliaceae 1 1 - - 10 0.034 
Araliaceae 1 1 - - 27 0.092 
Araucariaceae 1 1 - - 1 0.003 
Arecaceae 2 2 - - 39 0.133 
Asteraceae 1 1 1 100.00 219 0.749 
Berberidaceae 3 5 2 40.00 1453 4.973 
Betulaceae 3 3 - - 15 0.051 
Bignoniaceae 2 2 - - 126 0.431 
Buxaceae 1 1 - - 5 0.017 
Cactaceae 1 1 1 100.00 1 0.003 
Caprifoliaceae 3 4 1 25.00 144 0.493 
Celastraceae 1 2 - - 4906 16.790 
Cupressaceae 5 12 - - 1748 5.982 
Ebenaceae 1 1 1 100.00 5 0.017 
Elaeagnaceae 1 1 1 100.00 73 0.250 
Ericaceae 1 2 1 50.00 3 0.010 
Fabaceae 10 13 3 23.08 1194 4.086 
Hamamelidaceae 1 1 - - 87 0.298 
Hydrangeaceae 2 1 - - 2563 8.771 
Juglandaceae 1 1 1 100.00 46 0.157 
Lamiaceae 4 4 4 100.00 915 3.131 
Lythraceae 1 1 - - 156 0.534 
Magnoliaceae 2 2 - - 31 0.106 
Malvaceae 1 1 - - 66 0.226 
Meliaceae 1 1 - - 89 0.305 
Moraceae 3 5 4 80.00 272 0.931 
Myrtaceae 2 2 1 50.00 149 0.510 
Oleaceae 6 11 2 18.18 3397 11.626 
Onagraceae 1 1 - - 96 0.329 
Palmaceae 1 1 - - 195 0.667 
Passifloraceae 1 1 1 100.00 1 0.003 
Phormiaceae 1 2  - 45 0.154 
Pinaceae 4 10 1 10.00 895 3.063 
Pittosporaceae 1 1 - - 1548 5.298 
Platanaceae 1 2 - - 494 1.691 
Poaceae 1 1 - - 60 0.205 
Punicaceae 1 1 1 100.00 109 0.373 
Rhannaceae 2 2 2 100.00 12 0.041 
Rosaceae 15 22 17 77.27 5384 18.426 
Rubiaceae 1 1 - - 56 0.192 
Rutaceae 1 4 3 75.00 4 0.014 
Salicaceae 2 5 - - 51 0.175 
Sapindaceae 2 2 - - 3 0.010 
Scrophulariaceae 3 3 - - 462 1.581 
Simaroubaceae 1 1 - - 39 0.133 
Solanaceae 1 1 - - 7 0.024 
Tamaricaceae 1 1 - - 26 0.089 
Taxaceae 1 1 1 100.00 22 0.075 
Theaceae 1 1 - - 22 0.075 
Tiliaceae 1 2 2 100.00 175 0.554 
Ulmaceae 2 2 1 50.00 147 0.503 
Verbenaceace 2 2 - - 6 0.021 
Vitaceae 2 2 1 50.00 67 0.229 

 
Table 2. Classification and number of plants in the study area according to the street 

Street Name Family Genera Species Edible Species Plant Number 
Piri Reis Street 13 17 18 9 384 
Plaj Street 1 1 2 - 3 
İnönü Street 13 22 27 13 180 
Aziziye Street 11 13 15 6 77 
100. Yıl Street 12 16 18 11 137 
Barış Street 8 9 10 5 62 
Demircioğlu Street 19 24 24 8 2405 
Setboyu Street 10 11 11 4 467 
Şehit Gürol Street 16 18 21 8 320 
Ahmet Piriştina Street 2 2 2 - 218 
Troya Street 32 47 58 29 3327 
Atatürk Street 31 45 58 19 3464 
Tuğsavul Street 14 19 20 11 120 
Demokrasi Street 11 13 13 4 88 
Kayserili Ahmet Paşa Street 29 34 41 11 1321 

 
Table 3. Classification and number of plants in the study area according to the school 

School Name Family Genera Species Edible Species Plant Number 
Özlem Kayalı Primary School 12 16 18 7 66 
18 Mart Primary School 2 2 3 1 14 
Arıburnu Primary School 9 9 9 5 35 
Çanakale Ticaret Borsası Primary School 3 4 4 2 11 
Anafartalar Primary School 6 6 6 3 22 
İstiklal Primary School 14 16 19 7 84 
Mustafa Kemal Primary School 8 9 9 2 37 
Vali Fahrettin Akutlu Primary School 9 9 11 4 89 
Atatürk Primary School 9 9 12 2 46 
Barbaros Hayrettin Paşa Primary School 2 2 2 1 11 
Şinasi ve Figen Bayraktar Secondary School 14 19 22 6 156 
Ömer Mart Secondary School 18 33 37 13 235 
Cevat Paşa Secondary School 9 13 15 6 155 
Turgut Reis Secondary School 9 11 14 7 107 
Şemsettin Fatma Çamoğlu Secondary School 6 10 12 5 78 
Cumhuriyet Secondary School 15 20 22 11 177 
Şehit Ömer Halis Demir İmam Hatip Secondary School 4 5 5 1 13 
Gazi Secondary School 8 10 11 3 114 
Atatürk Secondary School 6 6 7 3 43 
Vahit Tuna Anadolu High School 12 15 15 5 129 
Nedime Hanım Mesleki ve Teknik High School 8 8 8 3 114 
Merkez Mehmet Akif Ersoy Mesleki ve Teknik Anadolu High School 19 28 33 17 87 
İbrahim Bodur Anadolu High School 22 34 35 12 177 
Merkez Çanakkale Anadolu High School 12 18 22 9 757 
Ali Haydar Önder Anadolu High School 10 18 19 6 104 
Çanakkale İMKB Mesleki ve Teknik Anadolu High School 15 21 23 10 79 
İbni Sina Mesleki ve Teknik Anadolu High School 11 19 19 6 84 
Hasan Ali Yücel Anadolu High School 12 13 14 4 114 
Şehit Cemal Demir Anadolu İmam Hatip High School 7 7 8 3 24 
Akçansa Güzel Sanatlar High School 15 19 21 12 290 
Çanakkale Mesleki ve Teknik Anadolu High School 21 34 37 17 128 

 
Table 4. Classification and number of plants in the study area according to the park 

Park Name Family Genera Species Edible Species Plant Number 
Özgürlük Park 27 45 50 14 2677 
Halk Garden 35 64 75 27 8427 
Sarıçay Park 29 48 62 26 1692 
Yörem Fruit Garden 10 18 21 20 176 
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CONCLUSIONS 
 
It was observed that 32.12% of the plants in the 
study area were edible species, but the 
distribution of these species in the area was 
insufficient in terms of plant numbers. A higher 
rate of edible species was obtained in the parks 
within the study area. The edible species and 
plant density ratios varied according to the 
streets, parks and schools of Çanakkale City 
Center. Increasing edible plant species in 
landscape design will give the users the chance 
to know the plant species and consume the 
products of the species. Increasing edible plant 
species especially in school gardens will help 
children to recognize these plants and use them 
consciously. In order to raise awareness of the 
users, there should be signs about plant species, 
edible plant species, edible plant parts, 
collection processes and plant health in the area. 
Thus, the sustainability of edible landscape 
areas and plants will be ensured. In addition, it 
is risky to consume plants grown in city centers 
where traffic and pollution are intense. People 
should be informed about the risks of consuming 
these plants as food. 
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Abstract  
 
Potato is the most important tuber crop worldwide occupying the fourth place after wheat, maize and rice. Many 
techniques have been developed to facilitate the monitoring of canopy growth. Normalized Difference Vegetation Index 
(NDVI) and chlorophyll content (SPAD 502) were found to be good indicators for predicting nitrogen deficits and 
detecting early stress by drought. The experiences were carried in the Laboratory of crop technology and good 
agricultural practice greenhouse from National Institute of Research and Development for Potato and Sugar Beet 
Brasov, Romania, during the years 2019-2020. The aim of this study was to observe the behavior of a potato variety 
using different soil substrates in the greenhouse and identifying the effectiveness of non-invasive measures to determine 
plant stress. SPAD device detect the distribution of chlorophyll in different growth stages, registering average values on 
variants between 37.0 and 45.5 units in 2019 and between 34.0 and 39.2 units in 2020. Vegetation indices registered 
higher values in 2019 compared to 2020, when the values ranged between 73.0 and 78.2.  
 
Key words: image classification, conservatory, crop, parameters, remote sensing. 
 
INTRODUCTION  
 
Potato (Solanum tuberosum L.) is considered 
the fourth, after wheat, corn and rice, most 
important food in the world. It is cultivated on 
an area of about 19 million ha and the annual 
registered production is around 325 million 
tons. Developing countries produce more than 
half of the world's total potato production 
(FAO, 2016). Its productivity is limited as a 
consequence of climate changes such as 
drought and heat (ICPP, 2007). Potato depends 
on a regular supply of water and nitrogen (N) to 
ensure high quality yield performance 
(Bélanger et al., 2001; Levy et al., 2013). Water 
stress in the plant leads to stomatal closure, 
reduction of transpiration and water transport 
through the plant (Saravia et al., 2015).  
In recent years the growth and yield of potato 
crop have been greatly influenced by abiotic 
stresses. Periods of high temperature and 
drought are becoming more frequent in 
different regions of Romania. Currently, there 
are a number of non-invasive methods that 
determine the chlorophyll concentration at leaf 
or plant level. Using remote sensing 
instruments it is possible to monitor changes in 

crop health over the course of a growing season 
(Richardson et al., 2004). Optimal nutrient 
management is critical to obtain a high tuber 
yield and good quality of potato. Improper 
nutrient application may lead to lower yield or 
environmental pollution (Li et al., 2012). 
Photosynthesis is a complex process that takes 
place in all the green organs of the plant, 
especially in the leaves (Beukema & van der 
Zaag, 1990). Being the most important 
metabolic event on Earth, it is also the most 
important process to understand in order to 
maximize potato production (Tekalign & 
Hammes, 2005). 
Reflectance represents the characteristic of the 
component of the terrestrial environment to 
reflect a part of the incident solar radiation in 
the direction of the remote sensing sensor, 
depending on their physical and chemical 
properties (Gâf et al., 2015; Popescu et al., 
2019). Past research has shown a close link 
between leaf chlorophyll concentration and leaf 
nitrogen (N) content in agricultural crops such 
as rice, maize, and wheat because the majority 
of leaf N is contained within the chlorophyll 
molecules (Peterson et al., 1993; Percival et al., 
2008).  
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CONCLUSIONS 
 
It was observed that 32.12% of the plants in the 
study area were edible species, but the 
distribution of these species in the area was 
insufficient in terms of plant numbers. A higher 
rate of edible species was obtained in the parks 
within the study area. The edible species and 
plant density ratios varied according to the 
streets, parks and schools of Çanakkale City 
Center. Increasing edible plant species in 
landscape design will give the users the chance 
to know the plant species and consume the 
products of the species. Increasing edible plant 
species especially in school gardens will help 
children to recognize these plants and use them 
consciously. In order to raise awareness of the 
users, there should be signs about plant species, 
edible plant species, edible plant parts, 
collection processes and plant health in the area. 
Thus, the sustainability of edible landscape 
areas and plants will be ensured. In addition, it 
is risky to consume plants grown in city centers 
where traffic and pollution are intense. People 
should be informed about the risks of consuming 
these plants as food. 
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Abstract  
 
Potato is the most important tuber crop worldwide occupying the fourth place after wheat, maize and rice. Many 
techniques have been developed to facilitate the monitoring of canopy growth. Normalized Difference Vegetation Index 
(NDVI) and chlorophyll content (SPAD 502) were found to be good indicators for predicting nitrogen deficits and 
detecting early stress by drought. The experiences were carried in the Laboratory of crop technology and good 
agricultural practice greenhouse from National Institute of Research and Development for Potato and Sugar Beet 
Brasov, Romania, during the years 2019-2020. The aim of this study was to observe the behavior of a potato variety 
using different soil substrates in the greenhouse and identifying the effectiveness of non-invasive measures to determine 
plant stress. SPAD device detect the distribution of chlorophyll in different growth stages, registering average values on 
variants between 37.0 and 45.5 units in 2019 and between 34.0 and 39.2 units in 2020. Vegetation indices registered 
higher values in 2019 compared to 2020, when the values ranged between 73.0 and 78.2.  
 
Key words: image classification, conservatory, crop, parameters, remote sensing. 
 
INTRODUCTION  
 
Potato (Solanum tuberosum L.) is considered 
the fourth, after wheat, corn and rice, most 
important food in the world. It is cultivated on 
an area of about 19 million ha and the annual 
registered production is around 325 million 
tons. Developing countries produce more than 
half of the world's total potato production 
(FAO, 2016). Its productivity is limited as a 
consequence of climate changes such as 
drought and heat (ICPP, 2007). Potato depends 
on a regular supply of water and nitrogen (N) to 
ensure high quality yield performance 
(Bélanger et al., 2001; Levy et al., 2013). Water 
stress in the plant leads to stomatal closure, 
reduction of transpiration and water transport 
through the plant (Saravia et al., 2015).  
In recent years the growth and yield of potato 
crop have been greatly influenced by abiotic 
stresses. Periods of high temperature and 
drought are becoming more frequent in 
different regions of Romania. Currently, there 
are a number of non-invasive methods that 
determine the chlorophyll concentration at leaf 
or plant level. Using remote sensing 
instruments it is possible to monitor changes in 

crop health over the course of a growing season 
(Richardson et al., 2004). Optimal nutrient 
management is critical to obtain a high tuber 
yield and good quality of potato. Improper 
nutrient application may lead to lower yield or 
environmental pollution (Li et al., 2012). 
Photosynthesis is a complex process that takes 
place in all the green organs of the plant, 
especially in the leaves (Beukema & van der 
Zaag, 1990). Being the most important 
metabolic event on Earth, it is also the most 
important process to understand in order to 
maximize potato production (Tekalign & 
Hammes, 2005). 
Reflectance represents the characteristic of the 
component of the terrestrial environment to 
reflect a part of the incident solar radiation in 
the direction of the remote sensing sensor, 
depending on their physical and chemical 
properties (Gâf et al., 2015; Popescu et al., 
2019). Past research has shown a close link 
between leaf chlorophyll concentration and leaf 
nitrogen (N) content in agricultural crops such 
as rice, maize, and wheat because the majority 
of leaf N is contained within the chlorophyll 
molecules (Peterson et al., 1993; Percival et al., 
2008).  
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Normalized Difference Vegetation Index 
(NDVI) and chlorophyll content (SPAD) can 
be good indicators for predicting nitrogen 
deficits (Borhan et al., 2004; Bagheri et al., 
2013) and detecting early stress by drought. 
Reduced water uptake also decreases the 
nutrient absorption rate (He & Dijkstra, 2004). 
Physiological parameters such as chlorophyll 
content (SPAD) and the Normalized Difference 
Vegetation Index (NDVI) are related with N 
nutrition and have been reported to indicate 
plant fitness under stress and could be useful 
indicators for selection of superior genotypes in 
breeding and genetic improvement programs 
aiming to enhance stress tolerance 
(Anithakumari et al., 2012; Cabello et al., 
2013). The normalized difference vegetation 
index (NDVI) is commonly used to research 
the vegetation growth and distinguish 
vegetation from non-vegetation with 
eliminating most of the radiation errors, but it is 
prone to saturation (Miller et al., 1990). The 
sources of variation are related to the 
environment (soil type, climatic conditions, 
foliage diseases, intensity of light), variety  
(very  early varieties show higher  variations  of  
chlorophyll than late ones, even if were  
planted on the same date), culture  management 
(irrigation, residues from the previous crop) 
(Goffart et al., 2008).  
SPAD values are changing at every foliar level 
and the measurements carried out on the     
middle foliar level provide the closest 
correlation with average SPAD values of the 
leaf canopy (Víga et al., 2012). There for are 
recommended to make assessment at different 
foliar to determine the average SPAD value of 
the potato leaf canopy. The most important 
limitation is that factors other than available N 
(variety, growing season, location) can affect 
plant growth and chlorophyll development and 
thus the SPAD values obtained (Minotti et al., 
1994). The device has a function similar to that 
of a farmer who evaluates the crop by color, 
only that it determines the measurements 
objectively with accuracy and precision, not 
subjectively like the farmer (Gianquinto et al., 
2004).  
Using SPAD 502 for the monitoring of leaf 
chlorophyll during the vegetation period, the 
existence of a possible nitrogen deficiency can 
be signaled quite early, which can be corrected 

without decreasing the production (Shapiro et 
al., 2006). 
Most traits are evaluated on individual plants or 
even on certain organs of individual plants. 
Also, the measurements depend on the 
environmental conditions during the 
measurements. That is why more integrated 
methods would be needed, both in time and 
space (Jarvis, 1995). 
  
MATERIALS AND METHODS 
 
The experiment was carried out in the 
Laboratory of crop technology and good 
agricultural practice greenhouse from National 
Institute of Research and Development for 
Potato and Sugar Beet Brasov (NIRDPSB), 
Romania, located at 45°40'26"N 25°32'30"E 
and took place between 2019-2020. 
Studied potato variety was Castrum (genitors: 
Christian x Dura), with followed characteristics 
(Hermeziu et al., 2015). 
Morphological: the plant is tall with semi-
upright port. The leaf present intermediary 
opening, strong presence of leaflets, light green 
color.  The flowers are white with medium to 
low frequency, with corolla medium to little. 
The tubers are round-oval with yellow skin and 
pale yellow flesh. The sprouts are ovoid, with 
red purple strong anthocyanin coloration and 
low pubescence of base. 
Physiological: Castrum variety belongs to the 
group of middle varieties with a vegetation 
period of 110-120 days.  
Observations were performed weekly between 
8.08-26.09.2019 and 19.06-27.08.2020. 
All variants were supplied with water in the 
amount of 900 ml/pot weekly. 
Potato tubers were harvest in 10.10.2019 and 
14.09.2020. 
SPAD 502 Plus (Chlorophyll Meter) 
determinations:  3 readings on each plant. For 
interpretation of chlorophyll results is used the 
formula of nitrogen index (Schepers et al., 
1996; Richardson et al., 2002): N index =  
readings  average/control average x 100%.  
Reflectance or the Normalized Difference 
Vegetation Index (NDVI) was taken using two 
types of wavelengths (red and infrared). NDVI 
was calculated following the formula: NDVI = 
(ρNIR - ρRed)/ (ρNIR + ρRed) (Rouse et al., 
1975). 

 
In order to study also the effect of fertilization 
on the physiological traits, tubers were planted 
in greenhouse in pots filled with field soil from 
different levels. The experimental variants 
were: V1 control - pots with soil from horizon 
20-30 cm + 20-10 horizon and 10-0 horizon; 
V2 - pots with 10cm of perlite and soil from 
field (same 3 horizon) and V3 - pots with 10 
cm of perlite and soil from field (same 3 
horizon) and 10 cm of compost. 
The data obtained were statistically processed 
using the SPSS program (test Duncan and 
analysis of variance). 
 
RESULTS AND DISCUSSIONS 
 
SPAD values registred in greenhouse 
For all measurements performed in 2019, the 
SPAD values were below the limit of 50 units, 
the highest average value being obtained in 
September 5 (48.33 units) for variant V3. This 
variant maintaining the highest values on the 
entire study period. In 2020, the highest values 
were obtained at the beginning of the 
vegetation period in all variants. In the V1 
variant, as the foliage developed, the number of 
SPAD units decreased, while in V3 the 
regression was slower, at the last measurement 
(August 27) was registered a value of 42.2 
units, with a significant difference of 19.4 units 
from V1 (Figures 1a, 1b). 
 

 
Figure 1a. SPAD value registered in 2019 

 
At the level of 2019, V3 registered the highest 
values throughout, while variants V1 and V2 
fluctuated, so that the higher value registred at 
V1 was in the middle of the vegetation period, 

in 22, (44.8) respectively August 29 (44.9), 
while at V2 the highest value was recorded on 
August 29 (40.5) and then the lowest values of 
all measurements from all variants were 
recorded (Table 1). 
 

 
Figure 1b. SPAD value registered in 2020 

 
Table 1. Comparison of SPAD values of potato plants 

grown in greenhouse (8.08-26.09.2019)  

 
 

Table 2. Comparison of SPAD values of potato plants 
grown in greenhouse (19.06- 27.08.2020) 

 
 
In 2020, the highest values were also recorded 
in V3, with the mention that at the third 
measurement (July 9) the chlorophyll content 
of plants in V1 (41.4) and V2 (40.9) was 
significantly higher (Table 2). 
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The tubers are round-oval with yellow skin and 
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Physiological: Castrum variety belongs to the 
group of middle varieties with a vegetation 
period of 110-120 days.  
Observations were performed weekly between 
8.08-26.09.2019 and 19.06-27.08.2020. 
All variants were supplied with water in the 
amount of 900 ml/pot weekly. 
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the highest average value being obtained in 
September 5 (48.33 units) for variant V3. This 
variant maintaining the highest values on the 
entire study period. In 2020, the highest values 
were obtained at the beginning of the 
vegetation period in all variants. In the V1 
variant, as the foliage developed, the number of 
SPAD units decreased, while in V3 the 
regression was slower, at the last measurement 
(August 27) was registered a value of 42.2 
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Figure 1a. SPAD value registered in 2019 

 
At the level of 2019, V3 registered the highest 
values throughout, while variants V1 and V2 
fluctuated, so that the higher value registred at 
V1 was in the middle of the vegetation period, 

in 22, (44.8) respectively August 29 (44.9), 
while at V2 the highest value was recorded on 
August 29 (40.5) and then the lowest values of 
all measurements from all variants were 
recorded (Table 1). 
 

 
Figure 1b. SPAD value registered in 2020 

 
Table 1. Comparison of SPAD values of potato plants 

grown in greenhouse (8.08-26.09.2019)  

 
 

Table 2. Comparison of SPAD values of potato plants 
grown in greenhouse (19.06- 27.08.2020) 

 
 
In 2020, the highest values were also recorded 
in V3, with the mention that at the third 
measurement (July 9) the chlorophyll content 
of plants in V1 (41.4) and V2 (40.9) was 
significantly higher (Table 2). 
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Figure 2a. Box plot regarding SPAD values in 2019 

 

 
Figure 2b. Box plot regarding SPAD values in 2020 

 
The lowest value observed in 2019 was 26 
units at V2, while about 25% of the total units 
had values above 62. The average value 
recorded at V1 was 43 unit, to V2 the lowest 
was 38 units while at V3 this value it was 
around 45 units. A statistically assured 
difference can be observed at V3 compared to 
V1 and V2. 
In 2020 the lowest value observed was 18 units 
at V1, while about 25% of the total units had 
values above 49. The average value recorded at 
V1 and V2 was 35 units while at V3 this value 
it was around 42 units. A statistically assured 
difference can be observed at V3 compared to 
V1 and V2 (Figures 2a, 2b). 
The differences observed in the two 
experimental years regarding chlorophyll 
content are in accordance with the climatic 
conditions at the time of reading. 
 
NDVI values registered in greenhouse 
In 2019 during the development of vegetation 
can be observed alternating in terms of NDVI 
values as opposed to 2020 when there were top 
growth in the middle of the period in all 
variants, especially in V2 and V3. 
Comparing the NDVI values of potato plants 
grown in 2019, it can be observed for the entire 

period, except for the values from August 8 and 
22, that variant V3 registered the highest 
values. The average NDVI at the third 
measurement, on August 22, was 83.75, being 
influenced by climatic conditions, respectively 
the presence of less sunny days, with lower 
intensity of light radiation. The highest values 
were recorded at the measurements from 22 
August and 12 September (85.42 at both 
measurements). Foliage losses, specific to the 
variety and different levels of fertilization made 
the NDVI values show significant differences 
(Figures 3a, 3b). 
 

 
Figure 3a. NDVI value registered in 2019 

 

 
Figure 3b. NDVI value registered in 2020 

 
Table 3. Comparison of NDVI values of potato plants 

grown in greenhouse (8.08-26.09.2019) 
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Table 4. Comparison of NDVI values of potato plants 

grown in greenhouse (19.06-27.08.2020) 

 
 

Tables 3-4 show NVDI results of potato plants 
grown in 2019 and 2020. A difference was 
observed both at variant level and at year level. 
Higher values were obtained in 2019 for all 
variants. Of these, the V3 recorded the highest 
level. The situation regarding NDVI on variants 
is the same in 2020, V3 had the highest NDVI 
value along all the time points measured. 
 

 
Figure 4a. Box plot regarding NDVI values in 2019 

 

 
Figure 4b. Box plot regarding NDVI values in 2020 

 
The lowest value observed in 2019 was 62 
units at V2. The average value recorded at V2 
was 81 units, to V1 the lowest was 80 units 
while at V3 this value was 83 units, without a 
statistically assured difference between 
variants. 

The lowest value recorded in 2020 was for 
variant V2 (64 units).  
The average values were different depending 
on the variant, the highest being recorded at V3 
(77 units). The difference is statistically assured 
only at V3 (Figures 4a, 4b). 
From these graphs it can be easily seen that the 
SPAD and NDVI values depends on the variant 
of fertilizer and on the weather conditions. Also 
the variety, the foliage development contributes 
to obtaining highest values of chlorophyll.  
Tacking account of the current results it is 
preferable to avoid rainy days, when the 
humidity is high but also the dry ones because 
the measured values can be influenced by these 
unfavorable climatic conditions. 
The level of fertilization, the factors that cannot 
be controlled even in greenhouse conditions 
(nebulosity, the effect of solar radiation), the 
much more limited agrotechnics decisively 
influence the potato culture. 
It is preferable that at the level of the plant, 
from the beginning of the tubers growth, the 
temperatures to be moderate and the supply of 
water and nutrients continues. No accessibility 
disturbances or excess. 
We subscribe to the observations of other 
authors (Vos, 1999; Hoel, 2003) who found 
that the values of chlorophyll content (SPAD) 
depend primarily on the variety and that during 
the growing season there may be variations in 
measurements. 
It would be interesting to apply additional foliar 
nitrogen fertilization at the time of full 
flowering to varieties with lower SPAD values. 
 
CONCLUSIONS 
 
By this research was explored the relationship 
between genotype and the non-invasive 
measurements during a two-year experiment, 
with the purpose to identify ways to optimize 
the level of fertilization to improve a 
production technology. Regarding the NDVI 
values in both years, the variant V3 (pots with 
10 cm of perlite, soil from field and 10 cm of 
compost) registered the highest level. Also the 
SPAD measurements indicated a statistically 
assured difference to variant V3, the 
chlorophyll content being in accordance with 
the climatic conditions at the time of readings. 
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observed both at variant level and at year level. 
Higher values were obtained in 2019 for all 
variants. Of these, the V3 recorded the highest 
level. The situation regarding NDVI on variants 
is the same in 2020, V3 had the highest NDVI 
value along all the time points measured. 
 

 
Figure 4a. Box plot regarding NDVI values in 2019 

 

 
Figure 4b. Box plot regarding NDVI values in 2020 

 
The lowest value observed in 2019 was 62 
units at V2. The average value recorded at V2 
was 81 units, to V1 the lowest was 80 units 
while at V3 this value was 83 units, without a 
statistically assured difference between 
variants. 

The lowest value recorded in 2020 was for 
variant V2 (64 units).  
The average values were different depending 
on the variant, the highest being recorded at V3 
(77 units). The difference is statistically assured 
only at V3 (Figures 4a, 4b). 
From these graphs it can be easily seen that the 
SPAD and NDVI values depends on the variant 
of fertilizer and on the weather conditions. Also 
the variety, the foliage development contributes 
to obtaining highest values of chlorophyll.  
Tacking account of the current results it is 
preferable to avoid rainy days, when the 
humidity is high but also the dry ones because 
the measured values can be influenced by these 
unfavorable climatic conditions. 
The level of fertilization, the factors that cannot 
be controlled even in greenhouse conditions 
(nebulosity, the effect of solar radiation), the 
much more limited agrotechnics decisively 
influence the potato culture. 
It is preferable that at the level of the plant, 
from the beginning of the tubers growth, the 
temperatures to be moderate and the supply of 
water and nutrients continues. No accessibility 
disturbances or excess. 
We subscribe to the observations of other 
authors (Vos, 1999; Hoel, 2003) who found 
that the values of chlorophyll content (SPAD) 
depend primarily on the variety and that during 
the growing season there may be variations in 
measurements. 
It would be interesting to apply additional foliar 
nitrogen fertilization at the time of full 
flowering to varieties with lower SPAD values. 
 
CONCLUSIONS 
 
By this research was explored the relationship 
between genotype and the non-invasive 
measurements during a two-year experiment, 
with the purpose to identify ways to optimize 
the level of fertilization to improve a 
production technology. Regarding the NDVI 
values in both years, the variant V3 (pots with 
10 cm of perlite, soil from field and 10 cm of 
compost) registered the highest level. Also the 
SPAD measurements indicated a statistically 
assured difference to variant V3, the 
chlorophyll content being in accordance with 
the climatic conditions at the time of readings. 
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Abstract 
 
Antibiotic resistance of  Staphylococcus is increasing worldwide and is becoming a  global concern. The present report 
exposes the study of the antibiotic susceptibility in isolates of  Staphylococcus spp obtained from farm pigs.  The 
samples were collected from healthy pigs, from different farms, in the period between 2019-2020. Forty strains of 
Staphylococcus were isolated from  the anterior nares of individual pigs, and from the skin behind the ears of the 
animals. These isolates were tested against 12 different antimicrobial agents using the Kirby-Bauer disk-diffusion 
method. The antibiotic susceptibility profile of different bacteria isolates was studied to detect MAR, MDR. Multiple 
antibiotic resistance  (MAR)  indices were determined and  it was above 0.2 in 24 of the total of 40  bacteria studied. 
The highest MAR index was detected in Staphylococcus lentus (0.5) and Staphylococcus xylosus (0.41) and 26 (65%) 
strains was MDR. 
In conclusion, the high levels of antibiotic resistance generally correlates with high antibiotic usage and antibiotics 
used are a risk to humans with occupational contact with livestock antibiotics. 
 
Key words: staphylococcus, antibiotic resistance, MDR, MAR. 
 
INTRODUCTION 
 
Staphylococci are Gram-positive facultative 
anaerobic bacteria that belong to the 
Staphylococcaceae family and Staphylococcus 
genus. Most bacteria from this genus normally 
inhabit the skin and mucosae of humans and 
animals and are also a part of soil microbial 
communities (Bardasheva et al., 2021). 
Staphylococci colonize the skin and mucous 
membranes of humans and animals and are 
considered commensals or opportunistic 
pathogens (Silva et al., 2022). 
The role of commensals in the spread of 
resistance among bacteria around the globe 
cannot be overemphasized. They have been 
pointed out as the possible sources of antibiotic 
resistance genes which are now extensive 
among many systemic bacterial pathogens 
(Adegoke & Okoh, 2013; Ungureanu et al., 
2019). Multidrug-resistant Staphylococcus spp. 
isolates from humans and animals have been 
reported in recent decades, and those pose a 

challenge in both human medicine and also in 
veterinary medicine (Godoy et al., 2016). 
Pork meat is in high demand worldwide, which 
demand is expected to further increase in the 
future.  Pork is often raised in intensive 
conditions, which is conducive to the spread of 
infectious diseases. However, bacterial strains 
resistant to antibiotics are more and more 
frequently found on pig farms, in animals and 
their habitat (Monger et al., 2021). 
Antimicrobial agents are of extended use 
equally in veterinary and in human medicine. 
The intensive use of antimicrobials in animals 
may promote the insertion and persistance of 
antimicrobial resistance genes in bacteria, 
which may be zoonotic or capable to transfer 
these genes to human-adapted pathogens or to 
human gut microbiota directly or via food or 
the environment (Argudin et al., 2017). 
S. sciuri is mostly recovered from skin and 
mucous membranes of animals and has long 
been considered a non-pathogenic commensal 
bacterium. In the past years, it has been 

frequently isolated from cases of bovine 
mastites, from goat infected with viruses as 
secondary infection agents, from canine 
dermatitis and from several outbreaks of fatal 
exudative epidermitis în piglets (Beims et al., 
2016). 
For the past two decades, during the continuous 
increase in antimicrobial resistance of bacteria, 
the discovery of new antibiotics to oppose the 
development of anti-microbial resistance has 
rapidly declined (Iwu et al., 2020). 
The time required for conventional antibiotic 
susceptibility tests can result in a significant 
delay in the administration of an effective drug. 
Thus, the likelihood of antibiotic resistance to 
an empirically selected therapy is increasing 
and timely information on antibiotic 
susceptibility becomes of particular importance 
(Hombach et al., 2016). 
The aim of this study was to investigate the 
presence and the antibiotic resistance of 
Staphylococcus spp. isolated from healthy pigs. 
 
MATERIALS AND METHODS 
 
Sampling. Samples from the skin surface were 
swabed from extensively raised, clinically 
healthy pigs, kept on farms (n = 5) of different 
sizes and located in different years. The 
samples were then processesed by methods of 
clasical bacteriology for identification. A total 
of 40 Staphylococcus strains, isolated during 
the period 2019-2020 were colected and 
evaluated. 
Identification. All isolates were identified by 
conventional methods and confirmed by means  
of API Staph (BioMeroeux, France).  
Antimicrobial susceptibility testing. 
Antimicrobial susceptibilities tests were 
performed on all Staphylococcus isolates to 
investigate their antibiotic-resistance profile by 
the agar dilution and disk diffusion methods as 
described in the Clinical and Laboratory 
Standards Institute, 31st Edition. 
These isolates were tested against 12 different 
antimicrobial agents, belonging to different 
antibiotic classes, using the Kirby-Bauer disk-
diffusion method. 
Using a sterile loop, four to five isolated 
colonies of the Staphylococcus strains were 
harvested and suspended  in 5 ml of sterile 

saline, to obtain an inoculum equivalent to 0.5 
on the McFarland scale. 
The entire surface of a Mueller-Hinton agar 
plate was flooded. After the exceeding 
suspension was removed, the plate was left to 
dry. 
Disks containing 10 UI of G Penicillin (P), 
Tetracycline (TE) 30 µg, Marbofloxacine 
(MAR) 5 µg, Clyndamicin (CD) 2 µg, 
Florfenicol (FFC) 30 µg, Imipemen (IPM) 10 
µg, Colistin (CS) 30 µg, Methicillin (MET) 5 
µg, Vancomicyne (VA) 30 µg, Erytromicine 
(E) 15 µg, Sulfamethoxazole/ trimethoprim 
(SXT) 1.25/23.75 μg, Cefoxitin (FOX) 30 µg, 
were positioned on the plate and gently pressed 
onto the inoculated Mueller Hinton agar to 
ensure the contact with the surface. Plates were 
incubated   at 37ºC, for 18-24 h under aerobic 
conditions. 
The inhibition diameters were measured and 
the obtained values were used to quantify the 
sensitivity/resistance of the tested strains. All 
the Staphylococcus isolates were classified as 
resistant, intermediate resistant or sensitive to a 
particular antibiotic. 
Establishment of MDR and MAR index 
among Staphylococcus spp. isolates. 
The multiple antibiotic resistance (MAR) index 
was calculated using the following formula:  

 
MAR index = number of antibiotics to which the 
isolate was resistant/ total number of antibiotics 

tested  
(Raja & John, 2016). 

 
Multidrug resistance was quantified by 
identifying the isolates resistant to three or 
more antimicrobial classes (Godoy et al., 
2016). 
 
RESULTS AND DISCUSSIONS 
 
The 40 isolates which were identified during 
the studywere involved as follows: 19 isolates 
were S. xylosus, 12 isolates were S. lentus, and 
9 isolates were S. sciuri. 
In the current study we also describe the 
antibiotic susceptibility level of S. xylosus,           
S. lentus, and S. sciuri, obtained from  
the anterior nares of individual pigs, and from 
the skin behind the ears of the healthy pigs 
(Figure 1). 
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Staphylococcaceae family and Staphylococcus 
genus. Most bacteria from this genus normally 
inhabit the skin and mucosae of humans and 
animals and are also a part of soil microbial 
communities (Bardasheva et al., 2021). 
Staphylococci colonize the skin and mucous 
membranes of humans and animals and are 
considered commensals or opportunistic 
pathogens (Silva et al., 2022). 
The role of commensals in the spread of 
resistance among bacteria around the globe 
cannot be overemphasized. They have been 
pointed out as the possible sources of antibiotic 
resistance genes which are now extensive 
among many systemic bacterial pathogens 
(Adegoke & Okoh, 2013; Ungureanu et al., 
2019). Multidrug-resistant Staphylococcus spp. 
isolates from humans and animals have been 
reported in recent decades, and those pose a 

challenge in both human medicine and also in 
veterinary medicine (Godoy et al., 2016). 
Pork meat is in high demand worldwide, which 
demand is expected to further increase in the 
future.  Pork is often raised in intensive 
conditions, which is conducive to the spread of 
infectious diseases. However, bacterial strains 
resistant to antibiotics are more and more 
frequently found on pig farms, in animals and 
their habitat (Monger et al., 2021). 
Antimicrobial agents are of extended use 
equally in veterinary and in human medicine. 
The intensive use of antimicrobials in animals 
may promote the insertion and persistance of 
antimicrobial resistance genes in bacteria, 
which may be zoonotic or capable to transfer 
these genes to human-adapted pathogens or to 
human gut microbiota directly or via food or 
the environment (Argudin et al., 2017). 
S. sciuri is mostly recovered from skin and 
mucous membranes of animals and has long 
been considered a non-pathogenic commensal 
bacterium. In the past years, it has been 

frequently isolated from cases of bovine 
mastites, from goat infected with viruses as 
secondary infection agents, from canine 
dermatitis and from several outbreaks of fatal 
exudative epidermitis în piglets (Beims et al., 
2016). 
For the past two decades, during the continuous 
increase in antimicrobial resistance of bacteria, 
the discovery of new antibiotics to oppose the 
development of anti-microbial resistance has 
rapidly declined (Iwu et al., 2020). 
The time required for conventional antibiotic 
susceptibility tests can result in a significant 
delay in the administration of an effective drug. 
Thus, the likelihood of antibiotic resistance to 
an empirically selected therapy is increasing 
and timely information on antibiotic 
susceptibility becomes of particular importance 
(Hombach et al., 2016). 
The aim of this study was to investigate the 
presence and the antibiotic resistance of 
Staphylococcus spp. isolated from healthy pigs. 
 
MATERIALS AND METHODS 
 
Sampling. Samples from the skin surface were 
swabed from extensively raised, clinically 
healthy pigs, kept on farms (n = 5) of different 
sizes and located in different years. The 
samples were then processesed by methods of 
clasical bacteriology for identification. A total 
of 40 Staphylococcus strains, isolated during 
the period 2019-2020 were colected and 
evaluated. 
Identification. All isolates were identified by 
conventional methods and confirmed by means  
of API Staph (BioMeroeux, France).  
Antimicrobial susceptibility testing. 
Antimicrobial susceptibilities tests were 
performed on all Staphylococcus isolates to 
investigate their antibiotic-resistance profile by 
the agar dilution and disk diffusion methods as 
described in the Clinical and Laboratory 
Standards Institute, 31st Edition. 
These isolates were tested against 12 different 
antimicrobial agents, belonging to different 
antibiotic classes, using the Kirby-Bauer disk-
diffusion method. 
Using a sterile loop, four to five isolated 
colonies of the Staphylococcus strains were 
harvested and suspended  in 5 ml of sterile 

saline, to obtain an inoculum equivalent to 0.5 
on the McFarland scale. 
The entire surface of a Mueller-Hinton agar 
plate was flooded. After the exceeding 
suspension was removed, the plate was left to 
dry. 
Disks containing 10 UI of G Penicillin (P), 
Tetracycline (TE) 30 µg, Marbofloxacine 
(MAR) 5 µg, Clyndamicin (CD) 2 µg, 
Florfenicol (FFC) 30 µg, Imipemen (IPM) 10 
µg, Colistin (CS) 30 µg, Methicillin (MET) 5 
µg, Vancomicyne (VA) 30 µg, Erytromicine 
(E) 15 µg, Sulfamethoxazole/ trimethoprim 
(SXT) 1.25/23.75 μg, Cefoxitin (FOX) 30 µg, 
were positioned on the plate and gently pressed 
onto the inoculated Mueller Hinton agar to 
ensure the contact with the surface. Plates were 
incubated   at 37ºC, for 18-24 h under aerobic 
conditions. 
The inhibition diameters were measured and 
the obtained values were used to quantify the 
sensitivity/resistance of the tested strains. All 
the Staphylococcus isolates were classified as 
resistant, intermediate resistant or sensitive to a 
particular antibiotic. 
Establishment of MDR and MAR index 
among Staphylococcus spp. isolates. 
The multiple antibiotic resistance (MAR) index 
was calculated using the following formula:  

 
MAR index = number of antibiotics to which the 
isolate was resistant/ total number of antibiotics 

tested  
(Raja & John, 2016). 

 
Multidrug resistance was quantified by 
identifying the isolates resistant to three or 
more antimicrobial classes (Godoy et al., 
2016). 
 
RESULTS AND DISCUSSIONS 
 
The 40 isolates which were identified during 
the studywere involved as follows: 19 isolates 
were S. xylosus, 12 isolates were S. lentus, and 
9 isolates were S. sciuri. 
In the current study we also describe the 
antibiotic susceptibility level of S. xylosus,           
S. lentus, and S. sciuri, obtained from  
the anterior nares of individual pigs, and from 
the skin behind the ears of the healthy pigs 
(Figure 1). 
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The highest resistance rates of the 
Staphylococcus spp. ranked as follows: 
cefquinome (90%), penicillin (65%),  
marbofloxacin (45%), and tetracycline (37.5%), 
but resistance to other important antimicrobials 
was also observed including vancomicyn 
(22.5%), and sulfamethoxazole/trimethoprim 
(10%),  florfenicol (7.5%), colistin (8%), 
erytromicine (8%), and methicillin (8%). A low 
frequency of resistance was found towards 
clindamycin (0%), imipenem (0%) (Figure 2). 
 

 
Figure 1. Incidence of Staphylococcus strains 

 

 
Figure 2. Occurrence of Staphylococcus isolate 

resistance to antimicrobials 
 
Antimicrobial sensitivity testing showed that 
all the Staphylococcus strains were resistant to 
penicillin, vancomycin, marbofloxacin, and 
Cefquinome (Table 1.) 
Both Staphylococcus xylosus and S. lentus 
strains were resistant to 9 of the total of 12 
antibiotics tested, including methicillin.            
S. sciuri strains were resistant to only 4 classes 
of antibiotics tested (Table 1). 
A MAR index higher than 0.20 implies that 
such bacteria originate from an environment 
where several antibiotics were used. The MAR 
indices obtained in this study were a possible 
indication of a very large proportion of the 
bacterial isolates to have been exposed to 
several antibiotics (Adeshina et al., 2012). 

These bacteria are common environmental 
organisms, which act as opportunistic pathogen 
in clinical cases where the defense system of 
the patient was compromised (Raja and John, 
2016). 
 

Table 1. Resistance profile of Staphylococcal strains 
isolated from healthy pigs 

Antibiotics S. lentus 
(n=12) 

S. xylosus 
(n=19) 

S. sciuri 
(n=9) 

Colistine 0,5 0,5 0 
Erythromycin 1 0 0 
Co-trimoxazole 0.5 0.5 0 
Penicilline 26.92% 46.15% 26.92% 
Florfenicole 66.66% 33.33%  
Vancomycine 22.22% 22.22% 55.55% 
Tetracicline 26.66% 73.33%  
Imipeneme 0 0 0 
Marbofloxacine 11.11% 55.55% 11.11% 
Cefquinome 27.77% 47.22% 0.25 
Methicillin 0 1 0 
Clindamycin 0 0 0 

 
The high resistance can be explained by the 
fact that these antibiotics represent the 
antibiotics of choice for the treatment of several 
staphylococcal infections. 
The multiple antibiotic resistance (MAR) 
indices were calculated with reference to the 
tested antibiotics. 
All isolates had MAR index between 0-0.5, and 
none had a MAR index ≥1. 
Multiple antibiotic resistance (MAR) indices 
were above 0.2 in 24 of 40 studied bacteria 
strains (Table 2). The highest MAR indices 
detected were identified in Staphylococcus 
lentus (0.5) and Staphylococcus xylosus (0.41). 
 

Table 2. MAR index of Staphylococcus spp. 

MAR index 
 ≤0.2 0.21-0.49 ≥0.5 
S. lentus 5 (41.66%) 6 (50%) 1 

(8.33%) 
S. xylosus 5 (26.31%) 14 

(73.68%) 
0 

S. sciuri 5 (55.55%) 4 (44.44%) 0 
Staphylococc
us spp. 

15 (37.5%) 24 (60%) 1 (2.5%) 

 
Appropriate use of antibiotics remains the key 
to reduce the spread of multidrug resistant 
strains (Kengne et al., 2019). 
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Table 3 shows the frequency of MDR profiles 
among Staphylococcus spp. isolated from 
healthy pigs. 
 

Table 3. MDR Staphylococcus spp isolated from pigs 
(strains) 

Resistance to number of 
drug classes 

MDR Staphylococcus spp. 
(strains) 

3 10  
4 11  
5 4  
6 1  

 
Multidrug-resistance (MDR), defined as 
resistance to 3 or more antimicrobial classes, 
was common among the Staphylococcus 
isolates. 
Out of total 40 strains isolated 26 (65%) was 
MDR. 11 (27.5%), of isolated strains, were 
classified in MDR 4, followed by MDR 3, in 
10 (25%) of the isolated strains (Figure 3). 
 

 
Figure 3. Percentages of MDR strains form the 

Staphylococcus isolates 
 
This MDR phenomenon may be due to 
acquiring of numerous resistant genes through 
the R plasmid (Caraciolo et al., 2012; Couto et 
al., 2000; Moglad, 2020). 
Although the clinical significance of S. sciuri 
may remain controversial, the capacity of this 
species to carry resistance determinants is well 
established (Couto et al., 2000). Other studies, 
based on genomic and plasmid encoded genes, 
reveal that multiresistant S. sciuri isolates carry 
resistance genes against all major classes of 
antibiotics; they have already been reported and  
support the potential of staphylococci to 
temporarily serve as a “bacterial shuttle” by 
transmitting genetic information between 
bacterial species (Beims et al., 2016). 

CONCLUSIONS 
 
Our study showed that the majority of isolates 
of all found species were sensitive to most of 
the antibiotics tested, including penicillin.  
The MAR were high in both Staphylococcus 
lentus and Staphylococcus xylosus, previously 
considered harmless bacteria, but for which, 
their multiple drug resistance stands for 
potential pathogenicity.  
The highest resistance rates found to these 
antibiotics in the current study can be justified, 
in part, by the indiscriminate and inadequate 
use of these drugs over the years, favored by 
their low cost. The use of antimicrobials select 
lineages of resistant bacteria, which is very 
likely to be the main cause of antimicrobial 
resistance. 
Scientists should devote more attention to 
staphylococci not only as unbiquitous bacteria 
but also as potential pathogens with enhanced 
power to jump over species and cause disease.  
The high levels of antibiotic resistance found 
were most probably correlated with high 
antibiotic usage, posing health risks to humans 
as occupational contacts of animals or as 
consumers. 
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The highest resistance rates of the 
Staphylococcus spp. ranked as follows: 
cefquinome (90%), penicillin (65%),  
marbofloxacin (45%), and tetracycline (37.5%), 
but resistance to other important antimicrobials 
was also observed including vancomicyn 
(22.5%), and sulfamethoxazole/trimethoprim 
(10%),  florfenicol (7.5%), colistin (8%), 
erytromicine (8%), and methicillin (8%). A low 
frequency of resistance was found towards 
clindamycin (0%), imipenem (0%) (Figure 2). 
 

 
Figure 1. Incidence of Staphylococcus strains 

 

 
Figure 2. Occurrence of Staphylococcus isolate 

resistance to antimicrobials 
 
Antimicrobial sensitivity testing showed that 
all the Staphylococcus strains were resistant to 
penicillin, vancomycin, marbofloxacin, and 
Cefquinome (Table 1.) 
Both Staphylococcus xylosus and S. lentus 
strains were resistant to 9 of the total of 12 
antibiotics tested, including methicillin.            
S. sciuri strains were resistant to only 4 classes 
of antibiotics tested (Table 1). 
A MAR index higher than 0.20 implies that 
such bacteria originate from an environment 
where several antibiotics were used. The MAR 
indices obtained in this study were a possible 
indication of a very large proportion of the 
bacterial isolates to have been exposed to 
several antibiotics (Adeshina et al., 2012). 

These bacteria are common environmental 
organisms, which act as opportunistic pathogen 
in clinical cases where the defense system of 
the patient was compromised (Raja and John, 
2016). 
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Antibiotics S. lentus 
(n=12) 

S. xylosus 
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S. sciuri 
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Colistine 0,5 0,5 0 
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Marbofloxacine 11.11% 55.55% 11.11% 
Cefquinome 27.77% 47.22% 0.25 
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The high resistance can be explained by the 
fact that these antibiotics represent the 
antibiotics of choice for the treatment of several 
staphylococcal infections. 
The multiple antibiotic resistance (MAR) 
indices were calculated with reference to the 
tested antibiotics. 
All isolates had MAR index between 0-0.5, and 
none had a MAR index ≥1. 
Multiple antibiotic resistance (MAR) indices 
were above 0.2 in 24 of 40 studied bacteria 
strains (Table 2). The highest MAR indices 
detected were identified in Staphylococcus 
lentus (0.5) and Staphylococcus xylosus (0.41). 
 

Table 2. MAR index of Staphylococcus spp. 

MAR index 
 ≤0.2 0.21-0.49 ≥0.5 
S. lentus 5 (41.66%) 6 (50%) 1 

(8.33%) 
S. xylosus 5 (26.31%) 14 

(73.68%) 
0 

S. sciuri 5 (55.55%) 4 (44.44%) 0 
Staphylococc
us spp. 

15 (37.5%) 24 (60%) 1 (2.5%) 

 
Appropriate use of antibiotics remains the key 
to reduce the spread of multidrug resistant 
strains (Kengne et al., 2019). 
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Table 3 shows the frequency of MDR profiles 
among Staphylococcus spp. isolated from 
healthy pigs. 
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resistance to 3 or more antimicrobial classes, 
was common among the Staphylococcus 
isolates. 
Out of total 40 strains isolated 26 (65%) was 
MDR. 11 (27.5%), of isolated strains, were 
classified in MDR 4, followed by MDR 3, in 
10 (25%) of the isolated strains (Figure 3). 
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This MDR phenomenon may be due to 
acquiring of numerous resistant genes through 
the R plasmid (Caraciolo et al., 2012; Couto et 
al., 2000; Moglad, 2020). 
Although the clinical significance of S. sciuri 
may remain controversial, the capacity of this 
species to carry resistance determinants is well 
established (Couto et al., 2000). Other studies, 
based on genomic and plasmid encoded genes, 
reveal that multiresistant S. sciuri isolates carry 
resistance genes against all major classes of 
antibiotics; they have already been reported and  
support the potential of staphylococci to 
temporarily serve as a “bacterial shuttle” by 
transmitting genetic information between 
bacterial species (Beims et al., 2016). 

CONCLUSIONS 
 
Our study showed that the majority of isolates 
of all found species were sensitive to most of 
the antibiotics tested, including penicillin.  
The MAR were high in both Staphylococcus 
lentus and Staphylococcus xylosus, previously 
considered harmless bacteria, but for which, 
their multiple drug resistance stands for 
potential pathogenicity.  
The highest resistance rates found to these 
antibiotics in the current study can be justified, 
in part, by the indiscriminate and inadequate 
use of these drugs over the years, favored by 
their low cost. The use of antimicrobials select 
lineages of resistant bacteria, which is very 
likely to be the main cause of antimicrobial 
resistance. 
Scientists should devote more attention to 
staphylococci not only as unbiquitous bacteria 
but also as potential pathogens with enhanced 
power to jump over species and cause disease.  
The high levels of antibiotic resistance found 
were most probably correlated with high 
antibiotic usage, posing health risks to humans 
as occupational contacts of animals or as 
consumers. 
 
REFERENCES 
Adegoke, A. A., Okoh, A. I. (2016). Species diversity 

and antibiotic resistance properties of Staphylococcus 
of farm animal origin in Nkonkobe Municipality, 
South Africa. Folia Microbiol 59: 133–140. 

Adeshina, G. O., Jibo, S. D., Agu, V. E. (2012). 
Antibacterial Susceptibility Pattern of Pathogenic 
Bacteria Isolates from Vegetable Salad Sold in 
Restaurants in Zaria, Nigeria. Journal of 
Microbiology Research, 2(2): 5-11. 

Argudín, M. A., Deplano, A., Meghraoui, A.,  
Dodémont, M., Heinrichs, A., Denis, O., Nonhoff,  
C., Roisin,  S. (2017). Bacteria from Animals as a 
Pool of Antimicrobial Resistance Genes. Antibiotics 
Belgium. 

Bardasheva, A., Tikunov, A., Kozlova, Y., 
Zhirakovskaia, E., Fedorets, V., Fomenko, N., 
Kalymbetova, T., Chretien, S., Pavlov, V., Tikunova, 
N., Morozova, V. (2021). Antibiotic Resistance and 
Pathogenomics of Staphylococci Circulating in 
Novosibirsk, Russia. Microorganisms, 9, 2487, 
Rusia. 

Beims, H., Overmann, A., Fulde, M., Steinert, M., 
Bergmann, S. (2016). Isolation of Staphylococcus 
sciuri from horse skin infection. Open Veterinary 
Journal, Vol. 6(3): 242-246; 

Caraciolo, F. B., Maciel, M. A. V., Santos, J. B.,  
Rabelo, M. A., Magalhães, V. (2012).  Antimicrobial 

0 20 40 60 80

Strains

MDR 3

MDR4

MDR5

MDR6

Strains

MDR 3

MDR4

MDR5

MDR6



84

resistance profile of Staphylococcus aureus isolates 
obtained from skin and soft tissue infections of 
outpatients from a university hospital in Recife -PE, 
Brazil. Anais Brasileiros de Dermatologia, 
87(6):857-6. 

Couto, I., Sanches, I. S., Sá-leão, R., Lencastre, H. 
(2000). Molecular characterization of Staphylococcus 
sciuri strains isolated from humans. Journal of 
clinical microbiology, New York. 

Godoy, I., Moraes, D. F. S. D., Pitchenin, L. C., Rosa, J. 
M. A., Kagueyama, F. C., Silva, A. J., Dutra, V., 
Nakazato, L. (2016). Antimicrobial susceptibility 
profiles of Staphylococcus spp. from domestic and 
wild animals. Ciência Rural, V. 46, n.12, dez, Brasil. 

Hombach, M., Jetter, M.,  Blchliger, N., Kolesnik-
Goldmann, N., Bõttger, E. C. (2016). Fully 
automated disc diffusion for rapid antibiotic 
susceptibility test results: a proof-of-principle stud. 
Journal of antimicrobial chemotherapy, Zurich. 

Iwu, D. C, Korsten, L., Okoh, A. I. (2020). The 
incidence of antibiotic resistance within and beyond 
the agricultural ecosystem: A concern for public 
health. Microbiology open. 

Kengne, M., Fotsing, O., Ndomgue, T., Nwobegahay, J. 
M. (2019). Antibiotic susceptibility patterns of 

Staphylococcus aureus strains isolated at the 
Yaounde Central Hospital, Cameroon: a retro 
prospective study.  Pan African Medical Journal. 

Monger, X. C., Gilbert, A. -A., Saucier, L., Vincent, A. T 
(2021). Antibiotic Resistance: From Pig to Meat. 
Antibiotics. 

Raja, M. M. M.  and John, S. A. (2016). Biosynthesis of 
Silver Nanoparticles by Novel Isolate of Marine 
Micromonospora species (KU 867645) and its 
Antibacterial Activity against Multidrug Resistant 
Hospital-acquired Uropathogens in Reference with 
Standard Antibiotics. Indian Journal of 
Pharmaceutical Sciences, India. 

Silva, V., Caniça, M., Ferreira, E., Vieira-Pinto, M., 
Saraiva, C., Pereira, J. E., Capelo, J. L., Igrejas, G., 
Poeta, P. (2022).  Multidrug-Resistant Methicillin-
Resistant Coagulase-Negative Staphylococci in 
Healthy Poultry Slaughtered for Human 
Consumption. Antibiotics 2022, 11, 365. 

Ungureanu, V., Corcionivoschi, N., Gundogdu, O., Stef, 
L., Pet, I., Pacala, N., Madden, R. H. (2019). The 
emergence of β lactamase producing Escherichia coli 
and the problems in assessing their potential 
contribution to foodborne illness: a review. Agrolife 
Scientific Journal, 8(1): 248-260.

 
 

  
  

 
MЕTHOD FOR OBTAINING A CAKE FROM MIXED FLOURS 

FROM RYE, OATS AND TRITICALE 
 

Iliana LAZOVA-BORISOVA  
 

Institute of Cryobiology and Food Technology, Agriculture Academy,  
53 Cherni vrah Blvd, Sofia, Bulgaria 

 

Corresponding author email: iliana_lazova@abv.bg 
 

Abstract 
  
The aim of the study was to establish a method for obtaining a cake from mixes of rye, oats and triticale. 
The physicochemical, fatty acid and mineral composition of oat flour, rye and triticale was studied. A series of attempts 
were made for trial laboratory baking of cake from the mixes. A technological scheme of the technological process has 
been established. The quality indicators of the finished product have been studied. Organoleptic evaluation and 
qualitative characteristics of the cake were performed. The cake contains functional ingredients such as soluble and 
insoluble fiber, β-glucans, macroelements, microelements, fatty acids composition. The cake is rich in oleic and linoleic 
acid. The finished product is rich in K, Fe and Zn.  
  
Key words: cake, oats, rye, triticale, β-glucans, macroelements, trace elements, fatty acids composition. 
 
INTRODUCTION  
 
Cereals account for about 60% of world food 
production, which is why science is focused on 
obtaining functional cereal-based foods. As 
foods, they are relatively cheap and at the same 
time are a source of β-glucans (oats), 
unsaturated fatty acids (oats), micro and 
macronutrients, B vitamins (Karadzhov, 2007).  
Rye flour has advantages over wheat because it 
is richer in useful health fiber. Rye flour 
contains 8 ÷ 15% protein and fat in different 
varieties of rye is about 1.6% (Andon, 2008; 
Borisova, 2015). 
Laguerre et al. (2007) in their research on the 
combination of maize and rye flour, they found 
that palmitic (C16: 0), oleic (C18: 1) and 
linoleic (C18: 2) acids were the main fatty 
acids in the various cake combinations, such as 
the content of C18: 2 accounts for 52% of the 
total fatty acids (Stabler & Allen, 2004; 
Laguerre et al., 2007; Mc Afee et al., 2010; 
Arendt, 2012). The fatty acid composition of 
oats consists mainly of three fatty acids - 
palmitic (C16: 0), oleic (C18: 1) and linoleic 
(C18: 2), the amount of which exceeds 95% 
and a small amount of fatty acids, such as 
stearic (C18: 0), linolenic (C18: 3) etc. 
(Mangova, 2003; Borisova, 2015). Triticale is 
one of the alternative raw materials for the 

production of bread, bakery and confectionery 
products with a higher protein and lysine 
content (Vangelov, 1999; Borisova, 2016). The 
fatty acids composition of triticale, established 
by Stabler & Allen (2004) includes linoleic 
(C18: 2) - 59.3, oleic (C18: 1) - 15.0 and 
palmitic acid (C16: 0) - 18.6 g/100 g fat. 
Morrison (1977) found total triticale fat content 
of 3.2 to 4.6 g/100 g fat, linoleic 57-59 g/100 g 
fat and linolenic acid 3 to 4 g/100 g fat. The 
aim of the study was to establish a method for 
obtaining a cake from mixes of rye, oats and 
triticale. 
 
MATERIALS AND METHODS  
 
The flours used in this scientific work are the 
production of whole-grain rye-produced by the 
company "Techra", whole-grain oat-produced 
by SD "Prosperity", refined triticale variety 
'Vihren' Bulgarian type, obtained on a 
laboratory roller mill with separation of the 
grass part. 
Methods for determining the chemical 
composition of flour: 
An ash content analysis was performed in 
Institute of Cryobiology and Food Technology, 
Sofia - BDS ISO 2171: 1999. An analysis 
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Abstract 
  
The aim of the study was to establish a method for obtaining a cake from mixes of rye, oats and triticale. 
The physicochemical, fatty acid and mineral composition of oat flour, rye and triticale was studied. A series of attempts 
were made for trial laboratory baking of cake from the mixes. A technological scheme of the technological process has 
been established. The quality indicators of the finished product have been studied. Organoleptic evaluation and 
qualitative characteristics of the cake were performed. The cake contains functional ingredients such as soluble and 
insoluble fiber, β-glucans, macroelements, microelements, fatty acids composition. The cake is rich in oleic and linoleic 
acid. The finished product is rich in K, Fe and Zn.  
  
Key words: cake, oats, rye, triticale, β-glucans, macroelements, trace elements, fatty acids composition. 
 
INTRODUCTION  
 
Cereals account for about 60% of world food 
production, which is why science is focused on 
obtaining functional cereal-based foods. As 
foods, they are relatively cheap and at the same 
time are a source of β-glucans (oats), 
unsaturated fatty acids (oats), micro and 
macronutrients, B vitamins (Karadzhov, 2007).  
Rye flour has advantages over wheat because it 
is richer in useful health fiber. Rye flour 
contains 8 ÷ 15% protein and fat in different 
varieties of rye is about 1.6% (Andon, 2008; 
Borisova, 2015). 
Laguerre et al. (2007) in their research on the 
combination of maize and rye flour, they found 
that palmitic (C16: 0), oleic (C18: 1) and 
linoleic (C18: 2) acids were the main fatty 
acids in the various cake combinations, such as 
the content of C18: 2 accounts for 52% of the 
total fatty acids (Stabler & Allen, 2004; 
Laguerre et al., 2007; Mc Afee et al., 2010; 
Arendt, 2012). The fatty acid composition of 
oats consists mainly of three fatty acids - 
palmitic (C16: 0), oleic (C18: 1) and linoleic 
(C18: 2), the amount of which exceeds 95% 
and a small amount of fatty acids, such as 
stearic (C18: 0), linolenic (C18: 3) etc. 
(Mangova, 2003; Borisova, 2015). Triticale is 
one of the alternative raw materials for the 

production of bread, bakery and confectionery 
products with a higher protein and lysine 
content (Vangelov, 1999; Borisova, 2016). The 
fatty acids composition of triticale, established 
by Stabler & Allen (2004) includes linoleic 
(C18: 2) - 59.3, oleic (C18: 1) - 15.0 and 
palmitic acid (C16: 0) - 18.6 g/100 g fat. 
Morrison (1977) found total triticale fat content 
of 3.2 to 4.6 g/100 g fat, linoleic 57-59 g/100 g 
fat and linolenic acid 3 to 4 g/100 g fat. The 
aim of the study was to establish a method for 
obtaining a cake from mixes of rye, oats and 
triticale. 
 
MATERIALS AND METHODS  
 
The flours used in this scientific work are the 
production of whole-grain rye-produced by the 
company "Techra", whole-grain oat-produced 
by SD "Prosperity", refined triticale variety 
'Vihren' Bulgarian type, obtained on a 
laboratory roller mill with separation of the 
grass part. 
Methods for determining the chemical 
composition of flour: 
An ash content analysis was performed in 
Institute of Cryobiology and Food Technology, 
Sofia - BDS ISO 2171: 1999. An analysis 
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about the total protein content was performed 
in Institute of Cryobiology and Food 
Technology, Sofia - Keldal (N x 6.25). An 
analysis starch content was performed in 
Institute of Cryobiology and Food Technology, 
Sofia - Everst polarimetric method. An analysis 
about the fats content was performed in 
Institute of Cryobiology and Food Technology, 
Sofia - extraction with ether. An analisys 
macro- and trace elements are determined on 
an atomic emission photometer - AES-ICP 
"Varian-Liberty II" in laboratory on Bulgarian 
Safety Foods Agency, Sofia. An analysis about 
the β-glucans are determined according to ICC 
standard No. 166 in Institute of Cryobiology 
and Food Technology, Sofia. The fatty acids/ 

FAME/were analyzed using a Shimadzu-2010 
gas chromatograph  in State University, 
Tetovo, R.N. Macedonia (FAO/WHO, 1991; 
Reg. EU 1924/2006; Reg. EU 432/2012). 
 
RESULTS AND DISCUSSIONS 
 
The chemical composition of the studied flours 
is presented in Table 1. The table shows that 
oatmeal and rye flour and their respective 
mixes have a higher ash content than wheat 
flour, where the content is 0.53%. The proteins 
and starches of rye flour and its mixtures are 
lower than white flour. Rye flour contains 
2.10% β-glycans, oat 5%, and rye and oat mix 
contains 1.65%. 

Таble 1. Chemical composition of the starting flours and mix 

Type of 
Sample 

Moisture, 
% 

Ash, 
% 

Protein, 
% 

Starch, 
% 

Fat, 
% 

β-glucans, 
% 

Flour Type 500 12.70 0.53 10.32 83.69 0.96 - 
Oats Flour 11.19 5.00 17.50 58.00 8.40 5.00 

Whole grain rye flour 9.27 1.74 8.56 66.20 1.52 2.10 
Rye flour type 1750 9.27 1.75 9.30 65.15 1.77 2.00 

Triticale flour, 15%  oats 
flour, 45% rye Flour 

10.49 1.87 9.70 71.87 1.63 1.65 

Triticale flour 13.45 1.23 9.70 67.06 1.31 - 
 
The fatty acid profile of the different types of 
flours and mixtures is presented in Table 2. The 
studied flours are dominated by linoleic (C18: 
2) acid from 38.70 (oatmeal) to 58.81 (triticale 
flour) g/100 g fat and linolenic (C18: 3) from 
1.24 g/100 g fat in oats to 5.26 g/100 g fat in 
rye flour. In the case of a mixture, the content 

of linoleic and linolenic acid is 52.75 g/100 g 
of fat and 6.63 g/100 g of fat in rye, oat and 
triticale flour. 
Table 1 shows the large differences in the 
values of ash, fat and beta-glucans in triticale 
flour and rye flour, but this is typical for the 
flours of the respective cereals.  

 
Таble 2. Fatty acid composition of oat flour variety 'Mina', rye and triticale variety 'Vihren'  

and a mixture of flour (g/100 g fat) 
Fatty acids 
Composition 

Oats 
flour  

Rye 
Flour 

Mix rye, oats, 
Triticale flours 

Triticale 
Flour 

C-18:1c9 34.59 16.31 16.97 15.67 
C-18:2c9,12 38.70 48.31 52.75 58.81 
gC-18:3n6 0.00 0.00 6.63 0.01 
aC-18:3n3 1.24 5.26 5.19 4.12 
C-20:3n6 0.00 11.29 0.01 0.00 
ΣCLA 0.01 0.03 0.01 0.00 
Σ C-18:1Trans-FA 1.21 1.04 1.03 1.12 
Σ C-18:1Cis-FA 34.60 16.33 16.99 15.78 
SFA 21.01 16.27 15.76 19.01 
МUFA 37.44 18.60 19.39 17.80 
PUFA 40.22 65.07 64.69 63.14 
Σ n-3 1.30 5.28 5.20 4.12 
Σ n-6 38.91 59.77 59.49 59.08 
Σ n-6/Σn-3 29.93 11.32 11.43 14.35 

 

  
  

The β-glucans in oats flour is 5.00%, in triticale 
flour have not β-glucans, in whole grain rye 
flour has 2.10% β-glucans. The ash in out flour 
is 5.00%, in triticale flour have 1.23%, in 
whole grain rye flour has 1.74%. The protein in 
out flour is 17.50%, in triticale flour have 
9.70%, in whole grain rye flour has 8.56%. 
The macro and trace microelement composition 
of the different types of flour is presented in 
Table 3. Of the studied samples, the highest 

content of calcium, magnesium and phosphorus 
was found in oat flour, respectively - 652 
mg/kg, 1337 mg/kg and 5388 mg/kg, potassium 
in rye flour - 4069.5 mg/kg and sodium in 
triticale flour - 36.73 mg/kg. The oats flour 
variety 'Mina' are best supplied with copper - 
7.39 mg/kg, manganese - 51.80 mg/kg and zinc 
- 31.90 mg/kg compared to other types of flour. 
Triticale flour has the highest concentration of 
iron - 41.24 mg/kg. 

 
Таble 3. Content of macro- and trace elements in oat flour variety 'Mina', rye and triticale variety 'Vihren' and flour 

mixture, mg/kg 

Type of sample Маcroelements, mg/kg Trace elements, mg/kg 
Ca K Mg Na P B Ba Cu Fe Mn Zn 

Oat flour variety 'Mina' 652 3309 1337 22.80 5388 3.02 1.12 7.39 39.60 51.80 31.90 
Rye flours 350.60 4069.50 - 7.77 - - - 2.71 15.29  13.89 
Mix rye, oat, triticale 383 2020 - 17.40 - - - 3.39 21.7 - 13.7 
Triticale flour 'Vihren' 324.25 2839 754.40 36.73 1808 4.38 1.84 1.96 41.24 24.46 15.05 

 
Trial laboratory baking of a cakes made of 
mixed flours - rye, oats and triticale. 
 
Prescription formula OPTION 1: 
45% rye flour, 10% g oat flour, 30% triticale 
flour, baking powder 1 packet, Baking soda 5 
g, vanilla 1 packet, lecithin 1 g, sunflower oil 
86 g, granulated sugar 300 g, fresh milk 250 
ml, 6 fresh eggs , cocoa for decoration. 
Beat the eggs with the sugar. Add fresh milk, 
baking powder, baking soda, vanilla, sunflower 
oil. Beat well with a mixer at high speed. 
Add the flour in portions, stirring until a cake 
batter is obtained. Cocoa is added to part of the 
dough, which is used to decorate the cake. 
Bake at 2000C for 45 minutes. After cooling, 
sprinkle with powdered sugar. 
Quality and sensory evaluation of the finished 
cake: 
It is a rectangular cake with the correct shape. 
The upper crust has a golden to reddish tinge, 
normal thickness and characteristic cracking, 
sprinkled with powdered sugar. The color in 
the middle is golden to reddish hue with 
reddish particles and cocoa decoration. The 
middle is soft to the touch, baked with a small 
porosity. The taste is characteristic and slightly 
sweet. It has a pleasant aroma, typical for this 
type of cake (Lim et al., 2009). 
 
Prescription formula OPTION 2: 
50% rye flour, 15% g oat flour, 30% triticale 
flour, baking powder 1 packet, Baking soda            

5 g, vanilla 1 packet, lecithin 1 g, sunflower oil 
86 g, granulated sugar 300 g, fresh milk          
250 ml, 6 fresh eggs , cocoa for decoration. 
Beat the eggs with the sugar. Add fresh milk, 
baking powder, baking soda, vanilla, sunflower 
oil. Beat well with a mixer at high speed. 
Add the flour in portions, stirring until a cake 
batter is obtained. Cocoa is added to part of the 
dough, which is used to decorate the cake. 
Bake at 2000C for 45 minutes. After cooling, 
sprinkle with powdered sugar. 
Quality and sensory evaluation of the finished 
cake: 
It is a rectangular cake with the correct shape. 
The upper crust has a golden to reddish tinge, 
normal thickness and characteristic cracking, 
sprinkled with powdered sugar. The color in 
the middle is golden to reddish hue with 
reddish particles and cocoa decoration. The 
middle is soft to the touch, baked with a small 
porosity. The taste is characteristic and slightly 
sweet. It has a pleasant aroma, typical for this 
type of cake (Lim et al., 2009). 
 
Prescription formula OPTION 3: 
55% rye flour, 25% g oat flour, 30% triticale 
flour, baking powder 1 packet , Baking soda         
5 g, vanilla 1 packet, Lecithin 1 g, sunflower 
oil 86 g, granulated sugar 300 g, fresh milk 250 
ml., 6 fresh eggs, cocoa for decoration. Beat the 
eggs with the sugar.  
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about the total protein content was performed 
in Institute of Cryobiology and Food 
Technology, Sofia - Keldal (N x 6.25). An 
analysis starch content was performed in 
Institute of Cryobiology and Food Technology, 
Sofia - Everst polarimetric method. An analysis 
about the fats content was performed in 
Institute of Cryobiology and Food Technology, 
Sofia - extraction with ether. An analisys 
macro- and trace elements are determined on 
an atomic emission photometer - AES-ICP 
"Varian-Liberty II" in laboratory on Bulgarian 
Safety Foods Agency, Sofia. An analysis about 
the β-glucans are determined according to ICC 
standard No. 166 in Institute of Cryobiology 
and Food Technology, Sofia. The fatty acids/ 

FAME/were analyzed using a Shimadzu-2010 
gas chromatograph  in State University, 
Tetovo, R.N. Macedonia (FAO/WHO, 1991; 
Reg. EU 1924/2006; Reg. EU 432/2012). 
 
RESULTS AND DISCUSSIONS 
 
The chemical composition of the studied flours 
is presented in Table 1. The table shows that 
oatmeal and rye flour and their respective 
mixes have a higher ash content than wheat 
flour, where the content is 0.53%. The proteins 
and starches of rye flour and its mixtures are 
lower than white flour. Rye flour contains 
2.10% β-glycans, oat 5%, and rye and oat mix 
contains 1.65%. 

Таble 1. Chemical composition of the starting flours and mix 

Type of 
Sample 

Moisture, 
% 

Ash, 
% 

Protein, 
% 

Starch, 
% 

Fat, 
% 

β-glucans, 
% 

Flour Type 500 12.70 0.53 10.32 83.69 0.96 - 
Oats Flour 11.19 5.00 17.50 58.00 8.40 5.00 

Whole grain rye flour 9.27 1.74 8.56 66.20 1.52 2.10 
Rye flour type 1750 9.27 1.75 9.30 65.15 1.77 2.00 

Triticale flour, 15%  oats 
flour, 45% rye Flour 

10.49 1.87 9.70 71.87 1.63 1.65 

Triticale flour 13.45 1.23 9.70 67.06 1.31 - 
 
The fatty acid profile of the different types of 
flours and mixtures is presented in Table 2. The 
studied flours are dominated by linoleic (C18: 
2) acid from 38.70 (oatmeal) to 58.81 (triticale 
flour) g/100 g fat and linolenic (C18: 3) from 
1.24 g/100 g fat in oats to 5.26 g/100 g fat in 
rye flour. In the case of a mixture, the content 

of linoleic and linolenic acid is 52.75 g/100 g 
of fat and 6.63 g/100 g of fat in rye, oat and 
triticale flour. 
Table 1 shows the large differences in the 
values of ash, fat and beta-glucans in triticale 
flour and rye flour, but this is typical for the 
flours of the respective cereals.  

 
Таble 2. Fatty acid composition of oat flour variety 'Mina', rye and triticale variety 'Vihren'  

and a mixture of flour (g/100 g fat) 
Fatty acids 
Composition 

Oats 
flour  

Rye 
Flour 

Mix rye, oats, 
Triticale flours 

Triticale 
Flour 

C-18:1c9 34.59 16.31 16.97 15.67 
C-18:2c9,12 38.70 48.31 52.75 58.81 
gC-18:3n6 0.00 0.00 6.63 0.01 
aC-18:3n3 1.24 5.26 5.19 4.12 
C-20:3n6 0.00 11.29 0.01 0.00 
ΣCLA 0.01 0.03 0.01 0.00 
Σ C-18:1Trans-FA 1.21 1.04 1.03 1.12 
Σ C-18:1Cis-FA 34.60 16.33 16.99 15.78 
SFA 21.01 16.27 15.76 19.01 
МUFA 37.44 18.60 19.39 17.80 
PUFA 40.22 65.07 64.69 63.14 
Σ n-3 1.30 5.28 5.20 4.12 
Σ n-6 38.91 59.77 59.49 59.08 
Σ n-6/Σn-3 29.93 11.32 11.43 14.35 

 

  
  

The β-glucans in oats flour is 5.00%, in triticale 
flour have not β-glucans, in whole grain rye 
flour has 2.10% β-glucans. The ash in out flour 
is 5.00%, in triticale flour have 1.23%, in 
whole grain rye flour has 1.74%. The protein in 
out flour is 17.50%, in triticale flour have 
9.70%, in whole grain rye flour has 8.56%. 
The macro and trace microelement composition 
of the different types of flour is presented in 
Table 3. Of the studied samples, the highest 

content of calcium, magnesium and phosphorus 
was found in oat flour, respectively - 652 
mg/kg, 1337 mg/kg and 5388 mg/kg, potassium 
in rye flour - 4069.5 mg/kg and sodium in 
triticale flour - 36.73 mg/kg. The oats flour 
variety 'Mina' are best supplied with copper - 
7.39 mg/kg, manganese - 51.80 mg/kg and zinc 
- 31.90 mg/kg compared to other types of flour. 
Triticale flour has the highest concentration of 
iron - 41.24 mg/kg. 

 
Таble 3. Content of macro- and trace elements in oat flour variety 'Mina', rye and triticale variety 'Vihren' and flour 

mixture, mg/kg 

Type of sample Маcroelements, mg/kg Trace elements, mg/kg 
Ca K Mg Na P B Ba Cu Fe Mn Zn 

Oat flour variety 'Mina' 652 3309 1337 22.80 5388 3.02 1.12 7.39 39.60 51.80 31.90 
Rye flours 350.60 4069.50 - 7.77 - - - 2.71 15.29  13.89 
Mix rye, oat, triticale 383 2020 - 17.40 - - - 3.39 21.7 - 13.7 
Triticale flour 'Vihren' 324.25 2839 754.40 36.73 1808 4.38 1.84 1.96 41.24 24.46 15.05 

 
Trial laboratory baking of a cakes made of 
mixed flours - rye, oats and triticale. 
 
Prescription formula OPTION 1: 
45% rye flour, 10% g oat flour, 30% triticale 
flour, baking powder 1 packet, Baking soda 5 
g, vanilla 1 packet, lecithin 1 g, sunflower oil 
86 g, granulated sugar 300 g, fresh milk 250 
ml, 6 fresh eggs , cocoa for decoration. 
Beat the eggs with the sugar. Add fresh milk, 
baking powder, baking soda, vanilla, sunflower 
oil. Beat well with a mixer at high speed. 
Add the flour in portions, stirring until a cake 
batter is obtained. Cocoa is added to part of the 
dough, which is used to decorate the cake. 
Bake at 2000C for 45 minutes. After cooling, 
sprinkle with powdered sugar. 
Quality and sensory evaluation of the finished 
cake: 
It is a rectangular cake with the correct shape. 
The upper crust has a golden to reddish tinge, 
normal thickness and characteristic cracking, 
sprinkled with powdered sugar. The color in 
the middle is golden to reddish hue with 
reddish particles and cocoa decoration. The 
middle is soft to the touch, baked with a small 
porosity. The taste is characteristic and slightly 
sweet. It has a pleasant aroma, typical for this 
type of cake (Lim et al., 2009). 
 
Prescription formula OPTION 2: 
50% rye flour, 15% g oat flour, 30% triticale 
flour, baking powder 1 packet, Baking soda            

5 g, vanilla 1 packet, lecithin 1 g, sunflower oil 
86 g, granulated sugar 300 g, fresh milk          
250 ml, 6 fresh eggs , cocoa for decoration. 
Beat the eggs with the sugar. Add fresh milk, 
baking powder, baking soda, vanilla, sunflower 
oil. Beat well with a mixer at high speed. 
Add the flour in portions, stirring until a cake 
batter is obtained. Cocoa is added to part of the 
dough, which is used to decorate the cake. 
Bake at 2000C for 45 minutes. After cooling, 
sprinkle with powdered sugar. 
Quality and sensory evaluation of the finished 
cake: 
It is a rectangular cake with the correct shape. 
The upper crust has a golden to reddish tinge, 
normal thickness and characteristic cracking, 
sprinkled with powdered sugar. The color in 
the middle is golden to reddish hue with 
reddish particles and cocoa decoration. The 
middle is soft to the touch, baked with a small 
porosity. The taste is characteristic and slightly 
sweet. It has a pleasant aroma, typical for this 
type of cake (Lim et al., 2009). 
 
Prescription formula OPTION 3: 
55% rye flour, 25% g oat flour, 30% triticale 
flour, baking powder 1 packet , Baking soda         
5 g, vanilla 1 packet, Lecithin 1 g, sunflower 
oil 86 g, granulated sugar 300 g, fresh milk 250 
ml., 6 fresh eggs, cocoa for decoration. Beat the 
eggs with the sugar.  
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Таble 4. Chemical composition of the cakes 

Type of 
sample   Cake 

β-glucans,  
 % 

Ash, 
% 

Proteins, 
% 

Fiber, 
% 

Fat, 
% 

Carbohydrates, 
% 

Energy value, 
kcal/100 g product 

30% 
Triticale flour, 10%  
oats flour, 45% rye 

Flour 

1.65 1.87 11.70 7.27 3.48 32.84 229 

30% 
Triticale flour, 15%  
oats flour, 50% rye 

Flour 

2.15 1.70 12.30 8.90 3.59 33.59 230 

30% 
Triticale flour, 25%  
oats flour, 55% rye 

Flour 

3.07 1.75 13.20 9.67 3.69 36.18 230 

 
Add fresh milk, baking powder, baking soda, 
vanilla, sunflower oil. Beat well with a mixer at 
high speed. Add the flour in portions, stirring 
until a cake batter is obtained. Cocoa is added 
to part of the dough, which is used to decorate 
the cake. Bake at 200 0C for 45 minutes. After 
cooling, sprinkle with powdered sugar. Table 4 
shows chemical composition of the cakes 
(option 1, option 2 and option 3). The β-
glucans in option 1 is 1.65%, in option 2 has 
2.15% β-glucans, in option 3 has 3.07% β-
glucans. The ash in option 1 is 1.87%, in the 
option 2 is 1.70%, in option 3 is 1.75%. 
Quality and sensory evaluation of the finished 
cake: 
It is a rectangular cake with the correct shape. 
The upper crust has a golden to reddish tinge, 
normal thickness and characteristic cracking, 
sprinkled with powdered sugar. The color in 
the middle is golden to reddish hue with 
reddish particles and cocoa decoration. The 
middle is soft to the touch, baked with a small 
porosity. The taste is characteristic and slightly 
sweet. It has a pleasant aroma, typical for this 
type of cake (Lim et al., 2009).  

The protein in option 3 is the most 13.20%. 
The fiber in option 3 is the most 9.67%.  
 
Carbohydrates = 100-(moisture + fats + 
proteins + ash + fibers) % 
Energy value = (proteins х 4.1 + % 
carbohydrates х 4.1 + % fats х 9.1 + % fibers х 
2) = kcal/100 g product  
 
In a mixture, the linoleic and linolenic acid 
content is 52.75 g/100 g fat in option 2 and 
6.63 g/100 g fat, respectively. In a mixture, the 
linoleic and linolenic acid content is 52.70 
g/100 g fat in option 1 and 5.45 g/100 g fat, 
respectively. In a mixture, the linoleic and 
linolenic acid content is 52.78 g/100 g fat in 
option 3 and 6.60 g/100 g fat, respectively 
(Table 5). 
Table 6 shows the qualitative assessment of the 
cakes options 1, 2, 3. They are with a small 
differences in mass, volume, moisture and 
acidity.  
The option 3 has most mass and acidity. 
 

Таble 5. Fatty acids composition of the cakes, g/100 g fat 
Type of 

sample   Cake 
Маss, 

 g 
Volume,  

sm3 
L,  

Mm 
Н,  

mm 
W,  
mm 

Moisture, 
% 

Acidity, 
◦Н 

30% 
Triticale flour, 10%  oats 

flour, 45% rye Flour 
218 625 120 70 81 42.84 4.9 

30% 
Triticale flour, 15%  oats 

flour, 50% rye Flour 
219 630 120 70 81 40.50 5.1 

30% 
Triticale flour, 25%  oats 

flour, 55% rye Flour 
220 630 120 70 81 41.50 5.2 

 

 
Таble 6. Qualitative assessment of the cakes 

FA Option 1 Option 2 Option 3 
C-18:1c9 17.48 16.97 17.34 

C-18:2c9,12 52.70 52.75 52.78 
gC-18:3n6 5.45 6.63 6.60 
aC-18:3n3 6.12 5.19 5.20 
C-20:3n6 0.01 0.01 0.01 

ΣCLA 0.01 0.01 0.01 
Σ C-18:1Trans-FA 1.00 1.03 1.01 

Σ C-18:1Cis-Fa 17.03 16.99 17.03 
SFA 15.73 15.76 15.74 

МUFA 19.45 19.39 19.38 
PUFA 63.56 64.69 64.73 
Σ n-3 5.30 5.20 5.39 
Σ n-6 57.19 59.49 58.19 

Σ n-6/Σn-3 11.45 11.43 11.59 
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The macro and trace elements composition of 
the cakes is presented on the Table 7. 
The finished products are rich in K, Fe, and Zn. 
Na and Cu are in smaller quantities.  
The mineral composition of triticale, 
established by Mihalkova et al. (2014) of bread 
is Fe 11.80 mg/kg, Zn 10.60 mg/kg.  

 

Tаble 7. Macroelements and trace elements of the cake, mg/kg 
Type of sample  
Cake 

Macroelements, mg/kg Trace elements, mg/kg 
Ca K Mg Na P B Ba Cu Fe Mn Zn 

Option 1 383 2020 1.30 17.40 1.30 0.16 0.40 3.39 21.70 0.20 13.70 
Option 2 356 2022 1.30 18.30 1.50 0.21 0.34 3.56 22.40 0.20 13.70 
Option 3 378 2054 1.40 18.60 1.50 0.21 0.25 3.78 23.50 0.20 13.70 
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CONCLUSIONS 
 
The productions of cakes with functional 
ingredients such as soluble and insoluble fiber, 
β-glucans, unsaturated fatty acids, minerals and 
vitamins can play a positive role in the health 
of the mass consumer if these foods are 
produced with the required quality and at an 
affordable price. In this study we found out that 
cakes we made have low content of with 
omega-6 and omega-3 fatty acids. 

The cakes are richest in oleic and linoleic acid. 
The finished products are rich in K, Fe and Zn.  
According to the aim of the study, there was to 
establish a method for obtaining a cake from 
mixes of rye, oats and triticale. The best option 
is 3 with 30% triticale flour, 25% oats flour, 
55% rye flour. 
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Таble 4. Chemical composition of the cakes 

Type of 
sample   Cake 

β-glucans,  
 % 

Ash, 
% 

Proteins, 
% 

Fiber, 
% 

Fat, 
% 

Carbohydrates, 
% 

Energy value, 
kcal/100 g product 

30% 
Triticale flour, 10%  
oats flour, 45% rye 

Flour 

1.65 1.87 11.70 7.27 3.48 32.84 229 

30% 
Triticale flour, 15%  
oats flour, 50% rye 

Flour 

2.15 1.70 12.30 8.90 3.59 33.59 230 

30% 
Triticale flour, 25%  
oats flour, 55% rye 

Flour 

3.07 1.75 13.20 9.67 3.69 36.18 230 

 
Add fresh milk, baking powder, baking soda, 
vanilla, sunflower oil. Beat well with a mixer at 
high speed. Add the flour in portions, stirring 
until a cake batter is obtained. Cocoa is added 
to part of the dough, which is used to decorate 
the cake. Bake at 200 0C for 45 minutes. After 
cooling, sprinkle with powdered sugar. Table 4 
shows chemical composition of the cakes 
(option 1, option 2 and option 3). The β-
glucans in option 1 is 1.65%, in option 2 has 
2.15% β-glucans, in option 3 has 3.07% β-
glucans. The ash in option 1 is 1.87%, in the 
option 2 is 1.70%, in option 3 is 1.75%. 
Quality and sensory evaluation of the finished 
cake: 
It is a rectangular cake with the correct shape. 
The upper crust has a golden to reddish tinge, 
normal thickness and characteristic cracking, 
sprinkled with powdered sugar. The color in 
the middle is golden to reddish hue with 
reddish particles and cocoa decoration. The 
middle is soft to the touch, baked with a small 
porosity. The taste is characteristic and slightly 
sweet. It has a pleasant aroma, typical for this 
type of cake (Lim et al., 2009).  

The protein in option 3 is the most 13.20%. 
The fiber in option 3 is the most 9.67%.  
 
Carbohydrates = 100-(moisture + fats + 
proteins + ash + fibers) % 
Energy value = (proteins х 4.1 + % 
carbohydrates х 4.1 + % fats х 9.1 + % fibers х 
2) = kcal/100 g product  
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option 3 and 6.60 g/100 g fat, respectively 
(Table 5). 
Table 6 shows the qualitative assessment of the 
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differences in mass, volume, moisture and 
acidity.  
The option 3 has most mass and acidity. 
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Маss, 

 g 
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sm3 
L,  

Mm 
Н,  

mm 
W,  
mm 

Moisture, 
% 

Acidity, 
◦Н 
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flour, 45% rye Flour 
218 625 120 70 81 42.84 4.9 

30% 
Triticale flour, 15%  oats 

flour, 50% rye Flour 
219 630 120 70 81 40.50 5.1 
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Triticale flour, 25%  oats 

flour, 55% rye Flour 
220 630 120 70 81 41.50 5.2 
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Abstract 
 
This research aimed to determine the ecological elasticity of soybean varieties’ performance of different maturity 
groups in the Sumy, Ternopil, and Mykolaiv regions. In the course of the research, 10 fast-growing, 6 early-ripening, 4 
middle-early, and 3 mid-ripening varieties of domestic and foreign selection were used. The results of the analysis of 
the obtained data show that the formation of varieties’ yield capacity is directly dependent on the length of the growing 
season, the amount of precipitation, and the temperatures. It was found that the highest level of yield capacity (2.75 t/ha 
on average) is formed by early-maturing soybean varieties, among which the Merlin variety is characterized by the 
highest yield - 3.08 t/ha. 
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INTRODUCTION 
 
Creating varieties that can make the most 
efficient use of bioclimatic resources of a 
particular region, show tolerance to stressful 
environmental conditions, ensure the high 
realization of the genetic potential of 
performance, improvement of existing and 
development of new agrotechnical elements of 
cultivation technology is a strategic task of 
modern science (Datsko, 2017; Bakhmat et al., 
2017). 
Therefore, given the above, in terms of 
production, it is necessary to grow two or three 
varieties that differ in the length of the growing 
season, resistance to diseases, pests, and 
adverse environmental factors (temperature, 
drought, etc.), which is relevant in today's 
climate change (Bakal et al., 2017; Hornol et 
al., 2010; Skendži, 2021). Soybean varieties 
have a narrow ecological adaptation, so the 
technology of growing this crop should be 
based on the best, most adapted to the specific 
soil and climatic conditions of the zone of 
highly productive regionalized, and promising 
varieties (Mataa et al., 2019). 
Varietal resources of soybeans in Ukraine 
consist of 80% of varieties of domestic 
selection and 20% of varieties of foreign 

selection, which gives a wide range of selection 
of varieties taking into account the growing 
area (Shevnikov et al., 2018). 
Academician A.O. Babych points out that for 
each soil-climatic zone there is a group of 
varieties well adapted to the conditions of the 
regions. They ripen reliably and provide high 
yield capacity. At the same time, the author 
believes that the main areas under cultivation in 
the Forest-Steppe and Steppe should be 
occupied by middle-early and mid-ripening 
varieties that effectively use the entire growing 
season (Babich et al., 2010). 
The introduction and distribution of varieties 
significantly depend on their biological 
characteristics and environmental conditions 
(Fichitsian et al., 2018). Therefore, each variety 
should be grown in the region or zone where 
there is the highest realization of the biological 
and genetic potential of performance 
(Langevish, 2017). Variety is one of the factors 
that significantly affect grain yield and quality 
(Fool, 2013; Dresselhaus et al., 2017). 
According to L. M. Sereda, the share of the 
variety in the formation of crop yields can be 
30-35% (Wednesday, 2000). But such a high 
impact on the variety depends on the action of 
a set of conditions (level of soil fertility and 
moisture, biological potential of the variety, 



91

 
Borisova, I. (2016). Technological indicators for 

obtaining gluten-free bread intended for specific 
health needs. Fourteenth National-Youth Scientific 
and Practical Conference, Collection of Reports, 
National House of Science and Technique, CD-R, 
140-145, Sofia. 

 Karadzhov, G., Vassileva, R., Nikolova, M. (2007). 
Bread, Bakery and Confectionery Technology. Sofia, 
Matcom Ltd.  

Laguerre, M., Lecomte, J., Villeneuve, P. (2007). 
Evaluation of the ability of antioxidant to counteract 
lipid oxidation: existing methods, new trends and 
challenges. Progress in Lipid Research, 46, 244-282. 

Lim, J., Wood, A. G. B. (2009). Green Derivation and 
evaluation of a labeled hedonic scale. Chemical 
Senses, 34, 739-751. 

Mangova, M. (2003). Technological quality and nutrient 
value of rye. Cultiver millennium, Hrana i ishrana, 
44, 1-2, 22-23. 

Mc Afee, A. J., McSorley, E. M., Cuskelly, G. J., Moss, 
B. M., Wallace, J. M. W., Bonham, M. P.,  Fearon, 
A. M. (2010). Red meat consumption: an overview of 
the risks and benefits. Meat Science, 84, 1-13. 

Mihalkova, N., Ivanova, S., Angelov, L. (2014). 
Obtaining bread with healthy ingredients a mixture of 

rye, oat and wheat flour. Journal of Mountain of the 
Balkans, 17, 5, 1200-1209. 

Morrison W. R. (1977). Cereal lipids. Proc. Nutr. Soc., 
36, 143-148. 

Stabler, S. P., Allen, R. H. (2004). Vitamin B12 
deficiency as a worldwide problem. Annual Review 
of Nutrition, 24, 299-326.  

Vangelov, A. (1999). Raw materials for production of 
bread, bakery and confectionery. Sofia, Matcom, Ltd. 

***Food and Agriculture Organization of the United 
Nations/World Health Organization (FAO/WHO), 
(1991). Protein quality evaluation. 
http://www.fao.org/docrep/013/t0501e/t0501e00.pdf.  

***Regulation EU 1924/2006, (2006, December 20) No. 
1924/2006 of the European parliament and of the 
council on nutrition and health claims made on foods. 
Official Journal of the European Union, L404, 9-25. 

***Regulation EU 432/2012, (2012, May 16)  
Commission Regulation (EU) No. 432/2012  
establishing a list of permitted health claims mad on 
foods, other than those referring to the reduction of 
disease risk and to children‘s development and 
health. Official Journal of the European Union, 
L136, 1-40. 

 
 

AgroLife Scientific Journal - Volume 11, Number 2, 2022
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718

 

 
ECOLOGICAL ELASTICITY OF SOYBEAN VARIETIES’ PERFORMANCE 

ACCORDING TO CLIMATIC FACTORS IN UKRAINE 
 

Andriy MELNYK, Yuriy ROMANKO, Anhelina DUDKA, Vika CHERVONA,  
Maxim BRUNYOV, Evhen SOROKOLIT 

 

Sumy National Agrarian University, Department of Landscape and Forestry, Faculty of 
Agrotechnologies and Natural Resources, 160 H. Kondratyeva Street, 40021, Sumy, Ukraine 

 
Corresponding author email: melnyk_ua@yahoo.com 

 
Abstract 
 
This research aimed to determine the ecological elasticity of soybean varieties’ performance of different maturity 
groups in the Sumy, Ternopil, and Mykolaiv regions. In the course of the research, 10 fast-growing, 6 early-ripening, 4 
middle-early, and 3 mid-ripening varieties of domestic and foreign selection were used. The results of the analysis of 
the obtained data show that the formation of varieties’ yield capacity is directly dependent on the length of the growing 
season, the amount of precipitation, and the temperatures. It was found that the highest level of yield capacity (2.75 t/ha 
on average) is formed by early-maturing soybean varieties, among which the Merlin variety is characterized by the 
highest yield - 3.08 t/ha. 
 
Key words: soybean, varieties, maturity groups, yield capacity, ecological elasticity. 
 
INTRODUCTION 
 
Creating varieties that can make the most 
efficient use of bioclimatic resources of a 
particular region, show tolerance to stressful 
environmental conditions, ensure the high 
realization of the genetic potential of 
performance, improvement of existing and 
development of new agrotechnical elements of 
cultivation technology is a strategic task of 
modern science (Datsko, 2017; Bakhmat et al., 
2017). 
Therefore, given the above, in terms of 
production, it is necessary to grow two or three 
varieties that differ in the length of the growing 
season, resistance to diseases, pests, and 
adverse environmental factors (temperature, 
drought, etc.), which is relevant in today's 
climate change (Bakal et al., 2017; Hornol et 
al., 2010; Skendži, 2021). Soybean varieties 
have a narrow ecological adaptation, so the 
technology of growing this crop should be 
based on the best, most adapted to the specific 
soil and climatic conditions of the zone of 
highly productive regionalized, and promising 
varieties (Mataa et al., 2019). 
Varietal resources of soybeans in Ukraine 
consist of 80% of varieties of domestic 
selection and 20% of varieties of foreign 

selection, which gives a wide range of selection 
of varieties taking into account the growing 
area (Shevnikov et al., 2018). 
Academician A.O. Babych points out that for 
each soil-climatic zone there is a group of 
varieties well adapted to the conditions of the 
regions. They ripen reliably and provide high 
yield capacity. At the same time, the author 
believes that the main areas under cultivation in 
the Forest-Steppe and Steppe should be 
occupied by middle-early and mid-ripening 
varieties that effectively use the entire growing 
season (Babich et al., 2010). 
The introduction and distribution of varieties 
significantly depend on their biological 
characteristics and environmental conditions 
(Fichitsian et al., 2018). Therefore, each variety 
should be grown in the region or zone where 
there is the highest realization of the biological 
and genetic potential of performance 
(Langevish, 2017). Variety is one of the factors 
that significantly affect grain yield and quality 
(Fool, 2013; Dresselhaus et al., 2017). 
According to L. M. Sereda, the share of the 
variety in the formation of crop yields can be 
30-35% (Wednesday, 2000). But such a high 
impact on the variety depends on the action of 
a set of conditions (level of soil fertility and 
moisture, biological potential of the variety, 
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agricultural technology, etc.) (Kalenskaya et 
al., 2020). 
The study aimed to determine the parameters of 
ecological plasticity and stability of soybean 
varieties of different origins, both domestic and 
Western European, based on the “yield 
capacity” of variable abiotic environmental 
factors and identify them by the yield level in 
different climatic conditions of Ukraine to help 
grain producers determine choosing varieties 
for their farms. This problem has become 
especially relevant in recent years, with a large 
variety of domestic and foreign varieties, which 
are often not adapted to certain conditions of 
Ukraine. 
 
MATERIALS AND METHODS 
 
The research was conducted during 2017-2019 
in the Sumy, Ternopil, and Mykolaiv regions, 
with different soils and climatic conditions. 
23 soybean varieties of different maturity 
groups entered in the State Register of Plant 
Varieties Suitable for Distribution in Ukraine, 
of Ukrainian (fast-growing - Bilyavka, Mavka, 
Alians, Knyazhna, Samorodok, 
Khutoryanochka; early-ripening - Atlanta, 
Diadema Podillya; middle-early - Oriana, 
Vezha; mid-ripening - Vinni) and foreign (fast-
growing - Kofu, Alaska, Tundra; early-ripening 
- Kyoto, Amadeus, Arisa, Merlin, Asuka; 
middle-early - Lissabon, Cordoba, mid-
ripening - Padua, Kent) selections. 
Soybean cultivation technology was 
recommended for the Left Bank Forest-Steppe 
zone. The predecessor is winter grain crops. 
Seed treatment with bacterial preparations was 
performed on the day of sowing. The sowing 
density is 650,000 similar seeds per hectare. 
The main fertilizer was applied in a spreading 
way: standard phosphate and potassium 
magnesia before plowing. Nitrogen fertilizers 
for pre-sowing cultivation were applied in the 
form of ammonium nitrate with the subsequent 
introduction into the soil. Sowing was carried 
out with a row spacing of 45 cm by MTZ 82.1 
unit + Klen 1.5 C (breeding seeder). The depth 
of seed introduction is 4-5 cm. Experiment 
parameters are la = 3, lв = 8; n = 4, the 
accounting area is 30 m2. 
Coefficients of yield capacity elasticity (EA, 
E1, E2) of the crop by the sum of air 

temperature during the growing season and the 
number of precipitations were calculated by the 
formulas (Sich, 2005). The absolute coefficient 
of yield capacity elasticity (EA): 

EA = Δy/Δх, 
where: Δy is the range of yield capacity 
variability, t/ha; Δx is the range of variability of 
the factor between the same years as for yield. 
Relative coefficients of elasticity are of two 
types - E1 and E2: 

Е1 = Δу х_av/100Δх,  
Δу_х av is the average value between the two 
levels of the factor. 

Е2 = Δу х_av/Δх у_av, 
where: Δх and Δу are the amplitude of 
variability of yield and factor, respectively; 
у_av and х_av are the average values of yield 
capacity and factor between the two levels. 
 
RESULTS AND DISCUSSIONS 
 
For a long time, the zone of the northeastern 
Forest-Steppe of Ukraine, which includes the 
Sumy region, was not part of the so-called “soy 
belt”. But over the past 10 years, the area under 
this crop in the region has grown more than 10 
times. Today, in terms of sown area, soybeans 
rank fourth in crop rotation after cereals, corn, 
and sunflower. The emergence of new high-
yielding soybean varieties has allowed not only 
expanding the area of cultivation but also 
getting a high yield (Hlupak, 2013). 
Yield capacity is the result of the complex 
interaction of plants by their genetic potential 
and a set of environmental factors. The soybean 
crop yield is a very multifaceted and complex 
property, which is about 26% due to the 
genotype of the variety. The formation of 
legumes’ yield is characterized by high, 
differentiated action of numerous interrelated 
and interdependent factors, as well as the level 
of response to environmental conditions 
(Babych et al., 2000; Kaminsky, 2006). 
The analysis of hydrothermal conditions and 
yield capacity indicators shows that the 
moisture supply and temperature regime of the 
soybean growing season were different over the 
years and had a significant impact on the level 
of seed yield capacity. 
In terms of weather conditions, the years 
differed significantly. According to the data 
obtained, the most favorable conditions for the 

formation of soybean yield capacity developed 
in 2018 and 2019, while in 2017 they were the 
most unfavorable (environmental conditions 
index was -0.47 for the Sumy region, -0.37 for 
the Ternopil region, and 0.41 for the Mykolaiv 
region) to obtain high yields of the studied 
culture. Meteorological conditions of the 
soybean growing season in 2017 were 
characterized by periodic decrease, and in some 

decades, on the contrary, an increase in air 
temperature and uneven distribution of 
precipitation in critical periods of growth and 
development of soybean plants, which led to 
low seed yield capacity due to low plant 
abortion of flowers and ovaries. The highest 
level of yield capacity was formed by the early-
ripening variety of Merlin, and the lowest - by 
the early-ripening variety of Vezha (Table 1). 

 
Table 1. Seed yield of soybean varieties of different maturity groups grown in Sumy, Ternopil,  

and Mykolaiv regions on average for 2017-2019, t/ha 

Maturity group Variety Sumy region Ternopil region Mykolaiv region Average 

Fast-growing 

Asuka 2.81 3.26 2.48 2.85 
Kofu 2.30 3.50 2.37 2.72 
Alaska 2.43 3.00 2.34 2.59 
Khutoryanochka 2.11 2.78 2.30 2.40 
Knyazha 2.10 2.61 2.23 2.31 
Samorodok 2.27 2.64 2.24 2.38 
Tundra 2.65 3.01 2.34 2.67 
Bilyavka 1.89 2.80 2.21 2.30 
Mavka 2.38 2.61 2.16 2.38 
Alians 2.32 2.65 2.34 2.44 

Early-ripening 

Kioto 2.89 3.44 2.78 2.04 
Amadeus 2.43 3.14 2.55 2.71 
Arisa 2.66 2.85 2.44 2.65 
Merlin 3.06 3.31 2.88 3.08 
Diadema Podillya 2.64 2.99 2.48 2.70 
Atlanta 2.27 2.46 2.31 2.35 

Middle-early 

Lissabon 2.85 2.68 2.46 2.66 
Kordoba 2.61 3.20 2.53 2.78 
Oriana 2.58 2.53 2.03 2.38 
Vezha 1.89 2.55 2.20 1.21 

Mid-ripening 
Kent 2.72 3.25 2.85 2.94 
Padua 1.92 2.82 2.43 1.39 
Vinni 2.37 2.83 2.19 2.46 

Average 2.44 2.91 2.40 2.58 
Duncan test 05  

(for the groups of varieties) 0.28 0.25 0.28  
 
The results of the research conducted during 
2017-2019 show the seed yield of soybean 
varieties to range from 1.21 to 3.08 t/ha, with an 
average yield capacity of 2.58 t/ha of varieties. 
Significantly higher than average yield capacity 
was shown by fast-growing varieties of Asuka, 
Kofu, Alaska, and Tundra (2.85, 2.72, 2.59, and 
2.67 t/ha, respectively); early-ripening - 
Amadeus, Arisa, and Diadema Podillya 
(respectively 2.71, 2.65, and 2.70 t/ha); middle-
early - Lissabon (2.66 t/ha) and Kordoba (2.78 
t/ha); mid-ripening - Kent (2.94 t/ha). On the 
contrary, the yield capacity of such fast-ripening 
varieties as Bilyavka, Knyazha, 
Khutoryanochka, Samorodok, Mavka, and 

Alians was low (respectively, 2.30, 2.31, 2.40, 
2.38, 2.38, and 2.44 t/ha); early-ripening - 
Atlanta (2.35 t/ha) and Kioto (2.04 t/ha); 
middle-early - Vezha (1.21 t/ha), Oriana (2.38 
t/ha), and mid-ripening - Padua (1.39 t/ha) and 
Vinni (2.46 t/ha). 
Asuka turned out to be more productive of the 
fast-growing varieties - 2.85 t/ha, whereas 
Bilyavka had lower performance averaged 2.30 
t/ha over the years of research. The average 
yield capacity in this group was 2.50 t/ha. 
Studies have shown that the longer the growing 
season the plants had, the higher their yield 
capacity was. 
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agricultural technology, etc.) (Kalenskaya et 
al., 2020). 
The study aimed to determine the parameters of 
ecological plasticity and stability of soybean 
varieties of different origins, both domestic and 
Western European, based on the “yield 
capacity” of variable abiotic environmental 
factors and identify them by the yield level in 
different climatic conditions of Ukraine to help 
grain producers determine choosing varieties 
for their farms. This problem has become 
especially relevant in recent years, with a large 
variety of domestic and foreign varieties, which 
are often not adapted to certain conditions of 
Ukraine. 
 
MATERIALS AND METHODS 
 
The research was conducted during 2017-2019 
in the Sumy, Ternopil, and Mykolaiv regions, 
with different soils and climatic conditions. 
23 soybean varieties of different maturity 
groups entered in the State Register of Plant 
Varieties Suitable for Distribution in Ukraine, 
of Ukrainian (fast-growing - Bilyavka, Mavka, 
Alians, Knyazhna, Samorodok, 
Khutoryanochka; early-ripening - Atlanta, 
Diadema Podillya; middle-early - Oriana, 
Vezha; mid-ripening - Vinni) and foreign (fast-
growing - Kofu, Alaska, Tundra; early-ripening 
- Kyoto, Amadeus, Arisa, Merlin, Asuka; 
middle-early - Lissabon, Cordoba, mid-
ripening - Padua, Kent) selections. 
Soybean cultivation technology was 
recommended for the Left Bank Forest-Steppe 
zone. The predecessor is winter grain crops. 
Seed treatment with bacterial preparations was 
performed on the day of sowing. The sowing 
density is 650,000 similar seeds per hectare. 
The main fertilizer was applied in a spreading 
way: standard phosphate and potassium 
magnesia before plowing. Nitrogen fertilizers 
for pre-sowing cultivation were applied in the 
form of ammonium nitrate with the subsequent 
introduction into the soil. Sowing was carried 
out with a row spacing of 45 cm by MTZ 82.1 
unit + Klen 1.5 C (breeding seeder). The depth 
of seed introduction is 4-5 cm. Experiment 
parameters are la = 3, lв = 8; n = 4, the 
accounting area is 30 m2. 
Coefficients of yield capacity elasticity (EA, 
E1, E2) of the crop by the sum of air 

temperature during the growing season and the 
number of precipitations were calculated by the 
formulas (Sich, 2005). The absolute coefficient 
of yield capacity elasticity (EA): 

EA = Δy/Δх, 
where: Δy is the range of yield capacity 
variability, t/ha; Δx is the range of variability of 
the factor between the same years as for yield. 
Relative coefficients of elasticity are of two 
types - E1 and E2: 

Е1 = Δу х_av/100Δх,  
Δу_х av is the average value between the two 
levels of the factor. 

Е2 = Δу х_av/Δх у_av, 
where: Δх and Δу are the amplitude of 
variability of yield and factor, respectively; 
у_av and х_av are the average values of yield 
capacity and factor between the two levels. 
 
RESULTS AND DISCUSSIONS 
 
For a long time, the zone of the northeastern 
Forest-Steppe of Ukraine, which includes the 
Sumy region, was not part of the so-called “soy 
belt”. But over the past 10 years, the area under 
this crop in the region has grown more than 10 
times. Today, in terms of sown area, soybeans 
rank fourth in crop rotation after cereals, corn, 
and sunflower. The emergence of new high-
yielding soybean varieties has allowed not only 
expanding the area of cultivation but also 
getting a high yield (Hlupak, 2013). 
Yield capacity is the result of the complex 
interaction of plants by their genetic potential 
and a set of environmental factors. The soybean 
crop yield is a very multifaceted and complex 
property, which is about 26% due to the 
genotype of the variety. The formation of 
legumes’ yield is characterized by high, 
differentiated action of numerous interrelated 
and interdependent factors, as well as the level 
of response to environmental conditions 
(Babych et al., 2000; Kaminsky, 2006). 
The analysis of hydrothermal conditions and 
yield capacity indicators shows that the 
moisture supply and temperature regime of the 
soybean growing season were different over the 
years and had a significant impact on the level 
of seed yield capacity. 
In terms of weather conditions, the years 
differed significantly. According to the data 
obtained, the most favorable conditions for the 

formation of soybean yield capacity developed 
in 2018 and 2019, while in 2017 they were the 
most unfavorable (environmental conditions 
index was -0.47 for the Sumy region, -0.37 for 
the Ternopil region, and 0.41 for the Mykolaiv 
region) to obtain high yields of the studied 
culture. Meteorological conditions of the 
soybean growing season in 2017 were 
characterized by periodic decrease, and in some 

decades, on the contrary, an increase in air 
temperature and uneven distribution of 
precipitation in critical periods of growth and 
development of soybean plants, which led to 
low seed yield capacity due to low plant 
abortion of flowers and ovaries. The highest 
level of yield capacity was formed by the early-
ripening variety of Merlin, and the lowest - by 
the early-ripening variety of Vezha (Table 1). 

 
Table 1. Seed yield of soybean varieties of different maturity groups grown in Sumy, Ternopil,  

and Mykolaiv regions on average for 2017-2019, t/ha 

Maturity group Variety Sumy region Ternopil region Mykolaiv region Average 

Fast-growing 

Asuka 2.81 3.26 2.48 2.85 
Kofu 2.30 3.50 2.37 2.72 
Alaska 2.43 3.00 2.34 2.59 
Khutoryanochka 2.11 2.78 2.30 2.40 
Knyazha 2.10 2.61 2.23 2.31 
Samorodok 2.27 2.64 2.24 2.38 
Tundra 2.65 3.01 2.34 2.67 
Bilyavka 1.89 2.80 2.21 2.30 
Mavka 2.38 2.61 2.16 2.38 
Alians 2.32 2.65 2.34 2.44 

Early-ripening 

Kioto 2.89 3.44 2.78 2.04 
Amadeus 2.43 3.14 2.55 2.71 
Arisa 2.66 2.85 2.44 2.65 
Merlin 3.06 3.31 2.88 3.08 
Diadema Podillya 2.64 2.99 2.48 2.70 
Atlanta 2.27 2.46 2.31 2.35 

Middle-early 

Lissabon 2.85 2.68 2.46 2.66 
Kordoba 2.61 3.20 2.53 2.78 
Oriana 2.58 2.53 2.03 2.38 
Vezha 1.89 2.55 2.20 1.21 

Mid-ripening 
Kent 2.72 3.25 2.85 2.94 
Padua 1.92 2.82 2.43 1.39 
Vinni 2.37 2.83 2.19 2.46 

Average 2.44 2.91 2.40 2.58 
Duncan test 05  

(for the groups of varieties) 0.28 0.25 0.28  
 
The results of the research conducted during 
2017-2019 show the seed yield of soybean 
varieties to range from 1.21 to 3.08 t/ha, with an 
average yield capacity of 2.58 t/ha of varieties. 
Significantly higher than average yield capacity 
was shown by fast-growing varieties of Asuka, 
Kofu, Alaska, and Tundra (2.85, 2.72, 2.59, and 
2.67 t/ha, respectively); early-ripening - 
Amadeus, Arisa, and Diadema Podillya 
(respectively 2.71, 2.65, and 2.70 t/ha); middle-
early - Lissabon (2.66 t/ha) and Kordoba (2.78 
t/ha); mid-ripening - Kent (2.94 t/ha). On the 
contrary, the yield capacity of such fast-ripening 
varieties as Bilyavka, Knyazha, 
Khutoryanochka, Samorodok, Mavka, and 

Alians was low (respectively, 2.30, 2.31, 2.40, 
2.38, 2.38, and 2.44 t/ha); early-ripening - 
Atlanta (2.35 t/ha) and Kioto (2.04 t/ha); 
middle-early - Vezha (1.21 t/ha), Oriana (2.38 
t/ha), and mid-ripening - Padua (1.39 t/ha) and 
Vinni (2.46 t/ha). 
Asuka turned out to be more productive of the 
fast-growing varieties - 2.85 t/ha, whereas 
Bilyavka had lower performance averaged 2.30 
t/ha over the years of research. The average 
yield capacity in this group was 2.50 t/ha. 
Studies have shown that the longer the growing 
season the plants had, the higher their yield 
capacity was. 
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In terms of performance, a group of early-
maturing varieties took first place. Its average 
yield was 2.75 t/ha. In this group, the highest 
level of adaptability was shown by Merlin 
variety, which during 2017-2019 formed the 
highest level of yield capacity - 3.08 t/ha under 
the same growing conditions as other varieties. 
The lowest yield of the studied early-ripening 
soybean varieties was Kioto - 2.04 t/ha. 
The second place in terms of soybean seed 
performance was occupied by a group of 
middle-early varieties with an average yield 
capacity of 2.48 t/ha. 
Concerning the varieties of the middle-early 
group, it is worth noting that the variety of 
Kordoba was more productive with a seed yield 
of 2.78 t/ha. The variety of Vezha had the 
lowest yield - 1.21 t/ha. 
Having analyzed the group of medium-ripe 
varieties, we can conclude that in the region, 
Padua soybean variety had a yield capacity of 
1.39 t/ha, the Vinni variety - of 2.46 t/ha. The 
highest yield was formed in the variety of Kent - 
2.94 t/ha. The average yield capacity in this 
group was 2.6 t/ha. 
The results of the analysis of the yield capacity 
of varieties of different maturity groups among 
the regions show that the most promising region 
for soybean cultivation is Ternopil, where the 
average yield was 2.91 t/ha. The Mykolaiv 
region is characterized by the lowest average 
yield capacity of grades - 2.40 t/ha. 
Thus, the most promising varieties for growing 
in the Sumy region are: among the group of 
fast-growing varieties - Asuka and Tundra; 
among the group of early-ripening soybean 
varieties - Merlin and Kioto; among the group 
of middle-early varieties - Lissabon and 
Kordoba; among the group of mid-ripening 
varieties - Kent and Vinni. 
It has been experimentally established that to 
obtain highly productive soybean 
agrobiocenoses in the western part of the Forest-
Steppe of Ukraine, it is necessary to take a 
balanced approach to the choice of soybean 
varieties of different maturity groups. The level 
of yield capacity formation of soybean varieties 
determines such an indicator as the early 
maturity of the variety. For the conditions of the 
western Forest-Steppe zone, the cultivation of 
early-ripening (Kioto, Merlin, and Amadeus) 

and mid-ripening (Kent, Vinni, and Padua) 
soybean varieties are effective. 
Analysis of the research results showed that the 
average yield of soybean varieties of fast-
growing and middle-early groups for cultivation 
in the southern steppe of Ukraine was relatively 
high - 2.30 t/ha. As a result of determining the 
yield capacity on average over three years of 
study, the best varieties of soybeans of the fast-
growing group were identified, which provided 
high yield capacity: Asuka (2.48 t/ha), Kofu 
(2.37 t/ha), Alaska, Tundra, and Alians (2.34 
t/ha each).  
For the stable production of soybean seeds in 
the Sumy region, which is characterized by high 
weather variability, diversity of soil, and 
climatic zones, it is advisable to choose three or 
four different fast-growing varieties, differing in 
length of the growing season, resistance to 
diseases, pests, and adverse environmental 
factors (low temperatures, droughts, etc.).  
Analyzing yield capacity and stability of a 
variety or agronomic techniques, it is important 
to simultaneously assess the response to 
changes in environmental factors. The key 
factor is the temperature and moisture regime 
during the growing season. The expediency of 
using three coefficients of yield capacity 
elasticity (EA, E1, E2) of crops on the sum of 
air temperature for vegetation and the sum of 
precipitation is calculated and proved. Absolute 
yield capacity elasticity (EA): characterizes how 
many units increase (or decrease) the yield 
capacity with a corresponding increase (or 
decrease) of the factor per unit. If it has a sign “-
“, then the resulting pattern is reversed (an 
increase in yield capacity due to a decrease in 
the value of the active factor (or vice versa)). 
The disadvantage of this factor is the inability to 
use it to compare different crops and traits with 
each other. 
Relative coefficients of elasticity are of two 
types - E1 and E2. The first one characterizes 
the change in yield capacity in t/ha by 1% 
change in the factor relative to its average. In 
the range from xmin to xmax this coefficient is 
not the same. Therefore, it is determined for the 
middle level. The second coefficient of 
elasticity (E2) is the most universal and allows 
comparing different crops or varieties 
depending on changes in different factors. It 
takes the value “+” or “-” and characterizes the 

change of 1% yield capacity when the factor 
changes by 1%. The universality of this 
coefficient is that it allows comparing different 
crops and varieties, regardless of the studied 
factor. 
Thus, for the conditions of the Sumy region 
among soybean varieties, early-ripening ones 
react the most to changes in temperature. Thus, 
in the variety of Diadema Podillya, an increase 
in temperature by 1 ° C increased the yield 
capacity by 7 kg/ha (EA = 0.007). Amadeus 
variety was more sensitive to changes in 
temperature, as evidenced by a sharp increase in 
EA (EA = 0.010) (Table 2). It should be noted 
that the early-ripening variety of Kioto received 

an inverse pattern - the decrease in yield 
capacity is due to an increase in the sum of 
temperatures during the growing season (EA =  
-0.016). Varieties of the fast-growing group 
reacted to changes in temperature also 
differently. Precocious variety Asuka and 
Alians responded positively to the increase in 
temperatures during the growing season (EA = 
0.006). The rest of the varieties of this group 
increased the yield by 3-5 kg/ha (EA = 0.003 ÷ 
0.005). In middle-early soybean varieties, the 
yield increased by an average of 5.25 kg/ha with 
increasing temperature by 1°С (EA = 0.003 ÷ 
0.007). 

 
Table 2. Coefficients of yield capacity elasticity of soybean varieties depending on climatic factors in  

the Sumy region, the average for 2017-2019 

Variety 

Yield 
capacity, 

t/ha 

Coefficients of elasticity by air temperature (°C) and precipitation (mm) during 
the growing season 

Temperatures, °С Precipitation, mm 
R (Δу) Δх ЕA Е1 E2 Δх ЕA Е1 E2 

Kioto 0.59 -35.9 -0.016 -0.40 -13.77 94.2 0.006 0.01 0.30 
Amadeus 1.39 139.7 0.010 0.24 9.91 32.5 0.043 0.06 2.47 
Arisa 0.28 139.7 0.002 0.05 1.82 32.5 0.009 0.01 0.45 
Merlin 0.53 175.6 0.003 0.07 2.39 -61.7 -0.009 -0.01 -0.39 
Diadema Podillya 0.93 139.7 0.007 0.16 6.11 -61.7 -0.015 -0.02 -0.80 
Atlanta 0.97 175.6 0.006 0.13 5.89 -61.7 -0.016 -0.02 -0.97 
Asuka 0.59 168.3 0.004 0.07 2.61 32.8 0.018 0.02 0.87 
Kofu 0.96 168.3 0.006 0.12 5.19 32.8 0.029 0.04 1.74 
Alaska 0.97 191.0 0.005 0.11 4.37 -62.3 -0.016 -0.02 -0.87 
Khutoryanochka 0.51 168.3 0.003 0.06 3.00 32.8 0.016 0.02 1.00 
Knyazha 0.81 168.3 0.005 0.10 4.79 -62.3 -0.013 -0.02 -0.84 
Samorodok 0.84 191.0 0.004 0.09 4.05 32.8 0.026 0.03 1.54 
Tundra 0.53 191.0 0.003 0.06 2.19 -62.3 -0.009 -0.01 -0.44 
Bilyavka 0.70 191.0 0.004 0.08 4.06 -62.3 -0.011 -0.02 -0.81 
Mavka 0.96 191.0 0.005 0.11 4.42 -62.3 -0.015 -0.02 -0.88 
Alians 1.11 191.0 0.006 0.12 5.24 -62.3 -0.018 -0.02 -1.05 
Lissabon 1.06 148.5 0.007 0.16 5.55 32.8 0.032 0.04 1.55 
Kordoba 0.73 148.5 0.005 0.11 4.17 32.8 0.022 0.03 1.16 
Oriana 1.09 172.0 0.006 0.14 5.44 -62.3 -0.017 -0.02 -0.92 
Vezha 0.52 172.0 0.003 0.07 3.54 -62.3 -0.008 -0.01 -0.60 
Kent 0.61 187.6 0.003 0.08 3.01 26.3 0.023 0.03 1.21 
Padua 0.70 187.6 0.004 0.09 4.89 26.3 0.027 0.04 1.97 
Vinni 0.88 210.8 0.004 0.11 4.43 -67.9 -0.013 -0.02 -0.78 

Note: The temperature and humidity regimes correspond to the conditions of the year in which the maximum (ymax) and minimum (ymin) yields 
were obtained. 

 
Comparing the relative coefficients of elasticity 
(E2), soybean varieties in response to changes 
in temperature can be placed in the following 
order: fast-growing (E2 = 3.99 on average per 
group) – mid-ripening (E2 = 4.11) – middle-
early (E2 = 4.68) – early-ripening (E2 = 5.22). 
That is, an increase in the sum of temperatures 
by 1% leads to an increase in yield capacity by 

1.82-9.91% depending on the variety. The 
exception was Kioto variety, in which a 1% 
increase in temperature resulted in a 13.77% 
decrease in yield. 
It should be noted that with an increase in 
precipitation by 1 mm, the yield capacity 
decreases by 9.0 kg/ha in the varieties of Merlin 
and Tundra; 13.0 ku in the varieties of Vinni 
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In terms of performance, a group of early-
maturing varieties took first place. Its average 
yield was 2.75 t/ha. In this group, the highest 
level of adaptability was shown by Merlin 
variety, which during 2017-2019 formed the 
highest level of yield capacity - 3.08 t/ha under 
the same growing conditions as other varieties. 
The lowest yield of the studied early-ripening 
soybean varieties was Kioto - 2.04 t/ha. 
The second place in terms of soybean seed 
performance was occupied by a group of 
middle-early varieties with an average yield 
capacity of 2.48 t/ha. 
Concerning the varieties of the middle-early 
group, it is worth noting that the variety of 
Kordoba was more productive with a seed yield 
of 2.78 t/ha. The variety of Vezha had the 
lowest yield - 1.21 t/ha. 
Having analyzed the group of medium-ripe 
varieties, we can conclude that in the region, 
Padua soybean variety had a yield capacity of 
1.39 t/ha, the Vinni variety - of 2.46 t/ha. The 
highest yield was formed in the variety of Kent - 
2.94 t/ha. The average yield capacity in this 
group was 2.6 t/ha. 
The results of the analysis of the yield capacity 
of varieties of different maturity groups among 
the regions show that the most promising region 
for soybean cultivation is Ternopil, where the 
average yield was 2.91 t/ha. The Mykolaiv 
region is characterized by the lowest average 
yield capacity of grades - 2.40 t/ha. 
Thus, the most promising varieties for growing 
in the Sumy region are: among the group of 
fast-growing varieties - Asuka and Tundra; 
among the group of early-ripening soybean 
varieties - Merlin and Kioto; among the group 
of middle-early varieties - Lissabon and 
Kordoba; among the group of mid-ripening 
varieties - Kent and Vinni. 
It has been experimentally established that to 
obtain highly productive soybean 
agrobiocenoses in the western part of the Forest-
Steppe of Ukraine, it is necessary to take a 
balanced approach to the choice of soybean 
varieties of different maturity groups. The level 
of yield capacity formation of soybean varieties 
determines such an indicator as the early 
maturity of the variety. For the conditions of the 
western Forest-Steppe zone, the cultivation of 
early-ripening (Kioto, Merlin, and Amadeus) 

and mid-ripening (Kent, Vinni, and Padua) 
soybean varieties are effective. 
Analysis of the research results showed that the 
average yield of soybean varieties of fast-
growing and middle-early groups for cultivation 
in the southern steppe of Ukraine was relatively 
high - 2.30 t/ha. As a result of determining the 
yield capacity on average over three years of 
study, the best varieties of soybeans of the fast-
growing group were identified, which provided 
high yield capacity: Asuka (2.48 t/ha), Kofu 
(2.37 t/ha), Alaska, Tundra, and Alians (2.34 
t/ha each).  
For the stable production of soybean seeds in 
the Sumy region, which is characterized by high 
weather variability, diversity of soil, and 
climatic zones, it is advisable to choose three or 
four different fast-growing varieties, differing in 
length of the growing season, resistance to 
diseases, pests, and adverse environmental 
factors (low temperatures, droughts, etc.).  
Analyzing yield capacity and stability of a 
variety or agronomic techniques, it is important 
to simultaneously assess the response to 
changes in environmental factors. The key 
factor is the temperature and moisture regime 
during the growing season. The expediency of 
using three coefficients of yield capacity 
elasticity (EA, E1, E2) of crops on the sum of 
air temperature for vegetation and the sum of 
precipitation is calculated and proved. Absolute 
yield capacity elasticity (EA): characterizes how 
many units increase (or decrease) the yield 
capacity with a corresponding increase (or 
decrease) of the factor per unit. If it has a sign “-
“, then the resulting pattern is reversed (an 
increase in yield capacity due to a decrease in 
the value of the active factor (or vice versa)). 
The disadvantage of this factor is the inability to 
use it to compare different crops and traits with 
each other. 
Relative coefficients of elasticity are of two 
types - E1 and E2. The first one characterizes 
the change in yield capacity in t/ha by 1% 
change in the factor relative to its average. In 
the range from xmin to xmax this coefficient is 
not the same. Therefore, it is determined for the 
middle level. The second coefficient of 
elasticity (E2) is the most universal and allows 
comparing different crops or varieties 
depending on changes in different factors. It 
takes the value “+” or “-” and characterizes the 

change of 1% yield capacity when the factor 
changes by 1%. The universality of this 
coefficient is that it allows comparing different 
crops and varieties, regardless of the studied 
factor. 
Thus, for the conditions of the Sumy region 
among soybean varieties, early-ripening ones 
react the most to changes in temperature. Thus, 
in the variety of Diadema Podillya, an increase 
in temperature by 1 ° C increased the yield 
capacity by 7 kg/ha (EA = 0.007). Amadeus 
variety was more sensitive to changes in 
temperature, as evidenced by a sharp increase in 
EA (EA = 0.010) (Table 2). It should be noted 
that the early-ripening variety of Kioto received 

an inverse pattern - the decrease in yield 
capacity is due to an increase in the sum of 
temperatures during the growing season (EA =  
-0.016). Varieties of the fast-growing group 
reacted to changes in temperature also 
differently. Precocious variety Asuka and 
Alians responded positively to the increase in 
temperatures during the growing season (EA = 
0.006). The rest of the varieties of this group 
increased the yield by 3-5 kg/ha (EA = 0.003 ÷ 
0.005). In middle-early soybean varieties, the 
yield increased by an average of 5.25 kg/ha with 
increasing temperature by 1°С (EA = 0.003 ÷ 
0.007). 

 
Table 2. Coefficients of yield capacity elasticity of soybean varieties depending on climatic factors in  

the Sumy region, the average for 2017-2019 

Variety 

Yield 
capacity, 

t/ha 

Coefficients of elasticity by air temperature (°C) and precipitation (mm) during 
the growing season 

Temperatures, °С Precipitation, mm 
R (Δу) Δх ЕA Е1 E2 Δх ЕA Е1 E2 

Kioto 0.59 -35.9 -0.016 -0.40 -13.77 94.2 0.006 0.01 0.30 
Amadeus 1.39 139.7 0.010 0.24 9.91 32.5 0.043 0.06 2.47 
Arisa 0.28 139.7 0.002 0.05 1.82 32.5 0.009 0.01 0.45 
Merlin 0.53 175.6 0.003 0.07 2.39 -61.7 -0.009 -0.01 -0.39 
Diadema Podillya 0.93 139.7 0.007 0.16 6.11 -61.7 -0.015 -0.02 -0.80 
Atlanta 0.97 175.6 0.006 0.13 5.89 -61.7 -0.016 -0.02 -0.97 
Asuka 0.59 168.3 0.004 0.07 2.61 32.8 0.018 0.02 0.87 
Kofu 0.96 168.3 0.006 0.12 5.19 32.8 0.029 0.04 1.74 
Alaska 0.97 191.0 0.005 0.11 4.37 -62.3 -0.016 -0.02 -0.87 
Khutoryanochka 0.51 168.3 0.003 0.06 3.00 32.8 0.016 0.02 1.00 
Knyazha 0.81 168.3 0.005 0.10 4.79 -62.3 -0.013 -0.02 -0.84 
Samorodok 0.84 191.0 0.004 0.09 4.05 32.8 0.026 0.03 1.54 
Tundra 0.53 191.0 0.003 0.06 2.19 -62.3 -0.009 -0.01 -0.44 
Bilyavka 0.70 191.0 0.004 0.08 4.06 -62.3 -0.011 -0.02 -0.81 
Mavka 0.96 191.0 0.005 0.11 4.42 -62.3 -0.015 -0.02 -0.88 
Alians 1.11 191.0 0.006 0.12 5.24 -62.3 -0.018 -0.02 -1.05 
Lissabon 1.06 148.5 0.007 0.16 5.55 32.8 0.032 0.04 1.55 
Kordoba 0.73 148.5 0.005 0.11 4.17 32.8 0.022 0.03 1.16 
Oriana 1.09 172.0 0.006 0.14 5.44 -62.3 -0.017 -0.02 -0.92 
Vezha 0.52 172.0 0.003 0.07 3.54 -62.3 -0.008 -0.01 -0.60 
Kent 0.61 187.6 0.003 0.08 3.01 26.3 0.023 0.03 1.21 
Padua 0.70 187.6 0.004 0.09 4.89 26.3 0.027 0.04 1.97 
Vinni 0.88 210.8 0.004 0.11 4.43 -67.9 -0.013 -0.02 -0.78 

Note: The temperature and humidity regimes correspond to the conditions of the year in which the maximum (ymax) and minimum (ymin) yields 
were obtained. 

 
Comparing the relative coefficients of elasticity 
(E2), soybean varieties in response to changes 
in temperature can be placed in the following 
order: fast-growing (E2 = 3.99 on average per 
group) – mid-ripening (E2 = 4.11) – middle-
early (E2 = 4.68) – early-ripening (E2 = 5.22). 
That is, an increase in the sum of temperatures 
by 1% leads to an increase in yield capacity by 

1.82-9.91% depending on the variety. The 
exception was Kioto variety, in which a 1% 
increase in temperature resulted in a 13.77% 
decrease in yield. 
It should be noted that with an increase in 
precipitation by 1 mm, the yield capacity 
decreases by 9.0 kg/ha in the varieties of Merlin 
and Tundra; 13.0 ku in the varieties of Vinni 
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and Khutoryanochka; 15.0 kg/ha in the varieties 
of Diadema Podillya and Mavka; 16.0 kg/ha in 
the varieties of Alaska and Atlanta; 17.0 kg/ha 
in Oriana variety; 18.0 kg/ha in the variety of 
Alliance. In the varieties of Kioto and Arisa, an 
increase in precipitation by 1 mm contributed to 
an increase in yield capacity of 6.0 and 9.0 
kg/ha. The maximum value of the coefficient of 
elasticity was observed in the variety of 
Amadeus (EA = 0.043). 
In other varieties, an increase in the amount of 
precipitation led to an increase in yield capacity 
by 0.018-0.032 t/ha or 18.0-32.0 kg/ha. Besides, 
the coefficient of elasticity indicates what 
percent of the effective trait (yield capacity) will 
increase with an increase in precipitation by 1%. 
The higher coefficient of elasticity (E2) was 
2.47 in the Amadeus variety and 1.97 in the 

Padua variety. In the Kofu variety, this figure 
was 1.74%. 
A comparative analysis of the effect of different 
amounts of precipitation on the formation of 
soybean yield capacity showed that 1% increase 
in precipitation contributed to a decrease in 
soybean yield by 1.05% in the variety of Alians, 
0.97% - in the variety of Atlanta, 0.92% - in the 
variety of Oriana. The lowest figure was -0.39% 
in the Merlin variety.  
Thus, the formation of soybean yield capacity is 
directly dependent on the total of temperatures 
and precipitation. The increase in soybean seed 
yield capacity from an increase in precipitation 
by 1 mm is from 6.0 to 43.0 kg/ha. Under 
conditions of increasing temperatures by 1°С, 
the yield capacity of soybean seeds increases by 
2.0-10.0 kg/ha (Table 3). 

 
Table 3. Coefficients of yield capacity elasticity of soybean varieties depending on climatic factors in the 

Ternopil region, the average for 2017-2019 

Variety 

Yield 
capacity, 

t/ha 

Coefficients of elasticity by air temperature (°C) and precipitation (mm) 
during the growing season 

Temperatures, °С Precipitation, mm 
R (Δу) Δх ЕA Е1 E2 Δх ЕA Е1 E2 

Kioto 0.86 0.9 1.000 21.0 610.5 -57.2 -0.015 0.0 -1.3 
Amadeus 0.88 0.9 1.000 21.0 668.8 -57.2 -0.015 -0.2 -1.5 
Arisa 1.25 1.3 1.000 21.0 738.5 -57.2 -0.022 -0.1 -2.3 
Merlin 1.11 63.8 0.017 0.4 11.0 -57.2 -0.019 -0.2 -1.7 
Diadema Podillya 0.97 63.8 0.015 0.3 10.7 -57.2 -0.017 -0.2 -1.7 
Atlanta 0.80 63.8 0.013 0.3 10.7 -57.2 -0.014 -0.1 -1.7 
Asuka 0.71 143.5 0.005 0.1 2.8 -101.4 -0.007 -0.1 -0.6 
Kofu 0.71 -6.5 -0.109 -2.0 -56.8 20.0 0.036 0.5 2.7 
Alaska 0.33 -6.5 -0.051 -0.9 -30.8 20.0 0.017 0.4 1.4 
Khutoryanochka 0.57 -6.5 -0.088 -1.6 -57.4 20.0 0.029 0.4 2.7 
Knyazha 0.83 -6.5 -0.128 -2.3 -89.0 20.0 0.042 0.3 4.2 
Samorodok 0.65 -6.5 -0.100 -1.8 -69.0 20.0 0.033 0.3 3.2 
Tundra 0.68 -6.5 -0.105 -1.9 -63.2 20.0 0.034 0.4 3.0 
Bilyavka 0.78 -6.5 -0.120 -2.2 -78.0 20.0 0.039 0.4 3.7 
Mavka 0.78 -6.5 -0.120 -2.2 -83.5 20.0 0.039 0.3 3.9 
Alians 0.71 -6.5 -0.109 -2.0 -75.1 20.0 0.036 0.3 3.5 
Lissabon 0.84 23.0 0.037 0.7 26.0 -14.0 -0.060 -0.5 -6.2 
Kordoba 0.68 23.0 0.030 0.6 17.6 -14.0 -0.049 -0.6 -4.2 
Oriana 0.76 23.0 0.033 0.6 24.9 -14.0 -0.054 -0.5 -6.0 
Vezha 0.91 23.0 0.040 0.8 29.6 -14.0 -0.065 -0.5 -7.1 
Kent 0.65 162.9 0.004 0.1 2.7 -116.8 -0.006 -0.1 -0.5 
Padua 0.86 87.5 0.010 0.2 7.6 -63.7 -0.014 -0.1 -1.5 
Vinni 0.79 87.5 0.009 0.2 7.0 -63.7 -0.012 -0.1 -1.3 

Note: The temperature and humidity regimes correspond to the conditions of the year in which the maximum (ymax) and minimum (ymin) yields 
were obtained. 

 
The analysis of the results of elasticity 
coefficients in the Ternopil region showed that 
early-maturing soybean varieties are most 
responsive to changes in temperature. Thus, if in 
the early-ripening variety of Kent and the mid-

ripening variety of Asuka the increase in 
temperature by 1°С led to an increase in the 
yield capacity by 4 and 5 kg/ha (EA = 0.004 and 
EA = 0.005), in the early-ripening varieties of 
Atlanta, Diadema Podillya, and Merlin, the 

coefficient of elasticity was 0.013, 0.015, and 
0.017. Slightly higher rates were for growing 
middle-early varieties of Kordoba (EA = 0.030), 
Oriana (EA = 0.033), and Vezha (EA = 0.040). 
Early-ripening varieties of Kioto, Amadeus, and 
Arisa were more sensitive to changes in 
temperature, as evidenced by a sharp increase in 
EA (EA = 1.00) (Table 3). During the 
cultivation of fast-growing soybean varieties, 
the inverse pattern was obtained - the decrease 
in yield is due to the increase in temperatures 
during the growing season (EA = -0.051 ÷ -
0.128). Analyzing the relative coefficients of 
elasticity (E2), it is worth noting that the 
increase in temperature by 1% contributed to the 
increase in yield capacity of early-ripening 
groups by 10.7-738.5%, middle-early group by 
17.6-29.6%, mid-ripening group - by 2.7-7.6%. 
When cultivating fast-growing soybean 
varieties, the relative coefficient of elasticity 
(E2) was negative and amounted to -30.8 ÷ -
89.0%. That is, reducing temperatures by 1% 
leads to increased yield capacity. 
It has been established that with a decrease in 
the amount of precipitation by 1 mm, the yield 
capacity increases by 14.0-22.0 kg/ha in early-
ripening varieties; 49.0-65.0 kg in middle-early 
varieties; 6.0-14.0 kg/ha in mid-ripening 
soybean varieties. During the cultivation of fast-
growing soybean varieties, an increase in 
precipitation by 1 mm contributed to an increase 
in yield capacity of 14.0 and 42.0 kg/ha. In 
other words, the increase in precipitation by 1% 
contributed to the increase in yield capacity by 
1.4-4.2%. 
Thus, the regularity of the influence of weather 
conditions on the yield capacity of soybean 
varieties can be traced. The yield capacity of the 
plant depends on temperatures during the 
growing season. With an increase in the sum of 
temperatures by 1%, the yield capacity increases 
in early-ripening, middle-early and mid-ripening 
varieties by 2.7 ÷ 738.5%, and in fast-growing 
varieties on the contrary - with the increase in 
temperature yield capacity decreases by -57.4 ÷ 
-89.0%. Yield capacity is affected by the 
amount of precipitation. The analysis showed 
the inverse dependence of soybean yield 
capacity on the amount of precipitation during 

the growing season, an increase in the amount 
of precipitation for the growing season by 1% 
leads to yield capacity decrease by -0.5 ÷ -7.1%, 
and for cultivating fast-growing varieties - 
increased precipitation contributed to increased 
yield capacity by 1.4 ÷ 4.2%. 
According to the coefficient of elasticity (E2) in 
terms of the Mykolaiv region, it has been 
determined by what percent the effective sign of 
yield capacity (У) of soybean seeds will 
increase with the increase in the amount of 
precipitation (R, mm) and temperatures (T, °С) 
by 1%. In terms of the Mykolaiv area, the 
increase in soybean yield capacity at 1% 
increase in the amount of precipitation for 
vegetation is noted for the cultivation of early-
ripening, middle-early and mid-ripening 
varieties (Table 4). 
The highest coefficient of elasticity with 1% 
increase in the amount of precipitation was 
observed for the cultivation of mid-ripening 
varieties of Padua - 12.4% and Kent - 8.9%; 
early-ripening - Merlin and Kioto (E2 = 6.5%). 
During the cultivation of fast-growing soybean 
varieties, an increase in the amount of 
precipitation by 1% contributed to a decrease in 
seed yield capacity by E2 = -4.7 ÷ -8.5%. 
Mavka had the highest results. 
Thus, the high yield capacity of soybean seeds 
is more pronounced with a high amount of 
precipitation. 
When analyzing the dependence of changes in 
soybean seed yield capacity on temperatures, it 
was found to decrease by 8.2-175.7% in terms 
of increasing the sum of temperatures by 1%. 
Only during the cultivation of the Bilyavka 
variety, the yield capacity increase by 27.8% 
with an increase in temperatures by 1%. 
Thus, the results of the influence of temperature 
and precipitation on soybean yield capacity by 
the elasticity coefficient showed that the 
formation of yield is directly dependent on the 
amount of precipitation and temperatures. The 
increase in yield capacity in terms of the 
increase in precipitation by 1 mm is from 5 to 
203 kg/ha. In terms of increasing temperatures 
by 1°C, soybean yield capacity decreases by 
1.0-15.0 kg/ha. 
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and Khutoryanochka; 15.0 kg/ha in the varieties 
of Diadema Podillya and Mavka; 16.0 kg/ha in 
the varieties of Alaska and Atlanta; 17.0 kg/ha 
in Oriana variety; 18.0 kg/ha in the variety of 
Alliance. In the varieties of Kioto and Arisa, an 
increase in precipitation by 1 mm contributed to 
an increase in yield capacity of 6.0 and 9.0 
kg/ha. The maximum value of the coefficient of 
elasticity was observed in the variety of 
Amadeus (EA = 0.043). 
In other varieties, an increase in the amount of 
precipitation led to an increase in yield capacity 
by 0.018-0.032 t/ha or 18.0-32.0 kg/ha. Besides, 
the coefficient of elasticity indicates what 
percent of the effective trait (yield capacity) will 
increase with an increase in precipitation by 1%. 
The higher coefficient of elasticity (E2) was 
2.47 in the Amadeus variety and 1.97 in the 

Padua variety. In the Kofu variety, this figure 
was 1.74%. 
A comparative analysis of the effect of different 
amounts of precipitation on the formation of 
soybean yield capacity showed that 1% increase 
in precipitation contributed to a decrease in 
soybean yield by 1.05% in the variety of Alians, 
0.97% - in the variety of Atlanta, 0.92% - in the 
variety of Oriana. The lowest figure was -0.39% 
in the Merlin variety.  
Thus, the formation of soybean yield capacity is 
directly dependent on the total of temperatures 
and precipitation. The increase in soybean seed 
yield capacity from an increase in precipitation 
by 1 mm is from 6.0 to 43.0 kg/ha. Under 
conditions of increasing temperatures by 1°С, 
the yield capacity of soybean seeds increases by 
2.0-10.0 kg/ha (Table 3). 

 
Table 3. Coefficients of yield capacity elasticity of soybean varieties depending on climatic factors in the 

Ternopil region, the average for 2017-2019 

Variety 

Yield 
capacity, 

t/ha 

Coefficients of elasticity by air temperature (°C) and precipitation (mm) 
during the growing season 

Temperatures, °С Precipitation, mm 
R (Δу) Δх ЕA Е1 E2 Δх ЕA Е1 E2 

Kioto 0.86 0.9 1.000 21.0 610.5 -57.2 -0.015 0.0 -1.3 
Amadeus 0.88 0.9 1.000 21.0 668.8 -57.2 -0.015 -0.2 -1.5 
Arisa 1.25 1.3 1.000 21.0 738.5 -57.2 -0.022 -0.1 -2.3 
Merlin 1.11 63.8 0.017 0.4 11.0 -57.2 -0.019 -0.2 -1.7 
Diadema Podillya 0.97 63.8 0.015 0.3 10.7 -57.2 -0.017 -0.2 -1.7 
Atlanta 0.80 63.8 0.013 0.3 10.7 -57.2 -0.014 -0.1 -1.7 
Asuka 0.71 143.5 0.005 0.1 2.8 -101.4 -0.007 -0.1 -0.6 
Kofu 0.71 -6.5 -0.109 -2.0 -56.8 20.0 0.036 0.5 2.7 
Alaska 0.33 -6.5 -0.051 -0.9 -30.8 20.0 0.017 0.4 1.4 
Khutoryanochka 0.57 -6.5 -0.088 -1.6 -57.4 20.0 0.029 0.4 2.7 
Knyazha 0.83 -6.5 -0.128 -2.3 -89.0 20.0 0.042 0.3 4.2 
Samorodok 0.65 -6.5 -0.100 -1.8 -69.0 20.0 0.033 0.3 3.2 
Tundra 0.68 -6.5 -0.105 -1.9 -63.2 20.0 0.034 0.4 3.0 
Bilyavka 0.78 -6.5 -0.120 -2.2 -78.0 20.0 0.039 0.4 3.7 
Mavka 0.78 -6.5 -0.120 -2.2 -83.5 20.0 0.039 0.3 3.9 
Alians 0.71 -6.5 -0.109 -2.0 -75.1 20.0 0.036 0.3 3.5 
Lissabon 0.84 23.0 0.037 0.7 26.0 -14.0 -0.060 -0.5 -6.2 
Kordoba 0.68 23.0 0.030 0.6 17.6 -14.0 -0.049 -0.6 -4.2 
Oriana 0.76 23.0 0.033 0.6 24.9 -14.0 -0.054 -0.5 -6.0 
Vezha 0.91 23.0 0.040 0.8 29.6 -14.0 -0.065 -0.5 -7.1 
Kent 0.65 162.9 0.004 0.1 2.7 -116.8 -0.006 -0.1 -0.5 
Padua 0.86 87.5 0.010 0.2 7.6 -63.7 -0.014 -0.1 -1.5 
Vinni 0.79 87.5 0.009 0.2 7.0 -63.7 -0.012 -0.1 -1.3 

Note: The temperature and humidity regimes correspond to the conditions of the year in which the maximum (ymax) and minimum (ymin) yields 
were obtained. 

 
The analysis of the results of elasticity 
coefficients in the Ternopil region showed that 
early-maturing soybean varieties are most 
responsive to changes in temperature. Thus, if in 
the early-ripening variety of Kent and the mid-

ripening variety of Asuka the increase in 
temperature by 1°С led to an increase in the 
yield capacity by 4 and 5 kg/ha (EA = 0.004 and 
EA = 0.005), in the early-ripening varieties of 
Atlanta, Diadema Podillya, and Merlin, the 

coefficient of elasticity was 0.013, 0.015, and 
0.017. Slightly higher rates were for growing 
middle-early varieties of Kordoba (EA = 0.030), 
Oriana (EA = 0.033), and Vezha (EA = 0.040). 
Early-ripening varieties of Kioto, Amadeus, and 
Arisa were more sensitive to changes in 
temperature, as evidenced by a sharp increase in 
EA (EA = 1.00) (Table 3). During the 
cultivation of fast-growing soybean varieties, 
the inverse pattern was obtained - the decrease 
in yield is due to the increase in temperatures 
during the growing season (EA = -0.051 ÷ -
0.128). Analyzing the relative coefficients of 
elasticity (E2), it is worth noting that the 
increase in temperature by 1% contributed to the 
increase in yield capacity of early-ripening 
groups by 10.7-738.5%, middle-early group by 
17.6-29.6%, mid-ripening group - by 2.7-7.6%. 
When cultivating fast-growing soybean 
varieties, the relative coefficient of elasticity 
(E2) was negative and amounted to -30.8 ÷ -
89.0%. That is, reducing temperatures by 1% 
leads to increased yield capacity. 
It has been established that with a decrease in 
the amount of precipitation by 1 mm, the yield 
capacity increases by 14.0-22.0 kg/ha in early-
ripening varieties; 49.0-65.0 kg in middle-early 
varieties; 6.0-14.0 kg/ha in mid-ripening 
soybean varieties. During the cultivation of fast-
growing soybean varieties, an increase in 
precipitation by 1 mm contributed to an increase 
in yield capacity of 14.0 and 42.0 kg/ha. In 
other words, the increase in precipitation by 1% 
contributed to the increase in yield capacity by 
1.4-4.2%. 
Thus, the regularity of the influence of weather 
conditions on the yield capacity of soybean 
varieties can be traced. The yield capacity of the 
plant depends on temperatures during the 
growing season. With an increase in the sum of 
temperatures by 1%, the yield capacity increases 
in early-ripening, middle-early and mid-ripening 
varieties by 2.7 ÷ 738.5%, and in fast-growing 
varieties on the contrary - with the increase in 
temperature yield capacity decreases by -57.4 ÷ 
-89.0%. Yield capacity is affected by the 
amount of precipitation. The analysis showed 
the inverse dependence of soybean yield 
capacity on the amount of precipitation during 

the growing season, an increase in the amount 
of precipitation for the growing season by 1% 
leads to yield capacity decrease by -0.5 ÷ -7.1%, 
and for cultivating fast-growing varieties - 
increased precipitation contributed to increased 
yield capacity by 1.4 ÷ 4.2%. 
According to the coefficient of elasticity (E2) in 
terms of the Mykolaiv region, it has been 
determined by what percent the effective sign of 
yield capacity (У) of soybean seeds will 
increase with the increase in the amount of 
precipitation (R, mm) and temperatures (T, °С) 
by 1%. In terms of the Mykolaiv area, the 
increase in soybean yield capacity at 1% 
increase in the amount of precipitation for 
vegetation is noted for the cultivation of early-
ripening, middle-early and mid-ripening 
varieties (Table 4). 
The highest coefficient of elasticity with 1% 
increase in the amount of precipitation was 
observed for the cultivation of mid-ripening 
varieties of Padua - 12.4% and Kent - 8.9%; 
early-ripening - Merlin and Kioto (E2 = 6.5%). 
During the cultivation of fast-growing soybean 
varieties, an increase in the amount of 
precipitation by 1% contributed to a decrease in 
seed yield capacity by E2 = -4.7 ÷ -8.5%. 
Mavka had the highest results. 
Thus, the high yield capacity of soybean seeds 
is more pronounced with a high amount of 
precipitation. 
When analyzing the dependence of changes in 
soybean seed yield capacity on temperatures, it 
was found to decrease by 8.2-175.7% in terms 
of increasing the sum of temperatures by 1%. 
Only during the cultivation of the Bilyavka 
variety, the yield capacity increase by 27.8% 
with an increase in temperatures by 1%. 
Thus, the results of the influence of temperature 
and precipitation on soybean yield capacity by 
the elasticity coefficient showed that the 
formation of yield is directly dependent on the 
amount of precipitation and temperatures. The 
increase in yield capacity in terms of the 
increase in precipitation by 1 mm is from 5 to 
203 kg/ha. In terms of increasing temperatures 
by 1°C, soybean yield capacity decreases by 
1.0-15.0 kg/ha. 
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Table 4. Coefficients of yield capacity elasticity of soybean varieties depending on climatic factors in the Mykolaiv 
region, the average for 2017-2019 

Variety 

Yield 
capacity, 

t/ha 

Coefficients of elasticity by air temperature (°C) and precipitation (mm) during 
the growing season 

Temperatures, 
°С Precipitation, mm 

R (Δу) Δх ЕA Е1 E2 Δх ЕA Е1 E2 
Kioto 0.96 -48.3 -0.02 -0.5 -17.7 7.8 0.123 0.2 6.5 
Amadeus 0.76 -48.3 -0.02 -0.4 -15.2 7.8 0.097 0.5 5.6 
Arisa 0.65 -48.3 -0.01 -0.3 -13.6 7.8 0.083 0.5 5.0 
Merlin 0.99 -48.3 -0.02 -0.5 -17.6 7.8 0.127 0.5 6.5 
Diadema Podillya 0.63 -48.3 -0.01 -0.3 -13.0 7.8 0.081 0.5 4.8 
Atlanta 0.47 -48.3 -0.01 -0.2 -10.4 7.8 0.060 0.4 3.8 
Asuka 0.65 -44.0 -0.01 -0.3 -12.6 -5.1 -0.127 -0.5 -5.5 
Kofu 0.58 -44.0 -0.01 -0.3 -11.7 -5.1 -0.114 -0.5 -5.1 
Alaska 0.66 -44.0 -0.02 -0.3 -13.5 -5.1 -0.129 -0.5 -5.9 
Khutoryanochka 0.67 -44.0 -0.02 -0.3 -14.0 -5.1 -0.131 -0.5 -6.1 
Knyazha 0.68 -44.0 -0.02 -0.3 -14.6 -5.1 -0.133 -0.5 -6.4 
Samorodok 0.51 -44.0 -0.01 -0.2 -10.9 -5.1 -0.100 -0.5 -4.8 
Tundra 0.55 -44.0 -0.01 -0.3 -11.3 -5.1 -0.108 -0.5 -4.9 
Bilyavka 0.88 30.2 0.03 0.6 27.8 94 0.009 0.03 0.5 
Mavka 0.88 -44.0 -0.02 -0.4 -19.5 -5.1 -0.173 -0.5 -8.5 
Alians 0.52 -44.0 -0.01 -0.2 -10.7 -5.1 -0.102 -0.5 -4.7 
Lissabon 0.68 -66.7 -0.01 -0.2 -9.2 13.8 0.049 0.2 2.6 
Kordoba 1.07 -66.7 -0.02 -0.4 -14.1 13.8 0.078 0.2 4.0 
Oriana 0.67 -9.1 -0.07 -1.6 -80.9 99.3 0.007 0.0 0.4 
Vezha 0.54 -66.7 -0.01 -0.2 -8.2 13.8 0.039 0.2 2.3 
Kent 0.65 -36.2 -0.02 -0.5 -16.3 3.8 0.171 1.1 8.9 
Padua 0.77 -36.2 -0.02 -0.5 -22.6 3.8 0.203 1.0 12.4 
Vinni 0.64 -4.3 -0.15 -3.8 -175.7 135.3 0.005 0.02 0.3 

Note: The temperature and humidity regimes correspond to the conditions of the year in which the maximum (ymax) and minimum (ymin) yields 
were obtained. 
 
CONCLUSIONS 
 
Ukraine has the largest gene pool and soybean 
varietal composition in Europe. Soybean 
varieties were created mainly by classical 
selection methods, without genetic 
modifications, in terms of seed yield capacity 
(3.0-4.9 t/ha) and protein content (39-43%), 
they are not inferior to the best foreign varieties, 
and in some respects exceed them. 
Nevertheless, many aspects of improving 
economically valuable traits through selection 
have not yet been resolved. First, it concerns the 
issue of increasing the adaptive potential of the 
crop. In recent years, there has been not only an 
increase in air temperature in the spring and 
summer seasons with a long rainy period but 
also the combined effect of these factors in a 
short time. Therefore, new generation soybean 
varieties, as well as agrocenoses created on their 
basis, should have high-performance potential, 
greater sensitivity to varietal cultivation 
technology, form high performance and seed 

quality, be less dependent on unregulated 
environmental factors, stressful situations, 
which are manifested during the growing 
season. The correct choice of the maturity group 
of culture is a necessary condition for the 
efficient use of environmental resources for the 
formation of high yields. On each farm, you 
need to grow two or three varieties that differ in 
the length of the growing season. 
Weather conditions of the soybean growing 
season in all regions corresponded to the trends 
of recent years, i.e., a decrease in precipitation 
and an increase in air temperature. The most 
comfortable weather conditions for the growth 
and development of soybean plants developed 
in 2018, and unfavorable ones were in 2017. 
In the Sumy region, cultivating soybeans, 
preference should be given to varieties of early 
and middle-early maturity; and in the Ternopil 
region – to fast-growing and middle-ripening 
groups. In the Mykolaiv region, the main areas 
of soybeans should be occupied by early-
ripening and mid-ripening varieties, which use 

the vegetative period more effectively and form 
a bigger yield. 
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Table 4. Coefficients of yield capacity elasticity of soybean varieties depending on climatic factors in the Mykolaiv 
region, the average for 2017-2019 

Variety 

Yield 
capacity, 

t/ha 

Coefficients of elasticity by air temperature (°C) and precipitation (mm) during 
the growing season 

Temperatures, 
°С Precipitation, mm 

R (Δу) Δх ЕA Е1 E2 Δх ЕA Е1 E2 
Kioto 0.96 -48.3 -0.02 -0.5 -17.7 7.8 0.123 0.2 6.5 
Amadeus 0.76 -48.3 -0.02 -0.4 -15.2 7.8 0.097 0.5 5.6 
Arisa 0.65 -48.3 -0.01 -0.3 -13.6 7.8 0.083 0.5 5.0 
Merlin 0.99 -48.3 -0.02 -0.5 -17.6 7.8 0.127 0.5 6.5 
Diadema Podillya 0.63 -48.3 -0.01 -0.3 -13.0 7.8 0.081 0.5 4.8 
Atlanta 0.47 -48.3 -0.01 -0.2 -10.4 7.8 0.060 0.4 3.8 
Asuka 0.65 -44.0 -0.01 -0.3 -12.6 -5.1 -0.127 -0.5 -5.5 
Kofu 0.58 -44.0 -0.01 -0.3 -11.7 -5.1 -0.114 -0.5 -5.1 
Alaska 0.66 -44.0 -0.02 -0.3 -13.5 -5.1 -0.129 -0.5 -5.9 
Khutoryanochka 0.67 -44.0 -0.02 -0.3 -14.0 -5.1 -0.131 -0.5 -6.1 
Knyazha 0.68 -44.0 -0.02 -0.3 -14.6 -5.1 -0.133 -0.5 -6.4 
Samorodok 0.51 -44.0 -0.01 -0.2 -10.9 -5.1 -0.100 -0.5 -4.8 
Tundra 0.55 -44.0 -0.01 -0.3 -11.3 -5.1 -0.108 -0.5 -4.9 
Bilyavka 0.88 30.2 0.03 0.6 27.8 94 0.009 0.03 0.5 
Mavka 0.88 -44.0 -0.02 -0.4 -19.5 -5.1 -0.173 -0.5 -8.5 
Alians 0.52 -44.0 -0.01 -0.2 -10.7 -5.1 -0.102 -0.5 -4.7 
Lissabon 0.68 -66.7 -0.01 -0.2 -9.2 13.8 0.049 0.2 2.6 
Kordoba 1.07 -66.7 -0.02 -0.4 -14.1 13.8 0.078 0.2 4.0 
Oriana 0.67 -9.1 -0.07 -1.6 -80.9 99.3 0.007 0.0 0.4 
Vezha 0.54 -66.7 -0.01 -0.2 -8.2 13.8 0.039 0.2 2.3 
Kent 0.65 -36.2 -0.02 -0.5 -16.3 3.8 0.171 1.1 8.9 
Padua 0.77 -36.2 -0.02 -0.5 -22.6 3.8 0.203 1.0 12.4 
Vinni 0.64 -4.3 -0.15 -3.8 -175.7 135.3 0.005 0.02 0.3 

Note: The temperature and humidity regimes correspond to the conditions of the year in which the maximum (ymax) and minimum (ymin) yields 
were obtained. 
 
CONCLUSIONS 
 
Ukraine has the largest gene pool and soybean 
varietal composition in Europe. Soybean 
varieties were created mainly by classical 
selection methods, without genetic 
modifications, in terms of seed yield capacity 
(3.0-4.9 t/ha) and protein content (39-43%), 
they are not inferior to the best foreign varieties, 
and in some respects exceed them. 
Nevertheless, many aspects of improving 
economically valuable traits through selection 
have not yet been resolved. First, it concerns the 
issue of increasing the adaptive potential of the 
crop. In recent years, there has been not only an 
increase in air temperature in the spring and 
summer seasons with a long rainy period but 
also the combined effect of these factors in a 
short time. Therefore, new generation soybean 
varieties, as well as agrocenoses created on their 
basis, should have high-performance potential, 
greater sensitivity to varietal cultivation 
technology, form high performance and seed 

quality, be less dependent on unregulated 
environmental factors, stressful situations, 
which are manifested during the growing 
season. The correct choice of the maturity group 
of culture is a necessary condition for the 
efficient use of environmental resources for the 
formation of high yields. On each farm, you 
need to grow two or three varieties that differ in 
the length of the growing season. 
Weather conditions of the soybean growing 
season in all regions corresponded to the trends 
of recent years, i.e., a decrease in precipitation 
and an increase in air temperature. The most 
comfortable weather conditions for the growth 
and development of soybean plants developed 
in 2018, and unfavorable ones were in 2017. 
In the Sumy region, cultivating soybeans, 
preference should be given to varieties of early 
and middle-early maturity; and in the Ternopil 
region – to fast-growing and middle-ripening 
groups. In the Mykolaiv region, the main areas 
of soybeans should be occupied by early-
ripening and mid-ripening varieties, which use 

the vegetative period more effectively and form 
a bigger yield. 
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Abstract  
 
Strawberry is one of the most commonly cultivated and consumed plant, due to its organoleptic properties and nutritional 
values, exerting multiple beneficial health effects. In this study, two distinct strawberry callus lines obtained in different 
lighting conditions were characterized. The biotechnological potential of these cultures can be demonstrated by biomass 
and secondary metabolites accumulation. For this reason, growth rate, cellular morphology and viability were assessed. 
For metabolic potential evaluation, biochemical analyses of total phenolic and flavonoid content, anthocyanin pigments 
concentrations and antioxidant capacity were performed. The red callus line displayed higher growth rate, total phenolic 
content and antioxidant activity than the white line. Flavonoids and anthocyanins were present only in the red line. The 
biomass and these metabolites accumulation varied between subcultures, but were maintained at a high rate, being 
superior to values reported in planta. Our results show that both callus cultures lines were highly proliferative and the 
red one being a source of valuable bioactive secondary metabolites, with high antioxidant activity. 
 
Key words: strawberry callus; total phenolic content; flavonoid content; anthocyanin pigments; antioxidant activity. 
 
INTRODUCTION  
 
Fragaria x ananassa Duch. (Rosaceae), also 
known as cultivated strawberry, is a sponta-
neous octoploid hybrid between two American 
octoploid species, Fragaria chiloensis Duch. 
and Fragaria virginiana L. (Almeida et al., 
2007; Yuan et al., 2019). It is one of the most 
intensely cultivated and studied species, due to 
its attractive appearance, its nutritional and 
health-related properties, being rich in more 
than 300 compounds such as folates, vitamin C, 
polyphenols, flavonoids, anthocyanins 
pigments, ellagic acid and sulfur compounds 
(Zhang et al., 2010; Yuan et al., 2019). 
The flavonoids represents the most important 
class of secondary metabolites in strawberry. 
The patterns of synthesis and accumulation of 
polyphenols, along with the effects that their 
accumulation exerts on developmental phases, 
have been partially figured out. Thus, it was 
evidenced that in the initial stages of ripening, 
an abundance of proanthocyanidins are present. 
During the middle stages, when the receptacle 
acquires the well-known red colour, high 
concentrations of anthocyanin pigments, 

flavonols and other phenolic compounds are 
synthesized (Schaart et al., 2013). In the last 
stages of receptacle development, anthocyanins 
are found in much higher quantities than other 
flavonoids, such as flavonols or catechins. 
Responsible for these fluctuating levels are 
internal (genetic) and external (environmental) 
factors (Almeida et al., 2007). 
In nature, plants synthetize these compounds in 
low quantities and only in certain developmental 
stages. One possible solution for mass-
production of these essential compounds is 
represented by in vitro technology, which has 
increased in popularity over the last decades, 
due to its economic, environmental-friendly and 
efficient nature. Nowadays, it is applied in fields 
such as agriculture (for creating highly 
productive and adaptable crops), medicine (for 
developing vaccines and drugs), in food industry 
(for isolation of natural colorants) and in 
cosmetics (for production of anti-ageing 
treatments). For these purposes, cells suspension 
or callus culture are mostly recommended, as 
they stimulate both cellular proliferation and 
metabolite production in higher quantities in 
comparison to strawberry plants. 

 

The aim of this study was to assess the 
biotechnological performances of two distinct 
Fragaria x ananassa Duch. callus culture lines. 
The biomass accumulation of Fragaria x 
ananassa Duch. callus culture was estimated 
through growth rate, percentage of dry weight 
and cell viability assay. The metabolic potential 
was evaluated by biochemical analysis of the 
main class of  secondary metabolites from 
strawberry which presented economic interest 
(polyphenols, flavonoids and anthocyanin 
pigments), in relation with antioxidant activity 
of the callus crude extracts.  
 
MATERIALS AND METHODS  
 
Plant material and cultures growth 
For the initiation of the callus culture, Fragaria 
x ananassa Duch. achenes of the Temptation 
variety were achieved from S.C. Agrosel SRL 
(Romania), batch 149506. The biotechnological 
protocols for obtaining the 2 types of calli is the 
subject of the patent pending application 
A/00808 from 4.12.2020. Both callus lines were 
grown on the same nutritive medium, MS 
(Murashige and Skoog, 1962) supplemented 
with 2.4-dichlorophenoxyacetic acid, 1-
naphtylacetic acid and kinetin, but in different 
lighting conditions: in the presence of light a 
pigmented callus line (red) was obtained and in 
the dark an unpigmented callus line (white) was 
isolated. 
For the growth dynamic experiments, three 
successive subcultures (passages) with 33 
repetitions were used. Each Petri dishes of 6 cm 
in diameter was inoculated with 0.3 g of callus 
(± 0.002), under sterile conditions, on  the same 
MS nutritive medium formula. The callus 
cultures were grown in a Fitotron Weiss-
Galllenkamp SCG 120 (Weiss Technik, 
Loughborough, UK) at 25℃ with a photoperiod 
of 16 h light with 2000 lux intensity for the red 
line and in the dark for the white line. The calli 
were subcultured every 21 day on the same 
nutritive medium.  
Gravimetric parameters determination 
For the estimation of biomass accumulation for 
each subculture, the weight of the final callus 
and the initial callus (inoculum) were measured 
using Highland®HCB302 portable precision 
balance (Adam Equipment, UK). The growth 
rate was defined as average ratio between the 

final mass of callus and initial mass of inoculum 
of all repetitions. The dry weight was estimated 
by dehydration of final callus to 80 ℃ in oven 
for approximately 3 h up to constant weight. The 
results were expressed as percentage of g dry 
weight/g fresh weight.  
Light microscopy analysis 
For both types of callus, squash specimen 
samples were prepared by placing isolated parts 
of callus on a glass slide, adding a drop of sterile 
distilled water and placing the cover glass on 
top. Using a matchstick, the plant material was 
evenly distributed and analyzed under optical 
microscope. 
Evaluation of callus culture cell viability 
Cell viability was determined by the 2.3.5-
triphenyltetrazolium chloride (TTC) assay 
method adapted from Towill and Mazur (1975), 
which illustrates mitochondrial enzymes activity  
in viable cells. These enzymes reduce colorless 
TTC to a red compound, called formazan. The 
small cell groups were isolated from biomass of 
white callus while for the red callus line, small 
pieces from 3 layers (red, white, black) were 
isolated by filtration. The callus fragments were 
incubated with the TTC solution, then placed in 
the dark, at room temperature, for 24 hours, after 
that the callus pieces were collected and washed 
with distilled water. For the extraction of 
formazan, the callus fragments were incubated 
in 3 ml of 96° ethanol, at 65°C, for 30 minutes, 
until complete discoloration of the tissue. The 
absorbance of the extracts was measured at 485 
nm, using the Spectronic Helios Gamma UV-
Vis spectrophotometer (Thermo Fisher 
Scientific) and compared to blank with ethanol 
solution. The formazan content was expressed 
as OD485nm/g fresh weight (FW). 
Extraction of phenolic compounds 
Initially, the determinations were performed on 
calli subjected to extraction with 100% 
methanol, in a ratio of 1:5 (m/v), for 2 days at 
300 rpm continuously shaking at room 
temperature. Subsequently, different extractants 
such as absolute methanol, ethanol, ethanol 
acidified with 2N HCl (85:15 v/v) and distilled 
water were tested. In the growth dynamics 
experiments, the absolute ethanol and the 
acidified ethanol were used as extractants. 
The homogenates were centrifuged twice at 
10000 RCF for 15 minutes at room temperature 
and the final supernatant was stored at 4°C. 
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INTRODUCTION  
 
Fragaria x ananassa Duch. (Rosaceae), also 
known as cultivated strawberry, is a sponta-
neous octoploid hybrid between two American 
octoploid species, Fragaria chiloensis Duch. 
and Fragaria virginiana L. (Almeida et al., 
2007; Yuan et al., 2019). It is one of the most 
intensely cultivated and studied species, due to 
its attractive appearance, its nutritional and 
health-related properties, being rich in more 
than 300 compounds such as folates, vitamin C, 
polyphenols, flavonoids, anthocyanins 
pigments, ellagic acid and sulfur compounds 
(Zhang et al., 2010; Yuan et al., 2019). 
The flavonoids represents the most important 
class of secondary metabolites in strawberry. 
The patterns of synthesis and accumulation of 
polyphenols, along with the effects that their 
accumulation exerts on developmental phases, 
have been partially figured out. Thus, it was 
evidenced that in the initial stages of ripening, 
an abundance of proanthocyanidins are present. 
During the middle stages, when the receptacle 
acquires the well-known red colour, high 
concentrations of anthocyanin pigments, 

flavonols and other phenolic compounds are 
synthesized (Schaart et al., 2013). In the last 
stages of receptacle development, anthocyanins 
are found in much higher quantities than other 
flavonoids, such as flavonols or catechins. 
Responsible for these fluctuating levels are 
internal (genetic) and external (environmental) 
factors (Almeida et al., 2007). 
In nature, plants synthetize these compounds in 
low quantities and only in certain developmental 
stages. One possible solution for mass-
production of these essential compounds is 
represented by in vitro technology, which has 
increased in popularity over the last decades, 
due to its economic, environmental-friendly and 
efficient nature. Nowadays, it is applied in fields 
such as agriculture (for creating highly 
productive and adaptable crops), medicine (for 
developing vaccines and drugs), in food industry 
(for isolation of natural colorants) and in 
cosmetics (for production of anti-ageing 
treatments). For these purposes, cells suspension 
or callus culture are mostly recommended, as 
they stimulate both cellular proliferation and 
metabolite production in higher quantities in 
comparison to strawberry plants. 

 

The aim of this study was to assess the 
biotechnological performances of two distinct 
Fragaria x ananassa Duch. callus culture lines. 
The biomass accumulation of Fragaria x 
ananassa Duch. callus culture was estimated 
through growth rate, percentage of dry weight 
and cell viability assay. The metabolic potential 
was evaluated by biochemical analysis of the 
main class of  secondary metabolites from 
strawberry which presented economic interest 
(polyphenols, flavonoids and anthocyanin 
pigments), in relation with antioxidant activity 
of the callus crude extracts.  
 
MATERIALS AND METHODS  
 
Plant material and cultures growth 
For the initiation of the callus culture, Fragaria 
x ananassa Duch. achenes of the Temptation 
variety were achieved from S.C. Agrosel SRL 
(Romania), batch 149506. The biotechnological 
protocols for obtaining the 2 types of calli is the 
subject of the patent pending application 
A/00808 from 4.12.2020. Both callus lines were 
grown on the same nutritive medium, MS 
(Murashige and Skoog, 1962) supplemented 
with 2.4-dichlorophenoxyacetic acid, 1-
naphtylacetic acid and kinetin, but in different 
lighting conditions: in the presence of light a 
pigmented callus line (red) was obtained and in 
the dark an unpigmented callus line (white) was 
isolated. 
For the growth dynamic experiments, three 
successive subcultures (passages) with 33 
repetitions were used. Each Petri dishes of 6 cm 
in diameter was inoculated with 0.3 g of callus 
(± 0.002), under sterile conditions, on  the same 
MS nutritive medium formula. The callus 
cultures were grown in a Fitotron Weiss-
Galllenkamp SCG 120 (Weiss Technik, 
Loughborough, UK) at 25℃ with a photoperiod 
of 16 h light with 2000 lux intensity for the red 
line and in the dark for the white line. The calli 
were subcultured every 21 day on the same 
nutritive medium.  
Gravimetric parameters determination 
For the estimation of biomass accumulation for 
each subculture, the weight of the final callus 
and the initial callus (inoculum) were measured 
using Highland®HCB302 portable precision 
balance (Adam Equipment, UK). The growth 
rate was defined as average ratio between the 

final mass of callus and initial mass of inoculum 
of all repetitions. The dry weight was estimated 
by dehydration of final callus to 80 ℃ in oven 
for approximately 3 h up to constant weight. The 
results were expressed as percentage of g dry 
weight/g fresh weight.  
Light microscopy analysis 
For both types of callus, squash specimen 
samples were prepared by placing isolated parts 
of callus on a glass slide, adding a drop of sterile 
distilled water and placing the cover glass on 
top. Using a matchstick, the plant material was 
evenly distributed and analyzed under optical 
microscope. 
Evaluation of callus culture cell viability 
Cell viability was determined by the 2.3.5-
triphenyltetrazolium chloride (TTC) assay 
method adapted from Towill and Mazur (1975), 
which illustrates mitochondrial enzymes activity  
in viable cells. These enzymes reduce colorless 
TTC to a red compound, called formazan. The 
small cell groups were isolated from biomass of 
white callus while for the red callus line, small 
pieces from 3 layers (red, white, black) were 
isolated by filtration. The callus fragments were 
incubated with the TTC solution, then placed in 
the dark, at room temperature, for 24 hours, after 
that the callus pieces were collected and washed 
with distilled water. For the extraction of 
formazan, the callus fragments were incubated 
in 3 ml of 96° ethanol, at 65°C, for 30 minutes, 
until complete discoloration of the tissue. The 
absorbance of the extracts was measured at 485 
nm, using the Spectronic Helios Gamma UV-
Vis spectrophotometer (Thermo Fisher 
Scientific) and compared to blank with ethanol 
solution. The formazan content was expressed 
as OD485nm/g fresh weight (FW). 
Extraction of phenolic compounds 
Initially, the determinations were performed on 
calli subjected to extraction with 100% 
methanol, in a ratio of 1:5 (m/v), for 2 days at 
300 rpm continuously shaking at room 
temperature. Subsequently, different extractants 
such as absolute methanol, ethanol, ethanol 
acidified with 2N HCl (85:15 v/v) and distilled 
water were tested. In the growth dynamics 
experiments, the absolute ethanol and the 
acidified ethanol were used as extractants. 
The homogenates were centrifuged twice at 
10000 RCF for 15 minutes at room temperature 
and the final supernatant was stored at 4°C. 
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Evaluation of total polyphenolic content  
The total polyphenolic content was determined 
according to the method described by 
Mihailovic et al. (2013). The reaction mixture 
consisted of 0.5 ml of appropriately diluted 
extract, 2.5 ml of 11-fold diluted Folin-
Ciocâlteu reagent and 2 ml of 7.5% Na2CO3 
solution. The mixture was kept at room 
temperature for 30 minutes and then the 
absorbance was measured at 765 nm using 
Helios Gamma UV-Vis spectrophotometer 
(Thermo Fisher Scientific). Three repetitions of 
the same variant were performed and the 
average of the values representing the total 
phenol content was expressed in gallic acid 
equivalents/g fresh or dry weight (mg EAG/g 
FW or DW). 
Evaluation of flavonoids content 
The estimation of the flavonoid content of the 
extracts was performed according to the method 
described by Zhishen et al. (1999), with small 
adjustments. Thus 0.5 ml of dilute extract 
corresponding to each sample was 
supplemented with 2 ml of distilled water and 
150 μl of 5% NaNO2 solution. The mixture was 
incubated at room temperature for 5 min and 
then 150 μl of 10% AlCl3 solution was added. 
After 6 minutes, the reaction was sttoped with 1 
ml of 4% NaOH. The reaction mixture was made 
up to a total volume of 5 ml with distilled water. 
The absorbance of each sample was determined 
at 510 nm against blank. The flavonoid 
concentration was estimated on a standard curve 
with rutin between100-1000 µg/ml. Three 
repetitions of the same variant were performed. 
The average of the values representing the 
flavonoid content was expressed in rutin 
equivalents/g fresh or dry weight (mg ERU/g 
FW or DW). 
Determination of monomeric anthocyanins 
concentration 
The differential pH method for anthocianins 
assay (Giusti and Wrolstad, 2001) was used, 
based on the reversible color change in a pH 
range of monomeric anthocyanin pigments from 
the colored oxonium form that exists at pH 1 to 
the colorless hemicetonic form that 
predominates at pH 4.5. Two dilutions per 
sample were prepared in 25 mM KCl-HCl buffer 
pH 1, respectively, in 0.4 M CH3COONa- HCl 
buffer pH 4.5. The absorbance of each sample 
was measured at 520 nm and 700 nm, against 

blank prepared with distilled water. The 
absorbance of each diluted sample was 
calculated according to the formula:  
A = (A520 - A700)pH 1.0 - (A520 - A700)pH 4.5 
The difference in pigment absorption at 520 nm 
and 700 nm is proportional to the pigment 
concentration: 
Monomeric anthocyanin pigment (mg/l) = (A x 
MW x DF x 1000)/(ɛ x 1) 
where: MW = molecular weight (449.2 g/mol C-
3-G); DF = dilution factor; 1= optical path  
(1 cm); ε = molar absorptivity (26900 l x mol-1 
x cm-1 for C-3-G);  
The results were expressed as cyanidin-3-
glucoside equivalents/g fresh or dry weight  
(µg C-3-G/ g FW or DW). 
Index of pigment degradation, polymerization 
or oxidation 
The index for degradation of anthocyanins can 
be obtained by determination of the absorbance 
values of the sample treated with 0.68M K2S2O5 
(potassium metabisulphite) solution and 
distilled water. Monomeric anthocyanin 
pigments will combine with bisulphite to form a 
colorless sulfonic acid adduct while the mixtures 
of colored anthocyanins-tannins (i.e. 
polymerized compounds) will be resistant to 
bleaching. A volume of 2.8 ml from each diluted 
sample were mixed with 0.2 ml of K2S2O5 
solution or 0.2 ml of distilled water. The 
difference in absorbance at 420 nm, 520 nm and 
700 nm in the bisulphite sample represented the 
polymeric color. The percentage of polymerized 
anthocyanins from color density in water serves 
as the degradation index. 
Determination of antioxidant capacity by 
DPPH method 
According to the method proposed by Marxen et 
al. (2007), 100 μl of diluted extract were 
mixtured with 2.25 ml methanol and 150 μl of 
1.27 mM DPPH methanolic solution. In parallel, 
a control was made in which the sample was 
replaced with the extraction solvent. After 30 
minutes of incubation at room temperature and 
in the dark, the absorbance at 515 nm was 
measured. The estimation of the antioxidant 
capacity was performed by calculating the 
differences between the control and the sample. 
A standard curve with Trolox (synthetic 
antioxidant analog of α-tocopherol) as 
antioxidant was used for antioxidant activity 
estimation. 

 

Three repetitions of the same variant were 
performed, and the average of the values 
representing the antioxidant capacity was 
expressed in Trolox equivalents/ g fresh or dry 
weight (mM Trolox/ g FW or DW). 
Statistical analysis 
SPSS (Statistical Package for Social Sciences) 
was used for statistical analysis of results. T-test 
was performed and were considered statistically 
significant different the results with p<0.05.  
 
RESULTS AND DISCUSSIONS  
 
Callus growth, morphology and cell viability  
The growth rates of callus cultures varied 
between subcultures (Figure 1), but the 
differences were not statistically significant for 
both callus lines. Higher growth rates for callus 
red line were registered, compared to the white 
one. Cultivation in this in vitro system ensured 
an average growth rate more than 10-fold mass 
increase, for both lines, with 12-fold increase for 
the white callus and 17-fold increase for red 
callus, referring to a growth period of 21 days. 
The percentage of dry weight was above 5% for 
the red line, more than the white line. For the red 
line the increase of the dry weight was 
associated with the increase of the growth rate 
whereas in the white callus an increase of the dry 
weight and the decrease of the growth rate was 
observed. 
The macroscopical examination (Figure 2) and 
dissection, squash analyses and cell viability test 
highlighted the structure of both type of calli. 
The absence of light ensured the initiation of a 
white callus, homogeneous in terms of cell 
pigmentation and morphology. The presence of 
light led to the formation of a red callus, with a 
visible cellular stratification in relation to the 
gradient of light: a discontinuous basal layer 
with grey nuclei consisting mainly of senescent 
or nonviable cells; a continuous, white and 
dense median layer, composed of meristematic 
cells, engaged in cell divisions, which ensures 
the growth of the callus; a red upper layer, with 
homogenous pigmentation, consisting of 
specialized cells, stimulated by the presence of 
light which intensely synthesize the anthocyanin 
pigments that give its characteristic color. 
The light microscopy analysis of squash 
specimens certified the proliferative potential of 

the two lines of callus, by the presence of the 
small, relatively round cells which were 
intensively involved in cellular division 
processes (Figure 3). Moreover, it also revealed 
a series of cellular morphological differences 
between the 2 lines. Thus, the white callus cells 
displayed a predominantly elongated, reniform 
shape, were linearly arranged and were 
unpigmented, but rich in cytoplasmic inclusions 
of starch granules (Figure 3a). On the other 
hand, the red callus cells displayed an oval or 
round shape, were smaller in size (indicating a 
more intense proliferative process), clustered 
and rich in red anthocyanin pigments (Figure 3b, 
3c). 
To assess the cell viability of callus cultures, we 
applied the TTC assay method, which highlights 
the level of respiratory processes in viable cells 
(Towill & Mazur, 1975). In both callus lines, a 
decrease in cell viability was evident for third 
subculture (Figure 4), but given the 
aforementioned observations, it is possible to 
reveal a phase of secondary metabolites 
overproduction, in which the percentage of 
meristematic cells was lower. Certainly, it is 
difficult to ensure an equal distribution of these 
two cell types, in order to obtain a callus culture 
that is both highly proliferative and productive 
in compounds of interest. In order to illustrate 
cell viability as accurately as possible, it is 
recommended to apply several tests, which 
could also detect metabolic dormant cells, such 
as the method coupling TTC with Evans Blue 
(Busso et al., 2015). 
These dynamic phases of callus growth, in 
which the cells that divide are predominant, 
followed by the specialization phase with the 
accumulation of metabolites and the declining 
phase characterized by the decrease in the 
number of viable cells are characteristic cyclic 
phenomena in callus cultures. 
 
Evaluation of the polyphenols, flavonoids 
production and antioxidant capacity in the red 
and white callus line 
The first analyses of the methanolic extracts 
revealed that the red callus line had a total 
polyphenol content much higher than the white 
line (Figure 5), measuring 2.874 mg GAE/g FW.  
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Evaluation of total polyphenolic content  
The total polyphenolic content was determined 
according to the method described by 
Mihailovic et al. (2013). The reaction mixture 
consisted of 0.5 ml of appropriately diluted 
extract, 2.5 ml of 11-fold diluted Folin-
Ciocâlteu reagent and 2 ml of 7.5% Na2CO3 
solution. The mixture was kept at room 
temperature for 30 minutes and then the 
absorbance was measured at 765 nm using 
Helios Gamma UV-Vis spectrophotometer 
(Thermo Fisher Scientific). Three repetitions of 
the same variant were performed and the 
average of the values representing the total 
phenol content was expressed in gallic acid 
equivalents/g fresh or dry weight (mg EAG/g 
FW or DW). 
Evaluation of flavonoids content 
The estimation of the flavonoid content of the 
extracts was performed according to the method 
described by Zhishen et al. (1999), with small 
adjustments. Thus 0.5 ml of dilute extract 
corresponding to each sample was 
supplemented with 2 ml of distilled water and 
150 μl of 5% NaNO2 solution. The mixture was 
incubated at room temperature for 5 min and 
then 150 μl of 10% AlCl3 solution was added. 
After 6 minutes, the reaction was sttoped with 1 
ml of 4% NaOH. The reaction mixture was made 
up to a total volume of 5 ml with distilled water. 
The absorbance of each sample was determined 
at 510 nm against blank. The flavonoid 
concentration was estimated on a standard curve 
with rutin between100-1000 µg/ml. Three 
repetitions of the same variant were performed. 
The average of the values representing the 
flavonoid content was expressed in rutin 
equivalents/g fresh or dry weight (mg ERU/g 
FW or DW). 
Determination of monomeric anthocyanins 
concentration 
The differential pH method for anthocianins 
assay (Giusti and Wrolstad, 2001) was used, 
based on the reversible color change in a pH 
range of monomeric anthocyanin pigments from 
the colored oxonium form that exists at pH 1 to 
the colorless hemicetonic form that 
predominates at pH 4.5. Two dilutions per 
sample were prepared in 25 mM KCl-HCl buffer 
pH 1, respectively, in 0.4 M CH3COONa- HCl 
buffer pH 4.5. The absorbance of each sample 
was measured at 520 nm and 700 nm, against 

blank prepared with distilled water. The 
absorbance of each diluted sample was 
calculated according to the formula:  
A = (A520 - A700)pH 1.0 - (A520 - A700)pH 4.5 
The difference in pigment absorption at 520 nm 
and 700 nm is proportional to the pigment 
concentration: 
Monomeric anthocyanin pigment (mg/l) = (A x 
MW x DF x 1000)/(ɛ x 1) 
where: MW = molecular weight (449.2 g/mol C-
3-G); DF = dilution factor; 1= optical path  
(1 cm); ε = molar absorptivity (26900 l x mol-1 
x cm-1 for C-3-G);  
The results were expressed as cyanidin-3-
glucoside equivalents/g fresh or dry weight  
(µg C-3-G/ g FW or DW). 
Index of pigment degradation, polymerization 
or oxidation 
The index for degradation of anthocyanins can 
be obtained by determination of the absorbance 
values of the sample treated with 0.68M K2S2O5 
(potassium metabisulphite) solution and 
distilled water. Monomeric anthocyanin 
pigments will combine with bisulphite to form a 
colorless sulfonic acid adduct while the mixtures 
of colored anthocyanins-tannins (i.e. 
polymerized compounds) will be resistant to 
bleaching. A volume of 2.8 ml from each diluted 
sample were mixed with 0.2 ml of K2S2O5 
solution or 0.2 ml of distilled water. The 
difference in absorbance at 420 nm, 520 nm and 
700 nm in the bisulphite sample represented the 
polymeric color. The percentage of polymerized 
anthocyanins from color density in water serves 
as the degradation index. 
Determination of antioxidant capacity by 
DPPH method 
According to the method proposed by Marxen et 
al. (2007), 100 μl of diluted extract were 
mixtured with 2.25 ml methanol and 150 μl of 
1.27 mM DPPH methanolic solution. In parallel, 
a control was made in which the sample was 
replaced with the extraction solvent. After 30 
minutes of incubation at room temperature and 
in the dark, the absorbance at 515 nm was 
measured. The estimation of the antioxidant 
capacity was performed by calculating the 
differences between the control and the sample. 
A standard curve with Trolox (synthetic 
antioxidant analog of α-tocopherol) as 
antioxidant was used for antioxidant activity 
estimation. 

 

Three repetitions of the same variant were 
performed, and the average of the values 
representing the antioxidant capacity was 
expressed in Trolox equivalents/ g fresh or dry 
weight (mM Trolox/ g FW or DW). 
Statistical analysis 
SPSS (Statistical Package for Social Sciences) 
was used for statistical analysis of results. T-test 
was performed and were considered statistically 
significant different the results with p<0.05.  
 
RESULTS AND DISCUSSIONS  
 
Callus growth, morphology and cell viability  
The growth rates of callus cultures varied 
between subcultures (Figure 1), but the 
differences were not statistically significant for 
both callus lines. Higher growth rates for callus 
red line were registered, compared to the white 
one. Cultivation in this in vitro system ensured 
an average growth rate more than 10-fold mass 
increase, for both lines, with 12-fold increase for 
the white callus and 17-fold increase for red 
callus, referring to a growth period of 21 days. 
The percentage of dry weight was above 5% for 
the red line, more than the white line. For the red 
line the increase of the dry weight was 
associated with the increase of the growth rate 
whereas in the white callus an increase of the dry 
weight and the decrease of the growth rate was 
observed. 
The macroscopical examination (Figure 2) and 
dissection, squash analyses and cell viability test 
highlighted the structure of both type of calli. 
The absence of light ensured the initiation of a 
white callus, homogeneous in terms of cell 
pigmentation and morphology. The presence of 
light led to the formation of a red callus, with a 
visible cellular stratification in relation to the 
gradient of light: a discontinuous basal layer 
with grey nuclei consisting mainly of senescent 
or nonviable cells; a continuous, white and 
dense median layer, composed of meristematic 
cells, engaged in cell divisions, which ensures 
the growth of the callus; a red upper layer, with 
homogenous pigmentation, consisting of 
specialized cells, stimulated by the presence of 
light which intensely synthesize the anthocyanin 
pigments that give its characteristic color. 
The light microscopy analysis of squash 
specimens certified the proliferative potential of 

the two lines of callus, by the presence of the 
small, relatively round cells which were 
intensively involved in cellular division 
processes (Figure 3). Moreover, it also revealed 
a series of cellular morphological differences 
between the 2 lines. Thus, the white callus cells 
displayed a predominantly elongated, reniform 
shape, were linearly arranged and were 
unpigmented, but rich in cytoplasmic inclusions 
of starch granules (Figure 3a). On the other 
hand, the red callus cells displayed an oval or 
round shape, were smaller in size (indicating a 
more intense proliferative process), clustered 
and rich in red anthocyanin pigments (Figure 3b, 
3c). 
To assess the cell viability of callus cultures, we 
applied the TTC assay method, which highlights 
the level of respiratory processes in viable cells 
(Towill & Mazur, 1975). In both callus lines, a 
decrease in cell viability was evident for third 
subculture (Figure 4), but given the 
aforementioned observations, it is possible to 
reveal a phase of secondary metabolites 
overproduction, in which the percentage of 
meristematic cells was lower. Certainly, it is 
difficult to ensure an equal distribution of these 
two cell types, in order to obtain a callus culture 
that is both highly proliferative and productive 
in compounds of interest. In order to illustrate 
cell viability as accurately as possible, it is 
recommended to apply several tests, which 
could also detect metabolic dormant cells, such 
as the method coupling TTC with Evans Blue 
(Busso et al., 2015). 
These dynamic phases of callus growth, in 
which the cells that divide are predominant, 
followed by the specialization phase with the 
accumulation of metabolites and the declining 
phase characterized by the decrease in the 
number of viable cells are characteristic cyclic 
phenomena in callus cultures. 
 
Evaluation of the polyphenols, flavonoids 
production and antioxidant capacity in the red 
and white callus line 
The first analyses of the methanolic extracts 
revealed that the red callus line had a total 
polyphenol content much higher than the white 
line (Figure 5), measuring 2.874 mg GAE/g FW.  
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Figure 1. Growth dynamics in white and red lines of strawberry callus cultures (the average followed by the same letter 

represent unsignificant statistical differences between samples) 

 

 
Figure 2. Macroscopical aspect of white (a) and red (b) strawberry callus  

 

 
Figure 3. Squash analyses of white strawberry callus with elongated cells rich in starch granules (a) and red strawberry 
callus from upper layer overlapping red cells with round-shaped (b), the middle layer with small, isodiametric cells in 

division together with cells containing red pigment (c) and basal layer with clustered cells in grey nuclei (d) 
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Figure 4. Evaluation of cell viability in white callus line (a) and red callus line, based on stratification pattern:  

upper layer-red columns, middle layer- white columns and basal layer-black columns (b) 
 
This value was significantly higher than 
polyphenol content in strawberry fruits, as 
reported by Nowicka et al. (2019), who analysed 
the total polyphenol content in the fruits of 90 
varieties of Fragaria x ananassa Duch., during 
two seasons and determined a total polyphenol 
concentration mean of          73.2 mg/100 g.  
Polyphenols are compounds found in many 
plant species, they exert numerous beneficial 
effects for human health, that is why there is a 
growing interest in developing methods to 
ensure their large-scale production.  
The presence of flavonoids was reported only in 
the red callus culture, at a concentration of 4.57 
mg RUE/g FW (Figure 5). The red callus extract 
had a higher flavonoids concentration compared 
to strawberry fruits. The flavonoids 
concentrations in fruits of 90 varieties of 
Fragaria x ananassa Duch were reported 
between 5.31 - 5.47 mg/100 g (Nowicka et al., 
2019). 
The highest antioxidant activity was recorded in 
the methanol extract of red callus (Figure 5), 
with a value of 18.366 mM Trolox/g FW, which 
is mainly related to polyphenol and flavonoids 
content. 
 

 
Figure 5. Comparative evaluation of analysed 
biochemical parameters in methanol extracts 

Several studies correlate the antioxidant activity 
of Fragaria x ananassa Duch plants with the 
concentrations of polyphenolic compounds, 
especially with the amount of tannins (Nowicka 
et al., 2019) and anthocyanin pigments (Chaves 
et al., 2017). Comparing the antioxidant activity 
of the fruits of 90 varieties of Fragaria x 
ananassa Duch. by applying the DPPH method 
expressed as Trolox equivalents, Nowicka et al. 
(2019) detected an antioxidant activity between 
751.57- 765.06 µmol/100 g. It is evidently that 
red callus line was highly successful and our in 
vitro cultures synthetized high concentrations of 
antioxidant compounds. 
 
Metabolic content of red callus line using 
different type of solvent extraction 
In order to highlight the potential of the red 
callus to synthetize polyphenols, flavonoids and 
anthocyanins, several extractants were tested. 
The results of solvent extraction efficiency 
ranked acidified ethanol as the best extractant 
for total polyphenols and anthocyanin pigments 
(Figure 6A, 6C), while methanol extraction 
ensured the highest concentration of flavonoids 
(Figure 6B). In fact, due to acid hydrolysis of the 
HCl the number of the exposed -OH groups 
which are assay with Folin-Ciocalteu reagent 
increased. In response, more hydroxyl groups 
released involve a higher antioxidant capacity. 
We used the acidic extraction to highlight the 
anthocyanin charge, however this extract does 
not really reflect the composition of red calli.  
Acid hydrolysis releases monomers from 
polymeric structures and therefore increases the 
monomeric phenols and anthocyanins 
concentration which enhances antioxidant 
capacity of the extract (Figure 6D). Besides, 
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Figure 1. Growth dynamics in white and red lines of strawberry callus cultures (the average followed by the same letter 

represent unsignificant statistical differences between samples) 

 

 
Figure 2. Macroscopical aspect of white (a) and red (b) strawberry callus  

 

 
Figure 3. Squash analyses of white strawberry callus with elongated cells rich in starch granules (a) and red strawberry 
callus from upper layer overlapping red cells with round-shaped (b), the middle layer with small, isodiametric cells in 

division together with cells containing red pigment (c) and basal layer with clustered cells in grey nuclei (d) 
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Figure 4. Evaluation of cell viability in white callus line (a) and red callus line, based on stratification pattern:  

upper layer-red columns, middle layer- white columns and basal layer-black columns (b) 
 
This value was significantly higher than 
polyphenol content in strawberry fruits, as 
reported by Nowicka et al. (2019), who analysed 
the total polyphenol content in the fruits of 90 
varieties of Fragaria x ananassa Duch., during 
two seasons and determined a total polyphenol 
concentration mean of          73.2 mg/100 g.  
Polyphenols are compounds found in many 
plant species, they exert numerous beneficial 
effects for human health, that is why there is a 
growing interest in developing methods to 
ensure their large-scale production.  
The presence of flavonoids was reported only in 
the red callus culture, at a concentration of 4.57 
mg RUE/g FW (Figure 5). The red callus extract 
had a higher flavonoids concentration compared 
to strawberry fruits. The flavonoids 
concentrations in fruits of 90 varieties of 
Fragaria x ananassa Duch were reported 
between 5.31 - 5.47 mg/100 g (Nowicka et al., 
2019). 
The highest antioxidant activity was recorded in 
the methanol extract of red callus (Figure 5), 
with a value of 18.366 mM Trolox/g FW, which 
is mainly related to polyphenol and flavonoids 
content. 
 

 
Figure 5. Comparative evaluation of analysed 
biochemical parameters in methanol extracts 

Several studies correlate the antioxidant activity 
of Fragaria x ananassa Duch plants with the 
concentrations of polyphenolic compounds, 
especially with the amount of tannins (Nowicka 
et al., 2019) and anthocyanin pigments (Chaves 
et al., 2017). Comparing the antioxidant activity 
of the fruits of 90 varieties of Fragaria x 
ananassa Duch. by applying the DPPH method 
expressed as Trolox equivalents, Nowicka et al. 
(2019) detected an antioxidant activity between 
751.57- 765.06 µmol/100 g. It is evidently that 
red callus line was highly successful and our in 
vitro cultures synthetized high concentrations of 
antioxidant compounds. 
 
Metabolic content of red callus line using 
different type of solvent extraction 
In order to highlight the potential of the red 
callus to synthetize polyphenols, flavonoids and 
anthocyanins, several extractants were tested. 
The results of solvent extraction efficiency 
ranked acidified ethanol as the best extractant 
for total polyphenols and anthocyanin pigments 
(Figure 6A, 6C), while methanol extraction 
ensured the highest concentration of flavonoids 
(Figure 6B). In fact, due to acid hydrolysis of the 
HCl the number of the exposed -OH groups 
which are assay with Folin-Ciocalteu reagent 
increased. In response, more hydroxyl groups 
released involve a higher antioxidant capacity. 
We used the acidic extraction to highlight the 
anthocyanin charge, however this extract does 
not really reflect the composition of red calli.  
Acid hydrolysis releases monomers from 
polymeric structures and therefore increases the 
monomeric phenols and anthocyanins 
concentration which enhances antioxidant 
capacity of the extract (Figure 6D). Besides, 
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acidification of the extraction medium can have 
positive implications in preserving the extracts. 
Thus, there is a decrease in the oxidation index 
of anthocyanins from 70% in water to 16.134% 
in acidified ethanolic extract for red strawberry 
calli (Figure 6C). 
The differences between acidified ethanol and 
methanol extraction are not significant and 
taking into account the effects of acid hydrolysis 
on the molecular composition of the extracts, the 
methanol would be the most suitable for the 
extraction of polyphenolic and flavonoid 
compounds.  
 
Dynamic of metabolite accumulation in red 
callus successive subcultures 
The dynamic of metabolites accumulation was 
investigated only for red callus line, because in 
the white callus line the values of polyphenols 
content and antioxidant capacity were very low. 
The extraction of metabolites was accomplished 
in the ethanol and acidified ethanol, avoiding the 
methanol toxicity in extracts subsequently 
exploited for the pharmaceutical purposes. 
The variation pattern observed after three 
successive subculturing was the same for all 
analysed biochemical parameters: polyphenolic 
and flavonoids content, monomeric 
anthocyanins concentration and antioxidant 
capacity. A decrease in all the monitored 
parameters after the 2nd passage and a tendency 
to return to the initial values after the 3rd 
passage were observed (Figure 7). Metabolite 
accumulation varied inversely proportional with 
biomass accumulation (Figure 1). Thus, growth 
rate was the highest and the metabolite 
accumulation was lower in the second 
subculture while after the first and third 
passages growth rates were lower but 
biosynthesis of secondary metabolites was 
actively increasing. The squash analyses showed 
that the callus cellular composition of (Figure 3) 
comprised of two cell types: meristematic cells, 
responsible for callus growth and specialized 
cells, ensured the synthesis of secondary 
metabolites. In the second subculture, 
characterized by active callus growth, the 
meristematic cells predominated, while in the 
first and third subculture the specialized cells 

became majority and the accumulation of 
secondary metabolites increased. Cellular 
growth and metabolism can be represented as 
phase-shifted sinusoidal curves, so the 
maximum growth phase can be correlated with 
a minimum of the metabolic synthesis phase and 
vice versa, the ratios between them changing all 
the time (Lindsey and Yeoman, 1983). 
The biochemical parameters analysed for each 
subculture were correlated with three 
exceptions. In the first subculture, the 
concentration of flavonoids in the acidified 
ethanolic extract was lower than in the ethanolic 
extraction (Figure 7B). Also, a significant 
increase in the concentration of all metabolites 
in correlation with the antioxidant capacity was 
observed in the acidified ethanolic extract 
obtained from the third subculture (Figure 7). In 
contrast, all parameters analysed in the ethanolic 
extract presented values below those registered 
for the first subculture. These findings suggest 
that metabolite composition changed during 
successive subcultures and acidification releases 
more monomeric compounds from polymeric 
structures. These qualitative and quantitative 
changes could be associated with decrease of 
cell viability (Figure 4b) and also with 
predominance of senescence and cell death 
phenomena from the third subculture.  
The concentration of anthocyanin pigments in 
acidified extract from the second subculture 
tends to exceeded the values corresponding to 
the first subculture (Figure 7C). However, the 
anthocyanin concentrations in ethanolic extract 
maintained the variation pattern with the lowest 
value for the second subculture. This proves that 
metabolite composition, in this case of 
anthocyanin pigments, changes from one 
subculture to another. Also, a large difference in 
monomeric anthocyanin concentrations between 
the two types of extraction indicates 
anthocyanins polymerization in the second 
subculture.  
The determination of the degradation index 
(polymerization) of anthocyanins sustains our 
supposition (Figure 8). The highest percentage 
of polymerized anthocyanins was recorded in 
the 2nd subculture. 
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Figure 7. Dynamic changes of metabolite accumulation in red callus line in three successive subcultures: total phenolic 
content (A), flavonoids content (B), anthocyanins concentration (C) and antioxidant capacity (D). The different letters 

above the columns represent statistically significant differences between the samples, with p<0.05 
 

a

b

c

b

0

0,5

1

1,5

2

2,5

3

3,5

water methanol ethanol ethanol/HCl

m
g 

EA
G

/g
 F

W

a

b
c

bc

0

1

2

3

4

5

water methanol ethanol ethanol/HCl

m
g 

ER
u/

g 
FW

a

b

c

b

0

5

10

15

20

water methanol ethanol ethanol/HCl

m
M

 T
ro

lo
x/

g 
FW

a

ab
a

b

70.93 35.06 34.44 16.13
0

50
100
150
200
250
300
350

water methanol ethanol ethanol/HCl

µg
 E

C
-3

-G
/g

 F
W

D C 

B A 

a

b

b

a

b

c

0

20

40

60

80

100

1 2 3

m
g 

EA
G

/g
 D

W

ethanol

ethanol/HCl a

b

aba

b

c

0

20

40

60

80

100

120

1 2 3

m
g 

ER
U

/g
 D

W

a

b

a
a a

c

0

2

4

6

8

10

1 2 3

m
g 

EC
-3

-G
/g

 D
W

Subculture no.

a

c

d

b

d

e

0

100

200

300

400

500

1 2 3

m
M

 T
ro

lo
x/

g 
D

W

Subculture no.

A 

D C 

B 



107

 

acidification of the extraction medium can have 
positive implications in preserving the extracts. 
Thus, there is a decrease in the oxidation index 
of anthocyanins from 70% in water to 16.134% 
in acidified ethanolic extract for red strawberry 
calli (Figure 6C). 
The differences between acidified ethanol and 
methanol extraction are not significant and 
taking into account the effects of acid hydrolysis 
on the molecular composition of the extracts, the 
methanol would be the most suitable for the 
extraction of polyphenolic and flavonoid 
compounds.  
 
Dynamic of metabolite accumulation in red 
callus successive subcultures 
The dynamic of metabolites accumulation was 
investigated only for red callus line, because in 
the white callus line the values of polyphenols 
content and antioxidant capacity were very low. 
The extraction of metabolites was accomplished 
in the ethanol and acidified ethanol, avoiding the 
methanol toxicity in extracts subsequently 
exploited for the pharmaceutical purposes. 
The variation pattern observed after three 
successive subculturing was the same for all 
analysed biochemical parameters: polyphenolic 
and flavonoids content, monomeric 
anthocyanins concentration and antioxidant 
capacity. A decrease in all the monitored 
parameters after the 2nd passage and a tendency 
to return to the initial values after the 3rd 
passage were observed (Figure 7). Metabolite 
accumulation varied inversely proportional with 
biomass accumulation (Figure 1). Thus, growth 
rate was the highest and the metabolite 
accumulation was lower in the second 
subculture while after the first and third 
passages growth rates were lower but 
biosynthesis of secondary metabolites was 
actively increasing. The squash analyses showed 
that the callus cellular composition of (Figure 3) 
comprised of two cell types: meristematic cells, 
responsible for callus growth and specialized 
cells, ensured the synthesis of secondary 
metabolites. In the second subculture, 
characterized by active callus growth, the 
meristematic cells predominated, while in the 
first and third subculture the specialized cells 

became majority and the accumulation of 
secondary metabolites increased. Cellular 
growth and metabolism can be represented as 
phase-shifted sinusoidal curves, so the 
maximum growth phase can be correlated with 
a minimum of the metabolic synthesis phase and 
vice versa, the ratios between them changing all 
the time (Lindsey and Yeoman, 1983). 
The biochemical parameters analysed for each 
subculture were correlated with three 
exceptions. In the first subculture, the 
concentration of flavonoids in the acidified 
ethanolic extract was lower than in the ethanolic 
extraction (Figure 7B). Also, a significant 
increase in the concentration of all metabolites 
in correlation with the antioxidant capacity was 
observed in the acidified ethanolic extract 
obtained from the third subculture (Figure 7). In 
contrast, all parameters analysed in the ethanolic 
extract presented values below those registered 
for the first subculture. These findings suggest 
that metabolite composition changed during 
successive subcultures and acidification releases 
more monomeric compounds from polymeric 
structures. These qualitative and quantitative 
changes could be associated with decrease of 
cell viability (Figure 4b) and also with 
predominance of senescence and cell death 
phenomena from the third subculture.  
The concentration of anthocyanin pigments in 
acidified extract from the second subculture 
tends to exceeded the values corresponding to 
the first subculture (Figure 7C). However, the 
anthocyanin concentrations in ethanolic extract 
maintained the variation pattern with the lowest 
value for the second subculture. This proves that 
metabolite composition, in this case of 
anthocyanin pigments, changes from one 
subculture to another. Also, a large difference in 
monomeric anthocyanin concentrations between 
the two types of extraction indicates 
anthocyanins polymerization in the second 
subculture.  
The determination of the degradation index 
(polymerization) of anthocyanins sustains our 
supposition (Figure 8). The highest percentage 
of polymerized anthocyanins was recorded in 
the 2nd subculture. 
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This high polymerisation index correlated with 
the lower values of the monomeric anthocyanin 
concentration suggest that there is no decrease 
in the anthocyanin’s synthesis, rather their 
polymerization and complexation with tannins. 
 

 
Figure 8. Evaluation of degradation index in red callus 

extracts in three successive subcultures 
 
The biotechnological performance monitoring at 
the end of the three successive subculturing 
periods showed an increased accumulation of 
metabolites associated with a high growth rate 
and cell viability for the first subculture. This 
was followed by an increase in the growth rate 
of callus associated with increased cell viability, 
especially in the second layer (Figure 4b), but 
also a decrease in the accumulation of 
metabolites, at the end of the second 
subculturing period. In the third subculture, a 
restoration of the metabolite accumulation 
accompanied by decrease in callus growth and 
cell viability was noticed. These findings 
suggest that our callus is a heterogeneous system 
with cells in various stages of development as 
shown by the analysed squash preparations. 
Depending on the proportion of cells in a certain 
stage of development, respectively 
meristematic, specialized or senescent, the 
callus presented increased and decreased 
biomass curves and metabolites accumulation. 
Considering these cyclical changes, the red 
strawberry callus culture remains a highly-
performance biotechnological system for 
biomass production in a short period of time 
with secondary metabolites in higher 
concentrations towards classical crops 
production. 
 
 
 

CONCLUSIONS 
 
The present study described a biotechnological 
potent in vitro system in Fragaria x ananassa 
Duch., which comprised of biomass production 
with valuable metabolites synthesis. The 
absence/presence of the light determined the 
isolation of two morphologically and 
functionally distinct callus cell lines. The 
pigmented (red) strawberry callus culture line 
displayed a superior proliferative capacity and a 
much more complex metabolite content. Finally, 
our results will facilitate further development of 
methods for mass production of interest 
compounds, which are found in significantly 
lower concentrations in plants or imply high 
costs if produced by chemical synthesis. 
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the lower values of the monomeric anthocyanin 
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Abstract 
 
The operation of harvesting medicinal plants is one of the important factors, which influences the quality of plant 
material and thus its value. In order to optimize the cultivation technologies and to adapt them to the local conditions, 
INMA Bucharest has developed and tested a multifunctional equipment for the mechanized harvesting of medicinal 
plants (annual and perennial), cultivated on small and medium areas. This equipment, of small capacity, equipped with 
interchangeable working parts, performs the harvesting operation by cutting, at a certain height from the ground. The 
paper presents the results obtained when testing the experimental model of Multifunctional equipment for harvesting 
medicinal and aromatic plants in the crops of three species of medicinal plants, grown on small areas. Determining for 
each crop some qualitative working indices (average working height, cutting degree, collecting degree, losses, etc.) as 
well as some energy indices (working speed, hourly fuel consumption, working capacity, etc.) allows the evaluation of 
the technical and working performances of the Multifunctional equipment for harvesting medicinal and aromatic plants. 
 
Key words: mechanized harvesting, medicinal plant, equipment. 
 
INTRODUCTION 
 
Medicinal plants are an important source of 
bioactive compounds, micro and macro 
elements, which have special effects on human 
health. Therefore, they are used in both 
classical and traditional medical practice to 
treat certain specific conditions, for preventive 
purposes or for both (Noila, 2020; Jamshidi-
Kia et al., 2018). 
In the last 15-20 years, the population of 
developed countries has shown an increased 
interest in the use of medicinal plants, while for 
80% of the population of developing countries, 
they are the only method of treatment. Thus, 
approximately 87.5% of the world’s population 
uses these species, cultivated or from 
spontaneous flora, for medical purposes. The 
manufacture of medicines and their use in other 
fields (cosmetics, food, etc.) have led to a 
continuous increase in demand for these plant 
resources (Sanchez et al., 2020; Awuchi, 2019). 
The cultivation of medicinal plants requires 
specific knowledge in the field of cultivation 

technologies, the use of special machines/ 
equipment, as well as the existence of ways of 
valorisation, in conditions of quality and safety. 
These reasons have led to a drastic reduction in 
the areas cultivated with these species in many 
European countries (Ivanovic et al., 2014). 
In Romania, the areas cultivated with medicinal 
plants have registered a strong decline in recent 
years (Table 1 according to MADR). 
 
Table 1. Evolution of the areas cultivated with medicinal 

plants (thousand hectares) and of the yield (thousand 
tons) during the period 2014-2019 

Years 
Specification 2014 2015 2016 2017 2018 2019 

Area 3.2 3.2 4.4 3.2 1.8 1.7 

Yield 4.2 4.2 5.6 4.1 2.2 1.9 

 
Table 1 shows the corresponding yields, whose 
oscillating evolution was influenced primarily 
by the size of cultivated areas, species and 
varieties used each year (Dumitru et al., 2020).  
To these are added environmental factors and 
crop types, which mainly influence the content 

 

of active substances in the plant material 
obtained, hence its quality (Yuan et al., 2020; 
Liu et al., 2016). 
Characteristic for medicinal plants is that only 
certain parts of the plant are rich in bioactive 
substances. It is important that their harvest be 
carried out at the time and conditions dictated 
by the cultivation technology specific to each 
plants. The operation must be performed in a 
short time, regardless of the procedure applied: 
(manually or mechanized), in order to obtain a 
quality plant material (Zheng et al., 2018; Pajic 
et al., 2016). 
Access to information on the latest 
developments in the field of harvesting of these 
species, as well as their acquisition, can be 
difficult and expensive for some growers of 
medicinal plants. Harvesting equipment is 
primarily classified according to the useful part 
of the plant being collected (rhizomes, bulbs, 
leafy stems, flowers or parts thereof, fruits or 
seeds, etc.). There are many companies around 
the world producing medicinal plant harvesters, 
some using modern, complex or innovative 
technical solutions (self-propelled, electrically 
operated machines, joystick control, etc.). In 
Europe, manual harvesting can be expensive, 
although it results in higher quality products 
when performed by qualified personnel 
(Martinov et al., 2007). 
Harvesting is an important operation in 
cultivation technologies for these species, and 
its mechanization involves the use of machines 
adapted to cultivated areas. Worldwide there 
are concerns also for the realization of 
equipment for small areas (Mohamed et al., 
2020; Niemiec et al., 2018; Radwan et al., 
2015). 
In Romania, among the most cultivated 
medicinal plants are: Lavender (Lavandula 
angustifolia Mill., family Lamiaceae), Hyssop 
(Hyssopus officinalis L., family Lamiaceae) 
and Basil (Ocimum basilicum L., family 
Lamiaceae).  
Genus Lavandula is spread around the 
Mediterranean Sea, in southern Europe, 
northeastern Africa, the Middle East, 
southwestern Asia and southeastern India. For 
cultivation there are dozens of subspecies, 
varieties, local populations and hundreds of 
hybrids, belonging to about 30 species of the 
genus (Camen et al., 2016). 

This plant has a long history of traditional use 
in medicine, cosmetics, etc., to which are added 
the many biological effects of its essential oil. 
(Lopez et al., 2018).  
Hyssop (Hyssopus officinalis L., fam. 
Lamiaceae) is a perennial herbaceous plant, 
which has a pleasant smell. Although 
originating in the Mediterranean and Caspian 
Sea regions, the plant grows naturally also in 
Southern Europe, the Middle East, Central 
Asia, North Africa and North America. In 
many countries, the plant is cultivated and used 
due to its medicinal or culinary properties (Stan 
et al., 2019; Aćimovića et al., 2019).  
Genus Melissa is a perennial plant, 
characterized by a lemon-like scent, cultivated 
and used for its aromatic, medicinal and 
melliferous properties. It is widespread in 
central and western Asia, southern Europe, 
especially in the Mediterranean basin. The 
species (Melissa officinalis L., family 
Lamiaceae) is the most cultivated worldwide, 
being naturalized in many parts of the world 
(Adel-Naime et al., 2020). 
The paper presents the experimental research 
on mechanized harvesting of Hyssop, Lemon 
balm and Lavender species, cultivated on small 
areas, using the multifunctional equipment for 
harvesting medicinal and aromatic plants 
(experimental model). 
 
MATERIALS AND METHODS  
 
In order to support small farmers, cultivators of 
medicinal plants, INMA Bucharest has 
designed and developed an experimental model 
of Multifunctional Equipment for Harvesting 
Medicinal and Aromatic Plants - EMR. This is 
a low-power, easy-to-operate equipment that 
can also work in aggregate with a tractor, 
preferably a low-power one. It also has the 
possibility of being equipped with 
interchangeable active parts. 
The field of use of EMR refers to the 
harvesting of many species of medicinal and 
aromatic plants belonging to different botanical 
families, which are collected in the form of 
herba (consisting of stem, leaves and flowers 
or stem and leaves) by cutting at different 
heights from the ground.  
The experimental model of Multifunctional 
Equipment for Harvesting Medicinal and 
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cultivation technologies for these species, and 
its mechanization involves the use of machines 
adapted to cultivated areas. Worldwide there 
are concerns also for the realization of 
equipment for small areas (Mohamed et al., 
2020; Niemiec et al., 2018; Radwan et al., 
2015). 
In Romania, among the most cultivated 
medicinal plants are: Lavender (Lavandula 
angustifolia Mill., family Lamiaceae), Hyssop 
(Hyssopus officinalis L., family Lamiaceae) 
and Basil (Ocimum basilicum L., family 
Lamiaceae).  
Genus Lavandula is spread around the 
Mediterranean Sea, in southern Europe, 
northeastern Africa, the Middle East, 
southwestern Asia and southeastern India. For 
cultivation there are dozens of subspecies, 
varieties, local populations and hundreds of 
hybrids, belonging to about 30 species of the 
genus (Camen et al., 2016). 

This plant has a long history of traditional use 
in medicine, cosmetics, etc., to which are added 
the many biological effects of its essential oil. 
(Lopez et al., 2018).  
Hyssop (Hyssopus officinalis L., fam. 
Lamiaceae) is a perennial herbaceous plant, 
which has a pleasant smell. Although 
originating in the Mediterranean and Caspian 
Sea regions, the plant grows naturally also in 
Southern Europe, the Middle East, Central 
Asia, North Africa and North America. In 
many countries, the plant is cultivated and used 
due to its medicinal or culinary properties (Stan 
et al., 2019; Aćimovića et al., 2019).  
Genus Melissa is a perennial plant, 
characterized by a lemon-like scent, cultivated 
and used for its aromatic, medicinal and 
melliferous properties. It is widespread in 
central and western Asia, southern Europe, 
especially in the Mediterranean basin. The 
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Aromatic Plants, coupled to the tractor - EMR 
consists of a mower (with a straight or curved 
knife) installed on an assembled chassis, which 
supports a sack-type container for collecting 
the harvested material together with its support, 
the left/right plant lifters, as well as the drawbar 
for connecting to the tractor. 
The mowers used for this experimental model 
are of the portable type, intended for harvesting 
tea leaves. The mower equipped with a knife 
with straight oscillating blades has a cutting 
width of 1.2 m, and for the one equipped with 
an oscillating knife with curved blades, the 
cutting width is 1 m (measured horizontally). 
Both types of mowers are powered by an air-
cooled, two-stroke spark-ignition engine 
(capacity: 46 cm3, maximum power: 2.2 kW). 
The same engine operates a fan, each model is 
equipped with, which acts as a blower, 
performing pneumatic transport and directing 
the harvested material in the collecting bag. 
The assembled chassis, with rolling possibi-
lities, is made up of removable subassemblies, 
made of metal profiles, so that it can be 
transported and assembled/disassembled easily. 
The assembled bag support has the role of 
supporting and implicitly of protecting the 
collecting bag against aggressive contact with 
the stems of the plants left after harvesting. It 
was made of Polyplan PVC, a material resistant 
to abrasion, environmental factors, it is 
waterproof and easy to maintain, being 
mounted on the lower shield of the mower and 
anchored to the frame, by means of straps. 
The bag, made of a polyester-based material, is 
the collecting system of the equipment and is 

mounted so that the harvested plant material is 
directed by the air flow inside it. It has a 
tubular shape, with an elastic system at the 
front, so that it can be attached to the clamps 
mounted on the rear contour of the mowers. In 
the middle area, it is provided with a cut-out 
covered with mesh, intended to evacuate the 
air, which transports the plants. It is not sewn 
on the back side, so its useful length can be 
adjusted by tying, in the appropriate section, 
depending on the characteristics of the plant 
material being collected. 
The description of the equipment can be 
completed with several features. The number of 
rows harvested at one pass is 1-2, depending on 
the cultivation technology. The working height 
(manually adjustable) is between 150 ... 550 
mm, for the straight blade mower and between 
150 ... 650 mm, respectively, for the curved 
blade mower (measured at the side ends of the 
cutting blade). The front track gauge is 1682 
mm and the rear track gauge is 1450 mm and 
the wheelbase is 1828 mm. The overall 
dimensions (LxWxH) are: 3783x1760x1418 
mm (with the swivel wheels facing backwards 
and the drawbar in a horizontal position). The 
mass of the equipment is approx. 90 kg. The 
operating staff consists of 1 or 2 operators. 
The tests were performed at SCDA Secuieni, 
Neamţ County, in July, in organic crops of 
Hyssop (Hyssopus officinalis L.), Lemon balm 
(Melissa officinalis L.) and Lavender 
(Lavandula angustifolia Mill.), species 
belonging to Lamiaceae family. 
The biometric data of the crops studied are 
presented in Table 2. 

Table 2. Biometric data of medicinal plant crops - SCDA Secuieni 

Characteristic Species 
Hyssop  

Hyssopus officinalis L. 
Lemon balm 

Melissa officinalis L. 
Lavender 

Lavandula angustifolia Mill. 
Variety  Local population  

“de Ciorani” 
(crop year VI) 

Local population 
“de Secuieni” 
(crop year II) 

Codreanca 
(crop year IV) 

Row spacing [cm] 70 70 100 
Plant spacing/row [cm] 50 50 50 
Bush average height [cm] 59.6 48.5 69.5 
Bush average diameter [cm] 55.75 68.75 70 
Flower stem height [cm] 40 - 29.7 
Total area of the plot [ha] 0.034 0.015 0.19 

 
For Hyssop and Lavender, the harvesting time 
was in the flowering phenophase. The Lemon 
balm is harvested several times a year, 

throughout the vegetation period. In July it was 
sufficiently developed for the second harvest. 

 

For each species, the height and working 
regime were determined following preliminary 
tests. The harvesting operation was carried out 
in the morning, after the dew had risen until 
noon, and then, in the afternoon, after 17.00 
until sunset. The equipment was fitted with the 
straight blade mower for harvesting Hyssop 
(Figure 1) and Lemon balm (Figure 2), and 
respectively with the curved blade mower, 
suitable for the globular shape of the bushes, 
for harvesting Lavender (Figure 3). 
 

 
Figure 1. Hyssop harvesting 

 
Figure 2. Lemon balm harvesting 

 
Figure 3. Lavender harvesting 

Tests were performed according to the 
methodology developed by INMA Bucharest. 
In order to evaluate the quality of the process, 
several qualitative working indices and energy 
indices are determined and calculated. 
For this, 3 areas were delimited for each crop, 
placed on the diagonal of the plot (with a length 
of 1 m and a width equal to the working width). 
After passing the multifunctional equipment for 
harvesting medicinal plants over the delimited 
areas, the following were determined by 
weighing: 
- mcolcut  - herba mass (inflorescences/plants) 
cut and gathered in the collecting bag [g]; 
- mcut - herba mass (inflorescences/plants) cut 
that did not reach the collecting bag [g]; 
- muncut - herba mass (inflorescences/plants) 
uncut, consisting of whole and partially cut 
plants left in the field (cut by hand after passing 
the equipment to be weighed) [g]; 
- mtot - herba total mass (inflorescences/plants) 
possible to be harvested from a certain area, 
representing the sum of the partial masses 
presented above [g]. 
𝑚𝑚𝑚𝑚𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑡𝑡𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑡𝑡𝑡𝑡 + 𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑡𝑡𝑡𝑡 + 𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑡𝑡𝑡𝑡 [g]           (1) 
The cutting degree is determined by 
calculation, using the formula below. 
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑡𝑡𝑡𝑡 = 𝑚𝑚𝑚𝑚 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 +𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑥𝑥𝑥𝑥100  [%]                  (2) 

The colectting degree and losses were also 
expressed as a percentage (%), in relation to the 
total mass as well. 
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑡𝑡𝑡𝑡𝑐𝑐𝑐𝑐 = 𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑥𝑥𝑥𝑥100 [%]                             (3) 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑑𝑑𝑑𝑑𝑙𝑙𝑙𝑙 = 𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐+𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑥𝑥𝑥𝑥100 [%]                    (4) 

 
Each index represents the arithmetic mean of 
the three values corresponding to each marked 
area, for which three repetitions were 
performed. 
The working width represents the average 
value of 5 determinations, performed at equal 
intervals on a considered working length of     
25 m. The working height represents the 
average value of the determinations performed 
in 10 points. 
For the other indices, 3 (three) determinations 
were performed for each crop, so that for each 
of them, the final value considered represents 
the arithmetic mean of the corresponding 
determinations. 
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Aromatic Plants, coupled to the tractor - EMR 
consists of a mower (with a straight or curved 
knife) installed on an assembled chassis, which 
supports a sack-type container for collecting 
the harvested material together with its support, 
the left/right plant lifters, as well as the drawbar 
for connecting to the tractor. 
The mowers used for this experimental model 
are of the portable type, intended for harvesting 
tea leaves. The mower equipped with a knife 
with straight oscillating blades has a cutting 
width of 1.2 m, and for the one equipped with 
an oscillating knife with curved blades, the 
cutting width is 1 m (measured horizontally). 
Both types of mowers are powered by an air-
cooled, two-stroke spark-ignition engine 
(capacity: 46 cm3, maximum power: 2.2 kW). 
The same engine operates a fan, each model is 
equipped with, which acts as a blower, 
performing pneumatic transport and directing 
the harvested material in the collecting bag. 
The assembled chassis, with rolling possibi-
lities, is made up of removable subassemblies, 
made of metal profiles, so that it can be 
transported and assembled/disassembled easily. 
The assembled bag support has the role of 
supporting and implicitly of protecting the 
collecting bag against aggressive contact with 
the stems of the plants left after harvesting. It 
was made of Polyplan PVC, a material resistant 
to abrasion, environmental factors, it is 
waterproof and easy to maintain, being 
mounted on the lower shield of the mower and 
anchored to the frame, by means of straps. 
The bag, made of a polyester-based material, is 
the collecting system of the equipment and is 

mounted so that the harvested plant material is 
directed by the air flow inside it. It has a 
tubular shape, with an elastic system at the 
front, so that it can be attached to the clamps 
mounted on the rear contour of the mowers. In 
the middle area, it is provided with a cut-out 
covered with mesh, intended to evacuate the 
air, which transports the plants. It is not sewn 
on the back side, so its useful length can be 
adjusted by tying, in the appropriate section, 
depending on the characteristics of the plant 
material being collected. 
The description of the equipment can be 
completed with several features. The number of 
rows harvested at one pass is 1-2, depending on 
the cultivation technology. The working height 
(manually adjustable) is between 150 ... 550 
mm, for the straight blade mower and between 
150 ... 650 mm, respectively, for the curved 
blade mower (measured at the side ends of the 
cutting blade). The front track gauge is 1682 
mm and the rear track gauge is 1450 mm and 
the wheelbase is 1828 mm. The overall 
dimensions (LxWxH) are: 3783x1760x1418 
mm (with the swivel wheels facing backwards 
and the drawbar in a horizontal position). The 
mass of the equipment is approx. 90 kg. The 
operating staff consists of 1 or 2 operators. 
The tests were performed at SCDA Secuieni, 
Neamţ County, in July, in organic crops of 
Hyssop (Hyssopus officinalis L.), Lemon balm 
(Melissa officinalis L.) and Lavender 
(Lavandula angustifolia Mill.), species 
belonging to Lamiaceae family. 
The biometric data of the crops studied are 
presented in Table 2. 

Table 2. Biometric data of medicinal plant crops - SCDA Secuieni 

Characteristic Species 
Hyssop  

Hyssopus officinalis L. 
Lemon balm 

Melissa officinalis L. 
Lavender 

Lavandula angustifolia Mill. 
Variety  Local population  

“de Ciorani” 
(crop year VI) 

Local population 
“de Secuieni” 
(crop year II) 

Codreanca 
(crop year IV) 

Row spacing [cm] 70 70 100 
Plant spacing/row [cm] 50 50 50 
Bush average height [cm] 59.6 48.5 69.5 
Bush average diameter [cm] 55.75 68.75 70 
Flower stem height [cm] 40 - 29.7 
Total area of the plot [ha] 0.034 0.015 0.19 

 
For Hyssop and Lavender, the harvesting time 
was in the flowering phenophase. The Lemon 
balm is harvested several times a year, 

throughout the vegetation period. In July it was 
sufficiently developed for the second harvest. 

 

For each species, the height and working 
regime were determined following preliminary 
tests. The harvesting operation was carried out 
in the morning, after the dew had risen until 
noon, and then, in the afternoon, after 17.00 
until sunset. The equipment was fitted with the 
straight blade mower for harvesting Hyssop 
(Figure 1) and Lemon balm (Figure 2), and 
respectively with the curved blade mower, 
suitable for the globular shape of the bushes, 
for harvesting Lavender (Figure 3). 
 

 
Figure 1. Hyssop harvesting 

 
Figure 2. Lemon balm harvesting 

 
Figure 3. Lavender harvesting 

Tests were performed according to the 
methodology developed by INMA Bucharest. 
In order to evaluate the quality of the process, 
several qualitative working indices and energy 
indices are determined and calculated. 
For this, 3 areas were delimited for each crop, 
placed on the diagonal of the plot (with a length 
of 1 m and a width equal to the working width). 
After passing the multifunctional equipment for 
harvesting medicinal plants over the delimited 
areas, the following were determined by 
weighing: 
- mcolcut  - herba mass (inflorescences/plants) 
cut and gathered in the collecting bag [g]; 
- mcut - herba mass (inflorescences/plants) cut 
that did not reach the collecting bag [g]; 
- muncut - herba mass (inflorescences/plants) 
uncut, consisting of whole and partially cut 
plants left in the field (cut by hand after passing 
the equipment to be weighed) [g]; 
- mtot - herba total mass (inflorescences/plants) 
possible to be harvested from a certain area, 
representing the sum of the partial masses 
presented above [g]. 
𝑚𝑚𝑚𝑚𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑡𝑡𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑡𝑡𝑡𝑡 + 𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑡𝑡𝑡𝑡 + 𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑡𝑡𝑡𝑡 [g]           (1) 
The cutting degree is determined by 
calculation, using the formula below. 
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑡𝑡𝑡𝑡 = 𝑚𝑚𝑚𝑚 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 +𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑥𝑥𝑥𝑥100  [%]                  (2) 

The colectting degree and losses were also 
expressed as a percentage (%), in relation to the 
total mass as well. 
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑡𝑡𝑡𝑡𝑐𝑐𝑐𝑐 = 𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑥𝑥𝑥𝑥100 [%]                             (3) 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑑𝑑𝑑𝑑𝑙𝑙𝑙𝑙 = 𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐+𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑚𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑥𝑥𝑥𝑥100 [%]                    (4) 

 
Each index represents the arithmetic mean of 
the three values corresponding to each marked 
area, for which three repetitions were 
performed. 
The working width represents the average 
value of 5 determinations, performed at equal 
intervals on a considered working length of     
25 m. The working height represents the 
average value of the determinations performed 
in 10 points. 
For the other indices, 3 (three) determinations 
were performed for each crop, so that for each 
of them, the final value considered represents 
the arithmetic mean of the corresponding 
determinations. 
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RESULTS AND DISCUSSIONS  
 
The results obtained in the test under operating 
conditions of the experimental model of multi-
functional equipment for harvesting medicinal 
and aromatic plants are presented in Table 3. 
In the case of Lemon balm harvesting, in order 
not to damage the crop, the tractor was 
abandoned, the equipment being manually 

directed on the row. Based on the experimental 
results obtained, of which the cutting degree 
between 88.4%-94.9%, the collecting degree 
between 87.1-93.2% and the losses between 
6.8%-12.9%, it is found that the multifunctional 
equipment for harvesting medicinal and 
aromatic plants has achieved satisfactory 
harvesting of the studied species. 
 

 
Table 3. Test results 

Name of qualitative working indices and energy indices U. M. Hyssop Lemon balm Lavender 

Number of rows harvested - 2 2 1 
Cutting height  Mm 172 200 330 
Working width M 1.18 1.1 0.73 
Cutting degree % 93.7 88.4 94.9 
Collecting degree % 92.3 87.1 93.2 
Losses (uncollected cut plants + uncut plants) % 7.7 12.9 6.8 
Working speed Km h-1 1.53 1.33 1.65 
Fuel consumption (mower) l h-1 1.54 1.61 1.48 
Working capacity ha h-1 0.18 0.146 0.12 
Fuel consumption per area unit l ha-1 8.55 11.02 12.33 

 
CONCLUSIONS 
 
The experimental results obtained demonstrate 
the efficiency of the Multifunctional technical 
equipment for harvesting medicinal and 
aromatic plants EMR, for harvesting perennial 
species of medicinal plants, with spiciform 
inflorescence grown on small areas. 
It can be operated either in aggregate with a 
tractor or it can be manually directed on the 
row. It can also be equipped with interchan-
geable working parts, chosen according to the 
characteristics of the crop. 
In order to achieve useful technical systems for 
small producers of medicinal plants, as well as 
to obtain quality production, the multifunc-
tional equipment can be an important premise. 
Also, the mechanized harvesting of medicinal 
and aromatic plants, performed with this 
equipment, can significantly contribute to the 
economic efficiency of these crops grown on 
small and medium-sized areas, and possibly to 
the long-awaited relaunch of this sector. 
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Abstract  
 
The research objective was to identify the peculiarities of the emergence of resistance to adverse environmental factors 
(winter period and droughts), the assessment of local and foreign mutant lines and varieties for resistance by means of 
proven express tests. It has been confirmed that both traits are slightly variable under the effect of gamma irradiation. 
The lines and varieties with such traits have been identified, the relationship between the grain productivity in winter 
wheat has been described, the availability of these traits has been established, as well as the need to take them into 
account at creating an up-to-date variety model for the conditions of insufficient humidification with a harsh 
continental climate (North Steppe of Ukraine) in the conditions of climate change. It has been shown that drought 
resistance remains the key trait, but the possible mechanism for the realization of the genetically determined yield 
potential by a variety can also be the timing of ripeness, which may help avoiding the most critical periods (middle and 
early ripeness). 
 
Key words: winter wheat, winter hardness, drought resistance, mutagenesis. 
 
INTRODUCTION  
 
Winter wheat is the main grain crop not only in 
Ukraine, but across the world. It is the staple 
food in 48 countries with a population exceeding 
2 billion people, providing part of the daily diet 
for about another 3 billion people. One of the 
main problems is the adaptive ability of 
existing winter wheat genotypes to a complex 
of adverse winter factors (Shah et al., 2018). 
This is a key problem for the Steppe region, 
since it limits the capabilities of modern 
varieties in the realization of their genetic 
potential in terms of quality and grain 
productivity, leading to increased plant death 
during the winter period and to the formation of 
impaired grains during droughts in critical 
periods of growth and development, which is 
not always possible to compensate for during 
further ontogenesis (Liu et al., 2017; 
Nazarenko et al., 2021a). 
The territory of Ukraine is characterized by a 
variety of biomes and climatic zones and the 
extremely unstable meteorological conditions 
by years and seasons. Different natural and 
contrasting areas located in the latitudinal and 
vertical zonalities respectively stipulate the 
creation of genetically diverse varieties, at least 
three main agroecotypes of winter wheat 
(Essam et al., 2019; Kirova et al., 2021). 

Varieties of semi-intensive and intensive types 
of winter wheat are distinguished by high and 
above average tilling capacity, thermal 
requirements, and are characterized by quite 
high frost and winter resistance (Prabhu, 2019). 
In the phase of full tillering, these varieties 
tolerate low negative temperatures up to -20°C 
quite well, and form large, well-grained ears 
with valuable and particularly valuable grain 
(Khalili et al., 2018; Harkness et al., 2020).  
Over the past 15 years, new complex varieties 
of intensive winter wheat have been created 
and zoned, characterized by high yield, 
adaptability, disease resistance, as well as high 
grain quality and quite high winter and drought 
resistance (Kirova et al., 2021). Agro-climatic 
conditions of the Steppe are characterized by 
significant variability of the main resources by 
years, periods of vegetation, territories, which 
determines the existing value and variability of 
winter wheat yield in the region (Le Gouis et 
al., 2020; Polatovich et al., 2021). 
Along with the improvement of cultivation 
technology, the variability also plays an 
important part in increasing yields and reducing 
its fluctuations by years in the region. In this 
regard, the key focus is breeding to increase the 
yield of winter wheat varieties, capable of 
maximizing the effective use of environmental 
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resources and the features of the ecological 
zone, and resisting abiotic and biotic stressors 
(Reif et al., 2005; Polatovich et al., 2021). 
The ability of plants to adapt and resist adverse 
environmental factors is one of the 
preconditions for their existence, which 
depends on the possibility of application of 
protective mechanisms (Hongjie et al., 2019). 
The implementation of the adaptation process 
can be roughly divided into two main stages: 
stress - response and specialized adaptation 
(Resende, 2016; Richardson at al., 2017). At 
the first stage, protective systems are actively 
mobilized or formed, ensuring the short-term 
survival of the body under the harmful effect of 
the stressor. During the second stage, 
adaptation mechanisms are formed, which are 
responsible for ontogenesis process under long-
term exposure to the stressor factor (Daryanto 
et al., 2017). The plants can respond to the 
effect of stressors of different nature by 
changing the permeability and charge of cell 
membranes, ionic charge balance, metabolic 
rate, the differential gene expression (Pеmentel 
et al., 2014; Tengcong et al., 2020).  
The research objective was to show the 
possibility of creating winter- and drought-
resistant lines based on local varieties using 
gamma irradiation, to compare the potential of 
these traits with international material (French 
varieties) (Nazarenko et al., 2021b), to carry 
out additional testing of previously proposed 
test systems for drought-resistance based on the 
photosynthetic potential data. 
 
MATERIALS AND METHODS  
 
The research was carried out on the 
experimental fields of the Educational and 
Scientific Center of the Dnipro State Agrarian 
and Economic University in 2015-2021. The 
experimental areas have a homogeneous cover, 
consisting of ordinary low-humus, leached, 
medium-loamy black soil on a loamy soil. The 
content of nitrogen (according to Tiurin 
(GOST, 1984)) during the years of research has 
not exceeded 3-5 mg, mobile phosphorus 
(according to Chyrykov (Belyaev, 2012) - 20-
30 mg, exchange potassium (according to 
Chyrykov (Belyaev, 2012) - 20-35 mg per           
100 g of dry soil.  

The experimental field is located in the 
Dniprovskyi district of the Dnipropetrovsk 
region, which is the northern warm and 
insufficiently wet area. Its climatic resources 
are characterized by the following indices: 
hydrothermal coefficient is > 0.9, precipitation 
rare during the growing season - 250-280 mm, 
the annual amount of precipitation - 450-           
490 mm, temperature sum for the period with 
the temperatures above 10°C - about 2,900°C. 
Dry seeds of local varieties Komertsiina and 
Spivanka were exposed to gamma irradiation of 
100, 150, 200, 250 Gy at the gamma-ray unit of 
the Nuclear Research and Training Centre of 
the Department of FAO/IAEA Joint Division of 
Nuclear Techniques in Food and Agriculture 
(Austria, Freiburg), with gamma rays of the 
Co60 radioactive source, the capacity of the 
unit is 0.048 Gy/s. 
The local mutant lines of the Komertsiina and 
Spivanka varieties (breeding by the Dnipro 
State Agrarian and Economic University) were 
used as a material for the study that fully 
corresponds to the conditions of the region (the 
Northern Steppe of Ukraine, 12 varieties of 
breeding by INRAE (National Research 
Institute for Agriculture, Food and 
Environment, France) obtained from the 
laboratory of ecophysiology and biodiversity of 
cereals (Clermont-Ferrand, France), Courtiot, 
Flamenko, Gallixe, Geo, Ghayta, Gotik, 
Grapeli, Koreli, Lyrik, Musik, Renan, Skerzzo. 
The area of the plots was 5-10 m2 depending on 
the year of the experiment, the repetition was 1-
2 times, the standard - every 20 numbers.  
The assessment of winter resistance was carried 
out by the concentration of easily soluble 
sugars, and was measured by the contractual 
sample of the cultivar tillering nodes according 
to the generally accepted GOST 26176-91 
(GOST, 1993). 
Photosynthesis of plants was studied in a 
gasometric device developed in the laboratory 
of plant physiology and biochemistry on the 
basis of the manometric method of Warburg. 
Simazine (Sim) 10-4 (M) was used as an 
inhibitor of PS-II, which sharply inhibits the 
processes of oxygen release in the photosystem. 
The intended site of action of simazine is the 
ETL link between the primary PS-II acceptor 
(Q) and the inclusion of plastoquinone. 
Drought resistance of the lines was determined 
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Abstract  
 
The research objective was to identify the peculiarities of the emergence of resistance to adverse environmental factors 
(winter period and droughts), the assessment of local and foreign mutant lines and varieties for resistance by means of 
proven express tests. It has been confirmed that both traits are slightly variable under the effect of gamma irradiation. 
The lines and varieties with such traits have been identified, the relationship between the grain productivity in winter 
wheat has been described, the availability of these traits has been established, as well as the need to take them into 
account at creating an up-to-date variety model for the conditions of insufficient humidification with a harsh 
continental climate (North Steppe of Ukraine) in the conditions of climate change. It has been shown that drought 
resistance remains the key trait, but the possible mechanism for the realization of the genetically determined yield 
potential by a variety can also be the timing of ripeness, which may help avoiding the most critical periods (middle and 
early ripeness). 
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INTRODUCTION  
 
Winter wheat is the main grain crop not only in 
Ukraine, but across the world. It is the staple 
food in 48 countries with a population exceeding 
2 billion people, providing part of the daily diet 
for about another 3 billion people. One of the 
main problems is the adaptive ability of 
existing winter wheat genotypes to a complex 
of adverse winter factors (Shah et al., 2018). 
This is a key problem for the Steppe region, 
since it limits the capabilities of modern 
varieties in the realization of their genetic 
potential in terms of quality and grain 
productivity, leading to increased plant death 
during the winter period and to the formation of 
impaired grains during droughts in critical 
periods of growth and development, which is 
not always possible to compensate for during 
further ontogenesis (Liu et al., 2017; 
Nazarenko et al., 2021a). 
The territory of Ukraine is characterized by a 
variety of biomes and climatic zones and the 
extremely unstable meteorological conditions 
by years and seasons. Different natural and 
contrasting areas located in the latitudinal and 
vertical zonalities respectively stipulate the 
creation of genetically diverse varieties, at least 
three main agroecotypes of winter wheat 
(Essam et al., 2019; Kirova et al., 2021). 

Varieties of semi-intensive and intensive types 
of winter wheat are distinguished by high and 
above average tilling capacity, thermal 
requirements, and are characterized by quite 
high frost and winter resistance (Prabhu, 2019). 
In the phase of full tillering, these varieties 
tolerate low negative temperatures up to -20°C 
quite well, and form large, well-grained ears 
with valuable and particularly valuable grain 
(Khalili et al., 2018; Harkness et al., 2020).  
Over the past 15 years, new complex varieties 
of intensive winter wheat have been created 
and zoned, characterized by high yield, 
adaptability, disease resistance, as well as high 
grain quality and quite high winter and drought 
resistance (Kirova et al., 2021). Agro-climatic 
conditions of the Steppe are characterized by 
significant variability of the main resources by 
years, periods of vegetation, territories, which 
determines the existing value and variability of 
winter wheat yield in the region (Le Gouis et 
al., 2020; Polatovich et al., 2021). 
Along with the improvement of cultivation 
technology, the variability also plays an 
important part in increasing yields and reducing 
its fluctuations by years in the region. In this 
regard, the key focus is breeding to increase the 
yield of winter wheat varieties, capable of 
maximizing the effective use of environmental 

 

resources and the features of the ecological 
zone, and resisting abiotic and biotic stressors 
(Reif et al., 2005; Polatovich et al., 2021). 
The ability of plants to adapt and resist adverse 
environmental factors is one of the 
preconditions for their existence, which 
depends on the possibility of application of 
protective mechanisms (Hongjie et al., 2019). 
The implementation of the adaptation process 
can be roughly divided into two main stages: 
stress - response and specialized adaptation 
(Resende, 2016; Richardson at al., 2017). At 
the first stage, protective systems are actively 
mobilized or formed, ensuring the short-term 
survival of the body under the harmful effect of 
the stressor. During the second stage, 
adaptation mechanisms are formed, which are 
responsible for ontogenesis process under long-
term exposure to the stressor factor (Daryanto 
et al., 2017). The plants can respond to the 
effect of stressors of different nature by 
changing the permeability and charge of cell 
membranes, ionic charge balance, metabolic 
rate, the differential gene expression (Pеmentel 
et al., 2014; Tengcong et al., 2020).  
The research objective was to show the 
possibility of creating winter- and drought-
resistant lines based on local varieties using 
gamma irradiation, to compare the potential of 
these traits with international material (French 
varieties) (Nazarenko et al., 2021b), to carry 
out additional testing of previously proposed 
test systems for drought-resistance based on the 
photosynthetic potential data. 
 
MATERIALS AND METHODS  
 
The research was carried out on the 
experimental fields of the Educational and 
Scientific Center of the Dnipro State Agrarian 
and Economic University in 2015-2021. The 
experimental areas have a homogeneous cover, 
consisting of ordinary low-humus, leached, 
medium-loamy black soil on a loamy soil. The 
content of nitrogen (according to Tiurin 
(GOST, 1984)) during the years of research has 
not exceeded 3-5 mg, mobile phosphorus 
(according to Chyrykov (Belyaev, 2012) - 20-
30 mg, exchange potassium (according to 
Chyrykov (Belyaev, 2012) - 20-35 mg per           
100 g of dry soil.  

The experimental field is located in the 
Dniprovskyi district of the Dnipropetrovsk 
region, which is the northern warm and 
insufficiently wet area. Its climatic resources 
are characterized by the following indices: 
hydrothermal coefficient is > 0.9, precipitation 
rare during the growing season - 250-280 mm, 
the annual amount of precipitation - 450-           
490 mm, temperature sum for the period with 
the temperatures above 10°C - about 2,900°C. 
Dry seeds of local varieties Komertsiina and 
Spivanka were exposed to gamma irradiation of 
100, 150, 200, 250 Gy at the gamma-ray unit of 
the Nuclear Research and Training Centre of 
the Department of FAO/IAEA Joint Division of 
Nuclear Techniques in Food and Agriculture 
(Austria, Freiburg), with gamma rays of the 
Co60 radioactive source, the capacity of the 
unit is 0.048 Gy/s. 
The local mutant lines of the Komertsiina and 
Spivanka varieties (breeding by the Dnipro 
State Agrarian and Economic University) were 
used as a material for the study that fully 
corresponds to the conditions of the region (the 
Northern Steppe of Ukraine, 12 varieties of 
breeding by INRAE (National Research 
Institute for Agriculture, Food and 
Environment, France) obtained from the 
laboratory of ecophysiology and biodiversity of 
cereals (Clermont-Ferrand, France), Courtiot, 
Flamenko, Gallixe, Geo, Ghayta, Gotik, 
Grapeli, Koreli, Lyrik, Musik, Renan, Skerzzo. 
The area of the plots was 5-10 m2 depending on 
the year of the experiment, the repetition was 1-
2 times, the standard - every 20 numbers.  
The assessment of winter resistance was carried 
out by the concentration of easily soluble 
sugars, and was measured by the contractual 
sample of the cultivar tillering nodes according 
to the generally accepted GOST 26176-91 
(GOST, 1993). 
Photosynthesis of plants was studied in a 
gasometric device developed in the laboratory 
of plant physiology and biochemistry on the 
basis of the manometric method of Warburg. 
Simazine (Sim) 10-4 (M) was used as an 
inhibitor of PS-II, which sharply inhibits the 
processes of oxygen release in the photosystem. 
The intended site of action of simazine is the 
ETL link between the primary PS-II acceptor 
(Q) and the inclusion of plastoquinone. 
Drought resistance of the lines was determined 
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by the advantages in the activity of individual 
photosystems. According to the test system, 
dry-resistant lines were considered to be the 
ones, where the activity of the photosystem I 
prevailed (less energy- and moisture-consu-
ming), that is, with a ratio of the activity of the 
PS-I + PSII/PS-I photosystems less than 1. 
The obtained results were statistically 
processed using the discriminant analysis, the 
quality of the mean difference was assessed by 
factor analysis. The standard package of the 
Statistic 10.0 application was used. 
 
RESULTS AND DISCUSSIONS  
 
In the Komertsiina variety, total mutation rate 
ranged from 8.40% (gamma rays, 100 Gy) to 
30.00% (gamma rays, 250 Gy) with a 1.20% 

control (spontaneous mutation rate) (Table 1). 
In the Spivanka variety, there were 6.40% 
(gamma rays, 100 Gy) to 31.67% (gamma ray, 
250 Gy) at 0.80% of spontaneous mutations in 
the untreated reference group.  
Individually identified mutations related to 
increased drought and winter resistance were 
referred to as rare. They reached significant 
values in the Komertsiina variety at a dose of 
200 Gy amounting to 0.83% (winter hardness) 
and drought resistance in the same variety at a 
dose of 100 Gy amounting to 0.80%. That is, 
no more than 4 cases per 300 (200 Gy) and 500 
(100-150 Gy) families. There are no 
corresponding mutations in the control group 
and at 250 Gy, and in the latter case, this can be 
explained by the destructive effect of this dose 
and a smaller sample size (40-60 families). 

Table 1. The rate of winter wheat mutations due to the gamma irradiation effect 

Variety Gamma irradiation dose 
controle 100 Gy 150 Gy 200 Gy 250 Gy 

Total rate 
Komertsiina 1.20±0.11 8.40±0.62b 13.56±1.05c 29.17±1.41d 30.00±1.69d 

Spivanka 0.80±0.11a 6.40±0.53b 10.75±0.92c 19.00±1.14d 31.67±1.54e 
Winter hardness 

Komertsiina 0.00±0.04a 0.20±0.08b 0.44±0.08c 0.83±0.14d 0.00±0.11a 
Spivanka 0.00±0.04a 0.60±0.09b 0.50±0.09c 0.50±0.11c 0.00±0.11a 

Drought resistance 
Komertsiina 0.00±0.04a 0.80±0.10b 0.67±0.09b 0.00±0.06a 0.00±0.11a 

Spivanka 0.00±0.04a 0.40±0.08b 0.50±0.09b 0.00±0.06a 0.00±0.11a 
Note: The difference is statistically significant at P < 0.05 taking into account the Bonferroni correction. 
 
Factor analysis showed that in the case of 
winter resistance, the rate of mutations related 
to this trait did not depend on the genotype (F = 
0.05; Fcritical = 7.71; P = 0.83), however, there 
was a dependence on the dose of gamma 
irradiation (F = 6.38; Fcritical = 5.23; P = 
0.05). In the case of drought resistance, the 
same results were observed – genotype (F = 
2.07; Fcritical = 7.71; P = 0.22), dose (F = 
13.60; Fcritical = 5.23; P < 0.01).  
That is, mutations related to abiotic stress 
tolerance of the original form were quite rare, 
mainly with moderate doses of gamma 
irradiation. However, as we will see, when 
analysing specifically varieties and lines by 
types of resistance, they are of considerable 
importance and, in fact, most of the drought 
resistance mutations are also successful in 
terms of high yields for our region (but not 
always - in terms of grain quality). 

The second stage of research was to identify a 
set of indicators, both laboratory (germinating 
ability, sugar content in the root node by 
periods) and field ones (scoring of the state of 
crops before and after the overwintering period 
and survival of plants after the winter period) 
(Table 2). 
It has been found that in all foreign varieties 
there was a low winter hardness, which was 
statistically significantly different from the 
national standard (Podolyanka variety) in terms 
of laboratory values. Such varieties were 
characterized by a fairly high resistance to a 
number of adverse factors of the winter period. 
As shown below, this indicator did not become 
a key one to determine the next yield of the 
varieties and some of them prevailed over the 
standard (Gallixe, Ghayta, Koreli). The 
assessment of the state of crops turned out to be 
an objective index. 

 

According to the factor analysis, the readiness 
for overwintering was influenced by indices 
such as the genotype (F = 14.20;                              

Fcritical = 5.04; P < 0.01) and a combination of 
climatic conditions during the year (F = 12.36; 
Fcritical = 5.11: P <0.01). 

Table 2. Parameters of winter wheat varieties during winter (2017/2020 periods of vegetation dates) (n = 5) 

N Variety G BW CS S AW 11 02 03 04 
1 Podolyanka 98.3 5 32.2 26.3 20.2 19.9 97.9 5 
3 Courtiot 93.4 4 22.1* 17.9* 16.9* 14.0* 92.8 4 
4 Flamenko 90.6 4 20.2* 18.0* 14.8* 12.9* 89.9 4 
5 Gallixe 91.2 3.5 16.4* 14.6* 12.1* 11.6* 90.1 3.5 
6 Geo 92.3 4 23.0* 19.2* 16.8* 15.4* 90.1 4 
7 Ghayta 89.2 3.5 15.9* 11.7* 10.2* 10.0* 85.1 3.5 
8 Gotik 88.7 4 20.7* 17.2* 14.1* 13.2* 86.9 4 
9 Grapeli 91.2 4 21.0* 19.1* 16.5* 13.4* 90.1 4 
10 Koreli 90.7 4 22.3* 19.7* 14.9* 12.7* 88.9 4 
11 Lyrik 90.2 4 18.6* 12.6* 11.1* 10.5* 86.1 4 
12 Musik 88.4 3.5 13.4* 10.4* 10.1* 9.5* 85.0 3.5 
13 Renan 92.3 4.5 21.0* 19.8* 14.9* 12.7* 90.8 4.5 
14 Skerzzo 91.9 4 25.1* 23.1* 19.2* 18.0* 90.7 4 

G - germination[%]; BW - evaluation before winter period [balls]; CS - content of sugars in tillering nod [%]; S - surviving of plants after winter 
period [%]; AW - evaluation after winter period [balls]. 
*indicate significant differences from standard at P < 0.05. 
 
The same parameters were used to assess the 
mutant lines of winter wheat. Those were 
compared with parental forms, one of which, 

Spivanka, was more winter-resistant, the other, 
Komertsiina, was less winter-resistant than the 
standard (Table 3). 

Table 3. Parameters of winter wheat mutant lines and parent varieties  
during winter period (2017/2020 vegetation dates) (n = 5) 

N Variety G BW CS S AW 11 02 03 04 
1 Podolyanka 98.3 5 32.2 26.3 20.2 19.9 97.9 5 
2 Spivanka 99.1 5 33.4 29.7 22.4. 20.9 99.1 5 
3 26 99.2 5 32.6 27.7* 21.0* 19.5 99.2 5 
4 45 99.4 5 32.0 24.2* 19.7* 17.9* 99.1 4.75 
5 123 99.2 5 34.3 28.9 25.6* 23.7* 99.2 5 
6 152 99.2 5 30.1* 22.3* 19.0* 16.1* 99.0 4.75 
7 178 99.4 5 33.2 28.1 21.0 20.2 99.4 5 
8 179  99.2 5 32.8 28.4 21.7 20.1 99.2 5 
9 Komertsiina 98.9 5 28.4 22.1 19.8 19.0 98.4 4.75 

10 181 99.7 5 26.1* 20.0* 17.4* 14.1* 98.2 4.5 
11 203 99.2 5 30.6* 26.9* 24.0* 22.3* 99.2 5 
12 213 99.4 5 26.6 19.9* 17.6* 15.5* 97.6 4.5 
13 214 99.3 5 28.0 21.5 20.3 18.6 99.2 5 
14 262 99.9 5 28.1 22.7 18.4 18.1 99.2 4.75 

G - germination[%]; BW - evaluation before winter period [balls]; CS - content of sugars in tillering nod [%]; S - surviving of plants after winter 
period [%]; AW - evaluation after winter period [balls]. 
*indicate significant differences from standard at P < 0.05. 
 
It turned out that varieties such as 123 
(Spivanka variety), 203 (Komertsiina variety) 
had statistically reliable advantages over the 
parent form, while lines 45, 152 (Spivanka 
variety), 181, 213 (Komertsiina variety) had 
certain unsatisfactory results (a reduced winter 
resistance). It should be noted that the 
regression of a trait is more likely than its 

enhancement. However, all the lines given in 
the table by yield outperformed both the 
standard and the original forms. That is, it 
cannot be stated that this trait was decisive for 
the yield of a certain variety even in our 
conditions. 
Based on the factor analysis results, factors 
such as the genotype (F = 7.16; Fcritical = 
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by the advantages in the activity of individual 
photosystems. According to the test system, 
dry-resistant lines were considered to be the 
ones, where the activity of the photosystem I 
prevailed (less energy- and moisture-consu-
ming), that is, with a ratio of the activity of the 
PS-I + PSII/PS-I photosystems less than 1. 
The obtained results were statistically 
processed using the discriminant analysis, the 
quality of the mean difference was assessed by 
factor analysis. The standard package of the 
Statistic 10.0 application was used. 
 
RESULTS AND DISCUSSIONS  
 
In the Komertsiina variety, total mutation rate 
ranged from 8.40% (gamma rays, 100 Gy) to 
30.00% (gamma rays, 250 Gy) with a 1.20% 

control (spontaneous mutation rate) (Table 1). 
In the Spivanka variety, there were 6.40% 
(gamma rays, 100 Gy) to 31.67% (gamma ray, 
250 Gy) at 0.80% of spontaneous mutations in 
the untreated reference group.  
Individually identified mutations related to 
increased drought and winter resistance were 
referred to as rare. They reached significant 
values in the Komertsiina variety at a dose of 
200 Gy amounting to 0.83% (winter hardness) 
and drought resistance in the same variety at a 
dose of 100 Gy amounting to 0.80%. That is, 
no more than 4 cases per 300 (200 Gy) and 500 
(100-150 Gy) families. There are no 
corresponding mutations in the control group 
and at 250 Gy, and in the latter case, this can be 
explained by the destructive effect of this dose 
and a smaller sample size (40-60 families). 

Table 1. The rate of winter wheat mutations due to the gamma irradiation effect 

Variety Gamma irradiation dose 
controle 100 Gy 150 Gy 200 Gy 250 Gy 

Total rate 
Komertsiina 1.20±0.11 8.40±0.62b 13.56±1.05c 29.17±1.41d 30.00±1.69d 

Spivanka 0.80±0.11a 6.40±0.53b 10.75±0.92c 19.00±1.14d 31.67±1.54e 
Winter hardness 

Komertsiina 0.00±0.04a 0.20±0.08b 0.44±0.08c 0.83±0.14d 0.00±0.11a 
Spivanka 0.00±0.04a 0.60±0.09b 0.50±0.09c 0.50±0.11c 0.00±0.11a 

Drought resistance 
Komertsiina 0.00±0.04a 0.80±0.10b 0.67±0.09b 0.00±0.06a 0.00±0.11a 

Spivanka 0.00±0.04a 0.40±0.08b 0.50±0.09b 0.00±0.06a 0.00±0.11a 
Note: The difference is statistically significant at P < 0.05 taking into account the Bonferroni correction. 
 
Factor analysis showed that in the case of 
winter resistance, the rate of mutations related 
to this trait did not depend on the genotype (F = 
0.05; Fcritical = 7.71; P = 0.83), however, there 
was a dependence on the dose of gamma 
irradiation (F = 6.38; Fcritical = 5.23; P = 
0.05). In the case of drought resistance, the 
same results were observed – genotype (F = 
2.07; Fcritical = 7.71; P = 0.22), dose (F = 
13.60; Fcritical = 5.23; P < 0.01).  
That is, mutations related to abiotic stress 
tolerance of the original form were quite rare, 
mainly with moderate doses of gamma 
irradiation. However, as we will see, when 
analysing specifically varieties and lines by 
types of resistance, they are of considerable 
importance and, in fact, most of the drought 
resistance mutations are also successful in 
terms of high yields for our region (but not 
always - in terms of grain quality). 

The second stage of research was to identify a 
set of indicators, both laboratory (germinating 
ability, sugar content in the root node by 
periods) and field ones (scoring of the state of 
crops before and after the overwintering period 
and survival of plants after the winter period) 
(Table 2). 
It has been found that in all foreign varieties 
there was a low winter hardness, which was 
statistically significantly different from the 
national standard (Podolyanka variety) in terms 
of laboratory values. Such varieties were 
characterized by a fairly high resistance to a 
number of adverse factors of the winter period. 
As shown below, this indicator did not become 
a key one to determine the next yield of the 
varieties and some of them prevailed over the 
standard (Gallixe, Ghayta, Koreli). The 
assessment of the state of crops turned out to be 
an objective index. 

 

According to the factor analysis, the readiness 
for overwintering was influenced by indices 
such as the genotype (F = 14.20;                              

Fcritical = 5.04; P < 0.01) and a combination of 
climatic conditions during the year (F = 12.36; 
Fcritical = 5.11: P <0.01). 

Table 2. Parameters of winter wheat varieties during winter (2017/2020 periods of vegetation dates) (n = 5) 

N Variety G BW CS S AW 11 02 03 04 
1 Podolyanka 98.3 5 32.2 26.3 20.2 19.9 97.9 5 
3 Courtiot 93.4 4 22.1* 17.9* 16.9* 14.0* 92.8 4 
4 Flamenko 90.6 4 20.2* 18.0* 14.8* 12.9* 89.9 4 
5 Gallixe 91.2 3.5 16.4* 14.6* 12.1* 11.6* 90.1 3.5 
6 Geo 92.3 4 23.0* 19.2* 16.8* 15.4* 90.1 4 
7 Ghayta 89.2 3.5 15.9* 11.7* 10.2* 10.0* 85.1 3.5 
8 Gotik 88.7 4 20.7* 17.2* 14.1* 13.2* 86.9 4 
9 Grapeli 91.2 4 21.0* 19.1* 16.5* 13.4* 90.1 4 
10 Koreli 90.7 4 22.3* 19.7* 14.9* 12.7* 88.9 4 
11 Lyrik 90.2 4 18.6* 12.6* 11.1* 10.5* 86.1 4 
12 Musik 88.4 3.5 13.4* 10.4* 10.1* 9.5* 85.0 3.5 
13 Renan 92.3 4.5 21.0* 19.8* 14.9* 12.7* 90.8 4.5 
14 Skerzzo 91.9 4 25.1* 23.1* 19.2* 18.0* 90.7 4 

G - germination[%]; BW - evaluation before winter period [balls]; CS - content of sugars in tillering nod [%]; S - surviving of plants after winter 
period [%]; AW - evaluation after winter period [balls]. 
*indicate significant differences from standard at P < 0.05. 
 
The same parameters were used to assess the 
mutant lines of winter wheat. Those were 
compared with parental forms, one of which, 

Spivanka, was more winter-resistant, the other, 
Komertsiina, was less winter-resistant than the 
standard (Table 3). 

Table 3. Parameters of winter wheat mutant lines and parent varieties  
during winter period (2017/2020 vegetation dates) (n = 5) 

N Variety G BW CS S AW 11 02 03 04 
1 Podolyanka 98.3 5 32.2 26.3 20.2 19.9 97.9 5 
2 Spivanka 99.1 5 33.4 29.7 22.4. 20.9 99.1 5 
3 26 99.2 5 32.6 27.7* 21.0* 19.5 99.2 5 
4 45 99.4 5 32.0 24.2* 19.7* 17.9* 99.1 4.75 
5 123 99.2 5 34.3 28.9 25.6* 23.7* 99.2 5 
6 152 99.2 5 30.1* 22.3* 19.0* 16.1* 99.0 4.75 
7 178 99.4 5 33.2 28.1 21.0 20.2 99.4 5 
8 179  99.2 5 32.8 28.4 21.7 20.1 99.2 5 
9 Komertsiina 98.9 5 28.4 22.1 19.8 19.0 98.4 4.75 

10 181 99.7 5 26.1* 20.0* 17.4* 14.1* 98.2 4.5 
11 203 99.2 5 30.6* 26.9* 24.0* 22.3* 99.2 5 
12 213 99.4 5 26.6 19.9* 17.6* 15.5* 97.6 4.5 
13 214 99.3 5 28.0 21.5 20.3 18.6 99.2 5 
14 262 99.9 5 28.1 22.7 18.4 18.1 99.2 4.75 

G - germination[%]; BW - evaluation before winter period [balls]; CS - content of sugars in tillering nod [%]; S - surviving of plants after winter 
period [%]; AW - evaluation after winter period [balls]. 
*indicate significant differences from standard at P < 0.05. 
 
It turned out that varieties such as 123 
(Spivanka variety), 203 (Komertsiina variety) 
had statistically reliable advantages over the 
parent form, while lines 45, 152 (Spivanka 
variety), 181, 213 (Komertsiina variety) had 
certain unsatisfactory results (a reduced winter 
resistance). It should be noted that the 
regression of a trait is more likely than its 

enhancement. However, all the lines given in 
the table by yield outperformed both the 
standard and the original forms. That is, it 
cannot be stated that this trait was decisive for 
the yield of a certain variety even in our 
conditions. 
Based on the factor analysis results, factors 
such as the genotype (F = 7.16; Fcritical = 



120

 
4.11; P = 0.02) and a number of climatic 
conditions during the year (F = 22.17; Fcritical 
= 4.11: P< 0.01) influenced the readiness for 
overwintering. 
As it can be seen, the significance of winter 
hardness for both varietal and linear material 
was not high in view of the future yield. At the 
same time, the local material had reliable 
advantages over foreign forms in terms of 
higher adaptability. 
At the next stage, the assessment was carried 
out by the ratio in the photosystem activities 
(Tables 4 and 5).  
 

Table 4. Quality of photosynthesis of winter wheat of 
foreign varieties under study (x ± SD, n = 5) 

Variety 
Intensity of photosynthesis, 

mcL/hour 

PS-І+  
PS ІІ/  
PS-І 

PS 

Check (H2O) Simasin   
Podolyanka 6,112 ±68 4,817±34 1.27 ІІ 

Courtiot 6,234±78 4,544±55 1.37 ІІ 
Flamenko 6,565±112 4,786±70 1.37 ІІ 

Gallixe 7,134±56 7,020±65 1.02 І-ІІ 
Geo 6,711±76 4,534±64 1.48 I 

Ghayta 7,655±43 7,542±23 1.01 І-ІІ 
Gotik 3,330±67 2,526±43 1.32 ІІ 

Grapeli 5,412±89 5,388±71 1.00 І ІІ 
Koreli 7,611±54 7,543±28 1.01 І-ІІ 
Lyrik 4,111±78 3,234±91 1.27 ІІ 
Musik 4,344±90 2,980±93 1.46 ІІ 
Renan 6,767±45 4,890±54 1.38 ІІ 

Skerzzo 7,476±76 5,611±63 1.33 ІІ 

 
Given the lower drought resistance of those 
genotypes where the activity of the 
photosystem II prevails.  
According to the available criteria, the 
following potentially drought-resistant varieties 
were identified: Gallixe, Geo, Ghayta, Koreli. 
Interestingly, three of these varieties further 
showed yields above the standard, and the Geo 
variety yielding capacity exceeded the standard 
values in certain adverse years.  
It can be stated that the drought resistance trait 
under climate change in our region has proved 
to be more significant than the tolerance to the 
winter period, being previously the key trait, 
since although the period of droughts has not 
become as critical with regard to the phases of 
development of wheat plants as before, but still 
a particular threat is posed for late-ripening 
varieties, which include all studied French 
varieties (Nazarenko et al., 2021b). 
Factor analysis firstly showed a statistically 
significantly blocking effect of the applied 
processing method (F = 13.60; Fcritical = 2.68; 

P = 0.02) and secondly showed that the trait is 
conditioned by the genotype of the variety (F = 
24.07; Fcritical = 4.74; P < 0.01)  
The assessment of photosynthetic activity of 
mutant lines showed not only greater 
homogeneity of the selection, but also the trait 
variability (Table 5).  
Both parental forms are classified as drought-
resistant, but we can see that the identified lines 
26 (Spivanka) and 213 (Komertsiina) are 
classified as less drought-resistant. At the same 
time, while the activity of photosystems in the 
original Komertsiina variety is at about the 
same level, only line 203 has the same 
characteristics. In all other cases, there have 
been changes in the line.  

Table 5. Quality of photosynthesis of winter wheat 
mutant lines under study (x ± SD, n = 5) 

Variety 
Intensity of photosynthesis, 

mcL/hour 
PS-І+ 
PS ІІ/ 
PS-І 

PS 
Check (H2O)  Simasin 

Podolyanka 5,867±70 4,564±83 1.29 ІІ 
Spivanka 4,330±56 5,522±55 0.78 I 

26 4,980±67 5,679±67 0.88 ІІ 
45 4,540±65 5,413±40 0.84 I 
123 4,211±87 5,100±68 0.83 I 
152 4,545±56 4,677±65 0.97 І-ІІ 
178 4,314±45 5,766±80 0.75 I 
179  4,892±40 6,034±65 0.81 I 

Komertsiina 5,311±67 5,217±50 1.02 І-ІІ 
181 5,435±87 6,147±88 0.88 I 
203 5,600±91 5,711±74 0.98 І-ІІ 
213 5,049±90 4,312±78 1.17 ІІ 
214 5,433±39 6,454±75 0.84 I 
262 5,767±47 5,100±72 1.29 ІІ 

 
Considering that out of 11 lines under study 9 
are classified as drought-resistant according to 
the test, it can be considered that this trait is 
sufficiently significant.  
The two lines with a worse indicator refer to 
medium-early ones, that avoid drought in the 
conditions of the Northern Steppe of Ukraine 
and have an intense epicuticular wax 
accumulation, which is also typical of drought-
resistant forms.  
Thus, such a test system allows to objectively 
detect the forms with potentially high 
productivity among the material under study in 
the early stages, although, obviously, this 
position should be tested (in terms of genetic 
diversity) using a greater number of genotypes. 
Factor analysis again showed a statistically 
significantly blocking effect of the applied 
treatment method (F = 5.17; Fcritical = 2.68; 
P= 0.04) and revealed that the trait was 

 
conditioned by the line genotype, although the 
material was significantly more homogeneous 
(F = 6.12; Fcritical = 4.74; P= 0.05). 
Accordingly, to confirm the obtained data, a 
comprehensive factorial and discriminant 
analysis was carried out, which showed (Table 
6) relevant static evaluation criteria. 
When it comes to the winter hardness, this trait 
has not been included in the discriminant 
analysis model and had no significant effect in 
terms of the factor analysis, the classification 
ability is insignificant by canonical roots and 
only 30-40% of objects can be identified by 
such a trait as high-yielding, which is clearly 
not a very good result. That is, for the 
cultivation of winter wheat varieties in the 
Northern Steppe zone of Ukraine, mean values 
of this trait are enough. The conditions for 
winter survival are significantly mitigated due 
to the climate change, so this parameter ceases 
to be limiting and critical. 

Table 6. Results of factorial (Varimax raw) and 
discriminate analysis of the relationship of the obtained 

traits with grain productivity  

Parameter 
Winter hardness Drought resistance 

varieties lines varieties lines 
Act of factor 0.11 0.23 0.60 0.76 
λ 0.09 0.13 0.24 0.29 
F 3.22 4.03 11.13 22.67 
Fcritical 5.51 5.51 4.67 4.67 
p-level < 0.01 0.01 0.01 0.01 
By canonical 
root (%) 38.46 42.85 76.92 85.71 

Note: significant differences from control at P < 0.05 in bold. 

As for drought resistance, the situation is quite 
different. Factor analysis showed a significant 
relationship between the effect of this trait on 
crop formation in our conditions, that is, this 
trait is essential for the variety that is planned 
for cultivation in our region. The trait is 
available in the model according to the 
discriminatory analysis and the classification 
capacity amounts to 70-80% - that is, such a 
share of varieties and lines with high yields had 
this feature at a high level. This makes it 
possible to relate the express test for 
photosynthetic activity not only with drought 
resistance, but also with the mandatory future 
high yield of the identified genotype. That is, 
this trait remains critical despite the climate 
change. Although, according to the material 
studied, it is possible to compensate for the 
negative impact of drought on account of other 

traits that affect the timing of critical phases 
(terms of ripening) (Bondarenko and 
Nazarenko, 2020; Nazarenko et al., 2021b). 
Thus, in accordance with the material already 
studied (Nazarenko, 2016; Nazarenko et al., 
2020; Nazarenko et al., 2021a), it was drought 
resistance that was of great importance for the 
relation of grain productivity traits and the 
tolerance to adverse abiotic stress, while winter 
hardness was not significant for both varieties 
and lines (Mickelbart et al., 2015). 
It should be noted that the greater classification 
capacity for mutant lines is undoubtedly due to 
the much greater genetic uniformity of the lines 
obtained from the two varieties than the groups 
of varieties with substantially higher variability 
in genotypes. But as we can see, when it comes 
to the drought resistance, even for varieties, the 
canonical roots are sufficient to identify 
drought-resistant genotypes as more productive 
ones using the test for photosynthetic activity.  
For local varieties, given the tasks that have 
always been set for the genetic improvement of 
winter wheat in the steppe zone, tolerance to 
adverse winter conditions and drought 
resistance have always been the key features 
that required additional compensation, 
primarily on account of yield and quality (Li et 
al., 2019). Obviously, a balanced approach 
allows creating genotypes of high resistance to 
adverse abiotic stress, and at the same time of 
high grain productivity and satisfactory 
technological quality of grain (Xu, 2016). 
However, mitigating requirement related to 
these needs can significantly expand the 
framework of used biodiversity, allow the use 
of new varieties and save effort significantly 
(Nazarenko, 2016b; Nazarenko, 2017; 
Lykhovyd, 2021).  
Global climate change offers not only new 
challenges, but also new opportunities. In this 
regard, it is important to quickly respond to 
changes in environmental conditions and 
formulate an appropriate strategy at the level of 
programs for genetic improvement of crops, 
and not only at the technological level (Dai et 
al., 2015; Jaradat, 2018). Given that the 
creation of new material requires significantly 
higher costs, time and qualification costs than 
the change of individual elements of the 
cultivation technology, this will have a 
qualitatively better economic effect. The 
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4.11; P = 0.02) and a number of climatic 
conditions during the year (F = 22.17; Fcritical 
= 4.11: P< 0.01) influenced the readiness for 
overwintering. 
As it can be seen, the significance of winter 
hardness for both varietal and linear material 
was not high in view of the future yield. At the 
same time, the local material had reliable 
advantages over foreign forms in terms of 
higher adaptability. 
At the next stage, the assessment was carried 
out by the ratio in the photosystem activities 
(Tables 4 and 5).  
 

Table 4. Quality of photosynthesis of winter wheat of 
foreign varieties under study (x ± SD, n = 5) 

Variety 
Intensity of photosynthesis, 

mcL/hour 

PS-І+  
PS ІІ/  
PS-І 

PS 

Check (H2O) Simasin   
Podolyanka 6,112 ±68 4,817±34 1.27 ІІ 

Courtiot 6,234±78 4,544±55 1.37 ІІ 
Flamenko 6,565±112 4,786±70 1.37 ІІ 

Gallixe 7,134±56 7,020±65 1.02 І-ІІ 
Geo 6,711±76 4,534±64 1.48 I 

Ghayta 7,655±43 7,542±23 1.01 І-ІІ 
Gotik 3,330±67 2,526±43 1.32 ІІ 

Grapeli 5,412±89 5,388±71 1.00 І ІІ 
Koreli 7,611±54 7,543±28 1.01 І-ІІ 
Lyrik 4,111±78 3,234±91 1.27 ІІ 
Musik 4,344±90 2,980±93 1.46 ІІ 
Renan 6,767±45 4,890±54 1.38 ІІ 

Skerzzo 7,476±76 5,611±63 1.33 ІІ 

 
Given the lower drought resistance of those 
genotypes where the activity of the 
photosystem II prevails.  
According to the available criteria, the 
following potentially drought-resistant varieties 
were identified: Gallixe, Geo, Ghayta, Koreli. 
Interestingly, three of these varieties further 
showed yields above the standard, and the Geo 
variety yielding capacity exceeded the standard 
values in certain adverse years.  
It can be stated that the drought resistance trait 
under climate change in our region has proved 
to be more significant than the tolerance to the 
winter period, being previously the key trait, 
since although the period of droughts has not 
become as critical with regard to the phases of 
development of wheat plants as before, but still 
a particular threat is posed for late-ripening 
varieties, which include all studied French 
varieties (Nazarenko et al., 2021b). 
Factor analysis firstly showed a statistically 
significantly blocking effect of the applied 
processing method (F = 13.60; Fcritical = 2.68; 

P = 0.02) and secondly showed that the trait is 
conditioned by the genotype of the variety (F = 
24.07; Fcritical = 4.74; P < 0.01)  
The assessment of photosynthetic activity of 
mutant lines showed not only greater 
homogeneity of the selection, but also the trait 
variability (Table 5).  
Both parental forms are classified as drought-
resistant, but we can see that the identified lines 
26 (Spivanka) and 213 (Komertsiina) are 
classified as less drought-resistant. At the same 
time, while the activity of photosystems in the 
original Komertsiina variety is at about the 
same level, only line 203 has the same 
characteristics. In all other cases, there have 
been changes in the line.  

Table 5. Quality of photosynthesis of winter wheat 
mutant lines under study (x ± SD, n = 5) 

Variety 
Intensity of photosynthesis, 

mcL/hour 
PS-І+ 
PS ІІ/ 
PS-І 

PS 
Check (H2O)  Simasin 

Podolyanka 5,867±70 4,564±83 1.29 ІІ 
Spivanka 4,330±56 5,522±55 0.78 I 

26 4,980±67 5,679±67 0.88 ІІ 
45 4,540±65 5,413±40 0.84 I 
123 4,211±87 5,100±68 0.83 I 
152 4,545±56 4,677±65 0.97 І-ІІ 
178 4,314±45 5,766±80 0.75 I 
179  4,892±40 6,034±65 0.81 I 

Komertsiina 5,311±67 5,217±50 1.02 І-ІІ 
181 5,435±87 6,147±88 0.88 I 
203 5,600±91 5,711±74 0.98 І-ІІ 
213 5,049±90 4,312±78 1.17 ІІ 
214 5,433±39 6,454±75 0.84 I 
262 5,767±47 5,100±72 1.29 ІІ 

 
Considering that out of 11 lines under study 9 
are classified as drought-resistant according to 
the test, it can be considered that this trait is 
sufficiently significant.  
The two lines with a worse indicator refer to 
medium-early ones, that avoid drought in the 
conditions of the Northern Steppe of Ukraine 
and have an intense epicuticular wax 
accumulation, which is also typical of drought-
resistant forms.  
Thus, such a test system allows to objectively 
detect the forms with potentially high 
productivity among the material under study in 
the early stages, although, obviously, this 
position should be tested (in terms of genetic 
diversity) using a greater number of genotypes. 
Factor analysis again showed a statistically 
significantly blocking effect of the applied 
treatment method (F = 5.17; Fcritical = 2.68; 
P= 0.04) and revealed that the trait was 

 
conditioned by the line genotype, although the 
material was significantly more homogeneous 
(F = 6.12; Fcritical = 4.74; P= 0.05). 
Accordingly, to confirm the obtained data, a 
comprehensive factorial and discriminant 
analysis was carried out, which showed (Table 
6) relevant static evaluation criteria. 
When it comes to the winter hardness, this trait 
has not been included in the discriminant 
analysis model and had no significant effect in 
terms of the factor analysis, the classification 
ability is insignificant by canonical roots and 
only 30-40% of objects can be identified by 
such a trait as high-yielding, which is clearly 
not a very good result. That is, for the 
cultivation of winter wheat varieties in the 
Northern Steppe zone of Ukraine, mean values 
of this trait are enough. The conditions for 
winter survival are significantly mitigated due 
to the climate change, so this parameter ceases 
to be limiting and critical. 

Table 6. Results of factorial (Varimax raw) and 
discriminate analysis of the relationship of the obtained 

traits with grain productivity  

Parameter 
Winter hardness Drought resistance 

varieties lines varieties lines 
Act of factor 0.11 0.23 0.60 0.76 
λ 0.09 0.13 0.24 0.29 
F 3.22 4.03 11.13 22.67 
Fcritical 5.51 5.51 4.67 4.67 
p-level < 0.01 0.01 0.01 0.01 
By canonical 
root (%) 38.46 42.85 76.92 85.71 

Note: significant differences from control at P < 0.05 in bold. 

As for drought resistance, the situation is quite 
different. Factor analysis showed a significant 
relationship between the effect of this trait on 
crop formation in our conditions, that is, this 
trait is essential for the variety that is planned 
for cultivation in our region. The trait is 
available in the model according to the 
discriminatory analysis and the classification 
capacity amounts to 70-80% - that is, such a 
share of varieties and lines with high yields had 
this feature at a high level. This makes it 
possible to relate the express test for 
photosynthetic activity not only with drought 
resistance, but also with the mandatory future 
high yield of the identified genotype. That is, 
this trait remains critical despite the climate 
change. Although, according to the material 
studied, it is possible to compensate for the 
negative impact of drought on account of other 

traits that affect the timing of critical phases 
(terms of ripening) (Bondarenko and 
Nazarenko, 2020; Nazarenko et al., 2021b). 
Thus, in accordance with the material already 
studied (Nazarenko, 2016; Nazarenko et al., 
2020; Nazarenko et al., 2021a), it was drought 
resistance that was of great importance for the 
relation of grain productivity traits and the 
tolerance to adverse abiotic stress, while winter 
hardness was not significant for both varieties 
and lines (Mickelbart et al., 2015). 
It should be noted that the greater classification 
capacity for mutant lines is undoubtedly due to 
the much greater genetic uniformity of the lines 
obtained from the two varieties than the groups 
of varieties with substantially higher variability 
in genotypes. But as we can see, when it comes 
to the drought resistance, even for varieties, the 
canonical roots are sufficient to identify 
drought-resistant genotypes as more productive 
ones using the test for photosynthetic activity.  
For local varieties, given the tasks that have 
always been set for the genetic improvement of 
winter wheat in the steppe zone, tolerance to 
adverse winter conditions and drought 
resistance have always been the key features 
that required additional compensation, 
primarily on account of yield and quality (Li et 
al., 2019). Obviously, a balanced approach 
allows creating genotypes of high resistance to 
adverse abiotic stress, and at the same time of 
high grain productivity and satisfactory 
technological quality of grain (Xu, 2016). 
However, mitigating requirement related to 
these needs can significantly expand the 
framework of used biodiversity, allow the use 
of new varieties and save effort significantly 
(Nazarenko, 2016b; Nazarenko, 2017; 
Lykhovyd, 2021).  
Global climate change offers not only new 
challenges, but also new opportunities. In this 
regard, it is important to quickly respond to 
changes in environmental conditions and 
formulate an appropriate strategy at the level of 
programs for genetic improvement of crops, 
and not only at the technological level (Dai et 
al., 2015; Jaradat, 2018). Given that the 
creation of new material requires significantly 
higher costs, time and qualification costs than 
the change of individual elements of the 
cultivation technology, this will have a 
qualitatively better economic effect. The 
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efficiency of investments in the initial stages of 
the breeding process is the highest across the 
agricultural production (Halford et al., 2014; 
Cann et al., 2022; Keser et al., 2022). 
The formation of resistance to adverse abiotic 
stress is not always associated with an 
increased ability of the plant to respond to 
negative effects at the physiological or 
morphological level, forming new traits, but is 
also quite often associated with the ability to 
partially or completely avoid undesirable 
factors in the time space (Serpolay et al., 2011; 
Nazarenko, 2016a; Tokatlidis, 2017). In the 
conditions of our zone, such a development 
trait is early or middle ripeness. It is possible to 
form high-yielding genotypes both with an 
advantage of functioning of photosystem I and 
medium-early ripeness genotypes, genotypes 
with intense wax accumulation. Typically, a 
high-yielding variety exhibits the combination 
of any two traits (Tsenov et al., 2015). 
If in the new conditions winter hardness is no 
longer a limiting trait, as it has been recently, 
then the need to form a high potential drought 
resistance in winter wheat plants remains a 
precondition for high yielding capacity and 
should be a mandatory component of the 
variety for the conditions of the insufficient 
humidity zones, in our research - of the 
Northern Steppe of Ukraine (Mba et al., 2012; 
Nazarenko et al., 2021b, Lykhovyd, 2021). 
Varieties in which the level of this complex 
feature is insufficient cannot consistently 
provide high grain productivity. 
 
CONCLUSIONS  
 
Resistance to abiotic stressors has always been 
a key desirable trait for winter wheat varieties, 
especially for the regions with harsh wintering 
conditions and insufficient humidity during the 
growing season. The droughts are particularly 
dangerous during the critical phases of winter 
wheat plant development, that is during stem 
elongation and ear formation. But in the 
context of climate change, the importance of 
certain traits can be significantly adjusted. 
Moreover, the required level of certain 
parameters can be ensured by other methods. In 
the future, it is planned to significantly expand 
the set of genotypes for which research is 
carried out using express methods for 

assessment of the winter resistance with sugars 
available in the tillering node, to assess winter 
resistance and photosynthetic activity, to assess 
drought resistance in order to accurately 
establish the limits of variability of these traits, 
their relationship with productivity for areas 
with lack of humidity, to identify possible new 
features in the mechanism of formation of these 
traits, to test new mutagenic substances in order 
to increase the variability of the original 
material. 
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efficiency of investments in the initial stages of 
the breeding process is the highest across the 
agricultural production (Halford et al., 2014; 
Cann et al., 2022; Keser et al., 2022). 
The formation of resistance to adverse abiotic 
stress is not always associated with an 
increased ability of the plant to respond to 
negative effects at the physiological or 
morphological level, forming new traits, but is 
also quite often associated with the ability to 
partially or completely avoid undesirable 
factors in the time space (Serpolay et al., 2011; 
Nazarenko, 2016a; Tokatlidis, 2017). In the 
conditions of our zone, such a development 
trait is early or middle ripeness. It is possible to 
form high-yielding genotypes both with an 
advantage of functioning of photosystem I and 
medium-early ripeness genotypes, genotypes 
with intense wax accumulation. Typically, a 
high-yielding variety exhibits the combination 
of any two traits (Tsenov et al., 2015). 
If in the new conditions winter hardness is no 
longer a limiting trait, as it has been recently, 
then the need to form a high potential drought 
resistance in winter wheat plants remains a 
precondition for high yielding capacity and 
should be a mandatory component of the 
variety for the conditions of the insufficient 
humidity zones, in our research - of the 
Northern Steppe of Ukraine (Mba et al., 2012; 
Nazarenko et al., 2021b, Lykhovyd, 2021). 
Varieties in which the level of this complex 
feature is insufficient cannot consistently 
provide high grain productivity. 
 
CONCLUSIONS  
 
Resistance to abiotic stressors has always been 
a key desirable trait for winter wheat varieties, 
especially for the regions with harsh wintering 
conditions and insufficient humidity during the 
growing season. The droughts are particularly 
dangerous during the critical phases of winter 
wheat plant development, that is during stem 
elongation and ear formation. But in the 
context of climate change, the importance of 
certain traits can be significantly adjusted. 
Moreover, the required level of certain 
parameters can be ensured by other methods. In 
the future, it is planned to significantly expand 
the set of genotypes for which research is 
carried out using express methods for 

assessment of the winter resistance with sugars 
available in the tillering node, to assess winter 
resistance and photosynthetic activity, to assess 
drought resistance in order to accurately 
establish the limits of variability of these traits, 
their relationship with productivity for areas 
with lack of humidity, to identify possible new 
features in the mechanism of formation of these 
traits, to test new mutagenic substances in order 
to increase the variability of the original 
material. 
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Abstract  
 
Organic farming is becoming more and more important and is constantly expanding. This development is supported by 
the growing demand of consumers for organic agricultural products, who are becoming more aware and interested in 
health insurance through the consumption of products, to which are added the requirements of society for sustainable 
agricultural development and the multitude of favorable effects at the level of the farm and the environment. Organic 
farming is an agricultural method that aims to produce food using natural substances and processes. Therefore, it has a 
limited impact on the environment because it encourages: responsible use of energy and natural resources, 
conservation of biodiversity, conservation of regional ecological balances, increasing soil fertility, maintaining water 
quality.EU regulations on organic farming aim to provide a clear structure for the production of organic products 
throughout the EU. Călărași County has, according to specialists in the field, the most productive land in Bărăgan. The 
purpose of this paper was to present the situation of organic agriculture in relation to conventional agriculture in 
Calarasi County, in terms of cultivated areas and average production, as well as a brief analysis of data on access to 
European funds in the county. 
 
Key words: conventional agriculture, ecological agriculture, areas, productions. 
 
INTRODUCTION  
 
Organic farming has seen a continuous increase 
in acreage in the last decade, both globally and 
in our country, associated with the 
diversification of organic production and an 
increasingly better organization of the 
ecological system (Toader, 2014). 
A study conducted and published by the 
European Commission in April 2014, 
concluded the comparison between the two 
agricultural models - organic and conventional 
- to see which is more profitable (Sava et al., 
2006). Research has been done on the 
economic aspects, from the initial costs and 
efficiency of farms, to the price of dairy 
products and cereals in Central and Western 
Europe. Research has shown that organic 

farming in some cases yields slightly higher 
incomes. When the initial costs of pesticides, 
fertilizers or fuel for harvesting are taken into 
account, organic farming has some advantages 
(Toderoiu, 2006). 
However, mechanization creates environmental 
risks because it does not differ from the 
conventional one in terms of fuel for 
agricultural work (Balteanu, 2003). 
The main conclusion of the study is the 
existence of small differences between the two 
agricultural models when it comes to invested 
capital, but the expenditure is aimed at 
obtaining certifications and investing in special 
equipment (Samuel, 2007). The big differences 
are visible when the focus shifts to the social 
and environmental benefits of organic farming: 
larger crops with cheap investment largely 

 

based on biodiversity; food safety, exclusion of 
risks by replacing chemicals with renewable 
resources; crop resistance in drought or heavy 
rains; (Sin et al., 2005). Organic farming is the 
main source of healthy food for the population, 
as well as a real solution to reduce 
environmental pollution, because the process 
and procedures for obtaining organic products 
are governed by strict rules and principles 
(Bonciu & Soare, 2013).The ecological basis in 
the time lasting agriculture, is ensured by 
reducing or eliminating pesticides, chemical 
fertilizers inputs, rebuilding, maintaining or 
improving the quality of the soil, but also by 
stimulating the natural processes, that control 
the populations of the different organisms 
considered to be damaging (prejudicial) 
(Miron, 2015). 
Compliance with the rules and principles for 
the production of organic crops is regulated by 
national legislation (Oancea, 2003). The control 
of the entire technological process of obtaining 
such a product is done by inspection and 
certification bodies (Sandoiu & Stefanic, 2006). 
A new IFOAM Organics Europe report 
highlights how much of the CAP's national 
budgets will have to be devoted to organic 
farming in all Member States to reach the EU's 
average target of 25% organic land by 2030 of 
the Farm to Fork and Biodiversity Strategy 
.According to research commissioned by 
IFOAM Organics Europe, the European Union 
should dedicate 3 to 5 times the current amount 
of the CAP budget dedicated to the conversion 
and maintenance of organic farming from 2023 
(Land and soil in Europe, 2020, Nov 23). 
Depending on their potential national target, 
reference and payment rates. In some cases, 
Member States should devote 10 times the 
national budget to organic support measures 
(Sin et al., 2005). 
Conventional farmers should be encouraged to 
switch to organic farming, and organic farmers 
should be properly rewarded for the public 
goods they deliver, producing quality food 
while protecting nature (Bologa, 2013). 
Increased support for organic farming is a 
smart public policy tool to ensure that the next 
CAP will contribute to the green agreement and 
the goals of the Fork and Biodiversity Farm 
strategies. Achieving 25% organic land in the 
EU by 2030 will only be achievable if Member 

States devote a much larger share of the CAP 
budget to organic conversion and maintenance 
than is currently the case in most countries 
(Ecological Agriculture). 
Achieving 25% organic land in the EU by 2030 
would require the EU to: triple its organic land 
area between 2019 and 2030, increase global 
CAP spending 3-5 times by 2030, dedicate 9-
15% of the CAP budget for organic (instead of 
3% as in 2018), to require Member States to 
reach 25% organic land by 2030, to increase 
payment rates per hectare before 2030 - to take 
into account rising costs, as payments were last 
established in 2014; According to IFOAM 
Organics Europe, Member States should 
include a national target for organic land in 
their strategic CAP plan, based on an analysis 
of the production needs of the organic sector 
and its contribution to the CAP (Zahiu et al., 
2010). 
 
MATERIALS AND METHODS  
 
In order to correctly reproduce the cultivated 
areas and the obtained productions, both in 
conventional and ecological system, data 
provided directly by the Agricultural 
Directorate of Călărași County and by the 
Ministry of Agriculture and Rural Development 
in Romania were collected (Vegetable 
agricultural production of the main crops, by 
counties and localities). We also used the data 
provided by the Agency for the Financing of 
Rural Investments (AFIR) to assess the way in 
which financing with European money was 
accessed. Through the National Rural 
Development Program 2014-2020 (PNDR 
2020), 1,238 compliant financing applications 
were submitted for investments in Călărași 
County, amounting to 296.3 million euros. In 
total, 855 farmers, processors, entrepreneurs 
and public authorities have concluded contracts 
with the Agency for the Financing of Rural 
Investments (AFIR) to receive non-
reimbursable financing through PNDR 2014-
2020 in a total amount of 163.1 million euros. 
So far, 610 investment projects have been 
completed, financed with approximately € 47 
million, European non-reimbursable funds. 
Most of the investments financed by the 
Agency for Financing Rural Investments 
(AFIR) in Călărași County were those for 
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conventional one in terms of fuel for 
agricultural work (Balteanu, 2003). 
The main conclusion of the study is the 
existence of small differences between the two 
agricultural models when it comes to invested 
capital, but the expenditure is aimed at 
obtaining certifications and investing in special 
equipment (Samuel, 2007). The big differences 
are visible when the focus shifts to the social 
and environmental benefits of organic farming: 
larger crops with cheap investment largely 

 

based on biodiversity; food safety, exclusion of 
risks by replacing chemicals with renewable 
resources; crop resistance in drought or heavy 
rains; (Sin et al., 2005). Organic farming is the 
main source of healthy food for the population, 
as well as a real solution to reduce 
environmental pollution, because the process 
and procedures for obtaining organic products 
are governed by strict rules and principles 
(Bonciu & Soare, 2013).The ecological basis in 
the time lasting agriculture, is ensured by 
reducing or eliminating pesticides, chemical 
fertilizers inputs, rebuilding, maintaining or 
improving the quality of the soil, but also by 
stimulating the natural processes, that control 
the populations of the different organisms 
considered to be damaging (prejudicial) 
(Miron, 2015). 
Compliance with the rules and principles for 
the production of organic crops is regulated by 
national legislation (Oancea, 2003). The control 
of the entire technological process of obtaining 
such a product is done by inspection and 
certification bodies (Sandoiu & Stefanic, 2006). 
A new IFOAM Organics Europe report 
highlights how much of the CAP's national 
budgets will have to be devoted to organic 
farming in all Member States to reach the EU's 
average target of 25% organic land by 2030 of 
the Farm to Fork and Biodiversity Strategy 
.According to research commissioned by 
IFOAM Organics Europe, the European Union 
should dedicate 3 to 5 times the current amount 
of the CAP budget dedicated to the conversion 
and maintenance of organic farming from 2023 
(Land and soil in Europe, 2020, Nov 23). 
Depending on their potential national target, 
reference and payment rates. In some cases, 
Member States should devote 10 times the 
national budget to organic support measures 
(Sin et al., 2005). 
Conventional farmers should be encouraged to 
switch to organic farming, and organic farmers 
should be properly rewarded for the public 
goods they deliver, producing quality food 
while protecting nature (Bologa, 2013). 
Increased support for organic farming is a 
smart public policy tool to ensure that the next 
CAP will contribute to the green agreement and 
the goals of the Fork and Biodiversity Farm 
strategies. Achieving 25% organic land in the 
EU by 2030 will only be achievable if Member 

States devote a much larger share of the CAP 
budget to organic conversion and maintenance 
than is currently the case in most countries 
(Ecological Agriculture). 
Achieving 25% organic land in the EU by 2030 
would require the EU to: triple its organic land 
area between 2019 and 2030, increase global 
CAP spending 3-5 times by 2030, dedicate 9-
15% of the CAP budget for organic (instead of 
3% as in 2018), to require Member States to 
reach 25% organic land by 2030, to increase 
payment rates per hectare before 2030 - to take 
into account rising costs, as payments were last 
established in 2014; According to IFOAM 
Organics Europe, Member States should 
include a national target for organic land in 
their strategic CAP plan, based on an analysis 
of the production needs of the organic sector 
and its contribution to the CAP (Zahiu et al., 
2010). 
 
MATERIALS AND METHODS  
 
In order to correctly reproduce the cultivated 
areas and the obtained productions, both in 
conventional and ecological system, data 
provided directly by the Agricultural 
Directorate of Călărași County and by the 
Ministry of Agriculture and Rural Development 
in Romania were collected (Vegetable 
agricultural production of the main crops, by 
counties and localities). We also used the data 
provided by the Agency for the Financing of 
Rural Investments (AFIR) to assess the way in 
which financing with European money was 
accessed. Through the National Rural 
Development Program 2014-2020 (PNDR 
2020), 1,238 compliant financing applications 
were submitted for investments in Călărași 
County, amounting to 296.3 million euros. In 
total, 855 farmers, processors, entrepreneurs 
and public authorities have concluded contracts 
with the Agency for the Financing of Rural 
Investments (AFIR) to receive non-
reimbursable financing through PNDR 2014-
2020 in a total amount of 163.1 million euros. 
So far, 610 investment projects have been 
completed, financed with approximately € 47 
million, European non-reimbursable funds. 
Most of the investments financed by the 
Agency for Financing Rural Investments 
(AFIR) in Călărași County were those for 
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investments in agricultural holdings through 
sub-measure 4.1 (104 farms contracted funds of 
over 52 million euros) and for the installation 
of young farmers (55 young people contracted 
funds of over 2.1 million euros). 
For the processing of agricultural products, 20 
projects for the modernization and development 
of processing units were contracted, the value 
of non-reimbursable financing being over 16.1 
million euros. By making the investments 
contracted through PNDR 2020, at the level of 
Călărași county, AFIR made payments in the 
beneficiaries' accounts in a total amount of over 
85 million euros. 
The Unique Identification Register managed by 
APIA Călărași County Center includes 23,785 
active farmers (who are not registered or 
deceased in RUI), who reside/have their 
headquarters in Călărași County, registered 
since June 2005. 
 
RESULTS AND DISCUSSIONS  
 
The dynamics of the surfaces at the level of 
Călărași County and the productions 
obtained for wheat, barley, corn and 
sunflower, in the interval 2016-2020 
The agricultural and arable area of Călărași 
County did not undergo significant changes in 
the period 2016-2020 (Table 1). The exception 
is the year 2020 when the agricultural area 
decreased compared to 2019, by 873 hectares 
and the year 2018 when it increased by 289 ha 
compared to 2017. 
 

Table 1. The dynamics of the agricultural surfaces 
in Călărași County, during 2016-2020 

Year Agricultural 
surface 

Arable surface 

ha ha 
2016 424,927 409,984 

2017 424,927 409,947 
2018 425,216 409,206 
2019 425,217 409,202 
2020 424,344 408,758 

 Source: Călărași Agricultural Direction 
 
The arable area decreased in 2020, when 
408,758 ha were registered compared to 2019, 
when they were registered with 444 hectares 
less. Compared to 2016, when the largest arable 

area was 409,984 hectares, the decrease 
recorded in 2020 was 1,226 hectares (Figure 1). 
 

 
Figure 1. Arable areas in Călărași County,  

between 2016-2020 
(Source: own processing) 

 
Areas cultivated with wheat, barley, corn 
and sunflower in Călărași County, in the 
period 2016-2020 (conventional system) 
If at the national level, from the point of view 
of the surfaces, the most cultivated cereal is the 
corn, at the county level the corn and the wheat 
culture are the ones that dispute their first 
place, the differences between the cultivated 
surfaces being very small. The area cultivated 
with wheat, at the level of Călărași County 
underwent changes during 2016-2020. The 
smallest area was cultivated in 2017, 111,128 
ha and the largest area was cultivated in 2018, 
the difference between the two years being 
11,242 ha.The area cultivated with barley, in 
the analyzed period, 2016-2020, shows 
considerable changes from one year to another. 
The smallest area cultivated with barley was 
registered in 2018, namely 18,776 ha, at the 
opposite pole, the largest area cultivated with 
barley was registered in 2020, the difference 
between the two years being 16,387 hectares 
(Table 2). The areas cultivated with corn also 
fluctuated from one year to the next. in 2016, in 
Călărași County there were 112,320 hectares 
cultivated. The following year, 2017, the 
cultivated area decreased by 4944 hectares, 
reaching 107,376 ha. Then the areas cultivated 
with corn increased two years in a row, in 2018 
they increased by 3,678 ha, and in 2019, 
compared to 2017, they increased by 23,976. In 
2020, maize was cultivated on an area of 
116,129, decreasing, compared to the previous 
year, by 15,223 ha.  
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Table 2. Cultivated areas evolution of studied cultures, in Călărași County, during 2016-2020 

Culture Cultivate areas - ha 
2016 2017 2018 2019 2020 

Wheat 118,194 111,128 122,370 120,564 112,974 
Barley 35,163 25,656 18,776 24,454 25,675 
Corn 112,320 107,376 111,054 131,352 116,129 

Sun flower 33,780 37,322 40,802 40,003 36,636 
Source: Călărași Agricultural Direction 

 
The areas cultivated with sunflower in the 
period 2016-2020, did not undergo significant 
changes, there are small increases from one 
year to the next, except for the year 2020 when 
the area cultivated with sunflower (36,636 ha) 
decreased by 337 ha, remaining however higher 
than in the first year analyzed, 2016 when this 
crop occupied 33,780 ha. 
 
Average yields obtained per hectare, for the 
four crops analyzed, in the period 2016-
2020, in Călărași County 
Regarding the average productions obtained, at 
the level of Călărași County, for the four 
cultures analyzed, in the period 2016-2020, 
there is a similar dynamic (Table 3). 

 
Table 3. Average production, kg/ha 

Culture Average production kg/ha 
2016 2017 2018 2019 2020 

Wheat 4,877 5,413 5,549 5,492 1,546 
Barley 6,118 5,743 5,717 5,903 2,670 
Corn 4,709 7,758 7,421 7,238 2,704 
Sun 

flower 
2,773 3,112 2,320 2,878 1,899 

Source: Călărași Agricultural Direction 
 
The average production per hectare for wheat 
increased for three consecutive years, in the 
period 2016-2018, then in 2019 it registered an 
insignificant decrease, with 57 kg per hectare, 
compared to 2018 (5,549 ha), the productions 
being approx. 5,000 kg. In 2020, due to the 
drought, wheat production fell sharply to only 
1,546 kg per hectare. In the analyzed period, 
the average yields per hectare for barley 
cultivation decreased from 6.118 kg per hectare 
in 2016, to 5.903 kg per hectare in 2019.And 
for barley, the year 2020 brought a 
considerable decrease in production, reaching 
2,670 kg per hectare. The average yields per 
hectare, for maize cultivation, in the period 

2016-2018 increased. A significant increase 
was recorded in 2017 when production (7,758 
kg) increased compared to 2016, by 3,049 kg 
per hectare. In 2019, the average production of 
corn, 7,238 kg, decreased compared to the 
previous year, by 183 kg per hectare. In 2020, 
there was a decrease of 37.35% compared to 
2019, reaching 2,704 kg per hectare. Of the 
four crops analyzed, sunflower is the crop in 
which the dynamics of production obtained per 
hectare was accentuated (Table 3). 
The highest average production obtained from 
sunflower was in 2017 is 3,112 kg per hectare, 
and the lowest production was recorded in 
2020, 1,899 kg per hectare. The year 2020 was 
a year in which unfavorable climatic conditions 
had a major impact on yields per hectare. 
 
Cultivated areas, at the level of Călărași 
County, with the crops of wheat, barley, 
corn and sunflower in the period 2016-2020 
(ecological system) 
Călărași County had the largest cultivated area 
in the ecological system in 2019, when 
4,193.22 ha were registered, and the smallest 
area in 2017 (2,105.70 ha) (Table 4). The 
largest areas cultivated in ecological system, in 
Călărași county, are with wheat and sunflower. 
In wheat, the surfaces oscillate registering 
595.53 ha cultivated in 2019 and 1,027.50 ha, 
in 2018. the significant area was cultivated in 
2019, namely, 648.20 ha and the smallest, in 
2017 when only 89.51 ha were sown with this 
crop. The areas cultivated in the ecological 
system with corn have evolved upwards, 
reaching 677.72 ha in 2020, as shown in Table 
4. The barley crop occupied 302.17 ha in 2016, 
and then dropped drastically to 36.13 ha in 
2019, in 2018 missing from the group of plants 
grown in the ecological system in the county. 
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investments in agricultural holdings through 
sub-measure 4.1 (104 farms contracted funds of 
over 52 million euros) and for the installation 
of young farmers (55 young people contracted 
funds of over 2.1 million euros). 
For the processing of agricultural products, 20 
projects for the modernization and development 
of processing units were contracted, the value 
of non-reimbursable financing being over 16.1 
million euros. By making the investments 
contracted through PNDR 2020, at the level of 
Călărași county, AFIR made payments in the 
beneficiaries' accounts in a total amount of over 
85 million euros. 
The Unique Identification Register managed by 
APIA Călărași County Center includes 23,785 
active farmers (who are not registered or 
deceased in RUI), who reside/have their 
headquarters in Călărași County, registered 
since June 2005. 
 
RESULTS AND DISCUSSIONS  
 
The dynamics of the surfaces at the level of 
Călărași County and the productions 
obtained for wheat, barley, corn and 
sunflower, in the interval 2016-2020 
The agricultural and arable area of Călărași 
County did not undergo significant changes in 
the period 2016-2020 (Table 1). The exception 
is the year 2020 when the agricultural area 
decreased compared to 2019, by 873 hectares 
and the year 2018 when it increased by 289 ha 
compared to 2017. 
 

Table 1. The dynamics of the agricultural surfaces 
in Călărași County, during 2016-2020 

Year Agricultural 
surface 

Arable surface 

ha ha 
2016 424,927 409,984 

2017 424,927 409,947 
2018 425,216 409,206 
2019 425,217 409,202 
2020 424,344 408,758 

 Source: Călărași Agricultural Direction 
 
The arable area decreased in 2020, when 
408,758 ha were registered compared to 2019, 
when they were registered with 444 hectares 
less. Compared to 2016, when the largest arable 

area was 409,984 hectares, the decrease 
recorded in 2020 was 1,226 hectares (Figure 1). 
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Areas cultivated with wheat, barley, corn 
and sunflower in Călărași County, in the 
period 2016-2020 (conventional system) 
If at the national level, from the point of view 
of the surfaces, the most cultivated cereal is the 
corn, at the county level the corn and the wheat 
culture are the ones that dispute their first 
place, the differences between the cultivated 
surfaces being very small. The area cultivated 
with wheat, at the level of Călărași County 
underwent changes during 2016-2020. The 
smallest area was cultivated in 2017, 111,128 
ha and the largest area was cultivated in 2018, 
the difference between the two years being 
11,242 ha.The area cultivated with barley, in 
the analyzed period, 2016-2020, shows 
considerable changes from one year to another. 
The smallest area cultivated with barley was 
registered in 2018, namely 18,776 ha, at the 
opposite pole, the largest area cultivated with 
barley was registered in 2020, the difference 
between the two years being 16,387 hectares 
(Table 2). The areas cultivated with corn also 
fluctuated from one year to the next. in 2016, in 
Călărași County there were 112,320 hectares 
cultivated. The following year, 2017, the 
cultivated area decreased by 4944 hectares, 
reaching 107,376 ha. Then the areas cultivated 
with corn increased two years in a row, in 2018 
they increased by 3,678 ha, and in 2019, 
compared to 2017, they increased by 23,976. In 
2020, maize was cultivated on an area of 
116,129, decreasing, compared to the previous 
year, by 15,223 ha.  
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Table 2. Cultivated areas evolution of studied cultures, in Călărași County, during 2016-2020 

Culture Cultivate areas - ha 
2016 2017 2018 2019 2020 

Wheat 118,194 111,128 122,370 120,564 112,974 
Barley 35,163 25,656 18,776 24,454 25,675 
Corn 112,320 107,376 111,054 131,352 116,129 

Sun flower 33,780 37,322 40,802 40,003 36,636 
Source: Călărași Agricultural Direction 

 
The areas cultivated with sunflower in the 
period 2016-2020, did not undergo significant 
changes, there are small increases from one 
year to the next, except for the year 2020 when 
the area cultivated with sunflower (36,636 ha) 
decreased by 337 ha, remaining however higher 
than in the first year analyzed, 2016 when this 
crop occupied 33,780 ha. 
 
Average yields obtained per hectare, for the 
four crops analyzed, in the period 2016-
2020, in Călărași County 
Regarding the average productions obtained, at 
the level of Călărași County, for the four 
cultures analyzed, in the period 2016-2020, 
there is a similar dynamic (Table 3). 

 
Table 3. Average production, kg/ha 

Culture Average production kg/ha 
2016 2017 2018 2019 2020 

Wheat 4,877 5,413 5,549 5,492 1,546 
Barley 6,118 5,743 5,717 5,903 2,670 
Corn 4,709 7,758 7,421 7,238 2,704 
Sun 

flower 
2,773 3,112 2,320 2,878 1,899 

Source: Călărași Agricultural Direction 
 
The average production per hectare for wheat 
increased for three consecutive years, in the 
period 2016-2018, then in 2019 it registered an 
insignificant decrease, with 57 kg per hectare, 
compared to 2018 (5,549 ha), the productions 
being approx. 5,000 kg. In 2020, due to the 
drought, wheat production fell sharply to only 
1,546 kg per hectare. In the analyzed period, 
the average yields per hectare for barley 
cultivation decreased from 6.118 kg per hectare 
in 2016, to 5.903 kg per hectare in 2019.And 
for barley, the year 2020 brought a 
considerable decrease in production, reaching 
2,670 kg per hectare. The average yields per 
hectare, for maize cultivation, in the period 

2016-2018 increased. A significant increase 
was recorded in 2017 when production (7,758 
kg) increased compared to 2016, by 3,049 kg 
per hectare. In 2019, the average production of 
corn, 7,238 kg, decreased compared to the 
previous year, by 183 kg per hectare. In 2020, 
there was a decrease of 37.35% compared to 
2019, reaching 2,704 kg per hectare. Of the 
four crops analyzed, sunflower is the crop in 
which the dynamics of production obtained per 
hectare was accentuated (Table 3). 
The highest average production obtained from 
sunflower was in 2017 is 3,112 kg per hectare, 
and the lowest production was recorded in 
2020, 1,899 kg per hectare. The year 2020 was 
a year in which unfavorable climatic conditions 
had a major impact on yields per hectare. 
 
Cultivated areas, at the level of Călărași 
County, with the crops of wheat, barley, 
corn and sunflower in the period 2016-2020 
(ecological system) 
Călărași County had the largest cultivated area 
in the ecological system in 2019, when 
4,193.22 ha were registered, and the smallest 
area in 2017 (2,105.70 ha) (Table 4). The 
largest areas cultivated in ecological system, in 
Călărași county, are with wheat and sunflower. 
In wheat, the surfaces oscillate registering 
595.53 ha cultivated in 2019 and 1,027.50 ha, 
in 2018. the significant area was cultivated in 
2019, namely, 648.20 ha and the smallest, in 
2017 when only 89.51 ha were sown with this 
crop. The areas cultivated in the ecological 
system with corn have evolved upwards, 
reaching 677.72 ha in 2020, as shown in Table 
4. The barley crop occupied 302.17 ha in 2016, 
and then dropped drastically to 36.13 ha in 
2019, in 2018 missing from the group of plants 
grown in the ecological system in the county. 
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Table 4. The cultivated areas in the ecological system in Calarasi County, between 2016-2020 

Indicator 2016 2017 2018 2019 2020 
Total areas  - ha 2,743.66 2,105.70 3,581.10 4,193.22 3,542.72 

Wheat 839.72 725.21 1,027.50 595.53 979.61 
Corn 287.19 189.45 195.86 625.35 677.72 

Barley 302.17 89.51 - 36.13 155.81 
Sun flowers 304.60 289.65 580.40 648.20 487.18 

Source: MADR 
 

Table 5. The percentage of cultivated areas in ecological system of the total cultivated areas in Calarasi County 

Culture 2016 2017 2018 2019 2020 
Ha % Ha % Ha % Ha % Ha % 

Wheat 119,033.72 0.71 111,853.21 0.65 123,397.50 0.83 121,159.53 0.49 113,953.61 0.86 
Barley 35,465.17 0.85 25,745.51 0.34 - - 24,490.13 0.14 25,830.81 0.60 
Corn 112,607.19 0.25 107,565.45 0.17 111,249.86 0.17 131,977.35 0.47 116,806.72 0.58 

Sun flower 34,084.60 0.90 37,621.65 0.77 41,382.40 1.42 40,651.20 1.21 37,123.18 1.32 
Source: Own calculation 
 
It is observed that the cultivated areas in eco-
logical system, in Călărași County, during the 5 
years studied, do not exceed 1% of the total 
cultivated areas for wheat, barley and corn 
crops (Table 5). In wheat cultivation, the 
highest percentage was recorded in 2020, 
namely, 0.86%. Barley cultivation had 
decreases of the cultivated areas in ecological 
system, from 0.85% in 2016 to 0.14%, in 2019. 
Regarding the corn culture, it had values of the 
share of cultivated areas in ecological system, 
from 0.17% in 2017-2018 at 0.58%, in 2020. 
The sunflower crop was the only one of the 
studied crops that had values over 1% of 
organically cultivated areas of the total area, 
the values ranging between 0.77% in 2017 and 
1.42% in 2018. Also, in 2019 and 2020, it the 
culture registered with superunitary values, 
1.21%, respectively 1.32%.  
 
CONCLUSIONS  
 
The agricultural and arable area of Călărași 
County has not undergone significant changes 
in the period 2016-2020, oscillating around 
400,000 ha with lower values in 2018-2019. 
The area cultivated with wheat, in conventional 
system, at the level of Călărași county regis-
tered fluctuations during the period 2016-2020 
starting from 111,128 ha, in 2017 to 120,564 ha 
in 2019. The average productions exceeded 
5,000 kg/ha in three of the 5 years analyzed. 
Only in 2020 the registered productions were 
low, 1,546 kg/ha, the year 2020 being an 
unfavorable year from the climatic point of 

view. Wheat areas cultivated in ecological 
system, in Călărași County, they oscillated 
between 595.53 ha in 2019 and 1,027.50 ha in 
2018, these areas meaning weights between 
0.49%, in 2019 and 0.83%, in 2018 of the total 
areas cultivated with this culture. 
The barley crop at the county level registered 
with decreasing areas in 2018 (18,776 ha) 
reaching in 2020 an area of 25,675 ha. The 
average production of barley grown in 
conventional system was over 5,000 kg/ha with 
a maximum in 2016 (6,118 kg/ha). Year 2016 
at 36.13 ha in 2019. The share of areas 
cultivated with barley at county level reached a 
maximum in 2016, 0.85% and a minimum in 
2019, 0.14%. In 2018, this culture was not 
found among the crops sown in the ecological 
system. The evolution of the areas cultivated 
with corn had an ascending trend, a fact due to 
the profitability of this culture but also to the 
reduced interventions with phytosanitary treat-
ments. The average productions per hectare, in 
the system of conventional agriculture, have 
constantly increased from 4,709 kg/ha in 2016 
to over 7000 kg/ha in 2017, 2018 and 2019. 
The year 2020 did not bring good results in 
agriculture, taking into account the factors 
unfavorable climatic conditions, this also 
having an impact  on maize crops, when 2,704 
kg/ha were obtained. The areas cultivated in 
ecological system, decreased starting with 2017 
and 2018, over 180 ha, following a significant 
increase in 2019 and 2020, over 600 ha. These 
areas represented weights of the total cultivated 
area from 0.17% to 0.58%. 

 
The evolution of the areas cultivated with 
sunflower, in conventional system was an 
increasing one, in the years 2018-2019 
reaching over 40,000 ha. The average yields 
were over 2,300 kg/ha with a maximum yield 
in 2017, 3,112 kg/ha and a minimum in 2020, 
1,899 kg/ha. The areas cultivated with 
sunflower in ecological system reached a 
maximum in 2019 reaching 648.20 ha. The 
share of areas cultivated with sunflower in 
ecological system from the total cultivated 
areas was 0.77 and 1.42% in the studied 
interval. The evolution of the cultivated areas, 
of the obtained productions, the attraction of 
the European funds for the development and 
modernization of the exploitations show us that 
the Romanian agriculture is on an ascending 
trend with Romanian or foreign capital. 
Călărași County is one of the counties in the 
country, leading the average grain production 
per hectare. Agriculture in Călărași County has 
evolved a lot in recent years, because Călărași 
farmers have accessed and continue to access 
European funds for the modernization of their 
farms. Although the European Union supports 
the development of this system of organic 
farming by providing subsidies, Romanian 
farmers are still reluctant to adhere to this type 
of environmentally friendly agriculture. All EU 
Member States need to draw up work plans for 
this, so that by 2030 the percentage of 
organically cultivated areas will reach 25% in 
each country. Romania currently has about 3% 
of the registered area in ecological system and 
Călărași County is below this value.  
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Table 4. The cultivated areas in the ecological system in Calarasi County, between 2016-2020 

Indicator 2016 2017 2018 2019 2020 
Total areas  - ha 2,743.66 2,105.70 3,581.10 4,193.22 3,542.72 

Wheat 839.72 725.21 1,027.50 595.53 979.61 
Corn 287.19 189.45 195.86 625.35 677.72 

Barley 302.17 89.51 - 36.13 155.81 
Sun flowers 304.60 289.65 580.40 648.20 487.18 

Source: MADR 
 

Table 5. The percentage of cultivated areas in ecological system of the total cultivated areas in Calarasi County 

Culture 2016 2017 2018 2019 2020 
Ha % Ha % Ha % Ha % Ha % 

Wheat 119,033.72 0.71 111,853.21 0.65 123,397.50 0.83 121,159.53 0.49 113,953.61 0.86 
Barley 35,465.17 0.85 25,745.51 0.34 - - 24,490.13 0.14 25,830.81 0.60 
Corn 112,607.19 0.25 107,565.45 0.17 111,249.86 0.17 131,977.35 0.47 116,806.72 0.58 

Sun flower 34,084.60 0.90 37,621.65 0.77 41,382.40 1.42 40,651.20 1.21 37,123.18 1.32 
Source: Own calculation 
 
It is observed that the cultivated areas in eco-
logical system, in Călărași County, during the 5 
years studied, do not exceed 1% of the total 
cultivated areas for wheat, barley and corn 
crops (Table 5). In wheat cultivation, the 
highest percentage was recorded in 2020, 
namely, 0.86%. Barley cultivation had 
decreases of the cultivated areas in ecological 
system, from 0.85% in 2016 to 0.14%, in 2019. 
Regarding the corn culture, it had values of the 
share of cultivated areas in ecological system, 
from 0.17% in 2017-2018 at 0.58%, in 2020. 
The sunflower crop was the only one of the 
studied crops that had values over 1% of 
organically cultivated areas of the total area, 
the values ranging between 0.77% in 2017 and 
1.42% in 2018. Also, in 2019 and 2020, it the 
culture registered with superunitary values, 
1.21%, respectively 1.32%.  
 
CONCLUSIONS  
 
The agricultural and arable area of Călărași 
County has not undergone significant changes 
in the period 2016-2020, oscillating around 
400,000 ha with lower values in 2018-2019. 
The area cultivated with wheat, in conventional 
system, at the level of Călărași county regis-
tered fluctuations during the period 2016-2020 
starting from 111,128 ha, in 2017 to 120,564 ha 
in 2019. The average productions exceeded 
5,000 kg/ha in three of the 5 years analyzed. 
Only in 2020 the registered productions were 
low, 1,546 kg/ha, the year 2020 being an 
unfavorable year from the climatic point of 

view. Wheat areas cultivated in ecological 
system, in Călărași County, they oscillated 
between 595.53 ha in 2019 and 1,027.50 ha in 
2018, these areas meaning weights between 
0.49%, in 2019 and 0.83%, in 2018 of the total 
areas cultivated with this culture. 
The barley crop at the county level registered 
with decreasing areas in 2018 (18,776 ha) 
reaching in 2020 an area of 25,675 ha. The 
average production of barley grown in 
conventional system was over 5,000 kg/ha with 
a maximum in 2016 (6,118 kg/ha). Year 2016 
at 36.13 ha in 2019. The share of areas 
cultivated with barley at county level reached a 
maximum in 2016, 0.85% and a minimum in 
2019, 0.14%. In 2018, this culture was not 
found among the crops sown in the ecological 
system. The evolution of the areas cultivated 
with corn had an ascending trend, a fact due to 
the profitability of this culture but also to the 
reduced interventions with phytosanitary treat-
ments. The average productions per hectare, in 
the system of conventional agriculture, have 
constantly increased from 4,709 kg/ha in 2016 
to over 7000 kg/ha in 2017, 2018 and 2019. 
The year 2020 did not bring good results in 
agriculture, taking into account the factors 
unfavorable climatic conditions, this also 
having an impact  on maize crops, when 2,704 
kg/ha were obtained. The areas cultivated in 
ecological system, decreased starting with 2017 
and 2018, over 180 ha, following a significant 
increase in 2019 and 2020, over 600 ha. These 
areas represented weights of the total cultivated 
area from 0.17% to 0.58%. 

 
The evolution of the areas cultivated with 
sunflower, in conventional system was an 
increasing one, in the years 2018-2019 
reaching over 40,000 ha. The average yields 
were over 2,300 kg/ha with a maximum yield 
in 2017, 3,112 kg/ha and a minimum in 2020, 
1,899 kg/ha. The areas cultivated with 
sunflower in ecological system reached a 
maximum in 2019 reaching 648.20 ha. The 
share of areas cultivated with sunflower in 
ecological system from the total cultivated 
areas was 0.77 and 1.42% in the studied 
interval. The evolution of the cultivated areas, 
of the obtained productions, the attraction of 
the European funds for the development and 
modernization of the exploitations show us that 
the Romanian agriculture is on an ascending 
trend with Romanian or foreign capital. 
Călărași County is one of the counties in the 
country, leading the average grain production 
per hectare. Agriculture in Călărași County has 
evolved a lot in recent years, because Călărași 
farmers have accessed and continue to access 
European funds for the modernization of their 
farms. Although the European Union supports 
the development of this system of organic 
farming by providing subsidies, Romanian 
farmers are still reluctant to adhere to this type 
of environmentally friendly agriculture. All EU 
Member States need to draw up work plans for 
this, so that by 2030 the percentage of 
organically cultivated areas will reach 25% in 
each country. Romania currently has about 3% 
of the registered area in ecological system and 
Călărași County is below this value.  
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Abstract  
 
The main aim of this work was to set up the optimal mycotechnology for valorisation of fruit tree wastes by using them 
as growing sources for Basidiomycetes mushrooms, in order to get eco-friendly and useful products. In vitro 
experiments were carried out through controlled cultivation of two mushroom species, Ganoderma applanatum and 
Ganoderma lucidum, on substrates made of fruit tree wastes. There were set up three variants of substrates consisting 
of lignocellulosic wastes belonging to apple, plum and cherry trees, mixed with cereal grain wastes, such as wheat and 
barley bran, which were placed in ceramic trays and metal pots. After thermal sterilization and inoculation with the 
pure mushroom cultures, the substrates were placed inside growth chambers at the temperature of 23 °, the air flow 
volume exchanges 3-5 m3/h and the relative humidity content 90-95%, RU. The mushroom growth inside the substrates 
made of lignocellulosic wastes has followed the controlled biotechnological aiming to minimize the duration of 
cultivation and maximize the final production eco-friendly materials and biodegradable products. 
 
Key words: Ganoderma applanatum, G. lucidum, lignocellulose wastes. 
 
INTRODUCTION  
 
The excessive producing of redundant 
lignocellulosic materials, followed by their 
long-term accumulation as outcome wastes 
from forestry and agriculture activities has 
become a great challenge, which has to be 
solved only through biological means to get 
beneficial products for human society (Soetaert 
& Vandamme, 2006; Sanchez, 2004).  
As a matter of fact, one of the most important 
targets in the field of lignocellulose waste 
conversion into beneficial products is mainly 
focused on the screening of performant 
biotechnological methods which use 
mycological tools to get new eco-friendly 
materials, highly appreciated as building ang 
packaging materials (Bayer et al., 2019; Kumar 
et al., 2020; Lange, 2017).  
Thus, during the last decade, a few 
technological procedures to be used for 
producing of those new products from organic 
wastes through their bioconversion made by 
mushroom species were established (Lange, 
2014; Grimm & Wösten, 2018).  
 

The main purpose of this work was focused on 
the setting up of optimal mycotechnology for 
valorisation of fruit tree wastes by using them 
as growing sources for two mushrooms species, 
namely, Ganoderma applanatum and                       
G. lucidum, in order to get eco-friendly and 
useful products (Zhang, 2008). 
Implementing the functional model of such 
green valorisation of lignocellulosic wastes by 
using the specific mycotechnology, the 
envisaged results will be achieved by a 
standardized production of eco-friendly 
materials through controlled growing of 
selected mushrooms belonging to Ganoderma 
genus (Petre et al., 2016).  
 
MATERIALS AND METHODS 
 
Mushroom species used in experiments 
Following the main purpose of this research 
work, two mushroom species belonging to 
Basidiomycetes group were selected as biologi-
cal tools, Ganoderma applanatum (Pers.) Pat., 
and G. lucidum (Leyss. Ex Fr.) Karst. 
(Wainwright, 1992; Smith, 1998; Stamets, 2000). 

AgroLife Scientific Journal - Volume 11, Number 2, 2022
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718 The first one is a saprobic or, sometimes, 

parasitic mushroom, inedible, living solitary or 
scattered, on decay deciduous wood or on 
living woody trees all year-round, and the 
second one is considered as a healing 
mushroom being used in traditionally Chinese 
medicine over many thousands of years 
(Ragauskas et al., 2014; Rani et al., 2008; 
Verstraete & Top, 1992; Van der Twell et al., 
1994). 
 
The cultivation of selected mushrooms 
 
Preparation of nutritive substrates for 
controlled cultivation of mushroom species was 
achieved by using woody dried materials 
chopped and split in relatively equal sized 
fragments of 3-5 cm. To these woody materials 
were added natural ingredients to enhance the 
growth and development of the mycelium 
belonging to those mushroom species already 
mentioned (Robinson et al., 2001). 
There were set up three variants of mushroom 
cultivation substrates made of lignocellulosic 
wastes belonging to apple, plum and apricot 
trees, mixed with cereal grain wastes from 
milling industry, such as wheat bran (5% w/w) 
and barley bran (5% w/w). Beside these three 
substrate variants, it was used the pure 
cellulose (Merck) as control. Natural 
ingredients were added to each variant of 
substrate in the same percentage, such as, 
barley and wheat bran, in order to stimulate the 
enzymatic activity of mushroom species, as 
well as processes of growth and development 
of mycelia biomass, according to Table 1. 
 

Table 1. The substrate variants used for controlled 
cultivation of mushrooms 

Substrate 
variants 

The composition of substrates  
(dry weight) 

S1 Apple branches 75%, apple leaves 15%, 
barley bran 5%, wheat bran 5% 

S2 Plum branches 75%, plum leaves 15%, 
barley bran 5%, wheat bran 5% 

S3 Apricot branches 75%, apricot leaves 
15%, barley bran 5%, wheat bran 5% 

Control Pure cellulose (Merck) 
 
This experimental model was carried out by 
ensuring optimal growth conditions for 
mycelium belonging to woody mushrooms 
belonging to the species Ganoderma 

applanatum and G. lucidum, which were grown 
on cultivation substrates consisting mainly of 
lignocellulosic wastes resulting from annual 
cuttings of trunks and branches of fruit trees, 
such as apple, plum and cherry, as it is shown 
in Figure 1.  
 

    
                a)                          b)                           c) 

Figure 1. Fruit tree wastes, chopped and shredded: 
a) apple; b) plum; c) cherry 

 
These fruit tree wastes were fragmented to 
sizes of a maximum of 2-3 cm, which were 
mixed with barley bran and wheat bran and 
then inserted inside ceramic trays of 
parallelepiped shapes, having dimensions 
similar to the bricks used in constructions, with 
the surface area of 200 cm and a height of 10 
cm (Figure 2), as well as inside metallic 
structures, shaped as pots (Figure 3), over 
which was added water as 20% per fresh 
weight of the whole composition and kept 
hydrated for 10 hours (Appels et al., 2019; 
Attias et al., 2020). 
Then, all these ceramic trays as well as metal 
pots, filled with the substrate variants made of 
fruit tree wastes, were sterilized with steam 
under pressure for one hour at 128°C, and after 
cooling, they were inoculated with pure 
cultures of the aforementioned mushroom 
species, after which they were kept into a 
growing chamber, keeping the constant 
temperature of 23°C, the air humidity of 90-
95% RE and the filtered air flow of 3 volume 
exchanges for 30-45 days, depending on the 
species used as inoculum source (Saddler et al., 
1993; Jones et al., 2018). After the incubation 
period, each one of the mushroom species used 
in experiments of controlled cultivation has 
developed a consistent mycelium net inside the 
inner structure of the substrate variants, the 
final products being shown in Figures 2 and 3. 
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(Ragauskas et al., 2014; Rani et al., 2008; 
Verstraete & Top, 1992; Van der Twell et al., 
1994). 
 
The cultivation of selected mushrooms 
 
Preparation of nutritive substrates for 
controlled cultivation of mushroom species was 
achieved by using woody dried materials 
chopped and split in relatively equal sized 
fragments of 3-5 cm. To these woody materials 
were added natural ingredients to enhance the 
growth and development of the mycelium 
belonging to those mushroom species already 
mentioned (Robinson et al., 2001). 
There were set up three variants of mushroom 
cultivation substrates made of lignocellulosic 
wastes belonging to apple, plum and apricot 
trees, mixed with cereal grain wastes from 
milling industry, such as wheat bran (5% w/w) 
and barley bran (5% w/w). Beside these three 
substrate variants, it was used the pure 
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substrate in the same percentage, such as, 
barley and wheat bran, in order to stimulate the 
enzymatic activity of mushroom species, as 
well as processes of growth and development 
of mycelia biomass, according to Table 1. 
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Figure 1. Fruit tree wastes, chopped and shredded: 
a) apple; b) plum; c) cherry 

 
These fruit tree wastes were fragmented to 
sizes of a maximum of 2-3 cm, which were 
mixed with barley bran and wheat bran and 
then inserted inside ceramic trays of 
parallelepiped shapes, having dimensions 
similar to the bricks used in constructions, with 
the surface area of 200 cm and a height of 10 
cm (Figure 2), as well as inside metallic 
structures, shaped as pots (Figure 3), over 
which was added water as 20% per fresh 
weight of the whole composition and kept 
hydrated for 10 hours (Appels et al., 2019; 
Attias et al., 2020). 
Then, all these ceramic trays as well as metal 
pots, filled with the substrate variants made of 
fruit tree wastes, were sterilized with steam 
under pressure for one hour at 128°C, and after 
cooling, they were inoculated with pure 
cultures of the aforementioned mushroom 
species, after which they were kept into a 
growing chamber, keeping the constant 
temperature of 23°C, the air humidity of 90-
95% RE and the filtered air flow of 3 volume 
exchanges for 30-45 days, depending on the 
species used as inoculum source (Saddler et al., 
1993; Jones et al., 2018). After the incubation 
period, each one of the mushroom species used 
in experiments of controlled cultivation has 
developed a consistent mycelium net inside the 
inner structure of the substrate variants, the 
final products being shown in Figures 2 and 3. 



132

 
                     a)                                    b) 

Figure 2. Ceramic trays containing the mixture of fruit 
tree wastes impregnated with mycelium of mushroom 

species Ganoderma applanatum (a) and G. lucidum (b) 
 

 
a) 
 

 
                                    b) 
 

Figure 3. Metal matrix in the shape of conical support 
consisting of fruit tree wastes inoculated with mycelia of 

Ganoderma applanatum (a) and G. lucidum (b) 

RESULTS AND DISCUSSIONS 
 
The final products of such laboratory-scale 
mycotechnology which were obtained after the 
complete growth cycles of both mushroom 
species are divided in two categories.  
The first one is represented by the eco-friendly 
building materials with hard, compact and 
homogeneous structure, in the form of blocks 
containing lignocellulosic fragments, which 
have been completely covered by a network of 
mycelial hyphae during the incubation period, 
possessing a fireproof, hydro composite and 
heat-resistant structure, with high hardness and 
complete resistance to mechanical actions 
(Islam et al., 2018). 
Finally, the blocks of fruit tree wastes, which 
were impregnated with the mycelium of the 
mentioned mushroom species during the 
incubation were dried, either slowly, at room 
temperature for 5 days, in direct air flow, or 
much faster, in an oven at the constant 
temperature of 50oC, for 15 hours, in this way it 
can be stored for a long time without degrading 
(Figure 4). 

 
a) 

 

 
b) 

Figure 4. Eco-friendly materials in shepe of blocks, 
consisting of fruit tree wastes impregnated with 

mycelium of Ganoderma applanatum (a) & G. lucidum 
(b) 

The second category of final products were 
obtained as fully biodegradable materials, 
which can be used as functional containers in 
the shape of pots that can be planted right into 
the fields or gardens, eliminating the root 
shock. These pots are made of 100% fruit tree 
wastes and mushroom mycelia developed 
inside the inner composition of cultivation 
substrates (Figure 5).  
 

 
a) 
 

 
b) 

 

Figure 5. Eco-friendly materials in the shape of conical 
supports consisting of fruit tree wastes impregnated with 

mycelium belonging to the species of  
Ganoderma applanatum (a) and G. lucidum (b) 

 

According to the main results of this research 
work, the mycotechnology for valorising the 
fruit tree wastes by using them as growing 
sources for mushroom species G. applanatum 
and G. lucidum was established at laboratory 
scale, as it can be seen in Figure 6. 
 
 
                                   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 

 
 
 
 
 
 
 
 
 

Figure 6. The scheme of mycotechnology applying for 
valorisation of fruit tree wastes as eco-friendly products 

by controlled cultivation of mushroom species 
Ganoderma applanatum and G. lucidum 

 
The final products of this laboratory-scale 
biotechology are framed in two major 
categories. The first one is represented by the 
eco-friendly building materials with hard and 
compact structure, in the shape of building 
blocks containing lignocellulosic fragments of 
fruit tree wastes, which have been completely 
covered by a network of mycelial hyphae. 
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Figure 4. Eco-friendly materials in shepe of blocks, 
consisting of fruit tree wastes impregnated with 

mycelium of Ganoderma applanatum (a) & G. lucidum 
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The second category of final products were 
obtained as fully biodegradable materials, 
which can be used as functional containers in 
the shape of pots that can be planted right into 
the fields or gardens, eliminating the root 
shock. These pots are made of 100% fruit tree 
wastes and mushroom mycelia developed 
inside the inner composition of cultivation 
substrates (Figure 5).  
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Figure 5. Eco-friendly materials in the shape of conical 
supports consisting of fruit tree wastes impregnated with 

mycelium belonging to the species of  
Ganoderma applanatum (a) and G. lucidum (b) 
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fruit tree wastes by using them as growing 
sources for mushroom species G. applanatum 
and G. lucidum was established at laboratory 
scale, as it can be seen in Figure 6. 
 
 
                                   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 

 
 
 
 
 
 
 
 
 

Figure 6. The scheme of mycotechnology applying for 
valorisation of fruit tree wastes as eco-friendly products 

by controlled cultivation of mushroom species 
Ganoderma applanatum and G. lucidum 

 
The final products of this laboratory-scale 
biotechology are framed in two major 
categories. The first one is represented by the 
eco-friendly building materials with hard and 
compact structure, in the shape of building 
blocks containing lignocellulosic fragments of 
fruit tree wastes, which have been completely 
covered by a network of mycelial hyphae. 
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The second category of final products is 
referring to fully biodegradable materials that 
can be used as: completely biodegradable pots, 
supports or protective structures which are 
made of the compost resulted from mushroom 
mycelia growing inside the structure of 
lignocellulosic wastes.  
Thus, these fully biodegradable materials can 
be used as functional containers in the shape of 
pots that can be planted right into the fields or 
gardens, eliminating the root shock. These pots 
are made of 100% recycled and composted 
lignocellulosic wastes by mushroom growing.  
 
CONCLUSIONS 
 
Taking into consideration the main results of 
this work as significant elements of innovation 
and relevance for the state-of-the art in the field 
of lignocellulosic waste valorisation as useful 
products, the following conclusions should be 
mentioned: 
a. the valorising of all types of lignocellulosic 
wastes through controlled mushroom growth 
getting the total recycling of such renewable 
resources (tree chopped branches, wood chips, 
sawdust from forest industry, as well as fruit 
tree wastes) as raw materials for mushroom 
biomass development is the best way to 
produce eco-friendly materials; 
b. the implementation of a performant 
mycotechnology for economic efficient 
recovery of lignocellulosic wastes and their 
bioconversion into eco-friendly building blocks 
as well as useful biodegradable materials  
c. the novelty and practical importance of this 
work are mainly due to the innovative 
mycotechnology designed to recycle a lot of 
useless lignocellulosic materials in order to 
obtain simultaneously two valuable products, 
with low expenses of energy, raw materials and 
workforce, comparing with the same 
procedures in this field. 
The whole bioprocess of mycelium growth 
inside the substrates made of lignocellulosic 
wastes followed the controlled biotechnological 
procedure to minimize the duration of 
mushroom cultivation and maximize the final 
production of eco-friendly materials and 
biodegradable products. 
The mycotechnology for valorisation of 
lignocellulosic wastes outcome from fruit tree 

culture through controlled mushroom mycelia 
growing could be considered as efficient 
demonstration model of producing new eco-
friendly and useful economic products. 
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Abstract  
 
Bread is a food product that represents an important element in human nutrition, considered a convenient type of food, 
being consumed daily in large quantities in many parts of the world. Adding functional ingredients in bakery products 
was highly researched lately, because of their ability in the reduction of some chronic diseases besides improving of 
basic nutritional functions. The aim of the present paper was to obtain bread with different quantities of organic dried 
sea buckthorn powder (Sorana variety), as functional ingredient. For sample characterization, some phisico-chemical 
(dry matter %, aw) and nutritional parameters (antioxidant activity, total phenolic content) were determined, as well as 
sensorial analysis. The study obtained promising results regarding the use of sea buckthorn powder as ingredient in 
bread making. 
 
Key words: bread, sea buckthorn powder, ingredient. 
 
INTRODUCTION 
 
The growing demand for new food products 
with functional properties worldwide led to 
various research studies for the addition of new 
ingredients, such as nuts, fruits and fruit by-
products or vegetables and vegetable by-
products, ingredients rich in bioactive 
compounds like fibres, antioxidants or 
polyphenols (Villasante et al., 2022). 
Bread represents one of the most consumed 
products worldwide, being a great part of the 
human diet (Stamatie et al., 2020). It is consu-
med since ancient times, being originally home-
made, but once the microorganisms responsible 
for dough development were discovered and 
with the food science and technology 
development, the industrialization of bread was 
started (Canesin & Cazarin, 2021). 
Due to the fact that is highly consumed at a 
global level, bread represents a good product 
for addition of various ingredients with 
bioactive compounds (Villasante et al., 2022), 
being also highly compatible with such 
products (Mitelut et al., 2021). After fruits and 
vegetables processing, a great number of by-
products remains as waste which most of the 
time is considered garbage and rarely is 

processed into agricultural products. The rising 
trend of using natural products as sources of 
antioxidants and functional ingredients in bread 
making led to the use of edible seeds, spices or 
fruits and vegetables, which represents 
affordable products (Özcan, 2022), and their 
usage could lead to minimising food loss and 
waste.  From the total global food waste and 
loss, fruit and vegetable are responsible for up 
to 66% (Magalhães et al., 2022). Therefore, 
there is an increasing trend in the valorisation 
of fruit and vegetable by-products, which can 
be used to produce highly valued bioactive 
compounds (Sharma et al., 2022) and also can 
lead to environmental protection.  
Seabuckthorn (Hippophae rhamnoides) belongs 
to Elaeagnaceae family, being a hardy, 
deciduous shrub widely distributed through 
Europe and Asia (Ting et al., 2011; Ghangal et 
al., 2012; Drozińska et al., 2019). Seabuckthorn 
berries are known to be an excellent source of 
bioactive compounds such as carotenoids, 
polyphenols, tocopherols, ascorbic acid, 
organic acids (Attri & Goel, 2018; Ciesarova et 
al., 2020; Kumar et al., 2021) and also minerals 
(Ursache et al., 2018). The valorisation of 
seabuckthorn pomace is gaining more attention 
nowadays due to its content in health 

 
promoting bioactive compounds (Sharma et al., 
2022). Therefore, the purpose of this study was 
to develop bread with the addition of different 
amounts of seabuckthorn powder and to 
characterize the newly developed product. 
 
MATERIALS AND METHODS 
 
Experimental design 
In this study, Sorana variety organic 
seabuckthorn (SB) was used. First, 
seabuckthorn fruits were processed into juice 
and the resulted pomace was dried at 60ᵒC for 
6 h. Further, the dried pomace was grinded and 
passes through a 0.5 mm sieve in order to 
obtain the seabuckthorn powder (Figure 1). The 
characteristics of the obtained powder were: 
2418.18 mg Gallic acid equivalents (GAE) per 
100 g D.M.; 1171.83 quercetin equivalents 
(QE) per 10 0g D.M; aw = 0.451; DM = 
91.176%. 
 

     
Figure 1. Sorana organic seabuckthorn - fresh,  

pomace and in form of powder 
 
Further, white wheat flour without grain husk 
was used for bread production (Control 
sample). Seabuckthorn bread samples were 
obtained using 5% (5% SB) and 9% (9% SB). 
seabuckthorn powder reported to wheat flour. 
 
Antioxidant activity 
The effect of antioxidant activity on 1.1-
dipheny l-2- picrylhydrazyl (DPPH) was 
estimated according to the procedure described 
by Villaño et al. (2007), with some 
modification presented further. Briefly, in 50 
ml ethanol (75%) there were macerated 10 g of 
sample in the dark for 48 h in the dark, at room 
temperature. The obtained extract was mixed 
with DPPH ethanolic solution and 
homogenized. After incubation at room 
temperature in the dark for 30 minutes, the 
absorbance of the samples was measured at 

515. Results were expressed as quercetin 
equivalents (QE) per 100g D.M. 
Total polyphenolic content 
Total content of polyphenols (TP) was 
determined using the Folin-Ciocalteu method 
previously described by Popa et al. (2019). 
Sample absorbance was measured at 765 nm. 
Total polyphenol concentration was expressed 
as mg/L Gallic acid equivalents (GAE) per            
100 g D.M. 
 
Water activity (aw) 
Water activity of tested samples was 
determined using NOVASINA equipment. 
Briefly, the sample was introduced into specific 
recipients of the equipment and the value of aw 
was read when stable at 25ᵒC. 
 
Dry matter 
The determination of the total dry matter (DM) 
was performed by weighing 5 g of bread 
sample, which was further subjected to drying 
at 105°C using the RADWAG MAC 50 
thermobalance. The results were expressed as a 
percentage (%). 
 
Colour 
Colour assessment was conducted at room 
temperature using a HunterLab colorimeter, 
Miniscan XE Plus. Fruit colour was described 
using L*, a*, and b* CIE coordinates. L* axis 
represents the lightness with values ranging 
from 0 (black) to 100 (white), the a* axis is 
red-green with negative values for green and 
positive values for red, and b* axis is blue-
yellow with negative values for blue and posi-
tive values for yellow (Palonen & Weber, 2019). 
 
Sensory analysis 
The sensory evaluation of the obtained bread 
samples was performed using a 5-point scale 
method, with untrained panellists, in order to 
determine the acceptability of bread with 
seabuckthorn powder. The criteria from Table 1 
were used for the evaluation of the sensory 
attributes. 
 
Statistical analysis 
All determination was performed in duplicate. 
The obtained data was statistically analysed 
using Microsoft Excel 2017. In all tests, it was 
considered the significance level of p < 0.05. 
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seabuckthorn powder reported to wheat flour. 
 
Antioxidant activity 
The effect of antioxidant activity on 1.1-
dipheny l-2- picrylhydrazyl (DPPH) was 
estimated according to the procedure described 
by Villaño et al. (2007), with some 
modification presented further. Briefly, in 50 
ml ethanol (75%) there were macerated 10 g of 
sample in the dark for 48 h in the dark, at room 
temperature. The obtained extract was mixed 
with DPPH ethanolic solution and 
homogenized. After incubation at room 
temperature in the dark for 30 minutes, the 
absorbance of the samples was measured at 

515. Results were expressed as quercetin 
equivalents (QE) per 100g D.M. 
Total polyphenolic content 
Total content of polyphenols (TP) was 
determined using the Folin-Ciocalteu method 
previously described by Popa et al. (2019). 
Sample absorbance was measured at 765 nm. 
Total polyphenol concentration was expressed 
as mg/L Gallic acid equivalents (GAE) per            
100 g D.M. 
 
Water activity (aw) 
Water activity of tested samples was 
determined using NOVASINA equipment. 
Briefly, the sample was introduced into specific 
recipients of the equipment and the value of aw 
was read when stable at 25ᵒC. 
 
Dry matter 
The determination of the total dry matter (DM) 
was performed by weighing 5 g of bread 
sample, which was further subjected to drying 
at 105°C using the RADWAG MAC 50 
thermobalance. The results were expressed as a 
percentage (%). 
 
Colour 
Colour assessment was conducted at room 
temperature using a HunterLab colorimeter, 
Miniscan XE Plus. Fruit colour was described 
using L*, a*, and b* CIE coordinates. L* axis 
represents the lightness with values ranging 
from 0 (black) to 100 (white), the a* axis is 
red-green with negative values for green and 
positive values for red, and b* axis is blue-
yellow with negative values for blue and posi-
tive values for yellow (Palonen & Weber, 2019). 
 
Sensory analysis 
The sensory evaluation of the obtained bread 
samples was performed using a 5-point scale 
method, with untrained panellists, in order to 
determine the acceptability of bread with 
seabuckthorn powder. The criteria from Table 1 
were used for the evaluation of the sensory 
attributes. 
 
Statistical analysis 
All determination was performed in duplicate. 
The obtained data was statistically analysed 
using Microsoft Excel 2017. In all tests, it was 
considered the significance level of p < 0.05. 
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Table 1. Criteria for bread sensory evaluation 

Sensory Attributes Product description Scale 

Exterior and interior appearance (no 
tasting) 

Crust colour 1-very light … 5-very intense 
Core color intensity 1-very light … 5-very intense 
The uniformity of the core 1-very wet core … 5-dry core 
The uniformity of the pores 
of the core 

1-dense pores, non-uniform … 5-uniform pores 

The shattering of the core 1-very fragile … 5-unbreakable 

Surface texture (without tasting) 

The roughness of the crust 1-rough crust … 5-smooth crust 
Moisture / elasticity of the 
crust 

1-wet crust … 5-dry crust 

The crunchiness of the 
crust 

1-elastic, non-crunchy crust … 5-crispy crust 

First bite The firmness of the crust 1-soft, fluffy crust … 5-firm crust 
Core stickiness 1-sticky core, soft… ..5-crispy crust 

Flavor 
Basic tastes – note the 
intensity of the tastes 
(bitter, salty, sour, sweet) 

1-weak taste, imperceptible … 5-pronounced 
taste 

After-taste Persistence of taste after 
chewing 

1-after-taste imperceptible … 5-after-taste very 
pronounced 

 
RESULTS AND DISCUSSIONS 
 
The obtained bread samples are presented in 
Figure 2. 
 

 
Figure 2. Obtained bread samples 

 
Antioxidant activity 
 

 
Figure 3. Antioxidant activity of bread samples  

 
It is well known the fact that seabuckthorn 
berries contain various biologically active 
substances and their addition to food products 
could lead to an enriched product. Regarding 
the antioxidant activity, the Control sample 
presented a negative value (-166.92 ± 14.39 

QE/100 g DM), similar results being reported 
also by Ghendov-Mosanu et al. (2020). The 
addition of 5% seabuckthorn powder improved 
the antioxidant activity (47.10 ± 1.86 QE/100 g 
DM), being obtained a positive value for this 
sample. The higher the amount of powder, the 
higher the antioxidant activity registered, thus 
for 9%SB sample it was obtained the highest 
value, namely 113.67 ± 4.93 QE/100 g DM. 
 
Total polyphenolic content 
 

 
Figure 4. Polyphenolic content of bread samples  

 
Phenolics represent one of the most studied 
secondary metabolites of plants due to their 
biological activity which are known to promote 
human health. The major contributors to this 
biological activity of seabuckthorn are 
considered to be phenolics like flavonoids, 
tannins and phenolic acids (Sne et al., 2013). 
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Total polyphenols were determined in this 
study for the three developed bread samples 
(Figure 4). A study performed by Ballester-
Sánchez et al. (2020) determined a value of 
13.90 mg GAE/g DM in wheat flour. Thus, the 
Control sample presented polyphenolic content, 
having the lowest value of this parameter 
(135.37 ± 1.01 mg GAE/100 g DM) compared 
to the other studied samples. The addition of 
seabuckthorn powder increased the 
polyphenolic content, reaching a value of 
275.32 ± 6.49 mg GAE/100 g DM for 5%SB 
bread sample and 304.84 ± 1.03 mg GAE/100g 
DM for 9%SB bread sample. These results are 
correlated with the ones obtained for the 
antioxidant activity of the samples. 
 
Water activity and dry matter 

 
Table 2. Water activity (aw) and DM content 

Sample aw DM (%) 
Control 0.949 ± 0.010 69.65 ± 0.01 
5%SB 0.946 ± 0.001 65.30 ± 0.01 
9%SB 0.945 ± 0.002 68.00 ± 0.01 

 
The results presented in Table 2 shows that the 
addition of seabuckthorn powder did not 
significantly influence the moisture content, 
similar values being obtained for all tested 
samples. 
Water activity is an important index because its 
values could affect food shelf-life. Most food 
products have a aw above 0.95 which will 
provide sufficient moisture to support the 
growth of bacteria, yeasts, and mould (FDA, 
2014). Water activity values of the tested 
samples are lower for the samples added with 
seabuckthorn powder compared to Control 
sample, these results being correlated with the 
dry matter values. 
 

Table 3. Colour characteristics of the obtained samples 

Sample L* a* b* 
Control 75.45 ± 0.20 1.70 ± 0.01 20.02 ± 0.05 
5%SB 54.76 ± 0.72 10.16 ± 0.07 36.55 ± 0.34 
9%SB 50.06 ± 0.88 12.26 ± 0.09 38.17 ± 0.44 

 
Regarding colour characteristics (Table 3), the 
values of L* (lightness), a* (redness) and b* 

(yellowness) varied between samples. The 
lightness of the samples containing 
seabuckthorn powder were lower compared to 
control sample, which is normal because the 
addition of the powder changed the colour of 
the bread to a darker tone. In contrast, the 
redness and yellowness of the samples 
presented higher values for 5% SB and 9% SB. 
 
Sensory analysis 
 

 
Figure 5. Results of the sensory analysis  

for the obtained bread samples 
 
Sensory analysis (Figure 5) revealed that bread 
sample containing 5% seabuckthorn powder 
presented same values for surface texture and 
first bite and close values in terms of exterior 
and interior appearance, flavour and after-taste 
with the ones obtained for Control sample. 
Therefore, the acceptability test showed that 
5% SB bread sample was preferred by the 
panellists, while 9% SB bread sample presented 
an intense bitter after-taste. 
In addition to the performed analysis, bread 
samples were kept at room temperature for 
several days and the growth of rope spoilage 
was monitored. Mould growth was observed 
after 7 days on the surface of control sample 
and after 8 days on the surface of SB samples, 
regardless of the quantity of seabuckthorn 
powder in their composition (Figure 6). These 
results are promising, helping in further 
research approach. Similar results were 
obtained by Ghendov-Mosanu et al. (2020), the 
addition of seabuckthorn flour increasing bread 
shelf life by 24-72h. 
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Table 1. Criteria for bread sensory evaluation 

Sensory Attributes Product description Scale 

Exterior and interior appearance (no 
tasting) 

Crust colour 1-very light … 5-very intense 
Core color intensity 1-very light … 5-very intense 
The uniformity of the core 1-very wet core … 5-dry core 
The uniformity of the pores 
of the core 

1-dense pores, non-uniform … 5-uniform pores 

The shattering of the core 1-very fragile … 5-unbreakable 

Surface texture (without tasting) 

The roughness of the crust 1-rough crust … 5-smooth crust 
Moisture / elasticity of the 
crust 

1-wet crust … 5-dry crust 

The crunchiness of the 
crust 

1-elastic, non-crunchy crust … 5-crispy crust 

First bite The firmness of the crust 1-soft, fluffy crust … 5-firm crust 
Core stickiness 1-sticky core, soft… ..5-crispy crust 

Flavor 
Basic tastes – note the 
intensity of the tastes 
(bitter, salty, sour, sweet) 

1-weak taste, imperceptible … 5-pronounced 
taste 

After-taste Persistence of taste after 
chewing 

1-after-taste imperceptible … 5-after-taste very 
pronounced 
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The obtained bread samples are presented in 
Figure 2. 
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Total polyphenols were determined in this 
study for the three developed bread samples 
(Figure 4). A study performed by Ballester-
Sánchez et al. (2020) determined a value of 
13.90 mg GAE/g DM in wheat flour. Thus, the 
Control sample presented polyphenolic content, 
having the lowest value of this parameter 
(135.37 ± 1.01 mg GAE/100 g DM) compared 
to the other studied samples. The addition of 
seabuckthorn powder increased the 
polyphenolic content, reaching a value of 
275.32 ± 6.49 mg GAE/100 g DM for 5%SB 
bread sample and 304.84 ± 1.03 mg GAE/100g 
DM for 9%SB bread sample. These results are 
correlated with the ones obtained for the 
antioxidant activity of the samples. 
 
Water activity and dry matter 

 
Table 2. Water activity (aw) and DM content 

Sample aw DM (%) 
Control 0.949 ± 0.010 69.65 ± 0.01 
5%SB 0.946 ± 0.001 65.30 ± 0.01 
9%SB 0.945 ± 0.002 68.00 ± 0.01 

 
The results presented in Table 2 shows that the 
addition of seabuckthorn powder did not 
significantly influence the moisture content, 
similar values being obtained for all tested 
samples. 
Water activity is an important index because its 
values could affect food shelf-life. Most food 
products have a aw above 0.95 which will 
provide sufficient moisture to support the 
growth of bacteria, yeasts, and mould (FDA, 
2014). Water activity values of the tested 
samples are lower for the samples added with 
seabuckthorn powder compared to Control 
sample, these results being correlated with the 
dry matter values. 
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Control 75.45 ± 0.20 1.70 ± 0.01 20.02 ± 0.05 
5%SB 54.76 ± 0.72 10.16 ± 0.07 36.55 ± 0.34 
9%SB 50.06 ± 0.88 12.26 ± 0.09 38.17 ± 0.44 
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Control - after 7 days 

  
5%SB - after 8 days 9%SB - after 8 days 

Figure 6. Bread sample aspect after 7, respectively 8 days of monitoring at room temperature 
 
CONCLUSIONS 
 
Sea buckthorn can be considered a functional 
ingredient to be incorporating in this staple 
food as bread is considered.  
Therefore, this new functional food, bread 
containing antioxidant/phenolic compound 
could enhance the human health. This paper 
presents the potential of using of some by-
products rich in antioxidants, resulted from 
buckthorn processing, to be incorporated in 
bread in order to obtain novel functional food.  
From the preliminary research, the results 
shows that the addition of seabuckthorn powder 
brings a supplementary nutritional value and a 
percent of 5%SB was acceptable from the 
sensorial point of view.  
Further research will be focused on the 
optimisation of the baking technology in order 
to improve the shelf life and physical-chemical 
characteristics of bread (such as acidity, 
volume, porosity, elasticity, etc).  
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Abstract  
 
For a long time, probiotics have been widely used as safe microorganisms that can confers a health benefit effects on the 
host, directly or indirectly. Recently, postbiotics have gained interest as new health promoters. Postbiotics have recently 
been defined as complex mixture of functional bioactive compounds secreted by probiotics during a fermentation process 
(such as biosurfactants, proteins, short chain fatty acids, organic acids, bacteriocins, vitamins etc.). According to current 
data, postbiotics have advantages over live probiotics with regard to: ease extraction, standardization, and storage, 
availability for industrial-scale-up, specific mechanism of action, impossible to transfer and acquire antibiotic resistance 
genes and their interaction with the cellular receptors to trigger the targeted responses. However, several aspects related 
to postbiotics have not been fully elucidated. Here, we provided a critical review of the postbiotic definition, mechanisms 
of action, underlying their beneficial effects, as well as current trends for applications in foods and pharmaceuticals. 
 
Key words: probiotics, postbiotics, health benefits, trends.  
 
INTRODUCTION  
 
In recent years, a trendy concept is “postbiotics” 
as new health promoters which can mimic the 
probiotic properties, which demonstrates a 
growing scientific interest in this topic. 
However, several aspects related to postbiotics 
have not been fully elucidated. Here, we 
provided a critical review of the postbiotic 
terminology, mechanisms of action, underlying 
their beneficial effects, as well as current trends 
for applications in foods and pharmaceuticals. 
For this reason, a search was performed to 
identify the most relevant research 
articles/reviews, available in databases, like 
Web of Science, PubMed, Google Scholar using 
different postbiotic terms (such as  
"paraprobiotics", "inactivated cells", "bacterial 
lysates" and respectively different probiotic 
metabolites, cell-free supernatants), without 
limitation up to 2022.  
 
Postbiotic versus probiotic 
Probiotics are defined as "living micro-
organisms which, when administered in 

adequate quantities, confer a health benefit to 
the host" (WHO/FAO, 2002: Hill et al., 2014). 
Consumers can purchase their probiotics from 
dairy products (cheese, yogurt, kefir, etc.), non-
dairy products (fermented beverages, sauces, 
cereals, pickles, Kombucha etc.), as well as 
pharmaceuticals (in the form of tablets, 
capsules) used as food supplements (Rivera-
Espinoza & Gallardo-Navarro, 2010; Zielinska 
& Kolożyn-Krajewska, 2018; Diguță et al., 
2020). Lactic acid bacterial strains belonging to 
the genera Lactobacillus and Bifidobacterium 
are the most studied and known probiotics.  
Also, several strains of genera Enterococcus, 
Pediococcus, Streptococcus, Bacillus and some 
yeast (Saccharomyces boulardii, S. cerevisiae) 
are reported as probiotic strains (reviewd by 
Hanson et al., 2016; Górska et al., 2019; 
Jakubczyk et al., 2020; López-Moreno et al., 
2020; Diguță et al., 2020; Yeşilyurt et al., 2021). 
The beneficial health effects of various types of 
probiotics have been reported extensively, such 
as the control of inflammatory bowel diseases 
(Jakubczyk et al., 2020), modulating the gut 
microbiota (López-Moreno et al., 2020), 

prevention of urogenital infections (Hanson et 
al., 2016), immunomodulating functions 
(Yeşilyurt et al., 2021), control of serum 
cholesterol (Ooi et al., 2010) and prevent and 
therapy certain types of cancer (Górska et al., 
2019).  
However, the WHO and FAO have warned that 
probiotics can have some unwanted side effects 
on safety and technology due to the use of live 
microbial cells. Numerous clinical studies have 
reported that the administration of probiotics has 
led to ambiguous beneficial effects not 
necessarily due to their viability, but perhaps as 
a result of the bioactive compounds released by 
probiotics. However, various studies have 
shown that survival of an administered probiotic 
can be affected by various factors in the 
gastrointestinal tract, and low concentrations of 
biologically active compounds biosynthesized 
by probiotics found at specific target sites have 
been shown to be ineffective in vivo (Reid et al., 
2011; Shenderov, 2013). The results of studies 
have also shown that the use of probiotic strains 
(Lactobacillus, Bifidobacterium, S. cerevisiae) 
has led to safety issues such as horizontal 
transfer of virulence or antibiotic resistance 
genes among other intestinal pathogens, the 
ability to cause opportunistic infections and to 
stimulate inflammatory responses especially in 
immunocompromised patients (Mathur & 
Singh, 2005; Suez et al., 2019). Moreover, from 
a technological point of view, problems have 
been reported related to maintaining the viability 
of probiotics in the final product (up to 109 
CFU/g or mL), which has proved costly and time 
consuming, being influenced by many intrinsic 
and extrinsic factors that related to: 1) the 
fermentation conditions (optimization of the 
culture media, temperature, pH, development 
period); 2) the composition of the food matrix 
(concentration of carbohydrates, proteins and 
fats, water activity, presence of preservatives, 
final acidity, packaging materials); 3) 
preservation techniques (spray-drying, freeze-
drying); 4) storage conditions (oxygen content, 
temperature, time). In this regard, in vitro 
studies have shown that there is a significant 
difference between the concentration of live 
probiotic cells declared and the actual one much 
lower in the final product, being in fact a mixture 
of viable and non-viable probiotic cells. 

The International Panel of Probiotics Experts 
clarifies that products that contain ingredients 
synthesized by probiotics or that contain dead 
microorganisms are not covered by the 
definition of probiotics (Hill et al., 2014). 
According to online consultation of ingredient 
lists of probiotic products that claim to have 
beneficial therapeutic effects, they actually 
include fermentation metabolites obtained 
through probiotics or inactivated probiotics. 
Therefore, the industrial applications of 
metabolites (referred to as postbiotics) and 
cellular components (referred to as 
paraprobiotics) derived from probiotics are 
gaining more and more interest, being 
considered promising alternative supplements 
that also have the ability to benefit the host. The 
benefits of postbiotic versus probiotic use are 
summarized in Table 1. 
Technological process and quantitative control 
for postbiotics (excluding bacterial lysates) are 
much faster and more accurate compared to 
probiotics (Zolkiewicz et al., 2020). In the 
context of safety, postbiotics avoid problems 
with the transfer of virulence factors as well as 
antibiotic resistance genes that may occur with 
probiotics (Zolkiewicz et al.,  2020).  
 

Table 1. The benefits of postbiotics versus probiotics 

Criteria  Postbiotics Probiotics 

Technological 
High stability, easy 
to standardize 
transport and storage 

Maintaining viability during 
the production, transport and 
storage process is expensive 

Safety 

No risk of virulence 
gene transfer and 
antibiotic resistance 

Risk to horizontal transfer of 
antibiotic resistance and 
virulence genes to commensal 
or pathogenic bacteria in the 
gut 

No risk of 
translocation from 
the intestinal lumen 
to the blood / tissue 

Possible risk of bacterial 
translocation from the intes-
tinal lumen to the blood / 
tissue especially in vulnerable 
and immunocompromised 
patients 

Biological 

No interference with 
the beneficial 
microbiota 

Colonization and  interference 
with the host the intestinal 
microbiota 

Adequate absorption, 
metabolism and 
distribution 

Biosynthesis of bioactive 
metabolites takes time 

 
Postbiotics are considered to be an alternative 
option for therapeutic interventions for a number 
of allergic disorders, due to their ability to 
improve the immune system (Imperial & Ibana, 
2016).  
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data, postbiotics have advantages over live probiotics with regard to: ease extraction, standardization, and storage, 
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option for therapeutic interventions for a number 
of allergic disorders, due to their ability to 
improve the immune system (Imperial & Ibana, 
2016).  
 



144

Postbiotics terminology  
Researchers have proposed differently 
terminology to describe the cellular components 
and respective metabolites and synthesized and 
released by probiotics (Figure 1). Most studies 
reported that postbiotics should provide the host 
with any physiological benefits, which are 
sometimes similar to the effects of live 
probiotics (Malagon-Rojas et al., 2020; Teame 

et al., 2020). Terms such as "paraprobiotics", 
"non-viable microbial cells", "phantom 
probiotics", and "bacterial lysates" have been 
proposed to indicate the use of inactivated 
microbial cells or cellular components by heat 
treatment, enzyme application or ultrasonic 
processing (de Almada et al., 2016; Barros et al., 
2020; Hernandez-Granados & Franco-Robles, 
2020; Moradi et al., 2020; Pyclik et al., 2020). 

 

 
Figure 1. Concepts of probiotic-derived postbiotics (adapted after Siciliano et al., 2021) 

 
An adapted definition of paraprobiotics based on 
the definition of probiotics with minor modifi-
cations and widely accepted by researchers is 
"non-viable/inactivated/dead microbial cells of 
probiotics (intact or broken cell components by 
lysis) or crude cell extracts (with complex 
chemical composition)", which when 
administered orally or locally in sufficient 
quantities determine the benefits to the human or 
animal consumer (de Almada et al., 2016; 
Martín & Langella, 2019; Siciliano et al., 2021). 
Regarding the use of synthesized probiotic 
metabolites, the term postbiotic has been 
proposed. Initially, postbiotics were defined as 
“soluble products or by-products of metabolic 
products secreted by probiotics or released after 
bacterial lysis, capable of conferring beneficial 
effects on the host directly or indirectly” (de 
Almada et al., 2016; Aguilar-Toalá et al., 2018; 
Cuevas-Gonzalez et al., 2020; Zołkiewicz et al., 
2020; Siciliano et al., 2021). In addition, post-
biotics may be referred to as microbial meta-
bolites and/or cell-free supernatants or extracts. 
From this perspective, postbiotics obtained from 
lactic acid bacteria contain numerous meta-
bolites used either as crude extract (or 
concentrate) or as a semi-purified form.  
In its 2021 panel on postbiotics, the International 
Scientific Association of Probiotics and 
Prebiotics (ISAPP) proposed a consensus 
definition that best fits the understanding of the 

concept of postbiotics, namely “preparations of 
non-viable microorganisms and/or components 
that provide health benefits to the host”. 
Therefore, postbiotics must contain microbial 
cells or cellular components that have been 
inactivated with or without metabolites, 
contributing to the observed health benefits, and 
to classify a preparation as postbiotic, the 
microbial composition prior to inactivation must 
be characterized (Salminen et al., 2021). 
In this review we used postbiotic term to 
indicate all components derived from probiotics 
with health benefits effects. 
 
Sources, types of postbiotics and their 
characteristics 
In general, lactic acid bacteria (mainly the 
genera Lactobacillus, Bifidobacterium) 
(Tsilingiri & Rescigno, 2013; Moradi et al., 
2020; Pyclik et al., 2020) but also bacterial 
species of Bacillus (Jensen et al., 2010; Majeed 
et al., 2020) or yeasts Saccharomyces (Mei Zhi 
& Shao-Quan, 2022) with proven probiotic 
properties, are used to obtain postbiotics. 
Probiotic bacteria produce metabolites during 
their development, playing a key role in 
regulating the development of their own cells, 
encouraging the growth of other beneficial 
organisms, providing protection against 
stressors (Hibbing et al. 2010). In general, 
postbiotics can be differentiated either by their 

composition, i.e. by lipids (i.e., butyrate, 
propionate), proteins (i.e., p40 molecule), 
vitamins (i.e., B vitamins), carbohydrates (i.e., 
teichoic acids, galactose-rich polysaccharides), 
and complex molecules such as lipoteic acids, 
peptidoglycan-derived muropeptides etc.  
(Tsilingiri & Rescigno, 2013). Bacteriocins are 
the most studied antimicrobial agents against 
various pathogens, i.e., Listeria sp., Salmonella 
sp. And Escherichia coli (Hartmann et al., 2011; 
O’Bryan et al., 2018; Fernandes & Jobby, 2022). 
Postbiotics have several important properties, 
such as clear chemical structures, easy 
production, ideal dose, safe profile and long 
shelf-life, which are highly sought after 
(Shigwedha et al., 2014). In addition, it has been 
shown that postbiotics can have equivalent 
health beneficial effects as that of probiotics, 
such as antimicrobial, immunomodulatory, anti-
inflammatory, hypocholesterolemic, 
hepatoprotective, anti-proliferative, antioxidant 
properties (Figure 3) (Sawada et al., 1990; Shin 
et al., 2010; Tsilingiri & Rescigno, 2013; 
Nakamura et al., 2016; De Marco et al., 2018; 
Aguilar-Toalá et al., 2018; Chuah et al., 2019). 
Bacteriocins, organic acids, short-chain fatty 
acids, enzymes, alcohols and other low 
molecular weight metabolites are the main 
metabolites responsible for the antimicrobial 
action of lactic acid bacteria. Cell-derived 
ingredients generally exhibit immunomodula-
tion and antiproliferative activities (Hernandez-
Granados & Franco-Robles, 2020). 
Therefore, the use of postbiotics may be a valid 
and safer alternative to avoid the risks associated 
with live probiotic bacteria, which gives 
postbiotics some practical applicability and 
functionality to become an important strategy 
for treating many diseases (Tsilingiri & 
Rescigno, 2013).  
 
Methods used to obtain postbiotics 
At the laboratory and industrial level, there are 
several important conditions that need to be 
considered in order to optimize the production 
of postbiotics (regardless of the type of prepa-
ration - inactivated cells or metabolites), such as: 
1) microorganisms used; 2) culture media; 3) 
extraction step; 4) preservation methods and 5) 
method of application (Figure 2).  
Lactic bacteria are grown mainly in De Man, 
Rogosa and Sharpe (MRS) broth medium. 

 
Figure 2. Workflow of production and characterization 

of the probiotic-derived postbiotics (adapted after 
Moradi et al., 2021; Nataraj et al., 2020) 

 
The brown to yellow-brown color of postbiotics 
prepared with MRS broth may limit the use of 
the postbiotic mixture in some foods or 
pharmaceutical products. Alternatively, the 
production of postbiotics by lactic acid bacteria 
and on fermentation media using renewable 
sources (i.e. cheese whey) would be an 
interesting choice (Amiri et al., 2021). After the 
fermentation period, the microbial cultures are 
subjected to additional extraction processes, 
such as centrifugation, sterile filtration (with 
0.22 or 0.45 μm pore size filters), column 
purification or dialysis in order to separate 
biosynthesized metabolites from bacterial cells 
(Sawada et al., 1990; Vidal et al., 2002; 
Matsuguchi et al., 2003; Amaretti et al., 2013, 
Nataraj et al., 2020; Moradi et al., 2021).  
In order to obtain a postbiotic mixture, in most 
cases, the researchers prepared cell free 
supernatants, with or without cell lysis, which 
may contain 1) metabolites synthesized in the 
environment during bacterial growth or 2) 
structural substances produced by lactic acid 
bacteria. In some studies, after propagation, 
bacterial cells have undergone cell lysis 
treatments, which include heat (Lee et al., 2002), 
extraction with solvent (Kim et al., 2011), 
enzymatic treatments (Li et al., 2012), 
sonication (Matsuguchi et al., 2003; Choi et al., 
2006; Kim et al., 2006;  Shin et al., 2010; 
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Sources, types of postbiotics and their 
characteristics 
In general, lactic acid bacteria (mainly the 
genera Lactobacillus, Bifidobacterium) 
(Tsilingiri & Rescigno, 2013; Moradi et al., 
2020; Pyclik et al., 2020) but also bacterial 
species of Bacillus (Jensen et al., 2010; Majeed 
et al., 2020) or yeasts Saccharomyces (Mei Zhi 
& Shao-Quan, 2022) with proven probiotic 
properties, are used to obtain postbiotics. 
Probiotic bacteria produce metabolites during 
their development, playing a key role in 
regulating the development of their own cells, 
encouraging the growth of other beneficial 
organisms, providing protection against 
stressors (Hibbing et al. 2010). In general, 
postbiotics can be differentiated either by their 

composition, i.e. by lipids (i.e., butyrate, 
propionate), proteins (i.e., p40 molecule), 
vitamins (i.e., B vitamins), carbohydrates (i.e., 
teichoic acids, galactose-rich polysaccharides), 
and complex molecules such as lipoteic acids, 
peptidoglycan-derived muropeptides etc.  
(Tsilingiri & Rescigno, 2013). Bacteriocins are 
the most studied antimicrobial agents against 
various pathogens, i.e., Listeria sp., Salmonella 
sp. And Escherichia coli (Hartmann et al., 2011; 
O’Bryan et al., 2018; Fernandes & Jobby, 2022). 
Postbiotics have several important properties, 
such as clear chemical structures, easy 
production, ideal dose, safe profile and long 
shelf-life, which are highly sought after 
(Shigwedha et al., 2014). In addition, it has been 
shown that postbiotics can have equivalent 
health beneficial effects as that of probiotics, 
such as antimicrobial, immunomodulatory, anti-
inflammatory, hypocholesterolemic, 
hepatoprotective, anti-proliferative, antioxidant 
properties (Figure 3) (Sawada et al., 1990; Shin 
et al., 2010; Tsilingiri & Rescigno, 2013; 
Nakamura et al., 2016; De Marco et al., 2018; 
Aguilar-Toalá et al., 2018; Chuah et al., 2019). 
Bacteriocins, organic acids, short-chain fatty 
acids, enzymes, alcohols and other low 
molecular weight metabolites are the main 
metabolites responsible for the antimicrobial 
action of lactic acid bacteria. Cell-derived 
ingredients generally exhibit immunomodula-
tion and antiproliferative activities (Hernandez-
Granados & Franco-Robles, 2020). 
Therefore, the use of postbiotics may be a valid 
and safer alternative to avoid the risks associated 
with live probiotic bacteria, which gives 
postbiotics some practical applicability and 
functionality to become an important strategy 
for treating many diseases (Tsilingiri & 
Rescigno, 2013).  
 
Methods used to obtain postbiotics 
At the laboratory and industrial level, there are 
several important conditions that need to be 
considered in order to optimize the production 
of postbiotics (regardless of the type of prepa-
ration - inactivated cells or metabolites), such as: 
1) microorganisms used; 2) culture media; 3) 
extraction step; 4) preservation methods and 5) 
method of application (Figure 2).  
Lactic bacteria are grown mainly in De Man, 
Rogosa and Sharpe (MRS) broth medium. 

 
Figure 2. Workflow of production and characterization 

of the probiotic-derived postbiotics (adapted after 
Moradi et al., 2021; Nataraj et al., 2020) 

 
The brown to yellow-brown color of postbiotics 
prepared with MRS broth may limit the use of 
the postbiotic mixture in some foods or 
pharmaceutical products. Alternatively, the 
production of postbiotics by lactic acid bacteria 
and on fermentation media using renewable 
sources (i.e. cheese whey) would be an 
interesting choice (Amiri et al., 2021). After the 
fermentation period, the microbial cultures are 
subjected to additional extraction processes, 
such as centrifugation, sterile filtration (with 
0.22 or 0.45 μm pore size filters), column 
purification or dialysis in order to separate 
biosynthesized metabolites from bacterial cells 
(Sawada et al., 1990; Vidal et al., 2002; 
Matsuguchi et al., 2003; Amaretti et al., 2013, 
Nataraj et al., 2020; Moradi et al., 2021).  
In order to obtain a postbiotic mixture, in most 
cases, the researchers prepared cell free 
supernatants, with or without cell lysis, which 
may contain 1) metabolites synthesized in the 
environment during bacterial growth or 2) 
structural substances produced by lactic acid 
bacteria. In some studies, after propagation, 
bacterial cells have undergone cell lysis 
treatments, which include heat (Lee et al., 2002), 
extraction with solvent (Kim et al., 2011), 
enzymatic treatments (Li et al., 2012), 
sonication (Matsuguchi et al., 2003; Choi et al., 
2006; Kim et al., 2006;  Shin et al., 2010; 
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Amaretti et al., 2013; Tiptiri-Kourpeti et al., 
2016). These treatments supplemented with 
some additional intracellular metabolites and 
cell wall-derived ingredients into the postbiotic 
mixture, provide new functionality to the 
obtained postbiotics. 
Postbiotics can be stored in both liquid and dry 
form (by spray-drying or freeze-drying).  
It is therefore necessary to analyze the 
technological and industrial processes that can 
be used to expand the production of  postbiotics 
for functional purposes at cost-effective levels. 
Dunand et al. (2019) reported an increasing 
protective effect of the  postbiotics of fermented 
milk produced at laboratory and industrially 
scale against Salmonella enterica serovar 
typhimurium infection in mice, after 20 days of 
exposure. Puccetti et al. (2018) developed 
gastro-resistant spray-dried microparticles 
loaded with postbiotics (indole-3-aldehyde) for 
localized delivery in the small intestine. 
Even if the production of postbiotics is possible 
on a laboratory scale or in small-scale 
production, the constraints could arise at the 
industrial level due to the changing conditions of 
processing or scaling which may lead to 
structural changes and variations in the 
physiological function of postbiotics. 
 
Identification and characterization of 
postbiotics 
The different analytical approaches have been 
proposed for the identification and 
characterization (qualitative and/or quantitative) 
of postbiotics, the exploration of a wide range of 
microbial complexes and molecules (de Almada 
et al., 2016; Aguilar-Toalá  et al., 2018; 
Shenderov et al., 2020). 
Consequently, matrix-assisted laser desorption/ 
ionization mass spectrometry (MALDI-TOF) 
was used to identify lipoteichoic acids produced 
by L. plantarum K8 (KCTC10887BP) (Kim et 
al., 2011) and HPLC and proton spectroscopy.  
Polysaccharide-glycopeptide complexes of 
Lactobacillus casei YIT9018 were identified 
and characterized by nuclear magnetic 
resonance imaging (1 H NMR) (Sawada et al., 
1990). In addition, chromatography coupled 
with tandem mass spectrometry and Fourier 
transform ion cyclotron resonance mass 
spectrometry were used to identify and 
characterize metabolites such as fatty acids, 

sphingolipids, purines, glycerolipids,  
oligosaccharides. However, ultra-performance 
liquid chromatography (UPLC) are highly 
preferred to identify the profile of compounds, 
because of low usage of solvent, high 
separation,  high sensitivity and precision 
capacity (Choi et al., 2006; Kim et al., 2011; 
Dong & Guillarme, 2013). It is important to note 
that clinical trials are needed to define the 
appropriate dose and the optimal frequency of 
administration (Patel & Denning, 2013). In a 
study by Chamberlain et al. (2019), 97 
metabolites and 71 lipids of the probiotics 
Lactobacillus acidophilus ATCC 4357 and 
Lactobacillus gasseri ATCC 33323 were 
identified using ultra-HPLC high-resolution 
mass spectrometry (MS). On the other hand, 
Moradi et al. (2019) identified, by gas chroma-
tography coupled with mass spectrometry (GC-
MS), almost fifty metabolites released in an 
average of three Lactobacillus strains.  
In the future, the metabolic assessment profile is 
intended to provide new techniques for more 
accurate and complex identification of 
postbiotics, which may be helpful in explaining 
possible modulation of signaling pathways 
associated with biological activities. 
Postbiotic bioactivity 
Most in vitro and in vivo studies focus on 
postbiotics (metabolites and cell derived 
ingredients) obtained from different strains of 
Lactobacillus and Bifidobacterium and, to a 
lesser extent, Saccharomyces species. Despite 
the fact that the mechanisms involved in most 
postbiotic activities are not yet clearly defined, 
scientific evidence suggests that postbiotics 
have directly and indirectly a wide range of 
beneficial properties to health, such as antioxi-
dant, antimicrobial and immunomodulatory 
activities (Shenderov, 2013; de Almada et al., 
2016; Aguilar-Toalá et al., 2018). The main 
results obtained are listed in Table 2. 
Preclinical studies should be performed to select 
of the best postbiotic candidate. In recent years, 
animal studies, in some conditions, have shown 
that postbiotics have health benefits.  Guo et al. 
(2013) found that selenium exopolysaccharide 
isolated from Lactococcus lactis subsp. lactis 
exhibited a stronger antioxidant activity than 
non-selenated polysaccharides, which was 
identified by measuring the antioxidant 
enzymes, while decreasing lipid peroxidation 

levels in the serum and liver of mice. Postbiotics 
have been reported to have an impact on 
behavior in animal models. For example, the 
administration of heat-killed  fermentate (ADR-
159) obtained from  Lactobacillus fermentum 
and Lactobacillus delbrueckii had an impact on 
the both microbiota and composition in mice 
model (Warda et al., 2019). The sociability of 

animals fed with ADR-159 was measured by a 
three-chamber social test, in which treated 
animals showed a higher preference in the room 
containing a new (unknown) mouse with the 
variant in which he is in a room with a familiar 
mouse, based on the paradigm of the preference 
of social novelty described by Warda et al. 
(2019).  

 
Table 2. In vitro and in vivo studies of probiotic - derived postbiotics and their effects 

Lactic acid bacteria Postbiotic 
component 

In vitro and in vivo studies Effect Reference 

3 Lactobacillus acidophilus,  
1 L. brevis, 2 L. casei,  
1 L. rhamnosus GG 

Intracellular 
content 

HeLa, MCF7, U-87, Hep G2, 
U2OS, PANC-1, HT-29, WiDr, 
DLD-1 and CX-1 cells 

Antiproliferative Choi et al., 
2006 

1 L. acidophilus, 1 L. jonsonnii, 
1 L. acidophilus, 1 L. brevis 

Intracellular 
content 

In vitro Antioxidants Kim et al., 
2006 

7 Bifidobacterium,  
11 Lactobacillus,  
6 Lactococcus, and  
10 S. thermophilus  

Intracellular 
content 

In vitro Antioxidants Amaretti et 
al., 2013 

L. johnsonni La1,  
L. acidophilus La10 

Lipoteic acids HT29 human cell line Immunomodulation Vidal et al., 
2002 

L. casei YIT 9029,  
L. fermentum YIT 0159 

Lipoteic acids RAW macrophages 264.7 Immunomodulation Matsuguchi 
et al., 2003 

Bifidobacterium longum 
SPM1207 

Sonicated cell 
suspension 

Rats model with high 
cholesterol 

Hypocholesteroloma Shin et al., 
2010 

L. amylovorus CP1563 Fragmented 
cells 

Obese mouse models Antiobezogen Nakamura 
et al., 2016 

L. casei YIT9018 Polysaccharide
-glycopeptide 
complexes 

Models of spontaneous 
hypertensive mice and renal 
hypertensive mice 

Anti-hypertensive Sawada et 
al., 1990 

L. casei ATCC 393 Sonicated cell 
suspension 

Murine CT26 and HT29 
human colon cancer cell line 

Antiproliferative Tiptiri-
Kourpeti et 
al., 2016 

L. fermentum BGHV110 Cell lysate 
suspension 

Human hepatoma HepG2 cells Hepatoprotective Dinić et al., 
2017 

L. rhamnosus GG Cell-free 
supernatants 

Smooth muscle cells of the 
human colon 

Anti-inflammatory Cicenia et 
al., 2016 

L. rhamnosus CRL1505 Peptidoglycan Swiss albino males and 
females infected with Strept. 
pneumoniae serotype 6B 

Increasing the immune 
response.  
A decrease in inflammatory 
tissue damage 

Kolling et 
al., 2015 

L. rhamnosus GG Soluble 
proteins 

Newborn rats infected with E. 
coli K1 C57BL / 6 mice with 
induced colitis 

Beneficial effects on the 
functioning of the intestinal 
barrier 

Gao et al., 
2019 

L. plantarum K8, 
KCTC10887BP 

Lipoteic acids Human monocyte cells THP-1 Immunomodulation Kim et al., 
2011 

Lactococcus lactis subsp. lactis  Exopolysaccha
ride 

Immunocompromised mice Antioxidant and 
immunomodulatory  

Guo et al., 
2013 

Bacillus coagulans Cell-free 
supernatants 

Human polymorphonuclear 
cells 

Immunomodulatory and 
anti-inflammatory 

Jensen et 
al., 2010 

 
In another study, the heat-killed Lactobacillus 
helveticus strain MCC1848 conferred anxiolytic 
or antidepressant effects in model mice 
(Maehata et al., 2019). Despite their 
effectiveness in animal studies, they may not 
necessarily be transferred to human studies. 
 

Application of postbiotics in the food, feed 
and pharmaceutical industries 
In last years, functional foods supplemented 
with probiotics, prebiotics and postbiotics have 
gained a lot of attention from scientists, 
producers and consumers.  
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Amaretti et al., 2013; Tiptiri-Kourpeti et al., 
2016). These treatments supplemented with 
some additional intracellular metabolites and 
cell wall-derived ingredients into the postbiotic 
mixture, provide new functionality to the 
obtained postbiotics. 
Postbiotics can be stored in both liquid and dry 
form (by spray-drying or freeze-drying).  
It is therefore necessary to analyze the 
technological and industrial processes that can 
be used to expand the production of  postbiotics 
for functional purposes at cost-effective levels. 
Dunand et al. (2019) reported an increasing 
protective effect of the  postbiotics of fermented 
milk produced at laboratory and industrially 
scale against Salmonella enterica serovar 
typhimurium infection in mice, after 20 days of 
exposure. Puccetti et al. (2018) developed 
gastro-resistant spray-dried microparticles 
loaded with postbiotics (indole-3-aldehyde) for 
localized delivery in the small intestine. 
Even if the production of postbiotics is possible 
on a laboratory scale or in small-scale 
production, the constraints could arise at the 
industrial level due to the changing conditions of 
processing or scaling which may lead to 
structural changes and variations in the 
physiological function of postbiotics. 
 
Identification and characterization of 
postbiotics 
The different analytical approaches have been 
proposed for the identification and 
characterization (qualitative and/or quantitative) 
of postbiotics, the exploration of a wide range of 
microbial complexes and molecules (de Almada 
et al., 2016; Aguilar-Toalá  et al., 2018; 
Shenderov et al., 2020). 
Consequently, matrix-assisted laser desorption/ 
ionization mass spectrometry (MALDI-TOF) 
was used to identify lipoteichoic acids produced 
by L. plantarum K8 (KCTC10887BP) (Kim et 
al., 2011) and HPLC and proton spectroscopy.  
Polysaccharide-glycopeptide complexes of 
Lactobacillus casei YIT9018 were identified 
and characterized by nuclear magnetic 
resonance imaging (1 H NMR) (Sawada et al., 
1990). In addition, chromatography coupled 
with tandem mass spectrometry and Fourier 
transform ion cyclotron resonance mass 
spectrometry were used to identify and 
characterize metabolites such as fatty acids, 

sphingolipids, purines, glycerolipids,  
oligosaccharides. However, ultra-performance 
liquid chromatography (UPLC) are highly 
preferred to identify the profile of compounds, 
because of low usage of solvent, high 
separation,  high sensitivity and precision 
capacity (Choi et al., 2006; Kim et al., 2011; 
Dong & Guillarme, 2013). It is important to note 
that clinical trials are needed to define the 
appropriate dose and the optimal frequency of 
administration (Patel & Denning, 2013). In a 
study by Chamberlain et al. (2019), 97 
metabolites and 71 lipids of the probiotics 
Lactobacillus acidophilus ATCC 4357 and 
Lactobacillus gasseri ATCC 33323 were 
identified using ultra-HPLC high-resolution 
mass spectrometry (MS). On the other hand, 
Moradi et al. (2019) identified, by gas chroma-
tography coupled with mass spectrometry (GC-
MS), almost fifty metabolites released in an 
average of three Lactobacillus strains.  
In the future, the metabolic assessment profile is 
intended to provide new techniques for more 
accurate and complex identification of 
postbiotics, which may be helpful in explaining 
possible modulation of signaling pathways 
associated with biological activities. 
Postbiotic bioactivity 
Most in vitro and in vivo studies focus on 
postbiotics (metabolites and cell derived 
ingredients) obtained from different strains of 
Lactobacillus and Bifidobacterium and, to a 
lesser extent, Saccharomyces species. Despite 
the fact that the mechanisms involved in most 
postbiotic activities are not yet clearly defined, 
scientific evidence suggests that postbiotics 
have directly and indirectly a wide range of 
beneficial properties to health, such as antioxi-
dant, antimicrobial and immunomodulatory 
activities (Shenderov, 2013; de Almada et al., 
2016; Aguilar-Toalá et al., 2018). The main 
results obtained are listed in Table 2. 
Preclinical studies should be performed to select 
of the best postbiotic candidate. In recent years, 
animal studies, in some conditions, have shown 
that postbiotics have health benefits.  Guo et al. 
(2013) found that selenium exopolysaccharide 
isolated from Lactococcus lactis subsp. lactis 
exhibited a stronger antioxidant activity than 
non-selenated polysaccharides, which was 
identified by measuring the antioxidant 
enzymes, while decreasing lipid peroxidation 

levels in the serum and liver of mice. Postbiotics 
have been reported to have an impact on 
behavior in animal models. For example, the 
administration of heat-killed  fermentate (ADR-
159) obtained from  Lactobacillus fermentum 
and Lactobacillus delbrueckii had an impact on 
the both microbiota and composition in mice 
model (Warda et al., 2019). The sociability of 

animals fed with ADR-159 was measured by a 
three-chamber social test, in which treated 
animals showed a higher preference in the room 
containing a new (unknown) mouse with the 
variant in which he is in a room with a familiar 
mouse, based on the paradigm of the preference 
of social novelty described by Warda et al. 
(2019).  

 
Table 2. In vitro and in vivo studies of probiotic - derived postbiotics and their effects 

Lactic acid bacteria Postbiotic 
component 

In vitro and in vivo studies Effect Reference 

3 Lactobacillus acidophilus,  
1 L. brevis, 2 L. casei,  
1 L. rhamnosus GG 

Intracellular 
content 

HeLa, MCF7, U-87, Hep G2, 
U2OS, PANC-1, HT-29, WiDr, 
DLD-1 and CX-1 cells 

Antiproliferative Choi et al., 
2006 

1 L. acidophilus, 1 L. jonsonnii, 
1 L. acidophilus, 1 L. brevis 

Intracellular 
content 

In vitro Antioxidants Kim et al., 
2006 

7 Bifidobacterium,  
11 Lactobacillus,  
6 Lactococcus, and  
10 S. thermophilus  

Intracellular 
content 

In vitro Antioxidants Amaretti et 
al., 2013 

L. johnsonni La1,  
L. acidophilus La10 

Lipoteic acids HT29 human cell line Immunomodulation Vidal et al., 
2002 

L. casei YIT 9029,  
L. fermentum YIT 0159 

Lipoteic acids RAW macrophages 264.7 Immunomodulation Matsuguchi 
et al., 2003 

Bifidobacterium longum 
SPM1207 

Sonicated cell 
suspension 

Rats model with high 
cholesterol 

Hypocholesteroloma Shin et al., 
2010 

L. amylovorus CP1563 Fragmented 
cells 

Obese mouse models Antiobezogen Nakamura 
et al., 2016 

L. casei YIT9018 Polysaccharide
-glycopeptide 
complexes 

Models of spontaneous 
hypertensive mice and renal 
hypertensive mice 

Anti-hypertensive Sawada et 
al., 1990 

L. casei ATCC 393 Sonicated cell 
suspension 

Murine CT26 and HT29 
human colon cancer cell line 

Antiproliferative Tiptiri-
Kourpeti et 
al., 2016 

L. fermentum BGHV110 Cell lysate 
suspension 

Human hepatoma HepG2 cells Hepatoprotective Dinić et al., 
2017 

L. rhamnosus GG Cell-free 
supernatants 

Smooth muscle cells of the 
human colon 

Anti-inflammatory Cicenia et 
al., 2016 

L. rhamnosus CRL1505 Peptidoglycan Swiss albino males and 
females infected with Strept. 
pneumoniae serotype 6B 

Increasing the immune 
response.  
A decrease in inflammatory 
tissue damage 

Kolling et 
al., 2015 

L. rhamnosus GG Soluble 
proteins 

Newborn rats infected with E. 
coli K1 C57BL / 6 mice with 
induced colitis 

Beneficial effects on the 
functioning of the intestinal 
barrier 

Gao et al., 
2019 

L. plantarum K8, 
KCTC10887BP 

Lipoteic acids Human monocyte cells THP-1 Immunomodulation Kim et al., 
2011 

Lactococcus lactis subsp. lactis  Exopolysaccha
ride 

Immunocompromised mice Antioxidant and 
immunomodulatory  

Guo et al., 
2013 

Bacillus coagulans Cell-free 
supernatants 

Human polymorphonuclear 
cells 

Immunomodulatory and 
anti-inflammatory 

Jensen et 
al., 2010 

 
In another study, the heat-killed Lactobacillus 
helveticus strain MCC1848 conferred anxiolytic 
or antidepressant effects in model mice 
(Maehata et al., 2019). Despite their 
effectiveness in animal studies, they may not 
necessarily be transferred to human studies. 
 

Application of postbiotics in the food, feed 
and pharmaceutical industries 
In last years, functional foods supplemented 
with probiotics, prebiotics and postbiotics have 
gained a lot of attention from scientists, 
producers and consumers.  
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In the case of postbiotics, survival is not the 
main factor and the proper amount of it can be 
controlled during production and storage 
conditions, therefore its applications in a 

delivery system, such as functional foods and/or 
pharmaceuticals may require some technical and 
economic privileges for producers (Barros et al., 
2019) (Figure 3). 

 

 
Figure 3. Potential application of probiotic-derived postbiotics. Graphical illustration 

was created partially using https://smart.servier.com/ 
 

 

On the other hand, postbiotics can be 
intentionally added to a wide range of foods 
(fermented and/or unfermented) for various 
purposes (Chaluvadi et al., 2015). In addition, 
other research has shown that the postbiotic 
supernatant derived from L. plantarum YML007 
may be a potential bio-preservative, which has a 
positive effect on soybeans and has improved its 
lifespan by up to 2 months. Post-biotic 
exopolysaccharides from lactic acid bacteria 
such as L. rhamnosus indicate a key role in the 
food industry, which can improve the 
physicochemical and sensory properties of food 
(Aguilar-Toalá et al., 2018). 
Another biological role of postbiotics is the 
detoxifying function against toxic metabolites, 
which in recent years have gained much 
attention from scientists. In most investigations, 
the main mechanisms of action of various 
postbiotics are referred to as surface adsorption 
by cell wall components and/or degradation of 
toxic substances by various metabolites, such as 
enzymes. Also, adding postbiotic yeast cell wall 
extract (0.2%) to food/feed can significantly 
prevent zearalenone-induced reproductive 
toxicity of 0.4 mg/L (Wang et al., 2019). 
In this regard, a new approach is the use of 
postbiotics as safe additive in food (Moradi et 
al., 2020). Moradi et al. (2019) investigated the 
potential of three different postbiotics 
Lactobacillus spp. in minced meat and whole 
milk. However, the antimicrobial activity 
depended on the type of postbiotics and the 
contact time (Moradi et al., 2019). Another 
innovative approach is the incorporation of 

postbiotics into polymeric film.  Beristain-
Bauza et al. (2016; 2017) investigated in vitro 
the antimicrobial activity of protein films 
supplemented with cell-free supernatants of 
Lactobacillus rhamnosus or Lactobacillus sakei 
to control some gram-positive and negative 
bacteria. For the wide application of postbiotics 
in the human food, feed and pharmaceutical 
industries, it is required to create a bridge 
between science knowledge, industry and 
informing the consumer about their beneficial 
effects. Commercial products based probiotic-
derived postbiotics, are currently available on 
the market. Pro-Symbioflor® (SymbioPharm 
GmbH, Herborn, Germany) is an autolysate of 
cells and cell fragments of Enterococcus 
faecalis (DSM 16440) and Escherichia coli 
(DSM 17252) which help alleviate disturbance 
of the gastrointestinal function, irritable bowel 
syndrome, improve the immune system and 
reduce the incidence of atopic dermatitis (Lau et 
al., 2012). 
Hylak® Forte (Ratiopharm/Merckle GmbH, 
Germany) is a postbiotic liquid containing active 
metabolites (e.g., such as short-chain fatty acids, 
amino acids and vitamins) derived from 
Lactobacillus acidophilus DSM 414, L. 
helveticus DS 4183, Escherichia coli DSM 4087 
and Streptococcus faecalis DSM 4086, used to 
relieve bacterial imbalance in the gastrointes-
tinal tract and associated symptoms as bloating, 
diarrhea, and constipation (Omarov et al., 2014; 
Patil et al., 2019). CytoFlora® (BioRay Inc., 
Laguna Hills, CA, USA) is a cell wall lysate 
without microbes from various strains of 

Lactobacillus, Bifidobacterium, Streptococcus, 
used to correct intestinal dysbiosis, promote a 
balanced immune response, and relieves 
symptoms in children with autism (Ray et al., 
2010). West et al. (2013) reported an 
improvement of behavior of the children with 
autism spectrum disorder when received a blend 
of Del-Immune V® (Pure Research Products, 
LLC, Boulder, CO, USA) (which contains 
derived from cell wall fragments from 
Lacticasei bacillus rhamnosus) plus probiotics.  
LactoSporin®, a purified extracellular 
metabolite from fermented broth Bacillus 
coagulans MTCC 5856 has been shown to treat 
acne vulgaris (Majeeed et al., 2020). The 
potential mechanism of LactoSporin® as an 
antimicrobial agent is by lowering the pH, 
inhibiting the microbial biofilm, and draining 
ions from the target cells (Majeed et al., 2020). 
Other skin care products combine postbiotics 
with plant extracts - a vaginal cream (Marcale 
Seroyal Genestra) based on fermented 
Lactobacillus (Lactobacillus acidophilus (CUL-
60) and Lactobacillus gasseri (CUL-09) with a 
plant support Bulb Allium sativum Extract 
(Garlic) and Rosa damascena flower oil) used to 
relieve fungal infections; Payot Crème N°2 
Nuage (based on extracts of Boswellia and 
Jasmine with lysate fermented bifida and alpha-
glucan oligosaccharide). 
Furthermore, supplementation of L. plantarum 
postbiotics in feed, significantly improves the 
growth performance of livestock (Loh et al., 
2013, 2014; Kareem et al., 2016; Danladi et al., 
2022), laying performance (Loh et al. (2013), 
antioxidant activity in the blood (Izuddin et al., 
2020), immune response (Danladi et al., 2022). 
Currently, much of the research on postbiotics is 
dedicated not only to the precise identification 
of their mechanisms of action, but also to the 
development of new functional food 
formulations and prophylactic drugs to improve 
host health (Aguilar-Toalá et al., 2018).  
 
CONCLUSIONS 
 
According to current data, postbiotics are 
characterized by their specific chemical 
structure, easy production, ideal dose, safe 
profile and long shelf-life, thereby facilitating 
transfer from labo to industrial level and wide 
commercialization. As discussed in this review, 

the postbiotics represent an important 
opportunity for the development of the 
innovative functional ingredients as new health 
promoters due its immunomodulatory, 
antihypertensive, antimicrobial and 
antioxidative properties. Consequently, 
postbiotics can be widely used in the future in 
food, feed and pharmaceutical industries. 
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In the case of postbiotics, survival is not the 
main factor and the proper amount of it can be 
controlled during production and storage 
conditions, therefore its applications in a 

delivery system, such as functional foods and/or 
pharmaceuticals may require some technical and 
economic privileges for producers (Barros et al., 
2019) (Figure 3). 

 

 
Figure 3. Potential application of probiotic-derived postbiotics. Graphical illustration 

was created partially using https://smart.servier.com/ 
 

 

On the other hand, postbiotics can be 
intentionally added to a wide range of foods 
(fermented and/or unfermented) for various 
purposes (Chaluvadi et al., 2015). In addition, 
other research has shown that the postbiotic 
supernatant derived from L. plantarum YML007 
may be a potential bio-preservative, which has a 
positive effect on soybeans and has improved its 
lifespan by up to 2 months. Post-biotic 
exopolysaccharides from lactic acid bacteria 
such as L. rhamnosus indicate a key role in the 
food industry, which can improve the 
physicochemical and sensory properties of food 
(Aguilar-Toalá et al., 2018). 
Another biological role of postbiotics is the 
detoxifying function against toxic metabolites, 
which in recent years have gained much 
attention from scientists. In most investigations, 
the main mechanisms of action of various 
postbiotics are referred to as surface adsorption 
by cell wall components and/or degradation of 
toxic substances by various metabolites, such as 
enzymes. Also, adding postbiotic yeast cell wall 
extract (0.2%) to food/feed can significantly 
prevent zearalenone-induced reproductive 
toxicity of 0.4 mg/L (Wang et al., 2019). 
In this regard, a new approach is the use of 
postbiotics as safe additive in food (Moradi et 
al., 2020). Moradi et al. (2019) investigated the 
potential of three different postbiotics 
Lactobacillus spp. in minced meat and whole 
milk. However, the antimicrobial activity 
depended on the type of postbiotics and the 
contact time (Moradi et al., 2019). Another 
innovative approach is the incorporation of 

postbiotics into polymeric film.  Beristain-
Bauza et al. (2016; 2017) investigated in vitro 
the antimicrobial activity of protein films 
supplemented with cell-free supernatants of 
Lactobacillus rhamnosus or Lactobacillus sakei 
to control some gram-positive and negative 
bacteria. For the wide application of postbiotics 
in the human food, feed and pharmaceutical 
industries, it is required to create a bridge 
between science knowledge, industry and 
informing the consumer about their beneficial 
effects. Commercial products based probiotic-
derived postbiotics, are currently available on 
the market. Pro-Symbioflor® (SymbioPharm 
GmbH, Herborn, Germany) is an autolysate of 
cells and cell fragments of Enterococcus 
faecalis (DSM 16440) and Escherichia coli 
(DSM 17252) which help alleviate disturbance 
of the gastrointestinal function, irritable bowel 
syndrome, improve the immune system and 
reduce the incidence of atopic dermatitis (Lau et 
al., 2012). 
Hylak® Forte (Ratiopharm/Merckle GmbH, 
Germany) is a postbiotic liquid containing active 
metabolites (e.g., such as short-chain fatty acids, 
amino acids and vitamins) derived from 
Lactobacillus acidophilus DSM 414, L. 
helveticus DS 4183, Escherichia coli DSM 4087 
and Streptococcus faecalis DSM 4086, used to 
relieve bacterial imbalance in the gastrointes-
tinal tract and associated symptoms as bloating, 
diarrhea, and constipation (Omarov et al., 2014; 
Patil et al., 2019). CytoFlora® (BioRay Inc., 
Laguna Hills, CA, USA) is a cell wall lysate 
without microbes from various strains of 

Lactobacillus, Bifidobacterium, Streptococcus, 
used to correct intestinal dysbiosis, promote a 
balanced immune response, and relieves 
symptoms in children with autism (Ray et al., 
2010). West et al. (2013) reported an 
improvement of behavior of the children with 
autism spectrum disorder when received a blend 
of Del-Immune V® (Pure Research Products, 
LLC, Boulder, CO, USA) (which contains 
derived from cell wall fragments from 
Lacticasei bacillus rhamnosus) plus probiotics.  
LactoSporin®, a purified extracellular 
metabolite from fermented broth Bacillus 
coagulans MTCC 5856 has been shown to treat 
acne vulgaris (Majeeed et al., 2020). The 
potential mechanism of LactoSporin® as an 
antimicrobial agent is by lowering the pH, 
inhibiting the microbial biofilm, and draining 
ions from the target cells (Majeed et al., 2020). 
Other skin care products combine postbiotics 
with plant extracts - a vaginal cream (Marcale 
Seroyal Genestra) based on fermented 
Lactobacillus (Lactobacillus acidophilus (CUL-
60) and Lactobacillus gasseri (CUL-09) with a 
plant support Bulb Allium sativum Extract 
(Garlic) and Rosa damascena flower oil) used to 
relieve fungal infections; Payot Crème N°2 
Nuage (based on extracts of Boswellia and 
Jasmine with lysate fermented bifida and alpha-
glucan oligosaccharide). 
Furthermore, supplementation of L. plantarum 
postbiotics in feed, significantly improves the 
growth performance of livestock (Loh et al., 
2013, 2014; Kareem et al., 2016; Danladi et al., 
2022), laying performance (Loh et al. (2013), 
antioxidant activity in the blood (Izuddin et al., 
2020), immune response (Danladi et al., 2022). 
Currently, much of the research on postbiotics is 
dedicated not only to the precise identification 
of their mechanisms of action, but also to the 
development of new functional food 
formulations and prophylactic drugs to improve 
host health (Aguilar-Toalá et al., 2018).  
 
CONCLUSIONS 
 
According to current data, postbiotics are 
characterized by their specific chemical 
structure, easy production, ideal dose, safe 
profile and long shelf-life, thereby facilitating 
transfer from labo to industrial level and wide 
commercialization. As discussed in this review, 

the postbiotics represent an important 
opportunity for the development of the 
innovative functional ingredients as new health 
promoters due its immunomodulatory, 
antihypertensive, antimicrobial and 
antioxidative properties. Consequently, 
postbiotics can be widely used in the future in 
food, feed and pharmaceutical industries. 
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Abstract  
 
The paper is part of the efforts to meet the strategic objectives of the National Plan for the adoption of the Euro and 
addresses the analysis of convergence on the integration of foreign trade in Romania in the EU context, aiming to help 
substantiate the specific measures and actions required by the agri-food sector. The method approached a two fold, 
analysis, by estimating the coefficients of variation and the unit value index of the foreign trade flows calculated for 
each subsector of food industry. The results point on products in sectors with major market imbalances / recovery, 
convergent / divergent developments in unit export prices at country level, deviation from average unit export price and 
differences in the average annual growth rate of unit export prices, in Romania compared to the EU average.  
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INTRODUCTION 
 
Searching to gain a deeper understanding of 
how the EU integration process affects patterns 
of industrial specialization, geographical 
location and grouping in Europe and the 
component regions involves specific 
methodologies for defining and evaluating key 
terms and data collection by time periods, 
Member States, regions and sectors, 
formulation and construction of relevant 
indicators, as well as evaluation of their 
evolution in the Single Market context. 
In the economic theory, growth of economic 
integration in the EU, as it is expressed by the 
four freedoms (movement of persons, capital, 
goods and services) and supported by the 
harmonization of regulations and mutual 
recognition of qualifications and standards, 
introduction of a common currency and of such 
similar measures, should lead both at the level 
of Member States and their regions to better 
economic specialization, either because of the 
inherent and inherited comparative advantages 
or because of the growing profits associated 
with the magnifying effects of production.  
The new Economic Geography, continuous 
modelling, assert that the effects of increasing 
profitability lead and are increased by the 
concentration and geographical agglomeration 
of economic activity and localized industrial 

interdependencies. However, more recent 
theoretical developments state that not only 
technological changes contributed to such 
interdependencies become geographically 
dispersed (relocated) - such as supply chains 
and intra-industrial trade - but also to that 
countries and regions become specialized in 
functions and tasks, rather than in certain 
industrial activities (Gardiner et al., 2020). 
Assessing the extent to which EU integration 
has progressed over the last two decades 
highlights the effects of integration (on 
specialization, concentration, clustering) would 
most likely be observed in areas, such as 
Member States, sectors etc., where integration 
has strengthened the most. This is particularly 
the case where other developments, such as the 
increasing globalization of supply chains and 
the financial crisis and the ensuing great 
recession, coincide with this period and have 
created their own impacts and dynamics that 
could obscure any integration effects. Special 
integration-related events taking place during 
this period included the accession of many 
Eastern European countries, Euro launch and 
several initiatives (such as the Services 
Directive and the Single Market Act I and II) 
aimed at deepening integration into areas of the 
economy less affected by the previous 
directives which tended to focus more on 
tradable goods. 
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Abstract  
 
The paper is part of the efforts to meet the strategic objectives of the National Plan for the adoption of the Euro and 
addresses the analysis of convergence on the integration of foreign trade in Romania in the EU context, aiming to help 
substantiate the specific measures and actions required by the agri-food sector. The method approached a two fold, 
analysis, by estimating the coefficients of variation and the unit value index of the foreign trade flows calculated for 
each subsector of food industry. The results point on products in sectors with major market imbalances / recovery, 
convergent / divergent developments in unit export prices at country level, deviation from average unit export price and 
differences in the average annual growth rate of unit export prices, in Romania compared to the EU average.  
 
Key words: convergence analysis, Euro zone, food sectors, Romania, trade.  
 
INTRODUCTION 
 
Searching to gain a deeper understanding of 
how the EU integration process affects patterns 
of industrial specialization, geographical 
location and grouping in Europe and the 
component regions involves specific 
methodologies for defining and evaluating key 
terms and data collection by time periods, 
Member States, regions and sectors, 
formulation and construction of relevant 
indicators, as well as evaluation of their 
evolution in the Single Market context. 
In the economic theory, growth of economic 
integration in the EU, as it is expressed by the 
four freedoms (movement of persons, capital, 
goods and services) and supported by the 
harmonization of regulations and mutual 
recognition of qualifications and standards, 
introduction of a common currency and of such 
similar measures, should lead both at the level 
of Member States and their regions to better 
economic specialization, either because of the 
inherent and inherited comparative advantages 
or because of the growing profits associated 
with the magnifying effects of production.  
The new Economic Geography, continuous 
modelling, assert that the effects of increasing 
profitability lead and are increased by the 
concentration and geographical agglomeration 
of economic activity and localized industrial 

interdependencies. However, more recent 
theoretical developments state that not only 
technological changes contributed to such 
interdependencies become geographically 
dispersed (relocated) - such as supply chains 
and intra-industrial trade - but also to that 
countries and regions become specialized in 
functions and tasks, rather than in certain 
industrial activities (Gardiner et al., 2020). 
Assessing the extent to which EU integration 
has progressed over the last two decades 
highlights the effects of integration (on 
specialization, concentration, clustering) would 
most likely be observed in areas, such as 
Member States, sectors etc., where integration 
has strengthened the most. This is particularly 
the case where other developments, such as the 
increasing globalization of supply chains and 
the financial crisis and the ensuing great 
recession, coincide with this period and have 
created their own impacts and dynamics that 
could obscure any integration effects. Special 
integration-related events taking place during 
this period included the accession of many 
Eastern European countries, Euro launch and 
several initiatives (such as the Services 
Directive and the Single Market Act I and II) 
aimed at deepening integration into areas of the 
economy less affected by the previous 
directives which tended to focus more on 
tradable goods. 
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Romania's current efforts in the process of 
monetary integration take place in the context 
of the global efforts in which European 
economies are recovering from the economic 
crisis generated by covidemia and other 
conjectural challenges such as energy crisis - 
related prices blow-up. In European Union, 
economic downturns tend to polarize emerging/ 
developing and developed countries, and 
sometimes a process of divergence rather than 
economic convergence. Among the main 
objectives of the necessary measures and 
actions for Romania, within the National Plan 
for Euro adoption, are highlighted "Correction 
of macroeconomic imbalances and reduction of 
the real and structural convergence gap and" 
Fulfilment of structural conditions ", with 
emphasis on increasing the competitiveness of 
the economy through a better production 
structure, high value-added type. In order to 
achieve the strategic objectives, it is necessary 
to pursue the operational objectives, which 
include correcting economic imbalances, 
improving competitiveness and developing in 
particular the areas essential for the 
sustainability of economic growth. These 
objectives are in line with the European context 
of improving national sectoral performance and 
reducing gaps between states in order to meet 
their obligations to achieve Economic and 
Monetary Union under the Treaty on the 
Functioning of the EU and with a view to 
enlarging Euro zone. 
The preliminary stage that Romania, as an EU 
member state, must go through to join the Euro 
zone includes, beyond the economic criteria 
included in the Maastricht Treaty, acceptance 
in the ERM II Exchange Rate Mechanism and 
compliance with the restrictions that challenge 
it as currency to fluctuate over a two-year 
period in the range of plus-minus 15% against 
the common currency Euro.  
Developments over the last decade have shown, 
especially after crises starting with that in 2008 
and the border rescue of Greece, that nominal 
macroeconomic parameters are insufficient for 
accession to the Euro-zone. Economists more 
and more assert that the adoption of the euro 
must be achieved when a real degree of real 
convergence has been reached, including 
valuable research studies investigating these 
aspects related to Romania (ex.: Iancu, 2020; 

Andrei et al., 2020; Chivu et al., 2019; Isărescu, 
2015; Albu, 2012). 
Meeting the criteria for nominal and real 
convergence are the main objectives of the 
Member States in the process of accession to 
Economic and Monetary Union. In order to 
adopt the Euro, countries that currently have a 
non Euro membership status, including 
Romania, need to close the gap with Member 
States belonging to Euro zone, and first of all it 
is necessary to harmonize the area on structural 
convergence and intra-sectoral efficiency. 
 
MATERIALS AND METHODS 
 
Based on Eurostat data, convergence on 
integration in foreign trade has been analyzed 
by using: (a) coefficients of variation defined as 
the standard deviation of price level indices in a 
group of countries as a percentage of their 
average index; (b) the unit value index (IVU) 
of the foreign trade flows calculated for each 
subsector of food industry, by 3-digit level of 
NACE Rev. 2 codes, respectively C101-C109, 
for Romania and EU-28, with the formula: IVU 
= (Export Value/Export Quantity)/(Import 
Value/Import Quantity), using trade statistics  
of CN codes 01-24 at 4-digits (Rusali, 2021). 
 
RESULTS AND DISCUSSIONS 
 
1. Developments of trade with processed 

agri-food products in the last decade 
Trade in processed food and agricultural 
products has evolved differently from 
Romania's total trade in the last 20 years in 
terms of steadily increasing export and import 
trade flows (Table 1). The top values for the 
period were recorded in 2020, with imports of 
processed agri-food products amounting to 4.8 
billion Euros and exports of 3.1 billion Euro. 
The deepest trade deficit in processed food and 
agricultural products recorded in 2019, of -1.9 
billion Euro, 3.7 times higher than in 2001, and 
decreased to -1.6 billion Euros in 2020.  
The balance of trade in processed agri-food 
products showed a chronic deficit throughout 
the period, with a sharp imbalance between 
2001-2006, when deficit deepened from -521 
million Euro to -1.16 billion Euro.  
The trade deficit continued to contract in the 
period after EU accession reaching -732 

 
million Euro in 2014, the decrease being 
induced by the increase of exports with an 
average annual rate of 19.4%, higher than the 
growth rate of imports, of 7.2%. 
It should be noted that, in the period 2019-
2020, in the context of triggering the covidemia 
health emergency, while in the national 
economy, Romania's trade suffered decreases, 
respectively, of -9.8% for exports and -6.6% 
for imports, for processed food and agricultural 
products, there were increases of 16% in 
exports and 4% in imports, resulting in a 
reduction of -12.6% of the trade deficit for this 
category of products. Another positive aspect 
was indicated by the increasing trend of the 
coverage rate of imports through exports, 
respectively, from 24.6% in the period 2001-
2006, to 48.5% between 2007-2013, reaching 
63% in the period 2014-2020. 

 
Table 1. Trade in processed food and agricultural 

products vs. Romania's total trade - Developments in the 
period 2001-2020 
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2001 Mil. 
Euro 12698 169 17346 690 -4647 -521 

2007 Mil. 
Euro 29374 475 51028 1642 -21654 -1166 

2014 Mil. 
Euro 52570 1893 58596 2626 -6027 -732 

2019 Mil. 
Euro 69048 2679 86328 4607 -17281 -1928 

2020 Mil. 
Euro 62247 3106 80654 4790 -18408 -1685 

Growth rate 
2001-2006 % 12.5 9.2 15.3 11.1 21.5 11.7 

Growth rate 
2007-2013 % 7.8 19.4 1.2 7.2 -17.4 -1.8 

Growth rate 
2014-2020 % 2.4 7.3 4.7 9 17.3 12.6 

Variation* 
2020-2019 % -9.8 15.9 -6.6 4 6.5 -12.6 

Sh
ar

e 
in

 to
ta

l t
ra

de
 Average 

2001-
2006 

100 1.2 100 3.4 100 9.3 1.2 

Average 
2007-
2013 

100 2.8 100 4.4 100 10.3 2.8 

Average 
2014 -  
2020 

100 3.8 100 5.1 100 11.4 3.8 

*(Value C 2020-Value C 2019)/Value C 2019 
Source: Eurostat (Sept. 2021). 
 
The analysis of the flows of imports and 
exports of Romanian agri-food products (CN 
codes 01-24 at 4-digits) by products and 
product categories, registered in 2020, 

indicated the first 5 groups of exported 
products, being: maize, 15.4% and wheat & 
meslin, 11.9%, followed by cigarettes, 10%, 
tobacco products, 9.6%, sunflower seeds, 8.8%, 
which accounted for 59% of exports Romania’s 
agri-food sector and had the largest 
contribution to the sector’s trade surplus. At the 
same time, the main groups of imported 
products were: pork, 6.7%, bakery, pastry and 
biscuits, 4.3% and food, chocolate, cheese, feed 
and corn, each 3.6% each, accumulating 29% 
of Romania's agri-food imports in 2020. 
Processed agri-food products registered, in 
2020, 9% of the foreign trade deficit, 5% of the 
value of Romania's exports, and 6% of imports. 
Of the 367 exported processed agri-food 
products listed in the 6-digit CN code list, 10 
products accounted for 16% of the country's 
total exports, accounting for 70% of the trade 
deficit in this category in 2020. 
According to the negative value of Romania's 
foreign trade balance, in 2020, the products 
with the largest deficits were: Food for certain 
household products, for retail sale, 11.6%; 
Food preparations, 10.8%; Cheese (excluding 
fresh cheese), 7.6%; Cake and other solid 
residues, 9.8%; Preparations of a kind used in 
animal feeding (excluding dog or cat food) for 
retail sale, 6.5%; "Un-ripened cheese", 
including cheese of whey and curd, 6%; Cane 
or beet sugar and sucrose, 6%; Chocolate and 
other preparations containing 5% cocoa in 
containers; Bread, pastries, cakes, biscuits, 
4.8%; Chocolate and other preparations 
containing cocoa in blocks, 4.8%. 
Among Romania’s agri-food products exported 
in 2020, which achieved over 1% share in 
Romania's agri-food exports, there are 15 
products that accumulated 75% of the exports 
of processed agri-food products and 30% in the 
deficit of foreign trade with processed products. 
The first 2 products exported, respectively, of 
the group Cigarettes and processed tobacco & 
substitutes, accounted for 44% of exports of 
processed agri-food products in 2020. 
The main 10 destination countries contributed 
71.3% to Romania's exports in 2020 of 
processed agri-food products and were 
generally the relations that developed in the 
period 2014-2020 (Table 2). The first 5 world 
markets that had the largest shares in 
Romania's exports in 2020 from the group of 
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Romania's current efforts in the process of 
monetary integration take place in the context 
of the global efforts in which European 
economies are recovering from the economic 
crisis generated by covidemia and other 
conjectural challenges such as energy crisis - 
related prices blow-up. In European Union, 
economic downturns tend to polarize emerging/ 
developing and developed countries, and 
sometimes a process of divergence rather than 
economic convergence. Among the main 
objectives of the necessary measures and 
actions for Romania, within the National Plan 
for Euro adoption, are highlighted "Correction 
of macroeconomic imbalances and reduction of 
the real and structural convergence gap and" 
Fulfilment of structural conditions ", with 
emphasis on increasing the competitiveness of 
the economy through a better production 
structure, high value-added type. In order to 
achieve the strategic objectives, it is necessary 
to pursue the operational objectives, which 
include correcting economic imbalances, 
improving competitiveness and developing in 
particular the areas essential for the 
sustainability of economic growth. These 
objectives are in line with the European context 
of improving national sectoral performance and 
reducing gaps between states in order to meet 
their obligations to achieve Economic and 
Monetary Union under the Treaty on the 
Functioning of the EU and with a view to 
enlarging Euro zone. 
The preliminary stage that Romania, as an EU 
member state, must go through to join the Euro 
zone includes, beyond the economic criteria 
included in the Maastricht Treaty, acceptance 
in the ERM II Exchange Rate Mechanism and 
compliance with the restrictions that challenge 
it as currency to fluctuate over a two-year 
period in the range of plus-minus 15% against 
the common currency Euro.  
Developments over the last decade have shown, 
especially after crises starting with that in 2008 
and the border rescue of Greece, that nominal 
macroeconomic parameters are insufficient for 
accession to the Euro-zone. Economists more 
and more assert that the adoption of the euro 
must be achieved when a real degree of real 
convergence has been reached, including 
valuable research studies investigating these 
aspects related to Romania (ex.: Iancu, 2020; 

Andrei et al., 2020; Chivu et al., 2019; Isărescu, 
2015; Albu, 2012). 
Meeting the criteria for nominal and real 
convergence are the main objectives of the 
Member States in the process of accession to 
Economic and Monetary Union. In order to 
adopt the Euro, countries that currently have a 
non Euro membership status, including 
Romania, need to close the gap with Member 
States belonging to Euro zone, and first of all it 
is necessary to harmonize the area on structural 
convergence and intra-sectoral efficiency. 
 
MATERIALS AND METHODS 
 
Based on Eurostat data, convergence on 
integration in foreign trade has been analyzed 
by using: (a) coefficients of variation defined as 
the standard deviation of price level indices in a 
group of countries as a percentage of their 
average index; (b) the unit value index (IVU) 
of the foreign trade flows calculated for each 
subsector of food industry, by 3-digit level of 
NACE Rev. 2 codes, respectively C101-C109, 
for Romania and EU-28, with the formula: IVU 
= (Export Value/Export Quantity)/(Import 
Value/Import Quantity), using trade statistics  
of CN codes 01-24 at 4-digits (Rusali, 2021). 
 
RESULTS AND DISCUSSIONS 
 
1. Developments of trade with processed 

agri-food products in the last decade 
Trade in processed food and agricultural 
products has evolved differently from 
Romania's total trade in the last 20 years in 
terms of steadily increasing export and import 
trade flows (Table 1). The top values for the 
period were recorded in 2020, with imports of 
processed agri-food products amounting to 4.8 
billion Euros and exports of 3.1 billion Euro. 
The deepest trade deficit in processed food and 
agricultural products recorded in 2019, of -1.9 
billion Euro, 3.7 times higher than in 2001, and 
decreased to -1.6 billion Euros in 2020.  
The balance of trade in processed agri-food 
products showed a chronic deficit throughout 
the period, with a sharp imbalance between 
2001-2006, when deficit deepened from -521 
million Euro to -1.16 billion Euro.  
The trade deficit continued to contract in the 
period after EU accession reaching -732 

 
million Euro in 2014, the decrease being 
induced by the increase of exports with an 
average annual rate of 19.4%, higher than the 
growth rate of imports, of 7.2%. 
It should be noted that, in the period 2019-
2020, in the context of triggering the covidemia 
health emergency, while in the national 
economy, Romania's trade suffered decreases, 
respectively, of -9.8% for exports and -6.6% 
for imports, for processed food and agricultural 
products, there were increases of 16% in 
exports and 4% in imports, resulting in a 
reduction of -12.6% of the trade deficit for this 
category of products. Another positive aspect 
was indicated by the increasing trend of the 
coverage rate of imports through exports, 
respectively, from 24.6% in the period 2001-
2006, to 48.5% between 2007-2013, reaching 
63% in the period 2014-2020. 

 
Table 1. Trade in processed food and agricultural 

products vs. Romania's total trade - Developments in the 
period 2001-2020 
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2001 Mil. 
Euro 12698 169 17346 690 -4647 -521 

2007 Mil. 
Euro 29374 475 51028 1642 -21654 -1166 

2014 Mil. 
Euro 52570 1893 58596 2626 -6027 -732 

2019 Mil. 
Euro 69048 2679 86328 4607 -17281 -1928 

2020 Mil. 
Euro 62247 3106 80654 4790 -18408 -1685 

Growth rate 
2001-2006 % 12.5 9.2 15.3 11.1 21.5 11.7 

Growth rate 
2007-2013 % 7.8 19.4 1.2 7.2 -17.4 -1.8 

Growth rate 
2014-2020 % 2.4 7.3 4.7 9 17.3 12.6 

Variation* 
2020-2019 % -9.8 15.9 -6.6 4 6.5 -12.6 
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 Average 

2001-
2006 

100 1.2 100 3.4 100 9.3 1.2 

Average 
2007-
2013 

100 2.8 100 4.4 100 10.3 2.8 

Average 
2014 -  
2020 

100 3.8 100 5.1 100 11.4 3.8 

*(Value C 2020-Value C 2019)/Value C 2019 
Source: Eurostat (Sept. 2021). 
 
The analysis of the flows of imports and 
exports of Romanian agri-food products (CN 
codes 01-24 at 4-digits) by products and 
product categories, registered in 2020, 

indicated the first 5 groups of exported 
products, being: maize, 15.4% and wheat & 
meslin, 11.9%, followed by cigarettes, 10%, 
tobacco products, 9.6%, sunflower seeds, 8.8%, 
which accounted for 59% of exports Romania’s 
agri-food sector and had the largest 
contribution to the sector’s trade surplus. At the 
same time, the main groups of imported 
products were: pork, 6.7%, bakery, pastry and 
biscuits, 4.3% and food, chocolate, cheese, feed 
and corn, each 3.6% each, accumulating 29% 
of Romania's agri-food imports in 2020. 
Processed agri-food products registered, in 
2020, 9% of the foreign trade deficit, 5% of the 
value of Romania's exports, and 6% of imports. 
Of the 367 exported processed agri-food 
products listed in the 6-digit CN code list, 10 
products accounted for 16% of the country's 
total exports, accounting for 70% of the trade 
deficit in this category in 2020. 
According to the negative value of Romania's 
foreign trade balance, in 2020, the products 
with the largest deficits were: Food for certain 
household products, for retail sale, 11.6%; 
Food preparations, 10.8%; Cheese (excluding 
fresh cheese), 7.6%; Cake and other solid 
residues, 9.8%; Preparations of a kind used in 
animal feeding (excluding dog or cat food) for 
retail sale, 6.5%; "Un-ripened cheese", 
including cheese of whey and curd, 6%; Cane 
or beet sugar and sucrose, 6%; Chocolate and 
other preparations containing 5% cocoa in 
containers; Bread, pastries, cakes, biscuits, 
4.8%; Chocolate and other preparations 
containing cocoa in blocks, 4.8%. 
Among Romania’s agri-food products exported 
in 2020, which achieved over 1% share in 
Romania's agri-food exports, there are 15 
products that accumulated 75% of the exports 
of processed agri-food products and 30% in the 
deficit of foreign trade with processed products. 
The first 2 products exported, respectively, of 
the group Cigarettes and processed tobacco & 
substitutes, accounted for 44% of exports of 
processed agri-food products in 2020. 
The main 10 destination countries contributed 
71.3% to Romania's exports in 2020 of 
processed agri-food products and were 
generally the relations that developed in the 
period 2014-2020 (Table 2). The first 5 world 
markets that had the largest shares in 
Romania's exports in 2020 from the group of 
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processed agri-food products (CN codes at 6-
digit level) were Italy, 16.9%, respectively, 526 
million Euros, Bulgaria, 9%, Japan, 8.3%, 
Germany, 6.7% and Poland, 6.4%, which 
accumulated 50.3% of the total group. The next 
destinations with importance for agri-food 
products processed in Romania were Great 
Britain, 5.7%, Hungary, 5.1%, Greece, 4.3% 
and France and the Netherlands with 3% each. 
Spain and Rep. Moldova is one of Romania's 
historical partners. It is pointed out that Japan 
has started to become a destination of interest 
for Romania, especially since 2017, and in 
2020 it absorbed 8.3% more of the value of 
exports of processed agri-food products. 

 

Table 2. The main destination markets of Romania's 
exports of processed agri-food products 

Country 

Export 
2014 

Export 
2018 

Export 
2019 

Export 
2020 

Share 
in 

Total, 
2019 

Share 
in 

Total, 
2020 

Variation 
2020-
2019 

mil. € mil. € mil. € mil. € % % pp 

Total 1893 2290 2679 3106 100.0 100.0 0.0 

Italy 611 476 510 526 19.0 16.9 -2.1 
Bulgaria 217 251 297 279 11.1 9.0 -2.1 
Japan 3 71 62 259 2.3 8.3 6.0 
Germany 120 158 198 210 7.4 6.7 -0.7 
Poland 45 50 112 199 4.2 6.4 2.3 
UK 56 117 133 176 5.0 5.7 0.7 
Hungary 107 126 129 159 4.8 5.1 0.3 
Greece 96 130 145 133 5.4 4.3 -1.1 
France 47 70 87 93 3.3 3.0 -0.3 
Netherlands 45 94 93 91 3.5 2.9 -0.5 
Spain 77 131 103 88 3.9 2.8 -1.0 
Rep. 
Moldova  31 48 61 75 2.3 2.4 0.1 

Source: Eurostat (Sept. 2021). 
 

Among the processed agri-food products 
imported into Romania in 2020, according to 
the highest values and weights in this category 
(CN codes at 6-digit level), the first 10 products 
cumulated 34.2%, i.e: Food preparations, 6.3 
%; Bakery, pastry, cakes, biscuits and other 
baker's wares, 4.3%; Food for dogs or cats, for 
retail sale, 4.3%; Oilseeds and other solid 
residues, 3.8%; Cheese (excluding fresh 
cheese), 3.5%; Chocolate and other 
preparations containing cocoa, in containers or 
packing, 3.2%; Cane or beet sugar and sucrose 
(excluding cane and beet sugar), 2.6%; 
Preparations used in animal nutrition 
(excluding dog or cat food for retail sale), 
2.5%; Fresh cheese "unripe or unripe cheese", 
including whey and curd cheese, 2.4%; 

Chocolate and other preparations containing 
cocoa, in blocks, 2.1%. These products were 
responsible for the largest shares in Romania's 
trade deficit, totalling 68.2%.  
Romania imports processed agri-food products 
from 186 countries, but the top 10 countries 
accumulated 74.5% in 2020, of which the 
largest shares were: Germany, 18.9%, Poland, 
13.5% and Hungary, 11.9% (Table 3).  
The next sources of imports into Romania of 
processed agri-food products were Italy, 6.8%, 
Bulgaria, 5.3% and the Netherlands, 4.4%, 
other sources with weights between 3.9% and 
2.8% being Ireland, France, Belgium and 
Austria. One partner that accounted for 19% of 
food imports in 2001 was Brazil, but values fell 
sharply and fluctuated to an average of 3.3% 
between 2014 and 2020. 

 

Table 3. The main sources of Romania's imports of 
processed agri-food products 

Country 

Import 
2014 

Import 
2018 

Import 
2019 

Import 
2020 

Share 
in 

Total, 
2019 

Share 
in 

Total, 
2020 

Variation 
2020-
2019 

mil. € mil. € mil. € mil. € % % pp 

Total 2626 4193 4607 4790 100 100 0.0 

Germany 428 716 846 904 18.4 18.9 0.5 
Poland 303 554 615 649 13.3 13.5 0.2 
Hungary 366 518 562 569 12.2 11.9 -0.3 
Italy 145 304 320 328 7.0 6.8 -0.1 
Bulgaria 152 210 227 253 4.9 5.3 0.4 
Netherlands 144 204 216 211 4.7 4.4 -0.3 
Ireland 45 163 191 187 4.1 3.9 -0.2 
France 99 148 166 175 3.6 3.7 0.1 
Belgium 61 131 140 158 3.0 3.3 0.3 
Austria 75 109 117 133 2.5 2.8 0.2 
Brazil 101 163 163 125 3.5 2.6 -0.9 
Czech Rep. 78 137 124 125 2.7 2.6 -0.1 

Source: Eurostat (Sept. 2021). 
 

The 10 main supplying countries of imports in 
Romania were also responsible for the most 
substantial trade deficit, in the proportion of 
88.3% in the negative value of the trade 
balance with processed agri-food products 
amounting to -2.6 bill. Euros in 2020. Among 
them, in relation with Germany, Romania's 
trade deficit in processed agri-food products 
had the largest share in the trade balance for 
this category of products in 2020, in proportion 
of 26.3%, amounting to -694 mill. Euro, 
followed by Poland, 17% and Hungary, 15.5%, 
noting that only trade with these three countries 
accounted for 59% of the deficit. 

 
 
2. Analysis of convergence in trade with 

manufacturing agri-food products 
Convergence analysis on integration in foreign 
trade provided the following results: 
 
a) Assessment of the relative dispersion of 
unit export prices  
It was estimated the relative dispersion of unit 
export prices compared to the EU-28 average 
by applying the following calculation steps:  
a) The unit price difference for each country 
and subsector of the food industry and the EU-
28 average price has been calculated, resulting 
in the annual deviation from the average;  
b) The coefficients of price variation at 
subsector level with the statistical function 
Standard deviation were determined;  
c) The relative dispersion was determined by 
the difference between the dispersion value and 
the average unit price at EU-28 level. 
This method facilitates highlighting of existing 
market imbalances at the subsector level, but 
also the performance potential of a country by 
unit export price. 
Convergence analysis on export integration was 
revealed at the level of food industry product 
groups by the dispersion index values. 
Similarly, the greater the variation, the greater 
divergence in the group of products analyzed. 
The evolution in dynamics of food exports 
from Romania can be followed and compared 
to the EU average, and the level of unit prices 
that facilitated or not the performance. 
The estimates highlighted the following main 
results (Table 4 - Annex): 
- Major market imbalances/recovery 
There have been imbalances in the export 
market at sector level in the EU28 in the Meat 
Products and Fruit and Vegetable Products 
groups, in 2017 and 2018 only in Fruit and 
Vegetable Products, and in 2019 these markets 
were recovered. Although the relative 
dispersion index did not indicate sectoral 
imbalances in the other product groups of the 
food industry in the region, there were still 
decreases in the indices in 2019, more 
significant being in groups C101 - Meat 
products and C102 - Fish products, and in a 
smaller measure C104 - Oils and fats and C105 
- Dairy products. Decreasing the negative value 
of the relative dispersion index may signal 

trends towards divergence indicated due to the 
increase in the coefficients of variation. 
- Convergent/divergent developments in unit 
export prices at country level: 
Romania ranked 13th among the EU-28, in 
2019, in the export of products from group 
C101 - Meat and meat products and 16th place 
in C104 - Oils and fats and C107 - Bakery 
products, these being the best performances 
from 2019, in the other groups being on lower 
ranks, 20-21, and in C105 - Dairy products on 
the 25th place. 
- Deviation from average unit export price: 
Positive values between differences in unit 
export price indicate a higher price 
performance disadvantage than the EU average. 
In the case of Romania, performance 
deficiencies are indicated for the products in 
the groups: C102 - Fish products and C109 - 
Animal feed and, to a lesser extent, C103 - Fruit 
and vegetable preparations and C107 - Bakery 
products, differences in price being lower. 
- Differences in the average annual growth 
rate of unit export prices, in Romania 
compared to the EU average: 
Negative results regarding the performance 
potential of the Romanian products indicated 
by higher price increases than in EU, in 2019, 
were identified for product groups as follows: 
C105 - Dairy products; C104 - Oils and fats; 
C106 - Milling products; C102 - Fish products. 
 
b) Estimates of unit value index (IVU) of 
export and import flows from food industry 
sectors in Romania and EU28 (Tables 5 and 6).  
 

Table 5. Unit value index in the food industry sectors, 
Romania 

NACE Code 2017 2018 2019 
Annual 
average 

growth (%) 

C101 - Meat  products 1.12 1.15 0.96 -5.0 

C102 - Fish products 2.04 1.93 1.80 -4.1 
C103 - Fruit and vegetable 
preparations 2.00 1.49 1.83 -2.9 

C104 - Oils and fats 0.77 0.74 0.84 2.6 
C105 - Dairy products 0.76 0.76 0.79 1.1 
C106 - Milling products 1.12 1.18 1.07 -1.5 
C107 - Bakery products 1.02 1.05 1.07 1.6 
C108 - Sugar, cocoa and 
other products 0.91 1.09 1.48 17.6 

C109 - Food for animal feed 3.34 2.80 2.27 -12.1 
Food industry – RO 0.85 0.79 0.80 -2.1 

  Source: Author’s calculation. 
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processed agri-food products (CN codes at 6-
digit level) were Italy, 16.9%, respectively, 526 
million Euros, Bulgaria, 9%, Japan, 8.3%, 
Germany, 6.7% and Poland, 6.4%, which 
accumulated 50.3% of the total group. The next 
destinations with importance for agri-food 
products processed in Romania were Great 
Britain, 5.7%, Hungary, 5.1%, Greece, 4.3% 
and France and the Netherlands with 3% each. 
Spain and Rep. Moldova is one of Romania's 
historical partners. It is pointed out that Japan 
has started to become a destination of interest 
for Romania, especially since 2017, and in 
2020 it absorbed 8.3% more of the value of 
exports of processed agri-food products. 

 

Table 2. The main destination markets of Romania's 
exports of processed agri-food products 

Country 

Export 
2014 

Export 
2018 

Export 
2019 

Export 
2020 

Share 
in 

Total, 
2019 

Share 
in 

Total, 
2020 

Variation 
2020-
2019 

mil. € mil. € mil. € mil. € % % pp 

Total 1893 2290 2679 3106 100.0 100.0 0.0 

Italy 611 476 510 526 19.0 16.9 -2.1 
Bulgaria 217 251 297 279 11.1 9.0 -2.1 
Japan 3 71 62 259 2.3 8.3 6.0 
Germany 120 158 198 210 7.4 6.7 -0.7 
Poland 45 50 112 199 4.2 6.4 2.3 
UK 56 117 133 176 5.0 5.7 0.7 
Hungary 107 126 129 159 4.8 5.1 0.3 
Greece 96 130 145 133 5.4 4.3 -1.1 
France 47 70 87 93 3.3 3.0 -0.3 
Netherlands 45 94 93 91 3.5 2.9 -0.5 
Spain 77 131 103 88 3.9 2.8 -1.0 
Rep. 
Moldova  31 48 61 75 2.3 2.4 0.1 

Source: Eurostat (Sept. 2021). 
 

Among the processed agri-food products 
imported into Romania in 2020, according to 
the highest values and weights in this category 
(CN codes at 6-digit level), the first 10 products 
cumulated 34.2%, i.e: Food preparations, 6.3 
%; Bakery, pastry, cakes, biscuits and other 
baker's wares, 4.3%; Food for dogs or cats, for 
retail sale, 4.3%; Oilseeds and other solid 
residues, 3.8%; Cheese (excluding fresh 
cheese), 3.5%; Chocolate and other 
preparations containing cocoa, in containers or 
packing, 3.2%; Cane or beet sugar and sucrose 
(excluding cane and beet sugar), 2.6%; 
Preparations used in animal nutrition 
(excluding dog or cat food for retail sale), 
2.5%; Fresh cheese "unripe or unripe cheese", 
including whey and curd cheese, 2.4%; 

Chocolate and other preparations containing 
cocoa, in blocks, 2.1%. These products were 
responsible for the largest shares in Romania's 
trade deficit, totalling 68.2%.  
Romania imports processed agri-food products 
from 186 countries, but the top 10 countries 
accumulated 74.5% in 2020, of which the 
largest shares were: Germany, 18.9%, Poland, 
13.5% and Hungary, 11.9% (Table 3).  
The next sources of imports into Romania of 
processed agri-food products were Italy, 6.8%, 
Bulgaria, 5.3% and the Netherlands, 4.4%, 
other sources with weights between 3.9% and 
2.8% being Ireland, France, Belgium and 
Austria. One partner that accounted for 19% of 
food imports in 2001 was Brazil, but values fell 
sharply and fluctuated to an average of 3.3% 
between 2014 and 2020. 

 

Table 3. The main sources of Romania's imports of 
processed agri-food products 

Country 

Import 
2014 

Import 
2018 

Import 
2019 

Import 
2020 

Share 
in 

Total, 
2019 

Share 
in 

Total, 
2020 

Variation 
2020-
2019 

mil. € mil. € mil. € mil. € % % pp 

Total 2626 4193 4607 4790 100 100 0.0 

Germany 428 716 846 904 18.4 18.9 0.5 
Poland 303 554 615 649 13.3 13.5 0.2 
Hungary 366 518 562 569 12.2 11.9 -0.3 
Italy 145 304 320 328 7.0 6.8 -0.1 
Bulgaria 152 210 227 253 4.9 5.3 0.4 
Netherlands 144 204 216 211 4.7 4.4 -0.3 
Ireland 45 163 191 187 4.1 3.9 -0.2 
France 99 148 166 175 3.6 3.7 0.1 
Belgium 61 131 140 158 3.0 3.3 0.3 
Austria 75 109 117 133 2.5 2.8 0.2 
Brazil 101 163 163 125 3.5 2.6 -0.9 
Czech Rep. 78 137 124 125 2.7 2.6 -0.1 

Source: Eurostat (Sept. 2021). 
 

The 10 main supplying countries of imports in 
Romania were also responsible for the most 
substantial trade deficit, in the proportion of 
88.3% in the negative value of the trade 
balance with processed agri-food products 
amounting to -2.6 bill. Euros in 2020. Among 
them, in relation with Germany, Romania's 
trade deficit in processed agri-food products 
had the largest share in the trade balance for 
this category of products in 2020, in proportion 
of 26.3%, amounting to -694 mill. Euro, 
followed by Poland, 17% and Hungary, 15.5%, 
noting that only trade with these three countries 
accounted for 59% of the deficit. 

 
 
2. Analysis of convergence in trade with 

manufacturing agri-food products 
Convergence analysis on integration in foreign 
trade provided the following results: 
 
a) Assessment of the relative dispersion of 
unit export prices  
It was estimated the relative dispersion of unit 
export prices compared to the EU-28 average 
by applying the following calculation steps:  
a) The unit price difference for each country 
and subsector of the food industry and the EU-
28 average price has been calculated, resulting 
in the annual deviation from the average;  
b) The coefficients of price variation at 
subsector level with the statistical function 
Standard deviation were determined;  
c) The relative dispersion was determined by 
the difference between the dispersion value and 
the average unit price at EU-28 level. 
This method facilitates highlighting of existing 
market imbalances at the subsector level, but 
also the performance potential of a country by 
unit export price. 
Convergence analysis on export integration was 
revealed at the level of food industry product 
groups by the dispersion index values. 
Similarly, the greater the variation, the greater 
divergence in the group of products analyzed. 
The evolution in dynamics of food exports 
from Romania can be followed and compared 
to the EU average, and the level of unit prices 
that facilitated or not the performance. 
The estimates highlighted the following main 
results (Table 4 - Annex): 
- Major market imbalances/recovery 
There have been imbalances in the export 
market at sector level in the EU28 in the Meat 
Products and Fruit and Vegetable Products 
groups, in 2017 and 2018 only in Fruit and 
Vegetable Products, and in 2019 these markets 
were recovered. Although the relative 
dispersion index did not indicate sectoral 
imbalances in the other product groups of the 
food industry in the region, there were still 
decreases in the indices in 2019, more 
significant being in groups C101 - Meat 
products and C102 - Fish products, and in a 
smaller measure C104 - Oils and fats and C105 
- Dairy products. Decreasing the negative value 
of the relative dispersion index may signal 

trends towards divergence indicated due to the 
increase in the coefficients of variation. 
- Convergent/divergent developments in unit 
export prices at country level: 
Romania ranked 13th among the EU-28, in 
2019, in the export of products from group 
C101 - Meat and meat products and 16th place 
in C104 - Oils and fats and C107 - Bakery 
products, these being the best performances 
from 2019, in the other groups being on lower 
ranks, 20-21, and in C105 - Dairy products on 
the 25th place. 
- Deviation from average unit export price: 
Positive values between differences in unit 
export price indicate a higher price 
performance disadvantage than the EU average. 
In the case of Romania, performance 
deficiencies are indicated for the products in 
the groups: C102 - Fish products and C109 - 
Animal feed and, to a lesser extent, C103 - Fruit 
and vegetable preparations and C107 - Bakery 
products, differences in price being lower. 
- Differences in the average annual growth 
rate of unit export prices, in Romania 
compared to the EU average: 
Negative results regarding the performance 
potential of the Romanian products indicated 
by higher price increases than in EU, in 2019, 
were identified for product groups as follows: 
C105 - Dairy products; C104 - Oils and fats; 
C106 - Milling products; C102 - Fish products. 
 
b) Estimates of unit value index (IVU) of 
export and import flows from food industry 
sectors in Romania and EU28 (Tables 5 and 6).  
 

Table 5. Unit value index in the food industry sectors, 
Romania 

NACE Code 2017 2018 2019 
Annual 
average 

growth (%) 

C101 - Meat  products 1.12 1.15 0.96 -5.0 

C102 - Fish products 2.04 1.93 1.80 -4.1 
C103 - Fruit and vegetable 
preparations 2.00 1.49 1.83 -2.9 

C104 - Oils and fats 0.77 0.74 0.84 2.6 
C105 - Dairy products 0.76 0.76 0.79 1.1 
C106 - Milling products 1.12 1.18 1.07 -1.5 
C107 - Bakery products 1.02 1.05 1.07 1.6 
C108 - Sugar, cocoa and 
other products 0.91 1.09 1.48 17.6 

C109 - Food for animal feed 3.34 2.80 2.27 -12.1 
Food industry – RO 0.85 0.79 0.80 -2.1 

  Source: Author’s calculation. 
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In the period 2017-2019 IVU at the level of the 
Romanian food industry had mainly subunit 
values, positive IVU values were estimated 
only for products in the groups Animal feed, 
Fish and Fruit and Vegetable Products. 
Moreover, deficient foreign trade activity was 
identified for some groups of products from the 
food industry sectors in Romania, the imports 
being more expensive than the exports in the 
activities producing of Meat products, but also 
of Oils and fats and Dairy products, where the 
deficiencies trained during the record period. 
As well, a marked volatility in most products 
was indicated by the negative average annual 
rate, -2.1% in the period 2017-2019, based on 
assessments resulting negative trends indicated 
by decrease in IVU in the groups: Animal feed  
(-12.1%); Meat products (-5%); Fish products 
(-4.1%); Fruit and vegetable preparations           
(-2.9%); Milling products (-1.5%). 

Table 6. Unit value index in food industry sectors, EU 

NACE Code 2017 2018 2019 
Annual 
average 

growth (%) 
 C101 - Meat   products 0.89 0.87 0.89 0.0 

C102 - Fish products 0.91 0.90 0.93 0.8 
C103 - Fruit and 
vegetable preparations 0.90 0.90 0.92 0.7 

C104 - Oils and fats 1.41 1.38 1.40 -0.3 
C105 - Dairy products 1.14 1.11 1.10 -1.2 
C106 - Milling products 1.06 1.07 1.05 -0.3 
C107 - Bakery products 1.02 1.03 1.01 -0.1 
C108 - Sugar, cocoa and 
other products 1.24 1.21 1.28 1.2 

C109 - Food for animal 
feed 1.09 1.07 1.05 -1.3 

Food industry – EU 1.15 1.13 1.15 0.1 
Source: Author’s calculation. 

 
Comparatively, a smaller variation was 
identified in the unit value index for products in 
the food industry sectors in the EU-28, which at 
the sector level had an average annual rate of 
0.1% in the period 2017-2019. 
Small decreases in the average annual IVU rate 
were estimated in the groups: Animal feed            
(-1.3%); Dairy products (-1.2%); Oils and Fats 
and Milling Products (each, -0.3%). 
Positive IVU values were estimated for most 
products in the EU food industry, with the 
index being supra-unitary at sectoral level, 
while Prepared fruit and vegetables, Fish 
products and Meat Products, which had 
subunit IVU values, but close to unity, so that 
resulted a value of 1.15 of IVU in the sector. 
 

CONCLUSIONS 
 
The health crisis and emergency measures 
triggered in 2020 have added another burden to 
food systems, already facing three challenges 
of ensuring global food security and nutrition, 
providing livelihoods for farmers and 
businesses in the food chain, and using 
resources in a sustainable way. 
This research signals relative structural 
imbalances and substantial gaps in productivity 
and external performance indicating problems 
of intra-sectoral efficiency, which are pre-
existing vulnerabilities to the outbreak of the 
pandemic crisis. Given the recent lessons, 
strengthening economic resilience in the agri-
food system is implied within a vision of 
increasing long-term sustainability, putting 
responsible motivation before economic 
motivation. 
The results of the study draw attention to the 
need for agri-food and trade policies and 
national CAP plans to address the key aspects 
of performance that will allow the development 
of resilience and sustainability of the agri-food 
system. The goal of achieving a sustainable and 
sustainable standard of living in the European 
Union can only be achieved by applying an 
economic model based on increasing 
investment and competitiveness, which will 
place the Romanian economy on a sustainable 
path towards reducing gaps and real 
convergence with the living standards of more 
developed Member States. 
Justifications: 
a) Index of unit value (export / import) per unit 
in the food industry sectors: Meat and meat 
products; Animal or vegetable oils and fats; 
Dairy products. In these groups of products, 
Romania imports more expensive than it 
exports, it creates a competitive disadvantage 
due to the inefficiency of the exercise of 
international trade. 
b) The food processing sector in Romania has a 
chronic self-sufficiency deficit (71% in 2019). 
c) Subsectors with the deepest deficit, 
according to the share in the total food deficit 
of Romania (2019) are: Meat and meat 
products (21%); Sugar, sugar products, cocoa 
(15%); Dairy products (11%); Miscellaneous 
food preparations (11%); Cereal preparations 
(10%); Beverages, alcohol and vinegar (10%); 

 
Vegetable and fruit preparations (9%); 
Residues from the food and beverage industry 
animal feed (9%). 
Recommendations: 
Regarding the evolution of the agri-food sector 
as an integral part of the Romanian economy in 
convergence with the EU, it is necessary: 
 Restructuring and development of the agri-

food industry with prevalence based on the 
potential of local and regional resources and 
capitalization of local raw materials; 

 Creating, repairing and streamlining the 
value chains of local supply by shortening 
the links from the producer to the final 
consumer; 

 Responsible trade policies that favour 
imports for the greater benefit of society in 
terms of health, nutrition and quality of life 
of the population; 

 Correlating public support priorities with the 
need to restore the balance of food trade; 
specification of deficient sectors by: 
- Investment support for the processing and 

marketing of agricultural products in order to 
obtain high value agri-food products, 

- Correlation with the needs of the priority 
sectors and the creation or rebuilding of the 
links in the food value chain / local supply 
chain, 

- Extensive support for economic activities 
of agricultural processing and processing into 
agri-food products, with a view to the real 
development of the rural economy. 
Comments and proposals on policy measures to 
support the generation of high value-added in 
the agri-food chain and to counterbalance the 
imbalance in foreign trade: 
 The intervention sheets must not limit the 

access to support of small and medium-sized 
enterprises that predominate in Romania's 
agri-food economy. 

 It is necessary to undertake a comprehensive 
assessment of the capacity of Romanian 

enterprises processing agricultural products, 
in order to highlight the technical and 
economic potential and the economic 
deficiencies vital for integration in the agri-
food chain. 

 Trade policies must support integration of 
raw materials produced in Romania into 
short supply chains in the agri-food value 
chain. 

 Extending statistical database from official 
sources to provide the information necessary 
for research studies to substantiate the 
strategy of the Romanian food industry with 
a view to developing a sustainable agri-food 
system. 
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In the period 2017-2019 IVU at the level of the 
Romanian food industry had mainly subunit 
values, positive IVU values were estimated 
only for products in the groups Animal feed, 
Fish and Fruit and Vegetable Products. 
Moreover, deficient foreign trade activity was 
identified for some groups of products from the 
food industry sectors in Romania, the imports 
being more expensive than the exports in the 
activities producing of Meat products, but also 
of Oils and fats and Dairy products, where the 
deficiencies trained during the record period. 
As well, a marked volatility in most products 
was indicated by the negative average annual 
rate, -2.1% in the period 2017-2019, based on 
assessments resulting negative trends indicated 
by decrease in IVU in the groups: Animal feed  
(-12.1%); Meat products (-5%); Fish products 
(-4.1%); Fruit and vegetable preparations           
(-2.9%); Milling products (-1.5%). 

Table 6. Unit value index in food industry sectors, EU 

NACE Code 2017 2018 2019 
Annual 
average 

growth (%) 
 C101 - Meat   products 0.89 0.87 0.89 0.0 

C102 - Fish products 0.91 0.90 0.93 0.8 
C103 - Fruit and 
vegetable preparations 0.90 0.90 0.92 0.7 

C104 - Oils and fats 1.41 1.38 1.40 -0.3 
C105 - Dairy products 1.14 1.11 1.10 -1.2 
C106 - Milling products 1.06 1.07 1.05 -0.3 
C107 - Bakery products 1.02 1.03 1.01 -0.1 
C108 - Sugar, cocoa and 
other products 1.24 1.21 1.28 1.2 

C109 - Food for animal 
feed 1.09 1.07 1.05 -1.3 

Food industry – EU 1.15 1.13 1.15 0.1 
Source: Author’s calculation. 

 
Comparatively, a smaller variation was 
identified in the unit value index for products in 
the food industry sectors in the EU-28, which at 
the sector level had an average annual rate of 
0.1% in the period 2017-2019. 
Small decreases in the average annual IVU rate 
were estimated in the groups: Animal feed            
(-1.3%); Dairy products (-1.2%); Oils and Fats 
and Milling Products (each, -0.3%). 
Positive IVU values were estimated for most 
products in the EU food industry, with the 
index being supra-unitary at sectoral level, 
while Prepared fruit and vegetables, Fish 
products and Meat Products, which had 
subunit IVU values, but close to unity, so that 
resulted a value of 1.15 of IVU in the sector. 
 

CONCLUSIONS 
 
The health crisis and emergency measures 
triggered in 2020 have added another burden to 
food systems, already facing three challenges 
of ensuring global food security and nutrition, 
providing livelihoods for farmers and 
businesses in the food chain, and using 
resources in a sustainable way. 
This research signals relative structural 
imbalances and substantial gaps in productivity 
and external performance indicating problems 
of intra-sectoral efficiency, which are pre-
existing vulnerabilities to the outbreak of the 
pandemic crisis. Given the recent lessons, 
strengthening economic resilience in the agri-
food system is implied within a vision of 
increasing long-term sustainability, putting 
responsible motivation before economic 
motivation. 
The results of the study draw attention to the 
need for agri-food and trade policies and 
national CAP plans to address the key aspects 
of performance that will allow the development 
of resilience and sustainability of the agri-food 
system. The goal of achieving a sustainable and 
sustainable standard of living in the European 
Union can only be achieved by applying an 
economic model based on increasing 
investment and competitiveness, which will 
place the Romanian economy on a sustainable 
path towards reducing gaps and real 
convergence with the living standards of more 
developed Member States. 
Justifications: 
a) Index of unit value (export / import) per unit 
in the food industry sectors: Meat and meat 
products; Animal or vegetable oils and fats; 
Dairy products. In these groups of products, 
Romania imports more expensive than it 
exports, it creates a competitive disadvantage 
due to the inefficiency of the exercise of 
international trade. 
b) The food processing sector in Romania has a 
chronic self-sufficiency deficit (71% in 2019). 
c) Subsectors with the deepest deficit, 
according to the share in the total food deficit 
of Romania (2019) are: Meat and meat 
products (21%); Sugar, sugar products, cocoa 
(15%); Dairy products (11%); Miscellaneous 
food preparations (11%); Cereal preparations 
(10%); Beverages, alcohol and vinegar (10%); 

 
Vegetable and fruit preparations (9%); 
Residues from the food and beverage industry 
animal feed (9%). 
Recommendations: 
Regarding the evolution of the agri-food sector 
as an integral part of the Romanian economy in 
convergence with the EU, it is necessary: 
 Restructuring and development of the agri-

food industry with prevalence based on the 
potential of local and regional resources and 
capitalization of local raw materials; 

 Creating, repairing and streamlining the 
value chains of local supply by shortening 
the links from the producer to the final 
consumer; 

 Responsible trade policies that favour 
imports for the greater benefit of society in 
terms of health, nutrition and quality of life 
of the population; 

 Correlating public support priorities with the 
need to restore the balance of food trade; 
specification of deficient sectors by: 
- Investment support for the processing and 

marketing of agricultural products in order to 
obtain high value agri-food products, 

- Correlation with the needs of the priority 
sectors and the creation or rebuilding of the 
links in the food value chain / local supply 
chain, 

- Extensive support for economic activities 
of agricultural processing and processing into 
agri-food products, with a view to the real 
development of the rural economy. 
Comments and proposals on policy measures to 
support the generation of high value-added in 
the agri-food chain and to counterbalance the 
imbalance in foreign trade: 
 The intervention sheets must not limit the 

access to support of small and medium-sized 
enterprises that predominate in Romania's 
agri-food economy. 

 It is necessary to undertake a comprehensive 
assessment of the capacity of Romanian 

enterprises processing agricultural products, 
in order to highlight the technical and 
economic potential and the economic 
deficiencies vital for integration in the agri-
food chain. 

 Trade policies must support integration of 
raw materials produced in Romania into 
short supply chains in the agri-food value 
chain. 

 Extending statistical database from official 
sources to provide the information necessary 
for research studies to substantiate the 
strategy of the Romanian food industry with 
a view to developing a sustainable agri-food 
system. 
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ANNEX 

Table 4. Relative dispersion of export unit price, by food industry sector, in Romania and EU 

Year 2017 2018 2019 

Specification/Indicator 
Deviation 

against 
average 

EUR/kg 
Deviation 

against 
average 

EUR/kg 
Deviation 

against 
average 

EUR/kg 

–  MEAT PRODUCTS 
Romania -0.1 2.09     -0.01 2.11 -0.1       2.11 
EU-28, Average 0.0 2.16     0.0 2.12 0.0 2.22 

- Dispersion   3.03   1.02   1.55 
–  PRODUCTS OF FISH 
Romania     1.1      4.78      1.2     4.93    1.4   5.33 
EU-28        0.0     3.71 0.0     3.69       0.0   3.95 

- Dispersion      3.01      2.71    3.58 
–  FRUIT AND VEGETABLE PREPARATIONS 
Romania 0.7       2.24 0.3    1.81       0.6 2.09 
EU-28, Average 0.0       1.50 0.0    1.46       0.0 1.44 

- Dispersion        1.77     1.66  1.18 
–  OILS AND FATS 
Romania -0.4 0.38  -0.4 0.36 -0.3 0.38 
EU-28, Average 0.0 0.81   0.0 0.76 0.0 0.72 

- Dispersion  0.52  0.46  0.51 
–  DAIRY PRODUCTS 
Romania -0.8       1.02        -0.7     1.10       -0.6       1.29 
EU-28, Average 0.0       1.85 0.0     1.85        0.0       1.90 

- Dispersion        1.20      1.22        1.32 
–  MILLING PRODUCTS 
Romania -0.2       0.49 0.0       0.62  -0.1 0.58 
EU-28, Average 0.0       0.64 0.0       0.66  0.0 0.69 

- Dispersion       -0.28       -0.31  -0.33 
–  BAKERY PRODUCTS 
Romania -0.2 1.98        -0.1       2.12 0.0 2.24 
EU-28, Average  0.0 2.17 0.0       2.20 0.0 2.21 

- Dispersion  0.49        0.47  0.45 
– SUGAR, COCOA AND OTHER PRODUCTS 
Romania -1.0       1.12    -0.6  1.37  -0.4 1.76 
EU-28, Average   0.0       2.14   0.0       1.97 0.0 2.19 

- Dispersion        0.80        0.79  0.81 
– FOOD FOR ANIMAL FEED 
Romania   2.3 3.82          2.0       3.44 1.4       2.96 
EU-28, Average   0.0 1.48  0.0       1.48 0.0       1.55 

- Dispersion  0.96        1.05        1.08 
Source: Author’s calculation and processing of data from Eurostat. 
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INTRODUCTION 
 
Proteolytic enzymes today make up about half 
of the production of enzyme preparations in the 
world market. Their efficiency surpasses the 
synthetic catalysts considerably. They are 
highly specific against their substrates and 
accelerate rigorously defined chemical reaction 
without of byproducts formation. These 
characteristics of proteolytic enzymes explain 
their widespread use in the pharmaceutical 
industry, food industry and other industries (De 
Souza et al., 2015). 
As is well known, one of the major problems 
nowadays is the development of waste-free 
technologies. In the food industry it can be 
solved by maximizing the involvement of 
protein secondary resources and wastes of meat 
industry. Ensuring of strong growth in this 
sphere could be achieved by the development 
of new technologies of production of highly 
efficient enzymes preparations. 
Practical application of enzymes preparations 
for the treatment of meat industry wastes shows 
that not all of enzymes which have a high 
proteolytic activity give the required effect 
(Anzani et al., 2017). This is due to the 
presence of proteins in such wastes which are 
difficult to cleave by digestive enzymes. One of 
the main of such hardly cleavable proteins is 

collagen. One of the most effective ways to 
solve this problem is the use of collagenase - 
unique enzyme which can hydrolyze the 
specific peptide bonds in collagen that are 
resistant to hydrolysis by other enzymes 
(Anzani et al., 2017). 
It should be noted that the field of application 
of collagenolytic enzymes is not limited to the 
meat industry. Due to its ability to cleave 
collagen they may be used in the medical 
industry, as well as in cosmetology (Alipour et 
al., 2016). They are part of many drugs 
intended for wound healing, prevention and 
treatment of post-surgical, traumatic and post-
burn scars and adhesions. 
Collagenases which are used nowadays have 
some significant drawbacks. The most well-
known producer of collagenase - the bacterium 
Clostridium hystoliticum is the causative agent 
of gas gangrene. Therefore, the increased 
requirements are made to the safety at all stages 
of production and sales of this enzyme 
(Demina, 1996). Another well-known enzyme 
with collagenolytic activity is the crab 
collagenase which is isolated from the king 
crab hepatopancreas (Rudenskaya, 2003). It is 
safe for humans, but its production has seasonal 
nature and its enzyme preparations vary 
significantly in the degree of purity and level of 
activity. 
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of production and sales of this enzyme 
(Demina, 1996). Another well-known enzyme 
with collagenolytic activity is the crab 
collagenase which is isolated from the king 
crab hepatopancreas (Rudenskaya, 2003). It is 
safe for humans, but its production has seasonal 
nature and its enzyme preparations vary 
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Thus, the actual problem is to find the 
collagenase producers which wouldn’t have the 
disadvantages referred above. 
To date higher fungi - basidiomycetes are the 
promising objects of biotechnology. It is 
known that basidiomycetes are producers of a 
number of biologically active substances such 
as amino acids, enzymes, polysaccharides, etc. 
(Peralta et al., 2017). The method of deep 
cultivation of fungi is used in modern 
biotechnology production. It gives the 
opportunity to culture producers under 
controlled conditions and environments which 
leads to a relative standardization of products 
and the possibility of enzyme production in 
commercial scale. 
The main aim of this work was to study the 
collagenolytic activity of several higher fungi - 
basidiomycetes. 

 
MATERIALS AND METHODS 
 
The objects of study were basidiomycetes 
strains from the collection of Microbiological 
Synthesis Technology department of St. 
Petersburg State Institute of Technology 
(SPbSIT). Fruiting bodies of these fungi were 
collected in the North-West of Russia. They 
were characterized and isolated in pure 
cultures. The preliminary screening for the 
production of collagenolytic enzyme was 
conducted among 35 cultures of 
basidiomycetes belonging to the genus 
Bjerkandera, Ceriporiopsis, Cerrena, 
Coprinus, Coriolus, Corticium, Flammulina, 
Funalia, Fomes, Fomitopsis, Ganoderma, 
Grifola, Hapalopilus, Hypsiziyns, Irpex, 
Lentinus, Panus, Phellinus, Pleurotus, 
Pyptoporus and Trametes. 
Chemicals and reagents 
Anhydrous glucose, molasses, dairy whey, 
wheat flour, beer wort, dry fermented peptone 
for bacteriological purposes, urea, ammonium 
nitrate and ammonium citrate, sodium chloride, 
potassium dihydrogen phosphate, potassium 
hydrogen phosphate, magnesium sulfate, 
calcium chloride and calcium carbonate, iron 
sulfate heptahydrate, zinc sulfate heptahydrate 
and fodder yeast extract (all from JSC 
“Reactive”, St. Petersburg, Russia) were used 
for the preparation of nutrient mediums.  

Hydroxide, sodium citrate, sodium carbonate, 
copper sulfate pentahydrate, bovine serum 
albumin and Folin-Ciocalteu reagent were used 
in determining of protein in the culture liquid.  
Disodium hydrogen phosphate dihydrate, 
sodium chloride, calcium chloride hexahydrate, 
isopropanol (2-Propanol), ninhydrin, L - 
leucine and collagen were used to determine 
collagenolytic activity. 
In the preparation of the phosphate buffer 
solutions potassium phosphate monobasic, 
sodium phosphate dibasic, sodium hydroxide 
and hydrochloric acid were used. 
Submerged cultivation 
Cultivation of basidiomycetes was carried out 
on the mediums with different ratios of carbon 
and nitrogen sources in nutrient medium 
composition (Table 1). 

 
Table 1. The ratios of carbon and nitrogen sources in 

nutrient medium composition 

Component 
of nutrient 
medium 

Ratio of carbon and nitrogen sources 

1.2:1 1.5:1 3:1 4:1 5:1 6:1 7:1 10:1 15:1 
Carbon 

source, g/l 10 10 10 10 10 10 10 10 10 

Nitrogen 
source, g/l 8.33 6.67 3.33 2.5 2 1.66 1.43 1 0.67 

 
The mineral composition of mediums, g/l: 
NaCl - 0.5, KH2PO4 - 0.6, K2НРO4 - 0.4, 
MgSO4 - 0.5, CaCl2 - 0.05, FeSO4×7H2O - 
0.005, ZnSO4×7H2O - 0.001.  Fodder yeast 
extract was added as the growth factor to all 
mediums in the amount of 2 gram per 1 liter of 
medium. 
At the stage of screening of collagenolytic 
cultivation of enzyme producers was carried 
out on the glucose-peptone nutrient mediums. 
Cultures of higher fungus were grown for 7 
days. Samples of culture liquid were taken on 
the 3, 4, 5, 6 and 7th days of cultivation. pH 
and the amount of accumulated biomass were 
determined. The resulting (native) solution was 
used for further study and determination of 
protein concentration and the total 
collagenolytic activity. 
In the next stage of our study it was 
investigated the effect of different nitrogen and 
carbon sources and their ratios (Table 1) on 
collagenase activity of submerged culture of 
higher fungus which had the highest level of 
collagenolytic activity according to the results 

of screening. The study was conducted in two 
steps: 
1) culturing of the macromycete in mediums 
containing various nitrogen sources and ratios 
of carbon and nitrogen sources in the 
composition of nutrient medium, wherein the 
carbon source was glucose; 
2) growing of the basidiomycete in mediums 
containing different carbon sources and ratios 
of carbon and nitrogen sources in the 
composition of the nutrient medium, wherein 
the nitrogen source was the one which was 
determined on the first step and which provide 
the highest level of collagenase activity of the 
fungus culture. 
We used peptone, urea, ammonium nitrate and 
ammonium citrate as the nitrogen sources in 
the composition of the nutrient mediums for the 
basidiomycete cultivation. 
Carbon sources were molasses, dairy whey, 
wheat flour and beer wort. 
Determination of the amount of 
accumulated biomass 
The culture liquid was separated into the wet 
biomass and native solution by filtration 
through a paper filter. The wet biomass was 
dried at 50°C. Native solution subsequently 
used to determine the pH, protein concentration 
and collagenolytic activity of macromycete 
submerged culture. 
Determination of the protein concentration 
in the native solution  
To determine the amount of protein formed 
during submerged cultivation required for the 
subsequent calculation of the specific activity 
of the enzyme the method of Lowry was used 
(Lowry, 1951).  
Determination of the collagenolytic activity 
of native solution 
Collagenase activity was determined by 
ninhydrin method (Rosen, 1957). The method 
of the activity measuring is based on the ability 
of the enzyme to break down the collagen with 
the release and transfer to a solution the 
products of hydrolysis. Concentration of 
released products is determined 
spectrophotometrically. The amount of enzyme 
(in micrograms) which being exposed to 
collagen for 1 hour obtains the hydrolysis 
products equivalent to 1 µg of L-leucine under 
standard test conditions was adopted as the unit 
of collagenolytic activity (UCA). 

Collagenolytic activity in 1 ml of native 
solution Ак was calculated by the equation (1): 

 
Ак = а×V×2.5,                                         (1) 
where: a is the difference in concentration of 
hydrolysis products in the test Ci and control 
Co solutions (μg/ml) and V is the volume of the 
test solution (ml).  
Specific collagenase activity was calculated as 
the ratio of total collagenolytic activity to the 
protein concentration in the producer culture 
liquid.  
Enzyme preparation 
The enzyme preparation was obtained from the 
deep culture of basidiomycete which had a 
maximum level of collagenolytic activity 
according to the results of screening. 
The culture liquid of basidiomycete was 
separated into native solution and wet biomass 
by filtration through a paper filter. 
Concentration and purification of native 
solution from the low molecular weight 
impurities were carried out by ultrafiltration. 
The process was led on the ultrafiltration 
apparatus of non-flowing type FK 02-200 
having a volume of 200 ml with the membrane 
"MIFIL PA - 20" (Minsk, Belarus) at an 
operating pressure of 0.15 MPa. The resulting 
concentrate was dried by lyophilization. 
Then the pH-optimum and temperature 
optimum of collagenase activity of the obtained 
enzyme preparation were determined. 
Determination of the optimum pH of the 
enzyme preparation  
To determine the optimum pH of collagenase 
activity the 1% preparation solutions in 
phosphate buffer solutions with pH value 
ranges from 4.8 to 8.0 were prepared. Then 
collagenolytic activity was determined for the 
resulting solutions. 
Determination of optimum temperature of 
collagenase activity of the preparation 
When determining the temperature optimum of 
the enzymatic activity 1% solution of the 
preparation in the buffer with optimum value of 
pH was prepared. Then collagenolytic activity 
was measured at temperatures ranging from 20 
to 45℃. 
Statistical analysis 
Statistical analysis of the results was carried 
out by determination of the confidence 
intervals of the obtained values using the 
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apparatus of non-flowing type FK 02-200 
having a volume of 200 ml with the membrane 
"MIFIL PA - 20" (Minsk, Belarus) at an 
operating pressure of 0.15 MPa. The resulting 
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Student's coefficient in the Microsoft Office 
Excel 2007. Deviations from the mean values 
considered statistically significant if the 
confidence level was greater than or equal to 
95%. Number of replicates in all dimensions 
was varied (from 4 or more). The experimental 
results were expressed as mean value ± 
standard deviation.  

 
RESULTS AND DISCUSSIONS 
 
The screening of collagenolytic enzyme 
producers was conducted among 35 cultures of 
basidiomycetes from the collection of 
Microbiological Synthesis Technology 
department of SPbSIT. It has shown that the 
highest level of collagenase activity has a deep 
culture of higher fungus Coprinus spp. 
(Coprinus lagopides) on the 7th day of 
cultivation in the glucose-peptone nutrient 
medium with a ratio of carbon and nitrogen 
sources 1.5:1. The literature reports as highest 
collagenase producers the fungal gender 
belonging to Aspergillus, Cladosporium, 
Penicillium and Alternaria (Wanderley et al., 
2017). Few reports on collagenase are reported 
in relation to the basidiomycetaes, and the most 
studied gender was Pleurotus (Hu et al., 2017). 
Regarding Coprinus spp., for the enzymatic 
activity, mainly it was reported for its 
amylolytic activity (Frantz et al., 2019). Also, 
some milk-clotting properties, due to its 
protelotyic activity was reported (Shamtsyan et 
al., 2014). 
The culture liquid of basidiomycete Coprinus 
spp. was concentrated in 2.5 times by 
ultrafiltration. The level of purification was 2 
times. The concentrate was dried by 
lyophilization. The specific activity of obtained 
enzyme preparation of collagenase is 1242 
UCA/µg of protein. 
For the obtained preparation the optimum pH 
and the temperature of the enzymatic activity 
were determined as folows: the optimum pH is 
in the range of pH 7.5-7.6 (Figure 1), optimum 
temperature lies in the range of 35-38℃ 
(Figure 2).  
On the first step of study of the effect of 
different carbon and nitrogen sources and their 
ratios on collagenase activity of deep culture of 
higher fungus Coprinus spp. was performed the 
cultivation of macromycete on the mediums 

containing different nitrogen sources and ratios 
of carbon and nitrogen sources in the 
composition of the nutrient medium, wherein 
the source of carbon was glucose. 
 

 
Figure 1. Dependence of collagenolytic activity on the 

pH of the preparation solution 
 

 
Figure 2. Dependence of collagenolytic activity on the 

temperature of preparation solution 
 

According to the data obtained in the first step 
of study it can be concluded that culturing on 
the mediums with urea is accomplished with 
strong alkalization while the use of ammonium 
nitrate as a nitrogen source leads to strong 
acidification of the mediums. pH of submerge 
culture obtained in the medium containing 
ammonium citrate was slightly acidic. 
Cultivation of fungi in glucose-peptone nutrient 
mediums accompanied by a transition pH from 
a weakly acidic to weakly alkaline.  
The greatest amount of fungal biomass 
accumulates on the 4th day of cultivation in 
glucose-peptone medium with the ratio of 
carbon and nitrogen sources 1.5:1 while the 
smallest amount of biomass accumulates on the 
mediums with urea. 
The results of the quantitative determination of 
collagenolytic activity of macromycetes 
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submerged culture in the first step of the study 
are represented on the Figures 3-6. 
Figures 3-6 shows that the basidiomycete deep 
culture produces the highest level of total 
collagenolytic activity on the 7th day of 
cultivation in the medium where urea is used as 
nitrogen source at a ratio of carbon and 
nitrogen sources 14:1 and 15:1. 
 

 
Figure 3. Collagenolytic activity level of basidiomycete 

Coprinus sp. deep culture in case of using glucose-
peptone nutrient mediums 

 

 
Figure 4. Collagenolytic activity level of macromycete 

deep culture in case of growth in the mediums with urea 
 

 
Figure 5. Collagenolytic activity level of producer 

culture in case of using mediums with ammonium nitrate 

 
Figure 6. Collagenolytic activity level of basidiomycete 
deep culture in case of growth in the nutrient mediums 

with ammonium citrate 
 
The maximum level of specific collagenolytic 
activity of basidiomycete Coprinus spp. culture 
was observed on the 7th day of cultivation in 
the medium with glucose and urea at a ratio of 
carbon and nitrogen sources 15:1. 
Thus, for the subsequent study of the influence 
of different carbon sources in nutrient mediums 
composition on the enzymatic activity of 
producer deep culture urea was used as a 
nitrogen source. 
According to the results obtained in the second 
step of the study the cultivation of 
macromycete in all carbon sources was 
accompanied by a strong medium alkalization, 
however, a lesser alkalization was registered in 
the mediums with beer wort. 
The highest amount of accumulated biomass 
the fungus culture produces on the 4-5th days of 
growth in medium with beer wort at a ratio of 
carbon and nitrogen sources 1.5:1, but it is 
considerably lower than in the case of using 
glucose-peptone medium. The smallest amount 
of biomass the fungus culture accumulates on 
the 3-5th days of cultivation in medium with 
molasses at the ratios of carbon and nitrogen 
sources 10:1 and 15:1. 
The results of the quantitative determination of 
collagenolytic activity of fungus submerged 
culture in the second step of the study are 
shown on the Figures 7-10. 
Figures 7-10 shows that the highest total 
collagenolytic activity of basidiomycete 
Coprinus sp. deep culture is registered in case 
of using the nutrient medium where dairy whey 
is used as the carbon source. 
In order to increase the collagenase activity of 
producer culture the pH of dairy whey 
mediums was changed by: (1) the adjustment 
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The maximum level of specific collagenolytic 
activity of basidiomycete Coprinus spp. culture 
was observed on the 7th day of cultivation in 
the medium with glucose and urea at a ratio of 
carbon and nitrogen sources 15:1. 
Thus, for the subsequent study of the influence 
of different carbon sources in nutrient mediums 
composition on the enzymatic activity of 
producer deep culture urea was used as a 
nitrogen source. 
According to the results obtained in the second 
step of the study the cultivation of 
macromycete in all carbon sources was 
accompanied by a strong medium alkalization, 
however, a lesser alkalization was registered in 
the mediums with beer wort. 
The highest amount of accumulated biomass 
the fungus culture produces on the 4-5th days of 
growth in medium with beer wort at a ratio of 
carbon and nitrogen sources 1.5:1, but it is 
considerably lower than in the case of using 
glucose-peptone medium. The smallest amount 
of biomass the fungus culture accumulates on 
the 3-5th days of cultivation in medium with 
molasses at the ratios of carbon and nitrogen 
sources 10:1 and 15:1. 
The results of the quantitative determination of 
collagenolytic activity of fungus submerged 
culture in the second step of the study are 
shown on the Figures 7-10. 
Figures 7-10 shows that the highest total 
collagenolytic activity of basidiomycete 
Coprinus sp. deep culture is registered in case 
of using the nutrient medium where dairy whey 
is used as the carbon source. 
In order to increase the collagenase activity of 
producer culture the pH of dairy whey 
mediums was changed by: (1) the adjustment 
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of mediums pH to 6.5 by 0.1M NaOH; (2) 
addition of calcium carbonate in the amount of 
10 g/l. 
The results of the quantitative determination of 
collagenolytic activity of the fungus deep 
culture in case of pH updating of dairy whey 
mediums are shown on the Figures 11 and 12. 
 

 
Figure 7. Collagenolytic activity level of basidiomycete 
culture in case of growth in the mediums with molasses 

 

 
Figure 8. Collagenolytic activity level of the fungus 

culture in the mediums containing dairy whey 
 

 
Figure 9. Collagenolytic activity level of Coprinus spp. 

deep culture in case of using the mediums  
with wheat flour 

 
Figure 10. Collagenolytic activity level of producer 

culture in the mediums with beer wort 
 

 
Figure 11. Collagenolytic activity level of basidiomycete 
culture in case of adjustment of dairy whey mediums pH 

to 6.5 by 0.1M NaOH 
 

 
Figure 12. Collagenolytic activity level of producer 

culture in case of growth in the dairy whey mediums 
with the addition of 1% of calcium carbonate 

 
According to the data obtained the highest total 
collagenolytic activity is achieved by growing 
of producer in medium containing whey and 

1% of calcium carbonate on the 7th day of 
cultivation at the ratios of carbon and nitrogen 
sources 5:1 and 7:1, and on the 6-7th days of 
cultivation at a ratio of carbon and nitrogen 
sources 10:1. The change of dairy whey 
mediums pH by 0.1M NaOH reduces 
collagenase activity of producer culture in 
comparison with the using of dairy whey 
mediums without any pH correction. 
The maximum level of specific collagenolytic 
activity was observed on the 7th day of fungus 
cultivation in the medium containing dairy 
whey at a ratio of carbon and nitrogen sources 
15:1, but it is considerably lower than the level 
achieved in the medium with glucose and urea. 
 
CONCLUSIONS 
 
The use of higher fungi as the producers of 
collagenase provides an opportunity to realize 
production of this enzyme under controlled 
conditions and environments which leads to a 
relative standardization of product and the 
possibility of production of sustainable enzyme 
in commercial scale. 
At Microbiological Synthesis Technology 
department of St. Petersburg State Institute of 
Technology screening of number of 
basidiomycetes for the presence of 
collagenolytic activity was held. It was shown 
that the deep culture of basidiomycete 
Coprinus spp. has a high level of collagenase 
activity. Thus, highest fungus Coprinus spp. is 
a promising producer of highly active 
collagenase. 
The lyophilized enzyme preparation was 
obtained from the culture liquid of 
basidiomycete Coprinus spp. Its specific 
collagenolytic activity is 1242 UCA/µg of 
protein. The optimum pH and temperature of 
its enzymatic activity were determined as  a pH 
of 7.5-7.6, respectively an optimal temperature 
raging in 35-38oC. 
In order to improve the collagenolytic activity 
of producer submerged culture the selection of 
carbon and nitrogen sources and their ratios in 
the composition of nutrient medium was 
carried out. According to the information 
received, the highest total collagenolytic 
activity is achieved in case of growth of the 
producer in medium containing urea and dairy 
whey with addition of 1% of calcium carbonate 

on the 7th day of cultivation at the ratios of 
carbon and nitrogen sources 5:1 and 7:1, and 
on the 6-7th days of cultivation at a ratio of 
carbon and nitrogen sources 10:1.  
The maximum level of specific collagenolytic 
activity of basidiomycete Coprinus spp. culture 
is observed on the 7th day of cultivation in the 
medium with glucose and urea at a ratio of 
carbon and nitrogen sources 15:1. 
It should be noted that the replacement of 
traditionally used expensive carbon (glucose) 
and nitrogen (peptone) sources in the 
composition of the nutrient medium by the 
cheaper ones (dairy whey and urea) will permit 
us not only to increase the output of the final 
product - fungal collagenase, but also will 
significantly reduce the cost of the obtained 
enzyme preparation. At the same time, it will 
permit us to use the wastes of cheese and curds 
productions instead of food product - glucose. 
Thus, in this study we have discovered the 
basidiomycete - producer of collagenolytic 
enzyme which has not only technological, but 
also economic advantages in comparison with 
today’s existing preparations of clostridial and 
crab collagenases. 
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Abstract  
 
A technology for obtaining a new lyophilized functional product with healthy qualities - "FucoSTEM" has been created. 
Its composition includes sources of useful and biologically active ingredients of various origins. The bioformula of the 
new bioproduct was complied with the requirements for physiological activity, harmlessness and microbial stability. 
The main parameters of the process of freeze-drying of 4 main components of the composition of the product - 
colostrum, chokeberry juice, beta-glucans and fructooligosaccharides were established, and their phase behavior at 
low and high temperatures was studied. Analysis of the thermal curves, obtained by differential scanning calorimetry, 
provides information on enthalpy, melting temperatures and crystallization, thus proving that an endothermic 
phenomenon between -5°C and -40°C is observed, which corresponds to the melting of the samples.  
 
Key words: lyophilized product, buffalo colostrum, freeze drying. 
 
INTRODUCTION  
 
Modern guidelines in the science of nutrition 
are characterized by a emphasized orientation 
on the to increasingly widespread application 
of natural remedies of protecting human health 
in the form of functional foods, probiotics, 
biological stimulators, regulators and more. 
Biologically active foods are a new and 
promising direction. These are foods, enriched 
with dietary fiber, oligosaccharides, various 
probiotic bacteria, vitamins, mineral substances 
and other useful ingredients, which regulate 
functions in the organism and improve the 
health status of the consumers. In modern 
industry more and more diverse in recipe 
composition biologically active foods are being 
developed (Ferronatto et al., 2021; Cerda-
Opazo et al., 2021; Segura-Badilla et al., 2020; 
Ivanova et al., 2020; Tondt and Bays, 2022; 
Tran et al., 2022).  
The method of freeze-drying (lyophilization) is 
used for the production of most of them. It 
combines two methods of preservation - 
freezing and drying under vacuum at 
temperatures that do not disturb the micro and 
macrostructure of the product. The increased 
interest in lyophilized foods is explained by the 
high quality of the final product, with their 

fully preserved taste qualities, color, aroma, 
nutritional and biological value, their lightness, 
long-term storage and convenience in 
transportation and marketing (Moayyedi et al., 
2018; Achouri et al., 2021; Xin et al., 2022). 
Buffalo colostrum represents a natural raw 
material with valuable qualities, that can be 
used to obtain various functional foods. There 
are data in the literature on scientific 
developments related to colostrum from cows, 
goats, but there is not enough information 
about buffalo colostrum. There is no 
information on the development and/or 
existence of functional foods and other 
bioproducts based on this type of colostrum. In 
recent years, results have been published on the 
presence of active substances in buffalo 
colostrum that have a protective effect (Rohit et 
al., 2012; Ashok & Aparna, 2017). 
Aronia fruit is among the richest sources of 
polyphenols and has a high antioxidant 
potential (Llorent-Martínez et al., 2013; Štepec 
et al., 2020; Sidor & Gramza-Michałowska, 
2019). It has been found to contain many other 
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Abstract  
 
A technology for obtaining a new lyophilized functional product with healthy qualities - "FucoSTEM" has been created. 
Its composition includes sources of useful and biologically active ingredients of various origins. The bioformula of the 
new bioproduct was complied with the requirements for physiological activity, harmlessness and microbial stability. 
The main parameters of the process of freeze-drying of 4 main components of the composition of the product - 
colostrum, chokeberry juice, beta-glucans and fructooligosaccharides were established, and their phase behavior at 
low and high temperatures was studied. Analysis of the thermal curves, obtained by differential scanning calorimetry, 
provides information on enthalpy, melting temperatures and crystallization, thus proving that an endothermic 
phenomenon between -5°C and -40°C is observed, which corresponds to the melting of the samples.  
 
Key words: lyophilized product, buffalo colostrum, freeze drying. 
 
INTRODUCTION  
 
Modern guidelines in the science of nutrition 
are characterized by a emphasized orientation 
on the to increasingly widespread application 
of natural remedies of protecting human health 
in the form of functional foods, probiotics, 
biological stimulators, regulators and more. 
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developed (Ferronatto et al., 2021; Cerda-
Opazo et al., 2021; Segura-Badilla et al., 2020; 
Ivanova et al., 2020; Tondt and Bays, 2022; 
Tran et al., 2022).  
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fully preserved taste qualities, color, aroma, 
nutritional and biological value, their lightness, 
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recent years, results have been published on the 
presence of active substances in buffalo 
colostrum that have a protective effect (Rohit et 
al., 2012; Ashok & Aparna, 2017). 
Aronia fruit is among the richest sources of 
polyphenols and has a high antioxidant 
potential (Llorent-Martínez et al., 2013; Štepec 
et al., 2020; Sidor & Gramza-Michałowska, 
2019). It has been found to contain many other 
useful nutrients - antioxidants, vitamins, etc., 
which is why it is included to the so-called 
"superfoods" with unique health qualities. 
The authors present a technology for the 
production of a new lyophilized bioproduct 
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"FucoSTEM", based on buffalo colostrum, with 
included sources of useful, physiologically 
active and building substances of different 
origin. Another of our scientific publications 
presents the results of organoleptic, 
physicochemical, biochemical and 
microbiological studies of this lyophilized 
functional product (Loginovska et al., 2021). 
This publication shows data related to the 
technology of obtaining this bioproduct. The 
optimal technological parameters of the 
sublimation drying process have been 
determined, in order to obtain a final product 
with low moisture content and preserved 
biologically active properties. 
 
MATERIALS AND METHODS  
 
The recipe of the new functional food, as 
mentioned in our other publication (Loginovska 
et al., 2021), includes natural raw materials - 
buffalo colostrum, chokeberry, fucose, xylitol, 
mannitol, β - glucans, fructooligosaccharides, 
sodium citrate. 
The liquid components - colostrum and 
chokeberry juice are lyophilized, such as the 
process includes the following technological 
stages: 
 Freezing - conducted in refrigerated 

chambers with forced convection of the air 
environment at a temperature from -25°C to 
-30°C, in continuation on minimum of 24 
hours. Liquid raw materials (colostrum and 
chokeberry juice) are frozen in special trays 
for freeze-drying, with a layer thickness of 
10-15 mm. 

 Determination of the mode parameters of 
freeze-drying by differential scanning 
calorimetry (DSC) - Measurements were 
made with DSC 204F1 Phoenix (Netzsch 
Geräebau GmbH, Germany). The samples 
(about 10 mg) were enclosed hermetically in 
aluminum crucibles. An empty, hermetically 
sealed crucible was used as a reference. 
Initially, the samples were cooled to -60°C 
at a rate of 5 K/min, then were heated to 
200°C at a rate of 10 K/min. The water 
content was determined by the peak of water 
crystallization (about 0°С temperature). The 
processing of the experimental thermograms 
was done with the help of specialized 

software to the Proteus Analysis tool 
(Netzsch, Germany). 

 Sublimation drying - the process was carried 
out in a laboratory sublimation installation 
of the company "Hochvakuum-TG-16.50" 
with conductive heating of the plates during 
the initial drainage of water at -22°/-25°C 
and residual pressure in the sublimator in the 
range of 10-1-10-2 mm Hg and desorption 
(after drying) by heating under deep 
vacuum. The temperature on to drying is 
+30°С. 

 
RESULTS AND DISCUSSIONS  
 
1. Determination of the prescription 
composition of a lyophilized product 
"FucoSTEM" - qualitative and quantitative 
selection of the constituent components of 
the product 
The bioformula of the new functional product 
is compliant with the requirements for 
physiological activity, harmlessness and 
microbial stability. Its composition includes 
sources of useful and biologically active 
ingredients of various origins. The selection of 
the components and their quantity are in 
accordance with the need to obtain a 
lyophilized product with a balanced 
composition and high biological and energy 
value (Table 1). 
 

Table 1. Component and quantitative osition of 
lyophilized product "FucoSTEM" 

Component Quantity, g Content,% 
Colostrum 20 10 

Chokeberry (juice) 30 15 
Fucose 20 10 
Xylitol 40 20 

Mannitol 40 20 
Beta-glucans 10 5 

Sodium citrate 10 5 
Fructooligosaccharides  30 15 

Total: 200.00 100 
 
The product is prepared and adapted for use by 
a wide range of users, including children.  

 
2. Determination of the optimal 
technological parameters to carry out  the 
process of freeze-drying of the liquid 
components of the composition of 
"FucoSTEM" to obtain a final product with 

 

low moisture content and preserved 
biologically active properties 
Technological factors have especially 
important meaning for the successful 
implementation of the lyophilization process: 
freezing temperature, temperature on to drying, 
package and storage conditions. These 
indicators were tracked during the respective 
stages of freeze-drying.  
To determine the regime parameters of freeze-
drying and the maximum storage of the 
biological completeness of the raw materials, in 
advance were determined the main parameters 
of freeze-drying of 4 main components of the 
composition of the product - colostrum, 
chokeberry juice, beta-glucans and fructooligo-
saccharides, and their phase behavior at low 
and high temperatures was studied. 
Thermograms of their phase transitions were 
obtained by differential scanning calorimetry 
(Figures 1-4). The analysis of the thermal 
curves gives information about the enthalpy, 
melting temperatures and crystallization. 
 

 
Figure 1. Thermogram of the phase transitions in 

colostrums 
 

 
Figure 2. Thermogram of the phase transitions in 

chokeberry 

 
Figure 3. Thermogram of phase transitions in 

fructooligosaccharide 
 

 
Figure 4. Thermogram of phase transitions in beta-

glucan 
 

The analysis of the obtained thermograms 
shows, that they have an analogous type - an 
endothermic phenomenon is observed between 
-5°С and -40°С, which corresponds to the 
melting of the samples. Temperature of initial 
melting (Tim) is about -5°C. Up to -80°С no 
change in the heat capacity and respectively 
vitreous transition is observed. This allows the 
raw materials to be frozen under standard 
conditions in the freezer and no lower 
temperature processing is required. 
Freeze drying - The temperature regime of the 
freeze-drying was programmed so as to obtain 
an optimal drying speed, which to ensure good 
quality of the final product. The drying 
temperature during the conducted technological 
tests is +30°С. 
During lyophilization, the implementation of 
the process was monitored in all phases and 
mainly in the main ones - sublimation and 
drying. 
Summarized expression on the results of the 
technological tests related to the complete 
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melting (Tim) is about -5°C. Up to -80°С no 
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temperature processing is required. 
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freeze-drying was programmed so as to obtain 
an optimal drying speed, which to ensure good 
quality of the final product. The drying 
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Summarized expression on the results of the 
technological tests related to the complete 



172

 

freeze-drying cycle of the products are 
presented in Table 2. 
 

Table 2. Parameters of the process of freeze-drying of 
raw materials colostrum and chokeberry juice 

Parameters / measure Colostrum Chokeberry 
juice 

І. Layer thickness/ mm 10-12 10 
ІІ. Freezing   
1. Freezing temperature/°C -25 to -30 -25 to -30 
2. Eutectic temperature/ °C -21 -28 
III. Freeze drying   
1. Load of bearing 
surface/kg/m2 9.67 10.02 

2. Drying temperature/ °C -22 to -25 -22 to -25 
3. Temperature in the 
desublimator/°C -55 to -60 -55 to -60 

4. Partial pressure/Pa from 20.0 
to 25.0 

from 20.0 to 
25.0 

5. Pressure in the  
chamber/Pa 

from +20 
to +25.0 

from +20 to 
+25.0 

6. Temperature until drying/°C +30 +30 
7. Duration of the process/h 40 48 
8. Residual moisture content 
/% 2.51 3.25 

 
The results in the table show that the dried raw 
materials (buffalo colostrum and chokeberry 
juice) after freeze-drying have a minimum 
residual moisture content (2.51 and 3.25%). 
 
3. Technological scheme for obtaining 
lyophilized product "FucoSTEM" 
The technological process of obtaining  
the bioproduct "FucoSTEM" is presented in 
Figure 5. 

 
 

 
Figure 5. Technological scheme for obtaining lyophilized functional bioproduct "FucoSTEM" 

 
The individual powder components of the 
product were mixed to obtain a homogeneous 
substance dosed in a sachet for a one-time 
reception from 2 g. The sachets were packed in 

a three-layer foil, which is water, gas and light-
tight. They were placed 10 count in a cardboard 
box. 
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CONCLUSIONS  
 
A technology for the production of a functional 
product "FucoSTEM" has been created 
according to a predetermined health focus. The 
composition of the new product includes 
sources of useful and biologically active 
ingredients of various origins. The selection of 
the component composition is consistent with 
the need to obtain a final product with a 
balanced composition and high energy and 
biological value. 
The main parameters of the process of freeze-
drying of 4 main components of the product - 
buffalo colostrum, chokeberry juice, beta-
glucans and fructooligosaccharides were 
established, and their phase behavior at low and 
high temperatures was studied.  
The thermal curves, obtained by differential 
scanning calorimetry give us information about 
the enthalpy, melting temperatures and 
crystallization.  
An endothermic phenomenon between -5°C 
and -40°C was found, which corresponds to the 
melting of the samples. Temperature of initial 
melting is about -5°C. Up to -80°С no change 
in the heat capacity and respectively vitreous 
transition is observed. 
The raw materials for the new product are 
lyophilized, which guarantees high quality and 
long-term shelf life.  
 
REFERENCES  
 
Achouri, I. E.,  Rhoden, A., Hudon, S.,   Gosselin, R.,        

Simard, J. -S., Abatzoglou, N.  (2021). Non-invasive     
detection technologies of solid foreign matter and   
their applications to lyophilized pharmaceutical          
products:  A review. Talanta, 224, 121885. 

Ashol, N. R., Apama, H. S. (2017). Empirical and          
bioinformatic characterization of buffalo (Bubalus          
bubalis) colostrum whey peptides & their          
angiotensin I-converting enzyme inhibition. Food          
Chem., 228, 582-594. 

Cerda-Opazo, P., Gotteland, M., Oyarzun-Ampuero, F.           
A., Garcia, L. (2021). Design, development and 
evaluation of nanoemulsion containing avocado peel 
extract with anticancer potential: A novel biological 
active ingredient to enrich food. Food  
Hydrocolloids, 111, 106370. 

Ferronatto, A. N., Rossi, R., Pinto, L. M. N., Garavaglia,  
J. (2021). Development of a freeze-dried symbiotic 

obtained from rice bran. Biotech. Reports, 30, 
e00636. 

Ivanova, S., Angelov, L., Miteva, D., Markov, N., 
Kostadinova, E. (2020). Assessment of cow's milk 
quality and consumption of bioactive fatty acids.     
Journal of Mountain Agriculture on the Balkans, 23, 
1, 22-32.  

Llorent-Martínez, E. J., Fernández de Córdova, M. L., 
Ortega-Barrales, P., Ruiz-Medina, A. (2013).   
Characterization and comparison of the chemical    
composition of exotic superfoods.  Microchem. J.,    
110, 444–451. 

Loginovska, K., Solakov, N., Doneva, M., Valchkov, A. 
(2021). Functional bioproduct “FucoSTEM”– 
Evaluation     of     the     product     on       organic, 
physicochemical, biochemical and microbiological    
indicators. AgroLife Scientific Journal, 10, 2, 116-
121. 

Moayyedi, M., Eskandari, M. H., Rad, A. H. E., Ziaee, 
E., Khodaparast, M. H. H., Golmakani, M.-T. (2018).        
Effect of drying methods (electrospraying, freeze 
drying and spray drying) on survival and viability of   
microencapsulated Lactobacillus rhamnosus ATCC 
7469. J. Funct. Foods, 40, 391-399. 

Rohit, A. C., Sathisha, K., Aparna, H. S. (2012). A          
variant peptide of buffalo colostrums β-          
lactoglobulin inhibits angiotensin I-converting          
enzyme activity. Eur. J. of Med. Chem., 53, 211-          
219. 

Segura-Badilla, O., Lazcano-Hernández, M.,           
Kammar-García, A., Vera-López, O., Aguilar-          
Alonso, P., Ramírez-Calixto,  J., Rhode Navarro-          
Cruz,  A. (2020). Use of coconut water (Cocus           
nucifera L.) for the development of a symbiotic   
functional drink. Heliyon, 6, 3, e03653. 

Sidor, A., Gramza-Michałowska, A. (2019). Black            
Chokeberry Aronia melanocarpa L. - A            
Qualitative Composition, Phenolic Profile and            
Antioxidant Potential. Molecules, 24, 20, 3710. 

Štepec, D., Tavčar, G., Ponikvar-Svet, M. (2020).            
Surprisingly high fluorine content in some exotic            
superfoods. J. of Fluorine Chem., 234, 109521. 

Tran, S. H., Mac, T. T. H., Vu, T. T. A., Cao, C. K.,             
Le, T. H. H., Dao, V. D., Nguyen, C. B., Nguyen,             
T. H. Y., Povydysh, M. N. (2022). Quantitative            
analysis  of  fructans in functional foods by high-            
performance anion-exchange chromatography            
with pulsed amperometric detection. Bioactive            
Carbohydrates and Dietary Fibre, 28,100320. 

Tondt, J., Bays, H. E. (2022). Concomitant medications,  
functional  foods, and  supplements: An  Obesity   
Medicine Association  (OMA)  Clinical  Practice  
Statement (CPS) 2022. Obesity Pillars, 2. 

Xin X., Chen J., Chen L., Wang J., Liu X., Chen F.  
(2022). Lyophilized insulin micelles for long-term 
storage and regulation of blood glucose for 
preventing hypoglycemia. Chemical Engineering 
Journal, 435,  2, 134929 

 
 

 



173

 

freeze-drying cycle of the products are 
presented in Table 2. 
 

Table 2. Parameters of the process of freeze-drying of 
raw materials colostrum and chokeberry juice 

Parameters / measure Colostrum Chokeberry 
juice 

І. Layer thickness/ mm 10-12 10 
ІІ. Freezing   
1. Freezing temperature/°C -25 to -30 -25 to -30 
2. Eutectic temperature/ °C -21 -28 
III. Freeze drying   
1. Load of bearing 
surface/kg/m2 9.67 10.02 

2. Drying temperature/ °C -22 to -25 -22 to -25 
3. Temperature in the 
desublimator/°C -55 to -60 -55 to -60 

4. Partial pressure/Pa from 20.0 
to 25.0 

from 20.0 to 
25.0 

5. Pressure in the  
chamber/Pa 

from +20 
to +25.0 

from +20 to 
+25.0 

6. Temperature until drying/°C +30 +30 
7. Duration of the process/h 40 48 
8. Residual moisture content 
/% 2.51 3.25 

 
The results in the table show that the dried raw 
materials (buffalo colostrum and chokeberry 
juice) after freeze-drying have a minimum 
residual moisture content (2.51 and 3.25%). 
 
3. Technological scheme for obtaining 
lyophilized product "FucoSTEM" 
The technological process of obtaining  
the bioproduct "FucoSTEM" is presented in 
Figure 5. 

 
 

 
Figure 5. Technological scheme for obtaining lyophilized functional bioproduct "FucoSTEM" 

 
The individual powder components of the 
product were mixed to obtain a homogeneous 
substance dosed in a sachet for a one-time 
reception from 2 g. The sachets were packed in 

a three-layer foil, which is water, gas and light-
tight. They were placed 10 count in a cardboard 
box. 

 
 
 

 
 
 

RAW MATERIALS 
 

Colostrum Chokeberry Fucose 

Xylitol 

Mannitol 

Beta-glucans 

Sodium citrate 

Fructooligosaccharid
 

Getting juice 

Freezing 

Lyophilization 

Mixing and homogenizing the components 

Obtaining the final dose form, packaging and labeling 

Dosage 

 

 
CONCLUSIONS  
 
A technology for the production of a functional 
product "FucoSTEM" has been created 
according to a predetermined health focus. The 
composition of the new product includes 
sources of useful and biologically active 
ingredients of various origins. The selection of 
the component composition is consistent with 
the need to obtain a final product with a 
balanced composition and high energy and 
biological value. 
The main parameters of the process of freeze-
drying of 4 main components of the product - 
buffalo colostrum, chokeberry juice, beta-
glucans and fructooligosaccharides were 
established, and their phase behavior at low and 
high temperatures was studied.  
The thermal curves, obtained by differential 
scanning calorimetry give us information about 
the enthalpy, melting temperatures and 
crystallization.  
An endothermic phenomenon between -5°C 
and -40°C was found, which corresponds to the 
melting of the samples. Temperature of initial 
melting is about -5°C. Up to -80°С no change 
in the heat capacity and respectively vitreous 
transition is observed. 
The raw materials for the new product are 
lyophilized, which guarantees high quality and 
long-term shelf life.  
 
REFERENCES  
 
Achouri, I. E.,  Rhoden, A., Hudon, S.,   Gosselin, R.,        

Simard, J. -S., Abatzoglou, N.  (2021). Non-invasive     
detection technologies of solid foreign matter and   
their applications to lyophilized pharmaceutical          
products:  A review. Talanta, 224, 121885. 

Ashol, N. R., Apama, H. S. (2017). Empirical and          
bioinformatic characterization of buffalo (Bubalus          
bubalis) colostrum whey peptides & their          
angiotensin I-converting enzyme inhibition. Food          
Chem., 228, 582-594. 

Cerda-Opazo, P., Gotteland, M., Oyarzun-Ampuero, F.           
A., Garcia, L. (2021). Design, development and 
evaluation of nanoemulsion containing avocado peel 
extract with anticancer potential: A novel biological 
active ingredient to enrich food. Food  
Hydrocolloids, 111, 106370. 

Ferronatto, A. N., Rossi, R., Pinto, L. M. N., Garavaglia,  
J. (2021). Development of a freeze-dried symbiotic 

obtained from rice bran. Biotech. Reports, 30, 
e00636. 

Ivanova, S., Angelov, L., Miteva, D., Markov, N., 
Kostadinova, E. (2020). Assessment of cow's milk 
quality and consumption of bioactive fatty acids.     
Journal of Mountain Agriculture on the Balkans, 23, 
1, 22-32.  

Llorent-Martínez, E. J., Fernández de Córdova, M. L., 
Ortega-Barrales, P., Ruiz-Medina, A. (2013).   
Characterization and comparison of the chemical    
composition of exotic superfoods.  Microchem. J.,    
110, 444–451. 

Loginovska, K., Solakov, N., Doneva, M., Valchkov, A. 
(2021). Functional bioproduct “FucoSTEM”– 
Evaluation     of     the     product     on       organic, 
physicochemical, biochemical and microbiological    
indicators. AgroLife Scientific Journal, 10, 2, 116-
121. 

Moayyedi, M., Eskandari, M. H., Rad, A. H. E., Ziaee, 
E., Khodaparast, M. H. H., Golmakani, M.-T. (2018).        
Effect of drying methods (electrospraying, freeze 
drying and spray drying) on survival and viability of   
microencapsulated Lactobacillus rhamnosus ATCC 
7469. J. Funct. Foods, 40, 391-399. 

Rohit, A. C., Sathisha, K., Aparna, H. S. (2012). A          
variant peptide of buffalo colostrums β-          
lactoglobulin inhibits angiotensin I-converting          
enzyme activity. Eur. J. of Med. Chem., 53, 211-          
219. 

Segura-Badilla, O., Lazcano-Hernández, M.,           
Kammar-García, A., Vera-López, O., Aguilar-          
Alonso, P., Ramírez-Calixto,  J., Rhode Navarro-          
Cruz,  A. (2020). Use of coconut water (Cocus           
nucifera L.) for the development of a symbiotic   
functional drink. Heliyon, 6, 3, e03653. 

Sidor, A., Gramza-Michałowska, A. (2019). Black            
Chokeberry Aronia melanocarpa L. - A            
Qualitative Composition, Phenolic Profile and            
Antioxidant Potential. Molecules, 24, 20, 3710. 

Štepec, D., Tavčar, G., Ponikvar-Svet, M. (2020).            
Surprisingly high fluorine content in some exotic            
superfoods. J. of Fluorine Chem., 234, 109521. 

Tran, S. H., Mac, T. T. H., Vu, T. T. A., Cao, C. K.,             
Le, T. H. H., Dao, V. D., Nguyen, C. B., Nguyen,             
T. H. Y., Povydysh, M. N. (2022). Quantitative            
analysis  of  fructans in functional foods by high-            
performance anion-exchange chromatography            
with pulsed amperometric detection. Bioactive            
Carbohydrates and Dietary Fibre, 28,100320. 

Tondt, J., Bays, H. E. (2022). Concomitant medications,  
functional  foods, and  supplements: An  Obesity   
Medicine Association  (OMA)  Clinical  Practice  
Statement (CPS) 2022. Obesity Pillars, 2. 

Xin X., Chen J., Chen L., Wang J., Liu X., Chen F.  
(2022). Lyophilized insulin micelles for long-term 
storage and regulation of blood glucose for 
preventing hypoglycemia. Chemical Engineering 
Journal, 435,  2, 134929 

 
 

 



174

AgroLife Scientific Journal - Volume 11, Number 2, 2022
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718

  
  

 
CHARACTERISTICS OF POTATO VARIETIES  

ACCORDING TO ADAPTABILITY PARAMETERS RESEARCHED  
IN THE FOREST ZONE OF UKRAINE 

 
Tatiana SONETS1, Mykola FURDYHA2 

 
1Ukrainian Institute for Plant Veriety Examination, 15, Henerala Rodimtseva Street,  

Kyiv, 03041, Ukraine 
2Institute for Potato Research of the National Academy of Agrarian Sciences of Ukraine 

22 Chkalova Street Nemishaieve, Borodiаnka distr., Kyiv Region, 07853, Ukraine 
 

Corresponding author email: sonechkoatd@ukr.net 
 
Abstract 
 
The article presents the results of research on potato varieties in the Polissia zone of Ukraine. According to them, the 
adaptive potential, phenotypic stability and resistance to stressful environmental conditions were calculated based on 
the "yield" feature. According to the results of a comprehensive assessment, it was established that the general adaptive 
capacity according to the absolute coefficient of adaptability is characteristic of the following varieties: Prada, Sanibel, 
Riviera, Vzirets, Bellarosa, Zhytnytsia, Rodynna, Lilly, Yavir, Knyazha, Sluch, Toscana, Challenger. High stress 
resistance was found in potato varieties: Prada Predslava, Challenger. Genetic plasticity, which has a high degree of 
compatibility of the "genotype-environment" factors, was established in the varieties: Prada, Sluch, Bellarosa, Rodinna. 
According to the coefficient of variation, a high degree of variation (variability) was established in the varieties: Sluch, 
Vzirets. Varieties: Prada, Challenger, Predslava had slight variability. This assessment will contribute to the selection 
of potato varieties for profitable and economically profitable potato farming. 
 
Key words: potatoes, adaptability, plasticity, stress resistance, homeostatic. 
 
INTRODUCTION  
 
Breeders of the leading institutions of Ukraine 
in the field of potato growing and foreign 
scientists have created some potato varieties of 
different groups of maturity and economic 
purpose, which can satisfy all potato producers. 
In particular, in 2022, 86 varieties of potatoes 
of Ukrainian selection and 108 varieties of 
foreign selection were entered into the State 
Register of plant varieties suitable for distribu-
tion in Ukraine (State Register of Plant Varieties 
Suitable for Dissemination in Ukraine (2022). 
URL:https://minagro.gov.ua/storage/app/uploa
ds/public/62b/f32/401/62bf324018d338724248
06.pdf). 
Maintaining the productive qualities of potato 
varieties as a crop that reproduces vegetatively 
requires constant variety renewal using high-
yielding seed material, the share of which is 
estimated at 20-40% relative to the yield level 
(Kirichenko, 2010; Kononuchenko, 2003; 
Bondarchuk, 2010; Podgaetsky, Kovalenko, 
2011; Melnyk et al., 2017). 

One of the urgent tasks of realizing the 
potential capacity of a variety is to determine 
its adaptive capacity when grown in certain soil 
and climatic conditions. Using seed material of 
high categories of the researched varieties in 
the production will make it possible to realize 
the genetic potential and stabilize the yield of 
potatoes to a large extent. Along with this, it is 
necessary to determine the criteria that would 
allow to identify varieties with a high potential 
of adaptive capacity by qualitative and 
quantitative characteristics (Osypchuk, 2002; 
Zhuchenko, 1990). 
Research of the presented potato varieties was 
carried out in the conditions of the Polissia 
zone. 
The soil and climatic conditions of the Polissia 
zone of Ukraine are diverse. According to its 
structural structure, the soil cover of Polissia 
has a large number of soil variations, and their 
alternation is very frequent on relatively small 
land plots. The largest areas are occupied by 
sod-podzolic and sandy light loamy soils, their 
clayey varieties. 

The general characteristic features of the soil 
cover of the Polissia zone are: 
- high mosaicity and complexity of the soil 
cover; 
- the dominance of acidic, surface-glazed, 
waterlogged and marshy soils in the soil cover; 
- low content of humus and organo-mineral, 
calcium-saturated colloids; 
- low ability to provide plants with nutrients; 
- high level of environmental vulnerability, 
susceptibility to degradation processes and 
depletion. 
The climate of the Polissia zone is moderately 
continental, which favors the cultivation of 
agricultural crops, in particular potatoes. From 
west to east, the continentality of the climate 
increases. In Western Polissia, 580-600 mm of 
precipitation falls on average per year, in 
Eastern Polissia up to 550-590 mm per year. 
However, the soil cover of the Polissya zone is 
determined by the low deposition coefficient of 
atmospheric precipitation, which is 0.2-0.25. 
The hydrothermal coefficient according to 
Selyaninov, as a comprehensive indicator of 
the assessment of climatic potential, is 1.23-
1.40. The average air temperature of the 
warmest month (July) varies between 18-200С. 
In recent decades, there has been a general 
warming of the climate with a simultaneous 
increase in its contrast. The duration of periods 
of both excessive moisture and dry days, which 
are not typical for the Polissia zone, became 
more frequent. Such trends in the patterns of 
changes in climatic conditions require the 
introduction of appropriate corrections in the 
technological operations of growing 
agricultural crops, increasing the mobility of 
their implementation (Zubets et al., 2010). 
According to the definition of Zhuchenko A.A. 
an important factor of such agricultural 
technologies, in particular in potato growing, is 
the use of varieties with increased adaptive 
capacity to sudden changes in weather and 
meteorological conditions during the growing 
season. 
Fundamental developments in the field of the 
strategy of adaptive intensification of 
agriculture gave A.A. Zhuchenko the 
opportunity to claim that a variety is not only 
resistant to diseases and pests, but also to stress 
factors associated with meteorological 
phenomena (high air temperature, lack of 

moisture etc.). It is also a significant factor that 
reduces the use of pesticides, as the main 
component of environmental degradation. 
(Zhuchenko, 2008). 
Each variety has its own specific response to 
weather conditions. Varieties of different 
maturity respond differently to temperature 
conditions. The optimal day and night air 
temperatures for the growth and development 
of potatoes shift downward from early- and 
mid-ripening to late-ripening varieties during 
the period of planting - sprouting and budding - 
the end of the growing season. After the 
emergence of seedlings, varietal requirements 
are more clearly identified in relation to 
daytime air temperatures, less so - to night 
temperatures. Early maturing varieties are more 
adapted to cool soils or low spring 
temperatures than medium maturing varieties 
(Zhuchenko, 2008; Podgaetskyi, 2014). 
It is the strategy of adaptive intensification that 
sets itself the task of transforming plant 
cultivation from an industry based on the use of 
an ever-increasing amount of irreplaceable 
energy and environmental pollution into an 
industry of life that satisfies ever-increasing 
human needs at the expense of inexhaustible 
resources and the application of scientific 
achievements (Zhuchenko, 2012). 
In particular, the use of potato varieties, as the 
most available centralized economically 
effective means, with a high level of 
adaptability, combining high productivity with 
resistance to biotic and abiotic factors of the 
environment ensure the conduct of profitable 
potato farming in the direction of its 
biologization and environmentalization. The 
use of such varieties makes it possible to 
increase the yield of potatoes by 20-70% 
(Malyavko et al., 2012). 
The concepts of plasticity and stability are also 
used when studying various parameters of plant 
adaptability. Plastic varieties have the ability to 
instantly respond to changes in the environment 
in which they are located, adjusting their 
functioning to such changes. The concept of 
stability is used to determine that a given 
variety has the same phenotype under different 
developmental conditions (Piskun, 2006; 
Vlasenko, 2017). 
Therefore, the research was aimed at studying 
varieties with increased adaptive capacity in the 
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changing conditions of the years in the Polissia 
zone of Ukraine in terms of yield, as well as 
determining stability, plasticity, breeding and 
economic value. These researches are relevant 
for the field of potato growing, both in 
scientific and production terms. 
 
MATERIALS AND METHODS 
 
Field research was conducted in 2018-2020 on 
the basis of the Volyn branch of the Ukrainian 
Institute of Plant Varieties Examination, 
located in the soil and climate zone of Polissia 
of Ukraine. 
Four maturity groups of potato varieties were 
studied. Very early group: Riviera, Prada, 
SANIBEL, Duma, Vzirets; early ripening 
group: Svitanok kyivs'kyi, Bellarosa, Paroli, 
Opillia, Zhytnytsia; medium-ripe group: Yavіr, 
ESMEE, Constance, Solokha, PREDSLAVA, 
Granada, Rodynna, Lilly, Kniazha; middle-late 
group: Picasso, Sluch, Toscana, Challenger, 
Belmonda. All varieties are registrated in the 
State Register of Plant Varieties Suitable for 
Dissemination in Ukraine. 
The soils of the region, where the research was 
carried out, are sod-podzolic clayey sandy loam 
on sandy sediments. The content of humus in 
the soil is 1.86%, the pH of the soil is 4.61, the 
mobile compounds of phosphorus are 98.31 
mg/kg of soil, potassium is 67.10 mg/kg of soil. 
Predecessor - winter triticale, winter rye. The 
average amount of precipitation within the 
growing season for 2018 was 342.7 mm, 2019 - 
336.5 mm, 2020 - 431.5 mm. The average daily 
temperature during the growing season was - 
18.2оС in 2018, 18.4 оС in 2019, and 17.1оС in 
2020. 
Varieties were characterized according to 
adaptability parameters: general and specific 
adaptability, stability, plasticity according to 
the yield indicator. 
Field studies were carried out in accordance 
with the Methodology for the qualification 
examination of plant varieties for suitability for 
distribution in Ukraine. General part, Methods 
of examination of potato plant varieties and 
groups of vegetable, melon, spicy-flavored 
plants for suitability for distribution in Ukraine, 
Methods of research work of the potato 
growing institute, Methods of determining 
indicators of the tolerance level of weediness of 

crops for effective control (15, Tkachyk, 2016; 
Tkachyk, 2016; Bondarchuk et al., 2019; 
Man`ko et al., 2014). 
The adaptive capacity of potato varieties was 
evaluated in accordance with scientific and 
methodological recommendations for the use of 
the coefficient of adaptability (CA) 
(Zhuchenko, 1990; Bondarchuk et al., 2013). 
 
RESULTS AND DISCUSSIONS  
 
One of the conditions for obtaining steady, 
stable potato crops in years with different 
meteorological conditions is a high absolute 
and general adaptive capacity, which the 
variety should possess. For this purpose, an 
analysis of 24 varieties of potatoes of four 
groups of ripeness was carried out for the 
period 2018-2020, according to the "yield" 
feature. 
The adaptive capacity of potato varieties was 
evaluated in accordance with scientific and 
methodological recommendations for the use of 
the adaptability coefficient (CA). 
The reaction of each of the varieties was 
determined by comparing its yield for a 
specific year to the average yield of the same 
year. The main criterion of a variety that is 
characterized by high adaptability in a certain 
agro-climatic zone is the adaptability 
coefficient with an indicator of 1 or higher 
(Table 1).  
Using this method, the studied varieties were 
located in relation to the obtained adaptability 
coefficient as follows: 
Very early - Prada (1.24), Sanibel (1.10), 
Riviera (1.02), Vzirets (1.02); 
Early ripening - Bellarosa (1.16), Zhytnytsia 
(1.01); 
Medium ripe - Rodynna (1.11), Lilly (1.04), 
Yavіr (1.02), Kniazha (1.00); 
Mid-late - Sluch (1.37), Toscana (1.05), 
Challenger (1.04). 
The following varieties are less adapted to the 
conditions of the Polissia zone:  
Very early - Duma (0.84); 
Early ripening - Svіtanok kyivs'kyi (0.72), 
Paroli (0.98), Opillia (0.99); 
Medium ripe - Predslava (0.74), Solokha 
(0.81), Constance (0.90), Granada (0.93), 
Esmee (0.99); 
Mid-late - Picasso (0.91), Belmonda (0.99). 

Table 1. The yield of potato varieties in the Polissia zone and their adaptability coefficient 

Variety 
Yield by year, t/ha Adaptability coefficient by year (CA) Average 

coefficient of 
adaptability 2018 2019 2020 2018 2019 2020 

Very early 
Riviera 22.8 16.0 25.4 1.0 0.9 1.1 1.02 
Prada 24.8 26.6 25.4 1.1 1.4 1.1 1.24 

Sanibel 27.6 18.2 23.4 1.3 1.0 1.1 1.10 
Duma 19.2 13.8 20.1 0.9 0.7 0.9 0.84 
Vzirets 26.4 12.4 26.2 1.2 0.7 1.2 1.02 

Early ripening 
Svіtanok kyivs'kyi 16.6 11.4 17.6 0.8 0.6 0.8 0.72 

Bellarosa 22.6 21.6 28.2 1.0 1.2 1.3 1.16 
Paroli 23.9 15.8 22.4 1.1 0.9 1.0 0.98 
Opillia 21.7 15.2 25.8 1.0 0.8 1.2 0.99 

Zhytnytsia 23.6 18.2 21.8 1.1 1.0 1,0 1.01 
Medium ripe 

Yavіr 18.6 20.6 24.2 0.8 1.1 1.1 1.02 
Esmee 20.2 25.0 15.4 0.9 1.4 0.7 0.99 

Constance 19.6 22.0 14.0 0.9 1.2 0.6 0.90 
Solokha 17.8 13.9 19.2 0.8 0.8 0.9 0.81 

Predslava 14.4 16.4 15.2 0.7 0.9 0.7 0.74 
Granada 19.6 21.6 162 0.9 1.2 0.7 0.93 
Rodynna 27.2 22.0 19.8 1.2 1.2 0.9 1.11 

Lilly 22.0 24.2 18.0 1.0 1.3 0.8 1.04 
Kniazha 17.8 22.2 22.0 0.8 1.2 1.0 1.00 

Mid-late 
Picasso 16.4 15.8 25.2 0.7 0.9 1.1 0.91 
Sluch 36.0 15.8 36.0 1.6 0.9 1.6 1.37 

Toscana 21.2 19.2 25.6 1.0 1.0 1.2 1.05 
Challenger 22.0 20.1 22.8 1.0 1.1 1.0 1.04 
Belmonda 23.5 17.0 22.0 1.1 0.9 1.0 0.99 

Average yield, t/ha 21.9 18.5 22.2     
 

Taking into account average yield indicators, as 
a criterion for determining favorable and 
unfavorable for the growth and development of 

potatoes, it was established that 2020 is a 
favorable year, and 2019 is an unfavorable year 
(Table 2). 

 
Table 2. Yield of potato varieties and adaptability parameters in the Polissia zone 

Variety 

Yield by year,  
(Х) t/ha 

Deviation from average 
yield, t/ha 

Adaptability  
parameters 

2018 2019 2020 2018 2019 2020 (Хmin – Xmax) 
FS (Xmax / 

Хmin) 
Very early 

Riviera 22.8 16.0 25.4 0.9 -2.5 3.2 -9.4 1.6 
Prada 24.8 26.6 25.4 2.9 8.1 3.2 -1.8 1.1 

Sanibel 27.6 18.2 23.4 5.7 -0.3 1.2 -9.4 1.5 
Duma 19.2 13.8 20.1 -2.7 -4.7 -2.1 -6.3 1.5 
Vzirets 26.4 12.4 26.2 4.5 -6.1 4.0 -14.0 2.1 

Early ripening 
Svіtanok kyivs'kyi 16.6 11.4 17.6 -5.3 -7.1 -4.6 -6.2 1.5 

Bellarosa 22.6 21.6 28.2 0.7 3.1 6.0 -6.6 1.3 
Paroli 23.9 15.8 22.4 2.0 -2.7 0.2 -8.1 1.5 
Opillia 21.7 15.2 25.8 -0.2 -3.3 3.6 -10.6 1.7 

Zhytnytsia 23.6 18.2 21.8 1.7 -0.3 -0.4 -5.4 1.3 
Medium ripe 

Yavіr 18.6 20.6 24.2 -3.3 2.1 2.0 -5.6 1.3 
Esmee 20.2 25.0 15.4 -1.7 6.5 -6.8 -9.6 1.6 
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changing conditions of the years in the Polissia 
zone of Ukraine in terms of yield, as well as 
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economic value. These researches are relevant 
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MATERIALS AND METHODS 
 
Field research was conducted in 2018-2020 on 
the basis of the Volyn branch of the Ukrainian 
Institute of Plant Varieties Examination, 
located in the soil and climate zone of Polissia 
of Ukraine. 
Four maturity groups of potato varieties were 
studied. Very early group: Riviera, Prada, 
SANIBEL, Duma, Vzirets; early ripening 
group: Svitanok kyivs'kyi, Bellarosa, Paroli, 
Opillia, Zhytnytsia; medium-ripe group: Yavіr, 
ESMEE, Constance, Solokha, PREDSLAVA, 
Granada, Rodynna, Lilly, Kniazha; middle-late 
group: Picasso, Sluch, Toscana, Challenger, 
Belmonda. All varieties are registrated in the 
State Register of Plant Varieties Suitable for 
Dissemination in Ukraine. 
The soils of the region, where the research was 
carried out, are sod-podzolic clayey sandy loam 
on sandy sediments. The content of humus in 
the soil is 1.86%, the pH of the soil is 4.61, the 
mobile compounds of phosphorus are 98.31 
mg/kg of soil, potassium is 67.10 mg/kg of soil. 
Predecessor - winter triticale, winter rye. The 
average amount of precipitation within the 
growing season for 2018 was 342.7 mm, 2019 - 
336.5 mm, 2020 - 431.5 mm. The average daily 
temperature during the growing season was - 
18.2оС in 2018, 18.4 оС in 2019, and 17.1оС in 
2020. 
Varieties were characterized according to 
adaptability parameters: general and specific 
adaptability, stability, plasticity according to 
the yield indicator. 
Field studies were carried out in accordance 
with the Methodology for the qualification 
examination of plant varieties for suitability for 
distribution in Ukraine. General part, Methods 
of examination of potato plant varieties and 
groups of vegetable, melon, spicy-flavored 
plants for suitability for distribution in Ukraine, 
Methods of research work of the potato 
growing institute, Methods of determining 
indicators of the tolerance level of weediness of 

crops for effective control (15, Tkachyk, 2016; 
Tkachyk, 2016; Bondarchuk et al., 2019; 
Man`ko et al., 2014). 
The adaptive capacity of potato varieties was 
evaluated in accordance with scientific and 
methodological recommendations for the use of 
the coefficient of adaptability (CA) 
(Zhuchenko, 1990; Bondarchuk et al., 2013). 
 
RESULTS AND DISCUSSIONS  
 
One of the conditions for obtaining steady, 
stable potato crops in years with different 
meteorological conditions is a high absolute 
and general adaptive capacity, which the 
variety should possess. For this purpose, an 
analysis of 24 varieties of potatoes of four 
groups of ripeness was carried out for the 
period 2018-2020, according to the "yield" 
feature. 
The adaptive capacity of potato varieties was 
evaluated in accordance with scientific and 
methodological recommendations for the use of 
the adaptability coefficient (CA). 
The reaction of each of the varieties was 
determined by comparing its yield for a 
specific year to the average yield of the same 
year. The main criterion of a variety that is 
characterized by high adaptability in a certain 
agro-climatic zone is the adaptability 
coefficient with an indicator of 1 or higher 
(Table 1).  
Using this method, the studied varieties were 
located in relation to the obtained adaptability 
coefficient as follows: 
Very early - Prada (1.24), Sanibel (1.10), 
Riviera (1.02), Vzirets (1.02); 
Early ripening - Bellarosa (1.16), Zhytnytsia 
(1.01); 
Medium ripe - Rodynna (1.11), Lilly (1.04), 
Yavіr (1.02), Kniazha (1.00); 
Mid-late - Sluch (1.37), Toscana (1.05), 
Challenger (1.04). 
The following varieties are less adapted to the 
conditions of the Polissia zone:  
Very early - Duma (0.84); 
Early ripening - Svіtanok kyivs'kyi (0.72), 
Paroli (0.98), Opillia (0.99); 
Medium ripe - Predslava (0.74), Solokha 
(0.81), Constance (0.90), Granada (0.93), 
Esmee (0.99); 
Mid-late - Picasso (0.91), Belmonda (0.99). 

Table 1. The yield of potato varieties in the Polissia zone and their adaptability coefficient 

Variety 
Yield by year, t/ha Adaptability coefficient by year (CA) Average 

coefficient of 
adaptability 2018 2019 2020 2018 2019 2020 

Very early 
Riviera 22.8 16.0 25.4 1.0 0.9 1.1 1.02 
Prada 24.8 26.6 25.4 1.1 1.4 1.1 1.24 

Sanibel 27.6 18.2 23.4 1.3 1.0 1.1 1.10 
Duma 19.2 13.8 20.1 0.9 0.7 0.9 0.84 
Vzirets 26.4 12.4 26.2 1.2 0.7 1.2 1.02 

Early ripening 
Svіtanok kyivs'kyi 16.6 11.4 17.6 0.8 0.6 0.8 0.72 

Bellarosa 22.6 21.6 28.2 1.0 1.2 1.3 1.16 
Paroli 23.9 15.8 22.4 1.1 0.9 1.0 0.98 
Opillia 21.7 15.2 25.8 1.0 0.8 1.2 0.99 

Zhytnytsia 23.6 18.2 21.8 1.1 1.0 1,0 1.01 
Medium ripe 

Yavіr 18.6 20.6 24.2 0.8 1.1 1.1 1.02 
Esmee 20.2 25.0 15.4 0.9 1.4 0.7 0.99 

Constance 19.6 22.0 14.0 0.9 1.2 0.6 0.90 
Solokha 17.8 13.9 19.2 0.8 0.8 0.9 0.81 

Predslava 14.4 16.4 15.2 0.7 0.9 0.7 0.74 
Granada 19.6 21.6 162 0.9 1.2 0.7 0.93 
Rodynna 27.2 22.0 19.8 1.2 1.2 0.9 1.11 

Lilly 22.0 24.2 18.0 1.0 1.3 0.8 1.04 
Kniazha 17.8 22.2 22.0 0.8 1.2 1.0 1.00 

Mid-late 
Picasso 16.4 15.8 25.2 0.7 0.9 1.1 0.91 
Sluch 36.0 15.8 36.0 1.6 0.9 1.6 1.37 

Toscana 21.2 19.2 25.6 1.0 1.0 1.2 1.05 
Challenger 22.0 20.1 22.8 1.0 1.1 1.0 1.04 
Belmonda 23.5 17.0 22.0 1.1 0.9 1.0 0.99 

Average yield, t/ha 21.9 18.5 22.2     
 

Taking into account average yield indicators, as 
a criterion for determining favorable and 
unfavorable for the growth and development of 

potatoes, it was established that 2020 is a 
favorable year, and 2019 is an unfavorable year 
(Table 2). 

 
Table 2. Yield of potato varieties and adaptability parameters in the Polissia zone 

Variety 

Yield by year,  
(Х) t/ha 

Deviation from average 
yield, t/ha 

Adaptability  
parameters 

2018 2019 2020 2018 2019 2020 (Хmin – Xmax) 
FS (Xmax / 

Хmin) 
Very early 

Riviera 22.8 16.0 25.4 0.9 -2.5 3.2 -9.4 1.6 
Prada 24.8 26.6 25.4 2.9 8.1 3.2 -1.8 1.1 

Sanibel 27.6 18.2 23.4 5.7 -0.3 1.2 -9.4 1.5 
Duma 19.2 13.8 20.1 -2.7 -4.7 -2.1 -6.3 1.5 
Vzirets 26.4 12.4 26.2 4.5 -6.1 4.0 -14.0 2.1 

Early ripening 
Svіtanok kyivs'kyi 16.6 11.4 17.6 -5.3 -7.1 -4.6 -6.2 1.5 

Bellarosa 22.6 21.6 28.2 0.7 3.1 6.0 -6.6 1.3 
Paroli 23.9 15.8 22.4 2.0 -2.7 0.2 -8.1 1.5 
Opillia 21.7 15.2 25.8 -0.2 -3.3 3.6 -10.6 1.7 

Zhytnytsia 23.6 18.2 21.8 1.7 -0.3 -0.4 -5.4 1.3 
Medium ripe 

Yavіr 18.6 20.6 24.2 -3.3 2.1 2.0 -5.6 1.3 
Esmee 20.2 25.0 15.4 -1.7 6.5 -6.8 -9.6 1.6 
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Variety 

Yield by year,  
(Х) t/ha 

Deviation from average 
yield, t/ha 

Adaptability  
parameters 

2018 2019 2020 2018 2019 2020 (Хmin – Xmax) 
FS (Xmax / 

Хmin) 
Constance 19.6 22.0 14.0 -2.3 3.5 -8.2 -8.0 1.6 
Solokha 17.8 13.9 19.2 -4.1 -4.6 -3.0 -5.3 1.4 

Predslava 14.4 16.4 15.2 -7.5 -2.1 -7.0 -2.0 1.1 
Granada 19.6 21.6 16.2 -2.3 3.1 -6.0 -5.4 1.3 
Rodynna 27.2 22.0 19.8 5.3 3.5 -2.4 -7.4 1.4 

Lilly 22.0 24.2 18.0 0.1 5.7 -4.2 -6.2 1.3 
Kniazha 17.8 22.2 22.0 -4.1 3.7 -0.2 -4.4 1.2 

Mid-late 
Picasso 16.4 15.8 25.2 -5.5 -2.7 3.0 -9.4 1.6 
Sluch 36.0 15.8 36.0 14.1 -2.7 13.8 -20.2 2.3 

Toscana 21.2 19.2 25.6 -0.7 0.7 3.4 -6.4 1.3 
Challenger 22.0 20.1 22.8 0.1 1.6 0.6 -2.7 1.1 
Belmonda 23.5 17.0 22.0 1.6 -1.5 -0.2 -6.5 1.4 

Average yield, t/ha 21.9 18.5 22.2      
 
It should be noted that some potato varieties 
react specifically to the same conditions of 
growth and development under adverse 
conditions. For example, in 2019, unfavorable 
due to weather conditions, the following 
varieties showed an increasing difference in 
relation to the average varietal index of the 
year: Prada (8.1 t/ha), Esmee (6.5 t/ha), Lilly 
(5.7 t/ha), Kniazha (3.7 t/ha), Rodynna (3.5 
t/ha), Constance (3.5 t/ha), Bellarosa (3.1 t/ha), 
Granada (3.1 t/ha), Yavіr (2.1 t/ha), Challenger 
(1.6 t/ha) Toscana (0.7 t/ha).  
Therefore, 11 varieties are characterized by 
adaptability, the reaction to adverse weather 
conditions is less pronounced than in other 
varieties. This is especially true of the Prada 
variety (8.1 t/ha), which has significant 
adaptability of the variety both in terms of the 
adaptability coefficient and in deviation from 
the average yield. 
 The most sensitive to weather conditions 
during the years of research, taking into 
account favorable and unfavorable years, were 
the varieties with a deviation from the average 
yield in the direction of decrease: Predslava            
(-7.0 t/ha, 2020 year), Solokha (-3.0 t/ha), 
Duma (-2.1 t/ha). 
The realized productivity potential of the 
variety Prada is higher than that of Predslava, 
Solokha, Duma. 
Varieties Prada, Bellarosa, Challenger were 
distinguished by a positive reaction to the 
favorable conditions of a particular year of 
cultivation by the realization of their genetic 
potential, namely increased productivity, which 

should be classified as varieties with specific 
adaptability. 
One of the important indicators of the variety is 
their resistance to stress - the difference 
between the minimum and maximum 
productivity. 
This indicator has a negative sign. The smaller 
the value of the indicator is, the higher the 
stress resistance of the variety. Varieties Prada 
(-1.8), as well as Predslava (-2.0), Challenger  
(-2.7) have high resistance to stress. 
Kniazha (-4.4), Solokha (-5.3), Zhytnytsia i           
(-5.4), Granada (-5.4), Yavіr (-5.6) varieties 
can be considered relatively resistant. 
In order to avoid shortcomings in establishing 
the absolute range of variations, that is, the 
absolute increase between the maximum and 
minimum value of the levels, the model of D. 
Levis was used. According to the coefficient of 
phenotypic stability (SF), as the ratio of high 
(Xmax) and low (Xmin) values, it was 
established that Prada (1.1), Predslava (1.1), 
Challenger (1.1) varieties are highly stable in 
terms of yield; variety Kniazha (1.2) is 
moderately stable. All other varieties are low-
stable. However, there are varieties that can be 
considered relatively stable, that is, close to the 
value of the indicator 1.1, 1.2. Such varieties 
are: Bellarosa (1.3), Yavіr, Granada (1.3), Lilly 
(1.3), Toscana (1.3), Solokha (1.4), Rodynna 
(1.4), Belmonda (1.4). 
The criterion of high general adaptability in 
relation to the variety is the absolute coefficient 
of adaptability (hereinafter - ACA) (Table 3). 

 
 

Table 3. The yield of potato varieties in the years of research and their absolute coefficient of adaptability 

Variety 
Yield by year,  

t/ha 
Average yield, 

t/ha 
Absolute 

coefficient of 
adaptability (ACA) 2018 2019 2020 2018-2020 

Very early 
Riviera 22.8 16.0 25.4 21.4 1.02 
Prada 24.8 26.6 25.4 25.6 1.22 

Sanibel 27.6 18.2 23.4 23.1 1.10 
Duma 19.2 13.8 20.1 17.7 0.85 
Vzirets 26.4 12.4 26.2 21.7 1.04 

Early ripening 
Svіtanok kyivs'kyi 16.6 11.4 17.6 15.2 0.73 

Bellarosa 22.6 21.6 28.2 24.1 1.15 
Paroli 23.9 15.8 22.4 20.7 0.99 
Opillia 21.7 15.2 25.8 20.9 1.00 

Zhytnytsia 23.6 18.2 21.8 21.2 1.01 
Medium ripe 

Yavіr 18.6 20.6 24.2 21.1 1.01 
Esmee 20.2 25.0 15.4 20.2 0.97 

Constance 19.6 22.0 14.0 18.5 0.89 
Solokha 17.8 13.9 19.2 17.0 0.81 

Predslava 14.4 16.4 15.2 15.3 0.73 
Granada 19.6 21.6 16.2 19.1 0.92 
Rodynna 27.2 22.0 19.8 23.0 1.10 

Lilly 22.0 24.2 18.0 21.4 1.02 
Kniazha 17.8 22.2 22.0 20.7 0.99 

Mid-late 
Picasso 16.4 15.8 25.2 19.1 0.92 
Sluch 36.0 15.8 36.0 29.3 1.40 

Toscana 21.2 19.2 25.6 22.0 1.05 
Challenger 22.0 20.1 22.8 21.6 1.04 
Belmonda 23.5 17.0 22.0 20.8 1.00 

Perennial average yield, t/ha 20.9 
 
According to the absolute coefficient of 
adaptability, the studied potato varieties were 
placed as follows:  
- very early - Prada (1.22), Sanibel (1.10), 

Vzirets (1.04), Riviera (1.02); 
- early ripening - Bellarosa (1.15), 

Zhytnytsia (1.01), Opillia (1.00); 
- medium ripe - Rodynna (1.10), Lilly 

(1.02), Yavіr (1.01); 
- mid-late - Sluch (1.40), Toscana (1.05), 

Challenger (1.04), Belmonda (1.00). 
All other varieties had ACA less than 1.  
The specified varieties that corresponded to 
ACA 1 and above are characterized by high 
adaptability to agroclimatic growing conditions 
of a certain zone with changing weather 
conditions during the years of research. 
Varieties with ACA less than 1 had a low 
adaptive capacity to critical phases of the 

vegetation period and the effect of certain 
environmental factors on them. 
In the process of selection work on 
productivity, scientists pay attention to the 
evaluation of the variety by the amplitude of 
variation of quantitative indicators depending 
on the growing conditions. 
Among the researched varieties, the most 
valuable for production will be those that have 
the highest average level of yield and tuber 
quality. At the same time, they will have a 
smaller range of character fluctuations under 
growing conditions, that is, they will be more 
plastic. 
As a measure of the relative stability of 
varieties, such an indicator of variation as the 
coefficient of variation (V) can be used 
(Table 4). 
 

 
 
 



179

Variety 

Yield by year,  
(Х) t/ha 

Deviation from average 
yield, t/ha 

Adaptability  
parameters 

2018 2019 2020 2018 2019 2020 (Хmin – Xmax) 
FS (Xmax / 

Хmin) 
Constance 19.6 22.0 14.0 -2.3 3.5 -8.2 -8.0 1.6 
Solokha 17.8 13.9 19.2 -4.1 -4.6 -3.0 -5.3 1.4 

Predslava 14.4 16.4 15.2 -7.5 -2.1 -7.0 -2.0 1.1 
Granada 19.6 21.6 16.2 -2.3 3.1 -6.0 -5.4 1.3 
Rodynna 27.2 22.0 19.8 5.3 3.5 -2.4 -7.4 1.4 

Lilly 22.0 24.2 18.0 0.1 5.7 -4.2 -6.2 1.3 
Kniazha 17.8 22.2 22.0 -4.1 3.7 -0.2 -4.4 1.2 

Mid-late 
Picasso 16.4 15.8 25.2 -5.5 -2.7 3.0 -9.4 1.6 
Sluch 36.0 15.8 36.0 14.1 -2.7 13.8 -20.2 2.3 

Toscana 21.2 19.2 25.6 -0.7 0.7 3.4 -6.4 1.3 
Challenger 22.0 20.1 22.8 0.1 1.6 0.6 -2.7 1.1 
Belmonda 23.5 17.0 22.0 1.6 -1.5 -0.2 -6.5 1.4 

Average yield, t/ha 21.9 18.5 22.2      
 
It should be noted that some potato varieties 
react specifically to the same conditions of 
growth and development under adverse 
conditions. For example, in 2019, unfavorable 
due to weather conditions, the following 
varieties showed an increasing difference in 
relation to the average varietal index of the 
year: Prada (8.1 t/ha), Esmee (6.5 t/ha), Lilly 
(5.7 t/ha), Kniazha (3.7 t/ha), Rodynna (3.5 
t/ha), Constance (3.5 t/ha), Bellarosa (3.1 t/ha), 
Granada (3.1 t/ha), Yavіr (2.1 t/ha), Challenger 
(1.6 t/ha) Toscana (0.7 t/ha).  
Therefore, 11 varieties are characterized by 
adaptability, the reaction to adverse weather 
conditions is less pronounced than in other 
varieties. This is especially true of the Prada 
variety (8.1 t/ha), which has significant 
adaptability of the variety both in terms of the 
adaptability coefficient and in deviation from 
the average yield. 
 The most sensitive to weather conditions 
during the years of research, taking into 
account favorable and unfavorable years, were 
the varieties with a deviation from the average 
yield in the direction of decrease: Predslava            
(-7.0 t/ha, 2020 year), Solokha (-3.0 t/ha), 
Duma (-2.1 t/ha). 
The realized productivity potential of the 
variety Prada is higher than that of Predslava, 
Solokha, Duma. 
Varieties Prada, Bellarosa, Challenger were 
distinguished by a positive reaction to the 
favorable conditions of a particular year of 
cultivation by the realization of their genetic 
potential, namely increased productivity, which 

should be classified as varieties with specific 
adaptability. 
One of the important indicators of the variety is 
their resistance to stress - the difference 
between the minimum and maximum 
productivity. 
This indicator has a negative sign. The smaller 
the value of the indicator is, the higher the 
stress resistance of the variety. Varieties Prada 
(-1.8), as well as Predslava (-2.0), Challenger  
(-2.7) have high resistance to stress. 
Kniazha (-4.4), Solokha (-5.3), Zhytnytsia i           
(-5.4), Granada (-5.4), Yavіr (-5.6) varieties 
can be considered relatively resistant. 
In order to avoid shortcomings in establishing 
the absolute range of variations, that is, the 
absolute increase between the maximum and 
minimum value of the levels, the model of D. 
Levis was used. According to the coefficient of 
phenotypic stability (SF), as the ratio of high 
(Xmax) and low (Xmin) values, it was 
established that Prada (1.1), Predslava (1.1), 
Challenger (1.1) varieties are highly stable in 
terms of yield; variety Kniazha (1.2) is 
moderately stable. All other varieties are low-
stable. However, there are varieties that can be 
considered relatively stable, that is, close to the 
value of the indicator 1.1, 1.2. Such varieties 
are: Bellarosa (1.3), Yavіr, Granada (1.3), Lilly 
(1.3), Toscana (1.3), Solokha (1.4), Rodynna 
(1.4), Belmonda (1.4). 
The criterion of high general adaptability in 
relation to the variety is the absolute coefficient 
of adaptability (hereinafter - ACA) (Table 3). 

 
 

Table 3. The yield of potato varieties in the years of research and their absolute coefficient of adaptability 

Variety 
Yield by year,  

t/ha 
Average yield, 

t/ha 
Absolute 

coefficient of 
adaptability (ACA) 2018 2019 2020 2018-2020 

Very early 
Riviera 22.8 16.0 25.4 21.4 1.02 
Prada 24.8 26.6 25.4 25.6 1.22 

Sanibel 27.6 18.2 23.4 23.1 1.10 
Duma 19.2 13.8 20.1 17.7 0.85 
Vzirets 26.4 12.4 26.2 21.7 1.04 

Early ripening 
Svіtanok kyivs'kyi 16.6 11.4 17.6 15.2 0.73 

Bellarosa 22.6 21.6 28.2 24.1 1.15 
Paroli 23.9 15.8 22.4 20.7 0.99 
Opillia 21.7 15.2 25.8 20.9 1.00 

Zhytnytsia 23.6 18.2 21.8 21.2 1.01 
Medium ripe 

Yavіr 18.6 20.6 24.2 21.1 1.01 
Esmee 20.2 25.0 15.4 20.2 0.97 

Constance 19.6 22.0 14.0 18.5 0.89 
Solokha 17.8 13.9 19.2 17.0 0.81 

Predslava 14.4 16.4 15.2 15.3 0.73 
Granada 19.6 21.6 16.2 19.1 0.92 
Rodynna 27.2 22.0 19.8 23.0 1.10 

Lilly 22.0 24.2 18.0 21.4 1.02 
Kniazha 17.8 22.2 22.0 20.7 0.99 

Mid-late 
Picasso 16.4 15.8 25.2 19.1 0.92 
Sluch 36.0 15.8 36.0 29.3 1.40 

Toscana 21.2 19.2 25.6 22.0 1.05 
Challenger 22.0 20.1 22.8 21.6 1.04 
Belmonda 23.5 17.0 22.0 20.8 1.00 

Perennial average yield, t/ha 20.9 
 
According to the absolute coefficient of 
adaptability, the studied potato varieties were 
placed as follows:  
- very early - Prada (1.22), Sanibel (1.10), 

Vzirets (1.04), Riviera (1.02); 
- early ripening - Bellarosa (1.15), 

Zhytnytsia (1.01), Opillia (1.00); 
- medium ripe - Rodynna (1.10), Lilly 

(1.02), Yavіr (1.01); 
- mid-late - Sluch (1.40), Toscana (1.05), 

Challenger (1.04), Belmonda (1.00). 
All other varieties had ACA less than 1.  
The specified varieties that corresponded to 
ACA 1 and above are characterized by high 
adaptability to agroclimatic growing conditions 
of a certain zone with changing weather 
conditions during the years of research. 
Varieties with ACA less than 1 had a low 
adaptive capacity to critical phases of the 

vegetation period and the effect of certain 
environmental factors on them. 
In the process of selection work on 
productivity, scientists pay attention to the 
evaluation of the variety by the amplitude of 
variation of quantitative indicators depending 
on the growing conditions. 
Among the researched varieties, the most 
valuable for production will be those that have 
the highest average level of yield and tuber 
quality. At the same time, they will have a 
smaller range of character fluctuations under 
growing conditions, that is, they will be more 
plastic. 
As a measure of the relative stability of 
varieties, such an indicator of variation as the 
coefficient of variation (V) can be used 
(Table 4). 
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Table 4. Variability of yield of potato varieties of the Polissia zone, 2018-2020 

Variety 
Yield by year,  

t/ha (Х) 
Average yield,  

t/ha (χ) V, % 
2018 2019 2020 2018-2020 

Very early 
Riviera 22.8 16.0 25.4 21.4 22.68 
Prada 24.8 26.6 25.4 25.6 3.58 

Sanibel 27.6 18.2 23.4 23.1 20.41 
Duma 19.2 13.8 20.1 17.7 19.25 
Vzirets 26.4 12.4 26.2 21.7 37.04 

Early ripening 
Svіtanok kyivs'kyi 16.6 11.4 17.6 15.2 21.90 

Bellarosa 22.6 21.6 28.2 24.1 14.74 
Paroli 23.9 15.8 22.4 20.7 20.82 
Opillia 21.7 15.2 25.8 20.9 25.82 

Zhytnytsia 23.6 18.2 21.8 21.2 12.97 
Medium ripe 

Yavіr 18.6 20.6 24.2 21.1 13.43 
Esmee 20.2 25.0 15.4 20.2 23.76 

Constance 19.6 22,0 14.0 18.5 22.15 
Solokha 17.8 13.9 19.2 17.0 16.19 

Predslava 14.4 16.4 15.2 15.3 6.57 
Granada 19.6 21.6 16.2 19.1 15.03 
Rodynna 27.2 22.0 19.8 23.0 16.52 

Lilly 22.0 24.2 18.0 21.4 14.69 
Kniazha 17.8 22.2 22.0 20.7 12.02 

Mid-late 
Picasso 16.4 15.8 25.2 19.1 27.50 
Sluch 36.0 15.8 36.0 29.3 39.85 

Toscana 21.2 19.2 25.6 22.0 14.88 
Challenger 22.0 20.1 22.8 21.6 6.41 
Belmonda 23.5 17.0 22.0 20.8 16.34 

Average yield, t/ha 21,9 18.5 22.2 20.9 18.52 
V, % 20.8 22.0 22.2   

 
When studying the yield of the researched 
varieties, it was established that it was 20.9 t/ha 
on average for 2018-2020, varying from 18.5 
t/ha to 22.2 t/ha over the years. The maximum 
productivity was obtained by the Sluch variety 
(36.0 t/ha) in 2018 and 2020, and the minimum 
by Svitanok kyivs'kyi (11.4 t/ha) in 2019. 
The coefficient of variation on average over the 
years of research was low and amounted to 
18.52%. 
During 2018-2020, a high (more than 33%) 
degree of yield variation (variability) was 
established in the varieties Sluch (V = 39.85%), 
Vzirets (V = 37.04%), their yield within the 
years was 15.8-36.0 t/ha and 12.4 -36.4 t/ha, 
respectively. Varieties Prada (V = 3.58%), 
Challenger (V = 6.41%), Predslava (V = 
6.57%) had insignificant variability with yields 

of 24.8-26.6 t/ha, 20.1-22.8 t/ha, 14.4-16.4 t/ha, 
respectively. 
In general, the studied array of varieties reacts 
to a small extent to changes in weather 
conditions determined by the year. However, 
the dynamics of the average yield by year is 
synchronous with the weather conditions 
during the growing season. That is, the 
varieties are characterized by approximately 
the same corresponding reaction to the growing 
conditions of a certain year. Thus, it is not 
enough to increase the yield of varieties only 
by changing weather conditions. 
One of the main tasks of breeding is to increase 
the adaptive potential of varieties, which 
includes plasticity, stability, homeostatic  
(Table 5). 

 
 
 
 

 

Table 5. Stress resistance, genetic plasticity and homeostaticity of potato varieties of the Polissia zone, 2018-2020 

Variety Adaptability parameters 
Уmax Уmin Уmin-Уmax (Уmax+Уmin)/2 V, % Hom 

Very early  
Riviera 25.4 16.0 -9.4 20.7 22.68 0.94 
Prada 26.6 24.8 -1.8 25.7 3.58 7.15 

Sanibel 27.6 18.2 -9.4 22.9 20.41 1.13 
Duma 20.1 13.8 -6.3 17.0 19.25 0.92 
Vzirets 26.4 12.4 -14.0 19.4 37.4 0.58 

Early ripening  
Svіtanok kyivs'kyi 17.6 11.4 -6.2 14.5 21.90 0.69 

Bellarosa 28.2 21.6 -6.6 24.9 14.74 1.64 
Paroli 23.9 15.8 -8.1 19.9 20.82 0.99 
Opillia 25.8 15.2 -10.6 20.5 25.82 0.80 

Zhytnytsia 23.6 18.2 -5.4 20.9 12.97 1.63 
Medium ripe  

Yavіr 24.2 18.6 -5.6 21.4 13.43 1.57 
Esmee 25.0 15.4 -9.6 20.2 23.76 0.85 

Constance 22.0 14.0 -8.0 18.0 22.15 0.84 
Solokha 19.2 13.9 -5.3 16.6 16.19 1.05 

Predslava 16.4 14.4 -2.0 15.4 6.57 2.34 
Granada 21.6 16.2 -5.4 18.9 15.03 1.27 
Rodynna 27.2 19.8 -7.4 23.5 16.52 1.39 

Lilly 24.2 18.0 -6.2 21.1 14.69 1.46 
Kniazha 22.2 17.8 -4.4 20.0 12.02 1.72 

Mid-late  
Picasso 25.2 15.8 -9.4 20.5 27.50 0.70 
Sluch 36.0 15.8 -20.2 25.9 39.85 0.73 

Toscana 25.6 19.2 -6.4 22.4 14.88 1.48 
Challenger 22.8 20.1 -2.7 21.5 6.41 3.37 
Belmonda 23.5 17.0 -6.5 20.3 16.34 1.28 

 
Plasticity is the ability of a variety to adapt to 
environmental conditions. 
Phenotypic stability is manifested in the 
preservation of the phenotype when 
environmental conditions change, it is due to 
the norm of the reaction of the genotype, the 
ability to preserve the relative constancy of 
features. 
Homeostaticity is the ability of plants to 
respond positively to the improvement of 
growing conditions and to react little or not at 
all to their deterioration. The higher this 
indicator is, the higher the variety is rated for 
suitability for involvement in further selection 
work. 
For a more objective assessment of the studied 
potato varieties, we calculated a number of 
statistical indicators that determined their 
adaptive properties, namely, stress resistance 
(Уmin-Уmax), genetic plasticity ((Уmax+Уmin)/2) 
and homeostaticity (Hom). 
Prada (-1.8) and Predslava (-2.0) and 
Challenger (-2.7) potato varieties showed the 
highest stress resistance. 

Greater variability and low homeostaticity were 
found in varieties Vzirets (Hom = 0.58; V = 
37.04%), Sluch (Hom = 0.73; V = 39.85%), 
which indicates unstable behavior of varieties 
when growing conditions change. 
Lower variability and higher homeostaticity 
were found in varieties Prada (Hom = 7.15; V = 
3.58%), Challenger (Hom = 3.37; V = 6.41%), 
Predslava (Hom = 2.34; V = 6.57%) 
Compared to other varieties, a high value of the 
genetic plasticity indicator was found in Prada 
(25.7), Sluch (25.9), Bellarosa (24.9), Rodynna 
(23.5), which indicates a high degree of 
compatibility of the "genotype-environment" 
factors. 
Thus, according to the evaluation of the studied 
potato varieties, varieties with both wide and 
insignificant variability of this characteristic 
were selected. 
 
CONCLUSIONS  
 
Based on the results of research, we made the 
following conclusions. The adaptive potential, 
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Table 4. Variability of yield of potato varieties of the Polissia zone, 2018-2020 

Variety 
Yield by year,  

t/ha (Х) 
Average yield,  

t/ha (χ) V, % 
2018 2019 2020 2018-2020 

Very early 
Riviera 22.8 16.0 25.4 21.4 22.68 
Prada 24.8 26.6 25.4 25.6 3.58 

Sanibel 27.6 18.2 23.4 23.1 20.41 
Duma 19.2 13.8 20.1 17.7 19.25 
Vzirets 26.4 12.4 26.2 21.7 37.04 

Early ripening 
Svіtanok kyivs'kyi 16.6 11.4 17.6 15.2 21.90 

Bellarosa 22.6 21.6 28.2 24.1 14.74 
Paroli 23.9 15.8 22.4 20.7 20.82 
Opillia 21.7 15.2 25.8 20.9 25.82 

Zhytnytsia 23.6 18.2 21.8 21.2 12.97 
Medium ripe 

Yavіr 18.6 20.6 24.2 21.1 13.43 
Esmee 20.2 25.0 15.4 20.2 23.76 

Constance 19.6 22,0 14.0 18.5 22.15 
Solokha 17.8 13.9 19.2 17.0 16.19 

Predslava 14.4 16.4 15.2 15.3 6.57 
Granada 19.6 21.6 16.2 19.1 15.03 
Rodynna 27.2 22.0 19.8 23.0 16.52 

Lilly 22.0 24.2 18.0 21.4 14.69 
Kniazha 17.8 22.2 22.0 20.7 12.02 

Mid-late 
Picasso 16.4 15.8 25.2 19.1 27.50 
Sluch 36.0 15.8 36.0 29.3 39.85 

Toscana 21.2 19.2 25.6 22.0 14.88 
Challenger 22.0 20.1 22.8 21.6 6.41 
Belmonda 23.5 17.0 22.0 20.8 16.34 

Average yield, t/ha 21,9 18.5 22.2 20.9 18.52 
V, % 20.8 22.0 22.2   

 
When studying the yield of the researched 
varieties, it was established that it was 20.9 t/ha 
on average for 2018-2020, varying from 18.5 
t/ha to 22.2 t/ha over the years. The maximum 
productivity was obtained by the Sluch variety 
(36.0 t/ha) in 2018 and 2020, and the minimum 
by Svitanok kyivs'kyi (11.4 t/ha) in 2019. 
The coefficient of variation on average over the 
years of research was low and amounted to 
18.52%. 
During 2018-2020, a high (more than 33%) 
degree of yield variation (variability) was 
established in the varieties Sluch (V = 39.85%), 
Vzirets (V = 37.04%), their yield within the 
years was 15.8-36.0 t/ha and 12.4 -36.4 t/ha, 
respectively. Varieties Prada (V = 3.58%), 
Challenger (V = 6.41%), Predslava (V = 
6.57%) had insignificant variability with yields 

of 24.8-26.6 t/ha, 20.1-22.8 t/ha, 14.4-16.4 t/ha, 
respectively. 
In general, the studied array of varieties reacts 
to a small extent to changes in weather 
conditions determined by the year. However, 
the dynamics of the average yield by year is 
synchronous with the weather conditions 
during the growing season. That is, the 
varieties are characterized by approximately 
the same corresponding reaction to the growing 
conditions of a certain year. Thus, it is not 
enough to increase the yield of varieties only 
by changing weather conditions. 
One of the main tasks of breeding is to increase 
the adaptive potential of varieties, which 
includes plasticity, stability, homeostatic  
(Table 5). 

 
 
 
 

 

Table 5. Stress resistance, genetic plasticity and homeostaticity of potato varieties of the Polissia zone, 2018-2020 

Variety Adaptability parameters 
Уmax Уmin Уmin-Уmax (Уmax+Уmin)/2 V, % Hom 

Very early  
Riviera 25.4 16.0 -9.4 20.7 22.68 0.94 
Prada 26.6 24.8 -1.8 25.7 3.58 7.15 

Sanibel 27.6 18.2 -9.4 22.9 20.41 1.13 
Duma 20.1 13.8 -6.3 17.0 19.25 0.92 
Vzirets 26.4 12.4 -14.0 19.4 37.4 0.58 

Early ripening  
Svіtanok kyivs'kyi 17.6 11.4 -6.2 14.5 21.90 0.69 

Bellarosa 28.2 21.6 -6.6 24.9 14.74 1.64 
Paroli 23.9 15.8 -8.1 19.9 20.82 0.99 
Opillia 25.8 15.2 -10.6 20.5 25.82 0.80 

Zhytnytsia 23.6 18.2 -5.4 20.9 12.97 1.63 
Medium ripe  

Yavіr 24.2 18.6 -5.6 21.4 13.43 1.57 
Esmee 25.0 15.4 -9.6 20.2 23.76 0.85 

Constance 22.0 14.0 -8.0 18.0 22.15 0.84 
Solokha 19.2 13.9 -5.3 16.6 16.19 1.05 

Predslava 16.4 14.4 -2.0 15.4 6.57 2.34 
Granada 21.6 16.2 -5.4 18.9 15.03 1.27 
Rodynna 27.2 19.8 -7.4 23.5 16.52 1.39 

Lilly 24.2 18.0 -6.2 21.1 14.69 1.46 
Kniazha 22.2 17.8 -4.4 20.0 12.02 1.72 

Mid-late  
Picasso 25.2 15.8 -9.4 20.5 27.50 0.70 
Sluch 36.0 15.8 -20.2 25.9 39.85 0.73 

Toscana 25.6 19.2 -6.4 22.4 14.88 1.48 
Challenger 22.8 20.1 -2.7 21.5 6.41 3.37 
Belmonda 23.5 17.0 -6.5 20.3 16.34 1.28 

 
Plasticity is the ability of a variety to adapt to 
environmental conditions. 
Phenotypic stability is manifested in the 
preservation of the phenotype when 
environmental conditions change, it is due to 
the norm of the reaction of the genotype, the 
ability to preserve the relative constancy of 
features. 
Homeostaticity is the ability of plants to 
respond positively to the improvement of 
growing conditions and to react little or not at 
all to their deterioration. The higher this 
indicator is, the higher the variety is rated for 
suitability for involvement in further selection 
work. 
For a more objective assessment of the studied 
potato varieties, we calculated a number of 
statistical indicators that determined their 
adaptive properties, namely, stress resistance 
(Уmin-Уmax), genetic plasticity ((Уmax+Уmin)/2) 
and homeostaticity (Hom). 
Prada (-1.8) and Predslava (-2.0) and 
Challenger (-2.7) potato varieties showed the 
highest stress resistance. 

Greater variability and low homeostaticity were 
found in varieties Vzirets (Hom = 0.58; V = 
37.04%), Sluch (Hom = 0.73; V = 39.85%), 
which indicates unstable behavior of varieties 
when growing conditions change. 
Lower variability and higher homeostaticity 
were found in varieties Prada (Hom = 7.15; V = 
3.58%), Challenger (Hom = 3.37; V = 6.41%), 
Predslava (Hom = 2.34; V = 6.57%) 
Compared to other varieties, a high value of the 
genetic plasticity indicator was found in Prada 
(25.7), Sluch (25.9), Bellarosa (24.9), Rodynna 
(23.5), which indicates a high degree of 
compatibility of the "genotype-environment" 
factors. 
Thus, according to the evaluation of the studied 
potato varieties, varieties with both wide and 
insignificant variability of this characteristic 
were selected. 
 
CONCLUSIONS  
 
Based on the results of research, we made the 
following conclusions. The adaptive potential, 
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phenotypic stability, and stability of potato 
varieties based on the "yield" feature were 
calculated. The best productive varieties in 
terms of overall adaptability, stability and 
resistance to stressful conditions during the 
growing season were identified. 
The general adaptive capacity with an absolute 
coefficient of adaptability of 1 and higher and, 
accordingly, the yield value exceeding the 
multi-year average varietal is characteristic of 
the varieties Prada (1.24), Sanibel (1.10), 
Riviera (1.02), Vzyrets (1.02), Bellarosa (1.16), 
Zhytnytsia ( 1.01), Rodynna (1.11), Lilly 
(1.04), Yavir (1.02), Knyazha (1.00), Sluch 
(1.37), Toscana (1.05), Challenger (1.04). 
The general adaptive capacity with an absolute 
coefficient of adaptability of 1 and higher and, 
accordingly, the yield value exceeding the 
multi-year average varietal is characteristic of 
the varieties Prada (1.24), Sanibel (1.10), 
Riviera (1.02), Vzyrets (1.02), Bellarosa (1.16), 
Zhytnytsia ( 1.01), Rodynna (1.11), Lilly 
(1.04), Yavir (1.02), Knyazha (1.00), Sluch 
(1.37), Toscana (1.05), Challenger (1.04). 
According to the coefficient of phenotypic 
stability (SF), as the ratio of high (Xmax) and 
low (Xmin) values, it was established that the 
varieties Prada (1.1), Predslava (1.1), 
Challenger (1.1) are highly stable in terms of 
yield; variety Knyazha (1.2) is moderately 
stable. All other varieties are low-stable. 
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Abstract 
 
The present study aimed to evaluate the potential of a Pseudomonas aeruginosa strain to tolerate and degrade aliphatic 
petroleum hydrocarbons. P. aeruginosa IBBCt8 was isolated from a seawater sample using crude oil as the sole carbon 
source in a minimal medium. The bacterium was identified as P. aeruginosa based on its morphological, biochemical, 
and molecular characteristics. P. aeruginosa IBBCt8, which possesses alkB (870 bp) and rhlAB (216 bp) genes in its 
genome, showed a higher tolerance and degradation efficiency of the n-hexadecane, n-decane, cyclohexane, or paraffin 
oil, compared with the tolerance to n-hexane and its degradation. P. aeruginosa IBBCt8 cells produced rhamnolipid 
biosurfactants which showed a very good emulsification activity against the tested aliphatic hydrocarbons. Due to its 
characteristics, the isolated bacterium could be used in the bioremediation of petroleum-polluted environments. 
 
Key words: Pseudomonas; aliphatic hydrocarbons, biodegradation. 
 
INTRODUCTION 
 
Nowadays, the extraction, transportation, and 
processing of petroleum (also known as crude 
oil) still determine serious accidental and 
chronic pollution of numerous environments 
(Stancu, 2018a).  
Petroleum is a complex mixture of 
hydrocarbons, such as aliphatic, aromatics, 
asphaltenes, resins, and most of these 
compounds are recalcitrant and are classified as 
high-priority pollutants (Abbasian et al., 2015). 
Thus, the cleaning up of petroleum-polluted 
environments is a real-world problem (Stancu, 
2018a). It is well known that some of the 
microorganisms, especially bacteria from the 
Pseudomonas genus that naturally exist in 
polluted environments, can tolerate and/or 
degrade toxic petroleum hydrocarbons (Stancu, 
2018b; 2019).  
Petroleum hydrocarbons are usually toxic for 
most bacteria since they are partitioned by 
passive and/or active transport processes in the 
cytoplasmic membrane.  
As a result of hydrocarbon partitioning in the 
lipid bilayer, modifications in the structure and 
function of membranes appear (Sikkema et al., 
1995). Several adaptive mechanisms, such as 
modifications of the membrane or changes in 
the overall energy status, modifications of cell 

morphology and cell surface properties, active 
excretion, and induction of anabolic pathways 
were described for bacteria able to survive in 
the presence of toxic petroleum hydrocarbons 
(Sikkema et al., 1995; Eberlein et al., 2018). 
Bacteria can degrade aliphatic (saturated, 
unsaturated) hydrocarbons via both aerobic and 
anaerobic pathways. Branched hydrocarbons 
and cyclic hydrocarbons are also degraded by 
several bacteria. The aerobic bacteria use 
different oxygenase (e.g., monooxygenase, 
dioxygenase) to insert one or two atoms of 
oxygen into hydrocarbon molecules, while the 
anaerobic bacteria, use organic or inorganic 
molecules (e.g., sulfate, nitrate, carbonate) for 
hydrocarbon oxidation (Abbasian et al., 2015). 
The high interest given worldwide to the 
research on the study of bacteria able to tolerate 
and degrade toxic hydrocarbons is because of 
their high biotechnological potential. The use 
of bacteria to degrade toxic hydrocarbons into 
non-toxic end products (e.g., carbon dioxide, 
water, inorganic compounds) is an 
environmentally friendly, effective, economic, 
and versatile alternative to physicochemical 
treatment of petroleum-polluted environments 
(Stancu, 2018a). The present study aimed to 
evaluate the potential of a Pseudomonas 
aeruginosa strain to tolerate and degrade 
several aliphatic hydrocarbons, such as 
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phenotypic stability, and stability of potato 
varieties based on the "yield" feature were 
calculated. The best productive varieties in 
terms of overall adaptability, stability and 
resistance to stressful conditions during the 
growing season were identified. 
The general adaptive capacity with an absolute 
coefficient of adaptability of 1 and higher and, 
accordingly, the yield value exceeding the 
multi-year average varietal is characteristic of 
the varieties Prada (1.24), Sanibel (1.10), 
Riviera (1.02), Vzyrets (1.02), Bellarosa (1.16), 
Zhytnytsia ( 1.01), Rodynna (1.11), Lilly 
(1.04), Yavir (1.02), Knyazha (1.00), Sluch 
(1.37), Toscana (1.05), Challenger (1.04). 
The general adaptive capacity with an absolute 
coefficient of adaptability of 1 and higher and, 
accordingly, the yield value exceeding the 
multi-year average varietal is characteristic of 
the varieties Prada (1.24), Sanibel (1.10), 
Riviera (1.02), Vzyrets (1.02), Bellarosa (1.16), 
Zhytnytsia ( 1.01), Rodynna (1.11), Lilly 
(1.04), Yavir (1.02), Knyazha (1.00), Sluch 
(1.37), Toscana (1.05), Challenger (1.04). 
According to the coefficient of phenotypic 
stability (SF), as the ratio of high (Xmax) and 
low (Xmin) values, it was established that the 
varieties Prada (1.1), Predslava (1.1), 
Challenger (1.1) are highly stable in terms of 
yield; variety Knyazha (1.2) is moderately 
stable. All other varieties are low-stable. 
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Abstract 
 
The present study aimed to evaluate the potential of a Pseudomonas aeruginosa strain to tolerate and degrade aliphatic 
petroleum hydrocarbons. P. aeruginosa IBBCt8 was isolated from a seawater sample using crude oil as the sole carbon 
source in a minimal medium. The bacterium was identified as P. aeruginosa based on its morphological, biochemical, 
and molecular characteristics. P. aeruginosa IBBCt8, which possesses alkB (870 bp) and rhlAB (216 bp) genes in its 
genome, showed a higher tolerance and degradation efficiency of the n-hexadecane, n-decane, cyclohexane, or paraffin 
oil, compared with the tolerance to n-hexane and its degradation. P. aeruginosa IBBCt8 cells produced rhamnolipid 
biosurfactants which showed a very good emulsification activity against the tested aliphatic hydrocarbons. Due to its 
characteristics, the isolated bacterium could be used in the bioremediation of petroleum-polluted environments. 
 
Key words: Pseudomonas; aliphatic hydrocarbons, biodegradation. 
 
INTRODUCTION 
 
Nowadays, the extraction, transportation, and 
processing of petroleum (also known as crude 
oil) still determine serious accidental and 
chronic pollution of numerous environments 
(Stancu, 2018a).  
Petroleum is a complex mixture of 
hydrocarbons, such as aliphatic, aromatics, 
asphaltenes, resins, and most of these 
compounds are recalcitrant and are classified as 
high-priority pollutants (Abbasian et al., 2015). 
Thus, the cleaning up of petroleum-polluted 
environments is a real-world problem (Stancu, 
2018a). It is well known that some of the 
microorganisms, especially bacteria from the 
Pseudomonas genus that naturally exist in 
polluted environments, can tolerate and/or 
degrade toxic petroleum hydrocarbons (Stancu, 
2018b; 2019).  
Petroleum hydrocarbons are usually toxic for 
most bacteria since they are partitioned by 
passive and/or active transport processes in the 
cytoplasmic membrane.  
As a result of hydrocarbon partitioning in the 
lipid bilayer, modifications in the structure and 
function of membranes appear (Sikkema et al., 
1995). Several adaptive mechanisms, such as 
modifications of the membrane or changes in 
the overall energy status, modifications of cell 

morphology and cell surface properties, active 
excretion, and induction of anabolic pathways 
were described for bacteria able to survive in 
the presence of toxic petroleum hydrocarbons 
(Sikkema et al., 1995; Eberlein et al., 2018). 
Bacteria can degrade aliphatic (saturated, 
unsaturated) hydrocarbons via both aerobic and 
anaerobic pathways. Branched hydrocarbons 
and cyclic hydrocarbons are also degraded by 
several bacteria. The aerobic bacteria use 
different oxygenase (e.g., monooxygenase, 
dioxygenase) to insert one or two atoms of 
oxygen into hydrocarbon molecules, while the 
anaerobic bacteria, use organic or inorganic 
molecules (e.g., sulfate, nitrate, carbonate) for 
hydrocarbon oxidation (Abbasian et al., 2015). 
The high interest given worldwide to the 
research on the study of bacteria able to tolerate 
and degrade toxic hydrocarbons is because of 
their high biotechnological potential. The use 
of bacteria to degrade toxic hydrocarbons into 
non-toxic end products (e.g., carbon dioxide, 
water, inorganic compounds) is an 
environmentally friendly, effective, economic, 
and versatile alternative to physicochemical 
treatment of petroleum-polluted environments 
(Stancu, 2018a). The present study aimed to 
evaluate the potential of a Pseudomonas 
aeruginosa strain to tolerate and degrade 
several aliphatic hydrocarbons, such as 
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cyclohexane, n-hexane, n-decane, n-
hexadecane, and paraffin oil. 
 
MATERIALS AND METHODS 
 
Isolation and characterization of the 
bacterium 
The bacterium used in this study was isolated 
by enrichment culture method, from a seawater 
sample collected from Constanta harbor 
(Constanta County, Romania), using 5% (v/v) 
crude oil as the sole carbon source in the 
minimal medium (Stancu and Grifoll, 2011). 
Here as elsewhere in this work, the assays were 
done in duplicate. The isolated bacterium was 
stored frozen at -80°C in 25% (v/v) glycerol.  
The bacterium was first characterized by 
standard morphological and biochemical tests 
(e.g., Gram reaction, shape, motility, growth 
onto King A, King B, and TTC agar, 
respiratory type, nitrate reductase, indole, 
urease, gelatin, and esculin hydrolysis, etc., 
Holt et al., 1994). For the molecular 
characterization, the genomic DNA was 
extracted from overnight cultures using the 
Pure Link genomic kit (Invitrogen, Carlsbad, 
CA, USA). The random amplification of 
polymorphic DNA (RAPD) was performed 
using genomic DNA (0.5 μg), a single short 
primer (AP5, Pini et al., 2007), and GoTaq G2 
Flexi DNA polymerase (Promega, Madison, 
WI, USA) according to the manufacturer’s 
instructions. The PCR program consisted of an 
initial denaturation step (94°C, 10 min), 
followed by 45 cycles of amplification (94°C,  
1 min, 36°C, 60 sec, 72°C, 2 min), and a final 
extension step (72°C, 10 min). The reaction 
products were visualized on 2.0% (w/v) 
agarose gel (Sambrook and Russel, 2001) after 
staining with SYBR Safe (Invitrogen). 
The PCR amplification of alkane hydroxylase 
(i.e., alkB, alkM, alkB1, alkB, alkM1) genes 
and rhamnosyltransferase 1 (i.e., rhlAB) genes 
were performed using genomic DNA (0.5 μg), 
specific primers (ALK1-f/ALK1-r, ALK2-
f/ALK2-r, ALK3-f/ALK3-r, Kohno et al., 
2002; alkB-f/alkB-r, Whyte et al., 1996; alkM-
f/alkM-r, Márquez-Rocha et al., 2005; rhlA-
f/rhlB-r, Medina et al., 2003), and GoTaq G2 
Flexi DNA polymerase (Promega) according to 
the manufacturer’s instructions. The PCR 
program consisted of an initial denaturation 

step (94°C, 10 min), followed by 35 cycles of 
amplification (94°C, 1 min, 50°C-62°C, 30 sec, 
72°C, 2 min), and a final extension step (72°C, 
10 min). The reaction products were visualized 
on 1.5% (w/v) agarose gel (Sambrook and 
Russel, 2001) after staining with SYBR Safe 
(Invitrogen). 

Tolerance and degradation of aliphatic 
hydrocarbons 
The tolerance of the bacterium to aliphatic 
hydrocarbons, such as cyclohexane, n-hexane, 
n-decane, n-hexadecane, and paraffin oil, was 
determined by overlay plates assay (Satpute et 
al., 2008). Hydrocarbons used in this study 
were purchased from Merck (Darmstadt, 
Germany) and Sigma-Aldrich (Saint-Quentin-
Fallavier, France). Overnight cultures, grown in 
LB medium at 30°C, were spotted (25 μl, 
OD660 0.50, 0.25) onto LB agar (Sambrook and 
Russel, 2001) plates, air-dried, and then 
overlaid with aliphatic hydrocarbons. Control 
experiments were set up similarly, but without 
hydrocarbons. After 4 hours, the hydrocarbons 
were removed from the top of the Petri plates, 
and they were sealed and incubated 24-48 
hours at 30°C. Hydrocarbon’s tolerance was 
expressed as a function of the bacterial growth, 
as compared with the control. The Petri plates 
were visualized under visible light (500 nm) 
and UV light (366 nm). 
The tolerance of the bacterium to the same 
aliphatic hydrocarbons and their biodegradation 
potential was further determined by a liquid 
overlay assay (Stancu, 2020). Overnight 
cultures grown in LB medium at 30°C, were 
inoculated (OD660 0.10) in liquid LB 
(Sambrook and Russel, 2001) and minimal 
medium (Stancu and Grifoll, 2011), containing 
5% (v/v) aliphatic hydrocarbons. Control 
experiments were set up similarly, but without 
hydrocarbons. Flasks were sealed and 
incubated 24-144 hours at 30°C on a rotary 
shaker (200 rpm). The tolerance of the 
bacterium to aliphatic hydrocarbons was 
monitored by determining, at different time 
intervals, the optical density at 660 nm (OD660) 
using a SPECORD 200 UV-visible 
spectrophotometer (Analytik Jena, Jena, 
Germany) and viability of the cell by spot assay 
(Stancu, 2020). The hydrocarbons 
biodegradation by this bacterium was evaluated 
in the minimal medium through gravimetric 

analyses of the residual hydrocarbons extracted 
with chloroform (Gulati and Mehta, 2017). 

Biosurfactants production 
The bacterium was inoculated into the liquid 
LB medium (Sambrook and Russel, 2001). 
Flasks were incubated 24-144 hours at 30°C on 
a rotary shaker (200 rpm). Biosurfactants 
production by the bacterium was determined 
through the CTAB agar plate assay (Siegmund 
and Wagner, 1991), drop-collapse assay 
(Bodour and Miller-Maier, 1998), 
emulsification index (E24) against aliphatic 
hydrocarbons (Abdel-Mawgoud et al., 2009), 
and by HPTLC analyses of the crude 
surfactants extracted with chloroform-methanol 
(Gesheva et al., 2010) from the cell-free culture 
broths. High-performance thin-layer 
chromatography (TLC) analyses of extracts 
were completed using a CAMAG thin-layer 
chromatography (TLC) system (Muttenz, 
Switzerland) as described by Stancu (2018b). 
Biosurfactant fractions were separated on TLC 
precoated silica gel 60 plates (Merck) using 
chloroform-methanol-water mixture (65:25:4 
v/v/v) as mobile phase. After derivatization 
with iodine vapors to detect lipids or 0.2% 
orcinol in 53% sulfuric acid to detect sugars in 
the biosurfactant molecules, TLC plates were 

visualized and scanned under ultraviolet (UV) 
light (366 nm) and visible light (500 nm). 
 
RESULTS AND DISCUSSIONS 
 
Isolation and characterization of the 
bacterium 
The strain IBBCt8 isolated through the 
enrichment culture method by a seawater 
sample was identified as Pseudomonas 
aeruginosa based on their morphological and 
biochemical characteristics. The strain IBBCt8 
was Gram-negative, motile, rod-shaped cells, 
and facultatively anaerobic. It was positive for 
catalase, oxidase, nitrate reductase, L-arginine 
dihydrolase, urease, gelatin hydrolysis, D-
glucose, D-mannitol, potassium gluconate, 
capric acid, adipic acid, malic acid, trisodium 
citrate assimilation and negative for indole, D-
glucose fermentation, esculin hydrolysis, β-
galactosidase, L-arabinose, D-mannose, N-
acetyl-glucosamine, D-maltose, phenylacetic 
acid assimilation. The identification of the 
strain IBBCt8 as P. aeruginosa was confirmed 
by their growth onto three specific culture 
media, such as King A, King B, and TTC agar 
(Figure 1).  

 

Figure 1. Isolation and characterization of P. aeruginosa IBBCt8 
Macroscopic view, the bacterium was grown on LB, King A, King B, TTC agar. RAPD 

using genomic DNA and primer AP5 (1), 1 kb DNA ladder, Promega (M) 
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cyclohexane, n-hexane, n-decane, n-
hexadecane, and paraffin oil. 
 
MATERIALS AND METHODS 
 
Isolation and characterization of the 
bacterium 
The bacterium used in this study was isolated 
by enrichment culture method, from a seawater 
sample collected from Constanta harbor 
(Constanta County, Romania), using 5% (v/v) 
crude oil as the sole carbon source in the 
minimal medium (Stancu and Grifoll, 2011). 
Here as elsewhere in this work, the assays were 
done in duplicate. The isolated bacterium was 
stored frozen at -80°C in 25% (v/v) glycerol.  
The bacterium was first characterized by 
standard morphological and biochemical tests 
(e.g., Gram reaction, shape, motility, growth 
onto King A, King B, and TTC agar, 
respiratory type, nitrate reductase, indole, 
urease, gelatin, and esculin hydrolysis, etc., 
Holt et al., 1994). For the molecular 
characterization, the genomic DNA was 
extracted from overnight cultures using the 
Pure Link genomic kit (Invitrogen, Carlsbad, 
CA, USA). The random amplification of 
polymorphic DNA (RAPD) was performed 
using genomic DNA (0.5 μg), a single short 
primer (AP5, Pini et al., 2007), and GoTaq G2 
Flexi DNA polymerase (Promega, Madison, 
WI, USA) according to the manufacturer’s 
instructions. The PCR program consisted of an 
initial denaturation step (94°C, 10 min), 
followed by 45 cycles of amplification (94°C,  
1 min, 36°C, 60 sec, 72°C, 2 min), and a final 
extension step (72°C, 10 min). The reaction 
products were visualized on 2.0% (w/v) 
agarose gel (Sambrook and Russel, 2001) after 
staining with SYBR Safe (Invitrogen). 
The PCR amplification of alkane hydroxylase 
(i.e., alkB, alkM, alkB1, alkB, alkM1) genes 
and rhamnosyltransferase 1 (i.e., rhlAB) genes 
were performed using genomic DNA (0.5 μg), 
specific primers (ALK1-f/ALK1-r, ALK2-
f/ALK2-r, ALK3-f/ALK3-r, Kohno et al., 
2002; alkB-f/alkB-r, Whyte et al., 1996; alkM-
f/alkM-r, Márquez-Rocha et al., 2005; rhlA-
f/rhlB-r, Medina et al., 2003), and GoTaq G2 
Flexi DNA polymerase (Promega) according to 
the manufacturer’s instructions. The PCR 
program consisted of an initial denaturation 

step (94°C, 10 min), followed by 35 cycles of 
amplification (94°C, 1 min, 50°C-62°C, 30 sec, 
72°C, 2 min), and a final extension step (72°C, 
10 min). The reaction products were visualized 
on 1.5% (w/v) agarose gel (Sambrook and 
Russel, 2001) after staining with SYBR Safe 
(Invitrogen). 

Tolerance and degradation of aliphatic 
hydrocarbons 
The tolerance of the bacterium to aliphatic 
hydrocarbons, such as cyclohexane, n-hexane, 
n-decane, n-hexadecane, and paraffin oil, was 
determined by overlay plates assay (Satpute et 
al., 2008). Hydrocarbons used in this study 
were purchased from Merck (Darmstadt, 
Germany) and Sigma-Aldrich (Saint-Quentin-
Fallavier, France). Overnight cultures, grown in 
LB medium at 30°C, were spotted (25 μl, 
OD660 0.50, 0.25) onto LB agar (Sambrook and 
Russel, 2001) plates, air-dried, and then 
overlaid with aliphatic hydrocarbons. Control 
experiments were set up similarly, but without 
hydrocarbons. After 4 hours, the hydrocarbons 
were removed from the top of the Petri plates, 
and they were sealed and incubated 24-48 
hours at 30°C. Hydrocarbon’s tolerance was 
expressed as a function of the bacterial growth, 
as compared with the control. The Petri plates 
were visualized under visible light (500 nm) 
and UV light (366 nm). 
The tolerance of the bacterium to the same 
aliphatic hydrocarbons and their biodegradation 
potential was further determined by a liquid 
overlay assay (Stancu, 2020). Overnight 
cultures grown in LB medium at 30°C, were 
inoculated (OD660 0.10) in liquid LB 
(Sambrook and Russel, 2001) and minimal 
medium (Stancu and Grifoll, 2011), containing 
5% (v/v) aliphatic hydrocarbons. Control 
experiments were set up similarly, but without 
hydrocarbons. Flasks were sealed and 
incubated 24-144 hours at 30°C on a rotary 
shaker (200 rpm). The tolerance of the 
bacterium to aliphatic hydrocarbons was 
monitored by determining, at different time 
intervals, the optical density at 660 nm (OD660) 
using a SPECORD 200 UV-visible 
spectrophotometer (Analytik Jena, Jena, 
Germany) and viability of the cell by spot assay 
(Stancu, 2020). The hydrocarbons 
biodegradation by this bacterium was evaluated 
in the minimal medium through gravimetric 

analyses of the residual hydrocarbons extracted 
with chloroform (Gulati and Mehta, 2017). 

Biosurfactants production 
The bacterium was inoculated into the liquid 
LB medium (Sambrook and Russel, 2001). 
Flasks were incubated 24-144 hours at 30°C on 
a rotary shaker (200 rpm). Biosurfactants 
production by the bacterium was determined 
through the CTAB agar plate assay (Siegmund 
and Wagner, 1991), drop-collapse assay 
(Bodour and Miller-Maier, 1998), 
emulsification index (E24) against aliphatic 
hydrocarbons (Abdel-Mawgoud et al., 2009), 
and by HPTLC analyses of the crude 
surfactants extracted with chloroform-methanol 
(Gesheva et al., 2010) from the cell-free culture 
broths. High-performance thin-layer 
chromatography (TLC) analyses of extracts 
were completed using a CAMAG thin-layer 
chromatography (TLC) system (Muttenz, 
Switzerland) as described by Stancu (2018b). 
Biosurfactant fractions were separated on TLC 
precoated silica gel 60 plates (Merck) using 
chloroform-methanol-water mixture (65:25:4 
v/v/v) as mobile phase. After derivatization 
with iodine vapors to detect lipids or 0.2% 
orcinol in 53% sulfuric acid to detect sugars in 
the biosurfactant molecules, TLC plates were 

visualized and scanned under ultraviolet (UV) 
light (366 nm) and visible light (500 nm). 
 
RESULTS AND DISCUSSIONS 
 
Isolation and characterization of the 
bacterium 
The strain IBBCt8 isolated through the 
enrichment culture method by a seawater 
sample was identified as Pseudomonas 
aeruginosa based on their morphological and 
biochemical characteristics. The strain IBBCt8 
was Gram-negative, motile, rod-shaped cells, 
and facultatively anaerobic. It was positive for 
catalase, oxidase, nitrate reductase, L-arginine 
dihydrolase, urease, gelatin hydrolysis, D-
glucose, D-mannitol, potassium gluconate, 
capric acid, adipic acid, malic acid, trisodium 
citrate assimilation and negative for indole, D-
glucose fermentation, esculin hydrolysis, β-
galactosidase, L-arabinose, D-mannose, N-
acetyl-glucosamine, D-maltose, phenylacetic 
acid assimilation. The identification of the 
strain IBBCt8 as P. aeruginosa was confirmed 
by their growth onto three specific culture 
media, such as King A, King B, and TTC agar 
(Figure 1).  

 

Figure 1. Isolation and characterization of P. aeruginosa IBBCt8 
Macroscopic view, the bacterium was grown on LB, King A, King B, TTC agar. RAPD 

using genomic DNA and primer AP5 (1), 1 kb DNA ladder, Promega (M) 
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Furthermore, the strain IBBCt8 showed a 
comparable RAPD fingerprint profile (size 
range between 250-1800 bp) to that of other 
strains of P. aeruginosa from our lab collection 
(data not shown). The isolation, from a 
seawater sample, of a strain of P. aeruginosa, 
able to grow on minimal medium in the 
presence of crude oil as the sole carbon source, 
is in agreement with previously obtained data 
(Muriel-Millán et al., 2019) according to which 
marine bacteria are well adapted to alkanes 
degradation that commonly enters in the marine 
environments from various natural and 
anthropogenic sources. P. aeruginosa isolated 
from petroleum-polluted environments have 
greater alkane-degradation capacities than 
clinical strains, suggesting an evolutionary 
adaptation of them to hostile conditions from 
these environments (Muriel-Millán et al., 
2019). 

Tolerance and degradation of aliphatic 
hydrocarbons 
The tolerance of P. aeruginosa IBBCt8 to 
aliphatic hydrocarbons (i.e., cyclohexane,               
n-hexane, n-decane, n-hexadecane, paraffin oil) 
was further determined by overlay plates assay. 
Higher growth was observed when the            
P. aeruginosa IBBCt8 was spotted on LB agar 
(control) or LB agar overlaid with                      
n-hexadecane, n-decane, compared with those 

observed when the bacterium was spotted on 
LB agar overlaid with cyclohexane, or paraffin 
oil. In this assay, the P. aeruginosa IBBCt8 
showed good tolerance to n-hexadecane (log 
POW = 9.15), n-decane (log POW 5.98), 
cyclohexane (log POW 3.35), or paraffin oil, and 
a lower tolerance to n-hexane (log POW 3.86) 
(Figure 2). The tolerance of bacteria to toxic 
hydrocarbon is correlated with their log POW 
(logarithm of the hydrocarbons partition 
coefficient between octanol and water) values 
(Sikkema et al., 1995). P. aeruginosa IBBCt8 
cells spotted on LB agar (control) or LB agar 
overlaid with aliphatic hydrocarbons produced 
the pyoverdin pigment (fluorescent yellow-
green pigment), visible under UV light. A 
direct correlation between bacterial cell growth 
and pyoverdin pigment production was 
observed (Figure 2). Although hydrocarbons 
with log POW values between 1 and 5 are 
usually highly toxic for bacteria, each strain has 
its intrinsic tolerance level which is 
environmentally influenced and genetically 
determined (Torres et al., 2011). The higher 
tolerance of bacteria to toxic petroleum 
hydrocarbons is sometimes linked to the outer 
membrane resistance to hydrophobic 
compounds, due to the presence of hydrophilic 
lipopolysaccharides (Sikkema et al., 1995).

 

Hydrocarbon’s 
tolerance BG (PG) PvP 

Control ++ ++ 
Cyclohexane + + 
n-Hexane – – 
n-Decane ++ ++ 
n-Hexadecane ++ ++ 
Paraffin oil + + 

Figure 2. Tolerance of P. aeruginosa IBBCt8  
to hydrocarbons 

Overlay plates (OP) assay, cultures were 
spotted onto LB agar and overlaid with 

hydrocarbons. Bacterial growth (BG), profuse 
growth (PG) on the overlay plates, pyoverdin 

pigment (PvP) production on the overlay 
plates, positive reaction (++, +), negative 

reaction (–) 

Cyclohexane 

n-Hexadecane Paraffin oil 

Control OP 

The tolerance of P. aeruginosa IBBCt8 to 5% 
aliphatic hydrocarbons (i.e., cyclohexane, n-
hexane, n-decane, n-hexadecane, paraffin oil) 
and their biodegradation potential was further 
studied. After 24-144 hours of incubation, the 
growth of P. aeruginosa IBBCt8 on liquid LB 
was higher for the control cells (OD660 0.93-
2.93), compared with that acquired for cells 
grown on the same medium but in the presence 
of n-hexadecane (OD660 0.84-1.84), n-decane 
(OD660 0.86-1.55), cyclohexane (OD660 0.52-
1.23), paraffin oil (OD660 0.52-2.05), and n-
hexane (OD660 0.30-0.98) (Figure 3). Like in 
the plate overlay assay, we observed a better 
tolerance of the bacterial cells to n-hexadecane 
(log POW = 9.15), n-decane (log POW 5.98), 
cyclohexane (log POW 3.35), or paraffin oil, 
compared with cells tolerance to n-hexane (log 
POW 3.86). However, no significant differences 
were observed between the viability of               
P. aeruginosa IBBCt8 control cells (confluent 
cell growth) and the viability of the cells grown 
(24-144 hours) in the presence of these 
aliphatic hydrocarbons.  
P. aeruginosa IBBCt8 cells were also able to 
grow (OD660 0.57-1.39) on the minimal 

medium with 5% n-hexadecane (OD660 1.39), 
n-decane (OD660 0.89), paraffin oil (OD660 
0.91), cyclohexane (OD660 0.69), and n-hexane 
(OD660 0.57), as the sole carbon source. Using 
gravimetric analyses, we monitored the ability 
of P. aeruginosa IBBCt8 cells to degrade 5% 
aliphatic hydrocarbons. All the tested aliphatic 
hydrocarbons were well degraded by this 
bacterium, and the degradation efficiency 
(between 50-85%) depends on the hydrocarbon 
type used as the sole carbon source (Figure 3). 
Higher biodegradation rates (78-85%) were 
observed for n-hexadecane, paraffin oil, and n-
decane, compared with those obtained for 
cyclohexane and n-hexane (52%, 50%). 
Furthermore, a direct correlation between 
bacterial cell growth in the presence of 
aliphatic hydrocarbons and their degradation 
potential was observed. P. aeruginosa IBBCt8 
cells were able to degrade both simple aliphatic 
hydrocarbons (i.e., n-hexadecane, n-decane, 
cyclohexane, n-hexane) and also a complex 
mixture of saturated hydrocarbons (i.e., 
paraffin oil).  

Hydrocarbon’s 
tolerance, 

degradation 

BG (OD660) DH 
LBM MM MM 

24 h 72 h 144 h 144 h  144 h 
Control 0.93 1.72 2.93 - - 
Cyclohexane 0.52 0.86 1.23 0.69 52% 
n-Hexane 0.30 0.69 0.98 0.57 50% 
n-Decane 0.86 1.43 1.55 0.89 78% 
n-Hexadecane 0.84 1.12 1.84 1.39 85% 
Paraffin oil 0.52 1.14 2.05 0.91 85% 

PCR Primers  
(-f/-r) 

AT  
(°C) 

EFS 
(bp) DEF 

alkB ALK1-f/ALK1-r 43 185 – 
alkM ALK2-f/ALK2-r 43 271 – 
alkB1 ALK3-f/ALK3-r 43 330 – 
alkB alkB-f/alkB-r 60 870 + 
alkM1 alkM-f/alkM-r 62 870 – 
rhlAB rhlA-f/rhlB-r 50 216 + 

Figure 3. Tolerance of P. aeruginosa IBBCt8 to hydrocarbons and their degradation potential 
Cells viability (CV), cultures (after 24-144 h incubation) were spotted onto LB agar, control (1), 

cyclohexane (2), n-hexane (3), n-decane (4), n-hexadecane (5), paraffin oil (6). Bacterial growth (BG), 
the optical density of the cultures (OD660) grown on the LB medium (LBM) and minimal medium 

(MM). Degradation of hydrocarbons (DH, %). Polymerase chain reaction (PCR) of alkane hydroxylase 
and rhamnosyltransferase 1 genes, PCR primer (forward -f, reverse -r), annealing temperature  

(AT, °C), expected fragment size (EFS, bp), detection of the expected fragment (DEF),  
positive reaction (+), negative reaction (–) 
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Furthermore, the strain IBBCt8 showed a 
comparable RAPD fingerprint profile (size 
range between 250-1800 bp) to that of other 
strains of P. aeruginosa from our lab collection 
(data not shown). The isolation, from a 
seawater sample, of a strain of P. aeruginosa, 
able to grow on minimal medium in the 
presence of crude oil as the sole carbon source, 
is in agreement with previously obtained data 
(Muriel-Millán et al., 2019) according to which 
marine bacteria are well adapted to alkanes 
degradation that commonly enters in the marine 
environments from various natural and 
anthropogenic sources. P. aeruginosa isolated 
from petroleum-polluted environments have 
greater alkane-degradation capacities than 
clinical strains, suggesting an evolutionary 
adaptation of them to hostile conditions from 
these environments (Muriel-Millán et al., 
2019). 

Tolerance and degradation of aliphatic 
hydrocarbons 
The tolerance of P. aeruginosa IBBCt8 to 
aliphatic hydrocarbons (i.e., cyclohexane,               
n-hexane, n-decane, n-hexadecane, paraffin oil) 
was further determined by overlay plates assay. 
Higher growth was observed when the            
P. aeruginosa IBBCt8 was spotted on LB agar 
(control) or LB agar overlaid with                      
n-hexadecane, n-decane, compared with those 

observed when the bacterium was spotted on 
LB agar overlaid with cyclohexane, or paraffin 
oil. In this assay, the P. aeruginosa IBBCt8 
showed good tolerance to n-hexadecane (log 
POW = 9.15), n-decane (log POW 5.98), 
cyclohexane (log POW 3.35), or paraffin oil, and 
a lower tolerance to n-hexane (log POW 3.86) 
(Figure 2). The tolerance of bacteria to toxic 
hydrocarbon is correlated with their log POW 
(logarithm of the hydrocarbons partition 
coefficient between octanol and water) values 
(Sikkema et al., 1995). P. aeruginosa IBBCt8 
cells spotted on LB agar (control) or LB agar 
overlaid with aliphatic hydrocarbons produced 
the pyoverdin pigment (fluorescent yellow-
green pigment), visible under UV light. A 
direct correlation between bacterial cell growth 
and pyoverdin pigment production was 
observed (Figure 2). Although hydrocarbons 
with log POW values between 1 and 5 are 
usually highly toxic for bacteria, each strain has 
its intrinsic tolerance level which is 
environmentally influenced and genetically 
determined (Torres et al., 2011). The higher 
tolerance of bacteria to toxic petroleum 
hydrocarbons is sometimes linked to the outer 
membrane resistance to hydrophobic 
compounds, due to the presence of hydrophilic 
lipopolysaccharides (Sikkema et al., 1995).

 

Hydrocarbon’s 
tolerance BG (PG) PvP 

Control ++ ++ 
Cyclohexane + + 
n-Hexane – – 
n-Decane ++ ++ 
n-Hexadecane ++ ++ 
Paraffin oil + + 

Figure 2. Tolerance of P. aeruginosa IBBCt8  
to hydrocarbons 

Overlay plates (OP) assay, cultures were 
spotted onto LB agar and overlaid with 

hydrocarbons. Bacterial growth (BG), profuse 
growth (PG) on the overlay plates, pyoverdin 

pigment (PvP) production on the overlay 
plates, positive reaction (++, +), negative 

reaction (–) 

Cyclohexane 

n-Hexadecane Paraffin oil 

Control OP 

The tolerance of P. aeruginosa IBBCt8 to 5% 
aliphatic hydrocarbons (i.e., cyclohexane, n-
hexane, n-decane, n-hexadecane, paraffin oil) 
and their biodegradation potential was further 
studied. After 24-144 hours of incubation, the 
growth of P. aeruginosa IBBCt8 on liquid LB 
was higher for the control cells (OD660 0.93-
2.93), compared with that acquired for cells 
grown on the same medium but in the presence 
of n-hexadecane (OD660 0.84-1.84), n-decane 
(OD660 0.86-1.55), cyclohexane (OD660 0.52-
1.23), paraffin oil (OD660 0.52-2.05), and n-
hexane (OD660 0.30-0.98) (Figure 3). Like in 
the plate overlay assay, we observed a better 
tolerance of the bacterial cells to n-hexadecane 
(log POW = 9.15), n-decane (log POW 5.98), 
cyclohexane (log POW 3.35), or paraffin oil, 
compared with cells tolerance to n-hexane (log 
POW 3.86). However, no significant differences 
were observed between the viability of               
P. aeruginosa IBBCt8 control cells (confluent 
cell growth) and the viability of the cells grown 
(24-144 hours) in the presence of these 
aliphatic hydrocarbons.  
P. aeruginosa IBBCt8 cells were also able to 
grow (OD660 0.57-1.39) on the minimal 

medium with 5% n-hexadecane (OD660 1.39), 
n-decane (OD660 0.89), paraffin oil (OD660 
0.91), cyclohexane (OD660 0.69), and n-hexane 
(OD660 0.57), as the sole carbon source. Using 
gravimetric analyses, we monitored the ability 
of P. aeruginosa IBBCt8 cells to degrade 5% 
aliphatic hydrocarbons. All the tested aliphatic 
hydrocarbons were well degraded by this 
bacterium, and the degradation efficiency 
(between 50-85%) depends on the hydrocarbon 
type used as the sole carbon source (Figure 3). 
Higher biodegradation rates (78-85%) were 
observed for n-hexadecane, paraffin oil, and n-
decane, compared with those obtained for 
cyclohexane and n-hexane (52%, 50%). 
Furthermore, a direct correlation between 
bacterial cell growth in the presence of 
aliphatic hydrocarbons and their degradation 
potential was observed. P. aeruginosa IBBCt8 
cells were able to degrade both simple aliphatic 
hydrocarbons (i.e., n-hexadecane, n-decane, 
cyclohexane, n-hexane) and also a complex 
mixture of saturated hydrocarbons (i.e., 
paraffin oil).  

Hydrocarbon’s 
tolerance, 

degradation 

BG (OD660) DH 
LBM MM MM 

24 h 72 h 144 h 144 h  144 h 
Control 0.93 1.72 2.93 - - 
Cyclohexane 0.52 0.86 1.23 0.69 52% 
n-Hexane 0.30 0.69 0.98 0.57 50% 
n-Decane 0.86 1.43 1.55 0.89 78% 
n-Hexadecane 0.84 1.12 1.84 1.39 85% 
Paraffin oil 0.52 1.14 2.05 0.91 85% 

PCR Primers  
(-f/-r) 

AT  
(°C) 

EFS 
(bp) DEF 

alkB ALK1-f/ALK1-r 43 185 – 
alkM ALK2-f/ALK2-r 43 271 – 
alkB1 ALK3-f/ALK3-r 43 330 – 
alkB alkB-f/alkB-r 60 870 + 
alkM1 alkM-f/alkM-r 62 870 – 
rhlAB rhlA-f/rhlB-r 50 216 + 

Figure 3. Tolerance of P. aeruginosa IBBCt8 to hydrocarbons and their degradation potential 
Cells viability (CV), cultures (after 24-144 h incubation) were spotted onto LB agar, control (1), 

cyclohexane (2), n-hexane (3), n-decane (4), n-hexadecane (5), paraffin oil (6). Bacterial growth (BG), 
the optical density of the cultures (OD660) grown on the LB medium (LBM) and minimal medium 

(MM). Degradation of hydrocarbons (DH, %). Polymerase chain reaction (PCR) of alkane hydroxylase 
and rhamnosyltransferase 1 genes, PCR primer (forward -f, reverse -r), annealing temperature  

(AT, °C), expected fragment size (EFS, bp), detection of the expected fragment (DEF),  
positive reaction (+), negative reaction (–) 
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Genomic DNA extracted from P. aeruginosa 
IBBCt8 cells was used as a template for PCR 
amplification of several known alkane 
hydroxylases (i.e., alkB, alkM, alkB1, alkB; 
alkM1) and rhamnosyltransferase 1 (rhlAB) 
genes responsible for the alkane’s degradation 
and rhamnolipids biosynthesis, respectively. In 
the DNA extracted from the P. aeruginosa 
IBBCt8 cells was detected the alkB (870 bp), 
and rhlAB (216 bp) genes, whereas the alkB 
(185 bp), alkM (271 bp), alkB1 (330 bp), 
alkM1 (870 bp) catabolic genes were not 
detected in this bacterium (Figure 3). Due to 
their low water solubility, high degree of 
accumulation in cell membranes, and 
reactivity, alkane degradation represents a 
challenge for many bacteria. However, several 
P. aeruginosa strains were previously 
identified as hydrocarbon-degraders since they 
have the metabolic capability to use aliphatic 
hydrocarbons as the sole carbon and energy 
source (Muriel-Millán et al., 2019; Liu et al., 
2022).  

Biosurfactants production 
The biosurfactants production by P. aeruginosa 
IBBCt8 cells was first determined through 
CTAB methylene blue agar which is a semi-
quantitative assay specific for the detection of 
extracellular glycolipids or other anionic 

surfactants produced by bacteria (Siegmund 
and Wagner, 1991). A dark blue halo was 
observed on this medium for P. aeruginosa 
IBBCt8 colonies (Figure 4). The rhamnolipid 
surfactants produced by the P. aeruginosa 
IBBCt8 cells were positive for drop-collapse 
assay and it showed a very good emulsification 
activity (E24 between 70-90%) against 
cyclohexane, n-decane, n-hexadecane, paraffin 
oil, and n-hexane (Figure 4). Rhamnolipid 
produced by other P. aeruginosa strain Bs20 
showed an appreciable emulsification index 
with hexadecane, kerosene, diesel, and motor 
oil (E24 between 47-66%) (Abdel-Mawgoud et 
al., 2009).  
The synthesis of rhamnolipid biosurfactants by 
P. aeruginosa IBBCt8 cells was completed by 
HPTLC analysis of crude surfactants. Under 
UV light, three fluorescent spots with Rf 
(retardation factor) 0.37, 0.46, and 0.75 were 
observed (Figure 4). The first two fractions 
(with Rf 0.37, 0.47) showed a positive reaction 
with iodine vapors (light brown spots under 
visible light), while the third fraction (with Rf 
0.75) showed a positive reaction only with 
orcinol reagent (dark brown spots under visible 
light) indicating the presence of lipid and sugar 
moiety in the surfactant molecules. 

Emulsification index  
(E24 %) 

Cyclohexane 78 
n-Hexane 70 
n-Decane 85 
n-Hexadecane 90 
Paraffin oil 75 

  Drop-collapse 
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C+ 
 Figure 4. Biosurfactants production by P. aeruginosa IBBCt8 

CTAB methylene blue agar plate assay. Drop-collapse assay for cell-
free culture broths (1), positive control (C+), negative control (C-). 

Emulsification index (E24 %) for cell-free culture broths. HPTLC 
analysis, sugars standards (S), D-glucose (G), L-rhamnose (R), crude 

biosurfactants extract (1), retardation factor (Rf), TLC plate was 
visualized under UV (left side) and visible light (middle, right side), 

three-dimensional chromatogram (3DC) under UV 
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On the three-dimensional (3D) chromatogram, 
we observed five distinct peaks (with Rf 0.37, 
0.46, 0.57, 0.67, 0.75) under UV light (Figure 
4). Like other bacteria, P. aeruginosa strains 
produce rhamnolipid surfactants, which consist 
of one or two hydrophilic L-rhamnose 
molecules and a hydrophobic fatty acid moiety. 
These glycolipid-type biosurfactants are 
involved in several functions in the bacterial 
cells, including in the uptake of poorly soluble 
substrates, such as aliphatic hydrocarbons 
enhancing their biodegradation (Bazire and 
Dufour, 2014; Muriel-Millán et al., 2019). 
 
CONCLUSIONS 
 
The strain P. aeruginosa IBBCt8, which was 
isolated through the enrichment culture method 
by a seawater sample possesses in its genome 
alkB (870 bp) and rhlAB (216 bp) genes.                   
P. aeruginosa IBBCt8 cells showed higher 
tolerance to n-hexadecane, n-decane, 
cyclohexane, or paraffin oil, compared to the n-
hexane tolerance. Furthermore, P. aeruginosa 
IBBCt8 cells were able to grow on the minimal 
medium with n-hexadecane, n-decane, paraffin 
oil, cyclohexane, and n-hexane as the sole 
carbon source, and their degradation efficiency 
varied depending on the used hydrocarbon 
type. Like other bacteria, P. aeruginosa IBBCt8 
cells produced rhamnolipid surfactants which 
showed a very good emulsification activity 
against n-hexadecane, n-decane, cyclohexane, 
paraffin oil, and n-hexane. This bacterium 
which showed very good tolerance and degra-
dation efficiency of aliphatic petroleum hydro-
carbons has the potential to be used in the 
bioremediation of petroleum-polluted 
environments. 
 
ACKNOWLEDGMENTS 
 
The study was funded by project no. RO1567-
IBB05/2022 from the Institute of Biology 
Bucharest of Romanian Academy. The author 
is grateful to Ana Dinu for her technical support.  
 
REFERENCES 
 
Abbasian, F., Lockington, R., Mallavarapu, M. Naidu, R. 

(2015). A comprehensive review of aliphatic 
hydrocarbon biodegradation by bacteria. Appl. 
Biochem. Biotechnol., 176: 670–699. 

Abdel-Mawgoud, A. M., Aboulwafa, M. M., Hassouna, 
N. A. H. (2009). Characterization of rhamnolipid 
produced by Pseudomonas aeruginosa isolate Bs20. 
Appl. Biochem. Biotechnol., 157: 329–345. 

Bazire, A., Dufour, A. (2014). The Pseudomonas 
aeruginosa rhlG and rhlAB genes are inversely 
regulated and RhlG is not required for rhamnolipid 
synthesis. BMC Microbiol. 
https://doi.org/10.1186/1471-2180-14-160. 

Bodour, A. A., Miller-Maier, R. M. (1998). Application 
of a modified drop-collapse technique for surfactant 
quantitation and screening of biosurfactant-producing 
microorganisms. J. Microbiol. Methods, 32: 273–
280. 

Eberlein, C., Baumgarten, T., Starke, S., Heipieper, H. J. 
(2018). Immediate response mechanisms of Gram-
negative solvent tolerant bacteria to cope with 
environmental stress: cis-trans isomerization of 
unsaturated fatty acids and outer membrane vesicle 
secretion. Appl. Microbiol. Biotechnol., 102: 2583–
2593. 

Gesheva, V., Stackebrandt, E., Vasileva-Tonkova, E. 
(2010). Biosurfactant production by halotolerant 
Rhodococcus fascians from Casey Station, Wilkes 
Land, Antarctica. Curr. Microbiol., 61: 112–117. 

Gulati, D., Mehta, S. (2017). Isolation and identification 
of petrol degrading microorganisms from 
contaminated soil and comparison of their 
bioremediation potential. Int. Res. J. Pharm., 8: 34–
38. 

Holt, J. G., Krieg, N. R., Sneath, P. H. A., Staley, J. T., 
Williams, S. T. (1994). Bergey’s Manual of 
Determinative Bacteriology, 9th edition. Williams and 
Wilkins, Baltimore, USA. 

Kohno, T., Sugimoto, Y., Sei, K., Mori, K. (2002). 
Design of PCR primers and gene probes for general 
detection of alkane-degrading bacteria. Microbes 
Environ., 17: 114–121. 

Liu, H., Yang, G., Jia, H., Sun, B. (2022). Crude oil 
degradation by a novel strain Pseudomonas 
aeruginosa AQNU-1 isolated from an oil-
contaminated lake wetland. Processes, 10. 
https://doi.org/10.3390/pr10020307. 

Márquez-Rocha, F. J., Olmos-Soto, J., Rosano-
Hernández, M. C., Muriel-Garcia, M. (2005). 
Determination of the hydrocarbon-degrading 
metabolic capabilities of tropical bacterial isolates. 
Int. Biodeterior. Biodegrad., 55: 17–23. 

Medina, G., Juárez, K., Valderrama, B., Soberón-
Chávez, G. (2003). Mechanism of Pseudomonas 
aeruginosa RhlR transcriptional regulation of the 
rhlAB promoter. J. Bacteriol., 185: 5976–5983. 

Muriel-Millán, L. F., Rodríguez-Mejía, J. L., Godoy-
Lozano, E. E., Rivera-Gómez, N., Gutierrez-Rios, R. 
M., Morales-Guzmán, D., Trejo-Hernández, M. R., 
Estradas-Romero, A., Pardo-López, L. (2019). 
Functional and genomic characterization of a 
Pseudomonas aeruginosa strain isolated from the 
southwestern Gulf of Mexico reveals an enhanced 
adaptation for long-chain alkane degradation. Front. 
Mar. Sci., 6. https://doi.org/10.3389/fmars. 
2019.00572. 



189

Genomic DNA extracted from P. aeruginosa 
IBBCt8 cells was used as a template for PCR 
amplification of several known alkane 
hydroxylases (i.e., alkB, alkM, alkB1, alkB; 
alkM1) and rhamnosyltransferase 1 (rhlAB) 
genes responsible for the alkane’s degradation 
and rhamnolipids biosynthesis, respectively. In 
the DNA extracted from the P. aeruginosa 
IBBCt8 cells was detected the alkB (870 bp), 
and rhlAB (216 bp) genes, whereas the alkB 
(185 bp), alkM (271 bp), alkB1 (330 bp), 
alkM1 (870 bp) catabolic genes were not 
detected in this bacterium (Figure 3). Due to 
their low water solubility, high degree of 
accumulation in cell membranes, and 
reactivity, alkane degradation represents a 
challenge for many bacteria. However, several 
P. aeruginosa strains were previously 
identified as hydrocarbon-degraders since they 
have the metabolic capability to use aliphatic 
hydrocarbons as the sole carbon and energy 
source (Muriel-Millán et al., 2019; Liu et al., 
2022).  

Biosurfactants production 
The biosurfactants production by P. aeruginosa 
IBBCt8 cells was first determined through 
CTAB methylene blue agar which is a semi-
quantitative assay specific for the detection of 
extracellular glycolipids or other anionic 

surfactants produced by bacteria (Siegmund 
and Wagner, 1991). A dark blue halo was 
observed on this medium for P. aeruginosa 
IBBCt8 colonies (Figure 4). The rhamnolipid 
surfactants produced by the P. aeruginosa 
IBBCt8 cells were positive for drop-collapse 
assay and it showed a very good emulsification 
activity (E24 between 70-90%) against 
cyclohexane, n-decane, n-hexadecane, paraffin 
oil, and n-hexane (Figure 4). Rhamnolipid 
produced by other P. aeruginosa strain Bs20 
showed an appreciable emulsification index 
with hexadecane, kerosene, diesel, and motor 
oil (E24 between 47-66%) (Abdel-Mawgoud et 
al., 2009).  
The synthesis of rhamnolipid biosurfactants by 
P. aeruginosa IBBCt8 cells was completed by 
HPTLC analysis of crude surfactants. Under 
UV light, three fluorescent spots with Rf 
(retardation factor) 0.37, 0.46, and 0.75 were 
observed (Figure 4). The first two fractions 
(with Rf 0.37, 0.47) showed a positive reaction 
with iodine vapors (light brown spots under 
visible light), while the third fraction (with Rf 
0.75) showed a positive reaction only with 
orcinol reagent (dark brown spots under visible 
light) indicating the presence of lipid and sugar 
moiety in the surfactant molecules. 

Emulsification index  
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 Figure 4. Biosurfactants production by P. aeruginosa IBBCt8 

CTAB methylene blue agar plate assay. Drop-collapse assay for cell-
free culture broths (1), positive control (C+), negative control (C-). 

Emulsification index (E24 %) for cell-free culture broths. HPTLC 
analysis, sugars standards (S), D-glucose (G), L-rhamnose (R), crude 

biosurfactants extract (1), retardation factor (Rf), TLC plate was 
visualized under UV (left side) and visible light (middle, right side), 

three-dimensional chromatogram (3DC) under UV 
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On the three-dimensional (3D) chromatogram, 
we observed five distinct peaks (with Rf 0.37, 
0.46, 0.57, 0.67, 0.75) under UV light (Figure 
4). Like other bacteria, P. aeruginosa strains 
produce rhamnolipid surfactants, which consist 
of one or two hydrophilic L-rhamnose 
molecules and a hydrophobic fatty acid moiety. 
These glycolipid-type biosurfactants are 
involved in several functions in the bacterial 
cells, including in the uptake of poorly soluble 
substrates, such as aliphatic hydrocarbons 
enhancing their biodegradation (Bazire and 
Dufour, 2014; Muriel-Millán et al., 2019). 
 
CONCLUSIONS 
 
The strain P. aeruginosa IBBCt8, which was 
isolated through the enrichment culture method 
by a seawater sample possesses in its genome 
alkB (870 bp) and rhlAB (216 bp) genes.                   
P. aeruginosa IBBCt8 cells showed higher 
tolerance to n-hexadecane, n-decane, 
cyclohexane, or paraffin oil, compared to the n-
hexane tolerance. Furthermore, P. aeruginosa 
IBBCt8 cells were able to grow on the minimal 
medium with n-hexadecane, n-decane, paraffin 
oil, cyclohexane, and n-hexane as the sole 
carbon source, and their degradation efficiency 
varied depending on the used hydrocarbon 
type. Like other bacteria, P. aeruginosa IBBCt8 
cells produced rhamnolipid surfactants which 
showed a very good emulsification activity 
against n-hexadecane, n-decane, cyclohexane, 
paraffin oil, and n-hexane. This bacterium 
which showed very good tolerance and degra-
dation efficiency of aliphatic petroleum hydro-
carbons has the potential to be used in the 
bioremediation of petroleum-polluted 
environments. 
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Abstract 
 
Weight-length relationships (WLRs), Fulton’s K condition factor and the size structure were investigated for common 
carp Cyprinus carpio (Linne, 1758) collected from Bițina 3 Pond – a freshwater ecosystem used for recreational 
fishing, located 40 km away from Bucharest.  
Negative allometric growth was estimated for common carp as: TW = 0.0563xTL2.7111; TW = 0.2301 x SL2.4175 (N = 30, 
November 2021). The values for condition factor K ranged between 1.44 and 2.67.  
Water samples were collected from 7 sampling points (SP) and were subjected to physico-chemical characterization. 
Consequently, it was determined the following parameters: pH, electrical conductivity (EC), total hardness (TH), 
chemical oxygen demand (COD), phosphate phosphorus (P-PO4

3-) and nitrogen pollutant species: nitrate nitrogen (N-
NO3

-), nitrite nitrogen (N-NO2
-) and ammonium-nitrogen (N-NH4

+). Total hardness values present very significant 
correlation with conductivity (r=0.7305***) and distinct significant correlation with pH (r=0.5765**).  
The results indicated that water meets the requirements for optimal development of aquatic organisms. 
This paper provides novel information on weight-length relationships, Fulton’s K condition factor along with 
environmental parameters for Cyprinus carpio collected from freshwater ponds designed for sport fishing. 
 
Key words: Cyprinus carpio, fishing, growth type, pond, water quality. 
 
INTRODUCTION 
 
Originally native to Asia, Cyprinus carpio 
Linnaeus, 1758 is considered nowadays the 
most cultivated carp species throughout the 
world (Khan et al., 2016).  
The common carp represent a prized sport 
species in many European countries where is 
commonly stocked in fishing ponds (Ruchin, 
2019).  
In fishery assessment studies, weight-length 
relationships (WLRs) and condition factor (K) 
are essential tools to provide the growth type of 
all fishes and interactions between biotic and 
abiotic environmental factors (Stavrescu-
Bedivan et al., 2016; Stavrescu-Bedivan et al., 
2018; Khan et al., 2020). 
Relatively few studies have been made 
concerning the growth characteristics of 
common carp and its adaptability to 
environmental conditions in Romania 
(Gheorghe et al., 2011; Petrea et al., 2017; 
Nistor et al., 2020; Bădilaș and Păsărin, 2021).  

In terms of evaluating the ecosystem health, it 
was shown before the importance of 
monitoring the physico-chemical parameters of 
the water (Mitrănescu et al., 2007; Scăeţeanu et 
al., 2012) and length frequency distribution 
within of a fish population (Ranjan et al., 2005; 
Stavrescu-Bedivan et al., 2016).  
The aim of the present survey was to 
investigate some biometric indices of Cyprinus 
carpio in relation to water quality parameters, 
in order to determine if common carp 
individuals find proper life conditions in the 
Pond Bițina 3 - a freswater resource intensively 
used for recreational fishing in Ilfov County.  
 
MATERIALS AND METHODS 
 
Study area 
The Pond Bițina 3 (Balta Bițina 3) is located in 
Ialomița County (Figure 1), 40 km away from 
Bucharest and 15 km from Urziceni (44.480831 
latitude, 26.114502 longitude GPS 
coordinates).  
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+). Total hardness values present very significant 
correlation with conductivity (r=0.7305***) and distinct significant correlation with pH (r=0.5765**).  
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Linnaeus, 1758 is considered nowadays the 
most cultivated carp species throughout the 
world (Khan et al., 2016).  
The common carp represent a prized sport 
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commonly stocked in fishing ponds (Ruchin, 
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concerning the growth characteristics of 
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al., 2012) and length frequency distribution 
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The aim of the present survey was to 
investigate some biometric indices of Cyprinus 
carpio in relation to water quality parameters, 
in order to determine if common carp 
individuals find proper life conditions in the 
Pond Bițina 3 - a freswater resource intensively 
used for recreational fishing in Ilfov County.  
 
MATERIALS AND METHODS 
 
Study area 
The Pond Bițina 3 (Balta Bițina 3) is located in 
Ialomița County (Figure 1), 40 km away from 
Bucharest and 15 km from Urziceni (44.480831 
latitude, 26.114502 longitude GPS 
coordinates).  
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Bițina is a freshwater resource sought by 
anglers (Figure 2) because it is populated 
mainly with fish for consumption.  
A fee is charged for 12 h and ensures obtaining 
5 kg of fish for each fisherman 
(www.baltipescuit.com/).  
This ecosystem has a medium size, with a 
length of about 800 m and the average depth of 
3 m (www.pescarinformat.ro/).  
 

 
Figure 1. Bițina Pond located in Ialomița County (arrow) 

(map source: Google Maps) 
 
The grass carps, Gibel carps and common carps 
are usually found in Bițina 3, the latter being 
caught in quite large quantities 
(www.traveleuropa.ro/).  
According to administrator of Bițina 3, the fry 
is raised in fish farming pools from a size of 
15-20 g, fed until it reaches a weight of 90-           
100 g, and then released into the pond; the 
catches of common carp start at 600 g and 
could reach 5 kg.  
Each year, the fishing season starts on 15 
August and ends on 1 December. 
The water is flowing and fed from the Dridu 
dam. The history of Bițina ponds dates back to 
the time of the communist dictatorship in 
Romania, being since then a fish farm. 
Fish collection and measurements 
The specimens of C. carpio (N = 30, sex 
combined) were caught from Bițina 3 Pond in 
cold fishing season (November 2021) by using 
a fishing trawl. After  sampling, fishes were 
measured and weighed fresh, directly at the 
place of their capture (Figure 3). 

 
Figure 2. Recreational fishing in Bițina Pond  

(November 2021) 
 

 
Figure 3. Determination of biometric parameters of fish 

specimens at Bițina Pond (November 2021) 
 
Each C. carpio individual was analysed for 
total length (TL ± 1 mm), standard length (SL 
± 1 mm) and weighted (TW ± 1 g). A CAS PB-
150 portable bench scale was used. The weight-
length relationships were expressed as 
TW=aTLb and TW=aSLb respectively, where 
intercept (a) describes the rate of change of 
weight with length and slope (b) gives 
information about the type of growth (Froese, 
2006). The relationships between the weight 
and the length of fish were determined through 
linear regression (Log W= Log a + b Log L) 
(Stavrescu-Bedivan et al., 2016; Stavrescu-
Bedivan et al., 2018).  
When b > 3, a positive allometric pattern of 
growth is suggested, while b < 3 represents a 
negative allometric or hypoallometric growth 
type (Karachle and Stergiou, 2012).  
The Fulton’s condition factor (K) calculated as 
K= (TW/TL3)*100, was used to assess the 
overall health or well-being of fish population 
in their habitat (Nehemia et al., 2012; Khan et 
al., 2020).  

 
Another studied parameter was size frequency 
distribution of fish. According to Innal (2012) 
and Stavrescu-Bedivan et al. (2015), size 
intervals for total length and total weight 
distribution of fish samples were established. 
 
Water sampling and analyses 
Water samples were collected from different 
points (Figure 4) of the Bițina 3 pond at about 
45 cm below surface layer in labelled sterile 
recipients that were subsequently stored at 4°C 
for as short time as possible before analysis to 
minimize physical and chemical changes. The 
analyses were carried out within 48 hours of 
collection. All samples were allowed to stay 
until they reached room temperature before 
analysis which were performed in triplicates. 
The analyses were conducted as previously 
reported (Stavrescu et al., 2015), by using 
methods similar to those recommended for 
drinking water (Mănescu et al., 1994) and 
briefly listed in Table 1. 
 

 
Figure 4. Locations of water sampling points  
from Bițina Pond (map source: Google Earth) 

 
RESULTS AND DISCUSSIONS 
 
Fish samples and biometric analysis 
The biometric data were registered as: TL (min. 
29.5 - max. 46.5 cm); SL (min. 24.5 - max. 
41.5 cm, with a mean of 34.31 cm); TW (min. 
645 - max. 2085 g, with average of 1241.17 g). 
WLRs (Figure 5) were expressed as:  
Log (TW) = 2.7111 Log (TL) - 1.2491 (r2 = 
0.8647, 95% confidence intervals for the 
intercept and the slope); TW = 0.0563 x 
TL2.7111; Log (TW) = 2.4175 Log (SL) - 0.6381 
(r2 = 0.8517, 95% confidence intervals for the 

intercept and the slope); TW = 0.2301 x 
SL2.4175.  
Growth type for common carp caught in 
November 2021 was determined as negative 
allometric, since b < 3. The values for slope (b) 
were within the expected range of 2.5-3.5 for 
all fish analyzed individuals. The negative 
allometric type of growth suggests that fish 
increase in length rather than in body thickness. 
Fulton’s condition factor K has a mean value of 
1.98 (min. 1.44- max. 2.67).  
For the carp individuals from the CM Lunca 
irrigation canal, Nistor et al. (2020) postulated 
a very good and exceptive state of 
maintenance, in the case of Fulton condition 
factor ranging from 2.1 and 2.4.  
According to FishBase, the common total 
length for Cyprinus carpio is 31 cm.  
In Bițina 3 Pond, the value of total length of 
most C. carpio individuals (73.33%) collected 
in November 2021 ranged between 34.1 and 46 
cm, while 16.67% of fishes measured between 
28.0 and 34.0 cm. The majority of C. carpio 
(43.33%) registered values of total weight 
ranging between 645 and 955 grams. 
 

 
Figure 5. LWRs of the common carp in Bițina Pond 

(November 2021) 
 
Determining the length of the fish was 
considered to be more biologically relevant 
than age (Kalaycı et al., 2007; Rosli and Isa, 
2012; Stavrescu-Bedivan et al., 2016).  
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Many factors such as sexual maturity age, food, 
environmental conditions, size of captured 
specimens, sample size, sampling methods 
could influence the fish condition and 
parameters of length-weight relationship in fish 
(Stavrescu-Bedivan et al., 2016; Famoofo and 
Abdul, 2020). 
 
Water quality analyses  
The results of the analyses and the assignment 
of quality classes for surface waters according 
to legislation (Directive 2000/60/EC; Order 
161/2006) are presented in Table 2 and Figure 
6, respectively.  
 
a) Results concerning pH, EC and TH 
For aquatic organisms, pH is an important 
parameter that must be monitored because 
extreme values are difficult to be neutralized. 
Some authors (Alatorre-Jacome et al., 2011) 
consider that an ideal pH for aquacultural 
system, must be near 7, otherwise life of fish is 
affected. For example, pH values below 6.50 
may reduce fish reproduction (Stone & 
Thomforde, 2004), meanwhile lethal limits are 

below 5 and above 10 for most of fish species 
(Alatorre-Jacome et al., 2011). 
In the case of analyzed water samples collected 
from Bițina 3 pond, pH values are between 
7.25-7.41, which correspond to range (6.50-
8.50) imposed by legislation (Order 161/2006). 
Moreover, these results are within limits 
associated with optimal growth of most fish 
species (Stone & Thomforde, 2004).  
Most freshwater lakes and ponds have pH 
values between 6.00 and 8.00 (LENNTECH) 
and published data for other fish ponds from 
Romania reveal pH values (as average): 7.70 
(Brănești fish pond) (Stavrescu-Bedivan et al., 
2015), 8.33 (Tătaru fish pond) (Scăețeanu 
Vasile et al., 2019), 7.17 (Comana fish pond) 
(Stavrescu-Bedivan et al., 2021). 
As concerning EC parameter, literature (Stone 
& Thomforde, 2004) indicate that optimal 
range for aquaculture is 100-2000 µS/cm and 
increase of this parameter is associated even 
with addition of fish food (Schenone et al., 
2011). 

 

Table 1. Performed analyses, analytical techniques and instrumentation 

Analysis Analytical technique Instrumentation 
pH Potentiometry InolabWTW pH-meter 
Electrical conductivity (EC) Conductometry Hach SensIon7 
Total hardness (TH) Complexonometry - 
Chemical oxygen demand (COD) Manganometry - 
Phosphate phosphorus (P-PO4

3-)  
Spectrophotometry 

 

 
MetertekSP830 Plus 
spectrophotometer 

Nitrate nitrogen (N-NO3
-) 

Nitrite nitrogen (N-NO2
- ) 

Ammonium nitrogen (N-NH4
+) 

 
Table 2. Results of the chemical analyses for water samples and assigned quality classes 

Sampling 
point 

pH EC 
(µS/cm) 

TH 
(mg CaO/L) 

COD 
(mg O2/L) 

P-PO43- 

(mg P/L) 
N-NO3- 

(mg N/L) 
N-NO2- 

(mg N/L) 
N-NH4+ 

(mg N/L) 
SP1 7.41 851 18.62 6.36 BDL 0.84 BDL 0.55 
SP2 7.39 826 18.28 5.88 BDL 0.91 BDL 0.47 
SP3 7.34 810 18.28 5.87 BDL 0.83 BDL 0.49 
SP4 7.31 809 17.72 5.79 BDL 0.90 BDL 0.54 
SP5 7.38 819 17.92 5.79 BDL 0.85 BDL 0.51 
SP6 7.25 815 17.72 5.49 BDL 0.82 BDL 0.60 
SP7 7.36 801 17.97 5.67 BDL 0.82 BDL 0.54 

Average 7.35 818.71 18.07 5.83 [II] BDL[I] 0.85[I] BDL[I] 0.53[II] 
Range 7.25-7.41 801-851 17.72-18.62 5.49-6.36 - 0.82-0.91 - 0.47-0.60 

Values between square brackets represent quality classes for surface water according to Order 161/2006; BDL - below 
detection limit. 
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IVth class Vth class

0 5 10 20 50 >50

COD, mg O2/L

P-PO4
3-, mg P/L

N-NO2
-
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N-NO3
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N
-
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0 1 3 5.6 11.2 >11.2

0 0.4 0.8 1.2 3.2 >3.2  
Figure 6. Quality classes for surface water according to legislation  

and assigned quality classes for water from Bițina 3 pond 

 
Analyses indicated for Bițina 3 pond EC values 
between 801-851 µS/cm, higher than those 
reported for Tătaru fish pond (653-760 µS/cm) 
(ScăețeanuVasile et al., 2019) and Comana fish 
pond (645-705 µS/cm) (Stavrescu-Bedivan et 
al., 2021), but lower than those found for 
Brănești fish pond (1105-1156 µS/cm) 
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TH values for Bițina 3 pond are between 
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al., 2019). For aquaculture are recommended 
values between 28-84 mg CaO/L (Stone & 
Thomforde, 2004) since there are references 
(Shaw et al., 2004) which state that hard water 
lakes (67.1-100 mg CaO/L) tend to produce 
more fish and aquatic plants than soft water 
lakes (<34 mg CaO/L). 
The analysis of the results indicated that 
conductivity (µS/cm) presents very significant 
correlation with total hardness (mg CaO/L) 
with correlation coefficient r=0.7305***. 
Between pH values and total hardness (mg 
CaO/L) it has been evidenced distinct 
significant correlation with r=0.5765**   
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b) Results concerning COD  
COD is a useful indicator of organic pollution 
of water, being defined as amount of oxygen 
that oxidizes organic species of earthly origin 
or by anthropogenic sources. Usually clean 
water has COD between 2-4 mg O2/L. High 
values of COD indicate high levels of organic 
compounds and consequently, the high 
possibility of pathogenic microorganisms’ 
presence (Cohl et al., 2014). For water samples 
collected from Bițina 3 pond the analyses 
indicated 5.49-6.36 mg O2/L, levels that 
correspond to IInd quality class for surface 
waters (Order161/2006). Based on reported 
COD values, water from Brănești fish pond 
(Stavrescu-Bedivan et al., 2015) and Tătaru 
fish pond (ScăețeanuVasile et al., 2019) was 
classified as IInd quality class, meanwhile water 
from Comana pond was associated with IIIrd 
quality class (Stavrescu-Bedivan et al., 2021).  
 
c) Results concerning phosphate phosphorus 
Even if phosphorus is an essential element form 
plant growth, elevated levels could produce 
eutrophication, reduces the amount of dissolved 
oxygen and endanger aquatic organisms 
(Scăețeanu Vasile et al., 2020).  
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Many factors such as sexual maturity age, food, 
environmental conditions, size of captured 
specimens, sample size, sampling methods 
could influence the fish condition and 
parameters of length-weight relationship in fish 
(Stavrescu-Bedivan et al., 2016; Famoofo and 
Abdul, 2020). 
 
Water quality analyses  
The results of the analyses and the assignment 
of quality classes for surface waters according 
to legislation (Directive 2000/60/EC; Order 
161/2006) are presented in Table 2 and Figure 
6, respectively.  
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In the case of analyzed water samples collected 
from Bițina 3 pond, pH values are between 
7.25-7.41, which correspond to range (6.50-
8.50) imposed by legislation (Order 161/2006). 
Moreover, these results are within limits 
associated with optimal growth of most fish 
species (Stone & Thomforde, 2004).  
Most freshwater lakes and ponds have pH 
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range for aquaculture is 100-2000 µS/cm and 
increase of this parameter is associated even 
with addition of fish food (Schenone et al., 
2011). 

 

Table 1. Performed analyses, analytical techniques and instrumentation 

Analysis Analytical technique Instrumentation 
pH Potentiometry InolabWTW pH-meter 
Electrical conductivity (EC) Conductometry Hach SensIon7 
Total hardness (TH) Complexonometry - 
Chemical oxygen demand (COD) Manganometry - 
Phosphate phosphorus (P-PO4

3-)  
Spectrophotometry 

 

 
MetertekSP830 Plus 
spectrophotometer 

Nitrate nitrogen (N-NO3
-) 

Nitrite nitrogen (N-NO2
- ) 

Ammonium nitrogen (N-NH4
+) 

 
Table 2. Results of the chemical analyses for water samples and assigned quality classes 

Sampling 
point 

pH EC 
(µS/cm) 

TH 
(mg CaO/L) 

COD 
(mg O2/L) 

P-PO43- 

(mg P/L) 
N-NO3- 

(mg N/L) 
N-NO2- 

(mg N/L) 
N-NH4+ 

(mg N/L) 
SP1 7.41 851 18.62 6.36 BDL 0.84 BDL 0.55 
SP2 7.39 826 18.28 5.88 BDL 0.91 BDL 0.47 
SP3 7.34 810 18.28 5.87 BDL 0.83 BDL 0.49 
SP4 7.31 809 17.72 5.79 BDL 0.90 BDL 0.54 
SP5 7.38 819 17.92 5.79 BDL 0.85 BDL 0.51 
SP6 7.25 815 17.72 5.49 BDL 0.82 BDL 0.60 
SP7 7.36 801 17.97 5.67 BDL 0.82 BDL 0.54 

Average 7.35 818.71 18.07 5.83 [II] BDL[I] 0.85[I] BDL[I] 0.53[II] 
Range 7.25-7.41 801-851 17.72-18.62 5.49-6.36 - 0.82-0.91 - 0.47-0.60 

Values between square brackets represent quality classes for surface water according to Order 161/2006; BDL - below 
detection limit. 
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Figure 6. Quality classes for surface water according to legislation  

and assigned quality classes for water from Bițina 3 pond 
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Even if phosphorus is an essential element form 
plant growth, elevated levels could produce 
eutrophication, reduces the amount of dissolved 
oxygen and endanger aquatic organisms 
(Scăețeanu Vasile et al., 2020).  
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For instance, it has been reported that body 
weight of cyprinids decreases with the increase 
of water phosphorus content (Jeppesen et al., 
2000). 
For water collected from Bițina 3 pond the 
phosphorus levels were undetectable by 
spectrophotocolorimetry, therefore, it was 
assigned Ist quality class. A similar situation 
was reported for Brănești fish pond (Stavrescu-
Bedivan et al., 2015) in contrast with Tătaru 
fish pond were the levels of phosphorus were 
so elevated that were associated with Vth 
quality class (Scăețeanu Vasile et al., 2019).  
 
d) Results concerning nitrogen species 
In ponds, nitrogen is found as organic and 
inorganic forms, the latter comprising nitrate 
(NO3

-), nitrite (NO2
-) and ammonium (NH4

+) 
species. Nitrogen accumulation in fish ponds is 
an important matter because may lead to fish 
death and may contribute to eutrophication 
(Chen et al., 2017). Levels of inorganic 
nitrogen higher than 0.3 mg/L in spring are 
sufficient to support summer algae bloom 
(Shaw et al., 2004). 
Water samples collected from Bițina 3 pond 
contain low levels of nitrate nitrogen (0.82-0.91 
mg N/L), undetectable nitrite nitrogen and 
ammonium nitrogen at levels (0.47-0.60 mg 
N/L) which correspond to IInd quality class.  
Data regarding nitrogen species levels in water 
collected from Brănești fish pond, Tătaru fish 
pond and Comana pond has been previously 
published and may be accessed for thorough 
reading and comparisons (Stavrescu-Bedivan et 
al., 2015; Scăețeanu Vasile et al., 2019; 
Scăețeanu Vasile et al., 2020; Stavrescu-
Bedivan et al., 2021). 

According to literature (Camargo et al., 2005), 
nitrate toxicity to freshwater fishes increases 
with increasing nitrate levels and exposure 
times, but a maximum concentration of 2 mg 
N/L would be protective for most sensitive 
freshwater species.  
As concerning nitrite, high levels may cause 
hypoxia due to methemoglobin formation in 
fish blood (Durborow et al., 1997), desirable 
range for nitrite in ponds being less than 0.1 mg 
N/L (Austin et al., 2016). Other authors 
(Camargo & Alonso, 2006) estimated for nitrite 
nitrogen that range 0.08-0.35 mg N/L is 
adequate to protect aquatic species during 
short-term exposures. 
Between ammonium ion (NH4

+) and unionized 
ammonia (NH3) occurs an equilibrium driven 
by pH and temperature (Camargo & Alonso, 
2006). There species are products of fish 
metabolism, their levels being related with 
protein rich feed input in the pond (Alatorre-
Jacome et al., 2011). 
Regarding ammonia influence on fish health, 
literature data sustain that toxicity varies with 
fish species, salmonids for example being more 
sensitive than other fish species (Stone et al., 
2013), age or other quality parameters (Latha & 
Lipton, 2007). Goldfish, Carassius auratus and 
Gibel carp C. gibelio seem to have a greater 
resistance to ammonia (Schenone et al., 1982; 
Nathanailides et al., 2003). 
The values of COD at sampling moment 
correlate with increase of ammonium, nitrate 
and total mineral nitrogen levels (Figure 8, 
Figure 9 and Figure 10). The decrease of water 
quality is related with increase of nutrients’ 
contents, this being highlighted by COD 
variation. 
 

 

 
Figure 7. Correlations between conductivity and pH values with total hardness of water samples from Bițina 3 pond 

 

 
Figure 8. The Cartesian coordinates given by COD and ammonium nitrogen at sampling moment 
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Figure 9. The Cartesian coordinates given by COD and nitrate nitrogen at sampling moment 

 

 
Figure 10. The Cartesian coordinates given by COD and total mineral nitrogen at sampling moment 

 
CONCLUSIONS  
 
This work provided information on length, 
weight, size frequency distribution, condition 
factor and parameters of weight-length 

relationship recorded in Cyprinus carpio caugth 
in one fishing season in the Bițina 3 Pond from 
Ilfov County, Romania. With values greater 
than 1, K factor revealed the well-being of 
sampled common carps in the ecosystem.  

 
On the basis of phosphate phosphorus, nitrate 
and nitrite nitrogen levels provided by chemical 
analyses, the water from this pond corresponds 
to Ist quality class. The determined values for 
COD and ammonium nitrogen allow 
association of water with IInd quality class. 
Similar studies are important for gathering the 
biological information concerning the fish well-
being and their adaptation to the environment. 
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Abstract  
 
To determine the adaptability and stability of yield and its related traits during drought conditions in triticale, eleven 
contemporary Bulgarian cultivars were studied according to the indices yield, number of productive tillers, 1000 kernel 
weight and number of grains in spike, applying four parameters: regression coefficient and deviation from regression, 
ecovalence and stability variance of Shukla. Drought had a significant effect on the yield related traits, which differed 
considerably according to the different parameters of stability. The best combination of stability and adaptability 
according to number of productive tillers and 1000 kernel weight was observed in Bumerang and Doni 52. The 
parameter number of grains in spike behaved in a rather complex manner under conditions of drought and the separate 
stability parameters related to contradictory results. The widest adaptability according to this parameter was observed 
in cultivars Rakita, Lasko and Respekt. The stability and adaptability parameters of the separate yield traits was not 
functionally related to the same parameters of yield, which determined the investigated cultivars as developed 
according to a complex of traits and being suitable for growing under variable environments. 
 
Key words: adaptability, drought, stability analysis, triticale, yield related traits.  
 
INTRODUCTION 

 
Drought is among the most serious factors, 
which do not allow the obtaining of normal 
yields from the cultivated plants. This is 
particularly valid for the cereal crops, the yields 
from which may be reduced to extremely high 
levels as a result from different forms of 
drought (Karrou & Oweis, 2014). In regions, 
where the greater part of the vegetative growth 
of such crops as wheat, barley and triticale 
occurs under scarce rainfalls, strong winds, or 
soils with low moister retention capacity 
drought is a serious obstacle. Regardless of the 
fact that in the regions with typically dry 
climate the meteorological conditions follow 
certain tendencies, the duration and intensity of 
drought as a process cannot be reliably 
predicted (Majid et al., 2007). Therefore, it is 
rather difficult to develop both a technology 
and a certain type of genotype that would 
constantly react towards avoidance of 
unfavorable phenomena and processes.  
Triticale is one of the cereal crops with 
considerably higher adaptability to unfavorable 
environments (Lozano del Rio et al., 2009; 

Estrada-Campuzano et al., 2012; Lule et al., 
2014; Arseniuk, 2015; Kendal & Sayar, 2016; 
Kendal et al., 2019). On the whole, this crop is 
characterized by good tolerance to drought 
(Akbarian et al., 2011; Kutlu & Kinacı, 2010), 
especially the genotypes developed for the soil 
and climatic conditions of Bulgaria (Stoyanov 
et al., 2017). The high tolerance to drought of 
this crop has been determined by other 
researchers, too, most often through various 
physiological parameters (Grzesiak et al., 2003; 
Hura et al., 2007; Hura et al., 2009; Lonbani & 
Arzani, 2011; Hura et al., 2012; Grzesiak et al., 
2012). On the other hand, however, the effect 
of drought on the yield related traits of triticale 
is comparatively insufficiently studied, 
especially in the contemporary varieties.  
Investigating eleven Bulgarian triticale 
cultivars under conditions of controlled 
drought, Stoyanov (2018) found out that the 
crop suffered significant losses due to growing 
under insufficient moisture in soil. 
Nevertheless, some of the studied cultivars 
demonstrated higher productivity in 
comparison to common winter wheat cultivars 
with high tolerance to drought. However, 
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Abstract  
 
To determine the adaptability and stability of yield and its related traits during drought conditions in triticale, eleven 
contemporary Bulgarian cultivars were studied according to the indices yield, number of productive tillers, 1000 kernel 
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INTRODUCTION 

 
Drought is among the most serious factors, 
which do not allow the obtaining of normal 
yields from the cultivated plants. This is 
particularly valid for the cereal crops, the yields 
from which may be reduced to extremely high 
levels as a result from different forms of 
drought (Karrou & Oweis, 2014). In regions, 
where the greater part of the vegetative growth 
of such crops as wheat, barley and triticale 
occurs under scarce rainfalls, strong winds, or 
soils with low moister retention capacity 
drought is a serious obstacle. Regardless of the 
fact that in the regions with typically dry 
climate the meteorological conditions follow 
certain tendencies, the duration and intensity of 
drought as a process cannot be reliably 
predicted (Majid et al., 2007). Therefore, it is 
rather difficult to develop both a technology 
and a certain type of genotype that would 
constantly react towards avoidance of 
unfavorable phenomena and processes.  
Triticale is one of the cereal crops with 
considerably higher adaptability to unfavorable 
environments (Lozano del Rio et al., 2009; 

Estrada-Campuzano et al., 2012; Lule et al., 
2014; Arseniuk, 2015; Kendal & Sayar, 2016; 
Kendal et al., 2019). On the whole, this crop is 
characterized by good tolerance to drought 
(Akbarian et al., 2011; Kutlu & Kinacı, 2010), 
especially the genotypes developed for the soil 
and climatic conditions of Bulgaria (Stoyanov 
et al., 2017). The high tolerance to drought of 
this crop has been determined by other 
researchers, too, most often through various 
physiological parameters (Grzesiak et al., 2003; 
Hura et al., 2007; Hura et al., 2009; Lonbani & 
Arzani, 2011; Hura et al., 2012; Grzesiak et al., 
2012). On the other hand, however, the effect 
of drought on the yield related traits of triticale 
is comparatively insufficiently studied, 
especially in the contemporary varieties.  
Investigating eleven Bulgarian triticale 
cultivars under conditions of controlled 
drought, Stoyanov (2018) found out that the 
crop suffered significant losses due to growing 
under insufficient moisture in soil. 
Nevertheless, some of the studied cultivars 
demonstrated higher productivity in 
comparison to common winter wheat cultivars 
with high tolerance to drought. However, 
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during the period of study, the observed 
tendencies in the separate yield related traits, 
which were investigated (days to heading, plant 
height, number of productive tillers, number of 
grains in spike, weight of grains in spike, 1000 
kernel weight, fertility and compactness of 
spike), were not identical according to the 
different growing seasons’ conditions, in which 
the experiment was conducted. This indicated 
that the drought conditions during the 
individual periods did not affect the genotypes 
in the same way. Fayaz and Arzani (2011) 
found that different triticale genotypes respond 
differently depending on the drought regime 
applied. In all traits they investigated (plant 
height, number of productive tillers, number of 
grains in spike, weight of grains in spike, 1000 
kernel weight, biological yield, grain yield and 
harvest index), a considerable and significant 
effect of the genotype x environment (regime 
of drought) interaction was observed. In 
common winter wheat grown under various 
regimes of drought, Mehraban et al. (2019) 
demonstrated significant effect of the genotype 
x environment interaction on the traits number 
of grains in spike and 1000 kernel weight.  
Such results justify searching for the answer to 
the question to what extent a given yield trait is 
stable under different intensity and duration of 
drought. This is related to the necessity to 
explain the complex genotype x environment 
interaction on the size of the yield. Chai et al. 
(2011) find out that some of the genotypes 
which possess specific adaptability to lower 
environments are more drought tolerant than 
these with wide adaptability. Tsenov et al. 
(2013) pointed out that due to the complexity 
of this interaction it was necessary to 
investigate the effect of the yield related traits 
from the point of view of their adaptability. In 
this respect, Majid et al. (2007) studied the 
stability of yield and its related traits in a group 
of wheat genotypes under different conditions 
of drought. The data of the authors indicated 
that the traits they studied (yield, number of 
spikelets in spike, number of grains in spike, 
1000 kernel weight) did not follow identical 
stability and adaptability, neither between 
themselves, nor in comparison to yield. 
Therefore, especially in rather complex 
genotypes as the triticale varieties, in order to 
properly estimate the effect of the genotype x 

environment interaction, it is necessary to 
follow in detail the stability and adaptability 
not only of the yield but also of its components.  
The aim of this investigation was to study in 
detail the stability of yield and yield related 
traits in contemporary Bulgarian triticale 
cultivars and to evaluate their adaptability 
under contrasting environments. 
 
MATERIALS AND METHODS 
 
Plant material 
To realize the above aim, eleven Bulgarian 
triticale cultivars were used (Kolorit, Atila, 
Akord, Respekt, Bumerang, Irnik, 
Dobrudzhanets, Lovchanets, Doni 52, 
Blagovest and Borislav. These cultivars were 
grown in trial plots of 10 m2, in four 
replications according to a standard block 
design within a competitive varietal trial. 
Planting was done using mechanical equipment 
within the standard dates (10th-15th October) at 
sowing density 550 seeds/m2. Apart from the 
cultivars indicated above, the competitive 
varietal trial also involved the local check 
triticale cultivars АD-7291, Vihren and Rakita, 
as well as the world checks Lasko and Presto. 
The number of productive tillers per m2 was 
determined in each trial plot using a sampling 
frame of 0.25 m2. Thousand kernel weight (g) 
was determined according to the Bulgarian 
State Standard and the number of grains per 
spike, calculated by a formula based on the 
number of productive tillers, 1000 kernel 
weight and yield. Data were summarized by 
calculating the means for each cultivar and 
year.   

 
Meteorological conditions 
The experiment was carried out in three 
consecutive harvest seasons - 2017/2018, 
2018/2019, 2019/2020. The data on the average 
monthly temperature and the sum of 
precipitation (Table 1) clearly showed 
considerable differences in the meteorological 
conditions during the studied periods. Clearly 
outlined were certain meteorological 
phenomena and processes, which were of 
single occurrence and were not repeated over 
periods; they were able to strongly influence 
the physiological processes in the plant 
organism.  

 
In meteorological and phenological aspects, 
2017/2018 growing season was different from 
the rest of the periods. During the third decade 
of March, considerably low and durable 
negative air temperatures were observed, which 
against the background of a previous warmer 
period of renewed vegetative growth, posed a 
serious risk for the crops. Nevertheless, the low 
temperatures were combined with sufficient 
snow cover. The precipitation was a strong 
disturbing factor for the development of 
triticale during 2017/2018. During previous 
periods drought has been favorable for the 
development of triticale, and such high 
precipitation levels significantly affect the 
processes of heading and anthesis. June, 
however, was characterized as considerably 
more humid, especially its last decade. 
The growing period 2018/2019 was 
comparatively dry. This relates to both the 
action of temperatures and to the differences in 
the water regime resulting from the abnormal 
rainfalls during the vegetative growth of the 
plants. March of 2019 was extremely warm but 
also very dry. Practically, the insufficient 
rainfalls did not allow the plants to develop 
properly, although the temperatures were 
favorable for such development.  
 

Table 1. Meteo data of the studied environmets 

Parameter/Months Oct Nov Dec Jan Feb 

AMT, ºC 

2017/2018 11.8 7.5 4.7 1.7 1.1 
2018/2019 13.3 5.4 1.2 1.0 3.5 
2019/2020 13.4 11.7 5.2 1.8 5.1 
2017/2020 12.8 8.2 3.7 1.5 3.2 
1960/2020 11.7 6.8 2.0 -0.2 1.2 

TMP, mm 

2017/2018 69.9 50.5 57.2 55.8 75.4 
2018/2019 11.7 66.2 43.8 19.2 16.3 
2019/2020 27.6 35.4 21.8 2.8 28.1 
2017/2020 36.4 50.7 40.9 25.9 39.9 
1960/2020 42.1 43.4 41.7 36.4 34.2 

Parameter/Months Mar Apr May Jun Jul 

AMT, ºC 

2017/2018 4.6 13.4 17.7 20.4 22.2 
2018/2019 8.2 9.0 16.0 22.3 22 
2019/2020 8.0 10.0 15.4 19.6 22.3 
2017/2020 6.9 10.8 16.4 20.8 22.2 
1960/2020 4.7 9.9 15.2 22 21.4 

TMP, mm 

2017/2018 48.8 4.9 30.9 90.8 59.6 
2018/2019 16.1 49.4 31.7 37.5 54.0 
2019/2020 28.3 5.8 48.0 192.2 2.7 
2017/2020 31.1 20.0 36.9 106.8 38.8 
1960/2020 35.5 39.9 52.0 60.9 51.3 

 

The severe drought in March considerably 
retarded growth, and in combination with the 
cooler April, delayed the heading of plants. 
Lower and rather uneven rainfalls were 
registered also in May of the same year. This 
caused conditions of stress during the grain 
formation and grain filling processes. 
Growing period 2019/2020 differed most 
significantly from the other two periods. The 
entire winter period was rather warm and the 
plants did not fall into dormant state. On the 
whole, serious soil drought was observed 
during January - April, and the insufficient soil 
moisture reserves were the reason for strong 
disturbance in the development of the plants. 
There were rainfalls in May, which, however, 
were with 4 mm lower than the long-term 
norm. Such rainfalls could not compensate for 
the absence of good moisture reserves. June 
was considerably more humid, especially 
during the second decade. The rainfalls, 
however, were not significant for triticale since 
grain was formed and most of the leaf mass 
died out.  
 
Stability analysis 
Stability parameters based on the dynamic 
concept were calculated: regression coefficient 
(bi) and deviation from regression (S2

di) 
according to Eberhart and Russell (1966), 
ecovalence (Wi) according to Wricke (1962), 
stability variance (S2

i) according to Shukla 
(1972). Each of these parameters was applied 
to the values of the yield and yield related 
traits. To determine the stability of each trait in 
order to compare them, the data were referred 
to the mean value of the entire investigated set, 
which were then estimated logarithmically and 
evaluated for stability.  
Microsoft Excel 2003 and IBM SPSS Statistics 
19 were used for data processing and analysis 
of stability.  
 
RESULTS AND DISCUSSIONS 
 
The conditions of the environment during each 
of the three growing periods undoubtedly 
define whole the period of growing as 
extremely dry. This allowed assuming that the 
genotypes characterized with higher stability 
and wide adaptability can be successfully 
grown in regions, where drought is not unusual 
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during the period of study, the observed 
tendencies in the separate yield related traits, 
which were investigated (days to heading, plant 
height, number of productive tillers, number of 
grains in spike, weight of grains in spike, 1000 
kernel weight, fertility and compactness of 
spike), were not identical according to the 
different growing seasons’ conditions, in which 
the experiment was conducted. This indicated 
that the drought conditions during the 
individual periods did not affect the genotypes 
in the same way. Fayaz and Arzani (2011) 
found that different triticale genotypes respond 
differently depending on the drought regime 
applied. In all traits they investigated (plant 
height, number of productive tillers, number of 
grains in spike, weight of grains in spike, 1000 
kernel weight, biological yield, grain yield and 
harvest index), a considerable and significant 
effect of the genotype x environment (regime 
of drought) interaction was observed. In 
common winter wheat grown under various 
regimes of drought, Mehraban et al. (2019) 
demonstrated significant effect of the genotype 
x environment interaction on the traits number 
of grains in spike and 1000 kernel weight.  
Such results justify searching for the answer to 
the question to what extent a given yield trait is 
stable under different intensity and duration of 
drought. This is related to the necessity to 
explain the complex genotype x environment 
interaction on the size of the yield. Chai et al. 
(2011) find out that some of the genotypes 
which possess specific adaptability to lower 
environments are more drought tolerant than 
these with wide adaptability. Tsenov et al. 
(2013) pointed out that due to the complexity 
of this interaction it was necessary to 
investigate the effect of the yield related traits 
from the point of view of their adaptability. In 
this respect, Majid et al. (2007) studied the 
stability of yield and its related traits in a group 
of wheat genotypes under different conditions 
of drought. The data of the authors indicated 
that the traits they studied (yield, number of 
spikelets in spike, number of grains in spike, 
1000 kernel weight) did not follow identical 
stability and adaptability, neither between 
themselves, nor in comparison to yield. 
Therefore, especially in rather complex 
genotypes as the triticale varieties, in order to 
properly estimate the effect of the genotype x 

environment interaction, it is necessary to 
follow in detail the stability and adaptability 
not only of the yield but also of its components.  
The aim of this investigation was to study in 
detail the stability of yield and yield related 
traits in contemporary Bulgarian triticale 
cultivars and to evaluate their adaptability 
under contrasting environments. 
 
MATERIALS AND METHODS 
 
Plant material 
To realize the above aim, eleven Bulgarian 
triticale cultivars were used (Kolorit, Atila, 
Akord, Respekt, Bumerang, Irnik, 
Dobrudzhanets, Lovchanets, Doni 52, 
Blagovest and Borislav. These cultivars were 
grown in trial plots of 10 m2, in four 
replications according to a standard block 
design within a competitive varietal trial. 
Planting was done using mechanical equipment 
within the standard dates (10th-15th October) at 
sowing density 550 seeds/m2. Apart from the 
cultivars indicated above, the competitive 
varietal trial also involved the local check 
triticale cultivars АD-7291, Vihren and Rakita, 
as well as the world checks Lasko and Presto. 
The number of productive tillers per m2 was 
determined in each trial plot using a sampling 
frame of 0.25 m2. Thousand kernel weight (g) 
was determined according to the Bulgarian 
State Standard and the number of grains per 
spike, calculated by a formula based on the 
number of productive tillers, 1000 kernel 
weight and yield. Data were summarized by 
calculating the means for each cultivar and 
year.   

 
Meteorological conditions 
The experiment was carried out in three 
consecutive harvest seasons - 2017/2018, 
2018/2019, 2019/2020. The data on the average 
monthly temperature and the sum of 
precipitation (Table 1) clearly showed 
considerable differences in the meteorological 
conditions during the studied periods. Clearly 
outlined were certain meteorological 
phenomena and processes, which were of 
single occurrence and were not repeated over 
periods; they were able to strongly influence 
the physiological processes in the plant 
organism.  

 
In meteorological and phenological aspects, 
2017/2018 growing season was different from 
the rest of the periods. During the third decade 
of March, considerably low and durable 
negative air temperatures were observed, which 
against the background of a previous warmer 
period of renewed vegetative growth, posed a 
serious risk for the crops. Nevertheless, the low 
temperatures were combined with sufficient 
snow cover. The precipitation was a strong 
disturbing factor for the development of 
triticale during 2017/2018. During previous 
periods drought has been favorable for the 
development of triticale, and such high 
precipitation levels significantly affect the 
processes of heading and anthesis. June, 
however, was characterized as considerably 
more humid, especially its last decade. 
The growing period 2018/2019 was 
comparatively dry. This relates to both the 
action of temperatures and to the differences in 
the water regime resulting from the abnormal 
rainfalls during the vegetative growth of the 
plants. March of 2019 was extremely warm but 
also very dry. Practically, the insufficient 
rainfalls did not allow the plants to develop 
properly, although the temperatures were 
favorable for such development.  
 

Table 1. Meteo data of the studied environmets 

Parameter/Months Oct Nov Dec Jan Feb 

AMT, ºC 

2017/2018 11.8 7.5 4.7 1.7 1.1 
2018/2019 13.3 5.4 1.2 1.0 3.5 
2019/2020 13.4 11.7 5.2 1.8 5.1 
2017/2020 12.8 8.2 3.7 1.5 3.2 
1960/2020 11.7 6.8 2.0 -0.2 1.2 

TMP, mm 

2017/2018 69.9 50.5 57.2 55.8 75.4 
2018/2019 11.7 66.2 43.8 19.2 16.3 
2019/2020 27.6 35.4 21.8 2.8 28.1 
2017/2020 36.4 50.7 40.9 25.9 39.9 
1960/2020 42.1 43.4 41.7 36.4 34.2 

Parameter/Months Mar Apr May Jun Jul 

AMT, ºC 

2017/2018 4.6 13.4 17.7 20.4 22.2 
2018/2019 8.2 9.0 16.0 22.3 22 
2019/2020 8.0 10.0 15.4 19.6 22.3 
2017/2020 6.9 10.8 16.4 20.8 22.2 
1960/2020 4.7 9.9 15.2 22 21.4 

TMP, mm 

2017/2018 48.8 4.9 30.9 90.8 59.6 
2018/2019 16.1 49.4 31.7 37.5 54.0 
2019/2020 28.3 5.8 48.0 192.2 2.7 
2017/2020 31.1 20.0 36.9 106.8 38.8 
1960/2020 35.5 39.9 52.0 60.9 51.3 

 

The severe drought in March considerably 
retarded growth, and in combination with the 
cooler April, delayed the heading of plants. 
Lower and rather uneven rainfalls were 
registered also in May of the same year. This 
caused conditions of stress during the grain 
formation and grain filling processes. 
Growing period 2019/2020 differed most 
significantly from the other two periods. The 
entire winter period was rather warm and the 
plants did not fall into dormant state. On the 
whole, serious soil drought was observed 
during January - April, and the insufficient soil 
moisture reserves were the reason for strong 
disturbance in the development of the plants. 
There were rainfalls in May, which, however, 
were with 4 mm lower than the long-term 
norm. Such rainfalls could not compensate for 
the absence of good moisture reserves. June 
was considerably more humid, especially 
during the second decade. The rainfalls, 
however, were not significant for triticale since 
grain was formed and most of the leaf mass 
died out.  
 
Stability analysis 
Stability parameters based on the dynamic 
concept were calculated: regression coefficient 
(bi) and deviation from regression (S2

di) 
according to Eberhart and Russell (1966), 
ecovalence (Wi) according to Wricke (1962), 
stability variance (S2

i) according to Shukla 
(1972). Each of these parameters was applied 
to the values of the yield and yield related 
traits. To determine the stability of each trait in 
order to compare them, the data were referred 
to the mean value of the entire investigated set, 
which were then estimated logarithmically and 
evaluated for stability.  
Microsoft Excel 2003 and IBM SPSS Statistics 
19 were used for data processing and analysis 
of stability.  
 
RESULTS AND DISCUSSIONS 
 
The conditions of the environment during each 
of the three growing periods undoubtedly 
define whole the period of growing as 
extremely dry. This allowed assuming that the 
genotypes characterized with higher stability 
and wide adaptability can be successfully 
grown in regions, where drought is not unusual 
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but is a permanent tendency. At the same time, 
the drought during the three separate periods 
was not of the same intensity and duration. 
Such contrasting condtions of growing were the 
reason to look for a strong effect of the 
genotype x environment interaction with 
respect to both yield and its related traits. It 

should be emphasized that the stability and 
adaptability of yield did not follow the 
tendency of any of the studied traits as 
evidenced by our previous researches 
(Stoyanov & Baychev, 2016), and by the data 
and researches of other authors (Dhindsa et al., 
2002; Dimitrievic et al., 2011). 

 
Table 2. Stability and adaptability parameters of yield and yield components 

Cultivar bi S2
di Wi S2

i bi S2
di Wi S2

i 
 Yield, kg/dca NPT, psc/m2 
AD-7291 1.31 302.01 1129.53 521.15 1.33 199.58 2420.32 970.19 
Vihren 2.31 751.13 14213.05 7997.44 0.24 3081.48 14383.82 7806.47 
Rakita 1.18 774.75 1092.39 499.92 1.13 8274.71 8714.32 4566.76 
Lasko 0.71 80.91 772.87 317.34 0.38 31784.65 39205.82 21990.47 
Presto 0.18 128.83 5304.32 2906.74 1.17 4762.41 5439.41 2695.38 
Kolorit 1.33 210.20 1146.33 530.74 1.22 46938.03 47958.99 26992.28 
Atila 0.84 3614.76 3871.88 2088.20 0.73 157.49 1630.91 519.09 
Akord 0.24 144.85 4621.38 2516.49 0.83 3798.75 4452.07 2131.19 
Respekt 1.14 2286.84 2497.25 1302.70 1.12 2730.55 3103.16 1360.38 
Bumerang 1.17 133.77 415.39 113.07 0.62 240.66 3112.82 1365.90 
Irnik 1.02 1627.28 1689.88 841.34 1.49 1679.97 6510.07 3307.19 
Dobrudzhanets 1.28 6426.13 7133.40 3951.93 0.89 3691.95 4006.07 1876.33 
Lovchanets 1.31 -13.79 798.08 331.74 1.47 19478.99 23978.57 13289.19 
Doni 52 1.03 442.80 506.31 165.02 1.35 117.75 2609.07 1078.04 
Blagovest 0.81 497.17 830.76 350.42 1.18 4177.45 4928.32 2403.33 
Borislav 0.14 416.22 6183.63 3409.20 0.84 405.50 945.07 127.19 
 M1000, g NGS, psc 
AD-7291 1.96 14.93 30.16 16.84 2.20 -7.12 41.40 22.98 
Vihren 0.01 -0.09 11.08 5.94 -0.38 21.28 78.90 44.41 
Rakita 0.27 3.51 10.95 5.86 0.88 -1.32 2.07 0.51 
Lasko 0.81 27.21 29.50 16.46 0.90 41.75 47.11 26.25 
Presto 0.26 16.07 23.21 12.87 0.63 3.44 9.69 4.87 
Kolorit 0.95 8.68 11.43 6.13 0.74 21.06 26.40 14.41 
Atila 1.24 -2.50 0.70 0.00 1.21 -3.79 1.44 0.15 
Akord 0.84 -0.49 1.66 0.55 1.36 -4.40 3.69 1.44 
Respekt 1.87 13.81 26.78 14.91 1.11 5.47 9.90 4.98 
Bumerang 1.19 -1.07 1.87 0.67 0.77 -1.45 2.69 0.87 
Irnik 0.63 3.13 6.56 3.35 1.62 0.15 16.65 8.84 
Dobrudzhanets 1.27 -2.56 0.87 0.10 0.22 0.32 18.82 10.08 
Lovchanets 1.39 -2.52 2.01 0.75 1.39 0.81 9.90 4.98 
Doni 52 0.97 -1.87 0.13 -0.32 1.25 -3.96 1.90 0.41 
Blagovest 0.92 4.25 6.79 3.48 1.33 -0.72 6.82 3.22 
Borislav 1.43 -2.90 2.12 0.82 0.78 0.71 4.94 2.15 

 
Among the studied genotypes, cultivars Rakita, 
Respekt, Bumerang, Irnik and Doni 52 were 
with the widest adaptability of yield, according 
to the values of parameter bi, under conditions 
of drought. Respectively, with specific 
adaptability to the more favorable conditions of 
the environment were cultivars AD-7291, 
Vihren, Kolorit, Dobrudzhanets and 
Lovchanets, and cultivars Lasko, Presto, Atila, 
Akord, Blagovest and Borislav were with 

adaptability to the unfavorable conditions. With 
bi values almost equal to 1.00 were cultivars 
Irnik and Doni 52. According to Eberhart and 
Russell (1966), cultivars with values of bi equal 
to 1.00 are considered ideal genotypes 
regardless of the conditions of the environment. 
At the same time, Hildebrand (according to 
Scapim et al., 2000) pointed out that the 
genotypes with regression coefficient close to 
1.00 gave considerably lower results under 

 
unfavorable environments than the genotypes 
with regression coefficient higher than 1.00. 
This tendency was valid for triticale, too, in the 
lines we investigated during 2015-2020 
(Stoyanov % Baychev, 2021). The line, 
characterized by high stability and low 
regression coefficient, was the only one, which 
under the conditions of the intensive drought of 
2019/2020 achieved results higher than the 
results of all other lines. This tendency was also 
valid for cultivars as Rakita, Respekt and Irnik. 
In cultivars Bumerang and Doni 52 on the other 
hand such results were not observed according 
to the data on their yield during the same 
periods (Stoyanov, 2021). This was related to 
their considerably higher stability. With regard 
to stability, expressed through the three 
parameters, (S2

i, Wi, S2
di), Lasko, Bumerang 

and Doni 52 were with the highest stability.  
Most unstable with regard to yield were 
cultivars Atila, Respekt, Dobrudzhanets and 
Borislav, respectively. It should be emphasized 
that the three parameters did not follow an 
altogether identical tendency. According to the 
values of S2

di, cultivars Presto, Kolorit, Akord 
and Lovchanets also possessed high stability, 
while Blagovest was with higher stability 
according to Wi and S2

i. If we compare the data 
on the stability and adaptability, cultivars 
Bumerang and Doni 52 are definitely described 
as having wide adaptability and high stability. 
On the other hand, these were genotypes 
characterized with rather high productivity 
under drought as supported by a number of 
previous researches (Stoyanov et al., 2017; 
Stoyanov, 2018; Stoyanov, 2020). The data of 
Stoyanov and Baychev (2016) determined 
cultivars Rakita, Akord and Doni 52 as the 
most widely adaptable and respectively the 
most stable according to the above parameters. 
The long-term investigations on these three 
cultivars actually revealed both their wide 
adaptability and the high stability of their yield. 
Under conditions of drought, however, Rakita 
and Akord significantly changed their response. 
Although the method of Eberhart and Russell 
(1966) places Rakita close to the ideal 
genotype, the methods of Shukla and Wricke 
do not give the same tendency. On the other 
hand, under these growing conditions even the 
regression coefficient of Akord was with values 
much lower than 1.00. This indicated that 

drought had a significant effect even on 
cultivars with high stability of yield.  
This thesis is supported by the researches of 
Khanna-Chopra and Viswanathan (1999), who 
pointed out that the most high-yielding 
cultivars they studied were characterized by the 
lowest stability under conditions of drought. 
Testing different conditions of irrigation and 
drought stress, Mehraban et al. (2019) found 
out that it was possible to combine high values 
of yield with good stability. Using the GGE 
Biplot method, the authors pointed out two out 
of the ten studied common winter wheat 
varieties as combining optimal levels of yield 
and stability. Majid et al. (2007) performed an 
analysis similar to our on four wheat 
genotypes. The data of the authors 
demonstrated that, similar to our results, 
drought had significant impact on the ranking 
of the cultivars by their adaptability and 
stability based on the analysis of Eberhart and 
Russell. 
The number of productive tillers in the 
investigated triticale cultivars showed stability 
and adaptability different from yield. The 
values of the regression coefficient were 
predominantly higher than 1.00, but in contrast 
to the values of yield, were significantly higher, 
and the coefficient closest to wide adaptability 
was 0.89 of cultivar Dobrudzhanets. Other 
genotypes demonstrating values close to wide 
adaptability by the trait number of productive 
tillers were Rakita, Presto, Respekt, Blagovest 
and Borislav. The cultivars showing specific 
adaptability to the favorable conditions were 
AD-7291, Kolorit, Irnik, Lovchanets and Doni 
52. Cultivars Vihren, Lasko, Atila and 
Bumerang, on their part, were with specific 
adaptability but to unfavorable environments. 
This indicated that these cultivars would react 
better in comparison to the other under extreme 
adverse meteorological conditions during the 
vegetative growth. Since drought was a major 
limiting factor during the period of study, it can 
be assumed that the process of tillering in 
cultivars Lasko, Atila and Bumerang was less 
affected than in the other cultivars. Concerning 
the parameters of stability (S2

i, Wi, S2
di), the 

values of the separate genotypes followed a 
similar tendency. Cultivars AD-7291, Atila, 
Bumerang, Doni 52 and Borislav were with the 
most stable number of productive tillers 
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but is a permanent tendency. At the same time, 
the drought during the three separate periods 
was not of the same intensity and duration. 
Such contrasting condtions of growing were the 
reason to look for a strong effect of the 
genotype x environment interaction with 
respect to both yield and its related traits. It 

should be emphasized that the stability and 
adaptability of yield did not follow the 
tendency of any of the studied traits as 
evidenced by our previous researches 
(Stoyanov & Baychev, 2016), and by the data 
and researches of other authors (Dhindsa et al., 
2002; Dimitrievic et al., 2011). 

 
Table 2. Stability and adaptability parameters of yield and yield components 

Cultivar bi S2
di Wi S2

i bi S2
di Wi S2

i 
 Yield, kg/dca NPT, psc/m2 
AD-7291 1.31 302.01 1129.53 521.15 1.33 199.58 2420.32 970.19 
Vihren 2.31 751.13 14213.05 7997.44 0.24 3081.48 14383.82 7806.47 
Rakita 1.18 774.75 1092.39 499.92 1.13 8274.71 8714.32 4566.76 
Lasko 0.71 80.91 772.87 317.34 0.38 31784.65 39205.82 21990.47 
Presto 0.18 128.83 5304.32 2906.74 1.17 4762.41 5439.41 2695.38 
Kolorit 1.33 210.20 1146.33 530.74 1.22 46938.03 47958.99 26992.28 
Atila 0.84 3614.76 3871.88 2088.20 0.73 157.49 1630.91 519.09 
Akord 0.24 144.85 4621.38 2516.49 0.83 3798.75 4452.07 2131.19 
Respekt 1.14 2286.84 2497.25 1302.70 1.12 2730.55 3103.16 1360.38 
Bumerang 1.17 133.77 415.39 113.07 0.62 240.66 3112.82 1365.90 
Irnik 1.02 1627.28 1689.88 841.34 1.49 1679.97 6510.07 3307.19 
Dobrudzhanets 1.28 6426.13 7133.40 3951.93 0.89 3691.95 4006.07 1876.33 
Lovchanets 1.31 -13.79 798.08 331.74 1.47 19478.99 23978.57 13289.19 
Doni 52 1.03 442.80 506.31 165.02 1.35 117.75 2609.07 1078.04 
Blagovest 0.81 497.17 830.76 350.42 1.18 4177.45 4928.32 2403.33 
Borislav 0.14 416.22 6183.63 3409.20 0.84 405.50 945.07 127.19 
 M1000, g NGS, psc 
AD-7291 1.96 14.93 30.16 16.84 2.20 -7.12 41.40 22.98 
Vihren 0.01 -0.09 11.08 5.94 -0.38 21.28 78.90 44.41 
Rakita 0.27 3.51 10.95 5.86 0.88 -1.32 2.07 0.51 
Lasko 0.81 27.21 29.50 16.46 0.90 41.75 47.11 26.25 
Presto 0.26 16.07 23.21 12.87 0.63 3.44 9.69 4.87 
Kolorit 0.95 8.68 11.43 6.13 0.74 21.06 26.40 14.41 
Atila 1.24 -2.50 0.70 0.00 1.21 -3.79 1.44 0.15 
Akord 0.84 -0.49 1.66 0.55 1.36 -4.40 3.69 1.44 
Respekt 1.87 13.81 26.78 14.91 1.11 5.47 9.90 4.98 
Bumerang 1.19 -1.07 1.87 0.67 0.77 -1.45 2.69 0.87 
Irnik 0.63 3.13 6.56 3.35 1.62 0.15 16.65 8.84 
Dobrudzhanets 1.27 -2.56 0.87 0.10 0.22 0.32 18.82 10.08 
Lovchanets 1.39 -2.52 2.01 0.75 1.39 0.81 9.90 4.98 
Doni 52 0.97 -1.87 0.13 -0.32 1.25 -3.96 1.90 0.41 
Blagovest 0.92 4.25 6.79 3.48 1.33 -0.72 6.82 3.22 
Borislav 1.43 -2.90 2.12 0.82 0.78 0.71 4.94 2.15 

 
Among the studied genotypes, cultivars Rakita, 
Respekt, Bumerang, Irnik and Doni 52 were 
with the widest adaptability of yield, according 
to the values of parameter bi, under conditions 
of drought. Respectively, with specific 
adaptability to the more favorable conditions of 
the environment were cultivars AD-7291, 
Vihren, Kolorit, Dobrudzhanets and 
Lovchanets, and cultivars Lasko, Presto, Atila, 
Akord, Blagovest and Borislav were with 

adaptability to the unfavorable conditions. With 
bi values almost equal to 1.00 were cultivars 
Irnik and Doni 52. According to Eberhart and 
Russell (1966), cultivars with values of bi equal 
to 1.00 are considered ideal genotypes 
regardless of the conditions of the environment. 
At the same time, Hildebrand (according to 
Scapim et al., 2000) pointed out that the 
genotypes with regression coefficient close to 
1.00 gave considerably lower results under 

 
unfavorable environments than the genotypes 
with regression coefficient higher than 1.00. 
This tendency was valid for triticale, too, in the 
lines we investigated during 2015-2020 
(Stoyanov % Baychev, 2021). The line, 
characterized by high stability and low 
regression coefficient, was the only one, which 
under the conditions of the intensive drought of 
2019/2020 achieved results higher than the 
results of all other lines. This tendency was also 
valid for cultivars as Rakita, Respekt and Irnik. 
In cultivars Bumerang and Doni 52 on the other 
hand such results were not observed according 
to the data on their yield during the same 
periods (Stoyanov, 2021). This was related to 
their considerably higher stability. With regard 
to stability, expressed through the three 
parameters, (S2

i, Wi, S2
di), Lasko, Bumerang 

and Doni 52 were with the highest stability.  
Most unstable with regard to yield were 
cultivars Atila, Respekt, Dobrudzhanets and 
Borislav, respectively. It should be emphasized 
that the three parameters did not follow an 
altogether identical tendency. According to the 
values of S2

di, cultivars Presto, Kolorit, Akord 
and Lovchanets also possessed high stability, 
while Blagovest was with higher stability 
according to Wi and S2

i. If we compare the data 
on the stability and adaptability, cultivars 
Bumerang and Doni 52 are definitely described 
as having wide adaptability and high stability. 
On the other hand, these were genotypes 
characterized with rather high productivity 
under drought as supported by a number of 
previous researches (Stoyanov et al., 2017; 
Stoyanov, 2018; Stoyanov, 2020). The data of 
Stoyanov and Baychev (2016) determined 
cultivars Rakita, Akord and Doni 52 as the 
most widely adaptable and respectively the 
most stable according to the above parameters. 
The long-term investigations on these three 
cultivars actually revealed both their wide 
adaptability and the high stability of their yield. 
Under conditions of drought, however, Rakita 
and Akord significantly changed their response. 
Although the method of Eberhart and Russell 
(1966) places Rakita close to the ideal 
genotype, the methods of Shukla and Wricke 
do not give the same tendency. On the other 
hand, under these growing conditions even the 
regression coefficient of Akord was with values 
much lower than 1.00. This indicated that 

drought had a significant effect even on 
cultivars with high stability of yield.  
This thesis is supported by the researches of 
Khanna-Chopra and Viswanathan (1999), who 
pointed out that the most high-yielding 
cultivars they studied were characterized by the 
lowest stability under conditions of drought. 
Testing different conditions of irrigation and 
drought stress, Mehraban et al. (2019) found 
out that it was possible to combine high values 
of yield with good stability. Using the GGE 
Biplot method, the authors pointed out two out 
of the ten studied common winter wheat 
varieties as combining optimal levels of yield 
and stability. Majid et al. (2007) performed an 
analysis similar to our on four wheat 
genotypes. The data of the authors 
demonstrated that, similar to our results, 
drought had significant impact on the ranking 
of the cultivars by their adaptability and 
stability based on the analysis of Eberhart and 
Russell. 
The number of productive tillers in the 
investigated triticale cultivars showed stability 
and adaptability different from yield. The 
values of the regression coefficient were 
predominantly higher than 1.00, but in contrast 
to the values of yield, were significantly higher, 
and the coefficient closest to wide adaptability 
was 0.89 of cultivar Dobrudzhanets. Other 
genotypes demonstrating values close to wide 
adaptability by the trait number of productive 
tillers were Rakita, Presto, Respekt, Blagovest 
and Borislav. The cultivars showing specific 
adaptability to the favorable conditions were 
AD-7291, Kolorit, Irnik, Lovchanets and Doni 
52. Cultivars Vihren, Lasko, Atila and 
Bumerang, on their part, were with specific 
adaptability but to unfavorable environments. 
This indicated that these cultivars would react 
better in comparison to the other under extreme 
adverse meteorological conditions during the 
vegetative growth. Since drought was a major 
limiting factor during the period of study, it can 
be assumed that the process of tillering in 
cultivars Lasko, Atila and Bumerang was less 
affected than in the other cultivars. Concerning 
the parameters of stability (S2

i, Wi, S2
di), the 

values of the separate genotypes followed a 
similar tendency. Cultivars AD-7291, Atila, 
Bumerang, Doni 52 and Borislav were with the 
most stable number of productive tillers 
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according to all three parameters.  The most 
unfavorable values were found in Lasko, 
Kolorit and Lovchanets, respectively. When 
comparing the stability and adaptability for the 
trait number of productive tillers, cultivars as 
Bumerang and Doni 52 were again with very 
good combinations of the values of the studied 
parameters. According to the concept of 
Hildebrand (Scapim et al., 2000), the low 
regression coefficients in combination with 
high stability turned out to be more efficient 
than the ideal genotypes of Eberhart and 
Russell (1966). The results from our previous 
studies (Stoyanov, 2018) showed that Atila, 
Bumerang, Dobrudzhanets and Doni 52 were 
actually with very good response to drought 
under controlled conditions. Stoyanov (2021), 
investigating the model effect of drought 
according to the most favorable and the most 
typical of six vegetative growth periods, found 
out that in Bumerang and Doni 52 the reduction 
of the parameter as a result from drought was 
not that great. According to this study, the best 
model values were demonstrated by cultivars 
Lasko, Presto, Dobrudzhanets, Lovchanets and 
Doni 52. Mehraban et al. (2019) showed that 
the interaction between the factors cultivar and 
irrigation (drought regime) was not significant 
in the common winter wheat cultivars they 
studied in comparison to the parameter fertile 
spikes per m2. Such data were related to the 
identical stability of the separate genotypes 
with regard to the number of productive tillers 
under different levels of drought. Such a 
response, however, was not observed in the 
genotypes we studied.  
Concerning 1000 kernel weight, adaptability 
closest to wide was registered in Doni 52. The 
value of the regression coefficient of this 
cultivar was 0.97, which brings it closest to the 
idea of the ideal genotype according to this 
parameter. Other genotypes with adaptability 
close to wide were Lasko, Kolorit, Akord, 
Bumerang and Blagovest. With the exception 
of Bumerang, they all tended towards 
adaptability to more unfavorable conditions 
since their regression coefficients were lower 
than 1.00. Cultivars AD-7291, Atila, Respekt, 
Dobrudzhanets, Lovchanets and Borislav 
tended towards specific adaptability to 
favorable conditions of the environment 
according to the studied parameter, while 

Rakita, Presto and Irnik were with specific 
adaptability to unfavorable environments. 
Particularly interesting was the behavior of 
cultivar Vihren. The value of its regression 
coefficient was 0.01, which brought it close to 
0.00. According to Becker and Leon (1988), 
such values were due to the zero effect of the 
environment on the studied trait. This was an 
indication that during the study period, drought 
had practically no effect as a limiting factor on 
the grain filling in cultivar Vihren. The values 
of the stability parameters were also extremely 
low proving that 1000 kernel weight in this 
genotype was also characterized by high 
stability. Other genotypes demonstrating high 
stability according to the values of all three 
studied parameters were Atila, Akord, 
Bumerang and Doni 52. With respective lowest 
stability by the parameter 1000 kernel weight 
were AD-7291, Lasko, Presto and Respect. The 
results from our previous studies (Stoyanov & 
Baychev, 2016) showed that in periods without 
intensive and durable drought, the adaptability 
and stability of the cultivars was considerably 
different. The authors pointed out that in the 
period they investigated cultivars 
Dobrudzhanets, Lovchanets and Presto were 
with the highest stability according to this 
parameter, and Presto, Kolorit and 
Dobrudzhanets were with the widest 
adaptability. The tendency of cultivar Respekt 
towards being with the lowest stability was 
valid according to the current data, too. Such 
differences showed that drought was extremely 
important for the grain filling as a process. 
Since the periods of intensive drought, 
especially in 2018/2019 and 2019/2020 
occurred exactly in the phenophase of grain 
filling, it was quite normal that the genotypes 
were with different stability according to the 
studied trait in comparison to the above 
periods, which were characterized as 
predominantly humid. Khanna-Chopra and 
Viswanathan (1999) demonstrated in different 
types of wheat that 1000 kernel weight was 
highly important for the formation of yield, 
being considerably affected at the same time by 
the conditions of drought. The authors 
determined that this parameter was of higher 
significance for yield under no stress in 
hexaploid wheat types, although significant 
correlations with yield were not observed. 

 
Mehraban et al. (2019) observed significant 
effect of the interaction between the factors 
cultivar and irrigation (drought regime) in the 
common winter wheat cultivars they studied. 
Such data showed that the stability of this trait 
could be rather differing according to the 
individual genotypes. Mehraban et al. (2019) 
made the observation that the adaptability and 
stability of the cultivars they studied with 
regard to 1000 kernel weight was not affected 
by the conditions of the year only in two out of 
the four investigated cultivars. Especially big 
differences were observed in the other two 
genotypes, their responses to the different 
conditions when drought occurred being 
entirely opposite. Such data were also 
indicative of the results we obtained in this 
investigation in comparison to our previous 
researches.  
Quite contradictory were the results on the trait 
number of grains in spike. In practice, none of 
the cultivars was sufficiently close to the ideal 
genotype by the values of the regression 
coefficient according to the model of Eberhart 
and Russell (1966). Nevertheless, adaptability 
closest to wide was observed in cultivars 
Rakita, Lasko and Respekt. Specific 
adaptability to the favorable conditions of the 
environment was observed in AD-7291, Atila, 
Akord, Irnik, Lovchanets, Doni 52 and 
Blagovest, and to the unfavorable conditions of 
the environment - in Presto, Kolorit, Bumerang, 
Dobrudzhanets and Borislav. In contrast to the 
other yield related traits, number of grains in 
spike was with stability parameters, which 
followed identical tendencies. The data on the 
deviation of the regression showed that most 
stable were Irnik, Dobrudzhanets, Lovchanets, 
Blagovest and Borislav. The values of the 
ecovalence and the variance of Shukla, on their 
part, determined cultivars Rakita, Atila, 
Bumerang and Doni 52 as the most stable. In 
spite of these divergent data, by all three 
parameters of stability, Vihren, Lasko and 
Kolorit were characterized as the most unstable 
genotypes in the investigated set. Such 
contradictory data were also reported in the 
research of Stoyanov and Baychev (2016). In 
the opinion of the authors, cultivars Vihren, 
Presto and Akord were with the highest 
stability according to the deviation of the 
regression, and according to the ecovalence and 

variance of Shukla - cultivars Lasko, Respekt 
and Blagovest. The absence of a tendency in 
two independent studies on these genotypes 
showed that the formation of the trait was of a 
rather complex nature. Simultaneously, 
radically opposite results were observed with 
regard to the values of the stability parameters. 
This indicated that the stability of the number 
of grains in spike was considerably influenced 
by drought. This was related to the sensitivity 
of the process of pollination and fertilization in 
triticale to the high temperature and the 
insufficient moisture. On the other hand, the 
process of grain formation was directly related 
to other parameters such as period to heading, 
the occurrence of rainfalls during anthesis, the 
mean diurnal temperatures during fertilization, 
etc. Due to its high sensitivity to such 
phenomena, the stability of this parameter 
should be considered much more thoroughly 
and for a longer period of time. The use of 
model values with regard to drought (Stoyanov, 
2021) showed that in comparison to the 
favorable period of development, drought had 
the lowest effect on the number of grains in 
cultivars Rakita, Akord and Irnik, and a 
positive tendency was found also in cultivars 
Bumerang and Doni 52. Furthermore, the same 
research demonstrated that the best number of 
grains in spike was observed in the period with 
the most clearly expressed drought, and in the 
periods when some form of drought was 
registered during anthesis, the mean number of 
grains was much higher in comparison to the 
other periods. Such a thesis shows that drought 
should lead to lower stability of this yield 
related trait, but in a positive aspect. The more 
intensive the drought, the higher the grain set 
was. On the other hand, the droughts were 
characterized as single events with certain 
duration, i.e. they would cause higher variation 
in the grain set, and in combination with varied 
genotypes - higher effects of the genotype x 
environment interaction. The effect of this 
thesis can be determined through the values of 
S2

i, Wi, S2
di in this study, which were 

significantly higher than the ones reported in 
Stoyanov and Baychev (2016) for eight of the 
16 genotypes investigated. The researches of 
Khanna-Chopra & Viswanathan (1999) and 
Mehraban et al. (2019) showed that, in general, 
the number of grains in spike was highly 
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according to all three parameters.  The most 
unfavorable values were found in Lasko, 
Kolorit and Lovchanets, respectively. When 
comparing the stability and adaptability for the 
trait number of productive tillers, cultivars as 
Bumerang and Doni 52 were again with very 
good combinations of the values of the studied 
parameters. According to the concept of 
Hildebrand (Scapim et al., 2000), the low 
regression coefficients in combination with 
high stability turned out to be more efficient 
than the ideal genotypes of Eberhart and 
Russell (1966). The results from our previous 
studies (Stoyanov, 2018) showed that Atila, 
Bumerang, Dobrudzhanets and Doni 52 were 
actually with very good response to drought 
under controlled conditions. Stoyanov (2021), 
investigating the model effect of drought 
according to the most favorable and the most 
typical of six vegetative growth periods, found 
out that in Bumerang and Doni 52 the reduction 
of the parameter as a result from drought was 
not that great. According to this study, the best 
model values were demonstrated by cultivars 
Lasko, Presto, Dobrudzhanets, Lovchanets and 
Doni 52. Mehraban et al. (2019) showed that 
the interaction between the factors cultivar and 
irrigation (drought regime) was not significant 
in the common winter wheat cultivars they 
studied in comparison to the parameter fertile 
spikes per m2. Such data were related to the 
identical stability of the separate genotypes 
with regard to the number of productive tillers 
under different levels of drought. Such a 
response, however, was not observed in the 
genotypes we studied.  
Concerning 1000 kernel weight, adaptability 
closest to wide was registered in Doni 52. The 
value of the regression coefficient of this 
cultivar was 0.97, which brings it closest to the 
idea of the ideal genotype according to this 
parameter. Other genotypes with adaptability 
close to wide were Lasko, Kolorit, Akord, 
Bumerang and Blagovest. With the exception 
of Bumerang, they all tended towards 
adaptability to more unfavorable conditions 
since their regression coefficients were lower 
than 1.00. Cultivars AD-7291, Atila, Respekt, 
Dobrudzhanets, Lovchanets and Borislav 
tended towards specific adaptability to 
favorable conditions of the environment 
according to the studied parameter, while 

Rakita, Presto and Irnik were with specific 
adaptability to unfavorable environments. 
Particularly interesting was the behavior of 
cultivar Vihren. The value of its regression 
coefficient was 0.01, which brought it close to 
0.00. According to Becker and Leon (1988), 
such values were due to the zero effect of the 
environment on the studied trait. This was an 
indication that during the study period, drought 
had practically no effect as a limiting factor on 
the grain filling in cultivar Vihren. The values 
of the stability parameters were also extremely 
low proving that 1000 kernel weight in this 
genotype was also characterized by high 
stability. Other genotypes demonstrating high 
stability according to the values of all three 
studied parameters were Atila, Akord, 
Bumerang and Doni 52. With respective lowest 
stability by the parameter 1000 kernel weight 
were AD-7291, Lasko, Presto and Respect. The 
results from our previous studies (Stoyanov & 
Baychev, 2016) showed that in periods without 
intensive and durable drought, the adaptability 
and stability of the cultivars was considerably 
different. The authors pointed out that in the 
period they investigated cultivars 
Dobrudzhanets, Lovchanets and Presto were 
with the highest stability according to this 
parameter, and Presto, Kolorit and 
Dobrudzhanets were with the widest 
adaptability. The tendency of cultivar Respekt 
towards being with the lowest stability was 
valid according to the current data, too. Such 
differences showed that drought was extremely 
important for the grain filling as a process. 
Since the periods of intensive drought, 
especially in 2018/2019 and 2019/2020 
occurred exactly in the phenophase of grain 
filling, it was quite normal that the genotypes 
were with different stability according to the 
studied trait in comparison to the above 
periods, which were characterized as 
predominantly humid. Khanna-Chopra and 
Viswanathan (1999) demonstrated in different 
types of wheat that 1000 kernel weight was 
highly important for the formation of yield, 
being considerably affected at the same time by 
the conditions of drought. The authors 
determined that this parameter was of higher 
significance for yield under no stress in 
hexaploid wheat types, although significant 
correlations with yield were not observed. 

 
Mehraban et al. (2019) observed significant 
effect of the interaction between the factors 
cultivar and irrigation (drought regime) in the 
common winter wheat cultivars they studied. 
Such data showed that the stability of this trait 
could be rather differing according to the 
individual genotypes. Mehraban et al. (2019) 
made the observation that the adaptability and 
stability of the cultivars they studied with 
regard to 1000 kernel weight was not affected 
by the conditions of the year only in two out of 
the four investigated cultivars. Especially big 
differences were observed in the other two 
genotypes, their responses to the different 
conditions when drought occurred being 
entirely opposite. Such data were also 
indicative of the results we obtained in this 
investigation in comparison to our previous 
researches.  
Quite contradictory were the results on the trait 
number of grains in spike. In practice, none of 
the cultivars was sufficiently close to the ideal 
genotype by the values of the regression 
coefficient according to the model of Eberhart 
and Russell (1966). Nevertheless, adaptability 
closest to wide was observed in cultivars 
Rakita, Lasko and Respekt. Specific 
adaptability to the favorable conditions of the 
environment was observed in AD-7291, Atila, 
Akord, Irnik, Lovchanets, Doni 52 and 
Blagovest, and to the unfavorable conditions of 
the environment - in Presto, Kolorit, Bumerang, 
Dobrudzhanets and Borislav. In contrast to the 
other yield related traits, number of grains in 
spike was with stability parameters, which 
followed identical tendencies. The data on the 
deviation of the regression showed that most 
stable were Irnik, Dobrudzhanets, Lovchanets, 
Blagovest and Borislav. The values of the 
ecovalence and the variance of Shukla, on their 
part, determined cultivars Rakita, Atila, 
Bumerang and Doni 52 as the most stable. In 
spite of these divergent data, by all three 
parameters of stability, Vihren, Lasko and 
Kolorit were characterized as the most unstable 
genotypes in the investigated set. Such 
contradictory data were also reported in the 
research of Stoyanov and Baychev (2016). In 
the opinion of the authors, cultivars Vihren, 
Presto and Akord were with the highest 
stability according to the deviation of the 
regression, and according to the ecovalence and 

variance of Shukla - cultivars Lasko, Respekt 
and Blagovest. The absence of a tendency in 
two independent studies on these genotypes 
showed that the formation of the trait was of a 
rather complex nature. Simultaneously, 
radically opposite results were observed with 
regard to the values of the stability parameters. 
This indicated that the stability of the number 
of grains in spike was considerably influenced 
by drought. This was related to the sensitivity 
of the process of pollination and fertilization in 
triticale to the high temperature and the 
insufficient moisture. On the other hand, the 
process of grain formation was directly related 
to other parameters such as period to heading, 
the occurrence of rainfalls during anthesis, the 
mean diurnal temperatures during fertilization, 
etc. Due to its high sensitivity to such 
phenomena, the stability of this parameter 
should be considered much more thoroughly 
and for a longer period of time. The use of 
model values with regard to drought (Stoyanov, 
2021) showed that in comparison to the 
favorable period of development, drought had 
the lowest effect on the number of grains in 
cultivars Rakita, Akord and Irnik, and a 
positive tendency was found also in cultivars 
Bumerang and Doni 52. Furthermore, the same 
research demonstrated that the best number of 
grains in spike was observed in the period with 
the most clearly expressed drought, and in the 
periods when some form of drought was 
registered during anthesis, the mean number of 
grains was much higher in comparison to the 
other periods. Such a thesis shows that drought 
should lead to lower stability of this yield 
related trait, but in a positive aspect. The more 
intensive the drought, the higher the grain set 
was. On the other hand, the droughts were 
characterized as single events with certain 
duration, i.e. they would cause higher variation 
in the grain set, and in combination with varied 
genotypes - higher effects of the genotype x 
environment interaction. The effect of this 
thesis can be determined through the values of 
S2

i, Wi, S2
di in this study, which were 

significantly higher than the ones reported in 
Stoyanov and Baychev (2016) for eight of the 
16 genotypes investigated. The researches of 
Khanna-Chopra & Viswanathan (1999) and 
Mehraban et al. (2019) showed that, in general, 
the number of grains in spike was highly 
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important for the formation of yield under 
conditions of drought. However, the stability of 
the trait was considerably influenced by the 
environmental conditions and the regime of 
drought, as can be also observed in the data of 
Majid et al. (2007) on the wheat genotypes they 
studied.  
In spite of the established correlations with 
regard to stability and adaptability of the 
cultivars we investigated, it was not practically 
possible to determine which of the above yield 

related traits was more stable and played a 
leading role in determining the stability and 
adaptability of yield itself. The data obtained 
showed that the yield and the separate yield 
related traits did not follow the same tendency 
both with regard to stability and adaptability. In 
order to clarify such a question, the data on the 
individual cultivars were normalized according 
to the mean value of the respective growing 
period, and since the data were relative, they 
were consecutively logarithmised. 

 
Table 3. Normalized stability and adaptability parameters by mean of the yield componenets 

 Y NPT M1000 NGS Y NPT M1000 NGS 
 bi S2

di 
AD-7291 1.337 1.450 2.140 1.993 -0.200 -0.126 -0.121 -0.281 
Vihren 2.226 0.208 0.080 -0.390 -0.055 -0.203 -0.005 -0.097 
Rakita 1.126 1.141 0.282 0.815 -0.160 -0.100 -0.034 -0.108 
Lasko 0.711 1.111 0.212 0.606 -0.150 -0.065 -0.026 -0.095 
Presto 0.212 1.124 0.914 0.702 -0.150 -0.020 -0.060 -0.122 
Kolorit 1.332 0.389 0.834 1.081 -0.077 -0.123 -0.045 -0.150 
Atila 0.872 0.725 1.232 1.289 -0.100 -0.095 -0.059 -0.193 
Akord 0.241 0.865 0.864 1.343 -0.124 -0.026 -0.044 -0.194 
Respekt 1.252 1.088 1.828 1.079 -0.149 -0.129 -0.110 -0.163 
Bumerang 1.096 0.627 1.168 0.758 -0.088 -0.093 -0.058 -0.102 
Irnik 1.033 1.572 0.562 1.439 -0.215 -0.101 -0.046 -0.199 
Dobrudzhanets 1.298 0.846 1.269 0.209 -0.116 -0.128 -0.066 -0.047 
Lovchanets 1.352 1.363 1.409 1.579 -0.180 -0.128 -0.077 -0.232 
Doni 52 0.994 1.329 0.959 1.185 -0.179 -0.088 -0.050 -0.167 
Blagovest 0.811 1.145 0.947 1.241 -0.157 -0.077 -0.060 -0.177 
Borislav 0.155 0.840 1.404 0.766 -0.115 -0.024 -0.065 -0.122 
AV 1.003 0.989 1.006 0.981 -0.138 -0.096 -0.058 -0.153 
 Wi S2

i 
AD-7291 0.012 0.005 0.026 0.052 0.006 0.002 0.014 0.028 
Vihren 0.038 0.038 0.007 0.152 0.021 0.021 0.004 0.085 
Rakita 0.020 0.003 0.007 0.007 0.011 0.001 0.004 0.003 
Lasko 0.005 0.002 0.005 0.015 0.002 0.001 0.003 0.007 
Presto 0.003 0.015 0.006 0.048 0.001 0.008 0.003 0.026 
Kolorit 0.030 0.004 0.002 0.095 0.017 0.002 0.001 0.053 
Atila 0.004 0.014 0.000 0.008 0.002 0.008 0.000 0.003 
Akord 0.009 0.013 0.001 0.007 0.005 0.007 0.000 0.003 
Respekt 0.006 0.015 0.022 0.029 0.003 0.008 0.012 0.015 
Bumerang 0.007 0.001 0.001 0.007 0.003 0.000 0.000 0.003 
Irnik 0.020 0.006 0.005 0.020 0.011 0.003 0.002 0.010 
Dobrudzhanets 0.008 0.026 0.001 0.033 0.004 0.015 0.000 0.018 
Lovchanets 0.034 0.004 0.002 0.045 0.019 0.002 0.001 0.024 
Doni 52 0.006 0.002 0.000 0.002 0.003 0.000 0.000 0.000 
Blagovest 0.009 0.003 0.004 0.012 0.005 0.001 0.002 0.005 
Borislav 0.002 0.018 0.001 0.012 0.001 0.010 0.000 0.006 
AV 0.013 0.010 0.006 0.034 0.007 0.006 0.003 0.018 

 
 
 
 
 

 
Table 4. Stability and adaptability parameters sequence 

Parameter 
Stability sequence 

1 2 3 
bi M1000 NPT NGS 
S2

di M1000 NPT NGS 
Wi M1000 NPT NGS 
S2

i M1000 NPT NGS 
 

The stability and adaptability parameters 
calculated on the basis of these data allowed 
analyzing which of the yield related traits was 
stable both in the individual genotypes and on 
the whole. The obtained results showed that on 
the average, regardless of the applied statistical 
parameter, 1000 kernel weight was with the 
highest stability and widest adaptability, 
followed by number of productive tillers and 
number of grains in spike (Table 4). This 
tendency, however, was not identical for all 
investigated genotypes.  
With regard to adaptability, only three 
genotypes (Presto, Atila and Blagovest) 
followed the average tendency. In cultivars 
AD-7291, Rakita, Lasko and Borislav, the 
widest adaptability was registered for the 
parameter number of productive tillers, 
followed by number of grains in spike and 
1000 kernel weight. In four cultivars (Vihren, 
Akord, Dobrudzhanets and Lovchanets), the 
number of productive tillers was again with the 
widest adaptability, but it was followed by 
1000 kernel weight and number of grains in 
spike. In cultivars Kolorit and Respekt, number 
of grains in spike was the most adaptable 
parameter, but in Kolorit 1000 kernel weight 
followed by number of productive tillers were 
with more specific adaptability, while in 
Respect the opposite tendency was observed. In 
Bumerang, Irnik and Doni 52, the difference to 
the average tendency was that the number of 
grains in spike was characterized by wider 
adaptability than the number of productive 
tillers.  
The deviation from the regression calculated on 
the basis of the normalized and logarithmised 
values, revealed that 11 of 16 cultivars 
followed the average tendency. In Presto, 

Akord and Borislav, the most stable yield 
related trait was the number of productive 
tillers, followed by 1000 kernel weight and the 
number of grains in spike. In Vihren most 
stable was 1000 kernel weight, followed by 
number of grains in spike and number of 
productive tillers, while in Dobrudzhanets the 
most stable element was number of grains in 
spike, followed by 1000 kernel weight and 
number of productive tillers.  
A different tendency was observed in the 
parameters ecovalence and Shukla’s variance. 
In these parameters, eight out of sixteen 
cultivars followed the average tendency. In five 
of them (AD-7291, Rakita, Lasko, Respekt and 
Blagovest), the most stable parameter was 
number of productive tillers, followed by 1000 
kernel weight and number of grains in spike. In 
cultivars Atila, Akord and Borislav, the 
difference to the average tendency was in the 
stability of number of productive tillers and 
number of grains in spike.  
Summarizing the results on the three 
parameters, only five genotypes followed the 
average tendency: Kolorit, Bumerang, Irnik, 
Lovchanets and Doni 52. None of these five 
cultivars followed the average tendency of 
adaptability. Bumerang, Irnik and Doni 52 
followed the average tendency of the regression 
coefficient observed by Stoyanov and Baychev 
(2016). This indicated their stable nature 
regardless of the growing conditions.  
The above results showed that although certain 
predominant tendencies were observed, the 
cultivars did not have similar stability and 
adaptability of yield and yield traits. This was 
related to the rather complex polygenous nature 
of the investigated traits and the presence of a 
rather differing genotype x environment 
interaction. The correlation analysis of the 
studied parameters of yield to the parameters of 
the yield related traits revealed that none of the 
three traits (number of productive tillers, 1000 
kernel weight and number of grains in spike) 
could determine the stability and adaptability of 
yield.  
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important for the formation of yield under 
conditions of drought. However, the stability of 
the trait was considerably influenced by the 
environmental conditions and the regime of 
drought, as can be also observed in the data of 
Majid et al. (2007) on the wheat genotypes they 
studied.  
In spite of the established correlations with 
regard to stability and adaptability of the 
cultivars we investigated, it was not practically 
possible to determine which of the above yield 

related traits was more stable and played a 
leading role in determining the stability and 
adaptability of yield itself. The data obtained 
showed that the yield and the separate yield 
related traits did not follow the same tendency 
both with regard to stability and adaptability. In 
order to clarify such a question, the data on the 
individual cultivars were normalized according 
to the mean value of the respective growing 
period, and since the data were relative, they 
were consecutively logarithmised. 

 
Table 3. Normalized stability and adaptability parameters by mean of the yield componenets 

 Y NPT M1000 NGS Y NPT M1000 NGS 
 bi S2

di 
AD-7291 1.337 1.450 2.140 1.993 -0.200 -0.126 -0.121 -0.281 
Vihren 2.226 0.208 0.080 -0.390 -0.055 -0.203 -0.005 -0.097 
Rakita 1.126 1.141 0.282 0.815 -0.160 -0.100 -0.034 -0.108 
Lasko 0.711 1.111 0.212 0.606 -0.150 -0.065 -0.026 -0.095 
Presto 0.212 1.124 0.914 0.702 -0.150 -0.020 -0.060 -0.122 
Kolorit 1.332 0.389 0.834 1.081 -0.077 -0.123 -0.045 -0.150 
Atila 0.872 0.725 1.232 1.289 -0.100 -0.095 -0.059 -0.193 
Akord 0.241 0.865 0.864 1.343 -0.124 -0.026 -0.044 -0.194 
Respekt 1.252 1.088 1.828 1.079 -0.149 -0.129 -0.110 -0.163 
Bumerang 1.096 0.627 1.168 0.758 -0.088 -0.093 -0.058 -0.102 
Irnik 1.033 1.572 0.562 1.439 -0.215 -0.101 -0.046 -0.199 
Dobrudzhanets 1.298 0.846 1.269 0.209 -0.116 -0.128 -0.066 -0.047 
Lovchanets 1.352 1.363 1.409 1.579 -0.180 -0.128 -0.077 -0.232 
Doni 52 0.994 1.329 0.959 1.185 -0.179 -0.088 -0.050 -0.167 
Blagovest 0.811 1.145 0.947 1.241 -0.157 -0.077 -0.060 -0.177 
Borislav 0.155 0.840 1.404 0.766 -0.115 -0.024 -0.065 -0.122 
AV 1.003 0.989 1.006 0.981 -0.138 -0.096 -0.058 -0.153 
 Wi S2

i 
AD-7291 0.012 0.005 0.026 0.052 0.006 0.002 0.014 0.028 
Vihren 0.038 0.038 0.007 0.152 0.021 0.021 0.004 0.085 
Rakita 0.020 0.003 0.007 0.007 0.011 0.001 0.004 0.003 
Lasko 0.005 0.002 0.005 0.015 0.002 0.001 0.003 0.007 
Presto 0.003 0.015 0.006 0.048 0.001 0.008 0.003 0.026 
Kolorit 0.030 0.004 0.002 0.095 0.017 0.002 0.001 0.053 
Atila 0.004 0.014 0.000 0.008 0.002 0.008 0.000 0.003 
Akord 0.009 0.013 0.001 0.007 0.005 0.007 0.000 0.003 
Respekt 0.006 0.015 0.022 0.029 0.003 0.008 0.012 0.015 
Bumerang 0.007 0.001 0.001 0.007 0.003 0.000 0.000 0.003 
Irnik 0.020 0.006 0.005 0.020 0.011 0.003 0.002 0.010 
Dobrudzhanets 0.008 0.026 0.001 0.033 0.004 0.015 0.000 0.018 
Lovchanets 0.034 0.004 0.002 0.045 0.019 0.002 0.001 0.024 
Doni 52 0.006 0.002 0.000 0.002 0.003 0.000 0.000 0.000 
Blagovest 0.009 0.003 0.004 0.012 0.005 0.001 0.002 0.005 
Borislav 0.002 0.018 0.001 0.012 0.001 0.010 0.000 0.006 
AV 0.013 0.010 0.006 0.034 0.007 0.006 0.003 0.018 

 
 
 
 
 

 
Table 4. Stability and adaptability parameters sequence 

Parameter 
Stability sequence 

1 2 3 
bi M1000 NPT NGS 
S2

di M1000 NPT NGS 
Wi M1000 NPT NGS 
S2

i M1000 NPT NGS 
 

The stability and adaptability parameters 
calculated on the basis of these data allowed 
analyzing which of the yield related traits was 
stable both in the individual genotypes and on 
the whole. The obtained results showed that on 
the average, regardless of the applied statistical 
parameter, 1000 kernel weight was with the 
highest stability and widest adaptability, 
followed by number of productive tillers and 
number of grains in spike (Table 4). This 
tendency, however, was not identical for all 
investigated genotypes.  
With regard to adaptability, only three 
genotypes (Presto, Atila and Blagovest) 
followed the average tendency. In cultivars 
AD-7291, Rakita, Lasko and Borislav, the 
widest adaptability was registered for the 
parameter number of productive tillers, 
followed by number of grains in spike and 
1000 kernel weight. In four cultivars (Vihren, 
Akord, Dobrudzhanets and Lovchanets), the 
number of productive tillers was again with the 
widest adaptability, but it was followed by 
1000 kernel weight and number of grains in 
spike. In cultivars Kolorit and Respekt, number 
of grains in spike was the most adaptable 
parameter, but in Kolorit 1000 kernel weight 
followed by number of productive tillers were 
with more specific adaptability, while in 
Respect the opposite tendency was observed. In 
Bumerang, Irnik and Doni 52, the difference to 
the average tendency was that the number of 
grains in spike was characterized by wider 
adaptability than the number of productive 
tillers.  
The deviation from the regression calculated on 
the basis of the normalized and logarithmised 
values, revealed that 11 of 16 cultivars 
followed the average tendency. In Presto, 

Akord and Borislav, the most stable yield 
related trait was the number of productive 
tillers, followed by 1000 kernel weight and the 
number of grains in spike. In Vihren most 
stable was 1000 kernel weight, followed by 
number of grains in spike and number of 
productive tillers, while in Dobrudzhanets the 
most stable element was number of grains in 
spike, followed by 1000 kernel weight and 
number of productive tillers.  
A different tendency was observed in the 
parameters ecovalence and Shukla’s variance. 
In these parameters, eight out of sixteen 
cultivars followed the average tendency. In five 
of them (AD-7291, Rakita, Lasko, Respekt and 
Blagovest), the most stable parameter was 
number of productive tillers, followed by 1000 
kernel weight and number of grains in spike. In 
cultivars Atila, Akord and Borislav, the 
difference to the average tendency was in the 
stability of number of productive tillers and 
number of grains in spike.  
Summarizing the results on the three 
parameters, only five genotypes followed the 
average tendency: Kolorit, Bumerang, Irnik, 
Lovchanets and Doni 52. None of these five 
cultivars followed the average tendency of 
adaptability. Bumerang, Irnik and Doni 52 
followed the average tendency of the regression 
coefficient observed by Stoyanov and Baychev 
(2016). This indicated their stable nature 
regardless of the growing conditions.  
The above results showed that although certain 
predominant tendencies were observed, the 
cultivars did not have similar stability and 
adaptability of yield and yield traits. This was 
related to the rather complex polygenous nature 
of the investigated traits and the presence of a 
rather differing genotype x environment 
interaction. The correlation analysis of the 
studied parameters of yield to the parameters of 
the yield related traits revealed that none of the 
three traits (number of productive tillers, 1000 
kernel weight and number of grains in spike) 
could determine the stability and adaptability of 
yield.  
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Table 5. Correlation between yield stability and adaptability parameters and yield elements stability and adaptability 

parameters 

Yield stability 
and adaptability 

parameters on direct values 

Yield elements stability and adaptability parameters on direct values 

NPT M1000 NGS 

bi -0.131 -0.095 -0.316 
S2di -0.258 -0.271 -0.184 
Wi -0.167 -0.105 0.530* 
S2i -0.167 -0.104 0.530* 

Yield stability 
and adaptability 

parameters on normalized 
and logarithmic values 

Yield elements stability and adaptability parameters on normalized and logarithmic values 

NPT M1000 NGS 

bi -0.273 -0.095 -0.315 
S2di -0.199 0.427 0.554* 
Wi 0.167 -0.011 0.727** 
S2i 0.160 -0.007 0.718** 

 
The only significant correlations were observed 
between the stability parameters of yield and 
these of number of grains in spike. Such a 
definition has been confirmed many times in 
our researches since in the studied triticale 
cultivars it was the number of grains in spike 
that was the main element of yield. Even 
extremely high conditions of drought could not 
change this tendency, which was indicative that 
the stability of yield in most cultivars was 
directly related to their ability to form a good 
grain set under variable conditions of the 
environment. Therefore, the stability of the 
number of grains in spike should be considered 
one of the most important breeding parameters 
in triticale. Figure 1 presents a biplot, along the 
abscissa of which the yield values are placed, 
and along the ordinate – the values of the 
variance of Shukla calculated on the basis of 
the normalized data on the number of grains of 
the studied genotypes. The graph is 
conditionally divided into four quadrants. The 
first encompassed the genotypes with yield 
higher than the average and stability of grain 
set higher than the average. Cultivars Rakita, 
Lasko, Bumerang, Doni 52, Blagovest and 
Borislav fell within this quadrant. The second 
quadrant included cultivars with higher yields 
but low stability of the grain set, to which 
belonged Vihren and Presto. Cultivars AD-
7291, Kolorit and Lovchanets were in the third 
quadrant; they were characterized by yields 
lower than the average and stability of the grain 
set lower than the average. Cultivars Atila, 
Akord, Respect, Irnik and Dobrudzhanets were 
in the fourth quadrant. They combined good 
stability of the grain set with yields lower than 
the average.  

The observed combinations showed that 
cultivars such as Rakita, Bumerang and Doni 
52 were characterized by optimal yield and 
grain set. Within rather contrasting periods with 
clearly outlined soil drought, such genotypes 
become highly promising. A large number of 
our researches confirm the considerable 
practical value both of the standard cultivar 
Rakita and of cultivars Bumerang and Doni 52 
(Stoyanov and Baychev, 2016; Stoyanov et al., 
2017; Stoyanov, 2018; Stoyanov, 2021; 
Stoyanov & Baychev, 2021). In this respect, 
the studies of other authors (Dobreva et al., 
2018) show that cultivar Bumerang is a highly 
productive genotype with serious grain set and 
possibility to be grown under a wide range of 
soil and climatic conditions.  

 

 
Figure 1. Biplot with combined data on yield and 

Shukla’s variance calculated on normalized data of 
number of grains in spike of the investigated genotypes 

1. АD-7291; 2. Vihren; 3. Rakita; 4. Lasko; 5. Presto; 6. Kolorit;         
7. Atila; 8. Akord; 9. Respekt; 10. Bumerang; 11. Irnik;                      

12. Dobrudzhanets; 13. Lovchanets; 14. Doni 52; 15. Blagovest;        
16. Borislav 

 
CONCLUSIONS 
 
Based on the presented results, the following 
conclusions can be made:  
The yield related traits - number of productive 
tillers, 1000 kernel weight, number of grains in 
spike differed considerably by their stability 
according to the individual cultivars and the 
parameters of stability, drought having 
significant effect on their values.  
Cultivars Bumerang and Doni 52 were with the 
best combination of stability and adaptability 
by the traits number of productive tillers and 
1000 kernel weight.  
Trait number of grains in spike was rather 
complex under drought and the separate 
stability parameters related to controversial 
results. The data on the deviation from the 
regression showed that most stable were Irnik, 
Dobrudzhanets, Lovchanets, Blagovest and 
Borislav, while the ecovalence and the variance 
of Shukla determined cultivars Rakita, Atila, 
Bumerang and Doni 52 as most stable. 
According to the three parameters of stability, 
Vihren, Lasko and Kolorit were the most 
unstable genotypes.  
The widest adaptability according to the trait 
number of grains in spike was observed in 
cultivars Rakita, Lasko and Respekt, while 
specific adaptability to the favorable conditions 
of the environment was observed in AD-7291, 
Atila, Akord, Irnik, Lovchanets, Doni 52 and 
Blagovest, and to unfavorable environments – 
in Presto, Kolorit, Bumerang, Dobrudzhanets 
and Borislav. 
A general tendency was observed in the 
investigated set of cultivars showing that most 
stable and adaptable among the studied 
parameters was 1000 kernel weight, followed 
by number of productive tillers; number of 
grains in spike was with the lowest stability and 
the most narrow adaptability. 
6. A tendency was observed toward the 
stability of the separate yield components not 
being functionally related to the stability of 
yield, which determined the investigated 
cultivars as developed according to a complex 
of traits and being suitable for growing under 
variable environments. 
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the stability of yield in most cultivars was 
directly related to their ability to form a good 
grain set under variable conditions of the 
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abscissa of which the yield values are placed, 
and along the ordinate – the values of the 
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the normalized data on the number of grains of 
the studied genotypes. The graph is 
conditionally divided into four quadrants. The 
first encompassed the genotypes with yield 
higher than the average and stability of grain 
set higher than the average. Cultivars Rakita, 
Lasko, Bumerang, Doni 52, Blagovest and 
Borislav fell within this quadrant. The second 
quadrant included cultivars with higher yields 
but low stability of the grain set, to which 
belonged Vihren and Presto. Cultivars AD-
7291, Kolorit and Lovchanets were in the third 
quadrant; they were characterized by yields 
lower than the average and stability of the grain 
set lower than the average. Cultivars Atila, 
Akord, Respect, Irnik and Dobrudzhanets were 
in the fourth quadrant. They combined good 
stability of the grain set with yields lower than 
the average.  

The observed combinations showed that 
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52 were characterized by optimal yield and 
grain set. Within rather contrasting periods with 
clearly outlined soil drought, such genotypes 
become highly promising. A large number of 
our researches confirm the considerable 
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Rakita and of cultivars Bumerang and Doni 52 
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2017; Stoyanov, 2018; Stoyanov, 2021; 
Stoyanov & Baychev, 2021). In this respect, 
the studies of other authors (Dobreva et al., 
2018) show that cultivar Bumerang is a highly 
productive genotype with serious grain set and 
possibility to be grown under a wide range of 
soil and climatic conditions.  

 

 
Figure 1. Biplot with combined data on yield and 

Shukla’s variance calculated on normalized data of 
number of grains in spike of the investigated genotypes 

1. АD-7291; 2. Vihren; 3. Rakita; 4. Lasko; 5. Presto; 6. Kolorit;         
7. Atila; 8. Akord; 9. Respekt; 10. Bumerang; 11. Irnik;                      

12. Dobrudzhanets; 13. Lovchanets; 14. Doni 52; 15. Blagovest;        
16. Borislav 

 
CONCLUSIONS 
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parameters of stability, drought having 
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Vihren, Lasko and Kolorit were the most 
unstable genotypes.  
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Abstract  
 
Vegetative clonal propagation of scions and rootstocks represent the commercial method of grapevine production; 
currently, techniques such as hardwood rooting, grafting, and tissue culture are readily exploited by the nursery and 
grapevine industries. Seedlings of highly heterozygous grapevines are not true to type, as a result they are not utilized 
in the mass production of planting stock for commercial grape vineyards. However, seedling growth and quality is key 
for plant breeding programs initiating thousands of unique seedlings each year. To investigate treatments for their 
impact on diverse interspecific cold-hardy grapevines, seedlings were grown under greenhouse conditions. Four weeks 
after transplant, seedlings were cut back to one true node (CUT), leaf thinned (LT), or left as untreated control vines 
(Control). Eight weeks after treatment, plants were analyzed for total node number, periderm encompassed nodes, 
lateral shoot number, and total number of base stems. Control and LT vines had more periderm encompassed nodes 
and total nodes than CUT vines, while CUT vines had the highest number of shoots arising from the base nodes of the 
vine.  
 
Key words: grapevine breeding, hybrid grapevines, seedling nursery. 
 
INTRODUCTION  
 
Commercial production of grapevines (Vitis 
spp.) in North Dakota is limited by short 
growing seasons and extreme winter freeze 
events (Hatterman-Valenti et al., 2014; 
Svyantek et al., 2020). For these reasons, the 
North Dakota State University Grape 
Germplasm Enhancement Project (NDSU-
GGEP) generates seeds each year from novel 
crosses across wide genetic backgrounds to 
combine desirable traits contributing to yield 
components, fruit composition, and abiotic and 
biotic stress resistances. The timeline for 
crossing and seedling production is a multi-
year process for generational progress from 
seed to seed due to the extended period of 
grapevine juvenility. The annual schedule of 
activities is summarized in Figure 1.  
Using gibberellic acid treatments to reduce 
stratification requirements, the earliest 
harvested field-crossed seeds can begin 
germination in late October-to-early November 
most years. Using greenhouse conditions to 

extend the growing season and enhance 
seedling growth, seedlings are grown in a 
controlled environment for as many as seven 
months before hardening-off and field 
transplant. Due to the limited growing season 
of North Dakota’s climate, seedling field 
transplant is delayed until after the threat of 
spring frost has subsided, and typically occurs 
from June to July depending on the number of 
seedlings to be field planted.  
Ideal seedlings for transplant have excellent 
periderm development, with lignified wood 
protecting vines from immediate desiccation 
and increasing the potential height of trunks 
surviving winter. A single, strong trunk 
enhances the likelihood of fruit production in 
the following season. For these reasons, early 
seedling germination may be considered as part 
of a breeding scheme to develop larger plants 
for field planting. 
Efforts have been made to characterize seedling 
treatments for the purposes of disease 
resistance screening and induction of 
precociousness (Srinivasan & Mullins, 1978; 
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Abstract  
 
Vegetative clonal propagation of scions and rootstocks represent the commercial method of grapevine production; 
currently, techniques such as hardwood rooting, grafting, and tissue culture are readily exploited by the nursery and 
grapevine industries. Seedlings of highly heterozygous grapevines are not true to type, as a result they are not utilized 
in the mass production of planting stock for commercial grape vineyards. However, seedling growth and quality is key 
for plant breeding programs initiating thousands of unique seedlings each year. To investigate treatments for their 
impact on diverse interspecific cold-hardy grapevines, seedlings were grown under greenhouse conditions. Four weeks 
after transplant, seedlings were cut back to one true node (CUT), leaf thinned (LT), or left as untreated control vines 
(Control). Eight weeks after treatment, plants were analyzed for total node number, periderm encompassed nodes, 
lateral shoot number, and total number of base stems. Control and LT vines had more periderm encompassed nodes 
and total nodes than CUT vines, while CUT vines had the highest number of shoots arising from the base nodes of the 
vine.  
 
Key words: grapevine breeding, hybrid grapevines, seedling nursery. 
 
INTRODUCTION  
 
Commercial production of grapevines (Vitis 
spp.) in North Dakota is limited by short 
growing seasons and extreme winter freeze 
events (Hatterman-Valenti et al., 2014; 
Svyantek et al., 2020). For these reasons, the 
North Dakota State University Grape 
Germplasm Enhancement Project (NDSU-
GGEP) generates seeds each year from novel 
crosses across wide genetic backgrounds to 
combine desirable traits contributing to yield 
components, fruit composition, and abiotic and 
biotic stress resistances. The timeline for 
crossing and seedling production is a multi-
year process for generational progress from 
seed to seed due to the extended period of 
grapevine juvenility. The annual schedule of 
activities is summarized in Figure 1.  
Using gibberellic acid treatments to reduce 
stratification requirements, the earliest 
harvested field-crossed seeds can begin 
germination in late October-to-early November 
most years. Using greenhouse conditions to 

extend the growing season and enhance 
seedling growth, seedlings are grown in a 
controlled environment for as many as seven 
months before hardening-off and field 
transplant. Due to the limited growing season 
of North Dakota’s climate, seedling field 
transplant is delayed until after the threat of 
spring frost has subsided, and typically occurs 
from June to July depending on the number of 
seedlings to be field planted.  
Ideal seedlings for transplant have excellent 
periderm development, with lignified wood 
protecting vines from immediate desiccation 
and increasing the potential height of trunks 
surviving winter. A single, strong trunk 
enhances the likelihood of fruit production in 
the following season. For these reasons, early 
seedling germination may be considered as part 
of a breeding scheme to develop larger plants 
for field planting. 
Efforts have been made to characterize seedling 
treatments for the purposes of disease 
resistance screening and induction of 
precociousness (Srinivasan & Mullins, 1978; 
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Srinivasan & Mullins, 1981; Hopkins & Harris, 
2000). Likewise, seedling production has been 
explored and emphasized in numerous, field-
planted, seed propagated woody plants (Mexal 
& Landis, 1990; Fraysse & Crémière, 1998). 
Wholesale nurseries frequently utilize seedling 
production to produce rootstocks for a variety 
of plants because the method is both low cost 
and convenient for producing massive amounts 
of rootstock for grafting purposes (Beckman & 
Lang, 2002) However, despite its importance to 
breeding vineyard establishment, grapevine 
seedling production is rarely investigated due 
to the vegetative nature of commercial 
grapevine cultivar propagation.  

Early germination may generate larger, more 
vigorously establishing seedlings for field 
planting, thus decreasing time until fruit 
production, evaluation, and selection in the 
context of a breeding program. This may 
conversely lead to increased labor and chemical 
requirements within the greenhouse stemming 
from the extended duration of intensive 
seedling care within greenhouses.  
The aim of this research was to screen 
grapevine seedlings with a diverse genotypic 
background for their response to treatments that 
improve ease of maintenance throughout 
extended durations under greenhouse 
conditions. 

 
Activity Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 
Field emasculation             
Field pollination             
Seed ripening             
Seed extraction             
Seed stratification             
Germination and growth             
Hardening-off             
Field transplant             
Field maintenance             

Figure 1. General schedule of seedling production for the North Dakota State University Grape Germplasm 
Enhancement Project 

 
MATERIALS AND METHODS 
 
Growth conditions 
Seedlings were germinated and grown in a 
greenhouse under a 16:8 light:dark photoperiod 
with temperatures maintained at 30°C. Seeds 
were sown in Pro-Mix BX General Purpose 
potting media (Premier Tech Horticulture, 
Quakertown, Pennsylvania, USA) placed into 1 
L pots. Individual seedlings were transplanted 
into individual D40H Deepots (Stuewe and 
Sons, Inc., Tangent, Oregon, USA) at the two-
to-four leaf stage. Fertilizer was applied 
throughout the experimental period as a 
biweekly drench of 20-20-20 fertilizer adjusted 
to 400 ppm of nitrogen. Irrigation was provided 
daily. Four weeks after D40H transplanting, 
management treatments were applied. 
 
Experimental treatments 
A 4x3 factorial was employed in a completely 
randomized design in the spring of 2019. The 
first factor (genotype) was a result of specific 
crosses conducted in the spring of 2018. 
Parents used in seedling cross development 

were representative of the interspecific hybrid, 
cold-hardy grapevines used in the NDSU 
GGEP. The second factor (management 
treatment) was conducted at three levels, 
manually applied to actively growing seedlings. 
Leaf thinning (Leaf) was conducted for the first 
six nodes of leaf thinned vines; leaf removal 
was conducted using a manual pruner. Cutting 
back of vines (Cut) was conducted to the first 
true bud above the cotyledon using a manual 
pruner. Control vines were not treated. 
A total of six populations were constructed 
using E.S. 10-18-14 (ES), ND.1.35.35 (ND), 
‘Marquette’ (MQ), ‘Prairie Star’ (PS), and TP 
2-2-50 (TP) as parents in a NC Design II 
factorial design with E.S. 10-18-14 and 
ND.1.35.35 serving as seed parents. Bagged 
pistillate clusters of ND.1.35.35 were exposed to 
pollen collected from ‘Prairie Star’, ‘Marquette’, 
and T.P. 2-2-50. Emasculated clusters of E.S. 
10-18-14 were bagged and pollinated by 
‘Prairie Star’, ‘Marquette’, and T.P. 2-2-50. 
However, due to poor seed set, only seedlings 
derived from the E.S. 10-18-14 cross with 
‘Marquette’ were utilized in this study. 

 
Parent description 
E.S. 10-18-14 (E.S.5-6-64 ✕ E.S. 3-16-21) is a 
slip-skin, tight clustered, perfect flowered white 
wine breeding line with both ‘Chardonnay’ and 
‘Cabernet Sauvignon’ as V. vinifera 
grandparents (Chateau Stripmine, 2022). It 
yields fruit with acceptably low levels of 
titratable acidity for the region.  
A pistillate breeding line, ND.1.35.35 came 
from a 2015 cross between E.S. 5-8-17 and 
‘Louise Swenson’ (syn. E.S. 4-8-33). 
ND.1.35.35 was first selected in the program in 
2017; it has small, early ripening berries with 
unique fruity aroma and pubescent backed 
leaves.  
‘Marquette’ (MN 1094 × ‘Ravat Noir’ [syn. 
Ravat 262]) is a 2006 commercial release from 
the University of Minnesota grapevine breeding 
program (Hemstad and Luby, 2008). 
‘Marquette’ is grown widely throughout the 
Upper Midwest region of the United States.  
‘Prairie Star’ (E.S. 2-7-13 × ‘Alpenglow’ [syn. 
E.S. 2-8-1]) is a slip-skin, conical clustered, 
white wine grape from the late Elmer 
Swenson’s breeding program (Clark, 2019; 
Chateau Stripmine, 2022).  
T.P. 2-2-50 (‘Montreal Blue’ syn. E.S. 5-3-16 × 
‘Jukka’ [syn. E.S. 6-4-47]) is the result of a 
2000 cross conducted by private breeder Tom 
Plocher (Chateau Stripmine, 2020). It has large, 
slip-skin berries and long, loose clusters when 
grown in Fargo, ND.  
 
Data collection and analysis 
Eight weeks after application of management 
treatments, data were collected. Focusing on 
the health of above ground plant matter, 
seedlings were evaluated for number of nodes 
on the main stem, periderm encompassed 
nodes, number of lateral shoots, and number of 
stems branching from the base nodes (true buds 
and cotyledon buds). 
Statistical analysis was conducted in JMP Pro 
15.0.0. The experiment was evaluated as a 
mixed model with genotype, treatment, and 
genotype-treatment interaction set as fixed 
effects, and replicate set as a random effect. 
Significantly different Least Squares means 
estimates were separated using all pairwise 
comparisons according to Tukey’s honestly 
significant difference (HSD) test. Graphics 
were generated with R software using the 
ggplot2 package (Wickham et al., 2021). 

RESULTS AND DISCUSSIONS  
 
The genotype main effect of ES×MQ seedlings 
produced the greatest number of periderm-
encompassed nodes, though not statistically 
different from ND×MQ. Within the treatment 
main effect, Cut vines produced the fewest 
number of periderm encompassed nodes (0.7), 
while Control (4.6) and Leaf (3.9) produced the 
most. A significant genotype-treatment 
interaction was detected for the number of 
periderm-encompassed nodes; ES×MQ - 
Control (6.5), ES×MQ - Leaf (5.1), and 
ND×MQ - Control (4.7) had the most, 
contrastingly, ND×TP - Cut (0.1), ND×MQ - 
Cut (0.8), and ES×MQ - Cut (0.5) had the 
fewest. 
 

Table 1. Plant growth eight weeks after treatment 
application to grapevine seedlings under greenhouse 

conditions 

Treatment  
Periderm 

nodes (no.) 
Total nodes 

(no.) 
Lateral shoots 

(no.) 
Genotype (G)z    
 ND×MQ 3.2 aby 19.2 ns 4.8 ns 
 ND×PS 2.8 B 17.1  5.2  
 ND×TP 2.3 B 17.9  4.3  
 ES×MQ 4.0 A 18.3  3.9  
Treatment (T)       
 Control 4.6 A 19.6 a 5.3 a 
 Cut 0.7 B 15.9 b 2.0 b 
 Leaf 3.9 A 18.9 a 6.4 a 
G××T       
 ND×MQ - Control 4.7 ab 20.1 ns 5.3 ns 
 ND×PS - Control 3.6 bc 18.7  7.2  
 ND×TP - Control 3.7 bc 19.3  3.8  
 ES×MQ - Control 6.5 A 20.5  5.0  
 ND×MQ - Cut 0.8 E 16.5  2.4  
 ND×PS - Cut 1.5 cde 15.4  2.4  
 ND×TP - Cut 0.1 E 16.2  2.2  
 ES×MQ - Cut 0.5 de 15.5  0.8  
 ND×MQ - Leaf 4.2 B 21.0  6.7  
 ND×PS - Leaf 3.2 bc 17.2  6.0  
 ND×TP - Leaf 3.1 bcd 18.3  6.8  
 ES×MQ - Leaf 5.1 ab 19.0  5.9  
P value       
 G 0.0017 0.0708 0.3827 
 T <.0001 <.0001 <.0001 
 G × T 0.0407 0.6804 0.4907 
zSeedlings of crosses between specified parents: MQ= ‘Marquette’; 
ND= ND.1.35.35; PS= ‘Prairie Star’; TP= T.P. 2-2-50. 
yMeans separated within effects by Tukey’s HSD at α=0.05; ns= Not 
significant. 
 
No genotype main effects or genotype-
treatment interaction effects were detected for 
total node number or lateral shoot number. The 
treatment main effect was significant in both 
cases. Control and Leaf vines had more nodes 
and more laterals than Cut vines.  
Cut vines had a higher percentage of stems 
sprouting from the base cotyledon and true 
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Srinivasan & Mullins, 1981; Hopkins & Harris, 
2000). Likewise, seedling production has been 
explored and emphasized in numerous, field-
planted, seed propagated woody plants (Mexal 
& Landis, 1990; Fraysse & Crémière, 1998). 
Wholesale nurseries frequently utilize seedling 
production to produce rootstocks for a variety 
of plants because the method is both low cost 
and convenient for producing massive amounts 
of rootstock for grafting purposes (Beckman & 
Lang, 2002) However, despite its importance to 
breeding vineyard establishment, grapevine 
seedling production is rarely investigated due 
to the vegetative nature of commercial 
grapevine cultivar propagation.  

Early germination may generate larger, more 
vigorously establishing seedlings for field 
planting, thus decreasing time until fruit 
production, evaluation, and selection in the 
context of a breeding program. This may 
conversely lead to increased labor and chemical 
requirements within the greenhouse stemming 
from the extended duration of intensive 
seedling care within greenhouses.  
The aim of this research was to screen 
grapevine seedlings with a diverse genotypic 
background for their response to treatments that 
improve ease of maintenance throughout 
extended durations under greenhouse 
conditions. 
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Hardening-off             
Field transplant             
Field maintenance             

Figure 1. General schedule of seedling production for the North Dakota State University Grape Germplasm 
Enhancement Project 
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Growth conditions 
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greenhouse under a 16:8 light:dark photoperiod 
with temperatures maintained at 30°C. Seeds 
were sown in Pro-Mix BX General Purpose 
potting media (Premier Tech Horticulture, 
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L pots. Individual seedlings were transplanted 
into individual D40H Deepots (Stuewe and 
Sons, Inc., Tangent, Oregon, USA) at the two-
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to 400 ppm of nitrogen. Irrigation was provided 
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randomized design in the spring of 2019. The 
first factor (genotype) was a result of specific 
crosses conducted in the spring of 2018. 
Parents used in seedling cross development 

were representative of the interspecific hybrid, 
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treatment) was conducted at three levels, 
manually applied to actively growing seedlings. 
Leaf thinning (Leaf) was conducted for the first 
six nodes of leaf thinned vines; leaf removal 
was conducted using a manual pruner. Cutting 
back of vines (Cut) was conducted to the first 
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pollen collected from ‘Prairie Star’, ‘Marquette’, 
and T.P. 2-2-50. Emasculated clusters of E.S. 
10-18-14 were bagged and pollinated by 
‘Prairie Star’, ‘Marquette’, and T.P. 2-2-50. 
However, due to poor seed set, only seedlings 
derived from the E.S. 10-18-14 cross with 
‘Marquette’ were utilized in this study. 
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Significantly different Least Squares means 
estimates were separated using all pairwise 
comparisons according to Tukey’s honestly 
significant difference (HSD) test. Graphics 
were generated with R software using the 
ggplot2 package (Wickham et al., 2021). 

RESULTS AND DISCUSSIONS  
 
The genotype main effect of ES×MQ seedlings 
produced the greatest number of periderm-
encompassed nodes, though not statistically 
different from ND×MQ. Within the treatment 
main effect, Cut vines produced the fewest 
number of periderm encompassed nodes (0.7), 
while Control (4.6) and Leaf (3.9) produced the 
most. A significant genotype-treatment 
interaction was detected for the number of 
periderm-encompassed nodes; ES×MQ - 
Control (6.5), ES×MQ - Leaf (5.1), and 
ND×MQ - Control (4.7) had the most, 
contrastingly, ND×TP - Cut (0.1), ND×MQ - 
Cut (0.8), and ES×MQ - Cut (0.5) had the 
fewest. 
 

Table 1. Plant growth eight weeks after treatment 
application to grapevine seedlings under greenhouse 

conditions 

Treatment  
Periderm 

nodes (no.) 
Total nodes 

(no.) 
Lateral shoots 

(no.) 
Genotype (G)z    
 ND×MQ 3.2 aby 19.2 ns 4.8 ns 
 ND×PS 2.8 B 17.1  5.2  
 ND×TP 2.3 B 17.9  4.3  
 ES×MQ 4.0 A 18.3  3.9  
Treatment (T)       
 Control 4.6 A 19.6 a 5.3 a 
 Cut 0.7 B 15.9 b 2.0 b 
 Leaf 3.9 A 18.9 a 6.4 a 
G××T       
 ND×MQ - Control 4.7 ab 20.1 ns 5.3 ns 
 ND×PS - Control 3.6 bc 18.7  7.2  
 ND×TP - Control 3.7 bc 19.3  3.8  
 ES×MQ - Control 6.5 A 20.5  5.0  
 ND×MQ - Cut 0.8 E 16.5  2.4  
 ND×PS - Cut 1.5 cde 15.4  2.4  
 ND×TP - Cut 0.1 E 16.2  2.2  
 ES×MQ - Cut 0.5 de 15.5  0.8  
 ND×MQ - Leaf 4.2 B 21.0  6.7  
 ND×PS - Leaf 3.2 bc 17.2  6.0  
 ND×TP - Leaf 3.1 bcd 18.3  6.8  
 ES×MQ - Leaf 5.1 ab 19.0  5.9  
P value       
 G 0.0017 0.0708 0.3827 
 T <.0001 <.0001 <.0001 
 G × T 0.0407 0.6804 0.4907 
zSeedlings of crosses between specified parents: MQ= ‘Marquette’; 
ND= ND.1.35.35; PS= ‘Prairie Star’; TP= T.P. 2-2-50. 
yMeans separated within effects by Tukey’s HSD at α=0.05; ns= Not 
significant. 
 
No genotype main effects or genotype-
treatment interaction effects were detected for 
total node number or lateral shoot number. The 
treatment main effect was significant in both 
cases. Control and Leaf vines had more nodes 
and more laterals than Cut vines.  
Cut vines had a higher percentage of stems 
sprouting from the base cotyledon and true 
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buds (Figure 2). Leaf and Control vines rarely 
had more than one base stem, this likely 
contributed to their greater number of total 
nodes for a single main stem.  
 

 
Figure 2. Percent of grapevines with one, two,  

or three total base shoots stemming from the first true 
node and cotyledon nodes, separated by genotype and 

manual vine treatments 
 
In dissecting the impact of total number of base 
shoots on the growth of the longest shoot, no 
significant linear relation was found (data not 
shown). However, base shoot number was 
negatively correlated (R= -0.45, p=0.0009) 
with the number of periderm-encompassed 
nodes for plants within the control treatment 
(Figure 3). The regression equation indicated 
that for each stem, nearly two fewer nodes were 
encompassed by periderm.  
Examining the relationship between total nodes 
and periderm-encompassed nodes revealed 
control vines with a greater number of total 
nodes had an increase in periderm 
encompassed nodes (Figure 4). This 
relationship, however, was not significant for 
either Cut vines or Leaf vines. Possible causes 
for these discrepancies include the reduced 
length of time for plant growth between the 
time of treatment (cutting or leaf removal) and 
the time of monitoring. While eight weeks 
eclipsed between treatment and measurement, 
there is a lag time between the cutting back of 
grapevines and the bursting of latent buds. This 
period before shoot regrowth may have given 
control vines effectively three to four extra 
weeks of growth compared to cut vines, this is 
reflected in the differences in total node 
number between the two treatments (average 
number of nodes: Control=19.6, Cut= 15.9). 

 
Figure 3. Relationship between total number of base 
shoots (x) and periderm encompassed nodes (y) for 

grapevine seedling populations following three 
management treatments 

 

 
Figure 4. Relationship between total number of nodes (x) 

and periderm encompassed nodes (y) for grapevine 
seedling populations following three management 

treatments 

 
Further work may strive to identify ideal 
container dimension and time in given 
container sizes to maximize root proliferation, 
water use efficiency, and transplant survival. 
Additional evaluations investigating treatments 
on seedling growth conditions for their impact 
on grapevine physiology, root distribution, and 
subsequent seedling establishment will aid in 
refining efficiency of grapevine seedling 
production for breeding programs. Fertilizer, 
irrigation, lighting, container size, and staking 
are also necessary topics for investigation by 
researchers hoping to isolate ideal grapevine 
seedling production conditions.  
From the results of our study, the Cut 
treatments, which reduced the total vine size, 
should not be recommended for seedling 
production in their current format. From a 
practical standpoint, periodic rejuvenation and 
reduction of leaf mass and shading via cutting 
back is implemented in our grapevine 
improvement program to reduce labor of 
training seedlings under greenhouse conditions. 
Certain techniques, such as shoot thinning to a 
single stem shortly after initiation of latent buds 

 
may prove indispensable in reshaping seedling 
vines to continue healthy, vigorous growth 
during prolonged durations within a greenhouse 
environment proceeding field planting. 
 
CONCLUSIONS 
 
Both crosses containing MQ as a pollen parent 
(ES×MQ and ND×MQ) produced a high rate 
of periderm encompassed nodes at the time of 
analysis. MQ may be a useful parent when 
selecting for early periderm development under 
greenhouse conditions; however, the 
consequences on field grown vines and 
hardiness of vines was not determined. 
Cut vines had fewer periderm encompassed 
nodes, total nodes, and lateral shoots, but more 
base stems. More than one base stem is an 
undesirable trait and the proliferation of new 
shoots from lowers nodes is likely derived from 
the removal of dominant growing point. This 
practice should not be recommended for 
maintaining seedling stock in a greenhouse for 
field transplanting. However, under certain 
circumstances this technique triggers 
subsequent regrowth, and may be useful. 
Directly prior to field transplanting new 
seedlings without acclimation, this technique 
should be evaluated under minimal irrigation 
conditions, as it would allow the vine to start 
anew with fresh shoots in the field, rather than 
acclimating greenhouse grown tissue to field 
conditions. 
Control and Leaf vines produced the most 
periderm-encompassed nodes. Leaf-thinning 
may be implemented, along with thorough 
training of grapevines to produce trunks rapidly 
under greenhouse conditions. This gives 
breeders the greatest opportunity to screen for 
cold hardiness under field conditions in the first 
dormant season of a grapevine’s life. It also 
increases the potential for the grapevine to 
transition to sexual maturity, set fruitful buds, 
and have fruit for phenotyping under field 
conditions in the grapevines second growing 
season. These two advantages would allow for 
faster selection and genetic advancement. The 
physiological implications of establishing 
seedling vine trunks under greenhouse 
conditions for selection in challenging 
environmental conditions is unknown.  
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Abstract 
 
Fertilization is a basic technological element of modern agriculture. The complex process of absorption of nutrients is 
dependent on a number of biotic and abiotic factors and the interaction between them. The research aimed to establish 
a rational system of fertilization, with low impact on the environment and identifying the optimal fertilization variant, to 
obtained satisfactory maize yield. The experiment was conducted between 2018-2021 at Agricultural Research and 
Development Station Turda (ARDS Turda). The experimental factors: factor A - climatic conditions in the experimental 
years (2018; 2019; 2020; 2021); factor B - nitrogen doses, with five graduations (N0; N50; N100; N150; N200 kg/ha a.s.); 
factor C - phosphorus doses, with five graduations (P0; P40; P80; P120; P160 kg/ha a.s.). The biological material was 
represented by Turda 332 hybrid. In addition to the climatic factor, a significant contribution to the increase in maize 
yield was made by the doses of fertilizers, especially those with nitrogen, the highest yields being recorded in the 
variants where was applying more than 150 kg/ha a.s. N respectively 120 kg/ha a.s. 
 
Key words: maize, mineral fertilization, climatic factors, yield. 
 
INTRODUCTION 
 
Maize is an important food crop, which 
contributes significantly to food security and, 
like any other crop, needs optimal 
environmental and nutritional conditions, 
available as needed, to achieve satisfactory 
yields. 
Crop yield depends on many environmental 
factors (Ranjan et al., 2006; Espósito et al., 
2009), such as temperature, precipitation, soil 
type, soil tillage system and soil moisture 
respectively whose effects are difficult to 
predict (Marin et al., 2012; Rusu, 2014). 
Agrochemical optimization of the soil-plant 
system is the essential alternative to achieve 
high, quality, stable yields and is achieved 
through the rational and balanced application of 
fertilizers, differentiated and integrated, with 
sustainability according to crop requirements 
and effective soil input (Rusu, 2021), fertilizers 
playing an important role in increasing by up to 
32-50% for crop yield (Ma et al., 2002). 
The fertility of the land is constantly declining. 
Globally, 62% of soil surface area has low or 

very low fertility, 27% have moderate fertility 
and only 11% high fertility. The situation in 
our country on these issues is somewhat 
different, so 52% of the arable land has a low 
or very low fertility, 20.7% moderate fertility 
and 27.3% are considered soils with a very 
high fertility (Deac et al., 2017). 
Removal of nutrients from the soil by their 
absorption into the plant, by leaching or other 
processes related to the natural dynamics of 
soils, they then reduce the nutrient content and 
a gradual decline in soil fertility (Lupu, 2018). 
More than 50% of the administered nitrogen is 
not recovered by plants (Lassaletta, 2014), due 
to this low rate of nitrogen recovery by plants, 
a large amount of unused nitrogen is released, 
leading to a number of environmental problems 
(Zhu and Chen, 2002).  
The judicious use of these fertilizers is 
necessary in the current context of climate 
change, nitrogen oxide emissions being one of 
the factors contributing to the destruction of the 
ozone layer (Ramos, 1996). 
But with all the negative effects on the 
biosphere, Nitrogen fertilizers remain the main 

source of agricultural production to meet the 
food needs of the population. 
In plant cultivation technologies, the 
importance of fertilization is undeniable, and 
the results obtained through research and 
agricultural practice have highlighted the 
influence of this technological link on the 
quantitative side, qualitative and economic 
aspects of the resulting crops (Lupu, 2014; 
Černý et al., 2010). 
Providing adequate nutrient intake improves 
soil fertility, fertilizers are currently the most 
useful means of growth and maintaining soil 
nutrient levels (Smil, 1999). 
Maize is known to have high requirements for 
nutrient and the climatic conditions during the 
growing season, crop yields being influenced 
by weather and agrotechnical conditions, yield 
variability being large and difficult to predict 
(Doré et al., 1998). 
The aim of this study was to examine how the 
application of nitrogen fertilizers and 
phosphorus affect maize yield.  
 
MATERIALS AND METHODS 
 
The research have been developed during 
2018-2021, at the Agricultural Research and 
Development Station (ARDS) Turda, on a type 
soil chernozem. 
The conducted experiment is a three-factor one, 
and the surface of an experimental plot is            
48 m2. During the experiment, the sowing of 
maize was done by machine MT 6 - Maschio 
Gaspardo. The sowing density was 65,000 
plants/ha and the seed incorporation depth was 
5 cm. The pre-maize plant was winter wheat. 
The biological material was the maize hybrid 
Turda 332, created at ARDS Turda. 
A three-factor experiment was organized to 
meet the proposed objectives, with the 
following graduations: factor A - climatic 
conditions in the experimental years: 2018; 
2019; 2020; 2021; factor B - nitrogen doses, 
with five graduations: N0; N50; N100; N150; N200 
kg/ha a.s.; factor C - phosphorus doses (P2O5), 
with five graduations: P0; P40; P80; P120; P160 
kg/ha active substance. From the interaction of 
nitrogen and phosphorus factors resulted 25 
experimental variants, placed in the field 
according to the method of subdivided plots, 

arranged in six repetitions. Phosphorus 
fertilization was done in the fall before plowing 
the land by turning the furrow and nitrogen was 
applied in the spring, before the processing of 
germination bed. The production data obtained 
were statistically processed by analyzing the 
variance (PoliFact, 2015) and setting LSD (5%, 
1%, 0.1%). 
The climatic conditions of the four 
experimental years were different, with 
variations in average temperatures from one 
month to the next, with average annual 
temperatures higher than the multiannual 
average of 65 years, all four years being 
thermally characterized as warm. 
In 2018, the average monthly and decadal 
temperatures recorded higher values than the 
average of 65 years, monthly deviations 
ranging from 0.6°C in July until 5.3°C in April. 
From a thermal point of view, in 2019, there 
were increases in the average monthly 
temperature in the months of the growing 
season compared to the multiannual average, 
except in May, when a negative deviation of 
1.4°C. In 2020, as in the previous year, there 
have been increases in the average monthly 
temperature over the 5 months, except for May, 
when the negative deviation was 1.3°C. Months 
at the beginning of the growing season, since 
2021, they have been colder, with deviations of 
-2.2°C, respectively -0.9°C compared to the 
multiannual average, negatively influencing the 
emergence and development of that period 
(Table 1). 
The amount of decadent rainfall has varied 
significantly each year, with a significant 
deficit in the spring of 2018 and 2020, 
corresponding to the sowing-sunrise period and 
in June-July 2019, when the maize crop has the 
highest requirements for nutrient and water 
consumption (Table 2). 
Although the lack of rainfall during the 
growing season of the crop is an important 
factor in achieving the harvest, the water 
supply from the soil is still,  acquired as a result 
of previous quantitative rains, can support the 
crop in order to overcome water stress, 
especially in conditions where there is no high 
evapotranspiration, especially due to high 
temperatures
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Abstract 
 
Fertilization is a basic technological element of modern agriculture. The complex process of absorption of nutrients is 
dependent on a number of biotic and abiotic factors and the interaction between them. The research aimed to establish 
a rational system of fertilization, with low impact on the environment and identifying the optimal fertilization variant, to 
obtained satisfactory maize yield. The experiment was conducted between 2018-2021 at Agricultural Research and 
Development Station Turda (ARDS Turda). The experimental factors: factor A - climatic conditions in the experimental 
years (2018; 2019; 2020; 2021); factor B - nitrogen doses, with five graduations (N0; N50; N100; N150; N200 kg/ha a.s.); 
factor C - phosphorus doses, with five graduations (P0; P40; P80; P120; P160 kg/ha a.s.). The biological material was 
represented by Turda 332 hybrid. In addition to the climatic factor, a significant contribution to the increase in maize 
yield was made by the doses of fertilizers, especially those with nitrogen, the highest yields being recorded in the 
variants where was applying more than 150 kg/ha a.s. N respectively 120 kg/ha a.s. 
 
Key words: maize, mineral fertilization, climatic factors, yield. 
 
INTRODUCTION 
 
Maize is an important food crop, which 
contributes significantly to food security and, 
like any other crop, needs optimal 
environmental and nutritional conditions, 
available as needed, to achieve satisfactory 
yields. 
Crop yield depends on many environmental 
factors (Ranjan et al., 2006; Espósito et al., 
2009), such as temperature, precipitation, soil 
type, soil tillage system and soil moisture 
respectively whose effects are difficult to 
predict (Marin et al., 2012; Rusu, 2014). 
Agrochemical optimization of the soil-plant 
system is the essential alternative to achieve 
high, quality, stable yields and is achieved 
through the rational and balanced application of 
fertilizers, differentiated and integrated, with 
sustainability according to crop requirements 
and effective soil input (Rusu, 2021), fertilizers 
playing an important role in increasing by up to 
32-50% for crop yield (Ma et al., 2002). 
The fertility of the land is constantly declining. 
Globally, 62% of soil surface area has low or 

very low fertility, 27% have moderate fertility 
and only 11% high fertility. The situation in 
our country on these issues is somewhat 
different, so 52% of the arable land has a low 
or very low fertility, 20.7% moderate fertility 
and 27.3% are considered soils with a very 
high fertility (Deac et al., 2017). 
Removal of nutrients from the soil by their 
absorption into the plant, by leaching or other 
processes related to the natural dynamics of 
soils, they then reduce the nutrient content and 
a gradual decline in soil fertility (Lupu, 2018). 
More than 50% of the administered nitrogen is 
not recovered by plants (Lassaletta, 2014), due 
to this low rate of nitrogen recovery by plants, 
a large amount of unused nitrogen is released, 
leading to a number of environmental problems 
(Zhu and Chen, 2002).  
The judicious use of these fertilizers is 
necessary in the current context of climate 
change, nitrogen oxide emissions being one of 
the factors contributing to the destruction of the 
ozone layer (Ramos, 1996). 
But with all the negative effects on the 
biosphere, Nitrogen fertilizers remain the main 

source of agricultural production to meet the 
food needs of the population. 
In plant cultivation technologies, the 
importance of fertilization is undeniable, and 
the results obtained through research and 
agricultural practice have highlighted the 
influence of this technological link on the 
quantitative side, qualitative and economic 
aspects of the resulting crops (Lupu, 2014; 
Černý et al., 2010). 
Providing adequate nutrient intake improves 
soil fertility, fertilizers are currently the most 
useful means of growth and maintaining soil 
nutrient levels (Smil, 1999). 
Maize is known to have high requirements for 
nutrient and the climatic conditions during the 
growing season, crop yields being influenced 
by weather and agrotechnical conditions, yield 
variability being large and difficult to predict 
(Doré et al., 1998). 
The aim of this study was to examine how the 
application of nitrogen fertilizers and 
phosphorus affect maize yield.  
 
MATERIALS AND METHODS 
 
The research have been developed during 
2018-2021, at the Agricultural Research and 
Development Station (ARDS) Turda, on a type 
soil chernozem. 
The conducted experiment is a three-factor one, 
and the surface of an experimental plot is            
48 m2. During the experiment, the sowing of 
maize was done by machine MT 6 - Maschio 
Gaspardo. The sowing density was 65,000 
plants/ha and the seed incorporation depth was 
5 cm. The pre-maize plant was winter wheat. 
The biological material was the maize hybrid 
Turda 332, created at ARDS Turda. 
A three-factor experiment was organized to 
meet the proposed objectives, with the 
following graduations: factor A - climatic 
conditions in the experimental years: 2018; 
2019; 2020; 2021; factor B - nitrogen doses, 
with five graduations: N0; N50; N100; N150; N200 
kg/ha a.s.; factor C - phosphorus doses (P2O5), 
with five graduations: P0; P40; P80; P120; P160 
kg/ha active substance. From the interaction of 
nitrogen and phosphorus factors resulted 25 
experimental variants, placed in the field 
according to the method of subdivided plots, 

arranged in six repetitions. Phosphorus 
fertilization was done in the fall before plowing 
the land by turning the furrow and nitrogen was 
applied in the spring, before the processing of 
germination bed. The production data obtained 
were statistically processed by analyzing the 
variance (PoliFact, 2015) and setting LSD (5%, 
1%, 0.1%). 
The climatic conditions of the four 
experimental years were different, with 
variations in average temperatures from one 
month to the next, with average annual 
temperatures higher than the multiannual 
average of 65 years, all four years being 
thermally characterized as warm. 
In 2018, the average monthly and decadal 
temperatures recorded higher values than the 
average of 65 years, monthly deviations 
ranging from 0.6°C in July until 5.3°C in April. 
From a thermal point of view, in 2019, there 
were increases in the average monthly 
temperature in the months of the growing 
season compared to the multiannual average, 
except in May, when a negative deviation of 
1.4°C. In 2020, as in the previous year, there 
have been increases in the average monthly 
temperature over the 5 months, except for May, 
when the negative deviation was 1.3°C. Months 
at the beginning of the growing season, since 
2021, they have been colder, with deviations of 
-2.2°C, respectively -0.9°C compared to the 
multiannual average, negatively influencing the 
emergence and development of that period 
(Table 1). 
The amount of decadent rainfall has varied 
significantly each year, with a significant 
deficit in the spring of 2018 and 2020, 
corresponding to the sowing-sunrise period and 
in June-July 2019, when the maize crop has the 
highest requirements for nutrient and water 
consumption (Table 2). 
Although the lack of rainfall during the 
growing season of the crop is an important 
factor in achieving the harvest, the water 
supply from the soil is still,  acquired as a result 
of previous quantitative rains, can support the 
crop in order to overcome water stress, 
especially in conditions where there is no high 
evapotranspiration, especially due to high 
temperatures
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Table 1. The average air temperature (°C) during the 2018-2021 period at Turda 

Experimental 
year 

Average air temperature (°C) 
Month/Decade April May June July August September 

2018 

Decade I 12.4 19.6 20.5 18.5 23.2 19.6 
Decade II 16.6 15.6 20.5 20.5 22.3 18.8 
Decade III 17.0 20.7 17.5 22.0 21.6 11.5 
Monthly average 15.3 18.7 19.4 20.4 22.3 16.7 
Average 65 years 10.0 15.0 18.0 19.8 19.5 15.2 
Deviation 5.3 3.7 1.4 0.6 2.8 1.5 

2019 

Decade I 11.9 10.8 19.7 21.2 20.6 20.4 
Decade II 9.5 14.6 23.6 17.4 22.2 16.5 
Decade III 12.6 15.2 22.1 22.4 23.5 14.4 
Monthly average 11.3 13.6 21.8 20.4 22.1 17.1 
Average 65 years 10.0 15.0 18.0 19.8 19.5 15.2 
Deviation 1.3 -1.4 3.8 0.6 2.6 1.9 

2020 

Decade I 8.7 12.1 17.4 20.9 22.9 19.1 
Decade II 11 16.5 19.2 18.4 20.6 19.3 
Decade III 11.1 12.5 20.8 21.1 21 15.1 
Monthly average 10.3 13.7 19.1 20.2 21.5 17.8 
Average 65 years 10.0 15.0 18.0 19.8 19.5 15.2 
Deviation 0.3 -1.3 1.1 0.4 2.0 2.6 

2021 

Decade I 5.9 12.8 16.9 21.6 21.5 15.9 
Decade II 7.8 14.3 18.6 24.0 21.2 17.1 
Decade III 9.8 15.1 23.9 22.4 16.7 12.1 
Monthly average 7.8 14.1 19.8 22.7 19.7 15.0 
Average 65 years 10.0 15.0 18.0 19.8 19.5 15.2 
Deviation -2.2 -0.9 1.8 2.9 0.2 -0.2 

Table 2. The amount of precipitation (mm) during the 2018-2021 period at Turda 

Experimental 
year 

The amount of precipitation (°C) 

Month/Decade April May June July August September 

2018 

Decade I 5.4 16.8 13.8 51.9 20.6 15.2 
Decade II 14.4 33.4 67.5 28.2 0.0 10.0 
Decade III 6.4 6.6 17.0 5.6 17.6 4.6 
Monthly average 26.2 56.8 98.3 85.7 38.2 29.8 
Average 65 years 45.6 69.4 84.6 78.0 56.1 42.4 
Deviation -19.4 -12.6 13.7 7.7 -17.9 -12.6 

2019 

Decade I 3.8 34.8 30.6 7.6 59.6 0 
Decade II 34.8 38.8 5.6 25.2 3 0.4 
Decade III 24 78.8 32.6 2.2 1.2 19 
Monthly average 62.6 152.4 68.8 35 63.8 19.4 
Average 65 years 45.6 69.4 84.6 78.0 56.1 42.4 
Deviation 17.0 83.0 -15.8 -43.0 7.7 -23.0 

2020 

Decade I 0 10.2 16 23 3.6 6.6 
Decade II 0.8 11.2 115 51.6 53.6 0 
Decade III 17 23 35.6 12.2 0.8 50.8 
Monthly average 17.8 44.4 166.6 86.8 58 57.4 
Average 65 years 45.6 69.4 84.6 78.0 56.1 42.4 
Deviation -27.8 -25.0 82.0 8.8 1.9 15.0 

2021 

Decade I 8.1 4.4 7.2 56.7 7.4 1.5 
Decade II 18.5 32.2 25.6 63.9 7.5 11.0 
Decade III 11.8 44.2 12.2 2.5 38.0 26.6 
Monthly average 38.4 80.8 45.0 123.1 52.9 39.1 
Average 65 years 45.6 69.4 84.6 78.0 56.1 42.4 
Deviation -7.2 11.4 -39.6 45.1 -3.2 -3.3 

  

RESULTS AND DISCUSSIONS 
 
The analysis of variance reflects very well the 
very significant influence of fertilizer doses and 
climatic conditions in the production of maize. 
The significance of the F test reflects a very 
significant involvement of the studied factors in 
the realization of maize crops. The analysis of 
the variance shows that the highest share in the 
formation of production has nitrogen doses, 
phosphorus doses and climatic conditions 
(Table 3). 
Climatic conditions also play a very important 
role in the production, being the decisive factor 
in the formation of crops, especially in the 
conditions in which the water coming from the 
precipitations is the main source of water that 
the culture uses during all the vegetation 
period. Maize production shows increased 
variability in terms of results obtained during 
the four years of experimentation, the 
dependence of the culture on the climatic 
conditions being reflected in the average 
productions made during the period 2018-2021 
presented in Table 4. 
The favorable climate conditions of 2021 have 
brought an increase in the harvest of 249 kg/ha, 
with a very significant difference from the 
average of the years (control). 

The use of nutrients by maize depends very 
much on the humidity conditions and especially 
on the distribution of precipitation during the 
growing season. The period when maize 
consumes large amounts of nutrients coincides 
with the period when it also consumes large 
amounts of water (Haș, 2004), therefore it is 
very important that by the beginning of the 
grain formation the plants benefit from 
sufficient humidity and temperatures below 
30°C. 
Lack of precipitation in important phenophases 
leads to significant decreases in production, 
especially when is correlated with high 
temperatures, the lowest production of the four 
years studied being recorded in the year 2018, 
with a difference of 259 kg/ha in a negative 
way compared to the average of the 
years(control). Although at the beginning of the 
growing season the maize crop suffered due to 
thermal and water stress, however, the optimal 
conditions in the following period made the 
production obtained in the year 2021 to 
increase compared to the average. 
Following the experiences made, Johnson și 
Raun (2003) states that the harvest can vary 
significantly from year to year even if the same 
N fertilizer is applied to the same area of land. 

 
Table 3. Analysis of variance table 

Source of variation Sum of square Degree of freedom Mean Square  F 
Y (Year) 26563680 3 8854560 51.00*** 

N (Nitrogen) 594975500 4 148743900 1728.22*** 
Y x N 26618270 12 2218190 25.77 

P (Phosphorus)  163271500 4 40817870 535.87*** 
Y x P 10628630 12 885719 11.63 
N x P 4123210 16 257701 3.38 

Y x N x P 16721670 48 348368 4.57 
Error Y 2604193 15 173613  
Error N 6885418 80 86068  
Error P 30468480 400 76171  
Total  842902460 99   

Table 4. The influence of climatic condition in experimental years on maize yield 

Experimental years Yield 
(kg/ha) 

Diference 
(kg/ha) 

Duncan 
test 

Average years (control) 8296mt 0 - 
2018 8037000 -259 A 
2019 814500 -150 B 
2020 8456** 160 C 
2021 8545*** 249 C 

LSD (p 5%) 102               LSD (p 1%) 142              LSD (p 0.1%) 196 
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significantly from year to year even if the same 
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Nitrogen demand for maize during the early 
vegetative stages is low, but it grows rapidly 
and remains elevated for several weeks. About 
half of the total nitrogen uptake by maize 
occurs when maize biomass is about a quarter 
of the maximum (Abendroth et al., 2011).  
Nitrogen (N) is the most important element in 
the nutrition of a plant, being responsible for 
the processes of life, such as photosynthesis, 
growth and reproduction, vegetative and 
qualitative growth. One of the most important 
factors leading to poor recovery of nitrogen 
fertilizers is climatic conditions, drought, 
especially in spring, being in the first places in 

the top of the factors that intervene in the 
absorption of nutrients. 
Nitrogen fertilization can also have long-term 
negative effects, especially when associated 
with temperature heating, by increasing 
evapotranspiration and limiting the water 
supply. The application of nitrogen fertilizers 
leads to a significant increase in production, of 
1478 de kg/ha, with a very significant 
difference from the unfertilized control, since 
the application of a dose of 50 kg/ha a.s. N, 
growth that is maintained until the highest dose 
of applied nitrogen (200 kg/ha a.s. N) (Table 
5).

 
Table 5. The influence of nitrogen doses on maize yield 

Nitrogen doses Yield 
(kg/ha) 

Diference 
(kg/ha) 

Duncan 
test 

N0 (control variant) 6529mt 0 A 
N50 8007*** 1478 B 
N100 8523*** 1994 C 
N150 9085*** 2556 D 
N200 9335*** 2806 E 

LSD (p 5%) 75                LSD (p 1%) 100              LSD (p 0.1%) 129 
 
Phosphorus (P) also plays a role in 
photosynthesis, plant growth, reproduction and 
respiration, being generally associated with cell 
division, root growth, flowering and maturatity 
of a culture. 
The application of different doses of 
phosphorus brings an increase in production 
between 485 kg/ha and 1496 kg/ha, lower than 
the nitrogen mineral fertilizers, but statistically 

assured as very significant compared to the 
control variant to which no phosphorus was 
applied. (Table 6).  
The application of phosphorus fertilizers on 
rich soils in this element can cause, by erosion, 
a eutrophication of fresh water. (Leinweber et 
al., 2002) and therefore it is important to take 
into study the soil content in macro and 
microelements before application. 

 
Table 6. The influence of phosphorus doses on maize yield 

Phosphorus doses Yield  
(kg/ha) 

Diference 
(kg/ha) 

Duncan 
test 

P0 (control variant) 7494mt 0 A 
P40 7978*** 485 B 
P80 8359*** 865 C 
P120 8658*** 1164 D 
P160 8990*** 1496 E 

LSD (p 5%) 70                LSD (p 1%) 92              LSD (p 0.1%) 118 
 
From the analysis of the specificity of causal 
relationships and the influence of nitrogen and 
phosphorus doses, in the four years analyzed, 
by means of the corresponding response curves 
the important production differences which can 
be observed as a result of the application of NP  
mineral fertilizer can be observed, from low 
doses to doses of 160 kg/ha a.s. for Nitrogen 
and 120 kg/ha a.s. for Phosphorus. 

Although at the highest nitrogen thresholds 
(200 kg/ha a.s.) the highest productions are 
recorded every year (betwen 9118 and 9491 
kg/ha), however, there is a capping of production 
after the dose of 150 kg/ha a.s. N (Figure 1). 
In the case of phosphorus fertilization the 
situation is quite similar, except that in this 
case the response curves are not as pronounced 
as those of nitrogen. 

The production results obtained from the 
application of phosphorus are between            
8725 kg/ha and 9094 kg/ha when applying the 
maximum dose of phosphorus, with a rather 
small difference compared to the non-fertilized 
variant in all four years studied (Figure 2). 

In the years 2020 and 2021, in the case of both 
nitrogen and phosphorus, the response curves 
are more flattened, the registered productions 
in the non-fertilized control variants starting 
from a higher valuation than those obtained in 
2018 and 2019. 
 

 

 
Figure 1. Relationship between nitrogen doses and production 

 

 
Figure 2. Relationship between phosphorus doses and production 

 
Response curves at higher nitrogen depths are 
more pronounced than in the case of 
phosphorus, which suggests the importance of 
N fertilization of maize, in order to obtain  

superior productions, but higher maize yields 
cannot be obtained without the addition of 
phosphorus (Figures 3 and 4).  
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Nitrogen demand for maize during the early 
vegetative stages is low, but it grows rapidly 
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especially in spring, being in the first places in 

the top of the factors that intervene in the 
absorption of nutrients. 
Nitrogen fertilization can also have long-term 
negative effects, especially when associated 
with temperature heating, by increasing 
evapotranspiration and limiting the water 
supply. The application of nitrogen fertilizers 
leads to a significant increase in production, of 
1478 de kg/ha, with a very significant 
difference from the unfertilized control, since 
the application of a dose of 50 kg/ha a.s. N, 
growth that is maintained until the highest dose 
of applied nitrogen (200 kg/ha a.s. N) (Table 
5).

 
Table 5. The influence of nitrogen doses on maize yield 

Nitrogen doses Yield 
(kg/ha) 

Diference 
(kg/ha) 

Duncan 
test 

N0 (control variant) 6529mt 0 A 
N50 8007*** 1478 B 
N100 8523*** 1994 C 
N150 9085*** 2556 D 
N200 9335*** 2806 E 

LSD (p 5%) 75                LSD (p 1%) 100              LSD (p 0.1%) 129 
 
Phosphorus (P) also plays a role in 
photosynthesis, plant growth, reproduction and 
respiration, being generally associated with cell 
division, root growth, flowering and maturatity 
of a culture. 
The application of different doses of 
phosphorus brings an increase in production 
between 485 kg/ha and 1496 kg/ha, lower than 
the nitrogen mineral fertilizers, but statistically 

assured as very significant compared to the 
control variant to which no phosphorus was 
applied. (Table 6).  
The application of phosphorus fertilizers on 
rich soils in this element can cause, by erosion, 
a eutrophication of fresh water. (Leinweber et 
al., 2002) and therefore it is important to take 
into study the soil content in macro and 
microelements before application. 

 
Table 6. The influence of phosphorus doses on maize yield 

Phosphorus doses Yield  
(kg/ha) 

Diference 
(kg/ha) 

Duncan 
test 

P0 (control variant) 7494mt 0 A 
P40 7978*** 485 B 
P80 8359*** 865 C 
P120 8658*** 1164 D 
P160 8990*** 1496 E 

LSD (p 5%) 70                LSD (p 1%) 92              LSD (p 0.1%) 118 
 
From the analysis of the specificity of causal 
relationships and the influence of nitrogen and 
phosphorus doses, in the four years analyzed, 
by means of the corresponding response curves 
the important production differences which can 
be observed as a result of the application of NP  
mineral fertilizer can be observed, from low 
doses to doses of 160 kg/ha a.s. for Nitrogen 
and 120 kg/ha a.s. for Phosphorus. 

Although at the highest nitrogen thresholds 
(200 kg/ha a.s.) the highest productions are 
recorded every year (betwen 9118 and 9491 
kg/ha), however, there is a capping of production 
after the dose of 150 kg/ha a.s. N (Figure 1). 
In the case of phosphorus fertilization the 
situation is quite similar, except that in this 
case the response curves are not as pronounced 
as those of nitrogen. 

The production results obtained from the 
application of phosphorus are between            
8725 kg/ha and 9094 kg/ha when applying the 
maximum dose of phosphorus, with a rather 
small difference compared to the non-fertilized 
variant in all four years studied (Figure 2). 

In the years 2020 and 2021, in the case of both 
nitrogen and phosphorus, the response curves 
are more flattened, the registered productions 
in the non-fertilized control variants starting 
from a higher valuation than those obtained in 
2018 and 2019. 
 

 

 
Figure 1. Relationship between nitrogen doses and production 

 

 
Figure 2. Relationship between phosphorus doses and production 

 
Response curves at higher nitrogen depths are 
more pronounced than in the case of 
phosphorus, which suggests the importance of 
N fertilization of maize, in order to obtain  

superior productions, but higher maize yields 
cannot be obtained without the addition of 
phosphorus (Figures 3 and 4).  
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Figure 3. The influence of nitrogen doses on different phosphorus levels 

 

 
Figure 4. The influence of nitrogen doses on different phosphorus levels 

 
CONCLUSIONS 
 
The identification of the optimal doses of mine-
ral fertilizers has a special importance in the 
efficiency of the harvests but also in the pre-
vention of some secondary phenomena in time. 
The strong influence of climatic conditions 
over the four years on maize production 
reflects a very pronounced inter-annual 
variability, which makes the adaptability of 
biological material to favorable and less 
favorable conditions an important factor in the 
stability of production. 

Behavior of maize hybrid Turda in the four 
years, at different doses of nitrogen and 
phosphorus, indicates a rather high variability 
of its reaction to nitrogen and phosphorus 
fertilization, reaction resulting from differences 
in production between different doses of 
nitrogen and phosphorus. 
Although the most significant maize production 
is obtained by applying the maximum doses of 
mineral fertilizers, at doses higher than 150 
kg/ha a.s. N and 120 kg/ha a.s. P there is a less 
significant increase in production than in those 
fertilized with lower doses, where the 

P0 = -0.0503x2 + 24.313x + 5818.1
R² = 0.9918

P40 = -0.067x2 + 27.178x + 6264.9
R² = 0.9819

P80 = -0.0676x2 + 26.116x + 6762.1
R² = 0.9799

P120 = -0.0723x2 + 27.001x + 7042.9
R² = 0.9821

P160 = -0.0869x2 + 31.135x + 7180.9
R² = 0.9837

5000

6000

7000

8000

9000

10000

0 50 100 150 200

Y
ie

ld
 (k

g/
ha

)

Nitrogen doses (a.s. kg/ha)

N0= -0.0328x2 + 13.733x + 5745.1
R² = 0.991

N50 = -0.0371x2 + 16.368x + 7053.9
R² = 0.9971

N100 = -0.0144x2 + 12.63x + 7650.8
R² = 0.9858

N150 = -0.0011x2 + 8.8611x + 8386.6
R² = 0.9977

N200 = -0.0007x2 + 8.0743x + 8696.1
R² = 0.9856

4500

5500

6500

7500

8500

9500

10500

0 20 40 60 80 100 120 140 160 180

Y
ie

ld
 (k

g/
ha

)

Phosphorus doses (a.s. kg/ha)

differences between doses are more 
pronounced. 
 
ACKNOWLEDGEMENTS 
 
This work was supported by a grant from the 
Ministry of Agriculture and Rural 
Development through the ADER 2019-2022 
program, project no. 1.5.1./04.10.2019, ADER 
1.5.1.  "Sustainable and conservation of soil 
fertility through rational application of 
fertilizers, under conditions of an optimized 
crop rotation system". 

 
REFERENCES 
 
Abendroth, L. J., Elmore, R. W., Boyer, M. J., Marlay S. 

K. (2011), Maize growth and development. PMR 
1009. Iowa State Univ. Ext., Ames. 

Černý, J., Balík, J., Kulhánek, M., Čásová, K., Nedvěd, 
V. (2010). Mineral and organic fertilization 
efficiency in long-term stationary experiments, Plant 
Soil Environ, 56, no.1: 28–36. 

Deac, V., Ignea. M., Ștefănescu, M. (2017). Rezultate ale 
cercetăriilor effectuate la SCDA Turda în domeniul 
folosirii rationale a îngrășămintelor în experiențele de 
lungă durată. Contribuții ale cercetării științifice la 
dezvoltarea agriculturii; Vol. VII, Volum omagial 60 
ani SCDA Turda, 201-227, Turda, România. 

Doré, T., Meynard, J. M., Sebillotte, M. (1998). The role 
of grain number, nitrogen nutrition and stem number 
in limiting pea crop (Pisum sativum) yields under 
agricultural conditions. European Journal of 
Agronomy, 8, 29-37. 

Espósito, M. A., Alejandra, M. E., Pamela, C. V., López, 
L. D., Sebastián, A. F., Luis, C. E. (2009). 
Relationships among agronomic traits and seed yield 
in pea. BAG J Basic Appl. Genet, 20, 1. 

Haș, I. (2004). Particularităţi tehnologice pentru cultura 
porumbului în Transilvania. Ed. Boema Turda, 21–
45. 

Johnson, G. V., Raun, W. R. (2003). Nitrogen response 
index as a guide to fertilizer management. J. Plant 
Nutr. 26, 249–262. 

Lassaletta, L., Billen, G., Grizzetti, B., Anglade, J. and 
Garnier, J. (2014). 50 year trends in nitrogen use 
efficiency  of  world  cropping  systems: the  
relationship between yield  and nitrogen input to 
cropland. Environ. Res. Lett., 1-10. 

Leinweber, P, Turner, B. L, Meissner, R. (2002). 
Phosphorus. In: Haygarth P.M, Jarvis S.C, 
editors. Agriculture, hydrology and water quality. ch. 
2. CAB International; Wallingford, UK, 29–55. 

Leonte, A., Agapie, A., Pintilie, P. L. Druțu, A. C., 
Amarghioalei, G., Eșanu, S. (2021). Research 
regarding the influence of nitrogen and phosphorus 
fertilizers on winter wheat, in the pedoclimatic 
conditions in entral of Moldavia. Life Science and 
Sustainable Development, Vol. 2, No. 2, Lovrin, 
România. 

Lupu, M., Druțu, C., Popa, L. D., Naie, M. (2014). 
Influence of chemical fertilizers application on 
autumn wheat yield in long-term experiences at 
Agricultural Research and Development Secuieni, 
Neamț county, România. Cercetări Agronomice în 
Moldova, Vol. XLVII, no. 3 (159), 27-38. 

Lupu, M., Simona, F. I., Margareta, N. (2018). Study of 
nitrogen fertilization at maize crop in ARDS Secuieni 
conditions. Lucrări Ştiinţifice, Vol. 61(2), Seria 
Agronomie. 

Ma, C., Yang, F., Gao, X., Chen, L. (2002). A historical 
review of China chemical fertilizers in last 100 years 
(in Chinese). China AgroSciTech Press, Beijing, 
China. 

Marin, D. I., Rusu, T., Mihalache, M., Ilie, L., Bolohan 
C. (2012). Research on the influence of soil tillage 
system upon pea crop and some properties of reddish 
preluvosoil in the Moara Domneasca area. Annals of 
the University of Craiova – Agriculture, 
Montanology, Cadastre Series, 42(2), 487-490. 

Ramos, C. B. (1996). Effect of agricultural practices on 
the nitrogen losses in the environment. Fertilizers and 
environment, Dordrecht, The Netherlands Kluwer 
Academic Publishers, 355–361. 

Ranjan, S., Kumar, M., Pandey, S. S. (2006). Genetic 
variability in peas (Pisum sativum L.). Legume 
Research, 29: 311-312. 

Rusu, T. (2014). Energy efficiency and soil conservation 
in conventional, minimum tillage and no-tillage. 
International Soil and Water Conservation Research, 
2, 42-49. 

Rusu, M. (2021). Compendiu agrochimic. Ed. 
AcademicPres, Cluj-Napoca. 

Smil, V. (1999). Long-range perspectives on inorganic 
fertilizers in global agriculture. Travis P. Hignett 
lecture. IFDC, Florence, Italy. 

Zhu, Z. L., Chen, D. L. (2002). Nitrogen fertilizer use in 
China-contributions to food production, impacts on 
the environment and best management strategies. 
Nutr. Cycl. Agroecosyst., 63, 117–127.

 



225

 
Figure 3. The influence of nitrogen doses on different phosphorus levels 

 

 
Figure 4. The influence of nitrogen doses on different phosphorus levels 
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Abstract 
 
Inadequate quantity and quality feeds is the major constraints to livestock production in majority of smallholder 
farmers in Ethiopia. This necessitates the need to follow economically viable forage production. A study was conducted 
to evaluate the yield and yield related performance of cowpea (Vignia unguiculata L.) varieties under irrigation in 2017 
and 2018 years. The experiment was laid down in a split plot design with randomized complete block design (RCBD) 
arrangement in four replications. There were two main plots of which one was planted with fertilizer and the other one 
without fertilizer for comparison and the sub plot treatments were eight varieties of Cowpea (Vignia unguiculata) (ILRI 
9333, ILRI 9334, ILRI 11114, ILRI 12688, ILRI 12713, Kenkety, Black eye bean and IT92KD258-9). The data collected 
consisted of plant height (cm), number of branches per plant, forage biomass yield (t ha-1), dry matter yield (t ha-1), leaf 
to stem ratio, number of pods per plant, number of seeds per pod, grain yield (kg ha-1), thousand seed weight (g) and 
haulm yield (t ha-1). All data were subjected to analysis of variance procedures, with significance test at p<0.05. The 
results revealed that highest dry biomass yield (t ha-1) was recorded when Cowpea varieties ILRI 9334, ILRI 11114, 
ILRI 12688 and IT92KD258-9 planted with fertilizer. The highest haulm yield was obtained from Cowpea varieties ILRI 
9334, ILRI 11114 and ILRI 12713 when planted with fertilizer and when ILRI 9334, ILRI 12688, ILRI 12713 and 
IT92KD258-9 Cowpea varities planted with out fertilizer. Cowpea varieties Kenkety and IT92KD258-9 produced 
higher grain yield compared to other varieties. Cowpea varieties ILRI 9333, ILRI 11114, ILRI 12688, ILRI 12713 and 
IT92KD258-9 when planted with and with out fertilizer; when variety ILRI- 9334 and Kenkety planted only with 
fertilizer and also variety Black eye bean when planted with out fertilizer was found economically profitable. Therefore, 
based on the study results, planting Cowpea varieties ILRI 9334, ILRI 11114, ILRI 12688 and IT92KD258-9 with 100 
kg ha-1 NPS fertilizer appears to be more preferable regarding biomass yield and were found potentially profitable.  
 
Key words: Cowpea, dry matter yield, grain yield, variety.  
 
INTRODUCTION 
 
The farming system in Central Gondar zone 
predominantly mixed crop- livestock 
production. However, there is repeated crop 
failure due to short rainy season, erratic rain 
fall, erosion, and poor soil fertility, among 
other factors. There is also limited land 
availability for crop production in the area. 
Thus livestock production plays a vital role in 
the livelihood of the farmers not only during 
bad production years, but also during normal 
years. However, livestock production in the 
area is constrained by feed shortage both in 
terms of quality and quantity.  
A reason for feed shortage is that livestock 
production, particularly feed development, is 
given a second priority to crop production. This 
is reflected in the basis towards food crop 
production by the extension system and farmers 

reluctance to devote land and labor for forage 
production (Yayneshet et al., 2009).   
Because of the limited land available for food 
crop production sole forage production may not 
be feasible in the mixed crop- livestock 
production system of the area where by food 
crop production is given high priority.  
There for it is very important to seek 
multipurpose type forage crop varieties which 
are adaptable and high yielding for the study 
area and similar agro-ecologies.  
Cowpea is one of the candidate forages which 
is characterized by multipurpose and short- 
lived annual legume that can best be inter- 
cropped with cereals.  
Besides to its suitability to inter cropping, crop 
residue (haulm) from cowpea is a very 
important fodder resource which contains 
higher crud protein (21%) in the dry haulm 
(Singh & Tarawali, 1997). 

In addition to its food and forage value cowpea 
is very important in improving soil fertility 
through the process of nitrogen fixation 
(Sanginga et al., 2003; Abayomi, 2008). 
Having all these advantages cowpea can be a 
potential feed and food crop in the mid land 
areas of central Gondar zone. Considering the 
above mentioned advantages the development 
sector trying to introduce cowpea though the 
adoption is very low due to low productive 
varieties used. To tackle this challenge, 
searching for adaptive and productive cow pea 
variety is becoming a great deal.  
However, there were no recommended varieties 
in the potential mid land areas of North Gondar 
zone and the use of chemical fertilizer on this 
crop is remained under deviate.  
The current study was, therefore, conducted 
with the objective to estimate the yield 
potential of different varieties of cowpea with 

and without fertilizer for future sustainable 
forage production under irrigation in the study 
area.   
 
MATERIALS AND METHODS   
 
Description of study area  
The study was conducted at West Dembia 
district, Melkam wuha village; 48 km south of 
the Zonal capital, Gondar, which is located 
between latitude 12º 17’42.18’’ N and 
longitude 37º 13’ 25.39’’ E at an elevation of 
1856.4 m.a.sl. The soil texture of the study area 
is sandy loam, good in water- holding capacity 
and fertility. The area has a moist tropical 
climate and has the mean monthly temperature 
of 18.34ºC. Based on 10 years (2008-2017) 
data, the total annual rainfall ranges between 
665 mm and 1524 mm with a mean value of 
1095 mm.  

 
Figure 1. Map of the study area in West Dembia district, Central Gondar zone, Amhara region, Ethiopia 

 
Treatments and experimental design 
The experiment was laid down in a split plot 
with RCBD arrangement in four replications. 
The main plot factor was fertilizer (one was 
planted with fertilizer and the other one without 
fertilizer) and the sub plot factor was variety 
(eight accessions of Cowpea (Vignia 
unguiculata) (ILRI 9333, ILRI 9334, ILRI 
11114, ILRI 12688, ILRI 12713, Kenkety, 

Black eye bean and IT92KD258-9) adaptive to 
the low land areas of Ethiopia. The varieties 
were collected from International Livevstock 
Research Institute (ILRI) forage seed unit. The 
plot size was 2.4*2.8 m with spacing of 40 cm 
between rows and 20 cm between plants. 
Spacing for both between plots and replications 
was 1m. For the main plot which was planted 
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Abstract 
 
Inadequate quantity and quality feeds is the major constraints to livestock production in majority of smallholder 
farmers in Ethiopia. This necessitates the need to follow economically viable forage production. A study was conducted 
to evaluate the yield and yield related performance of cowpea (Vignia unguiculata L.) varieties under irrigation in 2017 
and 2018 years. The experiment was laid down in a split plot design with randomized complete block design (RCBD) 
arrangement in four replications. There were two main plots of which one was planted with fertilizer and the other one 
without fertilizer for comparison and the sub plot treatments were eight varieties of Cowpea (Vignia unguiculata) (ILRI 
9333, ILRI 9334, ILRI 11114, ILRI 12688, ILRI 12713, Kenkety, Black eye bean and IT92KD258-9). The data collected 
consisted of plant height (cm), number of branches per plant, forage biomass yield (t ha-1), dry matter yield (t ha-1), leaf 
to stem ratio, number of pods per plant, number of seeds per pod, grain yield (kg ha-1), thousand seed weight (g) and 
haulm yield (t ha-1). All data were subjected to analysis of variance procedures, with significance test at p<0.05. The 
results revealed that highest dry biomass yield (t ha-1) was recorded when Cowpea varieties ILRI 9334, ILRI 11114, 
ILRI 12688 and IT92KD258-9 planted with fertilizer. The highest haulm yield was obtained from Cowpea varieties ILRI 
9334, ILRI 11114 and ILRI 12713 when planted with fertilizer and when ILRI 9334, ILRI 12688, ILRI 12713 and 
IT92KD258-9 Cowpea varities planted with out fertilizer. Cowpea varieties Kenkety and IT92KD258-9 produced 
higher grain yield compared to other varieties. Cowpea varieties ILRI 9333, ILRI 11114, ILRI 12688, ILRI 12713 and 
IT92KD258-9 when planted with and with out fertilizer; when variety ILRI- 9334 and Kenkety planted only with 
fertilizer and also variety Black eye bean when planted with out fertilizer was found economically profitable. Therefore, 
based on the study results, planting Cowpea varieties ILRI 9334, ILRI 11114, ILRI 12688 and IT92KD258-9 with 100 
kg ha-1 NPS fertilizer appears to be more preferable regarding biomass yield and were found potentially profitable.  
 
Key words: Cowpea, dry matter yield, grain yield, variety.  
 
INTRODUCTION 
 
The farming system in Central Gondar zone 
predominantly mixed crop- livestock 
production. However, there is repeated crop 
failure due to short rainy season, erratic rain 
fall, erosion, and poor soil fertility, among 
other factors. There is also limited land 
availability for crop production in the area. 
Thus livestock production plays a vital role in 
the livelihood of the farmers not only during 
bad production years, but also during normal 
years. However, livestock production in the 
area is constrained by feed shortage both in 
terms of quality and quantity.  
A reason for feed shortage is that livestock 
production, particularly feed development, is 
given a second priority to crop production. This 
is reflected in the basis towards food crop 
production by the extension system and farmers 

reluctance to devote land and labor for forage 
production (Yayneshet et al., 2009).   
Because of the limited land available for food 
crop production sole forage production may not 
be feasible in the mixed crop- livestock 
production system of the area where by food 
crop production is given high priority.  
There for it is very important to seek 
multipurpose type forage crop varieties which 
are adaptable and high yielding for the study 
area and similar agro-ecologies.  
Cowpea is one of the candidate forages which 
is characterized by multipurpose and short- 
lived annual legume that can best be inter- 
cropped with cereals.  
Besides to its suitability to inter cropping, crop 
residue (haulm) from cowpea is a very 
important fodder resource which contains 
higher crud protein (21%) in the dry haulm 
(Singh & Tarawali, 1997). 

In addition to its food and forage value cowpea 
is very important in improving soil fertility 
through the process of nitrogen fixation 
(Sanginga et al., 2003; Abayomi, 2008). 
Having all these advantages cowpea can be a 
potential feed and food crop in the mid land 
areas of central Gondar zone. Considering the 
above mentioned advantages the development 
sector trying to introduce cowpea though the 
adoption is very low due to low productive 
varieties used. To tackle this challenge, 
searching for adaptive and productive cow pea 
variety is becoming a great deal.  
However, there were no recommended varieties 
in the potential mid land areas of North Gondar 
zone and the use of chemical fertilizer on this 
crop is remained under deviate.  
The current study was, therefore, conducted 
with the objective to estimate the yield 
potential of different varieties of cowpea with 

and without fertilizer for future sustainable 
forage production under irrigation in the study 
area.   
 
MATERIALS AND METHODS   
 
Description of study area  
The study was conducted at West Dembia 
district, Melkam wuha village; 48 km south of 
the Zonal capital, Gondar, which is located 
between latitude 12º 17’42.18’’ N and 
longitude 37º 13’ 25.39’’ E at an elevation of 
1856.4 m.a.sl. The soil texture of the study area 
is sandy loam, good in water- holding capacity 
and fertility. The area has a moist tropical 
climate and has the mean monthly temperature 
of 18.34ºC. Based on 10 years (2008-2017) 
data, the total annual rainfall ranges between 
665 mm and 1524 mm with a mean value of 
1095 mm.  

 
Figure 1. Map of the study area in West Dembia district, Central Gondar zone, Amhara region, Ethiopia 

 
Treatments and experimental design 
The experiment was laid down in a split plot 
with RCBD arrangement in four replications. 
The main plot factor was fertilizer (one was 
planted with fertilizer and the other one without 
fertilizer) and the sub plot factor was variety 
(eight accessions of Cowpea (Vignia 
unguiculata) (ILRI 9333, ILRI 9334, ILRI 
11114, ILRI 12688, ILRI 12713, Kenkety, 

Black eye bean and IT92KD258-9) adaptive to 
the low land areas of Ethiopia. The varieties 
were collected from International Livevstock 
Research Institute (ILRI) forage seed unit. The 
plot size was 2.4*2.8 m with spacing of 40 cm 
between rows and 20 cm between plants. 
Spacing for both between plots and replications 
was 1m. For the main plot which was planted 
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with fertilizer NPS at the rate of 100 kg ha-1 

was applied at the time of planting.  
 
Sampling, data collection and processing  
In this experiment, after planting in the field 
the performances of varieties were evaluated 
with respect to plant height at forage harvest, 
number of branches per plant, forage biomass 
yield (t ha-1), dry matter percent (%), dry matter 
yield (t ha-1), leaf to stem ratio, number of pods 
per plant, number of seeds per pod, grain yield 
(kg ha-1), thousand seed weight (g) and haulm 
yield (t ha-1).  
During sampling each plot was divided in to 
two halves crosswise with an effective plot size 
of 2.4*1.4 m. One half was used for forage 
sampling and the other half for seed sampling. 
Forage sampling was done at 50% blooming 
stage while grain yield of Cowpea was 
determined at 12.5% moisture content. In each 
case, sampling was done from the middle two 
rows excluding the guard rows. Immediately 
after forage harvested fresh yield was measured 
by using Salter balance having a sensitivity of 
0.1kg for green biomass yield estimation. 
Individual samples of Cowpea forage was 
taken for DM% analysis, which was oven dried 
at 65oC for 72 hours until constant weight was 
obtained. Plant height was measured by 
averaging the natural standing height of ten 
plants per plot. The main branch number was 
an average of primary branches on the stem of 
ten plants per plot. To determine leaf to stem 
ratio, five plants per plot were taken at random, 
dried in a paper bag and the leaves then were 
carefully stripped from the stems. The ratio was 
obtained by dividing the percentage of leaf by 
the percentage of stem. The number of pods per 
plant was calculated as the average of five 
plants. Number of seeds per pod was calculated 
as the average of thirty pods. Before measuring 
grain yield the seed samples were air dried till 
constant weight obtained. Thousand seed 
weight was measured from a weight of 
thousand seeds. Haulm yield was calculated 
after air dried until constant weight obtained.  
 
Economic analysis 
Economic analysis was performed following 
the CIMMYT partial budget analysis 
methodology (CIMMYT 1988). Average 
fertilizer, Cowpea biomass and labour costs for 

agronomic works were considered for the 
economic analysis. Following CIMMYT’s 
partial budget analysis methodology, total 
variable costs (TVC), gross benefit and net 
benefit were calculated. Total variable cost was 
calculated as the sum of cost of NPS fertilizer 
and labour cost of harvesting and transporting 
of Cowpea. Net benefit was calculated as the 
difference between gross benefit and the TVC. 
Cowpea biomass yield was adjusted 
downwards by 10% assuming that farmers will 
obtain yields 10% lower than obtained by 
researchers. Then treatments were listed in 
order of increasing total costs that vary and 
dominance analysis was performed where 
dominated treatments were eliminated and the 
marginal rate of return (MRR) calculated for 
the remaining treatments. A treatment that has 
net benefits that were less than or equal to 
those of a treatment with lower costs that vary 
is dominated. A treatment which was non-
dominated and having a MRR of greater or 
equal to 100% and the highest net benefit was 
considered as economically profitable. 
 
Data analysis 
The data collected was subjected to analysis of 
variance (ANOVA) by using the general linear 
model (GLM) procedure of Statistical Analysis 
System (SAS) (2003) version 9.1. When the 
difference was significant among treatments, 
LSD (least significant difference) test at 5% 
probability level was used to locate differences 
between the treatment means. 
 
RESULTS AND DISCUSSIONS 
 
Plant height (cm) 
There was highly significant (P<0.001) 
interaction effect observed between Cowpea 
varieties and fertilizer usage on plant height 
(Table 1). The tallest plant height was recorded 
when Back eye bean Cowpea variety planted 
with NPS fertilizer. On the contrary, Cowpea 
variety Kenkety planted with out fertilizer 
showed the shortest plant height. This could be 
attributed to the reaction of different cultivars 
for fertilizer usage. In contrary with the current 
result relatively the shortest plant height was 
recorded from all the cultivars at Western 
Belesa testing site that ranges from 54.75 to 
82.62 cm (Surafel et al., 2008). Tesfay et al. 

(2018) also reported plant height of 62.75cm 
for other cowpea varieties at Southern lowlands 
of Tigray which is relatively lower than the 
current result. Variations in the plant height of 

Cowpea cultivars could be attributed to 
differences in the level of soil fertility and PH, 
climatic zones of the different study areas and 
the amount and type of fertilizer utilized.  

 
Table 1. The effect of fertilizer, Variety and their interaction on biomass yield and yield components  

of Cowpea in 2017 and 2018 irrigation seasons at West Dembia 

Fertilizer usage Cowpea varieties 
ILRI 
9333 

ILRI 
9334 

ILRI 
11114 

ILRI 
12688 

ILRI 
12713 

Kenkety Back 
eye bean   

IT92KD
258-9 

Mean 

Plant height (cm) 
With fertilizer 61.43fg 81.45cd 73.83cdef 58.95fg 77.50cde 70.08defg 119.98a 65.55efg 76.10 
Without fertilizer 58.85fg 60.22fg 56.07g 81.65cd 63.43efg 41.00h 100.83b 88.59bc 68.83 
Mean 60.14 70.84 64.95 70.30 70.47 55.54 110.41 77.07 72.46 
CV (%) 12.92 
LSD (5%) 15.03 
LS *** 

Number of branches per plant 
With fertilizer 9.28def 12.80a 10.30bcde 9.60def 6.70h 9.40def 10.80bcd 9.93cdef 9.85 
Without fertilizer 8.73efg 8.50fg 7.11gh 11.65abc 2.43h 8.78efg 8.65efg 12.03ab 8.49 
Fertilizer usage Cowpea varieties 

ILRI 
9333 

ILRI 
9334 

ILRI 
11114 

ILRI 
12688 

ILRI 
12713 

Kenkety Back 
eye bean   

IT92KD
258-9 

Mean 

Mean 9.01 10.65 8.705 10.63 4.57 9.09 9.73 10.98 9.17 
CV (%) 9.27 
LSD (5%) 1.80 
LS *** 

Forage biomass yield (t ha-1) 
With fertilizer 30.39abc 34.82ab 31.21abc 29.09bcd 33.36ab 25.05cde 23.22de 34.15ab 30.16 
Without fertilizer 16.94ef 17.59ef 11.84f 37.01ab 20.12f 12.04f 12.49f 39.60a 20.95 
Mean 23.67 26.21 21.53 33.05 26.74 18.55 17.86 36.88 25.56 
CV (%) 17.69 
LSD (5%) 7.02 
LS *** 

Dry matter percent (%) 
With fertilizer 15.56 15.65 16.36 15.77 15.59 17.90 17.02 15.07 16.12 
Without fertilizer 16.36 15.83 17.29 17.25 16.61 16.77 17.92 16.91 16.87 
Mean 15.96 15.74 16.83 16.51 16.1 17.34 17.47 15.99 16.49 
CV (%) 14.01 
LSD (5%) Ns 
LS Ns 

Dry matter yield (t ha-1) 
With fertilizer 4.68cde 5.22abcd 5.42abc 6.32ab 5.07bcd 4.32de 3.80ef 6.61a 5.18 
Without fertilizer 2.76fg 2.73fg 2.09g 4.56cde 3.22ef 1.98g 2.19g 5.02bcd 3.07 
Mean 3.72 3.98 3.76 4.56 4.15 3.15 3.00 5.02 3.92 
CV (%) 19.31 
LSD (5%) 0.99 
LS *** 

Leaf to stem ratio 
With fertilizer 1.02 0.99 0.94 0.89 1.03 1.03 1.06 1.01 0.99 
Without fertilizer 0.98 0.99 0.97 0.87 1.05 1.00 1.02 1.03 0.99 
Mean 1.00 0.99 0.96 0.88 1.04 1.02 1.04 1.02 0.99 
CV (%) 11.23 
LSD (5%) Ns 
LS Ns 

Haulm yield (t ha-1) 
With fertilizer 2.30bcde 3.17ab 3.00abc 2.18cdef 2.99abc 2.17ef 1.53ef 2.23bcdef 2.45 
Without fertilizer 2.29bcde 2.57abcd 2.32bcde 3.37a 2.95abc 1.25f 1.78def 3.20ab 2.47 
Mean 2.30 2.87 2.66 3.37 2.97 1.71 1.66 3.20 2.59 
CV (%) 24.98 
LSD (5%) 0.99 
LS *** 

Means within column having different superscript letters are significantly different at ***= P<0.001; ns = non-significant at (P>0.05). 
CV = coefficient of variation; ILRI = international livestock research institute; LS = level of significant; LSD = least significant difference. 
 
  



229

with fertilizer NPS at the rate of 100 kg ha-1 

was applied at the time of planting.  
 
Sampling, data collection and processing  
In this experiment, after planting in the field 
the performances of varieties were evaluated 
with respect to plant height at forage harvest, 
number of branches per plant, forage biomass 
yield (t ha-1), dry matter percent (%), dry matter 
yield (t ha-1), leaf to stem ratio, number of pods 
per plant, number of seeds per pod, grain yield 
(kg ha-1), thousand seed weight (g) and haulm 
yield (t ha-1).  
During sampling each plot was divided in to 
two halves crosswise with an effective plot size 
of 2.4*1.4 m. One half was used for forage 
sampling and the other half for seed sampling. 
Forage sampling was done at 50% blooming 
stage while grain yield of Cowpea was 
determined at 12.5% moisture content. In each 
case, sampling was done from the middle two 
rows excluding the guard rows. Immediately 
after forage harvested fresh yield was measured 
by using Salter balance having a sensitivity of 
0.1kg for green biomass yield estimation. 
Individual samples of Cowpea forage was 
taken for DM% analysis, which was oven dried 
at 65oC for 72 hours until constant weight was 
obtained. Plant height was measured by 
averaging the natural standing height of ten 
plants per plot. The main branch number was 
an average of primary branches on the stem of 
ten plants per plot. To determine leaf to stem 
ratio, five plants per plot were taken at random, 
dried in a paper bag and the leaves then were 
carefully stripped from the stems. The ratio was 
obtained by dividing the percentage of leaf by 
the percentage of stem. The number of pods per 
plant was calculated as the average of five 
plants. Number of seeds per pod was calculated 
as the average of thirty pods. Before measuring 
grain yield the seed samples were air dried till 
constant weight obtained. Thousand seed 
weight was measured from a weight of 
thousand seeds. Haulm yield was calculated 
after air dried until constant weight obtained.  
 
Economic analysis 
Economic analysis was performed following 
the CIMMYT partial budget analysis 
methodology (CIMMYT 1988). Average 
fertilizer, Cowpea biomass and labour costs for 

agronomic works were considered for the 
economic analysis. Following CIMMYT’s 
partial budget analysis methodology, total 
variable costs (TVC), gross benefit and net 
benefit were calculated. Total variable cost was 
calculated as the sum of cost of NPS fertilizer 
and labour cost of harvesting and transporting 
of Cowpea. Net benefit was calculated as the 
difference between gross benefit and the TVC. 
Cowpea biomass yield was adjusted 
downwards by 10% assuming that farmers will 
obtain yields 10% lower than obtained by 
researchers. Then treatments were listed in 
order of increasing total costs that vary and 
dominance analysis was performed where 
dominated treatments were eliminated and the 
marginal rate of return (MRR) calculated for 
the remaining treatments. A treatment that has 
net benefits that were less than or equal to 
those of a treatment with lower costs that vary 
is dominated. A treatment which was non-
dominated and having a MRR of greater or 
equal to 100% and the highest net benefit was 
considered as economically profitable. 
 
Data analysis 
The data collected was subjected to analysis of 
variance (ANOVA) by using the general linear 
model (GLM) procedure of Statistical Analysis 
System (SAS) (2003) version 9.1. When the 
difference was significant among treatments, 
LSD (least significant difference) test at 5% 
probability level was used to locate differences 
between the treatment means. 
 
RESULTS AND DISCUSSIONS 
 
Plant height (cm) 
There was highly significant (P<0.001) 
interaction effect observed between Cowpea 
varieties and fertilizer usage on plant height 
(Table 1). The tallest plant height was recorded 
when Back eye bean Cowpea variety planted 
with NPS fertilizer. On the contrary, Cowpea 
variety Kenkety planted with out fertilizer 
showed the shortest plant height. This could be 
attributed to the reaction of different cultivars 
for fertilizer usage. In contrary with the current 
result relatively the shortest plant height was 
recorded from all the cultivars at Western 
Belesa testing site that ranges from 54.75 to 
82.62 cm (Surafel et al., 2008). Tesfay et al. 

(2018) also reported plant height of 62.75cm 
for other cowpea varieties at Southern lowlands 
of Tigray which is relatively lower than the 
current result. Variations in the plant height of 

Cowpea cultivars could be attributed to 
differences in the level of soil fertility and PH, 
climatic zones of the different study areas and 
the amount and type of fertilizer utilized.  

 
Table 1. The effect of fertilizer, Variety and their interaction on biomass yield and yield components  

of Cowpea in 2017 and 2018 irrigation seasons at West Dembia 

Fertilizer usage Cowpea varieties 
ILRI 
9333 

ILRI 
9334 

ILRI 
11114 

ILRI 
12688 

ILRI 
12713 

Kenkety Back 
eye bean   

IT92KD
258-9 

Mean 

Plant height (cm) 
With fertilizer 61.43fg 81.45cd 73.83cdef 58.95fg 77.50cde 70.08defg 119.98a 65.55efg 76.10 
Without fertilizer 58.85fg 60.22fg 56.07g 81.65cd 63.43efg 41.00h 100.83b 88.59bc 68.83 
Mean 60.14 70.84 64.95 70.30 70.47 55.54 110.41 77.07 72.46 
CV (%) 12.92 
LSD (5%) 15.03 
LS *** 

Number of branches per plant 
With fertilizer 9.28def 12.80a 10.30bcde 9.60def 6.70h 9.40def 10.80bcd 9.93cdef 9.85 
Without fertilizer 8.73efg 8.50fg 7.11gh 11.65abc 2.43h 8.78efg 8.65efg 12.03ab 8.49 
Fertilizer usage Cowpea varieties 

ILRI 
9333 

ILRI 
9334 

ILRI 
11114 

ILRI 
12688 

ILRI 
12713 

Kenkety Back 
eye bean   

IT92KD
258-9 

Mean 

Mean 9.01 10.65 8.705 10.63 4.57 9.09 9.73 10.98 9.17 
CV (%) 9.27 
LSD (5%) 1.80 
LS *** 

Forage biomass yield (t ha-1) 
With fertilizer 30.39abc 34.82ab 31.21abc 29.09bcd 33.36ab 25.05cde 23.22de 34.15ab 30.16 
Without fertilizer 16.94ef 17.59ef 11.84f 37.01ab 20.12f 12.04f 12.49f 39.60a 20.95 
Mean 23.67 26.21 21.53 33.05 26.74 18.55 17.86 36.88 25.56 
CV (%) 17.69 
LSD (5%) 7.02 
LS *** 

Dry matter percent (%) 
With fertilizer 15.56 15.65 16.36 15.77 15.59 17.90 17.02 15.07 16.12 
Without fertilizer 16.36 15.83 17.29 17.25 16.61 16.77 17.92 16.91 16.87 
Mean 15.96 15.74 16.83 16.51 16.1 17.34 17.47 15.99 16.49 
CV (%) 14.01 
LSD (5%) Ns 
LS Ns 

Dry matter yield (t ha-1) 
With fertilizer 4.68cde 5.22abcd 5.42abc 6.32ab 5.07bcd 4.32de 3.80ef 6.61a 5.18 
Without fertilizer 2.76fg 2.73fg 2.09g 4.56cde 3.22ef 1.98g 2.19g 5.02bcd 3.07 
Mean 3.72 3.98 3.76 4.56 4.15 3.15 3.00 5.02 3.92 
CV (%) 19.31 
LSD (5%) 0.99 
LS *** 

Leaf to stem ratio 
With fertilizer 1.02 0.99 0.94 0.89 1.03 1.03 1.06 1.01 0.99 
Without fertilizer 0.98 0.99 0.97 0.87 1.05 1.00 1.02 1.03 0.99 
Mean 1.00 0.99 0.96 0.88 1.04 1.02 1.04 1.02 0.99 
CV (%) 11.23 
LSD (5%) Ns 
LS Ns 

Haulm yield (t ha-1) 
With fertilizer 2.30bcde 3.17ab 3.00abc 2.18cdef 2.99abc 2.17ef 1.53ef 2.23bcdef 2.45 
Without fertilizer 2.29bcde 2.57abcd 2.32bcde 3.37a 2.95abc 1.25f 1.78def 3.20ab 2.47 
Mean 2.30 2.87 2.66 3.37 2.97 1.71 1.66 3.20 2.59 
CV (%) 24.98 
LSD (5%) 0.99 
LS *** 

Means within column having different superscript letters are significantly different at ***= P<0.001; ns = non-significant at (P>0.05). 
CV = coefficient of variation; ILRI = international livestock research institute; LS = level of significant; LSD = least significant difference. 
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Number of branches per plant  
There was highly significant (P <0.001) interaction 
among the treatment groups. The highest number of 
branches was obtained when Cowpea Varity ILRI 
9334 planted with NPS fertilizer and Cowpea 
varieties ILRI 12688 and IT92KD258-9 planted 
with out fertilizer. This might be due to differences 
in response of different Cowpea varities for 
fertilizer. Mean number of brancehs per plant in this 
study was 9.17. Similarly Tesfaye et al. (2018) 
reported a mean number of branches per plant of 
8.52 for the same genotypes at Southern lowlands 
of Tigray. In contrary to the current result, Tessema 
(2018) reported number of branches per plant that 
ranges from 10-17 at Salayish 1 in Lowlands of 
Southern Ethiopia. The discrepancy of current 
result from previous findings could be due to the 
differences in edaphic factors, environmental 
temperature and precipitation in different locations. 
In line with the current result, Tesfay et al. (2018) 
achieved 8.52 plant heights (cm) for other cowpea 
varieties at Southern lowlands of Tigray.  
 
Dry matter percent 
The two year combined analysis results of the 
experiment at West Dembia indicated that there was 
no any significant (P>0.05) interaction observed 
with the cowpea varieties and fertilizer usage 
(Table 1). Mean dry matter percent was 16.49 for 
all the cowpea varieties.  
 
Green biomass and dry matter yield (t ha-1) 
There was highly significant (P<0.001) interaction 
observed among Cowpea varieties and fertilizer 
usage in green biomass and dry matter yield (t ha-1) 
(Table 1). Cowpea varieties ILRI 9334, ILRI 11114 
and IT92KD258-9 when planted with NPS fertilizer 
produced significantly (P <0.001) highest green 
biomass and dry matter yield (t ha-1). This is due to 
positive response of the varieties for the NPS 

fertilizer in producing green biomass and dry matter 
yield as well. Even though variety ILRI 12688 with 
NPS fertilizer produced significantly lower green 
biomass due its higher dry matter percentage it also 
gave significantly higher (P<0.001) dry matter yield 
(t ha-1).  Compared to the current result obtained, 
relatively lower dry matter yield (1.75 to 3.06 t/ha) 
was observed by different cultivars at West Belessa 
(Surafel et al., 2008). The mean dry matter yield of 
Cowpea varieties in this study was relatively lower 
than the reports of Tesfay et al. (2018) who 
reported 6.54t ha-1yr-1 for Cowpea varieties. This 
could be attributed to the differences in varieties 
used, environmental temperature and precipitation 
in different locations. 
 
Leaf to stem ratio 
There was no significant (P>0.05) interaction 
observed with the Cowpea varieties and fertilizer 
usage in leaf to stem ratio across years (Table 2). 
The mean leaf to stem ratio was 0.99 which agrees 
with the finding of Tesfaye et al. (2018) who 
reported leaf to stem ratio that ranges from 0.75 to 
1.10 for black eye bean, ILRI 9333, ILRI 9334 and 
Temesegen cowpea varieties at Southern lowlands 
of Tigray. 
 
Haulm yield (t ha-1) 
The result revealed that there was highly significant 
(p<0.001) interaction among Cowpea varieties and 
fertilizer usages on cowpea haulm production 
(Table 1). The highest haulm yield was recorded 
from cowpea variety ILRI 9334, ILRI 11114 and 
ILRI 12713 when planted with fertilizer and when 
ILRI 9334, ILRI 12688, ILRI 12713 and 
IT92KD258-9 cowpea varities planted with out 
fertilizer. This indicates that different cowpea 
varieties reacts differntly for fertilizer usage in 
producing haulm yield (Tesfay et al., 2018).  

Table 2. Mean grain yield and yield components of Cow pea varieties tested in 2017 and 2018 irrigation seasons at 
West Dembia 

Treatment Number of pods per 
plant 

Number of seeds per 
pod 

Grain yield  
(kg ha-1) 

Thousand seed weight 
(g) 

ILRI 9333 37.98cde 11.22d 2261.10b 156.64d 
ILRI 9334 32.15de 12.05cd 898.60d 88.63g 
ILRI 11114 53.75b 13.14bc 2289.00b 136.36f 
ILRI 12688 47.35bc 13.54b 2157.90b 177.99b 
ILRI 12713 42.50bcd 11.91cd 1458.10c 159.61cd 
Kenkety 23.33e 12.90bc 2335.10ab 144.71e 
Black eye bean   33.20cde 9.30e 2168.10b 211.75a 
IT92KD258-9 69.60a 15.27a 2796.30a 165.98e 
Mean 42.48 12.42 2045.53 155.21 
CV (%) 24.68 11.29 22.71 4.41 
LSD (5%) 14.87 1.41 468.83 6.91 
LS *** *** *** *** 

Means within column having different superscript letters are significantly different at ***= P<0.001. 
CV = coefficient of variation; ILRI = international livestock research institute; LS = level of significant; LSD = least significant difference. 

Number of pods per plant and number of 
seeds per pod 
There was no any significant (P> 0.05) 
interaction effect observed between Cowpea 
varieties and fertilizer usage in producing 
number of pods per plant and number of seeds 
per pod (Table 2). The result revealed that there 
was highly significant difference between 
cowpea varieties on number of pods per plant 
and number of seeds per pod production. The 
highest number of pods per plant and number 
of seeds per pod was obtained from Cowpea 
variety IT92KD258-9. This could be attributed 
to the genetic differences by the different 
cultivars and variation in the production 
environment and management practices applied 
on the cultivars. The mean number of pods per 
plant and number of seeds per pod was 
relatively higher than the result achieved by 
Tekle (2014) at Alduba, Southern Ethiopia. 
This might be due to the genetic differences by 
the different cultivars and suitability of the 
production environment for the cultivars.  
 
Grain yield (kg ha-1) 
The combined analysis of variance result 
showed that there was a significant (P<0.001) 
difference between Cowpea genotypes tested in 
grain yield (Table 2). Among the genotypes 
tested Kenkety and IT92KD258-9 recorded  

significantly (P<0.001) higher grain yield than 
the rest of varieties. This might be due to the 
genetic differences of the different cultivars. 
The mean grain yield of the current study was 
in contrary with the pervious results of Surafel 
et al. (2008) for all the cultivars tested at 
Western Belesa, which ranges from 2900 to 
3900 kg ha-1, respectively. This could be due to 
the agro ecological and edaphic differences and 
Cowpea varieties used within the study areas.  
 
Thousand seed weight (g) 
The mean combined analysis result of thousand 
seed weight for the different Cowpea varieties 
tested is given in Table 2. Back eye bean 
cowpea variety recorded significantly 
(P<0.001) higher thousand seed weight 
compared to other cultivars. This was due to 
the seed size and amount of endosperm 
contained related to the genetic difference 
among the genotypes.   
 
Partial budget analysis 
The result of partial budget analysis was shown 
in Table 3. Financial profitability is the 
ultimate measure to recommend a technology. 
Any technology that is agronomically feasible 
and is beneficial for soil improvement would 
not be attractive to farmers unless it is 
financially profitable.  

 
Table 3.  Economic analysis for the Cowpea biomass yield produced at West Dembia in 2017 and 2018 irrigation 

seasons 

Treatment   CPDMY 
(t ha-1) 

ACPBY 
(t ha-1) 

TGFBFCPH 
(ETB) 

TCTV 
(ETB ha-1) 

NB 
(ETB ha-1) 

Dominance MRR 
(%) 

Kenkety without fertilizer 1.98 1.78 2,670.00 304.84 2,365.16   
ILRI 11114 without fertilizer 2.09 1.88 2,820.00 321.97 2,498.03  775.66 
Black eye bean  without fertilizer 2.19 1.97 2,955.00 337.38 2,617.62  776.05 
ILRI 9334 without fertilizer 2.73 2.46 3,690.00 421.30 3,268.70 D  
ILRI 9333 without fertilizer 2.76 2.48 3,720.00 424.30 3,295.70  900.00 
ILRI 12713 without fertilizer 3.22 2.90 4,350.00 496.65 3,853.35  770.77 
ILRI 12688 without fertilizer 4.56 4.10 6,150.00 702.16 5,447.84  775.87 
IT92KD258-9 without fertilizer 5.02 4.52 6,780.00 774.09 6,005.91  775.85 
Black eye bean  with fertilizer 3.80 3.42 5,130.00 2,025.71 3,104.29 D  
Kenkety with fertilizer 4.32 3.89 5,835.00 2,106.20 3,728.80  775.89 
ILRI 9333 with fertilizer 4.68 4.21 6,315.00 2,161.00 4,154.00  775.91 
ILRI 12713 with fertilizer 5.07 4.56 6,840.00 2,220.94 4,619.06  775.88 
ILRI 9334 with fertilizer 5.22 4.70 7,050.00 2,244.92 4,805.08  775.73 
ILRI 11114 with fertilizer 5.42 4.88 7,320.00 2,275.74 5,044.26  776.05 
ILRI 12688 with fertilizer 6.32 5.69 8,535.00 2,414.46 6,120.54  775.87 
IT92KD258-9 with fertilizer 6.61 5.95 8,925.00 2,458.99 6,466.01  775.81 
        ACPBY = adjusted Cowpea biomass yield (t ha-1); CPDMY = Cowpea dry matter yield (t ha-1); D = dominance; ETB = Ethiopian birr; MRR = 

marginal rate of return; NB = Net benefit (ETB ha-1); TCTV = total cost that vary (ETB ha-1); TGFBFCP = total gross field benefit from Cowpea hay. 
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Number of branches per plant  
There was highly significant (P <0.001) interaction 
among the treatment groups. The highest number of 
branches was obtained when Cowpea Varity ILRI 
9334 planted with NPS fertilizer and Cowpea 
varieties ILRI 12688 and IT92KD258-9 planted 
with out fertilizer. This might be due to differences 
in response of different Cowpea varities for 
fertilizer. Mean number of brancehs per plant in this 
study was 9.17. Similarly Tesfaye et al. (2018) 
reported a mean number of branches per plant of 
8.52 for the same genotypes at Southern lowlands 
of Tigray. In contrary to the current result, Tessema 
(2018) reported number of branches per plant that 
ranges from 10-17 at Salayish 1 in Lowlands of 
Southern Ethiopia. The discrepancy of current 
result from previous findings could be due to the 
differences in edaphic factors, environmental 
temperature and precipitation in different locations. 
In line with the current result, Tesfay et al. (2018) 
achieved 8.52 plant heights (cm) for other cowpea 
varieties at Southern lowlands of Tigray.  
 
Dry matter percent 
The two year combined analysis results of the 
experiment at West Dembia indicated that there was 
no any significant (P>0.05) interaction observed 
with the cowpea varieties and fertilizer usage 
(Table 1). Mean dry matter percent was 16.49 for 
all the cowpea varieties.  
 
Green biomass and dry matter yield (t ha-1) 
There was highly significant (P<0.001) interaction 
observed among Cowpea varieties and fertilizer 
usage in green biomass and dry matter yield (t ha-1) 
(Table 1). Cowpea varieties ILRI 9334, ILRI 11114 
and IT92KD258-9 when planted with NPS fertilizer 
produced significantly (P <0.001) highest green 
biomass and dry matter yield (t ha-1). This is due to 
positive response of the varieties for the NPS 

fertilizer in producing green biomass and dry matter 
yield as well. Even though variety ILRI 12688 with 
NPS fertilizer produced significantly lower green 
biomass due its higher dry matter percentage it also 
gave significantly higher (P<0.001) dry matter yield 
(t ha-1).  Compared to the current result obtained, 
relatively lower dry matter yield (1.75 to 3.06 t/ha) 
was observed by different cultivars at West Belessa 
(Surafel et al., 2008). The mean dry matter yield of 
Cowpea varieties in this study was relatively lower 
than the reports of Tesfay et al. (2018) who 
reported 6.54t ha-1yr-1 for Cowpea varieties. This 
could be attributed to the differences in varieties 
used, environmental temperature and precipitation 
in different locations. 
 
Leaf to stem ratio 
There was no significant (P>0.05) interaction 
observed with the Cowpea varieties and fertilizer 
usage in leaf to stem ratio across years (Table 2). 
The mean leaf to stem ratio was 0.99 which agrees 
with the finding of Tesfaye et al. (2018) who 
reported leaf to stem ratio that ranges from 0.75 to 
1.10 for black eye bean, ILRI 9333, ILRI 9334 and 
Temesegen cowpea varieties at Southern lowlands 
of Tigray. 
 
Haulm yield (t ha-1) 
The result revealed that there was highly significant 
(p<0.001) interaction among Cowpea varieties and 
fertilizer usages on cowpea haulm production 
(Table 1). The highest haulm yield was recorded 
from cowpea variety ILRI 9334, ILRI 11114 and 
ILRI 12713 when planted with fertilizer and when 
ILRI 9334, ILRI 12688, ILRI 12713 and 
IT92KD258-9 cowpea varities planted with out 
fertilizer. This indicates that different cowpea 
varieties reacts differntly for fertilizer usage in 
producing haulm yield (Tesfay et al., 2018).  

Table 2. Mean grain yield and yield components of Cow pea varieties tested in 2017 and 2018 irrigation seasons at 
West Dembia 

Treatment Number of pods per 
plant 

Number of seeds per 
pod 

Grain yield  
(kg ha-1) 

Thousand seed weight 
(g) 

ILRI 9333 37.98cde 11.22d 2261.10b 156.64d 
ILRI 9334 32.15de 12.05cd 898.60d 88.63g 
ILRI 11114 53.75b 13.14bc 2289.00b 136.36f 
ILRI 12688 47.35bc 13.54b 2157.90b 177.99b 
ILRI 12713 42.50bcd 11.91cd 1458.10c 159.61cd 
Kenkety 23.33e 12.90bc 2335.10ab 144.71e 
Black eye bean   33.20cde 9.30e 2168.10b 211.75a 
IT92KD258-9 69.60a 15.27a 2796.30a 165.98e 
Mean 42.48 12.42 2045.53 155.21 
CV (%) 24.68 11.29 22.71 4.41 
LSD (5%) 14.87 1.41 468.83 6.91 
LS *** *** *** *** 

Means within column having different superscript letters are significantly different at ***= P<0.001. 
CV = coefficient of variation; ILRI = international livestock research institute; LS = level of significant; LSD = least significant difference. 

Number of pods per plant and number of 
seeds per pod 
There was no any significant (P> 0.05) 
interaction effect observed between Cowpea 
varieties and fertilizer usage in producing 
number of pods per plant and number of seeds 
per pod (Table 2). The result revealed that there 
was highly significant difference between 
cowpea varieties on number of pods per plant 
and number of seeds per pod production. The 
highest number of pods per plant and number 
of seeds per pod was obtained from Cowpea 
variety IT92KD258-9. This could be attributed 
to the genetic differences by the different 
cultivars and variation in the production 
environment and management practices applied 
on the cultivars. The mean number of pods per 
plant and number of seeds per pod was 
relatively higher than the result achieved by 
Tekle (2014) at Alduba, Southern Ethiopia. 
This might be due to the genetic differences by 
the different cultivars and suitability of the 
production environment for the cultivars.  
 
Grain yield (kg ha-1) 
The combined analysis of variance result 
showed that there was a significant (P<0.001) 
difference between Cowpea genotypes tested in 
grain yield (Table 2). Among the genotypes 
tested Kenkety and IT92KD258-9 recorded  

significantly (P<0.001) higher grain yield than 
the rest of varieties. This might be due to the 
genetic differences of the different cultivars. 
The mean grain yield of the current study was 
in contrary with the pervious results of Surafel 
et al. (2008) for all the cultivars tested at 
Western Belesa, which ranges from 2900 to 
3900 kg ha-1, respectively. This could be due to 
the agro ecological and edaphic differences and 
Cowpea varieties used within the study areas.  
 
Thousand seed weight (g) 
The mean combined analysis result of thousand 
seed weight for the different Cowpea varieties 
tested is given in Table 2. Back eye bean 
cowpea variety recorded significantly 
(P<0.001) higher thousand seed weight 
compared to other cultivars. This was due to 
the seed size and amount of endosperm 
contained related to the genetic difference 
among the genotypes.   
 
Partial budget analysis 
The result of partial budget analysis was shown 
in Table 3. Financial profitability is the 
ultimate measure to recommend a technology. 
Any technology that is agronomically feasible 
and is beneficial for soil improvement would 
not be attractive to farmers unless it is 
financially profitable.  

 
Table 3.  Economic analysis for the Cowpea biomass yield produced at West Dembia in 2017 and 2018 irrigation 

seasons 

Treatment   CPDMY 
(t ha-1) 

ACPBY 
(t ha-1) 

TGFBFCPH 
(ETB) 

TCTV 
(ETB ha-1) 

NB 
(ETB ha-1) 

Dominance MRR 
(%) 

Kenkety without fertilizer 1.98 1.78 2,670.00 304.84 2,365.16   
ILRI 11114 without fertilizer 2.09 1.88 2,820.00 321.97 2,498.03  775.66 
Black eye bean  without fertilizer 2.19 1.97 2,955.00 337.38 2,617.62  776.05 
ILRI 9334 without fertilizer 2.73 2.46 3,690.00 421.30 3,268.70 D  
ILRI 9333 without fertilizer 2.76 2.48 3,720.00 424.30 3,295.70  900.00 
ILRI 12713 without fertilizer 3.22 2.90 4,350.00 496.65 3,853.35  770.77 
ILRI 12688 without fertilizer 4.56 4.10 6,150.00 702.16 5,447.84  775.87 
IT92KD258-9 without fertilizer 5.02 4.52 6,780.00 774.09 6,005.91  775.85 
Black eye bean  with fertilizer 3.80 3.42 5,130.00 2,025.71 3,104.29 D  
Kenkety with fertilizer 4.32 3.89 5,835.00 2,106.20 3,728.80  775.89 
ILRI 9333 with fertilizer 4.68 4.21 6,315.00 2,161.00 4,154.00  775.91 
ILRI 12713 with fertilizer 5.07 4.56 6,840.00 2,220.94 4,619.06  775.88 
ILRI 9334 with fertilizer 5.22 4.70 7,050.00 2,244.92 4,805.08  775.73 
ILRI 11114 with fertilizer 5.42 4.88 7,320.00 2,275.74 5,044.26  776.05 
ILRI 12688 with fertilizer 6.32 5.69 8,535.00 2,414.46 6,120.54  775.87 
IT92KD258-9 with fertilizer 6.61 5.95 8,925.00 2,458.99 6,466.01  775.81 
        ACPBY = adjusted Cowpea biomass yield (t ha-1); CPDMY = Cowpea dry matter yield (t ha-1); D = dominance; ETB = Ethiopian birr; MRR = 

marginal rate of return; NB = Net benefit (ETB ha-1); TCTV = total cost that vary (ETB ha-1); TGFBFCP = total gross field benefit from Cowpea hay. 
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The partial budget analysis showed that variety 
ILRI 9333, ILRI 11114, ILRI 12688, ILRI 
12713 and IT92KD258-9 when planted with 
and with out fertilizer; when variety ILRI-9334 
and Kenkety planted only with fertilizer and 
also variety back eye bean when planted with 
out fertilizer was found economically profitable 
as it gives a rate of return above the 100% 
acceptable rate of return. In the current study, 
by the use of these varieties either with or 
without fertilizer farmers in the study area will 
be able to gain from 7.76 to 9.00 ETB for each 
1.00 ETB investment on inputs, which implies 
a very high increase in farmers’ income with a 
simple improvement in soil fertility through 
nitrogen fixation. In most cases the economic 
analysis result disagrees with the agronomic 
result. This financial benefit is in addition to 
the benefit in terms of soil fertility 
improvement which could not be directly 
quantified in terms of monetary value.  
 
CONCLUSIONS  
 
The results of this study indicated that Cowpea 
varieties ILRI 9334, ILRI 11114 and 
IT92KD258-9 when planted with 100 kg ha-1 

NPS fertilizer produced better forage green 
biomass and dry matter yield (t ha-1) compared 
to the other varieties when planted with and 
without fertilizer. Among the genotypes tested, 
Kenkety and IT92KD258-9 varieties were 
produced relatively higher grain yield than the 
rest of genotypes consistently when planted 
with and without fertilizer. With respect to 
haulm yield, from the varieties used ILRI 9334, 
ILRI 11114 and ILRI 12713 when planted with 
fertilizer and when ILRI 9334, ILRI 12688, 
ILRI 12713 and IT92KD258-9 Cowpea varities 
planted with out fertilizer can produced better 
yield after grain harvest. From this study result 
it can be concluded that Cowpea varieties ILRI 
9334, ILRI 11114, ILRI 12688 and 
IT92KD258-9 with 100 kg ha-1 NPS fertilizer 
should be used for better dry matter yield 
production. Moreover, it was concluded that 
Cowpea varieties ILRI 9333, ILRI 11114, ILRI 
12688, ILRI 12713 and IT92KD258-9 when 
planted with and with out fertilizer and when 
variety ILRI 9334 and Kenkety planted only 
with fertilizer was found economically 
profitable. Hence, according to the results of 

this study use of Cowpea varieties ILRI 9334, 
ILRI 11114, ILRI 12688 and IT92KD258-9 
were found biologically efficient and 
potentially profitable for a better biomass 
production. 
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Abstract  
 
Experiments have been conducted to determine the effect of a higher hopping degree of wort (120 mg/l and 200 mg/l 
bitter α-acids) on the antioxidant capacity of ale beer. In one of the experimental variants, dry hopping with aromatic 
hop pellets (3 g/l) was applied. The higher hopping degree of wort did not lead to disturbance in the fermentation 
process. For beers containing 200 mg/l α-acids, the most significant was the increase in flavonoids (20.6-23.8%) 
compared to the variant with 120 mg/l α-acids. The polyphenols in highly hopped beer were increased by 6.6-7.1% 
compared to moderately hopped beer. The content of anthocyanins was not significantly affected by the addition of 
more hops. Antioxidant activity, expressed as equivalent vitamin C mmol/l, showed an increase of 4-5.2% for highly 
hopped beers compared to the control variant; when calculated relative to vitamin E, the increase was 5.8-7.5%. All 
beers were light, with excellent clarity and enhanced hop aroma. 
 
Key words: ale beer, antioxidant activity, hops. 
 
INTRODUCTION  
 
The most common beer in the world is the so-
called lager (Helweg, 2013), produced by 
bottom fermentation with brewing yeast 
Saccharomyces pastorianus. The second main 
type of beer is ale, which is obtained by top 
fermentation at 15-24°C with S. cerevisiae. The 
yeasts form a foam on the surface of the 
fermenting wort; they have increased alcohol 
tolerance, so they produce beers with higher 
alcohol content (Eckhardt, 2008). The number 
of generations is significantly higher. Elevated 
temperature facilitates the reduction of diacetyl; 
due to the accelerated fermentation process, the 
final product has a relatively low pH (4.1-4.3) 
(Eßlinger, 2009). Ale beer is characterized by 
an increased content of esters, higher density, 
fruity taste and enhanced aroma compared to 
the lager. 
Top fermentation is a much older method than 
the bottom one (Eßlinger, 2009). Until the 16th 
century, ale was the main type of beer in 
Europe (Pavsler & Buiatti, 2009). Although ale 
is currently less popular than lager (Standage, 
2020), there are many variants of this type of 
beer. They differ significantly in their color, 
aroma, taste, alcohol content, esters, etc. 
Hops (Humulus lupulus) are the most expensive 

(Walters, 2004) and very important raw 
materials for brewing. In addition to their bitter 
and aromatic properties, they also act as 
preservatives of beer (Olsovska et al., 2016). 
Hops secondary metabolites include hop resins, 
essential oils and polyphenols (Almaguer et al., 
2014). They have many biological activities: 
antimicrobial, antioxidant and anticancer 
properties (Bocquet et al., 2018; Van Cleemput 
et al., 2009), sedative and anti-inflammatory 
potential (Knez Hrnčič et al., 2019), etc. 
The hop resins are classified into two main 
groups: soft and hard resins (Taniguchi et al., 
2014). Alpha acids (humulones) are the most 
important fraction of hop resins (Skomra & 
Koziara-Ciupa, 2020); they give a bitter taste to 
the beer and contribute to the foam stabilization 
(Schönberger & Kostelecky, 2011; Kunimune 
& Shellhammer, 2008). Beta acids (lupulones) 
are usually found in smaller amounts than α-
acids (Almaguer et al., 2014) but also affect 
bitterness (Haseleu et al., 2009).  
Hop oil is one of the most complex essential 
oils in plants (King & Dickinson, 2003). It 
contains 3 main fractions. The first fraction 
includes mono- and sesquiterpenes, as well as 
aliphatic hydrocarbons. The second fraction 
consists of oxygenated compounds (terpene and 
sesquiterpene alcohols), and the last fraction of 
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The partial budget analysis showed that variety 
ILRI 9333, ILRI 11114, ILRI 12688, ILRI 
12713 and IT92KD258-9 when planted with 
and with out fertilizer; when variety ILRI-9334 
and Kenkety planted only with fertilizer and 
also variety back eye bean when planted with 
out fertilizer was found economically profitable 
as it gives a rate of return above the 100% 
acceptable rate of return. In the current study, 
by the use of these varieties either with or 
without fertilizer farmers in the study area will 
be able to gain from 7.76 to 9.00 ETB for each 
1.00 ETB investment on inputs, which implies 
a very high increase in farmers’ income with a 
simple improvement in soil fertility through 
nitrogen fixation. In most cases the economic 
analysis result disagrees with the agronomic 
result. This financial benefit is in addition to 
the benefit in terms of soil fertility 
improvement which could not be directly 
quantified in terms of monetary value.  
 
CONCLUSIONS  
 
The results of this study indicated that Cowpea 
varieties ILRI 9334, ILRI 11114 and 
IT92KD258-9 when planted with 100 kg ha-1 

NPS fertilizer produced better forage green 
biomass and dry matter yield (t ha-1) compared 
to the other varieties when planted with and 
without fertilizer. Among the genotypes tested, 
Kenkety and IT92KD258-9 varieties were 
produced relatively higher grain yield than the 
rest of genotypes consistently when planted 
with and without fertilizer. With respect to 
haulm yield, from the varieties used ILRI 9334, 
ILRI 11114 and ILRI 12713 when planted with 
fertilizer and when ILRI 9334, ILRI 12688, 
ILRI 12713 and IT92KD258-9 Cowpea varities 
planted with out fertilizer can produced better 
yield after grain harvest. From this study result 
it can be concluded that Cowpea varieties ILRI 
9334, ILRI 11114, ILRI 12688 and 
IT92KD258-9 with 100 kg ha-1 NPS fertilizer 
should be used for better dry matter yield 
production. Moreover, it was concluded that 
Cowpea varieties ILRI 9333, ILRI 11114, ILRI 
12688, ILRI 12713 and IT92KD258-9 when 
planted with and with out fertilizer and when 
variety ILRI 9334 and Kenkety planted only 
with fertilizer was found economically 
profitable. Hence, according to the results of 

this study use of Cowpea varieties ILRI 9334, 
ILRI 11114, ILRI 12688 and IT92KD258-9 
were found biologically efficient and 
potentially profitable for a better biomass 
production. 
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Abstract  
 
Experiments have been conducted to determine the effect of a higher hopping degree of wort (120 mg/l and 200 mg/l 
bitter α-acids) on the antioxidant capacity of ale beer. In one of the experimental variants, dry hopping with aromatic 
hop pellets (3 g/l) was applied. The higher hopping degree of wort did not lead to disturbance in the fermentation 
process. For beers containing 200 mg/l α-acids, the most significant was the increase in flavonoids (20.6-23.8%) 
compared to the variant with 120 mg/l α-acids. The polyphenols in highly hopped beer were increased by 6.6-7.1% 
compared to moderately hopped beer. The content of anthocyanins was not significantly affected by the addition of 
more hops. Antioxidant activity, expressed as equivalent vitamin C mmol/l, showed an increase of 4-5.2% for highly 
hopped beers compared to the control variant; when calculated relative to vitamin E, the increase was 5.8-7.5%. All 
beers were light, with excellent clarity and enhanced hop aroma. 
 
Key words: ale beer, antioxidant activity, hops. 
 
INTRODUCTION  
 
The most common beer in the world is the so-
called lager (Helweg, 2013), produced by 
bottom fermentation with brewing yeast 
Saccharomyces pastorianus. The second main 
type of beer is ale, which is obtained by top 
fermentation at 15-24°C with S. cerevisiae. The 
yeasts form a foam on the surface of the 
fermenting wort; they have increased alcohol 
tolerance, so they produce beers with higher 
alcohol content (Eckhardt, 2008). The number 
of generations is significantly higher. Elevated 
temperature facilitates the reduction of diacetyl; 
due to the accelerated fermentation process, the 
final product has a relatively low pH (4.1-4.3) 
(Eßlinger, 2009). Ale beer is characterized by 
an increased content of esters, higher density, 
fruity taste and enhanced aroma compared to 
the lager. 
Top fermentation is a much older method than 
the bottom one (Eßlinger, 2009). Until the 16th 
century, ale was the main type of beer in 
Europe (Pavsler & Buiatti, 2009). Although ale 
is currently less popular than lager (Standage, 
2020), there are many variants of this type of 
beer. They differ significantly in their color, 
aroma, taste, alcohol content, esters, etc. 
Hops (Humulus lupulus) are the most expensive 

(Walters, 2004) and very important raw 
materials for brewing. In addition to their bitter 
and aromatic properties, they also act as 
preservatives of beer (Olsovska et al., 2016). 
Hops secondary metabolites include hop resins, 
essential oils and polyphenols (Almaguer et al., 
2014). They have many biological activities: 
antimicrobial, antioxidant and anticancer 
properties (Bocquet et al., 2018; Van Cleemput 
et al., 2009), sedative and anti-inflammatory 
potential (Knez Hrnčič et al., 2019), etc. 
The hop resins are classified into two main 
groups: soft and hard resins (Taniguchi et al., 
2014). Alpha acids (humulones) are the most 
important fraction of hop resins (Skomra & 
Koziara-Ciupa, 2020); they give a bitter taste to 
the beer and contribute to the foam stabilization 
(Schönberger & Kostelecky, 2011; Kunimune 
& Shellhammer, 2008). Beta acids (lupulones) 
are usually found in smaller amounts than α-
acids (Almaguer et al., 2014) but also affect 
bitterness (Haseleu et al., 2009).  
Hop oil is one of the most complex essential 
oils in plants (King & Dickinson, 2003). It 
contains 3 main fractions. The first fraction 
includes mono- and sesquiterpenes, as well as 
aliphatic hydrocarbons. The second fraction 
consists of oxygenated compounds (terpene and 
sesquiterpene alcohols), and the last fraction of 
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sulphur-containing compounds (Knez Hrnčič et 
al., 2019).  
According to Biendl (2009), the polyphenols in 
hops are divided into 4 groups. The first group 
includes flavonols; the second - flavanols 
(catechins), which form oligomers known as 
proanthocyanidins (Almaguer et al., 2014). The 
third group consists of phenolic carboxylic 
acids, and the last one of other phenolic 
compounds (prenylflavonoids, stilbenoids). 
Аromatic hop varieties contain more 
polyphenols than hops with a high content of 
bitter acids (Kammhuber, 2005). Hops 
contribute to the phenolic content in beer - 
about 30% (70% comes from barley malt) 
(Callemien & Collin, 2010). 
Beer is known for its health benefits in 
moderate consumption (it reduces the risk of 
cardiovascular diseases, contains vitamins and 
antioxidants, etc.) (Denke, 2000). The aim of 
this work is to study the influence of a higher 
hopping degree of wort on the functional 
properties of ale beer. 
 
MATERIALS AND METHODS  
 
Wort was prepared with a Bender & Hobein 
mash apparatus; boiling and hopping were 
performed on a Kjeldahl apparatus. The wort 
consisted of 100% barley malt. It was hopped 
according to the following scheme: I batch - 
50% bitter hop pellets Galena, α-acids 13.6%, 
added 10 minutes after the start of boiling; II 
batch - 35% aromatic hop pellets Perle, α-acids 
7.9%, added 30 minutes after the start of 
boiling; III batch - 15% aromatic hop pellets 
Hallertau Mittelfrueh, α-acids 3.3%, added 10 
minutes before the end of boiling. The control 
version of wort contained 120 mg/l bitter α-
acids and the samples 200 mg/l α-acids. The 
wort was analyzed according to methods of 
European Brewing Convention (EBC) 
(Analytica EBC, 1998). 
Experiments were performed according to the 
methodology of EBC, in fermentation tubes 
with a volume of 0.5 l, at 15°C. Brewing yeast 
strain Bry-97 West Coast Ale Yeast was used; 
the inoculation amount of cells was 18-
19.106/ml. At 72-th hour of fermentation, 3 g/l 
of Hallertau Mittelfrueh hop pellets were added 

to one of the 200 mg/l α-acids samples, and 
remained in the fermenting wort until the end 
of the process. During fermentation, the 
following parameters were monitored: 
development of the reproductive process; rate 
and degree of fermentation; pH change. After 
the main fermentation (7 days), the beer 
matured for 14 days at 4°C. The young and 
aged beers were tested according to EBC 
methods (Analytica EBC, 1998; Analytica 
Microbiologyca EBC, 2001) and radical 
capture ability according to a modified method 
of Marinova & Batchvarov (2011).  
 
RESULTS AND DISCUSSIONS 
 
Physico-chemical parameters of wort are 
summarized in Table 1. 
 

Table 1. Physico-chemical parameters of hopped wort 
containing 120 mg/l α-acids and 200 mg/l α-acids 

Parameters 120 mg/l α-acids 
(control variant) 

200 mg/l α-acids 
 

Extract, % 10.88 10.91 
рН 5.84 5.75 
Color, ЕВС units 18 20.6 
Isohumulones, mg/l 31.7 70.7 
Bitterness, bitter units 38.0 72.1 
α-amino nitrogen, mg/l 192 188 
Polyphenols, mg/l 324.0 355.6 
Flavonoids, mg/l 27.1 31.5 

 
The extracts of the two variants of wort were 
similar, and the higher hopping degree led to a 
slight decrease in pH. In the case of 
polyphenols and flavonoids, there was an 
increase (by 10% and 16%, respectively) for 
the highly hopped wort. Тhe content of 
isohumulones, as expected, increased in the 
wort with a higher degree of hopping (the 
bitterness increased by about 90%). 
Кey parameters were monitored during the 
main  fermentation (Tables 2, 3, 4). 
 

Table 2. Fermentation with wort containing 120 mg/l  
α-acids 

Hour 120 mg/l α-acids (control variant) 

Number of cells, 
ml.106 

Extract, 
% 

рН Budding  
cells, % 

0 19 10.88 5.84 - 
24 74 5.12 4.45 33 
48 64 2.93 4.47 22 
72 43 2.81 4.51 15 
96 32 2.74 4.52 9 

End 15 2.65 4.55 3 
 
 

 
 

 
Table 3. Fermentation with wort  

containing 200 mg/l α-acids 
Hour 200 mg/l α-acids  

Number of cells, 
ml.106 

Extract, 
% 

рН Budding  
cells, % 

0 18 10.91 5.75 - 
24 73 5.09 4.40 27 
48 65 3.02 4.48 23 
72 47 2.85 4.50 16 
96 34 2.78 4.51 10 

End 16 2.68 4.58 3 
 

Table 4. Fermentation with wort containing 200 mg/l  
α-acids with 3 g/l dry hopping 

Hour 200 mg/l α-acids with 3 g/l dry hopping  

Number of cells, 
ml.106 

Extract, 
% 

рН Budding  
cells, % 

0 18 10.91 5.75 - 
24 73 5.03 4.35 24 
48 62 3.00 4.42 20 
72 46 2.92 4.44 15 
96 35 2.86 4.46 9 

End 17 2.71 4.56 2 
 
The development of the strain proceeded in the 
same way for all variants, with the maximum 
number of cells being recorded at 24-th hour. 
The percentage of budding yeasts was the 
highest in the control variant - about 1/3 of the 
total number of cells; for highly hopped 
versions, budding cells were about 1/4 of the 
total. Over the next 24 hours, the amount of 
yeasts in the fermenting wort began to decline 
gradually; their number was 62-65.106 cells/ml, 
and the budding ones were about 1/5 of them. 
From this moment the formation of cell 
sediment began. During the following days, the 
gradual precipitation of the yeasts continued, 
and at the end of the fermentation, the 
unprecipitated cells were 15-17.106 cells/ml. 
The higher hopping degree of wort did not lead 
to disturbances in the development and 
reproduction of yeasts.  
The initial wort extract was 10.88% for the 
control and 10.91% for highly hopped versions. 
At the beginning of the process, due to the 
rapid reproduction of yeasts, there was a sharp 
decline; at 24-th hour the residual extract was 
about 1/2 of the initial (for all variants). At 48-
th hour, the residual extract was 26.9% for the 
control; for the variants with a higher degree of 
hopping the values were 27.5-27.7%. From this 
point on, the depletion of the extract was 
delayed (due to the beginning of cell lysis and 
precipitation). In the following days, the trend 
was maintained, and at the end of the process, 
the residual extract was similar for all variants. 

The initial pH of the control wort was 5.84; the 
higher degree of hopping led to a slight 
decrease - 5.75. The sharpest drop in pH was 
reported at 24-th hour (due to the rapid 
reproduction of yeasts at the beginning of the 
process). From this point on, a slow 
alkalization of the fermenting wort was 
observed, associated with the cell’s lysis. In the 
following days, the alkalization continued, and 
at the end of the process the pH of the young 
beer was 4.55-4.58. 
Based on the parameters monitored during the 
process, no deviations in the normal course of 
fermentation were detected. 
After the main fermentation, physic-chemical 
(Table 5) and microbiological analyses (Table 
6) were performed. 

 
Table 5. Physico-chemical parameters of young beer 

Parameters 120 mg/l 
α-acids 
(control 
variant) 

200 mg/l 
α-acids 

200 mg/l  
α-acids  

with  
3 g/l  dry 
hopping 

Initial extract, % 10.46 10.55 10.61 
Apparent extract, % 2.65 2.67 2.71 
Real extract, % 4.13 4.16 4.21 
Alcohol, % 3.24 3.27 3.28 
рН 4.55 4.58 4.56 
α-amino nitrogen 
- residual, mg/l 
- assimilated, % 

 
64.8 

66.25 

 
75.2 
60 

 
72.6 

61.38 

 
The apparent extract at the end of the 
fermentation varied within а narrow range, 
suggesting that the fermentation of the initial 
extract was similar for all variants. The values 
for 120 mg/l α-acids and 200 mg/l α-acids were 
almost identical, which suggests that the 
fermentation of the initial extract was not 
significantly affected by the higher degree of 
hopping. The highest value was for the dry- 
hopped variant (the most significant part of the 
initial extract remained unfermented). Тhe 
same trend was observed for the real extract. 
The alcohol content and pH of the young beer 
were similar for all three experimental variants, 
which suggested that these two parameters 
were not significantly affected by the degree of 
hopping. 
Moderate hopping (120 mg/l) contributed to 
better assimilation of α-amino nitrogen by 
cells. The percentage of assimilated α-amino 
nitrogen was the highest for the control variant 
(over 66%). For highly hopped variants, the 
values were 60-61%. 
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sulphur-containing compounds (Knez Hrnčič et 
al., 2019).  
According to Biendl (2009), the polyphenols in 
hops are divided into 4 groups. The first group 
includes flavonols; the second - flavanols 
(catechins), which form oligomers known as 
proanthocyanidins (Almaguer et al., 2014). The 
third group consists of phenolic carboxylic 
acids, and the last one of other phenolic 
compounds (prenylflavonoids, stilbenoids). 
Аromatic hop varieties contain more 
polyphenols than hops with a high content of 
bitter acids (Kammhuber, 2005). Hops 
contribute to the phenolic content in beer - 
about 30% (70% comes from barley malt) 
(Callemien & Collin, 2010). 
Beer is known for its health benefits in 
moderate consumption (it reduces the risk of 
cardiovascular diseases, contains vitamins and 
antioxidants, etc.) (Denke, 2000). The aim of 
this work is to study the influence of a higher 
hopping degree of wort on the functional 
properties of ale beer. 
 
MATERIALS AND METHODS  
 
Wort was prepared with a Bender & Hobein 
mash apparatus; boiling and hopping were 
performed on a Kjeldahl apparatus. The wort 
consisted of 100% barley malt. It was hopped 
according to the following scheme: I batch - 
50% bitter hop pellets Galena, α-acids 13.6%, 
added 10 minutes after the start of boiling; II 
batch - 35% aromatic hop pellets Perle, α-acids 
7.9%, added 30 minutes after the start of 
boiling; III batch - 15% aromatic hop pellets 
Hallertau Mittelfrueh, α-acids 3.3%, added 10 
minutes before the end of boiling. The control 
version of wort contained 120 mg/l bitter α-
acids and the samples 200 mg/l α-acids. The 
wort was analyzed according to methods of 
European Brewing Convention (EBC) 
(Analytica EBC, 1998). 
Experiments were performed according to the 
methodology of EBC, in fermentation tubes 
with a volume of 0.5 l, at 15°C. Brewing yeast 
strain Bry-97 West Coast Ale Yeast was used; 
the inoculation amount of cells was 18-
19.106/ml. At 72-th hour of fermentation, 3 g/l 
of Hallertau Mittelfrueh hop pellets were added 

to one of the 200 mg/l α-acids samples, and 
remained in the fermenting wort until the end 
of the process. During fermentation, the 
following parameters were monitored: 
development of the reproductive process; rate 
and degree of fermentation; pH change. After 
the main fermentation (7 days), the beer 
matured for 14 days at 4°C. The young and 
aged beers were tested according to EBC 
methods (Analytica EBC, 1998; Analytica 
Microbiologyca EBC, 2001) and radical 
capture ability according to a modified method 
of Marinova & Batchvarov (2011).  
 
RESULTS AND DISCUSSIONS 
 
Physico-chemical parameters of wort are 
summarized in Table 1. 
 

Table 1. Physico-chemical parameters of hopped wort 
containing 120 mg/l α-acids and 200 mg/l α-acids 

Parameters 120 mg/l α-acids 
(control variant) 

200 mg/l α-acids 
 

Extract, % 10.88 10.91 
рН 5.84 5.75 
Color, ЕВС units 18 20.6 
Isohumulones, mg/l 31.7 70.7 
Bitterness, bitter units 38.0 72.1 
α-amino nitrogen, mg/l 192 188 
Polyphenols, mg/l 324.0 355.6 
Flavonoids, mg/l 27.1 31.5 

 
The extracts of the two variants of wort were 
similar, and the higher hopping degree led to a 
slight decrease in pH. In the case of 
polyphenols and flavonoids, there was an 
increase (by 10% and 16%, respectively) for 
the highly hopped wort. Тhe content of 
isohumulones, as expected, increased in the 
wort with a higher degree of hopping (the 
bitterness increased by about 90%). 
Кey parameters were monitored during the 
main  fermentation (Tables 2, 3, 4). 
 

Table 2. Fermentation with wort containing 120 mg/l  
α-acids 

Hour 120 mg/l α-acids (control variant) 

Number of cells, 
ml.106 

Extract, 
% 

рН Budding  
cells, % 

0 19 10.88 5.84 - 
24 74 5.12 4.45 33 
48 64 2.93 4.47 22 
72 43 2.81 4.51 15 
96 32 2.74 4.52 9 

End 15 2.65 4.55 3 
 
 

 
 

 
Table 3. Fermentation with wort  

containing 200 mg/l α-acids 
Hour 200 mg/l α-acids  

Number of cells, 
ml.106 

Extract, 
% 

рН Budding  
cells, % 

0 18 10.91 5.75 - 
24 73 5.09 4.40 27 
48 65 3.02 4.48 23 
72 47 2.85 4.50 16 
96 34 2.78 4.51 10 

End 16 2.68 4.58 3 
 

Table 4. Fermentation with wort containing 200 mg/l  
α-acids with 3 g/l dry hopping 

Hour 200 mg/l α-acids with 3 g/l dry hopping  

Number of cells, 
ml.106 

Extract, 
% 

рН Budding  
cells, % 

0 18 10.91 5.75 - 
24 73 5.03 4.35 24 
48 62 3.00 4.42 20 
72 46 2.92 4.44 15 
96 35 2.86 4.46 9 

End 17 2.71 4.56 2 
 
The development of the strain proceeded in the 
same way for all variants, with the maximum 
number of cells being recorded at 24-th hour. 
The percentage of budding yeasts was the 
highest in the control variant - about 1/3 of the 
total number of cells; for highly hopped 
versions, budding cells were about 1/4 of the 
total. Over the next 24 hours, the amount of 
yeasts in the fermenting wort began to decline 
gradually; their number was 62-65.106 cells/ml, 
and the budding ones were about 1/5 of them. 
From this moment the formation of cell 
sediment began. During the following days, the 
gradual precipitation of the yeasts continued, 
and at the end of the fermentation, the 
unprecipitated cells were 15-17.106 cells/ml. 
The higher hopping degree of wort did not lead 
to disturbances in the development and 
reproduction of yeasts.  
The initial wort extract was 10.88% for the 
control and 10.91% for highly hopped versions. 
At the beginning of the process, due to the 
rapid reproduction of yeasts, there was a sharp 
decline; at 24-th hour the residual extract was 
about 1/2 of the initial (for all variants). At 48-
th hour, the residual extract was 26.9% for the 
control; for the variants with a higher degree of 
hopping the values were 27.5-27.7%. From this 
point on, the depletion of the extract was 
delayed (due to the beginning of cell lysis and 
precipitation). In the following days, the trend 
was maintained, and at the end of the process, 
the residual extract was similar for all variants. 

The initial pH of the control wort was 5.84; the 
higher degree of hopping led to a slight 
decrease - 5.75. The sharpest drop in pH was 
reported at 24-th hour (due to the rapid 
reproduction of yeasts at the beginning of the 
process). From this point on, a slow 
alkalization of the fermenting wort was 
observed, associated with the cell’s lysis. In the 
following days, the alkalization continued, and 
at the end of the process the pH of the young 
beer was 4.55-4.58. 
Based on the parameters monitored during the 
process, no deviations in the normal course of 
fermentation were detected. 
After the main fermentation, physic-chemical 
(Table 5) and microbiological analyses (Table 
6) were performed. 

 
Table 5. Physico-chemical parameters of young beer 

Parameters 120 mg/l 
α-acids 
(control 
variant) 

200 mg/l 
α-acids 

200 mg/l  
α-acids  

with  
3 g/l  dry 
hopping 

Initial extract, % 10.46 10.55 10.61 
Apparent extract, % 2.65 2.67 2.71 
Real extract, % 4.13 4.16 4.21 
Alcohol, % 3.24 3.27 3.28 
рН 4.55 4.58 4.56 
α-amino nitrogen 
- residual, mg/l 
- assimilated, % 

 
64.8 

66.25 

 
75.2 
60 

 
72.6 

61.38 

 
The apparent extract at the end of the 
fermentation varied within а narrow range, 
suggesting that the fermentation of the initial 
extract was similar for all variants. The values 
for 120 mg/l α-acids and 200 mg/l α-acids were 
almost identical, which suggests that the 
fermentation of the initial extract was not 
significantly affected by the higher degree of 
hopping. The highest value was for the dry- 
hopped variant (the most significant part of the 
initial extract remained unfermented). Тhe 
same trend was observed for the real extract. 
The alcohol content and pH of the young beer 
were similar for all three experimental variants, 
which suggested that these two parameters 
were not significantly affected by the degree of 
hopping. 
Moderate hopping (120 mg/l) contributed to 
better assimilation of α-amino nitrogen by 
cells. The percentage of assimilated α-amino 
nitrogen was the highest for the control variant 
(over 66%). For highly hopped variants, the 
values were 60-61%. 
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Table 6. Microbiological analyses of the brewing yeast 

strain at the end of main fermentation 
Parameters 120 mg/l 

α-acids 
(control 
variant) 

200 mg/l 
α-acids 

200 mg/l  
α-acids  

with  
3 g/l  dry 
hopping 

АР-test  
(fermentation 
activity) 

2.74 2.70 2.69 

Biomass increase,  
times fold 

1.81 1.80 1.76 

Dead cells, % 11 12 13 

 
The results of the fermentation activity test (AP 
test) varied within a narrow range and proved 
the good fermentation ability of the yeast 
strain. The control value was slightly higher 
than the highly hopped variants.  
The increase in biomass amount was 1.8 times 
fold for beers with 120 and 200 mg/l α-acids; 
the value was slightly lower for the dry hopped 
variant. The brewing yeast strain showed good 
viability, with a dead cell content of 11-13% at 
the end of the main fermentation.  
Microscopic observation showed that the 
culture was homogeneous. The yeast cells were 
large in size, round and with clear protoplasm 
(except for dead cells, whose protoplasm was 
granular and darker in color). 
After maturation, physico-chemical analyses of 
the finished beer were performed (Table 7). 
All beer variants were light, with excellent 
clarity and enhanced hop aroma (especially for 
the ale with dry hopping). 
 

Table 7. Physico-chemical parameters of aged beer 
Parameters 120 mg/l 

α-acids 
(control 
variant) 

200 mg/l 
α-acids 

200 mg/l  
α-acids 

with 
3 g/l dry 
hopping 

Initial extract, % 10.72 10.77 10.76 
Apparent extract, % 2.56 2.61 2.65 
Real extract, % 4.11 4.16 4.19 
Alcohol, % 3.38 3.39 3.37 
Apparent degree of  
fermentation, % 

76.11 75.76 75.39 

Real degree of  
fermentation, % 

61.67 61.39 61.08 

рН  4.75 4.80 4.80 
Color, ЕВС units 9.2 8.5 9.8 
Isohumulones, mg/l 23.3 35.7 36 
Bitterness, bitter units 25.5 36.4 36.6 
Usage of bitter  
substances, % 

21.25 18.18 18.3 

α-amino nitrogen 
- residual, mg/l 
- assimilated, % 

 
62.5 

67.45 

 
73.1 
61.12 

 
70.8 
62.34 

Clarity 0.7 0.6 0.7 
Polyphenols, mg/l 280.5 298.9 300.4 
Flavonoids, mg/l 21.4 25.8 26.5 
Anthocyanins, mg/l 85.2 85.8 86.0 

The apparent extract showed a slight decrease 
after maturation. Like the young beer, after 
maturation, the apparent extract remained the 
lowest for the control variant, which suggested 
the most complete fermentation of the initial 
extract. This was confirmed by the value of the 
apparent degree of fermentation - 76.11%, the 
highest for all experimental variants. For the 
two highly hopped variants, the values of the 
apparent extract were slightly higher, but they 
also had a sufficiently high apparent degree of 
fermentation - over 75%. 
The alcohol content of the finished beer 
increased slightly compared to the young beer, 
varying within narrow limits. The production of 
alcohol from brewing yeasts was not 
significantly affected by the higher hopping 
degree of wort. 
The pH increased slightly after maturation, as 
the values for beers with 200 mg/l α-acids were 
identical - 4.80. The control value was slightly 
lower. 
The amount of assimilated α-amino nitrogen 
increased slightly after maturation, remaining 
the highest for control variant - over 67% (two 
thirds of the initial amount of α-amino nitrogen 
in the wort was absorbed by the yeasts). For 
beers with a higher hopping degree, the 
assimilated α-amino nitrogen was 61-62%. 
The bitterness of the beer containing 120 mg/l 
α-acids was 25.5 bitter units, while for the 200 
mg/l α-acids the values were expectedly higher. 
Dry hopping contributed to enhancing the hop 
aroma but did not significantly affect the 
bitterness of the beer. The usage of bitter 
substances was higher for the control (over 
21%). A higher hopping degree of wort 
resulted in higher losses of bitter substances, 
which was associated with precipitation losses. 
Polyphenols are considered to be the main 
natural antioxidants in brewing (Whittle et al., 
1999). Their antioxidant activity is extremely 
important in terms of human health (Kocyigit 
& Selek, 2016), so it is important to monitor 
their content in food and beverages. In our 
study, the polyphenol content of the control 
variant ale (120 mg/l α-acids) was 280.5 mg/l. 
For the highly hopped variants, a slight 
increase was reported (about 1.07 times fold). 
Flavonoids are a large group of natural 
polyphenolic compounds having a benzo-γ-
pyrone structure (Kumar & Pandey, 2013). 

 
They are considered to have health-promoting 
properties due to their high antioxidant capacity 
in vivo and in vitro systems (Cook & Samman, 
1996; Rice-Evans et al., 1995). 
The amount of flavonoids in the control variant 
ale was over 21 mg/l. Like polyphenols, beers 
with a higher hopping degree showed an 
increase (about 1.2 times fold). 
Another important parameter related to the total 
antioxidant capacity of beer is the content of 
anthocyanins. They are water-soluble pigments 
belonging to the phenolic group, known for 
their antioxidant properties (Khoo et al., 2017). 
The amount of anthocyanins for the control 
variant ale was 85.2 mg/l. For the other 
experimental variants, the values showed an 
insignificant increase. The higher hopping 
degree of wort did not have a significant effect 
on the content of anthocyanins in beer. 
The antioxidant activity of beers (Table 8) was 
expressed as equivalent of two important 
antioxidant vitamins, C and E (Wassmann et 
al., 2004). 
 

Table 8. Antioxidant activity of aged beer 
Parameters 120 mg/l 

α-acids 
(control 
variant) 

200 mg/l 
α-acids 

200 mg/l  
α-acids 

with 3 g/l dry 
hopping 

Antioxidant activity  
 - equ. vit. E mmol/l 
 - equ. vit. С mmol/l 

 
531.31 

1380.53 

 
562.24 

1436.34 

 
571.08 

1452.29 

 
Antioxidant activity, expressed as equivalent 
vitamin C mmol/l, was 1380.53 for the control 
variant. For the beers with 200 mg/l α-acids, a 
slight increase was reported (1.04-1.05 times 
fold). The increase in calculation relative to 
vitamin E was similar (1.06-1.08 times fold). 
Table 9 shows the increase in the content of 
polyphenols, flavanoids, anthocyanins and 
antioxidant activity in beers with a higher 
hopping degree than the control variant. 
 

Table 9. Increase in the main parameters  
related to the total antioxidant capacity of beer,  
for the variants with a higher hopping degree  

compared to the control variant, % 
Parameters 200 mg/l 

α-acids 
200 mg/l  

α-acids with 
3 g/l dry hopping 

Polyphenols 6.6 7.1 
Flavonoids 20.6 23.8 
Anthocyanins 0.7 0.9 
Antioxidant activity 
- equ. vit. E mmol/l 
- equ. vit. С mmol/l 

 
5.8 
4 

 
7.5 
5.2 

There was an increase (to varying degrees) in 
the parameters related to the total antioxidant 
capacity of beers with a higher hopping degree 
than the control variant. The most significant 
increase was observed for flavonoids - 20.6% 
for 200 mg/l α-acids and 23.8% for 200 mg/l α-
acids with 3 g/l dry hopping. The content of 
polyphenols was increased by 6.6-7.1%, and 
for anthocyanins the increase was insignificant 
(less than 1%). Antioxidant activity, expressed 
as equ. vit. С mmol/l, increased by 4% and 
5.2%, respectively, compared to the control. 
When calculated relative to vitamin E, the 
increase was 5.8-7.5%. 
 
CONCLUSIONS  
 
The higher hopping degree of wort did not lead 
to disturbances in the development and 
reproduction of yeasts. No deviations in the 
normal parameters of the fermentation process 
were found. 
For beers containing 200 mg/l α-acids, the most 
significant was the increase of flavonoids 
(20.6-23.8%) compared to the 120 mg/l α-acids 
variant. 
Polyphenols in highly hopped beers were 
increased by 6.6-7.1% compared to moderate 
hopped beer.  
The content of anthocyanins in beer was not 
significantly affected by the addition of more 
hops.  
The antioxidant activity showed an increase of 
4-5.2% in samples with a higher hopping 
degree compared to the control variant. When 
calculated relative to vitamin E, the increase 
was 5.8-7.5%. 
Based on the data it can be concluded that a 
higher hopping degree contributes to improved 
functional properties of ale beer. 
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Table 6. Microbiological analyses of the brewing yeast 

strain at the end of main fermentation 
Parameters 120 mg/l 

α-acids 
(control 
variant) 

200 mg/l 
α-acids 

200 mg/l  
α-acids  

with  
3 g/l  dry 
hopping 

АР-test  
(fermentation 
activity) 

2.74 2.70 2.69 

Biomass increase,  
times fold 

1.81 1.80 1.76 

Dead cells, % 11 12 13 

 
The results of the fermentation activity test (AP 
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61.67 61.39 61.08 
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- assimilated, % 

 
62.5 

67.45 

 
73.1 
61.12 

 
70.8 
62.34 

Clarity 0.7 0.6 0.7 
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They are considered to have health-promoting 
properties due to their high antioxidant capacity 
in vivo and in vitro systems (Cook & Samman, 
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antioxidant vitamins, C and E (Wassmann et 
al., 2004). 
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Antioxidant activity, expressed as equivalent 
vitamin C mmol/l, was 1380.53 for the control 
variant. For the beers with 200 mg/l α-acids, a 
slight increase was reported (1.04-1.05 times 
fold). The increase in calculation relative to 
vitamin E was similar (1.06-1.08 times fold). 
Table 9 shows the increase in the content of 
polyphenols, flavanoids, anthocyanins and 
antioxidant activity in beers with a higher 
hopping degree than the control variant. 
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Anthocyanins 0.7 0.9 
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5.8 
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There was an increase (to varying degrees) in 
the parameters related to the total antioxidant 
capacity of beers with a higher hopping degree 
than the control variant. The most significant 
increase was observed for flavonoids - 20.6% 
for 200 mg/l α-acids and 23.8% for 200 mg/l α-
acids with 3 g/l dry hopping. The content of 
polyphenols was increased by 6.6-7.1%, and 
for anthocyanins the increase was insignificant 
(less than 1%). Antioxidant activity, expressed 
as equ. vit. С mmol/l, increased by 4% and 
5.2%, respectively, compared to the control. 
When calculated relative to vitamin E, the 
increase was 5.8-7.5%. 
 
CONCLUSIONS  
 
The higher hopping degree of wort did not lead 
to disturbances in the development and 
reproduction of yeasts. No deviations in the 
normal parameters of the fermentation process 
were found. 
For beers containing 200 mg/l α-acids, the most 
significant was the increase of flavonoids 
(20.6-23.8%) compared to the 120 mg/l α-acids 
variant. 
Polyphenols in highly hopped beers were 
increased by 6.6-7.1% compared to moderate 
hopped beer.  
The content of anthocyanins in beer was not 
significantly affected by the addition of more 
hops.  
The antioxidant activity showed an increase of 
4-5.2% in samples with a higher hopping 
degree compared to the control variant. When 
calculated relative to vitamin E, the increase 
was 5.8-7.5%. 
Based on the data it can be concluded that a 
higher hopping degree contributes to improved 
functional properties of ale beer. 
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Abstract  
 
Diarrhea and digestive disorders represent one of the leading causes of mortality in calves during the first days of life. 
This study aimed to establish the level of antibiotic resistance of the flora identified in calves with digestive problems 
and also in their environment. Bălțată Românească calves aged up to three weeks, showing an increased 
morbidity/mortality from a farm in Brașov county, as well as their habitat were sampled. Eight antimicrobials used in 
ruminants and on this specific farm (penicillin, streptomycin, amoxicillin, gentamicin, oxytetracycline, tulathromycin, 
cefaclor, trimethoprim/ sulfamethoxazole) were tested for their efficacy against the bacterial isolates. The samples were 
subjected to standard microbiological examinations; subsequently, strains such as Escherichia fergusoni, Escherichia 
hermannii, Shigella dysenteriae, Proteus penneri, Morganella morganii ssp. siboni, Escherichia coli, Escherichia 
vulneris, with potentially high pathogenicity were identified. The highest antibacterial efficacy was observed with 
gentamicin. The MAR (multiple antibiotic resistance) index exceeded the value of 0.2 for each of the tested strains, 
indicating a high level of antibiotic resistance of the isolated bacterial population, thus supporting the inducive role of 
isolated species in the clinical episodes.  
 
Key words: antibiotic resistance, neonatal diarrhea, calves, E. coli. 
 
INTRODUCTION  
 
Neonatal calf diarrhea (NCD) is a significant 
cause of calf mortality, reduced growth and 
increased age, difficulty in first calving, leading 
to an economic loss worldwide (Windeyer et 
al., 2014).  
It is a multi factorial disease entity that can 
have serious financial and welfare implications 
and is one of the most prevalent diseases seen 
in calves up to 3 months (Fentie et al., 2020; 
Yimer et al., 2015).  
The disease may be triggered by both 
infectious and non-infectious factors - the 
individual characteristics of the calf, veterinary 
treatments applied, management of the herd, 
and environmental factors (Bendali et al., 
1999).  
Infectious agents are undoubtably the main 
cause of mortality. Among the numerous 
infectious agents causing NCD, rotavirus, 
coronavirus, Escherichia coli enterotoxin 
K99/F5, and Cryptosporidium parvum spp. are 
recognized as the four most encountered 
pathogens (Naylor, 2009). The aim of this 

study was to evaluate the degree of antibiotic 
resistance of Gram-negative microorganisms 
isolated from different areas in the farm and 
from diseased or healthy calves, together with 
the effectiveness of disinfection in controlling 
the bacterial population on farm. At the time of 
sampling, an elevated rate of mortality was 
seen in calves aged between 3 and 15 days, 
showing signs of severe diarrhea.  
 
Farm and animals  
The farm is located in Brașov county and at the 
time of the study comprised a herd of 70 adult 
cattle and 20 heifers of Bălțată Românească 
breed. Fatteners are also raised until the age of 
11-12 months, when they are culled at an 
average weight of 400 kg. In addition, the 
owner had bought and introduced calves from a 
few other farms in the proximity. There were 
about 100 calves on the farm, 70 bulls and 30 
females. The farm has two stables: a building 
with the capacity of accommodating 50 cows, 
dating from the communist era, and new stable 
built in 2010 which houses heifers and calves; 
this stable also has a well bounded extension in 
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Abstract  
 
Diarrhea and digestive disorders represent one of the leading causes of mortality in calves during the first days of life. 
This study aimed to establish the level of antibiotic resistance of the flora identified in calves with digestive problems 
and also in their environment. Bălțată Românească calves aged up to three weeks, showing an increased 
morbidity/mortality from a farm in Brașov county, as well as their habitat were sampled. Eight antimicrobials used in 
ruminants and on this specific farm (penicillin, streptomycin, amoxicillin, gentamicin, oxytetracycline, tulathromycin, 
cefaclor, trimethoprim/ sulfamethoxazole) were tested for their efficacy against the bacterial isolates. The samples were 
subjected to standard microbiological examinations; subsequently, strains such as Escherichia fergusoni, Escherichia 
hermannii, Shigella dysenteriae, Proteus penneri, Morganella morganii ssp. siboni, Escherichia coli, Escherichia 
vulneris, with potentially high pathogenicity were identified. The highest antibacterial efficacy was observed with 
gentamicin. The MAR (multiple antibiotic resistance) index exceeded the value of 0.2 for each of the tested strains, 
indicating a high level of antibiotic resistance of the isolated bacterial population, thus supporting the inducive role of 
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INTRODUCTION  
 
Neonatal calf diarrhea (NCD) is a significant 
cause of calf mortality, reduced growth and 
increased age, difficulty in first calving, leading 
to an economic loss worldwide (Windeyer et 
al., 2014).  
It is a multi factorial disease entity that can 
have serious financial and welfare implications 
and is one of the most prevalent diseases seen 
in calves up to 3 months (Fentie et al., 2020; 
Yimer et al., 2015).  
The disease may be triggered by both 
infectious and non-infectious factors - the 
individual characteristics of the calf, veterinary 
treatments applied, management of the herd, 
and environmental factors (Bendali et al., 
1999).  
Infectious agents are undoubtably the main 
cause of mortality. Among the numerous 
infectious agents causing NCD, rotavirus, 
coronavirus, Escherichia coli enterotoxin 
K99/F5, and Cryptosporidium parvum spp. are 
recognized as the four most encountered 
pathogens (Naylor, 2009). The aim of this 

study was to evaluate the degree of antibiotic 
resistance of Gram-negative microorganisms 
isolated from different areas in the farm and 
from diseased or healthy calves, together with 
the effectiveness of disinfection in controlling 
the bacterial population on farm. At the time of 
sampling, an elevated rate of mortality was 
seen in calves aged between 3 and 15 days, 
showing signs of severe diarrhea.  
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The farm is located in Brașov county and at the 
time of the study comprised a herd of 70 adult 
cattle and 20 heifers of Bălțată Românească 
breed. Fatteners are also raised until the age of 
11-12 months, when they are culled at an 
average weight of 400 kg. In addition, the 
owner had bought and introduced calves from a 
few other farms in the proximity. There were 
about 100 calves on the farm, 70 bulls and 30 
females. The farm has two stables: a building 
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dating from the communist era, and new stable 
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which the owner keeps some of his sheep. The 
farmer also owns a flock of 300 sheep, Țurcană 
breed, pigs for family consumption and one 
horse.    
The farm is situated on 250 ha of agricultural 
land, of which 150 ha of arable land and 100 ha 
of pasture. The source of fodder, corn for 
silage, oats, sunflower, soybeans, rye, alfalfa 
and other herbs crops are self-provided. The 
shelter is designed as a stable with medium 
stands, which are provided with tying chains at 
the edge of the manger. The floor is made of 
concrete, with sawdust or straw bedding. The 
lighting of the shelter is both natural and 
artificial. In the cold season, the animals have 
permanent housing, in the warm season they 
are taken out to pasture, and the pregnant 
heifers and the young are kept outside. 
The calves are kept in boxes of 2-4 individuals 
in the first 15 days, then they are distributed 
into groups of 4-8, until weaning. After 
weaning, they are placed in boxes of 15-20 
calves. Feeding is done by teat.  
The mandatory sanitary actions had been 
previously carried through. All the animals had 
been subjected to the intradermal skin test for 
tuberculosis, anthrax vaccination, and to 
serological surveillance for enzootic bovine 
leukosis (EBL), bovine brucellosis and 
paratuberculosis.  
 
Feed ratio  
Animal feed consists of silage, alfalfa hay, hay 
and concentrated fodder composed of corn, 
wheat, oats, sunflower and soybeans (heat 
treated or soybean meal). Dairy cows are given 
a feed consisting of 50% silo, 25% alfalfa 
hay/grass, 20% flour and 5% premix mixed 
with flour (Table 1).  
 

Table 1. Feed ratio according to age 
 Days 0-

7  
Days  
7-70 

Days 
71-130  

Days 
131-205  

Days 
206- 
330  

Colostrum 6 L/day - - - - 
Milk 
substituents 
(milk powder) 

 
- 

 
6 L/day 

 
- 

 
- 

 
- 

Concentrated 
fodder 

- A.l. 
(approx. 
intake 40 kg) 

2 
kg/day 

8 
kg/day 

15 
kg/day 

Alfalfa hay - A.l. A.l. A.l. A.l. 
Mineral cubes - A.l. A.l. A.l. A.l. 
Corn silage - - - 10 kg 15 kg 
Water - A.l. A.l. A.l. A.l. 
A.l.= ad libitum 
 

Description of morbid episodes  
Once the number of cows on the farm 
increased, the farmer noticed significant rise in 
calves loss every year, from 5% to 30% in 4 
years. In 2020, out of 80 calves of own pro-
duction, about 50% showed digestive and 
respiratory problems. 50% of these died 
between 2 days and 6 weeks of age. The 
digestive symptoms included diarrhea, progre-
ssive weight loss, severe dehydration with 
enophthalmia, and permanent recumbency. 
Others conveyed respiratory signs, such as 
coughing and dyspnea. New calves were 
brought in and the number of calves reached 
100. They were kept in boxes accommodating 
of 4-5 individuals each, for a 14 days quaran-
tine. Antibiotics (tulathromycin and oxytetracy-
cline) and vitamins were prophylactically 
administered when introduced into the herd. 
In 2021, out of a total of 60 calves, about 40% 
showed signs of disease and approximately 
40% died. 50 calves were subsequently 
introduced in order to restore the population. 
The same conduct was applied the next year, 
the calves were kept in boxes of 4-5 calves 
each, and upon introduction into the herd, they 
were prophylactically administered antibiotics 
(tulathromycin and amoxicillin) and vitamins. 
After weaning, they were placed in boxes of 
15-20 individuals. 
 
MATERIALS AND METHODS 
 
Collection and transport of samples 
Samples were taken either from healthy calves, 
from carcasses of from calves recovered from 
disease, from their stalls and from other farm 
areas difficult to reach (Table 2). These were 
collected using sterile swabs, moistened with 
0.9% saline, which were subsequently 
introduced into Amies transport medium. The 
sampling from calves was done by inserting the 
tampon into the rectum and gently rotating the 
swab for 5 seconds. The samples were 
transported safely, at constant temperatures, 
protected from the action of sunlight and low 
temperatures. 8 samples were taken from 
animals/places at 28 days interval. The samples 
were transported to the Laboratory of 
Infectious Diseases within the Faculty of 
Veterinary Medicine, Cluj-Napoca, where they 
underwent bacteriological examination. 

First sampling was done in March, as most 
parturitions occur during this month. The 
collection of the second round of samples was 
done within 4 weeks of the first sampling, 
under the conditions of application of chlorine 
and formalin-based disinfectants. It followed 
the same protocol, but included other calves 
with diarrhea or clinically healthy, aged 
between 2 and 4 weeks.  
 

Table 2. Sampling sites and materials 

Sample 
no. 

First sampling 
source 

Second 
sampling 
source 

Sampled 
material 

1. Stall no. 1 Stall no. 1 Walls and 
hardly 
accesible 
areas 

2. 2 days old calf 
with diarrhea 

8 days calf with 
diarrhea 

Rectum and 
feces 

3. 10 days old 
healthy calf 

12 days calf 
with diarrhea 

Rectum and 
feces 

4. Stall no. 2 Stall no. 2 Walls and 
hardly 
accesible 
areas 

5. Stall no. 3 Stall no. 3 Walls and 
hardly 
accesible 
areas 

6. Stall no. 4 Stall no. 4 Walls and 
hardly 
accesible 
areas 

7. Stall no. 5 Stall no. 5 Walls and 
hardly 
accesible 
areas 

8. 15 days old 
healthy calf 

20 days old 
healthy calf 

Rectum and 
feces 

 
Microbiological examination 
The samples were inoculated on meat broth and 
incubated for 24 hours at 37°C. Subsequently, 
they were transferred onto McConkey agar 
medium and subjected to the same incubation 
conditions. 
The susceptibility to antibiotics was assessed 
by the Kirby Bauer disk-diffusion method. For 
the qualitative interpretation of the results, the 
diameters in mm of the inhibition zones were 
compared with the standard diameters 
established according to the antibiotic and its 
concentration by CLSI (Clinical and 
Laboratory Standards Institute), with the 
classification of bacterial strains into three 
distinct categories; sensitive, intermediate and 

resistant. We tested with 8 antibiotics 
recommended in this species and frequently 
used on the farm: streptomycin (Oxoid, 10 
mcg/disk), amoxicillin (Oxoid, 30 mcg/disk), 
gentamicin (Oxoid, 30 mcg/disk), 
oxytetracycline (Oxoid, 30 mcg/disk), 
tulathromycin (Oxoid, 30 mcg/disk), cefaclor 
(Oxoid, 30 mcg/disk), trimethoprim/ 
sulfamethoxazole (Oxoid, 30 mcg/disk), 
penicillin (10 UI). For each bacterial strain, the 
Multiple Antibiotic Resistance (MAR) index 
was calculated according to Krumperman's 
formula. A MAR coefficient > 0.2 indicated 
exposure to high-risk sources of human or 
animal contamination, an environment with 
frequent use of antibiotics. In contrast, a MAR 
value <0.2 is considered to indicate a rare use 
or no use of antibiotics. The formula provides 
the ratio between the number of antibiotics to 
which the microorganism was resistant and the 
number of antibiotics to which it was exposed 
(Sandhu et al., 2016). 
 
Biochemical identification  
ENT 16 is a standardized identification system 
for common Enterobacteriaceae species. 16-18 
species of microorganisms are included in the 
data base. ENT 16 kit consists of 16 microtiter 
strips in the classic 96-well format containing 
dehydrated substrates. The reconstruction of 
the substrates is done by inoculating the bac-
terial suspension. Color change occurs during 
incubation, due to the metabolic activity of 
microorganisms, which causes discoloration in 
individual wells. The test results are read 
visually based on a color scale. The identi-
fication results are read from the evaluation 
table or using the evaluation software. 
 
RESULTS AND DISCUSSIONS 
 
Following the described protocol, we identified 
of a number of 7 bacterial genera at the first, 
respectively 5 bacterial genera at the second 
sampling, performed after the disinfection. 
There was no statistically significant difference 
in the abundance of microorganisms between 
the two samplings (14 vs. 15 bacterial strains). 
The two Escherichia species together, Hafnia 
alvei and Citrobacter braakii accounted for 
21.4%, followed by Leclercia adecarboxylata 
with 14.29% and Morganella morganii ssp. 
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which the owner keeps some of his sheep. The 
farmer also owns a flock of 300 sheep, Țurcană 
breed, pigs for family consumption and one 
horse.    
The farm is situated on 250 ha of agricultural 
land, of which 150 ha of arable land and 100 ha 
of pasture. The source of fodder, corn for 
silage, oats, sunflower, soybeans, rye, alfalfa 
and other herbs crops are self-provided. The 
shelter is designed as a stable with medium 
stands, which are provided with tying chains at 
the edge of the manger. The floor is made of 
concrete, with sawdust or straw bedding. The 
lighting of the shelter is both natural and 
artificial. In the cold season, the animals have 
permanent housing, in the warm season they 
are taken out to pasture, and the pregnant 
heifers and the young are kept outside. 
The calves are kept in boxes of 2-4 individuals 
in the first 15 days, then they are distributed 
into groups of 4-8, until weaning. After 
weaning, they are placed in boxes of 15-20 
calves. Feeding is done by teat.  
The mandatory sanitary actions had been 
previously carried through. All the animals had 
been subjected to the intradermal skin test for 
tuberculosis, anthrax vaccination, and to 
serological surveillance for enzootic bovine 
leukosis (EBL), bovine brucellosis and 
paratuberculosis.  
 
Feed ratio  
Animal feed consists of silage, alfalfa hay, hay 
and concentrated fodder composed of corn, 
wheat, oats, sunflower and soybeans (heat 
treated or soybean meal). Dairy cows are given 
a feed consisting of 50% silo, 25% alfalfa 
hay/grass, 20% flour and 5% premix mixed 
with flour (Table 1).  
 

Table 1. Feed ratio according to age 
 Days 0-

7  
Days  
7-70 

Days 
71-130  

Days 
131-205  

Days 
206- 
330  

Colostrum 6 L/day - - - - 
Milk 
substituents 
(milk powder) 

 
- 

 
6 L/day 

 
- 

 
- 

 
- 

Concentrated 
fodder 

- A.l. 
(approx. 
intake 40 kg) 

2 
kg/day 

8 
kg/day 

15 
kg/day 

Alfalfa hay - A.l. A.l. A.l. A.l. 
Mineral cubes - A.l. A.l. A.l. A.l. 
Corn silage - - - 10 kg 15 kg 
Water - A.l. A.l. A.l. A.l. 
A.l.= ad libitum 
 

Description of morbid episodes  
Once the number of cows on the farm 
increased, the farmer noticed significant rise in 
calves loss every year, from 5% to 30% in 4 
years. In 2020, out of 80 calves of own pro-
duction, about 50% showed digestive and 
respiratory problems. 50% of these died 
between 2 days and 6 weeks of age. The 
digestive symptoms included diarrhea, progre-
ssive weight loss, severe dehydration with 
enophthalmia, and permanent recumbency. 
Others conveyed respiratory signs, such as 
coughing and dyspnea. New calves were 
brought in and the number of calves reached 
100. They were kept in boxes accommodating 
of 4-5 individuals each, for a 14 days quaran-
tine. Antibiotics (tulathromycin and oxytetracy-
cline) and vitamins were prophylactically 
administered when introduced into the herd. 
In 2021, out of a total of 60 calves, about 40% 
showed signs of disease and approximately 
40% died. 50 calves were subsequently 
introduced in order to restore the population. 
The same conduct was applied the next year, 
the calves were kept in boxes of 4-5 calves 
each, and upon introduction into the herd, they 
were prophylactically administered antibiotics 
(tulathromycin and amoxicillin) and vitamins. 
After weaning, they were placed in boxes of 
15-20 individuals. 
 
MATERIALS AND METHODS 
 
Collection and transport of samples 
Samples were taken either from healthy calves, 
from carcasses of from calves recovered from 
disease, from their stalls and from other farm 
areas difficult to reach (Table 2). These were 
collected using sterile swabs, moistened with 
0.9% saline, which were subsequently 
introduced into Amies transport medium. The 
sampling from calves was done by inserting the 
tampon into the rectum and gently rotating the 
swab for 5 seconds. The samples were 
transported safely, at constant temperatures, 
protected from the action of sunlight and low 
temperatures. 8 samples were taken from 
animals/places at 28 days interval. The samples 
were transported to the Laboratory of 
Infectious Diseases within the Faculty of 
Veterinary Medicine, Cluj-Napoca, where they 
underwent bacteriological examination. 

First sampling was done in March, as most 
parturitions occur during this month. The 
collection of the second round of samples was 
done within 4 weeks of the first sampling, 
under the conditions of application of chlorine 
and formalin-based disinfectants. It followed 
the same protocol, but included other calves 
with diarrhea or clinically healthy, aged 
between 2 and 4 weeks.  
 

Table 2. Sampling sites and materials 

Sample 
no. 

First sampling 
source 

Second 
sampling 
source 

Sampled 
material 

1. Stall no. 1 Stall no. 1 Walls and 
hardly 
accesible 
areas 

2. 2 days old calf 
with diarrhea 

8 days calf with 
diarrhea 

Rectum and 
feces 

3. 10 days old 
healthy calf 

12 days calf 
with diarrhea 

Rectum and 
feces 

4. Stall no. 2 Stall no. 2 Walls and 
hardly 
accesible 
areas 

5. Stall no. 3 Stall no. 3 Walls and 
hardly 
accesible 
areas 

6. Stall no. 4 Stall no. 4 Walls and 
hardly 
accesible 
areas 

7. Stall no. 5 Stall no. 5 Walls and 
hardly 
accesible 
areas 

8. 15 days old 
healthy calf 

20 days old 
healthy calf 

Rectum and 
feces 

 
Microbiological examination 
The samples were inoculated on meat broth and 
incubated for 24 hours at 37°C. Subsequently, 
they were transferred onto McConkey agar 
medium and subjected to the same incubation 
conditions. 
The susceptibility to antibiotics was assessed 
by the Kirby Bauer disk-diffusion method. For 
the qualitative interpretation of the results, the 
diameters in mm of the inhibition zones were 
compared with the standard diameters 
established according to the antibiotic and its 
concentration by CLSI (Clinical and 
Laboratory Standards Institute), with the 
classification of bacterial strains into three 
distinct categories; sensitive, intermediate and 

resistant. We tested with 8 antibiotics 
recommended in this species and frequently 
used on the farm: streptomycin (Oxoid, 10 
mcg/disk), amoxicillin (Oxoid, 30 mcg/disk), 
gentamicin (Oxoid, 30 mcg/disk), 
oxytetracycline (Oxoid, 30 mcg/disk), 
tulathromycin (Oxoid, 30 mcg/disk), cefaclor 
(Oxoid, 30 mcg/disk), trimethoprim/ 
sulfamethoxazole (Oxoid, 30 mcg/disk), 
penicillin (10 UI). For each bacterial strain, the 
Multiple Antibiotic Resistance (MAR) index 
was calculated according to Krumperman's 
formula. A MAR coefficient > 0.2 indicated 
exposure to high-risk sources of human or 
animal contamination, an environment with 
frequent use of antibiotics. In contrast, a MAR 
value <0.2 is considered to indicate a rare use 
or no use of antibiotics. The formula provides 
the ratio between the number of antibiotics to 
which the microorganism was resistant and the 
number of antibiotics to which it was exposed 
(Sandhu et al., 2016). 
 
Biochemical identification  
ENT 16 is a standardized identification system 
for common Enterobacteriaceae species. 16-18 
species of microorganisms are included in the 
data base. ENT 16 kit consists of 16 microtiter 
strips in the classic 96-well format containing 
dehydrated substrates. The reconstruction of 
the substrates is done by inoculating the bac-
terial suspension. Color change occurs during 
incubation, due to the metabolic activity of 
microorganisms, which causes discoloration in 
individual wells. The test results are read 
visually based on a color scale. The identi-
fication results are read from the evaluation 
table or using the evaluation software. 
 
RESULTS AND DISCUSSIONS 
 
Following the described protocol, we identified 
of a number of 7 bacterial genera at the first, 
respectively 5 bacterial genera at the second 
sampling, performed after the disinfection. 
There was no statistically significant difference 
in the abundance of microorganisms between 
the two samplings (14 vs. 15 bacterial strains). 
The two Escherichia species together, Hafnia 
alvei and Citrobacter braakii accounted for 
21.4%, followed by Leclercia adecarboxylata 
with 14.29% and Morganella morganii ssp. 
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sibonii, Shigella dysenteriae and Proteus 
penneri with 7.14% prevalence in the 
population isolated in the first sampling.            
C. braakii and E. coli accounted for 26.66% in 
the second sampling, followed by Serratia 
odorifera with 20%, H. alvei with 13.33%, and 
Shigella dysenteriae and E. vulneris with 
6.66% (Table 3).  

 
Table 3. Biochemical identification results of both 

samplings 
Sampling site First sampling Second sampling 

Walls and hardly 
accesible areas  

1.1 Morganella 
morganii ssp. sibonii 

1.1 Citrobacter 
braakii 

1.2 Hafnia alvei 
Rectum and feces  2.1 Leclercia 

adecarboxylata 
2.2Escherichia 

fergusonii 
 

2.1 Citrobacter 
braakii 

2.2 Serratia 
odorifera bv.2 

Rectum and feces  3.1 Escherichia 
hermannii 

3.1 Escherichia 
coli 

Walls and hardly 
accesible areas  

4.1 Leclercia 
adecarboxylata 
4.2 Hafnia alvei 

4.3 Citrobacter braakii 

4.1 Shigella 
dysenteriae (gr. A) 

4.2 Escherichia 
coli 

Walls and hardly 
accesible areas  

5.1 Shigella 
dysenteriae (gr. A) 

5.2 Hafnia alvei 
5.3 Citrobacter braakii 

5.1 Serratia 
odorifera bv.1 

5.2 Escherichia 
vulneris 

5.3 Serratia 
odorifera bv.2 

Walls and hardly 
accesible areas  

6.1 Proteus penneri 6.1 Hafnia alvei 
bv.1 

Walls and hardly 
accesible areas  

7.1 Escherichia 
fergusonii 

7.1 Escherichia 
coli 

7.2 Citrobacter 
braakii 

Rectum and feces  8.1 Citrobacter braakii 
8.2 Hafnia alvei bv.1 

8.1 Citrobacter 
braakii 

8.2 Escherichia 
coli 

 
An increased bacterial load could be seen in 
calves and the environment. The most 
important bacteria blamed for the occurrence of 
neonatal diarrhea in calves in the first period of 
life belonged to the genus Escherichia. E. coli, 
E. vulnerans and E. hermannii were identified 
in the feces of calves, in the environment, in 
cracks in the walls and in inaccessible areas. 
They were also identified on the walls, areas 
continuously exposed to feces carrying various 
microorganisms. Bacteria were often found in 
areas more difficult to be reached by 
disinfectants, or where disinfectants were 
insufficiently applied. All the samples 
examined showed mixed microbial flora, in the 
majority of cases represented by the 
combination of Gram-positive and Gram-
negative bacteria. We could not observe a 
decrease in the population of bacteria or a 

significant change in its variety between the 
first and second sampling, i.e. before and after 
the disinfection was applied. 
The results showed that gentamicin was the 
most effective off all antibiotics tested on the 
bacterial populations identified at first 
sampling. It displayed antimicrobial activity 
against all agents identified on the farm, 
including E. coli, considered the most 
pathogenic. E. coli was resistant to penicillin, 
streptomycin, amoxicillin, tulathromycin, 
cefaclor, trimethoprim/sulfamethoxazole, 
amoxicillin/clavulanic acid. 
Gentamicin had a very good action on bacterial 
populations isolated in the sampling which 
followed disinfection. Cefaclor, on the other 
hand, had the lowest efficiency. Tulatromycin, 
trimethroprim/sulfamethoxazole and amoxicillin 
also showed efficiency against on E. coli. 
All of the isolates were attributed an elevated 
resistance to antibiotics, with a MAR index 
over 0.2 (Table 4). Extremely resistant were 
most of the microorganisms in the genera 
Escherichia and Citrobacter. As they were best 
represented in the samples, the finding was 
statistically defended.  
 

Table 4. MAR index for each bacterial strain identified 
         Microorganism MAR 

First sampling 
1.1 Morganella morganii ssp. sibonii 0.375 
2.1  Leclercia adecarboxylata 0.375 
2.2 Escherichia fergusonii 0.75 
3.1 Escherichia hermannii 0.75 
4.1 Leclercia adecarboxylata 0.375 
4. 2 Hafnia alvei 0.625 
4.3 Citrobacter braakii 0.375 
5.1 Shigella dysenteriae (gr. A) 0.625 
5.2 Hafnia alvei 0.75 
5.3 Citrobacter braakii 0.25 
6.1 Proteus penneri 0.75 
7.1 Escherichia fergusonii 0.75 
8.1 Citrobacter braakii 0.50 
8.2 Hafnia alvei bv. 1 0.625 

Second sampling 
1.1 Citrobacter braakii 0.625 
1.2 Hafnia alvei 0.75 
2.1 Citrobacter braakii 0.75 
2.2 Serratia odorifera bv. 2 0.75 
3.1 Escherichia coli 0,5 
4.1 Shigella dysenteriae (gr. A) 0.375 
4.2 Escherichia coli 0.375 
5.1 Serratia odorifera bv. 1 0.5 
5.2 Escherichia vulneris  0.5 
5.3 Serratia odorifera bv. 2 0.75 
5.4 Escherichia vulneris  0.75 
6.1 Hafnia alvei bv. 1 0.875 
7.1 Escherichia coli 0.75 
7.2 Citrobacter braakii  0,75 
8.1 Citrobacter braakii 0.25 
8.2 Escherichia coli 0.75 

One of the underlying reasons for the 
occurrence of neonatal diarrhea is the failure to 
transfer passive immunity (Windeyer et al., 
2014). Meanwhile it is possible that there is a 
management deficiency on farm, rendered in 
the poor hygiene - even bottle feeding of 
colostrum may be a source of                                   
E. coli contamination (Mohammed et al., 2018) 
- insufficient care for calves to suckle 
colostrum in the first few hours of life, 
vaccination was not considered for the 
prevention of the disease. In Romania, there are 
a few vaccines available, with reportedly good 
results in controlling this extremely prejudicial 
syndrome. Other results on the examination of 
samples collected from apparently healthy and 
diarrheic calves showed an incidence of 46.4%. 
The strains were sensitive to norfloxacin 
(80.7%) and resistant to ampicillin and 
cefotaxime (100%) (Mohammed et al., 2018). 
Another study on E. coli isolates showed a high 
frequency of EHEC and presence of a new 
phenotype, in both apparently healthy and 
diarrheic calves (Aref et al., 2018). 
 
CONCLUSIONS  
 
There was a significant load of microorganisms 
known to play a role in the etiology of neonatal 
calf diarrhea, most of which were extremely 
resistant to antimicrobials, which suggests the 
decisive role of bacteria in the etiology of this 
disease. The highest frequency of isolation 
belonged to Escherichia spp., which may be 
due to a deficiency of zoo hygiene in the farm. 
The results of the study indicated no decrease 
in the population of bacteria or any significant 
modification in its variety or antibiotic 
sensitivity between the first and second 
sampling, i.e. before and after the disinfection 
was applied. The extremely high level of 
antibiotic resistance found on the farm is 
alarming (Ungureanu et al., 2019). It reveals an 

intensive use of antibiotics and calls for the 
implementation of a strategy meant to limit the 
antimicrobial treatments. Molecular analysis is 
required in order to decide whether the 
bacterial strains of E. coli are highly pathogenic 
or play a lesser role in the course of the disease. 
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sibonii, Shigella dysenteriae and Proteus 
penneri with 7.14% prevalence in the 
population isolated in the first sampling.            
C. braakii and E. coli accounted for 26.66% in 
the second sampling, followed by Serratia 
odorifera with 20%, H. alvei with 13.33%, and 
Shigella dysenteriae and E. vulneris with 
6.66% (Table 3).  

 
Table 3. Biochemical identification results of both 

samplings 
Sampling site First sampling Second sampling 

Walls and hardly 
accesible areas  

1.1 Morganella 
morganii ssp. sibonii 

1.1 Citrobacter 
braakii 

1.2 Hafnia alvei 
Rectum and feces  2.1 Leclercia 

adecarboxylata 
2.2Escherichia 

fergusonii 
 

2.1 Citrobacter 
braakii 

2.2 Serratia 
odorifera bv.2 

Rectum and feces  3.1 Escherichia 
hermannii 

3.1 Escherichia 
coli 

Walls and hardly 
accesible areas  

4.1 Leclercia 
adecarboxylata 
4.2 Hafnia alvei 

4.3 Citrobacter braakii 

4.1 Shigella 
dysenteriae (gr. A) 

4.2 Escherichia 
coli 

Walls and hardly 
accesible areas  

5.1 Shigella 
dysenteriae (gr. A) 

5.2 Hafnia alvei 
5.3 Citrobacter braakii 

5.1 Serratia 
odorifera bv.1 

5.2 Escherichia 
vulneris 

5.3 Serratia 
odorifera bv.2 

Walls and hardly 
accesible areas  

6.1 Proteus penneri 6.1 Hafnia alvei 
bv.1 

Walls and hardly 
accesible areas  

7.1 Escherichia 
fergusonii 

7.1 Escherichia 
coli 

7.2 Citrobacter 
braakii 

Rectum and feces  8.1 Citrobacter braakii 
8.2 Hafnia alvei bv.1 

8.1 Citrobacter 
braakii 

8.2 Escherichia 
coli 

 
An increased bacterial load could be seen in 
calves and the environment. The most 
important bacteria blamed for the occurrence of 
neonatal diarrhea in calves in the first period of 
life belonged to the genus Escherichia. E. coli, 
E. vulnerans and E. hermannii were identified 
in the feces of calves, in the environment, in 
cracks in the walls and in inaccessible areas. 
They were also identified on the walls, areas 
continuously exposed to feces carrying various 
microorganisms. Bacteria were often found in 
areas more difficult to be reached by 
disinfectants, or where disinfectants were 
insufficiently applied. All the samples 
examined showed mixed microbial flora, in the 
majority of cases represented by the 
combination of Gram-positive and Gram-
negative bacteria. We could not observe a 
decrease in the population of bacteria or a 

significant change in its variety between the 
first and second sampling, i.e. before and after 
the disinfection was applied. 
The results showed that gentamicin was the 
most effective off all antibiotics tested on the 
bacterial populations identified at first 
sampling. It displayed antimicrobial activity 
against all agents identified on the farm, 
including E. coli, considered the most 
pathogenic. E. coli was resistant to penicillin, 
streptomycin, amoxicillin, tulathromycin, 
cefaclor, trimethoprim/sulfamethoxazole, 
amoxicillin/clavulanic acid. 
Gentamicin had a very good action on bacterial 
populations isolated in the sampling which 
followed disinfection. Cefaclor, on the other 
hand, had the lowest efficiency. Tulatromycin, 
trimethroprim/sulfamethoxazole and amoxicillin 
also showed efficiency against on E. coli. 
All of the isolates were attributed an elevated 
resistance to antibiotics, with a MAR index 
over 0.2 (Table 4). Extremely resistant were 
most of the microorganisms in the genera 
Escherichia and Citrobacter. As they were best 
represented in the samples, the finding was 
statistically defended.  
 

Table 4. MAR index for each bacterial strain identified 
         Microorganism MAR 

First sampling 
1.1 Morganella morganii ssp. sibonii 0.375 
2.1  Leclercia adecarboxylata 0.375 
2.2 Escherichia fergusonii 0.75 
3.1 Escherichia hermannii 0.75 
4.1 Leclercia adecarboxylata 0.375 
4. 2 Hafnia alvei 0.625 
4.3 Citrobacter braakii 0.375 
5.1 Shigella dysenteriae (gr. A) 0.625 
5.2 Hafnia alvei 0.75 
5.3 Citrobacter braakii 0.25 
6.1 Proteus penneri 0.75 
7.1 Escherichia fergusonii 0.75 
8.1 Citrobacter braakii 0.50 
8.2 Hafnia alvei bv. 1 0.625 

Second sampling 
1.1 Citrobacter braakii 0.625 
1.2 Hafnia alvei 0.75 
2.1 Citrobacter braakii 0.75 
2.2 Serratia odorifera bv. 2 0.75 
3.1 Escherichia coli 0,5 
4.1 Shigella dysenteriae (gr. A) 0.375 
4.2 Escherichia coli 0.375 
5.1 Serratia odorifera bv. 1 0.5 
5.2 Escherichia vulneris  0.5 
5.3 Serratia odorifera bv. 2 0.75 
5.4 Escherichia vulneris  0.75 
6.1 Hafnia alvei bv. 1 0.875 
7.1 Escherichia coli 0.75 
7.2 Citrobacter braakii  0,75 
8.1 Citrobacter braakii 0.25 
8.2 Escherichia coli 0.75 

One of the underlying reasons for the 
occurrence of neonatal diarrhea is the failure to 
transfer passive immunity (Windeyer et al., 
2014). Meanwhile it is possible that there is a 
management deficiency on farm, rendered in 
the poor hygiene - even bottle feeding of 
colostrum may be a source of                                   
E. coli contamination (Mohammed et al., 2018) 
- insufficient care for calves to suckle 
colostrum in the first few hours of life, 
vaccination was not considered for the 
prevention of the disease. In Romania, there are 
a few vaccines available, with reportedly good 
results in controlling this extremely prejudicial 
syndrome. Other results on the examination of 
samples collected from apparently healthy and 
diarrheic calves showed an incidence of 46.4%. 
The strains were sensitive to norfloxacin 
(80.7%) and resistant to ampicillin and 
cefotaxime (100%) (Mohammed et al., 2018). 
Another study on E. coli isolates showed a high 
frequency of EHEC and presence of a new 
phenotype, in both apparently healthy and 
diarrheic calves (Aref et al., 2018). 
 
CONCLUSIONS  
 
There was a significant load of microorganisms 
known to play a role in the etiology of neonatal 
calf diarrhea, most of which were extremely 
resistant to antimicrobials, which suggests the 
decisive role of bacteria in the etiology of this 
disease. The highest frequency of isolation 
belonged to Escherichia spp., which may be 
due to a deficiency of zoo hygiene in the farm. 
The results of the study indicated no decrease 
in the population of bacteria or any significant 
modification in its variety or antibiotic 
sensitivity between the first and second 
sampling, i.e. before and after the disinfection 
was applied. The extremely high level of 
antibiotic resistance found on the farm is 
alarming (Ungureanu et al., 2019). It reveals an 

intensive use of antibiotics and calls for the 
implementation of a strategy meant to limit the 
antimicrobial treatments. Molecular analysis is 
required in order to decide whether the 
bacterial strains of E. coli are highly pathogenic 
or play a lesser role in the course of the disease. 
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Abstract 
 
The effect of plowing depth (20-22; 28-30 cm), mineral fertilization rates (N-P: 0-0, 60-60, 120-120 kg ha-1), and crops 
density (35,000, 50,000, 65,000, 80,000 plants ha-1) on the yield, and water use efficiency (WUE) of drip-irrigated 
sweet corn were studied. The field experiment was conducted in the semi-arid climatic conditions of the South of 
Ukraine (Kherson oblast) at the dark-chestnut middle-loamy soil. The trials were conducted using split-plot design in 
four replications. Irrigation scheduling and rates were set by the field water balance method considering the amounts of 
available soil moisture and precipitation. Manual harvesting of the crop ears was conducted at R3 phenological stage. 
WUE was calculated as the ratio of the ears’ yield to the gross water use of the crop. Statistical evaluation was 
performed by analysis of variance (ANOVA) and regression analysis at the probability level of 95%. The studied factors 
and their interaction had a significant effect on sweet corn productivity and WUE. The best crop productivity along with 
the best WUE was provided by plowing on 20-22 cm, fertilization rates of 120-120 kg ha-1, and crops density of 65,000 
plants ha-1. 
 
Key words: Zea mays L., water management, crop productivity, cultivation technology. 
 
INTRODUCTION 
 
Sweet corn (Zea mays L. ssp. saccharata 
Sturt.) is an annual crop, which belongs to 
Poacea family (Tracy, 2000). It is the only 
Poacea crop, which is a vegetable crop, which 
is primarily used for food (Leath et al., 1982). 
Sweet corn, both of su, se and sh2 genotype, is 
a mutant form of corn, which derives due to the 
recessive genes that suppress the 
transformation of sugars into starch in the 
kernels while their ripening (Ferguson et al., 
1978; Tracy et al., 2006). Thanks to this feature 
it received its high organoleptic qualities. 
Each year sweet corn grows more and more 
important due to its high nutritional and dietary 
value accompanied by incredible taste and 
flavor (Szymanek et al., 2005). The demand for 
sweet corn is increasing. Most sweet corn is 
produced for fresh market, and partially it is pro-
ceeded for frozen products, cannery, pickles, etc. 
Most sweet corn is produced in the USA with 
the total fresh market production of nearly 1.49 
million tons in 2013 (NASS, 2013). Sweet corn 

production in the countries of the Euro Union is 
constantly growing. The crop is mostly 
cultivated in Western Europe (France - 26,000 
ha, Italy - 3,800 ha), Hungary - 39,000 ha, and 
Israel - 3,500 ha. In the recent years, areas 
under sweet corn in Poland increased to 3,000 
ha, in Ukraine - to 6,000 ha, respectively. 
Annual consumption of sweet corn in Western 
Europe and the USA is about 10-15 kg per 
capita, while in Eastern Europe it is still very 
low (Szymanek et al., 2005). 
Sweet corn in Ukraine remains a destiny of 
small farm-holders, and it is mostly cultivated 
on the plots of 0.5-1.5 ha with only few farms, 
which dare to grow sweet corn by the conveyor 
method on the areas of about 50 ha. However, 
we believe that Ukraine has a great potential 
for becoming one of the major European sweet 
corn producers because of favorable soil-
climatic conditions of the country, especially, 
its Southern regions. The main reason of low 
interest of Ukrainian agricultural producers in 
sweet corn cultivation we see in the absence of 
adequate scientifically based recommendations 

for its agrotechnology. Modern scientific 
literature has lots of information related to 
sweet corn cultivation technology, however, the 
results of different studies are quite different 
because of a few reasons, including different 
growth conditions, hybrids used, soil 
peculiarities, agricultural machines, etc. 
So, researchers studied the effect of tillage 
system and fertilization on sweet corn 
productivity at the research station of the 
Institute of Plant Breeding of the Philippines in 
2016 showed that conventional tillage, which 
provided 46.4 t ha-1 of ears, is more 
advantageous than no-till, while the studied 
fertilization options did not cause any 
significant effect on the crop growth and 
productivity (Canatoy, 2018). The field trials 
conducted in 2008 at sandy clay loam soil in 
the humid climate of the research farm of 
University Putra Malaysia proved that 
significantly higher yield of sweet corn ears 
was provided by tillage system with disk 
plowing followed by harrowing (10.55 t ha-1), 
while rotary cultivator tillage and moldboard 
plowing systems were considerably worse with 
yields of 8.88 and 9.58 t ha-1, respectively. 
Besides, the study showed that the maximum 
sweet corn productivity was achieved on the 
crops with the highest density of plants (seed 
spacing of 20 cm) - 12.52 t ha-1, while seed 
spacing of 30 and 40 cm resulted in the 
significant yield losses of 3.22 and 5.31 t ha-1, 
respectively (Hosseinali et al., 2017). Sweet 
corn reaction on tillage was studied in 1994 at 
the silt loam soil of Weslaco where the best 
option was proved to be a ridge tillage, which 
provided 0.16-1.19 t ha-1 more ears yield than 
conventional and no-till systems (Makus, 
2000). 
There are also several scientific reports related 
to the effect of mineral fertilization on sweet 
corn yield. The trials conducted at the Tirhut 
College of Agriculture (India) during the Rabi 
season in 2014-2015 revealed that the highest 
seed yield of sweet corn (16.87 t ha-1) were 
provided by the fertilization system with NPK 
rates of 120:60:45 at the crops spacing of 
45×20 cm under the flat bed planting thereafter 
further strengthening of the crop nutrition led to 
slight decrease in the yield (Kumar & Narayan, 
2018). The results of the study conducted at the 
irrigated lands of Guaira, Brazil in 2013 on the 

acric and eutrophic Latosol soil showed that 
sweet corn yields increased in response to the 
increase of Nitrogen fertilization from 0 to 300 
kg ha-1 - from 6.747 to 9.666 t ha-1 of 
marketable ears (Cruz et al., 2015). In the field 
experiments conducted at the plain field sand of 
the University of Illinois River Valley Sand 
Field in 1990 with different sh2 sweet corn 
hybrids the most yield of kernels was obtained 
at the highest Nitrogen rate of 310 kg ha-1 - 6.7-
7.2 t ha-1 (Wang et al., 1995). The study 
conducted at the Highland Rim Experiment 
Station in Springfield during 1993-1995 with 
three sweet corn hybrids showed that the 
highest ears yield of 3.7 t acre-1 was obtained 
under the most quantity of Nitrogen fertilizers 
used (168 kg ha-1). However, Nitrogen rate of 
112 kg ha-1 provided just slightly worse crop 
productivity of 3.6 t acre-1 (Mullins et al., 
1999). So, the results of most studies allow us 
to suggest that usually the more fertilizers are 
applied, the more yield can be potentially got. 
However, this hypothesis requires examination. 
There are different opinions on the optimal 
plant density of sweet corn for better crop 
productivity. The highest average yield of 
sweet corn obtained in the field experiments at 
northeastern US in 1996-1997 was 4.26 t acre-1 
(in dry matter) at the plant density of 28,000 
plants acre-1 (Morris et al., 2000). By the results 
of the experiment conducted at the plain of 
Isparta, Turkey, in 1997-1998 the highest yield 
of marketable sweet corn ears was obtained on 
the variants with plant density of 5.7 plants m-2 
- 9.3-11.1 t ha-1 in comparison to 9.0-10.2 and 
8.9-10.5 t ha-1 on the variants with plant density 
of 4.1 and 9.5, respectively (Akman, 2002). 
Shin et al. (2014) reported about no significant 
changes in sweet corn marketable ears yield 
related to plant density. As it is obvious, the 
optimum plant density of sweet corn crops 
differs depending on the peculiarities of the 
crop cultivation, hybrids’ genotypes, and envi-
ronmental conditions. That is why it is impor-
tant to study the effects of certain aggrotech-
nological elements in the concrete agro-envi-
ronmental conditions. The goal of our study 
was to determine the effect of the depth of 
moldboard plowing, nitrogen-phosphorus ferti-
lization rates and plant density on sweet corn 
productivity at the drip-irrigated conditions of 
the semi-arid zone of Eastern Europe. 
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Abstract 
 
The effect of plowing depth (20-22; 28-30 cm), mineral fertilization rates (N-P: 0-0, 60-60, 120-120 kg ha-1), and crops 
density (35,000, 50,000, 65,000, 80,000 plants ha-1) on the yield, and water use efficiency (WUE) of drip-irrigated 
sweet corn were studied. The field experiment was conducted in the semi-arid climatic conditions of the South of 
Ukraine (Kherson oblast) at the dark-chestnut middle-loamy soil. The trials were conducted using split-plot design in 
four replications. Irrigation scheduling and rates were set by the field water balance method considering the amounts of 
available soil moisture and precipitation. Manual harvesting of the crop ears was conducted at R3 phenological stage. 
WUE was calculated as the ratio of the ears’ yield to the gross water use of the crop. Statistical evaluation was 
performed by analysis of variance (ANOVA) and regression analysis at the probability level of 95%. The studied factors 
and their interaction had a significant effect on sweet corn productivity and WUE. The best crop productivity along with 
the best WUE was provided by plowing on 20-22 cm, fertilization rates of 120-120 kg ha-1, and crops density of 65,000 
plants ha-1. 
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INTRODUCTION 
 
Sweet corn (Zea mays L. ssp. saccharata 
Sturt.) is an annual crop, which belongs to 
Poacea family (Tracy, 2000). It is the only 
Poacea crop, which is a vegetable crop, which 
is primarily used for food (Leath et al., 1982). 
Sweet corn, both of su, se and sh2 genotype, is 
a mutant form of corn, which derives due to the 
recessive genes that suppress the 
transformation of sugars into starch in the 
kernels while their ripening (Ferguson et al., 
1978; Tracy et al., 2006). Thanks to this feature 
it received its high organoleptic qualities. 
Each year sweet corn grows more and more 
important due to its high nutritional and dietary 
value accompanied by incredible taste and 
flavor (Szymanek et al., 2005). The demand for 
sweet corn is increasing. Most sweet corn is 
produced for fresh market, and partially it is pro-
ceeded for frozen products, cannery, pickles, etc. 
Most sweet corn is produced in the USA with 
the total fresh market production of nearly 1.49 
million tons in 2013 (NASS, 2013). Sweet corn 

production in the countries of the Euro Union is 
constantly growing. The crop is mostly 
cultivated in Western Europe (France - 26,000 
ha, Italy - 3,800 ha), Hungary - 39,000 ha, and 
Israel - 3,500 ha. In the recent years, areas 
under sweet corn in Poland increased to 3,000 
ha, in Ukraine - to 6,000 ha, respectively. 
Annual consumption of sweet corn in Western 
Europe and the USA is about 10-15 kg per 
capita, while in Eastern Europe it is still very 
low (Szymanek et al., 2005). 
Sweet corn in Ukraine remains a destiny of 
small farm-holders, and it is mostly cultivated 
on the plots of 0.5-1.5 ha with only few farms, 
which dare to grow sweet corn by the conveyor 
method on the areas of about 50 ha. However, 
we believe that Ukraine has a great potential 
for becoming one of the major European sweet 
corn producers because of favorable soil-
climatic conditions of the country, especially, 
its Southern regions. The main reason of low 
interest of Ukrainian agricultural producers in 
sweet corn cultivation we see in the absence of 
adequate scientifically based recommendations 

for its agrotechnology. Modern scientific 
literature has lots of information related to 
sweet corn cultivation technology, however, the 
results of different studies are quite different 
because of a few reasons, including different 
growth conditions, hybrids used, soil 
peculiarities, agricultural machines, etc. 
So, researchers studied the effect of tillage 
system and fertilization on sweet corn 
productivity at the research station of the 
Institute of Plant Breeding of the Philippines in 
2016 showed that conventional tillage, which 
provided 46.4 t ha-1 of ears, is more 
advantageous than no-till, while the studied 
fertilization options did not cause any 
significant effect on the crop growth and 
productivity (Canatoy, 2018). The field trials 
conducted in 2008 at sandy clay loam soil in 
the humid climate of the research farm of 
University Putra Malaysia proved that 
significantly higher yield of sweet corn ears 
was provided by tillage system with disk 
plowing followed by harrowing (10.55 t ha-1), 
while rotary cultivator tillage and moldboard 
plowing systems were considerably worse with 
yields of 8.88 and 9.58 t ha-1, respectively. 
Besides, the study showed that the maximum 
sweet corn productivity was achieved on the 
crops with the highest density of plants (seed 
spacing of 20 cm) - 12.52 t ha-1, while seed 
spacing of 30 and 40 cm resulted in the 
significant yield losses of 3.22 and 5.31 t ha-1, 
respectively (Hosseinali et al., 2017). Sweet 
corn reaction on tillage was studied in 1994 at 
the silt loam soil of Weslaco where the best 
option was proved to be a ridge tillage, which 
provided 0.16-1.19 t ha-1 more ears yield than 
conventional and no-till systems (Makus, 
2000). 
There are also several scientific reports related 
to the effect of mineral fertilization on sweet 
corn yield. The trials conducted at the Tirhut 
College of Agriculture (India) during the Rabi 
season in 2014-2015 revealed that the highest 
seed yield of sweet corn (16.87 t ha-1) were 
provided by the fertilization system with NPK 
rates of 120:60:45 at the crops spacing of 
45×20 cm under the flat bed planting thereafter 
further strengthening of the crop nutrition led to 
slight decrease in the yield (Kumar & Narayan, 
2018). The results of the study conducted at the 
irrigated lands of Guaira, Brazil in 2013 on the 

acric and eutrophic Latosol soil showed that 
sweet corn yields increased in response to the 
increase of Nitrogen fertilization from 0 to 300 
kg ha-1 - from 6.747 to 9.666 t ha-1 of 
marketable ears (Cruz et al., 2015). In the field 
experiments conducted at the plain field sand of 
the University of Illinois River Valley Sand 
Field in 1990 with different sh2 sweet corn 
hybrids the most yield of kernels was obtained 
at the highest Nitrogen rate of 310 kg ha-1 - 6.7-
7.2 t ha-1 (Wang et al., 1995). The study 
conducted at the Highland Rim Experiment 
Station in Springfield during 1993-1995 with 
three sweet corn hybrids showed that the 
highest ears yield of 3.7 t acre-1 was obtained 
under the most quantity of Nitrogen fertilizers 
used (168 kg ha-1). However, Nitrogen rate of 
112 kg ha-1 provided just slightly worse crop 
productivity of 3.6 t acre-1 (Mullins et al., 
1999). So, the results of most studies allow us 
to suggest that usually the more fertilizers are 
applied, the more yield can be potentially got. 
However, this hypothesis requires examination. 
There are different opinions on the optimal 
plant density of sweet corn for better crop 
productivity. The highest average yield of 
sweet corn obtained in the field experiments at 
northeastern US in 1996-1997 was 4.26 t acre-1 
(in dry matter) at the plant density of 28,000 
plants acre-1 (Morris et al., 2000). By the results 
of the experiment conducted at the plain of 
Isparta, Turkey, in 1997-1998 the highest yield 
of marketable sweet corn ears was obtained on 
the variants with plant density of 5.7 plants m-2 
- 9.3-11.1 t ha-1 in comparison to 9.0-10.2 and 
8.9-10.5 t ha-1 on the variants with plant density 
of 4.1 and 9.5, respectively (Akman, 2002). 
Shin et al. (2014) reported about no significant 
changes in sweet corn marketable ears yield 
related to plant density. As it is obvious, the 
optimum plant density of sweet corn crops 
differs depending on the peculiarities of the 
crop cultivation, hybrids’ genotypes, and envi-
ronmental conditions. That is why it is impor-
tant to study the effects of certain aggrotech-
nological elements in the concrete agro-envi-
ronmental conditions. The goal of our study 
was to determine the effect of the depth of 
moldboard plowing, nitrogen-phosphorus ferti-
lization rates and plant density on sweet corn 
productivity at the drip-irrigated conditions of 
the semi-arid zone of Eastern Europe. 
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Besides high productivity and economic 
efficiency, modern cultivation technology 
should guarantee the most efficient use both of 
renewable and non-renewable natural resources 
(especially, water), material resources and labor 
(Aldrich et al., 1975). That is why the second 
important goal of our study was to determine 
the water use efficiency of sweet corn under the 
impact of different cultivation options. Sweet 
corn has comparatively high irrigation water 
requirements, which are fluctuating within 142-
361 mm per growing cycle depending on the 
length of vegetative period, weather conditions, 
hybrid genotype, irrigation method, etc. (Wendt 
et al., 1977) Therefore, water limitation is the 
main factor of sweet corn yield decrease in the 
arid and semi-arid regions of our planet, which 
suffer from insufficient amounts of 
precipitation (Garcia y Garcia et al., 2009). The 
best way of improving the crop growth 
conditions in this case is artificial application of 
water - irrigation. And the only way of getting 
the best payout of the applied irrigation water is 
an introduction of rational cultivation 
technology, which can drastically improve 
water use efficiency of the crop (Phene & 
Beale, 1976). The study devoted to 
investigation of how tillage system effects 
sweet corn water use revealed that the most 
water use of the crop was provided by no-till 
(446 mm), while the lowest value of the index 
(424 mm) was guaranteed by conduction of 
conventional tillage (Petersen et al., 1985). 
Better nutrition results in the increase of the 
crop productivity, and, in its turn, in higher 
water use efficiency under the same irrigation 
schedule. For example, the results of the study 
conducted by Souza et al. (2016) in Brazil 
report about the increase of sweet corn water 
use efficiency with enough nitrogen 
fertilization. Water use efficiency and 
productivity of sweet corn is also affected by 
planting techniques, weed management (Zystro 
et al., 2012), inter-row pacing and peculiarities 
of placement of drip tape under the drip-
irrigated conditions (Al-Hurmuzi & Topak, 
2018), irrigation scheduling and irrigation 
water quality (Stone et al., 2001; Lykhovyd et 
al., 2019), genotype, soil, and weather 
conditions (Garcia y Garcia et al., 2009). 
Therefore, we found it reasonable to conduct 
the study of sweet corn water use efficiency 

depending on the peculiarities of the crop 
cultivation technology, namely: moldboard 
plowing depth, nitrogen-phosphorus 
fertilization rates and plants density at the drip-
irrigated conditions of the semi-arid region of 
Eastern Europe. 
 
MATERIALS AND METHODS 
 
The field experiment was carried out within the 
period of three years (2014-2016) at the 
irrigated lands of the Cooperative Farm 
«Radianska Zemlia» (latitude 46°43′N and 
longitude 32°17′E; altitude 42 m). The 
experimental field was situated in Southern part 
of Kherson oblast in Ukraine, and its area 
belongs to the semi-arid cold steppe zone (BSc) 
by the classification of Koppen-Geiger climate 
map (Beck et al., 2018) with the value of the 
coefficient of humidity of 0.5-0.6 (Angström, 
1936). The climate of the zone is characterized 
as moderately dry and warm, with an average 
annual air temperature of 9.8ºC, total solar 
radiation of 4613 MJ m-2 per year, 
photosynthetic insolation during the vegetative 
period (with the air temperatures above 5ºC) of 
2100 MJ m-2, sum of the effective temperatures 
above 10 ºC of 3800-4000 ºC, average annual 
precipitation amounts of 399 mm (by the data 
provided by Kherson State 
Hydrometeorological Center). A soil of the 
experimental field was represented by dark-
chestnut slightly solonets middle-loamy soil. 
The physical characteristics of the soil are 
represented in the Table 1. The depth of humus 
profile is 45-55 cm with the content of humus 
in the arable (0-30 cm) layer of 2.5%. The 
content of main nutritive elements in the arable 
layer of the soil was: 35 mg kg-1 for hydrolyzed 
Nitrogen, 32 mg kg-1 for mobile Phosphorus, 
and 430 mg kg-1 for exchangeable Potassium. 
Groundwater is located 3-5 m deep and does 
not affect crop production and hydrological 
regime of the experimental field. 
The field experiment was conducted during 
2014-2016. The experimental design covered 
investigation of three agrotechnological 
elements on the yield, water use and water use 
efficiency of sweet corn in the drip-irrigated 
conditions, viz. depth of moldboard plowing, 
nitrogen-phosphorus application rates, plants 
density (Table 2). 

Table 1. Physical characteristics of the dark-chestnut solonets middle-loamy soil  
at the Cooperative Farm «Radianska Zemlia», Kherson oblast, Ukraine 

Soil layer  
(cm) 

Bulk density  
(g cm-3) 

Solid particles density 
(g cm-3) Field capacity (%) Wilting point (%) Porosity (%) 

0-10 1.14 2.62 22.0 7.2 56.9 
10-20 1.25 2.63 20.8 7.0 52.8 
20-30 1.28 2.64 20.6 7.1 51.4 
30-40 1.38 2.65 20.5 6.9 48.0 
40-50 1.38 2.67 19.9 7.0 48.2 
50-60 1.39 2.68 19.5 7.1 47.9 
60-70 1.42 2.68 19.4 7.2 47.0 
70-80 1.43 2.69 19.0 7.3 46.8 
80-90 1.42 2.70 18.7 7.4 47.4 

90-100 1.42 2.68 18.5 7.3 47.0 
0-30 1.22 2.63 20.5 7.1 53.7 
040 1.26 2.63 20.5 7.1 52.3 
0-50 1.29 2.64 20.8 7.0 51.5 

0-100 1.35 2.66 19.9 7.2 49.3 

 
Table 2. The design of the field experiments conducted  

at the Cooperative Farm «Radianska Zemlia», Kherson oblast, Ukraine 
Depth of moldboard plowing (cm) 

(Factor A) 
Nitrogen-phosphorus application rates  

(kg ha-1) (Factor B) Plants density (plants ha-1) (Factor C) 

A1: 20-22 

B1: 0-0 

C1: 35,000 
C2: 50,000 
C3: 65,000 
C4: 80,000 

B2: 60-60 

C1: 35,000 
C2: 50,000 
C3: 65,000 
C4: 80,000 

B3: 120-120 

C1: 35,000 
C2: 50,000 
C3: 65,000 
C4: 80,000 

A2: 28-30 

B1: 0-0 

C1: 35,000 
C2: 50,000 
C3: 65,000 
C4: 80,000 

B2: 60-60 

C1: 35,000 
C2: 50,000 
C3: 65,000 
C4: 80,000 

B3: 120-120 

C1: 35,000 
C2: 50,000 
C3: 65,000 
C4: 80,000 

 
The crop was sown each year using a split plot 
partially randomized design in four 
replications. The length of the accounting area 
of the experimental plot was 10.8 m, the width 
- 2.8 m. A middle-ripening sweet corn variety 
Brusnytsia of su type was used in the field 
experiment. Sowing was conducted on different 
days each year depending on the weather and 
soil conditions: on May 1 in 2014, on May 22 
in 2015, and on May 21 in 2016. After 
harvesting of the previous crop, which was 
represented by winter wheat, the soil was 
cultivated and fertilized with accordance to the 
design of the study. We used ammonium nitrate 
and super phosphate fertilizers, which were 
applied in pre-plowing period. The herbicide 
acetochlor in the dose of 2.0 l ha-1 was used 

under pre-sowing cultivator tillage on the depth 
of 5-6 cm. Sweet corn was sown using a 
pneumatic seed drill on the depth of 5-6 cm 
with an inter-row spacing of 70 cm with 
different sowing rates according to the design 
of the study. Further the crops were manually 
thinned at the stage of 3-5 leaves (V3) (Ritchie 
et al., 1993) to desirable densities of 3.5, 5.0, 
6.5 and 8.0 plants m-2. At V3 stage an 
insecticide lambda cyhalothrin in the dose of 
0.2 l ha-1 was applied. At V6 stage the herbicide 
with a combined active substance of 
foramsulfuron, iodosulfuron, thiencarbazone-
methyl was applied in the dose of 1.25 l ha-1. At 
the beginning of VT (tasseling) stage an 
insecticide chloranthraniliprole in the dose of 
0.1 l ha-1 was applied. 



247

Besides high productivity and economic 
efficiency, modern cultivation technology 
should guarantee the most efficient use both of 
renewable and non-renewable natural resources 
(especially, water), material resources and labor 
(Aldrich et al., 1975). That is why the second 
important goal of our study was to determine 
the water use efficiency of sweet corn under the 
impact of different cultivation options. Sweet 
corn has comparatively high irrigation water 
requirements, which are fluctuating within 142-
361 mm per growing cycle depending on the 
length of vegetative period, weather conditions, 
hybrid genotype, irrigation method, etc. (Wendt 
et al., 1977) Therefore, water limitation is the 
main factor of sweet corn yield decrease in the 
arid and semi-arid regions of our planet, which 
suffer from insufficient amounts of 
precipitation (Garcia y Garcia et al., 2009). The 
best way of improving the crop growth 
conditions in this case is artificial application of 
water - irrigation. And the only way of getting 
the best payout of the applied irrigation water is 
an introduction of rational cultivation 
technology, which can drastically improve 
water use efficiency of the crop (Phene & 
Beale, 1976). The study devoted to 
investigation of how tillage system effects 
sweet corn water use revealed that the most 
water use of the crop was provided by no-till 
(446 mm), while the lowest value of the index 
(424 mm) was guaranteed by conduction of 
conventional tillage (Petersen et al., 1985). 
Better nutrition results in the increase of the 
crop productivity, and, in its turn, in higher 
water use efficiency under the same irrigation 
schedule. For example, the results of the study 
conducted by Souza et al. (2016) in Brazil 
report about the increase of sweet corn water 
use efficiency with enough nitrogen 
fertilization. Water use efficiency and 
productivity of sweet corn is also affected by 
planting techniques, weed management (Zystro 
et al., 2012), inter-row pacing and peculiarities 
of placement of drip tape under the drip-
irrigated conditions (Al-Hurmuzi & Topak, 
2018), irrigation scheduling and irrigation 
water quality (Stone et al., 2001; Lykhovyd et 
al., 2019), genotype, soil, and weather 
conditions (Garcia y Garcia et al., 2009). 
Therefore, we found it reasonable to conduct 
the study of sweet corn water use efficiency 

depending on the peculiarities of the crop 
cultivation technology, namely: moldboard 
plowing depth, nitrogen-phosphorus 
fertilization rates and plants density at the drip-
irrigated conditions of the semi-arid region of 
Eastern Europe. 
 
MATERIALS AND METHODS 
 
The field experiment was carried out within the 
period of three years (2014-2016) at the 
irrigated lands of the Cooperative Farm 
«Radianska Zemlia» (latitude 46°43′N and 
longitude 32°17′E; altitude 42 m). The 
experimental field was situated in Southern part 
of Kherson oblast in Ukraine, and its area 
belongs to the semi-arid cold steppe zone (BSc) 
by the classification of Koppen-Geiger climate 
map (Beck et al., 2018) with the value of the 
coefficient of humidity of 0.5-0.6 (Angström, 
1936). The climate of the zone is characterized 
as moderately dry and warm, with an average 
annual air temperature of 9.8ºC, total solar 
radiation of 4613 MJ m-2 per year, 
photosynthetic insolation during the vegetative 
period (with the air temperatures above 5ºC) of 
2100 MJ m-2, sum of the effective temperatures 
above 10 ºC of 3800-4000 ºC, average annual 
precipitation amounts of 399 mm (by the data 
provided by Kherson State 
Hydrometeorological Center). A soil of the 
experimental field was represented by dark-
chestnut slightly solonets middle-loamy soil. 
The physical characteristics of the soil are 
represented in the Table 1. The depth of humus 
profile is 45-55 cm with the content of humus 
in the arable (0-30 cm) layer of 2.5%. The 
content of main nutritive elements in the arable 
layer of the soil was: 35 mg kg-1 for hydrolyzed 
Nitrogen, 32 mg kg-1 for mobile Phosphorus, 
and 430 mg kg-1 for exchangeable Potassium. 
Groundwater is located 3-5 m deep and does 
not affect crop production and hydrological 
regime of the experimental field. 
The field experiment was conducted during 
2014-2016. The experimental design covered 
investigation of three agrotechnological 
elements on the yield, water use and water use 
efficiency of sweet corn in the drip-irrigated 
conditions, viz. depth of moldboard plowing, 
nitrogen-phosphorus application rates, plants 
density (Table 2). 

Table 1. Physical characteristics of the dark-chestnut solonets middle-loamy soil  
at the Cooperative Farm «Radianska Zemlia», Kherson oblast, Ukraine 

Soil layer  
(cm) 

Bulk density  
(g cm-3) 

Solid particles density 
(g cm-3) Field capacity (%) Wilting point (%) Porosity (%) 

0-10 1.14 2.62 22.0 7.2 56.9 
10-20 1.25 2.63 20.8 7.0 52.8 
20-30 1.28 2.64 20.6 7.1 51.4 
30-40 1.38 2.65 20.5 6.9 48.0 
40-50 1.38 2.67 19.9 7.0 48.2 
50-60 1.39 2.68 19.5 7.1 47.9 
60-70 1.42 2.68 19.4 7.2 47.0 
70-80 1.43 2.69 19.0 7.3 46.8 
80-90 1.42 2.70 18.7 7.4 47.4 

90-100 1.42 2.68 18.5 7.3 47.0 
0-30 1.22 2.63 20.5 7.1 53.7 
040 1.26 2.63 20.5 7.1 52.3 
0-50 1.29 2.64 20.8 7.0 51.5 

0-100 1.35 2.66 19.9 7.2 49.3 

 
Table 2. The design of the field experiments conducted  

at the Cooperative Farm «Radianska Zemlia», Kherson oblast, Ukraine 
Depth of moldboard plowing (cm) 

(Factor A) 
Nitrogen-phosphorus application rates  

(kg ha-1) (Factor B) Plants density (plants ha-1) (Factor C) 

A1: 20-22 

B1: 0-0 

C1: 35,000 
C2: 50,000 
C3: 65,000 
C4: 80,000 

B2: 60-60 

C1: 35,000 
C2: 50,000 
C3: 65,000 
C4: 80,000 

B3: 120-120 

C1: 35,000 
C2: 50,000 
C3: 65,000 
C4: 80,000 

A2: 28-30 

B1: 0-0 

C1: 35,000 
C2: 50,000 
C3: 65,000 
C4: 80,000 

B2: 60-60 

C1: 35,000 
C2: 50,000 
C3: 65,000 
C4: 80,000 

B3: 120-120 

C1: 35,000 
C2: 50,000 
C3: 65,000 
C4: 80,000 

 
The crop was sown each year using a split plot 
partially randomized design in four 
replications. The length of the accounting area 
of the experimental plot was 10.8 m, the width 
- 2.8 m. A middle-ripening sweet corn variety 
Brusnytsia of su type was used in the field 
experiment. Sowing was conducted on different 
days each year depending on the weather and 
soil conditions: on May 1 in 2014, on May 22 
in 2015, and on May 21 in 2016. After 
harvesting of the previous crop, which was 
represented by winter wheat, the soil was 
cultivated and fertilized with accordance to the 
design of the study. We used ammonium nitrate 
and super phosphate fertilizers, which were 
applied in pre-plowing period. The herbicide 
acetochlor in the dose of 2.0 l ha-1 was used 

under pre-sowing cultivator tillage on the depth 
of 5-6 cm. Sweet corn was sown using a 
pneumatic seed drill on the depth of 5-6 cm 
with an inter-row spacing of 70 cm with 
different sowing rates according to the design 
of the study. Further the crops were manually 
thinned at the stage of 3-5 leaves (V3) (Ritchie 
et al., 1993) to desirable densities of 3.5, 5.0, 
6.5 and 8.0 plants m-2. At V3 stage an 
insecticide lambda cyhalothrin in the dose of 
0.2 l ha-1 was applied. At V6 stage the herbicide 
with a combined active substance of 
foramsulfuron, iodosulfuron, thiencarbazone-
methyl was applied in the dose of 1.25 l ha-1. At 
the beginning of VT (tasseling) stage an 
insecticide chloranthraniliprole in the dose of 
0.1 l ha-1 was applied. 
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Weather conditions during the study were quite 
contrast each year, being highly different from 
the long-term means (Table 3). 
The total precipitation amounts during the 
vegetative period of sweet corn in 2014 were 
14 mm less than the long-term mean amounts. 
The most drought was observed in the 2nd and 
3rd ten-day periods of May, and in the 1st ten-
day period of July. At the same time, 2015 was 
a very humid year, with the total precipitation 
amounts during the vegetative period of sweet 
corn 99.6 mm higher than the long-term mean 
amounts. However, the precipitation was 
distributed highly unequally with 72% of the 
total amount fell on the 3rd ten-day period of 
May and 1st ten-day period of July, while the 
rest of the period suffered from drought. The 
next year, 2016, is characterized as the most 

moderate among the years of the study with an 
equal distribution of precipitation and low (3.4 
mm) difference of its amount with the long-
term means for the period. 
The most period of the crop vegetation (from 
the 3rd ten-day period of May until harvesting) 
in 2014 was characterized as air drought by the 
index of relative air humidity. Sweet corn 
vegetative period was quite humid in 2015, and 
air drought was observed in the end of the crop 
vegetation in 2016. 
The entire vegetative period of sweet corn was 
sufficiently supplied with heat in all the years 
of the study. The sum of the effective 
temperatures above 10ºC for the period of the 
crop growth was 1960.1ºC in 2014, 1799.6ºC in 
2015, and 1882.5ºC in 2016. 

 
Table 3. Weather conditions during the vegetative period of sweet corn in the field experiments conducted  

in 2014-2016 at the Cooperative Farm «Radianska Zemlia», Kherson oblast, Ukraine 
Month Ten-day period Air temperature (ºС) Relative air humidity (%) Precipitation amount (mm) Coefficient of humidity (pts) 

2014 

May 
І 13.7 75 33.0 2.4 
ІІ 17.8 75 5.2 0.3 
ІІІ 22.2 61 0.0 0.0 

June 
І 22.4 64 13.3 0.6 
ІІ 20.0 58 28.6 1.4 
ІІІ 20.0 64 22.5 1.1 

July 
І 23.5 53 0.0 0.0 
ІІ 25.5 56 9.4 0.4 
ІІІ 26.1 49 10.0 0.3 

2015 
May ІІІ 19.6 69 70.7 3.3 

June 
І 21.3 61 7.1 0.3 
ІІ 21.3 67 3.4 0.2 
ІІІ 20.0 73 27.8 1.4 

July 
І 22.8 74 84.9 3.7 
ІІ 21.0 66 19.7 0.9 
ІІІ 26.0 67 0.0 0.0 

August І 26.0 49 0.0 0.0 
2016 

May ІІІ 18.5 77 20.7 1.0 

June 
І 17.8 70 16.2 0.9 
ІІ 21.9 75 12.8 0.6 
ІІІ 26.5 62 14.0 0.5 

July 
І 22.4 61 21.6 1.0 
ІІ 25.8 59 0.0 0.0 
ІІІ 25.0 54 24.7 0.9 

August І 26.0 55 0.6 0.0 
Long-term means (1986-2005) according to Kherson Hydrometeorological Station 

May 
І 14.1 63 15.0 1.1 
ІІ 16.6 62 14.0 0.8 
ІІІ 17.4 66 13.0 0.7 

June 
І 19.2 68 13.0 0.7 
ІІ 19.5 65 18.0 0.9 
ІІІ 21.2 67 14.0 0.7 

July 
І 21.3 62 22.0 1.0 
ІІ 22.3 61 14.0 0.6 
ІІІ 22.1 61 13.0 0.5 

August І 22.4 61 7.0 0.3 

 
Sweet corn was drip-irrigated. A drip tape 
Eurodrip CLS 5 mil with 20 cm emitter spacing 

was placed in each row to supply the crop with 
irrigation water. The irrigation-maintained soil 

moisture at the level of 80% of the field 
capacity in the active root-filled layer of 0-30 
cm until V6 stage, and in the root-filled layer of 
0–50 cm from V6 stage to harvesting. The 
irrigation water requirements and irrigation 
schedule were determined by the field water 
balance with considering available soil 
moisture and precipitation amounts, which 
were measured by using rain gauge installed 
nearby the experimental field (Brouwer & 
Heibloem, 1986). Soil moisture of every 
experimental plot was measured by using the 
gravimetric method in the samples collected by 
the means of a soil auger in the morning from 

the soil layers of 0-10, 10-20, 20-30, 30-40, and 
40-50 cm (Reynolds, 1970). The amounts of 
irrigation water fed to the field at one 
application were 5 mm until V6 stage, and 10 
mm from V6 stage to harvesting. The irrigation 
scheduling of the crop in the experiment is 
presented in the Table 4. Total amount of 
irrigation water supplied to the experimental 
field was 170 mm in 2014, 120 mm in 2015, 
and 160 mm in 2016. The average amount of 
irrigation water applied in 2014-2016 during 
the crop vegetative period in the experiments 
was 150 mm. 

Table 4. The irrigation scheduling of sweet corn in the field experiments conducted in 2014-2016  
at the Cooperative Farm «Radianska Zemlia», Kherson oblast, Ukraine 

Year of the 
study 

Number of irrigation water applications per stages of the crop growth 
V0–V6 (irrigation with 5 mm per application) V6–R3 (irrigation with 10 mm per application) 

2014 10 12 
2015 6 9 
2016 8 12 

 

Sweet corn in Ukraine is mainly cultivated for 
fresh market needs. Therefore, we have studied 
the effect of cultivation technology on fresh 
corn ears yield. The ears were harvested 
manually from the entire area of each 
experimental plot in four replications at R3 
stage (milk ripeness of kernel) early in the 
morning. The moisture of the kernel was about 
70%. The ears were divided into marketable 
and unmarketable with accordance to the 
requirements of State Standard GOST 55910-
2013. The ears with the length, which is less 
than 150 mm, damaged by the insects or 
diseases, with unfilled top-end, missing kernels 
in the rows of the middle part of the ear were 
sorted out as unmarketable together with other 
non-typical ears, and were not accounted when 
the yield of the crop was estimated. The yield 
of sweet corn ears was determined both with 
and without husks. 
The gross water use (WU) of sweet corn crops 
was calculated by the formula 1 (Kostyakov, 
1960). 

WU = ASWU + EPA + IWA  (1) 
where: WU is the gross water use of the crop, 
mm; ASWU is the amount of soil water used by 
the crop during the vegetative period, mm; EPA 
is the amount of effective precipitation during 
the crop vegetation, mm; IWA is the amount of 
irrigation water applied to the field, mm. 

The ASWU was determined by the formula 2 as 
a difference between the soil water content in 
the 0-100 cm layer at the beginning of sweet 
corn vegetation, and in the end of it. 

ASWU = SWCB – SWCE (2) 
where: ASWU is the amount of soil water used 
by the crop during the vegetative period, mm; 
SWCB is the amount of soil water in the 0–100 
cm layer at the beginning of sweet corn 
vegetation, mm; SWCE is the amount of soil 
water in the 0-100 cm layer in the end of sweet 
corn vegetation (before harvesting), mm. 
The effective precipitation amounts were 
calculated by using the coefficient of 0.6 
(Kostyakov, 1960) for the total amount of 
precipitation during the crop vegetation by the 
formula 3. 

EPA = TPA×0.6 (3) 
where: EPA is the amount of effective 
precipitation during the crop vegetation, mm; 
TPA is the total amount of precipitation during 
the crop vegetation, mm. 
Drip irrigation did not cause runoff, so this 
parameter was not considered as well as 
groundwater, which did not take part in the 
crop water supply. 
The water use efficiency (WUE) was estimated 
as a ratio of the ears yield to the water use of 
the crop by the formula 4 (Garcia y Garcia et 
al., 2009). 
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Weather conditions during the study were quite 
contrast each year, being highly different from 
the long-term means (Table 3). 
The total precipitation amounts during the 
vegetative period of sweet corn in 2014 were 
14 mm less than the long-term mean amounts. 
The most drought was observed in the 2nd and 
3rd ten-day periods of May, and in the 1st ten-
day period of July. At the same time, 2015 was 
a very humid year, with the total precipitation 
amounts during the vegetative period of sweet 
corn 99.6 mm higher than the long-term mean 
amounts. However, the precipitation was 
distributed highly unequally with 72% of the 
total amount fell on the 3rd ten-day period of 
May and 1st ten-day period of July, while the 
rest of the period suffered from drought. The 
next year, 2016, is characterized as the most 

moderate among the years of the study with an 
equal distribution of precipitation and low (3.4 
mm) difference of its amount with the long-
term means for the period. 
The most period of the crop vegetation (from 
the 3rd ten-day period of May until harvesting) 
in 2014 was characterized as air drought by the 
index of relative air humidity. Sweet corn 
vegetative period was quite humid in 2015, and 
air drought was observed in the end of the crop 
vegetation in 2016. 
The entire vegetative period of sweet corn was 
sufficiently supplied with heat in all the years 
of the study. The sum of the effective 
temperatures above 10ºC for the period of the 
crop growth was 1960.1ºC in 2014, 1799.6ºC in 
2015, and 1882.5ºC in 2016. 

 
Table 3. Weather conditions during the vegetative period of sweet corn in the field experiments conducted  

in 2014-2016 at the Cooperative Farm «Radianska Zemlia», Kherson oblast, Ukraine 
Month Ten-day period Air temperature (ºС) Relative air humidity (%) Precipitation amount (mm) Coefficient of humidity (pts) 

2014 

May 
І 13.7 75 33.0 2.4 
ІІ 17.8 75 5.2 0.3 
ІІІ 22.2 61 0.0 0.0 

June 
І 22.4 64 13.3 0.6 
ІІ 20.0 58 28.6 1.4 
ІІІ 20.0 64 22.5 1.1 

July 
І 23.5 53 0.0 0.0 
ІІ 25.5 56 9.4 0.4 
ІІІ 26.1 49 10.0 0.3 

2015 
May ІІІ 19.6 69 70.7 3.3 

June 
І 21.3 61 7.1 0.3 
ІІ 21.3 67 3.4 0.2 
ІІІ 20.0 73 27.8 1.4 

July 
І 22.8 74 84.9 3.7 
ІІ 21.0 66 19.7 0.9 
ІІІ 26.0 67 0.0 0.0 

August І 26.0 49 0.0 0.0 
2016 

May ІІІ 18.5 77 20.7 1.0 

June 
І 17.8 70 16.2 0.9 
ІІ 21.9 75 12.8 0.6 
ІІІ 26.5 62 14.0 0.5 

July 
І 22.4 61 21.6 1.0 
ІІ 25.8 59 0.0 0.0 
ІІІ 25.0 54 24.7 0.9 

August І 26.0 55 0.6 0.0 
Long-term means (1986-2005) according to Kherson Hydrometeorological Station 

May 
І 14.1 63 15.0 1.1 
ІІ 16.6 62 14.0 0.8 
ІІІ 17.4 66 13.0 0.7 

June 
І 19.2 68 13.0 0.7 
ІІ 19.5 65 18.0 0.9 
ІІІ 21.2 67 14.0 0.7 

July 
І 21.3 62 22.0 1.0 
ІІ 22.3 61 14.0 0.6 
ІІІ 22.1 61 13.0 0.5 

August І 22.4 61 7.0 0.3 

 
Sweet corn was drip-irrigated. A drip tape 
Eurodrip CLS 5 mil with 20 cm emitter spacing 

was placed in each row to supply the crop with 
irrigation water. The irrigation-maintained soil 

moisture at the level of 80% of the field 
capacity in the active root-filled layer of 0-30 
cm until V6 stage, and in the root-filled layer of 
0–50 cm from V6 stage to harvesting. The 
irrigation water requirements and irrigation 
schedule were determined by the field water 
balance with considering available soil 
moisture and precipitation amounts, which 
were measured by using rain gauge installed 
nearby the experimental field (Brouwer & 
Heibloem, 1986). Soil moisture of every 
experimental plot was measured by using the 
gravimetric method in the samples collected by 
the means of a soil auger in the morning from 

the soil layers of 0-10, 10-20, 20-30, 30-40, and 
40-50 cm (Reynolds, 1970). The amounts of 
irrigation water fed to the field at one 
application were 5 mm until V6 stage, and 10 
mm from V6 stage to harvesting. The irrigation 
scheduling of the crop in the experiment is 
presented in the Table 4. Total amount of 
irrigation water supplied to the experimental 
field was 170 mm in 2014, 120 mm in 2015, 
and 160 mm in 2016. The average amount of 
irrigation water applied in 2014-2016 during 
the crop vegetative period in the experiments 
was 150 mm. 

Table 4. The irrigation scheduling of sweet corn in the field experiments conducted in 2014-2016  
at the Cooperative Farm «Radianska Zemlia», Kherson oblast, Ukraine 

Year of the 
study 

Number of irrigation water applications per stages of the crop growth 
V0–V6 (irrigation with 5 mm per application) V6–R3 (irrigation with 10 mm per application) 

2014 10 12 
2015 6 9 
2016 8 12 

 

Sweet corn in Ukraine is mainly cultivated for 
fresh market needs. Therefore, we have studied 
the effect of cultivation technology on fresh 
corn ears yield. The ears were harvested 
manually from the entire area of each 
experimental plot in four replications at R3 
stage (milk ripeness of kernel) early in the 
morning. The moisture of the kernel was about 
70%. The ears were divided into marketable 
and unmarketable with accordance to the 
requirements of State Standard GOST 55910-
2013. The ears with the length, which is less 
than 150 mm, damaged by the insects or 
diseases, with unfilled top-end, missing kernels 
in the rows of the middle part of the ear were 
sorted out as unmarketable together with other 
non-typical ears, and were not accounted when 
the yield of the crop was estimated. The yield 
of sweet corn ears was determined both with 
and without husks. 
The gross water use (WU) of sweet corn crops 
was calculated by the formula 1 (Kostyakov, 
1960). 

WU = ASWU + EPA + IWA  (1) 
where: WU is the gross water use of the crop, 
mm; ASWU is the amount of soil water used by 
the crop during the vegetative period, mm; EPA 
is the amount of effective precipitation during 
the crop vegetation, mm; IWA is the amount of 
irrigation water applied to the field, mm. 

The ASWU was determined by the formula 2 as 
a difference between the soil water content in 
the 0-100 cm layer at the beginning of sweet 
corn vegetation, and in the end of it. 

ASWU = SWCB – SWCE (2) 
where: ASWU is the amount of soil water used 
by the crop during the vegetative period, mm; 
SWCB is the amount of soil water in the 0–100 
cm layer at the beginning of sweet corn 
vegetation, mm; SWCE is the amount of soil 
water in the 0-100 cm layer in the end of sweet 
corn vegetation (before harvesting), mm. 
The effective precipitation amounts were 
calculated by using the coefficient of 0.6 
(Kostyakov, 1960) for the total amount of 
precipitation during the crop vegetation by the 
formula 3. 

EPA = TPA×0.6 (3) 
where: EPA is the amount of effective 
precipitation during the crop vegetation, mm; 
TPA is the total amount of precipitation during 
the crop vegetation, mm. 
Drip irrigation did not cause runoff, so this 
parameter was not considered as well as 
groundwater, which did not take part in the 
crop water supply. 
The water use efficiency (WUE) was estimated 
as a ratio of the ears yield to the water use of 
the crop by the formula 4 (Garcia y Garcia et 
al., 2009). 
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WUE = CY / WU (4) 
where: WUE is the water use efficiency of the 
crop, kg mm-1; CY is the yield of sweet corn 
ears, kg ha-1; WU is the water use of the crop, 
mm. 
WUE was determined both for sweet corn ears 
with and without husks in four replications. 
Analysis of variance (ANOVA) was performed 
for the WU, yields and WUE of sweet corn by 
the means of Microsoft Excel software 
(Carlberg, 2017). The relationship between 
WUE and the crop yield were determined by 
standard procedure of linear regression analysis 
within Microsoft Excel software (Carlberg, 
2016). All the differences between the studied 
variants were evaluated by the value of the 
least significant difference at the probability 
level of 95% (p < 0.05). 
 
RESULTS AND DISCUSSIONS 
 
Water use of sweet corn is highly dependent on 
fertilization management, irrigation treatments, 
weather, and climatic conditions, etc. (Garcia y 
Garcia et al., 2009; Gunes et al., 2016; Waite, 
2016; Greaves & Wang, 2017; Wang et al., 
2017). Water use of sweet corn in the field 
experiments averaged to 258.3-278.6 mm in 
dependence on the cultivation treatments (Table 
5). The main regularities of the crop water use, 
which were determined through the analysis of 
the obtained experimental data, are: 
1. The increase of moldboard plowing depth 
from 20-22 to 28-30 cm caused the marginal 
increase of WU (in average by 0.7 mm) mainly 
at the expense of more soil water used by the 
crop at deeper plowing. This result agrees with 
some previously conducted studies related to 
the effect of different tillage practices and 
depths on winter wheat WU (Guan et al., 2015), 
row crops WU (Norwood, 1999). In contrary, 
Lamm et al. (2009) reported about considerable 
increase of corn WU under the conventional 
tillage option in comparison to no-till. These 
differences in scientific results put us on the 
track that the effect of tillage depth on corn WU 
depends on the method of tillage used and 
environmental conditions of the study 
conduction. 
2. Application of nitrogen-phosphorus mineral 
fertilizers with higher rates distinctly increased 
WU of sweet corn in average from 263.5 mm at 

the unfertilized variants to 269.3 mm at 
fertilization rate of 60-60, and to 273.5 mm at 
the rate of 120-120. However, Bakelana et al. 
(1986) reported that nitrogen application did 
not cause any remarkable effect on corn WU. 
Therefore, the issue is quite debatable. 
3. Increasing the density of sweet corn crops 
led to the gradual increase of WU by 4.1, 4.5, 
and 1.6 mm with the gradual increase of plants 
density by every 15,000 of plants ha-1. This 
agrees with some other studies, which 
discovered the impact of crops thickness on 
corn WU (Bakelana et al., 1986; Karasahin, 
2014). Schlegel et al. (2012) proved that corn 
seeding rate and plant density should be 
adjusted with accordance to soil water 
availability and irrigation water supply 
capacities. 
4. The main share of more than 50% in the 
structure of WU pertained to the irrigation 
water applied to the field regardless of the 
treatment options. 
WUE of any crop can only be assessed in a 
direct connection with productivity of the crop. 
Therefore, sweet corn ear yield with and 
without husks was previously determined to 
evaluate the crop WUE. 
The highest statistically reliable ear yield both 
with and without husks was provided by the 
cultivation technology with moldboard plowing 
on the depth of 20-22 cm, nitrogen-phosphorus 
application rate of 120-120, and plant density 
of 65,000 plants ha-1. The above-mentioned 
agrotechnology in the drip-irrigated conditions 
allowed obtaining of 14,000 kg ha-1 of 
marketable ears with husks, and 10,930 kg ha-1 
of marketable ears without husks, respectively 
(Table 6). 
Tillage is an important factor of crop 
productivity, which has a significant effect on 
the field management, including weed 
management, nutrients uptake, water use, root 
development, etc. (Cline & Silvernail, 2002). 
Different tillage practices and depths can lead 
to improvement or, in contrary, decrease of the 
crop yield (Barber, 1971; Adeoye, 1982). 
Deeper plowing caused general decrease of 
sweet corn yield. However, it performed better 
under the non-fertilized conditions where the 
crop suffered from the lack of nutrition. 
Proper fertilization management can 
significantly improve sweet corn productivity 

(Efthimiadou et al., 2010; Uwah et al., 2011). 
This statement was proved by the results of our 
study. The increase of fertilizers application 
rates drastically increased sweet corn 
productivity. Application of fertilizers at the 
rate of 60-60 kg ha-1 improved the crop’s yield 
by 89.36 and 96.51% for ears with and without 
husks, respectively. While application of them 
at the rate of 120-120 kg ha-1 caused the 
productivity increase of 156.14 and 168.86% 
for ears with and without husks, respectively, in 
comparison to zero mineral fertilizers 
application rate. However, it should be 
mentioned that according to some scientific 
studies the increase in sweet corn yield cannot 
be infinitive with the raise of fertilization rates. 
At some point, it reaches the value when 
further improvement of yield cannot be 
achieved by extra-nutrition (He et al., 2012). 
The optimum plant population was achieved at 
the density of 65,000 plants ha-1 that is proved 
by the highest sweet corn productivity, which 
averaged to 8,688 and 6,670 kg ha-1 for ear 
with and without husks, respectively. Further 
thickening of the crop to 80,000 plants ha-1 had 
negative effect on the productivity as well as 
thinned crops with the densities of 35,000 and 
50,000 plants ha-1. At the same time, the 
research conducted in Malaysia showed that 
sweet corn ear yields gradually increased with 
the increase of plant density and reached its 
maximum of 12,520 kg ha-1 at the highest 
thickness of the crop (Hosseinali et al., 2017). 
However, we see that in the conditions of our 
trials this statement is not quite fair: the 
increase in the crop yield can be achieved only 
until its thickening to the certain quantity of 
plants per area. Williams II (2012) reported that 
the highest economic efficiency of sweet corn 
production for different hybrids studied in the 
conditions of Northern America was provided 
by the crops’ density of 56,000 plants ha-1. He 
also stated that the optimum plant population 
strongly depends on the hybrid. 
As for the WUE of sweet corn in the 
experiments, it reached the maximum of 50.52 
and 39.44 kg mm-1 for ear with and without 
husks, respectively, under the variant of the 
highest productivity of the crop with plowing 
depth of 20-22 cm, nitrogen-phosphorus 
application rate of 120-120, and plant density 

of 65,000 plants ha-1. Very high and close 
correlation between the indexes of the crop 
yield and WUE were determined with a 
coefficient of correlation R of 0.9993, and 
coefficient of determination R2 of 0.9986. 
Lamm et al. (2009) reported about the increase 
of WUE of corn crop with the plant density 
increase. Ogola et al. (2005) also mentioned 
about corn WUE increase by 24% due to the 
increase in crops density from 66,667 to 
133,333 plants ha-1 in the irrigated conditions. 
The results of our study agree with the above-
mentioned statements. However, too much 
increased plant density of 80,000 plants ha-1 
had negative effect on the index. In contrary, 
El-Hendawy et al. (2008) proved that WUE of 
corn increased under the decreasing plant 
densities from 95,000 to 48,000 plants ha-1 that 
is in some discrepancy with our results. The 
best WUE of corn was achieved at the sandy 
loam soil of Great Plains on the treatments with 
140-250 kg ha-1 of nitrogen applied under the 
plant density of 57,000-69,000 plants ha-1 (Al-
Kaisi & Yin, 2003), which is quite close to the 
results of our study. WUE of corn grown in the 
Northern Great Plains was also affected by 
tillage options. Higher WUE of 13.1 kg mm-1 in 
comparison to 10.9 kg mm-1 was obtained 
under the no-till option, which provided 
significantly better results than conventional 
tillage (Lenssen et al., 2018). The results of our 
experimental research also showed that there is 
no need to increase depth of plowing to 28–30 
cm because the best crop productivity and 
WUE were obtained under the plowing on the 
less depth of 20-22 cm. Rational fertilization 
can also improve WUE of the crop. This 
statement was proved not only by the results of 
our research where the increase of WUE with 
the increase of fertilizers application rates 
reached the values of 85.07-92.22% for the rate 
of 60-60 kg ha-1, and 146.49-158.94% for the 
fertilizers rate of 120-120 kg ha-1 
comparatively to non-fertilized option. The 
results of the studies conducted at the 
Agronomic Research Farm of the University of 
Agriculture in Pakistan also revealed that the 
increase in Nitrogen supply from 0 to 250 kg 
ha-1 resulted in significant corn WUE increase 
(Ashraf et al., 2016). 
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WUE = CY / WU (4) 
where: WUE is the water use efficiency of the 
crop, kg mm-1; CY is the yield of sweet corn 
ears, kg ha-1; WU is the water use of the crop, 
mm. 
WUE was determined both for sweet corn ears 
with and without husks in four replications. 
Analysis of variance (ANOVA) was performed 
for the WU, yields and WUE of sweet corn by 
the means of Microsoft Excel software 
(Carlberg, 2017). The relationship between 
WUE and the crop yield were determined by 
standard procedure of linear regression analysis 
within Microsoft Excel software (Carlberg, 
2016). All the differences between the studied 
variants were evaluated by the value of the 
least significant difference at the probability 
level of 95% (p < 0.05). 
 
RESULTS AND DISCUSSIONS 
 
Water use of sweet corn is highly dependent on 
fertilization management, irrigation treatments, 
weather, and climatic conditions, etc. (Garcia y 
Garcia et al., 2009; Gunes et al., 2016; Waite, 
2016; Greaves & Wang, 2017; Wang et al., 
2017). Water use of sweet corn in the field 
experiments averaged to 258.3-278.6 mm in 
dependence on the cultivation treatments (Table 
5). The main regularities of the crop water use, 
which were determined through the analysis of 
the obtained experimental data, are: 
1. The increase of moldboard plowing depth 
from 20-22 to 28-30 cm caused the marginal 
increase of WU (in average by 0.7 mm) mainly 
at the expense of more soil water used by the 
crop at deeper plowing. This result agrees with 
some previously conducted studies related to 
the effect of different tillage practices and 
depths on winter wheat WU (Guan et al., 2015), 
row crops WU (Norwood, 1999). In contrary, 
Lamm et al. (2009) reported about considerable 
increase of corn WU under the conventional 
tillage option in comparison to no-till. These 
differences in scientific results put us on the 
track that the effect of tillage depth on corn WU 
depends on the method of tillage used and 
environmental conditions of the study 
conduction. 
2. Application of nitrogen-phosphorus mineral 
fertilizers with higher rates distinctly increased 
WU of sweet corn in average from 263.5 mm at 

the unfertilized variants to 269.3 mm at 
fertilization rate of 60-60, and to 273.5 mm at 
the rate of 120-120. However, Bakelana et al. 
(1986) reported that nitrogen application did 
not cause any remarkable effect on corn WU. 
Therefore, the issue is quite debatable. 
3. Increasing the density of sweet corn crops 
led to the gradual increase of WU by 4.1, 4.5, 
and 1.6 mm with the gradual increase of plants 
density by every 15,000 of plants ha-1. This 
agrees with some other studies, which 
discovered the impact of crops thickness on 
corn WU (Bakelana et al., 1986; Karasahin, 
2014). Schlegel et al. (2012) proved that corn 
seeding rate and plant density should be 
adjusted with accordance to soil water 
availability and irrigation water supply 
capacities. 
4. The main share of more than 50% in the 
structure of WU pertained to the irrigation 
water applied to the field regardless of the 
treatment options. 
WUE of any crop can only be assessed in a 
direct connection with productivity of the crop. 
Therefore, sweet corn ear yield with and 
without husks was previously determined to 
evaluate the crop WUE. 
The highest statistically reliable ear yield both 
with and without husks was provided by the 
cultivation technology with moldboard plowing 
on the depth of 20-22 cm, nitrogen-phosphorus 
application rate of 120-120, and plant density 
of 65,000 plants ha-1. The above-mentioned 
agrotechnology in the drip-irrigated conditions 
allowed obtaining of 14,000 kg ha-1 of 
marketable ears with husks, and 10,930 kg ha-1 
of marketable ears without husks, respectively 
(Table 6). 
Tillage is an important factor of crop 
productivity, which has a significant effect on 
the field management, including weed 
management, nutrients uptake, water use, root 
development, etc. (Cline & Silvernail, 2002). 
Different tillage practices and depths can lead 
to improvement or, in contrary, decrease of the 
crop yield (Barber, 1971; Adeoye, 1982). 
Deeper plowing caused general decrease of 
sweet corn yield. However, it performed better 
under the non-fertilized conditions where the 
crop suffered from the lack of nutrition. 
Proper fertilization management can 
significantly improve sweet corn productivity 

(Efthimiadou et al., 2010; Uwah et al., 2011). 
This statement was proved by the results of our 
study. The increase of fertilizers application 
rates drastically increased sweet corn 
productivity. Application of fertilizers at the 
rate of 60-60 kg ha-1 improved the crop’s yield 
by 89.36 and 96.51% for ears with and without 
husks, respectively. While application of them 
at the rate of 120-120 kg ha-1 caused the 
productivity increase of 156.14 and 168.86% 
for ears with and without husks, respectively, in 
comparison to zero mineral fertilizers 
application rate. However, it should be 
mentioned that according to some scientific 
studies the increase in sweet corn yield cannot 
be infinitive with the raise of fertilization rates. 
At some point, it reaches the value when 
further improvement of yield cannot be 
achieved by extra-nutrition (He et al., 2012). 
The optimum plant population was achieved at 
the density of 65,000 plants ha-1 that is proved 
by the highest sweet corn productivity, which 
averaged to 8,688 and 6,670 kg ha-1 for ear 
with and without husks, respectively. Further 
thickening of the crop to 80,000 plants ha-1 had 
negative effect on the productivity as well as 
thinned crops with the densities of 35,000 and 
50,000 plants ha-1. At the same time, the 
research conducted in Malaysia showed that 
sweet corn ear yields gradually increased with 
the increase of plant density and reached its 
maximum of 12,520 kg ha-1 at the highest 
thickness of the crop (Hosseinali et al., 2017). 
However, we see that in the conditions of our 
trials this statement is not quite fair: the 
increase in the crop yield can be achieved only 
until its thickening to the certain quantity of 
plants per area. Williams II (2012) reported that 
the highest economic efficiency of sweet corn 
production for different hybrids studied in the 
conditions of Northern America was provided 
by the crops’ density of 56,000 plants ha-1. He 
also stated that the optimum plant population 
strongly depends on the hybrid. 
As for the WUE of sweet corn in the 
experiments, it reached the maximum of 50.52 
and 39.44 kg mm-1 for ear with and without 
husks, respectively, under the variant of the 
highest productivity of the crop with plowing 
depth of 20-22 cm, nitrogen-phosphorus 
application rate of 120-120, and plant density 

of 65,000 plants ha-1. Very high and close 
correlation between the indexes of the crop 
yield and WUE were determined with a 
coefficient of correlation R of 0.9993, and 
coefficient of determination R2 of 0.9986. 
Lamm et al. (2009) reported about the increase 
of WUE of corn crop with the plant density 
increase. Ogola et al. (2005) also mentioned 
about corn WUE increase by 24% due to the 
increase in crops density from 66,667 to 
133,333 plants ha-1 in the irrigated conditions. 
The results of our study agree with the above-
mentioned statements. However, too much 
increased plant density of 80,000 plants ha-1 
had negative effect on the index. In contrary, 
El-Hendawy et al. (2008) proved that WUE of 
corn increased under the decreasing plant 
densities from 95,000 to 48,000 plants ha-1 that 
is in some discrepancy with our results. The 
best WUE of corn was achieved at the sandy 
loam soil of Great Plains on the treatments with 
140-250 kg ha-1 of nitrogen applied under the 
plant density of 57,000-69,000 plants ha-1 (Al-
Kaisi & Yin, 2003), which is quite close to the 
results of our study. WUE of corn grown in the 
Northern Great Plains was also affected by 
tillage options. Higher WUE of 13.1 kg mm-1 in 
comparison to 10.9 kg mm-1 was obtained 
under the no-till option, which provided 
significantly better results than conventional 
tillage (Lenssen et al., 2018). The results of our 
experimental research also showed that there is 
no need to increase depth of plowing to 28–30 
cm because the best crop productivity and 
WUE were obtained under the plowing on the 
less depth of 20-22 cm. Rational fertilization 
can also improve WUE of the crop. This 
statement was proved not only by the results of 
our research where the increase of WUE with 
the increase of fertilizers application rates 
reached the values of 85.07-92.22% for the rate 
of 60-60 kg ha-1, and 146.49-158.94% for the 
fertilizers rate of 120-120 kg ha-1 
comparatively to non-fertilized option. The 
results of the studies conducted at the 
Agronomic Research Farm of the University of 
Agriculture in Pakistan also revealed that the 
increase in Nitrogen supply from 0 to 250 kg 
ha-1 resulted in significant corn WUE increase 
(Ashraf et al., 2016). 
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Table 5. Mean values with standard errors of sweet corn water use (WU) in the field experiments conducted in 2014-
2016 at the Cooperative Farm «Radianska Zemlia», Kherson oblast, Ukraine 

Treatment 
Soil water content and use from 0–100 cm layer 

(mm) Vegetation period 
(days) 

Precipitation (mm) IWA (mm) WU (mm) 
ASWB ASWE ASWU TPA EPA 

A1 B1 C1 232.9 206.7 26.2 72 136.7 82.0 150.0 258.3 ± 2.0 
A1 B1 C2 232.9 203.3 29.6 73 136.7 82.0 150.0 261.6 ± 2.0 
A1 B1 C3 232.9 199.2 33.7 74 136.7 82.0 150.0 265.7 ± 2.7 
A1 B1 C4 232.9 198.2 34.7 75 136.7 82.0 150.0 266.8 ± 3.0 
A1 B2 C1 232.9 202.6 30.3 75 136.7 82.0 150.0 262.4 ± 2.6 
A1 B2 C2 232.9 198.4 34.5 76 139.5 83.7 150.0 268.1 ± 3.9 
A1 B2 C3 232.9 195.2 37.7 78 139.5 83.7 150.0 271.4 ± 4.2 
A1 B2 C4 232.9 194.6 38.3 79 142.8 85.7 150.0 274.0 ± 6.3 
A1 B3 C1 232.9 199.5 33.4 77 139.5 83.7 150.0 267.1 ± 3.7 
A1 B3 C2 232.9 195.8 37.1 78 139.5 83.7 150.0 270.7 ± 3.6 
A1 B3 C3 232.9 191.5 41.4 79 142.8 85.7 150.0 277.1 ± 5.3 
A1 B3 C4 232.9 191.0 41.9 80 142.8 85.7 150.0 277.6 ± 5.2 
A2 B1 C1 238.2 210.7 27.5 73 136.7 82.0 150.0 259.5 ± 1.8 
A2 B1 C2 238.2 208.0 30.2 74 136.7 82.0 150.0 262.3 ± 2.2 
A2 B1 C3 238.2 204.0 34.2 74 136.7 82.0 150.0 266.2 ± 3.0 
A2 B1 C4 238.2 202.7 35.5 75 136.7 82.0 150.0 267.5 ± 3.1 
A2 B2 C1 238.2 207.0 31.2 75 136.7 82.0 150.0 263.3 ± 2.1 
A2 B2 C2 238.2 203.3 34.9 77 139.5 83.7 150.0 268.6 ± 2.5 
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A2 B1 C1 4,060 ± 137 3,000 ± 94 15.65 ± 1.74 11.56 ± 1.34 
A2 B1 C2 4,490 ± 154 3,340 ± 138 17.12 ± 1.67 12.73 ± 1.24 
A2 B1 C3 4,780 ± 160 3,570 ± 134 17.96 ± 2.01 13.41 ± 1.50 
A2 B1 C4 4,540 ± 143 3,370 ± 117 16.97 ± 1.57 12.60 ± 1.31 
A2 B2 C1 6,290 ± 219 4,890 ± 175 23.89 ± 2.71 18.57 ± 2.04 
A2 B2 C2 7,240 ± 209 5,550 ± 152 26.95 ± 3.38 20.66 ± 2.91 
A2 B2 C3 8,200 ± 244 6,250 ± 193 30.18 ± 3.57 23.00 ± 2.76 
A2 B2 C4 7,300 ± 206 5,640 ± 162 26.56 ± 2.75 20.52 ± 2.05 
A2 B3 C1 8,150 ± 335 6,230 ± 226 30.46 ± 2.99 23.28 ± 1.99 
A2 B3 C2 9,450 ± 318 7,360 ± 223 34.82 ± 2.58 27.12 ± 1.89 
A2 B3 C3 11,070 ± 367 8,590 ± 262 39.89 ± 2.91 30.95 ± 2.15 
A2 B3 C4 9,620 ± 315 7,560 ± 240 34.53 ± 2.43 27.14 ± 1.92 
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CONCLUSIONS 
 
Both sweet corn productivity and WUE were 
significantly affected by all the studied 
elements of the crop cultivation technology. 
The results of our study showed that the best 
sweet corn productivity and the most WUE 

were provided by the cultivation technology 
with moldboard plowing on the depth of 20-22 
cm, nitrogen-phosphorus application rate of 
120-120 kg ha-1, and plants density of 65,000 
plants ha-1 that resulted in the yield of ear with 
and without husks of 14,000 and 10,930 kg         
ha-1, and WUE of the crop averaged to 50.52 kg 

mm-1 and 39.44 kg mm-1, respectively. The 
increase of the moldboard plowing depth to 28-
30 cm, thinned or thickened crops, poor 
nutrition resulted in the significant decrease 
both yield and WUE of the crop. However, 
deeper plowing provided significantly better 
productivity of the crop and WUE at the 
unfertilized variants of the experiment. The 
lowest productivity of sweet corn (3,600 and 
2,670 kg ha-1 of marketable ears with and 
without husks, respectively) accompanied by 
the worst WUE indexes of 13.94 and 10.34 kg 
mm-1 was obtained under the crop cultivation 
with moldboard plowing on the depth of 20-22 
cm with the density of 35,000 plants ha-1 and 
no fertilizers applied. Strong close correlation 
between WUE and yield of the crop was 
determined with the R2 value of 0.9986. The 
fact is that the higher crop productivity is, the 
higher WUE is. 
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Table 5. Mean values with standard errors of sweet corn water use (WU) in the field experiments conducted in 2014-
2016 at the Cooperative Farm «Radianska Zemlia», Kherson oblast, Ukraine 

Treatment 
Soil water content and use from 0–100 cm layer 

(mm) Vegetation period 
(days) 

Precipitation (mm) IWA (mm) WU (mm) 
ASWB ASWE ASWU TPA EPA 

A1 B1 C1 232.9 206.7 26.2 72 136.7 82.0 150.0 258.3 ± 2.0 
A1 B1 C2 232.9 203.3 29.6 73 136.7 82.0 150.0 261.6 ± 2.0 
A1 B1 C3 232.9 199.2 33.7 74 136.7 82.0 150.0 265.7 ± 2.7 
A1 B1 C4 232.9 198.2 34.7 75 136.7 82.0 150.0 266.8 ± 3.0 
A1 B2 C1 232.9 202.6 30.3 75 136.7 82.0 150.0 262.4 ± 2.6 
A1 B2 C2 232.9 198.4 34.5 76 139.5 83.7 150.0 268.1 ± 3.9 
A1 B2 C3 232.9 195.2 37.7 78 139.5 83.7 150.0 271.4 ± 4.2 
A1 B2 C4 232.9 194.6 38.3 79 142.8 85.7 150.0 274.0 ± 6.3 
A1 B3 C1 232.9 199.5 33.4 77 139.5 83.7 150.0 267.1 ± 3.7 
A1 B3 C2 232.9 195.8 37.1 78 139.5 83.7 150.0 270.7 ± 3.6 
A1 B3 C3 232.9 191.5 41.4 79 142.8 85.7 150.0 277.1 ± 5.3 
A1 B3 C4 232.9 191.0 41.9 80 142.8 85.7 150.0 277.6 ± 5.2 
A2 B1 C1 238.2 210.7 27.5 73 136.7 82.0 150.0 259.5 ± 1.8 
A2 B1 C2 238.2 208.0 30.2 74 136.7 82.0 150.0 262.3 ± 2.2 
A2 B1 C3 238.2 204.0 34.2 74 136.7 82.0 150.0 266.2 ± 3.0 
A2 B1 C4 238.2 202.7 35.5 75 136.7 82.0 150.0 267.5 ± 3.1 
A2 B2 C1 238.2 207.0 31.2 75 136.7 82.0 150.0 263.3 ± 2.1 
A2 B2 C2 238.2 203.3 34.9 77 139.5 83.7 150.0 268.6 ± 2.5 
A2 B2 C3 238.2 200.2 38.0 78 139.5 83.7 150.0 271.7 ± 2.5 
A2 B2 C4 238.2 199.0 39.2 79 142.8 85.7 150.0 274.8 ± 4.3 
A2 B3 C1 238.2 204.2 34.0 78 139.5 83.7 150.0 267.6 ± 3.2 
A2 B3 C2 238.2 200.5 37.7 78 139.5 83.7 150.0 271.4 ± 3.1 
A2 B3 C3 238.2 196.4 41.8 80 142.8 85.7 150.0 277.5 ± 4.3 
A2 B3 C4 238.2 195.3 42.9 81 142.8 85.7 150.0 278.6 ± 4.2 
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CONCLUSIONS 
 
Both sweet corn productivity and WUE were 
significantly affected by all the studied 
elements of the crop cultivation technology. 
The results of our study showed that the best 
sweet corn productivity and the most WUE 

were provided by the cultivation technology 
with moldboard plowing on the depth of 20-22 
cm, nitrogen-phosphorus application rate of 
120-120 kg ha-1, and plants density of 65,000 
plants ha-1 that resulted in the yield of ear with 
and without husks of 14,000 and 10,930 kg         
ha-1, and WUE of the crop averaged to 50.52 kg 

mm-1 and 39.44 kg mm-1, respectively. The 
increase of the moldboard plowing depth to 28-
30 cm, thinned or thickened crops, poor 
nutrition resulted in the significant decrease 
both yield and WUE of the crop. However, 
deeper plowing provided significantly better 
productivity of the crop and WUE at the 
unfertilized variants of the experiment. The 
lowest productivity of sweet corn (3,600 and 
2,670 kg ha-1 of marketable ears with and 
without husks, respectively) accompanied by 
the worst WUE indexes of 13.94 and 10.34 kg 
mm-1 was obtained under the crop cultivation 
with moldboard plowing on the depth of 20-22 
cm with the density of 35,000 plants ha-1 and 
no fertilizers applied. Strong close correlation 
between WUE and yield of the crop was 
determined with the R2 value of 0.9986. The 
fact is that the higher crop productivity is, the 
higher WUE is. 
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Abstract 
 
Molting is a common practice used by the commercial egg industry to rejuvenate flocks. The aim of this study was to 
evaluate the effect of marble powder on egg production performance of laying hens during premolt and postmolt 
periods. For this purpose, 69126 Hy-Line White 36 (W-36) laying hens (80 weeks old) were obtained from a 
commercial egg production farm. All of the chickens who lived to 90 weeks of age were subjected to the forced molting 
program. The time of the molting program was determined according to the body weight loss of the chickens. On the 
tenth day of the molting program, when hens in the group had lost an average of 23.10% of their body weight, feeding 
was resumed. Egg production performance was tracked for hens who lived to 100 weeks of age. It was observed that 
egg production (% hen-day) ranged from 42.69 to 69.51%, 0 to 51.59% and 0 to 74.68% in the premolt, molt and 
postmolt periods, respectively. The results of this study suggest that the addition of marble powder to forced molting 
programs of laying hens has a beneficial effect on egg production, particularly during the postmolt period. 
 
Key words: feed supplements, layer, molt. 
 
INTRODUCTION 
 
Induced molting of laying hens can provide 
significant economic benefits for egg 
production farms by extending the productive 
life of hens (Gongruttananun et al., 2017). 
Forced molting in adult hens causes the loss 
and renewal of feathers, stops egg production, 
and slows reproductive processes (Park et al., 
2004). The subsequent year’s egg production is 
increased. Also, to avoid the cost of replacing 
pullets, producers may use different molting 
programs with older flocks (Sariözkan et al., 
2016). Critical evaluation of molting programs 
can help producers decide whether to buy new 
hens or apply molting programs to older 
chickens.  
Conventional molting programs cause rapid 
loss of the hen’s body weight (Bland et al., 
2014) by reducing the hours of exposure to 
light (Hambree et al., 1980) and withdrawing 
feed (Christmas et al., 1985) and water (Brake 
& Thaxton, 1982). Different molting methods 
can be applied, including the complete 
withdrawal of food, essentially starving the 
hens periodically; feeding with cereals such as 
barley, wheat, and crushed corn; adding zinc 
oxide and hormones to the diet without limiting 
feed; and limiting the length of the lighting 

period (Mccormick & Cunningham, 1987; 
Alodan & Mashaly, 1999). 
For a forced molting program to be successful, 
the starvation period and the subsequent 
mortality rate should be low. Egg production 
should resume in a short time after molting and 
then increase rapidly. It has been reported that 
the withdrawal method can be applied 
successfully in the poultry industry, and that 
this method leads to satisfactory results in 
terms of yield criteria in the second year of 
production (Küçükyılmaz et al., 2003). Many 
producers no longer use starvation periods 
during molting programs because of concerns 
for animal welfare. However, there are still 
some producers who continue to practice this 
method. Egg production performance in the 
postmolt period is important for commercial 
egg producers. Egg production drops during the 
molting period; however, once production 
resumes after molting is completed, production 
rates may be higher than 1st cycle. Some 
researchers have found that the rate of egg 
production (hen-day) after molting increased 
86.46 to 87.82% (Single Comb White Leghorn 
hens, 85 to 106 weeks of age) (Bozkurt et al., 
2016), while others have found that production 
rates improved 80.68 to 88.41% (Brown laying 
hens, 81 to 95 weeks of age) (Gongruttananun 

et al., 2017). Also, postmolt hen-day egg 
production (5-41 weeks) in the experiment 
conducted using Hy-Line W-36 hens (68 weeks 
of age) increased 70 to 73% (Bland et al., 
2014). Brown layers produced 61.2% more at 
the beginning of molting (80-82 weeks), 6.3% 
more during molting (82-86 weeks) and 60.4% 
more during postmolting (86-90 weeks), in 
terms of hen-day production (Zhao et al., 
2016). 
Some researchers have stated that S. enteritidis 
invasion and colonization may be directly 
related to the rapid kinetics of feed withdrawal 
and its effects on microbial ecology and crop 
microenvironments during molting (Ricke, 
2003). The use of diets that are either low in 
calcium and low in zinc, or high in zinc, have 
been shown to reduce the occurrence of this 
condition in hens (Kubena et al., 2001; Ricke et 
al., 2001). 
The calcium needs of poultry are tried to be 
met by calcium carbonate, which is also known 
as limestone or marble powder (Guinotte et al., 
1991). Also, the calcium appears to play a 
pivotal role in molt induction as calcium 
carbonate feeding prolongs ovulation during 
the initial stages of an induced molt (Brake, 
1993). 
Different materials (barley, wheat, etc) have 
been used to induce molting programs. The aim 
of this study was to investigate the impact on 
egg production performance when marble 
powder is used during forced molting process 
in Hy-Line W-36 laying hens. 
 
MATERIALS AND METHODS 
 
Throughout the experiment, ethical practices 
were followed to assure that the welfare of the 
birds was monitored and maintained. 
Experimental procedures were approved by the 
Ethics Committee for Experiments on Animals 
in Faculty of Veterinary of Atatürk University 
(Approval no. 28). 
In this experiment, the data of 69126 Hy-Line 
W-36 laying hens (80 weeks old) were obtained 
from a commercial egg production farm (BAY-
TAV TAVUKCULUK, Turkey).  
From week 80 until week 90, all chickens were 
provided with a lighting program of 17 hours of 
light and 7 hours of darkness per day and given 
ad libitum access to feed and water. 

Environmental temperature and relative air 
humidity were maintained at 20-24ºC and 60-
70%, respectively. The nutrient composition of 
the hens’ diets is presented in Table 1. 
 

Table 1. Ingredients and nutrient composition of 
commercial laying diet in the premolt period 

 

Items % 
Corn 61.90 
Full fat soybeans 5.70 
Soy bean meal 17.00 
Sunflower meal 2.50 
Salt 0.36 
Dicalcium phosphate 1.50 
Marble powder 9.69 
Fish meal 1.00 
Vitamin premix 0.25 
Mineral premix 0.10 
ME (kcal/kg) 2710 
Crude protein, % 17 

 
Before the molting program started, all 
chickens were introduced to 48 hours of light 
exposure. The time of the molting program 
beginning at the 90th week was determined 
according to the body weight loss of the 
chickens (Table 2). To determine the body 
weight loss of the entire flock, before the 
molting program began, 98 chickens were 
randomly selected, and they placed in wire 
cages (40 cm W x 80 cm L x 40 cm H, seven 
hens per cage) as a group, for a total of fourteen 
groups (7 hens/group).  
 

Table 2. Molting programs used in the study 
 

Days Marble  
Powder 

Light 
time 

(h/day) 

Body 
Weight lost 

(%) 
1 25 g/hen 2 - 
2 25 g/hen 2 - 
3 - 10 - 
4 - 10 10.40 
5 25 g/hen 10 - 
6 - 10 15.60 
7 30 g/hen 10 - 
8 - 10 18.70 
9 - 10 20.05 
10 - 10 23.10 
- : No implementation 

 
Then, the body weight of those (98 hens) were 
recorded from the first day to tenth day of the 
molting program. At the 10th day of the 
molting program, the 98 hens lost an average of 
23.10% of their body weight. All other hens 
were subjected to molting program according 
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related to the rapid kinetics of feed withdrawal 
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(Approval no. 28). 
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Before the molting program started, all 
chickens were introduced to 48 hours of light 
exposure. The time of the molting program 
beginning at the 90th week was determined 
according to the body weight loss of the 
chickens (Table 2). To determine the body 
weight loss of the entire flock, before the 
molting program began, 98 chickens were 
randomly selected, and they placed in wire 
cages (40 cm W x 80 cm L x 40 cm H, seven 
hens per cage) as a group, for a total of fourteen 
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Then, the body weight of those (98 hens) were 
recorded from the first day to tenth day of the 
molting program. At the 10th day of the 
molting program, the 98 hens lost an average of 
23.10% of their body weight. All other hens 
were subjected to molting program according 
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to the body weight results from the group. All 
of hens feed was withdrawn on the first day of 
the molting program, at the 11th day began to 
be given again. On the 11th day after the 
molting period was completed, the daily 
photoperiod was increased to 12 hours per day. 
On the 18th day, it was increased to 14 hours 
per day. The photoperiod was increased 30 
minutes per week thereafter until a 17-hour 
photoperiod was established. 
In this study, in addition, daily mortality, 
calculated using hen-day mortality, was 
recorded from the week 80 to week 100 for all 
hens. 
Egg production performance started to be 
measured at the 80th week, before the onset of 
forced molting at the 90th week. These 
measurements continued until 100th week. Egg 
production was recorded daily during the 21-
week trial period. The number of standard, i.e. 
medium and large eggs (53-73 g), jumbo, i.e. 
extra-large eggs (greater than 73 g), cracked 
eggs and dirty eggs (calculated using hen-day 
egg production) were counted throughout the 
experiment. 
 
Statistical analysis 
The data related to the effect of egg 
productions were analysed by ANOVA using 
the GLM procedure of SPSS Statistics 20. 
When the influence of egg productions was 
stated by ANOVA test, Tukey’s post-hoc test 
was applied to compare the means of each 
group. Statistical differences were considered 
significant when the p-value is less than 0.05. 
 
RESULTS AND DISCUSSIONS 
 
Figure 1 shows percentage changes in weekly 
egg production. Egg production (% hen-day) 
through the experimental period ranged from 
42.69 to 69.51%, 0 to 51.59% and 0 to 74.68% 
in the premolt, molt and postmolt periods, 
respectively. This effect of the marble powder 
in postmolt period of the egg production is 
remarkable. The complete cessation of egg 
production occurred after eight days of the 
molting period. Birds were returned to lay eggs 
23 days after the onset of the molt period.  
The experimental period included premolt, 
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During the postmolt period, there were 
significant differences in the production of 
standard, jumbo, cracked, dirty and total eggs. 
Weekly egg production rates during 99 and 100 
weeks of age were significantly higher than in 
other postmolt periods. 
The mortality rate of birds in premolt and 
postmolt periods was low, ranging from 0.01 to 
0.04%. However, during the molt period this 
rate increased to 0.57%. 
Marble powder is typically used as a calcium 
source in the composition of basal diets fed to 
laying hens (Lukic et al., 2009). Therefore, the 
marble powder was deemed safe and its use 
may also prevent illnesses such as such as S. 
enteritidis invasion and colonization during 
molting (Ricke, 2003), while allowing a diet 
that is low in calcium and allowing the 
preservation of eggshell quality (Lukic et al., 
2009). 
In order to achieve success in molting 
programs, it is necessary to achieve a certain 
reduction (20 to 30%) in the body weight of 
laying hens while minimizing mortality rates. 
In the current study, the mortality rate of hens 
throughout the experimental period was low, 
ranging from 0.01 to 0.57%. This mortality rate 
was lower than in previous studies; for 
example, Brown laying hens (72 weeks of age) 
had mortality rates ranging from 2.22 to 3.33% 
(Gongruttananun et al., 2017), and White 
Leghorn hens (82 weeks of age) had mortality 
rates ranging from 2.80 to 3.55% (Bozkurt et 
al., 2016). In addition, in successful molting 
programs, certain goals for reduction in body 
weight must be achieved to reach increased 
productivity in the second laying cycle 
(Sariözkan et al., 2016. During the first ten 
days of molting, desired levels of body weight 
losses ranged from 20 to 30%, as previously 
reported (Baker et al., 1983; Hüssein, 1996; 
Webster, 2003; Kara & Güçlü, 2012; Sariözkan 
et al., 2016). In this study, average body weight 
loss was 18.70% on the eighth day the molt 
period; on the tenth day molt period, it was 
23.10%. 
During the molting period, egg production 
stopped after eight days of fasting. This finding 
is similar to findings from Cunningham & 
McCormick (1985), who reported that fasted 
breeders took five to eight days to stop 
producing eggs, and El-Deek & Al-Harthi 

(2004), who found that egg production ceased 
after eight days of fasting. Moustafa et al. 
(2010) found that complete cessation occurred 
after nine days of fasting. 
Postmolt egg productivity is typically 
correlated with body weight loss; moreover, 
egg production decreased during the 28th day 
of molt period (Bland et al., 2014). In this 
study, egg production performance increased 
50% on the day 25th day of the postmolt 
period. 
The weekly egg production results in the 
current study are in agreement with reports 
from researchers (Gongruttananun et al., 2017) 
who have noted that molted hens returned to 
egg production at slow rates after receiving the 
diet, and then rapidly increased production 
during the postmolt period. In this experiment, 
the rate of hen-day egg production was higher 
than in the premolt period in terms of total 
eggs, especially during weeks 99 and 100. 
In this study, hen-day egg production (%) in the 
postmolt period was lower than egg production 
observed by other researchers (Bozkurt et al., 
2016; Gongruttananun et al., 2017) and was 
similar to week 100 of the postmolt period 
(Bland et al., 2014). However, egg production 
during weeks 99 and 100 in the postmolt period 
was higher than results reported by other 
researchers (Zhao et al., 2016). These 
differences are likely to be related to factors 
such as the laying hens’ genetic strains, laying 
ages, and the composition of experimental 
diets. 
 
CONCLUSIONS 
 
The results of this study suggest that the 
addition of marble powder to the diet of laying 
hens in forced molting programs have a 
beneficial effect on egg production, particularly 
during the postmolt period. In the research, 
after molting with marble powder at the 90th 
week, results above the egg yield values in the 
premolt period were obtained in the postmolt 
period. However, nowadays, molting programs 
are gradually turning practice with more 
roughage. For this reason, it can be 
recommended to carry out research involving 
the use of marble powder, which is used as a 
feed additive, with roughage. 
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to the body weight results from the group. All 
of hens feed was withdrawn on the first day of 
the molting program, at the 11th day began to 
be given again. On the 11th day after the 
molting period was completed, the daily 
photoperiod was increased to 12 hours per day. 
On the 18th day, it was increased to 14 hours 
per day. The photoperiod was increased 30 
minutes per week thereafter until a 17-hour 
photoperiod was established. 
In this study, in addition, daily mortality, 
calculated using hen-day mortality, was 
recorded from the week 80 to week 100 for all 
hens. 
Egg production performance started to be 
measured at the 80th week, before the onset of 
forced molting at the 90th week. These 
measurements continued until 100th week. Egg 
production was recorded daily during the 21-
week trial period. The number of standard, i.e. 
medium and large eggs (53-73 g), jumbo, i.e. 
extra-large eggs (greater than 73 g), cracked 
eggs and dirty eggs (calculated using hen-day 
egg production) were counted throughout the 
experiment. 
 
Statistical analysis 
The data related to the effect of egg 
productions were analysed by ANOVA using 
the GLM procedure of SPSS Statistics 20. 
When the influence of egg productions was 
stated by ANOVA test, Tukey’s post-hoc test 
was applied to compare the means of each 
group. Statistical differences were considered 
significant when the p-value is less than 0.05. 
 
RESULTS AND DISCUSSIONS 
 
Figure 1 shows percentage changes in weekly 
egg production. Egg production (% hen-day) 
through the experimental period ranged from 
42.69 to 69.51%, 0 to 51.59% and 0 to 74.68% 
in the premolt, molt and postmolt periods, 
respectively. This effect of the marble powder 
in postmolt period of the egg production is 
remarkable. The complete cessation of egg 
production occurred after eight days of the 
molting period. Birds were returned to lay eggs 
23 days after the onset of the molt period.  
The experimental period included premolt, 
molt and postmolt periods. The premolt period 
was during 80 to 90 week of age, molt period 

was 90 to 92 week of age, whereas that for 
postmolt period was during 92 to 100 week of 
age. x : for premolt period, y : for molt period, 
and z : for postmolt was highest hen-day egg 
production percentage in their own period 
(Figure 1). 
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Table 3 shows the percentage increase in 
weekly production of standard, cracked, jumbo, 
dirty and total eggs during the premolt and 
postmolt periods. During the premolt period, 
production of standard and total eggs in week 
80, jumbo eggs in week 82 and cracked eggs in 
week 83 were all significantly higher than in 
other weeks. However, there were no 
significant differences in dirty egg production 
in the premolt period. 
 
Table 3. Egg production parameters during the premolt 

and postmolt period 
 

Items Eggs % Hen-day egg production 
Standard Cracked Jumbo Dirty Total 

Premolt 
period 
(week) 

80 61.57a 1.14abc 1.00bc 0.00 64.43a 
81 59.71ab 1.14abc 1.57ab 0.00 62.57ab 
82 57.71abc 1.43ab 1.86a 0.00 61.29abcd 
83 58.43abc 1.57a 1.57ab 0.00 61.86abc 
84 55.71abc 0.86bc 1.57ab 0.14 58.86abcde 
85 56.86abc 1.14abc 0.86bc 0.00 58.86abcde 
86 54.86abc 1.00abc 0.00d 0.00 55.86bcde 
87 54.57abc 0.57c 0.00d 0.00 55.57cde 
88 53.00bc 0.86bc 0.29cd 0.00 54.43de 
89 52.00c 1.00abc 0.71cd 0.00 53.71e 

Average 56.44 1.07 0.94 0.01 58.74 
SEM 0.569 0.055 0.095 0.014 0.615 
P-value 0.001 0.001 0.000 0.450 0.000 
Postmolt 
period (wk) 

95 4.71e 0.00b 0.00b 0.00b 5.14e 
96 15.00d 0.14b 0.00b 0.00b 15.86d 
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During the postmolt period, there were 
significant differences in the production of 
standard, jumbo, cracked, dirty and total eggs. 
Weekly egg production rates during 99 and 100 
weeks of age were significantly higher than in 
other postmolt periods. 
The mortality rate of birds in premolt and 
postmolt periods was low, ranging from 0.01 to 
0.04%. However, during the molt period this 
rate increased to 0.57%. 
Marble powder is typically used as a calcium 
source in the composition of basal diets fed to 
laying hens (Lukic et al., 2009). Therefore, the 
marble powder was deemed safe and its use 
may also prevent illnesses such as such as S. 
enteritidis invasion and colonization during 
molting (Ricke, 2003), while allowing a diet 
that is low in calcium and allowing the 
preservation of eggshell quality (Lukic et al., 
2009). 
In order to achieve success in molting 
programs, it is necessary to achieve a certain 
reduction (20 to 30%) in the body weight of 
laying hens while minimizing mortality rates. 
In the current study, the mortality rate of hens 
throughout the experimental period was low, 
ranging from 0.01 to 0.57%. This mortality rate 
was lower than in previous studies; for 
example, Brown laying hens (72 weeks of age) 
had mortality rates ranging from 2.22 to 3.33% 
(Gongruttananun et al., 2017), and White 
Leghorn hens (82 weeks of age) had mortality 
rates ranging from 2.80 to 3.55% (Bozkurt et 
al., 2016). In addition, in successful molting 
programs, certain goals for reduction in body 
weight must be achieved to reach increased 
productivity in the second laying cycle 
(Sariözkan et al., 2016. During the first ten 
days of molting, desired levels of body weight 
losses ranged from 20 to 30%, as previously 
reported (Baker et al., 1983; Hüssein, 1996; 
Webster, 2003; Kara & Güçlü, 2012; Sariözkan 
et al., 2016). In this study, average body weight 
loss was 18.70% on the eighth day the molt 
period; on the tenth day molt period, it was 
23.10%. 
During the molting period, egg production 
stopped after eight days of fasting. This finding 
is similar to findings from Cunningham & 
McCormick (1985), who reported that fasted 
breeders took five to eight days to stop 
producing eggs, and El-Deek & Al-Harthi 

(2004), who found that egg production ceased 
after eight days of fasting. Moustafa et al. 
(2010) found that complete cessation occurred 
after nine days of fasting. 
Postmolt egg productivity is typically 
correlated with body weight loss; moreover, 
egg production decreased during the 28th day 
of molt period (Bland et al., 2014). In this 
study, egg production performance increased 
50% on the day 25th day of the postmolt 
period. 
The weekly egg production results in the 
current study are in agreement with reports 
from researchers (Gongruttananun et al., 2017) 
who have noted that molted hens returned to 
egg production at slow rates after receiving the 
diet, and then rapidly increased production 
during the postmolt period. In this experiment, 
the rate of hen-day egg production was higher 
than in the premolt period in terms of total 
eggs, especially during weeks 99 and 100. 
In this study, hen-day egg production (%) in the 
postmolt period was lower than egg production 
observed by other researchers (Bozkurt et al., 
2016; Gongruttananun et al., 2017) and was 
similar to week 100 of the postmolt period 
(Bland et al., 2014). However, egg production 
during weeks 99 and 100 in the postmolt period 
was higher than results reported by other 
researchers (Zhao et al., 2016). These 
differences are likely to be related to factors 
such as the laying hens’ genetic strains, laying 
ages, and the composition of experimental 
diets. 
 
CONCLUSIONS 
 
The results of this study suggest that the 
addition of marble powder to the diet of laying 
hens in forced molting programs have a 
beneficial effect on egg production, particularly 
during the postmolt period. In the research, 
after molting with marble powder at the 90th 
week, results above the egg yield values in the 
premolt period were obtained in the postmolt 
period. However, nowadays, molting programs 
are gradually turning practice with more 
roughage. For this reason, it can be 
recommended to carry out research involving 
the use of marble powder, which is used as a 
feed additive, with roughage. 
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Abstract 
 
The research revealed the tendency for an increase in the index of the average area of an individual leaf blade when the 
seeding rate rose from 50 to 60 thous. pcs./ha, and further there was a reduction in this index when the seeding rate 
increased to 70 thous. pcs./ha. The average index in the variant of the hybrid Teddy F1 was 72.6 cm2, 
Double Sunking F1 - 70.3 cm2, Santa Fe F1 - 70.8 cm2, respectively. The dependence of the index of leaf blade thickness 
of sunflower hybrids on the factors under study was analogous: this index was minimal in the variant of the hybrid 
Teddy F1 - 0.58 mm, it fell to 0.55 mm in the variant of the hybrid Double Sunking F1, it was minimal in the variant of 
the hybrid Santa Fe F1 - 0.52 mm on the average by Factor В. According to our data, the dependence of the intensity of 
green color of a leaf blade of sunflower hybrids was similar: this index was not essentially dependent on Factor А, but 
an increase in the seeding rate caused a reduction in the intensity of green color of leaves in comparison with the 
sample. If the intensity of the sample color is considered to be 100%, the color of a leaf blade in the variant of the 
hybrid Teddy F1 was at the level of 73%, that of the hybrid Double Sunking F1 - 69%, and that of the hybrid Santa Fe F1 
- 69% of the sample. The least intensity of green color of sunflower leaves was with the maximum seeding rate and did 
not exceed 62% on the average by Factor А. On the average by Factor В, the hybrid Teddy F1 was considered to be a 
leader by the content of green pigment in its leaves - 8.69 mg/g, in the variant of the hybrid Santa Fe F1 it was 7.45 
mg/g, Double Sunking F1 - 8.02 mg/g. The maximum area of the crop photosynthetic apparatus was formed in the 
variant of the hybrid Teddy F1 being 30.7 thous. m2/ha at the stage of flowering, in the variant of the hybrid 
Double Sunking F1 - 29.5 thous. m2/ha and in the variant of the hybrid Santa Fe F1 - 26.1 thous. m2/ha, respectively. In 
all the variants of the crop hybrids there was a correlation according to which there was an increase in the index of leaf 
surface area when the seeding rate rose from 50 to 60 thous. pcs./ha, and when there was a further increase in the 
seeding rate to 70 thous. pcs./ha, vice versa, this index started decreasing considerably. The index of net productivity of 
photosynthesis reached its maximum values in the variant of the hybrid Teddy F1 being 1.99 g/m2/day, on the average 
by Factor В, that of the hybrid Double Sunking F1 - 1.93 g/m2/day and that of the hybrid Santa Fe F1 - 1.84 g/m2/day, 
respectively. 
 
Key words: ornamental sunflower, hybrids, seeding rate, leaf surface area, fractional composition of chlorophyll, 
enzyme content, photosynthetic potential. 
 
INTRODUCTION 
 
Currently cultivation of multiflorous 
(ornamental) sunflower as a source of 
pharmaceutical phyto-raw materials is enjoying 
increasing popularity in all agro-ecological 
zones of Ukraine (Safonov, 2008; 
Zhovtobryukh, 2004). This fact can be 
explained by the results of the latest research 
on pharmacological characteristics of the crop, 
revealing that they essentially improve the state 
of a human body with a wide range of serious 
diseases. The possibility of using 
pharmaceutical raw materials (dry petals of 
male flowers) in a protocol of treating COVID-

19 and related consequences makes the 
scientific problem of developing a zonal 
technology for the crop cultivation highly 
topical (Melnik, 2005). In this aspect, agro-
ecological conditions of the Southern Steppe 
Zone with its essential values of degree days in 
a growing season, supply of nutrients in the 
soil, amount of productive precipitation and 
phyto-sanitary  condition of agrocenoses are 
considered to be fully favorable for obtaining 
economically efficient yields of phyto-raw 
materials, and their general ecological 
condition can be a basis for obtaining 
medicinal products with organic certification, 
that transfers the cultivation process to an 
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Abstract 
 
The research revealed the tendency for an increase in the index of the average area of an individual leaf blade when the 
seeding rate rose from 50 to 60 thous. pcs./ha, and further there was a reduction in this index when the seeding rate 
increased to 70 thous. pcs./ha. The average index in the variant of the hybrid Teddy F1 was 72.6 cm2, 
Double Sunking F1 - 70.3 cm2, Santa Fe F1 - 70.8 cm2, respectively. The dependence of the index of leaf blade thickness 
of sunflower hybrids on the factors under study was analogous: this index was minimal in the variant of the hybrid 
Teddy F1 - 0.58 mm, it fell to 0.55 mm in the variant of the hybrid Double Sunking F1, it was minimal in the variant of 
the hybrid Santa Fe F1 - 0.52 mm on the average by Factor В. According to our data, the dependence of the intensity of 
green color of a leaf blade of sunflower hybrids was similar: this index was not essentially dependent on Factor А, but 
an increase in the seeding rate caused a reduction in the intensity of green color of leaves in comparison with the 
sample. If the intensity of the sample color is considered to be 100%, the color of a leaf blade in the variant of the 
hybrid Teddy F1 was at the level of 73%, that of the hybrid Double Sunking F1 - 69%, and that of the hybrid Santa Fe F1 
- 69% of the sample. The least intensity of green color of sunflower leaves was with the maximum seeding rate and did 
not exceed 62% on the average by Factor А. On the average by Factor В, the hybrid Teddy F1 was considered to be a 
leader by the content of green pigment in its leaves - 8.69 mg/g, in the variant of the hybrid Santa Fe F1 it was 7.45 
mg/g, Double Sunking F1 - 8.02 mg/g. The maximum area of the crop photosynthetic apparatus was formed in the 
variant of the hybrid Teddy F1 being 30.7 thous. m2/ha at the stage of flowering, in the variant of the hybrid 
Double Sunking F1 - 29.5 thous. m2/ha and in the variant of the hybrid Santa Fe F1 - 26.1 thous. m2/ha, respectively. In 
all the variants of the crop hybrids there was a correlation according to which there was an increase in the index of leaf 
surface area when the seeding rate rose from 50 to 60 thous. pcs./ha, and when there was a further increase in the 
seeding rate to 70 thous. pcs./ha, vice versa, this index started decreasing considerably. The index of net productivity of 
photosynthesis reached its maximum values in the variant of the hybrid Teddy F1 being 1.99 g/m2/day, on the average 
by Factor В, that of the hybrid Double Sunking F1 - 1.93 g/m2/day and that of the hybrid Santa Fe F1 - 1.84 g/m2/day, 
respectively. 
 
Key words: ornamental sunflower, hybrids, seeding rate, leaf surface area, fractional composition of chlorophyll, 
enzyme content, photosynthetic potential. 
 
INTRODUCTION 
 
Currently cultivation of multiflorous 
(ornamental) sunflower as a source of 
pharmaceutical phyto-raw materials is enjoying 
increasing popularity in all agro-ecological 
zones of Ukraine (Safonov, 2008; 
Zhovtobryukh, 2004). This fact can be 
explained by the results of the latest research 
on pharmacological characteristics of the crop, 
revealing that they essentially improve the state 
of a human body with a wide range of serious 
diseases. The possibility of using 
pharmaceutical raw materials (dry petals of 
male flowers) in a protocol of treating COVID-

19 and related consequences makes the 
scientific problem of developing a zonal 
technology for the crop cultivation highly 
topical (Melnik, 2005). In this aspect, agro-
ecological conditions of the Southern Steppe 
Zone with its essential values of degree days in 
a growing season, supply of nutrients in the 
soil, amount of productive precipitation and 
phyto-sanitary  condition of agrocenoses are 
considered to be fully favorable for obtaining 
economically efficient yields of phyto-raw 
materials, and their general ecological 
condition can be a basis for obtaining 
medicinal products with organic certification, 
that transfers the cultivation process to an 
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entirely new economic level (Kostenko et al., 
2016; Lykhovyd & Lavrenko, 2017; Safonov, 
2008; Zhuykov et al., 2020). 
Analysis of the latest studies allows stating that 
along with the increasing popularization of 
multiflorous sunflower, in the modern scientific 
journals there is a lack of information about 
theoretical and applied aspects of cultivation 
(Kostenko et al., 2016; Pershin & Pershina, 
1995; 1996; 1997; 1998). Those individual 
attempts of certain economic entities trying to 
obtain commodity phyto-raw materials of the 
crop are largely based on empirical principles, 
i.e. farmers apply certain techniques or even 
entire technological blocks by the method of 
analogy, using models of the existing zonal 
technologies for growing common sunflower, 
without taking into consideration ecological 
and biological characteristics of this crop which 
is new for the domestic crop rotation (Kostenko 
et al., 2016; Melnik, 2005; Lykhovyd et al., 
2022; Pershin & Pershina, 1995; 1996; 1997; 
Zhuykov et al., 2020). While choosing the issue 
of the scientific research we were mainly 
guided by the increasing popularity of orna-
mental sunflower against the background of 
insufficient information on individual cultiva-
tion techniques and a lack of approbated zonal 
technologies for obtaining its phyto-raw materials 
(Pershin & Pershina, 1995; 1996; 1997; 1998). 
The purpose of the research was to conduct an 
ecological-economic trial of the modern 
varieties of ornamental sunflower against the 
background of different seeding rates. Taking 
into account the efficiency indexes of the 
functioning of the crop photosynthetic 
apparatus, we examined the following factors: 
leaf blade area, its thickness, the intensity of 
green color, pigment-enzyme composition, 
total leaf area and its dynamics during a 
growing season, photosynthetic potential and 
net productivity of the crop photosynthesis.  
 
MATERIALS AND METHODS 
 
The field research was conducted in the 
research field of Kherson State Agrarian and 
Economic University (Ukraine, 
46.693344109882 N, 32.4823827724609 E, 
38.71 37 m above sea level) in 2020-2021. 
In order to achieve the outlined purpose of the 
research, we carried out a two-factor field 
experiment.  

Factor А - hybrid assortment of ornamental 
sunflower represented by the following 
hybrids: Teddy F1, Double Sunking F1, 
Santa Fe F1, and Factor В - crop seeding rate: 
50, 60 and 70 thous. pcs. of germinated seeds 
per ha. There were four replications, the total 
area of the research field was 0.75 ha, the total 
area of the first-order plot was 280 m2, the 
registered area was 250 m2. The experimental 
plots were located by the split plot design with 
partial randomization.  
The soil cover of the territory is represented by 
chestnut degraded soils with secondary salinity. 
The content of organic matter (humus) (SSTU 
4289:2004, 2004) in the research field in the 
layer of 0-30 cm ranges from low to medium 
being within 1.82-2.59 %. The content of 
slightly hydrolyzed nitrogen (SSTU 7863:2015, 
2015) is very low (6.02-8.96 mg/100 g of soil). 
The soil supply of (SSTU 4114:2002, 2002) 
mobile phosphorus is low (0.33-1.32 mg/100 g 
of soil), that of mobile potassium is low (10.8-
31.0 mg/100 g of soil). The sum of absorbed 
cations (Са2+, Mg2+, Na+) (SSTU ISO 
11260:2001, 2001) in the layer of 0-30 cm 
ranges from 43.831 to 70.440 mg-eq/100 g of 
soil. Exchangeable magnesium prevails in the 
composition of exchangeable cations - 12.5-
45.0 mg-eq/100 g of soil. Carbonates (СаСО3) 
(SSTU ISO 10693, 2001) in the layer of 0-
30 cm change within 8.2-9.7%. Reaction of the 
soil solution in the layer of 0-30 cm (SSTU 
ISO 10390, 2007) is close to neutral (рНsaline 
ranges from 7.32 to 7.53). 
The examined hybrids had the following 
characteristics according to the originators’ 
descriptions: 
Teddy F1 is a hybrid of ornamental sunflower. 
This is an annual plant with a thick and strong 
stem, 50-60 cm high, bushy. Capitulum 
inflorescences are big, double-flowered or 
semi-double-flowered, the diameter of 15 cm, 
double petal flowers, bright-yellow (golden-
orange) color; 
Double Sunking F1 is a hybrid of ornamental 
sunflower. This is an annual plant with a thick 
and strong stem, 150-180 cm high, bushy. 
Capitulum inflorescences are big, double-
flowered or semi-double-flowered, the 
diameter of 12-15 cm, double petal flowers, 
bright-yellow (golden-orange) color; 

Santa Fe F1 - is a hybrid of ornamental 
sunflower. This is an annual plant with a thick 
and strong stem, 170 cm high, bushy. 
Capitulum inflorescences are big, double-
flowered or semi-double-flowered, the 
diameter of 15 cm, double petal flowers, 
bright-yellow (golden-orange) color. The index 
of leaf surface area was measured with the 
method of carving, architectonics of a leaf 
blade was determined with express-scanning, 
leaf blade thickness was measured with a 

digital sliding caliper, the content of green 
pigment and its fractional composition was 
determined with photometric measurement of 
spirit extract, the content and fractional 
composition of enzymes - with photometric 
measurement of acetone extract with hydrogen 
peroxide under further photoseparation. 
The growing seasons of 2020-2021 had 
different weather conditions but they were 
favorable for sunflower cultivation (Table1). 

Table 1. Climatic conditions in the years of the research 
Year-month АТ, °C DNI, W/m2 RH, % РА, mm WS, m/sec ЕTo, mm 

2021-12 1.82 25 93.50 50.6 1.8 11.7 
2021-11 6.53 47 87.60 46 1.4 18.0 
2021-10 9.91 108 64.54 5.8 1.0 43.4 
2021-09 16.04 159 58.39 16.2 1.2 78.3 
2021-08 24.54 228 57.82 10.2 1.2 143.0 
2021-07 25.70 248 61.47 58.6 0.8 147.0 
2021-06 20.87 223 78.62 111 1.3 121.5 
2021-05 15.87 232 71.94 64.8 1.7 119.7 
2021-04 8.67 167 76.45 42.4 1.6 68.9 
2021-03 3.29 114 79.31 43.4 1.9 41.3 
2021-02 -0.61 67 85.89 18.4 2.2 19.7 
2021-01 -0.61 37 91.06 57.8 1.7 10.7 
2020-12 1.97 20 91.27 20.8 2.0 13.4 
2020-11 4.81 41 85.76 11.4 1.1 16.8 
2020-10 15.55 98 80.92 15.2 1.4 49.6 
2020-09 20.17 181 54.46 63.6 1.0 96.6 
2020-08 23.18 240 48.36 5.6 1.0 140.7 
2020-07 24.12 262 55.02 46.4 1.2 159.3 
2020-06 22.26 256 67.09 66.8 1.3 144.5 
2020-05 14.70 209 67.41 38.0 1.8 114.6 
2020-04 9.57 233 53.50 4.0 2.2 106.5 
2020-03 7.31 133 66.04 9.6 2.3 65.6 
2020-02 2.68 80 85.53 157.8 2.5 26.0 
2020-01 1.27 50 87.25 19.6 1.7 11.5 

Note: AT - air temperature; DNI - direct normal irradiance; RH - relative humidity; PA - precipitation amounts; WS - wind speed; ЕTo - 
evapotranspiration. 
Source: Agrometeorology Station Kherson State Agrarian and Economic University, Ukraine. 
 
RESULTS AND DISCUSSIONS 
 
As the results of our research show, both Factor 
А (hybrid) and Factor В (seeding rate) had an 
essential impact on the main indexes of the 
formation of the crop photosynthetic apparatus. 
It should be highlighted that it concerns not 
only quantitative changes in the formation and 
functioning of photosynthetic surface of 
sunflower crops, but also substantial qualitative 
changes in a leaf blade, that was confirmed 
when analyzing the results of our research on 
this problem (Table 2). By the index of the 
average area of an individual leaf blade, there 

was a tendency for an increase in this index 
when the seeding rate rose from 50 to 60 thous. 
pcs./ha, and further, when the seeding rate 
increased to 70 thous. psc./ha, this index started 
falling. The average index by the variant of the 
hybrid Teddy F1 was 72.6 cm2, 
Double Sunking F1 - 70.3 cm2, Santa Fe                    
F1 - 70.8 cm2, respectively. The dependence of 
the index of leaf blade thickness of the 
sunflower hybrids on the examined factors was 
analogous. Minimum indexes were 
characteristic of the hybrid Double Sunking            
F1 - 0.45-0.63 mm. When growing Teddy F1, 
the indexes were at the level of 0.52-0.61 mm. 
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entirely new economic level (Kostenko et al., 
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sunflower hybrids on the examined factors was 
analogous. Minimum indexes were 
characteristic of the hybrid Double Sunking            
F1 - 0.45-0.63 mm. When growing Teddy F1, 
the indexes were at the level of 0.52-0.61 mm. 
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Table 2. Architectonics and pigment-enzyme composition of spongy cell tissue of a leaf at the flowering stage  
of ornamental sunflower hybrids 

Hybrid 
(Factor 

А) 

Seeding 
rate, 

thous. 
pcs./ha 
(Factor 

В) 

Average index value 

Leaf blade 
area, сm2 

Leaf blade 
thickness, 

mm 

Color 
intensity, 

% 

Chlorophy
ll content, 

mg/g 

Chlorophy
ll “А”, % 

Chlorophy
ll “B”, % 

Peroxidase
, arb. u./g 

Catalase, 
arb. u./g 

Teddy 
F1 

50 72.1 0.58 74 8.11 70.1 29.9 694 1752 
60 72.7 0.61 75 9.02 73.3 26.7 690 1789 
70 74.0 0.52 70 6.22 71.8 28.2 665 1584 

Double 
Sunking 

F1 

50 72.0 0.58 67 8.28 75.8 24.2 661 1646 
60 75.2 0.63 69 9.31 78.4 21.6 682 1695 
70 63.7 0.45 61 6.06 72.6 27.4 649 1578 

Santa Fe 
F1 

50 71.2 0.61 76 8.87 72.0 28.0 690 1672 
60 71.0 0.57 66 8.82 73.9 26.1 674 1677 
70 70.1 0.55 66 8.37 60.2 39.8 639 1515 

 
Maximum indexes of leaf blade thickness were 
characteristic of the variant of the sunflower 
hybrid Santa Fe F1 - 0.55-0.61 mm.  
The dependence of the intensity of green color 
of a leaf blade of the sunflower hybrids was 
similar according to our data: this index was 
not essentially dependent on Factor А, but an 
increase in the seeding rate caused a reduction 
in the intensity of green color of the leaves in 
comparison with the sample. If the intensity of 
the sample color is considered to be 100%, the 
color of a leaf blade in the variant of the hybrid 
Teddy F1 was at the level of 73%, that of the 
hybrid Double Sunking F1 - 69%, Santa Fe F1 - 
69% of the sample. The least intensity of green 
color of the sunflower leaves was under the 
maximum seeding rate and did not exceed 62% 
on the average by Factor А (Table 2). 
The intensity of green color of a leaf blade 
immediately reflects the content of chlorophyll 
pigment in it that was also confirmed by the 
results of our research. It was minimum (at the 
level of 6.55 mg/g on the average by Factor А) 
in the variant with the seeding rate of 70 thous. 
psc./ha. On the average by Factor В, the leader 
in terms of green pigment content in the leaves 
was the hybrid Teddy F1 - 8.69 mg/g, it was 
7.45 mg/g in the variant of the hybrid 
Santa Fe F1 and Double Sunking F1 - 
8.02 mg/g. 
A number of scientists state that the total 
content of green pigment does not ensure high 
productivity of assimilation processes in the 
crop leaf apparatus. Fractional composition of 
chlorophyll and, majorly, the content of the 
most physiologically active fraction 
(chlorophyll “А”) in it is much more important. 
According to our data, genetic characteristics 

of the hybrid and plant density had a 
considerable impact on redistribution of the 
fractions of chlorophyll “А” and “B”: in all the 
variants of the hybrids an increase in the 
seeding rate resulted in a reduction in the share 
of the fraction “А” in the total pigment 
composition. The maximum share of the 
fraction “А” on the average by Factor B» was 
observed in the hybrid Teddy F1 (77.4%), 
Double Sunking F1 - 73.6% and Santa Fe F1 - 
71.0%. 
In modern scientific journals there are 
evidences of the dependence of anti-stress 
potential of plants in terms of tolerance to high 
air temperatures and insufficient moisture 
supply on the content of enzymes responsible 
for the intensity of respiration, gas exchange, 
penetrability of intercellular membranes, water 
retention ability of intercellular volumes, anti-
oxidant properties, drought- and heat-resistance 
in spongy cell tissue. Some authors emphasize 
the inhibiting effect of the impact of active 
ingredients of synthetic pesticides and their 
metabolites on this process and consider the 
famous effect of “pesticide stress” to be caused 
by it. As the data given in Table 1 show, the 
content of peroxidase in the tissues of 
ornamental sunflower leaves reached the 
maximum values in the variant of the hybrid 
Teddy F1 and equaled, on the average by Factor 
В, 690 arb.u./g, Double Sunking F1 - 
664 arb.u./g, Santa Fe F1 - 668 arb.u./g, 
respectively. A similar tendency was observed 
while examining the content of the other 
enzyme - catalase, being 1708, 1640 and 1621 
arb. u./g of raw substance on the average by 
Factor В. 

It is well-known that the most principal 
criterion for forecasting and evaluating 
potential productivity of any crop is efficiency 
of the functioning of its photosynthetic 
apparatus (Basaliy et al., 2016). Almost any 
technological element aimed at biologization of 

sunflower cultivation process has a positive 
effect on an increase in the area of the crop 
assimilation activity and leads to an essential 
increase in the efficiency indexes of its 
functioning (Bazaliy et al., 2019). The research 
results given in Table 3 do not contradict them. 

Table 3. Dynamics of the formation of leaf surface area of ornamental  
sunflower hybrids depending on seeding rates, thous. m2/ha 

Hybrid (Factor А) Seeding rate, thous. 
pcs./ha (Factor В) 

Crop development stage 
“3 sets of true 

leaves” 
“capitulum 
formation” “flowering” 

Teddy F1 
50 2.1 22.4 32.2 
60 2.7 25.1 36.2 
70 2.0 19.7 23.8 

Double Sunking F1 
50 2.0 22.9 32.7 
60 2.6 24.1 35.2 
70 1.9 17.4 20,5 

Santa Fe F1 
50 1.8 20.2 29.0 
60 2.1 23.3 27.9 
70 2.0 18.2 21.4 

LSD05, thous. 
m2/ha 

For average (main) effects А-1.04; В-1.41 
For partial differences А-1.22; В-1.19 

 
An essential increase in the area of 
photosynthetic apparatus of an individual plant 
resulted in a rise in the above index calculated 
per 1 ha of the area under crops. Its average 
dynamics in the years of the research is 
presented in Table 2. Beginning with the stage 
“3 sets of true leaves”, the area of assimilation 
surface of the crops increased and this index 
reached its maximum values at the stage 
“flowering”, that was characteristic of all the 
variants of the crop hybrids. Further this index 
was not examined since at the stage of full 
flowering phyto-raw materials were harvested 
(male flowers). On the average by factor В, the 
maximum area of the crop photosynthetic 
apparatus was formed in the variant of the 

hybrid Teddy F1 being 30.7 thous. m2/ha at the 
flowering stage, in the variant of the hybrid 
Double Sunking F1 - 29.5 thous. m2/ha and in 
the variant of the hybrid Santa Fe F1 - 26.1 
thous. m2/ha, respectively. In all the variants of 
the crop hybrids there was a correlation 
according to which the index of leaf surface 
area increased when the seeding rates rose from 
50 to 60 thous. pcs./ha, and with a further 
increase in the seeding rate to 70 thous. pcs./ha, 
vice versa, this index decreased considerably. 
It, in its turn, affected the final index 
characterizing conditions and productivity of 
the process of plant photosynthetic activity in 
the research variants - net productivity of 
photosynthesis (Table 4). 

Table 4. Dependence of the main indexes of photosynthetic activity of ornamental sunflower hybrids on seeding rates 

Hybrid 
(Factor А) 

Seeding rate, 
thous. pcs./ha 

(Factor В) 

Photosynthetic 
potential,  

thous. m2/ha × days 

Increase in dry 
biomass for the period, 

kg/ha 

Net productivity of 
photosynthesis, 

g/m2/day 

Teddy F1 
50 1382 2270 1.87 
60 1576 2712 2.20 
70 1499 2420 1.90 

Double 
Sunking F1 

50 1474 2419 1.97 
60 1533 2653 2.09 
70 1182 1832 1.78 

Santa Fe F1 
50 1411 2021 1.77 
60 1476 2389 2.01 
70 1204 1850 1.73 

LSD05 
For average (main) effects А-100.6; В-117.8 А-122.0; В-104.4 А-0.05; В-0.07 

For partial differences А-66.1; В-89.5 А-118.1; В-96.2 А-0.17; В-0.22 
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Table 2. Architectonics and pigment-enzyme composition of spongy cell tissue of a leaf at the flowering stage  
of ornamental sunflower hybrids 

Hybrid 
(Factor 
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Seeding 
rate, 

thous. 
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(Factor 
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Leaf blade 
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intensity, 
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ll “А”, % 
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70 74.0 0.52 70 6.22 71.8 28.2 665 1584 
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F1 

50 71.2 0.61 76 8.87 72.0 28.0 690 1672 
60 71.0 0.57 66 8.82 73.9 26.1 674 1677 
70 70.1 0.55 66 8.37 60.2 39.8 639 1515 

 
Maximum indexes of leaf blade thickness were 
characteristic of the variant of the sunflower 
hybrid Santa Fe F1 - 0.55-0.61 mm.  
The dependence of the intensity of green color 
of a leaf blade of the sunflower hybrids was 
similar according to our data: this index was 
not essentially dependent on Factor А, but an 
increase in the seeding rate caused a reduction 
in the intensity of green color of the leaves in 
comparison with the sample. If the intensity of 
the sample color is considered to be 100%, the 
color of a leaf blade in the variant of the hybrid 
Teddy F1 was at the level of 73%, that of the 
hybrid Double Sunking F1 - 69%, Santa Fe F1 - 
69% of the sample. The least intensity of green 
color of the sunflower leaves was under the 
maximum seeding rate and did not exceed 62% 
on the average by Factor А (Table 2). 
The intensity of green color of a leaf blade 
immediately reflects the content of chlorophyll 
pigment in it that was also confirmed by the 
results of our research. It was minimum (at the 
level of 6.55 mg/g on the average by Factor А) 
in the variant with the seeding rate of 70 thous. 
psc./ha. On the average by Factor В, the leader 
in terms of green pigment content in the leaves 
was the hybrid Teddy F1 - 8.69 mg/g, it was 
7.45 mg/g in the variant of the hybrid 
Santa Fe F1 and Double Sunking F1 - 
8.02 mg/g. 
A number of scientists state that the total 
content of green pigment does not ensure high 
productivity of assimilation processes in the 
crop leaf apparatus. Fractional composition of 
chlorophyll and, majorly, the content of the 
most physiologically active fraction 
(chlorophyll “А”) in it is much more important. 
According to our data, genetic characteristics 

of the hybrid and plant density had a 
considerable impact on redistribution of the 
fractions of chlorophyll “А” and “B”: in all the 
variants of the hybrids an increase in the 
seeding rate resulted in a reduction in the share 
of the fraction “А” in the total pigment 
composition. The maximum share of the 
fraction “А” on the average by Factor B» was 
observed in the hybrid Teddy F1 (77.4%), 
Double Sunking F1 - 73.6% and Santa Fe F1 - 
71.0%. 
In modern scientific journals there are 
evidences of the dependence of anti-stress 
potential of plants in terms of tolerance to high 
air temperatures and insufficient moisture 
supply on the content of enzymes responsible 
for the intensity of respiration, gas exchange, 
penetrability of intercellular membranes, water 
retention ability of intercellular volumes, anti-
oxidant properties, drought- and heat-resistance 
in spongy cell tissue. Some authors emphasize 
the inhibiting effect of the impact of active 
ingredients of synthetic pesticides and their 
metabolites on this process and consider the 
famous effect of “pesticide stress” to be caused 
by it. As the data given in Table 1 show, the 
content of peroxidase in the tissues of 
ornamental sunflower leaves reached the 
maximum values in the variant of the hybrid 
Teddy F1 and equaled, on the average by Factor 
В, 690 arb.u./g, Double Sunking F1 - 
664 arb.u./g, Santa Fe F1 - 668 arb.u./g, 
respectively. A similar tendency was observed 
while examining the content of the other 
enzyme - catalase, being 1708, 1640 and 1621 
arb. u./g of raw substance on the average by 
Factor В. 

It is well-known that the most principal 
criterion for forecasting and evaluating 
potential productivity of any crop is efficiency 
of the functioning of its photosynthetic 
apparatus (Basaliy et al., 2016). Almost any 
technological element aimed at biologization of 

sunflower cultivation process has a positive 
effect on an increase in the area of the crop 
assimilation activity and leads to an essential 
increase in the efficiency indexes of its 
functioning (Bazaliy et al., 2019). The research 
results given in Table 3 do not contradict them. 

Table 3. Dynamics of the formation of leaf surface area of ornamental  
sunflower hybrids depending on seeding rates, thous. m2/ha 

Hybrid (Factor А) Seeding rate, thous. 
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Crop development stage 
“3 sets of true 

leaves” 
“capitulum 
formation” “flowering” 
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50 2.1 22.4 32.2 
60 2.7 25.1 36.2 
70 2.0 19.7 23.8 

Double Sunking F1 
50 2.0 22.9 32.7 
60 2.6 24.1 35.2 
70 1.9 17.4 20,5 
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50 1.8 20.2 29.0 
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For average (main) effects А-1.04; В-1.41 
For partial differences А-1.22; В-1.19 

 
An essential increase in the area of 
photosynthetic apparatus of an individual plant 
resulted in a rise in the above index calculated 
per 1 ha of the area under crops. Its average 
dynamics in the years of the research is 
presented in Table 2. Beginning with the stage 
“3 sets of true leaves”, the area of assimilation 
surface of the crops increased and this index 
reached its maximum values at the stage 
“flowering”, that was characteristic of all the 
variants of the crop hybrids. Further this index 
was not examined since at the stage of full 
flowering phyto-raw materials were harvested 
(male flowers). On the average by factor В, the 
maximum area of the crop photosynthetic 
apparatus was formed in the variant of the 

hybrid Teddy F1 being 30.7 thous. m2/ha at the 
flowering stage, in the variant of the hybrid 
Double Sunking F1 - 29.5 thous. m2/ha and in 
the variant of the hybrid Santa Fe F1 - 26.1 
thous. m2/ha, respectively. In all the variants of 
the crop hybrids there was a correlation 
according to which the index of leaf surface 
area increased when the seeding rates rose from 
50 to 60 thous. pcs./ha, and with a further 
increase in the seeding rate to 70 thous. pcs./ha, 
vice versa, this index decreased considerably. 
It, in its turn, affected the final index 
characterizing conditions and productivity of 
the process of plant photosynthetic activity in 
the research variants - net productivity of 
photosynthesis (Table 4). 

Table 4. Dependence of the main indexes of photosynthetic activity of ornamental sunflower hybrids on seeding rates 

Hybrid 
(Factor А) 

Seeding rate, 
thous. pcs./ha 

(Factor В) 

Photosynthetic 
potential,  

thous. m2/ha × days 

Increase in dry 
biomass for the period, 

kg/ha 

Net productivity of 
photosynthesis, 

g/m2/day 

Teddy F1 
50 1382 2270 1.87 
60 1576 2712 2.20 
70 1499 2420 1.90 

Double 
Sunking F1 

50 1474 2419 1.97 
60 1533 2653 2.09 
70 1182 1832 1.78 

Santa Fe F1 
50 1411 2021 1.77 
60 1476 2389 2.01 
70 1204 1850 1.73 

LSD05 
For average (main) effects А-100.6; В-117.8 А-122.0; В-104.4 А-0.05; В-0.07 

For partial differences А-66.1; В-89.5 А-118.1; В-96.2 А-0.17; В-0.22 
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The index of net productivity of photosynthesis 
reached its maximum values in the variants of 
the hybrid Teddy F1 being 1.99 g/m2/day on the 
average by Factor В, that of the hybrid 
Double Sunking F1 - 1.93 g/m2/day, and that of 
the hybrid Santa Fe F1 - 1.84 g/m2/day, 
respectively. 
 
CONCLUSIONS 
 
An increase in the crop seeding rate from 50 to 
60 thous. pcs./ha results in a slight 
improvement of some efficiency indexes of the 
functioning of photosynthetic apparatus of 
ornamental sunflower hybrids and a further 
increase in the seeding rate to 70 thous. pcs./ha 
causes a decline in all the indexes (area and 
leaf blade thickness, the content of green 
pigment and its fractional composition, the 
content of the most important enzymes, 
photosynthetic potential and net productivity of 
the crop photosynthesis). Among the crop 
hybrids under study, the hybrid Teddy F1 was 
considered to be the leader by the above 
indexes. It considerably exceeded the 
corresponding indexes in the variants of the 
hybrids Double Sunking F1 and Santa Fe F1. 
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