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Abstract 
 
Experimental trails have been conducted between March 2010 and January 2012 in Gerlengec village of Biga District 
situated in Canakkale Province, Turkey. In this study, control along with 5 kg N/ha 4M (chelate organo-mineral 
fertilizer, 5-10-0), 10 kg N/ha 4M, 5 kg N/ha composite (20-20-0) and 10 kg N/ha composite of five different types and 
doses of fertilizer were used. Height of the grass has been increased from 10.0 cm to 110.9 cm and 22.8 cm to 113.1 cm 
in 2010 and 2011, respectively by increasing the grass layer of the rangeland from 1st March to 30th May. At the same 
time, the fodder production has been increased from 84.0 kg/ha to 494 kg/ha and 95.8 kg/ha to 631.1 kg/ha in 2010 and 
2011, respectively. An increase, both in the grass layer height as well as the fodder production has been accelerated 
between 10 to 20 April. The application of fertilizers has none significant level of affect to the grazing maturity time of 
rangeland. The effects of fertilization on legumes in rangeland were important in general while its impact on the species 
of grains and other related families has mostly been appeared in the months of summer and autumn. According to the 
two-year average results, legumes that found in plant vegetation were increased by the application of composite 
fertilizer while decreased due to 4M fertilizer. All of the fertilizers showed an increase in gramineae but reduced the 
species from other families. All types and doses of fertilizer showed an increase into the quality level of rangeland in 
each of two years, but an extreme increase of 10 kg N/ha has been occurred in those plots which were applied to 4M 
fertilizer. According to this, grazing should be started in 20th of April in similar rangelands and 5 kg of nitrogen should 
be applied to per hectare for improving the quality of rangeland.                  
 
Key words: grass layer height, grass yield, grazing time, botanical composition. 
 
INTRODUCTION 
 
Rangelands have an important place in terms of 
fulfilling the needs of animal fodder usually 
don't meet the required need of animals' fodder 
of our country in grazing season as a result of 
their incorrect use until today. Yield strengths 
and grass qualities of the major part of our 
grasslands have been decreased due to their 
improper usages (Gokkus, 1991). Therefore, 
the usage of proper rangeland management 
principles and also conducting improvement 
related studies like fertilization in already 
decreased-yield grasslands will provide an 
important contribution to closing the deficit in 
the current quality feed, besides increasing the 
pasture improvement and the production of 
fodder crops. Early grazing has been observed 
the most vulnerable depending on the grazing 
of rangeland plants. In this situation, plants are 
found with lack of the sufficient reserves of 
nutritional materials and photosynthetic tissues 
to renew themselves after grazing. Rangeland 
plants must have to terminate the growth with 

the reserves of nutritional materials and also 
start the growth with photosynthesis products 
until to reach their grazing maturity (Altin et 
al., 2011). Plants, which grow by getting 
benefits from photosynthesis products, have 
been entered in the era of rapid growth. 
(Manga, 1975; Ogden, 1980). Fertilization 
constitutes an important place in rangeland 
improvement. Biochemical cycle would be 
made reactive by gaining the missing 
nutritional elements to the soil with the 
application of fertilizers in rangeland. 
Prolongation in green forage period, progress in 
the botanical composition, increase in forage 
quality, boosting in palatability as well as the 
improvement in grass yield of the grassland 
take place by the application of fertilizer. A 
study has been conducted in the rangelands of 
Tekirdag province of Turkey and it was 
reported that the application of fertilizers 
provided a significant increase in the yield and 
quality of grass of the rangeland (Altin et al., 
2010). The pastured rangeland areas of 
Canakkale province is consisted of 22,065 
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fulfilling the needs of animal fodder usually 
don't meet the required need of animals' fodder 
of our country in grazing season as a result of 
their incorrect use until today. Yield strengths 
and grass qualities of the major part of our 
grasslands have been decreased due to their 
improper usages (Gokkus, 1991). Therefore, 
the usage of proper rangeland management 
principles and also conducting improvement 
related studies like fertilization in already 
decreased-yield grasslands will provide an 
important contribution to closing the deficit in 
the current quality feed, besides increasing the 
pasture improvement and the production of 
fodder crops. Early grazing has been observed 
the most vulnerable depending on the grazing 
of rangeland plants. In this situation, plants are 
found with lack of the sufficient reserves of 
nutritional materials and photosynthetic tissues 
to renew themselves after grazing. Rangeland 
plants must have to terminate the growth with 

the reserves of nutritional materials and also 
start the growth with photosynthesis products 
until to reach their grazing maturity (Altin et 
al., 2011). Plants, which grow by getting 
benefits from photosynthesis products, have 
been entered in the era of rapid growth. 
(Manga, 1975; Ogden, 1980). Fertilization 
constitutes an important place in rangeland 
improvement. Biochemical cycle would be 
made reactive by gaining the missing 
nutritional elements to the soil with the 
application of fertilizers in rangeland. 
Prolongation in green forage period, progress in 
the botanical composition, increase in forage 
quality, boosting in palatability as well as the 
improvement in grass yield of the grassland 
take place by the application of fertilizer. A 
study has been conducted in the rangelands of 
Tekirdag province of Turkey and it was 
reported that the application of fertilizers 
provided a significant increase in the yield and 
quality of grass of the rangeland (Altin et al., 
2010). The pastured rangeland areas of 
Canakkale province is consisted of 22,065 
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hectares which is the share of 2.2% from its 
total area (Anonymous, 2008). So, these areas 
should be used very carefully and effectively if 
the limited reservoirs of quality fodder for the 
animals in Canakkale region are taken into 
account. Two basic conditions for effective 
usage of the available area are: the 
improvement and the proper management of 
rangeland. In this study, in accordance to the 
above mentioned reasons, it has been aimed to 
determine the proper starting and ending times 
for grazing, and also examined the variations 
that occur into the chemical compositions of 
grass as well as the aboveground mass during 
the year in the rangelands of Canakkale 
province and its vicinities.  
  
MATERIALS AND METHODS 
 
This research work was carried out between 1st 
March 2010 and 30th January 2012 in 
Gerlengec village of Biga District situated in 
Canakkale Province of Turkey. In Canakkale, 
the annual average temperature has being 
recorded as 15.5oC for last many years while it 
was measured as 15.9oC and 16.4oC during the 
both of experimental years. The total annual 
precipitation (685.60 and 509.50 mm) during 
both of the experimental years has been found 
higher than the average precipitation of the last 
many years (509.10 mm). High rainfall was 
recorded in the months of January, February, 
March and December in each of two years.  
The soil of the research rangeland is mainly 
found as loamy type of soil possessing 
moderate (2.41%) contents of organic matter, 
neutral with pH value of 7.09, having low lime 
percentage (2.14%) and without salinity (0.99 
mS/cm). The soil of rangeland has the amount 
of receivable P (2.53 kg/ha) and Zn (0.22 ppm) 
in low; K (44.65 kg/ha), Cu (1.74 ppm), Fe 
(14.74 ppm) and Mn (22.84 ppm) in adequate 
while Ca (7742.2 ppm) and Mg (662.6 ppm) in 
excessive quantity. The data obtained from this 
research work have been evaluated in 
accordance to the analysis of variance by using 
‘Split Plot Design’ and the significance mean 
differences were compared with each other by 
using ‘Multiple Range Test’ in accordance to 
LSD. Experimental trials were conducted in 5 
plots with 4 replications and each plot was 
included   to 5 x 50 m with an area of 250 m2. 

A distance of 2m was left between plots. Five 
different doses of fertilizer i.e., control, 5 kg 
4M, 10 kg 4M, 5 kg composite and 10 kg 
composite have been applied by scattering 
manually on 24 February, 2010. Having the 
name of 4M is a smart fertilizer, used in this 
research work, has been obtained from ‘4M 
Agricultural Company’ containing organo-
mineral (5-10-0), and the compositions are as 
organic material, total nitrogen, total 
phosphorus and maximum moisture of the 
fertilizer are measured as 25%, 5%, 10%, and 
20%; respectively along with 6-8 pH value. 
This smart fertilizer is coated with chelate 
(EDTA) while the composite fertilizer (20-20-
0) contains 20% nitrogen and 20% phosphorus. 
In this experiment, the grass samples have been 
taken during the period of 1st March to 1st May 
with an interval of 10 days where the plant 
growth has observed faster, and also once from 
1st May to 30th of January with an interval of 30 
days when the plant growth has found slow. 
Growth in height as well as increase in mass 
have been recognized as the maximum speed of 
grazing maturity as compared to one of the 
previous period (Gokkus and Koc, 2001). The 
used key species have also been identified 
while determining the proper starting grazing 
time. These plants usually don't have more 
importance as fodder crops, grown in 
rangelands and/or in residential areas, easily 
recognized, and composed of a significant 
phenological phase in grazing time (Bakir, 
1987). Grazing was given an end when the 
process of photosynthesis has been stopped 
(when the daily average temperature has been 
dropped to 0oC or stoppage in plant growth). 
The process of photosynthesis stops in most of 
the chilly-seasoned plants with the falling of 
temperature around 0oC (Bozcuk, 1986). The 
period, four weeks before the stoppage of 
photosynthesis, has been considered as the time 
to put an end to grazing. This period was 
determined on the basis of daily observations.  
The quality and status of rangeland has been 
determined on the basis of highly existing and 
already available plant vegetative covering as a 
measurement by using the method of De Vries 
et al. (1951) in general, Bakir (1970), Uluocak 
(1974), Buyukburc (1980) and Gokkus (1984) 
in particular. 

 

RESULTS AND DISCUSSIONS 
 
Starting and ending times of grazing 
The time to start grazing depends upon the 
grazing maturity of the plant vegetative 
covering. The plants those reach their grazing 
maturity, entered to the stage of rapid growth 
because they have been provided the needed 
energy mainly from photosynthesis products.  
From this point of view, the height of the grass 
layer of vegetation and the increases in 
rangeland grass yield have been taken into 
account while determining the time to start 
grazing. The amount and rate of change in plant 
height and dry grass yield were calculated from 
the time when plants started their growth until 
the 30th of May by using 10 days of intervals 
(Table 1). The time of grazing maturity has 
been recognized as the highest increasing 
period for grass layer height and dry grass yield 
of rangeland as compared to the previous 
measurement date.  Increase in both of the size 
as well as in yields of rangeland crops has 
accelerated since April. The highest increase in 
plant height has been observed between 20-30 
April in each year. At this time, the increase in 
height was accrued as 22.4 cm (60.4%) in 
2010, while 26.7 cm (64.6%) in 2011. The 
highest average plant height (110.9 and 113.1 
cm) was measured in 30th of May in every two 
years. This increase may be correlated to the 
increase in air temperature and yet not seen the 
effects of drought. During this period, the 
highly speed increase in the size of Hordeum 
bulbosum has contributed to the average grass 
layer height for reaching the highest level at the 
end of May, but reached the highest organic 
mass in the middle of May. The largest increase 
in dry grass yield has been emerged from 10 to 
20 April of each two years. During this time 
period, an increase of 271 kg/ha (140.4%) in 
dry grass yield has been occurred in 2010 while 
295.6 kg/ha (103.0%) in 2011. This increase in 
plant height and dry grass yield shows the 
usage of photosynthetic growth products as 
well as the creation of sufficient photosynthetic 
tissues of rangeland plants during this period.  
In the light of these results, 20th of April has 
been identified as the most appropriate time for 
starting grazing in the rangelands of Canakkale 
Province. Grazing maturity is also affected 

because of the direct effects of climatic factors 
to plant growth. Climatic factors may show 
fluctuation in accordance to years. Although, 
changes in the effect of this fluctuation in the 
growth of plants, are also reaching at the same 
time a certain stage of development (Thilenius, 
1979). Because of this reason, it is also more 
feasible that the key or indicator plants should 
be used while determining the maturity date of 
grazing, and it is not necessary that the 
indicator plants must be of the rangeland plants 
but their certain phenological stages would 
need to be monitored easily. Peach, apricot and 
apple plants may be used as key or indicator 
plants at their full bloomy stages while 
determining the plant height and grazing 
maturity of Asphodelus aestivus (Brot.) and 
Taraxacum alleppicum plants in the rangeland. 
Time for giving an end to grazing in rangeland 
is important in terms of the storage of sufficient 
reserved nutrients of plants before winter. 
Because the rate of accumulated reserved 
nutrients of rangeland plants should be in 
sufficient level in the autumn for showing a 
rapid development in spring by passing the 
winter without getting any harm (Owensby et 
al., 1970). This period will help to prepare the 
plants in a better way for its winter and spring 
germination because the plants pass this period 
in dormancy and could not be able to gain 
enough food reserves that can be achieved by 
photosynthesis. Thus, the zero gain of net 
photosynthesis of plants can be taken as a 
gauge while determining the ending time of 
grazing. In rangeland, the grazing should be 
terminated about 3-4 weeks before the start of 
hard winter (Tukel, 1989). In this study, the 
average plant height and yield have been 
recorded again at the beginning of hard winter 
period. According to the obtained data, the 
lowest height and yields have been observed in 
the 30th of November. Therefore, an 
approximate of one month prior to 30th of 
October or early November can be considered 
as the deadline for grazing. In the light of these 
results, grazing should be started in 20th of 
April and terminated in 1st of November in 
those rangelands with having the ecological 
conditions of Canakkale Province. According 
to this, the grazing season of the surrounding 
rangelands is about 200 days or 6.5 months. 
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hectares which is the share of 2.2% from its 
total area (Anonymous, 2008). So, these areas 
should be used very carefully and effectively if 
the limited reservoirs of quality fodder for the 
animals in Canakkale region are taken into 
account. Two basic conditions for effective 
usage of the available area are: the 
improvement and the proper management of 
rangeland. In this study, in accordance to the 
above mentioned reasons, it has been aimed to 
determine the proper starting and ending times 
for grazing, and also examined the variations 
that occur into the chemical compositions of 
grass as well as the aboveground mass during 
the year in the rangelands of Canakkale 
province and its vicinities.  
  
MATERIALS AND METHODS 
 
This research work was carried out between 1st 
March 2010 and 30th January 2012 in 
Gerlengec village of Biga District situated in 
Canakkale Province of Turkey. In Canakkale, 
the annual average temperature has being 
recorded as 15.5oC for last many years while it 
was measured as 15.9oC and 16.4oC during the 
both of experimental years. The total annual 
precipitation (685.60 and 509.50 mm) during 
both of the experimental years has been found 
higher than the average precipitation of the last 
many years (509.10 mm). High rainfall was 
recorded in the months of January, February, 
March and December in each of two years.  
The soil of the research rangeland is mainly 
found as loamy type of soil possessing 
moderate (2.41%) contents of organic matter, 
neutral with pH value of 7.09, having low lime 
percentage (2.14%) and without salinity (0.99 
mS/cm). The soil of rangeland has the amount 
of receivable P (2.53 kg/ha) and Zn (0.22 ppm) 
in low; K (44.65 kg/ha), Cu (1.74 ppm), Fe 
(14.74 ppm) and Mn (22.84 ppm) in adequate 
while Ca (7742.2 ppm) and Mg (662.6 ppm) in 
excessive quantity. The data obtained from this 
research work have been evaluated in 
accordance to the analysis of variance by using 
‘Split Plot Design’ and the significance mean 
differences were compared with each other by 
using ‘Multiple Range Test’ in accordance to 
LSD. Experimental trials were conducted in 5 
plots with 4 replications and each plot was 
included   to 5 x 50 m with an area of 250 m2. 

A distance of 2m was left between plots. Five 
different doses of fertilizer i.e., control, 5 kg 
4M, 10 kg 4M, 5 kg composite and 10 kg 
composite have been applied by scattering 
manually on 24 February, 2010. Having the 
name of 4M is a smart fertilizer, used in this 
research work, has been obtained from ‘4M 
Agricultural Company’ containing organo-
mineral (5-10-0), and the compositions are as 
organic material, total nitrogen, total 
phosphorus and maximum moisture of the 
fertilizer are measured as 25%, 5%, 10%, and 
20%; respectively along with 6-8 pH value. 
This smart fertilizer is coated with chelate 
(EDTA) while the composite fertilizer (20-20-
0) contains 20% nitrogen and 20% phosphorus. 
In this experiment, the grass samples have been 
taken during the period of 1st March to 1st May 
with an interval of 10 days where the plant 
growth has observed faster, and also once from 
1st May to 30th of January with an interval of 30 
days when the plant growth has found slow. 
Growth in height as well as increase in mass 
have been recognized as the maximum speed of 
grazing maturity as compared to one of the 
previous period (Gokkus and Koc, 2001). The 
used key species have also been identified 
while determining the proper starting grazing 
time. These plants usually don't have more 
importance as fodder crops, grown in 
rangelands and/or in residential areas, easily 
recognized, and composed of a significant 
phenological phase in grazing time (Bakir, 
1987). Grazing was given an end when the 
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RESULTS AND DISCUSSIONS 
 
Starting and ending times of grazing 
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grazing maturity of the plant vegetative 
covering. The plants those reach their grazing 
maturity, entered to the stage of rapid growth 
because they have been provided the needed 
energy mainly from photosynthesis products.  
From this point of view, the height of the grass 
layer of vegetation and the increases in 
rangeland grass yield have been taken into 
account while determining the time to start 
grazing. The amount and rate of change in plant 
height and dry grass yield were calculated from 
the time when plants started their growth until 
the 30th of May by using 10 days of intervals 
(Table 1). The time of grazing maturity has 
been recognized as the highest increasing 
period for grass layer height and dry grass yield 
of rangeland as compared to the previous 
measurement date.  Increase in both of the size 
as well as in yields of rangeland crops has 
accelerated since April. The highest increase in 
plant height has been observed between 20-30 
April in each year. At this time, the increase in 
height was accrued as 22.4 cm (60.4%) in 
2010, while 26.7 cm (64.6%) in 2011. The 
highest average plant height (110.9 and 113.1 
cm) was measured in 30th of May in every two 
years. This increase may be correlated to the 
increase in air temperature and yet not seen the 
effects of drought. During this period, the 
highly speed increase in the size of Hordeum 
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layer height for reaching the highest level at the 
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been identified as the most appropriate time for 
starting grazing in the rangelands of Canakkale 
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because of the direct effects of climatic factors 
to plant growth. Climatic factors may show 
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growth of plants, are also reaching at the same 
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need to be monitored easily. Peach, apricot and 
apple plants may be used as key or indicator 
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approximate of one month prior to 30th of 
October or early November can be considered 
as the deadline for grazing. In the light of these 
results, grazing should be started in 20th of 
April and terminated in 1st of November in 
those rangelands with having the ecological 
conditions of Canakkale Province. According 
to this, the grazing season of the surrounding 
rangelands is about 200 days or 6.5 months. 
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Table 1. Variation in plant height and dry grass yield at the initial stage of plant vegetative growth 

Sampling Date 
Plant height Dry grass yield 

Height 
(cm) 

Variation Yield (kg/ha) Variation 
Quantity (cm) Ratio (%) Quantity (kg) Ratio (%) 

2010 
1 March 10.0 ı - - 83.5 h - - 
10 March 12.7 ı +2.7 +27.0 96.7 h +13.2 +15.8 
20 March 14.4 ı -1.7 +13.4 120.1 h +23.4 +24.2 
30 March 15.5 hı +2.8 +7.6 131.5 h +11.4 +9.5 
10 April 24.1 gh +8.6 +55.5 214.9 fg +83.4 +63.4 
20 April 37.1 f +13.0 +53.9 463.7 c +248.8 +215.8 
30 April 60.7 de +23.6 +63.6 527.5 b +63.8 +13.8 
10 May 67.0 d +6.3 +10.4 608.3 a +80.8 +15.3 
20 May 77.1 c +10.1 +15.1 611.4 a +3.1 +0.5 
30 May 110.9 a +33.8 +43.8 493.9 bc -117.5 -19.2 
30 June 106.3 a -4.6 -4.2 373.9 d -120.0 -24.3 
30 July  103.3 a -3.0 -2.8 383.8 d +9.9 +2.7 
30 August  91.6 b -11.7 -11.3 287.1 e -96.7 -25.2 
30 September 79.9 c -11.7 -12.8 349.3 d +62.2 +21.7 
30 October  52.0 e -27.9 -34.9 456.3 c +107.0 +30.6 
30 November 34.0 f -18.0 -34.6 195.0 g -261.3 -57.3 
30 December 34.1 f +0.1 +0.3 200.7 fg +5.7 +2.9 
30 January 32.0 f -2.1 -6.2 254.5 ef +53.8 +26.8 

2011 
1 March 22.8 j - - 95.8 g - - 
10 March 24.2 ıj +1.4 +6.1 107.6 g +11.8 +12.3 
20 March 25.4 ıj +1.2 +5.0 145.6 fg +38.0 +35.3 
30 March 27.3 ıj +1.9 +7.5 173.6 f +28.0 +19.2 
10 April 29.0 ı +1.7 +6.2 287.0 de +113.4 +65.3 
20 April 41.3 h +12.3 +42.4 582.6 b +295.6 +103.0 
30 April 68.0 f +26.7 +64.6 620.1 b +37.5 +6.4 
10 May 76.8 e +8.8 +12.9 715.0 a +95.0 +15.3 
20 May 87.1 d +10.3 +13.4 701.0 a -14.0 -2.0 
30 May 113.1 a +26.0 +29.9 631.1 b -69.9 -11.1 
30 June 106.0 b -7.1 -6.3 471.5 c -159.6 -25.3 
30 July  96.2 c -9.8 -9.3 420.4 c -51.1 -10.8 
30 August  92.7 c -3.5 -3.6 298.3 de -122.1 -29.0 
30 September 84.4 d -8.3 -9.0 280.7 de -17.6 -5.9 
30 October  67.7 f -16.7 -19.8 332.0 d +51.3 +18.3 
30 November 55.5 g -12.2 -18.0 302.7 d -29.3 -8.8 
30 December 51.3 g -4.2 -7.6 246.3 e -56.4 -18.6 
30 January 50.9 g -0.4 -0.8 282.3 de +36.0 +14.6 

Significant values; height : P = 0.0001, dry grass yield : P = 0.0001 (for both years i.e., 2010 and 2011) 
 
 
Plant Composition 
Different fertilizer applications have led to 
change in the species composition of the 
rangeland in accordance to the average results 
of two years. Smart fertilizer (4M)  applications 
have led to a decrease in legumes 
(leguminosae) as compared to those treatment 
plots without fertilizer while a slight increase 
was observed in case of composite fertilizers. 
But a positively significant effect of this 
fertilizer has been observed on the member 
crops of gramineae family and the highest 
increase was achieved with the application of 5 
kg/ha 4M.  In contrast, composite fertilizers 
have caused a decrease in the member crops of 
the same family (gramineae). The response to 

fertilizer applications of species from other 
families have emerged in different ways.  For 
instance, the application of 5 kg/ha 4M 
significantly reduced the plant species from 
other families, but 10 kg/ha composite fertilizer 
has caused an increase. Response of plant 
species against fertilizers is found differently. 
Generally, nitrogen induces the development in 
gramineae plants as for that of phosphorus into 
legumes (Altin, 1975; Tupper, 1978; Manga et 
al., 1986). That is why, composite fertilizers 
caused an increase to species composition in 
gramineae while reduced the species 
composition of legumes because of containing 
more phosphorus (Table 2). 

 
 

 
Table 2. Variation in plant species composition of the rangeland in accordance to fertilizer applications (%) 

Fertilizer  Leguminosae Gramineae Other Families 
5 kg 4M 25.14 57.72 17.15 
10 kg 4M 26.42 52.52 21.07 
5 kg composite 31.00 48.82 20.19 
10 kg composite 32.48 45.22 22.30 
Control   29.22 50.74 20.04 

 
Quality and condition of the rangeland 
The calculated rangeland quality grades 
(RQGs) were found similar to each other when 
utilizing the quality values of the species that 
constitute the botanical composition of plants. 
According to the quality grades, most of the 
plots took place in the "intermediate" class. In 
contrast, the application of fertilizer 
significantly influenced the rangeland quality 
grades. The RQGs have been found higher in 
4M applications, but with less increase in case 
of the plots containing composite fertilizer in 
every two years (Table 3). The condition of 
rangeland takes shape in accordance to the 
quality of each species of the plant vegetative 
covering and the production power of 
rangeland has also been shaped by such species 
throughout the year (Koc, 1991). In addition, 
bad trend of any rangeland leads it toward a 
reduction in the amount of useful grasses of 
such rangeland having high biological 
productivity (Frost and Smith, 1991). Fertilizer 
application has caused an increase in RQGs but 
the condition of classes of such rangelands was 
found similar by applying different types and 
amounts of fertilizer. If there was not a change 

in the status of class, but the fertilizer 
application and the plant vegetative covering 
were found in a better and progressive direction 
then such a situation is mainly due to the 
response of species to fertilizer located in plant 
vegetative covering. The quality of rangeland 
has been increased when the applied fertilizer 
caused an increase in the value of fodder crop 
which was proportionally correlated to the 
improvement of species. Many of the studies 
have been done by Kilcher, 1958; Kalmbacker 
and Martin, 1996; Samuel and Hart, 1998 are 
seemed to support this conclusion. In contrast, 
Buyukburc (1980) stated that the RQGs have 
been reduced with the application of fertilizer. 
It has also been reasonably showed that the 
fertilizer increased weeds of plant vegetative 
covering. During this study, it has been 
observed that the increase of Dactylis 
glomerata, Lolium perenne, Alopecurus 
arundinaceus, Medicago and Trifolium spp., 
Lathyrus digitatus, Plantago coronopus, P. 
lanceolata, Festuca sp. and some Poa sp. 
having higher quality value in the botanical 
composition of fertilizer contained plots led to 
increase the RQGs. 

 

Table 3. Quality grades and class conditions of the rangeland in accordance to fertilizer applications 

Fertilizer  2010 2011 
Quality grades Class condition Quality grades Class condition 

5 kg 4M 4.94 Moderate  5.05 Moderate 
10 kg 4M 5.95 Moderate 6.07 Good  
5 kg composite 4.89 Moderate 5.04 Moderate 
10 kg composite 4.79 Moderate 4.84 Moderate 
Control   4.44 Moderate 4.06 Moderate 

 
CONCLUSIONS  
 
The results obtained from this research work 
after investigating the effects of fertilizers on 
the yield and chemical compositions of grass in 
the rangelands of Canakkale province and its 
vicinity are given below. The most appropriate 
time for starting grazing is the 20th of April 
and the ending time is the 1st November in the 
rangelands of Canakkale Province and its 

surroundings. According to this, the grazing 
season of the surrounding rangelands is about 
200 days or 6.5 months. Generally, the RQGs 
have been increased by the application of 
fertilizer, but without changing the class 
condition of the rangeland. The number of 
plants from gramineae family were increased, 
while a decrease was found in the number of 
leguminosae family by the application of 
composite fertilizer, but totally an inverse and 
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Abstract 
 
The spline interpolation presume to find a set of polynomials of first degree (linear), second degree (parabolic), third 
degree (cubic), which  are defined  on an interval, and their connection on the ends of intervals makes, by imposing that 
these functions has to be continuous on point, to be smooth and  without the inflections points. Mathematically presume 
as their derivatives of first and second order to the left and to the right of point to be in their turn and then continuous. 
Considering as the limnimetric key (dependence on the level of a river section in relation to the discharge which flow 
through section) is a smooth curve end with continuous growth (all ensemble that define the general curve must be 
monotonous), impose the additional conditions on monotony and flexion polynomials and in their interval by operating, 
not only in connection node of interpolation. 
If the first derivative of a polynomial is positive on an interval and if the interval which operate  the spline polynomial 
with positive variation of the first derivative, then the spline function in that interval is monotone increasing. 
If the second derivative of a polynomial spline in the interval of definition a function does not change of sign, and the 
spline polynomial of interval not present the inflexions, then, the second derivative of a polynomial spline has not the 
roots in within the interval in which it operates.  
 
Key words: Spline cubic, limnimetric key. 
 
INTRODUCTION 
 
The paper propose to realize an algorithm for 
calculation using the polynomials of third 
degree for simulation by numerical calculation 
of a continuous curve, monotone, increasing 
end smooth by connection of polynomials of 
third degree equivalency with the limnimetric 
key.  
The method can be applied as input data for 
different engineering application e.g. 
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Abstract 
 
The spline interpolation presume to find a set of polynomials of first degree (linear), second degree (parabolic), third 
degree (cubic), which  are defined  on an interval, and their connection on the ends of intervals makes, by imposing that 
these functions has to be continuous on point, to be smooth and  without the inflections points. Mathematically presume 
as their derivatives of first and second order to the left and to the right of point to be in their turn and then continuous. 
Considering as the limnimetric key (dependence on the level of a river section in relation to the discharge which flow 
through section) is a smooth curve end with continuous growth (all ensemble that define the general curve must be 
monotonous), impose the additional conditions on monotony and flexion polynomials and in their interval by operating, 
not only in connection node of interpolation. 
If the first derivative of a polynomial is positive on an interval and if the interval which operate  the spline polynomial 
with positive variation of the first derivative, then the spline function in that interval is monotone increasing. 
If the second derivative of a polynomial spline in the interval of definition a function does not change of sign, and the 
spline polynomial of interval not present the inflexions, then, the second derivative of a polynomial spline has not the 
roots in within the interval in which it operates.  
 
Key words: Spline cubic, limnimetric key. 
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Impose as the polynomials by interpolation to 
be smoothed which means as the first derivate 
of cubic polynomials by interpolation on the 
current node at left i, respectively to the right  
i+1, must be continuous, so equal on the node 
of interpolation (Pavaloiu, 1981). 
The derivative of the first order, general on 
intervals of interpolation it obtain by derivation 
in relation with the variable x of general 
function of interpolation given of formula (1) 
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by simple algebraic processing and imposing 
the condition of continuity to derivative on 
node of interpolation get: 
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If impose the polynomials spline cubic the 
condition of continuity as the derivatives by 
order second to be continued on node of 
interpolation, means as the polynomials to the 
connection did not inflexion and return. 
The derivative of second order to polynomials 
spline cubic it calculates in report with the 
variable x of the relation (3) and it obtain the 
expression: 
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derivate of second order on the node of 
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From the condition as the second derivative to 
left and to right on the node to be equalled will 
result in the third set of equations for the 
parameters of the spline cubic interpolation: 
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by elementary algebraic calculus, we obtain: 
  ixixibiaia  131                          (6) 

As shown the previous result, the algebraic 
system of calculation for the parameters spline 
cubic polynomials will have form (7) and 
spline functions will be given by formula (8): 
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 Determination of the additional 

conditions for the monotony of spline cubic 
 

Additionally, imposing the conditions as the 
spline cubic polynomials to be monotonous 
increasing, do not present the point of inflexion 
or return inside of operating, what we lead with 
the thinking to study the sign first and the 
second derivative inside the intervals where 
operating the spline cubic polynomials 
(Agopian et al., 1963). 
The analysis of the sign first derivative it 
makes processing the relation (8) by dissolution 
the parenthesis and regrouping the terms, it 
makes next function of second degree. 
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To study the sign of this derivative, we need 
the discriminant of the equation given by 
relation (9) and the roots of this equation: 
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Processing the relation expression discriminant 
get the expression: 
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Discussion: 
If the discriminant is negative, than the sign of 
relation (10) is the sign his bi on the entire real 
axis (Table 1). 
If the discriminant is positive, than the sign 
relation (10) is same with bi outside the roots 
and contrary his bi between roots (Table 2).   
Forwards we study the sign of the second 
derivative of the function of interpolation; this 
can get by derivation in report with the variable 
x of relation (9): 
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At left the root have the contrary sign of bi, and 
at right the same right with bi (Table 1 and 
Table 2). 
Applying Rolle's Theorem it has the next 
context of discussion the variation and 
monotony the spline cubic monotony inside the 
interval of operating. 
 
Table 1. The table of variation and monotony the spline 
cubic polynomials when the discriminant is smaller than 

zero 

 
 
If the discriminant is smaller than zero, the 
function of interpolation is strict increasing and 
without the point of inflexion if bi is positive on 
entire domain of definition of the spline cubic 
polynomials, interpretation Table 1. 
 

Table 2. The table of variation and monotony the spline 
cubic polynomials when the discriminant is bigger than 

zero 

 
 
If the root of the second derivative is between 
the roots of first derivative, then 0i and, in 

addition,   i
ixix  2 (Table 2). 

If the root of the second derivative is smaller 
than those of the first derivative, the sign will 
be dictated by the entire root, thus being 
available the condition above (Table 2).  
Observation, the roots equation of the first 
derivative is given by the formulas: 
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RESULTS AND DISCUSSIONS  
 
The hydrological practice has shown that the 
application of numerical calculation for 
elaboration the limnimetric keys leaving from 
the direct interpolation is very laborious, and 
the volume of calculation presumes the 
computers with the memory enough of big, 
especially the memory of ram and speed of 
processing. 
It can approach the problem using direct for the 
node of interpolation the fields of points result 
of direct product of value sectional area section 
with speed, respectively, the correspondents for 
different values of level. This way we are using 
the spline cubic polynomials, imposing the 
conditions of slope for the curves of 
interpolation at beginning and end of interval, 
and also the conditions of monotony, 
smoothness and inflection inside the intervals 
of operating these functions spline cubic.  
Forwards we present the Table 3 with the 
parameters the functions by spline interpolation 
and the criteria what must fulfilled for 
monotony, smoothness and inflection of the 
spline cubic function on the interval of 
operating. 
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the thinking to study the sign first and the 
second derivative inside the intervals where 
operating the spline cubic polynomials 
(Agopian et al., 1963). 
The analysis of the sign first derivative it 
makes processing the relation (8) by dissolution 
the parenthesis and regrouping the terms, it 
makes next function of second degree. 
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To study the sign of this derivative, we need 
the discriminant of the equation given by 
relation (9) and the roots of this equation: 

   2323*4234 ixibixiaimibixibia   
Processing the relation expression discriminant 
get the expression: 

 imibia 324                                        (10) 
Discussion: 
If the discriminant is negative, than the sign of 
relation (10) is the sign his bi on the entire real 
axis (Table 1). 
If the discriminant is positive, than the sign 
relation (10) is same with bi outside the roots 
and contrary his bi between roots (Table 2).   
Forwards we study the sign of the second 
derivative of the function of interpolation; this 
can get by derivation in report with the variable 
x of relation (9): 
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The equation attached the relation (11) is: 
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At left the root have the contrary sign of bi, and 
at right the same right with bi (Table 1 and 
Table 2). 
Applying Rolle's Theorem it has the next 
context of discussion the variation and 
monotony the spline cubic monotony inside the 
interval of operating. 
 
Table 1. The table of variation and monotony the spline 
cubic polynomials when the discriminant is smaller than 

zero 

 
 
If the discriminant is smaller than zero, the 
function of interpolation is strict increasing and 
without the point of inflexion if bi is positive on 
entire domain of definition of the spline cubic 
polynomials, interpretation Table 1. 
 

Table 2. The table of variation and monotony the spline 
cubic polynomials when the discriminant is bigger than 

zero 

 
 
If the root of the second derivative is between 
the roots of first derivative, then 0i and, in 

addition,   i
ixix  2 (Table 2). 

If the root of the second derivative is smaller 
than those of the first derivative, the sign will 
be dictated by the entire root, thus being 
available the condition above (Table 2).  
Observation, the roots equation of the first 
derivative is given by the formulas: 
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RESULTS AND DISCUSSIONS  
 
The hydrological practice has shown that the 
application of numerical calculation for 
elaboration the limnimetric keys leaving from 
the direct interpolation is very laborious, and 
the volume of calculation presumes the 
computers with the memory enough of big, 
especially the memory of ram and speed of 
processing. 
It can approach the problem using direct for the 
node of interpolation the fields of points result 
of direct product of value sectional area section 
with speed, respectively, the correspondents for 
different values of level. This way we are using 
the spline cubic polynomials, imposing the 
conditions of slope for the curves of 
interpolation at beginning and end of interval, 
and also the conditions of monotony, 
smoothness and inflection inside the intervals 
of operating these functions spline cubic.  
Forwards we present the Table 3 with the 
parameters the functions by spline interpolation 
and the criteria what must fulfilled for 
monotony, smoothness and inflection of the 
spline cubic function on the interval of 
operating. 
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Table 3. The parameters of the spline cubic interpolation 
functions H(Q) 

 

 
Figure 1. The limnimetric key using the spline parabolic 

interpolation  

 

 
Figure 2. The percentage error between the real flows 

results of measurements and the flows result by 
calculation-the spline cubic method  

 
 
 
 

CONCLUSIONS  
 
The limnimetric key is a curve formed by 
several polynomials of interpolation of the 
same type which are defined on an interval or 
the set of points (the nodes of interpolation) 
what must to respect the conditions: 

 The polynomials of interpolation and 
their derivatives of order one and two to 
the left and right on point of 
interpolation must be continuous. 

 The polynomials of interpolation must 
be monotonous increasing, smooth, do 
not present the inflections and return in 
inside the interval of operating of 
function of interpolation.  
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Abstract 
 
The purpose of this paper is to present the results obtained on the reddish preluvosoil of the Moara Domnească 
experimental field belonging to the Department of Soil Sciences from Faculty of Agriculture, University of Agronomic 
Sciences and Veterinary Medicine of Bucharest, in the agricultural year 2014-2015. Wheat crop was part of a wheat-
barley-sugar beet crop rotation. The experiment was a two-factor concept based on the split plot method, organised in 
three replications, with factor A - organic fertilization and factor B - mineral fertilization. Plant residues and manure 
were used as natural organic fertilizers. The variants of factor B were different rates of mineral nitrogen. Obtained 
results showed that organic and mineral fertilization increased wheat yield. Variant a3 was the best for organic 
fertilization - 40 t/ha leaves and epicotyls of sugar beet+N50, while the optimum solution for mineral fertilization was b4 
- N150. For the organically unfertilized variants, the highest yield resulted from mineral fertilizer with N200 (b5), but N100 
(b2) was the best economic solution because of the number of fall plants.  
 
Key words: wheat, organic fertilization, mineral fertilization, nitrogen. 
 
INTRODUCTION  
 
Wheat is a multi-purposes cereal, which is rich 
in nutrients necessary for human consumption 
(carbohydrates, proteins, lipids), but which is 
also used for feeding animal. Wheat straw can 
be used in animal nutrition and bedding, and 
not least as fertilizer. Wheat stubble 
incorporated under the furrow increases organic 
matter in the soil (Săndoiu et al., 2012; Ștefanic 
et al., 2015). To obtain a high yield of wheat, it 
is recommended to include it in a rational 
rotation (Ciontu et al., 2010; Săndoiu et al., 
2007). Wheat monoculture should be avoided 
as it leads to the expansion of wheat-specific 
diseases, pests and weed appearance, which 
results in the gradual reduction in the obtained 
yields (Săndoiu et al., 2008, 2012). As a basic 
element in plant nutrition, nitrogen is the main 
ingredient of wheat proteins and additional 
application helps increase its protein content 
(Borlan and Hera, 1994; Criste, 2012)  
In their nutrition, plants accumulate nitrogen 
from the soil in ammonia and nitric form, and 
convert it through amination and 
transamination reactions in protein substances 
(Borlan and Hera, 1994).  
To optimize the application of mineral 
nitrogen, wheat requirements must be taken 

into consideration, together with the conditions 
provided by the soil (Dincă et al., 2010; Gîdea 
et al., 2015). The exclusive use of chemical 
fertilizers does not reduce the importance of 
manure. The largest gains at harvest are 
obtained from the combined action of chemical 
fertilizers with manure (Obrișcă et al., 2010; 
Criste, 2012).  
 
MATERIALS AND METHODS 
 
Research on organic and mineral fertilization 
for growing winter wheat on reddish 
preluvosoil began in 1991, in the experimental 
field belonging to the Department of Soil 
Sciences from Faculty of Agriculture, 
University of Agronomic Sciences and 
Veterinary Medicine of Bucharest, which is 
located at Moara Domnească Farm (Ilfov 
County from South Romania). The present 
paper presents the results obtained in 2014-
2015. Wheat crop was part of a wheat-barley-
sugar beet rotation. 
The two factors experience was organised by 
the split plot method, in three replications with 
factor A - organic fertilization and B - mineral 
fertilization.  
Factor A - organic fertilization included three 
experimental graduations:  a1 - unfertilized; a2 - 
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CONCLUSIONS  
 
The limnimetric key is a curve formed by 
several polynomials of interpolation of the 
same type which are defined on an interval or 
the set of points (the nodes of interpolation) 
what must to respect the conditions: 

 The polynomials of interpolation and 
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Abstract 
 
The purpose of this paper is to present the results obtained on the reddish preluvosoil of the Moara Domnească 
experimental field belonging to the Department of Soil Sciences from Faculty of Agriculture, University of Agronomic 
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were used as natural organic fertilizers. The variants of factor B were different rates of mineral nitrogen. Obtained 
results showed that organic and mineral fertilization increased wheat yield. Variant a3 was the best for organic 
fertilization - 40 t/ha leaves and epicotyls of sugar beet+N50, while the optimum solution for mineral fertilization was b4 
- N150. For the organically unfertilized variants, the highest yield resulted from mineral fertilizer with N200 (b5), but N100 
(b2) was the best economic solution because of the number of fall plants.  
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INTRODUCTION  
 
Wheat is a multi-purposes cereal, which is rich 
in nutrients necessary for human consumption 
(carbohydrates, proteins, lipids), but which is 
also used for feeding animal. Wheat straw can 
be used in animal nutrition and bedding, and 
not least as fertilizer. Wheat stubble 
incorporated under the furrow increases organic 
matter in the soil (Săndoiu et al., 2012; Ștefanic 
et al., 2015). To obtain a high yield of wheat, it 
is recommended to include it in a rational 
rotation (Ciontu et al., 2010; Săndoiu et al., 
2007). Wheat monoculture should be avoided 
as it leads to the expansion of wheat-specific 
diseases, pests and weed appearance, which 
results in the gradual reduction in the obtained 
yields (Săndoiu et al., 2008, 2012). As a basic 
element in plant nutrition, nitrogen is the main 
ingredient of wheat proteins and additional 
application helps increase its protein content 
(Borlan and Hera, 1994; Criste, 2012)  
In their nutrition, plants accumulate nitrogen 
from the soil in ammonia and nitric form, and 
convert it through amination and 
transamination reactions in protein substances 
(Borlan and Hera, 1994).  
To optimize the application of mineral 
nitrogen, wheat requirements must be taken 

into consideration, together with the conditions 
provided by the soil (Dincă et al., 2010; Gîdea 
et al., 2015). The exclusive use of chemical 
fertilizers does not reduce the importance of 
manure. The largest gains at harvest are 
obtained from the combined action of chemical 
fertilizers with manure (Obrișcă et al., 2010; 
Criste, 2012).  
 
MATERIALS AND METHODS 
 
Research on organic and mineral fertilization 
for growing winter wheat on reddish 
preluvosoil began in 1991, in the experimental 
field belonging to the Department of Soil 
Sciences from Faculty of Agriculture, 
University of Agronomic Sciences and 
Veterinary Medicine of Bucharest, which is 
located at Moara Domnească Farm (Ilfov 
County from South Romania). The present 
paper presents the results obtained in 2014-
2015. Wheat crop was part of a wheat-barley-
sugar beet rotation. 
The two factors experience was organised by 
the split plot method, in three replications with 
factor A - organic fertilization and B - mineral 
fertilization.  
Factor A - organic fertilization included three 
experimental graduations:  a1 - unfertilized; a2 - 
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30 t/ha of manure applied at preceding crop 
(wheat benefited of the residual effect of the 
manure applied at the preceding crop, which 
was sugar beet); a3 - 40 t/ha leaves and 
epicotyls of sugar beet + N50 (50 kg/ha of 
nitrogen applied in autumn).  
Factor B - mineral fertilization included five 
graduations: b1 - unfertilized; b2 - N60; b3 - N100; 
b4 - N150; b5 - N200. 
A mineral background of 70 kg.ha-1 of 
phosphorous was provided for all experimental 
plots. In the field experiment, it was used Glosa 
wheat cultivar.  
Each variant of organic and mineral 
fertilization was placed in three replications for 
a better accuracy of the results. So, the field 
experiment had in total 45 experimental 
variants. 
The determinations carried out in the 
experimental variants were aimed at measuring 
the yield, the hectoliter mass and the thousand 
grains weight (TGW). The results were 
calculated and statistically interpreted by 
method of variance analysis.  
 
RESULTS AND DISCUSSIONS 
 
The influence of organic fertilization on the 
winter wheat yield is presented in Table 1. 
 

Table 1. Influence of organic fertilization on winter 
wheat yield (Moara Domnească, 2014/2015) 

Experimental variant 
Yield Difference 

Significance
q/ha % q/ha % 

a1 - unfertilized 
organically 52.17 100.00 Control -  

a2 - 30 t/ha of manure 
applied to the 
preceding crop 

55.60 106.57 3.43 6.57 * 

a3 - 40 t/ha of leaves 
and epicotyls of sugar 
beet + N50 

75.35 144.43 23.18 44.43 *** 

LSD5% = 2.235 q/ha; LSD1% = 3.698 q/ha; LSD0.1% = 6.922 q/ha 
 
The analysis of the data presented in Table 1 
shows the following outcome: the yield of 
winter wheat was influenced by organic 
fertilization, so it increased from 52.17 q/ha for 
a1 - unfertilized organically variant, to 55.60 
q/ha in a2 - 30 t/ha of manure applied to the 
preceding crop, reaching 75.35 g/ha in a3 - 40 
t/ha of leaves and epicotyls of sugar beet + N50.    

The 30 t/ha of manure applied to the preceding 
crop caused an increase in yield by 3.43 q/ha, 
which represented an increase of 6.67%. 
The application of 40 t/ha leaves and epicotyls 
of sugar beet + N50 resulted in an increased 
wheat yield by 23.18 q/ha, which represented a 
44.43% growth in yield. 
In terms of organic fertilization, optimal variant 
is the variant a3, which ensures the highest 
yield increase. 
Table 2 shows the influence of mineral nitrogen 
fertilization in the absence of organic 
fertilization on wheat yield. 

 

Table 2. Influence of mineral nitrogen fertilization in the 
absence of organic fertilization on yield of winter wheat 

(Moara Domnească, 2014/2015) 

Experimental 
variant 

Yield Difference Significance
q/ha % q/ha % 

b1 – N0 52.17 100.00 Control -  

b2 – N60 70.08 134.33 17.91 34.33 *** 

b3 – N100 81.99 157.16 29.82 57.16 *** 

b4 – N150 83.97 160.95 31.80 60.95 *** 

b5 – N200 95.31 182.69 43.14 82.69 *** 

LSD5% = 1.526 q/ha; LSD1% = 2.074 q/ha; LSD0.1% = 2.779 q/ha 
  
Winter wheat yield increased proportionally 
with the amount of applied mineral nitrogen, as 
follows: for the unfertilized variant 52.17 q/ha, 
for N60 - 70.80 q/ha, for N100 - 81.99 q/ha, for 
N150 - 83.97 q/ha, and for N200 - 95.31 q/ha.  
Compared to the control variant (unfertilized), 
the rate of N60 resulted in a yield increase by 
17. 91 q/ha, meaning a growth of 34.33%. 
The application of a rate of N100 generated an 
increased yield, compared to the control variant 
of 29.82 q/ha, representing 57.16%. 
The rate of N150 led to an increase in yield by 
31.8 q/ha, representing 60.95%. Increasing the 
rate of nitrogen to N200 generated a yield 
growth of 43.14 q/ha, compared to the control 
variant by 82.69% 
N200 variant was not recommended for 
mechanized harvesting since the degree of fall 
plants was 42% on average, which would 
decrease the harvested yield. 
Variant b4 - fertilization N150, was also not 
recommended from an economic point of view 
because, compared with the N100 variant, it led 
to an increase of yield of only 1.98 q/ha. The 
added yield value was 99 lei/ha while the 

 

 
 

amount of fertilizer applied in addition to the 
N100 cost about 181 lei/ha. Therefore, from the 
economic point of view, the optimal variant 
was b3 - N100. 
The analysis of the data presented in Table 3 
shows the following results: mineral nitrogen 
fertilization, without any organic fertilization, 
had the greatest influence on all experimental 
variants; the maximum increase in yield was 
43.14 q/ha at b5 - N200. 
Mineral nitrogen application rates on a 
background of 30 t/ha of manure applied to the 
preceding crop resulted in a progressive yield 
increase; however, the increase rates were 

much lower, compared with the variant 
unfertilized organically. In variant a2 - 30 t/ha 
of manure applied to the preceding crop, the 
optimal economic choice was N150. 
The influence of mineral nitrogen fertilization 
on a background of 40 t/ha of leaves and 
epicotyls of sugar beet + N50 has a much lower 
effect, of only 29.46 q/ha, although it obtained 
the highest yield of winter wheat. 
Variant b5-N200 caused a decrease in yield with 
1.08 q/ha, compared to version b4 - N150, plus a 
high degree of fall plants; therefore, the optimal 
variant was b4 - N150. 

 
Table 3. Influence of organic and mineral fertilization on the yield of winter wheat (Moara Domnească, 2014/2015) 

Mineral 
fertilization 

a1 - unfertilized organically a2 - 30 t/ha of manure applied to the 
preceding crop 

a3 - 40 t/ha of leaves and epicotyls of 
sugar beet + N50 

Yield Difference 
Significance 

Yield Difference Significance Yield Difference Significance 
(q/ha) (q/ha) (q/ha) (q/ha) (q/ha) (q/ha) 

b1 - N0 52.17 Control  55.60 Control  75.35 Control  
b2 -  N60 70.08 17.91 *** 71.01 15.41 *** 86.37 11.02 *** 
b3 - N100 81.99 29.82 *** 76.07 20.47 *** 100.38 25.03 *** 
b4 - N150 83.97 31.80 *** 87.92 32.32 *** 104.81 29.46 *** 
b5 - N200 95.31 43.14 *** 89.23 33.63 *** 102.73 27.38 *** 

LSD5% = 2.645 q/ha; LSD1% = 3.595 q/ha; LSD0.1% = 4.815 q/ha 
 
The analysis of the data presented in Table 4 
shows the following: organic nitrogen 
fertilization recorded in 40 t/ha of leaves and 
epicotyls of sugar beet + N50, determined the 
most significant yield increase. 

 

Table 4. Influence of organic fertilization on the yield of 
winter wheat at the same levels of mineral fertilization 

(Moara Domnească, 2014/2015) 

Mineral 
fertilization 

Comparison between organic fertilization variants 
a2  -  a1 a3  -  a1 a3  -  a2 

Diffe-
rence Signi- 

ficance 

Diffe-
rence Signi-

ficance 

Diffe-
rence Signi-

ficance
(q/ha) (q/ha) (q/ha) 

b1 - N0 3.43 * 23.18 *** 19.75 *** 
b2 - N60 16.29 *** 16.29 *** 15.36 *** 
b3 - N100 5.92 ** 18.39 *** 24.31 *** 
b4 - N150 3.95 * 20.84 *** 16.89 *** 
b5 - N200 -6.08 00 7.42 ** 13.50 *** 

LSD5% = 3.218 q/ha; LSD1% = 4.752 q/ha; LSD0.1% =4.752 q/ha 
 
Organic fertilization on a mineral background 
of N200 caused lower yield than mineral 
fertilization on a N150 background, therefore is 
not justified economically and the optimal 
variant for mineral fertilizer must be lower than 
N150. 
As we can see, the yield was lower than the 
control variant with 6.08 q/ha. The best option 

was organic fertilization variant of a3 - 40 t/ha 
leaves and epicotyls of sugar beet + N50, with a 
mineral fertilization background b4 - N150. The 
influence of 40 t/ha leaves and epicotyls of 
sugar beet + N50 is visible for all variants of 
mineral fertilizer. 
In the analysis of the data presented in Table 5, 
there is shows that hectoliter mass was 
influenced by the increase of organic 
fertilization. The highest hectoliter mass was 
obtained in variant a3 - 40 t/ha leaves and 
epicotyls of sugar beet + N50, generating a 
variation (1.76%) between a2 - 30 t/ha of 
manure applied to the preceding crop.  
 

Table 5. Influence of organic nitrogen fertilization  
on hectoliter mass for winter wheat  

(Moara Domnească, 2014/2015) 
Experimental 

variant 
Hectoliter mass Difference Significance 
kg/hl % kg/hl % 

a1 - unfertilized 
organically 79.8 100.00 Mt -  

a2 - 30 t/ha of 
manure applied to 
the preceding crop 

80.1 100.37 0.30 0.37 
 

a3 - 40 t/ha of leaves 
and epicotyls of 
sugar beet + N50

81.5 102.13 1.7 2.13 
*** 

LSD5% = 0.52 kg/hl; LSD1% = 0.86 kg/hl; LSD0.1% = 1.60 kg/hl 
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30 t/ha of manure applied at preceding crop 
(wheat benefited of the residual effect of the 
manure applied at the preceding crop, which 
was sugar beet); a3 - 40 t/ha leaves and 
epicotyls of sugar beet + N50 (50 kg/ha of 
nitrogen applied in autumn).  
Factor B - mineral fertilization included five 
graduations: b1 - unfertilized; b2 - N60; b3 - N100; 
b4 - N150; b5 - N200. 
A mineral background of 70 kg.ha-1 of 
phosphorous was provided for all experimental 
plots. In the field experiment, it was used Glosa 
wheat cultivar.  
Each variant of organic and mineral 
fertilization was placed in three replications for 
a better accuracy of the results. So, the field 
experiment had in total 45 experimental 
variants. 
The determinations carried out in the 
experimental variants were aimed at measuring 
the yield, the hectoliter mass and the thousand 
grains weight (TGW). The results were 
calculated and statistically interpreted by 
method of variance analysis.  
 
RESULTS AND DISCUSSIONS 
 
The influence of organic fertilization on the 
winter wheat yield is presented in Table 1. 
 

Table 1. Influence of organic fertilization on winter 
wheat yield (Moara Domnească, 2014/2015) 

Experimental variant 
Yield Difference 

Significance
q/ha % q/ha % 

a1 - unfertilized 
organically 52.17 100.00 Control -  

a2 - 30 t/ha of manure 
applied to the 
preceding crop 

55.60 106.57 3.43 6.57 * 

a3 - 40 t/ha of leaves 
and epicotyls of sugar 
beet + N50 

75.35 144.43 23.18 44.43 *** 

LSD5% = 2.235 q/ha; LSD1% = 3.698 q/ha; LSD0.1% = 6.922 q/ha 
 
The analysis of the data presented in Table 1 
shows the following outcome: the yield of 
winter wheat was influenced by organic 
fertilization, so it increased from 52.17 q/ha for 
a1 - unfertilized organically variant, to 55.60 
q/ha in a2 - 30 t/ha of manure applied to the 
preceding crop, reaching 75.35 g/ha in a3 - 40 
t/ha of leaves and epicotyls of sugar beet + N50.    

The 30 t/ha of manure applied to the preceding 
crop caused an increase in yield by 3.43 q/ha, 
which represented an increase of 6.67%. 
The application of 40 t/ha leaves and epicotyls 
of sugar beet + N50 resulted in an increased 
wheat yield by 23.18 q/ha, which represented a 
44.43% growth in yield. 
In terms of organic fertilization, optimal variant 
is the variant a3, which ensures the highest 
yield increase. 
Table 2 shows the influence of mineral nitrogen 
fertilization in the absence of organic 
fertilization on wheat yield. 

 

Table 2. Influence of mineral nitrogen fertilization in the 
absence of organic fertilization on yield of winter wheat 

(Moara Domnească, 2014/2015) 

Experimental 
variant 

Yield Difference Significance
q/ha % q/ha % 

b1 – N0 52.17 100.00 Control -  

b2 – N60 70.08 134.33 17.91 34.33 *** 

b3 – N100 81.99 157.16 29.82 57.16 *** 

b4 – N150 83.97 160.95 31.80 60.95 *** 

b5 – N200 95.31 182.69 43.14 82.69 *** 

LSD5% = 1.526 q/ha; LSD1% = 2.074 q/ha; LSD0.1% = 2.779 q/ha 
  
Winter wheat yield increased proportionally 
with the amount of applied mineral nitrogen, as 
follows: for the unfertilized variant 52.17 q/ha, 
for N60 - 70.80 q/ha, for N100 - 81.99 q/ha, for 
N150 - 83.97 q/ha, and for N200 - 95.31 q/ha.  
Compared to the control variant (unfertilized), 
the rate of N60 resulted in a yield increase by 
17. 91 q/ha, meaning a growth of 34.33%. 
The application of a rate of N100 generated an 
increased yield, compared to the control variant 
of 29.82 q/ha, representing 57.16%. 
The rate of N150 led to an increase in yield by 
31.8 q/ha, representing 60.95%. Increasing the 
rate of nitrogen to N200 generated a yield 
growth of 43.14 q/ha, compared to the control 
variant by 82.69% 
N200 variant was not recommended for 
mechanized harvesting since the degree of fall 
plants was 42% on average, which would 
decrease the harvested yield. 
Variant b4 - fertilization N150, was also not 
recommended from an economic point of view 
because, compared with the N100 variant, it led 
to an increase of yield of only 1.98 q/ha. The 
added yield value was 99 lei/ha while the 

 

 
 

amount of fertilizer applied in addition to the 
N100 cost about 181 lei/ha. Therefore, from the 
economic point of view, the optimal variant 
was b3 - N100. 
The analysis of the data presented in Table 3 
shows the following results: mineral nitrogen 
fertilization, without any organic fertilization, 
had the greatest influence on all experimental 
variants; the maximum increase in yield was 
43.14 q/ha at b5 - N200. 
Mineral nitrogen application rates on a 
background of 30 t/ha of manure applied to the 
preceding crop resulted in a progressive yield 
increase; however, the increase rates were 

much lower, compared with the variant 
unfertilized organically. In variant a2 - 30 t/ha 
of manure applied to the preceding crop, the 
optimal economic choice was N150. 
The influence of mineral nitrogen fertilization 
on a background of 40 t/ha of leaves and 
epicotyls of sugar beet + N50 has a much lower 
effect, of only 29.46 q/ha, although it obtained 
the highest yield of winter wheat. 
Variant b5-N200 caused a decrease in yield with 
1.08 q/ha, compared to version b4 - N150, plus a 
high degree of fall plants; therefore, the optimal 
variant was b4 - N150. 

 
Table 3. Influence of organic and mineral fertilization on the yield of winter wheat (Moara Domnească, 2014/2015) 

Mineral 
fertilization 

a1 - unfertilized organically a2 - 30 t/ha of manure applied to the 
preceding crop 

a3 - 40 t/ha of leaves and epicotyls of 
sugar beet + N50 

Yield Difference 
Significance 

Yield Difference Significance Yield Difference Significance 
(q/ha) (q/ha) (q/ha) (q/ha) (q/ha) (q/ha) 

b1 - N0 52.17 Control  55.60 Control  75.35 Control  
b2 -  N60 70.08 17.91 *** 71.01 15.41 *** 86.37 11.02 *** 
b3 - N100 81.99 29.82 *** 76.07 20.47 *** 100.38 25.03 *** 
b4 - N150 83.97 31.80 *** 87.92 32.32 *** 104.81 29.46 *** 
b5 - N200 95.31 43.14 *** 89.23 33.63 *** 102.73 27.38 *** 

LSD5% = 2.645 q/ha; LSD1% = 3.595 q/ha; LSD0.1% = 4.815 q/ha 
 
The analysis of the data presented in Table 4 
shows the following: organic nitrogen 
fertilization recorded in 40 t/ha of leaves and 
epicotyls of sugar beet + N50, determined the 
most significant yield increase. 

 

Table 4. Influence of organic fertilization on the yield of 
winter wheat at the same levels of mineral fertilization 

(Moara Domnească, 2014/2015) 

Mineral 
fertilization 

Comparison between organic fertilization variants 
a2  -  a1 a3  -  a1 a3  -  a2 

Diffe-
rence Signi- 

ficance 

Diffe-
rence Signi-

ficance 

Diffe-
rence Signi-

ficance
(q/ha) (q/ha) (q/ha) 

b1 - N0 3.43 * 23.18 *** 19.75 *** 
b2 - N60 16.29 *** 16.29 *** 15.36 *** 
b3 - N100 5.92 ** 18.39 *** 24.31 *** 
b4 - N150 3.95 * 20.84 *** 16.89 *** 
b5 - N200 -6.08 00 7.42 ** 13.50 *** 

LSD5% = 3.218 q/ha; LSD1% = 4.752 q/ha; LSD0.1% =4.752 q/ha 
 
Organic fertilization on a mineral background 
of N200 caused lower yield than mineral 
fertilization on a N150 background, therefore is 
not justified economically and the optimal 
variant for mineral fertilizer must be lower than 
N150. 
As we can see, the yield was lower than the 
control variant with 6.08 q/ha. The best option 

was organic fertilization variant of a3 - 40 t/ha 
leaves and epicotyls of sugar beet + N50, with a 
mineral fertilization background b4 - N150. The 
influence of 40 t/ha leaves and epicotyls of 
sugar beet + N50 is visible for all variants of 
mineral fertilizer. 
In the analysis of the data presented in Table 5, 
there is shows that hectoliter mass was 
influenced by the increase of organic 
fertilization. The highest hectoliter mass was 
obtained in variant a3 - 40 t/ha leaves and 
epicotyls of sugar beet + N50, generating a 
variation (1.76%) between a2 - 30 t/ha of 
manure applied to the preceding crop.  
 

Table 5. Influence of organic nitrogen fertilization  
on hectoliter mass for winter wheat  

(Moara Domnească, 2014/2015) 
Experimental 

variant 
Hectoliter mass Difference Significance 
kg/hl % kg/hl % 

a1 - unfertilized 
organically 79.8 100.00 Mt -  

a2 - 30 t/ha of 
manure applied to 
the preceding crop 

80.1 100.37 0.30 0.37 
 

a3 - 40 t/ha of leaves 
and epicotyls of 
sugar beet + N50

81.5 102.13 1.7 2.13 
*** 

LSD5% = 0.52 kg/hl; LSD1% = 0.86 kg/hl; LSD0.1% = 1.60 kg/hl 
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The hectoliter mass analysis is widely used in 
agriculture and cereal processing industry. 
Hectoliter mass is mainly used in determining 
the degree of extraction of flour and 
determining storage space. 
The analysis of the data in Table 6 shows that 
hectoliter mass increased with the amount of 
total nitrogen and variant a3b5 ensured the 
highest hectoliter mass (82 kg/hl). For some 
organic fertilization variants, using b5 - N200 
was not the best option as the hectoliter mass 
decreased once the rate of mineral nitrogen was 
higher. For the variant a1 - unfertilized 
organically, we can observe that the hectolitre 

mass increases until a certain dose of mineral 
nitrogen (b4 - N150), after that it declines. For 
organic variant a2 - 30 t/ha of manure applied to 
the preceding crop, the maximum hectolitre 
mass is reached for mineral dose of b3 - N100, 
after which the decline starts. Nevertheless, 
analysing the values below we can see that the 
best results were obtained in the organic variant 
a3 - 40 t/ha leaves and epicotyls of sugar beet + 
N50, regardless of the mineral nitrogen used. 
The variation between the nitrogen rates used 
for variant a3 was not significant, meaning that 
for the hectoliter mass the plant residue worked 
very well in combination with mineral nitrogen. 

Table 6. Influence of mineral and organic fertilization on winter wheat hectoliter mass (Moara Domnească, 2014/2015) 

Mineral 
fertilization 

a1 - unfertilized organically a2 - 30 t/ha of manure applied to the 
preceding crop 

a3 - 40 t/ha of leaves and epicotyls of sugar 
beet + N50 

H.M. Difference Significance H.M. Difference Significance H.M. Difference Significance (kg/hl) (kg/hl) (kg/hl) (kg/hl) (kg/hl) (kg/hl) 
b1 - N0 79.8 Control  80.1 Control  81.5 Control  
b2 -  N60 80.6 0.80  81.3 1.20 ** 81.8 0.30  
b3 - N100 81.3 1.50 ** 81.7 1.60 *** 81.7 0.20  
b4 - N150 81.7 1.90 *** 81.5 1.40 ** 81.6 0.10  
b5 - N200 81.0 1.20 ** 81.2 1.10 * 82.0 0.50  

LSD5% = 0.86 kg/hl; LSD1% = 1.17 kg/hl; LSD0.1% = 1.56 kg/hl 

 
Thousand grains weight (TGW) is also an 
important indicator in evaluating cereal yield. 
TGW is the mass of a thousand seeds, with the 
humidity at time of measurement and it is 
expressed in grams with two decimals. TGW is 
a good indicator in determining the protein 
content. In this respect, it was found that 
thousand grains weight is directly proportional 
to the protein content in cereals.  
The data presented in Table 7 reveal a general 
trend of decreasing, with increasing the amount 

of total nitrogen (mineral and organic) for 
thousand grains weight. As we can see below, 
for variant a1 - unfertilized organically and a2 - 
30 t/ha of manure applied to the preceding 
crop, the thousand grains weight reaches it’s 
maximum value, for mineral variant b3 - N100, 
after that it begins to decline. For a3 - 40 t/ha 
leaves and epicotyls of sugar beet + N50, the 
maximum thousand grains weight it is found 
for variant b2, and a dose of only N60. 

Table 7. Influence of mineral and organic fertilization on TGW in winter wheat (Moara Domnească, 2014/2015) 

Mineral 
fertilization 

a1 - unfertilized organically a2 - 30 t/ha of manure applied to the preceding crop a3 - 40 t/ha leaves and epicotyls of sugar beet 
+ N50 

TKW Difference Signification TKW Difference Signification TKW Difference Signification (g) (g) (g) (g) (g) (g) 
b1 - N0 48.53 Control  48.89 Control  49.71 Control  
b2 -  N60 50.02 1.49  49.45 0.56  49.99 0.28  
b3 - N100 50.46 1.93  50.07 1.18  48.68 -1.03  
b4 - N150 48.61 0.08  47.05 -1.82  47.82 -1.89  
b5 - N200 46.80 -1.73  46.01 -2.88 o 47.57 -2.14  

LSD5% = 2.65 g; LSD1% = 3.60 g; LSD0.1% = 4.82 g

CONCLUSIONS  
 
Organic and mineral fertilization resulted in the 
increased winter wheat yield. The best option 

for organic fertilization was considered to be 
variant a3 - 40 t/ha of leaves and epicotyls of 
sugar beet. 

 

 
 

The variants of mineral fertilization depended 
on organic fertilization. 
Winter wheat yield increased proportionally 
with the amount of applied mineral nitrogen. 
For the organically unfertilized variant, the 
highest yield was obtained with mineral 
fertilization of N200 (b5); however, 
economically, the optimum solution was N100 
(b2) because of the number of fall plants. 
For the organically fertilized variant a2 - 30 t/ha 
of manure applied to the preceding crop, the 
best mineral fertilizer variant was N150 (b4), 
which also represented the best economic 
choice. 

For the organically fertilized variant a3 - 40 t 
leaves and epicotyls of sugar beet + N50, the 
optimum solution for mineral fertilizer, in 
terms of yield, was N150 - b4, but variant b3 with 
N100 was the most suitable economically. 
Mineral nitrogen application rates on a 
background of 30 t/ha manure applied to the 
preceding crop resulted in a progressive yield 
increase; however, the increase rates were 
much lower, compared with the variant 
unfertilized organically.  
The variation between the nitrogen rates used 
for variant a3 was not significant, meaning that 
for the hectoliter mass the plant residue worked 
very well in combination with mineral nitrogen. 
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The hectoliter mass analysis is widely used in 
agriculture and cereal processing industry. 
Hectoliter mass is mainly used in determining 
the degree of extraction of flour and 
determining storage space. 
The analysis of the data in Table 6 shows that 
hectoliter mass increased with the amount of 
total nitrogen and variant a3b5 ensured the 
highest hectoliter mass (82 kg/hl). For some 
organic fertilization variants, using b5 - N200 
was not the best option as the hectoliter mass 
decreased once the rate of mineral nitrogen was 
higher. For the variant a1 - unfertilized 
organically, we can observe that the hectolitre 

mass increases until a certain dose of mineral 
nitrogen (b4 - N150), after that it declines. For 
organic variant a2 - 30 t/ha of manure applied to 
the preceding crop, the maximum hectolitre 
mass is reached for mineral dose of b3 - N100, 
after which the decline starts. Nevertheless, 
analysing the values below we can see that the 
best results were obtained in the organic variant 
a3 - 40 t/ha leaves and epicotyls of sugar beet + 
N50, regardless of the mineral nitrogen used. 
The variation between the nitrogen rates used 
for variant a3 was not significant, meaning that 
for the hectoliter mass the plant residue worked 
very well in combination with mineral nitrogen. 

Table 6. Influence of mineral and organic fertilization on winter wheat hectoliter mass (Moara Domnească, 2014/2015) 

Mineral 
fertilization 

a1 - unfertilized organically a2 - 30 t/ha of manure applied to the 
preceding crop 

a3 - 40 t/ha of leaves and epicotyls of sugar 
beet + N50 

H.M. Difference Significance H.M. Difference Significance H.M. Difference Significance (kg/hl) (kg/hl) (kg/hl) (kg/hl) (kg/hl) (kg/hl) 
b1 - N0 79.8 Control  80.1 Control  81.5 Control  
b2 -  N60 80.6 0.80  81.3 1.20 ** 81.8 0.30  
b3 - N100 81.3 1.50 ** 81.7 1.60 *** 81.7 0.20  
b4 - N150 81.7 1.90 *** 81.5 1.40 ** 81.6 0.10  
b5 - N200 81.0 1.20 ** 81.2 1.10 * 82.0 0.50  

LSD5% = 0.86 kg/hl; LSD1% = 1.17 kg/hl; LSD0.1% = 1.56 kg/hl 

 
Thousand grains weight (TGW) is also an 
important indicator in evaluating cereal yield. 
TGW is the mass of a thousand seeds, with the 
humidity at time of measurement and it is 
expressed in grams with two decimals. TGW is 
a good indicator in determining the protein 
content. In this respect, it was found that 
thousand grains weight is directly proportional 
to the protein content in cereals.  
The data presented in Table 7 reveal a general 
trend of decreasing, with increasing the amount 

of total nitrogen (mineral and organic) for 
thousand grains weight. As we can see below, 
for variant a1 - unfertilized organically and a2 - 
30 t/ha of manure applied to the preceding 
crop, the thousand grains weight reaches it’s 
maximum value, for mineral variant b3 - N100, 
after that it begins to decline. For a3 - 40 t/ha 
leaves and epicotyls of sugar beet + N50, the 
maximum thousand grains weight it is found 
for variant b2, and a dose of only N60. 

Table 7. Influence of mineral and organic fertilization on TGW in winter wheat (Moara Domnească, 2014/2015) 

Mineral 
fertilization 

a1 - unfertilized organically a2 - 30 t/ha of manure applied to the preceding crop a3 - 40 t/ha leaves and epicotyls of sugar beet 
+ N50 

TKW Difference Signification TKW Difference Signification TKW Difference Signification (g) (g) (g) (g) (g) (g) 
b1 - N0 48.53 Control  48.89 Control  49.71 Control  
b2 -  N60 50.02 1.49  49.45 0.56  49.99 0.28  
b3 - N100 50.46 1.93  50.07 1.18  48.68 -1.03  
b4 - N150 48.61 0.08  47.05 -1.82  47.82 -1.89  
b5 - N200 46.80 -1.73  46.01 -2.88 o 47.57 -2.14  

LSD5% = 2.65 g; LSD1% = 3.60 g; LSD0.1% = 4.82 g

CONCLUSIONS  
 
Organic and mineral fertilization resulted in the 
increased winter wheat yield. The best option 

for organic fertilization was considered to be 
variant a3 - 40 t/ha of leaves and epicotyls of 
sugar beet. 

 

 
 

The variants of mineral fertilization depended 
on organic fertilization. 
Winter wheat yield increased proportionally 
with the amount of applied mineral nitrogen. 
For the organically unfertilized variant, the 
highest yield was obtained with mineral 
fertilization of N200 (b5); however, 
economically, the optimum solution was N100 
(b2) because of the number of fall plants. 
For the organically fertilized variant a2 - 30 t/ha 
of manure applied to the preceding crop, the 
best mineral fertilizer variant was N150 (b4), 
which also represented the best economic 
choice. 

For the organically fertilized variant a3 - 40 t 
leaves and epicotyls of sugar beet + N50, the 
optimum solution for mineral fertilizer, in 
terms of yield, was N150 - b4, but variant b3 with 
N100 was the most suitable economically. 
Mineral nitrogen application rates on a 
background of 30 t/ha manure applied to the 
preceding crop resulted in a progressive yield 
increase; however, the increase rates were 
much lower, compared with the variant 
unfertilized organically.  
The variation between the nitrogen rates used 
for variant a3 was not significant, meaning that 
for the hectoliter mass the plant residue worked 
very well in combination with mineral nitrogen. 
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Abstract 
 
The evolution of temperature indicators, more pronounced in the north of Romania, clearly shows a gradual warming 
trend, mainly during the growing season, especially during the ripening of the grapes. There have been highlighted 
relatively large differences between the values of the main bioclimatic indicators of the country's wine regions, as well 
as a stronger growth trend of these ones in the northern areas and at the Black Sea. The viticultural region of 
Dobrogea hills profits by maritime influences that limit summer temperature extremes and winter frost. There is 
evidence that in many regions, day temperature increased more than night temperature. Results show that Romanian 
viticulture will benefit from climate change. Given these trends and knowing their possible negative effects on vine 
physiology, production and quality, the future viticultural zoning requires reconsideration, and the application of 
technological measures to minimize the negative effects of climate change.  
 
Key words: climate change, Romanian viticulture, temperature indicators. 
 
 
INTRODUCTION  
 
Grapevine is very responsive to global 
warming, which is expected to keep on 
increasing, thus having a lot of effects. 
Many studies made on the impact of climate 
change on viticulture, in most of the wine 
regions, revealed the effects on the 
phenological stage development, on the quality 
of grapes and on the quantity of production 
(Cotea et al., 2008; Bucur and Dejeu, 2013; 
Burzo, 2014). 
Vineyards in Romania grow under temperate - 
continental climate, with frequent occurences 
of extreme climatic conditions and with some 
regional variations. 
Out of all the environmental factors, 
temperature seems to have the most profound 
effect on viticulture, both during the growing 
season, and during winter (Simion et al., 2008; 
Jones and Webb, 2010). 
Prolonged high temperature during the 
maturation of grapes determined a high level of 
sugar accumulation, the loss of acids through 
respiration (Burzo et al., 2005; Jones, 2005; 
Dejeu et al., 2008; Schultz and Jones, 2010). 
Under the conditions of very high temperatures 
during grapes’ ripening, the metabolism of 

vines can be inhibited, causing reduced 
accumulation of metabolites, and affecting, this 
way, the flavour and the colour of the wine 
(Mori et al., 2007; Sadras and Moran, 2012; 
Martinez de Toda and Balda, 2015). 
Given the predictions on the intensification of 
global warming in the future,  several scenarios 
were developed to adapt viticulture to this 
phenomenon (Malheiro et al., 2010; 
Carbonneau, 2011; Şerdinescu et al., 2013; 
Quénol et al., 2014; Costa et al., 2015; Fraga et 
al., 2015). 
The objectives of this study were to investigate 
the differences between one and another wine 
region, about bioclimatic indices, the trends on 
global warming recorded over a period of time 
(38 years, 1977-2014) and their influence on 
grape production. 
 
MATERIALS AND METHODS 
 
For this study, there were used weather data 
recorded at seven stations from Romania’s 
main wine regions (Craiova, Constanta, 
Bucharest-Baneasa, Timisoara, Cluj-Napoca, 
Oradea and Iasi), for a period of 38 years 
(1977-2014).  
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Table 1 presents the geographical coordinates 
of the meteorological stations from the centers 
presented in the present study. 

 
Table 1. Geographical coordinates  

of the studied centers 
 

No. 
 

Meteorological 
station 

Latitude Longitude Altitu
de (m) 

1. Craiova 44.31 N 23.86 E 195 
2. Constanța 44.33 N 28.43 E 25 
3. Bucharest-

Baneasa 
44.48 N 26.,11 E 91 

4. Timișoara 45.76 N 21.25 E 88 
5. Cluj-Napoca 46.77 N 23.60 E 335 
6. Oradea 47.03 N 21.90 E 140 
7. Iași 47.17 N 27.63 E 104 

 
Monthly average temperatures were used to 
calculate a set of indices meant to describe the 
climatic structure of Romanian wine regions, 
using a set of bioclimatic indices commonly 
used in viticulture such as: average annual 
temperature (AVG-AN-T); average 
temperature in the growing season (IV-X, 
AVG-T-GS); cool night index (CI); average 
minimum temperature (AVG-MIN-T); average 
maximum temperature (AVG-MAX-T); 
average temperature in summer (VI-VIII, 
AVG-T-S); maximum temperature in the 
warmest month (T-JUL); minimum 
temperature in the coldest month (T-JAN); 
Huglin index (HI) and Winkler index (WI). 
The cool night index (CI) is represented by the 
minimum temperature in September. 
Huglin index (HI)  was calculated using the 
formula: Σ[(Tavg-10°C) + (Tmax-10°C)] / 2·k, 
for the period April - September (k = day 
length coefficient, varying from 1.02 to 1.06 
between 40° and 50° latitude (Huglin, 1978). 
Winkler index (WI) was calculated according 
to the equation: Σ[(Tmax+Tmin )/2-10°C], for 
the period April - October (Winkler et al., 
1974). 
 
RESULTS AND DISCUSSIONS 
 
The spatial structure of the climatic indices 
analysed in the whole country shows a clear 
north-south pattern (Table 2). The average 
annual temperature (AVG-AN-T) ranges from 
9.12°C (Cluj-Napoca) to 11.48°C (Bucharest- 
Baneasa). 

The average growing season temperatures 
(AVG-T-GS) ranges from 15.08°C (Cluj-
Napoca) to 17.96°C (Bucharest-Baneasa), 
including Romania’s viticultural regions, in 
intermediate and warm climate-maturity 
groupings, as defined by Jones G.V. (2007), 
favorable for optimum maturity of cultivars, 
such as Chardonnay, Sauvignon, Merlot, 
Cabernet Sauvignon, Viognier, Syrah etc. 
The cool night index (CI) ranged from 8.76°C 
in Cluj-Napoca to 12.16°C in Constanța, 
including our country’s viticulture, in very cool 
nights class (CI+2), according to which grapes 
could be found with a high potential for colour 
and aromas (Tonietto and Carbonneau, 2004). 
The average minimum temperature ranged 
from 3.64°C in Cluj-Napoca to 6.44°C in 
Constanta, while the lowest average maximum 
temperature was also observed in Cluj-Napoca 
(14.63°C) and the highest in Bucharest-
Baneasa (17.02°C). 
The largest differences were observed in values 
of maximum temperature in July, from 25.8°C 
in Cluj-Napoca to 29.72°C in Bucharest- 
Baneasa. 
The heat accumulation indices HI and WI 
produced similar results. 
Following the evolution in time of the main 
climatic variables related to temperature, for 
the 7 centers (Table 3) between 1977-2014 (38 
years), there were revealed some significant 
trends, especially for the average temperature 
in summer (AVG-T-S), Huglin index (HI) and 
the average temperature in the growing season 
(AVG-T-GS). 
The development was generally insignificant 
for cool night index (CI), for average minimum 
temperature (AVG-MIN-T) and for minimum 
temperature in the coldest month (T-JAN). 
The most significant increase of thermal 
parameters over time was found in the northern 
areas (Cluj-Napoca, Iași) and at the seaside 
(Constanța). 
If until 30-40 years ago, climatic conditions in 
northern Romania were considered unfavorable 
for grapevine varieties for red wines, more 
pronounced global warming registered in the 
last 20 years and the experience of the last 
years ensure the success of these varieties. 
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Abstract 
 
The evolution of temperature indicators, more pronounced in the north of Romania, clearly shows a gradual warming 
trend, mainly during the growing season, especially during the ripening of the grapes. There have been highlighted 
relatively large differences between the values of the main bioclimatic indicators of the country's wine regions, as well 
as a stronger growth trend of these ones in the northern areas and at the Black Sea. The viticultural region of 
Dobrogea hills profits by maritime influences that limit summer temperature extremes and winter frost. There is 
evidence that in many regions, day temperature increased more than night temperature. Results show that Romanian 
viticulture will benefit from climate change. Given these trends and knowing their possible negative effects on vine 
physiology, production and quality, the future viticultural zoning requires reconsideration, and the application of 
technological measures to minimize the negative effects of climate change.  
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The objectives of this study were to investigate 
the differences between one and another wine 
region, about bioclimatic indices, the trends on 
global warming recorded over a period of time 
(38 years, 1977-2014) and their influence on 
grape production. 
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For this study, there were used weather data 
recorded at seven stations from Romania’s 
main wine regions (Craiova, Constanta, 
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Oradea and Iasi), for a period of 38 years 
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Winkler index (WI) was calculated according 
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including Romania’s viticultural regions, in 
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The average minimum temperature ranged 
from 3.64°C in Cluj-Napoca to 6.44°C in 
Constanta, while the lowest average maximum 
temperature was also observed in Cluj-Napoca 
(14.63°C) and the highest in Bucharest-
Baneasa (17.02°C). 
The largest differences were observed in values 
of maximum temperature in July, from 25.8°C 
in Cluj-Napoca to 29.72°C in Bucharest- 
Baneasa. 
The heat accumulation indices HI and WI 
produced similar results. 
Following the evolution in time of the main 
climatic variables related to temperature, for 
the 7 centers (Table 3) between 1977-2014 (38 
years), there were revealed some significant 
trends, especially for the average temperature 
in summer (AVG-T-S), Huglin index (HI) and 
the average temperature in the growing season 
(AVG-T-GS). 
The development was generally insignificant 
for cool night index (CI), for average minimum 
temperature (AVG-MIN-T) and for minimum 
temperature in the coldest month (T-JAN). 
The most significant increase of thermal 
parameters over time was found in the northern 
areas (Cluj-Napoca, Iași) and at the seaside 
(Constanța). 
If until 30-40 years ago, climatic conditions in 
northern Romania were considered unfavorable 
for grapevine varieties for red wines, more 
pronounced global warming registered in the 
last 20 years and the experience of the last 
years ensure the success of these varieties. 
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Between Huglin index values (HI) and grape 
yield of Fetească regală cultivar in Bucharest 
experimentations (Bucur and Dejeu, 2013), 
during 17 years (1998-2014), there has been 
established a distinctly significant correlation 
(Figure 1).  
At HI values of over 2600°C, specific to warm 
climate, grape yield decreases significantly.  
At high levels of air temperature during the 
growing season, there has been o downward 
trend in the grape yield. 
 

 
Figure 1. Correlation between the Huglin Index 

values and yield of grapes (1998-2014) 

 
Table 2. Climatic caracteristics of 7 centers situated in most of Romania's viticultural regions;  

values are mean±sd (1977-2014) 
 

No. 
 

Variable Craiova Constanța Bucharest- 
Baneasa 

Timișoara Cluj-
Napoca 

Oradea Iași 

1 AVG - AN - T  11.46±0.74 11.28±0.87 11.48±0.76 11.27±0.71 9.12±0.97 10.83±0.85 10.23±1.00 
2 AVG - T - GS  17.87±0.83 17.28±0.92 17.96±0.80 17.26±0.71 15.08±0.92 16.78±0.88 16.77±0.97 
3 C I 11.43±1.89 12.16±1.43 10.45±1.39 10.88±1.50 8.76±1.41 10.67±1.43 10.03±1.61 
4 AVG - MIN - T 5.91±0.78 6.44±0.87 5.04±0.63 5.85±0.61 3.64±0.71 5.65±0.85 4.96±0.71 
5 AVG - MAX - T 17.01±1.18 16.07±1.04 17.02±1.01 16.76±0.89 14.63±1.71 16.01±0.93 15.52±1.54 
6 AVG - T- S 22.09±1.12 21.58±1.22 22.35±1.14 21.09±0.92 18.86±1.18 20.54±1.10 21.00±1.29 
7 T - JUL 29.51±1.91 28.21±1.85 29.72±1.84 28.42±1.78 25.80±2.21 27.66±1.88 28.02±2.38 
8 T - JAN - 4.81±2.48 -3.57±2.00 - 5.33±2.47 -3.84±2.43 -6.26±2.59 -4.04±2.87 -6.00±3.10 
9 HI 2295±208 2062±207 2331±191 2159±191 1759±263 2062±210 2093±261 

10 WI 1685±178 1710±194 1703±172 1553±152 1088±211 1450±188 1450±209 
AVG - AN - T: average annual temperature (°C); AVG - T - GS: average temperature in the growing season (IV-X, °C); CI: cool night index (°C); 
AVG - MIN -T: average minimum temperature (°C); AVG - MAX -T: average maximum temperature (°C); AVG -T- S: average temperature in 
summer (VI-VIII, °C); T - JUL: maximum temperature in the warmest month (°C ); T- JAN: minimum temperature in the coldest month (°C); HI: 
Huglin index (°C); WI: Winkler index (°C) 
 

Table 3. Trends of some climate variables in 7 different centers from Romania;  
correlations intensity between thermal variables (°C) and time (1977-2014) 

 

No. Variable Craiova Constanța Bucharest- 
Baneasa 

Timișoara Cluj-
Napoca 

Oradea Iași 

1 AVG - AN - T  0.604*** 0.696*** 0.457** 0.473** 0.780*** 0.630*** 0.637*** 
2 AVG - T - GS  0.525*** 0.761*** 0.495** 0.533*** 0.730*** 0.632*** 0.714*** 
3 C I NS 0.471** NS NS NS 0.308* NS 
4 AVG - MIN - T NS 0.748*** NS 0.456** NS 0.659*** NS 
5 AVG - MAX - T 0.649*** 0.620*** 0.559*** 0.494*** 0.840*** 0.571*** 0.653*** 
6 AVG - T- S 0.605*** 0.808*** 0.574*** 0.626*** 0.794*** 0.661*** 0.740*** 
7 T - JUL 0.510*** 0.672*** 0.560*** 0.534*** 0.706*** 0.530*** 0.674*** 
8 T - JAN NS NS NS NS NS 0.408** NS 
9 HI 0.592*** 0.736*** 0.582*** 0.530*** 0.793*** 0.589*** 0.714*** 

10 WI 0.526*** 0.732*** 0.494** 0.533*** 0.734*** 0.642*** 0.714*** 
AVG - AN - T: average annual temperature (°C); AVG - T - GS: average temperature in the growing season (IV-X, °C); CI: cool night index (°C); 
AVG - MIN - T: average minimum temperature (°C); AVG - MAX - T: average maximum temperature (°C); AVG -  T- S: average temperature in 
summer (VI-VIII, °C); T - JUL: maximum temperature  in the warmest month (°C ); T - JAN: minimum temperature in the coldest month (°C); HI: 
Huglin index (°C); WI: Winkler index (°C); ***, **, *, NS = p < 0.01%; < 0.1%; < 1%; not significant 
 
 
CONCLUSIONS  
 
In the context of climate change, Romania’s 
temperate-continental climate is affected more 
frequently by heat waves in summer and cold 
waves in winter. 
The highest warming trends were observed for 
nothern viticultural regions (Transylvania and 
Moldavia) and for the seaside. 

Usually, the values of cool night index are not 
significantly affected by climate change, 
including viticultural regions in climate class 
CI + 2 (very cool night), except for the seaside.  
These conditions could ensure a good level of 
grape ripening for the varieties cultivated 
nowadays and high potential for colour and 
aromas. 
 

 

 

REFERENCES 
 

Bois B., Blais A., Moriondo M., Jones G.V., 2012. High 
resolution climate spatial analysis of European 
winegroving regions. IXe Congrès International des 
Terroirs vitivinicoles, p. 17-20.  

Bucur G.M., Dejeu L., 2013. Effects of climate change 
on grape yield and quality on a long-terme 
experience. Sesiunea Ştiinţifică anuală, U.S.A.M.V. 
„Ion Ionescu de la Brad” Iaşi, Facultatea de  
Horticultură, Vol. 56, Nr. 1 şi 2, Seria Horticultură, p. 
269-274.  

Burzo I., Dejeu L., Şerdinescu A., Bădulescu L., 2005. 
Fiziologia plantelor de cultură. Vol. III - Fiziologia 
viţei de vie. Ed. Elisavaros, Bucureşti.  

Burzo I., 2014. Modificările climatice şi efectele asupra 
plantelor horticole. Ed. Sitech, Craiova.  

Carbonneau A., 2011. Quelques idees de strategies 
viticoles face au changement climatique. Progrès 
Agricole et Viticole, Montpellier, 128 (15/16), p. 
301-305.  

Costa J.M., Vaz M., Escalona J., Egipto R., Lopes C., 
Medrano H., Chaves M.M., 2015. Modern viticulture 
in southern Europe: Vulnerabilities and strategies for 
adaptation to water scarcity. Agricultural Water 
Management. http.//dx.doi.org/10.1016/agwat 
2015.08.021.  

Cotea V.V., Rotaru Liliana, Irimia L.M., Colibaba C., 
Tudose Sandu-Ville S., 2008. The greenhouse effect 
on the viticultural ecoclimat in northern Moldavia, 
Romania. 31st World Congress of Vine and Wine, 
Verona, Italia.  

Dejeu L., Patic M., Mereanu D., Bucur G.M., Gutue C., 
2008. Impact of climat change on grapevine culture 
durability. 31st World Congress of Vine and Wine, 
15-20 June, Verona, Italia.  

Fraga H., Malheiro A.C., Moutinho-Pereira J., Santos 
J.A., 2015. Grapevines Growing under future RCP 
scenarios in Europe. Procedia Environmental 
Sciences 29, 20.   

Huglin P., 1978. Nouveau mode d'évaluation des 
possibilités héliothermiques d'un milieu viticole. In: 
Symposium International sur l'Écologie de la Vigne, 
l, Constanta, Roumanie, 1978. Ministère de 
l'Agriculture et de l'Industrie Alimentaire, p. 89-98.  

Jones G.V., White M.A., Cooper O.R., and Storchmann 
K., 2005. Climate Change and Global Wine Quality. 
Climatic Change, 73(3): p. 319-343.  

Jones G.V., Webb L.B., 2010. Climate change viticulture 
and wine; Challenges and opportunities. Journal of 
Wine Research, Vol. 21, 2-3, p. 103-106. 

Malheiro A.C., Santos J.A., Fraga H., Pinto J.G., 2010. 
Climate change scenarios applied to viticultural        
zoning in Europe. Climate Research, 43 (3): p. 163-
177.  

Martinez de Toda F., Balda P., 2015. Quantifying the 
effect of temperature on decoupling anthocyanins       
and sugars of the grape (Vitis vinifera L. „Maturana 
Tinta de Navarette”). Vitis 54, p. 117-120.  

Mori K., Goto-Yamamoto N., Kitayama M., Hashizume 
K., 2007. Loss of antocyanins in red-wine under high 
temperature. J. Exp. Bot. 58, p. 1935-1945.  

Moriondo M., Jones G.V., Bois B., Dibari C., Ferrise R., 
Trombi G., Bindi M., 2013. Projected shifts on      
wine regions in response to climate change. Climatic 
Change 119 (3). DOI:10.1007/s 10584-013-0739.  

Neethling E., Barbeau G., Bonnefoy C., Quénol H., 
2012. Change in climate and berry composition for 
grapevine varieties cultivated in the Loire Valley. 
Climate Research 53 (2), p. 89-101.  

Quénol H., Grosset M., Barbeau G., Van Leeuwen K., 
Hofmann M., Foss C., Irimia L., Rochard J., 
Boulanger J.P., Tissot C., Miranda C., 2014. 
Adaptation of viticulture to climate change: High 
resolution observations of adaptation scenario for 
viticulture: The ADVICLIM European project. 
Bulletin de L'OIV 87, 1001-1003, p. 395-406.  

Sadras V.O., Moran M.A., 2012. Elevated temperature 
decouples anthocyanins and sugars in berries of 
Shiraz and Cabernet Franc. Aust. J. Grape Wine Res. 
18, p. 115-122. 

Schultz H.R., Jones G.V., 2010. Climate induced historic 
and future changes in Viticulture. Journal of Wine 
Research, Vol. 21, 2-3, p. 137-145.  

Şerdinescu A., Pîrcălabu L., Enache V., Ranca A., Bosoi 
M., Dumitru E., Răţoi I., 2013. Technological 
solutions for the diminution of the disturbing effect of 
climatic changes in viticulture. 36st World Congress 
of Vine and Wine, Bucharest.  

Tonietto J., Carboneau A., 2004. A multicriteria climatic 
classification system for grape-growing region 
worldwide. Agricultural and Forest Meteorology. 
doi:10.1016/j.agrformet.2003.06.001.  

Winkler A.J., Cook A., Kliewer W.M., Lider I.A., 1974. 
General Viticulture. University of California Press, 
Berkeley, 740 p.  

 



27

 

Between Huglin index values (HI) and grape 
yield of Fetească regală cultivar in Bucharest 
experimentations (Bucur and Dejeu, 2013), 
during 17 years (1998-2014), there has been 
established a distinctly significant correlation 
(Figure 1).  
At HI values of over 2600°C, specific to warm 
climate, grape yield decreases significantly.  
At high levels of air temperature during the 
growing season, there has been o downward 
trend in the grape yield. 
 

 
Figure 1. Correlation between the Huglin Index 

values and yield of grapes (1998-2014) 

 
Table 2. Climatic caracteristics of 7 centers situated in most of Romania's viticultural regions;  

values are mean±sd (1977-2014) 
 

No. 
 

Variable Craiova Constanța Bucharest- 
Baneasa 

Timișoara Cluj-
Napoca 

Oradea Iași 

1 AVG - AN - T  11.46±0.74 11.28±0.87 11.48±0.76 11.27±0.71 9.12±0.97 10.83±0.85 10.23±1.00 
2 AVG - T - GS  17.87±0.83 17.28±0.92 17.96±0.80 17.26±0.71 15.08±0.92 16.78±0.88 16.77±0.97 
3 C I 11.43±1.89 12.16±1.43 10.45±1.39 10.88±1.50 8.76±1.41 10.67±1.43 10.03±1.61 
4 AVG - MIN - T 5.91±0.78 6.44±0.87 5.04±0.63 5.85±0.61 3.64±0.71 5.65±0.85 4.96±0.71 
5 AVG - MAX - T 17.01±1.18 16.07±1.04 17.02±1.01 16.76±0.89 14.63±1.71 16.01±0.93 15.52±1.54 
6 AVG - T- S 22.09±1.12 21.58±1.22 22.35±1.14 21.09±0.92 18.86±1.18 20.54±1.10 21.00±1.29 
7 T - JUL 29.51±1.91 28.21±1.85 29.72±1.84 28.42±1.78 25.80±2.21 27.66±1.88 28.02±2.38 
8 T - JAN - 4.81±2.48 -3.57±2.00 - 5.33±2.47 -3.84±2.43 -6.26±2.59 -4.04±2.87 -6.00±3.10 
9 HI 2295±208 2062±207 2331±191 2159±191 1759±263 2062±210 2093±261 

10 WI 1685±178 1710±194 1703±172 1553±152 1088±211 1450±188 1450±209 
AVG - AN - T: average annual temperature (°C); AVG - T - GS: average temperature in the growing season (IV-X, °C); CI: cool night index (°C); 
AVG - MIN -T: average minimum temperature (°C); AVG - MAX -T: average maximum temperature (°C); AVG -T- S: average temperature in 
summer (VI-VIII, °C); T - JUL: maximum temperature in the warmest month (°C ); T- JAN: minimum temperature in the coldest month (°C); HI: 
Huglin index (°C); WI: Winkler index (°C) 
 

Table 3. Trends of some climate variables in 7 different centers from Romania;  
correlations intensity between thermal variables (°C) and time (1977-2014) 

 

No. Variable Craiova Constanța Bucharest- 
Baneasa 

Timișoara Cluj-
Napoca 

Oradea Iași 

1 AVG - AN - T  0.604*** 0.696*** 0.457** 0.473** 0.780*** 0.630*** 0.637*** 
2 AVG - T - GS  0.525*** 0.761*** 0.495** 0.533*** 0.730*** 0.632*** 0.714*** 
3 C I NS 0.471** NS NS NS 0.308* NS 
4 AVG - MIN - T NS 0.748*** NS 0.456** NS 0.659*** NS 
5 AVG - MAX - T 0.649*** 0.620*** 0.559*** 0.494*** 0.840*** 0.571*** 0.653*** 
6 AVG - T- S 0.605*** 0.808*** 0.574*** 0.626*** 0.794*** 0.661*** 0.740*** 
7 T - JUL 0.510*** 0.672*** 0.560*** 0.534*** 0.706*** 0.530*** 0.674*** 
8 T - JAN NS NS NS NS NS 0.408** NS 
9 HI 0.592*** 0.736*** 0.582*** 0.530*** 0.793*** 0.589*** 0.714*** 

10 WI 0.526*** 0.732*** 0.494** 0.533*** 0.734*** 0.642*** 0.714*** 
AVG - AN - T: average annual temperature (°C); AVG - T - GS: average temperature in the growing season (IV-X, °C); CI: cool night index (°C); 
AVG - MIN - T: average minimum temperature (°C); AVG - MAX - T: average maximum temperature (°C); AVG -  T- S: average temperature in 
summer (VI-VIII, °C); T - JUL: maximum temperature  in the warmest month (°C ); T - JAN: minimum temperature in the coldest month (°C); HI: 
Huglin index (°C); WI: Winkler index (°C); ***, **, *, NS = p < 0.01%; < 0.1%; < 1%; not significant 
 
 
CONCLUSIONS  
 
In the context of climate change, Romania’s 
temperate-continental climate is affected more 
frequently by heat waves in summer and cold 
waves in winter. 
The highest warming trends were observed for 
nothern viticultural regions (Transylvania and 
Moldavia) and for the seaside. 

Usually, the values of cool night index are not 
significantly affected by climate change, 
including viticultural regions in climate class 
CI + 2 (very cool night), except for the seaside.  
These conditions could ensure a good level of 
grape ripening for the varieties cultivated 
nowadays and high potential for colour and 
aromas. 
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Abstract 
 
Technological and industrial evolution generated an increased demand for natural resources as well as destruction of 
the global biodiversity at unprecedented rates. Worldwide projections evaluate an extinction ratio of species  up to10 
times higher than the current rate  Up to 2020 EU has establish targets for mapping and assessment of the ecosystem 
services including all the main stakeholders, covering forests, agro-ecosystems, freshwater and marine ecosystems, 
urban, arid zones and wetlands. The general mapping approaches for the EU member states involved in the process 
consist in using GIS instruments and work flows on land cover/land use data through ESRI’s ARCGIS Platform. About 
80% of the EU member states have started the MAES process (Mapping and Assessment of Ecosystem Services) at 
national, regional or case-study level. The essence of the MAES process is to maximize the use of scientific knowledge 
and technology available in order to make a significant contribution for the ecosystem services and policy decisions to 
improve and protect biodiversity and life quality, as well as getting an accurate evaluation of the associated costs. The 
paper integrates scientific data over the MAES targets using Geographic Information Systems by the evaluation of 
multiple ecosystems types and services, on different temporal stages and synergies in different layers of information. 
Ecosystems services provide to the human kind nutrition, clean air, water, safety and healthy environment. This is why, 
mapping and assessing these services would allow determining the direct connections and dependency on biodiversity 
and its functions. 
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INTRODUCTION 

 
The European Commission and Council had 
adopted in 2011 the EU Biodiversity Strategy 
for 2020 which aims to stop the loss of 
biodiversity and the degradation of ecosystem 
services, but also to restore them as far as 
feasible in the EU up to 2020. For European 
Conservation, the EU Biodiversity Strategy is a 
landmark and its commits the European 
Parliament, the European Commission and the 
EU Member States into taking action for 
preventing biodiversity loss. 
The Biodiversity Strategy has 6 inter dependent 
targets and 20 supporting actions. The one that 
calls for restoration of ecosystems and their 
services, but also for a better protection is 
Target 2. Within it, by 2020, Action 5 calls all 
Member States to map and asses the status of 
ecosystems and their services, the economic 
values of ES and to promote their integration 
into reporting and accounting systems at EU 
and national level. This will constitute the 
knowledge base for the Green Infrastructure  

 
Strategy and the establishment of ecosystem 
capital accounting. Other targets of the EU 
Biodiversity Strategy depends on Target 2 and 
it highlights the importance of an integrate 
view in the process of making decisions.   
The key to approach synergies and trade-offs in 
regard to policy impacts on ecosystems and 
ecosystem services, is a robust knowledge base. 
The Biodiversity Strategy involves two 
timelines for their targets.  By 2020, mapping 
and assessing the ecosystems and their services 
must ensure guidance for the Member States in 
order to determine the strategy for Europe’s 
green infrastructure, the restorations of 15% of 
degraded ecosystems and ecosystems services 
initiatives. The long term target for 2050 
consist in protecting, evaluating and 
appropriately restoring for biodiversity intrinsic 
values and for their essential contribution to 
human life and wellbeing and also to economic 
prosperity of the natural capital, the 
biodiversity and the ecosystem services it 
provides. 

AgroLife Scientific Journal - Volume 5, Number 2, 2016
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718 A working group was established to take steps 

into the concept and methodologies for Action 
5 of Target 2. The collaboration of European 
Commission, Joint Research Centre of the 
European Commission, European Environment 
Agency and Member States is the MAES 
initiative. 

Figure 1. Importance of Action 5 in relation to other 
supporting actions under Target 2 and to other targets of 

the EU Biodiversity Strategy (Source: MAES, 2013) 
 

The MAES project was initiated under the 
perspectives and necessity to maintain the 
interdependent link between biophysical 
assessment and monetary accounts, such as 
“Carbon, Land and Water and ecosystems 
condition accounts” (as MAES categorization), 
and to develop, improve and share data about 
the ecosystem services across the EU’s 
Member States to achieve improvements in 
biodiversity quality.  
For the MAES project, 3 priority objectives 
have been established, namely:  

(1) Protect & enhance natural capital - 
accounting the biodiversity, water and marine 
ecosystems, land and soil, forests and nutrient 
cycle;  

(2) Transition to resource efficient, low-
carbon economy - reffering to climate 
mitigation, SCP, waste, eco - innovation, 
industrial emissions, water stress;  

(3) Safeguard health & wellbeing - 
concerning chemicals, air quality, drinking and 
bathing water quality, noise and climate 
adaptation.  
The first step of MAES consists in agreeing a 
framework.  In order to ensure that the EU and 
its Member States adopt a harmonized 
approach, the Commission in guidance with 

experts ad stakeholders, had published a 
coherent analytical framework. It consists in 
identifying the ecosystem types that combine 
land cover classes and habitat classification 
systems.  When discussing the first version of 
the conceptual frame (as MAES analytical 
framework discussion paper of 4 June 2012) it 
appeared the need to include various 
institutions, stakeholders and user group in the 
framework.  

 
Figure 2. MAES’ role across the environment  

(Source: MAES, 2013) 
 
THE ROLE OF BIODIVERSITY IN 
SUPPORTING ECOSYSTEM 
FUNCTIONS AND SERVICES 

 
What is an ecosystem and an ecosystem 
service? 
An ecosystem is a community of organisms 
interacting with each other and with their 
environment such that energy is exchanged and 
system-level processes, such as the cycling of 
elements, emerges. 
‘Biodiversity’, meaning the variety of all life on 
earth, plays the most important role in the 
structural set-up of ecosystems which is crucial 
in maintaining basic ecosystem processes. 
'Ecosystem function' is the technical to define 
the biological, geochemical and physical 
processes and components that take place 
within an ecosystem. Sometimes, ecosystem 
functions are called ecological processes. 
Maintaining ecosystem function is important to 
maintaining the capacity of the region to supply 
ecosystem services. 
‘Ecosystem services’ are the many different 
benefits that ecosystems provide to people 
(MA, 2005). Ecosystem services result from 
ecosystem functions and represent the benefits 
provided by ecosystems that contribute at 
making human life possible and worth living. 
Examples of ecosystem services include 
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interacting with each other and with their 
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system-level processes, such as the cycling of 
elements, emerges. 
‘Biodiversity’, meaning the variety of all life on 
earth, plays the most important role in the 
structural set-up of ecosystems which is crucial 
in maintaining basic ecosystem processes. 
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processes and components that take place 
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functions are called ecological processes. 
Maintaining ecosystem function is important to 
maintaining the capacity of the region to supply 
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‘Ecosystem services’ are the many different 
benefits that ecosystems provide to people 
(MA, 2005). Ecosystem services result from 
ecosystem functions and represent the benefits 
provided by ecosystems that contribute at 
making human life possible and worth living. 
Examples of ecosystem services include 
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products such as food and water and non-
material benefits such as recreational and 
spiritual benefits in natural areas. The term 
‘services’ is usually used to encompass the 
tangible and intangible benefits that humans 
obtain from ecosystems, which are sometimes 
separated into ‘goods’ and ‘services’. This is 
why, policies concerning natural resource 
management aim to affect drivers of change to 
achieve a desired future state of ecosystems.  
The concept of ecosystem services was brought 
into discussion by the Millennium Ecosystem 
Assessment (MA) which is a global initiative 
set up back in the 1999 used to assess how 
ecosystem change would affect human well-
being (MA, 2005). The MA divided the 
ecosystem services into 4 categories: 

1. Supporting services - the services 
needed for the production of all other services. 
Ex: nutrient cycling and soil formation; 

2. Provisioning services - represented by 
the products obtained from ecosystems. Ex: 
food and timber; 

3. Regulating services - consists in the 
benefits obtained from the regulation of 
ecosystems. Ex: purification of water, flood 
control, regulation of climate within the carbon 
sequestration; 

4. Cultural services - these are the benefits 
that people obtain from ecosystems through 
spiritual enrichment, reflection, recreation, 
aesthetic experiences and cognitive 
development. 
MAES uses the Common International 
Classification of Ecosystem Services (CICES) 
system for classifying ecosystem services 
(Maes et al., 2013a; Haines-Young&Potschin, 
2013). CICES is more comprehensive than the 
MA and TEEB, and enables users to diverge 
between them. The hierarchical structure of 
CICES also allows assessments to accom-
modate to specific needs while being able to 
make comparisons with others. CICES divides 
the ecosystem services into 3 categories: 

1. Provisioning services; 
2. Regulating and maintenance services; 
3. Cultural services. 

This system is created to deliver “final 
services”, the ones that directly affect human 
well-being. This in why the “supporting” 
services of the MA are not included.  Also, the 
MAES initiative says that the ecosystem 

services represent “the realized flow of services 
for which there is demand” (MAES, 2013). 
Sometimes the “flow” is hard to quantify, but 
the basic concept is still the same: an eco-
system service is only an ecosystem service 
when it is providing a realized benefit to 
people. 
The overall scope of MAES is to assess the 
most important services of ecosystems affected 
by antropic actions, such as:  

 Marine, costal and inland water;  
 Forest and woodland;  
 Cultivated/Agricultural land;  
 Grassland and mountain; 
 Dry land and urban; 
 Heathland and shrub; 
 Sparsely vegetated land; 
 Rivers and lakes. 

 
How does biodiversity affect ecosystem 
functioning? 
The assumption approached in the EU policy 
that ecosystem services protection will relate to 
biodiversity protection is central to the 
inclusion of ecosystem services. This approach 
forms a part of the strategy to avoid 
biodiversity loss until 2020, as a key part of 
Target 2. But first, there is a need to understand 
what is meant by the term “biodiversity”. It’s 
well known that it means the variety of all life 
on earth, plays the most important role in the 
structural set-up of ecosystems which is crucial 
in maintaining basic ecosystem processes, but 
in reality is much more complex. The definition 
that is used by Convention on Biological 
Diversity, which is also used within the EU 
MAES framework, is this: “The variability 
among living organisms from all sources 
including, inter alia, terrestrial, marine and 
other aquatic ecosystems and the ecological 
complexes of which they are part; this includes 
diversity within species, between species and of 
ecosystems” (Maes et al., 2014, 
http://www.cbd.int/convention/articles/ 
default.shtml?a=cbd-02). 
Cardinale at al. (2012) said that: “There is now 
unequivocal evidence that biodiversity loss 
reduces the efficiency by which ecological 
communities capture biologically essential 
resources, produce biomass, decompose and 
recycle biologically essential nutrients.” 

In figure 3 are related different roles of 
biodiversity in supporting ecosystem functions 
and services. It is presented as a butterfly that 
has six dimensions of biodiversity which 
connect to ecosystem services and functions 
within three dimensions on each wing.  
 

 
Figure 3. Adapted from EEA (2015), illustrating the 

different components of our natural capital, 
encompassing both ecosystem stocks and service flows 

(Source: MAES, 2016) 
 
On the left wing are presented the three 
dimensions of biodiversity that enrich to 
ecosystem functioning: 

1. Biodiversity magnify the efficiency of 
ecological processes which are key 
determinants of ecosystem function. 

2. The second most important determinant 
of ecosystem functioning consists in functional 
diversity which represents the variation of the 
expression of multiple functional traits (define 
species in terms of their ecological roles- the 
way they interact with the environment and 
other species). 

3. An important role in structuring 
habitats, ecosystems and landscapes, has the 
plant species diversity (MAES, 2013). 
On the other hand, the right wing is represented 
by the three dimensions of biodiversity that 
contribute to ecosystem functioning, but which 
also directly deliver ecosystem services. 

1. Genetic diversity is the diversity of the 
gene pool of single species. (MAES, 2013) 
This kind of diversity makes food productions 
services more adaptable to future 
environmental changes. 

2. Another indicator frequently used for 
biodiversity is the species richness and 
taxonomic diversity.  

3. The diversity of specific biotic 
interactions in species networks. 
Placing ecosystem services in the EU policies 
that concentrate on the conservation of terres-
trial, freshwater or marine ecosystems concludes 
that there is a connection between the state of 
the ecosystem and the services they deliver.  

Figure 4. The multi-faceted role of biodiversity to support the delivery of ecosystem services and to assess the status of 
ecosystems. Biodiversity has multiple roles in relation to the delivery of ecosystem services (Source: MAES, 2013)
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products such as food and water and non-
material benefits such as recreational and 
spiritual benefits in natural areas. The term 
‘services’ is usually used to encompass the 
tangible and intangible benefits that humans 
obtain from ecosystems, which are sometimes 
separated into ‘goods’ and ‘services’. This is 
why, policies concerning natural resource 
management aim to affect drivers of change to 
achieve a desired future state of ecosystems.  
The concept of ecosystem services was brought 
into discussion by the Millennium Ecosystem 
Assessment (MA) which is a global initiative 
set up back in the 1999 used to assess how 
ecosystem change would affect human well-
being (MA, 2005). The MA divided the 
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1. Supporting services - the services 
needed for the production of all other services. 
Ex: nutrient cycling and soil formation; 

2. Provisioning services - represented by 
the products obtained from ecosystems. Ex: 
food and timber; 

3. Regulating services - consists in the 
benefits obtained from the regulation of 
ecosystems. Ex: purification of water, flood 
control, regulation of climate within the carbon 
sequestration; 

4. Cultural services - these are the benefits 
that people obtain from ecosystems through 
spiritual enrichment, reflection, recreation, 
aesthetic experiences and cognitive 
development. 
MAES uses the Common International 
Classification of Ecosystem Services (CICES) 
system for classifying ecosystem services 
(Maes et al., 2013a; Haines-Young&Potschin, 
2013). CICES is more comprehensive than the 
MA and TEEB, and enables users to diverge 
between them. The hierarchical structure of 
CICES also allows assessments to accom-
modate to specific needs while being able to 
make comparisons with others. CICES divides 
the ecosystem services into 3 categories: 

1. Provisioning services; 
2. Regulating and maintenance services; 
3. Cultural services. 

This system is created to deliver “final 
services”, the ones that directly affect human 
well-being. This in why the “supporting” 
services of the MA are not included.  Also, the 
MAES initiative says that the ecosystem 

services represent “the realized flow of services 
for which there is demand” (MAES, 2013). 
Sometimes the “flow” is hard to quantify, but 
the basic concept is still the same: an eco-
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How does biodiversity affect ecosystem 
functioning? 
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inclusion of ecosystem services. This approach 
forms a part of the strategy to avoid 
biodiversity loss until 2020, as a key part of 
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what is meant by the term “biodiversity”. It’s 
well known that it means the variety of all life 
on earth, plays the most important role in the 
structural set-up of ecosystems which is crucial 
in maintaining basic ecosystem processes, but 
in reality is much more complex. The definition 
that is used by Convention on Biological 
Diversity, which is also used within the EU 
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complexes of which they are part; this includes 
diversity within species, between species and of 
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http://www.cbd.int/convention/articles/ 
default.shtml?a=cbd-02). 
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unequivocal evidence that biodiversity loss 
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communities capture biologically essential 
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In figure 3 are related different roles of 
biodiversity in supporting ecosystem functions 
and services. It is presented as a butterfly that 
has six dimensions of biodiversity which 
connect to ecosystem services and functions 
within three dimensions on each wing.  
 

 
Figure 3. Adapted from EEA (2015), illustrating the 

different components of our natural capital, 
encompassing both ecosystem stocks and service flows 

(Source: MAES, 2016) 
 
On the left wing are presented the three 
dimensions of biodiversity that enrich to 
ecosystem functioning: 

1. Biodiversity magnify the efficiency of 
ecological processes which are key 
determinants of ecosystem function. 

2. The second most important determinant 
of ecosystem functioning consists in functional 
diversity which represents the variation of the 
expression of multiple functional traits (define 
species in terms of their ecological roles- the 
way they interact with the environment and 
other species). 

3. An important role in structuring 
habitats, ecosystems and landscapes, has the 
plant species diversity (MAES, 2013). 
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by the three dimensions of biodiversity that 
contribute to ecosystem functioning, but which 
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1. Genetic diversity is the diversity of the 
gene pool of single species. (MAES, 2013) 
This kind of diversity makes food productions 
services more adaptable to future 
environmental changes. 

2. Another indicator frequently used for 
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3. The diversity of specific biotic 
interactions in species networks. 
Placing ecosystem services in the EU policies 
that concentrate on the conservation of terres-
trial, freshwater or marine ecosystems concludes 
that there is a connection between the state of 
the ecosystem and the services they deliver.  

Figure 4. The multi-faceted role of biodiversity to support the delivery of ecosystem services and to assess the status of 
ecosystems. Biodiversity has multiple roles in relation to the delivery of ecosystem services (Source: MAES, 2013)
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The connection between biodiversity, 
ecosystem state and particular ecosystem 
functions and ecosystem services involves 
multiple combinations of the dimensions of 
biodiversity and the usage of those for mapping 
and assessment. 

 
WHY DO WE NEED TO MAP AND 
ASSESS ECOSYSTEMS? 

 
Maps were produced since the beginning of 
time and have had various purposes and serving 
from navigation, military strategies, land 
survey and road maps to nowadays web 
mapping tools with multiple thematic 
applications. A map should be a model 
representing the earth and it should follow 
scientific methods, characteristics of 
reproducibility, validation and unpredictability 
assessment. Short form, a map can be defined 
as “a graphic model of the spatial features of 
reality” (Kraak and Ormeling, 1996), in such a 
way that allows communication and additional 
analysis in GIS post-processing and modeling. 
Through the scope of MAES, mapping 
ecosystem services is useful in several 
purposes: 

 Spatially explicit representation of 
synergies and trade-offs within different 
ecosystem services, and between 
ecosystem services and biodiversity; 

 Initiating discussion with main 
stakeholders through communication 
tools; 

 Looking for the precise location where 
valuable ecosystem services are being 
produced or used; 

 Planning and management of biodiversity 
protection areas and involving their 
ecosystem services at sub-national, 
national and EU level; 

 Supporting the decision makers to 
properly identify priority areas and 
relevant policy measures in real time. 

Mapping ecosystem services may represent 
different biophysical dimensions of the 
services: as example ecosystem services flow, 
potential, stock and demand. Each and every 
dimension uses a certain approach and data 
type and in consequence mapping each 
dimension produces different output. An option 
extremely used is mapping ecosystem services 

values, additional to mapping the biophysical 
output of ecosystem services. It is appropriate 
to map ecosystem services values just after 
having mapped ecosystem services. In this case 
the monetary value of the service is represented 
spatially showing how values vary across space 
(Schägner et al., 2013). 
High resolution imagery acquired with satellite 
technology has been successfully used for the 
trade-offs among services of water purification 
and agricultural food production, in order to 
determine the potentials and limitations of 
maps for decision-makers, on a regional and 
EU level.  
There have been identified some potentials and 
challenges such as spatial evaluation of 
ecosystem services in Europe: methods, case 
studies and policy analysis - phase 1.  

 
Table 1. The first phase of MAES  

(Source: WORKSHOP MAES Portugal - 11 December 2015) 
 
Member States (MS) 
•MAES started in almost all 
Member States. 
•Some Member States have 
completed a national scale 
mapping 
•Many Member States have 
regional case studies 

EU institutions 
•EEA: Ecosystem map, 
Ecosystem condition 
mapping and assessment, 
BISE 
•JRC: Mapping ecosystem 
services 
•ENV: Guidance and 
training 
•RTD: Horizon 2020 

Research community 
•ESMERALDA: A dedicated 
coordination and support 
action 
•FP7 projects OpenNESS, 
OPERAs, MARS 
•Ecosystem Services 
Partnership, ALTER-net 

MAES working group 
•Conceptual model linking 
biodiversity to human well-
being 
•Typologies for ecosystems 
and ecosystem services 
(CICES 4.3) 
•Common Assessment 
Framework 
•Thematic and cross-cutting 
pilots 

 
Satellite data is valuable for problem 
identification and framing: they help 
identifying conflicts and synergies and 
designate areas where particular ecosystem 
services or biodiversity aspects are menaced 
such as the aquatic ecosystem endangered to 
waste its ecological status. 
The satellite images resulting in maps are 
already used extensively, being indispensable 
instruments for national planning activities 
such as biodiversity protection areas, where the 
relationships among different land uses leads to 
the potential conflicts and alternative solutions, 
related to cost efficiency.  

Still, the spatial and temporal scales of maps 
are not always identical and for seasonal evens, 
for example, difficult to visualize, despite the 
high spatial details, quite costly, which can be 
contested from the local level.  

 
Figure 5. The need to map and asses ecosystems and 

their services (Source: MAES, 2014) 
 

What is ecosystem mapping and assessing? 
 

As earlier said, an ecosystem in a dynamic 
complex of plant, animal and microorganism 
communities and their non-living environment 
interacting as a functional unit’ (UN, 1992). An 
ecosystem can be of any size. MAES scope 
concern mapping and assessment at national 
and EU scales. 
The process of mapping and assessment 
ecosystem services is a systematic process 
which consists in: 

1. Mapping - This involves identifying 
and illustrating the spatial size of various 
ecosystems through a wide width of data sets 
and land/sea cover and environmental attribute. 

2. Assessment of ecosystem condition - 
This consists in analyzing the great pressures 
on ecosystems and its impact in term of health 
of species, the condition of habitats and some 
other factors  as soil, air and water quality. 

3. Assessment of ecosystem service 
delivery - This step is related to assessing the 
connection between ecosystem condition, the 
quality of the habitat and the biodiversity and at 
least, the way they affect the ecosystem 
capacity to deliver ecosystem services in order 
to serve human well-being. 
“Ecosystem assessment is often constrained by 
scientific knowledge and data availability, but 
pragmatic decisions have to be made” (Maes et 
al., 2013). 

Satellite data is valuable for problem 
identification and framing: they help 
identifying conflicts and synergies and 
designate areas where particular ESS or 
biodiversity aspects are menaced such as the 
aquatic ecosystem endangered to waste its 
ecological status. 
The satellite images resulting in maps are 
already used extensively, being indispensable 
instruments for national planning activities 
such as biodiversity protection areas, where the 
relationships among different land uses leads to 
the potential conflicts and alternative solutions, 
related to cost efficiency. Still, the spatial and 
temporal scales of maps are not always 
identical and for seasonal evens, for example, 
difficult to visualize, despite the high spatial 
details, quite costly, which can be contested 
from the local level.  
The solution to have a general image of the 
ecosystems in the EU by mapping their 
services, in some MS for the pilot phase and 
extend up to the borders of the Union, is the 
solution to support the biodiversity strategy. 
Target 2 of the strategy aims to restore as much 
as possible the degraded ecosystems in the EU, 
after having mapped the  ecosystems and their 
services, at individual service level, landscape 
level with metric accounting. Achieving this 
target would allow the decision makers to 
prioritize the investments in green 
infrastructure to develop natural or semi-natural 
areas and to contribute to the biodiversity 
conservation and increase ecosystems services. 
As a method used by EU sources and its 
Member States in cover ecosystems and 
ecosystems services consists in using CICES 
classification and CORINE Land Cover. The 
main problems identified in using this method 
are lack of consistent approaches among all 
parties involved, limited resources and lack of 
data (MAES, 2014). 
 
MAES PROCESS IN ROMANIA 

 
In Romania the value of ecosystems and their 
services are not well known by policy holders 
and decision makers.  
Currently, in our country it is running a project 
named “Demonstrating and promoting natural 
values to support decision-making in Romania” 
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are lack of consistent approaches among all 
parties involved, limited resources and lack of 
data (MAES, 2014). 
 
MAES PROCESS IN ROMANIA 

 
In Romania the value of ecosystems and their 
services are not well known by policy holders 
and decision makers.  
Currently, in our country it is running a project 
named “Demonstrating and promoting natural 
values to support decision-making in Romania” 



34

(Short title: Nature4Decision-making - N4D) 
whose main activities are: 

 To elaborate the framework and 
procedures of mapping and assessment as 
basis to perform MAES in Romania; 

 To manage data and data analysis for the 
MAES process; 

 To map and biophysical assess the 
selected ecosystems. 

 
The main components of the project include 
biophysical mapping and assessment of key 
ecosystems and their services; baseline 
economic valuation of key ecosystem services; 
development of a DSS - Decision Support 
System for use of MAES results into policy and 
decision making (ESMERALDA Country Fact 
Sheet, 2015). 
Identifying, quantifying and mapping the main 
ecosystem services within the project area and 
using that knowledge to analyze the 
contribution of ecosystem services to main 
economic sectors are the objective of the 
project N4D. 
The project partners are National 
Environmental Protection Agency (NEPA), 
Romanian Space Agency (ROSA) and 
Norwegian Institute for Nature Research 
(NINA). 
Monitoring the variability of biodiversity 
represents a challenge for policy holders and 
decisions makers (EO Satellite and In-Situ Data 
for Nature Conservation, Copernicus 2015). 

Earth Observation data simplify the acquisition of 
climate and land cover information in order to 
create a monitoring system. 
An essential tool is represented by Remote 
Sensing which offers the possibility to produce 
directly (by photointerpretation of land use or 
land cover) or indirectly (e.g. NDVI) 
information for the ecosystems evaluation. 
 
 

 
On the other hand, a very important tool is 
using field in-situ data to validate the 
information offered by remote sensing. 
It will be helpful using a step by step decision 
making process, in order to make deliberate, 
thoughtful decisions by organizing relevant 
information and defining alternatives.  
The Decision support system (RO-DSS-
MAES) main goals are: monitoring structure 
and functions of ecosystems maintain and 
develop mathematical models to assess the 
biophysical state of ecosystems, reports on 
goods and services for human development and 
assess environmental impact (EO Satellite and 
In-Situ Data for Nature Conservation, 
Copernicus, 2015). 
The Earth Observation satellite data will 
contribute on MAES continuous process by 
helping the decision support to track changes in 
space and time like changes in ecosystems 
distribution and changes in ecosystems services 
assessment. 

 

Figure 6. N4D application of MAES process in Romania (Source: http://www.eisc-
europa.eu/images/stories/2016q1/2016EISC_Workshop_Presentations/02_Badea.pdf) 

 
Figure 7. Development of a Decision  

Support System (DSS) (Source: EO Satellite  
and In-Situ Data for Nature Conservation,  

Copernicus 2015) 
 
CONCLUSIONS  
 
The main target of the EU Commission with its 
Member States for ecosystems and their 
services is maintained and enriched by 
establishing green infrastructure and reviving at 
least 15% of degraded ecosystems by 2020.  
The utility of maps consists in spatially explicit 
prioritization and problem identification, 
exclusively in relation to synergies and trade-
offs enclosed by different ecosystem services, 
and between ecosystem services and 
biodiversity.  
On the other hand, maps can be used as a 
transmission tool to launch discussions with 
stakeholders, visualizing the exact locations 
where relevant ecosystem services are 
produced and used.  
Also, maps can contribute to the biodiversity 
protection through planning and management 
of the protected areas and by default of their 
ecosystem services at both national and 
subnational level. 
The purpose of MAES will be attempted 
through the “combination of digital mapping 
with the assessment of the supply of ecosystem 
services related to their demand (including the 
spatial interactions between them)” (MAES, 
2013). At the EU level, mapping will support 
decision makers in identifying priority areas 
and suitable policy measures.  
The present information and data on the 
biodiversity, ecosystems and their services and 

the actual status, for which, with the satellite 
images, there is a certain capacity to monitor 
the evolution, gives a perspective on the future 
status by 2020, if measures are not taken. 
Mapping and assessing integrated information 
is essential in evaluating the environmental 
legislation, at national and regional level, over 
the biodiversity targets established at 
community level, in order to develop 
sustainable agricultural, forestry and fishing 
solutions.  
The evaluation of past work revealed that using 
data that already exists and combining it into a 
coherent and integrated ecosystem assessment, 
results in a coherent data base at starting point. 
Thus, the pilot studies showed that Action 5 is 
already completed by the current policies on 
agriculture, marine, forest and nature, 
delivering data and indicators essential for the 
ecosystems and their services assessment.  
The EU policy and documents reveal the high 
potential of integrating ESS into the general 
policies, to be supported by satellite imagery.  
There is a need for capacity-building in all 
Member States in order to create a community 
of practice in Europe that will contribute to 
improve the knowledge and evidence for EU 
environment policy. Following this idea, it is 
essential to recognize that the biodiversity, 
ecosystem services and people are all part of an 
interconnected system (MAES, 2016). 
The strength of ecosystems services concept 
lies in the need to consider the entire 
interlinked socio-economic-ecological system. 
Despite the challenge it takes, the benefits are 
awesome and the work already begun at all 
scales. 
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Abstract 
 
This article shows that pedogenesis factors of soils in the village Negrea, Hancesti district are typical for our area from 
point of view of relief, climate, solification rocks, peculiarities of soil cover and its use in agriculture. The main factor 
that ensured diversity of soil units in the area of Middle Prut is soil erosion. The object of study occupied the northeast 
and the middle of the agricultural land of the village New Negrea. Approximate distance from the village New Negrea 
to the main cities is as follows: Hancesti - 23 km, Chisinau - 60 km. One peculiarity of rocks solification is the texture 
with a high content of fine sand (15-30%). As content of this fraction is not characteristic for loess deposits actual 
(Cerbari et al., 2010; Cojocaru, 2015). The soils on the slopes are affected by denudation and evolve through 
pedogenesis compensation - denudation, in the sense that relatively long period going slow denudation; there is also a 
certain development of soil in the depth, pedogenesis thus compensating, at least partial denudation. 
 
Key words: pedogenesis factors, erosion, soil, solification, Middle Prut, Republic of Moldova. 
 
 
INTRODUCTION  
 
Motto: „Most precious natural resource is 
undoubtedly - the soil” Jean Dorst. Soil is a 
natural formation that was born and evolves 
under the influence of the natural conditions of 
vegetation and environmental factors. The 
promoter of this concept, Dokuceaev showed 
that the soil is the result of the cumulative 
action of five natural factors, called factors of 
solification and of pedogenetic factors, these 
being: climate, rock, relief, living organisms 
(particularly vegetation) and during of 
evolution. In the conception of Dokuceaev the 
soil is a dynamic and complex system in which 
there is a permanent change in the composition, 
properties and energy. These changes represent 
the essence of soil formation processes. Factors 
of soil formation are natural components of the 
environment, by the action which is formed of 
soil cover the surface of our planet. Soil 
formation is the result of complex interaction 
what is happening between the upper part of 
lithosphere, biosphere, atmosphere and 
hydrosphere; and human activity (Cojocaru, 
2015; Dimo, 1958).  
All these factors are interrelated and have 
inspired pedogenesis processes that have led to 
the formation of the soil cover. Soil cannot be 

created and cannot evolve if one of these 
factors cannot act on the pedogenesis. During 
time, through atmospheric agents, hydrosphere 
and subsequently of the biosphere produces a 
series of phenomena of disintegration 
(crumbling) and alteration (changing the 
chemical composition).  
Therefore the massive rock, hard, compact 
becomes loose, creating minimum conditions 
for plant growth and development, which 
means beginning the process of the soil 
formation.  
Accordingly are formed a succession of 
horizontal layers, between themselves 
distinguished by color, thickness, structure, 
etc., forming the so-called soil profile. 
Developing soil profile is depending on the 
stage of evolution, the intensity of the action of 
the soil formation factors etc. (Cojocaru et al., 
2013). 
 
MATERIALS AND METHODS 
 
The perimeter of investigated soils is bordered 
in the middle of the accumulation basin of the 
rivulet Lăpușnița and it is typical for the whole 
totality of reception basins, formed as a result 
of fragmentation of erosion processes of the 
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high terraces of the Prut River and its 
tributaries on the left. 
The pedogenesis factors of catchment basins in 
the hilly region of the Middle Prut were studied 
within the reception basin ”Negrea”. 
 
RESULTS AND DISCUSSIONS 
 
Of hydrographic network development is 
conditional decisively on relief that in the case 
of the reception basin ”Negrea” presents a 
complex character with different structural 
forms. Relief of soils of the village Negrea, 
Hancesti district is varied. In the nature of the 
modeling the landscape is determined by the 
joint action of internal factors (endogenous) 
with the external factors (exogenous), on the 
terrestrial crust with permanent trend of 
balance between the forces and the intensity 
with which the two categories of factors acting 
(Guide to Climate of the USSR, 1965, 1968).  
Relief conditions in our country, the climate 
and soil, to which are added anthropogenic 
influences, have triggered a strong process of 
erosion, with serious consequences on 
production potential.  
Erosion is manifested intensively in various 
forms, as a destabilizing factor of the 
ecosystem where acts causing environmental 
pollution respectively (Cerbari et al., 2013; 
Cojocaru, 2015; Dimo, 1958; Guide to Climate 
of the USSR, 1966). 
Climate acting on the solification through 
precipitations and temperature, but also its 
other elements: wind, atmospheric humidity, 
sunburn etc. The climate influences the 
formation of soil organic part. It creates 
conditions for the development of vegetation, 
which is the source of soil organic matter. 
Humification occurs under the influence of 
conditions determined by climate. Order to 
illustrate the influence of different climates on 
the solification, we can give as an example the 
formation of clay minerals. The period solar in 
research area (sunny days) is 290-310 days, 
during insolation varies between 2050-2150 
hours. The average annual temperature is 9.50 
on the surfaces of the ridge and 9.00 in the 
bottom of the ridge slopes.  
The amount of active temperatures above 100 
the territory of Republic of Moldova varies 
from 30000 on the crests up to 31000 at the foot 

of the slopes (Guide to Climate of the USSR, 
1965, 1966, 1968). 
According to research conducted reception 
basin ”Negrea” is located in the temperate zone 
and is characterized by a moderate continental 
climate, warm, semi-humid. The difference in 
altitude and latitude causes a slight variation of 
the majority of climatic parameters from the 
witnesses the erosion in the upper of basin and 
leading to valley of the river Lăpuşna 
(Cojocaru, 2015; Condorachi, 2005). 
One of the most powerful factors having a role 
in pedogenesis is represented by 
microorganisms, represented by plants and 
microorganisms. Microorganisms are 
responsible nature of mineralization in the 
greater part of the organic material that it 
transforms CO2. The organic material remained 
and that is not easy mineralized is incorporated 
into humus (this principle can be used 
successfully for bioremediation). Considering 
the mentioned transformations, many processes 
can be developed based on the action of 
microorganisms involved in the natural process 
recycling of carbon (Chaudhry et al., 1988; 
Cookson et al., 2007; Kirchner et al., 1993).  
Humus is decomposed organic matter in the 
soil, which we find to a depth of 20-30 cm. It 
insures the food to plants and he is a protective 
factor against disease due to the presence of 
medicines called fitoalexine, substances that for 
plants have a role similar antibodies. Not all 
soils contain the same amount of humus are 
soils very poor, which they recognize after their 
yellow-gray color, containing more than 2%, 
and rich soils, with black color, by more than 
4.2% of humus (Davidescu et al., 1988; Dýûrak 
et al., 1995). 
Vegetation determines not only the retention 
and accumulation of nutrients in the soil, but it 
participates in all processes leading to defining 
the main soil properties. During the vegetation 
period on the investigated soils in the village 
Negrea constitutes 180-185 days and during the 
period with the without frosts days 
corresponding 180-185 days. The thermal 
resource ensures the increase of a broad 
spectrum of agricultural crops (Cojocaru et al., 
2013; Cojocaru 2015; Guide to Climate of the 
USSR, 1965). 
In the process of pedogenesis a certain 
influence have and representatives of the fauna 
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yellow-gray color, containing more than 2%, 
and rich soils, with black color, by more than 
4.2% of humus (Davidescu et al., 1988; Dýûrak 
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in the soil. Microorganisms in the soil fulfilling 
a number of important functions in the 
transformation of substances and of energy in 
the soil formation process such as: the 
transformation of organic substances, formation 
of various simple salts from in the mineral and 
organic combination in the soil. 
The negative aspect of climate is drought; its 
frequency is 2-3 times in ten years and 
torrential character of precipitates. During the 
summer the rarely fall rainfall longstanding 
with low intensity, which well moistened the 
soil and do not cause appreciable erosion.  
The solification rock or parent rock is 
represented by rock parenting and parental 
material which on account is formed of the soil. 
It influences soil formation through its specific 
characteristics such as: gas raising status or of 
compaction, granulometric composition, 
mineralogy and chemical industries.  
The components of solification rock influence 
over the composition granulometric, chemistry 
and mineralogy of the soils, of the physical, 
physico-mechanical properties, the system of 
air, heat and food. Depending on their origin, 
parental rocks can be: igneous rocks, 
metamorphic or sedimentary rocks. The 
terraces in the investigated area were formed 
during the Pleistocene, and represent a unique 
complex of relief in point of view of the 
genesis and lithology surface rocks, 
characteristic Plain Middle Prut. Solification 
and rock composition characteristics influence 
the process of pedogenesis, granulometry and 
level of fertility. Rocks of the soil formation on 
the investigated area are formed from the 
mixture loess deposits in the Pleistocene-
Holocene ones of derivatives of the Pliocene-
Pleistocene as a result of joining subterranean 
aeral global process of accumulation of loess 
deposits at local wind for land application of 
ancient alluvial deposits Pliocene he dusty 
sandy from the primary surface of denudation 
(Cojocaru, 2015; Bilinkis, 2004). 
A peculiarity of texture of investigated rocks is 
the high content of fine sand (15-30%). As 
content of this fraction is not characteristic for 
loess deposits actual (Cerbari et al., 2010; 
Cojocaru et al., 2013). In the central part of the 
researched slope of the exhibition northwest on 
the sola located above the warehouse in the 
center of dale, rocks of solification sometimes 

are are weak skeletal contain fragments of 
sandstone, showing the location of a shallow 
depths of the compact rocks.  
In the dale in the center of the reception basin 
”Negrea” solification rocks consist of deposits 
of proluvial pedolit and on the glacises at the 
foot of the slopes - in the delluvial deposits of 
pedolit, washed down of the slopes (Figure 1).  

 
Figure 1. Research on soil factors influence  

of solification on the soil in the hilly  
area of the Middle Prut 

The relief is support that is produced of the soil 
formation. It acts in the formation, evolution 
and diversification of soil cover, particularly 
through the influence it exerts on other 
solification conditions, distributing the earth's 
surface precipitations, the heat and light. 
Reception basin ”Negrea” is consists of the 
following relief items (Cojocaru, 2015):  
- denudation primary surface (right atop the 
periphery of the Codri plateau) on the age 
Pliocene, raised in Pleistocene and situated 
parallel to the river course of Lăpușna;  
- two elongated ridges that stemming from the 
witnesses of erosion, denudation situated on the 
primary surface (ridge ramification of the Codri 
plateau of Pliocene age) and end in the valley 
of Lăpușna; 
- of the exhibition hillsides southeast and 
northwest of the basin; 
- segment northwestern versant in the lower 
part of the reception basin, is fragmented by 
landslides; 
- dry glen in the center reception basin (Figure 
2). 
Primary surface of denudation of Pliocene age, 
recently located at the highest altitudes (226-
227 m) parallel the tributaries courses and Prut 
river, it was formed on the basis of Pliocene 

 
alluvial plain, which occupies the entire 
territory of Republic of Moldova. 

 
Figure 2. The presence of modification of the relief on 

the slopes in the villige Negrea 
At the end of the Pleistocene is distinguished 
gradually lifting of territory and unique river 
dividing into two big courses. This forms 
”Codri” Plateau and arises contemporary 
hydrographical network (Cojocaru et al., 2013; 
Cojocaru, 2015; Bilinkis, 2004).  
The inclination relicts of primary surfaces of 
denudation are about 1°. Primary denudation 
surface are situated witnesses of erosion - two 
local heights linked together by a saddle from 
which it is starting glen of the hills.  
Elongated ridges have the beginning of the 
witnesses of erosion, lying on the primary 
surface of denudation (peripheral summit of the 
Plateau of ”Codri” in the Pleistocene age) and  
end - in the Lăpuşna valley.  

 
Figure 3. The beginning inclination of flat surface ridge 

varies within 1-2˚ 

These represent the initial surfaces of high 
terraces of the river Lăpuşna (of the Prut 
tributary), fragmented by erosion processes.  
The terraces are present along of the Prut and 
its tributary valleys. Terraces number varies 
from 5 to 8, which reached heights of 140 ... 
190 m. The recent inclination of flat surface 
ridge varies within 1-2˚ (Figure 3). 
Slopes of the northwest exhibition and 
southeast of peaks the upper reception basin is 

characterized predominantly incline in 2-5˚ 
limits, which determine a manifestation of 
slightly soil erosion (Figure 4). 

 
Figure 4. Variation of slightly soil erosion in the 

investigated territory 

Inclination of the slopes in the middle and 
lower part of reception basin varies between 3-
8˚ (Figure 5), which caused intensification of 
the big processes of soil erosion on these lands.  

 
Figure 5. Intensification of the big processes of soil 

erosion in the Middle Prut 

At the foot the slopes often a highlight glacises 
consisting of deposits of pedolit, washed down 
slopes. Linear erosion on these slopes is 
manifested by the formation of gullies. Parallel 
with roads, located on the slopes of the hill in 
the valley, were formed several wheel track 
cutting. On agricultural land on the slopes of 
ravines were not formed. 
The segment of northwestern slope of at the 
bottom of investigated soils is fragmented by 
landslides as a result of the layered structure of 
surface rocks, the great inclination (up to 15˚) 
of the surfaces in this part of the slope and 
medium energy of manifestation of the 
denudation processes.  
The dried glen in the center of hilly area of the 
Middle Prut has the in the upper part width of 
the 20-30 meters and 50-60 m in the middle. In 
this part of the basin the surface inclination of 
glen varies within 1-2˚.  
In the bottom of the reception basin, where on 
the slopes are widespread of landslides, the glen 
evolved into a ravine with abrupt walls strongly 
fragmented (Cojocaru, 2015; Dimo, 1958). The 
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absolute altitudes by erosion witnesses are 226-
227 m and the glen at the exit it’s the river 
meadow Lăpuşna - 62 m.  
The depth of relief fragmentation is about 165 
m. Relief energy of manifestation of 
denudation processes within the limit of 
reception basin is moderate.  
Humans can change the the natural evolution of 
soil by agroproductive activity. Under the 
direct influence of the man, from the 
cultivation of the soil, the upper layers are 
homogenized, originally type of humus 
undergo significant changes. Reducing of 
herbaceous carpet by plowing are causes a 
decrease in structural stability; a reduction in 
humus content in nutrients; and degradation of 
basic elements through evapotranspiration. In 
case of replacements vegetation herbaceous 
with woody vegetation in lowland areas, are 
found a development of humus horizons, a 
return to the original shape of the structure, the 
elongation the upper horizons and the leaching 
of soluble salts is not desired and basically lead 
to deteriorating quality of soil.  
Incorrect use of fertilizers leads to a decrease of 
harvest, how the important perturbations on soil 
properties: 
- the fertilizers with nitrogen causing a 
accentuated acidification; 
- the fertilizers with potassium applied without 
amendment determines a decrease in pH; 
- of organic fertilizers applied irrationally can 
create nutrition imbalances, dejections from a 
zoo technical complex can create serious 
ailments of pollutant in the soil.  
Time is the other aspect of how the objective 
existences of the soil cover which express the 
order they are irreversible happening processes 
occurring in the soil. Being a dynamic system 
that continually evolves to time, the linkages of 
researching time-sol were virtually identified 
with the study soil formation and evolution, 
including the rate of solification. Duration 
solification of soils called absolute age of the 
soil. For determine the absolute age of the soil 
is necessary to specify the time zero, ie of the 
moment of initiation of the pedogenetic 
process. The relative age intervenes when they 
do occur different stages of evolution of some 
soils, than the rest of the surrounding soils. 
Solification process is performed in a certain 
space (relief) and is developed a long period of 

time, which varies depending on the mineral 
and chemical composition of the rocks, their 
porosity and pedogenesis intensity factors. 
 
CONCLUSIONS  
 
The primary surface of denudation of Pliocene 
age recently located at the highest altitudes 
(226-227 m) parallel affluents courses and of 
the river Prut, has been formed on the basis 
from Pliocene alluvial plain, which occupies 
the entire territory of Republic of Moldova. 
The negative aspect of climate is drought; its 
frequency is 2-3 times in ten years and 
torrential character of precipitates. During the 
summer the rarely fall rainfall longstanding 
with low intensity, which well moistened the 
soil and do not cause appreciable erosion. 
The relief influences the hydrological regime of 
the land and the amount of heat received by the 
sol is made conditional besides the latitude and 
season and slope and its exhibition. 
A peculiarity of texture of investigated rocks is 
the high content of fine sand (15-30%). As 
content of this fraction is not characteristic for 
loess deposits actual.  
Elongated ridges have the beginning of the 
witnesses of erosion, lying on the primary 
surface of denudation (peripheral summit of the 
Plateau of ”Codri” in the Pleistocene age) and  
end - in the Lăpuşna valley. 
In conclusion, we can accept that the formation 
and evolution of soils, most important have 
climatic factors characterized by conditions of 
temperature and moisture, they are linked to 
water and the thermal regime of soils and 
biological processes. 
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absolute altitudes by erosion witnesses are 226-
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Abstract 
 
The pollution of the soil and of groundwater represents an environmental issue which is as old as complex, with regard 
to the migration mechanisms of various pollutant substances in both the soil and the subterranean environment. Also, 
soil pollution, in terms of food safety and drinking water, is a problem of permanent actuality.  
The paper presents the results of the research carried out in Săcel oilfield (Romania) that is currently under 
preservation. The results of the sample collection show that, in terms of legislation, the quality of the soil here falls 
below the threshold of intervention for sensitive types of use; from all the samples collected, 26.31% fall under normal 
values, 23.68% are within the normal limit alert threshold for sensitive land use types, and 7.90%, situated at a depth of 
30 cm, exceed these normal values for the content of oil pollutants in the soil. In terms of protection of the soil 
resources and environmental protection, detailed knowledge of the content of pollutants and processes of self-
purification occurring in these soils are key factors for establishing measures and ameliorative actions needed to 
recover the economic value of the affected land. By observing this process in all the perimeters from where soil samples 
were taken, one can conclude that the self-purification process is the result of the intimate and concrete interaction in 
time between pollutant-oil residue and the soil - a living body capable of self-regeneration. 
 
Key words: oil, polluted soil, self-purification. 

INTRODUCTION 
 
One of the most important environmental 
factors for human life is the soil. As we know, 
it covers the Earth like a coverlet and consists 
of an intimate mixture of minerals, organic 
matter, water and air, plus numerous living 
organisms specific to the edaphon. This thin 
layer of dirt, the "surface of the planet", fulfills 
various functions and services for the 
environment and for society. 
Obviously, due to the varying climate 
conditions, rock patterns, relief and types of 
vegetation, soils differ greatly from one place 
to another in structure, organization and 
morphology, but regardless of the type of soil 
and their geographical position on the globe, 
they react to the action of anthropogenic 
disturbances (Florea, 1982; Adamenko et al., 
2000; Damian and Damian, 2007; Paulette, 
2008; Florea et al., 2008; Munteanu, 2008; 
Moraru and Rusu, 2010). 
The formation of the soil as an independent 
crust on the surface of dry land requires, among 

other things, the existence of a loose mineral 
substratum resulted from the decay and 
crumbling of rocks. These processes lead to the 
formation of new mineral compounds, the 
formation and accumulation of humus due to 
the transformation of organic debris through 
biochemical processes facilitated by the soil 
fauna and flora, to the solubilization or 
mobilization of the different soil components 
and their involvement in various biochemical 
and geochemical circuits. 
The processes and phenomena that occur in the 
soil occur on different schedules and have long-
lasting effects. Over time, these processes lead 
to the formation of new mineral or organic soil 
compounds and, where appropriate, the new 
compounds fix, translocate, accumulate, 
converse or neutralize the pollutants that 
initially contaminated the soil. 
Soil pollution with hydrocarbons from oil 
products directly hinders the processes of water 
infiltration into the soil, water circulation in the 
soil, and the exchange of gaseous substances 
with the atmosphere. Indirectly, the activity of 
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the entire edaphon being disrupted, vegetation 
on polluted soils develops with difficulty, and 
on the heavily polluted soils vegetation does 
not grow at all. Thus appears the need to re-
evaluate the characteristics of the soil, followed 
by the application of remedial measures and 
works. (Kosarevych et al., 1994; Bulatov et al., 
1999; Fesenko et al., 2003; Kabata-Pendias, 
2007; Moraru et al., 2010). 
Such an evolution is specific to a soil from an 
area affected by pollution, being different from 
the evolution of the same type of soil from a 
non-affected area. Time is also a factor in these 
cases, being absolutely necessary for process 
development, playing a role in mitigating soil 
pollution, for significant changes in the 
substrate, from the early stages to advanced 
stages of development. 
 
MATERIALS AND METHODS 
 
Săcel is an old oilfield from the North of 
Romania, in the South-East of the Maramureș 
Depression, within a distance of about 30 km 

from the Ukrainian border. It is a part of a large 
oilfield deposit, from the substrate in Romania 
and Ukraine. In Romania it occupies an area of 
about 80 km2 on a hilly and mountainous land 
(Figure 1). 
The oil is one of the most important 
underground riches of Săcel - Romania. Its 
extraction began during the late 19th century. 
Thus, in 1955, there were a total of 19 active 
oil wells in Săcel oilfield. 
From all of these, nine wells were still in 
operation in 1999. In 2005, it was decided to 
cease the activity of extraction from this 
oilfield and, as a result, the oil wells entered a 
conservation phase (Grad and Pop, 2012). 
Săcel is also known for its pottery, the craft 
being preserved by tradition and proven by 
vessels, technique and specific pottery ovens. 
The needed clay, locally called "pottery 
dough", is extracted from a depth of approx. 10 
m from the place called Drobodava located 
across this village. The settlement has also a 
significant natural and cultural variety. 
 

 
 

 
Figure 1. Location of the study area and the graphical representation of soil sample collection from Săcel area 
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Abstract 
 
The pollution of the soil and of groundwater represents an environmental issue which is as old as complex, with regard 
to the migration mechanisms of various pollutant substances in both the soil and the subterranean environment. Also, 
soil pollution, in terms of food safety and drinking water, is a problem of permanent actuality.  
The paper presents the results of the research carried out in Săcel oilfield (Romania) that is currently under 
preservation. The results of the sample collection show that, in terms of legislation, the quality of the soil here falls 
below the threshold of intervention for sensitive types of use; from all the samples collected, 26.31% fall under normal 
values, 23.68% are within the normal limit alert threshold for sensitive land use types, and 7.90%, situated at a depth of 
30 cm, exceed these normal values for the content of oil pollutants in the soil. In terms of protection of the soil 
resources and environmental protection, detailed knowledge of the content of pollutants and processes of self-
purification occurring in these soils are key factors for establishing measures and ameliorative actions needed to 
recover the economic value of the affected land. By observing this process in all the perimeters from where soil samples 
were taken, one can conclude that the self-purification process is the result of the intimate and concrete interaction in 
time between pollutant-oil residue and the soil - a living body capable of self-regeneration. 
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extraction began during the late 19th century. 
Thus, in 1955, there were a total of 19 active 
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Figure 1. Location of the study area and the graphical representation of soil sample collection from Săcel area 
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The working method proposed for this research 
on the effects of petrol products - polluting 
residues in the ground - includes 
interdisciplinary steps that put together 
environmental soil science and national law, 
arranged as follows: 

 documentation on the physical-
geographical and vegetation elements of the oil 
field exploration (Figure 2), history of the area, 
natural resources (wealth) of soil and subsoil, 
mining techniques applied to them over time 
and environmental accidents, existing databases 
within the EPA, regional and local development 
strategies etc; 

 
Figure 2. Pollution with severe damage to vegetation 

 
 surveying and preparation of the 

Situation Plan, plus collecting soil samples in 
accordance with the Romanian legislation 
harmonized with the EU legislation, namely 
Order no. 184/1997 Procedure for 
Environmental Audits and STAS 7184/1-84 on 
Sampling for soil studies and agrochemicals; 
collecting additional samples depending on the 
actual conditions of the ground. As we can see 
in Figure 3, there exists an old oil field in the 
private courtyard of citizens. 
 

 
Figure 3. Old oil field in the private courtyard 

 
 preparing "sampling sheets" (Figure 4), 

in which observations and measurements are 

recorded, with focus on general and particular 
aspects of the local ecosystems, the data needed 
to quantify specific ecopedological indicators 
are collected; 
 

 
Figure 4. Preparation of soil extract samples 

 
 laboratory analyses of the soil samples 

for pH, conducted according to the SR ISO 
10390/2005, in an aqueous solution having a 
soil-water ratio = 1:2.5; the content analysis of 
petroleum products was carried out according to 
the procedure for determining specialized 
petroleum products by IR spectrometry in soil 
extracts FT-IR spectrometer Perkin Elmer 
Spectrum (Figure 5); 
 

 
Figure 5. Laboratory tests for the soil extract 

 
 interpretation of results was carried out 

in accordance with Order 756/1997 approving 
the regulation of environmental pollution 
assessment and considering the current state of 
knowledge in protecting soil resources and 
environmental protection. 
 
RESULTS AND DISCUSSIONS 
 
Thus the soils in question range from acidic to 
alkaline, as shown in Table 1, and the values of 
the Total Petroleum Hydrocarbons (TPH) are 
shown in Table 2. 
 

 

 

Table 1. The values of soil reaction 

Sample points pH Results* 
Interpretation 

M1 M1-5 7.50 Slightly alkaline  
M1-30 8.00 Slightly alkaline 

M2 M2-5 8.00 Slightly alkaline 
M2-30 8.40 Slightly alkaline 

M3 M3-5 7.30 Slightly alkaline 
M3-30 7.60 Slightly alkaline 

M4 M4-5 7.60 Slightly alkaline 
M4-30 7.90 Slightly alkaline 

M5 M5-5 7.00 Neutral 
M5-30 7.00 Neutral 

M6 M6-5 7.70 Slightly alkaline 
M6-30 7.80 Slightly alkaline 

M7 M7-5 7.20 Neutral 
M7-30 7.20 Neutral 

M8 
M8-5 8.10 Slightly alkaline 
M8-30 8.40 Slightly alkaline 

M9 
M9-5 8.00 Slightly alkaline 
M9-30 8.30 Slightly alkaline 

M10 
M10-5 8.10 Slightly alkaline 
M10-30 8.30 Slightly alkaline 

M11 
M11-5 7.00 Neutral 
M11-30 7.60 Slightly alkaline 

M12 
M12-5 7.80 Slightly alkaline 
M12-30 7.90 Slightly alkaline 

M13 
M13-5 7.30 Slightly alkaline 
M13-30 - - 

M14 
M14-5 7.50 Slightly alkaline  
M14-30 8.40 Slightly alkaline 

M15 M15-5 7.20 Neutral 
M15-30 7.50 Slightly alkaline 

M16 
M16-5 7.50 Slightly alkaline  
M16-30 8.30 Slightly alkaline 

M17 
M17-5 7.50 Slightly alkaline  
M17-30 7.70 Slightly alkaline 

M18 
M18-5 7.40 Slightly alkaline 
M18-30 7.60 Slightly alkaline 

M19 
M19-5 5.40 Moderately acidic 
M19-30 5.60 Moderately acidic 

      *(in accordance with the Methodology of the MEPS, 2012) 

The interpretation of results was carried out in 
accordance with the provisions of Order 
756/1997 approving the regulation on the 
assessment of environmental pollution 
prescribed as normal, alert thresholds (PA) and 
intervention thresholds (PI) for soils of sensitive 
use and soils of less sensitive use, the values for 
THP are shown in Table 2. 
We have found that a total of 5 samples, namely 
a percentage 13.16% samples, are in the neutral 
spectrum, 2 samples, a rate of 5.26% samples, 
are in the moderately acidic, and a total of 30 
samples, namely a percentage of 78.95%, are in 

the slightly alkaline range. As the values of the 
unpolluted soil samples in this area are in the 
neutral to slightly acidic, alkaline domain 
values, we may say that these soils are 
contaminated with oil residues. 
 
Table 2. The values of the Total Petroleum Hydrocarbons 

Sample points Results 
(mg/kg dry matter) 

M1 M1-5 58 
M1-30 80 

M2 M2-5 135 
M2-30 112 

M3 M3-5 780 
M3-30 800 

M4 M4-5 268 
M4-30 380 

M5 M5-5 45 
M5-30 45 

M6 M6-5 120 
M6-30 187 

M7 M7-5 230 
M7-30 195 

M8 M8-5 312 
M8-30 300 

M9 M9-5 325 
M9-30 367 

M10 M10-5 467 
M10-30 509 

M11 M11-5 139 
M11-30 188 

M12 M12-5 367 
M12-30 400 

M13 M13-5 25 
M13-30 - 

M14 M14-5 467 
M14-30 506 

M15 M15-5 380 
M15-30 380 

M16 M16-5 182 
M16-30 199 

M17 M17-5 355 
M17-30 405 

M18 M18-5 19 
M18-30 25 

M19 M19-5 ≤10 
M19-30 ≤10 

 
The presence of meadow vegetation cover 
indicates that these sites are capable of self-
purification, their pedoevolutive processes being 
also related to other factors of landscape 
shaping (Kosarevych et al., 1994; Pelinski, 
1997; Tarziu, 1997; Adamenko, 2007). 
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Figure 6. The graphical interpretation of the Total Petroleum Hydrocarbons values in the polluted soils in Săcel 

 
Sampling was conducted according to Order 
no. 184/1997, respectively, at a depth of 5 cm 
and 30 cm. 
For none of the soil samples collected was 
groundwater reached. 
The results of the carried out analyses were 
compared to the values imposed by the Order 
no. 756/1997, Annex no. 1 for the soils with 
sensitive use, and to the values imposed by the 
Methodology of Elaboration Pedologic Studies, 
Bucharest, 2012. 
Analysis of the content of petroleum products 
for the 19 soil samples collected was carried 
out with an FT-IR spectrometer Perkin Elmer 
Spectrum Two, by following the procedure for 
determining specialized petroleum products by 
IR spectrometry in soil extracts. 
We have found that 3 samples exceed the 
intervention threshold for sensitive type of use, 
but not for less sensitive type of use. They are 
found at a depth of 30 cm, pollute by pollutant 
migration, where they formed impregnation 
masses that are currently in various stages of 
degradation (Figure 6). 
All of the other samples are situated below the 
threshold of intervention for sensitive types, 10 
of them, or a percentage of 26.31% having, 
normal values. A total of 9 samples, namely a 
percentage 23.68% of samples, are within the 
normal limit to alert threshold for sensitive use 
type, requiring monitoring and, depending on 
the specific situation, measures and 
ameliorative processes. 
 
 

CONCLUSIONS 
 
From the environmental point of view, this type 
of research, carried out in an old oilfield, is a 
great challenge; Săcel area has a weak intensity 
historical pollution, developed in a spot like 
pattern, around wells that are currently being 
conserved.  
The quality status of these soils allows 
unrestricted use, according to the current 
legislation for environmental protection in 
Romania. So the soils can be used both in a less 
sensitive manner and, with some restrictions, 
they can be used in a sensitive manner, 
meaning production of food meant for human 
consumption (as we can see in Figure 3). 
Currently, these sites are in the process of 
regeneration, but they have differentiated 
pedorhythms: the effect of the differentiated 
pedorhythms bears no risks for groundwater.  
There are old sites where we found natural 
attenuation of the initial pollution. In those 
areas, marked migration of pollutants in the 
sub-surface horizon, with a succession of 
vegetation cover and biodiversity can be 
noticed. 
By observing this process in all the perimeters 
from where soil samples were collected, we 
conclude that it is the result of intimate and 
concrete interaction in time between pollutant-
oil residue and the soil - a living body capable 
of self-regeneration. 
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Figure 6. The graphical interpretation of the Total Petroleum Hydrocarbons values in the polluted soils in Săcel 

 
Sampling was conducted according to Order 
no. 184/1997, respectively, at a depth of 5 cm 
and 30 cm. 
For none of the soil samples collected was 
groundwater reached. 
The results of the carried out analyses were 
compared to the values imposed by the Order 
no. 756/1997, Annex no. 1 for the soils with 
sensitive use, and to the values imposed by the 
Methodology of Elaboration Pedologic Studies, 
Bucharest, 2012. 
Analysis of the content of petroleum products 
for the 19 soil samples collected was carried 
out with an FT-IR spectrometer Perkin Elmer 
Spectrum Two, by following the procedure for 
determining specialized petroleum products by 
IR spectrometry in soil extracts. 
We have found that 3 samples exceed the 
intervention threshold for sensitive type of use, 
but not for less sensitive type of use. They are 
found at a depth of 30 cm, pollute by pollutant 
migration, where they formed impregnation 
masses that are currently in various stages of 
degradation (Figure 6). 
All of the other samples are situated below the 
threshold of intervention for sensitive types, 10 
of them, or a percentage of 26.31% having, 
normal values. A total of 9 samples, namely a 
percentage 23.68% of samples, are within the 
normal limit to alert threshold for sensitive use 
type, requiring monitoring and, depending on 
the specific situation, measures and 
ameliorative processes. 
 
 

CONCLUSIONS 
 
From the environmental point of view, this type 
of research, carried out in an old oilfield, is a 
great challenge; Săcel area has a weak intensity 
historical pollution, developed in a spot like 
pattern, around wells that are currently being 
conserved.  
The quality status of these soils allows 
unrestricted use, according to the current 
legislation for environmental protection in 
Romania. So the soils can be used both in a less 
sensitive manner and, with some restrictions, 
they can be used in a sensitive manner, 
meaning production of food meant for human 
consumption (as we can see in Figure 3). 
Currently, these sites are in the process of 
regeneration, but they have differentiated 
pedorhythms: the effect of the differentiated 
pedorhythms bears no risks for groundwater.  
There are old sites where we found natural 
attenuation of the initial pollution. In those 
areas, marked migration of pollutants in the 
sub-surface horizon, with a succession of 
vegetation cover and biodiversity can be 
noticed. 
By observing this process in all the perimeters 
from where soil samples were collected, we 
conclude that it is the result of intimate and 
concrete interaction in time between pollutant-
oil residue and the soil - a living body capable 
of self-regeneration. 
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Abstract 
 
An important percentage of Romania’s agricultural area is represented by degraded agricultural lands that can no 
longer be used for agriculture but can be ecologically and economically improved. One such method, respectively the 
use of shrubs, is supported by research conducted in Valea-Sării and Bârseşti experimental perimeters from Vidra 
Experimental Forest District, Vrancea County.   
Sustained by the concept of agroforestry, this method is used for the improvement of the degraded lands. In comparison 
with the ecological exigencies of forest species, there is a great diversity of degraded lands that are suitable for the 
culture of some species of shrubs. The most affected and unproductive lands (eroded land or landslide) can be improved 
and enhanced by using sea buckthorn plantations (Hippophae rhamnoides L.).  
The objectives of this article were to identify the categories of degraded fields that are suitable for the culture of sea 
buckthorn together with the used forestry amelioration technologies and to emphasize the ameliorative effects and the 
sea buckthorn culture’s efficiency in regard with site conditions.   
The research has shown that mixtures of Scots pine (Pinus sylvestris L.) and European black pine (Pinus nigra Arn. 
ssp. nigra) with sea buckthorn or pine plantations on consolidated lands with sea buckthorn, led to significant increases 
growth of pines compared to pure cultures of pine, as a result of enrichment in soil nitrogen due to the symbiosis with 
the mycorrhizal fungus (Frankia). The investigations realized on parcels created especially for the study of leakages 
and installed on pine and sea buckthorn cultures (Bârseşti perimeter) have proved that the precipitation water leakages 
is of 4 up to 10 times lower in the degraded pastures and the erosion’s quantum is of 0.05-0.5 mc/year/ha in 
comparison with over 50 mc/year/ha, in pastures and empty fields. Beside their soil improvement and field stabilization 
role (by reducing leakages and erosion), the sea buckthorn cultures have also important economic benefits, as their 
fruits that are highly valued in the pharmaceutical and food industries.   

 
Key words: agro-forestry, degraded lands, sea buckthorn, shrubs. 

 
INTRODUCTION 
 
The interest for the culture of fructiferous 
shrubs have existed for a long time in Romania, 
but an important milestone was marked by the 
realization of the first specialized plantations in 
the 1960’s (Haralamb, 1969). The purpose of 
these plantations was to partially compensate 
the deficit of forest fruits from the spontaneous 
flora together with an increase of an economic, 
alimentary and exchange contribution for 
silviculture. The pomiculture specialists 
realized studies regarding the culture of some 
fructiferous trees and shrubs and were all 
convinced that the fructiferous shrubs are more 
profitable cultures in comparison with other 

agricultural cultures (Bălăşcuţă, 1988). If we 
also add the nutritive-therapeutic importance 
that these forest fruit have, the necessity of a 
worldwide reconsideration regarding these 
species is more than evident.  
A very strong deciduous shrub with yellow or 
orange berries (Rehder, 1960; Bailey and 
Bailey, 1978; Thomas and Schroeder 1996; 
Enescu, 2013) named sea-buckthorn 
(Hippophae rhamnoides L.) is considered to be 
very profitable for the establishment of 
productive and protective plantations (Yang et 
al., 2005; Li and Shao, 2006). 
Genus Hippophaë L. belongs to the family 
Eleagnaceae (Kalia et al., 2011) and after many 
molecular, taxonomic and phylogenetic studies, 

AgroLife Scientific Journal - Volume 5, Number 2, 2016
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718 there are 6-8 species and 12 sub-species 

(Ahmad and Kamal, 2002; Aras et al., 2007; 
Deepu et al., 2007; Suryakumar and Gupta, 
2011). Sea buckthorn has a mighty and well-
developed tap root system, 80% of its feeding 
roots are in the topsoil (0.2 to 0.8 m) helping to 
prevent erosion (Lu, 1992). A symbiotic 
mycorrhizal fungus, which is identified as 
Frankia (Actinomycetes), has been found on 
seabuckthorn roots. Between the fungus and 
sea buckthorn is a symbiosis that leads to a root 
nodule formation that can fix a great quantity 
of atmospheric nitrogen. The capacity of sea 
buckthorn roots to fix nitrogen is estimated to 
be twice that of soybean (an 8 to 10-year old 
sea buckthorn forest can fix 180 kg of 
nitrogen/ha/year) (Lu, 1992; Rajchal, 2009). 
The sea-buckthorn has been used for centuries 
in Europe and Asia and the latin name 
Hippophae, meaning shining horse arrived 
from ancient Greece, due to their leaves that 
were added to horse fodder, the result being 
weight gain and shiny hair (Rongsen, 1992). 
In recent years, the importance and the 
scientific interest in sea buckthorn have 
increased in Europe, not only for soil 
protection, as well as for their fruits rich in 
flavonoids, carotenoids, and vitamins, 
potassium being the most abundant element of 
all occurring minerals in berries (Chen, 1988; 
Tong et al., 1989; Zhang et al., 1989; Souci et 
al., 2000; Sabir et al., 2005).  
The concept on which our proposed method 
stands is “agro-silviculture”. As such, any type 
of slanted field can be cultivated (and 
efficiently capitalized) through the association 
of agricultural cultures with the silvicultural 
ones (fructiferous trees and shrubs). Through 
their protective effects, these cultures 
contribute to the rebuttal or prevention of field 
degradation processes, and are also protecting 
and improving the soil.  
People must be trained in regard to the purpose 
of using ecological technologies through which 
fields are protected and restored and the 
production is increased.  
In Romania, the best areas for the application 
of such methods are the hill areas that have old 
silvicultural and agricultural traditions, with 
fields affected by different degradation 
processes. The prevention and rehabilitation 
actions will lead to positive results regarding 

soil protection, the progressive improvement of 
the environment, the regularization of water 
debits and the avoidance of some imbalances 
and ecological hazards.  In the same time, the 
forest fruit capitalization action will be 
promoted as an instrument for the economical 
amelioration of villages.   
The realized investigations had as main 
objectives:  
- identifying the categories of degraded fields 
that are suitable for the culture of sea buckthorn 
together with the used silvo-ameliorative 
technologies;   
- emphasizing the ameliorative effects and the 
sea buckthorn culture’s efficiency in regard 
with site conditions.   
Sea buckthorn (Hippophae rhamnoides L.) is 
one of the shrub species recommended for the 
afforestation of fields that are highly degraded 
and unproductive. Its fruits are requested in 
pharmaceutical and alimentary purposes to 
name just a few.   

 
MATERIALS AND METHODS 
 
The investigations took place in areas destined 
to a permanent research regarding the degraded 
field’s afforestation technologies, namely in 
Valea-Sării and Bârseşti experimental 
perimeters from Vidra Experimental Forest 
District, Vrancea County.   
The research were made on permanent plots 
(on two experimental perimeters) in forest 
stands 38-55 years old with European black 
pine (Pinus nigra Arn. ssp. nigra), Scots pine 
(Pinus sylvestris L.), or mixed stands (pine, 
deciduous trees and sea buckthorn), performed 
on degraded lands by direct afforestation or by 
substituting the sea buckthorn with European 
black pine.  
These experimental plots were installed in 1981 
and these plots were monitored to see the 
evolution of the natural regeneration (Figure 1). 
These two experimental perimeters have an 
area of approximately 75 ha, with 11 plots 
each, both of them having cultures with pine 
and sea buckthorn or pine and deciduous trees 
on very degraded lands. The experimental areas 
were selected to be in different site conditions, 
with the stands with the same ages and with the 
plots having 500-1000 m2 area depending on 
field conditions. 
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Abstract 
 
An important percentage of Romania’s agricultural area is represented by degraded agricultural lands that can no 
longer be used for agriculture but can be ecologically and economically improved. One such method, respectively the 
use of shrubs, is supported by research conducted in Valea-Sării and Bârseşti experimental perimeters from Vidra 
Experimental Forest District, Vrancea County.   
Sustained by the concept of agroforestry, this method is used for the improvement of the degraded lands. In comparison 
with the ecological exigencies of forest species, there is a great diversity of degraded lands that are suitable for the 
culture of some species of shrubs. The most affected and unproductive lands (eroded land or landslide) can be improved 
and enhanced by using sea buckthorn plantations (Hippophae rhamnoides L.).  
The objectives of this article were to identify the categories of degraded fields that are suitable for the culture of sea 
buckthorn together with the used forestry amelioration technologies and to emphasize the ameliorative effects and the 
sea buckthorn culture’s efficiency in regard with site conditions.   
The research has shown that mixtures of Scots pine (Pinus sylvestris L.) and European black pine (Pinus nigra Arn. 
ssp. nigra) with sea buckthorn or pine plantations on consolidated lands with sea buckthorn, led to significant increases 
growth of pines compared to pure cultures of pine, as a result of enrichment in soil nitrogen due to the symbiosis with 
the mycorrhizal fungus (Frankia). The investigations realized on parcels created especially for the study of leakages 
and installed on pine and sea buckthorn cultures (Bârseşti perimeter) have proved that the precipitation water leakages 
is of 4 up to 10 times lower in the degraded pastures and the erosion’s quantum is of 0.05-0.5 mc/year/ha in 
comparison with over 50 mc/year/ha, in pastures and empty fields. Beside their soil improvement and field stabilization 
role (by reducing leakages and erosion), the sea buckthorn cultures have also important economic benefits, as their 
fruits that are highly valued in the pharmaceutical and food industries.   
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be twice that of soybean (an 8 to 10-year old 
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were added to horse fodder, the result being 
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of agricultural cultures with the silvicultural 
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degradation processes, and are also protecting 
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name just a few.   

 
MATERIALS AND METHODS 
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The investigations made, consist in the 
monitorization of the species/forest cultures 
with regard to the vegetation state, growth, 

functional and economical efficiency in report 
with the site conditions, planting composition 
and technique. 

 

      
Figure 1. The location of experimental plots 

 
The species were inventoried and measured 
(height, diameter). There were also made 
observations about vegetation state, the relation 
between species, natural regeneration and about 
general evolution of stands. 

 
RESULTS AND DISCUSSIONS 
 
Categories of degraded fields forested with 
sea buckthorn   
In Romania, the sea buckthorn (Hippophae 
rhamnoides L.) is frequently found in a natural 
way, or introduced through plantations on 
eroded fields and gravels from the Curvature 
Sub-Carpathians (Vrancea, Buzau and Prahova 
valleys). It can also be found on the fluvial-
marine sands from the Danube Delta (Letea 
and Caraorman).  
Due to its ecological qualities, it was one of the 
most used species for the afforestation of 
excessively degraded fields from Romania and 
was as such named “the ointment of degraded 
fields” (Haralamb, 1969).  
As a vegetation subzone, the sea buckthorn has 
offered good results from silvo-steppe towards 
the forest’s superior limit. The results were 
weak in the steppe area, mainly due to the soil 
water deficit, that lead to the buckthorn’s 
drying (Traci, 1988).  

The realized investigations (Traci and Untaru, 
1986) have proved that this species is used for 
afforestation on almost all categories of 
degraded lands and especially on those with a 
very advanced degradation such as: very strong 
towards excessively eroded fields, gap 
embankments, strongly fragmented landing 
fields, slime deposits  (even coarse gravels), 
some salted fields, fluvial-marine sands, 
anthropically degraded fields (artificial 
embankments, dumps, fields, uncovered soil 
stratum fields etc.). It grows even on saturated 
soils on which other species can’t grow and it 
supports a high concentration of salts (0.15%).  
Its low exigencies regarding soil conditions and 
especially humus and nitrogen content, its high 
resistance for a high content of calcium 
carbonates and a heightened erosion and 
landslide resistance allow the usage of the sea 
buckthorn in the most diverse conditions and 
on the most difficult degraded lands. 
Furthermore, its large extending power 
(sprouting, suckering, layering) prove its role 
of a veritable pioneer species. 
In certain situation, after a period of 10-20 
years from its natural or artificial installation of 
strongly eroded and landslide fields (period in 
which the degradation processes were 
practically stopped), substitution works were 

executed with Scots pine and black pine in 
association with forest cherry tree, sycamore 
etc. The substitution was realized by cutting the 
sea buckthorn in wide 6-10 m bands in 
alternation with wide uncut 2-2.5 m bands 
(Bogdan, Untaru, 1972; Bogdan ş.a., 2015).  
Sea buckthorn plantation techniques  
The installation of white buckthorn cultures on 
degraded lands was realized by planting 
seedlings obtained in nurseries or with 
ingrained suckers from natural regenerations. 
The most efficient method for the production of 
seedlings in nurseries was propagation by 
cuttings. The ingrained percentage of the 
cuttings was of 48-57%, and the seedling’s 
height was between 78 and 96 cm, after a 
single vegetation season (Relansin project 
number 1649/2003). 
The seedlings or sucker plantation was realized 
through different methods, depending on the 
field’s degradation (Traci and Untaru, 1986): 
- plantation in normal pits of 30 x 30 x 30 cm, 
with 6700 seedlings/ha, at a  scheme of  3.0/0.5 
m (between terraces, in combination with main 
species, on very strongly eroded fields) or at a 
scheme of 1.5/1.0 m (in pure cultures, on 
different categories of fields); 
- in cordon plantation, 10000-20000 
seedlings/ha, at a 1.5-3.0/0.33 m scheme (on 
narrow terraces of 30-40 cm, in back slopes, on 
strongly eroded fields and gap embankments, at 
field inclinations of  40-55 degrees); 
- rift plantation, 6700-10000 seedlings/ha, 1.5-
1.0/1.0 scheme, on ravines, embankment etc. 
The sea buckthorn had a distinctive behavior 
and could reach good trapping and sustenance 
percentages and a vigorous development 
regardless of the degradation’s shape or 
intensity. It was maintained even in cases when 
a large part of the roots were denuded through 
erosion. On sliding fields that have a strongly 
fragmented soil, on gaps and even on gravels, 
the buckthorn had a very good development 
forming impenetrable backwoods in a short 
period of time (3-4 years).   
Other usages in agro-forestry - ameliorative 
purposes  
Without taking into consideration the fact that 
it was used as afforestation material, the sea 
buckthorn was successfully used in the 
stabilization/consolidation of advanced 
degraded fields. The sea buckthorn stems were 

used as “vegetal reinforcement” for the 
consolidation of terraces realized on high slope 
and active erosion fields; for the 
consolidation/stabilization of gap fields with 
transversal (thresholds) works realized from 
local materials (soil or rock) and vegetative 
radier (from sea buckthorn branches); for the 
protection and consolidation of gap shores or 
longitudinal torrents (Constandache et al., 
2010). In all those situations, the sea buckthorn 
stems and branches were integrated in 
vegetation in a percentage of over 40-50% 
(Traci, 1988) resulting in real “anti-erosion 
barriers”. Conceived and experimented in the 
period 1977-1982 (patent act number 
109910/1996; 109958/1996), these types of 
consolidation works of slopes with extreme site 
conditions realized by merging the vegetation 
with local materials (Figure 2), had as an effect 
the growth of the afforestation work’s technical 
and economic efficiency. The installation of 
forest vegetation on vegetal armed terraces has 
led to a decrease of expenses with 
approximately 60%, in comparison with the 
plantation on terraces sustained by little fences, 
while the time was reduced with at least 2 years 
(Traci and Untaru, 1986). 
Sea buckthorn was used to fight against 
desertification (Heshmati, 2011), whereas it is 
able to grow on high dunes, alone or in 
combination with other shrubs (Strat, 2005; 
Enescu, 2014) and it is capable to invade even 
sand dunes, due to its very fast vegetative 
propagation, as it happened in Ireland (Cross, 
2006). For this reason, it should be applied a 
long-term management (Binggeli et al., 1992), 
because it is considered to be one of the most 
aggressive invasive shrub species across the 
world (Daehler, 1998). 
Functional and economic efficiency  
The sea buckthorn cultures proved to have a 
remarkable anti-erosion efficiency. Having a 
high sucking capacity, the shrubbery become 
thicker and cover well the soil while the rich 
radicellar system contributes to the soil’s 
efficient fixation.  It is widely planted as pure 
shrub lands in the hilly region because this 
indigenous tree species can provide rich root 
nodules and effective nitrogen fixation. 
Intensive research has demonstrated that pure 
H. rhamnoides shrublands have important 
effects on mitigating soil erosion and 
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improving soil conditions (Xuan et al., 2014). 
After a period of 10-15 years of installation, 
both on artificial and natural way, the sea 
buckthorn managed to stop the erosion which 
allowed for the accumulation of a 5-10 cm litter 
that improved the soil through decay.   
The realized investigations has emphasized the 
fact that the black pine or Scots pine and sea 
buckthorn mixtures lead, in identical stational 
conditions, to pine growth increments with 20 - 
30% higher than pure pine cultures 
(Constandache and Nistor, 2008). The expla-
nation rests in the soil’s nitrogen enrichment 
resulted from the actinomiceta symbiosis and 
also from the soil’s humidity sustentation.  
During spring this fact is caused by the high 
retention of snow in sea buckthorn shrubbery, 
while during the vegetation season by the water 
retention from precipitations as well as from a 
better infiltration leading to a decrease of 
leakages and erosion. 
H. rhamnoides and P. nigra or P. sylvestris can 
have a synergistic effect on improving soil 
nitrogen availability. It is assumed that these 
plants could absorb nitrogen nutrition which 
promotes plant growth and increase plant 
productivity amount, and plant litter quality 
(Lin et al., 2012).  
The decomposition of plant litter is an important 
source of soil organic input. Therefore, the 
mixed plantations of H. rhamnoides and P. nigra 
or P. sylvestris may increase soil carbon seques-
tration, and thus, affect soil carbon storage. 
Thus, interest in mixed H. rhamnoides planta-

tions has increased (Zhang and Chen, 2007). As 
such, the investigations realized on parcels 
created especially for the study of leakages and 
installed on pine and sea buckthorn cultures 
(Bârseşti perimeter) have proved that the 
precipitation water leakages is of 4 up to 10 
times lower in the degraded pastures and the 
erosion’s quantum is of 0.05-0.5 mc/year/ha in 
comparison with over 50 mc/year/ha, in 
pastures and empty fields (Untaru et al., 2013). 
The investigations regarding the pine’s 
biometric parameters on degraded fields (PN 
09460313/2015 project) in regard with the 
field’s consolidation technology have 
emphasized significant height and average 
diameter differences for the Scots pine and 
significant average heights and average 
diameters differences for the black pine in the 
plantations realized on terraces consolidated 
with sea buckthorn (in comparison with other 
types of consolidation - terraces sustained by 
little fences).  The sea buckthorn branches and 
suckers used for the amelioration of terraces 
have initially entered in vegetation, 
contributing to the field’s coverage and 
consolidation as well as to the soil’s 
amelioration through nitrogen enrichment. This 
fact also explains the growth of pine species.   
Analyzing height and diameter differences for 
the two pine species in different field 
preparation conditions (plantation 
technologies) were realized for P7, namely: 
P7A - terraces sustained by little fences (Tg); 
P7B - vegetal armed terraces (Ta), (Table 1).

 
Table 1. Analyzing average height (Hm) and average diameter (Dm) differences for silvester pine (Pi) and black pine 

(Pi.n) in regard with the field’s consolidation technology (Tg and Ta) 
Species Variant Average s2 n sd t GL t 0.1% t 1% t 5% 

Average height (Hm)  
Pi Tg 12.44 2.46 75 0.18 68.66 74    

Ta 13.46 1.45 67 0.15 91.53 66    
Differences     0.07  4884 3.30 2.58 1.96 

Pi.n Tg 10.12 2.08 29 0.27 37.76 28    
Ta 11.11 1.25 8 0.40 28.11 7    

 Differences    0.24  196 3.34 2.60 1.97 
Average diameter (Dm)  

Pi Tg 11.57 3.07 75 0.20 57.21 74    
Ta 12.60 2.42 67 0.19 66.29 66    

Differences    0.07  4884 3.30 2.58 1.96 
Pi.n Tg 10.83 3.26 29 0.34 32.30 28    

Ta 11.50 1.94 8 0.49 23.37 7    
 Differences    0.27  196 3.34 2.60 1.97 

 
Species Analyzed parameter Calculated differences Dl 0.1% DL 1% DL 5% 

Pi Hm (Ta) - Hm (Tg) 1.028 0.22   
Pin 0.995 0.81   
Pi Dm (Ta) - Dm (Tg) 1.02 0.25 0.19 0.53 

Pin 0.67 0.90 0.70 0.53 
Legend: 
Tg - terraces with little fences; Ta – sea buckthorn “armed” (consolidatet) vegetal terraces 
s2 = variant; n = observation number, sd = standard variant deviation; t = calculated t test, GL = freedom degree; t0.1 - 5% = t values from tables at different probabilities; 
LSD0.1 -5 % = the limit difference admitted for the calculated probabilities; hm = average height; dm = average diameter. 

Another situation regarding the sea buckthorn’s 
efficiency was emphasized for the field’s 
consolidation, namely: terraces sustained by 
rock benches and terraces sustained by rock 
benches on sea buckthorn sucker and branches 
(placing sea buckthorn stems, branches and 
sucker downstream which have entered in 
vegetation and ensured a better field efficiency 
(Untaru et al., 1982) as they have a greater 
durability in time (they can be seen even after 
35 years - see Figure 3).   
The recent investigations (PN 09460313/2015 
project) have also emphasized the superior 

development of forest cultures realized by 
substituting sea buckthorn, namely: realizing 
some mixture stands (pine and broad-leaved 
mixtures, most of them installed through 
natural regeneration in uncut sea buckthorn 
inter-corridors). They are more stable, have a 
high structural and biological diversity, are of 
medium toward superior productivity (Figure 
4), which proves that the sea buckthorn has 
improved the vegetation conditions in a relative 
short time by accumulating organic substances 
in soil and through its aeration.  

 
 

     
        Figure 2. Vegetal armed terraces in PE Bârseşti                         Figure 3. Black pine and silvester pine on terraces 
                           (Photo Untaru, 1980)                                                  sustaeined by rock and sea buckthorn terraces- 

                      P11 Bârseşti (Photo Constandache, 2015)  
 
 

Together with an anti-erosion and ameliorative 
value, the sea buckthorn has a very important 
economic value given by its fruits but also by 
its branches and leaves.  
As such, its fruits including seeds, contain high 
doses of vitamin C and essential oils (are the 
most nutritious and vitamin rich fruit known, 
higher than briar fruits) (Centenaro et al., 1977; 
Novruzov and Aslanov, 1983) as well as 
vitamin A, citric acid etc. (Brad et al., 2002). 
The vitamin C concentration in berries varies 
depending on species, geographical location 
and physiological maturity (Bernath and 
Foldesi, 1992; Zhou et al., 1991). It also 
contain high amounts of protein, especially 
globulins and albumins, carotene, fatty acids 
and vitamin E (Solonenko and Shishkina, 1983; 
Loskutova et al., 1989; Kostyrko, 1990; 
Bernath and Foldesi, 1992). 
And its leaves are very rich in nutrients and 

bioactive substances such as other herbaceous 
plants (Urtica, Vaccinium etc.) (Thomas and 
Schroeder, 1996). 
In Asia and in Europe medicinal uses of sea 
buckthorn are very well known. The most 
important pharmacological functions of H. 
rhamnoides oil are: diminishing inflammation, 
disinfecting bacteria, pain mitigation, 
regeneration of tissues and anti-tumor effects 
(Zhong et al., 1989) 
The fruit production is generally maintained 
pretty high even in the case of excessively 
degraded lands, a fact that justify its culture in 
regard with this purpose (Figure 5).  
A natural habitat of sea buckthorn can produce 
an amount of 750 to 1500 kg*ha-1 of fruits (Lu, 
1992) while a shelterbelt planting 4 to 5 t*ha-1 
(Schroeder and Yao, 1995) and orchard 
plantings up to 10 t*ha-1 (Thomas and 
Schroeder, 1996). 
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(Untaru et al., 1982) as they have a greater 
durability in time (they can be seen even after 
35 years - see Figure 3).   
The recent investigations (PN 09460313/2015 
project) have also emphasized the superior 

development of forest cultures realized by 
substituting sea buckthorn, namely: realizing 
some mixture stands (pine and broad-leaved 
mixtures, most of them installed through 
natural regeneration in uncut sea buckthorn 
inter-corridors). They are more stable, have a 
high structural and biological diversity, are of 
medium toward superior productivity (Figure 
4), which proves that the sea buckthorn has 
improved the vegetation conditions in a relative 
short time by accumulating organic substances 
in soil and through its aeration.  

 
 

     
        Figure 2. Vegetal armed terraces in PE Bârseşti                         Figure 3. Black pine and silvester pine on terraces 
                           (Photo Untaru, 1980)                                                  sustaeined by rock and sea buckthorn terraces- 

                      P11 Bârseşti (Photo Constandache, 2015)  
 
 

Together with an anti-erosion and ameliorative 
value, the sea buckthorn has a very important 
economic value given by its fruits but also by 
its branches and leaves.  
As such, its fruits including seeds, contain high 
doses of vitamin C and essential oils (are the 
most nutritious and vitamin rich fruit known, 
higher than briar fruits) (Centenaro et al., 1977; 
Novruzov and Aslanov, 1983) as well as 
vitamin A, citric acid etc. (Brad et al., 2002). 
The vitamin C concentration in berries varies 
depending on species, geographical location 
and physiological maturity (Bernath and 
Foldesi, 1992; Zhou et al., 1991). It also 
contain high amounts of protein, especially 
globulins and albumins, carotene, fatty acids 
and vitamin E (Solonenko and Shishkina, 1983; 
Loskutova et al., 1989; Kostyrko, 1990; 
Bernath and Foldesi, 1992). 
And its leaves are very rich in nutrients and 

bioactive substances such as other herbaceous 
plants (Urtica, Vaccinium etc.) (Thomas and 
Schroeder, 1996). 
In Asia and in Europe medicinal uses of sea 
buckthorn are very well known. The most 
important pharmacological functions of H. 
rhamnoides oil are: diminishing inflammation, 
disinfecting bacteria, pain mitigation, 
regeneration of tissues and anti-tumor effects 
(Zhong et al., 1989) 
The fruit production is generally maintained 
pretty high even in the case of excessively 
degraded lands, a fact that justify its culture in 
regard with this purpose (Figure 5).  
A natural habitat of sea buckthorn can produce 
an amount of 750 to 1500 kg*ha-1 of fruits (Lu, 
1992) while a shelterbelt planting 4 to 5 t*ha-1 
(Schroeder and Yao, 1995) and orchard 
plantings up to 10 t*ha-1 (Thomas and 
Schroeder, 1996). 
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        Figure 4. Pine and broad-leaved mixture stands in                          Figure 5. Fructification for sea buckthorn  
      sea buckthorn substitution (Valea Sării perimeter)                            installed on degraded fields (Valea Sării) 

      Photo Constandache C., 2015                                                             Photo Constandache C., 2015 
 
The realized investigations have proved that the 
revenues realized from the capitalization of sea 
buckthorn fruits are exceeding with over 10 
times the revenues obtained from selling wood 
in a production cycle from the pine stands 
installed on degraded fields that have the same 
site conditions (Traci, 1988).  
The fruit’s harvesting period is of some months 
from their ripening (August-November, based 
on the fruit’s usage purpose).  
The difficulties in sea buckthorn harvesting are 
a major impediment (due to their thorns), so 
that a very important thing is to develop a 
better and more economical harvesting method 
(Olander, 1995). Therefore, in a lot of countries 
(Sweden, Germany and Russia ), it have been 
developed mechanical harvesters: Shakers, 
vacuum suction and quick freezing (Affeldt et 
al., 1987; Varlamov and Gabuniya, 1990; 
Gaetke et al., 1991; Gaetke and Triquart, 
1993), but all of these have some disadvantage 
that consist in damage of fruit and bark or it 
require labor intensive. 
Another method with ethylene treatment that 
induced the formation of an abscission layer, 
could make harvesting more efficient 
(Demenko et al., 1986; Demenko and 
Korzinnikov, 1990). 
The sea buckthorn’s fructification is not 
negatively influenced by late/early frosts, 
hailstone, blight etc. The creation and 
maintenance of a single hectare of sea 
buckthorn costs 10 times cheaper than that of 
other stands (raspberry or blackberry) and 
offers good results for any field category. 
Being a dioec unisexual species, in order to 

appropriately fructify, for economical reasons, 
the proportion of male to female plants is very 
important, as the number of berries must be 
greater. Recommendations for male to female 
ratio are very different, thereby Gakov (1980) 
considered that 6% to 7% male trees is 
adequate for pollination, while another 
researchers recommended 8% to 12% 
(Albrecht et al., 1984; Wolf and Wegert, 1993). 
Goncharov (1995) reported another type of 
design, that gave a significantly higher fruit 
productivity compared with other designs. It 
consist of one male:female mixed row for 
every two rows of female plants, with the 
condition that in the mixed row, every fifth 
plant is a male (Thomas and Schroeder, 1996).  
 
CONCLUSIONS 
 
Strongly eroded fields and excessively eroded 
fields that have a high inclination and are 
situated in very advanced degradation stages, 
practically unproductive, can be improved and 
valued through sea buckthorn plantations 
Hippophae rhamnoides L., preferably with 
seedlings produced in nurseries (from cuttings 
harvested from selected specimens). 
Beside their soil improvement and field 
stabilization role (by reducing leakages and 
erosion), the sea buckthorn cultures have also 
important economic benefits, as their fruits are 
highly valued in the pharmaceutical and food 
industries.   
After a period of 10-20 years from the culture’s 
installation, the field’s degradation was stopped 
and the soil was ameliorated. After this stage, 

the sea buckthorn stands can be substituted and 
the installation of other forest cultures with 
more important forest species can be realized.  
Mixed plantations, i.e., H. rhamnoides and P. 
nigra or P. sylvestris, can have a synergistic 
effect on microbial community structure, 
enzyme activities, and soil organic carbon 
storage. These plantations can be an alternative 
for increasing plant productivity and enhancing 
soil conditions. 
Also, its medicinal properties (sea buckthorn 
juice), represents a beneficial source of 

chromium, copper, manganese, molybdenum, 
iron, and potassium for the dietary 
requirements of men and women. 
All these features will convince field owners 
that cultivating sea buckthorn they can 
radically improve the environment (by 
reducing erosion and improving the soil), 
protect natural resources (field quality), 
improve the population’s alimentation and 
health and in the same time obtain important 
revenues.    
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in a production cycle from the pine stands 
installed on degraded fields that have the same 
site conditions (Traci, 1988).  
The fruit’s harvesting period is of some months 
from their ripening (August-November, based 
on the fruit’s usage purpose).  
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a major impediment (due to their thorns), so 
that a very important thing is to develop a 
better and more economical harvesting method 
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1993), but all of these have some disadvantage 
that consist in damage of fruit and bark or it 
require labor intensive. 
Another method with ethylene treatment that 
induced the formation of an abscission layer, 
could make harvesting more efficient 
(Demenko et al., 1986; Demenko and 
Korzinnikov, 1990). 
The sea buckthorn’s fructification is not 
negatively influenced by late/early frosts, 
hailstone, blight etc. The creation and 
maintenance of a single hectare of sea 
buckthorn costs 10 times cheaper than that of 
other stands (raspberry or blackberry) and 
offers good results for any field category. 
Being a dioec unisexual species, in order to 

appropriately fructify, for economical reasons, 
the proportion of male to female plants is very 
important, as the number of berries must be 
greater. Recommendations for male to female 
ratio are very different, thereby Gakov (1980) 
considered that 6% to 7% male trees is 
adequate for pollination, while another 
researchers recommended 8% to 12% 
(Albrecht et al., 1984; Wolf and Wegert, 1993). 
Goncharov (1995) reported another type of 
design, that gave a significantly higher fruit 
productivity compared with other designs. It 
consist of one male:female mixed row for 
every two rows of female plants, with the 
condition that in the mixed row, every fifth 
plant is a male (Thomas and Schroeder, 1996).  
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Strongly eroded fields and excessively eroded 
fields that have a high inclination and are 
situated in very advanced degradation stages, 
practically unproductive, can be improved and 
valued through sea buckthorn plantations 
Hippophae rhamnoides L., preferably with 
seedlings produced in nurseries (from cuttings 
harvested from selected specimens). 
Beside their soil improvement and field 
stabilization role (by reducing leakages and 
erosion), the sea buckthorn cultures have also 
important economic benefits, as their fruits are 
highly valued in the pharmaceutical and food 
industries.   
After a period of 10-20 years from the culture’s 
installation, the field’s degradation was stopped 
and the soil was ameliorated. After this stage, 

the sea buckthorn stands can be substituted and 
the installation of other forest cultures with 
more important forest species can be realized.  
Mixed plantations, i.e., H. rhamnoides and P. 
nigra or P. sylvestris, can have a synergistic 
effect on microbial community structure, 
enzyme activities, and soil organic carbon 
storage. These plantations can be an alternative 
for increasing plant productivity and enhancing 
soil conditions. 
Also, its medicinal properties (sea buckthorn 
juice), represents a beneficial source of 

chromium, copper, manganese, molybdenum, 
iron, and potassium for the dietary 
requirements of men and women. 
All these features will convince field owners 
that cultivating sea buckthorn they can 
radically improve the environment (by 
reducing erosion and improving the soil), 
protect natural resources (field quality), 
improve the population’s alimentation and 
health and in the same time obtain important 
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Abstract 
 
Maize (Zea mays L.) is important for supplying biomass to be used as substrate for biogas production either as energy 
crop or as crop residues. As energy crop for producing biomass, maize is recognized as being one of the most used 
crops. Maize as energy crop need a specific crop technology, with specific technological features among which there 
are counting the using of the suitable plant density and row spacing. From this perspective, the aim of the present paper 
is to present the results we have obtained regarding the biomass yield at several maize hybrids studied under different 
plant density and row spacing conditions. In this respect, four maize hybrids (H1, H2, Cera 400, and Cera 430) were 
studied at different plant densities (70.000, 80.000, 90.000, 100.000, 110.000, 120.000, and 125.000 plants.ha-1) and at 
two row spacing conditions (75 cm and 37.5 cm). Researches were performed in a field experiment in the year 2015, 
under rainfed conditions. The field experiment was located in South Romania, respectively at Fundulea, Calarasi 
County (44o28’ N latitude and 26o28’ E longitude). The biomass determinations were performed in the early dough - 
dough plant growth stages, with the purpose to calculate the yields of above-ground biomass (expressed in tons.ha-1) in 
the growth stages of the maize plants when the biomass could be used as raw material for biogas production, but also 
as fodder (silo) for animals. In our field experiment, increasing in plant density was associated with an increase of 
above-ground biomass yield up to a threshold beyond which the biomass yield is decreasing, this threshold being 
different according to row spacing. Smaller plant densities favoured the biomass yields at wide rows (row spacing of 
75 cm), while higher plant densities favoured the biomass yields at narrow rows (row spacing of 37.5 cm). The biomass 
yields registered higher values at row spacing of 37.5 cm than at row spacing of 75 cm. 
 
Key words: biomass, yield, maize, plant density, row spacing.  
 
INTRODUCTION 
 
Biomass is the most common form of 
renewable energy (McKendry, 2002), this 
being used as source of energy since ancient 
times. In a time when the human society has to 
rely more and more on renewable sources of 
energy, the importance of biomass became 
even greater. Within the agricultural systems, 
biomass could be used for energetic purposes 
either as crop residues or as energy crop.  
Among the energy crops, maize (Zea mays L.) 
has a great potential to produce biomass which 
could be used for different energy purposes 
(Ion et al., 2016). Thus, maize is considered to 
be very suitable for producing biomass that can 
be used as substrate for biogas production 
(Amon et al., 2006; Balodis et al., 2011; Băşa 

et al., 2013). It seems that the most efficient 
utilization of maize is supplying of green maize 
biomass directly to biogas plants for heat and 
power energy production (Dubrovskis et al., 
2010). 
Energy crops used for biogas production have 
to be easy to be cultivated and they have to be 
not too much demanding for inputs. Apart these 
characteristics, they should provide high dry 
matter yield and high methane output per area 
unit (Dubrovskis et al., 2010). From this 
respect, maize as a C4 plant has a high capacity 
to produce biomass and it is already the most 
used crop for biogas production in several 
countries. For instance, maize is the main crop 
grown for biogas production (biomass crop) in 
Germany (Brauer-Siebrecht et al., 2016) and 
maize is the most important energy crop grown 
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Abstract 
 
Maize (Zea mays L.) is important for supplying biomass to be used as substrate for biogas production either as energy 
crop or as crop residues. As energy crop for producing biomass, maize is recognized as being one of the most used 
crops. Maize as energy crop need a specific crop technology, with specific technological features among which there 
are counting the using of the suitable plant density and row spacing. From this perspective, the aim of the present paper 
is to present the results we have obtained regarding the biomass yield at several maize hybrids studied under different 
plant density and row spacing conditions. In this respect, four maize hybrids (H1, H2, Cera 400, and Cera 430) were 
studied at different plant densities (70,000; 80,000; 90,000; 100,000; 110,000; 120,000 and 125,000 plants.ha-1) and at 
two row spacing conditions (75 cm and 37.5 cm). Researches were performed in a field experiment in the year 2015, 
under rainfed conditions. The field experiment was located in South Romania, respectively at Fundulea, Calarasi 
County (44o28’ N latitude and 26o28’ E longitude). The biomass determinations were performed in the early dough - 
dough plant growth stages, with the purpose to calculate the yields of above-ground biomass (expressed in tons.ha-1) in 
the growth stages of the maize plants when the biomass could be used as raw material for biogas production, but also 
as fodder (silo) for animals. In our field experiment, increasing in plant density was associated with an increase of 
above-ground biomass yield up to a threshold beyond which the biomass yield is decreasing, this threshold being 
different according to row spacing. Smaller plant densities favoured the biomass yields at wide rows (row spacing of 
75 cm), while higher plant densities favoured the biomass yields at narrow rows (row spacing of 37.5 cm). The biomass 
yields registered higher values at row spacing of 37.5 cm than at row spacing of 75 cm. 
 
Key words: biomass, yield, maize, plant density, row spacing.  
 
INTRODUCTION 
 
Biomass is the most common form of 
renewable energy (McKendry, 2002), this 
being used as source of energy since ancient 
times. In a time when the human society has to 
rely more and more on renewable sources of 
energy, the importance of biomass became 
even greater. Within the agricultural systems, 
biomass could be used for energetic purposes 
either as crop residues or as energy crop.  
Among the energy crops, maize (Zea mays L.) 
has a great potential to produce biomass which 
could be used for different energy purposes 
(Ion et al., 2016). Thus, maize is considered to 
be very suitable for producing biomass that can 
be used as substrate for biogas production 
(Amon et al., 2006; Balodis et al., 2011; Băşa 

et al., 2013). It seems that the most efficient 
utilization of maize is supplying of green maize 
biomass directly to biogas plants for heat and 
power energy production (Dubrovskis et al., 
2010). 
Energy crops used for biogas production have 
to be easy to be cultivated and they have to be 
not too much demanding for inputs. Apart these 
characteristics, they should provide high dry 
matter yield and high methane output per area 
unit (Dubrovskis et al., 2010). From this 
respect, maize as a C4 plant has a high capacity 
to produce biomass and it is already the most 
used crop for biogas production in several 
countries. For instance, maize is the main crop 
grown for biogas production (biomass crop) in 
Germany (Brauer-Siebrecht et al., 2016) and 
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for co-digestion in Flanders (De Vliegher et al., 
2012).  
Energy crops are demanding appropriate 
cultivation technologies according to the 
growing conditions as high biomass yields to 
be possible to be obtained. Within the 
cultivation technologies, plant density and row 
spacing could contribute to the production of 
biomass in an efficient way (Ion et al., 2015). 
Biomass yield is significantly affected by 
different plant population densities (Abuzar et 
al., 2011). Plant densities can be increased to 
provide maximum dry matter production 
(Yilmaz et al., 2007). In this respect, planting 
density in maize has kept an upward trend for 
several decades, increasing at a rate of 
approximately 1000 plants ha-1.yr-1, and may 
continue to increase in the foreseeable future 
(Duvick, 2005).  
Increasing plant density is one of the ways of 
increasing the capture of solar radiation within 
the canopy (Moderras et al., 1998). However, 
the efficiency of the conversion of intercepted 
solar radiation into maize yield decreases with 
a high plant population density because of 
mutual shading of plants (Sharifi and Zadeh, 
2012). The increasing of plant density 
determines a decreasing of dry biomass of the 
maize plant (Ion et al., 2014). Despite the 
decreasing of dry biomass of the maize plant, 
the increasing of plant density is associated 
with an increase of the biomass yield (kg.ha-1) 
up to a certain level. When the plant density is 
too high, the maize plants compete with each 
other for available resources. That is why an 
increase in plant population density in excess is 
not expected to have an effect on biological 
yield (Van Averbeke and Marais, 1992). 
Anyway, the relationship between planting 
density and biomass increase is not linear, 
particularly at high densities (Dhugga, 2007). 
Plant densities which are lower than optimum 
values are leading to low yields and less 
efficient use of the resources available to 
plants.  
As maize do not have tillering capacity to 
adjust to variation in plant stand, optimum 
plant population is important (Azam et al., 
2007). Optimum population levels should be 
maintained to exploit maximum natural 
resources, such as nutrients, sunlight, soil 
moisture and to ensure satisfactory yield 

(Sharifi and Zadeh, 2012). But optimum plant 
density is affected by the genetic properties and 
vegetation time of the given hybrid, by the 
conditions of the production area, by the crop 
year and the extent of water and nutrient supply 
(Murányi, 2015). So, the optimum plant density 
is different according to environmental and 
technological conditions. 
Generally, maize is cultivated in wide spaced 
rows (Nik et al., 2011). But, maize produced in 
narrow rows can increase yields and result in a 
quicker canopy closure (Satterwhite et al., 
2006). Narrow rows provide advantages 
through earlier row closure (lessening erosion), 
better plant distribution (utilisation of nutrients) 
and higher yield (Reckleben, 2011). That is 
why narrow compared with standard row 
spacing had positive effects on whole-plant 
yield of one hybrid (Baron et al., 2006). 
Especially for energy maize production, where 
the energy must not strictly be contained in the 
cob, other row distances such as 55 cm, 50 cm, 
37.5 cm or even 25 cm are conceivable in order 
to achieve better utilisation of space and 
fertiliser (Reckleben, 2011). Also, twin-row 
planting systems in maize have been proposed 
as an alternative spatial arrangement that 
should theoretically decrease plant-to-plant 
competition, alleviate crop crowding stress and 
improve yields (Robles et al., 2012).  
As row spacing is narrowed seeding rate should 
be towards the higher end of what is 
recommended for the area; in this respect, 
researches have shown that higher yields can be 
achieved with higher seeding rates, but must 
have adequate water (Bean and Marsalis, 
2012). 
The aim of the present paper is to present the 
results we have obtained regarding the biomass 
yield at several maize hybrids studied under 
different plant density and row spacing 
conditions. 
 
MATERIALS AND METHODS 
 
Researches were performed is a field 
experiment located within the experimental 
field belonging to Procera Company from 
Fundulea area in South Romania (44o28’ N 
latitude and 26o28’ E longitude). The field 
experiment was under rainfed conditions, in the 
year 2015, and had three experimental factors, 

respectively: maize hybrid, with four variants 
(H1 and H2, which are hybrids specially 
designed for high plant densities; Cera 400 and 
Cera 430, which are hybrids designed for usual 
plant densities); row spacing (75 cm and 37.5 
cm); plant density, with the following variants: 
70,000; 80,000; 90,000; 100,000; 110,000 and 
120,000 plants.ha-1 for row spacing of 75 cm; 
80,000; 90,000; 100,000; 110,000; 120,000 and 
125,000 plants.ha-1 for row spacing of 37.5 cm. 
The field experiment was designed in split plots 
with 4 replications. 
The preceding crop was maize and the crop 
fertilization was performed with 83 kg.ha-1 of 
nitrogen (200 kg.ha-1 of complex fertilizer of 
type 10:20:0 + 300 kg.ha-1 of ammonium 
sulphate fertilizer with 21% of nitrogen as 
active substance) and 40 kg.ha-1 of 
phosphorous (from the 200 kg.ha-1 of complex 
fertilizer of type 10:20:0). The fertilizers were 
applied before seedbed preparation. The 
sowing was performed on 15th of April 2015. 
The weed control was realised by the help of 
herbicide Frontier Forte (720 g.l-1 of 
dimetenamid-P), which was applied in a rate of 
1 l.ha-1 in pre-emergence (before emergence).  
The soil from Fundulea area is of chernozem 
type and it has a humus content of 2.8-3.2%, 
texture of type loam to clay loam, and pH of 
6.4-6.8. The climatic conditions registered in 
the studied area in 2015, for the period April-
August, are the following: 19.9oC the average 
temperature, while 18.6oC is the multiannual 
average; 260 mm sum of rainfall, while 327.9 
mm is the multiannual average rainfall for the 
analysed period. The year 2015 is characterised 
as being warmer and drier (even drought) than 
normal years for the studying area. 
The biomass determinations were performed in 
the early dough - dough plant growth stages, 
this being the moment when the maize biomass 
can be used as substrate for biogas production, 
but also as fodder (silo) for animals. For this 
purpose, the maize plants from one square 
meter were cut at soil level. The plant samples 
were weighed immediately in the field, as the 
fresh biomass to be calculated. From each 
sample, one average maize plant was weighed 
separately, and then it was cut into pieces and 
taken into the laboratory where it was dried in 
the oven for 24 hours at 80oC, as the dry 

biomass content to be determined and the dry 
biomass yield to be calculated. The fresh and 
dry biomass yields are presented in the present 
paper as average values for the four studied 
maize hybrids, they represent the above-ground 
biomass, and they are expressed in tons per 
hectare.  
 
RESULTS AND DISCUSSIONS 
 
It is known and it is expected that the 
increasing of plant density determines a 
decreasing of dry biomass of the maize plant 
(Ion et al., 2014). However, the increasing of 
plant density in our field experiment was 
associated with an increase of fresh and dry 
biomass yield (Figures 1 and 2).  
The increase of fresh and dry biomass yield is 
happening up to a threshold beyond which the 
biomass yield is decreasing. It has to be 
highlighted that the increasing of biomass yield 
with the increasing of plant density takes place 
for both row spacing, respectively 75 cm and 
37.5 cm between rows. But, the threshold plant 
density is different according to row spacing, 
being of 100,000 plants.ha-1 for row spacing of 
75 cm and of 120,000 plants.ha-1 for row 
spacing of 37.5 cm.  
Regarding the highest values of the fresh 
biomass yield, the highest fresh biomass yield 
for row spacing of 75 cm was of 30.7 tons.ha-1 
at plant density of 100,000 plants.ha-1, while 
for row spacing of 37.5 cm the highest fresh 
biomass yield was of 32.5 tons.ha-1 at plant 
density of 120,000 plants.ha-1 (Figure 1). 
Regarding the highest values of the dry 
biomass yield, it was registered the same 
situation as in the case of fresh biomass, 
respectively the highest dry biomass yield for 
row spacing of 75 cm was of 14.7 tons.ha-1 at 
plant density of 100,000 plants.ha-1, while for 
row spacing of 37.5 cm the highest dry biomass 
yield was of 15.3 tons.ha-1 at plant density of 
120,000 plants.ha-1 (Figure 2). 
The smaller plant densities (70,000; 80,000, 
and 90,000 plants.ha-1) favoured the biomass 
yields at row spacing of 75 cm, while higher 
plant densities (over 100,000 plants.ha-1) 
favoured the biomass yields at row spacing of 
37.5 cm. 
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for co-digestion in Flanders (De Vliegher et al., 
2012).  
Energy crops are demanding appropriate 
cultivation technologies according to the 
growing conditions as high biomass yields to 
be possible to be obtained. Within the 
cultivation technologies, plant density and row 
spacing could contribute to the production of 
biomass in an efficient way (Ion et al., 2015). 
Biomass yield is significantly affected by 
different plant population densities (Abuzar et 
al., 2011). Plant densities can be increased to 
provide maximum dry matter production 
(Yilmaz et al., 2007). In this respect, planting 
density in maize has kept an upward trend for 
several decades, increasing at a rate of 
approximately 1000 plants ha-1.yr-1, and may 
continue to increase in the foreseeable future 
(Duvick, 2005).  
Increasing plant density is one of the ways of 
increasing the capture of solar radiation within 
the canopy (Moderras et al., 1998). However, 
the efficiency of the conversion of intercepted 
solar radiation into maize yield decreases with 
a high plant population density because of 
mutual shading of plants (Sharifi and Zadeh, 
2012). The increasing of plant density 
determines a decreasing of dry biomass of the 
maize plant (Ion et al., 2014). Despite the 
decreasing of dry biomass of the maize plant, 
the increasing of plant density is associated 
with an increase of the biomass yield (kg.ha-1) 
up to a certain level. When the plant density is 
too high, the maize plants compete with each 
other for available resources. That is why an 
increase in plant population density in excess is 
not expected to have an effect on biological 
yield (Van Averbeke and Marais, 1992). 
Anyway, the relationship between planting 
density and biomass increase is not linear, 
particularly at high densities (Dhugga, 2007). 
Plant densities which are lower than optimum 
values are leading to low yields and less 
efficient use of the resources available to 
plants.  
As maize do not have tillering capacity to 
adjust to variation in plant stand, optimum 
plant population is important (Azam et al., 
2007). Optimum population levels should be 
maintained to exploit maximum natural 
resources, such as nutrients, sunlight, soil 
moisture and to ensure satisfactory yield 

(Sharifi and Zadeh, 2012). But optimum plant 
density is affected by the genetic properties and 
vegetation time of the given hybrid, by the 
conditions of the production area, by the crop 
year and the extent of water and nutrient supply 
(Murányi, 2015). So, the optimum plant density 
is different according to environmental and 
technological conditions. 
Generally, maize is cultivated in wide spaced 
rows (Nik et al., 2011). But, maize produced in 
narrow rows can increase yields and result in a 
quicker canopy closure (Satterwhite et al., 
2006). Narrow rows provide advantages 
through earlier row closure (lessening erosion), 
better plant distribution (utilisation of nutrients) 
and higher yield (Reckleben, 2011). That is 
why narrow compared with standard row 
spacing had positive effects on whole-plant 
yield of one hybrid (Baron et al., 2006). 
Especially for energy maize production, where 
the energy must not strictly be contained in the 
cob, other row distances such as 55 cm, 50 cm, 
37.5 cm or even 25 cm are conceivable in order 
to achieve better utilisation of space and 
fertiliser (Reckleben, 2011). Also, twin-row 
planting systems in maize have been proposed 
as an alternative spatial arrangement that 
should theoretically decrease plant-to-plant 
competition, alleviate crop crowding stress and 
improve yields (Robles et al., 2012).  
As row spacing is narrowed seeding rate should 
be towards the higher end of what is 
recommended for the area; in this respect, 
researches have shown that higher yields can be 
achieved with higher seeding rates, but must 
have adequate water (Bean and Marsalis, 
2012). 
The aim of the present paper is to present the 
results we have obtained regarding the biomass 
yield at several maize hybrids studied under 
different plant density and row spacing 
conditions. 
 
MATERIALS AND METHODS 
 
Researches were performed is a field 
experiment located within the experimental 
field belonging to Procera Company from 
Fundulea area in South Romania (44o28’ N 
latitude and 26o28’ E longitude). The field 
experiment was under rainfed conditions, in the 
year 2015, and had three experimental factors, 

respectively: maize hybrid, with four variants 
(H1 and H2, which are hybrids specially 
designed for high plant densities; Cera 400 and 
Cera 430, which are hybrids designed for usual 
plant densities); row spacing (75 cm and 37.5 
cm); plant density, with the following variants: 
70,000; 80,000; 90,000; 100,000; 110,000 and 
120,000 plants.ha-1 for row spacing of 75 cm; 
80,000; 90,000; 100,000; 110,000; 120,000 and 
125,000 plants.ha-1 for row spacing of 37.5 cm. 
The field experiment was designed in split plots 
with 4 replications. 
The preceding crop was maize and the crop 
fertilization was performed with 83 kg.ha-1 of 
nitrogen (200 kg.ha-1 of complex fertilizer of 
type 10:20:0 + 300 kg.ha-1 of ammonium 
sulphate fertilizer with 21% of nitrogen as 
active substance) and 40 kg.ha-1 of 
phosphorous (from the 200 kg.ha-1 of complex 
fertilizer of type 10:20:0). The fertilizers were 
applied before seedbed preparation. The 
sowing was performed on 15th of April 2015. 
The weed control was realised by the help of 
herbicide Frontier Forte (720 g.l-1 of 
dimetenamid-P), which was applied in a rate of 
1 l.ha-1 in pre-emergence (before emergence).  
The soil from Fundulea area is of chernozem 
type and it has a humus content of 2.8-3.2%, 
texture of type loam to clay loam, and pH of 
6.4-6.8. The climatic conditions registered in 
the studied area in 2015, for the period April-
August, are the following: 19.9oC the average 
temperature, while 18.6oC is the multiannual 
average; 260 mm sum of rainfall, while 327.9 
mm is the multiannual average rainfall for the 
analysed period. The year 2015 is characterised 
as being warmer and drier (even drought) than 
normal years for the studying area. 
The biomass determinations were performed in 
the early dough - dough plant growth stages, 
this being the moment when the maize biomass 
can be used as substrate for biogas production, 
but also as fodder (silo) for animals. For this 
purpose, the maize plants from one square 
meter were cut at soil level. The plant samples 
were weighed immediately in the field, as the 
fresh biomass to be calculated. From each 
sample, one average maize plant was weighed 
separately, and then it was cut into pieces and 
taken into the laboratory where it was dried in 
the oven for 24 hours at 80oC, as the dry 

biomass content to be determined and the dry 
biomass yield to be calculated. The fresh and 
dry biomass yields are presented in the present 
paper as average values for the four studied 
maize hybrids, they represent the above-ground 
biomass, and they are expressed in tons per 
hectare.  
 
RESULTS AND DISCUSSIONS 
 
It is known and it is expected that the 
increasing of plant density determines a 
decreasing of dry biomass of the maize plant 
(Ion et al., 2014). However, the increasing of 
plant density in our field experiment was 
associated with an increase of fresh and dry 
biomass yield (Figures 1 and 2).  
The increase of fresh and dry biomass yield is 
happening up to a threshold beyond which the 
biomass yield is decreasing. It has to be 
highlighted that the increasing of biomass yield 
with the increasing of plant density takes place 
for both row spacing, respectively 75 cm and 
37.5 cm between rows. But, the threshold plant 
density is different according to row spacing, 
being of 100,000 plants.ha-1 for row spacing of 
75 cm and of 120,000 plants.ha-1 for row 
spacing of 37.5 cm.  
Regarding the highest values of the fresh 
biomass yield, the highest fresh biomass yield 
for row spacing of 75 cm was of 30.7 tons.ha-1 
at plant density of 100,000 plants.ha-1, while 
for row spacing of 37.5 cm the highest fresh 
biomass yield was of 32.5 tons.ha-1 at plant 
density of 120,000 plants.ha-1 (Figure 1). 
Regarding the highest values of the dry 
biomass yield, it was registered the same 
situation as in the case of fresh biomass, 
respectively the highest dry biomass yield for 
row spacing of 75 cm was of 14.7 tons.ha-1 at 
plant density of 100,000 plants.ha-1, while for 
row spacing of 37.5 cm the highest dry biomass 
yield was of 15.3 tons.ha-1 at plant density of 
120,000 plants.ha-1 (Figure 2). 
The smaller plant densities (70,000; 80,000, 
and 90,000 plants.ha-1) favoured the biomass 
yields at row spacing of 75 cm, while higher 
plant densities (over 100,000 plants.ha-1) 
favoured the biomass yields at row spacing of 
37.5 cm. 
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Figure 1. Fresh biomass yields at maize under different row spacing and plant density conditions 
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Figure 2. Dry biomass yields at maize under different row spacing and plant density conditions 

 
The fresh and dry biomass yields registered 
higher values at row spacing of 37.5 cm than 
those registered at row spacing of 75 cm 
(Figure 3). 
Thus, the average fresh biomass yield 
registered at row spacing of 37.5 cm was of 
30.67 tons.ha-1, while that registered at row 
spacing of 75 cm was of 28.43 tons.ha-1.  
The average dry biomass yield registered at 
row spacing of 37.5 cm was of 14.23 tons.ha-1, 
while at row spacing of 75 cm the average dry 
biomass yield was of 14.07 tons.ha-1.  
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Figure 3. Average fresh and dry biomass yield at maize 

under different row spacing 

CONCLUSIONS 
 
In our field experiment, increasing in plant 
density was associated with an increase of 
above-ground biomass yield up to a threshold 
beyond which the biomass yield is decreasing. 
This threshold was different according to row 
spacing. Thus, for the studied conditions, the 
threshold in plant density was of 100,000 
plants.ha-1 for row spacing of 75 cm and 
120,000 plants.ha-1 for row spacing of 37.5 cm. 
The smaller plant densities (up to 
100,000 plants.ha-1) favoured the biomass 
yields at row spacing of 75 cm, while higher 
plant densities (over 100,000 plants.ha-1) 
favoured the biomass yields at row spacing of 
37.5 cm. The biomass yields registered higher 
values at narrow rows (row spacing of 37.5 cm) 
than at wide rows (row spacing of 75 cm). 
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Figure 1. Fresh biomass yields at maize under different row spacing and plant density conditions 
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Figure 2. Dry biomass yields at maize under different row spacing and plant density conditions 

 
The fresh and dry biomass yields registered 
higher values at row spacing of 37.5 cm than 
those registered at row spacing of 75 cm 
(Figure 3). 
Thus, the average fresh biomass yield 
registered at row spacing of 37.5 cm was of 
30.67 tons.ha-1, while that registered at row 
spacing of 75 cm was of 28.43 tons.ha-1.  
The average dry biomass yield registered at 
row spacing of 37.5 cm was of 14.23 tons.ha-1, 
while at row spacing of 75 cm the average dry 
biomass yield was of 14.07 tons.ha-1.  
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Figure 3. Average fresh and dry biomass yield at maize 

under different row spacing 

CONCLUSIONS 
 
In our field experiment, increasing in plant 
density was associated with an increase of 
above-ground biomass yield up to a threshold 
beyond which the biomass yield is decreasing. 
This threshold was different according to row 
spacing. Thus, for the studied conditions, the 
threshold in plant density was of 100,000 
plants.ha-1 for row spacing of 75 cm and 
120,000 plants.ha-1 for row spacing of 37.5 cm. 
The smaller plant densities (up to 
100,000 plants.ha-1) favoured the biomass 
yields at row spacing of 75 cm, while higher 
plant densities (over 100,000 plants.ha-1) 
favoured the biomass yields at row spacing of 
37.5 cm. The biomass yields registered higher 
values at narrow rows (row spacing of 37.5 cm) 
than at wide rows (row spacing of 75 cm). 
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Abstract   
 
The trypsin inhibitor from common flax seeds (Linum usitatissimum trypsin inhibitor, abbreviate LUTI) is a member of 
the potato inhibitor I family. This was isolated and purified by ethanol fractionation, ion exchange chromatography and 
affinity chromatography. To determine the molecular mass of protease inhibitor we utilized gel electrophoresis in 
denatured conditions (SDS-PAGE). LUTI is the first serine protease-type inhibitor isolated from a plant of Linaceae 
family, and has a molecular mass 7000D. 
 
Key words: serine protease inhibitors, plant protease inhibitors, Linaceae family, trypsin inhibitor.  
 
 
INTRODUCTION 
 
Protease inhibitors have a particular role in 
control and regulation of protease activity-
enzymes participating in metabolic processes in 
organisms.  
Proteases are proteolytic enzymes that catalyse 
the hydrolytic cleavage of specific peptide 
bonds in target proteins, thus being 
indispensable to the maintenance and survival 
of their host organism. Proteases are mostly 
classified according to the main catalytic amino 
acid residue in their active site in several 
groups, such as: serine proteases, cysteine 
proteases, aspartic proteases and 
metalloproteases, the latter having a metallic 
ion in their active site (Habib H., Fazili K.M., 
2007; Pouvreau L., 2004).  
The serine proteases are by far the largest class, 
comprising about 1/3 of the total proteases, 
being recognized as important factors in the 
control of multiple pathways associated with 
coagulation, fibrinolysis, connective tissue 
turnover, homeostasis, fertilization, 
complement activation and inflammatory 
reactions. 
Progress accomplished in knowledge at 
molecular level of intra- and extra-cell 
interactions have led to the validation of 

proteases as therapeutically targets due to their 
role in major diseases, evolution having 
different biological functions in human 
organism (Lorenc et al., 2001). This is the 
reason for the continuous development of using 
proteases inhibitors in medicine and 
biotechnology. 
Until recent times, the action of proteases was 
believed to be restricted to digestive purposes, 
extracellular modeling and/or remodeling of 
tissues, mainly through proteolytic activity on 
interstitial molecules, occurring throughout 
homeostasis and development or, in aberrant 
maladaptive circumstances, during disease 
pathogenesis.  
This view has clearly become untenable as 
proteases are clearly involved in a myriad of 
homeostatic as well as pathological processes. 
Similarly, several novel physiological functions 
have been attributed to endogenous 
antiproteases including antimicrobial and 
immunomodulatory activities (Manoury et al., 
2011).  
Plant protease inhibitors continue to catch the 
attention of researchers because of their 
increasing use in medicine and biotechnology. 
They were classified into families according to 
Laskowski on the basis of their primary 
structure, topology, of disulfide bridges, and 
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Protease inhibitors have a particular role in 
control and regulation of protease activity-
enzymes participating in metabolic processes in 
organisms.  
Proteases are proteolytic enzymes that catalyse 
the hydrolytic cleavage of specific peptide 
bonds in target proteins, thus being 
indispensable to the maintenance and survival 
of their host organism. Proteases are mostly 
classified according to the main catalytic amino 
acid residue in their active site in several 
groups, such as: serine proteases, cysteine 
proteases, aspartic proteases and 
metalloproteases, the latter having a metallic 
ion in their active site (Habib H., Fazili K.M., 
2007; Pouvreau L., 2004).  
The serine proteases are by far the largest class, 
comprising about 1/3 of the total proteases, 
being recognized as important factors in the 
control of multiple pathways associated with 
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turnover, homeostasis, fertilization, 
complement activation and inflammatory 
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Progress accomplished in knowledge at 
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role in major diseases, evolution having 
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reason for the continuous development of using 
proteases inhibitors in medicine and 
biotechnology. 
Until recent times, the action of proteases was 
believed to be restricted to digestive purposes, 
extracellular modeling and/or remodeling of 
tissues, mainly through proteolytic activity on 
interstitial molecules, occurring throughout 
homeostasis and development or, in aberrant 
maladaptive circumstances, during disease 
pathogenesis.  
This view has clearly become untenable as 
proteases are clearly involved in a myriad of 
homeostatic as well as pathological processes. 
Similarly, several novel physiological functions 
have been attributed to endogenous 
antiproteases including antimicrobial and 
immunomodulatory activities (Manoury et al., 
2011).  
Plant protease inhibitors continue to catch the 
attention of researchers because of their 
increasing use in medicine and biotechnology. 
They were classified into families according to 
Laskowski on the basis of their primary 
structure, topology, of disulfide bridges, and 
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the position of the reactive site (Laskowski M. 
Jr., 1986).   
The known plant protease inhibitors belong to 
at least nine families: Kunitz (STI) (Hejgaard  
et al., 1983), Bowman-Birk (BBI) (Ikenaka et 
al., 1986), squash (Wieczorek et al., 1985), 
cereal (Strobl et al., 1995), rape seed (Ascenzi 
et al., 1999), arrowhead (Xie et al., 1997), 
potato I (Graham et al., 1985), potato II 
(Graham et al., 1985), and barley (Mahoney et 
al., 1984).  
Some of them seem to be restricted to only one 
botanical family, for example, inhibitors of the 
squash family (Cucurbitaceae).  
Representatives of others families, for example 
the potato inhibitors I, were isolated from 
Solanaceae (Graham et al., 1985) Gramineae 
(Svendsen et al., 1982), Leguminosae (Nozawa 
et al., 1989), Amaranthaceae (Valdes-
Rodriguez et al., 1993), and Cucurbitaceae 
(Krishnamoorthi et al., 1990). In  the range of 
plant species important as sources of tryptase 
inhibitors, the common flax (Linum 
usitatissimum) enjoy a special place, due to the 
well-known effect of  the flax seeds to alleviate 
digestion disorders, stabilize blood sugar 
levels, improve health of the skin and inhibit 
the development of some forms of cancer 
(Chen et al., 2006).  
Some of these benefic effects are due to 
protease inhibitors.  
The first serine proteinase type inhibitor 
isolated from seeds of the Linaceae family is 
known as a molecule consisting in 69 amino-
acid residues and a molecular mass of 7655 Da, 
containing a single di-sulfidic link and two Cys 
residues (Lorenc - Kubis et al., 2001). 
In this paper, we report the purification and the 
characterization of the protease inhibitor 
isolated from common flax seeds (Linum 
usitatissimum trypsin inhibitor), abbreviated as 
LUTI, a member of the Linaceae family 
(Rawlings et al., 2004).  
The inhibitor was isolated and purified by 
ethanol fractionation, ion exchange 
chromatography on CM-Sephadex C-25 and 
affinity chromatography (Polanowski et al., 
2003; Eremia et al., 2013).  
For determination molecular mass of protease 
inhibitor we utilized gel electrophoresis in 
denatured conditions (SDS-PAGE).  
 

MATERIALS AND METHODS  
 
The reagents (organic solvents, analytical 
reagents and mineral salts) used for research 
were purchased from Merck and Sigma-
Aldrich. 
 
Preparation of trypsin inhibitor 
The powder of flax seeds was defatted by 
stirring with 5 volumes (w/v) of acetone for 24 
h. The extraction was repeated two times. The 
particles of precipitate were separated by 
centrifugation and dried under vacuum. The 
dry powder was extracted at 40C for 1h with 
0.1 M acetate buffer pH 5.0, the suspension 
was clarified by centrifugation at 9000 g for 30 
min, and the pellet was discarded. Mucilage 
from the supernatant was precipitated at room 
temperature with an equal volume of ethanol 
and removed by filtration. To the clear 
supernatant 4 volumes of cold ethanol (-200C) 
were added, left for 24 h at 40C, and then crude 
protein precipitate was collected by 
centrifugation and dried under vacuum. The 
resulting powder was solubilized in distilled 
water and clarified by filtration. 
To the protein solution an equal volume of 0.1 
M acetate buffer, pH 5.5, was added, and the 
mixture was purified on a CM-Sephadex C25 
column, preequilibrated with 0.05 M acetate 
buffer, pH 5.5. The proteins were eluted with a 
linear gradient of NaCl (0.0-0.6 M) in the same 
buffer at a flow rate of 60 mlxh-1. Fractions 
containing trypsin inhibitor activity were 
pooled, the pH adjusted to 7.5 with 2M Tris 
and the solution subjected to affinity 
chromatography using a column packed with 
trypsin immobilized in polyacrylamide gel and 
equilibrated with 0.05 M Tris-HCl buffer. The 
adsorbed inhibitor was eluted with 0.1 M 
glycine HCl buffer pH 2.8.  
 
Measurement of enzyme and inhibitors 
activities   
Trypsin inhibition: The ability of the various 
trypsin inhibitors (LUTI) to prevent trypsin 
hydrolysis of BAPNA is measured 
spectrometrically (405 nm, ε = 9.96 cm2µmol-1) 
at 250C, with a Jasco UV-Vis spectrometer by 
time course measurement of ∆Abs. One trypsin 
unit hydrolyzes 1.0 µmole of N-a-benzoyl-DL-
arginine p-nitroanilide (BAPNA) per minute at 

pH 7.8 and 25°C and one Trypsin Inhibitor 
Unit (TIU) will decrease the activity of 2 
trypsin units by 50%.  
Protein assay: Protein concentration was 
determined by Lowry method. 
Characterization of protease inhibitor has 
been effectuated from determination molecular 
mass of protease inhibitor with method gel 
electrophoresis in denatured conditions (SDS-
PAGE), according with protocol Laemmli`s 
(1970), used a electrophoresis miniapparatus, 
BIO-RAD, for vertical gels (10x20 cm).  
 
RESULTS AND DISCUSSIONS  
 
Isolation and purification protease inhibitor 
The purification procedure described resulted 
in the isolation and purification of the 
homogenous protease inhibitor from common 
flax seeds. The removal of the seed coats rich 
in mucilage at the beginning of the purification 
procedure improved the preparation and 
increased the concentration of extracted 
proteins. The protease inhibitor was isolated 
from the ethanol-precipitated proteins by CM-
Sephadex C-25 chromatography followed by 
affinity chromatography on immobilized 
trypsin. The protease inhibitor was eluted as a 
single, symmetrical peak by ion exchange 
chromatography (Figure 1). 

 
 

Figure 1. Desorption of protease inhibitor on CM-
Sephadex C-25 column, eluant NaCl 0-0.6 N, flow 1 

ml/min-1  

 
The mixture of proteins subjected to affinity 
purification is applied onto the column under 
slightly basic conditions and elution of an 
inhibitor is accomplished at a pH below 3.0. 
Employing this method we purified trypsin 
inhibitor from flax seeds. Also, we 
experimented adsorption capacity of 
immobilized trypsin and we determined 
optimal desorption yield of the protease 
inhibitor.  
The results indicate a higher selectivity of 
affine support for plant protease inhibitor, 
giving a higher purification factor (20), a high 
purification yield (62.6%) and an increase in 
specific activity from 327.7 UI/mg proteins to 
6.552 UI/mg proteins (Figure 2).  
 

Figure 2. Graph of desorption of protease inhibitor from immobilized trypsin on polyacrylamide gel  
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the position of the reactive site (Laskowski M. 
Jr., 1986).   
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the potato inhibitors I, were isolated from 
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inhibitors, the common flax (Linum 
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containing a single di-sulfidic link and two Cys 
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usitatissimum trypsin inhibitor), abbreviated as 
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The inhibitor was isolated and purified by 
ethanol fractionation, ion exchange 
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affinity chromatography (Polanowski et al., 
2003; Eremia et al., 2013).  
For determination molecular mass of protease 
inhibitor we utilized gel electrophoresis in 
denatured conditions (SDS-PAGE).  
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reagents and mineral salts) used for research 
were purchased from Merck and Sigma-
Aldrich. 
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min, and the pellet was discarded. Mucilage 
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and removed by filtration. To the clear 
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were added, left for 24 h at 40C, and then crude 
protein precipitate was collected by 
centrifugation and dried under vacuum. The 
resulting powder was solubilized in distilled 
water and clarified by filtration. 
To the protein solution an equal volume of 0.1 
M acetate buffer, pH 5.5, was added, and the 
mixture was purified on a CM-Sephadex C25 
column, preequilibrated with 0.05 M acetate 
buffer, pH 5.5. The proteins were eluted with a 
linear gradient of NaCl (0.0-0.6 M) in the same 
buffer at a flow rate of 60 mlxh-1. Fractions 
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pooled, the pH adjusted to 7.5 with 2M Tris 
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at 250C, with a Jasco UV-Vis spectrometer by 
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unit hydrolyzes 1.0 µmole of N-a-benzoyl-DL-
arginine p-nitroanilide (BAPNA) per minute at 

pH 7.8 and 25°C and one Trypsin Inhibitor 
Unit (TIU) will decrease the activity of 2 
trypsin units by 50%.  
Protein assay: Protein concentration was 
determined by Lowry method. 
Characterization of protease inhibitor has 
been effectuated from determination molecular 
mass of protease inhibitor with method gel 
electrophoresis in denatured conditions (SDS-
PAGE), according with protocol Laemmli`s 
(1970), used a electrophoresis miniapparatus, 
BIO-RAD, for vertical gels (10x20 cm).  
 
RESULTS AND DISCUSSIONS  
 
Isolation and purification protease inhibitor 
The purification procedure described resulted 
in the isolation and purification of the 
homogenous protease inhibitor from common 
flax seeds. The removal of the seed coats rich 
in mucilage at the beginning of the purification 
procedure improved the preparation and 
increased the concentration of extracted 
proteins. The protease inhibitor was isolated 
from the ethanol-precipitated proteins by CM-
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single, symmetrical peak by ion exchange 
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optimal desorption yield of the protease 
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purification yield (62.6%) and an increase in 
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Table 1. Biochemical characteristic of the extract and of the purified protein from flax seeds 
No. Sample Protein 

composition  
(mg/ml) 

Activity 
Inhibitor 

U/ml 
Specific 

U/mg x protein 
1 Protein extract 

(precipitated with ETOH) 
2.22 433 194.8 

2 Protein solution 
(ionic exchange chromatography) 

0.45 700.3 1547.97 

3 Protease inhibitor purified affine I 0.0125 32.5 2624 
4 Protease inhibitor purified affine II 0.0094 35.8 3808.5 

 
 
Characterization of protease inhibitor  
To determine the purity of proteins extracted 
from flax seeds, biochemical analysis were 
made to determine the inhibitor specific 
activity on the raw extract and also on the 
products purified by ion exchange 
chromatography and affinity chromatography. 
The results are presented in Table 2. 
 
Determination of molecular masses 
The calibration kit used, made by Invitrogen, is 
a mixture of 10 pure proteins with known 
molecular masses: myosine 188 KDa, 
phosphorilase b 98 KDa, BSA 62 KDa, 
glutamic dehydrogenase 49 KDa, ADH 
38KDa, carbonic anhydrase 28 KDa, 
myoglobin 17 KDa, lysozym 14 KDa, 
aprotinine 6 KDa and insulin 3 KDa (chain B). 
 
Samples: 
Sample 1 - concentration 2.22 μg/μl 
Sample 2 had an initial concentration of 0.45 
mg/ml and it compressed in vacuum reaching a 
final concentration of 8.4375 μg/μl 
Sample 3 had an initial concentration of 0.0125 
μg/μl in vacuum reaching a final concentration 
of 0.975 μg/μl 
Sample 4 had an initial concentration of 0.0094 
μg/μl in vacuum reaching a final 
concentration of 0.704 μg/μl 
On godeu we applied 10 μg/μl totally vegetal 
protease extract. 
Following the migration of electrophoresis in 
PAA 15% gel of sample 1 resulted from ionic 
exchange chromatography, resulted 10 tapes, if 
the migration has been made in tampon with β-
mercaptoetanol (godeul 2). If the same sample 
is migrated in similar conditions but loaded 
with SDS tampon, we can observe that some 
tapes disappear (godeul 6). Having 
electrophoresis profiles as a base, we can 
conclude that the protease inhibitor from 

sample 1 contains disulphuric bridges that 
divide in the treatment with β-mercaptoethanol, 
which explains the big number of 
corresponding tapes to a bigger number of 
consistent units. 

Figure 3. Electrophoresis profile of fractions resulted 
from: sample 1, precipitation with ethanol; sample 2, 

ionic exchange chromatography; sample 3 and 4, affinity 
chromatography 

 
Legend: 1.10 - test tampon 
2 - Sample 1 (tampon with β-mercaptoethanol) 
3 - Sample 2 (tampon with β-mercaptoethanol) 
4 - Sample 3 (tampon with β-mercaptoethanol) 
5 - Sample 4 (tampon with β-mercaptoethanol) 
6 - Sample 1 (tampon with SDS) 
7 - Sample 2 (tampon with SDS)                       
8 - Sample 3 (tampon with SDS) 
9 - Sample 4 (tampon with SDS) 

 
On sample 2, 3 and 4 we can observe an 
electrophoresis behavior similar to sample 1.  
Following the migration of electrophoresis in 
PAA 15% gel of sample 2 obtained from 
affinity chromatography, pH 5.5, resulted 11 
tapes, if the migration has been made in 
tampon with β-mercaptoetanol (godeul 3). On 
the sample loaded with SDS tampon we 
observed that some tapes disappear and a 
diminuation in there intensity (godeul 7).  

Following the migration of electrophoresis in 
PAA 15% gel of sample 3 (purified I) and 4 
(purified II) obtained by affinity 
chromatography, pH 2.8, the number of the 
tapes decreases signify, in the case of 
migration with β-mercaptoetanol (godeurs 4 
and 5). If the migration has been made in SDS 
tampon the intensity of the tapes is much 
reduced resulting extinction (goderuls 8 and 9). 
 

 
Figure 4. Electrophoresis profile of fractions resulted 

from: sample 1, precipitation with ethanol; sample 2, ionic 
change chromatography; sample 3 and 4, affinity 

chromatography 
 

Legend: 1 - Invitrogen marker 
2 - Sample 1 (tampon with β-mercaptoethanol) 
3 - Sample 2 (tampon with β-mercaptoethanol) 
4 - Sample 3 (tampon with β-mercaptoethanol) 
5 - Sample 4 (tampon with β-mercaptoethanol) 
6 - Sample 1 (tampon with SDS) 
7 - Sample 2 (tampon with SDS) 
8 - Sample 3 (tampon with SDS)  
9 - Sample 4 (tampon with SDS)  
10 - Test tampon 
 
CONCLUSIONS 
 
We obtained for the first time in literature, a 
serine protein inhibitor from flax seeds 
(Linaceae family). It has been purified till 
electrophoresis homogeneousness by ethanol 
precipitation and chromatographic methods, 
which are accessible in biotechnological 
practice. By SDS-PAGE we determined a 
molecular mass of 7000 D. 
We obtained a protease inhibitor from seed of 
common flax (Linum usitatissimum trypsin 
inhibitor).  

The inhibitor was isolated and purified by 
ethanol fractionation, ion exchange 
chromatography on CM-Sephadex C-25 and 
affinity chromatography (purification factor 
was 20 and purification yield 62.6%, specific 
activity increased from 327.7 UI/mg proteins to 
6,552 UI/mg proteins).  
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To determine the purity of proteins extracted 
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On sample 2, 3 and 4 we can observe an 
electrophoresis behavior similar to sample 1.  
Following the migration of electrophoresis in 
PAA 15% gel of sample 2 obtained from 
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tapes, if the migration has been made in 
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tapes decreases signify, in the case of 
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and 5). If the migration has been made in SDS 
tampon the intensity of the tapes is much 
reduced resulting extinction (goderuls 8 and 9). 
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CONCLUSIONS 
 
We obtained for the first time in literature, a 
serine protein inhibitor from flax seeds 
(Linaceae family). It has been purified till 
electrophoresis homogeneousness by ethanol 
precipitation and chromatographic methods, 
which are accessible in biotechnological 
practice. By SDS-PAGE we determined a 
molecular mass of 7000 D. 
We obtained a protease inhibitor from seed of 
common flax (Linum usitatissimum trypsin 
inhibitor).  

The inhibitor was isolated and purified by 
ethanol fractionation, ion exchange 
chromatography on CM-Sephadex C-25 and 
affinity chromatography (purification factor 
was 20 and purification yield 62.6%, specific 
activity increased from 327.7 UI/mg proteins to 
6,552 UI/mg proteins).  
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Abstract 
 
Lactic acid bacteria (LAB) used as starter cultures in food industry must survive under several stress conditions, 
including low pH, low water activity, high and low temperatures, oxidative stress, starvation and competition with other 
species. Also, a high resistance to low pH values and in the presence of bile salts is necessary for probiotic strains, in 
order to survive in the stomach and intestine, or even to compete with other bacterial groups in this environment and to 
colonize the gastrointestinal tract (GIT) of the host. The purpose of the present work was to evaluate the 
growth/survival of 19 LAB strains with biotechnological applications (production of bacteriocins, exopolysaccharides, 
S-layer proteins) under different stress conditions. The strains were investigated for tolerance to acidity (pH 2.0, 3.5, 
4.5 and 5.5), bile salts (0.05%, 0.1%, 0.2%, 0.3% and 0.5%), different temperatures (15°C, 20°C, 28°C, 37°C, 42°C, 
47°C, and 50°C), and different concentrations of NaCl (1%, 3%, 5%, and 7%). All 19 tested strains grew well at 28°C 
and 37°C, with a viability between 1010-1014 CFU/ml. Three strains grew well at 50°C reaching a viability of 108-109 

CFU/ml. Four strains were resistant to pH 3.5 and 4.5, after 24 h of incubation reaching a viability of 1010 CFU/ml and 
1014 CFU/ml, respectively. After 3 h of exposure to pH 2.0, two strains, namely Lb. brevis FV403 and Lb. brevis FV530, 
maintained a viability of 102-103 CFU/ml. Concerning the bile salt resistance, all tested strains showed a high 
resistance to a concentration of 0.3% (w/v), reaching a cell viability of 107-109 CFU/ml after 24 h of incubation. After 3 
h of exposure to 0.5% (w/v) of bile salts, the viability of Lb. brevis FV530  was about 1010 CFU/ml. Six of the selected 
strains had a high resistance to NaCl (up to 7%) reaching a viability of 109 CFU/ml after 48 h of incubation.  
 
Key words: bacteriocins, exopolysaccharides, lactic acid bacteria, S-layer, stress resistance. 
 
INTRODUCTION 
 
Lactic acid bacteria (LAB) constitute a 
heterogeneous group of bacteria which are 
found in diverse environments, such as 
fermented foods, soil, plants, human and 
animal body. These bacteria have been used 
since ancient time to produce various 
fermented foods from products derived from 
animals (milk, meat, fish, etc.) or plants 
(vegetables, wine, olives, sourdough etc.) 
(Doyle and Beuchat, 2007; Wood, 1997; 
Stitles, 1996). LAB are also well known for 
their health-related implications and therefore, 
they have attracted much attention from 
scientists. The genetics, physiology and 
metabolism of LAB have been under rigorous 
investigation over the past decades (Ganzle, 
2015; Pritchart and Coolbear, 1993; Wood and 
Warmer, 2003). 
LAB strains used as starter cultures in food 
industry are exposed to a variety of stresses, 

including low pH, low water activity, high and 
low temperatures, oxidative stress, starvation 
and competition with other species. In addition, 
these strains must also resist the adverse 
conditions encountered in industrial processes, 
for example during starter handling and storage 
(freeze-drying, freezing or spray-drying) (Zotta 
et al., 2008). On the other hand, LAB used as 
probiotics must endure a number of stresses to 
ensure they reach the target site in an adequate 
number to elicit an effect (Mills et al., 2011). 
Probiotic bacteria must be firstly processed in a 
suitable form to enable oral consumption. 
Large-scale manufacture of probiotic bacteria 
involves growth in large-scale fermentors 
followed by cooling, harvesting, freezing, 
and/or drying.  
Many recent studies focused on the 
identification of the stress-sensing systems and 
defenses against stress in LAB and the 
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Abstract 
 
Lactic acid bacteria (LAB) used as starter cultures in food industry must survive under several stress conditions, 
including low pH, low water activity, high and low temperatures, oxidative stress, starvation and competition with other 
species. Also, a high resistance to low pH values and in the presence of bile salts is necessary for probiotic strains, in 
order to survive in the stomach and intestine, or even to compete with other bacterial groups in this environment and to 
colonize the gastrointestinal tract (GIT) of the host. The purpose of the present work was to evaluate the 
growth/survival of 19 LAB strains with biotechnological applications (production of bacteriocins, exopolysaccharides, 
S-layer proteins) under different stress conditions. The strains were investigated for tolerance to acidity (pH 2.0, 3.5, 
4.5 and 5.5), bile salts (0.05%, 0.1%, 0.2%, 0.3% and 0.5%), different temperatures (15°C, 20°C, 28°C, 37°C, 42°C, 
47°C, and 50°C), and different concentrations of NaCl (1%, 3%, 5%, and 7%). All 19 tested strains grew well at 28°C 
and 37°C, with a viability between 1010-1014 CFU/ml. Three strains grew well at 50°C reaching a viability of 108-109 

CFU/ml. Four strains were resistant to pH 3.5 and 4.5, after 24 h of incubation reaching a viability of 1010 CFU/ml and 
1014 CFU/ml, respectively. After 3 h of exposure to pH 2.0, two strains, namely Lb. brevis FV403 and Lb. brevis FV530, 
maintained a viability of 102-103 CFU/ml. Concerning the bile salt resistance, all tested strains showed a high 
resistance to a concentration of 0.3% (w/v), reaching a cell viability of 107-109 CFU/ml after 24 h of incubation. After 3 
h of exposure to 0.5% (w/v) of bile salts, the viability of Lb. brevis FV530  was about 1010 CFU/ml. Six of the selected 
strains had a high resistance to NaCl (up to 7%) reaching a viability of 109 CFU/ml after 48 h of incubation.  
 
Key words: bacteriocins, exopolysaccharides, lactic acid bacteria, S-layer, stress resistance. 
 
INTRODUCTION 
 
Lactic acid bacteria (LAB) constitute a 
heterogeneous group of bacteria which are 
found in diverse environments, such as 
fermented foods, soil, plants, human and 
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mechanisms of adaptation of these bacteria to 
harsh environmental conditions (Van de 
Guchte et al., 2002; Serrazanetti et al., 2009; 
Mills et al., 2011). Several compounds 
produced or overproduced by LAB under stress 
conditions, most probably involved in the 
protection of producing cells, have been 
described and characterized (Van de Guchte et 
al., 2002; Champomier-Verges et al., 2010).  
Stress not only induces changes for a better 
survival, but also different performances in a 
system, which can be exploited in fermented 
foods, to get high quality products, with 
improved sensory and even structural 
properties (Serrazanetti et al., 2009). Several 
studies have been focused on the impact of the 
stress factors on bacteriocin production by 
LAB (Leroy and De Vuyst, 1999; Neysens et 
al., 2003; Zamfir and Grosu-Tudor, 2009). 
Recently, a positive correlation was observed 
between EPS production and resistance to bile 
salt and low pH in Bifidobacterium species 
isolated from breast milk and infant feces (Alp 
and Aslim, 2010). A protective effect of EPS 
from harsh environmental conditions was 
proposed by Mills et al. (2011). The same 
protective effect against hostile factors and the 
importance for the maintenance of cellular 
functions has been proposed for S-layers 
(Mobili et al., 2010). Moreover, S-layer has 
been proven to have a significant role in the 
aggregation and adhesion to epithelial cells or 
to mucus and extracellular matrix proteins, 
contributing thus to the probiotic activity of the 
producing cells (Mobili et al., 2010; 
Golowczyc et al., 2007; Frece et al., 2005). The 
fermentation medium composition and 
environmental stresses have been shown to 
influence the physicochemical surface 
properties and the S-layer biosynthesis (Schaer-
Zammaretti and Ubbink, 2003; Khalegi et al., 
2010). 
In the context presented above, any new data 
about adaptation to stress in the case of LAB, 
especially in the case of strains with functional 
properties, is very important from a scientific 
and technological point of view. 
The aim of the present study was to investigate 
the effect of incubation temperature, acidity, 
the presence of NaCl and bile salts on the 

growth/survival of some selected LAB strains 
with functional properties. 

 
MATERIALS AND METHODS 
 
Bacterial strains, media and culture 
conditions 
Nineteen LAB strains from our laboratory 
collection, isolated from Romanian artisan 
dairy products, fermented vegetables and other 
products of plant origin, such as borș or fresh 
vegetables, were selected for this study. These 
strains have been previously shown to have 
functional properties, such as production of 
bacteriocins (five strains, Grosu-Tudor et al., 
2014), exopolysaccharides (nine strains, Grosu-
Tudor et al., under evaluation), and S-layer 
proteins (five strains, unpublished results) 
(Table 1). The cultures were preserved in MRS 
broth (de Man et al., 1960) and stored at -80°C 
in the presence of 25% (v/v) of glycerol as 
cryo-protectant. Prior to use, the strains were 
subcultured twice in MRS broth and incubated 
overnight at 37°C. 
Stress treatments 
LAB strains were subjected to different stress 
conditions: incubation temperatures ranging 
from 15 to 50°C, pH values of the growth 
medium from 3.5 to 5.5 (pH adjusted with 1N 
HCl), addition to the growth medium of NaCl 
up to 7% (w/v), and bile salts (Sigma-Aldrich 
Chemie GmbH, Germany) up to 0.2% (w/v), 
respectively. Growth/survival was followed by 
measuring the pH and the optical density of the 
culture at 600 nm and by counting the colony 
forming units (CFU/ml) on a solid MRS 
medium (1.5% w/v of agar). 
Acid tolerance 
For the acid tolerance evaluation, three strains 
resistant to low initial pH values of the growth 
medium were selected: Lb. amylolyticus P40, 
Lb. brevis FV403, and Lb. brevis FV530. Two 
milliliters of overnight cultures of the tested 
strains were centrifuged (10 minutes at 10000 
rpm) and the cellular sediments were 
resuspended in two ml of MRS broth 
previously adjusted with 1N HCl to pH 2.0. 
The cells suspensions were incubated at their 
optimal temperature for 24 h and samples were 
taken at different time intervals to determine 
the viable cell counts (CFU/ml). 

 
 

 
 

Table 1. LAB strains used throughout the study, source of isolation and their functional properties 

Strain 
 

Source of isolation Functional property 

Lact. lactis 19.3 cows milk bacteriocins 
Ent. durans 41.2 sour cream  bacteriocins 
Lb. amylolyticus P40 borș bacteriocins 
Lb. oris P49 borș bacteriocins 
Lb. amylolyticus P50 borș bacteriocins 
Leuc. mesenteroides P93 cucumber exopolysaccharides 
Leuc. mesenteroides P109 bell peper exopolysaccharides 
Leuc. mesenteroides P112 carrot 1 exopolysaccharides 
Leuc. mesenteroides P113 carrot 2 exopolysaccharides 
Leuc. mesenteroides P116 green beens exopolysaccharides 
Leuc. mesenteroides P124 yellow beens exopolysaccharides 
Leuc. mesenteroides P127 white cabbage exopolysaccharides 
Leuc. mesenteroides P133 orach exopolysaccharides 
Leuc. mesenteroides P138 lovage exopolysaccharides 
Lb. parabrevis FV196 brine (cauliflower) S-layer  
Lb. brevis FV403 brine (mixed vegetables) S-layer 
Lb. brevis FV530 brine (mixed vegetables) S-layer 
Lb. helveticus RFF 34.9 fermented milk S-layer 
Lb. brevis RFF 46.5 sour cream  S-layer 
 
Bile salts tolerance  
 
In order to determine the bile salts tolerance, 
three strains resistant to high concentrations 
(0.2%) of bile salts in the growth medium were 
selected: Leuc. mesenteroides P124, Lb. brevis 
FV403, and Lb. brevis FV530, respectively. 
Two ml of the overnight cultures were 
centrifuged (10 min at 10000 rpm) and the 
sediment was resuspended in two ml of MRS 
broth containing 0.3% and 0.5% bile salts 
(Sigma-Aldrich Chemie GmbH, Germany), 
respectively and incubated at optimal 
temperature for 24 h. Samples were taken at 0, 
15, 30, 60, 120, 180 min, and at 24 h of 
incubation to determine the viable cell counts. 
 
Viable cell enumeration  
 
Viable cells were enumerated by plating 10-
fold serial dilutions on MRS agar medium. 
Plates were incubated at 37°C for 48 h and the 
LAB counts were expressed in colony forming 
units per milliliter (CFU/ml).  
 
RESULTS AND DISCUSSIONS 
 
Nineteen LAB strains previously isolated from 
Romanian fresh/fermented vegetables, dairy 
products and borș were selected to evaluate the 
growth/survival under different stress 
conditions. All these strains might find 
application in food biotechnology, for the 

production of functional foods and therefore, it 
is important to know their capacity to survive 
under the harsh conditions used in the 
technological processes. In this context, our 
study shows the response of some LAB strains 
with functional properties (EPS biosynthesis, 
potential probiotic effect and S-layer 
production) to the stresses induced by low and 
high incubation temperatures, acidity, NaCl, 
and bile salts. Cold/heat, salt, and low pH-
induced stresses are often encountered during 
the technological processes in food, while 
environments with low pH and bile salts are 
usually encountered during the passage through 
the human gastro-intestinal tract. 
 
Growth/survival under stress conditions 
 
All LAB strains used throughout this study 
grew well at 28°C and 37°C, reaching viable 
cell counts between 1010-1014 CFU/ml (Table 
2). This was expected, since half of the tested 
strains belong to Leuc. sp. and are mesophilic, 
with optimal growth temperatures between 
20°C and 30°C (Wood and Holzapfel, 1995). 
Two strains, Lb. oris P49 and Lb. amylolyticus 
P50, showed a better growth at 42°C compared 
with the other tested temperatures, reaching 
viable cell counts of about 1011 CFU/ml. 
Furthermore, these strains showed a good 
growth even at a higher temperature, of 50°C, 
reaching a cell viability between 108-109 
CFU/ml (results not shown). We have 
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mechanisms of adaptation of these bacteria to 
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the technological processes in food, while 
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All LAB strains used throughout this study 
grew well at 28°C and 37°C, reaching viable 
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2). This was expected, since half of the tested 
strains belong to Leuc. sp. and are mesophilic, 
with optimal growth temperatures between 
20°C and 30°C (Wood and Holzapfel, 1995). 
Two strains, Lb. oris P49 and Lb. amylolyticus 
P50, showed a better growth at 42°C compared 
with the other tested temperatures, reaching 
viable cell counts of about 1011 CFU/ml. 
Furthermore, these strains showed a good 
growth even at a higher temperature, of 50°C, 
reaching a cell viability between 108-109 
CFU/ml (results not shown). We have 
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previously shown that Lb. acidophilus IBB801, 
which is a thermophilic strain, still grows at 
47°C, but does not grow at temperatures higher 
than 50 °C (Zamfir and Grosu-Tudor, 2009). 
Ten out of the 19 tested strains, mostly Leuc. 
species, showed a good growth when they were 
incubated at 15°C, reaching a cell viability 
between 1010-1012 CFU/ml (Table 2). 
Leuconostoc species may naturally adapt to 
decreases in temperature and they continue to 
grow after a temperature decrease of about 
20°C below the optimum growth temperature 

(de Angelis and Gobbetti, 2004). Also, Ent. 
durans 41.2 grew well at 15°C reaching a 
viability of about 1010 CFU/ml. Adaptation to 
low temperature is of vital importance since 
many fermentations are started by adding 
frozen or lyophilized starters that would benefit 
from a high freeze survival capacity. The high 
viability of this strain during low temperature 
storage of fermented products prior to 
consumption is a determinant for probiotic 
effects.

 
Table 2. Cell viability (CFU/ml) of the tested LAB strains under different temperatures 

 
Strain 

Temperature 

15°C 20°C 28°C 37°C 42°C 47°C 
Lb. amylolyticus P40 0 0 8 x 109 5 x 109 6 x 109 1 x 108

Lb. oris P49 0 0 5 x 109 7 x 109 1.6 x 1011 1.4 x 108

Lb. amylolyticus P50 0 0 6.5 x 109 4 x 1011 3.5 x 1010 1.8 x 108

Lact. lactis 19.3 0 2.6 x1012 1.9 x 1013 1.4 x 1010 2.5 x 107* 0 
Ent. durans 41.2 5.5 x 1010 2.2 x 1012 1.2 x 1014 2 x 1013 1.1 x 1012 0 
Leuc. mesenteroides P93 5.2 x 1011 1.03 x 1012 6.7 x 1012 2.3 x 1011 8.2 x 107* 0 
Leuc. mesenteroides P109 2.5 x 1011 7.3 x 1011 1.5 x 1012 6.8 x 1010 0 0 
Leuc. mesenteroides P112 1.5 x 1012 1.8 x 1015 1.05 x 1012 1.8 x 1012 1.5 x 107* 0 
Leuc. mesenteroides P113 9.7 x 1011 2.9 x 1013 1.04 x 1013 9 x 1011 4.8 x 106* 0 
Leuc. mesenteroides P116 6.8 x 1011 1.1 x 1013 2.3 x 1011 3.5 x 1011 1.7 x 107* 0 
Leuc. mesenteroides P124 1.1 x 1012 2.2 x 1013 5.06 x 1012 5.8 x 1011 1.3 x 107* 0 
Leuc. mesenteroides P127 4 x 1012 9.7 x 1012* 3.4 x 1012 4.8 x 1012 1.5 x 106* 0 
Leuc. mesenteroides P133 1.4 x 1012 1.6 x 1014 2.2 x 1013 2.2 x 1012 2.6 x 106* 0 
Leuc. mesenteroides P138 0 1.5 x 1014 1.4 x 1014 4.1 x 1012 1.1 x 107* 0 
Lb. parabrevis FV196 0 1.7 x 1013 1.9 x 1014 5.4 x 1012 6.3 x 1011 0 
Lb. brevis FV403 5.3 x1012 3.9 x 1012 6 x 1013 1.5 x 1012 1.2 x 1012 0 
Lb. brevis FV530 0 1.0 x 1012 2.4 x 1012 5.8 x 1012 1.4 x 1011 0 
Lb. helveticus RFF34.9 0 5.2 x 1010* 2.1 x 1012 8 x 1012 8 x 1012 3.6 x 107

Lb. brevis RFF46.5 0 3.6 x 1013 5.4 x 1012 2.2 x 1012 2.8 x 104* 0 
*values measured at 48 h   

The ability of the LAB strains to tolerate acid is 
commonly used as one of the preliminary 
selection criteria for probiotic candidates.  
The effect of initial pH of the growth media 
was tested for ten selected LAB strains. Three 
pH values of the growth medium were used, 

ranging from 3.5 to 5.5. The results showed 
that resistance to low pH is strain dependent. 
All ten strains tested were resistant to pH 5.5 
showing viability rates of about 109-1013 
CFU/ml after 24 h of incubation (Table 3). 

 
Table 3. Growth parameters at different pH values  

Strain pH 3.5 pH 4.5 pH 5.5 
OD600nm CFU/ml OD600nm CFU/ml OD600nm CFU/ml 

Lb. amylolyticus P40 0.31* 2.6 x 108 4.41* 7.1 x 1010 3.39 2.1 x 1010

Lact. lactis 19.3 - 0 1.70* 5.6 x 109 1.35* 2.7 x 109

Ent. durans 41.2 1.61* 4.5 x 1010 5.98 2.6 x 1013 8.45 2.5 x 1013

Leuc. mesenteroides P109 - 0 0.82* 4.2 x 109 1.71 7.7 x 1011

Leuc. mesenteroides P112 - 0 1.19* 1.5 x 1010 2.63 4.1 x 109

Leuc. mesenteroides P124 - 0 1.22* 9.1 x 1010 1.92 9.5 x 109

Leuc. mesenteroides P127 - 0 1.26* 9.2 x 109 2.71 6 x 109

Lb. brevis FV403 1.8 4.3 x 1010 7.16 4.7 x 1012 8.52 5.6 x 1012

Lb. brevis FV530 1.13* 4.5 x 108 3.46 5.7 x 1012 5.27 4.3 x 1012

Lb. helveticus RFF34.9 - 0 1.50 1.4 x109 4.55 4.4 x 1011

*values measured at 48 h  

 
 

 
 

 
At pH 4.5, four strains, namely Ent. durans 
41.2, Lb. brevis FV403, Lb. brevis FV530 and 
Lb. helveticus RFF34.9, showed a good growth 
after 24 h of incubation, cell viability reaching 
a maximum of about 1013 CFU/ml. When 
exposed at pH 3.5, one strain, Lb. brevis FV403 
showed a good growth after 24 h of incubation, 
reaching a cell viability of about 1010 CFU/ml 
and other three strains, namely Lb. amylolyticus 
P40, Ent. durans 41.2, and Lb. brevis FV530, 
showed a good growth after 48 h of incubation 
reaching a cell viability between 108-1010 
CFU/ml (Table 3). Six strains were not able to 
grow when they were exposed at pH 3.5. Most 
probably, the acid regulatory mechanisms of 
this LAB have failed to maintain their 
intracellular pH and the internal acidification 

had reduced the activity of enzymes, damaged 
certain proteins and DNA, which leads to death 
(Van De Guchte et al., 2000). Similar results 
were obtained by Chow and Weimer (1999) on 
Lb. acidophilus strains from the American 
Type Culture Collection (Rockville, MD). 
Bile salts belong to the factors that may 
significantly affect the viability of LAB in the 
gastrointestinal tract, influencing the health of 
the host. Tolerance to bile salts is a prerequisite 
for colonisation and metabolic activity of 
bacteria in the small intestine of the host 
(Havenaar et al., 1992).  
After 24 h of incubation in MRS medium 
supplemented with 0.05% (w/v) of bile salts, 
all tested strains showed viability rates of at 
least 107 CFU/ml (Table 4).  

 
Table 4. Cell viability (CFU/ml) of the tested strains under different bile salts concentrations, measured at 24 h of 

incubation 

Strain 
 

Bile salts  

0.05% 0.1% 0.2% 
Lb. amylolyticus P40 3 x 108 4.3 x 106 5 x 102 

Lact. lactis 19.3 6.2 x 108 1.3 x 107 0 
Ent. durans 41.2 1.4 x 1012 9.6 x 109 4.4 x 109 

Leuc. mesenteroides P109 1.9 x 109 7.2 x 107 1.7 x 105 

Leuc. mesenteroides P112 3.8 x 109 4.7 x 108 2.7 x 105 

Leuc. mesenteroides P124 6.8 x 109 1.7 x 108 4.4 x105 

Leuc. mesenteroides P127 2 x 109 2 x 108 3 x 105 

Lb. brevis FV403 4.5 x1011 6.2 x 109 1 x 109 

Lb. brevis FV 530 5.7 x 109 4.7 x 108 6.1 x 105 

Lb. helveticus RFF43.9 1.9 x 107 2 x 102 0 
 
At higher concentration of bile salts (0.1%, 
w/v), nine out of ten strains showed a good 
growth, reaching a viability between 106-109 
CFU/ml. A variable resistance to higher 
concentration of bile salts (0.2%, w/v) was 
observed for the tested strains. This 
concentration of bile salts did not allow the 
growth of two strains, Lact. lactis 19.3 and Lb. 
helveticus RFF 34.9, respectively (Table 4). 
Seven strains proved a long-term resistance at 
this bile salts concentration, reaching viability 
rates between 105-109 CFU/ml. This high 
resistance to bile salts represents an advantage 
for the survival of these bacteria in the 
gastrointestinal tract. Also Zamfir and Grosu-
Tudor (2013) found high tolerance to 0.2% of 
bile salts for a strain isolated from dairy 
products, namely Lb. acidophilus IBB801. 

LAB are often exposed to changes in the solute 
concentrations of their natural habits (De 
Angelis and Gobbetti, 2004). Nevertheless, 
their cytoplasmic solute concentration needs to 
be relatively constant and therefore, LAB needs 
to develop some defense mechanisms. A 
sudden increase in the osmolarity of the 
environment (hyperosmotic stress) results in 
the movement of water from the cell to the 
outside, which causes a detrimental loss of cell 
turgor pressure, changes in intracellular solute 
concentration and changes of the cell volume 
(Poolman and Glaasker, 1998). 
All tested strains showed a very good tolerance 
to 1% NaCl, reaching viability rates between 
109-1013 CFU/ml (Table 5). After 24 h of 
incubation, in the presence of 3% NaCl, eight 
out of nine tested strains reached a viability of 
maximum 1012 CFU/ml. In the presence of the 
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previously shown that Lb. acidophilus IBB801, 
which is a thermophilic strain, still grows at 
47°C, but does not grow at temperatures higher 
than 50 °C (Zamfir and Grosu-Tudor, 2009). 
Ten out of the 19 tested strains, mostly Leuc. 
species, showed a good growth when they were 
incubated at 15°C, reaching a cell viability 
between 1010-1012 CFU/ml (Table 2). 
Leuconostoc species may naturally adapt to 
decreases in temperature and they continue to 
grow after a temperature decrease of about 
20°C below the optimum growth temperature 

(de Angelis and Gobbetti, 2004). Also, Ent. 
durans 41.2 grew well at 15°C reaching a 
viability of about 1010 CFU/ml. Adaptation to 
low temperature is of vital importance since 
many fermentations are started by adding 
frozen or lyophilized starters that would benefit 
from a high freeze survival capacity. The high 
viability of this strain during low temperature 
storage of fermented products prior to 
consumption is a determinant for probiotic 
effects.

 
Table 2. Cell viability (CFU/ml) of the tested LAB strains under different temperatures 

 
Strain 

Temperature 

15°C 20°C 28°C 37°C 42°C 47°C 
Lb. amylolyticus P40 0 0 8 x 109 5 x 109 6 x 109 1 x 108

Lb. oris P49 0 0 5 x 109 7 x 109 1.6 x 1011 1.4 x 108

Lb. amylolyticus P50 0 0 6.5 x 109 4 x 1011 3.5 x 1010 1.8 x 108

Lact. lactis 19.3 0 2.6 x1012 1.9 x 1013 1.4 x 1010 2.5 x 107* 0 
Ent. durans 41.2 5.5 x 1010 2.2 x 1012 1.2 x 1014 2 x 1013 1.1 x 1012 0 
Leuc. mesenteroides P93 5.2 x 1011 1.03 x 1012 6.7 x 1012 2.3 x 1011 8.2 x 107* 0 
Leuc. mesenteroides P109 2.5 x 1011 7.3 x 1011 1.5 x 1012 6.8 x 1010 0 0 
Leuc. mesenteroides P112 1.5 x 1012 1.8 x 1015 1.05 x 1012 1.8 x 1012 1.5 x 107* 0 
Leuc. mesenteroides P113 9.7 x 1011 2.9 x 1013 1.04 x 1013 9 x 1011 4.8 x 106* 0 
Leuc. mesenteroides P116 6.8 x 1011 1.1 x 1013 2.3 x 1011 3.5 x 1011 1.7 x 107* 0 
Leuc. mesenteroides P124 1.1 x 1012 2.2 x 1013 5.06 x 1012 5.8 x 1011 1.3 x 107* 0 
Leuc. mesenteroides P127 4 x 1012 9.7 x 1012* 3.4 x 1012 4.8 x 1012 1.5 x 106* 0 
Leuc. mesenteroides P133 1.4 x 1012 1.6 x 1014 2.2 x 1013 2.2 x 1012 2.6 x 106* 0 
Leuc. mesenteroides P138 0 1.5 x 1014 1.4 x 1014 4.1 x 1012 1.1 x 107* 0 
Lb. parabrevis FV196 0 1.7 x 1013 1.9 x 1014 5.4 x 1012 6.3 x 1011 0 
Lb. brevis FV403 5.3 x1012 3.9 x 1012 6 x 1013 1.5 x 1012 1.2 x 1012 0 
Lb. brevis FV530 0 1.0 x 1012 2.4 x 1012 5.8 x 1012 1.4 x 1011 0 
Lb. helveticus RFF34.9 0 5.2 x 1010* 2.1 x 1012 8 x 1012 8 x 1012 3.6 x 107

Lb. brevis RFF46.5 0 3.6 x 1013 5.4 x 1012 2.2 x 1012 2.8 x 104* 0 
*values measured at 48 h   

The ability of the LAB strains to tolerate acid is 
commonly used as one of the preliminary 
selection criteria for probiotic candidates.  
The effect of initial pH of the growth media 
was tested for ten selected LAB strains. Three 
pH values of the growth medium were used, 

ranging from 3.5 to 5.5. The results showed 
that resistance to low pH is strain dependent. 
All ten strains tested were resistant to pH 5.5 
showing viability rates of about 109-1013 
CFU/ml after 24 h of incubation (Table 3). 

 
Table 3. Growth parameters at different pH values  

Strain pH 3.5 pH 4.5 pH 5.5 
OD600nm CFU/ml OD600nm CFU/ml OD600nm CFU/ml 

Lb. amylolyticus P40 0.31* 2.6 x 108 4.41* 7.1 x 1010 3.39 2.1 x 1010

Lact. lactis 19.3 - 0 1.70* 5.6 x 109 1.35* 2.7 x 109

Ent. durans 41.2 1.61* 4.5 x 1010 5.98 2.6 x 1013 8.45 2.5 x 1013

Leuc. mesenteroides P109 - 0 0.82* 4.2 x 109 1.71 7.7 x 1011

Leuc. mesenteroides P112 - 0 1.19* 1.5 x 1010 2.63 4.1 x 109

Leuc. mesenteroides P124 - 0 1.22* 9.1 x 1010 1.92 9.5 x 109

Leuc. mesenteroides P127 - 0 1.26* 9.2 x 109 2.71 6 x 109

Lb. brevis FV403 1.8 4.3 x 1010 7.16 4.7 x 1012 8.52 5.6 x 1012

Lb. brevis FV530 1.13* 4.5 x 108 3.46 5.7 x 1012 5.27 4.3 x 1012

Lb. helveticus RFF34.9 - 0 1.50 1.4 x109 4.55 4.4 x 1011

*values measured at 48 h  

 
 

 
 

 
At pH 4.5, four strains, namely Ent. durans 
41.2, Lb. brevis FV403, Lb. brevis FV530 and 
Lb. helveticus RFF34.9, showed a good growth 
after 24 h of incubation, cell viability reaching 
a maximum of about 1013 CFU/ml. When 
exposed at pH 3.5, one strain, Lb. brevis FV403 
showed a good growth after 24 h of incubation, 
reaching a cell viability of about 1010 CFU/ml 
and other three strains, namely Lb. amylolyticus 
P40, Ent. durans 41.2, and Lb. brevis FV530, 
showed a good growth after 48 h of incubation 
reaching a cell viability between 108-1010 
CFU/ml (Table 3). Six strains were not able to 
grow when they were exposed at pH 3.5. Most 
probably, the acid regulatory mechanisms of 
this LAB have failed to maintain their 
intracellular pH and the internal acidification 

had reduced the activity of enzymes, damaged 
certain proteins and DNA, which leads to death 
(Van De Guchte et al., 2000). Similar results 
were obtained by Chow and Weimer (1999) on 
Lb. acidophilus strains from the American 
Type Culture Collection (Rockville, MD). 
Bile salts belong to the factors that may 
significantly affect the viability of LAB in the 
gastrointestinal tract, influencing the health of 
the host. Tolerance to bile salts is a prerequisite 
for colonisation and metabolic activity of 
bacteria in the small intestine of the host 
(Havenaar et al., 1992).  
After 24 h of incubation in MRS medium 
supplemented with 0.05% (w/v) of bile salts, 
all tested strains showed viability rates of at 
least 107 CFU/ml (Table 4).  

 
Table 4. Cell viability (CFU/ml) of the tested strains under different bile salts concentrations, measured at 24 h of 

incubation 

Strain 
 

Bile salts  

0.05% 0.1% 0.2% 
Lb. amylolyticus P40 3 x 108 4.3 x 106 5 x 102 

Lact. lactis 19.3 6.2 x 108 1.3 x 107 0 
Ent. durans 41.2 1.4 x 1012 9.6 x 109 4.4 x 109 

Leuc. mesenteroides P109 1.9 x 109 7.2 x 107 1.7 x 105 

Leuc. mesenteroides P112 3.8 x 109 4.7 x 108 2.7 x 105 

Leuc. mesenteroides P124 6.8 x 109 1.7 x 108 4.4 x105 

Leuc. mesenteroides P127 2 x 109 2 x 108 3 x 105 

Lb. brevis FV403 4.5 x1011 6.2 x 109 1 x 109 

Lb. brevis FV 530 5.7 x 109 4.7 x 108 6.1 x 105 

Lb. helveticus RFF43.9 1.9 x 107 2 x 102 0 
 
At higher concentration of bile salts (0.1%, 
w/v), nine out of ten strains showed a good 
growth, reaching a viability between 106-109 
CFU/ml. A variable resistance to higher 
concentration of bile salts (0.2%, w/v) was 
observed for the tested strains. This 
concentration of bile salts did not allow the 
growth of two strains, Lact. lactis 19.3 and Lb. 
helveticus RFF 34.9, respectively (Table 4). 
Seven strains proved a long-term resistance at 
this bile salts concentration, reaching viability 
rates between 105-109 CFU/ml. This high 
resistance to bile salts represents an advantage 
for the survival of these bacteria in the 
gastrointestinal tract. Also Zamfir and Grosu-
Tudor (2013) found high tolerance to 0.2% of 
bile salts for a strain isolated from dairy 
products, namely Lb. acidophilus IBB801. 

LAB are often exposed to changes in the solute 
concentrations of their natural habits (De 
Angelis and Gobbetti, 2004). Nevertheless, 
their cytoplasmic solute concentration needs to 
be relatively constant and therefore, LAB needs 
to develop some defense mechanisms. A 
sudden increase in the osmolarity of the 
environment (hyperosmotic stress) results in 
the movement of water from the cell to the 
outside, which causes a detrimental loss of cell 
turgor pressure, changes in intracellular solute 
concentration and changes of the cell volume 
(Poolman and Glaasker, 1998). 
All tested strains showed a very good tolerance 
to 1% NaCl, reaching viability rates between 
109-1013 CFU/ml (Table 5). After 24 h of 
incubation, in the presence of 3% NaCl, eight 
out of nine tested strains reached a viability of 
maximum 1012 CFU/ml. In the presence of the 
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highest concentration of NaCl (7%, w/v), two 
strains, Lb. brevis FV403 and Lb. brevis 
FV530,  reached a viability of about 108 
CFU/ml after 24 h of incubation. The high 
resistance of these two strains was expected 
since they were isolated from samples collected 
from fermented vegetables which contain a 
high concentration of salt (Wouters et al., 

2013). The observed differences in osmotic 
rezistance of different bacterial strains may be 
due to the distinct composition of their 
membrane phospholipids. Several works have 
shown a relationship between membrane 
stability and the ability of cells to resist osmotic 
stress (Linders et al., 1997; Laroche and 
Gervails, 2003). 

 
Table 5. Cell viability (CFU/ml) of the tested strains under different NaCl concentrations 

Strain 
 

0% NaCl 
 

1% NaCl 3% NaCl 
 

5% NaCl 
 

7% NaCl 
 

Lb. amylolyticus P40 3.6 x 109 1.4 x 109 0 0 0 
Lact. lactis 19.3 5.9 x 1011 9.9 x 109 9.1 x 109 2.7 x 105* 0 
Leuc. mesenteroides P109 1.1 x 1012 1.8 x 1011 1.6 x 1010 5.2 x 109 1.2 x 109*
Leuc. mesenteroides P112 3.3 x 1012 5.3 x1011 1.8 x 1011 1.2 x 1010 7.5 x 107*
Leuc. mesenteroides P124 2.4 x 1011 2.4 x1012 6.4 x 1012 3 x 109 8.5 x 107*
Leuc. mesenteroides P127 1.1 x 1012 1.5 x 1013 4.6 x 1012 1.6 x 1010 7.5 x 107*
Lb. brevis FV403 1.5 x 1011 1.9 x 1012 4.9 x 1010 9.9 x 1011 8.7 x 108

Lb. brevis FV530 5 x 109 2.2 x 1010 1 x 109 5.5 x 109 2.4 x 108

Lb. helveticus RFF34.9 7.5 x 109 8.3 x 109 6.2 x 106 0 0 
*values measured at 48 h 
 
Acid tolerance 
The best acid tolerance was shown by two 
strains, namely Lb. brevis FV403 and Lb. 
brevis FV530. After 2 h of incubation at pH 
2.0, the viable cell counts of these two strains 
decreased with 9 and 6 logs, respectively, as 
compared with the initial values (Figure 1). 
This was probably to better pH regulation 
ability as compared with the other strains. Our 
results are in accordance with Young et al. 
(2005) who showed a higher survival of Lb. 
brevis strains under low pH conditions as 
compared to other Lactobacillus species. 
Similar results were obtained by Pato (2003) 
for some LAB strains isolated from “dadih”, an 
Indonesian fermented food.  
After 3 h of incubation at pH 2.0, the viability 
of the cells was completely lost. Also, Young et 
al. (2015) described a lethal effect of pH 2.0 
environment on some selected Lactobacillus 
strains after 4 h of incubation at 37°C. The 
reduction of survivability of LAB strains at low 
pH was also reported by Raghavendra et al. 
(2010), for strain Pediococcus pentosaceus 
CFR R123 (53%) and L. rhamnosus GG (55%) 
after incubation at pH 2.0 for 3 hours. 
For Lb. amylolyticus P40, the viable cells 
concentration decreased very fast, after 1h of 
incubation being with 5 logs than the control, 
while after 2 h the viability was completely lost 
(Figure 1). 

 

Figure 1. Acid tolerance of the selected  
LAB strains at pH 2.0 

 
Bile salts tolerance 
Bile salts resistance is important since it helps 
LAB to reach the small intestine and colon and 
contribute in balancing the intestinal 
microbiota.  
The survival rates of all tested LAB strains 
decreased with the increase of bile salts 
concentration. However, the Lactobacillus 
strains were generally more tolerable to low 
concentration of bile salt (0.3%, w/v), reaching 
viability rates of about 107 CFU/ml after 24 h 
of incubation (Figure 2).  
A similar decrease in viable counts was also 
detected by Young et al. (2015) for some LAB 
strains isolated from Malaysian fermented 
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Bambangan (Mangifera paiang) and by Wang 
et al. (2010) for three Lactobacillus strains 
obtained from infant faeces and pickled 
vegetables. 
 

 
Figure 2. Resistance of the selected LAB strains in the 

presence of 0.3% bile salts 
 

In the presence of higher concentration of bile 
salts (0.5%, w/v), one strain, Lb. brevis FV530, 
proved a good long-term tolerance, the viable 
cell counts decreasing with only 2 logs as 
compared with the initial value (Figure 3). This 
strain was found to produce S-layer proteins 
(Grosu-Tudor et al., 2016).  
 

 

Bile salt tolerance is considered one of the 
essential properties required for LAB to survive 
in the small intestine (Sarela et al., 2000). Succi 
et al. (2005) found similar results on Lb. 
rhamnosus strains isolated from Parmigiano 
Reggiano cheese, which showed a good 
survival in the presence of 1%, 1.5% and 2% 
bile salts. 
The survival ability of these LAB strains in the 
stress conditions mentioned above might result 
in a temporary colonization of the human 
gastro-intestinal tract (Alander et al., 1997; 
Johansson et al., 1998). 
 
CONCLUSIONS 
 
In conclusion, our study highlights the diversity 
of stress response in some LAB with functional 
properties. Lb. brevis FV530, isolated from 
Romanian fermented vegetables was the most 
tolerant strain to low pH and high 
concentration of bile salts, which makes it 
suitable for further application as a probiotic 
strain.  
Also, this strain may be used as adjunct culture 
or incorporated into an industrial process due to 
its tolerance to the environmental stress such as 
elevated temperatures and high salt 
concentrations. 
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Figure 3. Resistance of the selected LAB strains  
in the presence of 0.5% bile salts 

 
Among others, these proteins have important 
cell functionality, such as acting as protective 
barrier against environmental hazards, 
controlling the transfer of nutrients and 
metabolites etc. (Buck et al., 2005). 
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highest concentration of NaCl (7%, w/v), two 
strains, Lb. brevis FV403 and Lb. brevis 
FV530,  reached a viability of about 108 
CFU/ml after 24 h of incubation. The high 
resistance of these two strains was expected 
since they were isolated from samples collected 
from fermented vegetables which contain a 
high concentration of salt (Wouters et al., 

2013). The observed differences in osmotic 
rezistance of different bacterial strains may be 
due to the distinct composition of their 
membrane phospholipids. Several works have 
shown a relationship between membrane 
stability and the ability of cells to resist osmotic 
stress (Linders et al., 1997; Laroche and 
Gervails, 2003). 

 
Table 5. Cell viability (CFU/ml) of the tested strains under different NaCl concentrations 

Strain 
 

0% NaCl 
 

1% NaCl 3% NaCl 
 

5% NaCl 
 

7% NaCl 
 

Lb. amylolyticus P40 3.6 x 109 1.4 x 109 0 0 0 
Lact. lactis 19.3 5.9 x 1011 9.9 x 109 9.1 x 109 2.7 x 105* 0 
Leuc. mesenteroides P109 1.1 x 1012 1.8 x 1011 1.6 x 1010 5.2 x 109 1.2 x 109*
Leuc. mesenteroides P112 3.3 x 1012 5.3 x1011 1.8 x 1011 1.2 x 1010 7.5 x 107*
Leuc. mesenteroides P124 2.4 x 1011 2.4 x1012 6.4 x 1012 3 x 109 8.5 x 107*
Leuc. mesenteroides P127 1.1 x 1012 1.5 x 1013 4.6 x 1012 1.6 x 1010 7.5 x 107*
Lb. brevis FV403 1.5 x 1011 1.9 x 1012 4.9 x 1010 9.9 x 1011 8.7 x 108

Lb. brevis FV530 5 x 109 2.2 x 1010 1 x 109 5.5 x 109 2.4 x 108

Lb. helveticus RFF34.9 7.5 x 109 8.3 x 109 6.2 x 106 0 0 
*values measured at 48 h 
 
Acid tolerance 
The best acid tolerance was shown by two 
strains, namely Lb. brevis FV403 and Lb. 
brevis FV530. After 2 h of incubation at pH 
2.0, the viable cell counts of these two strains 
decreased with 9 and 6 logs, respectively, as 
compared with the initial values (Figure 1). 
This was probably to better pH regulation 
ability as compared with the other strains. Our 
results are in accordance with Young et al. 
(2005) who showed a higher survival of Lb. 
brevis strains under low pH conditions as 
compared to other Lactobacillus species. 
Similar results were obtained by Pato (2003) 
for some LAB strains isolated from “dadih”, an 
Indonesian fermented food.  
After 3 h of incubation at pH 2.0, the viability 
of the cells was completely lost. Also, Young et 
al. (2015) described a lethal effect of pH 2.0 
environment on some selected Lactobacillus 
strains after 4 h of incubation at 37°C. The 
reduction of survivability of LAB strains at low 
pH was also reported by Raghavendra et al. 
(2010), for strain Pediococcus pentosaceus 
CFR R123 (53%) and L. rhamnosus GG (55%) 
after incubation at pH 2.0 for 3 hours. 
For Lb. amylolyticus P40, the viable cells 
concentration decreased very fast, after 1h of 
incubation being with 5 logs than the control, 
while after 2 h the viability was completely lost 
(Figure 1). 

 

Figure 1. Acid tolerance of the selected  
LAB strains at pH 2.0 

 
Bile salts tolerance 
Bile salts resistance is important since it helps 
LAB to reach the small intestine and colon and 
contribute in balancing the intestinal 
microbiota.  
The survival rates of all tested LAB strains 
decreased with the increase of bile salts 
concentration. However, the Lactobacillus 
strains were generally more tolerable to low 
concentration of bile salt (0.3%, w/v), reaching 
viability rates of about 107 CFU/ml after 24 h 
of incubation (Figure 2).  
A similar decrease in viable counts was also 
detected by Young et al. (2015) for some LAB 
strains isolated from Malaysian fermented 

0
2
4
6
8

10
12

0 1 2 3 24

lo
g 

(C
FU

/m
l)

Time (h)

pH 2.0

Lb. amylolyticus P 40 Lb. brevis FV 403 Lb. brevis FV 530

 
 

 
 

Bambangan (Mangifera paiang) and by Wang 
et al. (2010) for three Lactobacillus strains 
obtained from infant faeces and pickled 
vegetables. 
 

 
Figure 2. Resistance of the selected LAB strains in the 

presence of 0.3% bile salts 
 

In the presence of higher concentration of bile 
salts (0.5%, w/v), one strain, Lb. brevis FV530, 
proved a good long-term tolerance, the viable 
cell counts decreasing with only 2 logs as 
compared with the initial value (Figure 3). This 
strain was found to produce S-layer proteins 
(Grosu-Tudor et al., 2016).  
 

 

Bile salt tolerance is considered one of the 
essential properties required for LAB to survive 
in the small intestine (Sarela et al., 2000). Succi 
et al. (2005) found similar results on Lb. 
rhamnosus strains isolated from Parmigiano 
Reggiano cheese, which showed a good 
survival in the presence of 1%, 1.5% and 2% 
bile salts. 
The survival ability of these LAB strains in the 
stress conditions mentioned above might result 
in a temporary colonization of the human 
gastro-intestinal tract (Alander et al., 1997; 
Johansson et al., 1998). 
 
CONCLUSIONS 
 
In conclusion, our study highlights the diversity 
of stress response in some LAB with functional 
properties. Lb. brevis FV530, isolated from 
Romanian fermented vegetables was the most 
tolerant strain to low pH and high 
concentration of bile salts, which makes it 
suitable for further application as a probiotic 
strain.  
Also, this strain may be used as adjunct culture 
or incorporated into an industrial process due to 
its tolerance to the environmental stress such as 
elevated temperatures and high salt 
concentrations. 
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Figure 3. Resistance of the selected LAB strains  
in the presence of 0.5% bile salts 

 
Among others, these proteins have important 
cell functionality, such as acting as protective 
barrier against environmental hazards, 
controlling the transfer of nutrients and 
metabolites etc. (Buck et al., 2005). 
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Abstract 
 
Bio-products are increasingly used in agricultural production owing to their multiple advantages: they decompose 
organic matter, enter in dynamics with the humus from soil, fix nitrogen (N) from the atmosphere, solubilize fixed 
nutrients by clay-humic complex, block Fe3+ i.e. This paper presents the results obtained from using a complex of bio-
products: GeoCell-1, GeoAgit CNPK-1 and AlgaSanBa. They were applied either alone or in a complex mixture. The 
subsequent increase in the grain yields was important. Thus, winter wheat varied between 210 and 1010 kg.ha-1 on 
chernozem, and between 490 and 1430 kg.ha-1 on luvisol. Under the same conditions, sunflower increases varied 
between 290-730 kg.ha-1 on the first soil and 110-1190 kg.ha-1 on the second soil. Maize produced an addition of 70-
1030 kg.ha-1 in the first case and 110-1190 kg.ha-1 in the second case. The data demonstrate that the new bio-products 
are recommended for use in farm fields. 
 
Key words: bio-products action, vegetable waste, soil, plants. 
 
INTRODUCTION 
 
The positive development of biochemical 
processes in the agricultural environment may 
occur through the application of bio-products 
(BIOp) as active (El-Ghamry et al., 2009; 
Vajda, 2011). They are involved in obtaining 
more favorable conditions in  the soil-plant 
system annual growth rate (Brolan, 1995; 
Berca, 1999). Their place is seen as 
complementary and joins the complex 
processes that occur in proper agrichemical soil 
dynamics as a whole (Vessey, 2003; Rusu et 
al., 2005). If carefully selected, they could raise 
all the specific processes involved (Tipping & 
Hurley, 1992; Sabbah et al., 2004). One of 
them refers to rotting vegetation. Under the 
current circumstances, all crop waste is 
recycled. They accelerate their mineralization 
apart from ensuring humus dynamics, which is 
very important. Microorganisms (MOrg) 
involved in such transformations need ”food”, 
including nitrogen (N), in sufficient quantities. 
Thus, a significant amount of mineral N is 
consumed by MOrg, released after their 
decomposition and used in food plants and 
other MOrg. Another part is locked in the 
humus newly formed by MOrg. Atmospheric 
nitrogen fixation is performed exclusively by 

diazotrophic bodies. Some of them live freely 
in the soil (e.g. Azotobacter, Clostridium, 
Klebsiella), others form symbiosis with plants 
(Rhyzobium) or the rhizosphere of plants that 
live in associative symbiosis (Azospirillum). 
Nitrogen fixing bacteria of BIOp: Azotobacter 
vinelandii and Azospirillum brasilensae are 
very active and may fix 40-50 kg.ha-1 N. Some 
of the bacteria in BIOp enhances nutrients 
solubilization, mineralization and mobilization 
in the soil (Delgado et al., 2002). The selected 
bacterial strains solubilize insoluble inorganic 
phosphates and render it available to the plant. 
Pseudomonas fluorescens and Bacillus 
circulans can solubilize 50-60 kg.ha-1 P2O5. 
Phytohormones and enzymes selected by the 
bacteria increase nutrients uptake by plants 
(Katkat et al., 2009). This happens because of 
the incentive effect they have on the growth of 
the bacterial metabolites roots. The 
Azospirillum brasilensae increased surface 
sinks hairs on such plants as wheat, maize and 
sorghum.  
Another important advantage of MOrg is 
producing siderophores. These are organic 
compounds with small molecules that have the 
ability to bind (chelate) Fe3+ ions and thus 
reduce MOrg phytopatogenic multiplying. The 
paper presents the BIOp complex efficacy of 
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Abstract 
 
Bio-products are increasingly used in agricultural production owing to their multiple advantages: they decompose 
organic matter, enter in dynamics with the humus from soil, fix nitrogen (N) from the atmosphere, solubilize fixed 
nutrients by clay-humic complex, block Fe3+ i.e. This paper presents the results obtained from using a complex of bio-
products: GeoCell-1, GeoAgit CNPK-1 and AlgaSanBa. They were applied either alone or in a complex mixture. The 
subsequent increase in the grain yields was important. Thus, winter wheat varied between 210 and 1010 kg.ha-1 on 
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INTRODUCTION 
 
The positive development of biochemical 
processes in the agricultural environment may 
occur through the application of bio-products 
(BIOp) as active (El-Ghamry et al., 2009; 
Vajda, 2011). They are involved in obtaining 
more favorable conditions in  the soil-plant 
system annual growth rate (Brolan, 1995; 
Berca, 1999). Their place is seen as 
complementary and joins the complex 
processes that occur in proper agrichemical soil 
dynamics as a whole (Vessey, 2003; Rusu et 
al., 2005). If carefully selected, they could raise 
all the specific processes involved (Tipping & 
Hurley, 1992; Sabbah et al., 2004). One of 
them refers to rotting vegetation. Under the 
current circumstances, all crop waste is 
recycled. They accelerate their mineralization 
apart from ensuring humus dynamics, which is 
very important. Microorganisms (MOrg) 
involved in such transformations need ”food”, 
including nitrogen (N), in sufficient quantities. 
Thus, a significant amount of mineral N is 
consumed by MOrg, released after their 
decomposition and used in food plants and 
other MOrg. Another part is locked in the 
humus newly formed by MOrg. Atmospheric 
nitrogen fixation is performed exclusively by 

diazotrophic bodies. Some of them live freely 
in the soil (e.g. Azotobacter, Clostridium, 
Klebsiella), others form symbiosis with plants 
(Rhyzobium) or the rhizosphere of plants that 
live in associative symbiosis (Azospirillum). 
Nitrogen fixing bacteria of BIOp: Azotobacter 
vinelandii and Azospirillum brasilensae are 
very active and may fix 40-50 kg.ha-1 N. Some 
of the bacteria in BIOp enhances nutrients 
solubilization, mineralization and mobilization 
in the soil (Delgado et al., 2002). The selected 
bacterial strains solubilize insoluble inorganic 
phosphates and render it available to the plant. 
Pseudomonas fluorescens and Bacillus 
circulans can solubilize 50-60 kg.ha-1 P2O5. 
Phytohormones and enzymes selected by the 
bacteria increase nutrients uptake by plants 
(Katkat et al., 2009). This happens because of 
the incentive effect they have on the growth of 
the bacterial metabolites roots. The 
Azospirillum brasilensae increased surface 
sinks hairs on such plants as wheat, maize and 
sorghum.  
Another important advantage of MOrg is 
producing siderophores. These are organic 
compounds with small molecules that have the 
ability to bind (chelate) Fe3+ ions and thus 
reduce MOrg phytopatogenic multiplying. The 
paper presents the BIOp complex efficacy of 
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three main crop plants: winter wheat, sunflower 
and maize. 
 
MATERIALS AND METHODS 
 
Over the past two years we have established 
experiments on winter wheat, sunflower and 
maize crops in two locations: Fundulea and 
Pitești, with two different soil types. The bio-
products used were: GeoCell-1 isolated from 
the natural environment, which included 
bacterial strains type Cellvibrio, Streptomyces 
cellulosae, Pseudomonas fluorescens, for 
breaking down the cellulose in stubble, 
GeoAgit-CNPK-1 contained bacterial strains of 
type Cellvibrio, then Pseudomonas fluorescens, 
Bacillus circulans (both for phosphorus in 
soil), Streptomyces cellulosae (phytopathogenic 
fungi), Rhodococcus erythraeus (biostimu-
latory enzyme), Azospirillum brasilensae, 
Azotobacter vinelandii (both for nitrogen 
fixation), AlgaSanBa, foliar fertilizer 
containing Azotobacter chroococum and 
Pseudomonas fluorescens, 5*107 viable 
cells/ml, and green algae Chlamydomonas 
teinhardtii with Chlorella vulgaris 10%. 
Crop technologies were normal. Within these, 
the product GeoCell-1 was applied on plant  
debris fall kind maize residues for winter wheat 
crop and wheat residues for sunflower and 
maize crops, in a rate of 10 l.ha-1, with 
immediate plowing (Figure 1). 
 

 
 

Figure 1. GeoCell-1 application moment 
 

GeoAgit-CNPK-1 was applied together with 
seedbed preparation for sowing, 10 l.ha-1 
(Figure 2). 
AlgaSanBa was applied to plant vegetation in 
two treatments of 5 l.ha-1, as follows: on the 
first internode and straw forming of wheat, on 
5-6 leaves and flower button for sunflower, and 

4-5 leaves and before flowering (tasselring 
emergence) for maize.  
The three products were applied separately, in a 
combination of two and a mixture of three. 
 

 
Figure 2. GeoAgit-CNPK-1 application moment 

 
The surface variants were one 25 m2, 3-4 
replicates, arranged by block method. At 
maturity the plants were harvested by using the 
usual methods and grain yields were 
determined. The statistical calculation used was 
the variance analysis (Anova test).  
The data shown represents the average of the 
two years. In terms of fertility, the two soils 
had distinct differences (Table 1). 
 
RESULTS AND  DISCUSSIONS 
 
New bio-products in winter wheat crop 
(Figures 3 and 4) 
Compared to the untreated control (wheat was 
fertilized with basic N120 P100 at Fundulea and 
N100 P80 at Pitești), we obtained production 
increases in all the six variants with BIOp 
(Table 2). 
 

Table 1. Characterization of both types of soil fertility 
Character  Fundulea  Pitești  

Total carbon, % 1.87 1.45 
Total nitrogen, % 0.159 0.127 

PAL, mg.kg-1 20.2 18.7 
KAL, mg.kg-1 84.1 120.4 

pH 5.68 5.14 

 
Thus, at Fundulea, by applying the three 
products separately, production increased 
between 0.21 and 0.49 t.ha-1. At Pitești, under 
the same conditions, increases recorded 0.49-
0.71 t.ha-1. Maximum production was obtained 
from all three application of specific products, 
1.01 t.ha-1 at Fundulea and 1.43 t.ha-1 at Pitești. 
In general, given the soil fertility clues, at 
Fundulea the Glosa variety produced between 

 

 

5.05 to 6.06 t.ha-1 grains. At Pitești the Trivale 
variety produced between 4.18 and 5.61 t.ha-1, 
showing a moderately productive capacity of 

soil. Production levels were relatively high, 
wheat plants having good growing conditions. 

 
Table 2. BIOp* influence on winter wheat grain yields 

No. Treatment Rates, 
l.ha-1 

Fundulea, Glosa var.  Albota, Trivale var.  
t.ha-1 % Dif. t.ha-1 % Dif. 

1. Untreated - 5.05 100 - 4.18 100 - 
2. GeoCell-1 10 5.26 104 0.21 4.67 112 0.49 
3. GeoAgit CNPK-1 10 5.42 107 0.37 4.73 113 0.55 
4. AlgaSanBa 5+5 5.54 110 0.49 4.89 117 0.71* 
5. GeoCell+AlgaSanBa 10+(5+5) 5.76 114 0.71 4.99 119 0.81* 
6. GeoAgit+AlgaSanBa 10(5+5) 5.92 117 0.87* 5.11 122 0.93** 
7. GeoCell+GeoAgit+Alga 10+10+(5+5) 6.06 120 1.01** 5.61 134 1.43*** 
 LSD 5% = 

LSD 1% = 
LSD 0.1% = 

BIOp*, bio-products 0.73 
0.98 
1.27 

 0.62 
0.82 
1.08 

      
      

 
 

Figure 3. First moment of AlgaSanBa application in 
wheat 

 
 

 
 

Figure 4. Wheat flowering period 
 
Significantly increased productions in winter 
wheat were obtained with the variants 
GeoAgit-1+AlgaSanBa, 10+(5+5), and the 
combination of the three bio-products at 
Fundulea. At Pitești significant increases were 
obtained at AlgaSanBa (5+5), followed by the 
combination of two by two, and then the three 
ingredients. The higher wheat production 
obtained at Pitești could be explained by a 

stronger, very good reaction of the plants to 
these bio-products, given their need for 
somewhat higher levels of food. 
 
New bio-pruducts in sunflower crop 
(Figures 5 and 6) 
Being a plant demanding something more, 
including fertilizers, sunflower reacted 
specifically in the two sites of experimentation.  
Thus, bio-products untreated control (N140P90 at 
Fundulea, and N100P80 at Pitești) resulted in 
2.98 t.ha-1 at Fundulea and 2.06 t.ha-1 at Pitești 
(Table 3). However, in addition to the 
treatment with GeoCell-1, increased 
productions were obtained in all the other 
variants at Fundulea.  
At Pitești increases were statistically formed in 
the last two variants. Maximum of production 
was formed in both cases in the combination of 
the three bio-products by 6.91 t.ha-1 on fertile 
soil, and 2.69 t.ha-1 on luvisol. 
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three main crop plants: winter wheat, sunflower 
and maize. 
 
MATERIALS AND METHODS 
 
Over the past two years we have established 
experiments on winter wheat, sunflower and 
maize crops in two locations: Fundulea and 
Pitești, with two different soil types. The bio-
products used were: GeoCell-1 isolated from 
the natural environment, which included 
bacterial strains type Cellvibrio, Streptomyces 
cellulosae, Pseudomonas fluorescens, for 
breaking down the cellulose in stubble, 
GeoAgit-CNPK-1 contained bacterial strains of 
type Cellvibrio, then Pseudomonas fluorescens, 
Bacillus circulans (both for phosphorus in 
soil), Streptomyces cellulosae (phytopathogenic 
fungi), Rhodococcus erythraeus (biostimu-
latory enzyme), Azospirillum brasilensae, 
Azotobacter vinelandii (both for nitrogen 
fixation), AlgaSanBa, foliar fertilizer 
containing Azotobacter chroococum and 
Pseudomonas fluorescens, 5*107 viable 
cells/ml, and green algae Chlamydomonas 
teinhardtii with Chlorella vulgaris 10%. 
Crop technologies were normal. Within these, 
the product GeoCell-1 was applied on plant  
debris fall kind maize residues for winter wheat 
crop and wheat residues for sunflower and 
maize crops, in a rate of 10 l.ha-1, with 
immediate plowing (Figure 1). 
 

 
 

Figure 1. GeoCell-1 application moment 
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(Figure 2). 
AlgaSanBa was applied to plant vegetation in 
two treatments of 5 l.ha-1, as follows: on the 
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5-6 leaves and flower button for sunflower, and 

4-5 leaves and before flowering (tasselring 
emergence) for maize.  
The three products were applied separately, in a 
combination of two and a mixture of three. 
 

 
Figure 2. GeoAgit-CNPK-1 application moment 

 
The surface variants were one 25 m2, 3-4 
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maturity the plants were harvested by using the 
usual methods and grain yields were 
determined. The statistical calculation used was 
the variance analysis (Anova test).  
The data shown represents the average of the 
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had distinct differences (Table 1). 
 
RESULTS AND  DISCUSSIONS 
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(Figures 3 and 4) 
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fertilized with basic N120 P100 at Fundulea and 
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(Table 2). 
 

Table 1. Characterization of both types of soil fertility 
Character  Fundulea  Pitești  

Total carbon, % 1.87 1.45 
Total nitrogen, % 0.159 0.127 

PAL, mg.kg-1 20.2 18.7 
KAL, mg.kg-1 84.1 120.4 

pH 5.68 5.14 

 
Thus, at Fundulea, by applying the three 
products separately, production increased 
between 0.21 and 0.49 t.ha-1. At Pitești, under 
the same conditions, increases recorded 0.49-
0.71 t.ha-1. Maximum production was obtained 
from all three application of specific products, 
1.01 t.ha-1 at Fundulea and 1.43 t.ha-1 at Pitești. 
In general, given the soil fertility clues, at 
Fundulea the Glosa variety produced between 

 

 

5.05 to 6.06 t.ha-1 grains. At Pitești the Trivale 
variety produced between 4.18 and 5.61 t.ha-1, 
showing a moderately productive capacity of 

soil. Production levels were relatively high, 
wheat plants having good growing conditions. 

 
Table 2. BIOp* influence on winter wheat grain yields 

No. Treatment Rates, 
l.ha-1 
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t.ha-1 % Dif. t.ha-1 % Dif. 
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5. GeoCell+AlgaSanBa 10+(5+5) 5.76 114 0.71 4.99 119 0.81* 
6. GeoAgit+AlgaSanBa 10(5+5) 5.92 117 0.87* 5.11 122 0.93** 
7. GeoCell+GeoAgit+Alga 10+10+(5+5) 6.06 120 1.01** 5.61 134 1.43*** 
 LSD 5% = 

LSD 1% = 
LSD 0.1% = 

BIOp*, bio-products 0.73 
0.98 
1.27 

 0.62 
0.82 
1.08 
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stronger, very good reaction of the plants to 
these bio-products, given their need for 
somewhat higher levels of food. 
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Thus, bio-products untreated control (N140P90 at 
Fundulea, and N100P80 at Pitești) resulted in 
2.98 t.ha-1 at Fundulea and 2.06 t.ha-1 at Pitești 
(Table 3). However, in addition to the 
treatment with GeoCell-1, increased 
productions were obtained in all the other 
variants at Fundulea.  
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Figure 6. Sunflower flowering period 
 
It is noteworthy the hybrids we used played an 
important role in the yield seed formation. 
Thus, in the first location (Fundulea), the 
P64LE25 hybrids produced between 2.98 and 
3.71 t.ha-1. In the second place (Pitești), the 
hybrid LG 55.42 CL produced between 2.06 
and 2.69 t.ha-1. The climate was also important 
to a certain extent to all this as it had drought 
issues during flowering and deposition of 
substances in seeds. However, as bio-products, 
the new hybrids with high potential for 
production and drought resistance in varying 
degrees, resulted in good production levels. 
 
New bio-products in maize crop 
(Figures 7 and 8) 
The technologies used for maize crop were also 
normal, being agriculturally assured for a 
valuable level of N150P100 at Fundulea, and 
N120P100 at Pitești. Compared to wheat and 
sunflower, maize drought periods had a more 

important negative influence. Plants obviously 
suffered during blooming and grain filling. 
Therefore, the control untreated with bio-
products resulted in 5.88 t.ha-1 average levels in 
the first location, and 4.47 t.ha-1 in the second 
location (Table 4). In contrast, the treatment 
with bio-products, either single or in 
combination, resulted in significant increases in 
production.  
Increases were not statistically ensured at 
Fundulea, where we used three separate 
products.  
The combination of the two with the three 
complex led to ensured statistically grain 
production increases. At Pitești, the three bio-
products, applied both separately and as 
GeoCell+AlgaSanBa combination, recorded no 
significant production increases. Statistical 
increases were obtained in the  
GeoAgit+AlgaSanBa combination, and in the 
combination of three components. 
The maize hybrid used in both locations 
(Fundulea and Pitești) was P.9241, Aqua Maxx 
type. The largest production increases recorded 
6.91 t.ha-1 at Fundulea and 5.66 t.ha-1 at Pitești. 
However, given the production capacity of this 
hybrid that is valuable in yields obtained from 
untreated controls, the levels varied between 
5.88 and 6.91 t.ha-1 at Fundulea, and between 
4.47 and 5.66 t.ha-1 at Pitești. It is noteworthy 
that the use of new bio-products resulted in an 
improved feeding regime of the soil and plants, 
including by the treatment with AlgaSanBa 
product. 

 
Table 3. BIOp influence on sunflower seed yields 

 
No. The treatment Rates, 

l.ha-1 
Fundulea, P64LE25  Albota, LG 55.42 CL  

t.ha-1 % Dif. t.ha-1 % Dif. 
1. Untreated  - 2.98 100 - 2.06 100 - 

2. GeoCell-1 10 3.27 110 0.29 2.22 108 0.16 

3. GeoAgit CNPK-1 10 3.35 112 0.37* 2.30 112 0.24 

4. AlgaSanBa 5+5 3.40 114 0.42** 2.31 112 0.25 

5. GeoCell+AlgaSanBa 10+(5+5) 3.51 118 0.53*** 2.44 118 0.38** 

6. GeoAgit+AlgaSanBa 10(5+5) 3.57 120 0.59*** 2.52 122 0.46*** 

7. GeoCell+GeoAgit+Alga 10+10+(5+5) 3.71 124 0.73*** 2.69 131 0.63*** 

 LSD 5% = 

LSD 1% = 

LSD 0.1% = 

 0.30 

0.39 

0.51 

 0.27 

0.36 

0.46 

 
 

 

 

Table 4. BIOp influence on maize grain yields 
 

No. The treatment Rates, 
l.ha-1 

Fundulea, P 9241  Albota, P 9241  
t.ha-1 % Dif. t.ha-1 % Dif. 

1. Untreated - 5.88 100 - 4.47 100 - 

2. GeoCell-1 10 5.95 101 0.07 4.58 102 0.11 

3. GeoAgit CNPK-1 10 6.01 102 0.13 4.64 104 0.17 

4. AlgaSanBa 5+5 6.14 104 0.26 4.70 105 0.23 

5. GeoCell+AlgaSanBa 10+(5+5) 6.70 114 0.82* 4.92 110 0.45 

6. GeoAgit+AlgaSanBa 10(5+5) 6.79 115 0.91** 5.14 115 0.67* 

7. GeoCell+GeoAgit+Alga 10+10+(5+5) 6.91 118 1.03** 5.66 127 1.19** 

 LSD 5% = 

LSD 1% = 

LSD 0.1% = 

 0.61 

0.86 

1.23 

 0.66 

0.93 

1.32 

 
 

        
              Figure 7. First moment of AlgaSanBa in maize                             Figure 8. Maize flowering period 
 
CONCLUSIONS 
 
Considering the annual-seasonal dynamics in 
the soil, some processes can be improved by: 

- mineralization of humus and plant debris 
(as well as the entire organic material of 
the agricultural land); 

- nitrification with ammonia nitrogen 
(NH4

+), directly assimilated by plants; 
- oxidation of various reduced chemical 

forms; 
- solubilization of insoluble inorganic 

phosphates; 
- bioactivation of plants by combining 

micro-organisms and hormones, 
enzymes, as in the case of the bio-
products tested. 

Bio-products are recommended for the current 
agricultural practice. Winter wheat yield 
increases were between 0.2-1.01 t.ha-1 at 
Fundulea and 0.49-1.43 t.ha-1 at Pitești. 

Sunflower produced within the range 0.29-0.73 
t.ha-1 in the first place, and 0.16-0.63 t.ha-1 at 
the second location. The plant has provided 
better conditions for growth and development 
in Fundulea location (soil). 
Maize grain yields were obtained in addition 
0.07-1.03 t.ha-1 in Fundulea, and 0.11-1.19 t.ha-

1 in Pitești. Conditions in Pitești calls for 
significant levels of fertilizers including new 
bio-products. 
Of the three crops, winter wheat was more 
favorable, while sunflower and maize were 
affected by excessive drought periods. On these 
climate funds, bio-products tested proved the 
most useful contribution to the growth of grain 
production. Because of this, products GeoCell-
1, GeoAgit-CNPK-1 and AlgaSanBa 
recommended their use in farm fields. 
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Figure 6. Sunflower flowering period 
 
It is noteworthy the hybrids we used played an 
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the new hybrids with high potential for 
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degrees, resulted in good production levels. 
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Therefore, the control untreated with bio-
products resulted in 5.88 t.ha-1 average levels in 
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location (Table 4). In contrast, the treatment 
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combination, resulted in significant increases in 
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Increases were not statistically ensured at 
Fundulea, where we used three separate 
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The combination of the two with the three 
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production increases. At Pitești, the three bio-
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including by the treatment with AlgaSanBa 
product. 
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Abstract 
 
Linguatula serrata (Pentastomida: order Porocephalida, family Linguatulidae) is a cosmopolitan parasite inhabiting 
as adults the nasal passages and frontal sinuses of wild and domestic canids (dogs, foxes), which serve as definitive 
hosts. Cattle, sheep, goats, camels, rabbits, and other animals serve as intermediate hosts, in which fully developed 
nymphs, the parasitic stage infective for carnivores, are found encysted mainly in the mesenteric lymph nodes, lungs, 
liver, or serous membranes. Although man is accidental/aberrant host, the reports of human infection with this 
parasite, as visceral or nasopharyngeal (“Halzoun” or “Marrara syndrome”) linguatulosis is not uncommon, 
particularly in the Middle East where high infection rates are registered. Here we report a case of Linguatula 
serrata infection in a dog rescued from a suburban area, in southern Romania. The dog was an approximately 6-
months-old male of mixed breed which had a history of free-roaming life and which had been rescued by the dog 
owner in late November, 2012. Several months later, on March 2013, about few days after a treatment with a 
macrocylic lactone (ivermectine), the dog had expelled by sneezing several worm-like parasites. The parasite 
specimens were morphologically identified as adults of L. serrata. The epidemiological aspects of linguatulosis and 
potential risks of public health and veterinary concern are discussed. 
 
Key words: Linguatula serrata, dog, Romania. 
 
INTRODUCTION  
 
Linguatula serrata is a cosmopolitan parasitic 
species of the phylum Pentastomida (order 
Porocephalida, family Linguatulidae).  
The Phylum Pentastomida comprises a group 
of obligatory endoparasites of the respiratory 
tract and other organs / body cavities of 
tetrapod (particularly reptiles) vertebrates 
(Soulsby, 1982). Most pentastomids have an 
indirect life cycle: reptiles, amphibians and 
mammals, also fish or insects, serve as 
intermediate hosts in which the primary larvae 
develop through several molts to the infective 
stage (nymphs) in different organs and 
associated lymph nodes. The definitive hosts - 
wild and domestic carnivorous become infected 
by eating tissues from the intermediate hosts 
containing encysted infective stages 
(Christoffersen and De Assis, 2013).  
L. serrata, commonly called tongue worm, 
inhabits as adults the nasal passages and frontal 
sinuses of wild and domestic canids (dogs, 
foxes), which serve as definitive hosts. Various  
 
 

mammalian herbivores, such as cattle, sheep, 
goats, camels, rabbits serve as intermediate 
host, in which fully developed nymphs, the 
parasitic stage infective for carnivores, are found 
encysted in the lymph nodes, liver, lungs, serous 
membranes (Riley, 1986). 
Although man is accidental host, the reports of 
human infection with this parasite is not 
uncommon, particularly in the Middle East 
(Yagi et al., 1996; Siavashi et al., 2002) where 
high infection rates in dogs are registered. 
(Oryan et al., 2008). 
Humans become infected either by ingesting 
the eggs of parasite, resulting encapsulated 
larvae in internal organs, causing visceral 
linguatulosis (Tappe and Büttner, 2009), or 
eating infective nymphs contained in raw or 
undercooked viscera of infected intermediate 
hosts, causing nasopharyngeal linguatulosis 
(Yagi et al., 1996; Siavashi et al., 2002).  
Here we report a case of L. serrata infection in 
a dog rescued from a suburban area, in 
Southern Romania. 
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Abstract 
 
Linguatula serrata (Pentastomida: order Porocephalida, family Linguatulidae) is a cosmopolitan parasite inhabiting 
as adults the nasal passages and frontal sinuses of wild and domestic canids (dogs, foxes), which serve as definitive 
hosts. Cattle, sheep, goats, camels, rabbits, and other animals serve as intermediate hosts, in which fully developed 
nymphs, the parasitic stage infective for carnivores, are found encysted mainly in the mesenteric lymph nodes, lungs, 
liver, or serous membranes. Although man is accidental/aberrant host, the reports of human infection with this 
parasite, as visceral or nasopharyngeal (“Halzoun” or “Marrara syndrome”) linguatulosis is not uncommon, 
particularly in the Middle East where high infection rates are registered. Here we report a case of Linguatula 
serrata infection in a dog rescued from a suburban area, in southern Romania. The dog was an approximately 6-
months-old male of mixed breed which had a history of free-roaming life and which had been rescued by the dog 
owner in late November, 2012. Several months later, on March 2013, about few days after a treatment with a 
macrocylic lactone (ivermectine), the dog had expelled by sneezing several worm-like parasites. The parasite 
specimens were morphologically identified as adults of L. serrata. The epidemiological aspects of linguatulosis and 
potential risks of public health and veterinary concern are discussed. 
 
Key words: Linguatula serrata, dog, Romania. 
 
INTRODUCTION  
 
Linguatula serrata is a cosmopolitan parasitic 
species of the phylum Pentastomida (order 
Porocephalida, family Linguatulidae).  
The Phylum Pentastomida comprises a group 
of obligatory endoparasites of the respiratory 
tract and other organs / body cavities of 
tetrapod (particularly reptiles) vertebrates 
(Soulsby, 1982). Most pentastomids have an 
indirect life cycle: reptiles, amphibians and 
mammals, also fish or insects, serve as 
intermediate hosts in which the primary larvae 
develop through several molts to the infective 
stage (nymphs) in different organs and 
associated lymph nodes. The definitive hosts - 
wild and domestic carnivorous become infected 
by eating tissues from the intermediate hosts 
containing encysted infective stages 
(Christoffersen and De Assis, 2013).  
L. serrata, commonly called tongue worm, 
inhabits as adults the nasal passages and frontal 
sinuses of wild and domestic canids (dogs, 
foxes), which serve as definitive hosts. Various  
 
 

mammalian herbivores, such as cattle, sheep, 
goats, camels, rabbits serve as intermediate 
host, in which fully developed nymphs, the 
parasitic stage infective for carnivores, are found 
encysted in the lymph nodes, liver, lungs, serous 
membranes (Riley, 1986). 
Although man is accidental host, the reports of 
human infection with this parasite is not 
uncommon, particularly in the Middle East 
(Yagi et al., 1996; Siavashi et al., 2002) where 
high infection rates in dogs are registered. 
(Oryan et al., 2008). 
Humans become infected either by ingesting 
the eggs of parasite, resulting encapsulated 
larvae in internal organs, causing visceral 
linguatulosis (Tappe and Büttner, 2009), or 
eating infective nymphs contained in raw or 
undercooked viscera of infected intermediate 
hosts, causing nasopharyngeal linguatulosis 
(Yagi et al., 1996; Siavashi et al., 2002).  
Here we report a case of L. serrata infection in 
a dog rescued from a suburban area, in 
Southern Romania. 
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MATERIALS AND METHODS 
 
A male dog, mixed breed, of approximately 6-
months-old, with a history of free-rooming life 
had been rescued by the dog owner form a 
suburban area, outside of Bucharest (Southern 
Romania), in late November 2012. Several 
months later, on March, 2013, the dog was 
presented in a veterinary clinic for consultation, 
due to a persistent nasal pruritus and skin 
lesions (depilation) observed on the head 
(around the mouth, nose, and eyes). 
Subsequently to the clinical examination, the 
dog was diagnosed with sarcoptic mange and 
treated by the vet with a macrocylic lactone 
(ivermectine), as the dog owner recalled. 
About several days after the treatment, the dog 
had expelled by sneezing several worm-like 
parasites and the dog owner asked the authors 
for help with its identification. 
The parasite specimens (n=4) were preserved in 
formalin and subjected for examination and 
species identification, using morphological 
keys (Soulsby, 1982; Taylor et al., 2007). 
Additionally, the owner was asked to bring also 
faecal samples from the dog for parasitological 
examination. Fecal samples were analysed as 
routinely for parasitic stages using flotation and 
sedimentation methods.   
 
RESULTS AND DISCUSSIONS 
 
At the clinical examination, the dog presented 
no any clinical signs, but minor skin lesions, 
such as depilation was still present around the 
nose and the mouth.  
Morphological examination of the parasites 
revealed specific features of adult L. serrata 
(Soulsby, 1982; Taylor et al., 2007):  
- the body whitish, transparent, elongate, with a 

tongue-like shape, slightly convex, and 
ventrally flattened, with a rounded anterior and 
pointed (narrow) posterior end; length from~4 
cm to 5 cm (Figure 1);  

- the cuticle showed rings and spicules (Figure 
2A);  

- on the anterior, ventral side were noticed 
curved hooks with sharp tips (Figure 2B).  

All four specimens were females.  
The fecal examination was negative for 
parasitic stages, including for L. serrata eggs. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Linguatula serrata: macroscopical view

Figure 2B. Linguatula serrata: [B] ventral anterior end:  
mouth (black arrow); 4 hooks (double red arrows)  

 (by stereomicroscopy) 

[B] 

[A]

Figure 2A. Linguatula serrata: cuticle with rings and 
spicules (by stereomicroscopy) 

 

Here we report a case of adult L. serrata 
infection in a dog with a history of a free-
roaming live and then rescued by the dog 
owner. Considering the free-roaming life history 
of the dog (stray dog rescued from a suburban 
area), it is assumed that the infection was by 
eating infected viscera very likely from animals 
found dead on the field; as well, the dog might 
had been fed with infected animal viscera. 
In favour of this assumption, the life cycle of L. 
serrata will be briefly described.  
Dogs are the typical definitive hosts of L. 
serrata, while a wide range of mammals act as 
intermediate hosts; of them, herbivores, mainly 
ruminants such as cattle, sheep, goats, camels, 
are frequent the best hosts for the nymphal 
stage development of the parasite, causing 
visceral linguatulosis (Riley, 1986).   
The adults are large parasites, ranging in 
length from 1.8-2 cm in males, and from 3 to 
13 cm in females (Taylor et al., 2007). They 
firmly attach to the mucosa of the nasal 
passages, causing nasal obstruction and 
chronic rhinitis (nasal discharge, sneezing) 
(Mitrea, 2011; Bonagura and Twedt, 2013). 
Females excrete per day thousands embryonated 
eggs (Mehlborn, 2008). The eggs have an ovoid 
shape, a brownish to yellowish colour, and 
measure about 70x90 μm (Taylor et al., 2007).  
The eggs are expelled by the definitive host 
(dog) either with nasal secretions (by coughing 
or sneezing) or in the faeces. Eggs, ingested by 
the herbivorous intermediate host, accidentally 
by humans, pass into gut where they hatch; 
then, the larvae migrate to the mesenteric 
lymph nodes and different viscera (lung, liver, 
etc.) where, after a number of moults (lasting 
up to five - six months), reache to nymphal 
stage. The nymphs encyste, become 
encapsulated, and may stay alive in the 
intermediate host for at least two to three years 
(Soulsby, 1982).  
In the intermediate host, nymphal stages grow 
up to 6 mm; they have four hooks, mouth, 
annular rings, and spines (Riley, 1986).  
The definitive host becomes infected by 
consuming the infected viscera from 
intermediate hosts (Soulsby, 1982).  
Following ingestion, the nymphs migrate to 
the nasal passages where the final moult 
occur and reach maturity within six-seven 

months; their longevity is about 15 months 
(Taylor et al., 2007).  
Therefore, in this report, the absence of the 
parasite eggs from the dog faeces might be 
explained by the fact that the parasites had no 
reached the reproduction maturity, since the 
age of the dog was about 5-6 months.  
The geographical range of L. serrata is almost 
global, but predominantly prevalent in warm 
tropical, and subtropical regions, where high 
infection rates are registered. Prevalence 
studies of L. serrata in different herbivorous 
have reported high infection rates in goats 
(50.75%), sheep (42.69%), cattle (36.62%), and 
buffaloes (26.6%), in North West of Iran 
(Rezaei et al., 2011); 10% in sheep in Turkey 
(Aldemir et al., 2014).  
Similar studies showed that 37.45% of client 
owned dogs in Nigeria were infected with L. 
serrata (Oluwasina et al., 2014), and from 
27.83% to 76.2% of dogs in different parts of 
Iran (Rezaei et al., 2011; Oryan et al., 2008). 
The close contact between dogs and livestock 
explains the greater rates of infection in 
intermediate hosts (herbivorous, mainly 
ruminants) (Rezaei et al., 2011).    
It is known that also close contact to L. serrata 
infected dogs and their secretions predispose 
humans to infection. As mentioned before, man 
might serve as accidental intermediate hosts 
(visceral linguatulosis), when ingesting the eggs 
(Tappe and Büttner, 2009). Intraocular infections, 
caused by L. serrata tongue worm, even 
extremely rare, have been described, including in 
Europe, such as one from Portugal and one, 
recently from Austria (Koehsler et al., 2011).  
Humans can also serve as aberrant final hosts 
(nasopharyngeal linguatulosis) after ingesting 
raw or under-cooked viscera (liver, lungs, 
trachea) of infected intermediate hosts. The 
nasopharyngeal linguatulosis appears to be 
prevalent throughout the Middle East, where it 
is known as “Halzoun syndrome” (Siavashi et 
al., 2002) or as “Marrara” in Sudan. It is states 
that, in some areas of Sudan, up to 20% of the 
population might be affected (Yagi et al., 
1996). These syndromes are associated with 
some popular, local or traditional dishes 
prepared from raw offal/meat. 
In Romania, there are some reports on the 
visceral linguatulosis in ruminants. High 
prevalence rates for L. serrata nymphs 
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infection in the mesenteric lymph nodes of 
slaughtered domestic ruminants from 
Transilvania region have been reported in goats 
(up to 60.5%), cattle (47.4%), sheep (40.7%), 
and buffaloes (25.5%) (Negrea et al., 2010).  
However, in dogs, only sporadic clinical cases, 
or accidental findings during of necropsy are 
reported (Dulceanu et al., 1996; Negrea, 2008). 
Therefore, the overall prevalence of L. serrata 
in Romanian dogs is very likely to be 
underestimated.  
Considering the medical history of the dog in 
the present case, it may be assumed that the 
parasites were expelled subsequently to the 
ivermectin (a systemic macrocyclic lactone) 
treatment.  
However, when searching in the literature, 
information is scarce about treatment of 
linguatulosis.  
Usually, physical/surgical removal of the 
parasites is recommended for heavily infected 
dogs. Although, the sneezing may also provoke 
expelling of the worms, systemic insecticides 
could be also considered (Taylor et al., 2007; 
Bonagura and Twedt, 2013).  
In this respect, a field study showed that 
ivermectin is an effective agent against a 
related species, Linguatula arctica, in reindeer, 
and possibly against other pentastomids 
because of their similar arthopodal nerve 
system (Haugerud et al., 1993).  
However, treatment of cattle, sheep or other 
livestock with parasiticides against tongue 
worms is usually not practiced, as they cause 
no economic damage (Taylor et al., 2007). 
Therefore, management of linguatulosis relies 
mostly in preventative measures. Prevalence 
studies on L. serrata infection in the definitive 
(dogs) and intermediate hosts (especially 
ruminant animals) are of epidemiological 
relevance, and could represent a basis for 
developing and applying control program and 
measurements.  
Moreover, these data and further investigations 
are necessary to be able not only to estimate the 
risks in the both endemic and non-endemic 
areas, but also to avoid an introduction of 
parasites, as it was reported for imported dogs 
(Gjerde, 2013) and to help of preventive 
measures. 
 
 

CONCLUSIONS  
 
This case report indicates that dogs with free-
roaming life (i.e. stray dogs), having access to 
infected animal offal, have a higher risk for L. 
serrata infection. Subsequently, an infected 
dog become a potential source of infection and 
pose public health and veterinary concern, 
mainly in endemic areas. 
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Abstract 
 
Agriculture is one of the main axis of our national economy, but it can get further improvement not only in 
environmental level but also for the human resources who consist it. The main purpose of this study was to examine 
the behavior of organic farms managers. Specifically producers’ demographics were investigated through a 
questionnaire. The results of this study indicates that the majority (87.76%) of the organic farmer managers are 
male. As for the educational level, the majority of farmers were high school graduates and their age comes close to 
an average of approximately 43 years old. Furthermore the main source of income (83.67%) for organic farm 
managers proves to be agriculture. In addition we examine the farmers’ opinion on the necessity of subsidies and 
potential obstacles acquiring organic certification. The recorded percent of the organic farmers responded 
positively to the necessity of the subsidies is 42.9%. The study also presents the main given products in organic open 
farmers’ markets and the cultivation characteristics such as land, fertilization and distribution of the cultivated 
products. The majority of the products that sold in organic open markets are vegetables followed by olive oil and 
legumes. An important feature of this study, also linked to the attempt to convert the current mode of production into 
a closed farm management system, corresponds to the percentage of organic farm managers who rear farm animals 
in an organic way as well (32.65%). 
 
Key words: Distribution, Greece, Organic Agriculture, Organic open farmers’ markets, Closed farm management 
system. 
 
INTRODUCTION  
 
Throughout the world, a genuine concern 
exists over the increased use of chemicals in 
conventional agriculture, due to 
environmental pollution and public health 
problems for both producers and consumers 
(Rigby et al., 2001).  
In several countries, programs have been 
developed to reduce the use of pesticides, 
fertilizers and other chemicals in order to 
make agriculture more environmentally 
friendly and sustainable for the future 
(Edward et al., 1989). Towards this direction 
organic farming emphasizes on a sustainable 
agro-ecosystem management that uses the 
locally- derived renewable resources to solve 
many key problems related to conventional 
agriculture in modern societies (Lampkin et 
al., 1997).  
In Greece more and more farm managers 
convert their cultivating methods to organic, 

taking into consideration the environmental 
protection, their own health and the constantly 
increasing consumers’ demand on organically 
cultivated products (Krystallis et al., 2006).  
Therefore it is observed that an ongoing 
growing number of young-highly educated 
group of people turns to organic farming 
(Aggelopoulos et al., 2010) and distribute 
their products to organic open farmers’ 
markets. In this way they manage to sell their 
products in higher prices than conventional 
ones.  
Advanced prices combined with subsidies can 
offer to organic farm managers’ a satisfying 
benefit.  
We conclude that organic farming creates 
more job opportunities either for members of 
the family or for employed personnel. All 
above attempt to approach the profile of the 
human resources involved in the organic 
agriculture sector in Greece. 
 

  

MATERIALS AND METHODS  
 
Data were collected by personal interviews in 
organic farmers’ markets in the city of 
Athens, by completing questionnaires from 
November 10, 2013 to January 20, 2014. 
Quantitative research was used to describe the 
collected data of a population related to the 
studied subject, using quantification methods 
and statistical analysis in interpreting the 
results.  
The total number of questionnaires obtained is 
49. It has to be noted that the questionnaire 
consisted of open and closed type questions, 
while the method followed was personal 
interview. 
 
RESULTS AND DISCUSSIONS 
 

 
Figure 1. Organic Farmers’ Sex 

Source: Own Calculation 
 
The results of this study indicate, that the 
majority of the organic farmer managers are 
male (Figure 1). Traditionally Greek women 
don’t usually choose this profession 
(Gidarakou et al., 2007) but they occasionally 
help the cultivation process as members of the 
family in parallel with either another 
profession or housekeeping. 
As for the educational level (Figure 2), the 
majority of farmers were high school 
graduates. It is noteworthy that the percentage 
of compulsory education graduates is zero. 
Another striking set of statistics relate to 
educational level is that approximately 34.7% 
of the respondents, hold a degree from a 
Technological Institute, University or a Master 
degree. 

 
 

Figure 2. Educational Level 
Source: Own Calculation 

 
This indicates the tendency that although 
farmers hold a degree in different specialties 
(Bryden et al., 2011), they have consciously 
chosen this profession, mainly because of the 
high rates of unemployment and the land 
occupation. 
 

 
Figure 3. Age of the respondents 

Source: Own Calculation 
 
In Figure 3 it is shown that the farmers’ age 
was within a wide range (from 21 to 73 years 
old), with an average of approximately 43 
years old.   
This noticeable feature shows that the age of 
the people involved in the agricultural sector 
in Greece remains high but with a declining 
trend compared to the past (Lampkin et al., 
1997). 
The main source of income for organic farmer 
managers is agriculture (Figure 4). This states 
that apart from the main source of income, 
farming is a professional choice and not an 
additional income. 
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Figure 4. Respondents’ Other Income Examination 

Source: Own Calculation 
 

 
Figure 5. Necessity of subsidies 

Source: Own Calculation 
 
As can be seen from the Figure 5, 42.9% of the 
organic farmers responded positively to the 
necessity of the subsidies. On the other hand 
57.1% of the respondents believe that 
subsidies are not necessary as the amount of 
the subsidies is low and there are many delays 
in the payments. 
 

 
Figure 6. Difficulties in entering to Organic Agriculture 

Certification Program 
Source: Own Calculation 

 

As shown in Figure 6 and as far as the 
difficulties in certification are concerned, the 
majority of the respondents state that they 
didn’t face any kind of obstacles. The farmers 
who faced problems claim that the main 
obstacles are bureaucracy and delays in issuing 
their certificates. 
 

 
Figure 7. Main Products 

Source: Own Calculation 
 
A noticeable feature of the Figure 7, is that the 
majority of the products that sold in organic 
open markets are vegetables which are more 
than twice as many as the next most popular 
products shown, olive oil and legumes. 
 

 
Figure 8. Animal Rearing 

Source: Own Calculation 
 
The data provided by the Figure 8, 
demonstrate that many organic farmer 
managers (32.65%), rear farming animals. The 
majority of these farmers made clear that they 
use the manure produced by their animals in 
order to fertilize their crops as they are aiming 
to create a whole close farm management 

  

system (CAC, 2004). Furthermore, by 
applying these cultivating techniques they 
manage to reduce the production cost. 
 

Table 1. Crop characteristics, allocation  
of labor and product distribution 

 Tree 
Crops Vegetables Legumes 

Farmers 32 27 6 

Land (ha) 5.2 7.1 3.7 

Labor 
Personal 
or Family 55% 45% 40% 

Employed 45% 55% 60% 

Distribution 
Open 

Markets 60% 85% 85% 

Wholesale 40% 15% 15% 

 Source: Own Calculation 
 
The Table 1 demonstrates that the majority of 
organic farm managers of the speciment 
choose to cultivate tree crops, following by 
vegetables and legumes. On the contrary the 
highest average land cultivation corresponds to 
vegetables and the lowest to legumes. 
Moreover from Table 1, can be seen that the 
highest level of personal or family labour 
observed in tree crop cultivation (55%), 
followed by vegetables (45%) and legumes 
(40%). Consequently employed labour 
necessity is higher in legumes than in the other 
crops. Last but not least producers of all three 
kind of cultivation distribute the largest 
amount of their products in organic open 
farmers’ markets and the remaining amount 
through wholesale. 
 

Table 2. Fertilization characteristics 

 Tree 
Crops Vegetables Legumes 

Fe
rti

liz
at

io
n 

M
an

ur
e 

Farmers’ 
Percentage 84.37% 85% 35% 

Average 
Quantity 
(kg/ha) 

1,630 6,000 2,000 

Co
m

po
st 

Farmers’ 
Percentage 33% 33% 35% 

Average 
Quantity 
(kg/ha) 

1,122 3,500 2,000 
O

rg
an

ic
 Farmers’ 

Percentage 80% 85% 85% 

Average 
Quantity 
(kg/ha) 

234 1,000 1,000 

 Source: Own Calculation 

As far as the fertilization is concerned (Table 
2) the majority of the farm managers, who 
cultivate tree crops in their farms, use manure 
and organic preparations. The same tendency 
in fertilization is observed at the farmers who 
cultivate vegetables in contrast with the 
legumes cultivators who use mainly organic 
preparation instead of compost and manure. 
  
CONCLUSIONS 
 
To conclude the results of this questionnaire 
rebound to the fact that the majority of the 
organic farm managers are of male sex. 
Features from recent researches, were also 
confirmed by this study, indicating that more 
and more young producers with high level of 
education are involved in organic agriculture 
as the average age of farm managers in the 
organic sector is slightly dropped. It should be 
also mentioned that the farm managers used to 
cultivate more than one crops (olive-citrus, 
citrus-vegetables etc.) to extend the 
production and enhance their purchasing 
power.  
Our results revealed that, the majority of the 
organic products are distributed in organic 
open markets and most of the farmers use 
provided preparations in combination with 
several agronomic practices such as tillage in 
order to fertilize and protect their crops 
against pests and pathogens. Moreover under 
a financial point of view, the prices of organic 
products are higher than conventional 
derivatives. In recent years the difference in 
prices fall significantly, as farmers extent their 
products’ distribution to alternative market 
channels. As so organic cultivation when it is 
coupled with subsidies can provide a more 
profitable income to organic farm managers. 
The organic cultivation methods contribute to 
environmental protection, the rational use of 
natural resources, reduced energy 
consumption and improve farmers’ and 
consumers’ health. Organic farming creates 
more job opportunities either for members of 
the family or for employed personnel. As a 
result organic agriculture can provide an 
economical improvement strategy to a 
national level in order to overcome the current 
economical crisis. It is also appearing the 
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attempt to convert the current mode of 
production into a closed farm management 
system. Representative of this attempt is the 
rearing of farm animals also in an organic 
way. 
In Greece the future of organic farming can 
have an optimistic prospective as long as all 
the participant members, such as the state, the 
university community, organic farmers, 
certification organizations, retailers and 
consumers can provide an organized and 
collective action. 
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Abstract 
 
Plantago lanceolata L. is used as astringent, anti-inflammatory, immunoregulatory, antispasmodic, expectorant, emol-
lient, topical anodyne, antibacterial for cuts, bruises and abscesses. These pharmacological properties are due to its 
complex chemical composition: iridoid glycosides, polysaccharides (plantaglucide, glucomannon), terpenoids, couma-
rins, lignans, caffeic acid derivatives, polysaccharides, flavonoids, flavone glycosides and other constituents, like allan-
toin. In this paper, antioxidant activity, qualitative and quantitative determination of some active components (flavo-
noids, polyphenols, and polyphenols carboxylic acids) are evaluated, taking into account the biological properties. 
Antioxidant properties were evaluated by chemiluminescence (CL) technique in system generator based at 5-amino-2.3-
dihydrophthalazine-1.4-dione and hydrogen peroxide, in alkaline medium and DPPH (2.2-diphenyl-1-picrylhydrazyl) 
method. The total flavonoids, polyphenols content and polyphenol carboxylic acids was spectrophotometrically deter-
mined according to Romanian Pharmacopoeia (FR). In addition, the qualitative biochemical fingerprint was investigat-
ed by mass spectrometry LC-ESI-MS. The mass spectral data and amount of active components (flavonoids, polyphe-
nols, polyphenols carboxylic acids) demonstrated the chemical structural complexity. The results of the chemilumines-
cence in vitro tests revealed that the Plantago lanceolata L. extracts exhibit  high antioxidant activity (84-96%), being 
in accordance with the value provided by DPPH free radical scavenging assay. Also is established a dependence di-
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INTRODUCTION  
 
Herbal antioxidants can protect the human 
body from destructive effect of oxidative stress, 
whose potential cause in diseases such as:  
atherosclerosis, ischemic heart diseases, 
diabetes mellitus, cancer, neurodegenerative 
diseases and others, is well known and already 
proven (Pryor, 1991; Young, 2001).  
These arguments justify entirely the continuous 
growth of the scientific interest in natural 
antioxidants, increasingly more use in 
obtaining new pharmaceutical and 
dermatocosmetics products.  
Among the medicinal species of therapeutic 
interest is included Plantago lanceolata L. 
which is a species of the genus Plantago in the 
Plantaginaceae botanical family originated 

from Europe, widely spread throughout the 
world. Plantago lanceolata L. is a common 
perennial weed of arable fields and grassland 
abundant throughout Europe, North and Central 
Asia.  
It is native in grassy places on neutral or basic 
soils (Bond et al., 2007).  
The complex chemical composition of 
Plantago lanceolata L. species is represented 
by a series of categories of substances, among 
which the main components are: iridoid 
glycosides, polysaccharides (plantaglucide, 
glucomannan), flavonoids and flavone 
glycosides, phenolic carboxylic acids, alkaloids 
(indicain, plantagonin), terpenoids (loliolide, 
ursolic acid, oleanolic acid (Figure 1a) and 
other constituents, like allantoin (Figure 1b) 
(Beara et al., 2012). 
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Abstract 
 
Plantago lanceolata L. is used as astringent, anti-inflammatory, immunoregulatory, antispasmodic, expectorant, emol-
lient, topical anodyne, antibacterial for cuts, bruises and abscesses. These pharmacological properties are due to its 
complex chemical composition: iridoid glycosides, polysaccharides (plantaglucide, glucomannon), terpenoids, couma-
rins, lignans, caffeic acid derivatives, polysaccharides, flavonoids, flavone glycosides and other constituents, like allan-
toin. In this paper, antioxidant activity, qualitative and quantitative determination of some active components (flavo-
noids, polyphenols, and polyphenols carboxylic acids) are evaluated, taking into account the biological properties. 
Antioxidant properties were evaluated by chemiluminescence (CL) technique in system generator based at 5-amino-2.3-
dihydrophthalazine-1.4-dione and hydrogen peroxide, in alkaline medium and DPPH (2.2-diphenyl-1-picrylhydrazyl) 
method. The total flavonoids, polyphenols content and polyphenol carboxylic acids was spectrophotometrically deter-
mined according to Romanian Pharmacopoeia (FR). In addition, the qualitative biochemical fingerprint was investigat-
ed by mass spectrometry LC-ESI-MS. The mass spectral data and amount of active components (flavonoids, polyphe-
nols, polyphenols carboxylic acids) demonstrated the chemical structural complexity. The results of the chemilumines-
cence in vitro tests revealed that the Plantago lanceolata L. extracts exhibit  high antioxidant activity (84-96%), being 
in accordance with the value provided by DPPH free radical scavenging assay. Also is established a dependence di-
rectly proportional to the content of polyphenolic compounds found in herbal extracts with level of antioxidant activity. 
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Figure 1a. Chemical structure a) oleanolic acid 
 

 
Figure 1b. Chemical structure b) allantoin 
 

Iridoid glycosides are representative 
compounds class that include: aucubin (Figure 
2a), and catapol (Figure 2b), as the main 
compounds, as well as asperuloside, globularin, 
gardoside (Figure 2c), geniposidic acid (Figure 
2d), mayoroside, melittoside (Figure 2e) and 
desacetylasperuloside acid methylester.  
 

 
Figure 2a. Chemical 
structure  Aucubin 

Figure 2b. Chemical 
structure Catapol 

 
 

 
                                   

 

 
Figure 2c. Chemical 
structure Gardoside 

 

Figure 2d. Chemical 
structure Geniposidic 

acid 

 
 

Figure 2e. Chemical structure melittoside 
 
The antioxidant properties of herbal products 
are mainly attributed to phenolic compounds 
such as flavonoids and polyphenolic derivates 
(cinnamic acid, p-coumaric acid, syringic acid, 
vanillic, salicylic acid), compounds that are 
found in the leaves of Plantago lanceolata L. 
(Beara et al., 2012). 
Among these we could mention apigenin, 
balcalein and luteolin as well as their 
derivatives with the main compounds apigenin-
6.8-di-C-glucoside and luteolin-7-O-
glucuronide, luteolin-7-O-glucoside and 7-O-
glucuronide-3'-glucoside, in addition to the 7-
O-glucuronyl-glycosides of apigenin and 
luteolin, apigenin-7-O-glucoside and 7-O-
glucuronide (Kuhn et al., 2000). Among 
phenolic carboxylic acids could be mentioned: 
p-hydroxybenzoic acid, protocatechnic, 
gentisinic, chlorogenic and neochlorogenic acid 
and others. Inorganic constituents include 1% 
salicylic acid and mineral salts high in zinc and 
potassium (Wichtl, 2004). 
Due to the above mentioned chemical com-
position, Plantago lanceolata L. has multiple 
and complex pharmacodynamic actions. The 
extracts obtained from the leaves of this plant, 
Plantago lanceolata L. are used as vaso-
constrictor, antacid, diuretic, emollient, topical 
anodyne, connective tissue tonic, astringent, 
anti-inflammatory (Samuelsen, 2000), anti-
spasmodic (Fleer, 2007) antihemorrhagic, 
expectorant, demulcent, antibacterial (Andary 
et al., 1982), immunoregulatory (Huang et al., 
2009) mild laxative (Duke, 1992) hepato-
protector (Chang, 1984; Yang, 1983), promotes 
uric acid excretion, and strong superoxide 
anion scavenger and antioxidant  (Zhou et al., 
1991; Heimler et al., 2007; Gálvez et al., 2003). 
The liquid extract and the pressed juice of fresh 
plantain herb possess proven bacteriostatic and 
bactericidal effects due to the iridoid glycoside 

 

(especially aucubin compound) and tannin 
content. The mucilage from the leaves has a 
soothing and anti-inflammatory effect on the 
lower respiratory tract. The exact mechanism is 
not clear (Stewart, 1996). Due to the 
complexity of herbal extracts composition, 
separating each compound with potential 
antioxidant properties and studying it 
individually is hard and inefficient. In addition, 
there might be synergistic interactions among 
the antioxidant compounds, important aspect 
mentioned in numerous scientific papers 
(Huang et al., 2005). Several studies develop 
methods for investigating the antioxidant 
properties, such as: ferric reducing antioxidant 
power (FRAP) assay, Trolox equivalent 
antioxidant capacity (TEAC), DPPH (diphenyl-
p-picrylhydrazyl radical), oxygen radical 
absorbance capacity (ORAC), 
chemiluminescence (CL), to name a few 
(Miser-Salihoglu al., 2013). These methods are 
being applied by the food, pharmaceutical and 
cosmetic industries. 
In this paper we focused on investigating the 
antioxidant activity by CL method and checked 
by DPPH technique. The fundamental 
chemistry of CL assays is based on the reaction 
of radical oxidants with marker compounds to 
produce excited state species that emit 
chemiluminescence (chemically induced light). 
Any compounds that react with the initiating 
radicals inhibit the light production. CL is light 
produced by a chemical reaction.  
Chemiluminescence assays, covering a great 
variety of applications in human and veterinary 
medicine, forensic medicine, agriculture and 
food industry. The use of CL as a detection 
principle permits antioxidant capacity 
determination of various compounds at low 
concentrations. Moreover, CL emission 
intensities are sensitive in the first place to the 
generator system of chemiluminescence as well 
as to a variety of environmental factors such as 
temperature, solvent, ionic strength, pH, and 
other species presented in the system (Baeyens 
et al., 1998). 
In this work the main goals consisted in the 
following:  (1) to determine the qualitative and 
quantitative biochemical profile; (2) to deter-
mine the antioxidant activities of various ex-
tracts of Plantago lanceolata L. by chemilumi-
nescence method; (3) to compare the antioxi-

dant activity of several pure phenolic com-
pounds namely quercetin, apigenin, rutin, feru-
lic acid, caffeic acid, chlorogenic acid and al-
lantoin (widely distributed in Plantago lanceo-
lata L.); (4) to compare the antioxidant activity 
by two methods: chemiluminescence and 
DPPH technique. 
 
MATERIALS AND METHODS  
 
Plant materials. The Plantago lanceolata L. 
are commercial samples, obtained from 
FARES: S.C. Romania.  
Chemicals. Aluminium chloride, Sodium 
acetate, Folin-Ciocalteu phenol reagent, Arnow 
reagent, ethanol, methanol, acetic acid, ethyl 
acetate, acetone, rutin, quercetin, apigenin, 
chlorogenic acid, caffeic acid, ferulic acid, 
gallic acid,  allantoin were purchased from 
Sigma-Aldrich and ultrapure water (Millipore 
water system). 
Reagents for antioxidant activity/radical 
scavenging activity determination: luminol (5-
amino-2.3-dihydro-1.4-phthalazinedione-H2O2) 
in buffer TRIS-HCl, at pH 8.6 (chemilumines-
cence methods) and  DPPH  (2.2-diphenyl-1-
picrylhydrazyl).  
Equipments. Soxhlet system for crude 
extracts, Spectrophotometer UV-Vis, Jasco V-
570, for DPPH method and quantitative 
determination of flavonoids, polyphenols, 
polyphenol-carboxylic acids. Centrifuge EBA 
20 Hettich-Germany. Digital Rotary Evaporator 
RE100-Pro LCD (Dragon Laboratory 
Instruments Limited), Chemiluminometer 
(Sirius Luminometer Berthelot - GmbH 
Germany): for antioxidant activity 
measurements by chemiluminescence tehnique 
(CL). 
The selective herbal extracts from Plantago 
lanceolata L. specie 
Plant leaves were extracted with 50% (w/v) 
ethanol. A mass of 100 g of dry herb was added 
to 500 ml of solvent and was stirred up in a 
glass flask tightly closed for 45 minutes. Then, 
1000 ml of solvent was added and stirred up for 
another 45 min and finally Soxhlet extraction 
was carried out. After the extraction procedure 
achieved in a Soxhlet installation (4 extractive 
cycles), the vegetal material used was removed, 
and the combined filtrates (crude extract PL1) 
were processed by vacuum concentration 
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(Digital Rotary Evaporator RE100-Pro LCD, 
equipped with a constant temperature water 
bath) until obtaining a residue which was 
passed through successive precipitations with 
different solvents. The processing for obtaining 
selective extracts of Plantago lanceolata L. 
was carried out further by applying 
technological operations of centrifugation, 
filtering at low pressure and purification. The 
technological methods of extraction and 
separation have led to the obtaining of three 
selective herbal extracts (PL2, PL3, PL4) with 
aspect of fine powder, green brown color, non-
hygroscopic.   
Samples (PL2, PL3, PL4) have been obtained 
by variation of the operational parameters, 
specific to each stage mentioned above, in 
accordance with Table 1.  
 

Table 1.  Processing  the  extract  
of  Plantago lanceolata  L. 

 
Samples PL2 PL3 PL4 

Temperature of con-
centration (°C) 35 50  65 

Speed of concentra-
tion (rpm) 100 300 600 

Solvent  of  precipita-
tion 

Acidified 
Ethanol Ethyl acetate Acetone 

Ratio of precipitation 
(w/v) 1: 20 1:5 1:10 

Time of centrifugation 
(min) 30 40 20 

Speed of centrifuga-
tion (rpm) 6000 3000 6000 

 
Qualitative analysis (LC-ESI-MS analysis). 
Qualitative information was gathered using a 
mass spectrometer instrument LCMS Shimadzu 
2010 EV, consisting of a single quadrupole 
analyser and a diode array detector, operated in 
the positive electrospray mode and by direct 
infusion of sample. Ion source parameters were 
as follows: capillary voltage 1.5 kV, interface 
voltage 2.5 kV, source temperature 1200C, 
desolvation temperature 2500C, nitrogen gas 
flow 1.5 l/min and the sample injection flow 
rate of 10 µl/min.  The acquisition was made by 
single ion monitoring, from 200 to 700 m/z (of 
ions of interest: 271, 288, 347, 355, 363, 433, 
449, m/z). Sample solutions were filtered with 
a 0.45-μm (pore size) disposable syringe filter 
(Sigma-Aldrich).  
Quantitative analysis: the total flavonoids and 
polyphenols content, polyphenolcarboxilic 
acids and the specific physical-chemical 
indicators were performed according to the FR 

X (Romanian Pharmacopoeia, 1993; Ciulei et 
al., 1995). 
 
Antioxidant activity 
CL method. The antioxidant activity (AA%) of 
samples (PL1, PL2, PL3, PL4) has been 
determined and compared with standards: 
quercetin, apigenin, rutin, ferulic acid, caffeic 
acid, chlorogenic acid and allantoin (Sigma-
Aldrich).  
Chemiluminescence in vitro tests (CL), was 
applied using luminol - H2O2 as generator 
system, in an alkaline buffer solution TRIS-
HCl, pH=8.7 by using Sirius Luminometer 
Berthelot-GmbH Germany. 5-amino-2.3-
dihydro-1.4-phthalazinedione has the role of 
amplifier of light in the chemiluminescence 
system for to increase the detection sensitivity 
of reactive oxygen species. The antioxidant 
activity of samples was calculated by using the 
relation (Iftimie et al., 2004;  Barbinta Patrascu 
et al., 2008; Barbinta Patrascu et al., 2013): 

100
I

IIAA 
0

0
0

0 


  

where: I0=the maximum CL for standard at t=5 
s; I=the maximum CL for sample at t=5 s. 
The CL assay was repeated three times. 
 
DPPH Radical Scavenging Activity 
The free radical scavenging activity (SR%) was 
quantitatively tested using 2.2’-diphenyl-1-
picrylhydrazyl according to the modified 
method of Brand-Williams et al. (Brand-
Williams et al., 1995). A DPPH solution (80 
μM) was freshly prepared in 95% methanol.  
A volume of 250 μl of this solution was 
allowed to react with 35 μl sample and the 
absorbance was measured at 515 nm. The 
radical scavenging activity (SR%) was 
calculated as follows: 

 
The DPPH● assay was repeated three times. 
 
RESULTS AND DISCUSSIONS 
 
Qualitative analysis 
In mass spectrum of Plantago lanceolata L. 
crude extract PL1 carried out by direct injection 
in ESI positive mode were detected peaks 
molecular correspond to isomers having 
empirical formulae and molecular weight of 

 

C15H10O5(M=270), C15H10O6 (M=286), 
C15H22O9 (M=346), C16H18O9 (M=354), 

C15H22O10 (M=362), C21H20O10 (M=432), 
C21H20O11 (M=448). 
 

Figure 3. MS fingerprint for crude extract PL1 (SIM 
mode by direct injection) 

 Table 2. Chemical compounds identified in crude extract 
of Plantago lanceolata L. - SIM mode 

Compounds Molecular 
formula 

Molecular 
weight  g·mol−1 

[M+H]-

m/z 

Apigenin C15H10O5 270.237 271 
Luteolin C15H10O6 286.236 288 
Aucubin C15H22O9 346.330 347 

Chlorogenic acid C16H18O9 354.310 355 
Catalpol C15H22O10 362.329 363 
7,3',4'-

Trihydroxyflavone 7-
glucoside 

C21H20O10 432.380 433 

Luteolin-7-O-β- 
glucoside 

C21H20O11 448.376 449 

 
The figure 3 and table 2 show, the compounds 
identified by ESI+/MS in the positive single ion 
monitoring (SIM). Also in previous studies, 

 Gálvez et al. have identified luteolin-7-O-β-
glucoside as major flavonoid present in most of 
the Plantago species (Gálvez M., 2003). 
 

Quantitative analysis 
 

Table 3. Physico-chemical indicators and chemical composition from samples (PL1, PL2, PL3, PL4). 
 

Sample 
code Ash, % 

 Humidity, % 
Flavonoids, 

mass %  
(as rutin) 

Polyphenols, 
mass %  

(as gallic acid)

Polyphenolcarboxilic 
acids, mass % 

(as caffeic acid)
PL1 - - 0.63 ± 0.027 0.89± 0.006 0.70± 0.002 
PL2 1.83 ± 0.007 2.45 ± 0.041 1.15 ± 0.004 1.73 ± 0.021 2.11 ± 0.057 
PL3 2.51 ± 0.002 3.01 ± 0021 2.31± 0.007 2.18± 0.011 2.47 ± 0.006 
PL4 2.59 ± 0.007 4.98 ± 0.004 3.01 ± 0.008 2.59 ± 0.001 3.22 ± 0.003 

All test analyses were run in triplicate. Data are presented as mean ± standard deviation (SD) 
 
It could be noticed a difference between the 
content of flavonoids was expressed in terms of 
rutin equivalent (1.15-3.01%), polyphenols was 
expressed in terms of gallic acid equivalent 
(1.73-2.59%) and polyphenol carboxylic acids 
was expressed in terms of caffeic acid 
equivalent (2.11-3.22%) for samples analyzed, 
which is owed to different technological 
process. 
The amount of polyphenols in the crude extract 
is compatible with results obtained in other 
studies (Heimler, 2007; Vârban, 2012). 
After processing, active fractions enriched in 
polyphenols, polyphenolcarboxilic acids and 
flavonoids compounds could be obtained.  
The amount of active principles of 
polyphenolic type, is variable and depends 
obviously on the processing of crude extract.  It 

may be noted that the operational parameters, 
appropriate to each stage of processing, 
influence the content of active ingredients 
extracted. Therefore at high temperatures, there 
is a risk of destructing flavonoid active 
principles. All processes applied (Soxhlet 
extraction, concentration, centrifugation) were 
conducted with the main objective to avoid 
thermal degradation. 
 
Antioxidant activity 
The antioxidant activity of the samples PL1, 
PL2, PL3, PL4 has been evaluated by CL 
method in generator system based on 5-amino-
2.3-dihydrophthalazine-1.4-dione and hydrogen 
peroxide, in an alkaline medium. 
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Samples PL2 PL3 PL4 

Temperature of con-
centration (°C) 35 50  65 

Speed of concentra-
tion (rpm) 100 300 600 

Solvent  of  precipita-
tion 

Acidified 
Ethanol Ethyl acetate Acetone 

Ratio of precipitation 
(w/v) 1: 20 1:5 1:10 

Time of centrifugation 
(min) 30 40 20 

Speed of centrifuga-
tion (rpm) 6000 3000 6000 

 
Qualitative analysis (LC-ESI-MS analysis). 
Qualitative information was gathered using a 
mass spectrometer instrument LCMS Shimadzu 
2010 EV, consisting of a single quadrupole 
analyser and a diode array detector, operated in 
the positive electrospray mode and by direct 
infusion of sample. Ion source parameters were 
as follows: capillary voltage 1.5 kV, interface 
voltage 2.5 kV, source temperature 1200C, 
desolvation temperature 2500C, nitrogen gas 
flow 1.5 l/min and the sample injection flow 
rate of 10 µl/min.  The acquisition was made by 
single ion monitoring, from 200 to 700 m/z (of 
ions of interest: 271, 288, 347, 355, 363, 433, 
449, m/z). Sample solutions were filtered with 
a 0.45-μm (pore size) disposable syringe filter 
(Sigma-Aldrich).  
Quantitative analysis: the total flavonoids and 
polyphenols content, polyphenolcarboxilic 
acids and the specific physical-chemical 
indicators were performed according to the FR 

X (Romanian Pharmacopoeia, 1993; Ciulei et 
al., 1995). 
 
Antioxidant activity 
CL method. The antioxidant activity (AA%) of 
samples (PL1, PL2, PL3, PL4) has been 
determined and compared with standards: 
quercetin, apigenin, rutin, ferulic acid, caffeic 
acid, chlorogenic acid and allantoin (Sigma-
Aldrich).  
Chemiluminescence in vitro tests (CL), was 
applied using luminol - H2O2 as generator 
system, in an alkaline buffer solution TRIS-
HCl, pH=8.7 by using Sirius Luminometer 
Berthelot-GmbH Germany. 5-amino-2.3-
dihydro-1.4-phthalazinedione has the role of 
amplifier of light in the chemiluminescence 
system for to increase the detection sensitivity 
of reactive oxygen species. The antioxidant 
activity of samples was calculated by using the 
relation (Iftimie et al., 2004;  Barbinta Patrascu 
et al., 2008; Barbinta Patrascu et al., 2013): 
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where: I0=the maximum CL for standard at t=5 
s; I=the maximum CL for sample at t=5 s. 
The CL assay was repeated three times. 
 
DPPH Radical Scavenging Activity 
The free radical scavenging activity (SR%) was 
quantitatively tested using 2.2’-diphenyl-1-
picrylhydrazyl according to the modified 
method of Brand-Williams et al. (Brand-
Williams et al., 1995). A DPPH solution (80 
μM) was freshly prepared in 95% methanol.  
A volume of 250 μl of this solution was 
allowed to react with 35 μl sample and the 
absorbance was measured at 515 nm. The 
radical scavenging activity (SR%) was 
calculated as follows: 

 
The DPPH● assay was repeated three times. 
 
RESULTS AND DISCUSSIONS 
 
Qualitative analysis 
In mass spectrum of Plantago lanceolata L. 
crude extract PL1 carried out by direct injection 
in ESI positive mode were detected peaks 
molecular correspond to isomers having 
empirical formulae and molecular weight of 

 

C15H10O5(M=270), C15H10O6 (M=286), 
C15H22O9 (M=346), C16H18O9 (M=354), 

C15H22O10 (M=362), C21H20O10 (M=432), 
C21H20O11 (M=448). 
 

Figure 3. MS fingerprint for crude extract PL1 (SIM 
mode by direct injection) 

 Table 2. Chemical compounds identified in crude extract 
of Plantago lanceolata L. - SIM mode 

Compounds Molecular 
formula 

Molecular 
weight  g·mol−1 

[M+H]-

m/z 

Apigenin C15H10O5 270.237 271 
Luteolin C15H10O6 286.236 288 
Aucubin C15H22O9 346.330 347 

Chlorogenic acid C16H18O9 354.310 355 
Catalpol C15H22O10 362.329 363 
7,3',4'-

Trihydroxyflavone 7-
glucoside 

C21H20O10 432.380 433 

Luteolin-7-O-β- 
glucoside 

C21H20O11 448.376 449 

 
The figure 3 and table 2 show, the compounds 
identified by ESI+/MS in the positive single ion 
monitoring (SIM). Also in previous studies, 

 Gálvez et al. have identified luteolin-7-O-β-
glucoside as major flavonoid present in most of 
the Plantago species (Gálvez M., 2003). 
 

Quantitative analysis 
 

Table 3. Physico-chemical indicators and chemical composition from samples (PL1, PL2, PL3, PL4). 
 

Sample 
code Ash, % 

 Humidity, % 
Flavonoids, 

mass %  
(as rutin) 

Polyphenols, 
mass %  

(as gallic acid)

Polyphenolcarboxilic 
acids, mass % 

(as caffeic acid)
PL1 - - 0.63 ± 0.027 0.89± 0.006 0.70± 0.002 
PL2 1.83 ± 0.007 2.45 ± 0.041 1.15 ± 0.004 1.73 ± 0.021 2.11 ± 0.057 
PL3 2.51 ± 0.002 3.01 ± 0021 2.31± 0.007 2.18± 0.011 2.47 ± 0.006 
PL4 2.59 ± 0.007 4.98 ± 0.004 3.01 ± 0.008 2.59 ± 0.001 3.22 ± 0.003 

All test analyses were run in triplicate. Data are presented as mean ± standard deviation (SD) 
 
It could be noticed a difference between the 
content of flavonoids was expressed in terms of 
rutin equivalent (1.15-3.01%), polyphenols was 
expressed in terms of gallic acid equivalent 
(1.73-2.59%) and polyphenol carboxylic acids 
was expressed in terms of caffeic acid 
equivalent (2.11-3.22%) for samples analyzed, 
which is owed to different technological 
process. 
The amount of polyphenols in the crude extract 
is compatible with results obtained in other 
studies (Heimler, 2007; Vârban, 2012). 
After processing, active fractions enriched in 
polyphenols, polyphenolcarboxilic acids and 
flavonoids compounds could be obtained.  
The amount of active principles of 
polyphenolic type, is variable and depends 
obviously on the processing of crude extract.  It 

may be noted that the operational parameters, 
appropriate to each stage of processing, 
influence the content of active ingredients 
extracted. Therefore at high temperatures, there 
is a risk of destructing flavonoid active 
principles. All processes applied (Soxhlet 
extraction, concentration, centrifugation) were 
conducted with the main objective to avoid 
thermal degradation. 
 
Antioxidant activity 
The antioxidant activity of the samples PL1, 
PL2, PL3, PL4 has been evaluated by CL 
method in generator system based on 5-amino-
2.3-dihydrophthalazine-1.4-dione and hydrogen 
peroxide, in an alkaline medium. 
 
 



100

 

Figure 4. CL evolution in time of the samples 
PL1, PL2, PL3, PL4 

Table 4. Chemiluminescence and kinetic characteristics 
Samples PL1 PL2 PL3 PL4 
ki (s-1) 0.123 0.079 0.052 0.073 
vi (s-1) 658.00 254.50 540.50  229.00 

AA (%) 44.75 58.93 62.14 63.91 
*k: ratio constant; vi: ratio of reaction, AA (%) antioxidant activity by 

CL, indexed from the chemiluminescence curves  

The samples show average values and a wide 
range between 44.75%-63.91% evaluated by 
CL (PL1<PL2<PL3<PL4, respectively 
PL1=44.75%, PL2=58.93%, PL3=62.14%, 
PL4=63.91%). Considering that DPPH is a 
robust method for evaluating the antioxidant 

activity, this work carried out research for 
checking the value obtained by CL method for 
PL1, PL2, Pl3, PL3, PL4 samples and pure 
standards. It could be detected a correlation 
between the content of the antioxidant activity 
and the polyphenolic compounds. Therefore, an 
increase in flavonoid content by 2.38% (mass 
% as rutin), in polyphenols by 1.7% (mass % as 
gallic acid) and polyphenol carboxylic acids by 
2.52% (mass % as caffeic acid) caused an 
increase in antioxidant activity by 
approximately 21%. The phenomenon of 
correlating the content of flavonoidic active 
principles with antioxidant effect is manifested 
in both CL and DPPH assessment methods. 
In figure 5 is showed the evaluation of 
antioxidant activity for samples (PL1 crude 
extracts of Plantago lanceolata L. and selective 
herbal extracts PL2, PL3, PL4 obtained by 
processing, as described in paragraph Materials 
and methods-table 1) as well as of pure 
standards antioxidant phytochemicals 
components, as well as plant extracts. 
There was found a correlation between the 
antioxidant activities of the herbal extracts 
determined by both CL and DPPH methods. 
 

 
 

 
Figure 5. Evaluation of antioxidant activity by CL and DPPH method 

 
 

 

 
CONCLUSIONS  
 
By extractive process and processing of the 
crude vegetal extract from Plantago lanceolata 
L. species a number of three selective extracts 
were obtained. 
Evaluation of the antioxidant effect by chemi-
luminescence in 5-amino-2.3-dihydro-1.4-
phthalazinedione-H2O2 generator system have 
been revealed significant values for the 
analyzed samples (selective extracts and pure 
standards) confirmed by DPPH technique. 
From the study achieved, it can be ascertained 
that the values of antioxidant activity obtained 
by chemiluminescence are sensibly similar to 
values obtained through the investigation with 
DPPH technique and this aspects has also been 
noted in other previous studies (Nichita et al., 
2015). 
Antioxidant properties investigations by (CL 
method and DPPH) on herbal extracts 
emphasised the presence and contribution of 
some phenolic and flavonoid structures, also 
confirmed by qualitative (LC-ESI-MS) and 
quantitative determination of the flavonoids, of 
the polyphenols and polyphenolcarboxilic 
acids. 
CL method demonstrated the effectiveness and 
rapidity of evaluating the effect of the antioxi-
dant phytochemicals components, as well as 
plant extracts. 
There was found a correlation between the an-
tioxidant activities of the herbal extracts deter-
mined by both CL and DPPH methods. 
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Abstract 
 
The food market needs are generated by human social needs. Thus, fish and fishery products traceability involves the 
knowing of the issues related to distribution chain of the fishery products. Aspects as safety and quality along the 
distribution chain are identified and this is necessary to be known in order to eliminate the differences between the 
social needs and requests. For preventing the Malassis effect and maintaining the food request beyond the saturation 
area, it needs to know the consumer typology. In order to have a wide and clear image of the fish and fishery market, 
we have conducted a study on 176 consumers. The items were structured in a certain way which allowed us, after data 
processing, to identify the consumption and buying habits by age category, living environment and occupational field of 
the subjects. The statistic interferences shown that people aged between 30-55 years (82.60%) prefer live fish, young 
people, younger than 30 years (60.97%) prefer fresh fish and/or seafood (43.90%). The most of the respondents 
(60.00%) prefer to buy from specialized stores (fisheries) and 27.50% direct from the producer. The analysis of the 
factors that influence the consumer decision to buy fish / fishery products shown that are interesting in the conditions of 
fish deposit and exploitation (maximum 84%). The results of this study can serve as an informing material for the fish 
processing area and industry. This is offering a commercial diagnosis of the market, accordingly to the influence of the 
use of information provided by traceability, on the intention to buy fish /fishery products in the future. 
 
Key words: buying habits, consumer typology, decision making, factors, traceability. 
 
INTRODUCTION 
 
Seafood has the greatest variety of all animal-
based foods. Whereas the species like beef, 
pork, lamb, goat or poultry are represented by 
very few species, fishes and other aquatic 
animals show an abundant number of species 
and variability. The fish group alone is repre-
sented by 25,000-35,000 species. However, only 
a little proportion of this large number of about 
5% is present in the world’s oceans in amounts 
huge enough to allow an economical use (catch 
and following processing) (Nollet, 2010).  
Fish and other seafood are highly perishable 
products when stored without chilling. They 
deteriorate at ambient temperature in a few 
days, and only correct storage of wet fish in 
melting ice or of certain products at chilled 
temperatures can prolong the shelf life up to 
weeks or months. 
About 75% of the world’s total seafood supply 
is used for human consumption, 25% is 
converted into fishmeal and other non-food 

products, 40% is consumed as wet fish without 
any further technological processing or 
preservation, about 20% is converted into deep 
frozen products, 8% is transformed into cured 
products and another 8% into canned products 
(Venugopal, 2006). 
Consumer's request is focused more and more 
on high quality, safe and environment friendly 
products, as well as having a transparent 
traceability. This allows a product follow-up 
along the process from production line as raw 
material to final product to the consumer  
The effective implementing of a traceability 
system depends on the cooperation of each 
stakeholder in the supply chain. If the 
traceability system meets the demands of 
stakeholders, it will be promoted effective 
adoption of traceability system of fish and 
fishery products (Nicolae et al., 2014). 
The present work presents the difficulties, 
challenges and benefits of a traceability system 
adoption in the fisheries supply chain, which 
can be (Moga et al., 2015): 
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we have conducted a study on 176 consumers. The items were structured in a certain way which allowed us, after data 
processing, to identify the consumption and buying habits by age category, living environment and occupational field of 
the subjects. The statistic interferences shown that people aged between 30-55 years (82.60%) prefer live fish, young 
people, younger than 30 years (60.97%) prefer fresh fish and/or seafood (43.90%). The most of the respondents 
(60.00%) prefer to buy from specialized stores (fisheries) and 27.50% direct from the producer. The analysis of the 
factors that influence the consumer decision to buy fish / fishery products shown that are interesting in the conditions of 
fish deposit and exploitation (maximum 84%). The results of this study can serve as an informing material for the fish 
processing area and industry. This is offering a commercial diagnosis of the market, accordingly to the influence of the 
use of information provided by traceability, on the intention to buy fish /fishery products in the future. 
 
Key words: buying habits, consumer typology, decision making, factors, traceability. 
 
INTRODUCTION 
 
Seafood has the greatest variety of all animal-
based foods. Whereas the species like beef, 
pork, lamb, goat or poultry are represented by 
very few species, fishes and other aquatic 
animals show an abundant number of species 
and variability. The fish group alone is repre-
sented by 25,000-35,000 species. However, only 
a little proportion of this large number of about 
5% is present in the world’s oceans in amounts 
huge enough to allow an economical use (catch 
and following processing) (Nollet, 2010).  
Fish and other seafood are highly perishable 
products when stored without chilling. They 
deteriorate at ambient temperature in a few 
days, and only correct storage of wet fish in 
melting ice or of certain products at chilled 
temperatures can prolong the shelf life up to 
weeks or months. 
About 75% of the world’s total seafood supply 
is used for human consumption, 25% is 
converted into fishmeal and other non-food 

products, 40% is consumed as wet fish without 
any further technological processing or 
preservation, about 20% is converted into deep 
frozen products, 8% is transformed into cured 
products and another 8% into canned products 
(Venugopal, 2006). 
Consumer's request is focused more and more 
on high quality, safe and environment friendly 
products, as well as having a transparent 
traceability. This allows a product follow-up 
along the process from production line as raw 
material to final product to the consumer  
The effective implementing of a traceability 
system depends on the cooperation of each 
stakeholder in the supply chain. If the 
traceability system meets the demands of 
stakeholders, it will be promoted effective 
adoption of traceability system of fish and 
fishery products (Nicolae et al., 2014). 
The present work presents the difficulties, 
challenges and benefits of a traceability system 
adoption in the fisheries supply chain, which 
can be (Moga et al., 2015): 
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 fishery product - all marine or freshwater 

animals (except bivalve molluscs, live 
echinoderms, tunicates and marine 
gastropods), wild or breeding, including all 
edible parts of these animals;  

 fresh fishery product - any unprocessed 
fishery product, whole or prepared, 
including the products packed in vacuum or 
modified atmosphere, that were preserved 
only by refrigeration; 

 prepared fishery product - any unprocessed 
fishery product that has been submitted to an 
operation that changes its anatomic integrity 
(such as evisceration, head removing, 
deboning, filleting and milling. 

Implementing the principles of quality contribu-
tes to the increasing of consumer needs satis-
faction, increasing the selling volume and 
essential reduction of costs (Nicolae et al., 2015). 
 
MATERIALS AND METHODS 
 
The method for information collecting was the 
questionnaire for consumers - "Factors that 
influence the fishery products buying decision". 
The questionnaires were completed by 176 
consumers in the Bucharest - Ilfov Region, 
Romania. The results based on the data 

collected will be used to project an electronic 
system for fishery products traceability and 
specifications writing.  
The questionnaire for the key factors 
identification for consumers has three sections:  
 elements for respondents classification 

(demographic and preferences details about 
the respondent); 

 factors that influence the buying decision 
for fish / fishery products; 

 the influence that using the information 
provided by the traceability system might 
have on the buying intention of fish/fishery 
products in the future. 

The respondents were asked to evaluate their 
answers on a five points Likert scale (from 0 to 
5) which varies for "totally agree" to "totally 
disagree".  

 
RESULTS AND DISCUSSIONS 

 
The questionnaires were filled in by 176 
respondents, fish and fishery products 
consumers, with heterogenic demographic 
characteristics and different consumption 
behaviour. Data on demographic and 
preferences details of the respondents are 
shown in Table 1. 

 
Table 1. Respondents demographic and preferences details 

1. Residence:  Urban 72.80% Rural 27.20% 
2. Education:  High School: 32.10% University degree: 53.10% PhD. Degree: 14.80% 
3. Occupation Employee: 95.40% Retired: 2.30% Unemployed: 2.30% 

4. Occupational field:  

Industry   
Construction  

Agriculture 
Distribution 

Services   
Education / Culture 

Health 
Administration 

8.80% 
5.30% 
35.10% 
7.00% 
3.50%  
28.10%  
3.50%   
8.80% 

5. Age:  <30 years 
43.20% 

30 - 40 years 
3.70% 

years 40 - 55 
51.90% 

>55 years 
1.20% 

6. Do you consume fish and fishery products? Yes: 100.00% No: - 
7. Which of the following fish and fishery products are your preferred ones? (multiple selection)  

Live fish  
Refrigerated fish  

Frozen fish  
Semi-canned (marinated, smoked fish)   

 Canned fish   
Seafood 

67.90%   
35.80% 
30.90%   
45.70% 
46.90% 
44.40%     

8. Form where do you buy fish and fishery products for your own consumption? (multiple selection)  
Supermarket/hypermarket  

Fishery store  
Agro food market  

Grocery store   
Direct from the producer 

65.00%   
60.00%   
17.50% 
7.50%  
27.50%    

 
 
The elements that influence the fish and fishery 
products consumption are related to fish 
product types: alive, refrigerated, frozen, salted 
or smoked. These criteria characterize the fish 
product valorisation. Most of the respondents 
(67.97%) prefer a live fish, considering it as 
fulfilling all the quality conditions (freshness, 
microorganisms, sensorial characteristics). The 
young consumers, under 30 years old, comply 

to this category, 60.97% opting for fresh fish. 
As it can be shown in Table 2, we have 
investigated the influence of price, freshness, 
expiring date and fish provenance on the 
buying decision of consumers. We have also 
looked on the influence of farming production, 
feeding, shipping, storage and processing con-
dition on the same buying decision. Details on 
answers versions can be observed in Table 2. 

 
Table 2. Factors influencing the fish / fishery products buying decision 

Answer: 
Question:  

Percentage, % 

1. Totally disagree; 2. Disagree;  
3. Neutral; 4. Agree; 5. Totally agree 

1 2 3 4 5 

In choosing a fishery product, the price is important  17.30 4.90 25.90 9.90 42.00 
In choosing a fishery product the freshness is 
important  

3.70 2.50 1.20 3.70 88.90 

In choosing a fishery product the expiring date is 
important 

2.50 3.70 4.90 1.20 87.20 

In choosing a fishery product, the provenance is 
important 

- - 19.80 11.10 69.10 

In choosing a fishery product, the farming production 
conditions of fish are important (water, soil)  

1.20 3.70 27.20 13.60 54.30 

In choosing a fishery product, the feeding of fish is 
important 

2.50 3.70 24.70 7.40 61.70 

In choosing a fishery product, the fish and fishery 
products shipping conditions are important 

3.80 1.30 15.00 7.50 72.50 

In choosing a fishery product, the fish and fishery 
products storage conditions are important  

- 1.20 4.90 9.90 84.00 

In choosing a fishery product, the fish and fishery 
products processing conditions are important 

1.30 1.30 3.80 7.60 86.10 

 
For the most of the respondents, the price is 
very important in their buying decision for fish 
/fishery products (Figure 1). 25.9% of the 

respondents have chosen the "neutral" option 
being rather influenced by the quality of 
products instead of price.  

 

 
Figure 1. The importance of price in consumer buying decision for fish / fishery products 

 
As expected, for the majority of consumers 
(80.90%), the buying of fish and fishery 

products is very high influenced by the product 
freshness (Figure 2) and shelf life.  
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 fishery product - all marine or freshwater 

animals (except bivalve molluscs, live 
echinoderms, tunicates and marine 
gastropods), wild or breeding, including all 
edible parts of these animals;  

 fresh fishery product - any unprocessed 
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Figure 2. Fish freshness and consumer buying decision for fish/fishery products (%)  
 
In the last years, the majority of consumers is 
preoccupied to know the farming conditions 
and also interested in healthier nourishment. 
This is relevant for the high percentage 

response and interest of those willing to know 
about farming, feeding, transporting and 
processing of fish (Figure 3). 
 

 

 
 

Figure 3. The importance of the fish feeding conditions in the buying decisions  
of consumers for fish/fishery products (%) 

 
Intention for future buying of fishery products 
was also an important factor to be investigated 
and it was included in the questionnaire for 
consumers. Details are shown in Table 3. The 
viability of technical of fisheries activities is 

dependent on the improvement of fish products 
quality, market transparency and the consumers 
informing. Thus, 72.50% of the respondents are 
"totally agree" to buy fish and fishery products.  

Table 3. Intention for future buying of fishery products 

Answer: 
Question:  

Percentage, % 

1. Totally disagree; 2. Disagree;  
3. Neutral; 4. Agree; 5. Totally agree 

1 2 3 4 5 

Availability of information related to fishery products 
quality 

- - 12.50 10.00 77.50 

Existence of an proper labelling   1.30 - 8.80 6.30 83.80 
Accessing the information related to fishery products 
quality (traceability)  direct from the store (info kiosk)  

 
2.50 

 
1.30 

 
17.50 

 
6.30 

 
72.50 

Accessing the information related to fishery products 
quality (traceability)  using mobile devices (phone / 
tablets)  

 
1.30 

 
5.00 

 
28.80 

 
10.00 

 
55.00 

Accessing the information related to fishery products 
quality (traceability) using your personal computer  

 
6.30 

 
1.30 

 
27.50 

 
8.80 

 
56.3 

 

3.7
2.5

3.7
1.2

88.9

Totally disagree

Disagree

Neutral

Agree

Totally agree
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The respondents (56.30%) are also interested in 
the distribution chain, starting to raw material, 
processing up to the consumers. Due to this 
interest, the policies regarding the fishery 

resources management and control are more 
structured, showing quality in each stage of 
traceability (Figure 4). 

 

 
 

Figure 4. Accessing the information related to fishery products quality  
(traceability) using mobile devices (phone/tablets) (%) 

 
CONCLUSIONS 
 
1. This study underlines the extensive range of 
fishery products preferred by the consumers in 
Bucharest-Ilfov Region. The preferences are 
quite balanced as percentages, with the 
exception of the alivefish consumption 
(67.9%). 
2. Although not far away, sea foods were 
consumed especially in the luxury restaurants, 
this paper shows that these fishery products are 
also consumed at home (homemade) and even 
in the rural area. 
3. Fishery production valorisation depends on 
the fish exhibition strategy, but also on the 
information regarding the distribution chain of 
fish and fishery products. 
4. The availability of information regarding fish 
and fishery products quality directly from the 
store or mobile devices represents an advantage 
for distributers, the consumers being interested 
in traceability system. 
5. In order to exist an equilibrium between 
request and offer on the fishery products 
market, (decreasing the Malassis effect), 
distributors must adopt and implement a 
responsible marketing which implies product 
diversification.  
 
 
 
 
 

ACKNOWLEDGEMENTS 
 
This research was financed by the Programme 
Partnerships in Priority Areas - National Plan 
for Research, Development and Innovation 
2007-2013 (PN II), sponsored by the Ministry 
of National Education - Executive Agency for 
Higher Education, Research, Development and 
Innovation Funding (MEN-UEFISCDI), 
Project no. 167/2014, Cloud computing based 
traceability information system for fishery. 
 
REFERENCES 
 
Moga Liliana Mihaela, Zaharia Tania, Bogdan Ioana 

Mihaela, Nicolae Carmen Georgeta, 2015. Raport 
științific și ethnic. Etapa a II-a, Proiect 167/2014, 
Sistem informatic pentru trasabilitatea produselor 
pescărești bazat pe tehnologia cloud computing. 

Nicolae Carmen Georgeta, Neculita Mihaela, Cristea 
D.S., 2014. Trends in the development of traceability 
systems for fish products. Quality acces to success, 
Scientific Journal of Management Systems, Vol. 15 
(143): p. 95-97. 

Nicolae Carmen Georgeta, Moga Liliana Mihaela, 
Nenciu Magda Ioana, Bahaciu Gratziela Victoria, 
Marin Monica Paula, 2015. Particularities and 
management of the distribution chain for fish and 
fishery products. AgroLife Scientific Journal, Vol. 
4(1): p. 111-116. 

Nollet Leo M.L., Fidel Toldrá, 2010. Handbook of 
seafood and seafood products analysis. CRC Press, 
Taylor & Francis Group. 

Venugopal V., 2006. Seafood Processing Adding Value 
Through Quick Freezing, Retortable Packaging, and 
Cook-Chilling. CRC Press Taylor & Francis Group. 

 

1.3
5.0

28.8

10.0

55.0

Totally disagree

Disagree

Neutral

Agree

Totally agree



107

 

Figure 2. Fish freshness and consumer buying decision for fish/fishery products (%)  
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Abstract 
 
The paper aims to present the evolution of the ichtyofauna from Comana Nature Park, since 2011, on the watercourses 
of the Neajlov River, Comana Pond or Neajlov Delta, Gurbanu river and Putu-Greci ponds. In the past, have been 
identified on these waterways inside of the protected area, fish species protected at national and community level, such 
as grig (Cobitis taenia), eel (Misgurnus fossilis), boart (Rhodeus sericeus amarus), glossy ibis (Umbra krameri), or 
endemic - Comana chub (Leuciscus borys thenicus). In 2011 it was finished a project for ecological restoration of the 
Neajlov Delta, that which built a dam on the river Neajlov, the results being flooding the pond and getting a permanent 
body of water by 40%. The effects of this ecological restoration were the increased of populations of birds and 
especially fish eating populations, improvement of the habitat and recovering of whole aquatic ecosystem. It is required 
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The rich River network present in the park, the 
main body of natural water regime is on the 
Neajlov River before the point of confluence 
with the Arges River, where it forms a delta 
area ramble type called Comana Pond or 
Neajlov Delta. Its reserve regime, occupies an 
area of 1200 ha and is the habitat for many 
species of aquatic plants, birds, aquatic 
mammals and fish (Comana Management Plan, 
2006). 
In the protected area, was identified also 
Gurbanu River - a very important habitat for 
fishes, amphibians, birds and invertebrates, 
Putu-Greci Ponds - important habitat for fishes 
(Integrated Comana Management Plan, 2012). 
Reducing the stocks recorded in the country 
due to over-fishing, habitat fragmentation by 
development project surface water and 
pollution of the general environment has 

manifested itself and within the natural park 
where the works of rehabilitation of the marsh 
for agriculture and land navigation of the river 
Neajlov have resulted in a significant negative 
impact. Through an ecological restoration 
project succeeded in arranging a dam on the 
river delta flooding and Neajlov view to 
increasing permanent water surface at a rate of 
5% to 40% (Figure 2). The secondary effect 
was increased populations of birds, especially 
the fish eating populations and fisheries 
resurgence and intensification, it acts as 
repressor factors in restoring the natural fish 
populations. Since the last inventory of the 
ichtyofauna occurred in 1998, before ecological 
restoration in 2011, it is necessary to carry out 
research to determine the specific population 
and ichtyofauna in the area. 

Figure 2. Before/after the ecological restoration
 
MATERIALS AND METHODS 
 
The research will be based on scientific fishing 
nets or by using electroshock. The aim is to 
determine the fish species from basin of 
Neajlov River included in the park and analysis 
specific characteristics in terms of relative 
abundance, size, weight, frequency, sex ratio, 
age, etc. 
Among the most common species catch in 
Comana Nature Park, is the rudd - Scardinius 

erythrophthalmus (a), the zander - Sander 
lucioperca (b), the perch - Perca fluviatilis (c), 
(Figure 3). Also there are protected species at 
national and community level, as the grig 
(Cobitis taenia), the eel (Misgurnus fossilis), 
the boart (Rhodeus sericeus amarus), the glossy 
ibis (Umbra krameri), or endemic - the 
Comana chub (Leuciscus borysthenicus) 
(Botnariuc and Tatole, 2005). 

Figure 3. Some fish species catch in Neajlov river 

a b c 



109

 
 

 
RESEARCH OF DYNAMIC ICHTYOFAUNA FROM  

COMANA NATURE PARK 
 

Andra Marina NUȚĂ, Ștefan DIACONESCU, Tiberius DĂNĂLACHE,  
Radu FILEP, Carmen Georgeta NICOLAE 

 
University of Agronomic Sciences and Veterinary Medicine of Bucharest, 59 Mărăști Blvd,  

District 1, Bucharest, Romania 
 

Corresponding author email: andranuta@yahoo.com 
 
Abstract 
 
The paper aims to present the evolution of the ichtyofauna from Comana Nature Park, since 2011, on the watercourses 
of the Neajlov River, Comana Pond or Neajlov Delta, Gurbanu river and Putu-Greci ponds. In the past, have been 
identified on these waterways inside of the protected area, fish species protected at national and community level, such 
as grig (Cobitis taenia), eel (Misgurnus fossilis), boart (Rhodeus sericeus amarus), glossy ibis (Umbra krameri), or 
endemic - Comana chub (Leuciscus borys thenicus). In 2011 it was finished a project for ecological restoration of the 
Neajlov Delta, that which built a dam on the river Neajlov, the results being flooding the pond and getting a permanent 
body of water by 40%. The effects of this ecological restoration were the increased of populations of birds and 
especially fish eating populations, improvement of the habitat and recovering of whole aquatic ecosystem. It is required 
that the process of monitoring the fish species to continue because is very important to know them evolution as a result 
of the implementation of the ecological reconstruction, and also to monitor the other wetlands from the protected area 
for identified the effect of restoration on them. The importance of the research is that the declaration of the nature park 
was based on existing inventories of species in 1998, and the absence of updates based on extensive research, makes 
that the management of the area becoming ineffective. 
 
Key words: ichtyofauna, Comana Nature Park, bioconservation. 
 
INTRODUCTION  
 
Comana Nature Park, a protected natural area 
of national interest in Romania, covers an area 
of 24 963 ha, with defined and recognized three 

nature reserves, two in forest and one in the 
aquatic environment (Figure 1). 

 

 
Figure 1. The map of Comana Nature Park

 
The rich River network present in the park, the 
main body of natural water regime is on the 
Neajlov River before the point of confluence 
with the Arges River, where it forms a delta 
area ramble type called Comana Pond or 
Neajlov Delta. Its reserve regime, occupies an 
area of 1200 ha and is the habitat for many 
species of aquatic plants, birds, aquatic 
mammals and fish (Comana Management Plan, 
2006). 
In the protected area, was identified also 
Gurbanu River - a very important habitat for 
fishes, amphibians, birds and invertebrates, 
Putu-Greci Ponds - important habitat for fishes 
(Integrated Comana Management Plan, 2012). 
Reducing the stocks recorded in the country 
due to over-fishing, habitat fragmentation by 
development project surface water and 
pollution of the general environment has 

manifested itself and within the natural park 
where the works of rehabilitation of the marsh 
for agriculture and land navigation of the river 
Neajlov have resulted in a significant negative 
impact. Through an ecological restoration 
project succeeded in arranging a dam on the 
river delta flooding and Neajlov view to 
increasing permanent water surface at a rate of 
5% to 40% (Figure 2). The secondary effect 
was increased populations of birds, especially 
the fish eating populations and fisheries 
resurgence and intensification, it acts as 
repressor factors in restoring the natural fish 
populations. Since the last inventory of the 
ichtyofauna occurred in 1998, before ecological 
restoration in 2011, it is necessary to carry out 
research to determine the specific population 
and ichtyofauna in the area. 

Figure 2. Before/after the ecological restoration
 
MATERIALS AND METHODS 
 
The research will be based on scientific fishing 
nets or by using electroshock. The aim is to 
determine the fish species from basin of 
Neajlov River included in the park and analysis 
specific characteristics in terms of relative 
abundance, size, weight, frequency, sex ratio, 
age, etc. 
Among the most common species catch in 
Comana Nature Park, is the rudd - Scardinius 

erythrophthalmus (a), the zander - Sander 
lucioperca (b), the perch - Perca fluviatilis (c), 
(Figure 3). Also there are protected species at 
national and community level, as the grig 
(Cobitis taenia), the eel (Misgurnus fossilis), 
the boart (Rhodeus sericeus amarus), the glossy 
ibis (Umbra krameri), or endemic - the 
Comana chub (Leuciscus borysthenicus) 
(Botnariuc and Tatole, 2005). 

Figure 3. Some fish species catch in Neajlov river 

a b c 



110

 
RESULTS AND DISCUSSIONS 
 
The importance of the theme is that the 
declaration of Natural Park was based on 
existing inventories of species in 1998, and the 
absence of updates based on extensive research 
makes data base management area becoming 
ineffective. 
In 1998 research has begun in the field, namely 
the identification of fish species, research that 
were needed to declare the area a nature park. 
The research lasted until 2004, and at that same 
year the area was declared a protected area of 
national interest and the fish species identified 
were in number 30, among fish species 
characteristic of rivers in the plains being and 

species protected at community level. After the 
project of ecological restoration which it was 
built a dam on the Neajlov River, was started 
annual monitoring of ichtyofauna, research 
focusing on Comana Pond because it represents 
the largest wet land area in the park, other areas 
will be explored in the coming period. 
In the period 2011-2015 the most common fish 
species that have been identified were Esox 
lucius, Misgurnus fossilis, Aspius aspius, 
Cyprinus carpio carpio, Perca fluviatilis, 
Silurus glanis, Rhodeus sericeus amarus, 
Rutilus rutilus, mostly prey species (Table 1). 

 
Table 1. The situation of fishs pecies from Comana Nature Park in the period 2011-2015 compared with 1998 

Species identified 
during 1998-2004 

Species 
identified 
in 2011 

Species 
identified in 

2012 

Species 
identified in 

2013 

Species identified 
in 2014 

Species identified 
in 2015 

Esox lucius L. √ √ √ √ √ 
Cobitis taenia taenia L.  √ √ √ √ 
Cobitis megaspila N.      
Sabanejewia romanica B.    √ √ 
Misgurnus fossilis L.  √ √ √ √ 
Abramis brama L.      
Alburnus alburnus R.   √  √ 
Aspius aspius L. √ √ √ √ √ 
Barbus barbus L. √     
Barbus meridionalis R.      
Carassius auratus gibelio      
Carassius carassius L. √ √ √ √ √ 
Ctenopharyngodon idella V.      
Cyprinus carpio carpio L. √ √ √ √ √ 
Hypophthalmicthys molitrix R.      
Lepomis gibbosus  L.      
Leuciscus borysthenicus      
Leuciscus cephalus L.      
Leuciscus idus L.      
Pseudoras boraparva T. & S.      
Rhodeus sericeus amarus B.  √ √ √ √ 
Rutilus rutilus L.  √ √ √ √ 
Scardinius erythrophthalmus    √  
Romanogobio kesslerii D.      
Gymnocephalus baloni H. & H.      
Gymnocephalus cernua L.      
Perca fluviatilis L. √ √ √ √ √ 
Sander lucioperca L.     √ 
Silurus glanis L. √ √ √ √ √ 
Umbra krameri      

Total:  
30 species 

Total:  
7 species 

Total:  
10 species 

Total:  
11 species 

Total:  
13 species 

Total:  
13species 

 
The species identified in 2011-2015 period, are 
fish species characteristic of standing fresh 
water as lakes, swamps, ponds or streams with 

a slow course, as is Neajlov River basin (Bud 
and Diaconescu, 2010). 

 

 
Figure 4. Dynamic ichtyofauna from Comana Nature Park during 1998-2015 

 
 
There is a decrease in the number of the fish 
species catch in 2011 comparative with 1998, 
this decrease may be due because of influences 
of human activities but also because in these 
years was identified only fish fauna of Comana 
Pond, the other three existing wetlands in the 
park were not covered (Figure 4). 
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CONCLUSIONS  
 
The number of the fish species has increased 
during the period 2011-2015, with a positive 
impact upon ichtyofauna. 
Because of the increasing of the surface 
permanent water, the increasing of the specific 

habitat for reproduction and development of 
fish species, increasing food and removing 
illegal fishing, all of this make that the number 
of fish species increased. 
It’s deemed necessary that the monitoring 
process to continue both in Comana Pond also 
in Neajlov River, Gurbanu River and Putu-
Greci ponds.  
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Abstract 
 
Recently, kiwifruit consumption increased significantly, having in view its high nutritive and medicinal values. As 
consequence, the development and expansion of the kiwifruit industry has led to an increasing need for propagation 
material. The kiwifruit can be efficiently propagated under certain circumstances (proper substrate, hormonal rooting 
treatments) by hardwood cuttings, the most accessible methods for vegetative propagation for many horticultural crops. 
Our study presents the results of investigations on the effects of some rhizogene treatments (Radistim, naphtylacetic 
acid (NAA) 2000 ppm, beta-indolyl butyric acid (IBA) 2000 ppm and a mixture of NAA+IBA 1000 ppm) on root 
performance of hardwood cuttings for Actinidia deliciosa (AD20, Hayward, Katiuscia, Kramer, Tomuri) and Actinidia 
arguta (Francesca, Jumbo) species grown on a substrate composed from sand and perlite. It was developed a 
bifactorial experiment where "a" factor was kiwi cultivar/hybrid and "b" factor was the applied treatment represented 
by different rhizogene compounds. The efficiency of hardwood cutting under various hormonal rooting treatments was 
quantified by rooting percentage, number of formed roots, roots lengths (cm/cutting). The best rooting parameters were 
found when NAA+IBA 1000 ppm solution was used for Actinidia deliciosa (Hayward): rooting percentage was 73.1%, 
number of formed roots 17.2 and root length was evaluated as 19.3 cm/cutting.  
 
Key words: Actinidia sp., hardwood cutting, IBA, NAA, rooting. 
 
INTRODUCTION  
 
Originally grown in mountainous regions of 
China and known as mihoutau (Singletary, 
2012), kiwi belongs to Actinidia genus and it is 
derived from a deciduous, woody fruiting vine. 
Actinidia species are perennial, present 
vigorous growth and has climbing and 
strangling characteristics (Cangi et al., 2006). 
Species with fruits commonly consumed are 
kiwifruit/fuzzyfruit (Actinidia deliciosa), 
golden kiwifruit (Actinidia chinensis), baby 
kiwifruit (Actinidia arguta), Arctic kiwifruit 
(Actinidia kolomikta), red kiwifruit (Actinidia 
melanandra), silver vine (Actinidia polygama), 
purple kiwifruit (Actinidia purpurea) (Gjeloshi 
et al., 2014; Lee, 1990). 
In ancient times, in China, kiwifruit was a 
remedy for digestive disturbances, rheumatism, 
dyspepsia, diminution of skin disorders and 
lately has gained worldwide popularity since 
consumers associated the consumption of kiwi 
fruits with potential health effects (Singletary, 
2012). These fruits are a great source of 
antioxidants (ascorbic acid, -tocopherol, 

flavones) (Singletary, 2012), minerals (Na, K, 
Ca, Mg, Mn, Fe, Cu, Zn) (Çeliket al., 2006; 
Jesion et al., 2013) and organic hydroxiacids 
(mainly citric acid) that are involved in the 
acid-base balance of the body. 
Kiwifruit represents an important horticultural 
crop in New Zealand (Ferguson, 1990) where 
kiwi plant seeds were brought in the early 20th 
century (Singletary, 2012). Since then, 
commercial growth of this fruit has spread in 
many countries such as United States, Japan, 
Greece (Singletary, 2012), China (Huang, 
2001), Korea (Koh et al., 2005), Italy (D'Evoli 
et al., 2015; Testolin et al., 2009), Turkey 
(Zenginbal et al., 2014) and lately, there are 
interest regarding this culture in Romania, for 
instance the mild microclimates where peach, 
apricot and almond trees grow (Peticilă et al., 
2012; 2016). Actinidia arguta it has been 
proved to be more resistant at low temperatures 
and due to this behaviour, may be cultivated in 
almost all the regions of Romania (Peticilă et 
al., 2012; 2016). 
Accordingly, the importance of kiwi culture, 
the development and expansion of the kiwifruit 

 
industry has led to an increasing need for 
propagation material. 
The kiwifruit can be propagated by sexual 
reproduction (Ono et al., 2000) and by 
vegetative methods (green or hardwood 
cuttings, grafting, budding) the latter being 
preferred (Karkurt et al., 2009).  
It is known that kiwifruit cuttings are more 
difficult to root than cuttings of many other 
species (Atak et al., 2015). Actinidia arguta it 
is commonly propagated by hardwood cuttings 
with different rates of success (Beyl et al., 
1995). 
For Actinidia deliciosa and Actinidia arguta 
propagation could be used softwood/green 
cuttings (Atak et al., 2015; Peticilă et al., 2016) 
or hardwood cuttings (Atak et al., 2015), the 
main problem, especially for hardwood 
cuttings, being represented by the tendency for 
cuttings to form excessive callus and few roots 
(Beyl et al., 1995). Although present this 
disadvantage, hardwood cuttings are the most 
accessible methods (least expensive and 
easiest) for vegetative propagation for many 
horticultural crops (Karkurt et al., 2009). 
Rooting from the cutting it was demonstrated 
that is influenced by fruit specie, planting time, 
cultivar and rooting hormones (Kumar et al., 
2002). 
According to literature, the efficiency of 
various substrates for rooting process has been 
investigated: sand, perlite, sand+perlite, peat, 
peat+perlite, cocopeat, cocopeat+perlite (Atak 
et al., 2015; Peticilă et al., 2016). Some 
researchers (Atak et al., 2015) found that for 
hardwood cuttings of Actinidia deliciosa 
'Hayward', perlite was not proper for rooting, 
meanwhile for rooting of softwood cuttings 
perlite and cocopeat were found to be suitable 
rooting media.   
Contrariwise, a mixture (1:1) of sand and 
perlite it proved its superiority over other 
substrates (sand, sand+azocompost) regarding 
influence of rooting for semi-hardwood 
cuttings of Actinidia chinensis (Miri-Nargesi et 
al., 2015). 
Other factor extensively studied and involved 
in rooting of cuttings is represented by different 
synthetic auxin-like hormones. So far, beta-
indolyl butyric acid (IBA) (Alam et al., 2007; 
Peticila et al., 2016; Üçleret al., 2004; 
Zenginbal  et al., 2014) and naphtylacetic acid 

(NAA) (Ono et al., 2000; Peticilă et al., 2016) 
used separately or together has proven the 
efficiency on rooting capacity of kiwi cuttings. 
Notwithstanding, some investigations have 
revealed that the application of auxins had no 
significant impact on the root number and 
rooting percentage for semi-hardwood cuttings 
of Actinidia chinensis (Miri-Nargesi et al., 
2015; Ono et al., 2000). 
The aim of the current research was to 
investigate the manner in which hormonal 
treatments determine the rooting of hardwood 
cutting for Actinidia deliciosa and Actinidia 
arguta species grown on a substrate composed 
from sand and perlite. 
The present study is a continuation of our 
previously reported researches (Peticilă et al., 
2016), were it was analyzed the influence of 
hormonal treatments on rooting for the same 
kiwi species, in the same experimental 
conditions (substrate composition, hormonal 
treatments) the main difference being the type 
of cutting (green cutting).  
It was developed a bifactorial experiment 
where "a" factor was kiwi cultivar/hybrid and 
"b" factor was the applied treatment 
represented by different rhizogene compounds. 
It was evaluated the influence of the 
cultivar/hybrid and applied treatment on 
rooting percentage, number of formed roots, 
roots lengths (cm/cutting). 
 
MATERIALS AND METHODS 
 
In the experiment located at UASMV 
Bucharest greenhouse was used lignified 
cuttings of 15-20 cm length (3-4 internodes) 
that were obtained from species Actinidia 
deliciosa and Actinidia arguta. For rooting, 
was used a bench that allowed to maintain the 
substrate temperature of 18-20oC. As air 
temperature in the greenhouse began to 
increase, it appeared the risk of buds start 
growing, so it was turned on the misting 
system, which succeeded to prevent the sudden 
increase of air temperature.   
According to different studies (Alam et al., 
2007; Kumar et al., 2002; Ono et al., 2000; 
Peticilă et al., 2016; Üçleret al., 2004; 
Zenginbal et al., 2014), rooting from the cutting 
is strongly influenced by the rooting hormones 
and accordingly, to enhance the success of 
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arguta (Francesca, Jumbo) species grown on a substrate composed from sand and perlite. It was developed a 
bifactorial experiment where "a" factor was kiwi cultivar/hybrid and "b" factor was the applied treatment represented 
by different rhizogene compounds. The efficiency of hardwood cutting under various hormonal rooting treatments was 
quantified by rooting percentage, number of formed roots, roots lengths (cm/cutting). The best rooting parameters were 
found when NAA+IBA 1000 ppm solution was used for Actinidia deliciosa (Hayward): rooting percentage was 73.1%, 
number of formed roots 17.2 and root length was evaluated as 19.3 cm/cutting.  
 
Key words: Actinidia sp., hardwood cutting, IBA, NAA, rooting. 
 
INTRODUCTION  
 
Originally grown in mountainous regions of 
China and known as mihoutau (Singletary, 
2012), kiwi belongs to Actinidia genus and it is 
derived from a deciduous, woody fruiting vine. 
Actinidia species are perennial, present 
vigorous growth and has climbing and 
strangling characteristics (Cangi et al., 2006). 
Species with fruits commonly consumed are 
kiwifruit/fuzzyfruit (Actinidia deliciosa), 
golden kiwifruit (Actinidia chinensis), baby 
kiwifruit (Actinidia arguta), Arctic kiwifruit 
(Actinidia kolomikta), red kiwifruit (Actinidia 
melanandra), silver vine (Actinidia polygama), 
purple kiwifruit (Actinidia purpurea) (Gjeloshi 
et al., 2014; Lee, 1990). 
In ancient times, in China, kiwifruit was a 
remedy for digestive disturbances, rheumatism, 
dyspepsia, diminution of skin disorders and 
lately has gained worldwide popularity since 
consumers associated the consumption of kiwi 
fruits with potential health effects (Singletary, 
2012). These fruits are a great source of 
antioxidants (ascorbic acid, -tocopherol, 

flavones) (Singletary, 2012), minerals (Na, K, 
Ca, Mg, Mn, Fe, Cu, Zn) (Çeliket al., 2006; 
Jesion et al., 2013) and organic hydroxiacids 
(mainly citric acid) that are involved in the 
acid-base balance of the body. 
Kiwifruit represents an important horticultural 
crop in New Zealand (Ferguson, 1990) where 
kiwi plant seeds were brought in the early 20th 
century (Singletary, 2012). Since then, 
commercial growth of this fruit has spread in 
many countries such as United States, Japan, 
Greece (Singletary, 2012), China (Huang, 
2001), Korea (Koh et al., 2005), Italy (D'Evoli 
et al., 2015; Testolin et al., 2009), Turkey 
(Zenginbal et al., 2014) and lately, there are 
interest regarding this culture in Romania, for 
instance the mild microclimates where peach, 
apricot and almond trees grow (Peticilă et al., 
2012; 2016). Actinidia arguta it has been 
proved to be more resistant at low temperatures 
and due to this behaviour, may be cultivated in 
almost all the regions of Romania (Peticilă et 
al., 2012; 2016). 
Accordingly, the importance of kiwi culture, 
the development and expansion of the kiwifruit 

 
industry has led to an increasing need for 
propagation material. 
The kiwifruit can be propagated by sexual 
reproduction (Ono et al., 2000) and by 
vegetative methods (green or hardwood 
cuttings, grafting, budding) the latter being 
preferred (Karkurt et al., 2009).  
It is known that kiwifruit cuttings are more 
difficult to root than cuttings of many other 
species (Atak et al., 2015). Actinidia arguta it 
is commonly propagated by hardwood cuttings 
with different rates of success (Beyl et al., 
1995). 
For Actinidia deliciosa and Actinidia arguta 
propagation could be used softwood/green 
cuttings (Atak et al., 2015; Peticilă et al., 2016) 
or hardwood cuttings (Atak et al., 2015), the 
main problem, especially for hardwood 
cuttings, being represented by the tendency for 
cuttings to form excessive callus and few roots 
(Beyl et al., 1995). Although present this 
disadvantage, hardwood cuttings are the most 
accessible methods (least expensive and 
easiest) for vegetative propagation for many 
horticultural crops (Karkurt et al., 2009). 
Rooting from the cutting it was demonstrated 
that is influenced by fruit specie, planting time, 
cultivar and rooting hormones (Kumar et al., 
2002). 
According to literature, the efficiency of 
various substrates for rooting process has been 
investigated: sand, perlite, sand+perlite, peat, 
peat+perlite, cocopeat, cocopeat+perlite (Atak 
et al., 2015; Peticilă et al., 2016). Some 
researchers (Atak et al., 2015) found that for 
hardwood cuttings of Actinidia deliciosa 
'Hayward', perlite was not proper for rooting, 
meanwhile for rooting of softwood cuttings 
perlite and cocopeat were found to be suitable 
rooting media.   
Contrariwise, a mixture (1:1) of sand and 
perlite it proved its superiority over other 
substrates (sand, sand+azocompost) regarding 
influence of rooting for semi-hardwood 
cuttings of Actinidia chinensis (Miri-Nargesi et 
al., 2015). 
Other factor extensively studied and involved 
in rooting of cuttings is represented by different 
synthetic auxin-like hormones. So far, beta-
indolyl butyric acid (IBA) (Alam et al., 2007; 
Peticila et al., 2016; Üçleret al., 2004; 
Zenginbal  et al., 2014) and naphtylacetic acid 

(NAA) (Ono et al., 2000; Peticilă et al., 2016) 
used separately or together has proven the 
efficiency on rooting capacity of kiwi cuttings. 
Notwithstanding, some investigations have 
revealed that the application of auxins had no 
significant impact on the root number and 
rooting percentage for semi-hardwood cuttings 
of Actinidia chinensis (Miri-Nargesi et al., 
2015; Ono et al., 2000). 
The aim of the current research was to 
investigate the manner in which hormonal 
treatments determine the rooting of hardwood 
cutting for Actinidia deliciosa and Actinidia 
arguta species grown on a substrate composed 
from sand and perlite. 
The present study is a continuation of our 
previously reported researches (Peticilă et al., 
2016), were it was analyzed the influence of 
hormonal treatments on rooting for the same 
kiwi species, in the same experimental 
conditions (substrate composition, hormonal 
treatments) the main difference being the type 
of cutting (green cutting).  
It was developed a bifactorial experiment 
where "a" factor was kiwi cultivar/hybrid and 
"b" factor was the applied treatment 
represented by different rhizogene compounds. 
It was evaluated the influence of the 
cultivar/hybrid and applied treatment on 
rooting percentage, number of formed roots, 
roots lengths (cm/cutting). 
 
MATERIALS AND METHODS 
 
In the experiment located at UASMV 
Bucharest greenhouse was used lignified 
cuttings of 15-20 cm length (3-4 internodes) 
that were obtained from species Actinidia 
deliciosa and Actinidia arguta. For rooting, 
was used a bench that allowed to maintain the 
substrate temperature of 18-20oC. As air 
temperature in the greenhouse began to 
increase, it appeared the risk of buds start 
growing, so it was turned on the misting 
system, which succeeded to prevent the sudden 
increase of air temperature.   
According to different studies (Alam et al., 
2007; Kumar et al., 2002; Ono et al., 2000; 
Peticilă et al., 2016; Üçleret al., 2004; 
Zenginbal et al., 2014), rooting from the cutting 
is strongly influenced by the rooting hormones 
and accordingly, to enhance the success of 
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rooting the cuttings were dipped for 10 seconds 
in different rhizogene compounds (Table 1). 
Statistical analysis was performed using 
Tukey's multiple range test at p≤0.05. Tukey's 
test compares the means of every treatment to 
the means of every other treatment. 
 

Table 1. Experimental design 
 
Actinidia 
species 

Actinidia deliciosa: Kramer, Hayward, Katiuscia 
cultivars, Tomuri and AD20 hybrids 
Actinidia arguta: AA5 (Jumbo), AA2 (Francesca) 
cultivars 

Substrate sand and perlite (1:1, volumetric ratio) 
 
Experimental 
variants 

V1 - control 
V2 - Radistim 
V3 - NAA 2000 ppm (NAA = napthyl acetic acid) 
V4 - IBA 2000 ppm (IBA = beta-indolyl butyric 
acid) 
V5 - NAA + IBA 1000 ppm 

 
Table 2. Bifactorial experiment for hardwood cutting at 

Actinidia sp. 
a Factor = cultivar/hybrid b Factor = treatment applied 

 
a1 = AA2 (Francesca) 
a2 = AA5 (Jumbo) 
a3 = AD20 
a4 = Hayward 
a5 = Katiuscia 
a6 = Kramer 
a7 = Tomuri 

b1 = untreated  (control) 
b2 = Radistim 
b3 = NAA  2000 ppm 
b4 = IBA 2000 ppm 
b5 = NAA + IBA 1000 ppm 
 

 
RESULTS AND DISCUSSIONS 
 
1. Influence of the cultivar/hybrid (a factor) 
and treatment applied (b factor) on the rooting 
percentage (%) at Actinidia sp. grown on 
substrate of sand and perlite 
The variance analysis indicates significant 
differences given by the cultivar/hybrid for the 
same rooting hormonal treatment. The highest 
rooting percentage (73.1%) was found for 
Actinidia deliciosa (Hayward) as against other 
tested cultivars/hybrids for rooting using sand 
and perlite mix substrate (Table 3). There are 
no significant differences on rooting percentage 
given by the treatment with IBA 2000 ppm 
(V4) between AA2 (Francesca), Katiuscia and 
Kramer. In the case of V5 treated with 
NAA+IBA 1000 ppm there are no significant 
differences on rooting percentage between 
Hayward cultivar and Tomuri hybrid. 
Investigations on rooting process for the same 
cultivar/hybrid with different stimulating 
treatments led to significant differences, the 
best results for rooting percentage being 
observed after NAA+IBA 1000 ppm treatment, 
followed by IBA 2000 ppm and NAA 2000 

ppm. In the case of Actinidia species, Radistim 
application for rooting stimulation generated 
results that it ranks it on last position in 
comparison with other treatments. The best 
rooting percentage after Radistim treatment 
was obtained for AA5 (Jumbo), this value 
allowing the ranking on the second position 
after NAA+IBA 1000 ppm treatment. 
The lowest value for rooting percentage was 
obtained for control (untreated) variant 
regardless cultivar or variety. 
In the issue, it is recommended to use rooting 
hormonal treatments for good results of rooting 
percentage and the most efficient experimental 
variant it has been encountered for NAA+ IBA 
1000 ppm. The best result for rooting 
percentage irrespective of applied treatment 
was found for Hayward. 
 
2. Influence of the cultivar/hybrid (a factor) 
and treatment applied (b factor) on number of 
formed roots at Actinidia sp. grown on 
substrate of sand and perlite  
Variance analysis indicates significant 
differences given by the cultivar or hybrid for 
the same rooting hormonal treatment. The 
highest number of formed roots is found in the 
case of Actinidia deliciosa (Hayward) in 
comparison with other cultivars and varieties 
tested for rooting process on sand+perlite 
substrate (Table 4). For control (untreated) 
variant (V1) appear significant differences 
given by the cultivar/hybrid for Hayward and 
Kramer as against AA2 (Francesca), AD20, 
Katiuscia. There are no significant differences 
given by the cultivar/hybrid when Radistim 
treatment is used for AA5 (Jumbo), Kramer 
and Tomuri and AA2 (Francesca), AD20 and 
Katiuscia, respectively, but very significant 
differences between those above exemplified 
and Hayward. Also, there are no significant 
differences given by the cultivar/hybrid when 
NAA 2000 ppm (V3) treatment is applied 
between Hayward and Kramer, AA5 (Jumbo) 
and Tomuri, AA2 (Francesca), AD20 and 
Katiuscia, respectively, but very significant 
between the mentioned three resulted 
categories due to the difference in the number 
of formed roots.  
Investigation on the influence of the same 
cultivar/hybrid treated with different rooting 
stimulating products on the number of formed 

 
roots conducted to significant differences. The 
best response objectified as number of formed 
roots is obtained for Actinidia deliciosa in the 
case of NAA+IBA 1000 ppm treatment, 
followed by IBA 2000 ppm and NAA 2000 
ppm, the last ranked being Radistim treatment. 
Treatments on Actinidia arguta indicate no 
significant differences for Radistim, NAA 2000 
ppm and IBA 2000 ppm for AA2 (Francesca), 
respectively between Radistim, NAA 2000 
ppm and NAA+IBA 1000 ppm for AA5 
(Jumbo). 

As conclusion, for Actinidia deliciosa it is 
recommended NAA+IBA 1000 ppm treatment 
to obtain large number of formed roots, 
meanwhile for Actinidia arguta all applied 
treatments provide similar response, with no 
significant differences. The cultivar/hybrid that 
recorded the highest number of formed roots 
regardless the used treatment is Hayward in the 
case of which the highest number of formed 
roots was 17.2 when NAA+IBA 1000 ppm was 
applied. 

 
Table 3. Influence of the cultivar/hybrid (a factor) and treatment applied (b factor) on the rooting percentage (%) at 

Actinidia sp. grown on substrate of sand and perlite 
 
 

Cultivar/ 
hybrid 

a\b 

Rooting percentage (%) 
Variants  

V1  
Control  

untreated 
 

V2 
Radistim 

V3 
NAA 

2000 ppm 
 

V4 
IBA 

2000 ppm 

V5 
NAA+IBA 
1000 ppm 

Actinidia 
arguta 

AA2 (Francesca) b44.8d d52.1c e51.7c d55.7a f53.9b 
AA5 (Jumbo) c39.5e f47.5b f43.9c e41.8d e56.1a 

 
Actinidia 
deliciosa 

AD20 d35.1d c55.1c c56.1c c58.7b b61.3a 
Hayward a50.9e a64.5d a66.1c a69.7b a73.1a 
Katiuscia f30.0e e51.0d e52.2c d56.5b c60.1a 
Kramer e33.1e d52.1d d53.8c d55.9b d58.1a 
Tomuri b45.1e b63.1d b64.5c b67.2b a72.1a 

1B constant A variable: LSD 5%=1.00*% ; LSD 1%=1.34%;  LSD 0.1%=1.77% 
2A constant B variable: LSD 5%=1.06*%; LSD 1%=1.41%;  LSD 0.1%=1.84% 

There were made interpretations by DL 5% indicated in the table by * 
1Means with different letters in a column (in front of data) are significant different. 
2Means with different letters in a row (in back of data) are significant different. 

 
Table 4. Influence of the cultivar/hybrid (a factor) and treatment applied (b factor) on number of formed roots at 

Actinidia sp. grown on substrate of sand and perlite  
 
 

Cultivar/ 
hybrid 

a\b 

No. of formed roots 
Variants  

V1  
Control  

untreated 
 

V2 
Radistim 

V3 
NAA 

2000 ppm 
 

V4 
IBA 

2000 ppm 

V5 
NAA+IBA 
1000 ppm 

Actinidia 
arguta 

AA2 (Francesca) c6.9b c8.3a c7.9a d8.9a f7.1b 
AA5 (Jumbo) d6.3c b9.9a b9.8a d8.5b e10.1a 

 
Actinidia 
deliciosa 

AD20 c7.9b c7.3c c8.5b c9.5a e9.7a 
Hayward a11.0d a12.9c a12.1c a14.8b a17.2a 
Katiuscia c7.1d c7.5c c8.3c c10.2b d11.5a 
Kramer a10.2c b10.9c a11.8b b12.6b b15.5a 
Tomuri b9.1d b9.9c b10.7c b11.9b c13.9a 

1B constant A variable: LSD 5%=1.11*% ; LSD 1%=1.51%;  LSD 0.1%=2.05% 
2A constant B variable: LSD 5%=1.00*%; LSD 1%=1.33%;  LSD 0.1%=1.74% 

There were made interpretations by DL 5% indicated in the table by * 
1Means with different letters in a column (in front of data) are significant different. 
2Means with different letters in a row (in back of data) are significant different. 
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rooting the cuttings were dipped for 10 seconds 
in different rhizogene compounds (Table 1). 
Statistical analysis was performed using 
Tukey's multiple range test at p≤0.05. Tukey's 
test compares the means of every treatment to 
the means of every other treatment. 
 

Table 1. Experimental design 
 
Actinidia 
species 

Actinidia deliciosa: Kramer, Hayward, Katiuscia 
cultivars, Tomuri and AD20 hybrids 
Actinidia arguta: AA5 (Jumbo), AA2 (Francesca) 
cultivars 

Substrate sand and perlite (1:1, volumetric ratio) 
 
Experimental 
variants 

V1 - control 
V2 - Radistim 
V3 - NAA 2000 ppm (NAA = napthyl acetic acid) 
V4 - IBA 2000 ppm (IBA = beta-indolyl butyric 
acid) 
V5 - NAA + IBA 1000 ppm 

 
Table 2. Bifactorial experiment for hardwood cutting at 

Actinidia sp. 
a Factor = cultivar/hybrid b Factor = treatment applied 

 
a1 = AA2 (Francesca) 
a2 = AA5 (Jumbo) 
a3 = AD20 
a4 = Hayward 
a5 = Katiuscia 
a6 = Kramer 
a7 = Tomuri 

b1 = untreated  (control) 
b2 = Radistim 
b3 = NAA  2000 ppm 
b4 = IBA 2000 ppm 
b5 = NAA + IBA 1000 ppm 
 

 
RESULTS AND DISCUSSIONS 
 
1. Influence of the cultivar/hybrid (a factor) 
and treatment applied (b factor) on the rooting 
percentage (%) at Actinidia sp. grown on 
substrate of sand and perlite 
The variance analysis indicates significant 
differences given by the cultivar/hybrid for the 
same rooting hormonal treatment. The highest 
rooting percentage (73.1%) was found for 
Actinidia deliciosa (Hayward) as against other 
tested cultivars/hybrids for rooting using sand 
and perlite mix substrate (Table 3). There are 
no significant differences on rooting percentage 
given by the treatment with IBA 2000 ppm 
(V4) between AA2 (Francesca), Katiuscia and 
Kramer. In the case of V5 treated with 
NAA+IBA 1000 ppm there are no significant 
differences on rooting percentage between 
Hayward cultivar and Tomuri hybrid. 
Investigations on rooting process for the same 
cultivar/hybrid with different stimulating 
treatments led to significant differences, the 
best results for rooting percentage being 
observed after NAA+IBA 1000 ppm treatment, 
followed by IBA 2000 ppm and NAA 2000 

ppm. In the case of Actinidia species, Radistim 
application for rooting stimulation generated 
results that it ranks it on last position in 
comparison with other treatments. The best 
rooting percentage after Radistim treatment 
was obtained for AA5 (Jumbo), this value 
allowing the ranking on the second position 
after NAA+IBA 1000 ppm treatment. 
The lowest value for rooting percentage was 
obtained for control (untreated) variant 
regardless cultivar or variety. 
In the issue, it is recommended to use rooting 
hormonal treatments for good results of rooting 
percentage and the most efficient experimental 
variant it has been encountered for NAA+ IBA 
1000 ppm. The best result for rooting 
percentage irrespective of applied treatment 
was found for Hayward. 
 
2. Influence of the cultivar/hybrid (a factor) 
and treatment applied (b factor) on number of 
formed roots at Actinidia sp. grown on 
substrate of sand and perlite  
Variance analysis indicates significant 
differences given by the cultivar or hybrid for 
the same rooting hormonal treatment. The 
highest number of formed roots is found in the 
case of Actinidia deliciosa (Hayward) in 
comparison with other cultivars and varieties 
tested for rooting process on sand+perlite 
substrate (Table 4). For control (untreated) 
variant (V1) appear significant differences 
given by the cultivar/hybrid for Hayward and 
Kramer as against AA2 (Francesca), AD20, 
Katiuscia. There are no significant differences 
given by the cultivar/hybrid when Radistim 
treatment is used for AA5 (Jumbo), Kramer 
and Tomuri and AA2 (Francesca), AD20 and 
Katiuscia, respectively, but very significant 
differences between those above exemplified 
and Hayward. Also, there are no significant 
differences given by the cultivar/hybrid when 
NAA 2000 ppm (V3) treatment is applied 
between Hayward and Kramer, AA5 (Jumbo) 
and Tomuri, AA2 (Francesca), AD20 and 
Katiuscia, respectively, but very significant 
between the mentioned three resulted 
categories due to the difference in the number 
of formed roots.  
Investigation on the influence of the same 
cultivar/hybrid treated with different rooting 
stimulating products on the number of formed 

 
roots conducted to significant differences. The 
best response objectified as number of formed 
roots is obtained for Actinidia deliciosa in the 
case of NAA+IBA 1000 ppm treatment, 
followed by IBA 2000 ppm and NAA 2000 
ppm, the last ranked being Radistim treatment. 
Treatments on Actinidia arguta indicate no 
significant differences for Radistim, NAA 2000 
ppm and IBA 2000 ppm for AA2 (Francesca), 
respectively between Radistim, NAA 2000 
ppm and NAA+IBA 1000 ppm for AA5 
(Jumbo). 

As conclusion, for Actinidia deliciosa it is 
recommended NAA+IBA 1000 ppm treatment 
to obtain large number of formed roots, 
meanwhile for Actinidia arguta all applied 
treatments provide similar response, with no 
significant differences. The cultivar/hybrid that 
recorded the highest number of formed roots 
regardless the used treatment is Hayward in the 
case of which the highest number of formed 
roots was 17.2 when NAA+IBA 1000 ppm was 
applied. 

 
Table 3. Influence of the cultivar/hybrid (a factor) and treatment applied (b factor) on the rooting percentage (%) at 

Actinidia sp. grown on substrate of sand and perlite 
 
 

Cultivar/ 
hybrid 

a\b 

Rooting percentage (%) 
Variants  

V1  
Control  

untreated 
 

V2 
Radistim 

V3 
NAA 

2000 ppm 
 

V4 
IBA 

2000 ppm 

V5 
NAA+IBA 
1000 ppm 

Actinidia 
arguta 

AA2 (Francesca) b44.8d d52.1c e51.7c d55.7a f53.9b 
AA5 (Jumbo) c39.5e f47.5b f43.9c e41.8d e56.1a 

 
Actinidia 
deliciosa 

AD20 d35.1d c55.1c c56.1c c58.7b b61.3a 
Hayward a50.9e a64.5d a66.1c a69.7b a73.1a 
Katiuscia f30.0e e51.0d e52.2c d56.5b c60.1a 
Kramer e33.1e d52.1d d53.8c d55.9b d58.1a 
Tomuri b45.1e b63.1d b64.5c b67.2b a72.1a 

1B constant A variable: LSD 5%=1.00*% ; LSD 1%=1.34%;  LSD 0.1%=1.77% 
2A constant B variable: LSD 5%=1.06*%; LSD 1%=1.41%;  LSD 0.1%=1.84% 

There were made interpretations by DL 5% indicated in the table by * 
1Means with different letters in a column (in front of data) are significant different. 
2Means with different letters in a row (in back of data) are significant different. 

 
Table 4. Influence of the cultivar/hybrid (a factor) and treatment applied (b factor) on number of formed roots at 

Actinidia sp. grown on substrate of sand and perlite  
 
 

Cultivar/ 
hybrid 

a\b 

No. of formed roots 
Variants  

V1  
Control  

untreated 
 

V2 
Radistim 

V3 
NAA 

2000 ppm 
 

V4 
IBA 

2000 ppm 

V5 
NAA+IBA 
1000 ppm 

Actinidia 
arguta 

AA2 (Francesca) c6.9b c8.3a c7.9a d8.9a f7.1b 
AA5 (Jumbo) d6.3c b9.9a b9.8a d8.5b e10.1a 

 
Actinidia 
deliciosa 

AD20 c7.9b c7.3c c8.5b c9.5a e9.7a 
Hayward a11.0d a12.9c a12.1c a14.8b a17.2a 
Katiuscia c7.1d c7.5c c8.3c c10.2b d11.5a 
Kramer a10.2c b10.9c a11.8b b12.6b b15.5a 
Tomuri b9.1d b9.9c b10.7c b11.9b c13.9a 

1B constant A variable: LSD 5%=1.11*% ; LSD 1%=1.51%;  LSD 0.1%=2.05% 
2A constant B variable: LSD 5%=1.00*%; LSD 1%=1.33%;  LSD 0.1%=1.74% 

There were made interpretations by DL 5% indicated in the table by * 
1Means with different letters in a column (in front of data) are significant different. 
2Means with different letters in a row (in back of data) are significant different. 
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Table 5. Influence of the cultivar/hybrid (a factor) and treatment applied (b factor) on roots length (cm/cutting) at 
Actinidia sp. grown on substrate of sand and perlite 

 
 

Cultivar/ 
hybrid 

a\b 

Root length (cm/cutting) 
Variants  

V1  
Control  

untreated 
 

V2 
Radistim 

V3 
NAA 

2000 ppm 
 

V4 
IBA 

2000 ppm 

V5 
NAA+IBA 
1000 ppm 

Actinidia 
arguta 

AA2 (Francesca) d6.8b e6.7c e7.6b e8.8a f6.9b 
AA5 (Jumbo) c8.0d d8.2d d9.3c d10.5b d11.7a 

 
Actinidia 
deliciosa 

AD20 c7.1c c9.3a d8.5b e9.1a e9.8a 
Hayward a10.9d a19.7a a18.4b a17.0c a19.3a 
Katiuscia a10.1c b11.9b c10.3c c12.1a c12.9a 
Kramer b8.9d b11.5c b12.9b c11.3c b14.3a 
Tomuri b9.0d b11.1c b12.8b b13.5b b14.8a 

1B constant A variable: LSD 5%=0.99*% ; LSD 1%=1.36%;  LSD 0.1%=1.86% 
2A constant B variable: LSD 5%=0.83*%; LSD 1%=1.10%;  LSD 0.1%=1.44% 

There were made interpretations by DL 5% indicated in the table by * 
1Means with different letters in a column (in front of data) are significant different. 
2Means with different letters in a row (in back of data) are significant different. 

 
3. Influence of the cultivar/hybrid (a factor) 
and treatment applied (b factor) on roots 
length (cm/cutting) at Actinidia sp. grown on 
substrate of sand and perlite 
The variance analysis indicates significant 
differences given by the cultivar/hybrid at the 
same treatment for root length stimulation. The 
highest root length (cm/cutting) is found in the 
case of Hayward, followed by Tomuri, Kramer 
and Katiuscia from Actinidia deliciosa in 
comparison with other cultivars and varieties 
tested on sand and perlite mix substrate (table 
5). In the case of Radistim treatment (V2) there 
are no significant differences given by the 
cultivar/hybrid for Katiuscia, Kramer and 
Tomuri but appear very significant differences 
for Hayward in the case of which was found the 
highest root length (19.7 cm/cutting). When 
NAA 2000 ppm (V3) and NAA+IBA 
1000 ppm (V5) were applied there are no 
significant differences given by the 
cultivar/hybrid for Kramer and Tomuri but 
appear very significant differences for Hayward 
when it was found the highest root lengths, 
18.4 cm/cutting and 19.3 cm/cutting, 
respectively. 
Analyzing the influence of the same 
cultivar/hybrid tested with hormonal rooting 
treatments appear significant differences, the 
highest root lengths being obtained when NAA 
+ IBA 1000 ppm treatment is applied. In the 
case of AD20, the best results are obtained 
when Radistim, IBA 2000 ppm and NAA+IBA 

1000 ppm treatments are applied meanwhile, 
for Katiuscia are recommended treatments with 
IBA 2000 ppm or NAA+IBA 1000 ppm.  
Finally after all investigations, for root length 
stimulation it is recommended to use treatments 
with NAA+IBA 1000 ppm but also with 
Radistim and IBA 2000 ppm. The Hayward 
cultivar offered the best response as highest 
root lengths irrespective of applied treatment. 
In other circumstances, solution NAA+IBA 
1000 ppm also proved its efficiency on rooting 
ability of green cuttings for Actinidia arguta 
(Peticilă et al., 2016). Use of IBA 6000 ppm 
and NAA 8000 ppm in the case of semi-
hardwood cuttings for Actinidia deliciosa 
provided similar effects on rooting (Üçler et al., 
2014). Some studies (Gjeloshi et al., 2014) 
indicated that use of a solution IBA 3000 ppm 
produced the highest rooting percentage (80%) 
of Actinidia deliciosa cv. Hayward hardwood 
cuttings. Also, the highest rooting percentage 
(63%) of semi-hardwood cuttings of Actinidia 
deliciosa cv. Hayward treated with solution 
IBA 3000 ppm were obtained on perlite-peat 
mix substrate (60:40) (Gjeloshi et al., 2014). 
 
CONCLUSIONS  
 
The experiment presented in this paper was 
designed to investigate the efficiency of some 
hormonal treatments on the rooting 
performance of hardwood cutting for Actinidia 
deliciosa and Actinidia arguta species. Based 

 
upon the findings of this study, the main 
conclusions are presented below. 
1. For good results of rooting percentage it is 
recommended to use hormonal treatments, the 
most efficient experimented variant being   
NAA+IBA 1000 ppm. 
2. The best result for rooting percentage 
irrespective of applied treatment was found for 
Hayward. 
3. Concerning the number of the formed roots, 
the best response is obtained for Actinidia 
deliciosa in the case of NAA+IBA 1000 ppm 
treatment, followed by IBA 2000 ppm and 
NAA 2000 ppm, the last ranked being Radistim 
treatment. 
4. For Actinidia deliciosa it is recommended 
NAA+IBA 1000 ppm treatment to obtain large 
number of formed roots, meanwhile for 
Actinidia arguta all applied treatments provide 
similar response, with no significant 
differences. 
5. For root length stimulation it is 
recommended to use treatments with 
NAA+IBA 1000 ppm but also with Radistim 
and IBA 2000 ppm. The Hayward cultivar 
offered the best response as highest root lengths 
irrespective of applied treatment. 
6. As final conclusion, for rooting stimulation it 
is recommended treatment NAA+IBA 1000 
ppm; the best response concerning rooting 
percentage, number of formed roots and root 
length stimulation was found in the case of 
Actinidia deliciosa (Hayward). This conclusion 
is consistent with our previously reported 
results (Peticilă et al., 2016), the main 
difference being the propagation technique by 
hardwood cuttings. 
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Table 5. Influence of the cultivar/hybrid (a factor) and treatment applied (b factor) on roots length (cm/cutting) at 
Actinidia sp. grown on substrate of sand and perlite 

 
 

Cultivar/ 
hybrid 

a\b 

Root length (cm/cutting) 
Variants  

V1  
Control  

untreated 
 

V2 
Radistim 

V3 
NAA 

2000 ppm 
 

V4 
IBA 

2000 ppm 

V5 
NAA+IBA 
1000 ppm 

Actinidia 
arguta 

AA2 (Francesca) d6.8b e6.7c e7.6b e8.8a f6.9b 
AA5 (Jumbo) c8.0d d8.2d d9.3c d10.5b d11.7a 

 
Actinidia 
deliciosa 

AD20 c7.1c c9.3a d8.5b e9.1a e9.8a 
Hayward a10.9d a19.7a a18.4b a17.0c a19.3a 
Katiuscia a10.1c b11.9b c10.3c c12.1a c12.9a 
Kramer b8.9d b11.5c b12.9b c11.3c b14.3a 
Tomuri b9.0d b11.1c b12.8b b13.5b b14.8a 

1B constant A variable: LSD 5%=0.99*% ; LSD 1%=1.36%;  LSD 0.1%=1.86% 
2A constant B variable: LSD 5%=0.83*%; LSD 1%=1.10%;  LSD 0.1%=1.44% 

There were made interpretations by DL 5% indicated in the table by * 
1Means with different letters in a column (in front of data) are significant different. 
2Means with different letters in a row (in back of data) are significant different. 

 
3. Influence of the cultivar/hybrid (a factor) 
and treatment applied (b factor) on roots 
length (cm/cutting) at Actinidia sp. grown on 
substrate of sand and perlite 
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18.4 cm/cutting and 19.3 cm/cutting, 
respectively. 
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highest root lengths being obtained when NAA 
+ IBA 1000 ppm treatment is applied. In the 
case of AD20, the best results are obtained 
when Radistim, IBA 2000 ppm and NAA+IBA 

1000 ppm treatments are applied meanwhile, 
for Katiuscia are recommended treatments with 
IBA 2000 ppm or NAA+IBA 1000 ppm.  
Finally after all investigations, for root length 
stimulation it is recommended to use treatments 
with NAA+IBA 1000 ppm but also with 
Radistim and IBA 2000 ppm. The Hayward 
cultivar offered the best response as highest 
root lengths irrespective of applied treatment. 
In other circumstances, solution NAA+IBA 
1000 ppm also proved its efficiency on rooting 
ability of green cuttings for Actinidia arguta 
(Peticilă et al., 2016). Use of IBA 6000 ppm 
and NAA 8000 ppm in the case of semi-
hardwood cuttings for Actinidia deliciosa 
provided similar effects on rooting (Üçler et al., 
2014). Some studies (Gjeloshi et al., 2014) 
indicated that use of a solution IBA 3000 ppm 
produced the highest rooting percentage (80%) 
of Actinidia deliciosa cv. Hayward hardwood 
cuttings. Also, the highest rooting percentage 
(63%) of semi-hardwood cuttings of Actinidia 
deliciosa cv. Hayward treated with solution 
IBA 3000 ppm were obtained on perlite-peat 
mix substrate (60:40) (Gjeloshi et al., 2014). 
 
CONCLUSIONS  
 
The experiment presented in this paper was 
designed to investigate the efficiency of some 
hormonal treatments on the rooting 
performance of hardwood cutting for Actinidia 
deliciosa and Actinidia arguta species. Based 

 
upon the findings of this study, the main 
conclusions are presented below. 
1. For good results of rooting percentage it is 
recommended to use hormonal treatments, the 
most efficient experimented variant being   
NAA+IBA 1000 ppm. 
2. The best result for rooting percentage 
irrespective of applied treatment was found for 
Hayward. 
3. Concerning the number of the formed roots, 
the best response is obtained for Actinidia 
deliciosa in the case of NAA+IBA 1000 ppm 
treatment, followed by IBA 2000 ppm and 
NAA 2000 ppm, the last ranked being Radistim 
treatment. 
4. For Actinidia deliciosa it is recommended 
NAA+IBA 1000 ppm treatment to obtain large 
number of formed roots, meanwhile for 
Actinidia arguta all applied treatments provide 
similar response, with no significant 
differences. 
5. For root length stimulation it is 
recommended to use treatments with 
NAA+IBA 1000 ppm but also with Radistim 
and IBA 2000 ppm. The Hayward cultivar 
offered the best response as highest root lengths 
irrespective of applied treatment. 
6. As final conclusion, for rooting stimulation it 
is recommended treatment NAA+IBA 1000 
ppm; the best response concerning rooting 
percentage, number of formed roots and root 
length stimulation was found in the case of 
Actinidia deliciosa (Hayward). This conclusion 
is consistent with our previously reported 
results (Peticilă et al., 2016), the main 
difference being the propagation technique by 
hardwood cuttings. 
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Abstract 
 
This paper tries to present the concentration dynamic of the principal quality indicators of the groundwater from 
Balesti-Tamasesti perimeter, Gorj County, in the last 45 years, in a special geographical area - with groundwater very 
closed to the land surface, making them very vulnerable to anthropic pollution, the area being declared under common 
Order of MESD and MARD no 1.552/03.12.2008/743/12.12.2008 as an area included on the list of localities with 
nitrates sources from agricultural activities. The characterization of the groundwater quality from the studied 
perimeter was based on the physico-chemical analysis bulletins of hydro geological drillings from the national network 
of groundwater monitoring, from their execution (period 1970-1974), from these in the studied perimeter being part the 
hydro geological stations, as well as the citizens wells (2013-2015); the monitored wells have been chosen on the flow 
direction of groundwaters established by original hydro geologic map and hydro geologic section, elaborated through 
Sub Carpathian hillock depression. According to the report on the implementation of the Nitrates Directive published 
by the European Commission, Southern Romania is among the areas in the EU where groundwater contain elevated 
levels of nitrates, due to use of chemical fertilizers and organic nitrates, as a major source of water pollution. In all 27 
Member States is a decrease in the quantities of nitrate in water, so that the implementation of legislation designed to 
prevent pollution of land and water with nitrates from agriculture became a success. Following the conducted 
monitoring in Gorj area - Romania, we observed a significant appreciation of quality indicators of groundwater, sowe 
could recommend implementation of measures to protect and continuing rehabilitating groundwater quality in Baleşti 
by building some sewage-evacuation-disposal plants, because the quality of groundwater here could return to further 
nitrogen compound concentration values existing in the natural background of groundwater. 
 
Key words: water quality, pollution, nitrogen compounds. 
 
INTRODUCTION  
 
The water supply of any communities, the 
global strategy of water management - 
primordial aspect for life quality (Ianculescu et 
al., 2002; Constantin et al., 2009) is directly 
related to the knowledge degree of the 
groundwater or surface water regime (Cineti, 
1990; Manescu, 2009), of the existence of 
construction for catching, treatment, storage, 
adduction, distribution and pumping of water 
(Giurconiu et al., 2002). The increase of 
nitrogen concentrations in Romanian ground 
waters (Cârlan et al., 2009) also in Balesti-
Tamasesti perimeter determined the inclusion 
of the locality in Order no. 
1.552/03.12.2008/743/12.12.2008 of the 
Minister of Environment and Sustainable 
Development (MESD) and the Minister of 
Agriculture and Rural Development (MARD) 

for approving the list with the localities on 
districts where it exists nitrates sources from 
agricultural activities at position 936. At global 
level groundwater represent a natural source 
that must be judiciously managed in 
accordance with European Council Directive 
80/68/CCE by applying measures to reduce de 
pollution degree (Belingher et al., 2010). The 
Romanian Government Decision no. 53/2009 
for the approval of the national plan for 
groundwater protection against pollution and 
deterioration, aims to establish the specific 
necessary measurements for the prevention and 
control of groundwater pollution, in order to 
achieve the objectives of waters protection. 
These measures include especially: criteria for 
the evaluation of good chemical status of 
groundwater and criteria for identifying and 
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inversion of creative durable and sustained 
trends, as well as for the definition of starting 
levels. Also according to Order no 
621/07.07.2014 of Environment Ministry 
regarding the approval the threshold values for 
groundwater in Romania - for Jiu Water Branch 
the body of groundwater from meadows and Jiu 
terraces and the affluents RO JI 05 (from which 
belong the studied perimeter) are established 
the next threshold values  NH4

+ = 4.4 mg/l, to 
NO2

- = 0.5 mg/l, values exceeding the imposed 
values under the Drinking Water Law no. 
458/2002, with further amendments and 
ulterior additional, which provides the ion 
value NH4

+ = 0.5 mg/l. 
In this context, the paper presents an analysis of 
the natural evolution of chemical parameters of 
the ground waters from the Gorj area - South 
West region of Romania, in order to put into 
evidence the significant appreciation of quality 
indicators in the period 1970-2015. 
Main source of water supply of inhabitants and 
animals from the studied perimeter, most of the 
house holds wells trapping these waters, rarely 
found deep water sources that belong especially 
to the economic objectives existent here. It is 
recommended to increase the requirements and 
measures on water management and 
wastewater, according to the goals of the 
European Union, with a view that localities 
with over 2,000 inhabitants to have a secure 

supply of safe drinking water, access to 
sanitation and provision of wastewater 
treatment plants in 100% by 2018. 
 
MATERIALS AND METHODS 
 
In order to characterize the evolution of the 
groundwater quality, the main following 
indicators were used: ammonium ions NH4

+ 
(mg/l), nitrites NO2

- (mg/l), nitrates NO3
-

(mg/l), analysed in the period 1970-2015.  
The technical data used to monitor groundwater 
from the studied perimeter underground, were 
obtained through the inventory of the executed 
catchments in this geographic space, consulting 
the archives of some institutions, which have 
carried out such works, introducing in database 
drillings that have registered data related to 
location, lithology, cased columns, trapped 
intervals, the results of experimental pumping, 
the aquifer layers granulometry, water 
chemistry, the technical status of drilling and 
the exploited flow. This paper presents just the 
physico-chemical analyses of the water sources 
in Balesti area (Figure 1). The data from figure 
1 were completed with technical data of 
domestic wells inventoried in localities Balesti 
and Tamasesti, Ceauru and Rasova, those 
locations being barked on hydro geological 
map with blue colour (Figure 2).  
 

Figure 1. Location of water sources in Balesti perimeter used to characterize the groundwater quality through  
physico-chemical analyses on their execution (original) 

 

Figure 2.  Hydro geological map of Balesti perimeter with domestic drillings studied from localities Balesti, Tamasesti, 
Ceauru, Rosova (original) 

 
The hydrostatic level of groundwater in that 
area is situated at depths of 1.5-6.5 m (Figure 
3), higher in the area near to hills. The presence 
of groundwater at depths so small, created 

problems to inhabitants from this perimeter, 
being necessary important drainage works for 
using the agricultural lands and to take them 
from the sub floods effect. 

Figure 3.  Hydro geological section through Sub Carpathian hillock depression Ciuperceni - Targu Jiu  
(Balesti locality area) - original 
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The water supply of groundwater is achieved 
through water direct infiltration from rainfalls  
on depressions surface, from surface waters of 
rivers that cross the depression, by which are in 
direct hydraulic connection and from depth 
groundwater, through draining (Figure 3). 
The depth of aquifer is founded stuck in 
Pontian sands from the perimeter basement.  
On the samples taken from the water sources it 
were performed physico-chemical analyses on 
Public Health Department Gorj and on 
Laboratory of SGA Gorj - The Water 
Management Gorj - using laboratory 
methodology in accordance with the law, to 
establish the qualitative parameters of water 
samples. 

RESULTS AND DISCUSSIONS 
 
The values of the principal indicators of water 
quality in the years 1970-1974 at water samples 
from the drillings presented in Figure 1 and 3 
are presented in Table 1. Is noticed that last 
century the quality of groundwater at quality 
indicators - nitrogen compounds - (determined 
in water samples taken at hydro geological 
drilling execution from the National 
Monitoring Network of Groundwater, located 
outside localities limit) it was excellent, the 
NH4

+ ion is absent or not determined, just 
because in that period it was virtual absence in 
groundwater in Romania. 
 

Table 1. Quality parameters in water samples from drillings 

Groundwater 
source 

Year of 
exec. 

Depth 
drilling 

(m) 

Captured 
Intervals 

(m) 
Nhs 
(m) 

Nhd 
(m) 

Q 
(l/s) 

NH4
+ 

(mg/l) 
NO2

- 

(mg/l) 
 

NO3
- 

(mg/l) 

F5 - Romanesti 1970 8.3 3.5-8.3 2.03 - - - 0.1 30 
F5 - Tamasesti 1971 17 2-12.5 1.5 5.8 2.5 - abs 4 
F6 - Tamasesti 1971 20 2.5-12.5 1.4 2 3.5 - abs 4 
F1 - IAS Cornesti 1971 30 5-16.8 1.3 1.8 19.4 abs 0.004 abs 
F1 - CAP Telesti 1974 20 2.7-4.2 1.6 11 0.4 abs abs 3 
 
So before building large irrigation systems and 
chemical processing intensive agriculture, 
groundwater horizons waters were 
characterized by very low concentrations 
nitrate ion, ammonium and nitrite ions are 
virtually missing. The absence of nitrite ions 
and ammonium nitrate ion coupled with the 
presence of the chemical composition of 
groundwater shows local pollution (punctate) 
oldest of them, which allowed the oxidation of 
ammonia to nitrate. Even if big agro-industrial 
complexes were closed after the 1990 
Revolution, the consequences are identified 
even today in the chemistry of groundwater, 
discharges having harmful effects of long-term, 
but with the possibility of continuous 
reduction. Developing more evident localities, 
in conjunction with the lack of sewage systems, 
of wastewater treatment, of chemical 
agriculture have generated accumulation in 
groundwater of increasing amounts of 
chemicals. Among these, the oxygenated 
compounds of nitrogen being very soluble, they 
experienced a continued growth. EU standards 
adopted by Romania by Law 458/2002 
specifies that nitrate ion in drinking water 
should not exceed 50 mg/l, which is equivalent 

to 11 mg/l of nitrate nitrogen. Ammonium ions 
and nitrite should not exceed 0.5 mg/l. In year 
2009, in the physico-chemical analyses 
performed by DSP Gorj (Corici&Brandibur 
2009) at county level are registered also some 
wells from Balesti with exceeds of 
concentration of nitrogen compounds compared 
to MAC values (50 mg/l) from Drinking Water 
Law no. 458/2002 with further amendments 
and ulterior additional (Table 2) due to 
anthropic influence exercised by domestic 
sewages from households and less agricultural 
activities in the area, according to the common 
Order of MESD and MARD no. 743/ 
12.12.2008 for approving the list with the 
localities on districts where it exists nitrates 
sources from agricultural activities at position 
936. In period between 2013-2015 it was 
performed a study for groundwater quality 
monitoring abstracted from wells in Balesti 
locality, at quality indicators presented in Table 
3, on which is seen a net assessment of water 
quality compared to year 2009.  
Thus in present we finds that the values of 
nitrogen compounds concentrations from 
groundwater in Balesti basement are included 
the limits from  

 

Table 2. The nitrogen concentrations at wells from 
Balesti Commune - 2009 

 
 
 

Drinking Water Law  no. 458/2002 with further 
amendments and ulterior additional, being 
possible the existence of only some isolated 
areas in which to be exceeded the values MAC 
from Drinking Water Law  no. 458/2002 with 
further amendments and ulterior additional. 
The exceeded values may be like this due to 
anthropic influence exercised by the presence 
of latrines and animals stables from house 
holds from the commune localities and less due  
to agricultural activities from extra lands where 
we can find in present low values of nitrogen 
compounds (Table 3). 
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CONCLUSIONS 
 
It may be considered that ions absences NH4

+ 
and NO2

- in groundwater from the area taken 
under study demonstrate the fact that the 
presence of ions concentrations NO3

- is 
historical, being necessary a long time for ion 
oxidation NH4

+ at NO3
-. Although nitrate ion is 

not toxic, by ingestion in mammals (by 

reduction to nitrite by the action of intestinal 
flora and the pH of stomach), oxidize ferrous 
ion RBC to ferric ion; poisoning by nitrates has 
adverse consequences on children, affecting the 
physical and immune resistance to biological 
attacks.  
We also consider that the previsions of Order 
no. 621/07.07.2014 of the Romanian 
Environmental Ministry regarding the approval 
of thresholds for groundwater from Romania 

Weels Ammonium 
(NH4

+) 
Nitrites 
(NO2

-) 
CMA= 
0.5 mg/l 

Nitrates 
(NO3

-) 
CMA= 
50 mg/l 

Balesti public weel 
(Town Hall) 

0.2 mg/l 0.03 mg/l 50 mg/l 

Balesti - Talpasesti 
public weel  
(intersection DN with 
DJ to Talpasesti) 

 
0 

 
0 

 
0.5 mg/l 

Vladulescu Daniel 
Balestiweel (cemetery 
area Balesti) 

0.7 mg/l 1.7 mg/l 70 mg/l 

Balestiweel of Andrei 
Ion family, Tălpăşeşti 

0 0.3 100 mg/l 

No. 

Weel Physico-chemical analyses 2013 Physico-chemical analyses 2015 

Quality 
indicators 

Nhs
m 

pH 
upH 

Conduc. 
µS/cm 

TDS 
mg/l 

NH4
+ 

mg/l 
NO2

- 
mg/l 

NO3
- 

mg/l 
Ptot 

mg/l 
Nhs 
m 

pH 
upH 

Conduc. 
µS/cm 

TDS 
mg/l 

NH4
+ 

mg/l 
NO2

- 
mg/l 

NO3
- 

mg/l 
Ptot 

mg/l 

1 
Baraitaru 
Elena 
Slobozia 

 
5 

 
6.73 

 
538 

 
297.7 

 
0.05 

 
0.25 

 
20.5 

 
0.06 

 
5 

 
6.8 

 
538 

 
349.7 

 
0.028 

 
0.16

3 

 
11.07 

 
0.05 

2 Public weel 
Balesti 

4.8 7 1265 822.5 0.07 0.5 10 0.7 5.0
2 

7 1182 768.3 0.057 0.48 11.09 0.56 

3 Rasova 2.9 7.3 1308 850.2 0.15 0.1 25 0.1 2.1 7.,1 1161 754.6 0.1 0.1 10.9 0.1 

4 Nanu Elena 
Ceauru 

5.0 7.1 789 510.2
5 

0.05 0.18 50 0.07 4.5 7 585 380.2 0.03 0.14 11 0.07 

5 
District 
ANIF 
South Ceauru 

- - - - - - - - 3.9 7.4 399 259.3 0.15 0.04 9.5 0.02 

6 Abandoned 
Tamasesti 

- - - - - - - - 1.5 7.4 414 269.1 0.09 0.07 4.9 0.04 

7 Tamasesti 2.5 7.3 618 401.7 0.02 0.03 25 0.6 - - - - - - - - 

Figure 4. View from sampling water 
Figure 5a, b. Aspects of laboratory analysis SGA Gorj 
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The water supply of groundwater is achieved 
through water direct infiltration from rainfalls  
on depressions surface, from surface waters of 
rivers that cross the depression, by which are in 
direct hydraulic connection and from depth 
groundwater, through draining (Figure 3). 
The depth of aquifer is founded stuck in 
Pontian sands from the perimeter basement.  
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So before building large irrigation systems and 
chemical processing intensive agriculture, 
groundwater horizons waters were 
characterized by very low concentrations 
nitrate ion, ammonium and nitrite ions are 
virtually missing. The absence of nitrite ions 
and ammonium nitrate ion coupled with the 
presence of the chemical composition of 
groundwater shows local pollution (punctate) 
oldest of them, which allowed the oxidation of 
ammonia to nitrate. Even if big agro-industrial 
complexes were closed after the 1990 
Revolution, the consequences are identified 
even today in the chemistry of groundwater, 
discharges having harmful effects of long-term, 
but with the possibility of continuous 
reduction. Developing more evident localities, 
in conjunction with the lack of sewage systems, 
of wastewater treatment, of chemical 
agriculture have generated accumulation in 
groundwater of increasing amounts of 
chemicals. Among these, the oxygenated 
compounds of nitrogen being very soluble, they 
experienced a continued growth. EU standards 
adopted by Romania by Law 458/2002 
specifies that nitrate ion in drinking water 
should not exceed 50 mg/l, which is equivalent 

to 11 mg/l of nitrate nitrogen. Ammonium ions 
and nitrite should not exceed 0.5 mg/l. In year 
2009, in the physico-chemical analyses 
performed by DSP Gorj (Corici&Brandibur 
2009) at county level are registered also some 
wells from Balesti with exceeds of 
concentration of nitrogen compounds compared 
to MAC values (50 mg/l) from Drinking Water 
Law no. 458/2002 with further amendments 
and ulterior additional (Table 2) due to 
anthropic influence exercised by domestic 
sewages from households and less agricultural 
activities in the area, according to the common 
Order of MESD and MARD no. 743/ 
12.12.2008 for approving the list with the 
localities on districts where it exists nitrates 
sources from agricultural activities at position 
936. In period between 2013-2015 it was 
performed a study for groundwater quality 
monitoring abstracted from wells in Balesti 
locality, at quality indicators presented in Table 
3, on which is seen a net assessment of water 
quality compared to year 2009.  
Thus in present we finds that the values of 
nitrogen compounds concentrations from 
groundwater in Balesti basement are included 
the limits from  

 

Table 2. The nitrogen concentrations at wells from 
Balesti Commune - 2009 

 
 
 

Drinking Water Law  no. 458/2002 with further 
amendments and ulterior additional, being 
possible the existence of only some isolated 
areas in which to be exceeded the values MAC 
from Drinking Water Law  no. 458/2002 with 
further amendments and ulterior additional. 
The exceeded values may be like this due to 
anthropic influence exercised by the presence 
of latrines and animals stables from house 
holds from the commune localities and less due  
to agricultural activities from extra lands where 
we can find in present low values of nitrogen 
compounds (Table 3). 
 
 

Table 3. Qualitative parameters at samples from groundwaters from Balesti basement - Gorj County 2013-2015 

 

 

 

 
 
 
 
 
 
 
 

 

 

 
CONCLUSIONS 
 
It may be considered that ions absences NH4

+ 
and NO2

- in groundwater from the area taken 
under study demonstrate the fact that the 
presence of ions concentrations NO3

- is 
historical, being necessary a long time for ion 
oxidation NH4

+ at NO3
-. Although nitrate ion is 

not toxic, by ingestion in mammals (by 

reduction to nitrite by the action of intestinal 
flora and the pH of stomach), oxidize ferrous 
ion RBC to ferric ion; poisoning by nitrates has 
adverse consequences on children, affecting the 
physical and immune resistance to biological 
attacks.  
We also consider that the previsions of Order 
no. 621/07.07.2014 of the Romanian 
Environmental Ministry regarding the approval 
of thresholds for groundwater from Romania 

Weels Ammonium 
(NH4

+) 
Nitrites 
(NO2

-) 
CMA= 
0.5 mg/l 

Nitrates 
(NO3

-) 
CMA= 
50 mg/l 

Balesti public weel 
(Town Hall) 

0.2 mg/l 0.03 mg/l 50 mg/l 

Balesti - Talpasesti 
public weel  
(intersection DN with 
DJ to Talpasesti) 

 
0 

 
0 

 
0.5 mg/l 

Vladulescu Daniel 
Balestiweel (cemetery 
area Balesti) 

0.7 mg/l 1.7 mg/l 70 mg/l 

Balestiweel of Andrei 
Ion family, Tălpăşeşti 

0 0.3 100 mg/l 

No. 

Weel Physico-chemical analyses 2013 Physico-chemical analyses 2015 

Quality 
indicators 

Nhs
m 

pH 
upH 

Conduc. 
µS/cm 

TDS 
mg/l 

NH4
+ 

mg/l 
NO2

- 
mg/l 

NO3
- 

mg/l 
Ptot 

mg/l 
Nhs 
m 

pH 
upH 

Conduc. 
µS/cm 

TDS 
mg/l 

NH4
+ 

mg/l 
NO2

- 
mg/l 

NO3
- 

mg/l 
Ptot 

mg/l 

1 
Baraitaru 
Elena 
Slobozia 

 
5 

 
6.73 

 
538 

 
297.7 

 
0.05 

 
0.25 

 
20.5 

 
0.06 

 
5 

 
6.8 

 
538 

 
349.7 

 
0.028 

 
0.16

3 

 
11.07 

 
0.05 

2 Public weel 
Balesti 

4.8 7 1265 822.5 0.07 0.5 10 0.7 5.0
2 

7 1182 768.3 0.057 0.48 11.09 0.56 

3 Rasova 2.9 7.3 1308 850.2 0.15 0.1 25 0.1 2.1 7.,1 1161 754.6 0.1 0.1 10.9 0.1 

4 Nanu Elena 
Ceauru 

5.0 7.1 789 510.2
5 

0.05 0.18 50 0.07 4.5 7 585 380.2 0.03 0.14 11 0.07 

5 
District 
ANIF 
South Ceauru 

- - - - - - - - 3.9 7.4 399 259.3 0.15 0.04 9.5 0.02 

6 Abandoned 
Tamasesti 

- - - - - - - - 1.5 7.4 414 269.1 0.09 0.07 4.9 0.04 

7 Tamasesti 2.5 7.3 618 401.7 0.02 0.03 25 0.6 - - - - - - - - 

Figure 4. View from sampling water 
Figure 5a, b. Aspects of laboratory analysis SGA Gorj 



124

 
are not confirmed here, because the natural 
background of groundwater from groundwater 
bodies from meadows and Jiu terraces and the 
affluents RO JI 05 - cannot contain 4.4 mg/l 
NH4

+ (as it provides this order) because the 
groundwater contain big enough quantities of 
dissolved oxygen that would oxidize this ion. 
This situation can be found only in 
groundwater from peat bogs area, where the 
lack of oxygen creates a reducing environment 
that favours the maintenance of NH4

+ in 
groundwater. 
Consequently, according to the monitoring 
conducted in year 2013-2015, it is observed a 
significant appreciation of quality indicators 
of groundwater, so that can be recommended 
the implementation of some measures to 
protect and continuing to rehabilitate the 
quality of groundwater in the area of localities 
of Balesti commune, by building some sewage 
-evacuation-disposal plants, so that the quality 
of groundwater from here to remain at the 
values of nitrogen compound concentrations 
existent in natural background of groundwater 
from the Sub-Carpathian hillock depression. 
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Abstract 
 
The multileaflet trait on alfalfa determine high biomass and increased protein content, therefore the understanding of 
the metabolic pathway controlling this trait it is of great importance. Different mechanisms were already described, but 
none of them give a complete explanation for this phenotype. The aim of our work was to evaluate the genetic 
variability for 8 different plants, both tri and multileaflet ones, originated from MF 42-96 alfalfa synthetic line 
developed by ICDA Fundulea and wild-type cultivated alfalfa, based on ISSR (Inter Simple Sequence Repeat) markers.  
Eight ISSR markers were selected from a collection of 20 primers, due to their high polymorphism among the analyzed 
samples. All the primers generated 157 fragments of which 122 (77.7%)  were polymorphic. The  evaluation with the 
UPGMA (unweighted pair-group method) clustering method generated information regarding variability and the 
dendrogram. The determined similarities coefficients range between 0.44 and 0.64, pointing out a medium variability 
between samples, with no correlation between phenotypes. In the same clusters were present both tri and multileaflet 
plants. However, seven polymorphic fragments were identified, present only in multileaflet individuals fingerprints, but 
absent for all the trileaflet ones. These fragments could be possible candidates to develop a microsatelite markers 
linked with the multileaflet phenotype on alfalfa. 
 
Key words: alfalfa, multileaflet, ISSR markers. 
 
INTRODUCTION  
 
Alfalfa is an important forage plant, with a 
wide distribution throughout the world. It is 
cultivated on large areas in Romania due to its 
high yield and the increased content of crude 
protein. Besides it has a great importance in 
crop rotation because it improves the soil with 
important quantities of nitrogen fixed by 
symbiotic processes.  
This specie is subject to continuous breeding 
processes aimed to forage yield, forage quality 
improvment, disease resistance, drought 
resistance, winter hardiness or creating 
varieties with high potential in seed production. 
In germplasm used for alfalfa breeding there 
are a number of traits which determined the 
feed quality. Of these, a great importance has 
the multileaflet trait, identified long time ago in 
a population of the American Multiking variety 
(Bingham and Murphy, 1965). The studies 
regarding the inheritance of this trait pointed 
out the appearance with a high frequency of the 
multileaflet leaves (5-10 leaflets) in descendanc 
(Sheaffer et al., 1995). 

Therefore the deciphering of the metabolic 
pathway which induce the multileaflet trait it is 
of great importance due to the high biomass 
and the increased protein content. However this 
process is very difficult because alfalfa is an 
allogamus specie, with a tetraploid genome,  
with a complex process of leaves 
morphogenesis. 
Based on the literature data it was supposed 
that the multileaflet trait in Medicago sativa is 
the result of different expression of the knox 
genes encoding homeodomain-containing 
transcription factors involved in meristem 
development and leaf morphogenesis (di 
Giacomo et al., 2008; Popescu et al., 2010; 
Popescu et al., 2014). 
The most recent researches suggest that the 
multileaflet trait is conditioned by the 
overexpression of some genes primarily 
involved in maintaining leaf meristems in a 
state of undetermination for longer time 
through the control of the genes encoding the 
plant hormones with morphogenesis functions 
(Bar and Ori, 2014). 
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are not confirmed here, because the natural 
background of groundwater from groundwater 
bodies from meadows and Jiu terraces and the 
affluents RO JI 05 - cannot contain 4.4 mg/l 
NH4

+ (as it provides this order) because the 
groundwater contain big enough quantities of 
dissolved oxygen that would oxidize this ion. 
This situation can be found only in 
groundwater from peat bogs area, where the 
lack of oxygen creates a reducing environment 
that favours the maintenance of NH4

+ in 
groundwater. 
Consequently, according to the monitoring 
conducted in year 2013-2015, it is observed a 
significant appreciation of quality indicators 
of groundwater, so that can be recommended 
the implementation of some measures to 
protect and continuing to rehabilitate the 
quality of groundwater in the area of localities 
of Balesti commune, by building some sewage 
-evacuation-disposal plants, so that the quality 
of groundwater from here to remain at the 
values of nitrogen compound concentrations 
existent in natural background of groundwater 
from the Sub-Carpathian hillock depression. 
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Abstract 
 
The multileaflet trait on alfalfa determine high biomass and increased protein content, therefore the understanding of 
the metabolic pathway controlling this trait it is of great importance. Different mechanisms were already described, but 
none of them give a complete explanation for this phenotype. The aim of our work was to evaluate the genetic 
variability for 8 different plants, both tri and multileaflet ones, originated from MF 42-96 alfalfa synthetic line 
developed by ICDA Fundulea and wild-type cultivated alfalfa, based on ISSR (Inter Simple Sequence Repeat) markers.  
Eight ISSR markers were selected from a collection of 20 primers, due to their high polymorphism among the analyzed 
samples. All the primers generated 157 fragments of which 122 (77.7%)  were polymorphic. The  evaluation with the 
UPGMA (unweighted pair-group method) clustering method generated information regarding variability and the 
dendrogram. The determined similarities coefficients range between 0.44 and 0.64, pointing out a medium variability 
between samples, with no correlation between phenotypes. In the same clusters were present both tri and multileaflet 
plants. However, seven polymorphic fragments were identified, present only in multileaflet individuals fingerprints, but 
absent for all the trileaflet ones. These fragments could be possible candidates to develop a microsatelite markers 
linked with the multileaflet phenotype on alfalfa. 
 
Key words: alfalfa, multileaflet, ISSR markers. 
 
INTRODUCTION  
 
Alfalfa is an important forage plant, with a 
wide distribution throughout the world. It is 
cultivated on large areas in Romania due to its 
high yield and the increased content of crude 
protein. Besides it has a great importance in 
crop rotation because it improves the soil with 
important quantities of nitrogen fixed by 
symbiotic processes.  
This specie is subject to continuous breeding 
processes aimed to forage yield, forage quality 
improvment, disease resistance, drought 
resistance, winter hardiness or creating 
varieties with high potential in seed production. 
In germplasm used for alfalfa breeding there 
are a number of traits which determined the 
feed quality. Of these, a great importance has 
the multileaflet trait, identified long time ago in 
a population of the American Multiking variety 
(Bingham and Murphy, 1965). The studies 
regarding the inheritance of this trait pointed 
out the appearance with a high frequency of the 
multileaflet leaves (5-10 leaflets) in descendanc 
(Sheaffer et al., 1995). 

Therefore the deciphering of the metabolic 
pathway which induce the multileaflet trait it is 
of great importance due to the high biomass 
and the increased protein content. However this 
process is very difficult because alfalfa is an 
allogamus specie, with a tetraploid genome,  
with a complex process of leaves 
morphogenesis. 
Based on the literature data it was supposed 
that the multileaflet trait in Medicago sativa is 
the result of different expression of the knox 
genes encoding homeodomain-containing 
transcription factors involved in meristem 
development and leaf morphogenesis (di 
Giacomo et al., 2008; Popescu et al., 2010; 
Popescu et al., 2014). 
The most recent researches suggest that the 
multileaflet trait is conditioned by the 
overexpression of some genes primarily 
involved in maintaining leaf meristems in a 
state of undetermination for longer time 
through the control of the genes encoding the 
plant hormones with morphogenesis functions 
(Bar and Ori, 2014). 
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The metabolic pathway is not known yet, the 
genes overexpression being also controlled by 
some internal factors (microRNAs) that are 
likely directed by others hereditary units. 
Nevertheless, for an alfalfa genotype without 
any history of multileaflet trait in ascendancy, 
there is a very low possibility for the 
appearance of this trait, heredity being a very 
important factor.  
In order to support these findings there are the 
observations emphasizing that through repeated 
self-pollination processes of a multileaflet 
individual, the percent of multileaflet 
descendants is increasing from one generation 
to the other, reaching 70% over four 
generations. Thus many multileaflet cultivars 
were obtained based on classical breeding 
procedures (Odorizzi et al., 2015). 
Our research starts-up from the MF 42-96 alfalfa 
synthetic line, developed by ICDA Fundulea 
which is characterized by the appearance of 
multileaflet trait, in a percentage that has not 
been established because of its lack of stability. 
The aim of this work was to develop a process 
of phenotypic and molecular screenings of 
alfalfa synthetic line that manifest the 
multileaflet trait for further development of 
microsatellite markers linked with this trait. 
For the molecular evaluation the ISSR (Inter 
Simple Sequence Repeat) markers were used. 
They are based on a repeat sequence from the 
genome, amplifying the regions located 
between microsatellite sequences. The ISSR 
markers were succesfuly used for variability 
evaluation for a for a wide range of species 
(Pradeep Reddy et al., 2002). 
 
MATERIALS AND METHODS 
 
As biological materials five individuals 
originated from MF 42-96 alfalfa synthetic line 
developed by ICDA Fundulea with different 
leaf shapes were analyzed. Three genotypes 
were multileaflet, namely  F-MF1, F-MF2, and 
F-MF3, with different percents of multileaflet 
leaves and different shapes. Two genotypes 
were three leaflets, F-TF1 and F-TF2, 
originated from the same line MF 42-96. 
Besides, two wild genotypes with multileaflet 
leaves  (W-MF1 and W-MF2) were identified 
in spontaneous flora and also a wild trileaflet 
plant as a control (W-TF1) (Table 1). 

Table 1 The biological materials used for molecular 
screening 

Code Origin Multi-
leaflet 
trait 

Leaf 
shape 

Number 
of 

leaflets 
F-MF1 MF-

42-96 
Yes 
70% 

Compound 
palmate and 
odd pinnate 

5 

F-MF2 Yes 
60% 

odd pinnate 5 

F-MF3 Yes 
60% 

Compound 
palmate 

5 

F-TF1 no odd pinnate 3 
F-TF2 no odd pinnate 3 

W-MF1 Wild yes  5, 7, 9 
W-MF2 yes  5 
W-TF1 no  3 

 
Biological material production 
One multileaflet individual originated from MF 
42-96 alfalfa syntetic line was self-polinated. 
From the resulted seeds, 30 were germinated 
and then planted in soil. The plants were 
observed during the next four weeks and the 
already mention phenotypes were identified. 
The wild plants were transferred from field to 
growth chamber and maintained in the same 
conditions of temperature (24º C) and lighting 
(cycle 8/16 hours).  
 
DNA extraction  
50 mg of fresh leave tissue from each sample 
were collected and used for DNA extraction 
based on CTAB modified method (Doyle and  
Doyle, 1987). 
After isolation and purification the DNA 
concentration was determined with UV-VIS 
Nanodrop 8000 spectrophotometer and the 
samples were diluted to 50 ng/μl 
concentrations.  
 
DNA amplification 
Based on our previous research, 8 ISSR 
markers were selected due to their high number 
of amplified fragments: A2 - (ACTG)5, A3- 
(GACA)5, A12- (GA)6CC, A13- (GT)6CC, A17- 
(GTG)3GC, A21- (CA)6AC,  UBC810 - (GA)8T 
and UBC824- (TC)8G. 
All the DNA samples were amplified 
successively with the selected primers. For 
DNA amplification KAPA2G Fast ReadyMix 
PCR Kit was used (KAPA2G Fast DNA 
Polymerase 0.5 U/25 μl reaction in a buffer 
containing 0.2 mM of each dNTP and 1.5 mM 
MgCl2 at 1X). 

 

The amplication mixture was as follows: 
KAPA2G Fast ReadyMix (2X) - 12.5 µl, sterile 
distillate water 9.5 µl, primer (20 µM) - 1 µl, 
supplementary MgCl2 (25 mM) - 1 µl and DNA 
(50 ng/µl) - 2µl. 
The amplification program was specific for the 
PCR kit: denaturation - 94°C, 3 min, 45 cycles: 
denaturation 94°C, 30 sec, primer annealing 
52-54°C, 45 sec and DNA synthesis 72°C, 2 
min and final extension 72°C, 5 min. 
The amplification products were analysed by 
1.5% agarose gel electrophoresis, compared 
with the molecular weight marker PCR Sizer 
100 bp (Norgen, Canada). The amplified 
fragments were evaluated with VisionWorks® 
LS, (UVP, Anglia). 
The software automatically identify and 
evaluate the size for each band and the data are 
displayed in a tabular form. The bands are 
arranged according to the amplicons sizes, 
being possible to identify polymorphisms 
between individuals on the basis of the 
molecular fingerprint obtained through 
amplification with a specific primer (Guo and 
Elston, 1999). 
The primary data were statistically evaluated 
based on UPGMA (unweighted pair-group 
method) clustering method. 
 
RESULTS AND DISCUSSIONS 
 
During four weeks the morphological 
observations allowed the identification of the 
five distict phenotypes for the line MF 42-96 
descendants. The leaves samples were collected 
both from those five phenotypes and from the 
three spontaneous plants - two with 
multileaflets and one wild, with trileaflets 
leaves. The DNA was extracted from all of the 
samples, diluted to 50 ng/µl and analyzed in 
series with each of the eight selected ISSR 
markers. 
The amplified fragments were separated by 
agarose gel electrophoresis and their 
fingerprints and sizes were determined with the 
specific software. The pictures were shown 
only for the primers generating the highest 
(A13) and the the lowest number of fragments 
(UBC 824) respectively. 
For the primer A2, with  5’(ACTG)5 

3’ sequence 
a number of 17 amplicons were identified, with 
molecular weights between 320 bp and 1000 

bp. All of the alleles were polimorphic, the 
most obvious diferences being observed in the 
area of medium molecular weight (360-765 
bp).  
For the primer  A3, with  5’(GACA)5

3’sequence, 
17 alleles were also identified, with molecular 
weights between 150 bp and 880 bp. The 
analysed individuals have four common alleles 
(215 bp, 400 bp, 450 bp and 630 bp), the rest of 
13 being polymorphic; the most obvious 
differences were in the area of medium 
molecular weight amplicons (740-880 bp).  
A number of 30 alleles were identified with the 
primer A12, 5’(GA)6CC3’ sequence, with 
molecular weights between 200 bp and 6000 
bp. Five alleles were common for all of the 
individuals (200 bp, 450 bp, 640 bp, 690 bp 
and 945 bp), the rest of 25 being polymorphic, 
with differences for all medium, high and very 
high amplicon sizes (730 - 6000 bp). 
The primer A13, with sequence 5’(GT)6CC3’ 

generated 31 alleles, the molecular weights 
being from 380 bp to 6850 bp. The data 
analysis pointed out 8 common alleles (515 bp, 
695 bp, 765 bp, 830 bp, 1300 bp,1600 bp, 4250 
bp and 6000 bp), the other 23 being 
polimorphic, with differences in the areas of 
medium and high sizes (870‐ 3200 bp) (Figure 
1). 
 

 
Figure 1. The electrophoretic fingerprint obtained with 
the ISSR marker A13: (1)- F-MF1, (2) F-MF2. (3)- F-
MF3, (4) F-TF1. (5)- F-TF2, (6) W-MF1, (7) W-MF2, 

(6) W-TF1, M- molecular weight marker PCR Sizer 100 
bp (Norgen, Canada) 
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The metabolic pathway is not known yet, the 
genes overexpression being also controlled by 
some internal factors (microRNAs) that are 
likely directed by others hereditary units. 
Nevertheless, for an alfalfa genotype without 
any history of multileaflet trait in ascendancy, 
there is a very low possibility for the 
appearance of this trait, heredity being a very 
important factor.  
In order to support these findings there are the 
observations emphasizing that through repeated 
self-pollination processes of a multileaflet 
individual, the percent of multileaflet 
descendants is increasing from one generation 
to the other, reaching 70% over four 
generations. Thus many multileaflet cultivars 
were obtained based on classical breeding 
procedures (Odorizzi et al., 2015). 
Our research starts-up from the MF 42-96 alfalfa 
synthetic line, developed by ICDA Fundulea 
which is characterized by the appearance of 
multileaflet trait, in a percentage that has not 
been established because of its lack of stability. 
The aim of this work was to develop a process 
of phenotypic and molecular screenings of 
alfalfa synthetic line that manifest the 
multileaflet trait for further development of 
microsatellite markers linked with this trait. 
For the molecular evaluation the ISSR (Inter 
Simple Sequence Repeat) markers were used. 
They are based on a repeat sequence from the 
genome, amplifying the regions located 
between microsatellite sequences. The ISSR 
markers were succesfuly used for variability 
evaluation for a for a wide range of species 
(Pradeep Reddy et al., 2002). 
 
MATERIALS AND METHODS 
 
As biological materials five individuals 
originated from MF 42-96 alfalfa synthetic line 
developed by ICDA Fundulea with different 
leaf shapes were analyzed. Three genotypes 
were multileaflet, namely  F-MF1, F-MF2, and 
F-MF3, with different percents of multileaflet 
leaves and different shapes. Two genotypes 
were three leaflets, F-TF1 and F-TF2, 
originated from the same line MF 42-96. 
Besides, two wild genotypes with multileaflet 
leaves  (W-MF1 and W-MF2) were identified 
in spontaneous flora and also a wild trileaflet 
plant as a control (W-TF1) (Table 1). 

Table 1 The biological materials used for molecular 
screening 

Code Origin Multi-
leaflet 
trait 

Leaf 
shape 

Number 
of 

leaflets 
F-MF1 MF-

42-96 
Yes 
70% 

Compound 
palmate and 
odd pinnate 

5 

F-MF2 Yes 
60% 

odd pinnate 5 

F-MF3 Yes 
60% 

Compound 
palmate 

5 

F-TF1 no odd pinnate 3 
F-TF2 no odd pinnate 3 

W-MF1 Wild yes  5, 7, 9 
W-MF2 yes  5 
W-TF1 no  3 

 
Biological material production 
One multileaflet individual originated from MF 
42-96 alfalfa syntetic line was self-polinated. 
From the resulted seeds, 30 were germinated 
and then planted in soil. The plants were 
observed during the next four weeks and the 
already mention phenotypes were identified. 
The wild plants were transferred from field to 
growth chamber and maintained in the same 
conditions of temperature (24º C) and lighting 
(cycle 8/16 hours).  
 
DNA extraction  
50 mg of fresh leave tissue from each sample 
were collected and used for DNA extraction 
based on CTAB modified method (Doyle and  
Doyle, 1987). 
After isolation and purification the DNA 
concentration was determined with UV-VIS 
Nanodrop 8000 spectrophotometer and the 
samples were diluted to 50 ng/μl 
concentrations.  
 
DNA amplification 
Based on our previous research, 8 ISSR 
markers were selected due to their high number 
of amplified fragments: A2 - (ACTG)5, A3- 
(GACA)5, A12- (GA)6CC, A13- (GT)6CC, A17- 
(GTG)3GC, A21- (CA)6AC,  UBC810 - (GA)8T 
and UBC824- (TC)8G. 
All the DNA samples were amplified 
successively with the selected primers. For 
DNA amplification KAPA2G Fast ReadyMix 
PCR Kit was used (KAPA2G Fast DNA 
Polymerase 0.5 U/25 μl reaction in a buffer 
containing 0.2 mM of each dNTP and 1.5 mM 
MgCl2 at 1X). 

 

The amplication mixture was as follows: 
KAPA2G Fast ReadyMix (2X) - 12.5 µl, sterile 
distillate water 9.5 µl, primer (20 µM) - 1 µl, 
supplementary MgCl2 (25 mM) - 1 µl and DNA 
(50 ng/µl) - 2µl. 
The amplification program was specific for the 
PCR kit: denaturation - 94°C, 3 min, 45 cycles: 
denaturation 94°C, 30 sec, primer annealing 
52-54°C, 45 sec and DNA synthesis 72°C, 2 
min and final extension 72°C, 5 min. 
The amplification products were analysed by 
1.5% agarose gel electrophoresis, compared 
with the molecular weight marker PCR Sizer 
100 bp (Norgen, Canada). The amplified 
fragments were evaluated with VisionWorks® 
LS, (UVP, Anglia). 
The software automatically identify and 
evaluate the size for each band and the data are 
displayed in a tabular form. The bands are 
arranged according to the amplicons sizes, 
being possible to identify polymorphisms 
between individuals on the basis of the 
molecular fingerprint obtained through 
amplification with a specific primer (Guo and 
Elston, 1999). 
The primary data were statistically evaluated 
based on UPGMA (unweighted pair-group 
method) clustering method. 
 
RESULTS AND DISCUSSIONS 
 
During four weeks the morphological 
observations allowed the identification of the 
five distict phenotypes for the line MF 42-96 
descendants. The leaves samples were collected 
both from those five phenotypes and from the 
three spontaneous plants - two with 
multileaflets and one wild, with trileaflets 
leaves. The DNA was extracted from all of the 
samples, diluted to 50 ng/µl and analyzed in 
series with each of the eight selected ISSR 
markers. 
The amplified fragments were separated by 
agarose gel electrophoresis and their 
fingerprints and sizes were determined with the 
specific software. The pictures were shown 
only for the primers generating the highest 
(A13) and the the lowest number of fragments 
(UBC 824) respectively. 
For the primer A2, with  5’(ACTG)5 

3’ sequence 
a number of 17 amplicons were identified, with 
molecular weights between 320 bp and 1000 

bp. All of the alleles were polimorphic, the 
most obvious diferences being observed in the 
area of medium molecular weight (360-765 
bp).  
For the primer  A3, with  5’(GACA)5

3’sequence, 
17 alleles were also identified, with molecular 
weights between 150 bp and 880 bp. The 
analysed individuals have four common alleles 
(215 bp, 400 bp, 450 bp and 630 bp), the rest of 
13 being polymorphic; the most obvious 
differences were in the area of medium 
molecular weight amplicons (740-880 bp).  
A number of 30 alleles were identified with the 
primer A12, 5’(GA)6CC3’ sequence, with 
molecular weights between 200 bp and 6000 
bp. Five alleles were common for all of the 
individuals (200 bp, 450 bp, 640 bp, 690 bp 
and 945 bp), the rest of 25 being polymorphic, 
with differences for all medium, high and very 
high amplicon sizes (730 - 6000 bp). 
The primer A13, with sequence 5’(GT)6CC3’ 

generated 31 alleles, the molecular weights 
being from 380 bp to 6850 bp. The data 
analysis pointed out 8 common alleles (515 bp, 
695 bp, 765 bp, 830 bp, 1300 bp,1600 bp, 4250 
bp and 6000 bp), the other 23 being 
polimorphic, with differences in the areas of 
medium and high sizes (870‐ 3200 bp) (Figure 
1). 
 

 
Figure 1. The electrophoretic fingerprint obtained with 
the ISSR marker A13: (1)- F-MF1, (2) F-MF2. (3)- F-
MF3, (4) F-TF1. (5)- F-TF2, (6) W-MF1, (7) W-MF2, 

(6) W-TF1, M- molecular weight marker PCR Sizer 100 
bp (Norgen, Canada) 
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For the primer A17 with the sequence 
(GTG)3GC, a number of 22 alleles were 
identified, with molecular weights between 470 
bp and 4800 bp.  The analysed individuals have 
eight common alleles (470 bp, 550 bp, 660 bp, 
690 bp, 730 bp, 770 bp, 830 bp and 1000 bp) 
the rest of 14 being polymorphic with 
differences for medium and high sizes (830- 
4800 bp). 
The primer A21, with sequence 5’(CA)6AC3’ 

generated 17 alleles, the molecular weights 
being from 400 bp to 4500 bp. The data 
analysis pointed out 7 common alleles (400 bp, 
515 bp, 590 bp, 625 bp,750 bp, 800 bp and 
1250 bp), the other 10 being polimorphic, with 
differences in the areas of medium (850 ‐1000 
bp) and high sizes (3000-4500 bp). 
A number of 14 alleles were identified with the 
primer UBC810, 5’(GA)6T3’ sequence, with 
molecular weights between 400 bp and 4500 
bp. Three alleles were common for all of the 
individuals (500 bp, 5500 bp and 1600 bp), the 
rest of 11 being polymorphic, with differences 
for medium amplicon sizes (590-850 bp).  
The primer UBC 824, with sequence 5’(TC)6G3’ 

generated 9 alleles with molecular weights 
between 380 bp and 950 bp, all of them 
polymorphic, with differences for all the 
amplicons (Figure 2). 
All the primers generated 157 fragments of 
which 122 (77.7%)  were polymorphic, with 
with an average of 19.6 alleles/primer. 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. The electrophoretic fingerprint obtained with 
the ISSR marker UBC 824: (1)- F-MF1, (2) F-MF2. (3)- 
F-MF3, (4) F-TF1. (5)- F-TF2, (6) W-MF1, (7) W-MF2, 
(6) W-TF1, M- molecular weight marker PCR Sizer 100 

bp (Norgen, Canada) 

Taking in account that ISSR are dominant 
molecular markers the results were evaluated as 
follows: the presence of the band/allele for one 
individual was marked as 1 and the absence 
with 0. Finally, for each primer a binary matrix 
was established (1, 0); all of the results were 
statistically analyzed, being possible to 
establish the similarity coefficients and the 
dendrogram between the investigated samples. 
First, the polymorphism rate was evaluated for 
each primer (Nagy et al., 2012).  
As it was expected for a dominant marker such 
as ISSR, the PIC (Polymorphism Information 
Content) values were between 0 and 0.5 (Table 
2). 
 

Table 2 Polymorphism rate for the alfalfa genotypes using ISSR primers 

 
Primer A17 had the highest contribution to the 
polymorphism, with a PIC value of 
0.431±0.021. The smalest contribution was 
determined for the primer A21 (0.290±0.046). 
Based on the values of discrimination index 
(PI) it was emphasized that markers A12 and 
A13 had the highest capacity to generate 

polymorphic amplicons for the analyzed 
sample (10,094 and 9,563 respectively).  There 
are no correlations between the primer 
sequence (2, 3 or 4 repetitive nucleotides) and 
the values of discrimination index but it was 
pointed out that ISSR markers are suitable for 
variability evaluatin on alflafa. 

No Primer Sequence Bands number Polimorphism Bands PIC PI 
  Total Polimorphic  (%) size (bp) xsx    
1 A2 (ACTG)5 17 17 100 320-1000 0.381±0.028 6.469 
2 A3 (GACA)5 17 13 76.47 150-880 0.370±0.027 4.813 
3 A17 (GTG)3GC 22 14 63.63 470-4800 0.431±0.021 6.031 
4 UBC 810 (GA)8T 14 11 78.57 270-1600 0.366±0.037 4.031 
5 A12 (GA)6CC 30 25 83.33 200-6000 0.404±0.019 10.094 
6 A13 (GT)6CC 31 23 74.19 380-6850 0.398±0.015 9.563 
7 A21 (CA)6AC 17 10 58.82 400-4500 0.290±0.046 3.188 
8 UBC 824 (TC)8G 9 9 100 380-950 0.326±0.036 2.938 

 

 

 
Following UPGMA clustering method the 
similarities coefficients were determined 
ranging from 44% to 64% and the dendrogram 
was established (Figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. UPGMA clustering of alfalfa genotypes using 
ISSR primers 

 
Statistical analysis emphasized that the samples 
were classified in two clusters with a genetic 
similarity of 44.62%. The individuals from the 
first cluster are grouped in three subclusters as 
follows: F-MF1 with F-TF2, with a similarity 
of 55.74%, F-MF3 with W-TF1, with a 
similarity of 63.79%, connected with F-MF2 
(58.47% similarity) and F-TF1 with W-MF2 
with a similarity of 59.63%. In the second 
cluster a single individual was present, namely 
W-FM1. 
The average similarity for all of the 
experimental variants was 55.4±3.9%. This 
value underlines a medium variability, with 
very close similarities between all the samples. 
Therefore there is no correlation between the 
same phenotypes, taking in account that the 
highest similarity was observed between a 
multileaflet plant (F-MF3) and a wild trileaflet 
one (W-TF1). 
Considering that the results of statistical 
analysis do not emphasised differences between 
different phenotypes, the fingerprints generated 
by all the eight primers were supplementary 
analysed. The fragments presents only on 
multileaflets plants are listed below. 

For the primers A2 a posible candidate was 
observed, namely the 360 bp amplicon, which 
was present to the individuals F-MF1, F-MF2 
and W-MF1 and W-MF2. 
For primer A3 it was not identified any 
fragment specific for the multileaflet 
phenotype. 
Using the primer A12 a fragment with the 
length of 2050 bp was identified to F-MF1, F-
MF2, F-MF3 and W-MF1 and one of 1020 bp 
was present to F-MF2, F-MF3 and W-MF1. 
For the primer A13 the 605 bp fragment was 
identified as possible candidate, because it was 
present for F-MF1, F-MF2, F-MF3 and W-
MF1. 
For A17 primer no specific fragments for the 
multileaflet phenotype were observed. 
Using the primer A21 a fragment with 3000 bp 
length was identified for F-MF2 and for the 
individuals F-MF2 and W-MF1 the 700 bp 
fragment was specific. 
For the primer UBC 810, the allele of 650 bp 
was present only on the multileaflet individuals 
originated from the MF 42-96 line (F-MF1, F-
MF2, F-MF3) 
For UBC 824 it was not identified any 
fragment specific for the multileaflet 
phenotype. 
Therefore, for the primers A3, A17 and UBC 
824 it was not possible to identify amplicons 
that may be linked with the multileaflet trait. 
All the amplified fragments were present both 
for tri and multileaflets individuals. With the 
other primers seven amplicons were identified, 
present only in multileaflet phenotypes (Table   
3).  

 
Table 3. The presence of the specific alleles in different 

plant samples 
No. Alele/primer F-

MF1 
F-

MF2 
F-

MF2 
W-

MF1 
W-

MF1 
1 360/A2 x x  x x 
2 2050/A12 x x  x  
3 1020/A12   x x x  
4 605/A13 x x x x  
5 3000/A21  x    
6 700/A21  x  x  
7 650/UBC 810 x x x   
 
The amplicon 605/A13 was present in four 
individuals from five and 650/UBC 810 was 
observed only in plants originated from 42-96 
line. 

 
 



129

 

For the primer A17 with the sequence 
(GTG)3GC, a number of 22 alleles were 
identified, with molecular weights between 470 
bp and 4800 bp.  The analysed individuals have 
eight common alleles (470 bp, 550 bp, 660 bp, 
690 bp, 730 bp, 770 bp, 830 bp and 1000 bp) 
the rest of 14 being polymorphic with 
differences for medium and high sizes (830- 
4800 bp). 
The primer A21, with sequence 5’(CA)6AC3’ 

generated 17 alleles, the molecular weights 
being from 400 bp to 4500 bp. The data 
analysis pointed out 7 common alleles (400 bp, 
515 bp, 590 bp, 625 bp,750 bp, 800 bp and 
1250 bp), the other 10 being polimorphic, with 
differences in the areas of medium (850 ‐1000 
bp) and high sizes (3000-4500 bp). 
A number of 14 alleles were identified with the 
primer UBC810, 5’(GA)6T3’ sequence, with 
molecular weights between 400 bp and 4500 
bp. Three alleles were common for all of the 
individuals (500 bp, 5500 bp and 1600 bp), the 
rest of 11 being polymorphic, with differences 
for medium amplicon sizes (590-850 bp).  
The primer UBC 824, with sequence 5’(TC)6G3’ 

generated 9 alleles with molecular weights 
between 380 bp and 950 bp, all of them 
polymorphic, with differences for all the 
amplicons (Figure 2). 
All the primers generated 157 fragments of 
which 122 (77.7%)  were polymorphic, with 
with an average of 19.6 alleles/primer. 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. The electrophoretic fingerprint obtained with 
the ISSR marker UBC 824: (1)- F-MF1, (2) F-MF2. (3)- 
F-MF3, (4) F-TF1. (5)- F-TF2, (6) W-MF1, (7) W-MF2, 
(6) W-TF1, M- molecular weight marker PCR Sizer 100 

bp (Norgen, Canada) 

Taking in account that ISSR are dominant 
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individual was marked as 1 and the absence 
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2). 
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Following UPGMA clustering method the 
similarities coefficients were determined 
ranging from 44% to 64% and the dendrogram 
was established (Figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. UPGMA clustering of alfalfa genotypes using 
ISSR primers 

 
Statistical analysis emphasized that the samples 
were classified in two clusters with a genetic 
similarity of 44.62%. The individuals from the 
first cluster are grouped in three subclusters as 
follows: F-MF1 with F-TF2, with a similarity 
of 55.74%, F-MF3 with W-TF1, with a 
similarity of 63.79%, connected with F-MF2 
(58.47% similarity) and F-TF1 with W-MF2 
with a similarity of 59.63%. In the second 
cluster a single individual was present, namely 
W-FM1. 
The average similarity for all of the 
experimental variants was 55.4±3.9%. This 
value underlines a medium variability, with 
very close similarities between all the samples. 
Therefore there is no correlation between the 
same phenotypes, taking in account that the 
highest similarity was observed between a 
multileaflet plant (F-MF3) and a wild trileaflet 
one (W-TF1). 
Considering that the results of statistical 
analysis do not emphasised differences between 
different phenotypes, the fingerprints generated 
by all the eight primers were supplementary 
analysed. The fragments presents only on 
multileaflets plants are listed below. 

For the primers A2 a posible candidate was 
observed, namely the 360 bp amplicon, which 
was present to the individuals F-MF1, F-MF2 
and W-MF1 and W-MF2. 
For primer A3 it was not identified any 
fragment specific for the multileaflet 
phenotype. 
Using the primer A12 a fragment with the 
length of 2050 bp was identified to F-MF1, F-
MF2, F-MF3 and W-MF1 and one of 1020 bp 
was present to F-MF2, F-MF3 and W-MF1. 
For the primer A13 the 605 bp fragment was 
identified as possible candidate, because it was 
present for F-MF1, F-MF2, F-MF3 and W-
MF1. 
For A17 primer no specific fragments for the 
multileaflet phenotype were observed. 
Using the primer A21 a fragment with 3000 bp 
length was identified for F-MF2 and for the 
individuals F-MF2 and W-MF1 the 700 bp 
fragment was specific. 
For the primer UBC 810, the allele of 650 bp 
was present only on the multileaflet individuals 
originated from the MF 42-96 line (F-MF1, F-
MF2, F-MF3) 
For UBC 824 it was not identified any 
fragment specific for the multileaflet 
phenotype. 
Therefore, for the primers A3, A17 and UBC 
824 it was not possible to identify amplicons 
that may be linked with the multileaflet trait. 
All the amplified fragments were present both 
for tri and multileaflets individuals. With the 
other primers seven amplicons were identified, 
present only in multileaflet phenotypes (Table   
3).  

 
Table 3. The presence of the specific alleles in different 

plant samples 
No. Alele/primer F-

MF1 
F-

MF2 
F-

MF2 
W-

MF1 
W-

MF1 
1 360/A2 x x  x x 
2 2050/A12 x x  x  
3 1020/A12   x x x  
4 605/A13 x x x x  
5 3000/A21  x    
6 700/A21  x  x  
7 650/UBC 810 x x x   
 
The amplicon 605/A13 was present in four 
individuals from five and 650/UBC 810 was 
observed only in plants originated from 42-96 
line. 

 
 



130

 
These fragments were specific for the 
multileaflet plants, pointing out a possible 
correlation with the specific phenotype. 
 
CONCLUSIONS  
 
Morphological and molecular polymorphism 
among the descendants of alfalfa synthetic line 
42-96 MF was high, emphasizing five distinct 
phenotypes, both tri and multileaflet, with very 
different fingerprints. 
The ISSR markers were successfully used to 
evaluate the DNA variability, with high values 
for the amplicon number - average 19.6 alleles/ 
primer. 
The statistical analysis pointed out a medium 
average similarity between all of the analyzed 
samples, therefore it was not possible to 
establish correlations between different 
phenotypes. 
However, from the fingerprint of each primer 
the fragments present only on multileaflet 
plants were determined. The seven amplicons 
identified only in multileaflet plants, are 
possible candidates for further investigations. 
The researches will be extended to develop a 
microsatelite markers linked with the 
multileaflet phenotype on alfalfa. 
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Abstract 
 
The current research is based on the production results obtained on wheat crops (Dumbrava Variety), cultivated 
following corn and following soy, in long term experiments conducted on an argyle chernozem as a representative soil 
for the north-western region of Romania, especially Cluj County. The production data are obtained from these 
experiments, which hold objectives that target both the effect of differentiated fertilizations on wheat yields and the 
quantity of the productions obtained.The goal of this research is to exhibit the differentiated fertilization systems 
involved in obtaining high productions for wheat (grown following soy, respectively following corn) in the reference 
area. In this study it was tracked the effect of the nitrogen-phosphorous interaction and the effect of the thermal regime 
during three experimental years (2011, 2012, 2013) in achieving the wheat productions. 
 
Key words: fertilization systems, nitrogen-phosphorous interaction, thermal regime, wheat crops, wheat yield. 

 
INTRODUCTION 
 
Agricultural performance as a requirement of 
contemporary society requires assimilation into 
production of all elements of technical progress 
- scientific and economic - advanced in all its 
sides that determine quantitative and qualitative 
productivity, higher yields, economic 
efficiency obtained under optimum systems 
involved in their implementation, food safety 
and consumer protection (Chețan et al., 2016). 
Promoting during the last decades of 
sustainable agriculture and sustainable concepts 
entails the application of the principles that 
lead to productive agricultural technologies, 
technically and economically efficient solutions 
with effective protection of the environment 
and consumers that ensure not only 
productivity but also real optimization of 
production, social and environmental 
components and causes a new quality of life 
(Kurtinecz and Rusu, 2007; Ciontu et al., 2012, 
Marin et al., 2016). 
Optimizing agrochemical soil - plant system is 
meeting the essential objective in a higher 

degree and the crops requirements to soil 
reaction and representation of elements and 
nutrients in specific concentrations and ratios 
between them (Borlan and Hera, 1984; Rusu et 
al., 2009; Mărghitaş et al., 2011). 
In this study was tracked the effect of the 
nitrogen-phosphorous interaction in achieving 
wheat and corn productions. The research 
presents the stated results as annual (partial) 
values and it will continue with them as being 
reference values for further experimental years 
(as stages in long term experiments) and with 
approaches that will substantiate the suggested 
solutions. The production data are obtained 
from such experiments, framed in the “long 
term experiments system” from Fundulea 
network, which hold objectives that target both 
the effect and efficiency of differentiated 
fertilizations on productions and also the 
impact of fertilizers on the soil fertility 
evolution, on the quality of the productions 
obtained (Poruţiu et al., 2013). 
In the context of the optimization of soil-plant 
system, an important scientific and practical 
role is played by the agrochemical optimization 
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These fragments were specific for the 
multileaflet plants, pointing out a possible 
correlation with the specific phenotype. 
 
CONCLUSIONS  
 
Morphological and molecular polymorphism 
among the descendants of alfalfa synthetic line 
42-96 MF was high, emphasizing five distinct 
phenotypes, both tri and multileaflet, with very 
different fingerprints. 
The ISSR markers were successfully used to 
evaluate the DNA variability, with high values 
for the amplicon number - average 19.6 alleles/ 
primer. 
The statistical analysis pointed out a medium 
average similarity between all of the analyzed 
samples, therefore it was not possible to 
establish correlations between different 
phenotypes. 
However, from the fingerprint of each primer 
the fragments present only on multileaflet 
plants were determined. The seven amplicons 
identified only in multileaflet plants, are 
possible candidates for further investigations. 
The researches will be extended to develop a 
microsatelite markers linked with the 
multileaflet phenotype on alfalfa. 
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alternatives that harmonize the fertilizing 
components of the soil with the demands of the 
vegetal species that can exploit better the 
production capacity of the soil and genotypes 
cultivated in order to obtain high vegetal 
productions that are consumable in large 
quantities, having superior quality indices, in 
terms of maintaining an equilibrium in the 
environment and determining food safety and 
security (Rusu et al., 2005).  

 
MATERIALS AND METHODS 

 
Experimental approaches were performed 
under Agricultural Research and Development 
Station from Turdaconditions, using the 
experimental protocol of long term 
experiences, located in the agricultural year 
1966/1967, for wheat-corn-soy rotation (Haş, 
2006). 
Dumbrava wheat variety has the following 
biological, agronomical and productive 
characteristics: plants height - 85-95 cm, 
exhibit a white, 9-11 cm long ear. The grain is 
medium-sized, oval and red. One thousand 
grain weight (MMB) is quite high, within 45-
50 g, the hectoliter mass (MH) of 75-80 kg/hl 
(Turda, SCDA). 
The field experience which underpins the 
achievement of objectives is a bi-factorial 
structure that tracks the effect of the NP 
interaction on wheat and corn according to the 
following experimental schemes: A factor - 

phosphorus doses (kg P2O5/ha): 0, 40, 80,120, 
160 with annual application to wheat; B factor -
nitrogen doses (kg N/ha): 0, 50, 100, 150, 200 
with annual application to wheat after corn 
andnitrogen doses (kg N/ha) 0, 40, 80, 120, 160 
with annual application to wheat following soy. 
According to soil mapping, pedological and 
agrochemical study and from the soil quality 
monitoring results, this soil fits the argic 
chernozem type, in the pedological class of 
cernisoils (SRTS, 2012). 
The fertilizers used in the experiments are 
represented by a complex fertilizer 20:20:0 
which is a solid, granulated nitrophosphate, 
which holds when applied, the effect of the 
interaction of the two elements from its 
composition (N:P), here in balanced 
concentrations and reports (1:1:0) and nitrate of 
ammonium which is a simple nitrogen mineral 
fertilizer that holds the active substance in 
nitrate and ammonia state. 
 
RESULTS AND DISCUSSIONS 
 
Wheat crops respond positively to the NP 
levels applied to the soil in the experience, the 
production effects are at the level of 3-6 t 
grains per surface unit with production 
differences (increases) that are very distinctly 
significant for all nitrogen-phosphorous 
combinations applied (Table 1). 

 
Table 1. Summary Indicators of Fertilizer Applied to Wheat Crops (Dumbrava Variety) 

Year Crop Maximum production 
obtained (kg/ha) NP Dose Significance of factors influence x) 

2011 
Wheat grown following corn 5533.33 N150P80 NP - v. d. s.; N - v. d. s.; P - n. s. 

Wheat grown following soy 5400.00 N120P160 NP - f. d. s.; N - v. d. s.; P - v. d. s. 
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Wheat grown following corn 6696.13 N150P120 NP - v. d. s.; N - v. d. s.; P - v. d. s. 

Wheat grown following soy 5755.80 N120P120 NP - v. d. s.; N - v. d. s.; P - v. d. s. 
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Wheat grown following corn 6945.33 N150P120 NP - v. d. s.; N - v. d. s.; P - d. s. 

Wheat grown following soy 6564.00 N160P160 NP - v. d. s.; N - v. d. s.; P - s. 

Mean 
Wheat grown following corn 6391.60 N150P106  
Wheat grown following soy 5906.60 N133P146 

x)v.d.s. - very distinctly significant; d.s. - distinctly significant; s. - significant; n.s. - insignificant 
 

 
Table 2. Report on Yield and Maximum Increases to the Content of Active Substance/Hectare (N+P) 

Year Crop Maximum yield NP Dose Dose sum 
N+P 

Production/NP 
dose 

Prod. Dif. (M)/NP 
dose 

2011 
Wheat after corn 5533.33 N150P80 230 24 9.6 
Wheat after soy 5400.00 N150P160 310 19 6.7 
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Wheat after corn 6696.13 N150P120 270 25 14.2 
Wheat after soy 5755.80 N120P120 240 24 8.9 
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Wheat after corn 6945.33 N150P120 270 26 16.8 
Wheat after soy 6564.00 N160P160 320 21 10.6 

Mean 
Wheat after corn 6391.60 N150P106 256 25 10.1 
Wheat after soy 5906.60 N133P146 279 21 8.9 

 
Wheat production results in the experimental 
years 2011 - 2012 - 2013 allow a synthesis of 
their analysis regarding some production 
effective approaches through differential 
fertilizing systems based on the NP complex 
effect, a high priority and often used 
technology (Table 2). 
Technical results obtained as the mean of the 
years 2011, 2012, 2013 prove the possibility of 
obtaining maximum yields of wheat, Dumbrava 
variety, of 6391.60 kg/ha using N150P106 

fertilizer effort (crop after corn) and 5906.60 
kg/ha with a fertilizer dose of N133P146 (crop 
after soy). 
Wheat crops which emphasize a technical and 
productive response very distinctly significant 
to the effect of NP interaction and mostly very 
distinctly significant to the influence of N 
factor action, respond to the effects mentioned 
by units and production curves according to the 
polynomial model  y = a + bx - cx2 (Figure 1, 
Figure 2). 
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Figure 2. Curves of the Average Yield of Wheat (Dumbrava Variety)  

Caused by the Variation of N and NP (Previous Plant - Soy) 
 
The thermal regime during 2011, 2012, 2013 
exhibit the characteristics of the Transylvanian 
Plain, with local specificity (Agricultural 

Research and Development Station from 
Turda) and particular specificity of the research 
period (years) (Figure 3). 
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Figure 3. Thermal Regime during 2011-2012-2013 

2011 is generally characterized by average 
monthly temperatures above normal in spring 
and during those with active vegetative activity 
(March-September) which makes the average 
annual temperature to be 9.4˚C with 0.5˚C 
above the normal average temperature of the 
research area. July and August have the highest 
temperatures. These deficits and disorders 

jeopardize the current vegetation and the 
following crops. This year is warm with 
temperature, surpluses during summer 2012 
exhibits a surplus of thermal conditions and 
therefore is warmer in spring - summer - 
autumn, with July and August the warmest. 
The average annual temperature is 10.4˚C with 
1.4˚C over the annual average of this indicator. 

In terms of heat 2012 it is warmer than the 
previous year. 2013 exhibits the characteristics 
of previous years, with surplus heat in spring - 
summer when the vegetation is in full swing. 
The average annual temperature is 10.4˚C with 
1.4˚C than the annual average, meaning that 
this year continues the trend of general and 
local heating.  
Regarding the experimental years 2011 - 2012 - 
2013 heating can be stated as a general feature, 
especially in the summer months which are the 
warmest. The consequences of climate 
anomalies related to excess heat especially 
reflected in yields obtained, to which were 
found large variations from year to year and 
between the experimenys variants. 
 
CONCLUSIONS  
 
Statistically it was proven to be essential and 
very distinctly significant the effect of NP 
interaction for wheat crops grown after corn 
and after soy, followed by the individual action 
of nitrogen and less of the phosphorus. 
Wheat grown after corn has a higher apparent 
response and a more constant one to NP 
interaction, then to N, the previous plant here 
proves to induce a better harness of the 
fertilization applied; 
The level of physical productions and of the 
increases determined the promotion of 
polynomial (bi-factorial) function model in the 
following form: y = a ± bx1 ± cx1

2 ± bx2 ± cx2
2. 

In this model of production functions, 
expressing through the frequent term (-cx1

2) 
and (-cx2

2), proved as real the capping tendency 
of the productions at high NP doses and firstly 
at nitrogen doses (over 150 kg a.s./ha). 
Capping trends of the fertilizing effect occurs 
on doses exceeding 150 kg N/ha and 80 kg 
P2O5/ha for wheat grown after corn, and for 
wheat grown after soy this effect occurs when 
exceeding the following doses: N-120 kg/ha, 
P2O5-40-80 kg/ha. 
It turns out that the effect of phosphorus 
contributes to a better use of high and very high 
doses of N. Therefore, the NP interaction 
remains the primarily effect, followed by the 
effect of nitrogen, as essential and then the 
effect of phosphorus.  
In the set of the mentioned alternatives of 
fertilization with the mentioned doses, grain 

yields can be obtained of 5-6-6.5 t/ha for wheat 
crops on argic chernozem at Agricultural 
Research and Development Station from Turda, 
specific to the ecological conditions of the 
Transylvanian Plain. 
For wheat grown after corn, in 2011, the values 
of technical optimum doses are: DOTN - 153.75 
kg/ha, DOTP - 127.4 kg/ha and in 2013, DOTN 
- 188 kg/ha, DOTP - 126.25 kg/ha. 
For wheat grown after soy, in 2011, the values 
of technical optimum doses are: DOTN - 159.61 
kg/ha, DOTP - 50 kg/ha and in 2013, DOTN - 
301.13 kg/ha, DOTP - 363.75 kg/ha. 
When using these fertilizing schemes, excess 
heat is also beneficial for both wheat cultivated 
following corn and for wheat cultivated 
following soy. The maximum yields obtained 
are higher in 2012 and 2013, when the average 
temperature for each month exceeded the 
normal than in 2011, when the temperatures 
recorded were closer to the normal ones. 
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Abstract 
 
Considering the development and computerization of cadastre in Europe and the importance they have land registers 
and real estate records in Romania, which is a member country of the European Union, and in the future will have to 
develop the information society and cadastre will be the main territorial database. This paper, regarding the 
informational system specific for real estate domain of Sărmaşu, Mureş County, is a step toward developing 
computerized urban and rural localities in Romania. Spatial data are taken from the cadastral plan of the city. 
Creating a database is to determine: the study area, the coordinate system used, the layers necessary for studying the 
elements (geographical objects) included in each layer, the attributes necessary for the description of each item type, 
the method of coding and organizing the attributes. The creation of the database was performed in three steps: i) 
identifying graphical objects and their attributes and organize layers; ii) defining attributes; iii) ensuring records 
coordinates between layers. The advantages of using a Geographic Information System over traditional methods are 
numerous: improving service quality, optimizing circuit information between organizations, producing interactive 
maps, the ability to produce standardized maps, avoiding duplicate data maintenance banks. 
 
Key words: cadastre, GIS, real estate, Romania. 
 
INTRODUCTION 
 
The real estate cadastre is a speciality cadastre 
through which is acheived the records and 
systematic inventory, in terms of quantity, 
quality and legal of all real estate properties in 
the territory of each locality. 
One of the main priorities in the strategic plans 
of the Agency for Geodesy, Cartography 
and Cadastre and the Registry Agency is the 
development and use of integrated information 
system that includes the cadastral map, 
cadastral registry and land registry (Cosmina, 
2015). 
Modern land administration systems must 
fulfill the emerging need for a faster and more 
efficient processing of real estate transactions. 
In order to achieve such a goal, one way to go 
can be to outsource a larger segment of the 
cadastral geometry updating process to the 

actors external to the organization maintaining 
the data (Vranic et al., 2015). 
The programs for the systematic planning of 
urban-rural localities rises to a higher level the 
complexity of this particular cadastre, of the 
need to know, in detail, in terms of quantitative 
and qualitative elements of territorial balance, 
with all components of the surface structure 
and infrastructure (Van Diepen, 1991). 
Achieving the real estate cadastre work for an 
administrative territory respectively a locality, 
involves the administrative stages of this work. 
Starting of this work is the responsibility of the 
City Hall as a Chief Authorising Officer and 
the organizer of procedures for awarding the 
work to be executed (Ienciu et al., 2015). 
Problems that must solve the real estate 
cadastre are: i) indication of the extent, 
configuration and position of the various 
categories of uses, buildings or technical and 
urban facilities; ii) evaluating and recording 



137

Marin D.I., Mihalache M., Rusu T., Ilie L., Ciontu C., 
2016. Tıllage Efects on Some Propertıes of Chromıc 
Luvısol and the Maıze Crop Yıeld. 16th International 
Multidisciplinary Scientific Geoconference SGEM 
2016, Book 3 - Water Resources, Forest, Marine and 
Ocean Ecosystems, Conference Proceedings, Vol. II, 
p. 449-454. 

Mărghitaş M., Razec I., Mihai M., Toader C., Moldovan 
L., Roman G., 2011. Manual of Best Practices in the 
Fertilizing Technology of Agricultural Plants. 
AcademicPres Publishing House, Cluj-Napoca. 

Poruţiu A., Rusu M., Mărghitaş M., Toader C., 
Moldovan L., Deac V., Cheţan F., 2013. Research 
Concerning the Agrochemical Optimization of the 

Fertilization System for Wheat Crops on an Argic 
Phaeozem Soil in the Transylvanian Plain. Research 
Journal of Agricultural Science, 45 (1), Timişoara. 

Rusu M., Mărghitaş M., Oroian I., Mihăiescu T., 
Dumitraş A, 2005. Agrochemistry Treaty. Ceres 
Publishing House, Bucharest. 

Rusu M., Mărghitaş M., Toader C., Kurtinecz P., Mihai 
M., Moldovan L., 2009. Agrochemical Modification 
in Long-Term Experiments with Amendaments and 
Fertilizers. Lucr. Conf. XIX SNRSS, Iaşi. 

***Turda SCDA (Agricultural Research and 
Development Station), 2011-2013. Scientific 
Research Reports. SCDA Archives, Turda. 

 

AgroLife Scientific Journal - Volume 5, Number 2, 2016
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718

 
 
 

ASPECTS REGARDING THE ACHIEVING OF A GEOGRAPHIC 
INFORMATION SYSTEM SPECIFIC FOR REAL ESTATE DOMAIN 

 
Tudor SĂLĂGEAN1, Teodor RUSU1, Andra PORUŢIU1, Jutka DEAK1,  

Raluca MANEA2, Ana VÎRSTA2, Mariana CĂLIN2 
 

1University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca, Calea Mănăştur 3-5, 
400372, Cluj-Napoca, Romania, Phone: +40264.596.384, Fax: +40264.593.792,  

Email: tudor.salagean@usamvcluj.ro 
 2University of Agronomic Sciences and Veterinary Medicine of Bucharest, 59 Mărăşti Blvd, 

District 1, 011464, Bucharest, Romania, Phone: +4021.318.25.64, Fax: +4021.318.25.67,  
Email: ralucamanea20@yahoo.com 

 
Corresponding author email: tudor.salagean@usamvcluj.ro 

 
Abstract 
 
Considering the development and computerization of cadastre in Europe and the importance they have land registers 
and real estate records in Romania, which is a member country of the European Union, and in the future will have to 
develop the information society and cadastre will be the main territorial database. This paper, regarding the 
informational system specific for real estate domain of Sărmaşu, Mureş County, is a step toward developing 
computerized urban and rural localities in Romania. Spatial data are taken from the cadastral plan of the city. 
Creating a database is to determine: the study area, the coordinate system used, the layers necessary for studying the 
elements (geographical objects) included in each layer, the attributes necessary for the description of each item type, 
the method of coding and organizing the attributes. The creation of the database was performed in three steps: i) 
identifying graphical objects and their attributes and organize layers; ii) defining attributes; iii) ensuring records 
coordinates between layers. The advantages of using a Geographic Information System over traditional methods are 
numerous: improving service quality, optimizing circuit information between organizations, producing interactive 
maps, the ability to produce standardized maps, avoiding duplicate data maintenance banks. 
 
Key words: cadastre, GIS, real estate, Romania. 
 
INTRODUCTION 
 
The real estate cadastre is a speciality cadastre 
through which is acheived the records and 
systematic inventory, in terms of quantity, 
quality and legal of all real estate properties in 
the territory of each locality. 
One of the main priorities in the strategic plans 
of the Agency for Geodesy, Cartography 
and Cadastre and the Registry Agency is the 
development and use of integrated information 
system that includes the cadastral map, 
cadastral registry and land registry (Cosmina, 
2015). 
Modern land administration systems must 
fulfill the emerging need for a faster and more 
efficient processing of real estate transactions. 
In order to achieve such a goal, one way to go 
can be to outsource a larger segment of the 
cadastral geometry updating process to the 

actors external to the organization maintaining 
the data (Vranic et al., 2015). 
The programs for the systematic planning of 
urban-rural localities rises to a higher level the 
complexity of this particular cadastre, of the 
need to know, in detail, in terms of quantitative 
and qualitative elements of territorial balance, 
with all components of the surface structure 
and infrastructure (Van Diepen, 1991). 
Achieving the real estate cadastre work for an 
administrative territory respectively a locality, 
involves the administrative stages of this work. 
Starting of this work is the responsibility of the 
City Hall as a Chief Authorising Officer and 
the organizer of procedures for awarding the 
work to be executed (Ienciu et al., 2015). 
Problems that must solve the real estate 
cadastre are: i) indication of the extent, 
configuration and position of the various 
categories of uses, buildings or technical and 
urban facilities; ii) evaluating and recording 
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qualitative and economic data relating to land 
and buildings; iii) setting the legal status of real 
estate and real rights over their inclusion in the 
registers and cadastral records. 
The purpose of the information system specific 
real estate domain, through the data and 
information they make available to local 
government not only provides records for the 
estate fund and utilities and property 
registration, but have an important role in 
determining a fair system of taxes in real estate 
market development, environmental protection, 
urban planning etc., with the possibility of 
accessing them by citizens, with important role 
in information, transparency and reduce 
bureaucracy (Dumitru et al., 2010; Toderaş, 
2007; Imbroane and Moore, 1999). 
The introduction land cadastre, due to the high 
density of objectives, plans are made on a scale 
of 1:2000; 1:1000, and even 1:500; stipulating 
areas in hectares and square meters, while 
performing inventory and registration of all 
land and buildings by use, building owners and 
building blocks. Are established separate 
records of the buildings and stipulating the 
possible premature wear and tear (to determine 
insurance rates). 
 
MATERIALS AND METHODS 
 
Sărmaşu (Figure 1) is a town in Mures County, 
is situated geographically in the center of the 
country. With the acquisition of the title of city 
in 2003, Sărmaşu and localities go through a 
period of continuous development of social and 
economic. 

 
Figure 1. Civic center of Sărmaşu 

 
The purpose of the program for implementing 
the information system specific for real estate 
domain and of urban data banks in cities, towns 
and villages are: 

 urban and rural infrastructure development; 
 creating the conditions for free movement 

of land and construction; 
 attracting international capital; 
 development and consolidation of mortgage 

credit; 
 determining the value of real estate 

necessary for a fair system of taxes; 
 formulating policies on sustainable 

development in the towns and regions; 
 reform of public administration by 

implementing an effective information 
management by providing cadastral plans 
of settlements in digital format and the 
constitution of urban data banks. 

In this regard, the information system specific 
for real estate cadastre and urban data banks, as 
a legal, economic and technical institutional 
instrument, contributes to efficient and 
sustainable decisions for the benefit of all 
(Sălăgean et al., 2012). 
GIS is an information technology capable of 
displaying and analyzing all forms of 
geographically referenced information when 
used as a management tool (Boz et al., 2014). 
The information system specific for the real 
estate domain and urban data banks is achieved 
on categories of works, as follows: 

I. Geodetic works: 
 The planimetric network of the village; 
 The altimetry network of the village. 

II. Topographical works 
III. Mapping works for real estate: 

 cadastral numbering of properties; 
 calculation of properties surfaces; 
 obtaining the real estate sheet; 
 preparing the cadastral plan; 
 preparation of cadastral records: 

  the cadastral register of land plots; 
  cadastral register of owners; 
  alphabetic index of owners; 
  real estate register. 

IV. Inventory works for utility networks 
 drafting the technical plans; 
 preparation of reports and topographical 

descriptions manholes; 
 drawing up the scheme sections on 

types of networks. 
V. Urban databank: 

 textual database; 
 graphical database. 

RESULTS AND DISCUSSIONS 
 
The objective taken into study in this paper is 
represented by the cadastral sector no. 15 from 
town Sărmaşu. The sector has an area of 
approximately 15 hectares and includes 17 
plots (Figure 2). 
For graphical data collection can be used 
sources such as: cartographic materials (maps, 
topographical plans etc.), photographic images 
(aerial or satellite photogrammes), digital 
satellite images (obtained through various 
satellite techniques), files with data obtained 
from field measurements with total stations, 
global positioning data files obtained in the 
field with GPS devices, databases made with 
various CAD techniques etc. 

Through the cartographical method, the 
graphical data are collected either from the 
original plans or directly from the printed maps 
and other cartographic materials, using the 
scanning technique or the vectorial digitizing 
technique and are inserted into the database 
graphics in vector format (Toderaş and 
Răducanu, 2002). 
Spatial data are taken from the cadastral plan of 
the city. Creating a database is to determine: 
the study area, the coordinate system used, the 
layers necessary for studying the elements 
(geographical objects) included in each layer, 
the attributes necessary for the description of 
each item type, the method of coding and 
organizing the attributes. 

 

 
Figure 2. The delimitation of the studied area 

 
For Sărmaşu database in the project were 
proposed the following layers: 

 Buildings: Topology is made 
polygonal. 

 Plots: Topology is realized polygonal. 
 Subplots: Topology is made 

polygonal. 
 Streets: Topology is realized in the 

form of line. 
 Electric network: Topology is realized 

in the form of point. 

 Gas network: Topology is realized in 
the form of point. 

The creation of the database was performed in 
three steps: i) identifying graphical objects 
and their attributes and organize layers; ii) 
defining attributes; iii) ensuring records 
coordinates between layers. 
In the created database are added the 
previously proposed layers by using the tool 
“feature class”. There are added data classes 
that allow us to add fields in the attribute 
table, defining the field name and type. 
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Also, for each feature class in part must be 
defined the coordinate system (Figure 3).  
After conducting the operations performed in 
ArcCatalog on creating the database, the data 
classes and the fields, will open the ArcMap 

where after setting the work coordinate 
system necessary for this work, we import the 
plan that is under “.dwg” extension and 
includes vector data (Figure 4). 

 

 
Figure 3. Attaching the coordinate system 

 
 

 
Figure 4. Import of the plan in DWG format 

 
Georeferencing this plan is not necessary 
because ArcMap application, when  

adding a CAD file type, takes its coordinate 
system too. 

For the verification of the plan and the 
georeferencing, we can add a raster image 
with TIFF extension, which is also 
automatically georeferenced and the overlay 

of the plan over the image must match the 
details of land and buildings. 
For digitizing the polygon and line entities 
introduced in ArcMap, editing session will 
start for each of the layers (Figure 5). 

 

 
Figure 5. Drawing the buildings layer 

 
Attribute data editing is done in the light of 
each entity drawn and it automatically 
receives in ArcMap application an 
identification code on the drawing. Assigned 

to each field in the database will achieve the 
attribute data tables with data obtained from 
the descriptive documents (Figure 6). 

 

 
Figure 6. Editing the attribute data on the buildings layer 
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After making the final plan, digitized and 
filled in with all the details needed to continue 
this project (Figure 7), it can be exported from 
ArcMap application under more extensions. 

This can be done in order to introduce the 
project, whether it is public on websites or 
simply in the computer memory. 

 

 
Figure 7. The plan for the cadastral sector No. 15 

 
CONCLUSIONS 
 
Real estate cadastre becomes the catalyst of 
socio-economic development of the country 
and boosts the growth through: promoting the 
security of property; facilitating civil housing 
market and mortgage lending market; 
supporting urban planning; encouraging 
private sector development; implementation 
of the tax system; efficient management of 
land resources. 
The advantages of using a GIS over tradetional 
methods are numerous: improving service 
quality, optimizing circuit information between 
organizations, producing interactive maps, the 
ability to produce standardized maps, avoiding 
duplicate data maintenance banks. 
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Abstract 
 
 In order to develop immunoassays for pesticides detection, this work  describes the choice of  three different haptens 
that present structural similarity to benzimidazole molecule, methods for coupling them with two carrier proteins in 
order  to make them immunogenic, a protocol for immunization of laboratory rodents with hapten-carrier complexes, 
and the evaluation of the specific antibody responses against haptens using an in-house developed immunoassay. Three 
carbendazim (methyl 2-benzimidazole-carbamate) derivatives bearing different functional reactive groups (-NH2, -SH 
and -COOH),  namely 2-(2-Aminoethyl) benzimidazole (AEB),2-Mercaptobenzimidazole (2MB) and 2-Benzimidazole 
propionic acid (BPA), were coupled to keyhole limpet haemocyanin (KLH) and bovine serum albumin(BSA), 
respectively, mixed with immuno-adjuvants, and injected four times into Balb/C mice and Wistar rats for induction of  
specific immune responses.All three chemicals elicited a specific but weak  antibodies response upon immunization with 
hapten-KLH  complexes  followed by serological testing by indirect ELISA with  hapten-BSA complexes, and showed  
detectabledifferences in antibody  titers  with regard to number of inoculations,  hapten structure and animal species. 
Whereas the AEB-KLH complex was the strongest, the 2MB-KLH complex was the weakest immunogenic in mice. 
However, the best animal responders allow the application of technologies for getting monoclonal antibodies against 
benzimidazoles, which can then be used for immunoassays development. 

Key words: hapten-carrier, benzimidazole, immunogenicity, antibodies, pesticides. 
 
INTRODUCTION  
 
Pesticides play a major role in improving 
agricultural production through control of pest 
populations such as insects, weeds, and plant 
diseases. Unfortunately, the toxicological  
properties  of pesticides provide a potential 
risks to humans, to  the  environment,  and  to  
non-target  organisms  that  might  be  
inadvertently  exposed to such chemicals as 
well. In  particular,  pesticides  pose  risks  to  
agricultural  workers  involved  in  mixing, 
loading, and application of pesticides, as well 
as to those who perform works in agricultural 
settings where pesticides have been applied 
(Winter, 2012).  Despite their merits, pesticides 
are considered to be among of the most 

dangerous environmental contaminants because 
of their ability to accumulate and their long-
term effects on living organisms. The presence 
of pesticides  in  the  environment  is  
particularly  hazardous,  and  exposure  to  
these  pesticides leads to several health 
problems that range from asthma attacks, skin 
rashes, severe eye irritation and chronic 
disorders to neurological diseases (Aragay et 
al., 2012; Schrenk, 2012). In the European 
Union the use of pesticides is strictly regulated 
and all EU Member States apply  the  same  
evaluation  procedures  and  authorization  
criteria,  in  order  to  place  a  plant protection 
product on the market. In this respect the 
European Union legislation has established a 
maximum residue level  (MRL)  for  food  and  
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carbendazim (methyl 2-benzimidazole-carbamate) derivatives bearing different functional reactive groups (-NH2, -SH 
and -COOH),  namely 2-(2-Aminoethyl) benzimidazole (AEB),2-Mercaptobenzimidazole (2MB) and 2-Benzimidazole 
propionic acid (BPA), were coupled to keyhole limpet haemocyanin (KLH) and bovine serum albumin(BSA), 
respectively, mixed with immuno-adjuvants, and injected four times into Balb/C mice and Wistar rats for induction of  
specific immune responses.All three chemicals elicited a specific but weak  antibodies response upon immunization with 
hapten-KLH  complexes  followed by serological testing by indirect ELISA with  hapten-BSA complexes, and showed  
detectabledifferences in antibody  titers  with regard to number of inoculations,  hapten structure and animal species. 
Whereas the AEB-KLH complex was the strongest, the 2MB-KLH complex was the weakest immunogenic in mice. 
However, the best animal responders allow the application of technologies for getting monoclonal antibodies against 
benzimidazoles, which can then be used for immunoassays development. 

Key words: hapten-carrier, benzimidazole, immunogenicity, antibodies, pesticides. 
 
INTRODUCTION  
 
Pesticides play a major role in improving 
agricultural production through control of pest 
populations such as insects, weeds, and plant 
diseases. Unfortunately, the toxicological  
properties  of pesticides provide a potential 
risks to humans, to  the  environment,  and  to  
non-target  organisms  that  might  be  
inadvertently  exposed to such chemicals as 
well. In  particular,  pesticides  pose  risks  to  
agricultural  workers  involved  in  mixing, 
loading, and application of pesticides, as well 
as to those who perform works in agricultural 
settings where pesticides have been applied 
(Winter, 2012).  Despite their merits, pesticides 
are considered to be among of the most 

dangerous environmental contaminants because 
of their ability to accumulate and their long-
term effects on living organisms. The presence 
of pesticides  in  the  environment  is  
particularly  hazardous,  and  exposure  to  
these  pesticides leads to several health 
problems that range from asthma attacks, skin 
rashes, severe eye irritation and chronic 
disorders to neurological diseases (Aragay et 
al., 2012; Schrenk, 2012). In the European 
Union the use of pesticides is strictly regulated 
and all EU Member States apply  the  same  
evaluation  procedures  and  authorization  
criteria,  in  order  to  place  a  plant protection 
product on the market. In this respect the 
European Union legislation has established a 
maximum residue level  (MRL)  for  food  and  
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feed  of  plant  and  animal  origin  
[Commission  Regulations  (EC) 396/2005,  
amended  by  Commission  Regulations  (EC)  
No.  149/2008] which is updated as necessary 
(Keikotlhaile and Spanoghe, 2011). The  
identification  and  quantification  of  pesticides  
are  generally  based  on  gas  chromatography - 
mass  spectrometry (GC-MS), liquid  
chromatography - mass spectrometry (LC-MS), 
or high performance liquid chromatography-
mass spectrometry (HPLC-MS) (Nunes and 
Barcelo, 1999). These methods permit precise 
and accurate detection, and quantification of 
trace levels of hundreds of these chemicals. 
However, these conventional methods for 
pesticides monitoring require multiple steps for 
sample preparation and analysis, often 
including derivatization, highly trained 
personnel, expensive specialized equipment, 
and are time consuming (Schrenk, 2012). 
Immunoassays  are  based on the use of anti-
pesticide  antibodies  (Ab)  as  the specific  
sensing  element  and that can provide  
concentration-dependent  signals. Such assays 
appear to be appropriate for identification of a 
single pesticide or, in some cases, small groups 
of similar pesticides in food, feed and 
environmental matrices, as they are rapid, 
specific, sensitive and included in cost-
effective analytical devices. Furthermore, they 
can be used and interpret  in  the  field  by  
operators  with  minimal  training  and,  
generally, do not require sophisticated 
equipment to be accomplished. Therefore, 
developing such immunoassays has gained 
popularity during the recent years (Fan and He, 
2011; Liu et al., 2013). 
On the other hand pesticides, organic 
compounds of molecular mass less than 1,000, 
are usually non-immunogenic, and hence do 
not elicit an immune response unless coupled 
with some macromolecules such as proteins. 
Therefore, it is necessary to modify these 
chemicals - known as haptens - by coupling 
them with macromolecules - known as carriers 
- in order to make a stable carrier-hapten 
complex. The carrier-hapten complexes can 
then be used to generate antibodies against 
pesticides (Dankwardt, 2000; Raman et al., 
2002). Also, because of the small size of these 
pesticide molecules, a suitable immunoassay 
technique must be employed for their detection.   

In this paper we report the preparation of 
hapten-carrier immunogenic complexes derived 
from benzimidazole pesticides and their use for 
stimulation of antibody responses in laboratory 
animals. 
 
MATERIALS AND METHODS 
 
a) Haptens selection strategy 
We considered as a target structure the 
pesticide carbendazim (methyl 2-
benzimidazole-carbamate), a well known and 
extensively fungicide used in agriculture and 
horticulture, and which has not longer been 
approved for use in the European Union 
starting with 2015.  
In order to select some similar chemical 
structures that would be able to be used as 
immunogens, we used the public SuperHapten 
database (http://bioinformatics. 
charite.de/superhapten/) that offers details of 
over 7,250 possible immunogenic haptensand a 
percentage hierarchy of their 2-D  similarity 
compared with the target structure (Günther et 
al., 2007).  
We also accessed the HaptenDB 
(http://www.imtech.res.in/cgibin/haptendb/inde
x.html), a bioinformatic database that includes 
similar information of over 1,080 haptens, 
including pesticides (Singh et al., 2006). 
 On the other hand, there have been recently 
reported results on the induction of antibody 
responses against carbendazim and similar 
compounds using commercial chemical 
structures having - NH2, -COOH, - SH, -OH as  
functional groups  for conjugation with protein 
carriers (Moran et al., 2002; Gough et al., 2011; 
Zikos et al., 2015). 
Since customized synthesis of similar 
compounds to a pesticide target is quite 
expensive, and after collating all the 
information provided by the previously-
described strategy, we have chosen to use the 
following three commercially available 
carbendazim derivatives: 
 

1.2-(2-Aminoethyl) benzimidazole (AEB) 
(Sigma-Aldrich, 98% purity), which has -

NH2as a functional reactive group; 

 

 

2.2-Mercaptobenzimidazole (2MB) (Sigma-
Aldrich, 98% purity), which has - SH as a 
functional reactive group; 

 
 
3.2-Benzimidazole propionic acid (BPA) 
(Sigma-Aldrich, 97% purity), which has -
COOH as a  functional reactive group. 

 
 
b) Haptens conjugation 
Each hapten was conjugated to carrier protein  
keyhole limpet haemocyanin (KLH; mcKLH - 
a product of Thermo Scientific) and bovine 
serum albumin (BSA; the product of Serva 
Feinbiochemica GmbH &Co, or the Imject® 
BSA which is a product of  Thermo Scientific), 
following previously established conjugation 
chemistry steps (Singh et al., 2004; Hermanson, 
2013).  
The AEB-KLH and AEB-BSA complexes were 
prepared through glutaraldehyde-mediated link 
chemistry, using a previously-described 
protocol (Hermanson, 2013). 
The 2MB-KLH and 2MB-BSA complexes 
were prepared using commercial carriers 
(mcKLHand BSA Imject®, Thermo Scientific) 
with sulfo-SMCC (succinimidyl 4- [N-
maleimidomethyl] cyclohexane-1-Carboxylate) 
(Pierce, Thermo Scientific) as a 
heterobifunctional linker, as directed by the 
manufacturer. 
The BPA-KLH and BPA-BSA complexes were 
obtained using commercial kits (EDC Imject® 
Carrier Protein Kits Thermo Scientific), 
through EDC (1-ethyl-3- [3-
dimethylaminopropyl] carbodiimide 
hydrochloride) - mediated chemistry, as 
directed by the manufacturer. 
We used a molar ratio of 1:40 and 1:900 
(carrier:hapten) for preparation of BSA-hapten 
complexes and KLH-hapten complexes, 
respectively. 
Hapten-carrier complex formation was 
evaluated by UV-VIS spectrophotometry 
(Abad et al., 1999), recording the spectra in the 
regions of the maximum absorbance of the 
unconjugated and conjugated protein (λ max = 

275-280 nm) and hapten, respectively, or by 
using 2,4,6-trinitrobenzene 1-sulfonic acid 
(TNBS) reagent  (Sashidhar et al., 1994). 
 
c) Animals and immunizations 
Immunizations were carried out using female 
Balb/C mice (4 animals/group) and Wistar rats 
(2 animals/group) of 6-8 weks of age. The 
animals were reared in clean standard 
environment, withfood and water supplyad 
libitum. The experimental protocol with 
animals was performed in accordance with 
relevant institutional and national guidelines 
and regulations, and was approved by the 
Ethics Committee of The National Research 
Institute „Cantacuzino” (Application CE/ 
36/04.02.2015). 
For induction of antibody responses against 
haptens, the mice were inoculated with KLH-
hapten complexes only, via subcutaneous (s.c) 
route first, and then with three booster 
immunisations via intraperitoneally (i.p.) route, 
every two weeks apart, with a combination of 
hapten-carrier complex (30-100 μg protein) 
adsorbed on immuno-adjuvants - [Al(PO4)3] 
plus Gerbu adjuvant MM (GERBU Biotechnik 
GmbH, Heidelberg, Germany) - ina 0.05-0.2 ml 
final volume/animal. There were four groups of 
mice used for immunization, of which 3 groups 
were inoculated with each KLH-hapten 
complex (KLH-AEB, KLH-2MB, KLH-BPA) 
and another one was inoculated with a mixture 
of all three complexes. The rats (one group) 
were immunized with a mixture of all KLH-
hapten complexes + adjuvants, using volumes 
of 0.2-0.5 ml/animal. Other negative control 
groups of mice and rats were mock 
immunizedwith KLH + adjuvants only. 
All the animals were bled from the tail veins 
before the immunization schedule first, and 
then one week apart from the second (day 14) 
and the forth injection (day 42). The serum was 
separated from blood by centrifugation and 
used for evaluation of the antibody response 
against haptens by ELISA (see below). 
 
d) Hapten antibody response evaluation 
Because KLH and BSA do not induce a 
detectable cross-reactive immuno-response, the 
BSA-hapten complexes were used as antigens 
for in vitro evaluation of antibody responses 
against haptens, by indirect ELISA. MaxiSorp 
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feed  of  plant  and  animal  origin  
[Commission  Regulations  (EC) 396/2005,  
amended  by  Commission  Regulations  (EC)  
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are  generally  based  on  gas  chromatography - 
mass  spectrometry (GC-MS), liquid  
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or high performance liquid chromatography-
mass spectrometry (HPLC-MS) (Nunes and 
Barcelo, 1999). These methods permit precise 
and accurate detection, and quantification of 
trace levels of hundreds of these chemicals. 
However, these conventional methods for 
pesticides monitoring require multiple steps for 
sample preparation and analysis, often 
including derivatization, highly trained 
personnel, expensive specialized equipment, 
and are time consuming (Schrenk, 2012). 
Immunoassays  are  based on the use of anti-
pesticide  antibodies  (Ab)  as  the specific  
sensing  element  and that can provide  
concentration-dependent  signals. Such assays 
appear to be appropriate for identification of a 
single pesticide or, in some cases, small groups 
of similar pesticides in food, feed and 
environmental matrices, as they are rapid, 
specific, sensitive and included in cost-
effective analytical devices. Furthermore, they 
can be used and interpret  in  the  field  by  
operators  with  minimal  training  and,  
generally, do not require sophisticated 
equipment to be accomplished. Therefore, 
developing such immunoassays has gained 
popularity during the recent years (Fan and He, 
2011; Liu et al., 2013). 
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compounds of molecular mass less than 1,000, 
are usually non-immunogenic, and hence do 
not elicit an immune response unless coupled 
with some macromolecules such as proteins. 
Therefore, it is necessary to modify these 
chemicals - known as haptens - by coupling 
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then be used to generate antibodies against 
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2002). Also, because of the small size of these 
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technique must be employed for their detection.   
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stimulation of antibody responses in laboratory 
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MATERIALS AND METHODS 
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extensively fungicide used in agriculture and 
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structures that would be able to be used as 
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percentage hierarchy of their 2-D  similarity 
compared with the target structure (Günther et 
al., 2007).  
We also accessed the HaptenDB 
(http://www.imtech.res.in/cgibin/haptendb/inde
x.html), a bioinformatic database that includes 
similar information of over 1,080 haptens, 
including pesticides (Singh et al., 2006). 
 On the other hand, there have been recently 
reported results on the induction of antibody 
responses against carbendazim and similar 
compounds using commercial chemical 
structures having - NH2, -COOH, - SH, -OH as  
functional groups  for conjugation with protein 
carriers (Moran et al., 2002; Gough et al., 2011; 
Zikos et al., 2015). 
Since customized synthesis of similar 
compounds to a pesticide target is quite 
expensive, and after collating all the 
information provided by the previously-
described strategy, we have chosen to use the 
following three commercially available 
carbendazim derivatives: 
 

1.2-(2-Aminoethyl) benzimidazole (AEB) 
(Sigma-Aldrich, 98% purity), which has -

NH2as a functional reactive group; 
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functional reactive group; 

 
 
3.2-Benzimidazole propionic acid (BPA) 
(Sigma-Aldrich, 97% purity), which has -
COOH as a  functional reactive group. 

 
 
b) Haptens conjugation 
Each hapten was conjugated to carrier protein  
keyhole limpet haemocyanin (KLH; mcKLH - 
a product of Thermo Scientific) and bovine 
serum albumin (BSA; the product of Serva 
Feinbiochemica GmbH &Co, or the Imject® 
BSA which is a product of  Thermo Scientific), 
following previously established conjugation 
chemistry steps (Singh et al., 2004; Hermanson, 
2013).  
The AEB-KLH and AEB-BSA complexes were 
prepared through glutaraldehyde-mediated link 
chemistry, using a previously-described 
protocol (Hermanson, 2013). 
The 2MB-KLH and 2MB-BSA complexes 
were prepared using commercial carriers 
(mcKLHand BSA Imject®, Thermo Scientific) 
with sulfo-SMCC (succinimidyl 4- [N-
maleimidomethyl] cyclohexane-1-Carboxylate) 
(Pierce, Thermo Scientific) as a 
heterobifunctional linker, as directed by the 
manufacturer. 
The BPA-KLH and BPA-BSA complexes were 
obtained using commercial kits (EDC Imject® 
Carrier Protein Kits Thermo Scientific), 
through EDC (1-ethyl-3- [3-
dimethylaminopropyl] carbodiimide 
hydrochloride) - mediated chemistry, as 
directed by the manufacturer. 
We used a molar ratio of 1:40 and 1:900 
(carrier:hapten) for preparation of BSA-hapten 
complexes and KLH-hapten complexes, 
respectively. 
Hapten-carrier complex formation was 
evaluated by UV-VIS spectrophotometry 
(Abad et al., 1999), recording the spectra in the 
regions of the maximum absorbance of the 
unconjugated and conjugated protein (λ max = 

275-280 nm) and hapten, respectively, or by 
using 2,4,6-trinitrobenzene 1-sulfonic acid 
(TNBS) reagent  (Sashidhar et al., 1994). 
 
c) Animals and immunizations 
Immunizations were carried out using female 
Balb/C mice (4 animals/group) and Wistar rats 
(2 animals/group) of 6-8 weks of age. The 
animals were reared in clean standard 
environment, withfood and water supplyad 
libitum. The experimental protocol with 
animals was performed in accordance with 
relevant institutional and national guidelines 
and regulations, and was approved by the 
Ethics Committee of The National Research 
Institute „Cantacuzino” (Application CE/ 
36/04.02.2015). 
For induction of antibody responses against 
haptens, the mice were inoculated with KLH-
hapten complexes only, via subcutaneous (s.c) 
route first, and then with three booster 
immunisations via intraperitoneally (i.p.) route, 
every two weeks apart, with a combination of 
hapten-carrier complex (30-100 μg protein) 
adsorbed on immuno-adjuvants - [Al(PO4)3] 
plus Gerbu adjuvant MM (GERBU Biotechnik 
GmbH, Heidelberg, Germany) - ina 0.05-0.2 ml 
final volume/animal. There were four groups of 
mice used for immunization, of which 3 groups 
were inoculated with each KLH-hapten 
complex (KLH-AEB, KLH-2MB, KLH-BPA) 
and another one was inoculated with a mixture 
of all three complexes. The rats (one group) 
were immunized with a mixture of all KLH-
hapten complexes + adjuvants, using volumes 
of 0.2-0.5 ml/animal. Other negative control 
groups of mice and rats were mock 
immunizedwith KLH + adjuvants only. 
All the animals were bled from the tail veins 
before the immunization schedule first, and 
then one week apart from the second (day 14) 
and the forth injection (day 42). The serum was 
separated from blood by centrifugation and 
used for evaluation of the antibody response 
against haptens by ELISA (see below). 
 
d) Hapten antibody response evaluation 
Because KLH and BSA do not induce a 
detectable cross-reactive immuno-response, the 
BSA-hapten complexes were used as antigens 
for in vitro evaluation of antibody responses 
against haptens, by indirect ELISA. MaxiSorp 
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ELISA plates (Nunc, Roskilde, Denmark) were 
coated overnight at 4oC with the corresponding 
BSA-hapten complex (5 ug/ml), in carbonate-
bicarbonate buffer (pH-9.6). After blocking 
with 1% caseinate in phosphate-buffered saline 
(PBS) and washing with PBS-Tween 20 
(PBST, 4 times), twofold serial dilutions of the 
sera (in PBS), starting from 1/10, were 
incubated for 1 h at 37oC. After washing (4 
times), the plates were incubated for 1 hour 
with either anti-mouse-IgG or anti-rat-IgG 
peroxidase conjugated secondary antibodies 
(SouthernBiotech, Birmingham, AL, U.S.A.), 
diluted (1/1000) in PBS. After incubation (1 
hour at 37oC) and washing (4 times), the color 
reaction was developed with SigmaFast OPD 
(Sigma-Aldrich) according to the 
manufacturers instructions, for 15-30 min at 
37oC, and absorbance was measured with a 
plate reader (Infinite F200, Tecan Austria 
GmbH) at λ = 450 nm. 
 
RESULTS AND DISCUSSIONS 
 
a) Haptens selection and conjugation 
We found the hapten bioinformatics databases 
very useful for rapid orientation and down-
narrowing of the screening, in order to find 
suitable hapten candidates. Particularly, 
SuperHapten Database offers 2-D/3-D 
structural details of possible immunogenic 
haptens, their scientific and commercial 
information, physicochemical properties, and a 
percentage hierarchy of their 2-D similarity 
compared with the target structure (Günther et 
al., 2007). These information are very 
important when choosing a suitable chemical 
structure able to be coupled with carriers and 
then to induce a suitable antibody response that 
can be further exploited for the development of 
reliable immunoassays.  
In this way, in our experiments, we selected a 
total of five preliminary candidates that have 
similar structure to that of carbendazim and, 
therefore, possibly to be used as immunogens 
(Table 1). However, we decided to select the 
three final haptens (AEB, 2MB and BPA) after 
further taking into account the previously 
published results on this topic, and of the 
relevant trade information provided by the well 
known life science chemical substances 
manufacturers, also. 

By scanning the absorbance of proteins, 
haptens and conjugates we found some subtle 
deviations from the unconjugated proteins, 
especially in the case of BSA-AEB complex 
formation (Figure 1) but obvious changes in 
absorbance spectra were not obtained with the 
some other conjugates, in agreement with 
another report (Gough et al, 2011).However, 
we found evidence that conjugation had taken 
place using TNBS reagent that strongly reacted 
with the ε-amino groups of L-lysine present in 
free carrier proteins, but less after hapten-
protein cross-linking (data not shown). 
 

 
Figure 1. Evidence of a hapten-protein conjugation 

through spectrophotometry. Overlapped UV-VIS spectra 
demostrate a shifting from the spectrum of the BSA 
protein alone (in red), in comparison to BSA-AEB 

complex, either before (in blue) and after dialysis (in 
green) 

 
By assuming that the molar absorptivity of 
haptens  was the same for free and conjugated 
forms (Abad et al., 1999), apparent molar ratio 
was estimated as ~10, in  the case of BSA-
hapten complexes. We did not estimate this 
ratio in the case of KLH-complexes but, we 
assumed that because we used the same 
protocols, and the KLH is a very large protein 
(MW 4.5 × 105   to 1.3 × 107) with over 4,600 
functional groups available for conjugation/ 
mole in comparison to BSA (MW 67,000) that 
has over 100 such functional groups 
(Hermanson, 2013), it was enough hapten 
bound to carrier to induce an immune response. 
 
b) Antibody responses against haptens 
By ELISA, we detected antibodies that reacted 
with the corresponding hapten, albeit of low 
intensity, in all groups of mice, except the 
negative control group (Figures 2, 3, 4 and 5).  
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Figure 2. Antibody responses in Balb/C mice immunized 

against2-(2-Aminoethyl) benzimidazole (AEB). 1st 
bleeding was done after two inoculations and the 2nd 

bleeding was done after four inoculations. The results are 
presented as the mean optical density (O.D.) by ELISA 

with standard deviation bars of n = 4 mice/group 
 

 
Figure 3. Antibody responses in Balb/C mice immunized 

against2-Mercaptobenzimidazole (2MB). 1st bleeding 
was done after two inoculations and the 2nd bleeding was 
done after four inoculations. The results are presented as 
the mean optical density (O.D.) by ELISA with standard 

deviation bars of n = 4 mice/group 
 

 
Figure 4. Antibody responses in Balb/C mice immunized 

against2-Benzimidazole propionic acid (BPA). 1st 
bleeding was done after two inoculations and the 2nd 

bleeding was done after four inoculations.  The results 
are presented as the mean optical density (O.D.) by 

ELISA with standard deviation bars of n = 4 mice/group 
 
Furthermore, we clearly found an increased 
response in antibodies, by indirect ELISA, after 
the 4th inoculation relative to the 2nd inoculation 
that is relevant for the immune maturation 
process that took place inside the body after 
repeated antigenic stimulation. 

 
Figure 5. Antibody responses in Balb/C mice immunized 

against a mixture of AEB+2MB+BPA haptens. 1st 
bleeding was done after two inoculations and the 2nd 

bleeding was done after four inoculations. The results are 
presented as the mean optical density (O.D.) by ELISA 

with standard deviation bars of n = 4 mice/group 
 
On the other hand, there were differences in the 
antibody response against each hapten, with 
better results when used AEB-carrier and a 
very low response against 2MB-carrier 
complex, though potent adjuvants for B-cell 
stimulation and differentiation were employed.  
Even when used a mixture of all there haptens 
we obtained the same poor results (Figure 5), 
that is the general characteristic of the immune 
responses against haptens. 
 The rats elicited a better antibody responses 
against a mixture of all haptens (Figure 6) in 
comparison to mice, the most probably due to 
differences in immunoreactivity between these 
animal species, a well known phenomenon. 
 

 
Figure 6. Antibody responses in Wistar rats immunized 

against a mixture of AEB+2MB+BPA haptens. 1st 
bleeding was done after two inoculations and the 2nd 

bleeding was done after four inoculations. The results are 
presented as the mean optical density (O.D.) by ELISA 

with standard deviation bars of n = 2 rats/group 
 
All immunogenic complexes were well 
tolerated by the Balb/C mice, except KLH-
AEB that induced a moderate, nodular 
dermatitis at the s.c. inoculation sites, but was 
letal within 24-48 hours post-innoculation 
when administered via i.p. route into an animal. 
Therefore, we followed the immunization 
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incubated for 1 h at 37oC. After washing (4 
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with either anti-mouse-IgG or anti-rat-IgG 
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forms (Abad et al., 1999), apparent molar ratio 
was estimated as ~10, in  the case of BSA-
hapten complexes. We did not estimate this 
ratio in the case of KLH-complexes but, we 
assumed that because we used the same 
protocols, and the KLH is a very large protein 
(MW 4.5 × 105   to 1.3 × 107) with over 4,600 
functional groups available for conjugation/ 
mole in comparison to BSA (MW 67,000) that 
has over 100 such functional groups 
(Hermanson, 2013), it was enough hapten 
bound to carrier to induce an immune response. 
 
b) Antibody responses against haptens 
By ELISA, we detected antibodies that reacted 
with the corresponding hapten, albeit of low 
intensity, in all groups of mice, except the 
negative control group (Figures 2, 3, 4 and 5).  
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Figure 2. Antibody responses in Balb/C mice immunized 

against2-(2-Aminoethyl) benzimidazole (AEB). 1st 
bleeding was done after two inoculations and the 2nd 

bleeding was done after four inoculations. The results are 
presented as the mean optical density (O.D.) by ELISA 

with standard deviation bars of n = 4 mice/group 
 

 
Figure 3. Antibody responses in Balb/C mice immunized 

against2-Mercaptobenzimidazole (2MB). 1st bleeding 
was done after two inoculations and the 2nd bleeding was 
done after four inoculations. The results are presented as 
the mean optical density (O.D.) by ELISA with standard 

deviation bars of n = 4 mice/group 
 

 
Figure 4. Antibody responses in Balb/C mice immunized 

against2-Benzimidazole propionic acid (BPA). 1st 
bleeding was done after two inoculations and the 2nd 

bleeding was done after four inoculations.  The results 
are presented as the mean optical density (O.D.) by 

ELISA with standard deviation bars of n = 4 mice/group 
 
Furthermore, we clearly found an increased 
response in antibodies, by indirect ELISA, after 
the 4th inoculation relative to the 2nd inoculation 
that is relevant for the immune maturation 
process that took place inside the body after 
repeated antigenic stimulation. 

 
Figure 5. Antibody responses in Balb/C mice immunized 

against a mixture of AEB+2MB+BPA haptens. 1st 
bleeding was done after two inoculations and the 2nd 

bleeding was done after four inoculations. The results are 
presented as the mean optical density (O.D.) by ELISA 

with standard deviation bars of n = 4 mice/group 
 
On the other hand, there were differences in the 
antibody response against each hapten, with 
better results when used AEB-carrier and a 
very low response against 2MB-carrier 
complex, though potent adjuvants for B-cell 
stimulation and differentiation were employed.  
Even when used a mixture of all there haptens 
we obtained the same poor results (Figure 5), 
that is the general characteristic of the immune 
responses against haptens. 
 The rats elicited a better antibody responses 
against a mixture of all haptens (Figure 6) in 
comparison to mice, the most probably due to 
differences in immunoreactivity between these 
animal species, a well known phenomenon. 
 

 
Figure 6. Antibody responses in Wistar rats immunized 

against a mixture of AEB+2MB+BPA haptens. 1st 
bleeding was done after two inoculations and the 2nd 

bleeding was done after four inoculations. The results are 
presented as the mean optical density (O.D.) by ELISA 

with standard deviation bars of n = 2 rats/group 
 
All immunogenic complexes were well 
tolerated by the Balb/C mice, except KLH-
AEB that induced a moderate, nodular 
dermatitis at the s.c. inoculation sites, but was 
letal within 24-48 hours post-innoculation 
when administered via i.p. route into an animal. 
Therefore, we followed the immunization 
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protocol with KLH-AEB complex via s.c. route 
only, in both animal species. 
How can one explain the differences in 
immunoreactivity to haptens within the same 
species? It has been shown that small 
molecules very often show low 
immunogenicity that is mainly due to the rapid 
breakdown of the molecule in vivo or clearance 
via the renal pathway (Moran et al., 2002).  
Therefore, both the hapten selection and the 
choice of carriers have a qualitatively and 
quantitatively influence on the immune 
responses, including the secretion of antibodies. 
Because of these reasons, some rules have been 
established that likely would lead to make an 
immunogenic hapten close to the ideal 
(Goodrow and Hammock, 1998; Tong et al., 
2007; Song et al., 2010; Goel, 2013). With this 
regard, the hapten should (i) have the structure, 
conformation and physicochemical properties 
as close to perfection as compared to the target 
chemical structure(s); (ii) have in its structure  
aromatic rings/hetero-aromatic rings/branched 
radicals, and at least one reactive functional 
group (-NH2, -COOH, -OH, -SH) for 
attachment by covalent bonds to the carrier; 
(iii) keep the original conformation after 
coupling to a carrier and, if coupled to a carrier 

molecule via a linking spacer, the latter must be 
immunologically unresponsive. 
Therefore, the very low antibody response 
against 2MB can partially be explained by the 
simpler structure of this chemical compound 
and a less degree of similarity to carbendazim 
by comparison to AEB and BPA (see also the 
Table 1). Another possibility is that the linking 
reaction efficiency was much lower for 2MB in 
comparison to AEB and BPA, respectively. It is 
also possible that the hapten chemical 
structures were not properly exposed for 
recognition by the immune system cells. As a 
consequence, there were less B-cell epitopes 
available for processing that ultimately led to a 
low antibodies response. On the other hand, 
even in the case of poor antibody responses 
against haptens, it is possible to isolate 
monoclonal antibodies with the desired 
specificity by employing high-throughput 
strategies for fusion, screening and cloning 
(Chiarella and Fazio, 2008). 
Currently, we have ongoing experiments for 
getting monoclonal antibodies recognizing 
these haptens, and which can then be used in 
immunoassays development for detection of 
benzimidazole pesticide residues in food and 
feed. 
 

 
 

Table 1. Fivehapten candidates from top 30 structures most 2D-similar to carbendazim and possible to be used as 
immunogens based on the information provided by the Super Hapten database 

(http://bioinformatics.charite.de/superhapten/) 
 

Name Structure ID 2D-Similarity 

  methyl 2-benzimidazolecarbamate   

  (carbendazim) 
 

2426 100.00 

2-succinamidobenzimidazole  

 

 

2425 
 
 

79.89 

2-aminobenzimidazole 

 

2309 
 
 

65.75 

 

2-amino-5-(propylthio)benzimidazole 

 

2302 
 
 

61.74 

2-mercaptobenzimidazole 

 

10107 
 
 

61.00 

4`-hydroxyfenbendazole 
2306 

 
 

60.36 

 
CONCLUSIONS  
 
In order to prepare immunogenic haptens for 
developing antibodies against benzimidazole 
pesticides, a working algorithm involving 
checking of public bioinformatics databases 
was applied for selection of similar chemical 
structures to carbendazim (methyl 2-
benzimidazole-carbamate) and bearing 
different reactive  groups available for 
conjugation to protein carriers. 
Three commercial chemical compounds, 
namely2-(2-Aminoethyl) benzimidazole 
(AEB), 2-Mercaptobenzimidazole (2MB) and 
2-Benzimidazole propionic acid (PBA),were 
coupled to carrier protein keyhole limpet 
haemocyanin (KLH), mixed with immuno-
adjuvants, and injected four times into Balb/C 
mice and Wistar rats, respectively. 
All haptens induced a weak but specific 
antibody response, as evidenced by an in-house 
developed indirect ELISA with haptens 
coupled to bovine serum albumin (BSA) as 
coating reagent, and with detectable differences 
with regard to number of inoculations, 
chemical structure and animal species.   
The AEB molecule induced the strongest and 
the 2MB molecule induced the weakest 
antibody responses in mice. 
Our works showed evidence that further 
inoculations were necessary in order to 
properly stimulate the immune responses for 
generation of monoclonal antibodies against 
benzimidazoles. 
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protocol with KLH-AEB complex via s.c. route 
only, in both animal species. 
How can one explain the differences in 
immunoreactivity to haptens within the same 
species? It has been shown that small 
molecules very often show low 
immunogenicity that is mainly due to the rapid 
breakdown of the molecule in vivo or clearance 
via the renal pathway (Moran et al., 2002).  
Therefore, both the hapten selection and the 
choice of carriers have a qualitatively and 
quantitatively influence on the immune 
responses, including the secretion of antibodies. 
Because of these reasons, some rules have been 
established that likely would lead to make an 
immunogenic hapten close to the ideal 
(Goodrow and Hammock, 1998; Tong et al., 
2007; Song et al., 2010; Goel, 2013). With this 
regard, the hapten should (i) have the structure, 
conformation and physicochemical properties 
as close to perfection as compared to the target 
chemical structure(s); (ii) have in its structure  
aromatic rings/hetero-aromatic rings/branched 
radicals, and at least one reactive functional 
group (-NH2, -COOH, -OH, -SH) for 
attachment by covalent bonds to the carrier; 
(iii) keep the original conformation after 
coupling to a carrier and, if coupled to a carrier 

molecule via a linking spacer, the latter must be 
immunologically unresponsive. 
Therefore, the very low antibody response 
against 2MB can partially be explained by the 
simpler structure of this chemical compound 
and a less degree of similarity to carbendazim 
by comparison to AEB and BPA (see also the 
Table 1). Another possibility is that the linking 
reaction efficiency was much lower for 2MB in 
comparison to AEB and BPA, respectively. It is 
also possible that the hapten chemical 
structures were not properly exposed for 
recognition by the immune system cells. As a 
consequence, there were less B-cell epitopes 
available for processing that ultimately led to a 
low antibodies response. On the other hand, 
even in the case of poor antibody responses 
against haptens, it is possible to isolate 
monoclonal antibodies with the desired 
specificity by employing high-throughput 
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these haptens, and which can then be used in 
immunoassays development for detection of 
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In order to prepare immunogenic haptens for 
developing antibodies against benzimidazole 
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was applied for selection of similar chemical 
structures to carbendazim (methyl 2-
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different reactive  groups available for 
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coupled to carrier protein keyhole limpet 
haemocyanin (KLH), mixed with immuno-
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All haptens induced a weak but specific 
antibody response, as evidenced by an in-house 
developed indirect ELISA with haptens 
coupled to bovine serum albumin (BSA) as 
coating reagent, and with detectable differences 
with regard to number of inoculations, 
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Abstract 
 
The aim of this paper is to determine the benefit of modern methods of scanning and processing images of a rapeseed 
crop to determine affected areas at the end of winter. There are where the measurements took place is on the study 
grounds of “Belciugatele Research Station - Moara Domnească Farm”. Three methods were used, all based on the 
same image provided by a drone as a basemap, and RTK-GPS measurements. For the first method the affected areas 
were delimited using a RTK receiver, which required a person on the ground to manually provide the required data. 
The second method uses the same image, but digitizing was done at a later date by using GIS instruments. In the third 
method the digitizing was also done using software, by classifying the pixels. The result of the study showed that the 
third method was superior because of higher precision and lower processing time. 
 
Key words: drone, GIS instruments, pixel classification, GPS measuring, affected area, rapeseed crop. 
 
INTRODUCTION  

 
The steady rise in energy consumption as an 
effort to reduce the use of fossil fuels meant a 
fast increase in rapeseed crops. In 1994, there 
were 303 ha of rapeseed crops in Romania. 
That number grew to 527175 ha in 2010. 
(http://faostat.fao.org/site/567/default.aspx#anc
or). Therefore, specialists have invested in 
improving technologies that increase 
production and minimize loss.  
One factor that negatively affect rapeseed crops 
is drought during sowing period, which causes 
patchy or delayed sprouting. This results in 
plants not having enough time to accumulate 
sufficient biomass to survive freezing during 
the winter. In Romania, the biggest losses occur 
during spring, as a result of sporadic hot-cold 
spells (Pirna et al., 2011). 
At the end of winter, farmers have tough choice 
to make: either the crop fares well during the 
winter and there is potential for profit, or the 
crop is  compromised and maintaining if further 
would mean financial loss. In the latter case, 
the crop is abandoned and a new one is started 
on that area (Verger et al., 2014). 
Farmer invest in preparing, sowing and 
protecting the field until the point a decision 
can be made. Sowing a compromised crop after 

the sowing time has passed does not guarantee 
production at the maximum potential of the 
field, no matter what the type of crop replaces 
the rapeseed (Moorthy et al., 2015).  
Consequently, a decision must be made 
quickly, so a fast and accurate way is required 
to determine the extent of the damage (Verger 
et al., 2015). 
To address this need, we tested three methods 
of determining the amount of deterioration in 
rapeseed crops at the end of winter.  

 
MATERIALS AND METHODS 

 
The first method, which is the one used by 
farmers, was based on RTK measurements. The 
second method uses GIS instruments, whereas 
in the third method the classification is done 
automatically by the computer using pixel 
classification software (Meyer, 2011). 
In all three methods a drone was utilized to 
capture the orthophoto image (Huang et al., 
2013) based on digitization, pixel classification 
(Ashok et al., 2015) and the superimposing of 
the zones without vegetation from the RTK 
measurements (Viña et al., 2011). 
In order to evaluate the three methods 
objectively, research was conducted on the 
”Belciugatele Research Station - Moara 
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Abstract 
 
The aim of this paper is to determine the benefit of modern methods of scanning and processing images of a rapeseed 
crop to determine affected areas at the end of winter. There are where the measurements took place is on the study 
grounds of “Belciugatele Research Station - Moara Domnească Farm”. Three methods were used, all based on the 
same image provided by a drone as a basemap, and RTK-GPS measurements. For the first method the affected areas 
were delimited using a RTK receiver, which required a person on the ground to manually provide the required data. 
The second method uses the same image, but digitizing was done at a later date by using GIS instruments. In the third 
method the digitizing was also done using software, by classifying the pixels. The result of the study showed that the 
third method was superior because of higher precision and lower processing time. 
 
Key words: drone, GIS instruments, pixel classification, GPS measuring, affected area, rapeseed crop. 
 
INTRODUCTION  

 
The steady rise in energy consumption as an 
effort to reduce the use of fossil fuels meant a 
fast increase in rapeseed crops. In 1994, there 
were 303 ha of rapeseed crops in Romania. 
That number grew to 527175 ha in 2010. 
(http://faostat.fao.org/site/567/default.aspx#anc
or). Therefore, specialists have invested in 
improving technologies that increase 
production and minimize loss.  
One factor that negatively affect rapeseed crops 
is drought during sowing period, which causes 
patchy or delayed sprouting. This results in 
plants not having enough time to accumulate 
sufficient biomass to survive freezing during 
the winter. In Romania, the biggest losses occur 
during spring, as a result of sporadic hot-cold 
spells (Pirna et al., 2011). 
At the end of winter, farmers have tough choice 
to make: either the crop fares well during the 
winter and there is potential for profit, or the 
crop is  compromised and maintaining if further 
would mean financial loss. In the latter case, 
the crop is abandoned and a new one is started 
on that area (Verger et al., 2014). 
Farmer invest in preparing, sowing and 
protecting the field until the point a decision 
can be made. Sowing a compromised crop after 

the sowing time has passed does not guarantee 
production at the maximum potential of the 
field, no matter what the type of crop replaces 
the rapeseed (Moorthy et al., 2015).  
Consequently, a decision must be made 
quickly, so a fast and accurate way is required 
to determine the extent of the damage (Verger 
et al., 2015). 
To address this need, we tested three methods 
of determining the amount of deterioration in 
rapeseed crops at the end of winter.  

 
MATERIALS AND METHODS 

 
The first method, which is the one used by 
farmers, was based on RTK measurements. The 
second method uses GIS instruments, whereas 
in the third method the classification is done 
automatically by the computer using pixel 
classification software (Meyer, 2011). 
In all three methods a drone was utilized to 
capture the orthophoto image (Huang et al., 
2013) based on digitization, pixel classification 
(Ashok et al., 2015) and the superimposing of 
the zones without vegetation from the RTK 
measurements (Viña et al., 2011). 
In order to evaluate the three methods 
objectively, research was conducted on the 
”Belciugatele Research Station - Moara 
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Domnească Farm”, during the 2015-2016 
agricultural year. 
The experiment had two factors: the A factor 
was the seeding time (a1-28.08.2015 and a2-
15.09.2015). The B factor was the distance 
between the rows (b1-12.5 cm, b2-25 cm, b3-
37.5 cm, b4-50 cm). The determinations using 
the three methods were done during the 
vegetation period in the spring, on 01.05.2016. 
The orthophoto was first captured with a drone, 
then geo-referenced. The images were taken 
with the Phantom 3 Professional drone (Figure 
1). 
 

Figure 1. Phantom 3 Professional 
 
Those images represent the orthophoto and the 
respective basemap which the digitization is 
based on. Control points were fixed using 
milestones in the form of an X, for increased 
visibility from high altitudes (Figure 2). 
 

 
Figure 2. Control Points + GPS Trimble 

 
After the control points are fixed, the GPS 
Trimble is set-up for the georeferencing stage. 
The data processing stage follows those steps: 
the image from the drone was loaded by using 
the ArcMap 10.x software; then georeferencing 

was done by using the coordinates from the 
GPS in the field. 
The coordinates, which are initially in the 
WGS84 standard, are converted to Stereo 1970 
with the TransDat software acquired from the 
official ANCPI website. After the control 
points are added the image was be in the 
correct position (Figure 3). 

 

Figure 3. Georeferencing 
 
The first method consists in manually mapping 
the field using a GTS RTK and the Stop and 
Go process to delimit each zone without 
vegetation (Figure 4). 

 

 
Figure 4. Zone without vegetation 

 
The data is converted in ArcMap (Figure 5) and 
the surfaces were measured. The data is 
centralized for each experimental parcel. 
The second method is a laboratory method 
based on manually digitizing zones without 
vegetation in the orthophoto from the drone. 

 

 
 

Figure 5. Measures zones applied on the orthophoto 
 
For the second method, two shape file layers 
are created, one used to digitize the affected 
areas without vegetation, and the other used to 
delimit the study areas and determine the total 
area. 
The digitizing is done vertex by vertex, 
according to the user's skill (Figure 6). 
 

 
Figure 6. Final edit 

  
Any area can be analysed from the selection.  
The surface area without any vegetation is 
determined for a specific lot (Figure 7). 
 

 
Figure 7. Selection of lot 2 from Epoch A 

The third method is a laboratory method based 
on image processing using software to classify 
pixels. 
In ArcMap, supervised classification results in 
two groups: Green pixels for zones with 
vegetation and yellow pixels for the affected 
areas. The results from seven samples with 
different parameters are compiled for the most 
accurate representation. 
The resulting image is then cut in eight 
different images, each correspondent to a lot. A 
Python script was used inside ArcMap for each 
image to count the pixels based on colour. The 
total affected area could be calculated based on 
the results (Figure 8). 
 

 

 

 

 

 

 

 

 
Figure 8. Classifications pixel 

 
In the case of lot 1, the result were two classes 
of RGB colours: 429691 green pixels  and 
287700 yellow pixels . Because we know 
that 324 square meters equals 718286 pixels, it 
the results was 129.77 square meters of 
affected area. 
 
RESULTS AND DISCUSSIONS 
 
Looking at the data in Table 1 for the first 
method we can see the areas affected by 
climate conditions in the winter varied from 
0.6% for the crop sowed during Epoch a1, at 
12.5 cm and 52.9% for Epoch a2 at 50 cm 
distance between rows. 
In the case of the manual digitizing in the 
laboratory the results varied between 11.7% for 
the crop sowed during Epoch a1 at 12.5 cm and 
60.7% for the one in Epoch a2 at 50 cm 
distance between rows.  
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In the case of lot 1, the result were two classes 
of RGB colours: 429691 green pixels  and 
287700 yellow pixels . Because we know 
that 324 square meters equals 718286 pixels, it 
the results was 129.77 square meters of 
affected area. 
 
RESULTS AND DISCUSSIONS 
 
Looking at the data in Table 1 for the first 
method we can see the areas affected by 
climate conditions in the winter varied from 
0.6% for the crop sowed during Epoch a1, at 
12.5 cm and 52.9% for Epoch a2 at 50 cm 
distance between rows. 
In the case of the manual digitizing in the 
laboratory the results varied between 11.7% for 
the crop sowed during Epoch a1 at 12.5 cm and 
60.7% for the one in Epoch a2 at 50 cm 
distance between rows.  
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For the third method, in which the digitizing 
was done automatically by the software, the 
results varied between 33.05% for the crop of 
Epoch a1 and with 12.5 cm distance between 
rows and 75.46% for Epoch a2 at 50 cm 
distance between rows. 
The results obtained from the three methods are 
centralized in table 1. 

 
Table 1. Data centralization for the degree of destruction 

suffered by the rapeseed crop at winter’s end 

Epoch Row 
Width 

GPS RTK 
Method 1 

% 

Digitizing 
Method 2 

% 

Pixel 
classification 

Method 3    
% 

I 

12.5 
cm 0.6% 23.8% 35% 

25 cm 1.6% 24.5% 35.12% 
37.5 
cm 7.2% 34.2% 49.29% 

50 cm 51.4% 51.2% 67.2% 

II 

12.5 
cm 1.2% 11.7% 33.05% 

25 cm 5.5% 23.5% 34.35% 
37.5 
cm 30.0% 39.1% 51.06% 

50 cm 52.9% 60.7% 75.46% 

 
Looking at the results for the same plot, we can 
observe that the results vary greatly based on 
the method used. For the first method where 
GTS-RTK was used, the values obtained were 
on average 10-20% lower than the other 
methods. 
When the affected area (the area without 
vegetation) is bigger, the differences between 
values from the each methods are smaller. 
From the agronomical point of view, when a 
rapeseed crop is destroyed in proportion of up 
to 30%, the crop has the potential to turn a 
profit, even if the production is lower. For a 
degree of destruction over 50%, based on the 
ability of the plants, the question of abandoning 
the crop was raised. 
In those conditions and with the results 
obtained, it can be concluded that all three 
methods provided valuable information to 
allow a correct decision to be made. Analysing 
the data obtained from manually mapping with 
GPS-RTK, we can determine that the plots with 
50 cm distance between rows for each Epoch 
should be abandoned. The same conclusion can 
be drawn from the second and third method.  
Comparing the manual mapping method with 

the ones using software, we can see much 
bigger values for the affected area, resulting 
from the increased ability of the software over 
the human eye.   
Table 2 shows that the time required to 
determine the affected areas was much lower in 
the case of automated processing of the image, 
from 15-20 minutes for the manual mapping to 
just 1 minute in the case of the pixel 
classification method. 
 

Table 2. Time needed to determine 
 the affected area of a rapeseed crop 

 Surface GPS RTK 
Method 1 

Digitizing 
Method 2 

Pixel 
classification 

Method 3  
328 mp 15-20 min 5-8 min 1 min 

 
Figure 9 shows that the rapeseed destruction 
degree was greater in the case of the third 
method owing to its higher accuracy. 
Therefore, that method provide the best 
overview of the affected areas. 
 

 
 
CONCLUSIONS  
 
This paper compares three modern methods of 
determining the affected area of rapeseed crops 
as a result of cold and frostbite at the end of 
winter.  
The method of manually mapping the field is 
slow and requires a person to traverse the 
whole test area and delimit the surface. 
Digitizing in the laboratory allows for faster 
delimitation times of the affected areas with 
minimal errors and allows for a birds-eye view 
of the whole crop. 
The automated processing of the orthophoto is 
a fast method with high accuracy. 

Figure 9. The degree of destruction of rapeseed 

 
While the speed and accuracy of the three 
methods varies, all can be used to make a 
correct decision on keeping or abandoning a 
crop. 
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Abstract  
 
Production of bioenergy from lignocellulosic biomass has gained more and more interest over the past years. Due to its 
high content in carbohydrates, Sorghum bicolor is one of the best suited candidate for bioenergy production. However, 
the lignocellulosic nature of the sorghum biomass raises difficulties to the access of the microbial enzymes to cellulose 
and hemicellulose and inhibits processes such as hydrolysis, fermentation and anaerobic digestion of biomass to 
produce biofuels. In this study, the effects of thermo - chemical pretreatment (mild alkaline pretreatment), applied to 
improve biodegradability of three different hybrids of sorghum biomass were investigated. Alkaline pretreatment have 
positive effects on the production of lignocellulosic ethanol, increasing both cellulose and hemicellulose content while 
breaking the lignocellulosic bonds and reducing lignin content. The achieved methane yields ranged from 320 to 345 ln 
CH4/kg VS for the pretreated biomass, approximately 22% higher than the yields obtained from the untreated biomass. 
Important increase of methane production has been noticed as well in the case of anaerobic digestion of spent bagasse 
resulted after ethanol fermentation. Mild alkaline pretreatment is a suitable pretreatment method for conversion of 
sorghum biomass to ethanol and biogas. 
 
Key words: sorghum, lignocellulose, pretreatment, ethanol, methane. 
 
INTRODUCTION 
 
The dwindling supply and high prices of fossil 
fuels, energy independence, together with the 
adverse effects they have on the environment, 
greenhouse gas emissions and climate change, 
have pushed the global community towards the 
development on new, renewable energy sources 
(Cesaro, 2015; Guo, 2015). 
Biomass, as a renewable energy source, is an 
important substitute for fossil fuels. One of its 
great advantages is its versatility. Biomass can 
be used to produce liquid (bioethanol), solid 
(wood pellets) and gaseous (biogas) biofuels. 
Current technologies employed to produce 
biofuels impede their penetration on the large 
scale market. To guarantee the economic 
competitiveness of biofuels, besides constant 
improvement in conversion technologies, a 
biorefinery system seems to be an attractive 
solution (Leitner, 2016).  
Different types of raw material are currently 
being used in the biofuel industry and 
investigated for their energy potential. Sweet 
sorghum (Sorghum bicolor (L.) Moench) is 
considered to be one of the most important 
plants for energy production. Sweet sorghum 
has a high content of soluble and fermentable 

sugars, high yields, is drought and flood 
tolerant and has the ability to grow in a wide 
range of environmental conditions (Larnaudie, 
2016; Maw, 2016). 
The aim of this study was to determine the 
influence and effects of mild alkaline 
pretreatment on sorghum biomass, when used 
as feedstock for bioethanol and biogas 
production. In order to maximize the energy 
output of the raw material processed, three 
different conversion pathways were examined: 
1. Untreated biomass to biogas via anaerobic 

digestion. 
2. Pretreated biomass to biogas via anaerobic 

digestion. 
3. Pretreated biomass to ethanol via alcoholic 

fermentation followed by anaerobic 
digestion of the spent fermentation mass 
resulted after the alcoholic fermentation.  

 
MATERIALS AND METHODS 
 
Biomass from three different sorghum hybrids, 
namely Sorghum bicolor x sudaneze cv. Jumbo, 
originally from Australia, Sorghum bicolor x 
sudaneze Sugargraze II, originally from the 
United States of America and Sorghum bicolor 
var. saccharatum cv. F135ST, originally from  

 

Romania, was used as biological raw material. 
The biomass was air - dried after harvest and 
then milled to 2 cm theoretical length using a 
Retsch SM100 mill with 2 cm mesh. 
After milling, the biomass was subjected to 
mild alkaline & steam pretreatment process. 
The biomass was moistened with 2% NaOH 
solution (1:6 w/v) and autoclaved for 30 
minutes at 121°C (Silverstein, 2007; Zhao, 
2008; Chen, 2009). After pretreatment, the 
biomass was washed with tap water and 
neutralized with 2% H2SO4 solution until pH 5-
5.5 ± 0.2. The next step of the process 
consisted of enzymatic hydrolysis of pretreated 
biomass catalyzed by the enzymatic complex 
NS22192, provided by Novozymes®. 
Pretreated biomass was immersed in citrate 
buffer pH 5 in concentration of 5% w/v dry 
matter and autoclaved for 30 minutes at 121°C 
in order to assure aseptic conditions. Before 
autoclaving, 2% w/v peptone, 1% w/v yeast 
extract and 0.5% Tween 80 (Chen 2009), were 
introduced in the hydrolysis media. All these 
components are necessary in the fermentation 
step of the process. The enzymatic complex 
NS22192 was added in the hydrolysis media in 
concentration of 15 IU per 1 gram of cellulose, 
according to the manufacturer’s indication. The 
flasks where incubated at 50°C for 24 hours 
under constant shaking (150 rpm).  
After 24 hours of hydrolysis, the temperature of 
the incubator was lowered to 30oC and fresh 
inoculums of Saccharomyces cerevisiae 
CIMT2.21 was aseptically added. The 
inoculums was obtained from the Collection of 
Industrial Microorganisms of the USAMVB, 
Timișoara. The incubation of the flasks 
continued at 35°C for 24 hours. To each flask 
two NIR sensors where attached (BlueSens, 
Germany): one detecting the concentration of 
ethanol and one sensor detecting the 
concentration of CO2. Anaerobic digestion of 
the biomass was carried out according to the 
VDI 4630 guidelines (VDI, 2006) in a batch 

test. The inoculum used was a combination of 
four digestates collected from different 
agriculture biogas plants. Methane 
concentration in the produced biogas was 
analysed using a Dräger X-AM 7000 gas 
analyser. During the experiments dry matter, 
organic dry mater, cellulose, hemicellulose and 
acid insoluble lignin content where monitored. 
Analysis were performed according to NREL 
standard laboratory procedures (L.A.P., Sluiter, 
2005; Sluiter, 2008). 
 
RESULTS AND DISCUSSIONS 
 
The structural characteristics of the untreated 
and pretreated sorghum biomass are 
summarized in Table 1. Our data show that in 
all three cases, mild alkaline/steam 
pretreatment has a positive effect on the 
biomass, breaking the lignocellulosic complex, 
thus liberating cellulose and hemicellulose. 
Higher concentration in both cellulose and 
hemicellulose content has been recorded in 
pretreated biomass. The concentration of 
cellulose in the pretreated biomass increased 
from 16.3% to 22.4% and the concentration of 
hemicellulose increased from 4.3% to 6.2%, 
depending of the sorghum variety.  
The next step in the conversion pathway of 
sorghum to biofuels is the hydrolysis of 
lignocelluloses and alcoholic fermentation of 
the obtained sugars. As shown in figure 1, the 
fermentation process followed the classic path. 
In the first hours of incubation the active yeast 
immediately started the fermentation, after a 
very short lag phase, producing in three hours 
the main quantity of ethanol. After six hours 
the ethanol concentration reached the maximal 
values, varying only in small margins. 
Calculating the ethanol yields, the following 
yields where obtained in the three sorghum 
hybrids: 0.33 g/g Jumbo biomass, 0.34 g/g 
F135ST biomass and 0.38 g/g Sugargraze II 
biomass, (all reported to dry matter).  

 
Table 1. Structural characterization of sorghum biomass (%) 

  Dry 
matter 

Ash Organic 
dry matter 

Cellulose Hemicellulose Lignin 
(AIL) Total Xylose, galactose and mannose Arabinose 

Jumbo untreated 90.67 9.08 90.92 28.76 21.49 19.58 1.91 17.11 
pretreated 18.73 2.09 97.91 51.23 27.72 26.04 1.68 10.33 

Sugargraze 
II 

untreated 91.5 8.37 91.63 32.58 22.31 20.54 1.77 18.58 
pretreated 21.42 2.64 97.73 54.38 27.92 25.99 1.93 8.54 

F135ST untreated 90.86 9.69 90.31 32.46 22.92 21.21 1.71 16.95 
pretreated 18.58 5.1 94.9 48.78 27.24 24.63 2.61 10.24 
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Abstract  
 
Production of bioenergy from lignocellulosic biomass has gained more and more interest over the past years. Due to its 
high content in carbohydrates, Sorghum bicolor is one of the best suited candidate for bioenergy production. However, 
the lignocellulosic nature of the sorghum biomass raises difficulties to the access of the microbial enzymes to cellulose 
and hemicellulose and inhibits processes such as hydrolysis, fermentation and anaerobic digestion of biomass to 
produce biofuels. In this study, the effects of thermo - chemical pretreatment (mild alkaline pretreatment), applied to 
improve biodegradability of three different hybrids of sorghum biomass were investigated. Alkaline pretreatment have 
positive effects on the production of lignocellulosic ethanol, increasing both cellulose and hemicellulose content while 
breaking the lignocellulosic bonds and reducing lignin content. The achieved methane yields ranged from 320 to 345 ln 
CH4/kg VS for the pretreated biomass, approximately 22% higher than the yields obtained from the untreated biomass. 
Important increase of methane production has been noticed as well in the case of anaerobic digestion of spent bagasse 
resulted after ethanol fermentation. Mild alkaline pretreatment is a suitable pretreatment method for conversion of 
sorghum biomass to ethanol and biogas. 
 
Key words: sorghum, lignocellulose, pretreatment, ethanol, methane. 
 
INTRODUCTION 
 
The dwindling supply and high prices of fossil 
fuels, energy independence, together with the 
adverse effects they have on the environment, 
greenhouse gas emissions and climate change, 
have pushed the global community towards the 
development on new, renewable energy sources 
(Cesaro, 2015; Guo, 2015). 
Biomass, as a renewable energy source, is an 
important substitute for fossil fuels. One of its 
great advantages is its versatility. Biomass can 
be used to produce liquid (bioethanol), solid 
(wood pellets) and gaseous (biogas) biofuels. 
Current technologies employed to produce 
biofuels impede their penetration on the large 
scale market. To guarantee the economic 
competitiveness of biofuels, besides constant 
improvement in conversion technologies, a 
biorefinery system seems to be an attractive 
solution (Leitner, 2016).  
Different types of raw material are currently 
being used in the biofuel industry and 
investigated for their energy potential. Sweet 
sorghum (Sorghum bicolor (L.) Moench) is 
considered to be one of the most important 
plants for energy production. Sweet sorghum 
has a high content of soluble and fermentable 

sugars, high yields, is drought and flood 
tolerant and has the ability to grow in a wide 
range of environmental conditions (Larnaudie, 
2016; Maw, 2016). 
The aim of this study was to determine the 
influence and effects of mild alkaline 
pretreatment on sorghum biomass, when used 
as feedstock for bioethanol and biogas 
production. In order to maximize the energy 
output of the raw material processed, three 
different conversion pathways were examined: 
1. Untreated biomass to biogas via anaerobic 

digestion. 
2. Pretreated biomass to biogas via anaerobic 

digestion. 
3. Pretreated biomass to ethanol via alcoholic 

fermentation followed by anaerobic 
digestion of the spent fermentation mass 
resulted after the alcoholic fermentation.  

 
MATERIALS AND METHODS 
 
Biomass from three different sorghum hybrids, 
namely Sorghum bicolor x sudaneze cv. Jumbo, 
originally from Australia, Sorghum bicolor x 
sudaneze Sugargraze II, originally from the 
United States of America and Sorghum bicolor 
var. saccharatum cv. F135ST, originally from  

 

Romania, was used as biological raw material. 
The biomass was air - dried after harvest and 
then milled to 2 cm theoretical length using a 
Retsch SM100 mill with 2 cm mesh. 
After milling, the biomass was subjected to 
mild alkaline & steam pretreatment process. 
The biomass was moistened with 2% NaOH 
solution (1:6 w/v) and autoclaved for 30 
minutes at 121°C (Silverstein, 2007; Zhao, 
2008; Chen, 2009). After pretreatment, the 
biomass was washed with tap water and 
neutralized with 2% H2SO4 solution until pH 5-
5.5 ± 0.2. The next step of the process 
consisted of enzymatic hydrolysis of pretreated 
biomass catalyzed by the enzymatic complex 
NS22192, provided by Novozymes®. 
Pretreated biomass was immersed in citrate 
buffer pH 5 in concentration of 5% w/v dry 
matter and autoclaved for 30 minutes at 121°C 
in order to assure aseptic conditions. Before 
autoclaving, 2% w/v peptone, 1% w/v yeast 
extract and 0.5% Tween 80 (Chen 2009), were 
introduced in the hydrolysis media. All these 
components are necessary in the fermentation 
step of the process. The enzymatic complex 
NS22192 was added in the hydrolysis media in 
concentration of 15 IU per 1 gram of cellulose, 
according to the manufacturer’s indication. The 
flasks where incubated at 50°C for 24 hours 
under constant shaking (150 rpm).  
After 24 hours of hydrolysis, the temperature of 
the incubator was lowered to 30oC and fresh 
inoculums of Saccharomyces cerevisiae 
CIMT2.21 was aseptically added. The 
inoculums was obtained from the Collection of 
Industrial Microorganisms of the USAMVB, 
Timișoara. The incubation of the flasks 
continued at 35°C for 24 hours. To each flask 
two NIR sensors where attached (BlueSens, 
Germany): one detecting the concentration of 
ethanol and one sensor detecting the 
concentration of CO2. Anaerobic digestion of 
the biomass was carried out according to the 
VDI 4630 guidelines (VDI, 2006) in a batch 

test. The inoculum used was a combination of 
four digestates collected from different 
agriculture biogas plants. Methane 
concentration in the produced biogas was 
analysed using a Dräger X-AM 7000 gas 
analyser. During the experiments dry matter, 
organic dry mater, cellulose, hemicellulose and 
acid insoluble lignin content where monitored. 
Analysis were performed according to NREL 
standard laboratory procedures (L.A.P., Sluiter, 
2005; Sluiter, 2008). 
 
RESULTS AND DISCUSSIONS 
 
The structural characteristics of the untreated 
and pretreated sorghum biomass are 
summarized in Table 1. Our data show that in 
all three cases, mild alkaline/steam 
pretreatment has a positive effect on the 
biomass, breaking the lignocellulosic complex, 
thus liberating cellulose and hemicellulose. 
Higher concentration in both cellulose and 
hemicellulose content has been recorded in 
pretreated biomass. The concentration of 
cellulose in the pretreated biomass increased 
from 16.3% to 22.4% and the concentration of 
hemicellulose increased from 4.3% to 6.2%, 
depending of the sorghum variety.  
The next step in the conversion pathway of 
sorghum to biofuels is the hydrolysis of 
lignocelluloses and alcoholic fermentation of 
the obtained sugars. As shown in figure 1, the 
fermentation process followed the classic path. 
In the first hours of incubation the active yeast 
immediately started the fermentation, after a 
very short lag phase, producing in three hours 
the main quantity of ethanol. After six hours 
the ethanol concentration reached the maximal 
values, varying only in small margins. 
Calculating the ethanol yields, the following 
yields where obtained in the three sorghum 
hybrids: 0.33 g/g Jumbo biomass, 0.34 g/g 
F135ST biomass and 0.38 g/g Sugargraze II 
biomass, (all reported to dry matter).  

 
Table 1. Structural characterization of sorghum biomass (%) 

  Dry 
matter 

Ash Organic 
dry matter 

Cellulose Hemicellulose Lignin 
(AIL) Total Xylose, galactose and mannose Arabinose 

Jumbo untreated 90.67 9.08 90.92 28.76 21.49 19.58 1.91 17.11 
pretreated 18.73 2.09 97.91 51.23 27.72 26.04 1.68 10.33 

Sugargraze 
II 

untreated 91.5 8.37 91.63 32.58 22.31 20.54 1.77 18.58 
pretreated 21.42 2.64 97.73 54.38 27.92 25.99 1.93 8.54 

F135ST untreated 90.86 9.69 90.31 32.46 22.92 21.21 1.71 16.95 
pretreated 18.58 5.1 94.9 48.78 27.24 24.63 2.61 10.24 
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Figure 1. Evolution of ethanol concentration  

during fermentation 
 
The final step of the process and the 
cornerstone of this study was the anaerobic 
digestion of sorghum biomass in order to 
observe the effects of mild alkaline/steam 
pretreatment on the production of biogas.  
In figure 2 the quantities of biogas and methane 
produced during the anaerobic digestion for 
each sorghum variety as well as the differences 
between the three conversion pathways are 
displayed.  
The obtained results show important 
differences in biogas and methane yields 
obtained in the case of anaerobic digestion of 
untreated and pretreated biomass. Regarding 
the methane yield, the pretreatment increases 

productions with an average of 61 lN/kg organic 
dry matter, which is translated as 21% increase 
of methane yields.  
In the batches performing anaerobic digestion 
of the spent fermentation mass resulted after 
alcoholic fermentation of the pretreated 
sorghum biomass higher yields were obtained. 
In all three sorghum varieties, the methane 
yields were on an average 49% higher than in 
the case of the untreated samples and 22% 
higher than in the case of the of the pretreated 
samples.  
Although parts of the carbohydrates present in 
the biomass were degraded and converted into 
ethanol during the fermentation process, the 
highest yields of biogas and methane were 
recorded in the samples containing spent 
fermented mass. This atypical result can have 
two reasons at its foundation. First of all, 
during the alcoholic fermentation of the 
biomass, yeasts convert the soluble sugar 
faction into ethanol and other by-products, such 
as proteins and other substances, that are used 
as a substrate by the microorganisms employed 
in the anaerobic digestion process and 
converted into biogas.  
Secondly, the alcoholic fermentation process 
can be considered as an additional biological 
pretreatment step that loosens the bonds in the 
lignocellulosic structure and thus liberating an 
extra amount of carbohydrates that can be 
converted in the anaerobic digestion step.  

 

 
Figure 2. Biogas and methane production during anaerobic digestion 
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CONCLUSIONS 
 
Mild alkaline/steam pretreatment is a suitable 
pretreatment method for converting sorghum 
biomass to ethanol and biogas. The 
combination of sodium hydroxide solution and 
steam pretreatment opens up the lignocellulosic 
bonds, liberating a substantial quantity of 
cellulose and hemicellulose.  
Between the three different conversion 
pathways studied in this work: (1) Anaerobic 
digestion of untreated biomass; (2) Anaerobic 
digestion of pretreated biomass; (3) Anaerobic 
digestion of bagasse resulted after alcoholic 
fermentation of pretreated biomass; the highest 
yields were obtained in the third conversion 
pathway, by connecting ethanol fermentation to 
anaerobic digestion. This means that an 
integrated, cascading, conversion pathway is 
the most suitable in terms of energy yields from 
sorghum biomass.  
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CONCLUSIONS 
 
Mild alkaline/steam pretreatment is a suitable 
pretreatment method for converting sorghum 
biomass to ethanol and biogas. The 
combination of sodium hydroxide solution and 
steam pretreatment opens up the lignocellulosic 
bonds, liberating a substantial quantity of 
cellulose and hemicellulose.  
Between the three different conversion 
pathways studied in this work: (1) Anaerobic 
digestion of untreated biomass; (2) Anaerobic 
digestion of pretreated biomass; (3) Anaerobic 
digestion of bagasse resulted after alcoholic 
fermentation of pretreated biomass; the highest 
yields were obtained in the third conversion 
pathway, by connecting ethanol fermentation to 
anaerobic digestion. This means that an 
integrated, cascading, conversion pathway is 
the most suitable in terms of energy yields from 
sorghum biomass.  
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Abstract 
 
This paper describes a sequence from a massive experiment analyzing quality of semen material and breeding 
efficiency in roosters from hybrid ROSS 308. Study was performed to observe influence of some environmental factors 
(light intensity and poultry density) and of litter type on body weight in males during rising period (0-18 weeks). 
Several males were used (14 500 cap) in three experimental procedures (A - with analyze parameters sub-standard and 
litter made of chopped straws B - with analyze parameters above standard and litter made of rice hulls and C - with 
analyze parameters at the level recommended by the manufacturer of biological material and litter made of wood 
shavings). In group A body weight values were mostly under standard growth curve and differences were highly 
significant statistically. In group B body weight values were above standard growth curve (differences highly 
significant) and in group C A body weight values were close to standard (differences not significant statistically). 
Comparison of average body weights of individuals from the three groups has revealed that differences between groups 
are highly significant statistically during whole raising period except weeks 15-16. Therefore it is advisable the usage 
of analyzed parameters at values slightly above standard for the possibility to obtain poultries with higher body weight 
more able to resist to transfer stress de and a smaller mortality during next period to create the ground for good 
breading results of future adults. 
 
Key words: litter, rosters, density, light intensity, body weight. 
 
INTRODUCTION  

 
Body weight is one of the most important factors 
for optimum breeding results as birds are being 
essentially broilers whose weight gain potential 
must be kept under control to be able to 
accomplish their breeding potential (Blokhuis 
and de Wit, 1992). There is a negative 
relationship between weight gain and breeding 
performances. For this reason we should not 
allow birds to gain weight up to their genetic 
potential otherwise breeding would became 
uneconomical. For this reason feeding programs 
are designed and adaptated to restrict quantitative 
and qualitative feed inteke to limit body growth 
and weight gain (Fairchild and Czarick, 2009). 
So far the only way to controla birds body 
weight is feed restriction and so this method is a 
source of majore management unless it is 
replaces by  adding of feed intake inhibiting 
agents or additives with no nutritive value in 
feed. 

 

MATERIALS AND METHODS  
 
Researches have been performed during two 
years on chicks of ROSS 308 hybrid for 
studying influence of some environmental 
factors (light intensity, bird density) on body 
weight gain of young broiler breeders (hens) 
(Watkins S., 2013). Studied parameter has 
been analyzed in three different experimental 
circumstances (three trial series): 
 experiment procedure A in which some 

environmental factors (light intensity and 
poultry density) are being at sub-standard 
values and litter is being made of chopped 
straws; 

 experiment procedure B in which 
parameters are being raised over standard 
limits and litter made from rice hulls is 
being used; 

 experiment procedure C with parameters 
at standard values and litter made from 
wood shavings. 

 

 

Works were performed inside three farms 
with one farm for each experiment procedure: 
Avicola Călăraşi, S.C. Agrafood S.A. and 
Avicola Focşani. 
Experiment procedure A was performed based 
on results from 4100 ROSS 308 male 
commercial hybrids during rising period (0-18 
weeks).   
Environmental parameters considered were: 
 litter: chopped straws; 
 sub-standard light intensity: 7 lux at 1-6 

weeks, 20 lux at 6-9 weeks, 7 lux at 10-20 
weeks, and 30 lux over 20 de weeks; 

 sub-standard poultry density: 3 males/m2; 
Experiment procedure B was performed based 
on results from 6000 ROSS 308 male 
commercial hybrids during rising period (0-18 
weeks). Environmental parameters considered 
were: 
 litter: rice hulls; 
 over standard light intensity: 30 lux at 1-6 

weeks, 60 lux at 6-9 weeks, 30 lux at 10-
20 weeks, 70 lux over 20 de weeks; 

 over standard poultry density: 5 males/m2; 
Experiment procedure C was performed based 
on results from 4400 d ROSS 308 male 
commercial hybrids during rising period (0-18 
weeks). Environmental parameters considered 
were: 
 litter: wood shavings; 
 standard light intensity: 15 lux at 1-6 

weeks, 40 lux at 6-9 weeks, 15 lux at 10-
20 weeks, 40 lux over 20 weeks; 

 standard poultry density: 4 males/m2; 
Poultry were raised in uniform conditions 
inside the three units (for the three experiment 
procedures) on litter bed and in up-to-date 
houses and with feed and water delivered 
according to technical book of the hybrid. 
Poultry used in the three experiment 
procedures were fed the same way for results 
to be compatible (Aviagen, 2005). 
Liveweight was the parameter observed 
during rising period (0-18 weeks). 
Classical statistical methods were used for 
phonotypical identification of groups as 
following (Sandu, 1995): 

- Student test to compare evenness of two 
samples averages; 
- Fisher test was used for several samples 
after a variance analyze. Calculated value F 
was obtained by referring square averages 
between samples to samples square average; 
- χ2 test was used to verify evenness of an 
empirical distribution (of observed frequency 
Oj) with a theoretical distribution (of 
frequency Tj). 
 
RESULTS AND DISCUSSIONS 
 
To emphasize the possible influence of 
environmental factors and litter type on live 
weight we are showing average values of 
analyzed parameter for the three experimental 
procedures and statistical significance of 
differences observed between average figures. 
Observations and records were performed 
weekly during whole raising period (0-18 
weeks). 
Values obtained for live weight from 
individuals in experiment procedure A during 
raising period are presented in Table 1 and 
graph from Figure 1.  

 
Table 1. Average values for live weight in the growth 

period, for first experience series 
 

Week  (g) s c.v.% Standard
1 87 ± 0.14 8.7 10.00 150 
2 180 ± 0.67 43.2 24.00 310 
3 400 ± 1.17 75.2 18.80 505 
4 700 ± 1.61 102.9 14.70 720 
5 740 ± 1.10 70.3 9.50 900 
6 920 ± 1.34 85.56 9.30 1075 
7 1100 ± 1.48 94.6 8.60 1230 
8 1280 ± 1.70 108.8 8.50 1375 
9 1440 ± 1.80 115.2 8.00 1510 

10 1550 ± 1.94 124 8.00 1640 
11 1680 ± 2.07 132.72 7.90 1770 
12 1920 ± 2.43 155.52 8.10 1900 
13 2080 ± 2.05 131.04 6.30 2030 
14 2160 ± 2.43 155.52 7.20 2160 
15 2320 ± 2.90 185.6 8.00 2290 
16 2460 ± 3.11 199.26 8.10 2430 
17 2640 ± 3.46 221.76 8.40 2575 
18 2780 ± 3.08 197.38 7.10 2725 

Differences 
significance 

χ2 = 192.18** 

χ2
17;0,05 = 27.59; χ2

17;0,01 = 33.41 
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Abstract 
 
This paper describes a sequence from a massive experiment analyzing quality of semen material and breeding 
efficiency in roosters from hybrid ROSS 308. Study was performed to observe influence of some environmental factors 
(light intensity and poultry density) and of litter type on body weight in males during rising period (0-18 weeks). 
Several males were used (14 500 cap) in three experimental procedures (A - with analyze parameters sub-standard and 
litter made of chopped straws B - with analyze parameters above standard and litter made of rice hulls and C - with 
analyze parameters at the level recommended by the manufacturer of biological material and litter made of wood 
shavings). In group A body weight values were mostly under standard growth curve and differences were highly 
significant statistically. In group B body weight values were above standard growth curve (differences highly 
significant) and in group C A body weight values were close to standard (differences not significant statistically). 
Comparison of average body weights of individuals from the three groups has revealed that differences between groups 
are highly significant statistically during whole raising period except weeks 15-16. Therefore it is advisable the usage 
of analyzed parameters at values slightly above standard for the possibility to obtain poultries with higher body weight 
more able to resist to transfer stress de and a smaller mortality during next period to create the ground for good 
breading results of future adults. 
 
Key words: litter, rosters, density, light intensity, body weight. 
 
INTRODUCTION  

 
Body weight is one of the most important factors 
for optimum breeding results as birds are being 
essentially broilers whose weight gain potential 
must be kept under control to be able to 
accomplish their breeding potential (Blokhuis 
and de Wit, 1992). There is a negative 
relationship between weight gain and breeding 
performances. For this reason we should not 
allow birds to gain weight up to their genetic 
potential otherwise breeding would became 
uneconomical. For this reason feeding programs 
are designed and adaptated to restrict quantitative 
and qualitative feed inteke to limit body growth 
and weight gain (Fairchild and Czarick, 2009). 
So far the only way to controla birds body 
weight is feed restriction and so this method is a 
source of majore management unless it is 
replaces by  adding of feed intake inhibiting 
agents or additives with no nutritive value in 
feed. 

 

MATERIALS AND METHODS  
 
Researches have been performed during two 
years on chicks of ROSS 308 hybrid for 
studying influence of some environmental 
factors (light intensity, bird density) on body 
weight gain of young broiler breeders (hens) 
(Watkins S., 2013). Studied parameter has 
been analyzed in three different experimental 
circumstances (three trial series): 
 experiment procedure A in which some 

environmental factors (light intensity and 
poultry density) are being at sub-standard 
values and litter is being made of chopped 
straws; 

 experiment procedure B in which 
parameters are being raised over standard 
limits and litter made from rice hulls is 
being used; 

 experiment procedure C with parameters 
at standard values and litter made from 
wood shavings. 

 

 

Works were performed inside three farms 
with one farm for each experiment procedure: 
Avicola Călăraşi, S.C. Agrafood S.A. and 
Avicola Focşani. 
Experiment procedure A was performed based 
on results from 4100 ROSS 308 male 
commercial hybrids during rising period (0-18 
weeks).   
Environmental parameters considered were: 
 litter: chopped straws; 
 sub-standard light intensity: 7 lux at 1-6 

weeks, 20 lux at 6-9 weeks, 7 lux at 10-20 
weeks, and 30 lux over 20 de weeks; 

 sub-standard poultry density: 3 males/m2; 
Experiment procedure B was performed based 
on results from 6000 ROSS 308 male 
commercial hybrids during rising period (0-18 
weeks). Environmental parameters considered 
were: 
 litter: rice hulls; 
 over standard light intensity: 30 lux at 1-6 

weeks, 60 lux at 6-9 weeks, 30 lux at 10-
20 weeks, 70 lux over 20 de weeks; 

 over standard poultry density: 5 males/m2; 
Experiment procedure C was performed based 
on results from 4400 d ROSS 308 male 
commercial hybrids during rising period (0-18 
weeks). Environmental parameters considered 
were: 
 litter: wood shavings; 
 standard light intensity: 15 lux at 1-6 

weeks, 40 lux at 6-9 weeks, 15 lux at 10-
20 weeks, 40 lux over 20 weeks; 

 standard poultry density: 4 males/m2; 
Poultry were raised in uniform conditions 
inside the three units (for the three experiment 
procedures) on litter bed and in up-to-date 
houses and with feed and water delivered 
according to technical book of the hybrid. 
Poultry used in the three experiment 
procedures were fed the same way for results 
to be compatible (Aviagen, 2005). 
Liveweight was the parameter observed 
during rising period (0-18 weeks). 
Classical statistical methods were used for 
phonotypical identification of groups as 
following (Sandu, 1995): 

- Student test to compare evenness of two 
samples averages; 
- Fisher test was used for several samples 
after a variance analyze. Calculated value F 
was obtained by referring square averages 
between samples to samples square average; 
- χ2 test was used to verify evenness of an 
empirical distribution (of observed frequency 
Oj) with a theoretical distribution (of 
frequency Tj). 
 
RESULTS AND DISCUSSIONS 
 
To emphasize the possible influence of 
environmental factors and litter type on live 
weight we are showing average values of 
analyzed parameter for the three experimental 
procedures and statistical significance of 
differences observed between average figures. 
Observations and records were performed 
weekly during whole raising period (0-18 
weeks). 
Values obtained for live weight from 
individuals in experiment procedure A during 
raising period are presented in Table 1 and 
graph from Figure 1.  

 
Table 1. Average values for live weight in the growth 

period, for first experience series 
 

Week  (g) s c.v.% Standard
1 87 ± 0.14 8.7 10.00 150 
2 180 ± 0.67 43.2 24.00 310 
3 400 ± 1.17 75.2 18.80 505 
4 700 ± 1.61 102.9 14.70 720 
5 740 ± 1.10 70.3 9.50 900 
6 920 ± 1.34 85.56 9.30 1075 
7 1100 ± 1.48 94.6 8.60 1230 
8 1280 ± 1.70 108.8 8.50 1375 
9 1440 ± 1.80 115.2 8.00 1510 

10 1550 ± 1.94 124 8.00 1640 
11 1680 ± 2.07 132.72 7.90 1770 
12 1920 ± 2.43 155.52 8.10 1900 
13 2080 ± 2.05 131.04 6.30 2030 
14 2160 ± 2.43 155.52 7.20 2160 
15 2320 ± 2.90 185.6 8.00 2290 
16 2460 ± 3.11 199.26 8.10 2430 
17 2640 ± 3.46 221.76 8.40 2575 
18 2780 ± 3.08 197.38 7.10 2725 

Differences 
significance 

χ2 = 192.18** 

χ2
17;0,05 = 27.59; χ2

17;0,01 = 33.41 
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Figure 1. Average values for live weight in the growth 
period, for first experience series 

 
It is noticed that average live weight falls 
between normal limits of the specie with a 
small variability during the 18 weeks which 
suggest the presence of uniform conditions of 
feeding and management. 
It is noticed that in ROSS 308 hybrids males 
from experiment procedure A (Avicola 
Călăraşi) liveweight values are mostly under 
standard hybrid's growth curve. These noticed 
differences between averages of analyzed 
parameter during the 18 weeks and hybrid's 
growth curve were tested for statistical 
significance and value of χ2 test (192.18) 
pointing to some highly significant statistical 
differences between the two allowances. 
These registered differences might be also 
explained by litter type and value of 
environmental parameter values which are 
sub-standard in this experiment procedure. 
Liveweight values from birds from 
experiment procedure B during growth 
periode are being shown in Table 2 and graph 
from Figure 2.  
Analyze of results is revealing that average 
live weight in poultry from experiment 
procedure B is being inside normal species 
limits with just a small variability during the 
18 weeks revealing also uniform feeding and 
management conditions. 

 

Table 2. Average values for live weight in the growth 
period, for second experience series 

 

Week  (g) s c.v.% Standard 
1 128 ± 0.15 11.52 9.00 150 
2 267 ± 0.39 30.17 11.30 310 
3 418 ± 0.73 56.85 13.60 505 
4 622 ± 1.20 93.30 15.00 720 
5 877 ± 1.09 84.19 9.60 900 
6 999 ± 1.17 90.91 9.10 1075 
7 1231 ± 1.38 107.10 8.70 1230 
8 1409 ± 1.60 123.99 8.80 1375 
9 1578 ± 1.87 145.18 9.20 1510 

10 1753 ± 1.95 150.76 8.60 1640 
11 1958 ± 2.10 162.51 8.30 1770 
12 2021 ± 2.32 179.87 8.90 1900 
13 2122 ± 2.58 199.47 9.40 2030 
14 2195 ± 2.72 210.72 9.60 2160 
15 2328 ± 2.70 209.52 9.00 2290 
16 2461 ± 2.83 219.03 8.90 2430 
17 2697 ± 2.96 229.25 8.50 2575 
18 2818 ± 2.95 228.26 8.10 2725 

Differences 
significance 

χ2 = 97. 56** 
χ2

17;0,05 = 27.59; χ2
17;0,01 = 33.41 
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Figure 2. Average values for live weight in the growth 

period, for second experience series 
 

So in ROSS 308 hybrids males from 
experiment procedure B (Agrafood) average 
live weight values are mostly above standard 
hybrid's growth curve which is favorable for 
biological and economical efficiency of farm. 
These differences noticed between average 
values of character from the 18 weeks 
analyzed and hybrid's standard values were 
tested for statistical significance and value of 
χ2 test (97.56) pointing to some highly 
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significant statistical differences between 
values actually recorded and those 
recommended de hybrid's standard. As 
poultry from the three experiment procedures 
received same feeding conditions and greater 
live weight registered in roosters from 
experiment procedure B might be assigned to 
litter type and to environmental parameters 
above standard. 
Values obtained for live weight from 
experiment procedure C from growth period 
are presented in Table 3 and graph from 
Figure 3.  
 
Table 3. Average values for live weight in the growth 

period, for third experience series 
 

Week  (g) s c.v.% Standard 
1 144 ± 0.17 11.52 8.00 150 
2 308 ± 0.46 30.8 10.00 310 
3 514 ± 0.85 56.54 11.00 505 
4 732 ± 1.26 83.448 11.40 720 
5 912 ± 1.07 71.136 7.80 900 
6 1094 ± 1.32 87.52 8.00 1075 
7 1250 ± 1.55 102.5 8.20 1230 
8 1396 ± 1.66 110.28 7.90 1375 
9 1530 ± 1.78 117.81 7.70 1510 

10 1662 ± 2.00 132.96 8.00 1640 
11 1794 ± 2.30 152.49 8.50 1770 
12 1926 ± 2.41 159.86 8.30 1900 
13 2060 ± 2.42 160.68 7.80 2030 
14 2196 ± 2.45 162.5 7.40 2160 
15 2330 ± 2.49 165.43 7.10 2290 
16 2470 ± 2.83 187.72 7.60 2430 
17 2616 ± 3.16 209.28 8.00 2575 
18 2766 ± 3.42 226.81 8.20 2725 

Differences 
significance 

χ2 = 6.67NS 
χ2

17;0,05 = 27.59; χ2
17;0,01 = 33.41 

 
It is noticed that average live weight values in 
individuals from experiment procedure C is 
being inside normal species limits with just a 
small variability during the 18 weeks 
revealing also uniform feeding and 
management conditions. However in 
individuals from experiment procedure C 
variability coefficients have lowest values for 
analyzed character most probably due to 
taking care of ROSS 308 hybrid's standard. 
For ROSS 308 males from experiment 
procedure C (Avicola Focşani) average live 
weight values are entirely hybrid's standard 
growth curve. 
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Figure 3. Average values for live weight in the growth 
period, for third experience series 

 
This statement is corroborated by statistically 
testing din the observed differences between 
average values of the character during the 18 
analyzed weeks and standard values and test 
χ2 (6.67) pointing to differences which might 
be due to chance or individual variation and 
with no statistical significance. As birds from 
all the three experiment procedures received 
the same feeding conditions being and staying 
on growth curve might be attributable to litter 
type and abiding to environmental parameters 
standard. Next in line would be pointing to 
and evaluating differences between average 
live weight values in ROSS 308 males in all 
the three experiment procedures and the path 
of these differences and testing their statistical 
significance. 
Table 4 and graph from Figure 4 are showing 
noticed differences between average values 
registered in all the three experiment 
procedures for the analyzed character. 
Calculated values of Student test are higher 
than the presumed values which are revealing 
the existence of some differences with a high 
degree of statistical significance between the 
average values of the analyzed character (live 
weight), for all combinations, with the 
exceptions o weeks 15-16, when the growth 
curves are having a tendency to overlap 
themselves in all the 3 experiment procedures 
(as it can be also noticed in graph from  
Figure 4). 
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small variability during the 18 weeks 
revealing also uniform feeding and 
management conditions. However in 
individuals from experiment procedure C 
variability coefficients have lowest values for 
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Figure 3. Average values for live weight in the growth 
period, for third experience series 

 
This statement is corroborated by statistically 
testing din the observed differences between 
average values of the character during the 18 
analyzed weeks and standard values and test 
χ2 (6.67) pointing to differences which might 
be due to chance or individual variation and 
with no statistical significance. As birds from 
all the three experiment procedures received 
the same feeding conditions being and staying 
on growth curve might be attributable to litter 
type and abiding to environmental parameters 
standard. Next in line would be pointing to 
and evaluating differences between average 
live weight values in ROSS 308 males in all 
the three experiment procedures and the path 
of these differences and testing their statistical 
significance. 
Table 4 and graph from Figure 4 are showing 
noticed differences between average values 
registered in all the three experiment 
procedures for the analyzed character. 
Calculated values of Student test are higher 
than the presumed values which are revealing 
the existence of some differences with a high 
degree of statistical significance between the 
average values of the analyzed character (live 
weight), for all combinations, with the 
exceptions o weeks 15-16, when the growth 
curves are having a tendency to overlap 
themselves in all the 3 experiment procedures 
(as it can be also noticed in graph from  
Figure 4). 
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Table 4. Differences between experimental series for live weight 
 

Week Group A 
 (g) 

Group B 
 (g) 

Group C 
 (g) 

Observed differences 
A-B (g) A-C (g) B-C (g) 

1 87 ± 0.14 128 ± 0.15 144 ± 0.17 -41 -57 -16 
2 180 ± 0.67 267 ± 0.39 308 ± 0.46 -87 -128 -41 
3 400 ± 1.17 418 ± 0.73 514 ± 0.85 -18 -114 -96 
4 700 ± 1.61 622 ± 1.20 732 ± 1.26 78 -32 -110 
5 740 ± 1.10 877 ± 1.09 912 ± 1.07 -137 -172 -35 
6 920 ± 1.34 999 ± 1.17 1094 ± 1.32 -79 -174 -95 
7 1100 ± 1.48 1231 ± 1.38 1250 ± 1.55 -131 -150 -19 
8 1280 ± 1.70 1409 ± 1.60 1396 ± 1.66 -129 -116 13 
9 1440 ± 1.80 1578 ± 1.87 1530 ± 1.78 -138 -90 48 

10 1550 ± 1.94 1753 ± 1.95 1662 ± 2.00 -203 -112 91 
11 1680 ± 2.07 1958 ± 2.10 1794 ± 2.30 -278 -114 164 
12 1920 ± 2.43 2021 ± 2.32 1926 ± 2.41 -101 -6 95 
13 2080 ± 2.05 2122 ± 2.58 2060 ± 2.42 -42 20 62 
14 2160 ± 2.43 2195 ± 2.72 2196 ± 2.45 -35 -36 -1 
15 2320 ± 2.90 2328 ± 2.70 2330 ± 2.49 -8 -10 -2 
16 2460 ± 3.11 2461 ± 2.83 2470 ± 2.83 -1 -10 -9 
17 2640 ± 3.46 2697 ± 2.96 2616 ± 3.16 -57 24 81 
18 2780 ± 3.08 2818 ± 2.95 2766 ± 3.42 -38 14 52 
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Figure 4. Differences between experimental series for live weight 

 
As in experiment procedure C in which 
environmental parameters values are 
maintained at the standard level and litter type 
used is wood shavings values obtained for live 
weight are having the tendency to get close 
and even to overlap the growth curve of 
ROSS 308 hybrid results obtained look as if 
they are pleading in favour of experiment 
procedure B. Inside this procedure usage of 
rice hulls as litter and of some values of 

environmental parameters (density and light 
intensity) above standard seems to have a 
positive influence on live weight and males 
are having weekly average values over 
standard growth curve. 
As a consequence it seems to be 
recommendable usage of some environmental 
factors with values higher than standard and a 
litter made from rice hulls with the aim to 
obtain a higher live weight or at least to 

 

 

ensure a position above the growth curve at 
the moment of transfer to production house 
and as consequence to reduce in this way the 
effects of transport stress and of course to 
reduce mortality linked by this moment for a 
more efficient breeding activity of future 
parent flocks.  

 
CONCLUSIONS 

 
Considering the live weight might come to 
following conclusions: 
1. In ROSS 308 hybrids males cluster from 
grouping A average live weight values are 
mostly under standard hybrid's growth curve 
with differences highly significant statistical. 
2. In ROSS 308 hybrids males cluster from 
grouping B average live weight values are 
mostly above standard hybrid's growth curve 
with differences highly significant statistical. 
3. In the case of cluster from procedure C 
average live weight values are in entirely on 
the standard hybrid's growth curve. 
4. It is noticed the existence of some 
differences with a high degree of statistical 
significance between the average values of 
live weight), for all combinations, with the 
exceptions o weeks 15-16, when the growth 

curves are having a tendency to overlap 
themselves in all the three experiment 
procedures. 
5. Usage of rice hulls as litter and of some 
environmental factors (density and light 
intensity) with values higher than standard 
seems to have a positive influence on live 
weight and males are having weekly average 
values which are being above standard growth 
curve. 
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Abstract 
 
A tissue culture technique for micropropagation of chia (Salvia hispanica  L.) was established. High percentage of seed 
germination (100%) was recorded on Murashige and Shoog medium enriched with 0.4 mg l-1 gibberellic acid and 10 
mg l-1 ascorbic acid after one week of culture. The maximum number of shoots per explant (2.7) gave MS medium with 
2 mg l-1 6-benzylaminopurine after five weeks of culture. The best plant rooting was achieved on half-strength MS 
medium with 0.1 mg l-1 indole-3-butyric acid after four weeks of culture. The multiple plants were successfully ex vitro 
adapted with 95% survival. After six months under field conditions, important morphometric traits of ex vitro and in 
vivo derived plants were evaluated. Some morphological characteristics as plant height, leaf size, number of branches 
and leaves per plant were influenced by the propagation way. Differences between extracts of in vitro, ex vitro and in 
vivo developed plants in regard to free radical scavenging activity, flavonoid and lipid composition were not 
established. This is the first comparative study of micropropagated and in vivo seed derived chia plants. The study 
presents also for the first time data for antioxidant potential and lipid components of leaves of S. hispanica.  
 
Key words: DPPH, GC/MS, fatty acids, fatty alcohols, flavonoids, micropropagation. 
 
INTRODUCTION 
 
Salvia hispanica L. (chia) Lamiaceae is an 
annual herbaceous plant native to southern 
Mexico and northern Guatemala but it is 
cultivated in Argentina, Australia, Bolivia, 
Colombia, Guatemala, Mexico, Peru, Southeast 
Asia and naturalized in the Caribbean 
(Jamboonsri et al., 2012). High nutritional and 
pharmacological value of chia seed (Muñoz et 
al., 2013) generate interest to be explored 
opportunities the species to be grown outside 
these areas. The important problem is that at 
higher latitudes the plant cannot produce seeds 
(Jamboonsri et al., 2012). Preliminary our 
study has shown that a chia plant successfully 
grown in Bulgaria, but the main limitation is 
seed production. However, the plants produce a 
large amount of leaves, which could be used as 
a source of biologically active substances. In 
contrast to the seeds the leaves of Salvia 
hispanica have been poorly studied for 
chemical composition and pharmacological 
activities. The major leaf essential oil 
components and leaf metabolites including 
flavonoids and phenolic acids of S. hispanica 

have been reported (Ahmed et al., 1994; 
Peiretti and Gai, 2009; Amato et al., 2015). As 
it is known, the phenolic compounds have 
capacity to act as antioxidants. Although chia 
seeds are widely studied for antioxidant activity 
(Taga et al., 1984; Muñoz et al., 2013) to the 
best of our knowledge there are no data on the 
antioxidant action of the leaves. 
Plant micropropagation is one of the techniques 
to obtain large number of plants with constant 
biosubstances, irrespective of season. The 
efficacy of propagation depending on the 
explant and the type and concentration of used 
plant growth regulators. A higher proliferation 
of leaves/plant were observed with 0.75 and 1 
μM of BA (Bueno et al., 2010). The possibility 
of establishing Chia plant and callus cultures 
for production of fatty acids were studied 
(Marconi et al., 2013). The authors reported 
that the fatty acid content of calli is 
significantly lower than that of seeds after two 
years in culture. The available literature 
concerning S. hispanica in vitro cultures is 
quite limited. 
The aim of present study is to establish in vitro 
propagation protocol and compare 

morphometric traits, antioxidant activity, 
flavonoid and lipid components of leaves of ex 
vitro and in vivo derived S. hispanica plants. 
 
MATERIALS AND METHODS 
 
Initial plant material and surface 
sterilization 
Chia (S. hispanica) seeds were obtained from 
the commercial seed source (Chia Seed 
Company, Mexico). The seeds were soaked in 
70% ethanol for 30 s and agitated in 15% 
bleach solution (ACE Procter & Gamble Co., 
USA) containing 5% active chloride for 5 min. 
Then they were washed three times each for 5 
min in sterilized distilled water. Each treatment 
consisted of 2 replicates with 20 seeds. The 
disinfected seeds were germinated on 
Murashige and Skoog, 1962 basal medium 
(MS) supplemented with 3% sucrose, 7% agar, 
0.4 mg l-1 gibberellic acid (GA3) and 10 mg l-1 
ascorbic acid (AA). As control medium was 
used MS basal medium without GA3 and AA. 
The percentage of germination was 
determinated after two weeks of culture. Initial 
explants were taken from four weeks old 
seedlings for further in vitro cultivation. 
Shoot multiplication and in vitro rooting  
For shoot multiplication, all tips from three 
weeks old seedling were aseptically excised 
and cultured on full strength MS media with 
vitamins, containing 6-benzylaminopurine 
(BAP), zeatin, thidiazuron (TDZ) or 6-(γ,γ-
dimethylallylamino) purine (2-iP) alone (Table 
2). The explants were placed in the culture 
vessels (tubes 140 х 20 mm), one explant per 
10 ml medium. Twenty explants per nutrient 
medium were utilized. The frequency of shoot 
formation, number of developed shoots and 
their length was determined after five weeks of 
culture. For root induction, well developed 
shoots were cultivated on half strength MS 
medium with 2% sucrose, 7% agar and auxin 
indole-3-butyric acid (IBA) at concentrations 0; 
0.1; 0.5 and 1.0 mg l-1. Twenty shoots per 
medium were used. Data were recorded on 
percentage rooting, mean number of roots per 
plant, and root length after four weeks of 
culture. 
Each experiment was repeated two times. pH of 
the medium was adjusted to 5.8 before 
autoclaving at 121°C for 20 min at a pressure 

of 1.1 kg cm-2. All chemicals used for 
preparing the media were purchased from 
Duchefa Biochemie B.V., the Netherlands. The 
in vitro cultures were maintained under growth 
room conditions at a temperature of 24 ± 1 ºC, 
relative humidity of 70% and a 16 h 
photoperiod under 40 μmol m–2 s–1 illumination 
provided by Philips 36W cool white fluorescent 
tubes.  
Ex vitro acclimatization  
Plants with a well developed root system were 
carefully removed from the culture vessels and 
their roots were washed to remove agar. Then 
they were transferred to the small pots (12 cm 
in diameter, 10 cm in height) containing a 
mixture: soil, sand and perlite in the volume 
ratio 1:1:1, v/v/v. The plants were grown in a 
culture room at a temperature of 25 ± 1 ºС 
under 16 h photoperiod and 50 μmol m–2 s–1 
light intensity. The potted plants were covered 
with a transparent polythene membrane to 
ensure high humidity (90%). The polythene 
membrane was opened after two weeks. The 
survival efficiency, defined as the percentage 
of plants survived the transfer from in vitro to 
ex vitro growth conditions, was determined 
after six weeks of acclimatization. After two 
months of adaptation, fully acclimatized plants 
were transferred to the field.  
In vivo seed propagation  
The seeds were sown 0.4 cm deep in small pots 
(12 cm diameter) filled with a mixture of soil, 
sand and perlite 1:1:1, v/v/v (20 seeds per pot, 
five pots per treatment). The pots were placed 
under the same ex vitro conditions. The seed 
germination percentage was determinated after 
two weeks of planting. The young seedlings 
were transferred separately into the pots with 
the same soil mixture. The ex vitro and in vivo 
propagated plants were planted at the 
experiment field of the Institute of Plant 
Physiology and  Genetics, Sofia,  Bulgaria 
(42°50 ́N,  23°00 ́E,  and  altitude of 595 m). 
The soil type at Sofia, classified according to 
physical characteristics was sandy loam (0-15 
cm, top soil). Each trial was laid out in a 
randomized block design with two replications. 
The ex vitro and in vivo plants were planting by 
hand on 1.5 m x 1.2 m plots, with 50 cm 
spacing between rows and 40 cm spacing 
between plants. Standard agronomic practices 
used included regular watering and hand 
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Abstract 
 
A tissue culture technique for micropropagation of chia (Salvia hispanica  L.) was established. High percentage of seed 
germination (100%) was recorded on Murashige and Shoog medium enriched with 0.4 mg l-1 gibberellic acid and 10 
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INTRODUCTION 
 
Salvia hispanica L. (chia) Lamiaceae is an 
annual herbaceous plant native to southern 
Mexico and northern Guatemala but it is 
cultivated in Argentina, Australia, Bolivia, 
Colombia, Guatemala, Mexico, Peru, Southeast 
Asia and naturalized in the Caribbean 
(Jamboonsri et al., 2012). High nutritional and 
pharmacological value of chia seed (Muñoz et 
al., 2013) generate interest to be explored 
opportunities the species to be grown outside 
these areas. The important problem is that at 
higher latitudes the plant cannot produce seeds 
(Jamboonsri et al., 2012). Preliminary our 
study has shown that a chia plant successfully 
grown in Bulgaria, but the main limitation is 
seed production. However, the plants produce a 
large amount of leaves, which could be used as 
a source of biologically active substances. In 
contrast to the seeds the leaves of Salvia 
hispanica have been poorly studied for 
chemical composition and pharmacological 
activities. The major leaf essential oil 
components and leaf metabolites including 
flavonoids and phenolic acids of S. hispanica 

have been reported (Ahmed et al., 1994; 
Peiretti and Gai, 2009; Amato et al., 2015). As 
it is known, the phenolic compounds have 
capacity to act as antioxidants. Although chia 
seeds are widely studied for antioxidant activity 
(Taga et al., 1984; Muñoz et al., 2013) to the 
best of our knowledge there are no data on the 
antioxidant action of the leaves. 
Plant micropropagation is one of the techniques 
to obtain large number of plants with constant 
biosubstances, irrespective of season. The 
efficacy of propagation depending on the 
explant and the type and concentration of used 
plant growth regulators. A higher proliferation 
of leaves/plant were observed with 0.75 and 1 
μM of BA (Bueno et al., 2010). The possibility 
of establishing Chia plant and callus cultures 
for production of fatty acids were studied 
(Marconi et al., 2013). The authors reported 
that the fatty acid content of calli is 
significantly lower than that of seeds after two 
years in culture. The available literature 
concerning S. hispanica in vitro cultures is 
quite limited. 
The aim of present study is to establish in vitro 
propagation protocol and compare 

morphometric traits, antioxidant activity, 
flavonoid and lipid components of leaves of ex 
vitro and in vivo derived S. hispanica plants. 
 
MATERIALS AND METHODS 
 
Initial plant material and surface 
sterilization 
Chia (S. hispanica) seeds were obtained from 
the commercial seed source (Chia Seed 
Company, Mexico). The seeds were soaked in 
70% ethanol for 30 s and agitated in 15% 
bleach solution (ACE Procter & Gamble Co., 
USA) containing 5% active chloride for 5 min. 
Then they were washed three times each for 5 
min in sterilized distilled water. Each treatment 
consisted of 2 replicates with 20 seeds. The 
disinfected seeds were germinated on 
Murashige and Skoog, 1962 basal medium 
(MS) supplemented with 3% sucrose, 7% agar, 
0.4 mg l-1 gibberellic acid (GA3) and 10 mg l-1 
ascorbic acid (AA). As control medium was 
used MS basal medium without GA3 and AA. 
The percentage of germination was 
determinated after two weeks of culture. Initial 
explants were taken from four weeks old 
seedlings for further in vitro cultivation. 
Shoot multiplication and in vitro rooting  
For shoot multiplication, all tips from three 
weeks old seedling were aseptically excised 
and cultured on full strength MS media with 
vitamins, containing 6-benzylaminopurine 
(BAP), zeatin, thidiazuron (TDZ) or 6-(γ,γ-
dimethylallylamino) purine (2-iP) alone (Table 
2). The explants were placed in the culture 
vessels (tubes 140 х 20 mm), one explant per 
10 ml medium. Twenty explants per nutrient 
medium were utilized. The frequency of shoot 
formation, number of developed shoots and 
their length was determined after five weeks of 
culture. For root induction, well developed 
shoots were cultivated on half strength MS 
medium with 2% sucrose, 7% agar and auxin 
indole-3-butyric acid (IBA) at concentrations 0; 
0.1; 0.5 and 1.0 mg l-1. Twenty shoots per 
medium were used. Data were recorded on 
percentage rooting, mean number of roots per 
plant, and root length after four weeks of 
culture. 
Each experiment was repeated two times. pH of 
the medium was adjusted to 5.8 before 
autoclaving at 121°C for 20 min at a pressure 

of 1.1 kg cm-2. All chemicals used for 
preparing the media were purchased from 
Duchefa Biochemie B.V., the Netherlands. The 
in vitro cultures were maintained under growth 
room conditions at a temperature of 24 ± 1 ºC, 
relative humidity of 70% and a 16 h 
photoperiod under 40 μmol m–2 s–1 illumination 
provided by Philips 36W cool white fluorescent 
tubes.  
Ex vitro acclimatization  
Plants with a well developed root system were 
carefully removed from the culture vessels and 
their roots were washed to remove agar. Then 
they were transferred to the small pots (12 cm 
in diameter, 10 cm in height) containing a 
mixture: soil, sand and perlite in the volume 
ratio 1:1:1, v/v/v. The plants were grown in a 
culture room at a temperature of 25 ± 1 ºС 
under 16 h photoperiod and 50 μmol m–2 s–1 
light intensity. The potted plants were covered 
with a transparent polythene membrane to 
ensure high humidity (90%). The polythene 
membrane was opened after two weeks. The 
survival efficiency, defined as the percentage 
of plants survived the transfer from in vitro to 
ex vitro growth conditions, was determined 
after six weeks of acclimatization. After two 
months of adaptation, fully acclimatized plants 
were transferred to the field.  
In vivo seed propagation  
The seeds were sown 0.4 cm deep in small pots 
(12 cm diameter) filled with a mixture of soil, 
sand and perlite 1:1:1, v/v/v (20 seeds per pot, 
five pots per treatment). The pots were placed 
under the same ex vitro conditions. The seed 
germination percentage was determinated after 
two weeks of planting. The young seedlings 
were transferred separately into the pots with 
the same soil mixture. The ex vitro and in vivo 
propagated plants were planted at the 
experiment field of the Institute of Plant 
Physiology and  Genetics, Sofia,  Bulgaria 
(42°50 ́N,  23°00 ́E,  and  altitude of 595 m). 
The soil type at Sofia, classified according to 
physical characteristics was sandy loam (0-15 
cm, top soil). Each trial was laid out in a 
randomized block design with two replications. 
The ex vitro and in vivo plants were planting by 
hand on 1.5 m x 1.2 m plots, with 50 cm 
spacing between rows and 40 cm spacing 
between plants. Standard agronomic practices 
used included regular watering and hand 



168

weeding. In the temperate climate of Bulgaria, 
the planting were performed in early spring, the 
beginning of April. The leaves and flowers 
from plants, propagated by the both ways were 
collected at the end of September.  
Morphometric analysis 
Five plants from each plot were tagged 
randomly for data recording (total 10 selected 
individuals from each ex vitro and in vivo 
origin). The ex vitro and in vivo derived plants 
of the same age were evaluated and compared 
on the basis of selected morphological 
parameters (Table 3). 
Antioxidant activity  
Metanolic extracts: Air-dried, ground plant 
material (1 g) was extracted with 80% (3 x 30 
ml) methanol by classical maceration for 24 h. 
After evaporation of the solvent the crude 
extract was subject to subsequent analysis. 
DPPH radical scavenging activity: The effect 
of methanolic extracts on DPPH radicals was 
estimated according to Stanojević et al. (2009). 
The IC50 values were calculated by Software 
Prizm 3.00. All of the experiments were carried 
out in triplicate. 
Flavonoid analysis 
Thin layer chromatographic analysis (TLC): 
Two TLC sorbents and two mobile phases were 
used for the analysis of the methanolic extracts 
for flavonoids. Ethyl acetate/formic acid/acetic 
acid/ methyl ethyl ketone/water (50:7:3:30:10 
v/v/v/v/v) was used for the development of the 
extracts on silica gel plates Kiselgel 60 F254 
(5554). Acetic acid/water (15:85 v/v) was used 
for Cellulose F (5574) plates. Chromatograms 
were viewed under UV = 366 nm light before 
and after spraying with „Naturstoffreagenz A”: 
1% solution of diphenylboric acid 2-
aminoethyl ester complex in methanol.  
Lipid fraction 
100 µg of plant material as well as internal 
standards of 50 µg of nonadecanoic acid were 
placed in 2 ml Ependorf tubes and extracted 
with 1 ml of MeOH for 2 h at room 
temperature assisted by an ultrasonic bath for 
15 min at 70˚C every 30 min, after that the 
sample was centrifuged. Aliquot of 800 µl was 
transferred in other Ependorf tubes and was 
added of 500 µL H2O and 500 µl of CHCl3, 
vortexing for 2 min, and the mixture was 
centrifuged. The chloroform fraction was 
separated, evaporated and transmethylated with 

2% of H2SO4 in MeOH at 60˚C for 18 h, than 
lipids were extracted with n-hexane (2x500 µl) 
which was dried with anhydrous Na2SO4 and 
evaporated to obtain lipid fraction.  
Metabolite analysis 
The GC-MS spectra were recorded on a Termo 
Scientific Focus GC coupled with Termo 
Scientific DSQ mass detector operating in EI 
mode at 70 eV. ADB-5MS column (30 m x 
0.25 mm x 0.25 m) was used. The temperature 
program was: 100-180 oC at 15 oC x min-1, 
180-300 20 at 5 oC x min-1 and 10 min hold at 
300 oC. The injector temperature was 250 oC. 
The flow rate of carrier gas (Helium) was 0.8 
ml x min-1. The split ratio was 1:10 1 µl of the 
solution was injected. 
The metabolites were identified as TMSi 
derivatives comparing their mass spectra and 
Kovats Indexes (RI) with those of an on-line 
available plant specific database (The Golm 
Metabolome Database, the NIST 05 database 
and mass spectra available in the on-line lipid 
library.The measured mass spectra were 
deconvoluted by the Automated Mass Spectral 
Deconvolution and Identification System 
(AMDIS), before comparison with the 
databases. RI of the compounds were recorded 
with standard n-hydrocarbon calibration 
mixture (C9-C36) (Restek, Cat no. 31614, 
supplied by Teknokroma, Spain) using AMDIS 
3.6 software.  
Statistical analysis 
The data were subjected to one-way ANOVA 
for comparison of means, and significant 
differences were calculated according to 
Fisher’s least significance difference (LSD) test 
at the 5% significance level using a statistical 
software package (Statgraphics Plus, version 
5.1 for Windows). Data were presented as 
means ± standard error. 
 
RESULTS AND DISCUSSIONS 
 
In vitro seed germination 
Due to the successful sterilization no bacterial 
and fungal contamination of the in vitro 
cultured seeds of S. hispanica was observed. 
Usually after applying of sterilizing agents, the 
initial plant material washed three times each 
15 min in sterile distilled water (Zayova et al., 
2013) but these small chia seeds easily were 
coated with a sticky gel when they were soaked 

in water, so duration time was reduced to 5 
min. The results showed that seed germination 
depended on nutrient medium composition. 
Most efficient proved to be MS basal medium 
supplemented with 0.4 mg l-1 GA3 and 10 mg l-

1 AA ensured 100% seed germination 7 days 
after sowing. On the MS control medium 
without GA3 and AA the percentage of 
germinated seeds was 70% after 14 days of 
cultivation.  
It might suggest that favorable influence of 
GA3 and AA resulted in better seed 
germination compared to MS control medium. 
This combination was effective for increasing 
the speed of germination and good 
development of the seedlings (Figure 1a).  

 
Figure 1. Micropropagation of S. hispanica: a) in vitro 

seedlings on MS basal medium with 0.4 mg l-1 GA3 and 
10 mg l-1 AA; b) in vitro propagated plant on MS 

medium with 2 mg l-1 BAP; c) in vitro rooted plant on ½ 
MS medium with 0.1 mg l-1 IBA; d) ex vitro acclimatized 
plant; e) ex vitro plant, grown under field conditions; f) 

plant with flowers 
 
The seed germination of S. officinalis was also 
improved, when 1 mg l-1 GA3 was added in 
culture medium (Grzegorczyk et al., 2005). 
Dadasoglu and Özer (2014) reported that the 
germination is strongly influenced by 
gibberellic acid application for five wild 
growing Salvia species.  
Shoot multiplication and in vitro rooting 
The data on shoot formation of tip explants 
isolated from four weeks old seedling cultured 
on MS medium supplemented with different 
concentrations of BAP, Zeatin, TDZ or 2-iP 
alone are presented in Table 1. The number of 

induced shoots per explant varied depending on 
the type and concentration of cytokinin. 
 

Table 1. Effect of different cytokinin types on shoot 
multiplication of S. hispanica 

Cytokinin 
types 

mg 
l-1 

Shoot 
formation, 

(%) 

Number of 
shoots per 

explant 

Shoot 
height (cm) 

BAP 0.5 NR NR NR 
 1.0 45 1. ±0.08b 1.7±0.15ab 
 2.0 65 2.7±0.20 d 1.4±0.07a 
Zeatin 0.5 NR NR NR 
 1.0 40 1.2±0.06ab 1.6±0.12ab 
 2.0 50 1.8±0.15c 1.5±0.10ab 
TDZ 0.5 NR NR NR 
 1.0 NR NR NR 
 2.0 30 1.0±0.06 a 1.8±0.10b 
2-iP 0.5 NR NR NR 
 1.0 NR NR NR 
 2.0 35 1.2±0.09ab 2.2±0.10c 
LSD  - 0.37 0.31 

 
The data are presented as means of 20 individuals per treatment 
± standard error. Different letters indicate significant 
differences assessed by Fisher LSD test (P≤0.05) after 
performing ANOVA multifactor analysis. NR: Not Responded 
 
The shoot induction and multiplication 
occurred in the presence of cytokinins BAP and 
zeatin at higher concentration. The maximum 
number of shoots per explant (2.7 with 1.4 cm 
average height) gave MS medium 
supplemented with 2 mg l-1 BAP followed by 
MS medium with 2 mg l-1 zeatin after five 
weeks of culture (Table 1). The new shoots 
induced on MS medium, containing 2 mg l-1 
BAP were characterized by normal leaves and 
less average shoot height (Figure 1b) compared 
to those grown on MS media with the other 
tested cytokinins. The cytokinins TDZ or 2-iP 
positively influenced the plant growth and 
development, but not stimulated shoot 
formation. The results show that cytokinins, 
particularly BAP or zeatin in the MS culture 
medium are important for multiplication of S. 
hispanica shoots under in vitro conditions).  
Bueno et al. (2010) also reported that higher 
concentration BA increased the shoots 
formation of S. hispanica. A similar response 
has been demonstrated in Salvia santolinifolia 
where addition of BA at 2.0 and 3.0 mg l-1 
produced maximum number of shoots (Tour 
and Khatoon, 2014). The same stimulatory 
effect of BAP in MS medium on the shoot 
formation in S. officinalis was described by 
other authors (Weielgus et al., 2011; Cristea et 
al., 2014). For shoot induction and plant growth 
of Salvia species often high concentrations of 
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weeding. In the temperate climate of Bulgaria, 
the planting were performed in early spring, the 
beginning of April. The leaves and flowers 
from plants, propagated by the both ways were 
collected at the end of September.  
Morphometric analysis 
Five plants from each plot were tagged 
randomly for data recording (total 10 selected 
individuals from each ex vitro and in vivo 
origin). The ex vitro and in vivo derived plants 
of the same age were evaluated and compared 
on the basis of selected morphological 
parameters (Table 3). 
Antioxidant activity  
Metanolic extracts: Air-dried, ground plant 
material (1 g) was extracted with 80% (3 x 30 
ml) methanol by classical maceration for 24 h. 
After evaporation of the solvent the crude 
extract was subject to subsequent analysis. 
DPPH radical scavenging activity: The effect 
of methanolic extracts on DPPH radicals was 
estimated according to Stanojević et al. (2009). 
The IC50 values were calculated by Software 
Prizm 3.00. All of the experiments were carried 
out in triplicate. 
Flavonoid analysis 
Thin layer chromatographic analysis (TLC): 
Two TLC sorbents and two mobile phases were 
used for the analysis of the methanolic extracts 
for flavonoids. Ethyl acetate/formic acid/acetic 
acid/ methyl ethyl ketone/water (50:7:3:30:10 
v/v/v/v/v) was used for the development of the 
extracts on silica gel plates Kiselgel 60 F254 
(5554). Acetic acid/water (15:85 v/v) was used 
for Cellulose F (5574) plates. Chromatograms 
were viewed under UV = 366 nm light before 
and after spraying with „Naturstoffreagenz A”: 
1% solution of diphenylboric acid 2-
aminoethyl ester complex in methanol.  
Lipid fraction 
100 µg of plant material as well as internal 
standards of 50 µg of nonadecanoic acid were 
placed in 2 ml Ependorf tubes and extracted 
with 1 ml of MeOH for 2 h at room 
temperature assisted by an ultrasonic bath for 
15 min at 70˚C every 30 min, after that the 
sample was centrifuged. Aliquot of 800 µl was 
transferred in other Ependorf tubes and was 
added of 500 µL H2O and 500 µl of CHCl3, 
vortexing for 2 min, and the mixture was 
centrifuged. The chloroform fraction was 
separated, evaporated and transmethylated with 

2% of H2SO4 in MeOH at 60˚C for 18 h, than 
lipids were extracted with n-hexane (2x500 µl) 
which was dried with anhydrous Na2SO4 and 
evaporated to obtain lipid fraction.  
Metabolite analysis 
The GC-MS spectra were recorded on a Termo 
Scientific Focus GC coupled with Termo 
Scientific DSQ mass detector operating in EI 
mode at 70 eV. ADB-5MS column (30 m x 
0.25 mm x 0.25 m) was used. The temperature 
program was: 100-180 oC at 15 oC x min-1, 
180-300 20 at 5 oC x min-1 and 10 min hold at 
300 oC. The injector temperature was 250 oC. 
The flow rate of carrier gas (Helium) was 0.8 
ml x min-1. The split ratio was 1:10 1 µl of the 
solution was injected. 
The metabolites were identified as TMSi 
derivatives comparing their mass spectra and 
Kovats Indexes (RI) with those of an on-line 
available plant specific database (The Golm 
Metabolome Database, the NIST 05 database 
and mass spectra available in the on-line lipid 
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deconvoluted by the Automated Mass Spectral 
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Statistical analysis 
The data were subjected to one-way ANOVA 
for comparison of means, and significant 
differences were calculated according to 
Fisher’s least significance difference (LSD) test 
at the 5% significance level using a statistical 
software package (Statgraphics Plus, version 
5.1 for Windows). Data were presented as 
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RESULTS AND DISCUSSIONS 
 
In vitro seed germination 
Due to the successful sterilization no bacterial 
and fungal contamination of the in vitro 
cultured seeds of S. hispanica was observed. 
Usually after applying of sterilizing agents, the 
initial plant material washed three times each 
15 min in sterile distilled water (Zayova et al., 
2013) but these small chia seeds easily were 
coated with a sticky gel when they were soaked 

in water, so duration time was reduced to 5 
min. The results showed that seed germination 
depended on nutrient medium composition. 
Most efficient proved to be MS basal medium 
supplemented with 0.4 mg l-1 GA3 and 10 mg l-

1 AA ensured 100% seed germination 7 days 
after sowing. On the MS control medium 
without GA3 and AA the percentage of 
germinated seeds was 70% after 14 days of 
cultivation.  
It might suggest that favorable influence of 
GA3 and AA resulted in better seed 
germination compared to MS control medium. 
This combination was effective for increasing 
the speed of germination and good 
development of the seedlings (Figure 1a).  

 
Figure 1. Micropropagation of S. hispanica: a) in vitro 

seedlings on MS basal medium with 0.4 mg l-1 GA3 and 
10 mg l-1 AA; b) in vitro propagated plant on MS 

medium with 2 mg l-1 BAP; c) in vitro rooted plant on ½ 
MS medium with 0.1 mg l-1 IBA; d) ex vitro acclimatized 
plant; e) ex vitro plant, grown under field conditions; f) 

plant with flowers 
 
The seed germination of S. officinalis was also 
improved, when 1 mg l-1 GA3 was added in 
culture medium (Grzegorczyk et al., 2005). 
Dadasoglu and Özer (2014) reported that the 
germination is strongly influenced by 
gibberellic acid application for five wild 
growing Salvia species.  
Shoot multiplication and in vitro rooting 
The data on shoot formation of tip explants 
isolated from four weeks old seedling cultured 
on MS medium supplemented with different 
concentrations of BAP, Zeatin, TDZ or 2-iP 
alone are presented in Table 1. The number of 

induced shoots per explant varied depending on 
the type and concentration of cytokinin. 
 

Table 1. Effect of different cytokinin types on shoot 
multiplication of S. hispanica 

Cytokinin 
types 

mg 
l-1 

Shoot 
formation, 

(%) 

Number of 
shoots per 

explant 

Shoot 
height (cm) 

BAP 0.5 NR NR NR 
 1.0 45 1. ±0.08b 1.7±0.15ab 
 2.0 65 2.7±0.20 d 1.4±0.07a 
Zeatin 0.5 NR NR NR 
 1.0 40 1.2±0.06ab 1.6±0.12ab 
 2.0 50 1.8±0.15c 1.5±0.10ab 
TDZ 0.5 NR NR NR 
 1.0 NR NR NR 
 2.0 30 1.0±0.06 a 1.8±0.10b 
2-iP 0.5 NR NR NR 
 1.0 NR NR NR 
 2.0 35 1.2±0.09ab 2.2±0.10c 
LSD  - 0.37 0.31 

 
The data are presented as means of 20 individuals per treatment 
± standard error. Different letters indicate significant 
differences assessed by Fisher LSD test (P≤0.05) after 
performing ANOVA multifactor analysis. NR: Not Responded 
 
The shoot induction and multiplication 
occurred in the presence of cytokinins BAP and 
zeatin at higher concentration. The maximum 
number of shoots per explant (2.7 with 1.4 cm 
average height) gave MS medium 
supplemented with 2 mg l-1 BAP followed by 
MS medium with 2 mg l-1 zeatin after five 
weeks of culture (Table 1). The new shoots 
induced on MS medium, containing 2 mg l-1 
BAP were characterized by normal leaves and 
less average shoot height (Figure 1b) compared 
to those grown on MS media with the other 
tested cytokinins. The cytokinins TDZ or 2-iP 
positively influenced the plant growth and 
development, but not stimulated shoot 
formation. The results show that cytokinins, 
particularly BAP or zeatin in the MS culture 
medium are important for multiplication of S. 
hispanica shoots under in vitro conditions).  
Bueno et al. (2010) also reported that higher 
concentration BA increased the shoots 
formation of S. hispanica. A similar response 
has been demonstrated in Salvia santolinifolia 
where addition of BA at 2.0 and 3.0 mg l-1 
produced maximum number of shoots (Tour 
and Khatoon, 2014). The same stimulatory 
effect of BAP in MS medium on the shoot 
formation in S. officinalis was described by 
other authors (Weielgus et al., 2011; Cristea et 
al., 2014). For shoot induction and plant growth 
of Salvia species often high concentrations of 
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cytokinins from adenine type are necessary 
(Kintzios, 2000).  
The multiple shoots were separated from one 
another and transferred to half strength MS root 
induction medium with different concentrations 
of IBA (Table 2).  
 

Table 2. Effect of auxin IBA on the root induction  
of S. hispanica micropropagated plants 

IBA  
(mg l-1) 

Rootin
g (%) 

Number of 
roots per plant 

Root length 
(cm) 

0 15 1.0±0.12a 0.7±0.09a 
0.1 100 8.6± 0.44d 1.5±0.17b 
0.5 80 3.2±0.31c 1.4±0.14b 
1.0 65 2.1±0.23b 1.6±0.16b 
LSD  0.54 0.26 

The data are presented as means of 20 individuals per treatment 
± standard error. Different letters indicate significant 
differences assessed by Fisher LSD test (P≤0.05) after 
performing ANOVA multifactor analysis 
 
Initial root formation was observed 14 days 
after transferring to the rooting medium. The 
best rhizogenesis was observed on ½ MS 
medium supplemented with 0.1 mg l-1 IBA, 
where 100% of plants produced high number of 
roots (average 8.6 roots per plant with 1.5 cm 
root length) after four weeks of culture. The 
formed roots were short and firmly fixed to the 
plant (Figure 1c).  
The content of 0.5 mg l-1 IBA in ½ MS medium 
was found to be effective for root induction, 
too.  
Treatment with IBA has been previously 
reported for in vitro rooting of Salvia 
blancoana and Salvia valentine (Cuenca and 
Amo-Marco, 2000). MS medium with 2.7 μM 
IBA was efficient for root induction of Salvia 
fruticosa (Arikat et al., 2004). In contrast, NAA 
were found to have a better effect on 
rhizogenesis of S. officinalis than IBA (Cristea 
et al., 2014).  
The rooted plants of S. hispanica were 
successfully ex vitro acclimatized with 95% 
survival.  
Ex vitro acclimatization  
The existence of well developed root system 
and controlled reduction of humidity are 
important factors for the success of ex vitro 
acclimatization.  
An appropriate potting substrate was facilitated 
the successful transfer of plants from in vitro to 
ex vitro conditions. In our case, well drained 
mixture (soil: sand and perlite 1:1:1, v/v/v) was 

found to be the best for hardening (Figure 1d) 
and its use ensures high survival rate (95%) of 
micropropagated plants. The plants were 
successfully transferred to field conditions, 
where they continued to grow and develop 
(Figure 1e).  
In vivo seed propagation  
The results showed that the seed germination 
on the used mixture (soil, sand and perlite 
1:1:1, v/v/v) was reached 80% after two weeks 
of sowing. The seedlings in the pots developed 
normally (Figure 2a).  
 

 Figure 2. In vivo propagation of S. hispanica: a) in vivo 
plants on mix of soil, sand and perlite (1:1:1 v/v/v); b) in 

vivo plant, grown under field conditions; c) plant with 
flowers 

 
The plants were ready to be transplanted in the 
field in the beginning of April within eight 
weeks. All plants were healthy and fully 
vigorous after planting in the soil (Figure 2b). 
It was not observed diseases and pests of 
plants.  
It should be noted that the plants produced a 
prolific amount of leaves, but only a few plants 
bloomed with a small number of flowers 
(Figures 1f and 2c). Seeds were not obtained 
until the end of culturing under the field 
conditions. 
Morphometric characteristics  
A comparative study was conducted between 
ex vitro and in vivo grown plants after six 
months of cultivation using morphometric 

parameters. Morphological differences were 
observed (Table 3). The plant height, number 
of branches and leaves per plant and leaf size 
were influenced by the propagation way. The 
ex vitro plants grown under field conditions 
were higher (average 160.4±1.52 сm) than 
those propagated in vivo (average 125.3±1.34 
сm). They exhibited more branches production 
when compared to the in vivo plants.  
 

Table 3. Morphometric characteristic of ex vitro and in 
vivo propagated S. hispanica plants grown in the field 

(six months) 
Morphological 
character 

Ex vitro 
plants 

In vivo 
plants 

Plant height, cm 160.4±1.52a 125.3±1.34b 
Number of branches 
per plant 

19.0±0.55b 15.0±0.48a 

Number of leaves per 
plant 

305.0±1.84b 256.0±1.65a 

Leaf length, cm 5.4±0.31b 4.6±0.24a 
Leaf width, cm 4.2±0.23b 3.4±0.21a 
Internode distance, 
cm 

5.9±0.30a 5.3±0.28a 

LSD 1.31 1.10 
The data are presented as means of 10 individual’s ± standard 
error 
 
Each plant derived from ex vitro conditions 
produced 19.0 branches, while those from in 
vivo seeds derived plants - 15.0 branches, 
which were fragile and easily break. Similar 
tendency was observed for the number of 
leaves. Both ex vitro and in vivo chia leaves 
looked similar with normal leaf shape, but 
differed in their size. The ex vitro plants grow 
rapidly and had larger leaves and thicker stems 
compared with in vivo plants. Moreover, the 
flowers of both ex vitro and in vivo plants also 
showed similar morphology. On the other 
hands, there were morphometric differences 
among obtained in vivo plants; some generally 
had higher plant stature, whereas others had 
shorter ones. Similar differences were also 
observed for number of branches per plant, 
while all in vitro propagated and ex vitro 
adapted plants were morphologically 
homogeneous. The better performance of in 
vitro derived plants than the conventionally 
propagated plants was reported by other 
authors (Gustavsson and Stanys 2008; Singh et 
al., 2013).  
Antioxidant activity  
Methanolic extracts of leaves of in vitro, ex 
vitro and in vivo plants of S. hispanica wеre 

analyzed for their antioxidant potential 
assessed by scavenging of DPPH radicals. 
Results presented as IC50 values (µg ml-1) - 
extract concentration providing 50% inhibition 
of the DPPH solution.  
Differences between extracts of in vitro, ex 
vitro and in vivo propagated plants were not 
found. The studied extracts showed good 
antioxidant activity with IC50 values about  
100 µg ml-1 (Figure 3).  
This study presents for the first time evidence 
for antioxidant potential of leaves of S. 
hispanica. 
 

 

Figure 3. DPPH radical scavenging activity of 
methanolic extracts of leaves and flowers of in vitro, ex 

vitro and in vivo propagated S. hispanica plants 
 
Flavonoid composition 
The methanolic extracts were examined for 
occurrence of flavonoids by TLC analysis. 
Differences of the flavonoid composition 
between in vitro, ex vitro and in vivo developed 
plants were not established. Several 
components with TLC behavior (Rf-values and 
color) of flavonoids were detected. Some of 
them were identified with comparative analysis 
with reference compounds as luteolin-7-0-
glycoside, apigenin-7-0-glycoside, orientin 
(luteolin-6-C-glucoside), kaempferol-3-0-
glucoside and vitexin derivative.  
Other components remained unidentified. The 
received results showed that the leaves of S. 
hispanica are rich in flavonoid compounds, 
mainly derivatives of flavones.  
This is in accordance with reported data about 
flavonoid compounds in Salvia species (Lu and 
Foo 2002; Cvetkovikj et al., 2013).  
Reported here flavonoid components coincide 
with those established by Amato et al. (2015) 
as leaf metabolites of S. hispanica plants, 
grown in Basilicata, Italy.  
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cytokinins from adenine type are necessary 
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another and transferred to half strength MS root 
induction medium with different concentrations 
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Reported here flavonoid components coincide 
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as leaf metabolites of S. hispanica plants, 
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Lipid composition 
Lipid fraction of methanolic extract from 
leaves of ex vitro and in vivo developed plants 
of S. hispanica were analyzed by GC/MS. In 
the fractions of the samples four main peak 
signals were detected.  
They were identified as representatives of fatty 
alcohols and fatty acid. Three fatty alcohols 
were identified: 1-dodecanol, 1-hexadecanol, 1-
octadecanol. Among them the 1-dodecanol was 
the most abundant.  
Palmitic acid was detected as major fatty acid 
in the lipid fraction, approximately 40% of all 
lipid components.  
Difference in the lipid composition between ex 
vitro and in vivo developed plants was not 
established. In the leaves α-linolenic acid was 
not found in contrast to the seed where it is the 
major acid (Amato et al., 2015). 
 
CONCLUSIONS 
 
An effective protocol for micropropagation of 
Salvia hispanica was developed. The described 
in vitro propagation technique could be applied 
to produce elite planting material within a short 
period of time (five months).  
Multiplication of chia was highly dependent on 
the type of cytokinins used.  
Comparison between both types of propagated 
plants revealed that some morphometric traits 
(plant height, number of branches per plant 
leaves number and leaf size) were influenced 
by the propagation way.  
A micropropagation method may reduce the 
variation inherent in seed population.  
The lack of significant differences in 
antioxidant properties, flavonoid and lipid 
composition between extracts of in vitro, ex 
vitro and in vivo developed plants of S. 
hispanica found in present study indicates that 
biotechnological tools may be applied for 
production of homogeneous plants with profuse 
leaves as a rich source of natural antioxidants.  
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not found in contrast to the seed where it is the 
major acid (Amato et al., 2015). 
 
CONCLUSIONS 
 
An effective protocol for micropropagation of 
Salvia hispanica was developed. The described 
in vitro propagation technique could be applied 
to produce elite planting material within a short 
period of time (five months).  
Multiplication of chia was highly dependent on 
the type of cytokinins used.  
Comparison between both types of propagated 
plants revealed that some morphometric traits 
(plant height, number of branches per plant 
leaves number and leaf size) were influenced 
by the propagation way.  
A micropropagation method may reduce the 
variation inherent in seed population.  
The lack of significant differences in 
antioxidant properties, flavonoid and lipid 
composition between extracts of in vitro, ex 
vitro and in vivo developed plants of S. 
hispanica found in present study indicates that 
biotechnological tools may be applied for 
production of homogeneous plants with profuse 
leaves as a rich source of natural antioxidants.  
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