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Abstract 
 
In this study the rheological properties of wheat flour dough with different levels of ginger powder (0, 2, 4 and 6%) 
were investigated. Mixolab and Alveograph devices were used for evaluating the rheological properties of the dough. 
The bread making test was further performed, and the specific volume, firmness, sensorial analysis, phenolic contents 
and radical scavenging activity were determined for breads characterization. The increase of addition level of ginger 
into wheat flour impacted the water absorption, dough development time, stability and dough resistance to deformation. 
Moreover, the starch gelatinization, stability of the gel during heating and starch retrogradation after dough cooling 
decreased with the increase of the levels of wheat flour substitution by ginger. Lower specific volume and higher crumb 
firmness were obtained for breads with higher levels of ginger. Among the investigated samples the highest total phenol 
contents and radical scavenging activity were registered for bread with 6% ginger.  
 
Key words: wheat flour, ginger, Mixolab, alveograph, bread.  
 
INTRODUCTION 
 
The flour made in low extraction rate has lower 
amounts of nutrients because of their removal 
during milling process. Thus, the white wheat 
flour has low contents in proteins, vitamins, 
minerals, fibers and phenolic compounds that 
are considered the main functional antioxidants 
(Dewettinck, 2008). According to Hung et al. 
(2009), the white flour has three times lower 
antioxidant activity than wholemeal flour. The 
most applied methods used for improving the 
antioxidant activity of wheat bread are those 
based on use of cereal by-products, pseudo-
cereals and other cereal sources (Dziki et al., 
2014). In recent years, in order to improve the 
health benefits of white wheat bread, different 
herbs and spices were included in the white 
bread recipe (Dziki et al., 2014; Ibrahim et al., 
2015). Coriander, turmeric and ginger are the 
most important herbs and spices that were used 
in order to improve the functional profile of 
bread, especially due to the antioxidant 
compounds presents in these ingredients.  
Ginger is an important spice originating from 
Asia, used over 2000 years. In recent years 
ginger rhizomes were increasingly used in the 
United States of America and Europe (Ibrahim 
et al., 2015; Stoilova et al., 2007) as fresh or 

preserved product, powder or oils and 
oleoresins (Balestra et al., 2011). Besides using 
the ginger to obtain ginger cakes, a traditional 
food in Central Europe (Penas et al., 2013; 
Zielinski et al., 2010), the powder of this herb 
can be used as ingredient in white wheat bread, 
but also for preparing vegetarian and non-
vegetarian food, soft drinks, confectioneries 
and curry (Balestra et al., 2011; Crassina and 
Sudha, 2015; Martinez-Villaluenga et al., 
2009). Ginger is appreciated for the pungency 
property that is mainly due to the gingerols 
found in ginger and to the shogaols that result 
during thermal processing through dehydration 
of gingerol (Balestra et al., 2011). Additionally, 
ginger has antioxidant, anti-inflammatory, 
antibacterial and anti-apoptotic properties 
(Balestra et al., 2011; Malu et al., 2009; 
Stoilova et al., 2009). According to 
Parthasarathy et al. (2008) quoted by 
Przygodzka et al. (2014), the chemical 
constituents with antioxidant capacity in ginger 
are: α-zingiberene, geranial, geraniol, β-
bisabolene, nerol, 1.8-cineol, α-terpineol, 
borneol, β-phellandrene, linalool,methyl nonyl 
ketone, camphene. 
The aim of the present study was to investigate 
the effect of ginger powder addition on 
rheological properties of white wheat flour 
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Abstract 
 
In this study the rheological properties of wheat flour dough with different levels of ginger powder (0, 2, 4 and 6%) 
were investigated. Mixolab and Alveograph devices were used for evaluating the rheological properties of the dough. 
The bread making test was further performed, and the specific volume, firmness, sensorial analysis, phenolic contents 
and radical scavenging activity were determined for breads characterization. The increase of addition level of ginger 
into wheat flour impacted the water absorption, dough development time, stability and dough resistance to deformation. 
Moreover, the starch gelatinization, stability of the gel during heating and starch retrogradation after dough cooling 
decreased with the increase of the levels of wheat flour substitution by ginger. Lower specific volume and higher crumb 
firmness were obtained for breads with higher levels of ginger. Among the investigated samples the highest total phenol 
contents and radical scavenging activity were registered for bread with 6% ginger.  
 
Key words: wheat flour, ginger, Mixolab, alveograph, bread.  
 
INTRODUCTION 
 
The flour made in low extraction rate has lower 
amounts of nutrients because of their removal 
during milling process. Thus, the white wheat 
flour has low contents in proteins, vitamins, 
minerals, fibers and phenolic compounds that 
are considered the main functional antioxidants 
(Dewettinck, 2008). According to Hung et al. 
(2009), the white flour has three times lower 
antioxidant activity than wholemeal flour. The 
most applied methods used for improving the 
antioxidant activity of wheat bread are those 
based on use of cereal by-products, pseudo-
cereals and other cereal sources (Dziki et al., 
2014). In recent years, in order to improve the 
health benefits of white wheat bread, different 
herbs and spices were included in the white 
bread recipe (Dziki et al., 2014; Ibrahim et al., 
2015). Coriander, turmeric and ginger are the 
most important herbs and spices that were used 
in order to improve the functional profile of 
bread, especially due to the antioxidant 
compounds presents in these ingredients.  
Ginger is an important spice originating from 
Asia, used over 2000 years. In recent years 
ginger rhizomes were increasingly used in the 
United States of America and Europe (Ibrahim 
et al., 2015; Stoilova et al., 2007) as fresh or 

preserved product, powder or oils and 
oleoresins (Balestra et al., 2011). Besides using 
the ginger to obtain ginger cakes, a traditional 
food in Central Europe (Penas et al., 2013; 
Zielinski et al., 2010), the powder of this herb 
can be used as ingredient in white wheat bread, 
but also for preparing vegetarian and non-
vegetarian food, soft drinks, confectioneries 
and curry (Balestra et al., 2011; Crassina and 
Sudha, 2015; Martinez-Villaluenga et al., 
2009). Ginger is appreciated for the pungency 
property that is mainly due to the gingerols 
found in ginger and to the shogaols that result 
during thermal processing through dehydration 
of gingerol (Balestra et al., 2011). Additionally, 
ginger has antioxidant, anti-inflammatory, 
antibacterial and anti-apoptotic properties 
(Balestra et al., 2011; Malu et al., 2009; 
Stoilova et al., 2009). According to 
Parthasarathy et al. (2008) quoted by 
Przygodzka et al. (2014), the chemical 
constituents with antioxidant capacity in ginger 
are: α-zingiberene, geranial, geraniol, β-
bisabolene, nerol, 1.8-cineol, α-terpineol, 
borneol, β-phellandrene, linalool,methyl nonyl 
ketone, camphene. 
The aim of the present study was to investigate 
the effect of ginger powder addition on 
rheological properties of white wheat flour 
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dough and bread characteristics. The 
rheological properties were investigated with 
Mixolab and Alveograph devices, while the 
breads were analyzed in terms of physical 
characteristics, phenolic contents and 
antioxidant properties. 
 
MATERIALS AND METHODS 
 
Materials 
Commercial white wheat flour and ginger 
powder purchased in the local market (Galaţi, 
Romania) were used in the study. In order to 
evaluate the effect of ginger powder addition 
on rheological properties of white wheat flour 
dough and on bread making properties, 
different blends were obtained by replacing 2, 4 
and 6% of the white wheat flour by ginger 
powder. 
 
Physical and chemical characteristics  
Analysis of the physical and chemical 
characteristics of white wheat flour and ginger 
powder were performed as follow: moisture 
content using the method SR EN ISO 712: 
2005 (ASRO, 2008), ash content using the 
method SR ISO 2171: 2002 (ASRO, 2008), 
protein content using the semimicro-Kjeldahl 
method (Aprodu and Banu, 2015), fat content 
using the Soxhlet method (Aprodu and Banu, 
2015), wet gluten using the method SR ISO 
21415-2: 2007 (ASRO, 2008), crude fiber 
using  Fibretherm Analyser (C. Gerhardt 
GmbH & Co. KG, Germany), and Zeleny 
sedimentation using the method SR ISO 5529: 
1997 (ASRO, 2008).  
In order to measure the colour parameters, such 
as brightness value (L*), redness value (a*) and 
yellowness value (b*) of the flour blends, the 
Chroma Meter CR-410 (Konica Minolta 
Business Solutions Europe GmbH) was used. 
Additionally, the hue angle (h°) was calculated 
according to Kane et al. (2003). 
 
Rheological properties 
The rheological characteristics of dough were 
tested using Chopin Mixolab device (Chopin 
Technologies, Villeneuve La Garenne, France) 
with the Chopin+ and Simulator protocols, 
according to Dubat and Boinot (2012) and 
using NG Chopin Alveograph device, 
according to SR ISO 5530-4:2005 (ASRO, 

2008). The main Mixolab parameters recorded 
when running the Chopin+ protocol were: 
water absorption (WA, %) required for a torque 
of 1.1 ± 0.05 Nm (C1), protein weakening 
when the dough is knead and heated (C2, Nm), 
starch gelatinization (C3, Nm), stability of the 
gel during heating (C4, Nm), starch 
retrogradation after the cooling of dough (C5, 
Nm) (Dubat and Boinot, 2012). The parameters 
registered from the Simulator curves were: 
development time (DT, min), stability (S, min) 
and weakening (Wk, Nm) (Dubat and Boinot, 
2012). The following Alveograph parameters 
were recorded: maximum over pressure (P, 
mm), average abscissa at rupture (L, mm), 
deformation energy of dough (W, 10-4 x J) and 
curve configuration ratio (P/L) (SR ISO 5530-
4:2005) (ASRO, 2008). 
 
Bread making procedure 
The one stage method was used for dough 
preparation (Banu et al., 2010). In order to 
prepare the dough, the white wheat flour was 
blended with ginger powder (2, 4, 6%), water 
(function of the water absorption capacity 
measured by Mixolab), salt (1.5%) and 
compressed yeast (Saccharomyces cerevisiae) 
(3%), were mixed in a mixing device (HR7915; 
Philips, Shanghai, China). After fermentation 
for 150 min at 30°C, the dough was divided in 
two pieces, molded and placed in baking trays. 
The samples were then proofed for 30 min at 
30°C, and finally were baked for 30 min at 
230°C (Micro 4T, Mondial Forni, Italy). 
 
Bread characterization 
After cooling for 2 h at ambient temperature 
(22 ± 1°C) the bread samples were 
characterized in terms of specific volume, 
hardness of the bread crumb, total phenolic 
contents and antioxidant activity. 
The specific volume of the bread (cm3/100 g of 
bread) was measured using the rapeseed 
displacement method (SR 91: 2007) (ASRO, 
2008).  
The hardness of the bread crumb was 
determined using MLFTA apparatus (Guss, 
Strand, South Africa) and a 7.9 mm diameter 
probe. Two different slices taken from the 
center of every sample and a 25 mm wide 
penetration of the bread slices at a testing speed 
of 5 mm/s with a trigger threshold force of 1.96 

N were considering. For every slice three 
measurements were made. 
The phenols were extracted from the samples 
with acidified methanol, and the total phenolic 
content (TFC) of the extracts was estimated 
using the Folin Ciocalteu method described by 
Singleton and Rossi (1965) and modified by 
Gao et al. (2002). Ferulic acid was used as 
standard, and the results were expressed as mg 
ferulic acid equivalent (FAE) per g dry weight. 
For measuring the 2.2-diphenyl-1-
picrylhydrazyl radical scavenging activity 
(DPPH-RSA) the extraction was performed 
with ethanol according to the procedure 
described by Dordevic et al. (2010). DPPH-
RSA was measured using the method of Brand-
Williams et al. (1995) and modified by Beta et 
al. (2005). 
 
Sensorial analysis 
The bread samples were evaluated for 
following sensorial descriptors: appearance, 
texture, taste and overall acceptability. The 
sensory evaluation was performed using a 9-
point hedonic scale (from 0 - lowest intensity to 
9 - highest intensity) by a panel of 10 judges 
familiarized with the sensory descriptors and 
their intensities. 
 
Statistical analysis 
All experiments were carried out in triplicate 
and mean values were reported together with 
standard deviations (SD). Analysis of variance 
was used to identify significant differences. 
Statistical relationships were established by 
calculating Pearson’s correlation coefficients. 
The differences were quantified using one-way 
ANOVA and Tukey’s test with a 95% 
confidence interval, after assessing the 
normality and variance equality conditions. The 
coefficients of determination between different 
parameters (p<0.05) were also calculated using 
Microsoft Excel software. 
 
RESULTS AND DISCUSSIONS 
 
Physical-chemical characteristics of wheat 
flour and ginger powder 
The chemical composition of wheat flour and 
ginger powder is presented in Table 1. The 
wheat flour used in the experiment had protein 
content of 8.27%, ash content of 0.57% and 

sedimentation index of 32 ml. Compared to the 
wheat flour, the ginger powder used in the 
experiment had significantly higher ash 
(6.35%), fat (9.34%) and crude fiber (7.12%) 
contents.  
 
Table 1. Physical and chemical characteristics of wheat 

flour and ginger powder 

Characteristics Wheat 
flour 

Ginger 
powder 

Moisture, % 12.5 ± 0.07 12.7 ± 0.07 
Ash, % 0.57 ± 0.01 6.35 ± 0.01 
Protein, % 8.27 ± 0.08 10.07 ± 0.10 
Fat, % 1.34 ± 0.06 9.34 ± 0.06 
Crude fiber, % 2.09 ± 0.06 7.12 ± 0.06 
Wet gluten, % 28.88 ± 0.17 - 
Sedimentation index, ml 32 ± 0.71 - 
 
The colour parameters (L*, a* and b* values) 
of the blends varied significantly with the level 
of ginger powder added to the wheat flour 
(p<0.05). The addition of 6% ginger powder to 
the wheat flour resulted in the decrease of L* 
value from 99.43 to 93.96, while the b* value 
increased from 14.30 to 17.97. The a* value 
varied from negative value for wheat flours to 
positive value for the blend with 6% ginger 
powder (Table 2). Regarding the colour hue 
(h°) and saturation (C*), these values increased 
with addition of ginger powder to the wheat 
flour (Table 2), suggesting the capacity of 
ginger powder to confer a brownish colour to 
the wheat flour. 
 

Table 2. Colour properties of the wheat flour (WF) 
supplemented with different percentages of ginger 

powder (G) 

Propertie  WF WF + 
2%G 

WF + 
4%G 

WF + 
6%G 

L* 99.43 
± 0.10a 

98.97 
± 0.10b 

96.01 
± 0.07c 

93.96 
± 0.13d 

a* -1.27 
± 0.01d 

-0.60 
± 0.01c 

-0.23 
± 0.01b 

0.09 
± 0.00a 

b* 14.30 
± 0.11d 

16.07 
± 0.08c 

16.89 
± 0.09b 

17.98 
± 0.04a 

C* 14.35 
± 0.11d 

16.08 
± 0.08c 

16.89 
± 0.09b 

17.98 
± 0.04a 

h° 84.95 
± 0.01d 

87.88 
± 0.04c 

89.24 
± 0.03b 

89.71 
± 0.00a 

Means on the same row that do not share a letter are significantly 
different at p<0.05. 
 
Effect of ginger powder addition on the dough 
rheology of wheat flour 
The effect of ginger powder addition on the 
rheology of wheat flour dough was investigated 
with Mixolab (Chopin+ and Simulator 
protocols) and Alveograph devices. The 
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dough and bread characteristics. The 
rheological properties were investigated with 
Mixolab and Alveograph devices, while the 
breads were analyzed in terms of physical 
characteristics, phenolic contents and 
antioxidant properties. 
 
MATERIALS AND METHODS 
 
Materials 
Commercial white wheat flour and ginger 
powder purchased in the local market (Galaţi, 
Romania) were used in the study. In order to 
evaluate the effect of ginger powder addition 
on rheological properties of white wheat flour 
dough and on bread making properties, 
different blends were obtained by replacing 2, 4 
and 6% of the white wheat flour by ginger 
powder. 
 
Physical and chemical characteristics  
Analysis of the physical and chemical 
characteristics of white wheat flour and ginger 
powder were performed as follow: moisture 
content using the method SR EN ISO 712: 
2005 (ASRO, 2008), ash content using the 
method SR ISO 2171: 2002 (ASRO, 2008), 
protein content using the semimicro-Kjeldahl 
method (Aprodu and Banu, 2015), fat content 
using the Soxhlet method (Aprodu and Banu, 
2015), wet gluten using the method SR ISO 
21415-2: 2007 (ASRO, 2008), crude fiber 
using  Fibretherm Analyser (C. Gerhardt 
GmbH & Co. KG, Germany), and Zeleny 
sedimentation using the method SR ISO 5529: 
1997 (ASRO, 2008).  
In order to measure the colour parameters, such 
as brightness value (L*), redness value (a*) and 
yellowness value (b*) of the flour blends, the 
Chroma Meter CR-410 (Konica Minolta 
Business Solutions Europe GmbH) was used. 
Additionally, the hue angle (h°) was calculated 
according to Kane et al. (2003). 
 
Rheological properties 
The rheological characteristics of dough were 
tested using Chopin Mixolab device (Chopin 
Technologies, Villeneuve La Garenne, France) 
with the Chopin+ and Simulator protocols, 
according to Dubat and Boinot (2012) and 
using NG Chopin Alveograph device, 
according to SR ISO 5530-4:2005 (ASRO, 

2008). The main Mixolab parameters recorded 
when running the Chopin+ protocol were: 
water absorption (WA, %) required for a torque 
of 1.1 ± 0.05 Nm (C1), protein weakening 
when the dough is knead and heated (C2, Nm), 
starch gelatinization (C3, Nm), stability of the 
gel during heating (C4, Nm), starch 
retrogradation after the cooling of dough (C5, 
Nm) (Dubat and Boinot, 2012). The parameters 
registered from the Simulator curves were: 
development time (DT, min), stability (S, min) 
and weakening (Wk, Nm) (Dubat and Boinot, 
2012). The following Alveograph parameters 
were recorded: maximum over pressure (P, 
mm), average abscissa at rupture (L, mm), 
deformation energy of dough (W, 10-4 x J) and 
curve configuration ratio (P/L) (SR ISO 5530-
4:2005) (ASRO, 2008). 
 
Bread making procedure 
The one stage method was used for dough 
preparation (Banu et al., 2010). In order to 
prepare the dough, the white wheat flour was 
blended with ginger powder (2, 4, 6%), water 
(function of the water absorption capacity 
measured by Mixolab), salt (1.5%) and 
compressed yeast (Saccharomyces cerevisiae) 
(3%), were mixed in a mixing device (HR7915; 
Philips, Shanghai, China). After fermentation 
for 150 min at 30°C, the dough was divided in 
two pieces, molded and placed in baking trays. 
The samples were then proofed for 30 min at 
30°C, and finally were baked for 30 min at 
230°C (Micro 4T, Mondial Forni, Italy). 
 
Bread characterization 
After cooling for 2 h at ambient temperature 
(22 ± 1°C) the bread samples were 
characterized in terms of specific volume, 
hardness of the bread crumb, total phenolic 
contents and antioxidant activity. 
The specific volume of the bread (cm3/100 g of 
bread) was measured using the rapeseed 
displacement method (SR 91: 2007) (ASRO, 
2008).  
The hardness of the bread crumb was 
determined using MLFTA apparatus (Guss, 
Strand, South Africa) and a 7.9 mm diameter 
probe. Two different slices taken from the 
center of every sample and a 25 mm wide 
penetration of the bread slices at a testing speed 
of 5 mm/s with a trigger threshold force of 1.96 

N were considering. For every slice three 
measurements were made. 
The phenols were extracted from the samples 
with acidified methanol, and the total phenolic 
content (TFC) of the extracts was estimated 
using the Folin Ciocalteu method described by 
Singleton and Rossi (1965) and modified by 
Gao et al. (2002). Ferulic acid was used as 
standard, and the results were expressed as mg 
ferulic acid equivalent (FAE) per g dry weight. 
For measuring the 2.2-diphenyl-1-
picrylhydrazyl radical scavenging activity 
(DPPH-RSA) the extraction was performed 
with ethanol according to the procedure 
described by Dordevic et al. (2010). DPPH-
RSA was measured using the method of Brand-
Williams et al. (1995) and modified by Beta et 
al. (2005). 
 
Sensorial analysis 
The bread samples were evaluated for 
following sensorial descriptors: appearance, 
texture, taste and overall acceptability. The 
sensory evaluation was performed using a 9-
point hedonic scale (from 0 - lowest intensity to 
9 - highest intensity) by a panel of 10 judges 
familiarized with the sensory descriptors and 
their intensities. 
 
Statistical analysis 
All experiments were carried out in triplicate 
and mean values were reported together with 
standard deviations (SD). Analysis of variance 
was used to identify significant differences. 
Statistical relationships were established by 
calculating Pearson’s correlation coefficients. 
The differences were quantified using one-way 
ANOVA and Tukey’s test with a 95% 
confidence interval, after assessing the 
normality and variance equality conditions. The 
coefficients of determination between different 
parameters (p<0.05) were also calculated using 
Microsoft Excel software. 
 
RESULTS AND DISCUSSIONS 
 
Physical-chemical characteristics of wheat 
flour and ginger powder 
The chemical composition of wheat flour and 
ginger powder is presented in Table 1. The 
wheat flour used in the experiment had protein 
content of 8.27%, ash content of 0.57% and 

sedimentation index of 32 ml. Compared to the 
wheat flour, the ginger powder used in the 
experiment had significantly higher ash 
(6.35%), fat (9.34%) and crude fiber (7.12%) 
contents.  
 
Table 1. Physical and chemical characteristics of wheat 

flour and ginger powder 

Characteristics Wheat 
flour 

Ginger 
powder 

Moisture, % 12.5 ± 0.07 12.7 ± 0.07 
Ash, % 0.57 ± 0.01 6.35 ± 0.01 
Protein, % 8.27 ± 0.08 10.07 ± 0.10 
Fat, % 1.34 ± 0.06 9.34 ± 0.06 
Crude fiber, % 2.09 ± 0.06 7.12 ± 0.06 
Wet gluten, % 28.88 ± 0.17 - 
Sedimentation index, ml 32 ± 0.71 - 
 
The colour parameters (L*, a* and b* values) 
of the blends varied significantly with the level 
of ginger powder added to the wheat flour 
(p<0.05). The addition of 6% ginger powder to 
the wheat flour resulted in the decrease of L* 
value from 99.43 to 93.96, while the b* value 
increased from 14.30 to 17.97. The a* value 
varied from negative value for wheat flours to 
positive value for the blend with 6% ginger 
powder (Table 2). Regarding the colour hue 
(h°) and saturation (C*), these values increased 
with addition of ginger powder to the wheat 
flour (Table 2), suggesting the capacity of 
ginger powder to confer a brownish colour to 
the wheat flour. 
 

Table 2. Colour properties of the wheat flour (WF) 
supplemented with different percentages of ginger 

powder (G) 

Propertie  WF WF + 
2%G 

WF + 
4%G 

WF + 
6%G 

L* 99.43 
± 0.10a 

98.97 
± 0.10b 

96.01 
± 0.07c 

93.96 
± 0.13d 

a* -1.27 
± 0.01d 

-0.60 
± 0.01c 

-0.23 
± 0.01b 

0.09 
± 0.00a 

b* 14.30 
± 0.11d 

16.07 
± 0.08c 

16.89 
± 0.09b 

17.98 
± 0.04a 

C* 14.35 
± 0.11d 

16.08 
± 0.08c 

16.89 
± 0.09b 

17.98 
± 0.04a 

h° 84.95 
± 0.01d 

87.88 
± 0.04c 

89.24 
± 0.03b 

89.71 
± 0.00a 

Means on the same row that do not share a letter are significantly 
different at p<0.05. 
 
Effect of ginger powder addition on the dough 
rheology of wheat flour 
The effect of ginger powder addition on the 
rheology of wheat flour dough was investigated 
with Mixolab (Chopin+ and Simulator 
protocols) and Alveograph devices. The 



12

rheological parameters measured are indicated 
in Tables 3 and 4. 
 
Table 3. Thermo-mechanical properties of wheat flours 

(WF) supplemented with different levels of ginger 
powder (G) 

Mixolab 
parameter 

Dough samples 

WF WF + 
2%G 

WF + 
4%G 

WF + 
6%G 

Chopin+ protocol 

WA, % 60.4 
± 0.07d 

61.5 
± 0.07c 

62.6 
± 0.07b 

63.3 
± 0.07a 

C2, Nm 0.46 
± 0.02a 

0.38 
± 0.02b 

0.37 
± 0.02b 

0.33 
± 0.01b 

C3, Nm 2.06 
± 0.03a 

1.98 
± 0.02a,b 

1.91 
± 0.02b 

1.81 
± 0.01c 

C4, Nm 1.95 
± 0.02a 

1.86 
± 0.02b 

1.79 
± 0.02b,c 

1.72 
± 0.02c 

C5, Nm 2.95 
± 0.03a 

2.82 
± 0.04b 

2.79 
± 0.03b 

2.58 
± 0.02c 

Simulator protocol 

DT, min 2.50 
± 0.02d 

3.50 
± 0.02c 

4.00 
± 0.00b 

4.65 
± 0.00a 

S, min 3.00 
± 0.02d 

3.50 
± 0.02c 

4.00 
± 0.00b 

5.00 
± 0.00a 

Wk, Nm 0.17 
± 0.01a 

0.16 
± 0.01a,b 

0.16 
± 0.01a,b 

0.14 
± 0.00b 

Means on the same line that do not share a letter are significantly 
different at p<0.05. 
 
Table 4. Alveograph parameters of wheat flours (WF) 
supplemented with different levels of ginger powder (G) 

Dough 
sample P, mm L, mm W, 10-4 x J P/L 

WF 102 
± 1.41a 

60 
± 0.71a 

217 
± 2.83a 

1.71 
± 0.00d 

WF + 
2%G 

91 
± 1.41b 

49 
± 0.71b 

161 
± 2.12b 

1.88 
± 0.06c 

WF + 
4%G 

78 
± 1.41c 

39 
± 0.71c 

100 
± 1.41c 

2.03 
± 0.00b 

WF + 
6%G 

73 
± 0.71d 

33 
± 0.71d 

81 
± 0.71d 

2.23 
± 0.03a 

Means on the same column that do not share a letter are significantly 
different at p<0.05. 
 
The WA needed to obtain dough with 
consistency of 1.1 ± 0.05 Nm increased from 
60.4 to 63.3% with the increase of the addition 
level of ginger powder to wheat flour (Table 3). 
These results might be due the high crude fiber 
content of ginger powder (Rosell et al., 2001; 
Crassina and Sudha, 2015).  
The dough development time (DDT) and dough 
stability (S) during kneading at 30ºC increased 
from 2.50 to 4.65 min., and from 3 to 5 min., 
respectively, with increasing the level of ginger 
power in the blends. In the same time, the 
dough weakening during kneading at 30ºC 
(Wk) slowly decreases from 0.17 to 0.14 Nm, 
when adding 2-4% of ginger powder to the 

wheat flour. According to Crassina and Sudha 
(2015) the high content of fiber can explain the 
delayed formation of gluten network, while the 
Balestra et al. (2011) noted that ginger addition 
caused the rise of the density of cross-links in 
the dough network. The presence of bioactive 
compounds from ginger powder such as 
gingerol, dehydroginger-dione and 
shogaol having hydroxyl/methoxy phenyl 
residues and an activated double bond might 
induce important changes in the dough 
rheology because of their cross-linking ability 
(Daramola and Osanyinlusi, 2006).  
The value of tenacity (P), extensibility (L) and 
strength (W) of the dough decreased and the 
P/L increased with the increase of the level of 
ginger powder. The high P/L values 
corresponding to samples with higher amounts 
of ginger (Table 4) suggest that stronger dough 
with moderate extensibility (Bordes et al., 
2008) were obtained with increasing the level 
of ginger powder. In their research Balestra et 
al. (2011) found that the addition of ginger 
powder (with 8% ash and 4% fat) to the 
moderately strong wheat flour (W of 240 x 10⁻⁴ 
J, 0.65% ash and 12.9% protein) caused the 
increase of dough resistance to deformation, 
most probably because of the interactions 
between fibers and wheat proteins. Similar 
observations were reported by Crassina and 
Sudha (2015). Moreover, addition of ginger 
powder resulted in more elastic doughs. 
According to our results, positive correlations 
were established between S and P/L (R2 = 0.98, 
p<0.05), DT and P/L (R2 = 0.92, p<0.05), and 
DT and W (R2 = 0.96, p<0.05). 
The C2 values measured on Chopin+ curves 
decreased from 0.46 Nm, corresponding to the 
wheat flour, to 0.33 Nm, for sample with 6% 
G. This decrease suggests that the dough with 
increasing levels of ginger powder is more 
susceptible to weakening during kneading 
while increasing the temperature from 30 to 50-
55ºC. Most probably this behavior is due to the 
fiber brought by ginger powder, which caused 
weakening of the protein network. The same 
effect was reported by Rosell et al. (2010) 
when substituting the wheat flour with the 
sugar beet fiber. 
In a similar manner the C3, C4 and C5 values 
decreased when substituting wheat flour with 
ginger powder (Table 3). The reduction of 

starch pasting ability (C3) is most probably due 
to the higher fat content coming from the 
ginger powder (9.34%) (Table 1). Our results 
are in agreement with Zaidul et al. (2007) who 
reported that the decrease of paste viscosity is 
due the complex formed between lipid and 
amylose during heating. On the other hand, 
Crassina and Sudha (2015) suggested that the 
decrease of peak viscosity with addition of 
mango ginger powder might be due to 
replacement of starch from wheat flour by fiber 
from ginger powder. There are important 
differences in the ability of the two 
macromolecular components of the dough to 
uptake the water available in the system, the 
fibers being able to retain higher amounts of 
water in a shorter time compared to the starch 
granules. 
The higher fiber content of the samples with 
ginger powder explains the further decrease of 
gel stability during heating (C4) and starch 
retrogradation after cooling of dough (C5). The 
fibers alter starch behavior at hydrothermal 
treatment by limiting the amount of available 
water required for starch pasting and by 
interfering with the specific interaction 
between amylopectin chains (Rosell et al., 
2010). 
 
Effect of ginger powder addition on the bread 
characteristics 
The characteristics of the bread samples with 
different amounts of ginger powder are shown 
in Table 5. The specific volume of the bread 
samples gradually decreased with addition of 
ginger powder, the most important decrease 
being registered for the sample with 6%. These 
results may be related to the increase of dough 
resistance to deformation when increasing the 
levels of ginger powder in blends used to 
prepare the dough. Regarding crumb texture, 
according to our results the crumb firmness 
increased with the level of ginger powder in 
wheat flour due to the higher proportions of 
fiber. In particular, the bread sample with 6% 
ginger powder had over twice harder texture 
compared to the control bread sample. 
The sensory analysis highlighted that the wheat 
bread with ginger powder addition had lower 
overall quality than wheat bread (Table 5). 
The panelist did not found very agreeable all 
sensory attributes of the ginger containing 

breads. In particular, the taste was not well 
appreciated because of the strong pungent hint 
caused by the ginger powder. Anyway, the 
taste of bread with 2% ginger powder was 
appreciated by the panelists, the score being 
rather close of the wheat bread (Table 5). 
 
Table 5. Quality evaluation of bread samples containing 

different levels of ginger powder 

Properties WF WF + 
2%G 

WF + 
4%G 

WF + 
6%G 

Physical parameters 
Specific 
volume, 
g/cm3 

2.39 
± 0.07a 

2.12 
± 0.04b 

2.01 
± 0.03b 

1.66 
± 0.04c 

Crumb 
firmness,  
g force 

2753.23 
± 14.47d 

3276.34 
± 17.90c 

5006.80 
± 18.38b 

5667.56 
± 35.36a 

Sensory parameters 

Appearance 8.6 
± 0.28a 

8.1 
± 0.21a 

7.1 
± 0.21b 

7.0 
± 0.00b 

Texture 8.5 
± 0.21a 

7.8 
± 0.28a 

6.5 
± 0.28b 

6.1 
± 0.07b 

Taste 8.6 
± 0.21a 

8.4 
± 0.21a 

6.7 
± 0.28b 

6.0 
± 0.00b 

Overall 
quality 

8.6 
± 0.28a 

8.1 
± 0.21a 

6.8 
± 0.21b 

6.4 
± 0.14b 

Means on the same row that do not share a letter are significantly 
different at p<0.05. 
 
Moreover, the score of the texture of the bread 
samples with 4 and 6% was significantly lower 
compared to the control sample (p<0.05). 
Similar observations regarding taste and overall 
quality were reported by Crassina and Sudha 
(2015). They also suggested that the perception 
of this attribute can be improved by using 
potassium bromate, glycerol monostearate and 
vital gluten in the bread formulation. On the 
other hand, Balestra et al. (2011) reported that 
the bread with 3 to 4.5% ginger powder had 
good overall quality. 
 
Effect of ginger powder addition on the total 
phenolic contents and antioxidants properties 
of wheat flour, ginger powder and breads 
The total phenolic contents (TPC) and 
antioxidants properties in terms of radical 
scavenging activity (DPPH-RSA) of wheat 
flour, ginger powder and bread with and 
without ginger powder addition are shown in 
Table 6. The extract of ginger powder had 
significantly higher antioxidant activity 
(DPPH-RSA of 89.13%) compared to the 
wheat flour (DPPH-RSA of 3.30%). According 
to Zielinski et al. (2010) the antioxidant activity 
of ginger is mainly due to the gingerol 
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rheological parameters measured are indicated 
in Tables 3 and 4. 
 
Table 3. Thermo-mechanical properties of wheat flours 

(WF) supplemented with different levels of ginger 
powder (G) 

Mixolab 
parameter 

Dough samples 

WF WF + 
2%G 

WF + 
4%G 

WF + 
6%G 

Chopin+ protocol 

WA, % 60.4 
± 0.07d 

61.5 
± 0.07c 

62.6 
± 0.07b 

63.3 
± 0.07a 

C2, Nm 0.46 
± 0.02a 

0.38 
± 0.02b 

0.37 
± 0.02b 

0.33 
± 0.01b 

C3, Nm 2.06 
± 0.03a 

1.98 
± 0.02a,b 

1.91 
± 0.02b 

1.81 
± 0.01c 

C4, Nm 1.95 
± 0.02a 

1.86 
± 0.02b 

1.79 
± 0.02b,c 

1.72 
± 0.02c 

C5, Nm 2.95 
± 0.03a 

2.82 
± 0.04b 

2.79 
± 0.03b 

2.58 
± 0.02c 

Simulator protocol 

DT, min 2.50 
± 0.02d 

3.50 
± 0.02c 

4.00 
± 0.00b 

4.65 
± 0.00a 

S, min 3.00 
± 0.02d 

3.50 
± 0.02c 

4.00 
± 0.00b 

5.00 
± 0.00a 

Wk, Nm 0.17 
± 0.01a 

0.16 
± 0.01a,b 

0.16 
± 0.01a,b 

0.14 
± 0.00b 

Means on the same line that do not share a letter are significantly 
different at p<0.05. 
 
Table 4. Alveograph parameters of wheat flours (WF) 
supplemented with different levels of ginger powder (G) 

Dough 
sample P, mm L, mm W, 10-4 x J P/L 

WF 102 
± 1.41a 

60 
± 0.71a 

217 
± 2.83a 

1.71 
± 0.00d 

WF + 
2%G 

91 
± 1.41b 

49 
± 0.71b 

161 
± 2.12b 

1.88 
± 0.06c 

WF + 
4%G 

78 
± 1.41c 

39 
± 0.71c 

100 
± 1.41c 

2.03 
± 0.00b 

WF + 
6%G 

73 
± 0.71d 

33 
± 0.71d 

81 
± 0.71d 

2.23 
± 0.03a 

Means on the same column that do not share a letter are significantly 
different at p<0.05. 
 
The WA needed to obtain dough with 
consistency of 1.1 ± 0.05 Nm increased from 
60.4 to 63.3% with the increase of the addition 
level of ginger powder to wheat flour (Table 3). 
These results might be due the high crude fiber 
content of ginger powder (Rosell et al., 2001; 
Crassina and Sudha, 2015).  
The dough development time (DDT) and dough 
stability (S) during kneading at 30ºC increased 
from 2.50 to 4.65 min., and from 3 to 5 min., 
respectively, with increasing the level of ginger 
power in the blends. In the same time, the 
dough weakening during kneading at 30ºC 
(Wk) slowly decreases from 0.17 to 0.14 Nm, 
when adding 2-4% of ginger powder to the 

wheat flour. According to Crassina and Sudha 
(2015) the high content of fiber can explain the 
delayed formation of gluten network, while the 
Balestra et al. (2011) noted that ginger addition 
caused the rise of the density of cross-links in 
the dough network. The presence of bioactive 
compounds from ginger powder such as 
gingerol, dehydroginger-dione and 
shogaol having hydroxyl/methoxy phenyl 
residues and an activated double bond might 
induce important changes in the dough 
rheology because of their cross-linking ability 
(Daramola and Osanyinlusi, 2006).  
The value of tenacity (P), extensibility (L) and 
strength (W) of the dough decreased and the 
P/L increased with the increase of the level of 
ginger powder. The high P/L values 
corresponding to samples with higher amounts 
of ginger (Table 4) suggest that stronger dough 
with moderate extensibility (Bordes et al., 
2008) were obtained with increasing the level 
of ginger powder. In their research Balestra et 
al. (2011) found that the addition of ginger 
powder (with 8% ash and 4% fat) to the 
moderately strong wheat flour (W of 240 x 10⁻⁴ 
J, 0.65% ash and 12.9% protein) caused the 
increase of dough resistance to deformation, 
most probably because of the interactions 
between fibers and wheat proteins. Similar 
observations were reported by Crassina and 
Sudha (2015). Moreover, addition of ginger 
powder resulted in more elastic doughs. 
According to our results, positive correlations 
were established between S and P/L (R2 = 0.98, 
p<0.05), DT and P/L (R2 = 0.92, p<0.05), and 
DT and W (R2 = 0.96, p<0.05). 
The C2 values measured on Chopin+ curves 
decreased from 0.46 Nm, corresponding to the 
wheat flour, to 0.33 Nm, for sample with 6% 
G. This decrease suggests that the dough with 
increasing levels of ginger powder is more 
susceptible to weakening during kneading 
while increasing the temperature from 30 to 50-
55ºC. Most probably this behavior is due to the 
fiber brought by ginger powder, which caused 
weakening of the protein network. The same 
effect was reported by Rosell et al. (2010) 
when substituting the wheat flour with the 
sugar beet fiber. 
In a similar manner the C3, C4 and C5 values 
decreased when substituting wheat flour with 
ginger powder (Table 3). The reduction of 

starch pasting ability (C3) is most probably due 
to the higher fat content coming from the 
ginger powder (9.34%) (Table 1). Our results 
are in agreement with Zaidul et al. (2007) who 
reported that the decrease of paste viscosity is 
due the complex formed between lipid and 
amylose during heating. On the other hand, 
Crassina and Sudha (2015) suggested that the 
decrease of peak viscosity with addition of 
mango ginger powder might be due to 
replacement of starch from wheat flour by fiber 
from ginger powder. There are important 
differences in the ability of the two 
macromolecular components of the dough to 
uptake the water available in the system, the 
fibers being able to retain higher amounts of 
water in a shorter time compared to the starch 
granules. 
The higher fiber content of the samples with 
ginger powder explains the further decrease of 
gel stability during heating (C4) and starch 
retrogradation after cooling of dough (C5). The 
fibers alter starch behavior at hydrothermal 
treatment by limiting the amount of available 
water required for starch pasting and by 
interfering with the specific interaction 
between amylopectin chains (Rosell et al., 
2010). 
 
Effect of ginger powder addition on the bread 
characteristics 
The characteristics of the bread samples with 
different amounts of ginger powder are shown 
in Table 5. The specific volume of the bread 
samples gradually decreased with addition of 
ginger powder, the most important decrease 
being registered for the sample with 6%. These 
results may be related to the increase of dough 
resistance to deformation when increasing the 
levels of ginger powder in blends used to 
prepare the dough. Regarding crumb texture, 
according to our results the crumb firmness 
increased with the level of ginger powder in 
wheat flour due to the higher proportions of 
fiber. In particular, the bread sample with 6% 
ginger powder had over twice harder texture 
compared to the control bread sample. 
The sensory analysis highlighted that the wheat 
bread with ginger powder addition had lower 
overall quality than wheat bread (Table 5). 
The panelist did not found very agreeable all 
sensory attributes of the ginger containing 

breads. In particular, the taste was not well 
appreciated because of the strong pungent hint 
caused by the ginger powder. Anyway, the 
taste of bread with 2% ginger powder was 
appreciated by the panelists, the score being 
rather close of the wheat bread (Table 5). 
 
Table 5. Quality evaluation of bread samples containing 

different levels of ginger powder 

Properties WF WF + 
2%G 

WF + 
4%G 

WF + 
6%G 

Physical parameters 
Specific 
volume, 
g/cm3 

2.39 
± 0.07a 

2.12 
± 0.04b 

2.01 
± 0.03b 

1.66 
± 0.04c 

Crumb 
firmness,  
g force 

2753.23 
± 14.47d 

3276.34 
± 17.90c 

5006.80 
± 18.38b 

5667.56 
± 35.36a 

Sensory parameters 

Appearance 8.6 
± 0.28a 

8.1 
± 0.21a 

7.1 
± 0.21b 

7.0 
± 0.00b 

Texture 8.5 
± 0.21a 

7.8 
± 0.28a 

6.5 
± 0.28b 

6.1 
± 0.07b 

Taste 8.6 
± 0.21a 

8.4 
± 0.21a 

6.7 
± 0.28b 

6.0 
± 0.00b 

Overall 
quality 

8.6 
± 0.28a 

8.1 
± 0.21a 

6.8 
± 0.21b 

6.4 
± 0.14b 

Means on the same row that do not share a letter are significantly 
different at p<0.05. 
 
Moreover, the score of the texture of the bread 
samples with 4 and 6% was significantly lower 
compared to the control sample (p<0.05). 
Similar observations regarding taste and overall 
quality were reported by Crassina and Sudha 
(2015). They also suggested that the perception 
of this attribute can be improved by using 
potassium bromate, glycerol monostearate and 
vital gluten in the bread formulation. On the 
other hand, Balestra et al. (2011) reported that 
the bread with 3 to 4.5% ginger powder had 
good overall quality. 
 
Effect of ginger powder addition on the total 
phenolic contents and antioxidants properties 
of wheat flour, ginger powder and breads 
The total phenolic contents (TPC) and 
antioxidants properties in terms of radical 
scavenging activity (DPPH-RSA) of wheat 
flour, ginger powder and bread with and 
without ginger powder addition are shown in 
Table 6. The extract of ginger powder had 
significantly higher antioxidant activity 
(DPPH-RSA of 89.13%) compared to the 
wheat flour (DPPH-RSA of 3.30%). According 
to Zielinski et al. (2010) the antioxidant activity 
of ginger is mainly due to the gingerol 
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compounds and diarylheptanoids. The ginger 
powder addition increased the DPPH-RSA of 
bread from 2.91% corresponding to the control 
sample to 6.23% in case of the bread with 6% 
ginger powder. 
 

Table 6. Total phenolic compounds and antioxidants 
properties of bread samples containing different levels of 

ginger powder 

Bread 
sample TFC, mg FAE/g d. w. DPPH-RSA, % 

WF 92.9 ± 2.7d 2.91 ± 0.05d 

WF + 
2%G 173.1 ± 3.0c 4.15 ± 0.07c 

WF + 
4%G 197.5 ± 2.6b 5.17 ± 0.05b 

WF + 
6%G 226.6 ± 1.6a 6.23 ± 0.05a 

Means on the same column that do not share a letter are significantly 
different at p<0.05. 
 
Our results indicated that the ginger powder is 
a good source of phenolic compounds, the TPC 
being 824.8 mg FAE/g d.w., much higher 
compared to wheat flour, 107.5 mg FAE/g d.w. 
(Table 6). Through substituting the wheat flour 
with 2 to 6% of ginger powder the TPC of the 
bread samples increased from 92.9 to 226.6 mg 
FAE/g d.w. In our study a positive correlation 
was found between TPC and DPPH-RSA, R2 = 
0.97 (p<0.001), while Balestra et al. (2011) 
reported a correlation of R2 = 0.98 (p<0.001). 
 
CONCLUSIONS  
 
The addition of different levels of ginger 
powder (0 to 6%) to the wheat flour changed 
the thermo-mechanical properties of dough, as 
well as dough behaviour under large 
deformation. The dough resistance to 
deformation increased with the level of ginger 
powder, while the stability of the gel during 
heating and the starch retrogradation after the 
cooling of dough decreases. When performing 
the baking test, our results showed that the 
specific volume of the bread decreased and 
crumb firmness increased with the increase of 
the ginger powder level. Ginger powder 
addition to wheat bread samples improved the 
levels of biologically active compounds. The 
total phenols content and radical scavenging 
activity increased from 92.9 to 226.6 mg 
FAE/g d.w. and from 2.91 to 6.23%, 
respectively, when the levels of ginger powder 

addition increase from 0 to 6%. Although the 
ginger powder is a good source of phenolic 
compounds, the improvement of the bread 
recipe is required such as to obtain final 
products well accepted by the consumers. The 
taste and overall quality of bread with 2% 
ginger powder were well appreciated by the 
panelists.  
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compounds and diarylheptanoids. The ginger 
powder addition increased the DPPH-RSA of 
bread from 2.91% corresponding to the control 
sample to 6.23% in case of the bread with 6% 
ginger powder. 
 

Table 6. Total phenolic compounds and antioxidants 
properties of bread samples containing different levels of 

ginger powder 

Bread 
sample TFC, mg FAE/g d. w. DPPH-RSA, % 

WF 92.9 ± 2.7d 2.91 ± 0.05d 

WF + 
2%G 173.1 ± 3.0c 4.15 ± 0.07c 

WF + 
4%G 197.5 ± 2.6b 5.17 ± 0.05b 

WF + 
6%G 226.6 ± 1.6a 6.23 ± 0.05a 

Means on the same column that do not share a letter are significantly 
different at p<0.05. 
 
Our results indicated that the ginger powder is 
a good source of phenolic compounds, the TPC 
being 824.8 mg FAE/g d.w., much higher 
compared to wheat flour, 107.5 mg FAE/g d.w. 
(Table 6). Through substituting the wheat flour 
with 2 to 6% of ginger powder the TPC of the 
bread samples increased from 92.9 to 226.6 mg 
FAE/g d.w. In our study a positive correlation 
was found between TPC and DPPH-RSA, R2 = 
0.97 (p<0.001), while Balestra et al. (2011) 
reported a correlation of R2 = 0.98 (p<0.001). 
 
CONCLUSIONS  
 
The addition of different levels of ginger 
powder (0 to 6%) to the wheat flour changed 
the thermo-mechanical properties of dough, as 
well as dough behaviour under large 
deformation. The dough resistance to 
deformation increased with the level of ginger 
powder, while the stability of the gel during 
heating and the starch retrogradation after the 
cooling of dough decreases. When performing 
the baking test, our results showed that the 
specific volume of the bread decreased and 
crumb firmness increased with the increase of 
the ginger powder level. Ginger powder 
addition to wheat bread samples improved the 
levels of biologically active compounds. The 
total phenols content and radical scavenging 
activity increased from 92.9 to 226.6 mg 
FAE/g d.w. and from 2.91 to 6.23%, 
respectively, when the levels of ginger powder 

addition increase from 0 to 6%. Although the 
ginger powder is a good source of phenolic 
compounds, the improvement of the bread 
recipe is required such as to obtain final 
products well accepted by the consumers. The 
taste and overall quality of bread with 2% 
ginger powder were well appreciated by the 
panelists.  
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Abstract 
 
The purpose of the study was to evaluate the influence of nitrogen (N) and silicon (Si) on quality indices in maize 
grains, the Lovrin 400 hybrid. Nitrogen (ammonium nitrate) was applied in the range of 0-200 kg ha-1, with the 40 kg 
variation unit (N0, N40, N80, N120, N160, N200). Silicon (silicic acid) was applied foliar (0, 0.5%, 1.0%, 1.5%, 2.0%) 
in the main growth stage I: Leaf development BBCH Code, at 4 leaves, 6-8 leaves and 10 leaves, respectively.The 
combination of the two treatments resulted in 30 variants, in three repetitions. Corn grain quality indices such as starch 
(ST), protein (PRO), fat (FAT), fiber (FIB), ash (ASH) and moisture (MSTR) have been evaluated. Determinations were 
made using non-destructive NIR methods. Based on a general model of the type f = (N, Si), the PRO index indicated the 
strongest correlation (R2=0.800, with p<0.001), and the FAT index strongly correlation (R2=0.763 with p<0.001), with 
the two independent variable (N, Si). The ASH and FIB indices correlation had a average intensity (0.4<R2<0.5), and 
the MSTR correlation had a low intensity relative to N and Si. For the PRO index, the optimal dose was found for 
N=144.4 kg ha-1, and for Si=1.26%. In the case of the FAT index, the contribution of N was negligible, and for Si was 
found the optimal Si=1.46%. The PCA analysis identified the association of some N × Si fertilization variants with the 
PRO index, and other N × Si variants with ST and FAT quality indices, which facilitates decisions in fertilization 
practice. PC1 (ST) explained 76.136% of variance, and PC2 (PRO) explained 21.798% of the variance. Clustering 
analysis has led to the formation of three distinct clusters in relation to afinity of respons expressed through PRO index 
values determined by N and Si treatments. This has practical importance in the management of fertilization in maize 
with the two fertilizers. 
 
Key words: FAT, FIB, maize, nitrogen, PCA, PRO, silicon. 
 
INTRODUCTION 
 
Nitrogen is a macroelement with an important 
role in the vegetative growth of plants, in the 
synthesis of amino acids, protein substances, 
nucleic acids, some vitamins, enzymes, 
phytohormones and others (Marschner, 1995; 
Mengel and Kirkby, 2001). It is also the nu-
trient element applied in the form of fertilizers 
in the largest quantities to the fertilization of 
agricultural crops (Amanullah et al., 2016; 
Boldea et al., 2015; Yousaf et al., 2016). 
Optimization of nitrogen doses, applied 
singularly or in combination with PK, has been 
the subject of numerous research on the main 
agricultural crops such as corn, wheat, 
sunflower, and other (Boldea and Sala, 2010; 
Sala and Boldea 2011; Sala et al., 2015; 2016). 
Silica is a microelement with an important role 
in the pectocellulosic structure of plants, 
having an important role in the resistance 
structure of cell walls, cells and tissues (Liu et 

al., 2009; Song et al., 2014). It also has an 
important role in increasing the resistance and 
tolerance of plants to stress condition such as 
hydric, thermal, saline stress (Moussa, 2006; 
Habibi, 2016; Abdel Latef and Tran, 2016; 
Delavar et al., 2017; Sacala, 2017; Amin et al., 
2018), increasing plant tolerance to pathogens 
(Liang et al., 2005; Pozo et al., 2015). 
Although microelements such as Fe, Zn, B, Mn 
or Cu have been much more studied in relation 
to plant requirements, nutrition status and 
production quality (Jivan and Sala, 2014; 
Rawashdeh and Sala 2014; 2015; 2016), silicon 
is an important micronutrient for superior 
plants, and for crops (Chen et al., 2011; 
Marafon and Endres, 2013).  
Silicon has gained increased attention in 
various studies and research on the favorable 
influence on plant life (Marafon and Endres, 
2013), the influence on enzymatic, metabolic 
processes, chlorophyll content, photosynthetic 
rate (Xie et al., 2014), and influence on some 

physiological indices, productivity, production 
and quality in maize (Sacala, 2017; Delavar et 
al., 2017; Amin et al., 2018; Căbăroiu et al., 
2018a; 2018b). 
The present study evaluated the influence of ni-
trogen and silicon, applied in different combi-
nations, on quality indices in maize grains such 
as protein, starch, fat, fiber, ash and moisture. 
 
MATERIALS AND METHODS 
 
The study evaluated the influence of silicon 
and nitrogen, on some corn quality indexes. 
The research was carried out at SD Timişoara 
of USAMVB Timişoara, between 2017-2018. 
Experimental variants 
The biological material was represented by the 
Lovrin 400 maize hybrid.  
Nitrogen, in the form of ammonium nitrate, 
was applied in the spring in doses ranging from 
0 to 200 kg ha-1 with a graduation of 40 kg and 
resulted in the variants N0, N40, N80, N120, 
N160 and N200, respectively.  
At each level of nitrogen fertilization, silicon 
(silicic acid) was applied in the concentrations: 
0, 0.5%, 1.0%, 1.5% and 2%, respectively. The 
Si treatments have been applied foliar, in the 
main growth stage I: Leaf development BBCH 
Code (Maier, 2001); treatment I at 4 leaves, 
treatment II at 6-8 leaves and treatment III at 
10 leaves respectively. The experience had 30 
variants in three rehearsals. 
Quality indices determined 
Corn grain quality indices have been evaluated, 
such as starch (ST), protein (PRO), fat (FAT), 
and fiber (FIB). Moisture (MSTR) and ash 
(ASH) were also determined.  
The determinations were made using non-
destructive methods with the InfraXact, a high-
performance analyzer working in the NIR, with 
the scanning range between 570 and 1850 nm. 
Statistical analysis of the results 
The relationship between the qualitative 
elements pursued as dependent variables and 
the production factors, as independent variables 
(Si and N), analyzed the efficiency of a model 
given by the relation (1). 
 

eSidNcSibNa  Si) f(N, 22 ���������  (1) 
 
where: f represents, in turn, the dependent 
variables ASH/ST/PRO/FAT/FIB/MSTR; N - 

the independent variable defined by the 
nitrogen doses; Si - the independent variable 
defined by the amount of silicon. 
Statistical determination of function 
coefficients was performed using the Past3_21 
application (Hammer et al., 2001). 
 
RESULTS AND DISCUSSIONS 
 
The two nutrients N and Si, applied to maize, 
the Lovrin 400 hybrid, by ground fertilization 
(ammonium nitrate) and foliar fertilization 
(silicic acid), influenced the formation of grain 
quality indices, the values obtained are shown 
in Table 1.  
The starch content (ST) ranged from 55.17 to 
59.92% (V20), protein content (PRO) between 
4.41% and 8.64% (V23), fat content (FAT) 
between 2.52% and 3.82 (V14), fiber (FIB) 
between 1.25% and 2.35 (V14, V19), ash 
(ASH) between 1.69% and 2.26% (V14), and 
humidity (MSTR) between 12.51% and 
17.42% (V24). 
Expression of protein content (PRO), as the 
dependent variable under the influence of nitro-
gen and silicon, by a model as type Si)(N,f �  
indicated the strongest correlation (R2 = 0.800) 
with p <0.001. The expression of the function 
is given by the relation (2). 
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The values of the coefficients of the function 
(2) are statistically significant, each having      
p <0.001. Were determined the N and Si values 
leading to a maximum of the PRO function, as 
extremes of the function of two variables, the 
relation (3). 
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Optimum values for independent variables 
were obtained, ie N = 144.4 kg ha-1 and Si = 
1.26%, respectively. Graphical distributions of 
protein values in relation to Si and N are shown 
in Figure 1, respectively in Figure 2.  
Figure 3 represents the optimal values for Si 
and N, through which the maximum values for 
protein content were obtained, under the 
experimental conditions. 
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Abstract 
 
The purpose of the study was to evaluate the influence of nitrogen (N) and silicon (Si) on quality indices in maize 
grains, the Lovrin 400 hybrid. Nitrogen (ammonium nitrate) was applied in the range of 0-200 kg ha-1, with the 40 kg 
variation unit (N0, N40, N80, N120, N160, N200). Silicon (silicic acid) was applied foliar (0, 0.5%, 1.0%, 1.5%, 2.0%) 
in the main growth stage I: Leaf development BBCH Code, at 4 leaves, 6-8 leaves and 10 leaves, respectively.The 
combination of the two treatments resulted in 30 variants, in three repetitions. Corn grain quality indices such as starch 
(ST), protein (PRO), fat (FAT), fiber (FIB), ash (ASH) and moisture (MSTR) have been evaluated. Determinations were 
made using non-destructive NIR methods. Based on a general model of the type f = (N, Si), the PRO index indicated the 
strongest correlation (R2=0.800, with p<0.001), and the FAT index strongly correlation (R2=0.763 with p<0.001), with 
the two independent variable (N, Si). The ASH and FIB indices correlation had a average intensity (0.4<R2<0.5), and 
the MSTR correlation had a low intensity relative to N and Si. For the PRO index, the optimal dose was found for 
N=144.4 kg ha-1, and for Si=1.26%. In the case of the FAT index, the contribution of N was negligible, and for Si was 
found the optimal Si=1.46%. The PCA analysis identified the association of some N × Si fertilization variants with the 
PRO index, and other N × Si variants with ST and FAT quality indices, which facilitates decisions in fertilization 
practice. PC1 (ST) explained 76.136% of variance, and PC2 (PRO) explained 21.798% of the variance. Clustering 
analysis has led to the formation of three distinct clusters in relation to afinity of respons expressed through PRO index 
values determined by N and Si treatments. This has practical importance in the management of fertilization in maize 
with the two fertilizers. 
 
Key words: FAT, FIB, maize, nitrogen, PCA, PRO, silicon. 
 
INTRODUCTION 
 
Nitrogen is a macroelement with an important 
role in the vegetative growth of plants, in the 
synthesis of amino acids, protein substances, 
nucleic acids, some vitamins, enzymes, 
phytohormones and others (Marschner, 1995; 
Mengel and Kirkby, 2001). It is also the nu-
trient element applied in the form of fertilizers 
in the largest quantities to the fertilization of 
agricultural crops (Amanullah et al., 2016; 
Boldea et al., 2015; Yousaf et al., 2016). 
Optimization of nitrogen doses, applied 
singularly or in combination with PK, has been 
the subject of numerous research on the main 
agricultural crops such as corn, wheat, 
sunflower, and other (Boldea and Sala, 2010; 
Sala and Boldea 2011; Sala et al., 2015; 2016). 
Silica is a microelement with an important role 
in the pectocellulosic structure of plants, 
having an important role in the resistance 
structure of cell walls, cells and tissues (Liu et 

al., 2009; Song et al., 2014). It also has an 
important role in increasing the resistance and 
tolerance of plants to stress condition such as 
hydric, thermal, saline stress (Moussa, 2006; 
Habibi, 2016; Abdel Latef and Tran, 2016; 
Delavar et al., 2017; Sacala, 2017; Amin et al., 
2018), increasing plant tolerance to pathogens 
(Liang et al., 2005; Pozo et al., 2015). 
Although microelements such as Fe, Zn, B, Mn 
or Cu have been much more studied in relation 
to plant requirements, nutrition status and 
production quality (Jivan and Sala, 2014; 
Rawashdeh and Sala 2014; 2015; 2016), silicon 
is an important micronutrient for superior 
plants, and for crops (Chen et al., 2011; 
Marafon and Endres, 2013).  
Silicon has gained increased attention in 
various studies and research on the favorable 
influence on plant life (Marafon and Endres, 
2013), the influence on enzymatic, metabolic 
processes, chlorophyll content, photosynthetic 
rate (Xie et al., 2014), and influence on some 

physiological indices, productivity, production 
and quality in maize (Sacala, 2017; Delavar et 
al., 2017; Amin et al., 2018; Căbăroiu et al., 
2018a; 2018b). 
The present study evaluated the influence of ni-
trogen and silicon, applied in different combi-
nations, on quality indices in maize grains such 
as protein, starch, fat, fiber, ash and moisture. 
 
MATERIALS AND METHODS 
 
The study evaluated the influence of silicon 
and nitrogen, on some corn quality indexes. 
The research was carried out at SD Timişoara 
of USAMVB Timişoara, between 2017-2018. 
Experimental variants 
The biological material was represented by the 
Lovrin 400 maize hybrid.  
Nitrogen, in the form of ammonium nitrate, 
was applied in the spring in doses ranging from 
0 to 200 kg ha-1 with a graduation of 40 kg and 
resulted in the variants N0, N40, N80, N120, 
N160 and N200, respectively.  
At each level of nitrogen fertilization, silicon 
(silicic acid) was applied in the concentrations: 
0, 0.5%, 1.0%, 1.5% and 2%, respectively. The 
Si treatments have been applied foliar, in the 
main growth stage I: Leaf development BBCH 
Code (Maier, 2001); treatment I at 4 leaves, 
treatment II at 6-8 leaves and treatment III at 
10 leaves respectively. The experience had 30 
variants in three rehearsals. 
Quality indices determined 
Corn grain quality indices have been evaluated, 
such as starch (ST), protein (PRO), fat (FAT), 
and fiber (FIB). Moisture (MSTR) and ash 
(ASH) were also determined.  
The determinations were made using non-
destructive methods with the InfraXact, a high-
performance analyzer working in the NIR, with 
the scanning range between 570 and 1850 nm. 
Statistical analysis of the results 
The relationship between the qualitative 
elements pursued as dependent variables and 
the production factors, as independent variables 
(Si and N), analyzed the efficiency of a model 
given by the relation (1). 
 

eSidNcSibNa  Si) f(N, 22 ���������  (1) 
 
where: f represents, in turn, the dependent 
variables ASH/ST/PRO/FAT/FIB/MSTR; N - 

the independent variable defined by the 
nitrogen doses; Si - the independent variable 
defined by the amount of silicon. 
Statistical determination of function 
coefficients was performed using the Past3_21 
application (Hammer et al., 2001). 
 
RESULTS AND DISCUSSIONS 
 
The two nutrients N and Si, applied to maize, 
the Lovrin 400 hybrid, by ground fertilization 
(ammonium nitrate) and foliar fertilization 
(silicic acid), influenced the formation of grain 
quality indices, the values obtained are shown 
in Table 1.  
The starch content (ST) ranged from 55.17 to 
59.92% (V20), protein content (PRO) between 
4.41% and 8.64% (V23), fat content (FAT) 
between 2.52% and 3.82 (V14), fiber (FIB) 
between 1.25% and 2.35 (V14, V19), ash 
(ASH) between 1.69% and 2.26% (V14), and 
humidity (MSTR) between 12.51% and 
17.42% (V24). 
Expression of protein content (PRO), as the 
dependent variable under the influence of nitro-
gen and silicon, by a model as type Si)(N,f �  
indicated the strongest correlation (R2 = 0.800) 
with p <0.001. The expression of the function 
is given by the relation (2). 
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The values of the coefficients of the function 
(2) are statistically significant, each having      
p <0.001. Were determined the N and Si values 
leading to a maximum of the PRO function, as 
extremes of the function of two variables, the 
relation (3). 
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Optimum values for independent variables 
were obtained, ie N = 144.4 kg ha-1 and Si = 
1.26%, respectively. Graphical distributions of 
protein values in relation to Si and N are shown 
in Figure 1, respectively in Figure 2.  
Figure 3 represents the optimal values for Si 
and N, through which the maximum values for 
protein content were obtained, under the 
experimental conditions. 
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Expression of fat content (FAT) estimated by 
the model Si)(N,f � correlates strongly, R2 = 
0.763, with p<0.001.  
However, in this relation the N factor 
(fertilizer) has a negligible contribution, the 
values of the coefficients a and c being very 
low, and not statistically assured. Thus, the 
expression of the function is given by the 
relation (4). 
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The value of the silicon dose that led to a 
maximum of the FAT function (4) is given by 
the relation (5) and has the value of Si = 1.46%. 
 

01294.1Si77238.0Si/)Si,N(FAT �������  (5) 
 
No reference has been made to the optimal 
value of N due to the reduced contribution of 
this element for this index (FAT). In the case of 
the ST, ASH and FIB variables, the 
correlations were of medium intensity     
(0.4<R2 <0.5) and the MSTR correlation had a 
low intensity with respect to N and Si. 
 

 
Table 1. Values of quality indices in maize, Lovrin 400 hybrid, influenced by N and Si 

Trial N 
(kg ha-1) 

Si 
(%) 

Ash 
(%) 

ST 
(%) 

PRO 
(%) 

FAT 
(%) 

FIB 
(%) 

MSTR 
(%) 

V1 0 0 1.69 57.31 4.41 2.87 1.25 15.24 
V2 0 0.5 1.6 56.8 4.78 3.32 1.38 14.27 
V3 0 1 1.73 56.13 4.84 3.39 1.42 14.35 
V4 0 1.5 1.62 55.18 4.98 3.38 1.49 14.94 
V5 0 2 1.77 56.81 4.72 3.25 1.47 14.51 
V6 40 0 1.77 55.17 4.68 2.52 1.23 15.56 
V7 40 0.5 1.91 57.27 6.49 3.05 1.62 14.23 
V8 40 1 1.93 58 6.68 3.21 1.77 14.57 
V9 40 1.5 2.04 59.21 6.74 3.61 1.94 14.72 

V10 40 2 1.82 58.17 6.12 3.28 1.71 14.17 
V11 80 0 1.54 55.29 4.81 2.58 1.14 13.4 
V12 80 0.5 2.02 57.05 6.4 2.76 1.35 15.89 
V13 80 1 2.11 58.12 6.51 3.19 1.6 15.49 
V14 80 1.5 2.26 59.47 7.35 3.82 2.35 15.28 
V15 80 2 2.14 59.37 6.36 3.41 1.72 14.75 
V16 120 0 1.32 56.33 5.76 2.68 1.06 12.51 
V17 120 0.5 2.03 56.74 6.21 3.22 1.54 16.42 
V18 120 1 2.15 58.76 7.6 3.49 1.71 16.39 
V19 120 1.5 2.24 59.41 8.05 3.58 2.35 17.06 
V20 120 2 1.94 59.92 6.74 3.53 1.63 15.37 
V21 160 0 1.38 56.47 6.74 2.77 1.65 13.98 
V22 160 0.5 1.67 56.65 7.91 2.86 1.67 14.8 
V23 160 1 1.66 57.15 8.64 3.26 1.69 14.44 
V24 160 1.5 1.92 57.6 8.27 3.77 1.88 17.42 
V25 160 2 1.42 57.43 7.66 3.2 1.3 13.81 
V26 200 0 1.79 57.28 5.55 2.64 1.44 14.48 
V27 200 0.5 1.77 57.38 5.93 3.29 1.5 15.28 
V28 200 1 1.75 58.23 6.73 3.32 1.55 14.16 
V29 200 1.5 1.63 58.55 7.24 3.51 1.7 13.72 
V30 200 2 1.56 57.36 6.3 3.16 1.39 14.31 
SE - - ± 0.045 ± 0.232 ± 0.213 ± 0.064 ± 0.053 ± 0.193 

 
 

Figure 1. Graphic distribution of protein content (PRO) depending on Si concentration variation 
 

 
 

Figure 2. Graphical distribution of protein content (PRO) based on dose variation of N 
 
The function (6) describing the variation of the 
ASH index by Si and N, and the function (7) 
describing the change in fiber content (FIB) in 
relation to the independent variables (N and Si) 
were obtained.  
The coefficients of the function (6) are 
statistically safe but the contribution N to the 
ash content was negligible. 
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For this reason the optimal value of this 
element (N) was not calculated and only the 
optimum value of the silicon level was 
determined, Si = 1.208%. 
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Figure 1. Graphic distribution of protein content (PRO) depending on Si concentration variation 
 

 
 

Figure 2. Graphical distribution of protein content (PRO) based on dose variation of N 
 
The function (6) describing the variation of the 
ASH index by Si and N, and the function (7) 
describing the change in fiber content (FIB) in 
relation to the independent variables (N and Si) 
were obtained.  
The coefficients of the function (6) are 
statistically safe but the contribution N to the 
ash content was negligible. 
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For this reason the optimal value of this 
element (N) was not calculated and only the 
optimum value of the silicon level was 
determined, Si = 1.208%. 
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Figure 3. Graphical representation in the form of isoquants indicating the optimal values for Si and N  
to ensure protein content (PRO) 
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The coefficients of the variable N in function 
(7) had negligible values and did not present 
statistical safety. The optimum value of silicon 
was obtained, Si = 1.309%.  
The coefficient of variation (CV) indicated low 
values for ST (CVST = 2.2118), middle values 
for MSTR (CVMSTR = 7.1332) and FAT  
(CVFAT = 10.9137), and higher values for ASH 
(CVASH = 13.7839), PRO (CVPRO = 18.3138) 
and, respectively, FIB (CVFIB = 18.6018). 
PCA analysis of experimental data against 
three higher quality indices (ST, PRO and 
FAT) led to the representation in Figure 4.  
The association of V22, V23, V24, V25, V18 
and v19 variants with the PRO index, and of 
V8, V9, V10, V13, V14, V15, V20, V28 and 
V29 variants with ST and FAT indices was 
found. PC1 (ST) explained 76.136% of 
variance, and PC2 (PRO) explained 21.798% 
of the variance. 
Clustering analysis led to the dendrogram in 
Figure 5, which grouped the experimental 
variants (V1-V30) into three distinct clusters 
based on similarities expressed by Euclidean 
Distances, depending on the values of the PRO 
index.  
The Cl cluster, with several sub-clusters, 
contains the variants with the lowest values for 
the PRO index (V1-V6, V11). Within this 

cluster, there were found similarities for PRO 
in variants [(V2-V11, V3)], (V5-V6), and V4 
and V1 variants were placed on independent 
positions. The CII cluster, also with several 
sub-clusters, comprises 8 variants (V14, V18, 
V22-V25, V29). Within this cluster, a high 
degree of similarity was found in variants 
[(V14-V29), (V18-V25)], [(V19-V22), V24], 
and V23 was placed in the independent 
position. The CIII cluster comprises 15 variants 
grouped into three distinct sub-clusters: CIII-1 
subgroup with variants [(V16-V27), V26]; 
subgroup CIII-2 with variants [((V9-V20-V21) 
V28), V8]; subgroup CIII-3 with variants [(V7-
V13), ((V12-V15), V30)), (V10-V17)]. 
The clusterial classification based on the 
Euclidean distances showed a high degree of 
statistical safety, Coph. coef. = 0.780. The 
favorable influence of Si on certain 
physiological and quality indices in maize was 
also communicated by Abdel Latef and Tran 
(2016). Regarding the favorable influence of Si 
on the protein content, Soundararajan et al. 
(2014) have appreciated that Si plays an 
important role in the formation of specific 
proteins, by essentially contributing to the 
binding of amino acids. The favorable 
influence of Si on the leaf protein content of 
maize has been also reported by Moussa 
(2006). 
Xu et al. (2016) have reported the favorable 
influence of silicon on sugar and starch content 
in maize, with statistical safety (p<0.05). 
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Figure 4. The PCA distribution of the cases studied (biplot PRO, FAT, ST) under the influence of 

independent variables (N, Si) 
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Figure 5. Clustering of variants based on Euclidean distances, depending on the values of the PRO index 

 
An important role of Si on the absorption and 
phosphorus regime in maize was 
communicated by Meena and Malav (2016). 
The influence of Si in relation to calcium and 
potassium regime in plants, and in relation of 
wheat growth processes was communicated by 
Mali and Aery (2007), and an extensive study 

on the influence of Si on the absorption of 
nutrients in rice was reported by Chen et al. 
(2011). 
Silicon has an active role in DNA formation 
and RNA functionality (Abbas et al., 2015).  
Various benefits of silicon for agricultural 
crops have been communicated by Guntzer et 
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Figure 3. Graphical representation in the form of isoquants indicating the optimal values for Si and N  
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statistical safety, Coph. coef. = 0.780. The 
favorable influence of Si on certain 
physiological and quality indices in maize was 
also communicated by Abdel Latef and Tran 
(2016). Regarding the favorable influence of Si 
on the protein content, Soundararajan et al. 
(2014) have appreciated that Si plays an 
important role in the formation of specific 
proteins, by essentially contributing to the 
binding of amino acids. The favorable 
influence of Si on the leaf protein content of 
maize has been also reported by Moussa 
(2006). 
Xu et al. (2016) have reported the favorable 
influence of silicon on sugar and starch content 
in maize, with statistical safety (p<0.05). 

ST

PRO

FAT

V1

V2

V3

V4

V5

V6 V7

V8

V9

V10

V11
V12

V13

V14

V15

V16 V17

V18 V19

V20

V21

V22

V23

V24

V25

V26
V27 V28

V29V30
-3.0 -2.4 -1.8 -1.2 -0.6 0.6 1.2 1.8 2.4

PC1 (76.136% variance)

-2.0

-1.6

-1.2

-0.8

-0.4

0.4

0.8

1.2

1.6
PC

2 
(2

1.
79

8%
 v

ar
ia

nc
e)

 
Figure 4. The PCA distribution of the cases studied (biplot PRO, FAT, ST) under the influence of 

independent variables (N, Si) 
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Figure 5. Clustering of variants based on Euclidean distances, depending on the values of the PRO index 

 
An important role of Si on the absorption and 
phosphorus regime in maize was 
communicated by Meena and Malav (2016). 
The influence of Si in relation to calcium and 
potassium regime in plants, and in relation of 
wheat growth processes was communicated by 
Mali and Aery (2007), and an extensive study 

on the influence of Si on the absorption of 
nutrients in rice was reported by Chen et al. 
(2011). 
Silicon has an active role in DNA formation 
and RNA functionality (Abbas et al., 2015).  
Various benefits of silicon for agricultural 
crops have been communicated by Guntzer et 
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al. (2012), Habibi (2015), Karmollachaab and 
Gharineh (2015), Malčovská et al. (2014a; 
2014b). In the context of climate change, and 
water stress times associated with high 
temperature, the favorable influence of silicon 
on maize was recorded by Amin et al. (2018). 
The results communicated by this study are in 
line with recent research on the influence of 
silicon on crop plants and on quality indices. 
 
CONCLUSIONS 
 
Nitrogen and silicon have influenced favorably 
PRO, FAT, FIB in maize grains, the Lovrin 
400 hybrid, in safe statistical conditions. Also, 
variations in Ash and Moisture (MSTR) were 
recorded in maize grains, but in low correlation 
conditions. 
The statistical analysis facilitated finding the 
optimum N dose at 144.4 kg ha-1 and the 
optimal Si concentration at 1.16% for the PRO 
index at the Lovrin 400 hybrid. 
The PCA analysis identified the association of 
fertilization variants (N×Si type) with the PRO 
index and other variants (N×Si type) with the 
ST and FAT quality indices. PC1 (ST index) 
explained 76.136% of the variance, and PC2 
(PRO index) explained 21.798% of the 
variance. 
Clusterial analysis has led to the formation of 
affinity-based variation groups, based to the 
PRO index values determined by N and Si 
treatments, which are of practical importance in 
the management of maize fertilization. 
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al. (2012), Habibi (2015), Karmollachaab and 
Gharineh (2015), Malčovská et al. (2014a; 
2014b). In the context of climate change, and 
water stress times associated with high 
temperature, the favorable influence of silicon 
on maize was recorded by Amin et al. (2018). 
The results communicated by this study are in 
line with recent research on the influence of 
silicon on crop plants and on quality indices. 
 
CONCLUSIONS 
 
Nitrogen and silicon have influenced favorably 
PRO, FAT, FIB in maize grains, the Lovrin 
400 hybrid, in safe statistical conditions. Also, 
variations in Ash and Moisture (MSTR) were 
recorded in maize grains, but in low correlation 
conditions. 
The statistical analysis facilitated finding the 
optimum N dose at 144.4 kg ha-1 and the 
optimal Si concentration at 1.16% for the PRO 
index at the Lovrin 400 hybrid. 
The PCA analysis identified the association of 
fertilization variants (N×Si type) with the PRO 
index and other variants (N×Si type) with the 
ST and FAT quality indices. PC1 (ST index) 
explained 76.136% of the variance, and PC2 
(PRO index) explained 21.798% of the 
variance. 
Clusterial analysis has led to the formation of 
affinity-based variation groups, based to the 
PRO index values determined by N and Si 
treatments, which are of practical importance in 
the management of maize fertilization. 
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The North American leafhopper Scaphoideus titanus Ball 1932 is the main vector of Flavescence dorée phytoplasma 
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to capture the insects. The leafhopper S. titanus was present in all surveyed vine plantations. Its population abundances 
differed between plantations and years. Vines with symptoms characteristic to yellows diseases were detected in 64% of 
surveyed vine plantations. The data gathered in this study offer useful information and constitute an important step 
forward in assessing the phytosanitary risk of the leafhopper in the vineyards from Romania. 
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INTRODUCTION 
 
Grapevine (Vitis vinifera L.) is one of the most 
important crops in Romania. According to the 
national statistical database published by the 
National Institute of Statistics, Romania has 
cultivated 177000 hectares of grapevine in 
2017 (NIS 2018, published in 2019). The pests 
are among the major factors affecting the 
grapevine.  
The leafhopper Scaphoideus titanus Ball 1932 
(Auchenorrhyncha: Cicadellidae) is a pest 
specialised on grapevine of North American 
origin that reproduces on this and feeds by 
piercing and sucking from cells of phloem 
vessels. It is an invasive species introduced in 
Europe in the 1950s (Papura et al., 2012). The 
high economic importance of S. titanus for 
grapevine is especially given by its role in 
spreading of the phytoplasma associated with 
the golden flavescence diseases (Flavescence 

dorée, FD) (Galetto et al., 2016). FD is a 
quarantine disease belonging to the yellows 
group with a very destructive capacity to 
grapevine in Europe. This affects the immune 
system of the plants and produce hormonal 
disturbances with grave consequences on the 
yield and quality (Boudon-Padieu, 2003).  
S. titanus has one generation per year and 
overwinters as egg under the bark of vine 
canes. The spreading over long distance of the 
vector is made, among others ways, by 
transferring of the planting material bearing 
eggs under the bark from one place to another 
for different purposes (Galetto et al., 2016). 
At the present, S. titanus is widely spread in 
many vine growing areas across the countries 
from Western Europe, but also in vineyards 
from Central and Southern Europe (Tancik and 
Seljak, 2017). Mirutenko et al. (2018) reported 
on the presence of S. titanus in Ukraine. 

 

First report on S. titanus in Romanian 
grapevine was in 2009 (Chireceanu et al., 
2011). Since then, the survey on the pest 
spreading has continued. From the time when 
the conversion and restructuring program in 
viticulture was conducted in Romania with 
support from European Community (Order 
247/2008) and large quantities of planting 
material were brought from western European 
countries to create new plantations, the 
presence of the N American leafhopper S. 
titanus was regarded as a much more serious 
problem for grapevine in the country. In this 
context, Research Institute for Plant Protection 
Bucharest started collaboration with two 
Research Stations for Viticulture and 
Oenology, one in Miniş (Arad County, western 
Romania) and the other in Odobeşti (Vrancea 
County, eastern Romania), and also with wine-
farmers in order to perform a larger survey on 
vineyards aimed at detecting the presence and 
spreading of S. titanus and acquiring new 
knowledge on the pest activity. 
The purpose of this research was to detect and 
monitor S. titanus in vineyards from the 
western Romania and plants with symptoms 
characteristic to grapevine yellows diseases as 
well. Results of the survey carried out in 2016 -
2018 period in the three vine-growing regions 
are presented in this report. 
 
MATERIALS AND METHODS 
 
The survey for spreading of the vector S. 
titanus was carried out in 2016-2018 period on 
28 vineyard plantations situated in three 

famous vine-growing regions in the Western 
Romania (Banat, Crişana and Maramureş) 
(Table 1). Four plantations surveyed in 2016 
were also surveyed in 2017. Only new vine 
plantations that were created under the national 
program of reconversion and restructuring in 
Romanian viticulture were included in this 
surveyed. The vineyards investigated showed 
symptoms typical to those induced by the 
grapevine yellows diseases. Most of the 
planting material for both national and 
international grape varieties was brought from 
EU countries and a small part was produced in 
the country. The plantations were of 3-8 years 
old and belonged to owners in the three 
regions. Pest and diseases in plantations were 
controlled with chemical products according to 
farmer’s own management in conventional 
system. It should be mentioned that one or two 
insecticide applications were be done against 
the grape moth (Lobesia botrana Denis et 
Schiffermuller). S. tinanus was not the target of 
any treatment. The sampling of S. titanus as 
well as other leaf and plant hoppers was on 
yellow double-sticky traps (20×30 cm, 
produced in Romania). Four traps per 
plantation were set up in the rows of vines at 
the level of canopy from the middle of June to 
earlier October, replaced every two weeks with 
new ones. The collected specimens of S. titanus 
were identified under a stereomicroscope SZ61 
type in the laboratory using the morphological 
descriptions of adults and larvae. The traps and 
insects are stored at the Research and 
Development Institute for Plant Protection 
Bucharest.  

 

 

Table 1. Data on the vineyard plantations surveyed for the presence of S. titanus in 2016 -2018 

County Vineyard Viticulture 
Centre Acronym Year of 

planting 
Area 
(ha) Grape variety Rootstocks 

2016 

Arad Miniș - 
Măderat 

Păuliș WIN-P1-Pă 2009 3.5 Traminer roz Selecția 
Openheim 4 

Ghioroc 
 

BIR1-Gh 2010 2.0 Cabernet sauvignon SO4 
BIR2-Gh 2011 2.0 Cabernet sauvignon SO4 

Miniș 
 

SAR-Mi 2011 2.2 Fetească albă 
Muscat ottonel SO4, SO4 

BRA-Mi 2011 1.2 Riesling Italian SO4 
DIV-Mi 2008 1.4 Cabernet sauvignon SO4 - 762 

Măderat 
 

ELI-INV-Mă 2010 3.5 Fetească neagră SO4 
CRAP-Mă 2011 1.4 Sauvignon blanc SO4 

Covăsânț POD-Co 2011 1.2 Pinot noir SO4 - 763 
Satu 
Mare Rătești Beltiuc ERD-Be 2013 21.16 Burgund, Merlot 

Cabernet sauvignon SO4 - 762 
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INTRODUCTION 
 
Grapevine (Vitis vinifera L.) is one of the most 
important crops in Romania. According to the 
national statistical database published by the 
National Institute of Statistics, Romania has 
cultivated 177000 hectares of grapevine in 
2017 (NIS 2018, published in 2019). The pests 
are among the major factors affecting the 
grapevine.  
The leafhopper Scaphoideus titanus Ball 1932 
(Auchenorrhyncha: Cicadellidae) is a pest 
specialised on grapevine of North American 
origin that reproduces on this and feeds by 
piercing and sucking from cells of phloem 
vessels. It is an invasive species introduced in 
Europe in the 1950s (Papura et al., 2012). The 
high economic importance of S. titanus for 
grapevine is especially given by its role in 
spreading of the phytoplasma associated with 
the golden flavescence diseases (Flavescence 

dorée, FD) (Galetto et al., 2016). FD is a 
quarantine disease belonging to the yellows 
group with a very destructive capacity to 
grapevine in Europe. This affects the immune 
system of the plants and produce hormonal 
disturbances with grave consequences on the 
yield and quality (Boudon-Padieu, 2003).  
S. titanus has one generation per year and 
overwinters as egg under the bark of vine 
canes. The spreading over long distance of the 
vector is made, among others ways, by 
transferring of the planting material bearing 
eggs under the bark from one place to another 
for different purposes (Galetto et al., 2016). 
At the present, S. titanus is widely spread in 
many vine growing areas across the countries 
from Western Europe, but also in vineyards 
from Central and Southern Europe (Tancik and 
Seljak, 2017). Mirutenko et al. (2018) reported 
on the presence of S. titanus in Ukraine. 

 

First report on S. titanus in Romanian 
grapevine was in 2009 (Chireceanu et al., 
2011). Since then, the survey on the pest 
spreading has continued. From the time when 
the conversion and restructuring program in 
viticulture was conducted in Romania with 
support from European Community (Order 
247/2008) and large quantities of planting 
material were brought from western European 
countries to create new plantations, the 
presence of the N American leafhopper S. 
titanus was regarded as a much more serious 
problem for grapevine in the country. In this 
context, Research Institute for Plant Protection 
Bucharest started collaboration with two 
Research Stations for Viticulture and 
Oenology, one in Miniş (Arad County, western 
Romania) and the other in Odobeşti (Vrancea 
County, eastern Romania), and also with wine-
farmers in order to perform a larger survey on 
vineyards aimed at detecting the presence and 
spreading of S. titanus and acquiring new 
knowledge on the pest activity. 
The purpose of this research was to detect and 
monitor S. titanus in vineyards from the 
western Romania and plants with symptoms 
characteristic to grapevine yellows diseases as 
well. Results of the survey carried out in 2016 -
2018 period in the three vine-growing regions 
are presented in this report. 
 
MATERIALS AND METHODS 
 
The survey for spreading of the vector S. 
titanus was carried out in 2016-2018 period on 
28 vineyard plantations situated in three 

famous vine-growing regions in the Western 
Romania (Banat, Crişana and Maramureş) 
(Table 1). Four plantations surveyed in 2016 
were also surveyed in 2017. Only new vine 
plantations that were created under the national 
program of reconversion and restructuring in 
Romanian viticulture were included in this 
surveyed. The vineyards investigated showed 
symptoms typical to those induced by the 
grapevine yellows diseases. Most of the 
planting material for both national and 
international grape varieties was brought from 
EU countries and a small part was produced in 
the country. The plantations were of 3-8 years 
old and belonged to owners in the three 
regions. Pest and diseases in plantations were 
controlled with chemical products according to 
farmer’s own management in conventional 
system. It should be mentioned that one or two 
insecticide applications were be done against 
the grape moth (Lobesia botrana Denis et 
Schiffermuller). S. tinanus was not the target of 
any treatment. The sampling of S. titanus as 
well as other leaf and plant hoppers was on 
yellow double-sticky traps (20×30 cm, 
produced in Romania). Four traps per 
plantation were set up in the rows of vines at 
the level of canopy from the middle of June to 
earlier October, replaced every two weeks with 
new ones. The collected specimens of S. titanus 
were identified under a stereomicroscope SZ61 
type in the laboratory using the morphological 
descriptions of adults and larvae. The traps and 
insects are stored at the Research and 
Development Institute for Plant Protection 
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Table 1. Data on the vineyard plantations surveyed for the presence of S. titanus in 2016 -2018 

County Vineyard Viticulture 
Centre Acronym Year of 

planting 
Area 
(ha) Grape variety Rootstocks 

2016 

Arad Miniș - 
Măderat 

Păuliș WIN-P1-Pă 2009 3.5 Traminer roz Selecția 
Openheim 4 

Ghioroc 
 

BIR1-Gh 2010 2.0 Cabernet sauvignon SO4 
BIR2-Gh 2011 2.0 Cabernet sauvignon SO4 

Miniș 
 

SAR-Mi 2011 2.2 Fetească albă 
Muscat ottonel SO4, SO4 

BRA-Mi 2011 1.2 Riesling Italian SO4 
DIV-Mi 2008 1.4 Cabernet sauvignon SO4 - 762 

Măderat 
 

ELI-INV-Mă 2010 3.5 Fetească neagră SO4 
CRAP-Mă 2011 1.4 Sauvignon blanc SO4 

Covăsânț POD-Co 2011 1.2 Pinot noir SO4 - 763 
Satu 
Mare Rătești Beltiuc ERD-Be 2013 21.16 Burgund, Merlot 

Cabernet sauvignon SO4 - 762 
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2017 

Arad Miniș - 
Măderat 

Păuliș WIN-P1 2009 3.5 Traminer roz SO4 
Ghioroc BIR3-G 2010 2.0 Cabernet sauvignon SO4 

Miniș BRA-M 2011 1.2 Riesling Italian SO4 
SERM 2011 0.8 Merlot SO4 

Măderat 
 

ELI-MIN- W 2010 3.5 Fetească neagră SO4 
ELI-W 2011 1.4 Sauvignon blanc SO4 

Covăsânț 
 

POD-C 2011 1.2 Pinot noir SO4 
WINP 2011 0.65 Burgund Mare SO4 

Timiș Recaș-
Tirol Recaș CRAR-P-1 2008 17.0 Chardonnay SO4 

CRAR-P-2 2009 13.0 Pinot noir SO4 
2018 

Arad Miniș - 
Măderat 

Cuvin WIN-P3-Cu 2009 5.0 Cadarcă SO4 

Pâncota 
 

VIGN-D1-Pâ 2010 4.0 Cabernet sauvignon SO4 
VIGN-D2 -Pâ 2011 3.2 Cabernet sauvignon SO4 
VIGN-D3-Pâ 2010 3.5 Pinot gris SO4 
BAN-M-Pâ 2011 1.65 Muscat ottonel SO4 
MIH-D-Pâ 2014 1.8 Merlot SO4 

Măderat 
 

ELI-W2-Mă 2011 1.4 Pinot gris SO4 
ELI-W3-Mă 2011 1.2 Pinot noir SO4 

Timiș Recaș-
Tirol 

Recaș 
 

CRA-R.P.3 2010 10.0 Chardonnay SO4 
CRA-R.P.4 2010 11.0 Pinot noir SO4 

Bihor 
 

Diosig 
 

Biharia SAD-PC-Bi 2014 8.0 Fetească neagră SO4 

Diosig ANC-AD-Di 2010 3.8 
Fetească regală, 
Sauvignon blanc 
Traminer roz 

SO4  

 
From the experimental point of view, the basic 
method was the traps for monitoring the insect 
population. From the theoretical perspective, 
the working methods were those characteristic 
to statistics: the elementary statistical 
calculation (primary calculation: extreme 
values, averages, variations, probable average 
deviations, characteristics related to the peak 
sharpness and distribution symmetry); 
calculating the confidence intervals of 
estimating the number of insects per trap; the 
variation of insect populations through the 
vineyard vegetative period. Experimental 
methods and of statistical processing of the 
data have led to useful results for a superior 
monitoring of the insect populations, 
development of some forecasting tools of their 
dynamics and implicitly, warning on the need 
of insecticide treatments application. 
 
RESULTS AND DISCUSSIONS 
 
Although the symptoms of grapevine yellowing 
attributed to golden flavescence have been 
described in Romania since 1967 (Rafailă and 
Costache, 1970), the North American 
leafhopper Scaphoideus titanus was first 
reported only in 2009 in an abandoned 
grapevine from Bucharest, the south part of the 
country (Chireceanu et al., 2011). In the 
following years, the leafhopper presence has 

been confirmed in other vineyards from the 
southern, central and eastern of Romania 
(Chireceanu et al., 2014; 2017). The insect was 
found in western part close to the Hungarian 
border (Szalárdi et al., 2014; 2016). The golden 
flavescence disease, of which the main natural 
vector is S. titanus, has not detected until now. 
According to the reports of Ploaie and 
Chireceanu (2012) and Chireceanu et al., 
(2013), aster yellows and Stolbur were found in 
Romanian grapevine until now. In the context 
when more and more Romanian vineyards 
exhibited plants with visible modifies 
suspected to be associated with the effects 
caused by the phytoplasmoses, the presence of 
S. titanus on vineyards have paid the attention 
of viticultors, scientists and authorities. It was 
also taken into account the fact that 
considerable amounts of planting material from 
outside the country were used in the program 
for vineyards reconstruction, this being a 
propitious way for insect spreading. 
Accordingly, survey activities were financial 
supported at the national level by the Ministry 
of Agriculture and Rural Development within 
framework of the research projects ADER 412.  
Visual assessment of the symptomatic vines in 
the plantations conducted in 2016-2018 
revealed the presence of signs characteristic to 
yellows diseases: changes of foliage colour 
(yellowing to the varieties with white grapes 

 

and reddening to those with black grapes), 
leaves thicker than the normal ones and 
breakable, the leaves rolled downwards, 
yellowing or reddening of veins of leaves 
followed by necrosis, annual shoots incomplete 

lignified, more flexible than normal ones with a 
dropping aspect, bunches desiccated. Some of 
grapevine symptoms are illustrated in Figure 1. 
 

  

 

 

Figure 1. Symptoms of phytoplosmoses diseases observed on grapevine in surveyed areas: Burgund mare (A),  
Traminer roz (B), Chardonnay (C), Pinot noir (D) 

 
The proportion of vine plantations affected by yellows disease symptoms is given in Table 2. 
 

Table 2. Proportion of plantations presented symptoms of yellow disease 
Year of observations Vine plantation observed /vine plantation with yellow symptoms 

2016 6/10 (60%) 
2017 6/6 (100%) 
2018 6/12 (50%) 

2016-2018 18/28 (64.28%) 
  

A B 

C 

D 
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MIH-D-Pâ 2014 1.8 Merlot SO4 

Măderat 
 

ELI-W2-Mă 2011 1.4 Pinot gris SO4 
ELI-W3-Mă 2011 1.2 Pinot noir SO4 

Timiș Recaș-
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Diosig ANC-AD-Di 2010 3.8 
Fetească regală, 
Sauvignon blanc 
Traminer roz 

SO4  
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The proportion of vine plantations affected by yellows disease symptoms is given in Table 2. 
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The data in the three years of monitoring 
showed presence of the vine leafhopper            
S. titanus in all vineyards in this study, 
regardless of grape variety, age and area or 
chemical treatments applied for specific pest 

and diseases in plantations. The pest population 
differed over vineyards, oscillating from 11 to 
272 specimens per plantation in 2016 (Figure 
2), from 15 to 1534 specimens in 2017 (Figure 
3) and from 5 to 53 in 2018 (Figure 4). 

 
Figure 2. Number of S. titanus trapped on yellow sticky traps in 2016 

 

Figure 3. Number of S. titanus trapped on yellow sticky traps in 2017 

 
Figure 4. Number of S. titanus trapped on yellow sticky traps in 2018 

 

 

A variable total population of the pest was 
observed between years. Out of a total of 2942 
specimens during the 3-year sampling, 571 
specimens were caught in 2016, 2173 in 2017 
and 198 specimens in 2018, representing 
19.4%, 73.9% and 6.7%, respectively. 
The captures of S. titanus not exceeded 100 
specimens per plantation in 75% of cases, 
except for one plantation in 2016 and three in 
2017 (Figure 3, 4 and 5). Higher presences of 
the insect were on Traminer roz cv. and on 
Pinot noir cv. in Miniș-Măderat vineyard, and 
on Pinot noir cv. in Recaș-Tirol vineyard. 
One of the causes for low densities of S. titanus 
on vineyards could be the chemical sprays 
applied for grapevine protection in accordance 
with the strategy used by each wine-farmer. It 
is possible that the chemicals for the main pests 

also act against S. titanus. In the present, the 
main problems for the grapevine in Romania 
are two moths of Tortricidae, Lobesia botrana 
(Denis & Schiffermüller) and Eupoecilia 
ambiguella (Hubner) and a group of four 
species of mites, Panonychus ulmi (Kokh), 
Tetranychus urticae (Kokh), Colomerus vitis 
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The captures lasted from the middle June to 
September. Only one adult was trapped on 3 
October. The leafhopper population showed 
similar dynamics in all plots in accordance with 
the univoltine character of its biology: low 
densities at the beginning of summer (second 
part of June) that started to increase until a 
maximum density that was reached around the 
middle of summer (the end of July) and then a 
decline until low values of captures were 
reached at the end of summer (the end of 
August) - the beginning of the autumn. 
The density of S. titanus population was small 
in 9 out of the 10 vine plantations in the study. 
This fluctuated from 4 specimens per trap on 
Cabernet sauvignon cv. to 177 specimens per 
trap on Traminer roz cv. Before and after the 
maximum point of the pest density, the 

captures per one trap were from 0.25 to 92 
depending on the plantation. Over entire 
collecting period of 2017, the highest captures 
were on Traminer roz cv. (on average 47.94 
specimens/trap) and on Pinot noir cv. (26.25 
specimens/trap) from the Miniș-Măderat 
vineyard. Very low density of S. titanus was 
also noted by Hungarian researchers who 
inspected few plantations in this part of 
Romania (Szalárdi et al., 2014; 2017). 
In seven of the ten vineyard plantations in 
2017, the population of S. titanus reached a 
level above the threshold of three adults per 
trap per week established by Chuche and 
Thiéry (2014) for the grapevine in Bordeaux 
region indicating the necessity of chemical 
intervention (Figure 6). 
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The data in the three years of monitoring 
showed presence of the vine leafhopper            
S. titanus in all vineyards in this study, 
regardless of grape variety, age and area or 
chemical treatments applied for specific pest 

and diseases in plantations. The pest population 
differed over vineyards, oscillating from 11 to 
272 specimens per plantation in 2016 (Figure 
2), from 15 to 1534 specimens in 2017 (Figure 
3) and from 5 to 53 in 2018 (Figure 4). 

 
Figure 2. Number of S. titanus trapped on yellow sticky traps in 2016 

 

Figure 3. Number of S. titanus trapped on yellow sticky traps in 2017 

 
Figure 4. Number of S. titanus trapped on yellow sticky traps in 2018 
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Figure 6. The dynamics of S. titanus per trap per week in 2017 

To get better knowledge about the insect 
behaviour tendency, a statistical analysis of 
data from 2016 and 2017 was performed. The 
results are presented in the Tables 3 and 4 and 
in figures from 7 to 10. The elementary 
statistical calculation (primary calculation: 
extreme values, averages, variations, probable 
average deviations, characteristics related to the 
peak sharpness and distribution symmetry) are 
presented in table 3. Confidence intervals for 
the captures per trap of S. titanus, presented in 
table 4, indicate the range of values within 

which the real number of insects per trap is 
estimated to be found in any of tested location 
and the probability that this will occur. In 2016, 
95% confidence intervals (0.95) point out that 
95% of collecting values are included in the 
range from 2 to 26 insects per trap, while in 
2017, the same percentage is characteristic for 
a much larger range, from 0 to 125 insects per 
trap. The chance that these take place is of 
95%. Statistics expression of collected data, 
represented by histograms, is shown in figures 
from 7 to 10.   

 

 

Table 3. Statistics of S. titanus distribution in four plantations surveyed in 2016 and 2017 

Characteristics 2016 2017 
Minimum value  2.750 3.750 
Maximum value 68.000 378.500 
Arithmetic mean 14.275 54.175 
Geometric mean 8.747 19.460 
Harmonic mean 6.467 12.168 
Mean square 23.381 121.749 
Kurtosis (sharpness of the peak of the curve) 8.264 9.533 
Skewness (asymmetry) 2.804 3.068 
Variance 380.978 11887.938 
Average standard deviation 19.519 109.032 

 
Table 4. Confidence intervals for the number of insects per trap in four plantations in 2016 and 2017 

Level of 
significance 

Probability that the value to 
be in the confidence 

interval 

Lower limit of confidence 
interval 

Upper limit of confidence 
interval 

2016 2017 2016 2017 
0.01 0.99 11.89667 -39.4408 16.65333 147.7908 
0.02 0.98 -0.08402 -30.3736 28.63402 138.7236 
0.03 0.97 0.880453 -24.6946 27.66955 133.0446 
0.04 0.96 1.598552 -20.4663 26.95145 128.8163 
0.05 0.95 2.177425 -17.0578 26.37257 125.4078 
 

 
Figure 7. Probability density of insects, 2016 Figure 8. The probability of the number of insects 

being smaller than a given number, 2016 

  
Figure 9. Probability density of insects, 2017 Figure 10. The probability of the number of insects 

being smaller than a given number, 2017 
 

To appreciate how S. titanus population 
evolves from year to year in the same place, 
this was monitored for two consecutive years in 
four plantations (Figures 10 and 11).  
The results pointed out an increase in the S. 
titanus population in 2017 compared to 2016. 

 
Figure 11. The average of S. titanus per trap in 2016 and 

2017 in four vine-plantations 
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Figure 12. Percentage increase of S. titanus population in 

2017 than 2016 in four vine-plantations 
 
CONCLUSIONS 
 
The monitoring data in vine plantations from 
the western part of Romania in 2016-2018, 
revealed the presence of symptoms 
characteristic to grapevine yellows diseases in 
over 64% of surveyed plantations. Scaphoideus 
titanus, described as the main vector of FD, 
was distributed in all vine plantation in this 
study, which means that it is in a continuously 
expanding on grapevine in the country. These 
results bring new information that completes 
the range of existing knowledge on this time. 
Possible causes for constantly spreading of the 
vector could be the favourable climate 
conditions for overwintering it finds due to the 
warming climate, and also the liberalisation of 
the commerce with plant products including 
planting material. 
The captures dynamics on yellow sticky traps 
indicated an active activity of the insect from 
June to September. Generally, the population 
abundance of S. titanus was small, but this 
reached a level above the threshold defined by 
literature indicating the necessity of chemical 
sprays. Considering S. titanus a high 
phytosanitary risk due to its natural quality in 
harbouring the phytoplasma causing the 
quarantine disease Flavescence dorée occurring 
in vineyards, an increased field activity will 
focus on the seasonal activity of the leafhopper 
to understand its population development and 
to establish a sprays scheme own this pest. 
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Abstract 
 
Collembola are known as soil organisms living in various habitats. However, most of these arthropods can be found on 
the surface of the ground. Collembola are small animals, mostly only a few millimetres in length and not very popular 
despite their important role in the ecosystem, especially in the decomposition of organic soil materials. This study was 
conducted in two sections. The first phase was represented by obtaining soil sample in Tomohon, then extracting it 
using Berlese funnel, the second by identifying Collembola samples using molecular marker for DNA barcoding with 
COI gene. Of the four identified specimens, only two had good quality chromatogram (SD2 and SD3), while the rest of 
the specimens (SD1 and SD4) had poor quality of chromatogram. According to the BLAST result, the SD2 specimen has 
the highest similarity with Folsomia quadrioculata (accession number: KJI86295.1) with 83.00% of similarity. There is 
a genetic similarity of SD3 sample specimens with Collembola sp. (accession number: KM618794.1) with 85% of 
similarity. Molecular identification using the COI gene DNA barcoding for both specimens is considered a challenge 
due to the lack of information in the database. Collembola fauna in North Sulawesi is rarely explored, therefore this 
research is the basis for being able to find out its potential in the ecosystem where they live. 
  
Key words: Collembola, Berlese funnel, DNA barcoding, Folsomia quadrioculata. 
 
INTRODUCTION 
 
Collembola is one of the most abundant soil 
arthropods and leaf litter both in quantity and 
diversity. There is a high range of diversity 
between species with an important role in soil 
ecosystems (Hopkin, 1997; Suhardjono, 2000). 
Collembola are extremely important, among 
others, as a decomposer of soil organic matter. 
It also plays a role in distributing organic 
material in the soil, increasing fertility and 
improving soil physical properties (Indriyati 
and Wibowo, 2008). Collembola also acts as a 
fungal hyphae feeder, indicators of changes in 
soil conditions, balancing soil fauna, predator 
and pollinators. Its consumption of pest fungi 
may help reducing disease of plants (Hopkin, 
1997). 
Although very abundant, Collembola is rarely 
studied due to its small size and its hidden 
habitat, and its role that cannot be felt directly 
by humans. There are approximately 6000 
species of Collembola in the world and about 
500 genera have been described (Suhardjono, 
2012). 

The existence of Collembola has not been 
much explored in Indonesia. Taxonomic 
research until 1966 only found 90 species from 
all over Indonesia and until 1992 as many as 
1500-1600 species can be collected, while only 
about 20% has been described (Suhardjono et 
al., 2012). So far, Collembola has been 
identified using morphological characters, 
namely through seta layout or called 
chaetotaxy, but Collembola experts have begun 
to carry out molecular approaches even though 
expensive costs are required. 
Collembola inventory in North Sulawesi was 
only carried out in 1985 and found two new 
species, namely Heteronomurus greensladeae 
and H. affinis (Mutt, 1987). Yoshii and 
Greenslade (1993) in their expedition in North 
Sulawesi reported two new species of Paronelid 
and Cyphoderid. Until now there has been no 
research or publication about Collembola 
conducted in Tomohon, North Sulawesi, let 
alone about its genetic analysis. This is a 
preliminary study designed to identify the types 
of Collembola in North Sulawesi, especially 
around Tomohon area. The use of CO1 

 

barcoding is a fast, time-efficient, and can be 
used for the smallest animals (Rougerie et al., 
2009).  
 
MATERIALS AND METHODS 
 
This study was conducted from April to June 
2018. Collembola samples were taken from 
Rurukan Village (Figure 1) by collecting soil 
and leaf litter sample, and then extraction using 
Berlese funnel for about 5-7 days. Four 
samples were used to represent the Collembola 
population, labeled SD1, SD2, SD3, and SD4 
onward. The collembolans collected in the 
funnel were preserved in 95% alcohol. 
 

 

Figure 1. Collembola sampling location in Rurukan, 
Tomohon 

 
DNA Extraction and Polymerase Chain 
Reaction 
 Total DNA extraction of the specimens was 
carried out by using Plant Genomic DNA Mini 
Kit (Genaid). Each of sample specimens was 
pipetted to a new microtube 1.5 ml and the 
ethanol was removed. The step of cell lysis was 
started according to the extraction kit protocol, 
but the incubation time was extended to 3 
hours. The rest of the protocol was performed 
according to the manual. 
The Polymerase Chain Reaction (PCR) was 
done using 5x Firepol PCR Master Mix Ready 
to load (Solis Biodyne) kit. Each 50 µl reaction 
has 15 pmol from each primer, and 2µl of DNA 
template. The COI gene was amplified using 
primer pair LCO1490 (5'-GGT CAA ATC 

ATAAAGATATTGG-3') and HC02198 (5'-
TAA ACT TCAGGG TGA CCA AAA AAT 
CA-3') (Folmer et al., 1994) and primer pair 
FF2 d (5’- 
TTCTCCACCAACCACAARGAYATYGG 
and FR1d (5’- 
CACCTCAGGGTGTCCGAARAAYCARAA-
3’) (Ivanova et al., 2007). The reaction 
condition for PCR is 95°C denaturation (3 
minutes), followed by 35 cycles of 95°C (30 
seconds), 50°C of annealing (30 seconds), and 
72°C of DNA extension (50 seconds). The PCR 
results were separated using 0.8% agarose gel 
electrophoresis (in 1x TBE buffer) and 
observed using UV-Transilluminator. 
 
Sequencing of COI Gene 
The sequencing process used two primers pairs.  
Both PCR results and primers were sent to First 
Base (Malaysia) for sequencing. The obtained 
results were chromatograms containing DNA 
sequences.  
 
Data Analysis 
The resulting DNA sequences were edited and 
compared using the Clustal Walgorithm. 
Identification was done using GenBank 
database (www.ncbi.nlm.nih.gov).  
The phylogenetic trees were made using 
Geneious v 5.6 software with the Neighbor-
Joining algorithm. 
 
RESULTS AND DISCUSSIONS 
 
Based on the agarose gel electrophoresis result 
(Figure 2), the DNA extraction process, and 
COI gene of the four Collembola samples, it 
was found that there are two samples with 
distinct DNA band (SD2 and SD3), two 
samples having poor quality band (SD1 and 
SD4). All four of these bands have a size close 
to standard 750 bp DNA compared to 500 bp 
band. This finding shows that PCR-amplified 
target DNA has fit the expectation of Folmer et 
al. (1994), with 710 bp long COI gene 
fragment.  
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Abstract 
 
Collembola are known as soil organisms living in various habitats. However, most of these arthropods can be found on 
the surface of the ground. Collembola are small animals, mostly only a few millimetres in length and not very popular 
despite their important role in the ecosystem, especially in the decomposition of organic soil materials. This study was 
conducted in two sections. The first phase was represented by obtaining soil sample in Tomohon, then extracting it 
using Berlese funnel, the second by identifying Collembola samples using molecular marker for DNA barcoding with 
COI gene. Of the four identified specimens, only two had good quality chromatogram (SD2 and SD3), while the rest of 
the specimens (SD1 and SD4) had poor quality of chromatogram. According to the BLAST result, the SD2 specimen has 
the highest similarity with Folsomia quadrioculata (accession number: KJI86295.1) with 83.00% of similarity. There is 
a genetic similarity of SD3 sample specimens with Collembola sp. (accession number: KM618794.1) with 85% of 
similarity. Molecular identification using the COI gene DNA barcoding for both specimens is considered a challenge 
due to the lack of information in the database. Collembola fauna in North Sulawesi is rarely explored, therefore this 
research is the basis for being able to find out its potential in the ecosystem where they live. 
  
Key words: Collembola, Berlese funnel, DNA barcoding, Folsomia quadrioculata. 
 
INTRODUCTION 
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improving soil physical properties (Indriyati 
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fungal hyphae feeder, indicators of changes in 
soil conditions, balancing soil fauna, predator 
and pollinators. Its consumption of pest fungi 
may help reducing disease of plants (Hopkin, 
1997). 
Although very abundant, Collembola is rarely 
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habitat, and its role that cannot be felt directly 
by humans. There are approximately 6000 
species of Collembola in the world and about 
500 genera have been described (Suhardjono, 
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Kit (Genaid). Each of sample specimens was 
pipetted to a new microtube 1.5 ml and the 
ethanol was removed. The step of cell lysis was 
started according to the extraction kit protocol, 
but the incubation time was extended to 3 
hours. The rest of the protocol was performed 
according to the manual. 
The Polymerase Chain Reaction (PCR) was 
done using 5x Firepol PCR Master Mix Ready 
to load (Solis Biodyne) kit. Each 50 µl reaction 
has 15 pmol from each primer, and 2µl of DNA 
template. The COI gene was amplified using 
primer pair LCO1490 (5'-GGT CAA ATC 

ATAAAGATATTGG-3') and HC02198 (5'-
TAA ACT TCAGGG TGA CCA AAA AAT 
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FF2 d (5’- 
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and FR1d (5’- 
CACCTCAGGGTGTCCGAARAAYCARAA-
3’) (Ivanova et al., 2007). The reaction 
condition for PCR is 95°C denaturation (3 
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72°C of DNA extension (50 seconds). The PCR 
results were separated using 0.8% agarose gel 
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observed using UV-Transilluminator. 
 
Sequencing of COI Gene 
The sequencing process used two primers pairs.  
Both PCR results and primers were sent to First 
Base (Malaysia) for sequencing. The obtained 
results were chromatograms containing DNA 
sequences.  
 
Data Analysis 
The resulting DNA sequences were edited and 
compared using the Clustal Walgorithm. 
Identification was done using GenBank 
database (www.ncbi.nlm.nih.gov).  
The phylogenetic trees were made using 
Geneious v 5.6 software with the Neighbor-
Joining algorithm. 
 
RESULTS AND DISCUSSIONS 
 
Based on the agarose gel electrophoresis result 
(Figure 2), the DNA extraction process, and 
COI gene of the four Collembola samples, it 
was found that there are two samples with 
distinct DNA band (SD2 and SD3), two 
samples having poor quality band (SD1 and 
SD4). All four of these bands have a size close 
to standard 750 bp DNA compared to 500 bp 
band. This finding shows that PCR-amplified 
target DNA has fit the expectation of Folmer et 
al. (1994), with 710 bp long COI gene 
fragment.  
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Figure 2. Agarose gel electrophoresis 0.8% of PCR products of Collembola 

 
PCR process had been repeated for SD1 and 
SD4 samples but the result did not fit the 
expectation, which is consistent with indistinct 
band, even if the SD1 sample seemed better 
than SD4 sample. This matter could be due to 
incompatibility of the order of primers with the 
primer pasting site on sample DNA. An 
alternative primer pair (FF2d and FR1d) had 
been tested by Ivanova et al. (2007), but it has 
not produced the expected PCR result. This 
causes sequencing process to be continued 
using Folmer’s primer, which produced better 
result from SD2 and SD3 samples. 
 
SD2 Sample Identification using GenBank 
SD2 specimen chromatogram produced 
through the sequencing process showed a 
feasible result, both for sequencing with 
forward primer (LCO1490) and reverse primer 
(HC02198). This two direction sequencing 
result was combined using software Geneious 
5.6.4 (Kearse et al., 2012) with MUSCLE 
algorithm (Edgar, 2004) for alignment. From 
this alignment result, both primers at the 
beginning and the end have been trimmed to 
produce a 658 bp long consensus sequence 
(Figure 3).The blue indicator for the consensus 
sequence showed quality of nucleotide read 
from the DNA sample. Lighter blue indicated 
better reading, which was shown by the good 
peaks of this chromatogram. This consensus 
sequence copied and made into FASTA (Fast 
Alignment)format for identification using 
BLAST (Basic Local Alignment Search Tool) 
(Madden, 2013) by comparing the order of 
sample DNA sequence with all the samples in 

GenBank of NCBI (National Center for 
Biotechnology Information). 
Based on BLAST result, SD2 sample had the 
highest similarity with Folsomia quadrioculata 
(accession number: KJ186294.1 and 
KJ186295.1) (von Saltzwedel et al., 2014), as 
shown in Figure 4. The similarity of this 
specimen with SD2 sample is 83%, counted 
from the similarity of 542 nucleotides out of 
653 compared nucleotides (Figure 4). The 
specimens in Gen Bank comprised only 98% of 
SD2 sample’s DNA sequence, as shown on 
Query Coverage remark in the picture. 
 
SD3 Sample Identification using GenBank 
Identification of SD3 sample was done with 
similar manner as SD2 sample. The SD3 
specimen chromatogram produced through the 
sequencing process showed a feasible result, 
using forward and reverse primer. A 658 bp 
long DNA consensus were resulted from the 
editing process, just as accurate as written by 
Folmer et al. (1994). The chromatogram 
alignment also shown light blue indicator, 
which mean this consensus generated from 
good peaks chromatogram (Figure 5). 
Based on BLAST result, SD3 sample had the 
highest similarity with the specimen labeled as 
Collembola sp. (accession number 
KM618794.1) in Figure 6 (Hebert et al., 2019). 
The similarity is 85.24% with the specimen 
covering 99% of the query sequence (Figure 6). 
This 85.24% was counted from 560 similarity 
out of 657 nucleotides compared (Figure 4). 
The similarity of both samples in the GenBank 
is below 90%. Considering the decent 

 

chromatogram resulted from sequencing 
process (picture not shown), the mismatch 
between both specimen with specimen from 
GenBank was not generated from poor 
chromatogram quality, nor bad editing process. 
In SD2 sample, 83% of similarity with 

Folsomia quadrioculata is leading to unreliable 
result for molecular identification. This is 
caused by the lack of information in the 
database. In SD3 sample, 85% of similarity 
with specimen labeled as Collembola sp. has 
the same problem.  

 

 
Figure 3. Chromatogram alignment of bi-directional sequencing of SD2 Sample 

 

 
Figure 4. SD2 Sample Search result of Basic Local Alignment Search Tool (BLAST)
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Figure 5. Chromatogram alignment of bi-directional sequencing of SD3 Sample 

 
 

 
Figure 6. SD3 Sample search result of Basic Local Alignment Search Tool (BLAST)  

 
 
 

 
 
 

 
CONCLUSIONS 
 
SD2 specimen has 83% similarity with 
Folsomia quadrioculata (accession number: 
KJ186295.1).  
SD3 specimen has 85.24% similarity with 
Collembola sp. (accession number: 
KM618794.1). 
Molecular identification using the COI gene for 
both specimens represent a challenge due to the 
lack of information in the database.   
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Abstract 
 
The paper presents the assessment of light interception and absorption patterns, canopy structure and aerial dry matter 
allocation in 27 alfalfa varieties grown in the eco-climatic conditions of Gherghita Plain, Romania, and whether the 
results can lead to the improvement of cropping technologies for obtaining superior forage yields and better winter 
hardiness. Alfalfa is a perennial crop that produces its highest yields during the second year of growth and the paper 
emphasizes the experimental results obtained during the last harvest cycle of the second cropping year. This period was 
selected to establish the ecophysiological patterns of the alfalfa plants before entering the winter. The morphological 
variables were the leaf/stem ratio L/S (g DM leaf m-2/ g DM stem m-2), average height of the canopy (cm) and forage 
yield (t DM ha-1). The radiation variables comprised the incident and transmitted light, zenith angle, probe’s spread, 
and leaf area index (LAI). PAR profile was assessed before cutting using a canopy analyzer (SunScan Canopy Analysis 
System, Delta-T Devices Ltd., Cambridge, UK).The mean values for the 27 varieties were as follows: LAI of 2.69 
(CV=28.76%), canopy height of 41.44 cm (CV=18.41%), leaf/stem ratio of 0.73 (CV=17.19%), and a forage yield of 
4.23 t DM ha-1 (CV=21.66%). The relative low coefficients of variation related to the ecophysiological response of 
alfalfa plants to the abiotic factors suggest a moderate variability between varieties despite their geographical region 
of origin. A positive correlation was found between canopy height and L/S Ratio (r = 0.52; p<0.01), and with forage 
yield (r = 0.54; p<0.01). L/S Ratio was positevely correlated with forage dry matter yield (0.63; p<0.001). The 
interactions between vertical light absorption - absorbing medium - morphological and yield characteristics of the 
variety have been accurately assessed using the factor analysis. These three factors have explained 79.4% of the 
variance in the dataset. The obtained indicators are useful to characterize the winter hardiness and to facilitate the 
selection of the most suitable varieties to be cultivated in equivalent eco-climatic conditions. 
 
Key words: alfalfa, canopy analyzer, leaf area index, photosynthetically active radiation, vertical light absorption. 
 
INTRODUCTION  
 
Alfalfa or lucerne (Medicago sativa L.) is an 
important forage species in temperate regions 
improving the soil characteristics through the 
symbiosis with Rhizobium strains (Bărbulescu 
et al., 1991). It was found that yield and 
growing range of alfalfa are limited by abiotic 
stress (Motcă et al., 1994). Recent studies on 
physiology, genetic and molecular aspects have 
underlined complex processes integrated at 
various levels that regulate stress adaptation 
and tolerance (Song et al., 2019).  
Understanding the fluxes between atmosphere, 
canopy and soil, and the relationship with 
sources and sinks within the carbon cycle are 
becoming more important for the global 

climate change research. In New Zealand, 
irrigated alfalfa was C-neutral despite two 
harvests and losses following conversion from 
grassland. In the 2nd and 3rd years combined, 
the biomass-C removal exceeded net CO2 
uptake, causing net losses of 450 g C m-2 and 
210 g C m-2 for irrigated and non-irrigated 
lucerne, respectively. Irrigation made no 
difference to the photosynthetic water-use 
efficiency at field scale, but enhanced 
production water-use efficiency (biomass/water 
input). Irrigation increased both the absolute 
amount of drainage and the fraction of water 
inputs lost by drainage (Laubach et al., 2019). 
Assessment of the light absorption by leaves 
within canopy is an important task in modeling 
CO2 assimilation (Dunea and Dincă, 2014).   

 
In central Oklahoma, USA, rainfed alfalfa 
yields were regulated by amount and timing of 
rainfall resulting in cumulative dry forage yield 
up to 7.5 t ha-1 (four harvests) in 2016 (dry 
year) and up to 10 t ha-1 (five harvests) in 2017 
(wet year). The response of gross primary 
production to photosynthetically active 
radiation (PAR) varied with growth stage of 
alfalfa and climatic conditions (i.e., dry or 
normal/wet periods) (Wagle et al., 2019). 
In Romania, Romanian varieties showed 
valuable biological characteristics in rainfed 
conditions providing good annual water use 
efficiencies(WUE) ranging from 13-14 kg dry 
matter (DM) mm-1 ha-1 (1st year of cropping), 
15-16 (2nd year), and 18-19 (3rd year), 
respectively (Dincă et al., 2017). The 
multiannual average of Radiation Use 
Efficiency (RUE) ranged between 1.3 and 1.4 g 
MJ m-2. It was found that increasing of RUE 
determines the decreasing of crude protein 
content (% DM) of the alfalfa silage. More 
efficient bioconversion processes may occur 
with advancing in maturity and crop aging that 
increase the DM content, but the quality of DM 
may decrease, pointing out that stand 
management is a key factor to insure optimal 
nutritional value of the resulted fodder (Dunea 
et al., 2018). In Germany, under water stress, 
the mean RUE of cup plant (Silphium 
perfoliatum L.) (1.3 g MJ-1) was significantly 
lower than that of maize (2.9 g MJ-1) and 
lucerne-grass mixture (1.4 g MJ-1) - Medicago 
sativa L., Festuca pratensis Huds. and Phleum 
pratense L. (Schoo et al., 2017). 
In Argentina, RUE values ranged from 2.0 to 
1.6 g DM MJ-1 for 15 and 30 cm row spacing, 
respectively. Plant density was most affected 
by row spacing and it increased with narrow 
spacing, while the leaf area index (LAI) was 
also affected by row spacing. Aerial DM 
responses to reduced row spacing were positive 
due to a linear increase in PAR radiation 
interception and an optimal pattern in RUE 
(Mattera et al., 2013). In growth chamber 
conditions, PAR had a strong effect on alfalfa 
growth with significant effects on the size and 
mass of all yield components, and relative 
growth rates. Humidity effects were less 
evident, although still significantly increased 
total alfalfa leaf area (24-30%), stem mass (17-
42%), shoot mass (13-33%), and height (23-

24%) (Powell and Bork, 2005). Extinction 
coefficients for average transmittance were 
found to differ for alfalfa and tall fescue 
canopies. Canopy structure, LAI, and, to a 
lesser degree, the extent of direct and diffuse 
radiant energy were found to influence 
penetration more than sun angle. Leaf area 
altered the average ratios of above-canopy UV-
B/UV-A and UV-B/PAR ratios (Shulski et al., 
2004). In Romania, the maximum LAI at the 
first cutting ranged between 5.1 and 5.3 
depending on the variety. The ELADP varied 
between 1.47 and 2.36 (a typical ELADP of 
alfalfa is 1.54 - Campbell and van Evert, 1994), 
while light extinction coefficient (k) reached 
0.8. The energy transmitted to the canopy 
ranged between 7.4 and 22.3 �mol m-2 s-1 on 
average. The coefficient of absorption varied 
between 0.75 and 0.83 depending on variety 
and experimental year. RUE of alfalfa ranged 
between 0.23 and 0.27 g moles-1 m-2 day-1 
(Dincă and Dunea, 2018).  
In this context, the rationale of the study was to 
assess the light interception and absorption 
patterns, canopy structure and aerial dry matter 
allocation in 27 alfalfa varieties grown in the 
eco-climatic conditions of Gherghita Plain, 
Romania, and whether the results can lead to 
the improvement of cropping technologies for 
obtaining superior forage yields. Alfalfa is a 
perennial crop that produces its highest yields 
during the second year of growth (FAO, 2019). 
In this regard, the paper presents the 
experimental results obtained during the last 
harvest cycle of the second cropping year, a 
period that was selected to establish the growth 
and development patterns of the alfalfa plants 
before entering the winter. The obtained 
variables will be useful to characterize the 
winter hardiness of the tested varieties.  
 
MATERIALS AND METHODS 
 
The experiments were carried out on plots in 
Gherghita Plain, Puchenii Mari village 
(N44.824060, E26.092660). Each of the 27 
varieties had three replicates and several 
variables have been determined for each 
harvest cycle: Relative Growth Rate, Tillering 
Rate and type (vegetative and generative), 
Leaf/Stem Ratio, net yield, Forage quality, 
canopy height, RUE, and LAI. The collection 
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Abstract 
 
The paper presents the assessment of light interception and absorption patterns, canopy structure and aerial dry matter 
allocation in 27 alfalfa varieties grown in the eco-climatic conditions of Gherghita Plain, Romania, and whether the 
results can lead to the improvement of cropping technologies for obtaining superior forage yields and better winter 
hardiness. Alfalfa is a perennial crop that produces its highest yields during the second year of growth and the paper 
emphasizes the experimental results obtained during the last harvest cycle of the second cropping year. This period was 
selected to establish the ecophysiological patterns of the alfalfa plants before entering the winter. The morphological 
variables were the leaf/stem ratio L/S (g DM leaf m-2/ g DM stem m-2), average height of the canopy (cm) and forage 
yield (t DM ha-1). The radiation variables comprised the incident and transmitted light, zenith angle, probe’s spread, 
and leaf area index (LAI). PAR profile was assessed before cutting using a canopy analyzer (SunScan Canopy Analysis 
System, Delta-T Devices Ltd., Cambridge, UK).The mean values for the 27 varieties were as follows: LAI of 2.69 
(CV=28.76%), canopy height of 41.44 cm (CV=18.41%), leaf/stem ratio of 0.73 (CV=17.19%), and a forage yield of 
4.23 t DM ha-1 (CV=21.66%). The relative low coefficients of variation related to the ecophysiological response of 
alfalfa plants to the abiotic factors suggest a moderate variability between varieties despite their geographical region 
of origin. A positive correlation was found between canopy height and L/S Ratio (r = 0.52; p<0.01), and with forage 
yield (r = 0.54; p<0.01). L/S Ratio was positevely correlated with forage dry matter yield (0.63; p<0.001). The 
interactions between vertical light absorption - absorbing medium - morphological and yield characteristics of the 
variety have been accurately assessed using the factor analysis. These three factors have explained 79.4% of the 
variance in the dataset. The obtained indicators are useful to characterize the winter hardiness and to facilitate the 
selection of the most suitable varieties to be cultivated in equivalent eco-climatic conditions. 
 
Key words: alfalfa, canopy analyzer, leaf area index, photosynthetically active radiation, vertical light absorption. 
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important forage species in temperate regions 
improving the soil characteristics through the 
symbiosis with Rhizobium strains (Bărbulescu 
et al., 1991). It was found that yield and 
growing range of alfalfa are limited by abiotic 
stress (Motcă et al., 1994). Recent studies on 
physiology, genetic and molecular aspects have 
underlined complex processes integrated at 
various levels that regulate stress adaptation 
and tolerance (Song et al., 2019).  
Understanding the fluxes between atmosphere, 
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sources and sinks within the carbon cycle are 
becoming more important for the global 

climate change research. In New Zealand, 
irrigated alfalfa was C-neutral despite two 
harvests and losses following conversion from 
grassland. In the 2nd and 3rd years combined, 
the biomass-C removal exceeded net CO2 
uptake, causing net losses of 450 g C m-2 and 
210 g C m-2 for irrigated and non-irrigated 
lucerne, respectively. Irrigation made no 
difference to the photosynthetic water-use 
efficiency at field scale, but enhanced 
production water-use efficiency (biomass/water 
input). Irrigation increased both the absolute 
amount of drainage and the fraction of water 
inputs lost by drainage (Laubach et al., 2019). 
Assessment of the light absorption by leaves 
within canopy is an important task in modeling 
CO2 assimilation (Dunea and Dincă, 2014).   

 
In central Oklahoma, USA, rainfed alfalfa 
yields were regulated by amount and timing of 
rainfall resulting in cumulative dry forage yield 
up to 7.5 t ha-1 (four harvests) in 2016 (dry 
year) and up to 10 t ha-1 (five harvests) in 2017 
(wet year). The response of gross primary 
production to photosynthetically active 
radiation (PAR) varied with growth stage of 
alfalfa and climatic conditions (i.e., dry or 
normal/wet periods) (Wagle et al., 2019). 
In Romania, Romanian varieties showed 
valuable biological characteristics in rainfed 
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efficiencies(WUE) ranging from 13-14 kg dry 
matter (DM) mm-1 ha-1 (1st year of cropping), 
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respectively (Dincă et al., 2017). The 
multiannual average of Radiation Use 
Efficiency (RUE) ranged between 1.3 and 1.4 g 
MJ m-2. It was found that increasing of RUE 
determines the decreasing of crude protein 
content (% DM) of the alfalfa silage. More 
efficient bioconversion processes may occur 
with advancing in maturity and crop aging that 
increase the DM content, but the quality of DM 
may decrease, pointing out that stand 
management is a key factor to insure optimal 
nutritional value of the resulted fodder (Dunea 
et al., 2018). In Germany, under water stress, 
the mean RUE of cup plant (Silphium 
perfoliatum L.) (1.3 g MJ-1) was significantly 
lower than that of maize (2.9 g MJ-1) and 
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sativa L., Festuca pratensis Huds. and Phleum 
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In Argentina, RUE values ranged from 2.0 to 
1.6 g DM MJ-1 for 15 and 30 cm row spacing, 
respectively. Plant density was most affected 
by row spacing and it increased with narrow 
spacing, while the leaf area index (LAI) was 
also affected by row spacing. Aerial DM 
responses to reduced row spacing were positive 
due to a linear increase in PAR radiation 
interception and an optimal pattern in RUE 
(Mattera et al., 2013). In growth chamber 
conditions, PAR had a strong effect on alfalfa 
growth with significant effects on the size and 
mass of all yield components, and relative 
growth rates. Humidity effects were less 
evident, although still significantly increased 
total alfalfa leaf area (24-30%), stem mass (17-
42%), shoot mass (13-33%), and height (23-

24%) (Powell and Bork, 2005). Extinction 
coefficients for average transmittance were 
found to differ for alfalfa and tall fescue 
canopies. Canopy structure, LAI, and, to a 
lesser degree, the extent of direct and diffuse 
radiant energy were found to influence 
penetration more than sun angle. Leaf area 
altered the average ratios of above-canopy UV-
B/UV-A and UV-B/PAR ratios (Shulski et al., 
2004). In Romania, the maximum LAI at the 
first cutting ranged between 5.1 and 5.3 
depending on the variety. The ELADP varied 
between 1.47 and 2.36 (a typical ELADP of 
alfalfa is 1.54 - Campbell and van Evert, 1994), 
while light extinction coefficient (k) reached 
0.8. The energy transmitted to the canopy 
ranged between 7.4 and 22.3 �mol m-2 s-1 on 
average. The coefficient of absorption varied 
between 0.75 and 0.83 depending on variety 
and experimental year. RUE of alfalfa ranged 
between 0.23 and 0.27 g moles-1 m-2 day-1 
(Dincă and Dunea, 2018).  
In this context, the rationale of the study was to 
assess the light interception and absorption 
patterns, canopy structure and aerial dry matter 
allocation in 27 alfalfa varieties grown in the 
eco-climatic conditions of Gherghita Plain, 
Romania, and whether the results can lead to 
the improvement of cropping technologies for 
obtaining superior forage yields. Alfalfa is a 
perennial crop that produces its highest yields 
during the second year of growth (FAO, 2019). 
In this regard, the paper presents the 
experimental results obtained during the last 
harvest cycle of the second cropping year, a 
period that was selected to establish the growth 
and development patterns of the alfalfa plants 
before entering the winter. The obtained 
variables will be useful to characterize the 
winter hardiness of the tested varieties.  
 
MATERIALS AND METHODS 
 
The experiments were carried out on plots in 
Gherghita Plain, Puchenii Mari village 
(N44.824060, E26.092660). Each of the 27 
varieties had three replicates and several 
variables have been determined for each 
harvest cycle: Relative Growth Rate, Tillering 
Rate and type (vegetative and generative), 
Leaf/Stem Ratio, net yield, Forage quality, 
canopy height, RUE, and LAI. The collection 
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comprises varieties from Romania, other 
European countries, U.S.A., and Russian 
Federation. All plots have been maintained in 
the same conditions of fertilization and 
irrigation. 
On 16 October 2019, the PAR profile was 
assessed before cutting using a canopy analyzer 
(SunScan Canopy Analysis System, Delta-T 
Devices Ltd., Cambridge, UK) by introducing 
the 1-m probe at the bottom layer of the 
canopy, near the ground, and positioning a 
beam fraction sensor (BF5 reference PAR 
sunshine sensor) outside the canopy (beam 
fraction is the fraction of the total incident PAR 
in the direct beam). The BF5 sensor consists of 
an array of 7 photodiodes under a specially 
shaped shadow mask, used for measuring direct 
and diffuse light above the canopy 
(https://www.delta-t.co.uk/wp-
content/uploads/2017/02/SSI-UM_v3.3.pdf). 
PAR measurements were repeated 3 times in 
each alfalfa variety to improve the accuracy of 
the measurements (Figure 1).  
 

 
Figure 1. Monitoring of light interception and absorption 
in alfalfa canopy using a Delta-T Devices SunScan SS1 
canopy analyzer and beam fraction sensors; 27 varieties 

have been screened for solar radiation patterns 
 
The radiation dataset presented in this paper 
comprises the incident and transmitted light, 
zenith angle, spread, and leaf area index. Zenith 
angle is estimated between the center of the sun 
and the point directly overhead. Spread is a 
measure of the relative variation in light 
intensity along the SunScan probe that contains 
64 photodiodes equally spaced along its length, 
being calculated as the standard deviation 
divided by the mean. An absorption coefficient 
of 0.83 and an ELADP of 1.5 were considered 
based on previous studies performed in 
Romania.  

The morphological dataset contains the 
leaf/stem ratio – L/S (g DM leaf m-2/g DM 
stem m-2), average height of the canopy (in cm, 
measured in 5 points of the plot) and potential 
forage yield (t DM ha-1). 
The aboveground part of the harvested plants, 
separated in morphological components (stems, 
leaves, buds/flowers), was dried in the oven at 
80°C for 24 hours to determine the accu-
mulated aerial dry matter (ADM). The dried 
material was weighed with a Sartorius 
precision electronic balance. LAI values (m-2 
leaves m-2 soil surface) were provided directly 
by the canopy analyzer system and they have 
been checked randomly using measurements of 
leaf area samples in a planimeter.   
The fourth harvest cycle lasted 42 days from 
September 4 to October 16, 2019.   
 

 
 

 
Figure 2. Air temperature (�C) and relative humidity (%) 

hourly time series recorded during the fourth growth 
cycle of alfalfa varieties 

 
Figure 2 presents the hourly evolution of air 
temperature and relative humidity (RH) 
recorded during the fourth growth cycle in 
2019. The average temperature of the period 
was 16.4�C (Coeff. of variation - CV = 
39.02%), accumulating 720�C, while the 

 
average RH was 63.9% (CV = 36.18%). During 
the last day before cutting, when the radiation 
measurements have been performed, the daily 
average air temperature was 14.1�C, and RH = 
82.7%. 
STATISTICA program (Statsoft. Inc., Tulsa, 
OK, USA, 2007) was used to perform the 
statistical analysis of the results, i.e. Pearson’s 
correlation to identify the strength of the linear 
relationship between the variables. Factor 
analysis (FA) using principal component 
analysis (PCA) based on normalized Varimax 
was applied to reduce the number of factors 
that explains the variability in the dataset of the 
27 alfalfa varieties. The rotation of the factor 
axes (dimensions) made the structure of 
loadings more explicit. The input matrix began 
with 81 objects (variables associated to each 
variety × 3 replicates) by 8 variables (LAI, 
incident light, zenith angle,  transmitted light, 
spread, canopy height, L/S ratio, and aerial dry 
matter). Based on the eigenvalues that satisfied 
the Kaiser criterion (>1), three factors were 
selected. Eigenvalues define the variance 
within the dataset accounted for by each factor. 
A factor with a low eigenvalue has a 
diminished contribution to the explanation of 
variances within variables and may be ignored 
(Acquaah et al., 1992). 
 

RESULTS AND DISCUSSIONS 
 
The measurements of the radiative conditions 
showed an averageDiffuse/Total PAR ratioof 
0.91, with a total PAR of 347.79 �mol m-2 s-1, 
and diffuse PAR of 316.9, respectively. Figure 
3 presents the time series of PAR evolution 
during field assessments performed on 16 
October 2019 between 11 a.m. and 1 p.m. 
 

 
Figure 3. PAR measurements (�mol m-2 s-1) performed 
on 16 October 2019 between 11 a.m. and 1 p.m. (total 

and diffuse time series) 
 
Table 1 provides an overview of the statistical 
indicators for each variable aggregated from 
the measurements performed in each variety 
and in the surrounding radiative environment.  
 

Table 1. Descriptive statistics of the variables measured in Puchenii Mari, Prahova County; aggregated results for 27 
alfalfa varieties × 3 replicates representative for the last harvest cycle in 2019 

Variables LAI Incident 
light 

Zenith 
angle 

Trans-
mitted 
light 

Spread Height L/S 
ratio ADM Total 

PAR 
Diffuse 

PAR 

Diffuse/
Total 
ratio 

Unit (m2 m-2) (�mol 
m-2 s-1) (�) (�mol 

m-2 s-1) - (cm) - (t ha-1) (�mol 
m-2 s-1) 

(�mol 
m-2 s-1) - 

Average 2.69 297.25 57.82 52.42 0.49 41.44 0.73 4.23 347.79 316.90 0.91

Median 2.70 295.40 57.70 48.30 0.50 40.00 0.75 4.25 338.70 310.10 0.91 

Min. 0.80 242.90 56.90 24.20 0.27 30.00 0.50 2.54 284.40 257.60 0.88 

Max. 3.80 344.20 58.80 136.90 0.85 60.00 0.92 5.59 449.20 418.70 0.94 

Range 3.00 101.30 1.90 112.70 0.58 30.00 0.43 3.05 164.80 161.10 0.06 

St. dev. 0.77 29.59 0.54 27.39 0.17 7.63 0.13 0.92 42.82 39.26 0.01 
Coeff. of 
var. (%) 28.76 9.95 0.94 52.26 34.08 18.41 17.19 21.66 12.31 12.39 1.19 

Skewness -0.62 -0.08 0.13 1.64 0.53 0.53 -0.26 -0.27 0.50 0.55 -0.24 

Kurtosis 0.33 -0.96 -1.15 3.46 -0.70 -0.50 -0.90 -0.79 -0.82 -0.67 0.02 

Q1 2.25 276.45 57.40 33.65 0.34 35.00 0.62 3.80 311.00 283.20 0.90 

Q3 3.20 323.50 58.25 62.40 0.62 46.00 0.82 4.98 383.30 347.90 0.92 

IQR 0.95 47.05 0.85 28.75 0.28 11.00 0.20 1.18 72.30 64.70 0.01 
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Range 3.00 101.30 1.90 112.70 0.58 30.00 0.43 3.05 164.80 161.10 0.06 

St. dev. 0.77 29.59 0.54 27.39 0.17 7.63 0.13 0.92 42.82 39.26 0.01 
Coeff. of 
var. (%) 28.76 9.95 0.94 52.26 34.08 18.41 17.19 21.66 12.31 12.39 1.19 

Skewness -0.62 -0.08 0.13 1.64 0.53 0.53 -0.26 -0.27 0.50 0.55 -0.24 

Kurtosis 0.33 -0.96 -1.15 3.46 -0.70 -0.50 -0.90 -0.79 -0.82 -0.67 0.02 
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Table 2. Pearson correlations and p values (2-tailed) for the interactions between the variables; ** -significant 

correlation at the 0.01 level (2-tailed), and *-significant correlation at the 0.05 level (2-tailed) 

Variable LAI Inc.Light Zenith angle Tr.Light Spread Height L/S Ratio ADM 

LAI 
1 0.181 0.141 -0.955** 0.122 0.100 0.205 0.157 

 0.367 0.484 0.000 0.544 0.618 0.306 0.433 

Incident Light 
- 1 -0.499** -0.054 0.646** -0.439* -0.118 -0.188 
  0.008 0.789 0.000 0.022 0.557 0.349 

Zenith angle 
- - 1 -0.181 -0.444* 0.265 0.294 -0.009 
   0.366 0.020 0.181 0.137 0.966 

Transmitted Light 
- - - 1 -0.020 -0.118 -0.197 -0.208 
    0.922 0.558 0.324 0.297 

Spread 
- - - - 1 -0.479* -0.241 -0.339 
     0.011 0.226 0.084 

Height 
- - - - - 1 0.526** 0.546** 
      0.005 0.003 

L/S Ratio 
- - - - - - 1 0.631** 
       0.000 

ADM 
- - - - - - - 1 
        

 
Overall, the average results of the 27 varieties 
provided an LAI of 2.69 (range = 3; IQR = 
0.95), canopy height of 41.44 cm (range = 30; 
IQR = 11), leaf/stem ratio of 0.73 (range = 
0.43; IQR =0.20) and a forage yield of 4.23 t 
DM ha-1 (range = 3.05; IQR = 1.18). Forage 
yield reached a variation coefficient of 21.66%, 
while LAI had a higher coefficient (28.76%).  
Height and L/S ratio showed CVs of 18.41% 
and 17.19%, respectively. These relative 
reduced CV values related to the 
ecophysiological response of alfalfa plants to 
the abiotic factors suggest a moderate 
variability between varieties despite their 
originating geographical region (Table 1).  
Regarding the data distribution, LAI (-0.62) 
and height (0.53) showed moderately skewed 
data, while L/S ratio (-0.27) and forage yield    
(-0.26) had fairly symmetrical data. Kurtosis as 
a measure of outliers present in the data 
distribution was platikurtic for all the 
morphological variables (kurtosis < 3), which 
defines light-tailed data or lack of outliers. 
The radiative environment was characterized 
by the following means: incident light of 
297.25 �mol m-2 s-1 (CV=9.95%), zenith angle 
of 57.82º (CV=0.94%), transmitted light of 
52.42 �mol m-2 s-1 (CV=52.26%) and the 
spread of 0.49 (CV=34.08%). According to the 
Beer’s law, which describes the transmission 
through an absorbing medium, a higher 

variability occurred between varieties regarding 
the transmitted light in correlation with LAI. 
The intensity has fallen off exponentially with 
distance through the canopy. 
Table 2 presents the Pearson correlations and p 
values (2-tailed) for the interactions between 
the variables. There is a close negative 
relationship between LAI and transmitted light, 
(r = -0.95; p<0.001) suggesting that the amount 
of transmitted light is diminishing together with 
a higher LAI. Incident light is correlated with 
zenith angle (-0.49; p<0.01), spread (0.64; 
p<0.001), and canopy height (0.43; p<0.05). 
Zenith angle is negatively correlated with 
spread (r = -0.44; p<0.05), while spread is also 
negatively correlated with canopy height (r = -
0.48; p<0.05). 
Canopy height shows a positive correlation 
with L/S Ratio (r = 0.52; p<0.01) and with 
accumulated aerial dry matter (r = 0.54; 
p<0.01). L/S Ratio is positevely correlated with  
accumulated aerial dry matter (0.63; p<0.001). 
The established correlations pointed out the 
intensity of processes occurring in the canopies 
of the 27 varieties. Normally, the alfalfa canopy 
intercepts 95% of the incoming PAR at an LAI 
of 3.5 (Dincă and Dunea, 2018). From the 
tested collection, only five varieties reached or 
overpassed this threshold at the last harvest 
cycle.  
The response of the alfalfa plants from various 
varieties to the radiative regime was further 

 
elucidated by the factor analysis reducing the 
number of variables into a few interpretable 
underlying factors. 
 

 

 
Figure 4. Plots of factor loadings resulted from the factor 

analysis using Varimax normalized rotation and the 
surface 3D plot   

 
The response of the alfalfa plants from various 
varieties to the radiative regime was further 
elucidated by the factor analysis reducing the 
number of variables into a few interpretable 
underlying factors. Each extracted factor 
describes an amount of the overall variance in 

the observed variables (Table 3) based on the 
eigenvalue. Three factors with an eigenvalue 
≥1 were observed explaining more variance in 
the dataset (79.4%) compared to a single 
observed variable. 
 

Table 3. Factor extraction based on Eigenvalues: 
Principal components (Kaiser criterion >1) 

Factor Eigenvalue % Total 
variance 

Cumulative 
Eigenvalue 

Cumulative  
% 

1 2.98 37.25 2.98 37.25 
2 2.09 26.09 5.07 63.33 
3 1.29 16.11 6.36 79.44 

 
The factor loading explains the relationship of 
each variable to the underlying factor. Table 4 
presents the grouping of variables for each 
factor based on factor loadings >0.70.  
 

Table 4. Factor Loadings (Varimax normalized) 
Extraction: Principal components  

(marked loadings are >0.70) 
Variable Factor - 1 Factor - 2 Factor - 3 

LAI -0.069 0.978 0.106 
INC. LIGHT -0.853 0.160 -0.150 

ZENITH 0.808 0.258 -0.024 
TR. LIGHT -0.033 -0.966 -0.121 
SPREAD -0.768 0.137 -0.332 
HEIGHT 0.405 0.024 0.730 

L/S RATIO 0.113 0.167 0.812 
ADM 0.013 0.069 0.904 

Explained 
Variance 2.153 2.034 2.168 

Proportion of 
total explained 

variance 
0.269 0.254 0.271 

 
The first factor is related to the “vertical light 
absorption” containing 3 variables i.e., incident 
light, zenith angle and SunScan probe’s spread.  
The second factor comprises LAI and 
transmitted light being related to the 
“absorbing medium”.  
The third factor gathers three morphological 
variables such as canopy height, L/S ratio and 
forage yield. This factor is related to 
“morphological and yield characteristics of the 
variety”. Figure 4 highlights in more detail the 
relationships occurring between the three 
factors extracted from the factor analysis. The 
3D surface plot cumulates the interactions 
between vertical light absorption - absorbing 
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Table 2. Pearson correlations and p values (2-tailed) for the interactions between the variables; ** -significant 

correlation at the 0.01 level (2-tailed), and *-significant correlation at the 0.05 level (2-tailed) 
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medium-variety’s morphological and yield 
characteristics.  
By monitoring and relating the intercepted and 
absorbed radiation to the incident radiation, the 
optical properties of the alfalfa canopy can be 
characterized more accurately including 
processes such as soil reflectance, reflectance 
of soil-canopy ensemble, and canopy 
transmittance (Brown et al., 2006). This 
approach optimizes the estimation of the solar 
radiation use efficiencies for light absorption 
and interception, respectively. 
Light interception in uniform canopies, such as 
alfalfa pure crop, is mainly influenced by the 
LAI, the leaf area distribution on canopy layers, 
and leaf absorption characteristics of the 
species (Campbell and van Evert, 1994). 
Seasonal growth variations in alfalfa can be 
explained by seasonal incident radiation and 
seasonal actual evapotranspiration (Druille et 
al., 2017). Radiation interception increases 
exponentially against LAI with a mean critical 
value of 3.6 (Varella, 2002). Canopy 
architecture has an important role regarding the 
light interception process and in alfalfa it has 
an extinction coefficient ranging from 0.81 to 
0.88 (Gosse et al., 1986), and a mean foliage 
angle of 40º in irrigated and 42º in non-
irrigated conditions, respectively (Varella, 
2002).  
Based on the field measurements performed in 
the uniform canopies of 27 geographically-
different varieties, the resulted variables can 
provide useful indicators for the 
parameterization of the alfalfa canopy 
regarding the growth and development in 
relationship with the radiative conditions. 
These experimental setup and monitoring 
approach will be continued in the next growth 
season for each harvest cycle.  
 
CONCLUSIONS  
 
The main findings of the experiments 
performed in the fourth harvest cycle of the 
second cropping year considering 27 alfalfa 
varieties were related to the plant 
ecophysiological and agronomic responses to 
the radiative environment in view of the 
parameterization of the alfalfa canopy in the 
eco-pedoclimatic conditions of Gherghita Plain 
considered to have a potential impact on the 

growth and development of the plants’ canopy. 
The interactions between vertical light 
absorption - absorbing medium - 
morphological and yield characteristics of the 
variety have been accurately assessed using the 
factor analysis. These three factors have 
explained 79.4% of variance in the dataset of 
alfalfa varieties. 
The mean values for the 27 varieties were as 
follows: LAI of 2.69 (CV=28.76%), canopy 
height of 41.44 cm (CV=18.41%), leaf/stem 
ratio of 0.73 (CV=17.19%), and a forage yield 
of 4.23 t DM ha-1(CV=21.66%). The relative 
low coefficients of variation related to the 
ecophysiological response of alfalfa plants to 
the abiotic factors suggest a moderate 
variability between varieties despite their 
geographical region of origin. A positive 
correlation was found between canopy height 
and L/S Ratio (r = 0.52; p<0.01) and with 
forage yield (r = 0.54; p<0.01). L/S Ratio was 
positevely correlated with forage yield dry 
matter (0.63; p<0.001). The obtained indicators 
will be useful to characterize the winter 
hardiness of the tested varieties. 
The screening of the alfalfa varieties collection 
will also provide important information 
regarding the selection of the most suitable 
varieties to be cultivated in equivalent eco-
climatic conditions.  
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Abstract 
 
An important characteristic of a microorganism in order to be suitable as a biocontrol agent is to be an efficient 
rhizosphere colonizer. Plant root colonization is the major step which initiates different and complex interactions 
between plants and surrounding soil microorganisms. In this study, we tested the capacity of different bacterial strains 
(Bacillus licheniformis B40, Bacillus amyloliquefaciens Bw, Bacillus sp. Bw1and Pseudomonas aeruginosa P14) to 
colonize plant root and seed coat. Scanning electron microscopy was employed to analyze cucumber Cucumis sativus L. 
seed tegument and roots colonized by these strains. The results showed an abundant colonization of seed coat by three 
of the bacterial strains used, but only Pseudomonas aeruginosa P14 strain managed to colonize more efficiently the 
cucumber roots. 
 
Key words: beneficial bacteria, root colonization, scanning electron microscopy. 
 
INTRODUCTION 
 
The rhizosphere, defined as the soil zone 
around plant roots characterized by intense 
bacterial activity (Lugtenberg and Bloemberg, 
2004), which is influenced by the root system 
(Barret et al., 2011) represents a very complex 
ecological niche, due to the exudates secreted 
by plant roots. Both beneficial and 
phytopathogenic organisms are attracted by 
root exudates, the surrounding root areas being 
highly competitive environments, where the 
pressure for survival is more intense. Thus, a 
microorganism’s capacity to efficiently 
colonize the rhizosphere is an essential 
characteristic for its survival and persistence at 
the soil-root interface and represents a 
definitory step of its capacity to protect plants 
from pathogens and to stimulate plant growth.  
In the process of competitive root colonization, 
a series of biotic characteristics are involved, 
including bacterial motility, chemotaxis of 
bacteria towards root and germinating seed 
exudates and microbial adhesion to the root 
(Lugtenberg and Bloemberg, 2004; Barret et 
al., 2011). The successful competition of a 
bacterial strain is further defined by the 
concurrence of some other factors, like its 

capacity to develop on multiple substrates, to 
produce antibiotics, lytic enzymes (Sicuia et 
al., 2015) and to develop as the root grows 
(Kremer 2006). In the same time, abiotic 
parameters like water availability, soil texture 
and soil structure influences the root 
colonization by bacteria (Afzal et al., 2011). A 
study, on corn soil, revealed that the soil 
texture has an important effect on the diversity 
of bacterial strains in the rhizosphere (Fang et 
al., 2005).  
Nevertheless, the capacity to employ efficient 
methods of biocontrol based on microbial 
inoculants is many times inconsistent, as newly 
introduced bacteria do not colonize the root 
very efficient  (Gamalero et al., 2003). 
Developing more efficient strategies to 
promote the microbial persistence requires a 
better mapping of the interaction of biotic and 
abiotic factors and how this interaction 
influences the dynamics of various microbial 
populations in field conditions (Lareen et al., 
2016). 
In this study we tested the colonization 
capacity of different bacterial strains, isolated 
from soil, at seed and root level, all the 
bacterial strains employed for this study being 

successfully used to trigger the plant 
antioxidant system (Helepciuc et al., 2014).  

 
MATERIALS AND METHODS 
 
Biological material  
The bacterial strains used in this study were 
Bacillus licheniformis B40, Bacillus 
amyloliquefaciens Bw, Bacillus sp. Bw1 and 
Pseudomonas aeruginosa P14 and were 
provided by the Faculty of Biotechnology, 
USAMV Bucharest, Romania. Cucumber 
plants were obtained by germination of 
cucumber seeds (Wisconsin SMR58 cultivar). 
 
Plant treatment with antagonistic bacteria 
Cucumber seeds were sterilized for 15 min in 
5% sodium hypochlorite solution and then 
washed with sterile distilled water. The 
bacterial strains were grown for 24 h on LB 
medium at 28°C. Cucumber seeds were 
immersed for 30 min in bacterial cultures and 
then were sown in sterile perlite. The plants 
were grown in controlled conditions at 25°C, 
with a photoperiod of 16 h illumination and 8 h 
dark.  
 
Sample preparation for scanning electron 
microscopy 
Cucumber roots were collected at 45 days after 
seed treatment, washed with distilled water and 
immersed in 4% glutaraldehide solution. The 
samples were washed with 0.1M phosphate 
buffer and then dehidrated in 50%, 75%, 100% 
ethylic alcohol, 1: 1 ethylic alcohol-acetone 
and acetone.  

 
RESULTS AND DISCUSSIONS 
 
The highest capacity to colonize the seed coat 
was noticed in Bw strain, were it can be 
observed the abundance and relative uniform 
distribution of bacterial cells (Figure 1a). In the 
case of B40 strain, the bacterial colonies were 
spatially isolated (Figure 2a) while Bw1 strain 
uniformly colonized the seed coat (Figure 3a), 
however, in a lower degree than Bw strain. In 
contrast with the variants mentioned above, the 
tegument of seeds treated with P14 bacterial 
strain were not colonized (Figure 4a).  
In case of root colonization, in all variants the 
presence of bacterial cells was observed but not 

as abbundant as in seed coat. Treatment with 
these bacterial strains resulted in the presence 
of small bacterial colonies (Bw1 variant - 
Figure 3b) or a reduced number of spatially 
isolated bacterial cells (B40 variant - Figure 2b 
and Bw variant - Figure 1b). However, in case 
of P14 strain, numerous bacterial cells were 
observed at the root surface (Figure 4b). The 
results show that the Pseudomonas aeruginosa 
P14 cells were not observed at the seed coat 
level, and were present on roots, this 
suggesting that they migrate from the 
inoculation site towards the roots and colonized 
the cucumber root tips. Pseudomonads show 
extensive metabolic versatility and are able to 
adapt in fluctuating environmental conditions 
(Silby et al., 2011), feature that allows it to be 
more efficient in rhizosphere colonization in 
comparison with other soil bacteria. Among the 
most rhizosphere competent bacteria are 
several Pseudomonas ssp. (Lugtenberg and 
Bloemberg, 2004), this group of bacteria being 
particularly adapted to colonize the rhizosphere 
due to their capacity to utilize various carbon 
sources from root exudates (Kremer, 2006).  
Overall, in our study, two different patterns of 
colonization were observed among the four 
bacterial strains used: the strains belonging to 
Bacillus genus (Bw, Bw1, B40) tend to remain 
at the initial inoculation site, while 
Pseudomonas aeruginosa P14 colonized in a 
higher degree the roots. Except for P14 strain, 
the observations regarding plant roots 
colonization revealed the presence of a small 
number of microorganisms at the surface of the 
root 45 days after treatment with bacterial 
suspensions. During the process of seedling 
development, bacteria are not uniformly 
distributed on the root surface their disposal 
being influenced by various factors, like 
emerging of lateral roots (Lugtenberg and 
Bloemberg, 2004), the quantity of available 
organic material, soil texture, and the 
movement of water within the soil through and 
over the roots (Kremer, 2006). 
In our experiments, the substrate used for plant 
growth was perlite, which has a coarse texture 
characterized by a high permeability to water 
and air but low water retention capacity. It is 
possible that the limited humidity at the 
substrate level had resulted in the insufficient 
colonization of the radicular system by 
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bacteria. Different studies mentioned the 
importance of agrophysical soil properties such 
as soil texture and porosity for efficient root 
colonization, a soil with a fine texture favoring 
a better microorganism colonization of plant 
roots than a medium to coarse texture soil 
(Zheng and Sinclair, 2000; Fang et al., 2005). 
Also, Afzal et al. (2011) showed that Italian 
ryegrass root colonization with Pantoea sp. 
strain BTRH79 was higher in loamy soils than 
sandy soils. A coarse soil texture can prevent 
even more an effective colonization in 
conditions of insufficient water content of the 
substrate, for the movement of bacteria a 
critical and continuous volume of water being 
needed. Davies and Withbread (1989) found 
that high water tension which generates 
discontinuity of the water in the soil pores 
inhibits the progress of Rhizobium, 
Pseudomonas spp. and other bacteria along the 
roots. Thus, besides nutrient availability, soil 
type and soil physics, water availability is 
among important factors for microbial root 
colonization and persistence (Lareen et al., 
2016). However, only the presence of the water 
in the soil is not enough to support root 
colonization (Davies and Withbread, 1989), the 
water movement in the soil and along roots 
positively influencing colonization of roots by 
bacteria (Kremer, 2006).  
 
 
 

Thus, an important role in the movement of 
bacteria through the root substrate is attributed 
to the irrigation technique employed in the 
experiments. In the case of our experiment, 
plant watering was done from the bottom of the 
pot. Nevertheless, using a different method, 
like lightly spraying the water on the substrate 
surface, would probably have a positive effect 
on colonization capacity. Water regimes proved 
to significantly influence root colonization, 
plants watered daily from above had better 
colonized roots than plants watered each day 
from the bottom and plants watered alternate 
days from the top (Davies and Withbread, 
1989).  
Another important aspect influencing the 
colonization capacity is linked to variation in 
bacterial density and distribution along root, 
which is expecting to fluctuate in space and 
time (Salman et al., 2013). It is possible that in 
our experiments, the samples were taken too 
long from the time of treatment, which resulted 
in a small number of bacterial cells at root 
level. 
Although some of the factors mentioned above 
may appear to have a little or no influence on 
the process of root colonization, this study 
emphasizes the importance of all factors, since 
minor variations are able to intensify or to 
diminish the ability of microorganisms to 
colonize the roots. 
 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Colonization of seed coat (a) and root (b) in Cucumis sativus L. with Bw strain: (a) uniform and 

abundant colonization; (b) the presence of a small number of spatially isolated bacterial cells 
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Figure 2. Aspects of bacterial suspension treatments on tegument (a) and on root (b) colonization  

of Cucumis sativus L. with B40 strain: (a) the presence of abundant but spatially isolated bacterial colonies;  
(b) the presence of a small number of bacterial cells 

 
 
 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 3. Aspects of seed coat (a) and root (b) colonization in Cucumis sativus L. with bacterial strain Bw1:  
(a) the relatively uniform distribution of bacterial cells; (b) the presence of bacterial colonies 
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bacteria. Different studies mentioned the 
importance of agrophysical soil properties such 
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Figure 4. Aspects of seed coat (a) and root (b) colonization in Cucumis sativus L. with bacterial strain P14:  

(a) uncolonized seed coat; (b) the presence of bacterial cells at the root surface 
 
CONCLUSIONS 
 
The very good colonization of seed coat but in 
the same time the small number of bacterial 
cells observed on the roots show that, except 
for P14 strain, the movement of bacteria 
through the substrate was not very efficient. 
This can be partially attributed to the low 
rhizosphere competence of the bacterial strains 
used, but also to the abiotic factors discussed. 
This study highlights the importance of both 
biotic and abiotic factors for root colonization, 
the concurrence of these two types of factors 
being needed to increase root colonization 
capacity.   
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Figure 4. Aspects of seed coat (a) and root (b) colonization in Cucumis sativus L. with bacterial strain P14:  

(a) uncolonized seed coat; (b) the presence of bacterial cells at the root surface 
 
CONCLUSIONS 
 
The very good colonization of seed coat but in 
the same time the small number of bacterial 
cells observed on the roots show that, except 
for P14 strain, the movement of bacteria 
through the substrate was not very efficient. 
This can be partially attributed to the low 
rhizosphere competence of the bacterial strains 
used, but also to the abiotic factors discussed. 
This study highlights the importance of both 
biotic and abiotic factors for root colonization, 
the concurrence of these two types of factors 
being needed to increase root colonization 
capacity.   
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Abstract 
 
3D bioprinting is a technology that supports fabrication of biomimetic tissues with complex architecture. It has 
application in drug discovery, tissue development, and regenerative medicine. The aim of this study was to create a 
blood vessel model correlating properties of collagen-hyaluronic acid hydrogel with bioprinter parameters such as 
speed rate, pressure, number of layers, nozzle diameter, and temperature. The blood vessel model was created using 
BioCAD software and bioprinted by extrusion technology using collagen-hyaluronic acid hydrogel. We analyzed the 
water uptake, enzymatic degradation and morphology by scanning electron microscopy and after staining with 
Hematoxylin and Eosin (H&E) and Trichromic Masson dyes. The results showed that the blood vessel constructs have 
2.46 mm (±0.41) mean diameter, 1.4 mm (±0.10) mean thick wall, and 2.8 mm (±0.05) mean height which is 
appropriate with the model created in the BioCAD software. The optimal parameters for these constructs were: 1.1 bar 
pressure, 1mm/sec speed rate, 18°C temperature, 0.2 mm nozzle diameter, and 10 numbers of layers. Increasing 
hydrogel weight by 22% at 2 hours after immersion in PBS suggesting that is hydrophilic. Furthermore, decreasing by 
up to 47.2% in the presence of collagenase (50 μg/ml) shows that is biodegradable. H&E and Trichromic Masson 
staining showed that collagen-hyaluronic acid hydrogel organized in a network with pores dimension that could 
support cells growth and differentiation. In conclusion, our scaffold mimics the blood vessel structure, further 
experiment will be addressed for study the biocompatibility of these scaffold with mesenchymal stem cells. 
 
Key words: 3D bioprinting, blood vessel model, collagen, hyaluronic acid. 
 
INTRODUCTION 
 
3D Bioprinting uses 3D printing techniques for 
manufacture tissues, and organs that mimic the 
architecture of natural tissues. This technique 
combines different types of cells, growth factors 
and biomaterials to create a micro medium in 
which cells grow and differentiate into tissue-
like structures. In 3D bioprinting, biomaterials 
are printed layer by layer to produce structures 
similar to a desired organ or tissue. The first 
patent for this technology was proposed in the 
United States in 2003 and granted in 2006 
(Thomas, 2016). Bioprinting involves several 
steps including: (i) biomaterial selection, (ii) 
designing a bioprinting pattern using BioCAM 
software, (iii) bioprinting, and (iv) examining 
bioprinting constructions. In 3D bioprinting an 
exhaustive information and methodology 
approach is needed using knowledge from 

various fields such as stem cell biology, tissue 
engineering, engineering, and biomaterials 
science to create an ideal model. An ideal 
scaffold should be biocompatible, non-toxic, 
anti-thrombotic, non-immunogenic, with 
vasoactive properties, and should allow 
remodeling of the post-implant host tissue. To 
create such a scaffold, physicochemical 
parameters such as surface properties, 
geometry, pore size, adhesion, degradation and 
biocompatibility should be analyzed (Chua et 
al., 2015; Datta et al., 2017). While there is a 
wide variety of materials, including hydrogels, 
extracellular matrix, cell aggregates, 
microcarrier structures, and fibrillated polymers, 
several aspects have to be considered for 
obtaining structures similar to the desired tissue. 
First of all, an important aspect is compatibility 
with the different types of printing. Extrusion 
printing is the most flexible method due to its 
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Abstract 
 
3D bioprinting is a technology that supports fabrication of biomimetic tissues with complex architecture. It has 
application in drug discovery, tissue development, and regenerative medicine. The aim of this study was to create a 
blood vessel model correlating properties of collagen-hyaluronic acid hydrogel with bioprinter parameters such as 
speed rate, pressure, number of layers, nozzle diameter, and temperature. The blood vessel model was created using 
BioCAD software and bioprinted by extrusion technology using collagen-hyaluronic acid hydrogel. We analyzed the 
water uptake, enzymatic degradation and morphology by scanning electron microscopy and after staining with 
Hematoxylin and Eosin (H&E) and Trichromic Masson dyes. The results showed that the blood vessel constructs have 
2.46 mm (±0.41) mean diameter, 1.4 mm (±0.10) mean thick wall, and 2.8 mm (±0.05) mean height which is 
appropriate with the model created in the BioCAD software. The optimal parameters for these constructs were: 1.1 bar 
pressure, 1mm/sec speed rate, 18°C temperature, 0.2 mm nozzle diameter, and 10 numbers of layers. Increasing 
hydrogel weight by 22% at 2 hours after immersion in PBS suggesting that is hydrophilic. Furthermore, decreasing by 
up to 47.2% in the presence of collagenase (50 μg/ml) shows that is biodegradable. H&E and Trichromic Masson 
staining showed that collagen-hyaluronic acid hydrogel organized in a network with pores dimension that could 
support cells growth and differentiation. In conclusion, our scaffold mimics the blood vessel structure, further 
experiment will be addressed for study the biocompatibility of these scaffold with mesenchymal stem cells. 
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INTRODUCTION 
 
3D Bioprinting uses 3D printing techniques for 
manufacture tissues, and organs that mimic the 
architecture of natural tissues. This technique 
combines different types of cells, growth factors 
and biomaterials to create a micro medium in 
which cells grow and differentiate into tissue-
like structures. In 3D bioprinting, biomaterials 
are printed layer by layer to produce structures 
similar to a desired organ or tissue. The first 
patent for this technology was proposed in the 
United States in 2003 and granted in 2006 
(Thomas, 2016). Bioprinting involves several 
steps including: (i) biomaterial selection, (ii) 
designing a bioprinting pattern using BioCAM 
software, (iii) bioprinting, and (iv) examining 
bioprinting constructions. In 3D bioprinting an 
exhaustive information and methodology 
approach is needed using knowledge from 

various fields such as stem cell biology, tissue 
engineering, engineering, and biomaterials 
science to create an ideal model. An ideal 
scaffold should be biocompatible, non-toxic, 
anti-thrombotic, non-immunogenic, with 
vasoactive properties, and should allow 
remodeling of the post-implant host tissue. To 
create such a scaffold, physicochemical 
parameters such as surface properties, 
geometry, pore size, adhesion, degradation and 
biocompatibility should be analyzed (Chua et 
al., 2015; Datta et al., 2017). While there is a 
wide variety of materials, including hydrogels, 
extracellular matrix, cell aggregates, 
microcarrier structures, and fibrillated polymers, 
several aspects have to be considered for 
obtaining structures similar to the desired tissue. 
First of all, an important aspect is compatibility 
with the different types of printing. Extrusion 
printing is the most flexible method due to its 

mechanism and larger diameters of printheads. 
Drop or laser printing is only used for 
hydrogels. The second aspect is the 
bioprintability of scaffolds. In this case, the 
bioprinting of hydrogels is superior to other 
bioinks. The third aspect is replicability, the 
constructs should be as close as possible to the 
desired tissue. Scaffold degradation, cell 
interactions and proliferation are important for 
tissue formation. The fourth aspect is related to 
the bioprinting resolution, which depends on 
bioprinting type as well as on bioink. Laser 
bioprinting of hydrogels has a resolution of 5.6 
± 2.5 μm, while the drop or extrusion 
bioprinting between 50-100 μm. The fifth aspect 
is accessibility. Matrigel ™, fibrin and collagen 
hydrogels are expensive compared to synthetic 
polymers. In a scaffold, hundreds of millions of 
cells are needed so that obtaining them could be 
intensive, costly and time-consuming. Other 
aspects involve: degradability, practicality, 
scalability, mechanical and structural integrity, 
commercial availability, immunogenicity and 
applicability. Despite the multitude of 
biomaterials that appear daily, relatively little 
research has been devoted to the development 
of biomaterials for the bioprinting process 
(Iordache, 2019).  Bioprinting blood vessels is 
important in order to replace synthetic 
prosthesis, the size of these blood vessels is 
directly proportionate to the quantity of 
transported blood (Tuns et al., 2013). 
 
MATERIALS AND METHODS 

 
1. Determining optimal 3D printing 
parameters and creating vascular structure.  
Establishment of the vascular model was 
performed using the BioCAD software 
(RegenHu, Switzerland). A 10-layer vascular 
construct having a diameter of 3 mm and a 
height of 2.5 mm was bioprinted. After each 
layer, the polymerization module was 
inserted. A collagen/hyaluronic 
acid/polyethylene glycol gel was used for 
printing. The hydrogel polymerization was 
performed by exposure to UV for 5 seconds 
/layer. Working pressure has been 
established according to the physicochemical 
properties of the printed hydrogel. The 
optimal pressure was 1.1-1.2 bar. Printhead 
speed is a very important parameter for 

printing, and is dependent on the 
physicochemical properties of the hydrogel. 
At high speed the vascular structure does not 
close, and at low speed it creates a thick layer 
that leads to the formation of a vascular 
construct over the desired size. The printing 
speed was set at 1 mm/sec using a needle 
with 0.2 mm internal diameter. For optimum 
printing, the hydrogel was printed at 18ºC, 
with the 3D Discovery bioprinter (RegenHu, 
Switzerland) which have the possibility to 
adjust the printhead temperature.  
2. Swelling behavior and enzymatic 
degradation under conditions that mimic 
biological fluids.  
Swelling assay was performed to 
demonstrate the hydrogel behavior in the 
presence of water and other fluids. 
Bioprinting constructs were weighted after 
printing, then immersed into PBS and 
weighed at 1, 2, 4, and 24 hours. The 
absorption rate was calculated according to 
the formula:  

 
where: Ww = construct weight after 
immersion in the fluid at time t; Wd = 
construct weight before immersion 
Enzymatic degradation of the constructs was 
revealed using type I collagenase. Bioprinted 
vascular constructs were introduced into 
culture medium (control constructs) and in 
collagenase type I medium (10 μg/ml and 50 
μg/ml, Merck, New Jersey, USA) and then 
weighed at different intervals time (30, 60, 
and 90 minutes).  
Weight loss was calculated using formula: 

 
where: Wi = construct weight in collagenase 
free medium; Wt = construct weight in 
collagenase type I medium 
3. Morphological characterization using 
Hematoxylin & Eosin and Trichromic 
Masson staining. 
The morphological characterization of 
vascular constructs was performed by optical 
microscopy after histological preparation and 
cryotome sections of vascular constructs. The 
sections were stained using Hematoxylin & 
Eosin and Trichromic Masson techniques. 
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For the cryotome sections, constructs were 
fixed with PFA 4%, 30 minutes at room 
temperature, then washed with phosphate 
buffer (PBS) and passed through 4%, 5%, 
10%, 20% and 50% glycerol baths for 
cryoprotection. The constructs were covered 
with OCT and cut to the cryotome at a 
thickness of 5 μm. The sections were then 
stained using the classic histological staining 
techniques. 
4. Scanning electron microscopy 
The blood vessels constructs were fixed in 
300 �l glutaraldehyde (2.5% in PBS) for 1h 
15 min at room temperature then washed 
with PBS twice. After fixation, there was 
performed successive dehydration in ethanol 
(60%, 70%, 80%, 90%, 100% for 10 
minutes). The micrographs were taken using 
scanning electron microscopy (FEI, USA) at 
an accelerating voltage of 30 kV. The 
samples were coated with gold using 
sputtering machine (Edward sputter S1 50B) 
for 120 s to minimize charging effects prior 
to imaging.  
 
RESULTS AND DISCUSSIONS 

 
After optimization the parameters from 
BioCAD software we obtained vascular 
constructs with a diameter of 2.46 mm             
(± 0.41), wall thickness of 1.4 mm (± 0.10) 
and a height of 2.79 mm (± 0.05) (Figure 1). 
These results show that the hydrogel can be 
used for vascular constructs and meet the 
desired requirements reproducing with 
accuracy the model created in the BioCAD. 

 

 
Figure 1. Measurements of bioprinting vascular 

constructs after optimization of 3D Discovery bioprinter 
parameters 

Swelling assay showed that the hydrogel 
absorbs maximum of PBS at 2 hours after 
immersion, having a weight gain of 22.32% 
against the control construct. At 4 and 24 hours 

the values are similar to those of 1 hour (18%), 
suggesting that the hydrogel is balanced with the 
medium within 4 hours (Figure 2). 
 

 
Figure 2. Hydration of bioprinted vascular constructs in 

saline phosphate buffer 
 
Enzymatic degradation results showed a 
36.4% and 47% weight loss respectively at 
90 minutes after exposure to 10 μg/ml and 50 
μg/ml collagenase I suggesting that the 
hydrogel is biodegradable (Figure 3). 
 

 

 
Figure 3. Weight loss of bioprinted vascular 

constructs as a result of enzymatic degradation 
using type I collagenase 

 
The bioprinted vascular constructs exhibit a 
tubular, uniform structure, resistant to 
subsequent histological procedures, which 
suggests good resistance and elasticity 
(Figure 4A). Optical microscope imaging of 
the sections shows a relatively uniform 
network structure, which would allow the 
attachment of cells and the exchange of 
nutrients and gases (Figure 4B). By 
histological staining of the sections, was 
revealed the network structure of collagen- 
hyaluronic acid hydrogel (Figure 4C, D). 

 
Figure 4. Macroscopic and microscopic morphology of 

bioprinting vascular constructs. (A) Macroscopic 
structure of bioprinted vascular construct; (B) Histology 
sections of vascular constructs; (C) H&E staining and 

(D) Trichrome Masson of bioprinted of vascular 
construct 

 
Scanning electron microscopy revealed that 
collagen-hyaluronic acid hydrogel has a 
porous structure. The 3D architecture is 
organized with pore size diameter range 
between 75-150 �m (Figure 5). Collagen has 
a fibrous microarchitecture not appropriate 
for inkjet bioprinting. Fibrin-collagen bioink 
embedded with MSCs or amniotic stem cells, 
were bioprinted using a valve-based 
bioprinter as a scaffold that can be used for 
the treatment for skin burns (Skardal et al., 
2012). Chen et al. (2012) examine the role of 
three collagen-based scaffolds (collagen, 
collagen-elastin and collagen-chondroitin-4-
sulfate) in terms of microstructures, 
mechanical properties, and bioactivities in 
the presence of cardiosphere-derived cells. 
He observed that the pore sizes for all the 
scaffolds varied between 100 and 200 μm, 
being sufficient for nutrients, oxygen, and 
cell attachment. The presence of elastin 
increased the pore sizes of the scaffolds 
because elastin does not form continuous 
sheets as collagen does, it only embedded in 
the collagen sheets in the form of short rods. 
The incorporation of chondroitin-4-sulfate 
decreased the pore sizes due to the collagen-
chondroitin-4-sulfate coprecipitation effect in 
the suspension, which reduced the viscosity. 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Representative micrograph captured by 
scanning electron microscopy on the surface (A) and 

through a cross section (B) of collagen-hyaluronic acid 
hydrogel 

 
Low viscosity causes a higher freezing rate, 
producing smaller ice crystals and, therefore, 
smaller pores in the scaffolds. Elastin and 
GAGs have a much lower stiffness than 
collagen, consequently, the moduli values are 
lower compared to collagen (Chen et al., 
2012). Gosline et al. (2002) reported a Young 
modulus of B1 GPa for collagen and B1 MPa 
for elastin. Scaffolds formed by 50% collagen 
and 50% condroitin-4-sulfate had a lower 
attachment of cells; the explanation being that 
the binding sites of the collagen were saturated 
by chondroitin. Proliferation in the presence of 
elastin slowed after 4 days compared with 
collagen due to its nonintegrin pathway (Chen 
et al., 2012). Collagen glycosaminoglycan 
(Col-GAG) scaffolds have demonstrated great 
potential for bone and skin engineering due to 
their ability to promote cell growth and tissue 
development. Pore size is important for 
regeneration to take place, thus, for skin 
regeneration and wound healing it was 
postulated that the range of pore size should be 
between 20 and 120 mm (Neacsu et al., 2019). 
Col-GAG scaffolds can be fabricated using a 
lyophilization processes, and with a constant 
cooling rate technique it is possible to create 
scaffolds with a homogenous pore structure 
(Murphy et al., 2010).  

B 

A 
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For the cryotome sections, constructs were 
fixed with PFA 4%, 30 minutes at room 
temperature, then washed with phosphate 
buffer (PBS) and passed through 4%, 5%, 
10%, 20% and 50% glycerol baths for 
cryoprotection. The constructs were covered 
with OCT and cut to the cryotome at a 
thickness of 5 μm. The sections were then 
stained using the classic histological staining 
techniques. 
4. Scanning electron microscopy 
The blood vessels constructs were fixed in 
300 �l glutaraldehyde (2.5% in PBS) for 1h 
15 min at room temperature then washed 
with PBS twice. After fixation, there was 
performed successive dehydration in ethanol 
(60%, 70%, 80%, 90%, 100% for 10 
minutes). The micrographs were taken using 
scanning electron microscopy (FEI, USA) at 
an accelerating voltage of 30 kV. The 
samples were coated with gold using 
sputtering machine (Edward sputter S1 50B) 
for 120 s to minimize charging effects prior 
to imaging.  
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After optimization the parameters from 
BioCAD software we obtained vascular 
constructs with a diameter of 2.46 mm             
(± 0.41), wall thickness of 1.4 mm (± 0.10) 
and a height of 2.79 mm (± 0.05) (Figure 1). 
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producing smaller ice crystals and, therefore, 
smaller pores in the scaffolds. Elastin and 
GAGs have a much lower stiffness than 
collagen, consequently, the moduli values are 
lower compared to collagen (Chen et al., 
2012). Gosline et al. (2002) reported a Young 
modulus of B1 GPa for collagen and B1 MPa 
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and 50% condroitin-4-sulfate had a lower 
attachment of cells; the explanation being that 
the binding sites of the collagen were saturated 
by chondroitin. Proliferation in the presence of 
elastin slowed after 4 days compared with 
collagen due to its nonintegrin pathway (Chen 
et al., 2012). Collagen glycosaminoglycan 
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potential for bone and skin engineering due to 
their ability to promote cell growth and tissue 
development. Pore size is important for 
regeneration to take place, thus, for skin 
regeneration and wound healing it was 
postulated that the range of pore size should be 
between 20 and 120 mm (Neacsu et al., 2019). 
Col-GAG scaffolds can be fabricated using a 
lyophilization processes, and with a constant 
cooling rate technique it is possible to create 
scaffolds with a homogenous pore structure 
(Murphy et al., 2010).  
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Biodegradable scaffolds are the most wanted 
scaffolds for applications such as implants, 
drug delivery, and tissue regeneration. The 
degradation of scaffolds can occur by physical, 
chemical, and/or biological processes. The 
degradation rate is important for adapting the 
number of cells and molecules in order to 
grow and form the tissues. Controllable 
degradation rates should match the rate of 
tissue growth in vitro and in vivo. The 
biodegradation rate of a polymeric scaffold 
depends mainly on the intrinsic properties of 
the polymer, including the chemical structure, 
the presence of hydrolytically unstable bonds, 
the level of hydrophilicity/hydrophobicity, 
crystalline/amorphous morphology, glass 
transition temperatures, the copolymer ratio, 
and the molecular weight. Nonbiodegradable 
scaffolds are also used for replacing parts of 
hard tissue (hip, knee, and tooth), such as 
poly-methyl methacrylate and polyethylene 
(Suri & Schmidt, 2009; Gordon et al., 2004). 
The main goals for improving bioprinting are 
to minimize cell loss, promote cell-cell 
interactions, and to increase the mechanical 
properties and biocompatibility of bioink for 
supporting 3D bioprinted constructs. In the 
future, new materials compatible with 3D 
bioprinting will be developed, this technology 
becoming an important technology for tissue 
engineering and regenerative medicine 
(Iordache, 2019).  
  
CONCLUSIONS  
 
In conclusion, the collagen-hyaluronic acid 
hydrogel allows bioprinting of vascular 
constructs. The parameters of the 3D 
bioprinter have been optimized so that a 
vascular structure similar to the model 
developed in the BioCAD program can be 
created. Furthermore, the bioprinted 
constructs will be characterized regarding 
biocompatibility and interactions between 
cells. 
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Abstract 
 
The paper presents the results of the field experiments dedicated to investigation of chickpea reaction on cultivation 
technology elements in the South of Ukraine. The study was carried out during 2012-2014 on the dark-chestnut soil in 
the semi-arid climate conditions. The design of the study included research of the crop reaction on the following 
agrotechnological factors: plowing depth (20-22, 28-30 cm), fertilization dose (N0P0; N45P45; N90P90), plants population 
(50, 100, 150 plants per m2), and humidification conditions (sprinkler irrigation applied or not). The study was 
conducted in four replications by the split plot design method with the crop variety Rosanna of Kabuli type. Chickpea 
yielding data were processed by ANOVA procedure, the differences obtained in the experiments are significant and 
reliable at the probability level of 95%. The results of the experiments testify that the best crop productivity could be 
obtained at the irrigated variants with the highest fertilization dosage, the maximum plants population, and plowing at 
the depth of 28-30 cm - 3600 kg per ha. However, the best water resource use efficiency was obtained at the variants 
with plowing at the depth of 20-22 cm - 36.66 kg per mm. Absence of water supply by irrigation also worsened the 
water use efficiency and productivity of the crop. Mineral fertilizers and optimum plants population significantly 
enhanced the crop water use efficiency and productivity both at the irrigated and non-irrigated conditions. 
 
Key words: chickpea, irrigation, mineral fertilizer, plant population, plowing, water use efficiency, yield. 
 
INTRODUCTION 
 
Chickpea (Cicer arietinum L.) is a well-known 
leguminous crop traditionally cultivated in the 
countries of the Asian region, e.g. India, 
Turkey, which nowadays has its value 
increasing throughout the world, and is 
growing in a number of European countries, 
Australia and the USA (Saxena and Singh, 
1987). It is believed to come from south-
eastern Turkey and the neighboring part of 
Syria (Singh, 1997). Later on, the crop spread 
to the modern areas of its cultivation.  
Chickpea together with other pulses is a 
valuable source of plant protein. It is a source 
of high-qualitative protein, vitamins and 
mineral compounds that makes it an 
irreplaceable component of diet for many 
people (Wood and Grusak, 2007). Besides, 
forage cultivars of chickpea could be used for 
obtaining a high-qualitative fodder for non-
ruminant and ruminant animals (Ribeiro and 
Melo, 1990). Chickpea is an important and very 
prospective leguminous crop in combating the 

problem of starving, which is on the table for 
the regions with steep increasing population 
and lack of protein supply like Sub-Saharian 
Africa (Myers and Kent, 2001). The crop is 
prospective for the developing regions of the 
world because of its comparatively low 
cultivation and biological requirements, 
especially, not bad drought (Varshney et al., 
2014) and heat stress (Devasirvatham et al., 
2012) tolerance. 
However, chickpea is an interesting crop not 
only for the developing African countries and 
the Asiatic region. It is an important niche crop 
in Europe and the USA. So, we need a 
scientifically based rational agrotechnology to 
be developed to support efficient chickpea 
production in the above-mentioned regions. 
There is an evident lack of studying chickpea 
cultivation technologies in the European 
region, so, this gap should be filled in the 
nearest future. 
We know from the previously conducted 
studies that chickpea reacts negatively on water 
stress (Behboudian et al., 2001). And this 
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drug delivery, and tissue regeneration. The 
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scaffolds are also used for replacing parts of 
hard tissue (hip, knee, and tooth), such as 
poly-methyl methacrylate and polyethylene 
(Suri & Schmidt, 2009; Gordon et al., 2004). 
The main goals for improving bioprinting are 
to minimize cell loss, promote cell-cell 
interactions, and to increase the mechanical 
properties and biocompatibility of bioink for 
supporting 3D bioprinted constructs. In the 
future, new materials compatible with 3D 
bioprinting will be developed, this technology 
becoming an important technology for tissue 
engineering and regenerative medicine 
(Iordache, 2019).  
  
CONCLUSIONS  
 
In conclusion, the collagen-hyaluronic acid 
hydrogel allows bioprinting of vascular 
constructs. The parameters of the 3D 
bioprinter have been optimized so that a 
vascular structure similar to the model 
developed in the BioCAD program can be 
created. Furthermore, the bioprinted 
constructs will be characterized regarding 
biocompatibility and interactions between 
cells. 
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Abstract 
 
The paper presents the results of the field experiments dedicated to investigation of chickpea reaction on cultivation 
technology elements in the South of Ukraine. The study was carried out during 2012-2014 on the dark-chestnut soil in 
the semi-arid climate conditions. The design of the study included research of the crop reaction on the following 
agrotechnological factors: plowing depth (20-22, 28-30 cm), fertilization dose (N0P0; N45P45; N90P90), plants population 
(50, 100, 150 plants per m2), and humidification conditions (sprinkler irrigation applied or not). The study was 
conducted in four replications by the split plot design method with the crop variety Rosanna of Kabuli type. Chickpea 
yielding data were processed by ANOVA procedure, the differences obtained in the experiments are significant and 
reliable at the probability level of 95%. The results of the experiments testify that the best crop productivity could be 
obtained at the irrigated variants with the highest fertilization dosage, the maximum plants population, and plowing at 
the depth of 28-30 cm - 3600 kg per ha. However, the best water resource use efficiency was obtained at the variants 
with plowing at the depth of 20-22 cm - 36.66 kg per mm. Absence of water supply by irrigation also worsened the 
water use efficiency and productivity of the crop. Mineral fertilizers and optimum plants population significantly 
enhanced the crop water use efficiency and productivity both at the irrigated and non-irrigated conditions. 
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INTRODUCTION 
 
Chickpea (Cicer arietinum L.) is a well-known 
leguminous crop traditionally cultivated in the 
countries of the Asian region, e.g. India, 
Turkey, which nowadays has its value 
increasing throughout the world, and is 
growing in a number of European countries, 
Australia and the USA (Saxena and Singh, 
1987). It is believed to come from south-
eastern Turkey and the neighboring part of 
Syria (Singh, 1997). Later on, the crop spread 
to the modern areas of its cultivation.  
Chickpea together with other pulses is a 
valuable source of plant protein. It is a source 
of high-qualitative protein, vitamins and 
mineral compounds that makes it an 
irreplaceable component of diet for many 
people (Wood and Grusak, 2007). Besides, 
forage cultivars of chickpea could be used for 
obtaining a high-qualitative fodder for non-
ruminant and ruminant animals (Ribeiro and 
Melo, 1990). Chickpea is an important and very 
prospective leguminous crop in combating the 

problem of starving, which is on the table for 
the regions with steep increasing population 
and lack of protein supply like Sub-Saharian 
Africa (Myers and Kent, 2001). The crop is 
prospective for the developing regions of the 
world because of its comparatively low 
cultivation and biological requirements, 
especially, not bad drought (Varshney et al., 
2014) and heat stress (Devasirvatham et al., 
2012) tolerance. 
However, chickpea is an interesting crop not 
only for the developing African countries and 
the Asiatic region. It is an important niche crop 
in Europe and the USA. So, we need a 
scientifically based rational agrotechnology to 
be developed to support efficient chickpea 
production in the above-mentioned regions. 
There is an evident lack of studying chickpea 
cultivation technologies in the European 
region, so, this gap should be filled in the 
nearest future. 
We know from the previously conducted 
studies that chickpea reacts negatively on water 
stress (Behboudian et al., 2001). And this 
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reaction depends on the cultivation 
peculiarities, environmental conditions and 
variety of the crop (Fukai and Hammer, 1995; 
Gupta et al., 2000; Mafakheri et al., 2010). It is 
also a wide-known fact that modern agriculture, 
especially, in the arid and semi-arid regions of 
the world, suffers from the lack of qualitative 
fresh water (Rijsberman, 2006). Therefore, 
modern cultivation technologies have to be 
water-efficient. The goal of our field study was 
to discover the best agrotechnological options 
for chickpea production (including tillage, 
plants population, fertilization etc.) in the 
European semi-arid climatic zone of southern 
Ukraine to obtain the highest grain yield of the 
crop at the most efficient water use. 
 
MATERIALS AND METHODS 
 
Field trials in regard to the chickpea cultivation 
technology were conducted during 2012-2014 
at the irrigated lands of Cooperative Farm 
“Radianska Zemlia”, which was a basic 
experimental farm of Kherson State Agrarian 
University. The experimental plots were located 
at the latitude 46°43′N, longitude 32°17′E, and 
were elevated to 42 m above the sea level. The 

field experiments were conducted in four 
replications by using the randomized split plot 
design method. The study was dedicated to 
evaluation of the following cultivation 
technology elements:  
- A - plowing depth: A1 - plowing at the depth 
of 20-22 cm; A2 - plowing at the depth of 28-
30 cm; 
- B - mineral fertilizers’ application doses: B1 - 
N0P0; B2 - N45P45; B3 - N90P90; 
- C - plants population: C1 - 50 plants per m2; 
C2 - 100 plants per m2; C3 - 150 plants per m2; 
- D - irrigation management: D1 - no irrigation 
applied (rain-fed conditions); D2 - irrigated 
conditions. 
Climate of the zone of experiments conduction 
is characterized as comparatively dry and hot, 
with the average annual air temperature of 
9.8oC that has a tendency to further increase 
(Lykhovyd, 2018).  
According to the data provided by Kherson 
regional hydrometeorological center, total 
rainfall amounts in the zone average to 441 
mm, while evapotranspiration reaches 1000 
mm. The main meteorological indexes for the 
period of chickpea vegetation in the 
experiments are given in the Table 1. 

 
Table 1. Meteorological indexes during the period of chickpea vegetation in the field experiments 

2012 2013 2014 Months AT, °C PA, mm AT, °C PA, mm AT, °C PA, mm 
2.5 25.6 3.1 38.8 7.4 32.0 March 

13.2 5.9 11.9 3.7 11.5 29.5 April 
20.8 39.6 20.7 0.3 18.0 38.2 May 
23.4 20.1 23.0 79.1 20.8 64.4 June 
26.6 40.2 23.2 44.1 25.1 19.4 July 
23.6 79.2 24.2 12.4 24.5 20.7 August 

Note: AT - air temperature; PA - precipitation amounts. 
 
The soil of the experimental plots was 
represented by the dark-chestnut middle-loamy 
slightly saline soil with the humus content of 
2.5%. The soil pH is neutral in the layer 0-      
50 cm. Bulk density of the soil layer 0-50 cm is 
1.29 g/cm3. The soil has low content of 
available nitrogen, moderately high content of 
mobile phosphorus, and very high content of 
exchangeable potassium. The soil has moderate 
natural fertility, which is limited mainly by 
nitrogen content. 
Chickpea cultivation technology in the 
experiments was based on the generally 
accepted recommendations for the crop 
cultivation in the South of Ukraine. Rosanna 

variety was used in the experimental work. 
This variety belongs to Kabuli type of 
chickpea, has round, yellowish, smooth seeds 
with 1000 seeds weight of 290-310 g. Protein 
content is 25-26%. Rosanna is a middle-
ripening, lodging-resistant variety. 
The previous crop was winter wheat. The soil 
was prepared by carrying out double harrowing 
at the depths of 6-8 and 10-12 cm, which was 
followed by plowing with accordance to the 
experimental design. Mineral fertilizers (in the 
form of ammonium nitrate and super 
phosphate) were applied in pre-plowing period 
by the means of a seed drill with accordance to 
the experimental design. Cultivator tillage at 

the depth of 12-14 cm was also conducted as a 
measure of weed management. An early-spring 
dragging was conducted to level the soil 
surface. Pre-sowing cultivator tillage was 
conducted at a depth of 5-7 cm. Chickpea was 
sown by the means of a seed drill John Deere 
740A on 28th of March in 2012, 4th of April in 
2013 and 23rd of March in 2014. The seeds 
were dressed by the active nitrogen-fixation 
bacteria in advance. The crop was rolled after 
sowing. Gezaguard 500 FW herbicide (the 
active substance is prometryn, 500 g/l) was 
used in the dose of 3.0 l per ha in the pre-
emergence period to control weeds. Nurell D 
insecticide (the active substances include 
chlorpyrifos, 500 g/l and cypermethrin, 50 g/l) 
was used at the beginning of the flowering 
stage to control insects. 
Soil moisture in the 0-50 cm soil layer was kept 
up at the level of 75% of the water-holding 
capacity by the means of Kuban irrigation 
machine. The soil moisture control was 
performed by using the gravimetric method 
(Reynolds, 1970). Irrigation water from the 
Ingulets irrigation system was applied to the 
field in the following amounts: three times at 
the rate of 45 mm in 2012; once at the rate of 
50 mm in 2013; twice at the rate of 50 mm in 
2014. The water of the system is unfavorable 
for irrigation because of high content of 
dissoluble salts (1549.67 ± 69.01 mg/l), sodium 
adsorption ration (5.03 ± 0.75 meq/l), Kelly 
ratio of 0.99 ± 0.16 meq/l, permeability index 
of 1.26 ± 0.05 meq/l, and toxic sodium content 
(49.77 ± 3.61%) (Lykhovyd and Kozlenko, 
2018; Lavrenko et al., 2018). Such type of 
water is limited suitable for irrigation, may lead 
to soil crusting, salinization, alkalinization, 
deterioration of biological properties, etc. 
(Lykhovyd and Lavrenko, 2017). 
Chickpea yield was evaluated by the results of 
entire harvesting of the experimental plots by 
using the self-propelled harvester CLAAS 
Lexion. The yield was recalculated to the basic 
moisture (14%). Harvesting of chickpea was 
carried out on 18th of July in 2012, on 22nd of 
July in 2013, on 13th of July in 2014 under the 
rain-fed conditions; under the irrigated 
conditions: on 3rd of August in 2012, on 6th of 
August in 2013, on 31st of July in 2014. 
Yield data of chickpea were processed by the 
standard procedure of ANOVA within MS 

Excel software. Significance of the differences 
was proved for the reliability level of 95% 
(LSD05). Water use efficiency (WUE) of 
chickpea was determined as a relation of yield 
to the water amounts consumed by the crop 
during the vegetative period in kg/mm (Garcia 
y Garcia et al., 2009). 
 
RESULTS AND DISCUSSIONS 
 
The results of the study are given in the Tables 
2 and 3. It was found out that the highest grain 
productivity was provided by chickpea plants 
cultivated under the irrigated conditions. 
Irrigation increased yield of the crop by more 
than 80%. Also, it was proved that plowing at 
the depth of 28-30 cm is slightly better than at 
the depth of 20-22 cm (by 2.33%). This fact 
could be put upon the better soil water 
consumption by chickpea plants with better 
root distribution through the soil profile. It is 
also evident that chickpea grain yield increase 
with the increase of the crop density from 50 to 
150 plants per m2 both at the rain-fed and 
irrigated variants of the experiment (average 
chickpea grain yield enhancement due to the 
increase of plants population was 24.75%). 
Considerable chickpea productivity 
improvement was connected with application 
of mineral fertilizers that provided 27.68% 
growth of grain yield (while comparing the 
variants with no fertilizers and the maximum 
fertilizers’ application dose). The best yielding 
performance of chickpea was obtained on the 
variants with plowing at the depth of 28-30 cm, 
mineral fertilizers’ application dose N90P90, 
plants population 150 plants/m2, and irrigation 
applied - 3600 kg/ha. 
The similar tendency has been discovered 
while the evaluation of chickpea WUE. It was 
determined that mineral fertilizers, increased 
plants population and irrigation significantly 
increased the index. Irrigation increased WUE 
of chickpea more than two times. However, the 
contrary tendency was discovered in regard to 
the effect of plowing depth on the crop WUE. 
Increased plowing depth led to decrease of 
WUE by 0.56%. This is the fact that made us 
think that the out pay of yield at the variants 
with deeper plowing is not worth that amounts 
of water that are used by the crop on these 
variants.
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field experiments were conducted in four 
replications by using the randomized split plot 
design method. The study was dedicated to 
evaluation of the following cultivation 
technology elements:  
- A - plowing depth: A1 - plowing at the depth 
of 20-22 cm; A2 - plowing at the depth of 28-
30 cm; 
- B - mineral fertilizers’ application doses: B1 - 
N0P0; B2 - N45P45; B3 - N90P90; 
- C - plants population: C1 - 50 plants per m2; 
C2 - 100 plants per m2; C3 - 150 plants per m2; 
- D - irrigation management: D1 - no irrigation 
applied (rain-fed conditions); D2 - irrigated 
conditions. 
Climate of the zone of experiments conduction 
is characterized as comparatively dry and hot, 
with the average annual air temperature of 
9.8oC that has a tendency to further increase 
(Lykhovyd, 2018).  
According to the data provided by Kherson 
regional hydrometeorological center, total 
rainfall amounts in the zone average to 441 
mm, while evapotranspiration reaches 1000 
mm. The main meteorological indexes for the 
period of chickpea vegetation in the 
experiments are given in the Table 1. 

 
Table 1. Meteorological indexes during the period of chickpea vegetation in the field experiments 

2012 2013 2014 Months AT, °C PA, mm AT, °C PA, mm AT, °C PA, mm 
2.5 25.6 3.1 38.8 7.4 32.0 March 

13.2 5.9 11.9 3.7 11.5 29.5 April 
20.8 39.6 20.7 0.3 18.0 38.2 May 
23.4 20.1 23.0 79.1 20.8 64.4 June 
26.6 40.2 23.2 44.1 25.1 19.4 July 
23.6 79.2 24.2 12.4 24.5 20.7 August 

Note: AT - air temperature; PA - precipitation amounts. 
 
The soil of the experimental plots was 
represented by the dark-chestnut middle-loamy 
slightly saline soil with the humus content of 
2.5%. The soil pH is neutral in the layer 0-      
50 cm. Bulk density of the soil layer 0-50 cm is 
1.29 g/cm3. The soil has low content of 
available nitrogen, moderately high content of 
mobile phosphorus, and very high content of 
exchangeable potassium. The soil has moderate 
natural fertility, which is limited mainly by 
nitrogen content. 
Chickpea cultivation technology in the 
experiments was based on the generally 
accepted recommendations for the crop 
cultivation in the South of Ukraine. Rosanna 

variety was used in the experimental work. 
This variety belongs to Kabuli type of 
chickpea, has round, yellowish, smooth seeds 
with 1000 seeds weight of 290-310 g. Protein 
content is 25-26%. Rosanna is a middle-
ripening, lodging-resistant variety. 
The previous crop was winter wheat. The soil 
was prepared by carrying out double harrowing 
at the depths of 6-8 and 10-12 cm, which was 
followed by plowing with accordance to the 
experimental design. Mineral fertilizers (in the 
form of ammonium nitrate and super 
phosphate) were applied in pre-plowing period 
by the means of a seed drill with accordance to 
the experimental design. Cultivator tillage at 

the depth of 12-14 cm was also conducted as a 
measure of weed management. An early-spring 
dragging was conducted to level the soil 
surface. Pre-sowing cultivator tillage was 
conducted at a depth of 5-7 cm. Chickpea was 
sown by the means of a seed drill John Deere 
740A on 28th of March in 2012, 4th of April in 
2013 and 23rd of March in 2014. The seeds 
were dressed by the active nitrogen-fixation 
bacteria in advance. The crop was rolled after 
sowing. Gezaguard 500 FW herbicide (the 
active substance is prometryn, 500 g/l) was 
used in the dose of 3.0 l per ha in the pre-
emergence period to control weeds. Nurell D 
insecticide (the active substances include 
chlorpyrifos, 500 g/l and cypermethrin, 50 g/l) 
was used at the beginning of the flowering 
stage to control insects. 
Soil moisture in the 0-50 cm soil layer was kept 
up at the level of 75% of the water-holding 
capacity by the means of Kuban irrigation 
machine. The soil moisture control was 
performed by using the gravimetric method 
(Reynolds, 1970). Irrigation water from the 
Ingulets irrigation system was applied to the 
field in the following amounts: three times at 
the rate of 45 mm in 2012; once at the rate of 
50 mm in 2013; twice at the rate of 50 mm in 
2014. The water of the system is unfavorable 
for irrigation because of high content of 
dissoluble salts (1549.67 ± 69.01 mg/l), sodium 
adsorption ration (5.03 ± 0.75 meq/l), Kelly 
ratio of 0.99 ± 0.16 meq/l, permeability index 
of 1.26 ± 0.05 meq/l, and toxic sodium content 
(49.77 ± 3.61%) (Lykhovyd and Kozlenko, 
2018; Lavrenko et al., 2018). Such type of 
water is limited suitable for irrigation, may lead 
to soil crusting, salinization, alkalinization, 
deterioration of biological properties, etc. 
(Lykhovyd and Lavrenko, 2017). 
Chickpea yield was evaluated by the results of 
entire harvesting of the experimental plots by 
using the self-propelled harvester CLAAS 
Lexion. The yield was recalculated to the basic 
moisture (14%). Harvesting of chickpea was 
carried out on 18th of July in 2012, on 22nd of 
July in 2013, on 13th of July in 2014 under the 
rain-fed conditions; under the irrigated 
conditions: on 3rd of August in 2012, on 6th of 
August in 2013, on 31st of July in 2014. 
Yield data of chickpea were processed by the 
standard procedure of ANOVA within MS 

Excel software. Significance of the differences 
was proved for the reliability level of 95% 
(LSD05). Water use efficiency (WUE) of 
chickpea was determined as a relation of yield 
to the water amounts consumed by the crop 
during the vegetative period in kg/mm (Garcia 
y Garcia et al., 2009). 
 
RESULTS AND DISCUSSIONS 
 
The results of the study are given in the Tables 
2 and 3. It was found out that the highest grain 
productivity was provided by chickpea plants 
cultivated under the irrigated conditions. 
Irrigation increased yield of the crop by more 
than 80%. Also, it was proved that plowing at 
the depth of 28-30 cm is slightly better than at 
the depth of 20-22 cm (by 2.33%). This fact 
could be put upon the better soil water 
consumption by chickpea plants with better 
root distribution through the soil profile. It is 
also evident that chickpea grain yield increase 
with the increase of the crop density from 50 to 
150 plants per m2 both at the rain-fed and 
irrigated variants of the experiment (average 
chickpea grain yield enhancement due to the 
increase of plants population was 24.75%). 
Considerable chickpea productivity 
improvement was connected with application 
of mineral fertilizers that provided 27.68% 
growth of grain yield (while comparing the 
variants with no fertilizers and the maximum 
fertilizers’ application dose). The best yielding 
performance of chickpea was obtained on the 
variants with plowing at the depth of 28-30 cm, 
mineral fertilizers’ application dose N90P90, 
plants population 150 plants/m2, and irrigation 
applied - 3600 kg/ha. 
The similar tendency has been discovered 
while the evaluation of chickpea WUE. It was 
determined that mineral fertilizers, increased 
plants population and irrigation significantly 
increased the index. Irrigation increased WUE 
of chickpea more than two times. However, the 
contrary tendency was discovered in regard to 
the effect of plowing depth on the crop WUE. 
Increased plowing depth led to decrease of 
WUE by 0.56%. This is the fact that made us 
think that the out pay of yield at the variants 
with deeper plowing is not worth that amounts 
of water that are used by the crop on these 
variants.
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Table 2. Chickpea yield depending on cultivation technology elements (kg/ha) (average for the period 2012-2014) 
Plowing depth Mineral fertilizers 

application dose 
Plants population 

50 plants/m2 100 plants/m2 150 plants/m2 

Rain-fed conditions (no irrigation) 
A1 (20-22 cm) B1 1260 1480 1550 

B2 1410 1680 1770 
B3 1520 1800 1900 

A2 (28-30 cm) B1 1280 1500 1600 
B2 1440 1720 1830 
B3 1560 1850 1980 

Irrigation 
A1 (20-22 cm) B1 2180 2480 2700 

B2 2660 3020 3310 
B3 2830 3240 3530 

A2 (28-30 cm) B1 2220 2530 2740 
B2 2710 3100 3380 
B3 2890 3330 3600 

Note: The LSD05 for factors А, D – 0.035-0.048; В, С – 0.043-0.059; interactions АD – 0.050-0.068; ВD, СD, АВ, АС – 0.061-0.083; ВС – 0.075-
0.102; АВD, АСD – 0.086-0.118; ВСD, АВС – 0.106-0.144; АВСD – 0.150-0.204. All the differences between the studied variants are significant. 
 

Table 3. Chickpea WUE depending on cultivation technology elements (kg/mm) (average for the period 2012-2014) 
Plowing depth Mineral fertilizers 

application dose 
Plants population 

50 plants/m2 100 plants/m2 150 plants/m2 
Rain-fed conditions (no irrigation) 

A1 (20-22 cm) B1 8.81 11.24 11.79 
B2 10.48 13.94 14.65 
B3 11.89 15.67 16.31 

A2 (28-30 cm) B1 8.47 10.76 11.83 
B2 10.21 13.75 14.99 
B3 11.74 15.57 17.00 

Irrigation 
A1 (20-22 cm) B1 15.53 19.50 22.28 

B2 22.64 28.46 32.61 
B3 25.16 31.95 36.66 

A2 (28-30 cm) B1 15.57 19.36 22.13 
B2 22.43 28.41 32.41 
B3 24.68 31.96 36.36 

     
Previously conducted studies proved that 
chickpea water use and water use efficiency are 
strongly dependent on the water supply of the 
crop, and on the peculiarities of rainfall 
distribution if we are talking about the rain-fed 
conditions (Zhang et al., 2000). Singh and 
Rama (1989) also reported about the response 
of chickpea to the water stress. This is in strong 

agreement with the results of our study that 
testify about significant WUE improvement of 
chickpea related to irrigation. Bhattarai et al. 
(2008) reported about the effect of the 
irrigation management practice and scheduling 
on the WUE of chickpea. Strong et al. (1997) 
also found out a strong correlation between 
chickpea yield, WUE and water supply. 

However, in some environmental conditions, 
irrigation can result in worse WUE of the crop 
if it is sown in inappropriate time (Oweis et al., 
2004). 
The fact that additional supply with mineral 
nutrition improves chickpea yield and WUE 
was reported by Khan et al. (2003), Singh and 
Bhushan (1980), Parihar (1990). Besides, soil 
nitrogen level together with fertilization, 
cultivar and Rhizobial inoculation of seeds was 
also proved to be a factor of WUE index 
changes (Gan et al., 2010). All these scientific 
results are in agreement with ours. However, 
we think that chickpea reaction on fertilization 
management has not yet sufficiently studied in 
semi-arid climatic conditions both at the 
irrigated and non-irrigated conditions. 
Chickpea response on the tillage practice is 
studied insufficiently. There is a study related 
to investigation of chickpea reaction to three 
tillage practices (no-till, minimum tillage and 
conventional tillage), however, it was 
conducted only in the rain-fed conditions, 
which is not the best option for chickpea 
cultivation in the arid and semi-arid climate 
(Rathore et al., 1998). Another study claimed 
about higher WU of chickpea under the no-till 
option comparatively to conventional tillage 
(Fernandez-Garcia et al., 2013). 
Leach and Beech (1988) reported about slight 
affection of plant density and inter-row spacing 
on chickpea productivity and WUE. They also 
claimed about considerable differences in 
radiation use efficiency by the crop in 
dependence on different sowing patterns. Bahr 
(2007) has also claimed about significant 
differences in yielding patterns and 
productivity of chickpea due to the different 
plants population. And the fact of different crop 
productivity is always closely connected with 
the fact of different WUE of the crop, as it was 
proved by the results of our scientific 
experiments. Plants population effects on the 
crop yield was also studied by Jettner et al. 
(1999), and Gan et al. (2003). 
Besides the studied factors, there are other 
factors that affect WUE of chickpea plants, for 
example, variety, sowing time, etc. (Brown et 
al., 1989). Therefore, further investigations in 
this field are required to provide concerned 
agricultural producers with scientifically 
substantiated comprehensive recommendations 

on chickpea water-saving and efficient 
cultivation technology. 
 
CONCLUSIONS 
 
The best WUE of chickpea in the experiments 
was provided by the variant with the crop 
cultivation by plowing at the depth of  
20-22 cm, fertilization dose N90P90, plants 
population of 150 plants per m2 at the irrigated 
conditions (36.66 kg per mm), while the 
maximum grain yield was obtained under the 
plowing at the depth of 28-30 cm with the same 
other options (3600 kg per ha). Therefore, we 
see that deeper plowing increases yield but has 
a negative effect on WUE. Rain-fed chickpea 
provided less yield under comparatively low 
WUE. Application of mineral fertilizers at the 
optimum plant population significantly 
improved chickpea productivity and WUE. 
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Table 2. Chickpea yield depending on cultivation technology elements (kg/ha) (average for the period 2012-2014) 
Plowing depth Mineral fertilizers 

application dose 
Plants population 

50 plants/m2 100 plants/m2 150 plants/m2 

Rain-fed conditions (no irrigation) 
A1 (20-22 cm) B1 1260 1480 1550 

B2 1410 1680 1770 
B3 1520 1800 1900 

A2 (28-30 cm) B1 1280 1500 1600 
B2 1440 1720 1830 
B3 1560 1850 1980 

Irrigation 
A1 (20-22 cm) B1 2180 2480 2700 

B2 2660 3020 3310 
B3 2830 3240 3530 

A2 (28-30 cm) B1 2220 2530 2740 
B2 2710 3100 3380 
B3 2890 3330 3600 

Note: The LSD05 for factors А, D – 0.035-0.048; В, С – 0.043-0.059; interactions АD – 0.050-0.068; ВD, СD, АВ, АС – 0.061-0.083; ВС – 0.075-
0.102; АВD, АСD – 0.086-0.118; ВСD, АВС – 0.106-0.144; АВСD – 0.150-0.204. All the differences between the studied variants are significant. 
 

Table 3. Chickpea WUE depending on cultivation technology elements (kg/mm) (average for the period 2012-2014) 
Plowing depth Mineral fertilizers 

application dose 
Plants population 

50 plants/m2 100 plants/m2 150 plants/m2 
Rain-fed conditions (no irrigation) 

A1 (20-22 cm) B1 8.81 11.24 11.79 
B2 10.48 13.94 14.65 
B3 11.89 15.67 16.31 

A2 (28-30 cm) B1 8.47 10.76 11.83 
B2 10.21 13.75 14.99 
B3 11.74 15.57 17.00 

Irrigation 
A1 (20-22 cm) B1 15.53 19.50 22.28 

B2 22.64 28.46 32.61 
B3 25.16 31.95 36.66 

A2 (28-30 cm) B1 15.57 19.36 22.13 
B2 22.43 28.41 32.41 
B3 24.68 31.96 36.36 

     
Previously conducted studies proved that 
chickpea water use and water use efficiency are 
strongly dependent on the water supply of the 
crop, and on the peculiarities of rainfall 
distribution if we are talking about the rain-fed 
conditions (Zhang et al., 2000). Singh and 
Rama (1989) also reported about the response 
of chickpea to the water stress. This is in strong 

agreement with the results of our study that 
testify about significant WUE improvement of 
chickpea related to irrigation. Bhattarai et al. 
(2008) reported about the effect of the 
irrigation management practice and scheduling 
on the WUE of chickpea. Strong et al. (1997) 
also found out a strong correlation between 
chickpea yield, WUE and water supply. 

However, in some environmental conditions, 
irrigation can result in worse WUE of the crop 
if it is sown in inappropriate time (Oweis et al., 
2004). 
The fact that additional supply with mineral 
nutrition improves chickpea yield and WUE 
was reported by Khan et al. (2003), Singh and 
Bhushan (1980), Parihar (1990). Besides, soil 
nitrogen level together with fertilization, 
cultivar and Rhizobial inoculation of seeds was 
also proved to be a factor of WUE index 
changes (Gan et al., 2010). All these scientific 
results are in agreement with ours. However, 
we think that chickpea reaction on fertilization 
management has not yet sufficiently studied in 
semi-arid climatic conditions both at the 
irrigated and non-irrigated conditions. 
Chickpea response on the tillage practice is 
studied insufficiently. There is a study related 
to investigation of chickpea reaction to three 
tillage practices (no-till, minimum tillage and 
conventional tillage), however, it was 
conducted only in the rain-fed conditions, 
which is not the best option for chickpea 
cultivation in the arid and semi-arid climate 
(Rathore et al., 1998). Another study claimed 
about higher WU of chickpea under the no-till 
option comparatively to conventional tillage 
(Fernandez-Garcia et al., 2013). 
Leach and Beech (1988) reported about slight 
affection of plant density and inter-row spacing 
on chickpea productivity and WUE. They also 
claimed about considerable differences in 
radiation use efficiency by the crop in 
dependence on different sowing patterns. Bahr 
(2007) has also claimed about significant 
differences in yielding patterns and 
productivity of chickpea due to the different 
plants population. And the fact of different crop 
productivity is always closely connected with 
the fact of different WUE of the crop, as it was 
proved by the results of our scientific 
experiments. Plants population effects on the 
crop yield was also studied by Jettner et al. 
(1999), and Gan et al. (2003). 
Besides the studied factors, there are other 
factors that affect WUE of chickpea plants, for 
example, variety, sowing time, etc. (Brown et 
al., 1989). Therefore, further investigations in 
this field are required to provide concerned 
agricultural producers with scientifically 
substantiated comprehensive recommendations 

on chickpea water-saving and efficient 
cultivation technology. 
 
CONCLUSIONS 
 
The best WUE of chickpea in the experiments 
was provided by the variant with the crop 
cultivation by plowing at the depth of  
20-22 cm, fertilization dose N90P90, plants 
population of 150 plants per m2 at the irrigated 
conditions (36.66 kg per mm), while the 
maximum grain yield was obtained under the 
plowing at the depth of 28-30 cm with the same 
other options (3600 kg per ha). Therefore, we 
see that deeper plowing increases yield but has 
a negative effect on WUE. Rain-fed chickpea 
provided less yield under comparatively low 
WUE. Application of mineral fertilizers at the 
optimum plant population significantly 
improved chickpea productivity and WUE. 
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Abstract  
 
In the samples of alluvial meadow soils (irrigated and non-irrigated) in the Lower Dniester River were determinate the 
Cu, Zn, Co, Ni, Pb, Cd, Cr, Mn contents and their vertical distribution. The results indicated that irrigation has led to 
obvious accumulation of heavy metals in the alluvial soil: in the humiferous, gleyic and carbonatic horizons in different 
concentration. The non-irrigated fallow alluvial soils differ from the arable irrigated soils by a higher content of 
elements in profile, especially in the humiferous horizon, which is related to the specific conditions of their genesis, 
geomorphological characteristics, the hydrological regime etc. Thus, in the alluvial soils, approximately 50% of the 
total reserves of mobile forms of microelements are concentrated in the upper part of the soil profile (0-38 cm). 
 
Key words: alluvial soils, irrigation, heavy metals, Lower Dniester meadow. 
 
INTRODUCTION   
 
Under conditions of soil cover degradation and 
climate change, food security in the Republic 
of Moldova can be ensured by expanding the 
surfaces with irrigated soils. The most suitable 
areas for development of irrigated agriculture 
are the lands in the floodplains with alluvial 
soils. On the territory of the Republic of 
Moldova, within the agricultural land the 
alluvial soils occupy the area of about 120 
thousand hectares and are the main object for 
development of irrigated agriculture, because 
they can be easily provided with irrigation 
water from the neighboring rivers (Kuharuk et 
al., 2017; Leah, 2014). In this case, a major 
interest for the extension of irrigated 
agriculture is represented by the alluvial soils 
of the Lower Dniester meadow. 
The research purpose was to determine the 
geochemical regularity of migration and 
accumulation of heavy metals (Cr, Mn, Co, Ni, 
Cu, Zn, Cd, Pb) in the irrigated and non-
irrigated alluvial soils of the Lower Dniester 
river of Moldova.  
The research objectives:  
1) to determine the total content and mobile 
forms of heavy metals in the irrigated (arable) 

and non-irrigated (fallow) alluvial soils of the 
Lower Dniester river meadow;  
2) to determine the regularity regarding the 
accumulation and vertical distribution of the 
elements in the profiles of alluvial soil under 
the irrigation impact. 
 
MATERIALS AND METHODS  
 
Samples of irrigated and non-irrigated typical 
alluvial soils from the Lower Dniester meadow 
were collected for determination of total 
content and mobile forms of Cr, Mn, Co, Ni, 
Cu, Zn, Cd, Pb. To irrigate the alluvial soils, 
the water from the Dniester River was used. 
For carrying out the works provided by project 
the field pedological research and laboratory 
geochemical analyzes the classical methods 
were used. The determination of heavy metals 
was performed by atomic absorption 
spectrophotometry method.  
 
RESULTS AND DISCUSSIONS 
 
Soils of meadow landscapes are an integral 
component of very complex and productive 
ecosystems. The complexity of soil genesis 
process, its high dynamism, the specifics of 
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Abstract  
 
In the samples of alluvial meadow soils (irrigated and non-irrigated) in the Lower Dniester River were determinate the 
Cu, Zn, Co, Ni, Pb, Cd, Cr, Mn contents and their vertical distribution. The results indicated that irrigation has led to 
obvious accumulation of heavy metals in the alluvial soil: in the humiferous, gleyic and carbonatic horizons in different 
concentration. The non-irrigated fallow alluvial soils differ from the arable irrigated soils by a higher content of 
elements in profile, especially in the humiferous horizon, which is related to the specific conditions of their genesis, 
geomorphological characteristics, the hydrological regime etc. Thus, in the alluvial soils, approximately 50% of the 
total reserves of mobile forms of microelements are concentrated in the upper part of the soil profile (0-38 cm). 
 
Key words: alluvial soils, irrigation, heavy metals, Lower Dniester meadow. 
 
INTRODUCTION   
 
Under conditions of soil cover degradation and 
climate change, food security in the Republic 
of Moldova can be ensured by expanding the 
surfaces with irrigated soils. The most suitable 
areas for development of irrigated agriculture 
are the lands in the floodplains with alluvial 
soils. On the territory of the Republic of 
Moldova, within the agricultural land the 
alluvial soils occupy the area of about 120 
thousand hectares and are the main object for 
development of irrigated agriculture, because 
they can be easily provided with irrigation 
water from the neighboring rivers (Kuharuk et 
al., 2017; Leah, 2014). In this case, a major 
interest for the extension of irrigated 
agriculture is represented by the alluvial soils 
of the Lower Dniester meadow. 
The research purpose was to determine the 
geochemical regularity of migration and 
accumulation of heavy metals (Cr, Mn, Co, Ni, 
Cu, Zn, Cd, Pb) in the irrigated and non-
irrigated alluvial soils of the Lower Dniester 
river of Moldova.  
The research objectives:  
1) to determine the total content and mobile 
forms of heavy metals in the irrigated (arable) 

and non-irrigated (fallow) alluvial soils of the 
Lower Dniester river meadow;  
2) to determine the regularity regarding the 
accumulation and vertical distribution of the 
elements in the profiles of alluvial soil under 
the irrigation impact. 
 
MATERIALS AND METHODS  
 
Samples of irrigated and non-irrigated typical 
alluvial soils from the Lower Dniester meadow 
were collected for determination of total 
content and mobile forms of Cr, Mn, Co, Ni, 
Cu, Zn, Cd, Pb. To irrigate the alluvial soils, 
the water from the Dniester River was used. 
For carrying out the works provided by project 
the field pedological research and laboratory 
geochemical analyzes the classical methods 
were used. The determination of heavy metals 
was performed by atomic absorption 
spectrophotometry method.  
 
RESULTS AND DISCUSSIONS 
 
Soils of meadow landscapes are an integral 
component of very complex and productive 
ecosystems. The complexity of soil genesis 
process, its high dynamism, the specifics of 
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water supply, the significant influence of 
intrazonal factors (alluvial and flood processes) 
are the main reasons for the poor knowledge of 
these ecosystems from geochemical positions 
(Leah, 2014; 2018a). This is manifested in the 
insufficiency of materials on the biological, 
chemical and physico-chemical processes in 
meadow alluvial soils, in the small amount of 
data regarding content and distribution of trace 
elements. Therefore, environmentally ways of 
rational use and protection of alluvial soils are 
poorly developed. The effect of the anthro-
pogenic factor (agricultural use and irrigation) 
on them is steadily increasing due to the fact 
that these soils are the basis of natural fodder 
lands and vegetable growing (Сулин, 1980). 
The typical alluvial soils of the lower Dniester 
meadow are characterized by a clayey or 
clayey-loamy profile, weakly gleyed at a depth 
of 80 cm, weakly carbonated, moderate 
humiferous, with differentiated profile in 
genetic horizons, weakly alkaline reaction 
(Leah et al., 2018; Zaharova et al., 2018).  
The availability of heavy metals and other 
elements in alluvial meadow soils largely 
depends on the composition of the underlying 
alluvium and the specific conditions of soil 
formation (Букин, 2012). In the alluvial soils, 
the distribution of total and mobile forms of 
trace elements along the profile is not the same, 
due to the peculiarities of the composition and 
properties of soils, and is the result of the 
influence of soil genesis - formation processes. 
There is still no consensus on the patterns of 
distribution of trace elements along the profile 
of alluvial soils (Leah, 2018c). 
The seasonal dynamics of the elements of the 
Dniester River is weakly expressed, but the 
concentration of Zn, Al, Ti, Cu is greater in the 
spring, Fe and Mo - in the autumn, Mn and Ni - 
in the winter, which is associated with the 
hydrological characteristics of the river.  
The Maximum Allowable Limit in the Dniester 
irrigation water, in μg/ml, is: for hazard class I: 
Pb - 30, Zn - 1000; for hazard class II: Co - 
1000, Ni - 100, Cu - 1000, Cr - 500, Mn - 
10000 (Перельман, 1975).  
Content, distribution and availability of heavy 
metals to plants is important when assessing 
the environmental quality of area for purposes   
in vegetable growing or other field crops. 

Areas in which there is a sharp decrease in the 
intensity of migration of elements and, 
therefore, their concentration are called 
geochemical barriers. The systematic of 
barriers are based on those processes that lead 
to the concentration of elements. In the 
conditions of Moldova, carbonatic, alkaline, 
humiferous, gleyic, etc. are of the greatest 
importance for environment. 
In the non-irrigated (fallow) soils, there is an 
accumulation of total Cd, Pb, Co, Ni and Cr in 
the gleyic horizon (95-115 cm), the Cu and Zn 
in the humiferous horizon (0-38 cm).  
In the irrigated alluvial soil the content  
of heavy metals (except Cr) is much higher 
(0.5-2.0 times), than in non-irrigated soil 
(Figures 1-8). 
This is explained by the fact that the studied 
elements are classified as moderate, but Cr - 
weakly available (Kирилюк, 2006). 
The highest values were attested for Cu, Zn, 
Mn, Cd and Pb in the humiferous layers (0-57 
cm) of the irrigated soils, which is associated 
with their biogenic accumulation. However, the 
nature of the formation of the composition, 
including trace elements, of these soils has its 
own characteristics. 
A characteristic feature of the heavy metals 
distribution in the profiles of irrigation alluvial 
soils is the relatively high content of both the 
total amount and mobile forms of 
microelements (Cu, Zn, Mn, Cd and Pb) in the 
upper humus horizon, which is associated with 
organic matter formation. 
The significant accumulation of Cd, Pb, Co and 
Ni content was detected at the geochemical 
barrier passing from the gleyic horizon to the 
carbonatic horizon (95-115 cm).  
The accumulation of Mn was observed in the 
carbonatic parental rock at the depth of 160 - 
200 cm; the higher concentration than in the 
humiferous layer 0-20 cm. 
The middle layers (57-115 cm) are gleyic, that 
unless drained, is saturated with groundwater 
for long or short period. In these periods the 
layer develop a characteristic gleyic colour 
pattern is essentially made up of green-
yellowish colours. In these horizons of irrigated 
soils more Cd, Pb, Mn and Zn accumulated. In 
non-irrigated analogues - Co, Ni, Cd and Pb 
was accumulated (Figures 1-8). 
 

 

 
Figure 1. The total content of Cu in the irrigated and 

non-irrigated alluvial soils 

 
Figure 2. The total content of Cd in the irrigated and 

non-irrigated alluvial soils 

 
Figure 3. The total content of Pb in the irrigated and non-

irrigated alluvial soils

 
Figure 4. The total content of Mn in the irrigated and 

non-irrigated alluvial soils 

 
Figure 5. The total content of Zn in the irrigated and non-

irrigated alluvial soils 

Figure 6. The total content of Co in the irrigated and 
non-irrigated alluvial soils  
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water supply, the significant influence of 
intrazonal factors (alluvial and flood processes) 
are the main reasons for the poor knowledge of 
these ecosystems from geochemical positions 
(Leah, 2014; 2018a). This is manifested in the 
insufficiency of materials on the biological, 
chemical and physico-chemical processes in 
meadow alluvial soils, in the small amount of 
data regarding content and distribution of trace 
elements. Therefore, environmentally ways of 
rational use and protection of alluvial soils are 
poorly developed. The effect of the anthro-
pogenic factor (agricultural use and irrigation) 
on them is steadily increasing due to the fact 
that these soils are the basis of natural fodder 
lands and vegetable growing (Сулин, 1980). 
The typical alluvial soils of the lower Dniester 
meadow are characterized by a clayey or 
clayey-loamy profile, weakly gleyed at a depth 
of 80 cm, weakly carbonated, moderate 
humiferous, with differentiated profile in 
genetic horizons, weakly alkaline reaction 
(Leah et al., 2018; Zaharova et al., 2018).  
The availability of heavy metals and other 
elements in alluvial meadow soils largely 
depends on the composition of the underlying 
alluvium and the specific conditions of soil 
formation (Букин, 2012). In the alluvial soils, 
the distribution of total and mobile forms of 
trace elements along the profile is not the same, 
due to the peculiarities of the composition and 
properties of soils, and is the result of the 
influence of soil genesis - formation processes. 
There is still no consensus on the patterns of 
distribution of trace elements along the profile 
of alluvial soils (Leah, 2018c). 
The seasonal dynamics of the elements of the 
Dniester River is weakly expressed, but the 
concentration of Zn, Al, Ti, Cu is greater in the 
spring, Fe and Mo - in the autumn, Mn and Ni - 
in the winter, which is associated with the 
hydrological characteristics of the river.  
The Maximum Allowable Limit in the Dniester 
irrigation water, in μg/ml, is: for hazard class I: 
Pb - 30, Zn - 1000; for hazard class II: Co - 
1000, Ni - 100, Cu - 1000, Cr - 500, Mn - 
10000 (Перельман, 1975).  
Content, distribution and availability of heavy 
metals to plants is important when assessing 
the environmental quality of area for purposes   
in vegetable growing or other field crops. 

Areas in which there is a sharp decrease in the 
intensity of migration of elements and, 
therefore, their concentration are called 
geochemical barriers. The systematic of 
barriers are based on those processes that lead 
to the concentration of elements. In the 
conditions of Moldova, carbonatic, alkaline, 
humiferous, gleyic, etc. are of the greatest 
importance for environment. 
In the non-irrigated (fallow) soils, there is an 
accumulation of total Cd, Pb, Co, Ni and Cr in 
the gleyic horizon (95-115 cm), the Cu and Zn 
in the humiferous horizon (0-38 cm).  
In the irrigated alluvial soil the content  
of heavy metals (except Cr) is much higher 
(0.5-2.0 times), than in non-irrigated soil 
(Figures 1-8). 
This is explained by the fact that the studied 
elements are classified as moderate, but Cr - 
weakly available (Kирилюк, 2006). 
The highest values were attested for Cu, Zn, 
Mn, Cd and Pb in the humiferous layers (0-57 
cm) of the irrigated soils, which is associated 
with their biogenic accumulation. However, the 
nature of the formation of the composition, 
including trace elements, of these soils has its 
own characteristics. 
A characteristic feature of the heavy metals 
distribution in the profiles of irrigation alluvial 
soils is the relatively high content of both the 
total amount and mobile forms of 
microelements (Cu, Zn, Mn, Cd and Pb) in the 
upper humus horizon, which is associated with 
organic matter formation. 
The significant accumulation of Cd, Pb, Co and 
Ni content was detected at the geochemical 
barrier passing from the gleyic horizon to the 
carbonatic horizon (95-115 cm).  
The accumulation of Mn was observed in the 
carbonatic parental rock at the depth of 160 - 
200 cm; the higher concentration than in the 
humiferous layer 0-20 cm. 
The middle layers (57-115 cm) are gleyic, that 
unless drained, is saturated with groundwater 
for long or short period. In these periods the 
layer develop a characteristic gleyic colour 
pattern is essentially made up of green-
yellowish colours. In these horizons of irrigated 
soils more Cd, Pb, Mn and Zn accumulated. In 
non-irrigated analogues - Co, Ni, Cd and Pb 
was accumulated (Figures 1-8). 
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Figure 7. The total content of Ni in the irrigated and non-

irrigated alluvial soils 
 

 
Figure 8. The total content of Cr in the irrigated and non-

irrigated alluvial soils 
 
The content of zinc, cobalt, nickel and 
chromium in natural soils (non-irrigated) is 
close to the amount in the parent rock. 
A uniform vertical distribution in the profile   
of irrigated soil is shown for Cd, Zn, Ni; in the 
non-irrigated - Co, Ni, Zn. Part of heavy metals 
(Cu, Cd, Pb, Ni) is retained in the carbonate 
horizons (parental rock) of irrigated soils, in the 
carbonatic layers of non-irrigated soils - Mn. 
The entry of trace elements from soil-
groundwater destroyed the purely biogenic 
distribution of trace elements. Depending on 
the degree of hydrogenic accumulation and the 
level of groundwater, the most diverse 

distribution of trace elements is possible: the 
coincidence of the nutrient distribution, the 
prevalence of one or another form of 
accumulation at different depths in the soil. In 
the soil horizons of the evaporation of capillary 
currents from groundwater, microelements fall 
out and accumulate (Мартынов 2014; 2018; 
Микроэлементный, 2019). 
On the other hand, despite the structure of the 
profile of alluvial soils, a general regularity in 
the distribution of trace elements is observed in 
them, expressed in a decrease in their amount 
from top to bottom with three maxima - in 
humus accumulative horizon (Cr, Mn, Cu, Zn), 
in the gleyic horizon (Mn, Cd, Pb, Co, Ni) and 
carbonatic horizons (Cu, Mn). Here, there is 
also the influence of the illuvial process, 
amplified by leaching water regime of these 
soils, other conditions.  
One of the essential features of the distribution 
of trace elements along the profile of the soils 
under consideration is the relatively high 
concentration of most mobile forms of 
elements in the lower horizons, which is 
associated with their washing out of the upper 
horizons of the profile with irrigation water and 
a high content of organic matter involved in 
fixing the elements. The content of Cd, Pb, Cu, 
Zn, Ni is higher in the deep horizons of the 
profile of irrigation soil compared to fallow 
soil, which is associated with specific 
conditions of soil formation. 
In general, the mobility of trace elements in 
individual genetic horizons of the profile of 
irrigated alluvial soils is somewhat higher 
compared to natural soil, which is associated 
with a greater supply of their organic 
substances and the ability of trace elements to 
migrate along the soil profile as part of organo-
mineral complexes. However, unlike natural 
non-irrigated soils, the mobility of trace 
elements along the profile of alluvial irrigated 
soils varies unevenly, which is also due to the 
layered profile of these soils and significant 
participation of alluvial processes in their 
formation (Tables 1 and 2). 
According to their accumulate ability in the 
genetic horizons of alluvial soils, the total 
forms of trace elements are arranged in the 
following order: Cd> Pb> Mn> Zn> Cu> Ni> 
Co> Cr, and mobile ones - Cd> Co> Pb> Mn> 
Cu> Zn> Ni> Cr.  

 

Table 1. Content of heavy metals mobile forms (% of total content) in non-irrigated alluvial soils  
(ammonium acetate buffer solution, pH 4.8) 

Horizon Depth, cm Cu Zn Co Ni Cd Pb Cr Mn 
Ahț 0-18 3.5 4.1 11.3 7.1 50 15.5 1.4 8.2 
Ah 18-40 0.8 3.7 5.1 5.1 80 21.6 0.9 8.5 
AB 40-62 0.5 2.9 7.4 4.3 83 11.4 0.6 6.3 
Bg 62-80 2.7 3.1 4.8 4.1 40 7.6 0.2 5.2 

Bhg1 80-100 1.3 4.4 4.7 6.4 48 10.9 0.1 5.5 
Bhg2 100-112 1.6 5.5 2.5 2.8 30 9.6 0.3 6.4 
Bhg3 112-130 5.3 4.8 6.4 4.4 64 16.7 0.5 5.5 
G1k 130-150 6.3 5.2 5.6 1.1 49 16.6 0.4 5.0 
G2k 150-175 6.5 7.3 4.4 3.2 53 13.6 0.5 7.0 
G3k 175-200 5.7 2.3 3.8 5.0 49 13.1 0.5 7.5 

Content limits 
of heavy 

metals mobile 
forms for R. 

Moldova, 
mg/kg 

0-30 0.1-60 0.1-1.5 0.1-4.7 0.1-1.5 0.01-
0.30 

0.01-
0.60 

0.01-
1.90 0.4-195 

 
Table 2. Content of heavy metals mobile forms (% of total content) in irrigated alluvial soils 

(ammonium acetate buffer solution, pH 4.8) 
Horizon Depth, cm Cu Zn Co Ni Cd Pb Cr Mn 

Ahp1 0-20 1.6 3.4 5.8 4.3 20.5 8.4 0.2 5.8 
Ahp2 20-38 3.0 2.0 4.8 4.6 19.4 9.6 0.4 6.1 

Ah 38-57 3.1 2.2 2.4 4.9 19.2 11.0 0.5 6.1 
ABhg1 57-80 5,5 1.3 9.9 6.7 15.4 5.2 0.7 4.0 
ABhg2 80-95 2.3 2.3 3.8 2.2 21.9 6.0 0.7 3.9 
ABhg3 95-115 0.9 2.1 20.1 1.7 22.0 7.3 0.4 3.9 

G1k 115-135  3.7 1.7 11.4 1.2 27.9 17.2 0.3 3.7 
G2k 135-160 1.1 1.4 13.4 1.7 10.5 14.8 0.2 4.6 
G3k 180-200 2.4 4.3 11.0 2.6 10.4 10.3 0.2 6.4 

 
These soils are characterized by a relatively 
high accumulation of total forms of zinc and 
cadmium, as well as the mobile form of 
cadmium, cobalt, copper and manganese.  
The percentage of mobile forms indicates a 
high availability of all studied heavy metals in 
the 0-20 cm layer of follow soil. In the arable 
irrigated soil the availability of metals is 
observed in the 20-38 cm for Cu, Zn, Mn. 
In the steppe conditions of Moldova, with a 
lack of humidity, oxidizing conditions, a 
neutral reaction, and stability of humus, the 
mobility of metals is limited, and they 
accumulate in the upper horizons of soils. 
Soil heavy metal pollution during irrigation has 
its own characteristics, the accumulation of 
pollutants occurs gradually, approaching the 
Maximum Allowable Limit; there are no 
visible negative consequences of the 
accumulation of trace elements; duration of 
exposure to adverse events and threats to 
human health (Рабинович and Тома, 1981). 

In soils formed under different genesis 
conditions, there are differences in the biogenic 
accumulation of individual trace elements. 
They are more significant for total content in 
comparison with mobile ones.  
The biogenic accumulation of mobile forms of 
heavy metals in fallow non-irrigated and 
irrigated soils have a similar nature. Significant 
differences are observed in the biogenic 
accumulation of the total content of heavy 
metals, emphasizing the specificity of the trace 
element composition of soil profiles of various 
types. 
 
CONCLUSIONS 
 
The profile distribution characters of different 
heavy metals in irrigated alluvial soil depend 
on the soil-genesis condition and irrigation 
impact. Obtained data showed that soil 
environment quality of irrigated soil is 
favorable for vegetable and fodder cultivation. 
Key area of irrigation should be monitored 
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especially for spatial difference of heavy metals 
in the alluvial soils.  Therefore, the impact of 
irrigate water on the alluvial soils were 
identified. Irrigated alluvial soils are not 
polluted with heavy metals; their concentration 
in the soil does not exceed the maximum 
permissible limits for Moldova. The results 
regarding the content of heavy metals will be 
used for elaboration of the measures and 
recommendations on sustainable use, 
protection and improvement the quality of 
irrigated alluvial soils with Dniester river 
water.  
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Abstract 
 
The paper presents the results of the study devoted to the investigation of sweet corn economic efficiency production in 
dependence on the crop cultivation technology in the South of Ukraine. We studied the effect of basic plowing depth (20-
22, 28-30 cm), mineral fertilization (no fertilizers, N60P60, N120P120), plant population (35,000, 50,000, 65,000, 80,000 
plants ha-1) in the irrigated conditions of the Steppe zone on the yield of ears with connection of this index to the 
economic profitability. It was determined that the highest productivity of the crop (10.93 t ha-1) together with the highest 
profitability level (244.02%) was provided by the technological complex with plowing on the depth of 20-22 cm, mineral 
fertilizers application rate N120P120, plant population of 65,000 plants ha-1. We recommend the above-mentioned 
cultivation complex as a basic one for the farmers of the South of Ukraine due to its high economic profitability and 
best out-pay of the expenditures. 
 
Key words: cultivation technology, economic indexes, profitability level, sweet corn. 
 
INTRODUCTION 
 
Sweet corn (Zea mays L. ssp. saccharata 
Sturt.) is a valuable vegetable crop with an 
increasing demand on the market of European 
countries. The top producers of fresh sweet 
corn are USA, Hungary, France, Thailand etc. 
(Szymanek et al., 2005). The total value of 
sweet corn produced in the USA in 2016 
reached 9 million USD (NASS, 2017). 
Modern agrotechnologies have to provide high 
productivity of crops and excellent quality of 
the obtained product together with the best 
economic and resource efficiency (Aldrich et 
al., 1975). There are a number of studies 
devoted to the research of sweet corn yielding 
capacity at different agro-environmental 
conditions, various hybrids and cultivars, 
tillage practices, fertilization, plant population, 
sowing dates, pest and weed management, 
irrigation scheduling etc. (Akman, 2002; Al-
Hurmuzi and Topak, 2018; Cruz et al., 2015; 
Garcia y Garcia et al., 2009; Kumar & 
Narayan, 2018; Makus, 2000; Shin et al., 2014; 
Uwah et al., 2011). However, very few of them 

pay special attention to the question of 
economic efficiency.  
The goal of the paper is to present the results of 
the study devoted to the improvement of sweet 
corn cultivation technology elements for the 
drip-irrigated conditions of the South of 
Ukraine, including basic tillage, mineral 
fertilization and plant population options, and 
to recommend the farmers of the region the 
optimum agrotechnological complex for the 
best economic efficiency of the crop 
production. 
 
MATERIALS AND METHODS 
 
The field experiments devoted to the sweet 
corn cultivation technology improvement were 
carried out during 2014-2016 at the irrigated 
plots of the basic farm «Radianska Zemlia» 
located in the Steppe zone of Ukraine (latitude 
46°43′N, longitude 32°17′E, 42 m above the 
sea level). 
The soil of the experimental plots was 
represented by the dark-chestnut slightly 
solonetz soil with the content of humus 2.5%, 
low amounts of available for plants nitrogen, 
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especially for spatial difference of heavy metals 
in the alluvial soils.  Therefore, the impact of 
irrigate water on the alluvial soils were 
identified. Irrigated alluvial soils are not 
polluted with heavy metals; their concentration 
in the soil does not exceed the maximum 
permissible limits for Moldova. The results 
regarding the content of heavy metals will be 
used for elaboration of the measures and 
recommendations on sustainable use, 
protection and improvement the quality of 
irrigated alluvial soils with Dniester river 
water.  
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cultivation complex as a basic one for the farmers of the South of Ukraine due to its high economic profitability and 
best out-pay of the expenditures. 
 
Key words: cultivation technology, economic indexes, profitability level, sweet corn. 
 
INTRODUCTION 
 
Sweet corn (Zea mays L. ssp. saccharata 
Sturt.) is a valuable vegetable crop with an 
increasing demand on the market of European 
countries. The top producers of fresh sweet 
corn are USA, Hungary, France, Thailand etc. 
(Szymanek et al., 2005). The total value of 
sweet corn produced in the USA in 2016 
reached 9 million USD (NASS, 2017). 
Modern agrotechnologies have to provide high 
productivity of crops and excellent quality of 
the obtained product together with the best 
economic and resource efficiency (Aldrich et 
al., 1975). There are a number of studies 
devoted to the research of sweet corn yielding 
capacity at different agro-environmental 
conditions, various hybrids and cultivars, 
tillage practices, fertilization, plant population, 
sowing dates, pest and weed management, 
irrigation scheduling etc. (Akman, 2002; Al-
Hurmuzi and Topak, 2018; Cruz et al., 2015; 
Garcia y Garcia et al., 2009; Kumar & 
Narayan, 2018; Makus, 2000; Shin et al., 2014; 
Uwah et al., 2011). However, very few of them 

pay special attention to the question of 
economic efficiency.  
The goal of the paper is to present the results of 
the study devoted to the improvement of sweet 
corn cultivation technology elements for the 
drip-irrigated conditions of the South of 
Ukraine, including basic tillage, mineral 
fertilization and plant population options, and 
to recommend the farmers of the region the 
optimum agrotechnological complex for the 
best economic efficiency of the crop 
production. 
 
MATERIALS AND METHODS 
 
The field experiments devoted to the sweet 
corn cultivation technology improvement were 
carried out during 2014-2016 at the irrigated 
plots of the basic farm «Radianska Zemlia» 
located in the Steppe zone of Ukraine (latitude 
46°43′N, longitude 32°17′E, 42 m above the 
sea level). 
The soil of the experimental plots was 
represented by the dark-chestnut slightly 
solonetz soil with the content of humus 2.5%, 
low amounts of available for plants nitrogen, 
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medium amounts of mobile phosphorus, and 
high amounts of exchangeable potassium by 
the results of agrochemical survey conducted 
by the Institute of Soil Science. Bulk density of 
the soil is 1.22 g cm-3 in the layer 0-30 cm, and 
1.35 g cm-3 in the layer of 0-100 cm. 
Climate of the zone of experiments conduction 
is characterized as comparatively dry and hot, 
with the average annual air temperature of 
9.8oC that has a tendency to further increase 
(Lykhovyd, 2018). According to the data 
provided by Kherson regional 
hydrometeorological center, total rainfall 
amounts in the zone average to 441 mm, while 
evapotranspiration reaches 1000 mm. 
Weather conditions in the years of the trials 
conduction were quite typical for the Steppe 
zone of Ukraine. The years were different in 
the rainfall amounts: 2014 was the driest year, 
while 2015 was enormously humid with 99.6 
mm more rainfall than annual norm. 2016 was 
the closest to the long-term annual norm in 
precipitation. Sweet corn vegetation was 
sufficiently supplied with heat: the sum of the 
effective temperatures above 10oC was 
1960.1oC in 2014, 1799.6oC in 2015, and 
1882.5oC in 2016, respectively. The design of 
the study foresaw an investigation of such 
elements of the crop cultivation technology: 
plowing depth (20-22 and 28-30 cm), mineral 
fertilization rates (no fertilizers, N60P60, 
N120P120), plant population (35,000, 50,000, 
65,000 and 80,000 plants ha-1). We used a 
randomized split plot design method to conduct 
the study in four replications. 
Sweet corn cultivation technology based on the 
common recommendations for corn cultivation 
in the irrigated conditions of the Steppe zone of 
Ukraine. The cultivar ʻBrusnytsiaʼ (common 
sugary corn of su type) was used as a basic 
seed material for the experimental work. The 
previous crop (winter wheat) was harvested in 
the autumn, with double disking tillage and 
plowing following. Mineral fertilizers in the 
rates required by the design of the study were 
applied at the pre-plowing period. Sweet corn 
was sown by using the standard pneumatic seed 
drill on the depth of 5-6 cm with the inter-row 
spacing of 70 cm. Plant care was in the 
conduction of irrigation through the installed in 
advance drip system, and plant protection 
against insects (by using the allowed 

preparations of lambda cehalothrin and 
chloranthraniliprole) and weeds (by using the 
allowed preparations of acetochlor before the 
stage of germination and foramsulfuron, 
iodosulfuron, thiencarbazone-methyl during the 
vegetation). Total amount of irrigation water 
applied were 170 mm in 2014, 120 mm in 
2015, and 160 mm in 2016, respectively. The 
water used for irrigation is characterized as 
limited suitable because of relatively high 
mineralization of 1.4-1.5 g l-1, and sodium 
content of 45-50% that is not favorable for 
normal plant growth and may affect the fertility 
of soil (Lykhovyd and Kozlenko, 2018; 
Lykhovyd and Lavrenko, 2017). 
The results of the yield evaluation were 
generalized and statistically processed by the 
means of multi-factor analysis of variance 
(ANOVA) at the probability level of 95% 
(p<0.05). The differences between the variants 
of the trials were significant. We used the 
recommendations of domestic scientists 
through the conduction of mathematical data 
processing (Ushkarenko et al., 2014). 
The economic efficiency of sweet corn 
production was determined by using the 
standard methodology of calculation of the 
profitability level (Ushkarenko et al., 2014). 
Profitability level was calculated as the ratio of 
the obtained pure profit to the full expenditures 
required by the certain variant of cultivation 
technology. 
 
RESULTS AND DISCUSSIONS 
 
The results of our study proved that all the 
elements of sweet corn cultivation technology 
have significant effect on the yielding capacity 
of the crop. It was determined that the 
minimum yield was obtained at the variant with 
plowing on the depth of 20-22 cm, with no 
mineral fertilizers applied and at the plant 
population of 35,000 plants ha-1 - 2.67 t ha-1, 
while the highest productivity of the crop was 
guaranteed by the maximum mineral fertilizers 
rate of N120P120 at the plant population of 
65,000 plants ha-1 - 10.93 t ha-1 or 4.09 times 
higher (Table 1).  
The least significant difference (LSD) at the 
probability level of 95% was evaluated as 0.32 
t ha-1, so, all the variants are significantly 
different from each other (Table 1).  

Table 1. Sweet corn yield in the marketable ears without husks in dependence on the cultivation technology, t/ha 
Plowing depth, cm Mineral fertilizers rates, kg ha-1 Plant population, plants ha-1 Yield of marketable ears, t ha-1 

20-22 No fertilizers 35,000 2.67 
20-22 No fertilizers 50,000 2.85 
20-22 No fertilizers 65,000 3.01 
20-22 No fertilizers 80,000 2.96 
20-22 N60P60 35,000 5.56 
20-22 N60P60 50,000 6.31 
20-22 N60P60 65,000 7.67 
20-22 N60P60 80,000 6.80 
20-22 N120P120 35,000 7.53 
20-22 N120P120 50,000 8.81 
20-22 N120P120 65,000 10.93 
20-22 N120P120 80,000 9.58 
28-30 No fertilizers 35,000 3.00 
28-30 No fertilizers 50,000 3.34 
28-30 No fertilizers 65,000 3.57 
28-30 No fertilizers 80,000 3.37 
28-30 N60P60 35,000 4.89 
28-30 N60P60 50,000 5.55 
28-30 N60P60 65,000 6.25 
28-30 N60P60 80,000 5.64 
28-30 N120P120 35,000 6.23 
28-30 N120P120 50,000 7.36 
28-30 N120P120 65,000 8.59 
28-30 N120P120 80,000 7.56 

LSD05 (p < 0.05, probability level of 95%) 0.32 
Source: The results of own study conducted during 2014-2016 
 
It was determined that increase of the plowing 
depth is justified only under the non-fertilized 
conditions of the crop cultivation, while 
application of mineral fertilizers makes this 
agrotechnological measure ineffective. 
The highest increase in the yields of sweet corn 
was provided by the application of higher rates 
of mineral fertilizers. Plant population increase 
is justified only to the certain level, which was 
65,000 plants ha-1 in our study. Further increase 
of the quantity of plants per the unit of area 
caused significant loss of the crop productivity. 

The results of economic analysis of sweet corn 
production in the trials showed that the crop 
remains profitable even at the worst 
productivity level of 2.67 t ha-1 (the 
profitability level in this case is 16.98%). The 
best profitability level of sweet corn production 
was provided by the variant with plowing depth 
of 20-22 cm, mineral fertilizers application rate 
of N120P120 and the plant population of 65,000 
plants ha-1 - 244.02% (Table 2). 
 

 
Table 2. Profitability level of sweet corn production in dependence on the cultivation technology 

Plowing depth, cm Mineral fertilizers rates, kg ha-1 Plant population, plants ha-1 Profitability level, % 
20-22 No fertilizers 35,000 16.98 
20-22 No fertilizers 50,000 23.22 
20-22 No fertilizers 65,000 28.45 
20-22 No fertilizers 80,000 25.36 
20-22 N60P60 35,000 110.90 
20-22 N60P60 50,000 133.58 
20-22 N60P60 65,000 173.70 
20-22 N60P60 80,000 145.34 
20-22 N120P120 35,000 155.78 
20-22 N120P120 50,000 190.41 
20-22 N120P120 65,000 244.02 
20-22 N120P120 80,000 206.75 
28-30 No fertilizers 35,000 30.07 
28-30 No fertilizers 50,000 42.37 
28-30 No fertilizers 65,000 50.03 
28-30 No fertilizers 80,000 41.04 
28-30 N60P60 35,000 87.75 
28-30 N60P60 50,000 108.26 
28-30 N60P60 65,000 129.23 
28-30 N60P60 80,000 108.12 
28-30 N120P120 35,000 116.36 
28-30 N120P120 50,000 148.64 
28-30 N120P120 65,000 181.54 
28-30 N120P120 80,000 151.12 

Source: The results of own study conducted during 2014-2016 
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medium amounts of mobile phosphorus, and 
high amounts of exchangeable potassium by 
the results of agrochemical survey conducted 
by the Institute of Soil Science. Bulk density of 
the soil is 1.22 g cm-3 in the layer 0-30 cm, and 
1.35 g cm-3 in the layer of 0-100 cm. 
Climate of the zone of experiments conduction 
is characterized as comparatively dry and hot, 
with the average annual air temperature of 
9.8oC that has a tendency to further increase 
(Lykhovyd, 2018). According to the data 
provided by Kherson regional 
hydrometeorological center, total rainfall 
amounts in the zone average to 441 mm, while 
evapotranspiration reaches 1000 mm. 
Weather conditions in the years of the trials 
conduction were quite typical for the Steppe 
zone of Ukraine. The years were different in 
the rainfall amounts: 2014 was the driest year, 
while 2015 was enormously humid with 99.6 
mm more rainfall than annual norm. 2016 was 
the closest to the long-term annual norm in 
precipitation. Sweet corn vegetation was 
sufficiently supplied with heat: the sum of the 
effective temperatures above 10oC was 
1960.1oC in 2014, 1799.6oC in 2015, and 
1882.5oC in 2016, respectively. The design of 
the study foresaw an investigation of such 
elements of the crop cultivation technology: 
plowing depth (20-22 and 28-30 cm), mineral 
fertilization rates (no fertilizers, N60P60, 
N120P120), plant population (35,000, 50,000, 
65,000 and 80,000 plants ha-1). We used a 
randomized split plot design method to conduct 
the study in four replications. 
Sweet corn cultivation technology based on the 
common recommendations for corn cultivation 
in the irrigated conditions of the Steppe zone of 
Ukraine. The cultivar ʻBrusnytsiaʼ (common 
sugary corn of su type) was used as a basic 
seed material for the experimental work. The 
previous crop (winter wheat) was harvested in 
the autumn, with double disking tillage and 
plowing following. Mineral fertilizers in the 
rates required by the design of the study were 
applied at the pre-plowing period. Sweet corn 
was sown by using the standard pneumatic seed 
drill on the depth of 5-6 cm with the inter-row 
spacing of 70 cm. Plant care was in the 
conduction of irrigation through the installed in 
advance drip system, and plant protection 
against insects (by using the allowed 

preparations of lambda cehalothrin and 
chloranthraniliprole) and weeds (by using the 
allowed preparations of acetochlor before the 
stage of germination and foramsulfuron, 
iodosulfuron, thiencarbazone-methyl during the 
vegetation). Total amount of irrigation water 
applied were 170 mm in 2014, 120 mm in 
2015, and 160 mm in 2016, respectively. The 
water used for irrigation is characterized as 
limited suitable because of relatively high 
mineralization of 1.4-1.5 g l-1, and sodium 
content of 45-50% that is not favorable for 
normal plant growth and may affect the fertility 
of soil (Lykhovyd and Kozlenko, 2018; 
Lykhovyd and Lavrenko, 2017). 
The results of the yield evaluation were 
generalized and statistically processed by the 
means of multi-factor analysis of variance 
(ANOVA) at the probability level of 95% 
(p<0.05). The differences between the variants 
of the trials were significant. We used the 
recommendations of domestic scientists 
through the conduction of mathematical data 
processing (Ushkarenko et al., 2014). 
The economic efficiency of sweet corn 
production was determined by using the 
standard methodology of calculation of the 
profitability level (Ushkarenko et al., 2014). 
Profitability level was calculated as the ratio of 
the obtained pure profit to the full expenditures 
required by the certain variant of cultivation 
technology. 
 
RESULTS AND DISCUSSIONS 
 
The results of our study proved that all the 
elements of sweet corn cultivation technology 
have significant effect on the yielding capacity 
of the crop. It was determined that the 
minimum yield was obtained at the variant with 
plowing on the depth of 20-22 cm, with no 
mineral fertilizers applied and at the plant 
population of 35,000 plants ha-1 - 2.67 t ha-1, 
while the highest productivity of the crop was 
guaranteed by the maximum mineral fertilizers 
rate of N120P120 at the plant population of 
65,000 plants ha-1 - 10.93 t ha-1 or 4.09 times 
higher (Table 1).  
The least significant difference (LSD) at the 
probability level of 95% was evaluated as 0.32 
t ha-1, so, all the variants are significantly 
different from each other (Table 1).  

Table 1. Sweet corn yield in the marketable ears without husks in dependence on the cultivation technology, t/ha 
Plowing depth, cm Mineral fertilizers rates, kg ha-1 Plant population, plants ha-1 Yield of marketable ears, t ha-1 

20-22 No fertilizers 35,000 2.67 
20-22 No fertilizers 50,000 2.85 
20-22 No fertilizers 65,000 3.01 
20-22 No fertilizers 80,000 2.96 
20-22 N60P60 35,000 5.56 
20-22 N60P60 50,000 6.31 
20-22 N60P60 65,000 7.67 
20-22 N60P60 80,000 6.80 
20-22 N120P120 35,000 7.53 
20-22 N120P120 50,000 8.81 
20-22 N120P120 65,000 10.93 
20-22 N120P120 80,000 9.58 
28-30 No fertilizers 35,000 3.00 
28-30 No fertilizers 50,000 3.34 
28-30 No fertilizers 65,000 3.57 
28-30 No fertilizers 80,000 3.37 
28-30 N60P60 35,000 4.89 
28-30 N60P60 50,000 5.55 
28-30 N60P60 65,000 6.25 
28-30 N60P60 80,000 5.64 
28-30 N120P120 35,000 6.23 
28-30 N120P120 50,000 7.36 
28-30 N120P120 65,000 8.59 
28-30 N120P120 80,000 7.56 

LSD05 (p < 0.05, probability level of 95%) 0.32 
Source: The results of own study conducted during 2014-2016 
 
It was determined that increase of the plowing 
depth is justified only under the non-fertilized 
conditions of the crop cultivation, while 
application of mineral fertilizers makes this 
agrotechnological measure ineffective. 
The highest increase in the yields of sweet corn 
was provided by the application of higher rates 
of mineral fertilizers. Plant population increase 
is justified only to the certain level, which was 
65,000 plants ha-1 in our study. Further increase 
of the quantity of plants per the unit of area 
caused significant loss of the crop productivity. 

The results of economic analysis of sweet corn 
production in the trials showed that the crop 
remains profitable even at the worst 
productivity level of 2.67 t ha-1 (the 
profitability level in this case is 16.98%). The 
best profitability level of sweet corn production 
was provided by the variant with plowing depth 
of 20-22 cm, mineral fertilizers application rate 
of N120P120 and the plant population of 65,000 
plants ha-1 - 244.02% (Table 2). 
 

 
Table 2. Profitability level of sweet corn production in dependence on the cultivation technology 

Plowing depth, cm Mineral fertilizers rates, kg ha-1 Plant population, plants ha-1 Profitability level, % 
20-22 No fertilizers 35,000 16.98 
20-22 No fertilizers 50,000 23.22 
20-22 No fertilizers 65,000 28.45 
20-22 No fertilizers 80,000 25.36 
20-22 N60P60 35,000 110.90 
20-22 N60P60 50,000 133.58 
20-22 N60P60 65,000 173.70 
20-22 N60P60 80,000 145.34 
20-22 N120P120 35,000 155.78 
20-22 N120P120 50,000 190.41 
20-22 N120P120 65,000 244.02 
20-22 N120P120 80,000 206.75 
28-30 No fertilizers 35,000 30.07 
28-30 No fertilizers 50,000 42.37 
28-30 No fertilizers 65,000 50.03 
28-30 No fertilizers 80,000 41.04 
28-30 N60P60 35,000 87.75 
28-30 N60P60 50,000 108.26 
28-30 N60P60 65,000 129.23 
28-30 N60P60 80,000 108.12 
28-30 N120P120 35,000 116.36 
28-30 N120P120 50,000 148.64 
28-30 N120P120 65,000 181.54 
28-30 N120P120 80,000 151.12 

Source: The results of own study conducted during 2014-2016 
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It is interesting to compare our results with the 
results obtained in similar studies by other 
foreign and domestic researchers. There is little 
information in regard to the economic effects of 
tillage practice on the economic efficiency of 
sweet corn production. However, it was proved 
that tillage minimization usually has a positive 
effect on the economic indexes in comparison 
to conventional deep tillage (Zurovec et al., 
2017). The results of our study are in 
agreement with this statement: the best 
profitability of sweet corn cultivation was 
provided by the variant with usual plowing, not 
deep.  
Scientists proved that rational scientifically 
substantiated application of Nitrogen fertilizers 
at the corn crops result in considerable increase 
of the crop cultivation efficiency from the 
economic point of view (Mulvaney et al., 
2006). We saw the above-mentioned tendency 
in our study: the variants with higher rates of 
mineral fertilizers applied to the field were 
more efficient economically. However, some 
researchers point out that there is no need to 
over-fertilize the crop, the best way is to apply 
the optimum dose of Nitrogen and obtain the 
best compromise between the yields and 
economic efficiency (Vanotti and Bundy, 
1994). It is highly likely that this statement is 
true. But we did not have the variant of over-
fertilization, so, we cannot verify or debunk 
this information. Besides, we have to mention 
that sweet corn is highly responsive to 
fertilization independently on the features of 
genotype that is very important because it 
makes possible to extrapolate the results of the 
studies conducted with different hybrids and 
varieties of the crop on other genotypes 
(Mullins et al., 1999). 
Plant population is also an important factor of 
economic efficiency increase. It was stated that 
the effect of this parameter of agrotechnology 
differs in different genotypes of sweet corn: 
some genotypes provided the best economic 
efficiency at 40,000 plants ha-1, while others 
performed better at 50,000 plants ha-1, 
depending mostly on the duration of vegetative 
period (Yakunin et al., 2011). This report is 
supported by another scientific result that 
testify about the optimum plant population of 
sweet corn decrease from 50,000 to 30,000 
plants ha-1 with the increase of duration of the 

hybrids’ vegetative period (Okselenko, 2010). 
The results of our study did not take into 
account the effect of cultivar on the economic 
efficiency. The results of Eskandarnejad et al., 
2013 report that the best plant population for 
sweet corn in the conditions of Iran is 90,000 
plants ha-1 in comparison to 60,000 and 75,000 
plants ha-1. The study by Morris et al., 2000 
discovered that the yield of sweet corn 
increased with the increase of plant population 
in from 29,600 to 69,200 plants ha-1 in all the 
studied varieties and hybrids. Both of the 
above-mentioned studies did not have the 
variant of over-population. However, there is a 
study that is in agreement with our results, 
namely, that the yield of sweet corn increases 
up to the certain number of plants ha-1, and 
further thickening of crops has negative effect 
on the productivity. The best plant population 
in the above-mentioned study for fresh-market 
sweet corn was considered to be 56,000 plants 
ha-1 (Nichols, 1974).  
It is evident that the optimum plant population, 
tillage and fertilization options for the best 
efficiency of sweet corn production are highly 
dependent on the features of the cultivated 
hybrids and environmental conditions. That is 
why it is important to conduct research work in 
this field for every particular zone of the crop 
cultivation taking into account the assortment 
of varieties and hybrids, environmental, 
climatic, soil conditions, and the level of 
agriculture in the area. 
 
CONCLUSIONS 
 
The results of economic analysis of sweet corn 
agrotechnology testified that the best economic 
efficiency of the crop production is provided by 
the complex of technological operations 
including moldboard plowing at the depth of 
20-22 cm, application of mineral fertilizers in 
the rate of N120P120, and plant population of 
65,000 plants ha-1. This agrotechnological 
complex provided the maximum profitability 
level of 244.02%. 
Therefore, we recommend cultivation of sweet 
corn for the fresh market needs in the Steppe 
zone in the drip-irrigated conditions by using 
the above-mentioned technological operations 
that will guarantee high economic effect of the 
crop production for farmers. 

However, we have to mention that our study 
does not take into account a number of other 
important agrotechnological factors of sweet 
corn productivity and economic efficiency. 
Therefore, we are going to conduct additional 
researches to provide scientific community and 
agricultural producers with more 
comprehensive scientifically based information 
in regard to the efficient cultivation of the crop 
in the irrigated conditions of the Steppe zone.  
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It is interesting to compare our results with the 
results obtained in similar studies by other 
foreign and domestic researchers. There is little 
information in regard to the economic effects of 
tillage practice on the economic efficiency of 
sweet corn production. However, it was proved 
that tillage minimization usually has a positive 
effect on the economic indexes in comparison 
to conventional deep tillage (Zurovec et al., 
2017). The results of our study are in 
agreement with this statement: the best 
profitability of sweet corn cultivation was 
provided by the variant with usual plowing, not 
deep.  
Scientists proved that rational scientifically 
substantiated application of Nitrogen fertilizers 
at the corn crops result in considerable increase 
of the crop cultivation efficiency from the 
economic point of view (Mulvaney et al., 
2006). We saw the above-mentioned tendency 
in our study: the variants with higher rates of 
mineral fertilizers applied to the field were 
more efficient economically. However, some 
researchers point out that there is no need to 
over-fertilize the crop, the best way is to apply 
the optimum dose of Nitrogen and obtain the 
best compromise between the yields and 
economic efficiency (Vanotti and Bundy, 
1994). It is highly likely that this statement is 
true. But we did not have the variant of over-
fertilization, so, we cannot verify or debunk 
this information. Besides, we have to mention 
that sweet corn is highly responsive to 
fertilization independently on the features of 
genotype that is very important because it 
makes possible to extrapolate the results of the 
studies conducted with different hybrids and 
varieties of the crop on other genotypes 
(Mullins et al., 1999). 
Plant population is also an important factor of 
economic efficiency increase. It was stated that 
the effect of this parameter of agrotechnology 
differs in different genotypes of sweet corn: 
some genotypes provided the best economic 
efficiency at 40,000 plants ha-1, while others 
performed better at 50,000 plants ha-1, 
depending mostly on the duration of vegetative 
period (Yakunin et al., 2011). This report is 
supported by another scientific result that 
testify about the optimum plant population of 
sweet corn decrease from 50,000 to 30,000 
plants ha-1 with the increase of duration of the 

hybrids’ vegetative period (Okselenko, 2010). 
The results of our study did not take into 
account the effect of cultivar on the economic 
efficiency. The results of Eskandarnejad et al., 
2013 report that the best plant population for 
sweet corn in the conditions of Iran is 90,000 
plants ha-1 in comparison to 60,000 and 75,000 
plants ha-1. The study by Morris et al., 2000 
discovered that the yield of sweet corn 
increased with the increase of plant population 
in from 29,600 to 69,200 plants ha-1 in all the 
studied varieties and hybrids. Both of the 
above-mentioned studies did not have the 
variant of over-population. However, there is a 
study that is in agreement with our results, 
namely, that the yield of sweet corn increases 
up to the certain number of plants ha-1, and 
further thickening of crops has negative effect 
on the productivity. The best plant population 
in the above-mentioned study for fresh-market 
sweet corn was considered to be 56,000 plants 
ha-1 (Nichols, 1974).  
It is evident that the optimum plant population, 
tillage and fertilization options for the best 
efficiency of sweet corn production are highly 
dependent on the features of the cultivated 
hybrids and environmental conditions. That is 
why it is important to conduct research work in 
this field for every particular zone of the crop 
cultivation taking into account the assortment 
of varieties and hybrids, environmental, 
climatic, soil conditions, and the level of 
agriculture in the area. 
 
CONCLUSIONS 
 
The results of economic analysis of sweet corn 
agrotechnology testified that the best economic 
efficiency of the crop production is provided by 
the complex of technological operations 
including moldboard plowing at the depth of 
20-22 cm, application of mineral fertilizers in 
the rate of N120P120, and plant population of 
65,000 plants ha-1. This agrotechnological 
complex provided the maximum profitability 
level of 244.02%. 
Therefore, we recommend cultivation of sweet 
corn for the fresh market needs in the Steppe 
zone in the drip-irrigated conditions by using 
the above-mentioned technological operations 
that will guarantee high economic effect of the 
crop production for farmers. 

However, we have to mention that our study 
does not take into account a number of other 
important agrotechnological factors of sweet 
corn productivity and economic efficiency. 
Therefore, we are going to conduct additional 
researches to provide scientific community and 
agricultural producers with more 
comprehensive scientifically based information 
in regard to the efficient cultivation of the crop 
in the irrigated conditions of the Steppe zone.  
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Abstract 
 
The latest assessment of world vascular plant diversity showed that the current rate of their extinction has reached 
unprecedented high values. Biodiversity loss is driven mainly by anthropogenic causes as habitat destruction and 
climate changes. Being adapted to cold climate conditions, glacial relict species are particularly vulnerable to present 
global warming. Ligularia sibirica (L.) Cass. is a typical glacial relict plant species with medicinal value, native in 
Romaniaʼs Flora and protected under Annex II of Habitats Directive. Although at national level the species is protected 
in situ within Natura 2000 sites, its natural populations are declining.  In order to sustain species in situ protection, 
complementary ex situ conservation measures should be taken. The aim of present study was to develop an efficient 
protocol to introduce species seed onto a seed bank, for long-term ex situ conservation of plant germplasm. Banked 
seeds will be a valuable source of plant material for further studies on species active compounds, natural population 
reinforcement of for habitat rehabilitation. 
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INTRODUCTION 
 
In June 2019 were published the results of the 
World’s largest plant survey which reveals that 
seed-bearing plants have been disappearing at a 
rate which is up to 500 times faster than could 
be estimated as a result of natural events 
(Humphreys et al., 2019). In addition, more 
numerous than expected plant species became 
“functionally extinct” being present only in 
botanical gardens or in the wild, but in small 
numbers which cannot ensure long-term 
population survival, making this category of 
species candidate to near future extinction 
(Ledford, 2019).  
Addressing the challenges raised by plant 
diversity loss a broad international initiative 
was developed under the Convention on 
Biological Diversity (CDB) by adopting the 
Global Strategy for Plant Conservation 
(GSPC). Under the Objective II of GSPC: 
Plant diversity is urgently and effectively 
conserved, at Target 8 proposed for period 
2011-2020, is stipulated that At least 75 per 
cent of threatened plant species in ex situ 
collections, preferably in the country of origin, 
and at least 20 per cent available for recovery 

and restoration programmes (GSPC, 2011). 
The most developed regional response to the 
GSPC so far, is from European countries 
(Plants 2020 release). Romania, which ratified 
CDB since 1994, hosted the Fifth Planta 
Europa Conference on the conservation of wild 
plants Working Together for Plants.  
Within the conference a new European Plant 
Conservation Strategy was developed under the 
Planta Europa Network and the Council of 
Europe. The geographical area of this new 
Strategy comprises 47 European countries 
including Romania, and follows the objectives 
and targets of GSPC.  
At national level Vegetal Genetic Resources 
Bank “Mihai Cristea” of Suceava (BRGV) is 
the main ex situ conservation unit for seeds and 
other propagules. The Gene Bank preserves in 
active collections (conservation for medium 
term, at 4°C) over 17,800 accessions and in 
base collections (conservation for long period, 
at -20°C) a number of 4,560 accessions 
(BRGV, 2019). The preserved accession refers 
only to species important for food and 
agriculture. For ex situ conservation of wild 
endangered plant species, at national level the 
efforts were concentrated mainly in botanical 

gardens and researches institutes (Păunescu, 
2009).  
Ligularia sibirica (L.) Cass. is a glacial relict 
plant species with a main continuous 
distribution from east Asia to Southern Siberia 
and a fragmented range with small and isolated 
populations in Europe (Meusel and Jager, 
1992). The latest assessments reveal that 
populations with European range, originated in 
the early postglacial period and thus represent 
rare remnants of a former continuous 
distribution (Šmídová et al., 2011). In Europe, 
species is protected under the Habitats 
Directive, Annex II of the Council of the 
European Community (1992). As consequence, 
L. sibirica is protected in Romania in situ in 
some Natura 2000 sites. A comprehensive 
assessment of the species` current and potential 
distribution concluded that the efficiency of 
Natura 2000 in Romania for this species is less 
than optimal (Mânzu et al., 2013). 
L. sibirica is important not only as rare glacial 
relict species but also for its medicinal value. It 
is widely used in traditional Chinese medicine 
to reduce expectoration and relieve coughing 
due to its Eremophilane type sesquiterpenes 
content (Wu et al., 2016).  
Moreover, some pyrrolizidine alkaloids like 
tussilagine and iso-tussilagine isolated from     
L. sibirica showed antimicrobial and immune 
system stimulation effect being used for anti-
HIV-1, HSV-1 and HSV-2 treatments (Kapas 
et al., 2009).  
In several European countries national seed 
banks were developed to preserve endangered 
wild plants. For example, within last decade in 
Poland, several projects were developed 
regarding seed banking of indigenous 
endangered plants, including L. sibirica 
(Puchalski et al., 2014). 
Even though at national level there were some 
efforts to introduce some endangered plant taxa 
in ex situ collections, none of these concern the 
species L. sibirica. 
In order to support and complement in situ 
preservation, the aim of our study was to 
develop an efficient seed banking protocol 
towards an ex situ conservation strategy of      
L. sibirica germplasm. 
 
 
 

 MATERIALS AND METHODS  
 
Since there are no specific standards for the 
conservation of seeds from wild plant species 
(Hay and Probert, 2013) the presented protocol 
was developed (Figure 1) according to latest 
release of Gene bank Standards for Plant 
Genetic Resources for Food and Agriculture 
(FAO, 2014). In addition, when we have tested 
different storage temperatures and water 
content, we have considered Roberts’s rule 
which states that seed longevity increases as 
moisture content and temperature are reduced 
(Roberts, 1973). 
 
Site identification 
A comprehensive screening of available 
literature allowed us to make a list of national 
sites where the species was identified. 
 
Seed aquisition 
Achenes were collected at maturation stage in 
late September and early October 2015 from 
one Natura 2000 site - ROSCI 0055 Dealul 
Cetății Lempeș - Mlaștina Hărman Brașov 
county and other two non- protected site named 
Bahna Mare from Neamț county and Stupini 
Marches (Brașov county). All material was 
harvested directly from fructified individuals in 
order to avoid pathogenic infestation from 
ground achenes. When establishing a 
collection, sampling plays a critical role 
because a maximum genetic diversity that will 
be preserved must be ensured. We have 
sampled a number of 5 populations and 
collected achenes from at least 50 individuals 
of each. According to Brown and Marshall 
(1995) recommendation, this sampling formula 
ensures a capture of 67-83% of the species` 
alleles and at least one copy of 95% of the 
alleles that occur in populations at frequencies 
greater than 0.05. A total number of about 6300 
achenes were collected, with an average of 25 
achenes per individual. Samples from each 
individual were collected in a separate sealed 
envelope. To prevent fresh material hydration, 
a few grains of silica gel (about ¼ of volume of 
collected achenes) were disposed in each 
envelope.   
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INTRODUCTION 
 
In June 2019 were published the results of the 
World’s largest plant survey which reveals that 
seed-bearing plants have been disappearing at a 
rate which is up to 500 times faster than could 
be estimated as a result of natural events 
(Humphreys et al., 2019). In addition, more 
numerous than expected plant species became 
“functionally extinct” being present only in 
botanical gardens or in the wild, but in small 
numbers which cannot ensure long-term 
population survival, making this category of 
species candidate to near future extinction 
(Ledford, 2019).  
Addressing the challenges raised by plant 
diversity loss a broad international initiative 
was developed under the Convention on 
Biological Diversity (CDB) by adopting the 
Global Strategy for Plant Conservation 
(GSPC). Under the Objective II of GSPC: 
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conserved, at Target 8 proposed for period 
2011-2020, is stipulated that At least 75 per 
cent of threatened plant species in ex situ 
collections, preferably in the country of origin, 
and at least 20 per cent available for recovery 

and restoration programmes (GSPC, 2011). 
The most developed regional response to the 
GSPC so far, is from European countries 
(Plants 2020 release). Romania, which ratified 
CDB since 1994, hosted the Fifth Planta 
Europa Conference on the conservation of wild 
plants Working Together for Plants.  
Within the conference a new European Plant 
Conservation Strategy was developed under the 
Planta Europa Network and the Council of 
Europe. The geographical area of this new 
Strategy comprises 47 European countries 
including Romania, and follows the objectives 
and targets of GSPC.  
At national level Vegetal Genetic Resources 
Bank “Mihai Cristea” of Suceava (BRGV) is 
the main ex situ conservation unit for seeds and 
other propagules. The Gene Bank preserves in 
active collections (conservation for medium 
term, at 4°C) over 17,800 accessions and in 
base collections (conservation for long period, 
at -20°C) a number of 4,560 accessions 
(BRGV, 2019). The preserved accession refers 
only to species important for food and 
agriculture. For ex situ conservation of wild 
endangered plant species, at national level the 
efforts were concentrated mainly in botanical 

gardens and researches institutes (Păunescu, 
2009).  
Ligularia sibirica (L.) Cass. is a glacial relict 
plant species with a main continuous 
distribution from east Asia to Southern Siberia 
and a fragmented range with small and isolated 
populations in Europe (Meusel and Jager, 
1992). The latest assessments reveal that 
populations with European range, originated in 
the early postglacial period and thus represent 
rare remnants of a former continuous 
distribution (Šmídová et al., 2011). In Europe, 
species is protected under the Habitats 
Directive, Annex II of the Council of the 
European Community (1992). As consequence, 
L. sibirica is protected in Romania in situ in 
some Natura 2000 sites. A comprehensive 
assessment of the species` current and potential 
distribution concluded that the efficiency of 
Natura 2000 in Romania for this species is less 
than optimal (Mânzu et al., 2013). 
L. sibirica is important not only as rare glacial 
relict species but also for its medicinal value. It 
is widely used in traditional Chinese medicine 
to reduce expectoration and relieve coughing 
due to its Eremophilane type sesquiterpenes 
content (Wu et al., 2016).  
Moreover, some pyrrolizidine alkaloids like 
tussilagine and iso-tussilagine isolated from     
L. sibirica showed antimicrobial and immune 
system stimulation effect being used for anti-
HIV-1, HSV-1 and HSV-2 treatments (Kapas 
et al., 2009).  
In several European countries national seed 
banks were developed to preserve endangered 
wild plants. For example, within last decade in 
Poland, several projects were developed 
regarding seed banking of indigenous 
endangered plants, including L. sibirica 
(Puchalski et al., 2014). 
Even though at national level there were some 
efforts to introduce some endangered plant taxa 
in ex situ collections, none of these concern the 
species L. sibirica. 
In order to support and complement in situ 
preservation, the aim of our study was to 
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towards an ex situ conservation strategy of      
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Since there are no specific standards for the 
conservation of seeds from wild plant species 
(Hay and Probert, 2013) the presented protocol 
was developed (Figure 1) according to latest 
release of Gene bank Standards for Plant 
Genetic Resources for Food and Agriculture 
(FAO, 2014). In addition, when we have tested 
different storage temperatures and water 
content, we have considered Roberts’s rule 
which states that seed longevity increases as 
moisture content and temperature are reduced 
(Roberts, 1973). 
 
Site identification 
A comprehensive screening of available 
literature allowed us to make a list of national 
sites where the species was identified. 
 
Seed aquisition 
Achenes were collected at maturation stage in 
late September and early October 2015 from 
one Natura 2000 site - ROSCI 0055 Dealul 
Cetății Lempeș - Mlaștina Hărman Brașov 
county and other two non- protected site named 
Bahna Mare from Neamț county and Stupini 
Marches (Brașov county). All material was 
harvested directly from fructified individuals in 
order to avoid pathogenic infestation from 
ground achenes. When establishing a 
collection, sampling plays a critical role 
because a maximum genetic diversity that will 
be preserved must be ensured. We have 
sampled a number of 5 populations and 
collected achenes from at least 50 individuals 
of each. According to Brown and Marshall 
(1995) recommendation, this sampling formula 
ensures a capture of 67-83% of the species` 
alleles and at least one copy of 95% of the 
alleles that occur in populations at frequencies 
greater than 0.05. A total number of about 6300 
achenes were collected, with an average of 25 
achenes per individual. Samples from each 
individual were collected in a separate sealed 
envelope. To prevent fresh material hydration, 
a few grains of silica gel (about ¼ of volume of 
collected achenes) were disposed in each 
envelope.   
 
 
 



78

Seed drying and storage 
At maximum 2 days after field collection 
achenes were hand separated from accidentally 
introduced of alien material and also from 
pappus. Selected achenes were placed in an 
incubator with ventilation at 25°C and dried to 
9.8% water content. Samples of about 20 
achenes from each individual were disposed in 
cryovials of 1.8 ml, labelled and placed in a 
freezer at -18°C. A total of about 5000 achenes 
were stored for preservation. 
 
Viability monitoring - germination test post 
storage 
After one month of cold storage achenes were 
thawed by immersion in water bath at 37°C, 
scarified with scalpel and placed onto sterile 
Petri dishes (6 cm diameter) with sterile cotton 
fibres wetted with sterile distilled water. The 
samples were placed in the growth chamber set 
to a temperature of 20°C and an 8 hours 
photoperiod. 
 
Seed characterisation 
An initial germination test was performed using 
fresh collected achenes. In order to break seed 
dormancy a sample of 100 achenes were 

stratified for 30 days onto wet filter paper at 
4°C. After stratification achenes were imbibed 
in distilled water for 24 hours at 20°C and then 
transferred in samples of about 30 achenes onto 
Petri dishes (9 cm diameter) with filter paper 
wetted with distilled water. For germination the 
samples were placed in the growth chamber at 
20°C and an 8 hours photoperiod. 
In order to assess water content samples of 100 
fresh achenes were initially weight and then 
dried in an incubator at 130°C until they 
reached constant weight between three 
successive evaluation. 
Average weight was assessed on a sample of 
200 raw cleaned achenes after pappus removal 
using a Radwag PS 600/C/2 precision balance. 
Achenes dimension was calculated as an 
average of 50 seeds measured under a Zeiss 
Stemi 2000C stereo microscope equipped with 
an AxioERc5S digital camera. 
Micromorphological features were observed 
under scanning electronic microscopy (SEM). 
For analyses achenes were air dried for 24 
hours in an incubator with ventilation at 30°C 
and then coated with 20 nm thick golden layers 
and finally examined and photographed under a 
JEOL JSM-6610LV microscope.  

 

 
Figure 1. Diagram of seed banking protocol 

 
 
 

RESULTS AND DISCUSSION 
 
Species distribution range in Romania 
A screening of the available literature showed 
that species was reported from the following 
counties: Maramureş (Iezerul Mare, Poiana 
Săpânţei, Nireşul Săpânţei, Tinovul Vrăticel, 
Runc, Iezerul Brebului), Cluj (Făgetul Clujului, 
Valea Morii), Bistriţa-Năsăud (Rodnei 
Mountains), Harghita (Borsec, Fântâna 
Brazilor, Bilbor, Dumbrava Harghitei, Beneş 
and Nadaş Marshes, Volbăşeni), Covasna 
(Comadău, Răbufnitoarea Marsh), Braşov 
(Dumbrăviţa, Arinişe, Hărman, Vulcan, 
Postăvarul), Vâlcea (Olăneşti, Valea Bistriţei), 
Argeş (Cheile Dâmboviţei, Piatra Craiului), 
Neamţ (Bahna Mare), Suceava (Lucina, Valea 
Cârlibabei, Breaza, Ponoare, Negoiasa, Şarul 
Dornei, Cristişor, Poiana Coşnei, Călimani 
Mountains) and Bacău (Nemira, Oituz, Valea 
Jepilor, Cheile Ialomiţei, Căpăţânii Mountains  
and Parâng Mountains). 
 
Viability post storage 
After 47 days, 82% of sown achenes 
germinated. Surprisingly these figures were 
better than those obtained from raw stratified 
seeds. Most of the available reports showed 
that freezing treatments lower germination 
percentage. Only a few experiments concluded 
that freezing could be beneficial for 
germination, for example those reported by 
Hosomi and collaborators regarding some 
Cattleya (Orchidaceae) species (Hosomi et al., 
2012). This finding could be useful for further 
experiments in order to enhance germination 
indices.  
 
Seed morpho-physiological characteristics 
Germination 
Germination was started 14 days after sowing 
and last a total of 42 days when a total of 67% 
of seeds have germinated. The germination 
process was slow and irregular.  
Water content 
The average water content of raw achenes was 
16%.  
 Average weight and size 
The estimated average weight per 1000 was 
2.355 g.  
Achenes size varied from 3.9 to 6.9 mm in 
length, from 0.7 to 1.5 mm in width, and from 

0.2 to 0.6 mm in thickness, with averages of 
5.335 mm, 1.057 mm, and 0.393 mm, 
respectively. 
Morphology and micromorphology 
This species` seeds are enclosed in a dried 
indehiscent fruit named achene. Seminal coat is 
thin, membrane-like non-adherent to the 
sclerified pericarp. The fruit is elongated, 
narrowed at both endings, brownish in colour 
and with a rostrum with persistent pappus at 
apical end (Figure 2).  
 

 
Figure 2. Achene with pappus as seen in optical 

microscopy (x 10) 
 
Fruit surface is irregular ribbed and the entire 
surface is finely grooved as seen in scanning 
electronic microscopy - SEM (Figures 3 and 4) 
 

 
Figure 3. SEM microphotographs of achene surface 

 

 
Figure 4. SEM microphotographs showing  

a finely grooved surface 
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Seed drying and storage 
At maximum 2 days after field collection 
achenes were hand separated from accidentally 
introduced of alien material and also from 
pappus. Selected achenes were placed in an 
incubator with ventilation at 25°C and dried to 
9.8% water content. Samples of about 20 
achenes from each individual were disposed in 
cryovials of 1.8 ml, labelled and placed in a 
freezer at -18°C. A total of about 5000 achenes 
were stored for preservation. 
 
Viability monitoring - germination test post 
storage 
After one month of cold storage achenes were 
thawed by immersion in water bath at 37°C, 
scarified with scalpel and placed onto sterile 
Petri dishes (6 cm diameter) with sterile cotton 
fibres wetted with sterile distilled water. The 
samples were placed in the growth chamber set 
to a temperature of 20°C and an 8 hours 
photoperiod. 
 
Seed characterisation 
An initial germination test was performed using 
fresh collected achenes. In order to break seed 
dormancy a sample of 100 achenes were 

stratified for 30 days onto wet filter paper at 
4°C. After stratification achenes were imbibed 
in distilled water for 24 hours at 20°C and then 
transferred in samples of about 30 achenes onto 
Petri dishes (9 cm diameter) with filter paper 
wetted with distilled water. For germination the 
samples were placed in the growth chamber at 
20°C and an 8 hours photoperiod. 
In order to assess water content samples of 100 
fresh achenes were initially weight and then 
dried in an incubator at 130°C until they 
reached constant weight between three 
successive evaluation. 
Average weight was assessed on a sample of 
200 raw cleaned achenes after pappus removal 
using a Radwag PS 600/C/2 precision balance. 
Achenes dimension was calculated as an 
average of 50 seeds measured under a Zeiss 
Stemi 2000C stereo microscope equipped with 
an AxioERc5S digital camera. 
Micromorphological features were observed 
under scanning electronic microscopy (SEM). 
For analyses achenes were air dried for 24 
hours in an incubator with ventilation at 30°C 
and then coated with 20 nm thick golden layers 
and finally examined and photographed under a 
JEOL JSM-6610LV microscope.  
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Onto apical end achenes bears persistent 
whitish-yellow bristles as long, or longer than 
the achene (Figures 5 and 6). 
 

 
Figure 5. SEM microphotographs of pappus 

 

 
Figure 6. SEM microphotographs of a single bristle 

 
Seed viability could be preserved for very long 
periods of time. There are many findings 
arguing that orthodox seeds are excellent plant 
material that could be preserved for long-term. 
Examples of exceptional seed longevity are 
those of ancient seeds of sacred lotus and date 
palm. One of the first report concerning long-
term viability of seed date from 1923 and was 
released by the Japanese botanist Ichiro Ohga 
who tested a single-seeded fruit of Nelumbo 
nucifera var. China Antique (sacred lotus) 
originate from a dry lakebed in Northeast 
China. The author estimates seed longevity to 
be 120 years or more (Ohga, 1923). More 
recently, Miller and collaborators, radiocarbon 
dated the seeds, from the same provenience, as 
~1300 years old, and test it for germination. 
The centuries-old sacred lotus seeds sprouted, 
having a germination time of only 3 days 
(Miller et al., 2013). Another notorious 
example is those of ancient seed of Phoenix 

dactylifera naturally desiccated in Israel’s 
environment that germinated after 2000 years 
of storage in Masada archaeological site 
(Sallon et al., 2008). These achievements are 
strong arguments that seed banking is a 
valuable tool for long-term conservation of 
plant germplasm.  
Seed banks are specialized units for long term 
storage of samples from wild populations and 
presently are increasingly seen as a central 
component of ex situ plant conservation (Meyer 
et al., 2014). These banks are sources of 
characterized and selected good quality plant 
material to support future researches or 
conservation efforts like species re-introduction 
and habitat restoration. 
Since 2002 when the Global Strategy for Plant 
Conservation was adopted, thousands of wild 
species have been seed banked, mainly due to 
the endeavour of Millennium Seed Bank 
(MSB) partnership - (CDB Secretariat, 2009). 
MSB is recognized as the largest and most 
diverse wild plant species genetic resource, 
preserving over 39100 species from 5800 
genera (MSB, 2019). Unfortunately, only the 
species that produces orthodox seeds are seed 
bankable therefore proper to preserve their 
germplasm in seed banks. Fortunately,             
L. sibirica is a species whose seeds support 
desiccation thus with orthodox bankable seeds. 
Curently, L. sibirica is preserved within MSB 
collection in three accession but from these, 
only one is originate from wild populations 
(from Bulgaria) and seeds are not available for 
distribution from Royal Botanical Gardens 
Kew. In this respect, developing a local seed 
bank with wild plant material originating from 
Romania as a ”back-up” collection of 
germplasm, could be of particular interest. For 
instance, Stupini Marshes from which a part of 
preserved seeds originates could be lost in the 
near future because of the accelerated 
expansion of Brașov city.  
 
CONCLUSIONS 
 
The developed protocol is a valuable 
achievement to develop a national seed bank 
for wild plant species with scientific, medicinal 
or economic importance. This initiative should 
be priority within the actual context of 
biodiversity loss. This study is also an active 

contribution to achieve Target 8 of Objective II 
of the Global Strategy for Plant Conservation 
concerning introducing threatened species into 
available ex situ collections.  
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Abstract  
 
Global climate change predictions indicate an increase in temperatures over the next 50 years and a change in 
precipitation distribution patterns. Agriculture is currently responsible for 85% of water consumption and irrigated 
land tends to grow by a factor of 1.9 by 2050. Thus, southern European countries are in an area where water scarcity is 
very high and therefore the need for more sustainable crops and better management of water and soil resources 
becomes an important objective. Romania is also affected by water scarcity, drought and land degradation caused by 
climate change. Scientific research shows a tendency of aridization especially in the extra-Carpathian regions, 
including the southern part of Oltenia. The land cover/land use changes are components and have a contribution to 
climate change because the vegetation through photosynthesis and soil by default, acts as carbon dioxide storage. 
When natural or anthropogenic factors disturbed the land, the carbon dioxide and other greenhouse gases are release 
in the atmosphere and thus contribute to global warming.   
  
Key words: Land Use, LCM, Oltenia Plain, TerrSet. 
 
INTRODUCTION  
 
Land is utilized for multiple purposes and it is 
critical that land cover change be monitored for 
both its negative and positive consequences. 
The use of land involves various stakeholders, 
often bringing differing impacts. It is therefore 
of the utmost importance that the land cover 
change analysis and prediction process account 
for as many components and variables as 
possible if it is to be a useful and effective 
planning tool (https://clarklabs.org/). 
Sustainable land management is a central 
challenge in the sustainable management of 
earth systems and resources (Ellis et al., 2007). 
Standardized global and continental land cover 
(GCLC) products provide key terrestrial 
reference baseline data for numerous global, 
regional and national scale applications and 
inputs for large scale economic land use and 
ecosystem modelling (Manakos et al., 2018). 
Accurate datasets with estimates of the state 
and dynamics of terrestrial land cover are 
needed for environmental change studies, land 
resource management, climate modelling and 

sustainable development (Jung et al., 2006; 
You et al., 2007; Cai et al., 2011; Herold et al., 
2011; Manakos et al., 2017). Validation is a 
crucial part of the land cover mapping process 
since without proper evaluation against higher 
quality reference data, any land cover map 
remains an untested hypothesis that cannot be 
used as basis for practical applications (Zhao et 
al., 2014) an management decision (Manakos et 
al., 2018). Validation, as defined in the CEOS-
LVP report (Committee in Earth Observation 
Satellites), is an established process including 
quality control, qualitative assessment, cross 
comparisons, confidence maps and accuracy 
assessment (http://ceos.org/).  
Land cover change is defined as the loss of 
natural areas, particularly loss of forest to urban 
or exurban development, or the loss of 
agricultural areas to urban or exurban 
development (Sullivan et al., 2018) and is the 
best measure currently available to monitor 
pressures on ecosystems and biodiversity 
globally (OECD). Land-use and land-cover 
change (LULCC) impacts local energy and 
water balance and contributes on global scale to 

 
a net carbon emission to the atmosphere (Li et 
al., 2018). 
 
STUDY AREA 
 
The Oltenia Plain is located on the south-
western Romania, West of Olt River, bordered 
to the South by Danube and Bulgaria. In the 
Nord, the contact with Getic Piedmont is made 
by a winding line on the route of several 
localities (Figure 1). It is being largely made up 
from Danube terraces and Danube Meadow, 
and by Olt and Jiu river valleys and other 
piedmont accumulation dated from Pleistocene 
Era. The altitude varies from 50 to 200 m for 
the oldest sector of the plain. On the meadow 
and lowest terraces of Danube, there are sandy 
deposits on which sand dunes were developed. 
After 1990 part of them starts to evolve 
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plantations cutting) and vineyards removing 
(Ielenicz et al., 2005). The presence of sandy 
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because on these areas the amount of rainfalls 
is low, therefore, the water scarcity must be 
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equity (Lerman et al., 2004). The first visible 
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thus, a parcel of hundreds of hectares was 
divided in smaller parcels. The land 
fragmentation was not the only negative effect 
of changing the type of land property. Sandy 
soils need special attention because the mixes 
of various elements like: poor agricultural 
practices, deforestation, failure of subsistence 
farms, lack of land reclamation, climate change 
etc. could lead to aridization or even 
desertification.  It is known that an area over 
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Calafat and Corabia is already affected by 
aridization. 
CORINE Land Cover (CLC) was started in 
1985 and published for the first time in 1990. 
The continuous changes of environment, leads 
to new updates of CLC in 2000, 2006, 2012 
and the latest one in 2018 (to be fully validated 
in Q1 2019). The data sets consist in 44 classes 
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than 50 m for the CLC 1990, now, with the 
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satellite images is less than 10 m for CLC 
2018. The first inventory of CORINE Land 
Cover Changes (CLCC) was produced in 2000 
(changes from 1990 to 2000), after that it was 
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from satellite imagery by direct mapping of 
changes taken place between two consecutive 
inventories, based on image to image 
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Change mapping applies a 5 ha MMU to pick 
up more details in CLCC layer than in CLC 
status layer. Besides MMU, the changes of the 
surfaces should have a periodicity longer than a 
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Abstract  
 
Global climate change predictions indicate an increase in temperatures over the next 50 years and a change in 
precipitation distribution patterns. Agriculture is currently responsible for 85% of water consumption and irrigated 
land tends to grow by a factor of 1.9 by 2050. Thus, southern European countries are in an area where water scarcity is 
very high and therefore the need for more sustainable crops and better management of water and soil resources 
becomes an important objective. Romania is also affected by water scarcity, drought and land degradation caused by 
climate change. Scientific research shows a tendency of aridization especially in the extra-Carpathian regions, 
including the southern part of Oltenia. The land cover/land use changes are components and have a contribution to 
climate change because the vegetation through photosynthesis and soil by default, acts as carbon dioxide storage. 
When natural or anthropogenic factors disturbed the land, the carbon dioxide and other greenhouse gases are release 
in the atmosphere and thus contribute to global warming.   
  
Key words: Land Use, LCM, Oltenia Plain, TerrSet. 
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sustainable development (Jung et al., 2006; 
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a net carbon emission to the atmosphere (Li et 
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The CORINE Land Cover and CORINE Land 
Cover Changes are products at Pan-European 
level. However, for the local scale the MMU 
could be improved to highlight the variability 
of environment changes. In this paper, the 
analyses of land changes are made between 
CLC 1990 and CLC 2018 (28 years), with     
100 (m) x 100 (m) cell resolution. The result is 
a change map with a MMU of 1 ha. 
 

 
Figure 2. Example of change 324-311 in Oltenia Plain 

(Source: Corine Land Cover Changes, 2006) 
 
To accomplish this type of in detailed analysis, 
the TerrSet software offer a tool specialized in 
land changes modelling. 
The Land Change Modeler (LCM) is integrated 
within TerrSet and is oriented to the pressing 
problem of accelerated land conversion and the 
very specific analytical needs of biodiversity 
conservation. In LCM, tools for the assessment 
and prediction of land cover change and its 
implications are organized around major task 
areas: change analysis, change prediction, and 
planning interventions. The Change Analysis 
panel provides a set of tools for understanding 
the nature and extent of land cover change, 
including graphs of gains and losses, net 
changes and contributions experienced by any 
category. A simple one-click interface provides 
the ability to generate rapid maps of change, 
persistence, and specific transitions and 
exchanges between categories (Clark Labs). 

LCM compares and analyse raster data sets 
imported in “rst” file format. The data type 
must be byte (8 bit) and the file type binary 
with matching number of columns and rows. 
Also, the reference system, resolution and 
background values have to be the same in both 
data sets. In the data attribute table every land 
cover class need to have a unique id on the 
value field (not the CLC class code) which is 
identical for every images compared. After 
uploading the earlier and later land cover 
images and if there are no errors in metadata, 
the legends have to be harmonized. This 
operation ensures that both legends are the 
same and sequential starting with 1. In many 
cases, several land cover classes are not found 
in both images (especially when the study area 
is larger). This assumes the class that appear in 
only one image must be ingested in the second 
images. For example: if in the earlier image the 
rice field class exist but not in the later one, this 
class is also defined in the second one, even are 
no pixels for rice. As result, the model can 
mark a change from rice to other class. If the 
rice field class is not defined properly in both 
legends, the model gives errors and in the 
change map there will be no changes for rice. 
Optionally a basis road layer can be specified 
to be used in the dynamic variable prediction 
process and an elevation model used only for 
the Dynamic Road Development process. A 
REDD (Reducing Emissions from 
Deforestation and Degradation) project option 
is available if the land prediction results are 
intended to use as input for estimating and 
monitoring net anthropogenic GHG emission. 
 
RESULTS AND DISCUSSIONS 
 
For Oltenia Plain, Corine Land Cover 1990 
have 23 classes and for 2018 only 22 classes as 
it can be seen in Table 1. The missing classes 
from one or another data set could have some 
explanations related with class variability 
(burnt areas) or interpretation error (mixed 
forest). The continuous urban fabric assumes 
that over 80% of the land surface is cover with 
urban structure and transport networks while 
vegetation has very little representation. The 
settlements from Oltenia Plain are rather small 
with not so dense urban fabric and with 
significant vegetation areas and bare land 

 
surfaces that occupy a discontinuous spatial 
pattern. 
 
Table 1. Distribution of CLC classes for 1990 and 2018 

Grid code CLC Code CLC Classes CLC 1990 CLC 2018
1 111 Continuous urban fabric � �
2 112 Discontinuous urban fabric � �
3 121 Industrial or commercial units � �
5 123 Port areas � �
6 124 Airports � �
7 131 Mineral extraction sites � �
9 133 Construction sites � �
10 141 Green urban areas � �
11 142 Sport and leisure facilities � �
12 211 Non-irrigated arable land � �
14 213 Rice fields � �
15 221 Vineyards � �
16 222 Fruit trees and berry plantations � �
18 213 Pastures � �
20 242 Complex cultivation patterns � �

21 243
Land principally occupied by 
agriculture, with significant 
areas of natural vegetation

� �

23 311 Broad-leaved forest � �
25 313 Mixed forest � �
26 321 Natural grasslands � �
29 324 Transitional woodland-shrub � �
30 331 Beaches, dunes, sands � �
33 334 Burnt areas � �
35 411 Inland marshes � �
40 511 Water courses � �
41 512 Water bodies � �  
 
Only the town of Caracal has minor spatial 
features that could be classified as continuous 
urban fabric. LCM will mark this differences as 
change but considering class 111 misclassified 
in 1990, the urban class will not be analyse. A 
similar issue is in the case of mixed forest class 
in CLC 1990. Mixed forest is a blend of broad-
leaved and coniferous species, where none of 
them is predominant. With an altitude of 
maximum 200 m, the existence of coniferous 
forest is unlikely over the Oltenia Plain. The 
mixed forest class (313) is treated as broad-
leaved forest (311) and the change analyse is 
made in relation with the other classes.  
Before generating the change map, could be 
specified whether to ignore or not the transition 
less than a number in different units (cells, 
hectares, sq. km, acres, sq. miles, % changes, % 
of area). Ignore transition is a filter with a 
visible effect over the final result because he 
can remove minor transition which may be 
considered insignificant or other classification 
error. With all the data consistent and after 
setting the model, the change map can be 
produced. Every cell has 100 (m) x 100 (m) 
resolution and contain as attribute the class 

name from 1990 and into what class was 
change in 2018 (e.g. vineyard to complex 
cultivation pattern). In the map only the 
changing pixels are visible. 
Analysing the map it can be observed a lot of 
changes around the settlements and more 
obvious in Dabuleni-Bechet-Sadova-Marsani-
Amarastii de Sus areal. This sector is covered 
by sandy soils over which sand dunes evolved 
and it is very sensitive to land change and water 
scarcity. After 1989, the land, due to the 
changing of the type of property, was strongly 
fragmented (Figure 3).   
 

 
Figure 3. Land fragmentation south to Amarastii de Jos 

(Source: Google Earth) 
 
Other major changes took place around Calafat, 
Rast, Desa where broad-leaved forest (311) and 
transitional woodland-shrub (324) classes gain 
and loose surface one in relation with the other. 
The vineyards (221) lost very large surfaces 
and the rice fields (213) disappeared being 
replace by non-irrigated arable land (211). In 
the north-western part of Oltenia Plain, in the 
area of Burila-Mare, almost all or even entire 
land occupied by pasture (231), transitional 
woodland-shrub (324), vineyards (221) and 
land principally occupied by agriculture, were 
replaced with non-irrigated arable land (211). 
All the land cover changes with minimum 
mapping unit of 1 ha, can be visualising in the 
change map (Figure 4).  
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Figure 4. Land cover changes (1990-2018) in Oltenia Plain, resulted from TerrSet Land Change Modeler. The black 

circle marks the area with sand dunes and strong land fragmentation 
 
The change analysis can be performed by using 
different approaches that implies gains and 

losses, net change by categories or contributors 
to net change experienced by any class in 

 
relation with all other. The results are graphs 
and text files that contain statistical 
information.  
Gains and losses represent a quantitative 
assessment (in hectares) of change by all 
landcover categories (Figure 5). 
 

 
Figure 5. Gains and losses between 1990 and 2018 

 
The graph highlights very well the changes for 
each category and represents the first step in 
understanding the size and impact that they 
have in the study area. Non-irrigated arable 
land suffers the biggest change in this period 
and losses 27,539 ha, but gains until 2018, on 
the other surfaces, 77,121 ha, a net change of 
+49,582 ha. The net change takes the earlier 
landcover areas, adding the gains and then 
subtracting the losses (Figure 6). Vineyards, 
once fixing the sandy soils, are on the verge of 
extinction from the Oltenia Plain. They lose 
33,942 ha and gain 3,348 ha, with a net change 
of -30,594 ha. In the pasture class, changes are 
made more in spatial field, replacing or by 
replaced by other categories. The total surface 
varies very little around 26,000 ha. Complex 
cultivation patterns class is represented by 
small cultivated parcels with different 
cultivation types. This could be a mosaic of 
permanent crops, annual crops or gardens, 
many times associated with scattered houses 
build in this area. The restitution of land around 
the houses and emerging of the new type of 
small familiar farms, leads to an increase of 
vegetable gardens and hayfield. The surface 

lost by complex cultivation patterns is 8,376 ha 
and the gain until 2018 is 25,059 ha with a net 
change of +16,683 ha. Plains are not 
characterized by large surfaces of forest, 
having an agricultural specific, but forest has a 
major importance in these areas. 
 

 
Figure 6. Net change between 1990 and 2018 

 
The forests in Oltenia Plain are present as 
isolated areas into a sea of arable land, 
frequently under 100 ha, mostly located in 
eastern part and along Danube Valley. Broad-
leaved forest occupied in 1990 around 7% from 
total surface of the plain with a small increase 
in the next years but in 2018 the surface 
decreases with ~0.5%. Graph analysis show a 
loss of 15,061 ha and gain 11.710 ha with a net 
change of -3,351 ha of forest. Another 
landcover class associated with forest is 
transitional woodland-shrub who lost 5,600 ha 
between 1990 and 2018. The continuous drains 
(natural and anthropic) of inland marshes 
especially from Danube Valley make them to 
loss 17,638 ha. 
The third type of analyse, examines the 
contributions to net change experienced by a 
single class made on it by the other classes 
(Figure 7). Basically the graph show how one 
class is change by gaining/losses land from/to 
the rest of the classes.  
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lost by complex cultivation patterns is 8,376 ha 
and the gain until 2018 is 25,059 ha with a net 
change of +16,683 ha. Plains are not 
characterized by large surfaces of forest, 
having an agricultural specific, but forest has a 
major importance in these areas. 
 

 
Figure 6. Net change between 1990 and 2018 

 
The forests in Oltenia Plain are present as 
isolated areas into a sea of arable land, 
frequently under 100 ha, mostly located in 
eastern part and along Danube Valley. Broad-
leaved forest occupied in 1990 around 7% from 
total surface of the plain with a small increase 
in the next years but in 2018 the surface 
decreases with ~0.5%. Graph analysis show a 
loss of 15,061 ha and gain 11.710 ha with a net 
change of -3,351 ha of forest. Another 
landcover class associated with forest is 
transitional woodland-shrub who lost 5,600 ha 
between 1990 and 2018. The continuous drains 
(natural and anthropic) of inland marshes 
especially from Danube Valley make them to 
loss 17,638 ha. 
The third type of analyse, examines the 
contributions to net change experienced by a 
single class made on it by the other classes 
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Figure 7. Contribution to net change (ha) experienced by different landcover classes 

 
Non-irrigated arable land is in continuous 
expansion taking over large areas of vineyards 
(19,080 ha), pastures (13,363 ha), land 
principally occupied by agriculture with 
significant areas of natural vegetation (6,961 
ha), inland marshes (5,800 ha) and transitional 
woodland-shrub (4,221 ha). Together, non-
irrigated arable and complex cultivation 
patterns replace almost entire surface covered 
by vineyards (27,131 ha). From the analysis is 
estimated that more than 75% of the Oltenia 
Plain vineyards were lost.  
One of the causes is the land restitution after 
1989 having as results a strong land 
fragmentation thus a decrease of productivity. 
In many cases, fragmentation was an effect of 
equity attempt regarding the quality of 
vineyards returned. 
Another cause was the rising cost of the 
vineyard maintenance and last but not least, the 
aging of culture and the inability of owners to 
regenerate. Following this causes, the 
vineyards become an expensive and 
unattractive activity in this area. They were cut 

and easy replaced, for the most part, with 
arable land and with complex cultivation. 
Because some vineyards were located around 
settlements and very close to owner houses, the 
transition to vegetable gardens or to a small 
mosaic culture was an obvious choice. In 
Figure 8, the massive disappearance of 
vineyards are better understand by plotting a 
map who show the surfaces lost and gain and 
where no change has taken place.  
After 1990 when acacia plantations were cut, 
followed a period of time when broad-leaved 
forest surface grew because of reforestation 
(until 2012 according to CLC 2012 data), but 
many trees have dried up and make a transition 
to woodland-shrub. The broad-leaved forest 
lost 2,374 ha to transitional woodland-shrub. In 
the same time the rare woodland cannot evolve 
into forest or have been cut and transform into 
arable land (4,221 ha). Inland marshes make 
the transition to pasture (7,119 ha) and to 
arable land (5,800 ha). The other landcover 
classes suffered minor or even changes. 
 

 

 
Figure 8. Map of gains and losses in vineyards 

 
LCM has the possibility to calculate the 
transition potential for any class choose by 
user. The transition can have sub-models 
possibly grouped by a given specific name. 
Other auxiliary data can be added to the model 
as driver variables (distance from roads, 
distance from urban and distance from 
disturbance, elevation or slope). These 
variables can be static components (unchanged 
over time) or dynamic components that are 
recalculated over time (infrastructures). For 
modelling the transition, LCM uses, at choice, 
three methodologies: MLP (Multi-Layer 
Perceptron) that can run up to 9 transitions per 
sub-model, SimWeight (Similarity-Weighted 
Instance-based Machine Learning) and Logistic 
Regression. The last two can run just one 
transition per sub-model. Because non-irrigated 
arable land is the dominated class, having a 
dynamic evolution, gaining over 49,000 ha 
from the other classes, it was chosen for create 
a transition potential using MLP Neural 
Network. The method expected accuracy, as is 
described by Clark Labs, is a function of the 
number of transitions being modelled along 
with the number of persistence classes. The 
latter can be determined based on the number 
of “from” classes.  
The expected accuracy rate is:  
 

                                        (1)
where:  

E (A) = expected accuracy; 
T = the number of transition in the sub-
model (1 to 9); 
P = the number of persistence class (the 
number of “from” classes in the sub-
model). 

A measure of model skill (varies from -1 to 1 
where 0 indicated random chance) is then 
expressed as: 
 

                       (2) 
where: 
 A = measured accuracy; 

E (A) = expected accuracy. 
 
After running and evaluation of the arable land 
sub-model and create the transition potential, 
the change prediction model can be set.  
This step calculates the amount of changes that 
occur in the next 12 years, until 2030 (the 
prediction date can be change to any year). The 
prediction process uses the Markov Chain or 
other external model. For the final evaluation, 
can be taking into consideration the future 
development of the roads or infrastructure 
changes.  
The final product is represented by a change 
prediction map as it may be in the year 2030 if 
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the spatial trends of change follow the same 
path as before (Figure 9).  
The validation of the process determines the 
quality of the prediction map in relation with a 
reality map by counting the number of true hits 
(change/change), misses (persistence/change) 
and false alarm hits (change/persistence). 
 
 
 

Table 2. The net change area of 7 landcover classes for 
the year 2030, after modelling the transition potential to 

non-irrigated arable class 

2018 2030
Non-irrigated arable land 556931 578890 21959
Vineyards 9706 6135 -3571
Pastures 43082 31243 -11839
Agriculture/ natural vegetation 8788 5025 -3763
Broad-leaved forest 52023 51706 -317
Transitional woodland-shrub 13454 11779 -1675
Inland marshes 8609 7815 -794

Area (ha)Land Cover Class Net change 
(ha)

 
 

 
Figure 9. Prediction map for the year 2030, representing the possible transition from 6 main land cover classes to non-

irrigated arable land 
 
On detail, Figure 9 is a map showing the 
evaluation of one sub-model (non-irrigated 
arable land) with 6 transitions. For the 6 
transitions were chosen those classes with the 
most impact over the dynamic of arable land 
between 1990 and 2018. Considering the 
results of only one sub-model, for the year 
2030, non-irrigated arable land will expand his 
surface with almost 22,000 ha and diminishing 
the area of the other classes (Table 2). The 
vineyards continue to lose land; about one third 
of the surface from 2018 can be lost in the next 
11 years. But the loss of vineyards could be 
bigger, maybe even disappeared. If the other 
sub-models with their transition are running 
and if the contribution to net change in 
vineyards from 1990 to 2018 is analysed, it is 
easily to conclude that at least complex 
cultivation patterns will take over to an 

important areas of vineyards. Other important 
classes like pastures, broad-leaved forest and 
transitional woodland-shrub will have smaller 
surfaces in the future, changes made only by 
expansion of arable land.  
 
CONCLUSIONS 
 
Land Change Modeler can processed, analyse, 
evaluate and validate the changes and 
transitions from two landcover images and 
produced specific maps of changes, 
persistence, gains and losses, exchange 
between different classes and prediction. Also 
he can go further by using previous change 
analysis and change prediction and run 
scenarios of potential for greenhouse gases 
emission (GHG) reductions.  

 
Running the model for Oltenia Plain, using 
Corine Land Cover 1990 and 2018, highlights 
important changes that occurs in 28 years and 
the probability of changes for the next 11 years. 
The biggest change comes from vineyards that 
lose more than 75% of the initial area from 
1990 and expansion of non-irrigated arable 
land with 10%, reaching almost 557,000 ha. 
The complex cultivation pattern gain important 
areas around the settlements, practically 
replacing the vineyards from din areas. In the 
same time the areas cover by broad-leaved 
forest and transitional woodland-shrub lose 
together 8,951 ha.   
Land cover has an important role in climate 
change especially when important transitions 
occur between different classes. Unsupervised 
management and lack of planning may have 
negative consequences on the environment and 
life. Depending on the region and land cover 
changes, particularly when the changes are 
made by or to sensitive classes like arable 
areas, forest or artificial surfaces, a series of 
parameters may have increases in values: 
surface wind stress, total precipitation flux, 
foliage canopy temperature, convective 
precipitation flux, surface air temperature or 
moisture content of the soil layers. Thus, a 
negative feedback of climate change can appear 
due to land cover/land use changes. But when 
the changes are made after serious analysis and 
planning, the weight of landcover into the 
climate change is lower, even can have 
favourable effects.  
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Abstract 
 
As with any living organism, reproduction, aging and then death is a complex phenomenon unfolding within the seed, in 
which there is not only her life, but also hereditary properties of the plant that are of particular importance in the 
production potential. The seeds belonging to four inbred lines and five maize hybrids were stored in a dry state, in an 
open warehouse for a period of 36 months, and their germination, was evaluated in the initial phase, and then after 
every 12 months. The object of this research is the Study of the aging process (the decline of viability) of the "orthodox" 
seeds stored and develop a complex equation for seed viability, to make it possible to predict the germination of the 
lots, after a period of storage. For seed lots where the average germination has to be higher than the minimum allowed 
value we will introduce the concept "useful life" of the lot. Using the procedure of orthogonal polynomial coefficients 
the sum of squares SS

Δ
 of the factor duration of storage and SS

LxD
 of the interaction Lines x Duration storage, they were 

broken down into components: Δ
L
–Linear, Δ

Q
– Quadratic and Δ

rez
-Residual meaning L x Δ

L
 - Linear, L x Δ

Q
 - 

Quadratic and L x Δ
rez 

- Residual. The significant effect of the component, Linear and Square in the case of both factors, 
shows that the reactions of the lines regarding the preservation of the quality during the storage under the given 
conditions are unpredictable, which means that the answer cannot be predicted and quantified according to a certain 
equation. For the hybrid seed of maize belonging to the studied lots, an equation of the viability of the seeds of the form 
could be developed:  v=Ki - tg φ *p, whose slope coefficient d=tgφ is assimilated with the rate of deterioration of seed 
lots. In addition to controlling and adjusting the parameters of the storage environment, fungicide treatment has proven 
to be a solution, in increasing the "useful life" of the lot. By treating the seeds of the Turda Favorit hybrid with the 
fungicide, the rate of decline decreases more than double, from d=4.5x10-4 (untreated variant), to d=2.0x10-4. In the 
case of the inbred lines, a weaker preservation of the initial seminal qualities is observed than in the case of the hybrid 
maize seed. Conservation capacity depends on the genetic particularities of each genotype or line. 
 
Key words: maize hybrid seed, seed viability, inbred lines, storage conditions. 
 
INTRODUCTION 
 
The seed, destined for sowing, biological 
factor, life-bearing and genetic heritage, both 
attributes in interaction with a permanently 
changing environment throughout the life of 
the seed-plant-again seed, is an important 
factor of production, the first step in climate 
change mitigation measures. The special 
importance of maize is due not only to the high 
production potential but also to the many uses 
of the grains: in human nutrition, animal feed 
and bioethanol production. After 1960, with the 
creation and introduction into culture of the 
first maize hybrids obtained on the basis of 
inbred lines and the exploitation of the 

heterozis phenomenon, a doubling of the 
production is made compared to the one 
previously obtained from the local varieties and 
populations (Cristea, 2004). 
The quantity and quality of the agricultural 
production reflects the biological properties of 
the seeds used, the environment, the applied 
culture technology, the harvesting processing 
and, last but not least, the management of the 
preservation (Duda and Moldovan, 2008).  
Keeping the seeds for sowing is a complex of 
measures that must be applied in order to 
maintain the quality of the seed for a longer 
period of time. For this it is necessary to know 
the requirements of the species in relation to 
the parameters of the storage environment

(temperature, relative humidity, air 
composition, equilibrium humidity, destructive 
attack of microorganisms and insects) in order 
to minimize the physical, chemical and 
biochemical processes during storage. In order 
to limit the action of these factors on the 
normal process of seed aging, with 
consequences on the semen quality, it is 
necessary to know, control and regulate this 
process, in order to extend the "useful lifetime" 
of the seed lots. The duration of the seed life, 
usually expressed in years or days, is called in 
the literature, longevity. In practice we work 
with seed lots, so with populations, we will 
have to talk about a different longevity, which 
means the time frame in which the seeds in the 
lot still have an average germination higher 
than a minimum allowed value (*Law 
266/2002).  The fact that there are no immortal 
organisms there was introduced the concept, 
the 'useful life' of the lot and constitutes the 
main variable of a system in which a set of 
phenomena and physical-mechanical, 
physiological interconnected processes are 
identified, and all interacting with a continue 
changing environment (Bărbos and Moldovan, 
2016). The distribution of cumulative 
frequencies of seed death of a lot (seed 
populations) is, according to Ellis and Roberts 
(1980), Gaussian of the form: 
  
 y= 1/σ exp -(p-µ)²   (1) 

where: p- period of time 
 y - relative frequencies 
            σ - standard deviation 

 - average survival period.  
 
The aging of the seeds is the result of the 
diminution of the enzymatic capacity (Ching, 
1972) and of the total content of soluble 
proteins (Murariu et al., 1998), consequently 
the depreciation of the proteins determines the 
appearance of deteriorating reactions. To 
maintain seed viability at a high level during 
storage, it is mandatory to select for storage, 
seeds that have high levels of viability before 
storage (Modi, 2004). The most used storage 
method in the world, and with great 
applicability for all the seeds used as biological 
material, is the dry storage in “open space”- 
warehouse. These storage systems do not 
require special cooling installations, which 

would be expensive, but adequate constructions 
of concrete, such as silo or wall storage, 
insulated as best as possible to the outside 
temperature variations, provided with 
ventilation and control installations in different 
points of the parameters in the seed mass. The 
variant of the untreated preservation of the 
seeds belonging to the maize hybrids and in 
general of all the cereals is the most practiced, 
due to considerations regarding a new 
destination of the seeds. 
Germination is an indicator of viability defined 
as the property of the seed to germinate under 
optimal conditions (Badwin et al., 2006). He 
predicts sunrise in the field only if the soil and 
conditions are near ideal (Duurant and 
Gummerson, 1990). Different tests of vigor 
should be used to obtain accurate information 
about the quality of a seed lot (Milosovic and 
Cirovic, 1994).  
 
MATERIALS AND METHODS  
 
A laboratory experiment began at Agricultural 
Research and Development Station Turda, 
Romania, and National İnspection for Quality 
of Seeds, Cluj-Napoca, Romania. Storage 
(open space), thermally insulated, providing 
small variations of environmental parameters in 
space at the major changes of the outside, with 
a temperature variation at the major changes of 
the outside, with a temperature variation during 
the year, 8-28°C and relative variation, 25-75% 
humidity with the possibility of applying 
natural aeration.  
The storage conditions are referred to as 
treatment with subsequent graduations: an 
“open space” (warehouse) where untreated 
seed is stored; “open space” (warehouse) with 
seed treated with fungicide.  
The genetic material for the study of the 
aging process  
İnbred lines: they are parental forms used in 
the production of hybrids. The following lines 
were studied: Line LC 223 NrfT; Line LC 223 
NrfC; Line LC 363; Line LC 763. 
Corn genotypes have a different FAO group 
and come from homogeneous maize lots in 
terms of physical qualities (size), with initial 
humidity of approx. 12% and good health: 
Turda 200; Turda 165; Turda 201; Turda Star; 
Turda Favorit.    
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Abstract 
 
As with any living organism, reproduction, aging and then death is a complex phenomenon unfolding within the seed, in 
which there is not only her life, but also hereditary properties of the plant that are of particular importance in the 
production potential. The seeds belonging to four inbred lines and five maize hybrids were stored in a dry state, in an 
open warehouse for a period of 36 months, and their germination, was evaluated in the initial phase, and then after 
every 12 months. The object of this research is the Study of the aging process (the decline of viability) of the "orthodox" 
seeds stored and develop a complex equation for seed viability, to make it possible to predict the germination of the 
lots, after a period of storage. For seed lots where the average germination has to be higher than the minimum allowed 
value we will introduce the concept "useful life" of the lot. Using the procedure of orthogonal polynomial coefficients 
the sum of squares SS

Δ
 of the factor duration of storage and SS

LxD
 of the interaction Lines x Duration storage, they were 

broken down into components: Δ
L
–Linear, Δ

Q
– Quadratic and Δ

rez
-Residual meaning L x Δ

L
 - Linear, L x Δ

Q
 - 

Quadratic and L x Δ
rez 

- Residual. The significant effect of the component, Linear and Square in the case of both factors, 
shows that the reactions of the lines regarding the preservation of the quality during the storage under the given 
conditions are unpredictable, which means that the answer cannot be predicted and quantified according to a certain 
equation. For the hybrid seed of maize belonging to the studied lots, an equation of the viability of the seeds of the form 
could be developed:  v=Ki - tg φ *p, whose slope coefficient d=tgφ is assimilated with the rate of deterioration of seed 
lots. In addition to controlling and adjusting the parameters of the storage environment, fungicide treatment has proven 
to be a solution, in increasing the "useful life" of the lot. By treating the seeds of the Turda Favorit hybrid with the 
fungicide, the rate of decline decreases more than double, from d=4.5x10-4 (untreated variant), to d=2.0x10-4. In the 
case of the inbred lines, a weaker preservation of the initial seminal qualities is observed than in the case of the hybrid 
maize seed. Conservation capacity depends on the genetic particularities of each genotype or line. 
 
Key words: maize hybrid seed, seed viability, inbred lines, storage conditions. 
 
INTRODUCTION 
 
The seed, destined for sowing, biological 
factor, life-bearing and genetic heritage, both 
attributes in interaction with a permanently 
changing environment throughout the life of 
the seed-plant-again seed, is an important 
factor of production, the first step in climate 
change mitigation measures. The special 
importance of maize is due not only to the high 
production potential but also to the many uses 
of the grains: in human nutrition, animal feed 
and bioethanol production. After 1960, with the 
creation and introduction into culture of the 
first maize hybrids obtained on the basis of 
inbred lines and the exploitation of the 

heterozis phenomenon, a doubling of the 
production is made compared to the one 
previously obtained from the local varieties and 
populations (Cristea, 2004). 
The quantity and quality of the agricultural 
production reflects the biological properties of 
the seeds used, the environment, the applied 
culture technology, the harvesting processing 
and, last but not least, the management of the 
preservation (Duda and Moldovan, 2008).  
Keeping the seeds for sowing is a complex of 
measures that must be applied in order to 
maintain the quality of the seed for a longer 
period of time. For this it is necessary to know 
the requirements of the species in relation to 
the parameters of the storage environment

(temperature, relative humidity, air 
composition, equilibrium humidity, destructive 
attack of microorganisms and insects) in order 
to minimize the physical, chemical and 
biochemical processes during storage. In order 
to limit the action of these factors on the 
normal process of seed aging, with 
consequences on the semen quality, it is 
necessary to know, control and regulate this 
process, in order to extend the "useful lifetime" 
of the seed lots. The duration of the seed life, 
usually expressed in years or days, is called in 
the literature, longevity. In practice we work 
with seed lots, so with populations, we will 
have to talk about a different longevity, which 
means the time frame in which the seeds in the 
lot still have an average germination higher 
than a minimum allowed value (*Law 
266/2002).  The fact that there are no immortal 
organisms there was introduced the concept, 
the 'useful life' of the lot and constitutes the 
main variable of a system in which a set of 
phenomena and physical-mechanical, 
physiological interconnected processes are 
identified, and all interacting with a continue 
changing environment (Bărbos and Moldovan, 
2016). The distribution of cumulative 
frequencies of seed death of a lot (seed 
populations) is, according to Ellis and Roberts 
(1980), Gaussian of the form: 
  
 y= 1/σ exp -(p-µ)²   (1) 

where: p- period of time 
 y - relative frequencies 
            σ - standard deviation 

 - average survival period.  
 
The aging of the seeds is the result of the 
diminution of the enzymatic capacity (Ching, 
1972) and of the total content of soluble 
proteins (Murariu et al., 1998), consequently 
the depreciation of the proteins determines the 
appearance of deteriorating reactions. To 
maintain seed viability at a high level during 
storage, it is mandatory to select for storage, 
seeds that have high levels of viability before 
storage (Modi, 2004). The most used storage 
method in the world, and with great 
applicability for all the seeds used as biological 
material, is the dry storage in “open space”- 
warehouse. These storage systems do not 
require special cooling installations, which 

would be expensive, but adequate constructions 
of concrete, such as silo or wall storage, 
insulated as best as possible to the outside 
temperature variations, provided with 
ventilation and control installations in different 
points of the parameters in the seed mass. The 
variant of the untreated preservation of the 
seeds belonging to the maize hybrids and in 
general of all the cereals is the most practiced, 
due to considerations regarding a new 
destination of the seeds. 
Germination is an indicator of viability defined 
as the property of the seed to germinate under 
optimal conditions (Badwin et al., 2006). He 
predicts sunrise in the field only if the soil and 
conditions are near ideal (Duurant and 
Gummerson, 1990). Different tests of vigor 
should be used to obtain accurate information 
about the quality of a seed lot (Milosovic and 
Cirovic, 1994).  
 
MATERIALS AND METHODS  
 
A laboratory experiment began at Agricultural 
Research and Development Station Turda, 
Romania, and National İnspection for Quality 
of Seeds, Cluj-Napoca, Romania. Storage 
(open space), thermally insulated, providing 
small variations of environmental parameters in 
space at the major changes of the outside, with 
a temperature variation at the major changes of 
the outside, with a temperature variation during 
the year, 8-28°C and relative variation, 25-75% 
humidity with the possibility of applying 
natural aeration.  
The storage conditions are referred to as 
treatment with subsequent graduations: an 
“open space” (warehouse) where untreated 
seed is stored; “open space” (warehouse) with 
seed treated with fungicide.  
The genetic material for the study of the 
aging process  
İnbred lines: they are parental forms used in 
the production of hybrids. The following lines 
were studied: Line LC 223 NrfT; Line LC 223 
NrfC; Line LC 363; Line LC 763. 
Corn genotypes have a different FAO group 
and come from homogeneous maize lots in 
terms of physical qualities (size), with initial 
humidity of approx. 12% and good health: 
Turda 200; Turda 165; Turda 201; Turda Star; 
Turda Favorit.    
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Storage duration with graduations: “before 
sowing-2015” is the initial moment of 
researches; after 12 months; after 24 months; 
after 36 months. 
The experimental design: Completely 
Randomizat Design (RCD).  
2 x 5 x 4 - four repetitions for the study of 
viability maize seeds. 
4 x 4 - four repetitions for the study of viability 
İnbred lines.   
Statistical Analysis The methods and 
techniques used in the studies conducted in this 
paper are given below in order of their use 
during the research:  
- ANOVA for Analysis and Highlithing of 
factors influence by other statistic methods,                                                                                                       
- Procedures the orthogonal polynomial 
coefficients (Gomez and Gomez, 1984). 

RESULTS AND DISCUSSIONS 
 
1. Study of the viability of maize hybrid seed 
The process of aging of the seeds from the lots 
of five maize hybrids, with different FAO 
groups, was studied during the 36-month 
storage period, stored in a dry state in an "open 
space” -warehouse.  
The influence of the factor’s duration of 
storage, genotype and treatment on the 
viability of the seed, is appreciated, by the 
indicator, the standard germination (***SR 
1634/1999).  
The combinatorial picture of the factors, with 
their levels and the results of the trifactorial 
experiment, regarding the studied charac-
teristic: the standard germination, an indicator 
of viability, are presented in Table 1. 

  
Table 1.  Combination of studied factors and results in the standard germination   

in the experiment on hybrid seeds maize 

THE COMBINED TABLE OF FACTORS (germination, % - average values) 

TRATA- 
MENT (A) GENOTYPE (B) 

DURATION OF STORAGE (C) 
“initially” after “12 months” after ”24 months” after “36 months” 

untreated 
(a1) 

TURDA 200 (b1) a
1
b

1
c

1 
= 98.00 a

1
b

1
c

2 
 = 96.75 a

1
b

1
c

3 
= 96.00 a

1
b

1
c

4
 = 96.00 

TURDA 165 (b2) a
1
b

2
c

1 
= 92.00 a

1
b

2
c

2
= 93.00 a

1
b

2
c

3
 = 86.50 a

1
b

2
c

4
 = 78.00 

TURDA 201 (b3) a
1
b

3
c

1
= 96.00 a

1
b

3
c

2
=96.00 a

1
b

3
c

3
 = 92.50 a

1
b

3
c

4
 = 89.00 

TURDA STAR b4) a
1
b

4
c

1
= 97.00 a

1
b

4
c

2
 = 96.00 a

1
b

4
c

3 
= 94.00 a

1
b

4
c

4
 = 90.75 

FAVORIT (b5) a
1
b

5
c

1
= 95.50 a

1
b

5
c

2
 = 92.75 a

1
b

5
c

3
 = 90.00 a

1
b

5
c

4 
= 88.50 

fungicide 
(a2) 
 

TURDA 200 (b1) a
2
b

1
c

1
= 97.00 a

3
b

1
c

2
 = 95.75 a

3
b

1
c

3
 = 96.00 a

3
b

1
c

4
 = 94.75 

TURDA 165 (b2) a
2
b

2
c

1
= 93.50 a

3
b

2
c

2
 = 94.00 a

3
b

2
c

3
 = 89.75 a

3
b

2
c

4
 = 84.00 

TURDA 201 (b3) a
2
b

3
c

1
= 96.50 a

3
b

3
c

2
 = 96.00 a

3
b

3
c

3 
= 94.50 a

3
b

3
c

4
 = 92.50 

TURDASTAR b4) a
2
b

4
c

1
= 97.00 a

3
b

4
c

2
 = 97.00 a

3
b

4
c

3
= 94,.75 a

3
b

4
c

4
 = 93.00 

FAVORIT (b5) a
2
b

5
c

1
= 95.00 a

3
b

5
c

2
 = 95.00 a

3
b

5
c

3
 = 93.25 a

3
b

5
c

4
 = 92.75 

LSD5% =1.64; LSD1% = 2.16; LSD0.1%= 2.80 

Using the criterion F, hypothesis zero (H0), the 
significant influence of the main factors 
considered in the study was appreciated: 
significant influence of the main factors 
considered in the study was appreciated: seed 
treatment, hybrid, preservation duration and 
interactions of these factors, on the studied 
characteristic - germination. Analyzing the 
results from Table 1, it is found that with the 
passage of time, as a result of the degradation 
of the enzymatic system, of the substance 
consumption, the decrease of the germinative 
capacity of the seeds is accentuated. By the 
bifactorial study, regarding the action of the 
genotype factors and the duration of the 

preservation on the germination of the 
untreated seeds belonging to the lots of the 
analyzed hybrids, we find their very significant 
influence as well as the interaction (Table 2).   
In this experimental variant, the normal process 
of aging of the seed is studied, in which case 
the physiological parameters are inscribed in 
values that ensure the homeostasis of the 
organism. He complex character, the quality of 
the seeds, appreciated in this analysis only after 
the viability component, expressed by the 
standard germination, classifies the hybrids 
analyzed from the beginning as having 
“different initial seminal qualities”. 
    

Table 2. Analysis of variation for the factors action, hybrid and storage duration (non-treated) 

SOURCE OF 
VARIABILITY 

SUM OF SQUARES 
(SS) 

DEGREE OF 
FREEDOM (df) 

MEAN SQUARE 
(S²) 

COMPUTED 
“F” 

Replication 0.7375 3 0.2458 - 
HIBRID 782.925 4 195.7313 178.4729 xxx 

DURATION OF 
STORAGE 

633.1375 3 221.0458 201.5554 xxx 

INTERACTION: 
DURAT. X HIBRID 

266.175 12 22.1813 20.2255xxx 

ERROR 62.5125 57 1.0967 - 
TOTAL 1775.4875 79 - - 

LSD 5% = 1.48; LSD 1% = 1.97; LSD 0.1% = 2.56  
 

The treatment of the seeds, the practice of the 
performing agriculture, is obligatory, in the 
context in which an increasing presence of the 
diseases is observed, the pathogens located 
both on the seed and in the soil.  Significant 
action of seed treatment on germination during 
storage is highlighted by analyzing, the Turda 
Favorit hybrid. The value of the initial 
germination in the variants: untreated and 
"treated with fungicide" is almost equal 
(G=95%) but, in the end after "36 months" in 
the "fungicide-treated" variant, it had an 
improved germination, G = 92.75% for G = 
88.5%. The very large fluctuation of the 
germinations recorded by: genotype, treatment 
and the storage duration factor is very well 

evidenced by the histogram representation of 
the average values of each experimental variant 
(Figure 1). The very low values of seed 
germination, recorded in the “after 36 months” 
stage, in the case of hybrids, show the different 
ability to conserve the traits that define them as 
biological material, and that this is a genetic 
characteristic of each hybrid, being influenced 
differently by the storage conditions. By 
knowing, controlling and adjusting the 
parameters that characterize the storage 
environment, one can influence the aging 
process of the seeds, in the sense of increasing 
the longevity of the seed lot, respectively of its 
useful life, with economic consequence. 
 

 
Figure 1. Variability of the distribution of results in the standard germination analys 

is in the experiment on hybrid seeds maize 
 
Graphic expression of the deterioration process 
of seeds belonging to the lots of studied 
hybrids. 
In order to better emphasize the decline of the 
viability of the studied hybrids and a more 
accurate appreciation of their seminal qualities 
after a certain duration of storage, we will use 
the graphical method. On the axis of the 

ordinates, it is represented on the left side the 
germination transformed, in scores, and on the 
right it was expressed in percentages (%), and 
on the axis of the abscissa is represented the 
duration (p), in days, of the seeds stored in 
“open space”. Seed decline was studied for two 
maize hybrids, Turda 200 and Turda Favorit 
hybrid the newest hybrid created (Figure 2).   
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Storage duration with graduations: “before 
sowing-2015” is the initial moment of 
researches; after 12 months; after 24 months; 
after 36 months. 
The experimental design: Completely 
Randomizat Design (RCD).  
2 x 5 x 4 - four repetitions for the study of 
viability maize seeds. 
4 x 4 - four repetitions for the study of viability 
İnbred lines.   
Statistical Analysis The methods and 
techniques used in the studies conducted in this 
paper are given below in order of their use 
during the research:  
- ANOVA for Analysis and Highlithing of 
factors influence by other statistic methods,                                                                                                       
- Procedures the orthogonal polynomial 
coefficients (Gomez and Gomez, 1984). 

RESULTS AND DISCUSSIONS 
 
1. Study of the viability of maize hybrid seed 
The process of aging of the seeds from the lots 
of five maize hybrids, with different FAO 
groups, was studied during the 36-month 
storage period, stored in a dry state in an "open 
space” -warehouse.  
The influence of the factor’s duration of 
storage, genotype and treatment on the 
viability of the seed, is appreciated, by the 
indicator, the standard germination (***SR 
1634/1999).  
The combinatorial picture of the factors, with 
their levels and the results of the trifactorial 
experiment, regarding the studied charac-
teristic: the standard germination, an indicator 
of viability, are presented in Table 1. 

  
Table 1.  Combination of studied factors and results in the standard germination   

in the experiment on hybrid seeds maize 

THE COMBINED TABLE OF FACTORS (germination, % - average values) 

TRATA- 
MENT (A) GENOTYPE (B) 

DURATION OF STORAGE (C) 
“initially” after “12 months” after ”24 months” after “36 months” 

untreated 
(a1) 

TURDA 200 (b1) a
1
b

1
c

1 
= 98.00 a

1
b

1
c

2 
 = 96.75 a

1
b

1
c

3 
= 96.00 a

1
b

1
c

4
 = 96.00 

TURDA 165 (b2) a
1
b

2
c

1 
= 92.00 a

1
b

2
c

2
= 93.00 a

1
b

2
c

3
 = 86.50 a

1
b

2
c

4
 = 78.00 

TURDA 201 (b3) a
1
b

3
c

1
= 96.00 a

1
b

3
c

2
=96.00 a

1
b

3
c

3
 = 92.50 a

1
b

3
c

4
 = 89.00 

TURDA STAR b4) a
1
b

4
c

1
= 97.00 a

1
b

4
c

2
 = 96.00 a

1
b

4
c

3 
= 94.00 a

1
b

4
c

4
 = 90.75 

FAVORIT (b5) a
1
b

5
c

1
= 95.50 a

1
b

5
c

2
 = 92.75 a

1
b

5
c

3
 = 90.00 a

1
b

5
c

4 
= 88.50 

fungicide 
(a2) 
 

TURDA 200 (b1) a
2
b

1
c

1
= 97.00 a

3
b

1
c

2
 = 95.75 a

3
b

1
c

3
 = 96.00 a

3
b

1
c

4
 = 94.75 

TURDA 165 (b2) a
2
b

2
c

1
= 93.50 a

3
b

2
c

2
 = 94.00 a

3
b

2
c

3
 = 89.75 a

3
b

2
c

4
 = 84.00 

TURDA 201 (b3) a
2
b

3
c

1
= 96.50 a

3
b

3
c

2
 = 96.00 a

3
b

3
c

3 
= 94.50 a

3
b

3
c

4
 = 92.50 

TURDASTAR b4) a
2
b

4
c

1
= 97.00 a

3
b

4
c

2
 = 97.00 a

3
b

4
c

3
= 94,.75 a

3
b

4
c

4
 = 93.00 

FAVORIT (b5) a
2
b

5
c

1
= 95.00 a

3
b

5
c

2
 = 95.00 a

3
b

5
c

3
 = 93.25 a

3
b

5
c

4
 = 92.75 

LSD5% =1.64; LSD1% = 2.16; LSD0.1%= 2.80 

Using the criterion F, hypothesis zero (H0), the 
significant influence of the main factors 
considered in the study was appreciated: 
significant influence of the main factors 
considered in the study was appreciated: seed 
treatment, hybrid, preservation duration and 
interactions of these factors, on the studied 
characteristic - germination. Analyzing the 
results from Table 1, it is found that with the 
passage of time, as a result of the degradation 
of the enzymatic system, of the substance 
consumption, the decrease of the germinative 
capacity of the seeds is accentuated. By the 
bifactorial study, regarding the action of the 
genotype factors and the duration of the 

preservation on the germination of the 
untreated seeds belonging to the lots of the 
analyzed hybrids, we find their very significant 
influence as well as the interaction (Table 2).   
In this experimental variant, the normal process 
of aging of the seed is studied, in which case 
the physiological parameters are inscribed in 
values that ensure the homeostasis of the 
organism. He complex character, the quality of 
the seeds, appreciated in this analysis only after 
the viability component, expressed by the 
standard germination, classifies the hybrids 
analyzed from the beginning as having 
“different initial seminal qualities”. 
    

Table 2. Analysis of variation for the factors action, hybrid and storage duration (non-treated) 

SOURCE OF 
VARIABILITY 

SUM OF SQUARES 
(SS) 

DEGREE OF 
FREEDOM (df) 

MEAN SQUARE 
(S²) 

COMPUTED 
“F” 

Replication 0.7375 3 0.2458 - 
HIBRID 782.925 4 195.7313 178.4729 xxx 

DURATION OF 
STORAGE 

633.1375 3 221.0458 201.5554 xxx 

INTERACTION: 
DURAT. X HIBRID 

266.175 12 22.1813 20.2255xxx 

ERROR 62.5125 57 1.0967 - 
TOTAL 1775.4875 79 - - 

LSD 5% = 1.48; LSD 1% = 1.97; LSD 0.1% = 2.56  
 

The treatment of the seeds, the practice of the 
performing agriculture, is obligatory, in the 
context in which an increasing presence of the 
diseases is observed, the pathogens located 
both on the seed and in the soil.  Significant 
action of seed treatment on germination during 
storage is highlighted by analyzing, the Turda 
Favorit hybrid. The value of the initial 
germination in the variants: untreated and 
"treated with fungicide" is almost equal 
(G=95%) but, in the end after "36 months" in 
the "fungicide-treated" variant, it had an 
improved germination, G = 92.75% for G = 
88.5%. The very large fluctuation of the 
germinations recorded by: genotype, treatment 
and the storage duration factor is very well 

evidenced by the histogram representation of 
the average values of each experimental variant 
(Figure 1). The very low values of seed 
germination, recorded in the “after 36 months” 
stage, in the case of hybrids, show the different 
ability to conserve the traits that define them as 
biological material, and that this is a genetic 
characteristic of each hybrid, being influenced 
differently by the storage conditions. By 
knowing, controlling and adjusting the 
parameters that characterize the storage 
environment, one can influence the aging 
process of the seeds, in the sense of increasing 
the longevity of the seed lot, respectively of its 
useful life, with economic consequence. 
 

 
Figure 1. Variability of the distribution of results in the standard germination analys 

is in the experiment on hybrid seeds maize 
 
Graphic expression of the deterioration process 
of seeds belonging to the lots of studied 
hybrids. 
In order to better emphasize the decline of the 
viability of the studied hybrids and a more 
accurate appreciation of their seminal qualities 
after a certain duration of storage, we will use 
the graphical method. On the axis of the 

ordinates, it is represented on the left side the 
germination transformed, in scores, and on the 
right it was expressed in percentages (%), and 
on the axis of the abscissa is represented the 
duration (p), in days, of the seeds stored in 
“open space”. Seed decline was studied for two 
maize hybrids, Turda 200 and Turda Favorit 
hybrid the newest hybrid created (Figure 2).   
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Figure 2. The rate of deterioration of untreated and treated with fungicid seed lots from the studied hybrids,  

stored in “open space”
 
The regression slope has been assimilated 
(germination versus storage duration) with the 
deterioration rate (the slope of the fall of 
germination), elaborating for each hybrid a 
mathematical model called the equation of the 
seed's viability, of the form: 
                                   

v = Ki - tg φ *p           (2) 
 
where: v - is the seed viability in probit;                                                                                                  
 Ki - is the probit of the percentage 
viability at the beginning of the storage period; 
 φ - the angle of the straight line (0);                                                                                                                                             
 p - storage duration (days); 
 d = tgφ (the coefficient of the slope of 
the straight line), is the seed deterioration rate.    
 
From the graph shown in Figure 2, we can see 
a phenomenon that is difficult to highlight by 
other procedures. In the case of the seed 
belonging to the Turda 200 hybrid, the rate of 
germination decline is very low, from value d = 
2.7 x 10-4 in case of storage of untreated seed to 
d = 2.1 x 10-4 in the treated version. In contrast, 
in the case of the Turda Favorit hybrid, by 
treating the seeds with a fungicide, the decline 
rate decreases more than double, from d = 4.5 x 
10-4 decreases to d = 2. x 10-4. By developing a 
complex equation of seed viability, it is 
possible to predict the germinations of the seed 
lots, at any given time, after a period of storage, 
useful information for those in the seed 
industry, avoiding the declassification of the 
batches (lots), as a result of the germination 
drop below the allowed limit, working with 

economic and security working with economic 
and security consequences of production. 
  
2. The study of the viability of the maize 
inbred lines storage in an “open space” 
(warehouse) 
Considering the importance of the inbred lines 
in the practice of breeding, in order to produce 
the commercial hybrid seed with a series of 
traits as: adaptability, disease resistance and 
fall, highproduction potential, four inbred lines 
were taken for analysis. The inbred lines used 
in the creation of plant hybrids are 
characterized by a hereditary trait called 
combinatorial ability, their ability to cross-
breed, hybrids with high production capacity 
that show a strong heterozis. Due to the 
complexity of producing the inbred lines and 
the fact that in the case of maize, a high level of 
stability and uniformity is reached after several 
generations of repeated self-pollination (7-9 
years) when most places become homozygous. 
in practice, they are produced in quantities that 
satisfy the need for several years. In the 
present study, the four inbred lines were stored 
in the dry state and not treated, in the "open 
space" (warehouse). It was considered as an 
initial moment, the stage "before sowing 2015". 
The mean values of the standard germination in 
the four analysis stages are given in Table 3. 
The experimental results show a large variation 
of the recorded germination, both in the case of 
a line with the duration of storage, but also 
between them, in each analyse stage. 

Table 3. The combined table of factors (germination % - average values) 

INBRED LINES 
(A) 

DURATION OF STORAGE (B) 
“initially” 

 after “12 months” after “24 months” after “36 months” 

LC 223 Nrf. T a1b1 = 93.25 a1b2 = 94.00 a1b3 = 88.00 a1b4 = 87.25 
LC 763 a2b1 = 91.50 a2b2 = 86.00 a2b3 = 80.75 a2b4 = 63.00 
LC 363 a3b1 = 94.00 a3b2 = 92.50 a3b3 = 64.50 a3b4 = 33.00 
LC 223 Nrf.C a4b1 = 92.50 a4b2 = 85.00 a4b3 = 78.50 a4b4 = 80.00 

 
This shows their increased sensitivity to the 
duration of storage and the storage conditions. 
For the study of the influence of the factors: A- 
inbred lines; B-the duration of preservation on 
viability, approached another analysis scheme  

 
that is based on the calculation of the so-called 
"deviations" δi, of individual values versus 
partial averages   and the general average , 
not on the average square deviations (Table 4).

Table 4. Highlighting the influence of factors by other statistical methods 

SOURCE OF VARIABILITY 
DEVIATION OF THE AVERAGES 

OF THE PARTIAL [δ
i
] 

DEGREE OF 
FREEDOM [df] 

DEVIATION 
OF THE 

MEAN [δ
i
] 

COMPUTED 
“F” 

Replication (δ
R
) δ

R
=(∑

Ri
)/r- = 0,219 3   

INBRED LINES (δ
L
) δ

L
=(∑

Li
 )/e-  = 50,355 3 16.785 346.79

xxx
 

DURATION OF STORAGE (δ
Δ
) δ

Δ
=(∑

Δi
 )/d–– = 112,255 3 37.418 773.09

xxx
 

FACTORIAL VARIABILITY (δ
LΔ) δ

LΔ
=(∑

(LΔ)i
)/l*d- = 243.541 15 - - 

INTERACTION,: L X Δ  (δ
LXΔ

) δ
LXΔ

= δ
LΔ 

- δ
L
 - δ

Δ 
= 80.931 9 8.992 185.78

xxx
 

POOLED ERROR (δ
E
) δ

E = 
δ - δ

R 
-δ

LΔ 
= 2.176 45 0.0484 - 

TOTAL (δ) 
 δ = (∑x

i
²)/N -  =245.936 63   

LSD5% = 2.50; LSD1% = 3.35; LSD 0.1% = 4.38 
 
The results show that, following the application 
of the "F" criterion, the very significant 
influence on the viability of the factors: inbred 
lines, the duration of their preservation and 

their interaction. In Table 5, it presents the 
significance of the differences from the witness 
chosen within each factor. 

 
Table 5. The separate influence of inbred lines and storage duration on germination 

INBRED  
LINES 

DURATION OF STORAGE  
average germination (%) Average 

germination 
(%) 

Average 
germination 
relative (%) 

Difference Computed 
“F”“initially”  

 
after “12 
months” 

after “24 
months” 

After “36 
months” 

LC 223 NrfT 93.25 94.00 88.00 87.25 90.625 127.64 20.62 ٭٭ 
LC 763 91.50 86.00 80.75 63.00 80.313 113.11 9.31 ٭٭٭
LC 363 94.00 92.50 64.50 33.00 71.00 100 - Wit. 
LC 223 NrfC 92.50 85.0 78.50 80.00 84.00 118.30 13.00 ٭ 
 average 
germination (%) 92.81 89.37 77.93 65.81 LSD5%= 1.31; LSD1%= 1.75; LSD0.1%= 2.28 

 average relative 
germination (%) 100 96.29 83.97 70.90 

difference - 3.43 14.87 - 27 
computed “F” Wit. ○○○ ○○○ ○○○ 

LSD
5%

=1.26; LSD
1%

=1.69; LSD
0.1%

=2.20 
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(germination versus storage duration) with the 
deterioration rate (the slope of the fall of 
germination), elaborating for each hybrid a 
mathematical model called the equation of the 
seed's viability, of the form: 
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 Ki - is the probit of the percentage 
viability at the beginning of the storage period; 
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 p - storage duration (days); 
 d = tgφ (the coefficient of the slope of 
the straight line), is the seed deterioration rate.    
 
From the graph shown in Figure 2, we can see 
a phenomenon that is difficult to highlight by 
other procedures. In the case of the seed 
belonging to the Turda 200 hybrid, the rate of 
germination decline is very low, from value d = 
2.7 x 10-4 in case of storage of untreated seed to 
d = 2.1 x 10-4 in the treated version. In contrast, 
in the case of the Turda Favorit hybrid, by 
treating the seeds with a fungicide, the decline 
rate decreases more than double, from d = 4.5 x 
10-4 decreases to d = 2. x 10-4. By developing a 
complex equation of seed viability, it is 
possible to predict the germinations of the seed 
lots, at any given time, after a period of storage, 
useful information for those in the seed 
industry, avoiding the declassification of the 
batches (lots), as a result of the germination 
drop below the allowed limit, working with 

economic and security working with economic 
and security consequences of production. 
  
2. The study of the viability of the maize 
inbred lines storage in an “open space” 
(warehouse) 
Considering the importance of the inbred lines 
in the practice of breeding, in order to produce 
the commercial hybrid seed with a series of 
traits as: adaptability, disease resistance and 
fall, highproduction potential, four inbred lines 
were taken for analysis. The inbred lines used 
in the creation of plant hybrids are 
characterized by a hereditary trait called 
combinatorial ability, their ability to cross-
breed, hybrids with high production capacity 
that show a strong heterozis. Due to the 
complexity of producing the inbred lines and 
the fact that in the case of maize, a high level of 
stability and uniformity is reached after several 
generations of repeated self-pollination (7-9 
years) when most places become homozygous. 
in practice, they are produced in quantities that 
satisfy the need for several years. In the 
present study, the four inbred lines were stored 
in the dry state and not treated, in the "open 
space" (warehouse). It was considered as an 
initial moment, the stage "before sowing 2015". 
The mean values of the standard germination in 
the four analysis stages are given in Table 3. 
The experimental results show a large variation 
of the recorded germination, both in the case of 
a line with the duration of storage, but also 
between them, in each analyse stage. 
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This shows their increased sensitivity to the 
duration of storage and the storage conditions. 
For the study of the influence of the factors: A- 
inbred lines; B-the duration of preservation on 
viability, approached another analysis scheme  

 
that is based on the calculation of the so-called 
"deviations" δi, of individual values versus 
partial averages   and the general average , 
not on the average square deviations (Table 4).
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The results show that, following the application 
of the "F" criterion, the very significant 
influence on the viability of the factors: inbred 
lines, the duration of their preservation and 

their interaction. In Table 5, it presents the 
significance of the differences from the witness 
chosen within each factor. 

 
Table 5. The separate influence of inbred lines and storage duration on germination 
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Average 
germination 
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Difference Computed 
“F”“initially”  

 
after “12 
months” 

after “24 
months” 
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LC 223 NrfT 93.25 94.00 88.00 87.25 90.625 127.64 20.62 ٭٭ 
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germination (%) 100 96.29 83.97 70.90 

difference - 3.43 14.87 - 27 
computed “F” Wit. ○○○ ○○○ ○○○ 

LSD
5%

=1.26; LSD
1%

=1.69; LSD
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For comparisons between the simple or
cumulative levels of the factors the relation (3) 
is used: 

= * >F
t 
(df

1
=1;df

2
=df

E
)       (3)         

 
where:  

,  – partial or cumulative averages 
compared; -number of observations;  
It is calculated:  Error variance:  

= = =3.095; (4)                                                                                                       

- deviation of individual values 
 
For example: we compare Level 2 with Level 4 
by the factor "Consanguinized Lines", the 
result: 

=  *  = 35.1 > F
tabel 

= 4.05; 
 
which means that between the action of level 2 
and level 4 of the factor "inbred lines" there are 
significant differences.  
We note the good preservation of the viability 
in the case of line LC 223 Nrf.T throughout the 
retention period but on the contrary, we 
registered an accelerated deterioration of the 
seminal quality of the line LC363. 
Significance and nature of the effects of 
factors on germination using orthogonal 
polynomial coefficients  
The problem is posed to develop a complex 
equation of the viability of the seeds of the 
inbred lines that will make it possible to predict 

the germination of the lots at any given time, 
after a period of storage.  
The question arises as to the nature of the 
effects that exist between the "standard 
germination" of the inbred lines and the factor 
"duration of storage". In order to divide a sum 
of the squares of the deviations of a factor that 
has (P-1) degrees of freedom, in sums related 
to the linear component, respectively quadratic, 
the orthogonal polynomial coefficients are 
used. After calculating these components, it is 
possible to determine the nature of the effects 
that exist between the "standard germination" 
of the inbred lines and the factor "duration of 
storage". The linear component within the 
"Sum of Squares" factor, the duration of 
preservation is much larger than the nonlinear 
part, but within the interaction the duration of 
preservation x inbred lines this difference is 
reduced to about 5 times (4217.96/831.422) 
(Table 6). 
Due to the fact that both the linear and non-
linear components are significant, in the case of 
the action of the factors, it shows that both 
components are of practical importance in 
describing the behavior regarding the 
preservation of the viability of the lines vis-à-
vis the duration of the given condition. 
The significance of both components shows 
that the response of the lines to the retention 
factor cannot be quantified strictly after a linear 
or non-linear dependence so according to a 
certain equation. 

 
Table 6. The nature of effects of “storage duration” factor on inbred lines germination capacity 

SOURCE OF VARIABILITY 
DEGREE OF 
FREEDOM 

(df)  

SUM OF SQUARES   
[SS] 

MEAN   SQUARE           
[s

i
²] COMPUTED “F” 

Replication (σ
R
) 3 14.01 s

R
²=δ

R
*N/df

R
=4.67 

INBRED LINES (L) 3 3222.72 s
L
²=δ

L
*N/df

L
=1074.24 347.08*** 

DURATION  STORAGE, (Δ) 
Linear (Δ

L
) 

Quadratic(Δ
Q
) 

Residual (Δ
rez

) 

3 
(1) 
(1) 
(1) 

7184.31 
6835.75 
301.89 
46.67 

s
Δ
²=δ

Δ
*N/df

Δ
=2394.77 

6835.75 
301.89 

- 

- 
2208.64*** 

97.54** 
- 

INTERACTION,: L X Δ 
L X Δ

L
  -  Linear 

L X Δ
Q
  -  Quadratic 

L X Δ
rez    

- Residual 

9 
(1) 
(1) 
7 

5179.59 
4217.96 
831.422 
130.208 

s
L*Δ

²=δ
L*Δ

*N/df
LΔ

=575.51 
4217.96 
831.422 

- 

- 
1362.83*** 
268.63*** 

- 

ERROR. 45 139.275 s
E
²=δ

E
*N/df

E
=3.095 

Basically, this means that the reactions of the 
lines vis-à-vis the duration of the retention 
under the given conditions are unpredictable.  
It is possible to study further to determine 
which of the inbred lines in combination with 
the retention factor, give a predominant 
response after nonlinear dependence. 

 
CONCLUSIONS 
 
The control and management of the factors of 
the storage environment, can extend the useful 
life of the lot.  
The experimental results obtained show that 
treating the seed of hybrids, with fungicide, 
before storage, their germination, have a better 
conservation, which proves to be a solution, in 
increasing the longevity of the seed lots                                                                                             
By developing a complex equation of seed 
viability, it is possible to predict the 
germination of seed lots belonging to the 
hybrids studied after a period of storage, useful 
information for those in the seed industry, 
avoiding the declassification of the batches, as 
a result of the decrease of germination below 
the allowed limit, which has consequences in 
terms of economics and the safety of 
production. 
Regarding the resistance and the preservation 
of the initial properties vis-à-vis the storage 
conditions in the case of the inbred lines stored 
in the dry state in open warehouses, there is a 
weaker preservation of the initial qualities than 
in the case of maize hybrid seed                                         
The inbred lines react specifically to the 
methods of maintaining the viability value, and 
their reactions vis-à-vis the duration of the 
preservation under the given conditions, are 
unpredictable due to the fact that they differ in 
terms of the degree of homozygosity.                                        
The process of deterioration of the seeds 
belonging to the inbred lines and the analyzed 
hybrids is inevitable and continuous, but it does 
not develop with the same intensity for all 
genotypes and lines studied. 
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For comparisons between the simple or
cumulative levels of the factors the relation (3) 
is used: 
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=df

E
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where:  
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compared; -number of observations;  
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- deviation of individual values 
 
For example: we compare Level 2 with Level 4 
by the factor "Consanguinized Lines", the 
result: 

=  *  = 35.1 > F
tabel 

= 4.05; 
 
which means that between the action of level 2 
and level 4 of the factor "inbred lines" there are 
significant differences.  
We note the good preservation of the viability 
in the case of line LC 223 Nrf.T throughout the 
retention period but on the contrary, we 
registered an accelerated deterioration of the 
seminal quality of the line LC363. 
Significance and nature of the effects of 
factors on germination using orthogonal 
polynomial coefficients  
The problem is posed to develop a complex 
equation of the viability of the seeds of the 
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Due to the fact that both the linear and non-
linear components are significant, in the case of 
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Basically, this means that the reactions of the 
lines vis-à-vis the duration of the retention 
under the given conditions are unpredictable.  
It is possible to study further to determine 
which of the inbred lines in combination with 
the retention factor, give a predominant 
response after nonlinear dependence. 

 
CONCLUSIONS 
 
The control and management of the factors of 
the storage environment, can extend the useful 
life of the lot.  
The experimental results obtained show that 
treating the seed of hybrids, with fungicide, 
before storage, their germination, have a better 
conservation, which proves to be a solution, in 
increasing the longevity of the seed lots                                                                                             
By developing a complex equation of seed 
viability, it is possible to predict the 
germination of seed lots belonging to the 
hybrids studied after a period of storage, useful 
information for those in the seed industry, 
avoiding the declassification of the batches, as 
a result of the decrease of germination below 
the allowed limit, which has consequences in 
terms of economics and the safety of 
production. 
Regarding the resistance and the preservation 
of the initial properties vis-à-vis the storage 
conditions in the case of the inbred lines stored 
in the dry state in open warehouses, there is a 
weaker preservation of the initial qualities than 
in the case of maize hybrid seed                                         
The inbred lines react specifically to the 
methods of maintaining the viability value, and 
their reactions vis-à-vis the duration of the 
preservation under the given conditions, are 
unpredictable due to the fact that they differ in 
terms of the degree of homozygosity.                                        
The process of deterioration of the seeds 
belonging to the inbred lines and the analyzed 
hybrids is inevitable and continuous, but it does 
not develop with the same intensity for all 
genotypes and lines studied. 
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Abstract  
 
Controlling the contamination of crop plants with pollutants has raised increasing interest in recent years; among the 
investigated pollutants, heavy metals and polycyclic aromatic hydrocarbons (PAHs) are of particular interest because 
some are toxic and/ or carcinogenic. The main purpose of this paper is to establish the contamination of autumn wheat 
grains (Arieşan variety) with the xenobiotics lead, cadmium, copper, zinc and 15 priority PAHs in the conditions of 
experimental cultures carried out during three years in three locations with different pollution patterns: a reference 
field, a contaminated surface from diffuse sources and a site with historical contamination. PAHs’ determinations were 
performed by high performance liquid chromatography on an Agilent 1100 system with both photodiode array and 
fluorescence detection, while the content of heavy metals was determined by atomic absorption spectrometry using a 
Shimadzu AA6300 spectrophotometer. The obtained results revealed a higher share of low molecular weight PAHs, 
mainly naphthalene, fluorene and acenaphthene, while the contamination of analyzed wheat samples with high 
molecular weight PAHs was caused by benzo(a,h)anthracene, benzo(b)fluoranthene and dibenzo(a,h)anthracene. The 
content of both PAHs and heavy metals was highest in the samples from Cluj-Napoca, with average contents of 8.67 �g 
total PAHs/kg, 0.03 μg Pb/kg, 2.26 mg Cu/kg and 43.31 mg Zn/kg, in this urban location the contamination being 
mainly caused by the atmospheric depositions loaded with combustion products. Overall, the obtained results 
highlighted relatively low concentrations of the studied xenobiotics in autumn wheat grains; these data may be useful in 
future studies dealing with human exposure on these pollutants. 

 
Key words: heavy metals, polycyclic aromatic hydrocarbons, contamination, analysis, chromatography. 
 
INTRODUCTION 
 
Xenobiotics are chemical substances that are 
foreign to a biological system; the classes of 
xenobiotics include pesticides, polycyclic 
aromatic hydrocarbons (PAHs), heavy metals, 
polychlorinated aromatics, solvents, flame 
retardants etc. (Jagtap and Bapat, 2017; Qadir 
et al., 2017).  
Controlling the contamination of crop plants 
with pollutants has raised increasing interest in 
recent years, especially in developed countries; 
among the investigated pollutants, heavy 
metals and polycyclic aromatic hydrocarbons 
(PAHs) are of particular interest because some 
are remarkable for their toxicity and/ or 
carcinogenicity (Islas-Espinoza and de las 

Heras, 2015; Luch, 2005; Muntean et al., 
2016).  
Contamination of crop plants with PAHs and 
heavy metals is the point of their entrance into 
the food chain, creating risks for the 
consumers’ health (Goran et al., 2019; 
Muntean et al., 2013; Muntean et al., 2015). 
PAHs are a large class of hydrocarbon 
compounds containing two or more fused 
aromatic rings, formed during incomplete 
combustion processes; they are ubiquitous in 
the environment, originating from both natural 
sources (such as forest fires or volcanic 
eruptions) and anthropogenic sources (power 
plants, motor vehicle exhausts, oil spills, 
incinerators etc.); they occur as complex 
mixtures and are usually associated with 
particulate matter, soil and sediments (Kim et 

al., 2013). Although PAHs concentrations are 
higher in the environment near the sources, 
they are capable of long distance transport. 
Excluding the occupational exposure and the 
smoker’s exposure, the highest human 
exposure was established to be due to the 
consumption of contaminated food (Zelinkova 
and Wenzl, 2015). Since certain PAHs have 
mutagenic and/or carcinogenic properties 
(Alexander et al., 2008; Kim et al., 2013), 
international regulations were designed to 
protect human health and the environment 
(EC1881, 2006; EC1933, 2015). 
Heavy metals are natural components of the 
Earth’s crust, as common components of 
various matrices. The concentration of several 
heavy metals in most natural products have 
increased in recent years as a result of 
anthropogenic activities, many of them posing 
a toxicological risk on human health at higher 
concentrations (Elekes et al., 2010). Crop plant 
contamination with heavy metals can occur in 
all stages of their development as a result of 
inputs from the environment (soil, water, air, 
rainfall, atmospheric dust, sewage sludge, plant 
protective agents and fertilizers) and also later, 
during the manufacturing processes (Nagajyoti 
et al., 2010; Pivić et al., 2017; Tănase et al., 
2017).  
The main purpose of this paper is to establish 
the contamination degree of autumn wheat 
grains (Arieşan variety) with the xenobiotics 
lead, cadmium, copper, zinc and 15 priority 
PAHs in the conditions of experimental 
cultures carried out during three years in three 
locations with different pollution patterns: a 
reference field situated in the west of Jucu de 
Jos (experimental field of USAMV Cluj-
Napoca), a contaminated surface from diffuse 
sources (an area with heavy car traffic located 
in Cluj-Napoca) and a site with historical 
contamination caused by SC Sometra SA 
Copşa Mică, located in Şeica Mare.  

 
MATERIALS AND METHODS  
 
HPLC mobile phase was prepared from high 
purity acetonitrile (Merck, Darmstadt, 
Germany) and ultrapure water with a specific 
resistance of 18.2 MΩ/cm, obtained from 
Direct Q 3UV Smart (Millipore), being filtered 
through a 0.45 �m membrane (Millipore) then 

degassed using an Elmasonic S30 H ultrasonic 
bath (Elma, Germany). Solvents used for 
extraction (acetone, hexane) were of HPLC 
grade (Merck, Darmstadt, Germany). Standard 
working calibration solutions for PAHs 
analysis were prepared by dilution with 
acetonitrile from an Agilent PN 8500-6035 
certified multi-standard solution (Agilent 
Technologies) containing the 16 PAHs 
specified by US Environmental Protection 
Agency’s as priority pollutants (Nieva-Cano et 
al., 2001): acenaphthene, acenaphthylene, 
anthracene, benzo(a)anthracene, 
benzo(b)fluoranthene, benzo(k)fluoranthene, 
benzo(g,h,i)perylene, benzo(a)pyrene, 
chrysene, dibenzo(a,h)anthracene, 
fluoranthene, fluorene, indeno (1,2,3-c,d) 
pyrene, naphthalene, phenanthrene and pyrene. 
The standard solutions for atomic absorption 
spectroscopy containing 1000 mg/ L metal in 
HNO3 were from Fluka; all solutions were 
prepared using ultrapure water (specific 
resistance of 18.2 MΩ/cm, obtained from 
DirectQ 3UV Smart -Millipore). 
The plant material used was the Triticum 
aestivum L. - autumn wheat, Arieşan variety, 
harvested from three culture locations, each 
exposed to different degrees of pollution: a 
reference, non-polluted site - experimental field 
of USAMV Cluj-Napoca (at 46°52'16"N/23° 
45'27"E); a site contaminated by diffuse 
sources, close to a high traffic road in Cluj-
Napoca (at 46°45'57"N/23°34'01"E); a site 
with historical contamination caused by SC 
Sometra SA Copsa Mica, located in Şeica Mare 
(at 46°01'52"N/24°09'39 "E). Field trials were 
based on a randomized block design with three 
replications with the harvested plots of 4 m2; 
the experimental plots were not fertilized or 
chemically treated neither during the research 
period, nor two years earlier. From each plot, 
three samples were collected each year in 
polyethylene bags, being transported to the 
laboratory. 
For PAHs analysis, representative samples of 
wheat grains were grounded using a WZ-1 
laboratory mill (Sadkiewicz Instruments, 
Bydgoszcz, Poland), then accurately weighed 
on a Kern ABT-220-5DM analytical balance 
(Kern & Sohn GmbH, Bahlingen-Frommern, 
Germany). PAHs’ extraction was performed 
using ~5 g accurately weight grounded grains, 
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Abstract  
 
Controlling the contamination of crop plants with pollutants has raised increasing interest in recent years; among the 
investigated pollutants, heavy metals and polycyclic aromatic hydrocarbons (PAHs) are of particular interest because 
some are toxic and/ or carcinogenic. The main purpose of this paper is to establish the contamination of autumn wheat 
grains (Arieşan variety) with the xenobiotics lead, cadmium, copper, zinc and 15 priority PAHs in the conditions of 
experimental cultures carried out during three years in three locations with different pollution patterns: a reference 
field, a contaminated surface from diffuse sources and a site with historical contamination. PAHs’ determinations were 
performed by high performance liquid chromatography on an Agilent 1100 system with both photodiode array and 
fluorescence detection, while the content of heavy metals was determined by atomic absorption spectrometry using a 
Shimadzu AA6300 spectrophotometer. The obtained results revealed a higher share of low molecular weight PAHs, 
mainly naphthalene, fluorene and acenaphthene, while the contamination of analyzed wheat samples with high 
molecular weight PAHs was caused by benzo(a,h)anthracene, benzo(b)fluoranthene and dibenzo(a,h)anthracene. The 
content of both PAHs and heavy metals was highest in the samples from Cluj-Napoca, with average contents of 8.67 �g 
total PAHs/kg, 0.03 μg Pb/kg, 2.26 mg Cu/kg and 43.31 mg Zn/kg, in this urban location the contamination being 
mainly caused by the atmospheric depositions loaded with combustion products. Overall, the obtained results 
highlighted relatively low concentrations of the studied xenobiotics in autumn wheat grains; these data may be useful in 
future studies dealing with human exposure on these pollutants. 
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INTRODUCTION 
 
Xenobiotics are chemical substances that are 
foreign to a biological system; the classes of 
xenobiotics include pesticides, polycyclic 
aromatic hydrocarbons (PAHs), heavy metals, 
polychlorinated aromatics, solvents, flame 
retardants etc. (Jagtap and Bapat, 2017; Qadir 
et al., 2017).  
Controlling the contamination of crop plants 
with pollutants has raised increasing interest in 
recent years, especially in developed countries; 
among the investigated pollutants, heavy 
metals and polycyclic aromatic hydrocarbons 
(PAHs) are of particular interest because some 
are remarkable for their toxicity and/ or 
carcinogenicity (Islas-Espinoza and de las 

Heras, 2015; Luch, 2005; Muntean et al., 
2016).  
Contamination of crop plants with PAHs and 
heavy metals is the point of their entrance into 
the food chain, creating risks for the 
consumers’ health (Goran et al., 2019; 
Muntean et al., 2013; Muntean et al., 2015). 
PAHs are a large class of hydrocarbon 
compounds containing two or more fused 
aromatic rings, formed during incomplete 
combustion processes; they are ubiquitous in 
the environment, originating from both natural 
sources (such as forest fires or volcanic 
eruptions) and anthropogenic sources (power 
plants, motor vehicle exhausts, oil spills, 
incinerators etc.); they occur as complex 
mixtures and are usually associated with 
particulate matter, soil and sediments (Kim et 

al., 2013). Although PAHs concentrations are 
higher in the environment near the sources, 
they are capable of long distance transport. 
Excluding the occupational exposure and the 
smoker’s exposure, the highest human 
exposure was established to be due to the 
consumption of contaminated food (Zelinkova 
and Wenzl, 2015). Since certain PAHs have 
mutagenic and/or carcinogenic properties 
(Alexander et al., 2008; Kim et al., 2013), 
international regulations were designed to 
protect human health and the environment 
(EC1881, 2006; EC1933, 2015). 
Heavy metals are natural components of the 
Earth’s crust, as common components of 
various matrices. The concentration of several 
heavy metals in most natural products have 
increased in recent years as a result of 
anthropogenic activities, many of them posing 
a toxicological risk on human health at higher 
concentrations (Elekes et al., 2010). Crop plant 
contamination with heavy metals can occur in 
all stages of their development as a result of 
inputs from the environment (soil, water, air, 
rainfall, atmospheric dust, sewage sludge, plant 
protective agents and fertilizers) and also later, 
during the manufacturing processes (Nagajyoti 
et al., 2010; Pivić et al., 2017; Tănase et al., 
2017).  
The main purpose of this paper is to establish 
the contamination degree of autumn wheat 
grains (Arieşan variety) with the xenobiotics 
lead, cadmium, copper, zinc and 15 priority 
PAHs in the conditions of experimental 
cultures carried out during three years in three 
locations with different pollution patterns: a 
reference field situated in the west of Jucu de 
Jos (experimental field of USAMV Cluj-
Napoca), a contaminated surface from diffuse 
sources (an area with heavy car traffic located 
in Cluj-Napoca) and a site with historical 
contamination caused by SC Sometra SA 
Copşa Mică, located in Şeica Mare.  

 
MATERIALS AND METHODS  
 
HPLC mobile phase was prepared from high 
purity acetonitrile (Merck, Darmstadt, 
Germany) and ultrapure water with a specific 
resistance of 18.2 MΩ/cm, obtained from 
Direct Q 3UV Smart (Millipore), being filtered 
through a 0.45 �m membrane (Millipore) then 

degassed using an Elmasonic S30 H ultrasonic 
bath (Elma, Germany). Solvents used for 
extraction (acetone, hexane) were of HPLC 
grade (Merck, Darmstadt, Germany). Standard 
working calibration solutions for PAHs 
analysis were prepared by dilution with 
acetonitrile from an Agilent PN 8500-6035 
certified multi-standard solution (Agilent 
Technologies) containing the 16 PAHs 
specified by US Environmental Protection 
Agency’s as priority pollutants (Nieva-Cano et 
al., 2001): acenaphthene, acenaphthylene, 
anthracene, benzo(a)anthracene, 
benzo(b)fluoranthene, benzo(k)fluoranthene, 
benzo(g,h,i)perylene, benzo(a)pyrene, 
chrysene, dibenzo(a,h)anthracene, 
fluoranthene, fluorene, indeno (1,2,3-c,d) 
pyrene, naphthalene, phenanthrene and pyrene. 
The standard solutions for atomic absorption 
spectroscopy containing 1000 mg/ L metal in 
HNO3 were from Fluka; all solutions were 
prepared using ultrapure water (specific 
resistance of 18.2 MΩ/cm, obtained from 
DirectQ 3UV Smart -Millipore). 
The plant material used was the Triticum 
aestivum L. - autumn wheat, Arieşan variety, 
harvested from three culture locations, each 
exposed to different degrees of pollution: a 
reference, non-polluted site - experimental field 
of USAMV Cluj-Napoca (at 46°52'16"N/23° 
45'27"E); a site contaminated by diffuse 
sources, close to a high traffic road in Cluj-
Napoca (at 46°45'57"N/23°34'01"E); a site 
with historical contamination caused by SC 
Sometra SA Copsa Mica, located in Şeica Mare 
(at 46°01'52"N/24°09'39 "E). Field trials were 
based on a randomized block design with three 
replications with the harvested plots of 4 m2; 
the experimental plots were not fertilized or 
chemically treated neither during the research 
period, nor two years earlier. From each plot, 
three samples were collected each year in 
polyethylene bags, being transported to the 
laboratory. 
For PAHs analysis, representative samples of 
wheat grains were grounded using a WZ-1 
laboratory mill (Sadkiewicz Instruments, 
Bydgoszcz, Poland), then accurately weighed 
on a Kern ABT-220-5DM analytical balance 
(Kern & Sohn GmbH, Bahlingen-Frommern, 
Germany). PAHs’ extraction was performed 
using ~5 g accurately weight grounded grains, 
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with 50 ml mixture hexane: acetone (2: 1), by 
sonication for 30 minutes in an ultrasonic bath 
S 30H Elmasonic (Elma, Germany), at room 
temperature. The resulted suspension was 
filtered under vacuum, then dried over 
anhydrous sodium sulfate and evaporated to 
dryness in a rotary evaporator Laborotta 4000 
Efficient under vacuum (Heidolph, Germany); 
the obtained residue was dissolved in 2 ml 
acetonitrile and injected in the chromatographic 
system. PAHs’ determinations were performed 
by high performance liquid chromatography 
(HPLC) on an Agilent 1100 system (Agilent 
Technologies Inc., Palo Alto, USA) equipped 
with an Envirosep PP column, using a mixture 
of acetonitrile: water (45:55 v/v) as mobile 
phase (Muntean et al, 2013). Using this 
instrumental setup, 15 from the 16 considered 
PAHs have good responses using fluorescence 
detection, but no acenaphthylene, which was 
excepted (Figure 1); separations were thus 
accomplished in less than 30 minutes. 
For heavy metal analysis, around 0.5 g milled 
grains were accurately weighed and transferred 
in Teflon reaction vessels, then 5 ml of HNO3 

65% (ultrapure grade, Merck, Germany) and     
3 ml of H2O2 (Fluka) were added; wet 
digestion was accomplished with a Berghoff 
Microwave Digestion System MWS-3+ 
(Eningen, Germany) at 1900C for 2 hours. 
Lead, cadmium, copper and zinc were 
determined by atomic absorption spectrometry 
(AAS) using a Shimadzu AA-6300 double 
beam spectrophotometer (Shimadzu 
Corporation, Japan) with both flame and 
graphite furnace atomization, equipped with 
hollow-cathode lamps for each of the studied 
elements; the operating conditions were those 
recommended for each metal in the 
instrument’s method. Calibration curves were 
prepared using five concentrations of each 
element, the obtained linear correlation 
coefficients ranging between 0.985 - 0.996.  
Instrument control, data acquisition and data 
analysis were completed using Chemstation 
08.03 software (for HPLC analysis) and 
WizAArd software (for AAS analysis); 
experimental data were finally processed in 
Excel 2003 (Microsoft) and mean values of 3 
determinations for each analyte were reported.

 

 
Figure 1. HPLC chromatogram for the standard mixture of PAHs: 1 - naphthalene, 2 - acenaphthene, 3 - fluorene, 

4 - phenanthrene, 5 - anthracene, 6 - fluoranthene, 7 - pyrene, 8 - benzo(a)anthracene, 9 - chrysene,  
10 - benzo(b)fluoranthene, 11 - benzo(k)fluoranthene, 12 - benzo(a)pyrene, 13 - dibenzo(a,h)anthracene,  

14 - benzo(g,h,i)perylene, 15 - indeno(1,2,3-c,d)pyrene 
 

RESULTS AND DISCUSSIONS 
 
The heavy metal content was maximum in the 
samples from Cluj-Napoca, with the highest 
values for the contents of lead, copper and zinc 

(with an average of 0.03 mg/kg, 2.26 mg/kg 
and 43.31 mg/kg respectively - Table 1), being 
minimal in the wheat samples from Jucu (Table 
2). The cadmium content was low, this being 
below the detection limit for wheat grown in 

Cluj-Napoca and Jucu (Tables 1 and 2). The 
wheat samples from Seica Mare (Table 3) have 
the highest cadmium and lead concentrations 
(historical contamination).  

The trend of decreasing heavy metals’ content 
in the samples analyzed in all locations can be 
observed during the three experimental years. 

 
Table 1. Average contents of heavy metals and PAHs from wheat grains originating from Cluj-Napoca 

 

Xenobiotics 2012 2013 2014 Average 
Pb ��g/kg] 0.05 0.04 0.01 0.03 
Cd ��g/kg] N.D. N.D. N.D. - 
Cu [mg/kg] 2.97 2.58 2.31 2.62 
Zn [mg /kg] 49.25 42.09 38.05 43.13 
Naphthalene [�g/kg] 3.48 3.95 3.36 3.60 

Acenaphthene [�g/kg] 0.87 1.02 0.99 0.96 

Fluorene [�g/kg] 2.55 2.83 3.42 2.93 

Anthracene [�g/kg] 0.31 0.28 0.17 0.25 

Benzo(a)anthracene [�g/kg] 0.12 0.16 0.19 0.16 

Dibenzo(a,h)anthracene [�g/kg] 0.5 0.43 0.31 0.41 

TOTAL PAHs 7.83 8.67 8.44 8.31 
*N.D.: not detected 

 
The obtained results revealed the higher share 
of low molecular weight PAHs, mainly 
naphthalene, fluorene and acenaphthene; from 
high molecular weight PAHs, only benzo(a, 
h)anthracene, benzo(b)fluoranthene and 
dibenzo(a, h)anthracene were quantifiable. 
From the monitored PAHs, the following were 
not detected: benzo(b)fluoranthene, 
benzo(k)fluoranthene, benzo(g,h,i) perylene, 
benzo(a)pyrene, chrysene, fluoranthene, 

indeno(1,2,3-c,d)pyrene, phenanthrene and 
pyrene.  
The location of the most contaminated samples 
is Cluj-Napoca (7.83 - 8.67 �g total PAHs/kg - 
Table 1), in the contamination mechanism 
predominantly being involved the atmospheric 
depositions loaded with fuel combustion 
products (car traffic).  

 
Table 2. Average contents of heavy metals and PAHs from wheat grains originating from Jucu 

 

Xenobiotics 2012 2013 2014 Average 

Pb ��g/kg] 0.01 0.01 N.D. - 

Cd ��g/kg] N.D. N.D. N.D. - 

Cu [mg/kg] 2.46 2.31 1.95 2.24 
Zn [mg /kg] 45.57 40.15 37.92 41.21 

Naphthalene [�g/kg] 2.15 2.03 2.36 2.18 

Acenaphthene [�g/kg] 0.61 0.32 0.49 0.47 

Fluorene [�g/kg] 1.97 2.19 2.34 2.17 

Anthracene [�g/kg] 0.25 0.21 0.18 0.21 

Benzo(a)anthracene [�g/kg] 0.07 0.03 N.D. - 

Dibenzo(a,h)anthracene [�g/kg] 0.04 0.02 N.D. - 

TOTAL PAHs 5.09 4.8 5.37 5.09 
*N.D.: not detected 

 
The chromatographic profile of PAHs from 
wheat samples from Jucu is similar to that of 
samples from Cluj-Napoca, with maximum 

contents of naphthalene and fluorene, but in 
lower concentrations (Table 2).  
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with 50 ml mixture hexane: acetone (2: 1), by 
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anhydrous sodium sulfate and evaporated to 
dryness in a rotary evaporator Laborotta 4000 
Efficient under vacuum (Heidolph, Germany); 
the obtained residue was dissolved in 2 ml 
acetonitrile and injected in the chromatographic 
system. PAHs’ determinations were performed 
by high performance liquid chromatography 
(HPLC) on an Agilent 1100 system (Agilent 
Technologies Inc., Palo Alto, USA) equipped 
with an Envirosep PP column, using a mixture 
of acetonitrile: water (45:55 v/v) as mobile 
phase (Muntean et al, 2013). Using this 
instrumental setup, 15 from the 16 considered 
PAHs have good responses using fluorescence 
detection, but no acenaphthylene, which was 
excepted (Figure 1); separations were thus 
accomplished in less than 30 minutes. 
For heavy metal analysis, around 0.5 g milled 
grains were accurately weighed and transferred 
in Teflon reaction vessels, then 5 ml of HNO3 

65% (ultrapure grade, Merck, Germany) and     
3 ml of H2O2 (Fluka) were added; wet 
digestion was accomplished with a Berghoff 
Microwave Digestion System MWS-3+ 
(Eningen, Germany) at 1900C for 2 hours. 
Lead, cadmium, copper and zinc were 
determined by atomic absorption spectrometry 
(AAS) using a Shimadzu AA-6300 double 
beam spectrophotometer (Shimadzu 
Corporation, Japan) with both flame and 
graphite furnace atomization, equipped with 
hollow-cathode lamps for each of the studied 
elements; the operating conditions were those 
recommended for each metal in the 
instrument’s method. Calibration curves were 
prepared using five concentrations of each 
element, the obtained linear correlation 
coefficients ranging between 0.985 - 0.996.  
Instrument control, data acquisition and data 
analysis were completed using Chemstation 
08.03 software (for HPLC analysis) and 
WizAArd software (for AAS analysis); 
experimental data were finally processed in 
Excel 2003 (Microsoft) and mean values of 3 
determinations for each analyte were reported.

 

 
Figure 1. HPLC chromatogram for the standard mixture of PAHs: 1 - naphthalene, 2 - acenaphthene, 3 - fluorene, 

4 - phenanthrene, 5 - anthracene, 6 - fluoranthene, 7 - pyrene, 8 - benzo(a)anthracene, 9 - chrysene,  
10 - benzo(b)fluoranthene, 11 - benzo(k)fluoranthene, 12 - benzo(a)pyrene, 13 - dibenzo(a,h)anthracene,  

14 - benzo(g,h,i)perylene, 15 - indeno(1,2,3-c,d)pyrene 
 

RESULTS AND DISCUSSIONS 
 
The heavy metal content was maximum in the 
samples from Cluj-Napoca, with the highest 
values for the contents of lead, copper and zinc 

(with an average of 0.03 mg/kg, 2.26 mg/kg 
and 43.31 mg/kg respectively - Table 1), being 
minimal in the wheat samples from Jucu (Table 
2). The cadmium content was low, this being 
below the detection limit for wheat grown in 

Cluj-Napoca and Jucu (Tables 1 and 2). The 
wheat samples from Seica Mare (Table 3) have 
the highest cadmium and lead concentrations 
(historical contamination).  

The trend of decreasing heavy metals’ content 
in the samples analyzed in all locations can be 
observed during the three experimental years. 

 
Table 1. Average contents of heavy metals and PAHs from wheat grains originating from Cluj-Napoca 

 

Xenobiotics 2012 2013 2014 Average 
Pb ��g/kg] 0.05 0.04 0.01 0.03 
Cd ��g/kg] N.D. N.D. N.D. - 
Cu [mg/kg] 2.97 2.58 2.31 2.62 
Zn [mg /kg] 49.25 42.09 38.05 43.13 
Naphthalene [�g/kg] 3.48 3.95 3.36 3.60 

Acenaphthene [�g/kg] 0.87 1.02 0.99 0.96 

Fluorene [�g/kg] 2.55 2.83 3.42 2.93 

Anthracene [�g/kg] 0.31 0.28 0.17 0.25 

Benzo(a)anthracene [�g/kg] 0.12 0.16 0.19 0.16 

Dibenzo(a,h)anthracene [�g/kg] 0.5 0.43 0.31 0.41 

TOTAL PAHs 7.83 8.67 8.44 8.31 
*N.D.: not detected 

 
The obtained results revealed the higher share 
of low molecular weight PAHs, mainly 
naphthalene, fluorene and acenaphthene; from 
high molecular weight PAHs, only benzo(a, 
h)anthracene, benzo(b)fluoranthene and 
dibenzo(a, h)anthracene were quantifiable. 
From the monitored PAHs, the following were 
not detected: benzo(b)fluoranthene, 
benzo(k)fluoranthene, benzo(g,h,i) perylene, 
benzo(a)pyrene, chrysene, fluoranthene, 

indeno(1,2,3-c,d)pyrene, phenanthrene and 
pyrene.  
The location of the most contaminated samples 
is Cluj-Napoca (7.83 - 8.67 �g total PAHs/kg - 
Table 1), in the contamination mechanism 
predominantly being involved the atmospheric 
depositions loaded with fuel combustion 
products (car traffic).  

 
Table 2. Average contents of heavy metals and PAHs from wheat grains originating from Jucu 

 

Xenobiotics 2012 2013 2014 Average 

Pb ��g/kg] 0.01 0.01 N.D. - 

Cd ��g/kg] N.D. N.D. N.D. - 

Cu [mg/kg] 2.46 2.31 1.95 2.24 
Zn [mg /kg] 45.57 40.15 37.92 41.21 

Naphthalene [�g/kg] 2.15 2.03 2.36 2.18 

Acenaphthene [�g/kg] 0.61 0.32 0.49 0.47 

Fluorene [�g/kg] 1.97 2.19 2.34 2.17 

Anthracene [�g/kg] 0.25 0.21 0.18 0.21 

Benzo(a)anthracene [�g/kg] 0.07 0.03 N.D. - 

Dibenzo(a,h)anthracene [�g/kg] 0.04 0.02 N.D. - 

TOTAL PAHs 5.09 4.8 5.37 5.09 
*N.D.: not detected 

 
The chromatographic profile of PAHs from 
wheat samples from Jucu is similar to that of 
samples from Cluj-Napoca, with maximum 

contents of naphthalene and fluorene, but in 
lower concentrations (Table 2).  
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Table 3. Average contents of heavy metals and PAHs from wheat grains originating from Seica Mare 
 

Xenobiotics 2012 2013 2014 Average 

Pb ��g/kg] 0.02 0.03 0.03 0.03 

Cd ��g/kg] 0.04 0.07 0.03 0.05 

Cu [mg/kg] 1.29 1.31 1.06 1.22 
Zn [mg /kg] 21.43 30.61 25.37 25.80 

Naphthalene [�g/kg] 1.53 1.42 1.23 1.39 

Acenaphthene [�g/kg] 0.40 0.31 0.44 0.38 

Fluorene [�g/kg] 1.46 1.10 1.41 1.32 

Anthracene [�g/kg] 0.12 0.06 0.08 0.09 

Dibenzo(a,h) anthracene[�g/kg] 0.26 0.12 0.15 0.18 
TOTAL PAHs 3.80 3.06 3.31 3.39 

*N.D.: not detected 
 

The PAHs’ content in the wheat samples from 
Seica Mare was the lowest, while the most 
dominant PAHs determined in them were 
naphthalene and fluorene (Table 3); the 
potential sources of PAHs in the studied area 
are individual households (burning of waste, 
burning of wood for food preparation and 
heating purposes), while traffic is very low (on 
a national road located about 200 m away). 
The obtained values for PAHs are in the lower 
end of the range corresponding to those 
obtained in other similar studies (Kobayashi et 
al., 2008; Li and Ma, 2016; Liu et al., 2017) - 
with certain differences mainly due to the type 
of cultivars studied and environmental 
conditions. Most of the data dealing with the 
heavy metal content in wheat grains were 
published for samples from contaminated sites, 
hence the reported data are much higher than 
the current ones (Bermudez et al., 2011; Huang 
et al., 2008; Jamali et al., 2009). 

 
CONCLUSIONS 
 
Overall, the obtained results highlighted 
relatively low concentrations of the studied 
xenobiotics in autumn wheat grains, below the 
maximum permitted limits established by the 
European Commission Regulation no. 
1881/2006 (0.2 mg Pb/kg, 0.1 mg Cd/kg, for 
PAHs no limits being established for 
unprocessed cereals). 
The main contributors to these are the historical 
pollution of the soil, the car traffic and the 
burning of fossil fuels.  

The obtained data may be useful in future 
studies regarding the determination of human 
exposure on these pollutants. 
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Table 3. Average contents of heavy metals and PAHs from wheat grains originating from Seica Mare 
 

Xenobiotics 2012 2013 2014 Average 

Pb ��g/kg] 0.02 0.03 0.03 0.03 

Cd ��g/kg] 0.04 0.07 0.03 0.05 

Cu [mg/kg] 1.29 1.31 1.06 1.22 
Zn [mg /kg] 21.43 30.61 25.37 25.80 

Naphthalene [�g/kg] 1.53 1.42 1.23 1.39 

Acenaphthene [�g/kg] 0.40 0.31 0.44 0.38 

Fluorene [�g/kg] 1.46 1.10 1.41 1.32 

Anthracene [�g/kg] 0.12 0.06 0.08 0.09 

Dibenzo(a,h) anthracene[�g/kg] 0.26 0.12 0.15 0.18 
TOTAL PAHs 3.80 3.06 3.31 3.39 

*N.D.: not detected 
 

The PAHs’ content in the wheat samples from 
Seica Mare was the lowest, while the most 
dominant PAHs determined in them were 
naphthalene and fluorene (Table 3); the 
potential sources of PAHs in the studied area 
are individual households (burning of waste, 
burning of wood for food preparation and 
heating purposes), while traffic is very low (on 
a national road located about 200 m away). 
The obtained values for PAHs are in the lower 
end of the range corresponding to those 
obtained in other similar studies (Kobayashi et 
al., 2008; Li and Ma, 2016; Liu et al., 2017) - 
with certain differences mainly due to the type 
of cultivars studied and environmental 
conditions. Most of the data dealing with the 
heavy metal content in wheat grains were 
published for samples from contaminated sites, 
hence the reported data are much higher than 
the current ones (Bermudez et al., 2011; Huang 
et al., 2008; Jamali et al., 2009). 

 
CONCLUSIONS 
 
Overall, the obtained results highlighted 
relatively low concentrations of the studied 
xenobiotics in autumn wheat grains, below the 
maximum permitted limits established by the 
European Commission Regulation no. 
1881/2006 (0.2 mg Pb/kg, 0.1 mg Cd/kg, for 
PAHs no limits being established for 
unprocessed cereals). 
The main contributors to these are the historical 
pollution of the soil, the car traffic and the 
burning of fossil fuels.  

The obtained data may be useful in future 
studies regarding the determination of human 
exposure on these pollutants. 
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Abstract 
 
In this study, the greenhouses in Kumluca, Antalya. It is aimed to bring organic waste to animal husbandry. For this 
purpose, tomato (Solanum lycopersicum), pepper (Capsicum annuum) and cucumber (Cucumis sativus) seedling and 
vegetable wastes were mixed in March, July and September for silage. Nutrients, in vitro gas production and true 
digestibility analyzes were performed on silages. In dry matter analysis, cucumber plant silage had the lowest dry 
matter and there was a statistically significant difference between the groups periodically (p=0.01).  The highest dry 
matter ratio was obtained in September for all plants and in tomato plant silage with 29.41%. The rate of crude ash 
was: in cucumber plant silages 28.47%, 33.03%, 33.99%; in tomato plant silages 19.18%, 20.41%, 17.41%; in pepper 
plant silages 18.10%, 15.33%, 17.49% found. NDF ratios were found to be: in cucumber plant silages 34.76%, 
29,56%, 26,31%; in tomato plant silages were 36,81%, 41.70%, 39.18%; in pepper plant silages 36.31%, 36.75%, 
35.93% found. The ADF ratios were respectively: in cucumber plant silages 28.99%, 33.28%, 27.54%; in tomato plant 
silages 35.89%, 38.08%, 33.89%; in pepper plant silages 34.83%, 39.58%, 32.20% found. The highest value in terms of 
metabolic energy was obtained in March with 1,830 mcal/kg in silages obtained from pepper greenhouse wastes in 
September. No statistically significant difference was found in cucumber, tomato and pepper plant silages in terms of in 
vitro gas production (p>0.05). The highest gas production was 19.27 ml/200 mg in September and tomato plant silage. 
In vitro true digestibility (IVGS) was statistically significant difference in cucumber plant silages periodically (p = 
0.02). The highest IVGS was realized in March with 87.59%. 
 
Key words: Cucumber, greenhouse, pepper, tomato. 
 
INTRODUCTION 
 
There are more than 2 million hectares of 
greenhouse areas worldwide. Greenhouse 
cultivation started for the first time in our 
country in 1940s with the establishment of 
greenhouses for research purposes in some 
agricultural institutions in our southern 
provinces. The growth rate of greenhouse 
cultivation was very slow between 1940-1960. 
During this period, a small number of 
commercial greenhouses were established 
around Antalya and Izmir. The first big step to 
save the greenhouses in Turkey was seen after 
1970. The most important reason for this 
development is the use of transparent 
polyethylene material as cover material in 
greenhouses (Emekli et al., 2008). According 
to 2016 data, Kumluca, Finike and Demre 
districts located in the west of Antalya have 8 
thousand hectares of greenhouse area. 
March, July and September are dismantling 
times. Approximately 400 thousand tons of 

organic waste is generated for this region after 
the dismantling. In addition to this organic 
waste, the amount of inorganic waste 
originating from rope used in greenhouses is 
240 tons. Assuming that plastic dissolves in 
nature in a thousand years, the damage to 
nature with these wastes is scary. It also 
prevents the recycling of plant wastes by silage 
production and pollution of the environment 
with plastic wastes. 
Long-term use of roughage as green is 
provided by silage production or drying. 
Drying is an expensive and costly procedure. 
The advantage of dry material is that it is easily 
transported. However, long-term protection is 
provided by silage production under suitable 
conditions. The most important reason for 
using greenhouse wastes is low cost. The water 
content of the product is high. Greenhouse 
wastes can be combined with many feedstuffs 
to produce fermentation due to the high water 
content. However, obtaining the right mixing 
ratio requires quality product and correct 

application. The siloable by-products list 
includes apple pulp, beet pulp, citrus pulp, 
grape pulp and vegetables. Greenhouse wastes 
can be mixed with dry by-products. It can be 
mixed with rice, wheat and cotton wastes. It is 
very important to benefit from the wastes 
generated especially in developed countries. 
Especially small enterprises do not have 
enough capital to cover the cost of feed 
(Machin, 2000; Chedly and Lee, 2000; Caluya, 
2000). Turkey in terms of feed costs is the most 
important part of their business inputs. 
The aim of this study is to provide economic 
returns to the business owners by evaluating 
the hundreds of thousands of tons of waste 
generated under the greenhouse cultivation and 
providing them to be used in animal feeding. In 
addition, to reduce the workload of munici-
palities on cleaning by preventing organic 
wastes from being generated by greenhouse 
owners after burning and burning and 
increasing carbon emissions by preventing 
global warming. 
 
MATERIALS AND METHODS 
 
In this study, periodical harvesting of tomato, 
cucumber and pepper in Kumluca (36° 25'29.8 
"N 30° 17'07.4"E) districts of Antalya in 
March, July and September was carried out. 
Samples were taken from 6 different 
greenhouses, two replications in three periods. 
Silage materials were shredded (Figure 1). The 
disintegrated materials was made in two 
parallel to special glass jars (Weck, Wher-
Oftlingen, Germany) with a capacity of 1 liter 
which only allow gas to escape. Samples were 
opened after being kept in darkness and 
average 25℃ for 30 days.  
 

      
Figure 1. View before sampling in cucumber  

and pepper greenhouse 
 
The opened samples were first subjected to pH 
measurement and then the samples were dried 
for 48 hours at 50°C in a fan-drying cabinet for 
the purpose of chemical analysis. The dry 
matter levels of the silages formed from 

tomato, pepper and cucumber wastes after the 
first drying were determined by drying until the 
weight was fixed at 105ºC for 6-8 hours 
(Figure 2).  
Weighing was performed with a balance of 
0.001 g. Dried samples, dry matter, crude ash, 
crude oil crude protein analyzes were carried 
out according to the method described in 
A.O.A.C (1984). The acid detergent fiber 
(ADF) and neutral detergent fiber (NDF) 
analyzes performed to determine cell wall 
elements were performed on Ankom-200 
device according to the method reported by 
Van Soest (1970). Protein fractions were made 
according to the method employed by 
Krishnamoorthy et al. (1982). 
 

     
Figure 2. Appearance after drying of cucumber,  

tomato and pepper silages 
 
The in vitro medium used to determine the gas 
formation values of feedstuffs was prepared 
according to the method reported by Menke 
and Steingass (1988). In order to determine the 
true digestibility of the in vitro method, 
samples were prepared with rumen fluid and 
buffer solutions prepared according to the 
method taken from the hot chain 4-6 hours after 
feeding from cannulated cows and prepared in 
D200-Daisy II Incubators (ANKOM Techno-
logy, 2004) as shown in Figure 3 and incubated 
for 48 hours (Van Soest, 1994). In this system, 
gas production was observed after 48 hours 
incubation of 200 mg feed dry matter. Gas 
measurements were performed at 4, 8, 12, 24, 
36 and 48 hours (Menke and Steingass, 1988). 
Evaluation of data were analyzed using SPSS 
20 (IBM Corp. Released 2011. IBM SPSS 
Statistics for Windows, Version 20.0 Armonk, 
NY: IBM Corp) statistical package program. 
Variables mean ± standard deviation, 
percentage and frequency values were used. In 
addition, homogeneity of variances from 
prerequisites of parametric tests was checked 
by Levene test. The normality hypothesis was 
examined by app “Shapiro-Wilk” test. Kruskal 
Wallis and Bonferroni-Dunn tests were used 
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Abstract 
 
In this study, the greenhouses in Kumluca, Antalya. It is aimed to bring organic waste to animal husbandry. For this 
purpose, tomato (Solanum lycopersicum), pepper (Capsicum annuum) and cucumber (Cucumis sativus) seedling and 
vegetable wastes were mixed in March, July and September for silage. Nutrients, in vitro gas production and true 
digestibility analyzes were performed on silages. In dry matter analysis, cucumber plant silage had the lowest dry 
matter and there was a statistically significant difference between the groups periodically (p=0.01).  The highest dry 
matter ratio was obtained in September for all plants and in tomato plant silage with 29.41%. The rate of crude ash 
was: in cucumber plant silages 28.47%, 33.03%, 33.99%; in tomato plant silages 19.18%, 20.41%, 17.41%; in pepper 
plant silages 18.10%, 15.33%, 17.49% found. NDF ratios were found to be: in cucumber plant silages 34.76%, 
29,56%, 26,31%; in tomato plant silages were 36,81%, 41.70%, 39.18%; in pepper plant silages 36.31%, 36.75%, 
35.93% found. The ADF ratios were respectively: in cucumber plant silages 28.99%, 33.28%, 27.54%; in tomato plant 
silages 35.89%, 38.08%, 33.89%; in pepper plant silages 34.83%, 39.58%, 32.20% found. The highest value in terms of 
metabolic energy was obtained in March with 1,830 mcal/kg in silages obtained from pepper greenhouse wastes in 
September. No statistically significant difference was found in cucumber, tomato and pepper plant silages in terms of in 
vitro gas production (p>0.05). The highest gas production was 19.27 ml/200 mg in September and tomato plant silage. 
In vitro true digestibility (IVGS) was statistically significant difference in cucumber plant silages periodically (p = 
0.02). The highest IVGS was realized in March with 87.59%. 
 
Key words: Cucumber, greenhouse, pepper, tomato. 
 
INTRODUCTION 
 
There are more than 2 million hectares of 
greenhouse areas worldwide. Greenhouse 
cultivation started for the first time in our 
country in 1940s with the establishment of 
greenhouses for research purposes in some 
agricultural institutions in our southern 
provinces. The growth rate of greenhouse 
cultivation was very slow between 1940-1960. 
During this period, a small number of 
commercial greenhouses were established 
around Antalya and Izmir. The first big step to 
save the greenhouses in Turkey was seen after 
1970. The most important reason for this 
development is the use of transparent 
polyethylene material as cover material in 
greenhouses (Emekli et al., 2008). According 
to 2016 data, Kumluca, Finike and Demre 
districts located in the west of Antalya have 8 
thousand hectares of greenhouse area. 
March, July and September are dismantling 
times. Approximately 400 thousand tons of 

organic waste is generated for this region after 
the dismantling. In addition to this organic 
waste, the amount of inorganic waste 
originating from rope used in greenhouses is 
240 tons. Assuming that plastic dissolves in 
nature in a thousand years, the damage to 
nature with these wastes is scary. It also 
prevents the recycling of plant wastes by silage 
production and pollution of the environment 
with plastic wastes. 
Long-term use of roughage as green is 
provided by silage production or drying. 
Drying is an expensive and costly procedure. 
The advantage of dry material is that it is easily 
transported. However, long-term protection is 
provided by silage production under suitable 
conditions. The most important reason for 
using greenhouse wastes is low cost. The water 
content of the product is high. Greenhouse 
wastes can be combined with many feedstuffs 
to produce fermentation due to the high water 
content. However, obtaining the right mixing 
ratio requires quality product and correct 

application. The siloable by-products list 
includes apple pulp, beet pulp, citrus pulp, 
grape pulp and vegetables. Greenhouse wastes 
can be mixed with dry by-products. It can be 
mixed with rice, wheat and cotton wastes. It is 
very important to benefit from the wastes 
generated especially in developed countries. 
Especially small enterprises do not have 
enough capital to cover the cost of feed 
(Machin, 2000; Chedly and Lee, 2000; Caluya, 
2000). Turkey in terms of feed costs is the most 
important part of their business inputs. 
The aim of this study is to provide economic 
returns to the business owners by evaluating 
the hundreds of thousands of tons of waste 
generated under the greenhouse cultivation and 
providing them to be used in animal feeding. In 
addition, to reduce the workload of munici-
palities on cleaning by preventing organic 
wastes from being generated by greenhouse 
owners after burning and burning and 
increasing carbon emissions by preventing 
global warming. 
 
MATERIALS AND METHODS 
 
In this study, periodical harvesting of tomato, 
cucumber and pepper in Kumluca (36° 25'29.8 
"N 30° 17'07.4"E) districts of Antalya in 
March, July and September was carried out. 
Samples were taken from 6 different 
greenhouses, two replications in three periods. 
Silage materials were shredded (Figure 1). The 
disintegrated materials was made in two 
parallel to special glass jars (Weck, Wher-
Oftlingen, Germany) with a capacity of 1 liter 
which only allow gas to escape. Samples were 
opened after being kept in darkness and 
average 25℃ for 30 days.  
 

      
Figure 1. View before sampling in cucumber  

and pepper greenhouse 
 
The opened samples were first subjected to pH 
measurement and then the samples were dried 
for 48 hours at 50°C in a fan-drying cabinet for 
the purpose of chemical analysis. The dry 
matter levels of the silages formed from 

tomato, pepper and cucumber wastes after the 
first drying were determined by drying until the 
weight was fixed at 105ºC for 6-8 hours 
(Figure 2).  
Weighing was performed with a balance of 
0.001 g. Dried samples, dry matter, crude ash, 
crude oil crude protein analyzes were carried 
out according to the method described in 
A.O.A.C (1984). The acid detergent fiber 
(ADF) and neutral detergent fiber (NDF) 
analyzes performed to determine cell wall 
elements were performed on Ankom-200 
device according to the method reported by 
Van Soest (1970). Protein fractions were made 
according to the method employed by 
Krishnamoorthy et al. (1982). 
 

     
Figure 2. Appearance after drying of cucumber,  

tomato and pepper silages 
 
The in vitro medium used to determine the gas 
formation values of feedstuffs was prepared 
according to the method reported by Menke 
and Steingass (1988). In order to determine the 
true digestibility of the in vitro method, 
samples were prepared with rumen fluid and 
buffer solutions prepared according to the 
method taken from the hot chain 4-6 hours after 
feeding from cannulated cows and prepared in 
D200-Daisy II Incubators (ANKOM Techno-
logy, 2004) as shown in Figure 3 and incubated 
for 48 hours (Van Soest, 1994). In this system, 
gas production was observed after 48 hours 
incubation of 200 mg feed dry matter. Gas 
measurements were performed at 4, 8, 12, 24, 
36 and 48 hours (Menke and Steingass, 1988). 
Evaluation of data were analyzed using SPSS 
20 (IBM Corp. Released 2011. IBM SPSS 
Statistics for Windows, Version 20.0 Armonk, 
NY: IBM Corp) statistical package program. 
Variables mean ± standard deviation, 
percentage and frequency values were used. In 
addition, homogeneity of variances from 
prerequisites of parametric tests was checked 
by Levene test. The normality hypothesis was 
examined by app “Shapiro-Wilk” test. Kruskal 
Wallis and Bonferroni-Dunn tests were used 
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for comparison of three and more groups when 
two-way ANOVA and Tukey HSD test were 
used. Statistical significance level was accepted 
as p<0.05, p<0.01. 

     
Figure 3. Daisy incubator and in vitro gas production 

 
RESULTS AND DISCUSSIONS 

Tomato, pepper and cucumber silages were 
opened after 30 days fermentation period. The 
ph value of cucumber plant silage in March, 
July and September, respectively; was 7.07%, 
7.17% and 6.67% (Table 1). These values 
indicate that the cucumber plant has buffer 
capacity. Tomato plant silage pH was 4.63%, 
4.55% and 4.77%; and pepper plant silage pH 
were determined 4.89%, 3.39% and 4.91%. 
When compared with cucumber, the silage 
material of tomato and pepper plants was found 
to be closer to pH 3.8-4.2 which is the average 
value in terms of average acid-base degree. 

 
Table 1. pH values of cucumber, tomato  

and pepper silage (n = 6) 
           March                 July              September 
                x̄         S              x̄    S             x̄        S      P 
Cucumber 7.07 0.28 7.17 0.11 6.67 0.26 0.17 
Tomato 4.63 0.44 4.55 0.53 4.77 0.13 0.07 
Pepper 4.89 0.73 3.39 0.08 4.91 0.38 0.08 

 
In March, dry matter ratios after dismantling 
were calculated as 10.28%, 10.29% and 13.94% 
for cucumber, tomato and pepper plant silages, 
respectively. This is normal in the early stage of 
vegetation. In addition, dry matter ratios for 
these plants were calculated as 18.16%, 29.41% 
and 28.32% in September, respectively. A 
statistically significant difference was found 
between the periods of March, July and 
September in terms of the first dry matter ratio 
for silage of cucumber plant (p = 0.01). The 
highest dry matter content was 18.16% in 
September, as expected (Table 2). A statistically 
significant difference was found between the 
periods of March, July and September in terms 
of the first dry matter ratio in terms of silage of 
tomato plant (p = 0.01). There was a statistically 
significant difference between the first dry 

matter ratio in terms of silage of pepper plant 
between March, July and September (p = 0.02). 
Cucumber, tomato and pepper plants reached 
the highest dry matter rate in September. In this 
case, it was found that the structurally dry 
matter ratio of cucumber silage was lower than 
tomato and pepper, but tomato and pepper 
plants had a dry matter ratio close to the silage 
corn plant in September. 
For the silage of tomato, pepper and cucumber 
plant, the highest protein content was reached 
in pepper plant in terms of crude protein 
parameter. A statistically significant difference 
was found between silage of cucumber plant 
between March, July and September (p = 0.01) 
and crude protein ratio of silage decreased due 
to progression of harvesting time. If the pH is 
considered to be high depending on the buffer 
capacity of the cucumber plant, it is considered 
that this plant will contain higher crude protein 
if the pH decreases to average values. A 
statistically significant difference was found 
between the March, July and September 
periods in terms of crude protein parameters of 
tomato plant (p = 0.01). 
Tomato plant silage reached the highest protein 
rate with 17.24% periodically in March (Table 
3). A statistically significant difference was 
found between the months of March, July and 
September in terms of silage material of pepper 
plant (p = 0.01). In March, pepper plant 
contained 19.38% and in September 21.53% 
crude protein. It is thought that the ratio of 
crude protein in pepper plant does not decrease 
despite the progression of the harvest period 
because of the high rate of fruit in addition to 
pepper plant. 
When the cucumber silage plant was examined 
in terms of crude ash parameter, a statistically 
significant difference was found between 
March, July and September (p = 0.01) and 
periodically crude ash rates were 28.47%, 
33.99% and 33.03%, respectively. In terms of 
tomato silage plant, the rate of crude ash in 
March, July and September was 19.18%, 
20.41% and 17.41%, and statistically 
significant difference was found between the 
periods (p = 0.01). Crude ash content of pepper 
silage plant was 18.10%, 15.33% and 17.49% 
and statistically significant difference was 
found between the periods (p = 0.02).  

Table 2. Nutrient analysis results of cucumber silage (n = 6) 

 
Table 3. Nutrient analysis results of tomato silage (n = 6) 

 
Filya (2004) reported that 3.8-4.4% crude ash 
rate for corn silages in different vegetation 
periods was quite low compared to crude ash 
rates in this study. The reason for this high 
value is considered as the inorganic substance 
content. 
NDF ratio of cucumber plant was 34,76%, 
29.56%, 26.31% and ADF rates were 28.99%, 
33.28% and 27.54% and there was a 
statistically significant difference between NDF 
rates (p = 0.01). There was a statistically 
significant difference between ADF rates (p = 
0.01). The difference between NDF and ADF 
values increased in favour of ADF from March 

to July. NDF ratios of tomato plants were 
36.81%, 41.70%, 39.18% and ADF rates were 
35.89%, 38.08% and 33.89% and there was a 
statistically significant difference between NDF 
rates (p = 0.07). There was a statistically 
significant difference between the ADF ratios 
between the periods (p = 0.01). NDF rates for 
pepper plant were 36.31%, 36.75%, 35.93% 
and ADF rates were 34.83%, 39.58% and 
32.20%, and there was no statistically 
significant difference between NDF rates (p = 
0.93). There was a statistically significant 
difference between ADF rates (p = 0.01). 
Pepper and cucumber plant NDF rate is lower 

 MARCH    JULY SEPTEMBER 

      x̄             S              x̄                        S    x̄                      S  p 

Dry matter, % 10.28b 0.68 17.91a 1.34 18.16a 3.25 0.01 
Crude protein, % 16.49a 1.07 12.25b 0.86 14.24b 1.08 0.01 
Crude fat, % 2.68 0.42 2.63 0.42 3.47 0.46 0.05 
Crude ash, % 28.47b 1.25 33.99a 2.39 33.03a 1.71 0.01 
NDF, % 34.76a 3.31 29.56b 2.45 26.31b 0.67 0.01 
ADF, % 28.99b 1.96 33.28a 1.17 27.54b 0.39 0.01 
NFC, % 17.60b 2.91 21.58a 1.64 22.95a 0.95 0.02 
Lignin, % 8.54b 1.07 13.25a 1.86 5.18c 0.30 0.01 
NDICP, % 2.83 0.49 3.20 0.43 2.75 0.15 0.05 
ADICP, % 2.51b 0.59 2.97a 0.18 1.57c 0.05 0.01 
A Frak. %CP 39.98a 6.97 18.31b 2.85 32.40a 3.56 0.01 
B Frak. %CP 44.67b 3.26 57.44a 2.76 56.54a 2.76 0.01 
C Frak. %CP 15.36b 4.21 24.25a 1.29 11.07c 1.06 0.01 
RUP 2% 28.97b 4.18 39.45a 1.88 31.40b 2.22 0.01 
RUP 4% 31.15b 4.34 41.95a 1.90 33.81b 2.32 0.01 
RUP Dig., % 61.40b 1.52 61.06b 0.78 64.31a 0.12 0.01 
DE-1X, Mcal/kg 1.90a 0.14 1.54b 0.13 2.06a 0.09 0.01 
ME-3X, Mcal/kg 1,37a 0.13 1.03b 0.12 1.52a 0.08 0.01 
NEL-3X, Mcal/kg 0,77a 0.09 0.54b 0.09 0.88a 0.06 0.01 
NEL-4X, Mcal/kg 0,74a 0.09 0.51b 0.08 0.84a 0.06 0.01 
NEM-3X, Mcal/kg 0,53a 0.14 0.16b 0.14 0.70a 0.09 0.01 

 MARCH            JULY SEPTEMBER  

              x̄   S                    x̄                         S x̄                         S  p 
Dry matter, % 10.29b 1.25 13.24b 0.94 29.41a 4.43 0.01 
Crude protein, % 17.24a 3.37 16.25a 0.67 14.40b 0.56 0.01 
Crude fat, % 2.84b 0.21 3.71a 1.50 2.66b 0.31 0.01 
Crude ash, % 19.18b 1.40 20.41a 0.87 17.41b 0.70 0.01 
NDF, % 36.81 7.07 41.70 2.22 39.18 0.95 0.07 
ADF, % 35.89a 4.92 38.08a 2.34 33.89b 1.09 0.02 
NFC, % 23.94a 4.06 17.92b 3.16 26.34a 0.94 0.01 
Lignin, % 6.92c 1.16 34.13a 1.95 30.20b 1.68 0.01 
NDICP, % 1.72c 0.25 4.73a 0.32 2.36b 0.24 0.01 
ADICP, % 2.10b 0.34 3.01a 0.29 1.17c 0.18 0.01 
A Frak., %CP 55.42a 7.56 35.17c 5.66 47.82b 2.58 0.01 
B Frak., %CP 32.14b 6.34 46.33a 5.71 44.05a 2.97 0.01 
C Frak., %CP 12.44b 2.38 18.50a 1.82 8.12c 1.22 0.01 
RUP, %2 19.68c 3.83 36.28a 2.77 24.99b 1.18 0.01 
RUP, %4 21.32c 4.04 37.87a 3.01 26.79b 1.27 0.01 
RUP Dig., % 64.07b 1.31 62.10c 0.77 66.56a 0.48 0.01 
DE-1X, Mcal/kg 2.35a 0.18 1.62b 0.05 1.79b 0.04 0.01 
ME-3X, Mcal/kg 1.79a 0.17 1.11b 0.05 1.27b 0.03 0.01 
NEL-3X, Mcal/kg 1.07a 0.11 0.59b 0.04 0.70b 0.03 0.01 
NEL-4X, Mcal/kg 1.03a 0.11 0.57b 0.03 0.67b 0.02 0.01 
NEM-3X, Mcal/kg 0.97a 0.17 0.25b 0.05 0.43b 0.04 0.01 
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for comparison of three and more groups when 
two-way ANOVA and Tukey HSD test were 
used. Statistical significance level was accepted 
as p<0.05, p<0.01. 

     
Figure 3. Daisy incubator and in vitro gas production 

 
RESULTS AND DISCUSSIONS 

Tomato, pepper and cucumber silages were 
opened after 30 days fermentation period. The 
ph value of cucumber plant silage in March, 
July and September, respectively; was 7.07%, 
7.17% and 6.67% (Table 1). These values 
indicate that the cucumber plant has buffer 
capacity. Tomato plant silage pH was 4.63%, 
4.55% and 4.77%; and pepper plant silage pH 
were determined 4.89%, 3.39% and 4.91%. 
When compared with cucumber, the silage 
material of tomato and pepper plants was found 
to be closer to pH 3.8-4.2 which is the average 
value in terms of average acid-base degree. 

 
Table 1. pH values of cucumber, tomato  

and pepper silage (n = 6) 
           March                 July              September 
                x̄         S              x̄    S             x̄        S      P 
Cucumber 7.07 0.28 7.17 0.11 6.67 0.26 0.17 
Tomato 4.63 0.44 4.55 0.53 4.77 0.13 0.07 
Pepper 4.89 0.73 3.39 0.08 4.91 0.38 0.08 

 
In March, dry matter ratios after dismantling 
were calculated as 10.28%, 10.29% and 13.94% 
for cucumber, tomato and pepper plant silages, 
respectively. This is normal in the early stage of 
vegetation. In addition, dry matter ratios for 
these plants were calculated as 18.16%, 29.41% 
and 28.32% in September, respectively. A 
statistically significant difference was found 
between the periods of March, July and 
September in terms of the first dry matter ratio 
for silage of cucumber plant (p = 0.01). The 
highest dry matter content was 18.16% in 
September, as expected (Table 2). A statistically 
significant difference was found between the 
periods of March, July and September in terms 
of the first dry matter ratio in terms of silage of 
tomato plant (p = 0.01). There was a statistically 
significant difference between the first dry 

matter ratio in terms of silage of pepper plant 
between March, July and September (p = 0.02). 
Cucumber, tomato and pepper plants reached 
the highest dry matter rate in September. In this 
case, it was found that the structurally dry 
matter ratio of cucumber silage was lower than 
tomato and pepper, but tomato and pepper 
plants had a dry matter ratio close to the silage 
corn plant in September. 
For the silage of tomato, pepper and cucumber 
plant, the highest protein content was reached 
in pepper plant in terms of crude protein 
parameter. A statistically significant difference 
was found between silage of cucumber plant 
between March, July and September (p = 0.01) 
and crude protein ratio of silage decreased due 
to progression of harvesting time. If the pH is 
considered to be high depending on the buffer 
capacity of the cucumber plant, it is considered 
that this plant will contain higher crude protein 
if the pH decreases to average values. A 
statistically significant difference was found 
between the March, July and September 
periods in terms of crude protein parameters of 
tomato plant (p = 0.01). 
Tomato plant silage reached the highest protein 
rate with 17.24% periodically in March (Table 
3). A statistically significant difference was 
found between the months of March, July and 
September in terms of silage material of pepper 
plant (p = 0.01). In March, pepper plant 
contained 19.38% and in September 21.53% 
crude protein. It is thought that the ratio of 
crude protein in pepper plant does not decrease 
despite the progression of the harvest period 
because of the high rate of fruit in addition to 
pepper plant. 
When the cucumber silage plant was examined 
in terms of crude ash parameter, a statistically 
significant difference was found between 
March, July and September (p = 0.01) and 
periodically crude ash rates were 28.47%, 
33.99% and 33.03%, respectively. In terms of 
tomato silage plant, the rate of crude ash in 
March, July and September was 19.18%, 
20.41% and 17.41%, and statistically 
significant difference was found between the 
periods (p = 0.01). Crude ash content of pepper 
silage plant was 18.10%, 15.33% and 17.49% 
and statistically significant difference was 
found between the periods (p = 0.02).  
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Filya (2004) reported that 3.8-4.4% crude ash 
rate for corn silages in different vegetation 
periods was quite low compared to crude ash 
rates in this study. The reason for this high 
value is considered as the inorganic substance 
content. 
NDF ratio of cucumber plant was 34,76%, 
29.56%, 26.31% and ADF rates were 28.99%, 
33.28% and 27.54% and there was a 
statistically significant difference between NDF 
rates (p = 0.01). There was a statistically 
significant difference between ADF rates (p = 
0.01). The difference between NDF and ADF 
values increased in favour of ADF from March 

to July. NDF ratios of tomato plants were 
36.81%, 41.70%, 39.18% and ADF rates were 
35.89%, 38.08% and 33.89% and there was a 
statistically significant difference between NDF 
rates (p = 0.07). There was a statistically 
significant difference between the ADF ratios 
between the periods (p = 0.01). NDF rates for 
pepper plant were 36.31%, 36.75%, 35.93% 
and ADF rates were 34.83%, 39.58% and 
32.20%, and there was no statistically 
significant difference between NDF rates (p = 
0.93). There was a statistically significant 
difference between ADF rates (p = 0.01). 
Pepper and cucumber plant NDF rate is lower 
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DE-1X, Mcal/kg 1.90a 0.14 1.54b 0.13 2.06a 0.09 0.01 
ME-3X, Mcal/kg 1,37a 0.13 1.03b 0.12 1.52a 0.08 0.01 
NEL-3X, Mcal/kg 0,77a 0.09 0.54b 0.09 0.88a 0.06 0.01 
NEL-4X, Mcal/kg 0,74a 0.09 0.51b 0.08 0.84a 0.06 0.01 
NEM-3X, Mcal/kg 0,53a 0.14 0.16b 0.14 0.70a 0.09 0.01 

 MARCH            JULY SEPTEMBER  

              x̄   S                    x̄                         S x̄                         S  p 
Dry matter, % 10.29b 1.25 13.24b 0.94 29.41a 4.43 0.01 
Crude protein, % 17.24a 3.37 16.25a 0.67 14.40b 0.56 0.01 
Crude fat, % 2.84b 0.21 3.71a 1.50 2.66b 0.31 0.01 
Crude ash, % 19.18b 1.40 20.41a 0.87 17.41b 0.70 0.01 
NDF, % 36.81 7.07 41.70 2.22 39.18 0.95 0.07 
ADF, % 35.89a 4.92 38.08a 2.34 33.89b 1.09 0.02 
NFC, % 23.94a 4.06 17.92b 3.16 26.34a 0.94 0.01 
Lignin, % 6.92c 1.16 34.13a 1.95 30.20b 1.68 0.01 
NDICP, % 1.72c 0.25 4.73a 0.32 2.36b 0.24 0.01 
ADICP, % 2.10b 0.34 3.01a 0.29 1.17c 0.18 0.01 
A Frak., %CP 55.42a 7.56 35.17c 5.66 47.82b 2.58 0.01 
B Frak., %CP 32.14b 6.34 46.33a 5.71 44.05a 2.97 0.01 
C Frak., %CP 12.44b 2.38 18.50a 1.82 8.12c 1.22 0.01 
RUP, %2 19.68c 3.83 36.28a 2.77 24.99b 1.18 0.01 
RUP, %4 21.32c 4.04 37.87a 3.01 26.79b 1.27 0.01 
RUP Dig., % 64.07b 1.31 62.10c 0.77 66.56a 0.48 0.01 
DE-1X, Mcal/kg 2.35a 0.18 1.62b 0.05 1.79b 0.04 0.01 
ME-3X, Mcal/kg 1.79a 0.17 1.11b 0.05 1.27b 0.03 0.01 
NEL-3X, Mcal/kg 1.07a 0.11 0.59b 0.04 0.70b 0.03 0.01 
NEL-4X, Mcal/kg 1.03a 0.11 0.57b 0.03 0.67b 0.02 0.01 
NEM-3X, Mcal/kg 0.97a 0.17 0.25b 0.05 0.43b 0.04 0.01 
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than ADF in July and it is thought that these 
two plants have lower digestibility. 
In terms of the lignin parameter, the cucumber 
plant is 8.54%, 13.25% and 5.18% respect-
tively. There was a statistically signifycant 
difference between the months (p = 0.01). 
Tomato plant has 6.92%, 34.13% and 30.20% 
lignin, respectively. Pepper plant contains 

8.98%, 34.21% and 28.82% lignin periodically 
(Table 4). Tomato plant has the highest lignin 
value although it has high NDF rate for July 
period. This value is an unexpected result and 
the cause is unknown. Pepper plant is expected 
to have high lignin due to high ADF value 
especially in July.  
 

 
Table 4. Nutrient analysis results of pepper silage (n = 6) 

 

 MARCH JULY SEPTEMBER  

 x̄             S x̄ S x̄ S p 
Dry matter, % 13.94 1.38 16.18 0.57 28.32 1.38 0.02 
Crude protein, % 19.38b 0.82 18.80b 1.18 21.53a 0.57 0.01 
Crude fat, % 3.52a 0.45 4.34a 0.48 1.31b 0.42 0.01 
Crude ash, % 18.10 3.34 15.33 0.33 17.49 0.78 0.02 
NDF, % 36.31 3.08 36.75 5.35 35.93 2.45 0.93 
ADF, % 34.83b 2.91 39.58a 2.79 32.20b 1.82 0.01 
NFC, % 22.70 2.60 24.79 6.59 23.75 2.15 0.54 
Lignin, % 8.98c 1.06 34.21a 2.51 28.82b 1.86 0.01 
NDICP, % 1.32b 0.29 2.85a 0.33 2.76a 0.32 0.01 
ADICP, % 1.68a 0.14 1.74a 0.42 1.20b 0.20 0.01 
A Frak., %CP 57.66a 3.15 51.14b 1.43 50.27b 3.20 0.01 
B Frak., %CP 33.66c 3.05 39.59b 2.51 44.13a 2.64 0.01 
C Frak., %CP 8.69a 0.97 8.27a 2.28 5.61b 1.02 0.01 
RUP, %2 16.04b 0.52 13.47b 0.73 22.37a 1.98 0.01 
RUP, %4 17.68b 0.70 13.33c 0.73 24.30a 2.09 0.01 
RUP Dig., % 65.17 0.29 65.56 1.19 66.27 0.53 0.11 
DE-1X, Mcal/kg 2.39a 0.16 2.12b 0.19 1.96b 0.09 0.01 
ME-3X, Mcal/kg 1.83a 0.15 1.58b 0.18 1.42b 0.09 0.01 
NEL-3X, Mcal/kg 1.10a 0.10 0.92b 0.13 0.80b 0.06 0.01 
NEL-4X, Mcal/kg 1.06a 0.10 0.89b 0.12 0.77c 0.06 0.01 
NEM-3X, Mcal/kg 1.02a 0.15 0.76b 0.19 0.59b 0.09 0.01 

 
In terms of ME-3X (Metabolic Energy) 
parameter, cucumber plant has a periodicity of 
1.37; 1.03 and 1.52 mcal/kg and there was a 
statistically significant difference between the 
months (p = 0.01). Cucumber plant silage has 
the highest metabolic energy value in 
September (Table 2). This is normal as it 
contains the highest NFC in September. The 
tomato plant was 1.79; It has a metabolic 
energy of 1.11 and 1.27 mcal/kg and a 
statistically significant difference was found 
periodically (p = 0.01). Although it contains 
high NFC in September in terms of tomato 

plant, it is expected to have the highest 
metabolic energy in March considering the 
harvest period of the plant. In terms of pepper 
plant periodic respectively contained 1.83, 1.58 
and 1.42 mcal/kg metabolic energy and a 
statistically significant difference was found 
periodically (p = 0.01). The pepper plant has 
the highest NFC in July, similar to the tomato 
plant, but has the highest metabolic energy rate 
in March, given the harvest period of the plant. 
In vitro gas production of tomato, pepper and 
cucumber plants were measured for 48 hours 
(Table 5).  

 
Table 5. In vitro gas production results of cucumber, tomato and pepper silage (ml/200 mg) 

 

 
The cucumber plant silage produced 12.68, 
16.00 and 8.84 ml/200 mg gas periodically. No 
statistically significant difference was found 
between the groups in the cucumber silage 

periodically (p = 0.19). The tomato plant 
produced 18.44, 17.01 and 19.27 ml/200 mg 
gas periodically. No statistically significant 
difference was found in tomato silage 

 March July September  

            x̄± S                       x̄         S                       x̄                  S               p 
Cucumber 12.68 2.58 16.00 1.49 8.84 0.98 0.19 
Tomato 18.44 1.92 17.01 2.55 19.27 0.66 0.28 
Pepper 14.83 5.44 11.16 1.90 10.84 1.94 0.26 

periodically (p = 0.28). The pepper plant 
produced 14.83, 11.16 and 10.84 ml/200 mg 
gas periodically. No statistically significant 
difference was found in pepper plant silage 
periodically (p = 0.26). Although the cucumber 
plant contains high crude ash in July, the ADF 
ratio is higher and the NFC (non fiber 
carbohydrate) ratio is average, the reason for 
periodically high in vitro gas production is 
unknown. Although the tomato plant had the 
highest lignin content in July and September, 
the reason for achieving the highest in vitro gas 
production in September, although the ADF 
rate was the lowest in September, is unknown. 
In addition, the pepper plant has the lowest 
lignin rate in March, and although the ash and 
ADF ratios are at average values, it has the 

highest gas rate in March, where the metabolic 
energy value is high as expected. 
In terms of in vitro digestibility, cucumber 
silage was 87.59%, 82.55% and 86.88%, 
respectively, and there was a statistically 
significant difference (p = 0.02). In terms of 
tomato plant, it has 74.53%, 78.58% and 
75.67% IVGS periodically (Table 6). However, 
there was no statistically significant difference 
in terms of periodicity (p = 0.09). Pepper plant 
has 75.81%, 66.30% and 75.09% IVGS 
periodically. There is no statistically significant 
difference in pepper plant periodically (p = 
0.52). In terms of IVGS, cucumber plant has 
higher raw ash ratio than tomato and pepper 
plant. However, it has lower lignin. Therefore, 
it has higher in vitro digestibility as expected. 
 

 
Table 6. In vitro true digestibility results of cucumber, tomato and pepper silage (%) 

 
March  July  September 

  

                             x̄                       S            x̄                            S           x̄           S   p 
Cucumber 87.59a 1.86 82.55b 0.48 86.88a 1.65 0.02 
Tomato 74.53 0.95 78.58 0.79 75.67 2.98 0.09 
Pepper 75.81 2.81 66.30 2.40 75.09 0.98 0.52 

 
CONCLUSIONS 
 
As a result; cucumber plant is thought to be 
difficult to silo in terms of high pH and low dry 
matter content. It is also expected that this plant 
may be a silage material with increased dry 
matter content and inoculant additions. 
Although tomato and pepper plants generally 
contain high crude ash and lignin content, it is 
concluded that it can be used in ruminant 
feeding due to its proximity to average pH with 
raw protein and dry matter ratios. The results of 
this study were found to be more efficient if 
supported by in vivo studies. 
 
ACKNOWLEDGEMENTS 
 
This research was carried out within the scope 
of TUBITAK 2209-A student project.  
 
REFERENCES 
 
Caluya, R.R. (2000). Tomato pomace and rice straw 

silage for feeding growing cattle. In: Silage making 
in the tropics with particular emphasis on the 
smallholder, FAO Plant Production and Protection 
Paper. 161, 97-98. 

Chedly, K. and Lee, S. (2000). Silage from by-products 
for smallholders, In: Silage making in the tropics 
with particular emphasis on the smallholder, FAO 
Plant Production and Protection Paper 161, 71-78. 

Emekli, Y.S., Büyüktaş, D., Büyüktaş, D.K. (2008). 
Antalya Yöresinde Seracılığın Mevcut Durumu ve 
Yapısal Sorunları, Batı Akdeniz Tarımsal Araştırma 
Enstitüsü. Derim Dergisi, 25(1): 26-39. 

Filya, İ. (2004). Nutritive value and aerobic stability of 
whole crop maize silage harvested at four stages of 
maturity. Animal Feed Science and Technology 116: 
141-150. 

Machin, D.H. (2000). The potential use of silage for 
livestock production, with special reference to 
smallholders, In: Silage making in the tropics with 
particular emphasis on the smallholder, FAO Plant 
Production and Protection Paper. 161, 85-95. 

Menke, H.H. and Steingass, H. (1988). Estimation of the 
energetic feed value obtained from chemical analysis 
and in vitro gas production using rumen fluid. 
Animal Research and Development, 28, 7-55. 

Krishnamoorthy, U., Muscato, T.V., Sniffen, C.J. and 
van Soest, P.J. (1982). Nitrogen fractions in selected 
feedstuffs. J. Dairy Sci., 65: 217-225. 

Van Soest, P.J. (1994). Nutritional ecology of the 
ruminant. 2nd Edition, Cornell University Press, 
Ithaca, 476. 

***AOAC, 1984. Official Methods of Analysis. 
Association of Official Analytical Chemists. 14th 
Edition, AOAC, Arlington. 

 



111

than ADF in July and it is thought that these 
two plants have lower digestibility. 
In terms of the lignin parameter, the cucumber 
plant is 8.54%, 13.25% and 5.18% respect-
tively. There was a statistically signifycant 
difference between the months (p = 0.01). 
Tomato plant has 6.92%, 34.13% and 30.20% 
lignin, respectively. Pepper plant contains 

8.98%, 34.21% and 28.82% lignin periodically 
(Table 4). Tomato plant has the highest lignin 
value although it has high NDF rate for July 
period. This value is an unexpected result and 
the cause is unknown. Pepper plant is expected 
to have high lignin due to high ADF value 
especially in July.  
 

 
Table 4. Nutrient analysis results of pepper silage (n = 6) 

 

 MARCH JULY SEPTEMBER  

 x̄             S x̄ S x̄ S p 
Dry matter, % 13.94 1.38 16.18 0.57 28.32 1.38 0.02 
Crude protein, % 19.38b 0.82 18.80b 1.18 21.53a 0.57 0.01 
Crude fat, % 3.52a 0.45 4.34a 0.48 1.31b 0.42 0.01 
Crude ash, % 18.10 3.34 15.33 0.33 17.49 0.78 0.02 
NDF, % 36.31 3.08 36.75 5.35 35.93 2.45 0.93 
ADF, % 34.83b 2.91 39.58a 2.79 32.20b 1.82 0.01 
NFC, % 22.70 2.60 24.79 6.59 23.75 2.15 0.54 
Lignin, % 8.98c 1.06 34.21a 2.51 28.82b 1.86 0.01 
NDICP, % 1.32b 0.29 2.85a 0.33 2.76a 0.32 0.01 
ADICP, % 1.68a 0.14 1.74a 0.42 1.20b 0.20 0.01 
A Frak., %CP 57.66a 3.15 51.14b 1.43 50.27b 3.20 0.01 
B Frak., %CP 33.66c 3.05 39.59b 2.51 44.13a 2.64 0.01 
C Frak., %CP 8.69a 0.97 8.27a 2.28 5.61b 1.02 0.01 
RUP, %2 16.04b 0.52 13.47b 0.73 22.37a 1.98 0.01 
RUP, %4 17.68b 0.70 13.33c 0.73 24.30a 2.09 0.01 
RUP Dig., % 65.17 0.29 65.56 1.19 66.27 0.53 0.11 
DE-1X, Mcal/kg 2.39a 0.16 2.12b 0.19 1.96b 0.09 0.01 
ME-3X, Mcal/kg 1.83a 0.15 1.58b 0.18 1.42b 0.09 0.01 
NEL-3X, Mcal/kg 1.10a 0.10 0.92b 0.13 0.80b 0.06 0.01 
NEL-4X, Mcal/kg 1.06a 0.10 0.89b 0.12 0.77c 0.06 0.01 
NEM-3X, Mcal/kg 1.02a 0.15 0.76b 0.19 0.59b 0.09 0.01 

 
In terms of ME-3X (Metabolic Energy) 
parameter, cucumber plant has a periodicity of 
1.37; 1.03 and 1.52 mcal/kg and there was a 
statistically significant difference between the 
months (p = 0.01). Cucumber plant silage has 
the highest metabolic energy value in 
September (Table 2). This is normal as it 
contains the highest NFC in September. The 
tomato plant was 1.79; It has a metabolic 
energy of 1.11 and 1.27 mcal/kg and a 
statistically significant difference was found 
periodically (p = 0.01). Although it contains 
high NFC in September in terms of tomato 

plant, it is expected to have the highest 
metabolic energy in March considering the 
harvest period of the plant. In terms of pepper 
plant periodic respectively contained 1.83, 1.58 
and 1.42 mcal/kg metabolic energy and a 
statistically significant difference was found 
periodically (p = 0.01). The pepper plant has 
the highest NFC in July, similar to the tomato 
plant, but has the highest metabolic energy rate 
in March, given the harvest period of the plant. 
In vitro gas production of tomato, pepper and 
cucumber plants were measured for 48 hours 
(Table 5).  

 
Table 5. In vitro gas production results of cucumber, tomato and pepper silage (ml/200 mg) 

 

 
The cucumber plant silage produced 12.68, 
16.00 and 8.84 ml/200 mg gas periodically. No 
statistically significant difference was found 
between the groups in the cucumber silage 

periodically (p = 0.19). The tomato plant 
produced 18.44, 17.01 and 19.27 ml/200 mg 
gas periodically. No statistically significant 
difference was found in tomato silage 

 March July September  

            x̄± S                       x̄         S                       x̄                  S               p 
Cucumber 12.68 2.58 16.00 1.49 8.84 0.98 0.19 
Tomato 18.44 1.92 17.01 2.55 19.27 0.66 0.28 
Pepper 14.83 5.44 11.16 1.90 10.84 1.94 0.26 

periodically (p = 0.28). The pepper plant 
produced 14.83, 11.16 and 10.84 ml/200 mg 
gas periodically. No statistically significant 
difference was found in pepper plant silage 
periodically (p = 0.26). Although the cucumber 
plant contains high crude ash in July, the ADF 
ratio is higher and the NFC (non fiber 
carbohydrate) ratio is average, the reason for 
periodically high in vitro gas production is 
unknown. Although the tomato plant had the 
highest lignin content in July and September, 
the reason for achieving the highest in vitro gas 
production in September, although the ADF 
rate was the lowest in September, is unknown. 
In addition, the pepper plant has the lowest 
lignin rate in March, and although the ash and 
ADF ratios are at average values, it has the 

highest gas rate in March, where the metabolic 
energy value is high as expected. 
In terms of in vitro digestibility, cucumber 
silage was 87.59%, 82.55% and 86.88%, 
respectively, and there was a statistically 
significant difference (p = 0.02). In terms of 
tomato plant, it has 74.53%, 78.58% and 
75.67% IVGS periodically (Table 6). However, 
there was no statistically significant difference 
in terms of periodicity (p = 0.09). Pepper plant 
has 75.81%, 66.30% and 75.09% IVGS 
periodically. There is no statistically significant 
difference in pepper plant periodically (p = 
0.52). In terms of IVGS, cucumber plant has 
higher raw ash ratio than tomato and pepper 
plant. However, it has lower lignin. Therefore, 
it has higher in vitro digestibility as expected. 
 

 
Table 6. In vitro true digestibility results of cucumber, tomato and pepper silage (%) 

 
March  July  September 

  

                             x̄                       S            x̄                            S           x̄           S   p 
Cucumber 87.59a 1.86 82.55b 0.48 86.88a 1.65 0.02 
Tomato 74.53 0.95 78.58 0.79 75.67 2.98 0.09 
Pepper 75.81 2.81 66.30 2.40 75.09 0.98 0.52 

 
CONCLUSIONS 
 
As a result; cucumber plant is thought to be 
difficult to silo in terms of high pH and low dry 
matter content. It is also expected that this plant 
may be a silage material with increased dry 
matter content and inoculant additions. 
Although tomato and pepper plants generally 
contain high crude ash and lignin content, it is 
concluded that it can be used in ruminant 
feeding due to its proximity to average pH with 
raw protein and dry matter ratios. The results of 
this study were found to be more efficient if 
supported by in vivo studies. 
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Abstract 
 
The article presents the results of 7 years of field research (2011-2016) of the main elements of winter wheat 
(T. aestivum L.) growing technologies Kolchuga variety, namely: sowing dates, seed sowing norms and plant nutrition 
optimization. The need for this study is due to the warming of the climate, the change in soil fertility and the emergence 
of new winter wheat varieties and biological products. Results of the researches, showed us the significant influence of 
sowing terms and the introduction of a moderate dose of mineral fertilizers and the implementation of foliar feeding in 
the main periods of vegetation of winter wheat plants on the level of yield of the Kolchuga variety was established. With 
the shift of sowing terms from  September 10th to October 10th, the yield of the studied variety increased from 3.73 to 
4.92 t/ha-1. The seeding rates and sowing terms significantly influenced the formation of winter wheat grain quality. The 
highest mass fraction of protein (15.0%) and gluten (30.7%) in winter wheat grain was formed for sowing on October 
20th.  
The use of Organic D2 and Escort - bio biological products contributed to an increasement in the yield of winter wheat 
grain at 1.53-1.59 t/ha-1 or 52.9-55.0%. The positive effect of optimization of the main elements technology for 
increasing the quality of winter wheat grain is confirmed. Thus, if without fertilizers on average for the years of 
research the grain of Kolchuga variety contained of 11.2% protein, the application of only mineral fertilizers before 
sowing provided an increase in this indicator by 6.7%, and the carrying out of foliar fertilizing on their background 
provided an increase by 8.2-13.2%. It was determined that some better quality indicators of different grains of the 
investigated winter wheat variety for joint application of N30P30 and foliar dressing of winter wheat crops twice during 
the vegetation season with Escort-bio preparation. Thus, for this nutrition variant the content of crude gluten in winter 
wheat grain was 24.2%, and the protein content was 12.9%. 
 
Key words: Triticum aestivum L., Kolchuga variety, sowing terms, seeding rates, nutrition optimization. 
 
INTRODUCTION 
 
Today, grain production has a special place in 
the structure of the agro-industrial complex. It 
is the grain and products of its processing 
which are vital products that ensure the food 
security of the state, play an important role in 
the socio-economic development of the 
national economy, form the basis of 
agricultural exports and determine the degree 
of its participation in international cooperation. 
Favorable natural and climatic conditions and 
fertile lands of Ukraine allow to grow all crops 
and to receive high-quality food products in 
sufficient volumes both for domestic needs and 
for the formation of export potential 
(Kushniruk and Tolmach, 2016). Over the past 
five years, Ukraine strengthened its position in 
the international agricultural market and it is 
confidently in the world's top ten grain 

producers. Due to its favorable natural and 
climatic conditions the South of Ukraine is 
considered one of the leading regions for the 
production of soft winter wheat of high quality 
(Korchova et al., 2018). 
Improving the technology of winter wheat 
growing is an extremely urgent task, because in 
the current economic conditions, reducing the 
cost of grain production and increasing its 
profitability it is possible only in the case of the 
introduction of new agricultural techniques 
which do not involve large costs. All around 
the world the main elements of the technology 
of winter wheat growing are the selection of 
varieties, optimal sowing time and seeding 
rates and plant nutrition system (Macleod et al., 
1992; Oleksiak, 2014; Yong et al., 2016; 
Pasynkov et al., 2017). 
In connection with the emergence of new 
varieties, global climate warming in General 

and in each climatic zone, soil fertility changes 
there is a need from time to time to view and 
clarify the sowing time and seeding rates for 
each variety in a certain climatic zone of 
cultivation, in particular in the Steppe zone of 
Ukraine (Vozhehova et al., 2018). Wheat 
production in Europe is particularly dependent 
on synthetic fertilizers as the use of animal 
manure is very limited, many soils have a 
naturally low organic matter content in the soil, 
and there are only a few grenades in the main 
rotation that can supply symbiotically fixed 
nitrogen (Biel et al., 2016; Boruga et. al., 
2016). 
There is a growing global interest in the use of 
organic farming and in increasing of grain 
production using low levels of mineral 
fertilizers (Petrenko et al., 2018). Reducing the 
dose of mineral fertilizers, especially nitrogen, 
is possible with the use of foliar fertilizing of 
plants during the vegetation season with 
modern growth-regulating preparations.  
 
MATERIALS AND METHODS 
 
The experimental part was carried out during 
2011-2013 years at the new Odessa State 
variety-research station of the branch of the 
Mykolaiv National Agrarian University and the 
educational-scientific-practical center of the 
Mykolaiv National Agrarian University 
(hereinafter ESPC MNAU) during 2011-2016 
years. 
The technology of winter wheat growing in the 
experiment, with the exception of the studied 
factors, was generally accepted to the existing 
zonal recommendations for the Southern 
Steppe of Ukraine. The territory of the farms is 
located in the third agro-climatic region and it 
belongs to the subzone of the Southern Steppe 
of Ukraine. The climate is temperate 
continental, warm, dry, with unstable snow 
cover. Weather conditions for hydrothermal 
indicators in the years of research varied, which 
made it possible to obtain objective results, but, 
in general, they were typical for the location of 
the farm. 
The soil of the research sites of the new Odessa 
state variety research station is southern low-
humuschernozem, it is light-loam on the 
loesses of wide poorly drained watershed 
plateau, being typical for the Southern Steppe 

zone. Theirarable layer on averagecontains of 
2.4% humus (GOST 26213-91 for Tyurin), it 
contains of light-hydrolized nitrogen as 16 
mg/kg (GOST 26951-86 for Kravkov), mobile 
phosphorus as 160 mg/kg and 
exchangeablepotassium as 187 mg/kg of soil 
(GOST 26204-91 for Chirikov).  
The soil of the ESPC MNAU was represented 
by the southern, resiliently weakly sunny, 
heavy-sooty black soilon the loesses. The 
reaction of the soil solution was neutral (pH 
6.8-7.2). The content of humus in the 0-30 cm 
layer was 123-125 g kg-1. The arable layer of 
soil contained moving forms of nutrients on 
average: nitrates (by Grandval Liagou - this 
method is based on interactions between 
nitrates and disulpfo-phenolic acid from which 
trinitrophenol (picric acid) is formed. In 
alkaline environment it gives us yellow 
coloring due to formation of potassium 
trinitrophenolate (or natrium, depending from 
alkali used) in quantity equivalent to nitrates 
content) as 15-25 mg kg-1, mobile phosphorus 
(by Machigin - this method is based on 
extraction of mobile phosphorus and potassium 
compounds from the soils with 1% ammonium 
carbonate solution, pH 9.0, at 25 ± 20C) as 41-
46 mg kg-1, exchangeable potassium (on a 
flame photometer) as 389-425 mg kg-1 of soil. 
For performing the tasks, 2 field experiments 
were conducted: 
1). Double factor experiment. Which schemes 
included the following factors: factor Awas 
sowing terms - September 10th, September 20th, 
September 30th (control), October 10th, October 
20th; factor Bwas seeding rates such as 3.4 
(control) and 5 million germinating seeds per 
hectare. The total area of the sowing plot was 
48.6 m2, total area of theaccounting plot was  
25 m2. The repetition was fourfold. The 
predecessor was black steam; 
2). Single factor experiment: factor A was 
nutrition: 1. Control (without fertilizers); 2. 
N30P30 - for pre-sowing cultivation-background; 
3. Background + urea K1 (1 l/ha); 4. 
Background + Urea K2 (1 l/ha); 5. Background 
+ Escort-bio (0.5 l/ha); 6. Background + urea 
K1 + Urea K2 (0.5 l/ha); 7. Background + 
Organic D2 (l/ha).  
Preparations to be used for foliar application of 
barley crops were listed in the listof pesticides 
and agrochemicals authorized for use in 
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Abstract 
 
The article presents the results of 7 years of field research (2011-2016) of the main elements of winter wheat 
(T. aestivum L.) growing technologies Kolchuga variety, namely: sowing dates, seed sowing norms and plant nutrition 
optimization. The need for this study is due to the warming of the climate, the change in soil fertility and the emergence 
of new winter wheat varieties and biological products. Results of the researches, showed us the significant influence of 
sowing terms and the introduction of a moderate dose of mineral fertilizers and the implementation of foliar feeding in 
the main periods of vegetation of winter wheat plants on the level of yield of the Kolchuga variety was established. With 
the shift of sowing terms from  September 10th to October 10th, the yield of the studied variety increased from 3.73 to 
4.92 t/ha-1. The seeding rates and sowing terms significantly influenced the formation of winter wheat grain quality. The 
highest mass fraction of protein (15.0%) and gluten (30.7%) in winter wheat grain was formed for sowing on October 
20th.  
The use of Organic D2 and Escort - bio biological products contributed to an increasement in the yield of winter wheat 
grain at 1.53-1.59 t/ha-1 or 52.9-55.0%. The positive effect of optimization of the main elements technology for 
increasing the quality of winter wheat grain is confirmed. Thus, if without fertilizers on average for the years of 
research the grain of Kolchuga variety contained of 11.2% protein, the application of only mineral fertilizers before 
sowing provided an increase in this indicator by 6.7%, and the carrying out of foliar fertilizing on their background 
provided an increase by 8.2-13.2%. It was determined that some better quality indicators of different grains of the 
investigated winter wheat variety for joint application of N30P30 and foliar dressing of winter wheat crops twice during 
the vegetation season with Escort-bio preparation. Thus, for this nutrition variant the content of crude gluten in winter 
wheat grain was 24.2%, and the protein content was 12.9%. 
 
Key words: Triticum aestivum L., Kolchuga variety, sowing terms, seeding rates, nutrition optimization. 
 
INTRODUCTION 
 
Today, grain production has a special place in 
the structure of the agro-industrial complex. It 
is the grain and products of its processing 
which are vital products that ensure the food 
security of the state, play an important role in 
the socio-economic development of the 
national economy, form the basis of 
agricultural exports and determine the degree 
of its participation in international cooperation. 
Favorable natural and climatic conditions and 
fertile lands of Ukraine allow to grow all crops 
and to receive high-quality food products in 
sufficient volumes both for domestic needs and 
for the formation of export potential 
(Kushniruk and Tolmach, 2016). Over the past 
five years, Ukraine strengthened its position in 
the international agricultural market and it is 
confidently in the world's top ten grain 

producers. Due to its favorable natural and 
climatic conditions the South of Ukraine is 
considered one of the leading regions for the 
production of soft winter wheat of high quality 
(Korchova et al., 2018). 
Improving the technology of winter wheat 
growing is an extremely urgent task, because in 
the current economic conditions, reducing the 
cost of grain production and increasing its 
profitability it is possible only in the case of the 
introduction of new agricultural techniques 
which do not involve large costs. All around 
the world the main elements of the technology 
of winter wheat growing are the selection of 
varieties, optimal sowing time and seeding 
rates and plant nutrition system (Macleod et al., 
1992; Oleksiak, 2014; Yong et al., 2016; 
Pasynkov et al., 2017). 
In connection with the emergence of new 
varieties, global climate warming in General 

and in each climatic zone, soil fertility changes 
there is a need from time to time to view and 
clarify the sowing time and seeding rates for 
each variety in a certain climatic zone of 
cultivation, in particular in the Steppe zone of 
Ukraine (Vozhehova et al., 2018). Wheat 
production in Europe is particularly dependent 
on synthetic fertilizers as the use of animal 
manure is very limited, many soils have a 
naturally low organic matter content in the soil, 
and there are only a few grenades in the main 
rotation that can supply symbiotically fixed 
nitrogen (Biel et al., 2016; Boruga et. al., 
2016). 
There is a growing global interest in the use of 
organic farming and in increasing of grain 
production using low levels of mineral 
fertilizers (Petrenko et al., 2018). Reducing the 
dose of mineral fertilizers, especially nitrogen, 
is possible with the use of foliar fertilizing of 
plants during the vegetation season with 
modern growth-regulating preparations.  
 
MATERIALS AND METHODS 
 
The experimental part was carried out during 
2011-2013 years at the new Odessa State 
variety-research station of the branch of the 
Mykolaiv National Agrarian University and the 
educational-scientific-practical center of the 
Mykolaiv National Agrarian University 
(hereinafter ESPC MNAU) during 2011-2016 
years. 
The technology of winter wheat growing in the 
experiment, with the exception of the studied 
factors, was generally accepted to the existing 
zonal recommendations for the Southern 
Steppe of Ukraine. The territory of the farms is 
located in the third agro-climatic region and it 
belongs to the subzone of the Southern Steppe 
of Ukraine. The climate is temperate 
continental, warm, dry, with unstable snow 
cover. Weather conditions for hydrothermal 
indicators in the years of research varied, which 
made it possible to obtain objective results, but, 
in general, they were typical for the location of 
the farm. 
The soil of the research sites of the new Odessa 
state variety research station is southern low-
humuschernozem, it is light-loam on the 
loesses of wide poorly drained watershed 
plateau, being typical for the Southern Steppe 

zone. Theirarable layer on averagecontains of 
2.4% humus (GOST 26213-91 for Tyurin), it 
contains of light-hydrolized nitrogen as 16 
mg/kg (GOST 26951-86 for Kravkov), mobile 
phosphorus as 160 mg/kg and 
exchangeablepotassium as 187 mg/kg of soil 
(GOST 26204-91 for Chirikov).  
The soil of the ESPC MNAU was represented 
by the southern, resiliently weakly sunny, 
heavy-sooty black soilon the loesses. The 
reaction of the soil solution was neutral (pH 
6.8-7.2). The content of humus in the 0-30 cm 
layer was 123-125 g kg-1. The arable layer of 
soil contained moving forms of nutrients on 
average: nitrates (by Grandval Liagou - this 
method is based on interactions between 
nitrates and disulpfo-phenolic acid from which 
trinitrophenol (picric acid) is formed. In 
alkaline environment it gives us yellow 
coloring due to formation of potassium 
trinitrophenolate (or natrium, depending from 
alkali used) in quantity equivalent to nitrates 
content) as 15-25 mg kg-1, mobile phosphorus 
(by Machigin - this method is based on 
extraction of mobile phosphorus and potassium 
compounds from the soils with 1% ammonium 
carbonate solution, pH 9.0, at 25 ± 20C) as 41-
46 mg kg-1, exchangeable potassium (on a 
flame photometer) as 389-425 mg kg-1 of soil. 
For performing the tasks, 2 field experiments 
were conducted: 
1). Double factor experiment. Which schemes 
included the following factors: factor Awas 
sowing terms - September 10th, September 20th, 
September 30th (control), October 10th, October 
20th; factor Bwas seeding rates such as 3.4 
(control) and 5 million germinating seeds per 
hectare. The total area of the sowing plot was 
48.6 m2, total area of theaccounting plot was  
25 m2. The repetition was fourfold. The 
predecessor was black steam; 
2). Single factor experiment: factor A was 
nutrition: 1. Control (without fertilizers); 2. 
N30P30 - for pre-sowing cultivation-background; 
3. Background + urea K1 (1 l/ha); 4. 
Background + Urea K2 (1 l/ha); 5. Background 
+ Escort-bio (0.5 l/ha); 6. Background + urea 
K1 + Urea K2 (0.5 l/ha); 7. Background + 
Organic D2 (l/ha).  
Preparations to be used for foliar application of 
barley crops were listed in the listof pesticides 
and agrochemicals authorized for use in 
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Ukraine. Preparations of Urea K1 and Urea K2 
are registered as fertilizers containing 
respectively N as 11-13%, P2O5 as 0.1-0.3%, 
K2O as 0.05-0.15%, micronutrients as 0.1%, 
succinic acid as 0.1% and N as 9-11%, P2O5 as 
0.5-0.7%, K2O as 0.05-0.15%, sodium humate 
as 3 g l-1, potassium humate as 1 g l-1, trace 
elements as 1 g l-1. Organic D2 is organo-
mineral fertilizer containing N as 2.0-3.0%, 
P2O5 as 1.7-2.8%, K2O as 1.3-2.0%, total 
calcium as 2.0-6.0%, organic matter as 65-70% 
(in terms of carbon). Escort-bio is a natural 
microbial complex that contains strains of 
microorganisms of genera Azotobacter, 
Pseudomonas, Rhizobium, Lactobacillus, 
Bacillus, and biologically active substances 
produced by them. 
The material for the research was Kolchuga, 
early maturing soft winterwheat variety of 
Ukrainian selection, intensive type, universal 
use. The average yield in the Steppe zone 
during the years of state variety testing was 
5.70 t/ha, which exceeded the national standard 
by 0.23 t/ha. The variety was included in the 
State Register of plant varieties suitable for 
distribution in Ukraine for the Steppe zone 
since 2007. 
In the process of research, the method it was 
used the state variety testing of agricultural 
crops (Volkodav et al., 2001). The yield 
structure was determined by the method of 
continuous harvesting of each accounting area 
(grain harvester "Sampo-130"). 
Technological and biochemical indicators of 
quality of soft wheat grain intended for food 

needs use were established in accordance with 
DSTU 3768:2010 "Wheat. Technical 
conditions", with reference to the standards: the 
crude gluten content by a manual method 
according to DSTU ISO 21415-1:2009, "Wheat 
and wheat flour"; the protein content of grain 
according to DSTU 4117:2007; the nature of 
grain according to DSTU 4234:2003 "Crops".  
 
RESULTS AND DISCUSSIONS 
 
The height of wheat plants is determined by the 
genotype and it has a high heritability, but the 
height can vary significantly depending on the 
agroecological conditions of cultivation 
(Orlyuk et al., 2003). 
As a result of research, we found the height of 
winter wheat plants significantly influenced on 
the sowing time. The highest rate was formed 
in wheat plants of early sowing time 
(September 10) and it ranged from 88.7 up to 
89.5 cm depending on the seeding rates, and 
the lowest rate was formed in the late sowing 
time (October 20) as 78.0-80.1 cm.  In fact, the 
height of winter wheat plants of the Kolchuga 
variety decreased from early to late sowing 
times by 9.4-11.0 cm (Figure 1). 
By sowing Kolchuga winter wheat variety in 
all the studied times, the plants formed the 
highest altitude with a seeding rate of 5 million 
germinating seeds/ha, which was more by 0.4-
2.1 cm than for sowing with a seeding rate of 3 
million germinating seeds /ha. 
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Figure 1. Height of winter wheat plants depending on sowing time and seeding rates,  

average for 2011-2013 years  

On average, over the years of research, the 
application of mineral fertilizers for pre-sowing 
cultivation and foliar fertilizing of plants in the 
main vegetation periods with modern growth-
regulating preparations contributed to the 
increase in the height of winter wheat plants. 

Thus, the use of only mineral fertilizers at a 
dose of N30P30 increased the height of 
Kolchuga variety plants by 2.5 cm or 2.9% 
compared to the control variant of the 
experiment (Figure 2). 
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Figure 2. The height of winter wheat plants in the phase of full grain ripeness depending  
on the nutrition optimization, the average for 2012-2016 years 

 
The use of modern preparations on the 
background of the application of a moderate 
dose of mineral fertilizers for pre-sowing 
cultivation contributed to the strengthening of 
growth processes of winter wheat plants. Thus, 
the combined use of urea K1 and Urea K2 on 
the background of fertilizers increased the 
height of winter wheat plants by 10.3 cm or 
10.7% compared to the control. The highest 
rates of height (96.8 cm) of winter wheat plants 
reached in the experiment variants such as 
background + Escort-bio and background + 
Organic D2, which was more by 10.9 cm for 
control. 
It was established the seeding rates and terms 
of sowing were integral parts of creating the 
optimal structure of the winter wheat crops 
(Dergachov, 2010; Korkhova, 2015; Korkhova 
et al., 2019; Oleksiak et al., 2014). The results 
of our studies found the productive stalk 
standing of Kolchuga variety winter wheat 
plants in the areas of late sowing (October 20) 
was the least dense as 451 PCs/m2 sowing with 
a seeding rate of 3 million germinating 

seeds/ha. With an increase in the seeding rate 
from 3 up to 5 million germinating seeds/ha, 
the number of productive stems of the studied 
variety increased by 11.0-20.8% on average  
(Table 1). 
The largest number of productive stems of 
winter wheat plants (657-696 PCs/m2) was 
formed during sowing on September 30th, 
depending on the seeding rates, which was 
more by 89-176 PCs/m2 than for sowing on 
October 20th. 
It was established there was a strong 
correlation between the seeding rates and the 
number of productive stems - r = 0.99. Through 
years of research, plants of Kolchuga variety 
formed 31.9, 37.1 grains per spike on average. 
The highest number was formed for sowing on 
October 10 with a reduced seeding rate (3 
million germinating seeds/ha) and it amounted 
to 34.9 PCs/ear. With an increase in the seeding 
rate to 4 and 5 million germinating seeds / ha, 
the number of grains in the ear of the studied 
variety decreased by 0.8-1.5 PCs/ear on 
average.  
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On average, over the years of research, the 
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regulating preparations contributed to the 
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The use of modern preparations on the 
background of the application of a moderate 
dose of mineral fertilizers for pre-sowing 
cultivation contributed to the strengthening of 
growth processes of winter wheat plants. Thus, 
the combined use of urea K1 and Urea K2 on 
the background of fertilizers increased the 
height of winter wheat plants by 10.3 cm or 
10.7% compared to the control. The highest 
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Organic D2, which was more by 10.9 cm for 
control. 
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of sowing were integral parts of creating the 
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et al., 2019; Oleksiak et al., 2014). The results 
of our studies found the productive stalk 
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plants in the areas of late sowing (October 20) 
was the least dense as 451 PCs/m2 sowing with 
a seeding rate of 3 million germinating 

seeds/ha. With an increase in the seeding rate 
from 3 up to 5 million germinating seeds/ha, 
the number of productive stems of the studied 
variety increased by 11.0-20.8% on average  
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The largest number of productive stems of 
winter wheat plants (657-696 PCs/m2) was 
formed during sowing on September 30th, 
depending on the seeding rates, which was 
more by 89-176 PCs/m2 than for sowing on 
October 20th. 
It was established there was a strong 
correlation between the seeding rates and the 
number of productive stems - r = 0.99. Through 
years of research, plants of Kolchuga variety 
formed 31.9, 37.1 grains per spike on average. 
The highest number was formed for sowing on 
October 10 with a reduced seeding rate (3 
million germinating seeds/ha) and it amounted 
to 34.9 PCs/ear. With an increase in the seeding 
rate to 4 and 5 million germinating seeds / ha, 
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variety decreased by 0.8-1.5 PCs/ear on 
average.  
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Table 1. The main elements of productivity and productivity of winter wheat plants depending on sowing times and 
seeding rates, the average for 2011-2013 years 

 

Factor A Factor B 
Number of 

productive stems 
(PCs/m²) 

Grain weight 
of 1 ear 

Number of 
grains,  
PCs/ear 

1000 seeds 
weight, g 

Yield,  
t/ha-1 

September 10th 
3 mln pie/ha 638 0.94 35.4 38.1 3.92 
4 mln pie/ha 653 0.96 36.7 39.5 3.90 
5 mln pie/ha 662 1.05 32.9 40.7 3.73 

September 20th 
3 mln pie/ha 648 1.14 34.9 41.7 4.07 
4 mln pie/ha 665 1.25 36.8 41.6 4.00 
5 mln pie/ha 672 0.92 35.0 37.2 3.85 

September 30th 
3 mln pie/ha 657 0.94 36.3 38.3 4.60 
4 mln pie/ha 680 0.98 32.5 40.0 4.64 
5 mln pie/ha 696 1.03 34.4 41.1 4.49 

October 10th 
3 mln pie/ha 616 1.12 36.0 41.0 4.83 
4 mln pie/ha 665 0.89 34.5 36.6 4.85 
5 mln pie/ha 696 0.90 35.2 37.9 4.92 

October 20th 
3 mln pie/ha 481 0.95 32.0 39.4 4.29 
4 mln pie/ha 540 0.99 33.6 40.5 4.43 
5 mln pie/ha 607 1.05 34.5 40.5 4.90 

 
To a large extent, the productivity of the ear 
depends on the characteristics of sowing, in 
particular the sowing time. In our studies, the 
mass of grain from one ear of winter wheat 
increased as the shift of sowing times towards 
later ones.  
The weight of grain per 1 ear on average 
fluctuated depending on sowing time and 
seeding rates from 0.89 g/ear of seeding on 
October 10 with seeding rate of 4 million 
germinating seeds/ha to 1.25 g/ear of seeding 
on September 20 with seeding rate of 4 million 
germinating seeds/ha.  
It was found the seeding rate also influenced on 
the formation of the mass of 1000 grains. With 
increasing in the seeding rate from 3 to 5 
million germinating seeds/ha, the weight of 
1000 grains decreased slightly by 1.1-4.5 g 
depending on the sowing time. So, for sowing 
on October 10 with the seeding rate of 3 
million germinating seeds/ha, the weight of 
1000 seeds was 41.7 g; with 4 million 
germinating seeds/ha it was 41.1 g, with 5 
million germinating seeds/ha it was 40.5 g. 
It was found the sowing time significantly 
influenced on the weight of 1000 grains, which 
was more dependent on weather conditions 
during the loading of grain. But, nevertheless,  
it should be noted that for sowing on October 
10, the plants of the studied variety formed  
the smallest mass of 1000 grains such as  
36.6 - 41.0 g.  
It was found with the shift of sowing terms 
from September 10th to October 10th, the yield 

level of the studied variety increased from  
3.73 t/ha-1 up to 4.92 t/ha-1. Sowing 10 days 
later (October 20th), the yield of wheat grain 
decreased slightly and it averaged  
4.29-4.90 t/ha-1, which was less by 0.02-0.54 
t/ha-1 than for sowing on October 10th, but it 
was more by 0.21-0.41 t/ha-1 than for sowing 
on September 30th.  
We found the seeding rates had a significant 
impact on the grain yield formation of winter 
wheat and they were closely related to the 
sowing time. According to research, in early 
sowing times (September 10th, 20th) Kolchuga 
variety on the average for 2011-2013 yrs, the 
highest yield (3.92-4.07 t/ha-1) formed with a 
reduced seeding rate of 3 million seeds/ha. For 
sowing September 30th the higher yield (4.64 
t/ha-1) was formed with the seeding rate of 4 
million seeds/ha, and when sowing in the later 
period (October 10th and 20th) the optimal 
seeding rate increased up to 5 million seeds/ha, 
while providing the highest level of grain yield 
in the variety it was 4.90-4.92 t/ha-1, 
respectively. 
Nutrition variants of winter wheat plants also 
had a significant impact on the indicators of the 
yield structure (Table 2). 
The largest number of productive stems in the 
studied winter wheat variety was formed on the 
background of mineral fertilizers at a dose of 
N30P30 for pre-sowing cultivation and foliar 
fertilizing of crops in the main phases of plant 
growth and development with Organic D2 and 
Escort-bio preparations.  

Table 2. The structure of winter wheat yield depending on the nutrition optimization  
(average for 2012-2016 years) 

 

Nutrition variant 

Number of 
productive 

stems 
(PCs/m²) 

Grain 
weight of 

1 ear 

Number of 
grains,  
PCs/ear 

1000 
seeds 

weight, g 

Yield,  
t/ha-1 

Control 473 0.88 24.9 35.0 2.89 
N30P30 (background) 500 1.00 27.0 36.8 3.44 
Background + Urea K1 538 1.08 28.0 38.3 4.23 
Background + Urea K2 541 1.11 28.2 39.2 4.33 
Background + Escort-bio 561 1.25 29.8 41.9 4.48 
Background + Urea K1 + Urea K2 550 1.15 28.7 31.1 4.38 
Background + Organic D2 556 1.19 29.3 40.5 4.42 

 
Thus, 556 and 561 pieces/m2 of productive 
stems were formed respectively in these 
variants of winter wheat plants nutrition, which 
exceeded the control by 14.9-15.7%, 
respectively.  
Slightly less density of productive stalk was 
formed at joint processing of crops of winter 
wheat by preparations Urea K1 and Urea K2 on 
a background of application of mineral 
fertilizers. Thus, on average, over the years of 
research, there were 550 productive stems per 1 
m2.  
Nutrition variants to some extent influenced on 
the number of grains in the ear of the studied 
winter wheat variety. So, if without fertilizers 
on average for the years of research in the 
winter wheat ear the number of grains 
amounted to 24.9 grains, the application of 
only mineral fertilizers in the main fertilizer 
provided an increase in this indicator by 2.1 
grains, and carrying out on their background 
foliar feeding it increased by 3.1-4.9 grains, 
depending on the variant. 
We found, on average, over the years of 
research, nutrition variants were reflected in the 
mass of grain from one ear. So, when 
applicating of moderate recommended doses of 
mineral fertilizers under Kolchuga winter 
wheat variety the weight of grain per spike 
increased by 13.6 % compared to control none-
fertilized one. Carrying out foliar fertilizing 
provided an increase in this indicator of the 
crop structure by 22.7-42.0% compared to the 
control. 
Depending on the nutrition optimization the 
weight of 1000 grains fluctuated, on average, 
over the years of research, within 35.0-41.9 g. 
At the same time, there was a clear tendency to 

increase this indicator of the crop structure for 
the use of foliar feeding with Escort-bio and 
Organic D2. 
Our studies found the yield of winter wheat 
grain varied under the influence of the 
background nutrition and weather and climatic 
conditions of the cultivation yea, in particular 
the provision of plants with moisture during the 
growing season. Thus, the lowest yield of 
winter wheat grain was formed in 2012 yr as 
1.71-3.04 t/ha-1 depending on the nutrition. 
Favorable weather conditions in 2015 yr and 
2016 yr during the growing season of plants 
provided the highest yield of winter wheat 
regardless of the nutrition.  
Thus, on average for nutrition, 5.38 t/ha-1 grains 
were formed in 2015 yr, and in 2016 yr they 
were formed as 5.45 t/ha-1, which exceeded the 
level of 2012 yr, which was the least favorable, 
by 2.75-2.82 t/ha-1. 
In all the years of research it was clearly 
observed a positive effect of the main joint 
application of moderate doses of mineral 
fertilizers and foliar application in the main 
vegetation periods of winter wheat variety 
plants. Thus, on average, during the years of 
research, 3.44 t/ha-1 grains of winter wheat 
were obtained on the background of N30P30 
application, which exceeded the control by 0.55 
t/ha-1 or 19.0%. The same dependence was 
observed on spring barley (Panfilova et al., 
2019). 
At the same time, studies (Ammanullah, 2014; 
Sedlar et al., 2017) showed that moderate doses 
of nitrogen fertilizers had little effect on grain 
yield. More significant grain growth formed in 
the variants for their background fertilizing 
crops with Organic D2 and Escort-bio. Their 
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Table 1. The main elements of productivity and productivity of winter wheat plants depending on sowing times and 
seeding rates, the average for 2011-2013 years 

 

Factor A Factor B 
Number of 

productive stems 
(PCs/m²) 

Grain weight 
of 1 ear 

Number of 
grains,  
PCs/ear 

1000 seeds 
weight, g 

Yield,  
t/ha-1 

September 10th 
3 mln pie/ha 638 0.94 35.4 38.1 3.92 
4 mln pie/ha 653 0.96 36.7 39.5 3.90 
5 mln pie/ha 662 1.05 32.9 40.7 3.73 

September 20th 
3 mln pie/ha 648 1.14 34.9 41.7 4.07 
4 mln pie/ha 665 1.25 36.8 41.6 4.00 
5 mln pie/ha 672 0.92 35.0 37.2 3.85 

September 30th 
3 mln pie/ha 657 0.94 36.3 38.3 4.60 
4 mln pie/ha 680 0.98 32.5 40.0 4.64 
5 mln pie/ha 696 1.03 34.4 41.1 4.49 

October 10th 
3 mln pie/ha 616 1.12 36.0 41.0 4.83 
4 mln pie/ha 665 0.89 34.5 36.6 4.85 
5 mln pie/ha 696 0.90 35.2 37.9 4.92 

October 20th 
3 mln pie/ha 481 0.95 32.0 39.4 4.29 
4 mln pie/ha 540 0.99 33.6 40.5 4.43 
5 mln pie/ha 607 1.05 34.5 40.5 4.90 

 
To a large extent, the productivity of the ear 
depends on the characteristics of sowing, in 
particular the sowing time. In our studies, the 
mass of grain from one ear of winter wheat 
increased as the shift of sowing times towards 
later ones.  
The weight of grain per 1 ear on average 
fluctuated depending on sowing time and 
seeding rates from 0.89 g/ear of seeding on 
October 10 with seeding rate of 4 million 
germinating seeds/ha to 1.25 g/ear of seeding 
on September 20 with seeding rate of 4 million 
germinating seeds/ha.  
It was found the seeding rate also influenced on 
the formation of the mass of 1000 grains. With 
increasing in the seeding rate from 3 to 5 
million germinating seeds/ha, the weight of 
1000 grains decreased slightly by 1.1-4.5 g 
depending on the sowing time. So, for sowing 
on October 10 with the seeding rate of 3 
million germinating seeds/ha, the weight of 
1000 seeds was 41.7 g; with 4 million 
germinating seeds/ha it was 41.1 g, with 5 
million germinating seeds/ha it was 40.5 g. 
It was found the sowing time significantly 
influenced on the weight of 1000 grains, which 
was more dependent on weather conditions 
during the loading of grain. But, nevertheless,  
it should be noted that for sowing on October 
10, the plants of the studied variety formed  
the smallest mass of 1000 grains such as  
36.6 - 41.0 g.  
It was found with the shift of sowing terms 
from September 10th to October 10th, the yield 

level of the studied variety increased from  
3.73 t/ha-1 up to 4.92 t/ha-1. Sowing 10 days 
later (October 20th), the yield of wheat grain 
decreased slightly and it averaged  
4.29-4.90 t/ha-1, which was less by 0.02-0.54 
t/ha-1 than for sowing on October 10th, but it 
was more by 0.21-0.41 t/ha-1 than for sowing 
on September 30th.  
We found the seeding rates had a significant 
impact on the grain yield formation of winter 
wheat and they were closely related to the 
sowing time. According to research, in early 
sowing times (September 10th, 20th) Kolchuga 
variety on the average for 2011-2013 yrs, the 
highest yield (3.92-4.07 t/ha-1) formed with a 
reduced seeding rate of 3 million seeds/ha. For 
sowing September 30th the higher yield (4.64 
t/ha-1) was formed with the seeding rate of 4 
million seeds/ha, and when sowing in the later 
period (October 10th and 20th) the optimal 
seeding rate increased up to 5 million seeds/ha, 
while providing the highest level of grain yield 
in the variety it was 4.90-4.92 t/ha-1, 
respectively. 
Nutrition variants of winter wheat plants also 
had a significant impact on the indicators of the 
yield structure (Table 2). 
The largest number of productive stems in the 
studied winter wheat variety was formed on the 
background of mineral fertilizers at a dose of 
N30P30 for pre-sowing cultivation and foliar 
fertilizing of crops in the main phases of plant 
growth and development with Organic D2 and 
Escort-bio preparations.  

Table 2. The structure of winter wheat yield depending on the nutrition optimization  
(average for 2012-2016 years) 

 

Nutrition variant 

Number of 
productive 

stems 
(PCs/m²) 

Grain 
weight of 

1 ear 

Number of 
grains,  
PCs/ear 

1000 
seeds 

weight, g 

Yield,  
t/ha-1 

Control 473 0.88 24.9 35.0 2.89 
N30P30 (background) 500 1.00 27.0 36.8 3.44 
Background + Urea K1 538 1.08 28.0 38.3 4.23 
Background + Urea K2 541 1.11 28.2 39.2 4.33 
Background + Escort-bio 561 1.25 29.8 41.9 4.48 
Background + Urea K1 + Urea K2 550 1.15 28.7 31.1 4.38 
Background + Organic D2 556 1.19 29.3 40.5 4.42 

 
Thus, 556 and 561 pieces/m2 of productive 
stems were formed respectively in these 
variants of winter wheat plants nutrition, which 
exceeded the control by 14.9-15.7%, 
respectively.  
Slightly less density of productive stalk was 
formed at joint processing of crops of winter 
wheat by preparations Urea K1 and Urea K2 on 
a background of application of mineral 
fertilizers. Thus, on average, over the years of 
research, there were 550 productive stems per 1 
m2.  
Nutrition variants to some extent influenced on 
the number of grains in the ear of the studied 
winter wheat variety. So, if without fertilizers 
on average for the years of research in the 
winter wheat ear the number of grains 
amounted to 24.9 grains, the application of 
only mineral fertilizers in the main fertilizer 
provided an increase in this indicator by 2.1 
grains, and carrying out on their background 
foliar feeding it increased by 3.1-4.9 grains, 
depending on the variant. 
We found, on average, over the years of 
research, nutrition variants were reflected in the 
mass of grain from one ear. So, when 
applicating of moderate recommended doses of 
mineral fertilizers under Kolchuga winter 
wheat variety the weight of grain per spike 
increased by 13.6 % compared to control none-
fertilized one. Carrying out foliar fertilizing 
provided an increase in this indicator of the 
crop structure by 22.7-42.0% compared to the 
control. 
Depending on the nutrition optimization the 
weight of 1000 grains fluctuated, on average, 
over the years of research, within 35.0-41.9 g. 
At the same time, there was a clear tendency to 

increase this indicator of the crop structure for 
the use of foliar feeding with Escort-bio and 
Organic D2. 
Our studies found the yield of winter wheat 
grain varied under the influence of the 
background nutrition and weather and climatic 
conditions of the cultivation yea, in particular 
the provision of plants with moisture during the 
growing season. Thus, the lowest yield of 
winter wheat grain was formed in 2012 yr as 
1.71-3.04 t/ha-1 depending on the nutrition. 
Favorable weather conditions in 2015 yr and 
2016 yr during the growing season of plants 
provided the highest yield of winter wheat 
regardless of the nutrition.  
Thus, on average for nutrition, 5.38 t/ha-1 grains 
were formed in 2015 yr, and in 2016 yr they 
were formed as 5.45 t/ha-1, which exceeded the 
level of 2012 yr, which was the least favorable, 
by 2.75-2.82 t/ha-1. 
In all the years of research it was clearly 
observed a positive effect of the main joint 
application of moderate doses of mineral 
fertilizers and foliar application in the main 
vegetation periods of winter wheat variety 
plants. Thus, on average, during the years of 
research, 3.44 t/ha-1 grains of winter wheat 
were obtained on the background of N30P30 
application, which exceeded the control by 0.55 
t/ha-1 or 19.0%. The same dependence was 
observed on spring barley (Panfilova et al., 
2019). 
At the same time, studies (Ammanullah, 2014; 
Sedlar et al., 2017) showed that moderate doses 
of nitrogen fertilizers had little effect on grain 
yield. More significant grain growth formed in 
the variants for their background fertilizing 
crops with Organic D2 and Escort-bio. Their 
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use contributed to the increase in the yield of 
Kolchuga winter wheat variety by 1.53-1.59 
t/ha-1 or 52.9-55.02%. 
The quality of wheat grain is influenced by the 
interaction of a number of factors, including 
variety, soil, climate, grain cultivation practices 
and grain storage conditions (Buráňová et al., 
2016). 
On average, in 2011-2013 yrs the highest mass 
fraction of protein in winter wheat grain (14.7-

15.0%) was formed for sowing on October 20th, 
and the lowest one was formed for sowing on 
September 10th - 9.8-10.2%.  
Our studies found with an increase in the 
seeding rate from 3 to 5 million germinating 
seeds/ha, the mass fraction of protein in winter 
wheat grain in all studied sowing times 
decreased by 3.9-1.4% (Figure 3). 
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Figure 3. Mass fraction of protein in winter wheat grain (%) depending on sowing time and seeding rates,  

average for 2011-2013 years 
 

This indicator was formed as the lowest (9.8-
14.7%) in all variants of sowing terms with the 
seeding rate of 5 million seeds/ha, and it was 
formed as the highest (10.2-15.0%) with the 
rate of 3 million seeds/ha.  

The highest mass fraction of gluten (30.7%) on 
average for 2011-2013 years was formed by 
sowing on October 20th with the seeding rate of 
3 million germinating seeds/ha (Figure 4). 
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average for 2011-2013 years 
 

 

As a result of our studies found the quality of 
winter wheat grain depended on the nutrition of 

plants (Figure 5). Variety selection is a key 
factor in obtaining high technological quality 

grain, although recently it is associated with a 
decrease in yield (Visioli et al., 2018). On 
average, during the years of our research, the 
content of crude gluten in the grain of non-
fertilized plants was less by 6.1% compared to 
the variant of the main application of mineral 

fertilizers in the dose of N30P30. Carrying out 
foliar fertilizing of crops in the main vegetation 
periods of winter wheat plants on the 
background of fertilizer contributed to an 
increase in this indicator by 7.0-11.5% 
compared to the control.  
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Figure 5. Influence of nutrition optimization on grain quality of winter wheat  

(average for 2012-2016 years) 
 

To some extent nutrition variants influenced on 
the protein content of winter wheat grain. Thus, 
if without fertilizers on average for the years of 
research the grain of Kolchuga variety 
contained of 11.2% protein, the application of 
only mineral fertilizers before sowing provided 
an increase in this indicator by 6.7%, and the 
carrying out of foliar fertilizing on their 
background provided an increase by 8.2-13.2%. 
It was determined that some better quality 
indicators of different grains of the investigated 
winter wheat variety for joint application of 
N30P30 and foliar dressing of winter wheat 
crops twice during the vegetation season with 
Escort-bio preparation. Thus, for this nutrition 
variant the content of crude gluten in winter 
wheat grain was 24.2%, and the protein content 
was 12.9%. 
The research of sowing time and seeding rates 
in the world has been studied for a long time. 
But the research results of scientists are 
somewhat different. Thus, as a result of 30 - 
year studies conducted in the practical 
production of Poland farms it was found that 
early planting did not lead to a decrease in the 
yield of winter wheat and even in many cases it 
increased the yield of winter wheat compared 
to the optimal time (Oleksiak, 2014). By 
research conducted in 2006-2009 yrs in the 

conditions of forest-Steppe of Ukraine it was 
found that the sowing time such as "the end of 
September – the middle of the first decade of 
October" contributed to a significant increase 
in the productivity of winter wheat (Dergachov, 
2010). Our research also confirmed this fact. 
The use of plant growth-regulating drugs on 
winter wheat is a common practice. Thus, in 
the UK, the use of plant growth-regulating 
drugs in the spring vegetation period 
contributed to the growth of grain yield by 4.0 
t/ha-1, compared with the natural background 
(Griffin and Hollis, 2017). Nutrition is an 
important factor in the cultivation of wheat, as 
it affects the growth, yield and quality of grain. 
Studies by Yuxue Zhang et al. conducted in the 
greenhouse at the Ottawa Research and 
Development Centre (ORDC) showed that 
growth-regulating drugs contributed to an 
increase in plant height, but the grain yield 
decreased. It is known that the protein content 
in the grain, perhaps shemost important quality 
characteristics of the wheat, is influenced by 
weath errand climaticcon ditions of plant grow 
than development, especially the provision of 
moisture during the grain loading, variet al 
characteristics, the presence and time of 
application of nutrients, especially nitrogen 
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use contributed to the increase in the yield of 
Kolchuga winter wheat variety by 1.53-1.59 
t/ha-1 or 52.9-55.02%. 
The quality of wheat grain is influenced by the 
interaction of a number of factors, including 
variety, soil, climate, grain cultivation practices 
and grain storage conditions (Buráňová et al., 
2016). 
On average, in 2011-2013 yrs the highest mass 
fraction of protein in winter wheat grain (14.7-

15.0%) was formed for sowing on October 20th, 
and the lowest one was formed for sowing on 
September 10th - 9.8-10.2%.  
Our studies found with an increase in the 
seeding rate from 3 to 5 million germinating 
seeds/ha, the mass fraction of protein in winter 
wheat grain in all studied sowing times 
decreased by 3.9-1.4% (Figure 3). 
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This indicator was formed as the lowest (9.8-
14.7%) in all variants of sowing terms with the 
seeding rate of 5 million seeds/ha, and it was 
formed as the highest (10.2-15.0%) with the 
rate of 3 million seeds/ha.  

The highest mass fraction of gluten (30.7%) on 
average for 2011-2013 years was formed by 
sowing on October 20th with the seeding rate of 
3 million germinating seeds/ha (Figure 4). 
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As a result of our studies found the quality of 
winter wheat grain depended on the nutrition of 

plants (Figure 5). Variety selection is a key 
factor in obtaining high technological quality 

grain, although recently it is associated with a 
decrease in yield (Visioli et al., 2018). On 
average, during the years of our research, the 
content of crude gluten in the grain of non-
fertilized plants was less by 6.1% compared to 
the variant of the main application of mineral 

fertilizers in the dose of N30P30. Carrying out 
foliar fertilizing of crops in the main vegetation 
periods of winter wheat plants on the 
background of fertilizer contributed to an 
increase in this indicator by 7.0-11.5% 
compared to the control.  
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To some extent nutrition variants influenced on 
the protein content of winter wheat grain. Thus, 
if without fertilizers on average for the years of 
research the grain of Kolchuga variety 
contained of 11.2% protein, the application of 
only mineral fertilizers before sowing provided 
an increase in this indicator by 6.7%, and the 
carrying out of foliar fertilizing on their 
background provided an increase by 8.2-13.2%. 
It was determined that some better quality 
indicators of different grains of the investigated 
winter wheat variety for joint application of 
N30P30 and foliar dressing of winter wheat 
crops twice during the vegetation season with 
Escort-bio preparation. Thus, for this nutrition 
variant the content of crude gluten in winter 
wheat grain was 24.2%, and the protein content 
was 12.9%. 
The research of sowing time and seeding rates 
in the world has been studied for a long time. 
But the research results of scientists are 
somewhat different. Thus, as a result of 30 - 
year studies conducted in the practical 
production of Poland farms it was found that 
early planting did not lead to a decrease in the 
yield of winter wheat and even in many cases it 
increased the yield of winter wheat compared 
to the optimal time (Oleksiak, 2014). By 
research conducted in 2006-2009 yrs in the 

conditions of forest-Steppe of Ukraine it was 
found that the sowing time such as "the end of 
September – the middle of the first decade of 
October" contributed to a significant increase 
in the productivity of winter wheat (Dergachov, 
2010). Our research also confirmed this fact. 
The use of plant growth-regulating drugs on 
winter wheat is a common practice. Thus, in 
the UK, the use of plant growth-regulating 
drugs in the spring vegetation period 
contributed to the growth of grain yield by 4.0 
t/ha-1, compared with the natural background 
(Griffin and Hollis, 2017). Nutrition is an 
important factor in the cultivation of wheat, as 
it affects the growth, yield and quality of grain. 
Studies by Yuxue Zhang et al. conducted in the 
greenhouse at the Ottawa Research and 
Development Centre (ORDC) showed that 
growth-regulating drugs contributed to an 
increase in plant height, but the grain yield 
decreased. It is known that the protein content 
in the grain, perhaps shemost important quality 
characteristics of the wheat, is influenced by 
weath errand climaticcon ditions of plant grow 
than development, especially the provision of 
moisture during the grain loading, variet al 
characteristics, the presence and time of 
application of nutrients, especially nitrogen 
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(Abad et al., 2004; Buráňová et al., 2016). This 
also was observed in our studies.  
 
CONCLUSIONS 
 
As a result of the conducted researches it was 
established that optimum elements of 
productivity of plants of winter wheat 
Kolchuga variety, in which the highest grain 
yield (4.92 t/ha-1) was formed, was received for 
sowing on October 10th with the seed rate of 5 
million similar seed/ha. In addition, seed 
sowing rates were closely related to the timing 
of seeding. It has been proved that seeding 
rates and sowing terms significantly influenced 
the formation of winter wheat grain quality. 
The highest mass fraction of protein (15.0%) 
and gluten (30.7%) in winter wheat grain was 
formed for sowing on October 20th. 
The use of Organic D2 and Escort - bio 
biological products contributed to an 
increasement in the yield of winter wheat grain 
at 1.53-1.59 t/ha-1 or 52.9-55.0%. It was 
determined that some better quality indicators 
of different grains of the investigated winter 
wheat variety for joint application of N30P30 
and foliar dressing of winter wheat crops twice 
during the vegetation season with Escort-bio 
preparation. 
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(Abad et al., 2004; Buráňová et al., 2016). This 
also was observed in our studies.  
 
CONCLUSIONS 
 
As a result of the conducted researches it was 
established that optimum elements of 
productivity of plants of winter wheat 
Kolchuga variety, in which the highest grain 
yield (4.92 t/ha-1) was formed, was received for 
sowing on October 10th with the seed rate of 5 
million similar seed/ha. In addition, seed 
sowing rates were closely related to the timing 
of seeding. It has been proved that seeding 
rates and sowing terms significantly influenced 
the formation of winter wheat grain quality. 
The highest mass fraction of protein (15.0%) 
and gluten (30.7%) in winter wheat grain was 
formed for sowing on October 20th. 
The use of Organic D2 and Escort - bio 
biological products contributed to an 
increasement in the yield of winter wheat grain 
at 1.53-1.59 t/ha-1 or 52.9-55.0%. It was 
determined that some better quality indicators 
of different grains of the investigated winter 
wheat variety for joint application of N30P30 
and foliar dressing of winter wheat crops twice 
during the vegetation season with Escort-bio 
preparation. 
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Abstract 

 
The specificity of the mutual influence of radiation exposure and interspecific hybridization methods through their 
simultaneous use on the germination of hybrid seeds, the growth and development of formed plants has been 
experimentally proved. The difference in the germination rate of hybrid seeds in the control is influenced by the origin 
of hybrids, in particular maternal forms, that has resulted in a 1.8-time difference between combinations. Half of the 
populations have shown a positive reaction of the use of radiation exposure to germination energy, regardless of its 
dose that should be considered as the process stimulation. However, in some combinations, the value of some variants 
is lower than in the control that indicates a specific interaction of the two factors: interspecific progeny origin and 
radiation dose. In the five combinations of six, the maximum effect of seed germination energy is found in the variant 
with the radiation dose of 200 Gy, compared to the control, that is in the range of 3.0-8.0 absolute percent. The similar, 
though not always the same data, have been obtained on the laboratory seed germination. The average value of the 
indicator, compared with germination energy, is 1.7-2.2 times greater. The disturbance of the growth and development 
of young plants isby and large observed as the formation of two stems from the initial point of growth or after the 
formation of rosette-like tops, as well as the formation of only cotyledon leaves without the point of growth. 
 
Key words: potato, backcrosses, growth and development deviation, interspecific hybrids, laboratory seed germination, 
radiation exposure, seed germination energy. 
 
INTRODUCTION 
 
Recently, the scope of radiation exposure 
application has significantly expanded. It is 
used to reduce the spread of infection, pests 
(Iman et al., 2008) during the storage of 
agricultural produce - the inhibition of life 
processes during this period (Avdiukhina et al., 
2016), in particular potatoes (Rezaee et al., 
2011). The method of pre-sowing seed 
irradiation is especially widely used (Marcu et 
al., 2013; Toni et al., 2013). For the purpose of 
its practical use, mobile gamma-ray sources (or 
units) have been designed, and the research 
area is called radiological and biological 
technologies (RBT). 
However, traditionally, radiation exposure has 
been and is most commonly used in breeding 
that has enabled, in a short span of time, to 
obtain the most diverse genetic material, to 
achieve genetic variability, which is absent in 
nature, and therefore unavailable to breeders. 
The high efficiency of this method is confirmed 
by a large (more than 3,000) number of 

varieties of different crops created subject to its 
application (Mohanjain, 2012). 
Moreover, the successful application of the 
above method has largely depended on the 
biological characteristics of crops. Significant 
results have been obtained in the breeding of 
sunflower (Encheva et al., 2014), barley 
(Kozachenko, 2010), tomatoes (Sikder et al., 
2013) etc. 
Despite the fact that radiation mutagenesis has 
been used in potatoes for a relatively long 
period of time (Asseieva, Blagovidova, 1935), 
so far its involvement in breeding practice has 
resulted in only seven varieties (Zia et al., 
2018). At the same time, the source breeding 
material, which is the most diverse and valuable 
in many respects, has been created as well. 
With the use of radiation mutagenesis in potato 
breeding, the breeders have managed to 
relatively easily change the color of tubers, the 
depth of “eyes” (Singh, 1970), increase 
resistance to extreme temperatures, reduce the 
content of glycoalkaloids, and boost crop yields 
(Zia et al., 2018). 

New approaches to the intensification of using 
the radiation exposure method are associated 
with its being combined with other methods. 
Significant advances in this regard have been 
made in barley breeding (Kozachenko, 2010). 
In potatoes, it has been suggested that radiation 
exposure should be combined with in vitro 
plant growth (Souleymane et al., 2016). Under 
such conditions, the breeders have managed to 
significantly increase the variability of the 
studied material, accelerate the identification of 
mutagens and obtain plants free from infection 
(Ulukapi, Nasircilar, 2015). This has resulted in 
the obtaining of positive outcomes in the 
creation of salt-resistant samples (Yaycili, 
Alicamanoglu, 2012; El-Hetawy et al., 2018). 
Due to soma clonal variability it has been 
managed to increase the height of plants, the 
number of nodes, the average number of tubers 
in the potato variety Desiree. However, the 
reaction to the experiment variants in the potato 
variety Diamond is somewhat different 
(Afrasiab H., Iqbal, 2010). The radiation 
exposure of shoots without leaves, with leaves 
and microtubers with doses of 5-30 Gyhas 
enabled to reveal that it is the microtubers that 
have turned out to be the most resistant to the 
induction of in vitro mutations (Souleymane 
Bado et al., 2018). The study of radiation 
exposure of test-tube plants has enabled, in 
variants with the doses of 5 and 10 Gy, to 
obtain a positive effect on their growth and 
development, to boost crop yields (Sherin A. 
Mahfouze et al., 2012). 
From a breeding and genetic perspective, 
potato is a complex culture. For successful 
creation of competitive varieties, it is necessary 
to expand its gene pool. Our studies 
(Podhaietskyi, 2012) and the research of other 
scientists (Gruneberg et al., 2009) have shown 
that this is possible for varieties only through 
the involvement of wild and cultivated species 
in breeding practices. On the contrary, the 
narrowing of the genetic basis of the source 
breeding material, as in China, has led to its 
low genetic diversity (Sharma et al., 2014), 
ultimately resulting in a decrease in the yield of 
commercial varietiesobserved relatively long 
ago (Gopal, Oyama, 2005). One of the most 
effective methods of introgression of valuable 
and effective genes into new varieties is the use 
of interspecific hybridization. For example, in 

Ukraine 10 varieties have been bred with the 
use of our source breeding material with wild 
Mexican species S. demissum Lindl., S. 
bulbocastanum Dun. (Podhaietskyi et al., 
2017). 
Due to the fact that until recently no studies 
have been conducted with the combination of 
two methods: interspecific hybridization and 
radiation exposure, in particular γ-rays, we 
have sought the goal to reveal their mutual 
influence at the stage of the germination of 
hybrid seeds from the backcrossing of 
secondary interspecific hybrids.  
 
MATERIALS AND METHODS  
 
The uniqueness of the material involved in the 
study is due to its origin. The hybrid seeds of 
the six complex combinations by genealogy 
have been used for irradiation. The six-species 
(five combinations) and three-species hybrids 
have been used as secondary interspecific 
hybrids (the offspring from the crossing of 
hybrids with wild, cultural species, varieties). 
The specificity of this material is the 
involvement of a wild Mexican species S. 
bulbocastanum Dun., which is characterized by 
a high and very high manifestation of 
numerous characters missing in commercial 
varieties, and phylogenetically distant from 
cultivated varieties, in crossing (Semeniuk et 
al., 2006). 
The backcrossing of secondary interspecific 
hybrids has been conducted to cultivate a 
source pre-breeding material (hybrids, which 
are ineffective to be used directly in the 
breeding process without elaboration). The 
study has involved the backcrosses (“B”) 
(Bukasov and Kameraz, 1972) varied in their 
origin: in the combination of 91.318-6 x 
Svitanok kyivskyi it is a two-time backcross 
involving self-pollination of a primary inter-
specific hybrid (В2I2), in the population of 
89.24s34 x Kalynivska - В1 from the crossing 
of two multi-species hybrids, in the com-
bination of Shchedryk x Strumoka maternal 
form is a В2 six-species hybrid, the population 
81.397s50 x Barabara - В1, and in 89.141s193 
x Verdi - В3. Only in one combination of 
90.673/48 x Kalynivskaa В2 three-species 
hybrid was used as a maternal form. 
The six-species hybrids were of the following 
origin:/{[(S. acaule x S. bulbocastanum) x S. 
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Abstract 

 
The specificity of the mutual influence of radiation exposure and interspecific hybridization methods through their 
simultaneous use on the germination of hybrid seeds, the growth and development of formed plants has been 
experimentally proved. The difference in the germination rate of hybrid seeds in the control is influenced by the origin 
of hybrids, in particular maternal forms, that has resulted in a 1.8-time difference between combinations. Half of the 
populations have shown a positive reaction of the use of radiation exposure to germination energy, regardless of its 
dose that should be considered as the process stimulation. However, in some combinations, the value of some variants 
is lower than in the control that indicates a specific interaction of the two factors: interspecific progeny origin and 
radiation dose. In the five combinations of six, the maximum effect of seed germination energy is found in the variant 
with the radiation dose of 200 Gy, compared to the control, that is in the range of 3.0-8.0 absolute percent. The similar, 
though not always the same data, have been obtained on the laboratory seed germination. The average value of the 
indicator, compared with germination energy, is 1.7-2.2 times greater. The disturbance of the growth and development 
of young plants isby and large observed as the formation of two stems from the initial point of growth or after the 
formation of rosette-like tops, as well as the formation of only cotyledon leaves without the point of growth. 
 
Key words: potato, backcrosses, growth and development deviation, interspecific hybrids, laboratory seed germination, 
radiation exposure, seed germination energy. 
 
INTRODUCTION 
 
Recently, the scope of radiation exposure 
application has significantly expanded. It is 
used to reduce the spread of infection, pests 
(Iman et al., 2008) during the storage of 
agricultural produce - the inhibition of life 
processes during this period (Avdiukhina et al., 
2016), in particular potatoes (Rezaee et al., 
2011). The method of pre-sowing seed 
irradiation is especially widely used (Marcu et 
al., 2013; Toni et al., 2013). For the purpose of 
its practical use, mobile gamma-ray sources (or 
units) have been designed, and the research 
area is called radiological and biological 
technologies (RBT). 
However, traditionally, radiation exposure has 
been and is most commonly used in breeding 
that has enabled, in a short span of time, to 
obtain the most diverse genetic material, to 
achieve genetic variability, which is absent in 
nature, and therefore unavailable to breeders. 
The high efficiency of this method is confirmed 
by a large (more than 3,000) number of 

varieties of different crops created subject to its 
application (Mohanjain, 2012). 
Moreover, the successful application of the 
above method has largely depended on the 
biological characteristics of crops. Significant 
results have been obtained in the breeding of 
sunflower (Encheva et al., 2014), barley 
(Kozachenko, 2010), tomatoes (Sikder et al., 
2013) etc. 
Despite the fact that radiation mutagenesis has 
been used in potatoes for a relatively long 
period of time (Asseieva, Blagovidova, 1935), 
so far its involvement in breeding practice has 
resulted in only seven varieties (Zia et al., 
2018). At the same time, the source breeding 
material, which is the most diverse and valuable 
in many respects, has been created as well. 
With the use of radiation mutagenesis in potato 
breeding, the breeders have managed to 
relatively easily change the color of tubers, the 
depth of “eyes” (Singh, 1970), increase 
resistance to extreme temperatures, reduce the 
content of glycoalkaloids, and boost crop yields 
(Zia et al., 2018). 

New approaches to the intensification of using 
the radiation exposure method are associated 
with its being combined with other methods. 
Significant advances in this regard have been 
made in barley breeding (Kozachenko, 2010). 
In potatoes, it has been suggested that radiation 
exposure should be combined with in vitro 
plant growth (Souleymane et al., 2016). Under 
such conditions, the breeders have managed to 
significantly increase the variability of the 
studied material, accelerate the identification of 
mutagens and obtain plants free from infection 
(Ulukapi, Nasircilar, 2015). This has resulted in 
the obtaining of positive outcomes in the 
creation of salt-resistant samples (Yaycili, 
Alicamanoglu, 2012; El-Hetawy et al., 2018). 
Due to soma clonal variability it has been 
managed to increase the height of plants, the 
number of nodes, the average number of tubers 
in the potato variety Desiree. However, the 
reaction to the experiment variants in the potato 
variety Diamond is somewhat different 
(Afrasiab H., Iqbal, 2010). The radiation 
exposure of shoots without leaves, with leaves 
and microtubers with doses of 5-30 Gyhas 
enabled to reveal that it is the microtubers that 
have turned out to be the most resistant to the 
induction of in vitro mutations (Souleymane 
Bado et al., 2018). The study of radiation 
exposure of test-tube plants has enabled, in 
variants with the doses of 5 and 10 Gy, to 
obtain a positive effect on their growth and 
development, to boost crop yields (Sherin A. 
Mahfouze et al., 2012). 
From a breeding and genetic perspective, 
potato is a complex culture. For successful 
creation of competitive varieties, it is necessary 
to expand its gene pool. Our studies 
(Podhaietskyi, 2012) and the research of other 
scientists (Gruneberg et al., 2009) have shown 
that this is possible for varieties only through 
the involvement of wild and cultivated species 
in breeding practices. On the contrary, the 
narrowing of the genetic basis of the source 
breeding material, as in China, has led to its 
low genetic diversity (Sharma et al., 2014), 
ultimately resulting in a decrease in the yield of 
commercial varietiesobserved relatively long 
ago (Gopal, Oyama, 2005). One of the most 
effective methods of introgression of valuable 
and effective genes into new varieties is the use 
of interspecific hybridization. For example, in 

Ukraine 10 varieties have been bred with the 
use of our source breeding material with wild 
Mexican species S. demissum Lindl., S. 
bulbocastanum Dun. (Podhaietskyi et al., 
2017). 
Due to the fact that until recently no studies 
have been conducted with the combination of 
two methods: interspecific hybridization and 
radiation exposure, in particular γ-rays, we 
have sought the goal to reveal their mutual 
influence at the stage of the germination of 
hybrid seeds from the backcrossing of 
secondary interspecific hybrids.  
 
MATERIALS AND METHODS  
 
The uniqueness of the material involved in the 
study is due to its origin. The hybrid seeds of 
the six complex combinations by genealogy 
have been used for irradiation. The six-species 
(five combinations) and three-species hybrids 
have been used as secondary interspecific 
hybrids (the offspring from the crossing of 
hybrids with wild, cultural species, varieties). 
The specificity of this material is the 
involvement of a wild Mexican species S. 
bulbocastanum Dun., which is characterized by 
a high and very high manifestation of 
numerous characters missing in commercial 
varieties, and phylogenetically distant from 
cultivated varieties, in crossing (Semeniuk et 
al., 2006). 
The backcrossing of secondary interspecific 
hybrids has been conducted to cultivate a 
source pre-breeding material (hybrids, which 
are ineffective to be used directly in the 
breeding process without elaboration). The 
study has involved the backcrosses (“B”) 
(Bukasov and Kameraz, 1972) varied in their 
origin: in the combination of 91.318-6 x 
Svitanok kyivskyi it is a two-time backcross 
involving self-pollination of a primary inter-
specific hybrid (В2I2), in the population of 
89.24s34 x Kalynivska - В1 from the crossing 
of two multi-species hybrids, in the com-
bination of Shchedryk x Strumoka maternal 
form is a В2 six-species hybrid, the population 
81.397s50 x Barabara - В1, and in 89.141s193 
x Verdi - В3. Only in one combination of 
90.673/48 x Kalynivskaa В2 three-species 
hybrid was used as a maternal form. 
The six-species hybrids were of the following 
origin:/{[(S. acaule x S. bulbocastanum) x S. 
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phureja] x S. demissum} x S. andigenum/ x S. 
tuberosum, а three-species hybrids - (S. 
demissum x S. bulbocastanum) x S. tuberosum. 
The dry hybrid seeds, characterized by a 
complex genetic nature, were treated with 
gamma rays, the source of which was 60Со at 
the Theratron Elit-80 therapy unit. Considering 
that microtubers from in vitro plants are more 
resistant to radiation exposure than seed pieces 
(Souleymane Bado et al., 2016), and botanical 
seed compared with microtubers, and taking 
into account the methodology of research 
conducted on other crops, the following doses 
of treatment of seeds have been selected: 100, 
150 and 200 Gr. Untreated seed has been used 
as the control. The process of seed germination 
was reduced to placing each variant in a 
separate Petri dish, the lower and upper parts of 
which were covered with the moistened filter 
paper (Methodology, 2002). The experience 
was laid on April 12, 2014. Sprouted seeds 
were placed for further growth in the seed-
boxes with a mixture of 1 part of loam, 1 part 
of sand and 1 part of humus. The germination 
energy was determined by the proportion of 
seeds sprouted in the first four days, and the 
laboratory germination – by the proportion of 
sprouted seeds within 15 days from their place-
ment in Petri dishes (Zhatova, 2009). There 
were some deviations in the process of germi-
nation and cultivation of plants in seed-boxes.  
 
RESULTS AND DISCUSSIONS  
 
The effect of radiation doses on the germi-
nation energy, laboratory seed germination 
depending on the inheritance of interspecific 
hybrids, their backcrosses has been determined. 
We believe that due to the broad genetic basis 
of the test material it has been managed to 
identify a specific reaction of seeds involved in 
the study of samples, depending on their origin, 
to the radiation exposure. The hybrid seeds in 
the combination of 81.397s50 x Barbara were 
characterized by the minimal manifestation of 
germination energy in the control - 2.4% (Table 
1). The opposite was true for the population of 
91.318-6 x Svitanok kyivskyi with the level of 
the indicator manifestation which was 2.9 times 
higher. The obtained data have enabled to 
assert the influence of crossing components on 
the seed germination energy. The combinations 

of 89.24s34 x Kalynivska and 90.673/48 x 
Kalynivska differed only in a maternal form, 
but the difference between them by the 
manifestation of the indicator in the control 
was 1.8 times. In other words, the manifest-
tation of character among hybrid seeds was to a 
large extent dependent on the maternal crossing 
component - backcrosses of interspecific 
hybrids. 
In general, a positive effect of radiation expo-
sure on the seed germination energy was 
revealed, although with some differences in the 
relationship between the heredity of hybrid 
seeds and radiation doses. The maximum 
positive effect of radiation on the seed germi-
nation energy was revealed in the population of 
91.318-6 x Svitanok kyivskyi. The difference 
in the proportion of seeds that came up during 
four days in the control and the average value 
of other variants was 2.9%, or 41.4% of the 
smaller value of the indicator. The similar data 
were obtained in the combinations of 90.673/48 
x Kalynivska and 89.24s34 x Kalynivska, 
respectively, 2.6 and 2.2%. The opposite mea-
ning was found, in particular, in the combi-
nation of Shchedryk x Strumok, in which the 
above mentioned difference was only 0.2%. 
That is, with the use of irradiated seeds, the 
indicator value was influenced by both radia-
tion doses and the heredity of maternal forms. 
The specificity of mutual influence of radiation 
doses and the heredity of hybrid seeds on the 
seed germination energy were revealed during 
our studies. The highest value of the indicator 
was in the combination of 90.673/48 x 
Kalynivska in the variant with the radiation 
dose of 200 Gy - 14.4%. In this respect, the 
population of 91.348-6 x Svitanok kyivskyi 
trailed only it in the variant with the radiation 
dose of 150 Gy - 13.3% that, we believed, was 
due to the stimulation of the seed germination 
process by radiation exposure. The opposite 
concerned the combination of Shchedryk x 
Strumok, where the seed germination energy in 
the two variants (radiation doses of 100 and 
150 Gy) was lower than in the control. The last 
dose turned out to be unfavorable for seed 
treatment in the combinations of 81.397s50 x 
Barbara and 89.141s193 x Verdi. We believe 
that the latter indicates the offspring reaction to 
radiation, which is different from the reaction 
in the abovementioned combinations. 

Table 1. Effect of radiation exposureon laboratory seed germination and germination energy 

Population 
No. Crossing combination Radiation dose,  

Gy 
Number of seeds in 
the Petri dish, pcs 

Germinatio
n energy, % 

Laboratory 
germination, % 

1 91.318-6 х Svitanok kyivskyi control 300 7.0 18.7 
The same 100 300 9.0 16.3 
   ʺ  – 150 300 13.3 29.7 
   ʺ  – 200 300 10.3 19.7 
Total/average - 1200 9.9 21.3 

2 89.24с34 х Kalynivska control 340 3.5 6.8 
The same 100 340 4.1 7.4 
   ʺ  – 150 340 6.8 11.5 
   ʺ  – 200 340 8.5 14.1 

 Total/average - 1360 5.7 9.9 
3 Shchedryk x Strumok control 405 5.4 12.4 

The same 100 405 4.2 12.4 
   ʺ  – 150 405 4.2 8.2 

 ʺ  – 200 405 8.4 13,8 
 Total/average - 1620 5.6 11.4 

4 81.397с50 х Barbara control 550 2.4 4.6 
The same 100 550 3.3 6.6 
ʺ  – 150 550 2.2 4.4 
ʺ  – 200 550 6.0 12.6 

 Total/average - 2200 3.5 7.0 
5 89.141с193 х Verdi control 620 5.3 10.8 

The same 100 620 7.9 17.6 
ʺ  – 150 620 4.8 9.7 
ʺ  – 200 620 9.4 21.9 

 Total/average - 2480 6.9 15.0 
6 90.673/48 х Kalynivska control 640 6.4 10.0 

The same 100 640 7.7 15.5 
ʺ  – 150 640 7.7 15.9 
ʺ  – 200 640 14.4 27.5 

     Total/average - 2560 9.0 17.2 
 

A special big difference of the variant with the 
highest seed germination energy (200 G) and 
control was found in the population of 
90.673/48 x Kalynivska - 8.0% (Figure 1), 
which was 2.3 times of the smaller indicator 
value. In the other combination with the 
participation of the mentioned maternal form, 
the difference with the best variant was 5.0%, 
or 2.4 times. At the same time, the difference in 
the control of both populations turned out to be 
significant - 2.9%. 
In the three combinations of Shchedryk x 
Strumok, 81.397s50 x Barbara and 
89.141s193x Kalynivska the difference in the 
control was substantial in some variants with 
the radiation dose of 150 Gy. 
With the exception of the combination of 
91.318-6 x Svitanok kyivskyi a maximum 
difference in the control was observed when 
using the radiation dose of 200 Gy. 
Somewhat different from the above was 
concerned the laboratory germination of seeds 
(Table 1). An increase in the duration of 
accounting for the germination of seeds up to 
15 days from their sowing to germination had a 

positive effect on the number of germinated 
seeds. The population of 91.318-6 x Svitanok 
kyivskyi was characterized by the maximum 
value of the indicator in the control - 18.7%. 
The similar laboratory germination of seeds 
occurred in the combinations of Shchedryk x 
Strumok, 89.141s193 x Verdi and 90.673/48 x 
Kalynivska that was in the range of 10.0% to 
12.4%.  
The opposite was true for two populations not 
mentioned. Compared with the maximum value 
of the indicator the control value in the latter 
was 2.8-4.1 times lower. That is most 
populations differed significantly by difference 
in the manifestation of character. 
The highest laboratory germination of seeds 
was observed in the combination of 91.318-6 x 
Svitanok kyivskyi with the radiation dose of 
150 Gy - 29.7%. It was only 2.2% less in the 
population of 90.673/48 x Kalynivska although 
in another variant - 200 Gy. However it should 
be noted that the greatest difference in the 
control over the manifestation of the indicator 
(equal to 17.5%) was found in the last 
population.  
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phureja] x S. demissum} x S. andigenum/ x S. 
tuberosum, а three-species hybrids - (S. 
demissum x S. bulbocastanum) x S. tuberosum. 
The dry hybrid seeds, characterized by a 
complex genetic nature, were treated with 
gamma rays, the source of which was 60Со at 
the Theratron Elit-80 therapy unit. Considering 
that microtubers from in vitro plants are more 
resistant to radiation exposure than seed pieces 
(Souleymane Bado et al., 2016), and botanical 
seed compared with microtubers, and taking 
into account the methodology of research 
conducted on other crops, the following doses 
of treatment of seeds have been selected: 100, 
150 and 200 Gr. Untreated seed has been used 
as the control. The process of seed germination 
was reduced to placing each variant in a 
separate Petri dish, the lower and upper parts of 
which were covered with the moistened filter 
paper (Methodology, 2002). The experience 
was laid on April 12, 2014. Sprouted seeds 
were placed for further growth in the seed-
boxes with a mixture of 1 part of loam, 1 part 
of sand and 1 part of humus. The germination 
energy was determined by the proportion of 
seeds sprouted in the first four days, and the 
laboratory germination – by the proportion of 
sprouted seeds within 15 days from their place-
ment in Petri dishes (Zhatova, 2009). There 
were some deviations in the process of germi-
nation and cultivation of plants in seed-boxes.  
 
RESULTS AND DISCUSSIONS  
 
The effect of radiation doses on the germi-
nation energy, laboratory seed germination 
depending on the inheritance of interspecific 
hybrids, their backcrosses has been determined. 
We believe that due to the broad genetic basis 
of the test material it has been managed to 
identify a specific reaction of seeds involved in 
the study of samples, depending on their origin, 
to the radiation exposure. The hybrid seeds in 
the combination of 81.397s50 x Barbara were 
characterized by the minimal manifestation of 
germination energy in the control - 2.4% (Table 
1). The opposite was true for the population of 
91.318-6 x Svitanok kyivskyi with the level of 
the indicator manifestation which was 2.9 times 
higher. The obtained data have enabled to 
assert the influence of crossing components on 
the seed germination energy. The combinations 

of 89.24s34 x Kalynivska and 90.673/48 x 
Kalynivska differed only in a maternal form, 
but the difference between them by the 
manifestation of the indicator in the control 
was 1.8 times. In other words, the manifest-
tation of character among hybrid seeds was to a 
large extent dependent on the maternal crossing 
component - backcrosses of interspecific 
hybrids. 
In general, a positive effect of radiation expo-
sure on the seed germination energy was 
revealed, although with some differences in the 
relationship between the heredity of hybrid 
seeds and radiation doses. The maximum 
positive effect of radiation on the seed germi-
nation energy was revealed in the population of 
91.318-6 x Svitanok kyivskyi. The difference 
in the proportion of seeds that came up during 
four days in the control and the average value 
of other variants was 2.9%, or 41.4% of the 
smaller value of the indicator. The similar data 
were obtained in the combinations of 90.673/48 
x Kalynivska and 89.24s34 x Kalynivska, 
respectively, 2.6 and 2.2%. The opposite mea-
ning was found, in particular, in the combi-
nation of Shchedryk x Strumok, in which the 
above mentioned difference was only 0.2%. 
That is, with the use of irradiated seeds, the 
indicator value was influenced by both radia-
tion doses and the heredity of maternal forms. 
The specificity of mutual influence of radiation 
doses and the heredity of hybrid seeds on the 
seed germination energy were revealed during 
our studies. The highest value of the indicator 
was in the combination of 90.673/48 x 
Kalynivska in the variant with the radiation 
dose of 200 Gy - 14.4%. In this respect, the 
population of 91.348-6 x Svitanok kyivskyi 
trailed only it in the variant with the radiation 
dose of 150 Gy - 13.3% that, we believed, was 
due to the stimulation of the seed germination 
process by radiation exposure. The opposite 
concerned the combination of Shchedryk x 
Strumok, where the seed germination energy in 
the two variants (radiation doses of 100 and 
150 Gy) was lower than in the control. The last 
dose turned out to be unfavorable for seed 
treatment in the combinations of 81.397s50 x 
Barbara and 89.141s193 x Verdi. We believe 
that the latter indicates the offspring reaction to 
radiation, which is different from the reaction 
in the abovementioned combinations. 

Table 1. Effect of radiation exposureon laboratory seed germination and germination energy 

Population 
No. Crossing combination Radiation dose,  

Gy 
Number of seeds in 
the Petri dish, pcs 

Germinatio
n energy, % 

Laboratory 
germination, % 

1 91.318-6 х Svitanok kyivskyi control 300 7.0 18.7 
The same 100 300 9.0 16.3 
   ʺ  – 150 300 13.3 29.7 
   ʺ  – 200 300 10.3 19.7 
Total/average - 1200 9.9 21.3 

2 89.24с34 х Kalynivska control 340 3.5 6.8 
The same 100 340 4.1 7.4 
   ʺ  – 150 340 6.8 11.5 
   ʺ  – 200 340 8.5 14.1 

 Total/average - 1360 5.7 9.9 
3 Shchedryk x Strumok control 405 5.4 12.4 

The same 100 405 4.2 12.4 
   ʺ  – 150 405 4.2 8.2 

 ʺ  – 200 405 8.4 13,8 
 Total/average - 1620 5.6 11.4 

4 81.397с50 х Barbara control 550 2.4 4.6 
The same 100 550 3.3 6.6 
ʺ  – 150 550 2.2 4.4 
ʺ  – 200 550 6.0 12.6 

 Total/average - 2200 3.5 7.0 
5 89.141с193 х Verdi control 620 5.3 10.8 

The same 100 620 7.9 17.6 
ʺ  – 150 620 4.8 9.7 
ʺ  – 200 620 9.4 21.9 

 Total/average - 2480 6.9 15.0 
6 90.673/48 х Kalynivska control 640 6.4 10.0 

The same 100 640 7.7 15.5 
ʺ  – 150 640 7.7 15.9 
ʺ  – 200 640 14.4 27.5 

     Total/average - 2560 9.0 17.2 
 

A special big difference of the variant with the 
highest seed germination energy (200 G) and 
control was found in the population of 
90.673/48 x Kalynivska - 8.0% (Figure 1), 
which was 2.3 times of the smaller indicator 
value. In the other combination with the 
participation of the mentioned maternal form, 
the difference with the best variant was 5.0%, 
or 2.4 times. At the same time, the difference in 
the control of both populations turned out to be 
significant - 2.9%. 
In the three combinations of Shchedryk x 
Strumok, 81.397s50 x Barbara and 
89.141s193x Kalynivska the difference in the 
control was substantial in some variants with 
the radiation dose of 150 Gy. 
With the exception of the combination of 
91.318-6 x Svitanok kyivskyi a maximum 
difference in the control was observed when 
using the radiation dose of 200 Gy. 
Somewhat different from the above was 
concerned the laboratory germination of seeds 
(Table 1). An increase in the duration of 
accounting for the germination of seeds up to 
15 days from their sowing to germination had a 

positive effect on the number of germinated 
seeds. The population of 91.318-6 x Svitanok 
kyivskyi was characterized by the maximum 
value of the indicator in the control - 18.7%. 
The similar laboratory germination of seeds 
occurred in the combinations of Shchedryk x 
Strumok, 89.141s193 x Verdi and 90.673/48 x 
Kalynivska that was in the range of 10.0% to 
12.4%.  
The opposite was true for two populations not 
mentioned. Compared with the maximum value 
of the indicator the control value in the latter 
was 2.8-4.1 times lower. That is most 
populations differed significantly by difference 
in the manifestation of character. 
The highest laboratory germination of seeds 
was observed in the combination of 91.318-6 x 
Svitanok kyivskyi with the radiation dose of 
150 Gy - 29.7%. It was only 2.2% less in the 
population of 90.673/48 x Kalynivska although 
in another variant - 200 Gy. However it should 
be noted that the greatest difference in the 
control over the manifestation of the indicator 
(equal to 17.5%) was found in the last 
population.  
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Radiation dose of 200 Gy 

 

Figure 1. Difference in the control of seed germination energy depending on the radiation doses 
Note: *the combination numbers shown are the same as in Table 1 

 
The laboratory germination of seeds in certain 
variants of radiation doses was lower than in 
the control. However it concerned only the 
combination of 91.318-6 x Svitanok kyivskyi 
in the variant with the dose of 100 Gy and the 
populations of Shchedryk x Strumok, 
81.397s50 x Barbara and 89.141s193 x Verdi 
after using the dose of 150 Gy (Figure 2). At 
the same time except for the combination of 
Shchedryk x Strumok the average value of 
laboratory seed germination in the variants with 
different radiation doses was higher than in the 
control. A positive effect of any radiation doses 
on the laboratory germination of seeds was 
found in the two combinations although the 

difference between the variants in such 
combinations was significant. For example, 
such difference was 12% (doses of 100 and 200 
Gy) in the population of 90.673/48 x 
Kalynivska but it was only 6.7% in another 
combination involving the similar maternal 
form. That is a different reaction to the west 
was revealed in the above mentioned 
populations with the general positive effect of 
the radiation exposure of seeds on the indicator 
manifestation. In both populations the 
minimum positive effect on the laboratory 
germination of seeds was observed in the 
variant with the dose of 100 Gy. 
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Figure 2. Difference with the control of seed germination energy depending on the radiation doses 
Note: *the combination numbers shown are the same as in Table 1 

 
The data shown in Table 2 indicate the 
specificity of the reaction of population 
genotypes on radiation doses. The lower seed 
germination energy compared to the control 
was revealed only in the combinations of 
Shchedryk x Strumok with the radiation doses 
of 100 and 150 Gy and 89.141s193 x Verdi 
(150 Gy). With the exception of the population 
of 91.318-6 x Svitanok kyivskyi. The greatest 
effect was obtained in the variant with 
theradiation dose of 200 Gy. The connection 
between the genetic nature of the population 
offspring and the seed germination energy was 
established during the study. The data obtained 
indicate that both in the control and in the 
experiment variants. the combination of 
81.397s50 x Barbara was characterized by the 
minimum indicator value. At the same time the 
effect of radiation exposure on the seed 

germination energy was revealed in this 
combination. The minimum effect was 
obtained using the dose of 150 Gy when the 
difference with the control was only 0.1%. At 
the same time the irradiation of seeds with the 
dose of 200 Gy made it possible to significantly 
(compared to the control by 2.9 times) increase 
the indicator value. 
The opposite was true for the population of 
91.318-6 x Svitanok kyivskyi. The maximum 
energy of germination of its seeds is observed 
in the control. The same applied to the use of 
doses of 100 and 150 Gy. In the first case the 
difference with the control was 2.0% and in the 
latter - 6.3. However, the application of the 
dose of 200 Gy resulted in obtaining other data. 
The combination of 90.673/48 x Kalynivska 
was characterized by the maximum energy of 
seed germination - 14.4% that was explained 
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in the variant with the dose of 100 Gy and the 
populations of Shchedryk x Strumok, 
81.397s50 x Barbara and 89.141s193 x Verdi 
after using the dose of 150 Gy (Figure 2). At 
the same time except for the combination of 
Shchedryk x Strumok the average value of 
laboratory seed germination in the variants with 
different radiation doses was higher than in the 
control. A positive effect of any radiation doses 
on the laboratory germination of seeds was 
found in the two combinations although the 

difference between the variants in such 
combinations was significant. For example, 
such difference was 12% (doses of 100 and 200 
Gy) in the population of 90.673/48 x 
Kalynivska but it was only 6.7% in another 
combination involving the similar maternal 
form. That is a different reaction to the west 
was revealed in the above mentioned 
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the radiation exposure of seeds on the indicator 
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minimum positive effect on the laboratory 
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The data shown in Table 2 indicate the 
specificity of the reaction of population 
genotypes on radiation doses. The lower seed 
germination energy compared to the control 
was revealed only in the combinations of 
Shchedryk x Strumok with the radiation doses 
of 100 and 150 Gy and 89.141s193 x Verdi 
(150 Gy). With the exception of the population 
of 91.318-6 x Svitanok kyivskyi. The greatest 
effect was obtained in the variant with 
theradiation dose of 200 Gy. The connection 
between the genetic nature of the population 
offspring and the seed germination energy was 
established during the study. The data obtained 
indicate that both in the control and in the 
experiment variants. the combination of 
81.397s50 x Barbara was characterized by the 
minimum indicator value. At the same time the 
effect of radiation exposure on the seed 

germination energy was revealed in this 
combination. The minimum effect was 
obtained using the dose of 150 Gy when the 
difference with the control was only 0.1%. At 
the same time the irradiation of seeds with the 
dose of 200 Gy made it possible to significantly 
(compared to the control by 2.9 times) increase 
the indicator value. 
The opposite was true for the population of 
91.318-6 x Svitanok kyivskyi. The maximum 
energy of germination of its seeds is observed 
in the control. The same applied to the use of 
doses of 100 and 150 Gy. In the first case the 
difference with the control was 2.0% and in the 
latter - 6.3. However, the application of the 
dose of 200 Gy resulted in obtaining other data. 
The combination of 90.673/48 x Kalynivska 
was characterized by the maximum energy of 
seed germination - 14.4% that was explained 
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by the specificity of the reaction of population 
offspring to radiation. 
The results of calculating the correlation 
coefficient between the seed germination 
energy and their laboratory germination 
indicate their dense and positive dependence. 
Its value was +0.95. 
We believe that the above is largely due to the 
proportional manifestation of indicators in the 
combination of 81.397s50 x Barbara depending 
on radiation doses. In comparison with other 
populations it was characterized by the lowest 
seed germination energy and had the similar 
laboratory germination. At the same time the 
difference in the control was somewhat 
different. It was higher after using the radiation 
doses of 100 and 200 Gy and less (by 0.2%) 
with the dose of 150 Gy. 

Only the use of radiation dose of 150 Gy 
resulted in the maximum field germination of 
seeds in the combination of 91.318-6 x 
Svitanok kyivskyi. In comparison with other 
populations the highest value of the indicator 
was in the control. However the maximum 
effect of using the radiation dose of 150 Gy 
was observed in the seeds of the combination 
of 89.141s193 x Verdi and the doses of 200 Gy 
- in the population of 90.673/48 x Kalynivska. 
The hybrid seeds especially those obtained 
from the involvement of wild and cultivated 
species in creating the source material are often 
characterized by morphological, anatomical 
characters. This may relate to the size and 
placement of embryo in the seeds. ivy. seed 
failure to germinate in the first year etc. All this 
affects the viability of plants growing from 
seeds. 

 
Table 2. Difference between the combinations of crossing by the effect of radiation exposure  

on laboratory seed germination and germination energy 
 

Ser. 
No. Crossing combination Radiation dose,  

Gy 

Number of seeds  
in the Petri dish,  

pcs 

Germination 
energy,  

% 

Laboratory 
germination,  

% 
1 91.318-6 х Svitanok kyivskyi control 300 7.0 18.7 
2 89.24с34 х Kalynivska the same 340 3.5 6.8 
3 Shchedryk x Strumok – ʺ – 405 5.4 12.4 
4 81.397с50 х Barbara – ʺ – 550 2.1 4.6 
5 89.141с193 х Verdi – ʺ – 620 5.3 10.8 
6 90.673/48 х Kalynivska – ʺ – 640 6.4 10.0 
7 Total/average - 2855 5.0 10.0 
8 91.318-6 х Svitanok kyivskyi 100 300 9.0 16.3 
9 89.24с34 х Kalynivska the same 340 4.1 7.4 
10 Shchedryk x Strumok – ʺ – 405 4.2 12.4 
11 81.397с50 х Barbara – ʺ – 550 3.3 6.6 
12 89.141с193 х Verdi – ʺ – 620 7.9 17.6 
13 90.673/48 х Kalynivska – ʺ – 640 7.7 15.5 
14 Total/average - 2855 6.1 12.9 
15 91.318-6 х Svitanok kyivskyi 150 300 13.3 29.7 
16 89.24с34 х Kalynivska the same 340 6.8 11.5 
17 Shchedryk x Strumok – ʺ – 405 4.2 8.2 
18 81.397с50 х Barbara – ʺ – 550 2.2 4.4 
19 89.141с193 х Verdi – ʺ – 620 4.8 9.7 
20 90.673/48 х Kalynivska – ʺ – 640 7.7 15.9 
21 Total/average - 2855 6.0 12.2 
22 91.318-6 х Svitanok kyivskyi 200 300 10.3 19.7 
23 89.24с34 х Kalynivska the same 340 8.5 14.1 
24 Shchedryk x Strumok – ʺ – 405 8.4 13.8 
25 81.397с50 х Barbara – ʺ – 550 6.0 12.6 
26 89.141с193 х Verdi – ʺ – 620 9.4 21.9 
27 90.673/48 х Kalynivska – ʺ – 640 14.4 27.5 
28 Total/average  2855 9.7 19.1 

The data of Table 3 show the deviations in the 
formation of plants both in the control and after 
the irradiation of seeds. It is established that 
their manifestation was largely influenced by 
the hereditary properties of seeds. For example 
no chloroticity of cotyledons in the control was 
detected in the combinations of 81.397с50 x 
Barbara and 90.673/48 x Kalynivska. In 
addition the manifestation of character in others 
was also significantly different.  

At the same time the effect of radiation dose on 
chloroticity of cotyledons was identified. The 
frequency of the material with this 
characteristic in the variant with the dose of 
200 Gy on average was 1.8 times higher than in 
the control. The combination of 91.318-6 x 
Svitanok kyivskyi in which the proportion of 
seeds with chloroticity of cotyledons reached 
11.9% was particularly distinguished in this 
respect.

Table 3. Frequency of deviations in the growth and development of seed lingson the initial stages 
 

Ser. 
No. 

Total number  
of plants, pcs 

Proportion of plants with deviations, % 

1** 2 3 4 5 6 7 8 9 
1* 56 8.9 0.0 23.2 28.7 7.1 3.4 1.8 26.9 0.0 
2 23 4.4 0.0 43.5 21.7 30.4 0.0 0.0 0.0 0.0 
3 50 2.0 4.0 34.0 22.0 20.0 0.0 10.0 8.0 0.0 
4 25 0.0 0.0 44.0 32.0 13.0 0.0 4.0 4.0 4.0 
5 67 1.5 3.0 43.3 17.9 6.0 0.0 13.4 13.4 1.5 
6 64 0.0 1.6 53.0 26.5 6.3 1.6 3.2 7.8 0.0 
7 285 2.8 1.8 40.0 24.2 11.2 1.1 6.3 11.9 0.7 
8 49 6.1 0.0 22.5 42.9 22.5 0.0 0.0 6.1 0.0 
9 25 0.0 4.0 48.0 28.0 4.0 0.0 8.0 8.0 0.0 
10 50 0.0 6.0 34.0 10.0 38.0 0.0 12.0 0.0 0.0 
11 36 0.0 2.8 22.2 38.9 19.4 0.0 0.0 16.7 0.0 
12 109 5.5 3.7 45.0 24.7 10.1 0.0 3.7 4.6 2.7 
13 99 0.0 7.1 66.6 16.2 1.0 0.0 0.0 9.1 0.0 
14 368 2.5 4.4 44.2 24.5 13.5 0.0 3.3 6.8 0.8 
15 89 5.6 1.1 30.3 33.8 5.6 5.6 1.1 16.9 0.0 
16 39 0.0 7.7 51.3 28.2 0.0 5.1 2.6 5.1 0.0 
17 33 9.1 0.0 51.5 18.2 12.1 6.1 0.0 3.0 0.0 
18 24 0.0 8.3 45.8 25.0 4.2 0.0 0.0 16.7 0.0 
19 60 0.0 5.0 51.6 16.7 6.7 0.0 5.0 8.3 6.7 
20 102 1.0 6.9 36.2 22.5 17.7 1.0 6.9 7.8 0.0 
21 347 2.6 4.6 41.3 24.7 9.2 2.9 3.5 10.1 1.1 
22 59 11.9 3.4 23.7 33.9 18.6 1.7 1.7 5.1 0.0 
23 48 0.0 2.1 64.6 16.7 12.5 0.0 2.1 0.0 2.1 
24 56 1.8 1.8 57.1 21.4 1.8 1.8 8.9 1.8 3.6 
25 69 2.9 1.5 47.7 20.3 7.3 13.0 0.0 5.8 1.5 
26 136 2.2 3.7 55.2 22.1 2.9 2.9 2.9 7.4 0.7 
27 176 8.0 2.3 45.5 24.4 0.0 5.1 0.0 13.6 1.1 
28 544 5.0 2.6 48.6 23.4 5.0 4.4 2.0 7.7 1.3 

Notes: *serial number is similar tothatinTable 2; 
**figure 1 means chloroticity of cotyledons; 2 – boat-like leaves; 3 – shooting from theprimary points of growth; 4 – shooting after appearance of 
rosette-like top; 5 – tigellum; 6 – trifoliate cotyled on leaves; 7 – rosette-like top; 8 – cotyled on leaves with out points of growth; 9 – partially 
chlorotic leaves. 

 
Seedlings with shooting from the primary 
points of growth had relatively high frequency 
(Figure 3). We believe that this is due to the 
separation of the point of growth in the 
cotyledon phase resulting in the formation of 
two stems. The data obtained indicate the effect 
of radiation exposure on this process. In 

comparison with the control greater part of 
such deviations was revealed in all variants and 
the difference in case of using the radiation 
dose of 200 Gy was 8.6%.  
Among the nine accounting indicators which 
were characterized by the specificity of growth 
and development of seedlings on the first 
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by the specificity of the reaction of population 
offspring to radiation. 
The results of calculating the correlation 
coefficient between the seed germination 
energy and their laboratory germination 
indicate their dense and positive dependence. 
Its value was +0.95. 
We believe that the above is largely due to the 
proportional manifestation of indicators in the 
combination of 81.397s50 x Barbara depending 
on radiation doses. In comparison with other 
populations it was characterized by the lowest 
seed germination energy and had the similar 
laboratory germination. At the same time the 
difference in the control was somewhat 
different. It was higher after using the radiation 
doses of 100 and 200 Gy and less (by 0.2%) 
with the dose of 150 Gy. 

Only the use of radiation dose of 150 Gy 
resulted in the maximum field germination of 
seeds in the combination of 91.318-6 x 
Svitanok kyivskyi. In comparison with other 
populations the highest value of the indicator 
was in the control. However the maximum 
effect of using the radiation dose of 150 Gy 
was observed in the seeds of the combination 
of 89.141s193 x Verdi and the doses of 200 Gy 
- in the population of 90.673/48 x Kalynivska. 
The hybrid seeds especially those obtained 
from the involvement of wild and cultivated 
species in creating the source material are often 
characterized by morphological, anatomical 
characters. This may relate to the size and 
placement of embryo in the seeds. ivy. seed 
failure to germinate in the first year etc. All this 
affects the viability of plants growing from 
seeds. 

 
Table 2. Difference between the combinations of crossing by the effect of radiation exposure  

on laboratory seed germination and germination energy 
 

Ser. 
No. Crossing combination Radiation dose,  

Gy 

Number of seeds  
in the Petri dish,  

pcs 

Germination 
energy,  

% 

Laboratory 
germination,  

% 
1 91.318-6 х Svitanok kyivskyi control 300 7.0 18.7 
2 89.24с34 х Kalynivska the same 340 3.5 6.8 
3 Shchedryk x Strumok – ʺ – 405 5.4 12.4 
4 81.397с50 х Barbara – ʺ – 550 2.1 4.6 
5 89.141с193 х Verdi – ʺ – 620 5.3 10.8 
6 90.673/48 х Kalynivska – ʺ – 640 6.4 10.0 
7 Total/average - 2855 5.0 10.0 
8 91.318-6 х Svitanok kyivskyi 100 300 9.0 16.3 
9 89.24с34 х Kalynivska the same 340 4.1 7.4 
10 Shchedryk x Strumok – ʺ – 405 4.2 12.4 
11 81.397с50 х Barbara – ʺ – 550 3.3 6.6 
12 89.141с193 х Verdi – ʺ – 620 7.9 17.6 
13 90.673/48 х Kalynivska – ʺ – 640 7.7 15.5 
14 Total/average - 2855 6.1 12.9 
15 91.318-6 х Svitanok kyivskyi 150 300 13.3 29.7 
16 89.24с34 х Kalynivska the same 340 6.8 11.5 
17 Shchedryk x Strumok – ʺ – 405 4.2 8.2 
18 81.397с50 х Barbara – ʺ – 550 2.2 4.4 
19 89.141с193 х Verdi – ʺ – 620 4.8 9.7 
20 90.673/48 х Kalynivska – ʺ – 640 7.7 15.9 
21 Total/average - 2855 6.0 12.2 
22 91.318-6 х Svitanok kyivskyi 200 300 10.3 19.7 
23 89.24с34 х Kalynivska the same 340 8.5 14.1 
24 Shchedryk x Strumok – ʺ – 405 8.4 13.8 
25 81.397с50 х Barbara – ʺ – 550 6.0 12.6 
26 89.141с193 х Verdi – ʺ – 620 9.4 21.9 
27 90.673/48 х Kalynivska – ʺ – 640 14.4 27.5 
28 Total/average  2855 9.7 19.1 

The data of Table 3 show the deviations in the 
formation of plants both in the control and after 
the irradiation of seeds. It is established that 
their manifestation was largely influenced by 
the hereditary properties of seeds. For example 
no chloroticity of cotyledons in the control was 
detected in the combinations of 81.397с50 x 
Barbara and 90.673/48 x Kalynivska. In 
addition the manifestation of character in others 
was also significantly different.  

At the same time the effect of radiation dose on 
chloroticity of cotyledons was identified. The 
frequency of the material with this 
characteristic in the variant with the dose of 
200 Gy on average was 1.8 times higher than in 
the control. The combination of 91.318-6 x 
Svitanok kyivskyi in which the proportion of 
seeds with chloroticity of cotyledons reached 
11.9% was particularly distinguished in this 
respect.

Table 3. Frequency of deviations in the growth and development of seed lingson the initial stages 
 

Ser. 
No. 

Total number  
of plants, pcs 

Proportion of plants with deviations, % 

1** 2 3 4 5 6 7 8 9 
1* 56 8.9 0.0 23.2 28.7 7.1 3.4 1.8 26.9 0.0 
2 23 4.4 0.0 43.5 21.7 30.4 0.0 0.0 0.0 0.0 
3 50 2.0 4.0 34.0 22.0 20.0 0.0 10.0 8.0 0.0 
4 25 0.0 0.0 44.0 32.0 13.0 0.0 4.0 4.0 4.0 
5 67 1.5 3.0 43.3 17.9 6.0 0.0 13.4 13.4 1.5 
6 64 0.0 1.6 53.0 26.5 6.3 1.6 3.2 7.8 0.0 
7 285 2.8 1.8 40.0 24.2 11.2 1.1 6.3 11.9 0.7 
8 49 6.1 0.0 22.5 42.9 22.5 0.0 0.0 6.1 0.0 
9 25 0.0 4.0 48.0 28.0 4.0 0.0 8.0 8.0 0.0 
10 50 0.0 6.0 34.0 10.0 38.0 0.0 12.0 0.0 0.0 
11 36 0.0 2.8 22.2 38.9 19.4 0.0 0.0 16.7 0.0 
12 109 5.5 3.7 45.0 24.7 10.1 0.0 3.7 4.6 2.7 
13 99 0.0 7.1 66.6 16.2 1.0 0.0 0.0 9.1 0.0 
14 368 2.5 4.4 44.2 24.5 13.5 0.0 3.3 6.8 0.8 
15 89 5.6 1.1 30.3 33.8 5.6 5.6 1.1 16.9 0.0 
16 39 0.0 7.7 51.3 28.2 0.0 5.1 2.6 5.1 0.0 
17 33 9.1 0.0 51.5 18.2 12.1 6.1 0.0 3.0 0.0 
18 24 0.0 8.3 45.8 25.0 4.2 0.0 0.0 16.7 0.0 
19 60 0.0 5.0 51.6 16.7 6.7 0.0 5.0 8.3 6.7 
20 102 1.0 6.9 36.2 22.5 17.7 1.0 6.9 7.8 0.0 
21 347 2.6 4.6 41.3 24.7 9.2 2.9 3.5 10.1 1.1 
22 59 11.9 3.4 23.7 33.9 18.6 1.7 1.7 5.1 0.0 
23 48 0.0 2.1 64.6 16.7 12.5 0.0 2.1 0.0 2.1 
24 56 1.8 1.8 57.1 21.4 1.8 1.8 8.9 1.8 3.6 
25 69 2.9 1.5 47.7 20.3 7.3 13.0 0.0 5.8 1.5 
26 136 2.2 3.7 55.2 22.1 2.9 2.9 2.9 7.4 0.7 
27 176 8.0 2.3 45.5 24.4 0.0 5.1 0.0 13.6 1.1 
28 544 5.0 2.6 48.6 23.4 5.0 4.4 2.0 7.7 1.3 

Notes: *serial number is similar tothatinTable 2; 
**figure 1 means chloroticity of cotyledons; 2 – boat-like leaves; 3 – shooting from theprimary points of growth; 4 – shooting after appearance of 
rosette-like top; 5 – tigellum; 6 – trifoliate cotyled on leaves; 7 – rosette-like top; 8 – cotyled on leaves with out points of growth; 9 – partially 
chlorotic leaves. 

 
Seedlings with shooting from the primary 
points of growth had relatively high frequency 
(Figure 3). We believe that this is due to the 
separation of the point of growth in the 
cotyledon phase resulting in the formation of 
two stems. The data obtained indicate the effect 
of radiation exposure on this process. In 

comparison with the control greater part of 
such deviations was revealed in all variants and 
the difference in case of using the radiation 
dose of 200 Gy was 8.6%.  
Among the nine accounting indicators which 
were characterized by the specificity of growth 
and development of seedlings on the first 
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stages the maximum frequency of deviations – 
four times occurred when seeds were treated 
with the dose of 200 Gy. It was twice observed 
in the variant with the dose of 150 Gy and only 
once (the formation of tigellum) in the case of 
irradiation with a dose of 100 Gy.  
Despite the fact that the reproduction of 
potatoes occurs both with the use of vegetative 
parts of plants – tubers and through botanical 
seeds evolutionarily and practically they both 

play an important role. Without the formation 
of hybrid botanical seeds it is impossible to 
recombine hereditary factors in a number of 
generations. They are used to produce 
marketable products as well as to prevent self-
pollination (Eshonkulov et al., 2015). At the 
same time obtaining high crop yields is 
possible only with the use of tuberous seed 
material. 

 

 
 

Figure 3. The most frequent deviation satthein itial stage of grow thand developmen to the first-year seedlings 
1 – shooting from the primary point of growth; 2 - trifolia tecotyledons; 3 - shooting after the formation of a 

rosetteofleaves 
 

Potatoes (Podhaietskyi and Hnitetskyi. 2017). 
like other crops (Macherchandani, 1975) are 
often characterized by poor germination of 
botanical seeds. Different methods are used to 
stimulate the process. At the same time unlike 
tubers we do not know any studies on the use 
of radiation exposure to stimulate seed 
germination. 
In certain studies (Lopez-Mendoza et al., 2012) 
no significant effect of the use of radiation 
exposure with its doses of 20. 40. 60. 80. 100 
and 120 Gy on the germination of Capsicum 
annuum L. seeds was revealed. In our studies 
the least effect of the method application 
occurred when using the dose of 150 Gy at the 
same time the specificity of the mutual 
influence of the origin of seeds and radiation 
doses on the germination energy field 
germination was revealed that was also 

confirmed in the works of other researchers 
(Komolprasert, 2004). 
The radiation doses of 100 and 200 Gy were 
also found to stimulate sunflower seed 
germination (Diaz et al., 2018). Its increase 
including 900 Gy had a negative impact on 
growing plants from seeds. In contrast to small 
doses (from 100 Gy) large ones (more than 500 
Gy) reduced the germination of maize seeds 
(Marcu et al., 2013). 
According to individual scientists (Medina et 
al., 2011) the variability of offspring as a result 
of radiation exposure depends on numerous 
reasons: parts of plants involved in the 
experiment external conditions, activity of life 
processes radiation doses etc. However in our 
opinion the main thing is the mutual influence 
of radiation doses and the studied genotype that 

is confirmed in our work and the works of the 
above mentioned authors. 

 
CONCLUSIONS 
 
The use of hybrid potato seeds of complex 
origin for radiation exposure on the interspecies 
basis has enabled to identify different types of 
mutual influence of methods at the stages of 
seed germination and the initial phases of 
growth and development. 
The genetically specific reaction of hybrid 
seeds of different origin with respect to the 
germination energy was revealed in a 
significant difference in the manifestation of 
the indicator in the control and the studied 
variants. This difference between the 
combinations of 91.318-6 x Svitanok kyivskyi 
and 81.397s50 x Barbara was 2.9 times. The 
influence of the maternal form on the indicator 
manifestation with the difference of 1.8 times 
was revealed in the populations of 89.24s34 х 
Kalynivska і 90.673/48 х Kalynivska.  
The highest seed germination energy compared 
to the control was observed in all variants of 
seed irradiation in the combinations of 91.318-
6 x Svitanok kyivskyi, 89.24s34 x Kalynivska 
and 90.673/48 x Kalynivska although with the 
difference of 1.5; 2.1 and 1.9 times, 
respectively between the variants indicating a 
different degree of positive mutual influence on 
the value of the indicator of the application of 
methods. However in some combinations, the 
manifestation of the character in the control 
was higher than in other variants that indicated 
the opposite of interaction of the methods used. 
In the five combinations of six the maximum 
effect of seed germination energy is found in 
the variant with the radiation dose of 200 Gy 
which compared to the control is in the range 
of 3.0-8.0 %.In three populations the minimum 
values of the indicator in some variants are 
lower than in the control. 
The similar although not always identical data 
were obtained on laboratory seed germination. 
The average value of the indicator compared 
with germination energy is 1.7-2.2 times 
greater.  
The maximum proportion of deviations from 
normal seed germination the growth and 
development of seedlings was observed when 
irradiated with a dose of 200 Gy: in four out of 

the nine indicators. It was twice less frequently 
observed in the variant with the dose of 150 Gy 
and only once with a minimum dose of 
radiation. Shooting was more often observed 
from the primary point of growth or after the 
formation of rosette-like top as well as the 
formation of cotyledons without the point of 
growth.  
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stages the maximum frequency of deviations – 
four times occurred when seeds were treated 
with the dose of 200 Gy. It was twice observed 
in the variant with the dose of 150 Gy and only 
once (the formation of tigellum) in the case of 
irradiation with a dose of 100 Gy.  
Despite the fact that the reproduction of 
potatoes occurs both with the use of vegetative 
parts of plants – tubers and through botanical 
seeds evolutionarily and practically they both 

play an important role. Without the formation 
of hybrid botanical seeds it is impossible to 
recombine hereditary factors in a number of 
generations. They are used to produce 
marketable products as well as to prevent self-
pollination (Eshonkulov et al., 2015). At the 
same time obtaining high crop yields is 
possible only with the use of tuberous seed 
material. 
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rosetteofleaves 
 

Potatoes (Podhaietskyi and Hnitetskyi. 2017). 
like other crops (Macherchandani, 1975) are 
often characterized by poor germination of 
botanical seeds. Different methods are used to 
stimulate the process. At the same time unlike 
tubers we do not know any studies on the use 
of radiation exposure to stimulate seed 
germination. 
In certain studies (Lopez-Mendoza et al., 2012) 
no significant effect of the use of radiation 
exposure with its doses of 20. 40. 60. 80. 100 
and 120 Gy on the germination of Capsicum 
annuum L. seeds was revealed. In our studies 
the least effect of the method application 
occurred when using the dose of 150 Gy at the 
same time the specificity of the mutual 
influence of the origin of seeds and radiation 
doses on the germination energy field 
germination was revealed that was also 

confirmed in the works of other researchers 
(Komolprasert, 2004). 
The radiation doses of 100 and 200 Gy were 
also found to stimulate sunflower seed 
germination (Diaz et al., 2018). Its increase 
including 900 Gy had a negative impact on 
growing plants from seeds. In contrast to small 
doses (from 100 Gy) large ones (more than 500 
Gy) reduced the germination of maize seeds 
(Marcu et al., 2013). 
According to individual scientists (Medina et 
al., 2011) the variability of offspring as a result 
of radiation exposure depends on numerous 
reasons: parts of plants involved in the 
experiment external conditions, activity of life 
processes radiation doses etc. However in our 
opinion the main thing is the mutual influence 
of radiation doses and the studied genotype that 

is confirmed in our work and the works of the 
above mentioned authors. 

 
CONCLUSIONS 
 
The use of hybrid potato seeds of complex 
origin for radiation exposure on the interspecies 
basis has enabled to identify different types of 
mutual influence of methods at the stages of 
seed germination and the initial phases of 
growth and development. 
The genetically specific reaction of hybrid 
seeds of different origin with respect to the 
germination energy was revealed in a 
significant difference in the manifestation of 
the indicator in the control and the studied 
variants. This difference between the 
combinations of 91.318-6 x Svitanok kyivskyi 
and 81.397s50 x Barbara was 2.9 times. The 
influence of the maternal form on the indicator 
manifestation with the difference of 1.8 times 
was revealed in the populations of 89.24s34 х 
Kalynivska і 90.673/48 х Kalynivska.  
The highest seed germination energy compared 
to the control was observed in all variants of 
seed irradiation in the combinations of 91.318-
6 x Svitanok kyivskyi, 89.24s34 x Kalynivska 
and 90.673/48 x Kalynivska although with the 
difference of 1.5; 2.1 and 1.9 times, 
respectively between the variants indicating a 
different degree of positive mutual influence on 
the value of the indicator of the application of 
methods. However in some combinations, the 
manifestation of the character in the control 
was higher than in other variants that indicated 
the opposite of interaction of the methods used. 
In the five combinations of six the maximum 
effect of seed germination energy is found in 
the variant with the radiation dose of 200 Gy 
which compared to the control is in the range 
of 3.0-8.0 %.In three populations the minimum 
values of the indicator in some variants are 
lower than in the control. 
The similar although not always identical data 
were obtained on laboratory seed germination. 
The average value of the indicator compared 
with germination energy is 1.7-2.2 times 
greater.  
The maximum proportion of deviations from 
normal seed germination the growth and 
development of seedlings was observed when 
irradiated with a dose of 200 Gy: in four out of 

the nine indicators. It was twice less frequently 
observed in the variant with the dose of 150 Gy 
and only once with a minimum dose of 
radiation. Shooting was more often observed 
from the primary point of growth or after the 
formation of rosette-like top as well as the 
formation of cotyledons without the point of 
growth.  
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Abstract 
 
Macroscopically, the pancreas can be described as a pale-pink gland surrounded by adipose tissue. It is a mixed, 
serous, tubuloacinar gland, which contains in its parenchyma two categories of essential elements, with different 
structure, some of them creating the exocrine pancreas, and other, the endocrine pancreas. The pancreas is therefore 
classified as a mixed gland, consisting of parenchyma (pancreatic islets and glandular acinus) and stroma (capsule, 
septs). The exocrine part of the parenchyma is represented by well irrigated, mixed serous tubuloacinar glands, while 
the pancreatic islets represent the functional units of the endocrine pancreas, in the form of pseudo-islets and the 
existence of some intra-cytoplasmatic lipidic pseudo-inclusions. It is delimited by a fine capsule from which the dividing 
septa of the pancreatic lobules are detached.  
 
Key words: ostrich, pancreas, serous acinus. 
 
INTRODUCTION 
 
Data regarding to the ostriches digestive system 
morphology are remarkably few, even though 
in Romania there are currently many farms in 
which they are reared for their meat - that has 
low contents of cholesterol and also for their 
eggs and less for feathers or skin. It is 
necessary to acknowledge informations 
regarding the digestive apparatus from the 
anatomically and histologically point of view, 
in order to understand the nutritional needs and 
the clinical approach for this species.  

 
MATERIALS AND METHODS 
 
For both anatomically and histological studies, 
were analyzed 5 organs obtained from 
ostriches. The dissection took place at the 
Anatomy discipline of the Veterinary Medicine 
Faculty Bucharest and at the Histology and 
Embriology discipline, the samples taken were 
prefixed in special containers, in neutral 
formalin 10% solution and then adjusted and 
re-fixed in the same fixing solution for 24 to 48 
hours. The samples thus fixed were included to 
paraffin and then sectioned with the 
microtome. In the end, the samples were 

colored using several staining methods: HE, 
Methylene Blue-HE, Gomori, Bensley, Congo 
Red. After coloring, the histological specimens 
thus obtained, were examined with the Motic 
Panthera microscope and photographed. 

 
RESULTS AND DISCUTIONS 
 
The pancreas has an average length of 30 cm 
and exhibits a main pancreatic canal that 
addresses the duodenum in the terminal portion 
of the distal loop branch, at the extremity of a 
reduced mucous crest (Figure 1). No secondary 
pancreatic ducts were identified.  
The pancreas is delimited by a fine capsule 
from which the dividing septs of the pancreatic 
lobules are detached. The connective capsule of 
the pancreas contains elastic and collagen 
connective fibers (Figure 2). From the capsule 
I’ve noticed the connective septs that divide the 
pancreas into lobes and lobules and I’ve noted 
that the interlobar and interlobular septs are 
generally well vascularized and innervated, in 
the interlobar/interlobular structure observing 
the lax connective tissue, arteries and veins, 
sinusoid capillaries, nerves of different sizes 
(Figure 3). 



133

(Lepidoptera - Gelechiidae). Egypt. Acad. J. Biolog. 
Sci., 1(2), 1-11.  

Komolprasert, V., Morehouse, K. (2004). Irradiation of 
Food and Packaging: Resent Developments.Amer. 
Chemical Society, 107-116. 

Kozachenko, M.R. (2010). Experimental mutagenesis in 
barley selection, Kharkiv, 296 (in Ukraine).   

Lorez-Mendoza, H, Carrillo-Rodriguez, J.C., Chavez-
Servia, J.L. (2012). Effect of gamma-irradiated seed 
on germination and growth in Capsicum annuum L. 
plants grown in a Greenhouse. Acta Horticulturae, 
947, 77-81.   

Macherchandani, N. (1975). Effect of gamma radiation 
on the dormant seed of Avena fatua L. Radiation 
Botany, 15(4), 439-443. 

Marcu, D., Damian, G., Cosma, C., Cristea, V. (2013). 
Gamma radiation effects on seed germination, growth 
and pigment content, and ESR study of induced free 
radicals in maize (Zea mays). J. Biol. Phys, 39(4), 
625-634. 

Medina, F.I.S., Amano, E., Tano, S. (2011). FNCA 
Mutation Breeding Manual.Forum for Nuclear 
Cooparation in Asia.Available from accessed 10 May 
2011.49-53. URL: 
http://www.fnca.text.go.jp/english/mb/mbm/e_mbm.
html. 

Mohanjain, S. (2012). Mutagenesis in crop improvement 
under the climate change. Romanian 
Biotechnological Lettes, 15(2), 88-106. 

Podgaietskyi, A.Ad.,  Kravchenko, N.V.,  Podgaietskyi, 
A.An. (2017). Results of use in potato selection of 
interspecific hybrids with participation of S. 
bulbocastanum Dun. Proceedings on Applid Botany, 
Genetics and Breeding, 178(2), 33-37 (in Russian). 

Podhaietskyi, А.А., Hnitetskyi, M.O. (2017). Influence 
of the components of the back-up of interspecific 
potato hybrids on the sprouting of botanical seeds. 
Materials of the International Scientific and Practical 
Conference "Goncharov Readings" Sumy, May 25-
26, 2017, 111-112 (in Ukraine). 

Rezaee, M., Almassi, M., Majdabadi, A., Minaei, S., 
Khodaddi, M. (2011).  Potato Sprout and Tuber 
Quality after Post Treatment with Gamma Irradiation 
on Different Dates.J. Agr. Sci. Tech., 13, 829-842.    

Semeniuk, T.V., Monarkhovych, S.V., Yakovleva, H.A. 
(2006). Identification of the possibilities of involving 
somatic potato hybrids with S. bulbocastanum into 
the breeding process. Issues of Potato Growing, 
Moscow, 373-377 (in Russian). 

Sharma, R., Bhardwaj, V., Dalamu, D. (2014). 
Identification of elite Potato Genotypes Possessing 

Multiple Disease Resistance Genesthrough Molecular 
Approaches. Scienta Horticulturae, 179, 204-211. 

Sherin, A., Mahfouze Amira, M., Esmael, Heba Allah, 
A. (2012). Mohasseb Genetic improvement of potato 
microtuber production in vitro by gamma irradiation. 
Biotechnology Apl., 19(4), 239-245. 

Sikder, S., Biswas, P., Hazra, P., Akhtar, S., 
Chatopadhyay, A., Badigannavar, A.M., Dsousa, S.F. 
(2013). Induction of mutation in tomato (Solanum 
lycopersicum L.) by gamma irradiation and 
TMS.Indian Journal of Genetics and Plant Breeding, 
73(4), 392-399. 

Singh, U. (1970). Radiation induced hooded eye mutants 
in potato. Sci. Cult., 36, 609-610. 

Souleymane, Bado, Margit, Laimer, Ndiogou, Gueye, 
Ndeye Fatou, Deme, Enoch, Sapey, Abdelbagi 
Mukhtar, Ali Ghanim, Vivian Carol Blok, Brian, 
Peter (2016). Forster, Micro-Tuber Production in 
Diploid and Tetraploid Potato  after Gamma 
Irradiation of in vitro Cuttings for Mutation 
Induction. AJPS, 7(14), 1871-1887. 

Souleymane, Bado, Matumelo, Alice Rafiri, Kaoutar El-
Achouri, Enoch, Sapey, Stephan, Nielen1, Abdelbagi, 
Mukhtar, Ali Ghanim, Brian Peter, Forster, Margit, 
Laimer (2016). In vitro methods for mutation 
induction in potato (Solanum tuberosum L.). African 
Journal of Biotechnology, 15(39), 2132-2145. 

Toni, A., Wiendl, T.A., Wiendl, F.W., Arthur, P.B., 
Franco, S.S., Franco, J.G., Arthur, V. (2013). Effects 
of gamma radiation in tomato seeds. International 
Nuclear Atlantic Conference - INAC, Recife, PE, 
Brazil, November 24-29, 42-45. 

Ulukapi, K., Nasircilar, A.G. (2015). Developments of 
Gamma Ray Applicationon Mutation Breeding 
Studies in Recent Years International Conf. On 
Agricul, Biolog. & Environment. Sci., 22-23 July, 
31-34. 

Yaycili, O., Alicamanoglu, S. (2012). Induction of Salt-
Tolerant Potato (Solanum tuberosum L.) Mutants 
with Gamma Irradiation and characterization of 
Genetic Variations via RAPD-PCR Analasis. Turkish 
Journal Biol., 36, 405-412. 

Zhatova, H.O. (2009). General seed studies, Sumy: 
University Book, Sumy, 272 (in Ukraine).  

Zia, M.A.B., Bakhsh, A., Caliskan, M.E. (2018). 
Mutation breeding in potato: Endeavors and 
Challengis. The J. Anim. Plant. Sci., 28(1), 286-295. 

***Methodology for conducting the study with potatoes, 
Nemishaeve (2002). 183 (in Ukraine). 

 

 

 
MORPHOLOGICAL ASPECTS OF OSTRICH PANCREAS 

 
Ștefania RAITA, Mara GEORGESCU, Petronela ROȘU, Bogdan GEORGESCU 

 
University of Agronomic Sciences and Veterinary Medicine of Bucharest, Veterinary Medicine 

College of Bucharest, 011464, 59 Mărăşti Blvd, District 1, Romania 
 

Corresponding author email: stefania.raita@yahoo.ro 
 

Abstract 
 
Macroscopically, the pancreas can be described as a pale-pink gland surrounded by adipose tissue. It is a mixed, 
serous, tubuloacinar gland, which contains in its parenchyma two categories of essential elements, with different 
structure, some of them creating the exocrine pancreas, and other, the endocrine pancreas. The pancreas is therefore 
classified as a mixed gland, consisting of parenchyma (pancreatic islets and glandular acinus) and stroma (capsule, 
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the pancreatic islets represent the functional units of the endocrine pancreas, in the form of pseudo-islets and the 
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INTRODUCTION 
 
Data regarding to the ostriches digestive system 
morphology are remarkably few, even though 
in Romania there are currently many farms in 
which they are reared for their meat - that has 
low contents of cholesterol and also for their 
eggs and less for feathers or skin. It is 
necessary to acknowledge informations 
regarding the digestive apparatus from the 
anatomically and histologically point of view, 
in order to understand the nutritional needs and 
the clinical approach for this species.  

 
MATERIALS AND METHODS 
 
For both anatomically and histological studies, 
were analyzed 5 organs obtained from 
ostriches. The dissection took place at the 
Anatomy discipline of the Veterinary Medicine 
Faculty Bucharest and at the Histology and 
Embriology discipline, the samples taken were 
prefixed in special containers, in neutral 
formalin 10% solution and then adjusted and 
re-fixed in the same fixing solution for 24 to 48 
hours. The samples thus fixed were included to 
paraffin and then sectioned with the 
microtome. In the end, the samples were 

colored using several staining methods: HE, 
Methylene Blue-HE, Gomori, Bensley, Congo 
Red. After coloring, the histological specimens 
thus obtained, were examined with the Motic 
Panthera microscope and photographed. 

 
RESULTS AND DISCUTIONS 
 
The pancreas has an average length of 30 cm 
and exhibits a main pancreatic canal that 
addresses the duodenum in the terminal portion 
of the distal loop branch, at the extremity of a 
reduced mucous crest (Figure 1). No secondary 
pancreatic ducts were identified.  
The pancreas is delimited by a fine capsule 
from which the dividing septs of the pancreatic 
lobules are detached. The connective capsule of 
the pancreas contains elastic and collagen 
connective fibers (Figure 2). From the capsule 
I’ve noticed the connective septs that divide the 
pancreas into lobes and lobules and I’ve noted 
that the interlobar and interlobular septs are 
generally well vascularized and innervated, in 
the interlobar/interlobular structure observing 
the lax connective tissue, arteries and veins, 
sinusoid capillaries, nerves of different sizes 
(Figure 3). 
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Figure 1. The main orifice pancreatic duct 

 

 
Figure 2. Pancreas. Ostrich. Histostructure of the conjunctive capsule of the pancreas. 

 HE stain x 1000 (original) 
 

 
Fig. 3. Pancreas. Ostrich. Histological picture of the conjunctive stroma which sends  

conjunctive septa in parenchyma. HE stain x 1000 (original) 
 

The exocrine pancreas has the highest ratio and 
consists of tubular, alveolar and tubulo-alveolar 
terminal formations, represented by serous 
acini (Figure 4). Serous pancreatic acini are 
tubulo-acinar formations, linked to each other 
by connective structures and ending with an 
intercalary canal (Figure 5). In the structure of 
the acini we noted the existence of two types of 
cells: secretory cells and centro-acinous cells. 

Pancreatic acini is made up of serous, 
prismatic-shaped cells with granular cytoplasm, 
with a large, basal-placed vesicular nucleus 
(Figure 6). The affinity of staining of serous 
cells is basophilic for the cytoplasm and 
acidophilic for the nucleus in the apical area, in 
other words the apical area - granular 
(oxyphilic) and the basal area - homogenous 
(basophilic) (Figure 7). 

 

 
Figure 4. Pancreas. Ostrich. Overview of the pancreatic parenchyma. HE stain x 100 (original) 

 

 
Figure 5. Pancreas. Ostrich. Aspect of the serous acinus, highlighting the lumen  

intraacinar less observable. Congo Red stain x 630 (original) 
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Fig. 3. Pancreas. Ostrich. Histological picture of the conjunctive stroma which sends  
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terminal formations, represented by serous 
acini (Figure 4). Serous pancreatic acini are 
tubulo-acinar formations, linked to each other 
by connective structures and ending with an 
intercalary canal (Figure 5). In the structure of 
the acini we noted the existence of two types of 
cells: secretory cells and centro-acinous cells. 

Pancreatic acini is made up of serous, 
prismatic-shaped cells with granular cytoplasm, 
with a large, basal-placed vesicular nucleus 
(Figure 6). The affinity of staining of serous 
cells is basophilic for the cytoplasm and 
acidophilic for the nucleus in the apical area, in 
other words the apical area - granular 
(oxyphilic) and the basal area - homogenous 
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Figure 4. Pancreas. Ostrich. Overview of the pancreatic parenchyma. HE stain x 100 (original) 

 

 
Figure 5. Pancreas. Ostrich. Aspect of the serous acinus, highlighting the lumen  

intraacinar less observable. Congo Red stain x 630 (original) 
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Figure 6. Pancreas. Ostrich. Detail of the serous acinus structure of the pancreatic parenchymal.   

Bensley stain x 100 (original) 
 

 
Figure 7. Pancreas. Ostrich. Aspect of the tinctorial affinity of serous cells of the structure in the pancreatic 

serous acinus. Congo Red stain x 1000 (original) 
 

A serous acinus consists of a 4-7 serous cells 
and we have noticed that the intra-acinar lumen 
is almost unobservable. In the center of the 
acinus the centro-acinar cell (Figure 8) was 
noticed, which corresponds to the beginning of 
the excretory canal, and around the acinus we 
have highlighted the mioepithelial cells and 
sinusoid capillaries. The acinar cells synthesize 
and secrete zymogenic substances (inactive 
enzyme precursors), which we have highlighted 
using special histological colouring methods 
(Figure 9). 
As in other species of birds, the endocrine 
function of this organ is performed by the 
Langerhans islets (Figure 10), placed among 
the serous acinus, finding at staining that they 
consist of rare clusters of round, oval and 
irregular cells, surrounded by connective tissue 

and well vascularized (Figure 11). These are 
delimited by the acinar parenchyma through 
fine septa of connective tissue (Figure 12), 
having a light-blue-gray color (at the modified 
trichromic Masson staining). 
The islet cells have euchromatic nuclei with 
obvious nucleoli, and different sizes (Figure 
13). There are four main types of islet secretory 
cells, differentiation which can only be made 
by immunohistochemistry, in optical 
microscopy with luminous field they cannot be 
separated, merely arbitrarily, in a peripheral 
category, with spherical nuclei, and another 
category in the centre, with large ovular nuclei, 
managing however to emphasize the specific 
secretion granules (Figure 14), by applying 
special histological colouring methods 
(Bensley, Congo Red).  
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Figure 6. Pancreas. Ostrich. Detail of the serous acinus structure of the pancreatic parenchymal.   

Bensley stain x 100 (original) 
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Figure 11. Pancreas. Ostrich. Aspect of the blood capillaries in the islets of Langerhans level.  

Congo Red stain x 400 (original) 
 

 
Figure 12. Pancreas. Ostrich. Aspect of the delimitation of the island Langerhans  
of the acinar parenchyma by fine conjunctive septa. HEA stain x 630 (original) 

 

 
Figure 13. Pancreas. Ostrich. Aspect of the positioning of the island Langerhans in structure  

of the pancreatic parenchymal. Congo red stain x 400 (original) 

 
Figure 14. Pancreas. Ostrich. Highlighting grains of the specific secretion present in the cells island.  

Bensley stain x 400 (original) 
 

Basically, the pancreatic secretory unit consists 
of an acinus and an intercalar duct. The cana-
licular system of the pancreas is represented by 
the intercalar canal, then the intralobular 
canals, very difficult to differentiate, continued 
through the interlobular canals. The interlo-
bular canals are continued by the interlobar 
canals, followed by the collecting canals. The 
structure of the canals, both the interlobar and 
collectors, have a wall consisting of a mucous 
membrane, muscular and adventitia layer 
(Figure 15). The mucosa is lined with a simple 

columnar epithelium (Figure 16) and presents 
folds, which disappear at the entrance to the 
duodenum. Lamina propria consists of dense 
connective tissue, in which blood vessels and 
mononuclear cells are observed.  
The muscular layer usually consists in two 
layers of smooth muscle cells, longitudinal 
internal one, and the other – external circular. 
The adventitia consists of connective fibers. 
Around them are found blood vessels, respect-
tively branches of the pancreatic-duodenal 
arteries and veins and nerves (Figure 17). 

 

 
Figure 15. Pancreas. Ostrich. Overview of the pancreatic duct. Pph stain x 100 (original) 
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Figure 16. Pancreas. Ostrich. Histostructure of the collector duct pancreatic of the pancreas.  

Simple columnar epithelium and lamina propria. HE stain x 630 (original) 
 

 
Figure 17. Pancreas. Ostrich. Vascular-nerve formations interlobar present in the septum  

of the structure in pancreas. HEA stain x 400 (original) 
 

Regarding the specific stains used, the 
arrangement of the reticulin fibers that divide 
the acinar parenchyma through fine septa of 

connective tissue, were observed (Figures 18, 
19 and 20).  

 

 
Figure 18. Pancreas. Ostrich. Distribution aspect of the reticulin fibers  

in the pancreatic parenchyma. Gömori stain x 200 (original) 

 
Figure 19. Pancreas. Ostrich. Confine acinus fine lobular by the conjunctive tissue.  

Gömori stain x 200 (original) 
 

 
Figure 20. Pancreas. Ostrich. Reticulin fiber penetration of the capsule including serous acinus.  

Gömori stain x 400 (original) 
 

CONCLUSIONS 
 
The pancreas is delimited by a fine capsule, 
from which are detaching septs that divide the 
pancreatic lobules. 
The exocrine pancreas has the highest ratio and 
consists of tubular, alveolar and tubulo- 
alveolar terminal formations, represented by 
serous acinus. 
A serous acinus consists of 4-7 serous cells and 
I have noticed that the intra-acinar lumen is 
almost unobservable. 
The endocrine function of this organ is perfor-
med by the pancreatic islets of Langerhans, in a 
quite large number, compared to other species 
of birds. 
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Abstract

The article has developed a methodical approach to assessing the risk of environmental safety in the agricultural sector 
of the economy. In order to prevent the introduction of complex methods for assessing the risks of environmental safety, 
it has been proposed to use a binary method for making managerial decisions to determine the likelihood of the latter 
occurring. To assess the level of environmental safety risk in the agricultural sector of the economy, its conditional 
gradation has been proposed, taking into account and based on the results of calculations of the integral index 
conducted in the regions of Ukraine, their grouping has been carried out. The calculation of the overall environmental 
safety risk in the agricultural sector (RIES) is proposed to be carried out by determining the sum of the calculated risk 
values for the environmental safety indicators, taking into account the respective weights of these indicators. As a result 
of approbation of the methodological approach, the grouping of the regions of Ukraine on the level of risk of 
environmental safety in the agrarian economy sector has been carried out, on the basis of which the corresponding 
strategic priorities of implementation of strategies for management are proposed. 

Key words: agricultural, assessment, risk, environmental, safety. 
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Abstract

The article has developed a methodical approach to assessing the risk of environmental safety in the agricultural sector 
of the economy. In order to prevent the introduction of complex methods for assessing the risks of environmental safety, 
it has been proposed to use a binary method for making managerial decisions to determine the likelihood of the latter 
occurring. To assess the level of environmental safety risk in the agricultural sector of the economy, its conditional 
gradation has been proposed, taking into account and based on the results of calculations of the integral index 
conducted in the regions of Ukraine, their grouping has been carried out. The calculation of the overall environmental 
safety risk in the agricultural sector (RIES) is proposed to be carried out by determining the sum of the calculated risk 
values for the environmental safety indicators, taking into account the respective weights of these indicators. As a result 
of approbation of the methodological approach, the grouping of the regions of Ukraine on the level of risk of 
environmental safety in the agrarian economy sector has been carried out, on the basis of which the corresponding 
strategic priorities of implementation of strategies for management are proposed. 

Key words: agricultural, assessment, risk, environmental, safety. 
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Abstract 
 
The antinutritional contents of protein concentrate and isolate produced from sandbox (Hura crepitans) as influenced 
by different processing methods were studied with a view to increasing the utilization of the seed as food and/or feed 
ingredient, coupled with continuous increases in prices of staple animal protein which encouraged sourcing for 
substitute protein nourishment from the plant origin. Though, the aftermath lethal effect of consuming some of these 
plants has led them to being neglected and under-utilized, however for economic advantages, processing these ranges 
of protein-rich plants into flours and protein products is a good step in the right direction. The effects of different 
processing methods on the antinutritional content were investigated in this study. Whole sandbox seeds were collected, 
decorticated and divided into three portions. Samples of defatted flours, protein concentrate and protein isolate were 
prepared from sandbox seed using standard processing procedures of cooking, soaking, fermenting, defatting, 
solubilization and lypholization to significantly (p<0.05) reduced certain anti-nutrient contents (tannin, saponin and 
oxalate). The results shows sandbox seed protein concentrate (1.02 mg/100 g, 0.11 mg/100 g and 1.47 mg/100 g) and  
protein isolate (0.07 mg/100 g, 0.04 mg/100 g and 1.04 mg/100 g) and had the least and nutritionally stable values for 
the antinutrient contents amongst other samples for tannin, saponin and oxalate, respectively. Based on the findings of 
this study, sandbox seed protein products can be utilized as an alternative protein source in human food as well as in 
the fortification of starchy livestock feedstuff. 
 
Key words: sandbox, antinutrients, concentrate, isolate, economic development. 
 
INTRODUCTION 
 
One of the most deleterious challenges facing 
developing tropical countries is scarcity of food 
coupled with the unprecedented rise in human 
population and the alarming drop in food 
production particularly in the last decade 
(FAO, 2010). The continual search for readily 
available alternative sources of foods had been 
inevitably embarked upon, has population 
growth increased despite the alarming 
economic crisis which threatens world health 
and welfare (Fowomola and Akindahunsi, 
2010). The widening gap between estimated 
protein requirement and actual protein 
consumption in many developing tropical 
countries including Nigeria is as a result of lack 
of basic information and or improper 
harnessing of available and abundant non-

conventional functional feed which has limited 
their usage in balanced and economical rations 
for fishes and livestock (FAO, 2010). Today, 
most people cannot afford the marked prices of 
preferred protein sources for animals and 
aquatic. The documented report of Aletor and 
Aladetimi (1989) amongst several other facts 
not published; provided information on the 
nutritional potentials of some locally available 
under-utilized leguminous plant seeds, also 
Fowomola and Akindahunsi (2008) reported on 
the nutritional quality of sandbox tree, an 
under-utilized plant in Nigeria, but the 
occurrences of anti-nutritional factors had 
aborted or rather limited the utility of most 
these plants with food potentials. 
It is noteworthy, scientifically, that the balance 
between nutrients and anti-nutrients in some 
plant foods can only be evaluate when the 

 

concentrations of anti-nutritional factors 
(AFNs) are known, as it had been reviewed and 
documented that the toxicities of some ANFs 
are either unaffected or minimally removed by 
some treatments employed in food processing 
(Souci et al., 2000; Aberoumand and Deokule, 
2009). Although, these treatments (including 
soaking, dehulling, sprouting, ordinary 
cooking, pressure cooking and fermentation) 
are expected to improve palatability and give 
nutritional benefits, however verified 
investigations revealed that the content, 
physicochemical and functional properties of 
food plant samples are altered, depleted and/or 
rather absent (Rao and Deosthale, 1982; 
Siljestrom et al., 1986). 
Further improvements on the nutritional quality 
and effective utilization of some legumes, oil 
seeds and some under-utilized seeds to their 
full potential, as food has been gaining 
prospects in research and development by 
adopting economically sustainable processing 
methods in the inactivation and removal of 
anti-nutritional factors using less expensive, 
physical and biochemical techniques including 
soaking, cooking, selective filtration, 
irradiation, enzymatic treatments, germination 
and fermentation (Ghadge et al., 2008). It is 
therefore worthwhile to ensure that the 
processing methods employed do not destroy 
the functionality of ingredients in food plants.  
Cooking as a simple and common domestic 
practice inactivates heat sensitive anti-nutritive 
factors such as trypsin and chymotrypsin 
inhibitors and other volatile compounds. The 
process of decanting or discarding cooking 
water may be necessitated for, but some other 
vital soluble compounds would be loosed 
together with. Carlini and Udedibie (1997) 
report revealed that boiling jackbean for 2 h 
completely eliminated trypsin inhibitor activity 
in, while a further boiling for 3 h totally 
removed lectin from jackbean. 
Soaking as a traditionally employed method in 
food processing is about the most simplified 
technique to eliminate soluble anti-nutritional 
factors, however, a study documented that 
some metabolic reactions takes place during 
soaking which affects some of the rheological 
and functional compounds (Vidal-Valverde et 
al., 1992). 

Fermentation which has been widely used was 
documented to improve the nutritional quality 
of Hura crepitans seeds by increasing the 
concentrations of the essential amino acids and 
vitamins, while reducing the anti-nutrients 
levels concentrations of alkaloids, oxalate, 
saponins, tannins, phytate and cyanide 
significantly, thereby improving the protein 
digestibility was reported by Fowomola and 
Akindahunsi (2008). 
A number of chemical treatments had also been 
employed with the sole aim to improve the 
nutritional significance of legumes, oil seeds 
and other under-utilized plants with food 
potentials. Ologhobo et al. (1993) reports on 
the extraction of jackbean flour using selected 
solvents resulted in removal of portions of 
varying toxicities, based on the solubility (or 
otherwise) attributes in the extracting medium. 
It was further reported that higher 
concentrations of anti-nutritional factors in the 
base-soluble portion than in the other portions, 
indicating a better extraction ability of anti-
nutritional factors by alkali rather than by acid, 
ether or alcohol. An archive report of D’Mello 
and Walker (1991) also achieved substantial 
results in extraction employing potassium 
bicarbonate (a base) to inactivate ANFs in 
jackbeans. 
Sandbox (Hura crepitans) is a promising seed 
its high protein and oil contents (Abdulkadir et 
al., 2013). Research efforts on sandbox (Hura 
crepitans) seeds have focused majorly on its 
protein quality, nutritional, toxicological, 
effects of fermentation on anti-nutrients and 
nutrients contents, and anti-microbial studies 
(Fowomola and Akindahunsi, 2005; 
Fowomola, 2006; Fowomola and Akindahunsi, 
2008).  
The production of flours and protein products 
from sandbox (Hura crepitans) seeds devoid of 
any anti-nutrients will be a step in the right 
direction and for this study, simple, economical 
and feasible methods were employed with the 
purpose of removing and/or reducing the anti-
nutritional substances to the minimum level 
Generally Recognized As Safe (GRAS) by 
combination cooking, soaking, fermenting, 
defatting, solubilizing and lypholizing (freeze 
drying). 
 
 

AgroLife Scientific Journal - Volume 8, Number 2, 2019
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718



151 

 
EFFECTS OF PROCESSING METHODS ON ANTINUTRITIONAL 

CONTENTS OF SANDBOX (Hura crepitans) SEED PROTEIN 
CONCENTRATE AND ISOLATE FOR ECONOMIC DEVELOPMENT 

 
Olorunfunmi Isimioluwa SOLANA1, Ibikunle Funso OLALERU2 

 
1Olabisi Onabanjo University, College of Agricultural Sciences, Department of Home Science  

and Hospitality Management, P.M.B. 0012 Ayetoro, 111105, Ogun State, Nigeria, 
Phone: +2348034964193, Email: funmisolana@oouagoiwoye.edu.ng 

2National Root Crops Research Institute, Farming System Research Program, Umudike, 440109, 
Abia State, Nigeria, Phone: +2348054236825 Email: olaleru.ibikunle@gmail.com 

 
Corresponding author email: funmisolana@oouagoiwoye.edu.ng 

 
Abstract 
 
The antinutritional contents of protein concentrate and isolate produced from sandbox (Hura crepitans) as influenced 
by different processing methods were studied with a view to increasing the utilization of the seed as food and/or feed 
ingredient, coupled with continuous increases in prices of staple animal protein which encouraged sourcing for 
substitute protein nourishment from the plant origin. Though, the aftermath lethal effect of consuming some of these 
plants has led them to being neglected and under-utilized, however for economic advantages, processing these ranges 
of protein-rich plants into flours and protein products is a good step in the right direction. The effects of different 
processing methods on the antinutritional content were investigated in this study. Whole sandbox seeds were collected, 
decorticated and divided into three portions. Samples of defatted flours, protein concentrate and protein isolate were 
prepared from sandbox seed using standard processing procedures of cooking, soaking, fermenting, defatting, 
solubilization and lypholization to significantly (p<0.05) reduced certain anti-nutrient contents (tannin, saponin and 
oxalate). The results shows sandbox seed protein concentrate (1.02 mg/100 g, 0.11 mg/100 g and 1.47 mg/100 g) and  
protein isolate (0.07 mg/100 g, 0.04 mg/100 g and 1.04 mg/100 g) and had the least and nutritionally stable values for 
the antinutrient contents amongst other samples for tannin, saponin and oxalate, respectively. Based on the findings of 
this study, sandbox seed protein products can be utilized as an alternative protein source in human food as well as in 
the fortification of starchy livestock feedstuff. 
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Aladetimi (1989) amongst several other facts 
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2009). Although, these treatments (including 
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cooking, pressure cooking and fermentation) 
are expected to improve palatability and give 
nutritional benefits, however verified 
investigations revealed that the content, 
physicochemical and functional properties of 
food plant samples are altered, depleted and/or 
rather absent (Rao and Deosthale, 1982; 
Siljestrom et al., 1986). 
Further improvements on the nutritional quality 
and effective utilization of some legumes, oil 
seeds and some under-utilized seeds to their 
full potential, as food has been gaining 
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adopting economically sustainable processing 
methods in the inactivation and removal of 
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physical and biochemical techniques including 
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therefore worthwhile to ensure that the 
processing methods employed do not destroy 
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Cooking as a simple and common domestic 
practice inactivates heat sensitive anti-nutritive 
factors such as trypsin and chymotrypsin 
inhibitors and other volatile compounds. The 
process of decanting or discarding cooking 
water may be necessitated for, but some other 
vital soluble compounds would be loosed 
together with. Carlini and Udedibie (1997) 
report revealed that boiling jackbean for 2 h 
completely eliminated trypsin inhibitor activity 
in, while a further boiling for 3 h totally 
removed lectin from jackbean. 
Soaking as a traditionally employed method in 
food processing is about the most simplified 
technique to eliminate soluble anti-nutritional 
factors, however, a study documented that 
some metabolic reactions takes place during 
soaking which affects some of the rheological 
and functional compounds (Vidal-Valverde et 
al., 1992). 

Fermentation which has been widely used was 
documented to improve the nutritional quality 
of Hura crepitans seeds by increasing the 
concentrations of the essential amino acids and 
vitamins, while reducing the anti-nutrients 
levels concentrations of alkaloids, oxalate, 
saponins, tannins, phytate and cyanide 
significantly, thereby improving the protein 
digestibility was reported by Fowomola and 
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A number of chemical treatments had also been 
employed with the sole aim to improve the 
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the extraction of jackbean flour using selected 
solvents resulted in removal of portions of 
varying toxicities, based on the solubility (or 
otherwise) attributes in the extracting medium. 
It was further reported that higher 
concentrations of anti-nutritional factors in the 
base-soluble portion than in the other portions, 
indicating a better extraction ability of anti-
nutritional factors by alkali rather than by acid, 
ether or alcohol. An archive report of D’Mello 
and Walker (1991) also achieved substantial 
results in extraction employing potassium 
bicarbonate (a base) to inactivate ANFs in 
jackbeans. 
Sandbox (Hura crepitans) is a promising seed 
its high protein and oil contents (Abdulkadir et 
al., 2013). Research efforts on sandbox (Hura 
crepitans) seeds have focused majorly on its 
protein quality, nutritional, toxicological, 
effects of fermentation on anti-nutrients and 
nutrients contents, and anti-microbial studies 
(Fowomola and Akindahunsi, 2005; 
Fowomola, 2006; Fowomola and Akindahunsi, 
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The production of flours and protein products 
from sandbox (Hura crepitans) seeds devoid of 
any anti-nutrients will be a step in the right 
direction and for this study, simple, economical 
and feasible methods were employed with the 
purpose of removing and/or reducing the anti-
nutritional substances to the minimum level 
Generally Recognized As Safe (GRAS) by 
combination cooking, soaking, fermenting, 
defatting, solubilizing and lypholizing (freeze 
drying). 
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MATERIALS AND METHODS 
 
Sample collection 
Dried sandbox (Hura crepitans) pods were 
gathered from sandbox trees at Parks and 
Gardens in Obafemi Awolowo University, Ile-
Ife, Osun State, Nigeria. The whole seeds were 
broken out of the pods, moistened with tap 
water in order to soften the shell and 
decorticated manually, air dried and stored in 
tight moisture-free polythene bags at -10°C for 
further use. All chemicals used were of 
analytical grades and were acquired from 
Fisher Scientific (Oakville, ON, Canada) and 
Sigma-Aldrich (St. Louis, MO, USA). 
Preparation of untreated and treated flours 
The seeds were further divided into three 
portions and subjected to different processing 
treatments. The first portion was kept without 
processing (untreated), while the second and 
third portions were prepared using slightly 
modified method of Ayanwale and Kolo 
(2001), and a combination of Nwosu (2010) 
and Ayanwale and Kolo (2001), respectively. 
While the second portion of seeds was cooked 
(100±2°C) with water (1:3 w/v) at atmospheric 
pressure for 2 h, the third portion was soaked in 
water (1:5 w/v) in lieu of cooking for 24 h. The 
second and third portions were drained and 
transferred into a calabash, uniformed lined 
with clean plantain leaves (up to 5 layers) and 
allowed to undergo fermentation for 72 h in the 
incubator (Memmert, IN30, Germany). All 
samples were dried at 50°C in a hot air oven 
(Gallenkamp oven, OVL570 010J, United 
Kingdom) for 12 h, cooled, ground in a warring 
blender (Binatone, BLG-450, China) set at high 
speed to obtain homogenous flours of untreated 
sandbox flour (USF), cooked fermented 
sandbox flour (CFS), and soaked fermented 
sandbox flour (SFS). 
Preparation of defatted flour 
Defatted untreated sandbox flour (DUS), 
defatted cooked fermented sandbox flour 
(DCF), and defatted soaked fermented sandbox 
flour (DSF) were prepared using a modified 
method of Sathe (1994). The full-fat flour was 
defatted using cold (4°C) acetone (flour to 
solvent ratio 1:5 w/v) with constant stirring for 
4 h with a magnetic stirrer (Compact Magnetic 
Stirrer, United Kingdom). The defatted flour 
was placed inside a fume cupboard for 6 h to 

dry and to remove any trace of residual 
acetone. The flakes were then ground again and 
sieved (Endecotts sieve, United Kingdom) 
through a sieve size mesh of 150 µm to obtain 
fine powder, packed in plastic tubes and stored 
at -10°C. 
Preparation of protein concentrate 
Sandbox protein concentrate (SPC) was 
prepared as described by Cheftel et al. (1985) 
from defatted soaked fermented sandbox flour 
(DSF).  
Preparation of protein isolate 
The method described by Chavan et al. (2001) 
was adopted to prepare sandbox protein isolate 
(SPI) from defatted soaked fermented sandbox 
flour (DSF). 
Determination of tannin 
Tannin content of sandbox seed flours and 
proteins were determined employing the 
spectrophotometric procedure described by 
Bainbridge et al. (1996). 
Determination of saponin 
The solvent extraction gravimetric method was 
employed in the saponin content determination 
of the sandbox seed flours and proteins 
(Harborne, 1973). 
Determination of oxalate 
Oxalate contents of sandbox seed flours and 
proteins were determined by the method of 
Munro and Bassir (1969). 
 
RESULTS AND DISCUSSIONS 
 
The results of the anti-nutrient contents (tannin, 
saponin and oxalate) of the examined samples 
are shown in Table 1. The values varied 
between 0.07-1.85 mg/100 g, 0.04-0.23 mg/100 
g, and 1.04-25.57 mg/100 g for tannin, saponin 
and oxalate, respectively.  
 
Table 1. Anti-nutrient levels of sandbox seed flours and 

protein products 
Sample Anti-nutrient levels (mg/100 g) 

TANNINS SAPONINS OXALATE 
USF 1.85 0.23 25.57 
DUS 1.75 0.2 8.35 
CFS 1.54 0.16 18.37 
DCF 1.36 0.14 7.78 
SFS 1.77 0.19 24.48 
DSF 1.51 0.16 7.91 
SPC 1.02 0.11 1.47 
SPI 0.07 0.04 1.04 

USF: Untreated sandbox flour; DUS: Defatted untreated sandbox flour; CFS: 
Cooked fermented sandbox flour; DCF: Defatted Cooked fermented sandbox 
flour; SFS: Soaked fermented sandbox flour; DSF: Defatted Soaked fermented 
sandbox flour; SPC: Sandbox Protein Concentrate; SPI: Sandbox Protein Isolate 

 

Cooking, soaking, fermentation, defatting, 
solubilizing and lypholizing were employed as 
processing techniques to reduce anti-nutrients 
in the samples. Phillips and Abbey (1989) 
earlier reported that the soaking of seeds 
induced the leaching out of water soluble anti-
nutrients such as glycoside, alkaloids, phytates, 
oligosaccharides and tannins, thus made 
soaking successful for the removal of the 
soluble anti-nutrients in the sandbox seed flours 
and proteins.  
Cooking has been reported to be effective in 
reducing most of the anti-nutrients also 
including inactivating protease inhibitors and 
reducing trypsin inhibitor activity and phytic 
acid content (Wang et al., 1997), hence making 
sandbox seed flours and proteins adequately 
free. Enechi and Odonwodu (2003) also 
revealed that the effect of cooking was 
significant in the reduction of the toxic effects 
of oxalate, phytate and tannin. 
This study also revealed that the fermentation 
significantly reduced the levels of tannin, 
saponin and oxalate from 1.85 to 1.54 mg/     
100 g, 0.23 to 0.16 mg/100 g and 25.57 to 
18.37 mg/100 g, respectively. These result 
compared favourably with the work of 
Fowomola and Akindahunsi (2008) who 
reported that fermentation significantly reduced 
the toxic levels of anti-nutrients (alkaloids 25.6 
± 0.2- 5.0 ± 0.3, tannins 18.6 ± 1.5-5.8 ± 1.3, 
saponins 8.5 ± 0.1-1.4 ± 0.1, oxalate 23.7 ± 
0.25-3.6 ± 0.12, phytate 18.1 ± 0.31-7.8 ± 0.13 
and cyanide 1.66 ± 0.1-0.6 ± 0.03 mg/100 g) 
present in sandbox seed, and also with the 
report of Ibukun and Anyasi (2012) which 
revealed reductions in the oxalate, tannin and 
saponin levels of fermented samples of sesame 
(2.57 to 0.36 mg/g, 0.019 to 0.008 mg/g and 
2.68 to 1.01 mg/g respectively), musk melon 
(2.1 to 0.27 mg/g, 0.007 to 0.004 mg/g and 5.1 
to 2.8 mg/g, respectively) and white melon 
(1.35 to 0.14 mg/g, 0.008 to 0.005 mg/g and 
3.5 to 1.9 mg/g, respectively). Mubarak (2005) 
reported that the activities of indigenous 
enzymes as well as processing techniques 
employed could have been responsible for 
degrading the anti-nutrients.  
The report of Enujiugha and Agbede (2000) 
revealed that tannin usually forms insoluble 
complexes with proteins, thereby interfering 
with their bioavailability and poor palatability 

had been generally attributed to high tannin 
contents in diets. Baumann et al. (2000) 
reported that saponin causes hemolytic activity 
by reacting with the sterols of erythrocyte 
membrane.  
The report of Soetan and Oyewole (2009) 
revealed that oxalates and phytates, bind to 
minerals like calcium and magnesium and 
interfere with their metabolism, which leads to 
muscular weakness and paralysis.  
According to Makkav and Becker (2000), the 
combined effect of soaking, cooking and 
fermentation processes exhibited significance 
in reducing most of the anti-nutrients in plant 
food to a minimal level Generally Recognized 
As Safe (GRAS) that may have less or no 
adverse effects on human and animals when 
ingested.  
The defatting and solubilization effects 
however emphasized a remarkable reduction in 
the anti-nutrient contents of the full fat flours 
compared to the final values in defatted flours 
and its proteins. 
 
CONCLUSIONS 
 
The novelty of sandbox seed to be considered 
as edible food by man and animals is steadily 
gaining acceptability through ongoing further 
research and development.  
The need to focus on other advanced scientific 
methods to further eliminate the hindering anti-
nutritional factors in sandbox seeds, which had 
caused its neglect due to the lethal and harmful 
effects associated to the consumption of the 
untreated whole seed, gathered from previous 
reports resulting to partial blindness, nausea, 
vomiting, purging, burning in the throat, 
suffocating and headache which could have 
further limit the utility of the high protein 
content and the nutritional value it projects to 
confer in the diets of man and animal.  
The results of this study however revealed that 
soaking, cooking, fermenting and defatting, 
together with solubilizing could be employed 
independently, but preferably in combination 
for the processing of sandbox seed to 
significantly reduce the anti-nutrients to the 
minimum level Generally Recognized As Safe 
(GRAS) and improve its utility for further food 
processing. 
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MATERIALS AND METHODS 
 
Sample collection 
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gathered from sandbox trees at Parks and 
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broken out of the pods, moistened with tap 
water in order to soften the shell and 
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While the second portion of seeds was cooked 
(100±2°C) with water (1:3 w/v) at atmospheric 
pressure for 2 h, the third portion was soaked in 
water (1:5 w/v) in lieu of cooking for 24 h. The 
second and third portions were drained and 
transferred into a calabash, uniformed lined 
with clean plantain leaves (up to 5 layers) and 
allowed to undergo fermentation for 72 h in the 
incubator (Memmert, IN30, Germany). All 
samples were dried at 50°C in a hot air oven 
(Gallenkamp oven, OVL570 010J, United 
Kingdom) for 12 h, cooled, ground in a warring 
blender (Binatone, BLG-450, China) set at high 
speed to obtain homogenous flours of untreated 
sandbox flour (USF), cooked fermented 
sandbox flour (CFS), and soaked fermented 
sandbox flour (SFS). 
Preparation of defatted flour 
Defatted untreated sandbox flour (DUS), 
defatted cooked fermented sandbox flour 
(DCF), and defatted soaked fermented sandbox 
flour (DSF) were prepared using a modified 
method of Sathe (1994). The full-fat flour was 
defatted using cold (4°C) acetone (flour to 
solvent ratio 1:5 w/v) with constant stirring for 
4 h with a magnetic stirrer (Compact Magnetic 
Stirrer, United Kingdom). The defatted flour 
was placed inside a fume cupboard for 6 h to 

dry and to remove any trace of residual 
acetone. The flakes were then ground again and 
sieved (Endecotts sieve, United Kingdom) 
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at -10°C. 
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prepared as described by Cheftel et al. (1985) 
from defatted soaked fermented sandbox flour 
(DSF).  
Preparation of protein isolate 
The method described by Chavan et al. (2001) 
was adopted to prepare sandbox protein isolate 
(SPI) from defatted soaked fermented sandbox 
flour (DSF). 
Determination of tannin 
Tannin content of sandbox seed flours and 
proteins were determined employing the 
spectrophotometric procedure described by 
Bainbridge et al. (1996). 
Determination of saponin 
The solvent extraction gravimetric method was 
employed in the saponin content determination 
of the sandbox seed flours and proteins 
(Harborne, 1973). 
Determination of oxalate 
Oxalate contents of sandbox seed flours and 
proteins were determined by the method of 
Munro and Bassir (1969). 
 
RESULTS AND DISCUSSIONS 
 
The results of the anti-nutrient contents (tannin, 
saponin and oxalate) of the examined samples 
are shown in Table 1. The values varied 
between 0.07-1.85 mg/100 g, 0.04-0.23 mg/100 
g, and 1.04-25.57 mg/100 g for tannin, saponin 
and oxalate, respectively.  
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Cooking, soaking, fermentation, defatting, 
solubilizing and lypholizing were employed as 
processing techniques to reduce anti-nutrients 
in the samples. Phillips and Abbey (1989) 
earlier reported that the soaking of seeds 
induced the leaching out of water soluble anti-
nutrients such as glycoside, alkaloids, phytates, 
oligosaccharides and tannins, thus made 
soaking successful for the removal of the 
soluble anti-nutrients in the sandbox seed flours 
and proteins.  
Cooking has been reported to be effective in 
reducing most of the anti-nutrients also 
including inactivating protease inhibitors and 
reducing trypsin inhibitor activity and phytic 
acid content (Wang et al., 1997), hence making 
sandbox seed flours and proteins adequately 
free. Enechi and Odonwodu (2003) also 
revealed that the effect of cooking was 
significant in the reduction of the toxic effects 
of oxalate, phytate and tannin. 
This study also revealed that the fermentation 
significantly reduced the levels of tannin, 
saponin and oxalate from 1.85 to 1.54 mg/     
100 g, 0.23 to 0.16 mg/100 g and 25.57 to 
18.37 mg/100 g, respectively. These result 
compared favourably with the work of 
Fowomola and Akindahunsi (2008) who 
reported that fermentation significantly reduced 
the toxic levels of anti-nutrients (alkaloids 25.6 
± 0.2- 5.0 ± 0.3, tannins 18.6 ± 1.5-5.8 ± 1.3, 
saponins 8.5 ± 0.1-1.4 ± 0.1, oxalate 23.7 ± 
0.25-3.6 ± 0.12, phytate 18.1 ± 0.31-7.8 ± 0.13 
and cyanide 1.66 ± 0.1-0.6 ± 0.03 mg/100 g) 
present in sandbox seed, and also with the 
report of Ibukun and Anyasi (2012) which 
revealed reductions in the oxalate, tannin and 
saponin levels of fermented samples of sesame 
(2.57 to 0.36 mg/g, 0.019 to 0.008 mg/g and 
2.68 to 1.01 mg/g respectively), musk melon 
(2.1 to 0.27 mg/g, 0.007 to 0.004 mg/g and 5.1 
to 2.8 mg/g, respectively) and white melon 
(1.35 to 0.14 mg/g, 0.008 to 0.005 mg/g and 
3.5 to 1.9 mg/g, respectively). Mubarak (2005) 
reported that the activities of indigenous 
enzymes as well as processing techniques 
employed could have been responsible for 
degrading the anti-nutrients.  
The report of Enujiugha and Agbede (2000) 
revealed that tannin usually forms insoluble 
complexes with proteins, thereby interfering 
with their bioavailability and poor palatability 

had been generally attributed to high tannin 
contents in diets. Baumann et al. (2000) 
reported that saponin causes hemolytic activity 
by reacting with the sterols of erythrocyte 
membrane.  
The report of Soetan and Oyewole (2009) 
revealed that oxalates and phytates, bind to 
minerals like calcium and magnesium and 
interfere with their metabolism, which leads to 
muscular weakness and paralysis.  
According to Makkav and Becker (2000), the 
combined effect of soaking, cooking and 
fermentation processes exhibited significance 
in reducing most of the anti-nutrients in plant 
food to a minimal level Generally Recognized 
As Safe (GRAS) that may have less or no 
adverse effects on human and animals when 
ingested.  
The defatting and solubilization effects 
however emphasized a remarkable reduction in 
the anti-nutrient contents of the full fat flours 
compared to the final values in defatted flours 
and its proteins. 
 
CONCLUSIONS 
 
The novelty of sandbox seed to be considered 
as edible food by man and animals is steadily 
gaining acceptability through ongoing further 
research and development.  
The need to focus on other advanced scientific 
methods to further eliminate the hindering anti-
nutritional factors in sandbox seeds, which had 
caused its neglect due to the lethal and harmful 
effects associated to the consumption of the 
untreated whole seed, gathered from previous 
reports resulting to partial blindness, nausea, 
vomiting, purging, burning in the throat, 
suffocating and headache which could have 
further limit the utility of the high protein 
content and the nutritional value it projects to 
confer in the diets of man and animal.  
The results of this study however revealed that 
soaking, cooking, fermenting and defatting, 
together with solubilizing could be employed 
independently, but preferably in combination 
for the processing of sandbox seed to 
significantly reduce the anti-nutrients to the 
minimum level Generally Recognized As Safe 
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Abstract 
 
Part of the Borsec Round Chair natural reserve included in the Natura 2000 network and declared site of community 
importance, the Fairy Glade (Poiana Zânelor) draw attention of tourists and local people for many years due to various 
spa facilities such as traditional bathrooms. Although intensively analyzed in terms of architectural heritage, leisure 
opportunities and properties of its mineral springs, the Borsec resort still has unknown aspects regarding conservation 
of biological diversity. 
This paper was designed with a purpose to report the herbs and terrestrial arthropods gathered and identified 
following the biological exploration of the Fairy Glade from Upper Borsec area, Harghita County, in a field trip taking 
place in September 2019. The species were noted in an alphabetical order of the genera, then of species within the 
genera.  
Regarding the number of species, of the 21 plant families listed for Fairy Glade, the most dominant were Asteraceae 
and Fabaceae while other families (Boraginaceae, Campanulaceae, Caprifoliaceae, Caryophyllaceae, Chenopidiaceae, 
Colchicaceae, Cyperaceae, Dipsacaceae, Equisetaceae, Gentianaceae, Geraniaceae, Juncaceae, Lamiaceae, 
Plantaginaceae, Poaceae, Ranunculaceae, Rubiaceae, Scrophulariaceae, Violaceae) were represented by a smaller 
number of species. Concerning arthropods, six orders of insects (Diptera, Hemiptera, Hymenoptera, Lepidoptera, 
Orthoptera, Neuroptera) and also specimens of philodromid crab spiders (Arachnida: Araneae) were identified in the 
herbaceous vegetation of the Fairy Glade.  
The taxa listed in this study complete the data already known in the literature about the values of the Natura 2000 site 
ROSCI0252 Toplița - Borsec Round Chair.  
 
Key words: Borsec, Fairy Glade, herbs, insects, spa resort. 
 
INTRODUCTION  
 
Placed in the centre of Romania, eastern 
Transylvania namely in Harghita County, at an 
altitude of 900 m above sea level, Borsec 
(Borszék in Hungarian) and the surroundings 
are known mainly for their spas and mineral 
waters springs.  
There are two interconnected basins in this 
intracarpatic depression: Borsecul de Jos (The 
Lower Borsec, larger, to the south) and the 
resort itself or Borsecul de Sus (The Upper 
Borsec) smaller, on a higher plateau in the 
northern part (Tofan and Niţă, 2017).  
A typical mountain spa also named the “Pearl 
of the Carpathians”, Upper Borsec achieved 
renown over hundreds of years of existence due 
to various factors such as the international 
recognition of mineral springs, architectural 
heritage, favourable climatic conditions, 
spacious leisure areas, the presence of protected 

natural reservations and relaxing mountain 
routes (https://cndd.ro/wp-content/uploads/; 
http://www.borsecinfo.ro/en).  
In Upper Borsec there are many facilities for 
hot baths in tubs or covered pools with carbo-
nated mineral water, mineral springs for 
internal treatment (recommended for cardio-
vascular, dermatological, digestive or 
endocrine diseases, biliary dyskinesia, renal 
and urinary system disorders etc.), gym, 
electrotherapy and hydrotherapy, installations 
for baths with herbs or paraffin packing 
(https://www.outdooractive.com/). 
Located just East and West of Borsec, the 
Toplița - Borsec Round Chair area was 
included in the Natura 2000 network and 
declared a site of community importance 
(http://scaunulborsec.romaqua-group.ro/).  
The most important objectives of the karst zone 
Scaunul Rotund (Kerekszék, The Round Chair 
Natural Reserve) – the largest travertine deposit 

 
in the country, extended on 70 ha include 
Poiana Zânelor (Tündérkert Ferredö, The Fairy 
Glade sometimes referred as Fairies Glade), 
Grota Urşilor (Medvebarlang, The Bear Cave), 
Peştera de Gheaţă (Jégbarlang, The Ice Cave), 
Izvorul Străvechi (Ősforrás, The Ancient 
Spring or Mofeta) and the two travertine 
quarries exploited for industrial purposes but 
currently having ceased activity 
(http://www.visitborsec.ro/en/). 
The Fairy Glade (in Romanian: Poiana 
Zânelor) represents a group of springs visited 
by both tourists and local people for several 
attractions like mineral water pool and foot 
baths used in different cures and therapies, 
(http://vilariki.com/en/attractions/).  
In the area there are indicator panels using 
English, Hungarian and Romanian languages, 
hand-painted on wood and decorated with 
floral motifs (Figure 1).  
The Fairy Glade also has belvedere points and 
picnic locations, a wardrobe and resting points 
and for all these facilities there is no program 
or entrance fee (https://visitharghita.com/en/ 
places/).  
 

 
 

Figure 1. Natural Spa facilities at Fairy Glade,  
Upper Borsec 

 
While data about history, demographic 
analysis, tourism infrastructure, healing 
properties and chemical composition of mineral 
springs of Borsec have been reported so far 
(Munteanu, 2013; Tofan, 2014; Levei et al., 
2016; Tofan and Niţă, 2017; Bálint et al., 
2018), there is still poor information 
concerning biodiversity associated with this 

resort area. The need for protection of habitat 
and resident species - plants, invertebrates and 
vertebrates - was addressed in the framework of 
the project “Ensuring the management of the 
Natura 2000 site ROSCI0252 Toplița - Borsec 
Round Chair” whose beneficiary is the 
company Romaqua Group S.A. and in 2014 an 
informative electronic brochure was published 
(https://romaqua-group.ro/).  
Considering the fact that Fairy Glade is placed 
on the territory of a protected area frequently 
visited all year long and therefore subjected to 
the anthropogenic disturbance, there is a 
constant requirement for providing knowledge 
about biodiversity components in order to 
design new strategic management conservation 
plans (https://www.primaria-borsec.ro/).  
Hence, the purpose of this paper was to 
investigate from another perspective – other 
than that of spa, rest and recreation tourism – 
the local environment and to develop models of 
checklist species, based on the collected 
samples in biological surveys.  
 
MATERIALS AND METHODS 
 
The selected habitat for collecting both plants 
and arthropods at Poiana Zânelor (Fairy Glade), 
Harghita County was located at 
46°58′9.30″N/25°33′59.49″E geographical 
coordinates (Figure 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Geographic indication of Poiana Zânelor, 
Upper Borsec (map source: Google Earth) 
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The sampling and storing procedure took place 
in September 2019, following the method 
depicted before by Dobrin et al. (2013) and 
Stavrescu et al. (2018). Biological material was 
photographed and gathered from two alpine 
pastures that bordered the waking path leading 
to the therapeutic baths (Figure 3).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 3. Sampling herbs and insects at Fairy Glade, 
Upper Borsec 

 
The guides of Cozari (2008), Leraut (2012) and 
Rakosy (2013) were used in identifying insect 
species (Figure 4), while taxonomy for 
harvested herbs was noted according to The 
Plant List (http://www.theplantlist.org/), 
Invasive Species Compendium 
(http://www.cabi.org/isc/) and Plants For A 
Future (http://pfaf.org/) electronic data bases.  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Sample of insects collected from Fairy Glade 
 

For both plants and insects, the names of 
species were arranged alphabetically, rather 
than phylogenetically, according to Abbate 
(2005) and Ahmed et al. (2017).  
In the compiled checklists, the name of each 
species is followed by the corresponding family 
and order name, respectively. In scientific 
nomenclature, synonyms (syn.) of some taxons 
were provided.  
 
 RESULTS AND DISCUSSIONS 
 
The biological survey carried out in September 
2019 in the Fairy Glade, Upper Borsec has 
resulted in two checklists of herbs and 
entomological species, respectively. 
 
I. Herbs 
The following plant species were identified by 
us in September 2019 in the grassland of Fairy 
Glade: 

1. Achillea millefolium L. (common 
yarrow), Asteraceae; 

2. Agropyron repens (L.) P. Beauv. syn. 
Elymus repens (L.) Gould. 
(quackgrass), Poaceae;  

3. Atriplex patula L. (spreading orach), 
Chenopodiaceae; 

4. Campanula glomerata L. (clustered 
bellflower), Campanulaceae;  

5. C. rapunculoides L. (creeping 
bellflower), Campanulaceae;  

6. Carex sp. (sedges), Cyperaceae; 
7. Carlina acaulis L. (stemless carline 

thistle), Asteraceae; 
8. Centaurium erythraea Rafn. (European 

centaury), Gentianaceae; 
9. Cirsium arvense (L.) Scop. (field 

thistle), Asteraceae; 
10. C. lanceolatum (L.) Scop. syn. C. 

vulgare (Savi) Ten. (thistle), 
Asteraceae;  

11. Colchicum autumnale L. (autumn 
crocus), Colchicaceae;  

12. Coronilla varia  L. (crown vetch), 
Fabaceae;  

13. Dactylis glomerata L. (cocksfoot), 
Poaceae;  

14. Echium vulgare L. (common viper's 
bugloss), Boraginaceae;  

15. Equisetum palustre L. (marsh horsetail), 
Equisetaceae; 

 
16. Galium aparine L. (goosegrass), 

Rubiaceae; 
17. G. verum L. (yellow spring bedstraw), 

Rubiaceae; 
18. Gentiana asclepiadea L. (willow 

gentian), Gentianaceae; 
19. Geranium pratense L. (meadow crane's 

bill), Geraniaceae; 
20. G. sanguineum L. (bloody crane's bill), 

Geraniaceae; 
21. Inula britannica L. (meadow fleabane), 

Asteraceae; 
22. Juncus effusus L. (common rush), 

Juncaceae; 
23. Knautia arvensis (L.) Coult. (field 

scabious), Dipsacaceae;  
24. Linaria vulgaris Mill. (common 

toadflax), Plantaginaceae; 
25. Lotus corniculatus L. (bird's-foot 

trefoil), Fabaceae; 
26. Lychnis flos-cuculi L. (ragged robin), 

Caryophyllaceae;  
27. Mentha longifolia (L.) Huds. 

(horsemint), Lamiaceae;  
28. Myosotis sp. (forget-me-not), 

Boraginaceae;  
29. Origanum vulgare L. (wild marjoram),  

Lamiaceae; 
30. Ranunculus acer L. syn. R. acris L. 

(creeping buttercup), Ranunculaceae; 
31. Scabiosa ochroleuca L. (cream 

pincushions), Caprifoliaceae; 
32. Scorzonera humilis L. (viper’s grass), 

Asteraceae; 
33. Stachys sylvatica L. (hedge 

woundwort), Lamiaceae; 
34. Stellaria media (L.) Vill. (common 

cickweed), Caryophyllaceae; 
35. Taraxacum officinale (L.) Weber ex 

F.H.Wigg. (dandelion), Asteraceae;  
36. Tragopogon pratensis  L. (goat’s 

beard), Asteraceae; 
37. Trifolium pratense L. (red clover), 

Fabaceae; 
38. T. repens L. (white clover), Fabaceae; 
39. Verbascum nigrum  L. (dark mullein), 

Scrophulariaceae; 
40. Viola tricolor L. (European wild pansy), 

Violaceae.  
 

Among all 21 plant families identified in the 
herbaceous vegetation of the Fairy Glade, the 

most dominant were Asteraceae with eight 
species, and Fabaceae with four species, the 
rest of the families (Boraginaceae, 
Campanulaceae, Caprifoliaceae, 
Caryophyllaceae, Chenopidiaceae, 
Colchicaceae, Cyperaceae, Dipsacaceae, 
Equisetaceae, Gentianaceae, Geraniaceae, 
Juncaceae, Lamiaceae, Plantaginaceae, 
Poaceae, Ranunculaceae, Rubiaceae, 
Scrophulariaceae, Violaceae) having a smaller 
number of species.  
From the species listed above, Elymus repens 
has been reported before at Borsec by Negrean 
(2010). Carex sp., Gentiana asclepiadea, 
Ranunculus acer and Trifolium repens were 
also mentioned in the brochure describing the 
values of the Natura 2000 site Toplița - Borsec 
Round Chair (https://romaqua-group.ro/).  

 
II. Arthropods 
In September 2019, we identified the following 
taxa of insects and arachnids in the herbaceous 
vegetation of Fairy Glade, Upper Borsec: 

1. Anthocoris nemorum L. (common 
flowerbug), Hemiptera: Anthocoridae;   

2. Coenonympha glycerion Borkhausen 
(chestnut heath) Lepidoptera: 
Nymphalidae;   

3. Chrysopa perla L. (green lacewing), 
Neuroptera: Chrysopidae; 

4. Dociostaurus maroccanus Thunberg 
(Maroccan locust), Orthoptera: 
Acrididae; 

5. Eurydema ornata L. (ornamental 
shield bug), Hemiptera: Pentatomidae;  

6. Lycaena phlaeas  L. (small copper), 
Lepidoptera: Lycaenidae; 

7. Nezara viridula L. (southern green 
shield bug), Hemiptera: Pentatomidae; 

8. Pentatoma rufipes L. (forest bug), 
Hemiptera: Pentatomidae;  

9. Philodromus spp. Walckenaer 
(philodromid crab spiders), Arachnida: 
Araneae, Philodromidae; 

10. Pyrrhocoris apterus L. (firebug), 
Hemiptera: Pyrrhocoridae; 

11. Tipula maxima Poda (true cranefly), 
Diptera: Tipulidae.  

12. Hymenoptera, Megachilidae. 
 

In the analyzed sample, members of the order 
Hemiptera Nezara viridula and Pyrrhocoris 
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beard), Asteraceae; 
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Fabaceae; 
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Violaceae.  
 

Among all 21 plant families identified in the 
herbaceous vegetation of the Fairy Glade, the 

most dominant were Asteraceae with eight 
species, and Fabaceae with four species, the 
rest of the families (Boraginaceae, 
Campanulaceae, Caprifoliaceae, 
Caryophyllaceae, Chenopidiaceae, 
Colchicaceae, Cyperaceae, Dipsacaceae, 
Equisetaceae, Gentianaceae, Geraniaceae, 
Juncaceae, Lamiaceae, Plantaginaceae, 
Poaceae, Ranunculaceae, Rubiaceae, 
Scrophulariaceae, Violaceae) having a smaller 
number of species.  
From the species listed above, Elymus repens 
has been reported before at Borsec by Negrean 
(2010). Carex sp., Gentiana asclepiadea, 
Ranunculus acer and Trifolium repens were 
also mentioned in the brochure describing the 
values of the Natura 2000 site Toplița - Borsec 
Round Chair (https://romaqua-group.ro/).  

 
II. Arthropods 
In September 2019, we identified the following 
taxa of insects and arachnids in the herbaceous 
vegetation of Fairy Glade, Upper Borsec: 

1. Anthocoris nemorum L. (common 
flowerbug), Hemiptera: Anthocoridae;   

2. Coenonympha glycerion Borkhausen 
(chestnut heath) Lepidoptera: 
Nymphalidae;   

3. Chrysopa perla L. (green lacewing), 
Neuroptera: Chrysopidae; 

4. Dociostaurus maroccanus Thunberg 
(Maroccan locust), Orthoptera: 
Acrididae; 

5. Eurydema ornata L. (ornamental 
shield bug), Hemiptera: Pentatomidae;  

6. Lycaena phlaeas  L. (small copper), 
Lepidoptera: Lycaenidae; 

7. Nezara viridula L. (southern green 
shield bug), Hemiptera: Pentatomidae; 

8. Pentatoma rufipes L. (forest bug), 
Hemiptera: Pentatomidae;  

9. Philodromus spp. Walckenaer 
(philodromid crab spiders), Arachnida: 
Araneae, Philodromidae; 

10. Pyrrhocoris apterus L. (firebug), 
Hemiptera: Pyrrhocoridae; 

11. Tipula maxima Poda (true cranefly), 
Diptera: Tipulidae.  

12. Hymenoptera, Megachilidae. 
 

In the analyzed sample, members of the order 
Hemiptera Nezara viridula and Pyrrhocoris 
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apterus were represented by both larval and 
adult specimens, while for the rest of 
arthropods only adults were identified.  
There have been few recent scientific reports of  
insects associated with Borsec resort.  
Ban-Calefariu and Sarospataki (2007) have 
made a synthesis based on faunal data from 
literature regarding bumble-bees spread in 
different areas of Romania, noting for Borsec 
the presence of several Hymenoptera species 
from Bombus genus. Krištín et al. (2013) 
studied Orthoptera along the entire Romanian 
Carphathian region, including grasslands from 
Borsec Pass surrounded by spurce forests in 
Călimani Mountains. Kolcsár and Salmela 
(2017) colllected and registered Dipteran 
species Mycomya alpina Matile and Phronia 
forcipula Winnertz from the pine forest of 
Giurgeu Mountains.  
Based on the premise that Borsec depression 
allows various forms of tourism including 
scientific tourism based on observation and 
study of flora and fauna (Ştefan and Zsolt, 
2013), the data presented in this report could 
represent the starting point for further insight 
into other taxa belonging to this popular spa 
destination. 
 
CONCLUSIONS  
 
In the alpine grasslands from Fairy Glade, one 
of the most visited destinations due spa 
facilities within Toplița - Borsec Round Chair 
Natura 2000 protected area, a total of 21 
families of plant species, specimens from six 
insect orders and one family of arachnids were 
recorded in a field trip carried out in September 
2019.  
It cannot be concluded that the survey was 
exhaustive being limited to one season of 
observations, however at the present level of 
knowledge it can be noticed that in the 
collected biological samples the leading taxa 
were Asteraceae and Fabaceae for floristic 
composition and Hemiptera for insect 
biodiversity, respectively.  
It is desirable to consider that both nowadays 
and especially in the distant future, by reading 
and understanding the information about the 
species already noted on the panels placed in 
this protected area, on their way to baths 
treatment or just traveling to other 

recommended objectives, the visitors of Fairy 
Glade become aware of the value of natural 
heritage and contribute to maintaining the 
ecological integrity of the landscape.  
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Abstract  
 

The research results of different periods (1996-2006 and 2012-2016) as for adaptive potential of the Chinese winter 
wheat assortment under the conditions of the Forest-Steppe of Ukraine are given in this article. 124 samples of Chinese 
origin were studied under the condition of the right-bank Forest-Steppe of Ukraine (1996-2006). Jimai 24, Jimai 30, 97-
13, 97-46, Dongfeng 1, Handan 4564, FAN 20, Yumai 14, 89 Zhong 108, 89 Zhong 2 showed relatively satisfactory 
winter resistance. A larger number of samples retained their biological peculiarity - earliness of ripening and dwarfness. 
As for resistance to leaf diseases the Chinese assortment was characterized negatively under the conditions of the right-
bank Forest-Steppe of Ukraine. It was very non-resistant to powdery mildew. About 70% of the forms were susceptible 
to the pathogen. The samples were also greatly destroyed with brown rust. Only 12% of the forms were relatively more 
resistant at the level and above of the standard. The leave damage with septoria disease was about 50% but it was less 
than resistance with powdery mildew and brown rust. None of the studied forms of Chinese origin significantly 
exceeded the yield standard. Under the conditions of the left-bank Forest-Steppe of Ukraine (2012-2016) 50 new wheat 
varieties of Chinese origin were studied: ultra-early ripening - 10%; early ripening - 54%; med-early ripening - 12%; 
mid-ripening - 24%. All studied samples showed comparatively satisfactory index of winter resistance (score 6.4-7.9). 
16% of the studied genotypes were characterized by high resistance to overwinter, to the leaf disease and the crop yield: 
Longzhong 2, Longzhong 3, DF 529, Longzhong 4, Longzhong 7, Shijiazhuang 8, Longzhong 10, Longzhong 12. 
Comparing the obtained results, it was searched out that under the conditions of the left-bank Forest-Steppe of Ukraine 
the Chinese winter wheat assortment realized its genetic potential better. 
 
Key words: varieties of bread winter wheat, groups of ripening, winter resistance, disease resistance, crop yield.  
 
INTRODUCTION 
 
Wheat has been grown in China at least for 
4000 years. In recent years, wheat breeding has 
made a significant contribution to crop 
production in China. The facts on more than 
1,850 Chinese wheat varieties from the 1920s 
to 2014 were collected (Qin et al., 2015). 
Wheat is grown in 30 of the 31 provinces of 
China in 10 major agroecological zones based 
on the type of wheat, the vegetation period, the 
main biotic stresses and the variety response to 
temperature and photoperiod (Dodson et al., 
2013). Nowadays, the climate change and its 
impact on agriculture is a serious problem all 
over the world.  
A characteristic feature of recent years is a 
gradual, but noticeable change in climatic 

conditions, which requires researches as for the 
crop adaptability including wheat (Liu and Tao, 
2013). 
The modern climate of Ukraine is characterized 
by warming, comes amid the decrease in 
precipitation. The air temperature increasing 
will lead to changes in natural processes and 
the seasons of the year duration, and then in the 
crop vegetation period, as well as in the spread 
of pests and diseases (Chajka and Adamenko, 
2008). The breeders are faced with the task of 
finding ways to stabilize the productivity of 
main agricultural crops, including winter wheat 
grains, which among eared grains are 
characterized by the highest adaptability 
(Shakirzyanov, 2004). Modern winter wheat 
varieties have a high biological yield potential 
(up to 110 t/ha), which is realized no more than 

50-60% in production (Chajka and Adamenko, 
2008; Shakirzyanov, 2004). The low level of 
implementation depends on a group of factors, 
among which the adaptive potential of the 
variety takes an important place. Due to it, 
when creating new varieties, not only the 
increasing in the potential of their productivity 
is significant, but also the search for ways of its 
full realization, and the increase in 
environmental plasticity. 
As a result of the above mentioned, the aim of 
our work was:  
- to study the Chinese winter wheat assortment 
under the conditions of the Forest-Steppe of 
Ukraine; 
- to select advanced samples with a group of 
breeding and valuable traits to carry out 
hybridization in the subsequent work; 
- to obtain the combined genetic potential of 
the best wheat varieties of Ukrainian and 
Chinese origin. 
 
MATERIALS AND METHODS  

 
Experimental studies had been conducted for 
10 years (1996-2006) in the breeding crop 
rotation of the V.M. Remeslo Myronivka 
Institute of Wheat (MIW) of the National 
Academy of Agrarian Sciences of Ukraine and 
for 4 years (2012-2016) in scientific and 
industrial production plot of Sumy National 
Agrarian University (SNAU) of the Ministry of 
Education and Science of Ukraine. 
The MIW is located in the southeastern part of 
the Kiev region on the watershed of the 
Dnieper, Ros and Rosava rivers. The 
geography of the area is a wide and wavy, 
rather high plateau (about 150 m above the sea 
level) – so-called Dnieper-Kaniv ‘tongue’, 
divided into north-eastern and north-western 
parts by deep gully in the country between the 
Ros-Rosava rivers. The geographical location - 
latitude 49°, longitude 30°. The microrelief of 
the territory is characterized by shallow 
lowland of elongated form in 0.2-1.0 ha. The 
topsoil of the MIW experimental field is 
represented mainly by thick low humus coarse 
silty and sandy loamy slightly and medium 
alkaline chernozem. The humus horizon 
thickness is 38-40 cm, the humus content is 
3.58-4.18%. The carbonate layer is at a depth 
of 45-65 cm, subsoil waters – 50-60 m and they 

do not affect the soil-forming process. These 
soils have high and medium availability of 
mineral nutrition elements and are marked by 
slightly acidic, close to neutral soil solution 
(pH of salt - 5.3-6.4), which has a good effect 
on winter wheat productivity (Suhovetskiy, 
1976; Ahroklіmatіcheskіу biulleten 
mnoholetnіkh dannуkh po Mіronovskomu 
raуonu Kіevskoу oblasty, 1985). 
SNAU is geographically located on the 
outskirts of Sumy city in the northeastern part 
of the left-bank Forest-Steppe Ukraine. The 
geographical location - latitude 50°, longitude 
34°. The city is located on the banks of the Psel 
River at the confluence of the Sumka River. 
Sumy occupies the part of the Central Russian 
Upland and the Dnieper lowland (about 143 m 
above the sea level). The highest point of the 
region is 246.2 m above the sea level. In the 
South, East and West, Sumy borders on 
Kharkiv, Poltava and Chernyhiv regions of 
Ukraine. The northern part of the region 
Novgorod-Seversky Polesye, the southern part 
lies within the Forest-Steppe zone. On 70% 
soils are represented by typical chernozem thin-
humous, typical chernozem leached thin-
humous heavy loamy and chernozem typical 
thick-humous medium loamy. The average 
humus content of arable soil is 4.1%. The 
arable soil has a high phosphorus content (15.1-
15.4 mg per 100 g) of soil and an average 
content of mobile potassium (6.7-8.0 mg per 
100 g) of soil. The acidity of the soil solution is 
neutral - 5.9 pH (Masalitin, 2004). 
In general, it can be argued that the soil 
conditions in the research fields of the MIW 
and SNAU are typical for zones, they allow to 
realize the genetically determined productivity 
potential of winter wheat varieties and carry out 
breeding work with this crop. 
The analysis of weather conditions 1996-2006 
and 2012-2016, conducted on the basis of 
annual data provided by the Myronivka 
meteorological station of Kiev region, located 
on the territory of the MIW and the 
meteorological station of the Institute of 
Agriculture of the North-East National 
Academy of Agricultural Science, located five 
kilometers from the SNAU experimental field. 
The specific feature of Myronivsky District 
climate is its moderate continentality. The 
average long-term air temperature over the past 
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INTRODUCTION 
 
Wheat has been grown in China at least for 
4000 years. In recent years, wheat breeding has 
made a significant contribution to crop 
production in China. The facts on more than 
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to 2014 were collected (Qin et al., 2015). 
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China in 10 major agroecological zones based 
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temperature and photoperiod (Dodson et al., 
2013). Nowadays, the climate change and its 
impact on agriculture is a serious problem all 
over the world.  
A characteristic feature of recent years is a 
gradual, but noticeable change in climatic 

conditions, which requires researches as for the 
crop adaptability including wheat (Liu and Tao, 
2013). 
The modern climate of Ukraine is characterized 
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the seasons of the year duration, and then in the 
crop vegetation period, as well as in the spread 
of pests and diseases (Chajka and Adamenko, 
2008). The breeders are faced with the task of 
finding ways to stabilize the productivity of 
main agricultural crops, including winter wheat 
grains, which among eared grains are 
characterized by the highest adaptability 
(Shakirzyanov, 2004). Modern winter wheat 
varieties have a high biological yield potential 
(up to 110 t/ha), which is realized no more than 

50-60% in production (Chajka and Adamenko, 
2008; Shakirzyanov, 2004). The low level of 
implementation depends on a group of factors, 
among which the adaptive potential of the 
variety takes an important place. Due to it, 
when creating new varieties, not only the 
increasing in the potential of their productivity 
is significant, but also the search for ways of its 
full realization, and the increase in 
environmental plasticity. 
As a result of the above mentioned, the aim of 
our work was:  
- to study the Chinese winter wheat assortment 
under the conditions of the Forest-Steppe of 
Ukraine; 
- to select advanced samples with a group of 
breeding and valuable traits to carry out 
hybridization in the subsequent work; 
- to obtain the combined genetic potential of 
the best wheat varieties of Ukrainian and 
Chinese origin. 
 
MATERIALS AND METHODS  

 
Experimental studies had been conducted for 
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for 4 years (2012-2016) in scientific and 
industrial production plot of Sumy National 
Agrarian University (SNAU) of the Ministry of 
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Ros-Rosava rivers. The geographical location - 
latitude 49°, longitude 30°. The microrelief of 
the territory is characterized by shallow 
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silty and sandy loamy slightly and medium 
alkaline chernozem. The humus horizon 
thickness is 38-40 cm, the humus content is 
3.58-4.18%. The carbonate layer is at a depth 
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do not affect the soil-forming process. These 
soils have high and medium availability of 
mineral nutrition elements and are marked by 
slightly acidic, close to neutral soil solution 
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on winter wheat productivity (Suhovetskiy, 
1976; Ahroklіmatіcheskіу biulleten 
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outskirts of Sumy city in the northeastern part 
of the left-bank Forest-Steppe Ukraine. The 
geographical location - latitude 50°, longitude 
34°. The city is located on the banks of the Psel 
River at the confluence of the Sumka River. 
Sumy occupies the part of the Central Russian 
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above the sea level). The highest point of the 
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humus content of arable soil is 4.1%. The 
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15.4 mg per 100 g) of soil and an average 
content of mobile potassium (6.7-8.0 mg per 
100 g) of soil. The acidity of the soil solution is 
neutral - 5.9 pH (Masalitin, 2004). 
In general, it can be argued that the soil 
conditions in the research fields of the MIW 
and SNAU are typical for zones, they allow to 
realize the genetically determined productivity 
potential of winter wheat varieties and carry out 
breeding work with this crop. 
The analysis of weather conditions 1996-2006 
and 2012-2016, conducted on the basis of 
annual data provided by the Myronivka 
meteorological station of Kiev region, located 
on the territory of the MIW and the 
meteorological station of the Institute of 
Agriculture of the North-East National 
Academy of Agricultural Science, located five 
kilometers from the SNAU experimental field. 
The specific feature of Myronivsky District 
climate is its moderate continentality. The 
average long-term air temperature over the past 
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50 years is about + 7.9°C with variations over 
the years. The length of the frost-free period is 
132-215 days, the average of about 165 days. 
The amount of precipitation for April-July is 
about 300 mm, or 60% of their annual amount. 
The most arid was June 1999, when the amount 
of precipitation was half the norm. As a rule, 
the reserves of productive moisture in the soil 
arable layer at the date of winter wheat sowing 
were sufficient with the exception of 1999, 
when the indicators decreased to the 
insufficient level. Under those conditions, the 
emergence of seedlings was slowed down, and 
they were unharmonious. 
SNAU soils are referred to the second agro-
climatic region of Sumy region, which 
according to the long-term data is characterized 
by a moderate, continental climate with warm 
summers and not very cold winters with thaws. 
There are no large water reservoirs that would 
affect the climate as a whole or its individual 
elements on the territory of the region. 
According to the long-term average data the 
coldest months are January and February, and 
the warmest months are July and August. From 
year to year the absolute minimum of air 
temperature most often takes place in January, 
and the maximum in August. Average daily 
(annual average) air temperature during 2012-
2016 ranged from +7.9 to + 9.5°C, and the 
length of the frost-free period was about 230 
days. Over the years the precipitation is within 
597-600 mm, and most of all in the warm 
period (April-October). 
In general, the weather conditions during the 
vegetation period of winter wheat differed from 
the average long-term indicators, both in 
temperature, and the amount of precipitation 
and their distribution from month to month. It 
should be noted about the temperature rising to 
the average annual indicator, as well as a slight 
increasing in precipitation. In total, it 
contributed to a comprehensive assessment of 
the studied varieties. 
The samples of the Chinese winter wheat 
varieties originated from the expeditionary 
gatherings conducted by V.A. Vlasenko in 
Sychuan, Henan, Hebei provinces in 1996-2005 
and in Gansu province in 2000-2012 were the 
material for conducting researches. The 
varieties Myronivs’ka 61, Myronivs’ka 

rann’ostyhla and Kryzhynka were used as the 
standard in the study of the Chinese assortment 
at the MIW (1996-2006). The cultivar standard 
Podolyanka was used in SNAU (2012-2016) 
for comparison. The experiments were laid out 
and conducted according to the generally 
accepted methods (Volkodav, 2003; Dospehov, 
1985; Petrenkova et al., 2018; Babayants, 
2011) using field, mathematical, statistical and 
laboratory methods (Tsarenko et al., 2000). 
 
RESULTS AND DISCUSSIONS 
 
The first expedition to the North-Western 
Province (autonomous district) Xinjian (city of 
Urumqi) took place in 1996. The following 
expeditions took place to the central and 
eastern provinces: 1998 - Hebei (Beijing, 
Handan); 2001 - Sychuan (Changde); 2002 - 
Henan (Kaifeng and Anyang, Lankou). In total, 
205 forms of winter (171 varieties) and spring 
(34 varieties) bread wheat were introduced. 
They were studied at the MIW. In the period 
from 2002 to 2012 several trips took place to 
the provinces of Henan and Gansu (Dinkxi 
City), as well as to Beijing. As a result, 50 new 
forms of bread winter wheat were introduced. 
They were studied in SNAU. 
Under the conditions of MIW the samples 
Jimai 24, Jimai 30, 97-13, 97-46, Dongfeng 1, 
Handan 4564, FAN 20, Yumai 14, 89 Zhong 
108, 89 Zhong 2 were distinguished by 
comparatively satisfactory winter resistance 
(they overwintered with a score of 7-9) In 
general, most of the samples under field 
conditions had an unsatisfactory assessment as 
for winter hardiness; many of them are among 
the representatives of the eastern and especially 
the central provinces of China.  
The plant height showed large fluctuation 
amplitude from dwarf (51-60 cm) to medium-
growth (106-120 cm) forms (Table 1). 
14% of forms belong to the group 9-26 cm 
exceeding Myronivs’ka 61. It was determined 
24% of short-stemmed samples (with a height 
of plants up to 85 cm). The height of plants 
between 86 and 105 cm is typical for the most 
part (52%) of the studied samples. The group of 
3-gene dwarfs includes Ren 117, Ren 119, 
Jimai 24, CAT 9933, № 2919, 97-03, Xin Dong 
20 and others.  

 

Table 1. The distribution of the Chinese wheat according to the plant height (MIW, 1997-2005) 

Groups according to the plant height 
(Number of dwarfness gene) 

Varieties number 
Pcs. % 

to 60 cm (3 genes of dwarfness) 12 10 
61-85 cm (2 genes of dwarfness) 30 24 
86-105 cm (1 genes of dwarfness) 65 52 
106-120 cm 17 14 
Total 124 100 

 
Most of the samples kept their biological 
peculiarity – ripening and dwarfness. 27% of 
forms out of the entire set as early as (earning 
for 11-14 days before Myronivs’ka 61 and for 3 
days before Myronivs’ka rann’ostyhla), were 
noted (Table 2). 36% of the samples formed 

ears 3-10 days earlier than Myronivs’ka 61 and 
at the level of the Myronivs’ka early-ripening. 
In general, the early ripening forms made for 
almost two thirds of the total introduced 
Chinese wheat assortment.  

 
Table 2. The distribution of the Chinese wheat according to the length of the vegetation season (MIW, 1997-2005) 

Years Total sample 
number pcs. 

Number of samples in the ripeness groups (score) 
early ripening middle-early ripening mid-ripening 

pcs. % pcs. % pcs. % 
1997 30 5 17 7 23 18 60 
1999 35 17 48 10 29 8 23 
2000 31 11 36 15 48 5 16 
2005 28 1 4 13 46 14 50 
Total 124 34 27 45 36 45 36 

 
The Chinese material was very unstable to 
powdery mildew (Table 3). About 70% of the 
forms were susceptible to the pathogen, and in 
1999-2000 the indicator approached 90%, in 
many samples the damage reached the ear and 
even the awns. The samples 97-13, 97-14, 
Xindong 20, Xindong 18, 90-17, 90-109 and 

some others turned out to be relatively resistant 
(score 5-6, at the level of Myronivs’ka 61). In 
2005, under conditions of moderate powdery 
mildew spreading, when the damage was 
medium, not a single sample with high 
resistance was recorded. 

  
Table 3. The characteristic of wheat from China as for plant disease resistance (MIW, 1997-2005) 

Years Phytopathogens 
Number of samples in the groups of pathogen resistance (score) 

high (7-9) medium (5-6) low (2-4) total, pcs. 
pcs. % pcs. % pcs. % 

1997 Powdery mildew 0 0 12 40 18 60 30 
1997 Septoria disease 0 0 16 53 14 47 30 
1999 Powdery mildew 0 0 4 11 31 89 35 
2000 Powdery mildew 0 0 4 13 27 87 31 
2000 Brown rust 1 3 0 0 30 97 31 
2000 Septoria disease 0 0 1 3 30 97 31 
2005 Powdery mildew 0 0 22 78 6 22 28 
2005 Brown rust 0 0 7 25 21 75 28 
2005 Septoria disease 0 0 25 89 3 11 28 
Total  Powdery mildew 0 0 42 34 82 66 124 
Total  Brown rust 1 2 7 12 51 86 59 
Total  Septoria disease 0 0 42 47 47 53 89 

 
The samples were also widely damaged with 
brown rust. Relatively more resistant – at the 
standard level and above were only 12% of 
the forms. The septoria disease damage turned 

out to be less than powdery mildew and brown 
rust and on the average is about 50%, but overall 
this is not a positive assessment. Thus, as for 
resistance to leaf diseases, the studied Chinese 
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rust and on the average is about 50%, but overall 
this is not a positive assessment. Thus, as for 
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assortment was characterized negatively. 
However, it was possible to separate several 
genotypes with phytopathogen resistance. 
Due to precocity, the Chinese wheat stood 
against July droughts under the conditions of 
the MIW and thus it formed a relatively grain 
fillness when another limiting factor didn’t 
influence. In different years, some samples 
formed ears with more than 70 grains, while 
the standard was within the limits of 40-70. 
With a high grain yield, the weight of 1000 
seeds did not exceed 42 g. High variability of 
the ear productivity parameters and low 
coenotic resistance to planting density point at 
a low adaptive capacity studied Chinese 
varieties and breeding forms at the MIW. 
Practically none of the studied forms 
exceeded the standard for yield significantly. 
Probably, the absence of Ukrainian wheat 
germplasm in the studied Chinese assortment 
is the reason of the low adaptive capacity of 
the latter under the conditions of the Right-

Bank Forest-Steppe of Ukraine. It would seem 
that the soil and climatic features of the vast 
areas of wheat in China had a different impact on 
the process of formation and the of the natural 
selection vector. However, in general, the studied 
Chinese wheat assortment quite clearly 
maintained the whole characteristics according 
to the basic breeding features. At the same time, 
early ripening and shortness were the main 
valuable signs of the Chinese wheat. 
At the various stages of the breeding work at the 
MIW there was a significant part of numbers and 
lines of winter wheat, created with the 
participation of the genetic source diversity of 
valuable features from China. For instance, in 
the competitive varieties control, the line 
Lutescens 23449 and the traits Lutescens 32408, 
Lutescens 32948 and Lutescens 32946 created 
with its participation represent the best breeding 
sources, in particular Chinese (Table 4). 
However, these lines could not compete with the 
best traits at the MIW. 

 
Table 4. The line characteristics of the control seed plot obtained with the participation of wheat samples from China 

(MIW, 2006) 
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Kryzhynka Standard 101 7 2 June 7 7 4 4.69 51 
Liutestsens 
35714 

Yu mai 29 / Venera 104 7 2 June 7 5 6 5.88 40 

Erytrospermum 
35706 

Myr.61 / Zhunzo 8131 // 
Myr. 61 

102 7 27 May 6 5 5 5.04 52 

Lutestsens 
34916 

Han "НР 4589/3 / Myr. 
27 / Myr. 29 // Xin 
Dong 20 

86 9 23 May 6 5 4 4.80 53 

Lutestsens 
34915 

Han "НР 4589/3 / Myr. 
27 / Myr. 29 // Xin 
Dong 20 

87 9 23 May 6 5 4 4.78 49 

Lutestsens 
35579 

Zhunzo 8131 / Myr. 62 104 7 2 June 7 5 5 4.68 64 

Erytrospermum 
35596 

Yu mai 29 / 
Erytrospermum 52959 

98 8 2 June 7 6 5 4.52 65 

 ± t0,05 ; Sx (for seed plot) 97 ± 7 8 ± 1 (153 ± 3) 6 ± 1 5 ± 1 5 ± 1 5 ± 0.8 53 ± 12 
Note: Myr. - abbreviation for the variety - Myronivs’ka.  
 

Summarizing the results of research at the MIW, 
it was observed that the main shifts in the 
global wheat breeding were the creation of 
short-stalked forms of the dwarf, semi-dwarf 
type, most numerous in Chinese general 
assortment (Vlasenko, 2008). Problem is the 

breeding for resistance to leaf plant diseases, 
especially against powdery mildew and 
septoria disease. Obviously, the lack of 
germplasm of the Ukrainian assortment in the 
genotypes of China, which were studied in this 
assortment, caused a low adaptive capacity and 

reduced the activity and efficiency of the 
breeding process. The example of successful 
attempts to combine the variety germplasms of 
Ukrainian and foreign breeding, including 
China wheat, is Myronivs’ka 29. The variety 
was originated on the basis of the spring bread 
wheat sample BT-2288 from Tunisia with 
thermal mutagenesis method. The genome 
particle of the original Chinese (Chino 466) 
paternal form in Myronivs’ka 29 variety 

(Figure 1) is 3.13%. Since 1990, the variety 
had passed the State variety testing, which after 
2 years at the originator initiative was removed 
from further testing. However, Myronivs’ka 29 
is a valuable breeding source of short-stemmed, 
early ripening with high varietal ability in 
winter wheat breeding by the method of 
intervarietal form hybridization with different 
types of development. 

 
 

 
Figure 1. Background breeding of bread winter wheat Myronivs’ka 29 

 
Besides, the germplasm presence from China in 
Myronivs’ka 29 variety, in our opinion, 
explains the positive result of its State variety 
testing in several provinces of China (Shansi, 
Hebei, Sinjiang Uygur Autonomous Region 
and others). This variety, as well as 
Myronivs’ka 808 and Kustanayskaya 56, were 
selected in 1996. At that time Du Zhenhua was 

the vice-principle of the Breeding and Plant 
Growing Scientific Research Institute of the 
China Academy Agricultural Sciences, 
officially bought seeds at the MIW and brought 
to China. However, as a result of the State 
variety testing, two other varieties did not show 
competitiveness among the Chinese breeding 
varieties. At the same time, Myronivs’ka 29 
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Due to precocity, the Chinese wheat stood 
against July droughts under the conditions of 
the MIW and thus it formed a relatively grain 
fillness when another limiting factor didn’t 
influence. In different years, some samples 
formed ears with more than 70 grains, while 
the standard was within the limits of 40-70. 
With a high grain yield, the weight of 1000 
seeds did not exceed 42 g. High variability of 
the ear productivity parameters and low 
coenotic resistance to planting density point at 
a low adaptive capacity studied Chinese 
varieties and breeding forms at the MIW. 
Practically none of the studied forms 
exceeded the standard for yield significantly. 
Probably, the absence of Ukrainian wheat 
germplasm in the studied Chinese assortment 
is the reason of the low adaptive capacity of 
the latter under the conditions of the Right-

Bank Forest-Steppe of Ukraine. It would seem 
that the soil and climatic features of the vast 
areas of wheat in China had a different impact on 
the process of formation and the of the natural 
selection vector. However, in general, the studied 
Chinese wheat assortment quite clearly 
maintained the whole characteristics according 
to the basic breeding features. At the same time, 
early ripening and shortness were the main 
valuable signs of the Chinese wheat. 
At the various stages of the breeding work at the 
MIW there was a significant part of numbers and 
lines of winter wheat, created with the 
participation of the genetic source diversity of 
valuable features from China. For instance, in 
the competitive varieties control, the line 
Lutescens 23449 and the traits Lutescens 32408, 
Lutescens 32948 and Lutescens 32946 created 
with its participation represent the best breeding 
sources, in particular Chinese (Table 4). 
However, these lines could not compete with the 
best traits at the MIW. 
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Kryzhynka Standard 101 7 2 June 7 7 4 4.69 51 
Liutestsens 
35714 

Yu mai 29 / Venera 104 7 2 June 7 5 6 5.88 40 

Erytrospermum 
35706 

Myr.61 / Zhunzo 8131 // 
Myr. 61 

102 7 27 May 6 5 5 5.04 52 

Lutestsens 
34916 

Han "НР 4589/3 / Myr. 
27 / Myr. 29 // Xin 
Dong 20 

86 9 23 May 6 5 4 4.80 53 

Lutestsens 
34915 

Han "НР 4589/3 / Myr. 
27 / Myr. 29 // Xin 
Dong 20 

87 9 23 May 6 5 4 4.78 49 

Lutestsens 
35579 

Zhunzo 8131 / Myr. 62 104 7 2 June 7 5 5 4.68 64 

Erytrospermum 
35596 

Yu mai 29 / 
Erytrospermum 52959 

98 8 2 June 7 6 5 4.52 65 

 ± t0,05 ; Sx (for seed plot) 97 ± 7 8 ± 1 (153 ± 3) 6 ± 1 5 ± 1 5 ± 1 5 ± 0.8 53 ± 12 
Note: Myr. - abbreviation for the variety - Myronivs’ka.  
 

Summarizing the results of research at the MIW, 
it was observed that the main shifts in the 
global wheat breeding were the creation of 
short-stalked forms of the dwarf, semi-dwarf 
type, most numerous in Chinese general 
assortment (Vlasenko, 2008). Problem is the 

breeding for resistance to leaf plant diseases, 
especially against powdery mildew and 
septoria disease. Obviously, the lack of 
germplasm of the Ukrainian assortment in the 
genotypes of China, which were studied in this 
assortment, caused a low adaptive capacity and 

reduced the activity and efficiency of the 
breeding process. The example of successful 
attempts to combine the variety germplasms of 
Ukrainian and foreign breeding, including 
China wheat, is Myronivs’ka 29. The variety 
was originated on the basis of the spring bread 
wheat sample BT-2288 from Tunisia with 
thermal mutagenesis method. The genome 
particle of the original Chinese (Chino 466) 
paternal form in Myronivs’ka 29 variety 

(Figure 1) is 3.13%. Since 1990, the variety 
had passed the State variety testing, which after 
2 years at the originator initiative was removed 
from further testing. However, Myronivs’ka 29 
is a valuable breeding source of short-stemmed, 
early ripening with high varietal ability in 
winter wheat breeding by the method of 
intervarietal form hybridization with different 
types of development. 

 
 

 
Figure 1. Background breeding of bread winter wheat Myronivs’ka 29 

 
Besides, the germplasm presence from China in 
Myronivs’ka 29 variety, in our opinion, 
explains the positive result of its State variety 
testing in several provinces of China (Shansi, 
Hebei, Sinjiang Uygur Autonomous Region 
and others). This variety, as well as 
Myronivs’ka 808 and Kustanayskaya 56, were 
selected in 1996. At that time Du Zhenhua was 

the vice-principle of the Breeding and Plant 
Growing Scientific Research Institute of the 
China Academy Agricultural Sciences, 
officially bought seeds at the MIW and brought 
to China. However, as a result of the State 
variety testing, two other varieties did not show 
competitiveness among the Chinese breeding 
varieties. At the same time, Myronivs’ka 29 
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was also used as a new source material in 
breeding programs of Chinese institutions. 
Such continuation of breeding work in the 
future suggests good prospects for combining 
the germplasm of the best Ukrainian and 
Chinese varieties that can ensure their high 
adaptability and the possibility for commercial 
use in Ukraine and the People's Republic of 
China. 
Under the condition of SNAU during 2012-
2016 we had been conducted the study of new 
50 winter wheat samples of the Chinese 
assortment obtained from the expedition 
gatherings in 2005-2012. In these studies, the 
samples were divided into four groups 
according to the length of the vegetation period 
from total germination to total earing. Then the 
standard cultivar (Podolyanka) was of the mid-
ripening type. Its vegetation period was 229 
days. The difference of the vegetation between 
the groups of ripeness in the studied varieties 
by as for time of earing was 4 days. The ultra-
early ripening varieties included samples RS 
412, DF 526, RS 6075, RS 526, RS 6079. Their 

vegetation period was 218 days or less. The 
early ripening varieties included the samples 
with a vegetation period of 219-222 days – RS 
6049, RS 6076, RS 718, RS 6024, RS 6125, RS 
6052, RS 6102, DF 549, DF412, DF 401, DF 
529, DF 549, DF 425, DF 581, Duto 1081, 
Jimai 19, Jimai 22, Lankao 906, Lunxuau 518, 
САO 175, Zhongmai 9, Shixin 733, Shi 4185, 
Jing 411, Shimai 12, Pekin КМS-2012, Jinan 
17. The mid-early ripening varieties included 
the group of samples with a vegetation period 
223-226 days – RS 987, Zhongmai 19, 
Jingdong 8, Longzhong 9, Longzhong 10. 
The group of samples with a vegetation period 
227-230 days was considered as middle-
ripening – RS 6018, NSA 97-2082, Longzhong 
1, Longzhong 2, Longzhong 3, Longzhong 4, 
Longzhong 5, Longzhong 6, Longzhong 7, 
Longzhong 8, Longzhong 11 Longzhong 12. 
As for winter resistance (Table 5), all the 
groups of studied varieties were inferior to the 
standard. The level of winter resistance in the 
introduced varieties was score 6.4-7.9.  

 
Table 5. Characteristics of the Chinese origin varieties as for winter resistance and plant height under the 

condition of SNAU, average 2012-2017 
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Podolyanka, St - 8.0 92.0 - 
Ultra - early 
ripening 

1 3 1 6.4 53.2 42 63 1 - 4 

Mid-ripening 11 1 - 7.9 83.5 55 100 - 9 3 
Mid-early 
ripening 

4 2 - 7.7 68.1 54 86 - 2 4 

Early ripening 11 16 - 7.4 55.0 46 68 6 - 21 
Note:  – arithmetic mean 
 

As for the overwintering the mid-early ripening 
genotypes were not inferior to the standard 
(score<0.1). The early ripening cultivar Lankao 
906 was in excess of the standard as for the 
adaptability to winter conditions. It had the 
highest winter resistance score in the 

experience - 9.0. The lowest winter resistance 
score was found in the ultra-early ripening 
variety RS 6075 - 3.0. In general, under the 
field conditions SNAU, Chinese samples had a 
satisfactory winter resistance compared to the 
standard. At the level of the standard (score 8) 

52% of the studied samples overwintered: 
ultra-early ripening – 2%; early ripening – 20%; 
mid-early ripening – 8%; mid-ripening – 22%. 
According to the plant height breeding trait the 
studied genotypes were also characterized 
positively. Among the Chinese samples, dwarf 
(30-50 cm), semi-dwarf (55-80 cm), and 
medium-grown (81-110 cm) forms were found. 
There were 22% of the studied forms at the 
level of medium grown cultivar Podolyanka. 
64% of the studied samples related to the group 
of semi-dwarf forms. A smaller part (14%) of 
the Chinese assortment under SNAU 
conditions was characterized by dwarfness. 
In our studies, it is affirmed that the realization 
of a high genetic potential of more than 8-10 
t/ha provides varieties with a strong and short 
stem. A direct dependence was observed 
between: the group of ripeness (r = 0.96)  
height of plants (r = 0.78)  winter resistance 
(r = 0.92)  group of ripeness. The varieties 
have a lower plant height and the winter 
resistance score with the vegetation period 
decreasing, According to the results of the 
calculations, the correlation parameter 
approaches +1, which indicates a close 
functional relationship between the studied 
traits. 
With the help of analysis of variance, different 
reaction rates were found in varieties 
depending on the groups of ripeness, resistance 
to diseases and yield when the environmental 
gradient affected to wheat in different years of 
cultivation. Analyzing statistical indicators 
(Figure 2), the significance of factor 
contribution that influenced the manifestation 
of yield and resistance to disease was estimated. 
The genotype and ecological gradient 
influenced the object with a probability close to 
100%, it was indicated by a confidence level 
which was less than 0.02%. It proves that the 
genotype and ecological gradient affect the 
yield and resistance to disease significantly. 
The highest score resistance to powdery 
mildew (more than 6) in mid-early ripening and 
mid-ripening samples (6.5-7.1) was identified 
according to the results of the studied Chinese 
varieties, which were divided into four groups 

of ripeness. Ultra-early ripening and early 
ripening varieties were inferior to the standard 
cultivar Podolyanka with score 0.2-0.3. They 
also had score 0.5-0.6 lower than powdery 
mildew resistance from the experience average 
value. 
A similar situation was observed studying the 
resistance of the studied genotypes to septoria 
disease and brown rust.  
The cultivar Podolyanka (St) was characterized 
by above the average resistance to leaf diseases. 
61.5% of the studied genotypes exceeded the 
standard as for resistance to powdery mildew; 
59% – to brown rust; 46.2% – to septoria 
disease. 
The group of genotype ripeness did not cause 
high resistance to the studied diseases. The 
immune samples resistant to the complex of 
diseases are of a great value. Under the 
conditions of the left-bank part of the Forest-
Steppe of Ukraine, the following genotypes 
were distinguished with a complex resistance: 
mid-ripening – Longzhong 1, Longzhong 7, 
Longzhong 2, Longzhong 4, Longzhong 12, 
Longzhong 3, mid-early ripening – 
Shijiazhuang 8, Zhongmai 19, Longzhong 10; 
early ripening – Jimai 22, Shi 4185, DF 529, 
DF 581, Lankao 906, CAO 175, Shixin 733, 
Zhongmai 9, Shimai 12. These genotypes are of 
interest for further research and may be 
recommended as sources of stable resistance to 
the group of leaf diseases. 
In the studied varieties, the yield by groups 
varied from 6.1 to 7.9 t/ha. The lowest yield 
index was recorded in the group of ultra-early 
genotypes, the highest – in the mid-ripening 
group.  
The average population value of the trait was 
6.4 t/ha. At the same time, the cultivar standard 
had the average yield of 5.9 t/ha. It indicates 
the adaptive optimum yield of wheat 
introduced from China under the conditions of 
the left-bank North-Eastern Forest-Steppe of 
Ukraine. Such value points out a high potential 
for the varieties adaptability to research 
conditions. It should be noted that the groups of 
all varieties exceeded the yield of the standard 
cultivar. 
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was also used as a new source material in 
breeding programs of Chinese institutions. 
Such continuation of breeding work in the 
future suggests good prospects for combining 
the germplasm of the best Ukrainian and 
Chinese varieties that can ensure their high 
adaptability and the possibility for commercial 
use in Ukraine and the People's Republic of 
China. 
Under the condition of SNAU during 2012-
2016 we had been conducted the study of new 
50 winter wheat samples of the Chinese 
assortment obtained from the expedition 
gatherings in 2005-2012. In these studies, the 
samples were divided into four groups 
according to the length of the vegetation period 
from total germination to total earing. Then the 
standard cultivar (Podolyanka) was of the mid-
ripening type. Its vegetation period was 229 
days. The difference of the vegetation between 
the groups of ripeness in the studied varieties 
by as for time of earing was 4 days. The ultra-
early ripening varieties included samples RS 
412, DF 526, RS 6075, RS 526, RS 6079. Their 

vegetation period was 218 days or less. The 
early ripening varieties included the samples 
with a vegetation period of 219-222 days – RS 
6049, RS 6076, RS 718, RS 6024, RS 6125, RS 
6052, RS 6102, DF 549, DF412, DF 401, DF 
529, DF 549, DF 425, DF 581, Duto 1081, 
Jimai 19, Jimai 22, Lankao 906, Lunxuau 518, 
САO 175, Zhongmai 9, Shixin 733, Shi 4185, 
Jing 411, Shimai 12, Pekin КМS-2012, Jinan 
17. The mid-early ripening varieties included 
the group of samples with a vegetation period 
223-226 days – RS 987, Zhongmai 19, 
Jingdong 8, Longzhong 9, Longzhong 10. 
The group of samples with a vegetation period 
227-230 days was considered as middle-
ripening – RS 6018, NSA 97-2082, Longzhong 
1, Longzhong 2, Longzhong 3, Longzhong 4, 
Longzhong 5, Longzhong 6, Longzhong 7, 
Longzhong 8, Longzhong 11 Longzhong 12. 
As for winter resistance (Table 5), all the 
groups of studied varieties were inferior to the 
standard. The level of winter resistance in the 
introduced varieties was score 6.4-7.9.  
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condition of SNAU, average 2012-2017 

Group of varieties 
according to the 

vegetation season 

Number of winter wheat 
samples (pcs.) 

according to the level of winter 
resistance  

 
in group 
(score) 

Plant height, сm 

sc
or

e 
9-

8 

sc
or

e 
7-

6 

sc
or

e 
be

lo
w

 4
 

 
according 
to groups 

Limits 
 

Number of samples 
according to groups 

(pcs) 
min max 

dw
ar

f 

se
m

i-d
w

ar
f  

gr
ow

th
 m

ed
iu

m
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1 3 1 6.4 53.2 42 63 1 - 4 

Mid-ripening 11 1 - 7.9 83.5 55 100 - 9 3 
Mid-early 
ripening 

4 2 - 7.7 68.1 54 86 - 2 4 

Early ripening 11 16 - 7.4 55.0 46 68 6 - 21 
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As for the overwintering the mid-early ripening 
genotypes were not inferior to the standard 
(score<0.1). The early ripening cultivar Lankao 
906 was in excess of the standard as for the 
adaptability to winter conditions. It had the 
highest winter resistance score in the 

experience - 9.0. The lowest winter resistance 
score was found in the ultra-early ripening 
variety RS 6075 - 3.0. In general, under the 
field conditions SNAU, Chinese samples had a 
satisfactory winter resistance compared to the 
standard. At the level of the standard (score 8) 

52% of the studied samples overwintered: 
ultra-early ripening – 2%; early ripening – 20%; 
mid-early ripening – 8%; mid-ripening – 22%. 
According to the plant height breeding trait the 
studied genotypes were also characterized 
positively. Among the Chinese samples, dwarf 
(30-50 cm), semi-dwarf (55-80 cm), and 
medium-grown (81-110 cm) forms were found. 
There were 22% of the studied forms at the 
level of medium grown cultivar Podolyanka. 
64% of the studied samples related to the group 
of semi-dwarf forms. A smaller part (14%) of 
the Chinese assortment under SNAU 
conditions was characterized by dwarfness. 
In our studies, it is affirmed that the realization 
of a high genetic potential of more than 8-10 
t/ha provides varieties with a strong and short 
stem. A direct dependence was observed 
between: the group of ripeness (r = 0.96)  
height of plants (r = 0.78)  winter resistance 
(r = 0.92)  group of ripeness. The varieties 
have a lower plant height and the winter 
resistance score with the vegetation period 
decreasing, According to the results of the 
calculations, the correlation parameter 
approaches +1, which indicates a close 
functional relationship between the studied 
traits. 
With the help of analysis of variance, different 
reaction rates were found in varieties 
depending on the groups of ripeness, resistance 
to diseases and yield when the environmental 
gradient affected to wheat in different years of 
cultivation. Analyzing statistical indicators 
(Figure 2), the significance of factor 
contribution that influenced the manifestation 
of yield and resistance to disease was estimated. 
The genotype and ecological gradient 
influenced the object with a probability close to 
100%, it was indicated by a confidence level 
which was less than 0.02%. It proves that the 
genotype and ecological gradient affect the 
yield and resistance to disease significantly. 
The highest score resistance to powdery 
mildew (more than 6) in mid-early ripening and 
mid-ripening samples (6.5-7.1) was identified 
according to the results of the studied Chinese 
varieties, which were divided into four groups 

of ripeness. Ultra-early ripening and early 
ripening varieties were inferior to the standard 
cultivar Podolyanka with score 0.2-0.3. They 
also had score 0.5-0.6 lower than powdery 
mildew resistance from the experience average 
value. 
A similar situation was observed studying the 
resistance of the studied genotypes to septoria 
disease and brown rust.  
The cultivar Podolyanka (St) was characterized 
by above the average resistance to leaf diseases. 
61.5% of the studied genotypes exceeded the 
standard as for resistance to powdery mildew; 
59% – to brown rust; 46.2% – to septoria 
disease. 
The group of genotype ripeness did not cause 
high resistance to the studied diseases. The 
immune samples resistant to the complex of 
diseases are of a great value. Under the 
conditions of the left-bank part of the Forest-
Steppe of Ukraine, the following genotypes 
were distinguished with a complex resistance: 
mid-ripening – Longzhong 1, Longzhong 7, 
Longzhong 2, Longzhong 4, Longzhong 12, 
Longzhong 3, mid-early ripening – 
Shijiazhuang 8, Zhongmai 19, Longzhong 10; 
early ripening – Jimai 22, Shi 4185, DF 529, 
DF 581, Lankao 906, CAO 175, Shixin 733, 
Zhongmai 9, Shimai 12. These genotypes are of 
interest for further research and may be 
recommended as sources of stable resistance to 
the group of leaf diseases. 
In the studied varieties, the yield by groups 
varied from 6.1 to 7.9 t/ha. The lowest yield 
index was recorded in the group of ultra-early 
genotypes, the highest – in the mid-ripening 
group.  
The average population value of the trait was 
6.4 t/ha. At the same time, the cultivar standard 
had the average yield of 5.9 t/ha. It indicates 
the adaptive optimum yield of wheat 
introduced from China under the conditions of 
the left-bank North-Eastern Forest-Steppe of 
Ukraine. Such value points out a high potential 
for the varieties adaptability to research 
conditions. It should be noted that the groups of 
all varieties exceeded the yield of the standard 
cultivar. 
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  Resistance to the diseases Grain yield. t/ha 
 according to 

groups 
powdery 
mildew septoria  brown rust 

Genotype influence  0.54 / 0.00 0.47 / 0.00 0.69 / 0.00 0.36 / 0.00 
LSD05 / p Eco-gradient influence 0.18 / 0.00 0.16 / 0.00 0.23 / 0.02 0.12 / 0.00 

Interaction  
eco-gradient + genotype 

0.93 / 0.94 0.82 / 0.77 1.19 / 0.99 0.63 / 0.36 

Figure 2. Characteristics of the Chinese origin varieties as for resistance to the leaf diseases and crop yield under the 
condition of North-East Forest-Steppe of Ukraine, average 2012-2017 

 
In addition, mid-ripening genotypes exceeded 
the average population value by 2 t/ha.  
Among the studied samples in the early 
ripening – Jimai 19, DF 529; mid-early 
ripening – Jingdong 8, Longzhong 10, 
Shijiazhuang 8; mid-ripening – Longzhong 2, 
Longzhong 4, Longzhong 3, Longzhong 7, 
Longzhong 8, NSA 97-2082, Longzhong 5, 
Longzhong 11, Longzhong 12 the yield was 
significantly better in comparison with the 
standard. Selected varieties can be 
recommended for use in further experiments 
and the participation in the breeding process as 
sources of high yields. 
As a result of the research, sources with a 
complex of valuable breeding properties were 
identified (Figure 3). 

According to the plant height the selected 
samples belong to the groups of medium grown 
and semi-dwarf varieties. They showed 
complex resistance to adverse factors and had a 
high yield index. In total, 16% of the studied 
varieties were allocated, the early-ripening – 
DF529, the mid-early ripening – Shijiazhuang 
8, the mid-ripening – Longzhong 10, 
Longzhong 2, Longzhong 4, Longzhong 7, 
Longzhong 12, Longzhong 3. 
Lonzhong genotypes introduced from Gansu 
province, which is geographically located on 
platform II of the Chinese relief; according to 
the agricultural and climatic conditions it is 
closest to Ukrainian ones. The research results 
indicate that the genotype ability to adapt to a 
specific soil and climatic zone is the limiting 
factor of productivity. 

 
 

8.6

7.1 7.2

8.5 8.5

7.4

8.7

6.6 6.5 6.5 6.7

7.6

6.5

8.5 8.4 8.5

6.5
7.0

8.5

6.36.1
6.5

5.5

7.0
6.36.1

7.3

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

Pod
oly

an
ka

Shij
ra 

zh
ua

ng
 8

DF52
9

Lon
gz

ho
ng

  2

Lon
gz

ho
ng

  3

Lon
gz

ho
ng

  4

Lon
gz

ho
ng

  7

Lon
gz

ho
ng

  1
0

Lon
gz

ho
ng

  1
2

Re
sis

ta
ns

e 
(s

co
re

)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

t/h
a;

 w
in

te
r r

es
os

ta
ce

 (s
co

re
)

Mildew Septoria Brown rust Winter resostace (score) Grain yield, t/ha

 
Figure 3. Wheat varieties of Chinese origin are sources of a valuable breeding complex properties (SNAU, average 

2012-2016) 

The obtained research results confirm the 
breeding value of the Chinese origin varieties. 
Introduced genotypes serve as donors of 
positive traits, that may appear when 
combining the wheat germplasms of Ukraine 
and China through hybridization. 
Ukrainian breeders studying winter bread 
wheat and spring wheat forms introduced from 
China obtained both positive and negative 
results (Vlasenko et al., 2004; Vlasenko, 2008). 
It was defined that winter and frost resistance, 
the vegetation period, and the disease 
resistance are the main limiting factors under 
the condition of the right-bank central Forest-
Steppe of Ukraine in the structure of the 
adaptive potential of winter wheat varieties. 
They determine the direction of breeding 
(Kolomiiets, 2007, Kolomiiets et al., 2018). 
According to literary sources (Vlasenko et al., 
2018), under the conditions of the north-eastern 
Forest-Steppe of Ukraine, the Chinese wheat 

assortment is characterized by a positive 
adaptive capacity. The studied samples 
approved themselves as the highly intensive (bi 
= 0.9-1.4) and extensive varieties (bi = 0.3-4.5 
with a “minus’ sign” in the growing region. 
High stability (S2

di = 0.2) and homeostatism 
(Hom = 54.5-868.4) of the samples were also 
found under the studied conditions. It is 
valuable for breeding practice that most 
varieties of Chinese wheat contain in their 
genotype 1BL/1RS translocation. These 
varieties are carriers of the Pm8 resistance gene 
and they are highly virulent to the powdery 
mildew population and have a stable (up to 
94%) resistance manifestation (Wang et al., 
2005). The studies show that translocation 
sources of different genetic and geographical 
origin are used worldwide in breeding 
programs to increase productivity, adaptability, 
and resistance to diseases and pests (Rona 
Mahmud et al., 2018). 
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  Resistance to the diseases Grain yield. t/ha 
 according to 

groups 
powdery 
mildew septoria  brown rust 

Genotype influence  0.54 / 0.00 0.47 / 0.00 0.69 / 0.00 0.36 / 0.00 
LSD05 / p Eco-gradient influence 0.18 / 0.00 0.16 / 0.00 0.23 / 0.02 0.12 / 0.00 

Interaction  
eco-gradient + genotype 

0.93 / 0.94 0.82 / 0.77 1.19 / 0.99 0.63 / 0.36 

Figure 2. Characteristics of the Chinese origin varieties as for resistance to the leaf diseases and crop yield under the 
condition of North-East Forest-Steppe of Ukraine, average 2012-2017 

 
In addition, mid-ripening genotypes exceeded 
the average population value by 2 t/ha.  
Among the studied samples in the early 
ripening – Jimai 19, DF 529; mid-early 
ripening – Jingdong 8, Longzhong 10, 
Shijiazhuang 8; mid-ripening – Longzhong 2, 
Longzhong 4, Longzhong 3, Longzhong 7, 
Longzhong 8, NSA 97-2082, Longzhong 5, 
Longzhong 11, Longzhong 12 the yield was 
significantly better in comparison with the 
standard. Selected varieties can be 
recommended for use in further experiments 
and the participation in the breeding process as 
sources of high yields. 
As a result of the research, sources with a 
complex of valuable breeding properties were 
identified (Figure 3). 

According to the plant height the selected 
samples belong to the groups of medium grown 
and semi-dwarf varieties. They showed 
complex resistance to adverse factors and had a 
high yield index. In total, 16% of the studied 
varieties were allocated, the early-ripening – 
DF529, the mid-early ripening – Shijiazhuang 
8, the mid-ripening – Longzhong 10, 
Longzhong 2, Longzhong 4, Longzhong 7, 
Longzhong 12, Longzhong 3. 
Lonzhong genotypes introduced from Gansu 
province, which is geographically located on 
platform II of the Chinese relief; according to 
the agricultural and climatic conditions it is 
closest to Ukrainian ones. The research results 
indicate that the genotype ability to adapt to a 
specific soil and climatic zone is the limiting 
factor of productivity. 
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Figure 3. Wheat varieties of Chinese origin are sources of a valuable breeding complex properties (SNAU, average 

2012-2016) 

The obtained research results confirm the 
breeding value of the Chinese origin varieties. 
Introduced genotypes serve as donors of 
positive traits, that may appear when 
combining the wheat germplasms of Ukraine 
and China through hybridization. 
Ukrainian breeders studying winter bread 
wheat and spring wheat forms introduced from 
China obtained both positive and negative 
results (Vlasenko et al., 2004; Vlasenko, 2008). 
It was defined that winter and frost resistance, 
the vegetation period, and the disease 
resistance are the main limiting factors under 
the condition of the right-bank central Forest-
Steppe of Ukraine in the structure of the 
adaptive potential of winter wheat varieties. 
They determine the direction of breeding 
(Kolomiiets, 2007, Kolomiiets et al., 2018). 
According to literary sources (Vlasenko et al., 
2018), under the conditions of the north-eastern 
Forest-Steppe of Ukraine, the Chinese wheat 

assortment is characterized by a positive 
adaptive capacity. The studied samples 
approved themselves as the highly intensive (bi 
= 0.9-1.4) and extensive varieties (bi = 0.3-4.5 
with a “minus’ sign” in the growing region. 
High stability (S2

di = 0.2) and homeostatism 
(Hom = 54.5-868.4) of the samples were also 
found under the studied conditions. It is 
valuable for breeding practice that most 
varieties of Chinese wheat contain in their 
genotype 1BL/1RS translocation. These 
varieties are carriers of the Pm8 resistance gene 
and they are highly virulent to the powdery 
mildew population and have a stable (up to 
94%) resistance manifestation (Wang et al., 
2005). The studies show that translocation 
sources of different genetic and geographical 
origin are used worldwide in breeding 
programs to increase productivity, adaptability, 
and resistance to diseases and pests (Rona 
Mahmud et al., 2018). 
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So, the breeding value of winter bread wheat 
varieties the Chinese origin is beyond doubt. 
The results of research by various scientists 
(Sun et al., 2009, Li-feng et al., 2014, Shulin et 
al., 2018), including scientists from SNAU 
showed that in order to originate new and more 
adapted to the environment varieties the 
breeders should provide the advantage to the 
Chinese assortment. 
 
CONCLUSIONS  
 
124 samples of Chinese wheat assortment were 
investigated under the conditions of the right-
bank Forest-Steppe of Ukraine (1997-2005). 
Some of them remain as the sources of 
breeding and valuable traits for the modern 
assortment creation today. It is confirmed by 
the results of Ukrainian breeders’ work. 
Relatively satisfactory winter resistance 
(overwintered with a score 7-9) was 
distinguished in such samples: Jimai 24, Jimai 
30, 97-13, 97-46, Dunfen 1, Handan 4564, 
FAN 20, Yumai 14, 89 Zhong 108, 89 Zhong 2. 
A large number of the studied samples 
maintained their biological peculiarity – early 
ripening and dwarfness.  
Under the conditions of the left-bank Forest-
Steppe of Ukraine (2012-2016) 50 new wheat 
varieties of Chinese origin were studied: ultra-
early ripening – 10%; early ripening – 54%; 
med-early ripening – 12%; mid-ripening – 24%. 
All studied samples were distinguished by 
comparatively satisfactory winter resistance, 
the level of the index – score 6.4-7.9. 16% of 
the studied genotypes – Longzhong 2, 
Longzhong 3, DF529, Longzhong 4, 
Longzhong 7, Shijiazhuang 8, Longzhong 10, 
Longzhong 12, were characterized by high 
resistance to overwintering, leaf diseases and 
crop yields. Comparing the obtained results, it 
was searched out that under the conditions of 
the left-bank Forest-Steppe of Ukraine the 
Chinese assortment realized its genetic 
potential better. 
The advanced continuation of the research is 
the assessment of genotypes that can provide in 
Ukraine the best adaptability and high level of 
the genetic potential realization of the grain 
productivity. This potential will follow the 
breeding requirements to the source material 
and prospects of its success as sources and 

donors of signs that appear when combining 
germplasms by hybridization. 
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So, the breeding value of winter bread wheat 
varieties the Chinese origin is beyond doubt. 
The results of research by various scientists 
(Sun et al., 2009, Li-feng et al., 2014, Shulin et 
al., 2018), including scientists from SNAU 
showed that in order to originate new and more 
adapted to the environment varieties the 
breeders should provide the advantage to the 
Chinese assortment. 
 
CONCLUSIONS  
 
124 samples of Chinese wheat assortment were 
investigated under the conditions of the right-
bank Forest-Steppe of Ukraine (1997-2005). 
Some of them remain as the sources of 
breeding and valuable traits for the modern 
assortment creation today. It is confirmed by 
the results of Ukrainian breeders’ work. 
Relatively satisfactory winter resistance 
(overwintered with a score 7-9) was 
distinguished in such samples: Jimai 24, Jimai 
30, 97-13, 97-46, Dunfen 1, Handan 4564, 
FAN 20, Yumai 14, 89 Zhong 108, 89 Zhong 2. 
A large number of the studied samples 
maintained their biological peculiarity – early 
ripening and dwarfness.  
Under the conditions of the left-bank Forest-
Steppe of Ukraine (2012-2016) 50 new wheat 
varieties of Chinese origin were studied: ultra-
early ripening – 10%; early ripening – 54%; 
med-early ripening – 12%; mid-ripening – 24%. 
All studied samples were distinguished by 
comparatively satisfactory winter resistance, 
the level of the index – score 6.4-7.9. 16% of 
the studied genotypes – Longzhong 2, 
Longzhong 3, DF529, Longzhong 4, 
Longzhong 7, Shijiazhuang 8, Longzhong 10, 
Longzhong 12, were characterized by high 
resistance to overwintering, leaf diseases and 
crop yields. Comparing the obtained results, it 
was searched out that under the conditions of 
the left-bank Forest-Steppe of Ukraine the 
Chinese assortment realized its genetic 
potential better. 
The advanced continuation of the research is 
the assessment of genotypes that can provide in 
Ukraine the best adaptability and high level of 
the genetic potential realization of the grain 
productivity. This potential will follow the 
breeding requirements to the source material 
and prospects of its success as sources and 

donors of signs that appear when combining 
germplasms by hybridization. 
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Abstract 
 
Crop yields are mostly dependent on the climatic conditions and structural indexes where perennial and annual herbs 
have special value as previous crops. White melilot is an important annual herb that should be introduced into the crop 
rotations of the Steppe zone. Seed productivity of white melilot depends on a number of factors including the growth 
conditions and features of the cultivated variety. The best results in the increase of seed productivity of the crop could be 
achieved by the optimal agrotechnological and chemical measures of weed management herewith the application of 
herbicides is characterized with the highest efficiency. The three-year study was conducted in the conditions of the 
Steppe zone of Ukraine on the dark-chestnut soil to determine the best option for chemical weed management in the 
crops of white melilot. It was determined that the highest seed productivity of the crop with the average seed yield of 
840.0 kg/ha and best sowing qualities of the obtained seeds (the energy of sprouting of 81%, seedling rate of 85%, 1000 
seeds weight of 2.06 g) were achieved on the variant with application of herbicide Pulsar 40 (active substance 
imazamox, 40 g/l) in the dose of 1.0 l/ha. Therefore, we recommend the utilization of imazamox-based herbicide for 
weed management in the crops of white melilot under its cultivation in the conditions of the Steppe zone. 
 
Key words: herbicide, seed productivity, sowing qualities, white melilot. 
 
INTRODUCTION 
 
White melilot (Melilotus albus Desr.) is a 
valuable annual or biennial legume herb, which 
is an important component of crop rotations. 
However, there is only a few scientific studies 
dedicated to the peculiarities of the crop’s 
growth and development, and some of them 
were conducted for the biennial species of the 
plant (Martin, 1934). Besides, some studies 
even report about the crop as a weed, which is 
common in the cotton crops (Rajput et al., 
2008). We do not agree with such an opinion on 
white melilot, especially, taking into account 
the long-term benefits provided by the crop 
introduction on the lands of the Steppe zone. 
The crop is a valuable source of high-
qualitative forage for cattle (Yisehak, 2008), 
and an important source of organic matter for 
the degraded and deteriorated soils (Maynard, 
1917). 
Cultivation technology of white melilot is 
studied insufficiently. We lack scientific 
knowledge on a number of important 

technological questions of the crop cultivation. 
Furthermore, we know very little about the 
peculiarities of weed management in the crops 
of white melilot. 
Taking into account insufficient efficiency of 
mechanical measures of weed control, most 
high-developed countries use pre-plant, pre-
emergence and post-emergence herbicides to 
control weeds. Active substances of these 
products penetrate into the weeds’ tissues 
through their roots and stomata that cause 
poisoning and death without any harm to the 
cultivated crop (Tsykov et al., 2012).  
Weeds in the white melilot crops can dominate 
that will cause a negative effect on the seed 
productivity and sowing qualities of the seeds 
in the future. 
Sowing qualities characterize the seed material 
as a mean of production and its suitability for 
usage in production conditions to obtain a high 
yield of the crop. They include the energy of 
sprouting, seedling rate, varietal pureness, seed 
moisture, 1000 seeds weight, contamination 
with insects, quarantine weeds and infestation 

by diseases (Havryliuk et al., 2002; Harker et 
al., 2012). 
Therefore, the necessity in the determination of 
the efficiency of herbicides Treflan 480 
(trifluralin, 480 g/l of the active substance) and 
Pulsar 40 (imazamox, 40 g/l of the active 
substance) in different doses of application has 
been considered. Besides, their influence on the 
seed productivity and sowing qualities of white 
melilot seeds of Pivdennyi variety were studied 
in the conditions of Southern Steppe of 
Ukraine. 
 
MATERIALS AND METHODS 
 
The study was carried out at the experimental 
field of the Institute of Irrigated Agriculture 
NAAS (46°44′33″N, 32°42′28″E, 60 m above 
the sea level) in 2015-2017 with accordance 
with the generally accepted methodology of 
experimental work of the Scientific Program 
No. 22 “Scientific bases of production, storage 
and usage of forage for obtaining competitive 
products of stockbreeding («Forage and forage 
protein»)” (Dospekhov, 1985; Yeshchenko et 
al., 2005; Ushkarenko et al., 2008; Vozhehova 
et al., 2014). The soil of the experimental plot 
was dark-chestnut, middle-loamy, which is 
typical for the irrigated lands of Southern 
Steppe of Ukraine. Humus layer was 47-52 cm 
and it was characterized with high looseness, 
adhesion, and tendency to overcrusting that is 
connected to its natural salinity and narrow 
Са2+ and Мg2+ ratio of 2.5-2.8. Besides, the soil 
is characterized with high bulk density after 
drying, and low water permeability. The total 
porosity in the soil layer of 0-40 cm was 47%. 
The water-holding capacity of the 0-70 cm soil 
layer was 22.0%, and the wilting point was 
fixed at 9.54% of moisture content to the dry 
mass. The bulk density of the soil was 1.41 
g/cm3. Humus content in the arable soil layer 
was 2.2%. The average content of nitrate 
nitrogen in the soil layer of 0-50 cm was 18 
mg/1 kg of soil; the content of mobile 
phosphorus was 37, the content of 
exchangeable potassium was 332 mg/1 kg of 
soil, respectively. 
Climate of the zone is characterized as semi-
arid, moderately continental, comparatively dry 
and hot, with a strong tendency to warming 

(Lykhovyd, 2018). Weather conditions in the 
years of the field trials are presented in Table 1. 
Winter of 2014-2015 was characterized by 
frequent precipitations. At the end of December 
the amount of precipitation was 124.5 mm that 
caused oversaturation of the soil with water. 
This led to ice crusting of the soil on some 
experimental plots in the first decade of 
January 2015. The soil was frosted to the depth 
of 40 cm. The weather of 2015 was unstable. It 
was characterized by high daily fluctuations of 
air temperature (within 15-20ºC) and high 
amount of precipitations. In March 55.7 mm of 
precipitations were recorded. Stable warming 
of the weather was observed from the third 
decade of April, which had the average month 
air temperature of 9.3ºC. Important 
precipitations were recorded in April (68.8 
mm), while the average norm for this month is 
just 33.0 mm. May was warm (average air 
temperature of 19.6ºC) and humid 
(precipitation amount of 86.9 mm). The 
summer period of 2015 was moderately hot, 
with unstable precipitation distribution by 
showers. The total rainfall amount was 155.0 
mm, average air temperature of the summer 
was 22.5-22.9ºC with several days with 
increase of the index up to 38.6ºC. August was 
dry and hot. September was warm and very dry 
(just 4.6 mm of rainfall). The autumn period of 
white melilot vegetation was warm and 
comparatively dry. 
The winter of 2015-2016 was cold and wet. 
However, the third decade of February was 
abnormally warm (air temperature increased to 
13ºC) and dry. March of 2016 was warm but 
dry (with rainfall of 19.5 mm). There was a 
steep increase of air temperatures up to 15-
25ºC in April accompanied by the rainfall of 
56.8 mm. The average air temperature in May 
was 16.1ºC, precipitation amounts reached 71.7 
mm. The summer of 2016 was very hot and 
dry, with periods of air temperature increase to 
38ºC. This caused an oppression to the plants 
of white melilot. September was comparatively 
warm (air temperature of 18.7-22.0ºC) and dry. 
The winter of 2016-2017 was comparatively 
warm (average air temperature of 2.9ºC) with 
precipitation amounts of 74.3 mm. March of 
2017 was dry, with only 5.1 mm of rainfall. 
April was characterized by the average air 
temperature of 9.3ºC and sufficient rainfall. 
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Abstract 
 
Crop yields are mostly dependent on the climatic conditions and structural indexes where perennial and annual herbs 
have special value as previous crops. White melilot is an important annual herb that should be introduced into the crop 
rotations of the Steppe zone. Seed productivity of white melilot depends on a number of factors including the growth 
conditions and features of the cultivated variety. The best results in the increase of seed productivity of the crop could be 
achieved by the optimal agrotechnological and chemical measures of weed management herewith the application of 
herbicides is characterized with the highest efficiency. The three-year study was conducted in the conditions of the 
Steppe zone of Ukraine on the dark-chestnut soil to determine the best option for chemical weed management in the 
crops of white melilot. It was determined that the highest seed productivity of the crop with the average seed yield of 
840.0 kg/ha and best sowing qualities of the obtained seeds (the energy of sprouting of 81%, seedling rate of 85%, 1000 
seeds weight of 2.06 g) were achieved on the variant with application of herbicide Pulsar 40 (active substance 
imazamox, 40 g/l) in the dose of 1.0 l/ha. Therefore, we recommend the utilization of imazamox-based herbicide for 
weed management in the crops of white melilot under its cultivation in the conditions of the Steppe zone. 
 
Key words: herbicide, seed productivity, sowing qualities, white melilot. 
 
INTRODUCTION 
 
White melilot (Melilotus albus Desr.) is a 
valuable annual or biennial legume herb, which 
is an important component of crop rotations. 
However, there is only a few scientific studies 
dedicated to the peculiarities of the crop’s 
growth and development, and some of them 
were conducted for the biennial species of the 
plant (Martin, 1934). Besides, some studies 
even report about the crop as a weed, which is 
common in the cotton crops (Rajput et al., 
2008). We do not agree with such an opinion on 
white melilot, especially, taking into account 
the long-term benefits provided by the crop 
introduction on the lands of the Steppe zone. 
The crop is a valuable source of high-
qualitative forage for cattle (Yisehak, 2008), 
and an important source of organic matter for 
the degraded and deteriorated soils (Maynard, 
1917). 
Cultivation technology of white melilot is 
studied insufficiently. We lack scientific 
knowledge on a number of important 

technological questions of the crop cultivation. 
Furthermore, we know very little about the 
peculiarities of weed management in the crops 
of white melilot. 
Taking into account insufficient efficiency of 
mechanical measures of weed control, most 
high-developed countries use pre-plant, pre-
emergence and post-emergence herbicides to 
control weeds. Active substances of these 
products penetrate into the weeds’ tissues 
through their roots and stomata that cause 
poisoning and death without any harm to the 
cultivated crop (Tsykov et al., 2012).  
Weeds in the white melilot crops can dominate 
that will cause a negative effect on the seed 
productivity and sowing qualities of the seeds 
in the future. 
Sowing qualities characterize the seed material 
as a mean of production and its suitability for 
usage in production conditions to obtain a high 
yield of the crop. They include the energy of 
sprouting, seedling rate, varietal pureness, seed 
moisture, 1000 seeds weight, contamination 
with insects, quarantine weeds and infestation 

by diseases (Havryliuk et al., 2002; Harker et 
al., 2012). 
Therefore, the necessity in the determination of 
the efficiency of herbicides Treflan 480 
(trifluralin, 480 g/l of the active substance) and 
Pulsar 40 (imazamox, 40 g/l of the active 
substance) in different doses of application has 
been considered. Besides, their influence on the 
seed productivity and sowing qualities of white 
melilot seeds of Pivdennyi variety were studied 
in the conditions of Southern Steppe of 
Ukraine. 
 
MATERIALS AND METHODS 
 
The study was carried out at the experimental 
field of the Institute of Irrigated Agriculture 
NAAS (46°44′33″N, 32°42′28″E, 60 m above 
the sea level) in 2015-2017 with accordance 
with the generally accepted methodology of 
experimental work of the Scientific Program 
No. 22 “Scientific bases of production, storage 
and usage of forage for obtaining competitive 
products of stockbreeding («Forage and forage 
protein»)” (Dospekhov, 1985; Yeshchenko et 
al., 2005; Ushkarenko et al., 2008; Vozhehova 
et al., 2014). The soil of the experimental plot 
was dark-chestnut, middle-loamy, which is 
typical for the irrigated lands of Southern 
Steppe of Ukraine. Humus layer was 47-52 cm 
and it was characterized with high looseness, 
adhesion, and tendency to overcrusting that is 
connected to its natural salinity and narrow 
Са2+ and Мg2+ ratio of 2.5-2.8. Besides, the soil 
is characterized with high bulk density after 
drying, and low water permeability. The total 
porosity in the soil layer of 0-40 cm was 47%. 
The water-holding capacity of the 0-70 cm soil 
layer was 22.0%, and the wilting point was 
fixed at 9.54% of moisture content to the dry 
mass. The bulk density of the soil was 1.41 
g/cm3. Humus content in the arable soil layer 
was 2.2%. The average content of nitrate 
nitrogen in the soil layer of 0-50 cm was 18 
mg/1 kg of soil; the content of mobile 
phosphorus was 37, the content of 
exchangeable potassium was 332 mg/1 kg of 
soil, respectively. 
Climate of the zone is characterized as semi-
arid, moderately continental, comparatively dry 
and hot, with a strong tendency to warming 

(Lykhovyd, 2018). Weather conditions in the 
years of the field trials are presented in Table 1. 
Winter of 2014-2015 was characterized by 
frequent precipitations. At the end of December 
the amount of precipitation was 124.5 mm that 
caused oversaturation of the soil with water. 
This led to ice crusting of the soil on some 
experimental plots in the first decade of 
January 2015. The soil was frosted to the depth 
of 40 cm. The weather of 2015 was unstable. It 
was characterized by high daily fluctuations of 
air temperature (within 15-20ºC) and high 
amount of precipitations. In March 55.7 mm of 
precipitations were recorded. Stable warming 
of the weather was observed from the third 
decade of April, which had the average month 
air temperature of 9.3ºC. Important 
precipitations were recorded in April (68.8 
mm), while the average norm for this month is 
just 33.0 mm. May was warm (average air 
temperature of 19.6ºC) and humid 
(precipitation amount of 86.9 mm). The 
summer period of 2015 was moderately hot, 
with unstable precipitation distribution by 
showers. The total rainfall amount was 155.0 
mm, average air temperature of the summer 
was 22.5-22.9ºC with several days with 
increase of the index up to 38.6ºC. August was 
dry and hot. September was warm and very dry 
(just 4.6 mm of rainfall). The autumn period of 
white melilot vegetation was warm and 
comparatively dry. 
The winter of 2015-2016 was cold and wet. 
However, the third decade of February was 
abnormally warm (air temperature increased to 
13ºC) and dry. March of 2016 was warm but 
dry (with rainfall of 19.5 mm). There was a 
steep increase of air temperatures up to 15-
25ºC in April accompanied by the rainfall of 
56.8 mm. The average air temperature in May 
was 16.1ºC, precipitation amounts reached 71.7 
mm. The summer of 2016 was very hot and 
dry, with periods of air temperature increase to 
38ºC. This caused an oppression to the plants 
of white melilot. September was comparatively 
warm (air temperature of 18.7-22.0ºC) and dry. 
The winter of 2016-2017 was comparatively 
warm (average air temperature of 2.9ºC) with 
precipitation amounts of 74.3 mm. March of 
2017 was dry, with only 5.1 mm of rainfall. 
April was characterized by the average air 
temperature of 9.3ºC and sufficient rainfall. 
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May was quite typical in the weather conditions 
for the zone, with 25.6 mm of rainfall. The 
summer was very hot and dry, with average air 
temperatures of 26-29ºC, with short periods 

with temperature increases up to 36.8-40.0ºC. 
Total precipitation amounts of the period 
averaged 54.9 mm. 

 
Table 1. Meteorological parameters during the years of the study (2015-2017) 

2015 2016 2017 Months 
AT, ºС AH, % PA, mm AT, ◦ ºС AH, % PA, mm AT, ◦ ºС AH, % PA, mm 

-0.4 92 39.8 -3.6 89 67.3 -4.7 85 27.5 January 
0.8 85 47.4 4.0 85 30.9 -0.8 84 20.3 February 
5.2 78 55.7 6.3 78 19.5 7.0 73 5.1 March 
9.3 75 68.8 12.6 71 56.8 9.3 72 87.9 April 

17.0 69 86.9 16.1 76 71.7 16.3 64 25.6 May 
20.0 73 38.3 22.1 68 43.0 22.0 61 10.3 June 
23.4 69 104.6 24.4 58 46.3 23.4 60 39.8 July 
24.2 49 12.1 24.7 59 26.7 25.4 51 4.8 August 
20.9 60 4.6 18.0 63 33.2 19.9 61 0.7 September 
9.4 70 18.6 8.4 80 74.4 11.3 76 12.0 October 
7.3 86 44.2 4.0 87 34.2 5.4 87 40.6 November 
2.3 86 2.1 -1.2 86 26.5 5.9 87 35.4 December 

12.2 72.0 364.2 11.3 75.0 530.3 11.7 71.8 310.0 Annual 
Note: AT - air temperature, AH - air humidity, PA - precipitation amounts. 
 
We carried out a double-factor field trial in four 
replicates using the randomized plot design 
method. The total area of the experiment was 
900 m2, and the area of the single plot was      
24 m2. 
We used an annual variety of white melilot 
(Melilotus albus Desr.) Pivdennyi, which was 
created by the Institute of Irrigated Agriculture 
NAAS. The design of the study foresaw the 
application of preemergence herbicide Treflan 
480 in doses of 1.5, 2.5, 3.0, and 4.0 l/ha, and 
postemergence herbicide Pulsar 40 in doses of 
0.50, 0.75, 1.00, and 1.50 l/ha. 
Cultivation technology of the crop was based 
on the common recommendations for white 
melilot cultivation in the conditions of the 
South of Ukraine. The previous crop was 
winter rape. Primary tillage in the autumn 
period included deep plowing at the depth of 
25-27 cm. Dragging of the soil was conducted 
in the early spring period. Herbicide Treflan 
480 was applied under the soil cultivator tillage 
on the depth of 6-8 cm. The crop was sown by 
the means of a seed tractor-towed drill with the 
rate of 2.5 million seeds/ha on the depth of 2-3 
cm in the first decade of April. The inter-row 
spacing was 15 cm. Sowing of the crop was 
followed by rolling. Herbicide Pulsar 40 was 
applied at the stage of 1-3 triple leaves of the 
crop. Weeds reached 1-3 (gramineous weeds) 
and 2-4 (dicotyledonous weeds) leaves stage at 
the moment of the herbicide application. 
Complete death of the weeds was recorded in 
4-6 weeks after the herbicide application. This 
term depended on the dose of the herbicide 

application and weather conditions. White 
melilot seeds were harvested in the first decade 
of September by using a self-propelled 
combine harvester “Sampo-250” at the stage of 
the seeds ripeness and 12-13% moisture 
content. Harvesting was followed by 
purification on the Petkus-3 machine. 
Modification and phenotypical variabilities of 
the seeds were determined by the generally 
accepted methodology (Brewbaker, 1964; 
Rokitskii, 1967; Litun et al., 2004). 1000 seeds 
weight, energy of sprouting and seedling rate 
were determined in laboratory according to the 
methodology of DSTU 4138-2002 
(Derzhspozhyvstandart Ukrainy, 2003) before 
and after scarification. 
Statistical processing of the experimental data 
was performed by using the standard 
procedures of the double-factor analysis of 
variance (ANOVA) with calculation of the least 
significant difference (LSD05) at the probability 
level of 95% (Ushkarenko et al., 2008). 
 
RESULTS AND DISCUSSIONS 
 
In average, for the 2015-2017 period, the 
dynamic of the increase in the yield of white 
melilot variety - Pivdennyi was observed for all 
the variants of the experiment compared to the 
control ones. At the application of Treflan 480 
herbicide, the maximum yield of 740.0 kg/ha 
was obtained at the dose of 3.0 l/ha, and the 
increase of the yield was 273.3 kg/ha. It was 
established that the variant of application of 
Pulsar 40 with the dose of 1.0 l/ha provided the 

highest biological efficiency (by seed yield of 
the crop) in all the years of the study, as 
follows: 2015-1120 kg/ha, 2016-920 kg/ha, 
2017-480 kg/ha (Table 2). At the application of 
Pulsar 40 herbicide, the maximum yield was 
840.0 kg/ha in the variant with the dose of      
1.0 l/ha, and the increase of the yield was 373.3 
kg/ha, respectively. 
This peculiarity is explained by the fact that 
under the application of Treflan 480 herbicide 
with the increased dose from 1.5 to 3.0 l/ha, 
and under the application of herbicide Pulsar 40 
with the increased dose from 0.5 to 1.0 l/ha, 

there was a negative effect on the growth 
processes of weeds. Application of Treflan 480 
herbicide at the dose of 3.0 l/ha, and Pulsar 40 
herbicide at the dose of 1.0 l/ha showed a 
tendency in increasing of seed yield of white 
melilot variety Pivdennyi with the years of 
study. It was also determined that at the 
application of Treflan herbicide at the dose of 
3.0 l/ha, and Pulsar 40 herbicide at the dose of 
1.0 l/ha, there was a negative effect on the crop 
that might be proved by the observations of 
some changes in the processes of the crop 
plants’ growth, development, and seed yield. 

 
Table 2. Seed yield of white melilot variety Pivdennyi in dependence on application of the herbicides 

Herbicide Application dose, 
l/ha 

Yield, kg/ha Average yield by 
the factor, kg/ha 

Raise of the yield 
in kg/ha, average 

for 2015-2017 2015 2016 2017 2015-2017 

Treflan 480 

control 700 580 120 466.67 

636.67 

0 
1.50 1020 740 140 633.33 166.67 
2.50 1040 780 210 676.76 210.00 
3.00 1090 820 310 740.00 273.33 
4.00 1010 720 270 666.67 200.00 

Pulsar 40 

control 700 580 120 466.67 

705.330 

0 
0.50 1050 780 210 680.00 213.33 
0.75 1070 860 330 753.33 286.67 
1.00 1120 920 480 840.00 373.33 
1.50 1090 890 380 786.67 320.00 

Evaluation of the significance of the studied factors 

LSD05, kg/ha Treflan 480 20.04 27.77 32.77 17.38   
Pulsar 40 21.92 25.00 29.90 16.56   

Share of the factors in the effect on the yield of the crop, % 
 Treflan 480 99 97 94 96   
 Pulsar 40 99 99 99 99   

 

 

 
 

Table 3. Yield of conditional seeds of white melilot variety Pivdennyi in dependence on application of the herbicides 

Herbicide Application dose, 
l/ha 

Yield, kg/ha Average yield by 
the factor, kg/ha 

Raise of the 
yield in kg/ha, 

average for 
2015-2017 

2015 2016 2017 2015-2017 

Treflan 480 

control 611.18 500.25 104.40 405.28 

566.50 

0 
1.50 918.00 658.60 122.38 566.33 161.05 
2.50 931.50 689.75 186.90 602.72 197.44 
3.00 978.75 732.03 271.45 660.74 255.47 
4.00 909.00 640.80 242.53 597.44 192.17 

Pulsar 40 

control 611.18 500.25 104.40 405.28 

631.76 

0 
0.50 945.00 704.25 189.00 612.75 202.47 
0.75 958.50 774.00 294.75 675.75 270.47 
1.00 1016.93 830.90 436.80 761.54 356.27 
1.50 976.50 796.50 337.50 703.50 298.22 

Evaluation of the significance of the studied factors 

LSD05, kg/ha Treflan 480 17.65 24.52 29.11 15.33   
Pulsar 40 19.44 22.68 26.81 14.55   

Share of the factors in the effect on the yield of the crop, % 
 Treflan 480 100 97 95 97   
 Pulsar 40 100 100 100 100   
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May was quite typical in the weather conditions 
for the zone, with 25.6 mm of rainfall. The 
summer was very hot and dry, with average air 
temperatures of 26-29ºC, with short periods 

with temperature increases up to 36.8-40.0ºC. 
Total precipitation amounts of the period 
averaged 54.9 mm. 

 
Table 1. Meteorological parameters during the years of the study (2015-2017) 

2015 2016 2017 Months 
AT, ºС AH, % PA, mm AT, ◦ ºС AH, % PA, mm AT, ◦ ºС AH, % PA, mm 

-0.4 92 39.8 -3.6 89 67.3 -4.7 85 27.5 January 
0.8 85 47.4 4.0 85 30.9 -0.8 84 20.3 February 
5.2 78 55.7 6.3 78 19.5 7.0 73 5.1 March 
9.3 75 68.8 12.6 71 56.8 9.3 72 87.9 April 

17.0 69 86.9 16.1 76 71.7 16.3 64 25.6 May 
20.0 73 38.3 22.1 68 43.0 22.0 61 10.3 June 
23.4 69 104.6 24.4 58 46.3 23.4 60 39.8 July 
24.2 49 12.1 24.7 59 26.7 25.4 51 4.8 August 
20.9 60 4.6 18.0 63 33.2 19.9 61 0.7 September 
9.4 70 18.6 8.4 80 74.4 11.3 76 12.0 October 
7.3 86 44.2 4.0 87 34.2 5.4 87 40.6 November 
2.3 86 2.1 -1.2 86 26.5 5.9 87 35.4 December 

12.2 72.0 364.2 11.3 75.0 530.3 11.7 71.8 310.0 Annual 
Note: AT - air temperature, AH - air humidity, PA - precipitation amounts. 
 
We carried out a double-factor field trial in four 
replicates using the randomized plot design 
method. The total area of the experiment was 
900 m2, and the area of the single plot was      
24 m2. 
We used an annual variety of white melilot 
(Melilotus albus Desr.) Pivdennyi, which was 
created by the Institute of Irrigated Agriculture 
NAAS. The design of the study foresaw the 
application of preemergence herbicide Treflan 
480 in doses of 1.5, 2.5, 3.0, and 4.0 l/ha, and 
postemergence herbicide Pulsar 40 in doses of 
0.50, 0.75, 1.00, and 1.50 l/ha. 
Cultivation technology of the crop was based 
on the common recommendations for white 
melilot cultivation in the conditions of the 
South of Ukraine. The previous crop was 
winter rape. Primary tillage in the autumn 
period included deep plowing at the depth of 
25-27 cm. Dragging of the soil was conducted 
in the early spring period. Herbicide Treflan 
480 was applied under the soil cultivator tillage 
on the depth of 6-8 cm. The crop was sown by 
the means of a seed tractor-towed drill with the 
rate of 2.5 million seeds/ha on the depth of 2-3 
cm in the first decade of April. The inter-row 
spacing was 15 cm. Sowing of the crop was 
followed by rolling. Herbicide Pulsar 40 was 
applied at the stage of 1-3 triple leaves of the 
crop. Weeds reached 1-3 (gramineous weeds) 
and 2-4 (dicotyledonous weeds) leaves stage at 
the moment of the herbicide application. 
Complete death of the weeds was recorded in 
4-6 weeks after the herbicide application. This 
term depended on the dose of the herbicide 

application and weather conditions. White 
melilot seeds were harvested in the first decade 
of September by using a self-propelled 
combine harvester “Sampo-250” at the stage of 
the seeds ripeness and 12-13% moisture 
content. Harvesting was followed by 
purification on the Petkus-3 machine. 
Modification and phenotypical variabilities of 
the seeds were determined by the generally 
accepted methodology (Brewbaker, 1964; 
Rokitskii, 1967; Litun et al., 2004). 1000 seeds 
weight, energy of sprouting and seedling rate 
were determined in laboratory according to the 
methodology of DSTU 4138-2002 
(Derzhspozhyvstandart Ukrainy, 2003) before 
and after scarification. 
Statistical processing of the experimental data 
was performed by using the standard 
procedures of the double-factor analysis of 
variance (ANOVA) with calculation of the least 
significant difference (LSD05) at the probability 
level of 95% (Ushkarenko et al., 2008). 
 
RESULTS AND DISCUSSIONS 
 
In average, for the 2015-2017 period, the 
dynamic of the increase in the yield of white 
melilot variety - Pivdennyi was observed for all 
the variants of the experiment compared to the 
control ones. At the application of Treflan 480 
herbicide, the maximum yield of 740.0 kg/ha 
was obtained at the dose of 3.0 l/ha, and the 
increase of the yield was 273.3 kg/ha. It was 
established that the variant of application of 
Pulsar 40 with the dose of 1.0 l/ha provided the 

highest biological efficiency (by seed yield of 
the crop) in all the years of the study, as 
follows: 2015-1120 kg/ha, 2016-920 kg/ha, 
2017-480 kg/ha (Table 2). At the application of 
Pulsar 40 herbicide, the maximum yield was 
840.0 kg/ha in the variant with the dose of      
1.0 l/ha, and the increase of the yield was 373.3 
kg/ha, respectively. 
This peculiarity is explained by the fact that 
under the application of Treflan 480 herbicide 
with the increased dose from 1.5 to 3.0 l/ha, 
and under the application of herbicide Pulsar 40 
with the increased dose from 0.5 to 1.0 l/ha, 

there was a negative effect on the growth 
processes of weeds. Application of Treflan 480 
herbicide at the dose of 3.0 l/ha, and Pulsar 40 
herbicide at the dose of 1.0 l/ha showed a 
tendency in increasing of seed yield of white 
melilot variety Pivdennyi with the years of 
study. It was also determined that at the 
application of Treflan herbicide at the dose of 
3.0 l/ha, and Pulsar 40 herbicide at the dose of 
1.0 l/ha, there was a negative effect on the crop 
that might be proved by the observations of 
some changes in the processes of the crop 
plants’ growth, development, and seed yield. 

 
Table 2. Seed yield of white melilot variety Pivdennyi in dependence on application of the herbicides 

Herbicide Application dose, 
l/ha 

Yield, kg/ha Average yield by 
the factor, kg/ha 

Raise of the yield 
in kg/ha, average 

for 2015-2017 2015 2016 2017 2015-2017 

Treflan 480 

control 700 580 120 466.67 

636.67 

0 
1.50 1020 740 140 633.33 166.67 
2.50 1040 780 210 676.76 210.00 
3.00 1090 820 310 740.00 273.33 
4.00 1010 720 270 666.67 200.00 

Pulsar 40 

control 700 580 120 466.67 

705.330 

0 
0.50 1050 780 210 680.00 213.33 
0.75 1070 860 330 753.33 286.67 
1.00 1120 920 480 840.00 373.33 
1.50 1090 890 380 786.67 320.00 

Evaluation of the significance of the studied factors 

LSD05, kg/ha Treflan 480 20.04 27.77 32.77 17.38   
Pulsar 40 21.92 25.00 29.90 16.56   

Share of the factors in the effect on the yield of the crop, % 
 Treflan 480 99 97 94 96   
 Pulsar 40 99 99 99 99   

 

 

 
 

Table 3. Yield of conditional seeds of white melilot variety Pivdennyi in dependence on application of the herbicides 

Herbicide Application dose, 
l/ha 

Yield, kg/ha Average yield by 
the factor, kg/ha 

Raise of the 
yield in kg/ha, 

average for 
2015-2017 

2015 2016 2017 2015-2017 

Treflan 480 

control 611.18 500.25 104.40 405.28 

566.50 

0 
1.50 918.00 658.60 122.38 566.33 161.05 
2.50 931.50 689.75 186.90 602.72 197.44 
3.00 978.75 732.03 271.45 660.74 255.47 
4.00 909.00 640.80 242.53 597.44 192.17 

Pulsar 40 

control 611.18 500.25 104.40 405.28 

631.76 

0 
0.50 945.00 704.25 189.00 612.75 202.47 
0.75 958.50 774.00 294.75 675.75 270.47 
1.00 1016.93 830.90 436.80 761.54 356.27 
1.50 976.50 796.50 337.50 703.50 298.22 

Evaluation of the significance of the studied factors 

LSD05, kg/ha Treflan 480 17.65 24.52 29.11 15.33   
Pulsar 40 19.44 22.68 26.81 14.55   

Share of the factors in the effect on the yield of the crop, % 
 Treflan 480 100 97 95 97   
 Pulsar 40 100 100 100 100   
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On the variants with application of Treflan 480 
at the dose of 4.0 l/ha, and Pulsar at the dose of 
1.5 l/ha, we established the decrease in the 
yielding indexes. The yield of the control plots 
was lower because of high weediness of the 
crops. The seed yield of white melilot variety 
Pivdennyi was mainly dependent on the 
efficiency of the herbicides. It was determined 
that on the variants with the maximum 
percentage of dead weeds the highest yield was 
obtained, which was accompanied by the 
highest output of the conditional seeds with the 
best sowing qualities. In the yield of 
conditional seeds, a high varietal reaction on 
the studied herbicides and their doses were 
determined (Table 3). 
It is important to mention that the conditions of 
seed formation affect its quality and conditional 
seed yield. The obtained results proved that on 
the variants without the herbicides’ application, 
the share of non-conditional seeds has 
increased. Independently on the year of the 
study, the percentage of non-conditional seeds 
fluctuated within 9.0-13.7%. Application of 
Pulsar 40 herbicide at the dose of 1.0 l/ha 
resulted in the increase of the yield of 
conditional seeds up to 1016.9 kg/ha. The yield 
of conditional seeds significantly increased due 
to the application of the herbicides compared to 
the control. We determined the influence of 

Pulsar 40 herbicide application on the yield of 
conditional seeds of white melilot Pivdennyi. 
The maximum yield of conditional seeds at the 
level of 91% (in average for the period of 2015-
2017) was obtained at the application of Pulsar 
40 herbicide at the dose of 1.0 l/ha with the 
reproduction coefficient of 168 (Table 4). 
The obtained results showed that conditional 
seed yield and coefficient of reproduction of 
white melilot variety Pivdennyi changed with 
the level of the crop protection. By analyzing 
different application doses of the herbicides, we 
have to mention that under the different 
application doses of Pulsar 40 herbicide, we 
observed the increase of conditional seed yield 
and coefficient of reproduction compared to the 
indexes obtained under application of Treflan 
480 herbicide and on the control. This is 
explained by considerable reduction of weeds’ 
growth and higher formation of the productive 
stems of the white melilot plants at the moment 
of seed harvesting. It should be mentioned that 
the effect of the factors of environment and 
agrotechnology did not shift onto the seeds of 
the crop, but it is transformed through the plant 
as a complex of processes of energy and 
substance conversion in the organisms. The 
conditions of the seed formation had an 
important value because they influenced on the 
heredity of new plant organism (Berkutova, 
1991; Bilyk et al., 2005). 

 
Table 4. Conditional seed yield and coefficient of reproduction of white melilot variety Pivdennyi in dependence on 

application of the herbicides 

Herbicide Application dose, l/ha 
Conditional seed yield, % Coefficient of reproduction 

Average for  
2015-2017 

Vm (modificatory 
variability), % 

Average for  
2015-2017 

Vm (modificatory 
variability), % 

Treflan 480 

Control 86.9 7.33 93.3 20.14 
1.5 88.8 7.21 126.7 19.69 
2.5 89.0 7.03 135.3 19.33 
3.0 88.9 6.77 148.0 19.12 
4.0 89.6 6.95 133.3 19.24 

Vpf (phenotypical 
variability), % 

2.89  8.08  

Pulsar 40 

Control 86.9 7.33 93.3 20.14 
0.5 90.1 7.14 136.0 19.44 

0.75 89.6 7.00 150.7 19.19 
1.0 91.0 6.66 168.0 18.87 
1.5 89.3 6.88 157.3 19.11 

Vpf (phenotypical 
variability), % 

3.11  9.91  

One of the most important indexes 
characterizing sowing quality of seeds is 1000 
seeds weight, the energy of sprouting and 
seedling rate. Purified and calibrated seeds 
usually have a high index of sprouting energy 
that is important for obtaining strong and 
simultaneous sprouts on time. 
The application of Treflan 480 and Pulsar 40 
herbicides Treflan 480 and Pulsar 40 positively 
affected the seed productivity of white melilot. 
This found the reflection in the indexes of the 
sprouting energy, emergence rate and 1000 
seeds weight at the different doses of its 
application (Table 5). 
Application of the studied herbicides had a 
considerable positive effect on the energy of 
sprouting and seedling rate of the obtained 
seeds of white melilot variety Pivdennyi. On 
the control plots, where chemical protection 
was not used, the indexes of the sprouting 
energy and seedling rate did not exceed 71%. 
This is explained by the fact of high 
contamination of the control plots with weeds 
that had a negative effect on harvesting because 
of high quantity of unripe seeds and green mass 
of weeds, which was very difficult to separate 
and caused overheating of the seeds in the piles 
during their drying process. All these factors 
led to the decrease of the sprouting energy and 
seedling rate that led to a worse sowing quality 
of the obtained white melilot seeds. 

The maximum average sprouting energy (81%) 
and seedling rate (85%) were obtained on the 
variants with the application of Pulsar 
40herbicide at the dose of 1.0 l/ha. 
The lowest sprouting energy (76%) and 
seedling rate (78%) were obtained on the 
variants with the application of Treflan 480 
herbicide. Weeds dominated the crops of white 
melilot on the control plots that affected the 
seed productivity and 1000 seeds weight (Table 
6). 
The results of the study showed that Treflan 
480 and Pulsar 40 herbicides at different 
application doses had positive effect on 1000 
seeds weight compared to the control variant. 
The maximum average of 1000 seeds weight 
(1.86-2.33 g) was obtained at the application of 
herbicide at the dose of 1.0 l/ha. On the control 
variants, 1000 seeds weight averaged to 1.76 g 
that is by 10-15% less than on the variants with 
the applied herbicides. 
The share of the influence of the studied factor 
fluctuated within 94-99% within the years of 
the study that emphasizes the strong effect of 
the herbicides on the studied sowing qualities 
of white melilot seeds. 
Besides, the significance of the herbicide 
application effect on seed yield and sowing 
qualities of the seeds was proved by the results 
of ANOVA (the differences between the studied 
variants of the experiment exceeded the LSD05 
at the probability level of 95%). 

 
Table 5. The energy of sprouting and seedling rate of the seeds of white melilot variety Pivdennyi after mechanical 

scarification in dependence on application of the herbicides 

Herbicide Application dose, 
l/ha 

The energy of sprouting,% Seedling rate, % 
Average for 2015-

2017 
Average by the 

herbicide 
Average for 2015-

2017 
Average by the 

herbicide 

Treflan 480 

control 71 

76 

71 

78 
1.5 78 80 
2.5 76 80 
3.0 78 81 
4.0 77 79 

Pulsar 40 

control 71 

78 

71 

81 
0.5 78 82 

0.75 78 85 
1.0 81 85 
1.5 80 83 
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On the variants with application of Treflan 480 
at the dose of 4.0 l/ha, and Pulsar at the dose of 
1.5 l/ha, we established the decrease in the 
yielding indexes. The yield of the control plots 
was lower because of high weediness of the 
crops. The seed yield of white melilot variety 
Pivdennyi was mainly dependent on the 
efficiency of the herbicides. It was determined 
that on the variants with the maximum 
percentage of dead weeds the highest yield was 
obtained, which was accompanied by the 
highest output of the conditional seeds with the 
best sowing qualities. In the yield of 
conditional seeds, a high varietal reaction on 
the studied herbicides and their doses were 
determined (Table 3). 
It is important to mention that the conditions of 
seed formation affect its quality and conditional 
seed yield. The obtained results proved that on 
the variants without the herbicides’ application, 
the share of non-conditional seeds has 
increased. Independently on the year of the 
study, the percentage of non-conditional seeds 
fluctuated within 9.0-13.7%. Application of 
Pulsar 40 herbicide at the dose of 1.0 l/ha 
resulted in the increase of the yield of 
conditional seeds up to 1016.9 kg/ha. The yield 
of conditional seeds significantly increased due 
to the application of the herbicides compared to 
the control. We determined the influence of 

Pulsar 40 herbicide application on the yield of 
conditional seeds of white melilot Pivdennyi. 
The maximum yield of conditional seeds at the 
level of 91% (in average for the period of 2015-
2017) was obtained at the application of Pulsar 
40 herbicide at the dose of 1.0 l/ha with the 
reproduction coefficient of 168 (Table 4). 
The obtained results showed that conditional 
seed yield and coefficient of reproduction of 
white melilot variety Pivdennyi changed with 
the level of the crop protection. By analyzing 
different application doses of the herbicides, we 
have to mention that under the different 
application doses of Pulsar 40 herbicide, we 
observed the increase of conditional seed yield 
and coefficient of reproduction compared to the 
indexes obtained under application of Treflan 
480 herbicide and on the control. This is 
explained by considerable reduction of weeds’ 
growth and higher formation of the productive 
stems of the white melilot plants at the moment 
of seed harvesting. It should be mentioned that 
the effect of the factors of environment and 
agrotechnology did not shift onto the seeds of 
the crop, but it is transformed through the plant 
as a complex of processes of energy and 
substance conversion in the organisms. The 
conditions of the seed formation had an 
important value because they influenced on the 
heredity of new plant organism (Berkutova, 
1991; Bilyk et al., 2005). 

 
Table 4. Conditional seed yield and coefficient of reproduction of white melilot variety Pivdennyi in dependence on 

application of the herbicides 

Herbicide Application dose, l/ha 
Conditional seed yield, % Coefficient of reproduction 

Average for  
2015-2017 

Vm (modificatory 
variability), % 

Average for  
2015-2017 

Vm (modificatory 
variability), % 

Treflan 480 

Control 86.9 7.33 93.3 20.14 
1.5 88.8 7.21 126.7 19.69 
2.5 89.0 7.03 135.3 19.33 
3.0 88.9 6.77 148.0 19.12 
4.0 89.6 6.95 133.3 19.24 

Vpf (phenotypical 
variability), % 

2.89  8.08  

Pulsar 40 

Control 86.9 7.33 93.3 20.14 
0.5 90.1 7.14 136.0 19.44 

0.75 89.6 7.00 150.7 19.19 
1.0 91.0 6.66 168.0 18.87 
1.5 89.3 6.88 157.3 19.11 

Vpf (phenotypical 
variability), % 

3.11  9.91  

One of the most important indexes 
characterizing sowing quality of seeds is 1000 
seeds weight, the energy of sprouting and 
seedling rate. Purified and calibrated seeds 
usually have a high index of sprouting energy 
that is important for obtaining strong and 
simultaneous sprouts on time. 
The application of Treflan 480 and Pulsar 40 
herbicides Treflan 480 and Pulsar 40 positively 
affected the seed productivity of white melilot. 
This found the reflection in the indexes of the 
sprouting energy, emergence rate and 1000 
seeds weight at the different doses of its 
application (Table 5). 
Application of the studied herbicides had a 
considerable positive effect on the energy of 
sprouting and seedling rate of the obtained 
seeds of white melilot variety Pivdennyi. On 
the control plots, where chemical protection 
was not used, the indexes of the sprouting 
energy and seedling rate did not exceed 71%. 
This is explained by the fact of high 
contamination of the control plots with weeds 
that had a negative effect on harvesting because 
of high quantity of unripe seeds and green mass 
of weeds, which was very difficult to separate 
and caused overheating of the seeds in the piles 
during their drying process. All these factors 
led to the decrease of the sprouting energy and 
seedling rate that led to a worse sowing quality 
of the obtained white melilot seeds. 

The maximum average sprouting energy (81%) 
and seedling rate (85%) were obtained on the 
variants with the application of Pulsar 
40herbicide at the dose of 1.0 l/ha. 
The lowest sprouting energy (76%) and 
seedling rate (78%) were obtained on the 
variants with the application of Treflan 480 
herbicide. Weeds dominated the crops of white 
melilot on the control plots that affected the 
seed productivity and 1000 seeds weight (Table 
6). 
The results of the study showed that Treflan 
480 and Pulsar 40 herbicides at different 
application doses had positive effect on 1000 
seeds weight compared to the control variant. 
The maximum average of 1000 seeds weight 
(1.86-2.33 g) was obtained at the application of 
herbicide at the dose of 1.0 l/ha. On the control 
variants, 1000 seeds weight averaged to 1.76 g 
that is by 10-15% less than on the variants with 
the applied herbicides. 
The share of the influence of the studied factor 
fluctuated within 94-99% within the years of 
the study that emphasizes the strong effect of 
the herbicides on the studied sowing qualities 
of white melilot seeds. 
Besides, the significance of the herbicide 
application effect on seed yield and sowing 
qualities of the seeds was proved by the results 
of ANOVA (the differences between the studied 
variants of the experiment exceeded the LSD05 
at the probability level of 95%). 

 
Table 5. The energy of sprouting and seedling rate of the seeds of white melilot variety Pivdennyi after mechanical 

scarification in dependence on application of the herbicides 

Herbicide Application dose, 
l/ha 

The energy of sprouting,% Seedling rate, % 
Average for 2015-

2017 
Average by the 

herbicide 
Average for 2015-

2017 
Average by the 

herbicide 

Treflan 480 

control 71 

76 

71 

78 
1.5 78 80 
2.5 76 80 
3.0 78 81 
4.0 77 79 

Pulsar 40 

control 71 

78 

71 

81 
0.5 78 82 

0.75 78 85 
1.0 81 85 
1.5 80 83 
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Table 6. 1000 seeds weight of conditional seeds of white melilot variety Pivdennyi in dependence on application of the 
herbicides 

Herbicide Application dose, l/ha 1000 seeds weight, g Average by the herbicide 2015 2016 2017 2015-2017 

Treflan 480 

Control 2.02 1.73 1.54 1.76 

1.90 
1.5 2.33 1.79 1.67 1.93 
2.5 2.40 1.89 1.56 1.95 
3.0 2.27 1.76 1.77 1.93 
4.0 2.37 1.73 1.68 1.93 

Pulsar 40 

Control 2.02 1.73 1.54 1.76 

1.91 
0.5 2.29 1.79 1.70 1.93 

0.75 2.25 1.90 1.80 1.98 
1.0 2.33 1.99 1.86 2.06 
1.5 2.03 1.79 1.60 1.80 

Evaluation of the significance of the studied factors 

LSD05, g Treflan 480 0.030 0.034 0.031 0.010  
Pulsar 40 0.024 0.025 0.017 0.010  

Share of the factors in the effect on the yield of the crop, % 
 Treflan 480 99 94 96 98  
 Pulsar 40 99 99 99 99  

 
CONCLUSIONS 
 
From the analysis of the efficiency of Treflan 
480 and Pulsar 40 herbicides at the different 
application doses, we have observed that 
Treflan 480 based on its physiological and 
biochemical effects demonstrated superior 
oppression of the white melilot plants 
compared to Pulsar 40. The results of such an 
influence modified the seed productivity of 
white melilot variety Pivdennyi and led to the 
decrease of the seed yield compared to Pulsar 
40 herbicide. The variants without application 
of the herbicides had increased the share of 
non-conditional seeds. Independently on the 
year, the percentage of non-conditional seeds 
fluctuated within 9.0-13.7%.  
In average, for the 2015-2017 period, the 
maximum total seed productivity (840.0 kg/ha) 
and conditional seed yield (761.54 kg/ha) of 
white melilot variety Pivdennyi was determined 
in the variant with application of Pulsar 40 
herbicide at the dose of 1.0 l/ha. The maximum 
sprouting energy (81%) and seedling rate 
(85%) were achieved on the variant with 
treatment of the crops with h Pulsar 40 
herbicide at the dose of 1.0 l/ha. The lowest 
sprouting energy (76%) and seedling rate 
(78%) were determined at application of 
Treflan 480 herbicide. The highest 1000 seeds 
weight of 2.06 g was also obtained in the 
variant with Pulsar 40 treatment. Therefore, we 
recommend the cultivation of white melilot in 
the conditions of the Steppe zone of Ukraine by 
using the chemical control of weeds with Pulsar 
40 herbicide applied at the dose of 1.0 l/ha. 
 

 
However, the study has a number of 
limitations. First, further investigations are 
required to determine the reactions of all 
available varieties of white melilot on the 
herbicides' application. Second, we need to find 
out whether other chemical products could be 
efficient in weed management of the crop. 
Furthermore, we have to pay special attention 
to the development of environmentally friendly 
and ecologically safe efficient agrotechno-
logical measures of weed management in the 
crops of white melilot because chemical control 
of weeds is undesirable and must not be used if 
the crop is cultivated for livestock feeding. In 
addition, economic efficiency of weed 
management should be carefully studied in the 
future. 
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Table 6. 1000 seeds weight of conditional seeds of white melilot variety Pivdennyi in dependence on application of the 
herbicides 

Herbicide Application dose, l/ha 1000 seeds weight, g Average by the herbicide 2015 2016 2017 2015-2017 

Treflan 480 

Control 2.02 1.73 1.54 1.76 

1.90 
1.5 2.33 1.79 1.67 1.93 
2.5 2.40 1.89 1.56 1.95 
3.0 2.27 1.76 1.77 1.93 
4.0 2.37 1.73 1.68 1.93 

Pulsar 40 

Control 2.02 1.73 1.54 1.76 

1.91 
0.5 2.29 1.79 1.70 1.93 

0.75 2.25 1.90 1.80 1.98 
1.0 2.33 1.99 1.86 2.06 
1.5 2.03 1.79 1.60 1.80 

Evaluation of the significance of the studied factors 

LSD05, g Treflan 480 0.030 0.034 0.031 0.010  
Pulsar 40 0.024 0.025 0.017 0.010  

Share of the factors in the effect on the yield of the crop, % 
 Treflan 480 99 94 96 98  
 Pulsar 40 99 99 99 99  

 
CONCLUSIONS 
 
From the analysis of the efficiency of Treflan 
480 and Pulsar 40 herbicides at the different 
application doses, we have observed that 
Treflan 480 based on its physiological and 
biochemical effects demonstrated superior 
oppression of the white melilot plants 
compared to Pulsar 40. The results of such an 
influence modified the seed productivity of 
white melilot variety Pivdennyi and led to the 
decrease of the seed yield compared to Pulsar 
40 herbicide. The variants without application 
of the herbicides had increased the share of 
non-conditional seeds. Independently on the 
year, the percentage of non-conditional seeds 
fluctuated within 9.0-13.7%.  
In average, for the 2015-2017 period, the 
maximum total seed productivity (840.0 kg/ha) 
and conditional seed yield (761.54 kg/ha) of 
white melilot variety Pivdennyi was determined 
in the variant with application of Pulsar 40 
herbicide at the dose of 1.0 l/ha. The maximum 
sprouting energy (81%) and seedling rate 
(85%) were achieved on the variant with 
treatment of the crops with h Pulsar 40 
herbicide at the dose of 1.0 l/ha. The lowest 
sprouting energy (76%) and seedling rate 
(78%) were determined at application of 
Treflan 480 herbicide. The highest 1000 seeds 
weight of 2.06 g was also obtained in the 
variant with Pulsar 40 treatment. Therefore, we 
recommend the cultivation of white melilot in 
the conditions of the Steppe zone of Ukraine by 
using the chemical control of weeds with Pulsar 
40 herbicide applied at the dose of 1.0 l/ha. 
 

 
However, the study has a number of 
limitations. First, further investigations are 
required to determine the reactions of all 
available varieties of white melilot on the 
herbicides' application. Second, we need to find 
out whether other chemical products could be 
efficient in weed management of the crop. 
Furthermore, we have to pay special attention 
to the development of environmentally friendly 
and ecologically safe efficient agrotechno-
logical measures of weed management in the 
crops of white melilot because chemical control 
of weeds is undesirable and must not be used if 
the crop is cultivated for livestock feeding. In 
addition, economic efficiency of weed 
management should be carefully studied in the 
future. 
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Abstract 
 
The analysis of the works of the scientists engaged in the Pseudotsuga menziesii propagation under the in vitro 
conditions has been made. The findings of the authors’ researches on the propagation of the studied species by 
microcloning are presented. The optimal age of the Pseudotsuga menziesii maternal plants to procure initial plant 
material has been clarified. The explant decontamination (sterilization) schemehas been deduced from experiments, the 
nutrient medium compositionfor the in vitro initiation, multiplication and rooting of regenerated plants, as well as the 
substrate for the adaptation of the obtained clones to soil conditions, have been selected. The obtained results have 
shown the prospects of the studied species propagation by the proposed method.  
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INTRODUCTION  

 
Modern propagation methods, one of which is 
in vitro, should be used to obtain the 
genetically valuable planting material of high 
quality. However, high costs and a total lack of 
equipment for effective propagation by this 
method significantly reduce the expected 
outcome percentage. In this case, the 
significance of the studied species 
propagationby this method involves a lack of 
influence of the periodicity of seed years; the 
possibility of plant propagation regardless of 
the time of year; the ability to choose in vitro 
planting material which has the characteristics 
being of interest to researchers; the obtaining of 
planting material that is genetically identical to 
maternal plant; the in vitro propagation using a 
small area; the propagation of explants without 
taking them out from the juvenile phase, etc 
(Dunstan et al., 1992; Ramage et al., 2002; 
Pullman et al., 2009). 
The Pseudotsuga menziesii in vitro propagation 
and the successful adaptation of explants to soil 
conditions are mentioned only in the few 
scientific works. The sterilization of explants of 
the studied species is known to be of a great 
importance for successful microcloning, on 
which any precise data are missing in the 

literature. In particular, the percentage of the 
explants that have been successfully adapted to 
the open ground conditions after their 
decontaminationis not clearly specified. The 
successful outcomes of the in vitro propagation 
have been mentioned in the works of (Gupta et 
al., 1985a). The bursting of apical and axillary 
buds of trees of the studied species has been 
achieved by these authors on the newly formed 
basal medium (DCR) without growth 
regulators. The bud elongation was observed 
on 1/2 of the DCR concentration with 0.3% 
activated charcoal (DCR-1). Axillary buds 
redeveloped after subculturing, when shoots 
were cultivated on DCR with 0.2 mg l-1 of 
BAP. These buds were repassagedin DCR-1 
medium. Subculturing of 7-10 shoots of 
Pseudotsuga menziesii during the year may 
result in obtaining more than 100 clones from 
one explant when using the above medium.  
A significant contribution has been made by 
(Winton et al., 1977), while studying the 
Pseudotsuga menziesii embryo, being placed in 
the nutrient medium, containing vitamin B1, 
inositol, sucrose and 0.05 or 0.1 mg l-1 

benzylaminopurine (BAP). 
A significant contribution to the methods of 
sterilization and propagation of Pseudotsuga 
menziesiiby microcloning has been made by 

(Khalil et al., 1959), who recommend that the 
isolated explants be provided with a little 
amount oxygen, and a source of energy in the 
form of sucrose, glucose or fructose, as well as 
mineral elements. Clones grew well in the 
nutrient medium under white fluorescent light. 
The organic substances influencing favorably 
the explant development included urea. 
Abdoulaye et al. (2005) state that for more 
effective microcloning of introduced plant it is 
necessary to pass through the five stages of 
sterilization (to immerse in 20% bleach 
(containing sodium chloride) for an hour, then 
in 5% solution of sodium chloride for an hour, 
to rinse in distilled water and hold it over a 
flame for 3 seconds, and one more timefor 5 
seconds in 20 seconds). After successful 
sterilization and beginning of microcloningthe 
fastest growth rate of the introduced plant was 
observed with the low concentrations of BAP 
(from 0 to 0.045 μmol·l-1), while the high 
concentrations of BAP (from 0.448 up to 4.527 
μmol·l-1) caused their growth inhibition. 
Summing up the literature data (Douglas 1914; 
Durzan et al., 1987; Gupta et al., 1987b; 
Momot, 1988; Konnert et al., 2006), we can 
conclude that since the beginning of the 19th 
century Pseudotsuga menziesii has proved 
itself to bethe promising species for the 
creation of highly productive, biologically 
sustainable, artificial forest and decorative 
plantings of various types and purposeson the 
territory of Europe, where its plantations are 
grown on the area of over 800 thousand 
hectares. The long-standing practical 
experience in creating the artificial forest 
plantings of an exotic plantindicates that this 
species is promising for further use during the 
creation of forest plantations. The preliminary 
analysisof the literature on the study of the 
biological, ecological, silvicultural and 
economic characteristics of the introduced 
plant enables to assume that the Western 
Forest-Steppe of Ukraine is a favourable region 
for the cultivation of this species in forest and 
landscape plantings (Guz et al., 2011; Guz et 
al., 2012; Yaroshcuk et al., 2013). However, it 
should be mentioned that there is a limited 
amount of information on the effective method 
of reproduction of selective valuable genotypes 
of the studied species (Morris et al., 1990; 
Ritchie et al., 1992; Ritchie et al., 1997). 

The goal of the study is to determine the 
efficient method of the in vitro propagation of 
Pseudotsuga menziesii. 
The goal provides for the fulfillment of the 
following objectives: 
- to determine the most efficient method for 
explant decontamination; 
- to identify the optimum age of plants, from 
which it is expedient to procure explants; 
- to choose the optimal modification of media 
for the explantinitiation, multiplication and 
rooting; 
- to calculate the cost of propagation by the 
method of microcloning.  
The object of the study is the process of the 
Pseudotsuga menziesii propagation by the 
method of microcloning, which includes the 
following stages: the decontamination, initia-
tion, multiplication, and rooting of explants. 
 
The scientific novelty of the obtained results 
On the basis of the conducted research we have 
improved: 
- the stepped decontamination scheme that has 
provided for obtaining 76% of living explants 
of the studied species; 
- the stage of initiation of the explants 
harvested from the introduced plant seedlings, 
so that their number has increased to 89%;  
- the technology of shoot multiplication, by 
which the highest proportion of the introduced 
plant explants, forming the advective micro- 
shoots, has been received from seedlings - 
91%; 
- the method for rooting of the explants of the 
studied species providing for 83% success rate;  
- the process of adaptation of the obtained 
clones to soil conditions, resulting in 79% of 
living plants.  
 
MATERIALS AND METHODS 
 
We have conducted the experiments on 
propagation of the Pseudotsuga menziesii 
genotypes by the in vitro method in two ways, 
using the apexes of apical and lateral 
budsobtained from 3-year-old seedlings (grown 
in the open ground in the forest nursery of 
Stradchivsky vocational education and training 
center of the National Forestry and Wood-
Technology University of Ukraine) and 45-
year-old plus trees growing on the territory of 
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equipment for effective propagation by this 
method significantly reduce the expected 
outcome percentage. In this case, the 
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Hermakivskyi forestry (planning compartment 
- 8, stratum - 7) of the State-owned Enterprise 
‘Chortkivskyi Forestry’ of the Ternopol 
Regional Forestry and Hunting Management 
Inspectorateas explantssince February (the third 
decade)as in this period of the year the 
aboveground organs of trees are the most 
sterile because of frost. 
The decontamination has been performed using 
the most common chemical reagents: С2Н5ОН, 
water with detergent, NaClO, Н2О2, AgNO3. In 
different variants of the experiment on 
decontamination we excluded one of the 
reagents on a rota basis.  
On being treated with each reagent, the 
explants were washed three times with sterile 
distilled water for 5-8 minutes. In total, there 
were ten variants of the experiment. 100 clones 
in each variant were used for this purpose: 
1. water with detergent (4 hours) + 40% 
NaClO (5 min) + 70% С2Н5ОН (10 sec) + 2 % 
Н2О2 (5 sec) + 0.2% AgNO3 (5 min); 
2. water with detergent (16 hours) + 
60% NaClO (5 min) + 96% С2Н5ОН (10 sec) + 
3% Н2О2 (5 sec) + 0.3% AgNO3 (5 min); 
3. water with detergent (2 hours) + 
30% NaClO (5 min) + 50% С2Н5ОН (10 sec) + 
1% Н2О2 (5 sec) + 0.1% AgNO3 (5 min); 
4. 96% С2Н5ОН (10 sec) + water with 
detergent (8 hours) + 50% NaClO (5 min) + 
70% С2Н5ОН (10 sec) + 2% Н2О2 (5 sec); 
5. 96% С2Н5ОН (5 sec) + water with detergent 
(14 hours) + 70% NaClO (10 min) + 
3% Н2О2 (10 sec) + 0.3% AgNO3 (10 min); 
6. 96% С2Н5ОН (10 sec) + water with 
detergent (10 hours) + 70% С2Н5ОН (10 sec) + 
1% Н2О2 (15 sec) + 0.1% AgNO3 (10 min); 
7. 96% С2Н5ОН (10 sec) + 30% NaClO 
(20 min) + 70% С2Н5ОН (20 sec) + 
3% Н2О2 (20 sec) + 0.3% AgNO3 (5 min); 
8. 96% С2Н5ОН (5 sec) + 50% NaClO 
(10 hours) + 70% С2Н5ОН (10 sec) + 
3% Н2О2 (15 sec) + 0.1% AgNO3 (5 min); 
9. 96% С2Н5ОН (10 sec) + water with 
detergent (6 hours) + 30% NaClO (15 min) + 
70% С2Н5ОН (5 sec) + 0.1% AgNO3 (15 min); 
10. 96% С2Н5ОН (15 sec) + water with 
detergent (12 hours) + 30% NaClO (25 min) + 
70% С2Н5ОН (15 sec) +0.3% AgNO3 (15 min). 
After the decontamination, the aseptic explants 
were passaged on the nutrient media, the test 
tube swere tightly closed with aluminum foil 

corks and placed on foam palettes. Every 
medium was signed and cultivated in the 
culture room with 16-hour photoperiod of 3 KL 
intensity, the temperature of 22°C/19°C 
(day/night) andthe relative humidity of 60% 
(Bayeva, 1984; Melnychuk et al., 2000). 
The passage of explants of the studied species 
was performed on the modified nutrient media 
with different ratio and concentration of auxins 
(NAA, IAA, IBA, and cytokinins (BAP).  
When calculating the cost of one explant of the 
species by the in vitro method the following 
expenses were taken into account: payment for 
utility services related to the process of 
propagation; payment for labourin the 
performance of operations on the planting 
material cultivation; cost of nutrient medium 
and reagents for the sterilization of initial 
explants.  
 
RESULTS AND DISCUSSIONS 
 
The primary objective is to determine the best 
method of sterilization of the introduced plant 
explants using various chemical agents. The 
results of the explant decontamination on the 
18th day of cultivation are shown in Figures 1 
and 2.  
Analyzing the obtained results of the 
decontamination of the studied species explants 
(Figures 1 and 2), we can conclude that the 
obtaining of sterile original explant depends on 
the properly selected method of sterilization. 
Thus, the use of reagents of higher 
concentration has resulted in black discolouring 
(death) of the studied species explants. But low 
concentrations, or absence of one of the 
reagents, has resulted in the explant infection 
after 8-12 days passaging.  
The highest percentage of the infected explants 
procured from both plus trees and seedlings of 
the introduced plant, was received during the 
sterilization in the following variants of the 
experiment, respectively: No 1 (83 and 82%), 
No 2 - (93 and 90%), No 3 (99 and 98%) and 
No 4 (88 and 88%).  

 
a 

 
b 

Figure 1. Results of decontamination of the explants 
procured from the Pseudotsuga menziesii plus trees (a- 

percentage dependence; b - height dependence) 
Source: Own calculation 

 

 
a 

 
b 

Figure 2. Results of decontamination of the explants 
procured from the Pseudotsuga menziesii seedlings (a- 

percentage dependence; b - height dependence)
Source: Own calculation 

This may be caused by the lack of priority 
treatment of explants with a solution of ethanol, 
which is used for removing resin droplets from 
planting material. 
A similar situation is observed in the absence 
of ethanol during sterilization of the above 
explants (the experiment variant No 5 - 67% of 
infection rate among the explants procured 
from plus trees, and 64% from seedlings).  
A large percentage of infection was observed 
during the sterilization without rinsing the 
explants with water and detergent - No 7 (55 
and 54%, respectively) and No 8 (41 and 30%) 
(Figure 3).  
In variant No 8 there was a large number of 
explants ‘burned’ by high concentrations of 
reagents (55% - from plus trees and 50% from 
seedlings).  
The highest percentage of the living explants 
procured from seedlings was obtained in 
variant No 10 (76%). In our opinion, this is due 
to the fact that juvenile plants are less 
contaminated. Thus, the explants from the 
selected plus trees (the experiment variant No 
10) were of the greatest height (12 mm). 

 

 
a) 

 
b) 

Figure 3. Contaminated explant of Pseudotsuga 
menziesii - (a); aseptic explant - (b) (after 18 days). 

Source: Own determination 
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Hermakivskyi forestry (planning compartment 
- 8, stratum - 7) of the State-owned Enterprise 
‘Chortkivskyi Forestry’ of the Ternopol 
Regional Forestry and Hunting Management 
Inspectorateas explantssince February (the third 
decade)as in this period of the year the 
aboveground organs of trees are the most 
sterile because of frost. 
The decontamination has been performed using 
the most common chemical reagents: С2Н5ОН, 
water with detergent, NaClO, Н2О2, AgNO3. In 
different variants of the experiment on 
decontamination we excluded one of the 
reagents on a rota basis.  
On being treated with each reagent, the 
explants were washed three times with sterile 
distilled water for 5-8 minutes. In total, there 
were ten variants of the experiment. 100 clones 
in each variant were used for this purpose: 
1. water with detergent (4 hours) + 40% 
NaClO (5 min) + 70% С2Н5ОН (10 sec) + 2 % 
Н2О2 (5 sec) + 0.2% AgNO3 (5 min); 
2. water with detergent (16 hours) + 
60% NaClO (5 min) + 96% С2Н5ОН (10 sec) + 
3% Н2О2 (5 sec) + 0.3% AgNO3 (5 min); 
3. water with detergent (2 hours) + 
30% NaClO (5 min) + 50% С2Н5ОН (10 sec) + 
1% Н2О2 (5 sec) + 0.1% AgNO3 (5 min); 
4. 96% С2Н5ОН (10 sec) + water with 
detergent (8 hours) + 50% NaClO (5 min) + 
70% С2Н5ОН (10 sec) + 2% Н2О2 (5 sec); 
5. 96% С2Н5ОН (5 sec) + water with detergent 
(14 hours) + 70% NaClO (10 min) + 
3% Н2О2 (10 sec) + 0.3% AgNO3 (10 min); 
6. 96% С2Н5ОН (10 sec) + water with 
detergent (10 hours) + 70% С2Н5ОН (10 sec) + 
1% Н2О2 (15 sec) + 0.1% AgNO3 (10 min); 
7. 96% С2Н5ОН (10 sec) + 30% NaClO 
(20 min) + 70% С2Н5ОН (20 sec) + 
3% Н2О2 (20 sec) + 0.3% AgNO3 (5 min); 
8. 96% С2Н5ОН (5 sec) + 50% NaClO 
(10 hours) + 70% С2Н5ОН (10 sec) + 
3% Н2О2 (15 sec) + 0.1% AgNO3 (5 min); 
9. 96% С2Н5ОН (10 sec) + water with 
detergent (6 hours) + 30% NaClO (15 min) + 
70% С2Н5ОН (5 sec) + 0.1% AgNO3 (15 min); 
10. 96% С2Н5ОН (15 sec) + water with 
detergent (12 hours) + 30% NaClO (25 min) + 
70% С2Н5ОН (15 sec) +0.3% AgNO3 (15 min). 
After the decontamination, the aseptic explants 
were passaged on the nutrient media, the test 
tube swere tightly closed with aluminum foil 

corks and placed on foam palettes. Every 
medium was signed and cultivated in the 
culture room with 16-hour photoperiod of 3 KL 
intensity, the temperature of 22°C/19°C 
(day/night) andthe relative humidity of 60% 
(Bayeva, 1984; Melnychuk et al., 2000). 
The passage of explants of the studied species 
was performed on the modified nutrient media 
with different ratio and concentration of auxins 
(NAA, IAA, IBA, and cytokinins (BAP).  
When calculating the cost of one explant of the 
species by the in vitro method the following 
expenses were taken into account: payment for 
utility services related to the process of 
propagation; payment for labourin the 
performance of operations on the planting 
material cultivation; cost of nutrient medium 
and reagents for the sterilization of initial 
explants.  
 
RESULTS AND DISCUSSIONS 
 
The primary objective is to determine the best 
method of sterilization of the introduced plant 
explants using various chemical agents. The 
results of the explant decontamination on the 
18th day of cultivation are shown in Figures 1 
and 2.  
Analyzing the obtained results of the 
decontamination of the studied species explants 
(Figures 1 and 2), we can conclude that the 
obtaining of sterile original explant depends on 
the properly selected method of sterilization. 
Thus, the use of reagents of higher 
concentration has resulted in black discolouring 
(death) of the studied species explants. But low 
concentrations, or absence of one of the 
reagents, has resulted in the explant infection 
after 8-12 days passaging.  
The highest percentage of the infected explants 
procured from both plus trees and seedlings of 
the introduced plant, was received during the 
sterilization in the following variants of the 
experiment, respectively: No 1 (83 and 82%), 
No 2 - (93 and 90%), No 3 (99 and 98%) and 
No 4 (88 and 88%).  

 
a 

 
b 

Figure 1. Results of decontamination of the explants 
procured from the Pseudotsuga menziesii plus trees (a- 

percentage dependence; b - height dependence) 
Source: Own calculation 

 

 
a 
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Figure 2. Results of decontamination of the explants 
procured from the Pseudotsuga menziesii seedlings (a- 

percentage dependence; b - height dependence)
Source: Own calculation 

This may be caused by the lack of priority 
treatment of explants with a solution of ethanol, 
which is used for removing resin droplets from 
planting material. 
A similar situation is observed in the absence 
of ethanol during sterilization of the above 
explants (the experiment variant No 5 - 67% of 
infection rate among the explants procured 
from plus trees, and 64% from seedlings).  
A large percentage of infection was observed 
during the sterilization without rinsing the 
explants with water and detergent - No 7 (55 
and 54%, respectively) and No 8 (41 and 30%) 
(Figure 3).  
In variant No 8 there was a large number of 
explants ‘burned’ by high concentrations of 
reagents (55% - from plus trees and 50% from 
seedlings).  
The highest percentage of the living explants 
procured from seedlings was obtained in 
variant No 10 (76%). In our opinion, this is due 
to the fact that juvenile plants are less 
contaminated. Thus, the explants from the 
selected plus trees (the experiment variant No 
10) were of the greatest height (12 mm). 

 

 
a) 

 
b) 

Figure 3. Contaminated explant of Pseudotsuga 
menziesii - (a); aseptic explant - (b) (after 18 days). 

Source: Own determination 
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Initiation 
When conducting the experiments with the 
culture of Pseudotsuga menziesii in the in vitro 
conditions, we used the modified media with 
different ratio and concentration of auxins 
(NAA, IAA, IBA) and cytokinins (BAP) in 
order to study their impact on the formation of 
callus and the initiation of the Pseudotsuga 
menziesii organogenesis (Table 1).  

 
Table 1. Modification of nutrient media for the 
Pseudotsuga menziesii initiation in the in vitro 

conditions 
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Auxins, mg/l-1 
Cytokini
ns, mg/l-

1 
Number of initiated explants, % 

NAA IAA IBA BAP 

After 20 days After 40 days 

from 
seedling

s 

from 
plus 
trees 

from 
seedling

s 

from 
plus 

 trees 

1 МS 0.5 0.5 - 0.5 76 44 64 37 
2 МS 0.5 - 0.5 0.5 89 63 81 54 
3 МS 8.0 1.0 - - 5 3 1 1 
4 МS - - - 0.5 20 11 12 9 
5 WPM 0.5 0.5 - 0.5 49 33 35 21 
6 WPM 0.5 - 0.5 0.5 41 19 24 11 
7 WPM 8.0 1.0 - - 2 - - - 
8 WPM - - - 0.5 13 4 7 3 
9 LM 0.5 0.5 - 0.5 67 41 55 31 
10 LM 0.5 - 0.5 0.5 47 24 38 19 
11 LM 8.0 1.0 - - 2 1 - - 
12 LM - - - 0.5 15 6 12 4 

Source: Own calculation 
 
The data of Table 1 shows that the best 
indicators of the initiation of explants procured 
from the introduced plant seedlings are 
observed in the experiment variants No 1 and 
No 2 on MS modified medium supplemented 
with auxins and cytokinins (respectively, 0.5 
mg l-1 of NAA+0.5 mg l-1 of IAA+0.5 mgl-1 of 
BAP, and 0.5 mg l-1 of NAA+0.5 mg l-1 of 
IBA+0.5 mg l-1 of BAP). The number of the 
initiated explants after 20 days were as 
follows: 76 and 89%, after 40 days -64-81%, 
respectively. The significantly lower results 
were obtained when using the explants 
procured from plus trees (the experiment 
variants No 1 and No 2), respectively, after 20 
days - 44 and 63%, and after 40 days -37 and 
54%.  
More than 50% of the initiated explants 
procured from the Pseudotsuga menziesii 
seedlings have been obtained by using LM 
nutrient medium supplemented with auxins 
and cytokinins (0.5 mg l-1 of NAA+0.5 mg       
l-1 of IAA+0.5 mg l-1 of BAP). The percentage 
of the initiated explants procured from 
seedlings is 67% after 20 days, and 55% after 
40 days (the experiment variants No 9). 

After 10-15 days from the passaging, we 
noticed the explant growth inhibition, and, 
subsequently, the complete cessation of their 
development on the nutrient media with the 
use of auxins at a concentration of 8 mg l-1. In 
the latter case, the growth inhibition occurred 
later - after 20-22 days (the experience variants 
No 3, 7 and 11). The explant growth on the 
media without auxins is generally absent (the 
experience variants No 4, 8 and 12). 
The experiment results show that we have 
succeeded in obtaining the initial callus from 
all types of the explants cultured on the 
modified nutrient media. 
Figure 4 shows the results of the next stage of 
the in vitro propagation: the proliferation of 
callus with the formation of adventive buds. 

 

 

 
Figure 4. Proliferation of callus with the formation of the 

Pseudotsuga menziesii adventive buds 
Source: Own determination 

The explants have accumulated callus 
phytomass for 24-30 days. After that we made 
the division of callus (multiplication) for its 
recultivation on the modified nutrient media.  
 
Shoot multiplication stage 
After the formation of shoots on the initiated 
explants (4-6 weeks after initiation), they were 
divided into shoot apexes and node segments, 
and continued to be used for passaging every 4 
weeks on MS and LM modified media 
supplemented with different ratio and 
concentration of auxins (NAA, IAA, IBA) and 
cytokinins (BAP) (Table 2). WPM nutrient 
medium is not used since its usage during the 
initiation in the previous experiments has 
resulted in the worst outcomes. 
 

Table 2. Indicators of the Pseudotsuga menziesii  
explant multiplication 
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Supplement Explant multiplication indicators 

NAA, 
mg/l-1 

IBA, 
mg/l-1 

BAP, 
mg/l-1 

R, % SH, pcs. SЕ, pcs. 

from 
seedlings 

from plus
trees 

from 
seedlings 

from plus
trees 

from 
seedlings 

from plus 
trees 

1 

MS 

0.5 0,5 0,3 11 9 2,3 1,1 - - 

2 0.5 0,5 0,5 20 7 2,7 1,5 0,8 0,4 

3 0,5 0,5 1,5 16 8 2,1 1,4 - - 

4 0,5 0,5 1,0 31 11 3,3 2,1 1,5 1,3 

5 0,5 - 1,0 16 10 1,5 1,4 - - 

6 - 0,5 1,0 18 4 2,2 1,0 0,9 0,5 

7 

LM 

0,5 0,5 0,3 56 21 3,7 2,7 1,3 - 

8 0,5 0,5 0,5 43 22 6,1 2,9 1,6 - 

9 0,5 0,5 1,5 63 31 7,6 3,1 3,0 1,0 

10 0,5 0,5 1,0 91 41 7,4 3,7 3,6 1,5 

11 0,5 - 1,0 58 28 6,7 2,8 2,1 0,6 

12 - 0,5 1,0 18 8 2,2 2,1 0,9 - 

Note: R is the proportion of the explants that have formed advective 
microshoots; SH – number of new microshootsper explant; SE –
number of new segments per microshoot. 
Source: Own calculation 
 
The analysis of the shoot multiplication results 
(Table 2) shows that the highest proportion of 
the explants forming advective micro shoot 
sand the largest number of new micro shoot per 
explant and new segments per microshoot have 
been received from the seedlings of the studied 
species in: the experient variant No 9 - 63%; 
7.6 pcs.; 3.0 pcs., respectively (LM modified 
medium supplemented with auxins and 
cytokinins (0.5 mg l-1 of NAA+0.5 mg l-1 of 
IBA+1.5 mg l-1 of BAP) is used), and the 
experient variant No 10 - 91%; 7.4 pcs.; 3.6 
pcs., respectively (LM modified medium 

supplemented with auxinsand cytokinins at a 
concentration of 0.5 mg l-1 of NAA+0.5 mg     
l-1 of IBA+1.0 mg l-1 of BAP is used). 
 
The rooting of explants 
Explants has been performed after the 
multiplication stage for 20-30 days on MS and 
LM nutrient media with the reduced amount of 
mineral salts (twice) and supplemented with 
only auxins (Table 3).  
 

Table 3. Indicators of rhizogenesis of explants of the 
studied species 

 

Variant of 
the 

experienc
e 

Nutrient 
medium 

Supplement Number of the rooted explants, % 

NAA, 
mgl-1 

IBA, 
mgl-1 

after 20 days after 30 days 

from 
seedlings 

from plus 
trees 

from 
seedling

s 

from plus 
trees 

1 0.5 MS 0.5 - 16 7 20 8 

2 0.5 MS 0.3 0.3 22 10 25 10 

3 0.5 MS - 0.5 21 9 24 13 

4 0.5 MS 0.3 - 14 6 23 9 

5 0.5 MS 0.1 0.1 19 5 25 11 

6 0.5 MS - 0.3 20 8 29 13 

7 0.5 LM - 0.3 50 36 75 53 

8 0.5 LM 0.3 0.3 47 35 58 45 

9 0.5 LM 0.5 - 18 9 24 14 

10 0.5 LM - 0,5 71 51 83 59 

11 0.5 LM 0.1 0.1 31 18 37 27 

12 0.5 LM 0.3 - 23 10 26 17 

Source: Own calculation. 
 
According to the obtained data (Table 3), the 
highest percentage of rooting of the studied 
species explants was observed in the 
experiment variant No 7 (75%) on 0.5 LM 
medium supplemented with 0.3 mg l-1 of IBA, 
and in the experiment variant No 10 (83%) on 
0.5 LM medium supplemented with 0.5 mg       
l-1of IBA. The lowest results of rooting were 
obtained in the explants cultured on 0.5 MS 
nutrient medium, or without the supplement of 
IBA to the medium. Thus, it should be noted 
that the percentage of rooting of the explants 
procured from plus trees (after 30 days the 
percentage of rooting amounted to 8-59%) in 
all variants of the experience was lower 
compared to the explants procured from 
seedlings (after 30 days the percentage of 
rooting amounted to 20-83%). 
The final stage of the in vitro propagation of 
Pseudotsuga menziesii is the successful 
adaptation of the obtained clones to soil 
conditions. The explants with a well-developed 
root system were removed from tubes with 
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Initiation 
When conducting the experiments with the 
culture of Pseudotsuga menziesii in the in vitro 
conditions, we used the modified media with 
different ratio and concentration of auxins 
(NAA, IAA, IBA) and cytokinins (BAP) in 
order to study their impact on the formation of 
callus and the initiation of the Pseudotsuga 
menziesii organogenesis (Table 1).  

 
Table 1. Modification of nutrient media for the 
Pseudotsuga menziesii initiation in the in vitro 

conditions 
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Auxins, mg/l-1 
Cytokini
ns, mg/l-

1 
Number of initiated explants, % 

NAA IAA IBA BAP 

After 20 days After 40 days 

from 
seedling

s 

from 
plus 
trees 

from 
seedling

s 

from 
plus 

 trees 

1 МS 0.5 0.5 - 0.5 76 44 64 37 
2 МS 0.5 - 0.5 0.5 89 63 81 54 
3 МS 8.0 1.0 - - 5 3 1 1 
4 МS - - - 0.5 20 11 12 9 
5 WPM 0.5 0.5 - 0.5 49 33 35 21 
6 WPM 0.5 - 0.5 0.5 41 19 24 11 
7 WPM 8.0 1.0 - - 2 - - - 
8 WPM - - - 0.5 13 4 7 3 
9 LM 0.5 0.5 - 0.5 67 41 55 31 
10 LM 0.5 - 0.5 0.5 47 24 38 19 
11 LM 8.0 1.0 - - 2 1 - - 
12 LM - - - 0.5 15 6 12 4 

Source: Own calculation 
 
The data of Table 1 shows that the best 
indicators of the initiation of explants procured 
from the introduced plant seedlings are 
observed in the experiment variants No 1 and 
No 2 on MS modified medium supplemented 
with auxins and cytokinins (respectively, 0.5 
mg l-1 of NAA+0.5 mg l-1 of IAA+0.5 mgl-1 of 
BAP, and 0.5 mg l-1 of NAA+0.5 mg l-1 of 
IBA+0.5 mg l-1 of BAP). The number of the 
initiated explants after 20 days were as 
follows: 76 and 89%, after 40 days -64-81%, 
respectively. The significantly lower results 
were obtained when using the explants 
procured from plus trees (the experiment 
variants No 1 and No 2), respectively, after 20 
days - 44 and 63%, and after 40 days -37 and 
54%.  
More than 50% of the initiated explants 
procured from the Pseudotsuga menziesii 
seedlings have been obtained by using LM 
nutrient medium supplemented with auxins 
and cytokinins (0.5 mg l-1 of NAA+0.5 mg       
l-1 of IAA+0.5 mg l-1 of BAP). The percentage 
of the initiated explants procured from 
seedlings is 67% after 20 days, and 55% after 
40 days (the experiment variants No 9). 

After 10-15 days from the passaging, we 
noticed the explant growth inhibition, and, 
subsequently, the complete cessation of their 
development on the nutrient media with the 
use of auxins at a concentration of 8 mg l-1. In 
the latter case, the growth inhibition occurred 
later - after 20-22 days (the experience variants 
No 3, 7 and 11). The explant growth on the 
media without auxins is generally absent (the 
experience variants No 4, 8 and 12). 
The experiment results show that we have 
succeeded in obtaining the initial callus from 
all types of the explants cultured on the 
modified nutrient media. 
Figure 4 shows the results of the next stage of 
the in vitro propagation: the proliferation of 
callus with the formation of adventive buds. 

 

 

 
Figure 4. Proliferation of callus with the formation of the 

Pseudotsuga menziesii adventive buds 
Source: Own determination 

The explants have accumulated callus 
phytomass for 24-30 days. After that we made 
the division of callus (multiplication) for its 
recultivation on the modified nutrient media.  
 
Shoot multiplication stage 
After the formation of shoots on the initiated 
explants (4-6 weeks after initiation), they were 
divided into shoot apexes and node segments, 
and continued to be used for passaging every 4 
weeks on MS and LM modified media 
supplemented with different ratio and 
concentration of auxins (NAA, IAA, IBA) and 
cytokinins (BAP) (Table 2). WPM nutrient 
medium is not used since its usage during the 
initiation in the previous experiments has 
resulted in the worst outcomes. 
 

Table 2. Indicators of the Pseudotsuga menziesii  
explant multiplication 
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Supplement Explant multiplication indicators 

NAA, 
mg/l-1 

IBA, 
mg/l-1 

BAP, 
mg/l-1 

R, % SH, pcs. SЕ, pcs. 

from 
seedlings 

from plus
trees 

from 
seedlings 

from plus
trees 

from 
seedlings 

from plus 
trees 

1 

MS 

0.5 0,5 0,3 11 9 2,3 1,1 - - 

2 0.5 0,5 0,5 20 7 2,7 1,5 0,8 0,4 

3 0,5 0,5 1,5 16 8 2,1 1,4 - - 

4 0,5 0,5 1,0 31 11 3,3 2,1 1,5 1,3 

5 0,5 - 1,0 16 10 1,5 1,4 - - 

6 - 0,5 1,0 18 4 2,2 1,0 0,9 0,5 

7 

LM 

0,5 0,5 0,3 56 21 3,7 2,7 1,3 - 

8 0,5 0,5 0,5 43 22 6,1 2,9 1,6 - 

9 0,5 0,5 1,5 63 31 7,6 3,1 3,0 1,0 

10 0,5 0,5 1,0 91 41 7,4 3,7 3,6 1,5 

11 0,5 - 1,0 58 28 6,7 2,8 2,1 0,6 

12 - 0,5 1,0 18 8 2,2 2,1 0,9 - 

Note: R is the proportion of the explants that have formed advective 
microshoots; SH – number of new microshootsper explant; SE –
number of new segments per microshoot. 
Source: Own calculation 
 
The analysis of the shoot multiplication results 
(Table 2) shows that the highest proportion of 
the explants forming advective micro shoot 
sand the largest number of new micro shoot per 
explant and new segments per microshoot have 
been received from the seedlings of the studied 
species in: the experient variant No 9 - 63%; 
7.6 pcs.; 3.0 pcs., respectively (LM modified 
medium supplemented with auxins and 
cytokinins (0.5 mg l-1 of NAA+0.5 mg l-1 of 
IBA+1.5 mg l-1 of BAP) is used), and the 
experient variant No 10 - 91%; 7.4 pcs.; 3.6 
pcs., respectively (LM modified medium 

supplemented with auxinsand cytokinins at a 
concentration of 0.5 mg l-1 of NAA+0.5 mg     
l-1 of IBA+1.0 mg l-1 of BAP is used). 
 
The rooting of explants 
Explants has been performed after the 
multiplication stage for 20-30 days on MS and 
LM nutrient media with the reduced amount of 
mineral salts (twice) and supplemented with 
only auxins (Table 3).  
 

Table 3. Indicators of rhizogenesis of explants of the 
studied species 

 

Variant of 
the 

experienc
e 

Nutrient 
medium 

Supplement Number of the rooted explants, % 

NAA, 
mgl-1 

IBA, 
mgl-1 

after 20 days after 30 days 

from 
seedlings 

from plus 
trees 

from 
seedling

s 

from plus 
trees 

1 0.5 MS 0.5 - 16 7 20 8 

2 0.5 MS 0.3 0.3 22 10 25 10 

3 0.5 MS - 0.5 21 9 24 13 

4 0.5 MS 0.3 - 14 6 23 9 

5 0.5 MS 0.1 0.1 19 5 25 11 

6 0.5 MS - 0.3 20 8 29 13 

7 0.5 LM - 0.3 50 36 75 53 

8 0.5 LM 0.3 0.3 47 35 58 45 

9 0.5 LM 0.5 - 18 9 24 14 

10 0.5 LM - 0,5 71 51 83 59 

11 0.5 LM 0.1 0.1 31 18 37 27 

12 0.5 LM 0.3 - 23 10 26 17 

Source: Own calculation. 
 
According to the obtained data (Table 3), the 
highest percentage of rooting of the studied 
species explants was observed in the 
experiment variant No 7 (75%) on 0.5 LM 
medium supplemented with 0.3 mg l-1 of IBA, 
and in the experiment variant No 10 (83%) on 
0.5 LM medium supplemented with 0.5 mg       
l-1of IBA. The lowest results of rooting were 
obtained in the explants cultured on 0.5 MS 
nutrient medium, or without the supplement of 
IBA to the medium. Thus, it should be noted 
that the percentage of rooting of the explants 
procured from plus trees (after 30 days the 
percentage of rooting amounted to 8-59%) in 
all variants of the experience was lower 
compared to the explants procured from 
seedlings (after 30 days the percentage of 
rooting amounted to 20-83%). 
The final stage of the in vitro propagation of 
Pseudotsuga menziesii is the successful 
adaptation of the obtained clones to soil 
conditions. The explants with a well-developed 
root system were removed from tubes with 
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forceps, cleared out of agar remnants under 
distilled water, and planted out in cassettes 
with sterilized substrate.  
The two types of substrate with neutral or 
slightly acid reaction were used: soddy soil 
with sand (1: 1) and soddy soil with sand and 
peat (1: 1: 1). The adaptation of clones of the 
studied species was conducted in the 
conditions of the culture room. In order to 
protect plants from fungal diseases, the 
substrate was pre-treated with a solution of 
fundazol (5%) and potassium permanganate 
(1.2%) - 2-3 days prior to planting.  

 

 
а 

 
b 

Figure 5. Adaptation of regenerated Pseudotsuga 
menziesii to the substrate: (а) - mixture of peat, sand and 

loam in the ratio of 1: 1: 1; (b) - sod- weak podzolic 
sandy loam soil 

Source: Own determination 

The cultivation of the clones procured from the 
studied species seedlings for 60 days resulted 
in obtaining 51 and 79% of living plants, 
respectively (Figure 5).  
The cultivation of the clones procured from 
plus trees of the introduced plant for 60 days 
resulted in obtaining 43 and 52% of living 
plants, respectively. The established seedlings 
were transferred from cassettes with the 
substrate to the open ground on the specially 
prepared areas.  
The study of the stages of the introduced plant 
experimental morphogenesis by the іп vitro 
method on all levels of the organization, given 
the complexity of the propagationof coniferous 
plants by the method of microcloning, is aimed 
at creating an effective technology of propa-
gation of plants that can be used for 
commercial purposes. This method of propa-
gation of the species resistant to unfavorable 
climatic conditions and the response to biotic 
factors can be used for mass cultivation, but at 
the same time, it is worth considering the cost 
during the above-mentioned study on 
Pseudotsuga menziesii.  
In general, the calculation flowchartof the 
introduced species propagation by the in vitro 
method includes the following technological 
operations: procurement of explants (buds); 
sterilization of initial explants; preparation of 
medium with pouring; ware provision; explant 
planting; transplantation of explants for 
rooting; preparation of substrate with dispersal; 
clone potting; watering (1 time a day with 10 
liters of water per month); determination of 
plants for growing completion; wrapping for 
winter; unwrapping, 8-time seedling weeding 
(loosening with weed removal). The cost of 
propagation of one thousand explants of the 
studied species by the in vitro method was 756 
US dollars. 
For example, the analysis of calculations 
carried out in the experiments on the 
Pseudotsuga menziesii propagation by seeds in 
the Western Forest-steppe of Ukraine shows 
that the cost of cultivation of one thousand 
seedlings of the introduced plant has amounted 
to 7.55 US dollars. In this case, the calculation 
flowchart for growing 1,000 Pseudotsuga 
menziesii seedlings included the following 
technological operations: soil tillage for sowing 
seed (peat-manure compost spreading, autumn 

under winter plowing, spring soil disking in 2 
tracks, early spring plowing, cultivation with 
simultaneous harrowing (8 times), organic 
fertilizer application, autumn plowing, soil 
polishing before planting of seedlings, row 
layout under the cord with the soil loosening 
and leveling); seed preparation for sowing (pre-
sowing seed treatment (0.5% solution of 
‘potassium permanganate’), seeddrying in 
shade before sowing); seed sowing (seed 
sowing in rows with the marking and 
deepening of furrows to a depth of 1.0–1.5 cm 
with the substrate embedding and compaction 
(row length – 100 m, number of rows – 2), crop 
watering (1 time every four days, 10 l per 10 m 
of row) – 23 times during the growing period, 
8-time seedling weeding (loosening by hand 
with weed removal). The second year of 
seedling growing included: crop watering (1 
time every four days, 10 l per 10 m of row) – 
23 times during the growing period (4600 l of 
water), 8-time seedling weeding (loosening 
with weed removal). 
Accordingly, the cost of propagation of one 
thousand seedlings of the studied species by the 
generative method is 29 times less compared to 
the in vitro propagation.  
 
CONCLUSIONS 
 
The success of Pseudotsuga menziesii 
propagation in the in vitro conditions depends 
on the properly chosen methods of 
microcloning propagation of the species, 
namely: 
1. At all stages of the introducent propagation 
in the in vitro conditions, the explants procured 
from 3-year-old seedlings are the most capable 
of morphogenesis.  
2. It is expedient to carry out the 
decontamination of initial explants in the 
following sequence: 96 % with aqueous 
solution of С2Н5ОН for 15 sec; with flow Н20 
with detergent for 12 hours; 30 % with aqueous 
solution of NaCIO for 25 min; 70 % with 
aqueous solution of С2Н5ОН – 15 sec; 0.3 % 
with aqueous solution of AgNO3 for 15 min; 
subject to triple rinsing of the selected 
meristems with distilled water after each 
reagent. 76 % of aseptic explants procured 
from seedlings were obtained.  
3. MS nutrient medium supplemented with 

auxinsand cytokinins of 0.5 mg l-1 of NAA + 
0.5 mg l-1 of IBA + 0.5 mg l-1 of BAP should 
be used for initiation of the studied explants. 
This will provide for the greatest number of 
initiated explants (81% after 40 days of 
cultivation).  
4. LM solid nutrient medium supplemented 
with auxins and cytokinins at a concentration 
of 0.5 mg l-1 of NAA + 0.5 mg   l-1 of IBA + 
1.0 mg l-1 of BAP should be used for 
multiplication of initiated explants. The use of 
this medium ensures the obtaining of 91% of 
explants with advective microshoots; 7.4 new 
microshoots per explant and 3.6 new segments 
per microshoot.  
5. The most suitable nutrient for rooting of 
the introduced plant microshoots is 0.5 LM 
supplemented with auxin of 0.5 mg l-1 of IBA. 
Under these conditions, the percentage of 
rooting on the 30 th dayamounted to 83 %.  
6. It is expedient to carry out the adaptation 
of the studied regeneranted species to soil 
conditions under the culture room in soddy soil 
with sand and peat (1: 1: 1), which provides for 
obtaining 79% of adapted plants after 60-day 
cultivation. In this case, 2-3 days before 
planting, the substrate should be pre-treated 
with a solution of fundazol (5%) and potassium 
permanganate (1.2%) to protect plants from 
fungal diseases.  
7. The in vitro propagation of the studied 
species for industrial purposes should be 
carried out if all the stages of work are 
automated. High prices for substances required 
for the sterilization of explants and the 
preparation of modified nutrient media are 
connected with the fact that most of them are 
imported. 
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Figure 5. Adaptation of regenerated Pseudotsuga 
menziesii to the substrate: (а) - mixture of peat, sand and 

loam in the ratio of 1: 1: 1; (b) - sod- weak podzolic 
sandy loam soil 

Source: Own determination 
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Abstract 
 
The article presents the results of the study of the size characteristics of cenopopulations Hypericum perforatum L. 
(Hypericaceae) and Saponaria officinalis L. (Caryophyllaceae), which are formed in different phytocoenoses of North-
East Ukraine. We have studied six cenopopulations Hypericum perforatum from softwood, mixed and broadleaf forests 
and seven cenopopulations of Saponaria offiсinalis from meadows with domination of Elytrigia repens (L.) Nevski. 
During the research there were used a morphometric analysis, a complex of methods of statistical and mathematical 
processing of data, as well as the original approach to assess the dimensional structure of populations. We show that 
the implementation of morphological variability (variation of morphological parameters of plants within a single 
population) and morphological plasticity (the change in mean values of morphological parameters in the "transition" 
from population to population) is an integral part of the complex of processes and transformations that ensure the 
existence of cenopopulations of Hypericum perforatum and Saponaria officinalis in the north-eastern part of Ukraine. 
Cenopopulations of each species there has been erected phytocoenoses in which the greater (or significant) share of the 
values of the leading morphological parameters reaches the largest or the smallest values. These phytocoenoses can be 
considered as potential centers of procurement of medicinal raw materials. The results of the morphometric analysis 
provide an opportunity to determine the characteristic dimensions plants of Hypericum perforatum and Saponaria 
officinalis in each of the phytocenoses and to define the identification tags of their model individuals. An analysis of the 
dimensional structure of Hypericum perforatum and Saponaria officinalis cenopopulations has shown that they are 
mostly formed from plants whose size corresponds to 3-4 adjacent dimensional classes of height and leaf area and, 
respectively, 6-11 and 4-10 variants of the combination of dimensional classes of height and leaf area surfaces with 
IDSS values varying from 24.0-44.0% and from 16.0 to 40.0%. 
 
Key words: cenopopulation, morphometric analysis, dimensional structure, Hypericum perforatum L., Saponaria 
officinalis L. 

 
INTRODUCTION 

 
The size of plant organisms, to a great extent 
due to the attached way of life, is their 
extremely important basic characteristic. Many 
plant properties are closely related to the size: 
life expectancy, place in the biogeocoenosis of 
the species, role in the food chain of the eco-
system. Individuals of different sizes contribute 
unevenly to bioproducts, differ in the nature of 
intra-ecosystem bonds, and have different 
degrees of resistance (Law, 1983; Toshihiko, 
1988; Marba et al., 2007; Zlobin, 2009). 
Of particular significance, morphometric 
studies have been obtained after the elaboration 
of the method of vitality analysis (Zlobin, 
1989; 2018) was developed and adjusted. The 
scientist considers plants as multi-indicative 

organisms and makes it possible to set 
morphometric features that are the most 
informative from a biological point of view for 
their various life forms. 
Analysis of literary sources shows that despite 
the fact that the study of dimensional 
characteristics of plants has been one of the 
most important components of particular areas 
of botanical research for a long time 
(Karmanova, 1976; Hunt, 1978), and 
morphometric analysis is used in the study of 
different levels of organization of living 
(individuals, populations, phytocenoses), on the 
background of the presence of a very large 
number of works, which provide information 
on the size of the objects of study, the 
proportion of developments with the data on 
the size structure of certain sets of plants is 
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relatively insignificant. Although the 
expediency of the analysis of the plants 
phytocoenoses ratio of various size groups, as 
well as the informative value of this indicator, 
was proved in classical botanical works several 
decades ago (Ipatov, 1968; Dyrenkov, 1984; 
Weiner, 1985). Recently, the data on the size 
structure of the plant's cenopopulations are 
most often given in works devoted to the study 
of competitive relationships (Gordon B. Bonan, 
1988; Hara et al., 1993; Schwinning, Weiner, 
1998; Kotov, 2001), the state of forest 
phytocoenoses and their natural reforestation 
(Buzun, 2004; Lebkov, 2008; Skliar, 2013; 
2015a; 2015b). 
Studying plant size and the dimensional 
structure of their populations is promising in 
terms of determining the stock of phytomass 
and assessing the resource potential of certain 
species within certain territories (Zlobin et al., 
2013). Accordingly, the usage of such studies 
is appropriate and necessary for plants 
characterized as medicinal. 
Ukraine is distinguished by significant species 
richness of plants, which has inherent healing 
properties (Minarchenko, 2002; Kislichenko, 
Lenchik, Musienko, 2015). A significant 
number of medicinal species are also presented 
in the flora of the North-Eastern Ukraine 
(Reserve Treasures, 2001). However, 
nowadays this region is insufficiently covered 
by research aimed at clarification of the 
features and patterns of composition, the 
functioning of the cenopopulations of plants in 
this group, assessment of their resource 
potential, and on the whole, it is focused on the 
definition of scientifically-based approaches to 
ensure their sustainable and non-exhaustive 
economic usage. 
In this paper, we aimed to estimate the size of 
the dimensional parameters of individuals and 
the dimensional structure of cenopopulations of 
two species of medicinal plants (Hypericum 
perforatum L. and Saponaria officinalis L.) 
which are one of the most widespread in the 
North-East of Ukraine. 
 
MATERIALS AND METHODS 

 
Hypericum perforatum (Hypericaceae) is 
called a remedy for 99 diseases. This plant 
belongs to the pharmacopeia of many countries 

and according to the European Scientific 
Association of Herbal Medicine, it is one of the 
most popular medicinal plants in the world. 
Hypericum perforatum contains more than 10% 
of tannins, essential oils, resinous substances, 
vitamin C, carotene and some other substances. 
Modern medicine uses Hypericum perforatum 
to treat many diseases. Very valuable 
medicines are imanin and novoimanin. They 
kill more than 40 types of microbes and are 
used to treat many infectious diseases, burns 
(Zlobin, Bondareva, 2000) 
Saponaria officinalis (Caryophyllaceae) is a 
perennial herbaceous rhizome plant of 30-90 
cm high. The stalk is bare or swollen. The 
rhizome of the plant is creeping, branched, 
outwardly reddish-brown. Leaves are opposite, 
narrowed at the base into short petioles, 
elongated-elliptic with three longitudinal relief 
veins. The flowers are correct, pale pink, col-
lected in the tartan droop, on short peduncles. It 
blossoms from June till August. Its fruit is a 
box. It is widespread throughout the territory of 
Ukraine - on flood plains, forest glades, and 
edges, with the exception of the Pinnacle 
Steppe. Sometimes Saponaria officinalis is 
grown as a decorative plant. Rhizomes and 
roots are picked up in late autumn. It is applied 
as a diuretic, slightly diaphoretic and 
expectorant. Saponaria officinalis contains 
saponins (saporubrin - in the roots of about 
5%), triterpene hipsogenin, flavonoid glycoside 
(in the grass), saponarin (Safonov, 2008). 
The research was carried out within the 
northern and central parts of North-Eastern 
Ukraine which belong to two geobotanical 
districts: Shostkinsky and Krolevets-
Glukhivsky. The first of these is a part of the 
Polissya geobotanical province, and the second 
is a part of the Middle Russian forest province. 
The study covered six cenopopulations of 
Hypericum perforatum and seven of Saponaria 
officinalis. All of them grow in phytocoenoses 
typical of the region. The investigated 
cenopopulations of Hypericum perforatum are 
represented in such phytocenoses as:  
 1. Pinetum (sylvestris) coryloso (avellanae)-
pteridiosum (aquilinae);  
2. Pinetum (sylvestris) coryloso (avellanae)-
chelidoniosum (majus);  
3. Pinetо (sylvestris)-Aceretum (platanoiditis) 
fragariosum (vescae);  

4. Quercetum (roboris) coryloso (avellanae)–
chelidoniosum (majus);  
5. Quercetum (roboris) coryloso (avellanae)–
urticosum (dioici); 
 6. Querceto (roboris)-Aceretum (platanoiditis) 
fragariosum (vescae).  
Cenopopulation of Saponaria officinalis is a 
part of the following phytocoenoses: 
1. Elytrigietum (repentis) subpurum; 
2. Elytrigietum (repentis) artemisiosum 
(absinthium);  
3. Elytrigietum (repentis) artemisiosum 
(vulgariosum);  
4. Elytrigietum (repentis) alchemillosum 
(submillefolium); 
5. Elytrigietum (repentis) alchemillo 
(submillefolium)-artemisiosum (absinthium); 
6. Elytrigietum (repentis) urticoso (dioici)-
alchemillosum (submillefolium);   
7. Elytrigietum (repentis) variaherbosa. 
In order to determine the dimensional 
parameters of the plants of the studied species, 
we carried out a morphometric analysis. For this 

purpose, in the studied phytocoenoses, 
randomly, there were taken 25-50 generative 
plants of each of the two species under study. 
We evaluated a series of static metric and static 
allometric indices (Zlobin, 1989; Zlobin et al., 
2009) (Tables 1, 2).  
There were determined nine metric and eight 
allometric indices in Hypericum perforatum, 
and 13 metric and seven allometric indices in 
Saponaria officinalis. 
To assess the statistical validity of the 
quantitative data obtained and their genera-
lization, we used spot evaluation and dispersion 
analysis (Tsarenko et al., 2003). 
This was provided by using statistic computer 
packages STATISTICA and PAST. 
The dimensional structure was established on 
the basis of two morphoparameters (the total of 
the leaf surface area (A) and height (H)) based 
on the use of the original method which 
provided the implementation of the following 
algorithm of action: 

 
 

Table 1. List of static metric morphoparameters, which were used to assess the state  
of plants of the studied species 

The name of the morphoparameter Symbols  Unit of 
measurement 

Total weight of plants W g 
Total phytomass leaves WL g 
Phytomass of the stalk Wst g 
Phytomass of one leaf W1L g 
The total surface area of leaves  A cm2 

The surface area of one leaf А1L cm2 

Total number of leaves NL pcs. 
Number of side shoots of the first order B pcs. 
The height of the plant H cm 
Diameter of a stalk D cm 
The total mass of reproductive organs  Wgen g 
Weight of one reproductive organ Wgen1 g 
Total number of generative organs Ngen pcs. 

Table 1 and Table 2 show symbols and calculation formulas submitted by Karmanova I.V. (1976), Hunt R. (1978), Zlobin Yu.A. (1989) 
 

Table 2. List of static allometric morphoparameters which were used to assess  
the state of plants of the studied species 

The name of the morphoparameter 
Symbols and calculation 

formulas for morphological 
parameters 

Unit of 
measurement 

Leaves area per unit of phytomass LAR = A/W cm2/g 
Photosynthetic effort LWR = WL/W g/g 
Relative growth HWR = H/W cm/g 
The ratio of the total leaf area to the diameter of the stalk ADR=A/D cm2 /mm 
The proportion between the height of the plant and the diameter of the stalk HDR = H/D  cm/cm 
Leaves area per unit of phytomass SLA = A WL cm2/g 
Reproductive effort RE1=(Wgen/W)×100 % 

RE2=(Wgen/А)×100 % 
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relatively insignificant. Although the 
expediency of the analysis of the plants 
phytocoenoses ratio of various size groups, as 
well as the informative value of this indicator, 
was proved in classical botanical works several 
decades ago (Ipatov, 1968; Dyrenkov, 1984; 
Weiner, 1985). Recently, the data on the size 
structure of the plant's cenopopulations are 
most often given in works devoted to the study 
of competitive relationships (Gordon B. Bonan, 
1988; Hara et al., 1993; Schwinning, Weiner, 
1998; Kotov, 2001), the state of forest 
phytocoenoses and their natural reforestation 
(Buzun, 2004; Lebkov, 2008; Skliar, 2013; 
2015a; 2015b). 
Studying plant size and the dimensional 
structure of their populations is promising in 
terms of determining the stock of phytomass 
and assessing the resource potential of certain 
species within certain territories (Zlobin et al., 
2013). Accordingly, the usage of such studies 
is appropriate and necessary for plants 
characterized as medicinal. 
Ukraine is distinguished by significant species 
richness of plants, which has inherent healing 
properties (Minarchenko, 2002; Kislichenko, 
Lenchik, Musienko, 2015). A significant 
number of medicinal species are also presented 
in the flora of the North-Eastern Ukraine 
(Reserve Treasures, 2001). However, 
nowadays this region is insufficiently covered 
by research aimed at clarification of the 
features and patterns of composition, the 
functioning of the cenopopulations of plants in 
this group, assessment of their resource 
potential, and on the whole, it is focused on the 
definition of scientifically-based approaches to 
ensure their sustainable and non-exhaustive 
economic usage. 
In this paper, we aimed to estimate the size of 
the dimensional parameters of individuals and 
the dimensional structure of cenopopulations of 
two species of medicinal plants (Hypericum 
perforatum L. and Saponaria officinalis L.) 
which are one of the most widespread in the 
North-East of Ukraine. 
 
MATERIALS AND METHODS 

 
Hypericum perforatum (Hypericaceae) is 
called a remedy for 99 diseases. This plant 
belongs to the pharmacopeia of many countries 

and according to the European Scientific 
Association of Herbal Medicine, it is one of the 
most popular medicinal plants in the world. 
Hypericum perforatum contains more than 10% 
of tannins, essential oils, resinous substances, 
vitamin C, carotene and some other substances. 
Modern medicine uses Hypericum perforatum 
to treat many diseases. Very valuable 
medicines are imanin and novoimanin. They 
kill more than 40 types of microbes and are 
used to treat many infectious diseases, burns 
(Zlobin, Bondareva, 2000) 
Saponaria officinalis (Caryophyllaceae) is a 
perennial herbaceous rhizome plant of 30-90 
cm high. The stalk is bare or swollen. The 
rhizome of the plant is creeping, branched, 
outwardly reddish-brown. Leaves are opposite, 
narrowed at the base into short petioles, 
elongated-elliptic with three longitudinal relief 
veins. The flowers are correct, pale pink, col-
lected in the tartan droop, on short peduncles. It 
blossoms from June till August. Its fruit is a 
box. It is widespread throughout the territory of 
Ukraine - on flood plains, forest glades, and 
edges, with the exception of the Pinnacle 
Steppe. Sometimes Saponaria officinalis is 
grown as a decorative plant. Rhizomes and 
roots are picked up in late autumn. It is applied 
as a diuretic, slightly diaphoretic and 
expectorant. Saponaria officinalis contains 
saponins (saporubrin - in the roots of about 
5%), triterpene hipsogenin, flavonoid glycoside 
(in the grass), saponarin (Safonov, 2008). 
The research was carried out within the 
northern and central parts of North-Eastern 
Ukraine which belong to two geobotanical 
districts: Shostkinsky and Krolevets-
Glukhivsky. The first of these is a part of the 
Polissya geobotanical province, and the second 
is a part of the Middle Russian forest province. 
The study covered six cenopopulations of 
Hypericum perforatum and seven of Saponaria 
officinalis. All of them grow in phytocoenoses 
typical of the region. The investigated 
cenopopulations of Hypericum perforatum are 
represented in such phytocenoses as:  
 1. Pinetum (sylvestris) coryloso (avellanae)-
pteridiosum (aquilinae);  
2. Pinetum (sylvestris) coryloso (avellanae)-
chelidoniosum (majus);  
3. Pinetо (sylvestris)-Aceretum (platanoiditis) 
fragariosum (vescae);  

4. Quercetum (roboris) coryloso (avellanae)–
chelidoniosum (majus);  
5. Quercetum (roboris) coryloso (avellanae)–
urticosum (dioici); 
 6. Querceto (roboris)-Aceretum (platanoiditis) 
fragariosum (vescae).  
Cenopopulation of Saponaria officinalis is a 
part of the following phytocoenoses: 
1. Elytrigietum (repentis) subpurum; 
2. Elytrigietum (repentis) artemisiosum 
(absinthium);  
3. Elytrigietum (repentis) artemisiosum 
(vulgariosum);  
4. Elytrigietum (repentis) alchemillosum 
(submillefolium); 
5. Elytrigietum (repentis) alchemillo 
(submillefolium)-artemisiosum (absinthium); 
6. Elytrigietum (repentis) urticoso (dioici)-
alchemillosum (submillefolium);   
7. Elytrigietum (repentis) variaherbosa. 
In order to determine the dimensional 
parameters of the plants of the studied species, 
we carried out a morphometric analysis. For this 

purpose, in the studied phytocoenoses, 
randomly, there were taken 25-50 generative 
plants of each of the two species under study. 
We evaluated a series of static metric and static 
allometric indices (Zlobin, 1989; Zlobin et al., 
2009) (Tables 1, 2).  
There were determined nine metric and eight 
allometric indices in Hypericum perforatum, 
and 13 metric and seven allometric indices in 
Saponaria officinalis. 
To assess the statistical validity of the 
quantitative data obtained and their genera-
lization, we used spot evaluation and dispersion 
analysis (Tsarenko et al., 2003). 
This was provided by using statistic computer 
packages STATISTICA and PAST. 
The dimensional structure was established on 
the basis of two morphoparameters (the total of 
the leaf surface area (A) and height (H)) based 
on the use of the original method which 
provided the implementation of the following 
algorithm of action: 

 
 

Table 1. List of static metric morphoparameters, which were used to assess the state  
of plants of the studied species 

The name of the morphoparameter Symbols  Unit of 
measurement 

Total weight of plants W g 
Total phytomass leaves WL g 
Phytomass of the stalk Wst g 
Phytomass of one leaf W1L g 
The total surface area of leaves  A cm2 

The surface area of one leaf А1L cm2 

Total number of leaves NL pcs. 
Number of side shoots of the first order B pcs. 
The height of the plant H cm 
Diameter of a stalk D cm 
The total mass of reproductive organs  Wgen g 
Weight of one reproductive organ Wgen1 g 
Total number of generative organs Ngen pcs. 

Table 1 and Table 2 show symbols and calculation formulas submitted by Karmanova I.V. (1976), Hunt R. (1978), Zlobin Yu.A. (1989) 
 

Table 2. List of static allometric morphoparameters which were used to assess  
the state of plants of the studied species 

The name of the morphoparameter 
Symbols and calculation 

formulas for morphological 
parameters 

Unit of 
measurement 

Leaves area per unit of phytomass LAR = A/W cm2/g 
Photosynthetic effort LWR = WL/W g/g 
Relative growth HWR = H/W cm/g 
The ratio of the total leaf area to the diameter of the stalk ADR=A/D cm2 /mm 
The proportion between the height of the plant and the diameter of the stalk HDR = H/D  cm/cm 
Leaves area per unit of phytomass SLA = A WL cm2/g 
Reproductive effort RE1=(Wgen/W)×100 % 

RE2=(Wgen/А)×100 % 
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1. The minimum and maximum values of H 
and A are determined for the whole population 
of individuals.  
2. Taking into account the minimum and 
maximum values of the selected morphological 
parameters classes of dimension were 
determined for each of them. 
3. A matrix of dimensional classes was made. 
4. In the cenopopulation the position of each 
plant in the matrix field was determined. 
5. The percentage of individuals representing 
different dimensional classes was estimated for 
the cenopopulation. 
6. The dimension of index of the diversity of 
the size structure (IDSS) was determined by 
Skliar V.G. (2016) for cenopopulation (1): 
 
IDSS = (Nf/Nt) * 100%                    (1) 
 
where: Nf is the number of combinations of 
different dimensional classes A and H found 
among plants of a certain cenopopulation; Nt is 
the theoretically calculated number of possible 
combinations between plants of dimensional 
classes A and H.  
 
RESULTS AND DISCUSSIONS  
 
The results of the estimation of the dimensional 
value of the plants Hypericum perforatum and 
Saponaria officinalis in different 
phytocoenoses of the North-Eastern Ukraine 
are shown in Tables 3 and 4. They confirm that 
in each of the locations individuals with a 
specific complex of values of the leading 
morphological parameters are formed. For the 
absolute majority of dimensional variables, all 
registrations of differences in the values of 
morphological indices in plants of different 
phytocenoses are statistically significant (at 
p<0.05). Hypericum perforatum has the only 
exception in the weight of one leaf, the total 
number of leaves and relative growth, and 
Saponaria officinalis has the exception in 
relative increase and the ratio of the total leaf 
area to the diameter of the stem. In addition, all 
morphological parameters show their 
peculiarities in terms of changes in the 
quantities of phytocoenoses under study 
(Figures 1, 2).  
This indicates that each of the dimensional 
indicators has individual characteristics and 

plays a specific role in the formation of a 
complex of morphological adaptations in plants 
Hypericum perforatum and Saponaria 
officinalis to the conditions of specific 
locations. However, they are characterized by 
the manifestation of certain general tendencies. 
So in Hypericum perforatum, the highest 
values of nine morphoparameters (out of 17 
evaluated) are recorded to the cenopopulation 
of the phytocoenosis Quercetum (roboris) 
coryloso (avellanae)–chelidoniosum (majus). 
In Saponaria officinalis, out of the 20 
indicators covered by the study, the largest of 
the eight belong to the phytocoenosis 
Elytrigietum (repentis) artemisiosum 
(vulgariosum), while the biggest indices of 
eighth (at four in each cenopopulation) are the 
Elytrigietum (repentis) urticoso (dioici)–
alchemillosum (submillefolium) and 
Elytrigietum (repentis) variaherbosa. In 
Saponaria officinalis, unlike Hypericum 
perforatum, a fairly clear pattern and 
distribution of the smallest values appeared: 
eight of them were observed in the 
cenopopulation of the phytocoenosis 
Elytrigietum (repentis) alchemillosum 
(submillefolium) and seven in the Elytrigietum 
(repentis) subpurum. 
In general, the results of the studies show that 
the existence of the plant and the 
cenopopulation of Hypericum perforatum and 
Saponaria officinalis are accompanied by the 
active implementation of them as 
morphological plasticity (according to Zlobin 
Yu.A., 1989), its sign is the presence of 
differences in mean values of morphological 
parameters cenopopulations for different 
phytocenoses, and morphological variability 
(manifested in the variation of absolute values 
of dimensional characteristics plants within a 
specific phytocoenosis).  
On the implementation of the level of 
cenopopulations of both types of 
morphological variability, in particular, clearly 
demonstrate the mean arithmetic mean error, 
given in Tables 3 and 4. Actually, the 
manifestation of morphological variability 
proves the expediency and necessity of a 
thorough study of the dimensional structure of 
cenopopulations. 
 

Table 3. Average values of plant morphometric parameters in the cenopopulations of Hypericum perforatum 
 

M
or
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op
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am

et
er
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Phytocoenoses 
Pinetum 

(sylvestris) 
coryloso 

(avellanae)− 
pteridiosum 
(aquilinae) 

Pinetum 
(sylvestris)  
coryloso 

(avellanae)− 
chelidoniosum 

(majus) 

Pinetо 
(sylvestris)− 

Aceretum 
(platanoiditis) 
fragariosum 

(vescae) 

Quercetum 
(roboris) coryloso 

(avellanae)− 
 chelidoniosum 

(majus) 

Quercetum 
(roboris) coryloso 

(avellanae)− 
urticosum (dioici)  

 

Querceto 
(roboris)− 
Aceretum 

(platanoiditis) 
fragariosum 

(vescae) 

xS�X  xS�X  xS�X  xS�X  xS�X  xS�X  

Static metric morphoparameters 
H 67.5+2.128 68.7+2.33 71.2+1.84 76.1+1.85 71.7+2.10 68.21+2.25 

W1L 0.01+0.002 0.04+0.001 0.04+0.002 0.07+0.019 0.04+0.002 0.04+0.001 
WL 1.40+0.025 1.47+0.017 1.40+0.034 1.25+0.036 1.51+0.037 1.46+0.037 
D 0.50+0.015 0.40+0.016 0.42+0.014 0.52+0.014 0.43+0.014 0.38+0.011 
B 26.9+0.96 26.1+0.99 22.2+0.83 28.0+0.92 24.3+0.93 22.1+0.73 
A 4.30+0.241 5.23+0.186 4.74+0.216 4.92+0.255 5.64+0.133 4.55+0.239 
W 7.30+0.232 6.97+0.144 7.48+0.195 8.45+0.264 7.27+0.140 7.36+0.221 

Wg 0.90+0.068 0.96+0.040 0.86+0.045 1.06+0.039 0.89 +0.031 0.75+0.047 
NL 115.4+2.3 111.7+1.98 112.5+1.73 117.9+2.25 114.3+1.93 115.9+2.19 

Static alometric morphoparameters 
LAR 0.60+0.031 0.74+0.019 0.63+0.026 0.60+0.037 0.78+0.020 0.62+0.027 
LWR 0.20+0.007 0.21+0.004 0.18+0.005 0.15+0.004 0.20+0.003 0.20+0.005 
HWR 9.40+0.260 9.79+0.203 9.59+0.226 9.10+0.185 9.82+0.171 9.30+0.213 
HDR 133.3+5.10 172.3+4.53 170.4+5.34 146.7+3.13 168.8+7.04 178.6+3.09 
RE1 13.1+0.93 13.9+0.56 11.6+0.52 13.0+0.62 12.4+0.50 10.3+0.59 
RE2 23.2+2.13 19.0+1.06 18.8+1.02 23.7+1.66 16.2+0.88 17.0+0.88 
SLA 3.1+0.18 3.5+0.11 3.4+0.14 4.1+0.26 3.8+0.12 3.1+0.14 
ADR 8.5+0.47 13.1+0.43 11.3+0.48 9.70+0.61 13.4+0.60 12.0+0.54 

 
Table 4. Average values of plant morphometric parameters in the cenopopulations of Saponaria officinalis 
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xS�X  xS�X  xS�X  xS�X  xS�X  xS�X  xS�X  

Static metric morphoparameters 
W 34.7+1.05 42.1+1.11 46.4+1.01 35.7+1.53 42.4+1.33 49.3+1.63 47.3+1.63 

WL 7.9+1.27 11.1+1.53 13.5+1.45 4.3+0.56 4.2+0.71 8.6+1.20 9.4+1.32 
Wst 25.5+1.08 26.4+2.13 24.9+2.67 29.7+1.58 36.2+1.86 37.3+0.99 34.9+2.31 
W1L 0.39+0.040 0.39+0.049 0.50+0.045 0.26+0.028 0.21+0.028 0.41+0.040 0.48+0.069 

A 184.3+13.54 189.5+12.41 190.7+9.70 135.6+4.50 213.3+12.58 219.1+9.52 244.7+7.98 
B 8.9+0.67 5.33+0.513 7.9+0.81 3.5+0.31 3.7+0.45 6.1+0.73 3.5+0.50 

NL 19.6+1.51 28.3+1.66 26.6+1.21 16.2+0.87 18.1+ 0.98 20.3+1.06 18.5+0.86 
A1L 9.8+0.75 7.4+0.65 7.5+0.50 8.6+0.37 11.9+0.48 11.2+0.63 13.6+0.72 

H 35.1+1.11 41.9+1.11 47.7+0.88 34.4+0.72 44.7+1.44 55.1+1.26 46.1+1.23 
D 0.5+ 0.03 0.6+ 0.04 0.6+0.03 0.3+0.03 0.5+0.03 0.7+0.03 0.5+0.03 

W gen 1.3+ 0.37 4.6+0.80 7.9+1.23 1.7+0.21 2.0+0.24 3.4+0.42 3.0+0.39 
W gen1 0.1+0.02 0.3+0.04 0.4+0.05 0.2+0.02 0.1+0.01 0.2+0.02 0.2+0.02 
N gen 12.2+0.81 17.0+0.66 21.3+1.21 10.1+0.52 15.3+0.54 19.1+0.67 16.3+0.64 

Static allometric morphoparameters 
LAR 5.4+0.47 4.5+ 0.34 4.2+0.27 3.9+0.26 5.1+0.39 4.5+0.29 5.2+0.20 
LWR 0.2+0.03 0.2+0.03 0.3+0.04 0.1+0.02 0.1+0.02 0.2+0.02 0.2+0.03 
HWR 1.02+0.038 0.99+0.024 1.02+0.028 0.98+0.046 1.06+0.045 1.12+0.038 0.99+0.053 
ADR 386.4+ 38.50 354.6+34.57 307.3+24.42 528.9+62.85 448.2+40.89 349.9+24.91 532.0+29.57 
HDR 72.2+3.78 79.1+8.14 76.7+4.80 136.1+18.21 92.5+4.54 87.4+4.52 101.5+6.78 
RE1 3.1+0.87 11.3+2.10 17.4+2.94 4.8+0.49 4.7+0.60 6.78+0.87 6.6+0.92 
RE2 0.6+0.16 2.6+0.46 4.4+0.73 1.3+0.16 0.9+0.11 1.6+0.22 1.3+0.16 
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1. The minimum and maximum values of H 
and A are determined for the whole population 
of individuals.  
2. Taking into account the minimum and 
maximum values of the selected morphological 
parameters classes of dimension were 
determined for each of them. 
3. A matrix of dimensional classes was made. 
4. In the cenopopulation the position of each 
plant in the matrix field was determined. 
5. The percentage of individuals representing 
different dimensional classes was estimated for 
the cenopopulation. 
6. The dimension of index of the diversity of 
the size structure (IDSS) was determined by 
Skliar V.G. (2016) for cenopopulation (1): 
 
IDSS = (Nf/Nt) * 100%                    (1) 
 
where: Nf is the number of combinations of 
different dimensional classes A and H found 
among plants of a certain cenopopulation; Nt is 
the theoretically calculated number of possible 
combinations between plants of dimensional 
classes A and H.  
 
RESULTS AND DISCUSSIONS  
 
The results of the estimation of the dimensional 
value of the plants Hypericum perforatum and 
Saponaria officinalis in different 
phytocoenoses of the North-Eastern Ukraine 
are shown in Tables 3 and 4. They confirm that 
in each of the locations individuals with a 
specific complex of values of the leading 
morphological parameters are formed. For the 
absolute majority of dimensional variables, all 
registrations of differences in the values of 
morphological indices in plants of different 
phytocenoses are statistically significant (at 
p<0.05). Hypericum perforatum has the only 
exception in the weight of one leaf, the total 
number of leaves and relative growth, and 
Saponaria officinalis has the exception in 
relative increase and the ratio of the total leaf 
area to the diameter of the stem. In addition, all 
morphological parameters show their 
peculiarities in terms of changes in the 
quantities of phytocoenoses under study 
(Figures 1, 2).  
This indicates that each of the dimensional 
indicators has individual characteristics and 

plays a specific role in the formation of a 
complex of morphological adaptations in plants 
Hypericum perforatum and Saponaria 
officinalis to the conditions of specific 
locations. However, they are characterized by 
the manifestation of certain general tendencies. 
So in Hypericum perforatum, the highest 
values of nine morphoparameters (out of 17 
evaluated) are recorded to the cenopopulation 
of the phytocoenosis Quercetum (roboris) 
coryloso (avellanae)–chelidoniosum (majus). 
In Saponaria officinalis, out of the 20 
indicators covered by the study, the largest of 
the eight belong to the phytocoenosis 
Elytrigietum (repentis) artemisiosum 
(vulgariosum), while the biggest indices of 
eighth (at four in each cenopopulation) are the 
Elytrigietum (repentis) urticoso (dioici)–
alchemillosum (submillefolium) and 
Elytrigietum (repentis) variaherbosa. In 
Saponaria officinalis, unlike Hypericum 
perforatum, a fairly clear pattern and 
distribution of the smallest values appeared: 
eight of them were observed in the 
cenopopulation of the phytocoenosis 
Elytrigietum (repentis) alchemillosum 
(submillefolium) and seven in the Elytrigietum 
(repentis) subpurum. 
In general, the results of the studies show that 
the existence of the plant and the 
cenopopulation of Hypericum perforatum and 
Saponaria officinalis are accompanied by the 
active implementation of them as 
morphological plasticity (according to Zlobin 
Yu.A., 1989), its sign is the presence of 
differences in mean values of morphological 
parameters cenopopulations for different 
phytocenoses, and morphological variability 
(manifested in the variation of absolute values 
of dimensional characteristics plants within a 
specific phytocoenosis).  
On the implementation of the level of 
cenopopulations of both types of 
morphological variability, in particular, clearly 
demonstrate the mean arithmetic mean error, 
given in Tables 3 and 4. Actually, the 
manifestation of morphological variability 
proves the expediency and necessity of a 
thorough study of the dimensional structure of 
cenopopulations. 
 

Table 3. Average values of plant morphometric parameters in the cenopopulations of Hypericum perforatum 
 

M
or

ph
op

ar
am

et
er

s 
Phytocoenoses 

Pinetum 
(sylvestris) 
coryloso 

(avellanae)− 
pteridiosum 
(aquilinae) 

Pinetum 
(sylvestris)  
coryloso 

(avellanae)− 
chelidoniosum 

(majus) 

Pinetо 
(sylvestris)− 

Aceretum 
(platanoiditis) 
fragariosum 

(vescae) 

Quercetum 
(roboris) coryloso 

(avellanae)− 
 chelidoniosum 

(majus) 

Quercetum 
(roboris) coryloso 

(avellanae)− 
urticosum (dioici)  

 

Querceto 
(roboris)− 
Aceretum 

(platanoiditis) 
fragariosum 

(vescae) 

xS�X  xS�X  xS�X  xS�X  xS�X  xS�X  

Static metric morphoparameters 
H 67.5+2.128 68.7+2.33 71.2+1.84 76.1+1.85 71.7+2.10 68.21+2.25 

W1L 0.01+0.002 0.04+0.001 0.04+0.002 0.07+0.019 0.04+0.002 0.04+0.001 
WL 1.40+0.025 1.47+0.017 1.40+0.034 1.25+0.036 1.51+0.037 1.46+0.037 
D 0.50+0.015 0.40+0.016 0.42+0.014 0.52+0.014 0.43+0.014 0.38+0.011 
B 26.9+0.96 26.1+0.99 22.2+0.83 28.0+0.92 24.3+0.93 22.1+0.73 
A 4.30+0.241 5.23+0.186 4.74+0.216 4.92+0.255 5.64+0.133 4.55+0.239 
W 7.30+0.232 6.97+0.144 7.48+0.195 8.45+0.264 7.27+0.140 7.36+0.221 

Wg 0.90+0.068 0.96+0.040 0.86+0.045 1.06+0.039 0.89 +0.031 0.75+0.047 
NL 115.4+2.3 111.7+1.98 112.5+1.73 117.9+2.25 114.3+1.93 115.9+2.19 

Static alometric morphoparameters 
LAR 0.60+0.031 0.74+0.019 0.63+0.026 0.60+0.037 0.78+0.020 0.62+0.027 
LWR 0.20+0.007 0.21+0.004 0.18+0.005 0.15+0.004 0.20+0.003 0.20+0.005 
HWR 9.40+0.260 9.79+0.203 9.59+0.226 9.10+0.185 9.82+0.171 9.30+0.213 
HDR 133.3+5.10 172.3+4.53 170.4+5.34 146.7+3.13 168.8+7.04 178.6+3.09 
RE1 13.1+0.93 13.9+0.56 11.6+0.52 13.0+0.62 12.4+0.50 10.3+0.59 
RE2 23.2+2.13 19.0+1.06 18.8+1.02 23.7+1.66 16.2+0.88 17.0+0.88 
SLA 3.1+0.18 3.5+0.11 3.4+0.14 4.1+0.26 3.8+0.12 3.1+0.14 
ADR 8.5+0.47 13.1+0.43 11.3+0.48 9.70+0.61 13.4+0.60 12.0+0.54 

 
Table 4. Average values of plant morphometric parameters in the cenopopulations of Saponaria officinalis 
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xS�X  xS�X  xS�X  xS�X  xS�X  xS�X  xS�X  

Static metric morphoparameters 
W 34.7+1.05 42.1+1.11 46.4+1.01 35.7+1.53 42.4+1.33 49.3+1.63 47.3+1.63 

WL 7.9+1.27 11.1+1.53 13.5+1.45 4.3+0.56 4.2+0.71 8.6+1.20 9.4+1.32 
Wst 25.5+1.08 26.4+2.13 24.9+2.67 29.7+1.58 36.2+1.86 37.3+0.99 34.9+2.31 
W1L 0.39+0.040 0.39+0.049 0.50+0.045 0.26+0.028 0.21+0.028 0.41+0.040 0.48+0.069 

A 184.3+13.54 189.5+12.41 190.7+9.70 135.6+4.50 213.3+12.58 219.1+9.52 244.7+7.98 
B 8.9+0.67 5.33+0.513 7.9+0.81 3.5+0.31 3.7+0.45 6.1+0.73 3.5+0.50 

NL 19.6+1.51 28.3+1.66 26.6+1.21 16.2+0.87 18.1+ 0.98 20.3+1.06 18.5+0.86 
A1L 9.8+0.75 7.4+0.65 7.5+0.50 8.6+0.37 11.9+0.48 11.2+0.63 13.6+0.72 

H 35.1+1.11 41.9+1.11 47.7+0.88 34.4+0.72 44.7+1.44 55.1+1.26 46.1+1.23 
D 0.5+ 0.03 0.6+ 0.04 0.6+0.03 0.3+0.03 0.5+0.03 0.7+0.03 0.5+0.03 

W gen 1.3+ 0.37 4.6+0.80 7.9+1.23 1.7+0.21 2.0+0.24 3.4+0.42 3.0+0.39 
W gen1 0.1+0.02 0.3+0.04 0.4+0.05 0.2+0.02 0.1+0.01 0.2+0.02 0.2+0.02 
N gen 12.2+0.81 17.0+0.66 21.3+1.21 10.1+0.52 15.3+0.54 19.1+0.67 16.3+0.64 

Static allometric morphoparameters 
LAR 5.4+0.47 4.5+ 0.34 4.2+0.27 3.9+0.26 5.1+0.39 4.5+0.29 5.2+0.20 
LWR 0.2+0.03 0.2+0.03 0.3+0.04 0.1+0.02 0.1+0.02 0.2+0.02 0.2+0.03 
HWR 1.02+0.038 0.99+0.024 1.02+0.028 0.98+0.046 1.06+0.045 1.12+0.038 0.99+0.053 
ADR 386.4+ 38.50 354.6+34.57 307.3+24.42 528.9+62.85 448.2+40.89 349.9+24.91 532.0+29.57 
HDR 72.2+3.78 79.1+8.14 76.7+4.80 136.1+18.21 92.5+4.54 87.4+4.52 101.5+6.78 
RE1 3.1+0.87 11.3+2.10 17.4+2.94 4.8+0.49 4.7+0.60 6.78+0.87 6.6+0.92 
RE2 0.6+0.16 2.6+0.46 4.4+0.73 1.3+0.16 0.9+0.11 1.6+0.22 1.3+0.16 
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According to the results of the estimation of the 
largest and the lowest morphological 
parameters in each of the studied species, five-
dimensional classes of height and area of the 
leaf surface were allocated.  
However, taking into account the features of 
the general morphostructure of plants 
Hypericum perforatum and Saponaria 
officinalis, the ranges of dimensional classes of 
selected morphoparameters in these species 
were slightly different (Tables 5, 6).  
In general, the theoretically allocated number 
of combinations of different classes of 
dimension (Nt) for the cenopopulation of the 
studied species is equal to 25 variants. 
In the Hypericum perforatum cenopopulation, 
IDSS varies from 24.0 to 44.0%.  
That is, in the composition of cenopopulations, 
plants representing the sizes of magnitudes 
corresponding to 6-11 variants of the 
combination of dimensional classes of height 
and the area of the leaf surface are represented. 
The highest level of IDSS (44% - 11 variants of 
the combination of dimensional classes) is 
distinguished by the population from the 
grouping Pinetum (sylvestris) coryloso 
(avellanae)-pteridiosum (aquilinae). 
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Figure 1. Changes in the mean values of 

morphoparameters in Hypericum perforatum 
cenopopulations by the investigated phytocenoses 
(numbering of cenopopulations corresponds to the 
numbering of the phytocenoses given in the text) 
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Figure 2. Changes in the mean values of morpho-

parameters in Saponaria officinalis colonies for the 
investigated phytocenoses (numbering of 

cenopopulations corresponds to the numbering of the 
phytocenoses, given in the text)  

 
Table 5. Representation of Hypericum perforatum plants of different classes  

of dimension in the investigated phytocenoses 
Morphoparameters The proportion of individuals of different sizes in the price of 

populations (the numbering of the cenopopulations 
corresponds to the numbering of the phytocenoses given in the 

text) 

height (H) the area of the leaf surface (A) 

class amplitude of absolute 
values, sm 

class amplitude of 
absolute values, sm2 1 2 3 4 5 6 

І 90.0–115.0 ІI 6.0–7.5 6.66  3.33    
І 90.0–115.0 ІV 3.0–4.5 3.33   3.57   
ІI 75.0–90.0 І 7.5–9.0     23.0 20.0 
ІI 75.0–90.0 ІI 6.0–7.5 13.3 20.68 20.0 21.42 23.0 24.0 
ІI 75.0–90.0 III 4.5–6.0 20.0 10.34 3.33 10.71 7.69  
ІI 75.0–90.0 ІV 3.0–4.5 23.3 3.44 13.33 3.57   
ІI 75.0–90.0 V 1.5–3.0 3.33   7.14   
III 60.0–75.0 І 7.5–9.0     11.5 12.0 
III 60.0–75.0 ІI 6.0–7.5 10.0 3.44   23.0 16.0 
III 60.0–75.0 III 4.5–6.0 3.33 6.89 13.33 10.71  12.0 
III 60.0–75.0 ІV 3.0–4.5 10.0 27.58 33.33 25.0   
III 60.0–75.0 V 1.5–3.0  10.34 3.35    
ІV 45.0–60.0 ІI 6.0–7.5 3.33 3.51   11.81 4.0 
ІV 45.0–60.0 III 4.5–6.0    3.6  8.0 
ІV 45.0–60.0 ІV 3.0–4.5  10.34 10.0 14.28   
ІV 45.0–60.0 V 1.5–3.0 3.42      
V 30.0–45.0 III 4.5–6.0      4.0 
V 30.0–45.0 ІV 3.0–4.5  3.44     

Index of the diversity of the size structure (IDSS),% 44.0 40.0 32.0 36.0 24.0 32.0 

Table 6. Representation of Saponaria officinalis plants of different classes  
of dimension in the investigated phytocenoses 

Morphoparameters The proportion of individuals of different sizes in the cenopopulations 
(the numbering of the cenopopulations corresponds to the numbering of the phytocenoses 

given in the text) 
height (H) the leaf surface area (A) 

cl
as

s amplitude of 
absolute 

values, sm C
la

ss
 amplitude of 

absolute values,  
sm2 

1 2 3 4 5 6 7 

І 65.0–75.0 III 190.0–230.0      3.33  
ІI 55.0–65.0 І 270.0–310.0      3.34 20.0 
ІI 55.0–65.0 ІI 230.0–270.0      6.67 20.0 
ІI 55.0–65.0 III 190.0–230.0      13.33 13.33 
ІI 55.0–65.0 ІV 150.0–190.0      13.33 6.67 
III 45.0–55.0 І 270.0–310.0     13.33   
III 45.0–55.0 ІI 230.0–270.0   13.33  6.67 20.0 26.67 
III 45.0–55.0 III 190.0–230.0   6.67  6.67 26.67 13.33 
III 45.0–55.0 ІV 150.0–190.0  6.67 40.0  13.33 13.33  
III 45.0–55.0 V 110.0–150.0  20.0 13.33  6.67   
ІV 45.0–35.0 І 270.0–310.0 6.67 6.67   6.67   
ІV 45.0–35.0 ІI 230.0–270.0 6.67 13.33 6.67  6.67   
ІV 45.0–35.0 III 190.0–230.0 13.33 26.66 6.67  20.0   
ІV 45.0–35.0 ІV 150.0–190.0  20.0 13.33 6.67 13.33   
ІV 45.0–35.0 V 110.0–150.0 20.0 6.67  40.0 6.66   
V 25.0–35.0 ІI 230.0–270.0 13.33       
V 25.0–35.0 ІV 150.0–190.0    13.33    
V 25.0–35.0 V 110.0–150.0 40.0   40.0    

Index of the diversity of the size structure (IDSS),% 24.0 28.0 28.0 16.0 40.0 32.0 24.0 
 
It is formed from plants, the size of which 
according to the appearance corresponds to the 
I-IV classes, and the leaf surface area is of II-V 
classes. The largest share (23.3%) of this 
cenopopulation has plants of the II class of 
height and ІV class of leaf surface area. 
The high values of IDSS (40.0%) are also 
distinguished by the cenopopulation of Pinetum 
(sylvestris) coryloso (avellanae)-chelidoniosum 
(majus). In its composition, plants are 
represented in which the values of both the 
height and the leaf surface area corresponding 
to the II-V classes. The largest (27.58%) is the 
share of plants of the III class of height and the 
IV class of the leaf surface area. 
In the cenopopulation of Quercetum (roboris) 
coryloso (avellanae)-chelidoniosum (majus), 
IDSS is reduced to 36% that corresponds to the 
representation of the population of plants 
whose size represents the nine variants of the 
combination of dimensional classes of height 
and leaf surface area. Here grow plants of the I-
IV classes of height and II-V classes of the leaf 
surface area (Figure 3). The largest (25.0%), as 
in the previous cenopopulation, is the 
proportion of plants of the III class height and 
the IV class of leaf surface area.  
Sufficient indicators of IDSS (32.0% is eight 
variants of the combination of dimensional 
classes) are common to populations of Pinetо 
(sylvestris) - Aceretum (platanoiditis) 

fragariosum (vescae) and Querceto (roboris) -
Aceretum (platanoiditis) fragariosum (vescae). 

 

 
Figure 3. Dimensional spectra of Hypericum perforatum 

cenopopulation in the phytocoenosis Quercetum 
(roboris) coryloso (avellanae)-chelidoniosum (majus) 

 
The population from the first phytocoenosis is 
formed from plants whose height corresponds 
to the I-IV classes, and the leaf surface area 
corresponds to the II-V classes. The largest 
(33.33%) here is the proportion of plants, the 
size of which corresponds to the III class of 
height and the IV class of leaf surface area. In 
the second phytocoenosis, the plants are 
slightly smaller in height (II-V classes), but 
larger in the area (I-III classes). The largest 
(24.0%) is the proportion of plants, in which 
both height and leaf surface area correspond to 
the II class. 
Cenopopulation of Hypericum perforatum from 
the phytocoenosis Quercetum (roboris) 
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According to the results of the estimation of the 
largest and the lowest morphological 
parameters in each of the studied species, five-
dimensional classes of height and area of the 
leaf surface were allocated.  
However, taking into account the features of 
the general morphostructure of plants 
Hypericum perforatum and Saponaria 
officinalis, the ranges of dimensional classes of 
selected morphoparameters in these species 
were slightly different (Tables 5, 6).  
In general, the theoretically allocated number 
of combinations of different classes of 
dimension (Nt) for the cenopopulation of the 
studied species is equal to 25 variants. 
In the Hypericum perforatum cenopopulation, 
IDSS varies from 24.0 to 44.0%.  
That is, in the composition of cenopopulations, 
plants representing the sizes of magnitudes 
corresponding to 6-11 variants of the 
combination of dimensional classes of height 
and the area of the leaf surface are represented. 
The highest level of IDSS (44% - 11 variants of 
the combination of dimensional classes) is 
distinguished by the population from the 
grouping Pinetum (sylvestris) coryloso 
(avellanae)-pteridiosum (aquilinae). 
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Figure 1. Changes in the mean values of 

morphoparameters in Hypericum perforatum 
cenopopulations by the investigated phytocenoses 
(numbering of cenopopulations corresponds to the 
numbering of the phytocenoses given in the text) 
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Figure 2. Changes in the mean values of morpho-

parameters in Saponaria officinalis colonies for the 
investigated phytocenoses (numbering of 

cenopopulations corresponds to the numbering of the 
phytocenoses, given in the text)  

 
Table 5. Representation of Hypericum perforatum plants of different classes  

of dimension in the investigated phytocenoses 
Morphoparameters The proportion of individuals of different sizes in the price of 

populations (the numbering of the cenopopulations 
corresponds to the numbering of the phytocenoses given in the 

text) 

height (H) the area of the leaf surface (A) 

class amplitude of absolute 
values, sm 

class amplitude of 
absolute values, sm2 1 2 3 4 5 6 

І 90.0–115.0 ІI 6.0–7.5 6.66  3.33    
І 90.0–115.0 ІV 3.0–4.5 3.33   3.57   
ІI 75.0–90.0 І 7.5–9.0     23.0 20.0 
ІI 75.0–90.0 ІI 6.0–7.5 13.3 20.68 20.0 21.42 23.0 24.0 
ІI 75.0–90.0 III 4.5–6.0 20.0 10.34 3.33 10.71 7.69  
ІI 75.0–90.0 ІV 3.0–4.5 23.3 3.44 13.33 3.57   
ІI 75.0–90.0 V 1.5–3.0 3.33   7.14   
III 60.0–75.0 І 7.5–9.0     11.5 12.0 
III 60.0–75.0 ІI 6.0–7.5 10.0 3.44   23.0 16.0 
III 60.0–75.0 III 4.5–6.0 3.33 6.89 13.33 10.71  12.0 
III 60.0–75.0 ІV 3.0–4.5 10.0 27.58 33.33 25.0   
III 60.0–75.0 V 1.5–3.0  10.34 3.35    
ІV 45.0–60.0 ІI 6.0–7.5 3.33 3.51   11.81 4.0 
ІV 45.0–60.0 III 4.5–6.0    3.6  8.0 
ІV 45.0–60.0 ІV 3.0–4.5  10.34 10.0 14.28   
ІV 45.0–60.0 V 1.5–3.0 3.42      
V 30.0–45.0 III 4.5–6.0      4.0 
V 30.0–45.0 ІV 3.0–4.5  3.44     

Index of the diversity of the size structure (IDSS),% 44.0 40.0 32.0 36.0 24.0 32.0 

Table 6. Representation of Saponaria officinalis plants of different classes  
of dimension in the investigated phytocenoses 

Morphoparameters The proportion of individuals of different sizes in the cenopopulations 
(the numbering of the cenopopulations corresponds to the numbering of the phytocenoses 

given in the text) 
height (H) the leaf surface area (A) 

cl
as

s amplitude of 
absolute 

values, sm C
la

ss
 amplitude of 

absolute values,  
sm2 

1 2 3 4 5 6 7 

І 65.0–75.0 III 190.0–230.0      3.33  
ІI 55.0–65.0 І 270.0–310.0      3.34 20.0 
ІI 55.0–65.0 ІI 230.0–270.0      6.67 20.0 
ІI 55.0–65.0 III 190.0–230.0      13.33 13.33 
ІI 55.0–65.0 ІV 150.0–190.0      13.33 6.67 
III 45.0–55.0 І 270.0–310.0     13.33   
III 45.0–55.0 ІI 230.0–270.0   13.33  6.67 20.0 26.67 
III 45.0–55.0 III 190.0–230.0   6.67  6.67 26.67 13.33 
III 45.0–55.0 ІV 150.0–190.0  6.67 40.0  13.33 13.33  
III 45.0–55.0 V 110.0–150.0  20.0 13.33  6.67   
ІV 45.0–35.0 І 270.0–310.0 6.67 6.67   6.67   
ІV 45.0–35.0 ІI 230.0–270.0 6.67 13.33 6.67  6.67   
ІV 45.0–35.0 III 190.0–230.0 13.33 26.66 6.67  20.0   
ІV 45.0–35.0 ІV 150.0–190.0  20.0 13.33 6.67 13.33   
ІV 45.0–35.0 V 110.0–150.0 20.0 6.67  40.0 6.66   
V 25.0–35.0 ІI 230.0–270.0 13.33       
V 25.0–35.0 ІV 150.0–190.0    13.33    
V 25.0–35.0 V 110.0–150.0 40.0   40.0    

Index of the diversity of the size structure (IDSS),% 24.0 28.0 28.0 16.0 40.0 32.0 24.0 
 
It is formed from plants, the size of which 
according to the appearance corresponds to the 
I-IV classes, and the leaf surface area is of II-V 
classes. The largest share (23.3%) of this 
cenopopulation has plants of the II class of 
height and ІV class of leaf surface area. 
The high values of IDSS (40.0%) are also 
distinguished by the cenopopulation of Pinetum 
(sylvestris) coryloso (avellanae)-chelidoniosum 
(majus). In its composition, plants are 
represented in which the values of both the 
height and the leaf surface area corresponding 
to the II-V classes. The largest (27.58%) is the 
share of plants of the III class of height and the 
IV class of the leaf surface area. 
In the cenopopulation of Quercetum (roboris) 
coryloso (avellanae)-chelidoniosum (majus), 
IDSS is reduced to 36% that corresponds to the 
representation of the population of plants 
whose size represents the nine variants of the 
combination of dimensional classes of height 
and leaf surface area. Here grow plants of the I-
IV classes of height and II-V classes of the leaf 
surface area (Figure 3). The largest (25.0%), as 
in the previous cenopopulation, is the 
proportion of plants of the III class height and 
the IV class of leaf surface area.  
Sufficient indicators of IDSS (32.0% is eight 
variants of the combination of dimensional 
classes) are common to populations of Pinetо 
(sylvestris) - Aceretum (platanoiditis) 

fragariosum (vescae) and Querceto (roboris) -
Aceretum (platanoiditis) fragariosum (vescae). 

 

 
Figure 3. Dimensional spectra of Hypericum perforatum 

cenopopulation in the phytocoenosis Quercetum 
(roboris) coryloso (avellanae)-chelidoniosum (majus) 

 
The population from the first phytocoenosis is 
formed from plants whose height corresponds 
to the I-IV classes, and the leaf surface area 
corresponds to the II-V classes. The largest 
(33.33%) here is the proportion of plants, the 
size of which corresponds to the III class of 
height and the IV class of leaf surface area. In 
the second phytocoenosis, the plants are 
slightly smaller in height (II-V classes), but 
larger in the area (I-III classes). The largest 
(24.0%) is the proportion of plants, in which 
both height and leaf surface area correspond to 
the II class. 
Cenopopulation of Hypericum perforatum from 
the phytocoenosis Quercetum (roboris) 
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coryloso (avellanae)-urticosum (dioici) has the 
least IDSS (24.0%). It presents six variants of 
combining dimensional classes. Here, plants of 
II-IV classes of height and I-III classes of the 
area grow (Figure 4). The largest (by 23.0%) is 
the proportion of plants, the size of which 
corresponds to three combinations of classes of 
height and area: ІІ-І, ІІ-ІІ, ІІІ-ІІ.  
In the cenopopulations of Saponaria officinalis 
compared to Hypericum perforatum 
cenopopulations IDSS indices are somewhat 
lower and vary in the range of 16.0-40.0%. 
That is, in the composition of cenopopulations, 
plants are represented the dimensional size of 
which correspond to 4-10 variants of 
combining dimensional classes of height and 
leaf surface area (Table 6). 
 

 
Figure 4. Dimensional spectra of the concentration  

of Hypericum perforatum in the phytocoenosis  
of Quercetum (roboris) coryloso (avellanae)-urticosum 

(dioici) 
 
The highest level of IDSS (40% is 10 variants 
of the combination of dimensional classes) is 
distinguished by the cenopopulation from 
phytocenosis Elytrigietum (repentis) alchemillo 
(submillefolium)-artemisiosum (absinthium). It 
is formed from plants, the size of which 
according to the appearance corresponds to the 
III-IV classes, and the leaf surface area of the I-
V classes. The largest share (20.0%) of this 
cenopopulation consists of plants of the IV 
class of height and III class of leaf surface area. 
Sufficient indicators of IDSS (32.0% - eight 
variants of the combination of dimensional 
classes) are typical of the cenopopulation of 
Saponaria officinalis from the phytocenosis of 
Elytrigietum (repentis) urticoso (dioici) -
alchemillosum (submillefolium). It is formed 
from plants, the size of which corresponds to 
the I-III classes, and the leaf surface area is of 
the I-IV classes (Figure 5). The largest share 

(26.67%) of this cenopopulation consists of 
plants of the III class of height and III class of 
leaf surface area. 
In two cenopopulations of Saponaria officinalis 
(from the phytocenoses of Elytrigietum 
(repentis) artemisiosum (absinthium) and 
Elytrigiteum (repentis) artemisiosum 
(vulgariosum), the values of IDSS are 28.0%. 
In both of these cenopopulations, there are 
represented plants whose elevation value 
correspond to the III-IV classes, and the leaf 
surface area corresponds mostly to the II-V 
classes. 
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Figure 5. Dimensional spectra of the cenopopulation of 

Saponaria officinalis in the phytocoenosis of 
Elytrigietum (repentis) urticoso (dioici)-alchemillosum 

(submillefolium) 
 
However, in the first of 26.66% of the largest 
part, the plants are of the IV class of height and 
the III class of leaf surface area, while in the 
second cenopopulation the highest is the 
specific gravity (40.0%) of the plants of the III 
class of height and the IV class of leaf surface 
area. 
In two other cenopopulations, Saponaria 
officinalis (from the phytocenoses Elytrigietum 
(repentis) subpurum and Elytrigietum 
(repentis) variaherbosa), the IDSS rates are 
reduced to 24%. In the first of these 
phytocenoses, plants of the І-ІІІ classes of 
height, as well as І-ІІI and V classes of the leaf 
surface area are represented (Figure 6). The 
largest (40.0%) is the specific gravity of plants 
corresponds to class V as height, so as the leaf 
surface area. On the contrary, the second of 
these cenopopulations is formed from plants of 
II-III classes of height and I-IV classes of leaf 
surface area. The largest (26.67%) is the 
proportion of plants that reach the III class of 
height and the II class of the leaf surface area. 

In the cenopopulation with the smallest IDSS 
(16.0% - 4 variants of the combination of 
dimensional classes), plants of two classes of 
height and two classes of leaf area are 
presented. The largest (40%) is the proportion 
of plants, the size of which corresponds to the 
IV class of height and the class V of the leaf 
surface area, as well as the height class V and 
the class V of the leaf surface area. 
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Figure 6. Dimensional spectra of the cenopopulation of 

Saponaria officinalis in the phytocoenosis of 
Elytrigietum (repentis) subpurum 

 
In cenopopulations of Saponaria officinalis, the 
value of IDSS increases in the following 
sequence of phytocenoses: Elytrigietum 
(repentis) alchemillosum (submillefolium) 
(16.0%) � Elytrigietum (repentis) subpurum, 
Elytrigietum (repentis) variaherbosa (24.0%) 
� Elytrigiteum (repentis) artemisiosum 
(absinthium), Elytrigiteum (repentis) 
artemisiosum (vulgariosum) (28.0%) � 
Elytrigiteum (repentis) urticoso (dioici)-
alchemillosum (submillefolium) (32.0%) � 
Elytrigietum (repentis) alchemillo 
(submillefolium)-artemisiosum (absinthium) 
(40.0%). In the cenopopulations of Hypericum 
perforatum the value of IDSS increases in the 
following phytocenoses: Quercetum (roboris) 
coryloso (avellanae)-urticosum (dioici) 
(24.0%) � Pinetо (sylvestris)-Aceretum 
(platanoiditis) fragariosum (vescae), Querceto 
(roboris)−Aceretum (platanoiditis) 
fragariosum (vescae) (32.0%) � Quercetum 
(roboris) coryloso (avellanae)−chelidoniosum 
(majus) (36.0%) � Pinetum (sylvestris) 
coryloso (avellanae)−chelidoniosum (majus) 
(40.0%) � Pinetum (sylvestris) coryloso 
(avellanae)−pteridiosum (aquilinae) (44.0%). 
In other words, the cenopopulation of 
Hypericum perforatum which exists under the 

tent of pinnacle forests, is higher than in 1.1-
1.8 times the IDSS values (40.0-44.0% vs. 
24.0-36.6% in comparison with the 
cenopopulations of mixed and broadleaf 
forests). 
 
CONCLUSIONS 
 
The results of the analysis show that the 
implementation of morphological variability 
(variation of morphological parameters of 
plants within a single population) and 
morphological plasticity (the change in mean 
values of morphological parameters in the 
"transition" from population to population) is 
an integral part of the complex of processes and 
transformations that ensure the existence of 
cenopopulations of Hypericum perforatum and 
Saponaria officinalis in the north-eastern 
Ukraine. 
Despite the fact that the average values of the 
leading morphoparameters in one way or 
another show their peculiarities of dynamics at 
the cenopopulations, as the result there erects 
phytocenoses in each species in which the 
greater (or significant) share of the values of 
the leading morphological parameters reaches 
the largest or the smallest values. The 
identification of such places should be an 
obligatory part of the research aimed at 
determining the parameters of the eco-coenotic 
optimum (passimum) regarding the existence 
and development of cenopopulations. So from 
all the studied phytocoenoses, the most 
favorable for the formation of plants that are 
quite large in size and with well-developed 
morphological structures, for Saponaria 
officinalis, was the phytocoenosis Elytrigietum 
(repentis) artemisiosum (vulgariosum), and for 
Hypericum perforatum - Quercetum (roboris) 
coryloso (avellanae)-chelidoniosum (majus). 
These phytocoenoses can be considered as 
potential centers of procurement of medicinal 
raw materials of Saponaria officinalis and 
Hypericum perforatum, respectively, provided 
that they are enriched here with high 
population density values (number of plants per 
unit area). 
The results of the morphometric analysis 
provide an opportunity to determine the 
characteristic dimensions plants of Hypericum 
perforatum and Saponaria officinalis in each of 
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coryloso (avellanae)-urticosum (dioici) has the 
least IDSS (24.0%). It presents six variants of 
combining dimensional classes. Here, plants of 
II-IV classes of height and I-III classes of the 
area grow (Figure 4). The largest (by 23.0%) is 
the proportion of plants, the size of which 
corresponds to three combinations of classes of 
height and area: ІІ-І, ІІ-ІІ, ІІІ-ІІ.  
In the cenopopulations of Saponaria officinalis 
compared to Hypericum perforatum 
cenopopulations IDSS indices are somewhat 
lower and vary in the range of 16.0-40.0%. 
That is, in the composition of cenopopulations, 
plants are represented the dimensional size of 
which correspond to 4-10 variants of 
combining dimensional classes of height and 
leaf surface area (Table 6). 
 

 
Figure 4. Dimensional spectra of the concentration  

of Hypericum perforatum in the phytocoenosis  
of Quercetum (roboris) coryloso (avellanae)-urticosum 

(dioici) 
 
The highest level of IDSS (40% is 10 variants 
of the combination of dimensional classes) is 
distinguished by the cenopopulation from 
phytocenosis Elytrigietum (repentis) alchemillo 
(submillefolium)-artemisiosum (absinthium). It 
is formed from plants, the size of which 
according to the appearance corresponds to the 
III-IV classes, and the leaf surface area of the I-
V classes. The largest share (20.0%) of this 
cenopopulation consists of plants of the IV 
class of height and III class of leaf surface area. 
Sufficient indicators of IDSS (32.0% - eight 
variants of the combination of dimensional 
classes) are typical of the cenopopulation of 
Saponaria officinalis from the phytocenosis of 
Elytrigietum (repentis) urticoso (dioici) -
alchemillosum (submillefolium). It is formed 
from plants, the size of which corresponds to 
the I-III classes, and the leaf surface area is of 
the I-IV classes (Figure 5). The largest share 

(26.67%) of this cenopopulation consists of 
plants of the III class of height and III class of 
leaf surface area. 
In two cenopopulations of Saponaria officinalis 
(from the phytocenoses of Elytrigietum 
(repentis) artemisiosum (absinthium) and 
Elytrigiteum (repentis) artemisiosum 
(vulgariosum), the values of IDSS are 28.0%. 
In both of these cenopopulations, there are 
represented plants whose elevation value 
correspond to the III-IV classes, and the leaf 
surface area corresponds mostly to the II-V 
classes. 
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Figure 5. Dimensional spectra of the cenopopulation of 

Saponaria officinalis in the phytocoenosis of 
Elytrigietum (repentis) urticoso (dioici)-alchemillosum 

(submillefolium) 
 
However, in the first of 26.66% of the largest 
part, the plants are of the IV class of height and 
the III class of leaf surface area, while in the 
second cenopopulation the highest is the 
specific gravity (40.0%) of the plants of the III 
class of height and the IV class of leaf surface 
area. 
In two other cenopopulations, Saponaria 
officinalis (from the phytocenoses Elytrigietum 
(repentis) subpurum and Elytrigietum 
(repentis) variaherbosa), the IDSS rates are 
reduced to 24%. In the first of these 
phytocenoses, plants of the І-ІІІ classes of 
height, as well as І-ІІI and V classes of the leaf 
surface area are represented (Figure 6). The 
largest (40.0%) is the specific gravity of plants 
corresponds to class V as height, so as the leaf 
surface area. On the contrary, the second of 
these cenopopulations is formed from plants of 
II-III classes of height and I-IV classes of leaf 
surface area. The largest (26.67%) is the 
proportion of plants that reach the III class of 
height and the II class of the leaf surface area. 

In the cenopopulation with the smallest IDSS 
(16.0% - 4 variants of the combination of 
dimensional classes), plants of two classes of 
height and two classes of leaf area are 
presented. The largest (40%) is the proportion 
of plants, the size of which corresponds to the 
IV class of height and the class V of the leaf 
surface area, as well as the height class V and 
the class V of the leaf surface area. 
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Figure 6. Dimensional spectra of the cenopopulation of 

Saponaria officinalis in the phytocoenosis of 
Elytrigietum (repentis) subpurum 

 
In cenopopulations of Saponaria officinalis, the 
value of IDSS increases in the following 
sequence of phytocenoses: Elytrigietum 
(repentis) alchemillosum (submillefolium) 
(16.0%) � Elytrigietum (repentis) subpurum, 
Elytrigietum (repentis) variaherbosa (24.0%) 
� Elytrigiteum (repentis) artemisiosum 
(absinthium), Elytrigiteum (repentis) 
artemisiosum (vulgariosum) (28.0%) � 
Elytrigiteum (repentis) urticoso (dioici)-
alchemillosum (submillefolium) (32.0%) � 
Elytrigietum (repentis) alchemillo 
(submillefolium)-artemisiosum (absinthium) 
(40.0%). In the cenopopulations of Hypericum 
perforatum the value of IDSS increases in the 
following phytocenoses: Quercetum (roboris) 
coryloso (avellanae)-urticosum (dioici) 
(24.0%) � Pinetо (sylvestris)-Aceretum 
(platanoiditis) fragariosum (vescae), Querceto 
(roboris)−Aceretum (platanoiditis) 
fragariosum (vescae) (32.0%) � Quercetum 
(roboris) coryloso (avellanae)−chelidoniosum 
(majus) (36.0%) � Pinetum (sylvestris) 
coryloso (avellanae)−chelidoniosum (majus) 
(40.0%) � Pinetum (sylvestris) coryloso 
(avellanae)−pteridiosum (aquilinae) (44.0%). 
In other words, the cenopopulation of 
Hypericum perforatum which exists under the 

tent of pinnacle forests, is higher than in 1.1-
1.8 times the IDSS values (40.0-44.0% vs. 
24.0-36.6% in comparison with the 
cenopopulations of mixed and broadleaf 
forests). 
 
CONCLUSIONS 
 
The results of the analysis show that the 
implementation of morphological variability 
(variation of morphological parameters of 
plants within a single population) and 
morphological plasticity (the change in mean 
values of morphological parameters in the 
"transition" from population to population) is 
an integral part of the complex of processes and 
transformations that ensure the existence of 
cenopopulations of Hypericum perforatum and 
Saponaria officinalis in the north-eastern 
Ukraine. 
Despite the fact that the average values of the 
leading morphoparameters in one way or 
another show their peculiarities of dynamics at 
the cenopopulations, as the result there erects 
phytocenoses in each species in which the 
greater (or significant) share of the values of 
the leading morphological parameters reaches 
the largest or the smallest values. The 
identification of such places should be an 
obligatory part of the research aimed at 
determining the parameters of the eco-coenotic 
optimum (passimum) regarding the existence 
and development of cenopopulations. So from 
all the studied phytocoenoses, the most 
favorable for the formation of plants that are 
quite large in size and with well-developed 
morphological structures, for Saponaria 
officinalis, was the phytocoenosis Elytrigietum 
(repentis) artemisiosum (vulgariosum), and for 
Hypericum perforatum - Quercetum (roboris) 
coryloso (avellanae)-chelidoniosum (majus). 
These phytocoenoses can be considered as 
potential centers of procurement of medicinal 
raw materials of Saponaria officinalis and 
Hypericum perforatum, respectively, provided 
that they are enriched here with high 
population density values (number of plants per 
unit area). 
The results of the morphometric analysis 
provide an opportunity to determine the 
characteristic dimensions plants of Hypericum 
perforatum and Saponaria officinalis in each of 
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the phytocenoses and to define the 
identification tags of their model individuals. 
For example, the distinctive features plants of 
Hypericum perforatum from Pinetum 
(sylvestris) coryloso (avellanae)-chelidoniosum 
(majus) are the lowest phytomass (6.97+0.144 
g) in the complex with the highest values of 
reproductive effort (RE1 = 13.9+0.56%). In 
turn, plants of the cenopopulation of Saponaria 
officinalis from the Elytrigietum (repentis) 
artemisiosum (absinthium) are characterized by 
the largest number of leaves (28.3+1.66 pcs.), 
with some of the smallest indices of the area of 
one leaf (7.4+0.65 cm2). 
An analysis of the dimensional structure of 
Hypericum perforatum and Saponaria 
officinalis cenopopulations has shown that they 
are mostly formed from plants whose size 
corresponds to 3-4 adjacent dimensional 
classes of height and leaf area and, 
respectively, 6-11 and 4-10 variants of the 
combination of dimensional classes of height 
and leaf area surfaces with IDSS values 
varying from 24.0-44.0% and from 16.0 to 
40.0%. In general, it is quite high indices. In 
other cenopopulations species where IDSS 
have already been evaluated (different cohorts 
of the younger generation of Pinus sylvestris 
L., Quercus robur L., Acer platanoides L. 
(Skliar, 2014), as well as Ledum palustre L., 
Chimaphila umbellata (L.) W. Barton and 
Oxycoccus palustris Pers. (Sherstiuk, 2018), 
this indicator varies in the range of 5-25%. 
Relatively significant IDSS indices registered 
in cenopopulations of Hypericum perforatum 
and Saponaria officinalis are yet another 
objective evidence that these types of 
morphological adaptations are an important 
part of the complex of adaptation to 
environmental conditions, and this kind of 
adaptation there needs further careful and 
thorough study both in these species and in 
other medicinal plants. 
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the phytocenoses and to define the 
identification tags of their model individuals. 
For example, the distinctive features plants of 
Hypericum perforatum from Pinetum 
(sylvestris) coryloso (avellanae)-chelidoniosum 
(majus) are the lowest phytomass (6.97+0.144 
g) in the complex with the highest values of 
reproductive effort (RE1 = 13.9+0.56%). In 
turn, plants of the cenopopulation of Saponaria 
officinalis from the Elytrigietum (repentis) 
artemisiosum (absinthium) are characterized by 
the largest number of leaves (28.3+1.66 pcs.), 
with some of the smallest indices of the area of 
one leaf (7.4+0.65 cm2). 
An analysis of the dimensional structure of 
Hypericum perforatum and Saponaria 
officinalis cenopopulations has shown that they 
are mostly formed from plants whose size 
corresponds to 3-4 adjacent dimensional 
classes of height and leaf area and, 
respectively, 6-11 and 4-10 variants of the 
combination of dimensional classes of height 
and leaf area surfaces with IDSS values 
varying from 24.0-44.0% and from 16.0 to 
40.0%. In general, it is quite high indices. In 
other cenopopulations species where IDSS 
have already been evaluated (different cohorts 
of the younger generation of Pinus sylvestris 
L., Quercus robur L., Acer platanoides L. 
(Skliar, 2014), as well as Ledum palustre L., 
Chimaphila umbellata (L.) W. Barton and 
Oxycoccus palustris Pers. (Sherstiuk, 2018), 
this indicator varies in the range of 5-25%. 
Relatively significant IDSS indices registered 
in cenopopulations of Hypericum perforatum 
and Saponaria officinalis are yet another 
objective evidence that these types of 
morphological adaptations are an important 
part of the complex of adaptation to 
environmental conditions, and this kind of 
adaptation there needs further careful and 
thorough study both in these species and in 
other medicinal plants. 
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