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Genetics and Breeding

Influence of environments on the amount and stability of grain yield in modern winter wheat
cultivars
I. Interaction and degree of variability
N. Tsenov*, D. Atanasova
Dobrudzha Agricultural Institute, 9520 General Toshevo, Bulgaria
Abstract. Numerous common wheat varieties have been developed in Bulgaria, which when grown under variable environments, the magnitude of the grain
yield is influenced by them. In order to determine the reasons for such variations the effect of the growing conditions on grain yield from the winter wheat
cultivars with the highest distribution in production were investigated. The cultivars were investigated during four successive years at twelve different locations
in Bulgaria with contrasting environmental components such as soil and climate. The phenotypic response of the cultivars was followed with a focus on the size
of the yield and the direction of variation within the group of cultivars as a result of each factor: season, location of growing, genotype, and their complex
interactions. The collected data were analyzed with the help of several well-known statistical software, (Statistica 7, Statgraphics XV, Jmp 10), which provided
sufficient information on the genotype x environment interaction. Significant differences were found among the investigated cultivars by grain yield regardless
of their specific response to the year conditions and the location. The genotype x environment interaction was significantly high and non-linear. This means that
under changeable environments the different cultivars react differently and can therefore be grouped according to the grain yield stability and plasticity they
demonstrated. This is very clear from the significantly high values of heterogeneity of variation. The principal component analysis showed that the dispersion of
grain yield was of three-component type, PC1 being only about 1/3 of the total variation of the character, while PC2 and PC2 formed about 50 % from this
variation. Within a wide ecological network of 12 locations in Bulgaria a significant genotype x environment interaction was established for grain yield in four
successive years. The direct influence of the investigated factors, through their correlations with grain yield, showed the highest effect of the year (r=0. 476*),
followed by the location (r=0.208*), the value of the genotype was the lowest and negative (r=-0. 194*). This normal distribution of the data on grain yield was
combined with linear and non-linear type of interaction of the groups of cultivars with the year conditions, the location and their interaction as factors of
influence; this made the analysis on the adaptability of each cultivar very difficult.

Keywords: wheat, grain yield, cultivars, genotype x environment, stability

Introduction
The main purpose of each breeding program is to develop new
genetic combinations, from which to select genotypes exceeding the
already existing ones under the specific conditions (Chapman,
2008). The genetic potential of the new varieties with regard to yield
is significantly greater than the land races and the old forms (Denčić
and Kobiljsli, 2008; Tsenov et al., 2009). In spite of the systematic
efforts of the breeders, grain yield from wheat is highly variable and
is influenced by the specific conditions of the location of growing
(Tsenov et al., 2008). Increasing the adaptability of the cultivars with
regard to grain yield at its high levels is the aim of many breeding
programs (Aminzadeh, 2010; Parveen et al., 2010; Sharma et al.,
2010). Stability is the ability of the cultivars to express their genetic
potential under a wide set of environments; therefore the response
of the stable genotype under variable environments is parallel to the
average expression of the tested cultivars, i.e. the genotype x
environment interaction is low (Annicchiarico, 2002). Yan and Hunt
(1998) think that the analysis on the genotype-environment
interaction is important at all stages of the breeding process:
determining the ideotype for a given region, choice of parental forms
for hybridization, selection based on various indices and yield. As a
rule the high stability of yield and other traits is almost invariably
related to their low level of expression, and vice versa (Atanasova et

al., 2010; Tsenov et al., 2011). It is well known that breeding under
specific conditions does not easily guarantee success under
different environments (Tarakanovas and Ruzgas, 2006;
Valchinkov, 1990); therefore investigating the reasons which cause
the value of the genotype x environment interaction are extremely
important in the breeding of this crop. Such investigation,
accompanied by a thorough analysis, would help to determine the
directions of breeding, to select the best testing conditions and to
make optimal distribution of cultivars (Annicchiarico, 2002;
Purchase, 1997). In this relation a number of statistical approaches
have been elaborated which facilitate breeders when interpreting
the genotype x environment interaction and when evaluating the
stability and their interaction with the conditions of the season and
the location of testing (Chapman, 2008; Sharma et al., 2010;
Pacheco et al., 2005). Based on numerous statistical algorithms
developed to solve similar and related problems (Wricke 1962;
Shukla, 1972), several specialized statistical programs for
evaluation of the behavior of a group of cultivars under variable
testing conditions have been elaborated, as well as for breeding of
cereals and other crops (Kang and Magari, 1995; Ukai et al., 1996;
Yan and Hunt, 2001). The size of grain yield from the wheat cultivars
is always a function of the growing conditions, and the specific
response of each genotype from the group is too complex to analyze
its stability and plasticity (Hugo-Ferney et al., 2006; Mohammadi and
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Amri, 2008). Although objective evaluation is difficult, a number of
researchers have attempted analysis on the adaptability of specific
cultivars under different environments in different countries and with
different crops (Muhe and Assefa, 2011; Rachovska et al., 2011;
Tadesse et al., 2010).
The aim of this investigation was to determine the peculiarities
of the interaction of grain yield with the conditions of the season and
the location. This first report focuses on the limits and degree of
variation using various approaches for analysis of the specific group
of cultivars.

sowing, and were treated with 200 kg/ha stabilized ammonium
nitrate for nutrition during the spring of each investigated year in
accordance with the accepted agricultural practice in Bulgaria. Grain
yield was read at stage full maturity of the crop. The locations of the
experiment were chosen from all typical wheat production regions of
the country.

Material and methods
The common winter wheat varieties (24) were investigated in
four successive years (2007 – 2010) at twelve different locations in
Bulgaria, each with different environmental conditions (Table 1 and
Figure 1). They were selected to include representative cultivars of
each quality group according to the official list of field crops of the
Republic of Bulgaria, as well as representative varieties from all
breeding centers in the country (Table 2).
At each location the trial was sown in four replications, the size
of the plot being 15 m2, using sunflower or grain peas as previous
crops. All trial fields were fertilized with 200 kg/ha (amofos) prior to

Figure 1. Spatial presentation of the growing locations on
the territory of Bulgaria

Table 1. Information about the localization and soil types used in research locations

Coordinates

Location

N43°40'
N43°23'
N43°59'
N43°37'
N43°22'
N43°43'
N43°08'
N42°32'
N42°18'
N42°01'
N42°09'
N42°43'

Selanovtsi, District Vratsa
Pordim, District Pleven
Brushlen, District Ruse
Vardim, District Veliko Tarnovo
Kroyach, District Razgrad
DZI, District Dobrich
Zhitnitsa, District Varna
Burgas, District Burgas
Radnevo, District Stara Zagora
Gorski Izvor, District Haskovo
Ognyanovo, District Pazardzhik
Chepinci, District Sofia

Altitude, m

Soil type

168
183
31
38
280
250
58
25
135
178
206
450

Carbonate chernozem
Less Haplustoll
Haplustoll
Alluvial meadow
Carbonate chernozem
Haplustoll
Haplustoll
Haplustoll Vertisols
Haplustoll Vertisols
Haplustoll Vertisols
Alluvial meadow
Alluvial meadow

E24°01'
E24°51'
E26°22'
E25°31'
E26°36'
E28°10'
E27°31'
E27°27'
E25°58'
E25°25'
E24°22'
E23°26'

Table 2. List of the investigated common wheat cultivars

№

Strong wheat

Originator#

Medium wheat of
increased strength

Originator

1
2
3
4
5
6
7
8

Aglika*
Albena
Demetra
Desislava
Iveta
Milena
Pobeda*
Galateya

1
1
1
4
1
1
2
1

Vyara
Enola**
Miryana
Sadovo 1* *
Sadovo 772
Slaveya
Anetta
Geya 1

3
1
5
2
2
1
3
2

Medium
wheat

Originator

Karat
Neven
Petya
Yantur***
Kristal
Pryaspa****
Svilena
Todora

*, **, *** - standard for the respective group; # originators: 1–Dobrudzha Agricultural Institute, General Toshevo;
2–Institute of Plant and Genetic Resources, Sadovo; 3–Agronom I Holding, Dobrich; 4–Sortovi Semena, Vardim;
5–Institute of Agriculture, Karnobat.
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1
3
2
1
1
1
1
1

The greater part of the trial was carried out at the trial fields of
the Executive Agency of Variety Testing, Field Inspection and Seed
Control, and by private growers at locations Vardim, Kroyach and
Zhitnitsa. The main focus of the investigation was the phenotypic
reaction of the cultivars by grain yield, which was related to the
ecological plasticity and stability of the respective cultivar. This
behavior of wheat under variable environments (location and
season) was analyzed with the help of well known statistical
parameters for evaluation, as follows: mean value (GY), bend of the
regression line [bi] and the sum of squared deviation [S2] according
to Eberhart and Russell (1966). Since each of these gives only a part
of the needed information on the complex interaction of the cultivar
with the environment, all of them were used to obtain a more
complete evaluation on the actual variation of grain yield under
different soil and climatic conditions.
All possibilities were discussed for specific analysis on the
interaction of the genotype with the environment directly affecting
grain yield (cultivars, season, location of growing), as well as the
stability and plasticity of the investigated group of cultivars.
To achieve the above goal, the collected data were analyzed
with the help of several known statistical software (Statistica 7,
Statgrapics XV, Jmp 10) to calculate the parameters of the principal
component analysis (PCA), of the descriptive statistics, the
correlations and the analysis of variances.

Results and discussion
High and significant was the variation caused by the cultivar and
the environment (Table 3). The data from the analysis of the
variances revealed significant interaction of the group of cultivars
Table 3. ANOVA for the entire experiment

Source
Genotype
Environment
Interaction
Heterogeneity
Residual
Total

DF
23
47
1081
23
1058
1151

MS
40492
847228
3537
17471
3234
38727

with the growing environment. Variation was observed which was
caused by the variable response of a part of the cultivars according
to the investigated trait (Heterogeneity), as well as residual variation
related to great differences in seasons and locations (Residual). The
additional fragmentation of the variances by factors showed
significant dispersion by cultivars, years and locations (Table 4).
Significant variation was found as a result of the interactions
between the factors, with the exception of the cultivar x location
interaction.
Grain yield during the different years of investigation varied
considerably (Table 5). In two of the years, 2009 and 2010, the mean
values were very close, while in 2007 and 2008 they differed as
means level. This was a result of the serious variation of the
meteorological conditions during these two years in general. In 2008
the conditions during the vegetation period of wheat were very
favorable as a combination of temperature and soil moisture. In 2007
the situation was the opposite: there was a long drought which had
negative effect on grain yield (Tsenov et al., 2006; Tsenov et al.,
2013). In this relation we can assume that in three of the years (2007,
2008 and 2009) the conditions provided a good prerequisite for
evaluation of the adaptability of each cultivar under various
combinations of conditions. Therefore, in the discussion section of
our second report the results from this period will be considered.
There was a strong variation caused by the location as a factor
(Figure 2). The mean values of this trait varied from 5.36 to 9.05 t/ha
as a result of the direct effect of the location of growing. The
statistical analysis in Table 6 divided the locations into three groups:
with very favorable effect on grain yield (Chepintsi, Sofia, General
Toshevo, Dobrich, Ognyanovo, Pazardzhik), locations where the
mean yield did not differ from the value averaged for the entire group,
and locations with negative effect on this trait (Gorsky Izvor,
Table 5. Descriptive statistics for each of the observed years

F
38.27
800.78
3.35
16.52
3.06

p-value
.000
.000
.000
.000
.000

Seasons
2008
2010
2009
2007

F
66.781
6.744
31.697
5.396
2.279
1.290
74.250
3.52

p-value
.0000
.0000
.0000
.0001
.0010
.0500
.0000
.0000

GY

MS
48969.373
4.666
644.921
108.363
.614
.347
20.002
.269

SE

Difference from
overall mean in %

8.00
7.03
6.57
4.45

0.085
0.094
0.073
0.078

122.9
108.0
100.9
68.4

Locations; LS Means
Current effect: F(11, 1114)=121,35, p=0,0000

Table 4. ANOVA of genotype by environments interaction
(2007–2010)

DF
Source
1
Intercept
23
Variety
3
Year
11
Location
69
Variety * Year
253
Variety * Location
33
Year * Location
Variety * Year * Location 759

Mean, t/ha

9.5
9.0
8.5
8.0
7.5
7.0
6.5
6.0
5.5
5.0
4.5

1

2

3

4

5

6

7

8

9

10 11 12

Loc
Figure 2. Grain yield by location of testing
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Loc*Var; LS Means
Current effect: F(253,0)

11

Loc 2
Loc 4
Loc 6
Loc 7
Loc 8
Loc 9
Loc 11
Loc 12

10
9

GY

8
7

6
5
4
1

3

5

7

9

11

13
Variety

15

17

19

21

23

Figure 3. Spatial presentation of grain yield as interaction of location with cultivar
Table 6. Descriptive statistics for each of the locations

Mean, t/ha

SE

Difference in %

Chepintsi, Sofia
General Toshevo, Dobrich
Ognyanovo, Pazardzhik
Selanovtsi, Vratsa
Burgas
Vardim, Pleven
Kroyach, Razgrad
G. Izvor, Haskovo
Radnevo, Stara Zagora
Pordim, Pleven
Brushlen, Ruse
Zhitnitsa, Varna

9.06
7.75
7.49
6.38
6.33
6.25
6.17
6.04
5.93
5.81
5.59
5.36

0.203
0.135
0.171
0.175
0.212
0.142
0.166
0.153
0.139
0.172
0.188
0.106

139.2 **
119.0 **
115.1 **
98.0 ns
97.2 ns
96.0 ns
94.8 ns
92.8 (-)
91.1 (-)
89.2 (-)
85.9 (- -)
82.3 (- -)

Overall

6.51

0.056

100.0

Location

Haskovo, Radnevo, Stara Zagora, Pordim, Pleven, Brushlen, Ruse
and Zhitnitsa – Varna). These data give strong evidence for the high
independent effect of the factor location on the size of grain yield.
The high variation of this trait is evident when presenting yield
through the interaction of the location of testing with the genotype
(Figure 3). This figure intentionally does not show the data from
locations 1 (Selanovtsi), 3 (Brushlen), 5 (Kroyach) and 10 (Gorski
izvor), in which the mean values of the trait did not significantly differ
from the averaged value for all locations (6.51 t/ha). In this way the
figure gives a better idea of the complex reaction of the individual
cultivar at different locations in Bulgaria.
The strong variation found by season and location, as well as
the variation resulting from heterogeneity of the response within the
156

group of cultivars made us suspicious about possible incorrectness
in the analysis on the ecological plasticity and stability of each
genotype. Therefore, the expression of the trait was subjected to test
for normality of distribution (Table 7).
Table 7. Tests for Normality of the distribution of Grain Yield

Tests
Shapiro-Wilk
Anderson-Darling
Lilliefors
Jarque-Bera

Probability for normality, %

p-value

99.99
99.99
99.61
98.97

0.0001
0.0001
0.0040
0.0100

The several tests we performed to prove the type of data
distribution undoubtedly showed that in this group of cultivars the
distribution was entirely normal in spite of the observed extremely
wide range of variation. This gave us sufficient ground for correct
analysis on the data from the trial with regard to a possible effect of
the genotype as well. The variation was significant also by value and
through it the cultivars had to be differentiated by yield (Figure 4).
Cultivars Todora (24), Aneta (15) and Iveta (5) gave the highest
mean yields, while cultivars Pobeda (7) and Sadovo 1(12) – the
lowest. All other cultivars formed grain yields of very similar values.
The hypothesis for objective evaluation on the role of the genotype
was checked by calculating the phenotypic correlations of the trait
with each of the investigated factors (Table 8). The year had the
highest effect on the level of grain yield (0,476*), followed by the
location (0,208 *). The correlation of grain yield with the genotype
was also significantly high but negative (-0,194*), which was an
indication for relationship between them. The value of the correlation
showed that the cultivar as a factor responded specifically to the
changeable environment and usually this response was in the
opposite direction to the variation of the season conditions and/or
the location.
This was the reason for the high heterogeneity in the reaction of

cultivars to the environment, it is an indication for non-linear type of
interaction. On the other hand, under the unfavorable conditions of
2007, obviously the grain yield of some of the cultivars was higher
than expected, probably as a result of their higher drought tolerance.
An additional evidence for such an assumption are the values of the
variation components calculated through principal component
analysis (Table 9).
At normal reaction to the changeable growing conditions, a twocomponent type of variation was determined for grain yield, which
was 80-85 % for the two components (F1, F2), and was almost
missing for the third component(F3). Investigating the grain yield
from 33 common wheat cultivars, Tsenov et al. (2011) reported
F1=73.3% and F2=15.6 %. Similar results have been obtained by
Valkova and Dechev (2012) on cotton, Valcheva et al. (2012) on
barley and Genchev (2011) on dry bean. The results we report here
are similar to those from the investigation on double haploid malting
barley lines, in which a three-component type of variation was found
(Duylgerova and Valcheva, 2011), which is a rare phenomenon in
component analysis. The strong and non-linear interaction of the
cultivar with the conditions of the season and the location is evident
also from the high values of the parameter (Eigenvalue), which was
high for the three components.

Grain Yield Means by variety
Current effect: F(23,11)=5,225, p=,00000
7.8
7.6
7.4
7.2
7.0

GY

6.8
6.6
6.4
6.2
6.0
5.8
5.6
5.4
5.2
1

3

5

7

9

11

13

15

19

17

23

21

Variety
Figure 4. Grain yield from the cultivars involved in the trial

Table 8. Spearman correlations of grain yield with each of
the factors

Table 9. Eigenvalues from Principal Component Analysis

Variables

GY

p-value

Parameters

Year
Location
Variety

0.476 *
0.208 *
-0.194 *

0.000
0.000
0.007

Eigenvalue
Variability (%)
Cumulative %

F1

F2

F3

1.31
32.71
32.71

1.00
25.00
57.71

1.00
25.00
82.71
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The differentiation of the variation components by factors
showed parameters different by value and direction (Table 10).
Again the factor year had the highest value (0,638) of the first
component F1, while the cultivar had a very low value (0,056). The
role of the cultivar in the second component F2 was very high and
approximating 1, the values of the other two factors being negative:
year (-0,064) and location (-0,146). These data reveal the complex
character of the interaction between the investigated factors. The
value of F3 at the location of testing was very high, which made very
difficult the analysis directed towards identification of the plasticity
and stability of each cultivar – the main aim of this investigation.
This assumption was confirmed by the descriptive analysis on
the data for the contribution of the genotype to the variation,
expressed through principal component analysis (Table 11). The
mean arithmetic values being absolutely the same (4,167), the
variation of the two components was disparate, expressed through
the values of the parameters designated with 2, 5, 6, 7, 8 and 9 in
Table 11. Especially impressive was the variation in the values of the
mean arithmetic error (2) and the variance (7). These data showed
that each cultivar had specific response to the changeable
environment through its grain yield. The variation each cultivar
caused within the entire scheme of the trial was rather different,
which is a prerequisite for correct evaluation of its plasticity and
stability. In principle this is very important from the point of view of its
eventual distribution by geographical regions, where yield can be the
highest and most stable over seasons.
It can be concluded that the interaction of such a trait as grain
yield, which is a function of the entire biology, physiology and
genetics of the cultivar, with the environments is very complex. The
use of conventional analysis of variances gives information on the
occurrence of interaction of factors, but the analysis of their nature is

very difficult. This is due to the fact that the change (reaction) of each
cultivar is different from the variation of the group of cultivars, which,
on its hand, is a prerequisite for realistic evaluation of the ecological
adaptability of each genotype. This adaptability has been the aim of
numerous studies on different important crops because it is directly
related to the distribution of the cultivar (Hugo-Ferney, 2006;
Tarakanovas and Ruzgas, 2006; Valchinkov et al., 2003; Parveen et
al., 2010.). In literature sources there are many investigations on this
problem, which, however, give only partial information on the
behavior of groups of cultivars under specific conditions. The
difficulties arising from the complex interactions of the genotype with
the environment are the reason for the elaboration and application of
a large set of statistical analyses and approaches for assessment.
Furthermore, depending on the aim and the considered traits, there
are two concepts for evaluation of stability – “static” (Lin et al., 1986)
and “dynamic” (Becker and Leon, 1988). With the “static” concept,
also known as biological, the stable genotype does not vary
accordingly with the variation of the environmental conditions. The
variation of traits in these genotypes should be close to zero. Such
traits are usually the quality traits and their expression is not directly
influenced by the annual change of the environmental conditions
(disease resistance). According to the other concept, called
“dynamic” or “agronomic”, the behavior of the stable genotypes
follows the dynamics of the conditions of the environment as a soiland-climatic complex. The dynamic concept refers to the
quantitative traits, for example yield or quality, etc. In our specific
case the data should be interpreted according to the agronomic
concept, according to which the values of the regression coefficient
should be close to 1 (plasticity), and the deviation from the
regression curve should be as low as possible (stability). These data
will be subjected to analysis in the second part of this study.

Table 10. Parameters of Principal Component Analysis (PCA)
by factors

Table 11. Descriptive statistics of the Principal Component
Analysis on the contribution of genotypes (%)

Factor
Year
Loc
Var

F1

F2

F3

№

0.638
0.502
0.056

-0.064
-0.146
0.982

-0.144
0.804
0.166

1
2
3
4
5
6
7
8
9

Conclusion
Within a wide ecological network of 12 locations in Bulgaria,
during four successive years, a significant genotype x environment
interaction was found for the trait grain yield. The direct effect of the
investigated factors, through their correlations with grain yield,
showed the highest effect of the year (r=0.476 *), followed by the
location of testing (r=0.208 *), and the genotype had the lowest and
negative value (r=-0.194 *).
The normal distribution of the data on grain yield was combined
with linear and non-linear type of interaction of the group of cultivars
with the year conditions, the location, and their interaction as factors
of effect, which made the analysis on the adaptability of each cultivar
very difficult.
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Descriptive statistics
Mean
Standard error of the mean
Lower bound on mean (95%)
Upper bound on mean (95%)
Minimum
Maximum
Variance (n-1)
Standard deviation (n-1)
Variation coefficient

F1

F2

4.167
0.028
4.109
4.225
3.812
4.317
0.019
0.137
0.032

4.167
1.203
1.678
6.655
0.011
20.48
34.74
5.894
1.385

Acknowledgement
The authors would like to thank Nevena Ivanova (former
Executive Director of the National Executive Agency of Variety
Testing, Field Inspection and Seed Control), and Krassimira
Ivanova, officer at the same agency, for the data they kindly provided
on grain yield from the trial locations of the agency during the years
of the investigation. We also thank the owners of “Sortovi semena –
Vardim”, “Agronom 1 Holding” and “Sole Trader Stefan Penev”, who
took active part in the experiment and also provided results.

References
Aminzadeh GR, 2010. Evaluation of seed yield stability of wheat
advanced genotypes in Ardabil, Iran, Research Journal of
Environmental Science, 4, 5, 478-482.
Annicciarico P, 2002. Genotype x environment interactionchallenges and opportunities for plant breeding and cultivar
recommendations. FAO Plant production and protection, paper 174,
pp 145.
Atanasova D, Tsenov N, Stoeva I and Todorov I, 2010.
Performance of Bulgarian winter wheat varieties for main end-use
quality parameters under different environments. Bulgarian Journal
of Agricultural Science, 16, 1, 22-29.
Becker H and Leon J, 1988. Stability analysis in plant breeding.
Plant Breeding, 101, 1, 1-23.
Chapman SC, 2008. Use of crop models to understand genotype by
environment interactions for drought in real-world and simulated
plant breeding trials. Euphytica, 164, 195-208.
Denčić S and Kobiljski B, 2008. Results of half a century of wheat
breeding at Institute of Field and Vegetable Crops in Novi Sad.
Proceeding of International Conference “Conventional and
Molecular Breeding of Field and Vegetable Crops”, 24-27 Nov. 2008,
Novi Sad, Serbia, 377-382.
Duylgerova B and Valcheva D, 2011. Investigation of double
haploid lines of winter malting barley produced by method of induced
androgenesis FCS 7, 2, 255-261(Bg).
Eberhart SA and Russell WA, 1966. Stability parameters for
comparing varieties. Crop Science, 6, 36-40.
Genchev D, 2011. Plasticity and stability of productivity of new dry
bean cultivars (Phaseolus vulgaris L.). FCS 7, 2, 313-333 (Bg).
Hugo-Ferney G, Morgunov A and Aigul A, 2006. Evaluation of
grain stability, reliability and cultivar recommendations in spring
wheat (Triticum aestivum L.) from Kazakhstan and Siberia. Journal
of European Agriculture, 7, 4, 649-660.
Kang MS and Magari R,1995. STABLE: A basic program for
calculating stability and yield-stability statistics. Agronomy Journal,
87, 276-277.
Lin CS, Binns MR and Lefkovich LP, 1986. Stability analysis:
Where do we stand? Crop Science, 26, 5, 894-900.
Mohammadi R and Amri A, 2008. Comparison of parametric and
non-parametric methods for selecting stable and adapted durum
wheat genotypes in variable environments. Euphytica, 159, 3, 419432.
Muhe K and Assefa A, 2011. Genotypes x environment interaction
in bread wheat (Triticum aestivum L.) cultivar development in
Ethiopia. International Research Journal of Plant Science, 2, 10,
317-322.
Pacheco RM, Duarte JB, Vencovsky R, Pincheiro JB and
Oliveira AB, 2005. Use of supplementary genotypes in AAMMI
analysis. Theoretical and Applied Genetics, 110, 5, 812-818.
Parveen L, Khalil IH and Khalil SK, 2010. Stability parameters for
tillers, grain weight and yield of wheat cultivars in North-West of
Pakistan. Pakistan Journal of Botany, 42, 3, 1613-1617.
Purchase JL, 1997. Parametric analysis to describe genotype x

environment interaction and yield stability in winter wheat. Thesis for
PhD, University of Free State, Bloemfontein. pp. 155.
Rachovska G, Dimova D, Kolev K and Kostov K and Ur Z, 2011.
Evaluation of yield and stability of Bulgarian common winter wheat
varieties. Agricultural Science, 43, 1, 111-114 (Bg).
Sharma CS, Morgounov AI, Braun HJ, Akin B, Keser M,
Bedoshvili D, Bagci A, Martius C and van Ginkel M, 2010.
Identifying high yielding stable winter wheat genotypes for irrigated
environments in Central and West Asia. Euphytica, 171, 1, 53-64.
Tadesse W, Manes Y, Singh RP, Payne T and Braun HJ, 2010.
Adaptation and performance of CIMMYT spring wheat genotypes
targeted to high rainfall areas of the world. Crop Science, 50, 6,
2240-2248.
Tarakanovas P and Ruzgas V, 2006. Additive main effect and
multiplicative interaction analysis of grain yield of wheat varieties in
Lithuania. Agronomy Research, 4, 1, 91-98.
Tsenov N, Atanasova D, Stoeva I and Tsenova E, 2013. Effects of
drought on productivity and grain quality in winter wheat. Proceeding
of the Scientific Conference for 130 years of agricultural science in
Sadovo, (in press) (Bg).
Tsenov N, Atanasova D, Todorov I and Veselin D, 2008.
Environmental effect on common winter wheat productivity, In: J.
Prohens and M. L. Badenes (Eds), “Modern Variety Breeding for
Present and Future Needs”. Proceedings of the 18th EUCARPIA
General Congress, 9-12 September 2008, Valencia, Spain, pp. 480484.
Tsenov N, Atanasova D and Gubatov T, 2011. Genotype х
environment interactions in grain yield of winter bread wheat grown
in Bulgaria, In: Veitz, O. (Ed.) "Climate Change: Challenges and
opportunities in Agriculture", Proceeding of the AGRISAFE final
conference, March 21-23, 2011, Budapest, Hungary, pp. 356-359.
Tsenov N, Kostov K, Todorov I, Panayotov I, Stoeva I,
Atanasova D, Mankovsky I and Chamurliysky P, 2009. Problems,
achievements and prospects in breeding for grain productivity of
winter wheat. Field Crops Studies, V-2, 261-273(Bg).
Tsenov N, Gubatov T and Peeva V, 2006. Study on the genotype x
environment interaction in winter wheat varieties II. Grain yield, FCS
3, 2, 167-175 .
Valcheva D, Valchev D, Mihova G, Doneva M and Dyulgerova B,
2012. Productive capacity of the winter malting barley varieties in
terms of the Northeast and Southeast Bulgaria. FCS 8, 2,209-217
(Bg).
Valchinkov S, 1990. Methods for classifying of genotypes with
relatively high and stabile yield. Scientific Works of Higher Institute of
Agriculture, 35, 4, 161-165 (Bg).
Valchinkov S, Valchinkova P and Reseleshka L, 2003. Specific
and total adaptability breeding value of original and modified maize
hybrids. Plant Science, 40, 316-320 (Bg).
Valkova N and Dechev D, 2012. Using PC-analysis for evaluation
of phenotypic stability in cotton FCS, 8, 1 91-96 (Bg).
Yan W and Hunt LA, 1998. Genotype-by-environment interaction
and crop yield. Plant Breeding Review, 16, 135-178.
Yan W, Hunt LA, Sheng Q and Szlavnics Z, 2000. Cultivar
evaluation and mega-environment investigation based on the GGE
biplot. Crop Science, 40, 597-605.

159

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 5, No 2, 2013

CONTENTS

1/2

Review
Trends in battery cage husbandry systems for laying hens. Enriched cages for housing laying hens
H. Lukanov, D. Alexieva

143

Genetics and Breeding
Influence of environments on the amount and stability of grain yield in modern winter wheat cultivars
I. Interaction and degree of variability
N. Tsenov, D. Atanasova

153

Variation of yield components in coriander (Coriandrum Sativum L.)
N. Dyulgerov, B. Dyulgerova

160

Nutrition and Physiology
Plant cell walls fiber component analysis and digestibility of birdsfoot trefoil (Lotus corniculatus L) in
the vegetation
Y. Naydenova, A. Kyuchukova, D. Pavlov

164

Functional properties of maltitol
V. Dobreva, M. Hadjikinova, A. Slavov, D.Hadjikinov, G. Dobrev, B. Zhekova

168

Food spectrum of grey mullet (Mugil cephalus L.) along the Bulgarian Black Sea coast
R. Bekova, G. Raikova-Petrova, D. Gerdzhikov, E. Petrova, V. Vachkova, D. Klisarova

173

Metabolic and enzymatic profile of sheep fed on forage treated with the synthetic pyrethroid Supersect
10 EC
R. Ivanova

179

Production Systems
Cultivation of Scenedesmus dimorphus strain for biofuel production
K. Velichkova, I. Sirakov, G. Georgiev

181

Study of the effect of soil trampling on the structural elements of yield and productivity of soybean
V. Sabev, S. Raykov, V. Arnaudov

186

Stability of herbicides and herbicide tank-mixtures at winter oilseed canola by influence of different
meteorological conditions
G. Delchev

189

Screening of plant protection products against downy mildew on cucumbers (Pseudoperonospora
Cubensis (Berkeley & M. A. Curtis) Rostovzev) in cultivation facilities
S. Masheva, N. Velkov, N. Valchev, V. Yankova

194

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 5, No 2, 2013

CONTENTS

2/2

Efficacy and selectivity of vegetation-applied herbicides and their mixtures with growth stimulator
Amalgerol premium at oil-bearing sunflower grown by conventional, Clearfield and ExpressSun
technologies
G. Delchev

200

Agriculture and Environment
Manganese levels in water, sediment and algae from waterbodies with high anthropogenic impact
V. Atanasov, E. Valkova, G. Kostadinova, G. Petkov, Ts. Yablanski, P. Valkova, D. Dermendjieva

206

Seasonal and vertical dynamics of the water temperature and oxygen content in Kardzhali reservoir,
Bulgaria
I. Iliev, L. Hadjinikolova

212

Condition and changes in types of natural pasture swards in the Sakar mountain under the
influence of climatic and geographic factors
V. Vateva, K Stoеva, D. Pavlov

216

Product Quality and Safety
Comparative studies on the gross composition of White brined cheese and its imitations, marketed in
the town of Stara Zagora
N. Naydenova, T. Iliev, G. Mihaylova, S. Atanasova

221

Effect of the environment on the quality of flour from common winter wheat cultivars
I. Stoeva, E. Penchev

230

Instruction for authors
Preparation of papers
Papers shall be submitted at the editorial
office typed on standard typing pages (A4,
30 lines per page, 62 characters per line).
The editors recommend up to 15 pages for
full research paper ( including abstract
references, tables, figures and other
appendices)
The manuscript should be structured as
follows: Title, Names of authors and
affiliation address, Abstract, List of
keywords, Introduction, Material and
methods,Results, Discussion, Conclusion,
Acknowledgements (if any), References,
Tables, Figures.
The title needs to be as concise and
informative about the nature of research. It
should be written with small letter /bold, 14/
without any abbreviations.
Names and affiliation of authors
The names of the authors should be
presented from the initials of first names
followed by the family names. The
complete address and name of the
institution should be stated next. The
affiliation of authors are designated by
different signs. For the author who is going
to be corresponding by the editorial board
and readers, an E-mail address and
telephone number should be presented as
footnote on the first page. Corresponding
author is indicated with *.
Abstract should be not more than 350
words. It should be clearly stated what new
findings have been made in the course of
research. Abbreviations and references to
authors are inadmissible in the summary. It
should be understandable without having
read the paper and should be in one
paragraph.
Keywords: Up to maximum of 5 keywords
should be selected not repeating the title
but giving the essence of study.
The introduction must answer the
following questions: What is known and
what is new on the studied issue? What
necessitated the research problem,
described in the paper? What is your
hypothesis and goal ?
Material and methods: The objects of
research, organization of experiments,
chemical analyses, statistical and other
methods and conditions applied for the
experiments should be described in detail.
A criterion of sufficient information is to be

possible for others to repeat the experiment in order to verify results.
Results are presented in understandable
tables and figures, accompanied by the
statistical parameters needed for the
evaluation. Data from tables and figures
should not be repeated in the text.
Tables should be as simple and as few as
possible. Each table should have its own
explanatory title and to be typed on a
separate page. They should be outside the
main body of the text and an indication
should be given where it should be
inserted.
Figures should be sharp with good
contrast and rendition. Graphic materials
should be preferred. Photographs to be
appropriate for printing. Illustrations are
supplied in colour as an exception after
special agreement with the editorial board
and possible payment of extra costs. The
figures are to be each in a single file and
their location should be given within the
text.
Discussion: The objective of this section
is to indicate the scientific significance of
the study. By comparing the results and
conclusions of other scientists the
contribution of the study for expanding or
modifying existing knowledge is pointed
out clearly and convincingly to the reader.
Conclusion: The most important consequences for the science and practice
resulting from the conducted research
should be summarized in a few sentences.
The conclusions shouldn't be numbered
and no new paragraphs be used.
Contributions are the core of conclusions.
References:
In the text, references should be cited as
follows: single author: Sandberg (2002);
two authors: Andersson and Georges
(2004); more than two authors: Andersson
et al.(2003). When several references are
cited simultaneously, they should be
ranked by chronological order e.g.:
(Sandberg, 2002; Andersson et al., 2003;
Andersson and Georges, 2004).
References are arranged alphabetically by
the name of the first author. If an author is
cited more than once, first his individual
publications are given ranked by year, then
come publications with one co-author, two
co-authors, etc. The names of authors,
article and journal titles in the Cyrillic or
alphabet different from Latin, should be
transliterated into Latin and article titles
should be translated into English.
The original language of articles and books
translated into English is indicated in

parenthesis after the bibliographic
reference (Bulgarian = Bg, Russian = Ru,
Serbian = Sr, if in the Cyrillic, Mongolian =
Мо, Greek = Gr, Georgian = Geor.,
Japanese = Jа, Chinese = Ch, Arabic = Аr,
etc.)
The following order in the reference list is
recommended:
Journal articles: Author(s) surname and
initials, year. Title. Full title of the journal,
volume, pages. Example:
Simm G, Lewis RM, Grundy B and
Dingwall WS, 2002. Responses to
selection for lean growth in sheep. Animal
Science, 74, 39-50
Books: Author(s) surname and initials,
year. Title. Edition, name of publisher,
place of publication. Example:
Oldenbroek JK, 1999. Genebanks and
the conservation of farm animal genetic
resources, Second edition. DLO Institute
for Animal Science and Health,
Netherlands.
Book chapter or conference proceedings:

Author(s) surname and initials, year. Title.
In: Title of the book or of the proceedings
followed by the editor(s), volume, pages.
Name of publisher, place of publication.
Example:
Mauff G, Pulverer G, Operkuch W,
Hummel K and Hidden C, 1995. C3variants and diverse phenotypes of
unconverted and converted C3. In:
Provides of the Biological Fluids (ed. H.
Peters), vol. 22, 143-165, Pergamon
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of
level of feeding during dry period, and body
condition score on reproductive performance in dairy cows,IXth International
Conference on Production Diseases in
Farm Animals, Sept.11 – 14, Berlin,
Germany, p. 302 (Abstr.).
Thesis:
Penkov D, 2008. Estimation of metabolic
energy and true digestibility of amino acids
of some feeds in experiments with muscus
duck (Carina moshata, L). Thesis for DSc.
Agrarian University, Plovdiv, 314 pp.
The Editorial Board of the Journal is not
responsible for incorrect quotes of
reference sources and the relevant
violations of copyrights.

Volume 5, Number 2
June 2013

