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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
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al., 2010; Tsenov et al., 2011). It is well known that breeding under Introduction
specific conditions does not easily guarantee success under 
different environments (Tarakanovas and Ruzgas, 2006; The main purpose of each breeding program is to develop new 
Valchinkov, 1990); therefore investigating the reasons which cause genetic combinations, from which to select genotypes exceeding the 
the value of the genotype x environment interaction are extremely already existing ones under the specific conditions (Chapman, 
important in the breeding of this crop. Such investigation, 2008). The genetic potential of the new varieties with regard to yield 
accompanied by a thorough analysis, would help to determine the is significantly greater than the land races and the old forms (Denčić 
directions of breeding, to select the best testing conditions and to and Kobiljsli, 2008; Tsenov et al., 2009). In spite of the systematic 
make optimal distribution of cultivars (Annicchiarico, 2002; efforts of the breeders, grain yield from wheat is highly variable and 
Purchase, 1997). In this relation a number of statistical approaches is influenced by the specific conditions of the location of growing 
have been elaborated which facilitate breeders when interpreting (Tsenov et al., 2008). Increasing the adaptability of the cultivars with 
the genotype x environment interaction and when evaluating the regard to grain yield at its high levels is the aim of many breeding 
stability and their interaction with the conditions of the season and programs (Aminzadeh, 2010; Parveen et al., 2010; Sharma et al., 
the location of testing (Chapman, 2008; Sharma et al., 2010; 2010). Stability is the ability of the cultivars to express their genetic 
Pacheco et al., 2005). Based on numerous statistical algorithms potential under a wide set of environments; therefore the response 
developed to solve similar and related problems (Wricke 1962; of the stable genotype under variable environments is parallel to the 
Shukla, 1972), several specialized statistical programs for average expression of the tested cultivars, i.e. the genotype x 
evaluation of the behavior of a group of cultivars under variable environment interaction is low (Annicchiarico, 2002). Yan and Hunt 
testing conditions have been elaborated, as well as for breeding of (1998) think that the analysis on the genotype-environment 
cereals and other crops (Kang and Magari, 1995; Ukai et al., 1996; interaction is important at all stages of the breeding process: 
Yan and Hunt, 2001). The size of grain yield from the wheat cultivars determining the ideotype for a given region, choice of parental forms 
is always a function of the growing conditions, and the specific for hybridization, selection based on various indices and yield. As a 
response of each genotype from the group is too complex to analyze rule the high stability of yield and other traits is almost invariably 
its stability and plasticity (Hugo-Ferney et al., 2006; Mohammadi and related to their low level of expression, and vice versa (Atanasova et 
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Amri, 2008). Although objective evaluation is difficult, a number of sowing, and were treated with 200 kg/ha stabilized ammonium 
researchers have attempted analysis on the adaptability of specific nitrate for nutrition during the spring of each investigated year in 
cultivars under different environments in different countries and with accordance with the accepted agricultural practice in Bulgaria. Grain 
different crops (Muhe and Assefa, 2011; Rachovska et al., 2011; yield was read at stage full maturity of the crop. The locations of the 
Tadesse et al., 2010). experiment were chosen from all typical wheat production regions of 

The aim of this investigation was to determine the peculiarities the country.
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.

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 
2of the plot being 15 m , using sunflower or grain peas as previous 

crops. All trial fields were fertilized with 200 kg/ha (amofos) prior to 

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

Location

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

 N43°40' 

 N43°23' 

 N43°59' 

 N43°37' 

 N43°22' 

 N43°43' 

 N43°08' 

 N42°32' 

 N42°18' 

 N42°01' 

 N42°09' 

 N42°43' 

 E24°01' 

 E24°51' 

 E26°22' 

 E25°31' 

 E26°36' 

 E28°10' 

 E27°31' 

 E27°27' 

 E25°58' 

 E25°25' 

 E24°22' 

 E23°26' 

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

Coordinates Altitude, m Soil type

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

Table 2. List of the investigated common wheat cultivars

*, **, *** - 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.

№

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

Karat

Neven

Petya

Yantur***

Kristal

Pryaspa****

Svilena 

Todora

1

3

2

1

1

1

1

1 

Strong wheat Originator#
Medium wheat of

increased strength
Originator Originator

Medium 
wheat
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The greater part of the trial was carried out at the trial fields of with the growing environment. Variation was observed which was 
the Executive Agency of Variety Testing, Field Inspection and Seed caused by the variable response of a part of the cultivars according 
Control, and by private growers at locations Vardim, Kroyach and to the investigated trait (Heterogeneity), as well as residual variation 
Zhitnitsa. The main focus of the investigation was the phenotypic related to great differences in seasons and locations (Residual). The 
reaction of the cultivars by grain yield, which was related to the additional fragmentation of the variances by factors showed 
ecological plasticity and stability of the respective cultivar. This significant dispersion by cultivars, years and locations (Table 4). 
behavior of wheat under variable environments (location and Significant variation was found as a result of the interactions 
season) was analyzed with the help of well known statistical between the factors, with the exception of the cultivar x location 
parameters for evaluation, as follows: mean value (GY), bend of the interaction.
regression line [bi] and the sum of squared deviation [S2] according Grain yield during the different years of investigation varied 
to Eberhart and Russell (1966). Since each of these gives only a part considerably (Table 5). In two of the years, 2009 and 2010, the mean 
of the needed information on the complex interaction of the cultivar values were very close, while in 2007 and 2008 they differed as 
with the environment, all of them were used to obtain a more means level. This was a result of the serious variation of the 
complete evaluation on the actual variation of grain yield under meteorological conditions during these two years in general. In 2008 
different soil and climatic conditions. the conditions during the vegetation period of wheat were very 

All possibilities were discussed for specific analysis on the favorable as a combination of temperature and soil moisture. In 2007 
interaction of the genotype with the environment directly affecting the situation was the opposite: there was a long drought which had 
grain yield (cultivars, season, location of growing), as well as the negative effect on grain yield (Tsenov et al., 2006; Tsenov et al., 
stability and plasticity of the investigated group of cultivars. 2013). In this relation we can assume that in three of the years (2007, 

To achieve the above goal, the collected data were analyzed 2008 and 2009) the conditions provided a good prerequisite for 
with the help of several known statistical software (Statistica 7, evaluation of the adaptability of each cultivar under various 
Statgrapics XV, Jmp 10) to calculate the parameters of the principal combinations of conditions. Therefore, in the discussion section of 
component analysis (PCA), of the descriptive statistics, the our second report the results from this period will be considered.
correlations and the analysis of variances. 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: Results and discussion
with very favorable effect on grain yield (Chepintsi, Sofia, General 
Toshevo, Dobrich, Ognyanovo, Pazardzhik), locations where the High and significant was the variation caused by the cultivar and 
mean yield did not differ from the value averaged for the entire group, the environment (Table 3). The data from the analysis of the 
and locations with negative effect on this trait (Gorsky Izvor, variances revealed significant interaction of the group of cultivars 

Table 3. ANOVA for the entire experiment

Source

Genotype

Environment

Interaction

Heterogeneity

Residual

Total

23

47

1081

23

1058

1151

40492

847228

3537

17471

3234

38727

38.27

800.78

3.35

16.52

3.06

.000

.000

.000

.000

.000

DF MS F p-value

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

1 2 3 4 5 6 7 8 9 10 11 12
Loc

9.5

9.0

8.5

8.0

7.5

7.0

6.5

6.0
5.5

5.0

4.5

G
Y

Figure 2. Grain yield by location of testing

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

Source

Intercept

Variety

Year

Location

Variety * Year

Variety * Location

Year * Location

Variety * Year * Location

1

23

3

11

69

253

33

759

48969.373

4.666

644.921

108.363

.614

.347

20.002

.269

66.781

6.744

31.697

5.396

2.279

1.290

74.250

3.52

.0000

.0000

.0000

.0001

.0010

.0500

.0000

.0000

DF MS F p-value

Table 5. Descriptive statistics for each of the observed years

Seasons

2008

2010

2009

2007

8.00

7.03

6.57

4.45

0.085

0.094

0.073

0.078

122.9

108.0

100.9

68.4

Mean, t/ha SE
Difference from

overall mean in %
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Haskovo, Radnevo, Stara Zagora, Pordim, Pleven, Brushlen, Ruse group of cultivars made us suspicious about possible incorrectness 
and Zhitnitsa – Varna). These data give strong evidence for the high in the analysis on the ecological plasticity and stability of each 
independent effect of the factor location on the size of grain yield. genotype. Therefore, the expression of the trait was subjected to test 
The high variation of this trait is evident when presenting yield for normality of distribution (Table 7).
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 

Table 6. Descriptive statistics for each of the locations

Location

Overall 6.51 0.056 100.0

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 **
ns  98.0 
ns  97.2 
ns  96.0 
ns  94.8 

  92.8 (-)

  91.1 (-)

  89.2 (-)

  85.9 (- -)

  82.3 (- -)

Mean, t/ha SE Difference in %

Figure 3. Spatial presentation of grain yield as interaction of location with cultivar

Loc*Var; LS Means
Current effect: F(253,0)

2
4
6
7
8
9
11
12

11

10

9

8

G
Y

7

Variety

6

5

4
1 3 5 7 9 11 13 15 17 19 21 23

Loc
Loc
Loc
Loc
Loc
Loc
Loc
Loc

Table 7. Tests for Normality of the distribution of Grain Yield

Tests

Shapiro-Wilk

Anderson-Darling

Lilliefors

Jarque-Bera

99.99

99.99

99.61

98.97

0.0001

0.0001

0.0040

0.0100

Probability for normality, % p-value
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The several tests we performed to prove the type of data cultivars to the environment, it is an indication for non-linear type of 
distribution undoubtedly showed that in this group of cultivars the interaction. On the other hand, under the unfavorable conditions of 
distribution was entirely normal in spite of the observed extremely 2007, obviously the grain yield of some of the cultivars was higher 
wide range of variation. This gave us sufficient ground for correct than expected, probably as a result of their higher drought tolerance. 
analysis on the data from the trial with regard to a possible effect of An additional evidence for such an assumption are the values of the 
the genotype as well. The variation was significant also by value and variation components calculated through principal component 
through it the cultivars had to be differentiated by yield (Figure 4). analysis (Table 9). 
Cultivars Todora (24), Aneta (15) and Iveta (5) gave the highest At normal reaction to the changeable growing conditions, a two-
mean yields, while cultivars Pobeda (7) and Sadovo 1(12) – the component type of variation was determined for grain yield, which 
lowest. All other cultivars formed grain yields of very similar values. was 80-85 % for the two components (F1, F2), and was almost 
The hypothesis for objective evaluation on the role of the genotype missing for the third component(F3). Investigating the grain yield 
was checked by calculating the phenotypic correlations of the trait from 33 common wheat cultivars, Tsenov et al. (2011) reported 
with each of the investigated factors (Table 8). The year had the F1=73.3% and F2=15.6 %. Similar results have been obtained by 
highest effect on the level of grain yield (0,476*), followed by the Valkova and Dechev (2012) on cotton, Valcheva et al. (2012) on 
location (0,208 *). The correlation of grain yield with the genotype barley and Genchev (2011) on dry bean. The results we report here 
was also significantly high but negative (-0,194*), which was an are similar to those from the investigation on double haploid malting 
indication for relationship between them. The value of the correlation barley lines, in which a three-component type of variation was found 
showed that the cultivar as a factor responded specifically to the (Duylgerova and Valcheva, 2011), which is a rare phenomenon in 
changeable environment and usually this response was in the component analysis. The strong and non-linear interaction of the 
opposite direction to the variation of the season conditions and/or cultivar with the conditions of the season and the location is evident 
the location. also from the high values of the parameter (Eigenvalue), which was 

This was the reason for the high heterogeneity in the reaction of high for the three components.

Grain Yield Means by variety
Current effect: F(23,11)=5,225, p=,00000

G
Y

7.8

7.6

7.4

7.2

7.0

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 17 19 21 23

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

Variety

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

Variables

Year

Location

Variety

 0.476 *

 0.208 *

-0.194 *

0.000

0.000

0.007

GY p-value

Table 9. Eigenvalues from Principal Component Analysis

Parameters 

Eigenvalue

Variability (%)

Cumulative %

1.31

32.71

32.71

1.00

25.00

57.71

1.00

25.00

82.71

F1 F2 F3
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The differentiation of the variation components by factors very difficult. This is due to the fact that the change (reaction) of each 
showed parameters different by value and direction (Table 10). cultivar is different from the variation of the group of cultivars, which, 
Again the factor year had the highest value (0,638) of the first on its hand, is a prerequisite for realistic evaluation of the ecological 
component F1, while the cultivar had a very low value (0,056). The adaptability of each genotype. This adaptability has been the aim of 
role of the cultivar in the second component F2 was very high and numerous studies on different important crops because it is directly 
approximating 1, the values of the other two factors being negative: related to the distribution of the cultivar (Hugo-Ferney, 2006; 
year (-0,064) and location (-0,146). These data reveal the complex Tarakanovas and Ruzgas, 2006; Valchinkov et al., 2003; Parveen et 
character of the interaction between the investigated factors. The al., 2010.). In literature sources there are many investigations on this 
value of F3 at the location of testing was very high, which made very problem, which, however, give only partial information on the 
difficult the analysis directed towards identification of the plasticity behavior of groups of cultivars under specific conditions. The 
and stability of each cultivar – the main aim of this investigation. difficulties arising from the complex interactions of the genotype with 

This assumption was confirmed by the descriptive analysis on the environment are the reason for the elaboration and application of 
the data for the contribution of the genotype to the variation, a large set of statistical analyses and approaches for assessment. 
expressed through principal component analysis (Table 11). The Furthermore, depending on the aim and the considered traits, there 
mean arithmetic values being absolutely the same (4,167), the are two concepts for evaluation of stability – “static” (Lin et al., 1986) 
variation of the two components was disparate, expressed through and “dynamic” (Becker and Leon, 1988). With the “static” concept, 
the values of the parameters designated with 2, 5, 6, 7, 8 and 9 in also known as biological, the stable genotype does not vary 
Table 11. Especially impressive was the variation in the values of the accordingly with the variation of the environmental conditions. The 
mean arithmetic error (2) and the variance (7). These data showed variation of traits in these genotypes should be close to zero. Such 
that each cultivar had specific response to the changeable traits are usually the quality traits and their expression is not directly 
environment through its grain yield. The variation each cultivar influenced by the annual change of the environmental conditions 
caused within the entire scheme of the trial was rather different, (disease resistance). According to the other concept, called 
which is a prerequisite for correct evaluation of its plasticity and “dynamic” or “agronomic”, the behavior of the stable genotypes 
stability. In principle this is very important from the point of view of its follows the dynamics of the conditions of the environment as a soil-
eventual distribution by geographical regions, where yield can be the and-climatic complex. The dynamic concept refers to the 
highest and most stable over seasons. quantitative traits, for example yield or quality, etc. In our specific 

It can be concluded that the interaction of such a trait as grain case the data should be interpreted according to the agronomic 
yield, which is a function of the entire biology, physiology and concept, according to which the values of the regression coefficient 
genetics of the cultivar, with the environments is very complex. The should be close to 1 (plasticity), and the deviation from the 
use of conventional analysis of variances gives information on the regression curve should be as low as possible (stability). These data 
occurrence of interaction of factors, but the analysis of their nature is will be subjected to analysis in the second part of this study.
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Table 10. Parameters of Principal Component Analysis (PCA)
by factors

Factor 

Year

Loc

Var

0.638

0.502

0.056

-0.064

-0.146

0.982

-0.144

0.804

0.166

F1 F2 F3

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

№

1

2

3

4

5

6

7

8

9

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

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

Descriptive statistics F1 F2
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