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ABSTRACT 
 
 Data on grain yields of 20 bread wheat (Triticum aestivum L.) genotypes grown at 3 locations were used to 
assess adaptation and stability characteristics of the genotypes and to study associations among yield 
parameters. Combined analysis of variance showed that the environment (E) accounted for a high percentage of 
sums of squares. Stability was estimated using the Eberhart and Russell method. Based on Eberhart and 
Russell's method in experiment genotypes 5, 6, 10 and 15 having regression coefficient near to 1 and higher 
grain yield was known as genotypes with general adaptability to all environments. According to the stability 
analysis, genotype 10 was the most stable for grain yield. The regression coefficient (bi) for genotype 10 was 
almost unity (bi = 1) and had one of the lowest deviations from regressions (S2d). In contrast, genotypes 
Marvdasht, Azar2, 4, 7 and 16 showed regression coefficients greater than 1.0 indicate sensitivity to 
environmental changes for grain yield. Among the genotypes, the highest grain yield was obtained from 
genotypes 16, 6, 7 and10 (6.91, 6.53, 6.51 t ha-1 and 6.42 t ha-1) across environments. These genotypes (6 and 
10) had bi near to one and also deviations from regression values (s2di) around zero, suggesting that they were 
responsive to changing environments and could be recommended for favorable environments. 
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Introduction 
 
 The presence of differential genotypic responses 
in different environments, known as the interaction 
of genotypes with environments (GE), is a natural 
Phenomenon and part of the mechanism of species 
evolution. The adaptability of a variety is usually 
tested by the degree of its interaction with different 
environments. A variety or genotype is considered to 
be more adaptive or stable if it has a high mean yield 
with low degree of fluctuation in yielding ability 
grown over diverse climatic conditions. Various 
statistical methods have been proposed to determine 
the stability of new cultivars. 
  The most commonly used method is the joint 
regression analysis for yield stability [6, 7]. The 
regression coefficient (bi) and the average departure 
from regression line (S2d) are two mathematical 
indices for stability [6]. A genotype with a high bi 
and S2d reacts readily to change in the environment 
and possesses considerable variability, whereas 
cultivars with a bi < 1.0 and S2d near to 0.0 react 
weakly to changes in growing conditions and are 
considered to be stable in yield [1]. Finlay and 
Wilkinson [7] regarded those genotypes with a bi 
near 1.0 and high mean yield as being well adapted 
to all environments. 

 The genotype × environment interaction was 
studied by different researchers in various crops [4, 
16]. The stability parameters have also been studied 
in grain legumes for measuring phenotypic stability 
[9]. 
 The current investigation was carried out to 
determine the potential of promising wheat 
genotypes for yield stability under different agro 
climatic conditions. 
 
Materials and Methods 
 
 Plant material and field conditions 20 bread 
wheat genotypes (3 cultivars and 17 advanced lines) 
were analyzed by a randomized complete block 
design with 4 replications. The experiment was 
performed in 3 different locations in Iran: Esfahan, 
Kermanshah and Varamin. The seeds were sown 
using an experimental drill in 1.2 m x 6 m plots 
consisting of 6 rows with a 20 cm row space. Plots 
1.2 m x 5 m size were harvested by a combined 
harvester. The yield was determined and expressed in 
ton per hectare (t ha-1). To characterize genotypic 
stability, the following linear regression model was 
also used [5, 6]. 
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 Two stability parameters were calculated based 
on (a) the regression coefficient, a regression 
performance of each genotype in different locations 
calculating means over all the genotypes. 
 The linear regression coefficient (bi) of the 
relationship between yield for genotype at each 
location and the yield for mean location is the 
measure of the linear responses to environmental 
change. The mean square for deviation from the 
regression (s2di) measures the consistency of this 
response: in other words, it is a measure of 
heterogeneity. 
 All statistical analyses were performed using the 
SAS (Statistical Analyses Systems) program [14]. 
 
Results and Discussion 
 
 The combine analysis of variance (Table 1) 
revealed that there were significant differences 
among environments and genotypes for grain yield 
indicating the presence of variability in genotypes as 
well as diversity of growing conditions at different 
locations. The G x E interaction was highly 
significant reflecting the differential response of 
genotypes in various environments [1, 10, 16, 17]. 
 Partitioning the GE interaction into linear (GE 
linear) and non-linear (deviation from regression) in 
the joint regression analysis (Table 2) showed that 
both components were significant (P<0.01). A larger 
proportion of GE sums of squares (80%) were 
accounted for by the deviation from regression. Only 
small portions of GE sums of squares (20%) were 
accounted for by heterogeneity of regressions (Table 
2). This was small compared to some studies, for 
example Ortiz et al. [11] reported heterogeneity of 
regressions to account for 23%. However, for 
consideration of regression coefficient as stability 
parameter, heterogeneity of regression should 
explain more than 35% [3]. This suggested that the 
joint regression analysis offered an incomplete 
explanation of the GE interaction for grain yield in 
this study. Nevertheless, a significant heterogeneity 
of regressions (genotype × environment linear 
comparison) indicated that the stability parameter, bi, 
estimated by a linear response to a change in 
environment was not consistent among genotypes. 
The significance of the mean squares due to pooled 
deviations from regressions showed that the 
performance of some genotypes were not stable over 
environments. This highlighted the need to assess 
response of genotype to environmental changes using 
both a linear regression coefficient, (β) and 

deviations from the regression (δdi). According to 
Eberhart and Russell [6], genotypes are grouped 
according to the size of their regression coefficients, 
less than, equal to, or greater than one, and according 
to the size of the deviation from the regression (equal 
to or different from zero). Genotypes with regression 
coefficient greater than one would be more adapted 
to favorable environments, and those with regression 
coefficients less than one would be adapted to 
unfavorable growth conditions, and those with 
regression coefficients equal to one would have an 
average adaptation to all environments. Genotypes 
with deviations from regression equal to zero would 
have highly predictive behavior, where as with 
regression deviations greater than zero, they would 
have low predictability. 
 Genotype 10 had a high mean yield and a 
regression coefficient, which was significantly near 
to one (Fig. 1), thus characterizing it as genotype 
probably adapted to all of environmental conditions. 
However, genotypes, 5, 6 and 10 showed yield 
performances above average, regression coefficients 
close to unity, and deviation not significantly 
different from zero (Table 3). Therefore, they had an 
average capacity for adaptation to all the 
environments and were highly predictable. These 
kinds of genotypes could be considered ideal 
cultivars, since they maintained good performance in 
environments with low yield [6, 12]. The yield 
performance of genotypes Azar2, 4, 9 and 20 were 
below the average (Table 3). Theses genotypes had 
regression coefficients up to one. Thus, these 
genotypes could be suggested for grown at suitable 
conditions, these genotypes have more response to 
environmental changes. The high coefficients of 
determination and deviations variance close to zero 
for these genotypes imply that these genotypes had 
relatively good predictability (Table 3). Finlay and 
Wilkinson [7], Perkins and Jinks [12] reported that 
linear response of a genotype is associated with mean 
performance. Kaya et al., [8] also emphasized that 
both the regression coefficients and the deviations 
need to be considered in assessing stability and their 
responses were independent from each other.  
 The mean squares due to G x E (linear) were 
non-significant depicting lack of genetic differences 
among genotypes for linear response to varying 
environments, while mean squares due to pooled 
deviations were highly significant, reflecting 
considerable differences among genotypes for non-
linear response. This agrees with the findings of 
similar studies in wheat [2, 13, 15].

  
Table 1: Results of combined ANOVA of grain yield for three locations 

Mean SquaresdfSource of variation s 
19.98** 

2Environment 
1.84** 6Rep in Env. 
2.79** 

19Varieties 
1.13** 

38Var x Env. 
0.33 114Error 

*and** Significant at probability level of less than 0.05 and 0.01 
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Fig. 1: The relationship between the regression coefficient and mean grain yield (t ha-1) for 20 wheat 
genotypes. 

 
Table 2: Partitioning of GE into linear and nonlinear component from joint linear regression analysis of 20 wheat genotypes yield 

performance evaluated across 3 environments. 

* and ** are significant at P<0.05 and 0.01, respectively. 

 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 

Mean squares df Source of variation 
0.98* 2 Environments 
6.74 19 Genotypes (G) 

3.00** 38 G x Env. 
13.48 1 Environments(linear) 
0.37 19 G x Env.(linear) 
9.2* 20 Pooled deviations 
0.01 1 Marvdasht 
0.01 1 Crossalborz 

0.87** 1 Azar 
0.78** 1 4 
0.04 1 5 
0.03 1 6 
0.05 1 7 
0.07 1 8 

1.05** 1 9 
0.16 1 10 
0.06 1 11 
0.15 1 12 
0.13 1 13 
0.04 1 14 

0 1 15 
0.05 1 16 

0.76** 1 17 
0.41** 1 18 

0.3 1 19 
0.59 1 20 
0.13 114 Pooled error 
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Table 3. Parameters of Eberhart-Russell models 
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Mean grain yield (t ha-1) S2dibi genotype 
5.96 0.01 1.16 Marvdasht 
4.77 0.01 1.61 Crossalborz 
4.41 0.87**1.24 Azar 
5.34 0.78**1.33 4 
6.13 0.04 1.11 5 
6.51 0.03 0.95 6 
6.53 0.05 1.27 7 
6.2 0.07 0.64 8 
5.94 1.05**.53 9 
6.42 0.16 1.01 10 
5.83 0.06 0.94 11 
5.83 0.15 0.8 12 
6.1 0.13 0.45 13 
6.19 0.04 0.57 14 
5.95 0 0.92 15 
6.91 0.05 1.22 16 
5.92 0.76**0.85 17 
5.96 0.41**0.77 18 
5.84 0.3 1.34 19 
5.55 0.59 1.5 20 


