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 In order toidentify QTLs controlling yield stability in Agropyronan experiment was 
conducted in three environments at the Campus of Agriculture and Natural Resources, 

Razi University, Kermanshah, Iran. The experiment was laid out with eight disomic 

addition of wheat- agropyronin arandomized complete blocks design with three 
replications.Combined analysis of variance showed highly significant differences for 

the genotype × environment interaction indicating the possibility of identification of 

QTLs controlling adaptation in Agropyron. Ranking of disomic addition lines according 
to the most of the stability statistics and grain yield indicated that QTLs controlling 

adaptation and average yield are distributed on chromosomes 5E, 2E and 6E of 

Agropyron. Principal component analysis (PCA), based on the rank correlation matrix 
and biplot classified the stability parameters and grain yield in three groups so that 

Wrickecovalence (Wi2),Shukla stability variance ( ), deviation from regression (S2di) 

and yield located in one group. Environmental variance (Si2), coefficient of variation 
(CVi), coefficient regression (bi) and coefficient of determination ( ) were clustered in 

another group and superiority index (Pi) in a single group indicating that each group 

were similar in classifying the genotypes according to their stability under different 
environmental conditions, but group one, bi and Si2 with positive correlation with yield 

(acute angle) were desirable parameters for simultaneous selection of yield and yield 

stability. 
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INTRODUCTION 

 

 Warrantingthe stability of high grain yield genotypes under unfavorable conditions is the main problem 

facing breeders producing improved different genotypes [18]. Increasing the grain yield and its stability are 

major aims of wheat breeding programs in all over the world.In general, yield stability defined as a measure of 

variation between potential and actual yield of genotypes across different environments [2]. In biological sense, 

stability is the fixed production efficiency of the species under different environmental conditions, while in 

agricultural sense, it means whether species display the same production efficiency as predicted [17]. Reliable 

stability of production efficiency under changing conditions of environment is very important [10].The 

adaptability of a genotype over different environments is usually tested by the degree of its interaction with 

different environments under which it is planted [4]. In other word, plant growth and development is the product 

of the interaction between the genotype (genetic potential) and the environment in which the plant grows [1]. 

 The wheat genotypes planted nowadays are results of intense genetic improvements that aimed mainly at 

higher grain yields. Such high yielding genotypes are specialized plants that require specific environmental 

conditions to express their yield potential. Changes in the relative performance of genotypes across different 

environments are referred to as genotype × environment (GE) interactions [32].Genotype × environment 

interaction occurs when two or more genotypes are compared across different environments and their relative 

performances (responses to the environment) are found to differ. That is, one genotype may have the highest 

performance in one environment but perform poorly in others [33], which results from differential response of 

the cultivar, to various edaphic, climatic and biotic factors.Genotype by environment interactions reduce 

association between phenotypic and genotypic values, and alsoreduce correlation between genotype and 

environment, and may cause selection from one environment to perform poorly in another, forcing plant 

breeders to examine genotypic adaptations ([3,15].Hence, plant breeding programmers need to make necessary 
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changes to adopt environment specific approaches to crop improvement [27]. Consequently the stability in 

performance of genotypes has been an important research study in almost all major cropsincluding wheatfor 

varietal development. 

 A large number of suggested or proposed statistical procedures have been developed to enhance breeder’s 

understanding of GE interaction, stability and adaptation [29]. A combined analysis of variance procedure is the 

most common method used to identify the existence of genotype × environment interactions from replicated 

multi-location trials. If the genotype × environment interaction variance is found to be significant, one or more 

of the various methods for measuring the stability of genotypes can be used to identify the stable genotype. One 

of these methods is parametric statistics which are more useful when the data are continuous. Parametric 

stability analysis provides a general summary of the response patterns of genotypes to environmental change. 

Analysis of GE interaction entails an investigation of various parameters which fall into two major categories of 

multivariate and univariate[20]. Environmental variance (Sxi
2
) [28], Ecovalence(Wi

2
) [33], Shuklastability 

variance ( )[31], coefficient of variation (CVi)[10], superiority index (PI) [22], coefficient of determination 

(Ri
2
) [29],Finlay and Wilkinson's method [7], Eberhart and Russell method [6] and Tai Regression [33] are 

some of the methods examining univariate parameters. Mohebodini et al. [25] and Dehghani et al. [5] used 19 

univariate stability methods for yield stability analysis. They declared that the univariate stability procedures are 

good estimators of yield stability. 

 Regardless of the definition of stability parameter one important question is whether stability is heritable or 

not? If stability is not heritable, then using this parameter in breeding programs is fruitless [25, 18].If stability is 

heritable, the next step in the genetic analysis is identification of the chromosomal location of the genes 

controlling adaptation [12]. To understand the genetics of continuous variation, it is necessary to identify the 

chromosomal location of the genes controlling quantitative attributes such as yield and yield stability [8]. 

 By growing the disomic addition lines (DALs) under different growing conditions it may help to find genes 

useful for making wheat adaptable to unpredictable conditions. However, little is known about the study of 

genotype × environment (GE) interactions to determine the gene controlling stability performance in wheat-

agropyron disomic addition lines. 

 The present paper is an attempt to (i) analyze stability and examine the genotype × environment interaction 

for grain yield of wheat-agropyron disomic addition lines(ii)to locate the genes controlling stability and yield 

performance in agropyronand (iii)screening univariate parametric stability statistics. 

 

MATERIALS AND METHODS 

 

Plant Genetic Materials and Experimental Design: 

 In order to identify QTLs controlling yield stability in Agropyron an experiment was conducted in three 

environments. The experiment was laid out with eight disomic addition lines (DALs) of Agropyronelongatum 

(2n=2x=14) into the genetic background of Chinese Spring (CS) wheat (2n=6x=42)  in a randomized complete 

blocks design with three replications. The DALs were named as: 1E to 7E indicating addition of chromosomes 

1E to 7E from Agropyronelongatum into the genom of CS, respectively. 

 The genotypes were cultivated in the field of Campus of Agriculture and Natural Resources,,Razi 

University, Kermanshah, Iran (47° 20´ N latitude, 34° 20´ E longitude and 1351.6 m altitude). Climate in the 

region is classified as semi-arid with mean annual rainfall of 378 mm. Minimum and maximum temperature at 

the research station were -27˚C and 44˚C, respectively. Each genotype was planted in 2 m rows andat 15 ×25 cm 

inter-plant and inter-row distances, respectively.  Each plot consisted of 100 seeds (each row 50 seeds). The 

environments were considered as random factors, while genotypes as fixed factors.  

 Irrigation was manipulated to create three different environments: (i) a fully irrigated control treatment, (ii) 

a mid-season water stress treatment where the crop was under progressive stress form approximately floral 

initiation (pre-anthesis) to flowering (post-anthesis) and rewatered thereafter until maturity and (iii) terminal 

stress, where irrigation was terminated at grain filling, and continuing until maturity. 

 The grain yield data were recorded for each genotype at each environment. Combined analysis of variance 

for grain yield data was performed to determine the effects of environment (E), genotype (G), and GEI. The 

mean values of genotypes at each experiment were used to analyze yield stability. 

 

Parametric Stability Statistics: 

 The following stability parameters were estimated: 

 

Environmental Variance (Si
2
): 

 The environmental variance [28] is one of the major stability measures for the static stability concept and is 

calculated for each genotype across test environments. This measure was calculated as follows: 
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 Where Xij is the grain yield of genotype i in environment j,  is the mean yield of genotype i and E is the 

number of environments. 

 

Coefficient of Variation (CVi): 

 Stability was also measured by the combining of coefficient of variation (CVi) and mean yield [9]: 

 

  

 

Wricke’secovalence (Wi
2
): 

 Wricke’secovalence[34]was calculated for the genotype i as: 

 

 
 

 Where Xij is the observed yield response (averaged across experiment replicates),  = mean yield of 

genotype i,  = mean yield of environment j and  is the grand mean. Greatest stability is when W= =0. 

 

Shukla [31]) Stability Variance( ): 

 = [p/(p-2)(q-1)]  - [SS(GE)/(p-1)(p-2)(q-1)] 

 

 Where; 

 
 

 p = number of genotypes and q = number of environments. With this statistics the genotype that is most 

stable is the one that minimizes the . 

 

Superiority Index (Pi): 

 Pi-value was calculated as [21]: 

 

 
 

 Where Xij is the grain yield of genotype i in environment j, Mj is the yield of the genotype with maximum 

yield at environment j and E is the number of environments. 

 

Regression Approach: 

 Eberhart and Russell [6] proposed an assessment of cultivar responses to environmental changes using a 

linear regression coefficient (bi) and the variance of the regression deviations ( ): 

 

 

 
 

 Where Xij is the grain yield of genotype i in environment j,  is the mean yield of genotype i and  is the 

mean yield of the environment j, is the grand mean and E is the number of environments. 
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Coefficient of Determination ( ): 

 Pinthus [28] proposed this parameter as a measure of stability instead of . With this parameter the most 

stable genotype have minimum . 

 

 
 

 For statistical analysis the softwares IRRISTAT, MSTAT-C, SPSS and STATISTICA were used. 

 

RESULTS AND DISCUSSION 

 

Combined Analysis of Variance: 

 According to the results of combined analysis of variance (Table 1),high significant differences for 

genotypes, environments and GE interaction indicated the effect of environments in the GE interaction, genetic 

variability among the entries and possibility of selection for stable genotypes. The significant interactions of 

genotypes × environments suggest that grain yield of genotypes varied across different conditions. As GE 

interaction was significant, therefore we can further proceeded and estimated phenotypic stability [11].The 

environments accounted for the 71.93 % of total variation, followed by GE interaction which captured 22.10 % 

and genotypes accounted for 5.97 %. This reveals that the environments represented range of agro climatic 

conditions to assess the performance and the stability of the genotypes. One strategy for reducing GE interaction 

involves selecting genotypes with a better stability across a wide range of environments in order to better predict 

behavior [36].  

 Partitioning of environment + (Gen × Env) interaction into environment (linear), Gen × Env(linear) and 

pooled deviation (Table 2) revealed that mean squares due to Gen × Env(linear) was significant, which revealed 

that the behavior of the genotypes is predictable over environments and this has resulted from the linear function 

of the environmental component [36]. The mean square due to pooled deviation (non-linear) was non-

significant, revealing that the non-liner component was not important for this trait which contributed to total 

Gen × Envinteraction.  

 

Parametric Stability Analysis: 

 The results of eight parametric stability statistics and mean grain yield are given in Table 3. 

 Regression coefficient (bi) and variance of deviations from regression ( ) suggested by Eberhart and 

Russell [7]. Those genotypes with regression coefficients >1 would be adapted to favorable conditions, those 

with regression coefficients <1 would be adapted to unfavorable conditions, and those with regression 

coefficients equal to one would have an average adaptation to all environments. Genotypes with variances in 

regression deviations equal to zero would be most stable [24]. Cultivar CS, 1E and 2E exhibited regression 

coefficient (bi) greater than 1. These genotypes were adapted to irrigated environments. Addition lines 3E, 4E, 

5E and 7E with bi less than 1 were adapted to rainfed environments (poor evironments). The regression 

coefficents of 6E was nearly equal to 1, therefore exhibited average stability for all environments with low grain 

yield (Table 3). According to environmental variance (Si
2
) described by Lin et al. [20], the yield of genotypes 

with minimum variance across different environments could be considered as stable. Based on this parameter 

the genotypes 5E with high yield and 7E with low yield in comparision to other genotypes, revealed low 

environmental variance, therefore could be considered as stable genotypes (Table 3). With regard to superiority 

index (Pi) [21], the genotypes with minimum Pi-value could be considered as stable. Accordingly, addition lines 

1E, 2E and 4E displayed the greatest yield performanse and the lowest Pi-values (Table 3).The estimate of Pi 

could be partitioned into a portion attributed to genetic deviation, that is, the sum of the squares of the 

genotypes. This would be troublesome to breeders since it does not necessarily imply alteration in the genotypes 

ranking or in the portion attributed to Gen × Env interactions. In this case, the genotypes of greatest interest 

would be those with the lowest Pi values, most of which would be attributed to genetic deviation [22]. 

 Wricke’secovalence (Wi
2
 ) proposed by Wricke [33], measures the contribution of a genotype to the GEI 

sum of squares. The genotypes with lower amount of ecovalence could be considered as stable. Genotypes 6E 

with low yield was identified as stablegenoypes, while the genotype 1E due to the highest Wi
2
 was considered as 

unstable (Table 3). 

 Francis and Kannenberg[9] suggested that genotypes with low coefficient of variation (CVi) and high mean 

yield are desirable genotypes. Accordingly, addition line 5E with high grain yield was considered to be stable. 

Addition line 1E due to the highest CVi and yield performance was considered as unstable (Table 3). 
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 Pinthus’s [26] stability parameter or coefficient of determination (Ri
2
) values which are the predictability of 

response estimates (Ri
2
=1), ranged from 48.9 to 99.3, in which a variation of mean grain yield was explained by 

genotype response across environments. Minimum Ri
2
 was attributed to genotype 5E with high yield. 

 

Biplot Analysis: 

 Principal component analysis (PCA), based on the rank correlation matrix was used to better understand the 

relationships, similarities and dissimilarities among the yield-stability statistics. The graphical display of two 

way data allows visualization of inter-relationship among stability parameters and yield[36, 11, 5].The 

relationships among different stability parameters are graphically displayed in a biplot of PCA1 and PCA2 

(Figure 1). The PCA1 and PCA2 axes which justify 85.95% of total variation, mainly distinguish the statistics in 

different groups. The main advantage of using PCA over cluster analysis is that each statistics can be assigned to 

one group only [20]. One interesting interpretation of biplot is that the cosine of the angle between the vectors of 

two indices approximates the correlation coefficient between them. The cosine of the angles does not precisely 

translate into correlation coefficients, since the biplot does not explain all of the variation in a data set. 

Nevertheless, the angles are informative enough to allow a whole picture about the interrelationships among the 

stability estimators[35]. Principal component analysis (PCA), based on the rank correlation matrix and biplot 

classified the stability parameters and grain yield in three groups so that Wrickecovalence (W i
2
), Shukla stability 

variance ( ), deviation from regression (S
2
di) and yield located in one group. Environmental variance (Si

2
), 

coefficient of variation (CVi), coefficient regression (bi) and coefficient of determination ( ) were clustered in 

another group and superiority index (Pi) in a single group indicating that each group were similar in classifying 

the genotypes according to their stability under different environmental conditions, but group one, bi and Si
2
 

with positive correlation with yield (acute angle) were desirable parameters for simultaneous selection of yield 

and yield stability. 

 
Table 1: Combined variance analysis across three environments. 

S.O.V df Sum of squares SS% (ð) Mean of squares 

Treatments 23 568.3  24.71** 

Genotypes (Gen) 7 33.9 5.97 4.84** 

Environments (Env) 2 408.8 71.93 204.4** 

Interactions (GEI) 14 125.6 22.10 8.97** 

Pooled error 48 52.3  1.09 

**: significant at 1% probability level 

 
Table 2:Partitioning of environment + (Gen × Env) interaction in 3 different environments. 

S.O.V Df Sum of Square Mean of Square 

Total 23 568.3  

Genotype 7 33.9 4.84** 

Env. + (Gen. × Env.) 16 534.4  

Env. (linear) 1 408.8 408.8** 

Gen. × Env. (linear) 7 108.97 15.57** 

Pooled Dev. 8 16.63 2.08* 

1E 1 0.76  

2E 1 0.24  

3E 1 1.64  

4E 1 7.91  

5E 1 2.82  

6E 1 0.26  

7E 1 0.69  

G8 1 2.32  

Pooled error 48 52.3  

 
Table 3: Mean yield and stability parameters of disomic addition lines across three environments. 

Code  Pi Si
2 CVi Wi

2 σi
2 

 
bi Ri

2 Yield 

1E  2.64 27.59 105.5 11.32 7.05 0.76 1.79 98.6 4.98 

2E  2.14 18.26 88.1 3.83 2.06 0.24 1.46 99.3 4.85 

3E  5.71 6.98 68.2 2.02 0.85 1.64 0.85 88.3 3.87 

4E  2.70 10.23 65.7 8.25 5.00 7.91 0.86 61.4 4.87 

5E  5.98 2.75 40.5 9.01 5.51 2.82 0.40 48.9 4.10 

6E  7.04 8.97 99.4 0.26 0.32 0.26 1.02 98.6 3.01 

7E  8.35 2.62 48.7 4.66 2.61 0.69 0.52 86.8 3.32 

CS  4.92 11.67 84.7 2.53 1.19 2.32 1.11 90.1 4.03 

Mean  4.94 11.13 75.10 5.24 3.07 2.08 1.00 84.00 4.13 

Pi: Superiority index, Si
2: Environmental variance,CVi:  Coefficient of variation,Wi

2:  Ecovalence of Wricke, σi
2: Shukla stability variance, 

S2di:  Deviation from regression, bi: Regression coefficient and Ri
2: Coefficient of determination. 
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Table 4: Ranks of stability parameters for disomic addition linesacross three environments. 

Code Pi Si
2 CVi Wi

2 σi
2 S2di bi Ri

2 Yield Rank mean SDR RS 

1E 2 8 8 8 8 4 8 7 1 6.0 2.70 8.7 

2E 1 7 6 4 4 1 7 8 3 4.5 2.4 6.9 

3E 5 3 4 2 2 5 3 4 6 3.8 1.3 5.1 

4E 3 5 3 6 6 8 4 2 2 4.3 1.9 6.2 

5E 6 2 1 7 7 7 1 1 4 4.0 2.6 6.6 

6E 7 4 7 1 1 2 5 6 8 4.5 2.5 7.0 

7E 8 1 2 5 5 3 2 3 7 4.0 2.2 6.2 

CS 4 6 5 3 3 6 6 5 5 4.8 1.13 5.9 

Pi: Superiority index, Si
2: Environmental variance,CVi:  Coefficient of variation,Wi

2:  Ecovalence of Wricke, σi
2: Shukla stability variance, 

S2di:  Deviation from regression, bi: Regression coefficient and Ri
2: Coefficient of determination, Ri2, SDR: Standard deviation of ranks, RS: 

Rank sum. 
 
Table 5: Spearman’s rank correlations between measures of stability for disomic addition lines across three environments. 

 S2di bi Ri
2 σi

2 Wi
2 CVi Si

2 Pi 

bi -0.40        

Ri
2 -0.75* 0.88**       

σi
2 0.38 0 -0.26      

Wi
2 0.38 0 -0.26 1.00     

CVi -0.55 0.90** 0.90** -0.21 -0.21    

Si
2 -0.17 0.95** 0.74* 0.17 0.17 0.79*   

Pi 0 -0.73** -0.52 -0.31 -0.31 -0.48 -0.88**  

 

 
 

Fig. 2: Principal component and biplot analysis of yield and stability statistics based on rank correlation matrix.  

 

Ranking Procedure: 

 The estimates of univariate parametric stability statistics (Table 3) indicated that the identification of 

phenotypically stable genotypes was contradictory based on a single or group of stability statistics. For example, 

according to Pi, addition line 2E, Si
2
 chromosome 7E,CVi chromosome 5E and Wi

2
 were the desirable stable 

addition lines. The following ranking method was used to have an overall judgment based on all stability 

parameters. The mean rank and standard deviation of ranks of all stability criteria were calculated and added 

(RS) to determine the most desirable phenotypically stable genotype. According to all indices. The most 

desirable drought tolerant genotypes were identified based on RS. In consideration of all indices, addition line 

3E carry most of the QTLs controlling simultaneously yield and yield stability in AgropyronElongatum. 

 Biplot analysis and ranking methods have been used for screening drought tolerant genotypes by Farshadfar 

et al. [13] in chickpea and Farshadfar et al. [14] in bread wheat 
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