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Abstract 

The standard yield stability used to measure changes is the potential yield and actual yield of a genotype in 

different environments. The aim of this research was to evaluate the genotype and environment interaction 

(GE) and detecting the sustainable genotypes in rapeseed. Also, this study aimed to determine genotypes 

with stable grain yield using parameters of equivalence (Wi), regression coefficient (bi), deviations mean 

square (S2di) and coefficient of variation (CV), (first model), and AMMI model analysis (second model). 

For this pupose, a field experiments was carried out with 14 winter rapeseed genotypes for two consecutive 

years in two different irrigation and rainfed. The expriment was performmed in a randomized complete 

block design with three replications per the environment. Combined analysis of variance showed that 

difference between the genotype-environment interaction was significant. positive correlation and 

significant parameters of Wi and S2di showed that both of these parameters can be used independently. 

According to the AMMI model, the genotypes Geronimo and ARC2 had the highest stability with a high 

average yield. These genotypes can be used in future breeding programs. 
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Introduction 

 

Interpreting the results of the interaction between genotype and environment (GE) has been 

considered aa a challenge in trait studies. One of the problems in plant breeding is selecting 

genotypes in one environment and then using them in another environment (Happ et al., 2021). 

Breeders are trying to find genotypes with higher yield stability in different environments. These 

genotypes are used for breeding varieties for biotic and a biotic stress (Yohane et al., 2021). The 

interaction between genotype and environment leads to the differences between genotypes in other 

fields (Singh et al., 2020). In fact, this interaction delays the breeding programs and introducing 

the cultivar (Hajjarpoor et al., 2021). A multiplicative model is the principal component analysis 

that cannot describe the main effects of the addition effects. In general, their interaction with the 

leading results significantly reduces experiments power (Reckling et al., 2021).  

     The main effect of addition and multiplication is a multivariate statistical model (AMMI) used 

for experiments in several different environments (Islam et al., 2020). Several models have been 
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introduced to determine other parameters and classification stability resulting from genotype and 

environment interaction. The most statistical model for measuring the strength of different products 

has been found to be Eberhart and Russell’s model (Reckling et al., 2021). 

     Stability measurements could be performed using the addition and multiplication principle 

effects model analysis (AMMI) or other methods (Balcha et al., 2020). One of the multivariate 

statistical methods evaluating the cumulative effects of environmental genotype and the 

multiplicative effects of genotype and environment is the method of principal additive effects and 

multiplicative interaction (Reckling et al., 2021). AMMI model analysis combines both ANOVA 

and PCA and makes a single analysis (Balcha et al., 2020). Plant breeders in breeding programs 

seek for genotypes that are compatible with a wide range of environments. Lin et al., 1986 

identified four groups for sustainability statistics; Group A includes genotype variance in all 

environments: S2x (lin et al., 1986) and coefficient of variation: CV (Francis and Kannenberg, 

1978); Group B includes variance: δ2i (Shukla, 1972) and equivalence: Wi (Wricke, 1962); Group 

C have the regression coefficient: bi (Finlay and Wilkinson, 1963) and Group D comprises 

deviations mean square from the regression line: S2di (Eberhart and Russell, 1966). 

The current work aimed to use additive main effects and multiplicative interaction models to 

determine the best winter rape genotype in terms of grain yield stability. 

 

Materials and Methods 
 

Plant materials of this study consisted of 16 genotypes of winter oilseed rape. The experiments 

were carried out for two consecutive years in 2006/2007 and 2007/2008 in different irrigations 

(normal condition) and rainfeds (stress condition with one supplementary irrigation) in the research 

farm of the Campus of Agriculture and Natural Resources of the Razi University of Agriculture in 

Kermanshah, Iran, which offers a total of four environments. The experiment for each environment 

consisted of a randomized complete block design with three replications. Planting was done 

manually with four rows of 4-m long, the distance between the rows was 30 cm, and the distance 

between the pieces was 60 cm. The test site is located at 46ͨ℃ and 20΄ east longitude and 34℃ and 

20΄ north longitude. The soil of the test site has a silty clay texture. Random factors (environments) 

and fixed factors (genotypes) were considered. Combined analysis of variance (by Bartlett's test) 

and comparison of mean (by Duncan's multiple range test) were performed using MSTAT-C and 

SPSS software.  

     Data for each plot and for each cultivar were collected separately. Stability assessment was 

performed using four parameters, namely Wricke's equivalence (wi), regression coefficient (bi), 

deviations mean square (s2di), and CV. Interpretation of the results was performed using Haufe and 

Geidel (1978; according to Becker and Leon, 1988) models. 

     The correlation between the parameters was calculated. The AMMI model was employed to 

determine the effect of treatment, sites, and the interaction of treatment and sites. The sources of 

variability for genotype× environment effect were split through the analysis of the main 

components (interaction IPCA) (Gauch and Zobel, 1990). Analysis and interpretation of the results 

were based on the procedure of Zobel et al. (1988). The IRRISTAT program was used for analyzing 

the AMMI model.  
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Results and Discussion 

 

Homogeneity of variance error was confirmed in four environments for grain yield and then 

combined analysis of variance was performed. The results of the combined analysis of variance 

(Table 1) showed a significant difference between genotypes (fix factor) and environment (random 

factor) in terms of grain yield. This results indicated the diversity in genotypes and diversity in 

different places.  The interaction of genotype and environment (GEI) can be expressed through the 

difference between the phenotypic values and the amount of genotype and environment expected 

(Chavarría-Perez et al., 2020). 

 
       Table 1. Combined analysis of variance of grain yield in irrigated and rainfed conditions 

Source of variation Degree of freedom Mean square 

Treatments 13 0.810235** 

Locations 3 0.629949** 

Treatments × sites 39 0.358360** 

Source of variation Degree of freedom Mean square 

Trt × site reg 13 0.723544** 

Deviation from regression 26 0.175769** 

Total 55  

        **: significant at the 1% level of probability; ns: non-significant 

 

     Grain yield expression, as a quantitatively important trait, is determined by the effect of 

genotype, environment, and genotype interaction (Eltaher et al., 2021).  As a result, researchers 

have always tried to study genotypes' stability in a wide range of different environments. The data 

obtained from this research were critical and helpful for plant breeders. Determining the linear and 

nonlinear effects of the interaction between genotype and environment (GE), a significant 

difference was observed between environments, indicating the environment's genotypic response 

(Falcon et al., 2020). The regression coefficient results (Table 2) showed that the regression 

coefficient for genotypes 5, 9, 10, and 12 was more than one and the regression coefficient for 

genotypes 7, 8, and 14 was equal to one. The regression coefficient for genotypes 1, 2, 3, 4, 6, and 

11 was less than one, indicating general adaptation to irrigated and rainfed conditions and specific 

adaptation to rainfed conditions (Amiri et al., 2020). 

 
              Table 2. Regression analysis in irrigated and rainfed conditions 

Source of variance Degree of freedom Mean square 

Year 1 1267905.990 ** 

Location 1 43315338.004** 

YL 1 2017560.931** 

R(LY) 8 389681.037** 

Factor A 13 1322300.280** 

YA 13 1114558.705** 

LA 13 141888.479ns 

YLA 13 267021.417** 

Error 104 80809.055 

Total 167  

             **: significant at the 1% level of probability 
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     According to Eberhart and Russell (1966), a genotype with a single slope, low deviation from 

regression (S2d), and high potential yield in different environments is called stable. Regression 

coefficients in this study ranged from 0.68 to 1.29. Genotypes Dante and SLM046, with low 

deviation from regression (S2di) and regression coefficient (bi>1), had a desirable grain yield. 

Genotypes Sunday with low deviation from regression (S2di) and regression coefficient (bi>1) had 

poor average yield. Genotypes Geronimo and ARC2,  with low deviation from regression (S2di), 

regression coefficient (bi~ 1), and average yield, were stable with relatively poor general 

adaptability for irrigated and rainfed conditions (Amiri et al., 2020), (Table 3). 

 
       Table 3. Stability of rapeseed seed yield 

S2di CVi bi Wi Yield (kg/ha) Genotype 

314113.7 17.69 0.914 23047.83 3474 Geronimo 

402656.3 21.01 0.86 410049.3 3609 Celecious 

293047.9 21.69 0.685 468545.9 2235 Milena 

58724.5 25.94 0.928 812831.2 2649 Sahra 

489984.2 26.16 1.14 49340.51 3161 Sunday 

498050.2 21.03 0.876 659151.3 4276 Zarfam 

435820.3 19.23 1.03 140375.6 4042 Dante 

412044.5 18.57 1.05 23914.94 3665 SLM-046 

729927.8 29.06 1.29 425999.5 3213 Talaye 

817281.1 34.84 1.28 730609.8 2357 Talent 

399322.9 21.23 0.819 490724.8 3695 ARC2 

800025.2 33.40 1.28 672134.6 2794 Opera 

418539.9 26.24 0.849 480877.2 2264 ARC5 

780374.2 29.02 1.01 12140.95 4179 Licord 

 

     Stability assessment was performed using the four previously mentioned parameters (Wricke's 

equivalence (wi), regression coefficient (bi), deviations mean square (s2di), and CV). Based on 

these indicators, genotype ARC2 was selected. 

     The results of AMMI analysis of variance (Table 4) implied that the mean of squares due to 

treatments, locations,  and treatments × sites interactions (GEI) was significant, suggesting a high 

diversity between genotypes (Popović et al., 2020).  

 
     Table 4. AMMI analysis in Brassica napus 

Source of variation Degree of freedom Mean square 

Treatments 13 0.810235** 

locations 3 0.629949** 

Treatments × sites 39 0.358360** 

Source of variation Degree of freedom Mean square 

AMMI COMPONENT 1        15 0.679471** 

AMMI COMPONENT 2        13 0.255363** 

AMMI COMPONENT 3        11 6.48342ns 

Total 55  
     **: significant at the 1% level of probability 

 

     The AMMI2 biplot explained 96% of the GE interaction (Figure 1); it is a practical and accurate 

interaction test. The results revealed that most genotypes and environments were scattered around 

with biplot. Environments A, B, and C were further away from the center of the biplot. The D 

environment was closer to center of the biplot. Genotype 8 for environment A, genotype 10 for 

environment B, genotype 11 for environment C, and genotype 5 for environment D with closer to 

center of the biplot; thus, they had specific adaptability in these environments. Genotype 8 had the 
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most negative genotype × environment interaction with environment D. Genotype 9 had a negative 

interaction with environment A and specific adaptability to environment D was on the side opposite 

environment B.   

 

 
Figure 1. Biplot analysis for the AMMI2 model in Brassica napus 

 

     A strong and highly significant positive correlation was estimated between the regression 

coefficient with S2di (0.785**) and Cvi (0.681**). The complete, positive, highly significant 

correlation between equivalence (Wi) and deviations mean square (S2di) (0.644**) indicated that 

either of these two parameters could be used independently without affecting the accuracy of 

estimation (Table 5). 

 
        Table 5. Correlation coefficient of stability parameters in rapeseed 

Wi Cvi S2di bi Stability  parameters 

   1 bi 

  1 0.785** S2di 

 1 0.891** 0.681** Cvi 

1 0.596* 0.644** 0.032 Wi 

          ** F test significant at level P<0.01; * F test significant at level P<0.05 

 

Discussion 

 

Due to the difference between the phenotype value and the expected genotype and environment 

quantity, the interaction between genotype and environment could be expressed (Mengistu et al., 

2020). The amount of genetic diversity observed in the interaction of genotype and environment 

(GEI) varies from one environment to another; accordingly, in stronger and superior environments, 

this amount of diversity is more than that in weaker environments (Przystalski et al., 2008). 

Environmental factors play an important role in the expression of genes that control quantitative 

traits (Wang et al., 2020). This is why there are different phenotypic expressions in different places. 

The interaction between genotype and environment makes it difficult for breeders to select suitable 

genotypes since a suitable genotype for one location may not similarly function in different 

locations (Ahakpaz et al., 2020). By determining the linear and nonlinear effects of the interaction 

between genotype and environment (GE), a significant difference between environments indicates 

the environment's genotypic response (Falcon et al., 2020). According to Eberhart and Russell 

(1966), a genotype with a single slope, low deviation from regression (S2d), and high potential 

yield in different environments is called stable.  
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Conclusion 
 

Genotypes Dante and SLM046, with low deviation from regression (S2di) and regression 

coefficient (bi>1), had a desirable grain yield. Genotypes Sunday, with low deviation from 

regression (S2di) and regression coefficient (bi>1), had poor average yield. Genotypes Geronimo 

and ARC2,  with low deviation from regression (S2di), regression coefficient (bi~ 1), and average 

yield, were a stable genotype. The AMMI2 biplot explained 96% of the GE interaction, which is a 

practical and accurate interaction test. The results implied that most genotypes and environments 

were scattered around with biplot. Sites Environments A, B, and C were further away from the 

center of the biplot. Site D was closet to   the center of the biplot. Genotype 8 for site A, genotype 

10 for site B, genotype 11 for site C, and genotype 5 for site D with closer to  the center of the 

biplot; thus, they have specific adaptability in these sites. Due to the positive and significant 

correlation between equivalent (Wi) and mean square deviation (S2di) (0.644**) parameters, these 

two could be used independently of each other without affecting the accuracy of evaluation and 

estimation.The treatment and sites main effects and treatment by sites interaction effect were 

significant for yieldseed rape cultivars studied in this study. Genotype Dante is recommended for 

further inclusion in the breeding program due to its desirable grain yield.  
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