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Comprehensive abstract 

Introduction 
Production of high-yielding and stable cultivars is the most important objective of crop breeding 

programs, including wheat. The final yield of each plant is determined by the potential of genotype 

(G), the effect of environment (E) and the interaction effect of genotype × environment (GE). Several 

methods have been presented to study the genotype × environment interaction and determine stable 

genotypes, which can totally be divided into two main categories, univariate and multivariate. 

Univariate methods do not provide a complete view of the complex and multidimensional nature of 

GE interaction, therefore, the use of multivariate methods is suggested to solve this problem. Among 

the multivariate methods, AMMI and GGE-Biplot methods are more important. The objective of the 

current experiment was to investigate the interaction between genotype and environment for grain 

yield of 20 wheat genotypes and to identify stable and high-yielding genotypes. 

Materials and methods 
 The plant materials of this experiment were 20 wheat genotypes including 18 irrigated wheat lines 

along with two control cultivars, Rakhshan and Baharan. The experiment was carried out in a 

randomized complete block design with three replications in five temperate regions (Karaj, 

Kermanshah, Zarghan, Boroujerd and Mashhad stations) during two cropping years 2019-2020. Two 

multivariate methods, AMMI and GGE-Biplot, were used to investigate the interaction effect of 

genotype × environment and to evaluate the stability of genotypes. R software was used to analyze the 

experimental data using the AMMI method, and Genstat software was used to analyze the data using 

the GGE biplot graphic method. 

Research findings 
The results of combined analysis of variance showed that the interaction effect of genotype × year 

and genotype × year × location were significant at the 1% probability level. Based on the results of 

AMMI analysis, the effect of environment, genotype and genotype × environment interaction were 

significant. Based on AMMI1 and AMMI2 models, AMMI stability value (ASV) parameter and 

genotype stability index (GSI), genotype 12 with an avearage grain yield of 8.27 tons per hectare was 

determined as the best genotype. The study of GGE-biplot polygon led to the identification of three 

mega-environments, that Boroujerd had the highest power of representation and differentiation among 

different environments. Genotypes 12 and 9, in addition to having high yield, had higher yield 

stability. Genotypes 12 and 9 were placed in the center of the circle as the ideal genotype and 
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genotypes 5, 7 and 18 were ranked next. Based on the results of both methods, genotype 12 was 

identified as the most stable genotype. 

Conclusion 
The results of AMMI, AMMI stability index (ASV) and genotype stability index (GSI) compared 

to GGE biplot results showed that all these indices have a good potential to evaluate the performance 

stability of genotypes. Nevertheless, GGE biplot results are more effective and practical in examining 

the compatibility and stability of genotypes' performance in different environments due to the ease of 

interpreting graphical results. 

Keywords: AMMI stability value, Bread wheat, Genotype × environment interaction, Ideal genotype, 

Mega environment 
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Table 2. Combined analysis of variance for grain yield of wheat genotypes in five locations and two crop years 

Source of variations df Mean square 

Year 1 4.36ns 

Location 4 266.57* 

Year × Location 4 38.59** 

Replication (Year × Location) 20 3.97 

Genotype 19 4.47* 

Genotype × Year 19 1.99** 

Genotype × Location 76 1.72* 

Genotype × Year × Location 76 0.96** 

Error 380 0.73 

CV(%) - 11.19 
ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively. 

351  



                                                                           %���AC6 � $U�(���s ��2(23 /��?6	���	 ���	/ ���CL D�	/ %��.;�� 1401 

$/S! M(�
N O;�2�! �Q� %�L ��	×  4; 4I
� �; P(3!

 ����&�8 =�� ��/�! �; 4�	 	�ABC� f�&��� 4&e��

AMMI   ,��I)3 H&� �� $��� (	
; M(�
N 4� �	 �6

P(3!oB�k! ��6� �	�	 %�� �� $���[�! 	�ABC� � ��

M(�
N H(; G��^� ��&	 P(3! 4; P(3! W& �� �6

 ���[�!	
;��;�/; . M(�
N � ���&�8 M(�
N H�]�& �9I H&

P(3! ���; c"�/! O;�2�! �Q� O(B3� � 4&e�� �z�^ ��6

 M(�
N×  ,�C��� gT" �	 P(3! �Q� .�"� ����n P(3!

 W&$/S! ���	$/S! G��^� .�L ��	M(�
N H(; ��	 �6

 gT" �	W& M(�
N H(; G��^� 	
I� �� %�� ���	 �6

P(3! D�C� P"
�! �	�6%�C6 .	
; 5&�!�# � 4� �
V

$! 4a��!	
L�  M(�
N09/5  P(3! � ���	37/73  ��

4; �� O� ��S;�! y
C�!	�	 z�J�^� 	
^�� $F�� �	 4�

 O;�2�! �Q�M(�
N × P(3! 24/15  y
C�! �� ���	

 �� O� ��S;�!	�� o(�
� ���[� �� $��� 4� $"�"� ��6

P(3! ,
V �	 $~(�
N q"�8 �	$! �6�;4; .�L ��� O(F	

,�" �	%�A! � (,�" �	) oB�k! ��6 �6 �	 oB�k! ��6

5(; �C.E 	
I� �,�" O;�E P(3! 4; �
;�! ���((Y� ��

 4(I
��"� .4(I
� �$]�V �� �;��; 4"� f�&���  O�

P"
�  O;�2�! �Q�M(�
N × P(3! )24/15  ��. (���	

4; M(�
N P"
� ��L 4(I
� ���((Y�) �609/5 ���	(� 

%��M(�
N O;�2�! �Q� $"��; D�eF ��/6	 ×  P(3!�"� .

M(�
N H(; �	 ��L ��6��! y
/� c(��� H&� 4; �	 �6

P(3!5(; oB�k! ��6 O;�2�! �Q� � P(3! �Q� �� $L� ��

M(�
N × P(3!  H&� �	 �	�&� 52 M(�
N � �	
;

4; .�L�� 5/AC6�;��&	 ������ $�E� �Q� P(3! 	�&� � 

�Q� !O;�2� ?� �"�� H&� 4; D
9[! �"� 4� M(�
N�6� 

	�
! $"��; ����	 ����&�8 $;
^  � $
�� .�/�.6

) %���AC6Kanouni et al., 2007 	
^ ��2(23� �	 e( (

5(; P(3! 4� ��("� 4�(� H&� 4; �� ���2! H&��

4; �� O� ��S;�! y
C�!%�� 4� 	�	 z�J�^� 	
^ ��/6	

P(3! %	
; y
/�!�6 � ���( $���E .	
; 5&�!�# �

) $6��F����Ghodrati-Niari and Abdolshahi,  

2014) %��AC6 � ��&x! � (Moayyedi et al., 2020 (

 O;�2�! �Q� $"��; �; e(M(�
N × P(3!  4� �	�� =��e 

 �Q� %# �� f8 � P(3! 4; �
;�! O� y
/� ��C� 5k;

 O;�2�!M(�
N × P(3! .	
;  

 

 ,��I3 - �� ,�! f�&��� 4&eAMMI M(�
N 4�	 	�ABC� ���; �	 D�/  ��6</8  %�A!$V $���� ,�" �	 

Table 3. Analysis of variance of AMMI model for grain yield of wheat genotypes in five locations during two 

years 
Source of variation df Sum of squares Percentage of sum of squares Mean square 

Total 599 1669.6 - - 

Treatment 199 1564.50 93.70 142.079** 

Environment 9 1225.04 73.37 136.115** 

Replication (Environment) 20 79.54 - 3.977 

Genotype 19 85.05 5.09 4.476** 

Environment× Genotype 171 254.41 15.24 1.488** 

IPCA1 27 103.88 40.83 3.847** 

IPCA2 25 77.59 30.50 3.103** 

Residual 119 72.95 28.67 3.79ns 

Error 380 279.97  0.737 
ns and ** Not-significant and significant at 1% probability level, respectively 
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Table 4. Average yield, first and second principal component values, AMMI stability value (ASV) and genotype 

stability index (GSI) using AMMI method in bread wheat genotypes   
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1 9.364 7.383 7.309 6.993 7.235 7.657 -0.565 0.152 0.772 18 
2 9.355 7.151 7.813 6.561 6.302 7.436 -0.873 0.131 1.176 30 
3 9.909 6.738 7.371 6.926 6.812 7.551 -0.560 0.824 1.114 26 
4 9.648 6.417 7.120 6.064 6.978 7.245 -0.328 -0.058 0.444 24 
5 12.025 6.981 7.716 6.410 7.894 8.205 0.544 1.167 1.376 22 
6 11.190 6.738 7.141 6.049 8.549 7.933 0.982 0.482 1.401 25 
7 12.039 7.457 7.726 5.963 8.043 8.245 0.819 0.213 1.118 19 
8 11.029 6.908 7.245 5.706 8.220 7.821 1.043 -0.234 1.416 27 
9 10.944 7.824 7.723 6.903 8.545 8.387 0.182 0.456 0.518 8 
10 10.375 6.739 7.018 7.361 6.659 7.630 -0.367 -0.218 0.508 15 
11 9.547 6.714 7.372 5.997 7.245 7.375 -0.213 0.046 0.289 18 
12 10.950 7.756 7.914 6.911 7.863 8.278 -0.077 -0.198 0.223 4 
13 9.703 6.910 7.240 6.706 7.427 7.597 -0.243 0.115 0.346 14 
14 9.513 6.663 7.764 6.279 6.661 7.376 0.226 -0.838 0.891 26 
15 9.841 6.318 7.971 5.282 7.256 7.333 0.419 0.877 1.041 31 
16 9.628 6.851 7.688 6.789 6.559 7.503 -0.707 0.262 0.982 25 
17 9.375 6.886 7.772 5.558 7.075 7.333 0.085 -0.816 0.824 29 
18 10.658 7.315 7.560 6.397 8.241 8.034 0.408 -0.320 0.634 14 
19 9.916 6.789 7.672 6.011 6.338 7.345 -0.413 -0.193 0.585 24 
20 9.107 6.064 7.413 5.801 7.148 7.106 -0.064 -0.188 0.206 21 

Total 

mean 
     7.669    
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Figure 1. Biplot of average genotypes and environments and their first principal component values in the 

AMMI1 model. 1. Karaj, 2. Kermanshah, 3. Zarghan, 4. Broujerd, 5. Mashhad. 
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Figure 2. Biplot of the first and second principal components of the AMMI2 model for genotype × environment 

interaction. 1. Karaj, 2. Kermanshah, 3. Zarghan, 4. Broujerd, 5. Mashhad. 
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Figure 3. Polygon diagram of GGE-biplot method to determine mega-environments and the best genotypes for 

each environment 
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Figure 4. Simultaneous evaluation of the average yield and stability of wheat genotypes in different 

environments 
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Figure 5. Determining the ideal genotype using the GGE-biplot method 
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Figure 6. Determining the ideal environment using the GGE-biplot graphic method 
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Figure 7. Biplot of relationships between different environments 
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