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Table 1. Evaluated stability indices for grain sorghum genotypes in this research 

Reference Furmula Index Code 

Purchase, 1997 ASV = ��SSIPC1SSIPC2 (IPC1)�
� + (IPC2)� AMMI stability value (ASV) 1 

Zali et al., 2012 MASV = �( SSIPC�SSIPC��� × PC�)� + (PC��)�����

���
 

Modified AMMI stability value 

(MASV) 
2 

Sneller, 1997 SIPC = �λ��.�γ!�
�

���
 Sum of IPCs scores 

(SIPC) 
3 

Zobel, 1988 EV = �γ!�� n$
�

���
 Eigen value (EV)Stability 

parameter of AMMI 
4 

Zali et al., 2012 Z&! = �|θ�γ!�|
�

���
 

Absolute value of the relative 

contribution of IPCs to the 

interaction (ZA) 

5 

Zhang et al.,1998 DZ = ��γ!��
�

!��
*

 Distance coefficient 6 

 

 

 ,(.A2- �<
��� 2 +/K g��& �� �X��+/K R�aV'& S!���&( �V5& ��� 2 +/K  

Table2. Experimental error variance uniformity test based on Bartlett test 
dfEi LnS2

Ei LnS2
Ei S2

Ei SSEi dfEi Environtmet 

257.25 14.29 1609978.9 28979621.4 18 1 

255.06 14.17 1430338.2 25746088.3 18 2 

250.85 13.94 1127909.8 20302377.13 18 3 

245.68 13.65 846890.08 1524403.5 18 4 

216.54 12.03 167131.11 3008359.9 18 5 

224.50 12.47 261161.03 470898.45 18 6 

242.78 13.48 720774.2 1309935.9 18 7 

268.74 14.93 2267399.6 40813192.1 18 8 

207.54 11.53 61909.9 1114377.7 18 9 

268.90 14.94 1249782.9 22496092.8 18 10 

262.60 14.59 2171997.5 39095955.5 18 11 

201.53 11.20 72830.5 1310949.4 18 12 

233.28 12.96 232998.8 4193978.1 18 13 

261.16 14.51 2000887.9 3615983.2 18 14 

3396.41 -  769770.7 193982213.4 252 Total 

C=1 + 1/3(14-1) = 1.03 

X2 = 1/C(252ln S2
Ei  - dfEi LnS2

Ei) =1.04(252ln769770.7 – 3396.1) = 18.90 ns  <  X2 (df=18 , α = %5)=29.9 

 

80 



��
 !" ���<�= 0�&.���1!&� $ 3� � 0�� 1�TQ
 �� 0&AMMI                               /Fot F�8�8*
� R�(�^��/�/  R���' ��>� /,(&1400 

R�&� OC�+ 1�TQ
 ��  � A( �� + �� �
�=oN& )8� ��

 � A( $.=�������  ��
 !"× )�*+  1�&�& �+ ( .�� ��

�� +  0�&.��� (������' ��
 !" ����! 1�&�& �
�=oN&.�C .

 9�& 0&�� ���<�= g�;;;�& �� h�iV!& �D�&�;;;' 9��d ��

��
 !" 1!&� h <D+ ���<�= , - Z 0&�� ( �j �! ���C ��

��
 !" 1� /��! )�&�;;' �� �� 5 0��3/�;;� 1C �;;�& ����

 l�i;;;X
 0&�� ..�;;;'�� 1V;;;'&� ���+/K �� + �D�*+

 1C �{�
 !" �\�� ( 0��3/���� )�*+&� ~<Vi+ 0��'1V 

 ( �� ,�Z 9�= �P a% E��% ���<�=9�& ��  1V;;;'&� 7N��+

:.;;;'�� .���  ���<�= 0�&.��� ( 0��3/�;;;���
 !" �� &� ��

)�*+ ~<Vi+ 0�� �;;;�����C�(� .� 0&�� �?<Vi+ 0��

 �;;;�����������  ��
 !"× )�*+ )G×E ( .!�&� � A(

1� 1C �<C� N�+2K 2& 
 &� �� R(�3 (� 1��<;;;@& E+�;;;' 

�(�Y
 0�� ^�;;;j8
 R��}V+.�d ( R��}V+��C 2��+ �� .

�(�R��}V+ .�d 0��:  ,.+��WK  �W& ( �;;;X�&T�& �<;;;@&

h�;;;z E��8V+���� )AMMI(  ��Z 0&�� 0.+K��C �(�

���'K ( �D50/�� R�&� O���+ 0 nP& ��& ��)Abamuf 

and Allurik, 1998(.  T�! 7�8*
 9�& �� 0&���;;;���� 

 �;;���;;+�������  �;;�
 !" × �(� /& )�*+AMMI 

�?V;;;�&.;;;' R�.  U��V!�W& 1C �&� 2�;;;X! ��
 !":  ( )�*+

�������  ��
 !"× )�*+ 1�R&���  �W& �<;;;@& 1?P]+ U��

 [D� �� E��8V+ ,��VZ&��\+ .@�� Y��&� .!� �  ,(.A)

4.( ��\+E��8 V+ �W& 2� � �&�: 2�;;;X! 9�� �oV5& R.���

O�C�
 )�*+ ( ��
 !" ~<Vi+ 0�� ( ��\+ ,.+ 2� � �&�

�+& ,.+ h 5 �/&�� �n!��� )AMMI (R�&� �� /& ( � � ��

 9�&�k!  ����;;;;'�� F�8 �8*
 ��Farshadfar, 2008) ( (  

�-2&��� �� ( �V �( )De Vita et al., 2010 ( �8 ��D +

�;;'&�.  :9��x��1?P + U��  E��8V+ �W& �<;;@& _ �Q+ ��

61/93  /& .;;;;@�� F�;;\��+ _ �Q+������� G×E  &�

.!��C 1�A 
  ( E+& = ^>� R.!���%��T�! 38/6  .@ �� �.� 

) �<;;;@& 1?P]+ 9�P(&(IPCA1 07/28  /& .;;;@��_ �
  �W&

E��8V+ ��C 1�A 
 &� 1? P]+ (�� 00.\� 1�O�
�
 2�� � �� 

4/20 :55/19 :48/15  (1/10  .;;;;@�� _ �
 /&G×E  ��

 �&�% ����& 0.\� F�A�� .�V��3 ,(.A)4.( 

  

,(.A3- ��
 !" F�\��+ 9�n!��+1!&� $ 3� � 0��)2��+ �?� ( ,�� (� �� 0&99-1398(  

Table 3.Mean squares of grain sorghum genotypes  in two years and seven locations (2019 -2020) 

Source of variations df 
Plant 

height 

Stem 

diameter 

No. of leaves 

per plant 

Biological 

yield 

Panicle 

length 

1000 grain 

weight 
Grain yield 

Year (Y) 1 921.4** 1.25** 0.6** 1204.0** 55.0** 1.8** 4681.2 

Location (L) 6 13649.4** 26.61** 30.6** 4144.8** 1599.0** 433.4** 191479098.1** 

Y×L 6 2495.2** 2.35** 28.5** 4328.1** 47.3** 147.1** 169454402.6** 

Replication (Y×L) 28 69.3 0.05 1.5 19.0 5.7 4.0 1462702.9 

Genotype (G) 9 1978.7** 1.10** 23.7** 164.4** 271.5** 269.2** 1473835.5** 

G×Y 9 54.3* 0.05ns 1.3* 31.0 ns 6.4 ns 25.3** 3513125.4** 

G×L 54 413.5** 0.20** 6.0** 103.6** 56.4** 50.5** 4871903.7** 

G×L×Y 54 116.3** 0.07** 1.2** 68.1** 10.5** 22.4** 323639.6** 

Error 252 28.4 0.03 0.6 17.6 6.9 2.2 769770.7 
ns, * and **: Not-significan and significant at 5% and 1% probability levels, respectively. 

 

 

 ,(.A4-  1�TQ
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 !" �� 0&7 ,�� (� �N ( 2��+  
Table 4. AMMI analysis to evaluate 10 promising lines of grain sorghum in 7 locations and during two years 

Source of variations df Sum of squares Mean squares 
Genotype×environment 

interaction (%) 

Total 419 3002645915 7166219 - 

Genotypes 9 132640712 14737857** - 

Environment 13 2165601304 166584716** - 

G × E 117 469465847 4012529** - 

IPCA1 21 131771288 6274823** 28.07 

IPCA2 19 95809867 5042625** 20.41 

IPCA3 17 91765306 5397959** 19.55 

IPCA4 15 72676624 4845108** 15.48 

IPCA5 13 47484839 3652680** 10.11 

Residual 32 29957923 936185 ns 6.38 

Error 252 193982140 769770  
ns and **: Not-significan and significant at 1% probability level, respectively.  
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Table 5. First to fifth principal components and stability indices for grain sorghum genotypes 

No. Genotype 
Grain yield 

(kg/ha) 
IPCA1 IPCA2 IPCA3 IPCA4 IPCA5 

1 Kimiya 6125 -29.67 7.25 -39.20 28.85 -14.62 

2 Payam 5628 3.76 53.81 14.46 -29.34 -15.69 

3 Sepideh 6466 24.35 4.49 15.06 25.60 2.36 

4 KGS15 6804 -35.10 -17.54 39.10 17.96 11.50 

5 KGS19 6157 43.03 -19.37 -32.06 -4.13 0.20 

6 KGS23 7379 21.86 17.71 5.29 7.90 40.87 

7 KGS25 5750 -1.71 -3.10 11.07 3.43 -32.61 

8 KGS27 5634 19.58 -21.36 12.79 3.13 -16.84 

9 KGS32 5535 -14.97 -33.10 -0.32 -45.73 7.17 

10 KGS36 5944 -31.12 11.20 -26.21 -7.66 17.66 

The full titles of the indices are presented in the Table 1. 

 

 ,(.A5- 1+&�&                                                                                                          Table 5. Continued 

No. Genotype ASV MASV SIPC (Da) DZ EV ZA 

1 Kimiya 121.57 84.71 4424.77 0.80 0.13 0.31 

2 Payam 53.81 98.41 4778.23 0.89 0.16 0.29 

3 Sepideh 24.75 54.45 2923.37 0.52 0.05 0.20 

4 KGS15 39.22 83.40 4542.90 0.79 0.12 0.33 

5 KGS19 47.16 76.94 4489.57 0.73 0.11 0.30 

6 KGS23 28.07 57.34 3471.09 0.75 0.11 0.22 

7 KGS25 3.53 37.54 2745.26 0.54 0.06 0.10 

8 KGS27 28.99 48.03 2682.76 0.49 0.05 0.19 

9 KGS32 36.29 89.05 4263.03 0.82 0.13 0.26 

10 KGS36 33.09 60.93 3529.19 0.62 0.08 0.25 

The full titles of the indices are presented in the Table 1. 
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Figure 1. Biplot of AMMI1 model for 10 grain sorghum genotypes in 14 different locations 
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Abstract 

Studying the interaction of genotype ×environment and identifying high-yielding and stable cultivars 

is very important for breeders. In this research, the yield stability and compatibility of ten grain sorghum 

genotypes were evaluated in seven regions of Iran, Karaj, Gorgan, Birjand, Isfahan, Shiraz, Hamadan 

and Zabol, during two years (2019-2020). The experiment was performed as randomized complete block 

design with three replications in all years and regions. The results of combined analysis of variance 

showed that the effect of location, year and genotype and all their interactions on grain yield significant 

at 1% probability level. The results of AMMI analysis also showed that the main effect of genotype, 

environment and interaction of genotype × environment as well as the first five main components of 

interaction on grain yield were significant (p≤0.01). In total, the cumulative share of the five main 

components was 93.61%. Genotypes 5 and 4 had the most positive and negative interactions, 

respectively. Although these genotypes had high grain yield, they were known as unstable genotypes. 

Genotypes 2 and 7 were selected as stable genotypes and are recommended to all regions based on the 

AMMI1 model. In this experiment, genotype number 7 with the lowest AMMI  stability value (ASV) 

was recognized as the most stable genotype and genotype number 1 with the highest ASV was 

recognized as the most unstable genotype. In terms of stability, genotype number 6 with the highest 

grain yield (7379 kg.ha-1) was ranked after genotypes 7 and 3. Genotype number 7 with the lowest value 

of interaction compared to the two axes (IPCA1 and IPCA2) was known as stable genotype and 

genotypes 2 and 9 had the highest values of interaction. In terms of other stability indices such as MASV, 

SIPC, DZ, EV and ZA, genotypes 7 and 3 were determined as the most stable genotypes. 
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