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�7,\� � �SERG )Site regression�� (0<�A ����� %'��

1,
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 S��) < ;�#4 g,"I& <� �� (B<�#,2/&�\O) ;<& '(�4

��  �:��6� %&�� [6� < ��a2 E�9>� gI� �� '�') %�(
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 �"O��15 �92��`� B& �9��� < �>? �8�� �9>2 f��O
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 ��  �( %&�� �2&� �&W( LB< �9��A ��2 �� �� < R���

f�,"#$ �,"? -�$&�B KJ� ;�= �� .'���A �$&�B %�(

� ��!"#$ �4&��� L��B �� < '4 @�X2& @���� '^&< �� �2&
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[,\� �,82�,� B&S�T �#:I .��& (�( ;'� ����AMMI 

�NHx� B&�� �"O& %�( �
 `� �� *�!#(�� ��WX
 �����N 

�� 0��N9�& �"O& �NHx� ��\� .'�?nλ  %&�� ��N�� �&'6� ̀ �

 �"O& �NHx� ��\�n) 0o�< �&'6� �� ��&�� �? -@&Eigen 

valueNHx� L�#( �� k���� (.��& �"O& � N  �&'.


 %�(��\�PCA )Principal component analysis (

 ;'� �� 0'2�#,I��AMMI �� .'4��gnγ ) 0o�< �&���Eigen 

vector 1,
�23 (g B& @&n ) *�!#(�� �"O& �NHx�IPCA; 

Interaction principal component analysis < (enδ 

 [,\� 0o�< �&���e B& @&n �!#(�� �"O& �NHx� -*geρ  �W)

�I�� �� k����) 0'2��Residual < (gerε  �7j �� k���� �W)

) ��& ('4�� �94&� �&�!
 *���BM �? �
��O��)Gauch 

and Zobel, 1996.(  

���NHx� L��#2 �,,.
 ����� %&�� @B  �Px� �"O& %�(

 �� ;'� ���9b� L��<M ��'� < ;'�AMMI  �,82�,� B&

*,� hi9j& f�.���) ��,�RMSPD; Root mean 

square predictive differenceg? .'4 0��N9�& ( ���


�&'6�RMS PD  *,� K��I �82�>2��,� ;'� L��� �
  

��) '4��Ebdon and Gauch, 2002 K#$ ��& .(1000 

 �a
��)�� �(�&�!
 S�+92& �� �� < '4 @�X2& (����J
 ��=

 �,82�,� ���b2RMS PD g? m��& �� < �a��\�
 ���

.'4 �,,.
 ;'� ���9b� -LM �&'6�  

�<� �� L��BM B& -Z2���&< ��WX
 ;�#.� %�(F  %&��

��.��� 0��N9uuu�& f&�,,V
 R���� L��� �&� ��)< �� .��uuu4

�<� -��& -L��� K69:� < L��� ;���2 k�4 �� ��?�� %�(

;'� %&��_,\uuuO �7j %�( �<� L�c ��& .'2&AMMI -

 @�#
 ��.�) ��& �>(�? ;'��NHx� �X,92 �� < �"O& %�(

�uu>���uuJ+uu>� %�(�#2 �9��A ��2 �� k���� % -(��uu4

�uuu>�� R�B�
 �uuuJ+uuu>� %�(2χ  L��BM '��� < '2�&'2F  &�

��#2 _,\uuuJ
 )Gauch, 1992 �,#+
 %&�� ��&���� � .(
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�23�( B& ��,.� &�B� 

 %�&'���AMMI )ASV=AMMI stability value (

�� LM ;���� �? '4 0��N9�& f��O �7�&�)2( ��:'4�� 

)2  (       ASV� = �(		
��
�		
��
� × IPCA1)� + (IPCA2)� 

 ;���� ��& ��1IPCASS  <2IPCASS �� G,
�
 d�#X�

 �"O& �NHx� f�.���@<� < ;<& -IPCA1  <IPCA2 �� G,
�


 K��69� �P& �"O& �NHx�@<� < ;<&  ;'� ��AMMI ��'4�� 

)Purchase et al., 2000( . 

 ��WX
 ;'� �H��.�SHMM  ��N S�T �NHx� -����  

�� 1,
�23 *�!#(�� ����� ����� ×�� [,\� f��O �7�&�

)3( ��) '4��Seyedsadr and Cornelius, 1992:( 

)3  (                  Y��� = β + ∑ λ�γ��δ�� + ρ��"�#$  

<� ;<') �� �� ���=g  < 1,
�23e  -[,\�Y��  �,82�,�

 1,
�23i [,\� �� @&j -@&β �,,V
 �9�&��� )Shift 

parameter �(nλ  %&�� ��N�� �&'6�n  ��NHx�1iγ  <1jδ ��

 1,
�23 �,H<& f&�P& G,
�
i [,\� < @&j �@&2iγ  <2jδ  f&�P&

 1,
�23 ���2�Pi [,\� < @&j@&  < 0�,p <ijρ �I�� �,p 0'2��

 �",�< �� _,T�
 K��I�NHx�%�( .��& 0�,p < ���2�P -�,H<& 

1,
�23 ��!"#$ �,82�,� �:��6� %&�� -n,6\
 ��& �� �(

��.� f<�N
 KI&'^ �<� B&) �&�LSD; Least square 

different��\� %&�� .'4 0��N9�& ( ;'� �aSHMM -

0���M %�(RMS PD  <1GHF @�2 B& �&W�&SAS ��WX
 %&�� -

 ;'�AMMI  �&W�& @�2 B&Genestat�� - �&��#2 g�� �����

�&W�& @�2 B&STATISTICA 12  .'4 0��N9�&  

 

 ;<')1-  ��  0�X4',�& %�(����� ���� �) *+�  
Table 1. Name and pedigree of investigated barley cultivars and promising lines   

Origin  Lines cods Lines no. 

Iran Check Nimrooze/Sahra G1 

Iran Check Auxin G2 

Iran Yousef/3/Rhn-03//L.527/NK1272 WB-96-3 G3 

Iran 
Lignee 527/Chn-01//Gustoe/4/Rhn-08/3/Deir Alla 106//Dl71/Strain 

205/5/Teran78 
WB-96-4 G4 

Iran 
Lignee 527/Chn-01//Gustoe/4/Rhn-08/3/Deir Alla 106//Dl71/Strain 

205/5/Teran78 
WB-96-5 G5 

Iran Rhn-03//L.527/NK1272/4/Arar/3/Cr.115/por//Giza 121 WB-96-6 G6 

Iran 
Ashar/Victoria//CWB117-5-9-6/5/Yousef/6/Nosrat/3/D-10(Rhn-

03//L.527/NK1272) 
WB-96-7 G7 

Iran Novosadski-444/3/Lignee 527/NK1272//JLB 70-63 WB-96-8 G8 

International Lignee527/Aths//Lignee527/NK1272 WB-96-9 G9 

International BLLU/KASOTA WB-96-10 G10 

Iran MELUSINE/ALELI/3/MATICO/JET//SHYRI/4/...ARUPO/K8755//MOR

A/3/CANELA/5/Arbaya 
WB-96-11 G11 

Iran PINON/TOCTE//CHAMICO/3/Lignee 527/NK1272//JLB 70-63 WB-96-12 G12 

Iran Gob96Dh/3/ND10277/Shyri/ND11231/Shyri/4/Azaf/5/Sahra WB-96-13 G13 

Iran Zabol-11 WB-96-14 G14 

Iran Fajr30/3/Rhn-03//L.527/NK1272 WB-96-15 G15 

Iran Sahra/Torsh WB-96-16 G16 

Iran Nosrat/3/D-10(Rhn-03//L.527/NK1272)/4/Lignee 527/NK1272//JLB 70-63 WB-96-17 G17 

Iran Nosrat/3/D-10(Rhn-03//L.527/NK1272)/4/Lignee 527/NK1272//JLB 70-63 WB-96-18 G18 

International 354/14-TF WB-96-19 G19 

Iran Check WB-94-3 G20 
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Table 2. Meteorological and geographical characteristics of the experimental sites 

Mean of annual rainfall (mm) Longitude Latitude Altitude (m) Site 

61 61°32'E 31°0'N 489 Zabol 

213 48°40'E 31°20'N 22.5 Ahvaz 

248 54°30'E 28°50'N 1107 Darab 

200-400 55°18'E 37°17'N 70 Gonbad 

250 47°31'E 39°20'N 45 Moghan 
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Table 3. Analysis of variance of the grain yield of barley promising lines in different environments during 

2017-2019 cropping years 

FGH1 RMS PD 
Sum of square 

Proportion 
Mean square Sum of square df Source of variations 

   3011289** 569133584 189 Treatment (T) 

  5.0 1595780** 28724036 18 Genotype (G) 

  70.7 44711893** 402407033 9 Environment (E) 

  24.2 851867** 138002515 162 G × E 

4.33** 653 44.0 2337094** 60764456 26 IPCA1 

1.88** 660 17.4 1001028** 24024676 24 IPCA2 

1.70** 659 14.1 886082** 19493812 22 IPCA3 

1.24** 665 9.2 631522** 12630442 20 IPCA4 

  15.3 301273ns 21089129 70 Residual 

   320298 121713094 380 Error 
ns and **:Not-significant and significant at 1% probability level, respectively. RMS PD indicates root mean square 

predictive difference.  
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Table 4. Mean of grain yield, amount of first four principal components of GE interaction and AMMI model 

stability statistics in barley promising lines   
Rank of 

yield 
Yield 

Rank of 

ASV 
ASV  IPCA4 IPCA3 IPCA2 IPCA1 Lines/environment no. 

3 4808 13 46.48  3.91 3.82 20.27 16.54 G2 

14 4300 17 53.96  13.66 -19.80 -11.82 20.82 G3 

13 4331 7 23.32  -6.46 4.10 18.72 -5.50 G4 

12 4342 4 18.64  12.38 -2.48 18.62 0.35 G5 

11 4347 11 41.45  12.24 7.57 -18.02 -14.76 G6 

16 4273 19 78.02  -12.87 -6.98 -11.52 30.51 G7 

10 4432 10 40.62  9.08 16.98 8.46 15.71 G8 

19 4130 12 42.17  -14.38 -10.40 -7.04 16.44 G9 

2 4813 14 46.99  -1.34 -6.86 0.20 -18.58 G10 

9 4459 9 39.80  -26.13 -4.32 16.33 -14.35 G11 

17 4218 3 17.61  9.51 -16.61 9.78 5.79 G12 

15 4281 16 51.02  -6.98 2.98 -20.24 -18.52 G13 

18 4176 1 8.84  0.55 -12.17 -8.75 -0.49 G14 

7 4553 5 19.05  -8.22 -0.15 -1.06 -7.52 G15 

8 4528 6 22.72  6.63 8.38 3.76 -8.86 G16 

5 4726 18 54.11  -4.16 30.17 -8.64 21.12 G17 

1 4829 8 35.86  2.89 8.17 -6.82 -13.92 G18 

4 4747 15 48.08  9.44 -7.04 1.68 -19.00 G19 

6 4621 2 15.11  0.26 4.64 -3.91 -5.77 G20 

10 3471    12.83 6.27 3.77 18.95 Ah1 

8 3948    -9.59 -13.19 3.30 6.63 Ah2 

6 4094    -12.01 3.98 -8.23 7.11 Da1 

7 4072    -14.58 9.25 -18.72 -1.15 Da2 

9 3624    13.52 31.56 4.99 26.26 Za1 

5 4174    -20.63 -8.77 11.98 15.65 Za2 

3 4748    -0.20 12.41 31.43 -46.39 Go1 

4 4708    5.86 2.77 -34.65 -30.84 Go2 

2 5531    28.02 -25.24 0.64 1.30 Mo1 

1 6321    -3.22 -19.04 5.47 2.46 Mo2 

Environmental codes Ah, Da, Za, Go and Mo represent the stations of Ahvaz, Darab, Zabol, Gonbad and Moghan, 

respectively. The number 1 and 2 in the environmental codes are the first year (2017-2018) and the second year (2018-

2019), respectively. 
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Figure 1. Biplot of genotypes, environments mean and first two principal components of GE interaction 

(AMMI1 model). Environmental codes of Ah, Da, Za, Go and Mo represent the stations of Ahvaz, Darab, Zabol, 

Gonbad and Moghan, respectively. The number 1 and 2 in the environmental codes are the first year (2017-

2018) and the second year (2018-2019), respectively. 
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Figure 2. Biplot of two principal components of GE interaction (AMMI2 model). Environmental codes of Ah, 

Da, Za, Go and Mo represents the stations of Ahvaz, Darab, Zabol, Gonbad and Moghan, and the number of 1 

and 2 are the first year (2017-2018) and the second year (2018-2019), respectively. 
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Table 5. Distance matrix between five studied sites  

Location Ahvaz Darab Zabol Gonbad 

Darab 1730569    

Zabol 854114 1639255   

Gonbad 2115360 1861493 3712199  

Moghan 1404328 1707276 1705373 1669211 

 ;<')6- �9�� K^&��[,\� %'��� �( �&�m�  �<�SHMM  
Table 6. Clustering steps of SHMM procedure 

Step Jointed clusters 
Environment 

No. 
Distance 

4 Ahvaz Zabol 2 0.464 

3 Gonbad Moghan 2 0.907 

2 CL4 Darab 3 0.941 

1 CL2 CL3 5 2.018 
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Figure 2. Classification of locations under study based on SHMM model 
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Abstract 

To determine the yield stability of barley promising lines, 17 lines along with three control genotypes 

were evaluated in five warm zone stations during two years (2017-2019) in randomized complete block 

design with three replications and their stability was determined using AMMI (additive main effects and 

multiplicative interaction) and SHMM (Shifted multiplicative model). Analysis of variance of grain 

yield using AMMI model showed that the effect of genotype, environment and genotype × environment 

interaction was significant at 1% probability level. Genotype × environment interaction analysis based 

on AMMI model showed that the four main components of interaction were significant at the level of 

1% probability. These four components explained 84.7% of the changes in genotype × environment 

interaction. The lowest value of RMS PD was related to AMMI1 model. Therefore, the interpretation of 

the results using the AMMI1 model is more valid than the AMMI2 model. According to the AMMI2 

model, lines WB-96-8 and WB-96-9 had specific adaptability with the Zabol region and line WB-96-12 

had specific adaptability with Moghan. Lines WB-96-10, WB-96-17, WB-96-18 and WB-96-19 were 

the high-performance lines in this study. The grouping of locations based on the SHMM model created 

two groups. The first group includes Darab, Ahvaz and Zabol, which are part of the warm zone stations 

in the south of the country. The second group included Moghan and Gonbad stations (warm northern 

zone). 

 
Keywords: Adaptability, Biplot, Genotype×environment interaction, Multivariate methods, Warm 

climate 
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