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 �� �B*C D6	 E# F��	 8��# ����G��	H7I��: ��� �J DJ�: �� 8��!��K 8��#  �� ��B���L���� M*C ,�� . �� �B�

 G���&#?�� �J �O��� E7���# P��� �� F�Q �B���R ���7 �#����� 88� ?��  FSI,�� .D��7�I G�� ��+ �� 
H6! T�	��R ,UJ" 
G�V � ���HQ 
�Q�� F7�� ���� E# DW# H�7� 8�J ��0 8� H�H� ���� �Q�	 E;�0 M� FSI . � G�HS��F1�J  � 
�7�� L���� ��

 D6	X��# ��0 YS�Q �� �;��Z	 F7�: 8�J B	 E� �#���  ,*:� M�R�S�6; ��U�+ M�R�S�;�7  ��B��� � E������H��  8��!
�HH� .8� $������ E�[\	  FSI ��U� �7��	 8��# G�HS�� �7��� 8��@% Y�:�	 E: ��� "�*��6.7  ��� �]� ��K� �� �:�O � ���#

 �*��[;��6.7  �����# ��U� �7��	 
��6: �� .��� "�*� ^���� E: �� M� �_� �� T�	��R �J ,U� H6` ��# E��# �� ��&# . M�: �#
 E�[\	+��% 8�#  ��V�# ���ZC 8��@% Y�:�	 a��W7 ��U� 8��# E: �6�HS��H6����+ �����6� H�H�.  Eb��6� ��H.	 8��#

 Y�	�	 E# E�����[J "�� � ���! �� E��C ��H.	 +E��C ��T�	��R 8�J ���: �#  8����� +������# �cI � �����2 �# WS-82-9 
�#H6���� �� ���ZC 8��@% Y�:�	 G��	V.  ?�� �# �B�;��! E�[\	��7 �*��[;� 
H7 ,��U: �� "�*� [B6�K �- ,��S��  8��#

,��� ��U� ��*�# .,��S�� EK��  E: ��# M� � �U� G�# ��U� ��*�# ���H66: "��#  ���� E# "R F��,��S�� ,�� ��d� .
 e��� �# ^�����H7I ,�� E#+ T�	��R �� ���J  H6��7WS-82-9+  ���: � 8������7  "��	 8��# �B���R 4#�67 "��6� E# ���� E#

 Y�	�	 ��U�Eb��6� ��H.	 � E��C ��H.	 +E�����[J "�� L���� �� �J �� U������: �� .T�	��R G�6b�JWS-82-9   "��6� E#
� MG�V  DW# H�7��7 ���67 T�	��R H���	�  D6	 L���� 8��#H��# .  
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� 
H6! DW# 8��# G�h	��% � 8R��� ���� 4�67 "�
 "�&K ,�.�K �� �!�[#���#  �� ����� ���! G����&7 �

,�� "���� . ���� ����� �� i�� � �#I L���� �� ���! G��
 ,*:�H�  E���� "���� E��� ����J � jI E: ��0�67 �� �
H6��#+  H�� �� E�O�7 H6` �� M� �0 �� �� �B*C D6	

 E#�\	�7 H6:. D6	  G����&7 �� �B� "��6� E# �B*C
D6	 �7 E�;�! �_� �� ��B��� DJ�: ���� F7�� � �J  ���

)Babu et al., 2004( .i�� L���� ��+ ?�� �J 8��# ��
 E: ���� ��K� H�� FZ; �0 �� jI 8��� ���Cc�7  H���	
H6: M�: FZ; �CI � H�� ���� �� ���! H�� E#.  G�� �#

��K�+  �B*C D6	 E# F��	 8��# ���! ������ L���� 
i��+  E6�[J �H7 ���� �� � ���# Gh�g7 � ��H��% ��BJ�� M�

,��� HJ��C 8���: .EK�	 �#  8��# jI 4#�67 EB6�� E#
,�� ,���H�7 8���� "���� �� �#I ,��:+  E: �	��� ��

T�	��R �JH��� H�S�	 �B*C E# F���7 8+ �7  �# "��	
 "�[�7 � ��# ,*: ��� �� 8��*�# kg� jI "�[�7 G��J

��� D��[;� �� H�S�	.  
 �\67 �B*C D6	 E# �B�R�S��[�; 8��!��� �� �J�!I

�!l�� �����6� E# �J8  E: ,�� �H� D6	 E# F��	
�7 ��: ���U��� �B���R ���&# 8��# �&�I �� "��	 

)Rebetzke et al., 2006( . ���� 8��# ��BJ�� �� 
H6!
#��_67 E ,�� �H� Em��� �B*C D6	 E# F��	: )1 (

 D6�[! 
�7�� L���� ���H� 
�\�� � T�	��R �J8 �# 
V�# ��B��� H��� j�W���+ T�	��R G�� E: H�7� G�� E# �J  ��

 "�*� ��C �� �S��Q F#�Q ��B��� [�� D6	 L����H6J�+ 
)2 (�	V�# ��B��� �# "�J��! 8��# D6	 L���� �� D6�[! 

��� 
�\�� .���&6	 E# ��BJ�� �� G�� ��#��:  ���V� E# ��
T�	��R � L��7 G�# H�H� F#���7 �]� E��K ;�7,�� [�7I

��# HJ��W� )Blum, 2005(.  ��U� �B*C D6	 E# F��	
� ��O�� E# � ���# �H�b�%��  � F���7 "�J��! "��	

 �� �� e�dOM���: �HK �'�� . ��U� �� 8���� ��H.	
 M�R�S��[�; � M�R�S�6; +M�R�S�;�7 �� ,���dO E# �\67

 D6	 E# F��	�7 H��� .G���#�6#+  8��# ���! ���� 8��#
�� ���n	 �� ��U� G�� ��d��# �B*C D6	 E# ���! �	 �

H6: H�S�	 8��H��% ��B��� � �H� ��!��� �B*C D6	 . �7�
 F�Q���I ��  ������O����+  8��# Y��67 G�HS�� ��d��#

 E: �	��U�7 j��g7 ��U� "���# �	 H��� j�W��� �Q�	
��# E���� ��K� HS�� �� �� ,�� GB�76 ���! M� E# �� H

��: F��67. G�6b�J+  EB6�� 8��#i��Z	��! ���7 �� 8
E�S�� �O��� ���7 ?�� � �H� 
�\�� ����� E# �O��� 

,�� 
�V +��� j�W��� Y��67  ���C�� ���7 �� �	���0�
E# ��U� �B���R �I ,��H )Khan et al., 2010( .  

E�[\	�J E: H���� ��K� �	��U�7 �B���R 8�7  �# "��	
� � �O��� ���7 G�# �� �B���R P�6	 ��K� �� �&�I e���[� 

U� ���7 �� G�HS�� F�d���%� ��_� ���7 ,;�� �J�!I .
8� ?�� o6�U��! +[B6�K L��	 E: FSI G��J � )Jinks,

1954; Griffing, 1956; Hayman, 1960( H� �;�.7+ 
?�� G�� G���&# �� �B� �J ,�� . G�� ��+?�� ��7���%  8�J

 �B���R G��W	 �Q�	 Fd� M� �� H.#�7 ������H . G��
 ?���7  H���	����0�  ���7 �� 8H6�����8�[K�  $������

 �J �!�[# � �B���RM� ���@'# ����C� �� �[K� �� . G�� ��
?�� �� ��U� �B���R e��� E.S�g7 8��# ���U��� 8��

 ,�� �H�)Mohammadi et al., 2007; Mohammadi 
and Emami, 2008; Abate and McKendry, 2010; 

Zare et al., 2010; Gorny et al., 2011( . F�S� E#
 ��U� ���� 8��# G�HS�� �����6� 8��# ?�� G�� EB6��

�: ���d# "�J��! ��,�� 4��� � H7I�+  [�� "�� 
H6! ��
 �� G�HS�� �����6� 8��#"I  ,�� �H� ���U���)Dere and 

Yildirim, 2006(. E����� ���&# �� E�O�7 G����&7 �J 8
 �#I i: L���� E# ��!���E7���# �� 
H6! �O��� 8�J+ 

 G�HS�� j�W���,�� .  
 ��g��6.7 ��� G*!��C "�J��! �� $�����J �� 8

,�� �H� ?��[! . �J ��I��: "�[�7 �# M�	���J �]� �!�[#
H����J � HS�� �� �J  pW*7�7 ��� . EB6�� E# EK�	 �#

�� GB�7 �'�� L��7 E# �g��7 �� G�HS�� ��B��� ,
H��# ���U�7+ H��# G�6` ,�� GB�7 [�� $�����J �!�[# 

)El-Maghraby et al., 2005( .G���#�6#+  D��7�I 
�\��
8� 
�7�� � D6	 L���� �� �� FSI �7H���	  �#�C ����0�

iJ�# ��: �# "R �]� D6HJ� "�*� L��7 . ��B��� D��[;�
 ,U� G�H6` �� �.#�	 
H6!�7 i&7H��# .�!l�� �J ��

�[K� � E��� ��B��� H6��78  P�U	�� +"IE	�# � E\6% ��H.	 +
 ,����# pC���� ���.7 G����&7 �J 
H6! �� D6�[! 8

H6�dJ . H6��7 �	�U�+�J�	�:�% +H6�# F��%�hS�: E\6% 8�J
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 ,����# pC�� � i:����#����  �&�I �� E: H6�dJ �	�U�
�7 ���U��� M*C L���� �� ��B��� D��[;� 8��#  ���

)Khan et al., 2010( . ������	 [�� "�� 
H6! ���7 ��
�� ���U��� �# 8H6�����  �H� 
�\�� FSI 8� ?�� ,��

)Mojarrad et al., 2009(+ # �7� ���7 �� �&�I ��*�
T�	��R �J���# �� ,��  ,*: 
��.7 ���� E# E:�7 ��� H

T�	��R ���7 �� � �JW# H�7� 8 8��� E# ,�� GB�7 E: �*
�� �;�.7H� T�	��R �# �&�I Ed���7 � �J���HQ 8 

?��[! �J�7 �H�� 8���: 8 ��� .
 �B���R F�d���% �� �J�!I D��7�I G�� �� qHJ

T�	��R �J� 
H6! �� � E# 8��� E# ,�� GB�7 E: ��# "��
H��� �;�.7 iQ� "��6� .T�	��R G�� �J  � ���� Ed��7 ��

E�;�� E.��	 �@# � 
�&� E�&	 H�� .G�6b�J+  EB6�� E# EK�	 �#
T�	��R �J �� ��*: �� E: ���� ��K��� �H7�J  F�Q E#

: i�� ���� ,*�7 � H��� [�� T�	��R �J H���� ��K� ��
��� F�d���% E:H���� ��V�# ��BG���#�6# +  G�� �� qHJ

 r���	 ��# 
��� G�� E# j��K ��I E:�7 G�� �� "��	
T�	��R  L���� �� ��B��� �# L�	�7 ��U� ���� 8��# �J

T�	��R ���� �� D6	 � 
�7�� �J [�� ��: ���U��� s  
  

��� � ���� �6  
 �6�(� ����  

 "�� 
H6! T�	��R ,UJ �� r���	 G�� �� F7��cI�2 +
 +8����� +����� +���:WS-82-9 +WS-82- 7  �WS-

82-13 H� ���U��� .T�	��R �J���: 8+ 8����� � �cI2  E#
T�	��R "��6� �J8  E�C�6� �B*C D6	 E# F���7 8��\	

�H� H��+  ��B��� F�d���% ����� T�	��R E: �S�O �� V�#
e�dO ���d� � E���� ,�� �B*C D6	 E# .T�	��R �J 8

 ���!WS  E# �@# � 
�&� E�&	 � ���� Ed��7 �� [��
T�	��R "��6� �JD6	 E# F���7 8 �B*C  � �H� D6�[!

�7 �_� E#  H�� 8��\	 
�Q�� "��6� E# "H� �;�.7 F�d���%
�� ����# E��H6.   

�>�?� '!��@$ ��  
T�	��R J8� 6�HS���  E��[7 ���*J�l% $���% 

��W7 <���	 �� �� t�: �.��0 4#�67 � 8����*:a  
�� ��
1385 H�H� ,*: . �� FZ; ��&#E��C �� $%  �J�
�Q�	 �J G�# E;�0 M� 8 G��,;�! 
�\�� T�	��R ,UJ .

 
�� [���%H.#  �J��! ���7 ,*: ,&K E# ����� G�7�
E�*% � 8�K ����  E���; �# 8�50 ����� H� ���7I ��7 .

 � G�HS�� 8�J�@#21  �Q�	) P��\7 ��28 T�	��R ( �#
v��Q w D: ���U� H�  ��H.	 T�	��R �J ��15  E���; E# �@#
20 �����  ��7H� ,*: E�*% �J 8�� �� . �� D��7�I G��

 YS�Q ��0E��%  8X��#�;��Z	 F7�: 8�J  ,�dQ �� ��
H���! ��K� ���B	 E� �# 
�H: �J �[\7  8��# �&�I �� �B� E:

H� E�;�! �_� �� D6	 L���� 8��# 8�'�� � �#I L���� .
# E���; E�;�! �_� �� ��7 ^6% 
�7�� � D6	 DW# �� G�

��� 8��!��K DW# �� G�# jI ,*� �� �	 H� . ������
����� FZ; 
�0 �� ,��� �JH�! ���I �	 8���#I � ��  �J

 ��,�dQ ,;�! 
�\�� E�g67 
��.7 ���� E# . �� $%
�JH�! E�O�7 P���+  �� 8���#ID��7�I  ��0 E# D6	F7�: 

	 "�J��! �	 H� 4gQH���! ���Q D6	 ��]�	 ,� 
)Mojarrad and Ghannadha, 2008(.   

G�'���7 EB6�� E# EK�	 �# �H7 H6�#  t�: �� �!H���#
 �#��#265 ���7 ��7 � ���#  � "��d7� �� �!H���# G�� ��*�#

�7 x� ��&# F���� HJ� )Mohsenabadi et al., 2008(  �� �
 G�# 
H6! �#I ���� �;�0400  �	800 ���7 ,�� ��7

)Mazaheri and Majnoon Hosseini, 2001(+  G���#�6#
�# ���d# 
���O� �#V L���� G�� ��  ���Q D6	 ,�	 ���!

,;�! HJ��C.  ��'�d�� L��	 �H� Em��� ��7I r�0
t�: 8����*: �HB*��� ���6���J [��  �� �!H���# "�[�7

 
��87-1386  
��.7216 ���7 ��7 ,�� ���# . ��7 �� ��
"�7� E: Gm�R � �7 ���I ,�� ���# D6	 
���� � �JH�!+ 

 Y�	�	 E# �!H���# "�[�72/14  �2/0 ���7 ��7  �H� ?��[!
 E: "�[�7 G��,d�� �;�: 
H6! �.��0 H�� 8��# .  

 �� �J �� �!H��� � �JH�! <���	,�dQ  8��#
T�	��R �J H� ,������ . ��H.	 �!H��� �� $%10  E	�#

 a��� �J �� iS��)�*��7�I HO�� ( t��C E��[7 �� � ��U�
� E\6% P�U	�� +����# E��C ��H.	 +E\6% ��H.	 
�0 +���

 "�� � E��� ��B��� +E��C �� Eb��6� ��H.	 +FB��H%
���H�� E�����[J H� 8��! )Cruz-Aguado et al., 2000; 

Hailu et al., 2010(. ���� �JD��7�I �� �H7I ,�� E# 8 
 ��[;� 
�� ����EXCEL  E��� ��B��� � �H� E	�# M	 8��#

 E����7H�. E�[\	 8��# $������  �� FSI 8� ��0��[;� 
�� 
SAS H� ���U���. 8��#  FSI 8� E�[\	� ������ i��
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H6! �� ��U� �C�# f���	 E.S�g7 FSI�

  
Vr  �Wr ��  ?��� ��7  [B6�K)Mather and Jinks, 

1982( �  E�[\	 8��#GGE 8�# ��%  �;�.7 ��[;� 
�� ��
L��	 �H�  o��: � "��)Yan and Kang, 2003( 
H� ���U��� .  

  
A4� � B!�5
  

'!��@$ C
�!��� �!?2�  ��    #�$
�Q�	 � G�HS�� �{�	��R �����n	 Y��w  �� �� �J

 D6	 � 
�7�� L���� �� 
�HK1 ,�� �H� E���� . ����#
�7 "�*� 
�HK G�� ��:  G�HS�� �����n	 E67�� E: HJ�

|�����	 �Q�	 �����n	 ���H�7 �� �J ���� ���Q . ��U�
FB��H% 
�0 +�JH�! �  Y���w G���*�# 8���� ��B���

���n	 ��H���#  ���7 �� ��U� G�� P�6	 �H6J� "�*� E:
,�� �H� ���U��� �B���R .8� $������ E�[\	 E\���  E# FSI

 o6�U��! ?�� 
�HK ��2 ,�� �H� E���� . �B*C D6	
E��� ��[J "�� [K E# ��U� E�J �# ��: ��0 E#+  
�0

,��@! ��]�	 E��C �� Eb��6� ��H.	 � M*�� . DJ�:
	 L���� �� ��B��� 
�7�� L���� E# ,�d� D626  H���

 L���7 D6	 �H� E67�� �� E: ��#)20-40  H���
DJ�: (�7 ���Q ���!)Blum,2011 .( ���d# ���U	
�6.7 T�	��R G�# 8���  �J) � G�HS��F1 �&�I ( ��K�,��� 

 G�� �� �#�W��� G�HS�� E: ,�� G�� �H6J� "�*� E:
FSI � ��U� G�� �_� �� D��7�I  
��6: 8�J P�6	 �&�I �H66:

� 8����H��� .  
���H�� ��U� ��*�# ���7 �� D��7�I G�� �� �H� 8��!

�6.7 L��7 � T�	��R G�# F#���7 �]� ���� ��� . E: 8��0 E#
 �� �]� G�� ��B��� � P�U	�� ,U� �� 8��# �&6	 P��\7 ��

 kg�5 �6.7 H��� H� ��� .�7 "�*� ^���� G��  �!� E: HJ�
���R ���7 G�� �� ���� 8��# �B ��U� r��0 �� ��B���

�7 ��� ���U��� L�	�7  L��� �� �J �� �� D6�[! "��	
 8��H��% ���� ��� 
�\��T�	��R �J ,�V�# L���� �� �� . E��S�

 L���7 D6	 �H� D��7�I G�� �� E: ,��� �_� �� H��#
��# .�6.7 ���U	 T�	��R G�# ���  � ��B��� ,U� ���7 �� �J

 L�	�7 ��U�D��7�I �'�� �� "I �#  ���� E# E: ���J
8�  ,�� �H� ?��[! [�� �H� 
�\�� FSI)Topal et al.,

2004; El-Maghraby et al., 2005; Sayar et al.,
2007; Khan et al., 2010( . E# EK�	 �#�6.7  ��� "H*�

��� �� G�# E��� ��[J "�� ���U	L�+ ����#  ��*�# 8�J
��� "�*� E:  Eg��� E# L���� �� G�# ��B��� ���U	 �H��

 ,�� ���# ���! �� E��C ��H.	) 
�HK2.(  
 �7��� 8��@% Y�:�	)GCA ( ��U� E�J 8��#

�6.7  ���,�� E# H7I . "�*� E\��� G�����  ���7 G�� �� E:
�B���R+  � E���� ��K� ���� 8��# �#�C F�d���%
T�	��R J "�*� ����67 �B���R P�6	 ��U� G�� �_� �� �

�7 H6J� .�6.7 �]� "��# V�#  ���GCA  �]� �H6J� "�*�
"R �*��[;� � �J  |V���O�  �*��[;� �� �*��[;� F#���7 �]�

 ,��)Griffing, 1956( . "�[�7 �H66: "��# ,���ZC G��
,�� ,U� �O��� ?��� . ���7 G�# �� �]� G�� E` �J

H��# ��*�# �O���+  ,��;�7 $��� E: ,�� �6.7 "�H#
� ,U� "I ���� P�6	 F�d���% � ���# ��*�# ,�.�K �

,�� ��*�# ���U��� F#�Q .���H�� ��U� ��*�# ���7 ��  8��!
�H�+  $������GCA  Y�:�	 $������ �� ��*�# ���d#

 ���ZC 8��@%)SCA (��#  "�*� �7� G�� E:H6J�} 
 ,��J� ��*�# �*��[;� $������E# ,�d�  $������ ,��S��

��#. �7 E: ,�� �S�O �� G���6.7 $����J "�[  �# E: ���
 ���ZC 8��@% Y�:�	)SCA (�7 pW*7 ���+  8��#

�6.7 ��U� Y���  ������� .�7 G���#�6#  "R F�� ,U! "��	
 �*��[;� ���� E# ��U� �� 8���d# 8��#��# . �]� G�6b�J

 G�# F#���7GCA  � L��7 ��SCA  8��# L��7 ��
�6.7 ��U� �� 8���d# ���� ��� .���7 �� �7�  E# ��B���

 G�# F#���7 �]� +����� ,U� G����&7 "��6�GCA  ��
�6.7 L��7 ��# ��� .?��[! ��  ���7 �� E: 8�'�� 8�J

 �*��[;� $������ ��*�# ,��J� [�� �H� �*�67 
H6!
�7 �HJ�*7 E��� $������ E# ,�d�  ���)Joshi et al.,

2004; Sayar et al., 2007; Mojarrad and 
Ghannadha, 2008(.  
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 ����1- ��� 	
����
 ���
� � ���
��� 	
����
 ��
��  ��� � ����
�F1��  
Table 1. Genotypic coefficient of variations among parents and F1 genotypes�

  D6	 L����
Stress

condition  
    
�7�� L����  

Normal 
condition  

    

 �����n	 E67��
F1�J

Range of
F1s 

 �����n	 E67��
G�HS��

Range of 
parents 

 �����n	 Y��w
�{�	��R  

Genotypic 
coefficient of

variation 

�����n	 E67��F1�J
Range of F1s 

 �����n	 E67��
G�HS��

Range of
parents 

 �����n	 Y��w
�{�	��R

Genotypic 
Coefficient of
variation  

,U�  
trait  

8-13  6.6-16.5  14.710-1810-19.1  10.7
E\6% ��H.	

Tiller number  
7-10.46.3-14.1138.6-13.69.5-14.24.95

E��C ��H.	
Spike number  

6.9-8.5  14.4-18.26.9  15.1-19.1  14.3-19.4  6.6  

 �� Eb��6� ��H.	
E��C

Spikelets in 
spike  

26.8-42.530.7-41.38.6  29.1-43.6  28-43.4  10.1  
E��� ��[J "��
Thousand 

weight  
64.8-93  67.4-88  8.8  73.4-105.9  74.8-102.3  9.6  P�U	��

Height  
25.6-40.4  22.1-39.1  13.7  30.2-47.6  27.6-46  14.1  FB��H%

Peduncle  
6.9-8.5  6.7-8.65.8  7-8.3  6.6-7.9  0.9  M*�� 
�0

Awn length  
7.2-16.7  9.1-18.915.4  8.5-17.3  11-20.8  14.9  �JH�!

Flowering  
37.5-46  36.5-45.42.9  38-9-48.6  40.1-48  4.9

�!H���
Maturity  

25.2-35  25.6-33.46.3  26.2-35.1  24.1-32.7  6.7
E��� "H� �% ����
Grain filling 

period  
8.6-15.5  9.5-16  4.1  10.2-23.2  11-24.5  16.8  ��B���

Yield  
�
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H6! �� ��U� �C�# FSI�

  

 ����2 -  � ����
� �� ��� !��" �#
��
 	�$% &����
� ��'(
 	�)��� ��*���� ����+�F1 !� �� �,�.  /�.7×7  �� �0�3 4�

�� �� �� 5��"�6 )6�9� ( � �;<= >�
�����. 

Table 2. ANOVA mean squares of traits measured in parents and F1s in a 7×7 diallel mating design in wheat at 
normal and stress conditions.  

��;@AB)�� 5�"
�
��(

Yield
(g/plant) 

 ��
� C�� �D ����
)#��(

Filling period 
(day)  

 �"��E�)#��(
Maturity 

(day)  

 ���@")#��(
Flowering 

(day)  

4<�� ��3)cm(
Awn

Length (cm) 

 /;�
�D)cm(
Peduncle 

(cm)  
 F�$
�
)cm(

Height (cm) 

 ��
� �
'� C#�
)5�"(

Thousand 
weight (g)  

 �� �G@H�E �
�)

���=

Spiklets in 
spike  

���= �
�)

Spike

number  

�(�D �
�)

Tiller

number  

 ����
!�
#.
df  

	
����
 I����  
S.O.V  

**836  **674**1907**297  ns 1.78  **514  **4111  22.5 ns  3.3 ns  **317.4**4761  6�9�
Environment 

8.2  45.2  6.5  28.5  5.08  5.8  67.1  39.2  3.5  15.736.4  4  
6�9� C��� K�@�
Blocks into 

Environment 
**31  **33.2  **27  **33.1  **0.85  **143.3 **381.2  **85.6  **9.5  **11.35**22.627  L�
���

Genotype  
*26.3  ns 13.5  ns 5.6  7.6 ns  0.29 ns  6 ns  *24  14.6 ns  1.1 ns  4.07 ns4.13 ns27  

 L�
���× 6�9�
Genotype × 
Environment 

16.1  12.27.077.60.254.4  12.8  15.71.165.36.15  107 �M=
Error  **78.2 **64  **87.9 **115 **1.7 **565 **1563 **299  **31.5  **22.05**79  6  GCA

17.4 ns *23.7  *11.8  10 ns **0.59 **22.8 **49.9 24.6 ns  **3.14  ns8.25ns 6.4  21  SCA  
**69.2  6.7 ns  ns 5.9  1.3 ns  ns 0.41  ns 7  ns 23  13.4 ns  1.65 ns  ns 7.383.25 ns  6  

GCA × 6�9�
Condition × 

GCA  
ns 14.4  14.8 ns  ns 3.8  ns 9.1  ns 0.25  5.5 ns  *22  15 ns  0.93 ns  ns 3.194.35 ns  21  

SCA × 6�9�
Condition × 

SCA  
ns ��)� ��N                                                                                                                           �
�                       . Non significant ns:

* �** ��)� ��
�
 ��  OME �� �
�05/0  �01/0         .                        * and **: significant at 0.05 and 0.01 probability level, respectively�
  

� �H6J� "�*� "R �*��[;� �]� "��# V�#�,]�  � V�# 8��@%
L��7 ���: �]� "I �# [�� �  ��R a�.w F#���7 �]� E\���
E# �\67 � ���# ��� D6�[! �� �*�# ,��;�7 .��K� G�� �# 

?�� �J� G�� 8�� �J �� H��# �O��� 8�$���� �J  ���U���
 H6:)Topal et al., 2004( . 8��# ���ZC 8��@% Y�:�	

#�C�  ��U� ���6.7 ��� # EH7I ,�� . G�� EB6�� E# EK�	�#
�]�  E# ~�#�7 $����J,��  8��# H����J 
H6! H�S�	 �

,d�� ���� ��6J ����� ���U���+ � G���#�6#��  "I �� "��	
 ���U��� i���d7 ��0 E#���� . E: �	��� �� E��S�

 �]� F�S� E# $�����J,��S�� "R �J ) 8��h	,��S�� 
$�����J(  ��; E� �,��S�� H��#+  E: ,�� �6.7 "�H#

�7 �����J G���*�# E: 8HS�� �� "��	$  "�*� ���7  H6J�
��� �Q�	� Fd� �� � �J �H6�I 88���;� ���*�# E:G ��H.	 

��: j�W��� H���� �� j��g7 FSI .�# G�HS�� $�����J ���
� ,�dQ ��8�# E�[\	 ^��� �\�� ��%H� HJ��C 
 .  

 �����7GCA G�HS�� ���� G�'���7 e��� �#  �� �� �J
 
�HK �� �*��7�I L����3 ,�� �H� E���� . ��H.	 �_� ��

E	�# �� E��C ��H.	 � E\6%+  � G���*�# 8����� T�	��R
 G����: ���: T�	��RGCA �6.7 ���  "�*� ��H���� . ��

�S�O  E:GCA 8T�	��R �J ���! 8WS  ���U	�6.7 ��� 8
� "�*� �U� �#��H.  G�� �����7  �_� G�� �� 8����� T�	��R

 �_� E# ��S�K T�	��R�7  E\6% ��H.	 EB6�� �# E: H��
���� H�S�	 8�7 H6:+ ,�V�# [�� �&�I 8����# "�[�7  �
�7  H���	T�	��R �'�� E# �� ,��#�Q G�� �J 6: F��67+H  �#

: ����# E\6% ��H.	 E: ����� T�	��R q�C���� 8��� .
 8����� T�	��R ,U� G�� ���� 8��# G���#�6# G���&#

,��.  G���&# H�S�	 8��#t��� ���7 ,U� �_� ��  �_�
S�� ��d��# �� �7��� 8��@% Y�:�	 G���*�# E: �6�H

 "�*��7 ��� �Q�	 �'�H�J �# H6J� )Barnard et al.,
2002(. T�	��R G���&# E��C �� Eb��6� ��H.	 �_� �� �J 

 E# 8��#E7���# �� 8��!��: �J +���: T�	��R �O��� 8
�����  �WS-82-9 H���# ."��J  pW*7 ^���� �� E: ��0

T�	��R ,�� �J �� E��C � E\6% 8���� ��H.	 8���� E: ��
 E	�#H���# Eb��6� ��H.	 �_� ��   a�.w E��C ��H���#.  �!�

E\6% ��H.	 ����� T�	��R E` �J���: ����# 88  E# ,�d�
8����� ,���  �� ��*�# "I E��C �� Eb��6� ��H.	 �7�

T�	��R E# E�d���	 �� "�[�7 G�� � ��# 8����� T�	��R �J�� 
 �Q�	 �&�I �# E:E�;�� H6: F��67.  
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�HK3-  �����7GCA !� �ST
 �� ��� ���$UE
 ����
�  /�.7×7  
�� �� ��*���� !
���6.  

Table 3. GCA values of parents in 7×7 diallel mating design for means of two conditions 

����
�
Parents  

�(�D �
�)

Tiller

number

���= �
�)

Spike

number

 �G@H�E �
�)

���= ��

Spiklets in 
spike  

 ��
� �
'� C#�
)5�"(

Thousand 
weight  

 F�$
�

)�U��E �U�(

height  

 /;�
�D
)�U��E �U�(

peduncle  

 4<�� ��3
)cm(

Awn
length  

 ���@"
)#��(

flowering

 �"��E�
)#��(

maturity

 C�� �D ����
 ��
�)#��(

Filling
period  

 ��;@AB
)�� 5�" 

�
��(
yield

�V.2
Azar 2

ns 0.47  ns 0.52  **1.42 -  **2.3  **7.9  **6.28  *0.2-  ns 0.4-  ns1 -  0.7 ns -  0.4 ns -  
���W

Kavir
**2.1 -  *0.85- **0.88  **1.8  **2.6 -  **1.3 -  **0.29 **1.3 -  ns 0.2  **1.5  *1.5  

#
���
Shiraz

0.63 ns  0.13 ns -  **0.54 **1.5 - ns 0.8  **1.14 -  0.07 ns **1.5 **1.8 0.2 ns  1.1 ns -  
!�
��E
Sardari

**1.84  **1.08 0.01 ns  **2.3 - **5.04  **1.97  0.09 ns **2.4 *1.15 *1.1- ns 0.6-  
ws-82-9 0.51 ns -  ns 0.1 **0.51 **3.2 ns1.33 0.24 ns- ns0.06 **1.2- **1.97- ns 0.9-  **1.9  
ws-82-7 0.34 ns -  ns0.38-  *0.36- **1.4 - **6.9- **3.63- ns0.1- **1.3- ns 0.25 **1.5  0.8 ns-  

ws-82-13 0.02 ns  0.33 ns -  0.16 ns -  **2.2 -  **5.6 -  **1.96 -  *0.2-  0.32 ns  ns 0.43-  ns 0.59-  0.56 ns 
- 

ns ��)� ��N                                                                                �
�                                                                     . Non significant ns:
* �** ��)� ��
�
 ��  OME �� �
�05/0  �01/0                                  .* and **: significant at 0.05 and 0.01 probability level, respectively  

  
� E��� ��[J "�� G�� �� E: ,�� ��&7 ��U� �� �B

��� "�*� 8���� ���d# P�6	 D��7�I . ,U� G�� �	���� E#
 ��4/29  �	 ����� T�	��R 8��# 
�!4/42  T�	��R 8��# 
�!

WS-82-9 ��# ��n�7 . �� �&#�*7 E\����7  
�HK �� "��	
2 ��: �HJ�*7 . T�	��R E: 8��0 E#WS-82-9  8����

@% Y�:�	 ,��#�Q G���*�# ���# ,U� G�� 8��# �7��� 8��
�Q�	 �� G�'���7 ��0 E# � �J E���� ��K� HS�� G�� E: ��

 ��H�7 E# ,U� G�� "�[�7 ,��2/3  ���� "�*� D��[;� 
�!
,�� �H�.  

� P�U	�� ���7 ��  �O��� ?��� G��	V�# FB��H% 
�0
 ���7 �cI T�	��R �� "��	2 T�	��R [K E: ��: �HJ�*7 �J 8

�� H6�# �%��# D��7�I G.  T�	��RWS-82-7  E6�[! G���&#
T�	��R ���� 8��# �J ,�� �J�	�:�% 8��# . ��	�: E: �\�I ��

 �� ��.	 � ��W�	 "�[�7 ���! E�K "��# M`�: � "��#
 D6	 L���� E# ��!��� �� T�	��R � ���� DJ�:�7 H6:+  E#

 �_��7  "��6� E# T�	��R G�� E: ���V� �� �B� H��
7 T�	��R � 
�&� E�&	 � ���� ������	 Ed��7 �� F���

H��# 8��!��� G��J �H� H�S�	 �@# . "��# M`�: E��S�
 V�# �� ,����# pC�� E` �!� ���! E�K HO �� D�#�7  ��#

��B��� �S�  ���: H�S�	 "�[�7 � ���: [�6���; F�S� E# [��
 "�*� H�H� DJ�:�7 ,d�� j��g7 � HJ� )Blum, 

2011( . G��J E#E\��� "���# H��� F�S�  E: ��: 8��!
T�	��R  ��	�: �% HO �� D�# ���� H��# ��&# �_� G�� �� ���:

����� 8�'�� ��U� �_� �� F�S� G��J E# �  ,��7 ��]�	 E:
 H���� ��B��� �# �#�C ,�.w�����. �cI T�	��R2  G���&#

,�� FB��H% 
�0 D��[;� 8��# T�	��R . EB6�� F�S� E#
��� FB��H% ���Cc E# ���Q [�6���; ������	 "��# ���� �# �

 F��0 ,�� E��� E# "I 
����� � ��C �� ���@� ���7 8���
 ���� �� �B*C D6	 E# F��	 "I "��#�7 H6: . G�� ~��	��

,�� �H� ?��[! ��Q �B*C D6	 E# F��	 �# ,U� 
)Ahmadi et al., 2009; Bazargani et al., 2011( .�� 

 [�� M*�� 
�0 �_��7  pC�� �� ���: T�	��R "��	
,d���. K�	 �# ���! �� M*�� ��K� "I �� EB6�� E# E

 
�\�� [�6���;�7  ����7  L���� 8��# j��g7 ��U� H���	
��� E�;�! �_� �� �B*C D6	 . G��	V�# 8����� T�	��R

8��@% Y�:�	 �� �7���  �� � ��� "�*� �JH�! �	 ��� 8��#
�Q�	 J�� ��0 E# H��# E���� ���O T�	��R G�� E: �

 L���74/2  ��C�	 E# �JH�! ���� ����7 H�;� . ^����
�� <���	 �# ��V�# ����W�J �JH�!� "�*� �!H+���  �� �7�
 �B*C D6	 E# F��	 �_� Eg���7  G���&# ,U! "��	

T�	��R �J+ T�	��R �J F! E# �	��� E: H6�dJ ���7  � H���
�: ��	�: "�H#�% ���� "�"H� E���+  
�\�� �� ��C �!H���

�7 H6J�.  ,�� GB�7 E: ,�� F�S� G�� E# t��6��� G��
T�	��R �J ���C E: H6��# E���� ��K� e���� ���d# 8

 �# � E�;� F! E# 4���E��� "H� �% ���� "��: ��	�:  ���C
[�� 4��� ��#H6 .T�	��R G�� E` �!� �J  �� ���; id���B7 ��  



�
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H6! �� ��U� �C�# f���	 E.S�g7 FSI�

  
 r;�7 ,�� 
��.7 �7 ��*: �� E: FZ; �CI �B*C

H6�dJ+ ��: ��	�: F�S� E# �7�"  ��� E��� "H� �% ����
*� ��C �� 8�	 G���% ��B������ H6J��C "� . rg67 G�� �#

�7 ���&# "��	G  T�	��R �� T�	��RWS-82-9  �_� ��
���� 4��� �!H��� � �JH�! E` �!� E: ,;�!+  ���� �7�

 E# � ,�� ���: �UO L���7 HO �� �� ��C E��� "H� �%
���� [�� �#�C E��� ��[J "�� F�S� G��J . EB6�� E# EK�	 �#

���0 r���	 �� 8����� T�	��R  "���B�J � ��\7
)Mojarrad et al., 2009( �w�O r���	 �  ��# X��*7

�!l�� �J r���	 �� T�	��R G�� ���# 8 �H� �:c H6��7
 �JH�!��� � H6�# FB��H% 
�0 +���� E��C ��H.	 �� r���	

 �w�OH���! �HJ�*7 [��.   
       G��# F�#���7 ��]� E�B6�� E�# E�K�	 �# ��B��� ���7 ��

���6.7 L����7 �� T���	��R E���[\	 �� ,���� �H��� ���  8���J
       E��[\	 � ��U�� �7���� 8��@�% Y��:�	 "�[��7 E��!�HK

H� E����7 "I $������ .     ,U�� E���!�HK $������� E��[\	
D6	 � 
�7�� L���� �� E��� ��B���   ������7 "I 
���� E# �

GCA   �� L����� �� G��� �� G�HS��  
�H�K 4    �H�� E�����
,�� .    T��	��R G��# D6�	 L����� ��   ����U	 ��J  ��6.7  ���

�7 ��_��� E\��� G�� �� E: ��g���J � H*� �HJ�*7   ��]� ���
�6.7 [�� ���ZC � �7��� 8��@% Y�:�	 ���� ��� .  �� ��7�

T�	��R G�# 
�7�� L����   ��6.7 ����d# ���U	 �J   � ����# ���
 i&�GCA  ���d# [��V�# ��# .�6.7  � T�	��R �]� "���� ���

GCA  "�*� D6	 L���� �����  E:  "R L����� G��� ��   ��J
 �H�% �� ��C "��# ,��;H���B�     G��� �� F��S� G���J E# �

,]��� V��.7 L����   ,��� G����% ��U� 8��@% .   H�6` ��J
   
����� L����7 D6	 D��7�I G�� �� E: ��� �7 8��I���

H� . �]� DJ�:GCA ,]��� �   8���# D6	 L���� �� 8��@%
 ,�� �H� ?��[! |��Q ��U� �'�� � ��B���)Sirault et 

al., 2008( . ������ E#  +��'��      D��[�;� E�# ���B��� <���%
 ,��� ���� Y�� �# � �gC Eg#�� ���� E# �H�#� jI "�[�7 .

"�[�7 E: ���7�  �H� ���: Y�� G�� ��� �	V�# 8HO �� jI
��� ��U	� ��B��� �� 8���� ���n	 � H�;� . �� F�S� G��J E#

  ��C��6B���� +D6�	 L����     �� jI "�[��7 �� M�`�: 8��J
   +E���[7 kg�� �� ���! e����    �� ��[�# ������n	 ����#

�7 ���� �� �gC $������ � �H� ��U� �'�� � ��B���  H�6: .
 �� F�S� G��J E#   ,�]��� D6�	 L�����    � ���B��� 8��@�%

��B��� �# L�	�7 ��U�       DJ��: 
��7�� L����� E�# ,��d�
�7 "�*�   H�J�)Blum, 2011( .   � ����: T��	��R ��WS-

82-9 �	��R G���&# [KT  L���� �� ��B��� D��[;� 8��# �J
 
�7��H���# . T�	��R ��WS-82-7  �WS-82-13  E` �!�

T�	��R "��6� E# �7 8H6# E��0 F���7 8�J H���+    E�# ��7�
        +����! E��K "���# M�`�: � H�O �� D��# ������� F�S�

�7 �&6	 � H���H� ��V�# ��B���  8��# �.�67 "��6� E# H6���	
"R  F��	 8�J �B*C E#H��� ���U���.  

��� �!?2� �� '!��@$ �DE     #�$  
8�# E�[\	 �� �7 ��O�� E# ��%  ,�.w� "��	

T�	��R  "�[�7 �_� �� �� �JGCA  �SCA  � ��: �HJ�*7
�7 ?�� G�� �� G�6b�J  "��	��� p�W*	 T�	��R 
�H:  �J

�7 �'�H�J �#  E���� �#�C ���ZC 8��@% Y�:�	 H6���	
 H6��#)Yan and Kang, 2003( . ���7 �� E�[\	 G��

H6���� ��]�	 ���! ��B��� �� E: ,;�! 
�\�� �	�U� . E#
 E# �H� 8��! ���H�� ��U� �# ��B��� Eg#�� �H�#� Y�	�	 G��
 M�: �# 
�7�� � D6	 L���� �� �� E��!�HK ����

 E# 
�! "����!�H7I ,�� E# 
�! . Eg#�� 
�7�� L���� ��
 H7I ,�� E# ��� ���� E#)H6�dJ ���H����� Y���w E�J:( 

)1(                YN=0.25TW+0.91EN-0.71TI+0.29SF   
 Eg#�� G����# ��� ���� E# D6	 L���� �� :  

)2(             YS=0.44TW+0.87EN+0.28AW+0.44SF   
 "I �� E:YN  �YS � Y�	�	 E# 
�7�� L���� �� ��B��

+D6	 �TW  +E��� ��[J "��EN  +E��C ��H.	SP  ��H.	
 +E��C �� Eb��6�TI  � E\6% ��H.	AW  M*�� 
�0

,�� .  
 FB�1 )a ( ������8�# ��%  ��H.	 ,U� E# ~�#�7

L���� �� �J G�'���7 8��# �� E��C �� Eb��6� D��7�I 
�7 "�*� HJ� ."��J 
�HK �� E: ��02 �*� [��H� ���� "+ 

T�	��R  8�J � ���: +�����WS-82-9  G���*�# 8����
GCA �cI T�	��R �2  G����: 8����GCA  G�� 8��#

H���# ,U� . ���: T�	��R ������ G�� �� EB6�� E# EK�	 �#
,�� E�;�! ���Q ����� ��d	 M��[�+  ,�� G�� �H6J� "�*�

�7 �#�C E# T�	��R �� G�� E: :�	 �'�H�J �# H6���	 Y�
H6���� H�S�	 8�	�# t��� � E���� ��V�# ���ZC 8��@%  .
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�HK4- D6	 L���� �� �� E��� ��B��� ��.#�7 G�'���7  � G�HS�� �� 
�7�� �F1 �&�I
Table 4. Mean squares of grain yield at stress and normal conditions in parents and their F1

�����n	 4#�67
S.O.V  

8���I EK��
df 


�7�� L����
Normal condition 

D6	 L����
Stress condition  

T�	��R  
Genotype  

27  **45.5 12 n  

X��#
Block  

2  13.8 ns  2.6 ns  

�gC
Erorr  

54  20.8 11.2

GCA 6 **129.5 17.9 ns  
SCA  21 21.5 ns 10.4 ns  

�����7 GCA 
�7�� � D6	 L���� �� �� G�HS��  
GCA values of parents at stress and normal conditions

T�	��R
Genotype  


�7�� L����
Normal condition  

D6	 L����
Stress condition 

�cI2
Azar 2

0.5 ns -  0.19 ns  -  

���:
Kavir

**3  0.1 ns  

�����
Shiraz

**2.3 -  0.01 ns  -  

8�����
Sardari

**2.3 -  1.1 ns  

ws-82-9 **2.9 0.9 ns 
ws-82-7 0.8 ns- 0.86 ns- 

ws-82-13 0.05 ns- 1.05 ns- 
ns�6.7 ��� ���.                                                                                                                           Non significant. ns

*� ** �6.7 Y�	�	 E#  kg� �� ���05/0  �01/0.    * and ** Significant at 0.05 and 0.01 probability levels, respectively.

  
+"I �# ���� ��d	 �# ���: T�	��R  Y�:�	 [�� 8�����

 "�*� �#�C 8��@%��� E: �7  ��H.	 D��[;� 8��# "��	
Eb��6� �J 8����� T�	��R �� + ���U��� ���: T�	��R ��

��: . FB�1 )b ( �J G�'���7 8��# E��C ��H.	 E# ~�#�7
,�� L���� �� . E: 8����� T�	��R ����� 8� E��C ��H.	

	 "��: q�0�# 8��# "��	 �7 ,�� ��V�# E��C i: ��H.
�cI T�	��R �� ��2  �WS-82-9 ��: ���U��� . ���7 ��

G�# 8��@% Y�:�	 G���*�# E��� ��[J "�� WS-82-9  �
�cI +���: 8�J T�	��R2  ��K� ����� �,��� ) FB�1 c(. 

 a�.w E�����[J "�� �_� �� ����� T�	��R EB6�� E# EK�	 �#
,��+ H�� �7 �_� E# ���� 8��# ?�� G���&#  �Q�	 "I

�#  T�	��RWS-82-9 H��# .  
  

��$�5����E ��� �� '!��@$ �%(5
: ��6 #�$  
��7���% ���� �B���R P�6	 E# ~�#�7 8�J 8� 8�J FSI+  E#

 ?����7  [B6�K �)Mather and Jinks, 1972(  E����7
 
�HK �� �5  E����H� . "����!� LC E\6% ��H.	 ���7 ��

 M� �H� �# Y�� ���U	 � ���# �U� �� ���U�7 ���� 8����
�6.7 [��  
H7 E: ,�� G�� �H6J� "�*� E: ,d�� ���

�*��[;�- ,��S�� ���� ���7 ��  ,��U: ,U� G�� 8�J
�7 H6: .K��,��S�� E  ,U� G�� ��77/0 ��#  "�*� E:

 �H6J�,��S�� "R F�� ��d� ��# ,U� G�� 
��6: �� . ��
E��C ��H.	 ���7 � E�����[J "�� +E��C �� Eb��6� ��H.	 +

 
�7�� L���� �� ��B����*��[;� 
H7- ,��S��  ,��U:
��� � H6: �6.7 8���� �%� �]� ��K� 
���O�  8��# ���

K� ��U� G�� 
��6:� ���� �� ��� G���#�6#  ���� E# "��	
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H6! �� ��U� �C�# f���	 E.S�g7 FSI
  

��7���% r�Q�     �� G���W	 F�SI 8� ?�� ��# �� ��B���R 8�J. 
 ������7���% �'�� � "R F��     FB��H�% 
��0 E�# ~�#�7 8�J

��# ���! P�U	�� E��� ���d# .  
�H�K ��5   ��7����% [���   8��J
�H� ��� G��W	 �B���R M*�� 8��# �7 "�*�   �� E�: HJ�

�*��[;� 
H7 "I- ,��S�� �7 ,��U:  H�6: .  ,���S�� E�K�� 
 M� �� ��*�#��#   ��7 "��*� E:      E�# ���*�# "R F��� H�J�
 ��; ����,��S�� ,�� ���# .�#V�# �]� ��d� "�SCA  ��

���� $������ E�[\	 
�HK  FSI 8� 8�J)
�HK1 (  G��� [��
�7 H�m�	 �� E�B� H6: .F��0 8���� ���:  
�0 �# M*�� G��	

1/8 �����  ��7�cI T�	��R �2    ��# M�*�� G��	 ��	�: 8����
 
�07/6 �����  ��7,�� .  

�H�� T�	��R M� E: ��� "�*� ��: ��0 E# ^���� E: 
I
����      H���# �B�*C D6�	 ��# L�	��7 j��g7 ��U� E�J 8

���H� ��K� .  E���C ��*�# ��H.	 H�S�	 8��# T�	��R G���&#
�7 �� ����# T�	��R "��	  �cI 8�J2 ,;�! �_� �� 8����� � 

 �����7 E# EK�	 �# E:SCA T�	��R ���� �# �&�I �7 +�J   "���	
�Q�	  8����� 8�J× �cI � �����2  ×�:��   ���� 8���# �� �

 ���: ��&6*�% ,U� G��.      �� Eb��6�� ��H�.	 ����� 8���#
�7 E��C  � ����� +���: �� "��	WS-82-9  ���: ���U���  �

 ��� ��Q�	 8����� �# �� �&�I .     E���� ��[�J "�� ����� 8���#
�7  T�	��R �� "��	WS-82-9 ��: ���U���     E�# E�K�	 ��# �

 �����7SCA    T��	��R ����� ��# "I    ��7 E����	 ��J   �� ����
�Q�	   ����: 8�J×WS-82-9  ��cI 2 × WS-82-9   8���#

 ���� ���� ���U��� E�����[J "�� D��[;� �.    D��[�;� 8���#
   ��7 �B�*C D6�	 E# F��	 �_� �� E: FB��H% 
�0   H����	

�7 H��# j��g7 �cI T�	��R �� "��	2   ���: ���U���� .  8���#
 [�� E��� "H� �% ���� G�6b�J � �!H��� � �JH�! ����

�7 �	T�	��R �� "�  8�JWS-82-9  ���: ���U��� ���: �.  ��
 �Q�	 "I ���� 8��# �Q�	 G���&# E��� "H��% ���� ���7

���:× WS-82-7  ���#.    ����! �� P���\7 ��WS   T��	��R
WS-82-9  T�	��R G���&#��# .  E�d���7 �� D��7�I G�� ��

T�	��R �'�� �#     �� T��	��R G��� a.�w ,U! "���# H��� �J
 ��H.	 ��	�: FB��H% 
�0 � i: ����# E��C��# . T�	��R G��

 M�R�S�6; ��U� �_� �� �#�C ���d# ,�.w�,��� .  ��# ����
 4��� �JH�! EB6��,���   E����H� �J�	�: "H��% ���� �7�

 
��	� E# 4��� �� ��C 8H�� ���� �   E�: 8���0 E# �H�����
  G������; 
�� �� "I 8H�� ���� 
�069   ���� 
��0 � ���

�%  "I �� E���� "H�26  ���# ���.      ��_� G��� �� ��!l�� G���
 E���� E: ���� ,��J�        H�O �� D��# ������� F��S� E�# ��J

��� �H�:��` H���. �7 P��\7 ��  T��	��R ,U! "��	   8��J
�cI H6��7 ���HQ2  E�ZW*7 8������ � ���: +    �#��C 8��J

 ��7 E: H����    T��	��R ����� �� "���	     ��&�I �� H��HK 8��J
��: ���U��� .R  T��	��WS-82-9     ����! G��# �� [���WS 

  �B�*C D6	 L���� �� ,*: E���	 8��# T�	��R G���&#
,��.   

  
���?FG�HG  

 ���7 
�V ����C ���# E��S��7 "�!H�����'�  �� H��6��� D��W#
 ��� ������	    �l��� E�# �@�# � 
�&� E�&	 � ���� Ed��7

      �@�# G����@! �����C� �� 8���# "���U\� ����! ��:� 8�QI
T���	��R �����! 8���JWS �� ������6J�� G���6b�J �  �����7

T�	��R j�W���  �B*	 �JH6����.  
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Which wins where or which is best for whatWhich wins where or which is best for what 

Which wins where or which is best for whatWhich wins where or which is best for what 

Which wins where or which is best for what

 FB�1 - 8�# ������ ��% ��U� 8��#: )a ( E��C �� Eb��6� ��H.	)L���� �� G�'���7(+ )b ( E��C ��H.	)L���� �� G�'���7) (c ( "��
 E��� ��[J)L���� �� G�'���7) (d ( D6	 L���� �� M*�� 
�0)e (
�7�� L���� �� E\6% ��H.	 .T�	��R e�� �� �J  �.�w H6` FC�� �� �J

��d	 � E�;�! ���Q "I �� "���# �J H��. T�	��R�� H6	���� �J: AZ �cI2 +KA  +���:SH  +�����SA  +8�����W7:  WS-82-7+ W9: WS-
82-9+ W13 :WS-82-13  

Figure 1. Biplot graph for traits: (a) Spikelet number per spike (mean of two conditions), (b) Spike number 
(mean of two conditions), (c) Thousand grain weight (mean of two conditions), (d) Awn length in drought stress 
condition (e) Tiller number in normal condition.  Genotypes are either located at corners or in polygon while 
testers are outside of polygon. Genotypes consisted of: AZ, Azar2; KA, Kavir; SH, Shiraz; SA, Sardari; W7, 
WS-82-7; W9, WS-82-9, W13: WS-82-13 
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 ����5- �U�
��D � X�� �� ��� ���.�� �;�U�� !��U �� ';��� � � Y�3!�  /�.7×7 C�� 5��"
Table 5. Estimated genetic parameters by Mather and Jinks method in 7×7 wheat diallel design  

 ��*����
 	�)���
C��E�"�

Regression
mean 

squares 

 � C��E�"� ����
 	��$
��)�  �
� #
 C.

 ��B1
Regression

coefficient and it’s 
significant

difference from 1 

Z�H��N ����
[Degree of 

dominance 

/%�\ ]��
/�. ��
�
�0 ��

Allel 
frequency 
product 

 !��^D Z_
��
�%�`= ) !��H� ��
 ��*����10 �
��(

Narrow sense 
heritability (per 10 

plants mean) Z$%
Trait  

**17.2  0.99 ns   0.77  0.12  0.7  �(�D �
�)

Tiller number 

1.8 ns   0.65 ns   0.9  0.14  0.36  ���= �
�)

Spike number 

**1641  0.84 ns   0.67  0.03  0.97  F�$
�
 �
��
Plant Height  

**312  0.93 ns   0.72  0.03  0.97  /;�
�D ��3
Peduncle length 

0.11 ns   *0.27  0.91  0.16  0.86  ���= �� �G@H�E �
�)

Spikelet no. per spike 

7.4 ns  0.33 ns   0.8  0.12  0.8  
��
'� C#���
Thousand grain weight 

**0.040.95 ns   1.3  0.2  0.52  4<�� ��3
Awn length 

**23  0.83 ns   0.79  0.11  0.76  ���@" a���

Flowering time  

**20.6  0.78 ns   0.95  0.18  0.71   C��#�"��E�
Maturity time 

**171.03 ns  1.33  0.21  0.46   �����D ��
� C��
Grain filling period 

**13.1  0.61 ns   1.82  0.76  0.12  >�
 6�
�� �� ��;@AB
Yield in stress condition  

4.6 ns  0.53 ns   0.93  0.08  0.55  ����� 6b
�� �� ��;@AB
Yield in normal condition  

ns ��)� ��N �
�.                                                                                                                 . Non significant ns

* �** ��)� ��
�
 ��  OME �� �
�05/0  �01/0.       * and **: Significant at 0.05 and 0.01 probability levels, respectively.  
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Abstract 

Breeding for drought tolerance is one of the most efficient ways for preventing yield loss in dry 
conditions. Diallel method is one of the best methods for genetic evaluation of germplasm before 
starting of breeding program. In this experiment seven bread wheat genotypes including old genotypes 
and elite lines were crossed in a half diallel mating design. Parents and F1s were planted at stress and 
normal condition in a RCBD design with three replications. In addition to pheonologic recording, 
morphological traits and grain yield were measured after harvest. Analysis of variance for diallel 
experiment showed that the effect of GCA effect was significant for all traits that imply there is 
significant additive effect in controlling of all traits. Results showed that each genotype is good 
considering one or some traits. Using biplot analysis, parents with high SCA were recognized for 
different traits. For spikelets number per ear, ear number and thousand weight crosses Kavir×Shiraz, 
Sardari×Shiraz and Azar2×WS-82-9 had the highest SCA. Mather and Jinks graphical analysis 
showed the adequacy of additive-dominance gene action model. Degree of dominance was between 
from 0 to 1 for most traits which showed the gene action is almost partial dominance. Some genotypes 
like WS-82-9, Sardari and Kavir can be used for improving of traits thousand weight, ear number and 
spikelets in ear in both conditions, respectively. Also WS-82-9 is an elite line that can be acceptable 
genotype for dry condition.  
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