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G�	=!H �� 8I�� �� 8,+I J�	 �K� 8
��� �=L�� �� 8+5���M 'N��& ��?�+�F *�<��� "�O �P�Q �� �� ��� ��I *�<
R=:� �5�F "�O S�
��� N�T!� ���,	 ��UV �� 8?��W	 X��� *�< .Z[
 �
 8:#� �=���?  8%�? �=���? �12  N��& G�	=!H

 �.�5�F)V � \������ G�	=!H ��UV 'N���� G�	=!H ��UV]8,+I �� S��^ G�	=!H ��U (�=� �<�� G�	=!H �� �� ����< . _5��!
� �5.T	G�	=!H `!�5�� '8&��
� �	 ��� ���a	 'b+5� 
=O ��c# �� �� ��� ��+! *����M ���c�� d5��� �
 �� N��& *�<

���� 
=O ��,:�% � S��=�� '�!�� ��.< ��� '�!�� ����F * �!��8�a� e��I� �=f� *���$��� . 8<�:& �� `F *����M g[Q
)�5�� J�	( 8�a� J<�� �f=��� ��.< ��� ��c# �����,:�% '�! �!������ 
=O � 8&��
� �	 ��� ���a	 'S��=�� ' ����F *

�� �!��' $?�5 J5�.?� *����M g[Q �K� �� b+5� 
=O $c# 8P� .G�	=!H \�� e��I���c# ��:� *��� �<'  �	 ��� ���a	 .f ��
8&��
�' 8�a� �#�� b5 
���^� Z[
 ���=� ��� .G�	=!H X����� �K�×� *��� *����M h=!8�a� ��� ��c# ��:� ��� �$
� ��M .

��,:�% \5��+�� �!�� G�	=!H �� *�<14 )Sardari( '6 )DARIC 95-010-OMA-OMA-OMA-6MA-OMA ( �3 
)Ghafghaz//F9.10/Maya “s” IRW92-1-D-474-OMA-OMA-OMA-OMA-IMA-OMA(  j�W�I� �=I ��

G�	=!H �� 86�< �� �!����!�=� N���� *�< .kI�� ��
���< *� ��,:�% 8���^ \�6!���)MP( ��,:�% 8
��< \�6!��� '
)GMP ( J�	 �� X��	 �)STI (8�a� � $�l� 86����< \���� \�mJ�	 � J�	 ���� d5��� �� ��,:�% �� ���'  ��+!

G�	=!H �� �!��� *�<1 )Unknown-1( '3 '6 '7 )DARIC 95-010-OMA-OMA-OMA-8MA-OMA( '12 
)(RINA-11  �14  \5��+�� G�	=!H � ������ �� 8,+I �� $�����11 )JANZ QT3685-0AUS( S��^ G�	=!H \5�	

�=� .\��	=:& *��=! *=6P� 8
������In *�<G�	=!H �� ��� ��+! *���F b5 �Q�? S��^ *�<\�o	 ���In \��	=:& �p5� *�
�!�=� � N���� N�Q�� �� 8P�^ �� '��+�� ��F �M \������ N�Q��\�o	 � �������.  
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�-'D-  
 d5��� �� ��<��&�%�.�J�	 q�a� �� *� ��� *�<

� *��� 'rM �=��� X��Q �� 8	��c�� 8��5� � *�=� 's�
�!��� ���Q ���
 .5�_ ��	 �& 8)Vij and Tyagi, 2007 (

J�	 d5��� �� ������ ����8� �� �=�P�� �=O �� �!�=	
 �	 �� 8%��� ��<��& ��,:�%50 �<� J<�� �#�� . J�	

>U� �� 8,5 8,+IX��% \5�	< � ��� �� $
� ��!���� *�
8� ����� �� ��<��& ��P=	��� )Chaves and Oliveira, 

2004( . ��5��	32 �#��  �� N��& $��� 8^�=! ��
 �� �� 8,+I J�	 h�=!� �� 8,5 '�a
=	 
�^ �� *�<�=+�

8� ���T	 =�! � ��� XW? ��� ����)Morris et al., 
1991.(  

D�� ��=� ����� X�P� �� ���E& �� � J�5.& *�<
 �s=W�� �� J�	 �� $����� �=�! ��=� �� ��%�O�

�����!�� �� $��?=� '8%�"�#� *�< ��=� ����� .�! ��	��! 
$
� .� �J�	 �� �� 8Uf=	 X��Q �����I X�P� *�<

��� ���� ��� �:�f �� 8%��� �s=W�� �� 8[��� '$
� 

�
 ��J�	 �� 8%��� ��<��& J���� 8
��� ��I� *�<-

��?�& ���Q �f=	 ��=� ����� 8[��� *�< $
�
)Christiansen and Lewis, 1982; Passioura, 

2007(.  
���� $�	 J�	 �� X��	 �� $
� 8P�^�� \5�
 �H *��5� ���a	8����� �M ���.�< J�5.& � X,+� �<

 $
�)Richard, 1996, Flowers et al., 2000; Zhang 
et al., 2005( .�%=�T���c# *  � b5H=P=?�� 'b5H=P=�?

�� $P�I� 8,+I �� $��! N��& X��	 �� b5H=P=5.�?�!� 
 ���L! �� h=Q� ����'  h=Q� 8!����? 'J�	 N��� ���� ���

R�I ���#=WI � 8,+I'  ���Q 8������� � 85�
��� ��=�
8� �!��&)Richard et al., 2001( . *���5�F � �!�� ��,:�%

J�	 �� *��a�� tO��� �� �M<���� �=f� 8[��� *�' 
� �+��< � N�Q�� 8?�a� � J�5.& �� 8�U� ���a� ��=�%

��?�& ���Q ���c�
� ��=�  $
�)Trethowan and 
Reynolds, 2007( . 
 ��aP�[� _5��!���6+<�pF )Siddique et al., 1993; 

Richard et al., 2001( 8� ��+! tO��� �� �� �<�
\o�[� '8,+I J�	 *����� ��� \5�	 �� X��	 �=�U� *��

�!�� ��� �� 8,+I X��!��F J5�.?� *��� "�#� ����� '.5�

$
� ��,:�% .d��� �� 8�^ ��,:�% 't5�O \5� �� 85�<
$
� ���� ��+! J5�.?� $
� �5�� ����� J�	 �� . ���u5�

)Richard et al., 2001 (� ����] S�
� �� r�v�!� �� ��
G�	=!H ��,�%�< �� ��! N��& *�<  ���� � J�	 d��� ��
�!� w%�� 'J�	]G�	=!H r�v�<85  d5��� �� s�� ��,:�% ��

8� J�	XPM �� ��V '�=� J�	 d5��� $�	 r=:[� *�<
 �� r�v�!� �� @
�F ���� \��< �� � ��� r�v�!� 8,+I
 ��,:�% �	s�� *�5EF $K��� X�P� �� J�	 ���� d5���

$
� �l���^ .kI�� S�
� \5� ���c�� *�< ��� �x��� 8	�
8� ��G�	=!H \��a	 �� �U!M �� ��=	 X��!��F *���� *�<

�=�! ���c�
� 8,+I J�	 �� X���� � s�� ��,:�%. �+�?
 ��=� �)Fischer and Maurer, 1978(  $�
��^ kI��

:5��� 'J�	 ���  \�:���< �)Rosielle and Hamblin, 
1981( kI����U� 8���^ \�6!��� � X��	 *�<*��  �

 ��!�!�?)Fernandez, 1992 (kI�� J�	 �� X��	 *�<
��U� 8
��< \�6!��� ���=�% �� �� *�� kI�� X��	 *�<

 �x��� 8,+I ���!��� .  
    ��]F �]�!�� 8P=],P=� *�<�6!�]+! �� ���c�
�\�o	  *�]<

���In>5��.5� '�!�� *�  �]� 8���� *�<�6!�+! � �<DNA  ��
 ��]]�% X,]+� �� 8y�	=]]�? $c]# ���]]� '* d5��]]� �� �]]�z

 ���]c	 �=f� �� ���+� G�	=�? ���� � ���c�� 8[���  *�]<
8� J�F b5H=P=?�=� ��c# �� {��	�� �� �� �� 8,��!H '�5M

8����� e�O�� ��!�=	 .���% �����z	 �� 8,5   85����]�=��
8� *�� ���& �� R�I $�=O� J<�� �K� �� ��  �]��z	 '�<�

��F ��P=	 ��.�� ��\�o	� 8<��& *�<    �]5 � �]5.T	 $]Uf �
 �M �� 8]7a� .��
 �� *��&=:f   ]
 .]�! � �]<] ]
� $I�] ��

V=�]��F �� 8,\�o	$
� J�	 j=Wv� *�< . 'h=m=� \5�
 ����M �=f� �� �H ���� �� �� 8�U� "�#� � ���z	 $
� ��

>5.!M �� *���a	 ��� 
�a? ��� �5 � 
�a? ��
8� �< � �=�
�M 
��!� ��' ���I�
 �� ���z	 ���f�   8<�]�& $?�� j=Wv�

8� ��  �]<�)Bewley and Larsen, 1982 .( 8]
���  *�]<
 =]�5�	 � X�!��* )Daniel and Triboi, 2000 (  ��� ��]+!

 ��   �H��]��! |]:�v� "=[
 � 8,+I J�	 ��K�	 \5��+��
��F X� �#�� ��\�o	 ��F �\�o	 \5��]�:& *�<   �=]�  �]�40 

��F X� �#��\�o	 *�<8� X��� �� �!��=�!� �< \��u =x�H
 ����]]]]],�< �)Zhao et al., 2005( D��.]]]]]&
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 �!��� ��
 �!�� ��� �F �:^�� �� 8,+I J�	 ��
��F $L:� J5�.?�\�o	 8��=�.  

��F\�o	���In *�< *�)\5���:& � \��	=:& ( �� �	��%
��� �����!� �!���!�  '�����& 8:,� ��V \���� \�m �

����< ���K �� �����.  ����� �� ��V�< 8[��� X��=%
��F\�o	*�< ���In8� ��K�	 *���E&!�' �M �=7^ �� 8P� �<

�!�� ��* 8� ���
�� �!���K�	 �!��� 8��!� ��K�	 �5 . \5������
��F *��=?���,P� *=6P�\�o	�!�� *�<*  �5 85�U�	 �� ���
�

�
 �� |:�v� g��=f 85�
��� *��� 8�=I ���a� �<�6!�+! �5
8� r=��� N�Q�� � 8<��& �=�)Adriaanse et al., 

1969; Driedger et al., 1994(. ���� *���^ � 8!�I
)Mohammadkhani and Heidari, 2008(  8
��� ��

��F\�o	 J�	 �� ���?�5�� ��n >Q� �� �� 
=:�� *�<

 �� 8	����z	 w%�� 8,+I��F .��\�o	 �<��  J<�� �� �

rM X��!��F' ��F\�o	 `y
 � J5�.?� ����� �� 
=:�� *�<
���?�5 J<��.  �=�! 8
��� 'J<�pF \5� N�T!� �� e�<

G�	=!H 8,+I J�	 �� @
�F d5��� �� N��& |:�v� *�<
kI�� ��5��� � �%�.�>< � $����� *�< 8
��� \��V

��F *��=! *=6P�\�o	*�< ���In*�  J�	 �� @
�F �� �E�
���& �� 8,+I�=� N��& |:�v� *�<. 

  
E�� � "��-�)  

�� 8,+I J�	 �� X��	 � $�
��^ 8
��� $Uf 
G�	=!HN��& ��?�+�F *�<  ��!) 
��f1( �� 8+5���M '14 

� �.�5�F N��& G�	=!H ���� "�O ��=# �� �����I *�<
R=:� "�O �P�Q ���,	 ��UV �� 8?��W	 X��� *�< ��

5� �� gQ�� .5��	 ��6+!�� *����+� ��,+!�� 8	�����	 ��6��
 _��� 8%��� 
�
 ��87-1386  ��f��� . �� J����

G�	=!H \5� 8,+I
�
 �� �<�<  X�Q ����
=�  ������	
 � t���	 ��=� ����� >5�8��5���  ��?�& ���Q�=� 

)Roostaei et al., 2003; Roostaei, 2008(.  *����M
Z[
 �
 �� '���MX��� *� )8P=�a� *����M( �� *����M g[Q '

 8<�:& �� `F ��� _�F) J�	�5�� ( �� *����M g[Q �
�:��
 ��5�F �:^��8<� ) J�	d
=��( ��� ��*�<  8:#�

 �14 ��� �� �.�5�F N��& >Q����Q 8%�? *�<���?�& .

��� ��a�� *���� 8:#� *�<9×2 �!�=� ��� �  X� ��
 J5���M168 8+5���M �^�� �=f� $��� . �^�� �<


 X��� 8+5���M] �:#�? �� *��� �� |5�� �19 8�!�
-
 ���|5�� \�� �<� �E� �:#�?�< |5�� XI�� �� �� ��5��	 �<

8�!�
�=� ���.  
�!�� ��,:�% X��� �aP�[� ��=� ��c# )N�&=:��  ��

���,<(�!�� ��.< ��� '�:��
 �� �!�� ���a	 ' )N�&( ���a	 '
�� '����� �T�F�	=� h�c	 )8�!�
���(8:#� �:��
 
=O ' 

)8�!�
���(b+5� 
=O ' )8�!�
���(S��=�� ' )N�&=:�� 
���,< ��( '�:��
 �=U~ �	 ��� ���a	 '$����� kI�� '

 � b5H=P=5.�? 8&��
� �	 ��� ���a	 '8<�:& �	 ��� ���a	
�!�� ��� �F ���� 
=O )���( �!�=� .����!� *��� *��&

 � �!�� ��,:�% 'S��=�� ��,:�% � �!�� ��,:�% ��	�	 ��
 b5H=P=��)��� � �!�� ��,:�% h=�T�(  dI �� �� �=f=�
 *��� ��) $����� Z[
 �� 8�a58/0 g������ (����!� *��&

 X5��	 ���,< �� N�&=:�� �� `y
 � kI�� `y
 � ��
� S��=�� �� �!�� ��,:�% $��! �� $����� ���M $
�  �

�� ���� �#�� ��^��. ����!� *��� �� �!�� ���a	 *��&
 
=O '�	=� h�c	�� '����� �T�F ���a	 '�!�� ��.< ��� '�:��

 �< �� 8?��W	 �	=� *���a	 �� b+5� 
=O '8:#� �:��


�� ���c�
� ��� .����!� *��� � 8<�:& �	 ��� ���a	 *��&
 �� 8!��� �	 �E� $��� �� ��� ���a	 '.�! 8&��
�50  �#��

�	=� ���< '�!��
� 8&��
� �5 8<�:& �:^�� �� ��� �< *
����!��� *��&. 

G�	=!H J���� 8��5��� *������� \��a	 � �<� � $
�M $�
��^�< kI�� �� '8,+I J�	 �� �5� *�<

�� ���c�
�:  ��,:�% 8���^ \�6!��� kI��)MP ( ��
 >Q� ��,:�% \�6!��� ��8� ��+! d��� �� ���<� 

)Rosielle and Hamblin, 1981( \�6!��� kI�� '
 ��,:�% 8
��<)GMP ( �� 8���^ \�6!��� e�I�� ��

���� s�� ����� �5 >� ����� �5���� �� 85��l�
� *�<
 ����! 8!���V $�
��^)Fernandez, 1992( kI�� '

 J�	 �� X��	)STI ( �� �< �� ���& *s�� ��,:�% �� ��
���� {��	�� d��� �  �� �� J�5.& kI�� \5� e�O

G�	=!H8� �=
 85�< ��,:�% >< �� �<��!��� 85s��  
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 �!��� *�	��5� J�	 �� X��	 >< �)Fernandez, 1992( 
�  X��	 kI��)TOL ( e��I� �� $
� ����% ��

�	 d��� � d��� �� G�	=!H b5 ��,:�%J���  � �5����
\5� *s�� kI��  J�	 �� $�
��^ ���<� ��+!$
� 

)Rosielle and Hamblin, 1981(. kI�� *�< �=? ��
 t5�O�[���*�< �!�� ��
��� �5�:  
)1(  TOL= Yp –Ys 
)2(  ���� ���	�
��
 
)3(  GMP = (Yp*Ys)1/2

)4(  STI = (Ys* Yp)/( )2 

 '�[��� \5� ��Yp �,:�%� G�	=!H b5 �!�� �� d5��� 
���� J�	' Ys ��,:�% G�	=!H ���< �!�� �� d5��� J�	 

� \�6!��� ��,:�% X� G�	=!H�< �� d5��� ���� J�	 
8�����. 

 8
��� *���\��	=:& *=6P����In *�<�!�� *�  N�Q��
 '�aP�[� ��=��!�� �� ��� $����� *�< �< |:�v� *�<���,	

:v� >Q� >Q� �< �� 8?��W	 �!�� ��V `y
 � {= � r�v�!�
$
=F �� `F�!�� '*��&�!�� ��M �< . �� X#�^ ��M ��

 ��.��20  �	50  N�& 8:��) �� ��^\�o	��F ��.�� �E� (
! ���8:�� >���W% 
=:�� ���P *��&)61/0  �� `5�	 N�&

 ����<93/2  >5�
 �5�:� N�&����� ��*  X^ �[�� rM
�� �a� � ���  >�L�	pH  ��HCl 
���! b5' 85�U! >T^  ��

�[�� rM  ��100 8:���� ��!�
� ���P ( �� �a� � �?�m�
 $�E&b5 $%�
 �� ��� >< ��a?� �� )Payne and 

Lawernce, 1983( . ' �E� h=! �� ���� 
=:�� \5�12 – 
2 ��F �	 �� *���U6! ��	� *��� �� $%�
\�o	  *�<

�� 8?�� $#�? X,P� �� 
=:��$?�� �� ��� ��f *� �� �<
����� ����� . ��� �� `y
20  �� ���Q�10000  �� ���

 *���4 8�!�
 �f�� *��^ g5�� ��? � N�T!� H=c5��!�
 ���&
	��Fo�\ ��Wv+� $�K �� 
=:�� *�< �!=�! �< 
�uv5 ��

�� *���U6!. ��F ��=?���,P�\�o	���In *�< \��	=:& *�
G�	=!HP�[� ��=� N��& *�< �a ��
H �� ���c�
� *�<8:F-

����5��M 10  �#�� ��a�� ��16*13*2/0 8�!�
 �� � ���
 H��P�30 8:���� N�T!� �y�M. �!�*.��M 
H  ��TCA  ��

?�& ��=# �����z	 8��!� 
��%�]$ )Laemmli, 1970( .

�	 � �5�T	]X�:�M *�<] *�������%�.� *�< ���c�
� �� *�
��.?� N�! ��*�< EXCEL 'MSTATC  �SPSS  N�T!�

$?�5EF � `y
  G�	=!H �< ������ D�� �� ���c�
� ��
 *�<��F=5�!�� � Ns�V�!��M)Arunachalam and 

Bandyopadhay, 1984(  S�
��� ��5��� �� X#�^ _5��!
 ��c# \�6!���*��� �� *�=O �� ��M $
� �� \�6!��� -
 ��	� *���� *�<a  ������5 'b  ������4 'c ������ 3 'd  ������

2  �e  ������1 �� ��?�& �L! ��  q�? �� �� 8��6!��� �
 ��	�abc  *�<������ \�6!��� '$���5 '4  �3  8�a54 

��� $?�5�� ���5�U! �  �%=�T� �� �f=	 �� ������ '��c# ��:�
��	���M $
� �� G�	=!H �< *.  

  
F4� � G%�#�  

���� `!�5��� �5.T	�%�.� J5���M �� X#�^ *�< *�
8��5��� ��=� ��c# �� 14  �� �� ��� ��+! N��& G�	=!H

���� 
=O '8&��
� �	 ��� ���a	 'b+5� 
=O ��c# �F *
�.< ��� � �!�� ����  �� *����M ���c�� "=[
 \�� �!��

S��=�� ��c# �� � �#�� b5 
���^� Z[
 � ��,:�% 
�!��8�a� e��I� �#�� _�F 
���^� Z[
 �� '��� �=f� *

$���' �� 8P�^ �� �T�F ���a	 ��c# ��  '�	=� h�c	�� '�����
 8<�:& �	 ��� ���a	 '8<� �:��
 �	 ��� ���a	 '�:��
 
=O

$����� kI�� �' >5H� \�� ���c	8�a���� *����M *�< ���
�=� . \��u�<*����M X����� �K�× ��c# N��	 �� G�	=!H

8�a����� ������M $
� ) 
��f2.( 5� � 85��<�� .
)Ehdaie and Waines, 1997 ( h�c	�� J<�� .�! �	=� ��

 �K� �� J�	8�a� 8,+I���?��! ��� . ����,�< � ��f��T!
)Nagarajan et al., 1999( 8�a� �K� 8��=O� J�	 ���

 D��.& �� N��& ��� 8!�5�F X^��� �� �!�� ��,:�% *��
�!��� .� �����c�  ����,�<)Shafazadeh et al., 2004( 

 �K����& �:^�� �� 8,+I J�	 �!�� ��,:�% *�� �� 8!�+?�
8�a� N��&�!��� D��.& ��� .  

�� \�6!��� ��5��� S�
� �<)
��f3('  G�	=!H12 
 �:��
 \5�	��:�)262/6 8�!�
��� ( G�	=!H �11 ��	=� -


 \5�	] �:��)190/4 
]8�!���� ( �!�� ��,:�% ������� ��. 
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G�	=!H *�<12  �5 ��	�	 �� �� 85/23  �93/21 �!�� '
G�	=!H � \5��+�� *�<2 '1 '14  �13  ��	�	 �� ��83/13' 

76/12' 47/12  �313/6 �!�� �:��
 �� �!�� ���a	 \5���� '
 ��������.  ����,�< � 85��
��)Roostaei et al., 2003 (

� ��=# �� �� �!��� ��� �=f� 85�E� ��=� � $�=O�
G�	=!H 'S��
� X��Q � �
��� � ��5� �:��
 
=O �� 85�<

 ��<�=I 85s�� ��,:�% '�!��� *��+�� �:��
 �� �!�� ���a	
$��� .G�	=!H *�<14 '8  �1 ��	�	 �� �� 52/62 '27/62 

 �62 G�	=!H � \5��+�� 'N�& *�<10  �11 ��	�	 �� �� 
92/39  �82/42 ������ �� �!�� ��.< ��� \5���� 'N�& .

 �!�� ��� s=�a� �!�� ��� �F 8O �� 8,+I J�	 ��
8� J<���<� . �����F ��=� J<�� X�P� �� s���^� ��� \5�

�!�� ��� *���$
� �< . �� .�! �����F ��=� ��P=	 J<��
8� {=��� *.��
=�? ��5��? J<�� ��� ���� �� �� �=�

�!��� $
� d�	�� �<)Morgan, 1997.( G�	=!H *�<
14)*����
 �<��( '6 '3  �7  ��	�	 ��3091 '2949 '

2943  �2900 ��,:�% \5��+�� '���,< �� N�&=:�� �!��  ��
������ ��  G�	=!H .f ��7 )&]G�	=!H ���\������ *�<(' 

G�	=!H ����G�	=!H ���& �.f �<�!�=� N���� *�< .G�	=!H -
 *�<9 � 11  ��	�	 ��2220  �1448  ���,< �� N�&=:��

 ��,:�% \5���� �!�� ���& �.f �� �< �� ������ ��
G�	=!H8� r=��� S��^ *�<�!=� .85�QM � �����


 ����,�<)Aghaee Sarbarzeh et al., 2009( .�! ��U~� 
�!���  *����
 >Q� ��) ����� G�	=!H14�aP�[� \5� �� (

�� �!�� ��,:�% *����$
� 85s.  
 *�<��F=5�!�� � Ns�V�!��M D�� �� ���c�
� ��

)Arunachalam and Bandyopadhay, 1984(  _5��!
��	� ��c# \�6!��� ��5��� �� X#�^ �� *���)
��f3 .(

G�	=!H *�<5 '6 '7  �8  \5�	s����	��<  �=I �� ��
���& �� �� �!��� j�W�I���P�� *���'  G�	=!H6  ���& �.f
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 �� ���

����M ���c�� "=[
 �� �!�� ��,:�% �� �#�� ������ *
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��f4(� ��=�% �� '\5��U  �!�=� J<�pF \5� �� kI��

G�	=!H J�5.& s���^� ��M S�
� �� �< J5�.?� w%�� �<
�� �<�=I �!�� ��,:�% .8�a� 86����< 'X���� �� *���

 kI�� \��TOL  ���c�� d5��� �� �!�� ��,:�% ��
� *����M � ����! $
�) 
��f4( . ����,�< � *��^�

)Ahmadi et al., 2006( .�!  ��U~������� kI�� �� -
 *�<MP 'GMP  �STI 8�a� $�l� 86����< �� ���

�!�� ��,:�% � kI��TOL  �� 8c�� 86����< *����
 ��,:�% �!�� ���c�� *����M d5��� �������� . �� �f=	 ��


��f 5' �L! �� kI�� *�<MP 'GMP  �STI G�	=!H-
 *�<6 '3 '7 '14 '12  �1 
 �� Z[8,+I �5�� ) g[Q

8<�:& �� `F ��� _�F �� *����M (G�	=!H �*�<6 '3 '7 '
14 '12 '1 '4  �8  Z[
 �� 8,+I d
=��) *����M g[Q

�:��
 ��5�F �:^�� ��8<� ( \5��+�� � �5���� \5�	s��
 �� 8,+I J�	 �� X��	 � ������S��^G�	=!H \5�	  ��

G�	=!H 8,+I J�	 11 �=�.   
 ��=?���,P� D�� ��SDS-PAGE  �aP�[� *���

��F\�o	G�	=!H �E� \��	=:& *�< �=L�� �� .�! N��& *�<
���& 8P���^� .5��	 ��� ��+! N��& *�< ����< �� N���

��F\�o	>5H� �� *��6�+V X,� �� \��	=:& *�< *�<
�!�+! �K��� |:�v� *����M .\5� �=f� ��'  d5��� ��

*����M 8P=�a� �� *���� ���c	���& \*�< N��&  ��=�
�aP�[�  ��<�+���  X,� �� ��1 $
� ��� �x��� . \5��

 �� 8�a�8���	  �:�f �� N��& 8,+I �� N���� N�Q��
N��& �nM �<�� *�<2 ��F ��=! *����
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)Bushuk, 1998; Takata et al., 2003; Deng et al., 
2005; Pena, 2006; Valizadeh et al., 2009(.  

���& �� ���c�� ��=! �� �T!M �� �� d�	�� N��& *�<
LMW ����< '$
� ����I� �� �M �� *���� $I���. 

��� *��� $
� 8U5��t�Q� $I��F *�� J�	 �K� �	\�o	 -
���In *�<��F \5� $I��� .�! � *�\�o	  �� w�� ��=�

 *�����=! *=6P� �aP�[� �:�f �� *��+�� ������	
\5���:&$
� ���! �<. 

 

��f1- $
�U? G�	=!HN��& *�< �aP�[� ��=� 

Table 1. List of studied wheat genotypes 
� N�!��T�G�	=!H 

Name and genotype pedigree 
8,+I �� J���� 

Drought response  
����� 
No  

Unknown-1 N���� 
Resistance  

1 

1-27-6149/Sabalan//84.40023 N���� 
Resistance  

2  

Ghafghaz//F9.10/Maya “s” IRW92-1-D-474-OMA-OMA-OMA-
OMA-IMA-OMA  

N���� 
Resistance  

3  

Manning/Sdv1//Dogu88 \�5���� 
Intermediate  

4  

RECITAL/TIA.2//TRK13 \�5���� 
Intermediate  

5  

DARIC 95-010-OMA-OMA-OMA-6MA-OMA N���� 
Resistance  

6  

DARIC 95-010-OMA-OMA-OMA-8MA-OMA \�5���� 
Intermediate  

7  

Vrz/3/Orfl.148/Tdl//Bol/4/ Sabalan \�5���� 
Intermediate  

8  

HK16/7/KVZ/TI71/3/MAYA//BB/INIA/4/KAR ICWH99034-0AP-
0AP-0AP-OMAR-6MAR  

S��^ 
Sensitive  

9  

FKG13/4/NWT/3/TAST/SPRW// TCI98—0139-0AP-0AP-OMAR-
5MAR  

S��^ 
Sensitive  

10  

JANZ  QT3685-0AUS S��^ 
Sensitive  

11  

RINA-11 S��^ 
Sensitive  

12  

Azar-2 �<�� 
Check  

13  

Sardari �<�� 
Check  

14  
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Table 2. A
nalysis of variance for studied traits of w

inter w
heat genotypes in different irrigation conditions 

  
��a��� \�6!���

�M
ain square

 

Source of 
variation 

���z	 g����
  

*���M �f��
  

df
 

����� �T�F
�

Fertile 
tiller

 

�	=� h�c	��
�

)
8�!�


���
(  Plant height 

(cm
)

 

�:��
 
=O
�

)
8�!�


���
(�

Spike length 
(cm

)
 

b
+5� 
=O

�

)
8�!�


���
(�A
w

n length 
(cm

)
 

�:��
 �� �!�� ���a	
�G

rain num
ber per 

spike
 

S
��=��

)
�� N�&=:�����,<

(�B
iom

ass 
(K

g.ha
-1)

�

�!�� ��.< ���
 )

N�&
(1000 K

ernel 
w

eight (gr)
 

R
eplication

  
���,	

 
3 

0.432 
245.982 

2.72 
0.74 

37.131 
0.063 

53.946 
Irrigation

  
*����M

 
2 

0.464 
117.104 

1.395 
1.416** 

34.527 
0.674* 

551.850** 
Error 1

 
 *�[I

)1(
 

6 
0.702 

183.319 
3.18 

0.03 
49.057 

0.136 
26.44 

G
enotype

 
G�	=!H

 
13 

1.011** 
483.895** 

2.73** 
47.939** 

159.421** 
0.174** 

757.109** 
G

enotype × 
Irrigation

 
*����M

×
G�	=!H

 
26 

0.385 
35.74 

0.776 
0.452 

12.786 
0.014 

13.371 

Error 2
  

*�[I
 )2

( J
5���M

  
117 

0.272 
32.36 

0.647 
0.353 

12.616 
0.016 

13.926 

C
V

�(%
) 

�����z	 �5�m
)

�#��
(  

 
28.68 

8.62 
14.78 

11.08 
21.39 

17.78 
6.93 

            
* �

 
 :**

8�a� ��	�	 ��
 
���^� Z[
 �� ���

5 %
 �1

.%
*, **: Significant at 5%

 and 1%
 probability levels, respectively.                                                                                        
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��c# ��a��� \�6!���
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M

ean square
  

S.V
�

���z	 g����
  

*���M �f��
�

df
 

$����� k
I��
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�#��

(  H
arvest index (%

)
 

�!�� ��,:�%
�
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���,< �� N�&=:��

(�
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rain Y
ield (K

g.ha
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8&��
� �	 ��� ���a	
�
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m
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���� 
=O
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�
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���

(  
G

rain filing 
duration (D

ay)
 

R
eplication

 
���,	

 
3 

248.674 
0.029 

6.262 
28.802 

48.206 
Irrigation

 
*���� M

 
2 

52.845 
0.117* 

9.042 
2784.929** 

2652.720** 
Error 1

 
*�[I

)1(
  

6 
64.032 

0.02 
18.256 

34.778 
46.784 

G
enotype

 
 G�	=!H

 
13 

81.783** 
0.020** 

57.403** 
14.637 

31.626** 
G

enotype×Irrigation
 

*����M
×

G�	=!H
 

26 
47.166 

0.003 
2.08 

7.409 
12.842 

Error 2
 

 *�[I
)2(

 
117 

36.577 
0.003 

1.937 
8.632 

10.809 

C
V

(%
) 

 �����z	 �5�m
)

�#��
(

 
 

16.35 
22.49 

0.62 
1.08 

6.67 

    
*�

 :**
8�a� e��I� �6!��� ��	�	 ��

���^� Z[
 �� ���
 
5

 %
 �1

.%
*, **: Significant at 5%

 and 1%
 probability levels, respectively.                                                                          
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Table 3. M
ean com

parison of studied traits by D
uncan

,s procedure (p< 0.05) and their ranking according to 
 A

runachalam
 and B

andyopadhay (1984) 
 

G�	=!H
�G

eno-
types

 

����� �T�F
�

Fertile 
tiller

 

 �	=� h�c	��)
8�!�


���
(�Plant 
height 
(cm

)
 

 �:��
 
=O)
8�!�


���
(�Spike 
length 
(cm

)
 


=O
b

+5�
 )8�!�

���

(�A
w

n 
length 
(cm

)
�

 �� �!�� ���a	
�:��


�G
rain 

num
ber - 

spike
 

 S
��=��)

 �� N��=:��
���,<

(�Biom
ass 

(K
g.ha -1)

�

 ��,:�%
 �!��

)
 �� N�&=:��

���,<
(�G

rain 
Y

ield 
(K

g.ha -1)
 

 �!�� ��.< ���)
N�&
(

1000�
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w
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ays to�
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m

aturity

 �	 ��� ���a	
8<�:&

�D
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 �F ���� 
=O
 �!�� ���

)
���

(�G
rain filling 
duration 
(D

ay)
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I��

 $�����)
�#��

(�H
arvest 

index (%
)

 
��	�

�Rank
 

1 
2.273a 

66.94bcde 
5.373ab 

5.981bc 
12.47e 

7042bcd 
2692abc 

62a 
215.3c 

224.8c 
50.08bc 

37.83ab 
32 

2 
1.872abc 

68abcde 
5.659ab 

1.188d 
12.76e 

6073d 
2386bc 

57.29b 
214.8bc 

222.9ab 
49.58bc 

39.70ab 
29 

3 
1.760abc 

74.20a 
5.424ab 

7.19a 
16.73cde 

8826a 
2943ab 

56.86b 
218.3e 

226.9d 
48.17abc 

33.40b 
32 

4 
1.524bc 

62.12de 
5.437ab 

7.512a 
18.03bcd 

7918ab 
2585abc 

51.07c 
215.6cd 

223.2ab 
48.67abc 

33.30b 
34.5 

5 
1.637abc 

69.6abc 
5.688ab 

6.012bc 
21.93ab 

6934bcd 
2494abc 

48.41cd 
212.2a 

222.1a 
49.75bc 

35.94ab 
36 

6 
2.072ab 

67.4abcde 
5.222b 

5.753bc 
14.44de 

7396abcd 
2949ab 

60.72ab 
211.8a 

222.4ab 
50.83c 

39.55ab 
35 

7 
1.829abc 

68.9abcd 
5.44ab 

5.653bc 
15.38de 

7604abcd 
2900ab 

59.23ab 
212.4a 

222.4ab 
49.33abc 

63.37ab 
36 

8 
2.098ab 

69.72abc 
5.239b 

5.86bc 
14.57de 

6927bed 
2526abc 

62.27a 
211.4a 

221.9a 
50.67c 

36.63ab 
35 

9 
1.788abc 

64.71cde 
5.947ab 

6.247b 
20.33abc 

6178ed 
2220c 

46.91de 
212.8ab 

222.3ab 
50.42c 

35.51ab 
32 

10 
1.418c 

66.28bcde 
5.831ab 

5.448c 
19.77bc 

6708bcd 
2508abc 

39.99f 
212.9ab 

222.6ab 
49.92bc 

37.63ab 
30 

11 
1.572bc 

47.86f 
4.19c 

5.476c 
15.01de 

3760e 
448d 

42.82ef 
216.3cde 

223.8bc 
49.75bc 

41.15a 
20.5 

12 
1.302c 

72.59ab 
6.262a 

0.535e 
23.85a 

8240ab 
2754abc 

44.63de 
220.8f 

228.8e 
45.67a 

33b 
26 

13 
2.076ab 

64.02cde 
5.132b 

5.863bc 
13.83e 

7094bcd 
2580abc 

58.93ab 
212.4a 

222.1a 
50.75c 

44.36ab 
34 

14 
2.075ab 

61.35e 
5.332ab 

6.313b 
6.313e 

7700abc 
3091a 

62.52a 
217.5be 

226.6d 
46.08ab 

40.09ab 
32.5 

\�6!���
8�a� e��I� �=�
 �< �� ���+� e�^ b

5 XQ��^ *���� *�<
�!���! *���

 .
     

  
 M

eans w
ith the sam

e letter in each colum
n are not significantly different.
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��f4- kI�� \�� 86����<8P=�a� *����M � J�	 d5��� �� �!�� ��,:�% �� 8,+I �� $����� *�< 

Table 4. Correlations between drought resistance indices and seed yield under stress and normal 
irrigation conditions  

��,:�% 86����<�!�����
Correlation of yield with 

kI�� †  
† Index 

8P=�a� *����M  
Normal irrigation 

d
=�� J�	 
Temperate stress 

�5�� J�	  
Sever stress 

TOL 0.261 -0.325 -0.493 
MP 0.955** 0.957** 0.919** 
STI 0.939** 0.961** 0.744** 

GMP 0.951** 0.961** 0.942** 
*�**: 8�a�
 �� ��� 
���^� Z[5%  �1%  
† kI����	��% �< ��: TOL:  'X��	 kI��MP : '��,:�% 8���^ \�6!���STI : 'J�	 �� X��	GMP :��,:�% 8
��< \�6!���  

*,**: Significant at 5% and 1% probability levels, respectively 
TOL: Tolerance, MP: Mean productivity, STI: Stress Tolerance Index, GMP: Geometric Mean Productivity†  

 
 
 


��f5- kI�����M��G�	=!H 8,+I �� $����� *�<�� N��& *�< �!�� ��,:�% S�
�  
Table 5. Drought resistance indices estimated for wheat genotypes based on seed yield 

 
�5�� J�	�

Sever stress  
d
=�� J�	�

Temperate stress  
�

G�	=!H
Genotypes  

TOL  MP  STI GMP TOL MP  STI  GMP    
517  3075  1.047 3064 1410 2629  0.715  2533  1  
-182  2721  0.825 2720 917 2171  0.502  2122  2  
152  3253  1.179 3252 1006 2826  0.862  2781  3  
606  2527  0.702 2509 132 2765  0.852  2764  4  
538  2691  0.800 2678 861 2529  0.693  2492  5  

1 3260  1.185 3260 935 2793  0.845  2753  6  
578  3251  1.169 3238 1343 2868  0.867  2788  7  
480  2514  0.698 2503 205 2652  0.783  2650  8  
305  2463  0.673 2458 882 2174  0.505  2129  9  
87 2842  0.901 2842 1050 2361  0.591  2302  10  

269  1732  0.332 1727 988 1372  0.183  1280  11  
614  3094  1.057 3079 1330 2736  0.785  2654  12  
669  2824  0.876 2804 1068 2624  0.090  2569  13  
251  3236  1.166 3234 562 3080  1.049  3067  14  

G�	=!H 8��
� 
��f �� �<1 kI�� 8��
� ��f �� 8,+I �� $����� *�<� 
4 ��� �x����!�.  
Names of genotypes and drought resistance indices are shown in Tables 1 and 4, respectively. 
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X,�1-  N��&�=?���,P�SDS-PAGE \��	=:& �!�� ���&��|:�v� *�< G�	=!HN��& *�<.  
Figure 1. SDS-PAGE electrophoregrams of seed glutenin for different groups of wheat genotypes. 
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Abstract 
To study the effect of drought stress on agronomic characteristics of advanced wheat varieties, a 

split plot experiment with four replications was performed. Three levels of irrigations and twelve 
winter wheat genotypes (four resistant, four intermediate and four sensitive genotypes to drought) with 
two varieties, Azar2 and Sardari (as checks), were considered as the main and sub factors, 
respectively. The analysis of variance in three different irrigation conditions showed significant 
differences  for  awn length, days to physiological maturity, grain filling duration, 1000 kernel weight, 
biomass and grain yield. In sever stress (non irrigation after heading) significant decrease in grain 
filing duration, days to physiological maturity, 1000 kernel weight and biomass, but significant 
increase in awn length were observed. Differences between genotypes for all characteristics were 
significant. Interaction of genotype × irrigation type for all characteristics was not significant. 
Genotypes 3 (Ghafghaz//F9.10/Maya “s” IRW92-1-D-474-OMA-OMA-OMA-OMA-IMA-OMA), 6 
(DARIC 95-010-OMA-OMA-OMA-6MA-OMA), 14 (Sardari), which were most resistant genotype to 
drought stress, produced the highest yield. The calculation of GMP, MP and STI showed positive and 
significant correlations with grain yield in both stress and non stress conditions, it obviously indicated 
that  genotypes 1 (Unknown-1), 3 (Ghafghaz//F9.10/Maya “s” IRW92-1-D-474-OMA-OMA-OMA-
OMA-IMA-OMA), 6 (DARIC 95-010-OMA-OMA-OMA-6MA-OMA), 7 (DARIC 95-010-OMA-
OMA-OMA-8MA-OMA), 12 (RINA-11), and 14 (Sardari) had the greatest resistance, and genotype 
11 (JANZ  QT3685-0AUS) was the most sensitive to drought. The method of SDS-PAGE for glutenin 
storage proteins indicated that the genotypes which are sensitive lack a low molecular weight glutenin, 
but the above-mentioned protein was present both in all drought resistant genotypes and in the 
majority of intermediate wheat genotypes. 
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