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 JKL ��M%N  �� O��	 �& ��M� A�%

&��& ��+��P �.$I .� �"R�� ���� �D",
 !�$� �� ����I ��S�� ���;� � �;���P � �.$I >�� �& �� ��T U,�V� W�X�
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1388  ��#%� ��7$%�& !����$� ��.$%�& �&�� W�#%� . !����N a"b
)�+��Z  A�	� ���L�� �� A�	 � �+& O��� �,L �,
�%�& ��� !���I (��� �& � �,Y� !�+ cX� �
��T ) d��� O7��
704 Z647  �500( ��� �&���:�P ���X �*�: !�+ .

 f;��% �\g���N 8
& �� �D",
 !�$� �� ����I ��S�� h��D �� L��� W��	 �&O ����%� !��P)30 8��� �� �]� ��� ZO���-
�%�& ��� !���I � �+&( �
��� &�"� W�X�� C�� ���K	 ��]� !��&8��& &"i� .
�L C�* �& Z �&30  8��� �� �]� ���

 W�X�� C�� �& �D",
 !�$� �� ����I ��S�� h��D �� �H�	"%F ���K	 C;��$���� ��+�$� . � �%�& ��� !���I OL��� �&30 
8��� �� j@ ��� Z d��� O7��
500 8��& W�X�� �;�
 �� 8\�% !�	���;�@�% �D",
 !�$�Z  �& ���O��� �,L�� O7��
 �+&

d���647  �D",
 !�$� ���%&"� ��&�"I�� !�	���;�@ . �& U,�V� W�X�� �D",
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d��� O7��
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 !�$� C;�	�;?@ ��
N .
C��G � �R% ���k�	"%F 
���� �
��D",
 !�$� �� ����I ��S�� h��D �� �+ Z �\
��� ���]�F����% %O�� ��  �.$I A�	

�� c+��:��� .  
  

79������: �	! :�D",
 !�$� �� ��
N Z��T Z%�& &�.,�*�   
  
  
  

� 
"l�� ����;"% :jabbarifarhad@yahoo.com; jabbari@znu.ac.ir  



54            ;���"%�� ����.�+ �: � �D",
 !�$� �� ����I ��S�� �� �.$I A�	 �m� ��T �;�\�+ �
 �%�& &�.,�*  
  
���;�  

A�	�b��� !�+ �]�
� ����& ���� n*�� A���� ��-
 ���� ���o	 �� ��+��P �& �+F ���o	 �	 
",
 c��D"���� � �

&�� �p"_�� &�.,�* � ��� 8*�
 ��%"� )Reddy et
al., 2004(.  

��� O��* �+ �� ��$�� �.$I A�	 ��� !�7;& �b
�� &���� �� ��+��P��� )Huang, 2000(  � q&�L ��X�

��&"� : �b
�� �� ���P �� rN s��I ����;N ��$�� t�]	 �
���� �$;� �;�g �� �N r?i �� )Shepherd et al., 

2002( .E;F"D":�"� ��KY �� ���* ��  ���P !��P��
 �&
�� ���X �i"	 &�"� �.$I A�	 u;��� �� ��KY Z�%��P

 �	��L 8��+� S�% E;F"D";S�:��� �&  �� ��+��P !��P��
 �
A�	�%��& �b��� !�+ . �i"	 �� C;� ��vI�� �� !�+

 �.;F"D";S�:�.; �\�i��cM� !�+ ���� �& �.$I �� 8�
��+��P �� r��L ��N�; )Farshadfar and 

Mohammadi ,2003( .�$�"D"�� !�+ B�+ C�D�� E;F
A�	��+��P �& ��%� ��� !�+ 8
� Baiji et al., 2002 , 

Dhanda et al., 2004)(.  �& �.$I A�	 u;��� �&
 �� ���� ���+�L�w�� A��	 �%��� ��� ���� &��& &"i�-

��L �i�& �; rN A�	 �� A���� �& �+��  A+�� �� �#��
����� !& 8�\w	�� �+�"I C��� . A���� �� �D�L �&

�� �& ����.D� 
���%� � !�"%� �+�"I ��"Y �]�\g �;&
8:�P.  

�&  !&���� ����� Z�b;��� C��GNADP+  !���
��& �+�"I &"i� ����.D� >�;?@x C;������ Z8���xxx�y �

���;��% O�* C;S7;�i ����.D� ��%��P E; ��"�* �� �%�"	 
)Egneus et al., 1975( .C;� z"{"�  |�#	 �� �#��

�%"P���� ��
 !�+
�.;&�� ��R% �y !�+������@"
 )O2
-

(������@ �F����+ Z )H2O2 ( 
�.;&�� �O�������+ 
)OH}( ��&"� ) Inze et al., 1995, Foyer et al., 

1994( .�%"P |�#	 � ��D"	 u;��� �& �y���� ��
 !�+
�.$I A�	 )Foyer et al., 1994 (�� �� �� !���

���G ��R% �D",
 ��\���	 Z�+C�l	��@�����+"��� Z�+ � �+
��
��� ���Y E�~",�"% !�+�%� )Jiang and Huang, 

2001 ( �& ��m� �"�
�������@ ���G�+ )Liang et al., 
2003 (�$��+�� ��
N �D",
 !���� . ��G�+ C;������
��;N�: � jK�	 ZS��
"�: ��%��+ ��M� !�+ ������
 O;�\	

�%�& �& ��
�$% �� �� �*��� ��+��P �]
"	 
�L �& !�+
 8����� E; ��� �%��& �7��\�+ �.$I ���$�  �D",


 W�#%� ��"I �� �� &"I U;��� �� ���;�@�� �,Y� �"�� �+&
����L �� >��
�+ �.$I �� 8����� � p�� !8
� 

)Raison et al., 1980( . 8�	 �� 8
� ��� vV$�
 u;���A�	W��%� C���V% �� ��D��
�@ Z �� 8
� �;�+

�� ��
N���� )Levit, 1980( .�#��% �&�  �� ���Y�$� 
�D",
 Z 
",
 �� ���D���.D� 8$% � ��:�; A;�S:� �~����	

�� ���P �P&��y@ n*��"�& )Blum and Ebercon, 
1981(.  

E; ��.+��  �& �.$I �� 8����� �]
"	 �& cM�
 8��KL Z��+��P�$�  �& �D",
A�	 u;��� 8
� ��N c� 

)Vasquez-tello, 1990( .��"�D"
 )1972 ( >�� E;
��N��� � |;�
 ��  !���;�@ C��]	 !����$�  �D",
 �&

�%�& W"P�"
�g �� !�����%� �;���D���.D� 8$% ����� !��P 
 ^"� ��]� �& �� �P�� ��]bX ���;���P  ��:�P ���X

&"�% z���� �%&"� .>�� C;�  >�� E; ��"�* �� ����� Z|;�

;�@ ���;��� !��� �&�
 �x !����$� 
x�� �& �D",x �� !���

+��Px
 O�\X �� ��xW"P�" )Sullivan and Ross, 
1979(Z 
x�;" )Martineau et, 1979(Z ��
�����  �
�i"P7%�: �)Chen et al., 1989(Z  W��P)Saadalla 

et al., 1990 ( "i �)Kocheva et al., 2004 ( &�"�
8:�P ���X �&�K�
�.  

 ���
 ����.�+ �)Sing et al., 1992(  �&
 !���;�@ C�� �b��� �$;���N�$�  �� 8����� �� �D",

 W��P k�	"%F A� �& �.$I �&25 Z50  �75  �� �]� ���

8��� �� ��� &�"�
&�& ���X � .���K	 A;���N C;� �& !�+
��]� C�� !��&k�	"%F����%� OL��� � �+ h��D �� !��P

 �� ����I�$� �� ��+�$� . �&25 8��� �� �]� ��� 
�	"%F ���K	 �� ����I h��D �� �H�$�  �D",
 ��;��� �&

 !�]� OL��� ����$�� Z!��P ����%�  �� �19  �	56  �Y�&
&"� ��o��.  


���%���. EG".
� � )Bandraska and 
Skocczek, 1995 ( � �X�
 �& ��� 8�]X"� � ��� C


 �& �� �.$I A�	 ���N��
 �� �$�  �m"� �D",

8�%�&.
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��& ����.�+ � )(Debi et al., 1996)  !���;�@
�$� �MG !��� �� �D",
 C,�	� �,@ �,�
"� ����� W�&�� z"% �

�:�P �#��% � �%&�� C��]	 
".�,P��  �.$I �� O��	 ��
�.;��.D� 8;��+ �� �P�� ���_* &��& �7��\�+ . C;������

O��� A;���N C;� B��+� )1(  �� ����I ��S�� �
���
�$� �& �D",
cX� �
  A�	 u;��� �& ��T �;�\�+ U,�V�

�& �.$I  OL���30 ]� ���O��� Z8��� �� � � �+&
�%�& ��� !���I )2 (���
 �� ��
N ��S�� ��$�  �D",


���P >�� ��;�  �$;�� �,L�� �&)3 (�,L�� C��]	 �� !�
C;��$�� �� ��T ���P ��� ���K	 !�+F�D �� �H�	"% h�

 !���;�@�$�  ��+�$� �D",
��&"� )4(  �7��\�+ C��]	
��KY C;� 	 u;��� �& �%�& &�.,�* �� A�8
� �&"� .  

  
<�� � #���	!  

 �*��� 
�
 �& ����	 C;�88-87  �	�����	 �*�S� �&
8:�P ��"Y ��#%� ��7$%�& !����$� ��.$%�& . �� A;���N

^",� �;�@ �� ��@ 8�,�H
� ��"Y �& �:&�_	 O��� !�+
�� W�#%� ���.	 ��MG .��T W�X�� �� ��	�	 C;� ��  !� �%�&

)Zea mays L.( O7��
 O���  d���704 Z647  �500 
�+�� O��� �.$I A�	 a"b
 � �*�: !�+ ��� �& 

)�.$I A�	 ����( A�	 Z�� O��� �,L�� A�	 � �+&�� 
��� �& �%�& ��� !���I �,L���,Y� !�+ ���:�P ���X. 

 ��S�� �� ^�I �"��N f;��% d�
� �� �F����% &"� B�_�
200 W�P",�� �F����% ��� |\�� �� ���.+ �& vD�I&"� �Z 

�� �& �N W"
 �& � 8��� |X"� �& �N W"
 E; ��OL� 6 -
4 O��� � �P���� B�_� ^�
 ��"Y �� �+& . &"�

 ��S�� �� c+ ��K�:175  �@"
 |\�� �� ���.+ �& W�P",��
��K�:  B�_��� . 8����� c���	 6  |��� ��� �& �	"�

�� W�#%� . O��� �*�: ����+5  U;&� �,Y�: �� uI75 
��� ��%�
 &"� .!��P �%"�% �� �+3  c�% B?L �� u
� uI

�� W�#%� ��� !�M�%� � ����� �� ��� ..  
��
� �	$��  
� �� A�	�O��� �,L �� � �%�& ��� !���I � �+&

 W& ���H
 ��N O��%��@ d�
�)Sing, 1992 (�� 
��*� .
 !����N �	�"Y �& �M�	 A�	 8�	 ��+��P �� ��	�	 C;� ��

&��y@ c~�* �� �%�� �P�� ��$% W& ���H
 �& ���%&�& . ��
��� ��� �D"D�� �&�K�
� �P&��y@ ���]� ��"�* �� �+ . ��

���\* �� !����N ��X� A�	 ����	 Z�7;& ��� �� ��
��+��P �%&"� ���N �& �D"D 8D�L �� W& ���H
 �& . O��%��@

��� ��� �D"D W�7�+ �& ^�I rN ����� �� �&�K�
� �� �+
� ^�I ���"g��*�S Z �\;��	 �� �� C��]	2-  
�.
�@�7�

&"�. ���% ��L �� c+ �+�� ����	 )��\.; ��K+ �+(  !����N
�� .  

 �
 ��	��	
� �����  
 �� ����I ��S�� �
��� C;� �&�$�  �& �D",
30 

 �%�& ��� !���I � �+& O��� OL��� � 8��� �� �]� ���
�� ��� !���I � �+& O��� �,L�� �& � �.$I >�� �� 

����%� S�% �~���P >���� !��P .  
�	$�� ��
�  

 �& �� �#%N ��25  8��� �� �]� ��� ���K	 C;��$��
k�	"%F C���+W��P !  !���;�@ h��D ���$�  u
"	 �D",


���
 )1992 (&"� ��� >��SPZ �
� C;� �� d C;� �&
S�% ����	 �& 8KY C;� 30  8��� �� �]� ���&�"�   ����%�

8:�P ���X !��P. Z�� ��	�	 C;� �� ��� �%��� AV� �� �+
��%�
 E; ��]bX;�� !��� Z�� jH
3/0 �.	 C;� �� W�P-

 �P�� !�+ �
 �b�� rN �� � r�V�%��\	�� �%�� ���� .
�]bX C;� !��L EG"� B��� �& ��� �25 �,��N ���D r

�b�� )�+�� ( �; �25 �,�� 
".�,P C,�	� �,@ 
",�� ���D
6000 ���X �Y�& OMG �%�� �&�& .�%�%" ��� �� �+24 

 !��& �& 8*�
1±10 ;�� jH
 � �%�� �&�& ���X |
�%"�% � ��� �D�I B�� �& &"i"��+ �P�� !�+  ����	 �&

�%�� ���� ."�%�% !�+�+��  ����	 � C,�	� �,@ �� ���

".�,P ��&�#�  ��� ��24  !��& �& 8*�
1±10  rN �&

�b�� )25 �,�����D ( ���X �&�#��%�� �&�& . 8;��+
f�
 8;��+ c����� 8~��X �� u��� C;� �.;��.D� ) 

model:Inolab, WTW�Electrical conductive 
meter( ����%� �"�
��".%� !�M�%� �&�� !��P .B��� ��7%N 

 ��� �� �b�� rN � �%"�% !��L15  ��$: �& ���X& 
PSI15)03/1 ��� (��+ � �%�� ���"	� �;�M% �.;��.D� 8;

�%"�% !��L rN ��� �� �+2 ����%� ���X&�� !��P .
  



56            ;���"%�� ����.�+ �: � �D",
 !�$� �� ����I ��S�� �� �.$I A�	 �m� ��T �;�\�+ �
 �%�& &�.,�*  
  

�� �\
��� ��	�	 C;�� ����I �Y�&:  
) 
"��:1(    100 ×)]C1/C2(- 1)/T1/T2(-1[- 1 = 

 �� ����I �Y�&�$� �D",
  
T  �C  C,�	� �,@ ����	 �.;��.D� 8;��+ ��	�	 ��

� 
".�,P �+��)�b�� rN(  j;"% �;� � �&"�1  �2  ��
 ��	�	�� ����� �;�M% � ��D�� 8;��+ ����� .����%� !���-

& !��P �� ����I �Y��$� O��� OL��� �& � �+&
 
��*� �� j@ S�% A�	 u;��� �& �%�& ��� !���I A�	

�*�S� �&Z �� 8��X� �� ��:�; �]
"	 ��� C;�IN �%��� -
 !�+�+�� �%"�% A�	 � �� j@ � !��&��N E; ��]bX �� �

�� &�I !��� ��%�
 . ��S��3/0 + �� W�P�  rN �� ���
 �
 �b���\	��  !��L B��� �& � ����25 �,�� rN ���D

�%�� �&�& ���X �b�� .�%"�% ��� �� �+24  !��& �& 8*�

1±10  ���X���:�P .H
j  u��� C;� �.;��.D� 8;��+ ��

f�
 8;��+ c����� 8~��X ����%��� !��P . B��� ��7%N
 ��� �� �b�� rN � �%"�% !��L15 ��$: �& ���X& PSI 

15 ���"	� �%"�% !��L rN �;�M% 8;��+ �����%� �+ !��P
�� . �� ����I �Y�& p�� �& ��� ��T 
"��: �� �&�K�
� ��
�$� �� �\
��� �D",
. T  �C  �.;��.D� 8;��+ ��	�	 ��

 j;"% �;� � �&"� 
���� � A�	 ����	1  �2  ��	�	 �� ��
�� ����� �;�M% � ��D�� 8;��+��� .  

��	��= <��  
����%� !��� �� ����I �Y�& !��P�$�  �� �D",


���P >�� �� �&�K�
�; �;�IN �� !��&�� �%"�% ��� C
 OL��� �& ��:�; �]
"	O�����I � �+&�%�& ��� !�  W�#%�

�� .1/0  ���� ��� �
 �b�� rN �& �P�� ��]bX �� W�P
 !��L B��� �& � �%��10  ���D �,��N �b�� r ���:�P ���X

 ��� �� �30 !��& �& ���X& 45 ��%�
 �i�& �&�& ���X &��P
�%�� .��� !�H
 �� �]�  �M%N �.;��.D� 8;��+ ���& C;�
����%��� !��P )C1( �%"�% jH
 >"i rN W��L �� �+

)c°100(  ��� ��10  8;��+ � ���:�P ���X ���X&
�� 8\m p�� ��%��+ S�% �N �.;��.D� )C2 ( �Y�& �

 �� ����I�$� ;�� �D",
C �� �\
��� ��	�	 
)Sing,1992(:  
) 
"��:2(    100×)]C1/C2 (- 1[ =  �� ����I �Y�&

�$� �D",
  

�%�& &�.,�*  
& &�.,�* !��P ����%� !������ �+ �%� Z uI �
 ��

 
&�]� ��L��� !��&�� �%"�% 
"Y� 8;�*� �� ��� u
�3 
 O���� ��7$;���N �� � 8��&�� �� U� ��"Y �� |������

�� . ��L �� � C��]	 �+ �	"� �� OY�L �%�& &�.,�* ��7%N
�� ���� ���.+ �& W�P",�� .  

�;S#	 !��� � �&�& O�,�	 ��S:� W�% �� �+MSTATC 
 �&�K�
��� .C�7%��� ��;���+ ��G �"��N �� �&�K�
� �� �

����& ��\��� 
���L� �b
 �& C.%�& !�05/0  ��"Y
8:�P . ��S:� W�% �� c+ �7��\�+ �;��{ C��]	 !���

SPSS �� �&�K�
� .  
  

>?
 � @�	A"  
 �
 ��	��	
� ��
� B���C �# �����  

 �
��� C;���T �;�\�+ W�X�� !�� ) d��� O7��

704 Z647 � 500 (8:�P W�#%� �  �� ����I �Y�&�$� 

 �D",
30 8��� �� �]� ��� O��� OL��� � !���I � �+&
�� C��]	 �%�& ��� . h��D �� �
��� &�"� W�X�� C��

 �� ����I�$�  �& �D",
30 �K	 8��� �� �]� ���� �
��]� �����8��& &"i� !��& ) 
��i1( . �� ��
N ��S��

�$� �� �D",
�b� &�"� W�X �& �]D30  �& 8��� �� �]� ���
 d��� O7��
 W�X��500 Z647  �704  ��	�	 ��74/34 Z

83/18  �25/26 &"� �Y�& ) 
��i2( . C;� �& C;������
 d��� O7��
 �,L��500 � C;�	�;?@ ��
N  O7��


d��� 704 C;�	 O���� �$� �%&"� ���& �� �D",
.  �&
O��� �,L��C�� S�% �%�& ��� !���I � �+&  W�X��
��]� B��I� 8��& &"i� !��&) 
��i1 .( A�	 �m� �&

�,L�� �& !����N |bX �m� �& ��� &�#;� O��� O7��
 �+&
 d���647  C;��$��)47/57 �Y�& ( d��� O7��
 �500 

)78/44 �Y�&( �� ����I �Y�& C;�����$�  �� �� �D",

 &�& ��$% &"I) 
��i2 (�,L�� �� ���N 8
�� f;��% �� �� 

30 8���% 8���b� 8��� �� �]� ���.  !���I �,L�� �& ���
 �� ����I ��S�� �%�& ����$�  O7��
 W�X�� �D",


 d���500 Z647  �704  ��	�	 ��45/43 Z9/35  �56/36 
&"� �Y�&.  
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 cX� �&�#� �7;& ���\* ��500  C;�	���;�@�%�$� 
 �& �,Y�L f;��% �� �� &"� ���& �� �D",
30  �� �]� ���

�& 8���b� 8���8� � �L ���K	 �w��F W�X�� C�� �H�	"%
 �,L�� �&30 �� ��+�$� 8��� �� �]� ���&"� . C;� �&

 �� ����I ��S�� �,L���$�  �� �D",
83/18  �	75/34 
&"� ��o�� �Y�& .K	 E; �7;& ���\* �� ���92/15 

 �� ����I ��S�� �& !�Y�&�$�  C;� �& W�X�� �D",

8��& &"i� �,L�� .� �D�L �& �& ���K	 C;� ��S�� �

O��� �,L�� !���I � �+& ��	�	 �� Z�%�& ���69/12  �
75/7 &"� �Y�& .���
 ����.�+ �)Sing et al., 1992( 

�� S�%x��& ��Mx���K	 �w���L �� 8F !�+ h��D �� �H�	"%
 !���;�@�$�  �D",
 �&25 �� ��+�$� 8��� �� �]� ���-

&"� .���P C
 A;�S:� �� Z !�$� �� ��
N ��S�� p"�]�
 O�D& p���L� ��Z���; �� A+�� �.$I A�	 �m� �& �D",


A�	 �� ���P !��P"I �N 8
� )Premachandra and 
shimada,1988( . �� ��D��
�@ �� 8
� ��� vV$�

W��%� C���V%�;�+ �� 8
� A�	 �m� �& �b��� !�+
�� ��
N���� .�#��% �&� �D",
 !�$� �� ���Y Z �;����	

 n*�� 
",
 �� �.;��.D� 8$% ��	�	 C;�� � ��:�; A;�S:�
�� ���P �P&��y@&"�)Blum and Ebercon,1981( .

 �& �.$I �� 8����� �]
"	 �& cM� !y	���
� E;
��+��P ZMi�"� �g �& �D",
 !�$� 8��KL c� A�	 �� �

8
� ��N )Vasquez-Tello,1990( .  
 �7��\�+ �;��{ 
��i �� �i"	 ��) 
��i3 ( C��

O��� �,L�� �& A�	 u;��� �& �%�& &�.,�* �Y�& �� �+&
 �� ����I�$�  �7��\�+ �+& O��� �,L�� �& �D",


��]� � �K����&)**42/0- ( ����I �Y�& �� ��� Z&��& &"i�
 ���$� 
x �& �D",30 ��� �� �]� ���x�\�+ 8x �7�

��]�8���% &"i� !��& . �& �%�& &�.,�* �� �D�L �&
 ����I �Y�& �� �%�& ��� !���I �,L�� �& A�	 u;���

 ���$�  � ��� !���I �,L�� �& �D",
30  �� �]� ���
��]� � �K�� �7��\�+ !���& 8���!��& )**61/0- (&"� .

 �� ����I �Y�& C�� C����+�$� C;� �&  �Y�& �� �,L��
 �� ����I�$�  �& �D",
30  S�% 8��� �� �]� ���

��]� � 8\w� �7��\�+��& )**55/0 (8��& &"i�.  

  
  


��i1-  �� ����I �Y�& j%�;��� �;S#	�$� �& �]D�b� &�"� W�X�� �D",
 30 8��� �� �]� ��� O��� OL��� � � �+&
�.$I >�� �� �%�& ��� !���I  

Table 1. Cell membrane damage analysis of variance at 30 days after sowing (DAS) , silking and kernel 
doughing based on drought method 

��]��� C�7%��� Mean square     
308��� �� �]� ���  

30 days after 
sowing  

O����+& 
SILK 

stage 

�%�& ��� !���I 
Grain dough 

stage 
!&��N �i�&  

df �����o	 |��  
Source of 

variation  
*17. 59 6. 74ns 5. 59 ns 3 ���.	  Replication 

**253. 991 *186. 87 *69. 88 2 cX�  Cultivar 
1. 846 18. 67 12. 526 6 �bI  Error 
5. 11 8. 7 9. 16  -  �����o	 �;�{(%)  CV %  

ns Z*  �**  ��	�	 ����� ��]�� ��& ��]��b
 �& ��&  
���L�5 % �1%  
ns, * and **: Non- significant and significant at 5% and 1 % probability levels, respectively. 
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��i2-  �� ����I �Y�& C�7%��� ��;����$�  �D",
 �& W�X��30  � 8��� �� �]� ���OL���  !���I � �+& O���
�%�& ��� �.$I >�� ��  

Table 2. Mean comparison of cultivars cell membrane damage at 30 days after sowing silking and 
grain doughing based on drought method 

 
 �/�# ����� �	
� �
 ��	��(%) Cell membrane damage (%)   

30 8��� �� �]� ���  
30 days after sowing 

�+& O��� 
Silk stage 

�%�& ��� !���I  
Grain doughing stage  

W�X��  
Cultivars 

26. 25 b b46. 73 36. 56 b  704 
c 18. 83 a57. 47 35. 9 b 647 
a 34. 75  b44. 87 43. 45 a 500 

C�7%��� ���$� B��L !���& !�+B��I� ]��� !��& 
���L� �b
 �& C.%�& �"��N ��5 %�%���%.  
Means with the same letters are not significantly different by Dancan,s method at 5% probability level. 

  
  

 �
 ��	��	
� 	��= ��� B���C �# �����  
� f;��% � >�� �� ���N 8
&�;���P O��� �,L�� �& -

%�& ��� !���I � �+&��]� B��I� S�% � C�� �� !��&
 &�& ��$% �]D�b� &�"� W�X��) 
��i4( .� f;��% � ���N 8
&

 �� ����I A;�S:��$�  �� 8\�% A�	 u;��� �& �� �D",

&�& ��$% cX� �
 �+ �& �+�� . ��;��� �� �i"	 ��

C�7%���) 
��i5 (O��� �,L�� �& d��� O7��
 �+&
500 �� �& c+ � A�	 u;��� �& c+ C;���� �+�� u;�

 �� ����I ��S���$� &�& ��$% &"I �� �� �D",
 . f;��%
 �,L�� �& �.$I >�� f;��% �� 8��X C;� �& ���N 8
��

O���c+ !&��L �	 �+& �.$I >�� �& ��;� 8��& �%�"I
S�% d��� O7��
 647 �;?@ ��
N C;�	�$� ��� 8��& �� 

d��� O7��
 500 � d��� O7��
 704  !���&�$� 
�%&"� !�	���;�@ �D",
 . !���I �,L�� �& �;���P >�� �&

Z�%�& ��� d��� O7��
 500  �& � �+�� u;��� �&
 !���& A�	 u;����$� &"� !�	�;?@ ��
N �D",
 .

 �� ����I h��D �� W�X�� C�� ���K	 C�{�&�$�  �& �D",

O��� �,L�� �& ���P u;��� ��� !���I �� 8\�% �+&

�;��% ��$�� �%�& &"� �) 
��i5( .  
��
N �&"� �	�;?@ d��� O7��
500  �,L�� �&

�� �� �%�& ��� !���I �&"� d�&�� � ���P C
 �� ��"	
�� �P�%� ���& �&"� ��	"� n*�� �� �N&�& 8\�% Z&"� .

 �� ����I �Y�& � �%�& &�.,�* C���$�  u;��� �& �D",

O��� �,L�� �& ���P A�	�� �%�& ��� !���I � �+& 

 ��& ��]� � �K�� �7��\�+ ��	�	75/0-  �8/0-  &"i�
8��& .  

".
� � �.
���%��G E)Skocczek, 1995 
Bandurska and(  �X�
 �& ��� 8�]X"� Z��� C
 S�%

 �� ��
N �& �� �.$I A�	 ��� ��$�  �m"� �D",

�&�� >��SP � ���%�& E;&S% � ���P C
 A;�S:� �� �� �%�

�& �%�;�@ OL��� �� ��� Z���P ��� ���$� ��
N 
",
-
�� �+�"I �	�;?@ . �� ����I �Y�& C�� ���K	 p���L�

�$� O��� �,L�� �& �D",
 S�% �%�& ��� !���I � �+&
 ���P C
 C����+ � A�	 ��� �& ���K	 �� ���%8
� . ��

�� �R% !���;�@ �� �
��$� �D",
  ���P A�	 u;��� �&
C�l	��@ S��
 �� �	���L ^"� !�+ �� !S��
"�: c���
 �

c;S%N �,�i � !��,� !�+�$� 8
� u\	�� !��~"���	 
)Redyy et al., 2004 .(�%"P ���K	 c+ ���K	 c+ � !�

 !���;�@ &�"� �& �H�	"%F�$�  A�	 u;��� �& �D",

d��P �& ���P � �.$I�:",* !�+ 8
� ��� >��SP !�

)Jiang and huang, 2001 .(A�	 �� ���% �����o	 
 �& �.$I�$�  ��� >��SP ��T � W"P�"
 �& �D",


 8
�)et al., 2004 Saneoka .( Z&"� �� ���� A�@
 !���& �� ���X���$�  A�	 u;��� �& !���;�@ �D",


 !S��
"�: ��"	 JKL O�D& �� p���L� ����+ �.$I
 ��&�"I�� u;��� C��+ �& S�% !�	p�� &�.,�* �� Z�	p��

����+ .  
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��i3-  �7��\�+ �;��{ C�� �� ����I �Y�&�$� ,
 �D" �.$I A�	 �m� �& �&30 O��� Z8��� �� �]� ��� !���I � �+&

 �%�& &�.,�* �� �.$I >�� �� �%�& ���  
Table 3. Corelation coefficient between cell membrane damage at 30 days afrter sowing, silking 

and grain doughing based on drought method with grain yield under stress conditions 
 
 

�� ����I 
�$�  �,L�� �&

��� !���I  
Cell 

membrane 
damage at 

doughing stage 

�� ����I �$�  �&
O��� �,L���+&  
  

Cell 
membrane 

damage at silking 
stage 

 A�	 �& �%�& &�.,�*
 ��� !���I �,L�� ��  
Grain yield in 

drought stress from 
doughing stage 

 �& �%�& &�.,�*
O��� �,L�� �� A�	�+&  

grain yield in 
drought stress from 

silking stage 

 

      0.01 ns  -  
 �,L�� �� �& �%�& &�.,�*

 ��� !���I  
grain Yield drought 
stress at doughing stage  

    -0.44**  -0.42**  

�� ����I �$�  �,L�� �&
O����+&  

Cell membrane damage 
at silking stage  

  -0.31 ns  0.54** -  0.32 n. s
  

�� ����I �$�  �,L�� �&
 ��� !���I  

Cell membrane damage 
at kernel doughing stage  

0.55**  0.33 ns  -0.61** -0.20 ns 

����I  ���$� 30  �� �]� ���
8���  

Cell membrane damage 
at 30 days after sowing  

  
ns  � ** ��	�	 ����� ��]���]� B��I� � ��& 
���L� �b
 �& ��&5 % �1%  

ns and**: Non- significant and significant at 1% probability level, respectively. 
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��i4-  �� ����I �Y�& j%�;��� �;S#	 f;��%�$� O��� �,L�� �& W�X�� �D",
���P A�	 u;��� �& W�X�� ��� !���I � �+&  
Table 4. Analysis of variance of Cell membrane damage for cultivars at silking and kernel 

doughing under high temperature condition  
 

      
��]��� C�7%��� (Mean square)  

 �,L��O����+&  
Silk stage 

�%�& ��� !���I �,L�� 
Grain dough stage 

!&��N �i�& 
df 

����o	 |����  Source of variation  
ns 10.75 ns2.76 3 ���.	  Replication 

**4278.88 **87.309 1 A�	 a"b
  Stress levels 
12.65 2.14 3  !�bIa  Error a 

**846.19 0.777ns 2 W�X��  cultivars
**422.06 **8.301 2 cX�×A�	 a"b
 Cultivars×stress   

26.814 0.878 12  !�bIb  Error b  
15.37 7.27  �����o	 �;�{(%)  CV% 

ns  � ** ��	�	 ����� ��]� ��&��]� B��I� � 
���L� �b
 �& ��&5 % �1%  
ns and**: Non- significant and significant at 1% probability level, respectively. 

  
  
  

 
��i5- W�X�� �D",
 !�$� �� ����I �Y�& C�7%��� ��T )d��� O7��
500 Z647  �704(  �&�& ��O��� �,L � �+& �,L��
�%�& ��� !���I ���P >�� ���; .  

Table 5. Mean 'of cell membrane damage for cultivars ( S. C. 500,647 and 704) at silk and kernel 
dough stages based on high temperature method.  

 
C�7%��� Mean  

O��� �,L���+&  
Silk satge 

�%�& ��� !���I �,L�� 
Kernel dough stage 

W�X��           ����	  
bc 23.66 c9.95 704   

bc 20.8  c9.2 647  �+��  
c 16.54 b12.5 500 Control 
a 54.43 b12.67 704   

59.56 a b12.50 647 A�	  
b 27.11 a14.2 500 Stress 

C�7%�����]� B��I� ���$� B��L !���& !�+ !��& 
���L� �b
 �& C.%�& �"��N ��5 % &���%.  
Means with the same letters are not significantly different by Dancan,s method at 5% Probability level. 
 
 
 
 
 
 
 
 
 
 



��� ������	 /
�� 
�
 / �����
��  /������ 1390�                                 61  
  


��i6-  !���;�@ �7��\�+ �;��{�$� �%�& &�.,�* �� �;���P >�� �� �D",
  
Table 6. Correlation coefficient between cell membrane damage based on high temperature method with 

kernel yield 
 

 �� ����I �Y�&�$� �;���P >�� �D",

O��� �,L���+&  

Cell membrane damage based 
on high temperature method at silk 

stage  

�� ����I �Y�&�$��D",
 >��  
 !���I �,L�� �& �;���P�%�& ���  

Cell membrane damage based on high 
temperature method at kernel dough stage  

 

**0.75 - **0.80-  �%�& &�.,�*  
Grain yield 

 **��]� 
���L� �b
 �& ��&1%                                                                             ** Significant at 1 % probability level.  

�,L�� �� ��� 
��*� �.$I A�	 �& O����+& 
 �%�& &�.,�* C;���� cX� �� ["���704  �	�"Y �& �&"�

 �� ����I C;��$�� �,L�� C;� �& ���$�  ["��� �D",

 cX� ��647 &"� . �,L�� �� ��� 
��*� �.$I A�	 �&

 �� ����I �Y�& C;��$�� S�% �%�& ��� !���I�$� 
�D",
  cX� �&500 ��]� B��I� �� �� ��+�$�!��&  ��

&�.,�* h��D �� �D� 8��& �7;& cX� �& �%�&  ��]� ���K	
 cX� �� !��&704 8���% .�,��"g �� �
��� C;� �& 

 �� ����I A;�S:��$� &�.,�* ��S�� A+�� n*�� �D",
 
�%�& �� .
�L C�* �& Z W�* A+�� ��S\� C�� �
��	

 &�.,�* �%�& �Y�& � �� ����I�$�  �& B��I� O�D& ��
�7;& E;F"D";S�: ��KY  �%�& &�.,�* �& �m"�8
� .  

�� A;���N C;� f;��% �\g �� 8KP ��"	 !���;�@�$� 
 �& �D",
30     ��x� !�x��I �x,L�� � 8x��� �� �]� ��� 

�%�& Z��   A�x	 �x� ��T ���P 8����� �� �\
��� ���]� �%�"	
�;��% c+��: �.$I . �x�D�� C����+    �x� ���x�I ��Sx�� h

       �x]D�b� &�"x� W�xX�� C�x� �;�x��P >�� �& �D",x
 !�$�
��]� ���K	 &�.,�* �� 8KY C;� ��S�� � �� ��+�$� !��&

��]� �K�� �7��\�+ �%�&&�& ��$% !��& .  �"x��N C;������
����%� !���;�@ !��P�$� �D",
    �x�%��+ Sx�% ��T ��x�P �& 

 Z ��x� �]D�b� ��+��P �w��  ;�x
 >�� Ex;   
�x��� !��x� |
8
� �.$I �� O���� k�	"%F   ��x.�� �� � c� !�':�& ��

!��P ����%� O��X �b��� u;��� ��X& 
���� 8
�.  

  
 
��i7- �%�& &�.,�* j%�;��� �;S#	 f;��%  

Table 7. Analysis of variance for grain yield 
��]��� C�7%��� (Mean square)     

�%�& &�.,�* 
Kernel yield 

�i�&!&��N 
df 

�����o	 |����  Source of variation  

96751.4 3 ���.	 Replication 
67820857.4 ** 2 A�	 a"b
  Stress levels 

68805.2 6 !�bIa Error a 
996565.3 ** 2 cX� Cultivars 
2668464 ** 4 cX�×A�	 a"b
  Cultivars×Stress   

92521 12 !�bIb Error b  
4.19  ����o	 �;�{�)�Y�&( CV % 

 **�b
 �& ��& ��]� 
���L� 1%                                                 **: Significant at 1% probability level.  
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 �%�& &�.,�*  
  

 
��i8- � ��;��� � A�	 a"b
 O����� �m� C�7%��cX� �%�& &�.,�* h��D �� . 
Table 8. Mean comparisons atr stress levels and cultivares interaction foor grain yield  

C�7%�����]� B��I� ���$� B��L !���& !�+ !��&L� �b
 �& C.%�& �"��N �� 
���5 % &���%.  
Means with the same letters are not significantly different by Dancan,s method at 5% erobability level. 
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Abstract 
Biological membranes are the first target of abiotic stresses, thus maintenance of their integrity and 

structure plays a crucial role in drought tolerance of the plants. An experiment was conducted to the 
split plots based on randomized complete block design with four replications at Zanjan Agricultural 
College in 2009. The experiment intended to evaluate the cell membrane damages percentage in three 
maize ( Zea mays L.) cultivars based on drought and high temperature methods and determine their 
relationships to kernel yield. The levels of irrigations (control, drought stress imposed from silk stage 
and drought stress imposed from dough stage) were set in main plots, and cultivars (SC704, 647 and 
500) were set in subplots. The results of this experiment showed significant difference among cultivars 
cell membrane damage of at all measurement stages (30 days after sowing, silk and kernel dough). 
The most genotypic differences; however, by considering the cell membrane damage occurred among 
cultivars after 30 days of sowing. SC500 showed the most unstable cell membrane during kernel 
dough stage and 30 days after sowing, but SC647 had the most unstable cell membrane in silk stage. 
The maximum negative correlation was shown between kernel yield and cell membrane damage in all 
cultivars 30 days after sowing. By considering the cell membrane damage in high temperature method, 
SC704 and SC500 showed to be the most unstable in silk and dough stages, respectively. Thus, it 
seems that genotypes screening based on cell membrane damage provides an appropriate criterion for 
drought stress tolerance.  
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