
����� ��� 	 
� ��
�
�� ���� ��	� ��� ����� �� ������� �  !"�) $��%&� !( 

�()� *)�)�+ �,� -. /0� 	  ��12� 	 3�� �� �����45� -� 6�7�5� 1 �.���3�� 8�9��:.��  

1;��< 63=� 
*
 ��5���> ��7< �  

� .����� 	
��
�� ����
�� ����
�� �
� ���� ��� �
��
 !�  

" .���� #!
$��
� %�
! ��&�
�� 
�� ����
�� ����
�� �
� ���� ��� ����� 	
��  

)()
��� *��
+ :-///�01�2 3��4+ *��
+  :1/-/�01"(  

�3�?@ 


6�7��#8

��9   ��:8�  �� �
) ;��<�=:
> ?�@ 3A
B �� �C)�
4+ DE6
� #:8�  !��� ��F$6#G�
B �H�  
I�6 �����J 

 K+ � ��� �� �L��M��7;����J
7 N� �
I 
7 # M��O���� ��C 9�O
I
 �
&
� P
�

 � O�Q�)�� �� .�� �
) 
I�	�
R !�  	�� 

6 G�
B =6
������JST! �� �� �L��M��7 :�6 U�6��9 G�
B =6
� 8!G�
B O��� �I
� � :N� �$+ �  �7# �� �
VW 

ST!:��� =6
�  
I��7 ��
 � "�  /�  X � Y��� :���  .�J)� 
���N� �$+  �7#:�
6 ����Q� ���I ���
� Z�� #�� � �8� 

�I
� ()
� A
[) � �(J
7 �N 
I��L
+
� � M���>�! ��� ��
+�QM����!7 � �ZM���> ����� �� �8� �� � ��� . �� �I ��


>�8���Q� ��
6 ���I ���
� Z�� #�� � �8�� A
[) �(J
7 �N 
I��L
+
� � M���>�! ��� ��
+�QM����!7 � �ZM���> ���� 

��8�+ �� �
I�
Q����� �+ 8� (\M
 G�
B �
I�
Q�G�
B O��� :��� �� �I �� �] � �$+ O���  
� �$+N� �7#:� �� ����  .

+ ���
I�
Q�W�
B #�J)� 
� ��N� �$+  �7#$�� �<�� �!�J�O�� �8�)  
+=VW�<��  ( �I
��()
. 

��+A�	3��. :J
7�N 
I� 
7 # M���:O��� ��C:;
\��6  6 G�
B�����JN� :�L��M��7  �7#.  

  

��3
�*  

�$+ ^��
� _�[6 �� 	�
� ;���`�6 #6 ���B 
I  a�Q6 8� �
��9


b (!�(�A
[) =<  
� ��� �
I=6���#[�\@ c��
�  �$

6 

#��� `�� :CL
� ;���b  ��
 ;�� ::(����d6  8�eK+ �
I ��: � 

	��f .
&
7 �� �$+ ����� �� O
I
�9 NM�

�6 8�  ���d6 
I

#6  :�����
�g
T[
�   ��e>
+ �$�
� ]���� ���K+ 
� �� ��� �$
�� � 

�$I� h
\T
� #T�d6 .#9i�� �� Q[6 �
I ���J)� O
I
�9 j�

8
�9 ()
� �� Oi�M�� j
[) �
I 8`��6 �
�$I 
I  �$+ 
� O��

(!�c �$W�I  8
�9 �$���) #@ Oi�M�� �
I  #[�\@ �
I

(��!  � j��! �
! #6 ��A�+ J�
 
I �
��)  Alscher et al, 1997.( 

�$��� �L
� �k�
� O
I
�9 �� Oi�M�� #
����) � #��A��
 6 �
I  

 �6 :(!E>�������$��:#M���> �   ��� O
�6 8� �� 
I  �� #$f �
I

Oi�M�� �
Ij
[) :Oi�M�� =6
�  ��M���>�! � ��R$6 �
I: 

#6 =��\+ �$� )Asada, 1994; Bennoun, 1994 ( . �$+

�) ��+7��M����$��j� $�  (!� 	��8� 8
�9 j�
[+   j
[) �
I

# 
7 ;
\���+ � Oi�M��  l��6 �� 	
�9 (��
�! #
���M��

#6 �$� .# 
7 ^
)� N M�! :�$+ O��� ]���� ��  	
�9 #
���M��

#m$� �n
 Oi�M�� O��� 8�
 � j
[) �
I  ST! �� O7 a ���

;�
M� a��
> #����� #6 NI��)  �$� .�$+  � #[�\@ �
I

(!� 
!�Oi�M�� ��A�+ ���J)� 3`�6 ���   � #Q! �
I

                                                                                             
*j�oM6 	�$M��
  :Mehdizarei@shirazu.ac.ir  

#6 O7 ;
n �6 ���.# 
7 ^
)� (�)�p :*!
> ��  9 #
���M�� 	
�

#6 ���> ���J)� �$�c  ]!� 6 �b �� *!
> ����6 � ��� �� 
6� 

(!�.O
�6 #���  
IJ�
  �� �����3�!7   (p
Rb ��+���M�� �
I

 �
��� #Q�)Asada and Takahashi, 1987.(j
�����   �
I


�b� 
� ��M���>�!�j���6  �$+ �H� �� Oi�M�� �
I  �
I

#6 ��A�+ 	
�9 �� q� �6 8� � �
�� (��!8�  ��!�CN�J
7   �
I

 8� �
+�QM�� ��M���>�!Ok����I ��M���>#6 =��\+  �
�� .

Ok����I ��M���>� 	����A�+ 8 ��!�C�L
+
�   ;
����!7 �

 #6 �
V6 ����M���>  ���)Ajay et al, 2002.(  

N� �$+  #�7 #���$+ ��  O���� ���� #T�d6 �
I(!� 

Z�� 8� #A
! !� 	��J)� O7 ;�� �� ���� �
I(. Alcamo et 

al) 2000 ( �
��!� 8&� 
 a�� 8� (\M
 U
!� �� 8�

#
��d� O�� :8� #!� !� O�J�6 8� (����� O�J�6 #$[�  :r7

 �� � ��� #
��d� (\M
 O����s/t �I��� (��� j
! �� � utuv 

�$+ �
W� �
I���� 	��9 ��   N� ()�9 �I��� ���B ���� #�7 .

Smakthin et al )2004(: �$+ 8� N� 8� �� #�7 �
R !� ;��<� 

��e>���&+ r7 w�
$6 �� O
M
� : �
I�
�
 �M� �� �[�

(M�� r7 w�
$6 =� �� #T�d6:#6 q��[+   �� O���� :�$$�

����� 
� �$+ N� #6 #)�[6 �
�� #�7 �$$� . j
! �� O���� ��

xysz ���b �� ;
\��6 (�� ��� ST! uzt ��� �
 �I ��JI 

\+� �� 8�C���B #

V` N �I (���  . :O
9J6�I :U�
) :O���
�
6

()��`:{�$V� �   ��
! 8� (\M
%@
$6 ��� ST! |
dA �� O���� 



� �   ��� 	 
� ��
�
�� ��������� ��	� ��� ����� �� ������� �  !"� 

��A�+ O�J�6 � (��:8�  3�+�+: �� ��� �
� 6� � (�QI� �
��� 

)Jihouni et al, 2012.(���� ]���� �� ��A�+ � (�� ����+  

N� �$+ � #�78 }�� ���9�
� a��
 �
I: �� 	�
R !� 8�Q` �� 

�# M�� �
I��: #6 ����~ ��
Q
. 

�L��M��7 J�����68� :��� �# M�� (!�  : ��

N M�!  }��� #f
� � #���� �
I �
IZ�k�A��� � ��
4 B�  

O����) ���� .G�
B  J�����6 �
I ��� 
� �L��M��7CO
I
�9 �m�� : 

8� ��4�;
\��6 :NI  #6 �
&�� # M�� + � �$$����H� 	�� M9 

J�6 O
I
�9 ��� ���
��� O
� .O7 (�A
[) ���J)� 
� �
��
B 
I  

# 
7 O���M�� #Q�J
7 ��f � #Q�J
7 �
I  �$+ r��T6

 ;��H� 

N� #�7��  =��[+ O
I
�9 ��  �$$�)Auge, 2001; Wu et al, 

2007.(G�
B 
� ;
\��6 O
I
�9   �L��M��7 J�����6 �
I

NI #6 ���B�� # M�� �$$� .Zanganeh et al) 2002 (nd+ �� #n�

8! � (M�� �R!�J�� �� �� �L��M��7 J�����6 G�
B 8
�9 

 #�
!
$� O���� ;
\��6�
���.  ��� �L��M��7 J�����6 G�
B

j
V
�� 8! P
�

 �
I N� �$+ � 3!
$6 r7 ]���� �� �� ���  #�7

(!� 	��� ���J)� G�
B O��� O
I
�9 8� (\M
) Wu et al, 

2005 .(Wu et al )2007 (H�+ #!��� ��8
�9 �� G�
B �
I 

 U�6��9O�J�6 ��=b =�
B a�o+��> � (�A
[) N�J
7  �
I:�L
+
�  

��M���>�! �
+�QM��:� �
9 
j��  �� ����M���>j
V
�� ���  �
I 

 #�
�

N� �$+ ]���� ��  �� 8� �
��� O
�
 #�7 ���

��j
V
 #�
�

 �
I S�n�+ 
� 	��G�
B  �
I  8!�6 U�6��9� 

 ��R�!�� U�6��9 ��� �$+ ]���N�  #�7$[6 ���J)�
  ����

]n) �L
+
� (�A
[) �� 	�I
�6 #6 ��� . (F�f a�� ���

o+��>� �� =b =�
B a ���j
V
 S�n�+ �
I 
� 	��G�
B   U�6��9

8!�6 : ��M���>�! (�A
[) a�� ��� �
+�QM����   ���

��j
V
 �
IS�n�+  
� 	��  G�
B��

)
�� U�6��9 : a�� ��� � 

�
9 (�A
[)
j��  ����M���>�� ��� ��j
V
  �
IS�n�+ G�
B 
� 	�� 

��R�!�� U�6��9� 8 �67 (!� . �� l��6 %�nd+ a�� ��

N�J
7 (�A
[) # 
7 �
I 
���M���� #  ���O
I
�9 J�����6� 

 �+L
�� (!�3�!7   #A��! �
I	J�$�� 
� 8��� O��  
I �I
�

#6 ��
�.  Haghighatnia et al)2011 (O
�
 �
��� ��#$  ��
!

�
> �J�����6C:
�
��6
�A� ;
\��6  �8 	i�� 
� 	
�9 S�n�+ 
�9C 

JM������ $�� U�6��9: �8 T!�� C+���H (\m6 �� �
I� 6��
> 

f �<
$� re` :Z�k�A�)��6e #��)�RM) :N�!
 >:N�M�� ( :

=�)���� ���n6:��� r7 #\M
 (��@� �  �� ]���� N� �$+ #�7 

3\! ?E<� (6�
n6 8� �$+ N� �� #�7 	
�9#6  ���.  8� 8`�+ 
�

G�
B (�QI�  8� (6�
n6 ���J)� �� �L��M��7 J�����6 �
I

G�
B a�� �n
 
� �
\+�� �� 8�$�� � ;
\��6 #���  (�A
[) �� 
I

N�J
7 # 
7 �
I �
> O
I
�9 O���M��C���� #6�� ;
\��6 : 

8� ��4�8���  
I: g�I 
� 8[A
T6 a�� :(���
 ��`� #+
�E@� 

!���G�
B �H� # 8!�6 U�6��9 �� �
> �� #��� 8� (6�
n6C 

N�J
7 (�A
[) � 	
�9 ��� �� ��H�+ %��@ �� #6�� ;
\��6  �
I

# 
7 �� �
&
� 8��� O���M��.  

	 ��)� D	� �7  

	��6 
I �
+ ���� P
�

 ��6 � O
 M&
�

�����  J��6 �� O�Q�)�� � 

;
n�nd+����
��  8�V+ r����  ��.	��6  	�
+ �
I r7 
� 8 M� 

j��d6 
� ������ �� ��� ���� ���I ( N��! v  ;�6 8� �<��

xv� #
�R� �~ 8n�B�   Z�� �� .:��!�e�  O7 �
I  O���� 
I

	���7�� �  =�A� �� �t �<�� 8� ;�6 v8@�f 8n�B�  �~ � �� 

 �Tn6 r7 
� 8\+�6 a��$W ��! � #dT! #
�R��� 8 M� 

)Wu et al, 2007.( O���9  !E> �
I (\M
 
� �� M� ��
b #��

 #Q&bx:x:x�� O�� ! ����6  	�� )�E��+�	�� (�
� ����  

!
6C�
� � ��
�   	�
67�� .�
I�e� �� ��� 8!Z��   	�� ��

 8 �
� O���9 �I�� .O���9 � 
I8 8� � ��
��7 8
���� ��@  ;�6 

	
6 8! 8�
  ������
� . 	��� a�� O
�
> ��j
V
��  � O
M�� �
I

NI ���
��� 8 (!� #�<� (�� 8� 	�67  =n $6 ��.  

 ���n6 8� �
�#�<� (�� �
�
 ���6#dT! %)� ��  ) �R<

 
+ut# 

!  �� 6 ( ��! ��	���
�� #Q�� �

 
� Cambisols 

Calcic )8n\@ N M�! �� ��
) ��$� (�mixed, mesic, 

calcixerollic, Xerochrept Fine,) 8n\@ �� #�
���6� ��$� (

 (����� ! � O���� .}�� U
!� �� �
�  8�J&+ ����

 !� �
I

����9 . j��` �� �
� #�
�Q�� � #����) ;
4��6x #6 ��7 .

N� �
I�
Q�+ j
Q�� ���� O���9 :#�7  �� d6 �
Iv ��9���� 

O7 (��@� ���n6 � r
� 
� �
� #���� (�)�p �b 8� 
I : 8�

dR< 
� DE\B N��� #9��6i> � #���� (�)�p ���
n6C�
�)  �

	���
� ��� 	�� ���9:   	�

!� �� . (�
! �� 8
���� ��!

	���
� r�@�6 �
� =� O�� #4��6  O
6� 
+ � ����9 ���9

Tn
 8� O��!�C N��� #9��6i> ) ���bxv���  (O7 O��� O��  
I

()
� 86��� . j�6�) �� 	�
R !� 
� ��� �I �� (��@� �I
� ���n6

� ���8  �67 (!�)Sepaskhah and Yarami, 2009:(  

specific dayƟ  � FCƟ 
pwpƟ – FCƟ   

� ���
n6 �� 	�
R !� 
� # ��@� #$d$6 ��!8 (!� �67� 

 #@ (��@�xv ����Q
 a�� �� 	�
R !� 
� � ����9 N!� ��� 

��� �
��7 �
I  �u�  ��  � � s l��6 ��� ��. ��� �I �� 

O�� 
� ��
��7 O���#6 8��J6 (�)�p �b 8� �
� (��@�   ��!�

)Sepaskhah and Yarami, 2009(. 8� ��
6�7  =��� �
) ;��<

�
> ?�@ 3A
B ��C#)�
4+ DE6
� :�� ����+ 8! 
� ]���� 8

��9 : 



  �5���> 	 E;��< :3�� �� E�� -. /0� 	 �()� *)�)�+ �,�...  � G 

 �
&
��� .�� �
) 	�
R !� �
I 	����
6�7 ��   =6
� G�
B

J�����6 ST! �� �� �L��M��7: =6
�  8!�6 U�6��9� �I
� :

 �$+N� #�7  ���
VWST! :=6
�  ��� 
I�
��7 �  �u�  ��  � � 

s��� : � �
> ��CP
�

  O�Q�)�� ����   .O���9  ��I� O��� �
I

=�A� 
� � r
� 
�: #dT! O�� ! �� �
&
� .8�O���9 �I  v 

 ��9�����
� 	��J)� ����9 .�
� O�6�7 U
!� ��: ���6 �<
$� 

�� 8)
~� �
� 8� �
�
. �� j
V
�� ���  
I8�O���9 �I   j
n 
�

()
�. 
6�C � 8�V+ ����� 	
��
�� �
� ���� ��� �� G�
B S�n�+ 

8�  ����9 ��m�+ 8�+ }��. J�����6 G�
B S�n�+ ����  �L��M��7 

 ���n6�t ��9 �
6CS�n�+ G�
B 8!�6 U�6��9 ���!� =6
� ) xt 

� M� ��9 �I �� ���!�(� ;
[TB � q�I 	J�$��   	��)st (% �

	J�$�� ��
�8���  � � M� � �� �v
! # 
 O���9 �
� �� 6 � 

��� �
$�Cj
V
��  
I�� 	��� ���B  .8�  (�[Q` �Rb ��F$6

#�����6:O
M�� � J�����6 G�
B �� ��f  O���9 O�� O�� :
I 

 ���n6�t��9   � M� ��O���9 �I
� �
IS�n�+  G�
B 
� 	��
: 8� 

�b�6 ��C8�+ (��  8�
  �
��� 	�� ����: �
I�
Q�+ 8� O��� 

G�
B � (�� �� 8)
~� #�<����9.  (�e9 �� �[�Z��� 	
6  

(��#�<�  )G�
B S�n�+ 
I(�
I�
Q�+ N� �$+   j
Q�� #�7 ����9

)Haghighatnia et al, 2011.( (�e9 �� �[� ��(�� �� 	
6  

#�<�: ()�9 ;��< O
I
�9 (����� .8��� �� ����n6  
I)v/t 

��9 (8
�Q
 	���
� ���� � ������ O��!�J�$�� �<�� ���9 8��� 

����A
6�) j��d6 �� 2Z� !� ��!�   2=�A� 8�
  ����9 ����)Wu 

et al, 2007(.�
�  8� 8��� �J�67  }��  Kormanik and 

McGraw)1982 (��
&
��  8� �   �<�� w@
n 6 ��T� }��

����9 a��[+ 8��� O��!�J�$��  .���
� 	
�9 �
I: ���
� =6
� 

8��� � #���I: �Tn6 r7 
� �� 8 M� �  O�7 ��
� �
6� �t 

�� `C# 

!  ���9:O7 Z�� O�� 8� #

6� 
+  ��� (�
H 
I: ���B 

()�9 .��!O�� Z�� 8��� � #���I ���
�  8\!
d6 ����9 .

 ���n6v/t ��9 8
�Q
 ��  �
I���C�
Q�+ �I 	���
� (V`  ���9 


[)AN�J
7 (� �L
+
� �
I�  �
+�QM�� ��M���>�!  Z�����!7 �

 ����M���>
�Q
8  �������� .8
�Q
  w�
6 Ok�� �
 �� 8��� �
I

 �
6� �� � �� 	��� ���B #6��$�QA7 =��) �� � �Q&$6ut� 

`��C# 

!  8�
 ���9 ����9 ���� .	���
� (V`  (�A
[) ���9

N�J
7 8
�Q
 �� �� :
I �� 8��� �
I  ZQ� 
� w�
6 Ok�� �
 ���b

 r
�!7 DE6
� #$�W O�
I��. ��! u#��6  
� � �A {��� !� �)

#$�W O�
I =��� � 8)
~� O7 8� O���A���> =�$�� #�> ����� 

�� 	J�
k�QI DE6
� .A�A �� =<
b ����6C ;�6 8� g���$>� xv 

 �
6� �� 8n�B��`�� C# 

!  k��R�� 

! ���9��  O7 �� �> � 

N�J
7 (�A
[) a��[+ (V` #�L
� �
)  ��` 
I ����9 . ����

	���
� J
7 (�A
[) ���9 }�� �� ����M���> Z�����!7 N�

Nakano and Asada )1981( }�� �� �L
+
� N�J
7 :Dhindsa et 

al (1981)  : }�� �� �
+�QM�� ��M���>�! N�J
7 �Beauchamp 

and Fridovich )1971 (�	�
R !� �� O7 (�A
[) �b��   8� 
I

 ;��<1
�U g�
+ O�� �8���  +����9 a��[ (Wu et al, 2006) .

�J&+CM�
n6 � ��
67 C	��� a��

�6   O�6�7 
� 
ILSD ZQ� 
� 

��
  ��
67 ��J)�SAS�
&
�  � 
� 
I����Q
 Excel����9 N!� .  
  

 H	3I .1+J�	  ���K�(� ��� 1������ 	 1?�4�L 6�7  �3�M�
�� ��  

 �
� ;
�<�4�)�b��(  �
� ;
�<�4�)�b��(  

10/�  �
6� #A7 )�<��(   #!� ��A

#$�  
()
�  

"/  )�p #
��+
� j�
\+ (�)cmol+ kg
-1(  �/"0   8��J6 (�)�p (��@�(%)  

1  #� �� j��d6 �RM)  N��! ;
$���)mg kg
-1(  Y0/1  Tn
 (��@� C N��� #9��6i> (%)  

-�/�  �� 
� {��� !� =�
B �6.#+.#>. �)mg kg
-1(  1X/�  � }
I  

XX/"  �� 
� {��� !� =�
B aI7. #+. #>. �)mg kg
-1(  00/�  (���I (���
B #��� �A� )dS m

-1(  

0�//  �� 
� {��� !� =�
B �$�$6. #+. #>. �)mg kg
-1(  1�/�  �� 
� {��� !� =�
B ���. #+. #>.  �)mg kg

-1(  

  

��L�� �7 	 �N�  

�J&+ j��` U
!� ��C �

���� ) j��`u (N� �$+ �H� #�7�  

8��� O��!�J�$�� �� 8�
> � G�
B� �
6 ����Q� � ���
� Z�� 

�� � #���IN�J
7 (�A
[) � 8� �L
+
� �
I�  ��M���>�! 

 $[6 8��� ����M���> Z�����!7 � �
+�QM��
 (!� ��� . a�$�QI

N� �$+ �$�QI��  (�A
[) � 8��� O��!�J�$�� �� G�
B � #�7

N� �$+ �$�QI�� � �L
+
� N�J
7 �
6 ����Q� �� 8�
> � #�7� 

�QM�� ��M���>�! N�J
7 (�A
[) � #���I ���
� Z�� � �
+

$[6 8��� O��!�J�$�� �� G�
B � 8�
> �$�QI��
  ���(!� .

��I S�n�+ �
I�
Q�+ �� #W�
B ���
� 8
�9  J�����6 G�
B 
� 	��


 	�I
�6��
.S�n�+ �
I�
Q�+ �� #A�   G�
B 	��8!�6 U�6��9  

���C8� �� O
I
�9   	J�$�� #������ .ST! ���J)� 
�  �$+ �
I

N� > 8��� O��!�J�$�� #�7�
C� O�Q�)�� 8 $[6 ��@
 �I
� ����

()
� .�
> �� 8��� O��!�J�$��C��� �� P
�

  ��
��7 �
Iu�  � 



� O   ��� 	 
� ��
�
�� ��������� ��	� ��� ����� �� ������� �  !"� 

���
� Z�  $[6 gE �� ����
(���
 ���c ��
��7 �
I��� �� #A� 

� � sZ� 
� ���  $[6 gE �� ���� ST! �� 
� � ����
 (��� ��� .

M�
n6 ��C#6 l��6 8�
> ��   8��� O��!�J�$�� ��� ��

S�n�+ �
I�
Q�+ �
> �� G�
B 
� 	��C �� O�Q�)�� CQIST!   �
I

N� �$+ j
Q�� #�7 ��� O��!�J�$�� �� � ��� 	��C�
> C P
�

 

 (!�)=��xqA� .( Wu and Zia )2006 (9 �
��� }��J

��� O��!�J�$�� �<�� a��+L
�C G�
B 
� ����
� �� ;
\��6 

+ ��H�+ (d+ 	
�9 8� ��� #

6� J�����6N� �$ ��\
 #�7 . O

7 8�

8� �
��!� 8&� 
 a��N� �$+  ��� O��!�J�$�� �<�� #�7C 

#6 �I
� �� ;
\��6 �I� . � (�Q� :�
� (��@� �I
� 
�

8��� ;
d��+ (�R�� #6 ���K+ �� + ���!� }�$+ �� 8� �$�� ��H

#6 ���e9 .� a�$�QI (��@� �I
�8  }�$+ �� N�n M6 ��@

#6 ��H�+ ���!�  ���e9)Smith and Read, 2008.( Wu et al 

)2005 (� P
�

 	
�9 �� 8��� O��!�J�$�� �<�� 8� �$ )
��

8! 8�
6 ��� #
�  G�
B 
� 	�� ��R�!�� U�6��9 �$+ ]���� ��

N� 8� #�7 $[6 ��@
  �I
� ����#6 ��
���I �   #W�
B ���
� 8
�9

 �I
� O
I
�9 ��#Q
 	��� ��� .�� ���J)� 
� :8�
> �� �I �� ;

N� �$+ #�7:�
6 ����Q� � �� �I �� 8��� � #���I ���
� Z�� 

��� ���> �I
� G�
B O��� � G�
B ����� �
Q�+ . �
I�
Q�+ ��

S�n�+ 
� 	��8!�6 U�6��9  �
6 ����Q�� � #���I ���
� Z�� 

S�n�+ �
I�
Q�+ 8� (\M
 8���  ��� � ��� 	���QI 	��
)=�� x 

r .(N� �$+ O
6� �� #�7:I
� 
�  #A��! N�Mn+ (��! � �

��� ST! � ���[+ �I
�:#6 �I
� 	
�9 ��� (��!  ��
� � 

O�6��I S��+ 
� =Q� a�� 6 �
I�O�6��I � }J�� �� �H  �
I

6�#6 ;��< #A��! N�Mn+ �I
� �� �H ���9.G�
B   �
I

8�eK+ (�[~� ��\V� 
� �L��M��7 J�����6 #�7 ]���� � ���  


�6��I ;
\���+ ST! �� ���K+ 	
�9 #)Yao et al, 2005( 

��� N&b � ;
�
[�
�C#6 ���K+ �� 	
�9   ���J)� ��
� � �I�

�
6 ����Q��#6 8��� Z��   ���)Lopez-Bucio et al, 

2003.(  

  
 P?� .���
� 9 Q��R �,� S�T5��� � �()� *)�)�+ �8�� �)�(�4�0�. �)UV�(	 ��� ��?��; W 1��)7 X�35� Y8� )
 (��� ��?��; 	W8�  �8�� Y)Z (��> 	�9 

-. /0� [���� �� \5��5 	 �)��L�� 1�� 



  �5���> 	 E;��< :3�� �� E�� -. /0� 	 �()� *)�)�+ �,�...  � ] 

  

 ;�� ���J)� 
� �J�����6 ��f � �J�����6 �
I�
Q�+ ��  

N� �$+ N�J
7 (�A
[) :#�7 �L
+
� �
I�  � �
+�QM�� ��M���>�! 

��� �� ����M���> Z�����!7C �� 8� ()
� ���J)� 8�
> �� �I 

CQIST!  N� �$+ �
I #�7 
7 (�A
[)N�J  ����� �
I�
Q�+ �� 
I

��� G�
B O��� �
I�
Q�+ �� � ��� G�
B . O��� �
I�
Q�+ ��

8�
> G�
B 
� S�n�+ ��� a�� P
�

 � O�Q�)�� �
I �
��7 �
I  �u:  

� � �$[6 gE �� ��� 
 (���
 ��`� �L
+
� N�J
7 (�A
[) �� ���c 

#+��<�� ��� �
Q�+ a�� 8� �
��7   �s��� �
I�
Q�+ � ���   �
I

�
��7  �u � �$[6 gE �� ��� 
  (��� ��`� ���) =��uqA� .(  

N�J
7 (�A
[) a�� ��� :8�
> �� �I ��  Z�����!7 � �L
+
� �
I

 �J�����6 �
I�
Q�+ �� ����M���> ���� �
��7   �s � ��� 

�
Q�+ �� N�J
7 �� a�� (�A
[) a�� Q�S�n�+ �
I G�
B 
� 	��
 � 

 ����� �
��7   �u (!� 	��� ��� ) =��ur � qA�  .( �
I��� ��

 ��
��7�:  � � s�
> �� �L
+
� N�J
7 (�A
[) ��� C P
�

 

�
> 
� 8M�
n6 �� �J�����6 ��f � �J�����6C O�Q�)�� 

 ��� �+L
� �J�����6 ��f � �J�����6) =��uqA�  .( �I ��

N� �$+ ST! �7#  �� ����M���> Z�����!7 N�J
7 (�A
[)

8�
>  P
�

 
� 8M�
n6 �� O�Q�)�� �J�����6 ��f � �J�����6 �
I

$[6 gE ��
(���
 ���c�
> �� �$W�I CO�Q�)�� : 8� ��4� �� 

��� �
��7 �
I  �� � s��� : ��� � ��� ) =��ur  .(�
> ��C 

N� �$+ ;�� ���J)� 
� O�Q�)�� ��� 
+ #�7 �
��7   �� ��� 

���J)� �
+�QM�� ��M���>�! N�J
7 (�A
[) � ()
� ��� ��   

�
��7  �s��� ���> �I
� ��� . ����� �
I�
Q�+ �� 	���QI #A�   

��� � ��� N�J
7 a�� (�A
[) G�
B O��� �
I�
Q�+ 8� (\M
 G�
B .

�
> ��CN� �$+ ;�� ���J)� 
� P
�

  #�7  N�J
7 (�A
[)

J)� �
+�QM�� ��M���>�!��� ���> ���.��� ��  �
��7 �
I  �u � 

�$[6 gE �� G�
B O��� � G�
B ����� �
I�
Q�+ a�� ��� 
  ���

(���
 ��`�.ST! ��
! ��  N� �$+ �
I  #�7)��� �
��7 �
I  �

� � s���  ($[6 gE �� 
I�
Q�+ a�� a��
  ����� 	������ �� �   

�
��7  �s��� 8�  �m���b ��!� .M�
n6C�
> �� C#!���  	�� O
�
 

��� �� CQIST!  N� �$+ �
I #�7  O��� � G�
B
� �
I�
Q�+ �

�
> �� �
+�QM�� ��M���>�! N�J
7 (�A
[) G�
BC �� � ��� P
�

 

�
>C (!� O�Q�)�� ) =��u{ .(  

  

 
 P?��.���
� 9S�T5���  �,� Q��R �()� *)�)�+ <^���. -�45� _�V�`L �� ) UV�(	 3��.��> Y���)?(� <� )
(	 3��.��>)(  <��)����  



� a   ��� 	 
� ��
�
�� ��������� ��	� ��� ����� �� ������� �  !"� 

 )Z( 8��9��> 	� 9-. /0� [���� �� \5��5 	 �)��L��  1��  

 H	3I�.�4�� 9��� ��?��; ��8�� �)�(�4�0�. b5����	 W-�45� _�V�`L 	 �8�� 	 1��)7 X�35� Y8�  <^���. 6�7  <�3��.��> Y���)?(� 	 <��)���� 3��.��>)( �

8��9���>  � \5��5 	 �)��L�� 6�7-. /0� [���� �� 64��)?�� ��c 	 64��)?� 1��  

;
[��6 a��

�6 

N�J
7 (�A
[) 8��� �� 
I 
���K+ w�
$6 

 C`��

����7 
 O��!�J�$��

8��� 

 ��
6 ����Q�

 ���
� Z��

#���I  

 ��
6 ����Q�

8��� Z�� �L
+
� 
 ��M���>�!

�
+�QM�� 

 Z�����!7

����M���> 

N� �$+ #�7 0 1/1�X *** ��//-Y *** X/�� *** X/��11 *** Y/"�0�1- *** Y/X1/Y� *** 

G�
B � �//X-�X *** ""//0� *** -/0 * 1/"/-/ *** "/�X1�" *** 1/X"1Y" ** 

8�
> � -/�/1 * ////�Y *** �/01 *** 1/Y"" *** -/"1-�Y- *** Y/"X/�� * 

N� �$+  #�7 ×G�
B 0 1/1�X *** 1�/�  ns ��/� ns 1/"1� *** Y/��1� ns //"1-� ns 

N� �$+  #�7×8�
>  0 X/X ns 1-/"� * �"/� ns �/�� ns Y//�0X" *** �-/��Y ns 

8�
> ×G�
B � -/�/1 * �1/�-  ns "-/� ns -/�� ns -/"�/� ns -/0�X0 ns 

N� �$+  #�7 × G�
B ×8�
> 0 X/X ns �"/�  ns �"/� ns Y/- ns X//1� ns ///�"� ns 


T�  0" "�/0�  0X/X  /Y/�  Y-/�/  "-"" 10/-"�-  

;����K+ 3��~  - XY/��  �0/�"  "Y/�-  0�/�  -"/�"  "�/1  

***�  ** � * 8�   ST! �� 3�+�+�/��  � � -$[6 �<�� 
 (!� ��� .ns$[6 ��
67 |
dA �� 
 (M�
 ���.  

  

Oi�M�� #A
� O
I
�9 ��  j
[) �
IN��� � (!E>���� �� 

#6 ��A�+ ��J�M��> � ���$�� �6 �
��) Apel and Hirt, 

2004.(Oi�M�� �
V6 � ��A�+  ) �
I8� j
[  8� 8 M��� ;��

 r7 #
����)(!� . �$+ _�[6 �� #A
� O
I
�9 8� #6
�$I

N� #6 ���B #�7 � Oi�M�� �
V6 � ��A�+ a�� =6
[+ �
��98  NI

#6 ����.Oi�M�� wQ&+ 8&� 
 ��   8� 3�!7 3\! j
[) �
I

a�o+��>�  DNA#6 
I����A �  ���) Lacan and Baccou, 

1998.( ;
\���+ �� NV6 �
�M�  O
I
�9 #Q�J
7 ^
)� N M�! ��

N�J
7 # 
7 �
I �Oi�M�� �
V6 3\! 8� �$ MI O���M�  j
[) �
I

#6 �
��c =��\+ 3\! 8� �
+�QM�� ��M���>�! 8�Q` �� O
.
2
- 8� 

H2O2 =��\+ 3\! 8� �L
+
� :H2O2r7 8� : � Oi�M�� � 

 =��\+ 3\! 8� ����M���> Z�����!7 H2O2 �� 	�
R !� 
� r7 8�

�7 ��! 8� Z�����!CAJ$6�
��e> �#6 O�� �A�  �
��)  Gara et 

al, 2003.(nnd6 
N�J
7 (�A
[) O���
�� (�� O  �
I

# 
7 j
����� ���J)� �� 	
�9 �� O���M��  Oi�M�� j
[) �
I

�
�$IN� �$+   #�7#6 �$
�� .NI G�
B # M��  J�����6 �
I

8�  O�J�6 ;�� H2O2 �O
.

2
-#6 �I
� ��  O
�
 8� �I� I��$� 

Oi�M�� wQ&+ �I
� �� J�����6 G�
B �H�  O
I
�9 �� j
[) �
I

 (!� O
�J�6)Salzer et al, 1999.( Alguacil et al )2003 (� �

 G�
B �H� #!��������E� U�6��9 �$+ ]���� �� �I
� �� 

N� N� �$+ �
��� O
�
 #�7 N�J
7 (�A
[) ���J)� 3\! #�7  �
I

# 
7 #6 O���M�� ��� . a�$�QIWu et al )2005 (� �H� #!��� 


 G�
B8!�6 U�6��9j
V
�� ��  S�n�+ ;
\��6 �
I  G�
B 
� 	��

N� �$+ ]���� �� J�����6 N�J
7 (�A
[) ���J)� 8� #�7  �
I

# 
7 N� �$+ ]���� �� O���M��  	�
�� #�7�
��� .Ruiz-

Lozano et al )1996 (�G�
B �H� #!��� 
8!�6 U�6��9  �� 

 N�J
7 (�A
[)��M���>�! N� �$+ ]���� �� �
+�QM��   #�7

��M���>�! N�J
7 (�A
[) �
��� 	�I
�6  �
I�
Q�+ �� �
+�QM��

(!� � ��� J�����6 O��� �
I�
Q�+ 8� (\M
 �J�����6 . �$+

N�  Z�����!7 N�J
7 (�A
[) ���J)� 3\! a�$�QI #�7

#6 O
�J�6 O
I
�9 �� ����M���> ��� .Wu and Zia )2006 (� �

��j
V
 8! P
�

 �
I S�n�+ ���  G�
B 
� 	����R�!�� U�6��9 

�
��� 	�I
�6:N� �$+ ]���� ��  #�7  :3!
$6 r7 ]���� �

 ����M���> Z�����!7 N�J
7 (�A
[) ���J)� 3\! J�����6 G�
B

J�����6 ��f �
I�
Q�+ 8� (\M
 #6 � ���.8[A
T6 ��  �� ���� 

 8�Porcel and Ruiz-Lozano) 2004 (&
��
��� �
 �� a��� 


��! O
I
�9�S�n�+  G�
B 
� 	�� JM������ $�� U�6��9  3\!

 �� �J�����6 ��f �
I�
Q�+ 8� (\M
 N�J
7 a�� (�A
[) ���J)�

N� �$+ ]����  #�7#6 ��� .Wu et al ) 2008(  �)2009 (� Wu 

)2011 (�S�n�+ P
�

 	
�9 � G�
B 
� 	�� ��R�!�� U�6��9 


&�
 #8�
�6  � 8 �
���7 (!� . 8&� 
�
> ��CO�Q�)�� : �� 8� 

N� �$+ ST! #�7 ��M���>�! N�J
7 (�A
[) ����   �
+�QM��

 �I
�:8 )
� %�nd+ P�
 
 
� Wu et al )2009 (� P
�

 	
�9 �

8! S�n�+ � ���  G�
B 
� 	����R�!�� U�6��9 �$+ ]���� �� 

N� (!� 8�
�6 #�7 .N�J
7 ��A�+ 	
�9 #�
)� N M�! �
I   

# 
7 #m$� ���� �� O���M�� =�� O���  Oi�M�� #Q! �
I

 ���J)�#6  �I�#6 ��\V� �� ���J)� a�� ;�� G�
B � ����. 
6� 

� 8� #QM�

�68 ��!�CN�J
7 (�A
[) G�
B O7  # 
7 �
I  O���M��

 ���J)� �� #6  ��$I �I�

(!� 8 �
$�. #6 #> �� 8�
7 ��7 

 8 ��� �n
 8$�6� a�� �� (!� a�Q6�$�
� . O
Q �
!



  �5���> 	 E;��< :3�� �� E�� -. /0� 	 �()� *)�)�+ �,�...  � " 

N�J
7 #�
�Q�� # 
7 �
I  �
+�QM�� ��M���>�! �$

6 O���M��

N�J
7�J�� ����� �6 �J�) �
I� (!� J$�$6 � ���  . �
I�� �
)

Ok 8� j��! g�@ �� #A
!�� #
�6��I  (�
! � O
�� ���� 
I

N�J
7 # 
7 �
I  N�M�� � ��� �<
$� ��
b J�
 O���M��(!� 

)Ajay et al, 2002.(B G�
  ���J)� 
� �L��M��7 J�����6 �
I

#6 #��ef �<
$� re` ��+
 �
I�� �
) � ��� j
!�� 3\! �$

N�J
7 (�A
[) ���J)� � #
�6��I 
I   ��
� .G�
B  O
�� �� a�$�QI 

Ok ��
� 8 ��� N�n M6 �H� (!� a�Q6 
I . O
Q �
! ��

���
� G�
B �
I q�I � ���!� �$

6 N�J
7 
I # 
7 �
I ���M�� O

 �
�� #�
!
$�)Palma et al, 1993 ( ���J)� �� #�QI 8�

N�J
7 (�A
[) O�J�6 # 
7 �
I #6 O���M�� ��+
6 �$��$�
� �H.  

����5 6��+  

�8  J�����6 G�
B #�� ��@ 8!�6 U�6��98�
>  ���6 ;
\��6 �
I

 	J�$�� �� 8[A
T6#6 c�$�N� �$+ ST! a��+L
� �� �$W�I  #�7 

�� O��!�J�$�� ���n6 
+ 8��t �I
� �<�� #6 ��
� .G�
B  �
I

N�J
7 (�A
[) ���J)� 
� �L��M��7 J�����6 # 
7 �
I  �� O���M��

���CN� �$+ ]���� �� �� O
I
�9 ��� ;
\��6 	
�9  #�7  ��\V�

#6  �����
6 ����Q� ��O7 Z��  #6 ���J)� �� 
I �I�.  

REFERENCES 

Ajay, A., Sairam, R. K., and Srivastava, G. C. (2002). 

Oxidative stress and antioxidative system in 

plants, Current Science, 82 82 (10), 1227-1238. 

Alcamo, J., Henrichs, T., and Rosch, T. (2000). Global 

Modeling and scenario analysis for the world 

commision on water for the 21th Century, In 

proceedings of world water in 2025, Center for 

environmental systems research, Report A0002, 

University of Kassel, Germany. 

Alguacil, M. M., Hernandez, J. A., Caravaea, F., 

Portillo, B., and Roldan, A. (2003). Antioxidant 

enzyme activities in shoots from three 

mycorrhizal shrub species afforested in a 

degraded semi-arid soil, Plant Physiology, 118, 

562-70. 
Alscher, R. G., Donahue, J. L., and Cramer, C. L. 

(1997). Reactive oxygen species and 

antioxidants, relationships in green cells, Plant 

Physiology, 100, 224-233. 

Apel, K. and Hirt, H. (2004). Reactive oxygen species: 

metabolism, oxidative stress, and signal 

transduction, Annual Review of Plant Physiology, 

55, 373-99. 

Asada, K. (1994). In causes of photooxidative stress 

and amelioration of defence systems in plants 

(eds Foyer, C. H. and Mullineaux, P. M.), CRC 

Press, Boca Raton, FL, 77-104. 

Asada, K. and Takahashi, M. (1987). In 

photoinhibition topics in photosynthesis (eds D. J. 

Kyle, C. B. Osmond and C. J. Arnten), 

Amsterdam, Elsevier, 9, 227-287. 

Auge, R. M. (2001). Water relations, drought and 

vesicular- arbuscular mycorrhiza symbiosis, 

Mycorrhiza, 11, 3-42. 

Beauchamp, C. and Fridovich, I. (1971). Superoxide 

dismutase: improved assays and an assay 

applicable to acrylamide gels, Analytical 

Biochemistry, 44, 276-287. 

Bennoun, P, (1994). Chlororespiration revisited: 

mitochondrial– plastid interactions in 

Chlamydomonas, Biochimica et Biophysica Acta, 

1186, 59-66. 

Dhindsa, R. S., Plumb-Dhindsa, P., and Thorpe, T. A. 

(1981). Leaf senescence: Correlated with 

increased levels of membrane permeability and 

lipid peroxidation and deceased levels of 

superoxide dismutase and catalase, Journal of 

Experimental Botany, 32, 93-101. 

Gara, L. D., de Pinto, M. C., and Tommasi, F. (2003). 

The antioxidant systems vis-a- vis reactive 

oxygen species during plant-pathogen interaction, 

Plant Physiology and Biochemistry, 41, 863-70. 

Haghighatnia, H., Nadian, H. A., and Rejali, F. (2011). 

Effects of mycorrhizal colonization on growth, 

nutrients uptake and some other characteristics of 

Citrus volkameriana rootstock under drought 

stress, World Applied Sciences Journal, 13 13 (5), 

1077-1084. 

Jihouni, M. (2012). The principle of citrus nutrition in 

Iran, Hasel Novin Agricultural Company, 44pp, 

(In Farsi). 

Kormanik, P. P. and McGraw, A .C. (1982). 

Quantification of vesicular-arbuscular 

mycorrhizae in plant root, In Schenk N .C (Ed.), 

Methods and principles of mycorrhizal reseach, 

The American Phytopathological Society, St. 

Paul, 37-45. 

Lacan, D. and Baccou, J. C. (1998). High levels of 

antioxidant enzymes correlate with delayed 

senescence in non netted muskmelon fruits, 

Planta, 204, 377-82. 

Lopez-Bucio, J., Cruz-Ramirez, A., and Herrera-

Estrella, L. (2003). The role of nutrient 

availability in regulating root architecture, 

Current Opinion in Plant Biology, 6, 280-287. 

Nakano, Y. and Asada, K. (1981). Hydrogen peroxide 

is scavenged by ascorbate-specific peroxidase in 

spinach chloroplast, Plant Cell Physiology, 22, 

867-880. 

Palma, J. M., Longa, M. A., Del Rio, L. A., and Arines, 

J. (1993). Superoxide dismutase in vesicular 

arbuscular-mycorrhizal red clover plants, Plant 

Physiology, 87, 77-83. 
Porcel, R. and Ruiz-Lozano, J. M. (2004). Arbuscular 

mycorrhizal influence on leaf water potential, 

solute accumulation, and oxidative stress in 

soybean plants subjected to drought stress, 

Journal of Experimental Botany, 55, 1743-50. 
Ruiz-Lozano, J. M., Azcon, R., and Palma, J. M. 

(1996). Superoxide dismutase activity in 

arbuscular-mycorrhizal Lactuca sativa L. plants 



��%   ��� 	 
� ��
�
�� ��������� ��	� ��� ����� �� ������� �  !"� 

subjected to drought stress, New Phytologist, 134, 

327-33. 
Salzer, P., Corbiere, H., and Boller, T. (1999). 

Hydrogen peroxide accumulation in Medicago 

truncatula roots colonized by the arbuscular 

mycorrhiza-forming fungus Glomus intraradices, 

Planta, 208, 319-25. 

Sepaskhah, A. R. and Yarami, N. (2009). Interaction 

effects of irrigation regime and salinity on flower 

yield and growth of saffron, Journal of 

Horticultural Science and Biotechnology, 84 84 

(2), 216-222. 

Smakthin, V., Revenga, C., and Doll, P. (2004). Taking 

into Account Environmental Water Requirements 

in Globalscale Water Resources Assessments, 

Comprehensive Asessment of Water 

Management in Agriculture Research Report 2, 

IWMI, Colombo, Sri Lanka. 
Smith, S. E. and Read, D. J. (2008). Mycorrhizal 

symbiosis, Academic Press, London. 

Wu, Q. S. (2011). Mycorrhizal efficacy of trifoliate 

orange seedlings on alleviating temperature 

stress, Plant, Soil and Environment, 57(10), 459-

464. 

Wu, Q. S. and Xia, R. X. (2006). Reactive oxygen 

metabolism in non-mycorrhizal citrus (Poncirus 

trifoliata) seedlings subjected to water stress, 

Journal of Plant Physiology, 163, 1101-1110. 

Wu, Q. S., Xia, R. X., and Hu, Z. J. (2005). Effects of 

arbuscular mycorrhiza on drought tolerance of 

Poncirus trifoliata, Chinese Journal of Applied 

Ecology, 16, 459-63. 

Wu, Q. S., Xia, R. X., and Zou, Y. N. (2008). 

Improved soil structure and citrus growth after 

inoculation with three arbuscular mycorrhizal 

fungi under drought stress. European Journal of 
Soil Biology, 44 (1), 122-128. 

Wu, Q. S., Zou, Y. N., and Xia, R. X. (2006). Effects 

of water stress and arbuscular mycorrhizal fungi 

on reactive oxygen  metabolism and antioxidant 

production by citrus roots, European Journal of 
Soil Biology, 42, 166-172. 

Wu, Q. S., Zou, Y. N., Xia, R. X., and Wang, M. Y. 

(2007). Five Glomus species affect water 

relations of Citrus tangerine during drought 

stress, Botanical Studies, 48, 147-154. 

Wu, Q. S., Zou, Y. N., Xiai, R. X., and Wangi, M. Y. 

(2009). Mycorrhiza has a direct effect on reactive 

oxygen metabolism of drought-stressed citrus, 

Soil, Environmental and Atmospheric Sciences, 

55 (10), 436-442. 

Yao, Q., Zhu, H. H., and Chen J. Z. (2005). Growth 

responses and endogenous IAA and iPAs changes 

of litchi seedlings induced by arbuscular 

mycorrhizal fungal inoculation, Horticultural 

Science, 105 (1), 145-151. 

Zanganeh, S., Alian, E. M., Najafinia, M., Karampour, 

F., and Ghale Dozdani, H. A. (2002). Introduce of 

new arbuscular mycorrhizal fungi in rhizosphere 

of citrus of Iran, Rostaniha, 6, 32-77, (In Farsi). 

 

 
 
 


