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Abstract Article Info 

Background and objectives: Salinity stress is a major environmental challenge 
affecting plant growth and performance, particularly in arid and semi-arid regions. 
The physiological characteristics of Lycium depressum make it a promising 
candidate for desertification control and soil salinity reduction due to its resilience 
to harsh conditions. Given its recent inclusion in restoration programs for saline and 
alkaline rangelands, this study investigates the morphological and phytochemical 
traits of L. depressum inoculated with mycorrhizal fungi under salinity stress. 
Methodology: A factorial greenhouse experiment was conducted using a 
completely randomized block design with four replications to assess the effects of 
mycorrhizal fungi on L. depressum under salinity stress. The experimental factors 
included: Arbuscular Mycorrhizal Fungi – Funneliformis mosseae (F1), 
Rhizophagus intraradices (F2), their combination (F1+F2), and a control group 
(without fungi, F0). Salinity Stress Levels – Four treatments (S1=6, S2=10, S3=14, 
and S4=18 dS/m). 
Results: The results demonstrated significant effects (P < 0.05) of both salinity 
treatments and fungal inoculation on the studied traits. The highest levels of 
phenols, flavonoids, antioxidants, and proline were recorded in the highest salinity 
treatment (S4) with the fungal combination (F1+F2), while the lowest levels were 
observed in the control group (F0) at the lowest salinity level (S1). Conversely, leaf 
greenness, fresh leaf weight, dry leaf weight, leaf count, and plant height reached 
their highest values in the fungal combination (F1+F2) at the lowest salinity level 
(S1), whereas the lowest values were observed in the control treatment (F0) under 
the highest salinity level (S4). 
Conclusion: Salinity stress adversely affects the morphological traits of L. 
depressum, but mycorrhizal fungi inoculation significantly mitigates these negative 
impacts. The combined fungal treatment (F1+F2) demonstrated the most substantial 
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benefits, improving plant tolerance to salinity and enhancing phytochemical and 
morphological traits. These findings highlight the potential of mycorrhizal fungi as 
an effective strategy for rehabilitating degraded rangelands affected by 
environmental stresses, particularly salinity, thereby contributing to ecosystem 
health and productivity restoration. 
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NaCl   K�8 � �� (,� 2� ��� (���2%d#���    ��30      �25 

�5!�  j�% ���)� � ��R��  M��"R�  ��  �B40  �5!�    M��"R�

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
04

.1
9.

1.
5.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                             5 / 20

https://dor.isc.ac/dor/20.1001.1.20080891.1404.19.1.5.8
http://rangelandsrm.ir/article-1-1290-fa.html


 1��� ,UVVV��VVV
19 1���� ,1 ,1404      

  
 

73 

 

) (�!�'HB � ���
:� �R��2022��! �% ��8 L#AX� !� ( 

Lycium chinense   ,�  ���]�
�  �%R. irregularis.   �

�b�x  ��B100    �200  	�#�!e��NaCl  (,�  M��"R�  �

  (�"#� 2% �� � K�835    �28  �5!�    ���)� .����� U!�"� �!

j�%  "#� �B50  �5!�  2% 	 ��"*
 � M��"R�  	
Y�� 4%�\ !�+

�R�� ��*
%. � �!�^�� ) �,����R2023(  ��8 	
!�% !� "#�

 ��! �%f�Y ,� (�B�#� Lycium   ���]�
� �% 2� ����� (���

  ,� Glomus spp.   �!�= �X�200  	�#�!e��NaCl (,� �

  (�B�#� K�8 � ��2%d#���    ��40    �30   �5!�    �R�� M��"R�

j�% ���)� �2% 	 ��"*
 (�"#� � �B  M��"R� �!����)� !�+

�R��.  )  (�!�'HB � ���
e�?20182):�W�  !� "#�  ( �%  ��

 �X� M#H\ �=! �% �"�!�'��� `!�\ k�� �� `!�\ �#OP� ��!

2% `!�\ [�� �% a#A�� 2� ����� (��� ��!�= V���=  4%�\ !�+

 �!  4#R����  ����X�  �  �K�8  (,�  ���#�  k�]�!�  	
Y��

  !� ;& ;QY (�"#� � "��
��R y�� [#�hHB � ��� M��"R�

a#A��  (�B�#�  �  �#
=  �[��  �%  ��J�  .�R��  ��*
%  ��=

B)  (�!�'H2020  �#OP�  	
!�%  2%  (F. mosseae    �%

 �!�=  M��  �X�  ����  ��#�  	��#H#=��#R  >�#5�^8

 ����X�  M��"R�  v��%  `!�\  [��  2�  ���R��!�  �  ���8���?

	��& � ��#i���JR �	��R >�*#��� (��#0��  ���� ��#� !� �B

 d#
& (�"#� � ��=(�� �H�� � �#���#0�� ��B  	H
 ��B

	� MB�� �!  .�B� 

��H� M$% 2'��� 2% 2Y�� �% ����� �! (���� !��� ,� ��

 2H#�  �  K�8	�  4#'��  K�8 (&  ,�  	8�%  2�  ��B�  �B

7�8 ��!��2��� ,�  ���]�
�  ����0B !�= ��B  	)���  ��B

 ����� 2)
�� � IJ5� !� 	'�8 � �!�= 2% ���A� � 	��%

�C�� �#HB�) �!�� ��28.( L. depressum 2%  ��#� K� (����

 (��
�  z�=  .�H=  K�8  L+���  	��%  �  �!�b����N

  ��#�  2% L�)�� �(��0��Solanaceae 	'�8 � �!�= 2% �

2h�8!� ��  �8!� 2��� [�� .�
� ���A�  ��Q? (�"8 �0��

 k�]�!� �� 2�4 	� �=! "#� ���  �� ����8 ��� ,� 	B��� .���

 	� ����� �
� �� ����� ��� ,� !Q% (�#
! � ���% �����  .���Q?

  2�HY ,� >���6 2�#
� 2% 	���R� ���� � ���% 20�Y �� 4�

	� >!�5 �B!�*�,7�8 !� ��#� [�� .��#�  	�= �	
! ��B

	� �=! ;�8 M'B, �% 	��: �  	�e�% _��*0� ����A� ����

7�8 !� � �!�� 	'�8 � �!�= 2%  L#H� 2H#� �� L#H� ��B

  K�8 2H#�  �  K�8 L+��� !� �!�= �\�R  	�6 � !�=

	�  U!��?2%  	B�#�  2���  [��  .�%�� �#*s�  !�  �Om�  !�+

 L+���  !�  	�0�,  k���  {]6  �  M��
�R  MB��  �7�8

	� 4H� !�= � K�8  �	'�9�:��� MA� �% ��J� .��� L. 

depressum    2%  	��
 !�+ 2%GrB � ['0� (����  �����

��� (��!� ���% �| >��O� ��!�� � ��= ���]�
� ���! ��B

	��& � �!����	� "#� 	���#0��) �=�%61.(   

 U!�"� "#� ��#� (& 	N!�\ �| � 	%��'#� �| >��O�

j�% 2� ���� (��� }��$� >�A#AX� .�
� ��=  ��#� ��B

	��& ���� ���6 ��#0#:  e�% 	:��R � ��#i���JR �	���#0��

	�  �  e�%  (�8!��R  ��%���  (��!�  !�  ��#�  [��  �  �=�%

  �
�  �O��  2#��  >J'��)61.(   �#H�  �  �#]#�

�#:�%���  �  	W#X� V���=  �#OP�  �X� (�B�#�  2����O  ��B

M��	� !��\ 	'�8 � �!�= ����� 	��BM�� [�� � ��#�  �B

	�  ��!�Q % �#OP�  	B�#� >�*#���  �#]#� � �=! �%  ������

)16  �29>�#5�^8 2� ���R��!� (�AAX� .( 	���! 2H�\ � 

!Q% !�  	�H���  !�8���  2���  I�W
 �e�% 10 	
� 

f�H�,/ �(�!�'HB �  	�%�=)  �!��  �!��  	�)�  MB��  ���

2017  �(�#]��= ~20202% �Q: .(  (�B�#� 4HX� ��*
% !�b��

M�� [�� 2%�#:�%��� �#]#� M��"R� � �B  �%  	�0�"HB ��B

`!�\�"�!�'���  !e�'0%!&  ��B (AM)   	� �Om� !�#0%  �����

) �=�%50    �63`!�\ .("�!�'��� ��B 2% �� �"�!�'��� k�� ,� �C��

e�'
�%!& (AMF)   �  �Qc�  ����  �  ;&  ;QY  ��*
%  �%  �

�
�?  ���A�	�  �	��#H#=�#%  ��B  	������  t�A�!�  2%  ������

M�� �% 2�%�A� !� (�B�#� �!�= M�� 2�HY ,� 	W#X� ��B

`!�\ �#OP� 	
!�% 2% L#AX� [�� .���� KH� �"�!�'��� ��B

	�C�� �%  	��#H#=��#R � 	'�9�:�R!�� ��BL. depressum   

	�  �!�=  M��  }��$�  I�W
  !�  	8�%  	
!�%  .�,���?

  	��&��#i���JR �4�R) 	��#H#=��#R � �9�:�R!�� >�#5�^8

  �%  ��=  a#A��  	�H���!�8���  2���  ([#:��?  �  (��#0��

`!�\  ��BAM   L#AX� [�� Z��B� ,� �!�= M�� �#O�� �X�

	�L#AX�  [��  g����  2�  �=�%  	�  ��
%  7!�  2%  �����

�"#��'�`!�\  �#OP�  ��B  ����A�  ��*
%  �%  �"�!�'���  ��B

  ���%  ����Y  ��B!�'B�!  �  ���  KH�  �!�=  2%  (�B�#�

7�8 ������  V���= !� (�B�#� ��'�H� ��*
% � !�= ��B

�B� 2i�!� ���0���.  
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 �� L�� � ���
  

(��
2W X�B:  

2%  	�����  M���,& I�+  d:�\  !�  4�!����R  >!�5

  �%  	R��^� _J��� 7��%4    .�
 !� !��'�1401    2��$�� !�

 .�=  ��Y�  (����  	)#*+  �%���  �  �,!����  ����  �� ����

  4��= M���,& ��B!����R1`!�\ ( ��BAM   aW
 !�
N !�

)  `!�\  a#A��  (��%  �B�=F0  `!�\  �(Funneliformis 

mosseae   )F1  `!�\ �(Rhizophagus intraradices   )F2  � �(

 `!�\F. mosseae +R. intraradices  )F1+F2 � (2  M�� (

)  �� ���!  7�8  �!�=  �%  �B�=  aW
  !�
N  !�  �!�=6  

	
�  I�W
 � �(��� �% f�H�,14�10    �18	
� �% f�H�,

  .��Y)  ��%  ���22���  .(  ���=  ,�  �"�!�'���  `!�\  ��B

M����� (�!���R �0�, (�#�% .���= 2#
� ���B�= !� (�!  

  J8G 1/� � >� ���� ���
 � >� �� �� ��6	 �2�� 1��
W

T/���� �Y�� :  

2H�\  ,�  G:�
  ��B11   ,�  !��Q�  2���  �!���  2��?

 2u���\ ���� ��B z& ���Y 2#=�6 !� �\�� j!"% ��\  !� J\

 	��#R��cY .�+"47´ 30° 20     	��#R��cY ��� � 	:�H=

"419´  36°  41    �=  �=���%  	R��^�  >!�5  2%  	\�=

2H�\  ��= �=���% 	��*x�% 	h#\ �% 2\�
 	�#��? �� ��#� ,� �B

(& ���$| � .�+ ��= ;�$��� �8���'� >!�5 2% �B. 

  ��!��  !�  fu
19    ���  ��]
�1401   2��$��  2%

  	)#*+ �%��� � �,!���� ���� �� ����  .���= 4A��� (����

(����� !� ��= 2�0= ���% 2
�� ���� 2% k��= ,� 4*\  �B

����&  ZQ6  !�b��  2%  ��=  2�0=  ���%  2
��  .�=  �,�


`!�\  K� ����� 	�� !�+ 2% (9���? 4���� � 7�8 	��% ��B

  4'#
 2
 	+ �"�!�H#% 4���� ZQ6 � `!�\ ,� �!�� V#X�

  ���� !� �J���� !� ���
 ��121  	���
 2Y!�  !��R � ����

2/1 �= 4���
� �]0H��. 

2H�\(����  !�  �B  ��)%�  2%  	0'����  ��B13×11  

	���
  >�� 2% !�*'� ,�! �� �B � ���= 2�=�� ���90    ,�!

  ,�  2��$��  ����  .���=  �!�#%&23  	���
  2Y!�  !�  ����

 �� ��]
�30 	���
 2Y!���% �#c�� ����8 !� ����. 

  ,� f?90  2H�\ (�#� ,� �,�!  �!��Q� ��B64    2% 2H�\

 .�+ ���#� 2#:�� k�]�!� �#b� 	'�9�:�R!�� >�#5�^8 4#:�

 28�=  ���)�  �  j�%  ���)�  �2��!  2#:��  !�  ���  �
Y  �B

 4'=) ���= ;�$��� �� ���! 7�8 ��0%1 .(  

 ��6	 Z�@ ���Y�� ���  ���� 1�[Y��� \�� � >� �� 1/� ���

:�$�%�� ������  

 2H�\  .�A���  ���%2��!  ��B ��� V#X�  ,�  ��= !��

  � 	�H��� !�8��� �� �0�, 7�8 2% ��= 2�0= ���% 2
��

  ��!�= I�W
 � �"�!�'��� !e�'0%!& `!�\ ��B!�H#� .�H��

2u� !� �� �0�, 7�8 ,���\ ���� ��B2��H� j!"% ��\  �!���%

   ���= ��#%�� K�? �% (�= K�8 ��B ,� f? �B 2��H� .�=

  K:�  ,�  !�*�  ,�  �)%  	�����  ���  ��0%4  	�#�  !�  ����

  ����) �J����˚C  121    !��R �1 /1    .����� 4���
� (�]0H��

(����  	��]��|  ,�  f?  .�����  �%  �B70  �5!�  ���6  �%  �

250/2  !�b�� 2% .���= �? 4���
� �� ���! 7�8 �����#�

K� �W\ 2% y�!�
 2
 �B (���� !� KH� �H�� ,� ��#���Y  

	���
  � ����� 2#*)� M'B, (���� 2% �(���� �B 2� !� ���

.�= 2�$�! �"�! ��
 ��� 	���
 2
 k�]�!� 2% (���� �B 2�  

2���  ���% �`!�\  �%  	�,60    2%  2�����,  ���!�  !�u
�

(����	���
 K� 2�5�R !� 2� �!�+ 2% �= 2R�|� �B  ����

2H�\ ��,  �R�� !��\ 2�����, ,� 	�,�� 2�e ��= !�� 2��! ��B

  �
Y  .����%  2�����,  ,�  ���]�
�  (��%  ��B�=  ��B!�H#�  �

 ��!�=  M��  ,�  	=��  7�=  ,�  ��#���Y  �  ��#�  !��A�
�

  !�% �B ,� �)% � �= .�H�� 	��!�� >!�5 2% �!�= !�H#�

��#� �,���� 	'���':� ����B ;& �, !� �!�#%&    �6 2% �� �=

) �
�% �b� �!�� �!�=15 (���� .(  �%  .�
 �� >�� 2% �B

�%�+! {]680  -70    .���= �!��
 � 	��!, �#R�w �5!�

� k�]�!�) 	'�9�:�R!�� >�]5 �	���! �!�� (���? ,� f?  ���#

  �  (j�%  ���)�  �2��!  .�+  �K�8  (,�  ���  (,�

	��&  ��#i���JR  �.��R)  	��#H#=��#R ([#:��?  �  (��#0��

�,����  4'=)  �=  ��#�1 2��H�  .�A���  ,�  f?  (  2%  �B

  	:��#��� �,��� ,� ���]�
� �% K�8 (,� � �� (,� ��� ����,&

  �\� �%001/0  �,���� ���  �%  ��#� k�]�!�  .�= �*O � ��#�

 V8  ,�  ���]�
��,����  M�j�%  ���)�  �  �����  ��#�  �%  �B

�� �
�  V
��  	 ��"*
  U!�H= SPAD �,�����= ��#�  

)4.(  
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 ]��1 �� ^
@6� � 1�[Y��� \�� � >� �� JY% �� ��6	 T/� ��� �Y�� ].��
 : ���	 ���� ($� X�_� Z��<� � ��  

  

12�/������� *�� �8
 2� ���� ��
�:\�� ��� 

  ���%�,����	�C��  ,�  	8�%  ��#�  �R�%  �7�8  ��B

�����!�#B  U�!  2%  7�8 )22( �,�����=  ��#�pH     �

  ���]�
� �%  k�*=� �!�^� !� 7�8 	'���':�  ����B �#�%�\

,� pH����B �� �
� � ���  ���� !� .��#��� 	'���':� g�


25  	���
  2Y!����=  [##)�  ���� )27.(   �%  	:&  [%��

�� G#
��? ,� ���]�
�	���� U�! 2% >�����-7J% )44  �(

	s�8  ����  4�	s�8  U�!  �%  ����=  �  �#
�  �%  �,�


 G��
  �#0��!�#B  �%  (�#
���#� )35  �%  4�  (9���#�  �  �(

.����� U�! )10( �,����  V
�� ;QY 4%�\ �]0R .�= ��#�

�!�^�	% �% ��#�  G��
 >��%��5/0    	%& ��! U�! � .����

 ��� .�+ !�680   �����R���'u
� �� �
� �% ������� )47  �(

.���� K� ��#���& >��
� �% ;QY 4%�\ G#
��? � (pH=7) 

�!�^��,���� �����R G#�R �� �
� �% � ��#�) �= ��#�32  .(

(�#���  U�!  2%  G�"#��  �  G#0��  4��=  .��X�  ��B

  G#�R U�! 2% G#
��? � G��
 � ������0'�uH� (�#
���#�

�,����  7�8 k�*=�  �!�^�  !�  ������R)  ���= ��#�49.( 

 .��Y)1 ( 
  

 Z�/G1: -8
(��
2W ���
 \�� ���
�
� � ����
! ��
`�a� *���  

 7�8 �R�%  
  k�*=� 4� 2���#
�

)PH(  

 ) 	'���':� ����BEC (  

)dS/m (  

��#
  l!  [=    4%�\ G#
��?

;QY  

ppm  

  4%�\ �]0R

;QY  

ppm  

  (9���#�

4�  

%  

 G#0��  

ppm  

 G�"#��  

ppm    %    

	��#
- 	��:  7/6  6  52  12  36  271  8/5  12/0  5/2133  6/234  

  

 :���� b6 c
 X�_� Z��<�  

  >�� 2%  �!��A�
� �
Y �=�� ,� f? (�B�#�4  2�]B 

) �����B 	��Qx .��X� �%41  ���%) �]0R �b�x }^� �% (

  ,� f? .���= �!�#%& (	�0�"HB K��X�4    ��B!�H#� �2�]B

  I�W
 !� �!�=6  �10  �14    �18    ,� ��� �% f�H�, 	
�

 KH�  ���6  �����B  	��Qx  .��X�  �G��
  �����  ��B

  ����� G#
��? � ����� G�"#�� �G#0�� ����� �G��
 >�]:�


�5/2  (����  2%  7�8  �Q]��  G�6  �%��%  �����  .�H��  �B

(c)  (b)  (a) 

(f)  (e)  (d)  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
04

.1
9.

1.
5.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                             8 / 20

https://dor.isc.ac/dor/20.1001.1.20080891.1404.19.1.5.8
http://rangelandsrm.ir/article-1-1290-fa.html


�����  ���	 �
���
 ���� ���

�� �� �������   ����� ������� ���
�
�� 
! � ���"�#�!��
   ... / ���
%  T������ �  
  

 

76 

 

)34 .(2%!�b��  ��B!�H#� ��"H
� 7�= ����� ,� ��#���Y

  z�R2%>!�5    ������  .�H��  2�]B  ��  	+  !�  �  	��!��

  fu
2% (�B�#�  >��4   !�H#� �!�= }��$� I�W
 �% 2�]B

)  ���=15(����  .(�,����  ���%  	*��$�  ��B aW
  ��#�

  2�R�� �b� !� �!�= ��B!�H#� .�H�� (���? !� 7�8 �!�=

  !� .�=4    {]6 �% 	:�H)� ;& �% �!�#%& ��=! 	����? 2�]B

 �%�+!70-80 �5!�   .�= ����� 	��!, �#R�w  

  

  Z�/G2:   ��������
 ��� ���	 � ���� ($� b6 c
 X�_�

(��
2W �� � !� ����  

  !�^�8� ��J�

 �!�= I�W


)1-(dS m  

  aW


  !�H#�

�!�=  

 ��J�

 I�W
!�^�8�

 	N!�\  

 	N!�\ !�H#� ���  

S1 6  F0 Non-mycorrhiza 

S2  10  F1 
Funneliformis 

mosseae  

S3  14  F2  
Rhizophagus 

intraradices  

S4 18 F1+F2 
F. mosseae +R. 

intraradices  

  

�
8�  �#����� 1��a< :  

���% �,������#� 4�R�4�  �#i���JR  (��#0�� 	��& �4�

��#� j�% !��? 	:����� �!�^� ,� �[#:��? � .�= ���]�
� !� 

  ���HB  2%  2��H�  !��?  ,�  ���  K�  2�  >!�5  [��%10 

	�#�  .����� ��#:80    2% �'#= ��! [:!� !� �5!�  >��24 

  ���$�
� 	R�5 Qx�� ,� !�*� �% �!�^� � �= ���� !��\ ���


)�=14 .(  

 12�/��]% ]$! ��� 0
 ��
� : 

  ,� �!�b�� [�� ���% ��! U�![#:�R 	��
- ��:���#


) (��� �#
 � �!�'�#�
� U�! l�
� �%1977  .�= ���]�
� (

20    2��H�  �!�^�  ,�  ��#:��'#�  2:�:  (�!�  ��#�  j�%  ,�

  �2��H� �B 2% .�= 2�$�! M���,&16/1  	�#� �WA� ;& ��#:

  .�= ���"R�  �fu
100  [#:�R Z�)� ��#:��'#�- ��:���#


)50    �2����  !�  �  �����  2R�|�  2��H�  2%  (�5!�300  

)  G��
  >��%��  ��#:��'#�20    .�=  ���"R�  (&  2%  (�5!�

�!�^�  >�� 2% �B30  [% !� 2A#\�  �8�
 ����)% .��) �!��

  �% ((����  ����40  	���
 2Y!�  [�� ,� f? .���R�� !��\ ����

2��H� ;QY �>��  ��� .�+ !� �B720    ���]�
� �% �������

.��  �����R���'u
�  �� �
�  ,�.(PhotonixAr 2015 

UV/VIS)   �,���� �B�= 2% �*0��= ��#�  2% �#
� K#:��

  .�= ���]�
� �!�����
� 	�X�� G
! ���% �!�����
� (����

�!�^� 4� .��R ����X� � 	:��R >�*#��� (�"#�  .��)� �B

  2:��)� ,�  ���]�
�  �%  K�8 !��?  ��� �B !� �#
� K#:��

�,���� �!�����
� 	�X�� V8) ����� ��#�38(.  

12�/��/
d���A! ��� 0
 ��
� :  

��! U�!  ���N U�! L*+ ������ ��#�#��:& 	��


) (�!�'HB �2002��
% �% � (  (���� 2% [#�
�i�� ,� ��#�

  �!�����
����]�
�  �,����  ���%  .�=  �#i���JR  (�"#�  ��#�

  �4�500   !��\ M���,& 2:�: �B (�!� �!�^� �B ,� ��#:��'#�

  �fu
 .�R��8/2  	�#�  .�= 2R�|� 2:�: �B 2% �WA� ;& ��#:

  �fu
  2:�: �B 2%5/1   	�#�  ��#:.�����  )80    ���"R� (�5!�

  �(&  ,�  f?  .�=100    ������  ��#�#��:&  .��X� ��#:��'#�

)10    �  (�5!�100   G#
��?  >��
�  .��X�  ��#:��'#�

K�  ;QY .����� 2R�|� 2:�: �B 2% !e���45�6 .��X�    �)%

  �=Q� ,�40  2A#\�  ,�  ���]�
�  �%  ���R���'u
� �� �
� ��

:�� !�    ��� .�+415  �,���� �B�= 2% �*0� �������  ��#�

.�=  �!�^� 4� �#i���JR (�"#�	�#� l�
� �% �B  .��)� ���

  K�8  (,�  ���  �%  [#�
�i��j�%    	�H���!�8���  ��#�

  l�
��%  �!�����
� 	�X��  !��b�x [#�
�i�� }��$� ��B

 .�= U!�"�  

 12�/�� � �W ��
�T�/
>%�:  

500  48�� ��#� j�% !��? �!�^� �B ,� ��#:��'#�   �B

 2:�:  M���,&  2�$�!    .�=5/0  	�#�  Z�)�  ��#:DPPH  

)Diphenyl picrylhydrazyl  ( 2%  2R�|�  .��X�  �B    .��=

2�% ���= �����& .���X�    >���30  2�A#\�  	'�!��� !�   !���\

�R��fu
 .    ��� .�+ !� (& ;QY (�"#�517    �������

 V
��  �i��\  �����R��'u
�  �� �
�  ����
�  !�  .�=    �%

2:��)� ,� ���]�
�  3-11  2% �5!�  ���  ��,& ��
:�'���! �,����

DPPH �,����) ��= ���#�40 .(  

�)�2:� )12% �5!� :( ��,& ��
:�'���! �,�������  

I�%� � �A blank � Asample
Ablank � ∗ 100 

2�    (&  !�blankA  2��H�  ;QY    �!�^�  (��%)  �B�=

	B�#� � (sampleA 2��H� ;QY ��%.  

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
04

.1
9.

1.
5.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                             9 / 20

https://dor.isc.ac/dor/20.1001.1.20080891.1404.19.1.5.8
http://rangelandsrm.ir/article-1-1290-fa.html


 1��� ,UVVV��VVV
19 1���� ,1 ,1404      

  
 

77 

 

   12�/��*
#��N ��
�:    

�,���� ���%  �[#:��? ��#�1/0    2��H� ���K�8   ��=  

  	�#N  (��B  !�  �!���HB    �%10  	�#�  ��#:

% K#�#0#:�
�]:�
�#
�3/3    ���%�2%%�8  fu
 � ��#i�
 	

  !� �! 45�6 �!�^� �	R�5 Qx�� ,� !�*� �%2:�:��,&�M   2�$�!

  �)%  2�6�� !� .�����  �!��
 �  ��  �  ;&  ���$� !�  �2  

	�#�[��� Z�)� ,� ��#: ) [�!�#B25/1   �[�!�#B [���  ���  

20  	�#�  K��]0R�#
�  ��#:6    �  !e��30  	�#�  ��#:

  �  (�:�8  K#�
��#
�2  	�#� K#�
��#
�  ��#:  .�#
J�

2:�: ,� K� �B 2% (�:�8)  .�= ���"R� �!�^� ����X� ��B

 2:�:  �B2% >��  ;& ��H6 !� ���
 K�[%) U�Y  !� (�!��

  ����100  ���
  2Y!�	����  2%  fu
  .�R��  !��\ !�b��

  !� (�= K�8���$�    [��  !� .���= ���� !��\ �� �  ;&

  2�6��6  	�#� 2:�: ,� K� �B 2% [i�:�� ��#:  ���"R� M���,& �B

  �2%>��  15    ��20    2#��O�=�_��    [��  !� .���= ���� (�'�

 V
�� [#:��?  ���6 	��\�R ,�R .�= 4#'�� ,�R �� �:�6

  !� �����R���'u
� �� �
� .�+���  520    .�= �i��\ �������

2��H� [#:��? �b�x  [#:��? �!�����
� 	�X�� ,� ���]�
� �% �B

2% � �2*
�X�) ����� 	%��,!� ��� �% .����'#� >!�58    �

38  .(  

]
60� � ���Q�  1����� :  

   I�+  d:�\  !�  4�!����R  >!�5  2%  f���!��  2�"��

)  U�!  ,�  	R�^�  _J���  7��%GLM  ( General linear 

model ��� !�  !�"R�Ver.19Minitab   20��A� ���% � �= �����

  U�! ,� }��$� I�W
 [#% 4%�A�� � ���
 >��O� [# ��#�

 !���H� G
! ���% [#�hHB .�= ���]�
� 	������ ,� �B !�"R�  

Excel 2016   .�= ���]�
�  

  

 P�� �  

 1�
� 5Y� � �� T2�  

f���!�� 2�"�� g���� l�
� �%   �"�!�'��� `!�\ � �!�=

	�)� �#OP�  ��#� K�8 � �� (,� �%  4A�0� !�+ 2%  �!��

���=��  �  ���(&  4%�A��  �O�	�)�  �B  .��Y)  ��*�  !��3(  .

 M�� M��"R� MB�� 2% �!�= ���650  ��5!� � �� (,�

�!�= aW
 !� 2� �!�+ 2% ��= ���� ��#� K�8 S1 )6 

	
�j�% K�8 � �� (,� (��� �% f�H�,  �B2%d#���  46/2  

  �804/0  �!�= !� ���  ���%  ��� S4 )18  	
�  �%  f�H�,

  2% (���45/1    �476/0    �� �� ��
 ,�  .�R��  MB�� ���

M��"R� v��% �"�!�'��� `!�\ �% a#A��  ���6  8    ��%��% (,�

  (,� [# ��#� �`!�\ (��% V���= !� .�= ��#� K�8 � ��

  K�8 � �� 2%d#���  494/0    �162/0    .�H�� �% 2� ���% ���

!�\ �� ���$� �C�� 2% 	N!�\ !�H#� `(F1+F2) ����A� [�� �

2%d#���  2%12/4  �35/1 �R�� M��"R� ���  4'=)2 .(  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
04

.1
9.

1.
5.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                            10 / 20

https://dor.isc.ac/dor/20.1001.1.20080891.1404.19.1.5.8
http://rangelandsrm.ir/article-1-1290-fa.html


�����  ���	 �
���
 ���� ���

�� �� �������   ����� ������� ���
�
�� 
! � ���"�#�!��
   ... / ���
%  T������ �  
  

 

78 

 

a
ab

b b

0
0.5

1
1.5

2
2.5

3

S1 S2 S3 S4

��
� �

� 
��

	 



��
 �

� �
� 


��
�

(ds/cm)  ���� X�_�(a)

c
c

b

a

0

1

2

3

4

5

F0 F1 F2 F1+F2��
� �

� 
��

	 



��
 �

� �
� 


��
�

(gr) ������
� �����������
(b)

a

ab
b b

0

0.2

0.4

0.6

0.8

1

S1 S2 S3 S4


�
�

��
� �

� 
��

	 



��
 �

� �
��

�

(ds/cm)  ���� ����(c)

b
ab

ab

a

0

0.5

1

1.5

F0 F1 F2 F1+F2

��
� �

� 
��

	 



��
�� 

�
��

 

��

�

(gr) ��������� �� ��!"���(d)

  

  

  

  

  

      

  

  

  

  

  

  

   

    

  

  

  

  

  

]�� 2: ) ���� �6`� �����a���	 � () ��������
 ���b) ���� �6`� ����� � �� T2� �� (c���	 � () ��������
 ���d  5Y� T2� �� (

�$e
 OA �� \� Y
 O�. 5� ����� ��� *
[��

 .�$�%�������� (���� �� 7��) f��  Z�� .� ^_� �� �%�� T�
2W 2� 1��g �� �� ����

/���/� /`�� P$N .  

  

 ���� �� f�� ��/e� � ���� E�g���  

f���!�� 2�"�� g����    4%�A�� � ���
 >��O� ��� (���

  `!�\ � �!�= ��B!�H#�    ���)�  �  2��%  k�]�!�  >�]5 ���%

j�%  	�)� �!��& ��X: 2%�
� !��  )  .��Y3  �P<0.05(    �%

  >��O� [# ��#� 20��A� g���� l�
��!�H#� d#��� �4%�A�� 

S1F1+F2    �%    [# ��#�25/52  	���
  ����[����#%   k�]�!�

 ��B!�H#� �% �!����)� >��]� �!��& �b� ,� � ��� (��� �! 2��%  

S2F1+F2  � S3F1+F2 � S4F1+F2   �=��    4'=)3  !� .(

 ,� 	��6 [# ��#� 20��A� g���� �j�% ���)� �]5 ��^8

!�H#� 2� �
� (& S1F1+F2   [# ��#� �%25/167    !� j�%

  2�  	:�6  !�  ��
�  2�=��  �!  j�%  ���)�  [����#%  �2��%

!�H#� !� j�% ���)� [���H� S4F0   [# ��#� �%75/16    j�%

 �= ��B���  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
04

.1
9.

1.
5.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                            11 / 20

https://dor.isc.ac/dor/20.1001.1.20080891.1404.19.1.5.8
http://rangelandsrm.ir/article-1-1290-fa.html


 1��� ,UVVV��VVV
19 1���� ,1 ,1404      

  
 

79 

 

 Z
�/

G
3: 

  �
$�%�� ���

��� 1�
� �
��
�
�

� 
! � �
��"�#�!��
 �

�
`
�a

�
 2� �

�
�� �� �

���
 (

$� � ��������
 �
��	 ��� h

������ ���Q
�

 

S
ource of 

variation
  >

��##c� �*��
  

S
alinity

  
(�

!�=)
  F

ungi
   (`!�\)
  B

lok
 (7

��%)
  

S
alinity*Fungi

  
 (�

!�=*`!�\)
  

E
rror

   (�W8)
  C

V
%

 
)

 d
��|

>
��##c�

(  

ns 
 

 *
�

��
i


���
 

�
$e
 � ��� �

$e
 �
j
/

`
�� P

$N Z
�� .

� ^
_

�
 �� �

���
 

D
egree of 

freedom
  (�

��,& 2Y!�)
  

3  3 3  9 45
   

T
otal 

Phenol
 (m

g/g)
  (4

� 4
�R)

  

41
/2

ns
 

04
/

20
**

 

12
/2

ns
 

17
/0

ns
 

  346
/3

  

T
otal 

flavonoids
 

m
g/g)

 (  

 (4
� �#i���J

R)
  

16
/2

ns
  

10
/

24
*

  

53
/0

ns
 

 

18
/0

ns
 

 

  054
/5

  

A
ntioxidant 
activity

 
% 

 ((
��#0

�� 	
��&)

  

24
/

2738
*

 

68
/

78782
*  

96
/1

ns
 

66
/

440
* 

  883
/0

  

P
rolin

 (m
g/g)

   ([
#:��?)

  

33
/

109
*

 

20
/

1600
*

  

07
/4

*
 

31
/

16
*

 

  105
/3

 

P
lant height 

(cm
)

  (��#� k�]�!�)
  

91
/

18
*

 

83
/

58
*

 

39
/2

ns
 

05
/5

*
 

  140
/0

  

Fresh W
eight 

of leaf
 

(gr)
 

 (j
�% �� (

,�)
  

55
/

10
*

 

59
/

131
*

 

15
/

24
*

 

56
/1

ns
 

  21
/

30
 

L
eaf dray 
w

eight
  

(gr)
  

 (j
�% K

�
8 (

,�)
  

55
/

10
*

 

59
/

131
*

 

15
/

24
*

 

56
/1

ns
 

  20
/

30
 

C
hlorophyll

  4
#R���� �

8�=
  

28
/

260
*

  

18
/

3513
*

 

29
/

25
*

  

47
/

13
*

 

  0134
/0

  

N
um

ber of 
leafs

  j
�% ���)�

  

73
/

167
*

 

49
/

2483
*

 

60
/

27
*

 

36
/

14
*

 

  901
/4

 

    

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
04

.1
9.

1.
5.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                            12 / 20

https://dor.isc.ac/dor/20.1001.1.20080891.1404.19.1.5.8
http://rangelandsrm.ir/article-1-1290-fa.html


�����  ���	 �
���
 ���� ���

�� �� �������   ����� ������� ���
�
�� 
! � ���"�#�!��
   ... / ���
%  T������ �  
  

 

80 

 

  

  

 ]��3: ) 1�
� E�g��� �� ��������
 � ���� ]��@ 
 �����e(  ) f�� ��/e� �f( .�$e
 OA �� /	�! \� Y
 O��. �� ��/<�  /$ >� ���

 ^_� �� �%�� T�
2W)5% .(  

  

 f�� �� �[$��;� l���  

 f���!�� 4#�X� � 2�"�� g����  4%�A�� >��O� ��� (���

  (��#H+�  aW
  !�  `!�\  �  �!�=  ��B!�H#�95   �5!�

�%	 ��"*
 �8�= 	�)�) �
� !�� .��Y3 �p<0.05(  �% .

)  4%�A��  >��O�  [# ��#�  20��A�  g����  l�
�4'=  4  �(

!�H#�  d#���  !�  	 ��"*
  �8�=  (�"#�  [���e�% 

S1F1+F2     !��A� �%875/48  !�H#� !� (�"#� [���H� � 

S4F0     !��A� �%65/25  >��]� [�� 2� �= ��B���  �b� ,� �B

 4'=) ���0B !����)� �!��&4 .(  

  

  

  
 ]��4:  �[$��;� ��/@
 �� ��������
 � ���� ]��@ 
 ������$�%�������� 1�
� .�$e
 OA �� /	�! \� Y
 O��. �� ��/<�  /$ >� ���

 ^_� �� �%�� T�
2W)5% .(  

  

  

h l l
j

g g
h h

e f f f

a b c d

0

10

20

30

40

50

60

S1 S2 S3 S4

ی
نگ

زي
سب

ص 
اخ

ش

(ds/cm)  ���� X�_�

F0 F1 F2 F1+F2

de de
e e

de de de
de

cd cde cde
de

a
ab

bc

de

0

20

40

60

S1 S2 S3 S4


 
�

 �
��

 i
>

.
��

 �
��

� E
�g

��
�

� 

(ds/cm) ���� X�_�

F0 F1 F2 F1+F2

(e)

g gh hl l

e ef f f

c
d d

e

a a
b

c

0

50

100

150

200

S1 S2 S3 S4

f
��

 �
�/

e�

(ds/cm)  ���� X�_�

F0 F1 F2 F1+F2

(f)

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
04

.1
9.

1.
5.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                            13 / 20

https://dor.isc.ac/dor/20.1001.1.20080891.1404.19.1.5.8
http://rangelandsrm.ir/article-1-1290-fa.html


 1��� ,UVVV��VVV
19 1���� ,1 ,1404      

  
 

81 

 

  ]% /
d���A! ]% Z�$!  

  .��Y)  f���!��  2�"��  g����3  2�  ���  (���  (  �O�

  !�H#� 4A�0�  �!�= `!�\ � �!�= ��B!�H#� 4%�A�� �O� �

  (��#H+�  aW
  !�  �#i���JR  �  .��R  (�"#�  �%95    �5!�

4A�0�  �O�  2'#:�6!�  �0#�  !��  	�)�  `!�\  !�H#�  ��B

  �"�!�'���)  �
�  !��  	�)�P<0.05(  . !�  `!�\  �!�Q��O�

  ���6  �#i���JR  �  .��R  (�"#�2/1    �B�=  2%  �*0�  �%��%

  .�
�  �#i���JR � .��R (�"#� [����#%2%d#���  !�H#� !� 

S4F1+F2     ����A�  �%216/20    �94/8  �  !�  .�=  ��B��

�B�= !�H#� !� >�*#��� [�� (�"#� [���H� �4%�A� (S1F0)  

(��%    ����A� �% �"�!�'��� `!�\645/17    � .��R ���%397/7  

  ����� �*O �#i���JR ���%)  4'=5g , h(.  

  

  

  ]��5: ) Z�$! �� ��������
 ���	 �6`� �����g ) /
d���A! � (h  OA �� \� Y
 O�. 5� ����� ��� *
[��

 (7�� �� 7�� �6

) (

�$e
 ./���/� /`�� P$N Z�� .� ^_� �� �%�� T�
2W 2� 1��g �� �� ����  

  

 T�/
>%� � �W  

  ���
 � 4%�A�� >��O� 2� ��� (��� �!��& "#:��& g����

`!�\ � �!�= M��	��& �#:�)R �% �"�!�'��� ��B  	���#0��

  �5!�  g�?  .�H�6�  aW
  !�  	�H���  !�8���  ��#�  j�%

	�)���%  !��  )P<0.05(  �#:�)R  !��A�  [����#%  .

	��&  !�  `!�\  ��  a#A��  !�H#�  !�  	���#0��  �!�=  V���=

!�
N aW
  (S4F1+F2)     �%  [# ��#�193/62    ��= ��B���

	��& �#:�)R !��A� [���H� 2� 	:�6 !� V���= !� 	���#0��

  [# ��#� �% `!�\ (��% !�H#� � K� aW
 �!�=467/6   �*O

 4'=) �����6(. 

  

  
 ]��6:  .�$�%�������� 1�
� T�/
>%� � �W T��

 �� ��������
 � ���� ]��@ 
 ������$e
 OA �� /	�! \� Y
 O��. �� ��/<�  ���

 ^_� �� �%�� T�
2W) /$ >�5% .(  

m m m
l

k
j

i hg
f

e dc b b a

0

10

20

30

40

50

60

70

S1 S2 S3 S4/
`

��
 i

>
.

��
 T

�/

>

%�
 �

 �
W 

��
/

@


(ds/cm)  ���� X�_�

F0 F1 F2 F1+F2

c

c

b

a

6.8

7

7.2

7.4

7.6

7.8

8

8.2

8.4

8.6

8.8

F0 F1 F2 F1+F2

 

��

�� 
#"

$�
%�&

' �
�#

(�
)

	 
��

 �
�	

 �
*"�

��
   

 (

�"�!�'#� ��B `!�\ I�W

(h)

C

b

ab

a

17

17.5

18

18.5

19

19.5

20

F0 F1 F2 F1+F2

 i
>

.
��

 Z
�$

! �
�/

@

)

7�
� 

��
 7

��
 �

6




   
 (

�"�!�'#� ��B `!�\ I�W

(g)

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
04

.1
9.

1.
5.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                            14 / 20

https://dor.isc.ac/dor/20.1001.1.20080891.1404.19.1.5.8
http://rangelandsrm.ir/article-1-1290-fa.html


�����  ���	 �
���
 ���� ���

�� �� �������   ����� ������� ���
�
�� 
! � ���"�#�!��
   ... / ���
%  T������ �  
  

 

82 

 

 *
#��N  

	� (��� MB�C? [�� g���� �!�= M�� >��O� 2� �B�

`!�\ �  	�H��� !�8��� j�% [#:��? (�"#� �% �"�!�'��� ��B

	�)� �5!� g�? .�H�6� aW
 !��
� ���% !�� )P<0.05( .

	
!�%  [#:��?  (�"#�  ��!�=  M��"R�  �%  2�  ���  (���  �B

2%  ��B!�H#�  !�  M��"R�  [��  �  �R��  M��"R�  	��  !�+

 (�"#� [����#% .��% �B�= !�H#� ,� ���# H�N 	��"�!�'���

e�% !� [#:��?[���    �!�= aW
 (S4) 2% `!�\ �� a#A�� �

  (�"#�9/7  	�#�  2�  	:�6  !�  ��=  ��B���  ���  !�  ���

  �%  `!�\  (��%  �  G�  �!�=  aW
  !�  (&  (�"#�  [���H�

349/3 	�#���% ��� !� ���   4'=)7 .(  

  

  

  
 ]��6: �$�%�������� 1�
� *
#��N T��

 �� ��������
 � ���� ]��@ 
 ����� .�$e
 OA �� /	�! \� Y
 O��. �� ��/<�  /$ >� ���

 ^_� �� �%�� T�
2W)5% (  

  

n0�    ��Q
 � ��
�  

�8�= [# ��#�  20��A�  ,�  45�6 g����  2�!�W��HB  

  .��Y !� ��#� K�8 � �� (,�)3(    M�� M��"R� ��� (���

 ���6 MB�� 2% ���� �!�=50    K�8 � �� (,� ��5!�

  v��% �"�!�'��� `!�\ �%  2��!  a#A��  �� �� ��
 ,�  �  ��#�

  ���6 M��"R�8    g���� [�� .�= ��#� K�8 � �� (,� ��%��%

 �  ������#%  V
��  ��=  �����  >�):�W�  g����  �����  �#i��

)  (�!�'HB2017=��  (����  2�  �
�  ( �!�=  M��"R�  ���

	�C�� MB�� 2% ����  ���)� �2\�
 �W\ �k�]�!� ����� 	��B

  �W)�  	���)H=  ��#�  K�8  �  ��  (,�  �  �j�%  �  28�=

	�`!�\  a#A��  �%  ���  .��=  ��B G. mosseae   �G. 

intraradices.�R��  ��*
%  f��
�  ��'�H�  �  ��#�  �=!  � 

) (�!�'HB � (�, �[�� �% ��J�2023  2� ����� U!�"� "#� (

  `!�\ a#A�� Funneliformis mosseae   �� (,� M��"R� v��%

j�% K�8 �  ��#� ��BXanthoceras sorbifolium     .�=

) (�!�'HB � 	H
�\ �[#�hHB2023 �"�!�'��� �*s� �#OP� (

(��� ��#� �=! �% (Linum usitatissimum)     .����� �#��� �!  

  �2��% !� j�% ���)� � 2��% k�]�!� �8�= ��^8!�

�!�H#�  d#���  �4%�A��  >��O�  [# ��#�  20��A�  g���� 

S1F1+F2   [# ��#�)  2��%  k�]�!�  [����#%  �25/52  

	���
  [# ��#�) j�% ���)� [����#% � (���25/167    j�%

  !� j�% ���)� [���H� 2� 	:�6 !� .��� (��� �! (2��% !�

!�H#� S4F0   4'=)  �=  ��B���3  �  2��%  k�]�!�  MB��  .(

  d
���  f��
9!��  ���  ,�  	=��  �
�  ['H�  2\�
  .�+

 .��
  [�� .�=�% M�� �% 2�%�A� 2% ���� ���#% ��^�8� � �B

	�  V���=  �  ��#�  �=!  �!��  (�=  �����  2%  ����  �����

 .��
  	)#*+  2)
��  !�  .J�8�  2%  ���
�  !�  2�  ��=  �B

	� ���� ��#� k�]�!� MB��  2�HY ,� �	W#X� V���= .����

 2��% k�]�!� � �=! �% 	��"0% �#OP� �;& 2% 	R�� 	
��
�

.��
  f��
9!��  !��R  MB��  v��%  ;&  ��*H�  .�!��  �  �B

(& .�+ MB��	� ��#� k�]�!� MB�� 2�#�� !� � �B  .��=

 !� .J�8� ��!�= ,� 	=�� �"H
� M�� 	����%� 46��� !�

��  ;&  ;QY .��
  ;&  ���X�  MB��  2%  ��  ��#�  �  �B

	� 	H
  I�W
  2%  KH�  �H��  ���)%  46���  !�  .����

g g g
g

f ef
de

c
cd c c

bb

a a a

0

1

2

3

4

5

6

7

8

9

S1 S2 S3 S4

 i
>

.
��

 *

#

��
N �

�/
@


)
7�

� 
��

 7
��

 �
6




(

(ds/cm)  ���� X�_�

F0 F1 F2 F1+F2

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
04

.1
9.

1.
5.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                            15 / 20

https://dor.isc.ac/dor/20.1001.1.20080891.1404.19.1.5.8
http://rangelandsrm.ir/article-1-1290-fa.html


 1��� ,UVVV��VVV
19 1���� ,1 ,1404      

  
 

83 

 

	�j�%  l!��,  ��#?  v��%  �����  aW
  MB��  �  �B

j�%  �=! MB�� 2% 2�/0� [�� 2� ��= �����"��
��R ��B

.��
 .�+ �	� �B ) ������64 �!�= ��!�� (���� (�AAX� .(

	�  �)��
�� MB��� � 	:��
 (�= 2��!�#B� L��+ ,� �����

j�%  (�=,��'�  [#����hHB �  j����%(&  U"�!  �  �B  ��B

  �!  ��#�  !�  j�%  "*
  aW
  �	����  �#H�
  �W�
��  2�%

) �B� MB��42 .(  

  >�A#AX�  g����Xu  )  (�!�'HB  �2024 ��!�%  (

2���  	B�#� ��BMedicago sativa L. �Bromus inermis 

Leyss  �Festuca arundinacea Schreb   �%  a#A��  !�

`!�\  ��BFunneliformis mosseae  �Rhizophagus 

intraradices   �%  �!��  	�)�  �O�  `!�\  �%  a#A��  ���  (���

  �% 20��A� !� 2��? ���)� � �����, ��#� k�]�!� M��"R� ��!

  �  2��HX�  �[#�hHB  .�!��  �"�!�'���  `!�\  (��%  �B�=

)  (�!�'HB1394  v��%  �!�=  M��"R�  2�  �����  (���  (

 2�#��  !�  �  j�%  2%  2��!  ,�  ����  .�A���  �  ;QY  MB��

k�]�!�  �  �=!  MB��  	�  ��#�  (�B�#�  k�]�!�  MB��  .��=

 "��
��R y�� MB�� 4#:� 2% �
� ['H� �!�= M�� �X�

	�  (���  g����  [��  .�=�%M��  ������  2���B�  ��B

2% 	W#X��!�= �C�� 2�#
% �	� �=! V���= �,�
 2% �����

��� KH� (�B�#� ��'�H� ��*
%.  

 !� 	 ��"*
 �8�= [# ��#� 20��A� ,� 45�6 g����

  	 ��"*
 !��A� ��!�= I�W
 M��"R� �% 2� ��� (��� j�%

`!�\ �% a#A�� ���� !� .�
� 2�R�� MB�� 2% �"�!�'��� ��B

2% .�
� ���� KH� ��#� 	 ��"*
 ��*
%  �� d#��� ��C��

`!�\ (F1+F2) `!�\ !�H#� fu
 � (F2)  �!����)� !�+ 2%

  �B�=  ����  �  �B!�H#�  ���
  2%  �*0�  ����#%  	 ��"*


  4'=)  �
�  ����  ��*
%4d#���  �
!  	�  �b�  2%  .( F. 

mosseae   � R. intraradices   ;QY �% �*s� �#OP� 4#:� 2%

 4#
0� �!  ��#� 	 ��"*
 ��*
% �;& � �Qc� ���� ���Om�

	�  ��*
% 2% d#��� [�� .��� 2��! ��J
 � 7�8 !��8�


2%  � ���� KH�GB >��O�  4#:� � "��
��R ��'�H� �	��"R�

	�  ��*
%  �!  ��#�  	 ��"*
��$%) 58 � 23�33 M��  (

	�  �!�=  �  ����  MB��  �!  ��#�  �"��
��R  �#:�)R  �����

�� ;QY  �4#R����  !��A�  MB�� 2%  ����  �  [%�� �#0��

���� �"��
��R �#R�w )21  ���#� G0#:�%��� 2% 4#R���� .(

 .�
� 2�0%�� j�% (9���#� (�"#� � �'0#%�! G�"�& �#:�)R

[#/���? �% �!�= �#OP� �e�% �!�= V���= �X� 2% ���� �B

	� 4#R���� d��$���= )60 �!�= M�� �[��  �%  ��J� .(

G#b�� M��"R� v��%�����  � K�"0%& �#
� ����� �=! ��B

	� [�#��  2�"�� dY�� �,J#R���� G�"�& K��X� �% 2� ��=

	� 4#R�������� )48 .(  

  �%  �B!�H#�  >��O�  [# ��#�  20��A�  ,�  45�6  g����

4� �#i���JR 4� .��R  �8�=  ,�  	��6    ���6 �!�Q��O�

1.2  ) �
� �B�= 2% �*0� `!�\ ��%��%   4'=5  g���� [�� .(

2�R��  �%)  ��B31`!�\  �����  (���  2�  �!��  	���$HB  ( 

Piriformospora indica   >�*#���  M��"R�  �  �=!  ��*
%

 �[#�hHB  .�!��  ���HB  2%  	�]�R  k��)�  ��#�  !�  �!  	:��R

) (�!�'HB � ���9 2):�W�2018  2� ��� (��� >!� ��! �% (

	��&  �#:��  M��"R�  L��+  ,�  �"�!�'��� (��#0��  �����  	��B

.��R  � ���� MB�� �! �!�= 	]�� >��O� ��B�#i���JR � �B

	� KH� ��#� ��
% �=! 2% =�B 2):�W� �[�� �% ��J� .���  G

) (�!�'HB �2016��#� ��! �% ( Acacia gerrardii   �X�

`!�\  2�  ���  (���  �!�=  M�������  �"�!�'���  ��B 

Funneliformis mosseae   � Rhizophagus intraradices 

  ��#� ����A� ��B�����JR � 	:��R >�*#��� �#:�� M��"R� �%

	�  ��*
%  �!  �!�= �%��%  !�2�R��  [��  .���$% I�|� 2%  �B

(���  	��R� G�0#
 ���A� !� �"�!�'��� �Om� MA� ���B�

  !�  ��#i���JR  �  	:��R  >�*#���  �#]#�  ��*
%  �  (�B�#�

 �
� �!�= M�� V���=.  

  �% 2):�W� �!�� ��B!�H#� �!�Q��O� �!��& "#:��& g����

 �#:�)R !��A� [����#% 2� ��� (��� (��#0�� 	��& �8�=

	��&  �!�=  V���=  !�  `!�\  ��  a#A��  !�H#�  !�  	���#0��

!�
N aW
 (S4F1+F2)  4'=) �
�6(.   	
%��� >�A#AX�

`!�\  �#OP�  2%  "#��#:�)R  ��*
%  !�  �"�!�'���  ��B  ��B

	��&  f���� .��!�� �!�=� �!�= M�� �X� (�B�#� 	���#0��

) (�!�'HB �2020�#OP� ( R. intraradices   �! �#%�: ��#� �%

(& g���� � ����� 	
!�% !�+ 2% `!�\ [�� 2� ��� (��� �B

	��& aW
 	
Y�� 4%�\(��#0��  	������ � ���� M��"R� �! �B

$% ��*
% �! �!�= l��
� �% 2�%�A� !� ��#�  [�� .�
� ��#�

2�R��GB �|�6 L#AX� g���� �% �B(��� � �!�� 	���8  ���B�

	��#6 MA� R. intraradices   ��#� 	��R� G�0#
 ���A� !�

 �!�= M�� V���= !��
�. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
04

.1
9.

1.
5.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                            16 / 20

https://dor.isc.ac/dor/20.1001.1.20080891.1404.19.1.5.8
http://rangelandsrm.ir/article-1-1290-fa.html


�����  ���	 �
���
 ���� ���

�� �� �������   ����� ������� ���
�
�� 
! � ���"�#�!��
   ... / ���
%  T������ �  
  

 

84 

 

2):�W�  !�)  (�!�'HB  �  �N  �� ��  ��2021�O�  ( F. 

mosseae   2Y�� ��#� �% �!�= M�� V���= �X� �! 	 ��R

  M��"R� �% `!�\ [�� 2� ���R��!� � ����� !��\ 	
!�% �!��

	��& �#:�� (��#0��  ��*
% 2% ��#���#0�� l��
� MB�� � �B

  ���A� 4#:� 2% �O� [�� .�
� ���� KH� ��#� ��J
 � �=!

 >!�5 ��#�  	��R�  G�0#
  ���A�  �  	��Qx  �5���  ;QY

	� �#�P� �! (& "#� �|�6 L#AX� g���� 2� �R�����.  

) (�!�'HB � ��H6�2022�#OP� ( F. mosseae  �% �!

�!��8 ��#� Hippophae rhamnoides   V���= !�2��$��  ��

  �#:��  `!�\ 2� ��� (���  L#AX� [��  g����  .����� 	
!�%

	��& (��#0�� �! �!�= M�� �X� ��#� �=! � M��"R� �!  �B

	�  ��*
%  �  �Qc�  ����  ;QY  M��"R�  4#:�  2%  2�  �B�

GB "#�  g����  [��  .��%  ��#�  k�R�  ���A�2�R��  �%  ��
�!  ��B

(��� 2� ���0B �|�6 L#AX� !� �"�!�'��� �#HB� ���B�

�
� �!�= M�� 2% ��#� 4HX� ��*
%.  

) (�!�'HB � 	��%�%2023�O� "#� ( R. intraradices  �%

	)��� ��#� Medicago sativa   ����� 	%��,!� �! 2��$�� !�

  �B�#i���JR aW
 M��"R� 2% `!�\ [�� 2� ��� (��� g���� �

.��R � �! �!�= �%��% !� ��#� 4HX� ��*
% � ��= ���� �B

)  (�!�'HB  �  ��  f'��  .�
�  ����  GB��R2016 !�  "#�  (

2):�W�`!�\ 2� ����� U!�"� 2%��� �� (�"#� M��"R� �% �B

	��& (��#0��  !� ��#� 2% ��Qc� ���� � ;& ��
% ;QY � �B

���� KH� �!�= �% 2�%�A����. 

(���  I�|�  2%  >�):�W�  [��  ��#��  MA�  ���B�

  	������ ��*
% � (�B�#� 	��R� G�0#
 ���A� !� �"�!�'���

 (&M��  �%  2�%�A� !� �B2% �	W#X� ��B ��!�= M�� �C��

`!�\ ,� ���]�
� �#HB� �% �|�6 L#AX� g���� .���0B  ��B

  �#�P� (�B�#� ��J
 ��*
% � !����? �,!���� !� �"�!�'���

	����.  

  ��B!�H#�  [# ��#�  20��A� ,�  45�6 g����  [#�hHB

[#:��?  (�"#�  !�  `!�\  �  �!�=    M��"R�  �%  2�  ���  (���

2% [#:��? (�"#� ��!�=  M��"R� [�� � �R�� M��"R� 	�� !�+

  ��%  �B�=  !�H#�  ,�  ���# H�N  	��"�!�'���  ��B!�H#�  !�

  4'=)7 (�!�'HB � 	����� L#AX� ����� 2%��� >�):�W� .(

)2020  ��! �% ( Teucrium chamaedrys   2� ����� (���

`!�\  ��%!��  �=!  ��!�=  M��  V���=  !�  �"�!�'���  ��B

  �  �#:���':�  ���  �  M��"R�  �!  [#:��?  �  4#R����  �2��!

	�  MB��  �!  j�%  G��
MB�C?  ���
  .�B�  �����  "#�  �B

) (�!�'HB � !�"�:�%2022) (�!�'HB � "#i�! � (2021  �#�P� (

	���`!�\ 2� ��  ��Qc� ���� ;QY M��"R� �% �"�!�'��� ��B

  (�B�#� ����A� �[#:��? aW
 M��"R� � 	��� .��)� ��*
%

	�  M��"R�  �!  �!�=  2%  �  �#�  ���N  >�A#AX�  .��B�

)  (�!�'HB2018)  (�!�'HB  �  [#:��  �  (2012 (���  "#�  (

	�`!�\ 	�0�"HB 2� ��B�  v��% (�B�#� �% �"�!�'��� ��B

  �  �Qc�  ����  �  ;&  ;QY  M��"R�  �2��!  �=!  ��*
%

	� �!�= V���= !� [#:��? M��"R� [#�hHB 2HB 2� ���=

M��  �%��%  !�  (�B�#�  4HX�  M��"R�  2%  4����  [��  ��B

	� KH� 	W#X�����. 

2�R��  [��`!�\  �#HB�  �B ��*
%  !�  �!  �"�!�'���  ��B

  2%  2�  �[#:��?  �H��  M��"R�  �  �!�=  2%  (�B�#�  4HX�

  �  �"H
�  .��)�  {]6  !�  ��#��  �#:�H
�  K�  (����

d#
& MB��	� 4H� �#���#0�� ��B	� �#�P� ��������.  

2%  M��  2�  ���  (���  MB�C?  [��  g����  �	��  !�+

 2%  �!�=4%�\  !�+  �  	'�9�:�R!��  >�#5�^8  �%  	
Y��

  v��% � 2�=�Q� 	]�� �O� 	�H��� !�8��� ��#� 	��#H#=��#R

  !� .�= ��#� !� G
� 2����O  >�*#��� �#:��  �  �=! MB��

`!�\ �% ��#� a#A�� �4%�A�2% ��"�!�'��� ��B   d#��� �C��F. 

mosseae    �R. intraradices   (�"#� 2% �! �!�= 	]�� >��O�

`!�\ [�� .��� MB�� 	
Y�� 4%�\  ;QY M��"R� L��+ ,� �B

�
�? ���A� � ���#� !� ;& �#)|� ��*
% ��Qc� ����  ��B

	��&  ���#� k�]�!�  �����  	��B����!�?  ��*
%  v��%  �	���#0��

j�%  K�8  �  ��  (,�*#���  ����X�  M��"R�  �  �B >�

2%  .���=  ��#�  	��#H#=��#R`!�\  ��%!��  �	��  !�+  ��B

2% �"�!�'���	� 	�0�, !�'B�! K� (����  	H
� MA� �����

  ��#6� � �!�= M�� �%��% !� (�B�#� ����A� M��"R�  !�

 G�0#
���d��$�  ��B  MB�C?  [��  g����  .���  �]��  ��=

	�  (�����
%  2�  �B�`!�\  [��  ,�  ��#�2%  ��B  !�  �C��

�9��?[#�,  �  �����  ��#6�  ��Bd#
&  	��!,  ��B  �����

	���
% � �!����? M��"R� dY�� ����� G�0#
��� �!�  !� �B

2H#� � K�8 L+�����= K�8.  

2�R�� [�� �#HB� M��"R� 2% 2Y�� �% 2� �
� (& !� �B

[#�, �)
�2% �(�
Y !� !�= ��B  �K�8 L+��� !� �C��

U�!  ,�  ���]�
�`!�\  �����  	�0�,  ��B �"�!�'���  ��B

	�2% �����V#X� �% !��,�
 � !����? ��*B�! K� (���� �0�,

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
04

.1
9.

1.
5.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                            17 / 20

https://dor.isc.ac/dor/20.1001.1.20080891.1404.19.1.5.8
http://rangelandsrm.ir/article-1-1290-fa.html


 1��� ,UVVV��VVV
19 1���� ,1 ,1404      

  
 

85 

 

  ��)�� >�):�W� .��#� !��\ 2Y�� �!�� �!�= �%  2�%�A� !�

���� (���`!�\ [�� 2� ���  2% (�B�#� 4HX� ��*
% 	������ �B

M��  ;QY M��"R�  L��+ ,�  �!  �!�= �����  	W#X� ��B

 l��
� �%��% !� ��#� ����A� ���A� � �Qc� ���� � ;&  ��B

 ̀ !�\ �d#��� [�� 2% .��!�� �#���#0�� �
�� 2� �"�!�'��� ��B

2% 2'�%  !����?  �,!���� ���% ��#6� !� �Om� �!�"%�  (����

 G�0#
���d��$� ��B��!�� ��A:�% ��%!�� "#� ��= .  

  
 
References  
1. Adavi, Z. & M. Baghbani Arani., 2020. The effect of planting date, cultivar, and mycorrhizal fungi on growth 

characteristics and antioxidant enzyme activity in potatoes. Biannual Journal of Plant Production 
Technology, 12(1): 177-192. 

2. Ahmadi, M., I. Saidi & A. Zarei, 2022. Effects of Funneliformis mosseae on antioxidant capacity and growth 
of sea buckthorn under greenhouse conditions and salt stress. Ecological Indicators, 14(1): 109-127. 

3. Ahmed, M.Z., M. Shahid, S. Ali & H. Bibi, 2022. Role of Glomus intraradices in enhancing growth, stress 
tolerance, and biochemical attributes of tomato plants under saline conditions. Journal of Soil Science and 
Plant Nutrition, 22(3): 987-1002.  

4. AOAC. 1984. AOAC official methods of analysis. Association of Official Analytical Chemists, Washington 
DC, USA. 

5. Awais, M., N. Ahmad & H. Rehman, 2020. Mycorrhizal fungi improve growth and antioxidant activity in 
beans under salt stress. Mycorrhiza, 30(3): 239-250.  

6. Babaei, M., R. Mohammadi & A. Gholizadeh, 2023. The role of Rhizophagus intraradices in enhancing 
growth and antioxidant compounds in alfalfa under greenhouse salt stress conditions. Journal of Soil Science 
and Plant Nutrition, 23(1): 123-134.  

7. Baltazar-Bernal, O., J.L. Spinoso-Castillo & E. Mancilla-Álvarez, 2022. Arbuscular mycorrhizal fungi 
induce tolerance to salinity stress in taro plantlets (Colocasia esculenta L. Schott) during acclimatization. 
Plants, 11(13): 1780.  

8. Bates, L.S., R.P. Waldren & I.D. Teare, 1973. Rapid determination of free proline for water-stress studies. 
Plant and Soil, 39(1): 205-207. 

9. Biranvand, R., H. Rezaei Nejad, S. Hoseini & S. Seyyedeh Zahra, 2017. The effect of two mycorrhizal fungi 
species (Glomus mosseae and G. intraradices) on some morphological and physiological traits of scented 
geranium (Pelargonium graveolens L.) under salt stress. Journal of Soil and Plant Relations - Isfahan 
University of Technology, 8(1): 107-121. 

10. Chang, C., M. Yang, H. Wen & J. Chern, 2002. Estimation of Total Flavonoid Content in Propolis by Two 
Complementary Colorimetric Methods. Journal of Food Drug Analysis, 10(3): 178-182. 

11. Chang, Q., L. Zhang & H. Guo, 2018. Amelioration of salt stress tolerance in wheat seedlings by exogenous 
application of glycine betaine and abscisic acid. Environmental and Experimental Botany, 155: 58-66.  

12. Zong, J., Z. Zhang, P. Huang & Y.  Yang, 2023. Arbuscular mycorrhizal fungi alleviate salt stress in 
Xanthoceras sorbifolium through improved osmotic tolerance, antioxidant activity, and 
photosynthesis. Frontiers in Microbiology, 14: 1138771. 

13. Coruh, I., A. Gormez, S. Ercisli & M. Sengul. 2008. Total phenolic content, antioxidant, and antibacterial 
activity of Rumex crispus grown wild in Turkey. Pharmaceutical Biology, 46(9): 634-638. 

14. Dashtbani, F., R. Haji Boland & N. Ali Asgharzadeh, 2017. Germination, photosynthesis, and growth of two 
halophyte species, Pococelania distans and Aeluropus littoralis, under saline conditions and their symbiosis 
with Arbuscular mycorrhizal fungi in their natural habitat in Tabriz plain. Iranian Journal of Biology, 30(4): 
1-17. (In persian) 

15. Dehghani Bidgoli, R., 2018. Effects of drought and salinity stress on some secondary metabolites of rosemary 
(Rosmarinus officinalis). Applied Plant Eco-Physiology Research, 5(1): 37-51. 

16. Deyanti, B., K. Arghavani, A. Kheiri, S. Amani Far & S. Aziziollah, 2020. The effect of mycorrhizal fungi 
on the morphophysiological characteristics of Teucrium chamaedrys L. under salt stress conditions. Iranian 
Journal of Horticultural Science, 51(3): 621-632. 

17. Han, X., Y. Wang, K. Cheng, H. Zhang & M. Tang, 2021. Arbuscular mycorrhizal fungus and exogenous 
potassium application improved Lycium barbarum salt tolerance. Journal of Plant Growth Regulation, 41: 
2980-2991.  

18. Evelin, H., R. Kapoor & B. Giri. 2012. Arbuscular mycorrhizal fungi in alleviation of salt stress: A review. 
Soil Biology and Biochemistry, 47: 29-37.  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
04

.1
9.

1.
5.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                            18 / 20

https://dor.isc.ac/dor/20.1001.1.20080891.1404.19.1.5.8
http://rangelandsrm.ir/article-1-1290-fa.html


�����  ���	 �
���
 ���� ���

�� �� �������   ����� ������� ���
�
�� 
! � ���"�#�!��
   ... / ���
%  T������ �  
  

 

86 

 

19. Fattahi, B., R. Almasi & F. Ghasemi Hajiabadi, 2021. Changes of morphological characteristics and nutrients 
of Bromus tomentellus under the influence of coexistence with mycorrhiza fungi for use in range seeding 
operation. Journal of Rangeland, 15(4): 665-676. 

20. Garcı́a-Sánchez, F., J.L. Jifon, M. Carvajal, M & J.P.  Syvertsen, 2002. Gas exchange, chlorophyll and 
nutrient contents in relation to Na+ and Cl− accumulation in ‘Sunburst’mandarin grafted on different 
rootstocks. Plant Science, 162(5): 705-712. 

21. Gee, G.W. & J.W. Bauder., 1986. Particle‐size analysis. Methods of soil analysis: Part 1 Physical and 
mineralogical methods, 5:383-411. 

22. Gianinazzi, S., H. Schüepp & J.M. Barea, 1991. Impact of Arbuscular mycorrhizal fungi on plant health and 
growth. In Mycorrhizal Functioning, 99-129 P. CRC Press. 

23. Gosling, P., A. Hodge, J. Goodall & C. Campbell, 2019. Mycorrhizal fungi in agriculture. Journal of Soil 
Science, 70(5): 1042-1055.  

24. Hashem, A., E.F. Abd Allah, A.A. Alqarawi & A.A. Al-Huqail, 2016. The protective role of Arbuscular 

mycorrhizal fungi against salt stress in Acacia gerrardii involves increased antioxidants, reduced oxidative 
damage, and enhanced nutrient uptake. Frontiers in Plant Science, 7: 1-15.  

25. Pollastri, S., A. Savvides, Pesando, M. E. Lumini, M. Volpe, G. Ozudogru & R. Balestrini, 2018. Impact of 
two arbuscular mycorrhizal fungi on Arundo donax L. response to salt stress. Planta, 247: 573-585. 

26. Jackson, M., 1967. Soil chemical analysis prentice. Hall of India Private Limited, New Delhi 498 (1). 
27. Jafarian, F. & H. Ahmadi., 2015. Investigation of ecological characteristics of halophyte plants and strategies 

for improving saline rangelands. Iranian Journal of Range and Desert Research, 21(2): 45-58. 
28. Jahanbazi, H., S.M. Hosseini Nasr, K. Saqeb Talebi & S.M. Hojati. 2015. Effect of salinity stress on 

vegetative factors, proline, plant pigments, and element uptake in aerial organs of four wild almond species. 
Iranian Journal of Biology (Scientific), 27(5): 777-787. 

29. Johnson, N.C. & D.W. Johnson., 2019. Mycorrhizae and plant growth. Annual Review of Phytopathology, 
57: 161-183.  

30. Khalavandi, M., M.R. Amerian, H.A. Pirdashti, M. Baradaran Firuzabadi & A. Gholami, 2019. The effect of 
symbiosis with the pseudo-mycorrhizal fungus Piriformospora indica on the growth improvement of Mentha 
piperita under salt stress. Journal of Plant Science, 4(2): 85-92. 

31. Knudsen, D., G.A. Peterson & P.F. Pratt, 1982. Lithium, sodium, and potassium. Methods of soil analysis: 
part 2 chemical and microbiological properties, 9: 225-246. 

32. Kormanik, P.P. & A.C. McGraw., 1982. Quantifying vesicular-Arbuscular mycorrhizal dependency of 
plants. In Mycorrhiza, 37-49 P. CRC Press. 

33. Kutlek, M. & D.R. Nielsen., 1994. Soil hydrology: texbook for students of soil science, agriculture, forestry, 
geoecology, hydrology, geomorphology and other related disciplines: Catena Verlag, 370p. 

34. Loeppert, R.H. & G.L. Suarez., 1996. Carbonates and gypsum In D. L. Sparks (ED.), Methods of Soil 
Analysis. Part 3. Chemical methods. 2nd Edition. Madison Wisconsin, USA. 437-474p. 

35. Ghasemi, M., M. Zahedi, M. Gheysari & M.R. Sabzalian, 2023, Effects of inoculation with four mycorrhizal 
species on seed phenolic and fatty acids of sesame plants grown under different irrigation regimes. Scientific 
Reports, 13(1): 16482. 

36. Mansoori, H. & M. Faramarzi., 2023. The role of mycorrhizal fungi in enhancing growth parameters of 
Lycium spp. under saline conditions. Plant Biology, 25(4): 600-611. 

37. Mashayekhi, K. & S. Atashi., 2016. Guide to plant physiology experiments (Pre-and post-harvest studies of 
plants). Agricultural Education Research, 318 p. 

38. Mehmood, A., A. Hussain, S. Irshad, T. Mukhtar, A. Mahmood, T. Sultan, & T. Yaseen, 2023. Contribution 
of Arbuscular mycorrhizal fungi (AMF) in improving the growth and yield performances of flax (Linum 

usitatissimum L.) to salinity stress. Agronomy, 13(3): 1-16.  
39. Miliauskas, G., P.R. Venskutonis & T.A. Van Beek, 2004. Screening of radical scavenging activity of some 

medicinal and aromatic plant extracts. Food Chemistry, 85(2): 231-237. 
40. Millner, P.D. & D.G. Kitt., 1992. The Beltsville method for soilless production of vesicular Arbuscular 

mycorrhizal fungi. Mycorrhiza, 2: 9-15. 
41. Munns, R. & M. Tester., 2008. Mechanisms of salinity tolerance. Annual Review of Plant Biology, 59: 651-

681.  
42. Nadian, H., M. Heidari, M. Qaryneh & M. Daneshvar. 2013. The effect of different levels of sodium chloride 

and mycorrhizal colonization on the growth and uptake of phosphorus, potassium and sodium by saffron. 
Plant production (Scientific Journal of Agriculture), 36(2): 58-49. (In Persian) 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
04

.1
9.

1.
5.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                            19 / 20

https://dor.isc.ac/dor/20.1001.1.20080891.1404.19.1.5.8
http://rangelandsrm.ir/article-1-1290-fa.html


 1��� ,UVVV��VVV
19 1���� ,1 ,1404      

  
 

87 

 

43. Nelson, D.W. & L.E. Sommers., 1996. Total carbon, organic carbon, and organic matter. In A.L. Page et al 
(EDs.), Methods of Soil Analysis. Part 2. Chemical and microbiological properties. 2nd Edition. Agronomy 
Series No. 9, ASA SSSA, Madison. 961-1010 p. 

44. Netto, A.T., E. Campostrini, D.E. Gonçalves, J.G. Oliveira & R.E. Bressan-Smith, 2005. Photosynthetic 
pigments, nitrogen, chlorophyll a fluorescence and SPAD-502 readings in coffee leaves. Scientia 
Horticulturae, 104(2): 199-209. 

45. Xue, Y. A., N. G, Hongqing. Y. U. Zhang, T. Jixun, G. U. O & X. Zhang, 2016. Arbuscular mycorrhizal 
fungi improve the antioxidative response and the seed production of Suaedoideae species Suaeda physophora 
Pall under salt stress. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 44(2): 533-540. 

46. Olsen, S.R., C.V. Cole, F.S. Watanabe & L.A. Dean, 1954. Estimation of available phosphorus in soils by 
extraction with sodium bicarbonate. Circular, Washington, DC: US Department of Agriculture, 939:  19 p. 

47. Orabi, S.A., S.R. Salman & M.A. Shalaby, 2010. Increasing resistance to oxidative damage in cucumber 
(Cucumis sativus L.) plants by exogenous application of salicylic acid and paclobutrazol. Journal of 
Agricultural Sciences, 6(3): 252-259. 

48. Page, A.L., R.H. Miller & D.R. Keeney,1992. Method of soil Analysis. Part II: Chemical and Mineralogical 
Properties (Second Edition ed.). Madison, Wisconsin. 

49. Paul, M., R.A. Hasegawa Bressan, J.K. Zhu & H.J. Bohnert, 2000. Plant cellular and molecular response to 
high salinity. Annual Review of Plant Physiology and Plant Molecular Biology, 51: 463- 499. 

50. Poryafar, P., A. Khaleghi, A.R. Abbasi Far & M. Taghizadeh, 2021. Inoculation of Persian Gleditsia 
(Gleditsia caspica Desf.) seeds with Arbuscular mycorrhizal fungi to increase drought tolerance in seedlings. 
Journal of Iranian Horticultural Science, 52(4): 45-56. 

51. Ruiz-Lozano, J.M., H. Evelin & R.M. Augé, 2021. Regulation of Arbuscular mycorrhizal symbiosis by 
plants: A critical role for oxidative signaling. Frontiers in Plant Science, 12: 627-851.  

52. Safarimohammadi, Z., M. Moghaddam, B. Abedi & L. Samiei, 2015. The effect of salinity stress on some 
functional parameters and morphological characteristics of green mint (Mentha spicata L.) under hydroponic 
conditions. Soil and Plant Relationships (Greenhouse Crop Science and Technology), 6(23): 97-106.  

53. Saini, P., S. Khan, S. Patil & H.S. Jatav, 2020. Effect of mycorrhizal fungi on the growth and physiological 
traits of crops under salt stress. Journal of Applied Microbiology, 129(2): 300-312.  

54. Shahid, M.A., M.N. Khan, M.I. Shahid & N. Khalid, 2020. Effect of Glomus mosseae on the growth, 
physiological and biochemical attributes of wheat under salt stress. Scientific Reports, 10(1): 1-14.  

55. Shirali, F., R. Almasi & B. Fattahi, 2020. Effects of symbiosis with two species of Arbuscular mycorrhiza 
on some morphological and physiological characteristics of rangeland grass, Agropyron elongatum (Host). 
Beauv. Journal of Rangeland, 14(4): 731-741. 

56. Smith, S.E. & D.J. Read., 2008. Mycorrhizal symbiosis (3rd ed.). Academic Press. 
57. Smith, S. E. & D.J. Read., 2020. Mycorrhizal symbiosis (4th ed.). Academic Press. 605 p. 
58. Wang, X.J., Z.Q. Wang & S.G. Li. 1995. The effect of humic acids on the availability of phosphorus 

fertilizers in alkaline soils. Soil Use and Management, 11(2): 99-102. 
59. Wu, H., H. Guo & R. Zhao, 2006. Effect of Lycium barbarum polysaccharide on the improvement of 

antioxidant ability and DNA damage in NIDDM rats. Yakugaku Zasshi, 126(5): 365-71. 
60. Xu, H., Y. Shi, C. Chen, Z. Pang, G. Zhang, W. Zhang & H. Kan, 2024. Arbuscular Mycorrhizal fungi 

selectively promoted the growth of three ecological restoration plants. Plants, 13(12): 1678. 
61. Younesi, O., A. Moradi & A. Namdari, 2013. Influence of Arbuscular mycorrhiza on osmotic adjustment 

compounds and antioxidant enzyme activity in nodules of salt-stressed soybean (Glycine max). Acta 
agriculturae Slovenica, 101-102: 219- 230. 

62. Zarei Mehrjardi, N., J. Nabati, B. Masoumi, A. Bagheri & M. Kafi, 2012. Investigation of salt tolerance in 
roots and shoots of eleven chickpea genotypes resistant and sensitive to drought under hydroponic conditions. 
Iranian Legume Research, 2(2): 83-96. 

63. Zhang, F., X. Yang, W. Ran & Q. Shen. 2018. Arbuscular mycorrhizal fungi enhance drought and salt 
tolerance in maize plants by improving plant antioxidant defense and nutrient uptake. Journal of Plant Growth 
Regulation, 37(2): 379-388.  

64. Zhou, Y., Y. Chen & Q. Zhang, 2021. Effects of Funneliformis mosseae on antioxidant capacity of tomato 
under salt stress. Plant Growth Regulation, 93(3): 367-375.  

65. Zhou, Y., X. Wang, H. Zhang, Y. Li & Y. Liu, 2021. Effects of arbuscular mycorrhizal fungi on growth and 
physiological characteristics of Lycium barbarum under salt stress. Journal of Soil Science and Plant 

Nutrition, 21(2): 1253-1267. 
66. Zhu, J.K., 2002. Salt and drought stress signal transduction in plants. Annual Review of Plant Biology, 53: 

247-273. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
04

.1
9.

1.
5.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            20 / 20

https://dor.isc.ac/dor/20.1001.1.20080891.1404.19.1.5.8
http://rangelandsrm.ir/article-1-1290-fa.html
http://www.tcpdf.org

