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Abstract 
In order to investigate the effect of different mycorrhizal fungai species and drought stress levels on physiological characteristics of chickpea cultivars, 
a factorial experiment was conducted in a completely randomized design in the greenhouse of Kurdistan Agricultural and Natural Resources Research 
Center in 2020. Its factors include irrigation at three levels (optimal irrigation at field capacity, moderate stress, and severe stress), application of 
mycorrhizal fungus at four levels (mosseae, Simiglomus hoi, Rhizophagus irregularis, and no inoculation (control)) and chickpea cultivar at two 
levels (ILC-482 and Pirooz). Results show that irrigation level has had a significant effect on the evaluated traits. Thus, by decreasing the amount of 
available plant water, both dry weight and chlorophyll content drops. Catalase activity increases under severe stress, compared to moderate stress and 
lack of drought stress up to 37% and 71.9% in Pirooz cultivar and up to 69.4% and 82.6% in ILC-482 cultivar, respectively. In case of the latter, the 
highest peroxidase activity is observed in severe stress conditions, which almost doubled compared to non-stress treatment. The activity of peroxidase 
enzyme is affected by the use of mycorrhizal fungi so that plants inoculated with G. mosseae has had the highest and non-inoculation with mycorrhiza 
the lowest peroxidase activity. In severe stress, the lowest amount of malondialdehyde has been obtained using G. mosseae. Inoculation of chickpeas 
with mycorrhizal fungi can be considered as a way to improve growth in non-stress conditions and increase tolerance to drought stress conditions. 
 
Keywords: Chlorophyll, dry weight, malondialdehyde, peroxidase, pirooz. 
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�5�1 V3 6��� �1�U �" GOb ��`Q" ������`� (	� 

M�� � % (	� �
�I( 
A��>� �I. 6A� 2" GI�7 �%h� 2" 

k�* 1��� �1�U �" �1 B"��� �� 
��`���"1�� �I % 

(
��23 

#F� k�* %�� B3 4��5 .G/�� � �T
 #F�

 

k�* �1 �%�b )1( �1�%3 ��I .G�"  

GI�7 �%h� �1 B"��� ��� �$� �;S �� >� 20 

0�����7 m��!� k�* % 
��� �� GA�� 1:2 0�F�" �I. 

t�U��" B"��� ��� �)
��23 40 % �'� 
���1 B3 40×60 

� ��� � � 1��. �1 �� B"��� �1 �
��� 23 G)OA
1�" ��� 18 

1�Q �h� 
 I�7 �I. 
����� ��� 1�!� �@� 2" B�I#A� % 

��Ox {����� �5"L� ,	� ���I % �1 �� B"��� (I 


��� 
c� 
 I"1 .�I �@� 2" B�I#A� �%h� % �"�= �" 6��7 


��� ��L 2" 0�� ���1"1�* ������`� �����3 ��`Q" �I. 

��� S6� V3 k�* 
�  4��5
�"2%� �2"��"���� ���I. 

�"�� J�=�� 1�!� �� L"#
��$
�� 6A� 2" GI�7 
� �"2" �� 

0�����7 k�* LB"��� 10 0�� 2" �7�* 
7 �%�a 1%�a 

1000 ��u�" 1�� 
� k�* B"��� 
/�g"  % 
� ���* �� B3 

m��!� ) �ISohrabi et al., 2012.(  

  

2. 1. ���������� ���   

�"�� @�_��  ,)* B2%
)
�  %L���� 
����� �@� 2" 

���* B1�7 2" B"����� 
�  4��48 ��1 �1 GQ��� 70 

 ��� 
b�1�1"�� �1 ��c �1 B%3 �"�� �	 /��  �� }u� %

%2"�� 2" �1�U �"� 1�.� �F
  G�1 ��,
 2�� L0�� 0�"#�_
 

���I.  

  
  

                                                                                    
4. Available Water Content  
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G�;0 1. C!
� H9 �+�"� ��� '�8":4 � "�4	4
� I�C ����JK9 �;
 �� ��HLB" 

G/�� k�*  pH  G
"�� �$
� $."  
(dSm-1)  

_��7 .3�  
(%)  

B-%� ��  R��� S  �U�/  R
#�	�  �%�  #	c	�  _�3  }�  
(mg kg-1soil)  

�	I ���.  8/6 73/0 13/1 25/0 500 5/9 13/228 34/1 3/37 84/1 1/1  

  
�2"��" ���� 6�/%��7 aL b % ��7%~�	��� ���<Q 1/0 

0�� {�� �� �1�U �" 2" 10 ���� � �. B� �" 80 �5�1 % 

1/0 0�� 	�R
#� �7"�� �"�! �" �I. }u� ���<Q 
� 4�� 

5 �1
=� �� 5000 �%1 �1 �1
=� � ���-�U
 �I % �B"#� 

Vhb ���<Q 
� G�1 ���3 �1 ��9 ��� ��� 646 % 663 

% 470 G~"�� �I. G��f /%��76� �� �1�U �" 2" M�"%� 2�
 


A��>� �I (Inskeep & Bloom, 1985).  

 
'�"�1                                      (Chla (mgml-1) =  

(12.25×A 663) - (2.79×A 646)  
 
'�"�2                                      (Chlb (mgml-1) =  

(21.21×A 646) - (5×A 663)  
 
'�"�3                    (Chtotal (mgml-1) = Chla+ Chlb   

 
'�"�4       (                                     = ��~�	�%��7  
(1000 A470- 2.270 Ca-81.4 Cb)/227  

�"�� (F	� G��f ��%�S_� 67 2" e%� Bradford 

)1976( �1�U �" .�I ��_
 4��5 
7 �1 L"� �" 5/0 0�� 

{�� "� �1 B%�� P�	� �"�� �1"1 �I % R� B��2 42" ��?
 

�#� �1 6*"1 B%�� �
 !
 �I % }S 2" B1�71�* {�� 50 

����0�� PVP 
� B3 
/�g" �I. �1 a_� R� B12 5/1 

�� �� �/�� 4�U�/ �� SR� )7= PH( �%�a R
�� ���� � 

G�U.�� 
� B3 
/�g" �I % 6`Q B1�71�* {�� �� 
�a�� 

�#��-�`� 
�"1" G/�
. 8�7�� 
�5�a �1 ����%�$�� ��� 

��<!� 
 !
� �I % 
� 4�� 20 
=��1 �� GQ�� 

15000 �%1 % �1 ���1 4 
b�1 � ��� 1"�� -��U
� ��� 

�I. }S 2" 0�`�" L-��U
� ��� 
.�. �� 
� ��"�3 2" ��c �1 

���* �I % 2�/ �
%� 
7 �%�a _���%�S ��� ���>� 


��`� 1�� �� ��u`� GI"1�� �I % 500 � �.%�$�� ���<Q 

�� 175 � �.%�$�� 2" �%����� 50 �5�1 m��!� �I. }u� 


5�/;� ����%�$�� ��� �%�a ���<Q 
� �#
�/ 80 - 6= 	� 

��I % �� B��2 �2"��" ���� B"#�� _���%�S % G�.�@/ `
#�3� 

�1 B3 ��"�Oc� ���I. �1 G
�O� B"#�� _���%�S 
��`� �� �� 

�1�U �" 2" �	>	� 1�"��� �" 
A��>� �I.   

�"�� �2"��" ���� B"#�� _�.%�S G/�� {�� "� �" �"�=� 5/0 

0�� 2" {�� _
2�� �I % �1 B%�� �	�P �1 10 ���� � �. 

���" ,�����.���U.�� 3 �5�1 
� ���* ���
�� �I % �1 

��c �1 -��U
� ��� 6000 �%1 �1 
=��1 
� 4�� T	S 
=��1 

-��U
� ��� :���) Y international, Inc. RATING. 

QUANTIT EDISON, NJ U6A Labnet( �I. B3 ��� %1 

���� � �. 2" �%�	I%� "� 
� 
.�. ��� V�1 �"1 6= 	� �1�`� % 
� 

0�`� 
.�. �� �"�=� %1 ���� � �. n�@� _
�� _
���� % %1 

���� � �. ,� �"���" ����;� 
/�g" �I. }S 2" _ �� �1 


.�. �� 
� 4�� ,
 GQ�� �1 0�`a V3 100 
b�1 

W����� �"�� �1"1 ���I. }S 2" B1�71�� 
.�. �� 
� 0"�7�� 

�"�=� ��OP ���� � �. _~�.�� 
/�g" �I % }u� 
� 4�� 15 �� 

20 
���� 
.�. �� B�$� �1"1 �I. 0�F�"�� 2�/ �
%� "� 
7 
� 

��� #��� % �%�a _�.%�S ���>� �1 _~�.�� 1�� 
 I"1�� % 

R� B��2 �� 
��`� ��� 1�"��� �" �1 ��c �1 � ����/%� $u�" 

����) T80+ G*��� G7�I instrument PG ��)7 

(B� ��c�" �"�� 
 /�� % �1 ��9 ��� 520 � ����� G~"�� �I. 

G��f _�.%�S 8�a�� ����0�� �� 0�� G/�� �2�� {�� �� 

�1�U �" 2" �	>	� 1�"��� �" _��@� �I )Bates et al., 1973(. 

��>� 
�O� _
��_
���� % ���>� ��� 1�"��� �" _�.%�S 
� _
" 

&�I 1�� 
7 �"�=� ,
 % R�� 0�� 2" _
��_
���� "� �1 6*"1 
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_.�" 
 !
� �I % 
� B3 36 ���� � �. ���" ,� �" ����;� % 

24 ���� � �. ���" ,
�U�/ 6 �X�� 
/�g" �I % 
� G`
;� 

4�"�a �1"1 �I �� _
��_
���� 
� ��9 6��7 6a 1�I.  

�2"��"���� G�.�@/ 4����$�3 2"���7"�S 
� e%� 

Nakano & Asada )1981( % G�.�@/ R
#�3��� 2X���7L 

2"���7"�S % ��S6	/ 2"���7" 
� e%�Kar & Mishra   

(1976) 0�F�" �I.  

�"�� �2"��" ���� B�.�� �1 ����.3 2" e%� Heath & 

Packer )1968( �1�U �" �I. qA9 _
" e%� 25/0 0�� 

{�� �1 B%�� �	�P �%�a 5 ���� � �. 

��� ,� �"%��7 ���"  (TCA)1/0 �5�1 ���
�� �I. 

���<Q 65�a 
� 4�� 5 �1
=� �1 g10000 -��U
� ��� 

���)  Y international, Inc. RATING. QUANTIT 

EDISON, NJ U6A Labnet( �I. �1 
�a�� �@� 250 

� �.%�$�� 2" ���>� �
%� 65�a 2" -��U
� ��� �� 1 

���� � �. ���>� B�.�� �1 ����.3 
7 �%�a 

��� ,� �"%��7 ���" (TCA) 20 �5�1 % �,
�� ������� 

�"�� (TBA) 5/0 �5�1 LG�" m��!� .�I m��!� 65�a 


� 4�� 30 �1
=� �1 ��1� 95 
b�1  ����1"�� �1 0�`a 

_� ���� 4�"�a �1"1 �I. }u� 
�5�/;� �1 �
 1�� ��I % 

����%1 m��!� 
� 4�� 10 
=��1 �1g  10000 � ���-��U
 

)��� Y international, Inc. RATING. QUANTIT 

EDISON, NJ U6A Labnet( �I. 4�I Vhb "_
 ���>� 

�� �1�U �" 2" � �� /%� $u�" ���) T80+ G*��� G7�I 

instrument PG ��)7 (B� ��c�" �1 ��9 ��� 532 � ����� 

���"�* �I. Vhb 
�=� �#�c�� ��� ��f �5�< *" �1 600 

� ����� _��@� % 2" �"�=� 65�a ��7 �I. �1 LG
�O� 2" 
'�"� 

�
2 �"�� 
A��>� B"#�� B�.�� �1 ����.3 �1�U �" �I.  

 
'�"�5                            (MDA (umolg-1 FW) =    

.( �������		)×�



�
 ×  1000  

A532  =Vhb ���"�* ��I �� � �� /%� $u�" �1 ��9 

��� 532 � ������ A600 =Vhb 
��`� �1 ��9 ��� 

600 � ������ =W B2% 
��`� ���� �1�U �"1��� "��)� 


��`� ��� �� ��"�� 25/0.(G�"  

  

2. 2. !"#$% ���&� ����  �
   

�"�� 0�F�" 

#F� �"%
}�� �1"1�� 2" 0�� �"#/" SAS  

)
!�� 9.1( �1�U �" �I. �=�
|� ��c���_ �� �� �1�U �" 2" 

B��23 _$�"1 �1 J'� 5 �5�1 0�F�" �I.  

  

3. ($�)� 	 *+, 

3. 1. -�	 ./0 1�  



#F� }��
�"% �1"1�� B�)� 1"1 
7 �O	� 4"��" 6��= � R��× 

��"#
��$
 % J'� (	�× R��× ��"#
��$
 �� B2% ,)* 67 

1�!� �	@��"1 �1�A� G�" �%�b) 2.( (��7 �B"#� �����3 

oQ�� (��7 �	@��"1 B2% ,)* �� %1 R�� 1�!� L�I ��" 

R7 ��_
 �B"#� B2% ,)* "� R�� S2%�� �1 "�IM
 (	� 

�I�
 GI"1 
7 4%�U� 	@����"1 �� R�� ILC-482 GI"1 

�%�b) 3.( 2" ��`Q 6�"�Q �.�` a" (��7 B2% ,)* �� 

��" (	� L� ��9� ��B"�� 
� (��7 # 	�� / L�=�=a (��7 

l*�I J'� {�� ���� % ,
�>� 1%�% 
�
�a�� �)
"2 

���I" 1�7 )Shaban et al., 2012(. T
� � (�%+S �g�a �� 


 /�
��� Behboudian et al.
 )2001( % 

Fallah et al. 

)2005( �1 
	��2 
@.�'� (	7"% 1�$�`Q % �"#b" 1�$�`Q 

1�!� 
� (	� $)*� G=��'� .1�"1   

1����7 ���� ��"#
��$
 oQ�� "#/"(
 B2% ,)* 67 

�IL ��" ��" GA�� ��"#
��$
 �� "#/"(
 B2% ,)* 67 �1 

��`�� ���I GA�� 
� (	� W��>��� 1�� % �B���� 

=��J� ��I %  a� ���I 2" B2% ,)* ��X��� �"1��*�� 

��1��. ��X��_
 B2% ,)* 67 �1 ��`�� ���I % J�=�� 

�� S. hoi 
�G�1 ��3 
7 4%�U� �	@���"1 �� %1 
��� 

1�c
 GI"�� �%�b) 4(.  
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G�;0 2. N"�J- :)3�" �9�O-�" P��� K�!
��5�� >�7�9 �5?- $�3 123!4 Q5RK ���4
L � �!
��( 6��7 ��9:"�58"  

  _�c���� 4�@��� 
b�1  

�1"23 
?��	� 4"���s� 

_�.%�S  � >�"� _���%�S ��~�	�%��7 6�/%��7 67 B2% ,)* 
)
�  B2% ,)* 67  
**5479/164  ns 0260/0 ns 0167/0 *4876/0 **26/38  **72/317  2 J'� (	� 

ns 4419/40 ns 0658/0 ns 0007/0 ns 0763/0 **01/639  **05/162  1 R�� 

ns 0776/0 ns 0286/0 **5206/18 **6604/1 **01/265  **92/357 3 "#
��$
�� 

ns 2964/10 ns 0619/0 ns 3387/1 ns 00589/0 ns01/8  *05/20 2 J'� (	�× R�� 

ns 2499/41 *1117/0 ns 4324/0 **7007/0 *20/9  **42/25  6 J'� (	�× "#
��$
�� 

ns 4173/0 ns 0317/0 ns 2807/0 *5117/0 ns23/15 ns 06/0 3 R��× "#
��$
�� 

ns 0666/27 ns 0351/0 ns 0430/1 ns 2176/0 ns514/6 ns 64/5 6 J'� (	�× R��× "#
��$
�� 

3722/23 3243/0 6490/2 210/0 18/6  54/7  48 �'* 

43/7 06/14 78/12 12/11 82/9  2/17   - 8
�g 4"���s� 

ns, * � **: �
 T43!3 U4*V�!� ,�9� *V�� �9� �� WRK G�	J%9 5 � 1 ;���.  

  

��9�9 G�;0 2. �J-N" :)3�" �9�O-�" P��� K�!
��5�� >�7�9 �5?- $�3 123!4 Q5RK ���4
L � �!
��( 6��7 ��9:"�58" 

_�c���� 4�@��� 
b�1   

�1"23 
?��	� 4"���s� 

B�.���1����.3  ��S 6	/ 2"���7" 4����$�3 2"���7"�S  2X���7 2"���7"�S 

**6680/8  ns8538/152 *9869/11541 **5251/1137 **5583/10 2 J'� (	� 

**4588/7 ns1441/155 *6947/17555 ns 3500/874 *4048/9 1 R�� 

ns7975/0 **5488/580 **6630/19058 ns 4750/602 **0357/12 3 "#
��$
�� 

ns0754/0 ns 1127/12 *9899/17111 *5850/717 *4048/7 2 J'� (	�× R�� 

**1264/4 ns6870/47 ns2190/7764 ns6831/342 ns7112/1 6 J'� (	�× "#
��$
�� 

ns0954/2 ns4596/10 ** 4056/16703 ns4225/296 ns 6578/3 3 R��× "#
��$
�� 

ns5269/1 ns1389/27 ns 5143/6105 ns3139/333 ns4645/4 6 (	�× R�� ×"#
��$
�� 

0053/1 4387/48 2396/3481 5000/217 0111/2 48 �'* 

70/25 54/22 30/20 31/14 74/16 - 8
�g 4"���s� 

ns,  *� **�
 : U T43!34*V�!� ,�9� *V�� �9�  G�	J%9 WRK ��5  �1 ;���.  

  

Koochaki et al. (2009) �#� �1 ��23(
 1�* 

4"��" GA�� ��1�7� 2� �
 �_��7%� � % ��"#
��$
 "� 

�1 "#/"(
 t�U��" % B2% ,)* 
��� �	P 
.�� �/%2 

�B�� ��1�`�. �1 ���� 4�z 60 2%� }S 2" GI�7 

1����7 1�7 �U�/ % =��J� �� ��"#
��$
 
� ��9 

	@�� ��"1 J'� L{�� t�U��" L
��� �'� 
��� % B2% 

,)* 0"��" "���
 "� GA�� 
� ���I "#/"(
 1"1 

(Pharudi, 2010). 1����7 
������ �� !� ���� 

"#
��$
�� �1 M
"�I (	� �$)* _$`� G�" 2" q
�9 

(
"#/" J'� Vhb 
)
��� z�U�) 0������ ������ % 

(
"#/" J'� W�`� �� k�*( 8b�� (
"#/" ��� �1 

���� 1�!� 
� V3 % 1"�� �
"hf ��I % 2" _
" Lq
�9 

(
"#/" B2% ,)* 0"��"��� �� !� % 1�$�`Q ���� "� 

oQ�� ��I �I�� )Sylvia & Williams, 1992(.   
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G�;0 3. ����." �X4Y-�4 /H� ,=�C �/9:4 ��V'$4 .(9! ,H9;4 HZ�3�( � P�
�58K9 .(9! H9;4 $�3 !1�3 WRK B*3 � #7� �5?-  

J'� (	�  

B2% ,)* 67 

)0�� �1 
���(  

2"���7"�S  

(unit mg protein-1min-1) 

2X���7  

(unit mg protein-1min-1) 

4����$�" 2"���7"�S  

(mmol ascorbate oxidized mg-1min-1) 

2%��S  ILC-482  2%��S  ILC-482  2%��S  ILC-482  2%��S  ILC-482  

���I 379/2 ± 15/0 ab 540/2 ± 41/0 a 079/2 ± 25/0 d 540/2 ± 31/0 cd 961/4 ± 54/1 c 842/4 ± 8/0 c 405/64 ± 8/21 bc 48/55 ± 03/20 bc 

(	� M�� � 595/1 ± 20/0 c 979/1 ± 32/0 b 694/3 ± 40/0 b 429/3 ± 72/0 bc 13/11 ± 10/2 d 511/8 ± 9/1 d 95/129 ± 74/25 a 835/47 ± 43/11 c 

(	� �
�I 210/1 ± 11/0 d 649/1 ± 16/0 c 16/3 ± 32/0 bc 789/4 ± 46/0 a 68/17 ± 27/2 b 85/27 ± 4/4 a 2/104 ± 20/17 a 62/101 ± 9/26 ab 

X4Y-�4���� �9�9� [�!% I!J�� �� !� /5JK �
 !Y";8" \]^ /5�HL X8-9� �� WRK 5 ;��� [&JC9 �*V���9� ;-�9;-. 

  

R�  _�	PArriagada et al. )2007( ��Ox" �	 I"1 
7 

�1 ��" J�=�� ���� W� u�.�7%" �� ���� L"#
��$
�� G��f 

B-%� �� �1 {�� GA�� 
� M
"�I 0�Q J�=�� (
"#/" 

�� ���
. :X�` a" 1����7 ���� ��L"#
��$
 �B"#� Vhb 

�B-%� � �1 ���� "� 1�AO� )!���� % 2" "_
 �9q
 8A� 

"#/"(
 L�I� �`� % �"�=� /%��76� {�� % 8��@ � B3L 

(
"#/" B"#�� # 	�� / % �1�� �2�� % �1 G
�O� (
"#/" 

1�$�`Q ���� ��I G�".    

  

3. 2. -�	 ./0 �/$�  



#F� }��
�"% �1"1�� B�)� 1"1 
7 4"��" �1�� LR�� J'� 

(	� % 1����7 ���� ��"#
��$
 % ��" 6��= � J'� (	�× 

��"#
��$
 �� B2% ,)* �
)
 1�!� 	@���"1 �1�� G�" 

�%�b) 2.( (	� �$)* oQ�� (
"#/" B2% ,)* 
)
� 

1�!� �I. R7 _
�� B2% ,)* 
)
� �1 ��`�� ���I % 0�Q 

�1�U �" 2" ���� "#
��$
�� ����)� �I 
7 4%�U� �	@� ��"1 

�� ���`� (	� M�� � % 1����7 ���� F. mosseae .GI"�� �1 

�����`�� ���I % (	� �
�I 1����7 ���� "#
��$
�� oQ�� 

"#/"(
 	@���"1 B2% ,)* 
)
� 1�!� �IL ��" 4%�U� 

_�� 
������ ���� "#
��$
�� �	@��"1 1�A� �%�b) 4.( 

��$
��
"# �� "#/"
( GQ�� Vhb �5�	Q R7 k�>� 

)�"�=� �<	Q Vhb ��I �1 �a"% ��9 �

) % �1 �a"% 

B��2( �1�� G�" hs�

 ���� ��B��# "� �1 "�I
M 1�A`7 

�5�	Q �
"hf k�* 1�AO� �)!� )Smith & Read, 2008(. 

"#/"
( GQ�� Vhb �U�/ M��� ���� ��B��# 
� .1�6 

��va 4���@)�" B"%"�/ ��� ��� �*"1� ��$
��
"# �1 

6*"1 ���� ��� G��S �

) ���� G�" 7
 J'� �%�@� 

"� "��� ��= �" �5�	Q "hf�
 
� �+
% �U�/ 
� ���� ��B��# "� 

R�"�/ �� �
�`�. ��B��� �� ��R � �

) "� @g�� % 

R7 V�@)�" c ��"%� ��
��$
"#�
 (�� ��� �1 �=�

� �� 

��B��� �� ��R � �

) "� ��A�" % V�@)�"�S ���"1 

)Baylis, 1975(. �1 
@.�'� �" �� %�� ���/ ��B��� �1 

�c�"�} 
�a;� 1��
� 
7 ��B��� �� �

) ��� 
���_ R7 

% �

) ��� @g�� % R7 V�@)�" c ��"%� ��
��$
"#�
 

(�� ��� �1 �=�

� �� ��B��� �� ��R � 
)
� "� V�@)�"�S 

% �

) ��� �
�� R7"� � ���"1 )Fitter, 1988(. �1 ?�"% 

1�b% 
$AI �1� �� "� 2" ��� ��� b��*� ���� 

��
��$
"# �1 k�* 
� B"�	Q 
�"1" ��R � 
)
� �" @g�� 

���� ��B��# 6`Q �1�`� % �1�� G�" V3 % 1"�� "hf�
 "� 

2" q9�	� �%1 2" W� �1 �

) 
� ���� ��= �" ��1.  

  

3. 3. �)+��� 1�2	�
�   

R� B�	P 
7 �1 �%�b )2( ����)� ��1�I 4"��" J'� 

(	� % ��"#
��$
 % 4"��" 6��= � J'� (	�× ��"#
��$
 % 

R��× ��"#
��$
 �� /%��76� 67 	@���"1 .1�� (	� $)*� 

oQ�� (��7 /%��76� 67 ���� 1�!� .�I (	� �$)* 
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8b�� (
"#/" ��.�� _���" % ���"3,
#��� ��I 
7 

,
�>� ��		7 R
#�3 2;�/%��7 �	 �� �1 
F� � �� >� 

6�/%��7 (��7 �����
 )Orabi et al., 2010.( B����� 

=��J� ��I �� ��"#
��$
 2" � >��" /%��76� 67 (�� ��� 

�"1��*�� .1�� 1����7 ���� "#
��$
�� �� (
"#/" 
�"�c�� ��� 

# 	�� /� 4"��" V��'��� (	� $)*� "� (��7 ����1 

)Misra & Srivastava, 2000.( �1 "�IM
 �3���� 6��7 

�B���� =��J� ��I �� 
��� S. hoi (�� ��_
 � >��" /%��76� 

67 "� �	 I"1L ��" �1 "�IM
 (	� M�� � % �I�
 4%�U� 

	@����"1 _�� 
������ ��"#
��$
 1�b% GI"�� �%�b) 

4.( (
"#/" B"#�� 6�/%��7 �1 ��" 1����7 ���� "#
��$
�� "� 

��B"�� 
� "#/"(
 Vhb �B2%� � GA�� 1"1 )Tang et al., 

2009.( (�� _
�� % R7 ��_
 �"�=� /%��76� 67 
� 8���� �1 

�B���� =��J� ��I �� 
��� S. hoi �1 ��`�� ���I % 0�Q =��J� 

�� ��"#
��$
 �1 "�IM
 (	� �I�
 ����)� �I �%�b) 4.( 

�1 R�� ILC-482 (�� ��_
 � >��" /%��76� 67 �1 �B���� 

=��J� ��I �� 
��� S. hoi ����)� �I. R� _�	P 4%�U� 

�	@� ��"1 �_� �B���� =��J� ��I �� 
��� S. hoi % 
��� 

F. mosseae ����)� �)�. �1 R�� 2%��S �B���� =��J� ��)� 

�� ��"#
��$
 R7 ��_
 � >��" /%��76� 67 "� �	 I"1L ��" 

4%�U� 	@�� ��"1 _�� B����� J�=�� ��I % J�=�� ��)� �� 

"#
��$
�� 2" ��>. 6�/%��7 67 ����)� �)�. �1 J�=�� 0���" 

�� 
������ S. hoi % 
��� F. mosseae R�� ILC-482 2" 

� >�� /%��76� (�� ��� �"1��*�� 1�� �%�b)5.( 6�/%��7 

% _�.%�S �� %1 2" (�S �1�� 4������� 
� 1�b% �� �	
3. �1 

M
"�I �$)* B"#�� _�.%�S {�� (
"#/" "��S �� �	7 % �
�I 

�$
 2" 6
X1 (��7 B"#�� L6�/%��7 (
"#/" # 	� _�.%�S 

�I�� )Farooq et al., 2009.( �"� >� �#�c�� �� :X�`@� 


� 
���% # 	� �"�=� R7 �� B3 �� % 

#F� ?
�� B3 �� �9 (	� 

R7 ��3 (��7 �� ���
 )Fang Lan et al., 2011(. Demir 

(2004) B�)� 1"1 
7 � �
#`� �
"#
��$
�� 8A� (
"#/" 

G��f 6�/%��7 �1 {����� ���� 6U�/ ��1�I. �
�F�32" 
7 

������� "#
��$
�� 
� Vhb R
#�	� �1 ���� ,`7 �� L�		7 

���	�"�� # 	� 6�/%��7 "� (
"#/" �	�1 )Giri et al., 2002(.    

  
G�;0 4. �."��� X4Y-�4� /H� ,=�C _4'�!`( ,_( a3�! X4 _( � /5���;4�;�Ĥ"� $�3 !4123 WRK B*3 � �!
��( 6��7 ��9:"�58"  

J'� (	�  ���� "#
��$
��  
GU5  

B2% ,)* 67  
)g(  

B2% ,)* 
)
�  
)g(  

6�/%��7 67  
(mg mL-1) 

_���%�S 67  
(mg g- 1 FM) 

B�.���1����.3  
(nmol g- ١ FM) 

���I 

���I B%�� 1�7 015/1 ±  040/0 c 105/0 ±  015/0 d 892/0 ±  085/0 cd 030/1 ±  037/0 b 236/2 ±  114/0 c 

F. mosseae 374/2 ±  172/0 a 199/0 ±  018/0 b 214/1 ±  278/0 bc 357/1 ±  056/0 a 590/2 ±  621/0 c 

S. hoi 505/2 ±  205/0 a 190/0 ±  026/0 b 909/1 ±  076/0 a 322/1 ±  068/0 a 229/2 ±  496/0 c 

R. irregularis 425/2 ±  167/0 a 144/0 ±  014/0 bc 941/0 ±  19/0 bcd 359/1 ±  070/0 a 505/2 ±  373/0 c 

(	� 
M�� � 

���I B%�� 1�7 849/0 ±  031/0 d 124/0 ±  012/0 c 857/0 ±  052/0 cd 219/1 ±  051/0 ab 864/3 ±  643/0 b 

F. mosseae 600/1 ±  135/0 b 116/0 ±  015/0 cd 097/1 ±  155/0 bcd 216/1 ±  109/0 ab 739/3 ±  316/0 b 

S. hoi 508/1 ±  173/0 b 147/0 ±  026/0 bc 102/1 ±  196/0 bcd 271/1 ±  092/0 ab 556/3 ±  437/0 b 

R. irregularis 085/2 ±  151/0 ab 21/0 ±  002/0 b 240/1 ±  172/0 bc 396/1 ±  081/0 a 577/3 ±  130/0 b 

(	� �
�I 

���I B%�� 1�7 734/0 ±  046/0 d 137/0 ±  031/0 bc 715/0 ±  071/0 c 213/1 ±  125/0 ab 046/5 ±  357/0 a 

F. mosseae 319/1 ±  216/0 bc 289/0 ±  017/0 a 211/1 ±  187/0 bc 387/1 ±  094/0 a 765/2 ±  616/0 c 

S. hoi 326/1 ±  047/0 bc 272/0 ±  017/0 a 152/1 ±  237/0 bc 356/1 ±  155/0 a 452/4 ±  681/0 ab 

R. irregularis 167/1 ±  16/0 c 309/0 ±  008/0 a 349/1 ±  194/0 b 343/1 ±  097/0 a 100/3 ±  858/0 bc 

X4Y-�4���� 9�9�� [�!% I!J�� �� !� /5JK �
 !Y";8" \]^ /5�HL X8-9� �� WRK 5 ;��� [&JC9 �*V���9� ;-�9;-.  
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G�;0 5. ����." �X4Y-�4 '�!`(_4 _( � P�
�58K9 .(9! H9;4 $�3 !1�3 �!
��( 6��7 ��9:"�58" � #7� �5?-  

1����7 ���� "#
��$
��  
6�/%��7 67  

(mg mL-1) 

 
  

4����$�" 2"���7"�S  
(mmol ascorbate oxidized mg-1min-1) 

2%��S  ILC-482  2%��S  ILC-482  
���I B%�� 1�7 857/0 ±  042/0 c 715/0 ±  061/0 c 401/61 ± 8/11 c 48/85 ± 01/23 bc 

F. mosseae 097/1 ±  133/0 bc 420/1 ±  117/0 a 95/129 ± 74/20 a 835/117 ± 43/17 a 

S. hoi 102/1 ±  173/0 bc 452/1 ±  230/0 a 2/94 ± 20/13 b 62/101 ± 91/25 ab 

R. irregularis 130/1 ±  152/0 bc 249/1 ±  124/0 b 405/84 ± 1/21 bc 48/90 ± 13/20 bc 

X4Y-�4���� �9�9� [�!% I!J�� �� !� /5JK �
 !Y";8" \]^ /5�HL X8-9� �� WRK 5 ;��� [&JC9 �*V���9� ;-�9;-.  

 

3. 4. �4#	�����5 

��" "#
��$
�� �� B"#�� �	�%��7��~ �	@��"1 1�� �%�b) 2.( �1 

��" 1����7 ���� ��"#
��$
 �B"#� �	�%��7~�� "#/"(
 G/�
 % 

(�� ��_
 �B"#� B3 �� 1����7 R. irregularis 65�a �IL ��" 

4%�U� �	@���"1 �� �
�� 
������ ��"#
��$
 GI"�� 

)�%�b 6.( "2 �F�3�
 
7 �� ��$.�� ~�	�%��7�� ,
 F�2��� 

�	�� ��	��7%��� t�AI" ��)� LG�" �B-%� � (=� ���"� �1 

�� *�� B3 "�U
 ���	7 )Hopkins, 2004.( _
"���	� 1����7 

��1�7� � �
2 �%�a �B-%� � % �U�/ �1 _
" (�%+SL 2" 

�9q
 "#/"(
 Vhb �B-%� � 8b�� "#/"(
 �B"#� 

~�	�%��7�� �1 1�!� .�I e�"#� ��I 
7 �1 B����� 


b�� �c��/ J�=�� ��I �� ���� "#
��$
�� �"� >� ��~�	�%��7 

(
"#/" 
 /�
 G�" )Abdel Latef & chaoxing, 2011.(  

  

3. 5. �)+��� 7#	�8�9  

� >�"� _���%�S ���>� ���� 1�!� G>� ����� ��" 6��= � 

J'� (	�× 1����7 ���� ��"#
��$
 �"�� G/�� 

�%�b)2.( G>� "�IM
 0�Q (	� )���I( J�=�� ���� �� 

"#
��$
�� oQ�� (
"#/" �	@��"1 � >�"� _���%�S ���>� 

���� 1�!� �I % 4%�U� 	@����"1 _�� 
������ 

"#
��$
�� ����)� �)�. G>� "�IM
 (	� M�� � % 

�I�
 1����7 ��"#
��$
 oQ�� "#/"(
 � >�"� ��%�S_� 

67 �IL ��" n; *" �	@���"1 _�� B����� J�=�� ��I % 

J�=�� ��)� �� "#
��$
�� 
� ��>. GU5 ��7h� ����)� 

�)� )�%�b 4.( �1 0���" 1�!� G>� (	� �$)* �1 

6a"�� �I� �)
%� % �)
"2 (��7 �� >� _���%�S 

����)� ��I G�" )Mafakheri et al., 2011 .((��7 �1 

G��f _���%�S ,
 
��)� ��`@� 2" (	� G�"���"���7" 

% �1 B����� �"�� 
 /�� �1 ��@� (	� �$)* ����)� 

��1�I )Mafakheri et al., 2011.(   

  

3. 6. �)+��� ;	�8�9  

��" J'� (	� %�� �B"#� .%�S_� 	@���"1 1��  �%�b)2 .(

"#/" ��(
 �B"#� $)* (	�� � >�� .%�S_� � {����� 


� 	@� ��9���"1 "#/"(
 S"�� 
� 1�7 ��9� 
� 
7  8����

(�� ��_
 )42/15 ����0�� �� B2% ,)* (% R7 _
�� 

)82/15 ���� 0�� � >� (,)* B2% ���" .%�S_�  �1

��`�� (	� �I�
  %���I  ����)��I )�%�b 7 .((
"#/" 

�B"#� .%�S_� $)* (	� ��" �1� � �1B���� �c
1 �#� 

e�"#� ��I G�" )Kheirizadeh Arough et al., 2016 .(

Mehrabi (2007) %� 
@.�'� �1�  �1 
7 1"1 B�)� �F	7

�I (	� ��"�
 R7 �3� �B"#� .%�S_� "#/"(
 �����
 .6�Q 

?`F� _�.%�S �1 B����� G>� (	� �$)* 
� 6�.1 (��7 

B���"���7" B3 
� 4������� % (��7 n�<� _�.%�S �1 


 *�� B�I _���%�S �� )
� �9�* ���� �I� ���� (�� �I�� 

)Stewart & Hanson, 1980.(   
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G�;0 6. �."��� X4Y-�4� ;4c5*3���( � $4��V' #":-L��� H9;4.(9!  � �` _*' .(9H9;4 $�3 !1�3 �!
��( 6��7 ��9:"�58"  

1����7 ���� ��"#
��$
 
��~�	�%��7  

)(mg/mL  

2"���7"�S  

(unit mg protein-1min-1) 

��S6	/ 2"���7"  

(unit mg protein-1min-1) 

���I B%�� 1�7 263/0 ±  061/0 b 352/2 ± 23/0 c 702/8 ± 01/3 b 

F. mosseae 337/0 ±  017/0 ab 108/4 ± 49/0 a 26/20 ± 43/2 a 

S. hoi 339/0 ±  030/0 ab 556/3 ± 76/0 ab 35/19 ± 71/2 a 

R. irregularis 385/0 ±  024/0 a 111/3 ± 19/0 ab 421/20 ± 16/2 a 

X4Y-�4���� �9�9� [�!% I!J�� �� !� /5JK �
 !Y";8" \]^ /5�HL X8-9� �� WRK 5 ;��� [&JC9 �*V���9� ;-�9;-.  

  

G�;0 7��� .�." �X4Y-�4 �/9:4 ��! X4  $�3!4123 WRK B*3  

J'� (	� 
�� >� _�.%�S  

(mg dw-1) 

���I 42/10 ± 03/1 b 

(	� M�� � 14/13 ± 49 /1 a 

(	� �
�I 82/15 ± 09/2 a 

X4Y-�4���� �9�9� [�!% I!J�� �� !� /5JK �
 !Y";8" \]^ /5�HL 

X8-9� �� WRK 5 ;��� [&JC9 �*V���9� ;-�9;-.  

  

�� ?`F� _�.%�S 
� B"�	Q G�.�`�" L�`���f 6���� S 

�#`�" 6~�7"%�� (��7 �� ���
 % 6`>� ���� �1 ��"�� 

(	� (
"#/" �����
 
7 _�.%�S ?`F� 
 /�
 G>� (	���� 

L�'�>� (	7"%��� �
��`�I��� "� 1%�>� �`��	7 % �9 

(	� �#`�" (=� ,
 p/�>� �#`�" "� �U
" ���	7 

)Cicek & Cakirlar, 2002.(  

  

3. 7.  =$!�&>���8����   

4"��" �1�� J'� L(	� R�� % 1����7 ���� "#
��$
�� % 

��" 6��= � �����3× R�� �� R
#�3 �7"�S2"�� 	@���"1 1�� 

�%�b) 2.( G�.�@/  R
#�32"���7"�S G>� ����� 1����7 

���� ��"#
��$
 �"�� G/�� 
� ��9� 
7 �B���� =��J� ��I 

�� 
��� F. mosseae (�� ��_
 % 0�Q =��J� �� ��"#
��$
 

R7 ��_
 �B"#� .�@/G� 2"���7"�S "� "�"1 ��1�� )�%�b 6.( 

&�'� �� !� �����3 4"��" �%�U �� �� �B"#� .�@/G� 

 R
#�32"���7"�S �1 0���" 1�!�  I"1�	. �1 R�� S2%�� 

�B���� G>� "�IM
 (	� $)*� 2" .�@/G�  R
#�3

2"���7"�S (�� ��� �1 �=�
�
 �� ������� 
7 �1 ��`�� 

���I �"�� L�	 I"1 �"1��*�� .��1�� �_� �B���� G>� 

"�IM
 (	� M�� � % �I�
 2" ��>. �B"#� .�@/G� 

2"���7"�S n; *" 6��� �Ob�� ����)� �)�. �1 R�� 

ILC-482 (�� ��_
 �B"#� .�@/G�  R
#�32"���7"�S �1 

M
"�I (	� �
�I ����)� �I 
7 �=�:�A
 GA�� 
� ���`� 

0�Q (	� %1 ��"�� "#/"(
 G/�
 �%�b) 3.( B����� �1 

M
"�I (	� �$)* 
������ ��7"+B ��@/ ��.�� ���		7. 

�$
 2" �"���� (��7 3��� 
������ ��7"+B ��@/ .���� 

R
#�3��� 3� ���"���7" G�" 
7 �1 _
" B��� L2X���7 

L2"���7"�S 2���`�1���7"�S�� % ��7�
�� 2"���7"�S 2" 

RO� ��_
 R
#�3��� ��	
"12 ���7"�S %����-B �	 �� 

)Agarwal & Pandey, 2004 .( 

  

3. 8.  =$!�& �@�#��  

��" J'� (	� % ��" 6��= � J'� (	�× R�� �� G�.�@/ 

R
#�3 2X���7 �	@��"1 1�� �%�b) 2.( B"#�� .�@/G� R
#�3 

2X���7 �1 "�IM
 (	� �I�
 �1 �=�
�
 �� (	� M�� � % 

0�Q (	� $)*�  �� 37 % 9/71 �5�1 �1 R�� S2%�� % 

�� 4/69 % 6/82 �5�1 �1 R�� ILC-482 "#/"(
 S"�� 1�7 

�%�b) 3.( �1 G.�a (	� �$)* B"#�� (�� ��� 2" 
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��$
1"���� 31"2 ��.�� �����I % ���� �"�� 
���=� �� 

4"��" B�
23�% 3B �� R
#�3��� 3� ���"���7" (�� ��� 

��.�� ���	7 (Abrishamchi et al., 2013). Celina et al. 

(2004) #�� B�)� ��1"1 
7 G>� ����� (	� �$)* 

G�.�@/ R
#�3 2X���7 �1 0�	� (
"#/" �����
. Jung 

(2004) e�"#� 1�7 
7 "#/"(
 R�  B��2.�@/G� R
#�3��� 

2X���7 % 2"���7"�S �1 6a"�� �*3 �I� ���� 8b�� 

(��7 ��$
1"���� 1"23 % "h. (
"#/" G�%�=� ���� �1 

��"�� (	� �$)* ��1�I. �1 ��23(
 1��c
 B1��X�� 

J'� 2X���7 % �7"�S���� 12���`�
 �1 0���" W��a 

0�	� �1 ��"�� (	� $)*� e�"#� ��I G�" )Feng et 

al., 2004(. G>� "�IM
 (	� �I�
 �B"#� .�@/G�  R
#�3

2X���7 �1 R�� ILC-482  (��  ��2" S2%�� .1�� �	P�� �1 

���
 &�'� �����3 4%�U� 	@����"1 �_� 0���" 1��� 


@.�'� 2" ��>. B"#�� G�.�@/  R
#�32X���7 ����)� �)� 

�%�b) 3.(  

  

  
3. 9. =$!�& ��,���B& >���8����  

4"��" �1�� J'� L(	� R�� % 1����7 ���� ��
��$
"# % 

4"��" 6��= � J'� (	�× R�� % R��× ���� ��
��$
"# �� 

R
#�3 4����$�3 �7"�S�2"� 	@���"1 1�� �%�b) 2.( (	� 

$)*� oQ�� "#/"
( .�@/�G "
_ R
#�3 �1 R�� S�2%� �I. 

�1 "
_ R�� (�� ��
_ ��B"# .�@/�G R
#�3 4����$�3 

�7"�S�2"� �1 "�I
M (	� M�� � % �I
� ���)� �I. �1 

R�� ILC-482L �	P�� �1 "�I
M (	� �I
� (�� ��
_ 

��B"# .�@/�G R
#�3 4����$�3 �7"�S�2"� ����)� �IL ��" 

2" ��>. ���3� 4%�U� 	@���"1� ��_ &�'� (	� �I
� 

% M�� � 1�b% GI"��. �1 R�� S�2%� % �1 "�I
M (	� 

M�� � 
, ����� A��� 2" ��>. ��B"# .�@/�G R
#�3 

4����$�3 �7"�S�2"� GA�� 
� R�� ILC-482 ����)� 

�I �%�b) 3.( 4����$�3 �7"�S�2"� �1 R� "12�
 

��B-%�� �7"�S�� .������I �1 ��" .�@/�G �7"�S���� 

2���`�1 (=� .1�"1 (	� 1�A`7 V3 oQ�� "#/"
( .�@/�G 

R
#�3��� 4����$�3 �7"�S�2"� % �7"�S���2���`�1� 

�I )Niknam, 2014 Hasanpour.( 0���" S�2%� % ILC-482 

(	7"% �%�U �� GA�� 
� 1����7 % 0�Q 1����7 ���� 

��
��$
"# 
� ��>. .�@/�G R
#�3 4����$�3 �7"�S�2"� 2" 

1�* B�)� .��1"1 �1 R�� S�2%� (�� ��� ��B"# .�@/�G 

R
#�3 4����$�3 �7"�S�2"� �1 =���J �� 
��� F. mosseae 

����)� .�I �1 "
_ R�� 4%�U� 	@���"1� 2" ��>. 

.�@/�G R
#�3 4����$�3 �7"�S�2"� ��_ ��B��� =���J ��I 

�� 
������ S. hoi % R. irregularis ����)� �)�. �1 R�� 

ILC-482 (�� ��
_ .�@/�G "
_ R
#�3 �1 =���J �� 
��� 

F. mosseae ����)� ��I 
7 4%�U� 	@���"1� �� 
��� 

G. hoi .GI"�� ��1�!�� =���J ��I �� 
��� F. mosseae 

�1 �=�

� �� ��1�!�� =���J ��
 /� 2" ��>. ��B"# .�@/�G 

R
#�3 4����$�3 �7"�S�2"� 2" ����� A��� �"1��*�� 

��1�� �%�b) 5.(  

  

3. 10. =$!�& 
8D 142 >������ 

��" 1����7 ���� ��
��$
"# �� ��B"# .�@/�G R
#�3 �S� 6	/ 

�7"�2"� 	@���"1 1�� �%�b) 2.( =���J ��B��� 1�!� �� 

��
��$
"# oQ�� "#/"
( ��B"# .�@/�G R
#�3 �S� 6	/ �7"�2"� 

�1 �=�

� �� 0�Q =���J ��B��� �� ��
��$
"# �I. (�� ��
_ 

��B"# .�@/�G "
_ R
#�3 �1 ��B��� =���J ��I �� 
��� S. hoi 

����)� L�I 
P��" 4%�U� 	@���"1� �� ��B��� =���J ��I 

M��� 
������ F. mosseae 
� R. irregularis GI"�� 

)�%�b 6.( Raesi et al. )2019( ��Ox" ��1�7 
7 =���J �� 

���� ��
��$
"# ��B"# .�@/�G R
#�3��� ��7�L2X 

�S� 6	/ �7"�2"� % ��
��7� �7"�S�2"� "� �1 ���� 	��7� 

)Cichorium intybus L.( ""#/
( .1"1   



1234! �!
��( �-5+ ��� 6��7 ��"�58"9: !
 ;
� � �"+�� ��� '4:"<5�5"= >�7�9 �5?- ) Cicer  arietinum L.   ($�3 B*3 8�C� 

  

 ����24 �  ���	
1 �  ���
1401  
185

3. 11. -�;����&�;
��  

4"��" �1�� J'� (	� % R�� % ��" 6��= � J'� (	�× 

1����7 ���� ��"#
��$
 �� �B"#� B�.���13����. �	@��"1 1�� 

)�%�b 2.( �1 B����� J�=�� ��)� �� L"#
��$
�� �� (
"#/" 

B"#�� (	� �$)* B"#�� B���"���7"�S ����u�. 
� ��9 

�	@� ��"1 "#/"(
 S"�� .1�7 �1 �����3 6��7 % (	� M�� � 

_�� 0�Q J�=�� % J�=�� �� 
������ ���� "#
��$
�� 4%�U� 

�	@���"1 2" ��>. B"#�� B�.�� �1 ����.3 ����)� .�)� �1 

(	� �I�
 R7 _
�� B"#�� B�.���13����. �� 1����7 
���   

F. mosseae 65�a �I �%�b) 4.( 4�@.�'� ��*" B�)� 

�1"1 
7 �2"��" ���� G)� G�.%� $." _$`� G�" �c �A`� 

�� _
�	P � �"��S �
��`�I��� % �$
-�.�
#�/ �1 ���S B����� 


� M
"�I �'�>� 2" 6�A� # 	� R
#�3 ��� L�)
��7"�g 

G��f  �����u�.  L�)f �
"��7 �1�U �" 2" LV3 G�%�=� 


�2%� L�" 6���� S �#`�" % l*�I 
.�. �" B�I {�� 
 I"1 

�I�� )Bagci et al., 2007.( �7"�SB���"�� .��u��� 2" T
� � 

(	� �$)* G�". ������" V�P t�AI"��f W��a_
�� 


� B�I���7" % 8
�!� M��� (	� ���"���7" ���	I��. _
" 

�����" 
� ,`7 B+��7" (	7"%�� ���A�7�� �	��� 

B�.�� �1 ����.3 ��.�� ���		7 
7 �"�� ���� G�`� 1�F
" 

���		7. ?`F� B�.���1����.3 �1 M
"�I (	� oQ�� (
"#/" 

z�U���
hS ��)f �
�`�;S ��1�I % G)� ���
 (
"#/" 

�����
 (Pryor & Stanley, 1975). 

  

4. )���"����  

T
� � 
� G�1 ���3 2" _
" (�%+S B�)� 1"1 
7 (	� �$)* 

oQ�� (��7 6�/%��7 67 ���� 1�!� �I. G>� M
"�I (	� 

M�� � % �
�I J�=�� ���� �� 
������ ��"#
��$
 8b�� 

(
"#/" B2% L,)* � >��" /%��76� 67 % �B"#� ��%�S_� 

���>� �I. �1 ��`�� ���I =��J� ���� �� ��"#
��$
 oQ�� 

"#/"(
 � >��" ��%�S_� ���>� ���� 1�!� �I. �1 M
"�I 

(	� �$)* G�.�@/ R
#�3��� L2"���7"�S 2X���7 % 

4����$�3 2"���7"�S (
"#/" "��S 1�7. �� "#/"(
 &�'� (	� 

$)*� � >�� .%�S_� % �7"�SB���"�� .����u� {�� ���� 


� ��9 	@����"1 "#/"(
 S"�� .1�7 1����7 ���� "#
��$
�� 

8b�� (
"#/" G�.�@/ R
#�3��� �7"�S2"�� % 

4����$�3 �7"�S2"�� G>� "�IM
 (	� $)*� �I. �B���� 

=��J� ��I �� ��"#
��$
 G>� "�IM
 (	� �
�I �B"#� 

B�.�� �1 ����.3 R7 ��� .�	 I"1 _
"���	� J�=�� 1�!� �� ���� 

"#
��$
�� ����"�� oQ�� 1�AO� �I� �1 M
"�I 0�Q (	� % 

(
"#/" G�%�=� �1 M
"�I (	� �$)* 1�I.  

  

5. ��/# 	 D�����E  

2" ��$)�"1 2�%�)7� ��c)�"1 B� �1�7 GOb �1 ��� *" 

B1"1�"�� 
��!�� �"�� 0�F�" _
" (
��23L �$)� % 

��"1��� �� 11��.  

  

6. F��G# H2�4�  

��� 
��� ���@� ?/�	� M��� ��
B���	� 1�b% 1�"��.  

  

7. H,�4� 

Abdel Latef, A.A., & Chaoxing, H. (2011). Effect 
of arbusculare mycorrhizal fungi on growth, 
mineral nutrition, antioxidant enzyms activity 
and fruit yield of tomato grown under salinity 
stress. Science Direct, 127, 228-33. 

Abedi, T., & Pakniyat, H. (2010). Antioxidant enzyme 
changes in response to drought stress in ten 
cultivars of oilseed rape (Brassica napus L.). 
Czech Journal of Genetics and Plant Breeding, 
46(1), 27-34. 

Abrishamchi, P., Ganjeali, A., & Sakeni, H. (2013). 
Evaluation of morphological traits, proline 
content and antioxidant enzymes activity in 
chickpea genotypes (Cicer arietinum L.) under 
drought stress. Iranian Journal of Pulses 
Research, 3, 17-30. 

Agarwal, S., & Pandey, V. (2004). Antioxidant 
enzyme responses to NaCl stress in Cassia 
angustifolia. Biologia Plantarum, 48(4), 555-
560. 

 

 
 

 

 
 

 
 

 



!�"# $%&' ��( )*+�, ��"� �"-�.�, /�0!� �"$-� 

  

 ����24 �  ���	
1 �  ���
1401 

186

  

Alipanah, A., Sirousmehr, A., Asgharipour, M., & 
Shahverdy, M. (2021). The effect of bio 
fertilizers and fertilizer and mycorrhizae 
parameters on yield and yield components of 
wheat under drought stress. Journal of Plant 
Ecophysiology, 12, 12-25. 

Arriagada, C.A., Herrera, M.A. & Ocampo, J.A. 
(2007). Beneficial effect of saprobe and arbuscular 
mycorrhizal fungi on growth of Eucalyptus 
globules135 cocultured with Glycine max in soil 
contaminated with heavy metals. Journal of 
Environmental Management, 84(5), 93-99. 

Aroca, R. (2012). Plant responses to drought stress. 
From morphological to molecular features. 
Berlim. Springer-Verlag. 

Auge, R.M., Toler, H.D., & Saxton, A.M. (2015). 
Arbuscular mycorrhizal symbiosis alters 
stomatal conductance of host plants more under 
drought than under amply watered conditions: a 
meta-analysis. Mycorrhiza, 25(1), 13-24. 

Bagci, S.A., Ekiz, H., Yilmaz, A., & Cakmak, I. 
(2007). Effect of zinc deficiency and drought on 
grain yield of field-grown wheat cultivars in 
central Anatolia. Journal of Agronomy and Crop 
Science, 193, 198-206. 

Bagheri, A., Nezami, A., & Soltani M. (2000). 
Psychrophiles crops modification for tolerance 
to stress. The Research, Education, Promotion 
of Agriculture, pp 181-150. (In Persion). 

Bates, L.S., Waldren, R.P., & Teare, I.D. (1973). 
Rapid determination of free proline for water 
stress studies. Plant and soil, 39, 205-208.  

Bazrafshan, J., & Khalili, A. (2013). Spatial 
Analysis of Meteorological Drought in Iran from 
1965 to 2003. Desert, 18(1), 63-71.  

Baylis, G. T. S. 1975. The magnolioid mycorrhiza 
and mycotrophy in root systems derived from it, 
In F. E. Sanders, B. Mosse and P. B. Tinker 
(Eds.), 373-389. Endomycorrhizas. Springer 
Verlag Pub., London. PP. 

Behboudian, M.H., Ma, Q., Turner, N.C., & Palta, J.A. 
(2001). Reactions of chickpea to water stress: yield 
and seed composition. Journal of the Science of 
Food and Agriculture, 81, 1288-1291. 

Bolandnazar, S., Aliasgarzad, N., Neishabury, M.R., & 
Chafarzadeh, N. (2007). Mycorrhizal colonization 
improves onion (Allium cepa L.) yield and water 
use efficiency under water deficit condition. 
Scientia Horticulturae, 114, 11-15. 

Bradford, M. (1976). A rapid and sensitive method 
for the quantitation of microgram quantities of 
protein utilizing the principle of protein-dye 
binding. Annual Biochemistry, 72, 248-254. 

Celina, M. L., Gabriela, M. P. & Simon, D. (2004). 
Drought and cat gene expression in wheat. 
Journal of Experimental Botany, 56, 417-423. 

Cicek, N., & Cakirlar, H. (2002). The effect of 

salinity on some physiological parameters in two 
maize cultivars. Bulgarian Journal of Plant 
Physiology, 28, 66-74. 

Contour-Ansel, D., Torres-Franklin, M.L., 
Carvalho, M.H.C., & Zully-Fodil, Y. (2006). 
Glutathione reductase in leaves of cowpea: 
cloning of two cDNAs, expression and 
enzymatic under progressive drought stress, 
desiccation andabsscisic acid treatment. Annales 
Botany, 98, 1279-1287.  

Demir‚ S. (2004). Influence of arbuscular 
mycorrhiza on some physiological growth 
parameters of pepper. Turkish Journal of 
Biology, 28, 85-90. 

Fallah, S., Ehsanzadeh, P. & Daneshvar, M. (2005). 
Grain yield and yield components in three 
chickpea genotypes under dryland conditions 
with and without supplementary irrigation at 
different plant densities in Khorram-Abad, 
Lorestan. Iranian Journal of Agricultural 
Science, 36 (3), 719-731. (In Persion). 

Fang-Lan, L., Wei-Kai, B., & Ning, W.  (2011). 
Morphological, anatomical and physiological 
responses of Campylotropis polyantha (Franch.) 
Schindl seedlings to progressive water stress. 
Scientia Horticulturae, 127, 436-443. 

Farzaneh, M., Vierheilig, H., Lössl, A., & Kaul, 
H.P. (2011). Arbuscular mycorrhiza enhances 
nutrient uptake in chickpea. Plant soil 
environment, 57(10), 465-470. 

Farooq, M., Wahid, A., Kobayashi, N., Fujita, D. & 
Basra, S.M.A. (2009). Plant drought stress: 
effects, mechanisms and management. Agronmy 
Sustainable, 29, 185-212. 

Fayyaz, F., & Talbi, R. (2009). Determination of the 
relationship between yield and some yield 
components of chickpea using path analysis. 
Iranian Journal Crop Sciences, 7(1) 141-135. 
(In Persion). 

Feng, Z., Jin-Kui, G., Ying-Li, Y., Wen-Liang, H. 
& Li-in, Z. (2004). Changes in the pattern of 
antioxidant exzymes in wheat exposed to water 
deficit and rewatering. Acta Physiologiae 
Plantarum, 3, 345-352. 

Fitter, A. H. 1988. Water relations of red clover 
Trifolium pratense L. as affected by VA 
mycorrhizal infection and phosphorus supply 
before and during drought. Journal of 
Experimental Botany 39, 595-603. 

Flexas, J., Barón, M., Bota, J., Ducruet, J.M., Gallé, 
A., Galmés, J., Jiménez, M., Pou, A., Ribas-
Carbó, M., Sajnani, C., Tomàs, M., & Medrano, 
H. (2009). Photosynthesis limitations during 
water stress acclimation and recovery in the 
drought-adapted Vitis hybrid Richter-110 (V. 
berlandierixV. rupestris). Journal of 
Experimental Botany, 60, 2361-2377. 



1234! �!
��( �-5+ ��� 6��7 ��"�58"9: !
 ;
� � �"+�� ��� '4:"<5�5"= >�7�9 �5?- ) Cicer  arietinum L.   ($�3 B*3 8�C� 

  

 ����24 �  ���	
1 �  ���
1401  
187

Ghorbanian, D., Rejali, F., Esmaeilizad, A., (2015). 
Effects of Mycorrhizal fungi and different levels 
of phosphorus on growth of Zea mays L. under 
water stress condition. Journal of Water 
Research in Agriculture, 28, 677-689. 

Giri, B., Kapoor, R., & Mukerji, K.G. (2002). VA 
Mycorrhizal techniques VAM technology in 
establishment of plants under salinity stress 
condition. In K.G. Mukerj., C. Manoharachary., 
B.P. (Eds.), Chamola Techniques in Mycorrhizal 
Studies Pp.313-327. Springer, Netherlands. 

Gosling, P., Hodge, Goodlass, G. & Bending, G.D. 
(2006). Arbuscular mycorrhizal fungi and 
organic farming. Agriculture, Ecosystems and 
Environment, 113, 17-35. 

Hassan Pour, H., & Niknam, V. (2014). Effects of 
water stress on plant growth and activity of 
antioxidant enzymes fragrant oregano (Mentha 
pulegium L.) at flowering stage. Plant Process 
and Function Journal, 8, 25-34. 

Heath, R.L., & Packer, L. (1968). 
Photoperoxidation in isolated chloroplasts. 
Kinetics and toichiometry of fatty acid 
peroxidation. Archives. Biochemistry and 
Biophysics, 125, 189-198. 

Hopkins, W.G. (2004) Introduction to Plant 
Physiology. John Wiley and Sons, New York. 

Hoseininejad, S., Masoud Sinaki, J., & Abedini, M. 
(2016). Effects of drought stress and 
mycorrhizae fungi application on yield and some 
agronomical and physiological characteristics of 
sunflower cultivars. Applied Field Crops 
Research, 29(1), 95-102. 

Inskeep, W.P., & Bloom, P.R. (1985). Extraction 
coefficients of chlorophyll a and b in with N,N'-
dimethylformamide and 80% acetone. Plant 
Physiology, 77, 483-485. 

Jalota, S.K., Sood, A., & Harman, W.L. (2006). 
Assessing the response of chickpea (Cicer 
aeritinum L.) yield to irrigation water on two 
soils in Punjab (India): A simulation analysis 
using the CROPMAN model. Agricultural 
Water Management, 79, 312-320. 

Jugran, A.K., Bahukhandi A., Dhyani, P., Bhatt, 
I.D., Rawal, R.S., Nandi, S.K., & Palni, L.M.S. 
(2015). The effect of inoculation with 
mycorrhize: AM on growth, composition and 
antiozxidant activity phenolies, tannins, phenolic 
in Valeriana jatamansi Jones. Journal of Soil 
Science and Plant Nutrition, 15(4), 1036-1049. 

Jukanti, A.K., Gaur, P.M., Gowda, C.L., & Chibbar, 
R.N. (2012). Nutritional quality and health 
benefits of chickpea (Cicer arietinum L.): a 
review. British Journal of Nutrition, 108, 11-26. 

Jung, S. (2004). Variation in antioxidant 

metabolism of young and mature leaves of 
Arabidopsis thaliana subjected to drought. Plant 
Science, 166, 459-466. 

Kar, M., & Mishra, D. (1976). Catalase, peroxidase 
and polyphenol oxidase activities during rice leaf 
senescence. Plant Physiology, 578, 315-319. 

Kivimaenpae, M., Sutinin, S., Karlsson, P.E., & 
Sellde, G. (2003). Cell structural changes in the 
needles of Norway spruce exposed to long-term 
ozone and drought. Annales Botany, 92, 779-793. 

Khalafallah, A.A., & Abo-Ghalia, H.H. (2008). 
Effect of arbuscular mycorrhizal fungi on the 
metabolic products and activity of antioxidant 
system in wheat plants subjected to short-term 
water stress, followed by recovery at different 
growth stages. Journal of Applied Sciences 
Research, 4, 559-569. 

Kheirizadeh Arough, Y., Seyed Sharifi, R., Sedghe, 
M., & Barmaki, M. (2016). Effect of zinc and 
bio fertilizers on antioxidant enzymes activity, 
chlorophyll content, soluble sugars and proline 
in Triticale under salinity condition. Notulae 
Botanicae Horti Agrobotanici Cluj-Napoca, 44, 
116-124. 

Mafakheri, A., Siosemardeh, A., Bahramnejad, B., 
& Struik, P.C. (2011). Effect of drought stress 
and subsequent recovery on protein, 
carbohydrate contents, catalase and peroxidase 
activities in three chickpea (Cicer arietinum) 
cultivars. Australian Journal of Crop Science, 
5(10), 1255-1260. 

Mahmoudzadeh, M., Rasouli-Sadaghiani, M.H., 
Hassani, A., & Barin, M. (2015). The Role of 
Mycorrhizal Inoculation on Growth and 
Essential Oil of Peppermint (Mentha piperita). 
Journal of Horticulture Science, 29(3), 342-348. 

Mehrabi, Z. (2007). Evaluation of response of sesame 
genotypes to different moisture regimes using 
chlorophyll fluorescence, proline and some 
agronomic traits. M.Sc., Dissertation, Isfahan 
University of Technology, Iran. 93 p. (In Persian). 

Misra, A., & Srivastava, N.K. (2000). Influence of 
water stress on Japanese mint. Journal of Herbs, 
Spices & Medicinal Plants, 7, 51-58. 

Moghadasan, S., Safipour Afshar, A., & Saeid 
Nematpour, F. (2016). The Role of Mycorrhiza 
in Drought Tolerance of Marigold (Calendula 
officinalis L.). Journal of Crop Ecophysiology, 
9, 521-532. 

Moshtaghi Niaki, M. (2008). The effect of water 
deficit stress on some morphological and 
physiological characteristics of three onion 
(Allium cepa L.) cultivars. M. Sc. Thesis in 
Horticultural Science, Faculty of Agriculture, 
Bu-Ali Sina University, pp. 62. (In Persian). 



!�"# $%&' ��( )*+�, ��"� �"-�.�, /�0!� �"$-� 

  

 ����24 �  ���	
1 �  ���
1401 

188

Nakano, Y., & Asada, K. (1981). Hydrogen 
peroxide is scavenged by ascorbate-specific 
peroxidase in spinach chloroplasts. Plant and 
Cell Physiology, 22, 867-880. 

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

Ortiz, N., Armada, E., Duque, E., Roldan, A., & 
Azcon, R. (2015). Contribution of arbuscular 
mycorrhizal fungi and/or bacteria to enhancing 
plant drought tolerance under natural soil 
conditions: effectiveness of autochthonous or 
allochthonous strains. Journal of Plant Physiology, 
174, 87-96. 

Padhi, E.M.T., & Ramdath, D.D. (2017). A review of 
the relationship between pulse consumption and 
reduction of cardiovascular disease risk factors. 
Journal of Functional Foods, 38, 635-643. 

Pang, J., Wang, Y., Lambers, H., Tibbett, M., 
Siddique, K.H.M., & Ryan, M.H. (2013). 
Commensalism in an agroecosystem: hydraulic 
redistribution by deep-rooted legumes improves 
survival of a droughted shallow-rooted legume 
companion. Physiologia Plantarum, 49, 79-90. 

Pharudi, J.A. (2010). Effect of mycorrhizal 
inoculation and phosphorus levels on growth 
and yield of wheat and maize crops grown on a 
phosphorus deficient sandy soil. MSc Thesis, 
Agriculture department, Stellenbosch 
University, South Africa.  

Pryor, W.A., & Stanley, J.P. (1975) A suggested 
mechanism for the production of malonaldehyde 
during the antioxidation of polyunsaturated fatty 
acids, nonenzymatic production of prostaglandin 
endoperoxides during autoxidation. Organells, 
40(24), 3615-3617. 

 Raesi, R., Baratali, F., & Mahdinejad, N. (2019). 
Evaluation of the effect of Glomus fascollaria on 
some morphological characteristics, 
photosynthetic pigments and antioxidant activity 
of Chicory (Cichorium intybus L.) under 
drought stress.  Environmental Strsses in Crop 
Sciences, 12, 495-505. 

Salehi, P., Izadpanah, M., & Calagari, M. (2014). 
Effects of drought on osmotic adjustment, 
antioxidant enzymes and pigments in wild 
Achillea tinctoria populations. Ethno-
Pharmaceutical Products, 1, 43-54. 

 Shaban, M.,  Mansourifar, S.,  Ghobadi, M., & 
Ashrafi Parchin R. (2012). Effect of Drought 
Stress and Starter Nitrogen Fertilizer on Root 
Characteristics and Seed Yield of Four Chickpea 
(Cicer arietinum L.) Genotypes. Seed and Plant 
Production Journal 27, 451-459. 

Singh, P. K., Singh, M., & Vyas, D. (2010). Biocontrol 
of fusarium wilt of chickpea using arbuscular 
mycorrhizal fungi and Rhizobium leguminosorum 

biovar. Caryologia 63 (4), 349-353. 
Sohrabi, Y., Heidari, G., Weisany, W., Ghasemi 

Golezani, K., & Mohammadi, K. (2012). Some 
physiological responses of chickpea (Cicer 
aritinum L.) cultivars to arbuscular mycorrhiza 
under drought stress. Russian Journal of Plant 
Physiology, 59(6), 708-716. 

 Soleymani, F.,  & Pirzad, A.R. (2016). The effect 
of mycorrhizal fungi on the oxidant enzymes 
activity in the medicinal herb, hyssop, under 
water deficit conditions. Iranian Journal of 
Medicinal and Aromatic Plant, 31, 1013-1023. 

Soltanian, M., & Tadayyon, A. (2015). Effect of 
arbuscular mycorrhizal fungi on some 
agronomic characteristics on linseed (Linum 
ussitatissimum L.) under drought stress. Journal 
of Plant Production Research, 22(2), 1-21. 

Smith, S. E.  Read, D. J. 2008. Mycorrhizal & و
Symbiosis. 3 rded, Academic Press, London. 

Stewart, C.R., & Hanson, A.D. (1980). Proline 
accumulation as a metabolic response to water 
stress. In N.C. Turner, P.J. Kramer, (Eds.), 
Adaptation of Plant to Water and Temperature 
Stress (173-189). John Willey & Sons. New 
York, U.S.A.  

Stutz, J.C., Beauchamp, V.B., Johnson. J., Kennedy, 
L.J., Richter, B.S., & Jacobson, K.M. (2009). 
Mycorrhizal ecology In J.C. Stromberg., B. 
Tellman, (Eds.), Ecology and conservation of 
the San Pedro River. University of Arizona 
Press. Tucson, Arizona, Pp. 73-88. 

Sylvia, D.M., & Williams, S.E. (1992). 
Vesiculararbuscular mycorrhizae and 
environmental stress, In G.J. Bethlenfalvay, R.G. 
Linderman (Eds.), Mycorrhizae in Sustainable 
Agriculture (101-124). Amer Society of 
Agronomy, Medison Wisconsin, 124p. 

Tang, M., Chen, H., Huang, G.C., & Tian, Z.Q. 
(2009). Am fungi effects on the growth and 
physiology of Zea mays L. seedlings under 
diesel stress. Soil Biology and Biochemistry, 41, 
936- 940. 

Weisany, W., Raei, Y. & Ghasemi Golezani, K. 
(2016). Funneliformis mosseae alters seed essential 
oil content and composition of dill in intercropping 
with common bean. Industrial Crops and 
Products, 79, 29-38. 

Wu, S.C., Cao, Z.H., Li, Z.G., Cheung, K.C., & 
Wong, M.H. (2005). Effects of biofertilizer 
containing N-fixer, P and K solubilizers and AM 
fungi on maize growth: agreenhouse trial. 
Geoderma, 125, 155-166. 

Zare Hassanabdi, M., Dashti, M., & Akhondi, M. 
(2020). The effect of two species of Arbuscular 
Mycorrhiza fungi on the activity of antioxidant 
enzymes and morphophysiological 
characteristics of Mentha pulegium L. in drought 
Stress. Iranian Medicinal Plants Technology, 
02, 83-99 (in Persian). 


