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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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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 ���4L � �!��( 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 ���4L � �!��( 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 
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