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This experiment works on the physiological, growth, and yield responses of sesame to 

the application of potassium nano-fertilizers, chitosan, and fulvic acid under drought 

stress in Semnan Agricultural and Natural Resources Research Center as a factorial 

split-plot based on randomized complete block design with three replications in 2019. 

The experimental treatments include drought as the main plot (normal irrigation, 

irrigation cut off in 70 and 60 BBCH as moderate, and severe stress, respectively) and 

potassium nano-fertilizer (0, 1.5, and 2.5 per thousand) and foliar application (control, 

chitosan, fulvic acid, and 50% of chitosan+ fulvic acid) as sub-plots. Application of 

potassium nano-fertilizer under normal and stress conditions significantly cuts 

chlorophyll b and total, leaf area index, number of capsules, 1000-seed weight, and oil 

percentage. The highest grain yield belongs to the application of 1.5 and 2.5 per 

thousand nano fertilizers, using fulvic acid alone or in combination with 50% chitosan 

(2516, 2277.5, 2506.6, and 2313.2 kg/ha, respectively). The highest oil content has 

been in 1.5 and 2.5 per thousand nano fertilizer application under normal irrigation, 

which has increased 13.2% and 15.4%, respectively. Foliar application of fulvic acid 

with nano potassium fertilizer (1.5 per thousand) under severe drought stress show the 

highest activity of antioxidant enzymes catalase, peroxidase, ascorbate peroxidase, and 

superoxide dismutase. In general, the results show that the application of 1.5 per 

thousand nano potassium fertilizer and combined foliar application of chitosan and 

fulvic acid under severe drought by improving physiological traits, manage to modify 

the adverse effects of drought, increasing growth, yield, and quality indices of sesame.  
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BBCH70  �60 3��3 \+)�)  !#^& ]O�� �� �q3 ]+U�) %��83� �) %��+3�) ���> � c�!8� 4$) ��!$


]U> 
�2� �.�> �8.�� �u� �� (]� ��8O�� %�+�  ��dZ 	uV2 �� �� Y+��8C �!&!��� ]��> �
�. %�/�!8&�.5/1  �

5/2  !V(� � ��*/ ��W�!-!. � ��
!8+& ,�:+&�) �>�C  !V(� h�
 LM� ��fp �� �+���C�3 �> ��/�> ��!$


�3) ��
!8+& ��*+�5 W�!-!. �(��8U/ �� h��  ��*+� �3) �+��2  \+&�) � (��8U/ �� h��!V+&50  � ��
!8+& �Z��

W�!-!. �3) �+�� \+)�)5/2  � ��8U/ �� h��1  �!&!��� <:$� 
� Y+��8C �!&!��� .���> �3��
�� (��8U/ �� h��!V+&

                                                                                                                                                            
1. Biologische Bundesanstalt, Bundessortenamt und CHemische Industrie 
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 %���� ~���O27 3 �Y+��8C �Z��W�!-!. %��  %��T) h�� �3 �+��Fert Star Fulvabob Potassic �3) %��� \+)�)

30 �20  �4 W�!-!. �W+����� ��!� �Z��  %��T) h�� �3 *+� ��
!8+& � (o� ��  !V(� ,
� � W+�!+/ � �+��Agro 

 ,��w �MP) J+p �!�& 	O��20  .�> ���d8�� (�8�!���  

��!7� ]:P 4���
� ](� _�O 
� %�+� �) �dZ n7
 
� [�; %��b� 
�30 �8��� �� �� ?��8� � h�T�� %�8�

)  ��b1 � 	>�& %��83� �V��� �� �� ���� <:$� 
�) �X��8+� �!& �� _�O *+-��� ?��8� t����3 .	�� ��> ����� (

����� ���
 �� Y+��8C ,�d#. <:$� 
�) �d#. (�/�V� k��> %�$:� �3 (J+�
 %
��100 �8U/ �� h��!V+& ���d8�� �

) �>Mahdavi Khorami et al., 2020����� ,�+V7
 .( ���f3 Y5> ��*+��C Y5> ]��> 	�& 
� ]:P J+�
 %
��

,�& ��+f)) ��8-�� YP� 	�& .	.�� ,�!Z [�; ��'� t����3 %�$3 �3 (��fdZ� �q3 ��&�C 	&�> 
� ��> ,�!Z

,�& �� ��������O �O��� �� � �8��  �
���� �3 ���/2×3 �)!3 J+3 �VZ�.) 	>�& |��� ?$C �3 �8� � |��� %�� �/

|��� J+3 �VZ�.�3 �/ \+)�)10  �55 �8���_!V3 �VZ�. � (�8�,�& � �/�3 ����7/ 
� �
�. %�/ W� � �� \+)�)

 	.�� ,�!Z �8�)Zarei et al., 2020( .�VZ�.�3 %��+3� J+-�� �3 	>�& 
� �93�8�C � %!b ,�!Z.�> h�T�� %� 

 �
�*� %��+3� 
� ]:P) �/�V� k��> 
� ]:P �)BBCH60 (�3 ,�!Z��� 
� �C .	.�� ,�!Z 	O�!$U�  %��3

��7+)  �7
� %�/�� %��+3� <MP ��U�O 4$) �& ����
 50  �� �u���!� ,�& �Z�� ]O�� �� �q3 ]+U�) %��83�

)  !#^&��7+)  �7
� %��3  4$)(c�!8�  �� �50  �Z��]U> 
�2��8O�� %�+�) ]� �4$) ��7+)  �7
� %��3 (���> 

 ����!3.�> h�T��  %��3%��+3� ���
 J++9)  t�& �+5:) W8�) 
�A  �+5:) 
� �C ��70 �V+� �8����d8�� W8�) 
� 

�> )Mahdavi Khorami et al., 2020( !V(� .W�!-!. �Y+��8C!��� %�/�!& �>�C  �V��� �� �� ��
!8+& � �+��

� �/�V� �V��� 
� ]:P ���� 
� ]:P %�$3)Mahdavi et al., 2018( �3 	uV2 �3 ������b ,�!Z <3�$� � %�/

.	.�� ,�!Z ���>�&w  

  
 D%��1 .�GH�% $�>  �1 ��I J! ) ���� 6� LMN O���6P L"� Q�R ����!�� % �
���430 �;���(Q�R $�;�  

J/� )mg.kg-1( Y+��8C )mg.kg-1(  �d#. )mg.kg-1(  ]& �X��8+� )mg.kg-1(  �-� J3�& )%(  %�!> )dS.m-1(  pH  _�O 	.�3  

2/5  3/343  23/14  1058  06/1  04/2  98/7  �$> ��� h!-  

  

y����
 
� ]:P K�3 ��> !V(� � �U�O %�/��7+)  �7
� 
� �93 � �/) �>�CBBCH75��!7� �(K�3 
� %�+� %�/

�3 ��!b�
���� �!u$� 
� W�X!-!�*+. ,�dZ %�+�10  �)!3�3 R��`) ,�& �/ 
�  	��f� �� � <��� ,
� �3 ��  �'8�� �

 �*��. �� %���f��80- �8��� �b���3 .	.�� ,�!Z ������
���� �!u$� �*+��� %�+� ]+.��V& �V7b 
� %*8$�!8. %�/a �

b  =�� 
� ]& �Arnon )1949 =�� 
� J+-��C �(Bates et al. )1973=�� 
� 
g�)�& �(Chance & Maehly  

)1955�( =�� 
� 
��+#&��C Wendel )1981�VC �( ]$. ) 
��+#&�PPO =�� 
� (Gonzalez et al. )1999 � (

) 
�)!7#�� �+#&��C!�SOD =�� 
� (Beauchamp & Fridovich  )1971.�> ���d8�� (  

��!7��3 %�+��
���� �!u$��93 ��UV7
 %�*b� � W�X!-!.�!� ,�dZ %�+� 
� ���+�� W�X!-!�*+. �& ����� J�� 

�V��� y�� ]��78� �3 ��
 �)!3��3�) 	�� �/ (��� �+>�� �i� 	��
� �3 � %��3 ,�!Z ?$C 
� �.��`) �)!3 
� �/ ,�& 

h�T�� �> .�C 
�  �'8�� ��!7��/ �3 �������
�  K�3 LM� NO�> ��)!3 �/ �� �:��b �O�> ���9) ��)!3 k�d)�� ,�dZ

  ��)Leaf area meter, Delta-T�& ��(��8#V��� �! ���9)  !#^& �� ��)!3 ���9) ���� ��  !#^& � �
� ������*/ 

)�3 ���d8�� 
� ���
��) �3 	P� 01/0 (�
����%�+� �> )Mahdavi et al., 2018( . �����
� ,�& �/ 
� <3���8� W�

�C 
� Rq� �+>�� �/�3  �!u$��
����%�+� ��UV7
 	>���3 (%��`8P�) ���� �C .�> 
� W�O ��> �)!3�/ )�!/ 
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W�O(� �����/ _�C � �
� �� �/ �3 ���
��) �3 	P� 01/0 h�� �
����%�+�  �>)Zarei et al., 2020(. �3 �!u$�

�
����  ����� J2�� %�!8(� %�+�100 h�� �q3 
� �/ ,�& �����
� �� ���
 ���+�� �
��
 	>���3 �> .J++9) 

��*+� J2�� ���� 
� ���d8�� �3 =�� j��58�� h�� ASOC )Officinal Method 972.28 (41.1.22) (� ���8�� 

�V#&!�   ��)a1390,�!Z (����� �!�& � 	.���
���� . J+")��C %�+� ����  
� ���d8�� �3=�� Bradford 

)1976( �> h�T��. �> o�S ���� ��UV7
 �� J2�� � J+")��C �Z�� *+� J2�� � J+")��C ��UV7
 �:��(� %��3 

)Zarei et al., 2020(.  %��3*T)��  ]+V() � ����%�/ �3 ,�!Z 4���
� 	+V^�� ]��!8&�. �� \-�P [�; 

_!V3 %�/ ]��& ��.��`) ��83�  ���� ��!3 �����/ �3 ���d8�� h�� 
�%���� ��*.� Minitab  �5#�)19�3��
�� ( � 

�!�
� �$�7/ ��������/ %�� �����/ h�T�� �> .,�:��(� %���� �3 ���d8�� 
� h����*.� %����SAS   �5#�)2/9 (

,�!Z 	.�� .J+���+� �����$9� R�8O� ]P��� J+���+� �#��'� �!�
� 
� ���d8�� �3 �/) ���LSD LM� �� (5 

 .	.�� ,�!Z �Z��  

  

37'
 � 8��%# .  

3 .1�������� ! 9�:; .  

���� ��*T) ?��8�C �!&!��� ��U�O 4$) �i� �& ��� ���� �/ !V(� � Y+��8W�!-!. � ��
!8+& ,�:+&�) �>�C  �+��

�*+��� %�!8(� �3  ]+.��V& ]��> %*8$�!8. %�/a �b �$9� ]& �Y/ .���!3 ���  ��U�O 4$) ]3�'8� �i� �J+$p

 !V(� � Y+��8C �!&!���  ]+.��V& %�!8(� �3 �>�Ca  ]+.��V& �3 Y+��8C �!&!��� � �U�O 4$) ������ ]3�'8� �i� �

b �$9� ]& � ����3 	��   ��b) ���2 ��3��& .(5/2 �3 Y+��8C �!&!��� ��*/ ��  ���3 c���> 	() ��
!8+& ���7/

 ]+.��V& %�!8(� J��)g�3 ��T�� �3 �T$� 4$)a  J+���+� �35/18  �3 �#��'� �� �& �> �) �
� h�� �� h����U+�

 4��*.� �/�> ��7+)3/31 !&!��� ��3��& h�
 .	>�� %�Z�� !V(� ���3 ��7+) �� � Y+��8C � c���> 	() �>�C

Y& ��U�O ���> 4$)   ��b) ��� ���� �� 	dZ J�� J+���+� J��)3 �U�O 4$) ]3�'8� �i� J+���+� �#��'� �� .(

 ]+.��V& %�!8(� J��)g�3 �Y+��8C �!&!��� �b  ��3��& �3 �!3�� ]& �5/1  �5/2  	() Y+��8C �!&!��� ��*/ ��

��3 c���>�3 �& �!3 �U�O 4$) � 4��*.� \+)�)74/13  �16/14  ]+.��V& �� %�Z��b  �78/10  �70/14 

 4/�& �
�3 �U�O 4$) �& ��� ���� �V:P ,�9-�M� .�$8>�� �/�> ��7+) �3 �#��'� �� ]& ]+.��V& �� %�Z��

]3�P �b!) �� K�3 ]+.��V& %�!8(�  �!>)Mahdavi Khorami et al., 2020; Zarei et al., 2020(.  c���> ��

������� ��*+� 4/�& ��U�O 4$)�3 �& 	�� ?��� 	��
 W� %*8$�!8. %�/  �3 \+�� 
� �>�� ��7
 �!;

	��C��V&��!� 
� �>�� �/ 	�� �B+#&�  �9. %�/)Sharma et al., 2020(.  

�& h�
 �3 �#��'� �� Y+��8C �!&!��� LM� �� �/ ��3��& ����> �U�O 4$) c���> 	() 4��*.� ��� ��3�

�$9� ]+.��V& J+���+� �� ���b  ]& ]+.��V& ��!� �� 4��*.� J�� .��� ���� �� ]& �21/25  �8/21 �3 �Z�� -

 LM� �� \+)�)5/1  �5/2 Y+��8C �!&!��� ��*/ �� �3]U>) ��� 	�� A, B -1�3 .( �� �u� �M3�� ��8#3�� �& ���

 !V� �� o� �Y+��8C �!� �3 �/�+� %�/ �� .	�� �U�O 4$) c���> 	() Y+��8C �!&!��� 
��3 4'� �3 �T$�

 !V� c�!) o� �d� � 4��T$� 4��*.� �3 �!� J�� �o� �!:7& c���> !V� �3 ����� 4$) ��/�+� %�/  %�/

�� ]��9) �� �/�+���  !V� K�*3 � �-!V� ���. 4��*.� � %*7�� ]+#��8C �!:f3 �
�3 � ���7� �!>)Saedi et 

al., 2020(Y/ . �8.�� �3 �8��� �T$& �� �f3��� ?��8� ��S�� 4/�BC %�/)Mahdavi Khorami et al., 2020( 

 �VdV. k�$9� �)Saedi et al., 2020( �3 ��
!8+& 
� ���d8�� .�> ��/���  ���7/5/1  J��)�3 Y+��8C �!&!��� ��*/ ��
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 !V(� � �!&!��� ]3�'8� �i� �� %��7+) \+&�)�u� 
� �>�C  ]+.��V& %�!8(�b  J+���+� �3) �!305/11  h����U+�

 4��*.� �& (�) �
� h�� �353/41 ����) 	>�� %�Z�� �i� �4���
���!� %�/�!8&�. J+3 
� .(	�� ���� ����� �/

 !V(� � Y+��8C �!&!��� ��U�O 4$) �VZ�W�!-!. � ��
!8+& ,�:+&�) �>�C  %�!8(� �3 �+����+���+�$  J+-��C

�$9���$9��+2 ]��!
 J�� ]3�'8� ,��i� ��� ����!3 �� ����3	��   ��b) ���2�$9� 4��*.� �3 �T$� �U�O .( J+-��C ���

�3 �> 4��*.� �U�O ���> 4$) 	() �& %�!;09/13   ��b) 	>��  ���� %��+3� �3 �#��'� �� %�Z��4.(   

  
 D%��2 . V�����% (��B1 �W�
�<���� D�&"� % C���;8���8  % ��6�;�<A��)�4 ����  �� �R��A�=�)����4 +��I % $
�
&!  @

-��G ���< �
:R O�1 3"1 �B�<  

,��++�) <3�$�  %��
� �b�� 
) ,�93�� J+���+�MS(  

Chl-a  Chl-b Total Chl Proline  CAT  POD PPO APX SOD 

���U) 2  50/0  ns 39/1  ns 42/2  ns 029/0  ns 54/0  ns 46/0  ns 02/0  ns 99/14  ns 56/1  ns 

) �U�O 4$)D(  2 **1/136 **8/84  **2/375  **11/0 **1/87  **9/750  **37/1 **9/1635  **8/31  

(4$)) ���U) 4 28/3  01/2   05/4  002/0 25/0  81/0  008/0 6/23  67/1  

) Y+��8C �!&!���NPF(  2 **85/72 **8/84  **1/309  **101/0 **84/6  **8/109  **059/0 **3/255  **5/14  

 !V(�) �>�CFN( 3 **84/52 42/6  ns **6/93  **449/0 17/0  ns **83/7  **069/0 *5/21  3/1  ns 

D×NPF  4 52/2 ns 
*58/8 **4/16 004/0  ns 

**33/1 **8/29 016/0  ns 
**0/106 **86/8 

D×FN  6  **95/5 *84/7 22/6  ns 005/0  ns 22/0  ns 21/2  ns 008/0  ns 
**9/17 *49/1 

NPF×FN  6  **85/6  *61/7 0/1  ns 005/0  ns 37/0  ns 
*48/2 009/0  ns 83/5  ns 32/1  ns 

D×NPF×FN  12  *09/2 35/2  ns 49/2  ns 003/0  ns 
**53/0 **78/3 012/0  ns 

**6/24 *45/1 

�MO]& % 66  09/1 1/3 06/3 013/0 2/0 07/1 007/0 51/5 67/0 

,��++�) \��S )%(  -  5/7 69/21 93/7 74/14 62/19 1/12 68/12 77/24 52/13 

ns�3 ** � * � �$9��+2 \+)�)�$9� � ���  �78�� LM� �� ���5  �1 .�Z�� Chl �]+.��V& :Proline �J+-��C :CAT �
g�)�& :POD �
��+#&��C :PPO �
��+#&� ]$. �VC :APX :

 �
��+#&��C ,�3�!U��SOD .
�)!7#�� �+#&��C!� :  

  
 (��
� D%��2 . V�����% (��B1 �W�
�<���� D�&"� % C���;8���8  % ��6�;�<A��)�4 ����  �� �R��A�=�)����4 +��I $
�
&!  @

 ���< %�
:R O�1 3"1 �B�<  

,��++�) <3�$�  

%
��


� �
b�

�
 

) ,�93�� J+���+�MS(  

�)
!3 

k�
d)�

�
 �
:��

b 
�O

�>
 ��

�9
)

  K
�3 

LM
� 

N
O�

>
  �)

!3 
��

  
!#

^&
 ��

�9
)

  

 !
#^

& 
��

 �
���

 ��
�9

)
  

���
��

�*/
 �


�
  

���
� �

�U
V7



  

���
� J

2�
�

  ���
� J

+")
��

C
 

���U) 2  2/192 ns **1/14  16/0  ns 6/42  ns 7/15  ns 29/0  ns 2/446862  ns 9/28  ns **5/17  

) �U�O 4$)D(  2 **3/1745 **36/9  **26/4  **2/614 **1131  **88/5  **5/597383 **6/802  **2/459  

(4$)) ���U) 4 3/88 97/0  04/0  7/39 2/13  08/0  1/170420 3/14  08/3  

) Y+��8C �!&!���NPF(  2 **4/2638 58/2  ns **85/2  **6/1904 **2/1952  **28/8  **13537554 **2/264  **1/120  

 !V(�) �>�CFN( 3 8/165  ns 
**4/6  **59/1  **2/739 **6/1853  **73/6  **8/11432955 **9/297  **2/59  

D×NPF  4 7/45  ns 
**06/6 **54/0 *8/232 9/15  ns 

**39/2 2/459944  ns 
*8/29 **2/32 

D×FN  6  9/79  ns 
*79/2 *31/0 1/82  ns 5/18  ns 

**42/1 6/137956  ns 2/12  ns 73/1  ns 

NPF×FN  6  6/296  ns **57/7 *41/0 8/52  ns 
**4/116 *91/0 **3/1292557 74/3  ns 

**5/10 

D×NPF×FN  12  1/71  ns 
**27/3 09/0 ns 1/89  ns 

*6/44 55/0  ns 6/370636  ns 49/9  ns 
**89/6 

�MO]& % 66  5/172 19/1 14/0 98/86 91/19 36/0 2/3451 71/11 69/2 

,��++�) \��S )%( -  06/12 43/14 64/8 39/21 83/12 17/19 78/23 61/8 61/7 

ns�3 ** � * � �$9��+2 \+)�)�$9� � ���  �78�� LM� �� ���5  �1 .�Z��    
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 D%��3 L��*;� �W� Y�5���� (���*� .D�&"� % C���;8 
�<���� % ��6�;�< ���8A��)�4 ����  �R�� �� �
:R O�1 Z���� 3"1

�B�< -��G ���< % �!< +��I  

�
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4

$)
  

) �
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�dZ 

�/�> 7/12 ± 2/1  m-p 5/0 ± 09/0  n 4/3 ± 1/0  op 6/2 ± 1/0  kl 7/5 ± 8/0  e-i 3/7 ± 6/0  d-h 2/21 ±1 pqr 6/21 ± 4/1  h-l 

CH  4/16 ± 4/0  b-f 6/0 ± 1/0  mn 9/2 ± 3/0  p 3/4 ± 9/0  jkl 1/5 ± 1/0  g-j 8±1 c-f 7/31 ± 7/1  k-n 2/24 ± 3/0  d-h 

FO  2/14 ± 9/0  h-m 6/0 ± 1/0  mn 3/3 ± 5/0  op 1/4 ± 4/1  jkl 2/6 ± 3/0  d-h 7±2 d-i 4/33 ±6 j-n 9/21 ±4 g-l 

CH+FO 3/14 ± 6/0  h-m 6/0 ± 1/0  mn 9/2 ± 3/0  p 2/1 ± 8/0  l 2/5 ± 7/0  f-j 7/8 ± 2/1  bcd 30± 5/4  l-o 7/24 ± 3/0  d-g 

5/1  

�/�> 15± 4/0  f-j 6/1 ± 2/0  i-l 3/5 ± 8/0  mn 9/4 ± 3/2  i-l 5± 5/1  hij 7/6 ± 5/1  e-i 6/27 ± 3/3  m-p 23±2 e-i 

CH  1/16 ± 5/0  b-g 3/1 ± 3/0  klm 4/5 ± 7/0  mn 9/5 ± 6/1  ijk 3/5 ± 5/0  f-j 8±1 c-f 6/37 ± 2/4  g-k 7/26 ± 9/0  a-d 

FO  5/17 ± 3/0  ab 3/1 ± 3/0  klm 8/5 ± 8/0  m 4/8 ± 9/1  hi 1/5 ± 6/0  g-j 3/8 ± 5/1  b-e 4/49 ± 5/1  a-d 3/25 ± 8/3  cde 

CH+FO 7/14 ± 3/0  f-k 5/1 ± 3/0  jkl 6/4 ± 3/0  mno 7/5 ± 4/2  ijk 5/5 ± 5/0  f-j 3/11 ± 2/1  a 6/47 ± 1/2  b-e 3/28 ± 9/0  ab 

5/2 

�/�> 1/17 ± 2/0  abc 6/0 ± 1/0  mn 8/3 ± 7/0  nop 2/6 ± 6/1  ijk 1/5 ± 3/0  g-j 7/6 ± 2/1  e-i 6/26 ± 5/4  n-q 3/21 ± 8/0  i-m 

CH  5/18 ± 1/1  a 6/0 ± 1/0  mn 3/3 ± 3/0  op 3/3 ±1 kl 5/4 ± 9/0  ij 7/7 ± 1/2  c-g 43± 7/2  d-g 3/25 ± 3/0  c-f 

FO  17± 3/1  a-d 7/0 ± 1/0  mn 4± 4/0  nop 5± 1/1  i-l 1/5 ± 3/0  hij 7/6 ± 5/1  e-i 7/55 ±9 a 9/22 ± 6/2  e-j 

CH+FO 2/15 ± 8/0  e-i 9/0 ± 1/0  lmn 3/3 ± 4/0  op 4± 1/1  jkl 7/4 ± 3/1  ij 3/7 ± 6/0  d-h 6/52 ± 7/4  ab 7/24 ± 8/0  d-g 

c
�!

8� 
4

$)
 

�dZ 

�/�> 6/10 ± 4/0  qr 9/1 ± 2/0  g-k 6/8 ± 5/0  i-l 7/4 ± 4/2  i-l 6/4 ± 5/0  ij 7/6 ± 2/1  e-i 17± 2/3  rs 20± 6/1  k-o 

CH  8/14 ± 6/0  f-j 6/1 ± 4/0  jkl 5/7 ± 5/0  l 2/4 ± 1/1  jkl 1/4 ± 6/0  j 7/8 ± 2/1  bcd 2/31 ± 8/4  k-n 5/22 ± 3/1  f-k 

FO  5/11 ±1 pqr 7/1 ± 4/0  h-l 4/8 ± 3/0  jkl 7/2 ± 8/1  kl 1/4 ± 6/0  j 3/5 ± 2/1  i 4/34 ± 2/6  j-m 1/20 ± 1/0  k-o 

CH+FO 8/12 ± 2/0  l-p 8/1 ± 2/0  g-k 8/7 ± 4/0  l 9/5 ± 6/2  ijk 9/4 ± 6/0  hij 3/9 ± 6/0  bc 2/33 ± 8/6  j-n 8/21 ± 7/0  h-l 

5/1  

�/�> 12± 6/1  n-q 2/2 ± 3/0  f-j 1/9 ± 7/0  h-l 4/19 ± 4/0  bc 7/7 ± 8/0  bc 7±1 d-i 4/34 ±5 j-m 5/25 ±2 b-e 

CH  4/15 ± 8/1  d-i 1/2 ± 3/0  f-j 9/8 ± 6/0  h-l 1/11 ± 9/3  gh 9/6 ±0 b-e 8± 7/1  c-f 8/35 ± 2/1  h-l 4/28 ± 6/0  a 

FO  7/16 ± 9/1  b-e 2± 5/0  f-k 2/9 ± 2/1  h-l 7/7 ±2 hij 5/6 ± 2/0  c-f 7/6 ± 6/0  e-i 53± 4/6  ab 1/26 ± 2/2  a-d 

CH+FO 3/16 ± 7/1  b-f 4/2 ± 2/0  fgh 7/9 ± 4/0  g-j 4/12 ± 3/5  fg 2/8 ± 6/0  ab 3/9 ± 6/0  bc 9/44 ± 6/6  c-f 6/27 ± 1/1  abc 

5/2 

�/�> 13± 1/1  k-p 4/2 ± 3/0  fgh 8/8 ± 9/0  i-l 3/3 ± 6/0  kl 7/5 ± 1/1  e-i 10±1 ab 1/34 ± 9/5  j-m 1/20 ± 8/1  k-o 

CH  7/17 ± 1/1  ab 2/2 ± 6/0  f-j 8/7 ± 5/0  l 5/2 ± 7/1  kl 3/6 ± 5/0  c-h 7/8 ± 2/1  bcd 6/42 ± 4/3  d-h 1/22 ± 2/1  g-l 

FO  5/14 ± 3/1  g-l 6/2 ± 3/0  efg 5/8 ±1 jkl 4/3 ± 2/1  kl 3/6 ± 9/0  d-h 3/9 ± 5/1  bc 7/51 ± 2/3  abc 5/20 ± 2/3  i-n 

CH+FO 6/15 ± 6/1  c-h 4/2 ± 3/0  f-i 8± 8/0  kl 5/2 ± 7/0  kl 6/6 ± 5/0  c-f 3/6 ± 2/1  f-i 6/43 ± 6/8  d-g 9/21 ± 5/1  h-l 
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�dZ 

�/�> 7/6 ± 3/1  s 3/3 ± 3/0  de 2/13 ± 7/0  cd 2/24 ± 7/1  a 3/7 ± 8/1  bcd 7±1 d-i 1/13 ± 6/1  s 4/14 ± 6/0  rs 

CH  9/11 ± 5/0  opq 8/2 ± 3/0  ef 9/9 ± 9/0  g-j 15± 4/2  def 6/5 ± 8/0  e-i 7±1 d-i 7/19 ± 4/2  qrs 18± 3/1  nop 

FO  8/11 ± 8/0  opq 3/4 ± 7/0  abc 4/12 ± 2/0  de 19±3 bc 5/7 ± 4/0  bcd 7/6 ± 6/0  e-i 7/27 ± 3/0  m-p 7/14 ± 5/2  qrs 

CH+FO 10± 6/1  r 4/2 ± 3/0  fgh 11± 8/0  efg 8/19 ± 1/2  b 3/6 ± 2/1  d-h 7/5 ± 2/1  hi 9/23 ± 7/2  o-r 3/16 ± 7/1  pqr 

5/1  

�/�> 8/10 ± 9/0  qr 7/3 ± 6/0  cd 20± 6/0  a 7/18 ± 2/1  bcd 5/9 ± 3/1  a 6±1 ghi 8/26 ±4 nop 3/12 ± 8/1  s 

CH  7/13 ±1 i-n 3/4 ± 5/0  abc 8/15 ± 7/0  b 2/18 ± 2/3  b-e 4/7 ± 2/0  bcd 6±1 ghi 2/21 ± 7/0  pqr 6/19 ± 6/2  l-o 

FO  14± 3/1  h-m 9/4 ± 7/1  a 5/18 ± 5/4  a 4/21 ±7 ab 2/8 ± 9/1  ab 7± 7/1  d-i 9/39 ± 3/3  f-j 8/17 ± 1/1  nop 

CH+FO 3/13 ± 1/1  j-o 4/4 ± 5/0  abc 3/14 ± 2/1  bc 6/14 ± 8/4  efg 2/6 ±1 d-h 8±1 c-f 35± 6/4  i-l 4/22 ± 3/0  g-l 

5/2 

�/�> 4/11 ± 7/0  pqr 5/4 ± 4/0  ab 2/10 ±0 ghi 4/12 ± 6/0  fg 1/6 ± 9/0  d-h 7/7 ± 2/1  c-g 1/14 ± 1/3  s 1/20 ± 3/1  j-o 

CH  5/14 ± 7/1  g-l 7/4 ± 3/0  a 5/10 ± 3/1  fgh 13± 9/3  fg 9/6 ± 8/0  b-e 3/7 ± 5/1  d-h 7/36 ± 9/0  g-l 5/18 ± 1/2  nop 

FO  7/13 ± 4/1  i-m 8/3 ±1 bcd 7/9 ± 3/1  g-k 1/14 ± 3/4  fg 5/6 ± 5/1  c-g 7/7 ± 5/1  c-g 7/41 ± 6/4  e-i 6/18 ± 6/0  m-p 

CH+FO 6/10 ± 9/0  qr 6/4 ± 5/0  a 12± 9/0  def 8/15 ±3 c-f 4/7 ± 2/0  bcd 8± 7/1  c-f 9/39 ± 2/4  f-j 4/17 ± 2/2  opq 

LSD (α= 05/0 ) 70/1  74/0  68/1  81/2  34/1  78/1  27/7  67/2  
J+���+� %�/)mean ± StD ( J+���+� �#��'� �!�
� �u� 
� ��!8� �/ �� �3��� R��� %����LSD  LM� ��5 �$9� ,��d) �Z��.������ ��� : ��
!8+&CHW�!-!. �  :�+��FO.   
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 	+-!7�� J��) 	��C��V& 
� ��/�� 	u.�(� \��5) �3��3 �� 4/�& 
� �T+8� �� � �$&

�� %�+�!Vb 4$) c���> �� ]+.��V&.�$& �3 J+-��C <7T) �J���3�$3  ��:)�� �U�O 4$) �3��3 �� 	���'� ��*+� �3 Y+'8#� �!;

 ����)Mwenye et al., 2016(	uV2 J+3 �� .4+3 �Y+��8C �!&!��� %�/  h�
 �3 �!3�� J+-��C J��) � Y+��8C �!&!��� ��3��&
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Y�*���� �-!V� ���� %�/ �>�3)Saedi et al., 2020(���� J+���+� �#��'� ?��8� . !V(� �& ��� ���� �/ ,�:+&�) �>�C

W�!-!. � ��
!8+& �$9� 4/�& �3 �T$� �+�����3 ��> J+-��C J+���+� � %�!; W�!-!. � ��
!8+& 
� ���d8�� �&  J7S �+��

Y& J8>�� �3 ��$+���+�� J�� J+���+� J��) 4/�& \+)�)2/30  �25   ��b) �$8>�� �/�> �3 �#��'� �� %�Z��4.(   

  
 D%��4 �W� .
�<���� D�&"� % C���;8���8  % ��6�;�<A��)�4 ����  ��Y�)%�8 $��;"� �R�� % 6����<� L�4 �&8 C���P 3�)��4 @

-��G (1�� 0��1�� �
:R O�1 3"1 �B�<  

  J+-��C)µmol/g FW(   
��+#&� ]$. �VC)U/mg protein.min( �8���) �)!3 k�d)��(�8� 

) �U�O 4$)D(  

 ����  73/0 ± 1/0  c 58/0 ± 1/0  b 115± 7/15  a 

c�!8�  8/0 ± 15/0  b  59/0 ± 06/0  b 2/110 ± 7/13  a 

���> 84/0 ± 17/0 a 93/0 ± 15/0  a 3/101 ±13 b 

LSD (α= 05/0 ) 031/0 062/0 14/6 

) Y+��8C �!&!���NPF(��*/ �� 	7#P) (  

�dZ  85/0 ± 17/0  a 72/0 ± 22/0  a 5/100 ± 5/11  c 

5/1 74/0 ± 14/0  b 73/0 ± 19/0  a 6/117 ± 9/15  a 

5/2 79/0 ± 17/0  b 65/0 ± 16/0  b 5/108 ± 8/12  b 

LSD (α= 05/0 ) 054/0 041/0 18/6 

 !V(�) �>�CFN(  

�/�> 96/0 ± 12/0  a 75/0 ± 22/0  a 1/110 ± 4/16  

) ��
!8+&CH(  67/0 ± 1/0  c 64/0 ± 14/0  c 4/106 ± 8/14  

) �+�� W�!-!.FA(  72/0 ± 12/0  c 73/0 ± 2/0  ab 7/111 ± 2/16  

50% CH+FA 82/0 ± 14/0  b 69/0 ± 2/0  b 1/107 ± 2/13  

LSD (α= 05/0 ) 063/0  048/0  NS ( 13/7 ) 

ns�$9� �+2 :��� �$9� * �  �78�� LM� �� ���5 J+���+� x�Z�� J+���+� �#��'� �!�
� �u� 
� ��!8� �/ �� �3��� R��� %���� %�/LSD  LM� ��5 �$9� ,��d) �Z�� ���

 .������ Proline �J+-��C :PPO.
��+#&� ]$. �VC :  

  

�$9� �i� Y+��8C �!&!��� � �U�O 4$)Y�*�� 	+-�9. ��*+� �3 %��� %�/�8�� �
��+#&��C �
g�)�& ]��> ���+#&�

�VC  .�$8>�� 
�)!7#�� �+#&��C!� � 
��+#&��C ,�3�!U�� �
��+#&� ]$.Y/ J+$p  !V(��3 �>�C  Y�*�� 	+-�9. 
� �+2

�$9� �i� �
g�)�&Y�*�� ���� 	+-�9. �3 %����
���� %�/ � Y+��8C �!&!��� ��U�O 4$) ]3�'8� �i� .	>�� ��> %�+�

V(� !�$9� 
�)!7#�� �+#&��C!� � 
��+#&��C ,�3�!U�� �
��+#&��C �
g�)�& 	+-�9. ��*+� �3 �>�C  ��b) ���!3 ���2 .(

�$9� 4��*.� �3 �T$� ���> �U�O 4$)Y�*�� 	+-�9. ��� %�/8��� #&�+��� �> .4+3 �) �3 �!3�� 
g�)�& 	+-�9. J�

 ��3��&5/2  ��*/ ���3 ���7/ 8+& 
� ���d8�� \+&�) � ��
!50  � ��
!8+& �Z��W�!-!. �+��  �U�O ���> 4$) 	()

�3)  \+)�)7/4  �6/4 �V+� �3 Y�*�� ���� .�!3 (�'+P� �� J+")��C h��Y/ J+$p  ��3��&5/1 �3 Y+��8C �!&!��� ��*/ �� ���7/

W�!-!. �+�� 7+) J�� .�!3 Y�*�� J�� 	+-�9. J��)g�3 %���� *+� �U�O ���> 4$) 	()�3 �/�� 4��*.� �3 �T$� \+)�)

3/89 �1/89  �7/89  .���> �/�> ��7+) �3 �#��'� �� 
g�)�& 	+-�9. %�Z��Y& �) h�
) �/�> ��7+) �� 
g�)�& 	+-�9. J�

 !V(� h�
 � Y+��8C �!&!��� ��3��&�3 �>�C J+���+� �3 ( ���� %��+3� ���7/5/0 �V+� �3 Y�*�� ���� �� J+")��C h��

  ��b) �> ��/��� �'+P�3 ��3��& .(5/1  Y+��8C �!&!��� ��*/ ���3 ���7/  !V(� h�
 !V(� � �>�C �>�CW�!-!. �+�� 

4+3 ��T�� �3 �T$� ���> 4$) c���> 	() ) 
��+#&��C Y�*�� 	+-�9. J��)20  �5/18 �V+� �3 Y�*�� ����  �� J+")��C h��

�'� �� �& ����� (�'+P� 4��*.� ��/�> �3 �#�83  �6/81 Y& .�$8>�� %�Z��  ��
!8+& ��3��& �3 �!3�� Y�*�� J�� 	+-�9. J��)

�3 W�!-!. �3 \+&�) �� �� ���f$) �3 �+��   ��b) �!3 4$) ���3 c���> 	() Y+��8C �!&!��� ��3��& h�
 ���7/3.(   
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Y+u$) 
� ���d8�� h�
 ��$$&!8+& �Y+��8C �!&!���) %�>� %�/ � ��
W�!-!. �+�� �U�O ���> 4$) c���> 	() (

 4��*.� �
�32/89  � ��
!8+& �'+dV) ��3��& .�> �/�> ��7+) �3 �#��'� �� 
��+#&��C ,�3�!U�� 	+-�9. %�Z��

W�!-!. �+�� �3 ���7/  *+� 4$) ���3 c���> 	() Y+��8C �!&!��� ��3��& h�
Y& �)) 
��+#&��C ,�3�!U�� 	+-�9. J�2/1 

����V+� �3 Y�*�� �  ��b) 	>�� �� (�'+P� �� J+")��C h��3 � ��
!8+& �'+dV) ��3��& ��U�O ���> 4$) �� .(

W�!-!. �+�� �3 ���7/ 5/1  �!&!��� � �U�O 4$) 
� LM� J+7/ �� �/�> ��7+) �3 �#��'� �� Y+��8C �!&!��� ��*/ ��

 4/�& �3 �T$� �Y+��8C7/34 #�� !+#&��C!� 	+-�9. %�Z�� .�> 
�)!74+3 �) ��7+) �3 �!3�� �Y�*�� J�� 	+-�9. J�

 !V(� h�
 �>�C�3 ���7/  ��3��&5/1 ) �U�O ���> 4$) 	() Y+��8C �!&!��� ��*/ ��5/9 �V+� �3 Y�*�� ���� h��

 .�!3 (J+")��CY& �) � ��
!8+& ��3��& �� *+� 
�)!7#�� �+#&��C!� 	+-�9. J�W�!-!. �+�� �3 ���7/ ��& h�
 �!&!��� ��3

J+���+� �3 �� �/) c�!8� 4$) 	() Y+��8C 1/4 �V+� �3 Y�*�� ����  ��b) �> ��/��� (J+")��C h��3.(  

  

3 .2������� � ���� 9�:; .  

�$9� �)!3 k�d)�� �3 Y+��8C �!&!��� � �U�O 4$) �i�  ��b) �!3 ���2�$9� 4/�& �3 �T$� �U�O ���> 4$) .( ���

)9/11 k�d)�� (�Z��  .�> �)!3Y/ J+$p �$9� ,��d) �)!3 k�d)�� �u� 
� c�!8� 4$) � 4$) ���3 [!M� J+3�� %���

  ��b) ��� ��/���44/�& .( �)!3 k�d)��  4��*.� �(K�3 LM�) ��$$&*8$�!8. LM� � ]+.��V& %�!8(� 4/�& �T+8�

 �� �++�) �Y��C!)��C Y&��) 4��*.� �o� oqb %��3 ��+� �.�`� %X��� �9. ��d$) %�/�+#�  ,�d#. 
!8$C �+#� ��>

 	�� ��+2 � ���� YT� 4/�& ��/�)Moaveni et al., 2010; Fracasso et al., 2020( �f3��� ?��8� �8��� J�� �� .

 �T$& ��+� ��!� ��)Mahdavi Khorami et al., 2020(  �*V& �)Hemmati et al., 2019(  ��3��& .	�� ��> =��*�

��8C �!&!����$9� 4��*.� �3 �T$� Y+ �)!3 k�d)�� ����>�3 . 4��*.� %��3 Y+��8C �!&!��� 	uV2 J��)�im� �\+)�) J+7/

�$9� ��)!3 k�d)�� ���5/1  4��*.� �!& ��3��& ���3 ��7+) �3 �#��'� �� �& �!3 ��*/ ��5/14   ��b) ��� ���� %�Z��4 .(

Saedi et al. )2020(  ��3��& �& ����& =��*�8C��+Y 4��*.� �3 �T$�  �'8�� ��!� *8$�!8.% �3 	7� K�3�/ �� �!> 

� �+��/�� &� &�!:7 ��8C+Y ����� \V2� ����% �+�X��8 
��� � &�!:7 /+,����/% &J3� �$8#/ &� ��J 9S�+	 -!)+� 

�����/ �� &4/� �� ��UV7
 � �)!3 k�d)�� �V7b 
� %�>� %�/�8����C 	.� �3 �T$� � ���� .�!>  

 ��:��b �O�> ���9) 4/�& �3 �T$� ���> �U�O 4$)���  � ��
!8+& �'+dV) ��3��&W�!-!. �+��  4��*.� �
�3

 ������BC �o� ]& ]+#��8C 4/�& � !V� ����X�!) 	.� � o� ���'� 4/�& �3 �U�O .�> 	dZ J�� J+���+�

�8#3 ��
�� ��> �>� %�/�8����C 	.� 	��f� �� �  !V� �
���� 4/�& � %�/ �U�X!-!.�!� � %�� �!> ,�> ��'p �/ .

 4$)Y& 3� ��4+3 �) �3 ���!/ h���� �>� ��>�3 4��*.� �& 	>�� �/�!O 	.� 	:#� ��7/W�*+#3� �+��  ���!/ h���� ��

�� 4/�& J�� ]�g� 
� �U� �>�3 ���!))Bahrampoor et al., 2019( .c���> ��  ��M+(� ��#U� %�/�!& ��3��&

�3 |V85� �!u$� ���q2 �Z�$
 J+�s) ��+� %��3 �3 �T$�  4��*.� %�/�8����C�>�% ��+� Y/ �!p �)!3 k�d)��  ���9) �

�� �:��b �O�>�!> )Mahdavi et al., 2018(�� ]3�'8� �i� J+���+� �#��'� �� .  ��b) ����3 �'+dV) ��3��& ��7+) �(

 � ��
!8+&W�!-!. �+�� �3 ���7/ 5/1 ��8C �!&!��� ��*/ �� %����  ���� %��+3� c���> 	() Y+4+3 �) �O�> ���9) J�

 4��*.� �& �!3 �:��b3/35  �'+dV) ��3��& ��U�O ���> 4$) c���> 	() .	>�� �/�> ��7+) �3 �#��'� �� %�Z��

 � ��
!8+&W�!-!. �+�� �3 ���7/5/1  �5/2  4��*.� �3 �T$� Y+��8C �!&!��� ��*/ ��5/12 ��b �O�> ���9) %�Z�� �� �:

  ��b) �> 4$) LM� J+7/ �� �/�> ��7+) �3 �#��'�3 .(W�!-!. �+��  �9. �3 �T$� � ��!3 W+�!+/ \+&�) J��)

�� �UV^7& n��; 
� ���q2 �Z�$
 oqb � 	+-�� 4��*.� ��8��� J�� �� .�!>4/�BC �� �& �$8>�� ��+3 ��
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W�!-!. �+�� �� %�!8(� ����� ��UV7
 ��:��b �O�> ���9) �3�$9� �i� ���� J+")��C � J2 4$) c���> 	() ��$��*.� � ���

 	>�� �U�O)Ayoubizadeh et al., 2019( 

 �Y+��8C �!&!��� � �U�O 4$) J+���+� �#��'� ��4+3 �) 
� ���d8�� �3 �!3�� K�3 LM� NO�> J�5/1  ��*/ ��

8�� ����> �U�O 4$) LM� �� .�!3 4$) ���3 ��7+) 	() Y+��8C �!&!��� 
� ���d5/1  4��*.� �Y+��8C �!&!��� ��*/ ��

6/19  .��� ���� Y+��8C �!&!��� ��3��& ���3 ��7+) �3 �#��'� �� �� K�3 LM� NO�> %�Z��Y& �) LM� NO�> J�

) K�352/3 ]U>) �!3 ���> 4$) 	() Y+��8C �!&!��� ��3��& h�
 �3 �!3�� *+� (C-1 .(Li et al. )2020 ( =��*�

4$) �& ����& �3 K�3 LM� � ���9) 4/�& �
�3 �U�O �� =*�� � %�+C 	V
Y/ ��3��& .�!>  ���
5/1  ��*/ ��

 Y+��8C �!&!����3 ���7/ 50  � ��
!8+& �Z��W�!-!. �+��  J+���+� �386/4 �& 	>�� �� K�3 LM� NO�> J��)g�3 �

 4��*.� �3 �T$�8/23  .�> �/�> �3 �#��'� �� 	dZ J�� J+���+� %�Z��U�� 
� -��+J ������/% &�!:7 �o� &4/� 

����X�!)  !V� � &4/� LM� ��9) &��$$� �+�� ���>�3 .�� ��J ��>�c oqb ��!� �q2�� &�$ ��> � �>� � �9�!) 

 !V��/ �� h���� �!/�� K�3 � �P�� �� ���� 4/�& %�>� %�/�8����C ���� � K�3 LM� �T+8� �� � 	>�� �/�!O 	.

�� 
� �Z�$
 oqb 4��*.� �  !V� %*7�� ]+#��8C 4/�& �3 �b!) �3 Y+��8C �!&!��� 
� ���d8�� ����� R�; 
� .�/�

 
� .���� �C �� �� %�>� %�/�8����C 4��*.� �_�O��J �� �K�3 LM� 4��*.� �o� �!:7& c���> 	() �!& J�� ��3��& �

%��UV7
 � %�>� ���!� ���� � K�3 ���9) ���+� k�d)��  �>)Bahrampoor et al., 2019( �3 �T$� ��
!8+& R�`� .

�� ��� J�� ]�g� 
� .�> K�3 LM� 4��*.��X %�� ��
!8+& 	:{� ,��i� �3 ��!) ���>� ]+.��V& ���
��  !"#� %�/

�� 4��*.� �� K�3 LM� �T+8� �� � ]+.��V& �+-!) �& ��&) �/�Malekpoor et al., 2016*.� �J�� �3 ���
 .( 4��

 *+� �� �-!V� �+{U) 4��*.� �T+8� �� � �/�+��!$+�� � W+"V&!� %�/�+�� ��*+� 4��*.� ���
!8+& c�!) �X��8+� oqb

��) ��7>�3 K�3 LM� 4��*.� ]�g� 
� ��!)Heng et al., 2012.(  

�� �T$& ��+� �� ���� ��UV7
 �VZ� %�*b� 
� �)!3 ��  !#^& ���9) 4$) �+is) 	() �& �>�3 �Y+��8C �!&!��� ��U�O

 !V(�W�!-!. � ��
!8+& �>�C Y/ � �+�� �$9� ,��d) �Y+��8C �!&!��� �� �U�O 4$) ]3�'8� �i� J+$p  ��b) 	>�� %���2 .(  

 ��3��&5/2  �5/1  �c�!8� 4$) 	() Y+��8C �!&!��� ��*/ ��4+3 �) �& ����� ���� �� �)!3 ��  !#^& ���9) J�

 4��*.�8/34  �7/20  ����> � c�!8� 4$) 	() Y+��8C �!&!��� 
� ���d8�� h�
 .�$8>�� �/�> �3 �#��'� �� %�Z��

Y& �) 	dZ J�� J+���+� J�7/19  �7/16  ]U>) ����� ���� �� (��
D-1 ]+#��8C 4/�& �3 Y+��8C �!& 
� ���d8�� .(

 ��+� �3� c3��� � K�3 	3!;� �!:f3 �3 �T$� %*7���� �!>���C ���� J�� . 	���/ � ��9) �N-�O *8$�!8. ��*+� %��

��
�� ]Z�� %��UV7
 � %�>� %�/�8����C 4��*.� �T+8� �� � 	>�� �/�!O �C �� o� �!:7& 4$) 	() �� %��� �!> 

)Saedi et al., 2020( .Y/ J+$p�8#3 �3 �T$� ��
!8+& ��3��& � ��
�� ��> R�`� 4/�& �T+8� �� � ��9) 4/�& � �/

�+� �� �� o��+#� �� \+&�) J�� 	-�O� �3 �!3�� ��
!8+& ��9) �S ��UV7
 .�> �
�3 ]dV. � �+-!) %�/ABA �� �>�3

)Malekpoor et al., 2016 �T$� �_�O o� ]+#��8C 	.� �T+8� �� K�3 LM� � �
���� ����9) 4/�& �3 �U�O 4$) .(

���C 4/�& �T+8� �� � ��> ,�+7�� �+-!) � *8$�!8. ��*+� 	.� �3 �� %��UV7
 %�/�8��3  �:��  	>�� �/�!O

)Bahrampoor et al., 2019(4/�BC �� �T$& ��+� �� �)!3 ��  !#^& ���9) 4/�& .	�� ��> =��*� |V85� %�/ 

)Mahdavi Khorami et al., 2020; Zarei et al., 2020( � ��
!8+& �Y+��8C �!&!��� 
� ���d8�� .W�!-!. �+�� �

 ��8��� J�� �� .	>�� �C �� ��  !#^& ���9) 4��*.�Mahdavi et al. )2018(  �3 �T$� Y+��8C �!&!��� �& �$8>�� ��+3

 .�> �T$& �)!3 ��  !#^& ���9) 4��*.�  

�� ]3�'8� �i��$9�  !#^& �� ���� ���9) �3 ����  ��b) �!3 ���2Y/ ���d8�� .(  
� ���
5/2 +��8C �!&!��� ��*/ �� � Y
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W�!-!. �+�� �3  �3 \+&�) �� �� ���f$)50 �3 4$) ���3 c���> 	() ��
!8+& �Z�� J+���+� �3 \+)�)7/55  �6/52  �����

4+3 �) 4��*.� �/�> �3 �#��'� �� �& �$8>�� �� 	dZ J�� J+���+� J�9/61  �6/59  ��3��& h�
 .����� ���� %�Z��

 !V(� h�
 � Y+��8C �!&!���3��& � �>�C ��5/2 �3 Y+��8C �!&!��� ��*/ �� !V(� h�
 ���7/ ���> 4$) 	() �>�C

�3  J+���+� �3 \+)�)1/13  �1/14  � !#^& �� ����Y& �)  ��b) �$8>�� �� 	dZ J�� J+���+� J�3 .(4/�BC �/  ����

���� ��� \+> �!b� �3 ��8#3 K�3 �� o� ����b �&���� K�3 � �3!p ���� J+3 o� �!'-�3 %�/ ]+#��8C 4/�& J���3�$3 �

�� K�3 � �3!p ���� J+3 o� ]+#��8C \+> 4/�& �
�3 �3!p ���� o�  �U�O 4$) 	() ���� ���9) �J���3�$3 .�!>

�� 4/�& �3��)Hemmati et al., 2019; Carrière et al., 2020( ����� R�; 
� .4/�BC �� �& �$8>�� ��+3 ��

W�!-!. �+��  �-� ��!� ��!3���� �34+3 �) �3 �)g�3 %*8$�!8. ��!� N+`5) � ��+� %*8$�!8. 	+.�� 4��*.� �

	7#P  ��+� ��UV7
 %�*b� � ��UV7
 4��*.� �3 �T$� ����
 %�/�� �!> )Ayoubizadeh et al., 2019(. 

 �
�������*/ 4+3 �)  ��+� W+8�X �+is) 	()	�� ��� �� *+� �M+(� � �
��
 �V��!
 �� �++�) �3 �T$� ���!)�!> 

)Mahdavi et al., 2018( 4$) �i� .�U�O !V(� �Y+��8C �!&!��� � �!&!��� � �U�O 4$) ]3�'8� ,��i� � �>�C

!V(� � �U�O 4$) �Y+��8C  � �>�CY/ J+$p  !V(� �� Y+��8C �!&!��� �
� �3 �>�C������*/ �$9�  ��b) ���!3 ���2 .(

) �& ��� ���� ?��8��$9� 4/�& �3 �T$� �U�O 4$��� ��> ���  � Y+��8C �!&!��� ��3��&Y/ J+$p  !V(� ��
!8+& �>�C

 �W�!-!. �+�� �$9� 4��*.� �3 �T$� �
� ���������*/  ���� c�!) �3��� ?��8� .�>4/�BC ����  �T$& ��+� ��!� ��

 	�� ��> =��*�)Mahdavi et al., 2018; Zarei et al., 2020(8�� . 
� ���d5/1  �� �/ �� Y+��8C �!&!��� ��*/ ��

 %���� �U�O 4$) 
� LM�4+3 �) �
� J�������*/ �3 .�!3 4$) 	() Y+��8C �!&!��� 
� LM� J�� 
� ���d8�� ����� ��+3

 �U�O ���>4+3 �) �
� J�������*/ )37/3  
� LM� J�� �� Y+��8C �!&!��� ��3��& h�
 �#��'� �� �& 	>�� �� (h��

 4��*.� �4$)2/49  .��� ���� %�Z��Y& �) �
� J�������*/  ���> 4$) 	() Y+��8C �!&!��� ��3��& h�
 �3 �!3��

) �U�O71/1  ]U>) �!3 (h��E-1Y/ ��3��& .(  ���
5/1  Y+��8C �!&!��� ��*/ ���3 ���7/ W�!-!. �+�� �3  �� �� ���f$)

 �3 \+&�)50  �
� �u� 
� �)�3 ��7+) ���
!8+& �Z��������*/  4��*.� �& ���!37/49  �9/46  �/�> �3 �#��'� �� %�Z��

.�$8>�� ���� 
� �93 %*8$�!8. ��!� <�
!) � �+-!) ������+Ow ��!� ��T�  �'8�� �� � %��b *8$�!8. ]��>) ����.�  �� ��>

& �� � K�3 ��P�� ( !#^�3 Y+'8#� �!;  �
� �3������*/   .	�� ��q��+is)  

 !V(� � Y+��8C �!&!��� ��U�O 4$) �i� � �>�CY/ J+$p  !V(� � Y+��8C �!&!��� ]3�'8� �i� ���� ��UV7
 �3 �>�C

�$9�  ��b) ���!3 ���2 !V(� � Y+��8C �!&!��� ]3�'8� �i� J+���+� �#��'� �� .( ��>�C4+3 �)�UV7
 J� �3 �!3�� ���� �

 ��3��&5/1  �5/2 �3 Y+��8C �!&!��� ��*/ ��  
� ���d8�� ���7/W�!-!. �+�� �3  �3 \+&�) �� �� ���f$)50  ��
!8+& �Z��

�3) \+)�)2516 �5/2277 �6/2506  �2/2313  .�> ��/��� (��8U/ �� h��!V+&Y& �) h�
 �3 �!3�� ���� ��UV7
 J�


 � Y+��8C �!&!��� ��3��& !V(� h�.�!3 �>�C Pourghasemian et al. )2020(  ]���� �� %��+3� <MP �& �$8>�� ��+3

) %�>� |V85��3 �B�� 	7#P ���� � K�3 ����� 
� ���q2 ��!�  �'8�� 4/�& �
�3 �(�/�V� 
� �93 � ���� �3 ��+� %�/

Y/ J+$p �� *8$�!8. ��*+��+�� � ���� ��>�C ����  !; 	��f� �� �& �!> ��d)� ���� ��UV7
 ��`'� � �8.�� 4/�& ��

�� �8.�. Y/ J+$p  ����4/�BC ���T+8� �� ����q2 ��!� oqb ��*+� 	.� �T+8� �� ���� ��UV7
 4/�& �& ����& %�+�

���3 ���!) 	��f� �� �& �>�3 ��+2 � K�3 LM� NO�> �K�3 ���9) ���+� k�d)�� �V7b 
� %�>� %�/�8����C 4/�& ]+-�

	.� Y& � *8$�!8.  	.���� �� ���� Yf� ��>/!3�&+,��� �/  	>�� �/�!O �C �� ��)Mahdavi et al., 2018(. Saedi 

et al. )2020(  !��� %�/�!& �& �$8>�� ��+3�3 ]+-�  �Z�$
 oqb �� %��+#3 �+is) ��Z�$
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