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Drought stress is one of the most important factors in reducing yield and seed 

quality of rapeseed. The present study chiefly tries to evaluate the effect of 

application of brassinosteroid on seed yield, oil content, oil yield, and fatty acids 

profile of rapeseed genotypes under late-season water deficit stresseen considered. 

A factorial split-plot test has been conducted in a randomized complete blocks 

design for two cultivation years (2017-2019) in Karaj, Iran. Experimental 

treatments include two levels of brassinosteroid (i.e., 0 (control) and 0.1μmol) and 

two levels of irrigation (full irrigation (control) and withholding irrigation from 

flowering stage) as factorial in the main plots, and rapeseed genotypes (Nafis, 

Ahmadi, Okapi, Nima, and Niloufar) as subplots. The levels of oleic acid and 

linoleic acid in the conditions of application of brassinosteroids have been 0.7% 

and 11% in full irrigation conditions and 1.1% and 6.4% in withholding irrigation 

conditions, respectively, compared to the control on the other hand, the use of 

brassinosteroids in withholding irrigation conditions reduce palmitic acid by 14% 

compared to the control. Okapi genotype has had the highest and lowest erucic 

acid and grain yield in irrigation conditions, respectively. Under drought stress 

conditions, the highest seed yield (3112.3 kg/ha) and the lowest amount of erucic 

acid (0.26%) belonged to Niloufar genotype. The use of brassinosteroids in both 

irrigation treatments improve the quality of fatty acids and Niloufar cultivar is 

recommended in both irrigation conditions 
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 1 ../�0/  

 	H �I�� )/�� �	�Brassica napus L. ���� �	-	�� �� )(� �	�` �� E�� )&D�� ) '0�Eyni-Nargeseh et al., 

2020c� �I�� .( �� )&D�� @m� � C��0 �	�0 "AL� E�� ���� �	- )&D�� �� �	�` � '0� �H ��&� <� "AL� 

C�I��	` ���H :�	&� )���� )&*e� �H TnD ��	F*0� )� ) �.Hamzei & Soltani, 2012��n� .( �H �C�� �I�� �H @�3� 

�	�%��� O�A� :? a	H � @/L� )e$� �H =&� �)(
> )3AL� U0	&� ���H '
� �� oX	&� <
> �/�� � <
> 

) '0�Al-Barrak, 2006(. O�%-� )�,� �� �e�H TaAL� ���� �	- �)&D�� =��IB� ��(�/� ���� � �CD�� '�F�� 

CD�� ���H O�	A� � )���> )*+&, � E- �+0� C�&; �*���� )�	- U0	&*� 	H E*$�0 �	- p�*m� )���� ����� '��	4� 

	� @/L� �H =&� �	- )*$�� � )*$����D  '0�)Rathnakumar & Sujatha, 2022.(  

E�� �� )(� )(
> =&� @��� C��� ��D ��� )� �	`�H )F&� �J� �	-	�� ��(�/� � E$�3H	*� �%.� �H �� '0� �%��  ���G�

)Bhati et al., 2015C��� �� )+�0� qP0 .( bV�� )4X	&� �� ����� ����	
� �	-  �%.  ���H ��a :? C��j� r	L3 �� �� %��

����)� �e/� �	;� �I�� '  )(
> )�,� �	-%�%�� �� �I�� %.� @�/(� �� @eV �? pV� � )�%��	H U0	&�	� b��� .%&.	H

) '0� ����� �� �I�� '
� '�`Khodabin et al., 2020(.  

  

2)#
23 .��*�3 .  

C�`�> � )-%�� @R��� s	$R )-� )� :$L� )(
> =&� �H @R��� C���  ����	(/- � �%4� g	�>) �.1400  hp3�

Khodabin et al., 2021�V	0 ��R�� �� )(
> �J� �� .(  �)-%�� 	� C*B�`�>C� )� C��� �H �I�� s�	� �	-  ��I��"	4*��  ���

 ���� �H �V	0 �� �I*&0*BpV*� �%.  �*��� =-	� ���� ��(�/� �f��) ) %H	�Khan et al., 2010�� �� :? �e/� .( ��R

 �� �)-%��s	$R �� 'B� Ue0 �'0� :? �e/� �H �I�� /��%.� ��R�� C�@H	V �`�  � '�/� � %. ������I- ��� � ���� ��%+�

) ��� =-	� I�� �� ���� CD�� '�F��Tohidi-moghadam et al., 2011 t��I� .(  ��R�� �� )(
> =&� �� '0� �%.

�H )-%��  =-	� �H �f&� U����11 '
- �  ��<�#3�� �%,  =��IB� � <�#3&�3 � %�0�10 <�&3&�3 �%,��  �� %�0�  %. �I��

)Khodabin et al., 2021=-�1� .( =-	� ����� ���� <�#3&�3 ��� �� %�0� ) 	(�0��H �	-Enjalbert et al., 2017 � (

<�#3�� =��IB� ) �I�� �� %�0�Jabbari Khosh Kholgh & Shirani Rad, 2017��I� �� (.%���� t  

C�%&; t�� )���� � )(�N3�I�B '�` =-	� T��J� :�P�	� =&� )(
> � �	43� @/L� �H =&� )(
> �� 

�	-	�� �H �	� �*B��   �%.'0�. ��	F*0� �� ���- �	- )-	�� )(� �� �1���*0� �	- �%&&����%��� � )�/� ���H =��IB� 

���H ��� "AL� �� d���. =&� ) '0�Chen et al., 2018; Javid et al., 2022	-%�K��*0�&�0��H .(1 )BRs�� ( 

E�S&� �	-��(�/� )(�3H	*� p�*m� de��� 	H %&���B�	- �)(�N3B�� )(�N3�I�B � �	-	�� �%.� =4�  %����

)Sidhu & Bali, 2022( � E- C�&; �	f�� u�	H '��	4� �� �H��H =&� �	- D���)*$� �� )� p�*m� �	-	��  �.

)Bajguz & Hayat, 2009; Xia et al., 2009; Vardhini, Sujatha & Rao, 2011; Talaat & Shawky, 

2013%�3&�0��H .(� ���*0	� � 24-)�� %�3&�0��H E�� C��� � �*>	&. �%. ��C� T	e���� BR %&*$-. C�� �I`� va/+� �� 

'B	H )-	�� 'S�D �	�$H )/� %���� )Ciura & Kruk, 2018 .(�%-�. �`� ���� �� �	
� )� %-� E�S&� �%&&� �	- 

%.� �H �X ���H �� )� %&��� @/L� �H =&� �	- p�*m� %&�	� �)(
> =&� T�I�B C��&0 � E- C�&; =&� ��. �� �� 

�	-	�� �e�H ) %&
mHAnjum et al., 2016; Shahzad et al., 2018; Tanveer et al., 2018 .(BRs %�3� CD�� 

                                                                                                                                                            
1. Brassinosteroids 
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@��	>�0 =F&H 
1�� 'L� =&� )(
> �e�H ) %�
mHHosseinpour et al., 2020C�� .( T	+3	P� %��j� )� %&&� �� 

%�K��*0�&�0��H u�	H =��IB� qP0 '�B�i )*�? )��%�$�� � E- C�&; ��*L� CD�� �H �f&� � �%. =��IB� '��	4� 

�	-	�� �� �H��H �e/� :? )� �. .��	0 =-�1� ���� ���*B	� %�� �� %�K��*0�&�0��H �� �I�� u�	H =��IB� b/f� CD�� 

���� )� ) �.Pokotylo et al., 2014E- .(  C�&;t��I�  �%.'0� �� %�K��*0&�0��H =��IB� �H �f&� ��(�/�  ����

) %.Anjum et al., 2011; Gruszka, 2020; Yue et al., 2019(.  

 %�K��*0�&�0��H ��Jj� )H	�����H ��&� <� T�	$> =-	� �� ���- �e. T	F, �H =&� �� ).	� �	- ��(�/� ����� 

��*L� CD�� � @�	B��� �	-%�0� :�; M���N p�*m� �	- �I��  �� "AL� C�� '
� @�$�	*� �H �`� 	H �_�� �4P&� ��

'L� �U0	&� M���N C��+� � �4P&� C�� =&� )(
> �>? @AB �H  ��&�O%- )�,� �+3	P� �Q	R �� �S� �*B��  �%.'0�.  
  

3 .5
� ��"�( )#
23   

�H �S&� )H	���� w0	� M���N �	- �I�� �H %�K��*0�&�0��H �� =&� d���. �)(
> )
�	��? �H T�, @��*�	B  T��

�%.��> �� U3	V W�X Y�H �	- )B�	A� @�	� 	H �0 �� ���(� �� "	0 )���� 97-1396 � 98-1397 �� _�� 	H 

+V��' 37  � �`��45 3	/. x�� �4�V�) � 56  � �`��55 V�. "X �4�V�) ��`� %.. �	�? ���� )0	&.�- �	- @L� 

=�	��? �� )X �� "	0 )���� �K���  �%.  "�%`) '0�1.(  

  
 H:�I1 .T����y� C���	�� 	�� � )�%��	H �	�*$�� )0	&.�- �4P&� _��  ��"	0 	-�  )����97 -1396  �98-1397  

���  ���  D�3  
J  0�  B��3  �<A��  B��
:�	 /7�@��
�  ����� ��-  

H��  96  96  96  96  96  96  97  97  97  97  

t�	H )mm(  0 8/4 6/0 1/5 8/19 1/31 1/14 5/18 21 1/7  

	�� C���	��  3/22  16  5/10  2/6  4  8/6  9/13  6/13  7/18  1/26  

�	�  ���  �	H?  �z?  ��  C/�H  %&F0�  C�����B  '
�e����  ����> ���  

"	0  97  97  97  97  97  97  98  98  98  98  

t�	H )mm(  7/0  1/30  8/64  9/33  9/58  5/12  7/49  6/25  13 0  

	�� C���	��  8/23  2/16  9  3/7  8/4  8/5  2/9  8/14  4/21  9/26  

  

T	Am
� Y	> @L� =�	��? �� "�%` 2 �K���  �%. '0�. �� C�� =�	��? @�	� ��	�H? �� �� qP0 @�	. ��	�H? 

"/+� )%-	. (� bPV ��	�H? �� ��R�� 50 %,�� )-%�� �H  �%&H%� E*$�0) %+HBBCH
2  ��	/. %�65(  @�	� �

 {� ��) %�K��*0�&�0��H24-) (%�3&�0��H )��EBR, Sigma-Aldrich, USA�� ( �F, 'S�D 	H �qP0 ��  �1/0 

��(�� ) �a�Ahammed et al., 2012; Shu et al., 2016 (�H  T�,@��*�	B �H T�� ��&�  )�,� � M���N  �	-

�I�� @�	. T�� �� �B��� � 	/�� �)�	�� ��%/R� �c�F� �	- )��B %&*B�� ���V. �	�� �� '.	� �� )���� "	0 �� �- 

�	��w 10 �	���� 1396 � 1397 �H. 

 �H ��	�? �S&� �C��� ��	0  �� c� � %���� ��	�H? �S���� C��� �=�	��? ��� �̀ �� @eV�H �%. ���	�  C-?�	� ���0�

������H .%. ��� �3	� � <$�� c|0 � Em. ��� T�� �- @�	. �)
�	��? =. "X �H '.	� p��� =.  	H �*� ��,	B30 

)*�	0 �� �H �*� �� p��� ��	&� �H  ��&���.	R �� �S� �*B��  C�H ��,	B .%�%.T�� 	- )�,� �180 *�	0)  C�H ��,	B ��*�

                                                                                                                                                            
1. Echinacea purpurea L. 

2. Biologische Bundesanstalt, Bundessortenamt und CHemische Industrie 
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T�� 	- )��B �60 *�	0) ��,	B .�H �*� �0 	-���(� C�H ��,	B � �*� ��H 	- ��� ��p� I�� '.	� �	- �	�; )*�	0  �� �*�

.%. �*B�� �S� �	-��  )B�A�s	0��H  �� %��H T�	e� Y	> ���? }�	*�150  T	F$B be&� ��) �F$B �	*(- �� ������

 � (����?150  (E�0	*� T	F30 be&� ��) E�0	*� �	*(- �� �������H T�, E- �	�� ��	�? 	H  ��GH �*$H ��	0350  �� ������

 h���� be&� ��) �N��*�� �	*(-100  �'.	� ��R�� �� ������150 ���� ��R�� �� ���V	0 )-�  �100  ��R�� �� ������

�~&D )-� (�H T�, =m� .%�%. ���� Y	> �H Y�0 p��  =��nB�� �H) T�, �=� )*.	�( ��I�� �H 5/2 �� �*�3 �	*(- 

�H  �X'>�&(� �� ���I� qP0  � %. �	f���H 0� � �� �<e0 <$�� ���p�� =� c� .%�%. g�m� Y	> 	H ��  ���`�

�	��?��	�H? �'.	� �
4� oH	P� = �H t�� )*
� )�` �*
� (T�, 'B�� � �	�� %&H� ��	�H? s	0��H T����y� ������ 

'HX� Y	> �� o/� �+0� �
�� 	H ��	F*0� ��  �	�*0�TDR
1 )Germany, TRYME( �33) �	- :��� �	�*0� �� �� o/� 

100 )*�	0 ��*� Y	> �� '/$V �a	H �*
� � �� '/$V 	-� p�*m� �- T�� )
�	��? ���V ���� %. (�	f�� %. .�H C�� 

�s	0� ��	�H? �� �	/�� ��	�H? @�	� )�	�� T�, 'B�� �� 50 %,�� 'HX� @H	V ) ��	F*0��� C�� =-�1� 	H �`� �H C��  ��

'�B�i ���I� �� Y	> )FC(2 � �P4� )����1� EK�� )PWP(3 �H U���� 24 � 10 %,��  ��H50 %,�� 'HX� @H	V  ��	F*0�

)�	�� �H �� �	�*0� TDR �%� 17%,�� )/fR �� �	
� ��� (�� Y	> ���m� %. )Khodabin et al., 2022�( EfR :? 

)B�A� �� �- ��	�H? 	H ��	F*0� �� dH��� )1 (� )2 (�e0	L� .%���� 
 2PH��1                         (                                                                     MAD = FC – θ/FC – PWP   

4
MAD ����%R  qP0 �� Y	> )*HX� �	f� ���m� ��
�� �+0�FC  �PWP �H 'HX� U����  %R �� Y	> )/fR

 � EK�� )����1� �P4� � ���I� '�B�iθ ���%�� )/fR 'HX� ��*L� ���� � �%. d0TDR )� %.	H  . 

2PH�� 2          (                                   Vd = MAD × ASW × Rz × 10               ASW = FC – PWP           

   ��2PH�� )2(� ASW  :?@H	V s�*0� )@H	V ��	F*0� �(Rz ) �
�� �+0� o/�100 )*�	0 ) �*�Allen et al., 

1998((  �%� �10 )*�	0) @�%e� 'H	J )��� �H �*� .'0� (�*�  C��+� '�`"�*&� � �33 �� :? ��%4�  �*&� �H I�f� �	-

 ��	F*0�%. ��	�H? bPV � @�	� ��	�H? d���. �� )B�A� :? ��%4� @� .�H U���� 5300  �2600  �� �	*(- �� U+(��*�

 � "�� "	04200  �2000 .�H ��� "	0 �� �	*(- �� U+(��*�  

  
H:�I 2 .T	�,A> )(�I�B � )�	�/�. Y	> @L� �=�	��? ���` �� o/� �	- 30 -0 � 60 -30 )*�	0 �*� �� "X @AB %.�  

",+�, O�$ 
���30  

)cm( 
R<��: *�@�� ST  

��;/� ��'#�U�� �'�  

)dS.cm-1(  

�# B3��  

)%(  

 �A�	S3�V W4I  

)mg.kg-1(  

 X����5S3�V W4I  

)mg.kg-1(  

 B;S3�V W4I  

)mg.kg-1(  

S� D9:���,  

)%(  

0 -30  2/7  91/1  45/0  4/12  199  73/3  07/0  

30 -60  5/7  01/2  46/0  2/13  164  90/4  05/0  

��/� o/� ����H�  

)cm(  

  I&�&�@H	V :G`  

)mg.kg-1(  

  ���@H	V :G`   

)mg.kg-1(  

  c�@H	V :G`  

)mg.kg-1(  

s�  

)%(  

'��0  

)%(  

C.  

)%(  
Y	> 'B	H  

0 -30  75/4  65/0  6/0  24  36  40  )�3  

30 -60  01/3  96/0  7/0  27  34  39  )�3  

  

 T	B? "�*&��H ��1� ��%�F&�  �/0 �� ��	F*0� 	H )�� �*. )250 )��� �*�3 �� T�*/�� � (�	*(- )150 )��� (�	*(- �� �*�3 

                                                                                                                                                            
1. Time-Domain Reflectometry 

2. Field Capacity 

3. Permanent wilting point 

4. Maximum Allowable Depletion 
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�H  T�,)e���� .'B�� T�, "�L� %�K��*0�&�0��H @R 	H �� "�	�� � c|0 o�V� �%. 	H :? MilliQ "�	��) : :?

)V/V=(10000 :1( ���� %.. "�L� ).	� 	�&� %�K��*0�&�0��H �� bPV �� @eV �*F- <� ���R�� <� ��	�H? �� ��R�� 50 

%,�� )-%�� �H %+H �H 0���� E0  t	�"%�) )*0� GT-PS-12L I�f� �H "�	� ��|0� �	f�� ()X��m� ��H .%.  %-	. �	-

�H E- �X  �	��	H :? MilliQ ��	R 'e$� �H	
� "�	�� ��|0� ) %�%.Ahammed et al., 2012.(   ��(�/� C��+� '�`

�H )*R	$� <�N3�I�B )�%�0� ��R�� �� ����� ���%��8/4 p� )
�	��? T�� �- �� bH���*� C�	e/� �� ��	F*0� 	H c|0 .%. �H

���� ��Am�%+H .%. �%` ��H �� 	- �� ��V �� �%. '
� �OnD �- �� ��� <� �� �	H OnD 	- ��/� �����H %. �  ��� �� �GH 

�?  	-���%�� ���� � �H T%� 48 '�	0 �� ��? �� �	�� 70 �`�� )*�	0 ���� ���V ���� %. 	� ��� <
> �H  '0�%�? .�H C�� 

o��X ��I�� 'HX� �GH �- �� ��� <� �	H �e0	L� %. .C�� %��� 	� �%�0� �GH �H 12 %,�� ����� 'B	� .)�	�� �� 'HX� �GH 

�H 12 %,�� �%�0� ��(�/� �GH �e0	L� %.. %,�� C��+� '�` CD�� �� ����� �- �	/�� }&� ��� ����  �� c� � C���

<
> ����   ��? ��72 �H �`��  T%�48 ��/� �'�	0 	H c|0 � %�%. :	�0? 	-�� ��	F*0� �	�*0� NMR
1 )mq20 �

Bruker �Germany���%�� CD�� %,�� ( �	�*0� d0� ���� Ta&����� ��I�� .%. ����) �*�*B��*(|0�Varian Cary 

Win UV 6000i, Australia( ���%�� ) %. ����Makkar et al., 2007 ���H .(���%�� � ���� C��+�  �`� :�; �	-%�0�

��	� )B����	���� t�� �� ���� CD�� ��  ��	F*0�) %.Damirchi et al., 2005.(  

�� 	�	�� c� �� �	&�/X� �� �F��	QT �?)
�	� ����? O���/�� O���/0�2 '�` "	��� ��H ���� �	- �-  "	0

=�	��?  �� .%. �	f��'���	H ���?3 )*>�&(� '$� '�` c�	����  "�%`) %���� ��	F*0� 	-4( � � �� %+H	eJT 

C�/- H �����c�	� ���� �	- =�	��? �	- 	H �	F*0�� �� ��� ��IB� ��	�? SAS  �m$�)4/9( If��� c�	���� U��� %�%. .

���H �$�	4� �� C���	�� qP0 }&� %,��  T��J� @H	4*� �� ���� t�H -�) ��	F*0� %..  

  

4 ..�7"' )#
23 !"#  

4 .1 .��
� !��%/  

 � %,�� <� qP0 �� M���N � %�K��*0�&�0��H ���	�H? ��	0 T��J� �� ��� �	
� =�	��? c�	���� ��If� "�%`

E- C�&; �J� @H	4*� %�K��*0�&�0��H× �H?�H ��	 )&+� %,�� }&� qP0 �� CD�� ��*L� 'F, ���  "�%`) �H3 .(

)0��H  d���. �� )(
> =&� ��� �	
� 	-50 @� %,��  �� ���� CD�� ��*L� @�	� ��	�H? d���. �H 'e$� ��I�� )-�

 ���� =-	��	HC�  @�	� ��	�H? d���. �� .��� �e�H %-	. �H 'e$� �� d���. %�K��*0�&�0��H "	RH=� �� ��*L� C�

 %�K��*0�&�0��H �	/�� �� CD��1/0 ) �a���(��6/44  (%,���%-	
�  %-	. 	H �*e3� �� %.�� r	L3  T�	F� ��	�?

)&+�  "�%`) '.�%� ����5 ���	�H? bPV d���. �� .(=�H �� %�K��*0�&�0��H �	/�� �� ���� CD�� ��*L� C�1/0 

 C���	�� 	H �a���(��74/43  %,���H '0�  %-	. �H 'e$� �� %�?40/2 M���N .'.�� =��IB� %,��  p�*m� �	-

 �I���H @�3� �H �%���� �	
� )��	F*� =&��� T�	F*� )(�*�N '�-	� ��X  �B��� M���N �� CD�� ��*L� C���a	H ��

)3/44  � (%,��E� ��) )�	�� M���N �� �? C�4/43  @(.) %. �%-	
� (%,��1.( 

  

                                                                                                                                                            
1. Nuclear Magnetic Resonance 

2. Kolmogorov–Smirnov test 

3. Bartlett Test 
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S'� 1. �$�	4� C���	�� �J� ��	0 M���N �H ��*L� CD�� .  

C���	�� �	- 	H O��R �H	
� �� �- �*0 s	0��H ���? LSD �� qP0 5 %,�� On*>� )&+� ��� %���%�.  

  

=-�1� 	- �	
� ���� '0� �� ��*L� CD�� �I�� 'L� ��Jj� @��� )P�L� �)(�*�N � d���. )*���%�  '0�

)Assefa et al., 2014%�K��*0�&�0��H .( �H @H	V �X �`�) %,�� CD�� �	�� �� ����� =��IB� ��� � '$��� ��(�/� 

CD�� ���� ����� �� �� d���. =&� )(
> =��IB� ) %-�Zafari et al., 2020�� .( �+3	P� ��Q	R �	/�� 

=&� %�K��*0�&�0��H �� )(
> @�%+� ��� � 	H ��	0 T	+3	P� )��m/- ) '.��Tanveer et al., 2019; Zhao et 

al., 2017C�� .( T	+3	P� %��j� )� %&&� �� %�K��*0�&�0��H u�	H =��IB� qP0 '�B�i *�?) )��%�$�� � E- C�&; 

��*L� CD�� �H �f&� � �%. =��IB� '��	4� �	-	�� �� �H��H �e/� :? )� �. .��	0 =-�1� ���� ���*B	� %�� �� 

%�K��*0�&�0��H �� �I�� u�	H =��IB� b/f� CD�� ���� )� ) �.Pokotylo et al., 2014.(  

  
 H:�I3 .�J� U��� ��If� �H %�K��*0�&�0��H ��(�/� � T	F, )(�N3�I�B M���N �	- �I�� 'L� d���. bPV ��	�H? 

�����Y- Z3�<�  

  ���3�� B�1,���  

0
��

2 
"I


�
  B

C:

 �

[

�

 ",
�� 
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�#
 

��
�

�
  

\
�<#

+<
�#

  
��

�
�

  

\
���

�#
�5
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 �
�+

<�2
+�

+8
T

  

"	0 1 ns 2/4 **1/2393730 ns 14/0 ns 17/1  ns 87/3 ns 013/0 ns 009/0 ns 25/2 

(	P>) "	0 ���� ���(� 4 72/0 7/225760 077/0 27/5  99/0 01/0 004/0 5/1 

��	�H? 1 **5/49 **36726009 ** 71/19 **8/54  **59/17 **12/5 **32/0 **08/335 

 "	0× ��	�H? 1 ns 81/0 **01/665881 ns 09/0 ns 196/0 ns 14/1 ns 002/0 **16/0 ns 34/1 

%�K��*0�&�0��H 3 **12 **11829636 **01/10 **97/90  **03/41 **7/2 ns 002/0 **51/85 

 "	0× %�K��*0�&�0��H  3 ns 2/1 ns 5/169516 ns 25/0 ns 31/0  ns 01/2 ns 001/0 ns 0019/0 ns 01/4 

%�K��*0�&�0��H × ��	�H?  3 *1/4 **3/1708137 *42/0 **97/4 ns 79/1 **11/0 ns 014/0 **7/27 

 "	0× %�K��*0�&�0��H × ��	�H?  3 ns 36/0 ns 9/30596 ns 19/0 ns 21/0 ns 67/0 ns 015/0 ns 001/0 ns 7/1 

 "	0× ��	�H? ×  	P>) %�K��*0�&�0��H2( 28 54/0 59/40319 068/0 42/3  61/0 0081/0 002/0 1/1 

M���N  2 **6/3 **2422913 **001/3 **28/4  ns 32/0 **95/1 **021/0 **05/36 

 "	0×M���N  2 ns 27/0 ns 09/39771 ns 094/0 ns 19/0  ns 14/0 ns 004/0 ns 0013/0 ns 14/1 

��	�H?× M���N  2 ns 11/1 **618390 *23/0 *89/1 ns 41/0 **54/0 **015/0 *41/3 

 "	0× ��	�H?× M���N  2 ns 31/0 ns 4/60752 ns 11/0 ns 86/0  ns 16/0 ns 003/0 ns 0047/0 ns 72/1 

 %�K��*0�&�0��H× M���N  6 ns 6/0 ns 393421 ns 074/0 ns 37/0  ns 31/0 ns 01/0 ns 0035/0 ns 34/2 

 "	0× %�K��*0�&�0��H × M���N  6 ns 44/0 ns 41/101927 ns 045/0 ns 62/0 ns 11/0 ns 006/0 ns 00094/0 ns 48/1 

��	�H?× %�K��*0�&�0��H × M���N  6  ns 09/00 ns 68/145728 ns 12/0 ns 45/0 ns 57/0 ns 009/0 ns 0018/0 ns 07/2 

 "	0× ��	�H?× %�K��*0�&�0��H ×M���N  6  ns 19/0 ns 6/75497 ns 091/0 ns 67/0 ns 25/0 ns 013/0 ns 0027/0 ns 31/1 

 	P>3  64 31/0 16/19362 011/0 01/1  3/0 007/0 001/0 5/0 

) T����y� U��Q%(   27/2 71/13 16/2 9/4  64/7 41/5 81/11 3/6 

 � ** � *ns �H U���� )&+�  �%� � %,�� <� � }&� "	/*R� qP0 �� ����&+�) .����  
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H:�I 4. '���	H ���? }�	*�  

��A[ BC:
 �[
� ",�� ��'8�$  \�]#:� ����   \�]#+<�# ����  \�<#+<�#  ����  \����#�5  ����  \��:
� ���� ��+<�2+�+8T  

Chi-quare 12/1  109  29/0  87/0  34/20  29/1  11/0  6/1  

P Value  33/0  11/0  42/0  07/0  32/2  11/0  092/0  45/0  

  
 H:�I5 .E-�H C���	�� �$�	4� ��	�H? ��	��� =&�×  T	F, �H %�K��*0�&�0��H0��H���M���N �� ) �I�� �	-  

0
��3 
��?:����+<����3  

)H+�:�'��(  

BC:
 0�+�^�  

)�[
�(  

",�� ��'8�$  

 )
��'; 
� ��T+8��( 

���� \�]#:�  

)�[
�( 

���� \�]#+<�#  

)�[
�( 

���� \����#�5  

)�[
�(  

��+<�2+�+8T  

)��T �3 H+�:�'�� ("#�`<� 

��	�H? @�	� 
�F,   a15/0±3/44   b05/83±3435   b  06/0±35/64  b  15/0±5/16  a 03/0±6/4  a 37/0±02/18  

1/0  a09/0±6/44 a 2/75±4/3885  a  11/0±84/64  a  18/0±47/18  b 02/0±1/4  a 24/0±3/17  

 LSD 34/0 26/198  19/0 44/0  058/0  81/0  

bPV ��	�H 
�F, b 12/0±69/42  b 6/132±5/2134  b  09/0±4/63  b  2/0±6/15  a  68/0±6/5  a  35/0±21/23  

1/0 a14/0±74/43 a6/92±3/3001  a  12/0±1/64  a 16/0±71/16  b  07/0±83/4  b 3/0±56/20  

 LSD 29/0 6/262  24/0 4/0  05/0 21/1  
�� �- �*0 � ���H �- �@�	� C���	�� )�	- �� ����� O��R �H	
� �%&*$-  s	0��H���? LSD �� qP0 "	/*R� }&� %,�� T�	F� )&+� ���� %���%�.  

  

4 .2 ..��� ������  

 ��(�/� �H =�	��? �	-�	/�� ��Jj� )0��H����  �	
�  �� ���T��J� ���	�H? �"	0 ��	0 %�K��*0�&�0��H  <� qP0 �� M���N �

)&+� �I�� ���� ��(�/� �H %,�� )0��H .�H ��� E-�H =&� "	0× %�K��*0�&�0��H ���	�H?× ��	�H? � ��	�H?× M���N  �� I��

�H %,�� <� qP0 'F, C�� )&+� ��� ) �H "�%`3�$�	4� .( C���	�� ��	�H?× %�K��*0�&�0��H �	
� ��� =�H ��  C���

 %�K��*0�&�0��H �	/�� �� @�	� ��	�H? d���. �� ���� ��(�/�1/0  C���	�� 	H �a���(��4/3885  %. @,	R �	*(- �� ������

 %-	. �H 'e$� ��57/11 �� .��� �	
� �� =��IB� %,�� d���. bPV ��	�H? �� ��R�� 50 %,�� �)-%�� =�H  ��(�/� C���

 C���	�� 	H ����4/3001 �� �	*(- �� ������  %�K��*0�&�0��H1/0  �a���(���H  '0� %-	. �H 'e$� �� %�?88/28  %,��

��IB� "�%`) ��� �	
� �� =5�$�	4� .( C���	�� E-�H =&� ��	��� "	0× ��	�H?  "	0 �� ��	�H? bPV ��� �	
� 'F, C�� �H

 )���� ��� � "���H U����  =-	� �H �f&�46/39  �93/18  "�%`) %. %-	. �H 'e$� �%,��6.(  

  
 H:�I6 .E-�H C���	�� �$�	4� ��	��� =&� "	0×  T	F, �H ��	�H?0��H���M���N �� ) �I�� �	-  

H�� 0
��3 \��:
�  ����)�[
�(   ",�� ��'8�$ )
��'; 
� ��T+8��(  

"�� "	0 
��	�H? @�	� b  013/0±24/0 a 4/70±3435 

bPV ��	�H? b  015/0±31/0  b 5/137±2352 

 LSD 37/0 76/169  

��� "	0 
��	�H? @�	� a  008/0±17/0 a 8/97±4/3885 

bPV ��	�H? a  01/0±2/0  b 3/130±7/2784 

 LSD 42/0 9/127  

            �� �- �*0 � ���H �- �@�	� C���	�� )�	- �� ����� O��R �H	
� �%&*$-  s	0��H���? LSD �� qP0 "	/*R� }&� %,�� T�	F� )&+� ���� %���%�.  

  

)�%��	H =��IB� �� "	0 ��� 'e$� �H "	0 "�� ) "�%`1C�� u�	H �(  ��� � "�� "	0 �� =-	� %,�� On*>�

�H 'e$� d���. =&� )(
> %. �� �	
� �� '���%L� =��IB� ��(�/� ���� �I�� 	H �`� �H ��%4� 'HX� @H	V  s�*0�

�����  ����;=��IB� )�%��	H =�H �� U`� �e�H d���. =&� )(
> �) �� .�. d���. �@�	� ��	�H?  �B��� EV� 	H

C���	�� 7/4044 ������ �� �	*(- =�H ��C� ��(�/� ����  %-	. M���N �H 'e$� �� '.�� ��74/10  ��(�/� %,��

=�H ��I�� ��	�H? bPV d���. �� .'.�� � M���N �� �B��� d���. =&� )(
> 	H  C���	��3/3112 ������ ��  �	*(-
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=�H ��C�  	H )�	�� M���N �5/1960  �	*(- �� ������E� �� C���(�/� ���� �� =&� .%&*.�� )(
> �� ��R�� )-%�� 

U`�  =-	�09/38 �04/44 �29/86 �19/34  �95/29 �%,�� ��(�/�  �����H U���� �� M���N �c�F� �	-  ��%/R�

 "�%`) %. �B��� � 	/�� �)�	��7.(  

C(/� %�K��*0�&�0��H '0� 	H ���y� 3	+B'� �	- )/�I�? � =��IB� ���%�	� �	-	
D '0n����� � ��	0 ��� ���� 	-� 

��(�/� ���� �� =��IB� �%&-� �� 	����'� �f&� �H �Q�� �V Tn�/�0�B 	- )� ) �.Yue et al., 2019 .(

=-�1� �e�H ���� @H	V �`�) �� ��(�/� �	-	�� T�z c� �� ��H�	� )`�	> %�K��*0�&�0��H 'L� =&� )(
> 

t��I� %�����? .  	-c� �� �	/�� �`*� %�K��*0�&�0��H =��IB� ��%+� ���� �� ��H � E- C�&; ��(�/� ���� �� ��H  %�%.

)Talaat et al., 2015.( E- C�&; =��IB� ��(�/� T�z �� �	-	�� �	/�� �%. 	H %�K��*0�&�0��H �� 'L� =&� )(
> 

%.� ���� �%��H t��I� %�����? .  	-�`*� =��IB� )&+� ���� �� ��%+� ����� ��(�/� )(�N3�H �� ��H � ��(�/� ���� 

�� ��H c� �� 'L� %�K��*0�&�0��H ��H�	� =&� )(
> ) %�%.Anjum et al., 2011.( =&� "	/��  ��� �H )(
>

��(�/� ��I`� � ��(�/�  �I�� �	V�� ��Jj�) �H ��G���Khayat Moghadam et al., 2021b "	/�� ���� )4�4L� �� .(

)(
> =&� �H E- � �I*&0*B '�3	+B =-	� @�3�  �� ��(�/� =-	� �H �f&� 	-%&V ��	0 � T��%�-H�� =-	� C�&;

T�z �	�� ) %.Anjum et al., 2017.( 

  
 H:�I7 .E-�H C���	�� �$�	4� ��	�H? ��	��� =&�×  T	F, �H M���N0��H���M���N �� ) �I�� �	-  

0
��3 a�-+,9 
",�� ��'8�$  

) 
� ��T+8��
��';( 

\�]#:� ����  

)�[
�( 

\�]#+<�# ����  

)�[
�( 

\����#�5 ����  

)�[
�( 

\��:
� ����  

)�[
�(  

��+<�2+�+8T  

)��T �3 H+�:�'�� ("#�`<� 

��	�H? @�	� 

c�F� bc 4/143±3521   b 12/0±19/64 a  45/0±84/16 b 1/0±41/4 a 01/0±20/0 a  39/0±12/18 

�%/R� c 12/97±8/3427   ab16/0±52/64 a 53/0±76/16   a07/0±5/4  a 011/0±21/0 a 29/0±35/18  

)�	�� bc 104±4/3652  a 15/0±61/64 a 56/0±97/16  c 074/0±29/4   ab01/0±18/0 a 26/0±53/18  

	/�� ab 8/115±7/3809 a 16/0±8/64 a 48/0±29/17 d 1/0±13/4 b 011/0±17/0 b 31/0±77/16 

�B��� a 2/147±7/4044  a15/0±82/64 a 51/0±27/17  C13/0±3/4  b02/0±16/0  b6/0±55/16 

 LSD 58/314  39/0  7/0 091/0  036/0 28/1 

bPV ��	�H?  

c�F� bc 234±7/2549 b 2/0±69/63  b 3/0±7/15  c 12/0±09/5 bc 018/0±28/0  b 73/0±86/21  

�%/R� c 119±2/2379  b 17/0±59/63 b 41/0±42/15  b 11/0±57/5  b 016/0±30/0 a 39/0±83/23  

)�	�� d 2/154±5/1960  c  16/0±15/63 c 44/0±73/14  a 1/0±74/5  a 014/0±37/0 a  46/0±89/22  

	/�� ab 4/189±2839 a  15/0±12/64 ab  35/0±97/15 e 11/0±7/4 d 019/0±24/0 b  5/0±96/20 

�B��� a 6/205±3/3112 a  18/0±28/64 a  43/0±55/16 d 12/0±9/4 cd  2/0±26/0 c  43/0±88/19 

 LSD 7/415  32/0  63/0  083/0  032/0  96/0 

�� �- �*0 � ���H �- �@�	� C���	�� )�	- �� ����� O��R �H	
� �%&*$-  s	0��H���? LSD �� qP0 "	/*R� }&� %,�� T�	F� )&+� ���� %���%�. 

  

4 .38�9:
� . ����  

<�#3�� 'F, �H =�	��? �	-�	/�� ��Jj� )0��H  %�0� �	
�  �� ���T��J� ���	�H? ��	0 %�K��*0�&�0��H  qP0 �� M���N �

)&+� %,�� <� )0��H .�H ��� E-�H %�K��*0�&�0��H =&�× ��	�H? � ��	�H?× M���N �H %,�� }&� qP0 �� I��  C��

'F, )&+� ��� ) �H "�%`3�$�	4� .( C���	�� ��	�H? ×%�K��*0�&�0��H �	
� ��� �� =�H C��� <�#3�� ��I�� �� %�0�  �-

d���. �� ��	�H? ��	�H? bPV � @�	� �� �	/�� %�K��*0�&�0��H 1/0 �a���(�� �H 	H U���� C���	�� 84/64  �1/64 

@,	R %,�� %. �� 'e$� �H %-	. 76/0  �1/1 %,�� �� =��IB� �	
�  ���)"�%` 5(�$�	4� . C���	�� ��	�H? ×M���N 

�	
� ��� �� =�H C��� <�#3�� %,�� �� %�0� d���.  �� �@�	� ��	�H?) �B��� M���N82/64  (%,�� �� 	H �� %. �%-	
�
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E� � %&*.�� ���V ��	�? ���� <� �� )�	�� � 	/�� M���N <�#3�� %,�� C���  C���	�� 	H c�F� M���N �� %�0�19/64 

 %,�� 	H �B��� M���N I�� ��	�H? bPV d���. �� .%. @,	R28/64 =�H %,�� <�#3�� C���  M���N 	H �� '.�� �� %�0�

E� � '.�� ���V ��	�? ���� <� �� 	/�� <�#3�� %,�� C���  C���	�� 	H )�	�� M���N �� %�0�15/63  .%. @,	R %,��

M���N �� ��	�H? bPV �c�F� �	- �� �)�	�� ��%/R��H �B��� � 	/ U`� U����  =-	�78/0 �49/1 �31/2 �06/1  �

84/0 �%,�� <�#3�� %�0�  "�%`) %.7.(  

 %�K��*0�&�0��H �	/�� �� ��� �	
� }�	*�1/0 �a���(��  �e�H u�	H �? bPV � ��	�H? d���. ��<�#3�� %�0�  .%.

 %�K��*0�&�0��H �� ��	F*0� 	H :�; �	-%�0� =��IB��H @�3�  =4��? 	-  �� ��	�$H ��%&���B'e$� �I*&0*B %&�	� 	-  �	-

 @�B����a/b  �NADPH/NADP
+'�3	+B �  �3e��1-5-  � �	�1�$��/�n�$�H�� T	F$B c�HNADP  �H �*$H��

 �	�N��%�-� Ta	�) '0�Shahzad et al., 2018=-�1� .(  =-	� u�	H )(
> =&� �� %���� t��I� ����

<�#3�� N �� %�0�M��� ) %. �I�� �	-Farahani et al., 2019; Hatzig et al., 2018 .(  

  

4 .4 .  8�9:��: ���� 

}�	*� ��If� U��� ���� 	- �	
� ��� �� �J� E- � M���N � %�K��*0�&�0��H ���	�H? ��	0 E-�H C�&;  =&�

%�K��*0�&�0��H×  'F, �H %,�� <� qP0 �� ��	�H?  <�#3&�3 )&+� %�0� ��� E-�H .�H ��	�H? =&�× M���N  �� I��

�H %,�� }&� qP0 'F, C�� )&+� ��� ) �H "�%`3�H .( �X �)�� �� %�K��*0�&�0��H �- �� d���. ��	�H? U`� �e�H 

%,��   <�#3&�3 %�0� %����. �$�	4� C���	�� ��	�H?× %�K��*0�&�0��H �	
� ��� =�H ��  C���  <�#3&�3  �� %�0� d���.

 %�K��*0�&�0��H �	/�� �� @�	� ��	�H?1/0 ) �a���(��47/18  %-	. �H 'e$� �� %. @,	R (%,��93/11  %,��

 "�%`) ��� �	
� �� =��IB�5E- .( =�H ���	�H? bPV d���. �� C�&;  C���  <�#3&�3  %�K��*0�&�0��H �	/�� �� %�0�

)71/16  %-	. �H 'e$� �� %. @,	R (%,��11/7  "�%`) ��� �	
� �� =��IB� %,��5 =-	� �H �f&� =&� "	/�� .(  

<�#3&�3 M���N )�	/� �� %�0� M���N )�	/� �@�	� ��	�H? d���. �� .%. 	-  �	-0��H��� ���V ��	�? ���� <� �� )

=�H 	�� �%&*.��  ��I�� C���  <�#3&�3 ) 	/�� M���N �� %�0�29/17  "�%`) %. �%-	
� (%,��7( I�� =&� d���. �� .

=�H  ��I�� C���  <�#3&�3 ) �B��� M���N �� %�0�55/16  (%,���H '0�  ()�	��) %-	. M���N �H 'e$� �� %�?35/12 

 "�%`) %. �%-	
� =��IB� %,��7.(  

�H �X =-�1� ��H	
� �; �	-%�0� U���� �H =&� d���. �� %�K��*0�&�0��H 'e�� ��Jj� �H I�� ���� ���� :

) %&*.�� �	�z�Li et al., 2012; Pokotylo et al., 2014.(  ��I�� %. t��I� ���� )
-�1� ��  <�#3&�3  %�0�

) 	&���	� �	�� ��Camelina sativa L. ��I�� �H (3  	�7/3 ) 'B	� =-	� )(
> =&� 'L� %,��Aghdasi et 

al., 2021.(  

  

4 .58��:��: .  ����  

�	���� I�3	�? "�%` )0��H���� U��� c  'F, �H %�K��*0�&�0��H � ��	�H? ��	0 T��J� 	�&� �� ��� �	
� 	-<�&3&�3  %�0� 

)&+� %,�� <� qP0 ��  "�%`) �H ���3 ��I�� ��	�H? bPV d���. �� .(<�&3&�3  %�0�  C���	�� 	H26/6  �� �H %,��

 (%-	.) @�	� ��	�H? d���. �H 'e$�81/13  @(.) '.�� =��IB� %,��2  .( 

  



�
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 S'�2 .� C���	�� �$�	4��	�H? ��	0 �J�  �H<�&3&�3 'F,  %�0� .  

C���	�� ���? s	0��H �*0 �- �� �H	
� O��R 	H �	- LSD  qP0 ��5  %,��)&+� On*>� %���%� ���.  

  

	� ��I�� '$��� %�K��*0�&�0��H ��H�<�&3&�3  %�0� %-� =��IB� ��� �H �X� �	/�� �� �� %�K��*0�&�0��H 1/0 

 �? ��I�� �a���(��6/6  %-	. �H 'e$� �� �H %,��41/29  @(.) '.�� =��IB� %,��3.(  

 

   
 S'�3 .� C���	�� �$�	4%�K��*0�&�0��H ��	0 �J� �H<�&3&�3 'F,  %�0�.   

C���	�� ���? s	0��H �*0�-�� �H	
� O��R 	H �	- LSD  qP0��5  %,��)&+� On*>� ��� %���%�.  

  

�H �X )�� �� d���. ��	�H? bPV  ��%4�<�&3&�3  %�0� 'e$� �	/�� �H @�	� ��	�H? ��a	H ��H �`� 	H �H C��  ��

�	-%�0� :�; {	e.���D �� �	-%�0� :�; {	e.� �%. �H �`� )� %&�? )Tohidi-moghadam et al., 2011�( �H �S� 

)� %0� C�� =��IB� �H @�3� =��IB� )�� �	-%�0� :�; {	e.� =-�1� .%.	H ���� %-	. ���y� �� �	-�3� �	-%�0� 

:�; �� d���. =&� �)(
> �H �1�� �� �&�I- <�#3�� �H %�0� bF� �	-%�0� :�; {	e.�  �%
�%&�	� <�&3&�3   %�0�%��H 

)Aslam et al., 2009%�K��*0�&�0��H .( I*&0�H �� �	-%�0� :�; '��. )� %&� 	� )�	-%&���B �� �� "#$� "	4*�� 

	� �	D�� �	-%�0� :�; �H 	-	
D "�*&� �� %&*$- )� �%&� �� �H '�3	�0 	
D ��Jj� )� ) ���G�Sadura & Janeczko, 

2022�FR .( WP0 ��a	H �	-%�0� :�; {	e.���D %&�	� <�&3&�3  %�0� � <�#3&�3 �	�$H E�� '0�  )Li et al., 2012 (

 �? �H %�K��*0�&�0��H ���Jl� .'0�  

 

4 .68����:"3 .  ����  

}�	*� ��If� U��� ���� 	- �	
� ��� �� T��J�  � M���N � %�K��*0�&�0��H ���	�H? ��	0E- C�&; E-�H =&� 

%�K��*0�&�0��H× ��	�H? � ��	�H?× M���N  'F, �H %,�� <� qP0 ��<�*�/3	�  %�0� )&+� ) �H ��� "�%`3�$�	4� .( 

C���	�� ��	�H?× %�K��*0�&�0��H �	
� ���  ��E� �� C�<�*�/3	�  %�0�  %�K��*0�&�0��H �	/�� �� @�	� ��	�H? d���. ��

1/0 ) �a���(��1/4  %-	. �H 'e$� �� %. @,	R (%,��19/12  .��� �	
� �� =-	� %,��E- C�&;  bPV d���. ��

 ���	�H?E� �� C�<�*�/3	�  %�0� ) %�K��*0�&�0��H �	/�� ��83/4  %-	. �H 'e$� �� %. @,	R (%,��94/15  %,��

b
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 "�%`) ��� �	
� �� =-	�5 =��IB� �H �f&� )(
> =&� "	/�� .(<�*�/3	�  %�0� M���N )�	/� ��  d���. �� .%. 	-

 �@�	� ��	�H?=�H �� ��I�� C�<�*�/3	�  %�0�  C���	�� 	H �%/R� M���N ��5/4  � %,��E� �� 	H 	/�� M���N �� �? C�

 C���	��13/4  I�� ��	�H? bPV d���. �� .%. �%-	
� %,��=�H �� ��I�� C�<�*�/3	�  %�0� ) )�	�� M���N ��74/5 

 � (%,��E� ��) �B��� M���N �� C�9/4 ,�� "�%`) %. �%-	
� (%7.(  

*0�&�0��H �� ��� �	
� ������ T	+3	P� %�K���H �X @H	V �`�<�*�/3	� =-	� u�	H )  ) %. %�0�Singh et al., 

2021�� .( d���. =&� )(
> 	H =��IB� ��I�� �	-%�0� <�*�/3	� �� )�	/� ��	V�� '�F�� CD�� =-	� ) 'B	�Estaji 

& Niknam, 2020; Khodabin et al., 2021.(  

 

4 .78��
�� . ���� 

}�	*� ��If� U��� c�	���� ���� 	- �	
� ��� �� T��J� ��	�H? ��	0  � M���N �E- C�&; E-�H =&� "	0×  � ��	�H?

��	�H?× M���N  'F, �H %,�� <� qP0 ��<�0��� %�0� )&+� ) �H ��� "�%`3"	0 .( ��� =�	��? �H @�3� )�%��	H 

��a	H {/f� ��(�/� CD�� �� =��IB� ���� �H  �C�  '�� �� �- �� d���. ���	�H? ��%4� <�0��� %�0� a	H �H� �	HC� "	R 

=&� )(
> U`� =��IB� �? %. )���� ��� � "�� "	0 �� ��	�H? bPV .�H U����  =��IB� �H �f&�16/29  �64/17 

 �%,��<�0��� %�0�  "�%`) %. %-	. �H 'e$�6� ��	�H? �� .( �@�	=�H �� ��I�� C�<�0��� %�0�  c�F� M���N �� ��

 �%/R� ��H U����  C���	�� 	H2/0  �21/0  � %,��E� �� 	/�� � �B��� M���N �� C��H U����  C���	�� 	H16/0  �17/0 

 I�� ��	�H? bPV d���. �� .%. �%-	
� %,��E� �� ��I�� C�<�0��� %�0� ) 	/�� M���N ��24/0  �� %. @,	R (%,��

 ()�	��) %-	. �H 'e$�13/35 '.�� =-	� %,��  "�%`)7.(  

�� �	V�� �+3	P����� d���. =&� )(
> �f&� �H =��IB�  ��*L�<�0��� %�0� %. �� �	
�  �%&-���Jj� )F&� 

=&� )(
> �H '�F�� CD�� �I�� ) '0�Konuskan et al., 2019 )
-�1� �� .(���� =&� I�� )(
> �f&� �H 

=��IB� ��*L� <�0��� %�0� � =-	� ��*L� <�#3�� %�0� � <�#3&�3 ) %.Ashkiani et al., 2020; Khodabin et 

al., 2021.(  

 

4 .8 .?@�'A��B  

 Ta&����� 'F, �H =�	��? �	-�	/�� ��Jj� )0��H �	
�  �� ���T��J� ���	�H? ��	0 %�K��*0�&�0��H  �� M���N �

)&+� %,�� <� qP0 )0��H .�H ��� E-�H =&� ��	�H? ×��	�H? � %,�� <� qP0 �� %�K��*0�&�0��H× M���N  �� I��

�H %,�� }&� qP0 'F, C�� )&+� ��� ) �H "�%`3�$�	4� .( C���	�� ��	�H? ×%�K��*0�&�0��H �	
� ��� �� =�H ��C� 

�� Ta&����� ��I�� d���. �� �- ��	�H? ��	�H? bPV � @�	� �� �	/�� %�K��*0�&�0��H 1/0 �a���(�� �H U���� 	H 

C���	�� 02/18  �21/23 ���(�  "��H ��� @,	R �3	f&� %. �� 'e$� �H  %-	.16/4  �88/12 %,�� �� =-	� 

�	
�  ���)"�%` 5M���N )�	/� �� Ta&����� =��IB� �H �f&� =&� "	/�� .( �� .%. 	-  �@�	� ��	�H? d���.

M���N   C���	�� 	H )�	��53/18 ���(� "��H ���  �3	f&�=�H �� � c�F� M���N �� 	H �� '.�� �� Ta&����� C�

 "�%`) '.�� ���V ��	�? ���� <� �� �%/R�7 I�� ��	�H? bPV d���. �� .(=�H �� �� �� Ta&����� ��I�� C�
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E- C�&; Ta&����� �	- <�3�%�� � Ta&����� C�$�0��H���#� =-	� �� ) ���Guo et al., 2013 =&� .(

) �I�� �� Ta&����� ��I�� =��IB� �H �f&� )(
>Khodabin et al., 2021) %���� )&�; E�� � (Shawon et 

al., 2020=��IB� .( Ta&����� u�	H =-	� '�F�� � t��� )��GD I��� )� �. �� 'L� ��Jj� @��� )J�� � 

)P�L� '0� )Cartea & Velasco, 2008.(  

 

5 ..C��� "#�" �*�3 
 !��B  

�H ���X )�)  � <�#3&�3 ����� ��(�/� =��IB� 	H ��	�H? d���. �� �- �� %�K��*0�&�0��H ��H�	� �� 'B�� �f�*� C�&; ���
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6 .������D 
 ��*�  

�� T	/R� %��	0� � �	&��	� ��*L� ���I� 
-�1�) �	�
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