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In order to determine drought stress in the final stages of flowering up to 50% 

pods and pods until harvest tolerance in canola genotypes via yield-base stress 

tolerance indices, a split plot experiment has been conducted based on the 

randomized complete block design with three replications at the research farm of 

department of plant production and genetics, Agricultural Sciences and Natural 

Resources University of Khuzestan, Iran during 2020-2021. The main plots 

include three irrigation treatments: the control (without any interruption of 

irrigation), interruption of irrigation in the beginning of flowering stage 

(phenology code 60) to the formation of 50% pods (phenology code 75), and  

interruption of irrigation in the stage of formation of pods until harvest 

(Phenology code 99) in the main plots. Also, the genotypes (Long pod, Aram, 

RGS 003, Jankom, Solar, Hayola 4815, Mahtab, Julius, Agamax, and Sala) are 

arranged in sub-plots with respect to irrigation treatments. They are reliable 

indices to identify drought tolerant rapeseed cultivars. Indices MP, GMP, and 

STI are the most suitable ones to evaluate drought stress tolerance in different 

treatments. The highest grain yield of control treatment belongs to Hayola 4815, 

Long pod, Solar genotypes (2093.8, 1791 and 1700 kg / ha), and the lowest to 

Jankum genotype (832.1 kg / ha), in flowering Stress up to 50% pods. The 

highest grain yield is observed in Hayola 4815 (1563.9 kg / ha) and Lon gpod 

(1150.9 kg / ha) and the lowest grain yield in Jankum and Mahtab genotype 

(540, 935.5 kg / ha). 

 

Cite this article: Aboodeh, H., Bakhshandeh, A. M., Moradi Telavat, M. R., Siadat, S. A., & Moosavi, S. A. (2023). 

Evaluation of Drought Tolerance and Susceptibility Indices of Rapeseed Genotypes under Conditions of late 

Irrigation Interruption of Growing Season. Journal of Crops Improvement, 25 (1), 17-32.  

DOI: https://doi.org/10.22059/jci.2022.335213.2651 

 

 

© The Authors.                                                                    Publisher: University of Tehran Press. 

DOI: https://doi.org/10.22059/jci.2022.335213.2651 

 



  

  

 
گاه ���ان  ا��شارات دا�ش

  � زرا�ی �شاورزی
Homepage: https://jci.ut.ac.ir/ 

�رو�ی�ی: � ۲۳۴۵-۶۹۵۷شا  ال

 

������� 	
�� �� ���� � ������ �� ��� ���
 ��� �� �� �!"# �$ %��&� '() 

����* �+,�� �-. /��  
  

��� ����	1 | �������	 ������2 | ������� ����� ����3 | ��  !���"	 ���� 4 | ��  ���� �� ��5  

  

1. �����	
 ��	�� �	��
�� ������ ���� ���	� � ���
� ��� �� � !�
�� "	#$ �%&� �� � '( �� �)�*+ �, �-%	. �%�	�� ,����. :0� 
 ��& 
phd.aboodeh.hana@asnrukh.ac.ir 

2. ���� ���	� � ���
� ��� �� � !�
�� "	#$ �%&� �� � '( �� �)�*+ �, �-%	. �%�	�� ,����. :0� 
 ��& amehdibakhshandeh@asnrukh.ac.ir 

3. ���� ���	� � ���
� ��� �� � !�
�� "	#$ �%&� �� � '( �� �)�*+ �, �-%	. �%�	�� ,����. :0� 
 ��& Moraditelavat@asnrukh.ac.ir 

4. ���� ���	� � ���
� ��� �� � !�
�� "	#$ �%&� �� � '( �� �)�*+ �, �-%	. �%�	�� ,����. :0� 
 ��& seyedatasiadat@asnrukh.ac.ir 

5. ���� ���	� � ���
� ��� �� � !�
�� "	#$ �%&� �� � '( �� �)�*+ �, �-%	. �%�	�� ,����. :0� 
 ��& amirmoosavi@asnrukh.ac.ir 

  

��	�%� !��&�  ���'(   

)�* :!��&� 5� 6� ����78  

  

  

���,- ��,./�:  16/09/1400  

���,- ��0*1��: 10/03/1401  

���,- 23,4�:  23/03/1401   

���,- ���5*�: 27/01/1402  

  

  
  

��67�8�� :��   

�&��� 8 ���>#?$   

��@#�   

��>#?$ �0
��   

A�!
 �� ��B(��&�   

A�!
 �� �-���.  
  

0( &	C�� �� - �D 	
�E��  �� F?G�� � H �I �@#� 0( J�� �>�. &� FI��� �� B�
� ���#�  � 50 

�K&� A�L&	.��� � A�L&	.���  � MD���( &� N���D 0$&@���� J� �%O 0( P&	K M�#Q-� PR8 &� 

S� T U�+ V	#( � � F� � �W� X�  ( 0- &��>� &� � - �$�&% 1400-1399 &� 0$&@� ����78 

� !�
�� "	#$ �%&� �� � '( �� �)�*+ , �-%	. ��L� .�D � �&	�� W ��� �%O F� D 0- Z[- �& �(O 

)1- �� D ,��() '[T �(�& �(O 2- '[T �& �(O &� 0#I�� ^��D ���#� ��) ��	�	�W 60(  � F�>�� 50 

�K&� A�L&	. ��) ��	�	�W 75( � 3 - '[T �& �(O &� 0#I�� F�>�� A�L&	.  � MD���( ��) ��	�	�W 

99(( &� P�� � � �#K� � &	�� W �$�W F� D 10 E��	
� _
`)�� 8 �"�&O �L&O H� 003� �"	>
 L 

�&`	- `	� � 4815� �b �B� �H	��	L c>� �O � (` - �	(. MBL J��@� b	#[��� 	
�E��  �� 

F?G�� �@#� ��,�	� %� d. D  �� ��D��e �� f�-� .��� d. D  �� MP A�!
 ��) ��B(�(�&� 

GMP A�!
 ��) ��B(�&� (�-��� � STI )d. D F?G� (J�� S- ��A��� d. D  �� �?� 

F?G� 0( J�� �>�. &� � �& ?�� 0)� [��&	� .�	( J�( ��A� ��>#?$ 0
�� & ?�� �� D %� E��	
� 

`	� � 4815� _
`� 8 � &`	- 0( S���� )8/2093� 1791 � 1700 "��	#�� &� (& �>� � g� ��A� %� 

E��	
� "	>
 L )1/832 "��	#�� &� (& �>� � &� J�� ���#�  � 50 �K&� A�L&	.��� J�( ��A� 

��>#?$ 0
�� E��	
� `	� � 4815 )9/1563 "��	#�� &� (& �>� � _
`� 8 )9/1150 "��	#�� &� (& �>� 

� g� ��A� %� E��	
� "	>
 L � b �B� 0( S����  ( ��>#?$ 0
�� )540� 5/935 "��	#�� &� (& �>� .�	(  

  

:���5 � ��	*$� �.h� ����i(� .^ �." ����� P�R�� ." �.& -�P� � .H .^ � 	-	��� .H � )1402.( %&��( � d. D  �� F?G� � - �I�M 0( J�� >�.� 

	
�E��  �� �@#� &� ��D�N '[T (O�& �  B�
��  FXW �D&. 0( �$�&% �%&� ��� 25 )1�( 17 -32.   
DOI: http//doi.org/10.22059/10.22059/jci.2022.335213.2651  

  

:�D 
 0�-j� P�& ��
� � !�
�� ,��B�.               © ., �����	
  
  

 

   



1��,��9 :;�< ��� =��� �  �>?�. !� @�� '�;9 ��*8�A ��� �B67 �� ��<,C D"E �F���� �5*��  =G/ �<�    19 

1. �2/32  

�k� �	*?� M(	+& �( ��>#?$ 0( 0#I�� ��D& � �� � ��	�G� M(	+& V . �!��( .�&�� &� , � �� �$�&% �l#�i� 

M�- �I FI��� 	?
 ����% 0( J�� �>�. 0L	��&	� &��T 0�W�� .M-� FI��� ���#� � 	?
 A�L&	. &� �@#� %� �C
 % �
 

�(O @L� H �IA��� FI��� ��	( � � ?$� J�� &� FI��� ��D��e SL	� J� � ��>#?$ 0
�� ��D M-� )Shirani 

Rad et al., 2010.(   

�&�	?� m�� %� 0�B� 	
�E��  �� F?G�� 0( J�� ���(	+& �W�)� 	
�E��  ��� �	( 0� 0( &	+ �*�
 &� 0�� 6�  ( 

�� - 	
�E��  � J�� �& ��B( F?G� ���� � &� N���D �, �>� MW� ��>#?$ g� ��� 0�D�� ��D ( )Chaghakaboodi et 

al., 2012.( A���( �( �� T&� 0� &� N���D J�� � ,��( J�� ��>#?$ , �>� �  � P� f� ��>#?$ �?� ��
&�� F?G� 

�*�
 0( J�� �>�. �
&�� )Naghavi et al., 2013.( &� A�� n	X. d. D  �� ��� f�� ���( �( �%&� J���� 

	
�E��  � &� N���D �[�G� l#�i� � A��)� F?G� � M�- �I ,O � 0o�&� ��D .M-� � �& �)� b i�
� 0( &	+ ��?$ 

H -��( b i�
� 	
�E��  � MG� �� �� N���D ,��( J�� � J�� �>�. � B���8 ��D�
� )Kamrani et al., 2015( 

0� &� A�� n	X. ��,�	� 0( N-	�� ��B(�&� )MP�( & �)� F?G� )TOL( � M�- �I 0( J�� )SSI( �& D� ���.   

H -��( J���� 	
�E��  � 0( N���D �[�G�  ( J��  � ,��( J�� ��,�	� 	
�E��  � �& 0( & Bp ���� 0�-����( 

���q ���� A( 	
�E��  ��� 0� ��>#?$ �(	. &� �� N�G� J�� � J����r �
&��� ���� B( 	
�E��  ��� 0� N6W ��>#?$ 

�(	. &� N�G� J����r �
&��� ���� C( 	
�E��  ��� 0� ��>#?$ �(	. &� N�G� J�� ��
&�� ���� D( 	
�E��  ��� 0� 

��>#?$ A�� 8 &� �� �� N�G� .�
&�� g� A��p S- ��A��� & �)� b i�
� ���( J�� �>�. %� , �� d. D  �� �F?G� 

�& �)� M-� 0� &� T 0( d�i�� ���� A %� �� - ����� � �!�� �D ( )Fernandez et al., 1992.( �� MBL 

�� - �D " T&� ���� A d. D F?G� J�� )STI( �& �W�)� .��� &��6� �` ( d. D ��D��e ���( �� E��	
� , �
 -

������ F?G� 0( �>�. � F��
 �8 ��>#?$ �	6� ( �` ( E��	
� .M-�   

�.�( d. D  � MBL �� - �D 	
�E��  �� F?G�� 0( J�� ��(	+& M*�
 0( �� - d. D  � ����( .�
&�� b i�
� 

d. D  � H -��( ��>#?$ E��	
� &� �� N���D J�� � ,��( J�� s$ ( J��@� 	
�E��  �  ( ��>#?$ ` ( &� N���D 

J�� ���	D )Goel et al., 2019.( �+ ����78 0� ��& 	
�E��  �� �& B( _
�#� P&	K MW�� d. D STI 

0( ,�	�$ S- ��A��� d. D F?G�� 0( J�� � B���8 �D )Aboodeh et al., 2019.( �+ J��78Jahangiri & 

Kahriz  )2015( d. D SSI � TOL �& ���( J��@� 	
�E��  �� F?G�� 0( J�� ��(	+& S- �� .����
�� g� A��p 

d. D A�!
 �� �-��� ��>#?$ )GMP�( N-	�� ��>#?$ )MP( � d. D F?G� J�� )STI( �& M*�
 0( �� - 

d. D  � MBL J��@� 	
�E��  �� F?G�� 0( J�� ��(	+&  ( 0L	� 0( �!��*?� ��` ( ,O �  ( ��>#?$ 0
�� �W�)� 

�
��� )Farshadfar et al., 2015; Aliakbari et al., 2014.(  

P )� [� �f#�i� 0( &	C�� �( �%&� ��>#?$ 	
�E��  �� �@#� M*�
 0( J�� �>�. " �
� 0�W�� .M-� %� �0#?L 

&� 0�W �� � ����78 Qasemian Ardestani et al. )2019( �+ �� � - J�� �>�. �( " T&� �@#� di�� 

��D " T&� H	��	L � `	� � 4815 J�( A��� ��>#?$ 0
�� &� N���D �& �(O �& .MD�� g� A��p gT& `	� � 4815 

�& �% - �*- �� @�
 0( N���D J�� �>�. �MD�� �t� " T&� H	��	L � `	� � 4815 �& 0(F��� A�D�� ��>#?$ 

0
�� � Ar�& ��` ( MG� �� �� N���D J�� � ,��( J�� MBL MD � 0�K	� .�
��� &� �( �%&� �&��� 8 ��>#?$ 

17 E��	
� �@#� gT& 	�����L �& 0(,�	�$ gT& �8 �	XG� �  ( �&��� 8 ��>#?$ �W�)� �
�	?
 )Mortazavian & 

Azizi-Nia, 2014.(     



20                                       �� �����	
 ����� ����  � �������� ����� ��� �1402 

A�� J� �%O  ( m�� �( �%&� 	
�E��  �� l#�i� �@#� M*�
 0( J�� �>�. � g� A��p �-&�( ��>#?$ 0
��  ( 

d. D  �� F?G� 0( J�� �>�. &� MBL b i�
� 	
�E��  �� F?G�� � H �I " �
� .MW��  

  

2. $��2 � 5����  

J��78 �u I 0( &	C�� �( �%&� F?G� 0( J�� �>�. &� 	
�E��  �� �@#�  ( �� f�-� %� d. D  �� F?G� 0( 

J�� &� � - �$�&% 1400 -1399 &� 0$&@� ����78 � !�
�� "	#$ �%&� �� � '( �� �)�*+ , �-%	.  ( v�$ 

�� �W��wL 31 0L&� � 36 �06�T� �	+ �� �W��wL 48 0L&� � 53 06�T� �  ( 22 ��� ^ f�&� %� Z[-  �&� ��L� .�D 

N-	�� ���
& ( 0
` - 06[�� 162 �#����� &� � - � A�!
 �� �x���I 0L&� P&��I 36 0L&� ��
 - ���� � 

A�!
 �� FT��I ,O 5/9 0L&� ��
 - ���� .M-� , �-�BD %�	�� %� �C
 �?�#T� �@L y+ �� ��. � 0?�
 ��. 

b	�G� ��.�	D ��7�� � � �� �?�D V . FG� J� �%O &� ���L )1( � N���D bO ���	�� � !���� FG� ���L� 

J� �%O &� ���L )2( , �
 ���� ��D .M-�   

  
J��K 1. 9MN,�  ���9',B�/ � 9,����< O�; =�� ���K� @,��1F  

y?$ V .  M���� �>���>��  ,�����
 )mg.kg
-1(  �f�W F( T btL )mg.kg

-1(  H �8 F( T btL )mg.kg
-1(  pH MW ( V . 

0-30  81/2  05/0  36/9  138  5/7  �-&��#�-  

 
J��K2. ���F 9 ��<��� ��05>,� =�� ���K� @,��1F J�  )1400 -1399(  

� �    0L&� P&��I    �K&� M(	+& �*�
    ,�@�� ��i*�  ,�@�� ���
& (  

  FT��I  �x���I  N-	��  FT��I  �x���I  )mm(  )mm(  

, (O  7/13  0/29  4/21  09/33  71/79  53/118  74/63  

&eO  7/11  7/20  2/16  7/65  4/91  6/57  6/81  

��  2/6  3/20  2/13  6/47  7/91  9/56  3/6  

A?B(  2/8  4/22  3/15  1/36  7/82  6/103  6/10  

��f-�  3/10  2/24  2/17  5/30  2/75  34/157  4/5  

A��&��W  5/15  9/31  7/23  2/18  7/61  36/258  0  

M�B*��&�  6/21  8/40  2/31  1/16  6/58  95/327  0  

  

J� �%O 0( P&	K M�#Q-� PR8 &� S� T U�+ V	#(� � F� � �W� X�  ( 0- &��>� ��L� .�D �	�D �& �(O 0( z�& 

���� " �
� �D  � ,�@�� bO % �
�&	� �@#� &� FI��� �D& 0���� F� � A��{� �	D )153 �#��.(��� cQ- &	�� W �#K� 

F� D J�� '[T �& �(O &� 0- Z[- �� D) ,��() '[T �(�& �(O '[T �& �(O &� 0#I�� ^��D ���#� ��) ��	�	�W 60( 

 � F�>�� 50 �K&� A�L&	. ��) ��	�	�W 75( � '[T �& �(O &� 0#I�� F�>�� 50 �K&� A�L&	.  � MD���( ��) 

��	�	�W 99( )Moradi Telavat & Siadat, 2012( � &	�� W �$�W F� D10 E��	
� _
`)�� 8 �"�&O &O �L H� 003� 

�"	>
 L �&`	- `	� � 4815� �b �B� �H	��	L c>� �O � (` - .�	( 

 �� �O �% - A��% F� D �giD ���� � Z�[�� &� F���� , (O � � " �
� .�D F*T %� " �
� P �#?$ V . �%&� &� 

A��% FG� ���L� J� �%O P �#?$ & . � �& �(O) F*T %� (MD �  ( m�� ���G� 0
�	L�
% &t( l#$� � %�� ,	W�� 

��D &� V . � ,�D@*- 0( &	C�� ����� b	#[��� ,O � � A��{� M(	+& S- �� MBL " �
� P �#?$ giD P&	K 

.MW�� �)( %� �& �(O � ,��-& M(	+& 0( �I M�W�| �0$&@� A��% N-	� A�O� � ,�����(&�� giD � �)( %� ,�% �� 

���� �	?$ �( g� � ,�D��. 0.	#�� � P�����( " �
� .�D  



1��,��9 :;�< ��� =��� �  �>?�. !� @�� '�;9 ��*8�A ��� �B67 �� ��<,C D"E �F���� �5*��  =G/ �<�    21 

&t( 	
�E��  � %� �j0�- URK� � 0�B� � B
 � &t( }�� 0�B� �
�D ���L) 2.( z�& MD � 0( P&	K  �[. � Z[�� 

.�	( �	+ � v�$ �� P�� 0( S���� 3 � 2 ��� � �� P�� F� D JD N. MD � 0( 0#K W l��& 30 ��
 -��� � 0#K W 

0�	( 4 ��
 -��� .�
�	( 0#K W A�( P�� �$�W � �#K� 0( S���� �� � �� 0��8 MD >
 &� �C
 0�W�� .�D 	
�E��  � 

0( P&	K 0Q���  ( y?$ 1  � 5/1 ��
 -���  ( ~fI g���� � 0#K W l��& S- �� M�� .�
�D � ��	� �� �?�D 

P f�W�8	- FQ��� � P f�	- g�- �8 0( S���� 100 � 150 "��	#�� &� & �>� F*T %� MD � 0( A��% 0W u� �D g� A��p 

,�����
 %� '*�� �&�� 0( ,�@�� 200 "��	#�� &� & �>� &� �+ �� 0#I�� ���(& Bp � �)( %� " ?�� P �#?$ ��� � 0#I�� 

"�� &� ^��D 0��r��� �� f�-� �
�D )Moradi Telavat et al., 2008.(  

%� , �% MD �  � 0#I�� &��6�-� F� � 0�� �� � *��6�) , �% ^��D 0T -(��� �& �(O 0(  P&	K�	?)� �  A��{��K 

�K&� % �
 �(O � �� " �
� .�D  ( ,��-& 0( "����� %� FI��� &� 0- Z[- �� D) ,��() '[T �(�& �(O '[T �& �(O &� 

0#I�� ^��D ���#� ��) ��	�	�W 60(  � F�>�� 50 �K&� A�L&	. ��) ��	�	�W 75�( J�� '[T �& �(O &� 0#I�� 

F�>�� 50 �K&� A�L&	.  � MD���( ��) ��	�	�W 99( " �
� .MW�� &� , �% � ?$� & ?�� '[T �& �(O @�
 0( F��� 

� ?�I� ����
& ( %� ~W G� �
	#� 
 ,�& (  ( �� f�-� %� ��#D � %� ,	#� 
 &� , �% � ?�I� ^	T� z& ( )0(  &	C��~fI 

� �&�� �& �(O �(��D��e �� f�-� .�D 0(  &	C���%��
����� ���)� A�L&	. &� �0�	( ���)� ��8 0�	( %� �� P�� ��� �%O &� 

, �% ����-& ���	�	�@�W 0(  P&	K�W� X� b i�
� � MfK &	�t� �%��
����� .�D   

  
J��K 3. 9MN,� �*8A�� ��  

" 
 E��	
�  /gT& A�`  E�� ��D&  �	+ �&�� ����&  ��*�  

_
` � 8  A�`  �& B(  H&���  ,����  

"�&O  gT&  �& B(  N-	��H&  ,����  

�L&O H� 003  gT&  �& B(  N-	��H&  , ?�O  

"	>
 L  gT&  �& B(  H&���  , ?�O  

&`	-  gT&  �& B(  N-	��H&  , ?�O  

`	� � 4815  gT&  �& B(  H&��%   �����-�  

b �B�  gT&  �& B(  N-	��H&  ,����  

H	��	L  gT&  �& B(  H&���  , ?�O  

	� �O (c>� �O)  gT&  �& B(  H&��%  , ?�O  

` -  gT&  �& B(  N-	��H&  , ?�O  

  

J��K 4. :;�< ��� ���S5 ����� .K 9 ��� .���&� �� �*8A�� ��  

(Fischer & Maurer, 1978)  SSI = [1-(YS/YP)] / [1-(Y'S-Y'P)]  
(Rosielle & Hamblin, 1981) TOL =YP-YS  
(Rosielle & Hamblin, 1981) MP = (YP+YS)/2  
(Rosielle & Hamblin, 1981) HM= (2YP.YS) / (YP+YS)  
(Fernandez et al., 1992)  GMP = (YP.YS) 1/2  
(Fernandez et al., 1992)  STI = (YS.YP)/Yp'2  
(Gavuzzi et al., 1997)  YI= YS/Y'S  
(Gavuzzi et al., 1997)  SDI= [(YS.YP)/Y'P]1/2  
(Bouslama & Schapaugh, 1984)  YSI= YS/YP  
(Chogan  et al., 2006)  YRI= [(YP-YS)/YP].100  
(Naderi et al., 1999)  MSTI1= (YP2/Y'P2).STI  
(Naderi et al., 1999)  MSTI2= (YS2/Y'S2).STI  
(Nassar & Huhn, 1987)  RI= ∑Rn  

 N(��& &��` ( Yp  �J�� ,��( N���D MG� gT& �� 0
�� ��>#?$ A�!
 ��Ys  �J�� N���D MG� gT& �� 0
�� ��>#?$ A�!
 ��Y'P E��	
� " ?� ��>#?$ A�!
 ��  MG�  �

 �J�� ,��( N���DY'S E��	
� " ?� ��>#?$ A�!
 �� �� , �
 �& J�� N���D MG�  �.����  
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���)� 20 A�L&	. %� ��8 0�	( b i�
� � MBL A��)� ���)� 0
�� &� A�L&	. &� �C
 0�W�� .�D MD���( �� B
 

�	XG� @�
  ( 0L	� 0( ^	
 E��	
� &� �% ( �
 �% 20/01/1400  � 8/02/1400 " �
� .�D &� J� �%O �u I 

0( &	C�� �-&�( �k� d. D  �� J�� �( 	
�E��  �� ��@#�  B�� MfK ��>#?$ 0
�� �( �%&��&	� &��T .MW�� �)( %� 

,�	?
��L 0
�� � %� A�L&	. &� 0�	(� � ��D���( %� Z[- �� '(����� &� �� �P�� ��>#?$ 0
��  ( M(	+& 9 

�K&� 0*- G� .�D g� A��p 50 ��
 -��� %� ` ( � A�� 8 �� P�� 0( ,�	�$ �k� 0�D I mtI .�D MBL �( �%&� 

F?G� 	
�E��  �� �@#� 0( N���D J�� �>�. %� d. D  �� F�e �� f�-� .�D &� 0)� [� �u I d. D  �� �?� 

F?G�� 0( J�� �>�. F� D M�- �I 0( J�� )SSI(� d. D F?G� )TOL�( A�!
 �� �&��B( )MP( � 

A�!
 �� ��
	�& � )HM�( d. D �&��� 8 ��>#?$ )YSI(� A�!
 �� ��B(�&� �-��� )GMP( � d. D F?G� 

J�� )STI(� d. D P& �. J�� )SDI(� d. D ��>#?$ )YI�( d. D F?G� J�� F��)� ��D ���( N���D 

b	#[� )MSTI1( � d. D F?G� J�� F��)� ��D ���( N���D b	#[� 
 )MSTI2( � d. D J� � ��>#?$ 

)YRI( ���( ��>#?$ 0
��  ( �� f�-� %� N(��& 0o�&� ��D &� ���L )4( 0*- G� �D. ����� � 0(M-� ���O %� J� �%O 

 ( "�
W� &�@SAS 0i�
) 9.4( 0�@�� � F�#G� �& �O .�
�D 0�� 6� A�!
 �� �  ( ,	�%O LSD &� Z[- � ?�I� ��8 

�K&� " �
� .�D g� A��p MBL g�-�� � �&��	?
 "%` %� "�
 &�@W� Excel �� f�-� .�D &� A�� J� �%O MfK 

��>#?$ 0
�� 0( z�& z�(��� �>�@�W " �
� .�D 

  

3. 7��,� � 8��  

3 .1 .������� 	
�� �� ���� �� ��� ���
  

�� �
 0���� c
 �&�� , �
 ��� �k� � �& ?�� �J�� 	
�E��  �� �@#� � g��( J�� ,O � �( ��>#?$ 0
�� � ���)� A�L&	. 

&� 0�	( ��)�&�� .�	( %� �W�+ �k� J�� �>�. �� B�
� FXW �D& � E��	
� ���( ���)� 0
�� &� A�L&	. ��)�&�� ��� �� 

�D ���L) 5.(  

0o�&� A�!
 �� P �� 6� �� �
 ) ���L &� ��D6 (J�(  �& �(O '[T ,��( & ?�� 0( �	(�� 0�	( &� �	�Q� ���)� A���

)5/264g� � ( ) &��6�  ( ,O A���5/219  � ���#� 0#I�� &� J�� %� (50 A�L&	. �K&� A�!
 �� 0�� 6� .�	( ���

J�( 0� ��� , �
 0�	( &� �	�Q� ���)� �( E��	
� E��	
� 0( �	(�� 0�	( &� �	�Q� ���)� &��6� A��� �_
` �&`	- � -

 `	� � � � 84815 g� �  ���L) �	( b �B� � "	>
 L �"�&O E��	
� 0( �	(�� ,O A���6 ����78 �+ .(Jafarzadeh 

Ghahdrijani et al. )2015 '[T ,��( � �>�. J�� N���D �� �� &� 0�	( &� A�L&	. ���)� MfK 0� �
��� z&�@� (

�� �& �(O0( �
�	� ��fK ,�	�$ .�	D 'T�� �@#� 0
�� ��>#?$ �	*B( MBL &� g�6�����r b i�
� ���(  

  
J��K 5. !,BT� U*�,��� ��BK� ��'6�	 � ��'6�	 !*��  

'*�� P����w�  0L&� ���%O  ���)� 0
�� &� A�L&	.  ���)� A�L&	. &� 0�	(  ��>#?$ 0
��  

&��>�  2  61/1 ns 95/2747 ns 51/55754 ns 

J��  2  *84/21  *65/15765  **64/1531852 

� [. �#K�  4  03/3  48/2209  19/48299 ns 

E��	
�  9  **11/23  **54/25044  **68/712820  

P��k� F( 6��  18  15/4 ns 
**01/5164  *69/48648  

� [. �$�W  54  54/3  86/1413  24/28266  

S��u P����w� )%(    69/7  74/15  44/13  
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J��K 6 .!>,�&� W�0*��� ��SX �1��*����M ��< �� D"E �����F 9,�5*� =G/ �<� 

���)� A�L&	. &� 0�	(  ���)� 0
�� &� A�L&	. J�� �>�. 

15/264 a  32/25 a ,��( '[T �& �(O (�� D) 

58/219 b  46/24 ab J�� &� 0#I�� ���#�  � 50 �K&� A�L&	.��� 

54/232 ab  63/23 b J�� &� 0#I�� A�L&	.���  � MD���( 

69/33   24/1  LSD 

���)� A�L&	. &� 0�	(  ���)� 0
�� &� A�L&	. E��	
�  

44/253 bc  01/26 ab _
`� 8 

17/191 f  12/22 d "�&O 

39/236 cde  73/24 bc �L&OH� 003 

03/184 f  81/21 d "	>
 L 

282b  62/25 ab &`	- 

240cd  55/26 a `	� � 4815  

5/202 ef  76/24 bc b �B�  

83/227 cde  15/23 cd H	��	L  

240cd  90/24 abc 	� �O (c>� �O)  

78/207 def  10/25 ab ` -  

53/35   77/1  LSD 

A�!
 ����)� �& �O mR�.� V���� m��I ��&�� � �.�
&��
 �!��>�  ( �&��  

  

J�( ��A� ���)� 0
�� &� A�L&	. �	(�� 0( & ?�� ,��( '[T �& �(O � 0( &��6� 33/25 0
�� &� A�L&	. � g� ��A� 

&��6� ,O �	(�� 0( & ?�� '[T �& �(O &� 0#I�� ���#�  � 50 �K&� A�L&	.��� � 0( &��6� 63/23 0
�� &� A�L&	. �	( 

���L) 6q( ���)� 0
�� &� A�L&	.  M� B
&����� 0( J� � ���)� 0
�� &� 0�	( ��D � A�� @L ���>#?$ J6
 �?B� &� 

A��)� ��>#?$ 0
�� &� N���D J�� �>�. .�&��   

�� �
O%� 0� � ?$� J�� �>�. &� 0#I�� ���#� s$ ( g�6$ ,�D 0
��� � ���� � �R�.� &� @��-	�W � � 6�
� ��	� 

���.e ��D 0( 0
�� � �� �	D 0� ���
�	� �#��� �( J� � ���)� 0
�� &� A�L&	. �D ( )Mokari et al., 2020.( 0�� 6� 

A�!
 �� �k� �� - E��	
� �( ���)� 0
�� &� A�L&	. , �
 ��� 0� J�( A��� ���)� 0
�� &� A�L&	. y#)�� 0( E��	
� `	� � 

4815 )55/26�( _
`� 8 )01/26( � &`	- )62/25( � g� A��� &��6� ,O %� E��	
� H&��� "	>
 L )81/21�( "�&O 

)12/22( � H	��	L )15/23( FK I .�D g� ��,�	( ���)� 0
�� &� A�L&	. &� E��	
� "	>
 L � H	��	L ���
�	� 0( F��� 

H&��� ,�	( E��	
� ��D��e g� A��p  m� X� ,�	( , �% ���#� ,O  ( � �� ` ( � &� 0���
 N6- ����)� %� 0
�� � 

���D ( ���L) 6.(  

H -��( ��� 6� ��>#?$ 0
�� 0o�&� ��D &� ���L )7�( g� ��A� � J�( ��A� ��>#?$ 0
�� &� �� �� N���D ,��( '[T 

�& �(O (�� D) � � ?$� '[T �& �(O 0( S���� %� E��	
� "	>
 L � `	� � 4815 FK I ��D .M-� ��k{� �f�� J�� �( 

��>#?$ 0
�� %� y��+ ��k{� �( ��@L� ��>#?$ %� 0#?L ���)� 0
�� &� A�L&	. � ,%� 0
��&�@� ��.�D ( &� �-&�( di�� 

�D 0� � ?$� '[T �& �(O %� 0#I�� A�L&	.��� � ���#� 0( �)( 0( S���� s$ ( J� � 33 � 58 ��K&� ��>#?$ 0
�� 

�� �	D )Qasemian Ardestani et al., 2019.(  

0( M#$ �� f�-� A���p 0*��� %� �� MfK � S���� ,O &� S� T �� �	��W M-� 0� S*- &��>�  [. &� �	��W ��D 

� z%&� d. D  �� MSTI1� MSTI2� TOL � YRI �& g� ��	?
 .M-� &� �� I0� d. D  ��� 0� S��u P����w� 

g� �� %� 30 �
&�� )30≤CV�( %� �C
 MT� ���( d�i�� 	
�E��  �� F?G�� ���( �06[�� ��,�	� %� ,O  � �� f�-� ��� 

)Aboodeh et al., 2019.(   
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�E��  �� J� �%O �u I %� d. D �C
  � �PM �SDI  �HM 0(   � ���#� J�� FI��� &� S����50  �K&�

A�L&	.A�L&	. � ���) P����w� S��u  ( MD���(  � ���06/12 �87/8) �(55/12 �67/8) �(20/13 �6/8 � (68/12 %�

d. D �� - 0( M*�
 MT� �C
  d. D .�
&�� ����(  �MSTI1�MSTI2 �TOL  �YRI 0(  J�� FI��� &� S����

  � ���#�50 L&	. �K&�A�A�L&	. � ���) ��� 6�  ( MD���(  � ���14/45 �28/39 ) �(33 �9/49) �(15/51 � (

)86/33 �93/87d. D M�� � %� 0� ��	( ��` ( P����w� S��u ��&�� ( �� ��D��e � � ���L) �D (8 0( 0L	�  ( .(

��)�� ?$� J�� �� �� ,�D&�� 0#I�� &� ��D  � ���#� �50 A�L&	. �K&�. � ���A�L&	 �( �%&� �t� �MD���(  � ���

E��	
� F?G�  � M�- �I � 0#I�� �� �� &� �>�. J�� 0(  � 0(  P&	K0
 ���L " �
� .MW��  

  
J��K 7. !>,�&� W�0*��� �*8A�� ��� �B67 �� @�� 9'�; ��5*� =G/ �<� �� ��'6�	 !*�� )kg.ha-1(  

  J�� �>�.  
E��	
�  ,��( '[T �& �(O (�� D)    '[T �& �(O ���#�  � 50 �K&� A�L&	.���  '[T �& �(O A�L&	.���  � MD���(  

_
`� 8  1791b  9/1150 b 5/1141 bcd 

"�&O  1480cde  8/1020 b 7/1075 cd 

�L&OH�003  1363de  8/1061 b 2/1194 bcd 

"	>
 L  1/832 f  540c 743e 

&`	-  1700bc  4/1031 b 5/1322 b 

`	� � 4815  8/2093 a  9/1563 a 6/1935 a 

b �B�  5/1589 bcd  5/935 b 6/1002 d 

H	��	L  9/1208 e  5/1115 b 4/1276 bc 

	� �O (c>� �O)  2/1442 cde  1075b 6/1217 bcd 

` -  3/1461 cde  9/1023 b 9/1116 bcd 

A�!
 ����)� �& �O mR�.� V���� m��I ��&�� � �.�
&��
 g�  ( �&��  

  
J��K 8. [,�5* !,BT� U*�,��� :;�< ��� �*8A�� ��� �B67 1� �\* =��� � .� �>? !� @�� 9'�; 9,�5*� =G/ �<�  

P )(�� A�!
 ��  0L&�  
���%O 

���w� '*�� 
 

YSI HM MP TOL SSI YS YP   

005/0 ns 3/31426 ns 9/51696 ns 4/106545 ns 01/0 ns 01/7509 ns *4/149157  2  V	#(    � ���#� J��  
50  �K&�  

A�L&	.���  

*038/0 9/229502**  **4/242775 *6/110274 **66/0 **9/184802 **2/355885 9 E��	
� 

011/0 5/25890 7/23322 08/48070 08/0 3/35493 1/35187 18 ��� �%O � [. 

08/15 20/13 06/12 15/51 31/29 91/17 68/12  S��u P����w� )%(  
*06/0  9/28669 ns 3/34544 ns 

*07/172782  *87/1 1/6322 ns 
*4/149157  2 V	#( 

A�L&	. J�� ���  
MD���(  � 

*04/0  **3/278762  **7/281146  *9/144354  *41/1 **7/278585  **2/355885  9 E��	
� 

021/0  2/12895  09/14178  8/54432  60/0  4/20385  1/35187  18 ��� �%O � [. 

17  6/8  8/8  9/83  9/87  8/11  68/12   S��u P����w� )%(  

  

 !����J��K 8. [,�5* !,BT� U*�,��� :;�< ��� �*8A�� ��� �B67 1� �\* =��� � .� �>? !� @�� 9'�; 9,�5*� =G/ �<�  
P )(�� A�!
 �� 0L&�  

���%O 
���w� '*�� 

 

YRI MSTI2 MSTI1 YI SDI STI GMP   
31/110 ns 26/0 ns 

*51/0 006/0 ns 3/27 ns 056/0 ns 07/40499 ns 2  V	#(  
   � ���#� J��50  �K&�  
A�L&	.���  

**43/476 55/2**  **01/2 **16/0 **001/159 **31/0 **07/235396 9 E��	
� 

2/96 3/0 1/0 03/0 4/16 03/0 9/24313 18 ��� �%O � [. 

86/33 33/64 14/45 91/17 55/12 91/17 68/12  S��u P����w� )%(  
*9/659  019/0 ns 

*55/0  004/0 ns 1/21 ns 033/0 ns 7/31251 ns 2 V	#( 
A�L&	. J�� ���  
MD���(  � 

*6/497  49/5  **86/2  **19/0  **6/188  **48/0  **01/279335  9 E��	
�  
22/212  31/0  19/0  014/0  94/8  02/0  7/13244  18 ��� �%O � [. 

93/87  9/49  28/39  87/11  94/8  18  6/8   S��u P����w� )%(  

ns0( :** � * � S���� ��r ��)�&�� � ��)�&�� &� Z[- ��8 � ?�I� � �� .�K&�   



1��,��9 :;�< ��� =��� �  �>?�. !� @�� '�;9 ��*8�A ��� �B67 �� ��<,C D"E �F���� �5*��  =G/ �<�    25 

H -��( ���L )9( J�( ��A� ,�@�� d. D M�- �I 0( J�� ���#�  � 50 �K&� A�L&	.��� )16/1( � g� ��A� 

)29/0( � J�( ��A� ,�@�� d. D M�- �I 0( J�� A�L&	.���  � MD���( )98/1( � g� ��A� )35/0( &� �� �� J�� 

0( S���� N-	� E��	
� _
`� 8 � H	��	L 0(M-� .��O  ( 0L	� 0( �� �
 E��	
� _
`� 8 M*�
 0( �� - 	
�E��  �� &� 

N���D J�� &� 0�� 6�  ( N���D b	#[� M�- �I ��` ( � g� A��p F?G� J�� g� ��� .MD�� A�� 8 ,�	( &��6� 
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J��K 12. ^,��� 905>��� W�� ��SX D"E �����F �� !6?�� 9��6M �� 50 �X�� W�K��;9�� 

  YP YS  TOL  SSI  PM  HM  YSI  GMP  STI  YI MSTI1 MSTI2 

YP  1                        

YS  
**70/0  1           

TOL  
**66/0  05/0 - ns 1          

SSI  08/0 ns 
*44/0-  **59/0  1         

PM  
**94/0  **89/0  *38/0  14/0 - ns 1        

HM  
**89/0  **95/0  25/0 ns 25/0 - ns 

**98/0  1       

YSI  
*31/0-  30/0 ns 

**77/0 -  **79/0 -  05/0 ns 05/0 ns 1      

GMP  
**91/0  **92/0  *31/0  20/0 - ns 

**99/0  **99/0  0001/0 ns 1     

STI  
**89/0  **91/0  29/0 ns 17/0 - ns 

**97/0  **98/0  001/0 ns 
**98/0  1    

YI  
**70/0  **00/1  05/0 - ns 

*44/0-  **89/0  **95/0  30/0 ns 
**92/0  **91/0  1   

MSTI1  
**88/0  **78/0  *42/0  02/0 - ns 

**90/0  **89/0  12/0 - ns 
**90/0  **95/0  **78/0  1  

MSTI2  
**69/0  **88/0  05/0 ns 25/0 - ns 

**39/0  **87/0  15/0 ns 
**85/0  **92/0  **88/0  **91/0  1 

ns0( ** � * � ��)� ��r S������)� � &��.�K&� ��8 � �� � ?�I� Z[- &� &��  

  
J��K  13. ^,��� 905>��� W�� ��SX D"E �����F �� !6?�� W�K��;9�� �� .<����  

  YP YS  TOL  PM  HM  YSI  GMP  STI  YI  MSTI1  MSTI2  

YP  1           
YS  **63/0  1          

TOL  **58/0  25/0 - ns 1         
PM  **92/0  **88/0  22/0 ns 1        
HM  **87/0  **92/0  12/0 ns 009/0 - ns 1       
YSI  **49/0 -  *33/0  **96/0 -  **93/0 -  12/0 - ns 1      

GMP  **89/0  **90/0  17/0 ns 03/0 ns 
**99/0  **99/0  1     

STI  **85/0  **92/0  11/0 ns 01/0 - ns 
**97/0  **98/0  02/0 - ns 1    

YI  **63/0  **00/1  25/0 - ns 
*34/0-  **88/0  **92/0  *33/0  **90/0  1   

MSTI1  **81/0  **78/0  20/0 ns 08/0 ns 
**88/0  **88/0  **88/0  12/0 - ns 

**88/0  1  
MSTI2  **64/0  **91/0  15/0 - ns 20/0 - ns 

**84/0  **87/0  **87/0  20/0 ns 
**86/0  **92/0  1 

ns0( ** � * � ��)� ��r S������)� � &��.�K&� ��8 � �� � ?�I� Z[- &� &��  

  

�!��*?� TOL  ( ��>#?$ &� N�G� � ��
 M*x� &� ��&	K0� &� N���D J�� ���#�  � 50 �K&� A�L&	.�� � 

A�L&	.���  � MD���( ��)���r&�� � �f�� FK I �D g� A��p &� n	X. �!��*?� SSI  ( ���>#?$ &� N���D �J�� �f�� 

� ��)�&�� .�	( d. D GMP �!��*?� ��` (  ( �� �� N���D J�� ���#�  � 50 �K&� A�L&	.�� � A�L&	.���  � 

MD���( � ,��( J�� MD�� � &� S���� ��)( d. D MP� HM � STI� J�( A��� �!��*?� �&  ( ��>#?$ 0
�� &� �� �� 

N���D ���D�� ���L) � � 12 � 13.( 0( �C
 ���-& 0� d. D  �� GMP� MP � STI A���B( d. D  � ���( J��@� 

	
�E��  �� F?G�� � ���( .�
�	( &� J��78 " �
� ��D �( ��& " T&� �_
�#� ��>#?$ 0
�� &� N���D �J�� J�( A��� 

�!��*?� �&  ( d. D  �� GMP� MP � STI , �
 ��� )Farshadfar et al., 2013 Aliakbari et al., 2014.(  

  

4. �:�,�&�;  
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'[T �& �(O (�� D) M*�
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 ��) ��B((�&�� GMP A�!
 ��) ��B(�&� (�-���� STI d. D) F?G� �(J�� SDI 

d. D) P& �. (J��� YI d. D) (��>#?$� MSTI1 d. D) F?G� J�� F��)� ��D ���( N���D (b	#[� � MSTI2 

d. D) F?G� J�� F��)� ��D ���( N���D (b	#[� 
 �!��*?� M*x� � ��)��&��  ( ��>#?$ 0
�� &� N���D J�� � ,��( 
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