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Abstract 
In order to investigate the interaction between sodium nitroprusside and drought stress on photosynthetic pigments and their relationship with 
yield and yield components of rapeseed, an experiment has been conducted during two cropping years (2015-16 and 2016-17) at Hamedan 
Agricultural and Natural Resources Research Center. The experiment is carried out as a factorial in randomized complete block design with 
three replications. The experimental factors been irrigation levels, including full irrigation (control), irrigation termination from beginning 
silique stage, and irrigation termination from grain filling stage, as well as four treatments of foliar application of sodium nitroprusside with 
concentrations of 0, 100, 200, and 300 μM. Results show that irrigation termination has significantly reduced the amounts of studied traits, 
while sodium nitroprusside foliar application has increased the amounts of photosynthetic pigments, yield, and grain yield components under 
drought stress and non-stress conditions. The highest and the lowest grain yield are obtained in combined treatments of plant foliar 
application with 300 mM sodium nitroprusside and full irrigation (5129 kg/ha) and non-foliar application and irrigation interruption at the 
beginning silique stage (3396 kg/ha), respectively. The experiment indicates that sodium nitroprusside application can have positive effects 
on photosynthetic pigments, yield components, and grain yield of rapeseed under drought stress and non-stress conditions. Thus, its 
application can greatly mitigate the adverse effects of drought stress in water deficit conditions. 
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�`
� �; " � A�� 10 B�H& #� �"& 3000 �"& �& B�H& 

k��T
���#� .���
&�[ lm� ��%C� �
"� @'* )�", ��; " 

Z��! �#���& ��m��������." UV-2100 )��� s2100 

suv NEW JERSEY ���� #�
��,( +���� ^_* +, #� �& 

��/ z�� )#� 663O 645 " 470 �����#� Ra��H �;.  

#� �&#T��� 0� Z��"� �
0 +���� I�."�%� aO I�."�%� b " 

#���a�	!"�#� ?�#C� �; " F�N�� �%��<�[ �� <�[ +0" 

�! +#�� �;. +���� I�."�%� I� 0� M�'=� R�%S 

I�."�%� )#� a "  b� R�& .��,  

-��� )1(                                                  Chla=  
12.7 (A663) – 2.69 (A645) × (V/(1000× W)) 

  

-��� )2(                                                  Chlb=  
22.9 (A645) – 4.68 (A663) ×(V/(1000× W))  

  

-��� )3(                                                   Car= 

7.6(A480) – 1.49(A510) ×(V/(1000× W))  
 Z��"� L
� �& �V \�K� ��#K( �=N  O��;W  +0"

 " ��'�ChlaO  Chlb  "  Car � I�."�%� R�%S F�!�! a Ob  "

�%��) F�N�� #���
�	!"�#��� (�! +0" <�[ �� <�[.�;#�  

  

2. 2. ���������� ���	%& � ��'(� ���	%& ����   

�& +#
#$ IK. O�;� #� L�.�[����& ��� �;#N �C-� 

�&#>� "& ��� @��� 0� �� A�� R;�&�� �; " &��%'( " 

)��*� &��%'( ��& &��>!) L�*��  �& O!�� &��>! ��& 

�& L�*��  " +0" (��&���� L��>! ;�.  

  

2. 3. *�+,��� ����-  

l$ 0� +#	�'/� 0� �#��� +&�� �&�&#� 
�=! l�#
��" �&�&#� 

)��� "& �#� <#=�� �
#�0, �  ��/��=� <#=�� .R.�[ �& 

O��&� +��0, �� ��	�
 l�#
��" #-  )��� "& �#� <#=�� 

�
#�0, A��J R.�[ " l$ 0� +#	�'/� 0� �� ��	�
 

l�#
��"O#� 
�=! F��� �&�&#� )��� "& �#� <#=�� 

.R.�[ � ���	� 
�=! )�#�, �&�& #� " A#�
#B� L���#�� 

0� <�� )#����.� )�#�, )9.1( SAS " )1.1( MSTATC 

�&#T��� .�; ��� #���&�'� #� �&#T��� 0� <�� ���.�Excel 

)2010 (<#=�� �;.   

  

3. ./��� � 0�1  

3. 1. �'�2�� �� �'�#,��!  

3 .1 .1 �!��	
 ������ .  a  �b 

W
#�� 
�=! F��� �&�& )#� "& �#� +#�� &�& � A���� 

�%J� O�#� )�#��, " ��%C� ;#$� )��C� I�."�%� a �� 

� ��/ �	>� )��& RC!  ���f!���H &�& �"�*) 3(. ��C��) 

I�."�%� bO � �* ��� I�#B�� � �#[ �#� ×)�#��,× 

��%C� ;#$�O ���/ �	>�)��& RC! ���f! �
#� @�#	� 

���c! ���H .R.�[ W
#�� �
#B� L���#�� ��� I�#B�� )�#��,× 

��%C� ;#$� +#�� &�& �& Z
��; &���#� #
 <�( &���#� 

�
�� O�
#�"�$"���� @-H )�#��, " ��#� �����& �#�[ 

� ^, Y(#� ��#� ��C��) I�."�%� )#� a " b  �;" �& 

�-
��; � �#�[ �!&"0 #� �	! *��� O�;  ���f!�	! �� 

�
&#B� I�."�%� n�� i��C��! &�� �"�*) 4.( W
#�� 

+#�� &�& ��C��) I�."�%�)#� a "b #� �
��.� R�%S 

��%C� ;#$� �
�� �
#�"�$"���� �& E�-� b%�`� 

)�#��, �
��.� ���$ &��. � A�#?( ��
&O �& �� h
 0� 

-��E )�#��, �&#T��� ���  �!0� �
�� �
#�"�$"���� Y(#� 

�
��.� �& ��C��) I�."�%� )#� a " b n�� �
&�[ 

�"�*) 4(.  

��  L�	QW
#�� +#�� �[ +, R�� � ��� �!L
 ��C��) 

I�."�%�)#� a " b �& ��%C� ;#$� #� R�%S 300 

�X��"���� �
���
#�"�$"���� IJ#N �
&�[ " �� �!L
 

���B� ��� �& ��#'! E�-� )�#��, �& Z
��; <�( &���#� 

�
���
#�"�$"���� � R�& ��, �"�*) 4.(  
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 A�$B3 . R>0# �&;K� �/.��#�;':6� �0<(	= �/;B/ +�;�5-.�2 ��� �0<(	= �/;(> �6/�  � ���'�@ ,(�*# �����	'� S��

A.(�# 
� I&�#1@ A�- �� �� $&�-�0 �0�'6 9&$- � 

���c! @�#	�  
 *�&  

)&�0,  

A#>��� L���#��  

I�."�%�  
a  

I�."�%�  
b  

 I�."�%�  

I�  
�#�"��
�	!#�  

&��>! L�*��    

!�� �&  

 +0"  

������&  

 ��& &��>!  

 �&L�*��   

 &��%'(  

��&  

�#�  1  **221/0 
**712/0 

**39/4  **164/0 
**4/1344 

*65/2 
*16/26 

**3475873 

����! (�#�)  4  119/0 082/0 645/0  019/0 7/21 24/0 83/4 166717 

��%C� ;#$�  3  **080/0  **172/0  **078/1  **046/0  **9/698  19/0  ns 97/1 ns **4389680  

 �#� ×��%C� ;#$�  3  013/0 ns **003/0  **040/0  **004/0  3/30 ns 26/0 ns 56/3 ns 10191ns 

)�#��,  2  **445/0  **271/0  **628/1  **039/0  **1/696  **82/0  35/0 ns **2895032  

 �#� ×)�#��,  2  002/0 ns **006/0  **089/0  **0004/0  9/9 ns 21/0 ns 26/0 ns 43097ns 

)�#��,× ��%C� ;#$�  6  022/0 ns
 **016/0  **092/0  **002/0  *4/63 05/0 ns 58/0 ns *509818  

�#�× )�#��,× ��%C� ;#$�  6  004/0 ns 001/0 ns **022/0  **001/0  6/1 ns 04/0 ns 87/3 ns 30709 ns 

#-   44 015/0 0006/0 004/0 00008/0 3/27 15/0 07/5 206696 

A����c! F
�} (%)   57/9  35/4  49/4  41/3  99/7 71/9  69/7  41/10  

ns� ** " * O  F�!�!<�( 	>��	>� O��&�-� �& ��&� �#'�N� E5  "1 �J�&  

  

 A�$B4 G��"�# 07/ 4':6�'# �&�"# .A.(�# 
� � 9&$- G'2�0(> 0&��"# 0� ���'�@ � $&�-�0 �0�'6a  �b � ��.� �� 4'B�.D �/$)� +

/;(> �6/� �0<(	= 

��%C� ;#$�  )�#��,  
 I�."�%�a  

)mg/g Fw(  

 I�."�%�b  

)mg/g Fw(  

L�*��  &��>!  

!�� �&  

��& &��%'(  

)Kg/ha(  

+"�� ��%C� ;#$�  

L�*��  M"�; %N�� 0� )�#��, @-H ��&  037/1  g 371/0 i 95/49 f 0/3396  g 

��& +�; �$ M"�; %N�� 0� )�#��, @-H 257/1 cde 476/0 g 30/58 de 9/3751 fg 

I�#� )�#��,  323/1 be 550/0 f 01/66 bc 9/4332 cde 

��%C� ;#$� 100  

�X��"����  

L�*��  M"�; %N�� 0� )�#��, @-H ��&  102/1 fg 440/0 h 41/55 ef 0/3612 fg 

��& +�; �$ M"�; %N�� 0� )�#��, @-H 327/1 be 572/0 f 70/62 cd 7/4042 ef 

I�#� )�#��,  324/1 be 660/0 d 73/69 ab 9/4599 bcd 

��%C� ;#$�200 

�X��"���� 

L�*��  M"�; %N�� 0� )�#��, @-H ��&  213/1 def 462/0 gh 90/62 cd 5/4107 def 

��& +�; �$ M"�; %N�� 0� )�#��, @-H 406/1 ab 693/0  c 08/72 ab 5/5014 ab 

I�#� )�#��,  357/1 bcd 610/0  e 60/72 a 3/4821 abc 

��%C� ;#$�300  

�X��"����  

 M"�; %N�� 0� )�#��, @-HL�*��  ��&  195/1 ef 550/0 f 11/70 ab 8/4775 abc 

��& +�; �$ M"�; %N�� 0� )�#��, @-H 373/1 abc 734/0 b 51/72 a 0/4988 ab 

I�#� )�#��,  516/1 a 825/0 a 75/72 a 0/5129 a 

L���#�� O+��� �� �&  +��0, i#���� D���� \"�N )���& )#�LSD  �#'�N� v-� �&5 �	>� A"#T! �H#. �J�& �� ��& .�	;#� 
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 I�."�%� A����c! 	��&a  L��037/1  "516/1 �%�� <�[

�! R.#� <�[ �&  A����c! 	��& " I�."�%�b  L��825/0  �G�

371/0 �%�� �! R.#� <�[ �& <�[ &�� �"�*)4.(   

 W
#�� i#����) �"�*3)���C� �
��.� �J�& O( 

I�."�%�)#� a "b  \�K� �&300 �
�� �X��"����

� +, &���#� <�( � R?�� �
#�"�$"����  <#'! �& Z���� ��/

� )�#��, E�-�  ����� F�!�!46/11  "85/33  .&�� �J�&

 &���#�300 �
�� �X��"���� )��C� R����! �
#�"�$"����

I�."�%�  )#�a " b #�[� �� ��%� � I�#H ��/  &�?P� �P*�!

� O��`� )��/  �	! RC! +#�#�[ �& I�."�%� )��C� �

L�*��  M"�; %N�� �& )�#��, @-H  I�."�%� �
&#B� #� ��&

 +"�� +#�#�[ �&��%C� ;#$ �"�[ h
 �& I�#� )�#��, " �

 .�	�.�[ ���H )�#�, )��C� �
#�0, <#=�� �#� "& �� �&

 I�."�%�b  �& 0� )�#��, @-H " I�#� )�#��, RC! +#�#�[

��� (Z���� �	!) ��& +�;�$ %N��  L
� �
&#B� 0� �!

 M"�; %N�� 0� )�#��, @-H �#'�! RC! +#�#�[ �& RTJ

\jS I�;) &�� )�	�1 -� .(bG�  "& �� �& O��
& A�#?(

��� ��#� #� �
#�0, <#=�� �#�  O^, � �#�[ �����& �!

 I�."�%� )��C�b  ��� L
� � &�� ���$ ��#� ��%� n�� �&

+#�� I�."�%� �� ���  �	! ^�`� ��� ��	�& b �� �;#�

� � R�.#C� I�."�%� h
 +��	( ��%� �& ��		� )#�

�� #T
� �B� n�� I�."��  .�	�  

  

  
  

  
 G<
1SU(V (,!/) ���'�@ ,(�*# �����	'� 07/ . ,(�*# ���A.(�# 
� 9&$- � G'2�0(> �.��# 0� (W) $&�-�0 �0�'6b  X0�

 �=/�1 A�- �� �� /;(>95-1394  �96-1395 �/$	� �&/.� � W@ Y&/0
 ��  
  

b

a a

c

b b

0,0
0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9

)�	� \jS 0� )�#��, @-H ��& +�; �$ 0� )�#��, @-H I�#� )�#��,

G'
2�

0(
> 

�
.�

�#
 b/)

m
g

/g
 F

W
(

���'�@ ,(�*# ��� 9&?�

,!/
�"� �#� <"& �#�

bc

b
b

a

d

c c

bc

0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

0 100 200 300

G'
2�

0(
> 

�
.�

�#
 b/)

m
g

/g
 F

W
(

SU(V���,(�*#�
�  A.(�#9&$-$&�-�0 �0�'6)µM(

W
�"� �#� <"& �#�
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i#���� W
#�� I�; )1- (^ )��C� I�."�%� b #� 

�
��.� +���� &���#� �
���
#�"�$"���� �
��.� �$�� &�� 

�)��/ � �& �� "& �#� <#=�� �
#�0, ��� �!L
 

��C��) I�."�%� b �& �#'�! &���#� 300 �X��"���� 

� R�& ��, " �� �!L
 )��C� I�."�%� b �& �#'�! <�( 

&���#� �
���
#�"�$"���� IJ#N  �;I�;) 1.(  

  

3.1.2.  �!��	
  
 � ���"�#$���
  

I�."�%� I� " �#�"��
�	!#� � ��/ �	>� )��& RC!  ���f!

A���� �&#� " I�#B�� ���H �	�.�[ �"�*) 3.( i#���� 

W
#�� �
#B� L���#�� ��� � �#[ �#� ×��%C� ;#$� ×

)�#��, )�"�* 5O( �& �� "& �#� <#=�� �
#�0, @-H 

)�#��, �& �#�[ ��%� Y(#� ��#� ��C��) I�."�%� " 

��a�	!"�#� �#�[ �;O Q�[� L
� ��#� �& �#'�! @-H 

)�#��, 0� %N�� M"�; L�*��  ��& ���  �!.&�� &���#� 

�
���
#�"�$"���� �& Z
��; �	! " <�( �	! &�?'� 

^, Y(#� �
��.� ��C��) I�."�%� I� " #���a�	!"�#� 

.�
&�[ #� �
��.� R�%S �
���
#�"�$"���� ��C��) 

������)#� O)��	���. I�."�%� I� " #���a�	!"�#� �& �� 

"& �#� <#=�� �
#�0, �& ��#'! E�-� )�#��, �
��.� 

���$ &��. �& @H�" ��+��! �#P�� R;�& �& �� "& �#� 

<#=�� O�
#�0, �
��.� &���#� �
���
#�"�$"���� � ���B� 

200 " 300 �X��"���� Y(#� �
��.� ��C��) I�."�%� 

I� " ��
�	!"�#� n�� ��%�  O�;� L
� ��� �& <#'! 

E�-� )�#��, �&#J &�� �"�*) 5.( OL
���#	� �& �� "& 

�#� <#=�� O�
#�0, ��� �!L
 )��C� I�."�%� I� " 

#���
�	!"�#� �& <#�	� ��%C� ;#$� �#�[ #� R�%S 300 

�X��"���� �
���
#�"�$"���� IJ#N �
&�[ " �� �!L
 

)��C� I�."�%� I� " #���
�	!"�#� �& ��#'! E�-� 

,)�#�� �& �#'�! <�( &���#� �
���
#�"�$"���� �R�& 

��, �"�*) 5.(   

� )��/ ) �"�* �& O�4�� �Nj� (  "& �� �& &�;

 �
#�0, <#=�� �#���%C� ;#$ #� �#�[ �300  �X��"����

�
��I�#H �
��.� Y(#� �
#�"�$"����  )���C� *�!

������  ��%� �#�[ �& ��a�	!"�#� " I� I�."�%� )��	���. )#�

�0���� � �
��.� L
� " �
&�[ L
� )���C� � &�� )�

������  %N�� 0� )�#��, @-H Z
��; RC! +#�#�[ �& #�

L�*��  M"�;  +"�� +#�#�[ �& A#TJ L
� �
&#B� #� ��&

��%C� ;#$� �;� IK. ��/ �& � �  ��; )�#��, I�#� ��/

.�	�.�[ ���H �"�[ h
 �& )�#�, �#CG � O��&��  	��&

�c! I� I�."�%� A����#'�! <#'! �& �
#�0, )#� L��717/0 

 �G�084/2 �%�� A����c! 	��& " �! R.#� <�[ �& <�[

 " )�#��, b%�`� E�-� " �
#�0, �#� "& �& #���a�	!"�#�

��%C� ;#$�  L��142/0  "456/0 �%��  �! R.#� <�[ �& <�[

&��� . ���C� OL���#�� �
#B� W
#�� i#���� �%� ��/ )

��� �
#�0, �"� �#� �& ��%� ��
�	!"�#� " I� I�."�%�  �!

 �"�*) &�� �
#�0, <"& �#� 0�5.(  

i#���� ��� ��"r$  +��[�	! ���  #� A���� 

^�`� &�  ����� �� �	
��.)#� h
k�G�
��. +#�#�[ ��� 

�� &��_[ " lm� Y(#� ��#� �;� " &��%'( +#�#�[ 

�(��0 ��&�; )Leshem et al., 2017.( �& d���[  )#�

L���$ R%( �%J� ��#� ������)#� )��	���. �/ 

�	!)#� �-�C� "& I�#( �.�>� ��; OR�� I�#( �"� 

� �P��! ��� ���;#� F
�`! �#� #� ������)#� 

)��	���. � %��" ��[ )#� +r���� �#>. )ROS( R�� " 

I�#( <"& <�( ��	� ������)#� )��	���. �& Z
��; 

�	!)#� �-�C� ���;#� � Y(#� ��#� ��C��) 

������ )#� )��	���. �� &�; )Leshem et al., 2017.( 
�& {#?!�� #�  ���f!R?]� �
�� �
#�"�$"���� �� &�?P� 

��C��) ������ )#� )��	���. �� +��! �#P�� R;�& ��
� 

��#�"�$"��
� 
h ��!�F ��		�#�� ����� ����
h R��O 

���������
h &�  
h ��[ �#>. ��+k"�� R�� � 
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�� ����! �+��	( 
h I�#( ��,�����+��O ��[)#� 

+r���� �#>. �� @'* �", )�	� " 0� ��L &�?� )Asadi 

Sanam et al., 2014.( �#�
&�� )#� &�0, +r���� �& 

Z
��; �	! F?� L���; ������#� " L��!"�$)#� 

�#���& ��	���. �� ���; " wX#'�N� h
���� ����� #� ��� 
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&���#� ���B� 1/0 ��%���� ��
���#�"�$"��
O� $�� )

n��#� )*�[ ���. ��� #� [�%*�� )0� �`!
F ."�%��I 

" �!"�$�L#�) ��%C� �  O�r
" �"����� �  f!�� R ���� 

)Shehab et al., 2010.( &���#� �
�� �
#�"�$"���� #� 

)0#�#�� h
���� ����� �& �#�[ Y(#� �
��.� R�G#>. 

H
+
-ATPase #�S ��&�; " 0� L
� x
�/ ^_* +�
)#� 

���>� Z��! �
� " �& =��� 
_c! �#�[ �� &�?P� 

�� ��`� )Palmgren & Harper, 1999( " L
� ��� 

�� ����! �& &�?P� ��	� ������)#� )��	���. �& �#�[  ����

.�;#� �& >G#-�)� ��� ��
���#�"�$"��
� ��  ��� I���( 

.��
k�G�
�� [��# ��%� RC! Z
��; �	! ���  

�����&��� ���H R.�[ )Nikravesh et al., 2016(O L
� 

��"r$ +#�� &�& � �	! ��  �F?� ��#� )��C� 

I�."�%� a " bO )��C� �?�� ^, On�� ��#� +0" 

h�  <����#� )��� �
" �
� �;. �& ��L R�%S#� )

b%�`� &���#� ��
���#�"�$"��
�O \�K� 25 

���X��"�� 0� L
� �&#� &#B�
� G"�$�OL I�."�%�)#� a " 
bO #��	H )O��%C� ����,��#�OL a��"j.�#��O 	.�� I� " 

&��%'( ��%� �� RC! �	! ��  ���.�
� &�&. �& 

��"r$ �}#N ��� �	! ���  Y(#� ��#� )��C� 
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I� I�."�%�  
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�"�  

+"�� ��%C� ;#$�  

L�*��  M"�; %N�� �& )�#��, @-H ��&  203/0 l 959/0  l 

"�; %N�� �& )�#��, @-H�$ M��& +�; 264/0 fg 355/1 gh 
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��%C� ;#$� 100  

�
�� �X��"�����
#�"�$"����  
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��%C� ;#$�300  
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�
�� �
#�"�$"����  &��%'( " &��%'( )��*� &�?P� Y(#�
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i#���� W
#�� 
�=! F��� �&�&O#� ��� �#�O ��%C� ;#$O� 

)�#��, " ��� I�#B�� ��%C� ;#$� " )�#��, �� &��%'( ��& 

��%� �	>���& &��. W
#�� �
#�0, +#�� &�& � M�H" �	! 

���  �& %N�� �;� ��
�0 � �r
" �& Z
��; @-H 

)�#��, 0� %N�� M"�; L�*��  ��& Y(#� ��#� 

���'�Q &��%'( ��& �#�[ ��%�  �;�"�*) 4.(   

�
�� &���#� ��& &��%'( �
��.� Y(#� �
#�"�$"����

 )�#��, E�-� ��#'! �& ��%�O�; ���[� E�-� �& � )

)�#��, b%�`�O ���  &���#� �& ��& &��%'( L
�!300 

 �
#�"�$"���� �
�� �X��"�����; IJ#N �"�* W
#�� .

)4(  �& &�& +#��Z
��; �
�� &���#� <�( " �
#�"�$"����

�� &���#� �& L�	Q 100 �
�� �X��"�����
#�"�$"����O 
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R;�& &�*" ��& +�;�$ M"�; ".  &���#� #�200 

�
�� �X��"����  �
#�"�$"���� L����& &��%'(  ��%� �&

 Z
��; )�#��, I�#� #� �#'�! RC! +#�#�[ 0� )�#��, @-H

��& +�;�$ M"�; %N���	>� \j� � #� )��& ���#��
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