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ABSTRACT 
In order to evaluate the effect of sodium nitroprusside (SNP) as nitric oxide donor (NO) on some morphophysiological and 
biochemical characteristics of cock's comb plant under cadmium stress, this experiment was designed as a complete 
randomized factorial design with three replications (pot with sand loamy soil) in greenhouse condition (temperature 25-30 
°C, relative humidity 60%, and a 14/10 light–dark cycle) in spring and summer 2017. The first factor included two levels of 
Cd (30 and 60 mg.kg-1) with noncontaminated soil, and the second factor included three levels of SNPfoliar application 
(0,100 and 200μM). The results showed that with increasing Cd concentration, the activity of antioxidant enzymes, amount 
of hydrogen peroxide (H2O2), malondialdehyde (MDA), Cd in roots and shoots  increased, while the content of total 
chlorophyll, shoot and root dry weight decreased. On the other hand, the pplication of 100 μM SNP at the highest level of 
cadmium, compared to non-application, dramatically increased root dry weight (2.4 fold), cadmium concentration in the 
roots (51%), total chlorophyll (50%), proline (74%), and also, decreased H2O2 (28%) and MDA (41%). It seems that the 
application of this material caused further uptake of cadmium in the roots and prevent its translocation towards the shoots, 
can improve the adverse effects of cadmium by a reduction in oxidative damage. 
 
Keywords: Antioxidant enzymes, heavy metal, lipid peroxidation, proline.  
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�( $A�� ��� �� 5�� >� =8�:9

� �1�N:BD. @�$4F5 �
��SNP  0(:	(  ��$� �E$�

>5��(�  �@�2�$� �=�9�$B, !:[ ����	�
:�� 6�78 �$�E

/�
(F -�2�19 � �#��q�2 !:�����+,�$�  ��#

�)(F wq� .�(�
 -
��$� �(���+,�70  5� w� 5��

N�H( N�e)(�  SF �� � �(�
 -
��$� !�#��E �!��BE 0� �#

=�$)�� $3e. �� 0� wq� �>��� :L)+
 � 0L

!5� � �(�
 /�+e' >��+4�
  !F *L4  0Y��D. �#

 @��1' �:m�. 0� I��.5F !���� �� @��X	# .���$E

 $)+,�4 ��)�� ��# >��+4�
 � 0L�� �� /�.��,���e.

��.� �� �#��E��:.550 �)(�� 0J��  w� � 0�H' ��$E

>��^W 5�  -mB_ �N�.$( *� ���� *�$B,����# �� �$�E

 /�.��,]J >�A)�� C�:'	'� S� SpectrAA.220 

-,$
  Varian>5��(� �$�E 
� )Emami, 1996 .(

!5� k��� $� 0L�� � >��+4�
 /�.��,���e.  *L4

>��^W -HJ >�
 >��7)�� �B�. c+U $� �$�E  g$E

.�(�
 `��
E g$E:B�,$�  

>5��(� � IG�� ��$� =�9�$B, �$�E  �� =,

 `�� 5� >��7)��Lichtenthaler  (1987) ��$� �

 !:)�� 5� �$�E >��^W80 �8��  � �
 >��7)��

 l:. N:? �� S]J !�
�.470  �663  �� $).:(�(

 �$).:)9�$)"q�� >�A)�� 5� >��7)��UV-VSI  N�.

Cary50 >5��(� -HJ .���$E -i�$K  !�
�. �$�E

 C�:' >�
 >��� }�d:' `�� 5� o$� @�2�$�Bates 

(1973) �� �� �$�E >��^W � �
 >��7)�� 5� 5� >��7)

 *�B�+�2��:72:�3 �  @����# @��( ���� � g�G(�

 l:. N:? �� S]J !�
�.520  -i�$K $).:(�(

!:2�. ���e. @��1' -HJ .���$E  5� ��i�2F ��

`��Heath & Packer  (1968)  *�)���$B, �$' 5�

 ����(TCA)  N:BD. � �8�� *�TCA 20  �8��

 ���U5/0 ) ���� *��:�)�����:�' �8��TBA (

>��^W ��$�  N:? �� S]J !�
�. .�
 >��7)�� �$�E

 l:.532  �600  c�$d � ���$E -i�$K $).:(�(

 N��1. �
:.�4mM-1cm-1 155 @��X	# .�:� 

 5� >��7)�� �� !;����# ��+,�$� !�
�. IG�� ��$�

`�� (2000) Velikova et al.  �$' �$���, �� �

 ���� *�)���$B,1/0  /���)� 6�7+9 ��8��10 

 �b:.�$"�.7=pH  /���)� ���� �(KI)  ��b:. *�

 l:. N:? �� S]J !�
�.390 .���$E -i�$K $).:(�( 

�$�� H'�0 
(F >��^W�	� ��)� $9�� 5� o$� -9���/ 

 6�7+950 .��b:.�$" )7pH=(   =���� �B� ���U 0,

@���2�$�� )PVP (�*  =�(:72:� !�). =��9 ��8��

) ���:B9PMSF (�* �B�. b:.�  �EDTA  �B�. *�

�$� .�
 >��7)�� ��:� �b:.� E >5��(��$� .�!�
 

2�19�-  /�
(FH' 5� w� �5b�'�,�0 
(F >��^W�	��  $9��

��)��/  6�7+950 .��b:.�$" )7pH=+,�$� � (�� 

#�!;��� 3 �8�� . � 09�d� !F 0��!�
 H2O2  �:J:.

 �� I�,�� �:BM. ��240  5� w� $).:(�(3  �� 0e�K�

N��1. �
:.�4 c�$d 5� >��7)��mM-1cm-1 

4/29�$E 0Y��D.�� )Aebi, 1984�X	# .(��@ �$�� 

>5��(� E�$� .�!�
 2�19�-  /�
(F�+,�$��5��  SF

 0(v�+,�5 �B�.  =2�E�$�� � �b:.10 �B�.  0� �b:.


(F >��^W�	�  !�
�. � 09�d� N:,���E�$)' S]J

 �� (N:,���E !�
 ��+,� 5� =8�U)470  �� $).:(�(

 >��^W !�:	( 09�d� 5� w� I�,�� x�$
 0mD2

 5� >��7)�� �� .�
 >�(�:4 0e�K� *� 5� w� � �	�
(F

� �� S]J 6�$���'* $d � 0e�K��c 
:.�4 �mM-

1cm-1 5/25  0Y��D. >�
 =�"L' N:,���E�$)' ���e.

�$E�� )Plewa et al., 1991.(  
  

N��J 1 . 5� �4$�Q�4 ����	�
 � �"�
�9 6��8:^4. 
Table 1.  Some physical and chemical properties of soil. 

Mn Cd Zn Cu 
(mg.kg-1) Fe K P Ca 

(meq. l-1) 
Mg 

(meq. l-1) 
Ec 

(dS.m-1) pH Texture 
1.1 0.20 0.53 0.48 2.4 209 11.1 11.2 10.8 2.8 8 Sandy loam 
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 5� I#�v� @�� �� z$? c2�K �� =��:),�9 I��.5F

 �9��^' yO.�, ���.F>��� =�BD'� 0�
G' ��$� �#

 .�
 >��7)��0�
G' ���.F >��� �# �� >��7)�� 5� 

g$( ��
9�JMP (13.0.1, SAS Institute Inc, Cary, 

NC, USA) g�G(� -9$E � 0+��e. @�A(��. �# 0� 

0B��� !:.5F  }3� �� �,:'5.�
 g�G(� %  

  

CD� � E
�'(  
������� � ���� ��� ���  

 �:� cB3. @�� $A(��� R�eD' @�� @�A(��. 0+��e. P��)(

!5� �-L, C�D. �� /�.��, ���e. I��
9� �� 0,  

*L4 ) ="
) -9�� I#�, >��+4�
 � 0L��a -1 � (

 N��J2(=��e). $%� @��X	# .SNP  /�.��, �$�%&' $� �

-
��( k�$4 l�' >��E >��+4�
 *L4 !5��  0� �2�

!5� I��
9� cJ:. ���H�'  0� ����$E >��+4�
 *L4

��:?  ��	�' 0,100  �b:.�$"�.SNP  I��
9� cJ:.

21 !5� ��8��  �$���, g�W 0� -Y+( >��+4�
 *L4

 N��J) ���$E !F2 �$���, 0, �:� �2�U �� @�� .(SNP 

!5� $� /�.��, S:B3.�( $%� I#�, cJ:.  0L�� *L4

��:? 0� ���$E  ��	�' 0,100 �b:.�$"�. SNP  Q�4 ��

 /�.��, 0� >�:2F ��#30  �60 �B�.  c�'$' 0� g$E

 I��
9� cJ:.85 �8��  �4/2 @�� �$��$�  c+( -78

 s$^. g�W 0�SNP  ="
) ���$Ea -1 g�W C��$
 �� .(

 ��	�' �/�.��, �:J�200  �b:. �$"�.SNP  0� -Y+(

I��
9� cJ:. �!F s$^. g�W 33 �8��  *L4 !5�

) ���$E 0L�� ="
a -1 C��$
 -D' >��E �
� I#�, .(

 -�� @"	. /�.��,
�(� 5� $���' ]�. ��:. S]J� �

2:'�� ROS �' ���$  ���-4: 5��� ;$(�� _ ��>$  �
��

)Wang et al., 2013(0� . ��:?  6�12�3. �4$� �� 0,

-mB_��# �!�+" ��  $'b��/�.��, �$��  r��� >�#�L.

9�
�;:2:� E�!�#� )M.��$71J !:[ �7B  0(:��� ���U =E

���E ����.5 g���� :#�, �  � �
 >��7)�� @�� �
�E�!�#� 

 0�-9�� I#�, �. P��)( �� 0��L. �:? )Wei et al., 

2012; Hojati et al., 2017; Dong et al., 2019;. 

Valizadeh Ghale Beig et al., 2021(�2�U �� .  >��E 0,

caudatus Amaranthus h�# 0(:E  �� ��
� I#�,

Q�4  /�.��, 0� >�:2F ��#) ���( !�L(Cay, 2016 .(

I#�v� @�� �� @��X	#  �$���,SNP 0�) !�:�W  >���,��5F

NO l�' >��E 0L�� *L4 !5� I#�, =��1' �� (

 $A(��� 0, ���$E fK�� $%:. /�.��, C��$
 -D' k�$4

 �)m9�D. Ie(NO  OYK .-�� /�.��, I�' 0� r��� ��

 
�($�%&'  >���,��5F Q$D. NO !�#��E$��� �
� $�

() -�� >�
 `��
E
�Zhao et al, 2016; Wang et al., 

2013; Wei et al., 2020 .(NO  N:"2:. *� !�:�W 0�

g��� � �)+�5 N�19 ��#����$9 5� ����+� �� !���

-4:� � �
� �� �;:2:�
�9 �  �7�� �� �	H. Ie( >��E 5��

�.  ��,(Leterrier et al., 2012)@�� �� .  6�12�3. N�U

 !�L(>��� �. /# >��. @�� 0, �(�  � �)u�7U Ie( �(�:'

 =D. � -mB_ 0� �A)+� 0, �
�� 0)
�� -�	� /#

 ���� !F -�2�19(Chen et al., 2018) R�eD' @�� �� .

 �
 >���$�%&' 100 �b:. �$"�.SNP  $%� =��1' $�

 5� $'5��� 0L�� *L4 !5� $� /�.��, S:B3.�(200 

 �b:.$"�. SNP ="
) �:�a -1>�
 `��
E .(   0, -��

 0��H� -mB_NO  =�"L' I��
9� $� >�OW -�� @"	.

 
�( �2:B� >��:�� $� ����H)(� � �Y(�J ��# 0L��$�%&' 

 .��$E �2:B� >��:�� 01�:' � �
� cJ:. �)��H( � 0)
�]E

�. 0L�� $� >��. @�� 03��� �U 6�$%�  N$)�, -D' �(�:'

E !:.�:# @�+,� �#�� �
�� (Lombardo et al., 2006) .

�. $m( 0� I#�v� @�� ��  ���SNP �.  Ie( �(�:'

 I��
9� �� �)Yj.-+�5 >�:'  �
� k�$4 l�' >��E 0L��

Q�4 �� >�$, 0� >�:2F ��# /�.��, .�
�� 0)
��  

  

 ���� � ������� �� � !��" #$�
  

)( �Q�4 �� /�.��, -mB_ I��
9� �� 0, ��� !�L( P��

 ���e.��1. ��:? 0� 0L�� /�.��,  � -9�� I��
9� ����

 �:� >��+4�
 5� $)L�� $��$� @���[ 0L�� �� !F -mB_

) ="
)b -1 N��J � (2(.  /�.��, S]J !�
�. @��X	#

-mB_ �$���, �� 0L��  VB)M. ��#SNP  ��
 $)L��

0� ��:?  !�#��E 0L�� �� /�.��, -mB_ @�$)L�� 0,

Q�4�� >�$, �
� �� >�:2F ��# 60 �B�.  g$E:B�,$� g$E

 �� 0, /�.��,100 �B�. �b:. SNP  �(�:� >�
 ��	�'

 5� -mB_ @�� �$���, cJ:. 0� .�
 >���SNP  f	G'

 0L�� �� /�.��,51 �8��  �� !F s$^. g�W 0� -Y+(

 5� �,�U 0, -9�� I��
9� /�.��, -mB_ !�	#$�%&' 

$)L��100  �b:.�$"�.SNP  /�.��, S]J I��
9� ��

L�� ��	�' 0� -Y+( 0200  �b:.�$"�.SNP  ="
) �:�
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b -1 �$���, 0, �:� �2�U�� @�� .(SNP  ��#��	�' ��

 >��+4�
 /�.��, S]J �� /�.��, VB)M.$�%&'  ��]E

 N��J) �:Y(2 /�.��, -mB_ I��
9� �� $A�� s$? 5� .(

!F -9�� I��
9� 
�( >��+4�
 /�.��, ���e. !��[  �0,

 >��+4�
 /�.��, ���e. @�$)L��04/24  $� g$E �B�.

 ��	�' �� 0, �:� g$E:B�,60 �B�.  /�.��, g$E:B�,$� g$E

�
 >���  N��J)2 ���e. @�� 0L�� �� 0+��e. �� 0, (

 0L�� �� /�.��, ���e. 0, ��:? 0� �:� /, ���+�

 0��L. -mB_ �� >�
 ��	�' !�#��E05/170 �B�.  $� g$E

� g$E:B�, ���U 0, �:07/7  �:� >��+4�
 5� $)L�� $��$�

 N��J)2  ="
 �b -1 .( N�e)(� yb:8�/�.��,  R�$? 5�

��L_ �2:B�  0L�� C�:'=K�(  ���n'�$� ��#+B,�/ �

�.�
�/�� �@#F ��� �
�A�. � w. �. 6�:8  =K�( � �$�E

����( �8�^)4�!:� =, 5� .  ��$K 0L�� s�$?� �� 0, ���#

�. 	+K Ce9 �($�E�. >��E S]J �,�(� - �:
 � 

!:� @�� /mW� -	+K  >��:�� S]J �"�
�9 �:? 0� �#

�. �2:B� �(:
 ��(�:' �	( �  � >�
 N:B� ����-��H( �� 

�	( -	+K 0� ��(�:'  .�(:
 =e)�. >��E ���:# ��#  �"�

 !�#��E 0L�� �� /�.��, !�
�. I��
9� =�b� 5� $A��

=i:,�� �� �H(F f	G' -�� @"	.  B�N:  �
�� 0L�� ��#

I#�, 0� $G�. 0, -	+K 0� !F N�e)(�  >�
 ���:# ��#

 5� $)L�� 0L�� �� $^�W @�� ���e. =�2� @�	# 0� �

g��(�  ���:# ��#) �
��Beata et al., 2018; Ghosh & 

Roy, 2019( .��� !�L( I#�v� @�� P��)( � 0, I��
9

 !F $)L�� N�e)(� 0� $G�. �.�
2� C�D. �� g:�.��, -mB_

 ���:# ��# IM� 0�k�$4 l�' �	(  @�� b�	)U� � ��$E

-mB_ �� 0J�:. �� >��E  5� C�D. �� g:�.��, $'b�� ��#

/+�(�". ��# >�
 $,T  !F $)L�� N�e)(� 5� -1(�	. ��$�

IM� 0� �. >��7)�� ���:# ��# ��, �� Q�� ��$� 0, @

=K�( R�K� 012�3. cB3.  N�e)(� � S]J �� $�E�� ��#

�. ���$d /�.��, �
�� . 0� P��)( 0� 0J:' �� @��X	#

�. $m( 0� >�.F -��  k�$4 l�' >��E 0,���

I�� >��E *� ��#���(�)�� �	( !�L( �� $A)
�Y(�  ��#�

 5� I�� b:	1. !�#��E @�� 0, �$[100 �B�.  g$E

!5� g$E:B�,$� , �:4 *L4 ���:# g��(� �� �� /�.��

!��� �. f	G' �
� I#�, ��#� )Shanying et al., 

2017(�. $m( 0� .  f	G' �� 012�3. ��:. >��E ���

�. 0L�� �� /�.��,  �:? 0� �(�:' Q�4 5� �� /�.��, $%:.

s$? 5� .��, l��4 �$���, $d�U 012�3. �� $A��SNP 

 >�$, �
� !�#��E 0L�� �� /�.��, f	G' I��
9� cJ:.

 .�
 /�.��, VB)M. ��# -mB_ ��`��
E  ���1). ��#

>��� !�L(  >���, ��5F �J��4 �$���, 0, �(�NO .�  �(�:'

�:)D.� �!: �#� �1' �� /�.��,�= �#�  � ��w"W$� 

.�#� I��
9�  �J��4 �$���, N�j. ��$�SNP  cJ:.

P($� !�#��E 0L�� �� /�.��, f	G' I��
9� ��:2 � 

)Xiong et al., 2009; Zhao et al., 2016(  w"W$� �

o$� � 0L�� �� /�.��, f	G' I#�, cJ:.  !�#��E ��#

���$E `�. � ��7� ��Y
 ��A($9 0J:E )Nahar et al., 

2016; Ahmad et al., 2017; Liu et al., 2015 ( .  

  

  

  
 ="
1.  @�A(��. 0+��e. $%� =��e). /��� � /�.��,

 �����$��$)�( (SNP)!5� $� ) 0L�� *L4a( � 

) 0L�� /�.��,���e.b.k�$4 l�' (  
Figure 1. Mean comparison interaction effect of 

cadmium and sodium nitroprusside (SNP) on root dry 
weight (a), and Cd concentration in root (b) of cock's 

comb. 

  

�2�U��  >��. @�� >�
 !��� $A�� `��
E �� 0,

$�%&'���:# g��(� /�.��, ���e. $� �  -
��( �A($9 0J:E

)Wang et al., 2016 �"� -�� >�
 `��
E @��X	# .(

I��
9� =�b� 5� � �� /�.��, f	G'�>��: � N:B��0L  �

o$� N:BD. �� /�.��, f	G' I#�, ��5F �$���, �� P($� 

>���, NO �.  I��
9� 5� �
�( �(�:')"��@ 	# ��  
2:B�

� ���>��: � N:B��0L  P($�) �
��Xiong et al., 2009 .(

�� ��@ N�U K� 6�12�3.�R �$� $'� 1'��@ ��0"� F��  �$���,
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�J��4 ��5F>���, NO  ��m�'�/ �:)D.�  �� /�.��,

�# g��(�� E VB)M.�#��  -D'C��$
 /�.��,  -�� $%:.

0( �� ( ��:.�5� -��. 

  

% &���"�
'(!  %"  

) ="
 �� 0, �:3(�	#a -2�. >��� (  ���e. ��:


y�.:	W =�9�$B, /�.��, -mB_ I��
9� �� -9�� I#�,  �

�$���,  100  �b:.�$"�.SNP $�%&' I��
9� �� ���
+� �

 0� -Y+( =, =�9�$B, ���e.200 �b:.�$"�.SNP  ��

-mB_ �� ��	�' C��$
 ��#30 �60 �B�.  g$E:B�,$� g$E

0� -
�� /�.��, ��:?  �� =�9�$B, ���e. @�$'b�� 0,

 �� >�
��	�' !�#��E100 �b:.�$"�. SNP  �� /#

Q�4  /�.��, 0� >�:2F ��#Q�4 �� /# �  !��� ��#

="
) �
 >��� /�.��,a  -2 -mB_ @�� cJ:. 0� .(

 I��
9� ���$���,20  �50 �8��  !�#��E �� c�'$' 0�

 ��# -mB_ �� >�
 ��	�'30  �60 �B�.  g$E:B�,$� g$E

 @��X	# .�
 >��� !F s$^. g�W 0� -Y+( /�.��,

@�$'b�� �� >�
 ��	�' !�#��E �� =�9�$B, ���e. @�$)	, 

�$���, !��� � 0)9� ��, 0� /�.��, -mB_SNP   �
 >���

="
)a  -2 .(I#�,  /�.��, �b�� -mB_ �� =�9�$B,

 0� c��F � =�9�$B, !:�����+,� =�2� 0� -�� @"	.

.�
�� -�O��$B, ��)4�� ' @��X	#A�� 6�
B9 f	G�@ 

�' tW����$ A(� 
)�� 0(���#� 9�$B,�= ���' ��$  03���

�#� ��))��:�* 9�$B,�= )( �� ��0G  0W:	G. �$"B	W
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Figure 2: Mean comparison interaction effect of 

cadmium and sodium nitroprusside (SNP) on total 
chlorophyll (a), hydrogen peroxide (b), 

malondialdehyde (c), and proline (d) of cock's comb. 
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Table 2. Mean comparison interaction effect of 

cadmium and sodium nitroprusside (SNP) on shoot 
dry weight, Cd concentration in shoot, catalase and 

peroxidase activity of cock's comb. 
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0 1.85a 0.33c 20.17c 11.07c 
30 0.37b 10.84b 35.86b 38.45b 
60 0.15c 24.04a 55.90a 53.50a 

SNP (µM)     
0 0.73b 12.49a 34.4b 30.49b 

100 0.89a 11.20a 40.4a 38.45a 
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In each column means within a same letter, are not significantly 
different at probability 5% level. 
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