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

  

���  

 

  
 

	
�� *
�
+
��� �� ! �,-�� �� �
��� !�
. �  ���# /%
 �0� /1�2 3�4��  
 

 

567#�8  ��� *9 ��� �:;�7��� �<�	"�� � =
��� �72�'  

  

)���	�
 �	�
� :��/��/���� � ���	�� �	��: ��/�/����(  

  
 

>4
!	  
   ���# /%
  $:� ��"? �� =@�
 /%
  �� �A
�� ��1   �B 	#��  	#�   �� 3�1�
.  �C�"� �   /1�B��	1  .       �� 	
�� *
�
+
��� �B !	# ! �  3�E;
   F@ 3��%���
&  ���3��   �G�� ��H+�  ��  �  I"�
 /%
 ��  3�1�
. �   �� 	#��.     9/1�J& =@� �     � 	
�� *
�
+
��� �0�   	@��B      	K#� �K� $@	K� 
 �
��� !�
.   L7�    5��. ���M �N��A�  ���.  � =@	�   9��O%      �� �  ��P�� �  9/@����  ��� 3�1�
.        9�,KQ 5KO�� �� �� 9�.R/S   � T  �K�
�   ���K�

   	
�� *
�
+
�������� 	;	@ �. �#�& .     �	� �� 3�1�
. UV�TW               � �,KQ 5KO�� �  �  ���K# ��K"

 5�
 ��� TSS  �K�
�     *K"; ��K�
$@	�	@��B  	%-��. ���M  .     �B  �  3�E; X@�-;    �%N� /1�B Y��� ���# /%
   ��1�-����& ��         �K1 ��	;� � �E@� FE8 � �
 3��   IK
����B 9�@�

          /@�L�� � /%
 Z8�# 9[�� \� �7+; 	Q�  9�7+;�%N� =
���& ��    ����� ��1	%M �      	@ �. 	1�# ��"

 �� 57+;  .      �K� !	K# ��"

 3�1�
.
                        	K; �  3�EK; 	
K�� *
�
+K
��� 3�	K� ��"

 �� �+@�G� �  �� ��-E
� FE8 � �
 3�� 9	
�� *
�
+
��� 5O�� �  �1 . $K1      ����KB =
K%>


�
+
��� 	
�� F         Z8�#  �7:� Y��� ! �,-��  ��� 5O�� �  �1 �                U;�K����� IK
����B � �7+K; IK
����B 3�L
� 9\� �7+; 	Q�  ��1
)Fv/Fm (          	@ �. 	1�# 3�1�
. �� �+@�G� �  ���# /%
 _@��# �  [��. ��   �Q`8 ��a ����� 9            �  	
K�� *
�
+K
��� �K� �K
��� !�K
. �#�&

�� ���# /%
 _@��#:� Y��� 	;��
	1  /@�L�� �� �
��� ���# /%
 �� 5���G� ��
-; �  � !	# 3� 	#�  �7.  
  
  
  
  

!b�� �1�  2�
	� :  9�A
�� /%
9=
���& �7+; I
����B  

  

  

  

  

  

  

  

  
  

�. ��  ����� �� �! "�# ��$"�# ��$ % 
�&'!  � �!(�)*+! ,&-#+ .�/01!
 �23�%�0$ .�401!
 �,1�56�� 789:  

* : ; <8=>;?@! �>� �A�5��?1%�&�?, :davod.khoshbakht@gmail.com  

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
91

.2
.5

.1
6.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

8-
25

 ]
 

                             1 / 11

https://dorl.net/dor/20.1001.1.22518517.1391.2.5.16.4
https://jcpp.iut.ac.ir/article-1-1680-fa.html


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

���  

��	G�  
   .�%
 <BC �
 (�D��E               �F� �F'! GF?H; 
8FC 8FH1 % � � 2�D

I#�    �18  %��%� ,J�K; 
�-&; 2�D .    2
�:��6 �1%� �L�&1 I#�

�#	M�
                3! ,F5�N�� �F	 OF	 ��PQF� 3! �FN �F'! O	R8@8	S�
 2�D

,; T+�U ,J�K; % ,&>	3 T;!8: 
8  .I#� ,&>	3��6 2�D  3!

; ,9;!8: �9HV,   �	
%�K; (�D��E 
�?9H: % � � �
 �N �# ��

 ,; 
�L	!  �##N . I#� A��>C           �F� �F;
 % 2�8F  �WM 
85HN 2�D

      I#F� �	�F' �� �>	�X; �
 (�)V YJ' �
 (�D��E   .
�&>FE �FD   �F�

  �'!)�� .(   2�8  I#�  Z); �9HV 3! G	��  I#F�    ,FJ�K; 2�FD

,;   �$ � ��  � �    !� (�D��E 
�49H:%   ID�F$ ,F; �FD
.   [8JF' 

\��2           �F#1�; � � 2�D�&;!��� �
 �V8� T��] ID�$ ^:�� 2�8  

   _�� <8` �_�� YJ' %        �]�F' % �0F	� a0C (3%   ,F;  

�FE 

)� .(  �8  b	!�  �
   �� (�D��E �   �F� .�F  
�FL	! ,�M I#�   �9�F'%

 Z$ T�>1�&��M, ,V��C            TFC!
 �
 cFHL� T�@
 �� (8	 ��H' %

.��E  ,; %��%�  �18 )�� .(    � �'! G?H; (�D��E �d�E!  2�8  �

               !� I#F� % �#F �� �&F !
 ,@8FH-; Z>�@8��&; �WM Z$ % b'8&;

              e�fF; �F� g�F�&U! ��-h% G	! i*U 2!�� ,@% ��#D�1 (�01

         �1�!
 S&#'8&
 �C�d % ,H>�@8��&; ��@�-
 2!�� 2�&0�� 2R�1!

        ,F; <8fK; 
�?9H: % � � ID�N �� �L#; �	�)1 �
 �N   
8F 

)�� .(    Z>�1�4; (�D��E �b	!�  G	! �K� �FD	, !�   2!�F�    TFHK� 

     �� ,18	 % 2SH'!  ,F; ��$ �F1��.         Z�Fj#� T;�F  �FD��4D!� GF	! 

bFF'8� 2SHFF'! [BFF;! cFFHL�  �FF�@8� �,FF@M % ,1�FF-; ��E3�FF'

G�=�%��D2� I#� ) �k (      (8F	 �Fj96 ID�F$ %     �
 ,HF' 2�FD

      (
�F$ 
%�K; b'8� Z'B�8&�'  Z	�F' 
%�%  ,F;   �F ��)�l( .

  �� m�;8H: (�D��E  Z>�1�4; �9�'%   ,:�

 2�D      Z�Fj#� % .�F  <�-


,; (�01 �'�� ,J�K; I#� �� �,@89' Z>�@8��&; �#D
)��.(  

         <�-
 �8j#; �� �I#� b	!�  �
 2��E�!�] 3! n� (�D��E  23�'

  Z�>1�4; S&#' �	   ,; <�'�! 7��� �,:�

 2�D  �F##$)�� .(  3! 2���>F�

<849;        % G9��! �a�18H'�V ��'! �Z�>9$ �#1�; �D  ��'! O�9�>�@�'

 (!8#: ��     �;B: A\8fK; �	 (�'� 7���       .�F  ,F
�-; .�F#D
  �F1!

)�l .(      .�H: IX1 2
�-&; A�-@�J; m!��C!    ��F'! O�9�>�@�'!�   �F�

   7��� <849; a	 (!8#:      �F'�� A�1�'81 �
 Z); (�'�      �F� .�F�E 2�FD

I#�     ,F; (�0F1 
�-&; 2�D   �F#D
)�� .(      �5F' ��F'! a�9�>F�@�'

       �
 2
�-&; ,	��H� 8�� % a	R8@8	S�
 2�D�P! ,; (�D��E    �FN 
8F 

      (8	 W�V �
!8; W�V �� ��PQ� T;�    �F� �FD       <�FX&1! ��0F	� �9�F'%

(8	  �D)��(      G9��! S&#' 3! 2��E89V �)��(      o�F-� (
�$ Z$ �)�p( �

    ��F' �
 .�6 T�40� a	�K�  ,F#�;3)�q(   �F�@�-
 3! 2��E8F9V �

   a	�K� �$ O�>�>�M ��'!        �F13%� (�F  �&>F� .�F##$   �F'�D)�( �

 	�	��#$8&�; n*#� �1!8V �,  .8�; ���� ,13     �F � (!S�; I	!S
! �,D


    r8*1 ��9��] I	!S
! �S&#'8&
 %        �F13%� �	!�FD % �0F6 2�	�F� 2!

)�� (,;
8 .            .�F�E �F � % S&#'8&
 �� ��'! a�9�>�@�' �5s; �P!

       �'! .�  ��!SE I#� b	!�  �K�)l� .(  2�!�C)�� ( �
�	�


   ��H�� �$a�9�>�@�' ��'!    �$ % T�
%�9$ 2!8&K;     �
 !� �D�F�t8#�%�

  .��E  ,; I	!S
! A�r�D
 .    (!��4HD % 2���)l� (    �F$ �1
�$ 7B:!

    �V8E .��E A�; ,1\8` ��H��  �j96 �� ,/1�
   Z$ 2�D a�9�>�@�'

��'!          2�8F  I#F� �F$ �C�F' �
�] !� (�D��E ���� ,F9�;   �\8F;

    �##$ THK� !� Z	�' �	�9$ .  �t�&@!)�� ( I�� �$ 
!
 ��!SE  ��FH��

  � 8V .��E  � a�9�>F�@�'  ��F'!          ,5>F1 WM (!SF�; I	!SF
! �FV8; 

)RWC( �FF1!�/1� (!SFF�; �a0FFC % �FF� (3% � �2S&#FF'8&
 2�FFD

D8��$�A!�� �D2 <89K;�1          b	!�F  �
 3!��>F$!�� ��@�-
 % �*>
 �

  �	
�E 2�8  I#� .   (!��4HD % !8#	
8��C�')�p(   �F1
�$ ��!SFE 

   ��H�� �$a�9�>�@�' ��'!.��E � � �� 2�8  A��>C ��PQ�   7�F#E 

         
�F$ c	�>� !� � � TU!�; �	�L� % .
!
 ID�$ !� . ZFD   �
 G�F#d

      �� .�  ��H�� 7�#E (�D��E ��'! a�9�>�@�'    O�>�>�M ��'! �	
�X; �

       I#F$!% �-'8� (M �L�&1 �$ ��
�	 I	!S
!       
8F� ,0F#� �Fh 2�FD .

   I#� �� �;%�X; a	�K� �F� (�D��E �
 u9&v; 2�D    
����F$ �9�F'%

  ,V��C      ��F'! O�9�>F�@ �'%          
����F$ �F'! GF4H; (M A�X&0F; 

         TF/#V % ,1�F56�� �23�%�0F$ �
 ,H); ,9H:     �F �� �&F !
 2�!


)��.(          ��FH�� 
����F$ �I	�F;3M G	! 3! e�D   ��F'! O�9�>F�@�' �


�wD��E �
 2�8  �� �;%�X; I	!S
!,; ���8@ 2�D� ��.  

  

d�� �  ����1  

/@���� ���?� e��;  

 �� I	�;3M       [�` �@�] �
 T	�8&$�
 A�8+      �
 ,

�fF� mB;�F$ �	��

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
91

.2
.5

.1
6.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

8-
25

 ]
 

                             2 / 11

https://dorl.net/dor/20.1001.1.22518517.1391.2.5.16.4
https://jcpp.iut.ac.ir/article-1-1680-fa.html


	
�� *
�
+
��� �� ! �,-�� �� �
��� !�
. �  ���# /%
 �0� /1�2 3�4��   

���  

               7�FL1! �!�F4� �F' % ��F'! a�9�>�@�' YJ' %
 �2�8  YJ' %


�	
�E. ���8@ 2�D��� )Phaseolus vulgaris( (!�9E �
 ,9J' 2�D

            �1�F  �&F �N 78F@ x�FC % �'�; 2%�>; y89v; 2%�U .  2��F��M

      �	
�E 7�L1! (8>1�V Z�1 <89K; b'8� (�D��E .     �F9U�; �
 nzF'

   ; (�D��E �,E�� %
         ��*F+ �Fj96 �' b'8� I	�;3M 
�8q/�   % � 

,9�;    �\8;   ��'! O�9�>�@�'<89K; �1�  , �� .    A�; �� nz'�l 

          % �*+ �j96 %
 �
 2�8  ��H�� �K� 3%���� ,9�;    OFH1 <8;

 Z	�' �	�9$  �#&
�E �!�]  .          x8F  (�F  
�!% 3! 2��E8F9V �F)V

          �F
�E 7�L1! {	��� �� 2�8  ��H�� <�H:! �(�D��E �� ,1�)E�1 . �


             ��0F	� % ,	!8FD 7!�1! O0C % �� (3% 2�D�8&N�
 �I	�;3M (�	��

           % _�F� WM ,5>1 �+�
 �,5>1 T�
%�9N �<89K; 2�D�#] �G�@%��

.3!�1! T�
%�9N n1�'�89
 |C� �1�	
�E 2��E.  

  

$@	� 	@��2 ����� �
:
  

  <89K; }�)� 2!��     OH1 3! �2�8  2�D  NaCl      ~8F9C �FV�
 �� 

q/��] %MERK [�E .
�*&'!<89K; % �	
  �Fj96 �� 2�D  2�FD 

   % �*+��� ,9�;       �	
�E ��)� �&�@ �� <8; . .3!�F1!     �F� (3% 2�F�E

   _�� % �]�' ��0	� :     % �]�F' ��0F	� �F� (3% �I	�F;3M (�	�� �


 �]
 �� <�&�L	
 2%3!�� b'8� _����/��  G��-� 7�E  .  

  

!��	;� [�� � �M�� 9�E@� *E8 3�� ��
.  

       �F� _�� % �]�' ��0	�     A�F;l�          2�F;
 �F� (%M �
 �:�F' pq 

             3! nF� % a0C ����P (3% �� (��'� (�;3 �� "8�>9' �V�


              �F� <�F&�L	
 2%3!�F� b'8� _�� % �]�' ��0	� O0C (3% (M

 �]
��/��	
�E G	38� 7�E  .  

  

!��	;� �7+; I
����2 ��
.  

 �#	S5' (!S�;    <�)1!
 _�� 2!             I	�F;3M (�F	�� �
 ��FH�� �FK� 2�FD

TFF�
%�9N .�/&FF'
 bFF'8�  {#FF')<�FF;CL-01 �$�FF  �C�FF' �

Hansatech instruments Ltd.(�&>9/1! �80$  (.3!�1! �	
�E 2��E .

  G	��                 �H>F] �F' 3! _�� �D �
 % �t!�] �' �!�?� �D 3! ��8j#;

.3!�1! A%�*&; �	
�E �5P �)1M G�/1��; nz' % 7�L1! 2��E .  

!��	;� =
���& ��
.  

   �18H1 
!3M G�@%�� (!S�;     �F� _�� 2�D  �        (!��F?HD % SF&�� �%)l (

.3!�1!   �  2��E . �!�X;q��,9�;       �F� ,F#�d (%�FD �
 �F� _�� 7�E

�� ,9�;            ��F'! O�9�>F�@�'8*@8' <8F9K; �F&�@� %      �F@ ,�8FC �F�

�	
�E .   �� T+�U y89v; nz'        .��H  GH�!% ,
�+ �6�N �9�'%� 

 �	
�E e�+ . ,9�; %
     �� .��f: 3! �&�@       ,F9�; %
 �F� .�;M �'
    �F&�@

  e�-;G	�1     ,9�; %
 % G	���D           y8F9v; |@�FC ��F'! O�&F'! �&�@

     �� T+�U y89v; nz' % �	
�E          WM 7�FHU �
 �:�' O	 A�;

    �F  .
!
 �!�] 7�E .              (M �F� �TF+�U .��fF: (�F  OF#C 3! nF�

      �F	
�E n?��% nz' % �
�h! Gt8@8� .       W�FV (!SF�; ��F	�)1 �


  �&;8&
%�&?zF'! .�/&'
 b'8�) <�F;UV-600A  (   g8F; <8F` �


q��            (!SF�; �
�!�1�&'! G�@%�� ,#K#; 3! .
�*&'! �� % �t!�] �&;81�1

 �18H1 G�@%��             (�F�� �F18H1 �F� (3% 7�FE �
 <8;%�?�; �>U�� �D

�	
�E.  
  

!��	;� U;������ I
����2 ��
.  

  �18H1 n1�'�89
 T�
%�9N          .�/&'
 3! .
�*&'! �� I	�;3M (�	�� �
 �D

n1�FFF'�89
 {#FFF') <�FFF;RS232 �$�FFF  �C�FFF' �ELE 

International  (�&>9/1! �80$  (      .3!�F1! ,?	��F� �F9U�; �
    2�F�E

�  .          �1�01 (%�� �$ �@�� _�� G	��\�� .��E �D 3! ��8j#; G	��   2�D

��'M         A�; �� % W�v&1! � �� ,E�	
q  �� �X�]
      .�F�E �9�'%    2�FD

   �  .
!
 ,?	��� �.�/&'
 .       �F1!3%� A!����� (�1�'� T]!�U �� 2!��

   8�8
 (�	�V A�  �
      �F18H1 <8F` �
 2S&#'8&
 (      ZF$ % 2�!
�F�

      .3!�1! 
�8; 2�D�&;!��� �� (M �P! (
�$   .3!�F1! 7�H� �2��E 2�F�E  �FD

 A�:�' G����  �����
�E A�8+  .nz'  T�>1�&� �#�0�� �&;!���

  Z&>FF�'8&
 ,;8FF&1!8$ ,	M��FF$II : (Fm-Fo) / Fm = Fv/Fm 

.3!�1! �  2��E.   

  

!��	;� [�� \� �7+; 3�L
� ��
.  

  (!��FF?HD % ,FFN�d �%� �FF� .3�FF� _�FF� �
 WM �FF+�
)q( 

.3!�1!   �  2��E .         3! �!�F?� �FD �
 ��8j#; G	��l     ��F)d �_�F� 

    ,&1�' O	 �J] �� O>	
      �� % �	
�E ��)� �&;      �F� 2%3!�F� �9�'%

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
91

.2
.5

.1
6.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

8-
25

 ]
 

                             3 / 11

https://dorl.net/dor/20.1001.1.22518517.1391.2.5.16.4
https://jcpp.iut.ac.ir/article-1-1680-fa.html


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

���  

  �]
����/�      �F	
�E (3% 7�E )FW .( O>F	
        �F� _�F� 2�FD

                  .��F�%
 �F)1M (3% % TFX&#; �FJX; WM �F� �:�F' ��F)d A�;

0;   �	
�E |v)TW .( O>	
 G	!       �F� �1�E!�V e%�� (%�
 �D  

    2�;
 �� (%Mp�             3! nF� % �F	
�E TFX&#; "8�>F9' �V�
 �l 

    �� �)1M O0C (3% �:�'    �;M �'
)DW .(   ,5>1 �+�
 (!S�;

 �J�!� 3! .
�*&'! �� _�� WM��	
�E �5'�K; :  

]�[   RWC= [(FW-DW)/(TW-DW)]×100  

  

!��	;� ����� ��1	%M ��
.  

!�1!.3             2
�)#0F�� �%� �F5` <8F9K; 2�D�F#] (!SF�; 2�F�E

    (!��4HD % "8��!
)�� ( �  7�L1! .       �!�FX; ��8Fj#; G	! ��� 

,9�;          % �  �&v	� I	�;3M �@8@ �
 .��f: 3! �&�@�  ,F9�;   �F&�@

   T#
 <89K;q�    �	
�E �
�h! (M ��  .     �!�FX; �9+�
B� nz'q 

,9�;        v; % �F  �
�Fh! (M �� i�96 a	�8*@8' ��'! �&�@  y8F9

 �� T+�U        �F  .
3 ZF)� �X�]
 a	 A�;  .  ��F	�)1 �
�q��� 

               .8F)] �F1� �F� �F  .
!
 �!�F] .�/0F	�;3M 2�;
 �
 �X�]
 2!

   

�FE T�40� 2�VM .        �Fj96 
�8F; �
 TFU!�; G�FHD  2�FD

    �  7�L1! 
�!�1�&'! 2�D�#] u9&v; .       (!8F#: �F� S$89E �#] 3!

      T?@! 3! % 
�!�1�&'! �#]�� %��      �*&F'! �*F+ �j96 (!8#: .


�	
�E .       <89K; b'8� �&;8&
%�&?z'! .�/&'
 ,L#'!% 3! n�

           g8F; <8F` �
 <89K; 2�D�#] (!S�; �
�!�1�&'! 2�D�#]l�� 

,9�; �>U�� % �&;81�1 �	
�E �t!�] �&�@ �
 7�E.   

  

d�� ����� d�� �&   

  .
!
 n1�	�!% �	SL�       7�1 aH$ �� �*+ �D �� y8��; 2�D  �!SF
!

    2��;M �3!
�� Z&>�'SAS) v>1  ��/� (      �FP! G�/1�F�; % 7�L1!

     ,F#-; A�8F+ �
 T��X&;           �F� �0F�
 (8F;3M "�F'!�� (
8F� �!


   ,#-; <�H&U! YJ' G	�&0��       �F$ 23�%�0$ 789: �
 2�!
q % �


  ,; �&
�E �j1          ,F#-; A%�F*� T]!�FU (8F;3M �	�` 3! �
8  ��!


 7�1 b'8�  �!S
!MSTATC        �F#&
�E �!�F] �>F	�X; 
�8F;  .  2!�F�

    2�5V A�5'�K; 7�L1!  T4  Z'� %    7�1 3! �D   T>$! �!S
!) �v>1

���p (�	
�E .
�*&'!.  

X@�-;  

  � � 2�D�&;!��� �>	�X;  a	R8@8	S�
 % 2   (�D��E    �
 .
�F$ � �

      �8�U �
 % 2�8  W��6��� ,9�;        �F	�9$ aFH1 �F&�@ �
 <8;

Z	�'   �
  <%!�V�   % �     .�F  .
!
 (�0F1   �F'!  . (�FHD   �F$�8`

 ,; .�D�0;     ; ID�$ ^:�� 2�8  I#� �

�E,#-  2�D�&;!��� �!


            T�
%�9$ �,	!8D 7!�1! a0C % �� (3% ��0	� a0C % �� (3%

          ,F#-; I	!S
! % I#� |C�  �_�� WM ,5>1 �+�
 �,5>1 �!


             .�F	
�E �D�F  ��FH�� �� �5>1 <89K; 2�D�#] % G�@%�� (!S�;

�'! .   �� {	�&1 �� �V8� ��     .�D�0F; �I	�F;3M GF	! �
 .�;M �'


,;     �
 �$ 
8  �8  b	!� �        % �F� (3% T;�  2� � 2�D�&;!��� 

        �0F	� % ,	!8FD 7!�1! a0C    (�FD��E �
      (%�F� ,F'��� 
�8F;

  ��'! O�9�>�@�' �8�U   ID�$    �'! �&
�	)T4   2�D�    �F� l.( 

  ��'! O�9�>�@�' ��H��          (%�F� b	!�F  �
 .��E � � 
85)� ^:��

  �	
�E 2�8  I#� .�� 2�8`             %
 �FD �F� .�F  ��FH�� (�FD��E �$

   O�9�>�@�' �j96        (3% �2�8F  I#� (%�� b	!�  �K� ���'!

                ��FH�� �F� �>F	�X; �
 2�&0F�� �0	� % ,	!8D 7!�1! a0C % ��

   �#& !
 ��'! O�9�>�@�' (%�� .     ��'! O�9�>�@�' �� (�D��E ��H��

              a0FC % �F� (3% �
 I	!S
! ^:�� S�1 2�8  I#� b	!�  �


    �	
�E �0	� % ,	!8D 7!�1! .(�D��E      % 2�8F  I#� b	!�  �K�  

�H�� .�  �   �� q/�   % � ,9�;�\8;    ��'! O�9�>�@�'   �F �  2�&0F��

  !�  �� �>	�X; �
 (�D��E      �8  b�K; �
  %      �F� .�0F1 ��H��q/�   % � 

,9�;�\8; ��'! O�9�>�@�'(�01  
!
 �1)T4  2�D� �� l.(  

   F� {	�&1 "�'!���         GF	! �
 .�F;M �F'
 �ID%�F�   |v0F; 

    �j96 �N �	
�E        <8F9K; 2�D�F#] % G�@%�F�  b	!�F  �
  �8F   

  �'! �&
�	 I	!S
! )T4   2�Dq  % k(.� 0��& �j96 G	 % G�@%��

  �
 <89K; 2�D�#]  �D�  (�D��E)   (%��  ��F'! O�9�>�@�' (  % �


  ��-;��� ,9�;     �	
�E .�D�0; Z	�' �	�9N OH1 <8; . 
����$

 ��'! a�9�>�@�'�   �!�X; G�@%��   %  <89K; 2�D�#]     (�FD��E �
 !� 

       �FD��E �F� �>	�X; �
 ,'��� 
�8;  �D�F  ()    (%�F�  O�9�>F�@�'

��'!( ID�$ 
!
 . T4   2�Dp   �� �   (�01 ,;
D     b	!�F  �
 �N �#

 2�8  I#��     |C�F  % ,5>1 T�
%�9$ (!S�; �,5>1 WM �+�
 

               ID�F$ �D�F  ��FH�� �F� �>F	�X; �
 _�F� T�
%�9$ n1�'�89
  

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
91

.2
.5

.1
6.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

8-
25

 ]
 

                             4 / 11

https://dorl.net/dor/20.1001.1.22518517.1391.2.5.16.4
https://jcpp.iut.ac.ir/article-1-1680-fa.html


	
�� *
�
+
��� �� ! �,-�� �� �
��� !�
. �  ���# /%
 �0� /1�2 3�4��   

���  

��	?'.�
��� �f1�
. �E@�� 	#� �� ���# /%
 �
0g
   

.�  .
!
 (�01 (�>4	 e%�U �� �$ ,	�D��H�� (8&' �D �
  (8;3M "�'!�� ��1!LSD  YJ' �
q %,#-; eB&C! 2!�!
 &>�1 �!
�#.  

  

��	? h.Z8�# �� ���# /%
 �
0g
 �
��� �f1�
. F@b���@L
� ��1  

.�  .
!
 (�01 (�>4	 e%�U �� �$ ,	�D��H�� �(8&' �D �
 (8;3M "�'!�� ��1! LSD YJ' �
 � %,#-; eB&C! 2!�!
 �#&>�1 �!
.  

  

  
 IC#T . �@��1 ��	;� �
 3�� �� 	
�� F
�
+
��� ��"

 � ���# /%
 �
0g
)��. .( ! �  3�E; 3�+C@ i��P �� �B �@�1��"

 93�-� �1 � 

!	# ;� 3���� j����� 9	) 0.05≤P ( LSD�%N� i`-8� ����   	%-+
; �� .  

  

,#-;  �'! �&
�	 2�!
 .         ��FH�� 
����F$ ��F/	
 e�` 3!  a�9�>F�@�'

��'!             |C�F  
8F5)� ^F:�� .
�*&F'! 
�8; �j96 %
 �D �
   2�FD

              TF�
%�9$ n1�F'�89
 % ,5>F1 TF�
%�9$ (!SF�; �,5>1 WM �+�


        �>	�X; �
 2�8  I#� b	!�  �
 _��       �D�F  (�FD��E �F�)  (%�F�

2�8  I#� (�	
�E.  

  

Y��  
  �� {	�&1 "�'!��          �F$ �	
�E .�D�0; �I	�;3M G	! �
 .�;M �'


  2�D�&;!���  � �  T;�      a0C % �� (3%   ,	!8D 7!�1!   �0	� % �


 ��H�� b	!�      �>	�X; �
 2�8      �D�F  (�FD��E �F� )   <%�FV�  % 

T4 2�D�   �� l ( ,; ID�$���	.      ID�F$ ��&F'!� G	! �
  L�  cFH

       �
 ���8@ (�D��E �
 a0C .
�;    2�8  I#� b	!�   .�  ��!SE

�'!) �� .(G	!   {	�&1 ID%�� �� 7B6 2�D  (!��4HD % ) �l (  �F$

   
!
 (�01  ��H��      � � 2�D�&;!��� ID�$ ^:�� 2�8 )(3%   % �� 

a0C    �F#]��#�d .�F�E �0	� % �]�' (  ,F;  
�!
 �FX
!8; 
8F  .

     �N �	
�E |v0; �T+�U {	�&1 "�'!��    �FK�  F    I#F� b	!�  

 2�8  ��H��),9�; <8;

Z	�' �	�9$(  

 ,	!8D 7!�1! a0C (3%

)7�E(  

 �0	� a0C (3%

)E7�(  

 �0	� �� (3%  

)7�E(  

 ,	!8D 7!�1! �� (3%  

)7�E(  

�  l/� a k/� a ��a p/�� a 

���  �/� b �/� b ��b �/�l b 

 2�8  ��H��),9�; <8;

Z	�' �	�9$(  

G�@%��) <8;%�?�;

�� (3% 7�E ��(  

 <89K; 2�D�#]

),9�;�&�@ �� 7�E(  

,5>1 T�
%�9$   WM ,5>1 �+�


_��  

I#� |C�   

�  �/� b l��b p/�� a �/�� a ��/� a 

���  p/� a �/l�� a p/k b �/kl b k�/� b 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
91

.2
.5

.1
6.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

8-
25

 ]
 

                             5 / 11

https://dorl.net/dor/20.1001.1.22518517.1391.2.5.16.4
https://jcpp.iut.ac.ir/article-1-1680-fa.html


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

��l  

  
 IC#h . �E@� �
 3�� �� 	
�� F
�
+
��� ��"

 � ���# /%
 �
0g
)��. .(!	# ! �  3�E; 3�+C@ i��P �� �B �@�1��"

 93�-� �1 �   9	;�

 3���� j�����) 0.05≤P ( LSD�%N� i`-8� ����   	%-+
; �� .  

  

  
 IC#k .� *E8 3�� �� 	
�� F
�
+
��� ��"

 � ���# /%
 �
0g
 �E@)��. . ! �  3�E; 3�+C@ i��P �� �B �@�1��"

 93�-� �1 � 

!	#  3���� j����� 9	;�) 0.05≤P ( LSD�%N� i`-8� ����   	%-+
; �� .  

  

  
 IC#W . �@��1 ��	;� *E8 3�� �� 	
�� F
�
+
��� ��"

 � ���# /%
 �
0g
)��. . 3�E; 3�+C@ i��P �� �B �@�1��"

 93�-� �1 � 

!	# ! �   3���� j����� 9	;�) 0.05≤P  (LSD�%N� i`-8� ����   	%-+
; �� .  

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
91

.2
.5

.1
6.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

8-
25

 ]
 

                             6 / 11

https://dorl.net/dor/20.1001.1.22518517.1391.2.5.16.4
https://jcpp.iut.ac.ir/article-1-1680-fa.html


	
�� *
�
+
��� �� ! �,-�� �� �
��� !�
. �  ���# /%
 �0� /1�2 3�4��   

��q  

  
 IC#R . [�� =
���& �� 	
�� F
�
+
��� ��"

 � ���# /%
 �
0g
)�
 3�� ��. �� �����4
�.( i��P �� �B �@�1��"

 93�-� �1 �  

!	# ! �  3�E; 3�+C@  3���� j����� 9	;�) 0.05≤P ( LSD �%N� i`-8� ����  � 	%-+
; �.  

  

  
 IC#l . ����� ��1	%M �� 	
�� F
�
+
��� ��"

 � ���# /%
 �
0g
)��
��-
� �� ��. .( 3�E; 3�+C@ i��P �� �B �@�1��"

 93�-� �1 � 

!	# ! �   3���� j����� 9	;�) 0.05≤P ( LSD�%N� i`-8� ����   	%-+
; �� .  

  

  
 IC#m .[�� �7+; I
����2 �� 	
�� F
�
+
��� ��"

 � ���# /%
 �
0g
 .!	# ! �  3�E; 3�+C@ i��P �� �B �@�1��"

 93�-� �1 �   9	;�

 3���� j�����) 0.05≤P ( LSD�%N� i`-8� ����   	%-+
; �� .  

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
91

.2
.5

.1
6.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

8-
25

 ]
 

                             7 / 11

https://dorl.net/dor/20.1001.1.22518517.1391.2.5.16.4
https://jcpp.iut.ac.ir/article-1-1680-fa.html


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

��k  

 

 IC#n .U;������ I
����2 Z8�# �� 	
�� F
�
+
��� ��"

 � ���# /%
 �
0g
)�  3�E; 3�+C@ i��P �� �B �@�1��"

 o;�-� �1 

!	# ! �   3���� j����� 9	;�) 0.05≤P ( LSD�%N� i`-8� ����   	%-+
; �� .  

  

 

 IC#p .[�� �7+; \� 	Q�  �� 	
�� F
�
+
��� ��"

 � ���# /%
 �
0g
 . ! �  3�E; 3�+C@ i��P �� �B �@�1��"

 93�-� �1 � 

!	#  3���� j����� 9	;�) 0.05≤P ( LSD�%N� i`-8� ����   	%-+
; �� .  

  

2�8   �         �F$ ,1�F;3 �� �>	�X; �
 ��'! a�9�>�@�' 2��E��$ �� ��

       (�FD��E ��F	
�/1 .
�*&F'! ��'! a�9�>�@�'       a0FC % �F� (3%

 �FF1�!
 2�&0FF��)T4FF  2�FFD� �FF� l.( �FF;%�X; I	!SFF
! GFF	! 

��                b	!�F  �
 .�F�E a0FC % �F� (3% (!S�; �
 I	!S
! A�8+

H��             �F)#� �F$ ,1�FD��E �F� �>F	�X; �
 ��'! O�9�>�@�' �� .�  ��

     �	
�E n4-#; �1
8� .
8H1 �
�	�
 2�8 .   3���8E   % (!��4HD

)�k (   �
 ,)��0; ��!SE S�1 
�8;I	!S
!     �0F	� % �]�F' �F �

    �F'�� �
 �	8' (�D��E        �F� ��FH�� �F�    O�9�>F�@�'    (!8F#: ��F'!

.
8H1 �1!. ZD   G�#d  G	!   �� {	�&1�&
�	  2�D �$ (!�/	
    �F1
!
 (�01 

        3! 2���>F� �F� �F;%�X; I	!SF
! �FV8; ��F'! O�9�>�@�' �$

I#�   .�13 2�D)� (   .�13��6 %)�  ���   % ��(  ,F;     �FX
!8; 
8F 


�!
 .   �F$ .�  ��!SE          (�F	3 ��FPM ��F'! O�9�>F�@�' ��FH�� �%M

         ,F; ID�F$ .�F�E � � �� !� 2�8  �F#D
 )l�( .    .
�F; I	!SF
!

0C E a     �� �'�� �
 (�D�� �FH��    ��F'! O�9�>F�@�' �    b	!�F  �


  �8     j
�K; IX1 �� �'! G4H; 3! �   �06     �$ 
8  y8��; ^:��

 &
� \�� � G  THK.��E   ����'M ,; 
8  .     (!��F4HD % %
�1%�$)p( 

 
!
 ��!SE�1 $  <89K; � F ��,      ��F'! O�9�>F�@�'    .��>FC�  �F� 

 ^:��	8' .��>C�  % �0	� � � I	!S
!,; �

�E.  

ZD       �E �F$ .�F  ��!SE G�#d  A�r (�FD�      I#F� b	!�F  �
 

 ,;�/#D 2�8            a0FC (3% �1�F  ��H�� ��'! a�9�>�@�' �� �$

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
91

.2
.5

.1
6.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

8-
25

 ]
 

                             8 / 11

https://dorl.net/dor/20.1001.1.22518517.1391.2.5.16.4
https://jcpp.iut.ac.ir/article-1-1680-fa.html


	
�� *
�
+
��� �� ! �,-�� �� �
��� !�
. �  ���# /%
 �0� /1�2 3�4��   

��p  

        1 .�01 ��H�� (�D��E �� �>	�X; �
 !� 2�&0�� 
!
 (�0  �1)�q( .  �F�

   �� �V8�  -@�J; G	! {	�&1 ,; �      �F$ 
�F$ (!8F#: (!8�   O�9�>F�@�'

��'!   �'��        2�8F  I#� �� !� ���8@   Z�Fj#� ,F; �F#$   
�)#0F�� % � 

,; �#$   �$  ��'! O�9�>�@�' ,;        �F � .�##$ Z�j#� (!8#: �� �1!8�

      �K� (�D��E � � 
85)� �)V �
 .8X@��  b	!�F    I#F�    2�8F  

   
��E �!�] .
�*&'! 
�8;. <%�V  �    ,F; (�0F1      !8F&K; �F$ �FD
 2

$T�
%�9  ���8@ (�D��E    �K�           �F� �>F	�X; �
 Z	�F' �F	�9N ��H��

 �D�  (�D��E ��    T��] �8`    �F'! �F&
�	 ID�F$ ,)V8� . �F�   �8F`

����0; ��);        TF�@
 �� 78E�8' (�D��E �
 T�
%�9$ S&#'8�� I#F�  

      �F'! .�  ��!SE 2�8 )��(.         O�9�>F�@�' 2��E��F$ �F� �F� 

 (�D��E ���'!     �#& !
 2�&0�� T�
%�9$)  T4 p .(   (!SF�; I	!S
!

               �
 ��F'! O�9�>F�@�' �F� .�F  ��FH�� A�r (�D��E �
 T�
%�9$

   (!��FF4HD % �)#�FF' A�FFX�XK�)l� (E (!8FF#: �FF'! .�FF	
�. 

     % �F'! S&#F'8&
 �F�@�-
 W8C ���-; O	 T�
%�9N n1�'�89


,;             .
�*&F'! 2S&#F'8&
 .�/&F'
 �� A��>C ,'��� �)V �1!8�


8  .  .
!
 S�@�1M �I	�;3M G	! �
 |C�  G�/1��; �$ 
!
 (�01 �D

       ,; ID�$ 2�8  YJ' I	!S
! �� n1�'�89
 T�
%�9$    �F$ �F��	

  (�01 �;! G	!    �� 2�8  �P! .�#D
    Z&>�'8&
 ,	M��$ II  ,F;   �F ��

) <%�V� .(  

��!SE   ,; (�01 
�-&; 2�D I#� ,` �N �#D
 �(8E�18E 2�D

    ,; ID�N S&#'8&
 ,	M��N (!S�;���	 .       {1�F� �
 2�8F  I#� �


)�� (   A�r %)��(    �
�	 ID�N ,	��H� 8&
 (�;�1!� � .  ID%�F�

    (!��?HD % 2
�8C\M)�k (           
8FV% �F� �FN 
8� (M 3! ,N�U S�1

I#�  �v>1 �2�8        (R 3! �HV�� % 2�!
��        �C�F' �
 �FN ,	�D

  G�=�%��D1     ,; <B&C! ��d
 �1�!
 �@�C
     

�E)�k .(  28' 3!

              ���FC <8F9K; 2SHF'! T�>F1�&� ID�F$ �� 2�8  I#� ��/	


,FF; 
�FFL	! aFF	R8@8	S�
 ,40FFC ,:8FF1�FF#$ . ,40FFC G�FF#d

 ,; a	R8@8	S�
      Z&>�'8&
 �
 ,1�;�>��1 ^:�� �1!8�II   �F$ .�F  

D            �F'! y�F5��! �
 n1�'�89
 T�
%�9$ ID�$ �� �;! G�H)�p .(

             |C�F  ���F'! a�9�>F@�' ��H�� 3! .
�*&'! �� �ID%�� G	! �


       �F
�	 
8F5)� n1�'�89
 T�
%�9$)   T4F � .(      ��F'! �F5s; �FP!

    |C�F  �F� a�9�>�@�'          I#F� b	!�F  �FK� 2S&#F'8&
 2�FD

    �'! .�  ��!SE)l� .(         �F'�� _�F� ,5>F1 WM �+�
 ID�N

  ,;8H:    ,F; 2SHF'! I#F� ��-; �
 (�D��E   |C�F  % �F ��

         �'! .��E �
 WM ��-h% 3! ,5'�#; ���>�)�� .( �N .�  (!8#:

             ZF); 3! ,F?	 ��F � ID�N (M ,` % "�;M ��0
 ID�N   G	�F�

     �F�
8?�9E �
 
�	3 2�8  2�D�P!   �F'�D)�l .(     3! .
�*&F'! �F�

             �F
�	 
8F5)� ,5>F1 WM (!SF�; |C�  ���'! a�9�>@�' ��H��

)  T4 � .(  �t�&@!)�� (   I�� �$ 
!
 ��!SE        �F� 8FV .�F�E ��FH��

 a�9�>�@�' ��'!         ,5>F1 WM (!SF�; I	!S
! �V8; )RWC ( �


   �	
�E 2�8  I#� b	!�  .    ID%�� G	! {	�&1 2�:�f� I	!S
! 

   <89K; �#] �!�X; �
   G�@%�F� %     (�FD��E        I#F� b	!�F  �
 �F��8@

  2�8   !�   
!
 (�01)  <%�V� .(  �~8fC G	! �
   N .�  (!8#: � 

!8&K;  % G�@%�� 2  <89K; �#]    �
 I#� b	!�    2�8   (�D��E �


���8@   I	!S
! ,;���	) �q .(  ,; �j1 ��     3! 2���>� �
 G�@%�� �'�

�18E             �,40FC TF�5] 3! I#� b	!�  3! 2���>� �
 % ,D��E 2�D

       ,; cHL� 
�	3 �81 A�  % �;
 �2�8   ���	)k .(   G�@%�F� cHL�

     !�� W�v&1! �&;!��� a	 (!8#: ��    �F'! I#� THK� 2 .  ,J	!�F 

           �5>1 G�@%�� �#�;M ��'! �j96 �� �� �	�  �	 b'8&; I#� �$

     ,; I	!S
! �#�;M 2�D��'! �	�' �����	 .     (SFv; (!8#: �� G�@%��

    �� �	 % (R%�&�1 .��Cr        2SHF'! T�>1�&� �$ ,@89K; .
�; A�8+

  ,; ID�$ !�  ,; TH: �D
         2��F	 I#� THK� �
 !� .��E % �	�H1

,;�1�'�) � .(    �G	! �� .%B:          �FN �F  |v0F; �F-@�J; G	! �


              ^F:�� 2�8F  I#F� (%�F� b	!�F  �
 ��'! O�9�>�@�' ��H��

      <89K; 2�D�#] 2!8&K; �
 ID�$       ��FH�� �F$ ,1�D��E �� �5>1

    �	
�E �1
8� .�01)   T4F k.(         3! ��F'! a�9�>F�@�' 3! .
�*&F'!

,FF; 2��E8FF9V (�FFD��E �
 G�#�$8&�FF' % G�>FF$! ID�FF$ ��FF#$

H�>X�    ,F; 
85)� ,@89' A�          ,F; �F&)� .�F�E �F � % �F��	 
8F  .

ZFFD  iFF*U �FF� ���FF'! O�9�>FF�@�' 3! .
�*&FF'! b	!�FF  �
 G�FF#d

|C�            (�FD��E �F � 
8F5)� ^:�� �T�
%�9$ % 2S&#'8&
 2�D

,;  

�E)�� .(   ��L�&1 �
  
����$  ,; ��'! O�9�>�@�'�1!8� ^:�� 

  <�-
 a�@8��&; e�f;    �F� �D�F#]       F5�$�� �
 <8F9K; A�8F+ A�

 �	�V <89'�      Z>F�1�4; aF	 (!8#: ��   2!�F�    I	!SF
!  �F �  �
 

2�8  I#� b	!�  

�E ����8@ .��E �
.  

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
91

.2
.5

.1
6.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

8-
25

 ]
 

                             9 / 11

https://dorl.net/dor/20.1001.1.22518517.1391.2.5.16.4
https://jcpp.iut.ac.ir/article-1-1680-fa.html


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

���  

��
-; ��
.  

��5�$��,    D�$ �� �
�] �$  ! I I#� �P ,J�K; 2�D     �
 % (�D��E �
 

 	!S
! �L�&1 � I.�)  2�%,; ,; �# ��   �F#1!8�     ,F1!%!�
 �F�HD! 3!

 23�%�0$ 2!��  � %  ,1�56�   �#F �� �!
�8FC��.  F� �    ��F+BC �8F` 

,;           �' ��FH�� 3! .
�*&F'! �F$ 
�$ (!8#: (!8� O�9�>F�@    �
 ��F'! 

      ,; 2�8  I#� b	!�  �
 ���8@ (�D��E    � � a	�K� ^:�� �1!8�

    A!���D8��$ 3�' % �C8' %          �F� �F;%�X; �FL�&1 �
 % .�  �D

�D
 I	!S
! !� 2�8  I#�.  

���Lq��V�  

�#>	81           /0F1!
 ,1�F56�� 78F9: .%�FE 3! �@�X; G	! (�E   ,&-#F+ .�

        73\ A�F1�?;! G�;Q� �`�C �� (�)*+! �!S/F'�z'  ,F; 2 �F#	�H1 .

ZD   G�#d  3! "�# �1 (!�%!
    �`�FC �F�   
�)#0F�� �D2    % �#HF 3�! 

 .�13�' �
 G	!ID%�� �40� ,;

�E.   

  

  

r��%�   ��� ! �,-��  
1. Akhondi, M., E. Safarnejad and M. Lahooti. 2006. Effect of drought strees on proline and accumulation of ions. 

Journal of Agricultural Science 10: 165-173.  

2. Ashrafuzzaman, M., M. A. Halim Khan and S. M. Shahidullah. 2002.Vegetative growth of maize (Zea mays ) as 

affected by a range of salinity. Crops Research Hisar. 24: 286-291.  

3. Barkosky, R. R. and F. A. Einhellig. 1993. Effect of salicylic acid on plant water relationship. Journal of Chemical 

Ecology 19:  237-247. 

4. Bates, L. S., R. P. Waldron and I. D. Teare. 1973. Rapid determination of free proline for water stress studies. Plant 

Soil 39: 205-207. 

5. Cherki, G. H., A. Foursy and K. Fares. 2002. Effects of salt stress on growth, inorganic ions and proline 

accumulation in relation to osmotic adjustment in five sugar beet cultivars. Environmental and Experimental 

Botany 47: 39-50.  

6. Claussen, W. 2005. Proline as a measure of stress in tomato plant. Plant Science 168: 241-248. 

7. Coronado, M. A. G. , C. T. Lopez and A. L. Saavedra. 1998. Effects of salicylic acid on the growth of roots and 

shoots in soybean. Plant Physiology and Biochemistry 8: 563-565. 

8. Dat, J. F., C. H. Foyer and I. M. Scott. 1998. Changes in salicylic acid and antioxidants during induced 

thermotolerance in mustard seedlings. Plant Physiology 118: 1455-1461. 

9. Delany, T. P., S. Uknes, B. Vernooij, L. Friedrich, K. Weymann, D. Negrotto, T. Gaffney, M. Gut-Rella, H. 

Kessmann, E. Ward and J. Ryals. 1994. A central role of salicylic acid in plant disease resistance. Science 266: 

1247-1250. 

10. Dela-Rosa, I. M. and R. K. Maiti. 1995. Biochemical mechanism in glossy sorghum lines for resistance to salinity 

stress. Journal of Plant Physiology 146: 515-519. 

11. Dubois, M., K. A. Gilles, J. K. Hamilton, P. A. Rebers and F. Smith. 1956. Colorimetric method for determination 

of sugars and related substances. Analytical Chemistry 28: 350-356. 

12. El-Tayeb, M. A. 2005. Response of barley grains to the interactive effect of salinity and salicylic acid. Plant Growth 

Regulation 45: 215-224. 

13. Enyedi, A. J., N. Yalpani, P. Silverman and I. Raskin. 1992. Signal molecules in systemic plant resistance to 

pathogens and pests. Cell 70: 879-886. 

14. Ghoulam, C., F. Ahmed and F. Khalid. 2001. Effects of salt stress on growth, inorganic ions and proline 

accumulation in relation to osmotic adjustment in five sugar beet cultivars. Environmental and Experimental 

Botany 47: 139-150. 

15. Gunes, A., A. Inal, M. Alpaslan, F. Eraslan, E. G. Bagci and N. Cicek. 2007. Salicylic acid induced changes on 

some physiological parameters symptomatic for  oxidative stress and mineral nutrition in maize (Zea mays L.) 

grown under salinity. Journal of Plant Physiology 164: 728-736.  

16. Gutierrez-Coronado, M .A., C. Trejo-Lopez and A. Larqué-Saavedra.1998. Effects of salicylic acid on the growth of 

roots and shoots in soybean. Plant Physiology and Biochemistry 36: 653-665. 

17. Hale, M. C. and D. M. Oreuh. 1987. The Physiology of Plant Under Stress. Jon Wiley & Sons, London. 

18. Harper, J. P. and N. E. Balke. 1981. Characterization of the inhibition of K+ absorption in oat roots by salicylic acid. 

Plant Physiology 68: 1349-1353. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
91

.2
.5

.1
6.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

8-
25

 ]
 

                            10 / 11

https://dorl.net/dor/20.1001.1.22518517.1391.2.5.16.4
https://jcpp.iut.ac.ir/article-1-1680-fa.html


	
�� *
�
+
��� �� ! �,-�� �� �
��� !�
. �  ���# /%
 �0� /1�2 3�4��   

���  

19. Hasan, R., M. K. Awasaki, M. Taniguchi and H. Miyake. 2006. Salinity stress induces granal development in 

bundle sheath chloroplast of maize, and NADP- malic enzyme- type C4 plant. Plant Product Science 9: 256-265.  

20. Hayat, Q., S. Hayat, M. Irfan and A. Ahmad. 2010. Effect of exogenous salicylic acid under changing environment: 

A review. Environmental and Experimental Botany 68: 14-25. 

21. Janda, T., G. Szalai, I. Tari and E. Paldi. 1999. Hydroponic treatment with salicylic acid decreases the effects of 

chilling injury in maize (Zea mays L.) plants. Planta 208: 175-180. 

22. Khan, W., B. Prithiviraj and D. Smith. 2003. Photosynthetic responses of corn and soybean to foliar application of 

salicylates. Plant Physiology 160: 485-492.  

23. Khodary, S. E. A. 2004. Effect of salicylic acid on the growth, photosynthesis and carbohydrate metabolism in salt-

stressed maize plants. International Journal of Agriculture and Biology 6: 5-8. 

24. Klessig, D. F. and J. Malamy. 1994. The salicylic acid signal in plants. Plant Molecular Biology 26: 1439-1458.  

25. Koda, Y., K. Takahashi and I. Kikuta. 1992. Potato tuber inducing activities of salicylic acid and related 

compounds. Journal of Plant Growth and Regulation 11: 215-219. 

26. Kumar Parida, A. and A. Bandhu Das. 2005. Salt tolerance and salinity effects on plants: A review. Ecotoxicology 

and Environmental Safety 60: 324-349. 

27. Larque-Saavedra, A. 1978. The antitranspirant effect of acetylsalicylic acid on Phaseolus vulgaris L. Plant 

Physiology 43: 126-128. 

28. Leslie, C. A. and R. J. Romani. 1986. Salicylic acid: A new inhibitor of ethylene biosynthesis. Plant Cell and 

Environment 5: 144-146. 

29. Levitt, J. 1980. Response of Plant to Environmental Stresses. Vol. 2, Academic Press, New York, 697 p.  

30. Lutts, S., J. M. Kinet and J. Bouharmon. 1996. NaCl- induced senescence in leave of rice (Oryza sativa L.) cultivars 

differing in salinity resistance. Annals of Botany 78: 389-398. 

31. Mehdy, M. C. 1994. Active oxygen species in plant defence against pathogens. Plant Physiology 105: 467-472.  

32. Munns, R. 1993. Physiological processes limiting plant growth in saline soil: Some dogmas and hypotheses. Plant 

Cell and Environment 16: 15-24. 

33. Munns, R. 2005. Genes and salt tolerance: Bringing them together. New Phytologist 167: 645-663.  

34. Neumann, P. M. 1997. Salinity resistance and plant growth revisited. Plant Cell and Environment 20: 1193-1198. 

35. Palma, F., L. Carmen, I. Carmen, M. G. Jose and A. T. G. Noel. 2009. Combined effect of salicylic acid and salinity 

on some antioxidant activities, oxidative stress and metabolite accumulation in Phaseolus vulgaris. Plant Growth 

Regulation 58: 307-316. 

36. Sairam, R K. and A. Tyagi. 2004. Physiology and molecular biology of salinity stress tolerance in plants. Current 

Science 86: 407-421. 

37. Sakhabutdinova, A. R., D. R. Fatkhutdinova, M. V. Bezrukova and F. M. Shakirova. 2003. Salicylic acid prevents 

the damaging action of stress factors on wheat plants. Bulgarian Journal of Plant Physiology, Special Issue  

314-319. 

38. Schonfeld, M. P., J. C. Richard, B. P. Carver and N. W. Mornhi. 1998. Water relation in winter wheat as drought 

resistant indicators. Crop Science 28: 526-531. 

39. Senaratna, T., D. Touchell, E. Bunn and K. Dixon. 2000. Acetyl salicylic acid (asprin) and salicylic acid induce 

multiple stress tolerance in bean and tomato plants. Plant Growth Regulation 30: 157-161. 

40. Shakirova, F. M., A. R. Sakhabutdinova, M. V. Bezrukova, R. A. Fatkhutdinova and D. R. Fatkhutdinova. 2003. 

Changes in the hormonal status of wheat seedlings induced by salicylic acid and salinity. Plant Science 164:  

317-322.  

41. Singh, B. and K. Usha. 2003. Salicylic acid induced physiological and biochemical changes in wheat seedlings 

under water stress. Plant Growth Regulation 39: 137-141. 

42. Sinha, S. K., H. S. Srivastava and R. D. Tripathi.1993. Influence of some growth regulators and cations on 

inhibition of chlorophyll biosynthesis by lead in maize. Bulletin of Environmental Contamination and Toxicology 

51: 241-246. 

43. Tari, I., J. Csiszar, G. Szalai, F. Horvath, A. Pecsaradi, G. Kiss, A. Szepesi, M. Szabo and L. Erdei. 2002. 

Acclimation of tomato plants to salinity stress after a salicylic acid pre-treatment. Acta Biologica Szegediensis 

46: 55-56. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
91

.2
.5

.1
6.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

25
-0

8-
25

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dorl.net/dor/20.1001.1.22518517.1391.2.5.16.4
https://jcpp.iut.ac.ir/article-1-1680-fa.html
http://www.tcpdf.org

