
����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 ! ��")$%" (/�	'� ()*+ 

�� 

,-" ��� .
�",/ � 01�2 ,� 
��! 3
/ 
�� 4�,�!� �% 567��/ �� ,�� � ��6� 8���	9/ 
	�

:	��,� ;�	/ 

4�<=%"6����%	���" (80�	
� ;%"��>?@ A84 '� 4�,�6�B )����?C7�	� �,� D

�6�EF 

��� 01�2 ,� 
��! ,-" ���,� ��1
� ;� .��G/ 4�" 	�0=@ ,�� � ��6� 8���	9/ 
-H@,��"6I7" �� ��6I� 6I�,�� 	I� ;�I�� � �J"�I� 


�	'7 	�K�	! :	��,� ;�	/ 3
/ 
�� �6! 67��/ 4�,�!� �% 
��",E�)4�,�!� �% *�M7�	7 (NO� �%8:��IP ;I� 4�,�!� �% � 	7	�,�	E%� 

QR�	� S,� T%	U �� K���9�	� 6�O �� ",V" ;� ;7	W�X �� �",E@ �	'F �� ���	Y@ .	/ [�7 83�	97 \	�",� ;�,�-H@ ��I� 0I1�2 ,� 
�	�� 	I� 

0!"� .��� .
�",/ � 01�2 	�,�	� � 6�	! �	 �@ �� ,�� � ��6� 8���	9/ 
0!"� �"� �
�� :�	?@ �� 	� 
��! S�]� .0I1�2 
��!

 ��� :�	?9� ;�	/ [�7 ;� ;9<� .�"^�" �"^�� �%� �"� .�"^�" ��	<B	! � ;��� �� "� ,�� � ��6� .��6� � ,�� 01�2 4�,9 � ��	<B	! �� 

0!"� ��V� 	7	�,�	E%� ;�	/ 
�� 567��/ .� 37�	7 ;�	/ 
�� 567��/ ��	<B	! �� ���	9/ 01�2 
��! ,-" ,���",E� ,�	� 
�� � .�"^�" 

;�	/ 	�� 0�	� .�	� ��4�
F;�	/ ; � ;��� �� ���	9/ 01�2 	�0�	� .�"^�" NO� �% ^V ;� .

�_"� 
	� 
6��� :
��!84�,�!� �% 8;�	/ 

;�6a� 

�� ��� 	
�
 ��
� 
���� ������� �����
 ���������� ������

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

 ��, �-� .��� �
 /��0 �1��2 
$�$ �
�� 
$�3� �, ��4�

 ���� /�"5�'6 	�"5 �$�
)8)9):$;<.(%��� #��� �, ��4, )

?@ ",@ �$
 $ /��",@ A"�, �
 ���� A�B-� %��� /���0 )/��

 C1��D��",@ /����, ��,��, A ��E �, �F)89.(C�"�
 A"�-F ��,

 � �! G$��� � ����0 $ .H1� %����"! $ � �! ���"��� �  $ �F ��F

 I"3� �
 ������ �J�KL $ M�$�! ��N�� �,/���0 ��� � �F 

�O�@ ���� P �Q�D� R�L �
)���� /�$��S ��"4�, .�� �! /��F

 �
 ������ �
 ��$�K�� ���T /��$ PF�� ��  
$�$ �� �����-� 

�'� �$�
 �,R�'� /�F ��, ���F �F���$��� A � �� ���4F 
�� 

;.�� 
����)����U�, G�O6 �L�$ ��H�� 
��@ 	�V
��
 )/��$�
� 	�B
��
 

8.����U�, 
����)���"0 	�V
��
 )/��$�
� 	�B
��
 

9.�4 � 
���� 
 )G�'2 	�B
��
 )����0���"0 	�V
�� 

:.%�� 
���� ���"0 	�V
��
 )/��$�
� 	�B
��
 )����0 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
6.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                               1 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.6.8
https://iutjournals.iut.ac.ir/jstnar/article-1-647-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��" )$%" (/�	'� ()*+ 

WX 

��6V (.��	?9�" ���� 5	B ��	� �! � �E�^�� :	�P�YB 

�D�, 

%�� 

�1�
 

A0 

�1�
 

�'"� 

�1�
 

Y� 

�1�

��� 

�Z��	���0 

�� �"�� C5 

#��0� 

�"',�T � ��F �B ��B�� 

)����� �, [�"�� ��
 ���(

�1�
#��0� 

/��, 

��-�� :: 9: 88 </:8 �/] ]W/; <� 

[� Q�V�� /$� AF@ ^"���! �K4D 

�'"� G�5 �
%�� G�5�'"� 

A,�� ��@ 

)�1�
(

��� C�

)�1�
(

��/X W/8 :/8 9/: 9:X </88 ;;/; ;]/X

���+ �,������0 C���� ���� 	�
�� .�� �! ������� /��F ���_@ 

���� `�-a� �, /��
Cl-$Na+��, $ b��0 �
 $
 ��F ��  $c

������
 /����"!�"U $ /����"! ������
 .��N'U �����
Cl-A"��, 

�F
��, CT��L ^"N�� �Z���L $��5����Cl-)�� ��,��, 	
 �� �����

���,)�$8<.(Y��)8:(`�D
 A ���O,�	���� ��F/Cl-��, �� 

d"���)� �! /�F �����!�e'� )�$��D f �5 )A ������ A" �� ���

^ g����hV��� $ A �������� ���D��� ����� 	
���� � ���� AB"��� )

���V
F$i! 	���� `D
 A ��O, Na+����!�e'� )j���� d"��� �, �� 

���-� k�� )j���"�� l��� )A ������ $M��Q�5 ^ g���hV��� 


�� ��� 	)8W.(c�, �� j���� )�K"��S 	����� `�D
 �����2 �,

 /��,Cl-��� 	�0 �D��� )8<(�E �5� �_m�� 	����� `�D
 l  

^ �� /��, ��0 �
/�� A" �! /�F �0�,)9;.(�B��$ M��Q5 �,

YH5�
 $)8�(� �! A", kH��� �Fn�3� �,�N'U ��Q"� ^ ��

 �'� $)^�� ����o� ��, $ c�, �
 
�6�� ��'� $ ^ ��� ��N'U 

�� 
�O
� �T�� �
 
�6�� �0�,)R��o��� ��Q�"� ��� ����� ����,

 $ ��� �$�K�� ������ c�, $ b�0 �, �
 � �� l-� � �! /��F 

���4F l-� `D
 �$�K�� ���T /���
 &'�(�.��'� ���+ ��,

 P����!Na+�-4T �
 ��� ��
�� 	��"5 &�'�(� /�F ��� ��F


 R�o��� ��0 
$�3� p2�, %���"! $ � �! ���"��� �� �q�,Na+

c��, $ b��0 �, �
 � �� ��� ����0 .R��Z� �����2 ��, %����"! 

A"���-'� � �! /$� j���"� � $��)��, ��4�� �� �! � ��� )��F �


^���� Na+�-4T �
 �
 � C"�T �� � �! &'�(� /�F ��
�D� /�F

 �
 � $�"�$� /�F �@ `�-a� ��� /��
", C �-� �-4�T �
 /��F

 �T�� $ c�, CZ� %���"! &'�(� 
��
 �F .���+ ��, ��'� A"��E

�a"�� �� /�"5 R�o��� �
�� 
$�3� �� 
�0Na+%���"! �, IoD 

�� �N� �, �B', ��0��� r����� �� �! ��,�� A � �
 �� ��� Q�"� ��F

 ���_m�):.(*+���� �
 ������� ^�O� G��T�� �� �B  A �"0�-"�

 ��� ��
� �,��6 .[B2 /���0 I ���0 �3� ^T� A � C-���

 ��� ��D�5 ���T ������ 
��� ��-� .)Y��� A � �, A� � �� k�F

 ����, *"o3��"_s� ^ ��� )^"���! P����! $ �N'U �, � �! #��

 �'� $R�O� �
 �
 /���0 P��� ��3� A �"0�-"� /���"! /�F

 �
� I"3���� 	
�, ?��6 �o��� d��U %��.

b�� � �"�� 	�

A �"�0�-"� %���"! �, /��0 �_� ����, ��N�� �, P ���@ A �

 � �! /$� R�� �
 &'�(� /�F]9t;9]8 �,C �����D ���1

 uH��� .�+ d��T �
 �D
�v�� ���OE ��, R��O� /$� ����B� /��F

�����"! A �"��0�-"� 	���0 /$� j���! �����('5 �
 &��'�(� ��� �!

 ���"��0 	�V
����
 /��$�
��� 	�B
����
)����
 I������9<t8X)

��4� �,�+�W<t<<�2��v�� ���� �$��, $ ��1�
 (G��a��

���D�5 .)�K��1 w���� ����OE �
 /����0 �������D8X):X$�X

�'"� ^ �� � �'� ��"� �
 R�� � �! $�
 �F<j����� C���0 w�� 

�$ ����� ���B�$ )A �"��0�-"� )?@���-"� )�����-���� ��B,
���, .

R�O��
 ���4B  /�F<����'5 �
 x�D � �! /��F</$��L /���"� 

?����6 ���o��� d����U %���� ���BF@ %���� ��"1�v��� ���, 

)R$�6 ;(
��a� ��0� #$��0 $ ���o���� �� [! $ �0 ��0�� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
6.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                               2 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.6.8
https://iutjournals.iut.ac.ir/jstnar/article-1-647-en.html


��� .
�",/ � 01�2 ,� 
��! ,-" � 8���	9/ 
	� 
�� 4�,�!� �% 567��/ �� ,�� � ��6... 

W; 

��6VA.�XG�� �B,� 
	� 
�	��O 
",� ��	?9�" ���� NO�	'7 �	

/��0 w�� 

�'"� R��NaCl �
��"� 

�D�v� l-� 
)G�5(

�"',�T�B ��B�� � ��FEc 

)Y��$�B"������ �, ���(

�� �"�� 

pH 
�K1 �K1 <±<8X ;/X±]/W

8X ;W/;;8±88;< 8/X±]/W

:X 9:/888±:8;X ;/X±;/]

�X <;/9;W±�9<X 8/X±8/]

)	�� ��OE (����"! C�-2)�-"� %����"! �� 	
�K���� ��, A �"�0

 M$� �, ���-��/�h� �0 G�a�� .�� [! ��0y58<�� �$� 

���"! G�a��)^�� �� �! � ���F �-4�T ��0 ��� �@ �� [�! $

%���"! �F�� � �! )��
�-� �0� �, #$�0 <����� /g��, /����

 � 
�5 `�T %���"! .���� ��, [! A � ���%����"! ��, 	��� 

%���"! z����� �� ����� $ �0 	
�
 �0� 	��6� 
$��L ��,<X

����� �� 
�5 R��-2� /���0 /�F��-"� )�"�� ��� .���N�� ��,

/�"5�'6 u�a ���� l-� ���o� )/��0 �� �0�� %�0 
�a � �� 

�S� /��",@ ?@ �,D��N'U )/���",@ 	�$
 ��OE �� [! �� �0 �

�"�� �N� 
��� /�F��-"� 	����� �, �D�v� l-�)R$��6 8.(

���� ��, ��F�"5 ��, �, �'L�� A � �� ;X���-"� ��3� ���KF 

��
�, /��0 .��v3��� )	
�K��� 
��� ?@�
��, *"-2 	�E �� )

�� G�a�� /��+ ���B  �$� �� �F /��",@ $�� ?@ ��� ��D�5

 
�
�� {���� ���'5 �� .����5 |"�F P ����@ 	�$
 RH�� �


 � 
�V� k�v� /
��.)P ����@ �� �! �
 R��O� ����'5 �� ��F

 �T�� $ �
 � )	
�� {��� ��O�@ ���6 ^�F �� ����0 �� [�! $

�
�40 ��o� ?@ �, /��
 �, �$@ �
 )WX�6�
 ��, ��"��� ��

 [h� $ ��0�
 �V� �,�_ ��$ �
��! ���1 �, �T�, ?�"�@ �,

 ���0 	
�$@ �
 ./���
 �
 �F��"5 
��� �� ��4��� �"O� �� [!

<XX 
��5 ����� �6�
 	��v2 $l ��� �'� �"��� ��, /�"58

�o� ��, $
 ?@ $ R�����"��  �N'U )/�F ��, ^ �� $ ^"���! 

��'� ���  ��N'U $ �a�� �'�0 M$� ��"�����"� M$� ��,

 �0 /�"5 	����� .	
�
 /�F ��
 �, ��QD� G�� �� 	
�K��� �, 	��@ 

MSTAT-C A"V���"� $ �0 /���@ C"'3� $ � Qa� ��F I���� 

AB��
 ����@�1�
 l  w�� �
 �0 �4 �o� ��.

c=� � 3�	97 

,�-H@�	/ [�7 ���	9/ 01�2 ,� 
��! � ;

A"V��"� �4 �o� �
 ^"����! ��N'U ��, �� �! #�� �� 
�
 ��
� �F

 %���"! 	��4��0�"_s� 
��
 .��, ��4�, �� ��$�K�� ���_� /��0

 �0�
 %���"! 	��4��0 �
 ^"���! �N'U �, � �! #�� .���+ ��, 

�
 ^"����! ��N'U ��N� �� �F��-"� � �� $ �F�0 ��-"� A", �'�

	��4��0 ����� kH��� %���"! A ��
�", $ ��0�
 
��6$ ��


 /����0 w���� �
 %�����"! 	��4����0 �
 ^"�����! ���N'U:X

���'"� 
���, �F���0 ����-"� �
 �@ A ����-� $ )�g���� .#���-a� �


 kH���� %����"! 	��4���0 �
 ^"����! �N'U �N� �� P ���@

 $ j���� A", kH��� A � �� �0�
 
�6$� ��B, )���� ���B�$ �, 

"0�-"����� ?@�-"� $ A � 
�, ��
)R$�6 9.(

�
 ^"����! ��N'U �F��0 ��-"� �
 )P ���@ j ��� Y��� �,

 �� %���"! 	��4��0�:/;�� �1�
 �]/8�� ��� �"}�� �1�
 

Q~���� �"����5 I���� 	���@ ��
 �, � 
�o� �,);:(��"5��e5

);<(������B-F $ [������,);(�������� G���T�� � ���� 
����� �


 
 �o,���
�� .P ���@ j ���^FA"�E ��N'U P �Q�D� �� ���L 

�3� ^"���!�"_s� � �! �-F 	��4��0 �
 /��0 j����� Q6 �, �F

 $� ��B, ���0�,)R$�69.(���
 ��, j ���� �, Q"� �a"�� A �

 �����B-F $ Q~���� �"���5 I��� 	��@);:($ �$��"� �"����5

 ����B-F);9(
 �, j ��� �, ��$ ��0�
 �o,��� I���� 	��@ ��

 ����B-F $ [����,);(�$��K� ������� G��T�� � ��� 
���� �
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
6.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                               3 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.6.8
https://iutjournals.iut.ac.ir/jstnar/article-1-647-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��" )$%" (/�	'� ()*+ 

W8 

��6V).,-" � ;�	/ [�7 
��! 
	��	 �@ ���	9/ 01�2 ,�)d�B ��	� 6P�� (��4�,�!� �% ��	<B	! 

� �! ������ /�F 

j���� � ��B, ?@�-"� A �"0�-"� ��� ���B�$ �'"� R��NaCl��"� �
 

��! �N'U ^"�)l
� 	
�� �1�
(

A"V��"� 

�K1 d�:/;d9;/8c9;/8b9;/8a�]/8D9;/8

8X c9;/8bc�]/8b:9/8a�]/8b:;/8C<X/8

:X bX</9bW;/8a�]/8b98/8c8W/8A�;/8

�X a:;/9aX</9d;W/8cX</8d;;/8B<�/8

A"V��"� A�]/8A��/8B:X/8BC9:/8B9W/8

�! & 
� $ ���� �F �
 ""V��"� )AA%��
� k$�L /���
 /�F w�� �
 );%���� kH��� AB��
 ����@ ������ ��
.


��
 .^FA"�E �� R$�6 j ��� �� � �! ���, �� �D� �
 ���� ��F

 ^"����! ��N'U P �QD� �, �
�T /��0 �� �v(
� w�� �� �O��

 ����� �� /���0 w�� P �QD� �, $ ���4F %���"! 	��4��0 �


 "���! R���� �
 �O�@ ����� %���"! �, ^��
��0 .	��0 M��Q�5

 �
 � �� ��� /���0 w��� ��� ������� G��T�� ��
", /�F8X

�'"� ^ ��� ��� ^"���! �, ��4� /��
", �,�(��� �"1�� )�g��

 �� ��
� 
�� �� ��F
)98(A � ����s4�� ��� ��, ��'"�
 ������

 � �! �-F /$� %���"! 	��4��0 �
 ^"���! �N'U P �QD� �F��, 

Q6 �0�, /��0 w�� A � �
 ��� ���B�$ .j ���� �, Q"� �a"�� A �

 Q~��� �"���5 I��� 	��@ ��
 �,);:(G��T�� � ��� 
���� �


 
��
 �o,��� ������ .��N'U P �Q�D� ��� ���� 	�0 M��Q5

 ̂ 4"��B� �� �B )	��4��0 �
 ^"���! ��3� /Q-�� ^"N�� /�F

�� /��0 P�� �0�,);�.(

A"V��"� �4 �o� �F�
� � �
 ^"����! ��N'U ��� 
�
 ��
�� �

� �! �� �$�K�� )&'�(� /�F �0�,)R$�6 :.(��+ �, A"�, �'� 

�
� � �
 ^"����! ��N'U ��N� �� ��F��-"� � ��� $ �F�0 ��-"�

 ���� kH��� )�
� � ^"����! �N'U A ��-� $ �0�
 
�6$ ��


 /��0 w�� �
8X�'"� 
�, )�g�� .� �! A", P ����@ 
��� /�F

 �� ���� kH��� �
 � �
 ^"���! �N'U �N� $ ��0�
 
�6$ ��


 )?@���-"� �����1 ���, A ����-� ���, A ��
��", �� �@ d��"���

 $ ���� ���B�$ )j���� )A �"0�-"� �� ��B, 
��, )R$��6:.(A� �

 � �! �
 � �
 ^"���! �N'U �$�K� �� ���L j ��� &�'�(� /�F

 �"���5 I��� 	��@ ��
 �, j ��� �, �� ��� ������ $ Q~����

 ����B-F);:(����B-F $ [����, $);(G��T�� � ��� 
���� �



��
 �o,��� ������.

,�-H@��6� 01�2 ,� 
��! � ;�	/ [�7 

A"V��"� �4 �o� 	��4���0 �
 ^ ��� ��N'U ��� 
�
 ��
�� ��F

 �3� %���"!�"_s� ��� �$�K�� )� �! #�� )R$�6 <.(/���0

 ! 	��4���0 �
 ^ ��� �N'U P �QD� d�� G��-� /$� %����"

� �! 
�, �$�K�� � �! #�� �, ��4, �N'U P �QD� �E �5� )�0 �F .

��+ �, 	��4���0 �
 ^ ��� ��N'U A ��
�", $ A ���-� �'� 

�F�0 ��-"� �
 d"��� �, %���"! ��-"� $�X�'"� 	�F�
� �g��

�0 .�� �! A"�, �
 ^ ��� ��N'U ��N� �� P ����@ 
���� /��F

 �� kH��� %���"! 	��4��0����� /���+ �, �0�
 
�6$ ��


 ��� ���B�$ $ j���� �
 d"��� �, ^ �� �N'U A ��-� $ A ��
",

 ��
 ����� kH��� A �"0�-"� $ j���� A", ��6 �F )�0 	�F�
�

 �0��� 
�6$)R$�6<.(

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
6.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                               4 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.6.8
https://iutjournals.iut.ac.ir/jstnar/article-1-647-en.html


��� .
�",/ � 01�2 ,� 
��! ,-" � 8���	9/ 
	� 
�� 4�,�!� �% 567��/ �� ,�� � ��6... 

W9 

��6VD.,-" 
��! 
	��	 �@ ���	9/ 01�2 ,�)d�B ��	� 6P�� (��;�	/ ;��� :	��,� $�9W� 
	� 

� �! ������ /�F 
�'"� R��NaCl��"� �
 

j���� � ��B, ?@�-"� A �"0�-"� ��� ���B�$ A"V��"� 

�K1 c<9/;d;;/;aW:/;bW:/;d98/;C:�/;

8X d;8/;c88/;aW:/;c;;/;c<9/;D9:/;

:X b��/;b<:/;b98/;bW�/;b��/;B�X/;

�X a<:/8a�;/;b98/;aW:/8aW9/;A��/;

A"V��"� CW8/;E9W/;A:X/8B]</;D<�/;

�! & 
� $ ���� �F �
 A"V��"� )A" w�� �
 ) %��
� k$�L /���
 /�F;%���� kH��� AB��
 ����@ ������ ��
.

��6Ve.,-" � ;�	/ [�7 
��! 
	��	 �@ ��6� 01�2 ,�)d�B ��	� 6P�� (��4�,�!� �% ��	<B	! 

� �! ��� /�F��� 
�'"� R��NaCl��"� �
 

j���� � ��B, ?@�-"� A �"0�-"� ��� ���B�$ A"V��"� 

�K1 dX9W/XcdX8:/XdX;;/XdX8:/Xd;;X/XDX:;/X

8X c;��/XcX9;/XcX9W/Xc;;</Xc;:;/XCX�]/X

:X b8��/XbX��/Xb9X]/Xb9:W/Xb;W8/XB8::/X

�X a:9]/Xa<;�/Xa<X9/Xa:�:/Xa898/XA:9;/X

A"V��"� A89:/XC;�W/XB8;</XA89]/XD;�:/X

�! & 
� $ ���� �F �
 A"V��"� )A" w�� �
 ) %��
� k$�L /���
 /�F;%���� kH��� AB��
 ����@ ������ ��
.

^�F $ � �! ^F ^ �� �N'U ^"N�� �
 �� ��� 	�0 M��Q5

 ����
 ����
 %���"!)8;);�);8);X)W)9$9X.(��� � ��a�@ ��

 * �+ �� ^ �� `D
 	��4���0 $ �
 � �� �@ ?y6 ��, ^4"��B� 

��� ���1 %���"! ��� )
��"5 ��� ��D�5 ��a"�� A"��E �����

� �! `D
 A �"0�-"� $ ?@�-"� /�F 	���� ^ ��� /��, �,�� /�F

 /��0 �
 ���4F A" �! /�F .%����"! #�� �� ��� 	�0 M��Q5

 Q"��"_s� 
��
 �� �! I���� 	��0 ?y6 ^ �� �N'U �, /
� � .

Z� /��, c�, �
 ^ �� �N'U R� f �5 /�F ��'"� M��� �$�D

 c�, �� ��
", A��$ R�o��! /�F 	
�, c�, �� j���� � �! /$� �"�

 �����)88.(R$���6 j ����� ���, ���6�� ���,<�
 ^ ���� ���N'U )

� �! /$� %���"! 	��4��0 /�F� ��B, w��� ��� ���� ���B�$ $

/��0:X�4���0 �
 �@ ��N'U �� ���-� �'"� )�g�� �'"� 	�

� �! � �� /$� %���"! ��� �F .�
 ^ ��� ��N'U ��,�� A � �


 � �! /$� %���"! 	��4��0 �� ��B, ��N'U &v�� 
$��L �
 

��� ����� ���B�$ �� �! /$� %�����"! 	��4���0 �
 ^ ��� ���0�, .

���� ����� C,�T �'� $ ^ �� `D
 ���� �� ��� 	�0 M��Q5

 c��, �� j���� I��� ^ �� `D
 ���� ��,�� A � �
 $l�  ��� 

A � �, )��� � ��"F��s4� 	
�
 ��4� ���)8].(�
 �"�S�D A� � 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
6.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                               5 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.6.8
https://iutjournals.iut.ac.ir/jstnar/article-1-647-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��" )$%" (/�	'� ()*+ 

W: 

��6V+.,-" 
��! 
	��	 �@ ��6� 01�2 ,�)d�B ��	� 6P�� (��;�	/ ;��� :	��,� $�9W� 
	� 

� �! ������ /�F 
�'"� R��NaCl��"� �
 

j���� � ��B, ?@�-"� A �"0�-"� ��� ���B�$ A"V��"� 

�K1 d�X�/Xd<�]/Xd988/Xd8<W/Xd9�;/XD:89/X

8X cXX]/;c]��/Xc�]:/XcW;X/Xc]:;/XC];�/X

:X bX�/;b�9X/Xb]<W/Xb;;8/;b�;]/XB�W</X

�X a8]X/;aXW:/;a���/Xa]8W/;a9X�/;A8]�/;

A"V��"� A�]�/XD]�X/XEW;</XB�W�/XC]<X/X

�! & 
� $ ���� �F �
 A"V��"� )A" 
 /�F w�� �
 ) %��
� k$�L /���;%���� kH��� AB��
 ����@ ������ ��
.


���� ��B, � �! $
 A � �� ��E )�0�, x
�1 � �0 ��� ���B�$ $

���4F � ��"F Q"� .Y�� �N� kH��,)8:(`�D
 ����� ��, ����

 	��4���0 ^ ��� ��N'U P ����@ A � �
 )j���� I��� ^ ��

 
� � j���� � �! /$� %���"! A � �� 
�, ��s4� ��'2 ��, � ��0 

�0�, %���"! $ � �! C,�o�� ���_� .M��Q5 �
 /�F �"�s� &'�(� 

��3� ^ ��� ^���� ��Q"� �� ��� 	�0 �"_s�� #��� )�� �! #��� 

�� $
 �F �  $ %���"! �0�,)8X);�$9X.(��+ �,�� �'� �����

 $ ���� ���B�$ �� �! )P ����@ A� � I ��0 �3� �� �D�5 �a"��

 ��B,�%����"! 	��4���0 �
 ^ ��� `�-a� ��, ��-� C� �-� 

����
 A �"0�-"�)R$�6<.(

A"V��"� �4 �o� �
� � �
 ^ ��� ��N'U ��� 
�
 ��
�� ��F

� �! ��� �$�K�� P ���@ 
��� /�F)R$�6�.(�F��0 ��-"� �


 �
� � �
 �@ A ���-� $ j����� �
� � �
 ^ �� �N'U A ��g�,

 
�, A �"0�-"� .K� ��,�� A � �
 � �! A", �$� P ���@ 
��� /�F

 ���� AB��
 ����@ �1�
 l  w�� �
 
�, ��
 ./���0 ��_� ��,

 � �! �-F �
 � �
 ^ �� �N'U ��Q�"� ���$ ��D�  P �Q�D� ��F

 �$��K�� /���0 w�� $ � �! #�� �, ��4, ^ �� �N'U P �QD�


�, .� �! A", kH��� �
 � �
 ^ �� �N'U �N� �� &'�(� /�F

���� 
�6$ ��
 ��, A ���-� ��, A ��
�", �� �@ d"��� $ �0�


 )��� ���B�$ )A �"0�-"� )j���� ���1 �� ��B, 
��, ?@��-"� $

)R$�6�.(

R$�6 j ��� �, �6�� �,�� �! �
 � )������� &�'�(� /�F

 �
 �
L�D ��DH��� ��, j ���� ��, ��� ����
 ^ �� ��  �0����

 ���oo3� � �� I��� 	��@ ��
);<);$88(���� �
 $ j����� 



��
 ���o,��� �������� G���T�� � ���� .�
�� � ���V 
 ������2 ���,

���5 �"D�J )&'�(� /�F �����
 ^ �� �0���� �
 �K'�(� /�F

 ���U@ 	��4���0 �, ^ �� R�o��� )��
�0���� �"D�J C"-B� �, ��

�� 
�0)<.(A ���s4� R$��6 �4 �o� �, <$��(
�� uH��� 

��� .�� R$�6 $
 A � �4 �o� �, A"�, ^"o�4�� ���,�� ��, ����

 
�, �! 	��4��0 $ �
 � ^ �� �N'U .P �QD� )�V 
 ����2 �,

�
 �@ P �Q��D� ���, ���B 
Q� r������� �
�� � �
 ^ ���� ���N'U


��
 %���"! 	��4��0.

,�-H@,�� 01�2 ,� 
��! � ;�	/ [�7 

A"V��"� �4 �o� � �! #�� �� 
�
 ��
� �F�"_s� ��N'U �, /
� � 


 %���"! �'� 
��)R$�6 W.(��N'U A ��g�, )�F�0 ��-"� �


 �
 �@ A ���-� $ j����� �� �! /$� %����"! 	��4��0 �
 �'�

 
��, ���� ���B�$ �� �! /$� %����"! 	��4��0 .d��� /���0

 � �! �-F /$� %���"! 	��4��0 �
 �'� �N'U P �QD� )�0 �F

 �$��K�� �� �! #��� �, ��4, �'� �N'U P �QD� ���o� ��E �F


�, .��+ �, ��N� �� ��F��-"� � ��� $ �F��0 ���-"� A"�, �'� 

����� kH���� %����"! 	��4���0 �
 ��'� �N'U 
��6$ ��
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
6.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                               6 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.6.8
https://iutjournals.iut.ac.ir/jstnar/article-1-647-en.html


��� .
�",/ � 01�2 ,� 
��! ,-" � 8���	9/ 
	� 
�� 4�,�!� �% 567��/ �� ,�� � ��6... 

W< 

��6Vf.,-" � ;�	/ [�7 
��! 
	��	 �@ ,�� 01�2 ,�)d�B ��	� 6P�� (��4�,�!� �% 567��/ ��	<B	! 

� �! ������ /�F 
�'"� R��NaCl��"� �
 

j���� � ��B, ?@�-"� 0�-"�A �" ��� ���B�$ A"V��"� 

�K1 dX�/;d:8/Xd8�/Xc9/Xd89/XD:�/X

8X c<�/;c8;/;c�:/Xb:</;c<:/XCX�/;

:X b8:/8b::/;bX;/8a8�/8b]W/XBW�/;

�X a99/:a;]/9a8�/9a99/8a9]/;A�X/8

A"V��"� A9;/8B<�/;B<</;B<�/;CW�/X

�! & 
� $ ���� �F �
 "V��"� )A"Aw�� �
 ) %��
� k$�L /���
 /�F;%���� kH��� AB��
 ����@ ������ ��
.

^F $ �0�
 A", A"�E� �! �
 ��'� ��N'U �N� �� &'�(� /�F

 ���� kH��� %���"! 	��4��0 A ��
�", �� /��+ �, 
�, ��


 
���, ����� ���B�$ $ j������ ���, r���,�� ���'� ���N'U A ����-� $

)R$�6W.(

�'2 5 �� �@ ^U� ������� �
 ��'� `�-a� ���� 	��0 ���K

 ��� %���"! #�� �, ��4,�$):(P ����@ A� � �� C�1�L j ���

 �� � �! #�� �, �'� �0���� �V�4,�$ �� ���L ��N� ��, ��� ��0�,

 ���V
F$i! ���,);;);$;:(
��
 �o,��� .�N'U �
�, A" �!

 � �! /$� %���"! 	��4��0 �
 �'� ��� ?@�-"� $ ��� ���B�$ /�F

�/��0 w�8X�'"� ��B� A � � m� )�g�� ��, �'� `-a� �� ���

 ��� ��4,�$ � �! #�� .	��4���0 �
 �'� �N'U �B� � �, �6�� �,

 �� �! � ��� �� ��
", �'"� j���� � �! /$� %���"! A� � )����F

 C1�L �a"����R�o��� �� /�"5�'6 �
 �-� ���� j���� �� 
�0

 
��
 %���"! �, �'� .'U Y����, )%����"! 	��4��0 �
 �'� �N

 �
 ��'� ^����� �� /
�� � 
$�L �� ��� ��4���� ��� ���B�$ � �!

 � �-� ����-� %���"! .A� � ��s4�� �� �! 
���� �
 �� ��B, Q�"� 

�� �! ���� ��� )��� x
�1 �� ��B, /���0 �
 �X��'"� )�g���

 �� 
$�3� /���0 ��� Q�"� ?@�-"� � �! $ 
�08X��'"� )�g���

� �! � /� %����"! ��, ��'� R��o��� �
��� 
$��3� ��O6 d���

�� �0�,.

A"V���"� �4 �o� �
� � �
 ��'� ��N'U ��� 
�
 ��
�� ��F

� �! ��� �$�K�� Q"� P ���@ 
��� /�F)R$�6 ].(���-"� �


 �
 �@ A ���-� $ ?@��-"� �
 � �
 �'� �N'U A ��g�, �F�0

 
�, j���� �
 � .�
� � �
 ��'� ��N'U P �Q�D� d�� /��0

 � �! �-F #��� �, ��4, �'� �N'U P �QD� ���o� �E �5� �0 �F

 
�, �$�K�� � �! .��+ �, ��F��-"� � �� $ �F�0 ��-"� A", �'� 

���� kH��� �
 � �
 �'� �N'U �N� �� ��$ �0�
 
�6$ ��


 /��0 w�� A",:X$�X�'"� ����� kH���� )�g��� �
 ��


 �
� 	�F�
� �
 � �'� �N'U .� �! A", �F��N� �� &�'�(� /�

 ���� kH��� �
 � �
 �'� �N'U d�"��� $ ��0�
 
�6$ ��


 )A �"�0�-"� )���� ���B�$ ���1 �, A ��-� �, A ��
", �� �@

 $ j���� )?@�-"�� ��B, 
�, )R$�6].(

R$�6 �
 
�6�� j ���]� �! �$�K�� ���D� �� ���L )/�F

 �� �
 � �
 �'� ^���� �
 ������ ��Q�5 $ �0�,M� ��� /��F

 ���V
F$i!);):)]$;:(�a"�� A � � m� Q"� ��N'U �� ���

 �
 � �
 �'� ���� �$�K�� ���5 #�� �, ��4, ������ /�F .��,

 A � �� ��� ��D�  P �QD� �
 � �
 �'� �N'U /��0 P �QD�

���V
��F$i! ���V 
 I����� 	����@ ����
 ���, j ����� ���, ���a"�� 

)8�);:)8$9;(
��
 �o,��� .4� �o� �, R$���6 j ���� �W$]

�� ���-� ��'"� �
 � �
 �'� �N'U ���""}� �� �D� �
 ���� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
6.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                               7 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.6.8
https://iutjournals.iut.ac.ir/jstnar/article-1-647-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��" )$%" (/�	'� ()*+ 

W� 

��6V*.,-" 
��! 
	��	 �@ ,�� 01�2 ,�)d�B ��	� 6P�� (��;�	/ ;��� :	��,� $�9W� 
	� 

� �! ������ /�F 
�'"� R��NaCl��"� �
 

j���� � ��B, ?@�-"� A �"0�-"� ��� ���B�$ A"V��"� 

�K1 c]:/Xc�9/Xc8X/;cXW/;d;X/;CX9/;

8X c]9/Xc�:/Xc8;/;cX�/;c<;/;B;;/;

:X bW</;a];/;aW:/;a;;/8bX;/8A]]/;

�X a;9/8b<�/;b<9/;bW</;a::/8A]]/;

A"V��"� C9�/;D9;/;C:8/;B<X/;AW�/;

�! & 
� $ ���� �F �
 A"V��"� )A" w�� �
 ) %��
� k$�L /���
 /�F ;%���� kH��� AB��
 ����@ ������ ��
.

��� 	��4��0 �
 �@ ���""}� �� .���
 �, j ��� �, j ��� A �

 ���V
F$i! � �� I��� 	��@);W);�)�):$;](� �� 
��� �


 
��
 �o,��� ������ G�T�� .PF$i�! ���, j ��� Y����, )��F

 �@ R�o��� ��0 
$�3� �V��
� �
 � �
 �'� �N'U P �QD� �,

���� 	��4����0 ���0�,)])8 $;:(���'� � 
���o� �4�� �o� ���, ���� 

���� �
�� � $ 	��4����0 �
 ����� ���B�$ ���� ���D� �
 ������ 

�@ R��o��� �� �����-� $ �
� � �
 �'� �0���� �
 �,�� ���� 


��
 	��4��0 �, .
���� �
 #�S�� A � �� ��B, ����
 ^�F 

�
 ��� ���� ��B, �� �N� �, ���0 w��� P �Q�D� ��, ��� /

��� PF��� �
� � �
 �'� �0���� �"D�J ��,�  .�� �! A� � �


 /��0 w�� �
 �'� �0�����X��'"� ��, ��4�� )�g���:X)

�� PF�� �,�  .� �! �V 
 �
 /
���� A"��E Q�"� ������� /�F

 ��� 	�0 M��Q5);:$8�.(

��	
� ���� ��	?9�" 

1. Banuls, J., F. Legaz and E. Primo-Millo. 1990. Effect of salinity on uptake and distribution of chloride and sodium 
in some citrus-rootstock combinations. J. Hortic. Sci. 65:715-724. 

2. Banuls, J. and E. Primo-Millo. 1995. Effects of salinity on some citrus scion-combinations. Ann. Bot. 76:97-102. 
3. Banuls, J., M.D. Serna, F. Legaz and E. Primo-Millo. 1997. Growth and gas exchange parameters of citrus plants 

streesed with different salts. J. Plant Physiol. 15:194-199. 
4. Behboudian, M.H., E. Torokfalvy and R.R. Walker. 1986. Effects of salinity on ionic content, water relations and 

gas exchanges parameters in some citrus scion-rootstock combinations. Sci. Hort. 28:105-116. 
5. Boursier, P., J. Lynch, A. Lauchli and E. Epstein. 1987. Chloride partitioning in leaves of salt stressed sorghum, 

maize, wheat and barley. Aust. J. Plant Physiol. 14:463-473. 
6. Cooper, W.C. and B.S. Gorton. 1951. Salt tolerance of various citrus rootstocks. Proc. Rio Grande Valley Hort. Sco. 

5:46-52. 
7. Cooper, W.C. and B.S. Gorton. 1952. Toxicity and accumulation of chloride salt in citrus on various rootstocks. 

Proc. Am. Soc. Hort. Sci. 59:143-146. 
8. Fernandez-Ballester, G., F. Garcia-Sanchez, A. Cerda and V. Martinez. 2003. Tolerance of citrus rootstock 

seedlings to salininity stress based on thier ability to regulate ion uptake and transport. Tree Physiol. 23:265-271. 
9. Fernandes, F.G., M. Caro, A. Cerda and M.G. Guillen. 1977. Distribution of chloride and sodium in citrus 

rootstocks irrigated with saline water. Proc. Int. Soc. Citriculture, PP. 1014-1017 Lake Alfred, FL, USA. 
10. Garcia-Agustin, P. and E. Primo-Millo. 1995. Selection of NaCl-tolerance citrus plant. Plant Cell Rep. 14:314-318. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
6.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                               8 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.6.8
https://iutjournals.iut.ac.ir/jstnar/article-1-647-en.html


��� .
�",/ � 01�2 ,� 
��! ,-" � 8���	9/ 
	� 
�� 4�,�!� �% 567��/ �� ,�� � ��6... 

WW 

11. Garcia-Legaz, M.F., A. Garcia-Lidon, I. Porras-Castillo and J.M. Ortiz-Marcide. 1992. Behaviour of different 
scion/rootstock combinations of lemons [Citrus limon (L.) Burm. f.] against Cl- and Na+ ions. In: Proc. Int. Soc. 
Citriculture, Acireale, Italy. 

12. Garcia-Legaz, M.F., J.M. Oritz, A.G. Garcia-Lidon and A. Cerda. 1993. Effect of salinity on growth, ion content 
and CO2 assimilation rate in lemon varieties on different rootstocks. Physiol. Plant 89:427-432. 

13. Garcia-Lidon, A.,  J.M. Oritz, M.F. Garcia-Legaz and A. Cerda. 1998. Role of rootstock and scion on root and leaf 
ion accumulation in lemon trees grown under saline conditions. Fruits 53:89-97.  

14. Garcia-Sanchez, F., J.L. Jifon, M. Carrajal and J.P. Syvertsen. 2002. Gas exchange, chlorophyll and nutrient content 
in relation to Na+ and Cl- accumulation in Sunburst mandarin grafted on differnent rootstocks. Plant Sci. 162:705-
712. 

15. Georgiou, A. 2002. Evaluation of rootstocks for clemantine mandarin in Cyprus. Sci. Hort. 93:29-38. 
16. Grieve, A.M. and R.R. Walker. 1983. Uptake and distribution of chloride, sodium and potassium ions in salt-treated 

citrus plants. Aust. J. Agric. Res. 34: 133-143. 
17. Hewitt, A.A., J.R. Furr and J.B. Carpenter. 1964. Uptake and distribution of chloride in citrus cuttings during a 

short-term test. Proc. Am. Soc. Hort. Sci. 84:165-169. 
18. Hewitt, A.A. and J.R. Furr. 1965. Uptake and loss of chloride from seedling of selected citrus rootstock varieties. 

Proc. Am. Soc. Hort. Sci. 86:194-200. 
19. Levy, Y. and J. Shalhevest. 1990. Ranking the salt tolerance of citrus rootstocks by juice analysis. Sci. Hort.  

45:89-98. 
20. Levy, Y., J. Shalhevet and J. Lifshitz. 1992. The effect of salinity on citrus rootstocks and scions. Proc. Int. Soc. 

Citricul. Acireale, Italy. 
21. Lioyd, J. and H. Howie. 1989. Response of orchard Washington navel orange, Citrus Sinensis L. Osbeck to saline 

irrigation water I. Canopy characeristics and seasonal patterns in leaf osmotic potential, carbohydrates and ion 
concentrations. Aust. J. Agric. Res. 40:359-369. 

22. Lioyd, J., P. Kriedemann and D. Aspinall. 1989. Comparative sensitivity of Prior Lisbon lemon and “Valencia” 
orange trees to foliar sodium and chloride concentration. Plant Cell Environ. 12:529-540. 

23. Marschner, H. 1995. Mineral Nutrition of Higher Plants. Academic Press, London. 
24. Maas, E.V. 1993. Salinity and citriculture. Tree Physiol. 12:195-216. 
25. Peynado, A. and R. Yong. 1969. Relation of salt tolerance to cold hardiness of Redblush grapefruit and Valencia 

orange trees on various rootstocks. Proc. 1st Int. Citrus Symp. pp. 1793-1802. 
26. Ruiz, D., V. Martines and A. Cerada. 1997. Citrus response to salinity: Growth and nutrient uptake. Tree Physiol. 

17:141-150. 
27. Storey, R. and R.R. Walker. 1999. Cirus and salinity. Sci. Hort. 78:39-81. 
28. Sykes, S.R. 1985. A glasshouse screening procedure for identifying citrus hybrids which restrict chloride 

accumulation in shoot tissues. Aust. J. Agric. Res. 36:779-789. 
29. Walker, R.R. and T.J. Douglas. 1983. Effect of salinity level on uptake and distribution of chloride, sodium and 

potassium ions in citrus plants. Aust. J. Agric. Res. 34:145-153. 
30. Walker, R.R., M. Sedgley, M.A. Blesing and T.J. Dougla. 1984. Anatomy, ultrastructure assimilate concentrations 

of roots of citrus genotypes differing in ability for salt exclusion. Exp. Bot. 35:1481-1494. 
31. Walker, R.R. 1986. Sodium exclusion and potassium-sodium selectivity in salt treated trifoliate orange and 

Cleopatra mandarin plants. Aust. J. Plant Physiol. 13:293-303. 
32. Zid, E. and C. Grignon. 1987. Potassium-sodium selectivity of transports in the roots of Citrus aurantium.

Agrochem. 31:528-534. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
6.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.6.8
https://iutjournals.iut.ac.ir/jstnar/article-1-647-en.html
http://www.tcpdf.org

