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Abstract 
Excessive use of chemical fertilizers has caused contamination of soil as well as surface and groundwater resources. For this purpose, an experiment 
has been conducted to investigate the possibility of reducing surface water pollution with nitrate and also the effect of nitrogen on quantitative and 
qualitative characteristics of beans as a factorial based on completely randomized design (CRD) with four replications in Hamadan Agricultural and 
Natural Resources Research Center between 2013 and 2014. The first factor includes four types of nitrogen fertilizers, X1 (zeolite - EN), X2 (zeolite - 
AcAcEN), X3 (zeolite - HED), X4 (urea fertilizer), and X0 (control sample - no fertilizer use) and the second one involves two bean species, namely 
red beans (Phaseolus vulgarize L.) of Derakhshan cultivar and genotype 29005 of Cowpea (Vigna unguiculata L.). Applying functionalized zeolite 
nanofertilizers reduces nitrate leaching from the experimental units (pots). Meanwhile, zeolite X3 fertilizer is capable of reducing nitrate leaching by 
48% in comparison with urea fertilizer. The amount of soil nitrogen in pots, containing X3 fertilizer, is 0.115 ppm and, compared to the urea fertilizer 
treatment, it improves this element’s maintenance in the soil by 30%. Accordingly, X3 fertilizer increases chlorophyll, protein, and grain yield by 
44%, 64%, and 56%, respectively, in comparison with the control. In general, the application of functionalized nano zeolites has a beneficial role in 
reducing nitrate leaching and improving the quantitative and qualitative characteristics of bean plants. 
 
Keywords: Bean,clinoptilolite zeolite, nanofertilizer, nitrate leaching, 
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���_�  .�
��� %�*�
�� .�# � AcAcEN  -	�*� �*
 �� #�*�9100 O�� }�Oa� �* ����4� �4�  ���_�  �� .��� 

AcAcEN:EN  ,I�� '�2:1  %��� ��50  '"��
4���  � ��q� ��OI9 �	
*�= �* jd � ��$ '�<9 �*��

c �� '� Q%��� ��E %*�� .�$ ���;4�* �� �� ��O�� 3

'�<9 ���_�  % HED ����_�  *�4�* AcAcEN � '�<9 l�� '�
2& ,�9 � ��$ D[ �� �� Q�$ ��*� A�$ .�  .� '� .��

 )
* .�$ ���F=* �
���&��� 2
�� ����[* �* =�� �*�J�
 D�/19 !"�� '��_
 '� '����� %�&���� D
�I9 �� ����[*

_�  %��[ )$�� ��� ��O�� ���EDD
5  �� j�� .�
���

 ��O�� '� ���* w
��
�O�����& �* U�i �*�J� .��F=*

��= �pH  �* ��O��10  '�7  r
�B )
�� � ,=�
 -&��

,
�� '�O� .�
 �f" �� .6��4�� %�& H
+

 �'�  3��E
���_�  � ������� ���9�� HED  D/$) �
��� '�<91 (

)Petrucci et al., 2007.(   
  

  

  

  

  

  
  

  

  

  

                                                                                    
3. Ethylendiamine  
4. Bis (acetylaceton) ethylendiamine  
5. N, N-bis (4-hydroxypentane-2y1)  

    ethane-1,2-diaminium  
6. 4,4’-(ethane-1,2-diyldiimino) dipentan-2-ol 
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4A
 1%*�B$� �$�0 %C=6,D . HED 

 

.�#&  D/$ �� '���B)1( � ��&�1�  �u�" ���� ��$
.�/� %*�*� QDE�[ '� ���C '� ,�* ,Im� ��� �� 
�&

)
F_
�" .��9�� %�" '� .�$  ��4��� �� ��"�� %�&
 ,� �O�4d�	�O�2& .�: � 2��O� �
 � 2
F�	� Q2
��  �$��

 D/$)2 ��= � DO� �� )4=���*�C �* jd ���_�  )
* .(
.���� �f" 
��*�9 ,� �R� %�4�����  .�
 �	��� 
�&

'�<9 %*�� .,�*�*� *� 3*�4��  D��G ,� �R�  �& Q��$�*�
%�&���_�  �* w
 EN �AcAcEN � HED '�  3��E

.��������� �� '���*�"  ��$ ���F=* ,� �R� %��[ 
�&
'� �  3��24 2& %�� ,G��  }�Oa� ��9* %��� �� .�

 .���$ *�" 6��;
�4��� n��9 xO4a� ��= �� j�� � ��$
'O[�� ��  '� Q��� .�
 �f" ��(	�  %�� 3*�4�� %�&

,� �R� '��#� ��#9 Q�(����� %�& <9 %�&'�  �� ��$
��O�� ppm 280 '� � '4=�� �*�C 3*�4�� 2���4d  3��24 

2& %�� ,G�� .���$ ��*� .�/9 .�  
 

2 .2%�& '�	(� � �)*+� . �$,� !�-� � !�� � ./0

1�)� )EDX(1  

x�B D�O�9 � '
Fq9j/
* 'H$* %��14�* %6��* |	� 
'� .�1� ��(	� ,� �R� �E�	G !���9 n��4� .�*� 

A@E*  � ��1�A@E*  D/$) ,�* ��$ ��*� .�1� ��$2 .(
 x�B ��EDX Q,� �R� �* OE* �E�	G �E�� � .�� 

A@E* A@E* � ��1�  D/$ �� ��$)2(  ���" �)1( 

                                                                                    
1. Energy-dispersive X-ray spectroscopy 

.,�* ��$ ��*� .�1� ) D/$a -1 x�B (EDX ,� �R� �* 
A@E* � .�1� *� ��1� �*�J� .� �� � �&�SiQ Al  �

2&  � 2
�� #� ����� �*�J� )�	:� ��
89 *� 2���4d�	� . ��
) D/$b -2A@E* ,� �R� (  x�B .,�* ��$ ��*� .�1� ��$
EDX � .�1� ��$ 0f[ '��#� o�� �* 2
�� '� �&�

'� ?i�#4[* '� ,�* .��9�� 	
F_
�" ,OGHED  ,�*.  w�d
�� nI9��N   �C '� ) D/$ �� A�p�b -2� ��&�1� ( ��$
'R*�* '� f" �� 	I� %�&*�$ ��		�� HED  o�� %��

 ���" �� ��$ ��*� .�� �E�� Q)
* �� ��@G .,�* ,� �R�
)1� .�1� ( �E�	G o�� �� -&�� '� �&�Si  � Al 
'�  ��#G* �� ��H� �*�� .*�	GHED ,�* '4=�
 ���g9. 

  
2 .3*�" 5 � ���� . 67  �!��89 �9�" :)��, � 

;,
 ��<  

��� �(����� �* r#G 20 -0 4���%�4� 'G�F�  F���
3�J�J�9 .*�#& %����1� '�<9 � jd �* *�& w1� .�$ 

�* w * 2 O��%�4� ��IG ��*� �$ .,=�� ��� '� l�� 
%�4�����& )Gee & Bauder, 1986(Q .*F�� pH �� ��_4�� 

pH  �4�)��� Metrohm 691 �.�# � ��1�( )Nelson, 

1982(Q ,�O��C ,
*�& /
�4/ * �� ���>G P�I$* ��� �� 
��_4�� ,
*�&  |	�)��� WTW Series inolab ��1� Q
j�R��) (Rhoades,1982 (�E�� � )���  � '� l�� 
��O/ *� wO� )Nelson & Sommers, 1986 (��*��*%���  �$

 ���")2 .( 
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4A
2F$G . HA=6 �I
6 ����9*6 �8,*6 )EDX (26 a( �)12$3 L�M b (3$�)12 NO�6 �%
  

 

P�%Q 1. R,0$S %��� ,��C5 !�6�  �)Q)��� NO�6 3$�)12 � L�M 3$�)12 �%
  

�)R     (%) 78�,9$*  (%) (,R   (%)  =%'  (%)  $'�9�  (%) L)$C$�)�<  (%) L)$"$!'  

L�M 3$�)12    00/0  00/0  07/1  12/1  63/15  18/82  

NO�6 3$�)12 �%
    91/9  28/33  00/0  42/2  25/5  14/49  

 

��� �(����� � �* DIC
'4a .*�O� �� .�$ �&% 
5/1������OQ ��� �� �@��9* ��% 121 4��� '"��  � �*��

 ��1=5/1 '� Q�;�#9*  3��
w  ,G����$ ��;G�p ?@��� Q
�� j��% -$�d �&% 4�@d�/ *�� � )<d%  3��24 

*�& ��H� �� ,G��%  ��*� �*�C �*��$�*�� � ��%  U�� ���
 .��� �����'� �&% ��;G�p �
'4a  �@��9* �� � ��$
*�$ .�#& ��
n ��;G �p ���
�. A@E* ����  ��f�  �* ��$

 � �
��� '�<9 .*�#& 3�J�J�9 F���'�  3��15 -12 C��'J 
& ����O���
, ��
2 ��2 ��;G�p �E��  �& 'H=� '� � ���

'�  3��5 C��'J ,�$ ��J� �� �� �$� ��*�  .���$ �*�H9
 D��� �*�J4�* �* jd � ,1� .*�O� �& �� ����  �f� ��<:

w	9 3��O#G B Q'�&���  .*�O� �& �� '�&��� �� Q%���
2& � 4� �R� ��� .������ C��  U�� w
 �� ���* ��� )�	:

.*�O� 
*�4�* �� .�$ ��*��*�C ����  �f� /
�F� �� � �&

��;4�*,��B� ��_4�� �* � ) |	�TDR
1 ��� Trase 

6050X1.*�O� ��� ,��B� ( �� j�� Q�$ %��� ��*��* �&
) %����� '� ���� ���� ������Abdali & Daneshi, 2005 Q(

.*�O� %����� 3��O#Gw
 ��� -$ �& ?*���[ �&  �� ���
 �& �$� ���� %�<4�* �� � �$� ���� %*�4�*|	d w
 ���  ���

4=* ��;9*2& � DIC ��� .6��4�� .��  U�#9* �* �H� )�	:
 ���) �*�Oq� ��_4�� n��9 F�� -
����k-9840 ��1� Q

��*��* ���� (.�# � %*�� .,=�� �*�C ��
��* � %���
�#" ���� 3*�4�� .*F�� %��� .*�O� -/&� �* ��$ �* Q�&

.*�O� �
� �� '� E�>a� 0��z ����� ��$ '�IH9 �&
d .�
��� ���;4�* �* "��� �� .*F�� %����� ��� �& �* j

.*�O��#" �& %��� �� ?�H
�� � %�����<: 4��� '"��  �*��
��*��* .� 3*�4�� j�� � '4=�� �*�C .*F�� .�$ %���

�� ���� �� 3*�4�� 
�$ .*�O� �* ��$ D[*�� ��#9 �� �&

                                                                                    
1. Time-Domain Reflectometry  
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 �* ���;4�* �� %����� xO4a� %�&��� � ���� �$� *�4 �* l��
 �
�' )Ultra Violet( ��*��* ���� .,=�� �*�C %���  

 �*�J�13/52 O�� ��� '� �& �* U���O�� �� U��
��G ,� �R�  � �� .�
��� ���;4�* .*�O� �& �� ��$�*�  '���

 �* OIO� 21: ����  � .�1��� 2C� F��C ����  D��$ ���� 
 V�9��629005 '� -&�5d )
* �� F�� .���$ ���� ��� 

  
2 .4 .#9)>�� ���� !������?  

��*��* ���� %�&�4�*��d �� 3*�4�� D��$ %��� .6��4�� Q��
 Q/
6� ��� ��/O#G Q'�*� )��9��d Q���� .6��4�� Q���
 )��9��d .����� ��� D�=��O� c��$ � %��>4C* ��/O#G

) ���=�*�� l�� �* '�*�Bradford, 1976 D�=��O� c��$ Q(
 ��_4�� �* ���;4�* ��SPAD )��� 504 )d*6 ��1� ,���( 

D� 'O[�� �� �� � ��� Q���� .6��4�� Q&�  ��_4�� �� ��
 �*�Oq� ���)k-9840  (.�# � ��1� ,���)Mulvaney & 

Bremner, 1982 ��>[ ,<" '9�� .�� � '�*� .�� Q(
��*�9 �* ���;4�* �� %��>4C* ��/O#G � /
6� ��� ��/O#G 

��*��*.���$ %��� �� 2��J9 ��/O#G %��>4C* )'�*� (�� 
��/O#G w
6� ��� � ��p �� 100Q c��$ ,$*��� 

'� ,�� ���. 2&  '��#� )�	:SEM
1 '��#� �* �� �(����� %�&

��*��* .*�<9 ��_1�*� #�$ ��_1
����  .�
��� %��� 

  
2 .5�AB&� !��5 '�	(� � �)*+� � C)�>5 D�& .  

'� -
����  A�B ! �C �� D
��4��= 3��E =��>9 ?@���
IB ���	� � %����1� 3�J�J�9 F��� �� �*�/9 ��<: �� H�

 G*�� ��� �� .*�#&94-93 '� ,� �R� .����� *�"*  %�&
D��G �� ��$�*� EN� AcAcEN � HED '� !�9�9 X1 �X2 

  X3 �2& )�	: O��G ���� �C�= ,� �R� X0 ���* ��� � 

X4 ��*� j��
�*� '
Fq9 .���$ %�*f_���%�&  �� QDE�[
U�� �* ���;4�* �*F=*  SAS 'a��)1/9)�_���� '�
�J� � ( �&

                                                                                    
1. Scanning Electron Microscopy  

'	�*� �	: .���� �* ���;4�* �� ��#4[* o�� �� )/�*� %*5 
 .���
��� '�
�J� �E��  

  
3 E(9 � .)�  .  

3 .1#0��9  . ) #-9�� # ����"� F��0����� � �G SEM(   

�
�>9 SEM ,� �R����� �� (,� �O�4d�	�O�) D/$ .�1� 
��*� ��$ ,�* ..�#& '���B �� D/$ )a-3( ��&�1� 
� ��$ D/$ 3*�u���� '� 3��E %��� � �$�� '� )
* 

3*�u���� '� D� � ��*��* w:�� � D
�#9 '� %�*�
�d '� 
�_
�/
 ���I�: ��* � '� 3��E '��O� %* ������ ��* .

��*��*  %�*�H9 �* )
* 3*�u���� %��� �� D/$ )b-3( 
!�:�� %�*f� ��$ ,�* � '([@� � ���� '� F
�� 

3*�u �� ������ 30 �9 60 �4����� �*�C  D/$) ��*�3( .
.�����4������� D��G ,� �R� ��$�*� !"�� -
*F=* 

o�� �7{� ������� '�<9 ��$ ��
��� � )
* .�/�* *� 2&*�= 
� ���� '� �u�" '� '4=���� '� .*F�� -�� �9% �f" 

,� �R� ���� '� )
* ' 8�� ��� !"�� -
*F=* �f" 
3*�4�� �� ��� � 
*��� �9�7{� .� � ��$.  

  
3 .267 � ��< ������  HI5 �����  .  

.6��4�� %�&��� ������ Qj��
�*� '
Fq9 |
�4� b��*�� �*�
��789 	H� ��#4[* o�� �� %�*�1 �E��  3*�4�� .*F�� ��

,�
� .6��4�� Q"���  ��� .6��4�� � ���� ���9 �*
.*�O� ���") ,$*� ����  %��[ %�&3 ���� �� .(

.6��4�� %�&���l���d .�&��� Q�*�  ��� �� '4=�
X3 Q
 -&��48  %�E���� 
�$  ��#�9 '� ,I�� *� 3*�4��

 ���") �*� .�1� ��� �* *� ���* ���4 .��� )
* �� .(
.*�O� �*�J� �� ���* ��� %��[ %�&83/11 ,#�C �� 
.��O�� -�� �9)
  .*F���� 
�$  ��� � 3*�4�� X3 ��

22/6 ,#�C �� .��O�� 2� �9 .*F�� )
�� 
�$  *� 3*�4��
'� ���") �*� v�>�* ��� 4(.  
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4A
3 �*)	* ,=)X0 .SEM. a( >6�Y ��,R ��9M�'  &3$�)12b3$�)12 >6�Y �6%I0 � �26%*6 ( 

 

 P�%Q2�?�=� .Z=��2< ��)� [�M ���  

[�M 3D�  >�C,R  $"!R (%)  (%)  ��< (,R  pH  EC (dS/m)   ��<�6)�(%)   4R 78�,9$*(%)  

�'� L)�  7/14  1/1  67/7  9/0  16/1  05/0  

 

%�&��� X1 � X2  ��� �� '�
�J� ��X3 2� 
*��� �*  %�9
�� -&�� v�>���  �� ��* Q����� �*������ 3*�4�� 
�$

)
* ) ���* ��� �� '�
�J� �� ��[X4'� (  !�9�927  �19 
.*�O� �* "��� 3*�4�� .*F�� �E�� .���*� -&�� *� �&

,� �R� ����� O�*� o�� � ���� 3*�;[ .���*�*� �� �&
�E�	G )4�*��* U*� '� ,�O��C ���4�� '� QxO4a�  �5
�

� *�*� *� .6��4��'� � �	$��  %����*�� 
��*�9 .� ��I��
) ���*� *� �E�	G )
* q
��9Nasiri et al., 2012 .(

� )
* .*�9  �� .6��4�� %�&��� ������ '� ��� .��� '���
 ���*� *� .6��4�� q
��9 %����*�� 
��*�9 ,� �R� D��[

� ��� �	�*�9 � 3*�4�� 
�$ |
�4� .�	&� -&�� *
'� ,�� -&�5d �
�� |
�4� �� ��#& ?@��� ����  �� 	I� .*��

�� -&�� ,� �R� ������ �� 3*�4�� 
�$ %��[ %�&
� .6��4��) �$��Hosseini et al., 2000; Abedi-Koupai 

& Asadkazemi, 2006; Gholam; Heydari et al., 2015 .(
 ,� �R� ���� %�&��� �* ���;4�*D��G .6��4�� �� ��$�*�

'� �� �* %����O" ZG�� �<	9 � 3*�4�� �
�$ 
�$ Q��$

 ��B �� ���� ���� ���� .6��4�� .�*��*�C ���4�* �� �� '/O�
� )��89 .6��4�� '� *� ���� ���� Q�$� ����  ���* ��� .�	�

 %*�*� '�30 -50 � 
*��� �E��-�� Q�$��  .*F�� )
�9
� -a� �� *� 0�>� ��*� v�>4�* ��� '� %����1

2& Q,�* -�� )�	: �� )
�9  0�>� �� F�� 3*�4�� 
�$
� DE�[ ��� )
* ) ��$Chinnamuthu & Boopathi, 

2009; Timsina et al., 2001�� .(  �* /
 3*�4�� 
�$
'� � ,�
� n��� !
�a9 2<� D�*�G '9*�4�� .� ��I��  .�$

�� �� '� ,�* ��� �
� � ��� %�& '� �q	� ,
�<�
%��#�� -
*F=*� .�B�� 'O#" �* xO4a� %�& ����

)Shaviv, 20002& .( � |
�4� '� &�_� �� )�	: .*�9
 ���* ��� '� ��� ��&�1�83/11 ,#�C �� .��O��  3*�4��

�� '�-�� .*F�� )
* '� ,�* ���� '=�p* ��  .*F�� �* �9
 	H
 .� ��<" ��*���4�* ,(Oh10 ,#�C �� �� .��O

� ) �$��Shaviv, 2000; Asghari Moghaddam & 

Adigozalpour, 2016'� '� ( � ��� '��� 3*��� ��*�9
,�
� ���4�� ����.�	� ��q
* *� %*  



./0$, )*�* �)12$3 4��5 �%
�6� � *$78�,9 , �$76: ;< )
�= *$>6,9 �� �� �*)? )�$� 

  

 ����23 �  ���	
1 �  ���1400  
35

 Q��*� _4�� %��H4� D�*�G '� ���� �� .6��4�� ,(Oh
-�� ��� .6��4�� .*F�� ':�& '� ,�* ��
��� l�*F�  �9

 ���� .6��4�� �*�J� �$��� -
*F=* >a1� �[ �9 ���

)Yoldas & Esiyok, 2004(,� �R� ������� b��* )
* �� . X3 

-�� ��� .,$*� ���� .6��4�� �*�J� �� *� ��789 )
�9 X3  ��789 ��
 %*�� %���p �>	G )
* �*�J� ,��*�9 ���� .6��4�� �*�J���

 '� *� ����91/3   ��4	� '��#� �� '�
�J� �� '� ������ �E��
) *� ���� .6��4�� �*�J� (�&�$48  ,�* ��*� -
*F=* �E��

 ���")4(. ,� �R�����D��G %�& '� '� .6��4�� �� ��$�*�  .*�	G

� ����� q
��9 ��		��*�� w
 ��$) �Xiubin & 

Zhanbin, 2001 ���� q
��9 ���� )4��� �;9�� �� ��@G Q(
 .� ,=���& �* ���� Q�$� ���� ��B �� .6��4�� '�� F�� ��$ 

)Afrous et al., 2005; Hosseini Abary et al., 2007; 

Heydari et al., 2015; Gholam Hosseini et al., 2000 .(  

'� |
�4� '� '"�9 �� ,�� .6��4�� %�&��� Q���� �*�
-�� .6��4�� �*�J� �	4��*�9 .*�O� ��� �� *� %�9 `;[ �&

) �		�Heydari et al., 2018; Kottegoda et al., 2011 � (
�� �* ����  ���") ���$ �E�	G )
* 
�$4 .(  

  
P�%Q 3 .:\0=� �6�=H*�  , 78�,9$* �)R ])* ,.6*$78�,9 ?$&�� *$�,987 [�M � *$78�,9 �2 ;<& D�,!R$&4 �,A!	5 &�*6� ^M�
 

&3
6�, �,A!	5 $8)�)=A &�_0�,�$( �*6��*)? �� & )�$� 

>6,$$`0 a�C�  
 �Q��  
��62< 

    >�I,� ($B*�$�        

78�,9$*  
�2;<  

78�,9$* 

[�M  
 78�,9$*  

��$?  
 �%5  
4$D�,!R,9�  

 �,A!	5  
�*6�  

 ^M�
  
3
6�,  

  �,A!	5  
�A=8)�)$  

 ($_0�,�  
�*6�  

�*)?  1  ns 12/0  ns 0004/0  * 07/0  **12/49  **348/205  ns 06/4  **960/1024  **34/3926  

�)R  4  **09/115  **0017/0  **58/1  ** 12/2343  **816/3517  ** 19/87  **035/22709  **05/302675  
�*)? ×�)R  4  ns 08/0 ns 0005/0  ns 01/0 ns 75/2  *292/60  ns 87/6  ns 571/68  ns 56/196 

�dM  30  11/0  00007/0  02/0  66/4  396/16  65/2  921/125  40/312  

,$$`0 S=,e>6 (%)  -  3/5  7/4  11/3  66/3  89/6  10/7  48/4  22/4  
 � ** & *  1O5ns 7��* S$0,0 � �CI� �%C��  fd' �� 7�) �6�5  �1 %���  ��)g* �CI� �6��.  

  
P�%Q 4 .���=�" �$B*�$(  , 78�,9$* �)R � �*)? ,$./0D�,!R$&4 �,A!	5 &�*6� ^M�
 &3
6�, �,A!	5 $8)�)=A� � _0�,�$( �*6� �� )�$� 

  
��$? 78�,9$*  

)%(  
[�M 78�,9$*  

)ppm(  
�2 78�,9$*;<  

)ppm(  
 �%5
4$D�,!R,9�  

3
6�, ^M�
 

)%(  
�A=8)�)$ �,A!	5 

)g per pot(  
�*6� ($_0�,� 

)mg/m(  

        �*)?        

:�,h �$)�  a 01/3  a 08/0 b 56/7  a 98/59  a 15/24  a 69/80  a 63/428  
�!g!  �Q �$)�  b 73/2 b073/0  a 84/8 b 76/57  a 30/23  b 49/77  b 82/408  

        78�,9$* �)R        

X0 e95/1 d055/0  e 96/3  d 7/43  c 88/18  d 59/60  d 12/224  

X1  d89/2 b09/0 c56/8 c 31/50  b 66/21  b 89/72  b 71/341  

X2  b4/3 b087/0 b55/9 d 48/45  cb 76/20  c 18/68  c16/274 

X3  a91/3 a115/0 d22/6 a 55/78  a 74/26  a 60/97  a 88/630  

X4  c07/3 c079/0 a 83/11 b 27/76  a 18/26  a 21/96  a 75/622  
�CI� iO9M6 L%5 ,B*�=�	* ���� i�,# &:Q ,� �6, � 7)9' ,� �� P�	9#6 fd' �� �6�5 �� %���%
�.  

)X0 &%��
 �*)	* == X1 � 3$�)12EN &X2 � 3$�)12 =AcAcEN &X3 � 3$�)12 =HEN  �X4�)R = (���6  
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) ���" '� &�_� ��3 ��� Q(X3  `;[ ��115/0 
-�� ��� �� .6��4�� .��O�� �� ,#�C  *� �*�J� )
�9

'�  ��� .�*� v�>4�* ���X3  .*F�� ���* ��� �� '�
�J� ��
����u .6��4��  *� ��� �� ��$30  �*� -
*F=* �E��

 ���")4 %�&��� .(X1  �X2  �� 0@4�* ���* �� ':��*
C�� .6��4�� �*�J� '� ��� �� �����  !�9�909/0  �087/0 

� .��O�� �� ,#�C ���� w
 �� ��� �� )
* ��* Q�$��
 ���") �	4=�� �*�C %����3��*� �* .(  �� ��"�� %�&

) ���"2��� )�	: (D��G ,� �R� %�&��� ���� '� �
�
9 '� Q.6��4�� �� ��$�*��� �* %����O" ZG�� �<	  
�$

.*�O� �* 3*�4�� �
�$ .�*��*�C ���4�* �� �� '/O� ���$ �&
'� .6��4��  n��9 �4<� �f" ,�O��C Qq
��9 � 2(	� ��B

 )�� �� .6��4�� `;[ �� ,
�<��� � ���� ��q
* *� ����
 � ���� %*�� ��;� �>	G )
* %����& �* ��� ��4���

��O" ,�
� n��� %*�� �s�.����� %��  
  

3 .3 '�J��	
 K7, .  

	H� �_���� j��
�*� '
Fq9 |
�4�.����*�  ��#4[* o�� ��
1 �E�� .6��4�� %�&��� � 2C� �7* D�=��O� c��$ �� �*�

 ���") ,�* ����  ����3(.  2C� �� �� D�=��O� c��$
��*� ':��* .,$*� 9��;4� �
��J� Q�������� �� 	I� �&

	H� 0@4�* �*�� U�C�* )�� 0@4�* )
* )/� � �$��
 �� F��C ����  %�E�� ��<: %�9�� �* ��[ � ���� F�:��

21: ����  � D�=��O� c��$ .*F�� �� OIO� ���") �$��
4(.  ��789 ,�9 ����  D�=��O� c��$ �*�J� �� 3��;9

'���� *� �&'��� .*�9 '� .*�9  � �f" �� xO4a� %�&
 ��H� �E�	G ����* D
i� �* /
 .�*� ,I�� ������$ '�
� ��* )
*  �#4[*  l�4�� �� 3��;9 �* $�� ��*�9

'1
� n
*�$ �� 0@4�* !I� '� �$�� ��� �� ���� %�&
'
fg9� D�=��O� F4	� 'q�4� �� � %* ����

)Bhattacharyya et al., 1993(.   

��*� j��
�*� '
Fq9 |
�4� 	H� �_���� �& .����*���789 
.6��4�� %�&��� ��#4[* o�� �� �*�1  .*F�� �� �E��

) ,�* ����  ���� D�=��O� c��$���" 3 ���� �� .(
.6��4�� %�&��� 0�>� �� ����  -	�*� �$ ca1� �*�

,� �R����� ��#G�* '�D��G %�& !I� Q.6��4�� �� ��$�*�
 c��$ -
*F=* .�
��� ���� �� D�=��O� c��$ -
*F=*

� �� D�=��O�� ��� ��*�9-&�5d .*��  �� �9 �� *�
l�*F� .�
�#� %��
 �9i�� F4	��4= .*�9 �� ��&��� %�&

 c��$ -	�*� v�>� �� F�� -
���� )
* �� ��"��
 ,� �R����� %�&��� �* ���;4�* '� ����  ��� D�=��O�

D��G  �� D�=��O� c��$ )
�9i�� ��>[ �� 	I� ��$�*�
 ��� �� ��$��#�9 .�&���X3 �2� .�$��  '� F�� .*F�� )
�9

 '� Q,=�
 v�>4�* (�&�$ '��#�) ��� �* ���;4�* U�G ��#�9
 �� ���H� ��� �� )
* 0@4�*44 � �E�� ���") �$��4 .(

-&�5d |
�4� -&�5d %�&  0�>� -
*F=* ��789 '� .*��
 -&�5d �� ���*� .�1� *� ���� D�=��O� .*F�� �� .6��4��

��*� ,J���� �p�[ )Heydari et al., 2018; Gholam 

Hosseini et al., 2000; Mumpton, 1999( .  

 �� ��� D�=��O� c��$ '� '4/� )
* '� '"�9 ��
.6��4�� #&*�=  -&�� �� ,� �R� -J� ��� 
�$ 

 �E�	G'� �5
�  ��*� /
�F� }�I9�* .6��4��)Gholam 

Hosseini et al., 2000(  �* ���;4�* �� D�=��O� F4	� .*F��
 .6��4��- � �(� '� .,�* '4=�
 ��I<� ,� �R� '� ���

 �* ���� Q,� �R� %������,�$ �$� � ��$ .6��4�� %
 !I� ���� �$� ���� ��B �� �>	G )
* #&*�= -
*F=*

 ,�* ��
��� D�=��O� F4	� ��I<�)Gholam Hosseini et 

al., 2000.(  �p�[ -&�5d �� ���� �� D�=��O� F4	� F��
,� �R� ���� ������ ��	H� -
*F=* �& )�#& �� .,=�
 %�*�

 �4�*�-&�5d .*��  � ,� �R� ������ '� ����� l�*F�
!�� ��� D�=��O� Q.6��4��  ��#�9 �� '�
�J� �� *� 	���

�&�$ 13 ) �*� -
*F=* �E��Madani et al., 2010 .(  
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3 .4� �� ���	GA .  

 |
�4�� .�1� j��
�*� '
Fq9 � 2C� ���� 3*�7* '� �&�
.6��4�� %�&���2& � �*�  ��� �� '��� D��J4� �7* )�	:

'� 	H� ��789 !�9�9 %�*�  ��#4[* A��� ��1  �5  �E��  ��
) ,�* '4$*� ����  '�*� ��/O#G ���"3(-�� .  ��/O#G )
�9

 ��� ��#�9 �� '�*�X3 '� F��C ����  � D/$) ��� ,�� 4 .(
�i�B �� �E�	G %�*�<_� ,�O��C -
*F=* �� ,� �R�  Q3��

� ��I<� *� ��� ,�;�� %�E�	G #&*�= �� .�F=* .�1a�
 )4$*f� ���4�* �� � %�*�<_� �� 2���4d � .6��4�� �	���

.��9��2� �E�	G � 2
F�	� Q2��O� �	��� 
�& � 0�>� ��*�9
��$ �C*� �7{�  �*F=* '� �q	� ,
�<� �� ���� �� ��/O#G -


����� )Ramesh et al., 2007%�4� .( �� �p�[ 'H ��� �
'4=�
,� �R� ������ '� OIC %�& -  �� �7{� $�� *� .6��4��

'4��*� '�*� ��/O#G ��I<� ,<"2& ��*  �*�� ��*�
)Heydari et al., 2018; Gholam Hosseini et al., 2000; 

Mumpton, 1999  .(  

  
3 .5 .#�)��"��9 ���	GA  

 ��� � '��� ���� �7* '� �*� .�1� j��
�*� '
Fq9 |
�4�

.6��4��'� �*�  !�9�9 ��#4[* A��� ��5  �1 �E��  !I�
	H� 3��;9 w
6� ��� ��/O#G �(� �* �&��#�9 )�� �� %�*�

 ���") �
���3(.  �*�H9 �� �9 �� '��� �& w�4�6 '� '"�9 ��
� '� ��� o�� � �� � F4	��4= � ��� ,=�
�� .*F�� ��*�9

 �&� �*�C ��789 ,�9 *� ���� �� w1� ���� �#q9 'q�4�
)Nobahar & Pazoki, 2010('� Q � �(� �* F��C ����  '� ���

 b��* )�#& �� .,�* ���� �*������ %�9i�� %F4	��4= .*�9
 ��/O#G %�E�� ��<: -
*F=* �* F��C ����  '� ,�*

�� w
6� ���.�
��� �*������ OIO� 21: ����  '� ,I  
 c�a19 �� )�_���� '�
�J� |
�4��7{� , �[ )
�9

 �*� .�1� ����  �� /
6� ��� ��/O#G -
*F=* �� Q)/#�
��� �� ��$��#�9 .�&��� '�X3   ��� �X4  )
�4<���789  *�

 ���") ���*� .�1� ,;E )
* ��I<� ��4 )��H9 �� .(
 3��;9��789  ��� Q�&���X3  �X4  �� %����*�C ��

����  �� *� <��1� %��HE ���� Q.��/
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 .�&��� .���*� .�1� w
6� ��� ��/O#G -
*F=*
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��� �&�$ ��#�9 '� ,I�� w
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-&�5d �_
� |
�4� �� 'OE�[ |
�4� ) .*��Mumpton, 

1999; Heydari et al., 2017; Gholam Hosseini et al.,. 
2000 ('� Q��*� _	&�#& %��B -
���� )
* �� '�  �� �&

� -
*F=* .�&��� )
* w
6� ��� ��/O#G Q.6��4�� -
*F=* -

%���	= �* ���;4�* �4�*� )
* �� .���
  '	��� �� �
�" %�&
 �	��� %�*�� ������ �� �*�#& 
��#�$ %�&��� �* ���;4�*

2����/� .,�* ���#� D#G r=�� ,� �R�  �� ;O4a� %�&
,� �R� �� }�I9�* -  ��u w
6� ��� ��/O#G ��I<� �� .6��4��

2<� �* /
 .,�* ��$ 2����/� )
* )
�9  ,�=�z -
*F=* �&
'_� � �f" Q���9�� ���I9'� 
*fh �E�	G %�*�  �5
�

) ,�* ��� �� .6��4��Mumpton, 1999; Gholam 

Hosseini et al., 2000 .( v*�� �_
� �* .� �� ��@G
,� �R�'_� 
��*�9 �&) ,�* ,��B� %i�� %�*�Smith, 

1976; Breck, 1984D��C �p�[ 'q�4� )
*���	� Q(  .,�* '�"�9
 -
*F=* �F�
�d *FO� ���� %�� 1&�5d �4�*� )�#& ��
 %����O" � �*� .�1� *� ,� �R� ������ �� w
6� ��� ��/O#G

) ��� l�*F� *� 
*fh �E�	G %����& �*Gholam 

Hosseini et al., 2000 �&��� 
*��� -
*F=* �� D��G )
* Q(

� ���� �� �$� ��I<� !I� ,
�<� ������.  
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)Dadkhah et al., 2010)
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