
 ��� / ���	� 
��
��� ����� 
 �	
�� ����19  ����� /1 /1402  !"154 -137  

137 

 
This Journal is an open access Journal Licensed under the Creative Commons Attribution 4.0 International License (CC BY 405) 
 

 
������ :	
��
 ���                                                                                  20.1001.1.20081758.1402.19.1.9.9DOR:  

  

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

 ���*+� ���%,�& 

  

�$��-. $�
�1* �1�+2 	-3�4 �2  

 :���	
�)21/03/1402 :��	�� �22/05/1402(  

6$�!7 

��� ��  ����� ��� 
�!�" �#
$�%& �'  ��'
�&�' �	$
 (��)* #+ �,�'  
� �-. �/01%" #$�' 23�' �	�454� ���647" �8	#  �"09 $
:�8*+ (-� ��  �9+ . �' <9�� 
�=01%" >	+ 
� ?�9 �� �4,+ ���@4A� �#
$�%& ��1	$
 �' :+BC3 ���4�
 #+ �1	D
+-	�� �#
$�%& ��� 

:��9+ �E5. #+ �& :+
-*#�" :��9+ .�9+ ����� 
+�A �.B/ �
B" F4� #+ F4'  
B%& 
� �#
$�%& =GBH7" (-CC&-4IB/ J)" ���(�B' D
 #+ �K9�C"�* �4!L$�M*  �	�454� ����B& $ NB59  �H"(�)' F	+O�+ -C"#�4* :�"O5� $ ���+��9+ PQ9 -R+$ 
� �
$ .>45� 
� 

 @4S7/ >	+  -� ��9+
E7/4T " T"+B3U#
$�%& ��'
�& �' �V� A�4@ :+
-*#�" :��9+ 
� �B' �' $ �W4& ��1	$
 �' ���'
�& F�$X� >	+ .
(�)'  �$
 #+ ��4�?-" �#�9 �
��,�9 - N�Z*+ �' ��48W/
N�M* 
$�" �' @4S7/ >	+ 
� .-49 "" T"+B3 �	�9�C� �' �/�S4S7/ ['�C" -CU �V

(�+� \]9 .-� N+-A+ @4A� �#
$�%& ��'
�& �'  :�	B^_9�� #+ �"�C%9�� `I�A 
� N#G ���[5. �
$a  .-��!"�.  +
 @4S7/ �
�"a
 :���K,(#BR  $ -*�+� T41%/ :��9+ @4A� �#
$�%&�*B5* �*B5* �$
 #+ (��W�9+ �' $ -C5�-� D:���K, TC� �+�' ��4� �B' �/$�bA ��4� .

 �E&
B� �' �& �+� :�%* >4%4� =�S4S7/ T4E7/10 " @4A� �#
$�%& ��'
�& �' T"�3U c	��* .�9+ �VF�$X� #+ Td�R  �B' >	+ #+ �&�R
T"�3 �& ���R $ �C� ��� �+/ ���� $ �3�5�.+ DeT"�3 >	�/�	���4V T"�3 $ @4A� �#
$�%& ��'
�& 
� ��  $ �L+
+ �4!L$ D���H�A+ ���

(�)' N�M*  T"�3 $ �
+��'�9�49 �
+�� �"�*�' $  :0& �O	
�' :+BC3 /e .-*-� ��,�C� T"+B3 >	�/
+���4V �' (X	$ �.B/ 
� ���4f�" >	+
>4"# �' �" @4A� �#
$�%& ��4�
�&  $ -�
 �' -*+B/�!9B/ (�)' $ -C& g5& :+
-*#�" :��9+ 
� 
+-	�� �#
$�%& +
 ��%4' �
$ O4*  �'

.-��' ���+� (+�5� 

  

68�� ��� :�$���  T"+B3 D
+-	�� �#
$�%& D@4A� �#
$�%&�VU"D ?-" �#�9 ��48W/ �
��,�9D  T4E7/g" g4".  

 

 

 

 

 

 

 

 

 

 

 

                                                             
١

 .:+�	+ D�
�9 D�
�9 �!4K� ['�C" $ �#
$�%& NBE3 (�^%*+� D�#
$�%& �#B"a $ c	$�/ ($�� 
�	���9+ 

٢
 .:+�	+ D�
�9 D�
�9 �!4K� ['�C" $ �#
$�%& NBE3 (�^%*+� D�#
$�%& �#B"a $ c	$�/ ($�� 
�	���9+  
  
* :g4*$��1I+ �8� D?Bi8" (-C8	B* o.jamshidi@sanru.ac.ir 

 



 �' ����(��� ��)*� �+ ,-.+ 
��
��� +�'��� �' �/�� 0���� 0-�1�+�2	
� 3�� 
��*…  

138 

 

	
$�
  

IB/4- C"+ $ +�k4� +�k�	 �' :+BC3 	1� FI�l #+ ��� C'4��� 9�9+ $�  m�Q" #$�"+ :�). 
�-C�8�  D�
BKd $ F	+
a)
1394( >	+ .�I�R 
�  >4"# �4!5. �& �9+�' �3�9 ?�R 
� ) �9+ F	+O�+Barnes et al., 2019(  #�4* �4!5. >	+ $
(-C	+O�  �
+� +�k -4IB/ �' �+ O4* �^	� �B9 #+ $ �	+�k �4C"+ DJ4EA+ �44f/ �Ei8" �58AT'�A �).B/  #+(�&  >4"# (���_" �' +


 �9+ ��,+-*+)Rosenzweig et al., 2020 .(
B&�" �
+B" `.B"  �& �9+ (-�(
�49 >	+ FI�l �' J1	 $ �84' :�A 
�  ���
(-53D  $ �3�5�.+ D���H�A+647" �8	#� �B� �.+B" )Yarashynskaya & Prus, 2022( .F_' �#
$�%&  �"+ >	+ #+ O4*

 $ (�BK* �Co�8"?�R 
� (-C	+O� ���
�%� ['�C" �	�$-7" �' �L�R >	+ .�9+ (-� T57�" +
 �+�I�R 
�  �#
$�%& �& �9+
 p�dBH, ���
B%& #+ �
�48' 
�?�R 
�  D���%4��' :+BC3 �-4E& �%_' �
B7" $ �" T53 ��H�A+) -C&Benton, 2016 .(

>	+#+ $
  �#
$�%&�' �4!K/ �	�9 #+ F_' �� ���H�A+ �-C"#�4* �' ��4�
�& :BC� >	B* ��	�	-"  
��*-' �B,  �+�' �+�k -4IB/
�4W4&�' $ ��%4' �/�' :+BC3 J)" >	�/ #�4* ���" �%'  �9+ $ F	+
a) D�
BKd1394(.  

��� �� ����� ��� �#
$�%& ���8� $ -�
 `K9 �	+�k =GBH7" -4IB/ �' #�4*�  
�!�" -Castle et al., 2016)( � �"+
N�M*  
�!�" �#
$�%& ��� )onventional agriculture(�#
$�%& =GBH7" �/G�' -4IB/ Jk�4E3 D )Yarashynskaya & Prus, 

2022( D-" �'	�	� �9
��* qa '  �H" $� �$
 rE3 D���B& F& �� ��a $ F& ��� �454��	 #+ �& J)" >	�/ [KC" ��� 
��BIa� 7"46 #	�8� -C�8�V+ D:+�K. �WC" =+�  �' +
 ��	���*�14� 647"  �
+$ �*�). �8	#(��& ) �9+Castle et al., 

2016�/ �9+ (-� `.B" Ts�8" >	+ .( N�M* ��� �#
$�%&  
�!�" �
B" ��S�*+  -	-�-*�4� 
+�A $ g	 t�5.+ �*�). 
� �	�5R 

#+ 647" �8	# �!4K� �' �B.$  -	a�/ �3B* �#
$�%& �!9B/ +
 -�� �& -*+B�' >5L F	+O�+ (�)' D�
$ `49a >	��5& +
 �' 

647" �8	# �
+$  -C&)Yarashynskaya & Prus, 2022( .�'  �E& 
B�>	+ `K9 T"+B3 -� �/ uWR 647"  �8	#D �4C"+ $ 
�	+�k ��+-)' �' �1	 #+ FI�l ��� �%' 
� �H3 �L�R �B� T	-K/ $ ["+B. >4' �EE5I+ 
� �� >���	 �����K�+
 �+�' �K9�C" 

TR >	+ =0b!" $ �'�4�9� �' N�M* ��� 
+-	�� �#
$�%& -C��' �
BKd $ F	+
a) D1394 Castle et al., 2016;(.  
 �'  �*+�^* F	+O�+ �8	# ���  �H" v�Q47" �I$� D:��-CC& �� $ �&�� $ :�). �9�/�9 
� rE�_" ["+B.  �-4IB/ ����-d
� 

�!9B/ �"�*�' 647" 
+-�9$� ��� �8	# -*-"a�' )Yarashynskaya & Prus, 2022(.  �����K�+
 >	+ #+ �1	647" ��8	# J)" 
(�)' F	+O�+ �4��w �& �9+ @4A� �#
$�%& D�
+� O4* +
 �#
$�%& F_' 
� �
$ )Brouder et al., 2018; Yarashynskaya 

& Prus, 2022.(  #+ tB* >	+ �' �_9�� �#
$�%&�9 FI�l J)" #�4* �' F	+O�+ -4IB/ �' T4I� F	+O�+ D�4!5. F��& �C	O� �� 
#+ @	�� F��&  �H" (��)* �� $ uWR 647" �8	# 
� -C	a��  D:+
�15� $ �C48R) �9+ -4IB/1389 D�/�4R $ ��O	+ �

1391�& ( J� :BC&+ �
�48' #+ ��
B%&  O4*?�R 
� �& $ �!9B/
-C�8� :a ��' )Castle et al., 2016.(  t$�� �x_	
�/
 ?�9 �' @4A� �#
$�%&1929 F	�"#a N�Z*+ $T4E7/ t$�� Dy�, ��� t
+O" �	�f/ �	�	-" 
�C& 
� �%& �+�' �	�b� ���

�"�' ���� )Zhang, 2016( ��� 
� .1980  @4A� �#
$�%& �*�K" $ ?Bd+=�'$
 �4� ��&� 69B/ )Pierre Robert(  �& �' 
-�
@4A� �#
$�%& �B' 
B)%" .-� (O	
Bi/ D 
�1985 �4!AB" J�849 #+ �/�4E53 (��W�9+�*�). q�	 )Global Position 

System( )GPS �"+ -� t$�� �#
$�%& 
� ( :-� �
�Z/ $ �!9B/@4A� �#
$�%&  z��9� 
� >4Cx5� $>���� 
+�A 
�
$�C� #+ NB53 �+�' :a ��� ��� 1990  #�ka-� )Yarashynskaya & Prus, 2022 .( ?�9 
�1992  >4I$+ O4*\R ��  �7/

y�, ��&� :+BC3 )Soil Doctor( ?�9 �� .-� (��W�9+ $ ���!"��� $ ���
$�C� ��	�� {�* -!' ��� �' 6K/�" ���
 ��
 �/G�' �#
$�%&�' �
B� �&  ?�9 �/2005  �)C/12 =
| #+ -d
� $ :+
�&14 N-C� #+ -d
� #+ �1	�"a :+
�&�
$�C� ���

�4f�" {�* )Variable Rate Technology( )VRT�" (��W�9+ (&-*�� )Zhang, 2016 .( �3�9 �& �9+ �
$�L ��1* >	+ �&|
 @4A� �#
$�%& ���8� $ -�
�' 
B� �"B53 ) �9+ (�B' =+
�M�*+ #+ ��5&Paustian & Theuvsen, 2017 >	+ $ (�I�R 
� 

�
+� :�). PQ9 
� O4* ��'+�'�* 
�48' [	#B/ �& �9+ )Zhang, 2016( '� �
B�  ����	 �!9B/ ���
B%& 
� @4A� �#
$�%& �&
 ��	# �3�9 �'?�R 
�  ���
B%& 
� �"+ (�B' -�
?�R 
�  �	 �!9B/�!9B/ ����4*  (�B' J& 
�48' :a ���8� $ -�
 �3�9

�9+ )Yarashynskaya & Prus, 2022 >	+ .(:�	�. 
B)w �' �ZC" �"+ " T"+B3 }BH, 
� �/�S4S7/ rE�_" ��� �' �VU
�' ��4�
�&  @4A� �#
$�%&z�9+ �' �
$�C� D�	�4�+�f. @��C" ($�� $ �#
$�%& -4IB/ tB* D@4A� �#
$�%& }�, ���  ���

) �9+ (-� [WC	|Yarashynskaya & Prus, 2022; Zhang, 2016(.  



 ��� / ���	� 
��
��� ����� 
 �	
�� ����19  ����� /1 /1402  !"154 -137  

139 

 

r	�!/ :BC&�/ & #+ ��-!�" ���r	�!/ @4S7/ >	+ 
� �& �9+ (-� �s+
+ @4A� �#
$�% ' >5Z*+4> EE5I+� #
$�%&� A�4@ 
)International Society of Precision Agriculture ()ISPA, 2022(  .�9+ ����� 
+�A �M*-"r	�!/ >	+ 
� »#
$�%&� A�4@ 
	g X/+��9+� -"	�	�� (�+� �& �9+ ��� *�"#�D *�1"� ��� $� [5. +
 
$a�D OZ/ $ �#+���	� E7/ $4T �" -C&  \]9 �' +
 :a
+=�30� �	�^ &�/4` �" -C& J45H/ ���-C	+�� #+ �*�K4�%� �' �/  `.B" D��	�	-" ��4�+
�& �BK)'�	  D['�C" #+ (��W�9+

(�)' 
$�D &4W4D� 
$a�B9� �� $	
+-� IB/4- #
$�%&� �B�«+ .	> �!/	r @4A� �#
$�%& #+ �* �)C/  �1E' ��!Cd [.+�"  �� #+
�9+ (-� [A+$ ��	�� �
B" O4* ���^%*+� $ �/�S4S7/ [.+�" )Yarashynskaya & Prus, 2022 .(
� �#
$�%& ��C9  ��

�3
O" �' :+BC3 g	 -R+$ �SE/ �" �B�  $z�9+ �' �
$a�' �C4^*�4" #+ 6	+�� �4!L$ �3+
# (��)* D�3
O" ��  $ ���B& #+ J3+ ��
J9  ����" 
+�A -R+$ 
�4�,+ 
� 
�' $ �	�454� ��4� )Brouder et al., 2018( (��)*  �H" F	+O�+ 23�' �"+ >	+ $ 
� $ �� 

 �Z4�*�C	O� J%l �I�" :�	# $ (-� �-4IB/�" �
+$ �#
$�%& �' +
 ��4�  D:+
�15� $ �-43) -C&1399 Castle et al., 

2016; >	+ .(�I�R 
�  �& �9+D@4A� �#
$�%& 
� (��)* :+O4" $ tB*  ��z�9+ �' �58A #�4*  
+�A 
�4�,+ 
� �3
O" rE�_" ���
>4��" �	+-� $ �#
$�%& =�4E53 :-� 
�&�B, �/
�K3 �' .���� -�+B, �#
$�%& ��� (-C*+
 :$-' 
� �4f�" �	��S" ��'
�& D

 6	+�� �' �.B/ �' =$�W�" ���& @53 O4* $ 
�' $ �B& DJ9(X	$ �9+ (-� `.B" +
 �3
O" �58A �� )�*�S�� D1400Castle 

et al., 2016 ; �"+ >	+ $ ( �' �ZC"F��& D=�!	�L F	+O�+ -"a
� D�M��7" t
+O" #+ �C4)'(��)* #+ �C4)' (��W�9+ D�� $ uWR 
�4W4& 647" �8	# �" ) �B� �C48R D:+
�15� $1389 � D:+
�15� $ �-431399 D�*�S�� �1400;Govaerts et al., 2020; 

Yarashynskaya & Prus, 2022; Castle et al., 2016; Paustian & Theuvsen, 2017; Brouder et al., 2018;(.  
�
$�C� $ @4A� �#
$�%& #+ (��W�9+ �E&
B� �'  :a ���(��)*  �H" F��& `.B" ��  D:+
�15� $ �C48R)1389 $ F	+
a �

 D�
BKd1394 ��*+�O	 ��  $ D:+
�15�1394 D:+
�15� $ �-43 �1399� Castle et al., 2016; Brouder et al., 2018 

Paustian & Theuvsen, 2017 al., 2017; Yarashynskaya & Prus, 2022; ( D>4"# ���BIa F��& �
BKd $ F	+
a)D 
1394 D:+
�15� $ �-43 �1399Yarashynskaya & Prus, 2022; Brouder et al., 2018; Paustian & Theuvsen, 2017; 

Castle et al., 2016;  D(��a ?��C& F& y�, �	�	-" $ �� )�*+�O	 ��  D:+
�15� $1394 �Yarashynskaya & Prus, 2022 �
Castle et al., 2016; Paustian & Theuvsen, 2017 D(' qa ��5&  �H"�  �Q9+$ (�)' 9 #+ �
+��'�*�"�  ����%4� �
�4'a ���

$ �-43)  D:+
�15�1399�
BKd $ F	+
a � D1394( D:��& �C4%4' ) ��1E53�*+�O	 ��  D:+
�15� $1394�Castle et al., 

2016(  uWR 
�C& 
� �	+�k �4C"+ >45b/ $ 
+-	�� �#
$�%& �' :-49
 �). 
� �E� �	�)*
� $647" �8	#  $ �-43)
 D:+
�15�1399Saiz-Rubio & Rovira-Más, 2020; Zhang, 2016; Paustian & Theuvsen, 2017;( �" �B� �' �
B�  �&

 �,�'4SS7">  J)9 @4A� �#
$�%& �& -*-S�!"T'�A �).B/   +-�+ �' �'�4�9� 
��!9B/  (
+O� 
+-	���
+� 
)Yarashynskaya & Prus, 2022; Paustian & Theuvsen, 2017( .��	�� O4* �3�5�.+ ��7I #+ ���� #+ �' $ ��4�
�&  >	+

�#
$�%& tB*  #+ �& �9+ �	�	+O" �+
+�J)" >	�/ :a �� �" :+B/ �9� �'4'�� 5&�R �'4� +�k�	D !" �BK)'4�%  �1� F��& $ 
 
� �
$�C�'4>  ��
B%&��& (
��+ )Yarashynskaya & Prus, 2022; Govaerts et al., 2020(+O�+ .	F IB/4-  
�) ?BH7"

�S"	�8 #
$�%& �'� �C9� �' (�	�f/ ��
B%& 
� N��"� %_' tBC/ $ �!9B/ ?�R 
�4:- IB/ �'4=+- 3+
#� +�'� S'4�  :�).
 O4*# g5&	��� "� -C& )Govaerts et al., 2020; Saiz-Rubio & Rovira-Más, 2020(. �#
$�%& @4A�  �& �9+ �
+O'+

�%4!" $ �	B� :+#
$�%& +
 �' �Q9+$ �
$�C� �8'
�&  �#+��� $ ��=�30�+ �#�9#�' $ �44f/ �" -C& (Saiz-Rubio & 

Rovira-Más, 2020; Paustian & Theuvsen, 2017) �/
�K3 �' . tB* >	+ �44f/ �4��w �& �9+ ��	�	-" �
�1�+
 �#
$�%&
N�M*  +
+� +
 �#
$�%& �%4!" $ NB9�" �#
$�%& ����9+ )Govaerts et al., 2020; Yarashynskaya & Prus, 2022(.  

@4A� �#
$�%& 
� �l��+D  �
$�C�J)" >	�/ tBLB"  �3
O" �	�	-" 
��9+  D�
BKd $ F	+
a)1394�*�"�9 #+ $ (  ���
�E5. #+ ��-!�" )Remote Sensing( RS D)Geographic Information System(GIS  DGPS  $VRT (�)' �" ��4� )Khanal 

et al., 2017; Yarashynskaya & Prus, 2022; Wang et al., 2018; Zhang, 2016( �C	O� $ ��-4x4� $ �
$�C� :�B' �'  ��
�& �9+ (-� 23�' �4.B/ �.+B" �	��-	��/ �' :a ���H�A+ �B�  D�
BKd $ F	+
a)1394 (�"+ " �M* �'�  �' �.B/ �' -9


FI�l ��� (-53 +�  
� D:�). �&>4"# ��BIa D+�k Dqa� 7"46 #	�8 $ ��*+ ['�C"�  �':a �� $
#$
 �' +T8* D�9 ��� a	(-C 
O��*	�  �'$
� Cl :�
$a4> (B4� �	�� -C�+B, �B' )Govaerts et al., 2020( .=�S4S7/ �9+ (�+� :�%* �E,+�  �&*�"�9� 



 �' ����(��� ��)*� �+ ,-.+ 
��
��� +�'��� �' �/�� 0���� 0-�1�+�2	
� 3�� 
��*…  

140 

 

 �' NB9�" �	 ?$+-�" �#
$�%&�Q9+$  ��'
�&�' �	$
 (��)*  �	�454� ���`49a 647" �' ���	# ���  D�8	#�!4K� ['�C" $ 
:�8*+ ��"09  �� D:+
�15� $ �-43)1399( (��& �
+$ 
� .�9+  ��9+
 >45��!9B/ �
$�C� ��� �#
$�%& @4A� 
�  D:+�	+�� 

-Cl ?�9 ����� �.B/ �
B" �5E3 [.+�" 
+�A �����  D�
BKd $ F	+
a) �9+1394(  $ -�
 �"+�!9B/  :a �
�Z/ $ �/�4E53
 �$-7"�9+ (�B' . �& O4* :+
-*#�" :��9+ 
��' :+BC3  $ �9+ m�Q" 
B%& 
� �#
$�%& =GBH7" #+ �
�48' -4IB/ `QA 
�

(-53 �58A D�"+� $ �#
$�%& =+-4IB/ F_'  �SQC" >	+ #+ 
B%& ���#�4* #+ �+>4"e/ �"  �B� $ �	�	-" :�"#�9)
�"�*�'  D:��9+ �O	
1397 �"+ ( �' =+-4IB/ >	+ �& �9+ :a #+ �&�R =�!I�Q" �,�'(��W�9+ (��)* #+ ��	# �' ��  $ NB59 (X	$

 �WC" ���-"�4� `.B" �"+ >	+ $ �9+ (�B' (+�5� �	�454� ����B&647"  ��8	# g	#+  ��  �H" �"09 -	-)/ $  :��-CC&
�-) +�9 (+9-+الله �^	�  �� #+  D:+
�15� $ 
B�1399 .( @'�Q" D>4Cx5��' >	�,a 
�"a �%�C" �B9 #+ (-� >4' \*+�a  �EE5I+

S7/:���9 =�S4 )International Agancy for Resarch on Cancer (IARC)( D�*�). ��+-)' :�"#�9  #+ -!' :+�	+ 
B%&
 :��8&�� $ :��9$-C� 
B%&�K/
 ) NB97/6 :���9 :+O4" (-d
� +
 �9+ (�B' +
+� �49a �O&�" qBC. ���
B%& >4' 
� 

)WHO, 2020D>4Cx5� .( c	��* :��9+ �& �B' :a #+ �&�R =�!I�Q" �,�'  
B%& @��C" �	�9 �' �K8* �O&�" $ �I�5� ���
�%4'���+� +
 :���9 �' 0�'+ �Q, >	� ���9+) -*+   D:+
�15� $ �
��A1400.( 

:��9+ �E5. #+ :+
-*#�" :��9+ �l��+  $ 
B%& �#
$�%& J)" ���(-CC&-4IB/ (-53 "+ �9+ =GBH7" tB* >	+ #+ �,�' >	+ �
(��)* #+ ��	# (��W�9+ �' =+-4IB/ �' ��  �' $ (�B' (+�5� �	�454� ����B& $ NB59 (X	$���
�&$#�9  $ JI�9 =GBH7" -4IB/

 �*�	�� �.B/ g4*��
+�9+ (-%* )D�!4W� $ �-4%5. 1402 .( ?�9 
� 
�"a @'�Q"1400  #+ F4'105 >/ 
+O�  �B& t+B*+
 $ �	�454�5 >/ 
+O�  D�#
$�%& �!9B/ -C9) �9+ (-�  �H" :+
-*#�" :��9+ 
� �	�454� NB59 t+B*+1401 >	+ �& (

 �' �K8* :+O4"10  -�
 TKA ?�9��'+�' -Cl  ���+��I�R 
� (�)' :+O4" �&$ �9+ (��1* +-4� F	+O�+ �K8* >45� �' �
$ 
 PQ9 :�"-*+
 ����	 �!9B/ ���
B%& �' �8	�S" 
��%& �	# >4	�� �9+ �C48R) D:+
�15� $ �E4,��&1399 .( :��9+

 �E5. #+ :+
-*#�"J)" >	�/  �9+ �k�' p�dBH, �#
$�%& =GBH7" -4IB/ @��C"$ #+ �4��w(BSI�' ��� �4!AB" :Bx5� �+
 $ :+B. 
�& �$�4* D��8	
B/ �4'+�. D�	+B� $ qa tBC/ D�	�4�+�f.T4H7/ (��&  D:+
�15� $ �+X*�4"+) �9+ 
+�
B,�'1399 .(

�5)" F_' D>4^*�4" ��1E53 :�B' >4	�� Jk�4E3 >4Cx5� :��9+ $�%4� :��-CC&-4IB/ #+ ��1E53 �+
+� �	G�' $ qBEQ" 
-C�8��
$�C� #+ (��W�9+ 
�C& 
� =�k�' $ t
+O" �C4)' $ P47d �	�	-" #+ ���* ���1E53  �1� >	+ . $ :
-" =+O4)Z/ $ ��

�' �HH_/ (�^%*+� �B.$ .�9+ #$
�
$�C� �+
+� �& #+�� ��BIBC1/ �!9B/ $ c	$�/ O&�" 
�C& 
� :��9+ 
� �#
$�%& ���
 $ :
-"�' #$
  :��9+ 
� @4A� �#
$�%& �+�.+-C�8� �
$�C� >	+ �B.$ #+ �&�R ��'
�& F*+� $ ��:a ��  ���$�4* >4' 
�

�9+ �H_�" ��9
�' �"+ #+ �&�R ���'��4�
�& �
$�C� >	+ >4	�� 
�48'��  :��9+ 
��9+ . >	+Ts�8" �4��w 
�C& 
�  ���
�'  �+�' :��9+ >	+ T	-'�!9B/  �*+
$�C� �#
$�%&`.B" -� 9 >	+ �' <9��  -� �' @4S7/ >	+ �&U N�Z*+ ?+�B�  �l �&

:��9+ 
� @4A� �#
$�%& ��'
�& �' �E"+B3 
B&�" "U $ ��9+ �V :+O4"�
+���4Ve/  $��	���4Ve/ T"+B3 >	+ #+ N+-&��  �l �/
�" �
$a�' :+O4" ��B�  

9�� :����  

�W4dB/ �$
 24R #+ $ ���'
�&  -� ��7I #+ �L�R F�$X�- �W4& ��1	$
 �' $ �%	�54��9+ (-� T4E7/+�' .   >�	+ N��Z*+ �
U" T"+B3 +-�'+ D@4S7/ �' �V��'
�& ) �9+ (-� �+�_�9+ @4S7/ =�4'�+ #+ (��W�9+ �' @4A� �#
$�%& ?$-.2( .  @�4S7/ >	+ 
�

�' 
BMC" " T"+B3 �-C'�14�VU �' ���'
�&    ��W4& ���1	$
 #+ @4A� �#
$�%& ?-�"  �#��9   ��4�8W/ �
��,��9 )International 

Agancy for Resarch on Cancer (IARC)( )ISM" ��$
 �& (U    D��W4& �����4f�" :a 
� ��& �9+ �/�3BLB" �+�' +
�& $ �V
�' D�45�+ =$�W�" mBQ9 
�  �^	-1	-*
+� T'�S�" 
�Va  D:+
�15� $ �IBd�')1400(-� (��W�9+ �(    >�	+ :�	B^_9�� ($�� .�9+

 @4S7/ �*�8& (�K, �+��+ >	+ .-*�B' :+
-*#�" :��9+ 
� @4A� �#
$�%& #+ [EQ" :�9�C�
�& $ :���K, -*�B'   �#
$��%& ��' �&
��+� �	�C�a :a =�4E53 $ ��!'+ $ @4A�-C  ?�!� (#BR >	+ 
� �	 $B'-*� .z�9+ �'  �	�M*�   
� -�E4�
+$ ?-�"  �#��9  �
��,��9-

 >4' :���K, �+-!/ -	�' ��48W/12  �/25    D:+
��15� $ 
|a) �B�� q�_�*+ �W*1392   D:��4"�5* $ ��C5)' �1399(  ��&   >�	+ 
�
@4S7/ O4*  #+23      ��dBH, F�_' :G��!� $ :+
-�*#�" :��9+ �#
$�%& ��). :�"#�9 :�9�C�
�& T"�� @4A� �#
$�%& (�K,

�*B5* F�$X� >	+ 
� .-� (��W�9+ �*B5* �$
 #+ (��W�9+ �' $ -C5�-� D��4� �$
 >	+ 
� .�B' �/$�bA ��4� �+��+� +�'�  �*B5*



 ��� / ���	� 
��
��� ����� 
 �	
�� ����19  ����� /1 /1402  !"154 -137  

141 

 

" q�_�*+� -*B� +�' �&� � �M*�
B" =�30�+ �s+
+
 ��)'	> !AB"4� /
�K3 �' .-*
+� 
+�A� �	�^ �*B5* m�� �4�� /$�bA� *�"#� 
m�Q" �" �B� �$-7" �SK� �&� +
+� �+��+ #+� /�30�+�  ?�K*� �' @S7" �& -C�8�:a �� +�9 `.
)  D
B�1394.(   �E�d+ 
+O'+

 �& �B' �"�C%9�� @4S7/z�9+ �'  `I�A 
� $ >4%4� ['�C" 
$�" #+ (-� �+�_�9+ ����4f�"ISM   ��	+$
 �9
�' #+ \� $ �4)/
.���� 
+�A :�	B^_9�� 
�4�,+ 
� �"+ :�HH_�" $ -4/�9+ 69B/ :a �	+B�7"  

���%,�& 9�� - ���*+�ISM 

�$
 ISM  ?�9 
� -E4�
+$ 69B/1973 (���8� =�S4S7/ 
� $ (-���Z	+ (�)' �
B" �+     ��' �$
 >�	+ .��9+ �����
+�A �
+��'
 +
 (-4x4� �5�849 ���
��,�9 D�K/+�" �E8E9 -C	+�� �s+
+?-" �#�9 �" -C& J45H/ 
� $ �
B" ��4�  
+�A (��W�9+ ��"   ���4�

)Kubule et al., 2019 .(ISM 9+ T"�!�" �-C	+���3B5Z" D:a 
� �& �    ?-�" g�	 
� �^	-5� �' 6K/�" $ rE�_" �d�C3 #+ �+
�" �-C'
��,�9 ["�. g4/�5�849  D:+
�15� $ 
|a) -*B�1392.( �' +
 ��
�4!" :�4" 6'+$
 �$
 >	+   $ �IB�E!" $ �E3 =
Bd

�^�8'+$ �'   �_�%" J�849 g	 �d�C3 T& :�4" T'�S�" ��� ��"  -�C& .(Shahabadkar et al., 2012)     ��' +-��'+ �$
 >�	+ 
�
��,+��� @4S7/ tBLB" �' �VU" T"+B3 �	�9�C�  �" �B�  :�4" �^�8'+$ $ T"+B3 >	+ >4' 6'+$
 \]9 $:a ��  ��" P	�%/  �B�� 

D#
$�%&) 1398.(  

� >	+ Dg4C1/ �3B5Z" �+ #+ �d�C3 rE�_" =$�W�" �' 
B� J4S�8" $ J4S�8"�4k 
�  g�	  ?-�"  ["��.  g4/�5��849  ��,��9 

�" -*B� .�+�' �� T1%" (-4x4� �+ �& �
B" �9
�' 
+�A �" D��4� ��+-!/ #+ T"+B3  >�15"  ��9+  �B�'�"  ��'  g�	  �Ei�8"  ��	 
T1%" -��' .>	+�' D?�R 6'+$
 J4S�8" $ J4S�8"�4k >4' DT"+B3 �4!L$ +
 
�48' @4A� �/ #+ ���
�4!" ���� �& 
�  +$O�*+  
+��A 

D�
+� r4dB/ �" -C& )Attri et al., 2013 .(ISM �$
 �K9�C" �+�' T4E7/ �4Ve/ g	 �HC3 �' �	�9 �d�C3 g	 J�849  ��9+ .
>	+ D�$
 `4/�/ $ �). 6'+$
 (-4x4� :�4" �d�C3 g	 J�849 +
 �9
�' �" -C& .�'  =
�K3 �^	� �B^I+ ISM ��$
 �9+  ��& 
�' �E49$ :a �" :+B/ �' ��-4x4� >4' �d�C3 �KEk ��& )
|a $ :+
�15�D 1392 .(�I-" �& �'  (��W��9+ #+  >�	+ �$
  ��9�C�  ��' 

�9� �" D-	a �
��,�9 #+ g	 �Ei8" �	 tBLB" D(-4x4� g	 J�849 �	 (#BR �/�!I�Q" +
 :�%* �"  -���  ��&  �	B�^I+  ��'  ��A� 
�R+�� (-� �9+ )Kumar & Dixit, 2018 .(��X	$ �E5. #+         #+ �!4�9$ r�4� �+��' :a :�B�' y
� T�'�A ��' D�$
 >�	+ ���

 
� :a ��&
�& �4E'�A $ :���K, #+ ����	
� ����M* `4&�/ 
� :a �^l
�]1	 D:+�'
�&�!I�Q" �*�"�9 ��� -4x4�(    �+O�.+ �+
+�
�" �-!�" ��& (
��+ :+B/  D:+
�15� $ �IBd�')1400 .(�+�' �+�.+ g4C1/ ISM �9 �ER�" �Ed+ 	�'- ��  �B��    ��"+�+ 
� ��&
 #+ g	��:a ��  P	�%/����	 $ (-�  �s+
+ TR+�" >	+ z�9+ �' O4* @4S7/ ���(-� �9+.  


 �
��� � ��1�� �"�&�<2�'�(� � ����� 	1&�� �� ��  

��9� $ �	�9�C� �+�' @4S7/ >	+ 
�   (��)' >4%4� �/�S4S7/ ['�C" 
$�" #+ D@4A� �#
$�%& ��'
�& �' �VU" T"+B3 �-C'  ������
.-�  

=,�2 � ��1�� >�� �
�?+
 	@��� >��1�   � 6��+%&� �� ��ISM  

�,�� $ ��!'+ >4' �"B)W" �Q'+
 >44!/ �$
 
� ��ISM  m�� �' �ER�" 
�)l �+
+�:�9+ �	#  
���%,�& ��
�1���, A"���
 ��!��  

�+�_�9+ =+�M* z�9+ �' $ N�� >	+ 
�  #+ (-�:���K,    �+�_��9+ Ts��8" #+ ��W. ��� :�4" ��	���V+ $ �
+���V+ �Q'+
 D   D(-��
 r	�!/-� �ER�" >	+ �.$�, .�' =
Bd �E"�!/�B, �
��,�9 \	�/�" (SSIM)        Ts��8" :��4" ��.$# 6�'+$
 ��& �B�' -�+B,

@4A� �#
$�%& �' �B'�" �" :�%* +
  .-�� ��!'+ �' D\	�/�" g	 \	�/�" >	+ �+-!/Q9 
� �& �9+ T"+B3 T"+B3 :a :B�9 $ �
�" �&| `4/�/ �' ) -*B�Attri et al., 2013     �+��' $ T41�%/ ��d�C3 >4�' ��K/
+ T4E7/ $ �	OZ/ �+�' \	�/�" >	+ �/
�K3 �' .(

:a >4' =���K/
+ :�+� :�%*  ?$-. �����5* #+ ��1 �" (��W�9+ �-C& 

  
 )�$.1- #B C���� � ����-�  ��
�1���, A"���
 ��!�� �� �����%,�&  

V  A  X  O 

 �4f�"I  �'J �
+� �4Ve/   �4f�"J  �'I �
+� �4Ve/   >4' �	B9 $� �Q'+
J  $I  >4' �Q'+
 �B.$ N-3J  $I  

  



 �' ����(��� ��)*� �+ ,-.+ 
��
��� +�'��� �' �/�� 0���� 0-�1�+�2	
� 3�� 
��*…  

142 

 

!���� 	�
�� ����%&� A"���
  

�"�C%9�� 
� �& :���K, =+�M* -C	a�'      \	�/��" ��ER�" >�	+ 
� .�B�' -�+B, (-") �	�o&+ ��
 (-3�A ��CK" �' D�9+ ����	 z�1!*+ ��
 �
��,�9 �E"�!/�B, �
��,�9`8R�'  �+-3+ �' �8	�/�" �' �	# -3+BA0  $1 �" T	-K/ �4I$+ �'�4�9� \	�/�" �& �B� )RM(   (-�4"�*

�" ) �B�Faisal et al., 2010(  
 (rI+�*�, ��+ i.j  \	�/�" 
�SSIM  ��5*V  �-3 �'�4�9� \	�/�" 
� �B'�" �*�, D�9+ �����1  �-3 :a �C	�A �*�, 
� $0  �
�

�" .�B�  
 (q�*�, ��+ i.j  \	�/�" 
�SSIM  ��5*A  �-3 �'�4�9� \	�/�" 
� �B'�" �*�, D�9+ �����0  �-3 :a �C	�A �*�, 
� $1  �
�
�" .�B�  
 (��*�, ��+ i.j  \	�/�" 
�SSIM  ��5*X  �-3 �'�4�9� \	�/�" 
� �B'�" �*�, D�9+ �����1  �-3 :a �C	�A �*�, 
� $1  �
�
�" .�B�  

 (q�*�, ��+ i.j  \	�/�" 
�SSIM  ��5*O  �-3 �'�4�9� \	�/�" 
� �B'�" �*�, D�9+ �����0  �-3 :a �C	�A �*�, 
� $0  �
�
�" .�B�  

 A"���
 ��!���"�?� ����%&�  

	�' �	�)* �'�4�9� \	�/�" -4IB/ �+�' -?�S�*+ Td+     T�d+ ��'+�' .���& 
��#�9 +
 �4I$+ �'�4�9� \	�/�" $ �
+$ Ts�8" 6'+$
 
� +
 ��	��
?�S�*+ �/
Bd
� ��	��    �' O�4* r�I+ ��4f�" �Z4�*
� D-��' 6K/�" � �4f�" �' q �4f�" $ -��' ��K/
+ 
� q �4f�" �' rI+ �4f�" �& �	-   ��'

�	�)* �'�4�9� \	�/�" :�
$a �9� �' �+�' .-��' ��K/
+ 
� � �4f�"   �	�' +
 =
$��Z" \	�/�"-      ����L+ -�R+$ \	�/��" ��' ���&  
� $
�	+
� :��1* �44f/ =
Bd :+B/ �' D\	�/�" ��� n -49
 -�+B, `.
)  D
B�1394  (-�� 
��#�9 �	�)* �'�4�9� \	�/�" `4/�/ >	-' $ (

.-"a -�+B, �9� �'  

D@& � C���� >��1� =,�2 � ��1�� >�� �$<� ��  

 #+ g	 �� �+#+ �' D�	�)* ?-" 
� Ts�8" PQ9 >44!/ �+�':a ��  ��3B5Z" �9 D   y���%" $ N-�S" D�'�4��9�   ��" T41�%/  �B��  >�	+ .
�3B5Z"   ��3B5Z" .-*
+� �9�9+ FS* J�849 �R+�� $ �	�)* \	�/�" 
��,�9 
� �� �'�4��9�   �Ei�8" T"���      ��^	� ��& ��9+ �	���

�" �4Ve/ :a #+ Ts�8" �' .-*�	��  �3B5Z" �'�%" 
B�N-S" �Ei8" T"��      ��" �4Ve�/ 
B&��" �Ei�8" ��' �& �9+ �	��   ��3B5Z" .-�*
+��
 y+���+ O4* y��%"�'�4�9� �3B5Z"  $ �3B5Z"�9+ �.$�, )(Jena et al., 2017�3B5Z" >	+ >44!/ #+ \� .     >4�4!/ ��' ��'B* ��� 

�,�� PQ9 �" �� �,�� �& �9+ >	+ T"+B3 PQ9 #+ 
BMC" .-9
 �,�� �	�9 �' ��      �,��� �	��9 #+ ��	 -�*
+���4Ve/ ���    �4Ve�/ ���
�" �,�� .-*�	�� ) PQ9 >	�/G�' 
� �& �	��1�" 
+�A ( �,�� �	�9 �4Ve/ �7/ D-*�4�     �4Ve�/ ��7/ +
 ���^	� �,�� $ -C�8� ��

�5* 
+�A � ?$-. >4I$+ 
� .-C��     .-C���' :��81	 p0"��& :a y���%" �d�C3 $ �'�4�9� �3B5Z" �& �9+ PQ9 >	�/G�' �+
+� �H,�
�,�� �	 �,�� >	+ �	�9�C� #+ \�  D��:a �� �"  �R ?$-. #+    �,��� �	��9 ��' $ -*B�       T41�%/ �-�!' ?$-�. (-�*�54A�' ����

�" �,�� N�5/ �& �	�. �/ -C	+�� >	+ .�B� PQ9 �� �" �"+�+ -*B� �-C' 	) -'�Attri et al., 2013(.  
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��,�9 ?-" D>�����M* 
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T"+B3 �" J49�/  �B�)Jena et al., 2017(��9� DN�� >	+ =�"+-A+ #+ �^	� �1	 .         $ (|B�W*) �
+����V+ =
-�A z��9+ ��' Ts��8" �-�C'
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 F�
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[5. ��Q9 �	��S" 
� \	�/�" �'�4�9� �	�)* �+�' �� �HC3 :+O4" �^*�4' |BW* $ [5. �*B�9 �^*�%* :+O4" �^�8'+$ -�+B, �B'. 
�,�� �& �	�� 
� mBQ9 >4	�� �/ ?-" 
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����4f�" >	+ :
��_"�B, ��9� T"�� �	���4f�" �9+ �& �+
+� =
-A |BW* �^�8'+$ $ r4!L $ 69B�" >	+ .-C�8�  �' ���4f�"
�K8* �4k TH�" �' J�849 -C�8� �+
+� $ =���K/
+ J& $ r4!L �' J�849 -C�8�.  
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+� �& -C�8��  =
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�'$� f/44� -��.  
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"� �4-*� )Jena et al., 2017 ; `.
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 �
���  
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$�%&3.���� 
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40 ��5& $  14  61  

5/40  24  59  40 -55  6  26  

55 ��%4' $  3  13  
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Fountas et al. (2006); Pandit & Student (2012); Paustian & 

Theuvsen (2017); Tamirat et al. (2018); Michels et al. (2020); 
Castle et al. (2016); Yarashynskaya & Prus (2022); Wang et 

al. (2018); Tey & Bridal (2012) 
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(2019); Yarashynskaya & Prus (2022); Tey & Bridal (2012) 
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Pandit & Student (2012); Kernecker et al. (2020); Castle et al. 

(2016); Barnes et al. (2019); Yarashynskaya & Prus (2022); 

Wang et al. (2018) 
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(2020); Wang et al. (2018); Tey & Bridal (2012) 
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Fountas et al. (2006); Tamirat et al. (2018); Kernecker et al. 
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et al. (2016); Barnes et al. (2019); Yarashynskaya & Prus 

(2022); Brouder et al. (2018); Tey & Bridal (2012) 
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Barnes et al. (2019); Yarashynskaya & Prus (2022); Brouder 

et al. (2018); Tey & Bridal (2012) 
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Barnes et al. (2019); Yarashynskaya &Prus (2022); Brouder et 

al. (2018); Tey & Bridal (2012) 
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Michels et al. (2020); Yarashynskaya & Prus (2022); Brouder 

et al. (2018); Tey & Bridal (2012) 
  

 $ �L+
+ �4!L$ T"�3
(�)' N�M* �
+��'  
  

 D�L+
+ ��-C&+�� D�L+
+ :�B' ��,)
 tB* DJ& �O4_Ed�R D��'
�& =+�44f/

(�)' N�M*  ��1E53 D�
+��'(�)' N�M* -

(�
+��'  

) :+
�15� $ �C48R1389 �() :+
�15� $ ���.�)" t
+#1394 �( $ �	BZ)'
) :+
�15�1393�(  

Isgin et al. (2008); Pandit & Student (2012); Paustian & 
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 ��!��Structural Self-Interaction Matrix (SSIM)  

z�9+ �'  6'+$
 $ ����5*:a ��  ?$-. m�� �' @4A� �#
$�%& ��'
�& �' �VU" T"+B3 �
��,�9 �E"�!/�B, \	�/�"4 .-"a �9� �'  
  

 )�$.4- 
 �
��� ���%,�& ��
�1���, A"���
�'�(� � ����� ������ �� ��  

  1&�� �� ��TK��� �
���	 '�(� � �����  X10 X9 X8 X7 X6 X5 X4 X3 X2 X1  

X1  1 - �/�30�+ T"�3D ��#B"a  X A V A V V A V X 
 

X2 2 - ���H�A+ T"�3 X  A  X  A  O  O  X  X      

X3  3 -  $ �C� T"�3���R �+ X  X  A  X O  X  A        

X4 4 - ��	�	-" T"�3 O  A  A  A  V  V          

X5 5 - �1	�BIBC1/ T"�3 V  O  X  A  V            

X6 6 - ���� T"�3 O  A  A  X              

X7 7 -  T"�3�9�49 �
+�� �"�*�' $ :0& �O	
 X  V  O               

X8  8 - *�"#�9 T"�3� ��)* $� 
V  V                  

X9  9 - �3�5�.+ T"�3 X                    

X10 10 - (�)' N�M* $ �L+
+ �4!L$ T"�3 �
+��'                     
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A"���
 ��!�� 	�
�� ����%&� Reachability Matrix (RM)  ��"�?� A"���
 ��!�� 

 �' �VU" T"+B3 �	�)* �'�4�9� \	�/�"�!9B/   ?$-�. m�� �' \	�/�" 
� (-� �
+$ 6'+$
 :��& 
��#�9 #+ \� @4A� �#
$�%&
5  .-"a �9� �':�5� �*B�      +-�4� ��44f/ \	�/��" ��*$
� �
��#�9 �V+ 
� �	�)* �'�4�9� \	�/�" #+ ?BE9 $� �9+ �_%" �&

.�9+ (-� (�+� :�%* ?$-. 
� �& ��&  
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��� �"�?� ����%&� A"���
�1&�� �� ��	 '�(� � �����  

  '�(� � ����� 	1&�� �� ��TK��� �
���  X1  X2  X3  X4  X5  X6  X7  X8  X9  X10  

X1  �/�30�+ T"�3D ��#B"a  1  1  1  0  1  1  0  1*  0  1  

X2 �3�5�.+ T"�3 1  1  1  1  0  0  0  1  1*  1  

X3  ���R $ �C� T"�3 �+ 0  1  1  0  1  0  1  0  1  1  

X4 L+
+ �4!L$ T"�3(�)' N�M* $ � �
+��' 1  1  1  1  1  1  0  0  0  0  

X5 *�"#�9 T"�3� ��)* $� 0  0  1  0  1  1  0  1  0  1  

X6 ���� T"�3 0  0  0  0  0  1  1  0  0  0  

X7 �1	�BIBC1/ T"�3 1  1  1  1  1  1  1  0  1  1  

X8   T"�3�9�49 �
+�� �"�*�' $ :0& �O	
 1  1  1  1  1  1  0  1  1  1  

X9  ���H�A+ T"�3 1  1  1  1  0  1  0  0  1  1  

X10 ��	�	-" T"�3 1  1  1  0  0  0  1  0  1  1  

?BE9 * (��& +-4� �44f/ �*$
� �
��#�9 #+ \� �& �	�� .-*+  

  

1���> D@& � C���� �$<� ��> =,�2 � ��1�� ��  
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�6 " T"+B3 mBQ9U#
$�%& ��'
�& �' �V� A�4@ .�9+ (-� (�+� :�%*  
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 �
��� N�@& >��1�� �� �������� '�(� � �����  

  �
���  
����%&� 	��-W
  

�@&)(��  

Z$�
 	��-W
  

#�%&)(��  
[�%�
  D@&  

X1  ��#B"a D�/�30�+ T"�3  1 -2 -3 -5 -6 -8 -10 1 -2 -4 -7 -8 -9 -10  1 -8 3  

X2 �3�5�.+ T"�3 1 -2 -3 -4 -8 -9 -10  1 -2 -3 -4 -7 -8 -9 -10  1 -2 -3 -4 -8 -9 -10  1  

X3  ���R $ �C� T"�3 �+ 2 -3 -5 -7 -9 -10  1 -2 -3 -4 -5 -7 -8 -9 -10  2 -3 -5 -7 -9 -10  1  

X4 
 N�M* $ �L+
+ �4!L$ T"�3

(�)' �
+��'  
1 -2 -3 -4 -5 -6  2 -4 -7 -8 -9  4  4  

X5 $ �*�"#�9 T"�3 ���)*  3 -5 -6 -8 -10  1 -3 -4 -5 -7 -8  5 -8  2  

X6 ���� T"�3 6 -7  1 -4 -5 -6 -7 -8 -9  6 -7  1  

X7 �1	�BIBC1/ T"�3 1 -2 -3 -4 -5 -6 -7 -9 -10  3 -6 -7 -10  7  6  

X8  
 T"�3�9�49 �
+�� �"�*�' $  �O	

:0& 

1 -2 -3 -4 -5 -6 -8 -9 -10  1 -2 -5 -8  8  6  

X9  ���H�A+ T"�3 1 -2 -3 -4 -6 -9 -10  2 -3 -7 -8 -9 -10  9  5  

X10  T"�3��	�	-"  1 -2 -3 -7 -9 -10  1 -2 -3 -5 -7 -8 -9 -10  1 -2 -3 -7 -9 -10  1  
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Abstract 

During the past decades, with the indiscriminate use of some chemical inputs conventional agriculture has 

caused serious environmental and human health problems. In response to these problems, precision agriculture, 

as one of the sustainable agriculture approaches, has received more attention in recent years. Mazandaran 

province, which is one of the important agricultural producers in the country, has an un-favorable situation in 

terms of the use of pesticides and chemical fertilizers; that is while, the efficient utilization of resource on a per-

unit area basis is necessary due to limited land. In this regard, the aim of this research was to analyze the factors 

affecting the application of precision agriculture in Mazandaran province. This applied research was conducted 

qualitatively using the Interpretive Structural Modeling (ISM) method. This study applied a systematic review 

of internal and external research sources to identify the factors affecting the application of precision agriculture. 

Then, the required data were collected in the form of a questionnaire from the respondents. The statistical 

population of this research consisted of experts in the field of precision agriculture in Mazandaran province, 23 

of whom were selected by a purposeful and judgmental sampling method. The analysis of previous research and 

sources showed that generally, 10 factors are effective in the application of precision agriculture. The results of 

the ISM analysis indicated that technical and professional, social, and individual factors are the most influential 

factors in the application of precision agriculture. Furthermore, economic factors, land condition, system of 

operation and management, and policy-making and macro planning factors were the other most influential 

factors. Paying special attention to these variables in the field of applying precision agriculture can help the 

growth and development of sustainable agriculture in Mazandaran province and increase productivity. 

 

Keywords: Precision agriculture, Sustainable agriculture, Factors affecting, Interpretive structural modeling, 

MICMAC analysis. 
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