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F �&� �� RS1
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� �����"��� +
1	=- V	
� T� % D�	M21 	 .  

 

2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470

0 500 1000 1500 2000  
 ���1-������ ���� ����� �� ����!  ) "#���� $%& "' (����*+�  (  

  

 
� ��2-������ ���� ����� �� �.������ /��! 0���"3 )  (����6000/1(  

  



$	�� %�� �& ��	 '*!+
��!, /�!��4	 5!�7"�,...     303  

 

 ����� � �	
� �� ���� ������
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��	
[ % �8)17:(  
)1(            22 GHSLOPE �� 

)2( � � � �
� � �

�
�

�
	
	



�

��

����
�� 5.122

22

HG1.2
E.G1.F.H.G.2D.H1MEANC  

     ��A- +��	0- �" ��G      �0� �� <� C2.- x   ��A- *H    <� C2.&- 
 �0� �� y   ��A- *D      �0� �� E�� C2.- x   ��A- *E      �0� �� E�� C2.- y 

 �F ^"� �0� �� E�� C2.- )��B� (�-�)�	� .  �2��&F� ��	&�   +&�
               ��&-% <�&F �� �	&� (&��F� �8	&�- N&"%�� % ���	� ?�)[  	&#8

�-  (1 +
1	=- T�	�  T"e +��	0- +Q�1� +� +/ ��	�)10.(  

��
�

�
		



�
�

tan
sAInw )3(                                                   

 ��A- +��	0- �" �� As � D%�w DW"� kB1 ��- ^�� +!��  �	��.  
  ]�1� <	A28 ��	�  �)"'�� �b8	"	#8     D��� ]�1� � O"	1�� �	�

      ��6~� D�#[ ��F +� �     �- ?	.8 � O"	1�� �� ^����� .   +��	0- �" ��
As � �    � �&Q
� �	&��2-�	� ?	&#� m= 0.6 � n= 13  �	&��2-�	� 

(�	6�8) 9.(  
nm

sA �
�
�

	


�

�
�
�

	


��

0896.0
sin

13.22
�

)4(                                    

     ?	&"�! ���� ��	�)� (        ?	&"�! (&/�w ���&� % �.&"	#8  �	&�
   (1 �=B1) ��A-As   � D%�&w DW&"� kB&1 +��	0- �" ��  �  +&!�� 

�- ^����	�) (9.(  

������������������������������������������������������������
1- Digital Elevation Model 
2- Mean Curvature 
3- Wetness Index 
4- Stream Power Index 
5- Sediment Transport Index 

tansA�� )5(                                                       
  

7�� � ����8 ��9. � ��;<.���+    
����������� ��� �� ����  

  D%�8 % �0�    D�	-' �"�	A- �2� *	���2/	� ����    �&�78 h�1f/ �	�
          �b��&> � ����5� ^"�, ���� *��b8	�- *T��w��A- *��/�w ��A-

     � ?��� <	-�8 � D�� +
1	=-D�    (��� ��� �1��� ���- 	� .   % RS&1
      <�- E	:8 (3! D��52- �)> ?��1��� c��     �	&
�� ������ � �%	1

 ��	� ���         D�	M2&1 �	&� ��������� �	����� 	� �������� �	�
�&&"��� �&&��0- �&&
20- �8��&&1��� �p�	&&0- � D��&&#8 . E	&&:8 (&&3!

       <�&- +0&1�� � h�1f/ �	-' �	�$��	8'     E�&8 *�8��&1��� �	&�   �$&� 
SPSS) 14 ((��� ��� D�	M21 ���-.  
  

���� ���	!" � ����# ��� $��%"  
   ��	� +
1	=- % �0�    - �	A8 �� �������� �	�    ��&� *+0�	B- ���

          �  �	&� �	����� D�#� +� 	��2-�	� �"    �������&�� �	����&�
     �� ����� ?�1��� �b2U
#� R"��	- *�	� .      E�&8 % D�	M21 	� RS1

  �$�SPSS) 14 (         �	����&� ��&� �B� D��52- �)> ?��1��� $��	8'
           E	&� ?��&1��� c�� +� �������� �	� ��	� � �	� ��������� 

 E	� +�(Stepwise regression)(��� ����  . %80   �	&A8 �&��� 
  <�- (3! ��	0�	B- � �%	120   �	&
2[ ��&7)- +&� D�8	- ��	� ���� -

 <�- �:)1  �8�� D�	M21 	� .   E	:8 (3! �	
2[ �)"'�� <�- �:)1  *	&�
  <�- D�	M21 	�  � �8��1��� �	�+         % s�&=8 �	&��	�0- % D�&-' (1�

 ��b8	&&�-)ME) (Mean error (  	&&B� �	&&0��- ��b8	&&�- +.&&"� �
)RMSE) (Root mean square error (   D�&� D�	M2&1 �"% T�� +�

 (1)13.(  
) 6(         ME=�n

i =  (Z* - Z)/n                                         

��
��

n

1i
2)Z*Z((

n
1RMSE )7(                       

Z*   � Z         D%�&8 � �&)�� O�&� ��A- ^���2�       �	����&� D�&� ��&��
�	� ���������.  

n : �0���	0�	B- �	A8 �.  
  ��	�ME              �&2w �&"	� +&/ (&1 ��#;� ?��� ^"� +!�� �b8	.8 

      � ��	� �M� h"�$8 ���A#�RMSE   8	&"	#8         ��&#;� (&�� +&!�� �b
��	� T��w ?	�- �w 	� �"	� +/ (1.  

  ��A-RMSE   �- ?	.8    O�� +/ ����)��      D%�&8 *�&w +> 	� 	�-
      D�% ��#;� �2#/ 	" �2.�� � �����8 .      O�&� �"�	&A- +/ �B"�� ��-
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   D%�8 � D�� �)��             �)&�	� �&��� j&� 	&� D�&� ��&��)   (&�	w �"�&23� (
RMSE = 0��� ���� .  

  
��#!  =9' � >  

              �&� T#2.&- �	&� �������&�� �	����&� �M�&��� �	-' \"	28
      �� �b��&> � ��&��5� ^"�&, *T��&w ��A- *��/�w ��A- *��b8	�-

  <��!1   (1 D�� +u�   .           ?	.&8 �M�&��� �	&-' \"	&28 +/ ��F ?	#�
�-  *���               � ��	&"%  	2
U&8 ��"4&� �&��5� j&u� ����-W� +BA8 �2-�	�

 �- ?	.8��� .  ��"   ���5� �" T"p� %       �	&"% ��6	&� (1 ��#- ��"4�
       (�0��- �� ]' <	A28 � �"	:�	! �� ��������   ��&-% PQ2;- �	�  	&#8

  +� � ��	�             +&� �	&� (�1	U&w � �	&� �	����� *�)"'�� �" <	
8�
  (�0��- �� O"	1��  ��-% PQ2;- �	�   �- ��	M2-  	#8��� .   �"�&1 %

   +BA8 �� �� �b"�    - *	#8 ��-% % �           +&� D	&�� _�2&1� T&�	� ]' ��&A
          �- ��� ��6	� (=� ��-% �	)=8 � �2��F� ��	� *^�� +Q�1� ����

)9 .(  s����#��/ +2��	-�8 ?�-%'-         �	&3> �&� +/ �� ?	.8 s�8���#1 
    �)2U� <	-�8 N"%�� ��� ��52-  .   �b��> ^"�, \"	28) ���1- � 1 (+

 (1 ^QB- �" D�)��8	.8) <��!1.(  
b2U&&
#� ^"�&&, �	&&� ��	&&� 	&&� �	&&� �	����&&� ��&&� �

  <��! �� �������� 2   (1 D�� +u�  .��' D�	-  _� ���� � �� �	�
  �b2U
#� +AB)- �"  �)0- �M)-  ��	� 	� ���    ��	&� *^�� �	�

    � ]�1� <	A28        � ��&-% kB&1 �	&)=8 ��b8	&�-     (&
�- �b2U&
#� 
�)0-             �&8�� ?	.&8 ?	&"�! ���&� ��	� � �2��F� ��	� 	� ��� .

 �� ���� �	�       �&)0- (&
�- �b2U&
#�     	&� ���     � ^�&� ��	&�
           �&)0- �&M)- �b2U&
#� � ]�&1� <	&A28 ��	�     ��	&� 	&� ���

 � �2��F�   ?	"�! ���� ��	�  �� ?	.&8  .     $&�8 �	&� (Q�&1 �&���
  �)0- �M)- �b2U
#�           (&
�- �b2U&
#� � �2��&F� ��	&� 	� ���

�)0-     �� ?	.8 ^�� ��	� 	� ��� .      � �2U� 	� �,� ��  �	"% ��)Q�
)  V�)2- �������� 	�  (         N&"%�� � <�&2)/ �� ��2/	� �"�2#3- ��������

(1 �	� �	����� �b"� � ��e D%�8 N"%�� *��' ��- *�	� ]'.  
    	&&� �	&&� �������&&�� �	����&&� ��&&� �b2U&&
#� ^"�&&,

��	�   �	�       <��&! �� �	&� �	����&�� �������� 3     D�&� +&u� 
(1 .   �� �	����� �"�2#3- %     ��������� �	����� 	� +/ ������

     �)0- �b2U
#� PQ2;- �	!�� �� �	�   �- ?	.8  ���   �&- *�&)��-
          ���� ��	� *�2��F� ��	� *]�1� <	A28 ��	� *^�� +� ?��

� ?	&&"�! ��b8	&&�- �	&&)=8kB&&1 ��&&-%  ��&&#8 D�	&&�.  �	����&&�
     �b2U
#� +AB)- �" �� �	� ���������    �&)0- �&M)- �	�   	&� ���

��	��             kB&1 �	&)=8 ��b8	&�- *]�&1� <	&A28 ��	� *^�� �	
��-%   �  �� ���� �	�  �   �)0- (
�- �b2U
#�   �2-�	� 	� ���  �	&�

 �2��F� ��	�           _� �&��� � �	� ��' D�	- *?	"�! ���� ��	� *
  �8�� ?	.8 �	� .             �	����&� 	&� V	&M�� �b2U&
#� E�&[ T&"p� %

  �- �	� ���������   �&��5� +� ?��          ���&- +&AB)- �� j&/ �[	&M�� �
��#8 D�	� +0�	B-.  

  

  
 7��?1- ������ ���� ����� �� @�A ��������	 B��C�DA �E�C�. ���8 )153=n(  

�E�I�  �&��  �J��&"K���&  L�M!���B�"��N. $�"O(%)�M��� $�"O  �Q��R� $�"O  
�[�% (���y  (cm3/cm3)  

 23/0  43/0  34/0  10  43/0  31/0  
���-W� +BA8 �

ju�  (cm3/cm3) 12/0  26/0  18/0  15  05/0  29/0  
D�	M21 T�	� ]'  (cm3/cm3) 1/0  17/0  15/0  3  24/0  21/0  

V	
� ����  % 45/0  54/0  51/0  10  21/0  23/0  
  

 7��?2- �M#%S�	 $��"O  )r ( L�'TA��  �' @�A B��C�DA�U�"Q�3�. ��	  
  ElevMEANCSlope  STIWI  SPI  

�	� ��' D�	-  17/0-  **34/0- **61/0-  **52/0-  **78/0  **57/0  
�	� _� ����  15/0-  ** 26/0-  **58/0-  **39/0-  **74/0  **42/0  

 �	� (Q�1 ���� 07/0  11/0  *21/0  18/0  * 2/0-  14/0-  
 �����	� ��  04/0  19/0  **54/0  **37/0  ** 35/0-  **31/0-  

:**: <	#2w kB1 �� �� �)0-1� ���� * : kB1 �� �� �)0- <	#2w5����   
Elev:  *V	M��MEANC : * ��-% kB1 �	)=8  ��b8	�-Slope : *^��STI : <	A28 ��	�  

 *]�1�SPI : *?	"�! ���� ��	�:WI��	� �2��F�.  
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          �������&�� �	����� ��� ��	-' �b2U
#� ��!� �Q/ ��F +�

  ��	� 	� �	�          (&/�w +&/ (1 V�,�- �" �	"�� �������� �	�
  )"'�� � ]'          ���&- +&AB)- �� ]�&1� � O"	1�� � ��"v������� �	��

           <�&2)/ � �	&� ��������� �	����� ��"4����5� % �.;� +0�	B-
 (1 D��#8 .  �&- �"��	)�            �&�78 �"	&��2-�	� +&/ ��&#8 ?�&)[ ?�&�

         ?	"�! <�F � ?	"�! (3! *?	"�! ���� ��	� *�2��F� ��	�  % 
 3- ��"v�����&&�� � �������&&��� �	&&���2/	�  �� +&&/ �)2U&&� �&&#

  � �	����� ��"4����5�         +&7wf- T&�	� ��&F +&� �	� �������� �
�8�6�-.  

<�- (3! +/ V�,�- �" +� +!�� 	�*�%	1  ��� �b2U
#� ��!�
    �	� ��������� �	�����	� ��	�  �������� �	�   �	����&� � 

�	�              R"��	&- \"	&28 _	1 �� $�8 C�A=� �" �� *��� ��	"% (�#� 
  �b2U
#�)  <��!3( ��	� *         �	&� �	����&� � �����&��� �	&�

�)0-  �� ��� ��     <�- �� � ]	;28 �2-�	�    D�&� D�	M2&1 	38' % �%	1
(1 .<�-       <	#2w kB1 �� D�� �	:" �	�1    �	����� ��� ���� 

     <��! �� �	� ���������4  (1 D�-'  .� ���
� ^"�, V�#:- ��+-
   �- ?	.8 D�-' (1�   <�- �" +/ ����  	84- 74    ����5� T/% ���� 
�������� �	����� �	� ��- +�!�� � +AB)- �" ���)"	#8.  

      <��! �� +/ ��F ?	#�4  �- D��	.-        �	&���2/	� ��&� % *��&�

����     *+0�	B- �" �� D�� �1��� ����        *�2��&F� ��	&� �2-�	&� +1 
 � ^��     ]�1� <	A28 ��	�  % �        *�&�' D�	&- �	&� �	����&� ���

 _� ����     �� ���� �  <�- ��� �8�"��� 	� . +8�� +�     <�&- �� +/ �
�+      &���y �)�� O�� (3! D�-' (1�       ��	&� �	&��2-�	� �&[�% (

*�2��F�   ]�1� <	A28 ��	�      �� ���� � _� ���� *    �� *D�� ��� 
 � <�-+      ��-W� +BA8 �)�� O�� (3! D�-' (1�     �	&��2-�	� j&u� ��

 *�2��F� ��	�   ^��      ��� _� ���� �<�-     � <�- �� � D�� + (1�
 3! D�-'       D�	M21 T�	� ]' �)�� O�� (    ]�1� <	A28 ��	�  ���� �

   ��' D�	-   (1 D�� <�- ��� .  � <�- ��+   � (3! D�-' (1�   �&)�� O�
    �	� V	
� ����     � �2��F� ��	� �	��2-�	� _� ����    ��� $&�8 

(1 D�� <�-. 
   � \"	28 _	1 ��+     �&-  *D�&-' (1�      -�	� +&/ (&M� ?�&�  �	&��2

	�    � ^�&� *�2��F� ��             �"	&1 +&� (
U&8 ]�&1� <	&A28 ��	&� 
 �������� �	���2/	�          �	&� _� ���� *�	� ��' D�	- �	����� � 

   �	� �� ���� �      +2U&8�� ���&� +&�    �&��5� �&8    �	����&� ��"4&�
�)"	#8 <�2)/ � +0�	B- ���- +AB)- �� �	� ��������� .  

      � �	� (��F� N"%�� �b8	"	#8 �2��F� ��	�    �� �8	�- ���� +
 ��-% <�F �- 	#8��	� . +8�� +�         ?	&"�! (
U&8 ^�� O"$� 	� +/ �

�- O�	/ e�M8 T�U8	2� � O"$� �=B1 ]'��	".  
  

 7��?3 - �M#%S�	 $��"O  )r ( L�'TA��  �' @�A ��������	 B��C�DA�U�"Q�3�. ��	@�A B��C�DA �   
  ElevMEANCSlope  STIWI  SPI  OMClaySiltSand

�[�% (���y  11/0-  **28/0- **49/0-  **43/0-  **56/0  **33/0  ** 85/0  ** 81/019/0-** 76/0-

 ����-W� +BA8
ju�  16/0-  * 21/0-  **43/0-  **33/0-  **70/0  **27/0  ** 78/0** 74/016/0** 62/0-

D�	M21 T�	� ]'  04/0-  02/0-  **3/0-  **36/0-  * 22/0  10/0  ** 72/0  ** 60/0  05/0  ** 51/0-  
V	
� ����  09/0-  18/0-  **41/0-  **32/0-  ** 49/0  **26/0  ** 75/0** 71/01/0** 57/0-

**: <	#2w kB1 �� �� �)0-1� ���� * :�� �)0- <	#2w kB1 �� 5���� .  
Elev:  *V	M��MEANC : * ��-% kB1 �	)=8  ��b8	�-Slope : *^��STI : *]�1� <	A28 ��	�SPI : *?	"�! ���� ��	�:WI   

��	� * �2��F�OM : *�	� ��' D�	-Clay : *�	� _� ����Sand : � �	� �� ����Silt :�	� (Q�1 ����.   
 

7��?4-7��  ��A �"�N#���� W��+"Q� ��	) X�+ �� ��� ����1�C��  (TA�� (�+� "' @�A ��������	 B��C�DA ���8"' *Y? ��	
@�A B��C�DA � �U�"Q�3�.  

RMSE  ME  R2  @�A ��������	 B��C�DA ���' 0�3 W��+"Q� 7��  
21/0  01/0  84/0  FC= 25/0 + 006/0  (Clay) + 004/0 (WI) – 003/0  (Sand) – 001/0  (STI) 
26/0  014/0  81/0  PWP= 031/0 + 007/0  (Clay) + 005/0  (WI) – 32/0  (Slope) 
45/0  034/0  74/0  AW= 21/0 + 006/0  (OM) – 003/0  (STI)  
38/0  022/0  77/0  SP= 44/0 + 004/0  (Clay) + 0001/0  (WI) 

R2 : *���
� ^"�,ME : � ��b8	�- % s�=8RMSE :	B� �	0��- ��b8	�- +."�.  
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  � +:�28 ��+   �- �)"'�� �" <	
8�      ��	� j/ �"�	A- +/ (M� ?��

               +&���' � (U&� �	A8 �� �	"% �"�	A- � ^�� �p	� CF	)- �� �2��F�
	�  �- D��	.-   ���)6 .(         +&� ��&-% T"	#� D�))/ ?	�� �2��F� ��	�

     �- +BA8 ?' �� ]' N#:�         D%�&w DW&"� kB&1 	&� CF	&)- ��� � ��	�
               �"p	&� ��&A- % ��	&� �" *��	� �2#/ +AB)- ^�� +> �� *+�	.-

(1 ������� )16.(  ?�	�#� � �QU�)6 (   ��	&� +&/ �8��#8 ?�)[
    DW"� kB1 ^�/�� 	� �2��F�     (&�0��- % ���	� *^�� +!�� � D%�w 

        �,� P"��  h" <�F �� +BA8 h" �8	�--  �-  ��'��	�  .  �"��	&)�
�-             �� ]' N&#:� �	��&)"�� �b8	�� ��	� �" +/ ��#8 ?�)[ ?��

 ��-% kB1               (&��F� �8	&�- N&"%�� % ��&�	�  ?�)[ +� � (1 	#8
     �- 	#8 ��-% <�F �� �	�      �� �&� ��	"% ��6~� +/ ��	�   �	����&� �
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Abstract

Soil properties are strongly related to topographic indices and soil properties. Therefore the knowledge and 
awareness of these parameters is necessary to regard to the effects of these parameters on soil hydraulic 
properties for to sustainable agriculture. This research was conducted to establish regression models between soil 
hydraulic properties and topographic indices and soil properties, in Kuhrang are located in Chaharmahal and 
Bakhtiari province, Iran. Soil sampling was carried out as randomized classification at 153 sites in studied area 
consisted of 700 ha using GPS that covered different topographics landscapes. The digital elevation model 
(DEM) of region prepared in 3×3m pixels and topographic indices conducted according to DEM. Finally 
multiple regression models established between soil properties and topographic indices and soil hydraulic 
properties and then models were validated by additional sample points (20 % of total). The results showed that 
there were significant relationships between soil hydraulic properties, topographic indices and soil properties 
such as wetness index, sediment transport index, slope, stream power index, sand, clay and organic matter that 
these parameters could explain 74 to 84% of the variability of soil hydraulic properties in studied area. The 
results demonstrated that soil hydraulic properties in this region controlled slightly by topographic parameters 
and soil properties. The results of validation test represent the acceptable and high precision of models in 
predicting hydraulic properties. 
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