
����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��"# )%&' (/�	)*�	+ ,-./ 

�� 

��'�� �0'�' �' ��1� �� �2
3 �45� � � 6	7 8	�9�:7 �;	5� 8'4��<+ ���4�

�	)*�3 �	)�' =>+?5
74� 

' @ ! =�;	��2 A� '�	�...����' �&	�47 �	�4� �,

�2�5# 

' 
��4C0 	C";D E�	F)� G�'�� 6�� � ��:A� � 6	7 8	�9�:7 �;	5� 8'4��<+ H7	
! = ��'�� H�4�2� 8	�� � ��	���' HC� .IC�'

 �� �J'� >+?5
74� 4"! �� =��A� I���'� H�4�2� HA+ �2
3 >��K� L� �� =M�FA+NO�J4C! �	 C! �� =�	C343 �	)�4"! 
4)����� 

2! �	P;' �'4�' .	� Q 6	7 
�'�4� >;� ;˝��,R, L�+	 )*�� >5�! L� 
�� �' >SF; T>;	�!D �	��' >� �+?U �� 
',RR �� ,.R �' � 4C)� 

M �RT-R��);	 H�43 �	P;' K��	U 47'�' �� �2
3 H!	� �' @U ��2;' 6	7 
4)� .>;� ; >���� >� �2
3 �45� � 
4�3 ��'2;' �� 
�'�4�

8?U 	�H�K�4� 	� ��4� 4)� L� �	��' >� �V,R, H�4�WU 8��9 �	� �'�47 47'�' �� 
�'�4� >;� ; >SF; .��	C + �'� �	�C; 
�	C�D X�	);

 �	�4; ����+ �' 	�4�<)� 2
)*� �'���74� .pHI�4) � )OY/R%(>;'� �45� � �)[/NR(%2C;�'� �	�C; ��C7 �' '� 8'4��<+ \�40 I�4)��� .

>
�'� � ���� �;	5� �	)7	� 
'�'� �] � >�&	S� I�' �� �2! ���4� 
	�4�<)� >� �'� �	�; 	�	 ;4��<+ K�&	;D4�^_+ 
'�'� %�)1� 8	�9�:7 

H�' 
4�WU4��<+ .>
�'�4�^_+ <+ �' 	�	 ; 4��YY/N-	+ E� 8�' 
'4� 4)� Y-��C� �	C��; �� ��	`)C�' EC�	J ���	)U 
'4� 4)� .>C��� I�C� ��

 
�J �;	5� �])*�'� ��	�+ E�	J ��2� 29�� � E� 8�' =���4� ���� 
	�4)�'�	U �])*�'� 	�4�<)� 4�	� >� H�*; a4)�� E�	J 4`*� � 4+

 %��0 �;	5� 2;�'� �	�; 
4+ .>�F; 	�9	b 
���C� >C��K� �� ��:CA� � 6	7 8	�9�:7 >� �'� �	�; c
�P�4� G��+ ��	�;	�� �' E

�;	5� d
�'4U 
'�'� � >)!'2; ���	:+ 
�]&' >�&	S���2
!	� .���'�C� �;	C5� d
�'4U >�	�� 
�]&' 
'�'� E� 8�' �;	5� ����+ I�
#

 	J 4`*� �;	5� d
�'4U 	� K�; H!'�4� \�40 �;	5� ����+ � ���� �&D H!'� H"�	�� a4)�� E� .� �C]&' >C� HC�' �D �' ��	Cb X�	);

 ��'� �'4CJ e�'� L� H�4�2� HA+ >� >��K� L� �� �)b ��:A� � 6	7 
	�4�<)� �;	5� �])*�'� �C� �� � 	C�4�<)� IC�' I�C� 2C;'�+

a	�F� 2!	� >)!'� 8�	`+ %�)1� 
	� .��� 	 ;4��<+ I�
# c
�P�4� 4]
� 1+����� �'�
� >� 2;'�+>�>5�C! �Cb'4� 
'4C� '�	� 
' 	C� 


>;� ; ��	"; �4��	� � �)�4�2� �b'�; ��	�	
! =
�'�4� 	�� M�J� 
���	�� �� 4�<)� f4; 	� >��� �	�.

�g'� 
	� 
2��� :=�;	5� 8'4��<+	 ;4��<+>+?5
74� =M�J� 
���	�� =c
�P�4� =

>�2F� 

�����	 
���
����� ����� � ������������� ��� � !"�"�� #� 

$!�%� 
&#� '( �!� �!) * .
&#� '!( ,�#�!� #� �
���!
�����

 - !. � �/01!. �2* � �����	��!	#�� ����30!
0� �4�!�%��

5.6���� �* � �)#� �7 �)# ( 
0�'8��# �� 97�:�- . : 3�3 �2�;< =* �� � 
&#� '( >0�	 ? @'8�� ��	�#& >0�	 ?��'8�� ��7 �) 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

40
.7

.7
 ]

 
 [

 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 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.40.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-688-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��"# )%&' (/�	)*�	+ ,-./ 

AB 

���C0D0�* 
 E#09( � F����� ����) * )5H(.?�!) JK'!�

 /01. �L F7��M . � �!N��� ?�!�	 �!��0	 &� ���!
���


D0��!* ,#��� #� ��!� # �!)���#.#� �8 !�� ���!���� �0!O� 

- . � �/01. :P F��E� �#�����!* 
�!�� Q01�� ��D0�

*�# �)����#�������� =* �� � ��	 &� ��2� -#� Q R S��  * 

FT�8 �� ( �3P&� �E :P� !���	 � 
#�P�0!7 �2!70� 
��* 


#��U #��� 
 
&#� '(���) * )5��V5(.

/01!!.��#�� - !!. � 
��!!��8 !!N� ����8 !!�& ��&�

"�!!�W  !!E
!!� X#�!!*  !!� Y!!Z0L �F!!�� �!!L ��!!) *��[\!!� 

/01.���] � �) E#09L � ��^8
#� � ��0� &� �[\9� 
M . (�

/01.�_ � ���] ��)��	 ��8 ���� � ���9�!E� �0L �M . �

	�#& `� �� ��(� #��%�3���)ab�Va(.�9�* M#� 
��* ��[\!� 

�� ���0	���3�0DP � F� �8 ��F7� c 9 �* ���	 �*�!	�#& � �

8 67 ���� :��L JK'� ���& �(d!�_ :��L���Y9.�0!8��

�����
���
/01. �� M . � �) *�4)H(.

��!!* ,#��!!� Q���!!9� F����!!� Q !!�	� e!!� �!!7 ��7 


�	#��)f# 29� g�# (h	 *���!	#�� &� �R0i!7 �!( ���!3

 ?� �8 #��"�  !E �!* "� #� � ? !�3 & !�8 �!R &� j�!* �# �!�D0� 


F�T% ?� !�8 S�� �@�� 
 E  !E F!� �#� �!���* �!R &� �!9�( �# 

��� �8 .S�!* :&�0!� �0O� >�	 �Q���9� F����� Q �	� ?0�) #�

 ?�k	 ? �3 & �8 � - . � �/01. �!* S!�� �!( jE !( h!	 * 

?�!!�* � FT!!�& l�!!�� 6!!��K� ��!!) �!!E�0. 
&#� '!!( 
#�

 * 
&#� '( ��D0� =* �� &� ?� m97� 
#��� 
 8�� - !. =* �� ?n��

* ��8 �# `P �F)�� �E�0. Q ;8�)A�Va(.

�����
���
/01. �!* 6!�_� ,#��!� #� M . � �!7����

g�#  E
7kL # �P �* Y�� : �:P #� �L �80) &0� �* o�� �=

�� 1!!����!!�� E�!!R�� :�#� ���
�'!!"8 )Mapping units(
���) *)�(.g�# #�  E
7kL # �P Q���9� ���� ��8 � Y!�� �

���!!�#�� �!!�2%0� �p8 !!�����O F!!� ��8 !!N� ���!!80�8  !!E


!E � ?�'!8 �!9��3 �!^8 #� �	#�� e� &� ?�) F)���*�q�!803

 # r ;�#��U ��� S�!* !�� 8 !N� ������� ? !E &�  !�8P ��!/ �  !* 

�8 #��%�* �@���E��0) )V(.�&�# �P S)Geostatistics(�* #� % 

7� �	0��� �s�#��2��K� &� � E�@�
# �P 
�#�P�!* #0!^�� �*

/01.�: !N� #� �!^8 �#0� F !E
#���!* �!80�8 
 !* ?�'!8 

#���* �80�8 r "8 &� �/ R � 	k<� &� ?� m97�
� ?�) ��!) *

)V�5��V5(.�'"8 ���� �* #� % g�# S��  E!�( 
d!F!%�  !* �

�#0� #� >0�2� �8 �� ������� � - !. t�0!.  !* :P r !;�#� 

�� ��D � ?�0* ��D0� * �8�0� � !* ,#��!� # !��� 
��* �s �;� :�0�	

 $�%� 
&#� '( ����O� & � #� ���9� u�8�0) �9��3 # ( �*)b(.

- !. 
��*&�� �!% � >0!7�� g�# �!*  !E F!%� #� >&v

 $�%� 
&#� '(���) * .e���� &� ?� m97� ��D �!�^8 S�08 
 E

 l*��# F. �) #� # �P S��& e����- . � �/01.���D0� 

?n�� ? @� O �� 
� ����& S�� #� �( �* � #� 
��!29� � !2D i� 

F7� �9��3 �#0/  �8� .�!� �!��O &� �( � !2D i� �!* :�0!�

 S�0!!D0( � p�!!�O )5w(# !!��E � : !!( �:�)A(� v��!!;�( �

:# ��E )�(W�#�C � �# @T!���7 �)a�(:�# !��E � ��!) �

)aH(:�# ��E � &�� 8��3�
0D �)5A(:�# ��E � p( ( �)55(

��( ?# )�.

�#0!/ �!���& S!�� #� 
���!�� � 2D i� ��8  � #0'( #�

 F7� �9��3 .���0�)b(# 9. !7 
& !7 Q�!� �#0� #� �"�"�� 

K�/ R 
 E���9� �8 �� �� !�;� :�0!�2* - !. �!DP ��0� � 
��

 ��� > �8� F)� ��� F)� #� $�%� 
&#� '( Q �	� 
��* .x� 98

 �!���� 
�#�� �!2D i� �#0!� 
 !E���9� > �� �( �0* :P &� �( R

4E �� �( �8�0* X#�* �@9T* F'!( �!( �) * S�� �* Q�� �8�0�

 e!� �![� - !. 
 �0
 t�0. 
�# ��� &�#� 
& !7 F!.�08

 F7� �9)��.4E 
� 
�#�� - !. � �/01. �( ��� : '8 S��Z

 - !. �1�1. �E 
��* ������� ���R � ?�0* �8 �� �@9T*��

F7� ���9� .


�!��� � ���T�D� �2��#)a(j�(��!
 �!���� � �!����

 
��!!* >�!!�3 Q01!!�� ��!!���	 � - !!. 
��K�!!/ R �8 !!��

 �8��� #��% �7#�* �#0� �# $�%� �	�#& F�����)a(. '8 x� 98 :

�� �����O F�2%0� �* �9T*�� � �970�
  E���9� �� �� =�&0� ���

 �� ���E '� �) * .�����	 �8 �� =�&0� �( ��� : '8  �8P x� 98

 #� W�9!7� �* % �mT� �8 �� j�(��
 �* '� 
0@D� 
�#�� >��3

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

40
.7

.7
 ]

 
 [

 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 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.40.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-688-en.html


�' ��1� �� �2
3 �45� � � 6	7 8	�9�:7 �;	5� 8'4��<+ ���4�...  

A5 

F7� ?�0* - . .�!7�97� F!��* % �#0!*�� �!2D i� #� S���* �*

 &� �mT�4�� S��� �;�O  !E 
# �!) �!* �!	#�� $!�%� F����!�

�� ��# .�!��2� �@80!@Z � �( �&� j�(��
  �8P Q R S�	 #�

 �9'�* � 2D i� ���& �8 �# �	#�� yi7 #� :P :�)����8��.

: 9T!�3 : 9!7� e�n���9!7� � 4�� �v01�� &� ��� >��3

 F!�O :P �����	 
�# 4�� �( . � �/01. F. �) � ?�0*

 ��� Q �	� � 
��# �� 8�* F!��E� �s R ����* F�� �!� �!) * .#�

# �P S��& e���� &� :0�(  � ,0U0� S��  * r ;�#� �?�'8 ?� m97

F7� .��D $�"�� S�� f�E  * �3n�� �8 �� j�(��
 �7#�*  E


�!* - !. �� ���!)0����� � �/01!.  * >��3 Q01�� ��D0�

 : 9T!�3 : 97� #� ��k��.�7 �"i�� #� # �P S��& e���� e�(

 �8� >F7� ?�).

i�� � �'�� 	�

>FS
� �V	��'4<Q H��J�� 

���R #� ��k��.�7 ��) �#� �� #� �2D i� �#0� �"i�� aw

?�!) =%�� : 3�3 : 97��) z�) Q �) 
�9�0��()��!) 5(�

{�� !!�����O Q0!!< #� �� !!�����O F!!�2%0� | !!�D &� VV˚wb�

{�� �����O o�	 wV˚VH�#�� #��!% .i�� , !m�#� l!709� &� �!"

  �#� yi75VB �3�8# * l709� ��9� w�B���� �9����) *.

6���� �* �8v 7 �#��R �O#� �%��R � �}(��R l709�V�

�5/VF!!7� ���!!3 �98 !!7 �!!O#� .g�# $!!;< �!!"i�� 4�!!�%�

�";< �!8��9��� S
0!( � S�# !� �� 
�!�* g�# W !7� �!* � 
�

 `0T�� Q�92� `0<�� ���8 ?C��;�P���0) .!�D &� �!R�� | 

 F!!)� ��!!O ���k��.�!!7 �!!"i�� ����30!!���� �!!���� 
 !!E 
�

)Piedmont plain ( `0T����
�#�� :P 
#� !� ��0!� � �0!)

 '����TD ���) * .�!"i�� - !. ��� !����P 
�!�* �!";< $;<

 !* �!2D i� �#0!� ��#0!/Fine, mixed, mesic, Fluventic 

Haploxerepts 
��* �";< ���0) )aA(.

8	�&	S��'4A9 >;� ; � �
�'�4� 

�2i% $�"�� > �8� 
��* � !2*� �!* 
�5BB #� 5ABe!� #� �!9� 

�!) ` K98� ���� S�	#�& F����� F�� >��3 �	#�� .S!�� #�

 l!70� �	#�� �( #� W�3�& 4%# >��3 F'( ��� 
 #� F�����

 F��3 > �8� ,#�& .� !���	 > !�8� &� �!2* �!( �#0!/ S�� �*

�  * #�* F) ( �
&#0( . �!) > �8� C0m��98 7 ? @97 .� !���	

 �� #� �* !%�_ g�# �!* �!"i�� f�	 $;< 
# �*P �� ) F)��

 �#0!/ �!)# ��9K� �R��� #� �) 
 47 � �E��0( � F*08

F��3 .j!( �!�	 ��8& ���
 ��R�� #� �#�* :�) �;7 &� �2*

 X�* e�# * � X�* S�
)# 9T8��3 � e�
 � (�0!( :P  * ?���E �

 m97� �#0� ?#��F��3 #��% ?�.

F�O * 
��* ��;) ��^8 �#0� �2i% &� - . 
#���* �80�8 �

e�� �9T!!�7 �#0!!/–�8 �!!)P � !!2*� �!!* 
�aB#�aB�!!9� 

)HB�i"8 (�5B#�5B�9� )ab�i"8 (�w#�w�9� )5��!i"8 (

#� � 2�O �5B5 * �i"8 ��) > �8� �9� � S�*#�� ���7� .��)5

�* �80�8 
0@D� &� �� �8 j� �8 �# 
#�����E� .
#���!* �80�8

 !* F!) ( &� �2* �(�8� - . &� ��!9� ���!7�)�!3�� ($!�	 &� 

VB�B�98 7 >0!�2� � 1!9K�  * r "8 
�# &� �9�)c !2�O 5B5 

�i"8 (F��3 �#0/ .

>�KP+ 	���	]��	��D 


�80�8  EeD� &� p�7 � ?����3 e'. �0E a���� #0!;	 
�!9�

 �) ?��� .pH FD R #� ��E � , ;)� �3��9ND� F�N�?# 1	 #� 

:0�7���T!(� g�# �!* �DP ��0� �, ;)� �!�)a5( !* �!L �&� �

� g�# &� ?� m97��?&��!8� �!� 4�!E  * �Q����L��N 3!��
�!) 

)a5(.�D !L g�# �!* `�!O �* % �mT���9�
)aB(�!* e!EP �

�9'!!3�* :0�!!7��9�� g�#)a5(��� �!!�� !!L Q� !!;� F�80� !!* 

?# 1	  * 
��3 �!7 � 9!7��4a/A=pH )a5(!7 9
 ���!* % 4

�7 � `�O�4)Q0��� +�D� !;� (!�� ? @9!7� &� ?� m9!7�  !*�4

* ?# 1	 #� �9�09� �>0�80�P � 97�  * ?��P F7�5Q ��8 )a5(�

 * ��8 Q0��� 4��7 �� ? @97� &� ?� m97�  *�?# 1!	 #� �9�0!9� 4

?&��8� , ;)� 3��
�).

#�!�E g�#  * M . F� *
�9�� :P &� �!2* � ?�!) > !�8� 

&� #����!7 �!.�� - . :0�T8 �707 �S) ��#] e��m� F�O 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

40
.7

.7
 ]

 
 [

 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 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.40.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-688-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��"# )%&' (/�	)*�	+ ,-./ 

Aa 

E5!,.>;� ; >5�! �' ��	 ; � >�&	S� ���� >FS
� ��	��'4<Q H��J�� 
�'�4� 

eD� j!� ?# �!) �!* 
 E5A�VB�HB�5AB�a�B ?��� #0!;	 

�))5�(.&� ?� m9!7�  * 
�E � t01K� :&� � �!.0�( g�#

 S���# 
?&��8� �!) 
��3 )w(.? !� ����!. #� 5VAb !* ��#0!^��

 ��0* �>��3 �����	 S��2�  E !* =!*�� �!9� e� �k
 #� =%�� 


F��(��5B5 :��!�� � F!)���* >�!�3 &� 
#���!* �!80�8 �i"8 

����3 �;7 �� F)���* 6��U � �8�� ��( �����	 )5�(.

��'� 
�	�D I��� � 
�	�D 
	�K�&	;D 	�6	7 
�45� � �

?��� =!�&0� �@80!@Z �!7#�* #0!^�� �* !E F!7� ��!* �* !�

�/k.  !* �8����� =�&0� �F�/01. �E 
# �P � 	k<� &� 
�

 �3n�� e�( ��}(��!R ��%��!R ��!8 �� �S�@8 !�� �� ) :P 
 E

 l!70� �3��'!( � �@D0!Z ����!���� 6��!U �# �2� f���8�

>�8 #����SAS F!��3 #��!% �7#�* �#0� )aw(.O�!7#�* F!�

 f��30!!�D0( :0!!�&P � !!E���9� =!!�&0� :�0!!* Q !!��8 :0!�&P�

�) ?� m97� f08����7� )aw(.

D !!8P �!!7#�* #��!!*��4!!E �@9T!!*�8 !!N� ���!!) #� �z�!!/ l

U��� 
 � � �� �8����� �)Variogram(F7� .!7#�* �*  �8������

� F. �) ��3n� !E
# 9. !7 
�9� !�R 8 �!���
!��� �&���!


@80@Z�����:P ��� * �#�� : ���L .2� �"7 �*  �8����� �3��!��

98 #� � �7�*������ ����[\� 1K'� � �� # 9. 7 ��) * �9)�� ��

��) ��U�� z�/ l���] �����) * �9)�� �0O� �8�0� .�!O0�  !*

 �*S�� �(�!2D i� �#0!� �!2� O �!�E 
��*  �8 ����� ���8 �;7 �� 

: ��� �!�8 ���
 �!���� �!��8 ��!) * e!��m� ��!/ � e!� #�  !�8 

* JK'� ��� ?�& S��K� ��& =* � ���7� �0))�(:

]5[( ) ( ) ( ) ( )[ ]
2

1
2
1 ∑

=
−+=γ

)h(N

i
ii xZhxZ

hN
h

N(h) �80�8 ��& ���2�  E* 
��!���� �!��8 �;!7 �� #� �9�# # (

 e!��m� F�O � ��/ � #�  �8h�Z(xi)�Z(xi+h) 6!���� �!* �

���9� ��� "�Zr "8 #� xi�xi+h ��) *�.e!� 
��!*  �8�����

 ��!/ � �!* "� #�  !�8 �!���� ���8 ��� "� 4�7��  * t . F�O

 * � �9� � j����� e��m� ��!�� �#0!/ �1!K'� ��!/ � #� QP

 F* [���0).�!2i% �![� �� )  �8����� 
 E�9��# 
  !� �!���� �
�

 , 2)��[\� �"7  � �8 97P �����) *)a�(.

Q�� ��� !"� �* ?�) g&��* 
 E c ��!�	  !�8 �!���� �!��8 &� 

Q�� 
��( 
 E)�D� 2�a(�703 �)�D� 2�V(?�0* #� �!( �!8�

c��19K� ��] ��/0� ���80))��5B(:

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

40
.7

.7
 ]

 
 [

 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 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.40.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-688-en.html


�' ��1� �� �2
3 �45� � � 6	7 8	�9�:7 �;	5� 8'4��<+ ���4�...  

AV 

]a[γ(h) = C0 + C1 [3h/2a – ½(h/a)2 ], h≤a

γ(h) = C0 + C1 , h>a 
]V[γ(h) = C0 + C1 (1- e-3(h/a)2)

�#0*�� �v� 2� #� a  , 2) ��[\� ������  � h�e!��m� ��/ � C0

�2i% �[� � 
� C1 �8����� �8 97P ���) * .

!!7�� � �;!!7 �� F!!�O��� 4!!���# �!!� 8�* &� � !!�8 ���!!8  �


VARIOWIN 2.2)aa(�) ?� m97� .�2D i� #� F!�O ��!U R 

�� !!8 e!!O �!!�����( g�# &�  !!�8����� 
 !!E�9��# 
 S�!!�K�

 ����3 ?� m97� )w(.
 E���9� 
 �8����� Q�� ��9*� g�# S�� #�

 �!� ?�& S��K� �2D i� �#0� �0!) .F!�O �!/ R Q�!� ? !@8P

 * S��K� ��� # ( ��# .F�!/ S�!�K� 
 !E i. ��D 8P  * p�7

 �� �7#�* ?�) g&��* 
0@D� ���3 .#���� y��!/  * $�"�� S

67 ��  i. �!2D i� �#0!� 
 !E���9� 
 !�8����� 
 E0@D� S���

 �� # ;9	� Q�9�L &� �2* ����3 S��2����� �;7 �� #�  �8 ���� !�8 �

?���  E *�9R ��&0� &� : N�v��#� � ��!) * #��#0!.�* Q !��8 =

_�� ��S * �#0/�?��� �* � !E
�!;� Q !��8 ��80!) �.&� �!2*

7#�*�?��� =�&0� ,08  !*  !�8P :�0!* ��@8 T!�E �* �O0�  * � E

 �� &� ?� m9!7� !��  !�8 �
�i!7 �)Surface variogram(�� �!�� �

 �8
�9�O ��E )Omni directional(��* 
�9� > �� � E�
�#0� 

7�� �2D i����3 4��.

�!* � �!U�� > !�� F�/ �9T� * 
# �P S��& � 2D i� #�

�803 ���3 Q�9�( 
�)5(.�!i"8 �E S��K� =%�� #� # ;9	� Q�9�( 

�80�8 �!80�8 ��� !"� &� ?� m9!7�  !* �!�R 8 e!� #� ?�) 
#���*

 �� T�E)�80�8 :P �0. S9��3 �^8 #� :��* (������( g�#  *

�� �) * .�� �* Q�� g&��* &� �2* #0^�� S��* !�� 2� �  !�8 ��!� S

 E�9��# 

�� # ;9	� Q�9�L �Q�� !��  !�8 �)Validation(>�!8 #� 

#����GEOEAS )5V(�!* � !�8����� �!�D�� 
 !E�9��# 
 �!����  * 

�%��!R 
�#�� ��� !�8 �!���* Q�!� �!( F!��3 �#0!/ 
0�8

J. )  !i. S�@8 !�� 
 E)Mean error(#��!�� S�@8 !�� �

 i.)Mean Square Error(�) * )�(:

]b[)ZZ(
n

ME
n

i

* −= ∑
=1

1

]w[∑
=

−=
n

i

* )ZZ(
n

MSE
1

21

l*��# S�� #� Z  �?�) ?�E '� #��"� Z*?�) ?�& S��K� #��"�

 �n�80�8 ���2� ���) * .

��8 �* ��L g�# �* ���L0�* ����)-0�*V×V(?� m9!7�  !*

 �# �!� 8�* &���!8  �
GEOEAS  F!��3 �#0!!/ .&� ?� m9!!7�  !*

 � &� �/ R � 	k<� 
# !�P �#�P�* g�# �  E �8����� � ;7 �

 �D0�2� ������()S�@8 �� :��* >0�2� >�	 o��  * (�!* >��%�

 ��;!)#� �(0�* �#01* ��9K� 
 E���9� 
��* ���
  !E �!* ��

 � 2*�w#�w�) �9� . �8 #���'"8 F E
�L���?��!�E �!* �!�

�'"8  E
 i. 
�K� �#���� >�8 l70� SSURFER8 )5b(����

�3�� !* >�!�3 Q01!�� ��!���	 �8 !�� =!�&0� : !� 
 #� � �

�'"8  E#��!% �T!� "� �#0� - . � �/01. �8 �� j�(��
 


��9��3 .

Wk!!( S�!!�2� #0!!^�� �!!* �8 !!�� �@9T!!*�� �!!�9K� 
 !!E

 �!2i% �![� p8 �#�� S�* F;T8 &� �Q01�� � - . 
 E���9� 
�

�) ?� m97� �( p8 �#�� �*.4E F;T8 �( F;T8 S�� #� �@9T!*

 ?��� 8��cv0!�2� � �0!) !* �: !�* �!/#� �#0!/ �!� ����!3

 �2i% �[� p8 �#�� * 
� �: !�* �!( p8 !�#�� &� 
�/#� �#0/

 ���7� S��* � ?�)���T� "� :�0� �![� �!3#�*  !* r ;�#� #� 
�

�2i% ��� > !�8� Q01!�� � - !. �!�9K� � �/01. S�* 
�

)�(.

]H[�( p8 �#�� /�2i% �[� 
�=4E F;T8 �@9T* 

&� �!9�( F;T!8 S!�� ��8 �Zaw%�@9T!*�� ?��E�8 '!8 ���!3

 
0% �8 ����S�* F;T8 S�� �3� � �) *aw%��w%���3 #��%

X#�* F;T8 S�� ��8 �Z � l709� �8 �� �@9T*�� �@8 �* &� �!�

�w %: '8 ���3 �0!* �!E�0. ��2U �8 �� �@9T*�� ?��E�)w�

5w �ab(.4E��#0/ #� S��Z 4!E F;T8 �( �#0!� #� �@9T!*

 �*��* 
���9�5BB %S!��  !� ���!3  !�8����� �!���� 6�!) �!(

 �E�0. �8 �� �@9T*�� �% � �<0*�� ���9� ��) * �m/ �* e���8

 �0*)5A(4E F;T8 �3� � ���� �* �m/ �*��* 
���9� 
��* �@9T*

 �8 �� �@9T*�� #� �@970�
 e� �@8 �*���) *)VB(.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

40
.7

.7
 ]

 
 [

 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 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.40.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-688-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��"# )%&' (/�	)*�	+ ,-./ 

Ab 

��2Q,.�3j�� 
�	�D 
	�4)�'�	U �2
3 �45� � � 6	7 
	� 

���9� ���9� �R�� S�@8 �� �8 �� �%��R �}L��R 
6��U

 �������(%) 

f���8�

# �2� 
�@D0Z �3��'L 

pH -log[H+]AH/�AH/��w/��H/�w�/BBb�/B5BH/B�wBa/B�

EC dSm-1AV/BAb/BHb/BBw/5aB/55B�V/BVaa/BBVV/B�

, ;)� �/#� (%) wA/HAb5/HA5�/H�Ba/�BBb/5�5a/BBV5/BA�w/B�

�L S) (%) 5�/a5�/a�B/5VH/aB5/bBA�/BHBB/B�5��/5

. S)���F)#� (%) 5�/B5�/B5V/Baa/BVw/5aBa5/BBB�/B�A5b/B�

F)#� S) (%) a�/Ba�/BaB/BVw/BBV/55BVa/BVb5/B�H�/B�

l709� S) (%) V�/BbB/BVB/Bbw/B�a/ABVb/BHVw/B�55A/B�

# S)��(%) H5/BH5/BbB/B�a/BH�/ABwV/B��5/B�w�B/5

. S)���#��(%) �B/B�B/BHB/BA5/Bba/wBVA/BBHB/B�55B/B

7�F�(%) w5/b5�H/b5Va/VAHH/bb�H/a5b�/5waw/B�bBa/B

W# (%) Va/wHBA/wH5A/wVwB/w�Ba/a5bB/5b��/BVBA/B

�E � t01K� :&�
g cm-3 AB/5A5/5Hw/5Aw/5VV/aBba/B�B5/B���B/5

?� m97� �* %�mT� mg kg-1 5H/a�bB/a�BB/abwB/a�HA/ba�5/5VAw/B��H5/B�

7 9
�?� m97� �* % 4mg kg-1 w�/VVb aH/VVw 55/Va5 wH/Vwa bV/a5a�/AaVB/Bw�A/B�

YEP (%) 5B/a�BB/a�BB/aaBB/V5Vb/��A�/555�/B�w5H/B�

DP ��0��(%) w�/awA/aAa/5BB/Vwa/Aa5�/Bb5H/B�5B�/B

�( �&� (%) 5V/B5V/BB�5/B5�A/BbH/AB55/BV��/BB55/b

CEC cmol(+) Kg-1 BH/V55B/V5�w/aAHw/Vaww/a��V/Bw5�/B�ba5/B

ESP (%) AA/w�B/wH�/bAB/�V�/5BH55/Bw�a/BB�a/5

�U�F)���* 6(%) wa/Bwa/Bba/BHb/BaV/�BbA/B5ab/BA�A/B�

�8�� �����	 g/m2Hw/bwA AA/bbH AH/awA 5w/H�� bB/aBwAa/�Va5�/BH�5/B�

�L �����	 g/m2�V/A�� BB/Aww BB/wbw BB/5aVw VA/5wBB/5Vw BVb/B�w5w/B�

kA� � X�	); 

9�+�	�D %<)� 
��	�4 

#� Q01!�� ��!���	 � - !. � �/01!. 
# !�P ��/0� 

Q��O 5F7� ?�) �/k. .*���� !"� S�!* #� ��( #0<CV 

��2D i� �#0� 
 E���9�pH � ���!���� 6��U S��9�( 
�#�� 

�!*��*w�/B�!!� �!!/#� S��9'!!�* 
�#�� �!!8�� ��!!���	 ��!) *

 �*��* � ������� 6��UbB/aB�� �/#� �) * .*�#0!< ��!�(

 ��� "�CV g#��!3 ��� !"� &� �2D i� �#0� - . � �/01. 

�� �( F7� �9�( ���	 =* �� #� ?�) !* �8�0� �?� m9!7� �!�D�

 e� F����� � ��� �8v0< �) * �2D i� �#0� �U�#� F.�08

 e� �* ���� �( F7� ?����3 ���# - . �9.�08 .����& S�� #�

 :�# !��E � �D���3& 
)aV(����!� �)b(�!* ��* '!� �!��98 

�9� � F7� �8� .g�#  !E
�K� �!��!�& #� �!L ��#0!� # !�P S

� #��% ?� m97���8��3��#0/ #� �&0� �L�?��� =Q !��8  !E !�  

��8���v * F%� &� �) * Q ��8 �* Y
��9TE #��#0.�* .FT�

 ?��� Q !!��8 =!!�&0� !!*  !!E �f��30!!�D0( :0!!�&P ���!!7� �

��9� �� !!�� �!!( ��� : '!!8 f08����!!7� Q !!��8 =!!�&0� &�  !!E�

 ��9TE #��#0.�* .*�Q��O #� ?�) �s�#� �@D0Z ��� "� ?�k	

5�� ���\� �# :�0* Q ��8 :0�&P x� 98 ��8 �� !�� #� �!( �� �8

 S�*  E���9�5��5+�#�� #��% .

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

40
.7

.7
 ]

 
 [

 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 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.40.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-688-en.html


�' ��1� �� �2
3 �45� � � 6	7 8	�9�:7 �;	5� 8'4��<+ ���4�...  

Aw 

E5!N.��:A� � 6	7 
	�4�<)� �74� >)"Q > � 
	 ;4��<+ 

�� K�&	;D �;	5� �])*� 

�K'� 
��* �!���� &� �!U R $!�"�� #� 
��@8 T!�E ?���
 J

F!!7� ?�!!) ?� m9!!7� ��i!!7 
 !!�8 .� !!E���9� �� !!�� 
��!!*

 �) Q�9�(  �8P 
��@8 T�E 8 .:# "� �0O� �* �O0�  * �8����� 


��9TE ��@8 T�E  E���9� �� �� ���i7 .�@8 !� �8 F�2%�� S��

 : T!�� ��9K� � �O #�  E���9� S�� 
���
����� �( F7� :P

F7� .�� : '8 ,0U0� S�� S�!* ��!/ � �!* ���!���� �!( �!E�

�80�8  E
�@8 T!�E �( F7� :P �@8 �* S���* �* � �9)�� �@9T* 

?��� #�  EF7� #��� 
 ?�) �2D i� �"i�� yi7 �( #� .

�!* �!O0�  * �2D i� �#0� 
 E���9� 
 �8����� j� �8 F�O

 !7�� �9�O ��E 
 �8 ����� � �8P 
��@8 T�E�4�!���3 )�(. !*

 ���!2� 
��!* ��!7#�* �#0!� 
 !E�9��# 
 � !�& ���!2� �* �O0�

  �8P &� 
�����)pH �e!EP ��DP ��0� �CEC t01!K� :&� �

F)���* 6��U � �8�� �����	 ��( �����	 ���# S) �
�E � (

#� �9�O ��E 
 �8�������) aF!7� ?�!) ?��� j� �8 .�!* %

 ��O  E���9� S�� �� �� �( F7� �(]Q�� � ?�0* #�� �"7 
 E

��9TE �� �� # 9. 7 
�#�� .

4E ����30�#�� x� 98 �8 9!7P � !E���9� �!}(� �#0!� #� S��Z 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

40
.7

.7
 ]

 
 [

 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 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.40.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-688-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��"# )%&' (/�	)*�	+ ,-./ 

AH 

��2QN.��:A� � 6	7 
	�4�<)� 
'4� �	�)�' �4)
� � �2� l	1);' 
	��	��� � 	 ;4��<+ 
	�4)�'�	U 

�9������9� �R�� Q�� �2i% �[� �
�"7 ��[\� ����� 
F;T8

4E �@9T*5(%)  

WkL

4E �@9T*a

��@8 �S

 i.)ME(

#���� S�@8 �� 

 i.(MSE) 

pH -log[H+]��L
BB55/BBB5/BV�/abAb/VwMBBB�H/BBBaa/B

EC dSm-1703�BBbA/BBBbV/BaV/w�Bw/wVMBB5bH/BBBHV/B

, ;)� �/#� )sp((%) 703�A�/B�/AB�/wwB�/BSBBVH/BbbV/B

�L S) (%) 703�BBBbA/BBB5b/BB�/�aHb/abSBBBVV/BBB5A/B

. S)���F)#� (%) 
��( BBwb/BBBVa/Bb5/�5B/bBMBBaw/BBBHw/B

F)#� S) (%) 
��( BBBaA/BBBB5�/B5b/VAw�/w�MBBBVa/BBB5b/B

l709� S) (%) 
��( BBBHw/BBBBb�/BBB/abB5/w�MBBBHV/BBB55/B

# S)��(%) ��(
BBBw5/BBBBH�/BHb/V�wB/baMBBB5A/BBB5V/B

. S)���#��(%) 703�BB5V�/BBB5wa/B5b/HHbB/b�MBB55/BBBa5/B

7�F�(%) ��L
BBBHV/BBBBA�/BBa/b5bb/b5MBBBb/BBBBba/B

W# (%) ��L
HaA/B�a/BV�/abVb/bHMB5V/BVVV/5

�E � t01K� :&�
g cm-3 ��L
H�/BHwH/BAV/aw�w/wBMBBAa/BVBa/5

?� m97� �* %�mT� mg kg-1 ��L
BbB/5wA/BaA/VV5�/HbMBaA/BH�w/5

7 9
�4?� m97� �* % mg kg-1 ��L
5H/5�bBV/Ha�a/�VwH/a5S5bV/B5Bb/bB

YEP (%) ��L
VA�/5wV/a�a/baa�/VwMB5BA/BVH�/V

DP ��0��(%) ��L
Baw/BB5�/BaA/a�ba/wHMBBBH5/BBVw/B

�( �&� (%) 703�BBBBBH/BBBB5/B��/aVHH/wSBBBBH/BBBBB�H/B

CEC cmol(+) kg-

1703�BAb/Bw��/BaA/waa�/5aSBBHH/Bw�aH/B

ESP (%) ��L
Bab/BbB/Bb5/�HHH/wSB5BV/BbVa/B

�U�F)���* 6(%) ��L
BBBa�/BBBa5w/Ba/V5V�/55SBBB5H/BBBa5V/B

�8�� �����	 gr/m2��L
5Bbb A�BB A5H/bH�5/5BSVV5/BVH/bbVa 

�L �����	 gr/m2703�5waB 5�BBB Aw/wbbB/�SV��/Bb�/�a�B 

5.4E F;T8 �@9T* =�2i% �[� 
�/�( p8 �#�� 

a.4E Wk( �@9T* :M)l709�(�S)
0%(

)Sill(� p8 �#�� &� �*0. S��K� �s�#��#��%�* �@8 � �8 �( �E�

 ?��� #� �� � 
 � �U�� :�0*  EF!7 .: '!8 �!�� S!�� :P ?�!�E�

 ?&��!8� �!* ��!/� ?��� �	0��� &� �* K98� �80�8 ?&��8� �( F7�

 ?��� �( � �/01. �8�09* �( F7� ?�0* X#�* �� (  E��/� 


�& 7 # �)P �# .�����)b(:�# ��E � �D���3& 
 �)aV(S!�� #� 

�!8� �!9� � F7� ��* '� x� 98 �* ����& .
 !�8����� 
 !E�9��# 


 �* Q01�� �����	 � - . � �/01. Q�� ?���E g&��!* 
 E

 #�  �8P �* ?�)Q��O aF7� ?�) �/k. .

� - !. 
 !E���9� �!}(� 
��!* �8 �� r ;�#� # 9. 7 �0O�

 � ?�) g#��3 
��29� � "�"�� #� �	#�� W �"� #� Q01��

Q�� 
 E 
���!
����� �7#�* F�O ��703 � 
��( 
 �8����� 

!* S�!�K� � Q01�� � - . �� !2D i� #� �!�����( ���!7�

 �* 
� �& F!7� ?�!) �!9��3 # ()��5��aV�VB(.Q�!� 
 !E

 �W# �F��!7 �S!) �!��O &�  E���9� �}(� �#0� #� ?�) g&��*

�
�E � t01K� :&�pH  ��!DP ��0!� �eEP�4�!7 9
 ��mT� �

ESP��U�#0!� #� � 
��!( Q�!� �8�� �����	 � F)���* 6�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

40
.7

.7
 ]

 
 [

 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 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.40.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-688-en.html


�' ��1� �� �2
3 �45� � � 6	7 8	�9�:7 �;	5� 8'4��<+ ���4�...  

A� 

�, ;)� F*0<# 
 E���9�EC ��!���	 � �80�� !( Q� !;� F�����

 !* �703 Q�� �( �F!7� ?�!�P F!7� .�!��O &� 
��!( Q�!�

Q0�2� Q�� S��� - !. � �/01!. �#0� #� 
# �P S��& 
 E

 F7�)5B�5�(.

: '8  E �8����� ��D 8P���!���� �!( �E� ��[\!� 1!. � �/0

 F7� 
���
����� 
�#�� ��9K� .�������[\� ���R &�  E �8 ����� 

ab  � �( �&� 
��* �9� �V#� ?� m9!7� �!* % 4�!7 9
 
��!* �9� 

�� : 708 ��) * .� �mT� ��&� �� ) - . ����_ �/ �	 S�* #�

 ����� - . �&� �4�7 9
��[\� eZ0( ��)��/aV�!9� (4�!7 9
 �

����� ?� m97� �* %���[\ X#�* ��)�V�9� (�� !m� S!�� �( �8#��

�� * �8�0� �:0� -��� #� fk9.� ��D� �) *  E .-��� �( �&�

 :0!� �� !7 �!* F;T8 
�9'�* e!Z0( �!���� 
�#�� �#��  !E �!�

�� �!���� �!8#�� 
�9�( -��� �( �mT� � 4�7 9
 � �) * ��[\!� 

X#�* �8#�� 
�� .4E���O &� �S��Z4�� S��!� !� �!��0	 ��!* �[

 
���
�������?# !)� �	#�� �E��0( � 
# �*P � ���	 �* :�0�

 :0� -��� 
�# �* �( �0�8 �� m9� =�&0� h	 * � ?�0* �[0�  E

:0� �� ����_ �/ �	 �  E ���3.

��� : '!8 �:�# !��E � : !( $!�"�� x� !98 ��!���& S�� #�

 ? �0( ���9�8 ��9!)�� �# �!���� S����!��* �!DP S*�!( � S��� �

�!���� - . `P #��"� � 4�7 9
 � �mT� �� ) �@�� 
 E���9�

4E &� �!) 8 �# ���!���� S!�� F!�	 �( ��9)�� l709� �@9T*

 :0� -��� : !�* 
# !�*P � �E��0( ��8 � �9����� ���0	 �  E

�8��()A(.

*������ ��( #0<��[\� ��!/ � �:P 
�#� !� #� �!( F!7� 
�

�80�8  E4E �* ��[\� �9)��8 
8 : '8 �� ( �@9T*��  � �����E�

 �� �#  �8P ��0!�8 `0T!�� �@��!�� &� �"9T!� :�0!� .S�!�Z

��/ � 4!E �R 
� JK'!� �# �!^8 �#0!� F�/01!. �@9T!*

 
#���!* �!80�8 ��!/ � & �� �R  * �i*�# #� �� 	k<� � �9. 7

 �� �s�#� ��( .����� S�* fk9.���[\� - !. ��9K� � �/01. 

�2D i� S���Z #� F7� ?�) g#��3 $�"�� �.�!O0� �* % �9�8

 ����� �( F7� S����[\� &� �2* !� �- !. �!�9K� � �/01!. 


#���!* �80�8 ��/ � � �2D i� �#0� W �"� �!� �!) * .S��!*��

)5a(�- !. t�0!. 6D _ 
 �8 ����� �* 
��( Q�� g&��*  * 

�����  * �# - . 
���
�������[\� AB !� 5bB
& !7 Q�!� �!9� 

��!!(.:�# !!��E � &�� !!8��3�
0D )5A(�!!}(� �#0!!� #� �!!�9� �#� 

S�* �8 �� �@9T*�� �- . t�0.aB �5BB F!7� ���9� �9� .

����� �( F7� ����*��[\� X#�* �� �!� # 9. !7 �!* F!Dv� ��

?��9T3 �#�� �� .
& !�� ?���!�� j���!�� 6O0� g�9T3 S��

�� �( ���3��?��� &� :�0!�  !E ��!* :P #� �0!O0� 
S�!�K� 


��( ?� m97� Q0��� -0�* #� �^8 �#0� ���9� #��"� .�# !;	 �!*

 ?��9T3 ����� S�� �Z �E �@�� 
�!9�( �!80�8 ���!2� �* �) * ��

 F7� & �8 ?�'8 
#���* �80�8 r "8 S��2� F�O)5(.

�2i% �[� � �8����� 
 E�9��# 
 &� �@�� ���
����!) * .�![�

�2i% �8 � ����0	 &� �) 8 
� �!7#�* �#0!� �1K'� ������� �

? �0( &� �9�( �/�0� #� 
 !E i. �
#���!* �!80�8 ��!/ � S���

?&��8� �!��* j�
 �* % ��_ ������� �@�� � �E @'� �&P � 
��3

�� �) *)V(.�2i% �[� ��( �&� 
 �8����� � e!Z0( # �T!* 
�

c ;��"� : '8 �# �m/ �* e���8 ���E� .�2i% �[� =%�� #� �m/ 
� 

#�0!O 4!E r !"8 S�!* �8 �� �@970�
 e� �@8 �* �!� �!) * .&�

����� �@�� ���<��[\� ? �0( ��( �&� ����� S������!) * .S!��

 �!��
 8 =��!7 # �T* �8 �� �@970�
 S�� �( F7� :P �@8 �* ���

�� �0!O� ��Z0( �/�0� #� �8 �� �@970�
 ��# ;	 �* ����3

�#�� .* x� 98 ���� l70� ?��P F7� �D���3& 
 � �)VB(S!�� �!�8 

���\� �# ?���
����(.

� �!!( F!!7� �!!(] : � !!)��!!mD &� �!!.�*  !!* ��!!���	 
 !!E

 �!8#�� 
�!� e���8 �8 �� r ;�#� - . � �/01. .�!���� ��[\!� 

F)���* 6��U)a/V5�9� (�!���� �* e���8 �
��( Q��  * ��[\!� 

�DP ��0�)aA/a��9� (W�97� �* % �mT� �)aA/VV9��(Q�!�  *

 �� 
��( �) * .�!����  !* 
��!( Q�!� 
�#�� �!8�� �����	 ��[\!� 

A5/bH����� �* e���8 ��9� ��[\� eEP )�a/ba�9� (�!��. S) �

��#)Ba/b5�9� (���) * .�������[\� �!( ��!���	 )Aw/wb�!9� (

����� �* e���8 ��8��[\� � !( Q� !;� F!���� 0��8)aA/wa�!9� (�

;)� F*0<# �/#� , )B�/ww�!9� (�!���9�D� F���!E �)aV/w�

�!9� (�!!� �!!) * .�!!� ��!!D �8 !!�� j�(��!!
 �!!( ��!!( # !!��� :�0!!�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

40
.7

.7
 ]

 
 [

 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

 ]
 

                             9 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.40.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-688-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��"# )%&' (/�	)*�	+ ,-./ 

AA 

�mD�� �- . �(�D� z0� � �/01. >�!�3 Q01!�� �����	 
 E

 F�� �9'�* �#��[\� ?��� #��% �8� .�D���3& !
 � ��!�� �!���& S!�� #�

)VB(�/01!.  !* r !;�#� #� �9'!�* �# Q01�� �����	 ��8 �� 

�� �( . ����� �( ��8����[\��8#��  �8P  * ��* '� .

4E :���� S��2� #0^�� �* 4E Wk( � F;T8 ��@9T* �@9T!*

 Q��O #� � �;7 �� �7#�* �#0� 
 E���9� 
��* a?�!) �!s�#� 

F7� .� �!( �&� ��!7#�* �#0!� 
 E�9��# 
 ���( S�* #�ESP 


0% �8 �� �@9T*�� !E���9� �� 7 �* F;T8 
�� � ��9T!E �#��  

�2* �;��� #���> !8 �# , ;)� F*0<# �/#� � �( �����	 :�0�

 ��*)Q��O a.(F;T!8 #��!"� :�0* eZ0( �( F7� �(] : � )

4E #� S9��3 #��% � �8 �� �@9T* 4!E Wk( #� 
0!% �@9T!*

 ���!���� �0!O� �@8 !�* Q01!�� ��!���	 
 E���9� �( �#0�

 Q01�� �O0� �* % �8 �����!) *.:�# !��E � v��!;�( )�(�

���!70* F!7� S!��� 
0!% �8 �� �@9T*�� �( �8��( g#��3

 ,0!!8 � - !!. F!!� * �!!}� - !!. � �/01!!. �!!��] ���!!����

�8 ( ��2U �8 �� �@9T*�� � ���3 Q�9�( - . 
 E S!��� ��

 * F7� �Q�9�( 4K) � �0( ��*# ( ��8 � ���]��_ ������� ���7�

�0!!) .!!* ��# S!!�� &� ��!!�( #0!!<!!��#� �� !!m� F!!m3 :�0!!�

 �!* Q01�� � - . � �/01. 
���
����� ��[\!� 
 E�!����� 

�* �"i�� �E #� �U�#� F����� � 
& T( .�����3 .4ES�!�Z

 �mT!� ��!U R �!2D i� #� �!7#�* �#0� 
 E���9� ���( S�* #�

 �8 !!�� �@9T!!*��  !!E���9� �� !!7 �!!* F;T!!8 W�9!!7� �!!* %

��2U : '8 
�����E�)Q��!Oa.(��!i*�# S!�� #�!� :�0!�

 cv !�9R� �mT!� �!��9� �!( Fm3 W !�"� #� F!7� S!��� 
 !E

eZ0( * W �"� &� �� ��8 !�� �@9T*�� $�"�� S�� #� �9�# # (

 �) * �9)�� .:�# !��E � v��!;�( �!i*�# S!�� #�)�(x� !98 �!* 

�9� � F7� ��* '� �8� .4E4�!7 9
 
 E���9� �#0� #�  �8P S��Z

 � ?� m9!!7� �!!* %pH :&� �#0!!� #� � 
0!!% �8 !!�� �@9T!!*�� 

�!8�0�8 g#��3 �# l709� �8 �� �@9T*�� 
�E � t01K� .

:�# ��E � &�� 8��3�
0D x� 98)5A(�!	#�� #� �!( ��� : '8 ��8 

$!�	 �� #� >0�80�P � �DP ��0� �W# 
 E���9� �0��80�B�5B

�aw�Vw�98 7 - !. #� �!���9�8 �&� � S!) 
 E���9� � �9�

�i7 �)B�5B�98 7 �9� (S�!	 #� � �9!)��8 �8 !�� �@9T*��

 �� �!E #�E� m9!7� �!* % 4�7 9
 � �mT� �F��7 
 E���9� Q R

 �!8��� : '!8 �0!. &� 
0!% �8 !�� �@9T!*�� �!^8 �#0� $�	 .

4E ���9� S��Z pH �@9T!*�� ��i!7 - !. #� ��	#�� S�� #�

F)�� l709� �8 ��.

	� Q�9�( � Q�� ` K98� 
 E# �2� 
 !E���9� 
 �8����� # ;9

 Q��O #� �2D i� �#0�aF!7� ?�!) �/k. .S�@8 !�� ��� !"�

S��K� 
 i.(ME) :�0* 6�#� 8 �@8 �* � ?�0* �m/ �* e���8 

)Unbiased(S��K� ������( g�# #�  E���) * .:�0!* S�� 


  i. #���� S�@8 �� ��� "�(MSE) Q0!;% �!* % F%� �@8 �* ��8 

S��K����) *.��D��# !;9	� Q�!9�( x� !98 �( �0�8 # ��� :�0�

 S��K� :�0* 67 �� �@8 �*  �8�����  !E �!�����( &� �!/ R 


�� �) *.

�'"8  E�!7#�* �#0!� 
 !E�9��# 
 &� �.�* 
��* �/ R 


)pH �?� m9!7� �* % �mT� �CEC ��!DP ��0!� �e!EP ��!( �&� �

�!( ��!���	 � �!!8�� ��!���	 �F!)���* 6��!U (#���!!) V

F7� ?�) ?��� j� �8 .�!i. 6�#�  8 S��K� S��9�* ������( 

)Liner unbiased (�!!� �T!!�� �# �& !!7)5�(.���T!!� #� �!!( 
�

 �!( F!7� S�� F7� F��E� �s R ������( l70� ����* S��K�

 �1!�1. �8 �� # 9. 7 
0@D� �* :�09*  �8 ����� ��D 8P $��< &�

��* �
 �^8 �#0�.

: �E "8 #� �( �803�'�!�����( 
 E )��!)V(?�E '!�

�� 0� �!* �9T!*�� � �9!70�
  !E���9� �� !�� =�&0� ��0) F!�2%

 �!� ���E '� �� �����O �!) * .S���* !�* � - !. � �/01!.

 
�#�� � �9)��8 ��� 1� 
0@D� �2D i� �#0� �	#�� #� Q01��

 �8 �� j�(��
����) * .�'"8 #� 4�� � �8 &� ��� �#0*�� 
 E

�@9T*�� E F7� �@����  *  E���9� &� ��2* >�0� �8 �� 
.!*�

j�(��!
 �* '!� 
0!@D� 
�#�� �( �&� �8 �� =�&0� Q }� #0<

 �DP ��0� �8 �����) * .4EF)���* 6��U �8 �� =�&0� S��Z

 �#�� F�* '!� W�9!7� �* % �mT� �8 �� j�(��
  * ��8 .: !�E 

�* ��) &� �( #0<��4E ��P !* F;}� �8 �� �@9T* 6��!U S�

 �#�� �0O� - . ?� m97� �* % �mT� � F)���* .
#0< �*#� �(

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

40
.7

.7
 ]

 
 [

 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

 ]
 

                            10 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.40.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-688-en.html


�' ��1� �� �2
3 �45� � � 6	7 8	�9�:7 �;	5� 8'4��<+ ���4�...  

A� 

E5!-.>�F; ��:A� � 6	7 
	�4�<)� �74� 
 '4� c
�P�4� 
	� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

40
.7

.7
 ]

 
 [

 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

 ]
 

                            11 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.40.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-688-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	�����	� /��	 !��"# )%&' (/�	)*�	+ ,-./ 

�B 

��# !;	 �!*  !� �!9� � j����� 6��U S�� �9'�* �mT�  * �"< ��

 ?�0!� FT�& �( �* >��3 �8�� F;T8)Biomass(!�� �!9� � j���

 ,0U0� S�� �( �F7� �!� !� F!��E� �!8�0� F����!� #� �# �mT

 �\� �	#�� �8 �� �� �8 �� .�mD�� �� 7 �D�  E��D0� 
���D0� ��^8 

4E - . � �/01.  * �( ��D0� � �8�� �8��!�Z �8 �� �@9T*

 8 : '8���8#��8 ��* '� �8 �� 
0@D� ��# ;	 �*  � � ��E� .S��

���98 x� 98  * 
��3 S�""�� �.�* )b( !* �!D� �#��!8 F!"* i�

�9� �  E�@�� �.�* 
)ab(�!� : '!8 �8�0K�E �!E� .�!^8 �!*

�� �'"8 �8�0K�E >�	 �7#  E&� �!) 8 �2D i� �#0� �	#�� #� 

�) * ��& F�	 �� .:P Q�� #� >�!�3 �( � �8�� �����	 :���� �(

F��  ��� �"i����[\� �� yi7 #� � F7� ?�0;8 #09( � e� �!	#

# [P �!�D0� 
�# �!m��  � F;}� �#0/ �* #09( � S���Z �* "9� 

F7� �9)��3 �[� .�;8 !O 
 !E#09( � �!( F!7� �!�9�� c �8 [ �

?�0* �[�� Q01�� ��D0� 
���
����� #� ��8 
�@�� :P &� �( �8�

 ���O����_ ��*# ( ��	#�� #� `P f�1� �*��* 8 ���[� �* :�0�

e� =�� >0�7 � �0( F.�08 ?# !)� �!)# �1!� Q0< #� � �P

��(.

>P�); 
4�3 

# 9. !7 
�#�� �!@�E �!2D i� S!�� #� ?�!) �7#�* 
 E���9�

 �8 ������) * .����� � �8 �� # 9. 7��[\� F�� �9'�*  E���9� 

��[\� �9����!� ���0	 � ���] ��_ 
���
����� �!� ��!) * .x� !98

 : '8�� E���9� : �� &� ��U R �2D i� #� �E� ��!2D i� �#0� 


&� �mT� �7�97� F��* %4�� S��!� �!;�O  !E $!�%� F����!� 


�	#������Z ��) *  !* �( 
0!@D� Q01!�� F!)���* 6��!U 

c ;��"� : '8 ��* '� ���E� .�!�D0� � �!8�� ��D0� :���� �* "� #�

 ��!D � �9!)��8 ��* '!� �8 !�� 
0@D� - . � �/01.  * �(

 � ��'�
�����* j�
 F�O �0) �* �	#�� #� ��D0� $�%� �8 ��

 e� S�U �- . � �/01. W 7� l���) �� �� :��( F.�08

 �	#�� #� F����� )e!� f�1� ��^8 `P � >0�!7 F!.�08 (&�

��Z # �P ��D 8P F. �) 
��* ?���9�4�� S��� Q�!9�( 
 E#09( � 

FTO �07 ��D0� ?���( .

4E �2D i� S�� x� 98 : '8 S��Z��� 0!@D� �( �E� j�(��!
 

F!�� �( �	#�� e� #� �9R Q01�� � - . 
 E���9� �8 ��

 �#�� #��% ,#�& e� F����� �!� #� �  !E���9� S!�� S�!* �!8�0�

W �"� �) * �9)�� �� m� ��9K� 
 E .
 !E�9��# 
 �  !�8�����

 :P �* r0*�������7� �8�0� ��;!) �!R��< 
��!* �# ( 
�  !E 


�80�8 ��� �R�08 �� 7 �) � 
#���* !* $�%� 
&#� '( #� �9�� �

��# # ( .$!�%� 
&#� '!( � 8 ��� � #��*�  � #0'( #� ��Z �E

 �D� F7� �9� �8 ���#��f�1!� #� �s0!O ���!/ F�O :�0�

?� �8  E&� S9��!3 e!�(  !* FT�& l��� �mR � 
&#� '( 


� ��� � ,#��� :��( 
��* ���
 � ������( � # �P S��& e����

 ��!� �?�) ���� �R�08 �2!U0� F��)Local management(�#

�0�8 � ��'�
.

��	
� ���� ��	`)�' 

5.�TR�, �M 
 .�.5V��.�&�# �P S)� 97�0sC�9T�Y(.:���� ? @'8�� ��# '98� .

a.> ����T�D� �2��# .� �.
���� .5V�� .F����!� 
��!* Q01!�� ��!N��	 � M . 
��K�/ R �8 N� j�L��
 ����� � �����

� $�%� �	�#& ��m/ �M . >0�	 ?�@�L S��9mE 5�A�5AB.

V.����
��.5V��.�� � 2D i� ��8 N� ����#0) 
#� M . �!�����# �"i�� ): 9!7&0.(&� ?� m9!7�  !* �^8 !� � 97�0sC �!�9T�Y�

�L�����.� >0�	 &#� 'L :0��
�;< =* ���2�a)b:(b��Hb.

b.������,.5V�b.& 7 Q�� 
8 N� # 9. 7 ��9� � E�
K�/ R ��
�DP ��0��* M . �s �;� :�0�	���* 
&#� 'L Q �	� 
%�!�#� $

�F)���� F)� ��:��.� M . >0�	 ���� � �`P�M . �� 8 ?n 7 �)��&#��* �U�#� ���m/ �5a�5.

5. Black, C. A. 1986. Methods of Soil Analysis. Part 1, PP: 545-566. Ser. No. 9., ASA. Madison, WI.  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

40
.7

.7
 ]

 
 [

 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

 ]
 

                            12 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.40.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-688-en.html


�' ��1� �� �2
3 �45� � � 6	7 8	�9�:7 �;	5� 8'4��<+ ���4�...  

�5 

6. Bosun, S. Z. and Z. Qiguo. 2003. Evaluation of spatial and temporal changes of soil quality based on geostatistical 
analysis in the hill region of subtropical, China. Geoderma 115:85-99. 

7. Burgess, T. M. and R. Webster. 1980. Optimal interpolation and isarithmic mapping of soil properties: I. The 
variogram and punctual kriging. J. Soil Sci. 31: 315-331.  

8. Cahn, M. D., J.W. Hummel and B. H. Brouer. 1994. Spatial analysis of soil fertility for site-specific crop 
management. Soil Sci. Soc. Amer. J. 58:1240-1248. 

9. Cambardella, C. A., T. B. Moorman, J. M. Novak, T. B. Parkin, D. L. Karlen, R.F. Turco and A. E. Konopka. 1994. 
Field-scale variability of soil properties in central Iowa soils. Soil Sci. Soc. Amer. J. 58:1501- 1511.  

10. Cetin, M. and C. Kirda. 2003. Spatial and temporal changes of soil salinity in a cotton field irrigated with low-
quality water. J. Hydrol. 272: 238-249.  

11. Cox, M. S., P. D. Gerard, M. C. Wardlaw and M. J. Abshire. 2003. Variability of selected soil properties and their 
relationships with soybean yield. Soil Sci. Soc. Amer. J. 67:1296-1302. 

12. Doberman, A. 1994. Factors causing field variation of direct- seeded flooded rice. Geoderma 62: 125-150. 
13. Englund, E. 1980. GEOEAS. USEPA. 600/4-88/033. 
14. Golden Software. 2002. Surfer for Windows. Version 8, Golden Software Inc., Golden Co., USA.  
15. Jaynes, D. B. and T. S. Colvin. 1997. Spatiotemporal variability of corn and soybean yield. Agron. J. 89:30-37. 
16. Jiang, P. and K. D. Telen. 2004. Effect of soil and topographic properties on crop yield in a north- central corn- 

soybean cropping system. Agron. J. 96: 252-258. 
17. Klute, A. 1986. Methods of Soil Analysis. Part 1, Physical and Mineralogical Methods. 2nd ed., Soil Sci. Soc. Amer. 

Inc. 1188 p.  
18. Lopez-Granados, F., M. Jurado-Exposito, S. Atenciano, A.  Garcia-Ferrer, M. S. De la Orden and L. Garcia-Torres. 

2002. Spatial variability of agricultural soil parameters in southern Spain. Plant and Soil 246:97-105. 
19. Miller, M. P., M. J. Singer and D. R. Nielson. 1988. Spatial variability of wheat yield and soil properties on complex 

hills. Soil Sci. Soc. Amer. J. 52:1133-1141. 
20. Olsen, S. R. and L.E. Sommers. 1982. Phosphorus. PP. 403-430. In: A. L. Page (Ed.), Methods of Soil Analysis, 

Agron. No. 9, Part 2, Chemical and microbiological properties, 2nd ed., Amer. Soc. Agron., Madison, WI, USA. 
21. Page, A.L., R. H. Miller and and M. Keeney. 1992. Methods of Soil Analysis. Part 2, Chemical and mineralogical 

properties. 2nd ed., SSSA Pub., Madison, WI. 
22. Panattier, Y. 1996. VARIOWIN: Software for spatial Data Analysis in 2D, Springer-Verlag, New York. 
23. Paz-Gonzalez, A., S. R. Viera and M. T. Toboada Castro. 2000. The effect of cultivation on the spatial variability of 

selected properties of an umbric horizon. Geoderma 97: 273-292. 
24. Quine, T. A. and Y. Zhang. 2002. An investigation of spatial variation in soil erosion, soil properties and crop 

production within an agricultural field in Devon, U.K. J. Soil and Water Conserv. 57:50-60. 
25. SAS Institute. 1985. SAS user’s guide: Statistics. Version 5th ed., SAS Inst, Cary, NC. 
26. Shiel, R. S., S. B. Mohammed and E. J. Evans. 1997. Planning phosphorus and potassium fertilization on fields with 

varying nutrient content and potential. PP: 171-179. Precision Agriculture, BIOS Scientific Publishers Ltd.  
27. Simmelsgard, S. E. and J. Jurhus. 1997. The possibilities of precision fertilization with N, P and K based on plant 

and soil parameters. PP: 179-187. Precision Agriculture, BIOS Scientific Pub. Ltd., London. 
28. Soil Survey Staff. 2003. Keys to Soil Taxonomy. USDA, NRCS, Washington DC.  
29. Utset, A., T. Lopez and M. Diaz. 2000. A comparison of soil maps, kriging and a combined method for spatially 

prediction bulk density and field capacity of Ferralsols in the Havana-Matanaz Plain. Geoderma 96: 199-213. 
30. Vieira, S. R. and A. Paz Gonzalez. 2003. Analysis of the spatial variability of crop yield and soil properties in small 

agricultural plots. Bragantia, Campinas 62: 127-138. 
31. Yamagishi, J., T. Nakamoto and W. Richner. 2003. Stability of spatial variability of wheat and maize biomass in a 

small field managed under two contrasting tillage systems over 3 years. Field Crop Res. 81:95-108. 
32. Yemefack, M., D. G. Rossiter and R. Njomgang. 2005. Multi-scale characterization of soil variability within an 

agricultural landscape mosaic system in southern Cameroon. Geoderma 125: 117-143. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

40
.7

.7
 ]

 
 [

 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)

                            13 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.40.7.7
https://iutjournals.iut.ac.ir/jstnar/article-1-688-en.html
http://www.tcpdf.org

