
 ����� ��	
� � 
���	�� ��
� � ���� / �	�����	� /  ��	 ! ��� � "#$)& ( /�	()��*+,-

���

�()�� ./0 
	�1	2
���3�!	� 40�50 � 	� 6
.�	7 8�9:� �.; .� 
���	�� 


�
! ��< 1	2 =� �	 (2	� 
�0>�	? � ���.:� @2	!

A	�� 3�)B** 6����C� .��0 ���DE	B ���> C� 6��	��+F>9� 	G�> C� � �D

)���	
� �	
�
 :�/�/��  � ��	�� �	
�
 :��/��/��(

�>�H$

1	2   ; �0 
���      �� I� J�0 � #� �(�.�>� "�0�� I�       ��! 1	2 �	 (2	� ���#� 	� K�.:L K;�� >50�L .    1	N2 A0��0 4�N5  � 
���

 O.$ "H!	� 3�!	� 
     1	2 �	 (2	� .��PL K;�� 
���	�� 
	� ��      IN��Q� R�	��S =� 0T< 6��!  
0    
���	�N� A	NU�UCL QN�.���


�� �0> � 1	2 =� Coarse Loamy Mixed Mesic Calcixerolic Xerocrepts J#; ��0>50 A0./0 ���.� � 
.�V 1	N2
���  ��0.NL � 

   O.$ ��.L �0 �!	5	�        >! �	W50 1	2 �H�Q�� A	�X�92 �0 �2.� .�  .      Y�� �� "�	N! 	N��	 �L 1	N2
���   �0�.NV.� 3�S�	NV 	N�  � �0�

 1	N2
���  �(7	NZB (CP, MP)        �0.N�0 �� [N�0� ��N(�0.L IN� �0 ��	Z(N�0 	N� IN� ��N� [John Deer (J), Romany (R) and Massey 

Ferguson(MF)]  0.;0>5>! .  >N5��� \N�UCL 3�0 �� ���.� ���� 
	��	 �L .]�� �0 ��.L ��>� � ��.L "C� .S  R�	N�� IN� A��NX

A.�	�      1��� ^.� K<	F �� �>! �.2 
	�      0.;0 �0.HL I� 	� ���	9L "�	� 
>��.V .I5� 5	�   �0 �>N
V >N!� "9� .2S �� 1	2 


.$ ��.L "C� 
.�	7 �<	]$ ._5 �0 � >! J!0�.� I�` �	#$ �0 ��.L ��>� "C� � O(BD) ���.:� @2	! 6(CI) �5�� 3�]5	�� � 

 I50>�	2 .aF  	�(MWD)  >5>! I)�	U�  .     Y�� �� .� ./01	2
���   
�� �� BDb�� �� I�` �0 �0>��
�� 	� �� 6���5 �0��<	B IN� 6

    \ � R�0Q�0 	�BD   �.� 0>�? R�0Q�0  .  ��.LO.$   �
�� R�0Q�0 K;�� 	�  �0�BD          0>�? R�	� ��0.L ./0 \ � R�0Q�0 	� �<� 6>��.]5 

�.� .1	2
���  I� �(7	ZB    I50>�	2 
�0>�	? 6�� �� ��� c��L I� �0� R�0Q�0 0� 	�MWD  JN�.V �0.NF ��	���0 ����  .  @2	N!

    I�	�� 
>5�� ���.:�BD           .(��� J��	)B "�<� I� I� A�	ZL 3�0 	� 6J!0� CI ��    �	 �L �� ��.L "C� CP �0 .(��� MP���  . �<�

       >��.]5 �>�	�� ��.L ��>� "C� �� �L�	ZL 3�
$ .��  3�
$CI        I� ��.L ��>� I� J�)5 ��.L "C� ��  �
�� ���   JN�	� R�0Q�0 
�0� .

           �
�� R�0Q�0 K;�� ��� � ��0 I�` �� �� .�� �	; ��(�0.L  �0�CI    I� J�)5 MF      ��(�0.L 3�� �<� 6>��.V R � J    �>�	�N� �L�	ZL 

>��.]5 .     � �F 3�S�	V 	� �:!MWD            �
�� ��	#$ I�` �� I� �0� R�0Q�0 ��.L ��>� "C� �� 0�  >! �0� .   O.N$ ��.NL 	N�   KN;�� 

  R�0Q�0�
��  �0�MWD        I�` .]�� �� � >��.V ��� I�` ��   �
�� A�	ZL 	�  >�5 �>�	�� 
�0� .  KN;�� �5	��� ��(�0.L ��� I�` ��

   �	 (2	� ���#�    � �>��.V 1	2MWD  I� 0�  �
�� ���  �0� R�0Q�0 
�0� .I�     �	 (2	� .( � K�.:L K;�� �5	��� ��(�0.L ��� ���

Y�� � �>! 1	2 
	�1	2
����Vd�� �0 �e�� >5�0� .��PL 0� 1	2 �H�Q�� 
	�.

�f0�
	�
>��� :1	250� 1	2 .aF �5�� 3�]5	�� 6���.:� @2	! 6
.�	7 �<	]$ 6��.L 6
���I	�

� .��� ����� � �! �"#$%&�'	�(
 )�*$%&� +�,
-�$� )./$%&� +0!�12

�.��� 
�	���!& - 
�3$%&� 43
�
 5  067"  )�*$%&� +�,
-�$� )./$%&� +0!�128&.9: +�13!

; .��� 
�3$%&�8�<=>& 0�?1> )�*$%&� +�,
-�$� )./$%&� +0!�12

* : 0/3%-��/@& �A� +B�(
�/C D"EAC :hbayat2001@gmail.com

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.3

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

26
 ]

 

                             1 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.38.7
https://jcpp.iut.ac.ir/article-1-801-fa.html


� 
���	�� ��
� � ���� ����� ��	
�  / �	�����	� /  ��� � "#$)& ( /�	()��*+,-

���

I�>U�

      �FG�=H 5� �!& ).%"2 .	.#
 �	� 0?3(I J �1C 569K ,& ���

 0*�A  8L 4	�M
 �	 -    �,
-�$F� �	�	.FC - )��=�F!& )"N% 5 

�
&� .      O:�FF� PFF7�  0NQFF! ��FF� O	�FF!�� - 4FF	�M


     0C 8�:�3R .2
 - ��� �'3M6>�H�"2 .���    5F69K ,& �,
-

     0C 5� �!& 09<C 0�	�	.C SC&"7%&"
    �"(<  �	 4	�M
 4K"C .

    �"2 ��� 8�9���!)� .(  ��� S� 
�      5F  ,& �!& B
�(7 �,
-

               �$F� ��AF  5F3<
 
"FT1C 5F  5F� ��� 0/	'3� 0R�
"� U:+

    ��F� - VL �G�=H+             D�F�1� - ��F� 0R��$F� 8��F  W3F  ,& 

XFF67�FF:�FF: �0FFC B
"FF> , ��FF3R)�( .UFF:W3FF1Y B�FF3697 

��FF�   0:�FF3R ��FF	�Z  WFF�� �&�FF  �,
-+ �"FF� [\�FF�&  - 

]\>&).11�       ^�F#%& ��F� 
� 5$F	
 _"F=% S3<AF
 - ��F� �  �:

0FFC ��FF3R)��( .U�AFF3!��FF� XFF6�MC ��FF:)&
 ,& �,
-��FF:

          D"`FNC �F3=3� - �F39� �  X6�MC�3ab
   �F!& 
&�FR . �-


 ��� D"9?C      ��� B&-�& ,& )��=�!& �c�&.H �  �,
-  .1%�C �,
-

      F  PF7�  5F6H�C .1Y 0I dA	� - 
&� 8&��R�  W:L -�R  UF: 5

     0C 0NQ! ��� 0?3(I 8�9���! 8�
"�  ���R)�( .�-
 �F: �

���            O	&'F�& - O	�F!�� O:�F� PF7�  46e& 0�G�=H �,
-

               WF	& B.FC ,&
� �� 
�F� 0F@- ).2 )�3R )��=�!& S �f VL 
&.ZC

�-
�:        ��F� 8-.F  �-
 )gF	- 5  +       
�FaL �F!& WF/9C �,
-

  .FF2�  5�FF2&� ��FF� �FF  U�&�FF
 .FF1%�C 0 "6QC�FF%)��( . B&�FFa&

���         B-�=�C '3% X6�MC 0/	h"@"�& 0H&"% 
� 8�:�3R �  �,
-

     ��� U�A3! d	 V�M�%& W	&� �1  +�!&    SC&"7 5  0*�A  �,
-

  - ���`FF�f& i	&�FF2 - )�FF3R +U3FF6f& +��FF� 8"FFj9: ��.FF?�C

 �
&� 07�9�K&)�(.

  ��� B&-�& k"%   l�Y S/2 - �,
-�: W32�C �  �,
-�$� ��:

  � �3ab
   ��� �
&.	�� �  5%&�   J	,"
 - �: ),&.F%&    �F33m
 4FK"C �F��1C

 ��� 8�9���! 0C �"2 .      F�C ��F� 8�9���F! �33m
b    ��F:
�93
 ,& �a

 ��� B-�=�C         +5F3@-& 8�9���! 569K ,& ��*	� ��:
"���� 5  +�,
-

          �
&� 0*�A  '3% ��� � "I
 8&'3C - ��:�G 0@�*Y)� .( W3ZZNC

   )"N% ���	,�3ab
 ���    0FRg	- �  �,
-      - 0F/	'3� ��F:  0	�393F2

)�&� 
&�f 5?@�QC �
"C &
 ��� .%&)��+��- ��(.

��FF� B�FF3697 ��:�FFG 0@�FF*Y 
� �FF33m
 SFF3@� 5FF  �,
-

 (Bulk density, BD)   �F33m
 4(F! +��� � "I
 - 8�9���! +

   0C ��� �C-�ZC 
�  �"2);   - ��( .       8&
�F/9: - 0F!�(7 n�FH

)�( 0!
�  � �3ab
��� 0  �-
 -� �,
- (No-tillage ,NT)

 -��FFF��,
- ^"FFF!�C (Conventional tillage, CT) �FFF  

0Rg	-       8�<=>& 
� 0�63! 0!
 ��� d	 0/	'3� ��:+    -� 0FI 

     5� .%�&� 8�$% D�!NT             -� �F
 ��F� 0F@L )��FC O	&'F�& P7�  

     5F  �(A% � &� CT  .F2  . UF: W3F1YBD   0FI-�MC o��F2 - 

)Cone index, CI (  �"FF  8�AFF/	 �-
 -� �FF: �FFN
 ��FF� .

&�*$:-g�    ��� 0!
�  
� �
�3A  8�:         5F#3�% WF	& 5F  �F�� '	
 �

   5� .%.3!
BD     �-
 
� pq"9?C NT  ,& O3  CT   �!& )�r   - ��( .

     �-
 8�3C 0
-�=
 �*	� 0��  0@-�: ��� �      5FQ &
 WF	& 
� �,
-

    .F%��/% ).:�$C)�s( .      8&
�F/9: - SF3:)�t( �3abF
  U�AF3!  �F: �

 ��� X6�MC     ��F� 0  U�A3! SC�2 �,
-  UF� +�,
- F����,
-

(Reduced tillage) ��� - �  &
 ^"!�C �,
-BD  )�"F9% 0!
�  

         �F:
�93
 WF	& 5� .%��� �
&'R - �3abF
  0F1?C     �F  �
&�BD   ��F� 

5�2&.%+�97 O	&'�& �  0@- +BD�!& 5���	 O	&'�& ��� .

              �
&'FR B.FC .F16  5F?@�QC dF	 
� 8&
�/F9: - 0 "(NC

 5FF� .FF%���CI 
"FFI 5FF  0FF1?C �FFN
 �
&�3abFF
��-
 �FF: �

����,
-+  l�Y ���
 +      U:�F  - O	�FC,L SNC      - UMF2 O1F�

 SNC
&�f O	�C,L0C �
&'R �<%L +��3R 5� .%�"9%����,
-

096f W:L-�R � (CP)   �F  5A	�ZC 
� NT   &
 0FI-�MC o��F2 

��$3  O:���0C  .:�)��(.

U�A3!�: ��� �   - ��� W�M	
 U: 5  S3@� 5  �,
-�3ab
  �F  

   )��C 
&.ZC      ��� l�93% 
� 8L J	,"
 - 0@L0C     �
&.F	�� �F  .F%&"


��FF�5FF%&��FF:�FFQf 0FF%,- W3*%�FF3C �FF  p�FF�	�<% - 5FF%&� ��FF��FF:

( Mean weight diameter, MWD)  �auFC   .F2� )�( .  - 0%�F36R��

  8&
�/9:)��(          5F139� 5F� .F%��� ).:�$FC  ��F��,
- 5F  
"FI

0FF1?C    5FF%&.��� �
&.FF	�� o��FF2 O	&'FF�& PFF7�  �
&��FF:

(Water stability index)��� �  5A	�ZC 
� VL 
�  ^"!�C �,
-

.	��R.

�
    8&
�/9: - -.@�%)��(        
"F��&�
 
"F(7 5� .%��� �
&'R 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.3

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

26
 ]

 

                             2 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.38.7
https://jcpp.iut.ac.ir/article-1-801-fa.html


�()�� ./0 
	�1	2
���3�!	� 40�50 �  6
.�	7 8�9:� �.; .� 
���	�� 
	�...

��;

 ��>;*.�Vd�� �2.�	� �! � �H�Q�� 
	��R�	��S "C� 1	2 �

 0%"3
�� D��(
 �3��G)0�%�!
�  D"C

^�R"63� �  (

0@L W ��

).>
�(

pH ��� ��� >
� .

v


 .>
�

�63!

 .>
�

W2

 �97

)0�%�!��C(

;/��

;/��

;/��

;/��

;t/s

�;/s

;�/s

��/s

r/�

�/�

r/�

;/�

012 ^"@

012 ^"@

012 ^"@

012 ^"@

��

��

�;

��

��

��

��

�;

r�

r�

r;

r�

�/� ws

��w�/�

�/��w��

;sw�/��

 O	&'FF�& PFF7� BD - CI - .FF	��R ��FF��,
- W:L-�FFR �FF  

8&��R� 
&�(Moldboard plow, MP)�3ab
  �F  
"��&�
 
"(7 CI

  �&� O:�� &
 .    
"C.3/!& - 
-��)�r (       �
&.F	�� 5F� .F%�&� 8�$%

���5%&�            
� U�&�F
 O	&'F�& �  0�63! ^"@ ��� d	 d$� ��:

                �F��	 O	&'F�& )�
"FM% UMF2 - )�
"F� UMF2 ��F� -� �: .

U:W31Y             U�&�F
 8�FC, 
� ��F� � "I
 
&.ZC 
� B-�=
  �3abF


�   ��� �
&.	�� �  09 5F%&�          O	&'F�& 8�F%L +�F2&� d$F� ��F:

 ��� �
&.	��5%&�   ��� 
� d$� ��:�:        5F  &
 ).F2 U�&�F�C �

        5F  U�&�
 �a& 
� B&
_ &�	, .%�&� �(A% B&
_ W3  .%"3� O	&'�&

:  0C d	�'% U .%"F2 .            �
&.F	�� 5F� .F%��� ).:�$FC �F<%L 0F@-

���5%&�     �&�
 �a& 
� 0�63! ^"@ ��� V"I�C ��: O:�� 09� U

      �33m
 8-.  �	 - 5���	0f� .%�C .  8�$% k"x"C W	&  0FC     5F� .F:�

    ).2 ��#	& .%"3�) d3
��F!-��/@& (         
� U�&�F
 �Fa& 
� B&
_ W3F 

      �!& )�"(% ^-�ZC �
 8��� d@& S �ZC .     0�.F%& B�FZ3ZN
 8"1��


   8,- �  
"��&�
 �a&      
� B-�F=�C 0$F$� �-�F3% - XF6�MC ��F:

  �-
 �  43��
 X6�MC ��: ���   0Rg	- �  �,
-   0F/	'3� ��:

)�"9% 5?@�QC &
 ���.%& .,& �!& B
�(7 �3ZN
 W	& y&.:&:

�w               U�AF3! -� �� 
�F� �Fa& �F  ��F� 0F/	'3� B&�33m
 5A	�ZC

���8&��R�  W:L-�R �  �,
-096f W:L -�R - 
&�

�w),&.%&   0Rg	- 5A	�ZC - ��3R       
"F(7 �a& 
� ��� 0/	'3� ��:

0%�C-
 
"��&�
 5!+0AC 8�K - W!"R���	�

;w   
"��&�
 0(3��
 B&�a& 0!
� �:   B-�=�C �)  �-�F3% - 8,- � 

 B-�=�C 0$$� (  � ����,
-�:    0FRg	- �  X6�MC �  ��F:

��� 0/	'3�

Y�� � �0��	�

  'FF��C 5FF  5�AFF &- 8�FF
�(�& 0
�FFZ3ZN
 )�*�AFF	& 
� 5FF?@�QC WFF	&

            
� JFf&- 8&.F9: 8��F!�<2 0?3(I J �1C - �,
-�$� B�Z3ZN


C"FF63� 8&.FF9: )��FFK z1FF� ��w SFF3C�� �FF  ��FF� �-
 8&�FF<
 

Coarse Loamy, Mixed, Mesic Calcixerollic Xerochrepts
 .2 ^�#%& .  0Rg	- ,& 0��        ,& S(f ��� 0	�3932 - 0/	'3� ��:

   
� O	�C,LD-.K�   �!& ).2 )�
-L  .      4F@�f 
� 0$F	�C,L ]�I

�"6 ��:          Z
 ��? & 5  013C, 
� 
&�/
 5! 
� 0���`
 SC��   0F(	�

��×��   .	��R &�K& ��C .  �"6  �:   ,& S/$�C r    B�F�    ��F? & 5F 

�/�×�r    �"  ��C  5F�        �"F6  WF	& 
� ).F2 D�F97& ��F:
�93
  �F:

    ��� �-
 ,& .%�"  B
�(7  SC�F2 �,
- : ��F�     -�FR �F  �,
-

8&��R�  W:L
&� (MP)��� -  0F96f WF:L -�R �  �,
-(CP)  - 

   
"F��&�
 k"F% 5F! :   �F	� 8�FK(John Deere, J) F   8,- 5;�s�

  0%�FC-
 +^�R"F63� ( Romania, R)   8,- 5F  ;��s  - ^�R"F63� 

WFF!"R�� 0AFFC (Massey Fergossen, MF)  8,- 5FF ��ss

^�R"63� .5%"9%l�Y ���
 SNC ,& B�� �: S�&� 
� �
&�� �:

(Traffic zone, TZ)- ���F
 8-.  SNC(Non-traffic zone, NT) 

.2 ^�#%& .

 U�A3! 43��
��:���     8,- �F  
"F��&�
 k"F% �F  �,
- �F: �

 06>& B\� 
� X6�MC(Main plot)  5F  �(A% 0%�/C �3?f"C - 

 07�� B\� 
� ���
 8-.   - ���
 SNC(Sub-plot)  �F��R 
&�Ff .

5FF%"9% SFFNC �FF: 
� �FF97 
�FF<Y ,& �
&��FF sw�/�+��w�/�+

�/��w��+;sw�/��0�%�FFF! ),&.FFF%& �FFF<K ��FFF�C ��FFF3R

0Rg	-   0/	'3� ��:  5%"9% 0	�3932 -    .F2 ^�F#%& �
&��F  .  �F97

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.3

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

26
 ]

 

                             3 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.38.7
https://jcpp.iut.ac.ir/article-1-801-fa.html


� 
���	�� ��
� � ���� ����� ��	
�  / �	�����	� /  ��� � "#$)& ( /�	()��*+,-

���

���  �,
-�/�� - �� 0�%�!   W:L-�R �&�  ��C�:8&��R�  � - 
&�

 .2 V�M�%& 096f .       �F  '3	�F� S`F� �&.F� & 
� .F%"@& UFf
 ^.1R

  v�!&�ss      X	�
 56>�� 5� 
��/: 
� ^�R"63�   �:�s 0�%�!   �F�C

  .	��R �$� +�"  .       8&'3C 5  )
-& 5
,& �"� y�`C�ss 63�  ^�R"

         - �$F� ^�*1: '3	�� 
� 
��/: 
��ss       
� 
�F�/: 
� ^�R"F63� 

  
�< 5 B
">   5F  SF|	�
 B�=A���"! �"� - � "% -� 
� ��! 

  8&'3C�ss       -  
��/: 
� ^�R"63� ��s     �"F�  
�F�/: 
� ^�R"63� 

!��� B�=@"!3.2 ^�#%& ��� 8"C,L v�!& �   5! �: +U.

  B�3697����,
-     -� �  )'3	�� UM2 SC�2      - W:L -�R k"% 

             8��F� ��� }|! - ).2 ^�#%& ]�I 5$Z% �(I 
"��&�
 k"% 5!

5�"6�               ,& )��=�F!& �F  ��F� ~QF! 8��F� y�> - 0NQ! ��:

     .F2 ^�F#%& W� y�> .        ��F� B�F3697 ^�F#%& W3FH 
�  - �,
-

  y�> ,& )��=�!&         l�FY ���
 SNC +
��
�  �  
�  �$� - W� �F:

 .	��R D��1� .    C 5! 0I 
� 5� 43
�
 W	. 56H� �:
"��&�
 5� �&

 B�� �
&-�:         ���R B
"> SNC d	 ,& �<1
 l�Y 
"(7 .%.2  .

.CL �"K- 5  SNC -� B�� �: S�&� 
� W	&� �1  :   0F6NC F X@&

l�Y 5��:�&.?
 5  ;   .F%���
"(7 
�F  (TZ)    5F� 0F6NC F V - 

�"  )��/% 
"(7 8L ,& l�Y(NT)  .5%"9%   8�F	�� 
� ��F� �
&�� 

   .2
 S`� ) 3
 S	&-&   )�C � (       ^�#%& �
�3 L W	��L ,& }� ,-
 5!

.	��R .  5%"9% �2&��  �<K      0	�:
.163F! ,& )�
"M% �!� ��:

    06�&� �Qf 5 mm��     k�F=

& - mm��  &�F  �  5F%"9%   �
&��F  

(Core sampling method)  5F%"9% WF	& ,& - .2 )��=�!& �F:  �&�F  

),&.%&    .2 )��=�!& ��:�G 0@�*Y ��3R . ),&.%& �&�    F2 ��F3R o��

0I-�MC(CI)    -�� �C-�ZC �	 - �	��      -�� )�*�F!� ,& ��F� � z1F!

d39	
 D.C(Cone penetrometer model Rimik CP20, CP) 

 .	��R )��=�!&.   563C �&
&� )�*�!� W	&   5  �&D"Icmts    �F!&  

    )�*�!� W	& )g	- [-�MC 5�       [-�FMC �"% 5	-&, 5� ;s   5FK
� 

+�"       C 5F63C W	& �"% 5   ̀ F�       5F63C - ).F2 S   �F  'F3%   �"F� �-


  0C 
&"! )�*�!��"2.  
��f )�*�!� W	&&    W��
-�F� W3FH 
� �!

 ��� 
� 563CS>&"� �  cm�/�   �FC-�ZC   ��	�F�-��  &
 ��F�

          �"F� 5T��H 
� &
 5I" �C �.7 - ��&�f 5F*%�
&�  .F1� .   �F97 

  �c�&.H),&.%&��3R     �C-�ZC   ��	��-��;s0�%�!    .F>
� - ��C

      Jf"C 
� ��� 09#H � "I
%&),&.    D-& 5F	q 
� ��3Rr�/��  + 

 ̂ -� 5	q��/��      ^"F! 5	q + ��/�s        ^
�F<Y 5F	q 
� - ��/�s  - 

       �"  �
�3 L ,& }� ,-
 -� ��&�f 8�C, . )�&� }|!�:    )�*�F!� ,& 

       )�&� ,& - .	��R SZ�1C �
"3|C�� 5  5I" �C�:     5	q �: 5  [" �C �

�/�0�%�! i!"�C ���C         S36N
 - 5	'#
 �
"C  - ).2 ��3R 
&�f

���R .  �&� 5 �!�        ��F� �FQf 0F%,- W3*%�3C 8�
-L  5F%&�  �F:

)MWD (9� �-
 ,&|�-"%,-
) �s(.	��R )��=�!& .

   ̂ �% i!"
 �
�CL 5	'#
  
&'�&SAS   - MSTATC    .F2 ^�#%& 

       )�&� 8��� �
&- ,& }� 5� 43
�
 W	.  �F:        ,& &.F� & �
"3|C�F� 5F  

       .F1���R 
&�f 0!
�  �
"C 8�"  D�C�% ��N@ .
�     �.F?  5F6H�C 

   )�&� }%�	
&- 5	'#
 B�3697�:   ̂ �F% ,& )��=�F!& �F    
&'F�&SAS - 

MSTATC  ���R B
">  .    F3C 5A	�ZC ��	�<% -�W3*% �F:   iF!"
 

^�%  
&'�&MSTATC  .2 ^�#%&  .     ̂ �F% iF!"
 �:
&�"9% U!
  
&'F�&

Excel���R B
"> .

hC� � [�	(5

  ��� k&"%& �3ab
           �F  
"F��&�
 k"F% 5F! �  43��
 
� �,
-  F��  0

	'3� B�3>"`FF�0FF/),&.FF%&�FF3R� XFF6�MC ]"QFF! 
� ).FF2 

 Bq�9�H&01?C ).	��R 
&��.2 .:&"� )�&� ~3x"
 43
�
 5  5.

 
.�	7 �<	]$

S/2���� ��:�G 0@�*Y (BD)     -� �&�F  5F	q 
�F<Y 
� &
 

  U�A3!����,
-      
&� 8&��R�  W:L-�R �  (MP)   -  ��F��,
-

    096f W:L-�R � (CP)  0C 8�$% �.: .  B-�=
BD    U�A3! -� W3  

 �3: 
�  5	q ,& ^&.��: 01?C          0*%"F*Y �
"FC 
� +�"F(% 
&� �3abF


U�A3!  ��� X6�MC ��:    �F  �,
-BD �
&'FR  �F:  ��.F?�C �

   �FF!& 5FF���R B
"FF> W3FFZZNC iFF!"
)�� + �t-��( . 
�

     8&
�/9: - S3: �
&'R)�t(      U�AF3! �Fa&  ��F��,
-  �F  BD

01?C  �!& )�"(% 
&� . - }3@&   8&
�/9: )��(      .F%��� �
&'FR '3% 

  5F�BDU�AFF3! 
�  ��FF� B-�FF=�C ��F:  0FF  4FF3
�
 5F  �,
-

���  �,
-< ��F��,
-      0F96f W:L-�FR �F  <  ��F�    �F  �,
-

 8&��R�  W:L-�R  z	��% 5� +�!& )�"  
&� 5F  �F!�L    WF	& ,& ).FC

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.3

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

26
 ]

 

                             4 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.38.7
https://jcpp.iut.ac.ir/article-1-801-fa.html


�()�� ./0 
	�1	2
���3�!	� 40�50 �  6
.�	7 8�9:� �.; .� 
���	�� 
	�...

���

0

5

10

15

20

25

30

1.4 1.5 1.6 1.7

چگالي ظاهري (گرم بر سانتي مترمكعب)

MP
CP

0

5

10

15

20

25

30

1.4 1.5 1.6
چگالي ظاهري (گرم بر سانتي مترمكعب)

TZ
NT

 "H!*.0./0 �()�� A1	2 
	��0�.V.� 
��� �0�)MP ( � � �F)CP (

 .� 
.�	7 �<	]$ A0.��PL(BD)��.L ��>� "C� �� 1	2 \ � 	� 

 "H!D. 
.�	7 �<	]$ A0.��PL (BD) ��.L "C� �� 1	2 \ � 	� 

)TZ ( ��.L �>� �)NT(

     8�$% &
 �.%-
 W31Y '3% �3ZN
 0C .:� .   5	q 
� 5� &�Y �F: �

 ^"FF! - ^-�BD5FF   4FF3
�
 CP > MP�FF!& )�"FF   . - Dq

  8&
�/9:)��(         )�"F9% �
&'FR &
 0< �$FC 5F#3�% '3% .F%& .  �F 

  ��FF� �FF97 O	&'FF�&BD  
� .FF%-
 WFF	& - �FF��	 O	&'FF�& 

U�A3!�:   B-�=�C � ��F��,
-    �"F  5 �$FC  .      SF3@� 5F  .	�F2

               ��$F3  JF9#
 - ��F� ~QF! 
� 0:�F3R ��	�Z  ��$3  43��


 5	q 
� )�3R 5$	
�: 0	q�  �     W3FZZNC 0F��  5F� .F2�  ���

)�t(  � W	&5�   B-�=
 01?C  
� �
&�BDU�A3!  �F:  B-�F=�C �

����,
-)��/% �
&'R  +.%& O	&'�& 0@-BD �97 O	&'�& �  

)�&� 
&�f 5K"
 �
"C &
 ���.%& .

S/2�  +BD               8�$F% l�FY ���F
 8-.F  - ���F
 SNC 
� &
 

0C.:� .    �3: 
� l�Y ���
 �a&  5	q ,& ^&.��: C  0F1?  .F	��*% 
&� .

 8&
�/9: - '3:
--);s(5#3�% W31Y '3%  �&.%��� �
&'R &
 .

���.:� @2	!

S/2;     0I-�MC o��2 �	��ZC (CI)         ���F
 ^.F7 SFNC 
� &
 

    ��� k"% -� �&�  l�Y  �,
-MP   - CP  0C 8�$% .:� .  
&.FZC

CI 
� CP - MP01?C B-�=
 .1�2&.% �
&� . W3ZZNC ,& �
�3A 

)�t ( �a& ����,
- �  CI01?C &
 )��� �
&'R 
&� .F%& .  �F67

 01?C ^.7           8�"F  5@�F! dF	 .	�2 �x�H W3ZZNC z	��% 8�"  
&�

     .F2�  �3ZN
 ^�#%& 8�C, B.C .      D-& 5F	q -� 
�CI    
"F��&�
 
� 

    �F	� 8�K(J)           WF!"R�� 0AFC 
"F��&�
 ,& iFZ� (MF) 5F  
"FI

0FF1?C 
"FF��&�
 W3FF  - �"FF  ��$FF3  �
&�R - J 'FF3% - R - MF

 01?C B-�=
             B&�Fa& 
� 0�.F%& B-�F=
 - �F2&.% �"FK- �
&�

  �2&� �"K- S �Z�C . 5	q 
��: B-�=
 ^
�<Y - ^"! � 0F1?C 
&�

 .$% ).:�$C �:
"��&�
 W3 )D-.K� . (

   
� B-�=
CI    U�AF3! W3F   �F: ��F� � �,
-CP - MP 
� 

       .2 ).:�$C 0 "� 5  ���
 SNC)S/2� .(     0NQF! 5	q 5! 
�

)�/��ws %�! 0����C (���   096f �,
-CI      �(AF% &
 ���$F3  

  5 MP    D�9�H& ~Q! 
� 5� �&� 8�$% � %01?C�"  
&� . 0FC  8&"F


         
�93
 
� ��� ��9� 02��-�� &
 8L S3@�CP      0F�f- 5F� �A%&� 

      0C 
"(7 8L �-
 ,& '3% l�Y    0C ��$3  U�&�
 4K"C +.1����R .

  W3FFZZNC 0FF�� )��( O:�FF� CI  
� l�FFY ���FF
 SFFNC 
� 

����,
-            0F96f W:L-�FR �  5A	�ZC 
� 
&� 8&��R�  W:L-�R �  

  )��� �
&'R &
.%& .    ^
�<Y 5	q 
�);sw�/�� 0�%�!  ��F�C (  5F�

 �3: i!"
   W:L-�R ,& d	      01?C B-�=
 +�"  ).$% UM2 �: �
&�

             
� l�Y 8�A/	 �a& ).1:� 8�$% 5� .$% ).:�$C U�A3! -� W3 

      ��� U�A3! -� �: 
� �97 W	& �!& �,
- .     �F*	� SF3@� .	�2

 �
97

)
0

�%�
!

��
C

(

 �
97

)
0

�%�
!

��
C

(

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.3

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

26
 ]

 

                             5 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.38.7
https://jcpp.iut.ac.ir/article-1-801-fa.html


� 
���	�� ��
� � ���� ����� ��	
�  / �	�����	� /  ��� � "#$)& ( /�	()��*+,-

��r

0

5

10

15

20

25

30

35

0 500 1000 1500 2000

شاخص مخروطي (كيلوپاسكال)

MP

CP

0

5

10

15

20

25

30

35

0 1000 2000

شاخص مخروطي (كيلوپاسكال)

MP
CP

 "H!+.�()�� A0./0 1	2 
	��0�.V.� 
��� �0�)MP ( � �F �

)CP ( ���.:� @2	! A0.��PL.�)CI ( "C� ��  1	2 \ � 	�

 �>���.L

 "H!i.�()�� A0./0 1	2 
	��0�.V.� 
��� �0�)MP (

 �Q�$ �)CP (.��PL� @2	! A0. ���.:�)CI(

��.L "C� ��

  � 01?C   8�"(% 
&�CI         ��F:
"��&�
 8,- 8�"  U� ^
�<Y 5	q 
� 

  .2�  ).2 )��=�!& .      8&
�F/9: - '3:
-- &�	,);�(       �F  0F�H 'F3% 

    8,- �  0	�:
"��&�
 ,& )��=�!&�:    �F33m
 ^.F7 ,�F  �
q�  �CI 
� 

 �97;s0�%�!)��� �
&'R &
 ���C.%& .

   5	q 
� l�Y ���
          ~QF! 
� 43
�
 5  ^"! - ^-� +D-& ��:

�  +�  -�     O	&'�& 4K"C .>
� 01?C 
&�CI  ���F
 ^.7 5  �(A% 

 .	��R l�Y .  � W	&5�      B-�F=
 l�Y ���
  0F1?C    
� &
 �
&�BD

        +��$3  �3!�AH S3@� 5  �C& ��/% ��#	&CI      �F  &
 U�&�
 B&�33m
 

  8�$% ���$3  ]"x- 0C   .:�)r(.  5TH\C W	&� �1   0C    5F� �"F2

 l�Y ���
�:5 
"I01?C  �
&�CI     �F!& )�&� O	&'�& &
  .  .	�F2

          J �1C ,& 0��  
� 5� �!& �67 W39: 5 );s(  +CI    o��F2 &
 

4!�1C       )��� 0��?C ��� U�&�
 8�&� 8�$% �&�  ��
.%& .  5	q 
�

  ^
�<YCI          B-�F=
 l�Y ���
 8-.  - ���
 SNC 
�  0F1?C �
&�

 .% 8�$%  �&) D-.FK�   -  S/F2� .(         5$F	
 .F2
 .	�F2 8L SF3@�

     8&
&.%�K'	
 �3@�?� - 8�:�3R         8&
�F/9: - 8"AF1/: 5F� .F2� 

)��(        .F%��� �
&'FR &
 0< �$C S	q� '3%  .  8&'F3CCI  SFNC 
� 

     B-�=�C ��:
"��&�
 l�Y ���
)S/2r (     43
�
 5  ^-� 5	q 
�

J > R > MF B-�=
 5� �"  J �  R - MF  D�F9�H& ~Q! 
� � %

01?C       B-�F=
 0F@- +�"  
&� 0F1?C    W3F  �
&�MF   - R   ).:�$FC 

.	��*% .  8�$% .%-
 W	& 0C         )��=�F!& 
"��&�
 8,- 5Y �: 5� .:�

    . �	 O	&'�& ).2�3ab
        �F!& ��$F3  ��� U�&�
 �  8L  .  
"F��&�


MF         
&.ZC W	��9� �2&� &
 8,- W	��9� 5� CI     )��F� ��#	& &
 

�!& . 5	q 
��:      B-�F=
 �F*	� � F1?C0     ��F:
"��&�
 W3F  �
&�

 .	��*% ).:�$C X6�MC) D-.K� .(

��]5	�5�� 3�	2 .aF 1I50� 	�

C B&�33m
 0!
� 3*%�3%,- W0�� �Qf � 5F%&�  �F: (MWD) 
� 

      U�AF3! �&�  l�Y ���
 8-.  SNC     ��F� B-�F=�C ��F: �,
-

)S/2� (    5� �&� 8�$%MWD         U�AF3! -� 
� D-& 5	q 
� CP  - 

MP      .% 0
-�F=
 UF: �   .1�F2& .     0FC &
 8L SF3@�      B&�Fa& 5F  8&"F


�	             B-�F=
 W�F�
 W3F  ,& PF7�  5F� �&� �(AF% 5%��AFC, 0R�,

MWD�FF!& ).FF2 U�AFF3! -� 
�  .5FF	q 
��FF: ^"FF! - ^-� �

)�/��w�/�0�%�FF! ��FF�C (MWD 
� CP ,& ��$FF3  MP�"FF   .

 5%&.��� �
&.	���:   .%"3� ,& 0? �
 �:       5F� �!& 53@-& B&
_ W3  �

  $
 &
 5%&.��� )�&� S3/  .%&)�;( .   .%"3� W	& �!& W/9C�:   �a& 
� 

             ),&.F%& O:�F� &�F@ +.%"F2 5�AF/2 W:L-�R �
"�� MWD &
 

0C     .%"3� W	& 8.2 5�A/2 5  8&"
�:  �&� �(A%  .      
� 5F� �F#%L ,&

  U�A3!CP          ��F#	& ��F� 
� ��F�9� 0*�M	
 U: 5    0FC   +�"F2

 �
97

)
0

�%�
!

��
C

(

 0I-�MC o��2)D�/!��"63�(
 �

97
)

�%�
!

0
��

C
(

 0I-�MC o��2)D�/!��"63�(

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.3

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

26
 ]

 

                             6 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.38.7
https://jcpp.iut.ac.ir/article-1-801-fa.html


�()�� ./0 
	�1	2
���3�!	� 40�50 �  6
.�	7 8�9:� �.; .� 
���	�� 
	�...

���

��>;D.3�]5	�� I)�	U� 	 �L "�	U(� � ��	� A0./0 
	�1	2 6��(�0.L 
	��I5� 5 J��F�� � 
��� 
�0�.�

1	2 ���.:� @2	! .�*(kPa)

 0I-�MC o��2)D�/!��"63�(

^
�<Y 5	q ^"! 5	q ^-� 5	q D-& 5	q

�:
�93
-

S �Z�C B&�a&

���; a rrr a �s� a �ss a
**J

��tt a �r� b ��� ab ;�� ab
R

�srt a �r� b ��� b �tt b
MF

��;� ab rt� a ��� ab ;�r ab
J×MP

��t� ab r;� ab �;t a ��� a
J×CP

�;r� a �;t bc �s; b ;�� ab
R×MP

��;; ab ��� abc ��r ab ;�� ab
R×CP

t�t b �s� c ;�� b ��t b
MF×MP

���� ab r�� abc ��� ab ;�s ab
MF×CP

�;;; a ��� a rs� a �;r a
J×TZ

�st� ab r�� ab ��� bc ;r� ab
J×NT

���� ab r�� a �t� b ;�� abc
R×TZ

�;�� a �s� bc ;tr bc �t� bc
R×NT

���� ab r�r a �r� bc ;�� abc
MF×TZ

�t� b ��� c ;�t c ��� c
MF×NT

�;s; a r�� b ��� b ;;� b
MP×TZ

�s�s a ��� b ;�� c ;s; b
MP×NT

���� a ��s a �rt a ��� a
CP×TZ 

���� a ��; b ��t bc �t� b
CP×NT

*: W3*%�3C )-�R �: 
� - 8"�! �: 
� 0C 5 �$C y�H d	 �&
&� Sf&.H 5� 0	�:01?C y\��& +.12�  .%
&.% �
&�) W/%&��(%.

**: �	� 8�K 
"��&�
 J= 0%�C-
 
"��&�
 + R =W!"R�� 0AC 
"��&�
 + MF =  +����,
-
&� 8&��R�   MP = + ���
-�,D'3Y  CP =  SNC +

���
TZ=-���
 8-.  SNC NT =

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.3

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

26
 ]

 

                             7 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.38.7
https://jcpp.iut.ac.ir/article-1-801-fa.html


� 
���	�� ��
� � ���� ����� ��	
�  / �	�����	� /  ��� � "#$)& ( /�	()��*+,-

���

0

5

10

15

20

25

30

35

0 500 1000 1500 2000

شاخص مخروطي (كيلوپاسكال)

TZ
NT

0

5

10

15

20

25

30

35

0 500 1000 1500 2000

شاخص مخروطي (كيلوپاسكال)

J
R
MF

 "H!j.  ���.:� @2	! A0.��PL )CI (\ � 	� "C� �� 1	2

 ��.L)TZ ( ��.L �>� �)NT(

 "H!-.�	; ��(�0.L 4�5 I� ./0  .��)J(�5	��� 6)R ( �

�)� 3��V.�)MF (@2	! A0.��PL.� ���.:�)CI ( \ � 	�

��.L "C� �� 1	2

0

5

10

15

20

25

30

0 0.5 1

ميانگين وزني قطرخاكدانه ها (ميلي متر)

M
P
CP

 "H!k.�()�� ./0 1	2 
	��0�.V.� 
��� �0�)MP ( �Q�$ �)CP ( �5�� 3�]5	�� A0.��PL .�

1	2 .aFI50���.L �>� "C� �� 1	2 \ � 	� 	�

.%"3��:    5�A/2 ��9� B&
_ W3  � 0C �"2 .�     8�FZZNC 0�)�;(

    8�"  q�  S3@�MWD    U�A3! 
� CP    
� 0@L )��C 8�"  q�  5  &
 

       �F  5A	�ZC 
� 0NQ! 5	q ��F��,
-MP   )�&� �(AF%  .F%& . 
�

   ^
�<Y 5	qCP   01?C O	&'�& 4K"C     
&�MWD    
�93
 5  �(A% 

MP   .	��R )D-.K; .(   5  5K"
 � W	& 5F�   5F	q WF	& );sw�/��

0�%�!���C ( �3: 
�    ��:
�93
 ,& ^&.�����,
- )�
"M% U: 5  

 0C +�!&    O:�� S3@� 8&"
MWD    
�F93
 5F  [" �C 5	q W	& 
� 

MP              �&� �(AF% UMF2 
�3F2 
� l�FY 09�&�
 �a& 5  &
  .  W	.F 

  �FF3@�?� 5FF	q WFF	& 
� 5FF� .FF	��R 4FFK"C U�&�FF
 5FF� 4FF3
�


           �
&.	�� 5#3�% 
� - 5���	 O:�� 8�:�3R 5$	
 _"=% - 0/	h"@"3 

&.���5%      
�93
 �  5A	�ZC 
� �:CP  - 0/	h"@"3  �3@�?� 8L 
� 5� 

. �	 O:�� +�!& ��$3  8�:�3R 5$	
 _"=% .�  
"��&�
 �a&MWD 

    D-& 5	q 
�01?C �"(% 
&� .           W3*%�F3C UF: ^-� 5F	q 
� 5FY �FR&

MWD   B-�=
 01?C       W3*%�F3C B-�F=
 0F@- �2&.% �
&� �F:  5F  

  4F3
�
R > J > MF   �"F  �F3R U$FY  .  
� �F     �Fa& W�F2&� �FT%

    0Rg	- �	�! �  X6�MC ��:
"��&�
�:    ��� 0/	'3� �) 8"j9:

 0I-�MC o��2)D�/!��"63�(

 �
97

)
0

�%�
!

��
C

(

 0I-�MC o��2)D�/!��"63�(
 �

97
)

0
�%�

!
��

C
(

5%&.��� �Qf 0%,- W3*%�3C �:)063C��C(

 �
97

)
0

�%�
!

��
C

(

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.3

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

26
 ]

 

                             8 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.38.7
https://jcpp.iut.ac.ir/article-1-801-fa.html


�()�� ./0 
	�1	2
���3�!	� 40�50 �  6
.�	7 8�9:� �.; .� 
���	�� 
	�...

��t

 ��>;+.3�]5	�� I)�	U� 1	2 6��(�0.L "�0�� "�	U(� � ��	� A0./0 
	�I5� 5 J��F�� � 
���3�]5	�� .� 
�0�.�I50>�	2 .aF �5��	�)(MWD*

W3*%�3C5%&.��� �Qf �,
-�:)063C��C (

^
�<Y 5	q ^"! 5	q ^-� 5	q D-& 5	q

B&�a& - �:
�93
S �Z�C 

s/��� a s/�t� a �/s�t a s/��t a **J

s/��t a s/��� a s/t�; a s/��� a R

s/�t� a s/r�s a s/�;s a s/��� a MF

s/��� b s/��; c s/��s b s/��; a J×MP

s/�r� a s/��; ab �/���a s/rs� a J×CP

s/�;� ab s/ts� a s/tt� ab s/r�s a R×MP

s/��s ab s/��� bc s/ts� ab s/��s a R×CP

s/ .�;; ab s/��� bc s/t�� ab s/��� a MF×MP

s/�rs a s/�;� ab s/�;� ab s/��� a MF×CP

s/;�s b s/r�� ab �/��� a s/��s ab J×TZ

s/�r� ab s/��� b s/�t; b s/rst ab J×NT

s/;�� b s/rr� ab s/�r; ab s/��; ab R×TZ

s/�ss ab s/��� a �/s�� ab s/��� b R×NT

s/��� ab s/rs� b �/��s ab s/��� a MF×TZ

s/�r� a s/r�� ab s/��s b s/r�s ab MF×NT

s/�s� b s/��s a �/sss ab s/��� a MP×TZ

s/;r; b s/r�; a s/r�r b s/r�r ab MP×NT

s/;rt b s/ .�s� a �/��r a s/��� b CP×TZ

s/r�t a s/rtt a s/�s� ab s/�t� ab CP×NT

*: W3*%�3C )-�R �: 
� - 8"�! �: 
� 0C 5 �$C y�H d	 �&
&� Sf&.H 5� 0	�:01?C y\��& +.12�  .%
&.% �
&�) W/%&��(%

**: �	� 8�K 
"��&�
 J= 0%�C-
 
"��&�
 + R =W!"R�� 0AC 
"��&�
 + MF =  +����,
-&� 8&��R�  
 MP = +  ��F��,
- D'F3Y  CP =   SFNC +

���
TZ=-���
 8-.  SNC NT =

Ks  �2
� SM6M
 - (  oM$C     
"F��&�
 5� .	��RR   8�9���F! 

  
"��&�
 -� 5  �(A% ���< J - MF  4FK"C 5� &�	, �"9% ��#	& 

          0F1?	 8�9���F! �
&.F	�� o��F2 O	&'�&MWD     5F  �(AF% 

 .FF2 �FF*	� ��FF:
"��&�
 . 
"FF��&�
 ^"FF! 5FF	q 
�R O	&'FF�& 

01?C   
� �
&�MWD        
"F��&�
 -� 5F  �(A% J   - MF    ~QF! 
� 

  �
�CL� % ��� ��#	& .        8�"F  q�F  �&�F  5F� ��F*	� SF3@� .	�2

MWD    
"��&�
 
� R    5  �(A% J   - MF 5� �!& W	& ��� ]�QC 


"��&�
 J 5 S3@� B&
_ ��$3  d3/=
 4K"C q�  0$$� �-�3% 

  -5 S3@�     "3� 4	�M
 4K"C ��	, 8,-   5%&� ��� .% �F:    SFNC 
� 

      - ).F2 l�Y ���
MWD      �F!& )�&� O:�F� &
  .   
"F��&�
MF

5 S3@�      l�Y �'m@ P7�  W3	�� 0$$� �-�3% �:     ^�F#%& W3H 
� 

  B�3697����,
-5%&� ��� d3/=
 4K"C �	�I W	& ,& -  �F:

   O:�� -MWD  �!& ).	��R  .    
"��&�
 S �ZC 
�R    ��9� 8,- �  

 ,&J%�9: 0FF2'm@ W�FF2&.% -  .FF1MF 4FFK"C MWD ��
q�FF  

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.3

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

26
 ]

 

                             9 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.38.7
https://jcpp.iut.ac.ir/article-1-801-fa.html


� 
���	�� ��
� � ���� ����� ��	
�  / �	�����	� /  ��� � "#$)& ( /�	()��*+,-

�rs

0

5

10

15

20

25

30

0 0.5 1 1.5

ميانگين وزني قطرخاكدانه ها (ميلي متر)

TZ
NT

"H!,.1	2 .aF �5�� 3�]5	�� A0.��PL I50� ��.L "C� �� 1	2 \ � 	� 	�)TZ ( ��.L �>� �)NT(

 
"��&�
 -� 5  �(A%J- MF  �!& ).	��R ) D-.K; .(  5F	q 
�

     5  5K"
 �  ^
�<YW	&5�    )�
"M% �!� 0f�    -�F=
 +�!& ).%�C 0



"��&�
 W3  �&�  �:MWD.	��*% ).:�$C .

  
&.ZCMWD   
� 5	q     SNC 
� D-& TZ   - NT     8�AF/	 p�F(	�Z
 

           �	 ).1:�� �	 0R.11� S	.?
 �a& ,& 02�% �!& W/9C 5� �"  0R�,

   .2�  ��� U�&�
 �  )S/2� .(   &
"�L)�(     5F#3�% W3F1Y '3%   &
 �&

  �!& )��� �
&'R .   5	q 
� U�&�
 �a& ̂ -�  B&
_   5F  ��$3  &
 ���

     5%&.��� P7�  .	�2 5� ��� d	�'% U:   �F97 WF	& 
� ��$3  �,�!

         �!& ).	��R ���
 ^.7 SNC 5  �(A% ���
 SNC 
� .  0< �$FC �a&

     8&
�/9: - �3(3@ i!"
)��(      �F!& ).F2 �
&'FR  .     
� �Fa& WF	&

   D�9�H& ~Q!�  %01?C �"  
&�.   5	q 
� 0@-  �F:�      ^
�F<Y - ^"F! 

);sw��0�%�! ���C ( B-�=
01?C�&.% 8�$% &
 �
&�.

IW�(5 
.�V

XFF@&(U�AFF3! �FF: ���FF��,
- B&�FFa& 0FF1?C ^�FFK �FF  �
&�

          - .1�F2&.% ��F� 0I-�MC o��2 - ��:�G �"`MC

 ^
�<Y 5	q 
�MWD 
� MP ,& ��9� CP�"  .

V(  l�Y ���
     0F1?C O	&'�& 4K"C �:     0FI-�MC o��F2 
&�

        8-.  SNC 5  �(A% l�Y ���
 SNC 
� ���  .	��R ���
  .

  -U:W31Y      l�Y ���
 SNC 
� CP    ��� 0I-�MC o��2 

 5  �(A% ���$3 MP��� ��#	& .

�(  l�Y ���
 �:    5	q ,& 0��  
� +�:    O	&'�& 4K"C MWD  .F	��R  .

    B-�F=
 8.2 U� 4K"C 5%��AC, 0R�, �	 B&�a& D-& 5	q 
� �F:

            - .	��R l�Y ���
 ^.7 -  l�Y ���
 SNC 
�U:W31Y   B&�Fa& 

3!U�A�: �����,
- �N
 '3% &
 �3ab
�&� 
&�f .

B(    
"��&�
 �a& 0!
�  �  �:   0Rg	- �  X6�MC ��:     +��F� 0F/	'3� �

             5F  �(AF% ��F� 8�9���F! ��9� 4	�M
 P7�  0%�C-
 
"��&�



"��&�
�:              �Fa& �F97 O	&'F�& - .2 W!"R�� 0AC - �	� 8�K �

 l�Y ���
�:   �&� O:�� &
  .  -5 
"I  �-
 06� �:  � ��F��,
-

0Rg	- ,& 0��  �33m
 4K"C�:.	��R ��� 0/	'3� � .

��	
�������	Z(�0

�. ̂  +0%"3�&. -  ̂  .
 .  0f.`C�;�s . �-
 �a&  ��:����,
-  0Rg	- �  �:        .F3C�  �F��H - ��F� 0/	'3� � .   "F67 5F6#C    8"F1� - ^

0?3(I J �1C - �,
-�$��); :(;tw�;.

�.    ^ +0!�(7 n�H.k.  + L  .y .  ̂  - 0H"@�3C .
.>0C�H
& .�;�� .  )"32 �a&     0Rg	- ,& 0�?  �  �,
"��� ��:�:      - ��F� 0F/	'3� �

97�
"@ 0
�Z3ZN
 57
'C 
� B
_ ��/6. 0?3(I J �1C - �,
-�$� 8"1� - ^"67 56#C ;);:(�;w�;.

5%&.��� �Qf 0%,- W3*%�3C �:)063C��C(

 �
97

)
0

�%�
!

��
C

(

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.3

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

26
 ]

 

                            10 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.38.7
https://jcpp.iut.ac.ir/article-1-801-fa.html


�()�� ./0 
	�1	2
���3�!	� 40�50 �  6
.�	7 8�9:� �.; .� 
���	�� 
	�...

�r�

;.^ +J3�
 .n .�;�s .��� d	'3�) 59K�
 .(^"! ��Y+& 8&�<
 )�*$%&� B&
�$�% .

�.k +0 "(NC .& .k - .& .�%�
�.�;�� .��� 
�� ��� d	'3� .067"  )�*$%&� B&
�$�%&8&.9: +�13!.

�.^+0f.`C.
.+^.  k - 0%"3�&.  �9:.�;�s .     )"32 -� �a&����,
-  0Rg	- 0�� �  �:      �/	�CL+0@�9F2 ��13@-
�� 
� ��� 0/	'3� �

- 8&�	& i	&�2 �  8L 5A	�ZC. W39�=: ��� ^"67 )�*1�8&�	& +����<2 )�*$%&� .

6. Al-Adawi, S. S. and R. C. Reeder. 1996. Compaction and subsoiling effects on corn and soybean yields and soil 
physical properties. Trans. of the ASAE. 39(5): 1641-1649.

7. Alakukku, L. 1996. Persistence of soil compaction due to high axle load traffic. I. Short-term effects on the 
properties of clay and organic soils. Soil Till. Res. 37: 211-222.

8. Aura, E. 1983. Soil compaction by the tractor in spring and its effects on soil porosity. J. Sci. Agic. Soc. Finland 55: 91-107.
9. Blake, G. R. 1986. Bulk density. PP. 374-380. In: Klute, A. (Ed.), Methods of Soil Analysis. Part 1, Physical and 

Mineralogical Methods. Agronomy Monogroph.
10. Blevins, R. L., G. W. Thomas, M. S. Smith, W. W. Frye and P. L. Cornelius. 1983. Changes in soil properties after 

10 years continuous non-tilled and conventionally tilled corn. Soil and Till. Res. 3: 133-135.
11. Bradford, J. M. 1986. Penetrability. PP. 468-472. In: Klute, A. (Ed.), Methods of Soil Analysis. Part 1, Physical and 

Mineralogical Methods. Agronomy Monograph.
12. Campbell, C. A. and W. Souster. 1982. Loss of organic matter and potentially mineralizable nitrogen from 

Saskatchewan soils due to cropping. Can. J. Soil Sci. 62: 651-656.
13. Carter. M. R. 2000. Soil Sampling and Methods of Analysis. Canadian Society of Soil Science. 651-657.
14. Ellis, F. B., J. G. E. Elliot, B. T. Barnes and K. R. Howse. 1977. Comparison of driect drilling, reduced cultivation 

and ploughing on the growth of cereals. J. Agric. Sci. Camb. 89: 631-642.
15. Gajri, P. R., V. K. Arora, S. S. Prihar. 2002. Tillage for Sustainable Cropping. The Haworth Press Inc., New York.
16. Grevers, M. C. L. and A. A. Bomke. 1986. Tillage practices on a northern clay soil: Effect of sod breaking methods 

on crop production and soil physical properties. Can. J. Soil Sci. 66: 385-395.
17. Hajabbasi, M. A. and A. Hemmat. 2000. Tillage impacts on aggregate stability and crop productivity in a clay-loam 

soil in central Iran. Soil Till. Res. 56(3,4): 205-212.
18. Håkansson, I., W.B. Voorhees, P. Elonen, G.S.V. Raghavan , B. Lowery, A. L. M. Van Wijk, K. Rasmussen and H. 

Riley. 1987. Effect of high axle load traffic on subsoil compaction and crop yield in humid regions with annual 
freezing . Soil Till. Res. 10:259-268.

19. Hill, R. L. and R. M. Cruse. 1985. Tillage effect on bulk density and soil strength of two Mollisols. Soil Sci. Soc. 
Amer. J. 74: 1270-1273.

20. Kemper, W. D. and R. C. Rosenau. 1986. Aggregate stability and size distribution. PP: 425-442. In: Klute, A. (Ed.), 
Methods of Soil Analysis. Part 1, 2nd ed., ASA, Madison, WI.

21. Lal, R., A.A. Mahboubi and N. R. Faussey. 1994. Long-term tillage and rotation effects on properties of a central 
Ohio Soil. Soil. Sci. Soc. Amer. J. 58: 517-522.

22. Leibig, M. A., A. J. Jones, L. N. Mielke and J. W. Doran. 1993. Controlled wheel traffic effects on soil properties in 
ridge till. Soil Sci. Soc. Amer. J. 57: 1061-1066.

23. Mahboubi, A. A. and R. Lal. 1998. Long-term tillage effects on changes in structural properties of two soils in 
Central Ohio. Soil Till. Res. 45: 107-118.

24. Mahboubi, A. A, R. Lal and N. R. Faussey. 1993. Twenty- eight years of tillage effects on two soils in Ohio. Soil. 
Sci. Soc. Amer. J. 57: 506-512. 

25. Pagliai, M., M. Raglione, T. Panini, M. Maletta and M. Lamarca. 1995. The structure of two alluvial soils in Italy 
after 10 years of conventional and minimum tillage. Soil Till. Res. 34: 209-223.

26. Powers. D. H. and E. L. Skidmore. 1984. Soil structure as influenced by simulated tillage. Soil Sci. Soc. Amer. J. 48: 897-884.
27. Reynaldo, A. C. M. Stenbery, P. Nelson, T. Rydbery and I. Håkansson.1994. Soil and crop responses to different  

tillage systems. Soil Till. Res. 29: 335-355.
28. Slowinska, J. A. 1994. Changes in structure and physical properties of soil during spring tillage operations. Soil Till. 

Res. 29: 397-407.
29. Stelluti, M., M. Maiorana, D. de Giorgio. 1998. Multivariate approach to evaluate the penetrometer resistance in 

different tillage systems. Soil Till. Res. 46: 145-151.
30. Voorhees,W. B., C. G. Senst  and W. W. Nielson. 1978. Compaction and soil structure modification by wheel traffic 

in the northern Corn Belt . Soil. Sci. Soc. Amer. J. 42: 344-349.
31. Voorhees, W. B., S. D. Evans and D. D. Warnes. 1985. Effect of preplant wheel traffic on soil compaction, water  

use, and growth of  spring  wheat . Soil Sci. Soc. Amer. J. 49: 215-220.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.3

8.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

26
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.38.7
https://jcpp.iut.ac.ir/article-1-801-fa.html
http://www.tcpdf.org

