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*0�  
#�  2�� 
��3 4�56�)g/cm3(  

����         76�68       �!9  
  

       -------%-------  
10-0  5/40  5/30  29  U�0  32/1  1/5067/0  
20-10  5/47  34  5/18  U�0  34/1  4/49  37/0  
30-20  5/43  34  5/22  U�0  34/1  4/49  30/0  
40-30  45  28  27  U�0  35/1  0/4922/0  
50-40  51  20  29  L' �#� ���0  33/1  4/49  17/0  
60-50  65  20  15  ��' ���0  36/1  6/48  13/0  
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     �' H��<�#� �
( ���� mK# �	 .  ����#    r*��!� �!��	 mK       �!� �!'�	 ���!� 
          ��!"9 ���5 ��� mK# ��� �	 ���� )���@ 	 H�V�#� .   H��!�7 �� �!Q
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( ����  ���5$?�9 
 �� ��"�	 ���? �	 H�V�#� ������	 y��� ���	 �) �9���? O-�� �

  ���( L���� ���(   mK# ��� �	    H�!' H���7   �!?   �!' H�� . �!	   F��!'
~��� 67    ��   8>X�          8�!�� �� 8>!X� �� 67 mK!# $?� I���  ��!�

  ��9 $���5 L"J���.  H���(� ���	     �"[ � F��'� �+"0���"� $���� ��"9-
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  C �� d1�3      ���( ���� ���7 67 ���� �&K# k� .     8��!�� �!
( k�N

������������������������������������������������������������
2- Mean Weigt Diameter 
3- Pressure Plate 
4- Disc Infiltrometer 
5- Ankeny 

�� 0��J� :"#� 	 �� ;�<( $C�# 8���3 �� L"�X�.  
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 H��<�#� ���� d1�3 �� )��@ 	 � ��' 0��J�7�� �'�( ��':  

) 7(                                   
  �G��� �� � ��       �!� H�V�!#� �� ���!�( ;�!<( )�' �!'�	 .  � �!�+(7

        ������ 0��J� �� ���5 4":&� I� 8���+��)  0��J�7 (   �!(��� !���� .
        �� �� !� �:":&� �G��� ��             H��� M�!' =$!#� H�!' H��<�!#� �!	7 ��!	

�� ��' .          $���!� z	�!� I!� ��!� !� $#� H�' v�? ��� L�� ��
 ����() 0��J�5 ( 0��J� �� G"�( �� =����5����� .  

)8(                                              
 )9         (                                       
�	 q�	 0��J� �� O"��� �� L���	� 0��J� �7$'�� �"���� :  

)10(                                          

)11(                                        
87 O"��� ��� G"�( ��� ���:  

)12(                               
	     	 -�� �	 L���	��  0��J�12 ��            !	 �� ��!� �V�"��!� H���!(� 8��!�

���7 $#�.  

)13          (                                           
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          ,!+� �� 67 ;�!<( =��*"Q�!� ���o� y�#� �	   ��!�3-  =5-  � 
15- ��(�#               O!"��� !	 D!?��� L�� F�J' � $#� L�� H���� 8��( ���
>	   �� ��9�5/0  =3/0   � 1/0 �:"� �� ����'�	 .  ���!�C 67 8���- �@��

 0��J� �� H��<�#� �	 D?��� y*� �� ��14 ����9 �#�&� )26:(  

)14(          
     .���? L�� �� �n ���J�  H���(�  ��!"9     �!Q ��!��   =�!Q ��   =,!+�

)(K i�   �)(K 1i��          � �Q �� �Q ,+� �� �� �+"0���"� $���� 
)(K 0� �� F��'� �+"0���"� $�����'�	.   

      mK# �3�� �� D?��� ���J�(N)           � L�!��� ��� �!	 y*!� �� �� 
  ������0)28(              y*!� �!� �� D!?��� F�J!' L���+T�!� ��	��� ��J� 

R(L)  ����!!Q ��*"Q�!!� !!0��J� ��	��!!� � �� H��<�!!#� �!!	 !!0��J�15 
�' �#�&�:  

)15  (                                                     
 �μ:  67 ����+���(ML-1T-1)=�w : 67 �0�VT (ML-3) � Kd: 

 )��<�"� $���� �+"0��� �0���� ,+� �� ��)LT-1(�� �'�	 .
�E\� 4X:X�c (L3L-3)�  	�� ��X	 8���C  � ��� $'�� D?���
H���� $���� x��J� =����� 67 �� 0��J� �� � ��'16��7 $#� 	  

)28.(   
)16(                                                         
    0��J� ��16   v�?    5�� 8���- � H�'       �!Q r*��� $'�� D?��� � ��

     L���	��	 =�(���( ~�-�C� � �V�#�"Q D?��� L�� � ����� 67 ��N  ���!J� 
 ��( 8��( �� D?��� k"5�  �!� �!�� ���     L"!�X� 8��!�C !	 87 �� 8��!�

   ���( H��<�#� D?��� ����e� .  H��� 4!":&�� !�>G� J0�K� L�� ��   �!	 �!�
     ��>?� U�( �� H��<�#�MSTATC   ��J� M�K# �  H��� ����   H��<�#� �	 ��

 8���7 ��LSD mK# �� � 05/0����9 L""J� .  
  
  
  

;<� 	 =�>?  
��!�����"�# ���$�%   

               ���!3 �� �!����"� .�!�C� �� 4!�5 !"0�� $	�N� 8�>"�1� 5/18 
  ��	 �(�� �@�� .            � ����!� �	 �E\� � ��� 4���C �� ��� "0�� $	�N�

 ����� $":	�5 � ���DQ  �!� �� �!'�	 .   I!�   6�!()19(      �� ��!� 8�!"	 =
            ��!� �!+�>"? )�"@�/� �	 ����� �E� =��� ���� $	�N�)   !:�- ��

    4X:X� � ����Y Z�/X� U�- (         =�!��� $!	�N� �!	 ��� 	 $��(
 �� ,��>?��	�� .?�	     �� �� ��� $5��	 �� "�' ���"�  . k�C ��40-

0 ��(�#    k�C �� =U�0 ����50-40 ��(�#   #� ���0 ����    �� � ��' �
 k�C60-50��(�# �' ���>9 ��' ���0  ����.  

  4+'1           �� 4!� 4X:X� �@�� � ����Y Z�/X� U�- )��""A� 
  �	      �� 8��( x:�X� ������"� �� � k�C���.    Z�/X� U�- L"V(�"�

   �� ����Y34/1      	 ���' ���"� �� 42/1   ��(�# �	 U�9      �� O!J+� �!��
  ���"�$��    �"#� ������� ���C ��	  .  �	     L"V(�!"� ��� �9���? ,��>?�

         ���C ��	 $�� ���"� �� ����Y Z�/X� U�-32/5    ��!( �!@��  $
    $?�� ,��>?� ���' ���"� 	 .	      ����!Y Z�/X� U�- ,��>?� .��(�

  ����� �E� ��$?�� ,��� 4� 4X:X� �@�� =H�' ��G�� ��� . ���"� ��
             �!�"� !	 $��!( 4� 4X:X� �@�� L"V(�"� =������� ���C ��	 $�� �

 ���'6�' ���� �@�� .  
       4+!' !	 -�� �	1            �!@�� � ����!Y Z�/!X� U�!- 8�>!"� 

     k�C �� 4� 4X:X�20 ��(�#             �!E� H�!�C � $!#� H��!� �!""A� ����
      $#� H�' .��C� k�C L�� �� ����� .      Z�/!X� U�!- ���e� L����"	

                k!�C !	 }�!	�� 4!� 4X:X� ���e� L����� 87 .��(� 	 � ����Y
20-10 ��(�#  ��	 ���.             ����!e� )��!<� ���!�7 !�>G� P��!�( k	�!K� 

     k�C �� ���D� ���������Q20-0   � 30-20��(�# ��J� ���  �!' ����
   �� �  L��          ��!�"� L"!	 L"�d�� =���"� �� �� �J	 	 k�C    x!:�X� ��!�

 ��J� )��<�     �� G"�( � =��( H����� ����        ��!G�� ����!� �!E� ��!'
k�C 	 ������� %#�� H�'���&� �&K# ����� ��'.  

  

  
)x0�                 (                                                            )6(  

  7�.1- 
��3 4�56� 2�� ���@8 )A!� ( 7� 76�68 �B�� 	)C (A�>6� 
��%�8 �� $%& �  
) ���(��� ������� ���C ���J� H���� 8�"	 ����'�	(.  
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    8���+�� � �(�u)30(= 8���C       w�T ���T �	 ���������� � �(��� 

  IT��)900 U�9�:"�  (      k!�C �!� ����� ��G�� O�#20 ��(�!#   ��!��
 �� �����' .   H��� ����7 �>G� P���(        �!	 ����� �"Et� � ��� 8��( ��

       ��J� 4� 4X:X� �@�� � ����Y Z�/X� U�-    �!' ���)p<0.01( 
).��-2.(  

  
�	��2-��8 ��EF8 
��9 ��GH8 =�>?  	 
��3 4�56� 2�� �� I�

7� 76�68 �B��  
 JKL�

M����@8  
 ����

��N9  F-value

     4�56� 2��

��3  

 76�68 �B��
7�  

�����  4  **64/79  **55/79  
��	  5  **11/76  **93/175  
����� × ��	  20  **35/30  **33/30  

**:��J�  mK# �� ����01/0  
  
��	�    8���+�� � ��"0)8(=    �Y Z�/X� U�- ,��>?�     �� ��!� ���

             L"�d�� � D?��� H���(� z���� � �V�#�"Q �""A� 4"0� 	 ����� ��G�� �	
             }�!	�� ��� 4� �G3 ,��� G"�( �� � ��� $'�� D?��� ,���

����(�� .    8���+�� � ����)22 (      ��J� ��N 	 ����� � �(��� 8�"	 ����
    $!���e� � ����Y Z�/X� U�- 8�>"� �����!?    �X!' !�q �� �� 

��>?� �� ,��� .    8���+�� � ���d��)25(=      l*�!�� !� �(��� ���>9 
        �!���"[ � ������ ��� 4X:X� $��( L"	 �����      !� ���� ��!-� ���

  r����C )��<� L��            ����!� �� �!'�( �(�����!# 4X:X� -�� ,��� �� 
���'�	 .  

  4+'2 !(����� �K5 �(�� L"V(�"� W��' )��""A�   �!�) x!0� ( �

!!(����� �!!@���>	 ��!!��!!:"� I!!� �� �!!�9 �!!��)6 (!!	 �� �� k!!�C �
   �� 8��( x:�X� ������"���� .8���  WX�!� 4+' L�� �� � ��N

            ���C ��	 $�� ���"� � ������Q 8�>"� L���q�	 ����� ���' ���"� $#�
��	 ���e� L����� ����� ������� .  

W��' L"V(�"�MWD     ��!�"� !	 $��!( ���C ��	 I� ���"� �� 
  ���'27  � �@��           ������� ���C ��	 $�� �	 � ����@ �� =$?�� ,��

     ���' ���"� 	 $��(46   $'�� ,��� �@��  .     �	 H�' ��G�� ����� �E�
  �@��(�����   �:"� I� �� ��9�>	 ���   W��!' �� ���!"	 �!��MWD 
 	 H��	        �	 $�� � ��	 I� ������"� �� � ��&(       !	 ��!����� ��!�C �
  O"���5/42   � 70    ,��� �@�� (�����    �:"� I� �� ��9�>	 ��� �!�� 

     ����9 H����� ���' ���"� 	 $��( .     8���!+�� � �9��	)7(=   ���>!9 
     L"!'�� ��!�C ���!J� ,��>!?� � �(���)q7    Z�/!� !	 ������!�

     �� $#� I�� ��� � ���V��     !(����� 4"+�!� 	 �(��� �!�   �!	 ��
 ��!!' �!!G�� ��+T�!!� H���!!(� .  �!!@�� L����!!"	 L"V(�!!"� ��!!N !!	

(�����        k!�C 	 }�	�� �����Q ���30-20  ��(�!#      L��!��� � ��!��
    k�C �� 8�>"�20-10 ��(�#  ��	 ���� .   k�C ��10-0 ��(�#   ��!��

         !	 $��( =���"	 ,:� � H�� � ���"9 ,'�Q =�07 ���� ��-� 4"0� 	
  k�C20-10 ��(�#       $?�9 ���5 ����� �"Et� $&� ���� ���� .  ���>��!	

   8���+�� �)9 ( (���( 8�"	        �!+�>"? )�"@�/� �""A� O�# ����� � �
k�C �� ����� ��� �&K# �����'.  

       (����� �(�� L"V(�"� W��' �	 ����� �E� ����7 �>G� P���(  �!�
   .��- ��3   $#� H�' ����  .        W��!' �!	 ����!� �E�MWD   �!@�� � 

(������:"� I� �� ��9�>	 ��� mK# �� ���01/0��J� �' ��� .  
  �7 �>G� P���(         W��!' l*�!�� � ��� 8��( ���MWD  !	  L"

      ������ ������"� � ���' ���"���J�  ���       ��!�"� L"!	 �!0� =H��!	  ��!�
��J� l*��� ������$'��( ��-� ����.  

  

     
 )x0�                                                              (  )6(  

 7�.2- O�. ���@8 MWD )A!� (���� �B�� 	�?���� P� N� �>��G� 
��>�) C(A�>6� 
��%�8 �� $%& �    
)���(��� ������� ���C ���J� H���� 8�"	 ����'�	(.  
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�� ����@�   (����� �@�� l*���     �:"� I� �� ��9�>	 ���  �!��

      ���"� � ���' ���"� L"	 �	 H�*C        ����!�� ��!����"� L"!	 ������ ���
 ��J� >"( �' ��� . -�� �	                H�!�C ,!X	 ����!� ��!G�� �!	 !� L!�� 	 
(�����    L"	 �� $'�� �����87 �� � �(��   H���!(� �� !� ���!-  ��!"9

  W��'MWD (����� =        ����!� �"Et!� $!&� ���� � >�� ��"�	 ���
  �� ���5 ���               �!	 ����!� �!E� 4!"0� L"!�� 	 =�(��� $0��� �� �(�"9

 (����� ������Q   (����� �@�� %#�� ��  ���    �!:"� I� �� ��9�>	  �!��
   WX�!� ��!N 	   �!' H��� 8��!( ��!� .   	�!N� /!X�� �!�&�� ��

 4+!!' �� x!!:�X� ��!!����"�3 $!!#� H�!!' !!���� . 8�>!!"� L����!!"	

      �' ���>9 ���' ���"� �� 67 $'���V( .    L"V(�"� ��N 	    ,��>!?� �!	
           $!?�� ,��� ��� �� H�' �����V( 67 ���e� ��� �9���? mK# .

   C ��	 $�� ���"� ��  ��!� �� 67 $'���V( ���e� L����� ������� ���
 ����9 H�����)4+'3.(  

            �� 67 $'���V( 8�>"� �	 ����� �E� ��� 8��( ����7 �>G� P���(
 ��J� ���   ��	 ���)p<0.01 .(   ���!� �	 H�*C    �!	 67 4"�!(��Q �"Et!� �
 V( 8�>"� 7 $'��    mK# �� 601/0     ��	 ��� ��J� )   .��!-4 .( !��  �� ��

 ���o� k�N   �V�"���  ,+� $&�   7 ~��� x:�X� ���      �!	 D!?��� �� 6
�� w� )��<�� F�J'���.  

  
�	��3-�?���� 
����R �� I���8 ��EF8 
��9 ��GH8 =�>? �

M����@8 JKL�    
��N9 ����F-value                               

     O�.MWD  �?���� �B������ P� N� �>��G� 
�-
�>�  

�����  4   **24/6802   **39/94  
��	  2   **45/13484   **02/23  

����� × ��	  8   **16/1317  ** 84/5    
                                    **: ��J�  mK# �� ����01/0  

  

  
7�. 3-6S� �L<L� �%�8 �<"+ #� �>��T� �5 A�>6� 
�)��?�U�� ��>���8 ��K& ����8 ��LL� V�� ��L.�(.  

  
 �	��4-  
��9 ��GH8�Y? �����7�Z?>R �� #� �� C9 *.��A�>6� 
�  

M����@8 JKL�  
��N9 ����                            F-value
�����  4                               **88/4531  

67 4"�(��Q  5                            ** 26/133022  
�����×67 4"�(��Q    20                               **  88/2071  

**: ��J� ��� mK# �� �01/0  
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 �	��5 -A�>6� 
��%�8 �� #� �� C9 *.��\Y? V�G�� �� C9 7�Z?>R 	 I���8 7��>� �E�   
�%�8   C9 7�Z?>R)��+R����(  
  0  10-  30-  100-  500-  1500-  

��'�  Aa28/41  Ff11/25  Hh61/20  Ss23/12  Ww8/9  XYxy45/8  
���C ��	 I�  Bb07/39  Gg26/22 Jj41/18 Rr98/13  Vv05/10 Xx56/8 
���C ��	 ��  Cc73/35 Ii43/19 Kk65/17 Rr14/14 UVuv25/10 Yy31/8 

���C ��	���T  Dd37/31  Ll22/17 Nn16/16 Qq78/14 Uu43/10 Yy34/8 
���C��	 $��  Ee46/27 Mm86/16 Oo59/15 Pp02/15 Tt79/10 Yy36/8 

4"�(��Q L"	 )��<� IT�� l��3 � ��� �� 67 $'���V( 8�>"� �	 ����� ���"� �"Et� H���� 8��( {�>	 l��367 x:�X� �����J� = mK# �� ����01/0 8���7 LSD 

  
              �� 67 $!'���V( �!@�� �!	 4"�(��Q � ��� ����� 4	�e�� �"Et�

  ��J� >"( ��� �' ��� .       .��!- �� !� ��K(���5      �� =$!#� WX�!� 
        4"�!(��Q ��!# � �<@ 4"�(��Q10-       �!@�� L����!"	 .�+!#�Q�:"� 

            	 }�	�� 87 ���e� L����� � ���' ���"� 	 }�	�� $	�N� $'���V(
�� ������� ���C ��	 $�� ���"��'�	.  

        � �<@ 4"�(��Q �� $	�N� �@�� l*���10-     L"!	 .�+!#�Q�:"� 
   ���"� �� � ���'      ������� ���C ��	 $��     O!"��� 	34   � 5/32   �!@�� 

 �' ���>9 .   4"�(��Q ��30- .�+#�Q�:"�       4"�!(��Q �!�(�� ��(�� >"( -
    � �<@ ���10      �!���9 H����!� .�+!#�Q�:"�  .      8�>!"� L"!	 l*�!��

           ��!�C ��!	 $�!� � ���!' ���"� �� 4"�(��Q L�� �� $	�N� $'���V(
  �������24  ��	 �@��  .  $'���V( ,��� $:C       ,��>!?� �	 ��� �� 67 

     	 �<@ �� 4"�(��Q30- .�+#�Q�:"�   �� �� 8���     D?��� �� $	�N� ~��� 
  L"�d�� � $'��                �� � D!?��� F�J!' 8�!' ��+T�!� � L�!?� L"	 �� 

            ��!�( 8�"	 ����� �E� �� �� ��� %#�� 67 �����V( ,��� G"�( . ��
  4"�(��Q100- .�+#�Q�:"�        ���V( 8�>!"� ����� mK# ,��>?� �	   $!'

     ��J� ��N 	 ��� �� $	�N�   	 =�' ���� ���� !(�9      ��!�"� �� !� ��
              L!�� �� ��!� �� H�' �����V( $	�N� ���e� ������� ���C ��	 $��

   ���3 4"�(��Q23   $?�� ,��>?� �@��  .     !(����� 8�!' ��!+'   � �!�
    D?��� �G3 ,���  $'�� 87 L"	  ��     >�� D?��� ,��>?� �    ����!� �E� ��

  C�	 H�' ��G��     (����� L"	 y��� mK# ,��>?� B �� �� � =��' !	-
             $��!( ������ ��� �� 67 H�(�"9�	 �� D?��� L"	 �V�#�"Q 87 .��(�

     �!� ���"	 �������"[ ��� 	   ��!')11.(    ���!d��     8���!+�� �)25(= 
      V( )�"@�/� �	 ����� � �(��� 8��(   "�(��Q �� 67 $'��   L"	 45- 

  ��80-     �E� .�+#�Q �:"� �����D9 .�d��        ,��!� !� �!(��� 8�"	 L"
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Abstract

Quantitative investigation of soil compaction seem essential to improve agricultural management practices 
for  reducing difficulties related to compaction in the environment and crop production systems. Soil compaction 
can be significantly reduced with changes in physical and hydraulic characteristics of soil, water infiltration and 
availability of air and water to plants. Sum effects of the above may lead to reduced soil quality. This research 
was performed to study the effect of compaction on physical and hydraulic properties of a loamy soil in 
Khuzestan province in southern Iran. A completely randomized block was designed with three replications, 
applying Blank (No teraffic passing), once, twice, three times, four times and eight times of tractor passings. 
Physical parameters such as; bulk density, total porosity, Mean Weight Diameter index and soil moisture 
characteristic. hydraulic parameters including hydraulic conductivities (saturated and unsaturated), number of 
pores and percent flow through them with effective porosity was determined in the field using disc infilterometer 
in four potentials (0, -3, -5 and -15 cm of water). Our Results revealed that soil physical and hydraulic properties 
changed significantly (P<0.01) with compaction. This effect was highest with eight times tractor passing. Soil 
bulk density in this treatment showed a increased 5.5 percent compared to blank. The value of total porosity and 
aggregates greater than one millimeter decreased 6 and 70 percent respectively with 8 tractor passings when 
compared to blank. Results of disc Infilterometer showed that coarse and medium size pores, percent flow 
through pores and saturated and unsaturated hydraulic conductivities of 8 times tractor passings relative to blank 
decreased 85, 62.5, 47, 71, 66.5 percent respectively. The highest compaction effect was observed at 0-20 cm 
depth. From this depth downward no changes was seen in soil physical characteristics due to compaction. 
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