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�% ���H0#(FC)      �+#(�,�� �+\�3 R(PWP)      ^�
�+� J- �
�+�, R
(AWC)     ��, ��53 �4H` 1��a� �     6+���, 5  �'3�+�    �+',)5	 ( 

�3(�� .   �(
( 9�7E � ���H     /�+3 %
 �(�2'�
 �� ��   �
�+�
SAS    �b+���, � 
��S3��, |�� �� ��LSD1��# /�H3
 .  
  

	 ���� ���
  �#��� %
 �*��    )�* ����4�! � ������ $��     �+���� (��+, $��

   Q��h �(1    1+�
 ��! �(��-  .             � �+�- �(�+, Re� &
�+�, �+< �+H3- %

	�0��<   �#��� %
 ^�b7<      9�+! �( ���+, $��     P+��0, $�+�#)  9��I+

 )�* &�4'*�� (  � JPh �     �+, )�* J- $�
�?S3     J�+p'3
 �( R�0+!��
&��, �3�43 $��      �#��� &��,
 �` � ��(�# �O� $�
(��  ��!�<K $��
 ̂ �3 �(             )�+* 1+��� �+?0 � �0+!�� &�b�� )�* ��)    �+�\0, �( ��+� (

 ̂ IU 	��2    
�'� � �!�� �'!
( ��#      �+�z �( �?3- ��
 %
 &    r+7'p, $�+�
^IU )�*(�< �!��.  
  R1���   ���"����� � ������ $����4�   ̂ ��+� � )�+*    R�+?3- �0+<
 �0O, 	
��
   �� $�
(  }�d+p, /�h      1+!�( P+��0, R$���+T R   P+��0, 

F��',  R ��� P��0,R  �:
�% ���H0# R  �#(�,�� �\�3   R     ^�
�+� J- �
��,
       6���, ��, ��53 �4H` 1��a� �5 '3�� �      $��+,- v\� �( �',1 

 �0'!
( R�X�()1�
 ��I3 �(��- �a���, Q��h.( Q��h �(2  �b+���, 
    $����4� ��
 ��S3��,          �+#��� �+� ��+! Q�+4:
 	
���� � 1���  $�+�

�%
�3
      c4: �( )�* ��! $��#0   � 45 �'3��      ��+! �(
( &�I3 R$�',
1�
 .&�4�   �, ����I, �< ��a      �( ������ 	
���� Q�4:
 (�!)�*-

 1�( $��           $���+T }�d+p, /�+h ���+< V�� R�(��*(
b)   �+� 
  &
��,5   � 3�X�(     )�+* �( V�� ��    /�+� $�+�    /�+� � �+��   � �0+!

      6���, ��, ��53 1��a� ��
��
5 �'3��   �',)5	(     &
�+�, �� 36  � 
14�X�()�* �( V�� �� /�� $��� ���/�� 1�
 ���(�# �0!.  

  
 �	��1-�!"�	 ���#�$ 
� �% 	&' ���( �)�*� ���� 
�  

+(,  .%  /��)  0�  3�4�� 56�*��78 ���  &'  
cm      %    

15-0  2/78  3/8  5/13  2/4  89/0  
30-15  7/74  5/9  8/15  4/4  82/0  /���0!  

(Sandy loam)45-30  5/72  6/9  9/17  5/5  80/0  
15-0  5/43  7/29  8/26  5/5  12/1  
30-15  0/40  1/31  9/28  3/5  95/0  /�����

(Clay loam)45-30  5/39  2/32  3/28  5/5  85/0  
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     ���( ���D �0O, �� 	
���� ��
      g� � &�! 6I* � � $��  � &(%

J�K     �, )�* &�4'*�� $%��%�� �( &�!�!�� .    g� �< 	��X ��
 ��-
               6+�(�3 � )�+* 	
�K &�+! �(�I� m:�� P��0, �( J- �H��� &(%

      �H�'3 �( � �S���� �� �?3- &�!       1!�( P��0, (�H�
 � �3
�<�* 9��I 
 1�
 ��! .            1+<�` � �+����� 	
�+��� Q�+�3( �� ���"����� 	
����

/�<      Q�3�< &�,- (�h� �� m:�� R�<�* $��      1+!�( P+��0, � �+�   �( �+
   ���(�# )�*1�
 .           (
�+, � )�+* �� 1��N4< &�! �'p�,- �4x �(

     /�< 1���O� %
 9X�` ��! v!�    ��
 m:�� ��3 �<�* $��  9��I ��

 &�'++� �++�
 �( �++3
�<�* 1++�
 ��++! �++� .  	
�++��� �++����a �++�

������+      $���T ���SU ���< V�� ���"�����(
b)      &
�+�, �+� 9  � 
7     )�* �( V�� �� �X�(  /�� $��  /�� � ���   1+��a� ��
��
 � �0! 

   6���, ��, ��535�'3��  �',)5	(   &
�+�, �+� 82 � 37   �+� �+X�( 
  )�* �( V�� /�� $��  /�� � ���    )�+* �� 1�b3 �0! $�+�  1+�( -

1�
 ���(�# �(��*.  
          � F��', P��0, R1!�( P��0, ��
��
 V�� ��! Q�4:
 $����4�

	��X �� ��� P��0, C> W> R��(�#  . �����\� P��0, 1�b3 1+!�( 
  /�� )�* �(  �+��1 : 57/1 : 14/2  /�+� )�+* �( �   �0+!1 : 40/1 : 

70/1$
�� V�� �� R  C : W : R��( . ���D����4���  P��0, F+��', 
   	��+X �+�C> W> R   ��(�+�, �+� 112/0> 131/0> 193/0  $
�+� 

 /�� )�*   � ���082/0> 092/0> 094/0    /�� )�* $
��    (�+� �0! .
    ������ � ������ 	
���� ��0_4�+    )�+* �� 1�b3 ���"�����  $�+�

1�(        ��
�+�
 V�+� V�� �� �(��*50   � 59        �( �+�� P+��0, �+X�( 
)�* /��    � ���37   � 52   )�* �( �X�(  /��    �3�+! �0!)   Q��+h2 .(

      /�� )�* �( ��(��, �'I�� ��
��
 17:    /�� )�* �� 1�b3 ���  R�0+!
             �+, )�+* &�4'*�+� � P��0, 9��I �0�-�� �( e� 1�f, ���D �+!�� 

)20 .(�  �          ��b�3
 � ����3
 ���3
� )�* Re� �
��, ��
��
 �� �����a
    �` �( � �'!
( $�'I��           ��b+�3
 � ����3
 17: �� &�! 6I* � � �

    )� � %�( yz�4'`
 R(��%      1�
 ��! (�H�
 )�* �( $�'I�� $�� . �
��,
   1��a� �'I��FC   � AWC  )�* �(   $�� ��! �(�,-   /�� ���� ��  ���

      �, ��! �<K u��'3 1EX �� �7��(�!�� .   /�� )�* �( ��0_4� R�+�� 
  ��! Q�4:
 $����4�      , �'I+�� ��
�+�
 V��        �( )�+* 1+��a� �
�+�

PWP  �� 1�b3  /�� )�*     �+�(�# �0!)   Q��+h2 .(    &�I+3 	�+O��\,
             ���� �� )�* J- $�
�?S3 	��L Re� �
��, ��
��
 �� �< 1�
 �(
(

��, �(�, (��% z�� $�� (�!)4 .(
  9�!1           �+�, �0,
( 1E r7'p, $����4� �( 
� )�* 1��a� 

  �'3�� �2X %
  �',)s��!
 (  �15000�'3�� �, &�I3 �',��( .   ��+a �+�
   �� �7<     ������ Q��3( �� ���"����� 	
���� Q�4:
     $�
�+?S3 	��+L R

    1�
 �'��� ��
��
 )�* 1��a� .    �3
�<�* ��
��� R��
��
 ��
 17:-
        �, )�* ��� � 97* �%
�3
 ��
��
 � ��  �!��)6 .(     6+� �� �b���, �(

   $����4� %
R  RW   �C  /�� )�*    'I�� 1��a� $
�
( ���   1�b+3 $�
  /�� )�* ��   ��, �,�4 �( �0! �%
�3
 $��       �+�
 �+< n(�� ��! $��#

              9�+! � )�+* &�4'*�+� (��?� �( e� 1�f, ���D ��0�( &�I3 �,
-
  �, P��0, $��#  �!��)20 .( ��, �(       )�+* �'��+a� �0E0, R^< $��

         �+, )�* &�4'*�� � ��� � 97* ���D 1E  �+�, �( � R�+!��  $�+�
 JPh ���D 1E (��% 1�
 )�* 	
�K F�� J- �E\�)4.(  

  
 �	��2-.�9��� �4��� 1/$� *;� &'  	 �����7��� 	 ���#�$ 
��(�< *� =�>?� @*� 
*�A (
b) /%�� B$6� C(Macro-P) B$6� C
 D)���(Meso-P) #�� B$6� C(Micro-P) �,��E F�G6! C(FC) �!�*�"H �I�� C 3J��(PWP) K8 ����� C��L�)� M�N (AWC) �(GO /��P� 	 

 Q�*<� F�� *�R�5���)  *��)5	 ( 2


bMacro-PMeso-P  Micro-P  FC  PWPAWC  5	 �(�<  
Mgm-3        cm3 cm-3    

                
SL-R  a 55/1  f 060/0  f 082/0  f 153/0  f 142/0  f 071/0  f 073/0  f 280/0  
CL-Rd 36/1  e 072/0  c 112/0  e 184/0  e 173/0  c 090/0  e 081/0  e 310/0  
SL-Wb 50/1  d 084/0  e 092/0  d 210/0  d 181/0  e 073/0  d 114/0  d 325/0  
CL-We 30/1  b 113/0  b 131/0  b 274/0  b 250/0  a 102/0  b 153/0  b 423/0  
SL-Cc 42/1  c 102/0  d 094/0  c 233/0  c 201/0  d 082/0  c 121/0  c 383/0  
CL-Cf 25/1  a 154/0  a 193/0  a 292/0  a 254/0  b 092/0  a 163/0  a 563/0  

1- R���# �� �( � &�'� �� �(��S3��, �, )�'I, ��` 6� 9L
�` $
�
( �< ���� v\� �( $��,- �53 %
 �0!��5 	��2 �X�( 
�0O,�3�
�3 $�
( .  

2-�%
�3
 ������ $���',
��� 	
���� ��0�
 �� �h� ��  ��z �( ��! $��#0 � 453�� �'�0O, �', (��3 �
()05/0 < P( ��(��, R
 ��z �( ���',
��� ��S3��,0 � 45�'3�� 1�
 ��! �<K �',.  
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          )�+* 1��� $����4� %
 6� �� �( ��
���0�)   /�+� )�+*   � �+��

 /�� )�*�0! (    ��! Q�4:
 $����4�       (�+H�
 � �+3
�<�* 9��I m:��
 
�++?S3 1++��a� &
�++�, ��
�++�
 � �'I++�� ��++� � 9++7* �( ��++! $�

��,      ���` �( R1�
 ���(�# ^< $��   �+�, �( �<      &�+U Rz�+� $�+�
                  J- JP+h ��\+� ��
�+�
 9+��( �+� �'I+�� )�+* 1+��a� ��
��


�,  9��L 	��2 R�!�� �+5`w,    $�
�+?S3 1+��a� �
�+�, ��+� $
  ��+!
�43 ����I,(�! .  

  Q�
�', %
 ��� Q�, ���        R)�+* �'��+a� �0E0, ��4p $
�� ��
 &� Q�,*�0#  �')21 (  �����   ^7O, )16 (�,       �+� Q�+, 6� �< �!��

    Q�, $
�� � �(�� $�',
���      � )�* 6���, ��, �0,
( �,�4 $%�� �
 �, ��<(�� .               %
 �+�� R�+'4< $�+��',
��� � �#(�+� 9+��( �� Q�, ��


Q�, �, ����            |%
�+� � �'+!
( $(�+�% (����< ���0I<�* �( �< �!��
  �(
( �� ���* )�* $�� (�
( �� .(   9�! �1 �(
(     �'��+a� �0E0, $��

          �+,�3�� F+�� �'��� |%
�� �0E0, � )�*RETC      ��+! �(
( &�I+3 
1�
 .&�4�   �, ����I, �< �3�# /�3 (�!  �
��
RETC   ����0, |%
�� 

)�* $
��1!
( �I��,%- $����4� 1E $�� .  
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�4
H`

 1
��a

�
 

(c
m

3 �c
m

3 )
�

6���, ��, ^'���S�(cm)  
M�%1- �����E���� ����P� T?U� �6�6� 
� ��% 
*�!)W�� ( ��% ��	8*� �6�6� 	 Q�*<� F�� 3���97 *��*� ��)D' ( ���*� D)�<

ERTCY��?� 
��(�< �� 

R2=0.985

R2=0.985 R2=0.992

R2=0.983 R2=0.980

R2=0.990
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   Q��h �(3           �+� )�+* �������+�� $���',
��� ��! (��-�� ��(��, 

  �,�3�� %
 �(�2'�
 RETC  �%
�3
 �  $�+�#       ���SI+��,%- |�� �+� ��+!
  1�
 ��! �(��- .    s��!
 1��a� �
��,(	s)     �I��,%- $����4� �4� �( 

   �! (��-�� ���* �� .   �L�� 1��a� �
��, ���  ��3�,(	r)     �( ��+! (��-�� 
         $�+���4� �+h �+� ����4� �,�4SL-R   � CL-R      1+��a� �
�+�, %
 

�%
�3
     ��, �( ��! $��#15000 '3�� �    (�+� �'I+�� �', .   � 1+��3��#
  13�#)10 (     �'��#�53 �( �< �3��'O,	r  Q�, �(   �dpI, �0E0, $��

  �43 1��( �'��a��!�� .       R6+���, �+�, ��
�+�
 �+� �+U�#
 &�+U
    �, ���< )�* 1��a� �
��, 	
����  ��+� �+�� ����   F�
�+! �( ��+#

           ��, ��E, �� V3�H, 	��X �� 1��a� �
��, 	
���� �0E0, �OL
�
�( 6���,�43 ��- .  
�',
��� �    �0E0, 9�! �� $��
        V�+� �?0 � (�
�3 )�* �'��a� 

       �, 6���, ��, (
�',
 �( �0E0, 9< ���H��h(�! .    �( �b+���, �(
  1���  )�*) /�� )�*   /�� )�* � �0!���( &�4� R  �+, ���( �< ��a-

   �
��, R(�!�         ��+4� %
 6+� �� �( R  RW   � C   )�+* �(     �+�� $�+�
6U�<  � )�* %
  �, �0! $�� �+!�� .     )�+* �( o+L
� �(    �+�� $�+�

      � �(�� V��t �0���, $�����3� 6U�<         )�+* �( �+< ���` �( 1�
-
   9��( �� �0! $��      �+0���, $�+����3 &(�� ��U�3     �
�+�, R$
�   ;��+� 

 1�
)18.(  
 �',
��++�n P++��0, �++U�� � (�
( P++��0, �%
�++3
 o++�%� �++� �S'b++� 

1*
�0��    �',
��� R�0!�� �n ;���   1�
 �)18 .(&�4�      ��+�( �+< ��+a
�,          o+�%� (�+H�
 � �+���4� Q�4:
 �a )�* &�4'*�� 9��I �� (�!

�(�'b#       �
��, R)�* �( P��0, %
 $
n   1�
 �'��� ���<  .   �( ��+0_4�
 1��� �b���,   /�� )�* R)�* $��   $
�
( ���n 6U�<    �� 1�b3 $�

 /�� )�* �, �0!�0!�� .    &
���4� � %�7��)18 (   �
��, ��3n  6+U�< -
)�* $
�� 
� $��3(�< |�
�# ��� $��.  

            &�! 6I* � � $���0�
�� 17: �� �'���� � 1!�( P��0, (�H�

 g� �         /�+< 1+<�` � &�+! J�K � &(%        ��
�+�
 V�+� R�<�+* $�+�

          ��(�# �E�h� &���h &�,- (�h� �� � J- 1<�` 1:�� �3�?#�3 . ��
       )�+* s��!
 ��������� 1�
�� �����a(Ks)   )�+* �( R   $�+�C   �+� 

  &
��,89/5   )�* �( � ��
��  $��W   &
�+�, �+� 18/2   %
 �'I+�� �+�
�� 
)�* 1�( $��   +� �(��+*  �     �+,- 1+�()   Q��+h3 .(     �+�
 �( ��
���+0�
&�'�       �, �
�����3 	��X �� &���h R)�* $��  &�4� � �!��   �( �< ��a

  Q��h3  �, ���(    �%
�3
 �
��, ��� R(�!    �-�� �
��, �� ��! $��#  ��! (�
            1+��S3 	��+X ���* �� Q�, |%
�� � 1!
( (�h� $(��% �w'*
 .

    &
���4� � $��7�)4 (          � J- �+< $�0�-�� &
�0: �� 
� �E�h� &���h
Q�7E,         �, 1<�` (��% 1:�� �� ��O, $����b, �( 
� ��  r��O R�0�(
�3(�<.  

&���h      )�* �f<
 �( �0f'�
 &��� �E�h� $��   &�4'*�+� $�+� �
(
 �, (�H�
  �3�!)7 .(    &
���4� � 	�H�)1 (      %
 
� �+E�h� &���h (�h�

   Q�, 1����, /�: 9�z(  ��� �( �� ��0�z- 1!�3�� �0��   |�
�+# �+�
�3(�< .  

 �	��3-M�% &' ���7	���� 
�*����H   &' [\%� /��P�(	s)�N� /��P� C &' ����(	r) �6�6� YI, �I�� �� Q�*<� F�� ]�, C
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Abstract
The purpose of this study was to asses the potential impact of physical and biological changes on soil 

hydraulic properties in the prepared soil columns. A clay loam (CL) and a sandy loam (SL) soil, were used for 
the two types of repacked and repaired soil columns. For this purpose the soil was passed through a 8-mm sieve 
and poured into large cylinder. In total, 24 columns were prepared out of which 8 columns were used as 
repacked columns and the rest (16 columns) were installed in the field under effects of wetting/drying and 
freezing/thawing cycles (physical changes). Of the physically changed columns 8 columns were subjected to 
earth worm activity (biological changes). All experiments were conducted with four replicates. Applied 
experimental treatments (averaged over physical and biological changes and soil texture) caused a decrease in 
bulk density (6.5%) and an increase in macropore (39.8%), mesopore (32.8%), micropore (20.0%), filed capacity 
(28.4%), wilting point (7.5%), available water content (43.3%) and the volumetric water content at 5 cm matric 
suction (28.1%) through soil columns. The grater values of these properties were shown in clay loam soil which 
confirms the greater affinity of clay in regeneration of soil structure and soil pore improvement. These changes 
verify the effects of wetting and drying and freezing and thawing cycles in modification of soil structure.   

 
Keywords: Hydraulic properties, Physical changes, Repaired soil, Wetting and drying, Freezing and thawing 
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