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3- Soil quality  
4- Least limiting water range 
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   ����� 
���1�)i� (   A�� �)hi (      �*���� 89$ �910 ��   U���*X� ��
 
���� �0��% �&�)8(:  

)10(  �i=(�s- �r)[2n-1/n-1](1/n-1)+�r 
)11(  hi=1/� + [n/n-1]1/n 

  
�!"#" ���� �$	% �#"&�� ��"��' ���  

 �**0���� 
**9[ 	�F0�**��  )MWD (�**� ���**� ��� )33( '�
**� 
�0����    �� 
��S� '�>75/4 �L�� 
���   '�����6    K�*�
� �*0���� �*> 

)WAS (   �F�&� �� .����&� ��  K��
� 3J� . )16(    �*0���� '�
*�   '�*>
2-1 � ��L  �
��   A��
*6 4��[ \�) DC(  �*�       �* � ��*&�e�6 ���
)22(  �0���� '�
�   '�>2-1 �L��   � 
��Ks��   #�*��� ��� ���)18( �� 

�0���&� 
9[ �� '�L� '�>5 ]��-�� � 4��0�& 
��.���0� ���
/ '
�/.  
   4�L�- � ���^- ��L    � 4�" �� '���% '�>�    ����*� �& �� 4���� 

   ���� ����SAR �  EC    �b�� ?
� ���6 
�   ����!*- �      �� .����*&� �*� 
I
0  �����MSTATC    �*�
/ I�*^0�  .   �*�
� �*/B��     � �*����� '�*>

  ������" ��� ��    �XJ�9� ����      A����% I�^0� �� 4,[ <��e �� 1 �|��� 
�&� .�" .  
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,/� 	 0�34  
 ���� LLWR  

  ��98 �k��  I
e l�!p�  >�q .���0� '
  .�*" '
�/�    �*��E �� 
������ FC�   � PWP� ��    ;pG� :�-
-     ����*� �*a .�*�� �����*6 �  

LLWR��� �0 .Y0����� ���^- _���0) ANOVA ( ����� U�
E�SAR 
  �EC 
�  LLWR   � ���E '�*>  ����*��) �AFP  ��FC  ��SR  ��WP(�  ��

 <��e2�&� .�" �|���  .  � ��*� �*��� 
E�SAR   
*� LLWR �   
*�
���E ������ '�>�       �*�X� �k�� 3� <���a� M9& �� ���    �*&� .�*"  .
EC 
� ������ ���E �� �FC � �PWP� ��0 LLWR � <���a� M9& �� 

   �k�� 3�@-  
�E��X�  ����"�� .      ��*��� 4*��1�� 
E�EC   � SAR   �*S 
��       �& 
> �S � �� �� �� U��k  }�- U��!� I�   
� LLWR  ���E �  '�>

�� �������� �� �e9& �� ������X� �k�� 3� <���a� M���
/ ��� .  

   	�F0��� 	�� '���% �5��1��>�        M9& �� 	�0�� #���% �� .����&� ��
  <���a�5 %       �* �*" I�*^0�    <��*e ��3      �*&� .�*" �*|���  .  ;��*"

LLWR           *� ��" I�J ��� �� �,50 �&� I�J ��� ���   �*�X� ��*�-
   �&� .�" 
�G�� '��� .   A����� ��SAR   � EC  �  ;��"LLWR � �-

��� ��X�          
�G�� A����� #% 4�J� � ���� A>� '����PWP   �,5*0 
  ���FC �� �"�� .   A����� ��SAR   ���1� ��SR      �*� ���G� ��0 �PWP  *� �-

 ��X� ���  ���� A����� '��� . ���*��a�          �*20% '�� 
*> A���*�� 4*�J� 
:�
p-          \� U��u #�*" .�*��
6 � ��*� #�����&      A���*�� 
*E� �� 
SAR     �J�� '�>��� #�" 
6 �     	" � �L�& U��u 	��  �&� .  
�5*�

   #�S �)10 (  ��0   #��-� � �0�
 ����/  =��& ��0�� ���>�     ��*^�� �*�
�/���
6   w$��      � ��� #�" �p&     �� ����1� 	�
�G�� ��^�� �J�a

�� 3G��0�
/ .  

  
�	�� 2-54���	 ��$67 &�8 �� 
���9 ;9 &�<�� 	 !" &%� =��8�  	 �3��>� 
�LLWR  

+�?4��=@���   
LLWR �SR �PWP �FC �AFP  


��A9 ���� ���B7 CDE� 

78/36 ** 415/11 ** 36/475 ** 558/4 ** 939/0 ** 1 ��� ���� 
1/5 ** 486/0 ** 077/12 ** 009/0 ** 011/0 ** 3 SAR 

606/0  ** 002/0 ns 752/4 ** 027/0 ** 005/0 ns 2 EC 
123/1 ** 018/0 ns 104/2 ** 008/0 ** 008/0  ** 3  ����×SAR 
015/3 ** 058/0 ** 046/4 ** 021/0 ** 003/0 ns 2  ����×EC 
26/1 ** 054/0 ** 922/0 ** 006/0 ** 007/0 ** 6 EC×SAR 
942/2 ** 08/0 ** 537/2 ** 007/0 ** 001/0 ns 6 ����×SAR×EC
019/0  007/0  022/0  001/0  002/0  168 �9� 
31/2  33/3  17/2  2 5/1   U�
��v- :�
f(%)

    * � **  �ns :�� :�-
-U���-��X�  M9& �� ��� <���a�� �k�� 3� ��k�� _�6 
�~��X� ���  
  

 �	��3- +�?4�� �G����
&�8  	 �3��>� 
�LLWR9 A� ��<3�� � +�4�� H��A 
 +�?4��)�#6I(  �#�7  �#�7 J�K�  

�AFP  �FC  �PWP  �SR  LLWR  
�&� I�J  b448/0  a374/0  a192/0  a154/0 a182/0  ��� ����  ��" I�J  a469/0  b276/0  b119/0  b094/0  b157/0  

              
5/0  a459/0  b318/0  b142/0  a121/0  a176/0  

4  a462/0  b314/0  b147/0  a12/0  b167/0  EC 
(dS m-1)  10  a458/0  a326/0  a158/0  a121/0  b168/0  

              
1  a461/0  b324/0  a138/0  c107/0  a186/0  
5  a458/0  b322/0  a139/0  c116/0  a183/0  
15  a459/0  b323/0  b156/0  b128/0  b167/0  

SAR  
0.5)mmolc/L( 

25  a455/0  a332/0  b161/0  a135/0  b171/0  
	�F0���'�> '���� 	�-� C
a ���G� �� M9& <���a� _�6 �k�� Cb��� ��X���� �0���0 .  
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 ����Si  

         � �&� #% �� ��a Y0����� ���^- _���0  �2�-  
E� ����*� SAR 
 ;��" 
� Si      ��X� �k�� 3� <���a� M9& ��   ��� �*�   �*"��)  <��*e

4.(   �����EC  ��X� 
E�    
� '���hi   � �i �"��r    
� ��� Si @- �"��0 
�E. 
    
L&
� � �&��)25 (       A���*�� �� � �0��� ����/SAR  ��*� �   :�*"

    
�~ ��a�0 �� ������ �����  �� A>� ]�,"����� .     A���*�� �*�SAR 
 #�� �`L~�>         .�*" ���� U��u C�
�� �0�/�� .��Gp6 ��� �� =��& '
  �^��0 �� �       � \��% ���%
� �� ������/���
6      ��*� D*���� � ���5*� 

�� :�
p- ��� #�����& � .�"��
/.  
 	�F0��� �5��1�  '�>Si  �hi   ��i     ��*��� 
�E@*- ��-  SAR � EC� 

        ��� �� �k�� _�6 <���a� M9& ��  #���%      _��*�0 � �*" I�^0� 	�0�� 
    <��e �� #%5   �&� .�" �|���  .  ���1�Si        �*� �,50 �&� I�J ���� ��

      ��� #�G0 A����� ��0� ��" I�J ���  ��X� ��� r ��,0 ��� .hi   ��� �� 
   � �&��i     � ��" I�J ��� ��� ��X� ���  ��� 
�G�� ��� .   #��� 
�G���i 

                 �� � 4* 4*pLp- #��*� 
�G*�� �� +��
� �����a� ��" I�J ��� ��
� �^��0�� ]�,"� 3���0 �910 �� .�" '���2F0 K% #��� 
�G��"�� .  

  ��X� 
E� '��"    ;��" 
� '���Si �"��0  . � �����a�    '���*�> 
*E
   A��
6 
E� H&�- '��" ��
S        .�" ���� #�" 3G� � Y�� '�>
       
� '��" 
E� �^��0 �� �Si ��X�   �&� .�G0 ���. Si ��    �!*��" #���$
   ��� ������ ���� ���  ���� ��   A�SAR    ?�9& ��1   � 5     ?�9*& �*� 

15   � 25 �� ��X� ���   �*��� A>� '��� .    #���*��> � �0���*&
) 6 (
     A����� �� �0�
 ����/        #�����*& '����% K% #��� ����& � '��"

      D*���� �F�&��6 � .���0� z���- �����        ��
*[ 
�E@*- �*�-  �*��
/   �� � 
 :,& �^��0]�,"�
�~ ��a�0 �� ������ ����� :�" A>��� ��
/.  

  
 �	��4- 54���	 ��$67 �� 
���9 ;9 &�<�� 	 &%� =��8�  hi 	 �i  M"� 	Si  

=@��� +�?4�� 
Si �i hi 


��A9 ���� ���B7 CDE� 

2/4 ns 8/2757 ** 6/68662 ** 1 ��� ���� 
5/7 ** 6/2238 ** 4/2116 ** 3 SAR 
1/2 ns 2/6078 ** 1/1134 ** 2 EC 
5/1 ns 5/412 ns 4/2215 ** 3  ����×SAR 
6/0 ns 3/608 ns 1/450 * 2  ����×EC 
3/1 ns 1/295 ns 8/262 ns 6 EC×SAR 
9/1 ns 4/367 ns 6/549 ** 6  ���� ×SAR×EC 
1/1  5/216  3/120  48 �9�  
42/19  36/4  69/25   :�
f  U�
��v-(%) 

* � ** �ns :�� :�-
- U���-��X� M9& �� ��� <���a� � �k�� 3� ��k�� _�6
�~ U���-��X� ���  
  

 �	��5- +�?4�� �G��� hi O�i M"� 	 Si+�4�� H��A9 A� ��<3�� �   
+�?4��  �#�7  �#�7 J�K�  

hi  �i  Si  
�&� I�J a59/73  b33/0  a64/5  ��� ����  ��" I�J b83/11  a34/0  a15/5  

         
5/0 a24/48  b32/0  a11/5  

4 a87/44  a34/0  a71/5  EC 
(dS m-1)  10 b01/35  a35/0  a37/5  

         
1  b61/34  a34/0  a09/6  
5 b19/32  a35/0  a81/5  
15 a32/53  b32/0  b87/4  

SAR  
0.5)mmolc/L(  

25 a71/50  b33/0  b81/4  
	�F0���'�> '���� 	�-� C
a ���G� �� M9& <���a� _�6 �k�� Cb��� ��X���� �0���0 .  
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       ������ ����� 89$ �910 �� A��)hi ( ���� ��  A�EC  A>� 

    A����� �� �J�SAR      - 
F0��� � �&� ����� A����� �    
� #% K
p� 
�E
  �&� ��� #�����& .   ����� 	��  y��9�        #���*��> � �[�!*� _��*�0 ��

)20 (���"�� .  4�"1  �� #�G0     A����� �� �>�EC     �� '����% K% 5/0 
  ��10�    A>� U�" Si    4��1� �� SAR   �*&� 
��       :�*" ����*�0 � 

=�b�'
- ���� .  �* ��X� 	�� ��  A���*�� EC  :,*&   U�
*E� A>�* 
 K
p�SAR�&� .�" ��� #�����& 
�  .  
  

���***� ��"***��' ��***�)MWD +WAS +DC ( ��"***� �
 ,���" �-	.��	�)Ks(  

  ;��" Y0����� ���^- _���0   ���J���*�> ����*> � '�����6 '�>
  <��e �� ]�,"� 6  .�" �|���  �*&� .  ���*� ��   ;��*"MWD )  '�
*�

����0�  �� 
��S� '�> mm 75/4(�  �*2�-       �*��� 
*E� �*�X�  ���  �*&�
)01/0 P� .(��X�     
*E� #��,0 ���SAR   � EC   '�� MWD    �*� ���*" 

 ��X� 	��       
�~ ;��" 3� ��D� ;��" � �"��    �� \�5aSAR � 
EC                � '��*" U�
*E� ���*���� '�
� y�[� � ���� '
�����6 �DJ � �&� 

    �"�,0 ��� 
� '����% K% #��� ����& . Cb� 
�MWD   �*��� 
*E� �
   ;��" 
�WAS  ��X� 
�~     
E� �J� ���SAR   � EC      M9*& �� #% 
� 

    �*�X� �k�� 3� <���a�  �*� ��� �*"�� .     '
�D*6
�E@- �*�X�MWD  � 
WAS    ����� �� EC   � SAR      �&� .��� 
F���� Cb� 
� �&��  .  
*�

   <��e \�&�6�         ����*� �*& 
> �Lk� U�
E�) �*���  �SAR   � EC(  �
  � U�
E� ��0 �20% 4��1�) ���e      � ��� 4��1�� 
E� EC (    <�*��a� M9& ��

  ��X� �k�� 3� ��� ��� �&� . .   ;��" #��� �� 	��
����   '���*��6 '�>
�0����   ��*>DC       �� '
�D*6
�E@- 	�
�G*�� SAR   � EC    ��� #�G*0 �� . 


E�U�       �*& 
*> �Lk�    ����*�)   ���*�SAR   � EC (     
*E� 	�*�Z�> �
 �20% 4��1��   
� Ks   ���a� M9& ��    ��X� �k�� 3� <  ���   �*&�)  <��*e

6.(   

  

  
 P��1- �8� EC 	 SAR �� M"�) Si ( !" �� Q�R���  

  
�	�� 6-  54���	 ��$67 =<T 
��� MWD OWAS ODC 	 Ks  

=@��� +�?4��  
Ks DC WAS MWD 

 ����

��A9 

���B7 CDE� 

789/2 ** 244/1 ** 821/13 ns 174/10 ** 1 ��� ���� 
025/0 ** 677/3 ** 444/803 ** 496/0 ns 3 SAR 
014/0 ** 897/0 ** 617/3141 ** 089/0 ns 2 EC 
018/0 ** 289/0 ** 413/155 ns 199/0 ns 3 ��� ����×SAR 
01/0 ** 03/0 ns 236/50 ns 194/0 ns 2 ��� ����×EC 
01/0 ** 716/0 ** 506/80 ns 189/0 ns 6 EC×SAR 
005/0 ** 105/0 ** 827/84 ns 228/0 ns 6 ��� ����×SAR×EC
001/0  012/0  25/62  376/0  48 �9� 
5/6  02/13  47/17  39/24   U�
��v- :�
f(%)   

           ** �ns :����X� Cb��� :�-
-�� Cb��� � �k�� 3� M9& ��  �����X�  
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/
�E@-  ��X� ���5� '��D   '�>����- ���EC   � SAR    
*� DC   � Ks 
 4��1� ��MWD  �* �&� 4�J� 	�� �� �����a� EC �  SAR   
�G*��

    �*0���� ��� Ap� '��   �*>)2-1  �*L��  
*�� ( *-@
�E  ��*"�D/  #�*�� � 
   4��& ���X- �� A����%      #�" K��
� � 3G� '�>      ���* .���*0� �*�
�0���� 
� �- .��,0 ���� �"�� '�> ��0���DF� 
�E@-.  

MWD         � �&� I�J ��� �� �,50 ��" I�J ��� �   ��*� �*�X�-
 
�G�� '���   �&�) <��e7(. � '����G�0 #�����> )1 (   �*0��� ����*/

  ;��"MWD 
�E@-   �*�X� '
�D*6    � =�5*L U�*��
 �� '���SAR 
�"��0r  �� �J� ��X� ������'   �F�5*,�> \� �*k�� � 	" �k�� �� 
�"�� .#�0%         �5��1� '�
� ;��" 	�� '
�/���� �0�
 #��� 	��Z�> 

  ��� #�����& '�����6   :&��� ���>�&�   ��-�*�$ �*20% U��*�- �   
*� 
�,�               =�5*L U�*��
 
*�`0 �-��k�!*� '��,� 
� �0 � ��� ���� '�

  �<��X�ECe   �� SAR �"��  .	�F0���    ;��*"MWD      I�*J ��*� �� 
        :*�-
- �� ��" I�J � �&�343/0 �  mm 492/0  ��*�  . 
*��   #��*� 

  ���1�MWD     I�J ��� �� �&� ��        
��*� �*� �*0��-    
*�� '���*��6
�0����   ��� 	�� �� �> �"��  .  L�p� ?�9& 	��  8SAR   � EC   
`0 �� 

 ;��"MWD��X� Cb��� ����G0 .��� '.  
  
	�� �7-�G���  +�?4�� MWDOWAS O  DC	 Ks A� ��<3�� � 

+�4�� H��A9  
+�?4��  �#�7  �#�7 J�K�  

MWD  WAS  DC  Ks  
�&� I�J b34/0  a73/44  a99/0  b14/3  ��� ����  ��" I�J a45/0  a61/45  b72/0  a62/34  

           
5/0 a40/0  a66/57  a01/1  b5/6  

4 a39/0  b66/42  b92/0  b55/7  EC 
(dS m-1)  10 a37/0  c20/35  c64/0  c41/8  

           
1 a38/0  a66/53  d37/0  a80/8  
5 a39/0  b34/47  c59/0  a77/8  
15 a42/0  c26/40  b11/1  b98/6  

SAR  
0.5)mmolc/L(  

25 a37/0  c42/39  a35/1  c82/5  
	�F0���'�> '���� 
a	�-� C ���G� �� M9& <���a� _�6 �k�� Cb��� ��X���� 

�0���0.  
  

 ���� 	��     ;��" x��J �� �>WAS  ��X� Cb���    .�>�G*� '���
���
F0r    ;��" ��� DC  *� ��" I�J ��� �� �,50 �&� I�J ��� �-

��X� ����&� 
�G�� ��� .   A���*�� �*�EC �   ;��*" �� 
*> WAS �

DC �� ��X� ��� ������� A>� .� 3� �EC  A���*�� �� ���E SAR 
 '����% K%�   ;��" WAS � �   �*�X� ��*�     � A>�* ���DC   A���*�� 
 ��� #�G0 .��   �L ���  A�����SAR       '�
*� ��� 4�50��6 �'����% K% 

 �\��%6�0���� �"�6�
� � \� �/���
�� A����� �� �>�>�) 28.(  
Ks     � ��" I�J ��� �� ���X� � �e�- 4��[ ��� ��� �� '���  I�*J

                  �� 	�*� D*���� .���*0� z*���- �� U���- �� �e�- �� � ��� 
�G�� �&�
    �� U���- ����Ks  �&� ��e�- 4��[ ��0  .Ks A����� �� SAR� �  ��*�

��X�      A����� �� � A>� ���EC  ���� A����� . .�*��
6 #�*"   #�*" 
       A���*�� � K% u�*�0 A>� ���� D���� #�" ��5� :e�� \� U��u

  A��&
� � K�0��� �� ��
/.    A���*��EC    ��*,2� w*$�� '   #�����*& 
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Abstract 
Least limiting water range (LLWR), a proposed soil physical quality index, is the range of soil water content 

at  which plant growth is least limited by water potential, aeration and soil mechanical resistance. The slope of 
the soil water retention curve at its inflection point (Si) is also considered as a soil physical quality index which 
controls important soil physical behaviors. The purpose of this study was to assess the effects of electrical 
conductivity (EC) and sodium adsorption ratio (SAR) of the prepared solutions as irrigation water on LLWR and 
Si in two clay loam and sandy loam soils under laboratory conditions. The treatments consisted of applying 
irrigation waters with three levels of EC (0.5, 4 and 10 dS m-1) and four levels of SAR (1, 5, 15 and 25). Soil 
columns were arranged and irrigated with the prepared solution for 12 weeks during six wetting and drying 
cycles. At the end of this period LLWR, Si and soil aggregate stability indices including MWD, WAS, DC and 
saturated hydraulic conductivity (KS) were measured. Analysis of variance showed that the effect of soil texture, 
SAR and EC on LLWR was significant (P�0.01) and increase in SAR and EC lead to decrease in LLWR. 
Increase in SAR from 1 to 25 resulted significant (P�0.01) decrease in Si index while Si remained unaltered by 
EC of the irrigation water. DC, WAS and Ks than two indicators LLWR and Si most affected by irrigation water 
EC and SAR.  
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