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   ���� ���[	             �� ��<�B 	+% ���# �� 	5/+ W�L
[ 8� ��V ,�(�� E)�� 9:
       @�G<H 	������ $% I
� J��Z   9<���B .   0��<Z 8<+     $% '�"<� 8<�

    0�<)����H �� �5<� ���� ��<Z �� 	(�O< FD,CD60 ,CD40 � 
CD20���L K�H�H 8+ 120 ,106 ,89 � 68��+ ���� .  

          0����+ 8+ ��6+ I�P.H h93 8+ 8*�H �+ J�P�H @�� ��   @�GH �>* ,
 ,���8/7 ���� ��<<� h�<<B ) ���<<L400��<<�2) �� h�B�<<.��  ( �<<) 8<<+

 ���� ������Q   9: .           ��<2.�3 0�"<*� � ��<2.�3 ,9:� kO( 0�>�#� ��
  ��O�  �       ���9<#� ��� ��� ���� k�: �4�� 0�)������      ���<[ 0�<�B

9��(�B:  
���B m�?H��  

   ���B m�?H�� @��LH �>*       <H 8[�Z k� �� '% m�?H�� ,     8[�<� ;�<# �
	�#�� K�� �+ 	.q� �����9#� 9���B 0��B.  

y�+ I
�  
      @��LH ��4��� �� ���?��� �+ y�+ I
�    y�+ I
� �9���3   K�� �+ 

	�#�� i+� �� ���9#� 9���B �o� � 0��B.  
8=�: ��9LH8#�� ��9LH � 	o#�* 0�)  

    8=�: ��9LH ,�:���+ �� f�0�)          k<� �� �9<: KL5<� 	o#�<* 
��B   �+ �) 0�)  8H   8#�� ��9LH @��v�) �    J<��Z �� �<)    &���<:   @�<�LH

9���B9#.  
 '��100��2.�3 � 8#��   

    8#�� k� '�� @���H �+  �)   �o�# J��Z �� �        8<+ 8#�� 9q '�� 0��B
 9% ��� .    8o<��� ��O<� ��2.�3 "�# �5� I
� '��� ���=� �+

9���B.  
$% N�O 	�����  

	����<<�    8o<<��� �<<�� 8<<
+�� J<<��Z �� $% N�O<< <<:9:
WUE4=P/W                                                                 

    8
+�� @�� ��P     ��O<� 9���H ) 8<#�� (  �W      	(�O< $% ��9<P 
���.  

85�� ��Z  
    85�� '9: C5= �� f�           ��<H @��H9<�.+ ��Z ,��) ����D �� �)

A= � �# C�� �+ '% ���9#� E� 9: 0��B .  
  i�* �� f�  �� 8�.� 0��%��             �� e��<�# k<�.�H � 8<�"DH �<>* ,�)

������������������������������������������������������������
3 - Leaf Area Meter 
4 - Water Use Efficiency 
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h�#  ��"(�SAS9: ���?��� .
  

JK� 	 L�I�
���� ����	
  

���� f#����� 8�"DH e���# 	���+     ��9<* �� �?<q @<�� 0�<)3 
 	 '�5#         8<H�+ m�<?H�� 8<� 9<)�            ���<?H �<)����H @�<+ �� ���<� 0�<)

	�L   �:�� 0��� . 	 �9)�5    ����H 8� ���BCD60    m�?H�� @���5�+  ��
      ��� ���� z�O�=� ��= 8+)  k2:2- -<�� .(       �HQ�<+ �<+ ��<��H @<�� ��

���[  	+����� I
� @�(�B   �� E)�� � $%      ,���% 	52)� ����H 8+ �o�# 
              '% �� ��<.� 	��6n ��� � $% �� ���B ���?��� 0��+ 0��5�+ �q�(

)  '�����# �p�� 8+ (  ��� ���+ 1)��( .    8D��# �� @��v�) ��<>+   �� 0�<�B
��� ����              8<H�+ m�<?H�� ���># �� � 8�(�� E��"(� �O�3 @�� ����*� ,

  ����H @�� ��  ,6/19 9q��      ����H 8+ �o�# FD     ��� '�5<# E��"<(�  . ��
  i[��     8+ 	��6n ��� i��� 0�5��: h93    '���<��# z�O<=    ��<��H ��

CD60  8+ �     �q�( E���(� '% ioH         x<3�+ ,�O<�3 @<�� �� ���B ���?���
	���B     �O�3 @�� 8�   �+����      �� ���[ ���B ����=� �� 0��5�+  ��: �� .

        ���?��� �q�( 8D��# �� ���� m�?H�� E��"(�      ��+��<� ��� �� ���B ��5�+
    A<��H ,��5<�+ ���  ���<+  ) 1383 (       '���<2�) � 0��<o3 �)1385 (  "<�#

   �9���B &��"B  ��� . @�4#�� 8���P        k2: �� �9: 8���� 0�)2- -��  
 	 '�5#          � I
<� ��5<�+ ��L<q 9<)�     0�<)����H �� 	+���<�CD40 � 

CD60    E)�� x3�+ 13   � 19        8+ �o�# 8H�+ 	��># m�?H�� �� 09q�� 
FD 9���B .    ��*� �+ �)����H @�� �� �q�(   ��5�+     �� ���?��� 0��+ ���B

      '% �� ��*� 06j ��� � $%          8<P
� �� 'p��<�� ��<o�� 8D��# �� ,
      $% 8+ ���� 85�� ������ � 85��  + m�?H�� ,	B������   8�(�� E)�� 8H�

��� .               	<�L NX�<=� �4�9<2� �<+ ��<��H �� @<�� �� 8H�+ m�?H��   0���
�:�9#.  
  
  

�� ���  
   ���# 8+ 	����� E��"(�      8+ �� 	)��B C5= ��� 9���H ,'��  �<.3

         y�<+ �<�3 ��Z � ���9#� ,y�+ I
� E��"(�     	< E��"<(� �<)  9<)� .
 8+ '�����# N�O�� '���3    ���� �� 	��6n �O�3 @��H, *�   E��"(� K

   	 ��2.�3 � 9:�              �� 8V � ���� ��� J��Z �� 8V '�����# i+�� � ��:
 '��% �� '% 8+ ���B 	����� ,C������+ ��o�H J��Z	  9<���)Gan

et al., 2002 .(��y�+ 8L��H � 9:� 	(�Z   ����<+ ;�= 	25= 8+ �)
 ��� |���)Bahrun et al., 2002.(  8<�./H ,���% 	52)� ����H �� 

i����H    E2)� ��� 8+ $% �)          �<+�Z� @�(� ��� �� �� i���H �6� � 
k>���q���  C5= x3�+ ,�H   '9: ����#       0�<)����H 8<+ �o�# ;�= 

 ����� 	52)�   	 �9:  ��: .         8<+ 85<�� 	<����� E)�� �+ @��v�)
             ��<��H 8<+ �o�# ����H @�� �� y�+ I
� ,06j ���CD60   E)�<� 

  ��� ���� '�5# .  	��� �� @�� �    8<+ 8� ��       �� 'p��<�� E)�<� k<���
           0�<)����H �� 	+���<�� I
<� ��5<�+ ��L<q 8D��# CD40   � CD20 ,

    	<�L E)�� y�+ I
�     ��<��H 8<+ �o�<# 0���FD   ��<��H � 8�<:�� 
CD60    @�4#�� �+ 6/94 	�#��          I
<� '�"<� @���5�+ 0���� i+� ��

	 y�+  9:�+) k2:2-$ .(  
  

���� �
������ �� 	� ����� ���  
  8+ 8*�H �+     ��9<* e���# 4,            �<)����H @�<+ �� �?<q @<�� ���<?H 

	�L   ��+ ��� .  8=�: ��9LH 8V�B         ��<��H �� 	o#�<* 0�)FD     8<+ �o�<# 
����H CD60  �(�� E)�� ,   ��    ��<��H �� �� �?q @�� @�4#�� 8���P

  ���6�+     '�<�% |�<��LSD  ,  I
<� ��  ��<����  5   NX�<=� 9<q�� 
	�L    0�����9# '�5# .8=�: ��9LH @���5�+ 0�)����H �� 	o#�* CD60 

  �FD    9: �9�� )  k2:3--�� .(       8.<q�( �� 	+����� I
� �����45-
40   � 25-20 	�#��            ��9LH E)�� x3�+ K�H�H 8+ ;�= I
� �� 0��

8=�:       '�"� 8+ 	o#�* 0�)7/5   � 4/11      	52)� ����H 8+ �o�# 9q�� 
��� �9���B ���%.  

  

  
 M��1-�N OPQ�� 	 ��I(H �� ���� ��I��G
����Q �� ��� �� O$���   
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 M��2-RS�(- T�U��� �G��� �$H ��A VWQ��   M��2-D(- T�U��� �G��� �$H ��A X�� Y<H  

'�5# '��� �) �� ;��5 N��� t�� 	�L ���?H h93 �9�)�  '��% |��� �+ ���LSD I
� �� 5	 9q��  +9:�.  
  

 %	��3-/W, Z����	 ��)=Q X�� Y<H 	 ��A VWQ�� 
��$H   
+����[Q \�F�  
#��� ���#  VWQ��  X�� Y<H  

����H  3  **37/302  **28/32  
�
=  8  83/5  69/2  

�����jH K��!  -  24/4  82/1  
P-Value-  0001/0<0025/0  

*  I
� �� ��� 	�L5 � 9q�� **�  9q�� C� I
� �� ��� 	�L  ns	�L ��n    ���  
  

 %	��4-/W, Z����	 ��)=Q  
� #��]Q�Q$� �# ���# #��]Q 	 �P�� �(��$H   

+����[Q \�F�  
#��� ���#   �# �P�� �(� #��]Q
�Q$�  

 �# ���# #��]Q
�Q$�  

����H  3  **62/0  **53/616  
�
=  8  029/0  83/21  

�����jH K��!  -  44/2  66/4  
P-Value-  0003/0  0001/0  

* I
� �� ��� 	�L 5 � 9q�� ** �  9q�� C� I
� �� ��� 	�L ns	�L ��n    ���  
  

��� 	� ��
� �
���  
     '�5# 0��% 8�"DH e���#���     8H�+ �� 8#�� ��9LH 8�        �� ���<� 0�<)

  I
�1   	�L ���?H 9q��    ���9��:��   )  ��9*4 .(@���5�+    8<#�� ��9LH 
 ����H �� CD60    @�4#�� �+ 33/114    ����H � FD     @�4#�<� �+ 67/109 

       ����H �� "�# ��9P @����� �CD20    @�4#�� �+ 33/83  ��+ �93 )  k2:
3-$ ( .����H �� WQ�����CD608+  8<�6jH A���: '��+ 1)��( k���  0�

K<<���  06<<j ���<< 8<<+ ��<<�B ��5<<�+ 	<<����� 8<<D��# �� �<<H $% �
8+      8:�= "���H ���� ��Z �� z�O=     kB 9:� � �)  �)     �<+�[� �9: �� ,

    kB AP� 8D��# �� �              x<3�+ K<�H�H @�9<+ � �9<: 8���� ��*� 0�)
        ����H 8+ �o�# 8#�� 	��># ��9LH E��"(�FD    �<�� �9<���B  .    �<M# 8<+

	         ��<*� �+ ���% 	52)� ����H �� 9��         |��<�� �� $% i��<� t��<= 
 8+ ,���B   8#�� ���� ���# k���  8+ �)         <+ y�<+ �� �O�3 @�� ��P�#� ,'�����#  8

              �o�<# ����H @�� �� 8#�� ��9LH ���?H h93 x3�+ � �9���B i���H 8#��
   ����H 8+CD60 �9���B  �<�� .    0�<)����H ��CD40   � CD20   E)�<� 

	�L �4�� ����H �� 8+ �o�# 8#�� ��9LH  ���9���B.  
 ��!�"#$��
�   

          ��9<* e��<�# 8<+ 8<*�H �+ 5,     '�� ���<?H  9O<2�      @�<+ �� 8<#�� 
  	�L 	52)� 0�)����H   ��+ ��� .     '�� ��9<P @���5�+ 9O<2�    �� 8<#�� 

 ����HCD60 @�4#�� �+ 86/15 ����H �� ��9P @����� � h�B  CD20 
   @�4#�� �+1/14   9: kq�� h�B )   k2:4- -<��( .      '�� 8<V �<B�100 
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    ����H �� 8#��CD40     ����H 8+ �o�# FD   �<(�� E)�� ,   �+ �<�   |�<��
  '��%LSD,    I
� �� 5   	�L ���?H 9q��   ���   @�+ 0   @�4#�<�  �<>#%

 95# �9)�5 .      0�<)����H @�+ 9#�� @��)CD40 �  CD20     1��<� "<�# 
��� .       ����H �� 	+����� I
� ��Lq �+CD60    8+ �o�# FD,   8D��# �� 

    8H�+ 85�� 	+����� ��5�+ �q�(             � '���<��# ,$% 8<+ ��<��H @<�� 0�)
     '�� ,06j ��� ����9O2�    9���B kq�� 0��5�+ 8#��  .  8��� @�� �� 

Parvez et al., (1981) � Jon and Baldock, (1981) 9#��� '��+ 
               ��<*� �����<� ���< '�"� 8.��� 8+ ��� 8*�� �� 8#�� '�� @�4#��

              	< @�<�LH 	B9�<�� � 	)9<.B k��� @�+ 8#�� 8+ ��P�#� 0��+   ��<: .
 8�(�� JoZ       '���2�) � 0��o3 0�))1385 ( 9: h�.L    ����P ��+��� 8�

 �����# -.�/',  	�L ���      8#�� '�� �+ 0���    �:�� ���� 0�) .  E��"<(�
     ����� 	52)� ����H �� ��� ��9LH       	5<2)� 0�<)����H 8+ �o�# �9:

   � ���%     8<*�B ���B �� 	������ 0���+% 	<4#�(    k�3��<�� A<��H ,     � �<�#
  '���2�))1383 ( �9: &��"B ���.   ��     '�� E)�� ���9O2�  8#�� 

  	+����� I
� ��5�+ ��Lq �� 0�)����H ��CD40 � CD20 �?B 9��+ 
             	)���+ � 9:� 0��+ 8.�� �) �� 	#Q�Z ���� C� 	Z '9: 	+�[�n

��� �{ . 0�q�# J�P�H e���#)1375 (	 9��GH �� m�!� @�� 9��.  

��
� ��#%&'  
              '�� � 8<#�� ��9<LH E��"<(� 8+ r�+� W�H9�3 8#�� ��2.�3 E��"(�

 	 8#��    9:�+)    ,'���2�) � 	��(1380 .(      8<�?B �<+ m�<!� @��    0�<)
    ���� �<P+�
 '��45<)�p� ���<�)Isfan, 1991w Patterson and 

Larue, 1983 .( @�+ "�# 8L��
 @�� ��s��3� -.�/  I
�  	+���<��
   8#�� ��2.�3 �M# ��,   	�L ���?H 9)�:      1���) ���)  ��9*5 .( @���5�+

     ����H �� 8#�� ��2.�3CD60    @�4#�� �+ 2774 h�B�.��       8<+ ��<�2) �� 
  9<% �<��)   k2<:4-$ ( .Wesstrom and Messing, (2007)  

  E��"(�  K�� ��O� '�"�	���   �����         8<+ �o�<# �� ����� 0�)
���    ,���% 	52)� 18-2  �"B 9q��  9#��� &� . '�����# 0Q�+ Y�
�

8+   8�6jH A���: ��D�� �.3      3�+ ,���B 0��+ K��� 0�     9<���H E��"<(� x
  	 C5= ���  ��:.         ��<��H �� ��<2.�3 @��<��� CD20     @�4#�<� �<+ 

1798     9���B �9)�5 ���2) �� h�B�.��  .8*��=  ���)1385 ( '�<�+  ��<�
   $% ��� 9�V m�[�   	Z 	B������     ���<� 	5<��� 9:� '����  	<    9<#��H

     � 8+ 8#�� ��2.�3 '�OP# K*�    ��9<� '�"30    �<H 40    ���<B 9<q��  .
�+    k2: e���# |���4-$   I
� ��#���# �����      ���9<� �� 	+����� 

45-40   � 25-20 	�#��   8+ ;�= 0��     E)�<� x3�+ K�H�H18   � 28 
��� �9: ���% 	52)� ����H 8+ �o�# ��2.�3 �� 09q�� .  

  
�$
	�()* +�",   

  '�5# e���# 8� ��� �M# ��	�����  	<�L ���<?H ,$% N�O   �� ���
  I
<�5    �<:�� ��<<*� E��<�% 0�<<)����H @�<+ 9<<q�� ) ��9<<*6 .(

�5�+ @��	����� ����H ��  CD609���B kq�� .	�L ���?H 8�o��  �+ ���
FD�:�9# )  k2:5--��( .����#  �� ;�<=  CD60   8<+ �o�<# FD 

$�Z�              �9<: x<3�+ E<2)� ��� 8+ $% i��� 8�./H h93 � ���+ �H
  8+ ���B 8�          9�� ���?��� ��2.�3 E��"(� �>* '% �� ��� ���q . e���#

 k�3���� J�P�H    �2�) � ��#  '��)1383 (	 '�5#   0Q�<+ I
� 8� 9)�
      N�O< 	����<� E��"(� x3�+ 	������ $% �� ���B ���?��� � 	+�����

  ��� �9: $%.  8+ 	��  �M#   	          ��<��H �� ,�<!�� J<�P�H �� 9��    0�<)
CD40   � CD20 8+            �<�.+�[ � �<q�( E)�<� � K����# 8��>H k���

          ,'% �� ��.� ��� � $% �� ��� ���?��������	      E)�<� $% N�O< 
��� ���� �9�� .  

  

    
 M��3-RS� (�]Q T�U��� �G���  �P�� �(� #��Q$� �#�$H    M��3- D (�Q$� �# ���# #��]Q T�U��� �G����$H   
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 M��4-RS� ( ��	 T�U��� �G��� ���. ���# �$H    M��4-D ( T�U��� �G��� �$H #����@  

  
 %	��5-/W, Z����	 ��)=Q   ��	 
�100#����@ 	 ���#�$H   
+����[Q \�F�  
#��� ���#   ��	100���#   #����@  

����H  3  **81/1  **78/24  
�
=  8  19/0  93/0  

�����jH K��!  -  98/2  45/6  
P-Value-  0055/0  0002/0  

*                 I
� �� ��� 	�L 5 � 9q�� ** �  9q�� C� I
� �� ��� 	�L ns	�L ��n    ���  
  

 %	��6-/W, Z����	 ��)=Q   
���������� %$? 	 D� `�.� �$H �#   
+����[Q \�F�  
#��� ���#  D� `�.� �����  ���� %$?  

����H  3  **0155/0  **77/1233  
�
=  8  00065/0  18/19  

��jH K��!���  -  82/6  24/7  
P-Value-  0002/0  0001/0<
*                 I
� �� ��� 	�L 5 � 9q�� ** �  9q�� C� I
� �� ��� 	�L ns	�L ��n    ���  

  
�-$	 .�/  

   ���� 0��% 8�"DH e���#        ��9* �� �?q @�� 0�)6  '�5<#    �9<�)�
 	�L ���?H     	 �)����H @�+ ���  9:�+,  8#�B 8+       �5<�+ 8<� 0�   ��9<P @��

     ����H �� 85�� ��ZFD) 3/84  	�#�<�    �<� (      ��<��H �� '% @��<��� � 
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The Effects of Controlled Drainage on Soybean Yield and Improving of 
Irrigation Water Productivity 

F. Hoseinpoor1*, M. R. Nouri Emamzadei2, M. Khodambashi Emami3 and M. Zamaniyan4

Abstract 
Despite daily increasing water requirement, it is necessary that environmental adverse effects of each project 

be controlled, so revision of ability of traditional drainage systems is unavoidable. Controlled drainage is an 
environment friendly water management practice that conserves water and reduces nitrogen losses through 
reduced drainage water volume. This research was conducted in order to determine the controlled water table 
depth and its effects on irrigation water productivity and yield of soybean crop, by using lysimeter in 2008 in 
Shahrekord University. A completely randomized experimental design with three replicates, consisting of four 
water table treatments were used: Free Drainage/ traditional drainage (FD) as control, and depth of water table in 
60-65, 40-45 and 20-25 cm from the soil surface, which named CD60,CD40 CD20, respectively. Results of 
variance analysis showed that the effects of drainage treatments were significant on yield components. The 
highest yield observed in CD60 treatment (2774 kg/ha). Lack of rapid depletion in this controlled drainage 
treatment may caused water and nutrient be more available for plant. The least yield obtained in CD20 treatment 
with the average of 1798 kg/ha. It may be explained by water logging in the most part of root. Also lack of 
oxygen and creating the situations to denitrification limited efficient use of water and nutrients for plant. The 
maximum and minimum of irrigation water productivity obtained in CD60 and CD20 treatments. The seed 
production rates of these treatments were 0.45 and 0.29 Kg/m3, respectively, in comparision 0.41 in control 
treatment. 

Keywords: controlled drainage, fluctuating water table, soybean, irrigation water productivity 
  

������������������������������������������������������������
1 - Graduate student, Dept. of Water Engineering, Shahrekord University 
(*- Corresponding author Email: hoseinpoor_fereshteh@yahoo.com) 
2 - Assistant Professor, Dept. of Water Engineering, Shahrekord University 
3 - Assistant Professor, Dept. of Plant Breeding, Shahrekord University 
4 - Ph.D student, Dept. of Water Engineering, Shahrekord University  

�������  	
��
 ���� � ����  
�����1����6 ��
 ��5��� �1391� �.20-11 

Iranian Journal of lrrigation and drainage 
No. 1, Vol. 6, Spring 2012, p. 11-20 

www.sid.ir

