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2- ARS: Agricultural Research Service  
3- USDA: United States Department of Agriculture 
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   	���� 	� ?���,- 8���+�� A% �   ��G�� �  )� %�+��S- >���:   1�%���� 

  �"���.)AE(     8U�%! T�)�+ �6L���7� >)DUmin(   /����� >)RO(   :�,- >
  ��"���.)Dapp(   ;,- @�O� � �) DP.(   �� r��6� ���  1���  ����    r���6� )� �

	�S��)��   	7S� �� A% ��  87� 8��6�        ����D I� �� � d�;� )�  
1�7� "���; )� "�g�q � tco � ��G��%���.  

 ���� 8���+    	� d��" �"7�,- 5� ��� 0�)��  �"����.    �  /������ 
            ���"� 56C� ������ � $��J 1�� �� I� 	3��4 ������ 56��� ��"�

%� .   87� ��4   "7�,- 5� ����  0�)�� � �"���.        0�"�,� 	�� ��,�+ ��� 
 fLDreq=Dmin$�� 0%� 	���� .  
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 �	�#5- 4��XL [���\ )Sc ( ��� 
�	�	 
��E���= 0� �/�5WinSRFR �#	�/ 
��E���= 
	� �5**  

#	�/ �E���=�    �	�	 �E���=
  
ADmin  DPave  DUlq  AE  TL  RO4��XL ^�!E�  

 1��"4 T�U 1�))tco(81/0  76/0  03/0  63/0  00/0  22/0  41/0  
 @�O� 	
��' 1��+)a(05/0  05/0  00/0  01/0  07/0  04/0  04/0  

 @�O� 	
��' ��"()k(  20/0  25/0  03/0  09/0  76/0  19/0  25/0  
 ���b� @�O� $-"�)f0(65/0  69/0  03/0  35/0  21/0  53/0  41/0  

 	3��4 ���)S(  003/0  005/0  00/0  001/0  11/0  004/0  02/0  

 ��"( z����)n(01/0  01/0  00/0  00/0  22/0  01/0  04/0  
 ����� ���)q(22/0  08/0  09/0  99/0  19/1  93/0  58/0  

    ** ADmin : >������ $��O. 8U�%!DPave : >�;,- @�O� f��6DUlq :�� �6L���7� T�)�+ >����� K��Y AE : >/� �"���. 0�)��TL :1%��� 1�) /�   
 � 	3��4 ��b6�� 	�RO����� � �4�"L /%���.  

 �	�#6-`/@ F��02 ^���@ �� �E+= 	 
!# 
��52 aEX�� �����, �5�0�� 
��,�$� 
� 
�)���� [XL �5(  
ADlq DUlq PAElq RO ADmin DUmin PAEmin AE 
��52 "	� 
��52 45!9

6/97  2/95  8/60  0/36  1/95  7/92  3/59  0/62  �
�,' 	3��4 
1/97  0/95  7/64  8/31  6/94  6/92  1/63  2/66  $��J 1�� �� I� 
4/96  5/94  2/69  6/26  1/93  2/91  9/66  3/71  "�H6 1�� �� I� 

F��bY 

8/37  2/98  7/39  5/59  5/37  5/97  4/39  4/40  �
�,' 	3��4 
1/99  4/96  0/54  9/43  4/97  7/94  2/53  5/54  $��J 1�� �� I� 
4/98  1/96  0/55  7/42  6/96  3/94  1/54  8/55  "�H6 1�� �� I� 

56C� 

4/99  6/96  9/41  6/56  1/98  3/95  4/41  1/42  �
�,' 	3��4 
1/98  8/95  4/64  7/32  0/96  7/93  1/63  4/65  $��J 1�� �� I� 
0/100  3/95  4/66  2/30  2/98  0/93  0/65  1/66  "�H6 1�� �� I� 

5��)��� 

  
1�,�   � ��96�� 	. ��#��� AE     ������ 	���E ��  �      ��Y $,�� 

����,�       � ��� 5. ��Y� 	3��4 	. ���4    � "M.�%! 	� >���  %��   ��� �
  =��<D�q   � tco  =��. �%��� . �� ���>87�  ���Y 	��;� fL   1�C�� 

     )� �#�;� 1�7 0%���q   � tco �           )���� ���� :�,- 8U�%�! 	�. %���
� ��c+ ��������"E.  ?��S�."+ tco-q     	��;� f�L $���� $,�� ��

��Y> Dmin > Dreq  ��� 1�C�      >��Y $,�� �� 	�. �
��! �� >%���
   $�� f��"� ��� q7- .           ��7, %��Y "� >��Y fL �Y =W� �� �g

 )� �+�S�."+ �� 	. $�� q �tco   ��
� >$�D�� $�� X�� �"���. 0�)�� 	� 

   %� %���W� ����"� )��� ��� :,- 8U�%! .  ��Y $,� �� ��4� 0��6�
        ���4� f��"� 0%��� 1�C� >��Y fL) ����4 ( ���� %�� .   f��"�� ��

    �"���. 0�)�� >��4�5/54  � %���          "���H+ ��� ��b�+ 	. %���q � tco  �
    � >)��� ��� :,- ��c+1��+   �� �"���. 0�)�� 74  ��� =��<�D� %����  .

 �,� ��%; ��� )� =�� �� �"���. 0�)��     f��"�� �"��) >��� =��<�D� 1���+
             ���� � T��; 	��%�� >A��# >���� 8�SU )� 	3��4 �7�<�D  ����"6

 @�O� 	
��'>        ��� %����W� �� )��� ��� :,- ��c+ f��"� .    5�� ����
         ���Y fL 0�",� 	� ��,�+ ��� �4�"L /����� �"7�,- Dreq=Dmin  �� 

 87�5$�� 0%� 	����  .  ���Y f�L ����� � �Y $,�Dmin < Dreq 
 X�� � $��� $,� �� � 0���Dmin > Dreq�%��� .  ?���O6 ?�S�."+

  )�q   �tco �-��          %�� %����L �"���. 0�)�� =��<D� � /����� =��..   ���
      �� >0��6� $�'U� 	� 	4�+            )���� ���� :�,- 8U�%�! ���4� f��"��

        	. $�� F)X >d"� ��� ��"� � 0%C� ����"�       1��) � ��� )� �+�S�."+ 
              %���� 	�6D"E ��"�U ��Y fL ��� "� 	. ��"E /�W6�� 1��"4 T�U.  ��

   ��. $
�!  /��� ��."+ I� tco-q   	. $�� �S�."+   � �"����. 0�)��  
      "M.�%! 	� �� T�)�+ �6L���7��%���" .        ���� f��"�� ���� �� 	��<E I� 

 "� 	. $�� fL ���Dreq = Dmin1%� "M.�%! f��"� >  k��,G 
0�)��    T�)�+ �6L���7� � �"���.            �"�. x"�D 	���b� j"�# 1���- 	� ��  .

           ��"�� 8U�%! ��%; I� �6D"E "9� �� "m�� 	��<E    T��)�+ �6L����7�
�        )� �S�."+ x"D ��� �� 	. %���tco-q        	�. %�� %����L R�"W6�� 

    %�. 	��C�� �� �"���. 0�)�� .           T��)�+ �6L����7� 8U�%�! ��O! x"�D ��
   ��'D f��"�)95%��� (     0�)�� )�"+ 	C;� ��."+ �� �  �6L���7� � �"���. 

T�)�+    ��� $�+ >47/0         1���"4 T�U 1�) � 	���J �� "6�
 488�U�   >	�;
 �"���. 0�)��68� 8��! ��,�+ ��� ��"� %��� ��"E.  
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 8�� �� �� �D�!# 
��52 aEX�� 
��5 8��# bRc 8�0 	
 aE+� 
��52 	 45d)���� [XL �5(

  
 C�@5-��G�� ��05 0��� a� 
� !�, �5 �#	�/ Y9�	� 0� �N5� 8�

 �� �� �D�!# 
��52 aEX�� 
��5 8��# bRc 8�0 	 �5�
 aE+� 
��52 	 45d 8��)���� [XL �5(  

  
�e�E9
��;  

  :�;�+ ��� ��       	�3��4 ������� 56���� �"7�,-      A%� f���+ ��
   ���� ������WinSRFR      $D"E ��"U ���"� � 8���+ ���  .  r���6�

     � A% ��� 	. ��� 1�C�  �� 1�) %���+       @��O� � /����� ��%; >��"C ��
    	3��4 ������ ��� 	� ��             �� I�� � $���J 1�� �� I� >�
�,' ��

      $U� �� �� "�H6 1������         :�� ���L "M.�%! �� ��+"+ 	� � 5/1 >
7/5   � 5 >%���  =��    %���,� �����.          	�. ��� 1�C�� $�����! 8����+

            ���"4 T��U 1��) >����� ��� 	� $S�� A% $����! ��"6C��  � 1
   � @�O� 	
��' ���"6����%��� .            8���U r���6� 	�� ����6��� ��"�� �g�


              0)�%��� A��SU 8���U $�U� �� w�D ���"6���� 	. $�� F)X >1���,#�-
 ��"E �"�E .   "�Jc�+ ��"6C���            1��) ��� "�� z����� �"��) ��"�( 

   1��"4 ��"C��  %� $�� 	� .�� 56���        0"�b� A��! �� ������� ���-
 � >����"� �� 1��+    /���� ���."+  ���� -        1���"4 T��U 1��)    ��� �

 )� 0��O6�� ����                 8���U %�! ��+ �� 56���� �"�7�,- >)�"�+ 5�� ����
	9!N  ��� =��<D� �� .����       1�� �� I� 56��� �"7�,- 5� ���

             T�U 1�) $�"�% �� 	. ��� 1�C� >�"���. 0�)�� V%� T��+ $�+ $��J
      � �� �"���. 0�)�� >����� ��� � 1��"4+     :�,- ��c�+ d"�� 	�� 1��

    )� >)��� ���5/54       	� ���4 f��"� �� %��� 74     ��� =��<�D� %���� . 
    ����� ��� /��� ��."+ I�-       	�. $�� �S�."+ >1��"4 T�U 1�)

        ��"�E "�G� T��)�+ �6L���7� � �"���. 0�)�� "M.�%! 	� 1�<,� ����
  $�� ��"� 	.  ��� 	� ����      ����� ���� /���� ��."+-    T��U 1��)

4     5� ��b���� 	. $�� F)X >1��"�"7�,-      �6L����7� � �"���. 0�)��
  ��"E ��."+ T�)�+ .  ��"�    $��J 1�� �� I� 56���>     /���� ���."+ 

   ��� $�+47/0         1��"4 T�U 1�) � 	���J �� "6�
 488  � 	;�U�   %����
      �"���. 0�)�� 	� "G� 	.68         T��)�+ �6L����7� � %���� 95    %���� -

%��"E.   	� 	4�+ �� $����U      A% ���WinSRFR      �"�7�,- �����)�� �� 
���     8���+ >������ &�6W ���      5�� � ����� ���"6���� $����!

����      �"���. 0�)�� )�"+ 5� ��� �        � �!�"# ��"� A% ��� �6L���7� 
56��� $�"�% � 	���+ ���� ������ ��� ��"E.  
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Abstract
The low irrigation application efficiency is the major problem of surface irrigation systems due to weak 

management and poor design. In this research, in order to analyze the performance of furrow irrigation system, a 
field experiment was conducted during maize growing season. Three furrow irrigation methods; conventional 
furrow irrigation, fixed alternate furrow irrigation and variable alternate furrow irrigation were considered to 
collect field data and, then, to evaluate the performance of WinSRFR (surface irrigation model). This model was 
calibrated and evaluated based on the experimental data with Zero-Inertia (ZI) and Kinematic Wave (KW) 
solutions. The sensitivity analysis of WinSRFR showed that the most sensitive parameters were inflow rate, 
cutoff time and parameters of the infiltration equation, respectively. There was a small difference between ZI 
and KW to estimate advance time, runoff and infiltration due to high field slope. The minimum absolute error for 
estimation of advance times was obtained about 1.5% (0.8 minute). The minimum absolute error in estimating 
runoff and infiltration were 5.7 and 5.0%, respectively. Using operations analysis of WinSRFR, the iso-
performance contour plots of furrow irrigation system was obtained to optimize cutoff time and inflow rate 
under maximizing of application efficiency and distribution uniformity and minimizing of runoff and deep 
percolation. Application efficiency iso-performance contour plot of fixed alternate furrow irrigation, indicated by 
managing of cutoff time and inflow rate, application efficiency could be increasing from 54.5% in current 
evaluation to 74%, provided water supply of Dreq. Also based on this contour plot, increasing of application 
efficiency more than 74% was impossible provided water supply of Dreq, under current furrow geometry 
parameters and it was possible with changing furrow geometry parameters. 
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