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 ����� ������� ����� �� ������ ���                    ��� ������ ������ �� ���!"��# $�% �& '(� �)���
 �� *�� +���, � ���� �-��# .�/(� �&
  �0
) ���� �2� ( 4�� �5  6�786-1385  �2 �>�  .   �!	� 6�� �@��� $��(� $�% .���� �2� ��  +�A��/ �� 6�775 �!����     $��(�� � �	�
 6�!�

    �� 6��-�& �!	� � 6�>��2 .     � � �,��� +(/ �� ���   �C"�              +���2 6���-�& ��D�� �@7 .$��@!� �& �-��# EC�� �� �2� ��� ����� �D�"� :   ��D�� ���
  4���
 �GC2 6��-�&)�0�(           ��� ��,�H� ��� .6���-�& ��D�� �7 �� � I�J � 4���
 �GC2 �K-@L# EC�� �� �D�� M� � ���0��� �D�� M� .I�J 6��-�& �D�� �� .

    ���2 ��N!�� OL!N� ������	
 ����� . ���P� ��Q        6��
 ��-� �	
 �� +CR ���N!�� S��H� T�0 6- �          ��2 �-�-�# ���-P-2 � �G�H-/ $�(N	� �0�  .
  ����� �C* �P�                          �� $�% ����� ��GLP, � �#�� U
�# .6��-�& ���� 7 �� �>�0 ������ � S��H� �� 6���� �& UVD .������	
 6��
 � �,��� 6�7

   I����� M�W����H-/ �Q�-�� ���� �2 6-Q .  ��                ��& ��-� .-NC# �	# X�� �� I��@!�� �� .I�-Q �2� +D�� � �2�
 Y���# �C*�    I��� �� I��@!�� ��   �C* 6�7
      6��-�& �& '(� �)���
 I�2(WPI+R)     �& ����
 I���� .(WAE)       $�% �& '(� �)���
 � (CWP)     �,�H� 7 6�� �C��Z� �2 �� .  [��!� \����

      � �GLP, ���� �� ]��!� I��& ����              � $�% �& '(� �)���
 � �& ����
 I���� .6��-�& �& '(� �)���
 .$�% ���  �   .^�-##kg/ha 4844  .kg/m3 
38/0  .6/38 %�kg/m3 01/1  ��& ����  . ����� �"��K�    ��cd# � 6��-�& .�,��� 6�7   �-A�# �� ������	
 6�       +��, ��!Pe� �
 ��� ��	� �#�K-KZ# 6�7

 �& '(� �)���
 ���� �-��� �� �2��U
 �7�Q&����� �� �K��� ������	
 ��� ^���� 6�7.  
  

���	
���� 
�:�f��> 6��-�& 6��-�& ����� .�& '(� �)���
.$�% .����
 I���� .6�   
  

����� 1  2 3 4 5   
                I��P, g���J �� ��� U�G� � �"�-� ��R �� 6����	
 gN� 6

             & ����Z� E����� �!e� ����� � ��e> �2� �� �� �-�P>   ��>��� .�
  ���)13 .(  �����Z� �� !	-� 4�(Z� �-��# g��J  .�& I�����H/ 6�7

              ��� �� �/(�� �& U�VD ��D�� h��� �� 4�(Z� �-��# g��H/�  ��CL5
)18 .(     �& '(� �)���
 i�e@� ��� �-���6 (WP)       4��� �� ������ ��

������������������������������������������������������������
1-  g7�j� ���     ����e� � ��/ $�K-KZ# gN�    # H
�    �@A 6����	
 $�K-KZ

4�/�� .���&   
*)-4�l"� I��"��� :           �Email: man_moayeri@yahoo.com(  
2- �����!�� T�0 i�L, I�Q .��e# $�K-KZ# i�L, �D�� ��n�� ���& I�o	���   
3-�& � T�0 $�K-KZ# �"��� g7�j� ��!�� p
 .    
4�5- ��-	7�j�  �"���6����	
 ����e� � ��/ $�K-KZ#p
 .  

 
 
 
 

6- Water Productivity 

1997              �/(�� �& U�VD +�
 � 6�-��# 4�(Z� U-"K# �� 6�n-� 
)  6��-�& + �Q������ (     ��/Q ���G�)21(.        6���-�& �& '(�� �)����


   ��� I�2 X��HQ $��@!� .OL!N� ��7�-Q . �& '(� �)���
 ]��!�
     ����D i��Q 6��-�&2/1-1 )27 �  28(.    [��� 68/0-37/0 )26( $�% .

5/1- 2/1    �C�� � 4/0         I�2 X��HQ �/(� �& ^�G� !� � iQ�L-
 
  ���)12(.     �"��-!��� � $���)29(    s0�2 �����    �& '(�� �����


    �C�� .[�� .i��Q) ���� �-��#(.    ��C�� )  X� ��-��#(    $�% �   �-�� �� 7/1-
6/0  .6/1-6/0  .95/0-41/0  .33/0-14/0  .7/2-1/1    !� � iQ�L-
 

  �/(� �& ^�G�  ���
 X��HQ  .       I��P, ��5 �� s0�2 ��� $�--d#
         ��� �C"� ��
 ����� � 6��-�& ����� .U-LR� +���, ��I  ��2  .  ��e�&

�V-!�    �
 ����P� 6-Q 6���� ��G��         ������
 g��H�/� �� � t@D 6�� 
              �!P
 �& '(�� ��� !	�-� �-��# ���� �& '(�)40-20   ��A�� 

!P
 ( ���� ��>�.          �� �& '(�� �����
 u�(0 �� ����> $�,n5�
����       ������ ��>� ���D v�� �� u�(N� .    ��e�#    �w���  $��K-KZ#
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     �� �� ��	
 OL!N� x5��� �� 6���� ���� I�-�� i�V . �����  � X���
  ����GP7)4 (  ��������      I����� 6��-�& �GC2 ���D �� 6���� 6�7 ���
  X��HQ  ���
      �� �& '(�� ������
 �
  ��       ����D ����D ���� v� 
kg/m3 1/1 ���  . � 6��-D ����GP7) 1 (      �& '(�� ������
 ���K�

    ��	
 x5��� I�P, 6����	
 ��7�-Q�       ����	�
 ������ ]��2 �� �
 Q ��   ���dJ .i��Q �,��� ��7�-  ��R) 6�-��# G2(  ̂ -�� .   $�% .���-��

�/�L,    �V��� .�C�� .6�) M	0 ���(     G	-� � .�> .) 6�-��# G2 (  �� ��
 �������� ^�����-##75/0. 64/0. 06/2. 58/5. 71/0. 46/1. 56/0 . 

29/0�L-
             ����
 X��H�Q �/(�� �& ^��G� �!� � 4�(Z� iQ. 
    ��� ��0
 y��0���  ����  170 �!�            �& U�e� E����� �� ��-��* �� ^��G

         6��2 �� �
 ��� ^���� �-@-
 �� �Z��ds/m 7/1 – 9/0   �-���# 
 �2� �&    �D�"� �� ���7 s���0�� 350      ���!G7 ��H�7   �-��� ��  6��7

         ���� I��e, � �� �0
 �� �����)24.(��         .��0
 ��� ������ ������ 
         ���D �� �C"� 6����	
 � 6��-�& ����� �� ������	
 �7�Q& ��7 6

                ���� �-���� �& '(�� �)����
 � 6���-�& I���� � I��� !P
 ���V� .
 ���� I�-�� i�V�� �� ��-�� ��� �� H-� 6���� $�K-KZ# �-�fP7.   ���

            ��� �& �� I��@!��� ���G�� � 6����	�
 ����� 6z�� +-"��!� �� �>�#
.�0
 �� �� ^���� �-@-
   ����� -*��# ����� ��� �� �-@� I��@!��-

  !R� � 6���             ��7��0 ��L� v��� �� �-��fP7 � �K��� 6����	
 ��(
 �2��)17.( �Qj�� +-�� �� $�% +-�� �� Ij�� �� .��0 ���� ��-"� 6�7

            +���R ������ ����P# �� .��Q����Q ��P-LR� ]��2 �� 6��Q��� $��R
                 v��� ��� �� [�� � i��Q �� ��� �� i�� ��G� � X!"Q �-�� �	


      ��� I��� u�(!0� ��0 �� �	
 �� .         ��7� �� $�% .��-L, ��0
 ��
                 ����D ��2� I��� ��� � �	
 I�� ���� �P-� �# I�� -# i��100   ���� 

115          �� �2��� I�� ���& �� +��
 �Q�-�� �� {� .��� ��2.  �2��� 
�/�L,       �� i�V�� I��e� i�� �P-� �� $�% 6���2 .   ��->� �7�-Q $�%

    �f��> X�� �� � ���  �� 6��-�& 6�  ��2)2.(   �G�  �����Z� �� 6�7
   $�% �	
 6�� �/. �-��#   �&     �& ���-� �����  ����  )6(.   6�-�� )5 (

              ������ ������ �� �,�H� �� �� $�% 6��-�& �& '(� �)���
 ]��!�
    �� �0
 ��kg/m3 34/0         ���	� ���K� �� �& �"��K� �
 �
 X��HQ 

    ���D o�� �� I�2 X��HQ           ���� �& ����� �-���� I���Q H���& 6�7 .
 � |���               �-�C� .$�% ���-� ����� �& U�VD � 6��-�& $��/� .�	
 �

         �� ���!"���# I��-Q ��� 6��-�& � �,��� ����� ��Ce� � ������� �-P7�
��� $��-��# g��H/� � ��>�� �& E���� t@D.    ������ ��� x-KZ# ���

             � 6���-�& �& '(�� �����
 .�/(� �& .���� �GLP, ���K� �--�#
    �� $�% �& '(� �)���
       �!���� +���, +-LZ# .���� �2�  .�,���

��cd# � 6��-�& 6���� I�2 i�V��.  
  
����	 �	� �  

    �2� �� �G� ���� �2�         ��0
 ��� ������ ������ ���P2 6�7. 

             �7�-Q g2�� � U�n� ��!"�� �� iQ M	0 �P-� 6��7 � �& 6����
  �� �Lo�> �P-�  �2�� .     �K��� ��z�� �Q����� ]��!�350 �L-�   � �!� 

    ��z�� -NC# ]��!�2400 �L-�  ��� !� .70    �Q������ ��A��   6��7
                 ������/ � ��@��� �� �& �K��� � I�� �Pe� 0��� �# I�� �%& �� ���-���

 �� i�V��  ��2)2 .(     6�>� 4�� �� ��  x-KZ#    �� �>�# ��    E����# � ���#
    E���� �� S��H�   �& �-��#       .��2� ���� �� $��@!�     6���-�& ��D�� ��@7 

+��2 :�      4���
 �GC2 6��-�& �D�� �)�0�(      M� .I�J 6��-�& �D�� �� .
               � �-�-�# I��J � 4���
 �GC2 �K-@L# EC�� �� �D�� M� � ���0��� �D�� 

{}�    6��-�& �D�� 7 �� .          � 6��� +�~� ���>�� 6�7-d!� �� �>�# ��  
           � 6���-�& ������ .������& I�-2 .�& EC�� �� �G��H�     ��� ��,���

  ��N!�� $��@!� �,�H� ���2 .        �2�
 �� +CR � ���N!�� S��H� ���P# ��
 ���P� [��     xP, �# T�030 �!���            ������ ��� � ��2 ��2��� 6�!�

            6���
 ���-� � T��0 ���-P-�2 � �G�H-/ $�-A�(0 �--�#)   �A��,
�LA�(  � ��!C�  T�0 ����& . ���P�     S��H�� ^
� 6�7    I�o	�����& ���

 �2 +K!�� .    $�K-KZ# H
� I�o	����& X��HQ xC5  �@A 6����	
  ���&
            i��� .i��� �� 6�!� M�� x�P, �# S��H� T�0 �/�� $�--d# I���Z�

       �!��-�� �� �!L-� i�� � ��212/8 – 6/6    ��G�!G�� �����7 . ds/m 
4/4 – 96/0 �      67�� u�(N� i> 58/1   �!��� � iQ  ^�G�!�

��� .  ���N!�� S��H� ��    �-��� ��-���� �& v��     �� �#9      ^-�2 � �!� 
���5    I���Z� ��9/0 – 2/0  I����� �A��   ��2 6-Q.     ��2� +(�/ �� 

  �@L!N� $�,n5� �,�PV�  �LP> ��  :          ���G� T�� � ����� ���
 ���K�
   .I�2 �!/Q    0 � 6���� �& UVD       I��@!�� �� 6��-�& ���� 7 �� �>�

   S���� ��i�L/1  . �,��� U��K# +��2        �2� �-��� �LD� 4�5 .�2�
 ���� 
)����>���(   S�2 . 5 �  4�    S�2 .�	��� �LD�   4�5 �  .+��G# �LD�

   �2��� Y���#   �	�� ����# xP, �   �� �,�H� 7. I����� �2 6-Q . {�
��   �Q�-�� �G�W����H-/       ����P� ��� .$�% 9      ����� �!� )   O���� ��

     4�5 �� $�% �	
6 !�  (O
   I�2 �    ��#�� ����# X��P2 �P�  .��7
    �2 �--�# $�% ���� �GLP, .   � ��# � -NC#        ]���2 ��/ ��� ������

    �& �����Z� ����(ETc)      X�� �� I��@!�� ��    �-NC# �	#)  ^���
  �	#8/0 (      I��� +R��D �� I��� X�� ����, ��      ���-� ����� ������ 6�7

��          ��-!��� �P�� E>� X�� �� M��H� �V��!� )3(  ���&�� �    ^���
  �	#(Kp)   �   �7�-Q ^���(Kc)     6��e�	-� 4��> ��   I��P�2 ��	�

56  .      6����	
 ��� � ���0 ������)FAO(        ��2� O�L!N� +D�� ��  ��
 �2 �!/Q �� �� $�C��Z�)6 � 8(.  

ETc = �Kc  × Kp ×  E )1                   (                                   
    .�& �� �
E :    �	# �� -NC#)mm/day (  �ETc :     I��-Q ��# � -NC#

)mm/day (��� .   	# ]��# ������ -NC#  ��>�� -NC# �    I�o!"��� �� 
     �@�A 6����	�
 ����2��7 $�K-KZ#      �L�A�/ �� ����&16   6!���L-
 

)�R2 (   I����� .���� �2� �� �2 6-Q .       ���# � �-NC# ��PV# ���K�
������������������������������������������������������������
1- Cut throat Flume  
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           ��2� +(/ 4�5 �� OL!N� S��H� �� I�-Q ��R��(ETa)     ��� ^����!�
 �2 �C��Z� �� ����� �� $�% ���� �GLP,)11(:  

(1-Ya/Yp)=Ky(1- ETa / ETc)                                         )2(  
 .�& �� ��
Yp :  $�% ���GLP, +-"����!�)����!G7 �� ���#( 4����7 �� .

  I����� �GLP, ��#z��          +-"���!� ������� ����N!�� S��H� �� I�2 6-Q
    .�2 �!/Q �� �� $�% �GLP,Ya :  I������ �GLP,    �7 I��2 6�-Q

 �,�H�)�!G7 �� �#� ( �Ky:  ��� 6�-��# 4�(Z� ��!
�/ .  ����G}-

 ����GP7 �)19 ( $�% 4�(Z� ��!
�/(Ky)   � i�Q U-�LR� ��   M	�0

 I����� �� �-�
 ��	
    '��Z�� ]�K/ ����K� �
 ���
 X��HQ � 6-Q3 
         �)�/ ��	� �� I�2 �-A�# ���K� �� 6�A��33  ��2��  .    ��G��� �P��

      ��5� �n-� 6����
 4�� �� ���K� ��� T�0 �!1     � M	0 x5��� �� 
       ���� I�2 I��@!�� M	0 �P-�)25.(    � ����� ��       ��e�	�-� \���� �� 

     ��>�� E���� �� �-KKZ�)8 .11   �25 (  ���K�Ky     ���� $�% 25/1  �� 
  �2 �!/Q ��.      .�Z��� ������ +��2 �
 OL!N� S��H� �� �& $�@L#

            ��� �Q����� � 6��-�& �& $�@L# ��� � -NC# .�KP, %�@�  I��@!�� ��
 �2 �C��Z� UVD �n-� ����� ��)22:(  

L = R + I - ETa - �S                                                 )3(  
    .�& �� �
L :      �2� +(/ 4�5 �� �& $�@L# ���K�(mm) .R :   ����K�

    �2� +(/ 4�5 �� �Q�����(mm).   I :        +(�/ +�
 6��-�& �& ���K�
�2�(mm)   � �S : +��@#       ����> �LD� �� I�-Q \!�� +��R �&  ���

�G�W����H-/ �Q�-�� �LD� ��(mm) ���  .  �/(�� �& +
(TW) 
            ��,�H� �7 �� $�% �2� +(/ 4�5 �� �Q����� � 6��-�& �& S�PV�

��� .       S��H� �& ����
 I���� �C��Z� ��)2WAE(    �& '(� �)���
 .
  I�-Q)3CWP (       6���-�& �& '(� �)���
 �)4WPI+R (     �� I��@!��� ���

�� ]����: 
WAE =100 ×  (ETa + �S) / TW    )9(                            )4(  
CWP =100 ×  Ya/ ETa                  )29(                            )5(  
WPI+R =100 ×  Ya/ (I + R)          )21(                             )6(  

 ����� $�*�     �
 O�L!N� 6��7        s0��2 ��� ���� 6�� ������	
�2 �������.  

 
��� 	 ����   

 ���� ���	 
 ��� ������   
�� x5��� M	0 � �P-� .M	0 �� �e�# ��CP
 .�&  ��GL�  ���CP
 
A��, ���c� +��R �c> .T�0 H-� +��,  ����Z�  I����
  ��2�  I��-Q 
���.      ��
 �� v-ZA I��@!�� )   T�0 ����& 6��C� � ( ���    ��,�� �����#

������������������������������������������������������������
1- BUDGET 
2- Water application efficiency 
3- Crop water productivity 
4- Irrigation water productivity 

 ��
 g��H/�   ��H-� �� �& '(� �)�15 ��� 25   ���2 ��A�� )15 .(�� 
4��> 1. ]��!� ��-� I�-Q �� A��,    �L�A�)7(  +���2 :.$��  @"�/ � 
\�!� � \��� ����& T�0 � ]��!� ���K� ��G� �!/� ]��# �-,��� 
�)��� I�2��� .  

    I����� T�0 ��& I��� ]��!�        �-���� ����N!�� S��H� �� I�2 6-Q
)  !P
 ��& ��
   �A�� U-� ��  (   X�� �� ������	
 �  ����� � �7  ����7

           �� �,�� �� T�0 ��& ���� ��Ce� � T�0 �/�� |nA� �
  Sn5� .���2
 ��!2��� �/�
 .   .S��H� T�0 ����& xC5 ]��!�  ���� �� �W�!-� ���� 

.��-� 483 iQ�L-
 ��  ���!G7  ���     �-o���-� �� '��Z�� 21  ��Q��L-
. 
�-C� ��� S���� ���  ��
  U��-L,  ������ 6��7  O�L!N�  .6���
 

6������ ��� (�, �#   xP,30 �!��� 6!� U
  ��� I��� .  ��� ���-
        6��-�& .�W�!-� ��
 �/� ��7 +���, �� �G� ��� 6��7    ����� ��� 6�

��� �
  �,�� ���	�& � ���� �& �� ��z �-��� 6�7      ��� T��0 #�&-
6�7 ��-����  ��� I�2. ]��!�  ����K�  �W��!-� ��
 �I��  I��2  ��� 

.S��H� 20 iQ�L-
 !P
 ��   ���K�]��!� ��-�    I��-Q )462  iQ��L-
 �� 
��!G7(   �    ���D �-o��-� �� '�Z�� �� 96    ���� iQ��L-
.  ]-"�K#  ���
 

�W�!-� �P� �-��# ��-� .I�-Q ������#  $��@L#  ���
 ��  g7��
   ��7�
)10.(  

 ��
 ��� $�@"/  +�}�#  �����  ]���!�  ����D 20  iQ��L-
 �� 
G7��!    �� !	-�   ���� ��
��-� I��@!�� I�2 ���. �!G� ��-"�   �
 �Pe�

     .�2 sN	� S��H� T�0 ����& �� K/ \�!� ��  S��H� T�0  ���N!��
  ���       ����� �K��� �� �2�� �& �� �	N� �
     ���cd# ^������� 6��7 6�

     S���� ��� �7�2 .��� I��� ������	
 I��@!�� ����  ]���!�  ����D 
139 iQ�L-
 �� G7��! !P
 ��     ���� ��
 ��-�  $�@����  U-���!�  ���� .

      �
 ��� ���D �� �������
  ����K�  ̂ ����!�  .U-���!�  ��,��  ���Ce� 
�)���
 �W�!-� I�2 � �GLP, $�% �� g��H/� ���7� )14 .(  
  

�� ����  
   4��> ��2       ���N!�� S��H� T�0 ���5� �n-� ��    �����> +�D�� -

  ����#     �	�� ����# xP, �� �2���        ���� I��2 ��)��� I�-Q  .  ]���!�
�& ����
 I����(WAE)   ��� ^-## �� i�� � 4�� 4�� ��38 � 40 

  �A�� �2 �C��Z� .     �/(�� �& +
 �C��Z� [��!�(TW)    �& +���2 
               $�% ���& ���-� .T��0 ����5� $��--d# � �Q����� .6��-�&(ETc)  � 

      $�% ��R�� ��# � -NC#(ETa)    4��> �� 2 I��2 �)���  ���� . ��� X�� 
       $�% ��& ��-� ]��!� -NC# �	#      .i�� � 4�� 4�� ���  �   ^�-##664 

  �714 �L-�   �2 �C��Z� !� .    �� ]��!� ���N!�� S��H� ��   �C"� ����
ETa/ETc   ��� 68/0            ���� �� �& �����
 I���� ]��!� �� �>�# �� ��� 

     �
 ��� sN	� S��H��L,          ���-� .�& ��D �� g-� I��@!�� U�� ���& 
 -��# I�-Q  ��� I�	� �.         $�% ���R�� ��# � -NC# $��@#(ETa)    +�
 � 

   �/(� �&(TW)  I��7� ��	�   � �& $�@L#   �   .�>�0 ������ $��A
��� �Q����� � 6��-�& �& $�@L# o�� � �KP, %�@� .  
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 �	��1- 
��� ��� !"��� )���#�$� 
� (%���	&� !"�' ��* ���� ��� +���� 	  

�"  %���, ."� +� ���/0  ��	&� !"�' ��* ���� 

��	� 
 

kg/ha 

 6789 +;�" 
<=�+' 

 kg/ha 

 67>�" 

?�"�; 
 kg/ha 

��	� 
 

kg/ha 

 6789 +;�" 
<=�+' 

 kg/ha 

 67>�" 

?�"�; 
 kg/ha   

@�A��� 

 B�+���
 ��

@�A��� 

@�A��� 

 B�+���
 ��

@�A��� 

@�A��� 

 B�+���
 ��

@�A��� 

@�A��� 

 B�+���
 ��

@�A��� 

���@�A  

 B�+���
 ��

@�A��� 

@�A��� 

 B�+���
 ��

@�A��� 
1385 480�23�161�39�229�53�476�113�160�47�83�22�
1386 487�18�161�48�246�48�448�78�200�45�110�50�

�-o��-� 483�21�161�44�237�50�462�96�180�46�97�36�
  

    �& $�@L# ]��!�(L)    � i�� � 4�� 4�� �� OL!N� S��H�  � ^-##
812   � 1024 �L-�     I����� v�� �D�� �� !� �2 6-Q.    ��� ����  ����

�2�� �!2�� U-K!"� ����� �& $�@L# �� 6��-�& $��/� g��H/� �
. 
      �>�0 ������ �P"R p��0 ]��!�(dro) I�����      �� I��2 6-Q

            ��
 ���� ���� I��7� ��	� �#�C��Z� $�@L# +
39     .$��@L# ��A�� 
     S��H� �� �>�0 ������ �� �2��           �o�� � �-NC# .��KP, %�@� � ��� 

 Ue� �Q����� � 6��-�& $�@L# E����61��!2�� 6�A�� .  
  

������ 
 �������� ����   
 4��> ��2      I��� � �	�
 Y����#           S��H�� 6���-�& ��� ����� 6��7

���N!��.  I�2 �)��� ��� .   4�� ��85    �/(�� �& ]��!� �� ��!G7 7 �� 
12288     ���� �GLP, .^�G�!� 3978 -
       �& '(�� �)���
 � iQ�L

      � I�-Q �& '(� �)���
 � 6��-�&  �  .^-##34/0   � 90/0   �� iQ��L-


          4��� �� � ���& ����� ^�G�!�86           �& ]���!� ��� ���!G7 �7 �� 
  �/(�15770     ����� ��GLP, .^��G�!� 5609  iQ��L-
 �  �)����
 

        � I�-Q �& '(� �)���
 � 6��-�& �& '(�  �   .^�-##42/0   � 13/1 
Q�L-
    ��& ���� ^�G�!� �� i .         �� ��#�� U
��# ��� �GLP, $�--d#

   �� ��	� v�� �D��   �GLP, ��#z�� �
 �7�   �� �7�	
 U
�!� 6�7 
 ��� I�	� +A�D) +G22 .( [���!� x����      g��H�/� ��� I���& �����

   �#�� U
�#   g-� ��   ���D ��75000 �� �#�� ��!G7  $�% ����� �GLP, .
�� g7�
����.   
  +G23   $�--d#) ���� �� (        I��-Q �/(� �& �� $�% ���� �GLP,

(ETa)   �� ��	� �� �7� . �� ��Dn� �
 ��2       $�% ����� ��-	�-� ���K� 
      ���D I�-Q �/(� �& ��700 �L-� !�        �!P
 ��K� � ��� I�2 �-��#

 �
 ��� ��� �-C� ���K� ��� ����� I��� �>��� �!��5� g�# �� I�-Q.  

  

y = -2.9x2 + 453.8x - 10990.3
    1385 �����     R2 = 0.52

y = -1.3x2 + 198.6x - 303.2
 1386 �����    R2 = 0.64
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 <�*2 -6�+��C'  ���� �+��DE �#�F��� G��H� IJ" �K�	 �� �'�� ?��+'   
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 �	��2 – 	 L&� 6EMN�  ���� ��* �O"�� /0 P, %M��)#���+��( #�F��� G��H� �� 

IWP CWP WAE dro/L L TW �s R ETa ETc 6Q9� 

���, 

�+��DE 
���� 

P, 
#�	+0 

P, 

�	�	 

R��' 
L&� 

��D* 
�E�H� 

33/0  03/1  34  17/0  1387  2114  65� 45  662� 662  11  6836  238  2069  9/5/85 � 1�
37/0  94/0 42  49/0  860  1474  52  45  561  688  10  5268  420  1429  6/5/85 � 2�
21/0  90/0  26  27/0  1629  2189  66  45  494  688  11  4425  437  2144  6/5/85 � 3�
28/0  86/0  35  00/0  944  1460  51  45  464  695  11  3990  0  1415  5/5/85 � 4�
38/0  92/0  44  16/0  606  1075  45  48  423  645  10  3899  99  1027  11/5/85 � 5�
61/0  17/1  55  29/0  452  993  51  63  490  562  9  5748  132  930  21/5/85 � 6�
19/0  74/0  28  12/0  844  1176  48  49  284  637  10  2096  98  1127  12/5/85 � 7�
35/0  86/0  43  36/0  617  1076  45  47  414  671  14  3573  219  1029  8/5/85 � 8�
28/0  02/1  31  43/0  790  1152  55  63  307  543  12  3124  336  1089  28/5/85 � 9�
34/0  89/0  40  33/0  1070  1788  46  21  672  748  15  5967  351  1767  29/4/85 � 10�
33/0  04/1  34  00/0  610  930  30  23  290  525  6  3013  0  907  22/5/85 � 11�
18/0  71/0  29  26/0  1137  1594  63  63  394  748  12  2791  290  1531  29/4/85 � 12�
30/0  83/0  39  00/0  612  1002  46  51  344  645  8  2854  0  951  11/5/85 � 13�
29/0  75/0  40  73/0  696  1160  35  23  430  746  13  3211  511  1137  31/4/85 � 14�
40/0  91/0  46  73/0  546  1018  44  47  428  655  10  3883  398  971  10/5/85 � 15�
51/0  05/1  51  83/0  584  1189  49 50  556  628  11  5863  484  1139  13/5/85 � 16�
52/0  88/0  60  69/0  395  993  38  37  560  720  13  4936  274  956  2/5/85 � 17�
33/0  69/0  50  54/0  400  802  25  17  378  750  13  2596  216  785  24/4/85 � 18�
25/0  89/0  30  31/0  1193  1708  56  45  458  679  11  4057  367  1663  7/5/85 � 19�
39/0  91/0  45  26/0  654  1193  46  45  493 679  9  4495  167  1148  12/5/85 � 20�
26/0  92/0  31  12/0  1017  1480  54  49  409  637  8  3774  122  1431  7/5/85 � 21�
41/0  03/1  42  38/0  672  1153  35  0  446  748  11  4608  256  1153  28/4/86 � 1�
38/0  00/1  40  30/0  843  1404  42  0  519  800  12  5211  254  1404  20/4/86 � 2�
43/0  03/1  44  35/0  769  1363  41  0  553  800  12  5705  273  1363  20/4/86 � 3�
49/0  13/1  45  34/0  670  1212  36  0  506  730  12  5716  226  1212  29/4/86 � 4�
55/0  29/1  45  28/0  613  1105  33  0  459  648  10  5899  174  1105  9/5/86 � 5�
53/0  31/1  42  40/0  506  873  26  0  341  583  10  4465  204  873  18/5/86 � 6�
17/0  90/0  21  62/0  1380  1754  53  0  322  717  17  2893  859  1754  1/5/86 � 7�
22/0  97/0  25  65/0  1211  1617  49  0  358  717  17  3479  792  1617  1/5/86 � 8�
38/0  22/1  34  75/0  1359  2044  61  0  624  730  17  7594  1018  2044  30/4/86 � 9�
22/0  15/1  21  62/0  2175  2746  62  0 509  723  10  5854  1346  2746  31/4/86 � 10�
19/0  93/0  22  63/0  1938  2490  55  0 497  830  10  4641  1220  2490  16/4/86 � 11�
29/0  08/1  28  69/0  1792  2490  53  0 645  807  10  6965  1232  2490  19/4/86 � 12�
43/0  23/1  36  25/0  1167  1838  45  0 626  723  11  7726 286  1838  31/4/86 � 13�
48/0  30/1  38  4/0  1239  2006  50  0 717  717  11  9295  542  2006  1/5/86 � 14�
30/0  98/0  33  59/0  800  1189  36  0 353  709  12  3464  476  1189  2/5/86 � 15�
24/0  12/1  24  33/0  1562  2058  62  0 434  702  12  4858  518  2058  3/5/86 � 16�
16/0  94/0  20  71/0  1109  1385  42  0 234  603  10  2189  784  1385  15/5/86 � 17�
71/0  29/1  56  24/0  479  1098  33  0 586  688  10  7584  113  1098  5/5/86 � 18�
71/0  31/1  55  21/0  504  1126  34  0 588  680  10  7721  104  1126  6/5/86 � 19�
09/1  37/1  80  00/0  122  600  18  0 460  618  10  6321  0 600  13/5/86 � 20�

  
      �& '(� �)���
 $�--d# ���� 6��-�&    �� $�% ����� ��GLP, ���

  +G24  �� ��	� .          ���� $�--d# ]��!� �2� M� \�-K� �� �
 �7�
            ��� ��-�C# �� �>�� ��Z�� M� �� ���� �GLP, �� s0�2     ��� � ���


          ��� $��@!� 6���K� �,�H� M� \�-K� �� �� ��� ��0 ����� . �!C��
   �o!"CP7 ^��33    �� �� �2�� ����        S��H�� $���@!� ]���2 � ��7

        ��� 4�� �� $��@!� 6��7 � �& � ���N!�� .       ���Z�� ���� p�� ���K�
����������� ������#  U-���# �� �� 6����	��
 g��N� ������� � ��H����

   �2� v�� �� 6�7�C7��   ���D �� 6����	
 6�7   �7� 6��� H��& �7. 
   +G2 ��5      ���K� �� 6���C, ]�0 ��� ���Z�� ���0� +Z� . ��--d#  $

           & x�P, +
 �� �C"� 6��-�& $�@L# � �& '(� �)���
    I��2 I��� �
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 �,�H� ��. ��       6��-�& ����� M� $�(N	� ����#�f��>6�   �� ��-e� 
                   6���-�& �& '(�� �)����
 �& �� ��
 ��7� ��)��� �� ���>�� ]��2

kg/m3 51/0    '(� �� 9700          +���R 6���-�& �& ���!G7 �� ^�G�!� 
     � o�� $��C, �� ��� 4�(D   �f��> 6��-�& X�� �  �� $�% 6� ���#

      I���� +
 ]��!� 4�P,� �� �& ����
   ���D .52�A��    �)����
 ]��!� 
 �� 6��-�& �& '(�34 �A�� )]��!� �� kg/m338/0 I������   6�-Q

 �� I�2kg/m3 51/0 ( ��� h�K#��.  
     ����� �� I��@!�� ��6       I����Z� �� $�% �& '(� �)���
 kg/m3 

37/1 – 69/0  !� �           ���� g����& 6�>� 4�� �� �� s0�2 ��� ]��
01/1               ���& ����� I��-Q �/(� �& ^�G� !� M� 6��� �� iQ�L-
 

)  4��>2 (     O�L!N� �-KKZ� ]��# I�2 X��HQ ���K� I���Z� �� �

��� )16  .20   � 29( .   +G2 ��6  �� ��Dn�     ��
 ��2    '(�� �)����


         I�-Q ��& ��-� �-��# �C"� �� I�-Q �&ETa/ETc  �� g��H/�    �� � �����

    .���N!�� S��H� I���Z�         U��n� I�-Q �& '(� �)���
 E��# ]0 ^-2
             6���-�& ����� �� U�n� ��& g�# 4�P,� ��G�� I��7� ��	� �
 ���

��� $�%.  
           I��-Q �& '(� �)���
 .�& '(� �)���
 .���� �GLP, ]��!�

            '�Z�� xL�� ��R �� �& �-��# OL!N� E���� �& $�@L# �   �-o���-� ��
     4��> �� .���N!�� S��H�3  I�2 �)��� ���.  �� ��Dn�   ��!	-� �
 ��2

  �&  6��-�&            I��P7 ��� 6��-�& �GC2 �& �-��# �D�� �� ���� �/(�
  I�J���. ��  �
 ���D        ������� ��GLP, ��!	-� )     �-o���-� �� '��Z��
425   ��!G7 �� iQ�L-
  (         ���� ����0��� �& �-���# �D�� �� ���� .� �
����  �� ���    �
 ���    �����/ ]��2 �� ������	
 O-�� �����  ��� 

 ���GLP, g7���
 � �& $���@L# g��H��/� ���,�� �& �!��2�� ����-!0� ��
 4�(Z���� I�2.  

  

y = -0.000024x2 + 0.04x - 7.0
R2 = 0.80
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 <�*3 - ��S #9+T� P, � 6�U ���� �+��DE 6�+��C' (ETa) #�F��� G��H� ��  

 

y = -0.01x2 + 0.14x - 0.08
R2 = 0.33
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 <�*4 - 6�+��C'�� �+��DE � P, B+T� #V��� #�F��� G��H� �� 6�U ��  
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y = -0.31x3 + 1.75x2 - 3.25x + 2.28
R2 = 0.46

y = 0.88x - 0.35
R2 = 0.95
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 <�*5-��* ��7�"� P, WDE <� �� LO8� P, B+T� #V��� 	 
���, P, 67�' 6�+��C'   

  
 �	��3 - ���� �+��DE !"��� (Ya) P, B+T� #V��� X(WPI+R) ��S P, B+T� #V��� X(CWP) P, 67�' 	 (L) ��Y � P, @��' Z��F� [�\� 

H� @�A��� �� B�+��� W�J�]���, 
�+�� �>" 	� #�F��� G�� 

L 
(mm) 

CWP 
(kg/m3) 

WPI+R 
(kg/m3) 

Ya 
(Kg/ha) 

 ���Q'
G��H� 
 

P, [O\� 
 

 �� B�+���
@�A��� 

@�A��� 
 �� B�+���

@�A��� 
@�A��� 

 �� B�+���
@�A��� 

@�A��� 
 �� B�+���

@�A��� 
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Abstract 
This study was conducted to assess yield, water consumption, and water productivity of maize and the factors 

affecting it under farmers’ management conditions at the Karkheh River Basin, Iran, during 2006 and 2007 
growing seasons. The studied farms were in Evan Plain that is located in the northern part of the lands 
downstream of the Karkheh River Dam, where summer maize is planted in 75 cm spaced rows and irrigated by 
furrows. During the two years of the research and considering the prevailing diversity of the sources of irrigation 
water (Based on the ratio), seven irrigated field units were selected as follows: two units using groundwater 
(wells), three units receiving surface water from irrigation network, one unit taking water directly from the river, 
and one unit using network and well water. In each irrigation unit, three farms were chosen with regard to 
irrigation and farming management. In the field trials, some physical and chemical properties of the soil, soil test 
for nutrition (NPK) availability, the volume of inflow applied to the field by the farmer and runoff water in each 
irrigation, and total crop yield was measured and maize evapotranspiration was calculated. Then, the irrigation 
and rain water productivity (WPI+R), water application efficiency (WAE), and maize crop water productivity 
(CWP) was determined for each field. Based on the two years results, the average yield of maize kernel, WPI+R , 
WAE, and CWP values were, 4844 kg/ha, 0.38 kg/m3, 38.6,%, and 1.01 kg/m3, respectively. The results and 
observations made during this study indicated that the most important reasons for low water productivity were 
inadequate knowledge of farmers in irrigation, plant nutrient deficiencies, and improper crop management 
practices. 
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������������������������������������������������������������
1- Lecture, Agricultural Engineering Research Department,  Safiabad Agricultural Research Center, Dezful, Iran 
(*- Corresponding Author Email: man_moayeri@yahoo.com) 
2-Assistant Professor of Soil Science Department, Science and Research Branch, Islamic Azad University, Tehran 
3- Professor, Soil and Water Research Institute, Karaj 
4,5- Associate Professor, Agricultural Engineering Research Institute, AERI, Karaj 

www.SID.ir

www.SID.ir

