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�	��2-��&�3 �(�*� =/ �%���� ��/ >;�� 
��  
��&�3��/ 
��  

�(�*� =/  W60%W80%  W100%W120%�;?@  

 xg�N )�+ ���(  370  494  560  686  716  
  

	
��� ����� � 	
���  
                ��`�F� DFI� ��F�� ��F���! 7�UF>� � �����! %� ��� K�R� Z��+�

 �	 ��#�    � ����+5� ��� ��� � #/�) . 4�#>3  o��F���� %�U1� Z��+� 
 K�RF� �� �����! 7�U>� � �����! �F #F�� .   �#��RF %F� ��@��F�� 

�             ���� �����! 7�U>� � �����! �) �	 � ��� t�+W ����� �`� ��/
   ?@5 ��1 #-��  �$^  � ���#/�) .        �F) �	 � ��� *)��+ �`� [�$=��

#�� ���- 2� y� ����2��$^ �#/ 7�����S� ���.  
                �� ��F�� ��F���! 7�UF>� � ��F���! [�]��F� %HF��� ��|$ %)

      [�]��� %H��� "t�+W 7��� � �)	 '�@5        K�F2	 2� ����+F5� �F) ��
    ?@5 �� [����5 #-��    DF,�� ���- .    4�#F> 4     [�]��F� %HF��� 

  K�RF� 7��F�)	 t�+W '�@5 �� �����! 7�U>� � �����! �F #F�� .
��+�            �F)	 ?@5 �� �����! [��+R�) %� D5� K	 �]���) Z100  #F-��  

          7��F�)	 ?@5 ���� �+R�) �� � �#	 D5#)80  #F-��       2� �F+�)  120 
#-��   D5� ���� *�!  .         7��F�)	 '�@F5 [�) �]�� 
�( 2�100   � 80 
#-��  �$^ 
_+N�   D/�#� ��>� 7��� .      "�#	 D5� %) Z��+� }�5� �)

     5 "DR� ��2 ?@5 ���U,� 7��)   �)	 ?@100 #-��      ?@F5 K��$! %) 
        %�-�� %��� �\��#O #�g�� 7��) %$��) �)	� ��F/ .     �F���N � �g	#F�O�

)1 (   %��� ��c �����! U��       �F)	 7�F������ �� 7�100"75   � 50  #F-�� 
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      h���� %) �� �)	 2���2/12  "6/7   � 2/6        4�F5 �� ��+�� �� [� 1382  � 
9/15 "0/14 � 4/11 4�5 �� ��+�� ��  [� 1383����	 D5#) #��.  

           �� ��F���! 7�U>� � �����! [�]��� %H��� ��|$ %) [�$=��
    [�]��� %H��� 7��� t�+W '�@5         ?@F5 �� [F���� K�2	 �) ��5 

#-��    D,�� ���- )4�#>5 .(  � K�R� Z��+�      7��F� ?@F5 %� #��
100#-�� � ?@5 [�� [�) %� �g�O �� ���) �����! [���l�) 7���� 

  ?@580 � #-�    �$^ 
_+N� 7��� 2���   ���#� ��>� 7��� .  {��1 ��
   7��� ?@5100 #-�� ) N1 (      7��F�)	 ?@F5 �100  #F-�� ) W2 ( ��

�                    [F�� V���F/ �� �#F	 DF5#) '�@F5 [��F+�)  K��F$! %F) K��F�
 J��I�D,�� �|� ��.  

  4�#>)6 (     �2�#F�� ���- [�]��� %H��� Z��+�      [�F) �#F/ 7�F��
   � � 7���)	��� 7�������          ?@F5 �� �I@F5 �FW& ��F��5  #F-��    �F) 

  �� [���� K�2	  � K�R� #��.     �F K�RF� Z��+�     ����� %F� #F��  7�F�
7��FF�)	��� W2N1 "W3N1 ��FF���!7�+RFF�)  
_+FFN� [�FF$=�� � 

�$^7���   �)    �I@5 �W& ����� #F���� .        DHF�2 ��F���! ��FIg 2� �
 ���FF�UFF����FF��� 7�FF�7��FF�)	��� W2N1 "W3N1�  W2N2  7����

_+N� �$^ 
  ����� �) 7���   � �I@5 �W& /�)#$.    �|� 2� {�F����  �F� 
4_)
_+N� $^�7��� � )�[ �������7 W3N1 "  W2N1     �F)  �� ��F� 

�W& I@5�    #���� �#��R.    [�$=��       
_+FN� %F��) {����� �|� 2� 
�FF$^ 7��� [�FF) �FF 7�FF������ W1N1 "W2N1 "W3N1 "W1N2 "
W2N2   �)    �I@5 �W& ������#�� #/  .        ��F��� �F�$� %G�5 �@G �|� 2�
W2N1  �$^ 
_+N� 7���    ����� �)    �I@5 �W&  ��� K�RF� .   �F|� 2�

 �FF$^ 
_+FFN� UFF�� w�FF) ��#F^�7�����FF��� 2� 0�#FF�=�� [�FF)  7�FF�
7���)	���   �)   �����   �I@5 �W&  D5� �#���]� �#��R .    4�FO �� %)

             �I@F5 ��� %) ��� �W& t�+W 7������� %H��� %) %>�� �)  �F)
                 ��F���! 7�UF>� � ��F���! "�+RF�) �,��F ��F� � �	 ��#� ��Ig

      #���� *-�O 7���)	��� ��� %) DSH� 7�+�� .    �� ���U,� [�� D�!
   � �� 7���)	��� 7�������          ���F �,�F� ��#� [+/�� ���+N� �� %) K���

        #/� *�, 4�( �� h5�$ %���� �) ��(� 3�N �� �� 4��I ���ed
 ��� DSH� .  [�$=��           K���F��� � ��F) V5�� Z��+� [�� �) %)�R Z��+�

)6 (��@G 7���)	 �) 7���)	��� 7�� �)#	 D5#) 7�.  

  
 �	��3-���&" 
�#�� 	 ���&" B.�%��	 �%#C3   

)����D3 E��?� ����

��F/  

���&"  
)Th-`(

 +G%F ���&"
���3)Th-`(

�H� �3 I�J3��  
)cm(  

�3�� I�J3��  
)cm(  

�K�@ �!K  
)cm(  ���3L�� �  

�	  3  **3/144  2/154 ** 4/404  ** 2/4525  ** 31/0  21/1
���  3  **1/531  3/581 ** ** 6/7378  ** 4/2796  ** 56/1  ** 89/4  

 �	 ×���  9  1/107  6/154  6/627  9/789  24/0  76/0  
�@N  45  9/517  2/563  7/3757  5/5206  64/0  32/9  
* " **�$^ h���� %)?@5 �� K��) ���4��+O�  1 % �5%  

  
 �	��4- N�O.��� �G%���  =/ �P� �Q�
����/ >;�� R�!@ �� ���&" 
�#�� 	 ���&" ��   

��/ R�!@  ���&"  
)Th-`(

���3 +G%F ���&"  
)Th-`(  

�H� �3 I�J3��
)cm(  

�3�� I�J3��  
)cm(  

�K�@ �!K  
)cm(  L�� ����3  

W1=120%ETC9/33ab65/14 abab 8/93  ab 9/190  b 6/1  a 5/12  
W2=100%ETC  11/23a45/16 aa 2/97  a 0/199  a 7/1  ab 4/12  
W3=80%ETC  11/11a12/16 aab 5/91  bc 6/178  b 99/0  ab 2/12  
W4=60%ETC  7/85b75/13 bb 8/89  c 9/172  b 1/1  c 0/12  

       *[�]��� �$^ 
_+N� �]��R� %)�R ��d 
��O �) 7��[�]��� ���?@5 �� ��4��+O�  5 �) #-�� � [���� K�2	#/�).  
  

�	��5- N�O.��� �G%������ �P� �Q�  R�!@ ��  >;�� ��	� ��� ���&" 
�#�� 	 ���&" ��   


��� R�!@  ���&"  
)Th-`(

 +G%F ���&"
���3)Th-`(  

�H� �3 I�J3��
(cm)  

�3�� I�J3��  
(cm)  

�K�@ �!K  
 (cm)  

L�� ����3  

100 %7��� %�-��)N1(  a 7/14  96/19 aa 7/121  a 5/218  a 19/2  a 1/13  
80 %7��� %�-��)N2(  ab 3/13  20/18 abab1/116  b 8/209  b89/1  a 9/12  
60 %7��� %�-��)N3(  b 3/11  42/16 bb0/111  c4/196  b 83/1  a 8/12  

��� K�#))N4(  c 9/6  93/11 cc0/93  d 6/176  c 62/1  b 1/11  
 *   [�]����$^ 
_+N� �]��R� %)�R ��d 
��O �) 7��[�]��� ���?@5 �� ��4��+O�  5� [���� K�2	 �) #-�� #/�).  
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�	��6-�G%���N�O.���
����&�3
����/���	�8!@ U�V  

����&�3���&"  
)Th-`(  ���3 +G%F ���&")Th-` (�H� �3 I�J3��  

(cm)  
�3�� I�J3��  

(cm)  
�@ �!K�K  
 (cm)  

L�� ����3  

W1N1bcde 47/9  16/25abcdab 6/116  ab 4/219  b 17/2  ab 37/12  
W2N1  a 53/1488/18 aa 3/120a 7/223a 36/2a47/12  
W3N1  ab 37/12abc43/16a 7/122ab4/221ab 29/2abc01/12
W4N1  cdef 07/7bcdef91/13abc 4/115abc 7/213bcd 03/2abcd 88/11
W1N2abcd 33/10cdefg25/12ab 7/118ab 5/218bcd 04/2ab 34/12
W2N2  abc 54/11ab26/17abc 7/117a 1/222  bc 05/2a 45/12
W3N2  ef 31/6abcde 52/15c10/106bcd 06/200de 97/1ab 21/12
W4N2  def 67/6bcdef14/14abc 2/110cde 01/200cd 00/2abc 03/12
W1N3fg 37/5  bcdef01/13c 6/105abc 15/211ef 95/1abc 17/12
W2N3  bcde 43/9bcdef21/14abc 4/117abc 5/213bcd 09/2  abc 01/12
W3N3  bcde 17/9abcde43/15c 6/105def 4/194de 97/1abc 13/12
W4N3  cde 13/7fg02/11d 3/103ef 7/186f 82/1bcd 99/11
W1N4fg 42/5efg 82/11e 2/90fg 3/181g 73/1bcd 01/12
W2N4  g54/3fg57/11ed 3/99fg 3/180f 84/1e 63/11  
W3N4  g65/2bcdef03/13e 6/89f 1/184g 8/1cd 83/11
W4N4  g39/2g29/8e 5/89g 6/169g 78/1d 74/11

�I@5 �/�&���  cde15/7defg06/12bcd 1/107cd 02/200bcd 14/2abc 44/12
* [�]����$^ 
_+N� �]��R� %)�R ��d 
��O �) 7��[�]��� ���?@5 �� ��4��+O�  5 K�2	 �) #-�� [���� �#/�).  

  
�� � 	�� �
�� ������  

   4�#> ��7        D5� �#/ %���� ��� � �	 
�� ��	���  .  K�R� Z��+�
�              ��F��� %F) a�F)� �	 
�� ��	��� [��+R�) %� %� #��W2N1 
�       ��F��� � ��F��� [F�� [�F) �F %F� �g�O �� "#/�) W3N1  
_+FN�

�$^   D5� �#R� �#��R 7���.      ��F� 
�� ������ [����l�) [�$=��
  ����� %) a�)� U��W2N3�#/�) .   �F K�RF� Z��F+� {��1 ��   #F��
  ��� 
�� ��	��� �����    7��F�)	���W2N3 )112  #F-�� (    ��	��F� � 

  ����� �	 
�� )	���  7���W2N1) 162#-�� (     ��l�F) �+$5 ����� 2�
 D5� ���) .             �F) �	 � ��F� ����� �� 7����� *�g#) 7���)	��� ��� ��

         �F ���U,� �� ����� �� �� 
�� ������ �]�#�� #F��.     ���UF,� �F) 
           DF,�� ���F� ��F� 
��F ������ "�,�� ��� ��#�.     [F�� Z��F+� 

      � �|!�� Z��+� %)�R J��I������) 4 ( )	 ��     %� ��) ��c �����) 7���
               7��F� ?@F5 %F) �� ��F� 
��F ������ K�U� [���l�)25   #F-�� 

)   �,�� ��� *� ��#�kg400( #���� DSH� .  ?@F5 [�� [�) [�$=��
    7��� ?@5 �50      �F$^ 
_+FN� #F-��     #F���]� �#��RF 7��� .  �F)

        D,�� ���� ��� 
�� ������ "�,�� ��� ��#� ���U,� . ��]$�
  ! ��S�� %�    �� ���� �� ���ed �-�$ �      ��� 
�� �)��) �� ���� "#��

   � K�R� DS\ �$���#�� .   #O�� �� �$��� [��      
��F %F�g�� 7�F�
  D5� �+R�) ��� .           ���UF,�  �F)��) �� K	 �5�& "���� 2��� �1��#� k,� �)

     �F �+�� ��� 
�� ��#� ��F/ .           %F�g�� ����F� �� DF�! [�F�� %F)
    ��! "�-�$! �e> K�U� 
��         ��F� 
��F ������ %1�+� �� � ���

 � �+R�)                ��F�� ��F���! ��F�  ��#F� ���U,� �) �]�� 
�( 2� � #/�)
                DF5� �#F���� �+RF�) U�� �	 
�� ������ K	 kS� %) %� %+,� ��l�)

)4.(  
  

��� �	 ��
��� �!� "�#� �� $%�& '����  
       J�! 2� ���+�� ���! c��� �5��)80 �+��5      3�FN 7�F+)  c�F��

%R��(       �`�F+ c�F�� ��#� %� ��� K�R� 7���)	��� t�+W 7������� �� 
        D5� ���) ��� � �	 ��+��, �� �� 2�"       %F+,�� c��� ���! ���+�� K�U� 

  {��1 �� 3�N ��4    %F�O� "3�FN %F���� D/���) %�O� 7  "�F��) 
  ��#�� "��� %G�5�  DF5� �#���� *-�O D/���)  .   Y�HF�� 2� o~F5

   %+,�� c��� ���+�� K�U�              �F� 7��F) �,��F ��F� K�UF� %) J�! �� 
�����"             #F���� %SF5�I ��F��� �F� 7��) ���+�� ���! c��� #-��  . ��

    7��� ?@5 7�������100  #F-��) N1(      "7��F�)	 ?@F5 ���F� �F) "
          DF,�� ���F� D!�5 %) U�� ���+�� ���! c��� ��#� )   4�#F>8 .( ��

����� W1N1       ��#O K�U� %) ���! c��� ��#� �\��#O 10  #-�� E����
       ����� �� c��� ��#� "7���)	 �	 ���� �) � ��+,�W4N1#�5� ��- %)  .

   ����� ��W1N1   � W2N1"           �#F$$� K��F]� "���F+�� �F��! c��� ��#� 
             c�F�� ���F� DF�> �� 7��F�)	 h5�$ D���# 4��!� �) #��) � D5�

               V�HF�� ��#F^� �� ��� K��) ��� %) �� � %R�� %�O�� [���& �	 ���!-
7����� ���� �� ���+�� ���! c��� "�+R�) .  
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 �	��7-��&�3 �� =/ 	 ��� X�*� �%/����8!@ U�V 	 
����/��� 
��  

��&�3  ���&")1-Tha(   ��� X�*� �%/���FUE (kg/kg) =/ X�*� �%/���(kg/m3) WUE

W1 N1
bcde 47/9  67/23 g38/1 f

W2N1
a 53/1432/36 b6/2 a

W3N1
ab 37/1292/30 e5/2 a

W4N1
cdef 07/767/17 k9/1 c

W1N2
abcd 33/1052/31 de5/1

W2N2
abc 54/1121/35 c06/2 b

W3N2
ef 31/625/19 j2/1 f 

W4N2
def 67/635/20 i8/1 cd 

W1N3
fg 37/5  84/21 h78/0 h 

W2N3
bcde 43/938a6/1 de

W3N3
bcde 17/931/37 abcd8/1  

W4N3
cde 13/701/29 f9/1 c

W1N4
fg 42/5-61/0 i

W2N4
g54/3-63/0 i 

W3N4
g65/2-53/0 i

W4N4
g39/2-64/0 i 

�+$5 �����cde15/788/17 k99/0 g

*[�]����$^ 
_+N� �]��R� %)�R ��d 
��O �) 7��[�]��� ���?@5 �� �� 4��+O� 5� [���� K�2	 �) #-�� #/�).  
  

   ����� ��W3N1  ! c��� ��#� "     7�F������ %F) DSHF� ���F+�� ���
W2N1   � W1N1         %F) � ��� �#�& ���� D!�5 %)4/0  #F-��  #�F5�  .

       7��� ?@5 �� ���+�� ���! c���80 #-��        �F)	 ����� �� V�, "120 
#-��) W1N1 (   ��#� %)2/0 #-����+,� E����  .   2� ��#F� [F�� #$6 ��

����� �)��) �� �� ���+�� c��� W1N1� "D5� U�6�� ���H) � �   �F) K��F�
  J�G� D���# c�W��            #��F5� ��F- %) �� K	 "��� 2� ����+5� � 7���)	 �� .

                "#F+,� E�F��� �^�F5� }��� �� c��� ��#� [�� ��� D5� ��c %) 02l
     �	 ����g	 7��) 7#�#�� D5� [��      ��� 7�� �#� � �$�2��2 7��

#/�) .    7��� 7������� ��60 #-��     ��+�� ���! ����� %��]=�� "  2� �
  J�!80 �+��5    ��+��� E���� 3�N 7�+ .     ���F+�� ���! ����� %H���

            ��#O ����� ��#� %� ��� K�R� 7���)	��� 7������� �) �+$5 ����� ��
25 #-��    �$^ ��( %) �    D5� ���) �+R�) 7��� .    ���! c��� ��#� [��

  ��F��� �� �F��! c��� �)��) �� 2� ��) "���+��  W1N1 ��F) .  ��F��� ��
      ���F- %F) � #F/� 2� *FSG %�O� �� 2��� ��� ��� 2� ���� %� �+$5

  � 3�N ���� yRN%�O� �� ��� 2� ������, ��#� "��/ �� #/� 2� 7�
  ���G ���� ���+N�   �����      DH�� K	 %) 7���2 2��� %� ��/�     %F� 7��F( 

  �F 
�(�) ���� %�g�� 2��� "#/�) �g	 ��� 2� �$d 3�N ��� �+O ��F/ .
)�$)                   0�F1�� � %F�O� [F�� �� ��F� 2� 7��F�2 ��#F� K��� ���� �) [���

7���)	       %�5 2� 7�����> D�! %) %� ��� 7��    �F) � [+HF)    K#F�� �FG
%���>      � ���- 3�N ��2 �� ���� 7��       ���F �#F/ ���� ���+�� "����

���R)	 ���G  �               %F) ��F� 2� 7��F�2 �FW) 
_F�� K	 %1�+� %� ����
   D5� ���! c��� ���-.      F) �F��+W ��)�#F� %       ��F��� ���F� ��F|$

               D���#F [F�� %F��> 2� ���� ��F>� �F��! c��� J��( 2� KL��+��  �F�
�        K�U�� "%�L��+�� 7����� 
�� K�U� ���� %) K���  2��� 72�5

         �����F� K�F2 � KL��+�� %) ����) 7��F�)	���(      K�F���� 2� ����+F5� "
       K���� � 7� KL��+�� �#$$� D�S\�)8( �U,� "   �F��2 %�-�, ��   � �F�

               ��F�� ���F/� �#F/ 4�F+$� �R��2 2� ����+5� �) �)�+H�� ?@5 4�+$�
)9(.  
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Abstract

Fertilizing method plays an important role in fertilizer and water use efficiency and plant yield and losses 
fertilizer. A field experiment was carried out at 16 treatments with factorial a complete randomized block design 
during 2010 for free drainage furrows. First factor was four levels of water (60, 80, 100 and 120% of full 
irrigation) and second factor was four levels of fertilizer (0, 60, 80 and 100% of required fertilizer) for fertigation 
method. The 16 treatments mentioned above, were compared with common fertilizing method. Nitrogen 
requirement was applied in four stages of the growth: before cultivation, in seven leaves, shooting and earring 
stages, the first portion (before cultivation) was applied by manual distribution and others by fertigation. In 
conventional treatment, the whole of required fertilizer was used in two split applications (before planting and in 
seven leaves). Results showed, the highest yield, yield component and use efficiency of corn was obtained on 
100% irrigation and 100% fertilizer treatments. While the highest amount percolation of nitrate into soil was 
related to conventional treatment. 

 
Keywords: Corn, Furrow irrigation, Nitrate, Surface  Broadcast, Water use efficiency 
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