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1�H�-���,,$��7 (ETo) 'E���� �I������.

��J<����1��K���"���C! p ��1�=�L#�������'�#4�1!M4H! �("��� N<�1("��' �<��(7 O1($ J�(�K-

��1� .#4�1!P(�K�����1C���%� �-Q��1�)�"���� G#4�1!R(�K� ��Q��1�)�"���� �(- #(4�1! �1(�5  )�(" #(��� .
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Z���) \V]PZQ\(��^
��Y1.���!����-1$�1 ��" �%(� ' ���� #��- ' Y_	� =�C�C>- #��`! �-�C�C>- #6�;! �� �1(&�

�<�1�.���-1$�4	�6� ��5'� ���C!p) ZV/V 'QV/V (' �'� #4�1! �����-1$�61a��56�#� ���C!p) ZV/V GbV/V '\V/V (

�� B'� #4�1! ��1X�#a1��" .J<�#K
�c!D_$ �����Q��5�-�/<�!����� #($ ��d ��1(3- 1(��'� e(��   A�1($ �I,�(� \Vd
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J��K-�<�1�. J�,g57���������1����7B'��!)�;�!��������' 8��.��� G1�H�-'h1K- )���a1F!(i1F! �<���$ G  '

�� i1F! �����;��#���>!��"8��.
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J�!�-N<�1"#,������.���#4�1!�"��/<'�^&�!�!��1�#$�����1!��K���B�0�������� ��)\V/V=(p ������ �'�

����.� 1-)��#�12$����13456#���8��8a�< .���C!���a1F!��J<���5�- 1��1�\QkUG��37 �� ^K3!1!�13456#���
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6���78�� �.9):* �0!
";� �0� ��#$ <��0=

��.&�8. �0-*�  ��0� +;�.0"�& �>�0= ��0?�� @.0/�&

 A��0� A0=�9���  ��0�   B�0C���D: 	.0/ 

%�&��&��  �0E8  	��0:C& � .8��" �304 60�� 5�

�78�%���� ETc ��  ��. F8�.0-&  �0= ��.0
���

���� <��=�� @.&�8%�0G1�H�� �0& ��0� �  �� 

%���"%�-7�&�&IH8������)(-� �0�  ."�0/�

�346����78���&)H7��4�����  ��. �-*�

<��=�� ��.
�� ���;�J8�"�-��%����>@ ��

�346���78� %�0E&��4  B�0C ;�0�" '�(0��

+ �:"�'�(��A�<K���*��  5� �L�-" �=  ���

 �0�  �H��� <��= .0/�&. �-��0* ;� )0=�� )0&�*

+ �,-��� ���)�(TAW= �+��� �� .0"�� 5�.0&

)��<K� �
!K�    �0H��� �M=�.09 .�1� � �78�

�� �304 ��  �� @.08��"  )G0�   '�0N�1�)(RAW1

A���=;��!&��O8�A�.&��.8�:

)�                 (     RAW = p. TAW
�=� 5�:

 RAW��)G�'�N�1�� �
!K��78��&

S�9 @�-�����TAW� + �,-�� )&�* ��  p S8�T

��)G�'�N�1�A���=��.
�5�;� ��,N����U-�

��./�&. ��.
� p �C&�;�V*� � W�"'�(��@V��*�

(ETo)�W�"��� A��) )H/� (]�X[.

1- TAW- Total Available Water

2- RAW- Readily Available Water

 )H/� � + �,-�� )&�* �� )= Z�:�� ;� ��= %��/ 0
)G� ����� �  '�N�1�

 & �&�7�      �0��� ����][[     �"�0?2>� �0C1�!� 

)�\]^ (         �0= A�� �H8��� �  �1��/ %��=�  A1�8� � 

            .0/� ;� �0�9�� �0� �  �� �>�(0� �� ��.0
� _��C

 �"�  	�`         A0�� + �  ���0* �0���&  ��0� %� .   _08� � 

        .��/ ���� �  �"�   �H��� �M=�.9 �C1�!�]/��   _0 

    5� �  �0= A0�� + �0& ��-H� � \b/b=p  0���� �   �

           �8���0= �M=�.09 �01� A�� +.8 �� ��dK� ./� +�� 

 �� e�(00�)f�/g ( ��00�� �  » �00^[ ;� .00C& ;�� 

  A0/�=\b/b=p   5� ;� .0C& ;� �  ) ;�^[  ;� .0C& ;�� 

 � A/�=�[bA/� �& 5��; �KC8 ;��  (b/� =p  «  � 

     A0�� +.0/ �->�� �d" .         �0"�   �0H��� ��0�� _08� � 

�b/��   �>�(00� �� � ��00-H� �  _00  �00&��&[�\b

 A�� + �& ��-H� �  SCH��-�]g[.

   )00&�* �� �00��D .00N�  _�00�C  ��00� � 

 + �,-00��(p)    j00�-D� 	k�(00�� %��00& S00��K� 

       �� �= A�� +./ ��4� ��7= �  �8�G78��;�   _08� 5��

      �0& �= 	k�(�� �&� ;��" 	�
�
� _!& ;� �� S8�T

     ��� A&�?� <��= l���)  ���� ����& .K"���(   �08 @

	�
�
�            �08 � �-���08k �0& 	k�(0�� )��"�-$ �� 

           m�-K-0�� �M=�.09  �0H��� 	��0N �  ��D: J-7?

       %���&� �� ;� ):* ��� A&�?� �HK8� �& Z��7� @ ��"

+;�."�./�& +./ %���.
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   5���00H�� � ��=�00 5��008� � )�\]^ ( � 

    �& 5�G,N� 5�-��]/b =p        ' �0C� % �0H��� ��0� �  

\/�\        0�.& 	�` �0"�  ��-H� �  _  + ��� A   .0"�]X[ .

   �-,1� _�Kn��)�\oX (   �0& '�� �  	.�& +�7"���= � 

�00"�  	�` �>�(00� �� %��  <��00= l�00�� �00& %�

      �0C1�!� ./� )9��� _->�� �d"�  5�.& ��� A&�?�

 A�� + ��" .      ��0�� ����& _8� � [b     <��0= .0N�  

            .0/� +��  �0���� �  ��0� �  + �,-�� )&�* A&�?�

)[/b=p (   _8�-G& 5��KC&      A0�� +.08 �� �0>�C� ���� .

       B�> ���� �  �"�   �H��� 5�O��\/^     �= ��-H� �  _ 

   e�(� p�;�&o[bb   A�� + �& ��-H� �  �� SCH��-� 

]\[ . %�`�)�\o^ (   	�` �>�(000� �� �000C1�!� � 

�"�    5�-�0�� 5�-0�� �  �-���8k �  %�\b/b=p  �  �� 

      A�� �->�� �d" �  ./� +��  ����� .    �0���& _8� � 

��  �>�(� [[bb    +.0�� A0�.& ��0-H� �  SCH��-� 

  A��]�[         5���H�� � �/�> 	�:���� �& ����  .� �= 

)�\o] (]][A�� �-/�  �"��D��  .

�00&�& 5���00H�� � )00�)�fog ( 	�` %��00&

�00"�  %�p ;� �� X[/b �00 [b/b .00/� +��  �00���� �  

+ ��" ��N� ."�]f[   .

 5���00H�� � �00�&)�f]o ( ��008� A001�8� �  � 

          �  �� %��0�&� 5��; 	�` �&� ;��" �C1�!� �  �H8���]b

         ��0� �  + �,-0�� )0&�* �� %��.0GE" A�>�q .N� 

) �8X/b=p(+ ��" ��N� �"� �M=�.9.�1� %��& ."�]^[ .

  j1�)�foo (         ���01 �-��0� ��0� J08 � 

  �  	�` �300& 5 ; �00"��4 A��00� �00=  �  5�700"^b

     ��� W�:/� A&�?� .N� )  r� �.9\[/b =p ( �M=�.9

 �  ��b  j00*�-� 5 ; �00"��4 B�00> A00&�?� .00N�  

��  �/]�[[.

    5���H�� � I"��&)�f]f (      �  %�� �0& �0=

  �"�  	�` V*�         �� �-&�?� <K �12& �  � �12& J8 %�

 + ��" �C1�!�         +��  �  �12& �  	�` �= ." �  5�7" ."�

             �-&�0?� <K0 �0& �-���0
� �"�  ��Gq � �"�7>� + ��

    � + �&      V0*� �& A:�" �� %�-7�& �� O�" <K +��  �

�� �34 �12& J8 .8��"]o[.

         ;� %��0�&� s��� + �,-��  ��� t4��� �M=� � 

   '���= ���4)�f^b (       ��0!& %��0�&� ���"�& _��C %��&

��=[b/b =p        �0� ��0H& 	k�(�� ���= %��& ��   .0"�&

]�b[       ��8.0* t&�0K� �  r���� �    �0]��[o[/b=p   O0�" 

 +.��7��� �/.

 5���00H�� � l�00:"��  )�foo ( �00M=� %��00&

   �u�00& 	k�(00�� ;� ��00C& � �00���; 	k�(00��

  �1�.4)  '�.4\f (    S8�T %��& ��p  + ��" �v���   .0"�

     �"�  	�` %��& 5� �  �=    .� %�]/b      �708� w0�� �  

    � %�-� J8o/�       ��N� ./� +��  ����� %��& %�-� 

 A00�� +.00/]�g[ . ��.00
� _�00Kn��p'�.004 �  gg

 +���/ t4��]�X[%��& O�" 	k�(��j�-D��v���

+./A��._8��8 �
� k�0�C� %��0& 	k�(0�� �0&

�78�V=w���ETc   �8; )< ^ �0-����� � ;��( ;�

\/b�%��&	k�(�� �0& �708� w0���� ETc  V0=

)>\�-����� � ;��( � o/b �0��U �0� .08��" .  r�K�0T

4�� _�����= _�E"��� J8 5��K� �& O�" t%��& �0M=�

	k�(������;  .�[/b   .0/� +��  �0���� �  ��

 + ��"  �GK7�$  A��]�X[.

 p �C&�;�	�.*��D:��.KK=���A��. 

 �0& �0C4��� �0& '�.04  ��=30�)  '�.04gg( %��0&

�k�(���& ��.
� � w��� �78�ETcV= �8 �
� p 

 �8;A��%��&��k�(��  �  �.0�� �78� �&ETc

 �8;_8���.
�V=A��. � �
?�K� �0&��� %��0�

s��@� �H�1�9 ETc  �8; ./�&��.
� p  ���b �g[

�-�=.N� ;��8 �
��v���+./�  '�.04gg  ��0N�

A�� +./.�  _�K��-1�9+.��7� +./�= Vu�0���

��?��5 �&���<K�-&�?� � '�(��   �04�&

��.8� .�-*���D:�B�C V0=  .0/�& p  ��.0
�&gb

.N�  <�0&;� '�.04gg�  �0d" �0->�� �0�  �0/.

%��00&_�00�D % .00���.00
� p )8.00C+.00/
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� p�;� j00�-D� �8 �00
� ETc ;��00!&��) g(

 + �,-���� �/:

)g        (padj = ptab.22+0.04(5-ETc)
�=� 5�:

��.00
� p )8.00C+.00/;�'�.004gg

0.80.1≤ p ≤A��  � ETc �&S�9�-�����

� ;���� ./�&]�X[.

��.
� p ;�'�.4��=3� %��0& A0>�&  %�0�

j�-D����O�")&�*)8.CA��@_8.&	��N�=

� �G=��%_�EK�[ ��b.N� ;���.
�'�.4� 

V=�� �/�%��& %�0G=�� J:0�[  �0�b .0N� 

+ �O>���   ��]�X[.

��!&��= %��0& �0M=� 	k�(0�� �0���;

<H���� ���� �.9J8�,����x���= �0&

%�� ETc  �� ._8���.
�<H�%�G=��� ���\b

���1 @.N� Xb@.N� �K/���1[b.N� ����1

�K/]b.N� ��L9 �� )0= ;� )0&�* + �,-0��� 

�����)�H7�� .� ]�g[.

�d"�&�HK8�<��=��D:�B�C�& .0/�

'�(��� �H���5��x���@ ��3��&�K& _08� _�0�C

5��;<��= ETc ) S8�Tp ( 	k�(0��;� y�0�1

_��C��  (i) �w�� (d) %���&�� _�0Kn�� _�0�C

�M=�.9�)��"�-$.�1� �0
!K� �09��?� � %��04�

+z��$%��%���&�Ov�9 A0���� A0��]�g[ . _08� � 

����&�&s�L"�<8��;� �0��O�%� 	.0�& �0� '�0�

S8�T�� )G0� '�0N�1� %��0& �0"�  	�`  V0*� %�

Single Cross 704�  68��/��� �8��0� m�0=

_��C r���
-��./� ;� ��9�� �  � +.8 ��A��.

����1(�1�:

)��%��4�{�?� ��K4 �0&�u �0�;��

Xbb%��-H������	�
�
�{2N����G'�G"�

�3&m�= � \[ �[b�4� |���1��/ �[b �[^

�4� '�?�*�/t*��+./�=�\�g/[�-�;�}!�

�8� W�,�� �� . �� �%����
!K� '.0-C� )08��-�

�& ��A��. 6��-���."��&[/g\o�-����� )*�.09

5��gf�-������ �M=�.9[Xb�-�����A��. ��0� 

)00��<8�00�;� ;� %.00K& + ��00d" )00���> pO004 

  fine loamy, mixed, thermic, Fluventic 
Haplocambids����� �� �/��=�� w0���

�&A>�&���1 6��-�+�G*%�A��� pO04 %�0G=��

S1�u�4�  � J8m�= �
!K�0J�&��� ./�&.

{�?�&	��N%�G�=J8��& �� +.0/

)A���~��	2$(�  %�G1�0�]o @]^ �]f �0&%��

	�` �0"� %� Sing Cross 704 ��04�  .08 ��. 

 %�0G�= ��0N� �  )��0/ ��0�� S8�0T�� )G0�

'�N�1� (p) � +�� ���
-�� '�(0�� (E2, E1) �

%�G�=��:H8 ��+./)��/�� ��0��p) B1 @B2 � 

B3 (� ��N�>_�&��9�����
-��� �0�9�� 5.�0��

�"� ] )9��� .0/� �708��@ ��.0��� )H0/ %�0��

 �00H���) �00"� %.00K&[(�00�.00/�&.}�00T��00HK8�

E1= 0.30 @ E2= 0.60@ B1=0.30@ B2=0.50�

B3=0.70��.
� p �8��)G�'�N�1�� �d"�->��

./�%���&�.C&;�e�(� �8 �0
� B�0> )0= ;���

)&�*+ �,-�����%��&+��� (TAW) 	��N�->��

A��.%��/<8��;�� )H/g5�7" + � +./A��.
                        B1=0.30
E1=0.30           B2=0.50

B3=0.70
0.80

                        B1=0.30
E2=0.60           B2=0.50

          B3=0.70
;�     � 5./ %��/ ;�]� ���
-�� ��9��     %��/ � ���& 

                  �"�  5./     '�(�� A/� �&]���& 

)H/g0%��/{�?� )9���j�-D�./�

��.
� p .C&;���9��)�H7�"� � 5�0�;

A/� �&'�(���&5�O��^b/b�%��&������ �0��
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��!&%����'���� .08 ��.�  _08� �0���& �0�9��

A/�= �] �0��& '�(0�� �0= r� �.09+ �  .0N

</�$�����A�� �0���  �0�9�� ���
-0�� '�(0��

)%������ E1� E2(5��; �+.�/�$5./X/\ '20& 

;��"� ����+�� )�H7�"� )   s�  �0�9�� �0���(

� ->���d"�./.

):*;�%��4�{�?�& �0,9 )0�>��$� � 

�00!
";�_�00�;�00&w00��gb/��00-��00"��"%�00�

A�  + ��0D" A0G4 +;�.0"� %�0�� s�04 ��(0D�

%���q��"��"%��A� + ��� �0& ��0dK� _�0�C

 A0&�?� �0�L9�  .09 A0�>�q �0���;(θfc)� 

A&�?���L9�  �� ��#$.09 V0v� (θwp)  �0�G

.8 ��)'�.4+���/�( . �0& + �,-0��;� %�0��-����$

B�>@5�O��W�,����%���&�%��&%������ j0�-D�

�&��&�!&�� �8;)\ (_��C.8 ��:

)\              (      D = (θfc- θwp) p.d

�=� 5�:

 d w���x���78�)  �0&��&]b �-��-"�0�� 

'�?� <8�0�;( �0& S�09  @�-��-"�0� D  w0����

%���&��&S�9  �0-�����p    �0�L9 A0&�?� .0N�  

   A0�� %��0�&� ;� )0:* ���� �0E8  �0��-����$ 2:0*

j8�C+./."� .
'�.4�0	��N�(��H8O�>���� �8k%��j�-D�
 �! "#$% �&'� ()* �! "+�#

,&$-& .-/
FCWP

 0�1�2 3$��� 4'�

(gr cm-3) �)()*( "7	
)()*( 89)()*(
"+�# :$&

\b�bg[/g[[X/�\gf/�X/gX]/XX\� ;$<

]b�\bfX/g\gg/�\X\/�X/g]]/Xg\�;$<

fb�]b]\/�ogX/o[g/�X/gb]/�^]���$< ��9

�gb�fbbf/g�f/^Xo/�X/gg]/\^\f;$<

VL9�������&��-K=+;�."�%�����&�1�1

��$_���%���&���	�=s�L"�A>��.  �.0C  �0G�=

gX .����	�=   �0C&�&[×�b �0-� � ��0N�> �0�

	�=;�	�=���L�J8@�-�  �.0C �0G,8 ��  �0�
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Determination of Readily Available Water in 
Different Stages of Growth for Grain Corn in Karadj

R. Jarollahi1

Abstract:
The portion of soil water that is easily absorbed by plant and usually leads to 

maximum yield is defined as “Readily Available Water” and is shown as p. This is an 
important parameter for irrigation scheduling and is useful for determining the 
irrigation depth (d) and frequency (i). The value of p depends upon the plant species, 
growth period, rate of evapotranspiration (ETo), and the type of soil.

In the present study the value of p is determined for grain corn variety single 
cross 704  in 2 stages of growth periods in Karaj. The first stage was from seed 
establishment till appearance of the sixth leaf and the second stage was after 
appearance of this leaf till soft grain.

This research was carried out with a split plot design in the research station of 
Seed and Plant Improvement Institute in Karaj for a period of 3 years. The main plots 
were allocated to the treatments of the first stage and the levels of p fraction in this 
stage were 0.30 and 0.60. The subplots for the  second stage were irrigated when p 
values were 0.30, 0.50 and 0.70. The amount of p was kept 0.8 for the last growth 
stage (from soft grain till harvesting). These 6 treatments were replicated 4 times. 

In this study production potential parameters as grain yield, ear yield dry mater 
and weight of 1000 grains were determined. Also by measuring the amount of 
irrigation water, soil moisture balance and evapotranpiration, the water utilization and 
application efficiency were obtained. 

Analysis of the results show that by doing short irrigation intervals (p=0.30) 
during the first stage could be had a good crop establishment and vegetative growth 
period, then enable us to reduce the number of irrigation (longer irrigation intervals) 
(p=0.70) in later growth stages.The amount of consumptive use of water in this 
treatment was 7898 m3ha-1 and grain yield’s was 12 ton ha-1.

Keywords: Corn Variety single cross 704, Evapotranspiration, Irrigation interval.

1 Member of scientific staff at Soil and Water Research Institute.
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