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Effect of water deficit and different nitrogen rates on growth and development 
stages, yield and yield component of maize (Zea mays L.)
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� 

    �(�C[� ��7���
+     (� �(DBC3� �6f!�(C
�     w�(� ���(@+ /


 ����*� $x;B� .         9(D���� ��(C�- 6f!�(C
� $(- ���7�
8

            ZB(� '2(���� ! �(� .(8 ���h ����- ��(�d    �(+  �%(X  )!� 

 ��((CD� ��((H+� �((+���   6�((��
X ! ���-�((J �((x� �((� $((- 

(Jacobs & Pearson, 1991)     �7�(�8 �� �
3^(+ �(� �(%>� 

         6= ����� 9(E���� 6f!�(C
� ��(>�- {���: ��    G�(� �(7

 �
3^+ 6��)        �����: /
%d �� �� �7��8 �� �%X   �+  92(7

 ! )!�J 6���((*�7 ! /�����((
(Girardin, et al., 1987)

  ��-��((; ZB((� '2((���� ��((�h �((+ �� G!�((H+ /((��mm )!� 

 �((�� ���((- V���((8 .  <= 9((��� 0%((+ '((�� !� �((7 ��

             ! �2(��) �(:� L!�(: �� �
3^+ t	�� �2�!� g�;�� ��

'7    � ZB� '2���� ���h /
%d  $G�� 0(:    �(+  9(H7  )!� 

       �(: 0%(+ 6!�� 6�7�
8 $� 9>N� .        ��(�# )� '(�� !� /
(�

    <= ��((>�- g((c
C� �� �7�((�8 �� �
3^((+ 6�((�) G�((�

 ���� �((%@� G!�((H+ �2((�!� g((�;�� ���2((� $((x;B�  .

    <= ��((>�- �((�� �� ZB((� '2((���� ��((�h 6��((CD� i((E	

       )� ����2D� ���8 g�;�� )� .>� 1(�    �(+  92(7    ���(� )!� 

>� ��C[� b����9�� ��: V���8 AB(Grant et al., 1989; 

Hall, et al., 1981; Herreo and Johnson, 1981; 

NeSmith & Ritchie, 1992; Vincent & Wooley, 1972)

 �(�C�� ! 9
��� ��(NeSmith, & Ritchie, 1992)�

   g((�;�� �� ��((: Z�((�	� <= 0%((+ ���((� �� �
3^((+ /((��

927   �8�� $�    ��� ���- bB	� )!�  .�    L��! 6��) ���# )

   <= 0%((+ ��((d� 6�((7�
8 /
((� 1((�f�#���
D �8�
((��

            $(x;B� ���� �(%@� G!�(H+ �7�(: ! �2(�!� g�;�� ��

      g((�;�� �9((��5� ��((>�- �� �((M�� G��((>	 $((� ��2((�

  �2((��) �((:� L!�((: �� �
3^((+ 9((�	 $((� $((��� 6�((: �((X

   ��((� �7�((: 6�((7�
8 )� �((C�- .   �((�C�� ! 9
�((�� �((�

NeSmith, & Ritchie, 1992)( 6�((�) /
((� �+!�((H+ �((
� �

   )� .>� g�;�� �� <= 0%+ ��d� 6�7�
8 �� $��� �8�
��

 �((���*� $((x;B� 0%((+ 6!�((� 6�((7�
8 ! ���2((D� ���((8 .

   ���2(((((D� ���(((((8 )� �(((((@� g(((((�;�� �� <= 0%(((((+

)   $��� 6�: ��
: )�u= (       9:�W8 ��� $��� 6�: �X ,�!� ��

   G�� $� �� $��� 6�: �X !���d �+ 9H7 � $(� $CN� )!�   '(�

   ���� �+ ��+�- �D�~� 6f!�C
� ��� ! .    9(�� �(-O .(���

           0%+ ��d� �2��) ! �2�!� g�;�� !� �7 �� $- ���7�
8

       6= �� $��� 6�: �X ,�!� ���: <= � �7  $    07�(- G�(:

       /
(� �(�C[� ���(- ��(� ! b�(��� �� 07�- /�� 9D��

mj   �+ mk        ��(� �7�(: $(� 9>N� )!�  .     ,�!� /��(+ ��I�(5
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   � ����� �2��) �:�   '�� $plm      �D�~(� 6f!�C
� ���E� �� 

jll      ! <= 0%(+ 6!�(� 9
@(�! �� ��(C*7 �� b�8��
- 

          '(�� $(� ����� �2��) �:� ,�!� /��C�-mlr     ���(E� �(� 

   �D�~� 6f!�C
�mll          0%(+ Z�(�	� ! ��(C*7 �� b�8��
- 

        ��� �2��) ! �2�!� .;��� �� <=) Z!�(Jm( .   !� /
(�

           w�(� �>N(� 9��5� �n�� 07�- ���# )� '��   )� �(@�

     ���� �((%@� G!�((H+ ���((�= �((x� )� <= 0%((+ Z�((�	�

  � ��2� $x;B�  $���5          ����2(� 07�(- '(�� !� �(7 $-

�%C(((((((:�� .  6��!� �(((((((5 <= 9(((((((��� 0%(((((((+

  �!�(((; �2(((��) ! �2(((�!� �(((:� mk �(((+ mr �(((n�� 

    �(((�C[� ��(((7���
+ �� �� w�(((� �>N(((� 9(((��5� )�

      ��� 07�(- �7�(: $� 9>N� .        6f!�(C
� ��(- $(- ���(7�
8

� ��C2(((
�     w�(((� �>N(((� 9(((��5� �(((���- 9(((D���

�%C:�� ��+I��.

 Z!�Jm] '�� .;��� �:� ! ���:�- )� �@� ��7)!� ���� �� ��C[� ��7���
+ �� 6���7 gE�%� !� �� 9)m ( !

��-)j(

Table 1. Development and Growth stages in different treatments based on days after planting in two locations, 

Hamadan (L1) and Karaj (L2) 
�8�
��

1�f�#���
D

(R6) 

�8�
����
�3

(R4) 

'2���� ���hZB�

(R1) 

��)�!��8��

(V12)

���8��

(V10)

927�8��

(V8) 

��� .;����:� ! 

Development & Growth
stages

gE�%�j

L2 
gE�%�m

L1 
gE�%�j

L2 
gE�%�m

L1 
gE�%�j

L2 
gE�%�m

L1
gE�%�j

L2 
gE�%�m

L1 

gE�%�j

L2 
gE�%�m

L1 

gE�%�j

L2 
gE�%�m

L1 
���
+Treatment

 <= ��>�- 0%+)�2�!�:(

Water deficit stress 
(Vegetative)

909572784954414535372324Sc- 108N 100
9410078844651384333352324N 200
9810481875460465236402426Sc- 301N 100

10411083904954434934382426N 200
 <= ��>�- 0%+)�2��):(

Water deficit stress 
(Reproductive)

879170764348374133352324Sc- 108N 100
909574804145343831332324N 200
929779854753424634382426Sc- 301N 100
9810380874349384231352426N 200

 <= 0%+

)�2��) ! �2�!� .;���:(

Water stress
(Veg. & Rep.) 

808568744954414535372324Sc- 108N 100
879372784651384333352324N 200
909578835460465236402426Sc- 301N 100
9510177854954434934382426N 200

 <= 0%+ 6!��)�7�::(

Non-water stress
909574804348374133352324Sc- 108N 100
9410082884145343831332324N 200
9810483894753424634382426Sc- 301N 100

10411087944349384231352426N 200

 bY[ �'�� n��- �$!	:

   123 ,��� y�c+ ��!�       �$��(� �w�� ����7 b���� �� 

              ���(- .M%
(� '(�� �� 12(3 ,��� .- ! $���mlr  �� 

  ��((7 .*((:m ! j   ���((- .M%
((� '((�� �� ! plm �� 
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   ��7 .*:p   ! }         �D�~(� 6f!�(C
� �(�C[� ���� ���� 

 9�� ���= . 6�(�7             ��(C�� �� ��(: �(� $(x;B� $(- ��(5

              !� g��(� ! w�(� 12(3 ,��(� y�c+ �� ����%d G!�H+

� ��((�� '((�� ��((: �((�) g((�;�� ��92((7�((8�� ( �((#! �

                  ! b�(��� /
(� G!�(H+  ��(
8 ��(7 w�(� ���(@+ 0���D� ��

   ��*((:= �((x� /((�� )� �D�~((� 6f!�((C
� �((�C[� ���((�

 ���8 �� .           12(3 ���(� y(�c+ ��-��(; 6�7�
8 g
�- ��

   g�;�� �� w��mj    y(�c+ $(�;�� /(�� �� ���� F� �8�� 

   '7 $��� �� ����      �� �� ! $(CD�� $���� 6�%d    �8�
(�� g(�;

  ��
:)R3 (        �x� �� $- �
�� ��3 ��-��; $�J   ! /�����(


 6���((*�7(Girardin, et al., 1987)���� 9((E���� � . ��

              �� 12(3 ,��(� .(- y(�c+ �<= 0%+ 6!�� ��7 ���
+

         ���(- .M%
(� '(�� ���� �:� 6��!� b��+plm  )� 0
(� 

 '((��mlr    �+I�((� .
N((��CX ,�((%7� 6�2((� �((�� /((�� ���((� 

  '��:�����          {���(: �� ��C%��CD ���� ,�
3O ! �
#�+ �� 

9((�� 0��((�)= ���((� . ���((E� �((���� ���((� '((�� !� ��

            �D�~(� 6f!�(C
� �� $(+�� �(;�! �� 12(3 ,��(� y�c+

jll �D�~(((� 6f!�(((C
� )� 0
(((� ��(((C*7 �� b�8�(((�
- 

mll  b�8��
-           ���� 9(E���� �(�>� ��(7 $(CD�� �(� $- ���

) ������mpqr �6���*�7 ! ��7�x� smpqq .(

    $(- ���7�
8 �� $��� ! w�� 123 ,��� y�c+ ��!�

     �2((�!� g(�;�� �� <= ��(>�- 9((��� 0%(+ ��(@� ��

  � ���: y��!  $        yD� )� �@� 6�7�
8 /�� �9D�� 07�- G�:

            ��(>�- )� �(:�� 12(3 ,��� 07�- �%CN���C� <= 0%+

    g�;�� �� <=��:���   �%���� 6��>J ��  .    !� �� 07�- /��

6f!�((C
� �((�C[� ��((� �C��((� A�C>N((� G�((: �((� �D�~((� 

 �: $x;B� .                �(8�� 92(7 $(�;�� �(+ �(�� �(� �(x� $(�

             y(�c+ 0���(D� �(� ����(%d �
�^(+ ��C2
� 6f!�C
� ��~�

       ����� <= ��>�- 0%+ {���: �� 123 ,��� .    L!�(: �(�

   �2��) �:�)R1 (      ��� �� $��� ! w�� �� $CD�� y�c+ ����

              W(8 07�(- $(� !� �2(��) b��(�� $(� ���� Z�EC��   /(�� ����

             0%(+ 6!�(� ! ���� 0%+ )� '	� �6�7�
8 g
�- �� 07�-

  <=)�7�: ( �: ��7�2� .      �5 $- ���7�
8 9�� �-O .���

 �2((��) g((�;��)R3 ( ���((� <= ��((>�- 0%((+ ��((@� ��

 $��((� ! w�((� )� �� ��((
3O ���((� ��((c� Z�((EC�� �((%CD�8

        � <= ��>�- 0%+ yD� )� �@� $��� $�  $      ��(: b�(c�� ���(3

  � ,�!� �#!      � <= ��>�- ��� �� �2��) �:  $  07�- G�:

  9D��)  Z!�Jm(     Z�EC�� 6�7�
8 /�� �� �W# �      b��(�� )� ���(� 

 �� 9N((���C� ��� ��((
3O   �((:�� 12((3 ,��((� �((
#�+ 9((D

            $c
C� �� ����� 6��>J �� $��� 6�: �X ,�!� 6�: ��+�- )�

   � $��� 123 ,���  $    9(D�� 07�(- G�: .    07�(- ���(E�

     %
� '�� �� $��� 123 ,���    ���(- .Mplm    ���(� �C2(
� 

             ��(>�- 0%(+ $(� '�� /�� �C2
� 9
��N; ,�%7� 6�2� $-

 9((�� �2((��) 6��!� �� <= .'((7  �!�((; /
((%dmk�((+ 

mr     �(C�� �� 07�- �n�� �        �� w�(� �>N(� 9(��5� �

     ����((((E� ! <= ��((((>�- 0%((((+ �((((�C[� {���((((:

      �(((���� ���(((� ��(((7 ��(((�
+ �� 6f!�(((C
� �(((�C[�

�: ��7�2�.

6A X:A�- ! �#D�-]�� ^:

    ! �((
#�+ �((� ���((�) �
�^((+ �D�~((� 6f!�((C
� ���((E�

        9(�� $C(:�� w�(� ��(� V�CN8 .      9(D���� �(� 6�(7�
8

 w��((� w�((� ��((� �C2((
� 6f!�((C
� �� A�n�~((3 ��((+

w��          '(- �D�~� 6f!�C
� �� 6�7�
8 $� 9>N� �vI�� ��7

�%C((:�� .�- �((:� $((c
C� ��! g((
#!� .((;��� �� 6�((7�
8 �((%

  ��C%((��CD ���((� '((- ��~((C3�   t((	�� ��((7 w�((� $((� 

       �D�~� 6f!�C
� ��C[� ����E� �� w�� �
#�+ �C3��%*�

9((�� ��((:) ��((7 .*((:
���  ! & .( 0���((D� �((� �((#!

              �(�� ���C(�� .(��� 6f!�(C
� �C2(
� ����(E� ��:� 9	��

       � �7 w�� V�CN8 ! $@��+ �� ����) �`�! $     ���(7 w�(� 

 9((�� $C((:�W8 ���((: �((� .((��*C� ! �7�((h �((+��� $((- .

  �BC3�  ����(E� �� $���� �� w�� ��� �3�: ��� �%@�

          ��(
�3 ! �(8�� �� .(;��� �� �D�~� 6f!�C
� ��C[�

 ((� $((��� $  ��((� ��*((:= ���((3)Z!�((Jj .(  V���((8 $((�

 �
��((# ! =!�((�(Novoa & Loomis, 1981) �BC((3� �

     �6f!�((C
� ��((>�- )� �((:�� w�((� ��((� �� ��� �((%@�

   ,�!��� ��AI��@�mj   �+ mr    � b���� �� �8��    �� {(��C

��((((: �((((� 6�((((���� �� �((((�� ! . �((((#!�� ! G��((((7

���= (��(Uhart & Andrade, 1995a)   ��� �(%@� �BC(3� 
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       g�;�� �� �� w�� ��� ��0:   �+ 9H7    $(x;B� �8�� 

 ��� ���- .�  $            �D�~(� 6f!�(C
� �(�� G!�(H+ �(�� �� �x�

     �w�((� ��((� �� ��� �((%@� �BC((3� ��((�h 6�((�) ��

  � ����+ ��  $   ����E� .
#�      6�(�) ��D�~(� 6f!�C
� ��C[�

             ! ��(:� G�
n�~(3 ��(�# )� b�(��� G!�H+ ! ��~�

  �:�� ���WX ��- . 6���*�7 ! ��7�x�)mpqq(  /��C2(
� �

    ��~((� �((� �� �((����� b�((��� �� w�((� ��((� �3�((:

mr}  /��(((((C�- ! ��(((((C*7 �� 6f!�(((((C
� b�8�(((((�
- 

6= ��~(((� �(((� ��mpr ��(((C*7 �� 6f!�(((C
� b�8�(((�
- 

��� ���- V���8.

'((7    �3�((: �((� �2((7�- �((�� <= ��((>�- /
((%d

  9:�� w�� ���  .         �2(�!� g(�;�� �� <= 9(��� 0%+

  i>�jl          g(�;�� �� w�(� ��(� �3�: 07�- �n�� 

 �: �8�� �� ) Z!�Jp( .    ���(- .M%
(� '(�� 9
��N;

mlr ��(((� �(((M�� '(((�� )� 0
(((� $(((���� /((�� ��  . 0%(((+

                �3�(: ���(E� �(� �(
� ���2(D� ���(8 )� �@� <= ��>�-

  (� ���      9(:�W8 ���(�) �
�^(+ w� .      ���(� g(E�%� !� ��

    �((� �((8�� �� g((�;�� �� w�((� ��((� �3�((: �((����

 g(((�;�� �� �(((#! 9(((:�� ��� �(((%@� G!�(((H+ �M��(((*�

         w�(� ��(� �3�: /
� ���� �%@� G!�H+ $��� ��
�3

     �2(� $x;B� 6�7�
8)   Z!�(Jj( .      w�(� ��(� �3�(:

w���              )� �-�(; �6��(�7 �� ��(: 92(- b�(��� ���� �+

 � '7��D        (� �(C�� �(�
�� {���(: 6��  �`(�! $  $(J��  ��(��

            w�(� g@(��+ ! .
*2+ ���� �:� ,�!� .��!� �� i��%�

     �(:�� �� $E�%� /�� �� .          ��(
�3 g(�;�� �� '(�� !� /
(�

   ��� ��k             ��(� �3�(: �� ��� �(%@� G!�(H+ �(n�� 

      w�(� ��� �C�� b!��+ ,�%7� 6�2� $- ���� ��*:= w��

 '�� ��plm�:�� �� ) Z!�Jj(.


�� b� �D�#� '�2)�F @���#�:(

6�2((� $((- 1((�f�#�
� ��((*��	 12((3 ���((� ,�((%7�

  �9((�� 9((:���� 6�((�) �� ����((7 b��((�� �� $((CD�� y((�c+

  9(((D�8 ���(((� 6f!�(((C
� ! <= ��(((>�- �
�^(((+ 9(((�+ .

     �((n�� �� ��(
#�+ 12((3 ���(� .((- 6��(�7 g(E�%� ��

       ��((� $��2((� ��((7 ��((�
+ ���((� ��((- g((E�%� )� 0
((�

)  Z!�Jj( .6��7�8           ! �C2(
� V�CN(8 �(: ���(:� $- $�

           ���(� .- �
#�+ 0���D� .
#� ����+ �� w�� ��� �+�!)

      �:�� 6���7 �� ��: 92- 6�7�
8�� 123 .   .(- �
#�+

          ���(- .M%
(� '(�� �� 123 ����plm  �p/mm   �(n�� 

      ���- .M%
� '�� )� 0
�mlr ��� )   Z!�(Jj( .  AI�(�@�

             (3 ���(� �(���� ��(+ ��I�(5 �:� ,�!� $- ������ 12

�%���� �� �
#�+ �
� ��C2
�(Jacobs & Pearson, 1991)..

  )� �D�~((((� 6f!�((((C
� ��((((� 07�((((-jll $((((� 

mll        (� �� .- ����
� ��C*7 �� b�8��
-   $    {(��C� ��(5

m/mrkr   ��� 07�(((- ��(((C*7 �� b�8�(((�
-  . 07�(((-

  {((��+ 6f!�((C
� ��~((� '((- ����((E� �� .((- ��((��
� 

   9(�� ��(: V���(8 �
� 6��M��(Girardin et al., 1987; 

Novoa & Loomis., 1981; Uhart & Andrade,1995) .

    � ����+ �� ��� /��  $         V�CN(8 �(� 6f!�(C
� ���) �
�^+ .
#�

 �((:�� 6= �((C�� b�!�((+ ! w�((� ��((� . �C2((
� ����((E� ��

            ��(7 0([� �� ��C%(��CD ���(� ���W8 $����� 6f!�C
�

              $(CD�� y(�c+ ���(� 9���� �� ! $CD�� 0���D� $��� ! w��

 � ��   ���� �� ��!�D $��)   ��7 .*:
���    ! & .(   Z�(�	� ��

            ��2(��) ! �2(�!� �(:� 6��!� �5 �C��5� 9��� 0%+

  1(((�f�#�
� ��(((*��	 �� ���� �(((%@� �(((�
3 07�(((-

�((((: ��7�2((((�) Z!�((((Jp( ! 6��>((((�� �((((x� $((((- �

 6���(*�7(Osborne et al., 2002)  �((���� �(� �(
�^+ �� � .

 �2(((��) g(((�;�� �� <= ��(((>�-m/q 0
(((� �(((n��  )�

            07�(- �� 12(3 ���(� .- �2�!� g�;�� �� <= 0%+

��� .  ��((d� �2((��) ! �2((�!� .((;��� �((5 $((- ���((7�
8

         0%+ 6!�� 6�7�
8 $� 9>N� ���: <= 0%+q/j�  �n�� 

      �C%(:�� .(- ����
� �� 07�- .        �(���+ �(� 07�(- /(��

((� $     �2((��) ! �2((�!� �((:� ,�!� 6�((: ��((+�- .((
#�

   �((:�� 9((��5� ��((>�- 0%((+ �((�� ��)!�((J Zm( . '((��

   ���- .M%
�plm         .(;��� �(5 9��5� ��>�- 0%+ �� 

 ��((((*��	 �� ��C2((((
� 07�((((- ��2((((��) ! �2((((�!�

            ���(- .M%
(� '(�� $(� 9>N� 123 ����mlr    ��(3 )� 

   ��� 6�2�)  Z!�Jp( .        ��(
#�+ 12(3 ���(� /��C2
� $C>#�

   '�� ��plm      ���(- ��� �� jll       ! ��(C*7 �� b�8�(�
- 
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   �(((>�- 0%(((+ 6!�(((� {���(((: <= �) Z��(((@�mkrj}

 ��(((C*7 �� b�8�(((�
- ((((� $  /��(((C�- ! ��(((�= 9(((��

         ���(- ��(� �� ��
#�+ 123 ����mll    �� b�8�(�
- 

                ! �2(�!� 6��!� �(5 $(- ��(� ���(7�
8 $(� 4�@C� ��C*7

����� $CD�8 ���� <= ��>�- 0%+ ��@� �� �2��).

�* 3�4�� ! �$�' '�2
��:

    � 6)! ! $((��� ��((*��	 ��((�# )� '((�� !� /
((� $((��

      9:�� ��J! ��� �%@� �BC3�)  Z!�Jj( .    �� $(��� 6)!

    ���- .M%
� '��plm  �q/mr        '(�� )� 0
(� �n�� mlr

��� .             9(�+ ZB(� �� $(��� ���@+ ! $��� 6)! �$��� ��*��	

           y(��! ��(3 ��C(�� .��� 6f!�C
� ! 9��5� ���E� �
�^+

�: .      �J �� �7���
+ ��� $� $@J��� �� ��7 Z!p ! }  $x;B� 

 �8 ��             ��(>�- $(� 9>N(� ��C2(
� ��� <= 9��� 0%+ ��

           9(�� $C(:�W8 6= K��(J� ! $(��� ��(*��	 �� 6f!�C
� . ��

 G�H((n �((� $((���� ��((: ��((���((� �� �C��((5� 0%((+ �((��

m ��((� ��� �((%@� �((n�� .  g((�;�� �� <= 9((��� 0%((+ 

 �2((�!�m /mk  �2((��) g((�;�� �� ! �((n�� jl �((n�� 

        ��� 07�(- �7�: $� 9>N� �� $��� ��*��	 .    $(- ���(7�
8

    ��(%CD�8 ���(� <= 0%+ ��@� �� �:� g�;�� !� �7 ��

r/jq            6�(7�
8 $(� 9>N(� $(��� ��(*��	 �� 07�- �n�� 

    ����� 6�2� <= 0%+ 6!�� .        g(�;�� �� <= 9(��� 0%(+

             ���(� �w�(� ��� ���E� �� �
�^+ �� �� 1� )� �2�!�

              �� �(� �(M�� ��(� )� ! ���� 07�- �� ��C%��CD Z�@D  9(D

�C��� 9��5� �         07�(- g%
�) w�� <= .
N��CX ! �>N� 

 9((�� ���!= '7��((D �� w�((� ��((� �((;�! �� �C%((��CD .

  6���((*�7 ! 6��>((��(Osborne et al., 2002) �
�^((+ �

 07�(((- �� �� ZB(((� �(((7� '2(((���� )� .(((>� <= 0%(((+

    /
� $��� ��*��	r/mk   �+ m/jj     ���� ���- V���8 �n�� 

   � ���C� �� $-  $     0��(�)= /(�� �� ���= 9��  9(�� $��2(� .

  �((3�� $((C>#�6��M2((7!`X 07�((- jk �� �� ��((n�� 

 V���((8 �2((�!� ,�!� �� <= 0%((+ �((5 $((��� ��((*��	

 ��� �����(Denmead & Shaw, 1960).

      ���2((D� ���(8 )� �(@� <= ��((>�- 0%(+ �(� $(���� ��

 9
MC(((�!(Westgate, 1994)  $(((- ���� �(((� ��(((�h� �

    �!�; $��� ��*��	mr �: �� $N��E� �� �n��   07�(- �7

  �!�((; 0��((�)= /((�� ���((C� �((� $((- ��((��� �((�j �((n�� 

���� �BC((3� .   9((�+ $((��� 6)! ! ZB((� �� $((��� ���((@+

             $(��� 6)! �� 07�(- G�(: �#! 9D�� 07�- <= 0%+

 ��� �C2
� .              �� <= 0%(+ �� $(��� 6)! ���(� 07�(- /(��

  i
+�+ $� �2��) ( �2�!� ! �2��) ��2�!� g�;���/ml �

�/m�  �q/jp  ! �n��           i(
+�+ $(� ZB� �� $��� ���@+ ���� 

r/}  ��/j  �q/�        ��� �7�: �� $N��E� �� �n�� )  Z!�Jp( .

 9
MC�! ���h� $�(Westgate, 1994) ���� �%@� G!�H+ �

     )� �((@� <= 0%((+ 6��!� �((5 ZB((� �� $((��� ���((@+ ��

 �((

z+ $((��� 6)! �((#! ��((: �((�� ��7�2((� ���2((D� ���((8

 ���� �� .       %(+ �� $(��� 6)! 07�(-       )� �(@� <= ��(>�- 0

  ��	 ����2D� ���8A�+ �   $         $(��� 6�(: �(X ,�!� 07�- .
#�

  9��)  Z!�Jm(          y(��� �� ZB� �� $��� ����� ���@+ �#! �

     6��(((� �D�(((-�� ! ��(((: �(((� /
(((
@+ ���2(((D� ���(((8

  g(((((�7 �(((((:� ���(((((� '7��(((((D ��C%(((((��CD ���(((((�

               ���� ZB(� �� $(��� ���(@+ �(� �H%� ��� ��%
%J ��7 Z���

(Zinselmeier et al., 1995b) .    ! $(��� 6)! �$(��� ��(*��	

                ! $(CD�8 ���(� �D�~(� 6f!�(C
� �
�^(+ 9(�+ $(��� ���@+

   ��� ��k    ��� ��� �%@� �n��  .       ��(� �� $(��� ��(*��	

   �D�~� 6f!�C
�jll  b�8��
-�  $   {��C� ��5m�  �n�� 

    )� 0
((� �((n�� �� $((��� 6)! ! ZB((� �� $((��� ���((@+ !

  �� �� 6f!�C
�  �mll  ��(� )  Z!�(Jj( .   ��(@C� G�(@#���

          �� $��� ���@+ �$��� ��*��	 0���D� �� 6f!�C
� 9>�� �
�^+

               ���(- �(
�^+ �(�C[� ��7�(��>
7 �� �� $(��� 6)! ! ZB�

9��(Osbrone et al., 2002; Uhart & Andrade, 1995a; 

Uhart & Andrate, 1995b). 9�� �-O .��� J  ! /�����(


  6���(*�7(Girardin et al., 1987)   �� 6f!�(C
� ��(>�- �

   $(
#!� .;���)    �(+ 6�(: �>(� 0(: �(8��  (  07�(- �� ��

     6= ��%��� �� ���� $��� ���@+     (� �� L���� /�� �7  $  �5�(3

   �((:� g((
#!� .((;��� �� 6f!�((C
� ��((>�- �#�((�C;� �
�^((+

     V���(8 �(7� .8 g�;�� �� �7 1�[+ ���@+ .
N��CX ��

 �((�� ���((- .   �((>�- 0%((+ ! '((�� 0%*�7�((� �((� <= �

     ��� �� $��� ��*��	k       ZB� �� $��� ���@+ ����! �n�� 
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      ��� �� $��� 6)! !m  �: ��� �%@� �n��  .  '(�� ��plm

                i>(� i(
+�+ $(� �2(��) ! �2(�!� .;��� �� <= 0%+

  Z��((((@� $((((��� ��((((*��	 07�((((-�/mmp� ! k/mkk}

�(((���8 ��(((C*7 �� b�8�(((�
- . ��(((>�- 0%(((+ Z�(((�	�

     g�;�� !� �� <= ��: ���          '(�� /(�� �� �� $(��� ��(*��	

k/m��q          ��� 07�(- �7�(: $� 9>N� ��C*7 �� b�8��
-  .

 '(((((�� ��mlr   �2(((((�!� g(((((�;�� �� <= ��(((((>�- 

m/prp    �2(��) g(�;�� �� ! b�8��
- k/}kk  ! b�8�(�
- 

        �2(��) ! �2(�!� g�;�� ��k/q��      ��(C*7 �� b�8�(�
- 

      ,�(((%7� 6�2(((� $(((- ���� 07�(((- �� $(((��� ��(((*��	

  0%+ �C�- �
�^+            '(�� g(��� ��(*��	 �� <= ��(>�- mlr

 9(((((��) Z!�(((((Jp( .  �(((((�C�� ! 9
�(((((�� �(((((�

(NeSmith & Ritchie, 1992)    G!�(H+ �(� �(
� � 0%(-�!

��� ���- �
-^+ <=��>�- 0%+ $� G�O ��C[� b����.

       (� <= ! 6f!�(C
� ��C[� ����E�  $      �(�� b��(+ G��(n

         9(:�� $(��� ��(*��	 07�(- �� �H	�_� . �(J  ��(7 Z!

}   ! k gN��E�           (� $(���� /(�� �� �(7 /
M��
�   $    6�2(� ���(3

       6f!�C
� ��� �� $- �7� ��jll b�8��
-    <= ��>�- �

                07�(- �2(��) g(�;�� �� $(d ! �2(�!� g(�;�� �� $d

 ��((� �� �((#! ��((: i>((� $((��� ��((*��	 �� �� ����2((�

 6f!�((C
�mllb�8�((�
-  �2((��) g((�;�� �� <= ��((>�- �

        �� 07�(- ��C2
� ���E� $� �� $��� ��*��	 9(�� �� .  /(��

N�^   � ����+ �� $#  $      b��(�� �� ��C%(��CD �v�3O ��>�- .
#�

           �MCN(��! $c
C� �� ! 6f!�C
� �C�- ��~� ��� �� ����7

             L�(� /�� �� �7 $��� 6��- �X ���� ���J �C%��CD $� �C2
�

 �:�� 6�7�
8 .           g(�;�� !� �(7 �� <= 0%+ $- ���7�
8 ��

 � $��2� 07�- ��CD� ��H+� �2��) ! �2�!� $��� ��*��	 �

     �: ��7�2� ���- ��� !� ����.       ! ZB(� �� $(��� ���@+

            ! 6f!�(C
� .��EC� ��� ���� �n�� 1� ��� �� $��� 6)!

 ��� ��� �%@� <= ��>�- 0%+ . ZB��� $��� ���@+ /��C2
�

       6f!�C
� ��� �� $��� 6)! !jll b�8��
-       0%(+ 6!�(� ! 

            6f!�(C
� ��(� �� ���E� /��C�- ! �: .n�; <=mll

  b�8��
-           �2(��) ! �2(�!� .(;��� �� <= b��(+ 0%+ !

�  $   �(�= 9(�� . '(7             ! '(�� .(��	 $(� .(��EC� �(�� /
(%d

              ��� �(%@� 6= K��(J� ! $(��� ��*��	 ���� <= ! 6f!�C
�

��� .      '(�� �(� $��� ��*��	 /��+I��plm   ���(- ��(� �� 

jll  b�8��
-     � <= ��>�- 0%+ 6!�� !  $ ��= 9�� . ��

  '��plm     (- ��(� !            �� <= ��(>�- 0%(+ �(�� I�(� ���

 $((��� 6)! ! ZB((� �� $((��� ���((@+ �$((��� ��((*��	 07�((-

    '�� )� �C2
�mlr ���  .         ���(- ��(� �� $- �%d �7mll

b�8��
-      G�H(n ���� �
�    ��(: ��(�       !� /
(� �� �BC(3� 

   ��� ���2� AB��- '�� . N� /��^  9N�= �M��2� $#   ��%+ $� $-

       6�N*� ���- {���: �� '�� !��!0%-    9>N(� �+!�HC� 

             ��(*��	 ! �(:� �(�C[� .;��� �� <= ��>�- 0%+ $�

      6= )� .>� <= 0%+ $*�� ��%7� �� 6�2� ��3 )� $���  $(-

         ��3 ��� 6f!�C
� ��>�- ���8 $��� ��*��	 07�- t	��

              ��(*��	 �(� ��(
8 b���� g@��+ ! �:� 07�- 4��5 )� ��

����� �� Z��	� ��
8 .-.

 9:���� �3�:)HI(HarvestIndex6�2� $-  ,�(%7�

            ���~(C�� b��(�� $(� $(CD�� ��~C3� ��C%��CD ���� ���E�

           ,�!� Z�5 �� ��: ��
3O ��
#�+ ���� .- $� 9>N� ��
8

   ! ���   + 9�+ 9�� �:�^        0%(+ ! 6f!�(C
� 0%*�7�(� �
�

     �(: y(��! <= ��>�- .         6f!�(C
� ��(� �� �*2(3 0%(+

         �(#! �(: 9:���� �3�: 0���D� t	�� I�� �D�~�  �� 

          �� �� $(x;B� .(��� G!�H+ �D�~� 6f!�C
� /
��X ���

   ��*� ��c�� �3�: /�� . N� /��^    ����+ �� $# /�� $�   .(
#� 

         �(�%+ $(� <= 0%(+ ! 6f!�(C
� ��(>�- {���: �� $- �:��

  $((*�� ���((� �((C�- ��((
8 b��((�� .((- �� ��((: �((
#�+ ���((�

         6�(�7 $(� �(
� ���~(C�� b���� $� ��C%��CD ���� ��~C3�

 �- 9>N�  ���� �� 07 .        /(*�� �(7 $(��� $� ���� Z�EC�� $C>#�

              ���(� <= ��(>�- 9(��� 0%(+ '
ECN(� �
�^+ 9�+ 9��

                 ��(n� 9(�	 $(��� 6�(: �(X ,�!� 6�(: ��(+�- ! $CD�M�

        �:�� {���: /�� �� $��� $� ���� �C�- ��~C3� . G��

z+

        N� /�� 0%+ 6!�� ! 0%+ {���: �� $��� 6)!^  �(
�^+ �� $#

����� �� .��h� $� 9
MC�! �(Westgate, 1994)  �+!�(H+ �

          <= �(�C[� ��(7���
+ �� 6�(7�
8 9(:���� �3�: ��

      �((7 $((��� $((� ���((� Z�((EC�� 9	�((� ! ��((: �((�� ��((��

 �+!�(((((H+ <= 0%(((((+ 6!�(((((� ! 0%(((((+ {���(((((: ��
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 Z!�J�] 0%+ �3�: SI) 9
��N; (�C[� ��7���
+ �� �2�!� �:� g�;�� !� �� ��2��) !

Table 6. Stress index in different treatments at vegetative and reproductive growth 
 0%+ �3�:(SI)–��n�� Stress index (%)

���
+Treatment
mj1�f�#���
D �8�
�� �+ �8�� 

V12-R6 
 �+ 6�: �>�mj�8�� 

Emergence-V12
'��

Hybrid
 6f!�C
�

Nitrogen
�>�- 0%+ <= �)�*23(

Water deficit stress

-27.10
 <= ��>�- 0%+)�2�!�(

Water deficit stress (Veg.) 

10.18-Sc- 108100
 <= ��>�- 0%+)�2��)(

(Rep.) Water deficit stress

13.3126.89
 <= ��>�- 0%+)�2��) ! �2�!�(

Water deficit stress(Veg.&Rep.) 
00<= 0%+ 6!��Non-water stress

-31.5
 <= ��>�- 0%+)�2�!�(

Water deficit stress (Veg.) 

19.85-Sc- 108200
 <= ��>�- 0%+)�2��)(

(Rep.) Water deficit stress

22.8729.80
 <= ��>�- 0%+)�2��) ! �2�!�(

Water deficit stress(Veg.&Rep.) 
00<= 0%+ 6!��Non-water stress

-28.61Sc- 301100
 <= ��>�- 0%+)�2�!�(

Water deficit stress (Veg.) 

30.48-
 <= ��>�- 0%+)�2��)(

(Rep.) Water deficit stress

31.2429.40
 <= ��>�- 0%+)�2��) ! �2�!�(

Water deficit stress(Veg.&Rep.) 
00<= 0%+ 6!��Non-water stress

-26.43
 <= ��>�- 0%+)�2�!�(

Water deficit stress (Veg.) 

29.04-
 <= ��>�- 0%+)�2��)(

(Rep.) Water deficit stress

35.5025.10Sc- 301200
 <= ��>�- 0%+)�2��) ! �2�!�(

Water deficit stress(Veg.&Rep.) 
00<= 0%+ 6!��Non-water stress

�((%- �((�� .�((#!��((�I��(Bolanos, 1995)  0���((D� �

  �� �*2(((3 0%(((+ {���(((: 9(((�+ 9(((:���� �3�(((:

9�� ���- V���8 .

+,- _[��)SI (Stress Index:

 0%+ �3�:)9
��N; (        �(:� 9	�(� ��(�� �� $-

         8 �(� $N(��E� �� ���� 0%+ 6�7�
8 Z�~��    6!�(� 6�(7�


     �(((�� ! �(((:� ,�!� )� �(((n�3 y5�(((E� ���(((� 0%(((+

             �(+ 6�(:�>� g(�;�� ���(� �n�� iN; �� ���: $>����

mj     g�;�� ! �8�� mj      �� 1�f�#���
D �8�
�� �+ �8�� 

  Z!�J�  9�� ���=  .6��7      ��(: �(� $(x;B� $(- $(��8

   ���((- .M%
((� '((�� �� 0%((+ �3�((: ���((E�mlr �� 

   ���- ���mll   ! jll   � b�8�(�
-       g(�;�� �� ��(C*7 �

    �+ 6�: �>�mj        g(�;�� �� ����) G!�H+ �8�� mj   �(8�� 

 ���� 1((�f�#���
D 6�
((�� �((+ .  0%((+ �3�((: {((��C�

 �((+ 6�((: �>((� g((�;�� ��mj�!�((; '((�� /((�� �� �((8�� 

jr  g(((�;�� ���(((� ! �(((n�� mj  6�
(((�� �(((+ �(((8�� 

  �!�((; 1((�f�#���
Dm�  �((:�� �((� �((n��  .  �((�� /((��

   6�2(� �(���+ ��  ��N(; ,�(%7�    �2(�!� g(�;�� �C2(
� 9


     �2��) g�;�� $� 9>N�) �(@�       ! ���2(D� ���(8 )� ��!��(�

 .(8 �(7 (  '(�� ��mlr   �(:�� <= ��(>�- 0%(+ $((�  . �((#!

     ���- .M%
� '�� ��plm         $(�;�� !� �� 0%(+ �3�(: 

              (� ! $C(:��� �M��(M� �(� ����(%d G!�(H+ ��: ���  $  ��(5

   /
� {��C�jk   �+ pk           '(�� )� 0
(� $(- 9�� �n�� mlr

 �� �� �(: .             $N(��E� �� '(�� !� ��(*��	 )� .(n�; ���(C�
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    N(� /�� �
� �7�: ��^    (� ��(%- �(� �(
�^+ �� $# $ ���(5  $(-

            ��(: ��(c�� ��7 0%+ )� �:�� ��� �%@� ��*��	 07�-

 '�� ��plm '�� )� 0
� mlr9�� .

  ��  $�J�+  � ���C� $�  $  � ����= 9��  $      '(�� �(�� �� �x�

   ���- .M%
�plm     M%
� '�� �� $N��E� ��     ���(- .mlr
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