
  

 ��������	 
���
� ����  
����  

 ������ , ����	
 ��
�
 )�
� ���
( 

 *����� ����	�
 :���
 ���	 ����:������������  E-mail: yaemam@gmail.com 

 

  

  در فتوسنتز تروژن يمصرف آب و ن يكارائبررسي رابطه 

  ايدانه د ذرتيبريدو ه
  

  2و ارسلان ضيائي *1يحيي امام

� ������� 	
��
�� ����
�� 	���
�� ���� ��
���
� ��
� ����
�� � �
��� �  

)��
��� !��
" :�#/$/%& – '��(" !��
" :�*/�+/%%(  

  

  چكيده

  

 ��� ����� 	�
� �
��� ��(Zea mays L.)  ���� ����
�� �� ������� � �! ��"
#
 ��$%
� &'�#(� )�*�.  ������� � �! +�,� (-���/ ��* 01*�� (2��* +�' �* &'�34 ���

 � (5��
 (6�,� ������� 7%�8� 9�12 �* ���:�� (�*�
� ;���) �� <��2��6 �����6 ��
����= ��>� . ��2�� ��� �����!�?( @ �� �����/�6 ���A 0*6��,� BC��# 9�
 D�� �* (E 

���F� ����) 	�G?��� H����?/ 	�F?��� (��I�IJ� 0��8%= �� ��  ���K*�� � ���*LEMN  O�P��
�) . (?����! �������I� �� ����* ���"�� Q�R S*�
� ���:�� �) U��V�N/X YM/X YL � Z/L 
6�[�0��<� S �H(��I� Y�� ���:�� ��Q�R ����� )]X  �LMX /�� O�=�%� �� ^��R �����

���F' ( �Z ��� ���"�'(KSC 704 , KSC 700) .  ��� ��?� _���� 0/ ���"�'KSC 700  ��
 �! ��"
/ ������ ��"
/ ������� Y-���/(  �! +�,�H������ � � S)���0* ��� �  ����

������ -���/ ���*( � +�,�� �� ����������6 <��2��6 ���"�' ��� ��* .�`
'��a�5 &'�34 � 
���* 01*�� 0/ ��� ��? -���/( � � �! +�,�������  �� S2� S"b� H��� ;���) �� 0/

 (:�� (�*�
� &�� ;���)(� ��) . ��� c�2� �* d�
P� ��&'�34  �e� 0*(� �2� ���"�' 0# 

KSC 700 �*KSC 704  ���@ 	��:�2� ���� �
��� �� H���K* �� 0# Y(� ��= � �! ;���) �� Y�
 ��"
# � f?R H��'�)�* 0�)�� H���* ������� .  

  
��Y  :هاي كليديواژه����� Y(*! &��-���/( �! +�,� Y-���/( � +�,��<��2��6 �����H.  

  

  مقدمه

 ��� �! "��
 #$%&' $��� $( �!) *!��� (�+,�

 ("�- �� &�$�./) ���	) $( 
$ �.�0 �! �%�1� ��2$


)Falkenmark & Lundquist, 1998 .((&.�,6 7�8 

#$9 

(� ;
 <� =<- $(���"��
 >�� � ?&@�� A
B

"	(�; 
 (���!) >) % AC%&D�$�; �-
 (CAST, 

1999).  &E	( ;�- "
! (&!$���
 �8 "
 F� $( AC%&D

G	
&/ 
	��!) % >) "&H (�I�	  �! (%$% % J$
B� "
 A)

�&�- �H; " >)	�"&��� A
&E
 KL��� "
 �$
�,H  �����


&!; M(�N)� ;�H �<��� ��	" !� ,/� $�� (%$ 

)Christensen, 2002( O! � �8 "
 F�! ?&@� O�%P6

 OAC%&D�
L
$��� 
 ?&@�� AC%&D$( -�QD� �H; 6
$"� 

N���#PR � 
$  FH�� A�ST $( �-
 �(
((Raun &  

Johnson, 1999) .BH FH�� $�U�� �!	�(�S
 ��  % �H

#$��0 FH�� ;�H ��	" �<��� 
� ��� �! "��! #$9 

�V W�<-�	� � &�
 (��!) >) % AC%&D�$�; 
 % O�-
	 �

 �B�D�� &�
	 �DX�;�H�	&+�H  % >) (�+,� �! �%�1�

 �-
 AC%&D�
 (�+,�)O’Neill et al., 2004 .(  



���                    ������	
� �
�
�� ����  �	��	 �
���� �

�� �� ����� 

  (&.�,6&H M�6
$" ��� Y!�� A
��6 �!�  "
 K!�1D� &Z


"	 �(�� ��% (&! [0�/
T�� K!�2 �/�
&!��! O�-
 �	 �

&\ "
 (&.�,6	
BX
 ]	/
(&! [0�/ F �	" �	 �(�� ��

	
BX
 K!�2 %( &H �	�-
 F. �� �I
) "
 
BX
	 [0�/ F

�! $( �/
(&!�$�; M "
�6
$" A�H��  (�0 ^1- �!

(B
	 O�-
 ��/ _)0&! $(� �	&+�H  [0�/ #$9 ;�H

��! �/
(&!`�/�  ��``/� �-
(O 
&!��!	�O 
&!; 
BX
	 F

�
�DV (&.�,6� K �! "��

BX
	" F	M �(�� ���6
$" ��� 

-
O� 
 ��	 �J�'�� ��Y� �!A
B�� (�	("
 ; BD�-�DX 

���M �-
 )Natu & Ghildiyal, 2005(.   


 $(	�D-
$ � L
$��� Y� A
��6 �! >) ?&@��$�;  "


M (&.�,6��� O! �%	
&/ $( �b	L
$�� % >) (�+,� G� 


 ?&@�� $( AC%&D��	)&X Y� A
��6 �! BD�-�DX�$�;  "


M (&.�,6�
&/ $( ��	
 (�+,� G�AC%&DO 
$
( ��;  �<!
$

�!�(B
 $�	.� � �!X A
B�M BD-�D� ��O�-
 ,H
 "
� �

%	�b 
; $
($�0&! (�! �H
�0 .Ryle & Hesketh 

(1968) �
�1DY� $( �� $( #$9 ���M 
&/	 (�+,� G


�
BX
 &Z
 &! �%
 �T$( $( BD�-�DX FH�� AC%&D	 F

X%B� ��%�1���� (%�8 �� %; 
BX
 &Z
 &!	 ��%�1� F


"%$� ;
 �! &I�� �� �-
  >) ?&@� �L
$�� FH��

�� ((&M .Muchow & Sinclar (1994) �
(&� c$
BM 

�� ��M$�- % #$9 $( ��
"
 �! BD�-�DX A
B;  �8
% &H


 �U�R�d&! AC%&D ?&@� �L
$�� A
��6 ��� �� O

C%&D�
! BD�-�DX K,6 $( A� A��� (�/ OeP���  �! f-��D�

A
B�� 
�! AC%&D! % �(�! d&C%&D�
 $
�1� F	
BX
 � A

 FH�� d&!	% �DX� �S
 $(	� �!  &�g�� �-$. Field 

(1983)  %Sobrado (1994) �
�1DY� ! ���L
$�� �� 

L
$�� % >) ?&@�� 
 ?&@��%&DC BD�-�DX K,6 $( A

��� �<!
$� N�8 $( O($
( (�T%�  ��Meinzer & Zhu 

(1998)  $(�!  ��H%bV M�
 ��� &.��-$ �I�D
 �	
 �! �

�� 
	 �! &D�
$�V %( �	�.	D+h� �<!
$ % �(�! $�M"�- &E� 

 �!QH �
$
(.  �-
 �1DY� %
 �+h� �<!
$ (�T% ��	 �

���� !�� �	
  %([0�/ ED�!� �!  ���Y� �E
�Ei

C%&D�
 ?&@� �L
$�� $( A��	)&X  % �D/
( BD�-�DX


&/ �! f-��D�	�� G�<� $( fN�R K�� ��")	 F

(�! �H
�0 #%��D�.  

�!	� �&���1� &'�8 FH%bV ��I

 "
 ?�H f	 %( ��

H�&+	�  #$9KSC 700  %KSC 704  �! ��%�1� &U
 "



 (�+,� % >) (�+,�� AC%&Dj�-
 &! L
$���  >) ?&@�

L
$�� %� 
 ?&@�� $( AC%&D�-
 �(�! BD�-�DX ��	
&X .

�%P6 �!O ! �<!
$�L
$�� �� L
$�� % >) ?&@��  ?&@�


�$( AC%&D ��	
&X -�DXBD� Q	C$ $( �D!�\$ #%��D� ;�H

�-
 �DX&M $
&2 �-$&! ($�� AC%&D�
 %.  

  

  ها مواد و روش

 $( AC%&D�
 ^�Dk� W�<- &�Zl� �-$&! $�U�� �!

>) #%��D� &	(�1�  &! m�0 j&D-( K!�2 L
$���  ?&@�

L
$�� % >)� 
 ?&@�� AC%&DA
B�� &! BD�-�DX  %(

�	&+�H #$9O ��")	��  #$�g �!K	$�Dn�X ! ;��+� &

 ��- A�D�!�� % $�S! $( $
&.� �- �! �X(�@� eP��� W&\

opqr  $( ��s�

( #���+
 WPg
 % �6
$" Fk! �
�k�M

 ��ET�! �1<�� $( *2
% "
&�/ ��E�

( ;"$%��n)or 

�	��X
&tT ��\ �! "
&�/ �!&R ��,/ ;&D����n ru 

 % �T$(pr  �	��X
&tT v&6 % �2&/ �1�2(uw  % �T$(

xy  �1�2( J���$
 % �N�,/oqoy �	$( =<- "
 &D� (

�/ ��I

.  G��� *!�� �
�k�M ;��( % ;$�
 G	
&/

(�! A%&�! �Y�+\. ;�H$�,�� F	��")  K��/ &	(�1�

 $( j&D-( K!�2 >) #%��D� $( z�0{  =<-)`/� O

�/� O� % �/� X&|��6$B� � 
;(O  AC%&D�
 ^�Dk� &	(�1�

m�0 $( )=<- %( K��/ }y &D�
 �&M���n $�DsH $( AC%

 %oqy  �(�Y� f��&� �! �n $�DsH $( AC%&D�
 �&M���n

uy % }y ���� m�0 �&M���n &H $( AC%&D�
 �&M 

�� /�!�( %  #$9 #%��D� �	&+�H %()���-
 �! KSC700 

 %KSC704 ( ;�S�$9 �%&M "
 j$&	( ���0(�!.  �	


 $( �(��D-
 ($�� ;�H�	&+�H �! ��	�1� $( �H�	&+�H

$9 ��!&,n&�U
 ���D� #~�	
 #: 34K77 %33R87  

�
$
( ;&D,n �

( (&s�,6 . % F	��") ��I

 "
 F�V

0&! �H$�,�� ��,6
� 	%;�H �Mb  �	��,�/ % �s	B�X

z�0  ��<- �	~ "
 �� F	��") ($��)or�y 

�D
�- ;&D�(  ;$%) *,T ;"$%��� ��.�

( K�� "


 &	" W&/ �! O(�! ��/�/ ���Y�: ��N) �(�� A
B� 0 z�

)yr/y(%
 O� K� AC%&D)i�
�B( >�T K!�2 &��X O

)p}/op ���� � $( �&M�z�0 �&M��(-�DV O� Q >�T K!�2

)xry ���� � $( �&M�z�0 �&M��( j$ �g$( O)u}(% O

-� ��)rx (% �/ %)uy(% m�0 �X�!  �D��-  ��N%  "


;(&I�
$ ;&- (�!.  



  ��
�! � �
�	:  ��	

" �#$	
 �%
�$&'(%�') 
� �*��'�+ � ,- .�/� ...  ��1 

���� �����	  

 "
 F	��") �	
 $(A
��M �H; .�D-PV� $B! d)oq 

&D�N;(  F	��") ($�� z�0 % �/ �(��D-
#$�g �! 

 c%$ ]+\ �($�k
 �-(Meyer et al. (1987) ) % �(��

 $(A
��M �H �Dk	$ �/ .( $( #$9 $�! ��V A
��M &H $

 ],6r �D
�- z�0 ;&D�  ��� (
(&0 K	
%
 $(  �D/�n

�/ .�6$B� ��X&|  c%$ ]+\ m�0 ;
Peters (1965) O

);$��X ���- c%$ (�/ ���Y� . $( m�0 �!�\$ A
B��

�6$B� ��X&| �N�8 ;
 �/�n "
 F�V uw/op %(�! . �!

&	(�1� f��&� �	
 rq/r O}r/x O�u/p  %pp/u  >)&D�N

 �! �(�Y� f��&� �! ��u/o Oo Oq/y  %r/y &!
&!  ��X&|

�6$B� �� ;
  j&D-( K!�2 >) =<- A
��6 �! O��/�!

�/ ���Y� . ;
&! &	(�1� �	
pr &M���n &H $( m�0 �

(�! A
��M.  

 �
"% c%$ �! z�0 �!�\$ ���Y� (Peters, 

1965)  ��I

 A��� $( "%$ _	 �
��" ��g�X �! ;$��!) %

�� �X&M .�H$�! A�/B+- "
 �V �D�H �	  #���,6

��� A
��M &H $( �n ;��
 �! �X&M #$�g A(&n _	 

�/ �D/
( �E
 ���! .�� �!��2$
 ;(�n "��
 �s�	
 �! �T 

$&	(�- ��g�� j�-
 &! #$9 j #�1�1�� A��"

&!
&! j$�X ;"$%��n xyy  $�DsH $( �$%
 �&M���n

�� /�!� )�(
( ���
 &�D�� ;�H( O[N�0 AC%&D�
 A
B�� 


&! "��
 ($��; 
&! A
��M &H;  W�<-}y  %oqy 

AC%&D�
 �&M����  �(�Y� f��&� �!�o/y  %opr/u  �&M

(�! .(�1� ��- %(	
 &�
 ($�� AC%&D�� % �/�� A��" $( "

2�!�  ��8&� $( ��
��} M&!� )����� #$�g �! ( &H �!

�/ �(
( A
��M .���! "��
 ($�� &��X ���l� $�U�� �!  �H

 A
B�� �! "��
 ($�� &��Xuyy ����  &H $( &��X �&M

 #$�g �! K�	&� #���X &V�- *+�� "
 m�0 �&M���n

(&M �X�'
 A
��M &H z�0 �!  �/�n F�V	� . �"~ �!

�n �-
 &n9 �!�\$  ���,�A
��M �H  �! A��-$ ��

 ��8&�} �6$B� ��X&| �8 $( �M&!  �/ �D/
( �E
  "
 %

 ��8&�} 
 �/$ K@X &0) �� �M&! F�� ;�H$�,�� ��,6

�X&M #$�g �!). $�U�� �!  �8 $( m�0 �!�\$ 7�8

�! % �
�kN( &	(�1� $�,�� ($�� $( �b	% u/o X&|� �

�6$B� 
;&�M��T �ST O "
 >) �%&0 "
 ;A
��M �H  %

 �� $( �
$�- (�I	
 "
 m�0 "
 AC%&D�
 ;��D�/ ��6

A
��M �H �/ ;$
((�0.  


��
�� ���� ����  

��� ��� (D)  

! �/$ K@X ��\ $( d&! =<- � �+	&k�&�R #$�g

���� F� G0 "
 �(��D-
 �!  % ;&D��"
�

 &�M % ��\ ;

c%$ ]!�<�  d&! _�SV v&6 �	&DM$B!Meyer et al. 

(1987) �/ ���Y�.  

������� (CH) ��� �!��"�� � (LN) 

 $(F	��") A�	�VO d&!  "
 ;(
&�

 ;�H���! �H 
�T�/ 

�8��� ���Y� "
 �V %O  #$
&8 �T$( $( A%)$(oCqy 

 #�� �!xq O�
�/ ��0 �6�-  =<- �+�
 ��-

d&! A"% �! ���! &H d&!  ���! &H ;
&! ��0 ;�H

�/ �+-��� . AC%&D�
 $
�1��
�,
 ;
&! d&!  d&! ;�H

n c%$ ]+\ ��0I�
�� ���Y� �/(Muchow & 

Sinclar, 1994).  "
 �(��D-
 �! d&! K�X%&�n $
�1�

K�X%&�n ��ED-( &D� )SPID(  eP��n d&! �	&0) ;
&!

 $( �DX�	 �Y-�� �
��In�H"%$; }r  ��}q �/�� "
 �V 

���Y� % �+-��� "%$ &H �/(Markwell et al., 1995).  

��
��
 ���� ���� �#$�%& '� (���) ��*  

�ST ( [N�0 ��+h� A
B�� ($%)&!;��
� O�!&��

 �	
�H�
"%$ ;
 ( �U�R %; ��
� &	" ;��X $( �!&��

�H&D�
$�V &	�- % �
"%$;  �(�+� QD��- �	 "
 G+�&�

K!��&V ;"�M1 �/ �(��D-
 .A
�T  eP��n �n d&! �	&�

�DX�	 c&D�M (�!  ;
&!�"
�

 &�M; H ;"�M �(�+� ;�

�/ >�kD

 .�"
�

 &�M; �6�- ��! ;"�M �(�+� ;�H 

py/oo  %yy/ox  G-�D� �n ;��
 �! �X&M #$�g

BD�-�DX ��YX F!�� A�	&T Qn
&� ;(PPFD)� %$ &!; 

 �! �	(B
 d&! =<-uywo �� &! *!&�&D� &! ��� %&.

 (�! ��
�Z)<1
 �! _	(B
$�
 J�+/
 �; ((Muchow & 

Sinclar, 1994).  $( �+	&1� $�<! ;"�M �(�+� �U���

�<1
  m�
 % �
�!" ��! ��g�X $( d&! ��SV G-% ;


 �/ �D�! d&! $%( �! d&!) ��,� $(�"
�

 &�M; "
 �H

,�2 ;
&! d&! ��SV G-% ��"
�

 &�M; �/ �(��D-
( .

�! ���! �	~�! ;�SM&!  �� O�
�/ �(" $��n �D2�� $�\

=+g "
 �n �YN�<� ($�� d&! =<-  F!�� v&Y� $(

�! �(�! ;��/$�0  $
&2 $�
 &!
&! $( K��n$�\(&�M .

�"
�

 &�M;  ��! �
��" &U
 "
 ;BD�-�DX ;�Hory  ��

                                                                                   
1. Portable Photosynthesis System (Li-6200, Li-Cor-
Biosciontific.Ltd.Hoddesdon, Herts, Enllodb)   
2. Photosynthetic Photon Flux Density 



��2                    ������	
� �
�
�� ����  �	��	 �
���� �

�� �� ����� 

ouy �/ K�,s� ��
�Z . �T$( �
��" ��g�X �	
 ��\ $(

 "
 &D��! d&! #$
&8oCp�� �X��
 F	
BX
 . �	


�"
�

 &�M;  �\ $( �H�  "
 �N
�D� "%$�`  "
 �V "%$

�/�� �X&M #$�g.  

+,�� '%��-)  ��*
��
�� ���

� �  

."/��"� �0�� (A) 

 CUA S ∆=  

A ��� f�8 &! BD�-�DX A
B� *!&� &D� &! ��� %&.


�Z &!��OSU  *!&�&D� &H �
"
 �! 
�H A�	&T �(�� �	 Qn
&�


�Z &! *!&� &D� &! ��� f�8&! d&! =<-�% �C∆ 

;( �U�R ?PD0
  �!&n���n
$(  ;"�M �(�+� �U���

� f�8 &!���� &! ���%&. �-
 . 
$ BD�-�DX $
�1� �D+N


�� ! A
�� ��

�0 ��ED-( "
 Q�1D�� $�\.  

1�2& ��.�) (E)  

wUE S ∆=  

E ��
�Z &! *!&� &D� &! ��� f�8 &! �&Y� A
B��O 

w∆  % ��� &! ��� f�8&! >)$�k! �U�R ?PD0


SU  =<- *!&�&D� &H �
"
 �! 
�H �N�� A�	&T Qn
&�


�Z &! *!&�&D� &! ��� f�8&! d&!��.  

 �)��3)'���4 �� 564�7� ����� 4$ (rs)  

 
( )

rb
wus

wW
rs anleaf −

∆
−

=  

Wleaf $�k! �U�R  (�T�� #$
&8 �T$( $( J�+/
 >)

<- $(�! &!
&! % ��� &! ��� f�8&! d&! =:  

P

es
wleaf =  

es $��X  $( (�T�� #$
&8 �T$( $( J�+/
 >)$�k!

f�8&! d&! =<- ����  % $�!P  f�8&! &��,�
 $��X

���� $�!O w∆ $�k! �U�R ?PD0
  f�8&! >) &! ���

��� Orb >) $�k! &!
&! $( ;"&� �	~ ��%�1�  f�8&!


�Z &! ��� &! *!&� &D���O Wan  A%&�! $( >)$�k! �U�R

 % ��� &! ��� f�8&! d&! �U��� "
 usQn
&�  A�	&T

f�8&! d&! =<- *!&�&D� &H �
"
 �! 
�H �N��  &! ���


�Z &! *!&� &D���.  

 �$ �8�9 '���4 �:� ��;� 4$ <���
�=�� (Ci)  

2

E
gc

A)an'C)
2

E
gc((

Ci

+

−−
=

  
  

 

rb37/1rs6/1

1
gc +

=  

  

gc  �	
�H�
"%$ ;
 ;( &!
&! $(  f�8&! �!&n���n



�Z &! *!&� &D� &! ����O�anC ' ;( $
�1�  �!&n���n


A�	&T � f�8&! d&! �U��� "
 �$�0 �! �DX�	� ��� %&.

 O��� &!E  f�8&! �&Y� A
B��
�Z &! *!&�&D� &! ����� O

A  A
B��� f�8&! BD�-�DX���� &! ���%&.O rb 

 *!&� &D� f�8&! >)$�k! K!�1� $( ;"&� �	~ ��%�1�


�Z &! ��� &!�% �rs  ��%�1��
"%$ ;
 $�k! K!�1� $(  >)

f�8&! ��� &! *!&� &D� &! �Z��
.  

 �:�
*'���4 �� 4�7� ���3) 4$ 56  (gs)  

rs
gs

1=  

 gs
�H	 ��
"%$ ;
  K!�1� $($�k!  ��� f�8&! >)


�Z &! *!&� &D� &!�% � rs  ��%�1��
"%$ ;
  K!�1� $(

$�k! ! >)��
�Z &! ��� &! *!&� &D� f�8&.  

56 >�?) �:�4�� �."/��"�(pWUE)   

)( gs
A  =   WUE       

pWUE �	
$�n >) ?&@� ;BD�-�DX  f�8 &!

����� &! ���%&.� A  f�8 &! BD�-�DX A
B��

��
�Z &! *!&�&D� &! ���%&.� % �gs  �	
�H�
"%$ ;
  &!


�Z &! *!&�&D� &! ��� f�8��.  

"/��"� 4$ �!��"�� >�?) �:�4��.(pNUE)3  

 �n ���E�H �<1
 &H $( ����� f�/ #$�g �!

 BD�-�DX A
B�� &!
&! $( d&! AC%&D�
 ;
�D�� �� Q-$

�/.  

4�)6 ���-& � ':.@&�  

�(
( �	BI� �ST  "
 �HX
 �&
;$��) $
B MSTAT-C 

 Q-$ ;
&! %�H$
(�,
  ���
&! "
 �
��-&M$ �	BI� %Excel  

�	(&M �(��D-
 .��E
��� ��	�1�   ��i A��") �! �H

���
(  ;$��) =<- $( �s

( ;
r %�X&M ��I

.  

  

  ج و بحثينتا

�� (
( A��
 �	�D
  �	&+�H�yx  ��%�1��
"%$ ;
 

O�/
( ;&D,n &E	( #$�+Y!  �	
�H�
"%$ ;
 )gs(  A)

                                                                                   
1. Photosynthetic Nitrogen Use Efficiency 



  ����� � ���	:  ��	
�� �
�	
 ��
��������� 
� ������� � �� ���� ...  ��! 

 (�! &�(�	")�%�To(�� O �! &I�� &�
 �	
  �(�+� (�+S!

;(  �!&n���n
�� �/ ;( �U�R �I�D
 $( %  ���n
 

��! �!&n �N��- )Ci (�&Y� ����,H %  �	&+�H�yx   

B�
  &�(�	"��  �/) �%�To .(ED�+,H� (B
	! _� �


�H	 ��
"%$ ;
�&Y� O ;( �U�R % ����
  ��! �!&�

 ($�� �N��- �-
 �(�! B�
 A
&E�H%bV &	�- �T��

)Mabrouk et al., 1985 ( B�
 &'�8 FH%bV $( �� 

)K./o (�ED�+,H ���i ���) �-�! �.	(B
 ;�H

O�-
 ��
 �!; 
 ��	 �p  &D�
$�V#$9 �	&+�H %( &H $( 

 #
"
�� �!	�.	t� &E�� &��DX�	 ) �%�To.(  

&�(�	"  A(�!A
B�� BD�-�DX $( �	&+�H �yx 

)�%�To(  &�(�	" �! ��+�$
 $((�!A d&! AC%&D�
 $
�1� 

�-
 �(�! �	&+�H �	
 $( .AC%&D�
 ;
$
(  Q�1D�� &�Zl�

$( �!  BD�-�DX K,6 QD��-�DX �	
$�n ;%$ �b	%�   

(PS II) �� /�! �)Marschner, 1995( ����,H % 

&�(�	" A(�! A
B��  �	
�H�
"%$ ;
 �	&+�H �	
 $(  �n

 �! &I��(�	("
 ;( �U�R n
��! �!&n���  �N��-

�� (�/ .��8 ��6 $(O $�UD

 ?P0&!O ��6  >�T QR$

&D��! AC%&D�
  �	&+�H $(�yx  #%�����Y� $
( ��! ;

 d&! =<- % d&! K�X%&�n $
�1���!  %( �	&+�H

 �	(&E
 ��H���)�%�To(O K�X%&�n $
�1� ��i&H  %

;��N�� d&! =<-  �	&+�H��{  (�! &�(�	" ���



)�%�To(( O O&�
 �	
 =�'�� $Gunda et al. (2007) 

�DX�	 ��! ���� �<!
$ (�T% "
 B�
  ��ED-( "
 Kg�8 ;�H

K�X%&��  &D�SPAD )K�X%&�� A
B�� ���Y� $((  A
B�� %

 AC%&D�
 (�+,� G	
&/ $( O#$9 ;�H�	&+�H $( BD�-�DX

�(&� (�	 z�0 �

 .A(�+
  #%�����Y� $
(   $(A
B��  =<-

d&! �	&+�H %( 8 #%��� �n �-
 ��Y2
% �	
 "
 �n�

 %( A����	&+�H  
&i �(�+
 AC%&D�
 &DS! >�T ;��+� &!

 #%��� B�
 d&! K�X%&�n $
�1� �n��Y� $
(%( ��! ; 

 �	&+�H
 �(
�
 A��)Gunda et al., 2007( %  &U
 �!

�� �-$  ?&@� �	
$�n % >) ?&@� �	
$�n �! �	�!

$( AC%&D�
  ��	
&XBD�-�DX ��!  %(H�/�! ��!&� �	&+�. 

 >) ?&@� �	
$�n�	&+�H�yy &�(�	" (�! )�%�To( % 

&�(�	" �! ��+�$
 $( J�'�� �	
  ?&@� �	
$�n A(�!

BD�-�DX $( AC%&D�
 )�%�To ����� f�/ %  $( �H

 K./u ((�! �	&+�H �	
 .c$
BM �! ��H��� �	
 �	�H  ��

�D+h� �<!
$ &@� �	
$�n ��! ?&@� �	
$�n % >) ?

%&D�
$( AC BD�-�DXO  �! �T�� A%�! A
B�� #
&��t� 

m�0 �!�\$O A)&E
��
 % �D/
( �1!�<� O�

 �(
( A��
 

 $�M"�- &E	�s	 �! &D�
$�V %( �	
 �n �-
�� /�! ��

(Meinzer & Zhu, 1998).  
  

  )الف

KSC 700 

R2=0.9922 

 

   
   

   
  

 د
ت

ظ
غل

 ي
س

اك
ي

ن
رب

 ك
د

  

   
   

   
  

يم(
ل

و
 م

ر
ل ب

و
وم

ر
ك

(
  

KSC 704 

R2=0.9939 

 

   
   

   
  

 د
ت

ظ
غل

 ي
س

اك
ي

ن
رب

 ك
د

  

   
   

   
  

يم(
ل

و
 م

ر
ل ب

و
وم

ر
ك

(
  

    )هيمول بر مترمربع بر ثان( يات روزنهيهدا  )هيمول بر مترمربع بر ثان( يات روزنهيهدا              

  )ب

                       KSC 700 

                      R2=0.9823 

 

   
   

   
  

ق
ر

تع
  

   
   

   
  

ليم(
ي

ان
 ث

ر
ع ب

رب
رم

مت
ر 

ل ب
و

م
ي

)ه
  

KSC 704 

R2=0.9823 

 

   
   

   
  

ق
ر

تع
  

   
   

   
  

ليم(
ي

ان
 ث

ر
ع ب

رب
رم

مت
ر 

ل ب
و

م
ي

)ه
  

    )هيمول بر مترمربع بر ثان( يات روزنهيهدا         )هيمول بر مترمربع بر ثان( يات روزنهيهدا                    

 "#$% &  '(	)* �
�	
��+�
 ,	 �-�/� 0��  0��� )�1�	 ,� �	��� �� )3-	 ( 5�67 �)� (8
9 ,�*)(�;�* 
�  



��<                    �/=��>	
+ ��*��? ��/>  �	�(	 @
���A @
�B$ CD CAD<E 

  

  
 "#$� &  
� ������� �	��� �� F�� ������� 
	)G� �
�	


8
9 ,�*)(�;�*  
)����� ����	
 ���	
�� ���
�� �� ������� ���� ��
��� �� ��
�� ��(  

  

  

 �L
$�� &! �H�	&+�H % z�0 �!�\$ F�.,H&!

&@� BD�-�DX ��	
&X $( AC%&D�
 ?&@� �L
$�� % >) ?

 �	(&M �!�	"$
)�%�Tu .( j�-
 &!���) �-�! �	�D
 O

 $( [N�0 BD�-�DX A
B�� FH�n;�H ���!  �! �T
��

 &Z
 &! �%
 �T$( $( �s�0 F�� �	
�H FH���
"%$ ;
 

�(�! )Fageria et al., 2006; Wolf et al., 1988 .(

��i&H F�� $( ��	�/ ;�H &J�'�� �	
 �-
 �.,�  �!

A%$( ��%�1� F	
BX
  �N��-)���X%B� (�/�! �
&,H B�
 

)Ryle & Hesketh, 1968(.  �! &'�8 FH%bV $(

 F�� �! A�/ �T
�� % z�0 �!�\$ A
B�� FH��

 �.�0)$�,�� ��
�� Q	P� F��FC �/� �	�/ F�� �	

 $�,�� ��
��FC`/� ( A�/ �D�! &Z
 $(�
"%$ �H  F	
BX
 %

�1� ��%�
"%$ ;
 �	
�H O�
"%$ ;
 ;( �U�R % �&Y� O

 �-
 �DX�	 FH�� �N��- ��! �!&� ����
)�%�T� .( �!

 &U
�� �-$  �	
�H FH�n ��6�
"%$ ;
 �U�R % �&Y� O

;( �!&n���n
 ��!  $�,�� $( �N��-FC u/o  (�+,n

 ��	$ �1<�� $( Ab��n
 G-�� �� �
�E
�,H O�/�! �(�!


BM QH A
&E�H%bV &	�-�-
 ��	(&M c$(Fageria et 

al., 2006; Meyer et al., 1987).  

 Od&! AC%&D�
 $
�1� Oz�0 �!�\$ FH�� �!

 �X�	 FH�� QH d&! =<- % K�X%&�� OBD�-�DX

)�%�T� .(m�0 �!�\$ #%��D� &	(�1� A
B��  AC%&D�


(
( $
&2 &�Zl� ��� 
$ ���M G-�� ��/ >�T  % >�T

 $�,�� $( AC%&D�
FC �	&D��!  $�,�� $( %FC 

r/y(�! $
�1� �	&D,n . $�,�� $( d&! AC%&D�
 FH�n

FC r/y  $(�! ��+�$
  m�0 j&D-( K!�2 >) �	(%���

�(�! m�0 ����� "
 �	
�R&g��6 >�T $(  �-


)Zaklina & Christof, 2001(�b	�! O  ���M �n �
��"

AC%&D�
 (�+,n �! QH �T
��  �-
 �(�!(Pandey et 

al., 2000).   

�n $�,�� $( BD�-�DX �	�/ FHFCr/y �! �<!
$ $( 

 �
�SM�
 A�/ �D�!�
"%$ �H  �U�R FH�n %

;( ��! �!&n���n
  �	
�H FH�n &Z
 &! �N��-�
"%$ ;
 

 �-
 �(�!)Wolf et al., 1988( . $( &�Z�� ��8 ��6

Q	C$ BD�-�DX A
B�� &! �D!�\$ #%��D� ;�H��Y� $
( 

 (�!)�%�Tu.(  $( BD�-�DX FH�n $�,��FCu/o  �.,�

 �-
K�N( �!  &Z
 $( ���M G-�� AC%&D�
 >�T FH�n

Ab��n
 (�+,n A
&E�H%bV &	�- G-�� �� �
�E
�,H O

 &�U
Meyer et al. (1987)  �DX&M $
&2 �T�� ($�� QH

 ����,H % �-
��	$ ���� FH�n  >�2&R G	
&/ $( �H

��	$ �1<�� $( f-��� �	�S� ��6 %  �/�! �(�!

)Fageria et al., 2006.(  

 $( d&! =<- FH�n�! �<!
$  FH�nA
B��  �!�\$

$( (�T�� % �(�! m�0  $
�1� % d&! =<- FH�n

 $�,�� $( K�X%&�n A
&E�H%bV &	�- G-�� �.�0 F��

�-
 �DX&M $
&2 �T�� ($�� QH(Wolf et al., 1988; 

Zaklina & Christof, 2001).  $( �! &'�8 FH%bV

 &U
�� �-$ &! =<- FH�n $�,�� $( dFCu/o  &Z
 &!

 (�+,n G	
&/ $( m�0 "
 AC%&D�
 >�T �	(%���

 Ab��n
 �/�! )Meyer et al., 1987.(  

  
  

H�)I%& ��J��� 05�67 (E)������� C(A)� C, 1�	�� 0��� )�-�/� 0�(Ci)	)* C(	 ��+�
 ',(gs) � C�F�� �����(LN)	
�� C�(  ����

������� �� ,(pWUE) C���� ���� �(	
�K������� 
� ��� (pNUE)���/� C�F�� " (CH)  F�� L
� �(LA) * 
���;(�*), 8
9  

������ E 
(mmol  
m-2 s-1) 

A 
(µmol m 
mmol) 

Ci 
(µmol  
mol-1)

gs
(mol  

m-2 s-1)

LN 
(g m-2) 

WUE 
(µmol  
mol-1) 

pNUE 
(µmolCO2  

 mmolN-1s-1) 

CH 
(µg cm-2) 

LA 
(m2 plant-1) 

!""KSC  b*#$%/&  b"'/*' b"/&%+ b*#"&/" b,$"*/" a$/&",  a+!%*/"  a,*/%*  a+'&#/"  

!"%KSC  a*,&/&  a$$/*! a$/&+, a**$,/" a&'$/& b%/&"'  b%!++/"  a**/%%  a+'+&/"  

-�.���� �
�	 �� ����0� 1��23 4��5� ���6 �� 7��7�
�  8�9�6
 :;	 ��+ ���
�� <� ��.  



  ����� � ���	:  ��	
�� �
�	
 ��
��������� 
� ������� � �� ���� ...  ��E 

  

D-( K!�2 >) $
�1� FH�n �! >) ?&@� �	
$�n j&

 f-����
 �	�S� G	
&/ $( % m�0 $( % Ab��n
 (�+,n

) $�,��FCu/o ( #$�g �!��Y� $
( FH�n ; �X�	

) �%�Tu( O�s�N O G	
&/ $( FC  %FC q/y  % FCu/o 

 %( A����	&+�H  #%�����Y� $
(;  ?&@� �	
$�� &U
 "


>) �	(&E
 ��H��� >��<� G	
&/ $( &E	( #$�+6 �! O

S� G	
&/ $( % ;$��!) %( "
 �
�.��H f-����
 �	�

 K�
%
 �T�� ($�� �� O��D/
�
 ;&�&! ;&E	( &! �	&+�H

)O’Neill et al., 2004 (�-
 �DX&M $
&2 B�
.  �H�E
 �!

 $( AC%&D�
 ?&@� �	
$�n �!��	
&X  �	 &H $( BD�-�DX

 W�<- "
�D!�\$  %( ��	�1� %�	&+�H  K�N( �!�0 �!

 &�
 �	
�/%$ �� (�/. ��!  %(+�H�	&  W�<- $(

#%��D� �D!�\$  $( AC%&D�
 ?&@� �	
$�n &U
 "
��	
&X 

BD�-�DX  #%�����Y� $
( ��
 ��H��� ;)�%�Tu( .

O�s�N  $�,�� G	
&/ $(FCr/y  $( >) ?&@� �	
$�n

�	&+�H KSC 700  #$�g �!&�(�	" ;"$�! (�!O 
&	" 

 $( AC%&D�
 ?&@� �	
$�n��	
&X  #$�g �! BD�-�DX

��Y� $
(; 	" &�(�(�! )�%�Tu( .J�'�� �	
  &! ���N(

;&�&! �N�,D8
 �	&+�H �yy  �D!�\$ F�� G	
&/ $(

 �-
) �%�Tu.(  

  &U
 �!�� �-$ �PD0
 $( �	
$�n FH�n % BD�-�DX  

 $�,�� $( >) ?&@�FC u/o  "
 &D��!  ��!&� �n ��
)

 �	
�H FH�n �!�
"%$ ;
  �/�!O  �I�D
 % �(�! �s�N�!�D�

���� �	(%��� ��	$  �H �/�! )Meyer et al., 1987(. 

#
&��t� �
%$ ?&@� �	
$�n  BD�-�DX ��	
&X $( AC%&D�


 (�! d&! AC%&D�
 $
�1� �.6 �ST $() �%�Tu( �� O

�DX�	 �! �I�D
 �	
 ($
( �1!�<� $P.��- % �i�� ;�H

)Muchow & Sinclar, 1994 .( &	(�1� F�.,H&!

b	% &! �H�	&+�H % �X&@� AC%&D�
�M _	C�N�	B�X ;�H

 �%�T $( #$9 �	&+�H %(p �-
 ��/ �(
( A��
.  

 A
B�� AC%&D�
 $
�1� FH�n �! >) ?&@� �	
$�n

 m�0��Y� �
�M �!  �X�	 FH�n ;$
()�%�Tp.(  $(

�N�8 �	
 �n J�'��  $( AC%&D�
 ?&@� �	
$�n �! ��+�$


 BD�-�DX $((�! �s6&! )�%�Tp.( ��!  %(�	&+�H  $(

��<� G	
&/ >) ?&@� �	
$�n &U
 "
 AC%&D�
 >  %

 AC%&D�
 ?&@� �	
$�n ;BD�-�DX #%�����Y� $
( ;

�	(&E
 ��H��� )�%�Tp.( O�.�N  (�+,n G	
&/ $(

>) ?&@� �	
$�n AC%&D�
 �	&+�H �yy �!  $�\

��Y� $
( ;&�(�	"  "
�	&+�H �yx (�! . ?&@� �	
$�n

 AC%&D�
�	&+�H �	
  $(��	
&X $( B�
 BD�-�DX  G	
&/

 #$�g �! AC%&D�
 (�+,n��Y� $
( ;&�(�	"  "
�	&+�H 

�yx (�! ) �%�Tp.(  

  
  

H�)IM& ��J��� 05�67 (E)������� C (A)� C,1�	�� 0���)�-�/� 0 �(Ci)	)* C(��+�
 '	 ,(gs)� C�F�� ����� (LN)	
�� C�(  ����

������� �� ,(pWUE) C ,������� ������� ���� �(	
�K(pNUE)��/� C��F�� "(CH)  F�� L
� �(D)  8
97 'N7O ��P

* � Q�R '��S
 8��T�� �(��G� U�#B*����;(�* ), 8
9  

��9�3  E 
(mmol 
 m-2 s-1) 

A
(µmol m-2  

s-1) 

Ci 

(µmol 
mol-1) 

gs
(mol  

m-2 s-1) 

LN 
(g m-2) 

WUE 
(µmol 
mol-1) 

pNUE 

(µmolCO2  
 Mmol N-1 s-1) 

CH 
(µg  

cm-2) 

D 
(m2  

plant-1) 
�>�? ��
@  

(~FC)  

������ 

#/& !""KSC  d**#,/& d""/*+ d,/&%! d**+"/" e',+"/" c*/&"%  c%,&*/"  b+"/%*  c+#%#/"  

           
#/& !"%KSC  d*+#/& d""/*' c+/&'" d*%""/" d$"+"/" c+/&"+  cd%#"#/"  b""/%%  c+*$+/"  

           
& !""KSC   bc''#/& b,!/%$ b!/&,, bc%&+"/" c*#%/&  a#/&#"  de#,+!/"  a'!/++  a'+!,/"  

           
& !"%KSC  a!,,/& a"$/+* a'/#"+ a%%,*/" a!+"/&  a%/&&,  e##!,/"  a,*/+'  ab'%$!/" 

           
,/" !""KSC   c+$!/& c'%/%' b!/&,' c%"+"/" c#%,/&  b"/&&+  de*"&!/"  a'!/+*  b'&*+/"  

           
,/" !"%KSC  ab!*#/& b+,/%$ a+/#"* ab%*+"/" b+,,/&  b,/&&*  de#+!!/"  a+"/+%  ab'#%,/" 

           
+/" !""KSC  e+,,*/" e!*/&# e$"/+' e&#+*/" f*"**/" d&#/$'  a##$/&  c+"/##  d%%$*/"  

           
+/" !"%KSC  e'+&!/" e*"/&* e""/'' e&*+,/" f%*##/" e"'/,,  b$$'#/"  c""/##  d%%'*/"  

* �� �� -�.���� �
�	��0� 1��23 4��5� ���6 �� 7��7�
�  8�9�6
 :;	 ��+ �A�� ���
�� <� ��.  



�DV                    �/=��>	
+ ��*��? ��/>  �	�(	 @
���A @
�B$ CD CAD<E 

 H�)IW&  5�67 0�J����(E)������� C (A)�-�/� 0�� 0��� )�1�	 ,� C (Ci)��+�
 '(	)* C,	 (gs)F�� ������� C (LN) �(	
�� C

,������� �� ���� (pWUE) C ,������� ������� ���� �(	
�K(pNUE)F�� "����/� C (CH)  F�� L
� �(D) 8
9   ��P�7 'N7

8
9 ,�* )(�;�* � Q�R ������� 8��T�� �(��G� U�#B*��  

��9�3 E 
(mmol 
 m-2 s-1) 

A
(µmol m-2  

s-1) 

Ci 

(µmol 
mol-1) 

gs
(mol m-2 

s-1) 

LN 
(g m-2) 

WUE 
(µmol 
mol-1) 

pNUE 

(µmolCO2  
 Mmol N-1 s-1) 

CH 
(µg cm-2) 

D 
(m2 plant-1) ������ �������  

kgha-1 

!""KSC  &," b**'!/& b+*/%# b#/&+% a*%%#/" b&!+/& a&/&#&  c%"##/"  a&!/%$  a'*%%/"  

           
!"%KSC  &," a%+#/&  a++/%% a'/&'$ a*'+"/" a%+$/& a'/&&$  c*%#,/"  a#+/+"  a'%#*/"  

           
!""KSC  '" c##"/&  d+$/#$ c,/&*+ b#$'"/" d'"+,/" b!%/$'  a!%'*/"  b+"/*,  b%,,"/"  

           
!"%KSC  '" b*"$/&  c%*/*& b*/&%, b*&%'/" c,!$#/" c#$/$*  b'",#/"  b%#/*,  b%,!$/"  

* -�.���� �
�	 �� ����7 �0� 1��23 4��5� ���6 ����
�7  8�9�6
 :;	 ��+ �A�� ���
�� <� ��.  

  

 ��H��� f��&� �	
 �!�� (�/ �� >) ?&@� �	
$�n 

% AC%&D�
 ?&@� �	
$�n  ��	�1� ��E�H �! BD�-�DX $(

 A��.	 W�<- �	 z�0 �!�\$ A��.	 W�<- $(

 ;
$
( % �(�! $�M"�- &E	�.	 �! �$
�,H z�0 AC%&D�


��D�H �D+h� �<!
$ (Meinzer & Zhu, 1998) . �!

 ��\ $( &D�
$�V %( �	
 A��� ��	�1� ��
��i ��$�+6

$ FH�� f�/ =<- &H $( % (&�E
 #$�g z�0 �!�\

 �<!
$ O(�/ ��	�1� AC%&D�
 $
�1� �! �	�S�� �! �D!�\$

�� �-�! �D+h� �1!�<� %" % $B��� �	�D
 �! �� �	)

($
( )Meinzer & Zhu, 1998 .( ��E�H �! O�s�N

 % z�0 �!�\$ #%��D� W�<- $( &D�
$�V %( �	
 �-$&!

 �D!�\$ W�<- ���� A)$( �� AC%&D�
 z�0 ) O>��<�

 �(�Y� OQ	P� F�� O;
 �6$B� ��X&| �(�Y�q/y 

 �(�Y� OAb���
 F�� O;
 �6$B� ��X&|u/o  ��X&|

 �(�Y� O�	�/ F�� % ;
 �6$B�r/y �6$B� ��X&| ;
 (

 z�0 AC%&D�
 #%��D� &	(�1� &!
&! $() �(�Y� >��<�

oqy  �(�Y� (�+,� % $�D.H $( [N�0 AC%&D�
 �&M����

}y �
 �&M����$�D.H $( [N�0 AC%&D ( �(
( $
&2

�� (�/! ���� �<!
$ &D�
$�V %( �	
 ��! O ��� �-(  �	)

)K./p(�	�D
 �! #$�g �	
 $( �� OField et al.  

(1983)  %Sobrado (1994) ($
( �E�H�,H . $(

�� ;&H�| (��� �	
 =�'��  $( O�� (&n �~�D-
 A
��

 z�0 �!�\$ A(�! Q� G	
&/) &'�8 FH%bV $( $(

 $�,��r/y �6$B� ��X&| ;
 ( A(�! "�! &D,� ��6 �!

�
"%$ �H ) ��%�1� F	
BX
�
"%$ ;
  �	
�H FH�� %

�
"%$ ;
 (>) ?&@� �	
$�n (A/gs) A
B�� _	 $(  ��Y�

 &�� �&k� FH�� K�N( �! BD�-�DX) �	
�H�
"%$ ;
 (

 �!�\$ (�+,� G	
&/ �	
 $( �.
) ��8 O�!�	 �� F	
BX


! AC%&D�
 Oz�0 ($�� BD�-�DX $( ;&D,� �L
$�� �

 $
&2 �(��D-
�� &�M ((Meinzer & Zhu, 1998)  %

AC%&D�
 ?&@� �	
$�n �� FH�� BD�-�DX $(  �!�	

) K./p.(  

  

  

          
                            ������ �� �	
�                     ������ �� �	
�  

  

"#$W&  ������� )�(	�� 
� ������� ���� �(	
�K � �� ���� �(	
�K �
�	
  

 )(�;�* 
�KSC 700 )3-	(  �KSC704  )�(  

�
��

��
��

 �
�	


 
�

�

��

�
 �

��
��

��
 �

�	

 

�
�


��
�

 



  ����� � ���	:  ��	
�� �
�	
 ��
��������� 
� ������� � �� ���� ...  �DA 

  

�� f��&� �	�!  $( �� (&� ;&�M �I�D
 ���i A
��

 �	&+�H �-$&! �	
�yy �L
$�� �!  $( >) ?&@� &�(�	"

%&D�
 (�+,� �	 z�0 �!�\$ (�+,� G	
&/ &! z�0 AC

 �	&+�H�yx ($
( ;&�&! .
&	" AC%&D�
 ?&@� �	
$�n  $(

 �	&+�H ;
&! BD�-�DX�yy  % >) (�+,� G	
&/ $(

 �	&+�H "
 &�(�	" AC%&D�
�yx (�! .FH%bV ��
��i  ;�H

�6$B� ���,s� �� O��� ��	�� 
$ J�'�� �	
 QH ;
  A
��

�(��D-
 �!�\$ �	(%��� ;
$
( ��1
 $( �	&+�H �	
 "
 

(&� ;&D��! .�� ��g�� ����,H ��	�1� (�/  �"~ ;�H

 &E	( $( &'�8 ��8 $( �� (�T�� ;�H�	&+�H &	�- ��!

�� ��� $��� ��1
  &h�
�8 �! �!��D-( ?�H �! �
�/

 % (&�M #$�g AC%&D�
 % >) (�+,� G	
&/ $( (&.�,6

;$�M"�- j�-
 &! �1<�� &H $( �H�	&+�H >�kD

 

>) ?&@� �	
$�n % 
$�nAC%&D�
 ?&@� �	  $(  

 #$�g �1<�� A) �	
�H % >) G	
&/ �! BD�-�DX  

(&�M.   

 
REFERENCES 
1. CAST, Council for Agricultural Science and Technology. (1999). Gulf of Mexico hypoxia: Land and 

Sea interactions. Task force report. 134. CAST, Ames, IA. 
2. Christensen, L. A. (2002). Soil, nutrient and water management systems used in U.S. corn production. 

Agricultural information bulletin. 774. USDA Economic research service. Retrieved August 20, 2004. 
From Http://www.ers.usda. Gov/publications/alb. 

3. Fageria, N. K., Baligar, V. C. & Clark, R. B. (2006). Physiology of crop production. Food Product Press. 
345pp.   

4. Falkenmark, M. & Lundquist, J. (1998). Towards water security: political determination and human 
adaptation crucial. Natural Resources Forum, 22, 37-51.  

5. Field, C., Merino, J. & Mooney, H. A. (1983). Compromises between water use efficiency and nitrogen-
use efficiency in five species of California evergreens. Oecologia, 60, 384-389. 

6. Gunda, S. A., Nazma, B., Mosisa, W., Marianne, B. & Walter, J. H. (2007). Leaf senescence induced by 
nitrogen deficiency as indicator of genotypic differences in nitrogen efficiency in tropical maize. Journal 
of Plant Nutrition and Soil Science, 170, 106-114. 

7. Mabrouk, A. E., James, H. C. & Ana, H. P. (1985). Stomatal response to air humidity and its relation to 
stomatal density in a wide range of warm climate species. Photosynthesis  Research, 7, 137-149.     

8. Markwell, J., Osterman, J. C. & Mitchell, J. L. (1995). Calibration Minolta SPAD-502 leaf chlorophyll 
meter. Photosynthesis Research, 46, 467-472. 

9. Marschner, H. (1995). Mineral nutrition of higher plants. Academic Press London. 
10. Meinzer, F. C. & Zhu, J. (1998). Nitrogen stress reduces the efficiency of the C4, CO2 concentrating 

system and therefore quantum yield in saccharum species. Journal of Experimental Botany, 49, 1227-
1234. 

11. Meyer, W. S., Barrs, H. D., Moiser, A. R. & Schaefer, N. L. (1987). Response of maize to three short 
term periods of water logging at high and low nitrogen levels on undisturbed and repacked soil. 
Irrigation Science, 8, 257-272. 

12. Muchow, R. C. & Sinclar, T. R. (1994). Nitrogen response of leaf photosynthesis and canopy radiation 
use efficiency in field- grown maize and sorghum. Crop Science, 34, 721-727. 

13. Natu, P. S. & Ghildiyal, M. C. (2005). Potential targets for improving photosynthesis and crop yield. 
Current Science, 88, 1918-1928. 

14. O’Neill, P. M., Shanahan, J. F., Schepers, J. S. & Caldwell, B. (2004). Agronomic responses of corn 
hybrids form different eras to deficit and adequate levels of water and nitrogen. Agronomy Journal, 96, 
1660-1667. 

15. Pandey, R. K., Marnaville, J. W. & Chetima, M. M. (2000). Deficit irrigation and nitrogen effects on 
maize in a Sahelian environment II. Shoot growth, nitrogen uptake and water extraction. Agricultural 
Water Management, 46, 15-27.  

16. Peters, D. B. (1965). Methods of Soil Analysis. Part I. Physical and mineralogical properties. Agronomy 
Monograph. American Society of Agronomy, Inc, Madison, 9, 279-285. 

17. Raun, W. R. & Johnson, G. V. (1999). Improving nitrogen use efficiency for cereal production. 
Agronomy Journal, 91, 357-363. 

18. Ryle, G. J. A. & Hesketh, J. D. (1968). Carbon dioxide uptake in nitrogen-deficient plants. Crop Science, 
9, 451-454. 

19. Sobrado, M. A. (1994). Leaf age effects on photosynthetic rate, transpiration rate and nitrogen content in 
a tropical dry forest. Physiologia Plantarum, 90, 210-215. 

20. Wolf, D. W., Henderson, D. W., Hsiao, T. C. & Alvino, A. (1988b). Interactive water and nitrogen 



�D�                    �/=��>	
+ ��*��? ��/>  �	�(	 @
���A @
�B$ CD CAD<E 

effects on senescence of maize: II. Photosynthetic decline and longevity of individual leaves. Agronomy 
Journal, 80, 865-870. 

21. Zaklina, B. & Christof, E. (2001). Nitrate uptake ability by maize roots during and after drought stress. 
Plant and Soil, 229, 125-135.  

 


