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

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

 ��

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

)Chenopodium album(��� ��� 	����� 
  

Study of corn and common lambsquarters (Chenopodium album) radiation  

use efficiency under competition condition 

 
������� ��	�
 ���∗����� ����� ������ �� �  ���� ������  

������ ��� � ���!  ���"#$�� ����  

�! ��" #$��%�"&' ��()*�+ %�,-�.
� /-+"0 ��'�1* 234� � 5  

�! 6�$ ��7	7,' 89
 ��#"� � :;<=���7	7,'  �.)> �?�@A��	� %�"&'  

)5��-�+ C-��':  �+ �EF�G"-H0 C-��' � : �.-"&��EF�(  

  

%���&  

�@��- ���J 8-     K�.' L
��: M"N: O	  �=P O$��# %���    6�$ 5
�Q� #� O��* �� R��   #"S�

+�+ ���.P 8��J ��.  "	UVS' � WJ�"S'    5S��J 8S-��� <S*�+ ��X  �� )L. Zea mays(  "S
  ���SJ- O

     � ��X �.* M"N:<���  �"' �+ 2.Y�     WJ�"' 6�Z9:<���  �"'        �+ [S-�.ZJ�� 8-�S:#� \- �+

  ].�
 2"^ _`�Q     ��+�N' [:�J ���  �
     a�� �+ ��"b' <��EFE   ��"Q ���"
 +�.:  5�" .  [:�$ 

 ��c- a��  5��J WJ�"'  ��X    [:�� de   � �e�    ��Zb� �+ <'.
 ��@�      f�+ [S:�$ �   5S��J 8S-��� 

��X     ��.N
 5)J [:��  \S-      6S-+� �+ � 6S-+�    <Z)S0 R��      [S:�$ �   WJ�"S' f.S�   ��S�

6�$  <��� #"� �"'     gY� ��&h �+e  ��  ��e   ���   "Z: �+ <'.
  O`.^  +�-6 +.
  .  i-�Z*  +�+ %�)*

 ���J <J- M"N: O  ��X �.*     K-�"� �+ �.jk <���   �"S'   W>�"S' �+      8S-��� � �S�     5S��> ��S�

 ��X 6�Z9:  5��- 8��J . WJ�"S' 
  S	     �@S�� lS$�
 ��X "Z)-  ���SJ 8-       � ��X �.S* M"NS: O

<���       �� %� "Z�> W>�"' <
 51=* �"'. ��� -     * ��X <�-+� �+ 5��J 8	   �@S�� l$�
 @-  ���SJ 8- O

                                                           
∗ Corresponding author: f. saberali@yahoo.com 



������� ��	�
 ������ �� ������ ����� �  ����� ���� ��� ����� � ���!  �� ������"#$  

  

  

  ��

M"N: �.* ��X � 8��J ���J-O M"N: �.* <��� '�" �+ �7:-<= �
 8-��� 5��J \' <�-+�  %�

��. <Z1`� "	UV'��� -���J "
 5��J 8-<��� � ��X �.* M"N: O  �#��*� <
 �"'"	UV'+.1* WJ�"' .  

%'�� ����( ��	 : �5
�Q� �WJ�"' �5��J 8-������J-�.* M"N: O.   

  

�!�)!  

      <m,` ��-�"� \- �.* "� "
 5
�Q�     �: L1�: #� �+��Z�� R�    � ���
       <S
 �.S* #� �+��Z�� �-���J

+��+ �(Z=
 %� M"N: � nH� �-���J )Zand et al., 2003( . ���$ � o	Q+ ���"
"	UV'  "S
 �.* 

   a�S� #� \)SP �+�: L�p' � @Z��.Z��q�e  �S� r�"S�  )Dewit, 1959(.Biscoe & Gallagher 

(1977)      ���J � ��� nH� �.* ���7: -  �.* M"N: O� )RUE(     �� [:�.$ %�.�$ <
 ��    �	`.' �+ ���

   �*+.�* %�	
 �+.' 5=-# . O��"
 �+  ��   7Z=: s�1'�� ����	=
 R	       L)Sc)' � %���	 ��� t	
 O�

 K�.' �Z��-�+ ��	��.P%�  �S�    5S�� ��S� G��@S )Gallagher & Biscoe, 1978; Stockle & 

Kiniry, 1990( ."	UV'        u�@S�� [bS� "S		v' oS-"^ #� �0.*�SJ ��ZP�S� "S
 5��J 8-��� � WJ�"' 

*�f��     w"
 �#��*� %.x�� �-�.� ��� �� 5&� �  w"
 �"	 ��     a�N'� �.,* � %�  ��     � <Q�� <
 "	UV' 

  w"
 �"	0 "
  t	-�0 ���       y�SZ-�&* � �0.*�SJ "S'  8-�@S��              5S�� ��S� ��S1U� �0.*�SJ �.S* nHS�

(Gunsolus, 1990; Maddonni et al., 2001; Weiner et al., 2001; Loomis et al., 1968).  ���S7: 

#-= ��	`.' �+.' 5)g m-2(       ��S� nHS� ��	S��.P L)Sc)' �Sk�� "S� u�#� <
 )MJ m-2( �� 

���J- �.* M"N: O)g   "S
 \)SP �+�: MJ (  �S�-.)Wright et al., 1993; Sinclair et al., 1993(. 

���"
  ��      �-�S*�.' "(*�	
 +.�.: � "	UVS'           ���SJ "S
 �SY	,: K-�"S� � zS	Z*{ -     �.S* M"NS: O  

 5SS��)Tollenaar & Aguilera, 1992; Bartelink et al., 1997; Healey & Rickert, 1998( .  

)Gosse et al. (1986<*. <J �*+"J G��@  �� �C4���J -    �S
 <=S-�7: �+ �"'|�S
 �.* M"N: O

 %���	 C3�*��+ .Tollenaar & Aguilera (1992) ���SJ ��X �-�� f�Q�� <J �*+"J G��@ @	* - O

    
 51=* R"'|�
 �.* M"N:          w"
 "'+�-# @Z��.Z� �� %� [	`+ � �*��+ ��-�Q f�Q�� <  �� w�@
 �  "'

�*+"J "JX ��X �-�� f�Q�� /��' 8��> � .)Williams et al. (1965  <
 ��X <J �*+"J G��@

                                                           
 �� Radiation Use Efficiency 



                                                                ��� � ��% &�' ��� (�)! *+���, ���� -��.� &+��/ -�' 0�'  

  

  

 ��

           ��S� 5S��-�+ ��	��.P L)c)' a�{ �(: "� u�#�d�/�          �S: �S	`.' \)SP �+�S: f"S   �S�J .

    +�# 5��J [~: �Z-"-�: R����b��� f�(��      %�	S�� ��"S
 _���: WJ�"' �        � L-"S� <cS�.' <S
 

  f�SSSQ�� n�SSS9Z*� � _SSS���: �@	9�SSS4�k ��0.*�SSSJ KSSS�.' t	SSS:# �"~J��SSSk 8SSS�.0  

 �: _���:                      �S*"	 ��"SQ "Sm* �S: �.S* nHS� <S
 ��S	 �
�	Z�+ %+"J "~J��k 5&� �+ ��*�.'  

(Kocheki et al., 2001).  

 + #�-   �0.*�J <x*��h R"m* ���  ��    � �k�"^ �
.9
 s.�9: �      �S�@� 8-�@S�� %�b:� ��*.

���J �+- �+ �.* M"N: O%� �� +��+ +.�� )(Trenbath, 1979 .�#��*�    ��.S* M"NS: �-���J �"	

<mk3: [
�Q 8-�@�� ��s.�9: �+ ��  ��f�+�
 �  +�+ %�)* %#�� � ��	:#)Reddy & Willy, 1981; 

Marshall & Willey, 1983(.+ O��"
 �+ �[
�7: �+ -���J R"(-N: OM" 
.` s.�9: �+ �.* S	� � 

 +�+ %�)* 8��J ��X)Francis et al., 1978(.77,: #� OP"
 	     M"NS: %�:�S*�� %+.S
 "'|�S
 t

      �H� +�.: � n� ��.* %.x�� L
��:-    ��� �+ �.N9
 �� O-   ��� [	     [:�.$ <��� #� %��� "U;S: 

 OZ
�Q� R"'"
 "
	O: %���  ��*�+)Kocheki et al., 2001; Zand et al., 2003(. Pearcy et al. (1981) 

*	 �+ @-    ̀�� ��� 5$"� <J ��Z��	    ���J �
 ��"�� |�
 <-            ��S' �S' �S� l$�
 L
��: M"N: �+ |�
 O

  ��"P)	  ��C4 (  "
<���  �"' )	  ��C3 ( ��* <1��-� .    [S:�.$ #� "U;S:    ���SJ "S
 -     �.S* M"NS: O

%���	: �  %{�"Z	* gY� <
 %�.')Muchow & Davis, 1988; Wright et al., 1993(� ���"k <��+ 

)Squir et al., 1984; Ong & Monteith, 1985(    ��S	 ��S�� <S�k": �)Gallagher & Bisco, 1978; 

Garcia et al., 1988(    �S�@� �#��S*� <-�S� � )Sinclair et al., 1992; Hammer & Wright, 1994( 

 +"J �����.   _���O��"
  ��        �S&�' �5S
�Q� <�	:# �+ <Z�" f�p*� R       � 5S
�Q� r.SQ�  "	UVS'    "S
 %� 

   6�$ � �$��# %���	  ��              ���"
 +�.: "Z�J +.�.: ��"U� f@	*�b: � �+�+ ��"Q "m* �: �� #"� �

      � ���� t-� "
 �5�� <Z�" ��"Q-      ���"
 M�� �
 8���0 t"	UV'       ��X 5S��J 8-��� � WJ�"' 

���J "
- � ��X �.* M"N: O<��� �"' f�p*� 5
�Q� K-�"� 5,' �-+".  

  

�*��� +�  

      �$��# a�� �+ 8-�:#� t-��EFE          �%�"S&' ��()S*�+ %�,-�.
� /-+"0 �'�7	7,' <$�@: �+ 

 �-�	��"v� �"$ �+′�F° EE �-�	��"v� a.^ � �`��� ′��° �� r��'�� � �Q"� ��Fe  #� "SZ: 



������� ��	�
 ������ �� ������ ����� �  ����� ���� ��� ����� � ���!  �� ������"#$  

  

  

  ��

    �+ �-�+ gY���      %�"&' �Q"� n.�� �"Z:.�	J )5��>�0 ( �� f�p*� .    &' �.Sm�: <S
    "Z=S
 <S	

  -�0 �+ 5��J  W9� ��	��$ @	                   t	S:# <S`�: � WS� "S
 +.�$ \=-+ �+ �
 ��&
 �+ � f�p*� o	�$ 

 �� �+�:� . ' 5&�V      ���7: ��X �-�H� #�	* t	:�Fe      %{�"Z	* ��Zb� �+ f".�	J )N(    ��.S4 <
 

   � ������e .�	J       "�=� ��Zb� �+ f")P2O5(    *.:� ���=� ��.4 <
 	      ��SP %.:#� ���� "
 f.

  : <	4.' �;  �P ��7	7,' <=�      �� <���� ]�P <
 �n� � � .        �S
 ��"�� %{�"Z	* +.J #� f.� \-

 �=� +.J       {�"Z	* +.J �7
�: � 5)J #� [1Q �"    [k�": �+ %�   � F        5S�+ ��.S4 <
 ��X �"
 

�� M"N: ���=: 51=* <
 � G�0.  

    ].�
 2"^ _`�Q �+ 8-�:#�             ��:�S$ <S� [-�.ZJ�� ����	' 8-��� �
 � ��+�N' [:�J ���

     �"�� ��"b' <� �
�-+".             ��S� <	4.' WJ�"' gY� �+ �+ ��X WJ�"' a�� [:�$)eee/de   <S'.
 

 ��Zb� �+ (  ��/�      ��� <	4.' WJ�"' "
�"
 )eee/�e�     ��SZb� �+ <S'.
  ( +.S
 .     [:�S� f�+ [S:�$

    gY� �+ �+ 5��J 8-����  +.S
 <Z)0 "� ��� ��X 6-+� �+ � 6-+� \-  .    @S	* f.S� [S:�$

    #"� 6�$ WJ�"'<���  �"'   �+ �gY�  e ��� �e  ���   SZ�" "Sm* �+ 6S-+� �`.^ "Z: �+ <'.
  <

�� .      �.�
 "� �+ t�� �+E ���	'      �`�P 5)> <
 <���  �"'  W>�"' �+    �S�  ��  ��e   � ��   <S'.
 

      �� �+�+ ��NZP� 6-+� �`.^ "Z: �+ .     [:�� �)-�:#� �k�� "��     a.^ <
 <Z)0 d    �"$ � E 

 +.
 "Z: .      ��"J [(�	� WQ� ��X �H
de�  <Z)0 ���   ��  � �
 �-    6S-+� <�4�d�  �Z*�S�   "SZ:   <S
 

 <b)P ��.4   <AJ � ���J  ��)     <AJ "� �+E   �' � �H
  (           �ZS�+ �.S^ <
 ��: +�+"P f�+ � a�� �+

 �� 5)J .�H
��� <���  �"'     <Z)S0 ����> �+ @	*    �S�              5)SJ ��S: +�+"SP f.S� � f�+ C-��S' �+ 

�*�-+" .    � ��X WJ�"'<���  �"' * 	    <�k": �+ @�   �' �       <
 <�.' �
 ��X �"
 WJ�"'   �S�   +�.S: �

  �� W	m�' "m* . 6�$ "-��  �� #"� R 
  @p<���  �"'         <�k": �' � <�k": �+ �^ @	* �    ��X �S"
 

   �*�� t	�� 5�+ K�.' .       6�$ 8-�� ��.4 �+ @	* [N� a.^ �+  ��   #"� R%�  ��     5S�+ �S
 

 �*�-+" t	��.  ���J <1��,: �.m�: <
-    ��S	 r�S�'�� � w"S
 gY� �\)P �+�: ��.* M"N: O

   i�0 �^ �#��*� <�k":  �� �"	 .<*.�* ���+"
  �� �E         "� � #��� 5��> #� /0 #�� ��   ��1?- #�� 

      <*.�* ��
 "� �+ � �� ��"?'  "� #� �"	  �">�6�$ � ��X <'.
  ��   tS-� t	S
 �+ LQ�� #"� �

�   �*�� 5��+"
 <'.
  .<*.�*  �� /0   �#��*� #�        w"
 gY� � r��'�� �"	)    i�� w"
 gY� K�.'

a�: A3000-LI  5J"� 5P�� USA-COR-LI(     �
 �*�� �+    ���"k <��+Fe   <��+ �Z*��   +�"S 



                                                                ��� � ��% &�' ��� (�)! *+���, ���� -��.� &+��/ -�' 0�'  

  

  

 ��

   ��: �+�F       �*�S� t-#.' /A� � \)P 5$��  .            +��Sc' � �-�S	��"v� �"S$ #� �+��ZS�� �S


       +"0 O�����.� @J": �+ ��� 51U �
�Z�� ��$��- �.
� /-  �%�,     ��	S�� <S*�#�� �.S*     gYS� <S
 

 K�.' ��� <���� �|+�c: K�.' �0.*�JSpiters (1986)<	1�  �� �#�� . _-"� t		c' �.m�: <


 �.* ]3&Z�� )K(    � ��X <���  �"'�    �"> �+ +.�.: �.*       � ��X �`�P ���<���  �"'   6	^ �+ 

�ee   �' dee          �0.*�SJ t	-�S0 � |�
 �+ "Z:.*�* %�   �S�        <S�k": <S� �S^ )��  ��q   � dE    /S0 #�� 

5SS��J#� (<SS�	: i�SS��.* #� �+��ZSS�� �SS
 ��)  a�SS:A3000-LI �SS�5J"SS� 5P USA-COR-LI (

�#��*�  �� �"	 .          "S	
 �"S1:| %.*�SQ #� �+��ZS�� �
 /A� )   <S`+�c:� (  "S� �-     �S
 OS�.:�P _  

                 "S
�"
 �+ �0.*�S> <
 �+�.P"
 �.* <
 ��.1$ �.* �c	1^ WZ-��(` �%.	�"� KP _	� <1��,:  

 "^ #� � w"S
 gY� �P�� S- # <S`+�c: o S-c' " 	S	  �S� t)Tsubo & Walker, 2002  #� [S7* <S
   

Monsi & Saeki, 1953(.  

I = I0 exp (-K LAI)                                                                                          <`+�c:)� (  

  <`+�c: t-� �+� I=  �#��*� �.*        ��0.*�J 6J �+ ��� �"	I0=        � �0.*�SJ �|�
 <
 ��	�� �.* 

LAI=5�� w"
 gY� �P�� .  

 m�: <
                �+ ��S� W	=7' 5�=Q �+ <
 s.�9: �0.*�J �<*. "� K�.' �
H� �.* \	b�' �.

    O0.*�J a�� 5�=Q) �-|�
 5�=Q(           �s.�9: �0.*�J f�+ 5�=Q �+ � 5��+ �.jk ��X �&�' 

 � ��X<��� �"' ��Z��+ ��"Q )Tsubo & Walker, 2002( .�.* "=J   �0.*�SJ a�� 5�=Q �+ �
H�

 <`+�c: K�.')� (�� <1��,:.  

Fc1 = 1- exp (-Kc × LAIc1)                                                                              )�(  <`+�c: 

  <`+�c: t-� �+� LAIc1=         � a�� <-| �+ ��X w"
 gY�Kc=        ��X �.S* ]3&ZS�� _-"S� 

5��.  

        � ��X K�.' f�+ <-| �+ �
H� �.* "=J <���   �"S'        +�Sc: KS�.' _S	'"' <S
 |� E   � � 

�� <1��,: )Keating & Carberry, 1993(.  
  

<`+�c: )E(   [ ])2exp(1
2

2
LAIwKwLAIcKc

LAIwKwLAIcKc

LAIcKc
×−×−−×

×+×

×
Fc2  =  



������� ��	�
 ������ �� ������ ����� �  ����� ���� ��� ����� � ���!  �� ������"#$  

  

  

  ��

<`+�c: )�(   [ ])2exp(1
2

LAIwKwLAIcKc
LAIwKwLAIcKc

LAIwKw
×−×−−×

×+×

×
= Fw  

  �|+�c: t-� �+� LAIw   � LAIc2       w"
 gY� �P�� _	'"' <
 <���  �"'  | �  S-   ��X f�+ <

  �Kw    ]3&Z�� _-"� <���  �"' 5��  .   �N' L-#.' �"� �
    S
 gYS� ��+ �+ w"    ���X �0.*�SJ 

LAIc1 � LAIc2* 	 �*�� <1��,: "-# <`+�c: �+ #� @)Tsubo et al., 2005(.  

 <`+�c:)� (LAIc1= (1-η) LAIc                                                                                             

 <`+�c:)� (                                                                        LAIc2 = η LAIc  

η   �|+�c: t-� �+     r��'�� 51=* <���  �"'       � ��X r�S�'�� <
 LAIc        ��X w"S
 gYS� [SJ 

5�� .       ���7: <J ��� �"� ��1��,: �+η        �
 "
�"
 %�� @1� %�:# �+ �  5S��  .    <S*�#�� ���S7:

   �: �� "Z:���0 t-�      ��+.�* W�� �
 %�.'η [4�k   �#��*� #�        [S <S�k": �' r��'�� �"	    ��X �S�+

      +��� 5��
 �c�p' ���#�� <��+ <
 51=* .���J-            KSP _	S� <1S��,: #� @S	* �.* M"N: O

 �Sc�p' �
H� �.* � �c�p' \)P �+�: t	
 %.	�"��  �S:� 5S��
  )Muchow & Sinclair, 

1994( .      ���SJ ���S:� <=-�7: �.m�: <
-           %.S:#� #� �S����	' t	S
 �.S* M"NS: O t    �S� �+��ZS��  

(Valizadeh & Moghadam, 2002) .��+.SS�* WSS�� � G#�"SS
 ��"SS
 �SS�f"SS* #� @SS	*  R�SS���@��  

Sigmaplot 2000�  Excel�� �+��Z�� .  

  

��"��,�� �  

      -�./0�� � ��.� 123"� 45�6 : �SZ*- � i S-            ]3&ZS�� _-"S� <SJ +�+ %�)S* OS��"
 t  

     � ��X ��"
 �.* <��S�   �"S'    �_S	'"' <S
  ��/e )A( �  dE/e )B(  OS:     �S��
)   [bS��  �A   �B.(  

Lizaso et al. (2003) K-�"� <
 <Z=
 �� ��X �.* ]3&Z�� _-"� @	*    � �S�� <S�k": ��Y	,:

  #� ��X WJ�"' ��/e �' ��/e  �*+"> G��@  . a�: �+           _-"S� _S��� ��S�� ��"
 ��� <���� ���

 ��X �.* ]3&Z����/e<Z�" "m* �+ O:   +.�)Spiters et al., 1989( . K�.' ��� f�p*� O��"


)Kropff & Spitters (1992 �.* ]3&Z�� _-"� <J +�+ %�)* <��� �"'* 	 @�q/e5�� .  

                                                           
��  Accumulated intercepted radiation 



                                                                ��� � ��% &�' ��� (�)! *+���, ���� -��.� &+��/ -�' 0�'  

  

  

 ��

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 7�89; �.* ]3&Z�� _-"� )K( ��X )A(<��� �   �"')B( � )C( r��'�� 51=*   

<���  ��X <
 �"')η(�# ��� R��Z
� �' -��X O) 
Fig. 1- Corn and common lambsquarters light extinction coefficient (A and B) and the ratio  

of plant heights of common lambsquarters to corn (η) until the early  

stage of corn reproductive phase (C) 
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Fig. 2- Effect of corn plant densities on corn radiation use efficiency in different  

common lambesquarters densities: Corn sole planting (A), 5 (B), 10 (C)  

and 15 (D) plants common lambesquarters in row meter 
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Fig. 3- Effect of corn plant densities on common lambesquarters radiation use  

efficiency in different common lambesquarters densities: 5 (A), 10 (B)  

and 15 (C) plants common lambesquarters in row meter. 

y = 1.4674x - 103.79
R 2 = 0.954

y = 1.0188x - 67.694
R 2 = 0.9573

0

10 0

2 0 0

3 0 0

4 0 0

50 0

6 0 0

0 10 0 2 0 0 3 0 0 4 0 0 50 0

1 .5  t i m e s  de n s i ty R e co m m e n de d de n s i ty

t = 0.98 ns 

A

Cumulative radiation (MJ m-2) 

)
g 

m
-2

( 
A

bo
ve

 g
ro

un
d 

bi
om

as
s

  

y = 1.1761x - 41.214
R2 = 0.877

y = 0.9852x - 40.555
R2 = 0.9126

0

100

200

300

400

500

600

0 100 200 300 400 500

1.5  ti m e s  de n s i ty  Re com m e n de d de n s i ty  

B 

t = 0.31 ns 

Cumulative radiation (MJ m-2) 

)
g 

m
-2

( 
A

bo
ve

 g
ro

un
d 

bi
om

as
s

  

��������� 

 

y  =  1 .3 4 5 x  -  4 0 .3 8 7

R 2  =  0 .9 0 1 9

y  =  1 .0 6 0 3 x  -  3 1 .0 0 2

R 2  =  0 .9 4 1 7

0

1 0 0

2 0 0

3 0 0

4 0 0

5 0 0

6 0 0

0 1 0 0 2 0 0 3 0 0 4 0 0 5 0 0 6 0 0

1 .5  t im e s  d e n s i t y R e c o m m e n d e d  d e n s i t y

t = 0.48 ns 

Cumulative radiation (MJ m-2) 

)
g 

m
-2

( 
A

bo
ve

 g
ro

un
d 

bi
om

as
s

  

C 

y = 1.0603x- 31.002 
R2 = 0.9417 

y = 1.1761x- 41.214 
R2 = 0.877 

y = 0.9852x- 40.555 
R2 = 0.9126 

y = 1.0188x- 67.694 
R2 = 0.9573 

y = 1.4674x- 103.79 
R2 = 0.954 

y = 1.345x- 40.387 
R2 = 0.9019 



������� ��	�
 ������ �� ������ ����� �  ����� ���� ��� ����� � ���!  �� ������"#$  

  

  

  ��

     Ae� �� �( ���4'�<T  *7 ��<'17      �(��� ����	� �������   ����     ���� �� �      ��� ����� !c 

   ��'( )	� fK'� 
�����    ��4 5�67 8 �����   ����         �(���� �� g�6�0 ��� �/!     ��� �� ������  .

    ��� �(��� �� �( D�����     ���:7 �� ��� ���   )	� >h   ����    ����      �(���� �� 8�/%�/!   ������ 

����      �� ,- ���:7 ��� �@c  �� ���� �� ./��  H�1i �<'( A� ��'( ��       �(���� �� ���4 5�67 8

   87 �� �� ��Z'�    �� �'1	 �� ,����  � )�'B� �� �4�C >   D�)��F ����  ��� (      A��'B j�'�L7 8�( %

  k�I��)   ��� % l- g�6^� (  D�������  ���  ��� )234 .   ��        ��'�( ,���� ��Z'�� �H�� 5�m� 8

   ��4 5�67����  ���    �(��� �� !�      �(��� �� )234 ���� !c    *7 �� ,- ����        ,���� �����	� �� ,���

 *I�'B����� ���� �� �I1�� j�'L7 �� ,- 8��I�� % �)34�� �(��� >. 

 ���� 	
��:              �X��� U� �� �� )�'( ����- ���W� �( ����C .^17 8���� >�� ��

  � %� ��    ��'( ��i'4 �<'( fK'� �X���             *�7 �� ./'�0 )1�( �� �� ���4 5�6�7 8   ����

)  Ae�h(      *7 �� ,- 8/'�IP� A�/� �( 
     n�� �I1�� ���C���B �� ,���  '< >��'+ �      )�=� *+�4'�� ��

      ��� )234 ��'� �� )�'( ����- >�� . ��<�     o f�K'� ��7� > ��      ,��� p'�V	 � �� /'V	 ' ��   ��I�( )

�4-��  '< 0� D�    � �� 
�IL��I	 �� A� n�� >  '< 87  ��� .  P ?���� ��  ��O����  ���   )�'( ����- 


     ��'( q�4� ����	� fK'� �X��� %��             A��/� 
��� �X��� U� ����- �� )234 �� ��4 5�67 8

  *7 �� ,-                     >��� )�=� 
)��'B� ?����� �� q�I1�7 % �%�=7 j�'L7 �� �� �I[� ��'XI�� �� ,���

     ��� )234 )�'( ����-)  Ae�h .(     )�� �( �� `�Z     ��'�( >�� ��\�7 5rI0� �(�   5�6�7 8

*LV7 ��'7- �a4 �� )�'( ����- %� >�� )=� 
�� ��4 ��24 ��� . 

 ��'( �3�':7�8  '<     �� ��4 5�67 �)  AS�h (   ��'�( �<'�(�        �� �� �� ���4 5�6�7 8

   ��OP ?��������  ���       ,- *����� s��� ��< �� ���M� 87  �L( .         >��I1��� ��( "����� >��� ��

��'(�   ��4 5�67 8  �� �� �                ��X��� U�� )��'� �����- �� �� ./'�0 )1��)th/! ( %

  4 ,- >��I�(�         �(��� �� �X��� _� )�'� ����- �� �!�    �����  �����   ����) �/! (   ��7- )���� .

Tsubo et al. (2001)��'( ��4  � 8    ]���^7 )1�� �� �I1��� �� ./'0 )1� �� �� ��4 5�67

�4��� Q���C ,-.  



                                                                ��� � ��% &�' ��� (�)! *+���, ���� -��.� &+��/ -�' 0�'  

  

  

 ��

  

  

  

  

  

  

  

  

  

  

  

 
 
 
 
 
 
 
 
 
 
 
  

 
 
 ��������� �� ��� 	
�� ��� ����� ������ �� ��� ��� ���� � ���� ���!� "�# $�� : 	%�

 ��� &'�()A ( �����+) B( ,-.) C ( /-+) D (���� ���� �� ��� �� $���� 

Fig. 4- Effect of corn planting pattern on corn radiation use efficiency in different  

common lambesquarters densities: Corn sole planting (A), 5 (B), 10 (C) and  

15 (D) plants common lambesquarters in row meter 
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Fig. 5- Effect of corn planting pattern on common lambesquarters radiation use  

efficiency in different common lambesquarters densities: 5 (A), 10 (B)  

and 15 (C) plants common lambesquarters in row meter. 
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Fig. 6- Interaction between planting pattern and plant density of corn on corn  

radiation use efficiency in present of common lambesquarters 
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Fig. 7- Interaction between planting pattern and plant density of corn on common 

lambesquarters radiation use efficiency in competition condition. 
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