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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 

y = 1.9356x - 342.14
R2 = 0.8469

y = 1.5139x - 201.89
R2 = 0.9281

0

500

1000

1500

2000

0 200 400 600 800 1000 1200

1/ 5 t imes densit y R eco mmended  d ensit y

B

Cumulative radiation (MJ m-2) 

t = 0.38 ns 

)
g 

m
-2

(
A

bo
ve

 g
ro

un
d 

bi
om

as
s

  

y = 2.045x - 437.46
R 2 = 0.8632

y = 1.6536x - 309.1
R 2 = 0.9526

0

500

1000

1500

2000

0 200 400 600 800 1000 1200

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

A

Cumulative radiation (MJ m-2) 

t = 0.37 ns 

)
g 

m
-2

(
A

bo
ve

 g
ro

un
d 

bi
om

as
s

  

y = 1.9356x-342.14 

R2 = 0.8469 
 y = 1.5139x-201.89

R2 = 0.9281 

y = 2.045x-437.46 
R2 = 0.8632 

 y = 1.6536x-309.1 

R2 = 0.9526 

y =  1 .5 9 0 5 x - 2 0 2 .9 9

R2 =  0 .8 1 9 4
y =  1 .3 6 7 4 x - 1 3 9 .6 7

R2 =  0 .9 1 9 1

0

500

1000

1500

2000

0 200 400 600 800 1000 1200

1 .5  tim es  dens i ty R eco m m ende dens i ty

D 

t = 0.194 ns 

Cumulative radiation (MJ m-2) 

)
g 

m
-2

(
A

bo
ve

 g
ro

un
d 

bi
om

as
s

  

 

y  =  1 .7 5 0 1 x  -  2 6 2 .6 5

R 2  =  0 .8 2 8 6

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

R 2  =  0 .9 1 0 4

0

5 0 0

1 0 0 0

1 5 0 0

2 0 0 0

0 2 0 0 4 0 0 6 0 0 8 0 0 1 0 0 0 1 2 0 0

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

t = 0.35 ns 

)
g 

m
-2

(
A

bo
ve

 g
ro

un
d 

bi
om

as
s

  

Cumulative radiation (MJ m-2)

C 

y = 1.5905x-202.99 

R2 = 0.8194 

y = 1.3674x-139.67 

R2 = 0.9191 

y = 1.7501x-262.65 

R2 = 0.8286 

y = 1.3888x-141.47 

R2 = 0.9104 



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

  

  

  ��

          ����� ����	� 
��
 ��� ����� ����� �� �� ���������  ���    ��� �� �    ��� !�     ��� ����� 

  "����#  
!$   % !&   ��'( )	� ���� �              *�+ �� ,- ./'�0 )1� �� )234 �� ��
 ��4 5�67 8

)��� .  ��'( )	� ���:7�  �4 5�67 8    ����� �� ��/!          ��< )�=� ���4 ��
 ��� ����� ����� � >

    "���� �� ?����$   
!�   % @@  ��� ����  .  ��'( )	� A�/��        �(���� ����	� '� ��
 ��4 5�67 8

����  ���  *7 ��       � )�'B� ��� ����	� �� ,���� �4�C >   D�)��
F ����   ���� (   ���	� '���   �(���� �

���� ������ )234 . Pearcy et al. (1981)4 �� ��/� �� �4���4 ,'�� 8HI32�< A���'( >� 5�67 8

  ��60 '� ��4�   J�K )�'B� 
D�IL��I	 �'  '<  87 ��< D  ��'( �4����      �� )=� �� ��4 5�67 8MN� �

 �<� ���B .3��  ::=7 �� D�'� 4 >�  ��< �<'( �� �4�%� )   	%��( �<'( 
D� ��      �IL���I	 �<'�( % A

����� �� �� ��
�J���K ��O��P ? �����( Q�����C ����<  ���4�Tollennar et al. 1994, 1997; ) 

(Young et al., 1984.   

��	�� ��'( ��    ��4 5�67 8����  ���      ��
 �(��� ����	� �� R�'+ �� )   AS�T ( *7 ��   ,����

     ��	� % *1�%� ��� U��=� ������� /'V	 �� �4- )��  '<   D�IL��I	 D �����   ����     ����W� ������� 

��4 )�X�( ) )234R/FR (YZ'�IP� % �L�[� ��'XI�� ���� ��� ��1�4 ��4 �� 1   *+�4'�( �� ���\�7 

��� )234 ]��^7. )Morgan & Smith (1981 *���� _� �� ��4 ��NM�   �V���� ��� �� ��4 )�X�( 

 �B'����� ����4��� Q���C . Wright et al. (1993) `��'� ��  % *L�7�)Healey & Rickert (1998 �� 

 �� A:4Bange (1996) D�a4 ���� ,���H�'I	- ����  ���	� �( �4��( �'2N��    ��1�4 ���4 �[�� �

*7 ��'( �4������ ��4 5�67 8 �<� ����	� .)Healey & Rickert (1998Lb�< � ��'�( ����	� >� 8

          �<'� '� *V��7 �4�C %� ���� �� ��4 5�67Tc          ��� ������ ���4 ������,-   '�<    Q����C �� 

�4��(. 

 

                                                           
 �� Diffuse Radiation 



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

  

  

 ��

 
 

     
 
 
 
  

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 �����
 �(��� ��NM� ��'( �� ���5�67 8 ���� ��4  �(��� �� ��� ���� J�I^7 D'< ��� :

 �(����) A( 
!c) B ( %!�) C (���� ���� �� �I7 �� ����J. 
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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