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Determination of The critical period weed control in sunflower 
(Helianthus annuus cv. Record)
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) H(�?�J J&�)� (  	�Q7m6O           �0�$ %& �Z�� �&�)� ��� RS5 	� TB 	%� (V2)   nSG _%�� �*   �.&(R1)     �$ �$��$ % GDD=250-1250
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   �%
� ���8 %   �,! � ,�:� )��; 6���# �� �!��; �� %

�88 %       '($ ��(3 % �$��� 6��< =�� �>4� 	 ?*� / � �

     @,�� 6
	 0��A<(Thakut,1993) .       �5,��! �,/ �,3 C ��

 ���.,,� D,,! ���%��,,�(Monoculture) �%� �,,/ �%� 

  0%� �/ �:2*/�%   �4����,	 1 2E� ���    �,  2�,�/  �� ,< .

    ��4�  / 6%F$ �:2*/�% G4�         >�,� %  �,/ �� ,/ �� �4��

     ',($ @%�H ?I� ����� @*4�        ',�C �,/ � ,� ��,�

J,,KL($ �� �5�,,�%  M .,, )�% ,,N @,,4��� �� % �,,�

JKL($ ��O ���   P� �/ %  !        
,���! �,E4A� J4�A3� %  !-�/ �

� �� <(Stevan & Swanton, 1994.Hani et al., 1994)

���                ,K3 �,/ ��
E��,��� @,�� 6
,	 ?,I� QR�*, G4� 

      '($ �H�L(! 1 2E� @4 4
 S2*�� D4 �� I�  � � ���

(IWM: Integrated Weed Management) 
E,	�/  . G,4� ��
@3�4�� T4��! :VW/Y/ZYW[0 4\] T4��!        :V^/^/ZYWZ

*/ )�$FC� �� 6��L2�� �/ ���H G4�   �@����4�] _�`��` �� ���%a] b C �� I� �� 6
c@�� 6
	 ���! �� �! 6�:���� ���%a] )���#2$� % 
	�� ���E	��� ���.

Z % d� I% / ���%��� )�H�H�! 6�:2*4� �Ee%� ��� ���� "�E	��� % � � ��� '($ )�H�H�! 
	�� "�E	��� ?�! ! �/ .

V % Y������� ?�! ! �/ 
�� ��%� 3 6�:���� ��2�� % �� �! 6�:����.
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       0%� �� �H�L(! % ���;� 6��L2��  / S2*��   ',(27 ��,�

   @�� 6
	 
��g! 6���# .        �� 0F,! ���,E$ �/ 0%� G4� ��

 �� ���,,,K % ���,,,� h��,,,; %  ij,,, M .,,, @,,,�I

JKL($�% J��� �/ ��     ��,< ��4����,	 ���, �,/ �:2*,/

��  �3 ,,,,; �,,,,/ �% ,,,,H 0%� �,,,,/ �
�,,,,�� @,,,,�I

)   ���� �E4A�Cost-efficient (       ��
,4�] ���%��,� �/ f�:��

  @*,,,,4� >�,,,,� m,,,,L� %(Environmentally-sound)

 �, / ����(Curran et al., 1981; Singh et al.,1996) �� 

    1 2E� )�% N G��5! S2*�� G4�)   2,�c G�,�5! n,4 C�� ���

���.2O� (      1 2E� ��� G4 2�/ G��5! %)      f�,�L  ,/ ��K! �/

��� �/ 6�%� (S�M
� G4 !� Q�K�! �� ��
E��.

 ����K�� % oE��(Singh et al., 1996) ��� �/ 6�%� 

    � pAI %� Q;�� ��
E��� :   �� ���$ ��� �/ 6�%� @*7�

'($   q%� % � � ���    '($ Q+�
! ��� �/ 6�%� f  � � ���

 �,,/ �,,�   �� ���,,$ ���,,� QO�
,,� �,,rH� 1��,,5 ?,,�! ! 

  � ,,� ',,($ (MinimumgTimegPointgWeed-free) �,,4 

MTPWF          ',($ �,/ �<��,�c  s��
,� �rH� %     � ,� ��,�

(MaximumgTimegPointgWeed-infestation) �,,,,,,,,,,,4 

MTPWI       �,�� �/ 6�%� �� pAI %� G4� G�/ ���� �(;�3 % 

  '($ �/ 6���#     
,�� � ',4 5! � � ��� . S,� G�,E`   �,rH� 

            6
,��� 1 2E� % Q+�
! � /� / �rH� �� pAI %� G4� �OF!

 �c %          � ,K(�$ J��� �4 J4�A3� � /� / �rH� ���E$ �/ ��

 
,,�
��� @,,/�O� �,,/ JE,,��% �� �,,$��� 6�,,�< . )�,,H�H�!

 �,,$��� ',,(27 ��,,���< �� 6�%� G,,4� �%� 6
,,	 f�,,���

 � ����         )%�,L2 �,$��� 6��<  � �� / 6�%� G4� �� 
��

6��/ � %   S�,(O� �,(�I �� '(27 Q��$  �ig! @�! 
���!

)    t����,K�� % ����,�(Curran et al., 1981   6�,�< S,O� 

 �,,$���) %  *,,!� �%@,,4t Crotsergand Witt, 2000 (

  ',,,($ =�,,,� �S�� ,,,!   % �,,,HrE ?,,,��e � ,,,� ��,,,�

��% �,,,$��� 6�,,,�< @,,,	�� T4��,,,! ����,,,K�� %  *,,,4�

)Van Acer1et1al., 1993(��� )��(�$ �uE�2��A4% �$� "F

 v�*�� !�� %)Vizantinepiylasg& Kateransis, 1998 ( %

    � ,�< �� O  :4� Q��$ .         ���, �� 6
,	 f�,��� )�,5��r

 '($ @/�O�   _�23c �� � � ���       �� ?,(r G,4� A�� ��� <

�,,, 
,,,�4g!
,,,E� .  ��A,,,4 3 % _�,,,` �,,,� ���,,,C �,,,/

(Chubb1&1Friezen, 1985) �
���
O ��� �� 6�%� G4� 

�23c_           @,�� �c w4 ,� 
	� =% 	 �/ M��. �� ��� <

 6� � '4 5!
�� . S� ���c     6� ,� 
,��g! G�,E`     �� �,� 
,��

             �, )��,; �
,E� �,/ 
,	� �� 
	� Q.3 Q4�%�  � ,�<

',,,,($ �,,,,/ 6���,,,,# @,,,,�� ��% ,,,,N � ,,,,� ��,,,,� .

 ��*��I(Johnson, 1971)   �, ��,�/ _�,` �� QH� �/   
,E�

    '($ 1 2E� ��� �/ 6�%� ��    �,23c �� � � ���_  ��� ,<

        ��,I% 6�%� G,4�  <� ��% @*�� x�7�! Q/�O b�N% �/


	�/ 
	� Q.3 ��
2/� �� �2*4�/ �
	�/ �2	��.

    �, ���,� �,E�� G4� ��  :4� )�5��r    G,4� �,� 
,��

              J,	 �,! ��,�y ��,� �� �K4 c ���I I @��4� �� 6�%�

             ��,�` ����,	 ��,!���� @��4� �� ��
	 A#� �� v] �2L�

% �
,,	A#� �� v,,] �,,2L� �,,(�  �� G�,,2��z�c �� V9 �,,! 

    ��A,,4 3 % _�,,` @,,�� 6
,,	 0��A,,< ��
,,(< =% ,,	

(Chubbg&gFriezen,g1985) .�,,4�2��(Nittaya, 1991) �� 

   ',,($ @,,/�O� �,,E�� �� ��,,+ )�,,5��r  �,,/ � ,,� ��,,�

_�23c      '($ �� �!��; �� �� @3�4�� ��� <    � ,� ��,�

               
,E4��� @,/�O� 6�,�< G,4� �/ �
	A#� �� v] �2L� ���` �!

 �! 1�.� � K(�$&8 %� J���
/�4.

     1�� �� A�� � ���� ��       �,E�� �� �!�,5��r  �+� ���

          �,� @�� 6
	 f���� �$��� '(27 �����< ��� �/ 6�%�

 
EO�
E{` �� �(�I ��(Beta vulgris L.)   f��,�` �,2L� �� 

   ?�,,,,� �� t@,,,,,	�� �� v,,,,] S�,,,,,	 �,,,,!�,,,,,E��

(Solanum tuberosom L.)  ,	 �,! f�� �2L� ��   �� v,] S�

 �,3�($ f�<��� �� t@	�� ��(Sorghum bicolor L.) �� 

     @,,,�� 6
,,,	 G�,,,�5! t�,,,< / |E,,,] �,,,! �,,,� �,,,(� 

) �������,,,	��}~ .( �c �,,,/ �,,,I�! �,,,/ @,,,	\< �,,,`

 ',,,,($ 1 ,,,,2E� �,,,,�� �/ 6�%� G�,,,,�5!� ,,,,� ��,,,,�

_�,,,,,23c �� 6�%�  ,,,,,i� �,,,,,�� / % ��� ,,,,,< ��,,,,,�

 @,,,,/�O� ',,,,(27) ',,,,($ ���,,,,� � ,,,,� ��,,,,�(

    ,+ / / % � K(�$  /   �,<a4% �    D,4z���4A�3�3�� ��,�

    '($ ��
5! % D�+ ��% % 6��<     G,4� M�
,�� � ,� ��,�

6��/ n�H�!
��.
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           �,$��� 1�,� ��,�/ �� J4�,�c G4���}�    �,$�A �� 

     �,,/ � ,,I% / ���%��,,� )�,,H�H�! 6�:2*,,4� �!�,,H�H�!

  1�,,,C )�.,,,27�/&�  � ,,,$ % �O ,,,	 �&����,,,	 

  
c�� p� I� �/  .  �c Q� =�L!��    �%
,� J4���88    ,2 

  ��-�,,� �<
,,���/ G�:��,,� ��,,4�� hr,,� ��&�~ � ,,2��(� 

    )�� ,� >��2�/��       ��
,E#74 6�%� ��� :�2��,� �,I�� 

}� �K�,,+ 6�%� % �%� ��8   �,,HrE S�,,(O� �@,,�� �%� 

 S�*H! "��� /           "�,�� / % _�,C  % � ,� 6z ,#c �
E/

S�*H!   �,��� G!��%� �
E/   �,�� 24
 D�,+  �, �� 
,	�/ .

��+       �24
��� �/ ��� J4��c Q� �/}     �C �c G�� % 

       ��,/ J,4c  4� Q#O 1�� %� .      ��,(/ ?,��O �� b ,C  ��,�

       % �� K! ���` �/ �3��.! Q��  6�       �� �,� 
,	 � I� ����!

              ��,r+ �(,;�3 �,/ >,+ |E] �� ����!  � �c�8    2��2��,� 

   1�C �/6�             ',4�� �%� �,!�/ �(,;�3 �,/  ,2 ��    2��2��,� 

 
4� < @�� . 5 SO�    �E54 �HrE 1��Record    �� �� ��/ 

           @,�� 
,E(/�] % "� ,4� ��2#*,� f�O��)   �������,	��}~ .(

    �,!�/ �� � DE! �� v]   S�� ,! �,��/�   w,/  2 �� �,!�/ 

 
	 1��$� .   ��,��%� "��� / J4��c �������! � � %�

�� 
,,���/ )��,,#$ ?,,�! ! �,,/ �
,,	 A#,,� �� v,,]: M\,,� 

            �,$��� 6�,�< �
,	 A#,� f�,:E� �� � � '($     Q,��  �,! 

 �
,,	��8 ��8 ��8 % &8 ��,,��! % �
,,	A#� �� v,,] �%� 

��8      �
	A#� �� v] �%� )  @/�O� �%
/ 
��	 (  f%� � �

 Q�K�,,! ���\,, Q,,��  �,,! � ,,� ��,,� ',,($ Q+�
,,! ��

���� .�����   ',($ �� ���� /     ��,�����! �� ,/ � ,� ��,�

       � � '($ �� ���$ ��� �/ 6�%�) '($ 1 2E�    � ,� ��,�

    ,] ��+ ���%� �!   �
,	A#� �� v (       
,	� Q.,3 ��,4�] ��

            % �=�,L!�� ���
5! �D�+ ��% �c �C �� 
	 f���� 6��<

  '($ �z���E3 �(�    �,��< % vE,I D�KL! �/ � � ���

 �3��.,,! _�,,! ] ��,,/ ��,,�` �(�,,�% �,,/ % hr,,� 
,,��% ��

 )�����,,,,� D,,,,4�/8  % ��,,,,��!  ,,,,� �� �,,,,5/  2 

   '($ �����  / '�         
,4� < G�,�5! �c Q,+�� � ,� ��� .

/     '($ M\� ��� �/ ��� �������! ��       A,�� �� ,� ��,�

       ��,� �,/ ������! �
	� Q��  �� D4  � �� 0%� G���

@,,3� .  �,,/ �c �� v,,] % ���,,��! Q,,��  �� D,,4  ,,� ��

  Q;��3�&           G�,�5! @,�I @,	�� / �� Q,#O �! �%� �  Q,�

             �� % n,#C % � ,/ ��O�,� D�+ ��% �=�L!�� ��z���E3

 hr,,� �� @,,	�� / �� Q,,#O �,,(�  �� �,,/ w,,/  2 @�,,�

            �G,e%� % �,��� � K(�$ G��5! @�I ��	��  i� � �< ��

              6�,�< �� �n,#C ��% %  ,rO ����� ��A� ��% ����] 
;��

  �,���� �$���     @,3 < )��,; � ,�< .    6���� )�,$FC� ��

         �#,��� @�I ����%� ���  s��
� % QO�
� ���E	���

   
,,	� �%� �,,I�� =�,,��(Growing Degree Days)

/ �)��;
	 6��L2�� ����� .

/���- <�S5�#�
   ���� <� 0%� �� 6��L2�� ��� �/ 6�%� )�#��� ��

    �, �� ��K� G4�           J4�A,3� �%�  ,� p��� �,/ ���,2/ �,�
��

     ',($ �� ���$ 6�%� 1�C       � ,� ',($ Q+�
,! �,4 % � ,�

         ��,�� �#,��� �� � ,K(�$ J��� �4 J4�A3� 
;�� .  G,4�

 0%� �,,/ �*,,4�H �� 0%�  �*,,4�H ��,,�  
,,E�� G�:��,,�

  �,,E5 MF2,,+� QO�
,,� ��,,�c ���( LSD) ��,,�c % 

 �E�� 
E`   GK��� ��(DMRT)      � !-�,/ ��E��C� 
;�� �� 

        ���c � 4� @�� �����+ / |4�2�  �*H! % @�; �� ���

         �� 6��L2,�� ���, �����! ��H� ���c )%�L! ��E! ���\

 � 6��
��   �,��! ��,H� �� ���+ ��H� G��7! �� % 
� �< ��

 
E2*� AI�$ .S�      ��,�c G4� >��! �� �C�H� G�E`   �� �,�

�,,E5 �-�,,�2�� ���,,c  ,,���,, ��� �,,I% ��,,� �,,/ 
��,,	

���           � ,4� 
,�� < �H(! @/�O� =% 	 �rH� ���E$ �/ 
E���!

          =% 	 ��� �%  �/ �� @�� ��4�
! 6
4
] D4 @/�O�

�,,     @,,�� G�,,�7! Q,,/�O  ,,2�/ ���,,� <� �,,/ �\,,� ��,,	

(Cousens, 1988) .   ���,� <� 0%� �� A,�� �5��r G4� ��

    f 3 �� 
	 6��L2�� D�2*�� % A! u�< w/��! �� 6��L2�� �/

        1%
,I �� ��,�c 6
	 �#��� ?4� N �/ 6� �� �(��% �

  @,�� 6
c .           �,�� �/ 6�%� G�,�5! �� ,/ "�,�� G�,��  ,/

 '($ M\� QK	  ��{! ����5 �� � � ���  D�2*,�� �23�4

(Logestic equation),,,/ %  �� ���,,,$ �,,,�� �/ 6�%� �� 

',,,,,($ A! u�,,,,,< f ,,,,,3 �,,,,,���5 �� � ,,,,,� ��,,,,,�
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(Gompertz equation) 6��L2�� )�.27 6�:2�� D4 �� 

  
,	(Hall et al., 1992) .     %� G,4� �,E�E S,�� �,OF! ��

            �,�� �/ 6�%� �,N�4� )�.,27 6�:2,�� D4 �� ����5

 '($ 1 2E�       � K(�$ J��� '(27 b�r� �� � � ���

  / �*4�H ��     
4� < G��5! @/�O� �%
/ ����! � .     G,4� %�  ,�

       f � �� 6��L2�� �/ �� 6��/ �r+ �e )-��5    ���,c ��A,3�

(Qbasic Ver:7)
�
	 0�� /  .  �,�������  4�� S�� �� /

f � �� ��A3�(Excel Ver:7) % (Qp.Ver:5)
	 6��L2�� .

p#$ % c���"
      �,� ��� ���� w/�! %� �� Q;�� �E�E �OF! ���2� ��

  hr��/�           ��� :/�,23c 6�,�< ���,� � ,K(�$ @3� 
;�� 

���  '($ ���� 
���!       v,] �%� |E,] �� J�/ �� � � ���

   �
	A#� ��)  � / ���y �(�  ��%
(�!�� ��� (  �4(VE)

   
E� Q��!)  QK	� .(   hr� ��� %      �,! A,�� � ,K(�$ @,3�

�8 �,,(�  1��,,5 �
,,	A#� �� v,,] �%� V2) �,,< / %� (

  1��5GDD=250   ,4�] %      ���\, 6�%� ��&�     �� v,] �%� 

 1��,,,5 �
,,,	A#�R1) n,,,#C Q�K�,,,! �,,,(�  (  ,,,/� / %

GDD=1250 /   � 
c @�� .S�        �,� ��� ���,� |4�,2� G�E`

      �,�� �/ �,rH� D4)    �,�� �/ 6�%� �,� (    �,(�  ��V4-V5

)�8�
,,	 A#,,� �� v,,] �%�  ( �,,/ 1��,,5 %GDD=550 �,,/ 

  �%
� 0 4\]�� % G�I% D4 �/ �� ���� ��I% )��*+

�4        � �(�  G4� �� 1 2E� )��(�$ ��/ D4       G,4� �,/ ���,!

 
��� ���2�)QK	 ���� % �.(

   ��*,,��I |4�,,2� �,,/ |4�,,2� G,,4�(Johnson, 1971) �� 

    hr� �� ��I I� %  ��,!���� �� 6
c @�� �/ |4�2� �/ %

    hr� �� ����	�8 %      �/ ��% @	�� @H/�r � K(�$ @3�

       � )%�L! G�2��z�c �� 6
c @�� �/ |4�2�    �2#�� �� ��� ���

 )%�L! G4�  � �� ��       �S�(O� �� )%�L! ��` �(��$ �/ ���!

  '($ ��$��� SO�       S�� ,! �@�� T4��! ��HrE ?��e � �

��� @#*,,,,� 6 ,,,,�e % �,,,,$��� 6�,,,,�< % � ,,,,� ',,,,($ .

 �����)Curran et al., 1981 (

2��A,,,,,,,,,,,,,,,,4%�uE� �v�*,,,,,,,,,,,,,,,,�� !�� % "F

Vizantinepiylasl&lKateransis,c1998  *!� � �   t@,4% % 

Crotser & Witt, 2000��% %  ����,,,,,K�� %  *,,,,,4�

)Van Acer et al., 1993 .(     G,4� �,I�! ?,��I �,2K� �,�

  ��
,,,$ ��
,,,HF    ���,,,E$ �,,,/ D�2*,,,�� �,,,���5 �� 

       ',($ �/ @/�O� �� �$��� 6��< @%�H )�
O   � ,� ��,�

  �, 6
���               
,	�/ D,4 ��  2�,�/ �,` � �c ��
,H % ��,	

  �
,,,O % @,,,%�H �,,,�AE �,,,/  6�,,,�<  2�,,,�/ @,,,/�O� )

  ',,($  ,,/� / �� �,,$���   �,, �,,H(! � ,,� ��,,� �� ,,<

) �������,,,,	��}~ .(   �c ��
,,,,H n,,,,�H�! G,,,,4� ��

       �
	A#� �� v] �%� ��
5! "��� /DAE   1� 3 "��� / 

(F=100/(100-y)  ,,,,,,,,/� / ��/� "�,,,,,,,,�� / % GDD

   /� /�/�&     �� ��
H %�  � �� 
	 �#��� �  6��,/  2<�A/ 

 �
,,,O ����,,,� G,,,4� �,,,�  6�,,,�< G,,,4� �-�,,,/ @,,,/�O� )

',,,,,,($  ,,,,,,/� / �� �,,,,,, � ,,,,,,� ��,,,,,,�
,,,,,,	�/

) 1%
I ���� % �.( 

 �
	 A#� �� v] ��� �%�Days after emergence

 QK	��'($ 1 2E� ��� �/ 6�%� G��7! _�23c �z���E3 Q��  % �
	A#� �� v] ����%� "��� / � � ������ <
Fig.1. Determination of the critical period (CP) of weed control in sunflower based on DAE and 

phenological stages
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 1%
I�� D�2*�� f 3 �� / � 2���]  4��H *) '($ M\� ��� �/ 6�%�� � ��� (�< % A! u**)  ���$ ��� �/ 6�%�

'($ �� ���� � (�
	A#� �� v] ����%� "��� /

Table 1. Parameter estimates for the Logestic function * (critical period for weeding) and Gampertz equation** 

(critical weed free period) beasd on DAE

*Y=((1/Dexp^k(t-1)+(f-1)/f)*100

Parameter D K F X R2

Estimate 1.1498 0.1175 1.22 32.99 0.97

Y=Aexp (Bexp(-KT)**
Parameter A B K R2

Estimate 96.78 -1.662 0.0028 0.9805

Y = � K(�$)@/�O� �%
/ 
��	 �� 
;��(

Y=Yield (%weed free control)

exp = �4��� w/�!

exp: Exponential function 

t = ����%� �
	 A#� �� v]

t :Days after emergence (days) 

X = �E�E 'r$ �rH�)�%� ?*�  /( D�2*�� w/�! �� 

X= Inflection point (days) in Logestic function

F,D,K = D�2*�� w/�! �� @/�i  4��H

F,D,K=Constants value in Logestic function (%weed free yield) 

A =� K(�$ ?���) @/�O� 
O�3 
��	 �� 
;�� (A! u�< f 3 ��

A=Asymptote of yield in Gampertz equation (%weed free control)

B,K = A! u�< f 3 �� @/�i  4��H

B,K: Constant value in Gampertz equation

GDD

QK	��'($ 1 2E� ��� �/ 6�%� G��5!  � � ���)
	� ����%� �I�� "��� /(

Fig.2. Determination of CP of weed control in sunflower (based on GDD)
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 1%
I�� D�2*�� f 3 �� / � 2���]  4��H )'($ M\� ��� �/ 6�%�� � ��� ( A! u�< %) �� ���$ ��� �/ 6�%�

'($� � ��� ( /
	� ����%� �I�� "���

Table 2. Parameter estimates for the Logestic equation (critical period of weed removal) and Gampertz equation 

(critical weed free period) based on GDD
parameter D K F X R2

Estimate 1.2198 0044.0 1.34 705.9 0.97

parameter A B K R2

Estimate 96.87 1.66 0.0028 0.9807

'($ D�+ ��%� � ���

��� H:N �	%	�. /�.:

      ',($ @,/�O� 6�%� 1�C J4�A3�      ?,I� � ,� ��,�

  '($ ��% J4�A3�       
,4� < hr,� 
��% �� � � ��� .  �,/

     Q.,,,,3 f�,,,,�! Q+�
,,,,! ��,,,,��! �� �,,,,� ���,,,,C

',,($ Q,,� ��%   
,,H  s��
,,� �,,/ � ,,� ��,,��,,E54 ��

�}8 
��� w/   2 �� f < ) QK	�.(

 �
	 A#� �� v] ��� �%�Days after emergence

QK	�� Q+�
! ��� 6�%�  i� )@/�O� (� � ��� '($ D�+ ��% Q� �%�

Fig. 3. Effect of interference periods on total dry matter of weeds

             � ,� ��,� '($ �� f�
�  � D�+ ��% S��  �� ��

 D*+��+(Tribulus trerrestris L.)  �%
,� �/ }8 % ��%

 '($ Q� D�+   �� % 
,	� 6�%� �,��� �! 1%� �� � � ���

$ 
,,5/ �,,/ 
,,	� 6�%� �,,���',,( "% ,,+ ��,,! � ,,� ��,,�

(Amaranthus spp.) �/ �/}� %  G4 !-�,/ �Q� D�+ ��%

 
���� ��.2+� ��+ �/ �� ��%)QK	&.(

    D*,,+��+ 
,,	� Q.,,3 ��
,,2/� �� �,,� G,,4� Q,,���

     �,E�� �,� @,�� Q��� G4� �/ �-��2�� ���� �� ��% G4 2��/

            G�,�%� �,/% 6��,/ ��*,K4 D*,+��+ ����\,/ ��� ����I

   EK4 ��C �/ ����/c       ��,�� �� 6��,#K4 % 6�� �,���I @,+��

    � ���{C 
	� Q.3 ��
2/�        
,	� 6�%� >,��%� �� % 
E�

 6�%� % 6� ,,� �\,,/ 
,,���! � ,,� ',,($ G,,4� �,,$��� 6�,,�<

      �, ��,4�] �/ �c 
	�  
,�� .   �,24��% =��,�� vK$ ,/ ��,�

  �
	 6
��� �c �24��% �� �5��r G4� �� �� "% + ��! 

     ���� % �\,/ �,�� �,���I �E�� �����    
E2*,� �!%�,L2 ��,�

)  �
���%� D % 
E(]����}� .(    ��
,2/� �� Q,��� G�,�� �/

  "% ,+ ��! �
	� Q.3retroflexus L.).(A  �c �� v,]

    6
�A+ "% + ��!(A.lividus)       ��! 
	� 6�%�  +c �� % 

   ��r(e "% +(A.albus)  
�
,	  ��y  .    ��,/ D,4 G4� /�,E/

   G,,4� �F�,,� D*,,+��+ �,,/ 
,,	� Q.,,3 ��
,,2/� 6���,,#

    ��,,�����! f%�
,,! �,,/ �,,�% � ,,� 1 ,,2E� �� � ,,� ',,($ 

     
	 6
��� "% + ��! =���� 1 2E� .    
	� Q.3 ��4�] ��

 �
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��
 '
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�+
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 �
	 A#� �� v] ��� �%�Days after emergence

QK	&�'($ D�+ ��% Q� 
;��  / Q+�
! �������!  i� � � ���

Fig.4. Effect of interference periods on total precent of dry matter of weeds

    �,,� @,,	�� "% ,,+ ��,,! �� D�,,+ ��%  s��
,,�

  �,,,, �� 6
,,,,4
] G,,,,4�     �*,,,, ��,,,,I% �,,,,/ ���,,,,!

 �A2E,,,,��23C4)  D�(�*,,,,��/ � 
�,,,,��( ��� @#*,,,,�

) ����K�� %  ����<��}�.(

��� &��)*	�. /�.

 '($ ��
5!         �� �Q+�
,! 6�%� 1�C J4�A3� �/ � � ���

     �! 
	� Q.3 ��
2/�&8     ��,��! �,E54 �
	A#� �� v] �%� 

(WI4)  6��,,/ D,,4 v,,] �c �� % ��� ���,,� J4�A,,3� 
,,�%� 

 ��	��
5! �� ��I�! Q/�O ��C �/ 
	 �2���) QK	�.(

 Q� ��
5!'($            
,	� Q.,3 ��,4�] �� � ,� ��,���8

         �c ��
5!  s��
� �� ���� �� ��/ w/  2 �� �!�/  �� ��

�8       �
	 A#� �� v] �%� )  �(� V9 (   ��
,5! �/��8  �,!�/ 

 
	 0���	 .         �� 
5/ �/ 
	� Q.3 ���� �� J��� G4� Q���

�,,  �,,��< �%�� @,,/�O� �,,/ ���,,! �,,��< �% ,,/ % ��� �

)'($           �,$��� 6�,�< �,/ % S,� �/ � � ��� (    �,� ��� @#*,�

 �KE! ��+ 6
4
]  � G4� Q;��(Self thining)�   
,	�/

)  QK	& .(        
	� Q.3 ��
2/� �� D*+��+ �� ���C �/

      �%
,� �E54 ��
5! G4 2��/~� %   ',($ Q,�     �� � ,� ��,�

   + � ��+ �/2           �,/ ��
,5! G,4� Q.,3 ��4�] �� ��% ��� ��.

 �%
,,���,,� 
,,;��  @,,3�4 J��) �����,,K�� % ��2,,��

����.(

   '($ Q� ��
5! 
E` �     
,	� Q.,3 �,C �� � � ���

 � S�                   ,�� �,/  !-�,/ D�,+ ��% �,/ �,I�! �,/ �,� ��	

�               2�,�/ D�,+ ��% 
,���! �,/ 6
,�� �O�/ �����< 
��

        � 1��$� �$��� 6��<  / �� ��+ �2/�O� ���3 
,����.  �,2K�

       $ �� G4� �5��r G4� �� �I�! ?��I       ���,� 
,E` � ,� '(

G4 �,,,	 ��,,,�/(Glycyrrhiza glabra L.),,,! @,,,�! g  �i

            ��,4�] �,! ��,#4 H! �c ��
5! % @3 :� �� O 1 2E� �������!

 �
	 A#� �� v] ��� �%�Days after emergence

 QK	��Q� ��
5! �%� Q+�
! �������!  i� '($� � ���

Fig.5. Effect of interference periods on total weed number
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 �
	 A#� �� v] ��� �%�Days after emergence (wi)

 QK	��� 1 2E� �������!  i� Q� ��
5! �%'($� � ���

Fig.6. Effect of weed periods on total weed number

   � �c Q�$ �� 
�� @/�i 
	� Q.3   
,	� Q,��� �/ 
���!

      f%A4� �� 6��< G4� ��4%�  �sK! %      % 
,	�/ �,E�� 4� ���

    �, ����  � G4�           �,/ �K���,K 1 ,2E� )�,�(�$ �,� 
,��

!�/ 6��< G4�  / ��#4 H! �4��E�   �ig!
	�/) . QK	�.(

�0A�% �N�$����	 ��(0 /�.

2�5 _�`*��:

   '($ Q+�
! 6�%� J4�A3�      J��,� ?,I� � ,� ���

             �� J��,� G,4� �,� ���C �/ 
4� < �$��� 6��< =�L!��

            �%
,/ 
��,	 �,/ �*,4�H �� Q.,3 f�,�! Q+�
! �������!

  ��A,,� �,,/ @,,/�O��8 % 
,,	 6
���,,) QK,,	} .( ��,,4�2��

(Nittaya, 1991) �� =�,,N� G,,4� ��,,+ 0��A,,< �� A,,�� 

 � 
�4g!
E� .   G4� �/ �I�! �/        =�,L!�� �,/ � ,K(�$ �r/�� ��

_�,,23c ��@,,�� 6
,,	  ,,�� S�H2*,, �,,r/�� D,,4 ��� ,,<

)   tF#,(� % �����Sarno & Clbella,1992 .(  �, �\,�  ���,!

      �,,/ @,,/�O� �� � ,,K(�$ J��,,� �(,,;� Q,,($ �� �,,K4

',,($   � ,,4� ��� @#*,,� =�,,L!�� J��,,� �,,/ �� � ,,� ��,,�

     �,$��� 6�,�< @/�O� )�
O J��� ?I� =�L!�� J���

 '($ �/      � ���  �  / @�O 
E(/ ����� < .   �O�� �3 C ��

 �,,,4���i w,,,#E D,,,4 ���,,,E$ �,,,/(Second sorce)S,,,� 

     �,, _�*,,� �,,/ 6�,,�< �� )��
,,���/ � 6 ,,�+� 
,,4c

     ,,�! 6a,,4% �,,/ �,,��� �
,,	 ] ��,,� �� �,,�  >4� ,,	 @

     ',,($ @,,/�O� >,,��! 6
,,	 ��,,�4� JE,,! � ,,� ��,,�

�   S� JH� 
���!     
,	�/ �2,	�� � ,! . S,�     G,4� �� G�,E`

    ��,,��! G�,,/ n,,�H�!&8    �
,,	A#� �� v,,] 1 ,,2E� �%� 

(WF4)(Weed free to 40 days after emergence) ����! % 

    Q.3 f��! 1 2E�(WIT)�E5 )%�L! 
�� 6
��� ��� . �\�

   A�� �rH� G4� �� �        ��� �/ 6�%� ���4�] �rH� ���E$ �/ ���!

 hr� ��� %� � 6��L2��.

 �
	 A#� �� v] ��� �%�Days after emergence (DAE)

 QK	}� f��! @/�O� % 1 2E� �������!  i� �*4�H _�23c =�L!��  / Q.3��� <
Fig.7. Comparison of weed free and weed infested periods on sunflower height
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 �
	 A#� �� v] ��� �%�Days after emergence

 QK	��6�%�  i� � / hr� x+�	 / Q+�
! ���

Fig.8. Effect of interference periods on leaf area index (LAI)

q�$ XY5 \N��:

   % @,,/�O� 6�%� 1�,,C f%�
,,!�/ � ,,/ hr,,� J��,,�

   '($ D�+ ��% J4�A3�      �%
,� ��A,� �/ � � ���&� %

 
	 6
���) QK	�.(

     �!�/ ��
5! J4�A3� �/)       � ,� ',($ % �,$��� 6��< (� �

              J4�A,3� � ,/ hr,� x+�,	 Q,� 
E`  � hr� 
��%

�             6�,�< 6a,4% �,/ �!�/ D! � / hr� x+�	 ��% 
/�4

  � J��� �$���
/�4 .      ��4 I @�(e _\I  �  / @/�O�

   �A2E��23 ��!�3)PPFD (      D�+ 6�� w��! @4��� �� %

            � ,/ hr,� x+�,	 �/ S�H2* ��C �/ � K(�$ �
���!

   @�� 6
	 6��� @#*� .    �,	 G,4� @����   @,����c �,! x+

��� 2�u� �% M� �)Kroph &Spiters ,1998 (  �� 6��L2,��

�#*� � / hr� )Relative Leaf Area(   Q.,3 ��
,2/���

    1
 ���4� �� / �� 
	�  �� G��7! ���     �,	�� � ,K(�$ @3

6���� ��;�! �� @/�O� ��
�� .

  �� S,,� Q,,4-� �� G4� /�,,E/   @,,/�O� �� � ,,K�$ @,,3

'($   � �� � � ��� / ���!      � ,/ hr� x+�	 J��� �

��� @#*,,� .6�%� �*,,4�H �,,3 C �� @,,/�O� ',,(27 ��,,�

'($   _�23c �/ � � ���        �� @L,; G4� �� ��� ���� ��� <

           �*,4�H �� 
,	� Q.3 ��
2/� �� 6a4�/ � !-�/ @���*�

               �,� ���,C �,/ @,�� �����,+ / @/�O� �/ )�L;  4�� �/

    �! �2� Q+�
!�8        �� ?I� A�� �
	 A#� �� v] �%�   @,3

 ���F Q/�O          �, ���,� G4� % 
	 �<a4% G4� �� ��  
,��

          Q.3 ��
2/� �$�5	 �5��! 6a4% �/ � / hr� �5��! ��

          
	� Q��   4�� �/ �*4�H �� � !-�/ @���*� �� �
	�

 � �����+ /            @,/�O� �
��,�� QO�
,� �,/ @,���� % 
	�/

              �, % 6
��,�� )�,#i� �,/ �� ��� G4� �� 6a4% �/    �,/ 
,���!

��E$�� < �H(! ��� �/ 6�%� =% 	 �rH� �.

'[%� &�3��� :

           1�,C J4�A,3� �/ w/  2 �� ���� 
E�� Ge%� � K(�$

         � 4\,] �ig! �,� ���,C �,/ ��� ���� J��� @/�O� 6�%�

           Q.,3 f��! @/�O� �� Ge%� % ���� � K(�$%�  � J���

 ��,,#4 H!}~ %  
,,	 �#,,���)QK,,	~ .( �� G,,e%� � ,,K(�$

  ���� � K(�$ _ �(;��        % 
,	 �#��� Ge%� 
;�� �� 

   �ig! @�! n�H�! G4� �� �� ��/ �2L; ��E! Ge%� 
;��

'($   @3 :� �� O � � ��� .      ��� G4� �/ =�N� G4� Q���
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Fig.9. Correlation between weed dry matter with oil yield
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