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Abstract  
Weed infestation in arable lands is much more than one species. Thus, it is important to pay attention to the interaction of multy species of 
weeds. To study the effect of redroot pigweed (Amaranthus retroflexus L.) and barnyardgrass (Echinochloa crus-galli (L.) P. Beauv) 
interference on yield and essential oil of fennel (Foeniculum vulgare Mill.), an experiment has been done in Research field of Sari 
Agricultural Sciences and Natural Resources University during 2017. It has been arranged in a factorial arrangement based on randomized 
complete block design with three replications with the experimental factors being three densities of redroot pigweed (0, 4, and 8 plants m-2) 
and three densities of barnyardgrass (0, 4, and 8 plants m-2). The highest grain yield (2230 kg ha-1) and essential oil content (2 %) are 
obtained at weed free plots. The density of 8 redroot pigweed plants m-2 at simultaneous interference with 0, 4, and 8 barnyard grass m-2 
reduce grain yield by 30.1%, 62.9%, and 75.7%, and essential oil content by 24.5%, 26.2%, and 29.5%, respectively, compared with weed 
free plots. The coefficient of redroot pigweed competitivity is predicted to be higher than barnyardgrass, and the interference of 14.5 
barnyardgrass plants m-2 or 7.7 redroot pigweed plants m-2 decreases fennel grain yield by 50%. 
 
Keywords: Density, essential oil, interference, weed competitivity, weed free 
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1# �*9��  �� ��� ��� +-� �9 Y��� Q��9 

50 �,�� ��6�*� ��  5 ��$D +��� 79��  ��� .,$0  

 �0���) ��J����C �- ���2 �0��� X�� ',�` �9 ()1( 

 �� ����� ��� ��6�*� %�� �0��� ��,�  ���� +-� ����

79��  ��� ��� 5� ��� �� ���  +-� ���SJ-� '��2 �$��

)Wilson et al., 1995.(  
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 �3Y  �a #�� I� �  Q�C ��6�*� �	��  5 ��$ ��6�*�

��� �� ���� X
��$ �� ��� +ßi  �ßj �� I� �   I
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��� @5� ��� 5 �5� ��� �J��2�  ���� I
�� #

 ��� ��� 5� '��mJ� �a� �J��2� +81�Di  �Dj+ �� I� �  

��� 79��  ����� .+-� @5� 5 �5� ��� ��� ���  %�� �9

�	/� '��mJ� �a� ��� 5�  ����� ��<�  Ee` �� 8� 8�� 

.��9 Wilson et al. )1995 5 (Kim et al. )2006 �� (
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450&� 67. ��� 81� 9�� :�15 �;�� <#1' ) Amaranthus retroflexus L.   (� ?��2$    ) Echinochloa crus-galli (L.) P. Beauv   (1� 

�1*7	. � @A�$0 80�;�A� ) Foeniculum  vulgare Mill.  (  

  

 ����24 �  ���	
2 �  ������1401  
649

�^�*/� �� �S	� �� 5 ��$  %
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�/  ����J����C 8�*� #��(� �0��� ����J����C �9  ��$

) �0��� ��2�� ( .�	$��  

  

3#$� 	 %�&� .  

3 .1 
'!� (�)'�� .  

 '(��  ��,� F��a� �R	  �9 ��� 8�<� 4��
��5 �
Di 

��� :�  5 E5��- ��� ���  ���
��� ��� _�S �� �� ;5�(

 ���	/� �,�� "
 ��*J`� P0- �5�&) ��� ���2 _�S �� .(

��� 79��  Q
�D!� �� ���
���  ��*�  .+!�
 Q��9 ��� ���

:�  5 E5��- ?����J� �� � �� +<�  @��9��) ;5�(

�� �� #(�����& ��>  �� ���
��� ��� _�S �� Q��9 Y��� I� � 

 8�D��3/17  59/14  ��� ��h` @�� ��*�  �� +=�� �,��

� �5�&) ���$ ��3 �9 ��� 8�<� �-��� "
 {
�J� .(

Q�� ) 8�3
� _�S �� ���m� %
� Ocimum basilicum �� (

) �$ ����<� ��� ��� �� ���� X
��$Baghitabr 

Firoozjayi, 2017.( Patel et al. )2017 �<
���� �� D�� (

Q�� �9 ����9 8���  X
��$ �� ���
��� ��� _�S �� 8�D�� %
� 

 @����� ��h` �� ��� %
� �$� '
�5� �� ��� ���  +-�

7� .���  %�	)Nasrabadi et al. )2019 ��at  �-��� �� (

��� '(��  ��5� Q�� �	J!�
�� D=- ��
� �� ��� ���  5 %
� 

79 ��) D=- ��
� � �� _�S �� %
�   I� � 6/21  576/17 

�J��- �� #(�J�  �� +��2� 5 %�&5 �����*�  �� I� � 

���  .�$ ����<� �$� 'K! '9 �� ��� ���Zarei et al. 

)2020��� '��9 '(��  ����9 8��� D�� (  �� +=�� ��� ���

��� '��9 ��J	9  Q��9 I=- ��� ���49/20  ��,��

 .�$ ��
� ��� _�S ��   

  

3 .2 *��+ 
,�- ���.' .  

 ��at  +3  ���! �(�$ ���/  �9 ��� 8�<� 4��
��5 �
Di 

:�  79��  ��,� F��a� 7� 5 E5��- 5 ;5�(  F��a� %�	)

8� '��mJ�  �� +!� ���2 �,�� "
 ��*J`� P0- ��

�5�&)2.( Q�� ) ���! �(�$ ���/  %
� 7/10 X
��$ �� (

79 5 ��� ��� 5� �� �� ���� ) ���/  %
� 7/6 %
� ^�� �� (

�� :�  � �� +<�) ��� ��� 5� �� 79  +<� 5 ;5�(

 '(��  X
��$ �� .�$ ����<� (?����J� �� E5��- � ��

:�  ?����J� �� � �� +<� 79��  5 ;5�(  ��R) #�S, ���

�� � �� +<� 5 �� #?����J� �� E5��- ?����J�  I� � 

 Y���1/20 #1/28  54/37  ���! �(�$ ���/  Q��9 �,��

 �� +=�� ���
��� 5 E5��- ��� ��� ����� @�� X
��$

:�   �5�&) ���$ ;5�(4.(  

  

 C�&D2L301� 1M0 (N�O�1# P%QA�%#) @A�;�0� �;<R� S;��A . 67. 67�T# ��� ��� 9�� � ?��2$ 81� �$�1� N��� 1� :�15 �A�;80� �&
  

F
���

�y 
 ?

��	�
 

�
���

� �
&�

�
 

� �
� _

�S 
��

 

���
/ 

 
��

�! 
�(

�$
 

�J)
 ��

�/
 

 
� �

� �
�

 

���
� �

��/
 

 
�J)

 ��
 

8�
5

 
���

��
�D�

 

���
� �

��/
 

 
� �

� �
�

 

��
6�

*�
 

���
�

 "

o�

���
� �

�6
�*

�
 

+
$��

�� 
~

(�
$

 

4
��-

� �
,�

�
 

�� 4��-� ��6�*�  

� �
�

 P0
- 

�`
�5

 

���6  2 ns9/89 ns2/3 ns3/309 ns70 ns04/0 ns3/598846  ns4/5595 ns8/3917 ns5/171 ns04/0 ns02/0 ns2/2  
) E5��- 79�� A(  2 **5/249  **7/8  *7/107 **2/87 **10/0 **7/576056 **3/9304 **5/58367 *3/37 **12/0  **01/0 **3/4 

:�  79��  ) ;5�(B( 2 **8/196  **10 **7/294 **4/84 **14/0 **4/1819992 **3/17733 **9/195878 ns3/4 **53/0 **03/0 **3/11 

A*B 4 ns6/0 **4/0 ns5/36 **37  ns001/0 ns260396 **8/2944 **2/33682 ns5/6 *02/0 ns001/0 **6/0 

Q
���� ��0(  16 5/9  05/0  2/27 3/2 008/0 5/89348 1/176  8/1103  9/7 006/0 0009/0 1/0 
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��(%) F����y   5/5  7/2 8/12 8/2 3 9/15  8/9 7/7 9 7/4 4/22 6/13 
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 C�&D367. L301� �7�0 1M0 . 9�� � ?��2$ 81� ��� �A�;80� N��� �51� 1� :�15  

��� ��� 

)plant. m-2( 

_�S ��  

)cm( 

���/   

�J) 

������D� 8�5   

)g.( 

 ���� ���/  

� �� �� 

��-� ��6�*�4  

)ml. plant-1( 

E5��-  

(�S,)  6/60 a 2/44 a 1/3 a 8/2116 a 17/0 a 

)4( 7/55 b 2/44 a 1/3 a 8/1611 b 13/0 b 

)8( 1/50 c 3/37 b 9/2 b 7/1891 ab 09/0 c 

:�  ;5�( 

(�S,)  6/60 a 3/46 a 1/3 a 3/2256 a 2/0 a 

)4( 1/54 b 5/40 b 1/3 a 7/1985 a 1/0 b 

)8( 6/51 b 8/34 c 9/2 b 2/1378 b 08/0 b 

P%QA�%# �)O# N���� 1Q;&*; �� �2�$ 1� �� I1��# ?1( [; 4'0&( �� ��� .&A�0&A ��0�  

  

 C�&D467. (\�1#1�# �� ��2�) L301� 4��"�# 1M0 . 9�� � ?��2$ 81� ��� �A�;80� N��� �51� 1� :�15  

:�  ;5�( E5��- 
���/   

�(�$ ���! 

���/  ����  

 ���J) 

"
o����� ��6�*�  

)kg. ha-1( 

 ���J3�4��-�  

)%( 

�S, 

�S, 7/10 a 61a 6983a 2a 

4 7/9 b 57b 5853b 2a 

8 5/8 c 6/53 cd 4950c 7/1 b 

4 

�S, 4/10 a 6/52 d 3270d 7/1 b 

4 5/8 c 56bc 4903c 4/1 c 

8 6/8 c 6/52 d 3410d 4/1 c 

8 

�S, 5/8 c 58b 4803c 5/1 c 

4 7/7 d 6/48 e 2500e 5/1 c 

8 7/6 e 6/46 e 1913f 4/1 c 

P%QA�%# �)O# N���� 1Q;&*; �� �2�$ 1� �� I1��# ?1( [; 4'0&( �� ��� .&A�0&A ��0�  

  

Patel et al. )2017 �> (�<�5BC  ���
��� ��� �5�

 ��9 8���Q�� �  @�� X
��$ �� ���! �(�$ ���/  %


��� ��h`  ��� %
� �$� '
�5� �� ��� ����� +-� .��� 

Izadi Darbandi et al. )2003 �> (�<�5BC  �5�F��a� 

�J��2� ��� ��� ��� E5��- 5 :�  ;5�( �5�  �����

�(�$ ���/  ����� 8�<� �� ���! ���  +3  F�$��at  

��� +��2� �	J!� ���2 ��� ���  79��  Q
�D!� 5

 5 E5��-:�  ;5�( �(�$ ���/  Q��9 Y���  ���

 ���!�$�� {
�J� �� �&�  �� .  ���/  �9 +$�� ��Rs� 8�� 

�(�$ �D&� �� ���! ����  +��2� �� ;��` �����

���  5 E5��- ��� ���:�  ;5�( ��  %
� 5 �$��

 D�� ~(�$7� 8�) ~(�$ �
�- +=a ���  +��2� �� ��$

:�  ;5�( #Q�� �  ) +-� ��$ �atJ�Izadi Darbandi & 

Rashed Mohassel, 2004.(  

  

3 .3 
'!� �� �&� ���.' .  

 {
�J�8�<�  5 E5��- 79��  ��,� F��a� �R	  �9 ���

:�  ;5�(  ���
��� ��� � �� �� �J) ���/  +S, �5� ��
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 �a��	/� ��� �5�&) �	J$�� �2 .(Q�� �  5 %
79 �  %


��� ��h` @�� ��*�  �� ����� � �� �� �J) ���/   ���

 ��h` 5 ���+<�  5 E5��- � ��+<�  � ��

:�  ;5�(  ��?����J� )�� ��>  �$ ����<� (�����&

 �5�&)3.(Khuram et al.  )2009 �l9��` ��9 8��� (

 5 ��� ��� �� ���� ��*�  �� �J) ���/ 79 �  ���/  %


 .�$ ����<� ��� ��� 'K! @�*  '(��  ��*�  �� �J)

��� ��h` @�� �� ��� ����� Y�  �� ���
��� ��� �  ��$

 �J) ���/  5 �$�� �J$�� �� ���SJ-� %
�JR� ��&�� ?��	�

Q�� �  5 �	9 ����  �7� %�	)  ��� 'K! @�*  ��h`

 ����� '���  Q��9 Y��� ��&�� ?��	� �� �l9��` ���SJ-�

�� ���
��� ��� �� �J) ���/  .��$  

  

3 .4 �&� �� 
��� ���.' .  

 �� ���� ���/  79��  ��,� F��a� ��at  +3  �J)

��� :�  5 E5��- ��� ���  '��mJ� F��a� 5 ;5�(

��� '(��  ���  "
 ��*J`� P0- �� ��9e� ���

 �5�&) +!� ���2 �,��2Q�� .(  �� ���� ���/  %
� 

 5 �$ ����<� ��� ��� 5� �� �� ���� X
��$ �� �J)

79  ��� 5� �� 79��  %
� ^�� �� +S, %
� ���m� %
� 

:�  � �� +<�) ���  �� E5��- � �� +<� 5 ;5�(

 �$ ����<� (?����J� �5�&)4.(  ���� ���/  �J) ��

7R� �� �6
 �� ���
��� ��� ��6�*� ��D&� %
�   5 �$��

 ���� ���
��� �
�R� ��6�*� �5� ���
� +�*��

)Khuram et al., 2009.( r��D  +-� 8� �� �9�` ��

���� ��`�� �� �9 ��� @�i� �� 5 ��	����  #���

�� Q��9 8���� I�g� �� ���� ��6�*�  Q��9 .���


�� ���� ���/ ��  +��2� 5 �S�Jj� '���� ��at  +3  ��

�� ���2 ��� ��*& �� ?��	� �- �� ) ���Mariotti et al., 

2008 .( Khuram et al. )2009Q�� �	J$�� ��Rs� (  %
� 

 ��� ��� �� ���� ��*�  �� #���
��� �J) �� ���� ���/ 

79 5 �$ ����<�  @�*  '(��  ��*�  �� ���� ���/  %
� 

 ��� ��� ��h` @�� .�$ ����<� ��� ��� 'K!

 �J) �� ���� ���/  Q
�D!� 5 ���
��� �JR� �$� Y���

 .���$Akhtar et al. )2000 r��D �R��<� {
�J� D�� (

.����9   

  

3 .5 
'!� �� 
��� ���.' .  

��� '(��  �����*�  ��,� F��a� � E5��- ��� ��

:�  5 �� @��9�� ;5�(  "
 ��*J`� P0- �� �Di� ��>

�	/� �a� �,�� ���/  �� ���� ���� �� � ��  ��� #�	J$�e

�	/� ����� ��3� �� '��� 5� %
� '��mJ� �a�  �<� ���

 �5�&)2Q�� .( 79 5 %
�   � �� �� ���� ���/  %
� 

:�  ��� ��� ��h` @�� ��*�  �� �����  5 ;5�(

- 5 E5��- ?����J� �� � �� +<� ��h` 5 E5��

:�   �� � �� +<� 5 ��R) ��*�  5 �$ ����<� ;5�(

:�  5 E5��- ?����J� �� @��9�� ;5�(  F��,

 ���� ���/  #��� ��� �� ���� ��*�  �� +=�� #�����&

�� �� � �� �� I� �  ��  8�D��8/23 #6/10  5 �,��

9/11 #9/38  �5�&) ����� Q��9 �,��3 .( �-��� ��

�a� �*�- ��� ��� '(��  � ) �Chenopodium album 

L.� (��� ��6�*� �#���
 +
�5�3� ��� ��*�� ��$ 

X-�  �*�- #��  ��at  �S	� Q�� ��  �� �$� �<
�� 5 

����  ���
��� +$�� 5 �� F�$ %J!� #+��2� � �	���%
 

Q�� ��at   �� .�$ � Q��9 79��  �*�-  �� ��6�*� �e� 

���
��� Q
�D!�  5 +!�
�D!�Q
 79��  ��� ��� �� 5� �� 

#��R) ��R) �� Q$ 5 Q$ �� +<� � �� �� �� �J� �� 

�
�� #+$�9 ��6�*� �e� ���
��� �� �� I� �  �5�` 

Q$ #25 5 27 �,�� �� ��
�m� �� ��*�  85�� 

��� ��� Q��9 ��� �9 8�<� �� ��� ��at  �*�- ��  �� 

��6�*� ���
��� �� 79��  ��� Q$ � �� 5 � ^�� �� 8� 

���s �� ) ��$Mirshakari, 2014a.(   



$%�& '�%� (%)� !�%*�+ ,	(� $�-.�+ ,	� /0  %�
�1�+ (�%& �2 1-30 

  

 ����24 �  ���	
2 �  ������1401 

652

3 .6 2�	 .
�����3�   

���� 4��
��5 �
Di  �� ',�` {
�J�  ��� 8�<� �� +S, �9

 8�5������D�  +3  ���
��� �����at   '(��  ��,� F��a�

 5 E5��-:�  ;5�(  ���2 �,�� "
 ��*J`� P0- ��

+!�# ���  ��9e� +S, �� '��� 5� %
� '��mJ� �a�

�	/� ���  �5�&) ��=�2���� %�A���� ��
�m� {
�J� .(  ��

 ��� 8�<� ��*� +<�  �� � ��?����J�  5 E5��-

:�  ;5�( )�� ��>  #(�Di��� I� �   Q��9 Y���4/5  5

1/7  8�5 �,��������D�  @�� ��*�  �� +=�� ���
��� ���

 �5�&) ���$ ��� ��� ��h`3(. Khuram et al. 

)2009 8�5 �l9��` ����9 8��� (������D�  ���� ��*�  ��

 5 ��� ��� ��79 �  'K! @�*  '(��  ��*�  �� ���m� %


 5 +��2� 8��� F�� Q
�D!� �� 5 �$ ����<� ��� ���

#��� ��� 79��   8�5������D�  +��2� .+!�
 Q��9

���  5 �$� �2�  �� �i	� ����� 8���� �� ��� ���

+���/!  �� �DJ	-�J! ���  �� �i	� +
�R� �� �9 ��$

 8�5 Q��9������D� �� ��$ )Akhtar et al., 2000.(  

  
3 .7 
��� ������ .  

��� 79��  ��,� F��a� 5 E5��- ��� ��� :�   ;5�(

 '��mJ� F��a� 58� �	/� ���
��� ���� ��6�*� �5� ��  ���

 �5�&) ���2Q�� .( ) ���� ��6�*� %
� 2230  @����9

79 5 ��� ��� �� ���� ��*�  �� (��J6� ��  ���m� %
� 

)540  E5��- � �� +<� ��*�  �� (��J6� �� @����9

:�  � �� +<� 5  �$ ����<� ?����J� �� ;5�(

 '6$)1.(  

��� ��6�*� �
�$ Q��9 �� '(��  �� ���
��� �

��� �� �^�*J`� ��� ���  ��� %
� �9 +-� %
� '���

�� 5 �J$�� �*9 p�� P0- 5 G��� ���5� �$�  '���

 '�*6  +R& ���
� F�� ���� �9 �	�
�C �$� +��-

�
�-  �=�g Y��� '��� %�*� 5 �J$�� ���� ��( �����

��� �� ��� %
� �� ��� ��� .��$  Q��9 8�D��

�6�*��� �� ���� �  �� 8�� �
�- �������� � ��� ��� #

Q�� ~�Kj  5 ��6�*� ��D&� Q��9  ���� � 

�� �<
5� �$� �� �DJ	-�J! �
�- '��� ��� ������  ���

 ���) ��� +=��Fellows & Roeth, 1992 .(
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