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������6 �o��� #  	 9 �$1� �9 �4	 ��6	� '�� �79 ��C� �� T��4U #*�� @�?C2 #��� �o��� #  ) Pharmacopeia, British 2000.(    /+* Q�W      @� 
������6 4� '�]� R� 3�#9'#�U �� �9 �	�� ^69 '5	5 10 
������6 X���� 	 �9@�2 wU���� L�Q �U 0	� 10 
������6 L�I�� # . i�� @� 
������6 4� �1��� l�Z� '#  �� '�9	� �9 �	�� @� ^69 '5	5 10 
������6 X���� 	 0	� �U �9Y���� 2 
������6 #��� ��#���2@ 5/0 (���� 2 
������6 q��� 1��U 	 2 
������6 �1� 1�4�	U @� ���� �Cy� '��2 	 L�Q �U 9 ��	VC� wU���� �9 10 
������6 #���' .#  ��V�� wH$ ��� V��Z ���� '#  �9 @�2 '8��� ���1�C	��7��� UV �� �1[ }1� 2±505 ���1�� '#���� 	 �#��� 0�1��	� 
>2	�#�� X�C� �9 @�2 
���� ���#���� #��� @�?C2 	 �9 Y>Q 3I�s ^�� '�� ^���� #����. �9��1�� #�  4� 
61��� �2 �9Y���� ~9 �� �	#9 �1PQ '�]� ��;� '#  �19( '�)��� .#     4:;�W/��ZW�  �"��$       0��K�
�*� 	 X9��� X��1� T��4U 4� l��[ ��V�� i����	 )ANOVA( 9 '�)��� 4� ��	� GLM �� R����VC� 9.2 SAS ��V�� # #�. ��o6� R4~ �9 �2n 3�� �2 XoZ 4� ��V�� (i����	 4� ���� ��19 b�41� '#���Z9� 9) '�)��� 4� ��	� Univariate( ����[� X*Q .#  
��� �>��� ^�8���0� �)* ��1� 
���9 9 ���)'� 4� �1�4U XZ�#Q �	)� 
��� ��� )LSD( �� g�� ���Q� 5% R��� # .    �����      :���9 h��� ��V�� i����	 '����( �)* ��#�� (d�9 �4	 @�f (
8��C�8�2 g�� d�9 
8��C�8�2 	 �4	 @�f S�� 4�� �9
��� �1[���0 3�� ��KJ� L2��� ��19 	 39Z� 9 S�� 4�� ���Z #��C�� �� X�C	��2 a( X�C	��2 b 	 X�C	��2 X2 O�C 3�� J���K ���� S�� 4�� ���Z #��C�� 	 L2��� 3 2 �8�2 ��KJ� 0��U 
������0 �9 ^�� �)* 3 �#� �	#$) 2.( ��V�� i����	 @�?C2 #���( @��5	��2 #��� 	 ^��r�� �1�C R� ���'#��� R#� ��KJ� 
��� ���0����� S�� 4�� 	 L2��� ��19 �9 �)* �12H� .�19 ��7��� 2@�?C( @��5	��2 	 
�A�1�C R� �9
��� �1[���0 3�� ��KJ� L2��� ��19 ���Z #��C��( �� 
6Q�2 ���� S�� 4�� ��KJ� 0��U 
������0 �9 ;�U 3 �#� �	#$) 4(. �� ����� �� @� 4� �)* 9 ��vV$ 0����9 ��1� ��9 ���Z 
�.#����  



       6��� 2- �(����E ��[�)� ��,� �37� 4[O�U� HZW \W)�] ^�� J)$ � _&")W 4W7�  	J� X59   ^�� 3;$  /�*�)�& /& /�*�)�& b /�*�)�& a 
TU� V)� �(�)*)(+& 

	J� X59 
�"�[W V)�   3� 4W7� 

df `��+� �")��aW ns06/194 ns03/0 ns007/0 ns01/0 ns01/0 ns49/3043 ns79/2 2 3").W **42/16715 **15/1 **17/0 *43/0 **66/2 *42/9755 **04/26 1 ^�� J)$ *08/718 ns006/0 ns002/0 ns008/0 **84/1 **75/28922 **04/28 3 _&")W ns06/194 ns003/0 ns0003/0 ns004/0 ns005/0 ns71/727 ns54/0 2 ^�� J)$×_&")W 25/205  10/0 006/0 06/0 05/0 75/1407 87/1 15 �U9 28/54  05/6 75/4 91/6 71/13 45/23 75/9  c:)d �")��aW )%( ns: R#� qF�f� 
��� ���* 	 :** qF�f� 
��� ����� g�� ���Q� 1% 	 5%        



 #�$ (����� ���� 	 
�	��� ���� ������ �����	�35 '��  (5                                                                                                                  825  �"�[W V)� 3� 4W7�     �1PQ S���0 4�� Y$1� T�2 79/13 0#*�� ��#�� d�9 �� ��19 
8��C�8�2 �� �>��� 9 O���  0�� 4� S���0 4�� #  �	#$) 3.(       L2���0� S��c� 3 2 ��KJ� 
������0 �9 ��#�� d�9 
8��C�8�2 3 �� �	#$) 3.( ^�����9 ��#�� d�9 �� ��19 l���� �9 L2��� 2 ��19 �� b9����� �19 	 4� ��6 0��U qF�f� 
������0 9 L2���0� 6 	 8 ��19 �� b9����� .3 �� 9 �$1� �9 �	#$ 3 ��#�� d�9 
8��C�8�2 �� L2���0� 4( 6 	 8 ��19 �� b9����� �� �>��� 9 L2��� 2 ��19 �� b9����� �9Y���� 12/6( 43/21 	 59/28 #*�� T�2 3C�.     6��� 3- P:�e�4 E�(���� ��,� �37� ��3)� HZW \W)�] )]"#�$ ���" ^�� J)$ � _&")W 4W7�  ^�� J)$  _&")W  4W7�  �"�[W V)�  3� 4W7�  	J� X59 �(�)*)(+&  Q)�) 3� (`�)�)��  S9�0 TU� V)�  �(�)*)(+&  	J� X59 ^�� J)$  Q)�) 3� (`�)�)��  Q�� H���3    a08/15 a15/180 a07/2 b0 H���3    b00/13 b82/139 b41/1 a78/52   2  a33/16 c13/99 c08/1 a19/39   4  a33/15 c36/116 b50/1 ab67/30   6  b83/12 a44/253 a29/2 ab76/21   8  b66/11 b02/171 a09/2 b92/13 ^�8���0� 0���� q	�Q \���� 0��9 �� ���� 	 �� �� �1�� 4� ��6 0��U �� g�� ���Q� 5% qF�f� 
������0  L� 9#���#�.    	J� X59 �(�)*)(+&  ���� S�� 4�� )�1PQ 	 R#� (�1PQ �9 �1[ 
������0 �4	 @�f 
8��C�8�2 �� 3�� ��KJ� ���Z ��� �	#$) 3.( �9 ^��� :�� �4	 @�f 
8��C�8�2 �� O���  R#� 39Z� 9 S���0 4�� 40/22% ����9 4� O���  39Z� 9 S���0 4�� �19 �	#$) 3.(   �4	 @�f 
8��C�8�2 �� L2���0� ��19 ��1� ��6�� qF�f� 
������0 9 L� 3 �� �	#$) 3.( :���9 h��� �>��� ^�8���� ^�����9 ��#�� �4	 @�f 
8��C�8�2 �� L2��� T  ��19 �� b9����� X*Q #  )44/253 R�� �� (b9����� 	 qF�f� 0��U 
������0 9 ��� L2���� .3 �� ��C�0�  ^����6�� ���'#��� T�2 88/60( 08/54 	 52/32 0#*�� �4	 @�f 
8��C�8�2 �� L2���0� 2( 4 	 8 ��19 �� b9����� �� �>��� 9 L2��� T  ��19 �� ��� b9�� �19 �	#$) 3.(     S9�0 TU� V)�  h��� ^�� l���� ��� ��� �2 ef  g�� d�9 
8��C�8�2 �9�1[ 
������0 3�� ��KJ� ���� S�� 4�� ���Z 3C��( �9�1[0 �2 ��#�� ^�� 3)* �� O���  R#� �1PQ S���0 4�� 88/31% ����9 4� O���  39Z� 	 �1PQ S���0 4�� �19 �	#$) 3.(   h��� �>��� ^�8��� ��� ��� �2 ef  g�� d�9 
8��C�8�2 �� L2��� ��190� ��1� 
���9 qF�f� 0��U 
������0 #�� ��( �9�1[0 �2 ^�����9 ��#�� 3)* �12H� )29/2( �� L2��� T  ��19 �� b9����� �9 3oK .#��� 
��)� 3�� �2 ef  g�� d�9 �� 
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� L2���0� 6 	 8 ��19 �� b9����� qF�f� 0��U 
������0 9 L� �#�#�� . h��� ��� ��� �2 L2���0� 2( 4 	 8 ��19 �� b9����� �9Y���� 83/52( 49/34 	 73/8 #*�� ef  g�� d�9 0���2 �� �>��� 9 L2���   6 ��19 �� b9����� #�� �� �	#$) 3(.     	J� X59 ^��#�$ J)$  �� ^�� l���� S���0 4�� ���V� X�  }�:	�f )retroflexus Amaranthus(( �C�f ) Portulaca

villosa(( ��Z )halepense Sorghum(( S�� 3)�#�9 )aviculare Polygonum( 	 S�� ��_�f ) Digitaria

sanguinalis( .#��19 ^�8��� �4	 @�f S��0� 4�� �� ��20�  0����S�� 4�� 78/52 R�� �� b9����� �19 �	#$) 3.(  L2��� ��19 
8��C�8�2 �9
��� �1[���0 �4	 @�f S�� 4�� �� 3�� ��KJ� ���Z ���( �9�1[0 �2 ^�����9 �4	 @�f S�� 4�� l���� �9 L2��� 	� ��19 �� b9����� �19 	 qF�f� 0��U 
������0 9 ��� L2���� 3 �� �	#$) 3.( T��VC� L2��� ��19 
8��C�8�2 ���� �9 T�2 �4	 @�f S�� 4�� # ( �9 ��1� 0��2 L2���0� 4( 6 	 8 ��19 �� b9����� �9Y���� 74/21( 47/44 	 48/64 #*�� �� �>��� 9 L2��� 	� ��19 �� b9����� T�2 �4	 @�f S���0 4�� �� �� 
A � ��#�.     #"7�Z� ��R67+* Q�W X�Y*�& ���" � X��!�)�& ���"  0����� 
���4U S��) 4�� 	 L2��� (��19 �J��K 
������0 �9 ^�� �)* #�� �#� �	#$) 4.( ^��9�Q �� ���� S�� (4�� #*�� 
�A�1�C R�( @�?C2 #��� 	 @��5	��2 #��� �� O���  R#� �1PQ S���0 4�� ����9 4� O���  �1PQ S���0 4�� �19 �	#$) 5.( �� ^�9 L2���0� ��1� 
���9 V�� ����9^� #*�� 
�A�1�C (R� @�?C2 #��� 	 @��5	��2 #��� �� L2��� 6 ��19 �� b9����� 3�#9 #�U �	#$) 5.(    6��� 4- E�(���� ��[�)� ��,� �,�& H�O7����)#�$ 4:7��] (�(�)*)(+& HZW \W)�] ^�� J)$ � _&")W 4W7�  �).�
�  ��R67+*  �).�
�  X��!�)�& ���" 

�).�
�  X�Y*�& ���" 

��R67+*  Q�W  X��!�)�&  ���" 

X�Y*�&  ���" 

4�3�  #�"J� 
`��+� �")��aW ns18/3 ns32/4 ns53/1 ns22/0 ns07/0 ns009/0 2 3").W ns20/6 ns94/17 ns93/6 ns01/0 ns10/0 ns03/0 1 ^�� J)$ **15/16 **00/46 **78/17 ns04/0 ns32/0 ns12/0 3 _&")W ns63/0 ns27/1 ns57/0 ns001/0 ns04/0 ns01/0 2 ^�� J)$×_&")W 72/1  61/4 92/1 13/0  26/0 10/0 15 �U9 08/36  82/36 98/37 77/16  58/14 67/14  c:)d �")��aW )%( ns: R#� qF�f� 
��� ���* 	 :** qF�f� 
��� ����� g�� ���Q� 1% 	 5%        



 #�$ (����� ���� 	 
�	��� ���� ������ �����	�35 '��  (5                                                                                                                  827  6��� 5- 4P:�e� E�(���� ��,� �,�& )H�O7����#�$ 4:7��]( �(�)*)(+& HZW \W)�] ^�� J)$ � _&")W 4W7�  ^�� J)$  _&")W 4W7�  X�Y*�& ���"  )%(  X��!�)�& ���"  )%(  ��R67+* Q�W  )%(  �).�
�   X�Y*�& ���"  Q)�) 3� (`�)�)��  �).�
� X��!�)�& ���"  Q)�) 3� (`�)�)��  �).�
�   ��R67+* Q�W  Q)�) 3� (`�)�)��  Q�� H���3    24/2 59/3 21/2 19/4 70/6 14/4 H���3    17/2 45/3 17/2 11/3 97/4 12/3   2  00/2 18/3 08/2 c07/2 c30/3 b23/2   4  27/2 56/3 21/2 bc71/2 bc23/4 b63/2   6  32/2 71/3 29/2 a99/5 a55/9 a89/5   8  23/2 63/3 18/2 b84/3 b26/6 b77/3 ^�8���0� 0���� q	�Q \���� �� �� �1�� 4� ��6 0��U �� g�� ���Q� 5% qF�f� 
������0  L� 9#���#�.    �).�
� ��R67+* Q�W X�Y*�& ���" � X��!�)�& ���"  ���� S�� 4�� �J��K 
���0��� �9 �)* '# �� 3 �#� �� E1�� S��c� L2��� ��19 qF�f� 0��U 
������0 9 �8�#7� 4� �I� �^� �)* #�� �� �	#$) 4.( h��� �>��� ^�8��� ��� ��� �2 ��7��� @�?C2 #���( @��5	��2 #��� 	 
�A�1�C R� �� O���  R#� �1PQ S���0 4�� �9Y���� 77/25( 82/25 	 63/24 #*�� ����9 4� O���  39Z� 9 S���0 4�� �19( �� #�_ ^�� qF�f� ��7��� 4� �6� 0��U 
��� ����1o� �	#$) 5(.  ��7��� @�?C2 #��� �� L2���0� ��19 ��1� ��6�� qF�f� 0��U 
������0 9 L� #�� ��( �9�1[0 �2 ^�����9 ��#�� ^�� 3)* )99/5 R�� �� (b9����� �� L2��� 6 ��19 �� b9����� '#��� #  	 44/65( 75/54 	 89/35 #*�� ����9 4� L2���0� 2( 4 	 8 ��19 �� b9����� �19 �	#$) 5.( �� ^�9 L2���0� ��1� ��6�� ^�����9 ��7��� @��5	��2 #��� )55/9 R�� �� (b9����� l���� �9 L2��� 6 ��19 �� b9����� �19 	 �9Y���� 44/65( 70/55 	 45/34 #*�� ��7��� 0����9 �� �>��� 9 L2���0� 2( 4 	 8 ��19 �� b9����� #�61� ��2 �	#$) 5.( �� ^�9 L2���0� ��1� 
���9 ����9^� ��7��� 
�A�1�C R� �� L2��� 6 ��19 �� b9����� '#��� #  	 �� �>��� 9 L2���0� 2( 4 	 8 ��19 �� b9����� �9Y���� 
���VC� 13/62( 34/55 	 99/35 0#*�� ��� ��� �	#$) 5.(    /�*�)�&  X�C	��2 a( X�C	��2 b 	 X�C	��2 X2 �9
��� �1[���0 �3� ��KJ� ���� S�� 4�� ���Z ��#��C( ^�� 
6Q�� �19 �2 L2��� ��19 
8��C�8�2 4� ��6 0��U ��KJ� 
������0 �9 ^�� �)* 3 �#� �	#$) 2.( 9 ^�� �Q ^�����9 ��#�� ^�� �)* �� L2���0� 2( 4 	 8 ��19 �� b9����� �9 3oK #��� �	#$) 6.(   :���9 h��� �v��� '#  �� �	#$ 6( X�C	��2 a( X�C	��2 b 	 X�C	��2 X2 
8��C�8�2 �� O���  39Z� 9 S�� 4�� �9Y���� 08/7( 39/9 	 81/7 #*�� ���2 4� O���  R#� 39Z� 9 S�� 4�� 9#��1.       
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� 6��� 6- 4P:�e� E�(���� ��,� /�*�)�& �(�)*)(+& HZW \W)�] ^�� J)$ � _&")W 4W7�  ^�� J)$  _&")W 4W7�  4W7�) 3� (`�)�)��  /�*�)�& a  ����)Q)� )� Q)� 	J� ()W  /�*�)�& b  ����)Q)� )� Q)� 	J� ()W  /�*�)�& /&  ����)Q)� )� Q)� 	J� ()W  Q�� H���3    a81/3 a81/1  a63/5 H���3    b54/3 b64/1 b19/5   2  00/2 18/3 08/2   4  27/2 56/3 21/2   6  32/2 71/3 29/2   8  23/2 63/3 18/2 ^�8���0� 0���� q	�Q \���� �� �� �1�� 4� ��6 0��U �� g�� ���Q� 5% qF�f� 
������0  L� 9#���#�.    ���  �� �K� Xf�#� S���0 4�� �9X�6� 39Z� 0��9 wH$ (�1� wU 	 ��1� 
��Hs # � 	 1�� 	 ��7��� ���� 
���4 3�� ��KJ� ���Z 
����� )2003 ,al. et Evans.( X�6� T�2 ��#�� d�9 
8��C�8�2 �� O���  VC�T�� L2��� ��19 �� 
���1� ���04�#�� ��19� �9 �8�#7� 3>���. �9�1[0 �2 9 T�2 ��1� �C0V���1 '�� ��1� 
6U #�61� '#  
[ �C�#�� V���1�C �9 ��#�� 
C2 0��9 3��Q 4� #�61� d�9�0 #�#$ L���C '#�� 	 �� 3�;� ���� �9 T�2 ��#�� d�9 �� ��19 .#  �� ^��� ���� Ardali Ansari 	 Aghaalikhani )2015( �� 
����� ��� #���� �2 T��VC� L2��� ��19 �� }�:	�f 
���4 Y$1� T�2 ��#�� d�9 .#  G��V� Gity 	 Raoofy )2018( V��  3�7Q4� T�2 ��#�� d�9 m��� 
�)�C �� K�� T��VC� L2��� ��19 ����.  :���9 ��6�� R��� ('#  ��� S���0 4�� ����2 #�1�� ��7��� ���� 
���4 �$1� 9 �9 
���1� 39Z� S���0 4�� ^�9 10% � 100% T�2 
�#9� )2010 ,al. etAuškalnienė .( h��� Mirshekari )2015( V�� ��� ��� �2 ��7��� @�5161�9 �V�2 ) napus Brassica L.( �9
��� �1[���0 3�� ��KJ� 39Z� S��0� 4�� ���Z 3C�� 	 ^����2 ��#�� ^�� 3)* �� O���  �1PQ S���0 4�� 	 39Z� 9 ��190� �V�2 3�#9 .#�U h��� Raoofi 	 Giti )2015( 4� 
���9 ��KJ� ^�$	 S���0 4�� 	 L2��� ��19 �9 ��*1]f N�2
 	 
)�2 m��� 
�)�C ��� ��� �2 �4	 �� 	 @�f ^�� '�� 
�	��� �� O���  R#� �1PQ S���0 4�� �9)Y���� 4664 	 1428 R�� �� (b9����� �9
��� �1[���0 ����9 4� O���  �1PQ 	 39Z� S���0 4�� �9)Y���� 9/323 	 933 R�� �� (b9����� .�19   �� L2��� ���2 4� #Q (���;9 �x2�#Q '�;90����9 4� 3�C�� 0#�61� O��� X��9 
��#�U )2011 ,al. et Vaziri(. 4� 
�1� �� L2��� T�9 4� #Q ���;9 V�� �9 X�6� #�#�� 39Z� ^�9 ���� 4� 
���2 #�61� ;�U ���2 
��1  ) Ansari 2015 Aghaalikhani, & Ardali.( 1>�� 9 h���  ^�� (��6�� Emadi 	 ���7�� )2013( �� 
����� �;_ g�� L2��� ��19 �� �9 
f�9 ��*1]f N�2
 	 
)�2 �916 
��_ )L. vulgaris Phaseolus( 
���9 '��2 	 ��� #���� �2 T��VC� L2��� ��19 4� 15 �9 25 	 35 ��19 �� b9����� Y$1� T��VC� ��7��� @�5161�9 �916 .#  �� 
6Q�2 L2��� 45 ��19 �� b9����� �� �>��� 9 L2��� 35 ��19 �� b9����� 5/2% ��7��� @�5161�9 0���2 #�61� .��2 ��C�0� Tazeh 	 ���7�� )2013( �� 
���9  0��K� L2��� ��19 �9 ��7��� �94	� 
�A	��   



 #�$ (����� ���� 	 
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Quantitative and qualitative performance of globe artichoke (Cynara cardunculus L. 

var. scolymus (L.) Fiori) influenced by plant density and weed competition 
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Abstract      To investigate the effect of planting density on quantitative and qualitative characteristics of globe artichoke (Cynara cardunculus L. var. Scolymus (L.) Fiori) under weedy and weed-free conditions, a field experiment was conducted at Tarbiat Modares University, Tehran in 2016 growing season. A factorial arrangement of the experimental treatments was studied in a randomized complete block design with three replications. The factors included four crop planting densities (2, 4, 6 and 8 plants m-2) under two conditions of presence and absence of weeds. Different traits including leaf number per plant, leaf area index, total dry weight, chlorophylls a, b and total chlorophyll, caffeic acid, chlorogenic acid and total polyphenol contents were measured. The results showed that leaf number and dry weight were significantly affected by plant density and weed competition in artichoke, so that the weed competition reduced the artichoke dry weight by 22.4%. The highest leaf area index (2.29) and dry weight of artichoke (253.44 g m-2) were observed at 6 plants m-2, while the highest number of leaves per plant (16.33) belonged to the density of 2 plants m-2. Among qualitative traits chlorophylls a, b and total chlorophyll were only affected by weed presence while caffeic acid, chlorogenic acid and total polyphenol contents were only affected by plant density. The effect of crop plant density on weed leaf area and dry weight was also significant. Overall, the highest performance of the main secondary metabolites in artichoke including caffeic acid, chlorogenic acid and total polyphenol (5.99, 9.55 and 5.89 g m-2, respectively) were obtained at 6 plants m-2, completely affected by crop dry matter yield.   
Keywords: Plant population, phenolic compounds, chlorogenic acid, inter specific competition, secondary metabolites.  


