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Effects of sowing date and plant density on flower yield and active substance in 
Chamomile 

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

���*�
��	�01���	��� �#�	�"$��%&'%��"���,��(&	)�*
��+,&	��-��)���� .��/������2���
3 �4� 5	�46 +4�	�7%�8

���)�97��
�(�:	�7%�8#�	�"$��%)< �=< &><?�)	&�8(& '%��"���,)>A*<A �CA*<A & DA*<A�7��7/��  (	)EF�G �4HI �4��J

(�: K�
�+��%�8)�L"M/ ���	���"�� &	��*"	)��N7O��5�-�-P"��:��,��&	�)���Q��7������"	)R����SS���/�$8�,. 

�O��-�?�N/����:	���"T��"���
3�1��1��)(�?*/�)	)UV�R��7W��6	)���/���.Y��7/+6�W
�?��Z�-P" ��24/)�)

�%?��72��)�*
��+, �
�4")[/>=C> ��,�4
�%	) 	�47*:(� )�4*
�� +4, ]24Q)^/C^[ ��,�4
�%	) 	�47*:(� )�4*
�� _/�4��

)D`A/>�7�F	�7*:	)(��6	)?F&
���%)D/a�6	) (&)�*
��?F&
���%)=<>�
���7�
	)	�7*: (	)#�	�"$��%R&� +46�W ��4�

�F&��b��_/���	)+,�$P"�� !"I�V�c
7d�#�	�"$��%	��G$8�N/ .'%��"���, b4�/ �4�(&	 ��b4�� _/�4��	) +4,&

 �46	) ?F&
�4��% �� !4" �41e�(	�) $4���/. ?��724�� )�4*
�� +4, �
�4")a/>>CC ��,�4
�%	) �47*:	(� +4,)�*
�� ]24Q

)D/D=>��,�
�% 	)	�7*:(�_/���)�*
��)fff/g�7�F	) 	�47*: (& )�4*
��  ?F&
�4��%)=<A �47�
�
��	) 	�47*: (	) '%��4"R&�

$�) ����3.ZhH Y��7/�
6�W	)?��I�V�c
7d�#�	�"$��%&'%��"���,� �	�%�78		)?��Z�-P"� #�	�4" $4��% Y14J 

?�)	&�8&'%��"���,gi*<A�7��7/�� ?��7�����7/�	�7��)$��.

(�: �j�&(��
% :�/������)���� .��#�	�"$��%�'%��"���,�)�*
��+,�_/���&?F&
���%.

���-�
$�%�
� (Matricaria chamomilla L.) �&�"� '
(�
��

��)	��*+�"�!������
,��%�$,  	%(- $(� 	� )	�%(�

.-
���/012�"�	%3,�4	����,.��
���67�8�
�

"�

� 8�$�%�
����	
, �9�(�)	� :�
�(� 
"
(�)	���

 ���;(<� �3(��	=) �1(4��+��	��) . �
(� ��(� 
�
(� �

��?@(�$, 
	%- $�B�C�$�
�D
�

� 8�E3�F��

�
((��	�'
((+GH�((� "�	
((+I	�J((� F((!K((��

(Connie and Staba, 1992)$, �L
!��M

�	%3, N�%!



O)	��P�4�$���1���)F��I *��C�)F�1��Q	=F��R!

�� �%4(Franz et al., 1986) .
�$G%!$�K����F���
��

	� K�S(� $(9�
G) H( �'=	� T
U1(4� �(��")


	)="	����	��8��%M �(� �67� 

(���&0�M �(�,)

�/�,'= 	
�V(� *(+� ��%(�)W"X K(�� Y
( � �!  $(�� 

   ���;(((O W
(((Z�� 	%3(((, 	� �
(((�� 
)	 �(((� 
� $((([�
G .

  
%�
6 

� K�D%�
1�   K���(� 
� �      
(� ) �(&�1�Q 

��(����\

��6R! 8(��%M �(]��� $1�
(� �(� ��%(4.  8(��%M �(]���


�	����6R!J� $������
)	K��,) K(�/�, T%C(��
K\
�	� ^�	
!:`a/c/`da`e��;O ^�	
!       :f/`g/`da`

`hi
�4	
, �4	�KM�	"��Y	�")�
+G
"	)
3,�fh�
1���
j3���'��+!�dh	
��
1���
j3���W%0M�&4JO'��+!�chi
�4	
,�4	�"KM�	��
j3���'��+!

Archive of SID

www.SID.ir



"'���� �M�	" W%0M $0Z�"�W	
+I �0G� �	
�4 d�`da`

٢٠٩

K�� $����="�'
�
����)	������4
�. �%G) 
� �F(��

'
&��T�1�,8�
,F��8��%M�V����%[��D)��'�%!
�

�l
� e)	Y��6��]����	$�$�%�
�K������%��$,

�
��K�!'=N���48�V�
1O�% D
��%��	��
m �(�,)

	�F��F��)�8�
M^�	
! K(4
,) *,��(! �
(�� �3( �

��
��	���
�1��$�n�
�� N���4	�T%-�	)� �(4	

)%��K+GT%C��o,��� ��(&0�M �(�,) �(/�,	�

'
�
����)	��p
/���� ���
��)�
����
�
� ���?@.(

 �(� i
(�� Y
( � �! W
(Z�� ��(4 N(�%!  �(j�� �(���

)��?� (	� K3(, �	
(+� $(�%�
�� ��(&0�M 8(� E3(�

$V�
 �	� 
(� K3(, �J�l
(O �(1�, �(D) '�J(�� ��
(��	�

�
� 8���	�FD)"
�
,� ��(&0�M ��
(��) FD)"
(�
,

�13(((�� ��%(((� K(((��. %�
(((qD) �	�%,	
(((�

 (Letchamo and Marquard, 1993)J�� WSM���%�� �(��

$,'�J�� ��(�l%�)S\

 �%(G%�	�  

(� 8(� $(�%�
�	�

 K3(, �	
(+� �13(��"� K3(, �J�l
(O K(�� . E�(�
�)

E�,%D(Gasic and Lukic, 1990)  F��I *�  E�(�
�)

 '�	
(&�� (Gasic et al., 1991)  J(�� 	�  Y
( � �! �%(�

$� r�
(1� �+�
3(� K(�� $(1\
� �(�� . S(����) '�	
(&��

(Circella et al., 1993) )'%�X
�(Salamon, 1992) 	� 

��	��

��%����
3�����, s(��	 

(� K(4
,  
(!

tg�1��1�
� K+G$�
4���)�4	$q�<

�8�	
�V�

n�
������4
�.

B��"� 
��(G� F(�� .(� �!� F�(�9! ̂ �	
(! K(4
,

u%0]��	
+�) *,��(! n(�
�� K(+G T%C(�  �o,��(�

��&0�M8�)��
���67�	��
����)	��$�%�
��%�)
�

 $(G%! $(� K(���� K3(, �(/��		� T�(1�,  �&��
(&�

  

(� s(0M �"�(� H�
(, B�C(� W%�(� ��
���(4)

KD%+((�K((4�����J��
((&� 
((� 8((�	�F((��

.((� �!"�e)	 K3((, �((/��	 ��
/1((�� �((4

(Galambosi and Holm, 1991).

���)&�: l&	
F��.� �!	�	
+�T
�`dvv	� �
j1V(�� Y
( � �!

'
�
����)	�� �(�Z� $1V(��) $(� J(,�� Y
( � �!  :�
(��

�9�[-)	%��W��Y	�")�
+G
"	)
3, '
1(�� '��(+!

W
Z���4 .Y
C23����0P�8�� H�
(�"=	� T)�(G`

$l�	���4K�� .$�	%w��F��9!
�K\) pH  x
(� $(9]P

F��"8��H�
�"=� E(� $(�%�� x
(�  $(� �
j3(�
�"=

��
�3,
��
+G��
j3�����&3���
"	)
3,�
j3���

'��((+!8(( 1���((����)y23((�$((, �((4K((\
�

 x
((���%(((D) pH '=f/@ �((��(((4
�. r�
(((1�

 Y
( � �! J(�� '
3(� �(� �(�� $(, $(�%�
��	 �(� '�%(!

	�  

(� x
(� 
(� pH  F�(�a/#  
(!�/z K3(, �%(��

(Duke, 1982; Tucakov, 1958) .
H�
�"=$� Y	%(� 8(�	%1,
\ 
(�)� 	%1,
(\ ̂ �	
(!

T)�G`hY
C23����0P�8��.� �!

Table1. Climatical Charactaristics of the experiment zone
��
�\��UG {�Mdt ) $G	� d|
�4 $ �P� �D

��
�\��UG T%-t` ) $G	� ca�D
�4 $ �P� 


�	� }]� "� ~
/!	�`dgg�1� 

 �M�	" T
� 	� ��4 K[6 Y	��� $G	� 8P���vvh`dv|`fh���j�1�
� $G	� 

 $D
� �� �	)� 	� ��4 K[6 Y	��� $G	� 8P���v|h`d||`dh���j�1�
� $G	� 

 �M�	" T
� 	� ��4 K[6 Y	��� $G	� �o,���vvh`dv|cgh���j�1�
� $G	� 

 $D
� �� �	)� 	� ��4 K[6 Y	��� $G	� �o,���v|h`dv|cgh���j�1�
� $G	� 

 �M�	" T
� 	� ����	
� '�J��vvh`dv|dfc�1��0�� 

 $D
� �� �	)� 	� $�
�D
� ����	
� '�J��v|h`d||f|��1��0�� 

���%� ) u= $ [-E3� $���

x
� K\
���%D

pHf/a

Archive of SID

www.SID.ir



"
)	 �� *,��! ) K4
, ^�	
! ��6R! ��	��"....

٢١٠

  � 	� K4
,   }]� $)t�`t ) ftF��	)�\  ( �
�� *,��! )

J��	�$�  }](�)��*�� ���*�� �#�*�� �1��1�
(� (	� 

nD
P��-$�
Ox%0�

�8�
, �\�
C(!  (�� 
(�$ 	
(��! )

$�	��&!W
Z��K\�� . �(� Y�(, $(�  �
(9���*� �(1� �)

 
)
(� r�(O s(��	 K(4
, �%(� . $0(�
\ F�(�   
(� Y�(,

E��1�)�F�$� 
�	��&!�1�	� �(w� $(1\�� �(4 . 	;(�

 $(�%�
� �	%(� ��
/1(��	� F(�� .(� �!"� H(2� '
(�
��

��)	��J,��Y
 � �! 
"	)
3(, '
1(�� '
+/(�� $(�+!

����� .	� J�l
(O T
(� 8([P) ���(�� 
(� 
��(G� Y
(�0�M

*24 �%(,�   $(� �/V(\ 	��( �#@  :([�� "� W��%(0�,   �O%(� 

((���! Y
/V((\8 '�J((�� $((� i
((1O �%((, ) �� 	� W��%((0�, 

 *�(�
1O Y
/D%� :[�� "� 	
1&� $(� x
(� $\
(�� �(4 .	�

8��)�	
+�)8[P"�K3, J���#W��%0�, �%, 'Q)�(1��

	�B�C� �	)� :[��"� 	
1&��4)���K[V�$��
Z��

 x%0�
�)�%]�K4
,W��P������ .8[P"� ���(0�

 J�� $��,W��%0��%,'Q)�1��	�	%- $� �	)� :[�� "� 	
1&�

x��	�Y�,
�H2O �4(Zalecki, 1972) . 	);(�	�

^�	
!

�K4
,�w� �	%�  Y	%(� $(� ��](� K3(,

 ���(4)	� $(0��� r�(O �(��� E(�! ��(4) �(� i
(��

 *,��!

��	%� �(w�  8�
(4)`gg 	�J(�  ���  	�J(�  )��

	�J�$!%� 	��	
1&$,$�n�!�!�%��� $(� �%](�T)��

W)�)W%�*,��!����4
� (	� Y�,

�$-%���*�w�!

������� .
	
��= Y�, 
(� 
(� $(G%! $(� N���(4 �(��0P�

$ ]��)~%�x
���$1/�	
� E�W
Z��K\�� .	�F��

.� �! ��
(� ����)"� 8(�[P ��(&0�M 8(� �"
(!) 8(�

 E3(��  '�J(�� ��
(��	� 8(�� �(�	� FD)"
(�
,	�

��
��)��&0�M��
��)FD)"
�
,�	%�$[�
�� 	��(P

��1\��.

E3�'��,
� 8�	�$�
�)	� 

(��ft $(G	�

���j�1�
((�W
((Z��K((\�� .8((�M���21((����
((��"�



� 8�E3�$�%�
�)
�	��`f��	�K�%-	( N(�%!

�
j1((����
((�� �((��(Clevenger)�
j3((�
�"=  �)�((�

 
"%��%,
(�	
\ ��&3(��� 
"
(�)	�� �
j3(��� W%(0M

�&4JO'��+!W
Z��K\��. �O"�$[�
�� '�J����
��

	�8����&0�M'=J��	����) }](�) �(1�D	� 	
(1&� (

F��9! �����)�
����
�
� ���?@ .(

         Y�(, �(� "� 	%(w�� F���     $(�%�� E(���    "� �(��� 

             	� '��(, 	�%(O "� �O ) u
21�� $�%�
� E3� 

� 8�

   �1�� u
��=��       ��(�� $(� '= W�(� ����  ) u= �(1�0�0�� 

     e%G $3�4 $��� ��I)     Y	��(� K(��%�&� T
 1�� K+G (

            �(4 ���� Y	��(� KM
(� 	
+I ) $1\�� 	��P FD
� ')	� .

     ) �((�
� �((� H��J((\� u= 	
((2� 	
3((\ Y	��((� �((6� 	�

  ��<           ���(�� $(� ��
(�� ) ��4 $1V&4 ��
�� 
)
� 

�

 �%4 �� ��[� �	�) u= 	
2� . Y	%� '
9�� 8�M ��[� 	�

 "
((\ )� Y	%((� $((� u= ')	� ��
((�� Y��((]P ) $((1\��

  B�((- $((� y23(� $((D%D 	� ) �((�, �((� K((,�� �	�((�

'=       ) �(�
� �� :�Z! u= 
)	 '�%� �! E[� K0M $� 
G

             FD
(� $(� N(��	 $(D%D .��- "� �\
�� u=     ���(� �(� "
(� .

            
(! ���(, "
(� �	 �
j1(�� ��(4 ���
�� 
	)= :�G K+G

  ���((� 
	)= :((�G ��
((�� ��((� ) ��((4 �	
((� u=.

K((+G $((�JZ!��
((��)�"��((��
�((��.((�P�

 '�J((�� FD)"
((�
, J((��"��
j1(((���\���%!
(((�)�,


"
(((((((�
(((((((� s(((((((�-�Z�(((((((� �(((((((��G

GasChromatographybyMassSpectrometry (GC/MS)

��
/1���4.

F�� 
� 	
, N���4�
j1��$���4�%� ��":

�
j1��GC/MST�� incos~%� quadrupole

~%�'%1� :BP-10�T%-'%1� :�� �1� �   �(0��� �(]P

'%1((� :df/g�((1��0���Y�	� �((]P�((0���'%1((� :ft/g

�1�)�&���

��8��.�	J! :�@� $G	� ���j�1�
�� ~%(�

	%1&!� :MS�

��	%1&!� :�@� $G	� ���j�1�
��*Z�

.�	J! :`/g�1�D)�&�� �8�
� "
� :*�0�

F��8�M	�H2�J�D
�=��
j1���
j3�)�OK9��

K/�W
Z��K\��;O)��	�FD)"
�
,�%G%�	���
��

) ��(� �(� i
(��'= ��(&0�M FD)"
(�
,	� 	
(1&�

$[�
�������) �
����
�
� ���?@ .( �(O"� 8��([!

���� 

(� �%(��� $(� �(�	� FD)"
(�
,� $(�0,���� 

(�

H�
�"=$�JZ!��
�	�)���4F�j�
��)
�
�'%�"=��I

Archive of SID

www.SID.ir



"'���� �M�	" W%0M $0Z�"�W	
+I �0G� �	
�4 d�`da`

٢١١

A
AB

B

0
50

100
150
200
250
300
350
400
450

5 
ورد	�� 15 
ورد	�� 25 
ورد	��

 '
�"K4
,
Sowing date

 8&4`hK4
, s012� 

� ^�	
! 	� 	
1&� 	� �"
! 8� ��&0�M F�j�
�� $V�
 �  }]� 	�t��	� )F&��� e)	 $�(
Fig. 1. Mean comparision for fresh flower yield in three levels of sowing date at the 5% level (Duncan)
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C

B

A

0

500

1000

1500

2000

2500

50 x 20 50 x 30 50 x 40

B
B

A

0

500

1000

1500

2000

2500

5 
ورد	�� 15 
ورد	�� 25 
ورد	��

�"

! 

8
� 

��
&0

�M

Fr
es

h 
flo

w
er

 y
ie

ld
 (k

g/
ha

)

 8
� 

��
&0

�M
 �"


!
)

	

1&

� 
	�

 W
��

%�
,

( Fr
es

h 
flo

w
er

 y
ie

ld
 (k

g/
ha

)
8

� 
��

&0
�M

E
3�

 

D
rie

d
flo

w
er

 y
ie

ld
 (k

g/
ha

)

Archive of SID

www.SID.ir



"
)	 �� *,��! ) K4
, ^�	
! ��6R! ��	��"....

٢١٢

�
�� *,��!
Plant density

 8&4ch�
�� s012� 

� *,��! 	� 	
1&� 	� E3� 8� ��&0�M F�j�
�� $V�
 �  }]� 	�t��	� )F&��� e)	 $�(
Fig. 4. Mean comparision for dry flower yield in three levels of plant density at the 5% level (Duncan)
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Fig. 6. Means comparision for essential oil yield in three levels of plant density at the 5% level (Duncan)
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Fig. 7. Mean comparision for chamazulene percentage in three levels of sowing date at the 5% level (Duncan)
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Fig. 8. Mean comparision for chamazulene yield in three levels of sowing date at the 5% level (Duncan)
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Fig. 8. Mean comparision for chamazulene yield in three levels of Plant density at the 5% level (Duncan)
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