
Arc
hive

 of
 S

ID

����� ��� �	
�� ��������� �� 
�� ����� �  ���
  ����� ��������  �� ������ 

) � �"#�
 �"�
�� $��% & �	� � ��'�() ��*+� ���'�()Foeniculum vulgare Mill.( 
����� ��	
��1����� �	
 
�� ��� 
�� �2* � ������ ����	3  

  

  
1- ��"#� ��$%�&�'��( � �	��%# '
)%�&� �*�&	��� �	
 *���+ '�,%�&� -&�.+  

2* - :./0� $120"  ��"�&� ��	��%# '
)%�&� �*�&	� '��(� �	
 *���+ '�,%�&� -&�.+ )modaresa@modares.ac.ir(  

3- 	��%�&��  �1�+�2� 345& � *�&	� '��( ��"6�6 
7&��4�& �&�8 '�,%�&��"6�6 �� -&�9&  

  
 :*��9	� ;9	�+15/12/1394                                                :@�9AB ;9	�+26/08/1395 

  

$1�'3  
�� ��0�	 ��� �	
�� 
42�  � ��0"# � �56 ��"��(�7 #� �)� ������  �"�8� ����� �����  9�:23  ����:�   ��:�

 �"�
�� $��% & �	� � ��'�() ��*+� ���'�() �� ������ �"#�
�� �;"��#6 �  <5�= 
� >?@ A��B	� >
C  D�:E

F��  �� �G��H� I��� ���18  � 
�(��4   �:)�
# .�	 
� 
��'�1393 -1392     �#
��:;� $1':; �� �:;"��#6 �:)
*� 
� 

>�� 
� .1�	
 R�S � �� ��77 1T�� ���?	� ��#6 $�U; ��    I��:7 ����:��  ����� ���
�(�� ���C� ���N1   V:�@

$
�� �� AW�2'" �	 ��1��� 
� ���� � A7�� ���# 
� �(� �=  ��
 �N2   �:��� � A:7�� ���# 
� $
�� �� #� �(�  

�=�	 ��1��� 
�  � ��
�  >
C.�X� �7�@ �N3  ����% ��N4 ������ �� 
�� �����   R��"�B:	�#6 � ����:��#� ���� N5 

50 1C
�  + ���% �� #� ������ 50 1C
�   �$
�� \:]2� #�N6 50  1:C
�     ��:��� + ���:% �:� #� ����:��     �:� 
�:�

������ >�� 
� .12�G�% 
��= R��"�B	�#6 � ������#� ���   I��:7 � �"#�
 ����� �)�G ���FD1 60   
� �:�� \:������ �

FD2 80  
� ���\������  �FD3 100      #� $��_�:	� ���:C�T `"�:�  a�:	� �� .1"��% .�()� \������ 
� ���  
�:(��

 ���_��1 �� � �����  �"��(�7 �� � ���%�� I��7 ��  A]0 50 :50 
�2� 
� �� ��  ����� ���%
��100  
� ���

\������ .��b� � �� ��'�() A0 �� �575/94  
� R�%\������  ��*�� �� �0 �	� �375/3  1:"�(  1�5� 1C
�  9:"� .

�
�(�� <����   e�:X� �:� *�  ���;�� �
�%#�	 �V"��#6 9"� 
� f�g� A�_�� � A�(� .HT �� $�?)   A:0"#

�
��. 

  

$��� 1��� ��: �"�8� ��0�	 ������ �"��(�7 �� ���0"# �� ��56 �� ���. 

 

��1��  

�FFF��9�&	 )Foeniculum vulgare Mill.( �& 

 -�9�"G '�&���H)Apiaceae( � �& ��9
I  J9�F+  F���(�- 

� �9�	&� �9��& �& -�.K � -&�9& �&*  �F#  '���F& �& -8 

	� L9�M5  ��F9�	&� ��9&AN  �F%9&	8 �  �"F6&
.�  '���"F�& 

 ��&�&��� ��6 )Omidbeigi, 2009(J9& .  ��� '��(

P�MK �B�	& � �QRM ��&�"9
  '��F� � 	�   �����SF�& ��FT�&�� 

U�V+�B  U��6 ��Q9��8  �F�  *F��7  �	��FH  
F6	  �F  
FM# 

)Lim, 2013.(   

 	�W"T���#& ���  -X��"�� ���&	��� -&�M� W.  J9�F+ 

 *#�6 �9&AN �H�G 	� �# ��YM��  
FM#   *F���& �&

'Z9� �&     �9����F6 ��F���# .*F�& 	&�	�H��   JF9& ���F7

 �FFYM��FF�  [FF��I 	�FF\�FF]74 �&  -�FF���( 	� &	 ��FF)���

 ^9&_�& ��&	� �F  
FM���   �F�&�,� �F&   '
F�� ��F�  	� �&

 1&�\�` a�YH*T9� �R�� -8 -&�&��   �F�  �F��K �&

  �(��FF�8 � �9�FF%�8P8 ��FF�  �	&� ��FFK� �FFM���9� 

)Jamshidi et al., 2011.(  �"��%�B W"T�� b9 �c��+

  ��	��F%# �F�  �F.M+        *9�9
F �F� �F)�� �'���F� ^9&_F�& �F�

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

 �����-&	�)�� � : ��& ��	��W#&�+ ��"#�� �� 	A� d�Q�+ ��+�� � ... 112

 ��FFQ� � eFF�7 �&�FF� _FF�� �9&AFFN �FF5�M� �FFH�G d��FF5  

    �& �F)9 �FR�&	 JF9& 	� .*�& �"T�&� -8'&	  ��F�   fF��M

      �F�&	� W"FT���#& bF9 	� P�F�R �_�`�F5�7 *.K

       *F�& �F�8 ��F���# �F�]� �9�F���# �& '���"F�& �	&
9�B  

    �F -X��F"�� �"FT�8 ���F��&�8 �(Z9� �&	&� �#  
MF6�� 

)Kolata et al., 1992( .W� J�MG  �& '���"�& �����#

 ��"#�F� g&��& ��]� �"T9�    *FT9_�� ��F� �F  
F�&�+ �&  F#	&-� 

 P�T7 �� 	&
9�B ��	��%# ��5&
98 )Sharma, 2002(.   

Hati -&	�FF)�� � )2006(   -�FF%� ��FFH 1�FFQ�Q�+ 	�

-��_�& �# 
��&� 10     �F� 1
F �F� 	�")� 	� �&� ��# J+

        dRF� 	� �F�8 �&�F ^9&_F�& hF��� �9�F� �F�	_ 	� U��

) i�H15 -0 �"���    �& (i�FH ��F"4/4   �F�2/6   	� j�F(

 � ��&� ��)��� ^9&_�& �j�(���#W� J�MG   �9&	�F# ^9&_�&

 �FF+ P8 k�FFY103  ��FF# k�FFY) 
��FF6 	�FF��+ 
FF5	�


9��( (�9����6 .Sharifi Ashoorabadi  -&	�F)�� � 

)2003( �� �Q�Q�+ 	�  ��	�� 	�]M@�	  ��F�  �_�`�F5�7 

   @	&_F( �l�F# �QRM 	� ���9�&	 
6	 �X���9_�� �� i�H

 @�	 �# 
���# �F9AV+ �  ) �FQ���+20      �F� �F&� ��F# JF+

 '&�FF��80   �9�FF� �FF� *2FFT� (	�FF")� 	� -X��FF"�� j�(�FF��#

@�	 ��  ��$9& &	 ��".� *�c�� �F  
FM#. Ghorbani  �

	�)��-& )2013(    �FMc ^9&_F�& ��FH ^��ZB 	�  &	 �	&�

 � b9X����� ��)��� ���&� ��)��� 	� WF�  J�FMG   ��F)���

 m���& ���9�&	  �F� bF9X����� �����# ���	�# ��   a�FYH

  .
F����� '
��% &_9	�)� + j���9��S���8 �Q���+ 	���+ 	�

 ����� J9& ��   �&�F� �# �
9&�� j��+ WN���� � W"FT��  ��F� 

�9AV+ �&  �#o �Q���+� ��6 �'	�B �&  �&@	&_( ���  ����

 -�%�� 
M��  	� �#'	��  �F��V+ ����     �F� pF9&	 W"FT�� �&

   '���"F�& *F����I *�& J)� ��9����6 �&� ^��# W"T��

  *FF�& 	�FFG� 1q�FFY� ��FF)��� �FF$�"� 	� � -X��FF"�� �&

���( )Sharifi Ashoorabadi et al., 2003.(  

��( f��M W#&�+ *9��	   	� �F# *F�& ����� ��

   *F.K .*F�& 	&�	�H�� �9q�� *���& �& -����( *�&	�

 '���"�&P��R �+    �&�F �P8 �	�F� ��]� �R�� [&�� �&

   �F+�� �&
Fc+ �
9
6 *��I	 ���� �& ���(��K _�� � �9&AN

 dR� 
7&� 	�� *T9��      W#&�F+ .
F6�� P�F�R 
F7 	�

  �F��# -8 �$�"� 	� �# *�& ��#&�+ �+�� P��R  [F&��

�� �R��  � �"��( 	&�I '��( '���"�& �	� [�# r�"2T� 	�\

U�7 J�� 	�� *��I	 ��� -�	�  �+�� �&  �-���  �+�� �&  	�

 P��R *���# �� J)� ��)��� �s#&
7 �+ 
M6�� [I&
7

��  
F98 *�� )Khajehpour, 1999 .(Lebaschy  �

-&	�)�� )2010( W#&�+ ��	�� 	�     �F��9�&	 tF�"` ��F�

     1��FF�+ �FF# 
FF����� '
��FF% �WFF9� u9&�FF6 	�  ��FF�

�Mc  1��5 v��� �& t�"` ���	���+ J�� �	&����w 

 � �+�� 	� ��&� -�� �'��( g��+	& ���&� �b%H '�� 
M����

� '
9� ��&�	&_� -�� @	&_( x2\ .��6 Koocheki  �

-&	�)�� )2006(      	� ^��F# hF��� �F+�� W#&�F+ ^9&_�&

�( i�"G � �"G �&
c+   �F�� �
F9�     fFK� U�F7 JF9& �F�

 ^9&_FF�& �FF�&� ��FF)���
FF9��(.   j4FF�& �FF� J�FFQQ� JFF9&

W#&�+ �9AB  �& '���"�& ����9�&	 '��( -���W#&�+ ���  &	 q��

.
����� ��5�+ -8 	�  

W"T�� ��� �� *#�7 *���& �� �K�+ ��   	&
F9�B ���

 ��	��%# 	� 
���+  	�(��F� ���# L��M �� �K�+ j�_� �

 u�F� �� 9�  *FT � WF�  J�FMG  �F�   	�F]M   �s#&
F7 U�FY7

 ��FF)��� �FF��# � �FF�#  JFF9& ��FF��9�&	 �FF9�	&� '�FF�( �&

W"FFT�� �FF�	�� k
FF� �FF� ^��ZFFB  �FF9AV+ tFF�"` ��FF�

  �"FT9� ���8 ��9����6 �����# �& '���"�& [�6 -X��"��

�� 	�M# 	� �Q���+ �   W#&�F+ ���(	�#     JF9& tF�"` ��F�

3�\ �9�	&� '��(  '
9��( &�K& � �_9	.*�&  

 � �����
 ��  

  U�F� 	� �Fc��R J9&  �F�&	� 1393-1392   �F�	_ 	�

  j�F$�& �"6�6 
7&� �4�& �&�8 '�,%�&� �9�	&� -����(

  �FQRM �F��M6&�� 1��4\& .
6    -8 	� ^9�F�8 �F# �&

 U�
K 	� '
6 j�$�&)1(  .*�& '
6 '�	�8W� J�MG  ���M�

     *F��� �hF�� �	�F �F%9��8 ��	_ i�H �9_$+ p9�"�

H
6 '�&� y�`%+ ��� ��	 i�  U�
K)2( .  

�� �# ^9��8 J9& 	�  f��I 	� 14B *��S�& 1	�5

i��� 3�\      &�FK& 	&�F)+ 	�F.G 	� � ����FY+ [�# ���

( �
FF9��6  W"FFT�� 	�FF��+   ) -X��FF"�� �FF9AV+ ��FF�N 	� (

1�#  � ��5& ���3 ) �+�� W#&�+ 	���+FD1�# 	� ( ��� 

r�FFc�K �FF��� 18  ���FF9�	& �	�FF 	�FF��+  .
FFM"��( 	&�FFI 	�

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

 
�K �(��	��%# ���� ��$) ����( 1&
���+40  '	��61 �	�.� 96 113

1�#       [�F6 -X��F"�� tF�"` ��F�	���+ ���F5& ���N1 

  	� �F�Q� � *6�# -�� 	� ���� '	�& ��# *H&�M)9 ^`B

�I�� �&
"�&   ���	N2     -�F� 	� '	�& ��F# �& �F��� ^`B

�� ��Q� � *6�# U��� 1	�5 �I�� �&
"�& 	� �6�B   ���	

N3  ����( ��#N4 ��"#�� �� 	A� d�Q�+ +�& ���  � �"#�F��

 �j���9�S���8N5 ��# �& ����  ���( ��# L2M �& -X��"��

 �'	�& L2M �& ��Q� �N6  ���( ��# L2M �& -X��"�� �& ����

��"#�� �� 	A� d�Q�+ +     	&�FI j���9�SF���8 � �"#�F��+�& ���

	&
Q .
M"��(  '���"�& �	� ���( ��#7  	� J+ ��� 	�")�

6 �9_$+ ���& �� 	&
Q J9& �# �2��� � �9����30 
5	� 

�� � ������� �����&�8    J�{F+ 	�F]M50    -X��F"�� j�(�F��#

  *F6�# �& [2I �"�� b9 � '
9��( J��c+ 	�")� 	� y��H

 .
6 '�&� J�� ��1�# 	�       �F��9�&	 W#&�F+ _F�� �F��� ��F�

[�6 FD1 60  �L���" 	� �+��FD2 80  L���" 	� �+��

� FD3 100 & L���" 	� �+�� .
9��( U���  -X��F"�� -&_�

        J9�F".� U�FY7 *F.K �F��9�&	 �FM�.� � ��F�� �	�F y��H

   ̂ ��ZFB ��F�& �F� �m���& � ��&� ��)��� J�� U��c+   ��F�

J�FF%�B  	&
FFQ50    
FF9��( J�FF�c+ 	�FF")� 	� j�(�FF��# 

)Akbarinia et al., 2005 |Ehsanipour et al., 2012 |

Mirshekari and Farahvash, 2011.(  

FFFT9� ��FFF# �& �\�FFF�` [�FFF6 '
FFF6 k�FFFY �"

��"#��      *2FT� �F� j���9�SF���8 � �"#�F��+�& ���50 :50 

   .
FF6 �FF�.+ P8 � i�FFH 1�FFQ�Q�+ �FFT�� �& �FF# ��FF�

W�    -�.�F5& 	AF� -�#�B *#�6 �& ���9�&	 '��( 	�A� J�MG

��&�K 
5	� �&	&� �# 
9��( ��.+  U��c ���80  
5	�

   F�& �	�F ���F( ��# �9����6 1��5�YH .��� 	� '���"

 U�
K)3 (.*�& '
6 '�	�8 '��8     �&�FK& �F� J�F� ����

 bFT9� �W`6 1�����  �F��    �FH��# -��F#��H �&�F�   � �F�

.
9��( j�$�& d�RT+ �� 	�]M    mFB ��F�	���+ d��5 U���&

�FF� �FF�	���+ �1�FF# �FF� ��FFc�& J�FF�c+ �&  �FF� ����FFY+ 	�FF\

       �F%9��8 
F7&� �F� .
FM"��( xF�c+ �F%9��8 ���
7&�

 [�65 uH  ��5�� �� *%#30 �"���  U�\ �� � �"4  �"

      [F5&�� �F� }�FRH ��	 �F� *F%# .���5/5 �5/4  �5/3 

�"��� �� ��"    W#&�F+ U�FY7 �&�� f�+�+60 �80  �100 

.
6 j�$�& L���" 	� �+��  

  

 .�1+1- $�� �E �%1 
�� � ��� 9�U ��� �)�
# IHG 
� V"��#6 ���+� ���  

Table 1. Precipitation and temperature means along the experiment months 
  Nov Dec Jan Feb Mar Apr May 

 �M��# ����"���) �&�((  
Min. Temperature (°C) 

12 1.6 5 3 7.8 6.6 20.8 

 �M�%�� ����"���) �&�((  
Max. Temperature (°C) 

31.2 28 23.2 28.6 32 40.8 44.4 

�(
�	�� )��� �"( 

Precipitation (mm) 
50.5 53 124.7 2.7 72.3 32.3 0.1 

 
 .�1+2- �)
*� F�W �"��(�7'"*�G >��CHW 

Table 2. Physicochemical characteristics of farm soil  
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 .�1+3- $��_�	� �
� ���% �� �"��(�7 >��CHW 
Table 3. Chemical characteristics of utilized cow manure 

 �'"��'5� A"�1�

�	�) (��� �� &2("#  
EC (dS m-1) 

���9 (1C
�) �56  
Organic C (%) 

9���  (1C
�)  
N (%)  

(1C
�) �_0G 
P (%) 

(1C
�) ��	��@ 
K (%)  

 
pH 

5.26 25.3 2.33 0.71 1.1 7.95 
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Table 4. Analysis of variance of studied traits under different nitrogen nutritional systems and 
densities of fennel 
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-X��"�� �9AV+ W"T�� 

Nitrogen nutritional system 
5 4459.07**  86.35**  3.914**  3.734**  8.954**  

 ��RHa 

Error a 
15 5.837 0.229 0.104 0.028 0.012 

W#&�+ 

Density 
2 805.703**  29.87**  9.148**  0.421**  0.36**  

 -X��"�� �9AV+ W"T��× W#&�+ 

Nitrogen nutritional system × Density 
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 ��RHb 

Error b 
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��V+ f9�� 1&�(
5	�) 

Coefficient of variations (%) 
 2.52 6.69 9.07 3.97 4.19 

*  �** �� �Mc f�+�+  3�R� 	� 	&�5 
5	�  �1 
5	�  �ns �Mc��N .	&� 

* and ** mean significant at 5% and 1%, respectively and ns means non-significant. 
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Table 5. Mean comparison of studied traits under different nitrogen nutritional systems and 

densities of fennel 


�(�� 

Treatment 

� 
��

 �
�'

�(
)

 
 

)
\

��
� 

��
� 

��
 R

�%
( 

S
ee

d 
yi

el
d 

 
 

(g
 m

-2
)

 ��
3

 �
�1

b�
 

N
o.

 o
f u

m
be

ls
 

� 
��


�
*�

 �
#�

 )
�%R( 10
00

 s
ee

d 
w

ei
gh

t  
(g

) 

� 
��

 &
 �	

� 1
C


�
 S

ee
d 

es
se

nt
ia

l o
il 

(%
) 

� 
��

 &
 �	

� �
�'

�(
)

 
 

 

(\
��

� 
��

� 
��

 R
�%

)
 S

ee
d 

es
se

nt
ia

l o
il 

yi
el

d 
 (

g 
m

-2
) 

W"
T�

�
 

-X
��

"�� 
�9A

V+ 
��

�
 

N
itr

og
en

 n
ut

rit
io

na
l 

sy
st

em
s 

N1 80.03b* 12.525a 3.7083b 3.26667ab 2.59583b 

N2 85.39a 7.45cd 3.6417b 3.2b 2.72667a 

N3 64.37c 7.1583d 3.35c 2.35833c 1.50417c 

N4 38.27e 6.3667e 2.825d 2.13333d 0.82667e 

N5 81.42b 12.0417b 4.0583a 3.35a 2.725a 

N6 49.35d 7.7083c 2.55d 2.30833c 1.14083d 
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FD1 59.9c 9.887a 3.912a 2.921a 1.78b 
FD2 68.67b 9.058b 3.463b 2.713b 1.97a 

FD3 70.84a 7.679c 2.692c 2.675b 2.01a 
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N1 × FD1 64.9e 14.2a 4.275b 3.425a 2.2225f 
N1 × FD2 82.6c 12.3b 3.375def 3.175cd 2.6125d 

N1 × FD3 92.575a 11.075c 3.475de 3.2bcd 2.9525b 

N2 × FD1 74.925d 8.475de 4.025bc 3.275abcd 2.455e 

N2 × FD2 86.075b 7.275ghi 3.8cd 3.225bcd 2.775c 

N2 × FD3 95.175a 6.6ij 3.1efg 3.1d 2.95b 

N3 × FD1 55.875f 8.275ef 3.575cd 2.725e 1.515h 

N3 × FD2 72.9d 7.525fg 3.475de 2.45f 1.78g 

N3 × FD3 64.325e 5.675kl 3fgh 1.9h 1.2175i 

N4 × FD1 44.5g 6.675hij 3.1efg 2.4f 1.06j 

N4 × FD2 31.725i 7.4ghi 3.1efg 1.7i 0.54l 

N4 × FD3 38.575h 5.025l 2.275i 2.3fg 0.88k 

N5 × FD1 64.075e 12.425b 5.025a 3.35abc 2.1425f 

N5 × FD2 85.6b 12.425b 4.425b 3.325abc 2.8375bc 

N5 × FD3 94.575a 11.275c 2.725ghi 3.375ab 3.195a 

N6 × FD1 55.115f 9.275d 3.475de 2.35fg 1.2875i 

N6 × FD2 53.125f 7.425gh 2.6hi 2.4f 1.2725i 

N6 × FD3 39.825h 6.425jk 1.575j 2.175g 0.8625k 
* ��� -�"� �� 	� -�T)9 k��7�Mc 1���+ j
� �,�  dR� 	� ��	���+ J�� 	&�5 
5	� � .
6��  

* Same letters in each column imply non-significant difference between treatments at 5% level. 
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Abstract 
Background and Objectives 
Fennel is one the most important medicinal and aromatic plants which is widely used in food, 
medicine and cosmetic industries worldwide. This study was carried out in order to investigate 
the effects of different nitrogen nutritional systems including chemical, organic and biologic ones 
at different plant densities on yield, yield components and seed essential oil content and yield of 
fennel in south western Iran climatic conditions. 
Materials and Methods 
To do this research, a field experiment was carried out in 2013-2014 agricultural season at 
Islamic Azad University of Shoushtar agricultural college in split plot design with 18 treatments 
in 4 replications based on completely randomized blocks design. Different nitrogen system 
treatments consisting of N1: Uniformly spreading urea fertilizer in the plot, half at planting time 
and other at stem elongation, N2: Uniformly spreading half of urea fertilizer in the plot at planting 
time and spraying the other half at stem elongation on fennel foliage, N3: cow manure, N4: 
Inoculation of fennel seeds with Azotobacter and Azospirillum, N5: Applying half of required 
nitrogen fertilizer from cow manure and other half from urea, N6: Applying half of required 
nitrogen fertilizer from cow manure + inoculation of fennel seeds with Azotobacter and Azospirillum 
were applied to the main plots. Three fennel densities consisting of FD1: 60 plant/m2, FD2: 80 
plant/m2 and FD3: 100 plant/m2 were applied to subplots. 
Results 
Based on the results, utilization of the first integrated treatment which consisted of cow manure 
and urea as chemical fertilizer at 50:50 percent, along with using 100 plant per m2 as a proper 
crop density achieved production of 94.575 g/m2 seed yield containing 3.375 percent of essential 
oil. Other findings showed that Azotobacter+ Azospirillum had no positive effect on plant seed 
yield and essential oil. 
Discussions 
The findings of our study showed that replacing 50 percent of required nitrogen with cow manure 
in fennel could lead to a favorable quantitative and qualitative seed production as well as the 
treatments which use 100 percent of nitrogen as chemical fertilizers. It seems that nitrogen 
application with manure probably through increasing organic matter mineralization and mineral 
absorption, improved the effectiveness of manure. Therefore application of such a combination 
not only could lead to a desirable fennel quantity and quality, but also is more consistent with 
environment. Other findings of the present study showed that seed inoculation with bio-fertilizers 
(Azotobacter + Azospirillum) had no positive effects on plant seed yield and essential oil. For 
such a result, it could be said that climate and soil conditions and also plant species and varieties 
are important in bio-fertilizers usefulness and also in determining suitable bacteria species for 
application. 
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