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L�D *719/226 **283/0 ns812/9 ns463/3530  **985/18294 **528/0 ns46/1  **743/4 ns934/4  **690/7  ns22/24 2 ��	UL **671/826 **172/0 ns951/93  **517/12339 **951/39249 *260/0 **86/15 **068/4 **443/19 *434/4  **48/182 2 '����L ns141/94  ns069/0  ns083/43 ns284/2545  ns066/5346  *188/0 **99/3 **818/2  ns305/1  ns483/0  ns7/16 3 1�.2� 34�	��9�: ns773/62  ns056/0  ns517/21  ns362/1183  ns210/1923  ns048/0  ns96/0  ns641/0  ns722/0  ns646/0  ns3/29 6  '����L× 1�.2� 34�	��9�: 657/69 031/0 439/33 668/1277 059/2009 059/0  737/0  516/0 418/1 045/1 311/23 22 �[? 77/21 67/7 30/15 59/21 7/12 02/5  35/6  79/4  99/10  41/11  72/6  -  ) ��	��SL \�	]%(  ns* ** **: �Jp���� ��B �	����� � �	����� �� [�! ����^� 5% � 1%    



1012     1�.2� 34�	� # 56.7 	8��9�: ...   3U9 1- 
G��^� '�N������- Y�!L�� 
L�D 
������ �Q 56.7��- 1�.2� �9�:'����L j��^ �J�����B ���5)%	
� ���,� �	����� �� [�! ����^� 5% lcX �7�@8 I?5�� ��%"�J.     3U9 2- 
G��^� '�N������- Q��OL 
X����- ��	H 
������ �Q 56.7��- 1�.2� �9�:'����L  j��^ �J�����B ���5)%	
� ���,� �	����� �� [�! ����^� 5% lcX �7�@8 I?5�� ��%"�J.        `���5 ��R � V5����� ^?�F� @� �8 ���� �9 �O� I����� �J �� F,- ��%�� ��_ �� ��7J � ��%�� Y��_ �� ��_ �� [�! ����^� 1% �	����� %" � �O� W^��� �7����"�� ~�H �J ��%�� ��_ �� ��7J �� [�! ����^� 1% �	����� �7J ��%&) 2.( �7����"�� I����� �J FU�B 50 � 100 �7���?�� �J ���< �J I�A5��� 5/11 ��_ �� ��7J �J�7X ~!7�� e��J 4��RH� 9/18 :%-�� ��%�� ��_ �� ��7J FcD5 �J %
�" %" W?") 3.( `���5 �D���� I�A5����
 I�	x�
 ���5 ��� �9 :�
����� I����� 50 � 100 ��?�� �7� �J ���< ��%J jL�6� �	����� �J �A�%?� �J�7X ~!7�� e��J 4��RH� 5/8 :%-�� ��%�� Y��_ �� ��_ FcD5 �J %
�" %5%" W?") 4.( �� ��J�� �J �O� W^��� �7����"�� `���5 ���5 ��� �9 �7��� �"��I����� �� ��^�� �
%�� � �
 �! ��^�� FcD5 �J W^��� �Q�!�
� � �5��:%	J ��%�� Y��_ �� ��_ :����J %�<7� %5��9 �9 jL�6� �=58 �J ��^�� �Q�!�
� @� �U5 :���8 R�5 �	����� �7J W?") 5.(    b a a01020304050607080 %
�" 50 ���< �J �7� ��?�� 100 ���< �J �7���?�� 
L�D Y�!L��)	%� �%���(  '���%�# �.%R� _�[�B1b a ab012345678910 %
�" 50 ���< �J �7� ��?�� 100 ���< �J �7���?����	H 
X�� Q��OL  '���%�# �.%R� _�[�B1



 %�& *����� ���� � ������ ��
��� ������� ���	
����34 )���" *6                                                                                                                1013     3U9 3- 
G��^� '�N������- Q��OL 	% 3�)('�`) 
������ �Q 56.7��- �.%R� '����L  j��^ �J�����B ���5)%	
� ���,� �	����� �� [�! ����^� 5% lcX �7�@8 I?5�� ��%"�J.      3U9 4- 
G��^� '�N������- Q��OL >	% �Q 	% 
������ �Q 56.7��- �.%R� '����L  j��^ �J�����B ���5)%	
� ���,� �	����� �� [�! ����^� 5% lcX �7�@8 I?5�� ��%"�J.        `���5 ��R � V5����� ���5 ��� �9 ��%�� �5�� �� Y��_ �� [�! ����^� 1% F���7��� ��OP� �"��� ��^�� �7��� �"�����Q FH�� ��%&) 2.( �J �&7� �J � ��5 W-�^ @� �D���� I�A5����
 ��%�� �5�� �� Y��_ �� �O� ��J��9 I����� 50 � 100 �7���?�� �J ���< �Jp���� �J I�A5���:�
 3/14 � 14 e��J 4��RH� 5/17 � 8/14 :%-�� ��%�� �5�� FcD5 �J %
�" %5%" W?") 6.( @� ���� :�
����� q��g� W^��� �7��� �"��I����9 ��%�� �5�� �� Y��_ l���� �J ����� �7����"�� �� ��^�� �5��:%	J �7J � ���J W^��� �	�� �Q�!*�
� �
%�� � �
 �! ��^�� �� >� [�! %5�7J W?") 7.(     b a a02468101214 %
�" 50 ���< �J �7� ��?�� 100 ���< �J �7���?��
L�D �Q 	% Q��OL  '���%�# �.%R� _�[�B1b a a02468101214 %
�" 50 ���< �J �7� ��?�� 100 ���< �J �7���?��	% �Q >	% Q��OL  '���%�# �.%R� _�[�B1



1014     1�.2� 34�	� # 56.7 	8��9�: ...    3U9 5- 
G��^� '�N���� Q��OL >	% �Q 	% 52L 	�8bL 1�.2� �9�:'����L �Q 34�	� �.%R� �9� +���  j��^ �J�����B ���5)%	
� ���,� �	����� �� [�! ����^� 5% lcX �7�@8 I?5�� �� %"�J.      3U9 6- 
G��^� '�N������- Q��OL 
��Q �Q >	% 
������ �Q 56.7��- �.%R� '����L  j��^ �J�����B ���5)%	
� ���,� �	����� �� [�! ����^� 5% lcX �7�@8 I?5�� ��%"�J.        �5����R
 �@� ����^� [�! �� 4���@8 I�� �� �5��@�� 5% FU�B ��OP� F���7��� q��g� :�
 � I����� �J �"�� �7�� ��^�� ��%&) FH�� ���Q �"��2 `���5 ��!��J .( I�A5��� �D����:�
  ����� I�J F,- I�� �J �7J��  100  �5����R
 �@� I�A5��� �J I����� ���< �J �7���?�� 97/4 �	�� jL�6� (���� \8) %
�" �J a�� :���8 ��� 4��RH� e��J I����� @� FU�B I�� � %" )%
���  2/6  FU�B I�J .%" %
�" �J FcD5 �5����R
 �@� :%-�� 50 �	�� jL�6� %
�" � I����� ���< �J �7���?�� �7c5 ���  W?")8(�7��� .�5�� *�
%�� ��^�� �� I����� �"�� :%	J �	�� 4��RH� ��^�� �! �
 � �5����R
 �@� �� �� :��� �7��� �J FcD5�Q�! ��^�� �� �"�� %5��� ���5 �
�  W?")9 .(  c a bc ab02468101214 �
� �Q�! �
%�� :%	J �5�� ��^�� �! �
	% �Q >	% Q��OL �9�: 1�.2� 34�	�b a a1111.51212.51313.51414.515 %
�" 50 ���< �J �7� ��?�� 100 ���< �J �7���?��>	% �Q 
��Q Q��OL  '���%�# �.%R� _�[�B1



 %�& *����� ���� � ������ ��
��� ������� ���	
����34 )���" *6                                                                                                                1015     3U9 7- 
G��^� '�N������- Q��OL 
��Q �Q >	% 52L 	�8bL 1�.2� �9�:'����L �Q 34�	� �.%R� �9� +���  j��^ �J�����B ���5)%	
� ���,� �	����� �� [�! ����^� 5% lcX �7�@8 I?5�� ��%"�J.    3U9 8- 
G��^� '�N������- F�# 
��Q���- 
������ �Q 56.7��- 1�.2� �9�:'����L  j��^ �J�����B ���5)%	
� ���,� �	����� �� [�! ����^� 5% lcX �7�@8 I?5�� ��%"�J.     3U9 9- 
G��^� '�N������- F�# 
��Q���- 
������ 52L 	�8bL 1�.2� �9�:'����L �Q 34�	� �.%R� �9� +���  j��^ �J�����B ���5)%	
� ���,� �	����� �� [�! ����^� 5% lcX �7�@8 I?5�� ��%"�J.  a a b a0246810121416 �
� �Q�! �
%�� :%	J �5�� ��^�� �! �
  >	% �Q 
��Q Q��OL �9�: 1�.2� 34�	�b ab a0123456 %
�" 50 ���< �J �7� ��?�� 100 ���< �J �7���?�� 
��Q���- F�#)J	�(  '���%�# �.%R� _�[�B1b a a a0123456 �
� �Q�! �
%�� :%	J �5�� ��^�� �! �
 
��Q ���- F�#)J	�( �9�: 1�.2� 34�	�



1016     1�.2� 34�	� # 56.7 	8��9�: ...      �J ��R � V5����� )���:�
 l���� �J ��?��� �?�;7<7�J �g�� %" �9 �O� �7��� �"���� [�! ����^� 1% �J �8 �	����� %" ��%&) 2.( �J �&7� �J `���5 W-�^ @� �D���� I�A5����
 �g�� %" �9 �7��� �"��I����� �J FU�B:�
 100 � 50 �7���?�� �J ���< J�p���� e��J 4��RH� 2/28 � 7/25 %-��: ��?��� �?�;7<7�J FcD5 �J %
�" ���%� W?") 10.( ��?��� �?�;7<7�J F�� ��OP� ��^�� �7��� �"�� � �O� WJ���� �8 �J FU�B �7��� �"��R�5 ���Q .FH�A5      3U9 10- 
G��^� '�N������- Q	U.�� W�,����D 
������ �Q 56.7��- 1�.2� �9�:'����L  j��^ �J�����B ���5)%	
� ���,� �	����� �� [�! ����^� 5% lcX �7�@8 I?5�� ��%"�J.        ��O FU�B:�
 q��g� �7��� �"���J ��?��� �5�� �� [�! ����^� 1% �	����� %" ��%&) 2.( `���5 �D���� I�A5���:�
 �7J�� �J I�� F,- ���5 ��� �9 �
 �� FU�B I����� )50 � 100 �7���?�� �J ���<( e��J 4��RH� �	����� �� ��?��� ���5 FcD5 �J %
�" \8) (���� .%5%" FU�B I����� 50 �7���?�� �J ���< �J I�A5��� 8/187 a�� �� sJ����� �J 7/45% 4��RH� �� �c�� ��� � %�J @� �8 I����� 100 �7���?�� �J ���< �J I�A5��� 2/180 a�� �� sJ����� �J 8/29% 4��RH� FcD5 �J %
�" �� �c�� a�� ���Q FH�� W?") 11(.       3U9 11- 
G��^� '�N������- Q	U.�� 
��Q 
������ �Q 56.7��- 1�.2� �9�:'����L  j��^ �J�����B ���5)%	
� ���,� �	����� �� [�! ����^� 5% lcX �7�@8 I?5�� ��%"�J.  b a a050100150200250300350400450500 %
�" 50 ���< �J �7� ��?�� 100 ���< �J �7���?�� �U�,����D Q	U.��)TD	�	%� �Q J	�(  �.%R� _�[� '���%�#B1b a a020406080100120140160180200 %
�" 50 ���< �J �7� ��?�� 100 ���< �J �7���?�� 
��Q Q	U.��)TD	� 	%� �Q J	�(  '���%�# �.%R� _�[�B1



 %�& *����� ���� � ������ ��
��� ������� ���	
����34 )���" *6                                                                                                                1017       `���5 ��R � V5����� ���)�
 �A5��J a%� �	����� ��7J �O� FU�B � ���@ �7��� �"��I����� � �O� WJ���� �=58 �J �@� �5����R
 �5��@�� F!� ��%&) 2.(       %-�� V5�!� � ��?��� V5�!� �J ����^� 1% F�� ��OP� �7��� �"���J FU�B:�
 q��g� I����� ���Q %	�H�� ��� �O� W^��� �7��� �"��� �O� WJ���� �J �=58 �	����� %�5 ��%&) 2.( �J �&7� �J `���5 W-�^ @� �D���� I�A5����
 %-�� V5�!� �� �O� ��J��9 �����I �J ������ 50 �   100 ���v7���? �J����p 9/8% � 1/10% �� �����D �J %
�" �RH��4 �FH� W?") 12.( �D���� I�A5����
 ?^��F @� �8 ���� �9 :�
��?��� V5�!� W-�^ @� �5��@�� �� �O� ��J��9 �����I �J ������ 50 � 100 ���7���? �J ���< �J����p 6/43 � 63/42 a�� �� sJ����� �7J �9 6/51% � 2/48% �� �����D �J %
�" �RH��4 ���5 ���%5 W?") 13.(      3U9 12- 
G��^� '�N������- �P�Q M���� 
������ �Q 56.7��- 1�.2� �9�:'����L  j��^ �J�����B ���5)%	
� ���,� �	����� �� [�! ����^� 5% lcX �7�@8 I?5�� ��%"�J.      3U9 13- 
G��^� '�N������- Q	U.�� M���� 
������ �Q 56.7��- 1�.2� �9�:'����L  j��^ �J�����B ���5)%	
� ���,� �	����� �� [�! ����^� 5% lcX �7�@8 I?5�� ��%"�J.  b a a00.511.522.5 %
�" 50 ���< �J �7� ��?�� 100 ���< �J �7���?�� M���� �P�Q(%)  '���%�# �.%R� _�[�B1b a a05101520253035404550 %
�" 50 ���< �J �7� ��?�� 100 ���< �J �7���?�� M���� Q	U.��)TD	�	%� �Q J	�(  '���%�# �.%R� _�[�B1



1018     1�.2� 34�	� # 56.7 	8��9�: ...  ���  �� I�� 4
��� �g�� %" �9 ��,- �?�;7<7H�7� ��7� ��<��� �5��@�� F����OP� �7��� �"���J F��B:�
 q��g� I����� ���Q %	�H��* J�:�7X �9 �J �7��� �"��I����� 4��RH� �	��:��� FcD5 �J %
�" ���5 %5���. �� ��J�� �J �O� Fcy� �7��� �"��I����� �J ��,- �79N� �����7 ��9 ���J �9 I�� �O� �"�5 @� 4�5 I����� �� R�	! I�E�����
 � ���%�
7J�9 ��%"�J* �� � ��5 %�<7� :;�5� 4��RH� � I�	x�
 ��R�� R�	!7�H )��� �7c=J ��%J�� � ��7� ���NB J:���� �� ����6� )��� ���Q ��H�� �9 ��%5�7� � 	� �J �4��RH ���,- %	5�� b�,��� ��7J � ��%�� �Q�!:�
 ���H �� ��7J �7" )-Abdel 2007 ,al. et Nahed Aziz.( 4��RH� b�,��� ��7J � �v���^� �Jsc� �8 4��RH� ��%�� �Q�! ���H I?�� F!� �J %�<7� ��%�� ��_ :����J �� �5��@�� � 	� )%" �9  �� F��=5 ��%5�7� �J 4��RH� ��?��� �5�� .%�� 	�J �� ��J�� �J �O�
�: Fcy� I����� �J b�,��� ��7J M��R�:�
 :�A�� S
 �r��� )%" .F!� Soltani � ����?�
 )2014( 4��RH� b�,��� ��7J �J ��J��9 I����� �� �� ����
��=J M��R� �7�5%5. Nahed Aziz-Abdel � ����?�
 )2009( 4��RH� %"� ����� �7�L� �� �J ��J��9 I����� M��R� .%5��9 ��!��J M��R� Baniasadi � Saffari )2016( I����� �O� WJ�Q �=&7� �J :�� ��,- ������"7�J )��� 45���� F"��. �9 �J �7XS�D� �� �7c=J ��,- :;7<7H�7� I�� )��� �Oh� )�7J F!�. �� ��J�� �J �O� I����� �J ��J���5� �Q�! R�5 Hosseini � ����?�
 )2015( �J �!��J �O� �7��� �"��I����� �J *%"� �
%�� � �6�J @� �����:�
 FD�@������" W� :�,�& M��R� %5��9 �9 I����� �� ��	9 4��RH� ��Q �Q�! � �7X ���� e��J 4��RH� ��%�� �6�":�
 �c5�& R�5 .%" �� l���� :�A�� �9 ~!7� Mahgoub � ����?�
 )2011( �J :�� )��� p979 a� 5� %"* M��R� %���� �9 I����� �J�7X �	��:��� e��J 4��RH� ��%�� ��" � z�J )��� p979 .%" �J �� �U5 I�H�� ���?	 @����5� �> ��)� %"� ��%�� ��%"�J � �� �=�5� :�
 �> @� �6�"�
 :�8 �> W��8�I ��_ :W-�^ ��*���� I��@��� ��U�5� ����� �J<��W �RH��4 ��%�� �6�"�
 :��H ��� �O� ��J��9 �����*I ��%�� ��_ �� ��7J �� �����D �J %
�" �RH��4 �%J� �9 	_�I �5�� � :5�R )%
��� ����.%  4��RH� ��%�� ��_ W�)(I��8 �J ��J��9 I����� @� `���5 I�� ���l� .�7J Hosseini � ����?�
 )2015( M��R� %5��9 �9 )��,�!� @� I����� e��J 4��RH� ��%�� W� �� )��� W� :�,�& .%" �� l���� �A��: Baniasadi � Saffari )2016( M��R� %5��9 �9 I����� e��J 4��RH� �7=�� � �	����� ��%�� W� �� )��� 45���� .%" I�	x�
 Mansouri � ����?�
 )2015( �J �!��J �O� �7����"�� I����� � >��D�<�! %�!� �J �����:�
 w�9� � �,�9 W� ��J�; M��R� %5��9 �9 I����� e��J 4��RH� ��%�� W� I�� )��� .%" �� ��<��� :�A�� Hendawy � Din-EL Ezz )2010( M��R� %5��9 �9 I����� �O� �	��:��� �J ��%�� W�I��8 )��� �5��@�� .F"�� �� a7��7! 4��RH� ��%�� �5�� �J ��J��9 I����� ~!7�  Baldawi-AL � Hamza )2017( J���7- 4�� )���8:@�! �NJ R�5 M��R� )%" F!�. �58� I�	x�
 ���J %5��9 �9 ��J��9 I����� �� W^��� :%"� )��� S
 ��%5�7� �O�
�: :��=J �J %"� )��� ���NAJ � e��J 4
�9 �O�
�: �7! �"�5 @� 4	�:�
 *����� ���D6 �"�5 @� ��H8 � �� ��J��9 )��^49�
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Abstract     Vitamins affect many metabolic and biological processes in plants and participate in the synthesis of enzymes, nucleic acids, and proteins as coenzyme in their metabolic pathways. In order to evaluate the effect of foliar application of thiamine on growth, yield, yield components and essential oil of fennel (Foeniculum vulgare Mill.), a field experiment was conducted as factorial on the basis of a randomized complete block design with three replications at the Faculty of Agriculture, University of Maragheh, Iran in 2015. The treatments were included three levels of thiamine foliar application (zero; distilled water), 50 and 100 µm/l) and foliar application stages in four levels of stem elongation, flowering, grain filing, and all three stages. The results showed that the effect of thiamine on all traits was significant. The concentration of 50 µm/l thiamine had the maximum increasing effect on the number of sub stems, number of umbels per plant, number of umbelets per umbel, number of grains per umbelet, grain yield, and essential oil yield and the concentration of 100 µm/l thiamine had the maximum increasing effect on the plant height, 1000-grain weight, biological yield, and essential oil percentage, compared to control. The effect of foliar application stages on the number of umbelets per umbel, number of grains per umbelt, and 1000-grain weight were significant and their highest values were obtained by thiamine foliar application in all three stages (stemming, flowering, grain filing). The interaction effects of the treatments were not significant on any of the traits. In general, results of this experiment showed that the foliar application of 50 and 100 µm/l thiamine at stemming, flowering, and grain filing stages can improve the seed yield and essential oil yield of fennel.  
Keywords: Essential oil, fennel (Foeniculum vulgare Mill.), grain filing, stem elongation, flowering, seed yield, vitamin B1.  


