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The Effect of Urea and Potassium Sulphate on Growth, Bulb Yield 

Components and Antioxidant Properties of Sweet Fennel (Foeniculum 

vulgare Mill. cv. Boelli RZ F1) 
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 J��T�� �� .:�: J��T�� E�2 �: �# �: ��UR2  �$ �K��54�100  "��5�� 6��5;# �: ��O��4=E��  84)�P� � �4V���W� �

�5�78��� J��T�� Q�� ����4<=���� 6  :����=150 ��O��4= J#�= �� ��� �K��54� ��5;# �: �7 �# .��3#>4X6  :����= ��

342�5- �$ 150 ��4=��5;# �: ��O �O,��� 4= "�# S�2 �5�7 � 6E�2 �: �# �: .8��� J��T�� Q�� ����4<=� �#���4$ E����

 8��� 342�5- � �K��54� �!�:S�2 J��T�� �� :�:  ��K��54� �: UR2 150 ��O��4= �: B4=�$ �� UR2"�# �$Y�� 6342�5- Z��� 

J#�= �!�: 342�5- S�2 ��:�O �� ���$ �� .��45�"�# ��82: ���7  :����=100  � �K��54� ��O��4=150  ��O��4= 342�5- �:

 ��5;#"���  :�	[� 6��� :�;��� ��
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:  6>��4� ����/�� 6342�5-�O,��"�# �5�7 84)�P� 6"�������4<=�6 �K��54�. 
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  ����/�� )Foeniculum vulgare Mill(  /� � �� �#�4O��4$ ����5X  82� \��TO �-��� ]�� � ����5��� �^��� �7 _�+� �=

) 82� ���5>��4� ����/�� .( #�4O�  82� �����:"��` �/�$ a�F� �= T4�  6�7 a�F� D��C Jb� � :��:>� Q�� �5<��� �#
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K6 B66 B26B1 6 C6  � >$���=�5��:��"�#  � <� � 3��2 63�T4� 634<�= 6342�5- ���P������� )5 .(�.� "���: ����/��"�#  �e
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�� � �:�: J��T�� �� ��� ���� ��� D�� ��A�2 �e ���� .�= /� �`���:��"�# �5�7 D��� ��#�4O �: ���4<=�B4=�$"�# 

)�� 6�7�42� q4���;2 � �#�4V�$��= 6B4=�$"�# �� ���4=��5�78�<C �: �= ���� ��#�4O t�5b� "�#:��� ) ����:19.( 

   /� �;� �K��54�"�#�F�  "���e �:��: �4.u$ E�F�� 84 4= � :�;��� ��T4� �� �= 82� ��#�4O ��� �: 3[� )3( ��T�� .

 6>�� �� � D4����= 8`�2 �: 34*5<� J*� �� �K��54� ��45� �:52�5� �����= J��T���: 6T 8<�/8`�2 84)���5������. "�# 

 ���= ���- �� ����B4=�$"�# �4V���W�"1Y��/�=��O 6�4V�$���= � �# �#) :��: J*�15( .�2����# 3�= "�� �= :�: ��+� �#

:�= J��T�� Z��� �K��54� �� �#:B4=�$"�# ) �� �)��29 �: .(�+#�,- ����� ��4O "�� )Ocimum basilicum L.( :�= 6

�P� �.� �K��54��5�7 ��T4� �� "��:���4<=� �� 8��: D=�5�7 "��5�� 6�K��54� :�= 80�
 J��T�� �� �= "��A D= ���4<=�

) 8��� J#�=23 .( 

   /� �g�: �;� 342�5-"�#�F� "���e � �� a�F� �- � ��� �: �= ����\�5<O �5`�� j��2K��$ :���� 6�#�4O "�#

�5`��"���/�� ��� �5<� � /�� 6�# � 8`�2 1���4#���= m����:��: J*� �#6 $ �� >�� /�u 84 4= � :�;��� 6��� � ��� �� ��[� �4.

) :��: E�F��10 342�5- .(��T��  84 4= :�	[� �: 6:��: ��[� �� ��#�4O �: �= ��[� ��4<� q�K�)��T4� t��9� ��E�F��"�# 

�,�� ��g��� T4� "/���+=:��: "�6 �� ��4��� 84 4= �F� �� >�� /�) :��4 J��T�� B��� 342�5- :����= .( 6�$�� m� $������ 

 �RC 6Q��S�2 �$ �/� 6S�2  � Q�� 342�5- � � <� 6�K��54� "��5�� �S�2 >��4� ����/�� �� )1( 342�5- :�= �.� ����/�� �: .

 6��� ��- 84 4= � :�;����` /�4���= )Allium cepa L.( 6 6�$�� m� $��) ��4O ��� >��5+4�����  >��$Y�� � (�$�� �# �: Q��

 :����= �� :�;���200 4=�� 342�5- 1� )�2 ��5;# �: ��O��) ��7 82:8 � ��� �: 342�5- � �K��54� 84�#� �� ���$ �� .(

"T	2 84 4= >�� 6�#�2���  �.� ����/�� a�# ��UR2"�# ��� �� 342�5- � �K��54� :�= t�5b� � �O,��"�# � 4=  6E�A)

 8��be � �RCS�2  �84)���5�Q�� �����. "�#( .8��O ����� >��4� ����/�� 

�
�. 0	� 	�$  

  �� J���/7 >�� �� 342�5- � �K��54� :�= �.� �P)�R� ��0��O,��"�# 84 4= � "���  ���T� �: >��4� ����/���+#�,- 

 ����/ ��g+��: ����/ E�2 �: �A1396  �1397 ?��� @�A B)�C �: D���5=�� 1��! �� J���/7 .�� �����"�#  ��:�F$ D��=

) �K��54� UR2 ��[X D��� J���/7 "�#���4$ .��:�O ���� ���;$ �2 ��� ! 650 6100 � 150  (���� N	� /� ��5;# �: ��O��4=

� ��[X ) 342�5- UR2� ! 650 6100 � 150 :�� (342�5- 1� )�2 N	� /� ��5;# �: ��O��4=. � /� D	C ?�` /� 6J���/7 ����

����� ���T�E��� �= 8��O ����� ��:�F$ "��:��"�#  B4$�$ �� �2 � �: 6q��O,��"�#  "��4�7 ]7 6?�` ���4�4� � �;�T4�

�:�: � ����/ ��52� �2����# "�#�� ��+� �� ��[ !� J��� ��#�v2 8=�� /� �0� :��� ��4O "�#�d� .�#: E�2 �: "���

�-�-�: �� ���O��� 1��!�O,�� /� .�� �4[$�� 3C� >�� "�#���: �� ���$ ) ��$�= ���90  �$110 �$�� 6(/�� �� ���*� 6"�C "

<=�4� ��� )S�2 ���` 8���*� 8��:�� /� �P� c�� �4 2 "�#����: (��� ��42) ��� �4<=� ��(  :�;��� 68��:�� /� j-

 �: 8��:�� D��C � :�2 �)�5P� wA�� �: � ��[� D���� �: 8��:�� D��C � ��O E�5P� wA�� �: ���5<�/ 8+= B2�� 6]�`

 �: �#�d� .:�= ����� ��[� �`���21  E�2 ��� � 2�95  �96 �42 D`�: �d� 8��= x�Fb� "�#72 ���^ "��^ �5<� �: "�

 "��:) ���b�O �: y�� 84-3±25 y�4<�2  � /��3±20 y�4<�2  �	<� 8��A� �� B�60  �$70 % �#�+� � ��:�O 8+= (

t�:� ��!�� .���� �:�: E�*5�� ���T� �� �O�� ��[X �$ �2 ��^�� �: �5 # J� /� �P� 8��= "�#35 �5��2�$�� ��!�� � �5� �#

20 �5��2.:�� �5� 

   342�5-��1��! t�:� 8��= h` ��= �: "���� 1��! �� >4�/ �:�= �:��7 ���/ �: 8��� q� �: 342�5- 1� )�2 :�= �#

 ?�` ���:�T��  �K��54� � ����1��!  ���T�# >4�/ �:�= �:��7 ��^�� �: :�= tF� .�� ���e� ?�` �� 8��� �: �: ���� :�=

: tF� � �� ���e� ?�` �� 342�5- :�= ��]7 �� ����# "��= _�+� /� j- ��� q� �K��54� �g�  .�� E���� "��4�7/�4� ��7 ��4O 

�� �:� 52� /� >4g��4� ��� 1�� �:�:"�# ���/�� "�#�5����- �2����# 8	. ��� �: ��g5<�� �2����# ����/ � �R��� 1 :��7�� 

��:�O.  
 ١- ETc = ET0 × Kc  

ETc :/�4� ��7 ����/�� )��4��5� �: /��(6 0ET :�4b	$-{�P$ ��4O N��� >�X )��4��5� �: /�� (� Kc :B��e �#�4O ����/�� .�/Y 

�� U4e�$ 82� ��:�*� 0ET �� y�2� \�� :�����52� �V��->�--Z45��� :��7�� �� )31(j- . /� �	2��� ��:�*� ETc6 ��:�*� 
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/�4� |)�` � /�4� |)�`�� ]7 "��4�7 ��4O �� y�2� ���!�"�# 68+= m�� 35<42 "��4�7 )��RC"�-"���� (� ��: "��4�7 :��7�� 

��� � jv2 �: �# 8��� "��4�7 �� ��4O �:�: ��. t�� >4�� D�� ��� DF� E�A �: /�# "�#�� 1��! .�� ����� �52:   

  

 E���1- �O,��J���/7 "���� D�� ?�` ���4�4� � �;�T4� "�#  E�2 �:96.  
Table 1. Physical and chemical properties of the soil used in the experiment site in 2017. 

 y�
Clay    

 (% )  

8�42 
Silt 
(% ) 

>�   

Sand 
(% ) 

  8���

?�` 

Soil 
texture  

  �)7 :�� 

Organic 
matter 

(% )  

342�5- 
K 

)1-g kg(  
  

3��2 

Na 
)-g kg
1(  

34<�= 

Ca 
)1-g kg(  

�K��54� 
N 

(% )  

8���# 

�;��5;)� 

EC   

)1-dS.m(  

pH  

37 38  25   ��)

�2� 

Clay 
loam  

 0.94  0.20  0.13 0.12 0.07 1.49  7.4  

                                      
  

 E���2- �O,��"�# J���/7 "���� D�� "��4�7 ]7 ���4�4� � �;�T4�  E�2 �:96. 

Table 2. Physical and chemical properties of the irrigation water used in the experiment site in 2017. 

pH  

 8���#

�;��5;)� 
EC   

)1-dS m( 

3��2  

Na 
)1-mg L( 

342�5-  

K  
)1-mg L( 

34<�=  

Ca 
)1-mg L( 

3�T4�  

Mg 
-mg L(

)1 

��=  

Cl 
)1-mg L( 

1���=  
2-

3CO  

)1-mg L(  

 ��1���=  
-

3HCO 

)1-mg L(  

 1� )�2  
2-

4SO 

)1-mg L(  

7.2  2.7  152  2.74  400  241.6 435.3 0.0 159  550.5  

 
E���3- �:�: >4g��4� �: ����/ q45-�42 ��g5<�� �2����# "�#DF�"�#  ����/96  �97. 

Table 3. Average climatic parameters of Zanjan Synoptic station during the growth season 2017 and 2018. 

E�2  

Year 

���  
Month 

8��A� �	<�  

Relative 
humidity 

(%) 

�O�����  

Rainfall 
)mm(  

��: >4g��4�   

Average 
temperature 

(°C) 

 �4+4� "��: 

Maximum 
temperature 

(°C) 

 �4�= "��: 

Minimum 
temperature 

(°C) 

 >�:���� April  56.7 41 10.6 16.7 4.6 

96 8+[	�:�� May 52.5 22.1 17.2 25.2 9.3 

 :�:�` June  39.4 0.0 21.2 31.4 10.9 

 �4$ July  42.5 1.3 25.5 34.1 16.9 

 >�:���� April  46.2 14.3 11.8 19 4.5 

97 �8+[	�:� May 61.3 50.6 13.3 19.7 6.8 

 :�:�` June  54.9 34.6 19.3 28 10.6 

 �4$ July  34.7 0.0 26.3 35.6 16.8 

  

�����
�� ����� � ! "� 

   �� J���/7 ����- �:�4��^ �.� ad^ ��0�Jb� �: :���� ��#�4O /� 6"�1�= ���4� "�# �#)22 �$�� :��  �^�� �# �:

�+���/7 ("��� �����.�� �:� 52� "��:�� ��  84 4= } ^ ��0�S�2Q�� ��+� �	+` � �#�$�� 6�7 "�# �#J���4- /� J4- 

�C�2 ) ��#��O10  ��� �4$1396  �15  �4$1397.���� 8��:�� ( ���� �$�� 8��:�� ���/ �: �$�� �: Q�� .��:�O \���� �#

�/���� "��� h2�$ �7 m� $�� � ��:�O NRC ?�` UR2 /� �$�� 6�$�� m� $�� "�4Oh`�/���� J= �$�� m� $�� >4g��4� � �� "�4O
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�5��2 B<^ �� �$ �/� >44P$ ��0� �� .�� \��TO �5�S�2�5<��� Jb�) �#  >� Q�� (�# Jb� jv2 �� �� t= �$�� ��5��

 D��� �$�� ��Y��Q�� >4��- ���5� Jb� /� �#Q�� Jb� �# �$ �/� .�� ��� �#����A  .��:�O >�/�$ ��O B<^ �� ���O���

E�A  �RC �S�2�)�54��: j4)�= /� �:� 52� �� �# ��4� B<^ �� 8	. �5��� .  
  

  
Fig 1. Sweet fennel plants at harvest stage. 

 D;�1- �$��8��:�� ��^�� �: >��4� ����/�� "�#.  
  


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

   ��T4� ����/�� "���E�� �5�7 84)�P� � �4V���W� 6D=�/�$ 8��� /� ����4<=� Q�� �/�$ 8��� /� ��O �2 ���*� .�� �:� 52� �#

 �7 �� � �� ��4V�2 ���# �: Q��10 ��4� E���5� �54)80 % ����� jv2 6�� ���e� ��: �� �#5000  1�� ��15  �*4C:

�� K�4 ��5��2 )32(. 

  �/���� "��� "��5�� "�4OE��  �� D=100  6��4O ���F� /� �54)��;4�2 ��4� �54) 1���=3��2 )2 �!�: 6(8/2 ��4� �54)

 � �R*� ]7100  >4)�� a�P� �54)��;4��5)�=�42 )50 �!�:����� jv2 .�� ���e� ( 1�� �� �#30 �g� �;���$ �: �*4C: 

]d� � ���� �5��: �7 �#�:  ~�� E�A720  �5�����.�� �����` q4)�O�42� )600-60 ��4�(�54) �� ��O  :�����52� ���� ��

E�� � :�����52� ��� 32� "���� "��5�� .8�� ��=E�� ��4� y�2��� D= �/� ��O �� q4)�O�42� E:�P� ��O �	2��� ��4O �$

) ��30.( 

   �� D= �4V���W� ��T4� J�2 "���500  6���F� �54)��;4�5/1 ��4�) E���5� �54)80 �!�: 6(100  E���� �54)��;4�
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Fig 2. The interaction effect of nitrogen (0, 50, 100 and 150 kg ha-1) and potassium (0, 50, 100 and 150 kg ha-1) 

on leaf number (A) and plant height (B) of sweet fennel. In each column, there is no significant difference 
between treatments with same letters at P≤ 0.05. 
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Fig 3. The interaction effect of nitrogen (0, 50, 100 and150 kg ha-1) and potassium (0, 50, 100 and 150 kg ha-1) on 

bulb length (A) and bulb diameter (B) of sweet fennel. In each column, there is no significant difference 
between treatments with same letters at P≤ 0.05. 
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Fig 4. The interaction effect of nitrogen (0, 50, 100 and150 kg ha-1) and potassium (0, 50, 100 and 150 kg ha-1) on 

bulb fresh weight of sweet fennel in two years (2017 and 2018). In each column, there is no significant 
difference between treatments with same letters at P≤ 0.05. 
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Fig 5. The interaction effect of nitrogen (0, 50, 100 and150 kg ha-1) and potassium (0, 50, 100 and 150 kg ha-1) on 

total phenol of sweet fennel leaves in two years (2017 and 2018). In each column, there is no significant 
difference between treatments with same letters at P≤ 0.05.  
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Fig 6. The interaction effect of nitrogen (0, 50, 100 and150 kg ha-1) and potassium (0, 50, 100 and 150 kg ha-1) on 

total flavonoid content of sweet fennel leaves in two years (2017 and 2018). In each column, there is no 
significant difference between treatments with same letters at P≤ 0.05.  
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Fig 7. The interaction effect of nitrogen (0, 50, 100 and150 kg ha-1) and potassium (0, 50, 100 and 150 kg ha-1) on 

antioxidant activity of sweet fennel leaves in two years (2017 and 2018). In each column, there is no 
significant difference between treatments with same letters at P≤ 0.05. 
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Fig. 8. The interaction effect of nitrogen (0, 50, 100 and150 kg ha-1) and potassium (0, 50, 100 and 150 kg ha-1) 

on nitrogen of sweet fennel bulb in two years (2017 and 2018). In each column, there is no significant 
difference between treatments with same letters at P≤ 0.05.  
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Fig. 9. The interaction effect of nitrogen (0, 50, 100 and150 kg ha-1) and potassium (0, 50, 100 and 150 kg ha-1) 

on potassium of sweet fennel bulb in two years (2017 and 2018). In each column, there is no significant 
difference between treatments with same letters at P≤ 0.05.  
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Research article 
 

The Effect of Urea and Potassium Sulphate on Growth, Bulb Yield 

Components and Antioxidant Properties of Sweet Fennel (Foeniculum 

vulgare Mill. cv. Boelli RZ F1) 
  

S. Mohammadi, T. Barzegar* and Z. Ghahremani11 

 
 

 The present study was conducted to investigate the effects of nitrogen (N) and potassium (K) 
on growth, yield, qualitative traits and antioxidant capacity of sweet fennel. The experiment 
was performed according to the factorial experiment based on randomized completely block 
design with three replications in two years (2017 and 2018). Treatments included four different 
levels of N (0, 50, 100 and 150 kg ha-1, urea source) and K (0, 50, 100 and 150 kg ha-1, 
potassium sulphate source). Results showed that application of N and K significantly increased 
plant height, leaf number, bulb diameter and length, and bulb fresh weight in both years. 
Increasing nitrogen concentration up to 100 kg ha-1 increased the phenols and flavonoids 
contents and antioxidant activity, but application of 150 kg ha-1 N caused a decrease in such 
parameters. Also, application of high level of K increased quality traits and antioxidant activity. 
Application of N and K fertilizers increased the content of them in bulb tissue in both years. 
According to the results, application of 150 kg ha-1 K and 100 kg ha-1 N could be recommended 
to improv grwth, bulb yield and antioxidant properties of sweet fennel.  
Keywords: Antioxidant activity, Growth traits, Nitrogen, Potassium, Sweet fennel. 
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