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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�� Z��� �K��54� �� �#:B4=�$"�# ) �� �)�
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   /� �g�: �;� 342�5-"�#�F
� "���e � �� a�F� �- � ��� �: �= ����\�5<O �5`�� j��2K��$ :���� 6�#�4O "�#
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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�
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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.  

 D;�9- ) �K��54� J
;�#�� �.�� ! 650 6100  �150 ��O��4= ) 342�5- � (��5;# �:� ! 650 6100  �150  �!�: �� (��5;# �: ��O��4=

 8��� 342�5-S�2  E�2 �: �: >��4� ����/��96  �97 .��52 >4� 1�� $a�^ "���: �= ���4$ �# �� i���� "�# ?�5+� "�#

��"���7 �0� /� �
���  UR2 �:5% �
P���� ��:) ����05/0≤P.(  

    

  2�5- ]d� J��T���
�T	2 ��� J��T�� �� ��4*5<� �R��� 34 82� ��4O �: �K��54� ]d� �� �5<��� :�` �= :��: ��4O "�

)16 . (��45�"�# �+#�,-  � 8��� J��T�� ��5�� E���� �: �K��54� J��T�� �� o2�- �: 342�5- 80�
 �= :�: ��+� /�4- "��

 jv2��1��! ) :�: ��+� J#�= �R`28 .(���g+#�,-  ��J#�,-  "���g������O )Lycopersicon esculentum Mill.( 6

�5=� )Linum usitatissimum L.(  �/�� �)Panicum miliaceum L. (�: �� �= �
5����T���*� J� ���F� a342�5- 6 342�5- 80�


� �:�#�4O >�� �T��) 8��� J�12 .( 

���! *4��% 

   /� 342�5- � �K��54�"�#�F
� "T	2 84 4= � ��� J��T�� �: �[��$ D��C J*� �= �
5<# "���e ���
� .����: �#��45�"�# 

 ���$ �: 342�5- � �K��54� :����= 6J#�,- >��UR2�#  J��T�� �� �#�� ���4$ �� �<��*� �:���� �$�� m� $�� � Q�� 8<���$ 

 �$ �/� � �RC 6E�AS�2  J��T�� �� .�#:R2 �$ �/��54� :����= U100  �$ 342�5- � ��5;# �: ��O��4=150  ��5;# �: ��O��4=

 "��5�� J��T�� ��E�
�  /� �= D= �4V���W� �B4=�$"�# �5�7�� ����4<=��5�7 84��9 �
��� .:�: J��T�� �� ��4O ����4<=�

 a�F�UR2"�#  �K��54� �$Y��)150 ��4= (��5;# �: ��O �� �<��*� �:UR2"�# >4��- �$��Z�  J#�=E�
� 84��9 � �4V���W� 6

�5�7����4<=�  8��� �K��54� � 342�5- �!�: 6342�5- � �K��54� :����= .��:�O >��4� ����/��S�2  �: �K��54� � :�: J��T�� ��

 UR2150  �� B4=�$ �: ��O��4=UR2"�#  342�5- �!�: J#�= Z��� 6342�5- �$Y��S�2 .��:�O 

5��6.                                                                                                                                   References 

1. Abou El-Magd, M. M., M. F. Zaki and Y. Camilia. 2010. Effect of planting dates and different levels of 
potassium fertilizer on growth, yield and chemical composition of sweet fennel cultivars under newly 
reclaimed sandy soil conditions. J. Amer. Sci. 6(7): 89-105.  

2. Ahmed Baloch, P., R. Uddin, F. K. Nizamani, A.H. Solangi and A. A. Siddiqui. 2014. Effect of nitrogen, 
phosphorus and potassium fertilizers on growth and yield characteristics of radish (Raphinus sativus L.). J. 
Agr. Environ. Sci. 14 (6): 565-569.  

3. Aires, A., E. Rosa and R. Carvalh. 2006. Effect of nitrogen and sulfur fertilization on glucosinolates in the 
leaves and roots of broccoli sprouts (Brassica oleracea var. Italica). J. Sci. Food Agr. 86: 1512–1516 .  

r op n-p m-pkl k-n g-i gh
gh

b-d bc a
h-j c-f i-k

q

0

2

4

6

8

K0 K50 K100 K150
34

2�
5-

P
ot

as
si

um
 (

%
)

342�5- @�R2) 1-hkg.Potassium level (

 E�296
N0

N50

N100

N150

l-o g b-e bk-m f d-f bgh f f efg g h-j j-l

0

2

4

6

8

K0 K50 K100 K150

34
2�

5-
P

o
ta

ss
iu

m
 (

%
)

342�5- @�R2)1-hkg.Potassium level (

 E�297

N0

N50

N100

N150

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

3.
5.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-1

0-
19

 ]
 

                            12 / 15

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.3.5.3
https://journal-irshs.ir/article-1-354-en.html


�� 342�5- � �K��54� �4.�$ ... �O,�� � S�2 :�;��� 6��� 

223 

4. Arancon, N. Q., C. A. Edwards, S. Lee and R. Byrne. 2006. Effects of humic acids from vermicomposts on 
plant growth. Eur. J. Soil Biol. 42: S65-S69.  

5. Birdane, F. M., M. Cemek, Y. O. Birdane, İ. Gülçin and M. E. Büyükokuroğlu. 2007. Beneficial effects of 
Foeniculum vulgare on ethanol-induced acute gastric mucosal injury in rats. World J. Gastroenterol. 13(4): 
607-11 .  

6. Brand-Williams, W., M. E. Cuvelier and C. Berset. 1995. Use of a free radical method to evaluate antioxidant 
activity. Lebensm.Wiss. Technol. 28: 25-30. 

7. Chen, J., Z. Li, M. Maiwulanjiang, W. L. Zhang, J. Y. X. Zhan and C. T. W. Lam. 2013. Chemical and biological 

assessment of Ziziphus jujuba fruits from China: Different geographical sources and developmental stages. J 
Agr. Food Chem. 61(30): 7315-24.  

8. El-Bassiony, A. M. 2006. Effect of potassium fertilization on growth, yield and quality of onion plants. J. Appl. 
Sci. 2(10): 780-785.  

9. El-Bassiony, A. M., Z. F.  Fawzy, M. F. Zaki and M. A. El-Nemr. 2014. Increasing productivity of two sweet 
fennel cultivars by foliar spraying of some bio and organic compounds. Middle East J. Appl. Sci. 4(4): 794-

801.  
10. Ghanjei, B. and A. Golchin. 2012. The effect of different levels of N, K and Mg on yield and growth indices 

of strawberry in hydroponic culture. J. Sci. Thechnol. Greenhouse cul. 2 (8): 71-80. (In Persian) 
11. Ghasemi, E., M. R. Tookalloo and H. R. Zabihi. 2012. Effect of nitrogen and potassium and hiumic acid on 

vegetative growth, nitrogen and potassium uptake of potato minituber in greenhouse condition. IJAPB. 8 (1): 
39-56.  (In Persian) 

12. Heidary, M. and P. Jamshid. 2010. Interaction between salinity and potassium on grain yield, carbohydrate 
content and nutrient uptake in Pearl Millet. ARPN J. Agr. Biol. Sci. 5(6): 39-46.  

13. Jaberian, H., K. Piri and J. Nazari. 2013. Phytochemical composition and in vitro antimicrobial and antioxidant 
activities of some medicinal plants. Food Chem. 136(1): 237-244.  

14. Jackson, M. L. 1958. Soil chemical analysis, Prentice Hall Inc, Englewood Cliffs, New Jersey. United States 
of America, 498.  

15. Khalid, K. A. 2013. Effect of nitrogen fertilization on morphological and biochemical traits of some Apiaceae 
crops under arid region conditions in Egypt. Nusantara Biosci. 5(1): 15-21. 

16. Khamadi, F., M. Mesgarbashi., P. Hasibi., M. Farzaneh and N. Enayatzamir. 2016. Influence of crop residue 
and nitrogen levels on nutrient content in grain wheat. Agron. J. 108: 158-166. (In Persian) 

17. Koksal, E. and I. Gulcin. 2008. Antioxidant activity of cauliflower (Brassica oleracea L.). Turk. J. Agr. For. 
32 (1): 65-78.  

18. Kumaran, A. and R. J. Karunakaran. 2006. Antioxidant and free radical scavenging activity of an aqueous 
extract of Coleus aromaticus. Food Chem. 97: 109-114.  

19. Leser, C and D. Treutter. 2005. Effects of nitrogen supply on growth, contents of phenolic compounds and 
pathogen (scab) resistance of apple trees. Physiol. Plant. 123: 49–56.  

20. Marschner, H. 2012. Mineral Nutrition of Higher Plants, Third Edition, Academic Press, London.  
21. Mathew, S. and T. E. Abraham. 2006. In vitro antioxidant activity and scavenging effects of Cinnamomum 

verum leaf extract assayed by different methodologies. Food Chem. Toxicol. 44: 198-206.  
22. Motesharezadeh, B., M. Zarbizadeh., G. R. Savaghebi., M. Delshad., M. Hosseyni and F. Bekhradi. 2017. 

Effects of different levels of Calcium nitrate on some Morpho-physiological and nutritional traits of tomato 
(Solanum lycopersicum Mill.). IJHS. 48 (3): 535-544. (In Persian) 

23. Nguyen, P. M., E. M. Kwee and E. D. Niemeyer. 2010. Potassium rate alters the antioxidant capacity and 
phenolic concentration of basil (Ocimum basilicum L.) leaves. Food Chem. 123: 1235–1241.  

24. Oktay, M., I. Gulcin and O.I. Kufrevioglu. 2003. Determination of in vitro antioxidant activity of fennel 
(Foeniculum vulgare) seed extracts. Lebensm. Wiss. Technol. 36: 263–271.  

25. Olsen, S. R., C. V. Cole, F. S Watenabe and L. A. Dean. 1954. Estimation of available phosphorous in soil by 
extraction with sodium bicarbonate. U. S. Department of Agriculture, Cris. 939. USA.  

26. Phuong, M., E. M.  Nguyen and E. D. Niemeyer. 2010. Potassium rate alters the antioxidant capacity and 
phenolic concentration of basil (Ocimum basilicum L.) leaves. Food Chem. 123: 1235– 1241.  

27. Radi, M., M. Mahrouz, A. Jaouad and M. J. Amiot. 2003. Influence of mineral fertilization (NPK) on the 
quality of apricot fruit (‘Canino’). Effect of the mode of nitrogen supply. Agro. 23: 737–745.  

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

3.
5.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-1

0-
19

 ]
 

                            13 / 15

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.3.5.3
https://journal-irshs.ir/article-1-354-en.html


����;�# � "���� 

224 

28. Randle, W. M. 2000. Increasing nitrogen concentration in hydroponics solutions affects onion flavor and bulb 
quality. J. Amer. Soc. Hort. Sci. 125(2): 254-259.  

29. Sady, W., S. Rozek, M. Leja and A. Mareczek. 1999. Spring cabbage yield and quality as related to nitrogen 
fertilizer type and method of fertilizer application. Acta Hort. 506: 77-80.  

30. Singleton, V. L. and J. R. Rossi. 1965. Colorimetric of total phenolics with phosphomolybdic– 
phosphotungstic acid reagents. Amer. J. Enol. Viticult. 16: 144-58.  

31. Vaziri, Z. H., A. Salamat., M. Ansari., M. Masihi., N. Heydari and H. Dehghani Sanich. 2008. 
Evapotranspiration plant (water consumption guidelines for plants) (Translation). Publications of the National 

Committee of Irrigation and Drainage, printing, Tehran. (In Persian) 
32. Zeinab, A. S., K. E. Farouk, A. G. Alaa and F. Z. Mohamed. 2015. Antioxidant activities of phenolics, 

flavonoids and vitamin C in two cultivars of fennel (Foeniculum vulgare Mill.) in responses to organic and 
bio-organic fertilizers. J. Saudi Soc. Agr. Sci. 14: 91-99. 

 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

3.
5.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-1

0-
19

 ]
 

                            14 / 15

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.3.5.3
https://journal-irshs.ir/article-1-354-en.html


�� 342�5- � �K��54� �4.�$ ... �O,�� � S�2 :�;��� 6��� 

225 

Iranian Journal of Horticultural Science and Technology 21 (2): 211 - 224 (2020)  

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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