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Abstract. Fennel is a medicinal plant; all of its parts were being used by humans in different ways. This plant is 

relatively sensitive to salinity. A factorial experiment as a randomized complete block design with three replications at 

the greenhouse level was executed to investigate the effect of vermicompost on the increase of salinity tolerance in four 

fennel populations (Mashhad, Urmia, Shiraz, and Bushehr) in the vegetative stage of the plant, emphasizing the 

evaluation of some osmotic and antioxidant protection indicators. Experimental treatments were designed with four 

levels of salinity (0, 40, 80, and 120 mM of NaCl) and two levels of vermicompost (0 and 5% v/v). After harvesting, the roots  
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were separated from the stem to analyze the biochemical variables. Salt stress caused a decrease in the total soluble sugar and 

starch content in the shoot and an increase of those in the root of the studied populations. In addition, under stress conditions, 

the proline content of shoot and root, total free amino acid, total phenol, and activity of guaiacol peroxidase and catalase 

were increased in fennel populations, while total soluble protein and anthocyanin content were decreased. 

Vermicompost treatment increased the content of soluble carbohydrates, soluble protein, free amino acids, proline, total 

phenol, and anthocyanin, and decreased the activity of guaiacol peroxidase in the shoot, as well as the starch content in 

the roots of fennel populations under non-stressed and stressed conditions. Despite observing the complexity in the 

changes of the analyzed indicators which were dependent on the type of population and the dose of stress, our results 

showed that the application of vermicompost with a concentration of 5% can improve the osmotic and antioxidant 

protection in the studied populations of fennel under salinity stress. 

 

Key words. anthocyanin, catalase, guaiacol peroxidase, organic fertilizer, osmotic protector  
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Table 1. Some characteristics of vermicompost and soil used in the experiment. 

Zn 

(ppm) 

Fe 

(ppm) 

Ca 

(ppm) 
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(ppm) 
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(ppm) 

N 

(ppm) 

OC 

(ppm) 
EC (dS m–1) Sample 

127 15100 52000 15900 22200 15400 158700 7.68 VC 

0.14 0.08 0.0108 136.4 4.3 10 150 3.81 Soil 

0.22 0.36 0.0184 390 15.62 90 990 4.87 
mixture of 

VC & Soil 

EC��.$&!.�� "$��= : OC��@ 93&> :  

EC: electrical conductivity; OC: organic carbon 
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Table 2. Mean comparison of the effect of vermicompost and salinity stress interaction on soluble sugar, starch and 

proline content of fennel landraces. 

Fennel 

landraces 

VC 

Conc. 

Salinity 

Conc.    

(mM 

NaCl) 

Shoot 

soluble 

sugar 

(mg/gFW) 

Shoot 

starch 

(mg/gFW) 

Root 

soluble 

sugar 

(mg/gFW) 

Root 

starch 

(mg/gFW) 

Shoot 

proline 

(μmol/gFW) 

Root proline 

(μmol/gFW) 

  0 2.269 jk 2.430 gh 4.040 lm 2.748 m-q 1.346 i-l 6.312 l-o 

 0 40 1.748 no 2.530 g 6.015 def 3.337 l-o 2.270 hi 7.696 jkl 

  80 4.130 b 2.424 gh 4.236 j-m 6.417 b 5.233 e 11.66 ghi 

Urmia  120 2.374 hij 2.089 jkl 4.536 h-l 2.688 n-q 7.003 d 25.360 a 

  0 2.619 ef 2.138 i-l 4.867 g-l 1.481 t 4.502 ef 5.194 m-q 

 5% 40 2.399 g-j 2.115 jkl 3.551 mn 1.705 st 4.809 e 4.709 opq 

  80 3.965 b 2.008 l 4.385 h-m 2.631 opq 11.70 a 4.886 n-q 

  120 2.588 efg 1.277 n 4.245 j-m 1.910 rst 11.81 a 5.926 l-p 

Shiraz 

0 

0 2.058 lm 3.191 cd 3.111 n 3.464 j-m 0.65 kl 6.849 klm 

40 1.243 p 4.452 a 7.091 b 3.826 i-l 1.693 ij 15.39 c 

80 4.643 a 2.968 ef 5.853 d-f 4.411 ghi 3.658 fg 11.35 hi 

 120 2.467 fgh 1.495 m 4.955 g-k 5.393 cde 3.578 fg 23.32 b 

5% 

0 3.428 c 2.050 kl 4.748 g-l 2.401 qrs 4.502 ef 13.43 d-g 

40 2.536 e-h 1.676 m 6.652 bcd 2.600 pqr 6.810 d 8.927 j 

80 4.715 a 1.670 m 5.269 fgh 2.083 q-t 8.427 c 14.89 cd 

  120 2.664 e 1.559 m 5.158 f-i 3.233 l-p 8.196 c 2.116 st 

Bushehr 

0 

0 2.464 f-i 2.908 ef 6.173 cde 4.169 hij 0.4997 l 3.886 qrs 

40 1.916 mn 3.395 b 5.247 fgh 4.405 ghi 1.462 ijk 8.427 jk 

80 2.575 efg 2.267 hij 4.317 i-m 4.664 fgh 3.078 gh 12.47 f-i 

 120 2.009 lm 2.238 h-k 7.072 b 3.376 k-n 3.809 fg 11.35 hi 

5% 

0 2.953 d 2.822 f 5.450 efg 6.469 b 4.886 e 4.271 pqr 

40 2.058 lm 2.331 hi 4.378 h-m 7.428 a 7.041 d 6.695 k-n 

80 3.569 c 2.197 i-l 4.210 klm 6.042 bc 8.349 c 7.003 klm 

  120 2.413 g-j 2.157 i-l 3.543 mn 4.076 h-k 10.23 b 2.847 rs 

  0 2.274 ijk 3.089 cde 6.974 bc 4.951 d-g 1.154 jkl 5.464 m-q 

 0 40 1.581 o 3.251 bc 6.011 def 6.427 b 2.193 hi 10.77 i 

  80 1.742 no 3.000 def 9.011 a 5.331 c-f 3.732 fg 13.70 c-f 

Mashhad  120 1.571 o 2.888 ef 6.454 bcd 4.417 ghi 6.464 d 22.28 b 

  0 3.021 d 2.924 ef 5.120 f-j 5.603 cd 3.771 fg 6.849 klm 

 5% 40 1.960 lm 2.076 jkl 4.748 g-l 5.635 cd 4.771 e 14.55 cde 

  80 2.487 e-h 1.561 m 4.575 g-l 5.882 bc 8.388 c 12.97 e-h 

  120 2.108 kl 1.541 m 4.173 klm 4.690 e-h 9.658 b 0.5381 t 
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In each column, the averages that have at least one letter in common are not significantly different according to 

Duncan's multiple range test (p ≤ 0.05) . 
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Table 3. Mean comparison of the effect of vermicompost and salinity stress interaction on phenolic metabolites, free 

amino acids, total protein and activities of catalase (CAT) and peroxidase (POX) enzymes in the shoot of fennel 

landraces. 

Fennel 

landraces 

VC 

Conc. 

Salinity 

Conc.    

(mM 

NaCl) 

Total 

phenol 

(mg/gFW) 

Anthocyanin 

(M/gFW) 

Free 

amino 

acids 

(µg/gFW) 

Total 

protein  

(mg/g 

FW) 

CAT 

activity     

(U/Protein) 

POX 

activity     

(U/Protein) 

  0 0.070 t 2.060 klm 58.85 mno 384.1 h 0.057 k 0.018 gh 

 0 40 1.900 s 1.575 m 96.90 c-f 260.0 klm 0.096 f 0.058 e-h 

  80 4.500 klm 3.202 hi 78.13 h-l 236.6 lmn 0.053 l 0.096 d-g 

Urmia  120 4.467 klm 2.929 ij 83.71 f-k 125.7 p 0.136 b 0.159 cd 

  0 2.367 qrs 2.474 jk 63.42 lmn 837.5 d 0.039 r 0.004 h 

 5% 40 3.400 nop 2.262 kl 101.5 b-e 726.1 e 0.088 g 0.013 gh 

  80 9.000 c 4.676 de 89.29 e-i 449.4 g 0.047 n 0.030 gh 

  120 14.600 a 5.474 bc 94.88 def 371.4 h 0.106 e 0.023 gh 

Shiraz 

0 

0 3.067 o-r 4.050 fg 56.32 no 597.2 f 0.039 r 0.042 fgh 

40 3.833 mno 2.969 IJ 73.57 j-m 354.8 hi 0.108 d 0.086 d-h 

80 5.900 hij 5.101 cd 70.01 k-n 272.1 kl 0.040 qr 0.136 cde 

 120 4.467 klm 3.262 hi 63.93 lmn 190.0 no 0.022 x 0.163 cd 

5% 

0 13.230 b 5.161 cd 74.58 i-l 1040. a 0.028 u 0.007 gh 

40 8.367 cd 3.515 gh 114.2 ab 961.4 b 0.067 i 0.010 gh 

80 5.967 hi 6.979 a 85.24 f-j 859.2 cd 0.045 o 0.017 gh 

  120 5.100 ijk 5.787 b 94.37 d-g 311.9 ijk 0.038 s 0.042 fgh 

Bushehr 

0 

0 3.467 nop 4.030 fg 25.37 q 564.4 f 0.013 z 0.059 e-h 

40 6.667 fgh 2.060 klm 83.21 f-k 392.6 h 0.079 h   0.132 cde 

80 6.367 gh 4.404 ef 64.43 lmn 236.2 lmn 0.015 y 0.324 b   

 120 6.500 fgh 3.000 hij 77.12 i-l 132.9 p 0.013 z 0.737 a 

5% 

0 7.667 de 3.929 fg 41.60 p 996.1 ab 0.043 p 0.011 gh 

40 7.467 def 3.202 hi 110.1 abc 726.5 e 0.051 m 0.019 gh 

80 7.167 efg 5.040 cd 119.2 a 615.3 f 0.022 w 0.037 fgh 

  120 6.633 fgh 3.949 fg 104.5 bcd 333.7 hij 0.053 l 0.086 d-h 

  0 2.133 rs 3.010 hi 46.17 op 455.3 g 0.023 v 0.018 gh 

 0 40 5.167 ijk 1.990 klm 79.65 g-k 285.4 jkl 0.066 j 0.073 e-h 

  80 4.967 jkl 3.534 gh 56.32 no 209.8 mn 0.033 t 0.207 c   

Mashhad  120 3.300 n-q 1.777 lm 57.84 no 115.5 p 0.088 g 0.294 b 

  0 2.533 p-s 3.787 g 97.88 c-f 901.6 c 0.040 q 0.004 h 

 5% 40 5.900 hij 2.797 ij 92.34 d-h 308.6 ijk 0.133 c 0.041 fgh 

  80 5.833 hij 4.878 de 120.8 a 288.1 jkl 0.043 p 0.056 e-h 

  120 4.067 lmn 4.454 ef 87.77 e-j 144.5 op 0.176 a 0.118 def 
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In each column, the averages that have at least one letter in common are not significantly different according to 

Duncan's multiple range test (p ≤ 0.05) . 

 

 IB3  *!/���  )�1+�  %  I$�1J�  *�$
 )  9+~�b  ?
�
  
  �$��=40  

 ��+� �  
c�NaCl ."J�$ I=�> &6c�3 ?
�
 
  % I$�1J� (  \=  9+0N

;&� 9$� 
 IB3 7���� �0: )�1+� *�?
�
 
  �$��=  % c�3 ?�=

"+M�� 
  ?
�
 9+$�b P�V/ 
  *�$
 7���� �0: )�1+�  ?�=

"+M�� 
  % I$�1J� ��&+
 % *+�%
�  I=�> �L�� % &L
�3 ?�=

"+M��  c��!;�  9$�&3�03  ."J�$
  %  *+�%
�  ?�=  *3  "5#�  ��&+

 H��!�  ?
�
  I06  &6�0!#=��  *!
l'  ��p+p�6  .��  )�  �= 

�+6��r  *>   �� 7���� ?�=�0: ?��!�� ?
�
 *3 H��!� ?�=

�� I$�1J� �
) �0= Yin et al., 2010.( 

 )  �+
�> 	�+' ?%
 &3 *> �/
&3  
 L. Kochia scoparia (    ,�Z��

 ���  ��
�+=�3&>  ?��!��  I$�1J�  �*!J&'  
  7� *��'  ��&3  %  �=

 *��'  ��&3  
  �0:  ?��!��  I=�> <
�1'  &�$  ?�=    "/�  	�


 )Nabati et al., 2019 *3 .( �� &_� "+M�� �$@  *+�%
� % ��&+
 ?�=

 7�.���  1+�%
�+=  %  R$&B6  \#+��.�  m$&Q  �� "

  ?�=  �0���  &6

 	 �/ ?�0: ��5+>&6 *3 )@ H$�56 % *!/��� ��0� R5/ �&6  )�
 &6

 \>  *Z+!�  
  %  ?1�/�  H+#��!b 06  %  q@  H+#��!b  )�
  &6  \+_

 7��/  
  ?1�/� 	�
   ��  ?�=  �H�!��  \#+��.�  ^$  �Q  .���

 "+M�� 
  7���� ?�=�0: ?��!�� I=�>  �
 �L�� % &L
�3 ?�=

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
36

33
0.

14
02

.1
0.

2.
4.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 n

de
a1

0.
kh

u.
ac

.ir
 o

n 
20

25
-1

1-
24

 ]
 

                             8 / 14

https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.2.4.9
https://ndea10.khu.ac.ir/nbr/article-1-3603-en.html


*!J�$ 
  9$�� ?�= ��� ��!#$� ,��-10 	
��
 �2 :142 -129 )1402 (Nova Biologica Reperta 10(2): 129-142 (2023)                                                     

 

  137/137 

 

 �� ?  "+5�6  I=�>  *3  )��6  h��Z� 
  %  H+J%&�>  %  93&>�+#>�

  I06  ."#��  `56&�  
�
  `$�&
  
  ?1!0/�!J  �$�
�>  I=�>

 ��$�lf &��0- ql� 
  "$ %��� m$&Q �� ?
�
    H3�: q@  �5�>

 ��&3 "+�/ % 	 ��!/�    % ����/ �

 �
�: I=�> R5/ �&��0-

 �� 1!0/�!J  %  �&3  UV/ I=�>  *Z+!�  
   d-�3   
��� 9$�  .  &'

 ��
�+=�3&>  I=�>  	�+'  �

  I=�>  *Z+!�  
  %  ?�+��6  ?�=

 �� )  �
Enferad et al., 2004 ( .    

   ��
% 
��+6 9+3  9$�  
 ��p� I$�1J�  d-�3 "/�K�>  ?�=�0: 


IB3 H> 7���� 7������  ?�=�0:  
��p�  &!�+3  I=�> %  �$��=

 IB3  H>  ."/�  	�
  *�$
  7������  %  7����  ?�=�0:  %  �$��=

�/
&3+FT6  *!
l'  ?�=��
%  
��+6  & 
��p�  I$�1J�  &3  "/�K�>

 IB3  7����  ?�=�0:  	�+'  �$��=Matricaria chamomilla 

L.  � �.�� I06 �0��� ?1�/� I06 ^$ "�6 "/� 	 &> ��5F

)Salehi et al., 2016(  .  	�
 
��+6 )�=�+' 
  &!�+3 �0: "_�f

��
%  �3��  "/�K�>*3  ����6  
  �$�lf  \L�  &��0-  9+�T6  "�-

  ?�
�  *> ?%
 % \+/�!b &+_� ?&��0- .�
�3 1!0/�!J \#+��3�!�

Ip�\$1�@  ?�&3  ��$1�@�>  %  ?
�!��/  ?�= ?1!0/�!J  ?�=

$�1J�  d-�3  *>  �0!#=  1!0/  m�%
  %  ?1!0/�!J  �$�
�>  I

��
�+=�3&>��  �= )  ���
Ashok et al., 2008; 

Hemantaranjan, 1996  
  �=�0:  9$�  ">&
  *!5��  .(

I0>�%A�!B� ?�=  I0>�%)��  (���&5�  ?�=  I=�>  d-�3  ����6

IB3  *!/���  ?��!����   �L0�+b  9+0a�=  . �
  �$��=   �


 ��
% *>  �V$�&
1J�  "L� *3  "/�K�>3  %  q@  ql� I$�   �5L

��  ���3 	�+' ?�&3 ���M� *$le6 `$�&
��  
%@�3 d-�3 ����6 -

 7���� ?�=�0: 
��p� I$�1J�  "L� 
  )�=�+' *�$
 )�
 ��+�

�0M�  &++e6  ,�-  �$  I=�>  ?�&3  ��+�  *>   �
  ?��!��  
� 

�� *�$
 H��  7���� ?�=�0: .�
�3  

     �`+��  
  ^��  "_�f  I$�1J�  �3  h��Z�  
  &!�+3  v�Z6

IB3  
  9+�%&b "+M��  ,��6  *�$
  %  �$��=  
��  *��$��
  ?�=

��  	�=���  *M��V�  ��&++e6   
��  
  D�5$&p6  ����  9+�=  . �


�0+�@ ?��!��  	 �  )��� ��M��V� .�
 	�=��� \=  ��@ ?�=�+/�

  I$�1J� d-�3 ?
�
 I06 �0��� ?1�/� I06 ^$ �%&3 *> "/�

9+86%&b 1+�%
�+=1J� % �= &+_�  ��@ ?�=�+�@ % �=�+/��0+�@ I$�

��  9+�%&b  ?1�/�  "X��;  I$�1J�  *3  ���$�
  ^�>  *>   �


�� I06 "�6 )�=�+')  �
Zlatev & Yordanov, 2004(.   
 

 �+6��r  
  9+�%&b  
��p�  I$�1J�  �	�
  ,�Z��  I=%sb  ^$  ?�=

  	�=��� `+�� 
  ?
�
 I06 "�6  1$ % )�
�> �*+�%
� *��$��


)  �
Shafeiee & Ehsanzadeh, 2019  g$�!�  �3  mJ���  .(

 `$�&
  "�6  *��$��
  	�+'  
  9+�%&b  
��p�  I$�1J�  �	��@  "/�3

)  "/�  	�
  <
�1'  
�
Ashraf & Akhtar, 2004(  .  v�Z6

*3  ^��  �$�
  I06  "�6  9+�%&b *+�%�  �/�b  ?s6�&!/�  )��0-

  	�+'Egeria densa  "/�  )Sithtisarn et al., 2023.(  �1J� I$

 "+M�� 
  9+�%&b)��� *��$��
 ?�= 
  9+�%&b "5�� Ip� 	�0= 

  )���  ��M��V�  ��!/�
  9+�=  
  ."/�  ?
�
  *3  H��6  I$�1J�

IB3 9+�%&b 
��p� I$�1J� 
  �+6��r h�� *> "/� 	 �   % �$��=

) "/� &Fu� ?
�
 *3 H��6 I$�1J� *Z+!� 
 Abdel Rahman 

et al., 2013�f  ?
��$�b  I$�1J�  .(  �?1�/�  "X��;   �Z$�  ���

\$1�@  
�!��/ ��; 
  ��%&b�N Ip�  �5$&B6 ��&F�  I=�> %  �=

 )�$
  I06  �3  *�3�p�  
  9+�%&b  ��&F�  	��-  �= )�=�+'  
  ?
�  

) "/�Singh et al., 2015(.    

     )���  &o�;  *M��V�  g$�!� %  9+�%&b  
��p�  I$�1J�  	�0= 

 +/��0+�@IB3   ��@  ?�=� "+M��  �$��= �
  ?�= 
��+6  "�6  *��$�

 ��
%  ?
�
 I06 %  I06  �:�J  `$�&
 %  &=  
  "/�K�> "/� .

 ��
% 
��+6 *�$
 9+�%&b 
��p� &3 I06 )%�3 `$�&
 
  "/�K�>

 "+M�� *3)  *��$��
  ?�= 
  ���  �"
���  ?&+FT6  (��&+
  "+M�� 1�

 ��M��V�  
  . �  I=�>  �
  &!��
�b  9$�  ?
�
  I06  �3  *L����

  9+�+b �  )�����
% *> "/� 	�
 	  *3 &Z0� *!#���6 "/�K�>

 *��'  
  9+�%&b  ?��!��  I$�1J� )  ���&JChinsamy, 2013 (  %  

 )  �J%&6��.LJatropha curcas  (   )Saraf., 2013& Patel   (

 ��
% .  &' \#+��'
�%&.+� 
�t; *3 *��6 �3  "/�K�> H��  ?�=

  �3  )@ &+FT6    	�+'  ?�&3  E&!/  H3�:  )r%&!+�  I$�1J�  &3 �� ����6

  �
 	�+' 
  9+�%&b *��� ��  ��@ ?�=�+/��0+�@ I$�1J� &3 ��+� 

 )Atik, 2013.(  9+�%&b  *�  �L06  *3^$  )��0-   "_J���	�00> 

 ?1�/�   �"/�  *.�3   ?�
�    ����  �!�@   ����+#>�   1+�   �� %  �
�3

9$�&3�03  9.��   "/�   *3   	�+'  �0>  ^�>   �6   ��&F�   I06   ?
�
  �
 

I=�>  ) �= Gurpreet et al., 2022 (.  

   "+��3�!� ��  �=%&' ���0J  ��5+>&6*3 *> �0!#= *$���F  ?�= -

	%&' 
�t; "�-  �� 
�!��/ 
  H+#>%
�+= % H+#>�3&> ?�=

"+��� ?�
�   �!�@  ?�:  ����+#>��0!#=  )Gholami et al., 

2018.(  "+M�� H> 7�0J )�1+� *>  �  )��� g$�!�  A�!B� ?�=

/  �3  *L����  
  *��$��
 )�1+�  ���  �"J�$  I$�1J�  ?
�
  P�V

?
�V3  �"
���  �WB��  ��%
  9+��+/�!�@  ?
�
  
  *>80  

��+�  
c��NaCl  "+M��  
   
  %  I$�1J�  ��&+
  %  *+�%
�  ?�=

  P�V/40    %120  ��+�  
c��NaCl  "+M��  
  ���&+
  ?�=

  �	��@  "/�3  g$�!�  �3  *3���  ."J�$  I=�>  �L��  %  &L
�3

$�1J�  *!
l'  ��M��V���5+>&6  I  ���0J   %  ?�+~��%kJ   
  �
  

)  ���&J  &�0>  )�=�+'Rezazadeh et al., 2012(  ، �$�


)Setayesh Mehr et al., 2012%  (  )  ,� �3Sorkheh et al., 

2012&3  ."/�  	 �  )���  (  I06  I=�>  *!
l'  ��p+p�6  ��

  �+6��+#>� *3	s$%    v�Z6  ��  �
��  ?�+K+�  )�+/��+#>�&b

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
36

33
0.

14
02

.1
0.

2.
4.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 n

de
a1

0.
kh

u.
ac

.ir
 o

n 
20

25
-1

1-
24

 ]
 

                             9 / 14

https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.2.4.9
https://ndea10.khu.ac.ir/nbr/article-1-3603-en.html


^+3?1+�
�� .)�
�.�= % *��$��
 �3�$�
� ?
�
 
��+6 "�6                                       Beyk-Khormizi et al. Evaluation of fennel under saline treatment  

 

138/138 

 

*$c  
  9+��+/�!�@= �3  9+��+/�!�@  I$�1J�  {�56
�  %  ��
�+b�  ?�

	�>)�$  &!L3  ?�03  �%&3  �Q  H~�>�%  )%
  \$�/  %  &�>  ?�=

I06	 &> <
�1' �
 ?
�
 *��� �� �V+�� ?�=) ���Mittler, 

2002; Hare & Cress, 20079$� �3 .( 9+��+/�!�@ I=�> 7�;

?
�
 
 "+M�� 
  c�3 ?�=�� �
 �/
&3  
�� ?�=3 )��6  ,�- *

 *$c  
  "+��3�!�  9$�  v�Z6  %  �&3  %  H+J%1�  ��V/  ?�=

*$c  *3  ?1!0/�!J  7�MJ  ?�=�6&b  &!�+3  )�+/
  9$�&3�03 ?�=

 �&3  �p�-   �  "5#�  �=)Ahmed et al., 2009t;  
  .(  
�

��
%*3 "/�K�>"+M�� 9+��+/�!�@ % H> 7�0J )�1+� ��$�L06-

*3)  *��$��
  ?�=1�    I$�1J�  (�L��  "+M��\=&3  g$�!�  ."J�$ -

��
%  I0>)���  1+�  ?
�
 I06 %  "/�K�>  *>   �3  )@  	�0= 

"+M��  
  H>  7�0J  I06  �3  *L����  
  ��&+
  %  *+�%
�  ?�=

��
% 
��+6 
  ?
�
  9$� ��� ��0!J�$ I$�1J� "/�K�>&!��
�b   
 

"+M�� "�6 �L�� % &L
�3 ?�=&+FT6  ��
% H3�p!� &F� "/�K�>

��  
�&:  ?
�
  I06  %\=  .�0!J& 
�t;  �*�;&�  9$�  
  9+0N

��
% 9+��+/�!�@  I$�1J�  R5/  
�
  `$�&
  
  "/�K�>

"+M��  "/�  	 �  )���  ��p+p�6  .�$ &'  *M��V�   
��  ?�=  *>

  
  )r%&!+�  *3  93&>  "5#�"+��3�!�  �+��693&>  ?�=  &+_�  
� 

  ��0J ��5+>&6  &Fu�) "/�Gholami et al., 2018(.     �> 1+���@

��
%�> �
  )r%&!+�  *3  93&>  ?c�3  "5#�  	 ��!/�   
��  "/�K

 ��  )���  %  �=�+~��%kJ  �0���  ��0J  ��5+>&6  1!0/  *>  �= 

�� I$�1J�  �
  9+��+/�!�@  �
  I06  �%&3  �Q 	�+'  "�%�p�  %  �= 

��  I$�1J�)  �= Gholami et al., 2018 )�1+�  9$&!�+3  .(

 ��
% �3 
��+6 �� �M3 *3�N
�� 
  ���0J ��5+>&6 H��; "/�K�>

)  �
Theunissen et al., 2010  %  ? �&���  ?�=
��+6  .(

��
%  I0.�=&3 )�1+� I$�1J�  R5/ �+/�  ^+��+= %  "/�K�>

) �
 ���0J ��5+>&6Gholami et al., 20189+0a�= .(  I$�1J�

 <
�1'  "/�K�> 
�t; 
  ���&J  ��6  	�+'  9+��+/�!�@  )�1+�

) "/� 	�
Wang & Lin, 2003(.  

   K/  �Q"+M��  ��$%
  �

  ��  *!�=  g0b  )�
  ?& ?�=

  �
 H> 9+86%&b  
��p�  �$�
 I=�> d-�3  ?
�
 I06 �*��$��


  I=�>  9$�  *>*3	s$%  ?
�
  
   ?�=120  ��+�  
  %  
c��

 "+M��"+M�� �� &!�+3 �L�� % &L
�3 ?�= ��&+
 % *+�%
� ?�=

 *!#3�% 
�!J
 ^$ "�6 9+86%&b 1!0/ �� "M���� �� �>�; *>  �3  

��  "+M��  h��  %  ?
�
  �%  *3m3�V�  .�
�3   �3  g$�!�   *M��V�  

�&o�;   I=�>   �0M�
�    ?��!��  9+86%&b   H>   
   `$�&
  
�
 

<
�1'  	�
  "/�  )Zarandi-Miandoab et al., 2021(  �3  .

9+86%&b  
  ?r&��  G&W�  *3  *��6 9+86%&b  1!0/  )�=�+'  �?��/

��  %���  �� ?�p3 "L� 
  �
 I06 "�6  .����/ 
  9+0a�=

 7�.���%&>�� *$1Z6 I06 ?c�3 ?�=�% *3 9+86%&b �0��� �=  "�-

7�.$ �
  v�Z6��  I$�1J�  1+�   ��@  ?�=  d-�3  c��!;�  *>  �3�$

�� 9+�%&b *��� ��  ��@ ?�=�+/��0+�@ ?��!�� I$�1J�)  �
El 

Moukhtari et al., 2020.(  ��
%  I$�1J�  d-�3  "/�K�>

H>  7����  9+86%&b  ?��!��    I06  %  I06  )%�3  `$�&
  "�6

  ��  �*3���  g$�!�  .�$ &'&+FT6  ��
%  
��+6  I$�1J�  &3  "/�K�>

  	�+'  
  H>  7����  9+86%&b  ?��!��Zingiber officinale     

)  ��@  "/�3Ahmad et al., 2009; Srivastava et al., 

2012*3 .(�� &_� ��
%  �> �$@ ) &> \=�&J *3 *��6 �3 "/�K�>

> q@ ?��!��  ��  &��0-   �$� &$ �p� 
�t; �*�$
 G�&Q� 
  �J�

\#+��'
�%&.+�  ?�&3  R/�0�  &!#3   �Z$�  %  )r%&!+�  *���  ?�=

��  "#$1�= 
  9+86%&b  ?��!��  I$�1J�  	�00>��p��  ^$  ����6

   .�
�3 I06 )%�3 % ��06 `$�&
  

   ?
�
  I06  ?��!��   *��' ?�=  7�MJ  )s+#>�  )ROS( �
   
   

 7��/?�=  �=�+'  �1J�I$  ���=   %  I06  �+6��+#>�    �Z$�  

��&+F�6  .�0>   ��/  ROS  )�+/��+#>�&b  &3  �?�+K+�  R$&B6 

���f  %  9+0a�=  &3  R+/@  DNA  %  9+86%&b  "/�.  )El 

Ghazali, 2020(.    ?&�3%
��ROS  *3 �
 ?
�
 *3 H��6 *�+/%

\$1�@  "+��MJ  ?�p���!�@  ?�=  �+#>�&b�/  &+_�  )��+#>�

>�&b  7�>�$�'  ���6��#$ ��  I$�1J�  �c�6�>  %  ���+#  �= 

)Ibrahim et al., 2015  .( *>   �  )���  &o�;  *M��V�  g$�!�

"+M��  
  �c�6�>  \$1�@  "+��MJ  )�1+� 
  �L��  %  *+�%
�  ?�=

 P�V/ 
  &L
�3  "+M�� 
  ���$�1J�  ��%
  ?
�
 P�V/ *�=

 
  ��&+
  "+M��  
  %  ��$�1J�  ��%
  `/�!�  %  9+$�b  ?
�


�b ?
�
 P�V/  ��=�> ��%
 c�3 ?
�
 P�V/ 
  % ��$�1J� 9+$

9$� �3 ."/� *!
�  ���+#>�&b 7�>�$�' \$1�@ "+��MJ I$�1J� 7�;

"+M��  ,��6  
  I$�1J�  �3  �=    ��%
  `+��  
  ?
�
  P�V/

1J�  
  *> *a�@ *3��� D�5$&p6 % �!/�
 9+�= 
  ."/� *!
�  ��$�

  *!
l'  ��M��V�  �"/�  	�
  	�=���  ��&+
  "+M��  	 �  )���

3 `/�!� ?
�
 P�V/ *>  	�
 �c�6�> \$1�@ "+��MJ I$�1J� d-�

���; 
  �"/�  \$1�@ "+��MJ I=�> R5/ ?
�
 ?c�3 P�V/ *>

)  "/�  	�
  �c�6�>Chen et al., 2014; Banakar et al., 

20229$�  �3  .(  I06  *>  "/�  	 �  )���  ��p+p�6  ��&3  7�;

> \$1�@ "+��MJ I$�1J� d-�3 ?
�
 
  ���+#>�&b 7�>�$�' % �c�6�

"_�f)  "/�  	�
  `+��  
  c�3  ^��  ?�=Afkari, 2018; 

Carrasco-Rios & Pinto, 2014(  3 g$�!� �3 m3�V6 
  *>  "/�

 MJ  ��&++e6   
��  
  	��@"+M��  
  �c�6�>  \$1�@  "+��  ?�=

��
%  &3
�>  ."/� 	 �3  �L�� % *+�%
�*3  "/�K�>  �$�L06&+FT6 

&3  �WB��    
  �c�6�>  \$1�@  "+��MJ  ��%
"+M�� A�!B�  ?�=

*3  "
���  *��$��
?
�Q��
%  
�t;  *>  "J�  d-�3  "/�K�>

"+M�� 
  ��$1�@ "+��MJ "+��MJ I$�1J� % ��&+
 % *+�%
� ?�=

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
36

33
0.

14
02

.1
0.

2.
4.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 n

de
a1

0.
kh

u.
ac

.ir
 o

n 
20

25
-1

1-
24

 ]
 

                            10 / 14

https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.2.4.9
https://ndea10.khu.ac.ir/nbr/article-1-3603-en.html


*!J�$ 
  9$�� ?�= ��� ��!#$� ,��-10 	
��
 �2 :142 -129 )1402 (Nova Biologica Reperta 10(2): 129-142 (2023)                                                     

 

  139/139 

 

 "+M��  
  ��$1�@  ��%
  9+0a�=  .�$ &'  �L��  %  &L
�3  ?�=

 
%  %  ?
�
  I0.�=&3  �Q  �c�6�>  \$1�@  "+��MJ  ��&++e6 ��-

  
��+6  . �3  &+e!�  ?
�
 UV/ %  "+M�� h��  *3  *!#3�%  "/�K�>

 ��
% *3 "/�K�> �0M� ��&++e6 R5/ �$�L06  \$1�@ "+��MJ 
  ?
� 

 >�&b  7�>�$�'  
  ���+#4   �/
&3   
��  "+M��    �Q  ��%  ���

  .�$ &' ���+#>�&b  7�>�$�'  "+��MJ  7%1�  d-�3  ?
�
 �3  I0.�=&3

 �� )�+3  	��@  "/�3  g$�!� >  �0>  * &+FT6   ��
%  "+��MJ  &3  "/�K�>

  ��M��V� ."/� "+M�� h�� *3 *!#3�% ��%
 ^$ ?�
�  �c�6�> \$1�@

  *>  "/�  	 �  )���  *!
l' &+FT6   ��
%  
��+6  )�=�+'  &3  "/�K�>

  "�6 FT6 &+   )  *��'  *3  *!#3�%  ��%
  ^$  ?
�
  I06Xu et al., 

2016 ( � ) I06 �%&3 )��� ��� % �%  �	�+' �

 *�;&�Xu et al., 

2016; Akbari et al., 2020 (    "/�3 g$�!� �3 *3��� D�5$&p6 ."/�

  �	��@ ��
% 
��+6 ) �J%&6�� 
  �c�6�> \$1�@ "+��MJ "/�K�>Patel 

& Saraf., 2013 (   \$1�@  % @  ?�= �!� IB3  
  )��+#>��$��=  

Eucomis autumnalis    % Tulbaghia ludwigiana     �  I$�1J�

 "+��MJ  
  ?&++e6  ��%   \$1�@ �!�@  ?�= )��+#>�  Tulbaghia 

violacea   )   ���Aremu et al., 2014  9+0a�=  .(  ��&++e6  ,�-

 �0M� �6 �c�6�> \$1�@ "+��MJ 
�  �  ���+#>�&b \$1�@ "+��MJ I=�> �3 ,

 ��
%  
��+6  "�6  �.��  �0���  ?1�/�  I06  �%&3  �Q  "/�K�>

 )  "/�  	�
  <
�1'Hosseinzadeh et al., 2017 9$�  �3  .(  7�;

  *!
l'  ��p+p�6  �	��@  "/�3  g$�!�  Gk�&3 &+FT6    ��$�1J�

 ��
% \$1�@  "+��MJ  ��%
  &3  "/�K�> �!�@  ?�=  *���  ��  ����+#>�

 >�$�' % �c�6�> � ?
�
 I06 "�6 ���+#>�&b 7� ) "/� 	 �  )��Xu 

et al., 2016; Kiran, 2018  .( �0M� ��&++e6 ,�- Dc��!;�  �$ % 
� 

 �0M�  I=�> +��MJ  
�  \$1�@  " �!�@  ?�=  *3  �/
&3   
��  )��+#>�

 "+M�� &!L3 �/�b ��
% *3 �= �
�#� I=�> ?�!/�
 
  "/�K�>-

 ��  �+6��+#>�  ?�=  ��&3   ��%  �����!;�  \#+��.�  ^$  
  .�
�3

 �'s$% ��
% �$�+�+
�.$1+J ?�=  9+�&5+� 
�t; *��� �� "/�K�>

 *3 )@ ql� %  �> "J�3 
   ?�&3  ��+�  �
  	�+' *�+/%  )�
 \=�&J

 �
�#�  I=�>  �	�+'  ?�

  `$�&
  &!L3  %  �+6��+#>�  I06  ?�=

 \$1�@  "+��MJ  I=�>  D�5:�M!� �!�@  ?�= )  �� &�
&3  )��+#>�Beyk-

Khormizi et al., 2023; Edwards et al., 2004 9+0a�=  .(  

  %  �> 9$� "J�3 
  ?%
  ��% &+FT6    ?�=��f ?
��$�b 
  )@ ?�1#3

 ��+#>�&b  I=�>  %  �!#$� 7�.$ �
  ��  �
��  ?�+K+�  )�+/   ��@  ?�=

 \$1�@  &!�+3  "+��MJ  ?�&3  ��+� �!�@  ?�= ��  H+�p6  �
  )��+#>�  �= 

 )Daneshbakhsh et al. 2013 .(  

  

     �G�
� �!�F  

     *3  ?�=
��+6 *3 *M��V�  
�� *��$��
 "+M�� 
�LN �/�b ��> 
�Q

 ��
%  %  ?
�
  I06  I0.�=&3  %  ? �&���  �'�+a+b  ��  "/�K�>

  .��� 	�=��� ��_0�  ��%
   
���  ��&3 
  %   �3  
� 
��&3  ����

 �� 	�$�b 9$�  	�
 ?&K/ )��� ��� % ��$%
 �

 *�;&� *3 ����6

 �= g0b) "
�> �� 9$� �3 . �
 	 �  "5#� (*! ; S��
 �/�b 7�  ?�=

  *�;&� 
  *>  �  )��� 	�
 *!J&' &_� 
  ?�=
��+6 *3 �$�+�+
�+3

 ��&+
 "+M�� ��$%
 �

   H��!� ?
�
 *3 "5#� *3 ."/� &6  
�Q

 ��
%  
��+6  ��>   9$&!�+3  `+��  
  "/�K�> &+FT6     �5L3  
 

  % 
�t; �Q ��&+
 *��$��
 "+M�� 
  �
 ?1�/� "X��; \#+��.�

 9$�  �3  ."
�l'  ?��&3  I06  
�t;  ,�-  %  �L��  "+M�� %  7�;

 ��
%  
��+6  
�t;  ��  �
   �/  9$&!�+3  ��&+
  �p6
�  ?�&3  "/�K�>

 S��
 �!�@ ?�=   .�� &3  �� ����+#>�  

  

   ��(�M'
4'  

    "#$�  	%&'  ��  *��p�  )�'�0#$��	�����  �/�0
  �*+�%
�  ?�=

&.�6 7��> �0�&+3 %  1$ �� ,k-� �
 .��
�   

  

REFERENCES 
Aebi, H. 1984. Catalase in Vitro. Methods in 

Enzymology 105: 121-126. 

Abdel Rahman, R., Gomma, S.E., Abdelsalam, N.R., 

El-Wakil, H.M.F., Khaled, A.S. & Hassan, H.M. 

2013. Effect of sodium chloride on tropane alkaloids 

accumulation and proline content in Datura metel and 

D. stramonium callus cultures. International Journal 

of Advanced Biological and Biomedical Research 1: 

197-210. 

Afkari, A. 2018. An Investigation to the Vermicompost 

Efficacy on the Activity Level of Antioxidant Enzymes 

and Photosynthetic Pigments of Borage (Borago 

officinalis L.) under Salinity Stress Conditions. Russian 

Agricultural Sciences 44: 310-317. 

Ahmad, R., Azeem, M.  & Ahmed, N. 2009. Productivity of 

ginger (Zingiber officinale) by amendment of 

vermicompost and biogas slurry in saline soils. Pakistan 

Journal of Botany 41: 3107-3116. 

Akbari, A., Katam, R., Husain, R., Farajpour, M., 

Mazzuca, S. & Mahna, N. 2020. Sodium chloride 

induced stress responses of antioxidative activities in 

leaves and roots of Pistachio rootstock. Biomolecules 

10: 189: 1-18. 

Akhani, H. 2004. Halophytic vegetation of Iran: 

Towards a syntaxonomical classification. Annali di 

Botanica 4: 66-82. 

Aremu, A.O., Masondo, N.A. & Van Staden, J. 2014. 

Physiological and phytochemicalresponses of three 

nutrient-stressed bulbous plants subjected to 

vermicompost leachate treatment. Acta Physiologiae 

Plantarum 36: 721-731. 

Arif, Y., Singh, P., Siddiqui, H., Bajguz, A. & Hayat, 

S. 2020. Salinity induced physiological and 

biochemical changes in plants: An omic approach 

towards salt stress tolerance. Plant Physiology and 

Biochemistry 156: 64-77. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
36

33
0.

14
02

.1
0.

2.
4.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 n

de
a1

0.
kh

u.
ac

.ir
 o

n 
20

25
-1

1-
24

 ]
 

                            11 / 14

https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.2.4.9
https://ndea10.khu.ac.ir/nbr/article-1-3603-en.html


^+3?1+�
�� .)�
�.�= % *��$��
 �3�$�
� ?
�
 
��+6 "�6                                       Beyk-Khormizi et al. Evaluation of fennel under saline treatment  

 

140/140 

 

Ashraf, M. & Akhtar, N. 2004. Influence of salt stress 

on growth, ion accumulationand seed oil content in 

sweet fennel. Biologia Plantarum 48: 461-464. 

Ashok, P., Carlos, R.S. & Christian, L. 2008. Current 

developments in solid-state fermentation. Asiatech 

Publishers, INC. New Delhi, 517 pp. 

Askari, E. & Ehsanzadeh, P. 2015. Osmoregulation-

mediated differential responses of field-grown fennel 

genotypes to drought. Industrial Crops and Products 

76: 494-508.  

Atik, A. 2013. Effects of planting density and treatment 

with vermicompost on the morphological 

characteristics of Oriental Beech (Fagus orientalis 

Lipsky.). Compost Science and Utilization 21: 87-98 . 

Bahmani, K., Izadi, A., Darbandi, H., Ramshini, A., 

Moradi, N. & Akbari. A. 2015. Agro-morphological 

and phytochemical diversity of various Iranian fennel 

landraces. Industrial Crops and Products 77: 282-94. 

Banakar, M. H., Amiri, H., Sarafraz Ardakani, M.R. 

& Ranjbar, G.H. 2022. Succeptibility and tolerance 

of fenugreek (Trigonella foenum-graceum L.) to salt 

stress: Physiological and biochemical inspections. 

Environmental and Experimental Botany 194: 

104748.  

Bates, L.S., Waldren, R.P. & Teare, I.D. 1973. Rapid 

determination of free proline for water stress studies. 

Plant and Soil 29: 205-207. 

Benazzouk, S., Djazouli, Z.E. & Lutts, S. 2018. 

Assessment of the preventive effect of vermicompost 

on salinity resistance in tomato (Solanum 

lycopersicum cv. Ailsa Craig). Acta Physiologiae 

Plantarum doi:10.1007/s11738-018-2696-6. 

Beykkhormizi, A., Abrishamchi, P., Ganjeali, A. & 

Parsa, M. 2016. Effect of vermicompost on some 

morphological, physiological and biochemical traits 

of bean (Phaseolus vulgaris L.) under salinity stress. 

Journal of Plant Nutrition 39: 883-893.  

Beykkhormizi, A., Ganjeali, A., Abrishamchi, P. & 

Parsa, M. 2013. Interactions of vermicomopst and 

salinity on some morphological, physiological and 

biochemical traits of bean (Phaseolus vulgaris L.) 

seedlings. Iranian Journal Pulses Research 4: 81-98. 

(In Persian). 

Beykkhormizi, A., Hosseini Sarghein, S., Sarafraz 

Ardakani, M.R., Moshtaghioun S.M. & Mousavi 

Kouhi, S.M. 2018. Alleviation of salinity stress by 

vermicompost extract: A comparative study on five 

fennel landraces. Communications in Soil Science and 

Plant Analysis 14: 2123-2130.  

Beyk-Khormizi, A., Hosseini Sarghein, S., Sarafraz-

Ardakani, M.R., Moshtaghioun, S.M., Mousavi-

Kouhi, S.M. & Ganjeali, A. 2023. Ameliorating 

effect of ermicompost on Foeniculum vulgare under 

saline condition. Journal of Plant Nutrition 46: 1601-

1615. 

Bradford, M.M. 1979. A rapid and sensitive method for 

the quantitation of microgram quantities of protein 

utilizing the principle of protein-dye binding. 

Analytical Biochemistry 72: 248-254. 

Carrasco-Rios, L. & Pinto, M. 2014. Effect of salt 

stress on antioxidant enzymes and lipid peroxidation 

in leaves in two contrasting corn, 'Lluteño' and 

'Jubilee'. Chilean Journal of Agricultural Research, 

74: 89-95. 

Chen, X., Wang, Y.F., Lv, B., Li, J., Luo, L., Lu, S., 

Zhang, X., Ma, H. & Ming. F. 2014. The NAC 

family transcription factor OsNAP confers abiotic 

stress response through the ABA pathway. Plant and 

Cell Physiology 55: 604-619. 

Chinsamy, M., Kulkarni, M.G. & Van Staden, J. 2013. 

Garden-waste-vermicompost leachate alleviates 

salinity stress in tomato seedlings by mobilizing salt 

tolerance mechanisms. Plant Growth Regulation 71: 

41-47. 

Daneshbakhsh, B., Khoshgoftarmanesh, A.H., 

Shariatmadari, H. & Cakmak. I. 2013. Effect of 

zinc nutrition on salinity-induced oxidative damages 

in wheat genotypes differing in zinc deficiency 

tolerance. Acta Physiologiae Plantarum 35: 881-889. 

Edwards, C.A. 2004. Earthworm ecology. CRC Press. 

ISBN-10: 084931819X, 448 pp. 

El Ghazali, G.E.B. 2020. Suaeda vermiculata Forssk. ex 

J.F.Gmel.: structural characteristics and adaptations to 

salinity and drought: a review. Internet Journal of 

Science 9: 28-33. 

El Moukhtari, A., Cabassa-Hurton, C., Farissi, M. & 

Savoure, A. 2020. How dose proline treatment 

promote salt stress tolerance during crop plant 

development. Frontiers in Plant Science 11: 1-16.  

Enferad, A., Poustini, K., Majnoon Hosseini, N. & 

Khajeh Ahmad Attari, A.A. 2004. Physiological 

responses of rapeseed (Brassica napus L.) varieties to 

salinity. Journal of Science and Technology of 

Agriculture and Natural Resources 7: 103-113. (In 

Persian). 

Es-sbihi, F.Z., Hazzoumi, Z., Aasfar, A. & Amrani 

Joutei, K. 2021. Improving salinity tolerance 

in Salvia ofcinalis L. by foliar application of salicylic 

acid. Chemical and Biological Technologies in 

Agriculture 8: 1-12.  

Gholami H., Saharkhiz, M.J., Raouf Farda, F., 

Ghanic, A. & Nadaf, F. 2018. Humic acid and 

vermicompost increased bioactive components, 

antioxidant activity and herb yield of Chicory 

(Cichorium intybus L.). Biocatalysis and Agricultural 

Biotechnology 14: 286-292.  

Gurpreet K., Satish, K.S., Nirmala, S., Ashwani, K., 

Naresh, K. & Anita, M. 2022. Getting to the roots of 

Cicer arietinum L. (chickpea) to study the effect of 

salinity on morpho-physiological, biochemical and 

molecular traits. Saudi Journal of Biological Sciences 

29: 103464. 

Hemantaranjan, A. 1996. Physiology and biochemical 

significance of zinc in plants. In: Advancement in 

Micronutrient Research, Ed. Hemanteranjan, A. 

Scientific Publishers, Joudhpur, Rajasthan, India, 151-

178. 

Hare, P.D. & Cress, W.A. 2007.Metabolic implications 

of stress-induced accumulation in plants. Plant 

Growth Regulation 21: 79-103. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
36

33
0.

14
02

.1
0.

2.
4.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 n

de
a1

0.
kh

u.
ac

.ir
 o

n 
20

25
-1

1-
24

 ]
 

                            12 / 14

https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.2.4.9
https://ndea10.khu.ac.ir/nbr/article-1-3603-en.html


*!J�$ 
  9$�� ?�= ��� ��!#$� ,��-10 	
��
 �2 :142 -129 )1402 (Nova Biologica Reperta 10(2): 129-142 (2023)                                                     

 

  141/141 

 

Hellubust, J.A. & Craigie, J.S. 1978. Handbook of 

Physiological and Biochemical Methods. Cambridge 

University Press, Cambridge. 

Hosseinzadeh, S.R., Amiri, H. & Ismaili, A. 2017. 

Nutrition and biochemical responses of chickpea 

(Cicer arietinum L.) to vermicompost fertilizer and 

water deficit stress. Journal of Plant Nutrition 40: 

2259-2268. 

Ibrahim, M.M., Mahmoud, E.K. & Ibrahim, D.A. 

2015. Effects of vermicompost and water treatment 

residuals on soil physical properties and wheat yield. 

International Agrophysics 29: 157-164. 

Joshi, R., Singh, J. & Vig, A.P. 2015. Vermicompost as 

an effective organic fertilizer and biocontrol agent: 

effect on growth, yield and quality of plants. Reviews 

in Environmental Science and Bio/Technology 14: 

137-159.  

Kanai, M., Higuchi, K., Hagihara, T., Konishi, T., 

Ishii, T., Fujita, N., Nakamura, Y., Maeda, Y., 

Yoshiba, M. & Tadano, T. 2007. Common reed 

produces starch granules at the shoot base in response 

to salt stress. New Phytologist 176: 572-580. 

Kiran, S. 2018. Effects of vermicompost on some 

morphological, physiological and biochemical 

parameters of lettuce (Lactuca sativa var. crispa) 

under drought stress. Notulae Botanicae Horti 

Agrobotanici 47: 352-358. 

Kumar, J., Singh, S., Singh, M., Srivastava, P.K., 

Mishra, R.K., Singhc, V.P. & Prasad, S.M. 2017. 

Transcriptional regulation of salinity stress in plants. 

Plant Gene 11: 160-169.  

Mona, Y., Kandi, A. M. & Swaefy Hend, M.F. 2008. 

Effect of three different compost levels on fennel and 

salvia growth character and their essential oils, 

Research Journal of Agriculture and Biological 

Sciences 4: 34-39. 

Nabati J., Kafi M., Boroumand Rezazadeh E., 

Masoumi A. & Zare Mehejardi M. 2019. 

Photosynthetic characteristics of kochia as affected by 

salinity stress. Iranian Journal of Field crops research 

16: 743-759. (In Persian). 

Patel, D. & Saraf, M. 2013. Influence of soil ameliorants 

and microflora on inductionof antioxidant enzymes 

and growth promotion of Jatropha curcas L under 

saline condition. European Journal of Soil Biology 

55: 47-54. 

Putter, J. 1974. Peroxidase. In: Bergmeyer HU (ed), 

Methods of Enzymatic Analysis, Verlag Chemie, 

Weinhan. pp: 685-690. 

Rezazadeh, A., Ghasemnezhad, A. & Barani, M. 2012. 

Effect of salinity on phenolic composition and 

antioxidant activity of Artichoke (cynara scolymus L.) 

Leaves. Journal of Medicinal Plant 63: 242-252. 

Salehi, A., Tasdighi1, H. & Gholamhoseini, M. 2016. 

Evaluation of proline, chlorophyll, soluble sugar 

content and uptake of nutrients in the German 

chamomile (Matricaria chamomilla L.) under drought 

stress and organic fertilizer treatments. Asian Pacific 

Journal of Tropical Biomedicine 6: 886-891. 

Setayesh Mehr, Z., khajeh, H., Esmaeilzadeh 

Bahabadi, S. & Sabbagh, S.Z. 2012. Changes on 

proline, phenolic compounds and activity of 

antioxidant enzymes in Anethum graveolens L. under 

salt stress. International journal of Agronomy and 

Plant Production 3: 710-715. 

Shafeiee, M. & Ehsanzadeh, P. 2019. Physiological and 

biochemical mechanisms of salinity tolerance in 

several fennel genotypes: Existence of clearly-

expressed genotypic variations. Industrial Crops & 

Products 132: 311-318. 

Shamili, M., Ghalati, R.E. & Samari, F. 2021. The 

Impact of Foliar Salicylic Acid in Salt-Exposed 

Guava (Psidium Guajava L.) Seedlings. International 

Journal of Fruit Science 21: 323-333.  

Singh, M., Kumar, J., Singh, S., Singh, V.P. & Prasad, 

S.M. 2015. Roles of osmoprotectants in improving 

salinity and drought tolerance in plants: a review. 

Environmental Science and Bio/Technology 14: 407-

426. 

Singleton, V.L. & Rossi, J.A. 1965. Colorimetry of total 

phenolics with phosphomolybdic phosphotungstic 

acid reagents. American Journal of Enology and 

Viticulture 16: 144-158. 

Sithtisarn, S., Theerawitaya, C., Samphumphuang, T., 

Takabe, T., Singh, H.P. & Cha-um, S. 2023. 

Molecular and physiological responses of Egeria 

densa under salt stress. Flora 300: 152226. 

Sorkheh, K. Shiran, B. Rouhi, V. & Khodambashi, M. 

2012. Salt stress induction of some key antioxidant 

enzymes and metabolites in eight Iranian wild almond 

species. Plant Physiology 34: 203-213. 

Srivastava, P.K., Gupta, M., Upadhyay, R.K., 

Sharma, S., Shikha Singh, N., Tewari, K. & Singh, 

B. 2012. Effects of combined application of 

vermicompost and mineralfertilizer on the growth of 

Allium cepa L. and soil fertility. Journal of Plant 

Nutrition and Soil Science 175: 101-107. 

Theunissen, J., Ndakidemi, P.A. & Laubscher, C.P. 

2010. Potential of vermicompost produced from plant 

waste on the growth and nutrient status in vegetable 

production. International Journal of Physical Sciences 

5: 1964-1973. 

Wagner, G.J. 1979. Content and vacuole/extravacuole 

distribution of neutral sugars, free amino acids, and 

anthocyanin in protoplasts. Plant Physiology 64: 88-

93. 

Wang, S.H.Y. & Lin, H.S. 2003. Compost as a soil 

supplement increases the level of antioxidant 

compounds and oxygen radical absorbance capacity 

in strawberries. Journal of Agricultural and Food 

Chemistry 51: 6844-6850. 

Xiong, Z.T., Chao, L. & Bing,  G. 2006. Phytotoxic 

effects of copper on nitrogen metabolism and plant 

growth in Brassica pekinensis Rupr. Ecotoxicology 

and Environmental Safety 64: 273-280. 

Xu, L., Yan, D., Ren, X., Wei, Y., Zhou, J., Zhao, H. & 

Liang, M. 2016. Vermicompost improves the 

physiological and biochemical responsesof blessed 

thistle (Silybum marianum Gaertn.) and peppermint 

(Mentha haplocalyx Briq) to salinity stress. Industrial 

Crops and Products 94: 574-585. 

Yang, A., Dai, X.Y., Zhang, W.H. 2012. A R2R3- type 

MYB gene OsMYB2 is involved in salt cold and 

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
36

33
0.

14
02

.1
0.

2.
4.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 n

de
a1

0.
kh

u.
ac

.ir
 o

n 
20

25
-1

1-
24

 ]
 

                            13 / 14

https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.2.4.9
https://ndea10.khu.ac.ir/nbr/article-1-3603-en.html


^+3?1+�
�� .)�
�.�= % *��$��
 �3�$�
� ?
�
 
��+6 "�6                                       Beyk-Khormizi et al. Evaluation of fennel under saline treatment  

 

142/142 

 

dehydration tolerance in rice. Journal of Experimental 

Botany 63: 2541-2556. 

Yin, Y.G., Kobayashi, Y., Sanuki, A., Kondo, S., 

Fukuda, N., Ezura, H., Sugaya, S. & Matsukura, 

C. 2010. Salinity induces carbohydrate accumulation 

and sugar-regulated starch biosynthetic genes in 

tomato (Solanum lycopersicum L. cv. ‘Micro-Tom’) 

fruits in an ABA- and osmotic stress-independent 

manner. Journal of Experimental Botany 61: 563-574. 

Zarandi-Miandoab, L., Chaparzadeh, N. & Fekri-

Shali, H. 2021. The effects of magnesium on the 

growth and physiological characteristics of Syrian 

bean-caper (Zygophyllum fabago) in saline 

conditions. Nova Biologica Reperta 8: 130-141. (In 

Persian). 

Zlatev, Z.S & Yordanov, I.T. 2004. Effects of soil 

drought on photosynthesis and chlorophyll 

fluorescence in bean plants. Bulgarian Journal of 

Plant Physiology 30: 3-18. 

 
***** 

   How to cite this article: 

Beyk-Khormizi, A., Hosseini Sarghein, S., Sarafraz-Ardakani, M.R. Moshtaghioun, S.M & Mousavi-Kouhi, S.M. 

2023. Evaluation of osmotic regulation, total phenol, protein and antioxidant enzymes in four fennel populations under 

saline treatments using vermicompost. Nova Biologica Reperta 10: 129-142. (In Persian). 

  "������5 6�*  ".N �%��<   "��;!'  ��
$��(  �(!�(!' ".O  "� .�  .O "0��;

�� .�  ���$  ��'��� .O "  .1402  . �H> H0J �?1�/� \+_06  �3�$�
�

\$1�@ % 9+86%&b�!�@ ?�=*��$��
 �� "+M�� 
�LN 
  )��+#>� ��
%  &3
�> �3 ?
�
 
��+6 "�6K�>"/� $ .*!J��!#$� ,��- 
  9$�� ?�= 10 :129-142 . 

 

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

42
36

33
0.

14
02

.1
0.

2.
4.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 n

de
a1

0.
kh

u.
ac

.ir
 o

n 
20

25
-1

1-
24

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

https://dor.isc.ac/dor/20.1001.1.24236330.1402.10.2.4.9
https://ndea10.khu.ac.ir/nbr/article-1-3603-en.html
http://www.tcpdf.org

