
  

Online ISSN: 2345-6957 

 

Journal of Crops Improvement 
 
 

Homepage: https://jci.ut.ac.ir/ 

 
 

University of Tehran Press 

 
Effects of Humic Acid and Salinity Stress on Some Germination and 

Morpho-physiological Indices of Iranian St Johns Wort in in Vitro 

Conditions 
 

Mehrdad Rasouli
1 | Alireza Noroozisharaf

2 

 
1. Corresponding Author, Department of Horticultural Science, Sayyed Jamaleddin Asadabadi University, Asadabad, 

Iran. E-mail: rasouli@sjau.ac.ir 
2. Department of Horticultural Science, Sayyed Jamaleddin Asadabadi University, Asadabad, Iran. E-mail: 

noroozi2ar@yahoo.com 

 

Article Info ABSTRACT 

Article type: 

Research Article 

 

 

Article history:  

Received: 05 August 2021 

Received in revised form: 

07 January 2022 

Accepted: 29 January 2022 

Published online: 

17 December 2022 

 

 

 
Keywords:  
Flavonoids,  
germination percentage,  
organic matter,  
peroxidase,  
tissue culture.  

 

The use of compounds that can improve plant tolerance to abiotic 
environmental stress, including salinity, is important. To evaluate the 
adjustment of salinity stress using humic acid (HA), a factorial layout is 
conducted based on a complete randomized design with three replications on 
the Hypericum perforatum L. as an Iranian medicinal plant are collected from 
Hamadan province in the tissue culture laboratory of the Faculty of 
Agriculture, Sayyed Jamaleddin Asadabadi University during 2019. 
Experimental treatments include NaCl as salinity at three levels (such as 0, 50, 
and 100 mmol.L-1) and HA at four levels (control, 25, 50, and 100 mg.L-1). 
Results indicate that the plants treated with 50 mg.L-1 HA without salinity 
have had the highest germination percentage (98.65), germination rate (38.94) 
and root length (34.21 mm). The highest plant height, fresh and dry weight of 
both shoots and roots and total chlorophyll are obtained under control 
conditions and HA with a concentration of 100 mg.L-1. On the contrary, the 
highest amount of phenol in the treatment is 50 mmol.L-1 

salinity and HA with 
a concentration of 50 mg.L-1. In the treatment of 100 mmol.L-1 

salinity and 
HA with a concentration of 50 mg.L-1, the highest amount of total antioxidants 
(99.77 mg/g FW) and total flavonoids (2.39 mg/Qe g FW) and the lowest 
amount of hydrogen peroxide (9.12 µg/g FW) are obtained. Results show that 
the mitigating effect, especially the application of HA of 50 mg.L-1 levels, can 
affect the physiological processes and morphological traits of the Hypericum 
perforatum L. under salinity stress. 
 

Cite this article: Rasouli, M., & Noroozisharaf, A. R. (2022). Effects of Humic Acid and Salinity Stress on Some 
Germination and Morpho-physiological Indices of Iranian St Johns Wort in in Vitro Conditions. Journal of Crops 

Improvement, 24 (4), 1293-1310. DOI: http://doi.org/10.22059/jci.2022.328340.2593 
 

 

© The Authors.                                                                    Publisher: University of Tehran Press. 
DOI: http://doi.org/10.22059/jci.2022.328340.2593 

 



  

  

 
گاه ���ان  ا��شارات دا�ش

  � زرا�ی �شاورزی
Homepage: https://jci.ut.ac.ir/ 

�رو�ی�ی: � ۲۳۴۵-۶۹۵۷شا  ال

 

����� ���	�
 ���
 ��	� ��� �  ������ ������
 ��
	� � ���	��� ��� 	!	�"��

#$ �%
� &��� &'( )�
�� �* ��
��
 

  

 ��������	
�1 | 
����
�� ���� ���2  

  

1����� �	
���� .� �	
�� � ���� ����� ������� ��� �� ���� � �� !�"#$	%" ��&'	�#��(	�" )�" �#��(	�" ��*"�. :,�����"- rasouli@sjau.ac.ir 

2 .�	
�� � ���� ����� ������� ��� �� ���� � �� !�"#$	%" ��&'	�#��(	�" )�" �#��(	�" ��*"�. :,�����"- noroozi2ar@yahoo.com  

  

����� ������  ��� !   

 :����� #���!/�01 2%�3�  

  

  


�$%& 
�%'(�: 14/05/1400 


�$%& ��)���* :17/10/1400  


�$%& +,%-� :09/11/1400  


�$%& 
�./�� :26/09/1401  

  

  

  

��
0�1�� :�2   

�;"�1$ �<"	  

,�"�' 	=-# ���<  

>���?�$ �	  

 �@��� @!;  

.�%( #"��  
  

#��-�; A$;�BC
B ,� "- *�/�$� D&EB 	�"�F� ,; ���/�"-"# 	/# C�"��" �-�G ,�&' <" �H$E� ��/ 

I$��$/ <" �#�JF�" �� �-�G C
B D�	KB ����<-" �"�� .@�" @$&/" ,� �!���<( 	$�"  -# D�-�F;�� L-�=

D� ���-"# ��$� ��- -"�MB ,� �� ��#�NB O?��; P�Q A%�R "	&/ �#�B *"��" ���� ��"-) *Hypericum 

perforatum L. (-#  @��� @!; �� !���<(!�"#	M �<-��!; �# �#��(	�" )�	%" ��&'	$� �� !�"# -

 ���1398 .	G "�'"  ��J=) �-�G WH� ,� D��G �!���<( ��/-�&$B50   �100 ��$� �F$% �� ��� (

I$��$/ WH� -��X � Y�	�	���M&�	�	���; I&�  	$�" ��J=)25 �50 �100 ��$�� (�F$% �� �� .#��

C$� ) 	=-# )��B65/98 ,�"�' @��� � (	=-#) ��<94/38) ,!�- ��Q � (21/34 ��$�  -�&$B -# (�F�

50 ��$��F$% �� ��� I$��$/ ,� �-�G *�	� � 	$�" C$� .	�( @�#  I!Z � �B *<� ���$� [�JB-" )��B

 \�"�G ,� ]���� D; D$����; � ,!�- I!Z � �B *<� ���"�/ �"	�"I$��$/ � C
B *�	�  @^�� �� 	$�"

100 ��$��F$% �� ��� C$� .#��  �-�G -�&$B -# D
� -"	3� )��B50 ��$�I$��$/ � -_��  @^�� �� 	$�"

50 ��$�C$� .#�� �F$% �� ��� �F�( *"�$� )��B ) *"	$�;"77/99 ��$� ��� >���?� � (��� ��$) D; 	39/2 

��$� ���  � (��� ��Y; ��B� )$*"� �1*`�-	$/	$�;" )12/9 B -# (��� �� �����M$�$-�G -�&� 100 

�$�� � -_��I$��$/ 	$�"  @^�� ��50 �$��% �� ���$,� �F�F� .	�( @�#� �a" #"# *�!� C/�01 b

D�	KB �	

; ,��� P�H� #��-�; �050 ��$� ��� % ��$ �FI$��$/ 	$�" �� �� 	�"�B	
�"���/� �$��`�%�� � I

�- L�J=�!� �$ ��D� ��"- -�G C
B @EB� -"c��a" .	G��  
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1 .���-�  

� -# C/�01 �i�j ��j -#$��/�� �Q <" ,;�"<<�� D��R @��� @!; k��  � 	
G��,� �0�� � -#$�-"# �^� <" Y�� *�/���  �

#�NFR"� "-"# 	
F�/� &/"$� @� �0��" .	G���,� )%#$"��" D� CD��R ,'�B "�� �i�3B� �/�-"#� �$/�� �Q$K�  ,; @�"

�$aeB ���'� Y; ��B �Q l��
� C/�; .	�-"#$K� G��� !���G <"$
�  ��FK
= *	G �( m��� ,;$�3� -# A� "�� )$ *�/�

 �@�" �	GC/�01 *"�� -��
� <" �B ,FG"# *( �� "-� � @��� @!;$/�� � ,;�� 	�"�B�� ��#��3� -# � l$" n-�� o�� )

�$pMB "- *�/�$�&� ��	� F�" 	

; �#�J)Sharma et al., 2013(q�- <" �M� �#��#<"��- . �� *�/�$� ��
'�$� �$pMB ��/

�� 	$%�B ��$� �#��< #"	KB �/�B�; *��< L	� �Q *( -# ,; @�" �/�$� @��� @!; q�- <" �#�JF�" YF�$� .#�G ��/

,� O��%�� �/�$� @��� @!;"�
�YF�$� *C/�01 �"�� �	� ��/  [�
B � �M$F�` ����$&$G�$� ��M�`�%���$� r�Fs� ��/

�� -"�R �#�JF�"#-�� *�/�$� �M�`�%����@!; *�
� .	��$�,� *�X �#-"# �#��< #��-�; �F�"- )�" -# �/�$� @��� *"�
�

 #"	KF�" ,; �B_�NE� �$� � ������� Y�� L_�NE� �!��- �$pMB �"�� �-"��",� �	�-"# "- �	
�( -# �-�tB �#�JF�"  -�;

�� #�-)Vishwanathan, 2018(.   

D� ��"- &�� ��� ��� Hypericum perforatum L. �$/�� ,%��	
X  �#"���Z <" Y�� �Hypericaceae  @�"

)Crockett, 2010(" .�� )$�-"# ���� ��j� �� ,
�"#$K� %���F� <"$@�/� ���a��Q l�
� � ,$K� ;�B$%�K� L��� ^�$ �

#�FJ��*��F���/ �/)��u��$)1 �/ �#�� ���u��$)2�����-��� �($��
�/3)��B �*�F�"�� ��/>���?� ��/$	�" ��/$�/	� %�
�$ I


��- v���" � -"w�� � @�")Karppinen et al., 2010(" .�� )$=�Z ��$�"-( @!s�� F
� AQ -# � #-"# x��R �� 

"��� �/#-# *��-#� �N� )���� L_?FZ" �� �>���#���" � y"�Hi" �� � �#�JF�"� #�G)Bilia et al., 2002( .

 �<���"D� ��"- Y�� ��B�Q l�
� )$K� �#���"	i� #�NFR" q<-" z�E% ,��  @�")Karppinen et al., 2010( .

"��"�����" 	i �a" ,� -"<�� ,R?� *���"<�- C� "�� )$" �B �	G m��� �� �$"�� ��� "��" �,K��B�%�B @��� C$pMB � 	$ �

" P?=" ��� )$"��" ��� C� 	��)Galla et al., 2019(� ���� ��$� )�" @��� @!; .��' q�- 	�"�B�� ����
� )� "��� 

pMB$"�� _�� @��� �� �� %�B$� #"�� 	$/�� J�$ �<���" .	G�� 	�M�  <"Y�� ��B )�"- -�;�/� � #�M�&� #����$ @EB ��

"�G�-�G ,�&' <" �	������ \��=" l��
� �� @��< �-��
�  @��� @!; �Y/ *�X F�` D�"��$M� C
B ,� @���3��/� 

-�G� � #�M�&� L��a �$� ���F�# .	G��$��� " ,��C/�01 ,; @�" *( ���F�� d	/ )�/� ��$K� ���
G @�'�� 

 D�"���	

;#�t�" "�'" ��F
; �� BY$^
 �	

;*( �  �/� L-�= C
B �-�# ��Q$ #�)Elmaghrabi et al., 2018( .  

C
B �$aeB @EB #�Z ��	�< ,Z�X ��Q -# *�/�$� ��&B�� -"�R ��"�"�� ��/Y�� <" �M� �-�G C
B .	��$�  D�"�� )��B

,&$� � I!Z kQ�
� -# *�/�$� #�M�&� � 	G- �	

;#�	E� Z �-�G � @�" I!ZL-��,��� ��- Y$3F�� ��/ #	KF� ��/

�� #-"� �/�$�C
B ,� q<�� �"�� *�/�$� ����"�B .	
; �$� � �/�$� ,��� �C
B L	� �C
B L	G � [�� ,� �H$E� ��/

C$� #�M�&� � 	G- �$� �-�G C
B ,� {��1 -# .#-"# � F�� �C
B [�R� ,�j�� �� C/�; *�/�$� �B,� .	����-�Q  C/�; ,;

n�� WH�l��� � n�� ,K��B ��-�G WH� C�"��" �� � @�" �-�G ,� ��$� {��1 )��B�� rR�F� �/ #�G)Parida & Das, 

2005(�- ���"�/ �"	�" *<� ��-�G -�&$B .�� C/�; *�/�$� -# "- D$����; �"�FE� � ,! ,���<"- �*�$�< ���-"# ��$� ,� -# .	/#

,�"�' @��� � 	=-# ��-�G � �M!Z C
B ��&�" �� 	��G ��� C/�; ��$� ,� �/ ��< 	���)Borromand & Koocheki, 

2006(C
B \�"�G -# ���$&$G�$� � I�`�%���$� L"�$$|B ����<-" .�"- "< %�H� @�' A��
� �-�;,�
' ,K ,� D&EB �Fa"-� ��/

                                                                                                                                                            
1. Hypericin 
2. Pseudohypericin 
3. Phloroglucinol 
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�� Y/"�� C
B ���&�" C
B D�	KB �$^� ���/-�;�<�� *�/�$� ��-�G C
B <" �G�� ���� � ��&�" ��/�a" ,� ,'�B �� .#-�(

,� "- ���� @$&� -�a( C/�; � ���� ���� �#�KB }Jj�� -�; 	��$�)Munns & Tester, 2008( . C
B �� ,���3� �"�� *�/�$�

Y���( @$%�K� C�"��" D��G ,; ��ah� ����# YF�$� <" ��"	$�;" �<�B�&��# 	$�;"�1�� �<_�B�; �<"	$�;"�1 L��-�M�( ��/

 ��M�#"- -��� @$%�K� �<�F;�#- *�$B�B��� �<"	$�;"�1DPPH�F�( #"�� <" �� �# #"	KB � ��
� L��$;�B �  �#�JF�" �@�" ��"	$�;"

�� 	

;)Zhao et al., 2019(��M%���$� )�" @^�� .,
��/ � ,F��� C�"��" @��� ,� C
B �� ��$� ,�'"�� <" v1 �/ ��/

�� D�	KB ��$� -# "- C
B ,� {��1 	

;)García‐Caparrós et al., 2019( .  

"@��< y�s� L"�a" *�	� �K$�Q ��/#�; ["��" <" �#�JF� �� �H$E� ,� ��$� #�M�&� *#��_�� @�' -# 	�"�B  -# �0��

 �$|F� \�"�GI$��$/ �#�G lR"� �&a�&p� �H$E�  � �	G	$�;" @$
 $% �@$1 �o���/ �~�Z �$^� r�Fs� l��
�<" 	$�"

���< �� �"�sF�" �
�L��JF� ���$&$G -�FZ�� � �%�M%�� �<"	�" -# ,; #�G �� G��	
 )Albayrak & Camas, 2005( .

L	� I$��$/ �a" � C3� ,; @��/  @�" �	G ,FZ�
G *�/�$� �M�`�%���$� � �M�`�%���� ��/	
�"�� -# 	$�")Eyheraguibel 

et al., 2008(I$��$/ . @�" ��$� 	G- I��EB ,� -#�R �@^�� *"�$� � *�/�$� [�� �� �a" o��"�� 	$�" <" �#�JF�" .

I$��$/ D��R C�"��" A'�� r�Fs� ��/�F�� -# ��"c� ���E� @�' 	$�"  �a" -�;�<�� .@�" �	G *�/�$� 	G- -# ��'�B

I$��$/ �� *�!� 	$�"I$��$/ ,; 	/# ,� .@�" �#"# C�"��" "- �c|���- #"�� yc' *"�$� 	$�" �*( �0�� A$;�B D$%#

I$��$/ H��� L"�a" C/�; ,� -#�R 	$�"�� ~�Z �-�G � I&� y��I$��$/ #�'� .	G�� �� @!; �F�� -# 	$�" m��� 	�"�B

C
B ��"�� -# *�/�$� D&EB �$� � �F
��F� #�����F�( *#���" �� "- �/�$� YF�$� � #�G �	�<�$� � �	�< ��/ *"	$�;" ��/

I$%�� ��K$�Q )/( � Y��$
� yc' #���� �	$�" n�� � FZ��<"	�" �$ZeB ,� "- �/ #)Zaremanesh et al., 2019( �$aeB .

���E�I$��$/ ���� �G�1 ,'�� ,�&' <" *�/�$� <" �-�$�� ��- 	$�"  @�" �	G q-"�� �$� -� �" � -��" �,�
1 �-�$Z �� ���

)El-Nemr et al., 2012; Ghanbarpour et al., 2019(���E� . I$��$/ �G�1 ��0�� �� 	$�" �M�`�%���$� � �	G- ��/

G ��-�� �M!Z C
B \�"�G -# ��� [�
K����E� #"# *�!� � 	 I$��$/ �G�1  @^�� -# 	$�"1000 ��$�  �F$% -# ���

C$� fZ�G C�"��" -# "- �$aeB )��B @G"# *( �	G- ��/)Rostami et al., 2019(Y/ . I$��$/ #��-�; )$
X  @��"�B 	$�"

 #�M�&� ��,!$&/ ��$� �J$; � �&; ,� 	G�� ,FG"# �F�p� �$aeB -����-�Q  #��-�; ,;500 ��$� I$��$/ ���  C�"��" m��� 	$�"

 	G *( `?$��� 	=-# � ��
� *"�$� �D; D$����; � 	$>�
B�-�; �"�FE� �~���� #�M�&� �,�"# *<� � #�M�&� *"�$�)Tina et 

al., 2015(@!; .*�-# ��/ ,!$G *�/�$� -# �-�G C
B ,� @���3� *"�$� ��-�� �"�� "- Y^
� � @Z"�
M� \$E� I� �"

B L"�a" �Y$^
 �	

;�� Y/"�� "- C
B L"�a" D�	KB -# 	G- ��/*�-# \�"�G -# �%( ��/#�; #��-�; .	

; ,!$G m��� �"

fZ�G C�"��",�"�' ��/ ) #���$
1 ���-"# ��$� �	G- � ��<Withania somnifera L. 	G ()Kaur et al., 2018( .

C/�01 I$��$/ r�Fs� P�H� C�"��" 	�#"# *�!� �� �# *"��  �B 	$�"40  �$aeB �;�Z @!; \�"�G -# -�FM/ -# �F$%

�
K�  �I!Z � �B *<� C�"��" -# �-"#Y/ � ,B�� [�JB-" D� v���" *"�$� )$
X  @G"# ��"-)Kaboli Farshchi et al., 

2016()�" �� . q-"�� ���jI$��$/ �$aeB ��NZ -# �/ *�-# �$pMB \�"�G -# ��$� �&��	G- �� 	$�" ,!$G,� �"  \�"�G -# �0��

C
B�� #�	E� -�$�� �H$E� ��/" d	/ )�"���
� .	G��I$��$/ ��3%�� L"�a" ��-�� ,K%�H� )�" <  �� *( ,
$�� @^�� � 	$�"

D� ���-"# ��$� �� �-�G C
B r�Fs� P�H� -# �/� !���<( @!; -# ��"- .	G��  

  

2 ./�� � *
	��
  

2 .1 .$ *
	��
��0� 1�2� ��� 3�4%
 � &'( )��
��4  

-�c� �$ ��D� ��"- *"	&/ �#�B *"��" ����  ,$�B *"	&/ *�F�" �-��
� � Y�� ~-�1 ���-"# *�/�$� ,��&t� <"	G  �� �



45$�� 2����6 	��� � 73$ 
��� �* 8�*� 98�� ��2 ����: ��� � (�(���;%1���% �  <= ��
� �%���� 
� ���%> '.0 '(�*    1297 

/ ���E� <" �#�JF�"$�u@���; Y�	�  ,��i" ,� 	=-# b
11/0 �B 	=-#$�)20 ,�R# b
1 L	�$��J�	i ,3� 	G  vu� �

�F�" �H3� y( �� ,�B�� ,��!M�( D� " <" .	G� -�c� )-��� � <"�o��� @!; @�' E� -#$ \*�-# !$G,"�  �#�JF�"

	G" .���<( )� P�Q A%�R -# C ����	�#�NB�  �,� L-�=  D�-�F;�� -#,� -"�MB  ��@!/ -�,��&��  -"�MB �/ -# -#

��<(�� @��� @!; �� !$/��  ��t�"	G. D��G �!���<( ��/-�&$B #�3�� r�Fs� �I$��$/ 	$�" �-"	��Z  @;�G <" �	G

 �& $�)1415-93-6 Sigma Aldrich, USA(  ��J=)25 �50 �100 ��$� ��� % ��$ (�F,� �"�&/ �J= �50  �100 

��$� ��� % ��$ �FY�	�	���;  ,� ,; �#��E�$ @!; \���j I&� @^���/� E�$�1 @!; \�, MS1  	G �#���"

)Murashige & Skoog, 1962(.  <-�;�� *"�$�30  -��( ��F$% �� ���8  � #�� �F$%�� ���pH  -# \$E�8/5  Y$^
B	G .

" �� ��?��E� ,� )$' *��-�/ @!; \$%��$) )GA3( *"�$� ,� 1/0 % �� ���$" � �F�B�� ��	
$��I �"$) 	IBA (1/0 

% �� ���$ ��F,� �"�&/ I&��/� B$��$1 � )$�;#��$ )HCl � �$
�B�M$�" I$ 	,��i" 	G. ,�"�' <" v1 <�- -# � -�c� ��<

,�/�$� YFJ/ �B 	�	G @!;"� ,FJ/ I� ,�=�� ,� -�� b
1 -c� <" D=�j ��/ @^�� *"�$� -# �$$|B � ��"c� #"�� C/�;

 ��/-�&$BI$��$/ 	$�" I&� @^�� )F�-_�� � Y�	�	���; � �/�Q -# .	F��$� ��JB" ,!$G ���&B C���<( ���j ��/

,��&���-,��&� � �-c� ��/@!;"� ��/ �-` -# �	G$��# �� -�B�
�  y��
F�16  /25 F��� ,'-#� �-�# � (<�- / AG) #"��

-��� �
G�- @��� @!/�� , �-"#�  [�&t� @Gc� � @!;"� )��Z( <" <�- b
1 @Gc� <" v1 .	G40  ��&�" <" <�-

B$,��&� �/-�&�/� �$/��  � 	G ,FG"#�� @!; d��� <" ���� b
1 ,�j�� -#,� @��� �� -#� -�80-  	&t
�	G  -# �B

Ct
��-�� � �/��/� �$G�$&$��� �#�JF�"#-�� � -"�R$.#� 

  

2 .25�
��
 .$��� ��� 6�78�  

%�"$,�"�' -�c� q-�&G )  �#<24 ��3F�" <" v1 @��� *(  �/E� ,�$-�c� � @��� L-�= @!; \�  ,; "--�,!,X *(  �/

,� #�� �	/�!� D��R,�"�' *"�
� q-�&G �#<�	�	G "�) ���< �B -�;� ,�"�' ,� -#�R -�c� ,;�<� 1 ,�"#" 	�#��$ <" 	K� .#�; "	

@��a �� �<�- @J/ @Gc� ,�"�' -�c� #"	KB *	G ,�"�' �-�# ��&B" � �#<�<� fZ�G�/� ,�"�'�<� ,�"�' 	=-# D��G�<�  �

,�"�' @���<�� o��"��  \�"�-)1(  �)2( ,� @�# .	�(  

 ,H�"-1     (                 PG = (n/N) × 100    

PG,�"�' 	=-# :�<� �n�/-c� D; #"	KB :� ,�"�'Q -# �#<�  �q-�&G �-�#N�/-c� D; #"	KB :� @!;  �/ -# �	G

 @!; d��)Behboudian et al., 2006(.  

 ,H�"-2        (                           SG = ∑ Ni /Di  

SG,�"�' @��� :�<� �Ni �<�- �/ -# �#< ,�"�' -�c� :Di q-�&G <�- :)Mereddy, 2015(.  

 <" v140 fZ�G <�-�/� 	G-� - ��Q 	
����� ��Q � ,!$,�) ����$%�; �� F�# ,�$ �B *<� � ,R�� �B *<� � (v

-�,�) ,!��$�<"�B ,�� #�t$ @R# �� ��F0001/0 �<"	�" (����$�� 	G"�� .� KB$$,��&� "	F�" �I!Z *<� ) �H3� y( �� �/

E� <" D��; *#�;"	' <" v1 � 	G ,F�G$- � ,R�� @!; \���# -# ,!� 75  ,'-#�F��� #"�� ,� L	� 48  *�-# �@���

- I!Z *<� � ,R�� I!Z *<� vu� .	�	G �#"# -"�R *�(�� D; ,!$�<"	�" #-�� ���$�� .@��� -"�R  

  

                                                                                                                                                            
1. Murashige and Skoog medium 
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2 .35�
��
 .$��� � 6�78��	�4����  

"��� �<"	�"�$�� ����;$ -"	3� D05/0 � n�� �<�B @��� <" ���$b
1 ,�j�� -# ��  I� �� ������$� �F$%  *�F�"80  	=-#

,� ]��s� .	G ]��s�@�#  �	�(,� L	� 10 R#$ @��� �� ,3rpm 6000 �F����J$ `�	G ��� -# ����F�" �-�N� @� 

� <" v1 � �#�; "	' "- d�JG$-�B @��� Y�M� ����;$ q�- <" �#�JF�" �� D�F��F���FMu�"�  �� F�# \��B

�	�) �F��F���FMu�"Itd T80 + UV/VIS; PG Instruments, Leicestershire ،��� ��Q -# (*�F�� �"�/� 663  �

645 "�� .@��� ��t�" �F������ KB$$����; -"	3� )$ ,H�"- <" D; D)3(  	G �#�JF�"(Strain & Svec, 1966).  

,H�"- 3(                            Chl a+b = 7.15A 663 + 18.71A 645 

 _�� \�"�- -# ,;645A  �663A ,� A$B�B ��� ��Q -# -�� yc'�/� 645 � 663 ��	
G��� Chl����; :$ ,��&� D

A�j�� �$��� �� ���$��%$.@�" �F 

%�� d�K� �� n�� �-�N� -# D; D
�$� )$ �F%�M�<"	�"�$��  	G)Singleton & Rossi, 1965( yc' -"	3� .

Q -# �F��F���FMu�" <" �#�JF�" �� ���E� ��� ��765  <" .	G �	�"�Z �F�����I$%�� 	$�" ,� � 	G �#�JF�" #-"	��F�" *"�
�

;�B -"	3�$�
� L���  D;o��"��  �#�K���$� ��� I$%�� 	$�"  -#100 � I!Z *<� ���$.	G *�  

���$ @�F�( 	$�;"�"� �Q <"�=�Z k$p
Z @� ;�	

� #"-M� #"<( ��DPPH )1�1-#� 
�$ D2-1$�M�/ D$<"-	�(D1 

KB$$ )	G�-�N� "	F�" .�/� %���F�� ��# -# f%�Z ����F� <" �#�JF�" ��� �B ��B"$%�K� � 	G ,$ @�F�( 	$�;"�"� " ��� #�t

&;� |B$$�Q <" L"��� k$��K�� #"- *#�;���M�/�  \��B �	G#"<(DPPH c1 L-�=����E� yc' .@���/�  � D=�j

 ��� ��Q -# 	/�G517 F��F���FMu�" \��B �F������	�-"#<�� 	=-# .	G @>"�R ��  <"DPPH �3� ���,��&� ,��/� 

 ,H�"- <" �#�JF�" � 	/�G ,��&� � �-�N�)4( ,� @�#  	�()Moon & Terao, 1998(.  

 ,H�"-4                                                                     (%AA: 1-A517 (sample)/A517 (control) × 100  

�<"	�" �"��) *`�-	$/	$�;"�1 *"�$� ��$�H2O2��$� b
1 �� {� ��&j -# �B @��� ��� I� -"	3� �(  �F$%TCA 1/0  	=-#

 -# ��� A�j�� 	K� � 	G ��$�`�&/rpm 12000 ,�  L	�15  .	G `�$J��F��� ,3$R#5/0 ��$�  Y$� ,� ���- -��
G ���E� <" �F$%

��$�L�J�� ���� �F$%  Y$��F1mM  10  ��7=pH  �1 ��$� -# *( yc' 	K� � 	G ,��i" Y$��F1	�	� �F$%390  .	G @>"�R �F�����

#-"	��F�" �
E
� ,��&� *`�-	$/	$�;"�1 �"�FE� @���� -# .	G Y�- *`�-	$/	$�;"�1 <" �#�JF�" �� �G���Z A��i �� �/mM-

1cm-1 28/0 ,� *`�-	$/	$�;"�1 �����M$� o��"��  	G ,���E� �B *<� ��� �"<")Velikova et al., 2000(. 

��- q�- <"  	G �#�JF�" �/	$>���?� -"	3� )$$KB �"�� ��$
$��%( 	���; �t
�)Chang et al., 2002( �/ .

�-�N� <" �"	;,� �/�$� �%���F� ��/  �� ,���"	' L-�=5/1 ��$� �����F� �F$%1/0 ��$� 	���; �F$%) ��$
$��%(10 

 �(�%���F� 	=-#1/0 ��$�L�F�" �F$% ) Y$��F11  � (-_��8/2 ��$����E� vu� .	�	G A$;�B �H3� y( �F$% -# �/

,� ��B" ���# L	�30  -# �!
;"� A$;�B �/ yc' .	�	G �#"# -"�R ,3$R#415  �F��F���FMu�" �� F�# �� �F�����

�<"	�"E� �� #-"	��F�" �
E
� .	G ��$����@^�� -# �%���F� )$F��>�; ��/ ��/µg. ml-1 1000 -250  � 	G ,$�B

��� �� �
E
�  ,s��) D�;" -"��"2007 \Z ,%#�K� vu� .	G Y�- (y=bx+a ,� yc' .	�( @�#�	�"�Z ��/  <" �	G

,��&� ��' ,� �/y  � 	G �#"# -"�Rx ,� @^�� *�&/ �� .	�( @�# �#"# D$�EB � ,��tB @�'F�" �� �/ <" �#�J

���  �-��( -"��"SAS  ,s��)2/9)$ ��$� ,���3� � (,
�"#	
X *��<( o��"�� �/ b
1 ��&Fj" WH� -# )M�"# �"

.	G ��t�" 	=-#  

  

                                                                                                                                                            
1. 1,1-Diphenyl-2-picrylhydrazyl  
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3 .�:��; <2� � 

�tB ��	' k�Q�-"� ,�-�G C
B D��3F� �a" v���  #��-�; �I$��$/ 	$�"  	=-# ��,�"�' ��< @��� �,�"�' ��< ��Q �

-�� �B *<� �,!- �B *<� �,R��>���?� � ,R�� I!Z *<� �,!$"�� � 	=-# b
1 WH� -# D; 	� � ��Q$ I!Z *<� ���

-�����; �,!$ �D; D
� �D; D�F�( 	$�;"� � D; *"$�1 *"�*`�-	$/	$�;" 
K� 	=-# I� WH� -#� ��	') 	G -"#1.(  

  
 D��:1;E$ .%
�� �% (��H*�� I�)����) K����45$ 6����2 ��	� 
�� ��  �*�=L%� ��2  � ���
����: ��� <= ���
  

 I!Z *<�  
,!�-  

I!Z *<�  
��"�/ �"	�" 

 �B *<�  
,!�- 

 �B *<�  
��"�/ �"	�" 

 [�JB-"  
��$� 

 ��Q  
,!�- 

 @���  
,�"�' ��< 

 	=-#  
,�"�' ��<  

 ,'-#  
�#"<(  

L"�$$|B l��
�  

**01/0 **002/0  **05/0 **15/0 **82/747 **51/484 **56/94 **48/881  2  �-�G 
**004/0 **001/0 **022/0 **07/0 **23/334 **36/89 **09/547 **01/819 3  I$��$/ 	$�" 
**0004/0 *0001/0 *002/0 *01/0 **11/32 *56/13 *89/7  *18/112 6  �-�G× I$��$/ 	$�" 

00008/0 00001/0 0006/0 002/0 41/7 06/5  94/2 46/42  24 �HZ 

97/8 80/6 08/8 35/8 35/7 24/9  43/6 18/9  - ) L"�$$|B A��i%( 

* N**  �ns�3H� ��/8� : D�O/P� QR	 
� 
��1  �5  � �S
��3H� ��/8� T��*
��. 

  
 D��: �����1;E$ .%
�� �% (��H*�� I�)����) K����45$ 6����2 ��	� 
�� �� S�U8 �*�( ���;%1���% 6<= ���
  

	$>���?�  *`�-	$/	$�;"�1 �F�( D; *"	$�;"  D; D
�  D; D$����; �#"<( ,'-#  L"�$$|B l��
�  
**23/0 **67/14 **66/430 **37/23 **32/0 2  �-�G 
**90/0 **68/33 **31/742 **49/8 **40/0 3  I$��$/ 	$�" 
*08/0 **14/3 **72/157 **06/4 **08/0 6  �-�G ×I$��$/ 	$�" 

02/0  63/0  73/26  07/1  02/0  24  �HZ  

60/8  06/7  48/6 40/9  24/7 - ) L"�$$|B A��i%( 

* N**  �ns�3H� ��/8� : D�O/P� QR	 
� 
��1  �5  � �S
��3H� ��/8� T��*
��.  

  

1. 3��
	� �8�* .��� �
�=�  

�F��B D��3F� �a" b$ -�&I$��$/ 	$�" -�G ��  	=-# ��,�"�' ��< "��" �� �#"# *�!� �/-c��� C$-�G *"��  ,&/ -#

@^�� �/� I$��$/ 	$�" �$ *"�,�"�' ��<  C/�; �/-c�� �� .@��; #��-�I$��$/ 	$�"  @^�� -#50  �100 ��$� ���  -#

%$ 	=-# �F,�"�' ��< B -#$-�G 	/�G -�&� ,� -�Q 
K��-"#� "��"� C� .@��C$� ��B 	=-# ),�"�' ��< B -#$ *�	� -�&

-�G�  �� �; #��-�50 ��$� ��� % -#$ �FI$��$/ 	$�" G) 	G �	/�!�M D1 .(  

  

2. 3��
	� &%�� .���  

�F��B D��3F� �a" b$ -�&I$��$/ 	$�" -�G ��  @��� ��,�"�' ��< B ,&/ -# �#"# *�!� �/-c�$�/-�&� I$��$/ 	$�"  -#

@^���/� � �r�Fs�$ @��� *"�,�"�' ��< B ,� @��� �/-c�$"��" 	/�G -�&�
K� C�-"#�  .@G"#C$� ��B @��� )

,�"�' ��<  -# �/-c�; #��-�50 ��$� ��� % -#$ �FI$��$/ 	$�" B ��$-�G *�	� -�&� ,� @�# G) 	�(M D1.(  

  

3. 3� 3	> .��'  

�-��� �3��� ,�$ ��$) #"# *�!� �/;� -# ,$B )$�/-�&� c�; -�C$� ��B� )$- ��Q *"�� D��3F� �a" <" ,!;B #��-�$ -�&

50 ��$� ��� % -#$ �FI$��$/ 	$�" B ��$-�G *�	� -�&�  �Y; ��B*( ) B -#$ �	� -�&; #��-�I$��$/ 	$�" -�G ��� 100 

��$� _��% �� -$ �F,� @�# G) 	�(M D2.(  
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 < �16����2 X
/Y� Z�R	 <*��/� �4� I�)���� �[%��� . ����: �S
� �* �
�� 73$ � ��	� ����: '��	 � ��� <= 
+* ��� ���
  

  

3 .4$ @�7��
 .� 5�  

o��"�� �3��� ,�$ ��$) �/Y; ��B� [�JB-" )$B D��3F� �a" <" ��$ *�	� -�&; #��-�I$��$/ 	$�" B �$-�G -�&� 100 

��$� _��% �� -$ �F,� @�#  .	�(; #��-�I$��$/ 	$�" @^�� -#�/� � [�JB-" � 	G- #���� m��� r�Fs�$"�G -# ���B \$ -�&

-�G� 	G G)M D2.(  

  

3 .5
	
 B
��
 �� C�� .��  

�F��B D��3F� �a" b$ -�&I$��$/ 	$�" -�G �� "�/ �"	�" �B *<� ����  @^�� �/ -# �#"# *�!�I$��$/ 	$�" )F�-_�� �� �

�$-�G *"��� �$"�/ �"	�" �B *<� *"��� ,� ��"	� -�Q; C/�� .@��C$� ��B� )$"�/ �"	�" �B *<� *"���  ,� ]����

�$B *�/�$-�G *�	� -�&� G) #��M D3.(  

  

3 .6� �� C�� .��'  

"��" ���-�G C
B C�  ,� �J= <"100 ��$� _��% �� -$- �B *<� �F�,� ,! C/�; L	G� #��-�; � @��I$��$/ 	$�"  �/ -#

 WH� �#50  �100 ��$� ��� % ��$ #���� A�� �FD��R ,'�B "� @J= )	G .,� �-�Q #��-�; �	� ,;I$��$/ 	$�"  C
B -#

100 ��$� _��% �� -$ �FY; ��B� )$- �B *<� *"��3� ,� @��� "- ,!$B ,$ .@G"# �/-�&C$� ��B� )$" <" *"�� -# @J= )

B$ -�&100 ��$� ��� % ��$ �FI$��$/ 	$�" B -#$-�G -�&�  �	/�!� 	/�G	G  DMG)3.(  
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"���
� ��#"#�"c� #"�� yc' )�� -�3B "�� @� .	
;I$��$/ �	$�" %�" Dj"�� -# ,;$� #-"� �&� ,$ �	G ��� D&M� l�
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@��� -# �	
���$� #��-�; � �M!Z C
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K� ��$� -#

 #-"# @3��H� �i�j C/�01 b��F�)Qader et al., 2019(.  
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