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Abstract 
In order to study the foliar application of melatonin on plants grown from safflower in different seed qualities under drought condition, two 
field experiments have been carried out at research farm of Aburaihan Campus, University of Tehran, between 2017 and 2018 growing 
seasons. The experimental design is split-factorial in a randomized complete block design with four replicates, with the treatments being 
consisted of two levels of drought stress (1- normal irrigation (no-stress) and 2- irrigation after reaching 85% of soil moisture depletion of 
field capacity at flowering stage (drought stress)), in the main plots. The subplots include 4 treatments, including a factorial combination of 
seed quality (stored seed and recently harvested seeds) and foliar application (the control and melatonin foliar application). Results from 
these experiments illustrate that melatonin foliar application has significantly increased the seed yield of stored seed by 589Kg.ha-1, 
compared to the control. It is also shown that SOD and CAT activities have been increased in response to melatonin in plants grown from 
recently-harvested seeds under drought condition. Furthermore, it is indicated that foliar application of melatonin decrease the amount of leaf 
soluble proteins by 28% in plants grown from recently-harvested seeds under drought conditions. According to the results, the amount of 
malondialdehyde is decreased by 37% in plants grown from recently-harvested seeds by foliar application of melatonin under drought 
conditions. It seems that seed quality has an enormous influence on grown plants and that using melatonin may play a substantial role in 
ameliorating the injuries derived from stress on safflower plant. 
 
Keywords: Catalase, malondialdehyde, oilseeds, proline, seed yield. 

  

  

  

  

  

  



$%&�� 
	�'�( )�*+�,- .*/0�( 1�%2 �0%3� #���( /%�04 �
5� �0%6.%(7 /%�04 89�� 

  

 ����23 �  ���	
4 �  ��
���1400 

884

  

1 .�����  

 &' �)#� ��5 0	� 0
'7(' #� #��� �
'�
 �� *#+#�� �)�

)  
' ���" '��. ���i� �\��O' J'��i�Gray & Brady, 

2016  
' ,1\�  �123 0	� .(�� ���
$  M
���

 �#�� �1�N��#�� $ �1
j�N�
7�( 9#+��"�#"����� 

L�#O Eg��) �)#� ��)'� �6'�& *#+#�� 9$� �Bodner et 

al., 2015 .(k#]
�_� 0	� ��#\�  4���& $ ���&��h 9#+

d
#. �� �#D
' '� 0	� �� ��" 9#+  0	�  
#E� �� �" �		"

�� ����#� ���'���"' �� ���'���"' 0	� .��)  l
�8 &' ��'��

M
#	� ��"�#" C�6 Mg�� �N��
 9'7g' �� M�
5 *5   #+

*5  #+ )  ��)Demidchik, 2015 ,
' .(�	
'�( ��N�� #� #+

D� $ �Z &' 0����1N�� m\  9#+�#a( *H��"'1
  &#h5

��  $ ��N�� ,�� ��#a�  .��) �\
 '�& �
ROS #+�� ���
$ 

���5 ���"'*' �� n!Z �\
7�5��h $ �\
7�5 9#+  ��)

)Mittler et al., 2004 .(  

���5 o#(� �\
7�5 9'7g'  L�#) ��'���"'b
7�5 #+ 9

���5  �
7D� Mg�� �"  
' *'���"'ROS�� #+ ���) 

)Mittler et al., 2004 .(b+ ,�	R  �N��
 b���#1� p


 �" ��#�Z�� ���
$  ���#_� 97\
' 0	� #� *#+#�� *5

��  �"  
' ��3'� 97\
' b��	� &'  
' J�#]6 4�		"

�� ���
$ m\D�  �N�\
' *�'�  �� ��a�� �#�&#
 9#+

���
 �� `5 q-�' &' 9�����g 9'�� ��3 9#+ �)#� 

)Reddy et al., 2015��� .(�
 ��'� *#2� ����� 9#+  ��'

 l
�8 &' �123 0	� �8 �� *#+#�� �� 97\
' b��	� �"

 �(#�� #
 97\
' �#a( J#]�"�� m\D� ��		"  97\
' 9#+

�� r� �+� )Ranganayakulu et al., 2013; Filippou et 

al., 2014 &' �1
 .(bE� �� ,�N$�. 497\
' J#]�"�� ,


 0_� �"  
'b2R ��� �� 7�� 9P#. &#
 9ROS $ #+

,���$�. �#�3#
 n!Z ��'� #+#2h $ #+ )Ahanger et al., 

20140	� /
'�) �� .(  ��N�� 4*#+#�� �� �
�) 9#+

                                                                                    
1. Reactive oxygen species 

ROS#+   �(�Y &' ��'�(  
' ,1\�P#. &#
 b���
 9

���5  �D��� �� $ ��) *5 ��'���"'ROS�� #+  m\D� �	�'��

� �" ���) #+��I�N *��
'���"'�. Mg�� $ �	�#
�  *'��

�� ���
$ �&'��'  9'���� 9���*�N#� 9� ��+�N5  ��#
&�'

) ���)Jumrani & Bhatia, 2019 .( 

  ��  
' ,1\� ����� ,h$� $ ��1�\6 9'7g'

�����  49j�N�(��� 49j�N�"' 4s����j �	�#� 9�#
& L�'�6

����� �'�O �+���" $ 9j�N�
7�( )Coşge et al., 2007 .(

 p
 �!�\�' #
 P#3 �123 �� 9�g �6'�& L12�

0�� &' 9�#���  *#Eg 9#+�� �H
$  $ p23 l8#	� ��

�\�� p23  
' )Flexas et al., 2004 �� �123 ��' .(

 *#+#���� J�)  �1�N��#��  �at$ 4*5 J�� $ �123

 $ #��� $ 9��) L�]O &' �T��� L�'�6 �F
� 4*#+#��

0	� ���� #��� 9#+  ��Z �#�� 9�\� ��Z�� 4�+#�� 9#+

O�') ��'� �F��� ���� p
 ����� C#Demirevska et al., 

2009�6�\D� �D��� �
#E� ��1�\6 .(  L�#_�� J'��' &' 9'

 
' p
j�N�
7�( L�'�6 ,�� )Farooq et al., 2009 �� .(

�� *#+#�� �� ��'� ��1�\6 0+#" 0	� /
'�)  .��'��

��  �6 J'���+���" *��
-�\
5 �� 0+#"   �N#a( $  #+

b
7�5 #+ .�)#� p���	
 9 

 �#�� p
 '�
& ��'� `5 0	� �� /
��� L\�� �����

 $  
' l�\6 �2
� #��� �'�� �0	� #+ L�]O&' �T��� 9

) �	" L\�� '� `5 0	�Ebrahimian et al., 2019 .(

 ��)�#D
' M�
5 J�)�� ���
$  J�� 4*#�& �� `5 0	�

) ��'� �F��� #+��]\" J�) $Soheili-Movahhed et 

al., 2019��#F	+ .(  �Z�� �8 �� ��5  
�$��� �"

 �2
'&�� �H
$ ���� �#2(' �\�_6 4�+� r� �L� #+  $

P�. *�) ��'�  #+�� ��8 L�#O Eg���� 0
'7(' � ��#
 

)Selote and Khanna-Chopra, 2004 �+��� ��Z�� .(

u#�Z �� �8 �� �123 . 
' `5 ��]\" �� ��Z�� ,


� �'�a� �� 0+#" Mg�� ��$� ,
' �� �&�h �+ �� �v�



$�.:� "�+5%; 7<=>? ��� 
<=� �/0%�02 � @$�! ��� :%
4%	%��> A%�� B<.9A ;�C DEC%. F49�� 
�!�  <4C,�%G �� 0.
>H I3C 8�6� 

  

 ����23 �  ���	
4 �  ��
���1400  
885

 ����
� *#�&�� ��)��'�  �(�Y  �D��� �� 4� #+  '�

 0+#"�� �+�  �� �D	� $ ���" �#��" '� �)� ��$� $

 ��'� ��1�\6b" �� �� ) ��)Movahhedy-Dehnavy et 

al., 2009.( ��) w�'7� �"  
'  ��$� �8 �� `5 0	�

 $ �+���*�)�. #E� ����� �� `��T�#� ��' �#��� ��'� ��

��'� )Yau, 2007; Koutroubas et al., 2009(  

w�'7�  *#�� �" ��'� ��g$ �	��& ,
' �� �E�#2� 9#+

��  ����� ��1�\6 �		"�� ��8 �	a�  /
'�)  �� 9�'�

 
' ��(#
  0+#" �123 0	� )Movahhedy-Dehnavy 

et al., 2009; Santos et al., 2017.(  

 9'���#
 #+�\6 L�]O &' �6'�& J#!K 4 $ ��'� ��1

 ,��a� $ �123 �� L\�� ��#
&�' 9'�� 9'7g'

s����j #+ ��#!�
' ��1�\6 �123 0	�  �� ���� 9

��  �))Sinclair, 2011 .( !K  �6'�& 9#+�� �
#E	�  ��#O

 #
 $ L\�� ����� A�T
 &' ��
�� �
�Q� #� �	����

s����j ,�� �� '� 0	� ��  �
#�Z ���� $ #+  �6'�& 9#+

�	+� *#2� ����� )Riasat et al., 2019 .(#� ,
'��#	�  ��

 ,�(�������� ST
 �� �123 �� L\���
#�\�) ��  *'��

l�O� J#6-8'  ���� �� 9����H
$ 9#+  �� L\�� 9�#�	�

3) ��) b+'�( *#+#�� �� �12Passioura, 2012.( 

P��� 7�� $ �
#�\�) J#]�"�� &' ��#!�
' ���
& 9#+1 

�� *'�	6  �"  
' ��) e�2� �	�\
'�. L�'�6�� ��8 

b2R ������� �� 9  �6'�&��h $ �6'�& �+#�� 9#+

0	� ��'�� �� L\�� 4�����  �� �" ����� ���&��h 9#+

�� ��'$ �#�� ]E� '� ���)�� �� ) �	+�Savvides et al., 

2016 4�
#�\�) L�'�6 &' ��#!�
' #� *#+#�� �	�\
'�. .(

0	� �� �#�� L\��  $ ��'� 0
'7(' '� ����� ���&��h 9#+

 0	� /
'�)  �� '� �#�� �)� $ �N��
 9&#�
����+

 ��]E� ��) �2��Savvides et al., 2016 �
#�\�) �'�� .(

�� 9��a�� '�. L�'�6 *'�	6 �6'�& *#+#�� �� �	�\

                                                                                    
1. Biostimulants 

 ������� �#" �� ��(��  &' �a� *#+#�� .���)*�)�#\��  #�

 ��  �$#_� ����� �6�	Q� #
 �a�]8 ��a�� J#]�"��

0	� �� M�" '� ���&��h 9#+ ) �		"Demir et al., 

2012 &' �1
 .(#]�"���� �" ��  ��#!�
' ���	� ,
' �� ��'��

��) �	��5 ��
' J#_�2� &' �1
 4 ,����-� C#� �� *#(��I
��

. 
'  
,����-�2 ��  p
 *'�	6P#. ��		" ��x� �#1
�'�  9#+

��1N�� ��'�� �� �'&5  ��\g &' 4P#��T3 �2	"'$ 9#+

���� �2	"'$ *H��"' 9#+ ��  �N#a( �	" )Arnao & 

Hernández-Ruiz, 2015; Reiter et al., 2014 ��&#� �� .(

��) ��'� *#2�  
' ,����-� �"  /]��� �123 0	� #�

 
'4 �� ��89  ��N�� b+ $ ,����-� �g�#3 ����#" b+ �"

�� 4,����-� ��3'� �� '� �123 0	� ��  �$#_� ��'��

) �+� 0
'7(' *#+#��Gao et al., 2018; Liang et al., 

2019�]	g &' �1
 .( 0+$H. �� �" �
#+  #� /]��� 9#+

 �#��� ,����-��g������ 4��(�� �'�O  ,����-� 0_�

�� *'�	6 0	� ��'�� ��  �(#�� L�#6  �� ���&��h 9#+

)  
' *#+#��Arnao & Hernández-Ruiz, 2019 .( 

b+ w-� C#\� �#	" �� ,�	R  L\�� 0
'7('  Eg #+

0	� �� �6'�& *#+#�� �� �T��� 9#+  �1
 4�123 0	� �H
$

�'� &' �#" � C$#_� $ ���� *#+#�� &' ��#!�
' 4bE� 9#+ /
'�) �

��  2"���� �_T	�  �
  *'�
' ���� *#+#�� &' �1
 .�)#�

 4�123 ��\g &' �T���  �
 /
'�) �� C$#_� �#��� $

) �����Carthamus tinctorius L.( �� �)#�4  e�2� �"

 �T��� /
'�) #� l�#T� 9'�� 9�#
& �
#�'�� �"  
' ��)

�� '�'� '� �����) �)#�Zaoui et al., 2016  .(  

q�+  �
��� 4�t#Z �aN#T������ �����  �)#.

 �� ,����-�b
7�5 #+���5 9 d
#. $ *'���"'  9#+

 �!�" #� ����� �#�� �
#�\�)���  �� �%� ����� 9#+

 �123 0	� /
'�)�� �)#�  .  

                                                                                    
2. N-acetyl-5-methoxytrytamine 



$%&�� 
	�'�( )�*+�,- .*/0�( 1�%2 �0%3� #���( /%�04 �
5� �0%6.%(7 /%�04 89�� 

  

 ����23 �  ���	
4 �  ��
���1400 

886

2. �	� 	 ���� 
�  

�� 
��� ���	�� ����� ����� ���� �� ,����-� �)#.  9#+

 �$%� &' ��(#
�)� �����)�#]�' )'��� �&#� $ ��  ��)

  )��� bO� ��'�)
/ 0	� 123 4�#�&5
0  �8 �
#+

�#
 #+ �6'�& 996 -1395  $97 -1396  �6�7� ��

 �#F2
#�&5 $ *'�E� �#F2�'� *#�
���' G
��. �2+$H.

 4�+#) �#F2�'� 9&�$#2" ��12�'� �+#�� 9j�N�
7�(

 . (�� C#D�'#�&5
0 �6�7� '9 �� J��K �I
'�  -

���"#(
L P��� A�8 MN#O �� #+9 (�#Q� L�#"�  �#ER #�

 L�'�6 . (�� C#D�' �'�1� 0
#�&5 $� &' ����� J�#]6

123 0	� ST
� �5)��#9 N�\a�� 
# �5��#9  G.  &'50 

��� �K���� (�Y &'  ��8��  6'�&� �5 $ (P#3��#9  

G.  &'85 ��� �K���� (�Y &'  ��8��  6'�&�  P#3

+��� ��Z�� ��� ( ����� �" J�" #+9 �K'�  �'�O

.�	�(�� J�" #+9 6�(�4  L�#)4 ST
  J�#]6 �" ���

" &' ������!�  �%� )1-  $ ��)�#]�' �$%�2-  �&#� �$%�

 )'��� ����� $ (��) )#.� )1- �+#)z ����� )#.�  #�

 $ �T_� `52 - ����� )#.� ���-��, 2/0 ���� �c�� .(  

#�&5 L" ��
0 #+9 C#D�'  4��(��$� �%� ����9  L�#)

� $ ��)�#]�' ����� �$%��7  )'��� �&#� �$%�  ���� ��)

  )��� 4����� ��#!�
'���� bO� . (�� �'�O ��#!�
'

'�'� �" ���9 ��s � 4��#E� �)�� 4�#3 � �� C$#_�
w7  $

� #��*'7  ��'� ,h$�30-25  ����� �$%� . 
' �K��

)Carthamus tinctorius L.� �&#�  )��� bO� ( )'��  ��)

 �#
 ��1395  &'��'� 0�� � �	h$� 9#+ ��
x J#_�_��

E� $ A-K'�� E� |�" �%� $ �#E��� �) ��)�#]�' �$%� .

�� 4 )��� bO� �����  J�� 2+ '�) �� �#

/ 

�'��#]�'9 ]8�a) � #��20 -28 ��#
 �g��� �'�� $   ��8�

�]�� 55  #�60 �K��( �F� �'�9  �$' �#
 �� .����� ��)

)  2"1395�  Eg (��#\ N�� $�%� &' ��)�#]�' �$%��� ��)

 �#
 ��1387  ��#!�
'�) '�� $9 ���#\  �&#� �$%�

 )'��� N�� �$%� &' ��)��  �#
1395  0����'� #+9 

	h$�� �
x� ��#!�
' �%� $ �#E� A-K' ��) .b+ ,�	R 

)  2" C$� �#
 ��1396  Eg (���#\ �' �$%� &' ��)�#]

N�� �$%��� �#
 �� ��)1388  ��#!�
'�) � $�7   Eg

���#\  )'��� �&#� �$%� N�� �$%� &' ��)�� �#
 ��)1396 

 ��#!�
' 4�$' �#
 ��Q��  )'��� &' LK#Z�) .

b+ ,�	R ���-� ��#��, )N - �
'�L -5-�"���� ��
�#�I�, (


  "�) �� l�a�� ��) ��#!�
'�#\F ��N5
d .���  

 ��#\) �2+$H. �)&��5 �6�7�2  *#�
���' G
��.

 *#�
�E) m�'�� &' }c7O �_T	� �� mO'$ *'�E� �#F2�'�

 �
#�('�ig ~�6 ��  )�"#.35  $ �g��28 O���_ 

N#\) $ �('�ig ��8�#�
 51  $ �g��36 O���_ O�) �

 l]8 �_T	� ,
' .��'� �'�O�_]8 �O' 9�	��\�  ,��#�$�

7g$ � `���� p23 l8#	�� ��) � *5 �� �"�F�#�, 

����#�� N#
���# 141 ���� ���4  ��c#
 /
��� 9#��6/15 

u����
 �g��  $�� ST
 &' o#!��' /
���
#  *5 ��

 �$�Z1020 � ���� �)#�. �1
7�( J#Q�2� - �
#�\�)

 �$�g) 0
#�&5 *#1� P#31 �� ��#!�
'���� `5 $ (

 �$�g) 9�#��52b+ $ ( `5 �'��\� ,�	R N#
$� 9'�+$ �

 L1))1 *'7�� *���c#� L�N� . 
' ��) ���$5 �
& �� (

�6�7� P#3 b�
#�. $ �!�( ����4�aN#T� �.�9 �'� ��"� 

N�����'��'� �� ��)9 '
, �6�7� �#
 �8 9�#\�� 9#+ 

 
' ����.  �"� �� C&c 9�#��5 `5  �at$ ���� ��

 ^	. �� �1
��1N'  
'�+ �#�N &' 9�#��5 `5 �"  
'

�_]8 u-" �	��� 9  0
#�&5 *#1� 9�#��5 `5 �" ��)

�� �� ��(�� ��� �� ��) *'�	6 b+ .��)  �#�N &' ,�	R

�_]8 u-" �#ER �� 9�#��5 `5 4b
�
 *'7��  9�	�

��  �� 0
#�&5 *#1� 9�#��5 `5 4w$� ,
' l]8 .��)

 ���C5-S3 �� e�2� �" 4 (�� �'�O  `5 �" �	"

 *'7�� #�' M
#	� 9�#��5  Eg ��#!�
'���� ,
' �� b
�


�� c#� `5 .�)#�  
  

  

  



$�.:� "�+5%; 7<=>? ��� 
<=� �/0%�02 � @$�! ��� :%
4%	%��> A%�� B<.9A ;�C DEC%. F49�� 
�!�  <4C,�%G �� 0.
>H I3C 8�6� 

  

 ����23 �  ���	
4 �  ��
���1400  
887

    

 F�2L1I>���= �0.L0 M�� N�6 �>�%	%
 � �8>7%5 O�PQ�� .  
 ,��"

�N5  
7	F	� G� 9$�  ,+5 

 L�#O b�
#�.
`%g 

 L�#O �!�(
`%g 

 *j$����
L" 

  
'�+
�1
��1N'  ��
��
'  P#3  (#� 

)%(  )ppm(  )ppm(  )ppm(  )ppm(  )ppm(  )ppm(  )%(  )dS/m( 

4/1 9/8 83/0 3/2 23/4 732 79 14/0  57/7 21/8 ���N - �
� 

  
 F�2L2I>���= �0.L0 M�� S= �>�%	%
 � �8>7%5 O�PQ�� .  

��

��


'
  

�1

�

�1
N'  


'�
+

 

)
µ

S
/c

m
( 

��
"

)
m

eq
/l

( 

b�
��

"
 )

m
eq

/l
( 

J
#!N

�

 )

m
eq

/l
( 

b

7�

	�
 )

m
eq

/l
( L"
 �

��
��

 9
#+

 p
\�

 

)
pp

m
( 

b

�


 )
m

eq
/l

( 

J
#	�

�"
 )

m
eq

/l
( 

J
#	�

�1
��

 )
m

eq
/l

( 

��
�

 

b

�


 `
%g

  
]�

�
 

��
��

� b

�



 

)
%( 

71/7  5390  5/22  17  28/37  19  2440  4/29  0  62/5  C5-S3 92/6  95/44  

  

  

  

 M8
1. TC%%O0. S= 04���> U �� VW7X �Y�7�� ���= F�$ ��>I �Y�7� 0�  
  

  

  

 0

 10

 20

 30

 40

 50

 60

 0

 5

 10

 15

 20

 25

 30

 35

 40

March April May June July

 �
A2

<��
:

)
.
�

 �
9%�

(

O
�0.

' 
�L

��
)

�0.
A �


<�
$

(

 J�'�Z �g�� /
���)�'�� ���#
(  �����#� o�\D�)���� ���(

�������-	
�����


	
�����
-�
���

�0�.6-.%C .%C-�0�.�

 �Y0�� F�$96-1395

����
-�������

 0

 5

 10

 15

 20

 25

 30

 35

 0

 5

 10

 15

 20

 25

 30

 35

 40

March April May June July

 �
A2

<��
:

)
�9

%�
 

.
�(

 O
�0.

' 
�L

��
)

�

<�$

 
�0.

A
(

 J�'�Z �g�� /
���)���#
 �'��(  �����#� o�\D�)���� ���(

 �Y0�� F�$97-1396



$%&�� 
	�'�( )�*+�,- .*/0�( 1�%2 �0%3� #���( /%�04 �
5� �0%6.%(7 /%�04 89�� 

  

 ����23 �  ���	
4 �  ��
���1400 

888

  

 Eg 123 0	� �#\6'�4  �g�� #�  ��,
'  ��Z�� �"

+���� u#�Z ��
, b" ��  ]�� ��Z�� ' 4 
' ��5
, 

�� ��Z�� 123 0	� �#\6' *#�& *'�	6�  . (�� �'�O �����

&'  ����� �� �)� LZ'�� ,��a�  Eg +��" C#�� �

BBCH )Flemmer et al., 2015( 4 u#
' ,
' �� .�) ��#!�
'

+��� ��Z��� �#�& ����� ���  �" ���50 L� �K�� #+9 

� &#� ������ ) ���) �"65.( '��#	�
,  �#\6' *#�& 0	�

123� ' ��
,  (�� C#D�' ��Z��.  9�#��5 u#
' ,
' ��

J�"  u#
'�� �)� ��$� *#
#. #� (0	� *$��) �+#) 9#+

 �����50  4 (�� C#D�' �6'�&  �(�Y  ��8� �K��

�N#Z�� J�" 9�#��5 �" Z�� #� �123 0	� 9#+ ��50 

 ����� u#
'�� �+��� �K��50   �(�Y  ��8� �K��

 u#
'�� 9�#��5 *5 &' G. $  (�� J��K �6'�&

�&'��'  �� P#3  ��8� *��
� $ P#3  ��8� *'7�� 9���

85  9'�� .�) C#D�' �6'�&  �(�Y  ��8� ����� �K��

�&'��'  �K�� 9���  ��8� ��&$ P#3 �����#�. �#_� ��

. �T_� $ �6'�&  �(�Yb�'� �����H  &'  7��	�	��   ��8�

 P#3�) ��#!�
' )Saxton et al., 1986 .(' l�#T�
,  4w$�

(�Y �� P#3  ��8� �'�_��   �6�7�3168/0   ��8� $

����H. �T_� �� P#3�4 1584/0 a� Ma1���� �� C����, 

b+ .�) ����� ,�	R ���-� �)#.�,  �" �� 4�6�7� ��65 

C#�� BBCH4  ��Z�� ��50 b+ �+��� �K��  �#\6' #� *#�&

. (�
%. C#D�'  ��� p
 �� C#F	+ �Q6 $ �123 0	� 

 J��O 0
'7(' 7�� $ #E��� �� ����� ��!� &' *#	\�8' 9'��

 ,�
��  �#�"#(��
 &' 4��!�20   ��h #�5 �\DZ �K�� - 

.�)  ��#!�
' �\DZ  
'��9 7�� �#\�� �+ �� 9�#��5 *#�& ,��a�  w$� &'$��&1 

�) ��#!�
' )Akbari et al., 2020; Fathi Amirkhiz et al., 

2021 .( 4���	� ,
��48  �� C'�O' 49�#��5 &' �a�  6#


 P#3 ���\�  )'���� �a
�� l\6 &'
�2  #� �!K)30   $30 

                                                                                    
1. Gravimetric 

 #�60 ���#
  (����)���\� . #+9  )'��� -� ��)��K#(  $ *&$

a�  Eg��,  ��8� �K�� P#3 ��&$ �� 4#�� �� *$59 

100 u����
 �g��4 �5 &' L]O .�) L_�	���#9  �&#g' 4��D�

� l\6�� P#3  ��8� #� �) ��'�
�2  ��85 ��� �K���� 

(�Y  ��8��  6'�&� '��#	� .�
��
, �5 *#�&��#9 '��9 

�5 A�T
��#9 50  $85 ��� �K���� (�Y  ��8� �Z &'�  

6'�&� �� M����4 �#�&�  l\6 �� P#3  ��8� �" ���30 -0 

���#
 ���4 ��5/11  $75/5  l\6 �� $ �K��60 -30 

���#
 ���4  ��14  $7 
� �K����. b+  ,�	R �#\6' *#�& ��

J�" 9�#��5 J#a(� �'�a� �123 0	�  $ 0	� *$�� 9#+

�� �123 0	�  M����5  $3 .��� �]���  

G. #. &'
*# +��� ��Z���  ��Z�� o$�)  &' L]O $

��'� *�)�. ) �"71 C#�� BBCH4( ���\� �'���9 ���� 

�&'��'  Eg ���9 K�Q3�J# ��)��\�#�
  . (�� C#D�'

0D	
 N#a(�  7�5
b �� &c#�#" w$�  Chance & 

Maehly  )1955 (  C#D�' (��7D� .
� �"' `5���H  #�

 |�� ��8 �� `%g 0+#"240  �����#��� ��
$�  �#F�
�

�����($��1I
' )OPTIZEN 3220UV (  ��2"  3#


��	g ��"�  J�� ��$� O���_ .�F��9  $ �)�� 9'&'  �+

���� C�� ��$�.�, 7�5 ��#Q6 ��
\� ��*# �) �Z'$ .

N#a(�  �� J��K i���J'� � �� `%g��� C�� ��$�.�,  ��

O���_ � �� *&$ ���*# �). N#a(�  7�5
b  J#���1
5

�"'�.�4&'� w$� &' ��#!�
' #� Nakano & Asada 

)1981(4 �8 &'
l �"'�
'��*�  /
�� 4J#���1
5

 |�� ��8 �� 4�����($��1I
'290 �&'��' �����#� ���9 �) .

0D	
 N#a(�  7�5 ����� 0��
b �"'�.�&'�  $

��. L	( &'���"' l]8 w$� Ghanati et al. )2002(  C#D�'

�) .  

  Eg�&'��' ��� 4&#��\�
� ���"'�.�
 b
7�5  �N#a( 9

A�T� w$� &'  /
�� ��)Giannopolitis & Ries 

)1997( u#
'��  `%g���\� #+  |�� ��8 ��560  �����#�



$�.:� "�+5%; 7<=>? ��� 
<=� �/0%�02 � @$�! ��� :%
4%	%��> A%�� B<.9A ;�C DEC%. F49�� 
�!�  <4C,�%G �� 0.
>H I3C 8�6� 

  

 ����23 �  ���	
4 �  ��
���1400  
889

. (�� C#D�' '��9 �&'��' ���9 ��$�. �'�_��, #+9  �� �����

w$� &' f�� Bradford )1976( ��$�.  ��h .�) ��#!�
'�, 

���� M�Z�� 	�	� &' ��#!�
' #� �&#�  (#� C�� �� C��� 

��]N5 C�
 /
�� �" ��'��#�
'�, $#�9 E��� ��) ���4 

�) �]
#�� .'��9 �&'��' ���9 N$�.�, '����9  &' f��  (#�

w$� Bates et al. )1973 ( &' ��#!�
' #�  ��h .�) ��#!�
'

	�	�� a� ��'��#�
'��, �) 9#+��I�N *��
'���"'�. *'7�� .

�
#2h �&'��' &' ��#!�
' #� ���*'7�� 9 *�N#� 9� ��+�N5 

)MDA( �� �"'�. �
#E� ���$5�( *'�	6�
'��*� N�I�#+�9  #2h

�) C#D�' )De Vos et al., 1991.(  

 �'�a� 4L�#" ����
� &' G. $ �)� LQ( *#
#. ��

^	.  L�#) ��1�\6 9'7g' $ `#���' J�" �+ &' ����

 *&$ $ �&�h �� ��'� �'�a� 4���� �� �&�h �'�a���'��'7+ 4

�&'��'  J�" �+ &' 4����� ��1�\6 ,��a� 9'�� .�) 9���

 #� ��'�� ��Z#�� 4�2
#�&52 m������ &' G. .�)  )'��� 4

 *��"'�g $ *����"��'� #+ �� ���
$  ��'� ��1�\6 4�#��h

�&'��' ��� .�) 9 ��]
#�� C#D�' ���	�� 9#+ �#�59  &'

C�� �'7(' �#�5 9SAS  ����)4/9 ( ��#!�
'�)#_� .
�� 

��F�#�, #+  w$� &' ��#!�
' #�LSD  �#\�Z' ST
 ��5 

 . (�� C#D�' �K��b+ ,�	R L�#_�� 9#+��'  &' ��#!�
' #�

 w$�w�� �+� ) L�#_�� ��'LSMEANS ���
� /
�� (

PDIFF  C#D�'    .�
���   

  

3. ��� 	 ��
�   

) :S�t��*�$�g 9#+ )3(  $)4( e�2�   �at$ ��		"

�	a�  J#!K 9�'��� 	)#�,
' &' $ � �	a� �"� &' $�  �'�

 9�'���3 ,�� �� J#!K *��]� #
 *��� 
' ��).(  

 /
'�) ���� ��`5 '�+$  e�2� �6'�& �#
 $� �8

 C$� �#
 �� J�'�Z �g�� /
��� �" �)b" �� )17/1 

 �g��u����
  �g�� /
��� .��� �$' �#
 &' (�� p	3

�'��3 �� J�'�Z�#�  ��� l�#T� �" �$' �#
 *#�& #�

 �$�Z 4����� �+���77/2  �g��u����
 C�� ��  &'

�'��3�#�  .��� C$� �#
 ��b+ ,�	R  *'7�� /
���

 *'7�� �� �$' �#
 #� ��
#_� �� C$� �#
 �� �����#�

36/52  �K��b" ��  �� �#
 $� �+ �� �����#� *'7�� .���

 �� *��
� #� 9�#��5 &' �a� ,
'��#	� .��� 7�R#� �'��3 �#�

85  *'�#� 4�6'�&  �(�Y &'  ��8� ����� �K����x� 9

 �8 ��)#_N' �123 0	� ��$� $ �'�� r� �+��� �8 ��

 �6'�& �#
 $��� ��
$  �� 4�����#� ������  (�F� �'�O. 

 *'�_( ��\g &' �T��� 0	� /
'�) 4C$� �#
 �� �D��� ��

 $ �+��� ��$� �8 �� �����#����� �#2(' C$� �#
 �� �

' �#
 &' �$0�� ��     .���  

  

 !�" # $�%
&'(
)�*+����+��,-�.  

 ^
#��w�� �
 L�#_�� ��' �+�  �'� *#2� �$' �#
 �� ��#�

 �� 40	� *$�� /
'�) �� �" &' LK#Z *#+#�� �$%�

��)�#]�'����� 4   �N#a( 0+#" �6#� ,����-� �)#.

b
7�5  &#��\�
����"'�.�
4�) �� 9��8 ����� �"  �)#.

 ,����-�b
7�5  �N#a( 0+#" �6#�  &#��\�
����"'�.�


 #�58/29 .�) �K��  �� �123 0	� o�O$ #� *#+#��

 &' LK#Z �$%���)�#]�'����� 4  �6#� ,����-� #� �)#.

 0
'7('61/37 b
7�5  �N#a( 9�K��  &#��\�
����"'�.�


 �+#) #� ��
#_� ��4�)  �� #�' &' LK#Z *#+#�� �$%� �&#�

 )'��� ��) 4 #���g$  b
7�5  �N#a( 0
'7('

�+#) #� ��
#_� �� &#��\�
����"'�.�
4 �	a� J$#!� ,
'  �'�

��]�  �$�g)6( .  w�� 0	� ��' �+�× �����  �#
 �� �)#.

 40	� *$�� /
'�) �� �" �'� *#2� C$���g$ #�   �N#a(

0�� ����� #� &#��\�
����"'�.�
 b
7�5 ��  4,����-� �)#.

�	a� J$#!� #�' �'��2� ��
� �+#) #� 9.  0	� o�O$ #� #�'

����� 4�123  0
'7(' Mg�� ,����-� �)#.69/38 

 #� ��
#_� �� &#��\�
����"'�.�
 b
7�5  �N#a( 9�K��

 �+#) �$�g) �)7(.  
  

  

  

  

  



$%&�� 
	�'�( )�*+�,- .*/0�( 1�%2 �0%3� #���( /%�04 �
5� �0%6.%(7 /%�04 89�� 

  

 ����23 �  ���	
4 �  ��
���1400 

890

    

 F�2L3. 71C>� �0�>\<� : O���%�>�%	%
4 ;�C B<.9A F49�� .%DEC <4C,� �
�!%G  
  

9
�'&

5 �
g�

�
 

J#a��� ,�F�#�� 

�$' �#
  

���i� m�#	� 

,�
N$�

. �
	��

5 �
�


'
  

*�
N#�

 
9� 

��
+�

N5
 

,�
��$

�.
 

f
�� 

��
��

� 9
#+

  

 b

7�

5  
�N#a

(
&#�

�\
�


��
��

"'�
.�


 

 b

7�

5  
�N#a

(
c#

�#"
&  

 b

7�

5  
�N#a

(
 J

#��
�1


5 &'�
��

"'�
.

  

�'�1� 3 00000357/0 1804/0 0003709/0 0001651/0 001087/0 004870/0 

0	� 1 *0001319/0 ns5394/0 ns02302/0 ns0005592/0 **2912/0 ns001027/0 

�'�1�×0	� 3 00000646/0 4116/0 0183/0 004947/0 000849/0 002692/0 

�%�  �!�" 1 ns00000264/0 ns04996/0 ns0125/0 ns007197/0 **2186/0 **0199/0 

����� �)#. 1 ns00000256/0 ns2294/0 ns00158/0 ns00004586/0 **1329/0 **01306/0 

0	� ×�%�  �!�" 1 ns000022233/0 *7434/0 ns00133/0 ns006466/0 **0593/0 **01801/0 

 0	� ×����� �)#. 1 **0005015/0 ns1723/0 **0779/0 **03506/0 **2196/0 **04805/0 

�%�  �!�" ×����� �)#. 1 ns00002920/0 ns1233/0 ns0004116/0 ns0006153/0 **2274/0 **0327/0 

0	� ×�%�  �!�" ×����� �)#. 1 ns00001229/0 ns0499/0 ns01078/0 *01536/0 **7381/0 **0518/0 

#T3 18 00000727/0 12203/0 0043/0 00255/0 0005013/0 0005730/0 

(�K��) J'���i� M
�t  - 22/6 65/24 25/11 61/14 90/11 99/9 

C$� �#
  

�'�1� 3 00000268/0 2108/2 009619/0 009614/0 002281/0 03577/0 

0	� 1 ns00000124/0 ns000/0 **01902/0 **02078/0 ns0006688/0 **4466/3 

�'�1�×0	� 3 00000075/0 03535/0 000329/0 0003565/0 0001483/0 ns03504/0 

�%�  �!�" 1 ns00000682/0 ns10198/0 ns00594/0 ns00001919/0 **09814/0 **7446/1 

����� �)#. 1 ns00000013/0 ns01631/0 **13630/0 **04714/0 ns008411/0 **7571/1 

0	� ×�%�  �!�" 1 ns00001457/0 ns004078/0 ns0227/0 *01390/0 **02548/0 **9860/2 

 0	� ×����� �)#. 1 ns00000461/0 **4079/0 ns009800/0 *01398/0 **1498/0 **5875/1 

�%�  �!�" ×����� �)#. 1 **00006208/0 ns00407/0 *0388/0 **02654/0 ns0001673/0 **3882/1 

0	� × �%�  �!�" ×����� �)#. 1 **00007629/0 **4935/0 ns001645/0 ns0004266/0 ns0103/0 **6350/3 

#T3 18 00000612/0 0362/0 005879/0 00246/0 00237/0 0136/0 

) J'���i� M
�t%(  - 447/5 61/15 97/12 57/14 02/25 27/20 

ns�:  ** � * ( �3+� .%- ^%C.C �3+� � �0�  F�	
'0 _`$ �� �0�5  �1 .2���  
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 $� �+ �� 40
#�&5

�����  0
'7(' '� &c#�#" b
7�5  �N#a( 4,����-� #� �)#.

b2R J$#!� 4C$� �#
 �� ��]N' �'�  �
��� .��]� ���

w�� �
 ��' �+� � �" �'� *#2� �$' �#
 �� ��#��  /
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�� 40	� *$�� &' LK#Z *#+#��  �$%���)�#]�' 4

����� &c#�#"  �N#a( 0
'7(' �6#� 4,����-� #� �)#.  ��

�� #�' .�) �+#) #� ��
#_� &' LK#Z *#+#��  �$%� �&#�

 )'��� ��)�� 4  #� &c#�#"  �N#a( 4�
�1a� ��8

�����  0	� /
'�) �� . (#
 0+#" ,����-� �)#.

�� 7�� �123 &' LK#Z *#+#�� �$%� ��)�#]�'  �N#a( 4

����� #� &c#�#" �� . (#
 0+#" ,����-� �)#. 9��8  �"

 ��
#_� ���+#) #� �����)  *'7�� �� 4(`5 #� �)#.37/71 

�� #�' 4 )'�  �N#a( 0+#" 4�K�� &' LK#Z *#+#�� 

 �$%� )'��� �&#� ��)����� 4   �N#a( 4,����-� �)#.
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 �$�g4 .7D�
� �'$
G�# � J#!K���
#�\�) ��'� ��1�\6 $   �� ���������� ����� �)#. ���-��,   

 

���i� m�#	� 
 �g��  

9�'&5 

J#a��� ,�F�#�� 

  

  

�$' �#
  

 b
7�5  �N#a(  

&'���"'�.  

b
7�5  �N#a(  

��. L	( &'���"'  

 �&�h �'�a�  

���� ��  

 ��'� �'�a�  

�&�h ��  

 ��1�\6  

��'�  

�'�1� 3 0001882/0 00274/0 5208/53  ns97/58  ns3630/20004  

0	� 1 *0154/0 ns0238/0 ns1250/1  ns94/100  **0939/457315  

�'�1�×0	� 3 001196/0 004994/0 8958/8  2103/103  734/6247  

�%�  �!�" 1 **0149/0 **11601/0 *2812/81  ns4733/0  **457/939624  

����� �)#. 1 **00707/0 **01554/0 **0312/282  ns5745/140  **605/775048  

0	� ×�%�  �!�" 1 ns0003276/0 **2159/0 **7812/258  ns003784/0  **394/6298307  

 0	� ×����� �)#. 1 **0149/0 **1983/0 *5312/94  ns6998/9  *949/488325  

�%�  �!�" ×����� �)#. 1 **0157/0 **0133/0 **1250/946  *9984/256  *469/618157  

0	� × �%�  �!�" ×����� �)#. 1 **0299/0 ns00586/0 **1250/861  *1367/408  ns605/189956  

#T3 18 0005683/0 001519/0 5069/16  6409/49  72/83585  

(�K��) J'���i� M
�t - 53/23 20/16 76/20  09/21  45/11  

C$� �#
  

�'�1� 3 00009050/0 001187/0 2786/60  **8296/334  ns48/35269  

0	� 1 **07807/0 *07031/0 **2578/51  **0664/239  *13/457336  

�'�1�×0	� 3 0009915/0 002331/0 6536/0  7513/4  448/31827  

�%�  �!�" 1 **008579/0 ns003764/0 **6953/79  ns5219/64  **506/6185365  

����� �)#. 1 ns0001836/0 ns0008035/0 **0703/279  ns6672/74  ns667/4792  

0	� ×�%�  �!�" 1 *005481/0 *007008/0 **4453/56  ns5712/113  *124/574683  

 0	� ×����� �)#. 1 ns002888/0 *005155/0 **5703/207  ns0056/65  ns465/29116  

�%�  �!�" ×����� �)#. 1 **03126/0 **0122/0 **5703/76  *4760/232  ns338/315730  

0	� × �%�  �!�" ×����� �)#. 1 **03812/0 **03782/0 ns8203/2  ns8808/65  ns203/243375  

#T3 18 0008155/0 0009146/0 1744/1  1562/37  878/81602  

(�K��) J'���i� M
�t - 704/38 12/22 1725/7  91/17  28/11  

ns�:  ** � * ( �3+� .%- ^%C.C �3+� � �0�  F�	
'0 _`$ �� �0�5  �1 .2���  
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5 b
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����� �� 4���'� ,����-� �)#. 9��8  4�$' �#
 �� �"

�	a� J$#!� ����� A�T
 ,�� 9�'�  ��g$ �)#.

 )'�� ����� 4C$� �#
 �� #�'  �6#� 4,����-� �)#.

�. J#���1
5 b
7�5  �N#a( �
�) 0+#" .�) &'���"'

�N#Z�� �" �� /
'�) ,�\+ �� &' LK#Z *#+#��  �$%�

 )'��� �&#� ��)  b
7�5  �N#a( 40
#�&5 �#
 $� �+ ��

����� #� &'���"'�. J#���1
5  0
'7(' 4,����-� �)#.

 (#
. �� 9��8 ����� �"  �$' �#
 �� ,����-� �)#.

47/161  4C$� �#
 �� $48/63  b
7�5  �N#a( �K��

�1
5 0
'7(' 4�+#) #� ��
#_� �� '� &'���"'�. J#��

�'� �$�g)  9#+6  $8(.  
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 L�#_�� ��' �+�  *$�� /
'�) �� �" �'� *#2� ��#�
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 �� 4

����� A�T
 ,�� ��$#!�  �#
 �� #�'  )'�� ��g$ �)#.

����� 4C$�   �N#a( *'7�� 0+#" Mg�� ,����-� #� �)#.
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7�5�N#Z�� .�) �" �� &' LK#Z *#+#��  �$%�

 )'��� �&#� ��) ����� 40
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'7(' Mg�� 4,����-�  &'���"'�. b
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 F�2L5 . �#�>�� �%a<�%G ��.D0� : O��� �<�A �� M:�#
�%
4%	%��> F49�� �
�! <4C,�%G F�0 F�$ ��  

0	�  �%�  �!�"  ����� �)#.  *�N#� 9� ��+�N5  
(µmol g-1 FW) 

��. b
7�5  �N#a( L	( &'���"'  
(ΔA mg−1protein min) 

 

 *$��  

0	�  

��)�#]�'    174/1 a 349/0 a 

 )'��� �&#� ��)    400/1 a 350/0 a 

 0	�  

�123  

�#]�'��)    738/1 a 312/0 b 

 )'��� �&#� ��)    35/1 b 370/0 a 

      f�� ����� ,���$�. 
(mg g-1 FW)  

,�N$�. 
(mg g-1 FW)  

b
7�5  �N#a( ��. L	( &'���"' 
(ΔA mg−1protein min)  

 *$��  

0	�  

  (�T_� `5) �+#)  505/0 b 049/0 a 167/0 b 

  ,����-�  618/0 a 041/0 b 368/0 a 

 0	�  

�123  

  (�T_� `5) �+#)  657/0 a 037/0 b 269/0 a 

  ,����-�  5720/0 b 044/0 a 044/0 b 

       �N#a( b
7�5 ��. L	( &'���"' 
(ΔA mg−1protein min)  

  
  

�#]�'��)  
(�T_� `5) �+#)  178/0 a 

  ,����-�  181/0 a 

  
 )'��� �&#� ��)  

(�T_� `5) �+#)  258/0 b 

  ,����-�  343/0 a 

� (_`$ .� � �4
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�4"�� 2'0� �� :c.: F49�� G%dC�.! � G%"�.! 2'0� .c.: .C ��� e.A �� F4��.8%� :2%�2"= �%9� e.A c.: .C ��� e.A ���9! 2'0� . M35  :�02%�/0TC%%O0. 
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7�5  �N#a(  

&'���"'�.  
(Unit mg−1protein)  (ΔA mg−1protein min)  

0	� *$��  

�#]�'��)  
(�T_� `5) �+#)  409/0 a 0063/0 b 2428/0 a 0771/0 a 

,����-�  288/0 b 1047/0 a 2222/0 a 0445/0 a 

 )'��� �&#� ��)  
(�T_� `5) �+#)  358/0 a 2207/0 a 2617/0 a 0084/0 b 

,����-�  342/0 a 0488/0 b 2081/0 b 1870/0 a 

�123 0	�  

��) �#]�'  
(�T_� `5) �+#)  262/0 b 2491/0 a 2097/0 a 0968/0 a 

,����-�  361/0 a 0713/0 b 1831/0 a 100/0 a 

��)  )'��� �&#�  
(�T_� `5) �+#)  356/0 a 0282/0 b 1625/0 b 1632/0 a 

,����-�  385/0 a 7951/0 a 4249/0 a 1329/0 a 
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 F�2L7. �#�>�� �%a<�%G ��.D0� : O��� �<�A �� M:�#
�%
4%	%��> F49�� �
�! <4C,�%G  F�$ ��e��  

0	�  �%�  �!�"  ����� �)#.  &c#�#" b
7�5  �N#a( 
(ΔA mg−1protein min)  

&#��\�
����"'�.�
 b
7�5  �N#a( 
(Unit mg−1protein)  

 0	� *$��  
��)�#]�'    172/0 b 3364/0 a 

 )'��� �&#� ��)    2265/0 a 2932/0 a 

�123 0	�  
��)�#]�'    1066/0 b 3457/0 a 

 )'��� �&#� ��)    2738/0 a 3858/0 a 

      
 b
7�5  �N#a(  

&#��\�
� ���"'�.�
  
 b
7�5  �N#a(  

&c#�#"  
 b
7�5  �N#a(  

&'���"'�. J#���1
5  

      (Unit mg−1protein)  (ΔA mg−1protein min)  

0	� *$��  
  (�T_� `5) �+#)  2973/0 a 1147/0 b 2604/0 a 

  ,����-�  3323/0 a 2840/0 a 2377/0 a 

�123 0	�  
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