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 012!� �� �3334���� �� 5. ��6�� � �7�8� ��6�� ���"��� 8��� 9"�� ��:���"�� ;� �333<� �=� �"� � 8��  ����  >�. �

�� ���? �4���� �� 5.���� .�A�B� 8��� �� ��"  �C� ;� ���� � �7!� >D� ���� 8� ����!�� �����"�� ��E"� �	!� � ��:

  F �6���4 �� ;G4 ��;H� �� . 9"� ;�;� ��  C� >:�E. �D�?� �< � ��� � ��I�� ;C��� 9"� ���  J�: �� >:�E. 9"�  �K�� ���"���

 ���� ��L �� M�4�� ���"�� �� �� �GC"�  �:��� � 8� ;N �� �C"F�%  ��H� � �O��1 ��4 ���� �� 5. ;�O��4�.  9"�>:�E. 

 ������ "���F �4 ���� �� 5.  ���A�B� ��4  0�GC� P"��4  Q�1 RS�? �� 8"�G��% M�T  ;� � �1 ;� ;<  ��  �%��U � 8���

 0�< �� �����1397 % .�4 ��H� P<� �4���� �� 5. V��� ��W���. ��G<X.2�YN � Z�� ��6< �7[? ;< ;� ���<��H �4  �

 �� M�34 \A3< ;3< �� �:��7��15 �25  �50  ;���= �� _��� �G� �� 0������ �� ������`�L ��:LED  �O��134�. ��E"���: 

�I�� �7� 8��334 �33<��� ���"2"K�F ��S�a% ����: �����33[�� �G�F  �9����33<G�F ��	33[� ��  �� �9�S��. �����33[���. � �L����

 � ��bC�����;C"K	< .��  ;� ���  ��� c"�G� 9"�G���2"K�F ��S�a%  �K���� M�4 �� R���� ;� ����[���. � �L���� ��:��: 15  �

50 �G� �� 0������  F ��S�a% � �� ;���= �� _���"�I�� �7� �1 �� �:�  >:���4�� �!H� 8��?  ��� �4-� �� 9�S��. ���D� .

 ��� �� ��7�� ;< �: ��  F  �K�� 9"��L�� � ;G%�" >"�K%�9 5.  �4���� ����"� �4 ��:��7�� 9�� �� �	[� ��  �� ���D� 9"�G��� .

 �� M�4  ��15 "�I�� �7� �1 ��  � ;���= �� _��� �G� �� 0�������� ��  �<  ���5.  ��:�� � �4 ���� ��4�.  2� 9�Cd7:

 �� M�334 �� �	33[� ��  ��  �K�� 9"��25  ;���= �� _��� �G� �� 0��������F �33<� ;�. �H� 9"� ��� �:�33���: �  ;� ���  �33��

M��6� �Ca����� 9�� "�I�� �7��� ���bC����� ;C"K	<  9����< G�F ��� ���"��  ��:�� M�4  ��15 �25  �50  �G� �� 0������

.����� �H� ;���= �� _���  ;� ;H� �� ��: ;I�G� ���F �<� ;��� 9"� >:�E. � ���� ��E"� �	!��6�� ��: 8� �7� � ��: ���"��

�� �334���� �� 5. ���� ��8� ����!�� ��: ���334��% �� 8� ��CC� ;33N�� ��:��  �� M�33415  ;���= �� _��� �G� �� 0������

�4 �� ��!C��..  

AD+0	
 2�:/0 : �9����<G�F����[���.9�S��. �� ��L���� ;C"K	<. 
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�!2 !  

 �� �:��  ���I�  �:��� 9"�� 2!� 8� S� ;�  ;� �C G333[:

��E"�;� �e �GC"� ��:  �1���G33[�  ���� �33<���33< ��

 �����.��4  8��������� �� "�I�� �7�� �� ���"�� 

)Rosa hybrida L. ( ����� �=� h��334 8�  �334 ��� �� ;�

 ��  � ��3334��� ;� ���  F ���.�� ��  �� � 9"� �� ;�;�   �� 

���SF ��i��? ��:��G%��   ��� ����7e � ����F ���4 �

�7� )Rasouli et al., 2015( . 8�  �a C333T �����" �� 

 8� ��6�� ���"����G� �� ��< � �� ��aN � �:�j ;�  F �

������ 8��4 �4  � Z�� �8� 8�4  � 01 9�Cd7: � 8� 8

�� ;?�333<�3334�� )In & Lim, 2017 .(� ;� 9���� k"  �C

�7!� >D� �:�� �  ��: "�I �� �7� ��� ��E"� � ��:

 ;�7H �� �GC"�  �: �� � �6���� ���"�� ����l ;�  ��1 ;� 

 >:�E.�: � 9���� �H��e ������ ;� �< � ����  �� � RH

,K����  �� m�	�� ,K"� � ���.��?�� n�GY� ��   ��4 �

)Daneshi Nergi & Ahmadi, 2014 .("�I�� �7�  �"�.� 

��  2bX� �� ���7:������ �33<� ��334  ���l ;� ��1 ;� 

Bredmose   � Nielsen )2004 (� ����  ����� ;�  5.  ��

����7e   ���c"�� 9"��"�I �� �7�  �" �.  ;� �333��� ��F �

 �3341 �33<� m�	�� . 8� �����E. 9�Cd7:) ���F >:��

�� ;Ge�" �� K�� (m�	�� k" ����a����  .�4 �� R< �C� kp�

 ��G33[��e ;��� �334�� ;� ���SF 5�G"���2 �� K�� �334��

� R	333<�333["_ >:�� "�I�� �7�� �� 3334 �� 8��� �!C� �

���� ;� �33<� ������   F;��33�� �.""�I�� �7�  ��  �33<�

)Fanourakis et al., 2013 .(��"� ��"  �� ;���� ��: 8��?

 

1. Blueing 

2. Botrytis cinerea 

3. Vapor Pressure Deficit (VPD) 

���"��� "�I�� �7�  �"�. ����� �� ���"�� �	333[� ��  �� �

 l�< ������  �4  �6C� ���� ��F 0��a� ;�)Urban et al., 

2002.(  �� ��F P������ ���" ��  ;�  k" �K� ��G333[	7:

��E"� ��: �33<�C334 �Y"�k"qS"K�% �   F �C��� \A33<

��7� � 2���� �m�� ��;���� �:��E"� 9"� ;� ���� 8T�O �:

>C�7:��  9�� ����E�  �A�B� P"��334 � ���� �C���  ��1�

 ��	333[��	7� rF ��Y� ��333�%3 ;��Y�� �� ���7�� �� � �:

��) �4��Fanourakis et al., 2013.(  �� ��" 8��� r�G4

��C:� ���. �C "��% �%��  ��;�� �� S�a % ��:��� ��: ��:

  E�333[�� 0�a%�C��� �  q����: ��333[���. 0�a% ��: ;�� 

�� 8�[ �����: ;� �4 �� s�� 
;Ge�" ��� ;�7O ;�� ��:

 0�a% �� ���?���) �Lynch et al., 1985 .( ��7� ��: ;Ge�"

 ;�7H �� �:���;Ge�" ��:�Ge�33<�� ;��33<� ;�  2G33[�33<

�G�F �6C� M��=� ����� �� �����33[��0�a% ��: ;��   E�33[��

�� �t%�B� hN� 9"� � ��4R	<  P"��4 �� ���� 87B�

�� >C� 9"� .�4��� � ��< �����[ �� �G�F M�	���� 8��4

 M��[e ;� �<� �7"K�F ��
 � �7"K�F 0�a% ��: ;�����F 

 >:�� ��  ���� �" ��uCe ��� �C)Zhang & Kirkham, 

1996.(  ���[�� �G�F ���	���� 8��4 �7"K�F ��:�C���  �.<

���7333["� �� 333[��4�L�� ��  �5���� 333[���. �6 M�� ��333<F �

M����33<F����: ���� �����33[���.   ������ � ��G����

�� ��G�����4�� )Grene, 2002( .R���� ��: �G�F �����[��

 �e�� 8��3334 �7"K�F ��
R���� �:  9�"�. �S�S�  �� ��

�C ��� C% M�	 ���� � ���� �� ��� b��X% �M�� ��333<F ��S

��bC����� � 0��%���� �: �� �C������ � ��333< ��: ��


4. Superoxide dismutase (SOD) 

5. Catalase (CAT) 

6. Peroxidase (POX) 
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;��  �K�� >:�� RH� �7"K�F .��334  E�33[�� 0�a% ��:

��E"� ��: �[ "� �"��7�4���Ge�<  �  2: �� M�	���� 9"�

 �� S�a % 8B � � ��� M��6 G��:   F  �333<� M��6 G� K��

)Hongbo et al., 2005 .(   

��  8�  ����!�� P"��3334 �� �A�B� 8� �� 9"�� 2!� ��

���"��  �"���� �� 2�DG[� �1 ;� �� M�4 .�<��Ge�<�� 

�=�  � ;G3334�-��� 9��a� �� 8� M����:���  �K�� �� � �C�

"� 9 ,��"�I �� �7� >"�K%� RH�� �� 9�Cd7: .�3334

Z��  m�	���=� �"�  ���� ���? �� M�3334)Teixeira da 

Silva, 2003 .(;� �< � ��4  ,��K� ;��H  8����"�� �� 

 2?�‘Madelon’ ��4  ��"P  2� �� �e ;�� 7� ����.�4 

9�Cd7: ;33N���   �334 ��Fm�	�� ���:� �� �� ��334"P 

��� V�6�� 2��� �t� ;� ;� �G%���333<� �!C�  ;�pH  P	���

���[ )Kuiper et al., 1996  .( 

�=�  8� �334���� �� 5. ;�O�� �� �����"�� ��G33���  ����� 

 �� �� M�4 ;� �<� ��4 ;G6� .�<� ���� ��F P���� �� �=�

�4�� ���  ��	H ;AD� �� �G7� �"�� ��4���� �� 5. P"��4 l

 ��4 � P"��4  ;� ;G[ � ;��� 9�� ����30  ��70  0������

0�a% >��� ;���= �� _��� �G� ��  �Ge�333<��)PAR(  �3334��

)Zieslin & Mor, 1990 M�4  C��� �� >��� ��<� �� .(

 ��� �4���� �� 5. ;�O�� �� ���<���  �<� ;G%��� ���?

8� &< �. �< ��� >:�E. 9"� �� J�: � ��:���"�� ��  ;�

�� M�3334��: 15 �25 �50  ;���= �� _��� �G� �� 0������

��.  

%+#!  E1	
  

 8��: ���I� ;��Y�� k" �� �4����  5. ����"���F ;� �

 ����� ������� ������� ������� �GC"�  �:��� �4���� ��

���4 8DGC� ����;e�4 .��: ��E"� ����� � 2S�< ��:

� r�YG��  �[�"  ��� ��I�� ����� �: 400 ���� �G�S 

0�B� "�I���� 8��4 200 ���� ��� �� �G�S 8-�[�����: 

9�SC�� � 3% ����< �CG%�� ���?. ���. �� ���6G<� �� ��:

�7[? ;� ����"���F ��W% �Z�� ��6< 2�YN ���G<X. ��:

���4 k��6� 2: �� n�GY� � �� `�L ��:LED    �� ��

40  M�� ���6G<� �� 9���� �����4 . M�4�� 15 �25  �50 

 ;���= �� _��� �G� �� 0���������6G<� ��  �G� 5�S ���G<� ��

 ���4Lutron  0��LX-1108   2�tC�4�  8�4)1( .

P"��4 8��4 >"���F �A�B� ���� 2 ± 18;H�� ��[�<� 

��1� �	[� 5 ± 70%� � ���� ��� 12 ���< �"�C4�� � 

12 ���< ��"��� 2�tC� �4.  M�4 \A< ;< �� >"���F 9"�

��  8��415 �25  �50  ;���= �� _��� �G� �� 0������  ��I��

�  RS�? �� � 8"�G��% M�T ;� Q�1 �1 ;� �%��U� 8���

 ��;< ��H� ����� �4.  �� ��" �: ze�4 � �� M�4 ze�4

;�7� �4����  ��� ��a�"�I�� �7� �1 �� �:� .��  ;"KI�

 � ���������� ����F K�S��F ��K%� ��� k7� ;� �:SAS 

version 9.1  ��I���4D� .9������ ;["��:   ��F ��<� ��

LSD  \A< ��5  �1%  ��I��4�.  ��7���E"���:  ���

"���>"���F 9"� �� ���  ��6T ��:��� ��3 �6  �9  5. ���

 9"� � �4 ���� ������ �4���� �� �: ��E"��� �"� Q�4 ;�:  

 0,�� A�+2$+ ,8@��	F:�  

 ;�T�%  �GC"� ,��� 9G%� �<� �� �� 8� �4���� 9�� �����

G%�� �t� ��  F  ��� ��� M�T ;� � ��4 ;4�.  

�&G$ ,H �� 0,�� A�+2$+  

  �� ���"����	[� �� 8� ��:���"��  ������ P<� 0�G�I"�

 �?� ��01/0  .�334 ���IC33< �� ���6G33<� �� ;A���1  ��  ��

 �T �� M�T  ;� �	[ � ;	< �B�4�)He et al, 2006( .

;A���1:  
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×100﴿
��

���
﴾=�	[� ��  ��   

Wt��� �� 8�  �� = ��:0 �2 �4 � ... �Wt0 �� 8�  �� =

�� �6T ���.�4��  

I�$	�6#�$J 0,�� A�+2$+  

 ���� ,�� m�	�� 9����33<G�F ���D� ���� ������ Mori   �

 ����7: )1993 ( ;��%� ���  �� � �"�. ����<G�F  �K�� 9 ��

 ;A���2  R33[O ������� ;�7� ��  �� ��� �� 0�;	33<�B� 

�4 ;A��� .2:  

 A= ���  
 :;A��� 9"� ��A ��"L�� 0�B� r-H =b ;� M�� |�� =

 �����1  ��33<�� 0��a� �334��e R"�33N = 2mol 33000

1-cm  �cO �� 9����<G�F �t�
 = ��� �� 0� R[ ��  ��

.�<� ;�7�  

 0,�� A�+2$+���K&6 a �b ���K&6 �/  

  �K�� ;C"K	< m��  ,�� �� ���6G< � ��Arnon )1967(  � ;�

k7�  ;A���3 ���� R33[O ����  �� ��� �� ���  ;	33<�B�

�4 ;A��� .3:  

Chlorophyll a = (19.3 × A663 – 0.86 ×  

A645) V/100W 

) 663A× 3.6 -645A× b = (19.3 Chlorophyll

V/100W 

Total Chlorophyll= Chlorophyll a + 

Chlorophyll b  

 ;A��� 9"� ��W) m�� ;�7� ��  �� =1/0 � (���V 2IO =

 ) 0�B�10 �� (�G�S ���� .�4��  

 0,�� A�+2$+2�L#�H1	/  

 ���� ;	 333<�B �  ,�� �� K�� �� bC�����Arnon )1967 (

 ���6G< �4� .5.  ;�7�  ��� ����F ��);�7� ;��� � ;C"K	< (

 }� 01 ��  F r-H  �K��470 �G���� � �e � �3334 ��

 ;A��� ��  F  �K�� 5p<4 � ; ;A��� .��F �<�4:  

Carotenoids = 100 (A470) - 3.27 (mg chl. a) - 

104 (mg chl. b)/227  
  

�� A�+2$+  M+,N�6+�+2�G/+,� 3�K$J )��	O< 0,  

 ���� ,�� �� m�	�� ����333[���. ��S�a% ���D� ���� ������ 

Sahebjamei  ����7: � )2007 ( ���6G<��4F ��S�a% . 2"K�

S� M�33T ;����� ���� ;� r-H ��G .�334  ��� 9�~���. ���

 ��I�� &" ��� �� 8O��� ���7�4� .  

�P	H	/ 3�K$J )��	O< 0,�� A�+2$+  M+,N�6+  

 ����  ,�� �� m�	�� �L�� ��  �� S�a %  �K�� ���� ����� �

Chakmak   � Horst )1991(  ���6G333<�3334�.  �� � �"�. 

F ��S�a%2"K�  r-H ��GS� M�333T ;��� R333[O ���� ���

.�4  ��� 9�~���.   

����  >IC33< ���� m�	�� 9�~���.  �K�� ���� ������  �K��

2"K�F,�� �L���� � ����33[���. ��: Bradford )1976 ( ;�

�%� ���  � ��  �"�.2"K�F ��S�a%  �K���� �: ��333<�  �K�� 

.�4 ;	<�B� 9�~���.  

0,�� A�+2$+ I��,�  

���D �  m�	�� 9�S��. k7 � �� ,��Bates  ���� 7: � 

)1973;	333<�B� ( �3334. ��.  �K��;�7� 9�S R333[O �� �:
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 �B*1-  1#$ 72* 3�Q�H 	(%,(1	/ ,�! -/#� A	R�6%.  

Figure 1- Light intensity setting by using LUX meter.   
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Figure 2- The effect of light intensity on the postharvest longevity. Means are not significantly different 

according to LSD test (5%). 
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Figure 3- The effect of time on the anthocyanin content in petals. Means with the same letters are not 

significantly different according to LSD test (1%). 
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 �B*4- �	!� ,V+ 2�L#�H1	/ 1+2 ! ,( . �#!�J ,Q$ �+ �	GB� \,9 0+1+% 0	
 I�R$	�!LSD  WX6 1%1%  7	.H��O!01+% 2$1+2$.  

Figure 4- The effect of time on the carotenoid content.  Means with the same letters are not significantly 

different according to LSD test (1%). 
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Figure 5- Interaction of time and light intensity on catalase activity. Means with the same letters are not 

significantly different according to LSD test (1%). 
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 �B*6- ]�B8
,( �	!�  �1 %+2OH �P	H	/ )��	O< �+K�! ,( . �#!�J ,Q$ �+ �	GB� \,9 0+1+% 0	
 I�R$	�!LSD  WX6 1%1%  7	.H

��O!01+% 2$1+2$. 

Figure 6- Interaction of time and light intensity on catalase activity. Means with the same letters are not 

significantly different according to LSD test (1%). 
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Figure 7- Interaction of time and light intensity on peroxidase activity. Means with the same letters are not 

significantly different according to LSD test (1%). 
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 �B*8- ]�B8
,(  �	!� �1 %+2OH �+2�G/+,� )��	O< �+K�! ,(.  �#!�J ,Q$ �+ �	GB� \,9 0+1+% 0	
 I�R$	�!LSD  WX6 1%1%  7	.H

��O!01+% 2$1+2$.  

Figure 8- Interaction of time and light intensity on peroxidase activity. Means with the same letters are not 

significantly different according to LSD test (1%). 
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Figure 9- Interaction of time and light intensity on proline content. Means with the same letters are not 

significantly different according to LSD test (1%).  
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 �B*10- ]�B8
,(  �	!� �1 %+2OH  �+K�! ,( .I��,� �#!�J ,Q$ �+ �	GB� \,9 0+1+% 0	
 I�R$	�!LSD  WX6 1%1%  7	.H��O!01+% 

2$1+2$. 

Figure 10- Interaction of time and light intensity on proline content. Means with the same letters are not 

significantly different according to LSD test (1%). 
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Figure 11- The effect of light intensity treatment on relative fresh weight. Means with the same letters are not 

significantly different according to LSD test (1%).  
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Figure 12- The effect of time on relative fresh weight. Means with the same letters are not significantly 

different according to LSD test (1%). 
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Abstract 

Cut roses are one of the most important flowers in the ornamental plant industry that are widely cultivated 

all over the world. Longevity and postharvest quality is the most important characteristic in evaluating the 

quality of cut flowers which is influenced by various pre and post-harvest factors. Light, as one of the 

environmental cues in the postharvest condition of cut flowers, can play an important role in its qualitative 

characteristics. To the best of our knowledge, no detailed study has been reported so far in this case. This 

study aimed to investigate the intensity of light required for preserving the quality of cut flowers during the 

postharvest handling. This experiment was carried out as factorial in a completely randomized design with 

three replications in a postharvest room. The area was divided into three sections by optical shutters and the 

light intensity levels were applied in each section. Treatments were designed at three levels of light intensity 

of 15, 25 and 50 µmol m-2 s-1 emitting by LED lighting bulbs. The studied traits were vase life, activity of 

catalase and peroxidase enzymes, proline, relative fresh weight, anthocyanin, carotenoid and chlorophyll 

content. Results showed that the highest activity of catalase and peroxidase enzymes were at light intensity 

of 15 and 50 µmol m-2 s-1, respectively, and their activity decreased significantly during the vase life. The 

proline content increased with time and the highest level was observed in all three treatments on day 9 after 

harvest. The highest relative fresh weight was observed at light intensity of 15 µmol m-2 s-1 and in the vase 

life on the third day after harvest. The lowest relative fresh weight was also in the light intensity of 25 µmol 

m-2 s-1. In spite of these observations, however, there was no significant difference between the vase life, 

carotenoids, chlorophyll and anthocyanins of cut flowers at light intensities of 15, 25, and 50 µmol m-2 s-1. 

According to the results of this study, in order to improve the qualitative and quantitative characteristics of 

cut flowers during the post-harvest period, the light intensity of 15 µmol m-2 s-1 is recommended for flower 

shops industry. 

Keywords: Anthocyanin, Catalase, Chlorophyll, Peroxidase, Proline. 
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