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��F .��9��8 ���D 	���F�� 6��� ����3� �4 ��3� 	 X/ }
�) �
�3/� ��2��.$ �� 75  �� 6�g <��D }
� �"�6

�� .��9��8 ���D 	���F�� 6��� � ��� >��6�� (6��? >/6	8+����� �F��
�;8 6��Q$ ;��� _P� :�� �6 ��� ��38 �6 :�~?

;8 �6 ;8 6��Q$ G�$��� �F� G:�~?��3� �F� :3E
�3� G��3� :3-� G��3� 5�H G��� G��3� x�� �� 5�H >�B
 G��3� x�pH G
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 G:3
�3/�9
?�6�����  G��3/��93$ ;��D �9��3/� G;4 5�� � ����TSS/TA;3����4 G G�� :3��9��C GFR�$�4 GF��3B4��, G

6�3B4��,�/F�$��B� � 6�� F�94�6� ��3$�$��8 . .�3���
� 5�H �� ��� �/ _���F? F� _P� :��  

1�� ./��'0  

�� ��6 _���F? w�H 2-�D �6 ;���94�� _���F? C��"�� ��H ;��4 ��94�� �? �6 �4 �� ���
� 	�6�I$ 5��  	/��� 6���

 >0�
 �6 :3
6? ;�<�� � �3/� =39/� :-�9!
 	�34�$ ������3$ ;���50 	�3� �93- �6 ��86��9/� ;3�3$� ���, � 5�� ���9/A

 >0�
 �6=� 	�3� �93- �6 ��8��6 ��94�� �  G>��6�� ���F) ���6���
� ���F C���6  ���KJ (6�/ ���6���
� F� `, �9!� �� .6

 �? �6 �4 6�� 5�� _���F? ���6� ��6 _���F? mD�� �6��3��$�� F� ;"�U ���5�� � ��� �
�g6�/ �� 5�� _���F? F� ��� 	��,

 � ��� ;.9�� 	g��	8+����� 	��3�3��]�<3� ��3� �6 �� 5�H��KJ 6�/ ���6���
� �9!�  :��� .>��8 ���D 	���F�� 6���

��0��  6��Q$60 ) ���]$ �� F� >/�]� � 7-�/ ��3� 6��30 F��
� ��U�� �� ���� ��3� 6����� � �� ��P9
� (��38  C����KJ 

 ���6 �� 6�/ ���
� �6 �9!���KJ  ���6L�3B�/  	�B
 >��H� �5±90  	g�� G>��K
 �6 .�
�� ����KE
 �"�6	8+����� 

7�<
? >3-�Q� � 	��3�3��]�<3�	9
? ���.��9��8 ���D 6��� 	���F�� 6��� ���KJ �9!� � ��6 �9!� 	
��F ;"��� �6 	
��3B4�   

)'���� ��	 � �/��&  

��� ;I� 5�H �6  G>��6�� ���F �6 �	8+����� ;8 6��Q$�$�� �� �6 :�~? ;8 �� �6 ;8 6��Q$ � � [���� :�~?

 .�� >��66����3� :3-�� �F� � ��3� �F� :3E
�3� 5�93��6 �F���$ i/�$  5��)AND FX=3000GD >D6 �� (��" =�  ��8

�F��
� .�� ��387�:3�J G (��3� ;]� ug��) ��3� x�� �� 5�H >�B
 � ��3� x�� G��3� 5�H `3-�4 F� �6�!9/� ��

 5�� �6��� {��� �3
��) 5�93��6MET821 (�F��
� 6��� .>��8 ���D ��38  

���� �F��
� ��38pH ��E9/6 F� 	,\���/ )Switzerland AG, Herisau, , Metrohm,691model ( .�� �6�!9/�  ����

�F��
� [�� F� G:3
�3/�9
? ��38C��!$ �6 �Z� 	,\� ���1  �5/4  ��9��9���9]�/� [�� �� �6 ��� 5�H �6510  �700 

�6�!9/� �9��
�
 ��6�8 .  

 ��<3��6����� 5�� � ���� ;4 )TSS ( �� �6�!9/� 5�� �9��94����) 	9/6 ��/��D ��E9/6 F�ATAGO ��*4 >g�/ G

 (:,�A�F��
� 2BU �� � ��38�� ��3� `]��� ���6��3/��93$ [�� F� . �� ��3� ���I�  6�/7�6 �6  5���
 ��<3� :33Q$ ����

) ��3/��93$ ;��D �9��3/�TA��6�8 �6�!9/� ( �  ��<3� >��K
 �6TA 	�3� 2BU �� �6 ��8100 	�3�.�� ��/� � �93- 

�� ��3� 7QH ug��  >�B
�6����� ��3/��93$ ;��D �9��3/� �� ;4 5�� � ���� (TSS/TA) �F��
� F� �Q� G6��� �6 �� ��38

.�� ��/� �  :3��9��C  >34 � �<�R� F� �6�!9/� �� :3��9��C (ZellBio GmbH, Germany) �F��
�	�3� L�/� �� � ��38 ��8

	�3� �6.�� ��3� �93- ������
� ��0��;3����4 ��<3� ��38 ���a Gb  [�� F� ;4 ;3����4 �Arnon   � �� �6�!9/����.� 

�Z� �6 5�H ������ 663 �9��
�
  �645 ��E9/6 i/�$ �9��
�
 �9��9���9]�/� (Novaspec II, Pharmacia, Germany) 

�F��
��� ��38.   

�F��
� >K� ���I� ���P9/� ����7�<
? ��38GF�$��B�6 �3B4��,�/ GF��3B4��, ���  ���� F� F�94�6� ��3$�$��8 � FR�$�4

 C�!B�50 	�3� �� �R��pH  �����7  .�� �6�!9/��� ��<3� _��/ ��0��7�<
? >3-�Q��� ) �<�R� ��E9/6 F�5��Tecan, 

Salzburg, Austria>34 � (���4 �� ���� �H���� ��� (ZellBio GmbH, Germany)  .�� �6�!9/�7�<
? >3-�Q� ��<3� ���

F�$��B�6 �3B4��,�/ 	�3� �6 �U�� 2BU �� FR�$�4 ��93- )1-U mL( 7�<
? GF��3B4��, 	�3� �6 �U�� 	�3� 2BU ���93- 

)1-mU mL(  �F�94�6� ��3$�$��8 �93- �6 �U�� 2BU �� )1-U L(  >3-�Q� �U�� .�� ��/� �7�<
?�� �
��
 ���.� 56�Q� 6�� ��

 5�� =� ��<�$ �42-O  �� ��2O2H  �2O  ���6 �6 �.3D6 =� �625  ���6L�3B�/  �pH  �����>!�	� <3-�$�4 G.6�4  

������ ����0  

�6�6 �6�� 5���
 ���F? ���
� F� `,�6�6 G���F��
� F� ��� >��6�� �����38 ��<�� ��
 F� �6�!9/� �� k�9P� ���SAS 

 �PB
)1/9 .�
�� ��<�$ G(7�:3�J �B��.� :3E
�3��� �� ���F? ��3�4 C��!$ 	�Q����6 (LSD) .>��8 C��"  �� �FR��3� 

 6��� �6 �4 >/���6 _���F? �4 	$��" �6 G_�]���� 5�� � ������3$ � 6�/ ���6���
� ���F	�Q� 	8�� 	��, G�
�� ��6

��:3E
�3� �9K� �B��.� ��0��[�� G��.>��8 C��" ���6���
� ���F L�/� �� 	�6 
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3"���  
:-�� ./��'0 2� �3 �&���	� �� �/���& 45/����6% � �%� �7� -89 �� 4%���3 "��'  

�  ���:��  �� �  ���:� � ;�83 �� </=0 </=0  

��39
��  6�6 ��*
5�� � 	�34�$ ������3$ �1�����4 730�$ �� 	8�� 	��, :-�9!
 � :3
6? ;�<��) 	��38 ���� ���

 >0�
 �6 �3/� =39/�50 	�3��93- �6 ��8������ � (9/A��,) �����
�9B, 	B�� ��� >0�
 �6 5��6��9/� � ;3�3$� ���

=� 	�3��93- �6 ��8(  ��;8 6��Q$�$�� �6 :�~? ;8 �6 ;8 6��Q$ �	�Q� :�~?6�� ��6 .B��.�� �6�6 :3E
�3� �4 6�6 ��*
 ��

;8 6��Q$ _��<�� q��� �����3$ 	���$�� �
�� �$�� �� �6 :�~?) ���� ���3$ �6 ��<3� :��9�4 �4 ���H15/2 �� (6�� >/6

 	�34�$ ������3$ .��?ES1.0+Prog1.0 GBA50+Prog1.0  �NAA50+Prog1.0  :��9*3����� ;8 ��) �$�� �� �6 :�~?

 �� 23$�$25/3 G20/3  �20/3  5���) �
6�6 ��I9g� 6�g �� �� (6��1 .(5��� L�/� �� 1 ��� �6�!9/� ������3$ 	���$ G

;8 �6 ;8 6��Q$ _��<�� q��� :�~?C�$�/�����4 7D� 	E
�� �� G�
�� 	�34�$ ���3$ �4 ���HNAA50+Prog1.0  :��9*3�

;8 �6 ;8 6��Q$) :�~?93/7  	�34�$ ������3$ F� �E�6 	g�� �� ����? j� - F� �9�-� G6�� �6�6 ��I9g� 6�g �� �� (6��

C��!$ 	�Q� �� ���� ���3$ :3� :�� �6 .>���
 ���653/5 ;8 �6 ;8 6��Q$ :��9�4 G6�� :�~?C�$	E
�� .>��6 ��  

)8	� "'� <	>��	� � )8	� <	?�� "'��&  

 5��� L�/� ��1 ��3� �F� :3E
�3� � ��3� :3-�� �F� �4 �� uP*� ��	�Q� ��H ����6 ��31�$ ��F  ������3$ �1�

	�34�$ B��.� .��9��8 ���D ��6�6 :3E
�3�) ���� ���3$ �� �B��.� �6 �4 6�� �? F� 	4�U ��16/14  ������3$ 	���$ G(��8

C�$ ��3� :3-�� �F� ��� �6�!9/� 	�34�$�� �� 	E
��	�Q� ��H) �
6�6 _��<�� ���6 5���1 �F� :��9*3� G�����3$ :3� �6 .(

�� ��3� :3-��$ ������3$ �6 23$�$ 	�34�ES1.0+Prog1.0 )82/23  � (��8NAA50+ES1.0 )71/22 �� (��8 �4 G��? >/6
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 	�34�$5�� �) ���� ���3$ �� �B��.� �6 	8�� 	��,92/54  G(��8��	�Q� ��H _��<�� q��� ���6 �F� :3E
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 :��9*3���3� �F� :3E
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.>���
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�� ������3$ �1� �4 	-�U �6 >��8 ���D 	�34�$ ������3$ �1� �31�$ ��F ���6
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 ��3� 	�34�$ ������3$ F� �E�6 	g�� �� �9�-� �4 �
6��C��!$ 	�Q� ��*
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6��
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 5���1- B��.��  :3E
�3���� 5�� � 	�34�$ ������3$ �1� 	g�� �� 	8�� 	��,	8+����� >P��	/��� � C�$ ��3� ���� ���F � ��� ;I� 5�H �6 �/�����4 7D� 	E
��

>��6�� .(5�� _���F?) 

Table 1. Means comparison of the effects of combined foliar spray treatments on some morphological and growth traits of strawberry cv. Camarosa during 

growing season and harvest time (first experiment). 

�6�����  5�� � ����

;4 

Total soluble 

solids 

(°Brix)  

:3
�3/�9
? 

Anthocyanin 
-mg 100mg(

)1  

pH  

 �� 5�H >�B


x�� :3-�� ��3�  

Length/ 

Width of 

primary fruit  

x�� :3-�� 

��3�  

Width of 

primary 

fruit 

(mm)  

5�H :3-�� 

��3�  

Length of 

primary 

fruit 

(mm)  

 v���� :3E
�3�

�F� 

��3���  �/ �6

���6  

Total 

average 

weight of 

fruits in three 

stages 

(g)  

��3� :3-�� �F�  

Weight of 

primary 

fruit 

(g)  

;8 �6 ;8 6��Q$

:�~?  

Number of 

flower per 

inflorescence  

;8 6��Q$ �6 :�~?

�$��  

Number of 

inflorescences 

per plant  

�����3$ 

Treatments 

8.65a 10.48a 3.483b 1.055a 43.18a 45.49c 54.92c 14.16d 5.52c 2.15d 
����  

 Control 

8.50a 10.91a 3.545ab 1.131a 45.65a 51.60ab 76.38b 17.23c 8.32ab 2.89bc BA50+NAA50 

9.03a 10.70a 3.560a 1.157a 48.85a 56.31a 85.13ab 22.71ab 7.92b 2.80c NAA50+ES1.0 

8.85a 10.55a 3.603a 1.094a 46.98a 51.38ab 90.25a 17.90c 9.12a 3.20ab NAA50+Prog1.0 

8.75a 11.30a 3.563a 1.178a 46.54a 54.80ab 86.47ab 21.46b 8.17ab 2.82c BA50+ES1.0 

8.50a 10.93a 3.555ab 1.110a 45.16a 50.12b 81.92ab 18.15c 8.77ab 3.20ab BA50+Prog1.0 

9.23a 10.71a 3.558a 1.124a 50.25a 56.35a 88.09ab 23.82a 8.90ab 3.25a ES1.0+Prog1.0 

           

F�94�6� ��3$�$��8 

Glutathione 

reductase 

)1-U L(  

 �3B4��,�/

F�$��B�6 

Superoxide 

dismutase 

)1-U mL(  

FR�$�4 

Catalase 
-U mL(

)1  

F��3B4��, 

Peroxidase 

)1-mU mL(  

 :3��9��C 

Vitamin C 

)1-mg mL(  

;4 ;3����4 

Total 

chlorophyll 
-gFW mg(

)1  

 ;3����4b 

Chlorophyll 
-(mg gFWb 

)1  

 ;3����4a  

Chlorophyll 
-(mg gFWa 

)1 

TSS/TA  

 ;��D �9��3/�

��3/��93$ 

Titratable 

acidity 

)1-mg 100mL(  

�����3$ 

Treatments 

65.31bc 1.55b 28.04b 21.90b 602.5b 0.535c 0.170c 0.365b 1.65a 5.25bc ���� Control 

68.14ab 2.25a 28.50b 28.28a 697.0a 0.633ab 0.205b 0.428ab 1.36bc 6.26a BA50+NAA50 

67.79ab 2.31a 25.93c 28.76a 664.4ab 0.638ab 0.205b 0.433ab 1.59ab 5.71b NAA50+ES1.0 

70.39a 2.15a 27.93b 21.13b 644.8ab 0.628bc 0.200b 0.428ab 1.31c 6.76a NAA50+Prog1.0 

63.31c 2.04a 27.85b 23.87b 603.0b 0.610bc 0.198b 0.413b 1.71a 5.11c BA50+ES1.0 

66.75abc 2.15a 28.53b 23.52b 713.4a 0.605bc 0.195bc 0.410b 1.73a 4.93c BA50+Prog1.0 

69.89a 2.29a 30.24a 30.41a 708.3a 0.748a 0.248a 0.500a 1.77a 5.23bc ES1.0+Prog1.0 
*  G��94�� �� ���� � ��9/ �� �6z�U���  ��� �E
�3� {�9*�C��!$ 	�Q�	�Q� �r��9� w�X/ �6 ��6 ���F? �� ���6LSD .��9B�  

* Means in each column and for each factor with the same letters are not significantly different using LSD Test. 
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Table 2. Means comparison of the simple effects of storage time and combined foliar spray treatments on some biochemical traits of strawberry cv. Camarosa 

during four weeks of cold storage (second experiment). 

FR�$�4 

 )1-(U mLCatalase   
TSS/TA  

 ;��D �9��3/���3/��93$ 

Titratable acidity 

)1-mg 100mL(  

�6����� ;4 5�� � ���� 

Total soluble solids 

(°Brix)  

:3
�3/�9
? 

)1-(mg 100mgAnthocyanin   
pH    

  
���6���
� ���F  

 Storage time (week) 

18.145c 1.589b 5.61a 8.79b 10.797a 3.552b 0 (At harvest)  

29.258b 1.681a 5.48a 9.01b 10.821a 3.554b 2  

31.218a 1.765a 5.46a 9.46a 10.742a 3.584a 4  

  
5�� � ������3$	��,  

 )1-mg LFoliar application treatments ( 

27.865d 1.778b 5.11d 9.05ab 10.837abc 3.497c ���� Control  

29.640bc 1.412d 6.22b 8.75b 10.782abc 3.565b BA50+NAA50 

27.494d 1.628c 5.79c 9.42a 10.605bc 3.564b NAA50+ES1.0 

30.723ab 1.363d 6.66a 9.08ab 10.458c 3.604a NAA50+Prog1.0 

28.980cd 1.780b 5.13d 9.12ab 11.236a 3.569ab BA50+ ES1.0 

29.093bc 1.797b 4.88de 8.75b 10.956ab 3.560b BA50+ Prog1.0 

31.990a 1.991a 4.80e 9.44a 10.634bc 3.585ab ES1.0+ Prog1.0 
*  G��94�� �� ���� � ��9/ �� �6z�U���  ��� �E
�3� {�9*�C��!$ 	�Q�	�Q� �r��9� w�X/ �6 ��6 ���F? �� ���6LSD ��9B�. 

* Means in each column and for each factor with the same letters are not significantly different using LSD Test. 
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 5���3- B��.�� :3E
�3���� _�]���� 5�� � 	�34�$ ������3$ � ���6���
� ���F 	g�� �� 	8�� 	��,	8+����� 

>B�F	��3�3� C�$ ��3� 5�H �6 �/�����4 7D� 	E
����KJ .(��6 _���F?) 6�/ ���6���
� �9!�  
Table 3. Means comparison of the interaction effects of storage time and combined foliar spray treatments on some 

biochemical traits of strawberry cv. Camarosa during four weeks of cold storage (second experiment). 

F�94�6� ��3$�$��8 

Glutathione reductase 

)1-U L(  

F�$��B�6 �3B4��,�/ 

Superoxide dismutase 

)1-U mL(  

F��3B4��, 

Peroxidase 

)1-mU mL(  

 :3��9��C 

Vitamin C 

)1-mg mL(  

  

>��6�� ���F  

        Harvest time  

65.31bc 1.55b 21.90b 602.46b ���� Control 

68.14ab 2.25a 28.28b 696.99a BA50+NAA50 

67.79ab 2.31a 28.76a 664.38ab NAA50+ES1.0 

70.39a 2.15a 21.13b 644.77ab NAA50+Prog1.0 

63.31c 2.04a 23.87b 603.02b BA50+ ES1.0 

66.75abc 2.15a 23.52b 713.42a BA50+ Prog1.0 

69.89a 2.29a 30.41a 708.34a ES1.0+ Prog1.0 

���6���
� ��6 �9!�  

          Second week of storage  

68.89ab 1.61d 20.32c 370.70d ���� Control 

71.65ab 2.21b 26.05b 564.12c BA50+NAA50 

72.91ab 2.25b 28.54ab 649.22b NAA50+ES1.0 

73.56ab 2.27b 20.14c 591.64c NAA50+Prog1.0 

65.81b 1.97bc 22.37c 593.98c BA50+ ES1.0 

71.29ab 1.87cd 21.58c 688.45a BA50+ Prog1.0 

75.60a 2.69a 38.69a 680.98ab ES1.0+ Prog1.0 

���6���
� ���KJ �9!�  

        Fourth week of storage  

53.90d 2.63b 14.72c 275.33c ���� Control 

71.41bc 2.56b 16.67bc 490.29 BA50+NAA50 

76.87b 3.59a 17.68ab 457.62b NAA50+ES1.0 

78.21b 2.35bc 18.47ab 438.17b NAA50+Prog1.0 

67.80 2.20c 17.92ab 474.80b BA50+ ES1.0 

73.96bc 2.15c 17.17b 699.48a BA50+ Prog1.0 

87.57a 3.65a 19.83a 677.03a ES1.0+ Prog1.0 

* Means in each column and each storage time with the same letters are not significantly different using LSD Test. It should be noted that to 

better means comparison, slicing was performed according to the storage time. 
*  G���6���
� ���F �� ���� � ��9/ �� �6z�U���  ��� �E
�3� {�9*�C��!$ 	�Q�	�Q� �r��9� w�X/ �6 ��6 ���F? �� ���6LSD ��9B� �4~ �� �FR .

:3E
�3� �9K� �B��.� ��0�� �� �4 >/�[�� G��.>/� �9��8 C��" ���6���
� ���F L�/� �� 	�6  

 
C/D�0 4	?�:� 'E���� 

 �4 �� uP*��K�$ ����1� 5�� � ������3$ � ���6���
� ���F �6�/ 5�H �6 ��3� FR�$�4 7�<
? >3-�Q� ��<3� �� 	8�� 	��,

��KJ 	�Q� 6�/ ���6���
� �9!� .6�� ��67�:3�J B��.� ��6�6 :3E
�3� �4 6�6 ��*
 �� F� FR�$�4 7�<
? >3-�Q� ��<3�145/28  �U��

	�3� �6�93-  �� >��6�� ���F �6218/21 	�3� �6 �U���93-  F� `,��KJ  >��� _��<�� 6�/ ���6���
� �6 �9!�5���) 3.( ��J�� 

 	�34�$ ������3$NAA50+ES1.0  �BA50+ES1.0  ���� ���3$ ��C��!$ 	�Q� 	�34�$ ������3$ ���/ G��9���
 ���6 >3-�Q�

 FR�$�4 7�<
?��3� �� ��	�Q� ��H 	�34�$ ���3$ .�
6�6 _��<�� ���6ES1.0+Prog1.0  ��990/31 	�3� �6 �U���93-  :��9*3� ��<3�

 >3-�Q�C�$ ��3� FR�$�4 7�<
? ���3$ �� �4 6�6 ��I9g� 6�g �� �� 	E
��NAA+Prog )723/30 	�3� �6 �U���93- (C��!$ 

	�Q���6�  5���) >���
3.(   
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C/D�0 4	?�:� '��8�A/� �	A���!8� 

��39
��  �4 6�� �? F� 	4�U����1�  � �6�/7�:3�J _�]���� 5�� � ������3$ � ���6���
� ���F >3-�Q� ��<3� �� 	8�� 	��,

 7�<
?C�$ ��3� F�$��B�6 �3B4��,�/ 5�H �6 �/�����4 7D� 	E
����KJ 	�Q� 6�/ ���6���
� �9!� .6�� ��6 ��<3� v���� �6

 7�<
? >3-�Q�F�$��B�6 �3B4��,�/ >��6�� ���F �� �B��.� �6 ��	�Q� C��"� _��<�� ���65���) >�� 3 .( ���6���
� ����, �6

 6�/ 	�34�$ ������3$BA50+ES1.0  �BA50+Prog1.0  �� F�$��B�6 �3B4��,�/ 7�<
? >3-�Q� ��<3� �� �B��.� �6���� ���3$ G

��	�Q� ��H �4 6�� 	�U �6 :�� .�
6�6 _��4 ���6 	�34�$ ������3$NAA50+Prog1.0  �BA50+NAA50 C��!$ 	�Q� �� ���6

 5���) �
6��
 ��*
 ���� ���3$3.(  	�34�$ ������3$ �4 �� uP*� >��K
 �6ES1.0+Prog1.0  �NAA50+ES1.0 �� �� 23$�$

65/3  �59/3 	�3� �6 �U���93-  .�
6�6 ��I9g� 6�g �� �� F�$��B�6 �3B4��,�/ 7�<
? >3-�Q� ��<3� :��9*3�  

C/D�0 4	?�:� '�
���� "8	���8,  

 uP*�� >3-�Q� �4 � ��H �� 6�/ ���6���
� 5�H �6 F�94�6� ��3$�$��8 7�<
?	�Q���6� �31�$ ��F ����1�  � �6�/7�:3�J 

_�]���� 5�� � ������3$ � ���6���
� ���F .>��8 ���D 	8�� 	��, 5��� L�/� ��3 G >3-�Q� ��<3�F�94�6� ��3$�$��8 7�<
?  �6

 5�H��KJ  ���6 �6 ���6���
� �9!���KJ  ���6L�3B�/  .>��� _��<��7�:3�J  	���$ G���6���
� ����, �6 �4 �� uP*�

5�� � 	�34�$ ������3$ .�
6�� ��6�6�g�� ��9*3� F�94�6� ��3$�$��8 7�<
? >3-�Q� F� ���� ���3$ �� �B��.� �6 	8�� 	��,

7�:3�J <3� :��9*3� G	�34�$ ������3$ :3� �6 	�34�$ ���3$ �6 F�94�6� ��3$�$��8 7�<
? >3-�Q� ��ES1.0+Prog1.0 )57/87 

 5���) �� ����*� (�93- �6 �U��3 .(  

45�  

 �2�)�66� C	F6��%� ��& �&�	   

��39
���  F� �6�!9/� �4 6�6 ��*
 �a�U 	/�������4 730�$ ��� ��� 	��38-�9!
: �� :3
6? ;�<�� � �3/� =39/� C��"

 234�$������ �������
�9B, 	B�� ��� 	�Q� �1� �� ���6	8+����� >P��	/���  �>B�F	��3�3�  � >��6�� ���F �67�:3�J 

 6�/ ���6���
� 5�H �6�� G>��6 �6 �����3$ :�� �4 ���H�9*3�  q��� 6����6��K� 	8+�����  .�
�� 	/��� 6���  

 :����39
�� �9��� �� ���Piri ) ����]�� �22 G23(  �31y$ 6��� �6����1�  F� �6�!9/� ���6�/:3
6? ;�<��  6��K� ��	8+����� 

>P��	/���  �	8+�����  ��3� 	!34 �-?^H ��XD 7D�  � >��6�� ���F �67�:3�J  G>��6�� F� `,���P�� >/� .7� �� �9/��

��39
��� �a�U 	/���G Hassanzadeh ) ����]�� �9 ( � 6�]��� 6��K�	8+�����  	!34 � 	�4��3� �3���  6����4 �� �
�4 7D�

-�9!
: <8 �� �3/� =39/�� .�
6��
 [� _��+, :�� �6 �4 �� uP*� 6��Q$ Go�� WX/ Go�� 6��Q$ G�$�� v�!$�� ���.� :��9*3�

 � ;4 ;3����4 ���9 � G�
�6 ��<� �F� G=*g �6�� �"�6 G;4 6�]��� G��3� :3��9��C  <3
 ���$�4;8 F� ���F :��$ �$ 	�6

��3� >��6�� �3���  6����4 �� �
�4 7D�25 	�3� �93- �6 ��8-�9!
: �3/� =39/� �� ��? >/6 )9(�? . ��7�:3�J  �
6��
 [��<8

 �� �4 >0�
 _��<��-�9!
:  �� �3/� =39/�100 	�3��93- �6 ��8G 6�]��� � ��� �3��� ��3�  _��4>��� .  

7�:3�J GThammisetty ) ����]�� �30����4 730�$ �1� 6��� �6 ( 7D� 23/ ��3� ��
 � ��� ��� 	��38 ��� ���Pinova 

8:3
6? ;�<�� ���3$ �4 �
6�4 [��< �� �� :3-��3� �����	�Q� ��H >B
��$ ���6	8+�����  G��� ��<3� :��9*3�) ��3� ����

 �� (�F� � �XD G5�H G��3� WX/ ug���31�$ ��F  [��<8 �6 .��6 ���D��E�6 GParauha  �Pandey )19 ���3$ �4 �
6�6 ��*
 (

-�9!
: >0�
 �6 �3/� =39/� ���25  �50 	�3� �93- �6 ��8���� �����3$ ���/ �����	�Q� ��H6��Q$ ���6 ��3��� �6 ��U��  G�3-��

��3� 6��Q$ 7�U G�XD G5�H G�F� G>��6�� ���F �6 ��� T!U ����9B� �F� G>/�, �F� G>��8 �F� G��3� �  ��
� ��3� 6�]���

 ���31�$ ��F .6�6 ���D  

:3B4� �4 >/� ��� uP*��� _*4 �����6 ���Z,�9g����  ��3� T3�S$ �� � �6�6 _��<�� ���9g���� F� G���  <3-���3�

 �6 �? ;3B
�9, _��4 2�/ G��D �� �9/�*
�9g�� � � ��� 	��383� �? 6��� 2���� �9*  ;g�6�9g��G ��� ;��H  _��<�� �
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�F��
� 	� �?5�� � ��E�� 6�]��� _��<�� .66�8����4 730�$ 	��,�� 	��38 ��� ��� �? >�s� �31y$ �H�g G��3� ;3]*$ �� ��

	� ��3� �F� _��<�� � [<�� _��4����. ����4 730�$m��� :3� ���$�� 	��38 ��� ���  �z�I�����4  �� ��F�31�$  ���D

	����6��39
 �6 G ;8 �� ��9*3� ��D ��� 2�/��3� � ���? �6 � �6�4 ��3, 5�.9
� �� ��>���
� ����� � ��� ��<3� �� ��� :�� .�


 � ��
7�:3�J  ��<3�234�$��� ��3� �6 6����  �1�	� 6��K� �� >3!34 � >3�4 � �9��Z8�*P� )18 .( 

 G�a�U _��+, �6 ��<3�pH ��3� ���31�$ ��F 5�� � ������3$.>��E
 ���D 	8�� 	��, G�X��� :�� �6 Nakhaei )15 �6 (

 	/���5�� � �1� G�3/� =3-��3� 	��,-�9!
: � �3/� =39/�  :3
6? ;�<����3� �6 ���� �4 6��
 [��<8 �����3$ :��  �31y$

	�Q� �� ���6pH >���
  �4��39
���  �a�U 	/����9��� :�� �� �B�� ��6��. �33S$��� pH  �9*3� ��3/� ���F �6 ��3� ���I�

;t�4�� F� 	-? ����3/� >*
 F� 	��
 7/^,�93/ �� ���9g���� >/�. 7�:3�JG 	,\�  ��3� �U F� _3� ��3/� �1� �6 ��3� ���I�

 F� � �9��� _��<�� >-�U	��3�D �� ��3/� 	� �33S$���� )20.(  

 �4 >/� ��� [��<8234�$��� /4�9��� F� 	�3B4� � 	�3�����  >g�/ _��<��RNA  >3-�Q� �RNA F���3�,G  >g�/ ��<3�

:3Y$��, �� ���33S$ 	�.���6 7�:3�J  F� :3B4���� �9g�� �����6 �6 ��� <4��9� 7�U �? 	H � ��� �9g�� ��� ;��H q��� ��

����� ;�� :�� �4 �9��� _��<�� �9g�� ��3$�4 �Z� _��<�� �� �6 ���9g�� ���4�9��/ =�� $ ��3/�:3���� �? 6��� G��  ;g�6

�9g��  _��<�� �� ���.� �6 �33S$ q��� >��K
 �6 � �6�6234�$��� >B�F	��3�3� 	�6�� )14.( 7�:3�JGBal   �Randhawa )3 (

�4 �
6�4 ��3� ����4 730�$ F� �6�!9/�	��38 ��� ��� �!-? 7�<
? >3-�Q� - �� F^3�? :�� F� � �6�6 _��<����� 	� ��<3� �� �
��$

234�$��� 5�I � 	
��6 ���� ��Z8�1� .  

����4 730�$��� ��� ��) 	��38/ �+���4�9��:3��(�� �6 <���$ >/^,���4 _.
 �
��6 � 2��� >g�/ ;3����4 � 7�<
?��� 

�<9�/�9� 	� .�
��7�:3�JG :�� ����4 730�$��� ��� F� 2��P$ ;3����4 ��38��� 	��4�� � q��� �3gy$ �6 ��<�$ ;3����4 

	���
	� ��� :�� �4 � ;3-6 �
��$����1� ����4 730�$��� ��� ;3����4 ��<3� �� �6�!9/� 6��� 	��38 .���� �a�U _���F? �6 ��

7�:3�JG  �4 >/� ��� [��<8����4 730�$��� ���  	��38:3B4� ��
����� 	Q3�H  	���I� �>���
� 5�]�6�� 6�F? �+3B4� �� 

_��4 	����6 ._��4 5�]�6�� 6�F? �+3B4� 2�/ >��*3,  �g�J�9g���� <���$ � �����6 ���
�1 �9g�� 	�6�� .�� :��  ;]�

:3B4� ��3/��3B4� � n�3U� �9g���� �� 730�$ �6�4 ��<�$ F� � �3$��3B4� �<3E
���� �<9�/�9� ��38��� ;3����4 ��
�� 	� ��4

	� ��38 �6 ;3����4 ��<3� �9*3� T!U q��� ��� :�� ��39
 �6 �4) 6��21.(  

 F� 	]�����1�  ������3$����4 730�$��� ��� 	� �6�4 =�$ .����C^3�/? >����6 q��� �6�4 =�$ � ���6����� 

C���3����4��� ��3� i/�$ �9*3��� ��� ��K� � 6	8+�����  _��<�� ��
�� ��3� 	!34 :3��9��C  ��3��� �� 6��6 5��
6 )29 .( �1�

����4 730�$��� ���  �� 	��38�33S$���  ��<3� :3��9��C 	��� �
��$ ;3-6����1� �? �6 ��>B�F>g�/  :3��9��C  �7�:3�J 

 F� >0�� � :3��9��C �� ��3/��3B4� F� �3/� ��3/�? =3���]/F��3B4�  ����)18 L�/� �� .(Q-�X�����  �3B� 	/��� � �3g�

>g�/  :3��9��C �� >��K
 �6 <4��8 G����38 �6 _�4�� :���J ���
� 	H G :3��9��C 	� ;���$6��. 	� 5��9U� �31y$ 6�� 730�$
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Research article 

 

Combined Effects of Some Mammalian Sex Hormones and Plant Growth 

Regulators on the Morphological and Biochemical Traits of Strawberry cv. 

Camarosa at the Harvest Time and Cold Storage 
 

M.R. Kalantari, V. Abdossi1*, F. Mortazaeinezhad, A.R. Golparvar, and Z. 

Shahshahan11 

 

 

In order to investigate combined effects of foliar application of plant growth regulators 

(naphthalene acetic acid and benzyl adenine at 50 mg L-1) and mammalian sex hormones (ethinyl 

estradiol and progesterone at 1.0 mg L-1) on strawberry cv. Camarosa, an experiment was carried 

out during the growing season, at the harvest time and also during 4 weeks of cold storage (4 °C) 

in 2018. The results showed that the foliar application of two hormones combined with benzyl 

adenine, naphthalene acetic acid, progesterone and ethinyl estradiol could be able to improve the 

growth traits, morphological, biochemical (total soluble solids, titratable acidity, chlorophylls 

and vitamin C) and antioxidant enzymes activity (peroxidase, catalase, superoxide dismutase and 

glutathione reductase) of strawberry fruits during the growing season as well as at the harvest 

time. During 4 weeks of cold storage, the biochemical traits and antioxidant enzymes activity of 

fruits were changed; in the meantime, the applied treatments significantly maintained fruit 

quality at the optimum level. Overall, the results revealed that the combined treatment of 1.0 mg 

L-1 ethinyl estradiol with 1.0 mg L-1 progesterone was the most effective treatment to maintain 

the quality of strawberry fruit cv. Camarosa during storage. 

Keywords: Ethinyl estradiol, Antioxidant enzymes, Benzyladenine, Progesterone, Naphthalene 

acetic acid. 
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