
 ��� ����� 	
���� ���� � ���� ����21  �����1  ��� � !"83 �% 94 )1399( 

*+ �,�-�	.��  
  

�����  ���	
������ 
��� �	��� ���� ���� �������� � ������  �	���� ��  �

��!� ���"#�$� � �%� �� &���� �'��#����(�)1  
Effect of Frequency of Fertigation and Foliar Application of Potassium 

Sulfate on Postharvest Quality of Strawberry Fruit in Hydroponic Culture 
  

������� 	
� ��� ������ �
������ ���� �����*����� ������� � � �����  !�"�#2  

  

!(�+,  

 �/ 01234��� �3
�+���35  6��" �/ ��� 7����� 83 " /�9���3�:; ��<*	��� �9	 9 �3!	 <3�� =�� >�%3�  ���?	��3<
� .

��4��� ��A��	 93!37  7��/�� =� B+�3�� 6�%C
��	  �� D�9�� �/�E�/��� F�� ��/	 GH% ��� <��	  6�!,�44�1+30 

��=:�.	 �� �/ ��19�� I��� /��E% �E�/��� F�� ��/	 �/ =�� �/ �4 8J4 )�5; �/ � ��KL � (���GH%�� <��	  8J4 �4 �/

;���� �5 � �/ , �� ��<3�1 �/�M% N��9 O�P Q,�? �/	  ���R% �4 ���/ ��C.
�/ ,�	 �M�  ����2�� (S�)���
� �� .��31
�� 

��.
 /�/ �9 �3��T �/��� F�� � ���� ���3�� � pH � U:3�� �/  ���/	
�����
� �T���D ���1��4� .3� I9; ����13V C; 1!4	; 

Q39�%��� ,��� 	� 4�1
:3
�3V �3�� �/  ���/	
�����
� D��9 ���1�� .�/ �+���  ���/���
�	
�� �3�1.�V �3��T �/�� ���� ���

4� ;F�� �3� ��W ;I937 1
:	 29�3
��	 � I9 F��� �3�� % �/3��� �5F�� � ����/	 �T�� �� � �� ����.��D  ������E�/ ����� 

F�� ��/	 � =�� �/ ��� ��KL �%3��T ����13V C1!4 ;	 4�1
: �3
�3V �3�� �T���D �7�� .XY����� Z
� �3��  ��3� [��4�9 

D��9  �<��.Y�/	 �  ����9[��4�9 D��T�� ���1�� .�� �/ %3��� 6�!,�4 4�1+30 ���� �� ��<�
��� �1K� �3�� 6�% C
�� 	

���� �� 7�2
 ��/�<.  

%�����
& ��': XY����� � ;�=� D��9 ;Z
�	<*���� �9	 9 �;	!3 �/����� F�� � ����.  

-�(.�  

 6�%C
��	 )Fragaria × ananassa Duch.� (3���� �J� �� ��<=����
 � 2� 0EP3�� �M �� � U��J� ��  .74� /���3�� 

6�%C
��	 ��,/3I 4�2\37 �� =� 74/ �/�/ ;U: 4:3Q 
�R�3R	; ��
 ��� 7��� � /�2�; ��� B+ =� 7��/�� 2�3�� ��%�9	 

/��/ )5(�^ .�6�E �3��� 6�%C
��	 ��\�� =�� 4� �% 7��/��3�� _�M� 74/ �� /��\ ����930 % 74� ��� /��:��; �������V 

�b% 7��4 D��9�Q ��<*	��� �9	 9 �3!	 �:; �R	 D,�L =����  0K�74�. G+/�2����; T����/  B+ ��\�� �/ ���% I��?

�+ � 7��/�� =�3�V  ��� �/��	
�����
� �3�� 6�%C
��	 ���� =��%�V c
��� ,�%3� ��V F�M � �	���� )22( .�����7 ?/3d 

�:3��� ���� �3����� ��T 2�3�� 0K� �	���� .�����7 �:3��� �	�
��% �/ e!\ 2
�1+3I ;U: �//�9	; �3��T � 93!37 F�M � 

�>�� ����. ���
����T� �:3��� �� ����7 F�� ��/	 �	�
��% ��K� ����� 9 � /�R��� ;U:3!37 �3�� >f%3�  /��GC�)29(. D��9 

��/ �:3��� ���� 7��> � K�3�� �C
V1��/ ��1 �� U: \�
3� ���. VR�� 74� �9 ��4�
��� 7A� ����M�� �G	� �� D��9 

�/�/ � �� Q��� �:; �/  �/�� g�14/����M�� �G	� ��� ��� <3�� �T���D �.12� c
�� � ��/� �:\�
 =� ��3� ���. /��. 

0�V3�L; ��<*	��� 43012 �: ���-� � 7.93���  ��F�� � �G	� ��  UG����M�� �� 4�3�� <3�� � �>�	/��G< )2 .(�/ 	4��� 

�>� �E�/��� ���3�: �/ <3�� ���< C
��	 �� �E�/��� ���3�: 1 ;2 � 4 ��� �/ =�� �/ �12� 73+ � h�+;7� D��T�� /�R��� 	��
 

 

1-  :7����/ k���%13/2/98                                        :m��G+ k���% 3/9/98  

2 -  Q3%�% ��D
�/�1Y��: �=���.9 ��R.
�/ 	
���� ���� ���< ���/�14� � /�14� ;��3.
�/ ;���� 	4�����9;  �M� 	,� ��C.
�/(S�) ����2�� ;����2�� ;

.�����  

) :53
��1R,� 72+ ;F�n2� ���2��
 *esmaeilizadeh@vru.ac.ir(.  



����R�� � /��: B�� �/�= 5�� 

84 

 

=� D��T�� �=� ��3� �/ ���3�: 4 ��� �/ =�� m��T< 74� ��� )32(. �T���D  F�-1
�����936����� �� 7�4 �3�� �/ <3��  Q�4

�	/�� �% U: �3�1.� �� 7�4 �3�� 79�\ ��9 � �/ �K
�7 F�-1
� �C�/ ����M�� 
�E�	 �� 7�4 �3�� �3�1. �	/�� � �/ 

�K
�7 Q�4 �T���D XY����� 93!	 �3�� �	//�<.   

  4�1+30 �/ :�������� �3T�p�,��R	 � =�72 �3�3�	� /�E1�� 7,�Y/ /��/ �9 ���� ��� ���.	; ,�%3� F�M �; /��K� 

93!37 � D��9 �>���� Q4����
 D�%�� D-
 4�4�	 /��/  �GH%�� ��9	 �� 4�1+30 Q�4 �T���D ;/�R��� ��
��= �3;�� �T���D 

�/����� ���� F�� � � 7A� 4�3� ���R4:3;5 /��K� Z
� �3;�� �T���D ��� 	
�����
� � h�� V1�� 93!37 \I� � I-
 2�3��� 

=� F�M های� 
����	 �	//�< )14( .��31
��� �5 F�� � �9 /�/ ��.
 D��*+��+	 4�1+ 6�!,�430; ��<*	��� �3T�p�,��R	 

� �3��3�3�	� = 7Y�/ �/ �����1 =�� >�%3� �T�� Q�4 � /�/ ���?�D �3��T ����93;I 4�1+30 4�1
: ;[��3
�3V ����9 �36��� 

� F�� �3��  �D��T�� ����7 �
=���� /�<�� )36( .�/ 01234��� 7.9 ���� r�Y /��
 7����� 83 " : /�9���3� �� I3,/ 

/�� � �/�� 0�\ �.�� � 73��W ����KC
 U: 09 �12� s��� /���� D�% �/ ��3< �	/�� A� 6�
�4�
 74� VR�� � 7����M�� 

�G	� �T�� ���D  .��/�� �>� �� ���%���  0K��E�/��� F�� ��/	 �� 7��> � K�3�� �C
 V1��/ ��1 �� U: \�
3� ���. � 7A� 

����M�� �G	� � �� Q���  �:�T���D 4�14/	 ����M�� �G	� ���� <3�� � /��K� 7K��<*	��� �9	 9 �3!	 �3�� �  D-


 �>t�GH%�� <��	 �M�� 4�1+30 � ���<*	��� �9	 9 �3!	 
���� 6h�M �	; ��=:�.	 \��P	 �� �9 �/ �: >�%3�  /��E%

�E�/��� F�� ��/	 F�� � ���+	 �� 6�!,�4 4�1+30 �� ��<�
��� �3�� 6�% C
��	 7.9 ��� �/  �3u �3
�+���35 4���	 

//�<.  

���� /�� ���  

  ��=:�D ���
�b�< 6��"�� � 4 �/3012 7.9 ���� r�Y �)3
�+���35( ��� 6�%C
��	 0?� g���+ �/ �/,� ��C.
	  �M�

 ����2�� (S�)���� ��. ��=:�D ����19�� 6��"�I  /��E% I��� ��19�� �/ ���E�/��� F�� ��/	 �/ =�� �/ �4 8J4 )�5; 

��KL � �/��� �/ =�� (� F�� ���+	 �� 6�!,�4 4�1+30 �/ �4 8J4  ����)F�� ���+	 �1+ 6�!,�4430; F�� ���+	 1  �� ��<

,3�1 � F�� ���+	 2 ��< �� ,3�1( �� �4 ���R% �%�� ��KL I��� ���R% �� � �/ Q,�? O�P ��I��9��P �/�M%	  ���
���.  v�


�G F�� �	�; H% ���<��33� ��1��  F���)1( � 0�\ F�� � �G	� �/ F�P =�� ���� ��� %3������ �:3��� �2R�� )300 �3�	 

,3�1( /��; ���  /��E%�E�/���	 � �9�V F�� ��G	� 1Y� �/3�� <3�� � ���?	7��<; 6��!1� /��. /% �3��� �5��� �/ �
���=�� �/ 

7��4 10 8�" � �/ %3��� 4 ��� �/ �
���=�� �/ 7��4��� 6 ;10 ;14  �18 % �/ �3��� 10  �/ ����
���=�� �/ 7��4��� 6 ;

7:30 ;9;10:30 ;12 ;13:30 ;15 ;16:30 ;18 � 24 F�� ��/	 ���
� �� .I�� U:��	� �� 10 =�� �5��� � �� ����.� ����7 

�1R,��R	 )EC (h��� �.12� ��A�� �� DR�=� 5�
��� ���� ��
�� ,��1\�	 =� ����M�� �G	� � <���3�� =� �7���
 �:�� 

���
� 7��<. v�
 +�9�9 7.9 �12�37  �h�+�7  7�2
 ��70:30  ./��F�� ���+	 6�!,�4 4�1+30 20 B+ =�� �%�� 7��9 =� ��

�  =�� 7!� ������R 8�" F�� �/ ��=: ���/ �Y: �%�D  ���
�/�<��. �3���� �/ ���/ ��3�� 	�/7��/� ���
 �=��
� =� B+ �<3�� 

�3��T �/����� ���� ;F�� � pH; 4�3� ;I9 ����13V C; ,�E�37 1
:	 29�3
��	; Q39�%��� ,���	; 
:4�13
�3V � XY����� 

Z
� �3�� � [��4�9 ��/ �� �
�Y/�4 ��� 4  ���/2�43g� � I-1����  =�� 7!� =� �E� �	
�����
� B+ x��Y =� �3����  =�

���
�  ��T3� 	4��� ��A�� ������33H% ��V ���4����� �����/ �=��
�<3�� .�
�� �� ��A�� �=��
�<3�� �/� �=� D��9 �"3;�� 

 =� I�?	
�����
�  ���/ ���%� =� B+ �	
�����
�  X,�Y �=��3���� �=��% ��� /��3,�1	 �=��
�<3�� �� � By4 �"�/ D��9 �=� 

�� ���R% =� �J��� 1 ��4� � /�<�� )6.(  

    100)× �=�,��3�/ �=� �
�>��- �=�,��3�( =  �"�/D��9 �=� �J���:-1  

  1!4	 � 7���3���� 1!4 ��C14/ =� �/�!14� ��	S�4  (LU0805637, Taiwan) �=��
�<3�� � �� Q2\ 93��<�� �� 
3�� �3�� 

��.  U��+� �A
 /�����3� =� 5� �� � �/�9 IM1� ��C14/ �� � �� ��= 	1!4 ��T3� 7��> ��.� 5� F���� �� � �/�/ ���? U��+

�=��
� 7���.�� ��3<  �"�/�/����� BR��|� g�|3-� �/ F�|� � �|���1 	14/ S�4��? =� �/�!14� �|� )Refractometer( F��  

 

1- Brix                                                                       2- Chroma                                                                          3- hue  



>�%3�  ����F�� ��/	 F�� � ���+	 <��...	 

85 

 

)PAL-1 Atago Japon (�=��
�<3�� ��. �3��T pH U: �3�� �� ��34���C14/pH   �1�) WTW F�� Inolab 720( .�� ��4� � 

�3��T 4�3���1 I9 (TA) �3�� �� Q2\ 43�1�5 4�3� 4� �93�  Q,��3�� 6�%C
��	 74�; �� �329���3� �4�0 )1/0  (F���


�=��
���3< � �� ��4� � )4(. �3��T ����13V C �3�� �� U:<3�� =� �3�� ���3��T �4 �3�	,3�1 � ?�3d �/�9 �: �� 20 �3�	,3�1 

U: �J-� �� ����� 2 �3�	,3�1  �14�.
 _�E�1  m�� �� �"�/�13%  F�� � ����  �/���� 4�1+30 H% ��\�� �%33�  �� Z
�

�129�Y�  ���
��� .�� 1 4	 4	 �� �/ ���� 4�1+30 ��M�	 F/�E� 88/0 �3�	��< ����13V C �	���� � �3��T ����13V C 

�3�� � Q2\ ��3�	��< ����13V C �/ 100 4	 4	 U: �3�� ��4� � �� )13( .,�E�37 :1
	 29�3
��	  �� �/�!14� =� DPPH 

���
� ��. ���V  ��1�� ��A��5 � ��<3��  ����� ��10 �3�	,3�1  F�
�1�80 ��C14/ �� �"�/ �T�� (ULTRA-TURRAX)  F��

IKT18 basic)( �� �% �� VC�� �/�% 6��"�1Y���R	 �� I"�\ }��b� By4 .��: �/6�� 10 ?/3�- ��/ �/� 4  ���/

2�43g� ) ��/ ��rpm 4500�1
�4 (�!3p�  By4 .�
����-�� 100 �3,��R3�1  �� ���M� =�900 �3,��R3�1  F�� � =�DPPH  �/

�: F�
�%�3�1b  � ������34� �� BR%�� ��C14/�� By4 .�� �/= 0� 6�� 6��30 ?/3�-  � �/3u ��%�5  �
��
 .7��< ���?

�� �� ����3V K% 6��"3� � �� ���V  �9 6��!%V�TC��� F�
�1� � By4 .�� ���M�3��T  �1��1���1Ry4� ��C14/ �� F�� � UG�

 x�� F�P �/517 �: D�9�� .�� ��
��Y �1��
�
3�1b  ����DPPH ����  M%38 �= �/��3�� ,�E� �"�/ .�� �/�!14�37 

1
:	29�3
��	  =� �/�!14� �� �J���2 �� ��4� � )7(:  

�J���-2:  

	
��329� 	1
: 73,�E� = 1 −
(�
��
 /�� − 83 M% Q��^ /��)

F�1�9 /��
× 100 

  �=��
�<3�� F��� ,�� _�E� =� �/�!14� ��3V 43��1,�9 P =� �/�!14� �3~ ���
 S�4F�P �/ x��760 �� ���
� �1��
�
� .3��T 

Q39�%��� ,���	 ,�< /���
�14� =� �/�!14� ��35 4�3� �5 �3�	�h�� E� Q2\ ���� F/3�	��< 4�3,�<�35  �/100  �=� ��<

/�< ��4� � �=�%�� )21( .  

  4�1
:3
�3V �/ UG� 6��!% m�� =� �/�!14� �� I9 pH ��� ~�1b� 
��=��<3�� ��.  By41 � ���M� �13, 	�3�3��  �� ��

��34�  ����	.� � ��
	.� � ���

   ��1  =pH  0�\ ��25 	�3� �13,.�� ��
�4� �E� ��\�� �/ 10 	�3� ���� u4�% ���M� ���� =� �C�/ �13,
�� ��������

�� ���
 �� 5/4pH =   0�\ ��25 	�3� �13,�� ��
�4� x�� F�P �/ �
��
 �/ V�� UG� ��T3� .510  �1��
�
��
��Y  �

:�� ��4� � ��= F���� u4�% V3
�34�1
: ��T3�  

�J���-3:  

���
�� = ������� − ������.�  �!�. !� × �			 ��!�� × "#⁄              

  �/  F���� V��82/484 V��3
�34 	,�R,�� ���-3- ;��=�9��<24825 V��3
�34 	,�� UG�-3- �/ ��=�9��<1  =pH  �DF 

 ��19��d3?� �=�4 74�)34( .  

  

  XY�� Z
� �3�� � �4�9[� �E� =� x��Y �3���� =� �
�Y/�4 �/ 4� �J-
 =� �3�� � [��4�9 )F��Konica Minolta CR 

Japan, 400 (���
� .�� XY����� Z
� I��� <��.Y�/	 )*L;( T��?-T�4*) a( �: �	-/�= *)b( � XY�� ����92  ���=�� �3�3 

 =��J������ 3  ��4� ���.  

�J������-3:  

  Chroma =%(& ∗)( + (* ∗)(                             

°hue = tan./( 0∗
1∗

) 

  ���9�� �/�/�� �� =� �/�!14�  ��
���: ��T��� SAS (Ver.9.1 2002–2003, SAS Institute, Cary, NC, USA) �-� ���2 

�3C
�3V��  F��1\� 8J4 �/5 %  ���=: u4�%LSD .�� ���
�  

  



����R�� � /��: B�� �/�= 5�� 

86 

 

 F���1-  7A�����M�� D���=: V�� 	��G F�� � �/ �/�!14� /��� 	��G.  

Table 1. Concentration of nutrients used in the nutrient solution of this experiment.  
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128  N 5 Fe 
58 P 2 Mn 

211  K 0.25  Zn 
104 Ca 0.7 B  
40 Mg 0.07 Cu 
54 S 0.05 Mo 
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Fig. 1. Interaction effect of frequency of fertigation and foliar application of potassium sulfate on fruit weight loss 

percent in strawberry cv. Paros at the end of the storage period. The columns with the same letters have no 

significant difference at the 5% probability level using LSD test. 
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Fig. 2. Interaction effect of frequency of fertigation and foliar application of potassium sulfate and storage on total soluble 

solids of strawberry CV. Paros. C: Control (without potassium sulfate), S1: Potassium sulfate 1 g L-1, S2: Potassium 

sulfate 2 g L-1.The columns with the same letters have no significant difference at the 5% probability level of LSD 

test. 
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Fig. 3. Interactive effect of frequency of fertigation and foliar application of potassium sulfate and storage on total acidity as 

well as the effect of storage on pH of strawberry CV. Paros. C: Control (without potassium sulfate), S1: Potassium 

sulfate 1 g L-1, S2: Potassium sulfate 2 g L-1. The columns with the same letters have no significant difference at the 

5% probability level of LSD test. 
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Fig. 4. Interactive effect of frequency of nutrition solution and foliar application of potassium sulfate and storage on vitamin 

C of strawberry CV. Paros. C: control (without potassium sulfate), S1: Potassium sulfate 1 g L-1, S2: Potassium sulfate 

2 g L-1. The columns with the same letters have no significant difference at the 5% probability level of LSD test. 
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Fig. 5. Interactive effect of frequency of nutrition solution and foliar application of potassium sulfate and storage on fruit 

firmness of strawberry CV. Paros. C: control (without potassium sulfate), S1: Potassium sulfate 1 g L-1, S2: Potassium 

sulfate 2 g L-1. The columns with the same letters have no significant difference at the 5% probability level of LSD 

test. 
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Fig.  6. Interactive effect of frequency of nutrition solution and foliar application of potassium sulfate and storage on antioxidant 

activity of strawberry CV. Paros. C: control (without potassium sulfate), S1: Potassium sulfate 1 g L-1, S2: Potassium 

sulfate 2 g L-1. The columns with the same letters have no significant difference at the 5% probability level of LSD 

test. 
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Fig. 7. Interactive effect of frequency of nutrition solution, foliar application of potassium sulfate and storage on total 

polyphenol and anthocyanin of strawberry CV. Paros. C: control (without potassium sulfate), S1: Potassium sulfate 1 

g L-1, S2: Potassium sulfate 2 g L-1. The columns with the same letters have no significant difference at the 5% 

probability level of LSD test. 
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Table 2. The effect of storage period on fruit and sepal color indexes of strawberry cv. Paros. 
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  a26
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28.4a (First)  F�� =��  

b93.8
 a10.5
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 b32.4
 b27.1

 (Seventh)  01!� =��  

Different letters in each column show significant differences at P≤0.05 (LSD).  
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Effect of Frequency of Fertigation and Foliar Application of Potassium 
Sulfate on Postharvest Quality of Strawberry Fruit in Hydroponic Culture 

 
M.R. Malekzadeh Shamsabad, M. Esmaeilizadeh*, H.R. Roosta and F. Nazoori11 

 

In hydroponic systems, if fertigation is not managed properly, quantitative and qualitative 

properties of the plant will be affected. In order to investigate post-harvest quality of strawberry 

fruit in response to the frequency of fertigation and foliar application with potassium sulfate, an 

experiment was performed with two factors including the number of times per day at three 

levels (once, four and ten times) and foliar application at three levels (Control, 1 and 2 g L-1) in 

a completely randomized design with three replications at Vali-e-Asr University in Rafsanjan. 

The results showed that the amount of soluble solids of the fruit and pH of the fruit juice 

increased during storage. The total acid, vitamin C, firmness, phenolic compounds and 

anthocyanin of the fruit reduced during storage. At the end of storage period, the highest amount 

of soluble solids, total acid, antioxidant capacity and total phenol of the fruit was observed in 

once fertigation treatment and with increasing fertigation times up to four times a day, the 

amount of vitamin C, firmness and anthocyanin of the fruit increased. The fruit color and sepal 

hue indicators reduced and sepal L* and chroma increased. Both potassium sulfate treatments 

resulted in better shelf life of strawberry fruit than the control. 

Keywords: Color indices, Quantitative and qualitative features, Soluble solids, Weight loss. 
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