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�Y/�4 �/ 4� �J-
 =� �3�� � [��4�9 )F��Konica Minolta CR 

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

 =��J������ 3  ��4� ���.  
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°hue = tan./( 0∗
1∗
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 F���1-  7A�
����M�� D���=: V�� 	��G
 F�� � �/ �/�!14� /��� 	��G
.  

Table 1. Concentration of nutrients used in the nutrient solution of this experiment.  

Macronutrie  
����M�� �+_�M� 

Micronutrient  
_�M� 09 ����M��  

7A�
  

)1-L gm( oncentrationC 

�M�� 

Element  

7A�
 

)1-L gm( oncentrationC 

�M�� 

Element  
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 

  

01��# 2
� �  
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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. 

[��4�9 
Sepal 

 �3��  
Fruit ���/ 	
�����
� (=��)  

Storage period (day) 
Hue Croma  L Hue  Croma  L 

a101
 b9.3

 b21.2
  a26

 a34.7
 

28.4a (First)  F�� =��  

b93.8
 a10.5

 a25.9
  b25

 b32.4
 b27.1

 (Seventh)  01!� =��  

Different letters in each column show significant differences at P≤0.05 (LSD).  
 ��14 �� �/ ~�1b� _��\;  �� ���/ 	�E� _N1Y��� g�4� ���=: LSD; �/ 8J4 F��1\� 5% ��/ 	� ��.
.  

  

3��� -4��#  
   g�4��� ��31
��� �� ���: 74/�3�� 6�%
��C	  6�� �/ g���+ 0?�	
�����
�  ��L/H%33�	��� �	<//�. �� �T���D /��E% 

�E�/��� F�� ��/	 =� �5 ��� �� ��KL ��� �/  =���3��T ����13V C; 1!4	 � 4�1
:3
�3V �3�� �T���D � �/����� ���� ;F�� � 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

1.
7.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-1

0-
19

 ]
 

                            10 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.7.1
http://journal-irshs.ir/article-1-359-en.html


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

93 

 

4�3� ;I9 ��W37 1
:	 29�3
��	 � F��� I9 D��9 �7�� �T�� ��D  /��E%�E�/��� F�� ��/	  ��� �/ �� ��� ��KL =��/ =��; 

Q�4 D��9 ��<*	��� 93!	 � 	
�����
� �3���� /�<��. F�� ���+	 4�1+ 6�!,�430 �5 , �� ��<3�1 �3�1.�V >�%3�  �� ���3��T 

4�3� ;I9 F��� � 4�1
:3
�3V �3���� �/ P	 	
�����
� 7��/ � �3�1.�V �3��T �/����� ���� F�� � �3�� � �1�9�V �3��T 

�"�/ D��9 �=� �/ %3��� F�� ��+�	 6�!,�4 4�1+30 �/ ��< �� ,3�1  6�� �/	
�����
� ��� ��: 74/ ���9 ��P	 F�� ���+	 

4�1+ 6�!,�430  72
��%��<*	��� 93!	 �3�� P ��	  6��	
�����
� % �� 7�2
3��� ���� .�.b� /��K�  

5��6�References                                                                                                                                                        

1 .���3\.v ;�/��14/ .� ; �  .� .�/���1390 6�� � 034�1+ 6��C���+ 6��>� . ���.
 .��
� ��3� 	!39 6�3"�MY �� ���/���
�

(�=���.9 c���" � ����) 	
��
�� ����; 136-130) :2(25. 

2 . .O ;�14��1395	,� ��C.
�/ 6���.1
� .(53
�+���3�) 7.R�: �/ ��3< ��GH% . .����2�� (S�) �M�577 .� !" 

3 . .��!" .� � .�.v ;	RL�91372 6���.1
� .r�Y � U: u���� ..�K.� 	��C.
�/ /�K� 560 .� !" 

4. Babalar, M., M. Asghari, A. Talaei, and A. Khosroshahi. 2007. Effect pre and postharvest salicylic acid 

treatment on ethylene production fungal decay and overall quality of selva strawberry fruit. Food. Chem. 

105(2): 449-453. 

5. Dong, F. and X. Wang. 2017. Effects of carboxymethyl cellulose incorporated with garlic essential oil 

composite coatings for improving quality of strawberries. J. Biol. Macromolecules. 104: 821-826 

6. Gao, P., Z. Zhu, and P. Zhang. 2013. Effect of chitosan-glucose complex coating on postharvest quality and 

shelf life of table grapes. Carbo. Polymers. 95: 371-378. 

7. Gil, M. I., F. A. Barberan, B. Hess-Pierce, D. M. Holcroft, and A. A. Kader. 2000. Antioxidant activity of 

pomegranate juice and its relationship with phenolic composition and processing. Food. Chem. 48(10): 4581-

4589. 

8. Gol, N.B., P.R. Patel, and T.R. Rao. 2013. Improvement of quality and shelf-life of strawberries with edible 

coatings enriched with chitosan. Postharvest Biol. Technol. 85: 185-195. 

9. Guerreiro, A.C., C.M. Gago, M.L. Faleiro, M.G. Miguel, and M.D. Antunes. 2015. The use of polysaccharide-

based edible coatings enriched with essential oils to improve shelf-life of strawberries. Postharvest Biol. 

Technol. 110: 51-60. 

10. Han, C., Y. Zhao, S.W. Leonard, and M.G. Traber. 2004. Edible coatings to improve storability and enhance 

nutritional value of fresh and frozen strawberries (Fragaria× ananassa Duch.) and raspberries (Rubus ideaus). 

Postharvest Biol. Technol. 33(1): 67-78. 

11. Hernandez-Munoz, P., E. Almenar, V. Del Valle, D. Velez, and R. Gavara. 2008. Effect of chitosan coating 

combined with postharvest calcium treatment on strawberry (Fragaria× ananassa Duch.) quality during 

refrigerated storage. Food. Chem. 110(2): 428-435. 

12. Hernandez-Munoz, P., E. Almenar, M.J. Ocio, and R. Gavara. 2006. Effect of calcium dips and chitosan coating 

on postharvest life of strawberries (Fragaria×ananassa Duch.). Postharvest Biol. Technol. 39: 247-253. 

13. Jacobs, M. B. 1959. The chemical analysis of food and food products. D. Van. Instead (3rd ed). Princeton. New 

Jersey. USA. 

14. Kanai, S., K. Ohkura, J.J. Adu-Gyamfi, P.K. Mohapatra, N.T. Nguyen, H. Saneoka, and K. Fujita. 2007. 

Depression of sink activity precedes the inhibition of biomass production in tomato plants subjected to 

potassium deficiency stress. J. Exp. Bot. 58: 2917-2928. 

15. Kasim, M.U. and R. Kasim. 2012. Color changes of fresh-cut swiss chard leaves stored at different light 

intensity. Amer J. Food. Technol. 7: 13-21. 

16. Kasim, M.U. and R. Kasim. 2017. Yellowing of fresh-cut spinach (Spinacia oleracea L.) leaves delayed by 

UV-B applications. Inform. Proces. Agr. 4: 214-219. 

17. Liesche, J., 2015. How regulation of phloem transport could link potassium fertilization to increased growth. 

Tree Physiol. 36(1): 1-5. 

18. Liu, F., S. Savic, C.R. Jensen, A. Shahnazari, S.E. Jacobsen, R. Stikic and M.N. Andersen. 2007. Water 

relations and yield of lysimeter grown strawberries under limited irrigation. Sci. Hort. 111(2): 128-132. 

19. Lin, D., D. Huang and S. Wang. 2004. Effects of potassium levels on fruit quality of muskmelon in soilless 

medium culture. Sci. Hort. 102(1): 53-60. 

20. Lobos, T.E., J.B. Retamales, S. Ortega-Farias, E.J. Hanson, R. Lopez-Olivari and M.L. Mora. 2016. Pre-harvest 

regulated deficit irrigation management effects onpost-harvest quality and condition of V. corymbosum fruits 

cv. Brigitta. Sci. Hort. 207: 152-159. 

21. Meyers, K.J., C.B. Watkins, M.P. Pritts and R.H. Liu. 2003. Antioxidant and antiproliferative activities of 

strawberries. Food Chem. 51: 6887-6892. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

1.
7.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-1

0-
19

 ]
 

                            11 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.7.1
http://journal-irshs.ir/article-1-359-en.html


����R�� � /��: B�� �/�= 5�� 

94 

 

22. Min, S., L.J. Harris, J.H. Han and J.M. Krochta. 2005. Listeria monocytogenes inhibition by whey protein films 

and coatings incorporating lysozyme. J. Food. Prot. 68(11): 2317-2325. 

23. Moing, A., C. Renaud, M. Gaudillere, P. Raymond, P. Roudeillac and B.D. Rothan. 2001. Biochemical changes 

during fruit development of four strawberry cultivars. J. Amer. Soc. Hort. Sci. 124(4): 394-403. 

24. Oliveira, A., D.P. Almeida and M. Pintado. 2014. Changes in phenolic compounds during storage of 

pasteurized strawberry. Food Biol. Technol. 7(6):1840-1846. 

25. Pongener, A., B.V.C. Mahajan and H. Singh. 2011. Effect of different packaging films on storage life and 

quality of peach fruits under cold storage conditions. Indian J. Hort. 68: 240-245. 

26. Roura, S.T., L.A. Davidovich and C. E. Valle. 2000. Quality loss in minimally processed swiss chard related 

to amount of damaged area. Lebensmittel Wissenscaft Technol. 33: 53-59. 

27. Rosli, H.G., P.M. Civello and G.A. Martinez. 2004. Changes in cell wall composition of three 

Fragaria×ananassa cultivars with different softening rate during ripening. Plant Physiol. Biochem. 42: 823-

831. 

28. Robert, C.E and L. Edward. 1993. Regulated deficit irrigation may alter apple maturity, quality, and storage 

life. J. Hort. 28(2):141-143. 

29. Said, S., L. Guangmin, L. Mingchi, J. Yanhai, H. Hongju and G. Nazim. 2018. Effect of Irrigation on growth, 

yield, and chemical composition of two green bean cultivars. J. Hort. 4(1): 3. 

30. Soares, A.G., L.C. Trugo, N. Botrel and L.F. Souza. 2005. Reduction of internal browning of pineapple fruit 

(Ananas comususL.) by preharvest soil application of Potassium. Postharvest Biol. Technol. 35: 201-207. 

31. Tehranifar, A and S. Mahmooditabar. 2009. Foliar application of potassium and Boron during pomegranate 

(Punica granatum) fruit development can improve fruit quality. Hort. Environ. Biotechnol. 3(50): 23-34. 

32. Tuzel, I. H., Y. Tuzel, A. Gul, H. Altunlu and R. Z. Eltez. 2001. Effect of different irrigation schedules, 

substrates and substrate volimes on fruit quality and yield of greenhouse tomato. Acta Hort. 548: 285-291. 

33. Valero, D., H.M. Diaz-Mula, P.J. Zapata, F. Guillen, D. Martinez-Romero, S. Castillo and M. Serrano. 2013. 

Effects of alginate edible coating on preserving fruit quality in four plum cultivars during postharvest storage. 

Postharvest Biol. Technol. 77: 1-6. 
34. Wang, S. Y and H. Gao. 2013. Effect of chitosan-based edible coating on antioxidants, antioxidant enzyme 

system, and postharvest fruit quality of strawberries (Fragaria x aranassa Duch.). Food Sci. Technol. 52(2): 

71-79. 

35. Yuan, B. Z., J. Sun and S. Nishiyama .2003. Effect of drip irrigation on strawberry growth and yield inside a 

plastic green house. Bio. Systems. Eng. 87(2): 237-245. 

36. Zivdar, S., K. Arzani, M.K. Souri, N. Moallemi and S.M. Seyyednejad. 2016. Physiological and biochemical 

response of olive (olea europaea l.) cultivars to foliar potassium application. J. Agr. Sci. Technol. 18: 1897-

1908. 

 

 

 

 

 

 
  

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

1.
7.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-1

0-
19

 ]
 

                            12 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.7.1
http://journal-irshs.ir/article-1-359-en.html


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

95 

 

 
Iranian Journal of Horticultural Science and Technology 21 (1): 83 - 94 (2020)  
Research article 

 

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. 

 

1. Former M.Sc. Student, Associate Professor, Professor and Assistant Professor of Department of Horticultural 

Science, Faculty of Agriculture, Vali-e- Asr University of Rafsanjan, Rafsanjan, Iran, respectively. 

* Corresponding author, Email: (esmaeilizadeh@vru.ac.ir). 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

13
99

.2
1.

1.
7.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

25
-1

0-
19

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            13 / 13

https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.7.1
http://journal-irshs.ir/article-1-359-en.html
http://www.tcpdf.org

