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Optimum Nutrient Concentration to Improve Growth and Quality
of Strawberry Cultivars ‘Berrystar’ and ‘Jukhyang’ in Hydroponics
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Abstract. This study was conducted to set the optimum nutrient solution concentration by growth stage for new
strawberry cultivars ‘Berrystar’ and ‘Jukhyang’(Fragaria x ananassa Duch. cvs. ‘Berrystar’, ‘Jukhyang’) grown
through hydroponics to improve the quality and yield. Three different EC levels were applied to the nutrient solu-
tion. The treatment levels were 0.7, 1.0 and 1.3 times higher than the nutrient concentration standard for ‘Seolhyang’
based on the ‘Manual for strawberry cultivation’ of Rural Development Administration. Based on the results, there
were no significant differences in growth of ‘Berrystar’ by EC level. ‘Jukhyang’ showed the most vigorous growth
grown in 1.3 times higher nutrient concentration. While the growth of ‘Berrystar’ and ‘Jukhyang’ grown in higher
EC level has leaves with more chlorophyll concentration. However the quantum yield of leaves was not affected by
the treatments. On the treatment with 1.3 times higher EC level, the weight, length, width and firmness of ‘Berrys-
tar’ and *Jukhyang’ were significantly high. The sugar contents of the harvest analyzed by HPLC did not differed
particularly, but the percentage composition of reducing sugar and non-reducing sugar were presented differently
depending on the treatments. Marketable fruit yield increased as nutrient concentration increases. However, there
were no large differences by treatments. Meanwhile, ‘Jukhyang’ showed significant difference by nutrient concentra-
tion and had the largest yield for a treatment grown in 1.3 times higher EC level. Based on these results, it is recom-
mended to provide the same nutrient solution concentration level to the nutrient concentration standard of
‘Seolhyang’ for ‘Berrystar’, and the 1.3 times higher level for ‘Jukhyang’.
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Table 1. The composition of raw water for strawberry cultivation in this experiment.

NOs;-N K Ca SO;,-S Na Cl
1.43 0.7 56.6 37.7 31.2 8.1
Table 2. Tne composition of PBG nutrient solution for strawberry in hydroponics.
Macro element NO;-N NH,-N PO,-P K Ca Mg SO,-S
(me-L™") 115 1.0 5.5 6.5 25 3.0
Micro element Fe Mn Zn Cu Mo
(me-L™) 1.12 027 0.55 0.46 0.05 0.05
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Fig. 1. Changes of pH and EC in the drainage solution in strawberry cultivars ‘Seolhyang’, ‘Berrystar’ and ‘Jukhyang’ as affected by EC level
[EC level 1 (EC 0.68-0.8-0.85-0.7 dS'm™', @), EC level 2 (EC 0.68-1.0-1.2-1.0 dS'm™!, 0), EC level 3 (EC 0.68-1.2-1.55-1.3 dS'm™, V¥)].
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Fig. 2. Chlorophyll concentration of strawberry cultivars ‘Seol-
hyang’, ‘Berrystar’ and ‘Jukhyang’ as affected by EC level in
March 2017 [EC level 1 (EC 0.68-0.8-0.85-0.7 dS'm™), EC
level 2 (EC 0.68-1.0-1.2-1.0 dS'm™"), EC level 3 (EC 0.68-1.2-
1.55-1.3 dS'm™)].
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Fig. 3. Chlorophyll concentration of strawberry cultivars
‘Seolhyang’, ‘Berrystar’ and ‘Jukhyang’ as affected by EC level
in March 2017 [EC level 1 (EC 0.68-0.8-0.85-0.7 dS'm™), EC
level 2 (EC 0.68-1.0-1.2-1.0 dS'm™"), EC level 3 (EC 0.68-1.2-
1.55-1.3 dS'm™)].
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Table 3. Growth of strawberry cultivars ‘Seolhyang’, ‘Berrystar’ and ‘Jukhyang’ as affected by EC level.

Nov. 1. 2016. Mar. 23.2017.
Cultivar EC level’ No. of Petiole Leaf Leaf Crown No. of Petiole  Leaf Leaf Crown
leaves length  length  width  diameter leaves length length  width  diameter
(mm) (mm)  (mm) (mm) (mm) (mm)  (mm) (mm)
1 3.4a 7.1b 87a 7.6 a 13.6b 57b 91c 8.6b 7.7a 143 ¢
Seolhyang 2 34a 94 a 92a 81la 16.8 a 74a 122b 97a 7.7 a 163 a
3 32a 10.5a 92a 82a 129b 75a 141a 104a 83a 154b
1 33a 16.6 b 92a 7.5a 14.1a 58b 11.5b 72b 58b 150b
Berrystar 2 30a 192 a 9.1a 72a 128 a 82a 145a 80a 64a 15.7b
3 31a 16.6 b 8.7a 73 a 134 a 75a 154a 85a 7.0a 175a
1 32a 124ab 9.1a 81a 12.3 ab 7a 109¢c 79b 73b 16.1b
Jukhyang 2 31a 11.6b 8.8a 7.8 a 134 a 64a 123b 83b 74 b 1690
3 30a 139a 91a 80a 11.5b 69a 13.7a 89a 88a 18.1a
YEC level 1 (EC 0.68-0.8-0.85-0.7 dS'm™), EC level 2 (EC 0.68-1.0-1.2-1.0 dS'm™), EC level 3 (EC 0.68-1.2-1.55-1.3 dS'm™).
“Mean separation within columns by Duncan’s multiple range test at 5% level.
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Fig. 4. Quantum yield of strawberry cultivars ‘Berrystar’ and
‘Jukhyang’ as affected by EC level in April 2017 [EC level 1
(EC 0.68-0.8-0.85-0.7 dS'm™"), EC level 2 (EC 0.68-1.0-1.2-1.0
dS'm™), EC level 3 (EC 0.68-1.2-1.55-1.3 dS'm™)].

Phrge HBA A9 GE4 FPNLL o83
F/F, AR 02 8kt glolot. A2 |7 F59] <
AG8(Q)S BA% A= Fig. 49 YehHATE. M

sEbsh E% BE o) FEo] mE sk SAHC.

2 folah esit. 9] sk G2 Pl ]
ke BoE wsol U BTY BEE FobA gl

o 2418 S8 00 AAse] Az b Aol} fel
a4 aistor} A% AZIER FAE Qs PrE
o WetE vkl A7t FukeoE Bas.

o) wo] e FEW I T U 2ALE
£ Table 49 LERYSIT wlelEbE 9%, 2, A=,
A=k 38 AN IS 1 Fe ke et

B - ol -

gl

B

a4

itk Sebe %, 3, FFo] 3 ATolA
oA w2 s JERler e BEe A 1h
zlol7k ATt P GRS AEE Uie FAEA
2n)e] ZQ3F ¥ E olgHT} Wb 2 ATt
7} 34 AR 8 IS Yehlilon ek
Pl A 7F Zpol7 LA ekt

230l EAlsks PR a9 vEgez oF
AR I et el ek JFS 7Tk
(Kim et al,, 2013). & F = T 24 Jeile b
Hle} A #palo] Awe} 7|5de] FA FES wA=
g, )= F2 LI glucose, fructose?} BISHIT
%l sucroseZ o]FolA ok A FHe F8 A<
F TS HPLCE o838t 4% Z23E Fig. 59
UERNSITE. Jeong(2009)y 193} HIgHATo] H]go]
Fool wEt zol7} FElEhH 24 HlE EE3F EE
of we} Zol7b dokar it wWgsEbe= AE] b
T o] Aot foJsiA] Fskont H TR =&
3 A7t HA G T osucrosed] HIE©o] Aasie] A
A 7 ol Al AE] T 7R Btk 31 22)rellA
sucrose’} FA & T AAFFE BHIES 19.6%= 7
sk o HElaE 26.7%E 7R B2 B8-S Uehl
oh 3P sucrose o] AHEHEE foJg Zjol7b
ElUA] eoit) & o gk R Seke ddo] 7]
= 79 %= 2d ATl TFY =2 & s o
AT 22y sucroseZ} AAERE HISS 3 AET
7} 60.4%% 7P w3k 2 XETe 56.0%2 7R
=g

90% ol A&t S IS T AJETH(10g ol
oF vlETH(10g WIYE 2 71EIHE o] FRERALE
2AEI9THTable 5). wHlg]zEb9} 3 BF Fd 5

Table 4. Fruit characteristics of strawberry culticars ‘Seolhyang’, ‘Berrystar’ and ‘Jukhyang’ as affected by EC level in March 2017.

Fruit weight Fruit height Fruit width Fruit hardness
Cultivar EC level” - soluble solid-acid ratio
(® (mm) (mm) (N'mm™)
1 23.1 b* 42.0a 39.0a 0.31b 154 a
Seolhyang 2 262 a 472 a 394 a 033b 15.0a
3 27.0a 464 a 410 a 041a 159a
1 30.0b 483 b 3990 034c¢ 200 a
Berrystar 2 27.8b 4790 39.7b 0.60 b 18.4 ab
3 399a 524a 46.1 a 0.69 a 16.5b
1 23.6b 47.1a 352b 039a 159a
Jukhyang 2 19.6 ¢ 438D 340Db 0.46 a 15.0a
3 293 a 494 a 38.7a 0.46 a 156 a

YEC level 1 (EC 0.68-0.8-0.85-0.7 dS'm™), EC level 2 (EC 0.68-1.0-1.2-1.0 dS‘m™"), EC level 3 (EC 0.68-1.2-1.55-1.3 dS'm™).
“Mean separation within columns by Duncan’s multiple range test at 5% level.
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Table 5. Number of marketable and unmarketable fruits and yield of strawberry culticars ‘Seolhyang’, ‘Berrystar’ and ‘Jukhyang’ as

affected by EC level.

Marketable fruit yield Unmarketable fruit yield
Cultivar EC level’ (Above 10g) (Below 10g, Malformed)
Yield (g/plant) No. of fruit Yield (g/plant) No. of fruit

1 241.2 13.2 16 117
Seolhyang 2 316.4 15.55 15 118
3 313 15.45 11 92
1 303.4 12.95 7 54
Berrystar 2 308.8 13.75 17 131
3 309.7 14.3 15 116
1 156.8 9.5 12 102
Jukhyang 2 186.8 10.2 6 48
3 226.45 12.35 5 38

YEC level 1 (EC 0.68-0.8-0.85-0.7 dS'm™), EC level 2 (EC 0.68-1.0-1.2-1.0 dS'mc), EC level 3 (EC 0.68-1.2-1.55-1.3 dS'm™).
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