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Effect of Various Composition of Nutrient Solution on Growth and Yield
of Strawberry ‘Maehyang’ in Coir Substatrate Hydroponics
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Abstract. This study aimed to investigate the nutrient solution developed by based on nutrient-water absorption rate
of strawberry 'Maehyang' by comparing growth and yield for 8 months with 5 kinds of nutrient solution with differ-
ent ion composition. Strawberry plants were planted at elevated bed and supplied with five kinds of nutrient solu-
tions (RDA), Yamazaki, PBG, University of Seoul (UOS) and NewUOS from one month onwards. Five types of
nutrient solution were supplied to the strawberry plants associated with EC 1.0dS'm™, pH 6.0, 150~300mL -plant™
per day. At 60 days after planting, leaf width and leaf petiole of the strawberry plants showed significant differences
among nutrient solution types and photosynthesis was higher in RDA and NewUOS nutrient solution and lower in
PBG nutrient solution. The EC of the drainage on vegetative growth stage was 0.7~0.8dS'm™', which is lower than
the supplied EC level, and to 1.0-1.2dS'm™', afterwards. The pH of the drainage was higher in Yamzaki solution as
6.2~6.8, while the pH of the UOS nutrient solution was lower in 5.1~5.2. Nitrate content was most absorbed in vege-
tative growth stage and after flower clusters development. The potassium uptake was highest at the NewUOS fol-
lowed by UOS and Yamazaki nutrient solution. At six months after -planting fresh weight and dry weight of shoot
and root were higher in UOS and NewUOS nutrient solution than other nutrient solutions, and the dry matter ratio
was lower at 43.5% in Yamazaki nutrient solution and 30.6% in NewUOS nutrient solution than other solutions.
Length, width, weight, and sugar content of the strawberries harvested from December to February were unaffected
by treatment, but yield was higher in NewUOS nutrient solution due to increasing fruit number and average weight.
From March to May, number of fruit was higher in Yamazaki nutrient solution. In conclusion, there was no differ-
ence in the growth of 'Maehyang' when 5 nutrient solutions were grown under hydroponics. But in order to improve
the marketability, the NewUOS nutrient solution is appropriate to use from planting to February and it is suitable to
use Yamazaki nutrient solution after March when temperature is high and the amount of fruit set per inflorescence.

Additional key words : NewUOS nutrient solution, Yamazaki nutrient solution, pH of drainage, photosynthesis,
number of fruit
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Table 1. Compositions of Nutrient solution used in the experiment.

422 918 s
Z40] ol HipeRe) 33} A
A 2% 5 F 5T NGRS A A 2]

o]:——l ) 9 o=
wfape] A%} el vlXE JFe 2AEe Ak
Wil st B 4B St

20153 9¥ 224 H7] WS FHolo] ;M=o A
st 1L & 5279 ko 2016d 52 31%_‘

7HA oRE Bt A Soink. Al e M2
Hlghal FAe el 2 120m*elH, A HE=s

W690xL4150xH800mm= AJA7HAE 20cm= 5} ]
= 3o A AR 5 SN EERRE dEoE M=
£ IESITh WYY TRe ol Aol Aol 5F
FE 7 2L i 19 Zor, A7t Bt EC
1.0dS'm™, pH 6.0 =02 zdalo] FF3lct. e
T Qe MppEos AT, BHX]E EEP
10]9](Dust:Chip=7:3)5 AM&-3IaL, FAXZE 09~17
Al Y 4-63] ElolmE ]88l ER ki
150~300mL/plant2 SLsHAl 24 #3813t UOSS}
NewUOSH|FHS- M2l & 131 73} A7Rs =7]
HgAs THIACH, I olFolle TF7] vjgdes

CRE 0]’93\‘:]‘

a LH %t: /\]-EH/\E:(RH) ol J,]_tg-/ﬂ
AAZE7]  dlo]HEA(Watch Dog 2450, Spectrum
Technologies Inc., Illinois, USA)2} 333 83414
(Quantum light 6 sensor bar, Spectrum Technologies
nc., Illinois, USA)S A3l 30 7HAoE =45
@7] Ay s 2T 24 W REFAE 18
t HEY of|ojA(Samsung DVM-S, Samsung, Korea)2]

1=

Fgere 8

Nutrient NO;-N  NH4-N P K Ca Mg SO,S  Fe Cu B Mn Zn Mo
Solution” (ppm)
RDA 84 60 201 1369 602 122 161 150 0045 035 058 035 005
Yamazaki 70 7 151 1173 401 122 161 300 002 050 050 005 0.0l
PBG 161 14 301 2151 1303 304 482 112 005 027 055 046  0.05
Barly 98 105 226 978 902 304  40.1
Uos Milddle_ o1 ; Sl 1564 602 182 a4y 1S 004 035 055 035 005
ate
Ney | EE13 1120 241 1760 1003 304 401
Uos Mil‘;fée' 105 7 151 1760 02 182 241 0 0 03 05503500

“RDA: Rural Development Administration in Korea, PBG:Proefstation voor Bloemisterij en Glasgroente in the Netherlands, UOS and

NewUOS: University of Seoul in Korea.
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B w53k 718 $este]l HHeE 21°C(17.8~24.4°C)
2 fAEIAT 24 W FaoREES 40£2%39M,
F BAEEE AE HARXNET 274%, BHET
18.1%% HYE 37|eso = vk Furt AU 3
T xRS ALH HI BoWmIPa, EHd=
500W-m>t}.

34 602 F U A% 54, 982U, B 54
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A% ZAPEES A, AF, Y, Q5 AR A

el AAEY ARE B ARES FEUFY Y82

A} Bl F5}o] Z45UHRDA, 2000). §E2 3
[e)

-

A e e ST FEAYEAL Fuls B9
AZA7)(LI-6400XT, Li-COR Inc., USAYS A}&3}ed]
FEE, 2, 7RHEEE SNG4 =
73& PPFD 1500pmol-m?s?!, CO, &% 400mol-mol™,
H2 25+0.5°C, RH 50+2%, flow rate 500+0.5pmol-s’

o]t
Hjgke SRl wE A B 9 FEERe 20159
1295 2016 5971/ 2, 335, B 7, AF, 7
T 58 A8t s e 51 rAIsRAA
FAYE A2 FEsl] 70% ol AHEHAS W 4
=146}

=
2 AT AN T B B ERS AAT
S Ao FIHE 3¢S ulsle] YEA|(PAL-1,
Atago, Japan)Z 433}

Hje} o] A7JHESE, pH, ol & A4S fl8f 2015
d 11258 20179 19704 F 33] 100m1E AAF s}
429 ARAE AYX AFE ARSI A7HER,
pH= F8 ECpH =7%7](HI9813-6N, HANNA,
USAE o83t AT F7]ol ol &4
DAE245 A (Analyst 400, Perkin-Elmer Co., USAYS
olg3lR o Lol  olemEnE I I(ICS-1600,
Thermo Fisher, USA)YS o83l =431}t SAEY
2 37 SAS Pakage(Statistical Analysis System,
Version 9.9, SAS Institute Inc.) T2 IS 0|83}
Duncan’s Multiple Range test(DMRT)&}T}.
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Fig. 1. Changes in EC and pH of drained solution analyzed at the
5th of November, 21th of December and 8th of January when
plants were grown under five different nutrient solutions.

HeZze] FEgrol Ads < pHe 5.5~6.5 He
ojA|uk wix|e] FF, Wi =4, AE ASTAG ¥
2] &A= ot 22 4 Aok(Nelson, 2003; Jun
5, 2009). Yamazaki BiFollA el A glte] e
< EC 0.69dS'm™, pH 628 Ut wjddHc} %S pH
£ vEReH, UOS Mg pH 522 W3ttt vk
o2 ujde] pH7} e AL ol T4 BolHs
o, s Fol2o] F57F BWolAW pH/l EolAle
7dgko] low, g4 x7] Byt 1xste] EEs]
& FFEhe At ool BlE] 2oles SAEHA
Ik 5430] Qo] wide] pHrt sl Aol
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2 2 W pH 5.5~6.52 433199, PBG i
o] EC7} moe A3S v

gk AT FAAME STl wet ik
2o F5ako] GEAAl E=dl(Ward, 1968; Kim &,
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Table 2. Inorganic mineral contents of drained solution analyzed at the 5™ of November, 21th of December and 8" of January when plants

were grown under five different nutrient solutions.

Nutrient NO;-N PO,-P K Ca Mg Na
solution () F—
5" of November, 2016

RDA 73.24* 11.51 59.66 110.40 16.90 14.16
NewUOS 58.77 7.28 49.44 93.22 21.22 17.09

UuoSs 73.89 11.28 50.04 234.50 35.35 38.59

PBG 52.03 11.16 58.97 101.30 25.56 27.79
Yamazaki 49.18 9.05 69.98 144.36 29.66 33.98

21" of December, 2016

RDA 93.24 13.39 54.43 90.86 15.55 14.88
NewUOS 100.31 11.39 37.01 110.93 25.92 19.68

UuoSs 94.30 12.92 38.16 128.30 27.43 19.22

PBG 105.19 5.17 38.45 116.14 31.54 22.03
Yamazaki 98.12 5.52 35.57 95.90 26.78 24.62

8" of January, 2017

RDA 96.74 13.27 76.46 96.43 17.23 18.48
NewUOS 95.60 9.63 67.15 111.70 26.11 19.97

UosS 93.89 13.16 46.87 130.82 27.29 15.34

PBG 87.96 5.17 47.81 112.39 33.05 24.62
Yamazaki 78.07 - 49.68 107.28 30.53 25.92

“Means for 10 replications.
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I BT ol A B Ay pEHes 4

She Fto] ot HAH e IAISHA] 2ot
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7o) oo} 7AYol A HlkY 2
60Y - 27| o WSS é—ﬂd @ﬂr Y, G 2 9=
A e Aol glont, EF-2 UOS vk, 4
A2 PBG vkl A] ZATKTable 3). 2]l we ¢
S 11.9~12.7cm, BZ 9.0~10.1cm, FHF 14.4~16.3cm,
AT 74~887H, SPAD 3t 41.7~42.6°0F2 F5oF A8
A ALt Azt FAA FeAPE Il widl &
Fol| W} dZ} gL 3ol 9oit, o)Ro] A
B ASo] & 93 FA= ok Jun 5(2013)
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Table 3. Growth characteristics and chlorophyll content (SPAD value) of strawberry leaves grown for 60 days after transplant under five

different nutrient solutions.

Nutrient Leaf length Leaf width Leaf petiole Leaf number SPAD
solution (cm) (cm) (cm) (ea/plant) (value)
RDA 11.9%a 9.0b 14.4b 7.4a 42.6a

NewUOS 12.2a 9.3b 15.1ab 8.8a 42.0a
UOoS 12.4a 10.1a 15.1ab 7.8a 42.1a
PBG 12.7a 9.6ab 16.3a 8.3a 41.7a

Yamazaki 12.2a 9.1b 14.8ab 7.8a 42.6a

“Means for 12 replications.

*Means with different letters in each colums are significantly different by Duncan’s multiple range test at P<0.05.

Table 4. Photosynthesis rate” (Pr), stomatal conductance (Sc), and transpiration rate (Tr) of strawberry plants grown for 60 days after

planting under five different nutrient solutions.

Is\z)t;gtigg Pr(umol-CO*m?2s™) Sc (mol-H,O'm™s™") Tr (mol-H,0'm?%s™")

RDA 20.3a" 0.175a 221la
NewUOS 19.8a 0.169a 227a

uosS 18.8b 0.154b 2.16a

PBG 16.9¢c 0.121c 1.75b
Yamazaki 18.5b 0.150b 2.15a

“Measuring conditions : CO2 400umol-mol!, PAR 1500umol-m-s™!. Air temp. 25+0.5?, RH 50+2% and Flow rate 500+0.5umol-s !
*Means with different letters in each colums are significantly different by Duncan’s multiple range test at P<(0.05.

Table 5. Fresh and dry weight of strawberry plants grown for 6 month after transplant of under five different nutrient solutions.

Nutrient Fresh weight (g/plant) Dry weight (g/plant) Dry matter ratio (%)
solution Shoot Root Shoot Root Shoot Root
RDA 98.9b* 167.9a 57.0b 58.8b 57.6a 35.0b
NewUOS 133.0a 208.9a 63.9a 64.0a 48.0b 30.6¢
Uos 123.0a 188.1a 62.7a 64.0a 51.0ab 34.0b
PBG 106.1ab 137.6b 60.1ab 64.0a 56.6a 46.5a
Yamazaki 139.2a 172.0a 60.5ab 61.0ab 43.5¢ 35.5b

*Means with different letters in each colums are significantly different by Duncan’s multiple range test at P<0.05.

73 At Qo] AFAME zlo|7t fles Harsilth
(Roh 5 2009). & AAE HjgN FHol| e o] =
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Solle FFo] mlm|gh 2oz BT},

A2 60 A vjkd FRo wWE =) wjgke] Bt
4, 713HEE 2 S2HES RDA9 NewUOS vl
Agol|A E=%o™, PBG Bdd HzlollA] EQkTh(Table
4). Yunt Yoo(1992)= A5 A =7 JEee ©
g sl 7R w3, FElel TR wskom,
15~20°C €%, 700~800pumol-m >s 'ol|A] BgHAdo] =t}
I ST B ARelA B S 2L olE =

AldRo-A=25, M26d M3S 20174
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Azt B gt Apolg BHYoL}, AP B
o that ke Srol(Table 2), B EA At ©7)
e A5l FES T 52 oREkar AZE

A2 e & 78 A @Yo AT dEFS A
R} AEE 5% UOS2F NewUOS ol =9k
TH(Table 5). Lefu} AP 71E-82 RDA HigolA
57.6%% =k, Yamazaki BJFollA] 43.5%F ko
o, Xt AEE-S PBG YA 46.5%2 =9kAL,
NewUOSH oA 30.6%= ol PBG Bl =}
& @7)e] AEEo] =94t

it FRel WE A ST TS AR Ay
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Table 6. Fruit characteristics and sugar content of strawberry grown under five different nutrient solutions. Plants were harvested from
December 2016 to March, 2017.

Harvest Nutrient Fruit length Fruit diameter Fruit weight Sugar content
(Month) solution (mm) (mm) (g/plant) (°Brix)
RDA 47.8a* 28.8a 18.0a 10.8a
December NewUOS 45.8a 27.6a 17.1a 11.2a
to uos 44.8a 26.8a 16.0ab 10.7a
January  ppg 43.6a 26.1a 14.7b 10.82
Yamazaki 44.9a 27.1a 16.7a 10.6a
RDA 47.4a 26.8a 19.3a 11.5a
NewUOS 47.5a 27.2a 20.1a 11.5a
February uosS 48.1a 27.4a 20.8a 11.6a
PBG 48.4a 27.2a 20.1a 11.7a
Yamazaki 47.7a 26.8a 19.5a 11.3a
RDA 41.3¢ 26.4¢ 18.1a 13.1a
NewUOS 42.8b 26.9b 16.8b 12.7ab
March uos 41.6¢ 26.4c 17.1b 13.5a
PBG 43.8a 24.7d 18.1a 12.0b
Yamazaki 42.7b 27.4a 16.3b 12.3b

“Means with different letters in each colums are significantly different by Duncan’s multiple range test at P<0.05.

Fruit no (ea/plant)

RDA NewUOS

T

PBG Yamazaki

O April ~ May
BMarch

OFebruary
ODecember ~ January

300

150

5250 1~ May
% BApril ~ May
% 200 BMarch

i s February

ODecember ~ January

Yamazaki

Nutrient solution

Fig. 2. Fruit number of strawberry grown under five different
nutrient solutions. Plants were harvested from December 2016
to March, 2017.

1295 2971 Fgkd @7]e] 3, 5, 35, 9
= B Zpolof] o3t frojde flot, NewUOS HY
A= FF o} H FHFo] Eof o] Al7] th
2w A At ARt =& 35S JERSIY
(Table 6, Fig. 2~3). 124} Yamazaki HJFHo| = 12
YRE 29709 5ol AR T A5 FHof
soront, 39RE s97HA] 8kt A TR %
7] ArkeFo] =9kt

Wi 5 1-VIE ARl sk @re 9%
A AR T3S FAshe Ao| I Akl
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Nutrient solution

Fig. 3. Fruit yield of strawberry grown under five different nutri-
ent solutions. Plants were harvested from December 2016 to
March, 2017.

7} ol FoRER g 3Pl Hajgo] WolAH e
A7le AopAar, AEAe] Algo] ¢fslElo] o s
o] ZF¥o] Aol FFel FFS mHIZITH(Lee
2014a; Jeong 5, 2007). & AZFNXe P 5~7HE
FABPAA ZTAA 12958 29704 vkl SR
g 3 543 grole Aol HepiAl Fko, F

3 I SR 27 R NewUOS B oA =&

[t ol
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ANE JeRI, ol 87 AA 5 vIFe] 44.4%
£ BT g Aot ZaE AR BWolAY,
= 2EA 78R E4o] 2 o] BETE o]
U PR FlEs FeRkEo] SoijS5e] Axdogs
Aol v oJ3kS wE = Qlth(Lee®} Cha,
2009). Lee 5(2014by> 3 47} Be55E 5 A4
FFe SRR AEHeTE aslal, 3t At
3 Baste] ZajefF o] JESl Wi Fasithar
SIth B AdoM® 27] FAAS7E AUE Yamazaki
Higkdo A 39 ol% TR e,
Yamazaki %GRl wiEE wjde] pH= pH 6.2~6.8
2 =9kt Jun S5(2013) A7) gk Aol A
HjYe]l EC 0.8~1.2dS'm' F==2 F&sh= Zlo] sh
F FHS =Y 5 9Jon, EC 1.8dS'm e EY]
o] A4 pH WAl Jout vlwd e pHE A5k
el G497 At e F 5 Aok Byl
o B A¥e ALY B Hu2Ert 15~30°ColA Al
Hisdar, v 32 A7) 4°8HEl Yamazaki *I2]e] =}
A e O wjdy MEoh Ao o] i)Y
ol F= A3 pH Astel| ok B &4 Asprh
AAQQ o] 7] o g F F JegE o
a8y A e FEHES 17.3~17.8g2 2wkl
TR WE Ao|7t igle™, mEREE =817] NewUOS
9} Yamazaki H|YFol|lA] AulE B7]e] Py} B
o] AEEL tE uY HETH WE9koK(Table 4),
o]Ao] ujkel FFol| W I SRkl AJo)E FA=
ettt 1y 25t Asstar s 2ot ol
A= 3ol 8 A 5L vl Fol ot 2
ol Ho] PBG H|Yolx e e go] 21
E4E, Yamazaki vjfdolr] 88 7S o]
3 I 718 v gs-e 2RI

opde] Az Frlole Aol tE 559 ujddoz
FAAN SIS wf ko] A& zlolE HolX|
ko, i I 5A4S Es] ek NewUOS
HjQFele- 1295 249 7HA]9] S EHoH, a2
7} spid zlgko] @Wolx|= 39 o]Fo= Yamazaki
HjFRo X ikl A Yeht S Al7]ol] mE )
A 24E gEjste] FAEAuNSRE Aol A A
ol Tgo] & Aoz AztEc)

= £
B dAve 9] gk ot S aEsky
TRt wglS HSEA) o] Aol HE 5F 4|
ooz gl Bt FAAmISEA S ol T
A= TS ZAREIATE 2015 99 229 FHolo] 1A

AldRo-A=25, M26d M3S 20174

H=o] 7] BE Al g § ol 7Y ¢
F T8 27] wWiYA(RDA), o] E7] wid
ol (Yamazaki), PBG 27| wjUSH(PBG), Al2AIHY &
7] wjFH(Uos) 2 M=z JNEE AAIHY @] wj
A (NewUOS)S ARFE-3}] EC 1.0dS'm™”, pH 6.02Z 1
d F 150~300mL FF3tATE F2A 60¥ F FF,
PGS wjgd TR AlE HYow, FFPLL
RDAS} NewUOS v} XgjollA] =33, PBG Bl
AgollA STt FFEF7] wjde] ECe sETTR
t} 25 EC 0.7~0.8dS'm’, ©]%+= EC 1.0~1.2dSm'&
QEYEIRITE. il pHE  Yamazaki HIYFY  xjZjollA]
6.2~6.8%2 =2 WA, UOS HjgAL 5.1~522 Wi}
FY7] wljde] Frjolee A Hie F51 7t
7 sien, sl o] ZF 8571 NewUOS,
UOS ¥ Yamazaki ]9 AgjollA] #E9kth. A2 e/l
S 2P} A AAEH AEFS UOS2 NewUOS
HjFAo A =gk, AP TES-L Yamazaki HI| G
oNx 43.5%= RFkom, A THEE-S NewUOSHIYF
Ao 30.6%% SUTE 1295E 29714 2R =)
o 3 E 3 e udel xjolo] o3 FolA
< glon, NewUOS vigdol e 3 H4=9} Hit 3}
o] Eob ] =UTh 3¥FH 597K Yamazaki
HjeFelol N S=3tE "y £ Aot ko] E9uTh
wEbA] o] A Alold] WE wjYd 5FoR FHA)
iSRS w gk S-S XolE HolA] ggkon),
A AR S SlE B 3 ~297Ae
NewUOS RS, 1123} shihd Zajio] WolA|= 3
¥ o]Fl= Yamazaki BlYFHOZ Aulisk= Aol A+

stele} 2o,

- ==
o
O

F7F F890]: NewUOSHIY, Yamazaki 8%, ulj<d
pH, B33, #5

A A

o
rO
r

= TEMPIE g9 FEASE
FHEALRIe] X191 (PI314027-03)01] 2]3)
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