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Abstract

The study was conducted to investigate the effects of light sources and
foliar spray by magma seawater on growth and quality characteristics of
cherry tomato (Solanum Iycopersicum 1.) in a closed-type plant factory
system. Three-band radiation type fluorescent (FL) lamps and high-intensity
light emitted diodes (LED) with a 12-hours photoperiod were used and the
light intensities were 120 pmol-m %-s ! and 343 umol-m72-sfl, respectively. ED
(Electrodialysis) mineral water extracted from magma seawater was used and
was sprayed one time per week. Nutrient film systems with three layers were
used for plant growth. The electrical conductivity and pH of nutrient solution
maintained at 1.5 dS'm ' and 55-6.5, respectively. Temperature and relative
humidity inside the plant factory maintained at 20-28C and 40-609,
respectively, and carbon dioxide is not controlled. The growth (plant height,
number of fruit, fruit diameter, fruit width, flowering date, harvest date, fresh
weight and dry weight) and quality (brix, mineral concentration and lycopene
content) characteristics and mineral and lycopene contents of cherry tomato
were analyzed. The plant height, flowering date and harvest date were faster
at LED. The number of fruit was more at LED, but, was not affected by
spray. The fruit diameter showed no significant difference among the
treatments. The fruit width was largest at FL and no spray, and the fresh
and dry weights of fruit were highest at FL and no spray. However, the
yield and brix were highest at LED and no spray. Ca content was highest at
LED and spray. But, K and Mg contents showed no significant difference
among the treatments. Na content was higher at LED but, showed no
significant difference between foliar spray. The lycopene content was higher

than that of FL and highest at LED and spray. From the above results, we
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concluded that the use of LED is better than FL for growth. however, the
use of LED and ED mineral is better for quality of cherry tomato in a

closed-type plant factory.
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o el v T2
71, B=7t =0 AT AdE A&l F7Hstar §9ltH(Dorais s,
1990; Knight®} Mitchell, 1983, 1988). 53] FH<+ F&E®a 9+ LEDE ©] &3
54 Fads TAste] HEIIRR] REEAlobd I 3Fo] AEo] ZHA AL Q= V]
A AR IS FTHATIAY, eSS S8 T 1w dE FAE ALk o
st A7 &s] o] Fojx Al JtHKim 5, 2011; Lee 5, 2010; Li®t Kubota,
2009; Nishimura &, 2006; Wu &, 2007). =3t LED3 & w& 2 &9 A4z
H2l 2 s SEAd ek Ayl &abs] o] Fojx]a tk(Heo &, 2010).
A =l LEDE o] &3 #AjFol thet "= LEDE ©]&3% 3 HEEe
Z@Aky 32 =2(Kim@ Lee, 2006; Kimeb Park, 2001), EvlES} Q20]9] WA
Aol mA= Fd T} (Um &, 2009) 5o vt A WA o2 ARgstar )

= oAEe] gyel vy wFel FEado] ke ARol gl BuA

o~

& 3% 9k x} <= (photosynthetic photon flex, PPF)o] ¥-Eslm 2 F82 B Ak o]
53 ATHKim 5, 2008). AR 13 % LED7F 7ol wet dds wWol
838k A FA gs B ko] obd Ajwl, AATEA] FhsstA = vk #A
T BEvtES A 10t F=dd &3 o AAdeR Fad A= A%
of £& HElYl C, ZgtH o] =(flavonoids) ¥ 7} 2 ¥ 0] =(carotenoids) S &
B A i3t Adir(Wold 5, 2004), ol =Z#H(lycopene)d HIEFZLZE (B
~carotene) = % 7}ZE]:=0] =(total carotenoids)$ & 78%<F 7%E ZH7Zb A1A|
3FcHRao®t Agarwal, 1998). T3k EnlE <ho) ¢ FH|QIS iyt Zy ~H
= FAE YFE BHE Ho 94 g Aeojamow &g 3l
(Choi %, 2012). EviE: dRsxd 3 Aoz dvx dar(Kinett2}t peet,
1997; Mass, 1985), ol dko] difsk S7hs Evte 3 &3 S7heh 22
A 7Itkar dFck(Balibrea 5, 1997; Martines %5, 1987). @4 AF%=
= AFE APAZIFYH uigtEo]l eIt mAg AlU A Zel o) of 3}y o
HAFg &9t (magma seawater)?t ATk &l A dvtES #AA
A HFste dFo AstgolAnt A, vuld i o B4 S
AT FAbstaL sl dttlE A ¢tom XREHE =24 AT 8

Fob ol FRF FYL AT Ytk A T0m EE 1 oo Zold

=
of
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2 A4 BFH AFATA ddAod A &3 7(400%x200x200cm, LxWxH)
o Al 2012 11€¥ 5¥HFH 2013y 02¢¥€ 14€7HA] st 2 Ao A&
TA ZELe groulo] MM EnE(Solanum lycopersicum L.) FAE @tlE ol A
Thdste] AFgsth 2012 109 1799 S-dlg 2AX](25x25%x2.5cm)ol IFE
o, gL 20129 11€ 50 20x15cm HA o= g4 k3]

AFFU2 A FF5(B36W, OSRAM DULUXL, 10713 313 %=
LED(5W, &4, 1870)& Abgstlor, 3 W= nfgm o288 60cm 4
of AAstitt. @35 A5 AL, 7pA3A, AL Gt gt b
A AA AN, LEDS 49 400-800nm = 7FA1FA e vt & 714
3 53] 450nmét 550nmeo] FHe] b EA UElEtHFig. D). FEe 35l
i 120pumol'm *s ' & YERG o LED® A% 343umol'm *s '@ vERyET)
(Fig. 2). &3+ =g F2 LED7F 16W, ¥35°] 36W=E dF5o] 240 =4
Elal 3452 PF5o] 2900lmeE LEDHE T 169 o =9kown, #g&2 LED

TAAMAI 282 3502 S w7 (Nutrient Film Technigue, NFT)A]
2 51(120%60%x280cm) & AH& st o, AFAIFS 107 (PA O R ofE R IIE |
HTS-24, @771, Korea)oll & Asas Hes HAAsIL dFxdS
12/12h (B/9ho= AAsA. wgd S dEdd

= 55652 AAsHa, ECE 15dSm'2 AAstgon wgde ddo] 2
w7k 2] LBk A] T A== 20-28C FET 40-60%= fAEFR o o]
Arsteae w2 2dst A @t €359 13 = LEDY #EI F== Hol
B 24 (MA2590, Ahlborn, Germany)< AF&3stH a1, F2-S FHAA(MS-210A,
Eko Instruments Co. Ltd., Tokyo, Japan)® Z=43stHow, BrE= 344 (LI-190,
Li-cor, Lincolin, Nebraska, USA)E o] -&3}o] A3}

EDHU|&4e] B B2 a1 83t Zo| Jster $HE 1579 H40=



10mLA A7dH(9), =71, 2ol Fas T8tk &slaek EDvlvl 249

Na, Ca, K, Mg & &2 Table 22} # St}

WEEES] 23 Aol AA F 119 F< 2012d 114 1690l 12 545t
Fom 12k A F 109 F<l 20129 1149 269l 23 S48t FF53 L

&= LEDOAM %71 AZEEE vasilvh BeEvtee] 32 34do] 2/3 o4

o

2 e S st o FAE AAAS(AR2140, OHAUS, USA)Z A s}
ATk Fgk Ao B HEE Byo] g ¥ A~ (Digital Caliper 00534021,

Standardgage, Switzerland)® ZA39 1 Yt FEZH7|(PAL-1, ATAGO,

Japan)& AM&-3te] S stSTh

Al
ax,
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2. F7]

Ao RS AAG HEEREE 70T 397 Axste] EIAEE w
S 3t Ao EIAEE AF & HZE(PEA, polyfluoralkoxy) &7]e] @ iL,
ol 7)o 70% HNOs; 10mLE 7Fs ¥, FF =4 12413 o] WA sad. A&

A& vlolazyl B3| (START-D, Milestone S&T, Germany)E A}-&3}4

wafletom ol 2EE 20 9 180CE AFsha, 2 ZEoA 201t

u ZEHZ B84 dAE A=



0.1-20ppm, A&s%E d+E2 001-1ppm HAZ FA ko] A3
3. 2ol &3 (Lycopene) 3% 4]

FEet 7S 1371 (HMF-3100S, HANIL Electric, Korea)& o] &-3Fo] #3) %

n-Hexane: Acetone: Ethanol = 20 : 10 : 10mLE 74 50mL & #FZ2txFo] ¥
L 5 YHAE 33 FTHFE AFESI ZEA]7) 2, 187 Votexing $ 250mL
NAEegaad A Ag2EHZR JFE 2% F Shaking Incubator(VS-8480
Vision Scientific Co., Ltd., Korea)ol4 300rpm, 1A17Fs<t dZzAo AF3
3ttt =98 % 50mL conical tubecl &7 3000rpm, 10%7F QAR 2] 8ar
n-HexaneZ< 73] 045um syringe filter(PTEF)® o3} %
Waters, USA)o| 10uLS FYste] golzal staks EAMedrt. 4x4
Kromasil Cig Column(4.6mmx=250mm, 5um)S A}E3t9a, AdLxE 30TE &
A skt o o] F24e Methanol : Acetone = 85 : 15(viv) H| &=
= ZE5da, A=71e 32 470nmollA Stk golasl EEE&
Img A %S Dichloromethane(lmL), n-Hexaneg AF&3dle] &ajA171 3 10mL
SFEaad Y FEd TFEH(100pg/mL)S WEIN, SRS Yy
< 1(STD 1), 5(STD 2), 125(STD 3), 25(STD 4), 50(STD 5ug/mL %7} 5 ==

E

ImL, 5mL Z33% 10mL & %FZg}~3 n-HexaneS Al83to] T8

QJekel, Qoixl v=ie] ) EEAHERT)

4 A sl NPENEEF) F ool

xV
Lycopene 3 (me/2) = 5~ 1500
X 1 Al& & Lycopene &%(mg/mL), S @ A FEH Alzo] AHEF AR H7(g),

V@ AEE8H A Fxo 7Fsk Ao FEI(mL) ©
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Table 1. Electric consumption, speed on light and luminous efficiency of LED

and FL.

Light source Electric consumption Speed on light Luminous efficiency

(W) (Im) (Im/w)
LED 15 1,810 121
FL 36 2,900 81




Table 2. K, Ca, Mg and Na concentrations of magma seawater and ED

mineral water.

Mineral concentration (ppm)

Water

K Ca Mg Na
Magma seawater 409 397 1,306 10,690
ED mineral water 14 306 1,241 559
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i=]
SR

1 53 3

i

LEDZ 9ol A =%e] Zoli= LEDAIA #Hit 39cmolA 94cmz F7Fe ub
A= 37cmol A 84cm=z F7FA T whebd 7] WS EwES] AF ol
LED7} &35 Bo mME2t= 3AE ¢ 5 A (Fig. 3. and 4.).

FEYANA AR o7k A Jist= LEDY A% A2 $F(DAT)
209 F<1 2013 12 3ol JRstgk Wk 3o A A F 36d 5

20139 129 109 7hskete] LEDOIA @35 wrh of 159 A% we 4ss
3]

At Fae WLEUES 2304 HA¥ R8e FHsGon], F3E LED
o] - 20139 1€ 31¥4(@88 DAl A F&o = stof(Fig. 5) 20139 2€ 13
4101 DAT) 744 AR w, BBEe) 49 LEDEY JFALEE 444

L ZAo] mE =4 yEeRd 201393 2€ 13€9(101 DAl 38 & = AU
tH(Table 1). Dorais(1990)°] ¢l&l™ F=7} o vkt af4el AL S F7)

A7, 7 o AETd diA A UG siled e Ert

il

B o & BEE ZE LEDIA A4&0] 278 Aol Azt
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Table 3. Plant height of cherry tomato under LED and FL at lldays and
2ldays after transplanting (DAT).

Plant height (cm)

Light source

11 DAT 21 DAT
LED 3.89 a 9.36 a
FL 365 a 8.39 b

“Mean separation within columns by Duncun's multiple range test at 5% level

at P = 0.05

_12_



Table 4. Flowering date and harvest date of cherry tomato under FL and

LED.
Light source Flowering date (DAT) Harvest date (DAT)
LED 2012. 12. 03 (29) 2013. 01. 31 (88)
FL 2012. 12. 10 (36) 2013. 02. 13 (101)

_13_



Table 5. Growth and quality characteristics of cherry tomato on light source and foliar spray.

Lioht , Foliar sbr No. of fruit Fruit diameter Fruit width Fresh weight Dry weight Yield ‘Brix
BHL sodTce FOUAL SPEY (plant) (mm) (mm) (g/fruit) (g/fruit) (kg-m ) (%)
No 48 21.1 25.7 8.2 0.66 2.54 6.2
LED
Spray 32 21.2 255 79 0.62 1.63 6.0
No 12 21.7 26.7 94 0.68 0.38 5.7
FL
Spray 12 20.1 245 7.2 0.52 0.32 54
Significance
Light source (A) NS NS NS NS ok ok
Foliar spray (B) NS * ok Hokk NS
A * B NS NS * *k NS
NS o sk

Nonsignificant or

significant at P = 0.05, 0.01 and 0.001, respectively.

,14,



Tt HEEnEE B B 35 GE(Brix)E SA4 39 HH(Table 3).
A Fr5-oll Aaglo] LEDoIA 7 &35 Kty wol A4
HE A4S B EDvUEs BEEE §1x &8 A @35 Bt LEDO A 9
2= 7

T [e)

- 92 LEDelA 7 &

-
7742 LEDOI A EDvH 2 53 498k 522 497 0lmm v 2
Al veba wb, gsolde EDvURs B AeEn A A9
06mm © =LA dehs AEFS Bolvh shA g At EDVMRS £
ol ok FolH]l Aol v e
&2 LEDOIA EDWUl &< 53 7
A HeEren, FFeolME EDvHEs 5%

12mm | 2A et 43S wq #3¢ 295 393 EDiEs 2

Ao
WeEvHES A AAFE EDVURSE AesA @e 4§ LEDIAE

Bt 82gol o, dBSolME HiF 94go® LEDEU dBF5oA 22g A%
e FAZE o =stoh wbd, EDRUIR S A2 Aol LEDOIA it
79golAal ARSI E HT 72g0® 938 LEDAAZF 07g Ao AT
H =9tk LEDeA EDvulES 53¢ A9-Hoh FA s 497 AAFe] 03g
o = Jeiga §F5ME EDvUES 25 4w FAs 49 07g ¢
=A JebETh Fel dist fo)dS fldley EDvUE S A diste 1k
2 frojstdlon, Fda EDrUIES A glel diste] f2shAl JER:

WeEnEY] AEFS EDUUETE AYsiA 2 A$ LEDAAE Hat
0.66gellom, Aol Hi 068go® LEDRT H35oAM 002 HEF
o] A yEtwth. ¥ EDVUZSE Al 9ol LEDAA it 0.62g°
2 gF5olA Her 052g Bk 0lg ¥ =& AEFS Yeig AES 94
BAFI wpz7iA = Fdo] g Fo4dS UEuAl kAW EDvvlZS A
gl tete] 12 1x 2 {Fo3t i, F47 EDvUE S A dste] 1k
2 Fostat.

1

ot



W ErES JX(°Brix) LEDOIA EDwvlZ4: Fx2 7t 6.2°Brix® 73
=4 yEsow, LEDOA EDvIvlZs A2l 77 6.0°Brix® F WA =A e
Stk 2e]al 5ol EDvjUlRss A2 g7 5. 7°Brix® HE ollew, %
So| Al EDu |24 A e 77t 54Brix® 7Hg wAl JEbsth WS EnEe] B
P35 ET LEDoIA G%7F 25 =4 vetwtom, EDu s Ao o3|
Gevb SolA= S vEblth B didte] 1xE 1x2 o {4
S YEho] LEDoIA 7 ¥35rt WeErEe] gurt Ere §9% A7

o
A& T I

s

il

el 749 LEDelAd EDWHZS FAe 17t 254kgo 2 7HF Eokow,
LEDO A EDVUlZ<: gt 163kgo 2 F WA= %4 veytth o] LED
oA EDWHlES FA 7k el gtell vl o] of 15w O SUhEE AL
2 vetgth d350A EDVUES FAE e HEErE $32 0.38kgol 3
o EDPUlE Aol A= 0.32kge = UEoH, o= Y@ FolA EDHY
D¢ FAY7 Aguo) Fake] of 1289 @ AegS Jehdrh E=3 ED
Ug4E Hegsha 2 49 LED7F F35 Rt o] oF 679 F7istslon,

EDPlUI 258 A3 49 LED/F 33550} o 50 S7baksich ol Flol

Marcelis 5, 1997, 2004, 2005).
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wehd, LEDSIH @#5nch 357 Z7tetn geludy Ase =8 5
gl LED7 @a5e] ula) HEsh 250 o4 7] wiel HEAZ
Fajo] § Wol o] Folg7] WFelet AZHYL
sEdAE 27 % Reld A3gac ARl AD L AsEe] FaP

g 39 tH(Bens, 1996; Evers, 1997; Michael, 1994; Rodriguez, 1997;

)

2

Shalhevet, 1995). =3t =7 218 A] NaCloelt KCl 55 #H7lstd 4S5 gAabA
4 4 ARy, o] Aadvn B 3(Borini 5, 2000; Cho &, 1996; Ohta

N

1(1

S, 1991) 3} a1 Mizrahi(1988)& EwntEd a+S xgide wf =248 Fa4AZ

At Haske] saAE7t EvtEY FHS FHAE F

a3A( Y EDH U E e E AAE slTE dWAE SHS o FAE e vl
]

39S w gkl AT EH FFo] FAEE A9 XSV B 4
s

+
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Fig. 3. Growth of cherry tomato under LED (A) and FL (B) at 1lday after

transplanting.
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Fig. 4. Growth of cherry tomato under LED (A) and FL (B) at 2lday after

transplanting.
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Fig. 5. Growth of cherry tomato under LED (A) and FL (B) in Jan. 31, 2013 (83 DAT).
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Table 6. Mineral concentrations of cherry tomato fruits on light source and foliar spray.

Light source Foliar spray

Mineral concentration (ppm)

7n Fe Cu Mn Mo Se \% Pb Cd Sr
No 13.38 39.42 <0.003 13.30 1.36 0.16 <0.001 <0.01 <0.003 0.32
LED
Spray 14.89 4458 <0.003 13.51 1.46 0.17 <0.001 <0.01 <0.003 0.28
No 19.97 48.49 <0.003 14.01 2.09 <0.01 <0.001 <0.01 <0.003 0.16
FL
Spray 17.85 44.33 <0.003 13.67 2.31 <0.01 <0.001 <0.01 <0.003 0.34
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