HATE PET A A

AT % A3 azger 19 @74 | A9
. 1 I B =P

solesq JUAL 483 le e | Ax uoa SETED] oAy

FAER AFF AF 2 AA I T r .

63:}8-7]€ 7]]% ZH./}_ 21 24 %Cq]ﬁ;—rkﬂ]_ O]Z] o

Mgl | #4954, EvbE §R WA LED, ¥E, 037
ABSTRACT

Tomato (Solanum lycopersicum) is a major greenhouse vegetable crop. In 2022,
the cultivated area in South Korea was 6,111 ha, with a production volume of
378,808 tons, making it the second-largest greenhouse crop after watermelon in
terms of cultivation area and production. Over the past three years, production has
been steadily increasing. This study was conducted to select suitable pots and LED
light sources for tomato seedling production in a vertical farm and to determine an
appropriate supplemental light source for supplemental lighting cultivation. The first
experiment was conducted in a vertical farm using seedling pots with different
types, thicknesses, pore presence, and pore sizes. The results showed that using a
sponge medium with a pot thickness of 0.5 mm and pore sizes of 0.7~0.9 mm
improved growth characteristics such as fresh weight, stem diameter, and
compactness, while also reducing root entanglement. In the second experiment, the
effects of four LED light sources—cool white LED and warm white LED, both with
and without far-red LED light—were tested. The cool white LED light source
showed an effect in suppressing elongation and enhancing seedling quality compared
to the warm white LED light source. When far-red light was added at a
red/far-red (R/FR) ratio of 2.5-3.6 to the cool white LED light source, shoot growth
characteristics, such as fresh weight and leaf area, as well as seedling quality,
improved. Additionally, plant growth was optimal at a light intensity of at least 300
pmol -m - st .

To evaluate supplemental lighting, the experiment was conducted twice: from April
to September 2023 and from September 2023 to March 2024, in a glass greenhouse
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under a hydroponic system. As supplemental light sources, warm white LED and a
combination of warm white LED and far-red light were compared with the control.
The supplemental lighting was applied for four hours before sunrise. In both
summer and winter growing season, there were no significant differences among
treatments in growth characteristics such as plant height, number of leaves, number
of nodes, SPAD value, and fruit quality, including fruit weight, acidity, and sugar
content. However, the total fruit yield significantly increased in the supplemental
lighting treatments compared to the control. In the summer growing season, fruit
yield increased by 10.9% under the warm white LED treatment and by 11.6% under
the warm white LED + far-red (FR) light treatment compared to the control. In the
winter growing season, the total fruit yield increased by 19.2% under the warm
white LED treatment and by 31.9% under the warm white LED + FR light
treatment. Although the combination of white LED and far-red light tended to
increase total fruit yield compared to white LED alone, there was no statistically
significant difference. Based on these results, supplemental lighting with warm white
LEDs is considered effective in increasing tomato production.

Key words: White LED, seedling pot, Vertical farm, Supplemental lighting, Tomato,
Far-red LED, Vertical farm
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EwtE(Solanum lycopersicum~ A2 A 7= 20221 =W AHuiH A2 6,111hao]
w LS 3788082 AT F bl oo AJA AmirE A g ALbFo] FHA
2 B AHoE A 3A ikl #E3] FUketa ot (Statistics Korea, 2023).
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FHE ALer] 9% B, 2%, oiEte A F Al B Ay 5 dATE0l
3% 31 JATHChoi 5, 2023; Kim 5, 2019; Moon 5, 2023; Song 5, 2024; Yun 5,
2023). 53] 89 T 93 AFE st AES AT F e RS 7R
LED #92& 7|&olle= AMFH AMgo] Ao Hg JFAE MAE ¢ EHfF R
Fst7] WZol BWol ol&FHo] gtoy H o], Fxgrt AF 5 o8 A=A
B S BEdte S4Fo] 23 Y2 2HEG WA [EDe A% H J|sAHE

A Z7F a3 5o Ay & o]Fojx 1 JYrHDung et al, 2020; Lee 5, 2022;
Park %, 2013). =3+ &3S 700~800nme] HAhG oz Fapdtol, fazxd U
27, 49U 5 AGE AS S a3y B EQokChoi, 2003; Kang 5, 2019; Oh
2} Runkle, 2015; Runkle and Heins, 2001). LED &3 &= 2=, F%, &7 wg &
Aol Yehve 97 Bol A=l wel Al R3] mE HA FEe) xgo] I
sttt S E Euk ofyg EntE § I3A AT e BAF Rl dx=AZL 2
geFo] T FF 9 FHo] AEY] A9 AFTFES o] &3 HFA] Aol
A3 A7} o] Fojx 2 dtHPaucek et al., 2020; Hwang 5, 2022). X338 S
= FALA v 3 A5 FFE A g F=
% 9 g5 ZUF a3t gt @& nae ge) A&, FF, @
d, &4 so w2t BFadrt =4 JUetRtHAn 5, 2011; Lee 5, 2014). wEbA
2 APE JAFFS o83 EvtE AL FdVIes e st AESR &

[ )]
Hol A zES S8 % BFAuo] e LED FUS Awstr] sk 33t

2. AE @ Wy
ANAD FAF SEE H9A A

ANgAse EvE ‘tlzy2’ Dafnis)E AHESHTH QlFHlolE oA 24T, 50~
60% F=& FASHA FAE 2~3UT HolA F hdEH Y AHEFY &2
GAFAAN 2NN FHEHT FYL ofrialy] EntE HE wgRos ECE 1.2
~18dSm’o 2 FTFaHTh FYe WA LEDE o] &3k 350umol - mAste] Bk
oA APstATh BAL FoRt L= 2520C, FF7E 14/10h, HHFEEE 60~

0% T2 fFASAT 12k APAHE §EE LES F5 f7¢ XE FAE
0.5, 1.0, 1.5, 2.0mm= 2|3t ZI3YsEH oF FolHe F71 A=E dde
2 ANgstgth. T39S PLA AlAE 3D ZYUEHE o|gdte] TE =W, WHd, ¢

TF2 o =& #o TEE AFSIAY. SEMAE EHIEE AHESATH

22 13bel A Ade =8, 95% 0.5mm TE9} IFAYSE, o3 Fo)xl, FE
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=% 7](LI-3100c, LI-COR)E o] & 33<
9] 9ol leaf dark clipg &84 30&7t
Photon System Instruments)= =43tk A=
91 SPAD meter (SPAD-502, Minolta)& ©] -8tk 71&%
M5 dFA27](SIN-1100, SINIL-science)oll A 48417+ 2
A5 T AeRAE FAANT AT7IERDA, 20129 71E3}
HI(LAR= FRAAGTE ded, dUAAsLADs G2 /A4,
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x &3l WiAFTFER ZIAE, &
H, I29F, FEg28A] 459 MAE AFsAt SEZES] 578 AE
& ZEE PLA 0.5mme FAE 1AST TE =.1dHe] FF F7|E 0, 0.3, 0.5,
0.7, 0.9mm= A Z}pete] 2A\AAujA| o BFote] FEYG SFHIEIES 3192~ FHIE

glol et Wl u st

ANE3 EvE Aul A LED Fd AA

S$HE LED FUAFL& cool white LED, warm white LED$} far-redd] €52 &
2)8te] 4%9] bar E}¢le LEDS tldoz AFsgyn YARAG F71A A7 A=A
Ago] B &L 0.8~1.10= wrd FAth FeFe 350umol - mAsiE fAEHA AE
4=

EvtE BZAuE LED 39 Ad2 A7 =57 Isdd FEl4ddA s
 warm white LED, warm white LED+FR, 38|72 A o2 XHE 50cm 7|&=2S
2 150umol - m? - st o FFo g AEH 4AZF BFHSITH AF7Ie '23d 4
9 498H 2349 8€ 30¢, 23 9¢ 209 FH 24 39 31Y7HA 23] 3y
A&2AE 2%, g9, 974, 935, vid, 274, 9435428, HHe 7, 45, 3
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N3 EvE AEZH SHE LED 349 A3

A 30 A AREEE cool white LEDE o] 8-3Fo] A3 &3] HlES
o red/far-redR/FR) H1 &< 14, 25, 36, 1522 HAste] A@atQy FF A
R/FR ¥]&o] 259 cool white LEDE o]&ated 200, 300, 400pmol - m2s™
2] 3 AT

35F0

3. 439 42 3%
ANED A7 SEEL vix AL

Nt'l?g-oﬂ/q A& EnE 74%111‘3 Aikstr] 9% SHE ZE

o

N

0.?"_, l-)lt
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X rlo
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(M oot m B & o 2

2

g}
GAE Bidol da}ﬁc}(Km =, 2013; Leesﬂr Kim, 1999; Seo =, 2018).

% 1 §H XE $HY 2 EntE §3 ASEA (12D

A7 %%%-Eﬂ]%’r?'r —(?:‘-’5" A7 REITOID 4 T 9% 9% oap
R F em) () 1 2spy (W (ew)  (emw
T1 S=3PLA 0.5mm 24.3  9.43 3.0 1.2 8.7 297 265 507
T2 F=PLA 1.0mm 27.2 9.28 3.0 1.0 8.7 295 288 530
T3 F=¥PLA 1.5mm 27.8 8.62 3.0 0.8 9.0 29.2 26.2 48.1
T4 F=3PLA 2.0mm 249 8.29 3.7 - 87 251 275 521
T5 Y FFPLA 0.5mm 19.3  5.88 3.0 1.1 83 253 152 50.2
T6 Y FFPLA 1.0mm 18.8 5.84 3.3 0.6 76 186 13.7 50.6
T7 A F3FPLA 1.5mm 18.8  6.57 2.7 - 73 164 152 50.1
T8 A EHPLA 2.0mm 17.1  5.57 3.0 - 70 147 134 50.0
T9 I3y st 23.8 8.56 3.5 1.4 9.0 26.0 23.0 544
T1I0 9= Feo|H 10.4 3.04 0.8 - 3.5 96 6.1 328
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700
at1 mm2 T3 W4 mTs 6 W7 mTs mTS mTi0
600
500
2 a00
§
' 300
7]
1
200
B II
t v ot ot o te 1 1 ™ o o [

J% 1. SEXE I/ % FA ©E EnE fR 3= 32 493 ¥udzx

BIIBE(kg/ ¢ tamm)
sow @

QA emaplant]

¥ 2 SH XE FHY & EBErlE 24F (13D

A T T T o
Z2%PLA 0.5m 174.1 4.08 0.80 0.15
Z2%PLA 1.0m 208.9 3.97 0.75 0.11
Z2%PLA 1.5m 218.1 391 0.77 0.10
Z2PLA 2.0mn 239.8 3.46 0.78 0.09
2 EFPLA 0.5mn 89.7 1.53 0.77 0.14
ESPLA 1.0mn 95.4 1.40 0.76 0.13
S ESPLA 1.5m 92.3 1.26 0.75 0.12
2 EFPLA 2.0mn 77.6 1.06 0.74 0.13
234 848 148.0 3.86 0.81 0.18
o2 Zo|H 90.2 0.23 0.71 0.04
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E R0 ME EviE FE 4454 @3

K

o
.55
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w

22 2% A7 RO 9r 98 g% oo
(m  (ew @ “3zpr ozpy WD (w)  (ew
S=3PLA 0.5mm 443 414 1216 3.3 1.9 104 38.5 34.7 431
Y5 FPLA 0.5mm 419 384 1137 4.0 2.2 101 375 350 46.3
AIY S 425 397 1190 34 2.4 101 39.0 37.1 432
AN FolH 31.0 284 6.88 2.5 - 70 252 206 43.6

TESSHIEMD 286 257 934 3.1 1.8 92 336 30.0 426

¥4 SB ¥E FRo mE EvlE iz Q1)

A g AHAHILAR) GEARSA) B3 =(Compactness)
F=8PLA 0.5m 197.6 9.00 0.17
YEHPLA 0.5m 186.3 8.00 0.15
EEN R 197.6 8.48 0.16
A= Fo)H 915 2.19 0.05
P EFS HEE(Z) 194.9 6.42 0.13

AN FA7F S2E &7 AT

SEEE W@ 0y B4 A A APl 0 FIY SHEES
ol g3t SEMAT BYstel NPT A PABAAAYG TAES SIS

= A
et 229Fel Wal AR, AR AAE B AR AT BEUEE FEa)
AAANE Ao A= SES FA o] BASATHE 5). Chol 5-2(201D 2
U s AAAE G FATGANADN SRARE A 28
g7 R Z9 YUBT obgo] o B FARE Aot gt
¥hel, Jeong %(2018)~ U, 3719 A% gu, wmolo], FEy A
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%5 SH MAE ErnE ASEA

~ =4 9+ A4 A= AAZT 994 9SS oo
WAEF () OV (mm) em @3 (b GPAD) HEEE

SR 2222 7.8a 6.6a 4.7a 22.4a  451.8a  40.3b 0.068ab
IINE 21.3a 7.7a 6.92 4.6a 25.]Ja  5129a  45.2a 0.079a
I=9% 17.2b  6.8b 5.6b  3.9b 13.6b  308.4b  42.1ab  0.057bc

o 15.0c 6.3b  4.6c  3.6b 9.1b  224.5b  39.4b 0.046¢
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A%, g 5 EdAE
Azadd. o] ARE FF Ao WE Fo FFee) Aoz HoFT T
20X SHI ZHIEYe S5

=2 Hel 6~7¥€olq7] W
o
=

N oo

B AFoME By JFAEE
JAAAE7}E AL Hol
@ 7. AW, 29 2 .
0.7~0.9mmel EEE o] §3h= ol B A%e] FESYT NI 2o
Hog BRI,

£ oxe
1>
il
ol
ft
=)
ft

X6 SEE &7 ¥3I7)¥ EvfE §H ASEA
=

Ague 22 8% A4 A= AR QEn guww
(  OIF mm) ogdm BlgD () (SPAD)

=3 O0mm 24.2¢C 7.4d 5.7d 3.4c 14.0c 258.7d 29.4d
=3 0.3mm  24.6¢ 8.0c 6.5¢C 4.6b 21.0c 391.2c 42.4b
=38 0.5mm 30.4b 8.4bc  8.2b 6.2a 35.5b 592.5b 45.2ab
=9 0.7mm 33.0ab 8.6ab 9.la 6.1a 42.0ab 639.6ab  47.7a
=38 09mm 34.1ab 8.6ab  8.9ab 6.1a 43.6ab  676.5ab  46.3a
EEYGSEIE 34.2a 9.1a 9.2a 6.1a 48.0a 759.6a 45.0ab
ZH1EY o] 30.2b 7.3d 5.4d 4.8b 12.6¢ 288.2cd  38.4c
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27 %58 87 ZTZ371¥ EnE g4 Fd

- @Z ] &= %ﬁ\_ Z=A o

A8 k (Li\]D] B %(FV/PE)% (C(%&ftness) e =
=3 Omm 1.55d 0.65d 0.038c +
=3 0.3mm 2.34c 0.76c 0.061b ++
=% 0.5mm 3.55b 0.8ab 0.082ab ot
=% 0.7mm 3.83ab 0.82ab 0.080ab +t
=3 0.9mm 4.05ab 0.82ab 0.080ab et
TEUGSEEE 4.54a 0.82ab 0.098a -
Z 1 EF o 1.72d 0.85a 0.036c -

) BIAdAAT: + vk ++ oFS +++ BHE 4+ S+ ] 73S

ANE3> =Evt= Au) 3 LED 39 43
7F A1EXA EnlE __,?,I_U,Q_ -9 Ak

Cool white LED 5 4%9] LEDS o] &3le] EnfEE $43 Axt= i 83 2ol =&
A2 CW LED A 2]7F WW LEDo)| HlsiA= &2 Hol oy SAAA F3+= gl
ok MGl 7] A A AU} Y= AR dEHA oy, B AP E=E 23]H

AR Fo] F7te CWFRI WWER LEDO| A =43 Aol {23t S7stdth. CW
o} WW LEDe|| & asgo] F7159S uf 2242 2h2F 71.3, 97.0%, A7 109.1, 123.1%
=7}39 0 Azad et. al.(201D)E= 13 S 0A 9AMG 287t G e no AR
A7 Aol Zybstg i B gk vl 9tk o] AT EnfEe] Ay "o &g
o] vl &R AAFe] FFo] ¥ FA AR HoFrh WA LEDE 5235 Z3al
W 2 ERS 7 7] wiiEol] ©Y 3 aAgel s Ao ztolrt IA vERG
A R 23E dAMF v go] & A FAI Ao R AAMFo] g3
7F 8 A vebd Ao satEn. f3MFo] Frhe %%Jfﬂ R/FR ngf 0.8-1.1=%
% o

gglg %g}k;j How JJrE‘rQ

71 ZHth EvtEE 371 &‘7;;‘01 TE U7} 7% #el

Z7] 2 7o) & oYtk CWFR H oA £712 AL CW A E} 25 3/: —0«7}0}93
WWER A gloll A& WW A 2ot 36.1% S7lstat. 23

AAE, 9ud 9 71249 AR ASS7F A= AN
2oz Q3 dHMFe] Hlg =Ho] ety AGHAT AFLTFFS AGH
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A= OEA AANZS FIIEE Aol 17.2~21.9% 48t oen Qoo 7
dAANFS F7IRE AP olM A Jrel dol= S7IRE NbH SPADE A4Sttt
3 Kang 5 (2019)9] Busts e Aoty WWFR A 2lolA Au 23 YA F
A3 AEE FEs o BEAEE CW LEDIAM tha 52 WAt ™ 2). °l=
WW LED7} CW LEDell Hl8] 4 H]&-o] v CWFR¥} WWEFR LED= d & 430 a2
2] Aot Hazlo]l AuH R Wyd Zo 2 AN A Fstel M A Gk
o EntE Ho| FAETE Uoktha & Lee(00De] Riuots 2 AFS HAch H 2E
2 A4 E2AFFAFE CW LEDOIA S5 3 HolQith EvtE SHojE A
LED FRz3tels AAFo] @& CW LEDE #&3t= 2o =44 ay 4
gat#oelztal AEH A

o R Ho

% 8. LED 39 2524 EnE §H ASE

oX,

gy 23 W A4 A= dF 93 4% 99y EW e
(m) (m) mm “¢5*" CIF (m) (cm) (ad (SPAD) @)

CW 16.4b 1.1c 6.3b 4.2b 73ab 21.0b 190bc 3884b 40.7a 17.9c
CW+FR 28.1a 23b 7.9a 56a 7.8a 26.la 2l6ab 4670eb 33.7b 244
WwW 169b 13c 6.1b 42b 7.1b 20.5b 18.0c 3749b 40.1a 16.4c
WW+FR 33.3a 29a 83a 55a 7.8a 27.2a 222a 5l46a 31.3c 28.1a

J CW: Cool white LED, CW+FR: CW+far-red, WW: Warm whte LED, WW+FR: WW+far-red

0.120
% T 0.089a E 080
2 K
i 0.074b 0.077b R 0.7742
F 0.080 0.070b § 080 0.726b
K K
§ 0.060 0 0.676b 0.668b
H 7(5: 0.70
4 0040 ur
u
1 81 060
o 0020

0.000 o

cw CWFR ww WWEFR
cw CWFR WWEFR

% 2. LED %93 AJEZH EnE 543
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U ErbE R g
LED #¢ FF/ol wE &
At A3 24, 47, vid S 5 ASEAS A5, A, 3EF, s 5 ALY 5
dE& A 2rell {Fo3 polE HolA ‘”%%U}(E 9, .
ko] %=, SPAD= Zdeo| W& o]z gl Sk Hwang 5(2022)2] Hyolw ¢
Aot Rtk W, dEaEe WA LED EJ*X%FJ/\I Exg o) vs] 10.9~11.6% 27}
st o dAAF FHo e TAZ Aol YEUA Fdth ol FItol| H
FFOoE sl AP | T&3R7] WEeE AGHAT ¢ A= Evf
B+ LED interlighting R 3#A +#& ZF71stA AW FA 3 Fsrare] zol+= ¢l
A= Paucek et al.(2020)9] Huolx A ATt oF w2rdE F3td A
H s3Ee]l 2571 Aol wEt Folu Az o]Fo] Y&EtA] o} shA]
AuA e F7HENE A YEYA @& o E AaE Y

a)

o)
(<3

|
SHO

® 9. 3d7] EvtE H3Au ASEAH vl
B =% A a4 AZ vy H7 o] EE43FF
(cm) Ol (cm) (cm) /5 (mm) (cm) (SPAD)
WW 301.3 43.1 41.4 36.5 33.9 10.7 11.1 55.5
WW+FR 293.6 42.5 39.6 34.1 35.7 8.2 11.1 51.7

FA gl 304.0 43.6 40.4 34.7 36.8 10.1 11.7 54.8
J WW: Warm white LED, WW+FR:WW=far-red

% 10. 3td7) EvE B3N] PS5k 2 24 v

27 ’E}%;’F% THFAT b B=E A=
el (%) (g/71) (° brix) (acid)
WwW 2614.1a 110.9 141.3™ 4.5" 0.70ab
WW+FR 2630.1a 111.6 140.4 4.5 0.78a
T4 g 2357.4b 100 137.4 4.5 0.65b

J WW: Warm white LED, WW+FR:WW=far-red

o
HHQP 2o AS BHYoy £ Z7Ee ¢ ZHoHE 11, & 12). o)l Z&7|7} s
A7l wls] Fo] FZF3s}H] %91 ETJr F O 72199 Aoz dAgd ugela 23R
o] AAA B4 A3 10ad Az 7,773,6369 9 25 =0 &9/} YATHE 13).
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% 11 37 EvtE B3A ASEA vl

A7 2% 97 @2 93 "wHy A7 ] 9523F
(cm) O/ (Em (m OCi/F) mm  (m (SPAD)
WwW 447.0 72.2 294 276 61.2 10.9 8.1 46.0
WW+FR 4456 703 296 304 612 113 83 46.7
T4 g 472.9 68.6 31.4 32.4 60.4 10.0 9.2 44.5
J WW: Warm white LED, WW+FR:WW=far-red
12, 47 EvtE B3N AdsF 2 54 v
B dETE  TEAT AT TE A= H g7 ="
@/=) (%) g/ A o (acid) (ug/e)
WW 3303.9a 119.2 138.0 3.9 0.6 13.9
WW+FR 3655.6a 131.9 140.8 3.9 0.6 13.9
T4 g 2771.8b 100 137.5 3.9 0.6 13.7
J WW: Warm white LED, WW+FR:WW=far-red
¥ 13 EvfE BFA6 FAH B4 (10a7] %, 27005, 2%7))
=43 844 o]oj& 24(B)
0 57+ B8 6,430,189¢ 0 F7H=E+= o]Y: 14,203,825
B335 A 5,600,000 - ALkEF F71 3,277kg
X335 100,000 x 1807§=18,000,000/ YR TEFSTIY x DH H7rH4
Wd g 549 = 3,600,000 (1,998 ~5,072</kg)
42 \]&- 2,000,000
A7l 8w
100W x 1807} x 4hr x 203¥=14,616,000W
- 56.8¢ X 14,616KW=830,189U(FH & =)
Aol (B-A) = 14,203,8259-6,430,189¢ = 7,773,636¢
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ANIAL EnE AEFH SEHE LED HH3g

AN g39] Az A3k cool white LED #2] R/FR Bl &S T2

R/FR Hl&o] Yo5 A2M332] Hgo] F7lste] A A&+ @%—8— <7 POP%{‘:P
(£ 14). 424 F o] &) Folders 24, A, A, 494, AA S, €7V‘7ﬂ
slot7h FI7FEAAL 54 FHS Aot duA T £714 742 RIFRE] Hl&9]
3.6-14 AoM= FA AR 2el7F AT 3toks== cool white LED A= 157§ <1 H|
Hl el A2 A go] F7HE NS W LA AF] v S} FuRlo] 23-2571 2 Wel FAHHU
o ARG Fojxet AU EY 7H§}% 38t vtar Bk vl lok(Park and
Runkle, 2017). EvtEs A4 ol GdEe] FHHT stols FHohs ST LR
AR AZo] EntE Folg Moz daFS u];:<_] Ho g BHelty JgHMPGo] S&FE S
o =AY o BEATE RIFRE]&0] 369 252 %] dlA 0.092 v«lo} l =3k
AA A Fo] vl o] & FRAIE0] 1430 A=

| et H 3). 4B AF AA FAR AT

1&-0] 3.67} 2.5¢1 cool white LED*] 2]ol| A A-8-& F5 8} A _,_zgko] 7‘_:]_11 19 H %"a‘
=7 Eol AR Aol mapAolzta ATE A,

o

jud

E 14, NN LED HA/LHAF v Lo ©E EnE §E AFEA
RFR =& Az g5 Fgaz AAF: 33 oppp ok
ratio (cm) (cm) OW/F) (ci/plant) (g) (mm) N/
15.2 13.8¢ 0.8c 6.4c 309.7b 14.4c 5.8b 43.6a 1.5b
3.6 21.3b 1.6b 7.2b 479.5a 26.7b 7.72  40.2b 2.4a
2.5 21.5b 1.7b 7.2b 484.1a 26.4b 7.8a  38.6C 2.3a
14 28.3a 2.3a 7.5a 533.3a 30.2a 8.2a  35.4d 2.5a

0.120

o
15}

0.100
0.081ab 0.090a 0.087a

o
©
S

0.798a 0.796a

0.080 0.076b
. 0.749b 0.766ab
0.060
0.040 81
0.020 :
0.000 0.50

15.2 3.6 2.5 14 15.2 3.6 2.5 14

2| F(Fv/Fm)
o
®
8

BE4HE(DW/plant height)
2
o
=
3

o
@
3

29 3. 94 LED HA/AA A% g BE ErtE AW
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SHE AFgFPdoz AEd R/FR Hl&< 2.5 cool white LEDE ©]&3t4 200—
400umol - m? - s'o] FFol A S HI A} FFo] Trigel wet AvkEl A4S 2 5
A 57} Z718lH 3L 300—~400umol - m™ - s'e] FeEFo A= 927 YIATHE 15). Fan
et. al.(2013)> A4 A 23 LEDAA EvtE fH AZZ gz B&HA
300umol - m? - s Feko] HAFsltta st a, Park 5(2020)2 EnES] WAl [EDo] A
100—300umol - m™ - s*o] FeFo] FI}TFE "o Ygo] ZHNFH AT 3 B} o]
E0lE $HolE B R0l Aeglol 300umal - m? - sle] FeFo] Trpx ojety Tk

At

X 15. LED I =¥ EnE B ASEA

F% 2% AR A5 49F AAF o, EIAE
(umolm™=s~) (cm) (mm) N/F) (cii/plant) (8 (DW/height)
200 16.6b  4.8b 5.8b 252.4b 10.5b  33.7b 0.041b
300 18.6b 6.8a 7.2a 398.9ab 19.2ab 37.4a 0.072a
400 21.9a 7.1a 7.8a 484.9a 25.7a 38.2a 0.087a

4, A Q
AFFS o] 83 EnfE AL FY7Ies MEsty] feted AE3d SHA A3t
XE 9 S8} BgAufo] A3 LED Fd AL AN@Es % Ade v 2o

warm white LED®] ®l8] Z=74o] sy =3 AA8¥ ¢ ES3AE7 =2 ¥
o]91e.m™, cool white LED o] A/ MF H &S 25-3.62 FHNFS
F71eta e W WA, 99y T AGE AS 2 dELYFAF, BEFAHAE T
Hado] FEaeh w3 FFS 300umol - m™ o -
o] ¥zt

o

322 o 20249 AEHATETN



o EvhEe] WA LEDS} AXAge] RnPANEIE APt A3 a7, 5]

Iz, G5, A T A FZ2E A AolE HolA] LT
2S warm white LED HE3ZAu)A] Fxglo] w8 347 Auls 10~11%,
7] Aufoll A 19~32% =713t}
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