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This study was conducted to investigate the yield of fruits and changes in internal and external
quality, and to select an economical and effective light source. Sunlight was set as a control, and
lights were supplemented on the upper canopy of cherry tomatoes (Solanum lycopersicum var.
cerasiforme) using white and QD-LED. The supplemental light through the artificial light source
increased the light intensity by 45.4% on average compared to the control, and the Fv/Fm
increased by 9.2%. There was a difference in light quality as well as a change in light intensity,
and it was found that the QD-LED with the highest a’/b* value progressed faster at the breaking
stage and the maturation period was greatly shortened compared to that of White-LED and the
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control. The supplemental lighting treated group showed higher values than the control group for
length, width, number of fruit, and weight of cluster, and among them, QD-LED showed the
highest value. The QD-LED, which matured tomatoes the fastest within the same period, resulted
in the highest soluble solids and the lowest titratable acidity and firmness. For DPPH radical
scavenging activity and ascorbic acid, the supplemental lighting treatment showed higher values
than the control group, and QD-LED showed better effects than White-LED in the supplemental
lighting treatment. Additionally, the malformed fruit incidence rates were the lowest in QD-LED.
Considering the economical aspect of both light sources, the QD-LED showed a relatively lower
electrical power consumption, lower cost, and a much higher energy use efficiency than
White-LED. We conclude that supplemental lightning on the upper canopy of cherry tomatoes is
effective and QD-LED is the most suitable for use.

Keywords: Cherry tomato, LED, Light source, Supplemental lighting, Upper canopy
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QD-LED®]| Z3}=]o] Q1= FR (Far-red; T2 2]41 700 — 800 nm)-2 Blue (34) 5-2 Red (ZA) Ho| 23S uff A]
U 2] a2 Q1o gt o] F71e 4= Ittal 5t Zhen and van lersel, 2017). Z12]17 Han 5(2018)2 W= E0lE
ol dotg, HEA N, TEE 9 A50] 93 H QD-LED 0] AE-574Ul W&EntE ot 9 Ajjuj A] Algkst
1 stolom, FAHFRI 2HQ1 Aol A = QD-LED O] 5247 2pedad gl thefet Ql-5-d- el ot -5 htal 513l
THKim et al., 2020b).

olo], & AT=LEERES o= 2pd-S 2= 4475kal White-LED, QD-LEDS] w2} 9] Hg-5 5
o Aul-g- 1 FEd o2 HAH ol a8%1 FYS Ao $lal] Y= At

0 o

K

FAABE 509 oS B HEYH TY AE|Y’ H-2EnlE(PPS Seed Co., Ltd., Korea)S A&t A8l
HPHO L=7dful ®HA] © 2 Halo|E(New PerlShine No. 3, Green Fire Chemicals Co., Ltd., Korea) Hl=(19,900 x
300 mm)©]l 450 mm 7HA .2 2 2054 A5tk 20194 49 F<oHE] 9D F7EA] TR = 30°C ofeksl. o,
EntE |2 (E0HESHY, Coseal Co., Korea)E & 202/E]9 AH|E(N:P:K = 8.5:5.0:26.0) 1,360 g, BH|=
(N:P:K = 11.0:0.0:0.0) 760 g& ZF2} =<1 T}8- 1008 2 3415} pH 6.0+ 0.5, EC 1.5 + 0.5 dS-cm™ 2 225 vljoF
NS TGt EL A 3 2t 315 Qfel 7 spPE R 77l & EXFEE(IAP GIBBERELLIN, Bayer
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Fig. 1. The spectrum of control (sunlight), White-LED, and QD-LED used in the experiment.
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10 pmol -m? 579 250] &= 722 A5 o™, @A 5417K05:00 — 10:00am), 25 3A17K17:00 —20:00pm)

OCE T EN

PPFD (Photosynthesis Photon Flux Density) £ 2]+= 331 2k 2] 3571150 + 10 pmoL -m™ -5 52 L}Et
Y= Alof|A 274 BFAIZHHRI 09:00 —09:30am AFo]of] Handheld Spectrometer (MK350S, UPRtek, Taiwan)Z2
=451t Fv/Fm (Maximum Quantum Yield)2 Dark Leaf Clip 2.2 3087+ 9482 A]%1 ¥ Chlorophyll
Fluorometer (JUNIOR-PAM, Heinz WALZ GmbH, Germany)= ©|-85}4 PPFD2] =% %] & A7t} F5Us5H]|
ZAotnt. Hgso] 2= 7 3S ZHEA|7] 1LbA| USB Datalogger (UT330B, Uni-Trend Technology,
China) & YR Hof| F2l6lal 1A17F & S45151

MEA

Hgae] & FAER 1071418 AEsl 2 fAEE 3, 43P89] I(Fruit cluster)s 2ol vpmAle-
Chroma Meter (CR-400, Konica Minolta Sensing, Inc., Japan) & AF85}o] 34 W SPPE R 574 2192 AHs)]
ZZ9 10702 TS o] 8ot o R B4 Hunter L', a', b Y a'/b” 352 103] ¥ S}t T2 1
Vo] ZAdE el I, dE-S ] Yo Arjm AR SRl dHHTAlE HAARE(PB602-S,
Mettler Toledo, Switzerland)= A-8-5t =453t

ez

JHEAS AR I O] e} AF = Digital refractometer (Pocket Refractometer PAL-1, Atago, Japan)S
ARESl, NE AT S A o & AZE ARl FAE o8ste] 103] FHE S50 E= Fruit
Hardness Tester (FR-5105, Lutron, Taiwan)2] 2174 @ 6 mm stainless steel probe 2 ZH 2] A FLE.S Z=25}0oq
Peak H. %2 AF80191 9™, THJ=N (Newton) 0.2 E 7|5}

kN

DPPH radical scavenging activity 2! Ascorbic acid

AR 0.5 goll gk 20 mLE Y7 15) w2 slskal w24
=2} 0.4 mM DPPH HERS SUHE 1:12 *401 3087 Az HARE & B3 P A|(Biomate 3S, Thermo
Scientific, USA)E 516 nm®] 3= ol|4 57513tk DPPH 2t Z A5 Mhid-a2 T O ofefiet 2 &
A1Z #-goto] Altstaint.

44

DPPH Radical scavenging ability (%) =[1 - (Sample A516 nm/Blank A516 nm)] x 100

Ascorbic acid &2 Arvanitoyannis -5(2005)2] B o] ot K|S EESF RS A AT 1M 2 gofl 7
}_

18 mLE ¥©] homogenizer (HZ1, LABTron Co., Ltd., Korea) 2 90Z7t w23}t 5 centrifugal separator (Mega
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17R, Hanil Science Industrial Co., Korea) = 472 olo] A2 AFGoH-S- 0|85 RQ flex reflectometer (Merck RQ

flex 2, Darmstadt, Germany)= S0} tt.

Hpghel mkg A AR, A7]a, dlddiid 9 852 171 2557871(SIPM-C16, SEOJUN, KOREA)
2 ZA5IA, A7) oUAARS- &3 H]-848-5(Cost performance)- Tewolde 5(2016)2] A0 2 Alitsto] vl

S

SAEA]-2 Microsoft Excel 2016 program W IBM SPSS Statistics version 24 program-=- ©]-851] <=5}t
W I of Hagaglo]| whg A4, 7|8, e W o592 =HEE T A o= A
SO G 2o HIW-E p < 0.05 <ol A A5 11 9] ZARRFEL] AHelqtEe] Buit Ato] Hln= Aol ot

577 (Duncan’s multiple range test)= ©]-8-51 p < 0.05 FF==ol|A] 4513
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H3FS AARIR] 241710] 21t 97 8:00 - 8:307+2] PPFD= H3gA] 2] 7ollA % 574.5 pmol-m™-s' &, 313.5
pmol-m™-sS LR thxLHT}45.4% 2o FA14 0 2 {olgh 2ol S L o, Bagif=]t Zhofli= et
2] 222K Table 1). Ke 5(2021)2300 700 #mol-m?-s™ A0]2] PPFD2}Pn (Net Photosynthetic Rate) 2] T+
£ AR 21 PPFD7 5715 Pl 20 BIH[6HA| S71oke e Bl om 2 A gl A Solagol|A] 2419
H|2o] =575 Pno] =L 53T

AES] S 75 o o #o] E20E 3 aso] S7HEHA & 4 %= Fv/Fm (Maximum
Quantum Yield)-2, 3342|721 QD-LEDS} White-LEDol= 2to] 5 YR A] QA9 T z=of| H]5] 9.2% 4=
Ak, 2 A9 Al /g 9] 3 BT (Table 1). & ARollA] Haga|a] 7 Thof= 2jol S Heh ]
2=, Yang 5(2018)2] H oA ThlRt E7-0] Felof| ERtES S H S 1] 3ol T Fv/Fmete] Zto]7t
2] A9 At FARISITE ARSE Hagsoll A ' WAH o AR 41}, AUi7]2 20°CollA 25 1AL &

A3 w] White-LED=58.7°CE QD-LEDE T} 9F 33% =2 o] W]t Table 1).
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b o] TS 455§ 5710 A4S WK 4 ol oA B4 9 2 7ol 2Ao) S35t aglo
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Table 1. The PPFD (pmol-m’z-s"), Fv/Fm, and heating temperature of supplemental light (°C) by each light source
during upper canopy supplemental lighting on September 2, 2019 (cloudy)

PPFD" Fv/Fm? Heating temperature of
Teatments . 13
(08:00 — 08:30 am) (09:00 —09:30 am) supplemental light” (°C)
Sunlight (SL) 313.5b" 0.841b -
SL+White-LED 573.7a 0912 a 87.3
SL+QD-LED 5754 a 0924 a 58.7
T-value - - 137.111
P-value - - 0.000

YPPFD (umol-m™-s™) was measured at a level of 150 = 10 pmol-m™-s™ below the light source in dark conditions from 08:00 to
08:30 am.

YFv/Fm was measured at a level of 150 + 10 pmoL-m™-s™ below the light source in dark conditions from 09:00 to 09:30 am.

)The heating temperature of supplemental light (White-LED and QD-LED) was measured 1hour after the operation at room
temperature of 20 degrees.

“Mean separation within columns by Duncan’s multiple range test at 5% level.

Table 2. Average L', a’, b, and a'/b" in the third and fourth cluster’s fruits by each light source during upper canopy
supplemental lighting

* * * * 0k

Treatments L a b a/b
Sunlight (SL) 40.11 bY 8.38¢ 3991 a 0.29¢
SL+White-LED 41.08 a 11.95b 3497b 0.34b
SL+QD-LED 41.58 a 13.80 a 33.24b 0.44 a

YMean separation within columns by Duncan’s multiple range test at 5% level.

ol Bt 413302 thzxte] Hlol folobAl EUT 02 702 50 gk =M, ol 712 AME Sjufsoh=
Hunter a" 3+ QD-LEDOIA] 7F3 =9k 17 White-LED, t)Z &= o]0, BiA|g] = 2t B 53% ©|
& frofotAl w3tk T o] wtmAo] Aol oA wi|eto & F-2 A0 7 AP A 440 gk = ERFE
= /d%0] X145 2to] 2l (lycopene) 0] o] 5710 -2 H-2AS UER 7] whize]l A0S mle -2 He
A o] P B e Ao E E|QITH= 218 oJH[Rith Hunter b+ %10] 02 7102 3:0] g2 gAY, ko] ghe e
UrE‘rlH%tﬂ T HagaeftolA] tizto] Hlsl 14.5% -FoloHAl RokthTable 2). 019} % —S—Hunter a, b k=
9 ) 2B RolA] AP 1, B} ] o] Ofg A0 2 Masle, B A A4 2 1Y
o] AHEZS HH QD-LED”} White-LEDX T} ©] B2 2433600 — 700 nm)= 7]'ZLL 31, White-LED+=
QD-LEDXET} @#|5] e oFo] L=Alsh(530 - 570 nm)2 7FA1L Uth(Fig. 1). Giliberto 5(2005)¥} Ntagkas 5
(2020)-2 M3 ol AHET7O| ERMES] Qg of e} whulof & A6 2H4 o] thAlel| & kS A=
Ao deA qlo] Hlof %’ gt ofu g} FAE Eute tirpAlof] Ao g gk & o lohal skl Liet
Kubota (2009)+= ZAgo] A2 X &4 7}2 E] L] E(carotenoids) AJAto] -2 5+ kS 0| .o, P g T3k
EntE v o] gto| Tl otehs S7HAIZITHAL SH{TH Gautier et al., 2005). SEARFE =A13-2 F-Q oF Zel ofHd
O] +2¢| 2 E| = ¥ Th(flavin adenine dinucleotide chromophore) 2] g2HIF71E 5480 24 A 3go] vk-S-5}
= APEIFO] 28-S AARITEA! SH3THBanerjee et al., 2007; Bouly et al., 2007). 2 A @ oA ti277 7P
2a BT =2 b gk LERH 1.0 2= Hag el o] Hlo W ot §A A AHER F =A30] 30 -33%
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LRt o] Q7] tiZ o= kT
FMO] Hlgo] #2545 S5 Hh=a' /b= 91 Aol A Hunter a” gkl 7P 3237, Hunter b'gte] 7Fg HSk
& QD-LEDOIA 0.44% E= AHsHet ol &3ttt QD-LEDOAE White-LED2} ﬂh? ot 242}

29.4%2}51.72% oV =911, White-LEDO A= tRTE L} 17.2% o] -8 ZHS B Gtk Table 2). 0= 3¢ ] &
4391 v} 2 AL ] 279 8] ST 22 ERONFRLEDE) S5 Gl A0 2 A, Kim 5

(2019)2 LED Hgo] FHg]2]| o] v[s)) $8A17HS IA BE30L £3] 52 HI&2] FR-LED7} 13U =2 48tk
a7} 7P Zckar st 2 A% FR7FoF 5% 2= 95 QD-LEDOA] Al EntE e &7)7F ohE
Aesel vlsf 7P weke 2o 2 Az

20| el U 43

EntE 0] J4T

FII“

24 ] 330 PPFDL} w32 0] 7oA o] &ERtthal Hark|o] Qli=H|(Lu et al., 2012), =
Aol A BagA] 2+t ﬁﬂ , 4P ot T2 28.72 mmE Ao 2 UERNA] Q4|9 24t H T} 2.45 mm 25}

7| AT Table 3). TH=-2 IFgak= D] BT 7oz folgt 2lo] 8 HYl=t| QD-LEDOA] 32.39 mmZ
White-LED®} Tz~ H]sf| ZF2} 2.18 mm, 3.92 mm T W TH(Table 3). ©]:=QD-LED7} &4t LED®] H]sf] {2
HEZRS 7HA w2 # 9ol 12 Zago] E| Q17| whE o 2 whehEch 7] B oA e 2ol 4] Zful F<1 EnfE ]
2 B33 3t A}, 137 2 EnfERTH AR B 7E22]50] 217} 14%, 13% S7FraL B % H Qlti(Jiang
et al., 2017).

EvtE A Al w2t 9] B3-S P o o B2 IS ol S qlrks Ak Eo] B 1R o] §l=H|(Kim et al.,
2019), & AL A% QD-LEDQ] 3, 431 of| A 2kl Al o] 47} Bt | 407H§ 74 29k, White-LED, T=

N

0

T 42019131, QD-LEDOA TEF 13.2070K.0) 24.1% ] @ol -{-2]gt 2jo| 2 B Itk Table 3).
A= ohE o R BgAe] & e 3, 43P0] Hok A= QD-LEDOfA] 201.93 g0 & 7 =9kt
White-LED, TiZ 420|911, QD-LEDOA] TZTE 158.81 gt} 21.3% o} -4-2J5t 2to]= etk Table 3).

QD -LEDO|IA] ] IEFREA 7P £ 9E 22 FR(far-red) 2] ¥ 2 0] Hio] @ ufj A gt 2l kAol 4 AJ 2148

© 29| H3hg 76k AHKim et al,, 2019)2 THHLE 7] Bl AGoA k. LEDZ EAtES] 2t o A]
RAPS v T PHC} e THERA|R o5t 2fo|S LERlid], B 39 U] FR-LED O] §lo] old42
pro] BAZEE9al o= FR-LEDZF AlZol| 4] A3 21850 2.9] [%he 71<&535tob A 1A of thghulo] @ mj A et
= Z75F7] wlizeletal sHtk(Kim et al., 2019).

Table 3. Average length, width, number of fruit, and fruit cluster weight in the third and fourth cluster’s fruits by each
light source during upper canopy supplemental lighting

Treatments Length Width No. of fiuit Fruit Cluster weight
(mm) (mm) (®
Sunlight (SL) 26.27b" 2847 ¢ 1320b 158.81b
SL+White-LED 28.23a 3021b 15.40 ab 173.48 ab
SL+QD-LED 2920 a 3239a 1740 a 20193 a

YMean separation within columns by Duncan’s multiple range test at 5% level.



188 = Journal of Agricultural, Life and Environmental Sciences Vol. 34, Special Issue, 2022

H1.0- 215 221 0] 77} 9l ook Ao JaFa mlAli= 1, 23 AR o] 7t deixt= A A Qlet. 2 A+
ﬂﬂ%ﬁ1%%@%%E—ﬂa%ﬂﬁvﬂiﬂm2uﬂﬂgﬂQDUD\WMLH)Wi?ﬁMi%%ﬁ
E35]4.58 Brix2 H.¢1 QD-LEDOJ|A= White-LED T} 0.26 Brix T =& 7184 7135 ks ey, T2 1E

TH=20% o1 =34t Table 4). Paponov 5(2020)2 LED R344{2|2 S7H F 7} 9l o] SA4RR-S 48] A
O] 555 XA A wFFetH ol 4 o] B &2 QI%t carbohydrate 3142 &Y 4= 1Tkl PR A g, TS mpako]|
w2 gR= Qirhal 51ct TS Red-LEDE e 0 & B3NS uf] XUt FR-LEDE 57192 0 7P =2 g g
Folgt 210l 2 Btk 5FIrh(Kim et al., 2020a). ENFE Q] 72 AJ45]= vl ofl 4] o} AF Afo]of k-8 KLo] A}

HHAIE Hof A7 S71Rc Al H TR0 Ql=t|(Islam et al., 2010), 3, 43} 2k P2 O] P At = =
A ]l Al Frofet Alo|E B oH, 715 tlET7H0.78% = 7 #S8kth HagA g Ftoll A= QD-LEDOA] 71
LA E By FHAR =9 White-LEDRETE9.2% WATH Table 4). &2 Aol A t2410] 71 =2 At
B2 BT o] eo] EntE MO LTS T F7IAXITh= 71E0] A7t AAISHATHE-Gizawy et al., 1992).
Climacteric® 7}¢] EnfE = A<=o| 1= of whet Gy} Z715kal Ao} Ah = Zh4ghtyl B E]o] Ql=d]|
(Lee, 1996), +& AollA 3, 43Rl 2hake M O] Pt %= QD-LEDOIA 7.45N. 0.2 7P WA Uehg ow
ZA7F 7V w8 BE Aol A f-ofgt 2ol S 1/}E’r”’ﬂr. Tt B e 7 e 2ol Hlsl Bt 30% o1 W3k

©v] QD-LED7} White-LEDETH= 14% oV W2 &S bt Table 4). U420 2 Ent o] 318 teAlo]
A Zeo @ M Sel A Ui o gdl S o) d oﬂimﬂﬁﬂ 73] W5t (Ntagkas etal., 2020), A4
H@rﬂoﬂE HA7 7} s of| whah | Ho] Wddo] Aofu} A} 74wk 519t Giovannoni, 2001). 019+ 2

L o|l§ 7 EntEQ] ALtE e 4 Q)= Hunter a'/b 2] to] 7F4 =31 QD-LEDOIA 718 2kl o]of A
White-LED, tHZ7 <=0 2 Uept 710 2 e,

DPPH 2}t 2 4752 Hag{e]qtol| A tht Kot 9F 28% ot -f2fgt 2fo] 5 HAITE 37.31%= 7H =30 d
QD-LED2} White-LED 7Folli= oF 8% 2[ol& HERIZlomt SA4 0 2 70154 Q33tth(Table 4). 2 A7ollA] &
B o= B w2 teksa B, A5Al Al Ag A 21 0] 2olago] White-LEDE W 92 off Hrt
B 20% o1 O =2 4SS LFERITH Wojciechowska et al., 2015). Tt g ot gkt 347 PPFD =}
olof] eJsiA = Frtelso] Agto] Eet=tl, Crozier 5(2006)2> 173 BlolA =2 FoA = AE 7 71
-8/3°] Z712} phenylpropanoid 74 = ! shikimate 73 =5 ‘53 §-o1= tiAFAfe] o] A= ArgE 4= Qlekal sh3it.

Ascorbic acid &2 QD-LEDIA] 66.1 mg/100 g fresh weight2 7F4 23t White-LED, |2 402 52

#S YRt QD-LEDOIA = White-LED X T} 25.6%, THETRTR=44.6% W2 R Thaotal Ql3lom BE A

Table 4. Average firmness, soluble solid, titratable acidity, DPPH, and ascorbic acid in the third and fourth cluster by
each light source during upper canopy supplemental lighting

Treatments Soluble solid Titratable acidity Firmness DPPH Ascorbic acid
(°Brix) (%) ™) (o) (mg/100 gFW)
Sunlight (SL) 3.76 ¢" 0.78 a 10.64 a 25.88b 36.6¢
SL+White-LED 432b 0.65b 871b 3436a 4920
SL+QD-LED 4.58 a 0.59¢ 745¢ 3731a 66.1a

YMean separation within columns by Duncan’s multiple range test at 5% level.
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Fig. 2. Average malformed fruit incidence rate (%) of the third and fourth cluster by each light source during upper
canopy supplemental lighting. Vertical bars represent + SD (n = 5).
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Table 5. Electric power consumption and cost, expected electric power monthly consumption and cost, electric energy
use efficiency, and cost performance by each supplemental light source

Expected electric

Electric power ) Expected Electric energy Cost
T Cost® power monthly " . 5)
Treatments consumption (Won/h) consumption” monthly cost use efficiency ~ performance
(Kwh/h) (Kwh/month/ir?) (Won/month/m®) (%) (%)
White-LED 0.103 9.6 24.660 2300.8 4.993 1077.265
QD-LED 0.097 9.1 23.280 2172.0 11.203 2282.068
T-value 7.667 7.667 7.667 7.667 -110.275 -1.326
P-value 0.000 0.000 0.000 0.000 0.000 0.000

DElectric power consumption is measured after an hour.

?Cost is measured after an hour.

YExpected electric power monthly consumption is measured after a month. When the average electric power monthly consumption
was 1-200 kwh, it was calculated as 93.3 won/kwh.

“Expected monthly cost is measured after a month.

% Average price of cherry tomatoes in the third quarter of 2019 (July-September): 2,449.2 Won/kg.

Ho g AgFon A

.

QD-LEDOA= White-LEDX T A7V 0.006 Kwh 218 47|12 iﬂ]ﬁﬂﬂo 599 4 <
78 9 @5 E3HQD-LEDOA 25 2F 6% Wkth 1 m* o H7]ol[ 2] &8 22 79 QD-LED®|4] White-LED
Ho2.28) o Eekom, mpx|eto & HGiH] A5 (7HdH)) = BT tiETH T 1,000% oF30] =2 4k LFERY
1 715 QD-LEDOIIA] 2,282.068% % White-LED 2T} 1,200% 04} =& H|-&t]H] A%5(7HAH))E Hth(Table 5).
7] @tellA] LED 2HE R Y) Red (600 — 700 nm)9] fFgo] Y&r-5 Fol-8a-8o] =il 3 o™ RIt 2 Blue

(400 — 500 nm)7} B-&-2 7H4ehkal SF9rk(Ke et al., 2021). T3t Han 5(2018)-2 -2 E0tE ol 2 Ajuj] A] o}

& FUSET QD-LEDOIA Hotgo] Foskal g2 A7 Ui Ago] 96t Ha-83 G54 o] wrial
SHAT
O Ok
|

SAElS ti=+-= 4475kl White B! QD-LEDE ©]-85to] & ErES] 2 9] B2 st o, v
of et gl - 94 FASof| tisf Lok il Aol aabAl FUS Adsl] flef -gstalrt. Qs g e
B HAg2 thRAE T et 45.4% FEE =90 Fv/Fm 9.2% 5713tk F HA3te} 817 F-¢<] 33-dof o}
2hA & 2tolE B Gi=H], QD-LEDOIA 78 -2 a'/b 3L & White-LED 3 thz-1LH Tt A7) o] ZIgjo] e} 27|
7F 7V ol SRS & A USIeE TR A, T, My, IRER Al A B ol R w2 S H
oM, 715 QD-LED7} ATge] 71 w3ttt Bl 22 717 Ad<0] 7 B3k QD-LED7F 71 34t A
T 9 k=7 Sttt DPPH 22 iﬂhﬂ' Ascorbic acid= H3FA 27} 2R T =0 7S Bl 11 BT
2Jtof| 4= QD-LEDZ} White-LEDX o} B &2 G3HE Uep o n, 7|dx BAEE QD-LEDOA 71 W3t
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