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QD LED has an ideal light source for growing crops and can also be used to control plant pathogenic microor-
ganisms. The mycelial growth inhibition effect of QD LED light on Rhizoctonia solani, Phytophthora drechsleri,
Sclerotinia sclerotiorum, Sclerotinia minor, Botrytis cinerea, Fusarium oxysporum, Pectobacterium carotovorum,
and Xanthomonas campestris were investigated. According to the results, BLUE (450 nm) light, suppressed
S. sclerotiorum by 16.7% at 50 cm height from the light source, and 94.1% mycelial growth at 30 cm height.
Mycelial growth of Sclerotinia minor was inhibited by 80.4% at 50 cm height and 36.3% at 50 cm height in B.
cinerea. S. minor, and B. cinerea was inhibited by 100% mycelial growth at a height of 30 cm from the light
source. At 15 cm height, all three pathogens (B. cinerea, S. minor, and S. sclerotiorum) was inhibited by 100%.
QD RED (M1) and QD RED (M2) light suppressed mycelial growth of S. minor and B. cinerea by 100% at 30 cm
and 15 cm height from the light source. For S. sclerotiorum, QD RED (M1) and QD RED (M2) showed 75.2% and
100% inhibition, respectively. Further experiment was conducted to know the suppression effect of lights af-
ter inoculating the fungal pathogens on lettuce crop. According to the results, QD RED (M2) suppressed the S.
sclerotiorum by 59.9%. In addition, Blue (450 nm), QD RED (M1), and QD RED (M2) light reduce the infestation
by 59.9%. In case of B. cinerea, disease reduction was found 84% by BLUE (450 nm) light. Results suggest that
the growth inhibition of mycelium increases by Quantum dot LED light.
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S ket Wali7h EAskar qlom AR el o] dAdta 59
o xR EFHGAo] et ”‘%‘—‘13“*0] ZH iAgst
32218 0 2 F3:Hil B cinerea?] WHA¥o] GEE 4= itk A
ARl B AR R oA 2 Hel = Q13 AFet mEE
I glo] Bl o] WA Ao @2 #AlE FtHKim 5,

2004; Kim <5, 2008)

o}z (Quantum-Dot)& &2 0] 27|17} U kel 2 ZrolF
& ) G5, 1714 o] 27 Wt MhER] U YRS
2k} Quantum dot LED (QD LED)= Al Az} LEDS] |
& vof, 0] 7o) J3) AAH T Yo 2 gkl
A2 9L wHEoWth QD LEDE: OLEDO] H]&] tjAZ o]
9] 37|18 4= 93, A AQFLo] =on, 7|& LED-TVE)
S 71 HlIA ZhES 283 4 glo], A8 8kE T §)
£ OAZdo|2 tAel] 3 7142 52 WL 9lrkMoon
<, 2016).

dubA o 2 L EDF-2 &2 9 E9 oS W=Esh 1A
Aefe] 722 H3)o} eyl 2w So] ek Fe] 9)
o] g gopel ABulepA 2ol AT FUOE ol
o] 7}53}tHBula 5, 1991). T3 A|3HE F7+0] A B9k A
ol 4 A3t 220l A W AeY ATol= A}ﬂ%
4= QJcHSchuerger?} Brown, 1994). BLUE (450 nm) LED3%-
cinerea®] FAMIAE A gt = R 171 Q1 (Kim 5, 2013,
Kook 5, 2013) RED (660 nm) LED3Z-2- #Hu] 9] 59 Al of| A
A7H=e] iAo Ea} gleka shicSuthaparan 5,
2010).

A4 4 2 A4 AE SHe o Qo LED HUL ]85
of 2 20) 18- 2YSHE ATE AL FaE 1 gl vt
A AlE Yo WAQL LEDF o] thiet A= &5 o]F
O3 9] k. whehA] QD LED B o] galo] A% o
) S AR 5 YTk A 915 1Y 2 sty
F AHES AL L aE LEDFAY] i &89S
Wl ol 7198 A2 2 o] £ A& S35kt

il

i

-

Iz 3 e

BT, Al=o] AlzFel HaE Yoyl =g el A
—"S—%O] H(Botrytis cinerea KACC40574), Al S-S (Fusarium
oxysporum, KACC42795), S (Phytophthora drechsleri,
KACC40463), 2542 (Rhizoctonia solani, KACC40108),
" (Sclerotinia minor, KACC41068, Sclerotinia sclerotio-
rum, KACC41065)} 55 (Pectobacterium carotovorum,

KACC10346), M4 AFY " (Xanthomonas campestris,

KACC16358)= 5=X184 w854 TdRAA-9%
HAIE|(http://www.genebank.go.kr)of| 4] £ Htol AlFo] o]
L35} t) HoF uke WolA I ato|= 8-mm Cork borer2 &
2]5}o] Potato Dextrose Agar (PDA) B A] &:9}of €8] 25°C
ol A 3-7U7F viF T wARS] AHRE Efsto] AThuidstal
t} HYA Al Tryptic Soy Agar (TSA) HljR]o]] HE3sle] &
A878= AlRsklar ALAER] Aol YR colony S 25}
o] Tryptic Soy Broth vl x]o]| % 3 28°Col| 4| 72A|7F AEH]
stk

LEDZE. %9o] 0 42 Hu4 F%old AHelA)
2 Y] 9 AR 2HE F 6FOE, A HBF
< positive controlZ AF8-3}31, XS (Blue 450 nm), A5
(Red 660 nm), Y8t LED A1E-=(Normal Plant LED, &2 450
nme}t A4 660 nm I3 ZA)) 2 Quantum Dot &A1& AHE
aho] 24 Tge] AMERS WA THE MIST M25-S 2]
shaick
B EEE S ASNREOR AR AL, FUAFY
A4 = (photosynthetic photon flux density, PPFD, umol/
m*/sec)E 7|&o 2 24 B vj&HO ZHE 150 mme] A
2ol 4] 2450] 102-1058 LR =2 Alofsto] AL-&5}%
o, Abbg W52 400 nmelA] 700 nm AbolelA] 27 H/k
peak Ho|u] Ab3to] 92 iroliz WAo 2 Holi= WS
o], x| & thM o} W= RS LED RS AL
gt} 8] Quantum Dot & E A&t 29 M5 _1_} M25=
Qb0 2 LG AR E] S} Hlwste] A 2
£ WA AHAT 55 M2E-S M| Hlste] 249
A wh-S 733letAehFig. 1). 289 A AEe Aluby J3
Fol 18WE 7P 3| el ez LEDS AL §3t 27
£810WHEE BTk
QD LEDS| that A nlBE] Aol anE elsp]
9J5}od, Alubal FHE(EL) (PPFD 104.3), BLUE (450 nm, PPFD
105.8), RED (660 nm, PPFD 102.5), Narrow RED (PPFD 104.5) 4
59 10 Wi A& A4=253 QD RED (M1, PPFD 104.8),
QD RED (M2, PPFD 104.3) 10 W5 QD LED A& AHAZES S
Aol FAU0 2 A ESITHAU ST =7 AT Y
A2 ZRA| A 2FeE 50 x50% 50 cm 42 light box |l 4| LED3
o 9] YR FLS AR A = 12709 AF & o] AE
2 2335} Th Light box 17]2] £ Zojf 47)2) LEDZLS A
g 4 JER SR oH Fo] APE s Hsf L
9] =0]& 15,30, 50 cm= WA 4= QI=F A|&sql). £t
ZrgolA WAst= E2 Qe LEASS WA Adl 3F

ol
-

(o]

Hl[ﬂ o
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Fig. 1. The wavelength of the light used in the experiment.

Fig. 2. Chamber with different light condition including QD LED.

FAE o]-&3te light box We] =5 S5t AAsH &
AR THFig. 2).
MEdxsa 2. 399 A 9 LEDu] whE EY
9] AAaE Blskr] $15te] PDA Hijx|of Hlij et 652
HAA F35o|#2 8 mm Cork borerz2 E-2|5}o] AAJH agar
p|UQE Z¥Zk =2 PDA 2] Fooll 243tk Agar plug
A3t viR| S 6% 79| FHe AL light boxe] Y& &
25°Coll A o] AFEE et 4,7, 149 T2 = AL
O A& wrEkshgleh A et 259 WY/ Alet-2 1x107
CFU/ml 2] vjeFolL 1040 2 3]45}o] micropipette 2
30 pl¥ 247} TSA i x|of] HE3 7 =2ste light boxof|A|
28°C2 2907 WjFSISITh 217ho] TS Shke] Heviet 3
HEE O 2 A AR Ao A et Y-S negative
control2 AH§5}5ick. vl 5 54 BFole] A A7

= 345t b9 Ao 2 dAlES e =uE Y
A A2 wi R4 colony 42 countingd}a Tz -9} v s}

o] QD LED 3$loj| A]

ik
3 )54 % (Control)—3 4 X (Growth
Inhibition rate (%) = il A(Control) A1(Growth) x 100
# d) &7 A (Control)

B TR Aol 3k E Selst

TAEHHEA(S. sclerotiorum, S. minon)2| BE. FHHLHS.
sclerotiorum, S. minorS PDA vl z]o]| ZZ£3}o] 25°C 2=0] A
797t vfekstlom B3E HAHS @8 mm Cork borerE o]
5o agar plug2 2|5ttt o] ¥ 723 A4ZE

of BF3 3-497] A SHE HFO 2 sHHom vijx| oA
w213t agar plugs 1529 45 1 3744 2472k 23
gt AT FESHTE HEEAE 2T} sl] Aol A 1
A A 5ol needlex ©]-&3lo] A4AE WL 20£1°C 2= 4
90-95%2] FL=& FAIst] WS Q"?lo}‘ﬁot‘:] iy 2715
&< By E/\]"ﬂ light boxo]| 4] QD LEDZ"g]| o3t A4+
A& AES 23tk

HUZZO|HH(B. cinerea)?| HE. ALFFOI"8+ B. ¢i-
nereaS PDAH}X| o] HE3}31 25°C &= 0| A 147} vljeFa}lsd
o PAH FALE ZALE ScraperE o83 w25tk £
St #AFe} A= 500 ml2] Potato Dextrose Broth (PDB) Bl A
of 3143} 1x10%/mle] ZAHE NS ThEem 728 AZ
55501] ;g3 3-4997) A S1 ol £ stk A
A 45 ol needle2 AAE ThEo] HYwY 7 Ho] HA
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AYE| =8 st om A2 o3t oA o] g&5%
3 =]+= B. cinereal] W20 9] HUH S HFA A
F 8HE 20+1°C 20 FEF 90-95%F FA5]Fo] U
& sk ieh EHE gelskar Rk A4 G55 Elskal
om Hhy 2 7)o ZHE 45 SHE light boxof 'do] QD LED
S o &3t AR AA| A& SIStk

-

A

o

|

|

ABEME QUM Zuto|o| AHXIIX| S T}

tiorum, S. minor)Z} B. cinerea® 4= A=
T} QD LED7} AA]H light box Woll A A58t v Ay H=
ohoj| 238 Selshick 259 ol 30 am= el
o 3k 47H-4 2 AxJst

= AAshgc
Disease reduction (%) =

Total Number of Plants(leaf)-Number of Plants(leaf)died
Total Number of Plants(leaf)

x 100

LED ZHele| Iy Haldo| ME TLIEE. A4+ 4
A Mot
7}o] 7\]1% S X campest‘nsh v z]Ake] Colony2] &%o] &
T} Z0 g AT AL B2lstgth P. carotovorum&
BLUE (450 nm) 2ol 4] 276.67 CFU/30 pl 2 oh2 m}ko] 3¢
W} okzh o e AAS Hod|ut 309,33 CFU/30 ulol BT
o} vl sl {93k Zfol= Ho|z] aketth

B F30lY A9 o] L= whet 4, 7, 1497F B
Fsto] LED 39| uhiof wE A& et 43 BLUE
(450 nm), QD RED (M1), QD RED (M2)3Z-loj|A] B. cinerea, S.
minor, S. sclerotiorum, P. drechsleri 2] A%}0] A == A2 &
23T F. oxysporum, R. solani= 25 LEDZ o)A )=+
oF Bl wEtS ) {43k ZpolE HolA| ¢stem QD LED]
Ot A AA &7t lrkar weshlch

LEDZH ¥t HeH| 7z2lof E MEAXE. Fo =
o]} Fefol w2 WU R AA &S Eelsh] flal Ad
< A5tk HAA Al X campestrisi} P. carotovorum-2
LEDF 3 2] Ao mE A2 zfo]& HolA] ¢kt
o 2} vl wsh S o] -2 2ol & Kol x| rof A%

Table 1. Colony counting of bacteria in different lighting condi-
tions

Bacteria (CFU/30 pl)
Light treatment Xanthomonas Pectobacterium
campestris carotovorum

EL ucC 292.04+28.77 d°
BLUE ucC 276.67+31.86d
RED ucC 377.67+28.31c¢
Narrow RED uc 652.67+27.99 a
QD RED (M1) ucC 588.24+£19.85b
QD RED (M2) ucC 605.88+18.47b
Control uc 309.33£17.49d

CFU, colony-forming unit; UC, uncountable.

°Same alphabetic superscripts values are not different signifi-
cantly at P<0.05 levels according to Duncan’s multiple range
test. Data are means of three replications.

AA| a7} okl skt (Table 1).

15 cm Ajol A BT BRRe] FAALS BT 23
BLUE (450 nm) 3-of| Al S. sclerotiorum, S. minor, B. cinerea2)
AAFS-100% AA|SFF L P. drechsleri T3+ 80.4%2] w2 AL
AR &2 B Table 2). P. drechsleri~= QD RED (M1)2}
QD RED (M2) ol A= Zk2} 18.2%, 36.4%2] FAHIAF 1A
£S5 B S. sclerotiorum-S QD RED (M2)3-lof| 4] 35.3%, S.
minor= QD RED (M1)Z} QD RED (M2)3Z-oll A 100%= FA}
}\(]5111-0] A E&= A& &215}Sith B. cinerea?] 73-$- 2= LED

B9 270 100% Ao AIERE 212 SFIFHAT F. oxy-
sporumd—} R. solani= LED3Zo]| 2|5t #A A A a7} 9l
itH(Table 2).

LEDZQ 1} HAH2] AglE 30 cm=z A5t AL 4zt
3t A3} S, sclerotiorum-& BLUE (450 nm)3Z-1o| A 94.2%2] =
2 FAYA A &S 3L QD RED (M1)ZLol| A= 75.3%
9] AA&S EYch T3 QD RED (M2)F-Yoll A= 100% = +
Ao} Aol AAlE A grelst3ith(Table 2). RED (660 nm)
9} Narrow RED o A= ZH2F 21.2%, 42.4%9] A &S 1
Stk S. minor T3} BLUE (450 nm), QD RED (M1), QD RED (M2)

2ol FAR] Ago] 100% iAlElo] <kekx)] ekl RED
(660 nm) ol Al 43.6%, Narrow RED Z-goj| 4 90.6%= &=
& A AAl &S HIAT B. cinerea®] 7 B F-ol| A <A
AR g E B o™ RED (660 nm) F-Loj| A 83.6%= 7}
7@‘ oJA|-&-0] ¥kl BLUE (450 nm), QD RED (M1), QD RED (M2)

Zoll A 100%2] FAMEF A &S E3Tk 50 cm 743101]/\1

ASIRS ) &5 ROl &Y P. drechsleriv= 343 ¥
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9] 7212 30 cm YA FAP A EI S wYlo
1§ BLUE (450 nm)2} QD RED (M2) Z-loj| A 21z} 42.5%, 40%
2 71 JA1-&o| =4 UERtTh F oxysporum, R. solani= T
Z2ef 7o) 3t Ao Zpo| & HolX| ghkem LED Fof 2
QAL A A A} Qiokar ekstgiTh(Table 2).

50 cm Ao A 497 vieFSt S. sclerotiorum, S. minor=
Narrow RED 39S A3t UmA] oA AAA|ax&
HtH(Table 2). S. sclerotiorum-& RED (660 nm) 3Z-oj| A 7.7%
2 7P WA YERga QD RED (M2) oA 36.4%= A%
A &) 7H =4 Yelstth S. minor= BLUE (450 nm)2} QD
RED (M2) g0l A 22} 80.5, 67.2%2] =2 Al &S 2
o RED (660 nm)2} QD RED (M1) 3Z-of| A= Z}Z} 40.4%,
48.5%9] HAIIAAA LS BT} B. cinerea= BLUE (450
nm) G-Yoj| A 36.4%, RED (660 nm) oA 16%, Narrow
RED F-lof| 4] 22.9%9] A4l &< H3l2m QD LEDSI QD
RED (M1)2} QD RED (M2) 3310l A ZH2} 30.2%, 43.1%2] A%
A& EAL) R. solani, P. drechsleri, F. oxysporumS 2=
LEDFof| A =72 v wstle wf 723t 2ol & HolA|
oForth(Table 2).

LED 33t Hdt9] Aol wE FF2 50 cmof|A] 7H
S FAMA A &S B33 30 cm A2 Y wf BLUE (450
nm), QD RED (M1), QD RED (M2) 33-o]| A S. clerotiorum, S.
minor, B. cinerea®] dAMYZ A& 0] 7+ A UERSTH P
drechsleri= 50 cm Az A= YAAA &S Ho)A] &k
A9k 30 cm A RY AR a-F Bglew LED Fi}
A7} 74730l Wt F. oxysporum} R. solanig A €)%t
BTt A AA o] SVt RS &elsklek ek 15
cmZ 2= LED FH3 e+t A7 YUF 717h¢] LED %
Hof|A TAYTE= Fol| o3t F3Fo| HFH o= 283t Ae
2 Hefth

LED 2ol &gk e HaAHe| MHAX|Sal. LED F
o) FFol w2 HYwtd] A aLE v|wstglen g
B 2 1712 DA77} 7453 light boxof| A 17112 33
& s et 47le] UL AATIAE v Bl mE
o] AR A &S WEskITh

WA Al X. campestris, P. carotovorum®] 73-9- 1712 s3- 1}
4 FRS AL T A Fol HolA] ghgrom o
Zet Bl wstE S o) S-S 517 o7& A== colony9)
AY7go) o|Fo| A A AA| &7} gkl HkstGiTh

1719 F¥e A5t wl 13.08-34.25 pmol/m?/sec
FFE vetdlon 419 FdS AXs%e o FF

32.36-68.17 umol/m*/sec & Z7}5tt}. Ao} BS 0|
FeFo] 7HE B2 A= UEhew BLUE (450 nm) €} Nar-
row RED 12|31 QD RED (M2) gl A Z}z} 62.98 umol/
m*/sec, 68.17 umol/m?/sec, 62.08 umol/m?*/secZ T}2 A
gt vis FFol =4 Uebth Bed a3l B8
7} 2] LED FollA ujeket =t 4712] LED F¥< A
Aste] wjeFsts o o 2 AR AAlE S Ele
TARS] ST B3 =X AL 215Gt BLUE (450
nm, 62.98 pmol/m?/sec), QD RED (M1, 50.87 umol/m?*/sec),
QD RED (M2, 62.08 pmol/m?*/sec) 33| A P. drechsleri, S.
sclerotiorum, S. minor, B. cinerea®] A#o] JA| == AL &
Q13FAAL 471 2] LED F¥S 2|55l o 17]2] LED FH
T} 12.9-67.5%9] AP AR A5 AT LY F
oxysporum, R. solani*= LED 3919 33-gko] Artglo] A4
ABTE HolA| ghgtom A Lo FFo LA &
QFth(Fig. 3). Reuveni 5(1989)3} Choi 5(2013)9] 5tof w}h
= BLUE 3ol 9J8fl B. cinerea®] wtAHYE} A} §/d0]
AR = ATk HAL Frgo] =2 Aol A FAMY 0] ¢
A= AL SHRTE wheba] Flo] sl ofye} Fe
54 27904 Hee] Aol d¥FS v AR wd
shalom FFo| Hslo et HAdFY A7} 7T
Ao = wesgich

AF0Me| HETF MEAN|E AL S. sclerotiorumS 7Y
3 A=A Y XA TR G0 2 JSERAL AJ7ko] Zutghe
w2t 231 Ho] Foj7} i£7] HA|7F FoHF . Light cham-
bero]] AX|% ol &gt A & vt= QD RED (M2) Z£7gof|A|
tjz7tof Bl8f 59.9%= 7HY =& dAles Eth 7IHAE
oA =& A aTE EHUW BLUE (450 nm) 287 QD
RED (M1) 272 40%=% £ H & $39 JAl&S 23
. Narrow RED &7 T3+ 40%2] AA|&-S H$ o RED (660
nm) ZHo|A 20%2 7H & AA&S HYr}) S. sclerotio-
rum-2 QD LED 20| o3t AR a5 K ou 77|
WART Hlwskle o R oA dAles B oH o=
EGS 5o AgE e EFAEY By E44 289 ¥
o] B 7HR] S-238] BA| F=ths A 2241 el &)
At Wof| whe} o3 22 Ao At =EH Ao s
A Z¥scHTable 3).

S. minor=S. sclerotiorum™}; TR IR 2 G % A2
AR7L g We B3 Mol 277 FE AL
st o 7|WAHT 22 /S = BLUE (450 nm), Q
RED (M1), QD RED (M2) Z"gof|A| 5 tfj2} v| w5}l

& 1

(el

N 52

To
o o X

filo
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Fig. 3. Effect of light intensity of LED on mycelia growth inhibition of lettuce pathogens. (A) Use one light source. (B) Use four light source.
R. solani, Rhizoctonia solani; P. drechsleri, Phytophthora drechsleri; S. sclerotiorum, Sclerotinia sclerotiorum; S. minor, Sclerotinia minor; B. cinerea,

Botrytis cinerea; F. oxysporum, Fusarium oxysporum.

Table 3. Reduction of fungal pathogen infections under differ-
ent light conditions with artificial inoculation

Disease reduction (%)

trel;lfr:\tnt Sclerotinia Sclerotinia Botrytis
sclerotiorum minor cinerea

Control® 100a° 100a 100 a
contol 0d 0c of
EL 0+12.64d 20+12.64 ¢ 7.9+8.89f
Blue (450 nm) 40+£12.64bc 59.9+12.64b 84+5.48b
Red (660 nm) 20+£12.64cd  20+12.64c 24+11.01e
Narrow Red 40+17.88bc  40+17.88 bc 48+11.77d
QD Red (M1) 40+12.64bc 59.9+12.64b  63.9+8.47 c
QD Red (M2) 59.9+2756b 59.9+27.56b  79.9+8.45 bc

*Not inoculated pathogen.

®Same lower case letter values are not different significantly at
P<0.05 levels according to Duncan’s multiple range test. Data
are means of three replications.

‘Inoculated pathogen.

T} 59.9%= 7MY =2 JA&S E ok Narrow REDZT 4
40%29] A2 B om RED (660 nm) ZHojA] 2002 7}
7 e AR &S BT) S. minor EZL S. sclerotiorum™} o]
QD LED 7] oJaff A& Helout BESHAA Bt
o] S A=A ol sl A== Wof| whet ok 22
A} 229 A0 2 Q73 (Table 3).

B. cinerea= & ¥ 45 ol FAM 3430|242 Wuto]
FAENeH o EFEo] Ao g Wt e aRtEal
A9 FHAA FAPF B = Ae SIStk AEAE
T} QD LED?] QD RED (M1) Z" o]l 4] 63.9%, QD RED (M2) &
ol 79.9%2] A& e BLUE (450 nm) o)A
84% = 714 =2 AA &S Bt} Narrow RED 22 48%
o] oA &-& HQ.2m RED (660 nm) ZroflA] 24%= 71 W
2 £2)9] AR &S BTk S. sclerotiorum, S. minore} B B.
cinerea= 57|14 i ol AHEE A7 Bom AEA
o] 3} BpAlof] AFE= Z-97F @ol QD LED 29| 9=
H 24 HA B = AE AC 2 Holo oAl e EYAY
3 et Bl et o Hok o A Rt 2o = A7t
TH(Table 3).
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e CNEE R e R E R
EHO) Ak F SR A El MR 0Tk 2nlElolg
o A= AXa}, A0 2HQl F oY FRY F50] e
] 28[212] 7| 5o uhe} FHH 9J5HA o]&-H L Uk
QA At X. campestris, P. carotovorum, ¥E/3 589] F.
oxysporum, R. solani, P. drechsleri, S. sclerotiorum, S. minor, B.
cinereat="¢52] Aol & A& Us]l= Hall= 7k 7
3t A5 47] Aol b S S8 BYTY BATE
ol SofA T ek 2 Ao Aol wilsh s B4 AT
2Z3} F3o] 6% ths QD LED FLS S35 AAoA| & ut
£ Slsla /b0 2 ABEA 5 Aol A 4%
o) At itk Bl FH £ FF= £ 4 = QD LED
UL AL B Ego] 57 9la) 4P Akt

) G wot AEue) @ WAR Ao A5
L o)ae B e dues Age WA $EsE
713 B HeTY S48 AAIst AbEst= 712l itk
(Stevens 5, 1998). Herndl 5(1993)0]] w2 z}2| A2 Y+
o F4E PAIST B AEYAZ Q15 ol 2 $Usto]
Ao A 9 AL AR B 5%, Pruss 52014
& o] oJ3) Fole] Sauikmt EAGAo] whilelshA 1t
Epdti sh9lon sF 27 ol Alternaria alternatew2] 3
A G4o] T ASHe BHE Alternaria o] EAEH
Alternariol @] A AJ-& 2-3u}] Z7}stchar 3 ch 3T Altertoxin
& AAgo] ofsf i 4= lom A e FF HYl
ThL sheit 2 AollM= 7IWA RS S Aol TSk
HAA F3o] F S. sclerotiorum, S. minor, B. cinerea 3%-°] QD
LEDZ=of| o3 dAMEAAA & HE Hol= As gt
E5 2 Aol ZHa § PR A7} 15-30 cm o
A A A &-0] EA YEFHANE Kim 5-(2012)0]] w2 219
A 2704 B3} B. cinerea®] 7]l mhE wAMER A A
AT 77 Aol A AV & Al a7 FHE= A
o] ohd AT ANE $AFRS W o EhAE AR
A7t Lbehdehan stk olele AuhE Bobe v o) v
I Fgol met dAAE AT o Al Hdte] A%
o7} Lheh o 2 wlrk

Aha}AEe] 3= (EL), BLUE (450 nm), RED (660 nm), Narrow
RED 47]¢] LED 33} QD RED (M1), QD RED (M2) 27]1¢] QD
LED 3F¥E o]-&5to] Aol Tst= T8 HUA A+t X.
campestris, P. carotovorum<} 80| F. oxysporum, R. solani, P.
drechsleri, S. sclerotiorum, S. minor, B. cinerea®] "3A A & 3k
£ Spelshck LEDY S syl mret g dzel AelAe
o] T2 4 Yelton BLUE (450 nm), QD RED (M1), QD RED

ok

(M2) -l A S. sclerotiorum, S. minor, B. cinerea, P. drechsleri
O] Aol AA =Tk B Al 789 Be 2719 Fo
A A AA B HE HoR] oFgkon] 4] F30] R solani, F.
oxysporum FE3 LED 410 eJg AHolR| &3} gick B
SF3ATk

LED -2} vy wtako] Aeof| mhE A7 A| &3t 50 cm 7
2|94 F. oxysporum, R. solani, P. drechslerix= %= LED 33-1o]] 2]
AR AA A S VrERHA] AL 15 cm A 2]o]lA] BLUE (450
nm) 3342 S, sclertiorum, S. minor, B. cinerea®) 2342 100% <
A55.2™ P. drechsleri= 80.4%2] FAIAAA-&LS Btk &
3t QD RED (M1), QD RED (M2)3-o| A %= S. minor, B. cinerea=
100%2] FAFIAAAA|-&2 B 0 S. sclerotiorum-& QD RED
(M2) 3g-of| 4] 35.3%9] AAl&= E3ih

BHTtol HE A5l tiet LED 2% 4 QD LED 239
o3ko| &l ZAVSE A1k S. sclerotiorum& QD RED (M2) &7
ol A thZFET} 59.9% © =A A =]%13’ Narrow RED %1
oA 40%2] AA&-E EHT) S. minore] 73-% BLUE (450 nm),
QD RED (M1), QD RED (M2) ZHoj|A 2% 59.9%2] A&
Xl o Narrow REDZHO| A X 40%2] A& Hth B,
cinerea T QD RED (M1) ZHoj|A] 63.9%, QD RED (M2) &
oAl 79.9%9] AAI&2 H2m BLUE (450 nm) Z£gojlA|
84%= 7MY =2 AAlES Hth

o1H TSl uhw ABe] Aol AuTE B
2A0L sFcHSaito 5, 2010). T AT} a3

= st AYstlS o FEA HlEol ¥ #A YEbt
= B 3% 9tk (Mori2} Takatsuji, 2000). Yang 5-(2015)9] w}
2H ANFE A A S5 SR5H JMFS A
o] ATt £71& €M st o= FA5HA gtk Wi
HAFE FI E Aol A=Y Qo] 7l A At
o} SAF-S APs el o 5o AR mE AR A0
EFot] TFE AYst= Aol Aol o APsithal B
Hi=g

weh 2 QI QD LED U o] 83 A2 HUF oA
o 712472 B 7Hs T R0.2 AzEn AU L g
2 9le] 2831 919 F7449 A7t Basteha wal,
w5 o) whgt ero] A2 Aol mX| gt A
PG §=8 5 Ao tiE AT7F B olacke el

oRt WS Eol=d 78S Aoz ARl
2 o

Quantum Dot LED (QD LED) & A&9] 7], &2 tjdut
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S Aloj7} golste] @A AN
A, HID, HSP W o] thye Kok

T 5 9l AEAZO] oA FURA AL /K1
91tk QD LED 2% o §3ho] 418 4 ulg=e] BA7} 7H
R L G

[e]
WAAE AHESIA] 2= %
o] ek & Atollxd= A
3L Sl Aol 2 s Yl T8 A= hﬁ% 3 & olol
3} QD LED 2%9] Jgku} AR &3S 8Hols}r] -,—]oH A3
SIRTE 5ol =2 @AYsto] Zh-Eofl 9J8lE Y3]= Rhizoctonia
solani, Phytophthora drechsleri, Sclerotinia sclerotiorum, Sclerotinia
minor, Botrytis cinerea, Fusarium oxysporum, Pectobacterium
carotovorum, Xanthomonas campestrisat-2 H/-2 = QD LED £
Hol o) ARG L3HE ZASIAOR et 655
Zd % BLUE (450 nm) 22 Sclerotinia sclerotiorum+= 50 cm
AollA] 16.7%2] AAl&S EH.2H 30 cm Aol A 94.1%2)
AR A&-S BTk S. minor= 50 cm A 2] of| 4] 80.4%, B.
cinerea~ 50 cm A E]of|A] 36.3%2] FAFYA0] A= 9.2H 30
cm Azl A] S. minore} B. cinerea+= 100%2] wAMIAAAl &S
HAAT 15 cm Aol = 359 et BF 100%2] AleS
Btk QD RED (M1), QD RED (M2)ZH-2- 30 cm@} 15 cm A ]9
A Sclerotinia minor2} Botrytis cinereal] wtAMIZAS 100% A
o™ Sclerotinia sclerotiorum<] 73 30 cm #Z]oj|4] QD RED
(M1 ﬁr QD RED (M2)Z2l| T3 2}z 75.2%, 1009%2] 214 &<
oLt 15 cm AZolA= 22t 5.8%, 36.3%2] AAl&< 23
‘1}- 5ol et F5to] LED 339 shof| S &gt 4
3} QD RED (M2)33-1o)| A S. sclerotiorum?] 7+9-& 59.9% A5}
LS. minor= BLUE (450 nm), QD RED (M1), QD RED (M2) 33
oA 50.9%2] A& KAL) B cinerea?) 73-$- BLUE (450 nm)
oA 84%2] =2 Al &S Bk
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