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Development of phytopathogenic and agricultural insect pests
control technique on green house by light emitting diode (LED)
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SUMMARY

o Title: Development of phytopathogenic and agricultural insect pests

control technique on greenhouse by light emitting diode(LED)

1. Development of LED equipment for phytophthogenic and agricultural inset
pests control technique on greenhouse

In this study, Greenteko(GT) developed LED pest control system(LPCS) for the
purpose of controlling insect pest and plant disease.

Accordingly, GT developed LED pest control system using monochromatic and
multichromatic light. This LED pest control system is designed that GT collaborate
on a project with Chonbuk National University.

GT exploited LED system module and construct to control wavelength, amount of
light and direct a beam time. GT designed LED multichromatic light lab equipment
and executed to supplement or amend as long as experiment and test. As a result
of this designing, GT developed five experimental chamber and repellent/attractant
multichromatic light system.

In addition, GT manufactured repellent/attractant system to protect and spread
LED light for various environment conditions. GT developed a controller to set-up
output value of amount of light. Futhermore, GT made and installded this
controller to select four fields.

Finally, GT developed LED pest control system automatically and trial
manufactured goods. Designing monochromatic light system = Developing
experimental chamber = Designing mono/multi chromatic light module = Light
protection and spread LED light system = Developing automatic system and trial

manufactured good.

2. Development of agricultural inset pests control technique on greenhouse by
LED

Sustainable, ecologically-friendly management systems represent a key goal for
agriicultural research. The advantages of light emittind diodes (LEDs) are adjustable
light intensity and quality, compact size, low themal output, wavelength specificity,
as well as high photoelectric conversion efficiency. These advantages suggest the
possibility of using LEDs to control insects in managed environments such as
greenhouses. In this study, the photo-responsed of Spodoptera exigua, Spodoptera



litura, Bemisia tabaci, and Frankliniella occidentalis to LEDs under laboratory
conditions are repoted.

The photo-response of the Spodoptera exigua, Spodoptera litura, Bemisia tabaci, and
Frankliniella  occidentalis to light emmiting diodes of different wavelengths and
various intensities was tested in test chamber and compared with te response to
black light (BL), which is typically used in commercial traps.

The attraction rate of S. exigua was the higest to 450-620 nm (white) LED at 40 Ix
intensity and 60 min duration. When the attraction rate of S. litura was surveyed at
the optimal conditions, the green LED (520 nm) exhibited the highest potential
attraction rate at 40 Ix intensity and 60 min exposure time. For B. tabaci, the
attraction rate was the highest to 470 nm (blue) + 625 nm (red) LED at 20 Ix and
90 min. The attraction rate of F. occidentalis was the hightst to 590 nm (yellow) LED
at 80 Ix light intensity and 90 min light exposure time.

3. Development of phytopathogenic control technique on greenhouse by LED

Lights source is not only important for controlling plant growth, development,
and nutritional quality, but also for induction of disease resistance. Recently,
photo-physiological approaches using light-emitting diodes (LED)-based light sources
have become more attractive in plant physiological research and pathogen biocontrol
technology. The optimum quality and intensity of light for plant growth and
development is species-specific and particularly important for plant cultivation in
greenhouse and phytotron environments. However, the wuse of LEDs for
light-induced resistance in plants is one of promising approach in disease
management and the mechanism of light-induced resistance to phytopathogenic
fungi is still unknown in tomato and lettuce plants.

Thus, in this study, we evaluated the effect of Light-Emitting Diode (LED) lights
on the growth promotion and control of gray mold by Botrytis cinerea in tomato
and lettuce plants. Moreover, plant defense responses to oxidative stress generated
during pathogenesis were investigated by measuring proline, total polyphenolic
compounds, 1,1 -diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity as
well as antioxidant enzyme activities such as superoxide dismutase (SOD), catalase
(CAT), ascorbate peroxidase (APX), and glutathione reductase (GR). In addition, to
clarify the potential of LED light sources for the control of plant pathogens of
greenhouse crop, we determined the light-resistance effects of tomato and lettuce
leaves in response to infections of gray mold and powdery mildew diseases in a

greenhouse condition.



In LED chamber system condition, growth and development of Botrytis cinerea was
significant suppressed by blue LED light treatment. Light quality effects on growth
and changes of antioxidant properties as well as biocontrol of gray mold by B.
cinerea  were studied in tomatoes (Lycopersicon esculentum Mill. cv. 'Toy' and
'Miracle') and Lettuces (Lactuca sativa L. cv. 'Cheong Chi Ma' and 'Asia Yeoreum
Jeok Chi Ma'). The broad-spectrum-white LED (BSWL, control), blue, blue+red (red
light supplemented with 10% blue light), red, and green light-emitting diodes
(LEDs) were used as lighting sources. Growth promotion of blue or bluet+red LED
light-treated tomato and lettuce plants was related to high leaf area, shoot and root
biomass and increase in chlorophyll content at the whole plant level. The high level
of antifungal activity under the blue or blue+red light treatments can be resulted
from reactive oxygen species (ROS) production and also the change of -cell
morphology. In particular, The lettuces grown under the blue LED light had the
darkest green leaves and the highest antioxidant activities. In addition, the control
efficacy of gray mold by Botrytis cinerea in tomato and lettuce plants is closely
associated with increase of antioxidant capacity as well as the development of
compact morphology by blue or bluetred LED light treatments. Lastly, in
greenhouse environment, the potential of LED light sources for the control of plant
pathogens such as gray mold and powdery mildew also showed the highest control
effects under the blue or blue+red LED light conditions.

4. Fild test of LED equipment for agricultural insect pests control in the
greenhouse

The attraction effects of light emitting diode (LED) trap to Spodoptera exigua adults
were evaluated in greenhouse and compared with those of no light trap and
balck-light trap, which is typical used in commercial trap. 7 days later, white LED
trap (83.040.7) was 2.4 times more attractive than black-light trap (34.012.6), whereas
the no light trap was little attractive to S. exigua.

The attraction effects of LED insect attraction trap to Bemisia tabaci adults were
evaluated in greenhouse and compared with those of no light trap. 7 days later,
yellow LED trap (393.5%1.5) and white LED trap (337.0%1.0) were 2.5 and 2.1 times
more attractive than no light trap (155.041.5). These results suggest that white LED

traps could be used for environmental insect control.
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O LED SPECIFICATIONS

- Absolute maximum ratings (Ta = 250C)

Parameter Symbol Ratings Unit

Forward current Ir 350 mA

Pulse Forward Current *1 Irp 1000 mA
Reverse voltage Vr 5 Vv

Power dissipation(blue, green, white) Pp 1.40 w
Power dissipation(red, yallow) Pp 1.12 W
LED junction Temperature(blue, green, white) T; 127 T
LED junction Temperature(red, yallow) T 126 C
Viewing angle(Lamdertan Lens) O1p 125 deg
Operation temperature Topr. -30~+85 C
Storage temperature Tstg. -40~+100 T

Manual Soldering Time at 260C (MAX.) Tsol. 5 seconds

- Dominant Wavelength or Color Temperature Characteristics at 350 mA, Ta = 25

Luminous Flux .
Color Item Symbol MIN TYP MAX Unit
Red Dominant Wavelength Ad 615 645 nm
Amber | Dominant Wavelength Ad 582 598 nm
Green Dominant Wavelength Ad 520 530 nm
Blue Dominant Wavelength Ad 460 470 nm
_ Correlated Color
white CCT 4500 10000 K
Temperature
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O LED SPECIFICATIONS
- Absolute maximum ratings. (Ta = 25C)
Parameter Symbol Ratings Unit
Forward current I 330 mA
Pulse Forward Current *1 Irp 1000 mA
Reverse voltage Vr 5 Vv
Power dissipation(blue, green, white) Pp 1.40 w
Power dissipation(red, yallow) Pp 1.12 W
LED junction Temperature(blue, green, white) Tj 127 C
LED junction Temperature(red, yallow) T 126 T
Viewing angle(Lamdertan Lens) O 125 deg
Operation temperature Topr. -30~+85 C
Storage temperature Tstg. -40~+100 C
Manual Soldering Time at 260C (MAX.) Tsol. 5 seconds
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- Dominant Wavelength or Color Temperature Characteristics at 350mA, Ta = 25C

Luminous Flux .
Color Item Symbol Unit
MIN TYP MAX
Red | Dominant Wavelength Ad 615 645 nm
Amber | Dominant Wavelength Ad 582 598 nm
Green | Dominant Wavelength Ad 520 530 nm
Blue | Dominant Wavelength Ad 460 470 nm
, Correlated Color
white CCT 4500 10000 K
Temperature
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A2 LEDE ©| &3 AEAY sd3ET LA < /AL

O a5 g

1. XA}

A A A A 2 T E ob7]Ete FEET e TR o5 AL, J&HFE, @
AAE 2 7]E ANy Sof ddEE JR 1S sk thekst £33 - e st

=%8& D/BE ©°]&sle] Applied Entomology and Zoology, Asian-Pacific
Entomology, Environmental Entomology, Experimental and Applied Acarology,
Florida Entomologist, Journal of Economic Entomology, Journal of Insect Behavior,
Journal of Insect Physiology, Journal of Medical Entomology, Journal of the Korean
Society for Applied Biological Chemistry, Journal of Vector Ecology % The Korean
Journal of Pesticide Science$t #= =AHEE &3l sdslls IdH JHE FA354]

.S LED & FH < A gish AREEQl A=
()

il
o]

4

—

K

=
AREE Sl AAAEA 2 FEAZALAY FoAT 6F, U
ol A M w4 (Spodoptera litura), 29l 7FF©] (Bemisia tabaci)
9 - ANA e (Frankliniella occidentalis)s ¥ A2 FAFOoZ Aukslgl o,

et 2 A A Aol B o] At

- SRS 20009 FAFYARSY FYYEFERE BPwel oWt 4FAY
wE glo] A¥Tjgn SEAEPFFAD AN AFAR (X DE Yol FFdtol
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A AHES A& AR AR EA S 2% 27 £05C, AHFEE 60 + 5%, FF7
16L:8D x31ete] F2F5dolA ARt sho] Ald AASS 918k 198 F
S8 WHH7] 7k Insect breeding dish (10 X 4 cm)¢] v} 7|3 EpL-& Zo}
T 2 flel Agd A7|2 Add dFAEe) I oF 30vte] HE ARl o,
2~39 7t o r JIXeE Y JIFAIEE wASAT HH|7F HE ok ARl
= B ZFARSAOIA (35 X 45 X 35 cm)oll WolFolom, ¢-3td ATo] AHAT
WA VAR S} 3% AB== F7IE AlFsto] AbSsilnh Az ZFASA
g

2 AfEa, Aol s daE Folo 22

Dad

o

o 1

flo

1:2

—~~
~—"

N
il
b

=

o] A

2o

E 1 shihbgel AR ZHE
A &
7+ 113 g
uol(R7]F) 113 g
Azxaw 60 g
Agar powder 27 g
MPH(p-Hydroxybenzoic acid methyl ester) 45 g
L-Ascorbic acid 15¢g
Sorbic acid 2.3 g
Z=2-(10%) 2.3 mL
2F(Wesson's salt mixture) 5¢g
8] AH(Vitamin) 15g
Distilled W ater 900 mL

(188

a9 1. 3 (S exigua) @] ARSEAE WY
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188
180
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122

.
40 cm

A (71 10 cm)
Intensity of radiation (I1x)

30 cm
290

300
280
200

301
oA = 50 1x9]

F
488
905
475
ol2
382

20 cm

Fol Azlel

1
o] 860 IxollA 382 IxE 9]

Z

7}
10 cm
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860
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)

A
Fluorescent

Z5E 10 cm "o

o

O —
G

470 nm

625 nam | oo |
(-7F
(control)

S50 | o | e | ooan | oaen | oqen | oee | e
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Lo

O LED$} 7123939 vn
- AEAEF] 9} o)
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0 z2 23
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o
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o
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o
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2) LED w433 7]&39e a8 vty
- FEEYE APE e =EE g AYHEs 5% 28 dHFoR Y
Fow, o] gke= Fdsy syl fldE 40 ks VIR A &

o ]

e= Hlﬂékaiv}. &5 (380~800 nm)& 71F O % 470 nm (F&HA)E= oF 8714, 520

ok 4784, 590 nm (=)= 32080 783 625 nm (W)= 1

40l Holwom, 11 ¥ 625 nm (EIHA) w2 Zh= LED7F 7B maddo] Holwt

I HEOR 470 nm (3HEHA), 520 nm ((54), 590 nm (=) EO® vpEksith u)

2] B ATl AFSE 4% LED W4 #9lo] 7|E $9Q FFEHT BFE FEEA
ol eyt FH;MT WAE A thA FLo A o] & TS AABATE (E 4).

¥ 4. A3 L chamberel] A9 4719 LEDS} 359 a8 vluw?

Wavelength (nm) Illuminance efficiency (Ix/W)" .
(Color) 2 Ix 40 1x 60 1x 80 Ix 100 Ix
470 £ 10 nm
() 4348 52.78 51.42 51.05 50.63 871
520 £ 5 nm
(=) 97 40 98.97 2871 98.37 27.93 478
590 £ 5 nm
(s 2k a0) 18.52 19.42 19.05 18.56 17.67 3.20
625 £ 10 nm
(a7140) 55.56 62.70 61.08 60.85 60.61 10.34
380-800 nm 5.56 6.06 5.94 5.88 5.73 1.00
(Fluorescent)

‘Each value 1s the average of 3 determinations after exposed for 30 min.

"[lluminance efficiency (Ix/W) = illuminance per watt of LED.

‘Relative efficiency (based on the 40 Ix results)=illuminance efficiency value of LED/illuminance
efficiency value of fluorescent

1 AFAFERE A2 A
1) U (S. exigua)

(7h g Alojell & 3kH )l LED w@43g dpg] A
- o] Aloje] g ¥zl E
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A), 590 nm (=&A) 9625 nm (BEA) O] wFS b= LEDE 999 74l 100
Ix8 L9 3079 ZAMAZEOA %=7] B=HAE HAASATHOh MS et al 2011).
1 Az, spehge] o A3 LED 339 #901&S 470 nmeoll A 55%, 520 nmel
A 60%, 590 nm(= @A)l 35% 9 625 nmol A 25% 2 LERL Aol AFE-3 47}

Ao @Ag LEDFOlA 520 nm7F 7HE 2 ¢l 35 deds 9% 5 93l

o} (& 5).

Attraction rate (%)"

Species
470 nm 520 nm 590 nm 625 nm
(shral) (354) A (421
g (S, exigua) 55% 63% 35% 25%

“Fach value is the average of 3 determinations after 30 min and 100 Ix exposure, with 30 adult

insects per replication.

PAttraction rate (%) is the average percentage of the 30 S, exigua adults.

& = 0 nm (=4), 590 nm
(A 2 625 nm (WFHM)Q TS Zb= LEDE thYeh 2EHEE A7 A
470 nm (&) A 20 Ixell A 63%, 40 Ixell A 73%, 60 IxollX 70%, 80 Ixoll A
63% “12 a1 100 IxolA 50%2] #FQl&a WEon, 40 Ix8 R 7HE w2 2
298 YeERT 520 nm (549 H9- 20 Ixoll A 75%, 40 IxolA] 82%, 60 IxoflA]
77%, 80 Ixell A 72% B 100 IxollA 65%°] Fol&S Hela, dFe A18¥ & Fd
B} Bl E2 5984 YERSITE 590 nm (@A) F-$ 20 Ixoll A 57%, 40
x4 63%, 60 Ix°l A1 53%, 80 IxollA 33% 4 100 Ixoll A 30%2] f+<A&dS e o
470 nm (FFA 3 520 nm (FA)el vl fAEo] thA v Aol #EEQITh whA
0O 2 625 nm (WZHA)E 20 Ixoll A 43%, 40 Ixoll A 53%, 60 1xollA 47%, 80 1xellA]
33% 2 100 IxolAl 23%°] FAedS HeRUISion, 40 IxolA 7 =2 F0E84 =
et ov o Fdel vls) 7 w3 S-S YER ST Sl o &
s 7hg aAel 225 Austr)st APs Ay A9 el digt gt

-l?i

ol



8 Aboli QGAW 47k GAg S

el o] AatE &

=
g5 & W b EIA 2EQ A HAY 5 9

% 6. byt ot 455 LED 3o vhekst 22 {084 vlu’
Attraction rate (%)"
Species Wavelength (nm) Intensity of radiation (Ix)
(Color)
20 Ix 40 1x 60 Ix 80 Ix 100 1x
470 £ 10 nm
(3}ekA) 63% 73% 70% 63% 50%
+
020 (;ti'ﬁ fm 75% 82% 7% 72% 65%
shp
(S. exigua)
_|_
59(2 };;g )“m 57% 63% 53% 33% 30%
625 = 10 nm
(712 43% 53% 47% 33% 23%
‘Fach value 1s the average of 3 determinations after 30 min exposure, with 30 adult insects per

replication. "Attraction rate (%) is the average percentage of the 30 S exigua adults that were

attracted to various illuminance intensities.

470 nm ()] A9 202N 60%, 40ENA 74%, 60N 80%, 80i-CllA 81%
2 100304 81% 2 eSO, 60S 7HCE Fe FJAEAS e
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ATk 520 nm (Aol 2050l 64%, 4050l 83%, 604oll 88%, 80+-ollA
88% B 100%-ollA 89%°] +o® FA&S YEFHUTE S 590 nm (=)= 2047
N 33%, 4014 63%, 6050l 63%, 80 A 64% L 10081 64%2] F91&0]
#dEER O, 625 nm (WA A 20804 37%, 40FolA 54%, 6041 55%,

804 56% 1213 100%olA 56%2 #<l&S YeERdT (3£ 7).

|

370 el o 4% LED 39 vhkst 2ARAZE g Wt

Attraction rate (%)"
. Wavelength (nm)
Species
(Color)
20 min 40 min 60 min 80 min 100 min
470 £ 10 nm
(e A1) 60% 4% 80% 81% 81%
520 £ 5
o 64% 83% 83% 83% 89%
shyhpg o
(S. exigua) o0 4 5
- o 33% 63% 63% 64% 64%
(o))
+
62> + 10 nm 37% 54% 55% 56% 56%
(712

‘Bach value 1s the average of 3 determinations per each light-exposure time, at 40 Ix, using 30

adult insects per replication.

PAttraction rate (%) is the average percentage of the 30 S, exigua adults attracted by the end of

each light-exposure time.

(B HA9 zdstel A o] Ak Bk
- e 19l Rbe = B7skr] g8l 4714 LED de= ]88l s 40
dE A

I, ZAAZHE 0RO 7 MA5a AW E chamberel sHELPY AZ 300}

3 F e e A48T, 1 A% 470 nm (FEA)S 520 nm (5

nhe] ool BAFo] #elo] Qi wre Zow feHit o] BEHALL E3 590
o

nm (=)} 625 nm (B AT <k 16mtE] FEE] MAZE Ffo] e FHOE

3
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FlE = AES YEFRARE, 470 nm (FFA) 2 520 nm (FAA)el vl e {2
29E 7 Ade & o A8k AV dds Fget Ry s e @A
LEDel ot wka-2 apgo] wheh apoj= lAwt #fRladAd & HeRlslar, A3l A
Hoa7pA e B g T dag Al 470 nmo ()€ 520 nm (5 4)0] At
FALY] ARG spuE Alofst=dl g3zl sdolgkal A TH(E 9)

Number of insect
) Wavelength (nm)
Species
(Color) Light side No choice Dark side
(Mean * SE) (Mean * SE) (Mean % SE)
470 £ 10 nm 243 + 03 20 + 06 37 + 09
(sheran 3 *0. 0 *+0. 7 0.
520 £ 5 nm 4 N N
) (2= A1) 26.7 £ 0.9 20 £ 06 1.6 = 0.9
shybcp =4
o e oH0 & 5 nm 190 + 1.7 17 + 03 93 + 15
(g A1) 0+ 1. 7 0. 3+ 1.
625 = 10 nm
170 £ 1.0 2.3 £0.3 10.0 £ 1.0
(E-7FA)
‘Each value 1s the average o

|

30 adult insects per replication.

3 determinations using the optimal light—-exposure time at 40 lx, with
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427 nm(Blue)
520 nm(Green)

580 nm(Yellow) |

THALHE(S evigua  §25 nm(Red)

(") ek (S, exigua)®l ¥ 352 LED w4 F o] Ao vl

- gk ofsk LED @ E Ay JF5 2 Aodd S vlwsiE A3 LED @
A G2l 470 nm (A9 A9 811%, 520 nm (F M) 88.9% Y AT E
e T =3 590 nm (@A) FlEA S 63.3%, 625 nm (EHA)E] ¢
56.7% % WAEJT. T2 AFRE FFe AF 80% R FJEAES vE
veow, F3s3d nus & A3 2 FZodA fFos A9 gE 4 7 94
A%, 520 nm (A A g ow G fAdgo]l dEEA vk gpghuy

—~

[e]

@
of theh 7¥&S AYER, 470 nm ()= 122%°] 79 FAHE el AL,
frelggdol 7hd E9d 520 nm (M) 5.6% % 7 s 719 &S dER ST
£ 590 nm (=FA) Z 625 nm ()= gubvbde]l dial 27t 31.1% 9
33.3%2 719 &4 S UEdel ¥35 (122%) Rt =2 71934 S e
el G353 sAHoR BwstlS W 625 nm (EIEA)el A K3 AAE
e AR ZF Fde] fFdgAd s Vg s Blustls W fFldddel ulEl
: Ae & F e mebd S S ol 8 gt
(e}

b

10. A 238kl 4557 LED s+t F3d51te] ala 2 719)&e] SAIsH]l vl
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) W avelength Light side No choice Dark side Attraction
Species b ¢
(nm) (Mean * SE) (Mean =SE) (Mean £ SE) rate (%)
O 10mm 1 5403 20+06 | 37+09 81.1
3+ 0.3 0 % 0. 7 £ 0.9a )
(IF=HA)
520 £ 5 nm
26.7 £ 0.9a 2.0 £ 0.6 1.6 £ 0.9a 88.9
(Z4)
i1 B 590 £ 5
S " 904172 | 17 +03 93 + 15 63.3
(S, exigua) (=A0)
625 £ 10 nm
17.0 = 1.0b 2.3 £0.3 10.0 £ 1.0b 56.7
(E-ZEA)
380 ~ 800 nm
24.0 £ 0.6a 2.3 £ 0.6 3.7 £ 0.3a 80.0
(Fluorescent)

“Fach value is the average of 3 determinations using the optimal light-exposure time at 40 lx, with
30 adult insects per replication.

"Means followed by the same letter had no significant difference (t-test, P < 0.05).

“Attraction rate (%) is the average percentage of the 30 S. exigua adults that were attracted toward
the light side.

U (S. exigua)®] LED @A g3t 939 AlojgdAd vl
o] LED w43 (470, 520, 590, 2 625 nm)°ll thal] Hojd L4
7 &334 wthit LED (450-620 nm)3 S o] &3lo] o] &
S Ay, 7 fHold #dE@Ads vEkd 520 nm
A& 911%)= ST 5 Ao, =72 AHEE
A4S YeEd (E 11). Wb white LED 3%
: o kel o
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Light side No choice Dark side

470 nm
24.3 + 0.3ab 20 £ 0.6 3.7 £ 09 81.1

(blue)

520 nm
26.7 = 0.9ab 20 £ 0.6 1.6 = 0.9 88.9

(green)

590 nm
19.0 + 1.7c 1.7 = 0.3 93 =+ 1.5 63.3

(yellow)

625 nm
17.0 = 1.0c 23 £ 0.3 10.0 + 1.0 56.7

(red)

450~620 nm

, 27.3 £ 0.9 1.7 £ 0.7 1.0 + 0.6 91.1

(white)
BL 24.0 = 0.6a 2.3 £ 0.6 3.7 £ 03 80.0

“Each value is the average of 3 determinations per each light-exposre time, using insects
per replication.

2) A A Y (S. litura)
hH EMAAE Y Alojo] a3A<Ql LED &4 F s Al
- i AA Y] g ARl Alo] EAS AHASH] 918 470 nm (3HEA), 520 nm
(%@1), 590 nm (}a%}*ﬂ) 2l 625 nm (%L {F) 9 JH}% Zt= LEDE 999 x71<l 100
S AR 1 A GulAA Y
9] %Odg—g 470 nm (ﬁ}%*ﬂ)oﬂﬂ 32%, 520 nm (%*—E) oA 30%, 590 nm(x= A
A 25%, 625 nm (B OlA 21%9] FJALAEE B, Aol AFE-E 47FA] LED
S E 9 T 470 nm (IO A THE A e HERAH (% 12).

O

l~1
.
Jo
-

3E 12, g AA v Yo Wigk LED sE snks vt
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Attraction rate (%)°

Species
470 nm 520 nm 590 nm 625 nm
(s 2a1) (=54) (eghl)  (EgEA)
Sl A A | U (S, Jtura) 42% 30% 25% 21%

“Each value is the average of 3 determinations after 30 min and 100 Ix exposure, with 30
adult insects per replication.

PAttraction rate (%) is the average percentage of the 30 S. /ifura adults.

(h Gl AA v Alojo] axtAel LED ©Aa % 2% A

- HAAE e 1SS ARS8 47149 9% LED 3o 2
FogAS Hrkskith 470 nm (A A 20 1xo1w 34%, 40 Ixol A 52%, 60 Ix
ol A 44%, 80 Ix°ll A 39% 9 100 IxollA] 35%2] #<1Rk-&S YERHSI ™, 520 nm (3
A= 20 Ixoll A 42%, 40 Ixol A 64%, 60 1xolA 51%, 80 IxolA 46% 2 100 Ixoll A
32% = Sl AA el oisiA THE = flE&Ss YERITE 590 nm(le @A)
20 Ixo1 A 29%, 40 Ixl A 41%, 60 Ix°14 36%, 80 Ixoll A 24%, 100 IxolA 21%<]
A4S JER O, 625 nm (EZEA 20 IxelAl 25%, 40 IxelAl 33%, 60 1x<>1W
28%, 80 IxollAl 22% % 100 IxollA 19%2] frlgdd< vetdidet 47 d3E vtgo
2 g o] dis Aol AMEE B 3] HoerHE 40 k9 2R A
ARE W 7P =2 84S YERdTE AS & dslen, Fad Jodrte
o] oA FeldAol ¢ & S &

>

% 13 gl AA el tigt 45/ LED 389 thefst 228 §A84 vt
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Attraction rate (%)"

W avelength (nm)

Species Intensity of radiation (Ix)
(Color)
20 Ix 40 1x 60 1x 80 Ix 100 Ix
470 £ 10 nm
(A 34% 52% 44% 39% 35%
520 + 5.0
Lo 42% 64% 51% 46% 32%
) 7 Al o) g (=54
(S. litura) 590 + 5.0
o 29% 41% 36% 24% 21%
(=skA)
25 + 10
625 £ 10 nm 95% 33% 98% 999 19%
CRZ)

*Fach value is the average of 3 determinations after 30 min exposure, with 30 adult insects per
replication.
PAttraction rate (%) is the average percentage of the 30 S. /itura adults that were attracted to

various illuminance intensities.

- 247 S AA e gk ohFet 2 ARG S W d9aE RS o
A AA RS 40 Ixoll M #Hae] flEs YERler HA x£EQl 40 ke HOJ
d AF 23]y FdEe] Haske ddol dEEHNY. wEbq FfAA v el o3l

} 1=

39 FABHL HEhlE 40 k& GUAAIGEE Aojsed HH9 x2rz A
gargion, ol Ak gl Aol dF §1- A 0] AR} AlA A A
") LED A1 A%E 8] Alo] LED 3919 #4 z% 44e) /|2aust @ Row
Ak,

- Sl AA e U] T FARAIZEE FANESo] F$ 470 nm (FEA)E 2080 A
38%, 405 A 47%, 60%-ollA 51%, 80wollX 48% 1=l 1007°lA 49%2] 1&g
= UEoH, 60ws 7HoE w2 @0 fAHe= FekES BT 520
nm(l—‘%’\—,)% 2030l A 44%, 404 50%E HEFW O™ 60 EH 10074 = 63% 2]
=2 FUFd S FAFT WbE 500 nm (@)= 20%-olA 27%, 405l A

30%, 604 41%, 80+ElAl 34% 13 1004 33%= W FA&dS e

B .4
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R, S 625 nm ()= 2032 0lA] 21%, 40-E A 25%, 60+l A 33%, 80+l A
27% 3 10020A 26% 2 FolEe HERSIT 7] d3E EdE wHuAA v e
TS A8 A%t HA ] ZAARE 60 o & AREkalth

% 14 weiAAm el gk 457 LED 3-89 vhekst 2ARE #9184 vt

Attraction rate (%)"
Species Wavelength (nm)
20 min 40 min 60 min 80 min 100 min
470 £ 10 nm
(shakan) 38% 47% 51% 48% 49%
520 £ 5
oo 4% | 50% | 63% | 63% | 63%
w7 A v G
(S, litura) 500 + 5 nm
27% 30% 41% 34% 33%
(= 21)
625 = 10 nm
(91710) 21% 25% 33% 27% 26%

‘Each value 1s the average of 3 determinations per each light-exposure time, at 40 Ix, using 30
adult insects per replication.
PAttraction rate (%) is the average percentage of the 30 S. /itura adults attracted by the end of

each light-exposure time.

ANEEA F7

£ AR oz g AA el tist 4F LEDS] 4
O] FAMEAS FE 40 Ix, AT 6002 AAEAY. o9 2 2o A
Auvpdel ERkgS Frkskith, 7 A3 470 nm (FH) T 520 nm (5 A)lA =
oF 47~67%2] ¥AITol B FHow ¥ e AIFE YERllen, 590 nm ((owh)
625 nm (A= oF 30~33% G ERko] F¢ 5—?33 7 OLEJ% e #FAL
Atk A A kel AgE sy = WEr™ 520 nm (=4)
N 7HE =2 184S vl 719 &8s FREHA WEA] Skol @A Al
s Alolshr] fleiM = Flg8A S ol Ballof & Ao® Hln kxRt Az o

-

b=

32

i)
Jo
>~
o
ok
29
o[o

7 OFRkEo BlEo] FA ¥ w2 Zlow wEy =, 11 olfs AAl 'l A T
< A& T8 Aol &gl 7 Etsitta deA lor g o= s Ml tfd



3 15 4 A8kl 457 LED 3pgof wE guAAupge] enks Ayt vl

- Wavelength (nm) Number of insect
pecles (Color) Light side No choice Dark side
(Mean * SE) (Mean * SE) (Mean * SE)
470 £ 10 nm
14.3 £ 0.9 8.0 £ 0.6 77 £ 0.3
(A
520 £ 5
m 193 + 0.7 6.3 + 03 43 +03
A A ey (=54
(S. litura) 590 £ 5
Y Hm 100 + 1.2 83 + 09 11.6 + 0.9
(=)
625 £ 10 nm
(71 A 9.0 £ 06 10.3 £ 0.3 10.6 = 0.9

“Each value i1s the average of 3 determinations using the optimal light—exposure time at 40 1x, with

30 adult insects per replication.

427 nm(Blue)

520 nm(Green)

o tvoion) (D 7

Feus
C Kb

[ = -]
S o

("h g AAw R (S, litura)2] @35 LED @332 AlojgA vl
- Sl AAE Y] Aol 470 nm ()2 47.7%, 520 nm (354)2> 64.3% 2]
JEAS YEbET =3 625 nm (BXHANE 30.0%E YEFREIL 590 nm (=wHA)E
333%2 FdE&s Wt T2 AR P35S (50.0%)7 Hlws] 2 A3 FA
Ao §o3 A¥E ze Fd il T3 LED Fdy 35 udt GujAA
nupke] 713 842 470 nm (AN E 25.7%, 520 nm (AL 14.3% 2 719 A&
e O™, 625 nm (#7HA)S 35.7%F WEFRIL 590 nm (kA 39.0% 2 7]
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= WSt A7) Fds WHE A &ote] F3F (243%)% vlus # Ay F

Spec Wavelength (nm) Light side No choice Dark side Attraction
ecies avelen nm )
P g (Mean £ SE)® | OVen£SE) | (Mean £ SE) | rate (%)°
A0 = 10mm ey 09 8.0 £ 0.6 77 + 03 47.7
(shera) - - s
520 £ 5 nm N n "
(2=a0) 19.3 £ 0.7a 6.3 £ 0.3 4.3 £ 0.3a 64.3
Sl A A v o 590 = 5 nm
=
10.0 £ 1.2 8.3 £ 0.9 11.6 £ 0.9 33.3
(S. litura) (=ghan) 4 4
625 + 10 nm
9.0 £ 0.6a 10.3 £ 0.3 10.6 £ 0.9a 30.0
(714
380 ~ 800 nm
15.0 =+ 1.2a 8.3 £ 1.5 7.3 £ 0.3a 50.0
(Fluorescent)

“Each value is the average of 3 determinations using the optimal light—-exposure time at 40 Ix, with
30 adult insects per replication.

"Means followed by the same letter had no significant difference (t—test, P < 0.05).

“Attraction rate (%) is the average percentage of the 30 S. /ifura adults that were attracted toward
the light side.

‘Repellent rate (%) is the average percentage of the 30 S. /itura adults that were repelled toward
the dark side.

3) Gl 7kFo] (B. tabaci)
(7h) wuj7lEo] Aojel] E3pA<Ql LED @G 2k A
A

=
- HujrkRole] G4 Aol 283 LED 943 HA 22 Ads flaE 4] AY

_83_



el A9 20 Ixoll A 66.7%, 40 1xolA 74.0%, 60 1x1A 70.0%, 80 IxelA 66.7% 4
100 1xolA 50.0%E HEFHO]l 40 IxolA 7Hd =2 Fd84d = deEbdidd 520 nm
(=AM 9 20 IxlA 68.1%, 40 x4 73.3%, 60 IxolA 70.0%, 80 Ixoll A 73.3% 4
100 1xolA 70.0%2 FA&84dS YERfo] 40 IxolM S FAFAS YeERAT 590
nm (=TS A9-ol= 20 IxolA 70.0%, 40 Ixol A 70.0%, 60 IxolA 76.7%, 80 1xel
A 733% 2 100 Ixol A 66.7%2] +1Eds e, 625 nm (BHA) S T}l
A& 20 Ixell A 60.0%, 40 Ixol A 46.7%, 60 Ix°lA 20.0%, 80 1xolA 40.0% 2 100 1x©]
A 56.7% 2 FAEd-E YERO 20 Ixel A S fFolEido]l #EEHAY (F 17).

% 17 9% LEDS] %o wE JdujrtFEolo fQ &4 HY

Attraction rate (%)
Wavelength ] i }
Luminance intensity (Ix)
(color)
20 40 60 80 100
470 nm 66.7 740 700 66.7 50.0
(3} ghAn) . ' ' ' '
520 nm
68.1 73.3 70.0 73.3 70.0
(=)
o%0 nm 700 70.0 76.7 73.3 66.7
(= skA) ' ' ' ' '
625 nm
(871 A1) 60.0 46.7 20.0 40.0 56.7

YEach value is the average of 3 determinations after 30 min, with 30 adult insects per replication.

- ol dyE FEste] & ), 470 nm (3FHA) 9k 520 nm (354)9] 77 40 1x9

4
ZEzAAAM 7 =2 fA9E YERY o™, 590 nm (=@4) LEDO] 7
B =3

BA¥S B3 EAZ FoA
40, 60 2! 80 Ix B EAIHOR FOoFtR Loz HY
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) ek 520 nm (FM)E 40 1x, 590 nm (= )2t 625 nm (M) 20 Ixel A 72t
N e HABAE AN of AAE woE Ao xRz solN 2
e mE gujrbFolo qERkeS dESA T AYATA I} gEuirtFol o] Wt
5k Wk-gAdo] w9 wZsk Zlow #uhEo] 308 W9 E WEAINS Agstu Ho 180
w7bA] BEnbes st (3 18)
¥ 18 WA LEDY ZAMAIZM] whE Gl 7ol e] fel &4 o
, Attraction rate (%)
Luminance
W avelength . )
(color)
(1x) 30 60 90 120 150 180
470 nm
40 73.3 79.0 89.0 89.0 89.0 90.0
(J}=ka)
520 nm
40 74.3 78.3 81.0 34.3 35.3 34.3
(=41)
590 nm
20 71.0 79.0 87.7 87.0 8.7 87.0
(= 2)
625 nm
20 61.0 80.0 84.3 34.3 35.7 34.3
(E-ZFA)

YEach value is the average of 3 determinations per each light—exposure time, using 30 adult insects

per replication.

- A7 A

>4
EN

Ao R gujrtFolo] ZAMAZE fA&s HAS A7, 470 nm (I
el 3¢ so%oﬂﬂ 73.3%, 60%01]*1 79.0%, 90+-ollA 89.0%, 120%-°14 89.0%, 150+
o4 89.0% X 1804 90.0%<] 1 A= HEFHNoH, 90F7HA] frelgo]l HX
Ao 2 F7Fetth 90+ ol FH-E = % wbek WErt vERA] ¢Skl 520 nm (
el Af-eolls 3004 743%, 60EolA= 783%, 90l = 81.0%, 1203 °lAl &=
84.3%, 150 A= 853% % 1804 = 84.3%°] &S yetIl o, 90714 &
ol Fketthrt 1 ol ¥R EHe £ whek Wshrh vEbA ktth 590 nm (=@
A 749 30%A 71.0%, 60l 79.0%, 90%-llA 87.7%, 1204 87.0%, 150+ ¢
A 88.7% H 180l 87.0%2 &S HERI o, 90 o] FHE= #oT

It
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3 Wsh7E QITh PEAE O Z 625 nm (W] Aol 30ielA 61.0%, 60—%01]/‘1
80.0%, 90~ 84.3%, 1204~ 84.3%, 15044 85.7% % 180%-°l* 843%2]

A Jehgglon, 90% o] FREE Fo whek wsyl JEehA ekgkh W?A
E Adeste] B 4714 @A LED 470 nm (ZHsHA), 520 nm(54), 590 nm (=
A 2625 nm(EAHA) B 907 7HA Ao ®E fRlEo] FrHFloy O o]

§oler whet syl U gtonw 0B A9 xAAToR e

(th S8 HA =1elA guljrtFol
- A7) ZAMEAHE vlg o7 hulvkRo)ef djd WAl LEDS] 7h7te] HA zALZR7A
< 27%skit. 470 =

rU
o

3, 590 nm (=) 87.7%, 625 nm (WA 843%°] FAEAAS UEUSIH (E
19).



Wavel . Luminance - Number of adults A . Power
avelengt ime ttraction
intensity , (Mean#SE) Consumption
(color) (min) rate (%)
(1x) Attraction No choice (W)
470 nm 96,7415 3309 89.0 24
(sheran Ne=8 .310. . .
40
520 nm ) 9
(2= A1) 5.340.3 4.740.3 84.3 4.20
90
o0 nm 96.340.7 37407 87.7 3,60
(-2 A1) .310. 740. . )
20
625 nm
25.312.0 47420 84.3 1.28
(87123)

YEach value is the average of 3 determinations using the optimal lighting condition, with 30 adult

insects per replication.

(#h 7149 (Black light)¥} LED w21333}2] Aloj&Ad nlw 34

- A7 A g o R EujrhRolel et &g LEDS V1<
g & stk Aol AHEE 7EF LS sFAER ] Ul
Black light (BL)E W7 % AF8-3F3Ith Black light$} @233 LEDZFS] Hhlj7FFo] o
st F18dS vlwst A7 black lightell A 90.3% 2] FA&4
7 9A4g LED Bu 52 flgAde] dFEdY AW &
st W black light?} LED @439 {ddAd S 72 2 %
gbA] @G A7) black light 7He] Ealj 7o XM | @3 5855 vty Sl )
black light®] ZAn]H¥& 1.00= 7]%F3ste] LED @4
A3}, 625 nm (E7HA)o] 0162 7P He HgS He® 91, 470 nm (FHEHA)
< 0308, 590 nm (=) 0458 E 520 nm (54)S 0
Atk uhebA Ao AbgE 4719 @A F LED3S black lightel]l 1]3}
e whe ARlHE S ARShE 21 g9l SGlth o] ARE FTHIANE W V&
sl FAAER ] de] o] g5 = black lightel Ao AMg-¥ LED w432 3 FA o
242 A vEbsod, AAA SHe 1H S W 470 nm (3HEHA), 520 nm

(=54), 590 nm (=&A) 81625 nm (EA) GG w2 AAEE A= JloR

skttt 625 nm (HHFA) A3 AMSE w3 LEDSF vlusiAE w$-
e anjdE s e s wiel 7HE AAAR sdAE Aols FdezAe 7t
s3& gRlssltt (3 20)
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X 20, Pul7kFEolo] et w3 LEDS} Black light (BL)S] <2184 H7}Y
' ‘ Number of ] Relative
Wavelength Luminance Time adults(Mean4SE) Attraction Power
(color) intensity (Ix) | (min) : : rate (%) '
Attraction No choice Consumption
470 nm 96,7415 33409 89.0 0.30
[7%1.5a 310, .Oa .
ERR)
40
520 nm
(A1) 25.310.3a 4.740.3 84.3a 0.52
590 nm 90
26.310.7a 3.7X0.7 87.7a 0.45
(=)
20
625 nm
25.312.0a 47820 84.3a 0.16
(A8
BL - 27.110.6a 2.9140.2 90.3a 1.00

YEach value is the average of 3 determinations using the optimal lighting condition, with 30 adult
insects per replication.

470 nm
320 nm
530 nm

EHR7150]
(B. tabaci)

7

0% 20%

=

60%

40%
[dLight 2one Mo choles

g %*é—% B7retz] 9l ©Ag Aol 7 H
ot &S YEkd 625 nm (B O tFoE Hold A4S vERA 470
m (ﬁJr%‘_r*”) FdE EFEAT o5 I @urbFold fAdgo] Hold Buk
Fdol HAdd we] A (L™ 6)2k dAEH]

- =~
el 03%94 Fdstgon Mustel wujstrole] P Bl w3
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theket g xeetE A LED (450~620 nm)E E thE EFIg oz Awsiglo

,015e 7129 AFENS] FHow ALHE black light (BL)S B4S W sl

H0->0 10K
MO0 ok 02 00kOk

400 H00 600 TOO
It EH(nm)

- TRl fRldAd e Sl ARSE E9dele] £Es 625 nm (B +
470 nm (3+HA) LEDS| ¢ 717te] @l add o HAxEQ 20 9 40 IxE 483t
A3, 2 LED (450~620 nm)9] # ¥ X HA¥E Fate] Ao A 20 IxelA
7HE geold frAdAdS vee]

¥ 21 AdrE LED £ 9de] o] wi gujrpEole] §l g4 Y
Attraction rate (%)
W avelength ; . .
Luminance intensity (Ix)
(nm)
20 40 60 80 100
470 nm 66.7 740 700 66.7 50.0
(g}ska) ' ' ' ' '
625 nm 4 9 :
(817141 60.0 6.7 0.0 0.0 56.7
450~620 nm
) 76.7 73.3 63.3 066.7 56.7
(2 4)

YEach value is the average of 3 determinations per each luminant intensity at 30 min, using 30

adult insects per replication.
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ok

rJ

e o Moo e

- Ak HA O 2R E V]Fo® AL whE gujrbRol o] e kS-S
A3, 625 nm (EFA) + 470 nm () EFFS] A5 300l 81.0%, 60
92.0%, 90%-°ll 86.0%, 120+l 82.3%, 150%-°l 80.7% 2 180% ol 81.0%2 <1&
Uehglon, 602 W 7HE =2 245 yEhlal 1 ol FHEl= ARl A3
= flddo] Haske AES BT 4 LED (450~620 nm)e] 7 -9-ofl &= 303
76.7%, 60321 79.0%, 90 82.3%, 1204 81.0%, 150 81.0% % 1804 81.0%
o] fFAEAE S vetdglon, 90R7A fAEdo] Frhstthrt 0/ o] Felle foF
Rhek ETE e efkth f19 AE v oE 625 nm (EIHAM) + 470 nm (%
HA) E3Ee] HA 2ARARS 604, A LED (450~620 nm)E 90 FH A FAFA
Fo 2 sttt (& 22).

]

=

4 o

e/}

o X

¥ 22, 89 LED ARz w2 GujrtRol ] f2l &4 HopY
Attraction rate (%)
W | th
aveiens Time (min)

(color)

30 60 90 120 150 180
625+470

(87 2k 81.0 92.0 36.0 82.3 80.7 81.0
450~620

_ 76.7 79.0 82.3 81.0 81.0 81.0
(2141)

YEach value is the average of 3 determinations per each exposure time, using 30 adult insects per
replication.

() 71E3 4 LED £33 A Aol w77
47 AEe B Qe ETYAS HHY 2ARAL WPOR PujrhTele
FABHE AT e A% LA FAOL ASHIL G black light (BL)E

g2 dAste] fFA84dS vwsklvh 625 nm (EIHA) + &
Fol HA 2x W FARAIZEZ 20, 40 Ix % 604, A LED (450~620 nm)i= 20 Ix
gl 904, 18]al tj T2 AME-¥ black light (BL)S A$ 54 2=

wpRol Hx EAPAII 0ReIM wHlsbRole] faEy S W 5
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¥ 23. LED &8393} black light (BL)oll tjdt dujr}5o]o] o84 nlw?

Wavelength Luminance Time Number-of achults Attraction Relative
(color) ntensity (min) (MeantSE) rate (%) Fower
(Ix) Attraction | No choice Consumption
470 40 90 26.7£1.5a 3.310.9 89.0a 0.30
(Th=A)
625
(71 20 90 25.312.0a 4.742.0 84.3a 0.16
625+470
(7 A+ 20, 40 60 27.610.7a 2.410.7 92.0a 0.46
s}gh )
450~620
51 20 90 24.7+0.7a 5.310.7 82.3a 0.17
BL - 90 27.110.6a 2.910.2 90.3a 1.00

YEach value is the average of 3 determinations using the optimal lighting condition, with
30 adult insects per replication.

- 3% LED$ black light?] ﬂuﬂﬂ ofell Wigt fR1&d5 Mg A¥} 625 nm
() + 470 nm(FFA)0] 92.0% 2 Fe1BAYS =

oty 1 gLom: ﬂ]i-‘r“?l black light7} 90.3%°] F1&/dE& elfiglon], 24
23%4 &= HERSIT %71 A3

o

oft M
X

[ &l K
K

I

ulc)

rO

W

pﬁ

[¢9)

¥p)

|

o

[e)
a8 A 4 2009 FABA G HA4U Aol ek gath o
AN A%E NFoR A7 FA fABY Aot gvkw P& W BEY

=
&3} LEDE AFEE 625 nm

black light (BL)°l

1
FRABA FEA %%EE g o5 v
0

= 4 g
3k 400~500 nm % 600~700 nm I+ e]l W et A witel AlEAAY ZHE o
EAE do7]s SH7tFolE Aold + s B oide A= AHS FXAIE
HrtAel 35 95 £ S Ao Amdr) oy AuE 3RS u Ao
AHEE Gl a9 233 LEDv g7l Alojel A2 FEe] Vs Fd
S 72X THsdE FE8] KTt



4) ZxFFANHH (Frankliniella occidentalis)
- EeFTAEE Y T3 RSl " Vx dHolHE €7 fletel ABAdS A
Sk i} ZreFdTAde e F34 BkeS A8 TS e FoE sy

APe s

(

ZIO o
l-dO

FU

o

=2

=

raﬂ

(7hH Z2xFFAE Aofol &34l LED =% A
A o adFl Aol S A S8l A

]
470 nm (&), 520 nm (5A), 590 nm (=THA), 625 nm (B W E3HFQl

450~620 nm (24) LEDE Ab&ste] z4zte] = o] W& yenks Wsts ##
sttt EAXRANE Fall EedT AUt yellow sticky trapoﬂ gk wkg-AJ ol Holu

Ue d7d3s BEdZ 259 #slel wg 5344 dsess dotetr] 9 20
2 HAxEQ 20 IxFE 20 Ix HFo R HXEQ 100 Ix7hA] 5 ©HAIE (20 Ix, 40
Ix, 60 1x, 80 Ix ¥ 100 Ix) ==& st om, 247te] dof tfgh mEAIZFS 907 ©

2 st AP APt

- 99 AAxHAoRE LEDY Zx#FAEEE &A1 A3 470 nm(THEA) e A
% 20 Ix°1 A 19.5%, 40 1xolA 27.9%, 60 IxellA 23.3%, 80 Ixoll A 16.3% % 100 1x°llA]
30.0%9 FAFAS e 520 nm(E e A 20 IxolA 39.4%, 40 IxolA
13.3%, 60 1x°IA 10.0%, 80 IxollA 16.7% 2 100 IxolA 6.7%2 #AZAHE el
©w, 590 nm(=7)e] A-f-oll= 20 Ixoll4 15.8%, 40 Ixol A 11.8%, 60 IxelAl 19.5%,
80 Ixel A 40.0% % 100 IxollA 33.3%2] #<1&4d= YEH A 625 nm (B7H4)e] A
$-ol &= 20 Ixol A 13.3%, 40 1xolA] 23.3%, 60 x4 21.4%, 80 IxollA 20.0% %! 100 Ix
ANM 16.7%° F1EEs dHErAY LS 7HA= 450~620 nm= 20 Ixoll A
7.8%, 40 1x°l4 10.0%, 60 Ix°1A 7.8%, 80 IxolA 13.3% % 100 Ix1A 23.3%2] F<
gA4e veldo], 24 939 HE £TE 470 nm (I oA 40 Ix, 520 nm (3
A2 20 Ix, 590 nm (=) 80 Ix, 625 nm (BN 40 IxE A S, EF

771 450~620 nm ()2 100 IxE HAvgoz HHseltt (& 24).
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24. &A1/ 33 LEDS] 2R ste] uh LA faa4 Fo

e

Wavelength Attraction rate (%)
Species (nm) Intensity of radiation (Ix)
(Color) 20 Ix 10 Ix 60 Ix 80 1x | 100 Ix
470 nm
19. 27. 23. 16. 0.0
(sharan) 9.5 7.9 3.3 6.7 3
520 nm
) 39.4 133 100 16.7 6.7
Zyw-EAd 590 nm
(F. occidentalis) =) 15.8 11.8 19.5 40.0 33.3
625 nm
(w714 13.3 23.3 21.4 20.0 16.7
450~620 nm
(Fokal) 7.8 10.0 7.8 13.3 23.3

YEach value is the average of 3 determinations after 90 min with 30 adult insects per replication.

(W) g Ade Aol @340 LED WA g ZARAIZE vk

- l—y%i%*%‘ﬂaaﬂﬂ ZAPA RO whE Aol BAS A SlE ] AN =
=9 & 2o e w84 AE AHE bR e ®E 278 LED @A el o
3 ZAMAIHE A8 S AT 470 nm(IFEA) S 9ol 30 minoll A 36.7%,
60 min®|A 36.7%, 90 min®l* 30.0%, 120 min®| 4 33.3%, 150 min°|A] 36.7% % 180
min®l A 333%2 FI&Fs YEFAUT 520 nm(xA)e Agol= 30 minoll A
42.4%, 60 min°ll A 36.4%, 90 min®lA] 39.4%, 120 min°lA] 36.4%, 150 min°l|A] 36.4%
2 180 minollA 364%° #F1&HS WEN O, 590 nm(=wA)e Af-ell= 30
min®| A 26.7%, 60 min®l4 36.7%, 90 min®l|4 40.0%, 120 min®l4 36.7%, 150 min®]l
A1 433% 2 180 minlA 43.3%2] A& WERHITE mEA PO R 625 nm(BXE
Aol Zd9-olli= 30 minel A 25.0%, 60 min®lAl 21.4%, 90 min°l|A 21.4%, 120 min®]
A 25.0%, 150 min°lA] 25.0% % 180 minol A 25.0%2 #<JFAHS eERATE iz
T2 AFg® BL (balck-light)= 30 min°l4 23.3%, 60 min°lA 30.0%, 90 min®lA]
40.0%, 120 min°lA 40.0%, 150 min°lA 36.4% % 180 min°lA 40.0%<% FA&H S
UER ST (3 25).
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W avelength AttraCtion rate (%)
Species (nm) 0 = 0
(Color) 30 min | 60 min | 90 min , , ,
min min min
470 nm
(Sharan) 36.7 36.7 30.0 33.3 36.7 33.3
520 nm
(2= A1) 40.0 36.4 39.4 36.4 36.4 36.4
590 nm
ERSEE g (12} A1) 26.7 36.7 42.4 36.7 43.3 43.3
(F. occidentalis) 695 nm
(w71 20 25.0 214 214 25.0 25.0 25.0
450~620 nm
(ShakAl) 13.3 23.3 23.3 20.0 20.0 20.0
BL 23.3 30.0 40.0 36.4 36.4 40.0

YEach value is the average of 3 determinations per each light—-exposure time, using 30 adult insects

per replication.

N
= X 40 Ix 2 ZARAZE 30 minelW, 22 AFEE BL% 90 min®. % @Zé
sttt HA AR obdll ExFdEAEAUe] F34d W2 590 nm (Ao A
423%%Z 71 =2 FAS UER L, B0 ® 520 nm (43} BLoﬂAﬁ 40.0%, 470
m (&) oA 39.0% TR O R 625 nm (BZHAlA 267%2] A BAS LERY
Atk (E 26).

T &3
nm 3FS kA= =@ LEDOlA Hol9

R
A= dehlen, ojek FARRh 3FS 7hA = 520 nmell M= o] s} FARE

=)
Nl
ot
of
=
e
=)
N
N
~<
o,
o
s
2N
)
o
<
o
N
o
=
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4 Jerlgleh B8 gz AREE BLEUE ozt Hejd #4& vehd A
& gQlgto] AW AolE AF ANFEN FAowA S HAF

_H
Ir
o,

H 26, @8/ LEDY] HHzA M ZrgEaAd e a4 FoY
Wavelength Number of insect Attraction
Species ((len)) Light side No choice Dark side rate (%)
% | (Mean % SE) | (Mean + SE) | (Mean £ SE)
gf;% 1.7 £ 1.7 | 146 + 0.3a 37 + 1.5a 39.0
US| 120209 | 164 062 | 16+ 0% 400
| 127100 | 163 £03 | 10+ 00a 123
ER e o
(F. occidentalis)
| B0%03 | 193062 | 27 0% 2.7
Bl | 50+14a | 26x18 | 24 %08 16.7
BL 120+ 100 | 146+06a | 34 +00a 40,0

YEach value is the average of 3 determinations using the optimal lighting condition, with 30 adult
insects per replication.

gds Adedlth. AdE blue + red LED E'%L%-?f’/] AA 715 278k gl
Folof thet RS A7) fete] AR 2AATS AT
T

ol EFO /S e adEze B AFgLe &=
%
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3 27 Fujrpole] thet vt E &4 o] LED S T2 Bt
Number of adults

Day (Mean * SE)”
No light BL 470 + 625 nm
g (Blue + Red)
1 21.2 £ 25 778 = 6.4 81.0 £ 5.7
2 19.0 = 3.8 634 = 5.1 64.6 = 4.4
3 25.2 £ 2.8 51.2 £ 4.2 42.2 + 3.2
4 228 = 1.9 382 + 4.7 350 = 25
5 152 =+ 24 256 £ 2.7 290 £ 3.1
Attraction rate (%) 345 £+ 1.9a 85.4 = 1.9b 83.9 = 2.5b
YEach value is the average of 5 determinations in the small green house
- R @A ) gelskRelel dig aF 49 Ede) P fasd A¥dse
3273 Zvh 5 HhRe AR A¥AN FAdS A& & SAWET (no light)=
AYE AW 59 B Y oF 15~25 vhele] AAF L] oF 345%] FADA
= Yepdao ST 23E AE gEulrbFele vial G5 F X A XA
oo kel ol A sk Aow AtsET v FJox 7 (black-light) 2} blue +
red LED&= ¢ oF 25~81 wigl o] /AZF L H 2 ol =+ (black-light) <} 23
T-(blue + red LED) EFolA FAtsHA Hold FJd2A4 S vebll o, oz
*1 o] Hojd f1E8A4E vErdl oy FA Z2E 7Y%t #ol7b gl Aol

@)
2 fol £HEE AARE FolEQET)

ll:; il T
o= E@,EE ek o Hﬂ?ol MA = el AEAabe] ok AAAPER QIgE Ao

2 ddeoh

- ot R AR ASTAFES Bk e LED % 79 EFe] Aga o Ay
Nt FAFSHA Hold RS S HERIT Feo] AX A e Efy Fo]
EAstE EfA FAACE 13 &S yetdo] duirlFole F3A ke
= Q& A%len, 7|E Fdd vusials W AR €4S dEbd LED siE
Q1 EFY] AXE 8 T o d WAL 7hed Aer AlRHM, & oY
A, 11 79, A 29 59 SA4= 7H LED7L 71E39 S dAE & s JAo=
Atz gt
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A|32 LEDE °l&& AEAY 42847 ¥A7l< ML

1 LED systemg ©]-6-% %3 @ 324 Wy Aoj7t 423479 4 miXx 9%
b AE R

(1) AEwdF AL

O ¥ AT WAL LEDE o148 AMAW HEWAT WA/ &S AUsus >
Patgick. APl AE ABFAFoRE ARAMANAA 4 AeA By
e FolM JIFHA Hol EvkE, 4%, 90l /b, 1% 5 Ak U 45§ 5
of s T BAT ARFFI AT L ALY AAF PP AT >

4 FENEE FH AT sAFAALYRAE Fd=sdn| A=A AlE (KACC)

Z5-E] Botrytis cinerea (No. 40574)5 #-oF o} o] g3}t

(2) LED chamber system

O 2011 (F)2HEFZoNA MEst A=A FAE A% LED AHs3t A AHo
AX¥E LED chamber= & 571¢] case® AAEH o] ¢lo™ 7} casevit}t @ 4 =3+33
2 2ol 7hssteE FA (460 nm), A (635 nm) H =4 (520 nm)2] 33+ LED
2 FgQoz Austa Jut (Fig. 1). 2 A~ B3 %E 0 ~ 250 pmol/m’s ¥ )

o4 Aol stel, YA AFS EolmE Adste] oo Aofstet

—_—

=

Fig. 1. Outside and inside of light-emitting diode (LED) chamber including blue
LED (B, 460 nm), red LED (R, 635 nm) and green LED (G, 520 nm).
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() AEW LT Aojel AR LED ©4/E33 o3, FFd 2 A A
O ¥ 4 3¥elAx:= LED Chamber Systems ©]-83to] 2= A Alojo] @74
LED ©@4/&ed sbdd, & 9 £ARARES sl
O Al FFo|y At Botrytis cinerea] Y7 Aloje] &2 <l LED =4/ 34
g, FEd 9 AR LS Adstr] flske] B. cinerea= Cork Border 63 (0.7
mm)E ©] &3] PDA agar W *(4% Potato starch, 20% Dextrose, 15% agar)°ll 7|t
e 5 24Col A 484t Bk ek ST 484§ A4 (xR,
broad-spectrum-white LED (BSWL, 420-680 nm), blue (460 nm), red (635 nm), “L&
1L green (520 nm)e] el 2000 lux®] FEolA 8 &< AL At 7
Zke] FH Aol whE B. cinerea®] A7 2olE BlwsY] 918k mycelium®] HolE
Alam 5(2001)2] WHe| wa} A, B, Cs 3714 WFoz ZHG3 & Hdghoz Ak

skof ol-gsHeAe.

O B. cinerea®] 7§ Alojel 714 @A old bluedo Fdol wE A
of aE ZAFSH7] $189] B. cinerear= Cork Border 6% (0.7 mm)E ©] &3}

[€)
PDA agar M| A (4% Potato starch, 20% Dextrose, 15% agar)ell At s 5 +=x=7l
(hz)3 71 1000, 2000, 3000, 4000 lux®] FZFohelx 7 FF wiEFsith. &=
sh, wleF 38 Ao dn 7 (BEclipse E200, Nikon, Japan)S ©]§3to] 7} F=Fdo] w

& B. cinerea®] mycelium 7 9 FEjA XolE vl #HFSF T

@) Bd 4 FEA U Ao wE AER LT €4 vlu AA
O AW FFo|g A Botrytis cinerea®] &4 Aol vlm AFE AAIH7]$18H]
B. cinereai= Cork Border 6% (0.7 mm)E ©]&3to] PDA agar 9| *](4% Potato starch,
20% Dextrose, 15% agar)ell Altistaltt. FdL2 27 (Hx71), Fluorescent lamp
(FL, thx7"2), blue (460 nm), red (635 nm), green (520 nm)°] T FH}
broad-spectrum-white LED (BSWL, 420-680 nm), blue+red (red light supplemented
with 10% blue light)9] &3dd2 o] &3l FxA= A% ARSI FAd 3
AEE 200 pmol/m’s® AAE T, L5 24ToA 3,5 7,10, T2l 14 A Ft b
& stlvh. Z4zke] A efeoll whE B. cinerea] 7% x}olE wlwslr] 9189 mycelium 2]
4dolE Alam 5(2001)°] el wel S48 & FHghorw ghakste] o] &kl

O 7 Fde| wE B. cinerea®l mycelium "33 2 Fe|4 Ao|E Hlw #HEE}H

ko], 142 b AFE 2 FAAY ARE Ao @v]F (Eclipse E200, Nikon,
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.23 9 33

1) AEBLF Aojel EFHAQA LED GA/ZFF o3, FFd 2 AN Ad

O Z LED wA/=dd Aol doig B cinerea®] A% Aol &=
broad-spectrum-white LED (BSWL), red, greend 8] A& otz (dark
condition) &} FAFSE &S H T whdHol, blued * 8] A= tix=7 Ko ofF
1.39(75.0%)7kA B. cinerea®] %ol A E= ZS #ES = ASUTHFig. 2). wEbA
Al sgoly Ao E st Mg @74 <l LEDF YO ZH bluedd-s Adstalch

Fig. 2. Effect of LED lights on growth of B. cinerea on PDA medium after 8 days
of incubation in 2000 lux condition. Respective LED lights treated with dark

condition (A) as control and broad—spectrum—-white (B), red (C), green (D),
and blue (E) lights.

T(dark condition) X.t} °F 939 ~ 325%7++] 7t
thell A B. cinerea®] A37go] A A A 5]9}3
T oz 2ok oF 3 o He AGE Al &

Fig. 3. Effect of blue light on growth of B. cnerea on PDA medium after 7 days
of incubation in the dark condition (A) as control and blue light conditions
of 1000 lux (B), 2000 lux (C), 3000 lux (D), and 4000 lux (E), respectively.

O thx7"(dark condition)$} Hlw3}o] blued A o419 mycelium 37 24
o] ¢} Wx EAL 1000 ~ 3000 lux? FFHS A& FUAS Aol txT9 FAFS
73S Btk wbde] 4000 lux®l blued Z7 o)M= B. cinerea® mycelium 47%&0]
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Fig. 4. Morphological analysis of B. cinerea mycelium on PDA medium after 3
days of incubation in the dark condition (A) as control and blue light
conditions of 1000 lux (B), 2000 lux (C), 3000 lux (D), and 4000 lux (E),

respectively.

2 32 2 FZA B Aol wE HEVAT 8N vz HA

O LED Chamber System= ©]8-3F blue, red, green® @3 2 33442 &34
Ql broad-spectrum-white LED (BSWL)S} bluetred <33 A gel ¢t F23} A%
FZAF W] A= Botrytis cinerea®] 7ol & zkolE e AT (Fig. 5).

O3day ©5day ®7day ®10day m14day
10.0 -

8.0 A
6.0 -
4.0

2.0 A

Radius of the colonies {cm)

0.0 -

Dark EBSWL Elue Blue+Red Red Green FL
Light source (LED)

Fig. 5. Radial mycelial growth of Botrytis cinerea on PDA media for 3, 5, 7, and
14 days.

O 7+ LED @A /&334 A 2le] tIst B. cinerea®] A7 Aol &3+ 3 days7HA =
FA g F ApolE HolA ekkon, 5 daystH 14 days7hA i FAIZte] HojH S

—
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= zfol7b vk thE? darke} FL7- Z7elA 7HE 2 AFE B33, LEDAA =
greend Fo)A thx8 e £EY =2 AES Btk whdel, bluedd x4l
M izl vls] oF 1.7~2.0M7b%], 283 thE LED @A/ &34 AE xxde H
3 °F 1.2 ~ 1.9917A] B. cinerea2] 7o) A = ).

Fig. 6. The morphological characteristics of conidial development of Botrytis cinerea on

PDA media after 14 days.

O 14Y Ft wiekd 7k FAo| wWE B. cinereal conidia®l *g 9 F

£ v BEEA(Fig. 6). E2TQ dark 270 FS A3 2 2AEA By
baol 7Hd Ak, A WEE EUT 53], blue WA

conidiav= 3] gl&= FAMAEC] #&EH= S I F AT Tan (1974, 1976)2)
ATAe] 235, bluedd> B. cinerea®] EAHAE AAISH, blued F7olA HY
kst A B FAMAZF BALE AL conidia®l JAE I M FA YERgT B
[t
O wehA, & dAgelx = AU EFolH e A 7|= Botrytis cinerea®] 873 AloJ=
?1gk LED Jl =X blue W43 A7t 71 mopAQl Jlo 2 e

=
of¢

2. LED systenr ©]83 B2 A|oj7 EvfES} 45 AAEY A7 At v+ FF
7L AR 9 Ud

@ A AEAs W AIZA
O AEAse ‘Eol'st e F N EFY WEEvE (Lycopersicon esculentum
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Mill) AAES o] &ttt ZF EvtE A= 70% clehZel 1w F/h s

2% sodium hypochloride'bﬂ 20 FQF TA AmS 3 H, FEEYN SHTFE A4 10
=
=

TAE HuE AE } =l pot°ﬂ JJrJ‘O}*’ w+eiol 2m KUK
AYEE Z912 EO(25 x 50 x 5 cm)ell ©o]&st & 19 F<t Fluorescent lamp
(2000 lux)&} 18 h(*d=xx1)/6 h(d=xx1)e] FF7] 9 A& wjkolA *ﬂ%}é}oﬂv}.
A7 20 E #elE ErfE FEES 727 pot (10 x 9 cm)ell o]Ad & Eo
WHeErtEE 20, vdtE WEERES 47 59t LED A 7oA Ajujekglct
Fig. 7). %4> 1/2 Hoagland solutions AF&3t%lal, pH 5.8°]%th. LED A3 =
N g F55 474 28CH 60~65%% {418 T3t

—~

Fig. 7. Light-emitting diode (LED) chamber including broad-spectrum-white LED
(BSWL, 420-680 nm), blue (460 nm), bluetred (red light supplemented with
10% blue light), Red (635 nm), and green (520 nm).

0 A% ABARE WA olxol oF ARy T A FES A*(actuca

) ARBEE o] gsldth 7} AF FA= 70% ol® 1 B

2% sodium hypochloride®] 20+ &<t T4 &25S st ¥, S T7T= 27 10

3] o] MAHSATE MHE FAE 150 x 20 mm petri dishel]l A=

w3 T F FAE AAstel 22C o AHE 3Y FF HoA T FdA
H TAE "Wy EZE 91 potell #HEskal 25io] 20 st

AYEE E¢2 E#FOl25 x 50 x 5 cm)°ll ©]2g F 457 LED 747 elA Afujst

Ath (Fig. 8). <91 1/2 Hoagland solutione AF&3}%lal, pH 5.8°|%th. LED 3%

20 2x9 F55 77 24CH 60~65%E A& Tl

o
=
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Fig. 8 Light-emitting diode (LED) chamber including broad—-spectrum—-white LED
(BSWL, 420-680 nm), blue (460 nm), bluetred (red light supplemented with
10% blue light), Red (635 nm), and green (520 nm).

2 3 A= =4
O ‘Eo) EwES Fdy FupAd= 42X broad-spectrum-white LED
(BSWL, 420-680 nm), blue (460nm), red (635nm), green (520nm)%] © F2 S o]
vk 2 Ao FES 100 pmol/m’s?] photosynthetic photon flux density
(PPFD) Z 70|tk FFAMAIZFS 15 h(FZ4)/9 h(&Z1)e FF7] deoda 43S
FARLES e
O ‘Mg’ EvtEel A3 AiE % FAY 2312 t=3 Zol wdsidlth e
¥ F3 = blue (460nm), red (635nm), green (520nm)e] WG FH I} T EA
broad-spectrum-white LED (BSWL, 420-680 nm), Z12]3L bluetred (red light
supplemented with 10% blue light)?] &35 ol &8ttt 7z A9 F=FS
Z71o] A th(Fig. 9). Fx
ARAIZES 18 h(ExA)/6 h(Ex)e F57] AHddA Bds A8t 52A

200 pmol/m’s 9] photosynthetic photon flux density (PPFD)

% chlorophyll ¥%+ SPAD-502 Plus chlorophyll meter (Konica Minolta Sensing,

—t—‘

INC., Japan)E A}&3
At

A3, F= 54 Testob45 (Testo, Germany) Z=AE AFE-3t
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BSWL
b | 420-680mm
(13
4
1

&00 440 {60 =00 540 38 &)

! Blue LEDs only 4 '] Bue+RedLEDs
460 mm " L1 460nm,635nm

540 643 @ g a5 s e W i =

RedLEDs only | ,
_63§n.m . - -

| Green LEDs only
| e L 520 nm
[

Relative luminousintensity (Lop @max=1)

|
| |
[ | P il | L L LA Xl
Wavelength (nm)
Fig. 9. Spectral distribution of relative luminous intensity of the LEDs. Treatments
included broad-spectrum-white LED (BSWL), blue, bluetred, red, and green

LEDs. The photosynthetic proton flux integrations for each light treatment

were equal to 200 pmol/m®s.

(3) LED A g3t EntE £7] FFE 2F 9 Fy Hlum 4

O ‘Eo) EvtE A& ZH7e] LED A7 =3olA 209 &<t ASAI £
T FHd 5EAS Bl 7] 24 S samplingstqlth. 2t 7] 249 3/FdH BE
< JHA O}H]E/&ﬂ‘{ FAeES o] gt AEZE AAT F, microscope (Eclipse

E200, Nikon, Japan)& ©l&3to] &7 #¥% 49 de4 WHstE A#stql

.23 9 33

(1) EvtE A E9 oist LED A% A vz AF

O ‘Eo) WEEnEE Z47he] LED ©Ad xdelA 204 5 A
o7 AA AolE K =&, 7HA o, 74 7, A 7 9, 94§
9 gestz EAES vlw 438 (Table 1).

O 77+e] LED w43 Aol st ‘Eo| EviE o] A2 79 nlaus)
blued-> 1.0, redd> 1.6W, 1213l greend A oAM= 200 =2 71 & do] AR
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o

HAth B3k, 7FA] dolel A redd ¥ green’d 2|7t th 7" (white’d) 2} blued A &
b 14 ~ 1o ¥ =okd whde] 7hA 5, A F o e Be el FARE A
S Wt W, Fdo] wE 9o 3/ HE B &

S 9% JuAe vz vla
BE LED % ATeA Frbekgtu, 53] green# A2lTolA oF 1592 714 %
o}

Table 1. The effect of different light—emitting diode-based sources (LEDs) on

morphological characteristics of ‘Toy' tomato plants after 20 days of

culture
. Flowring stem Branche length Number of  Leaf number per Leaf area
Light Source
length (cm) (cm) branche (ea) branche (ea) (cm2/plant)
Control

30.656.9 18.3£1.2 7=1.0 10£3.1 8.7=17
(BSWLY)
Blue LED 30.0=4.1 16.8=0.6 7£LD 12£1.7 92:31
Red LED 50,1136 252124 B4 4 11£3.1 11211
Green LED 62.6=6.7 25.0£32 810 11£1.5 13.3£2.7

*Broad—-spectrum-white LED, 420-680 nm.

O LED w9z 714 2 dud 54S el o) Enbg 27] ¥R Aok f
% 249 Fulg AvPS ol g3l Hlw %@a}wuulzig 10 T75 bluet 24
A Fos G450 3 k.

Fig. 10. Analysis of vascular cambium in the stem of ‘Toy' tomato seedlings

treated with respective 4 LED lights including broad—-spectrum-white LED
(BSWL, A), blue (B), Red (C), and green (D).
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O 4, ‘mEE EwtEL Zh7bo] LED @A/ &9 oA 4F Bk AFA
& ﬁéﬁﬂxﬂlgi A7 #elE Hel

*
chlorophyll $% 5 6529 T2 FHstd SAH=2 vl E438AH (Table 2).

Table 2. The effect of different light-emitting diode-based sources (LEDs) on

morphological characteristics of 'Miracle' tomato plants after 4 weeks of culture.

) Flowering stem  Branch length Number of Leaf numberper  Leafarea Chlorophyll
Light Source length (cm) (cm) branch (ea) branch (ea) [cm:fplant} Contents (SPAD)
Control
_ 256206 11.5=0.1 8306 10.3=122 8.0=0.7 36.1=1.0
(BSWLY)

Blue LED 2659206 12720 8306 10.7=0.6 152226 27109
Blue+Red LED® 514210 17.8=0.9 10.7=0.6 123206 158=14 455205
Red LED 35.0£2.6 159203 10.3=15 10.3£1.2 6.0=0.3 44111
Green LED 60.8£4.0 16.2=0.9 14.0=0.0 11.7£12 18.4=14 44.8=1.1

*Broad—spectrum—-white LED, 420-680 nm; “Red light supplemented with 10% blue
light.

O Zt7te] LED 34 Aol st EvtE 2=°] A xz7-9 vlusl redd 7
green’g ol A 7}z oF 1.4u ¢} 247} =& o] S STk gk, i 2T2F fAFsE
529 blue’d Azl Bldl, bluetred 333 st Aol Uiz Bt oF 2u)
7F B 4ol Aol TUtH = A skl =g, 7HA AR 7HA 7 dg ES

el
bluetred =35 Aed 45 v FA vlus) 7 =A e

O ErtE 918 Fde] wE 98 J/dFE vl st gHA S e ¥
green’d g FolA oF 23w E 714 %331, blued T bluetred 934 A 4
ol oF 20 A= FUFsklvh Wb 1ol g AL redd A TolA PG WA Y
St oA reddol AgE EvtES E7|u 7HA ] Al dixTtel] Hla] Sxld wh
, 44 P& G AGE Aol WyAFE gA|Ho] Qo] Fu WEs JH =
ANEE FeEAdS el 38, EvlE 29 chlorophyll 8-S thx¢} 1]

Oft
)

T b

F
=
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3] blued Az TollA 7Hd SSkal, bluetredd | TollA <F 13812 7 F7HE S
th redd A8} greend A= FARSE e BoH, dixg Bu oF 1.2v) F
7}sF A T

@ &3 A E) dig LED % 54 vz HA

O ‘AAup el “AAup 3= Z4Zbe] LED WA /&334 A 45 Fo ASAK
T HeAOoZE A ZolE HRl shoot 9], root 4 2] A4, chlorophyll gt
&, 7123l Shoot®} rootl] MAF % EFT T 9% T YEHTSY SAHAES Hlu

A8t (Table 3 and 4).

O “Amp el AAup F FF BF FAo| wE AFYT Ho] AL bluetred T
F ALY TAN A1 wokTh W, Aspel o] ARE T EF BE blued AT

AM 7HE A HERRH

Table 3. The effect of different light-emitting diode-based sources (LEDs) on

morphological characteristics of blue-lettuce plants after 4 weeks of culture

Light Shoot length ~ Rootlength  Leaf number Leaf area Chlorophyll content Shoot Root
Source (cm) (cm) (ea) (em’/plant) (SPAD) FW (mg) DW (mg) FW (mg) DW (mg)
Control . . <
) 16.7=1.3 2405 6.0=1.0 30,5534 13.820.9 486.7=0.1 22300 1400 ND
(BSWL?)
Blue LED 16.1=0.9 10.7=13 9.3=0.6 354559 16.2=02 4690.3=0.6 159.320.1 41.0=0.0 3.7=0.0
Ble-Red LED*  20.9£1.0 86512 93512 131226 235423 2682.3£0.5 47.7+0.0 64.3:0.0 6.3:0.0
Red LED 15.6=0.6 2.0=03 4.7=0.6 2.0=0.3 7.6=1.4 248.7=0.1 13.7=0.0 0.3£0.0 ND
Green LED 20.9=1.4 48223 3.3=113 21474 10.7=1.3 1667.7=0.9 38.7=0.0 10.0=0.0 0.3=0.0

“Broad-spectrum-white LED, 420-680 nm; “Red light supplemented with 10% blue
light; ND, Not determined.

O Aol ‘AAmy A ANAT S blued A2 7-9F bluetred =33 A ¢
TolA v gl vlsl 3~4n o] FIFeRAT tiETt9) greend A E T A
= B3I, redd A TolA 7HE HE AT E B3

et o
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Table 4. The effect of different light-emitting diode-based sources (LEDs) on

morphological characteristics of red-lettuce plants after 4 weeks of culture

Light Shootlength  Rootlength  Leafnumber  Leafarea  Chlorophyll content Shoot Root
Source (cm) (om) (ea) (cm®plant) (SPAD) FW (mg) DW (mg) FW (mg) DW (mg)
Control
i 11512 26208 53206 135218 6.5=0.5 2843201 19.0=0.0 16.0=0.0 1.0=0.0
(BSWL?)
Blue LED 179503 8303 8706 60.0£7.0 172508 1932.0=0.1 49.7=0.0 63.00.0 5.3£0.0
Ble+Red LEDF  24.2=1.6 6.5=0.8 §.3=0.6 71.5=9.0 12,803 3177.0=0.3 14.7=0.0 67.3=0.0 6.3=0.0
Red LED 20.8=03 3.3=03 4.7=0.6 4.8=0.5 1.71=1.6 186.7=0.0 10.3=0.0 0.3=0.0 ND
Green LED 204225 1.4=0.7 5715 40.3=15.2 10,022 1595.0=0.1 35300 11.3=0.0 ND

*Broad-spectrum-white LED, 420-680 nm; “Red light supplemented with 10% blue light;
ND, Not determined.

O ‘FAwp e} Ay o] FAe] wE e JA/AF vlEol st A AL
st Ax, AAwPY A blued A=FrelA 7P =ka, AAmPe A9l
bluetred’d A2 7-ellA 7 =Skt wide| F FF 25 redd A golA GdH A o]
7H Gkt o] AL reddel AEE AFe ol ol § xT]ole ] o] Aol
38 g, o] MAHTsE AT J9F Y AFo] JAlHo] dAHom Qlo] =

o T

747 blued ¥} greende= A W, 242 o] oF 44u9} 3.0M o F7HEHE= A

O ¥4, “FAmF FFA bluetred 33 A2 F-olA chlorophyll $F=Fe] tE %
Ao Hlato] ok 15 ~ 3.18) 74X F7FE AL, ‘A XY EFM = blued A&7t o
& Fde) nste] oF 1.3 ~ 254] 7}A] chlorophyll &&o] 573t

O AA7IZF Ft FdF et

blue’d Hi bluetred &34 # ok ol 9} 3ol A

At AT T EFTY AFelA FHe JF Ao HEIA & S 74

, 4O A1 dbE, W4, chlorophyll 3%, 183 biomass®] 571 blued 2 2
o)t

£7 Aol g SAHAATHE 2S FAs ok
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3. LED systems ©]&3% 33 Alojo] mE 7|F AEFE) A A=A T
B3 #H7t
7h AgE 2
1) HEAE 2 3 A 24
O EvE A& A5 ‘Eol'eh mgtE FFol wet vE=A AR HUAT WA,
‘Eol BEvtE AE Ane A7) 2-7F-1)9 AF Wil wel T2 A% F AAHoR
HdstA  Hol @ FTAE EBdaE AEZF 9 potel HFsta, 457 <
broad-spectrum-white LED (BSWL)Z=71 sfollA A% € EvtE 12 o] gsiitt. 4
T 3L 100 pmol/m’s] photosynthetic photon flux density (PPFD) Z710]%]t}.
FEAAZE 15 h(FxA)/9 h(FE2) G571 el g A3yl
O m#E EvtE A= A5s AV 27H-1)8 A WHelA 457 Fok AT E
ENE =S ol&dion, # Age 2-7F-(2)9 A¥ WS F
sttt
O 45 A= AEc 47 27k-1)9) A3 WA 47 st AT @ AdSs
]

T 4% EFS olgaglon, ¥ At 2720 A3

e
o
IN
A
ol
L

(2 LED #d Aojd @& 7|F AEEFE) d& HE LT A 37}

O Botrytis cinerea (NO. 40574)3t-> PDA agar H|*|(4% Potato starch, 20%
Dextrose, 15% Agar, Difco, USA)el 25 &<t 24C, ¢F wjekst ¥, distilled water
DW)E 2 ml "ojme] Z=wegivt. 2 A8 93 50 ml Falcon tubeol %! ¥,
Hemocytometer (0.100 mm Tiefe. Depth profondeur, Marienfeld, Germany)<2}
Microscope (Eclipse E200, Nikon, Japan)2 ©]§3}o] 57 x 10° spore/ml % 5.0 x
10° spore/ml7} H =% IA55 Z4 5t

O 4% ¥ M UE LED #4 z7elA 4%¥ EvtEs 4% RS0 4%
Y=

HAE WA BHE AT AFAREHEA Ao A ¥4, Eo! Enbei
VYT A/E AF A AL A Felsto] FEAS 7 plaeslel SeFi, 9
F

=
of A& 50 mmo 98 FHAE &Y H, 57 x 10° spore/mlZ WAE ¥ B.
cinereast -2 10 ul® HFetAvh 7474 AL E plate= W=7 (BSWL)$} blue (460nm)

B2 ZA0A4 10Y E<k A8k}

- 110 -



O ¥4, metE’ EvtEe ‘AT e ‘AT AES Be o Tdel veEde
=2 = Jd ¥, 50 x 10° spore/mlZ FEE B. cineread ¥S 10 ul® HEdh
2v7y A Agae AT x5 €7 blue (460nm), red (635nm), green
(520nm)¢] @ FA I} broad-spectrum-white LED (BSWL, 420-680 nm), L2

ight supplemented with 10% blue light)e] &%3 XA 74 &<t

R

=N
c
(@)
+
H
(¢}
Q.
=
(¢}
Q.

K

2 AF 1049 74 & 2 AT EvtES 45 919 gray mold W RE
71°] #7F 715+ Rajkumar -5 (2005)2] ¥Rl wWek 0 (no symptoms) ~ 4 (51 ~
100%)%] Twol ek X Egro = AFststo] 7|FA & (&)l et B. cinerea 8 A+t

o uhy oA EES Bhaheck

. 2% 3 3

(1) LED 33 Aoe] W& EvtE AEFE) s A5 Hd4 g4 37}

O ¥ A& ‘Eol'gl mEE F ErE FFY AEFEE)NA AdFFo|y s
A O 7] Botrytis cineren 2= dvtol] et A2 U LED #4 Alofo 95t BA) =5
Ha AR 98 A A AT

O 'Eo) EnlE Qo] Ao utE B. cinereart 2] WHA H7F: blued A2 -
A S BAETE JeERth(Fig. 11). 2 299 B. cinereattol 9% AW Fgoldy
S 2T (BSWL)AA = 50% o & EHel FaNo iy FAE HQl Wb
o, blue’d A glg-el = WHko] A YetuA] gk, W8 E T3 10%0]8tE A

A oA HE 2 FAF 5 Ak

Control Blue-LED

e

=

L

Disease incidence (score)
s

[

Control Blue
Light Source (LED)

=
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Fig. 11. In vivo brown lesion development by B. cinerea in 'Toy' tomato plants

under different LED treatment. A, Tomato leaves were inoculated with 5.
cinerea spores and then kept under broad-spectrum-white LED (control)
and blue LED light for 10 days. B, Incidence of disease was quantitatively
assessed by the following indices, 0, no symptoms, 1, 1-12% lesion, 2,

13-25%, 3, 26-950%, and 4, 51-100%.

O metE EvlE 99 FAo wE B, cinereatw 2] WHSA H7F E3E blued
ToA M =2 WA a3E YeERd A thFig. 12). wbdel, iz BSWLA 2 -9}
5

Red-LED Blue+Red-LED  Blue-LED Control

Green-LED

Fig. 12

DW B.c-inoculation

Discase incidence (seore)

Contral  Blue PluctRed Red  Green
Light Source (LED)

In vivo brown lesion development by B. cinerea in 'Miracle’ tomato plants
under different LED treatment. A, ‘miracle’ tomato seedlings were
inoculated with distilled water or spore suspension of 5. cinerea
(Bc-inoculation) spores and kept under broad-spectrum-white LED
(control), blue LED, bluetred LED, red LED, and green LED lights for 7
days. B, Incidence of disease was quantitatively assessed by the following
indices, 0, no symptoms, 1, 1-12% lesion, 2, 13-25%, 3, 26-50%, and 4,
51-100%.
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(2) LED Zd Aoje] @& A4F AEEFE) A& AE Hdd ¥4 37}

O ¥ ATE AT} AR F A3 F

T

2 © 7]= Botrytis cinerea 2= Aol st A2 ohE LE

25 ARS8 DA E AT

i

B.c-inoculation

Control

Disease incidence (score)

Red-LED Bluet+Red-LED Blue-LED

Control Blue BluetRed Red Green
Light Source (LED)

Green-LED

Fig. 13. In vivo brown lesion development by 5. cinerea in blue-lettuce plants
under different LED treatment. A, Blue-lettuce seedlings were inoculated
with distilled water or spore suspension of B. cinerea (Bc-inoculation)
spores and kept under broad-spectrum-white LED (control), blue LED,
bluetred LED, red LED, and green LED lights for 7 days. B, Incidence of
disease was quantitatively assessed by the following indices, O, no
symptoms, 1, 1-12% lesion, 2, 13-25%, 3, 26-50%, and 4, 51-100%.

= I v A gt tidt B. cinerea A ATt

N
Zrejmjamel A Aulago] Weyro] W Eo] blued ¥ bluetred 33 Aol 2

bt s, greend Mo AG, ‘AT OAE 25% 2Eal (AGF oAM=

41.8% 2 A¥lxgo] WAool WSt AS FAdd + A3k
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Control ¥

Disease incidence (score)

Control  Blue Blue+Red Red Green
Light Source (LED)

Green-LED  Red-LED BluetRed-LED  Blue-LED

Fig. 14. In vivo brown lesion development by 5. cinerea in red-lettuce plants under
different LED treatment. A, Red-lettuce seedlings were inoculated with
distilled water or spore suspension of B. cinerea (Bc-inoculation) spores
and kept under broad-spectrum-white LED (control), blue LED, bluetred
LED, red LED, and green LED lights for 7 days. B, Incidence of disease
was quantitatively assessed by the following indices, O, no symptoms, 1,
1-12% lesion, 2, 13-25%, 3, 26-50%, and 4, 51-100%.

O olsh #o] ErpEst JF Azl FA9 JIF2 A=l & Al
A o Z23ES Yelglon, 53] bluedt bluetred £33 Az #lF= 2o

4% ABel AA B cinerea AT FA WS ke A ol w7
Zol 4
=

SE Qe 2L ou @,

4. LED systemrsr ©]-8-3 32 Aojo] wE 7154 E(FE) A2l3 Bo)7|12has vlw £4
7h AR 3 ¥
1) AEAR
O ErtE A& Ame ‘Eol'et e FFe wEt vEA JAPFHUAH WA, ‘=
of W& EWlE AE ARe V] 2271 29 AF WHelM 2094 ¥ A4 F AT
HE sampling ¥ EvHES] 913} £7]5 7HA L o] &-353lTh

O mHE W= ErtEe F AF e ARc A7 37 Ad el
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2

g E sampling ¥ A vlA T2}

Botrytis cinereatt 3% 5 794 Aol zb %
¢ 12 EvtE 4=9 & 7HA AL ol &

el o) S A
st

i
all
0%
o
i
ofN
&
=)

(2) proline 3 Blw 4

O Proline 3% #2412 Bates 5(1973)8] WH o2 FE3to] A 3kGlth 71 A&
05g= FHa 10 ml MCW (methanol : chloroform : water = 12 : 5 : 1, v/v/v)¥H =
A | 7A3 Al7)aL, A2elA 12,000 rpm o2 1093 AR s A 2
ml< 2 ml acid-ninhydrin and 2 ml glacial acetic acid’7} =3 &3 st 14
2ol §, A 5 ~ 10% 9 ice-bath® &7 WFHES FTA A7t}
| 4 ml tolueneS 713kl 20% E<F voltexing 3to] & &8 3}

d= gt F UV-spectrophotometer (UV-1800, Shimadzu Corp.,

Japan)< ©]-&3te] 520nmellA F3EE 57435t proline 3 AT
(3) Total polyphenolic compound & H] W 4
O Total polyphenolic compound &2 #4] Singleton and Rossi (1965)2]

e

[e)

Hell w2} Folin-Ciocalteau reagent (F-C  A¢h)7}F &Zg] XA FEE
polyphenol’d 3=l ola] € Ay =For Zejud FAMow whay= o
2] 2 UV-spectrophotometer (UV-1800, Shimadzu Corp., Japan)< ©]-8-3°] 740nmol| 4]
T EYHEe &2 545t A sklth Tannic acidE ©] &3 EF4E gallic
acid®] #HEE%=7} 0, 100, 150, 250, 500 ug/mlo] HEE &40 740nmelH HFEZ
=g sto] Ad sl

(4) DPPH free radical &7 ¥ Hlz &4

O DPPH (1,1-diphenyl-2-picrylhydrazyl)E 7] % ©]§3}°] radical scavenging <
=73k Blois (1958)2] Wl wel 0.2 mM DPPH methanol €%S& &3 %7}t

200] HE5F xdsto] AR 150 ul?t DPPH methanol 750 ulE Z3tsto] 25T
ZF 93171 B UV-spectrophotometer (UV-1800, Shimadzu Corp., Japan)<

ol-&3te] 517nmelld FFEE ST SAE Fd = e Aol 93 DPPH

[e)
A&

|
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DPPH radical scavenging activity (%) = R=Teaas tﬂ-[m] <k X 100
d279 FHE

(5) Antioxidant enzymes &4 B]1 #4

O %A Superoxide dismutase (SOD) &4 Oberleyﬂr Spitz (1984)°] WHel| w
2} nitro blue tetrazolium (NBT) 2|2 O, 9] 39 oA JEE 560nmeolA =743t
73ttt Catalase (CAT)EA 241 Beers®t Sizerd Wi (1952)¢] Wt H.O,2 ©]
28-S 240nmeolA] S73te] A3tk Guaiacol peroxidase (POX)&4 4
Chance$} Maehly (1955)2] ®H ol we} HOp7F EA 8k 7h-Hl 470nmell A guaiacol
| tetraguaiacol= H/J3t= WHE= S743to] 743Ut Ascorbate peroxidase (APX)
g4 42 Nakano and Asada (1981)¢] =l el we} ascorbate”} Atsle o] HAH&
s 290nmellA Sdste]l AT Glutathione reductase (GR)EA w412 O
kane et al. (1996)'" o w2} NADPHS| AF3pHh-3-= 340nmellA S7d3to] 77 aF3it.

ol

Y. 2% 8 n@

(1) proline &F vlw 4

O & 2E FollA prolined] F22 stress-2=d G BHAES A=3t= i
Aol MEARZA AEGA YA #-EEH 9 oH, stress 7oA sub-cellular 7%

“=
(o S E HESA7] AL freeradicalsE 4718k, AlEA ] Akt S-S ksl

o

|
9

>
=

40

a0

20

10

Stem Proline content
{(umoles proline/g W)

Leave Proline content
(umoles proline/g FW)

0 , - 1B 0 , B I
BSWL Blue Green BSWL Blue Red Green
Light Suurce (LED) Light Source (LED)

Fig. 15. The proline content in the leave (A) and stem (B) of 'Toy' tomato seedlings under
different LED treatment.

O 779l LED &4 Aol g 'Eo]” ErtE A9 proline &S W
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(BSWL)¢} Hlwsl &3t &7] B blued ATl dASA 2 dd= B
(Fig. 15). 7} elA 9] proline 32 thx7-9F B3l redd 3 green’d A 2] F-oll A=
oF 0.6W = FFASFAAIRE, blued M T-ollA= ¢F 4.0817H4 proline o] F7}st
th @, 71014 9] proline & thx7-9F Bl redd ¥} greeny AE =
7y °F 16.0% 2 5.0% F=o® AASA A AAN, blued A2 7-¢] proline ¢
oF 2387+ 7kl 53], 719 proline &% blued A 277} redd ¥ green
F AYTE Bok 42 of 14.0009F 4580 ¥ =3k

x2
e 2

o 3 38

(2) Total polyphenolic compound 3% H| I #4
O AEAUY A=A sehEe 23 tARtERA dabst, I T s Ay
de vedie, 53] @dakst gL dlsmA e 283 dAlskAl BE oA Sl

A B

. 100 , 1

= =

S 80 REL

2 T <3

—;‘-“:ET: 60 - ='a 15 - T

== 2E

ST 404 EE 10

532 =32

.-E El N -E E N . -F

=1 3 E 3

z 0 3 0

E BSWL Blue Green E BSWL Blue Red Green
Light Source (LED) Light Source (LED)

Fig. 16. The total polyphenolic compound content in the leave (A) and stem (B) of

"Toy' tomato seedlings under different LED treatment.

O ‘Eo]” EntE oA F EYulE gE FHS redd I greend Aol
M 2 TFBSWL)SF FAFS #%Olo*fzﬁr blued A &]7-o A= °F 1.387k+] F7}a}
= AES BT &9, 27)dA Y F EedlE sgE 2 dxTmek Bladl red
F3 greend Aol A 4z of 493%9} 373% TTo® FATA HrsAAT,
blued A 2] -ollX= °F 1.39](125.4%)7H4 < 7}FsFA thFig. 16). 53], =719 F %
Hx 33ts T2 blued A7t redd 3 greend A5 Bl ZHz; oF 2549}
344 B =3t
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(3) DPPH free radical &7 538 "z ¥4

O 1,1-diphenyl-2-picrylhydrazyl (DPPH)<= 3F8t4 s QM-S W&
= 7HA I 9lew, dakst EA4do] e EEY iy AAE WFHA g zol
Hof 517nmell X S A FEFFE UEhdl= Bk shghEo|th

17

BSWL Blue Red Green BSWL Blue Green
Light Source (LED) Light Source (LED)

e
=

—_
=
=
—
=
=

)
=
=)
=

Leave DPPH radical
scavening activity (o)
= = = =
L
Stem DPPH radical
scavening activity (o)
= = = =
L

Fig. 17. The total polyphenolic compound content in the leave (A) and stem (B) of

'"Toy' tomato seedlings under different LED treatment.

O 'Eo]” EutE QoA 2] DPPH free radical &7 532 tiZ7(BSWL)S} vl
d BF A 01913, blued Al grollA oF 1.1w1(112.4%) 74 2FF S 7FekSI Tk
ol 7] = ti2T9F v dl] redd 2 greend A& F7F 27+ oF 87.5%9)F 74.9%
T2 = DPPH free radical A~ &38| 743t HHH blued A2 3= YeolA et vzt
ZHAZ oF 119 S7Fsk3iv (Fig. 17).

[-'E

60

T
40
N I
o

BSWL Elue Blue + Red Green
Light Source (LED)

DPPH redical

scavenging activity (%)

Fig. 18 The DPPH free radical scavenging activity in leaves of ‘Miracle' tomato

plants under different LED treatment.

- 118 -



O 3, 'm|gtE EnlE FFo|A DPPH free radical 27 &4 H9L tx+<
BSWL¥ A& -2} H] 3| blue%L, bluetred &34, 18] green’d Az FolA A}
g FFEoR o] TUIE Y (Fig. 18). WHHl redd HE T M e 49 5

= eI

A 60 B oo
_g%’ 10 gg‘ 40
ER ER
o= - =
=g T g
"5 EI 20 "E %ﬁ 20

= 2

g g

0 - 0 -
BSWL Blue Blue+Red Red Green BSWL Blue Blue+Red Red Green
Light Source (LED) Light Source (LED)

Fig. 19. The DPPH free radical scavenging activity in shoots of blue-lettuce (A)
and red-lettuce (B) under different LED treatment.

O 'HAFe ANF T FE ET, bluedd greend A2 72] DPPH free
radical &4 &4 FEo] tE Tl Ble E=A S7Feklth(Fig. 19). 53] 1A
o] Af-oll= "zl H|ste] bluetred E3rFo] oF 1.28] F7tskith HiHe] redd

ALFE T EF R M e B4 582 vehgleh

o
r
o

(4) Antioxidant enzymes &4 ¥ I
O e ABPARY FAH %
uEey] 8] MELH EE Ead o] AAUoEM FANE J5ES WD
$ktH(Sharma et al. 2012). & A@oM = EvES A5 A&l ths LED F& Ao
(SOD), catalase (CAT), peroxidase (POX), ascorbate

F-9 E83t 37 A stressEHE AEE

= superoxide dismutase
peroxidase (APX), glutatione reductase (GR) 52 w4l 3Aitst a4xs9 €4 <&
e ula B,
O 'Eo| EvtE AE°] SOD &/d2 X7 (BSWL)9} Hlwal] M= Ak
Ko o3 7] EF blued AelTelM 7HE A S th(Fig. 20A). 53],
oA SOD &4 oz Krh oF 1.3u] F7isiditt. Fdel] wE CAT, APX, GR
=75t el o FxH o Fl vk (Fig. 20). thx7-<1 BSWL¥ B
3l redd ¥ greend> /o] FHAE Wkl blued A2l SlelA= Fo oF 1.2H)

N
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i,
pﬂ
@
=
ek
o
r

A & A7 Z7]A AZ E AEFS e th(Fig. 200). 9]
POX &4 redd ¥} greend 5<1€]°ﬂ ol & %ﬁﬁ?ﬂﬂ, sreko] Z713 % bluedZ oL}

[¢]
, red?d ¥ green’d A2 FoA = 23] %“é O] st AEdES Bt olef ol
21 = 9] antioxidant propertyt 5ol#<l F ol g3 A= F e £F 5ol

2 HajAAY F3t 2 5 Sl

120 1500 4
A B
—
100 - E
= = W Stem E 1200 - T
£ =.2 so0 - 2.5
= = S0
22 3 2 E 900
2EF 60 =5
= = = =t gpp -
SEE w0 - = E
22 ©3
20 5 300 -
o o
BSWL Green BSWL Blue Red Green
C 15 Light Source (LED) D 15 Light Source (LED)
—L
= E
= 12 'S 12 4
z2 zE
2 = 08 4 2= 9
s = =
= =
o= a6 ol
S E = E
A~ <3
0.3 3
0.0 o
BSWL Blue Green BSWL Blue Red Green
E s Light Source (LED) Light Source (LED)
=
£ 4
5
2%
=
e 22
= g
=
E 1
2
1]
BSWL Green

Light Source (LED)

Fig. 20. The activities for antioxidant enzymes in leaves and stems of ‘Toy'' tomato
plants under different LED treatment. A, superoxide dismutase (SOD); B,
catalase (CAT); C, peroxidase (POX); D, ascorbate peroxidase (APX); and E,
glutathione reductase (GR).

O Mg EvtE FFolM= A AE A B. cineren®] Al oF 7}
2 A oo kst g4 B4 WstE ZASFATHFig. 21). SOD &4 4 BE
Al ol A FARE 5 B3, B cineren A 2loll el Slo] Aol EF o
Hashe S YERUSITE REdlE POX 842 greend = Al &lstal, Be F AT
of| Xl B. cinerea A2l ol& &AJo] F7lsk= A WERSITH
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Fig. 21
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glutathione reductase (GR).
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Fig. 23. The activities for antioxidant enzymes in shoots of red-lettuce under
different LED treatment. A, superoxide dismutase (SOD); B, catalase
(CAT); C, peroxidase (POX); D, ascorbate peroxidase (APX); and E,
glutathione reductase (GR).
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O AEAsEs & AoA AFEEHR ‘Eol! FF W& EwHE(Lycopersicon
L =

esculentum Mill.)e} g 2wl FF2] &5 (Lactuca sativa o] &3t}

@ A2 AWAY F A =23

O A& dista & (dat A 2) Hjdehe-2~ Al ZHHHX]‘HOH ()L H 3L A
st AEFAA YALSS A T 127019 AFF9E Al th(Fig. 24). 7+
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A& F LED F& 12 AR Wi A&l
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Fig. 24. The experiment area for phytopathogen test in a greenhouse.
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Fig. 25. The phytopathogen treatment in tomato (A) and lettuce (B) plants under
broad-spectrum-white LED (BSWL), blue LED, bluetred LED, red LED,
green LED lights or natural light (NL, control).
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Fig. 26. Infection rate of tomato leaves after gray mold and powdery mildew diseases

inoculation in a greenhouse.
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T B%= HEUth(Fig. 27). WA Aol A& blued 7 bluetred &%
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Fig. 27. Infection rate of lettuce leaves after gray mold and powdery mildew diseases

inoculation in a greenhouse.
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A A A R el A S-S LED a5 #QlEMS AFey] o8 2 b EfA
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Attt 1 5 2 2 £ - B AdS A 1Y ASAY AAE G
of AFESFATE (29 1). 471 LED #7+o] Efle] FAS Adny, E A=
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= EfY EflE viv= ZE(wire rope)= St
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Foe AAF 2 gt

line

line line
Joint Joint
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2% 239 A%

Aol AREHE I (S exigua)S THEHHREY sHYET TFTAFHAEZTH
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oF 30mty] FEZE AMSEon, 2~39 FtA o= 7 & RJIFAEE WA ST
A7 Hd g - 5 s (L)S g 23ARSAO1A (35>35>35em) el ¥ o531 0
, 3 Aol AFE ¢ A JAFAIES) 3% HE=S FUHE AlFste] AHSSEA
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322 2(10%) 2.3 mL
A= (Wesson’s salt mixture) 5¢g
28] AF(Vitamin) 15 ¢
Distilled Water 900 mL
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- A AR A

A 793 9€o] XaAEGom 7z AR FAlol 28k
ZA3}E SPSS(ver. 12, SPSS Inc., Chicago, IL)E ©]&3te] Hytisex=z A
LR lTE R BAREA(ANOVA)= o] &she] Axgre] fode Adstlor, A
A S Z = Tukey's HSD test= AHE-3FSITH

o] W3S HolA = Hhi, %“é %9 White LED
ol 17U fFold guhyle] = s FrleksE S #Ed £ . Fd
71Fo7 E:|MS

574];6 oz 131‘5

White LEDA ¢ spiiupd AJ 59 357} 3]
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i)
il

o
94 gee o g Anh AR F 2dARYH AU ET, FdHET 2 White LED+=
1
H

¥ 2. vHdslg 2o AXE Mobiled o] Edlo)] 3 ¥ spihi}l &5 (7€)

No. adults / trap / day

o No light Black light White LED
1 day 0£0.0a 16.0+0.1b 8.5+ 3.5ab
2 day 0.5+0.5a 17.0£0.0b 26.5+2.5¢
3 day 0.5+0.5a 20.5+1.5b 42.0+1.0c
4 day 1.5+0.5a 22.5+0.5b 51.5+3.5¢
5 day 1.5+0.52a 25.5+1.5b 66.5+1.5¢C
6 day 1.5%0.5a 31.5+6.5b 78.0£5.0c
7 day 2.0£0.0a 34.0£5.0b 83.0+2.0c

Means followed by the same letter in same row are not significantly different (P=0.05)
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No Light White LED Yellow LED
T2 5 White LED Yellow LED
% 6. UiatE vl eAue] 7Y A=
a9 7. it

- A3 239 4
Z}zke] LED @l ¢l Efel fojxl d3E  SPSS (ver. 12, SPSS Inc., Chicago, IL)E
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ol gsto]l FatRT AR AR g WEhIgth B w4 (ANOVA)= o]g-3to] A
o gkel frelde AAsk e, A 22 = Tukey's HSD test= AHS-3FAT

O 2% 3 n%
- 8o AAIR 13 FuirbReo]l 4F e Fdd dd x5 UWE W] dEd 3
T %49 gk Axtel yERd whel o] gHjvREo] y
Fo &S e/l o, white LED B3 AR A7 22 E 0T Ty 3
of AAEA b 2T A Felol AR Ay Huh A2 JhAle7E 28 EH
o _
o

B Ao Alg® LED o] d@ujrFolo :
BESE AlZEo] B akgte] wel ZF LEDZE e ¢l Efiel] ¥ H = g@aljzkEol JiA
b AR gashs 2e BAT 5 Yon, ot Fdo] FHUA e =Y §
AR A A e dERde] E@eElivbRe] AF e AgAbe] o9 A HAade o
S Stk meb 2 Az gl o8 gulzkgol AA WESL Basss 54
& 4 9leH, yellow LED 3¢ white LED F¢el] tist &4 FAZCE /9
ok Aol7h ARHA R % 4 U
E 4 tharE vldek¢2e] AAE T 59 Efel] 289 dujrtFo] AFF(84)
No. adults / trap / day
Day
No LED White LED Yellow LED

1 day 42.0+1.0a 74.0+2.0b 84.0+3.0b

2 day 32.0+1.0a 71.5+1.5b 77.5+£1.5b

3 day 31.5+0.5a 59.5+1.5b 73.5+1.5¢

4 day 24.0+1.0a 54.0+2.0b 59.5+1.5b

5 day 17.5+0.5a 44.0+1.0b 51.5+0.5b

6 day 5.5+0.5a 26.0+2.0b 34.0+3.0b

7 day 2.5+0.5a 8.0+1.0b 13.5+0.5b

Means followed by the same letter in same row are not significantly different(P=0.05)

- Z|FA =AM FA S FHbRe] ke E 179 A o®E SetxAl 3 A
o4 83 o 8¢ 229 FAbelA LED ¥4 A5, white LED 435 % yellow LED
AAEAA 747 2.6vH, 09w, 0.6vHe]~7 ZAF A= white
LED$} yellow LED X5 Xt} LED F/d%| G 7bFo] ok 4 F7HL wEA

oft ™
2
N
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3 5 diafrE Bldske Aol AR HZo] Efe] X gHjrbEe] A4Es(10€)
No. adults / trap / day

Day

No LED White LED Yellow LED
1 day 30.5+1.5a 52.0+2.0b 64.0£3.0b
2 day 26.0+1.0a 51.5+1.5b 56.5+1.5b
3 day 22.0+1.0a 36.0£2.0b 52.5+1.5¢C
4 day 12.5+0.5a 38.0£0.0b 40.5+0.5b
5 day 6.5+0.5a 30.5+1.5b 32.0+1.0b
6 day 0.0£0.0a 22.5+0.5b 26.5+0.5b
7 day 1.5+0.5a 6.0+£0.0b 8.0+1.0b

Means followed by the same letter in same row are not significantly different (P=0.05)

- FARAA FA5E gulsbRol GESE 159 (AR KA @ A
O™ 99 o, AT AR 5 8UAIRl 108 10d FAFelA F-AA]E, white LED A3
&, yellow LED AAgol|x Z42t 22vhe], 0772, 057k 7F B2, 1 F A
A= white LED$} yellow LED AX|FXth LED FAx|-golA wuj7tFo] ok
Fbste e mgou, 13 AFUPAANG 2 Folsh ehhbx @grh ol
<ol g AAAA Tl st k5] HEHRE] At Wi Ao 47
20 -
—4+—No LED
- \White
e 15 Yellow
E‘ 10 -
G
o
= 5 |
0
10/10 10/17 10/24 10/31 11/7
Surveyed date(M/D)
29 9 Wit whEs EvkE J)Fe] RAR guibo] ok (24,
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A1E Exde 245
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O A1AF A : LAY B3 $AE LEDFAMNEL (1, 2 334 E) 100
- LEDE o83 wsld 8l A=t
100
_ | AW Ads A A
O LED wa/Ed4E oge sqaz o oo S
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- AEAY FAEF Al AT 719/ % 100
. L QA A
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o z23E 3 A A= gk . 5
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o8 AFst A gl AARE A
O A1¥ 5344 : LEDE °] 88 ALAY s4AF A7 AL (1 2 33hdE) | 100
- FRAT A 9 AR (Shbg, gl
. 100
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1. =&
3 I A | AR=E AAE| FE |
A F I A - I E -
IF@HFAT | gon s 3 AR ET Fat | dd | oR
Evaluation of High Power Light
Emitting Diodes (HPLEDs) as
LEDE ol §8k Al | g e (HPLEDS) .
o o] 5] A Potential ~ Attractants for Adults | 2714 | 2011.06 | 5<!
s WA= A (SCI) ‘
Spodoptera exigua (Hubner)
(Lepidoptera: Noctuidae)
Volatile Constituents of Essential
LEDE ©o]&3% A 24 Lo A . N
. o] 3] A Oils Extracted from Two Varieties | 71%17] | 2011.11 | %<1
s WA= A (SCI) o
of Chamaecyparis pisifera in Korea
LEDZ o] &8 A4 ] w54 Acaricidal Activities of Mate:’rlalls ]
s o] 3] A Derived from Pyrus ussuriensis | A5 | 201211 | <
sAMFT HAI= A (SCI)
Fruits against Stored Food Mites
Photo-Response of Tobacco
2 0] 93 A|A A=l . .. . .
LED::_. ) 1 &3k A A A o] 5141 Al Al| Whitefly, Bemisia tabaci Gennadius A7 | 201211 |
sAME WA= A (SCI) | (Hemiptera:  Aleyrodiadae),  to
Light-emitting Diodes
Phototactic behabior: Attractive Effects
= 2.3 A - : . .
LEDE ‘0] &3 AAAY o] 5141 = Al A of  Spodoptera  litura  (Lepidoptera: orel | 201211 | 21
Fd3E WA= AN (SCI) | Noctuidae), Tobacco Cutworm, to
High-Power Light-emitting Diodes
) LED@ el st &5 AFsus
LED= O]%?ﬂ‘ }\]/EX]LH o] ‘]/K—] %%H]XH ': oo o]%]— ZZHO/:SJ:]— 9 wuA | 201012 | =9l
ol w7 At il (H]SCI) monuormg= 71 T 6 EwEO (R . o
s
A2 A w1l #] o] A EAS o
LEDE ol &a AMAM | | hesAa| o LD EEE T8 .
o 3] 1 o <=
wola] % WA Y% A 3] (¥1SCI) st Sl (Spodoptera  exiqua) | A 7] | 201211 | 52
EEC L
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2. gy

o4 A | A= ARE| FHE |5
=) k1 I B
AFEEHAT a9 | 9 BHET Fodt| A |
Light-induced Behavioral
. . - | Responses of Beet Armyworm
LEDE ©]&3F Al EA o | SEEE , : s
ol %xﬂ]ﬂ% At o] 3|4 ) (Spodoptera  exigua) to  Light | 2¥14 | 2010 |&<
Emitting  Diodes (LEDs) in
Laboratory
3 . ., | Visual ~Preference of Bemisia
2 ol gat Aux g | S | VU |
LED‘ i] 0 L M olgA | ' tabaci  (Gennadius) Adults to | =% | 2011.10 | %<
QT BAVE AT A
Light-Emitting Diodes (LEDs)
. . _. | Light Preference of High Power
=2 o] L3 A% _ St | - : IS
LED; i] ) L 4 olg A | = Light  Emitting  Diodes  to | Z1%17] | 2011.12 | %<
shsT WAVE AT A .
Spodoptera exigqua (Hubner)
Effectiveness of a Light-emitting
LEDE °]&e AldAu o] 8 2 &<t | Diode Lamp for Trapping the o134 | 201211 | 21
s = WA 7% ek | (=A) | Bemisia tabaci (Hemiptera: = ‘
Aleyrodidae)

Response of Tabacco Cutworm,

LEDE ©] &% A A skt | Spodoptera  litura  (Lepidoptera:
ke (=A) | Noctuidae), to High Power

Light-Emitting Diodes

o]3] A | 201211

s1ouny | Development of Phototactic  Test
| Chamber ~Equipped with Light | £%14] | 2010.10
Source for Monitoring Pests

Evaluation of High Power Light
&<#3% | Emitting  Diodes (HPLEDs) as
S8 WA= A (=) | Potential Attractants for Adult
Spodoptera exigua (Hubner)

24 1 2010.10

Effects of Interaction between
Antioxidant Capacity and Plant

LEDE ©]8-3t Al Skt L S
AT AF WAL A o] A A =) fathogen Control (Botrytis cme'rea) =3 A | 201111 | 59!
in Tomato Plant under Light
Emitting Diodes (LEDs) Conditions
, _ | Control of Plant Pathogen (Botrytis
LEDS o _9_7151_ JABSHA 6]—/\1:11—_;:1‘._ ; . ! Lo -
Ry QJI?LO o xi]l]e’\]j]m o] A —YELEH cinerea) using LED (Light Emitting | = 2] | 2011.11 | <]
= ol o = = (”1 ) . .
Diode) an eco-friendly Approach
Phototactic Repsonse of Spodoptera
=2 o)L XA B =g ; .
LEDS o[ 83 ARAM | o) 5, | PIE2E | exigua (Hubner) to High Power | oy oy o6 | a1
sHAFT WA= N (=) | Light Emitting Diodes in the Test

Chamber
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LEDE o] &3 A A
THNF A= e

o

L

Phototactic Responses of Various
Wavelengths and Light
Conditions  toward  Spodoptera
exigua (Hubner)

LEDE o]
&30

A

WA =

oZ oo
2, ol

ofj

N

RS

Phototaxis Test of Sweet Potato
Whitefly (Bemisia tabaci) in Test
Chamber Equipped with High
Power Light Emitting Diodes

LEDE ©o]&3 A|AAY
AT A= N

Visual Preference of High Power
Light Emitting Diodes (HPLEDs)
to Bemisia tabaci (Hemiptera:
Aleyrodidae)

LEDE ©]&% A2 A

Visual Preference of  Spodoptera
exigua to Various Wavelengths of
Light Emitting Diodes

9T A= N
LEDE ©

LEDs, a New Light Source with
Control  Activity —against Beet
Armyworm

Phototactic Behaviour of Bemisia
tabaci (Hemiptera: Aleyrodidae) to
Light-Emitting Diodes

Visual Preference of Beet Armyworm
to Light-emitting Diodes

Antioxidantive Responses and
Biocontrol of Botrytis cinerea in
Tomato  under Blue  Light
Radiation

A Blue Light Radiation Improves
the Growth of Plant and
Antioxidant Activities in Lettuce
Seedlings

Blue LED  (light emitting
diodes)-Mediated Growth
Promotion and Control of
Botrytis Disease in Lettuce
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3. QAN (B3, T2IASE, DBAZ A 5=
# A | A= A= FE ¢
3 kU k3|
ARESAAT g g o B ET FRR| Wl | o
PR o
LED= o] 8¢k A8~ o3| A | AP | =0 BEA] mhERlx] 4l vE o]3] A | 20 2
%ﬁgﬂ% Hoyﬂ]ﬂ% 7Htﬂ_ ] 1 (H%QJ) ‘6_’] o 875 ] Olﬂ ]§] [¢)
188 A8 .
LEDS o] g3t A4~ ol3l A | AR | IMEe Qolgl= } 5 2=
. ol | I rles LED 3R o] 3] A | 2011.10 | <!
s A% A | (H%QJ) U S LD . ’
LEDE ©o]&3t A2 A .
. LED 33L& o]&3t A& Ax % .
Aege wAsE A | | e | LED EE LS ST GEE o | onn | s
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LED #=x] 7))t 173 (H%/\QJ) = °l8 e A 174 o
4. A5EI
# A | APE AHE| AL |3
kU 7 2
High-resolution morphological
LEDE o] &3k A o) 5 4 {¥8% | features in vivo using optical o514 | 201011 | =9
o E A7) & " |=234)| coherence tomography based on - ' o
super luminescent diode
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