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SUMMARY

Technical development of Light Emitting Diodes(LED) using for
a stabilizing production of Strawberry

1. Development of Technique for the Light Emitting Diodes ovement of
Light environment for the in light culture of Strawberry (Fragaria
xananassa Duch.)

The strawberry of the vegatative propagation was produce daughter plant in generate
runners. For the runner of occurrence from the mother plant was make use of them in the
wintertime of pass through low temperature, then cultivated in long day and high
temperature condition. The red/blue=5 LEDs light was installed at 1.2m height from ground
surface, the lighting time was intermittent illumination the interval between lighting in 18:00 ~
06:00. The mother plants of the lighting culture treatment were planting in the plastic
greenhouse, and then daughter number ‘Sulhyang’ daughter was 25 in incandescent lamp
treatment and ‘Redpearl’ daughter was 25.3 in LED BAR(red/blue=5) after 60 days. The
plant height was longer in an artificial lighting than non treatment, also the runner number
was many in them. The flower bud differentiation of the strawberry forcing culture was the
important technique. The inducing condition of flower bud differentiation was low temperature
and short day, and flower bud development was high temperature and long day. For
inducing of flower bud differentiation the wave length was red/far-red. The daughter plant
after lighting 20 days was setting in the plastic greenhouse, the 1% flower cluster emergence

was 79%, the flowering was 69%.

2. Improvement of light environment for the Light Emitting Diodes in
light culture of Strawberry(Fragaria xananassa Duch.)

The strawberry(Fragaria x ananassa Duch.) was usually cultivated in the form of lighting
system at winter in the greenhouse. The illuminant which is used generally in the lighting
system is the incandescent lamp. Light-emitting diodes(LEDs) are a potential irradiation
source for intensive plant culture systems and photobiological research.

The role of infra-red, red, green, blue, red/far-red=5, red/blue=5 LEDs light and



broad-spectrum incandescent lamp in plant growth and morphogenesis was investigated in
strawberry(Fragaria x ananassa Duch. cv. Sulhyang) grown under approximately 100~ 150p
molni’s” photosynthetically active radiation(PAR) in LEDs.

Red/blue=5 LEDs light source extended plant height and leaf number at 45 days after
light treatment, but there was not effet at 60 days after light treatment. There were larger
leaf area under red/blue=5 LEDs than those of the others. The ascorbic acid contents were
increased in quantity under red/far-red=5 LEDs and incandescent lamp and decreased in
quantity under green LEDs. On the contrary total anthocyanin conents were increased in
quantity under blue LEDs and decreased in quantity under incandescent lamp.

3. Establishment of Cultivation System for Improvement of the Light
Environment of Strawberry(Fragaria xananassa Duch.)

The lighting culture continues its decrease trend owing to shallow dormancy cultivar in the
forcing culture. The objective of lighting culture was stand the leaf stalk, increased the leaf
area for the light interception character. The beginning time of lighting culture was around
the middle of November and the suspending time of lighting culture was around the early in
March. The time of them was 3 hours in night break(22:00 ~01:00). But the time and period
of them was controled according to cultivar and culture environment. The lighting type was
LED(red/blue=5), the wave length was red 660nm and blue 450nm. This type was put a
LED bulb into the socket. The power consumption was 16W, angle beam was 120°. The
red/blue=5 LEDs light was installed at 2m height from ground surface, the distance 3.75m,
the arrangement W type in case of 10a(1 greenhouse). The strawberry plants was grown
under approximately 2 ~4pmini’s’ photosynthetically active radiation(PAR) in LEDs.

The sugar contents was an important points in fruit quality. The experiment was increased
in red/far-red=10 LEDs and 13 percent higher than the non treatment and 8 percent higher
than the incandescent lamp. Also vitamin C was increased in them. The anthocyanin content
was increased in blue LEDs.
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< Ao vEE YERRAL, 60cm o] $EZE 27 AEE ddsglon, tx Fdd vt
Z YFe A dego] 50WE 3 AFERE Red, Green, BlueZb o] Wity &= S
Efupdith, A 2AI7RS 3A17H(22:00~01:00) A% 2HeR L, FFS 100~150md sm” s 2 A
A8}l vk

SmHE g&S(50W) W& s 234Xl 220V M@ oA
¥ 1L BEF Y 3y A3E Fd
= T D

FEe FllE F¥A S471(HD2101.2)% 543311, LP471 PAR 400~700nm 574 7t

st AAE o] §stit
gh A=A A

Az A 5 1593 3044 =%, A, 9%, &S Ak, Y dAF] Wt 2

T FFH 157Y Ao w2 6577HA AT
(D 2% @ 2bd dAst o 5 doj7k 78 71 719 AW AdF7t=] dol& 574
(2 A7 & A A9 F5 S0 A AL
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(3) 9%, 9=« &3 A o T 7hd Qe dojgk HE 54

Q% ojysle] EAEUTt. F=EFMS UV/VIS Spectrophotometer(Hitach UV-2001, Japan)E
o] g3sto] 660nmet 642nmellA] SFFEE S T AFISIATACE(GHTAF G ST,
200002] WHeoll wi} total chlorophyll, chlorophyll a2} chlorophyll b &S AALER O,
mg/lZ %A ST

33d =74
2~3A <l FAAAES FuE FTY F471(LI-6400, LI-COR)= 01&6}01 —%Xﬁ}OﬂE}

= 400ppm, &%= 25C, PARZES 1250md -m” -s' & F4 3}
it

A qRE =7

Ax 47 5 QU2 54 7|(SI700, SKYE)E o] &3ato] #4452 ¢bd d7)st dwks AFHs

A =
Qg 1-30A Q74 S,

2. A4

BV YA FEE EFolA dUE BAAA ARE A & FAEE oStk BF
2HY durt B eiMe BT vlS5dE AEY o] 7HE F8ek, I ol 4d
7 pzxe] Aasttt 187 e e EEe Agde w38 Ao 29AA FHES B
gato] Fa, A a2 0 R HE 49 Ao Y AR FAsioh A AgEE F
g5 AES T EFE ol &ste Aol Wy wAo] £A o4& A9 Utk o]Re AL
Aol a2 el Ajujste] FAEtgte] Fost A& 29-8kA X7 wiEoltt

T8 Ao 293kl &A3] vlFH AdEO v At =R Adetd A B
ol A7t st 2y A2 T XS Afols el g iy Ao
218 oh(A sk, 2010)

7] LED ©y 8 Aol AHgE Fde A4S a7 29 Zo

2 xel AIY BOx Red/Blue=5
% 2. =%7] LED Yy 2A A% A7
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A3E D, 2%, 9%, 9%, 9%

BF 23 5 1503 004 4 wskE A = nT
oA gllar, Ay WAk A 7] 2574 ol= Red/Blue=5 3 ¢9] ‘f’“ﬁa‘tol @oro, 3F
o] FlE fel4el glgirh,

® 1L "7 25 Fed A QS

. Z=4(cm) A (em) A (cm) A50N)
* 3 1547 | 302 | 159 | 302 | 152 | 304 | 159 | 302
Control 1.95a” | 2.89a 0.43a 0.80a 0.42a 0.63a 1.23a | 2.60a
3-Flourescent Lamp 1.85a 2.96a 0.79a 1.08a 0.78a 0.96a 1.53a | 2.89a
Red/Blue=bH 1.52a 2.53a 0.47a 0.78a 0.33a 0.62a 1.30a | 2.70a

P xw 3 AWt RS Uehy
? Means separation within columns by Duncan's multiple range test at 2=0.05

2 9] BE gad Ay waw

v % 257 35 45 57 65
Control 0.27h* 1.03a 1.70a 2.07a 2.37a
3-Flourescent Lamp 0.47ab 1.07a 1.73a 2.30a 2.63a
Red/Blue=5 0.70a 1.17a 1.73a 2.20a 2.67a

=% F st deE vEkd

“ Means separation within columns by Duncan's multiple range test at 2=0.05

97] B3 WA 99 2x9 FFE S A9k 3, A
ol 06-—~08CHE 5o BFL tehlslon, FHe 22 HoldAs Bz 54 o]
whel zfol 7}t wol wovl, At WolA+R 73] gaslth. AR 123080 =
JBS e vy gYSol o Bk

% 3wy wE HAd 294 Qe 9 FE =4

s}ak o eg!
4 3 4&(C) ¢ il -
10cm 30>x30cm
Control 21.564H0.30° 0 0
3-Fluorescent lamp 22.3910.34 100.75t37.42 8.3912.81
Red/Blue=5 22.1540.37 99.484+23.99 4.79£1.70
A HNA By BF AR 9 10em X, B AR A 9

“ Means separation within columns by Duncan's multiple range test at 2=0.05
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=9 F 302 2 4%2 ¥%L

g/go %2 & Ay
7 gFo] ot
1.06

1.049

1.02

B g

1.00
098
.96
.94
0.9z
Q.90

{m ~m 3 o oot

O.88

086

o
o,

o,
o
©
32
o

W, A2 Boke=

FAES -

st A3 (18 3), Red/Blue=b %339 A8 77} 0.98m
z A7 25 ¢

=0

A T

R/E=5

8.05~=8.53umlCOym %s 10
, A COq

gl Al bell=

o ot

#4087 B 20 e 4adR
5 Photosyntheic :ate Conductanceizoj{zO Intercellular OO, conientration
(umlCO2m “s™ ) (molHzO'm “s™) (umlCOz'mol )
Control -8.563 £ 0.13° 0.06 £ 0.08 959 £+ 312
3-Fluorescent lamp -8.05 £ 0.55 0.02 £ 0.00 1,063 £ 132
Red/Blue=5 -8.10 £ 0.23 0.01 £ 0.01 1,448 £ 627
5 % Transpiratior_era_lEe Vapor pressure deficit External quar_lgul?ql sensor
(mmolH:Om *s ™) (kPa) (molm™s ™)
Control 0.74 £ 0.12 3.15 £ 2.00 0
3-Fluorescent lamp 0.70 £ 0.14 3.60 £ 0.06 17.00 £ 4.30
Red/Blue=5 0.54 = 0.08 473 £ 3.61 11.20 £ 1.92

* 2 1ARE 5 54

zZ
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7] 25 2" Red/Blue=b 39S AX3le] =1 A|7H

W ogg 548 2AE AINE ),
Ao 2 F AR AR A2 AL waARE W FAD FABE B3O A 1
Ak A2geln Folgith. 29 Ael F F dY 2

R sz urh 22 dojAE
BFS A ATHE ONME A bl 4L
oo ANE F w ®oAy e 8Y A 1 2 1
e AF 2} oHRBOnE 49 3 AUA L AYA ] BE AYE B Bt A

F7h e Ao Azt

&5 ] BF 2 ARPE S 54
A 14 A 24 #1343
T Tawy | g | 9% |aug| 9% | 9% 99w 9% | 9%
(am) (cm) (Cm) (cm) (cm) (cm) (cm) (cm) | (cm)

R/B=5 (Oh) | 4.58a" | 9.24a | 3.33a | 0.70a | 2.23a 1.03a | 0.83a | 0.73a | 0.30a
R/B=5 (3h) 503a | 978 | 3.69a | 090a | 2.26a | 090a | 0.23a | 0O0.74a | 0.43a

R/B=5 (6h) | 5.69 | 10.70a | 3.70a | 0.94a | 243a | 1.1la | 028 | 0.95a | 0.36a

"z A 209 T ggWEte] S e
“ Means separation within columns by Duncan's multiple range test at 2=0.05

5 % 25’ 35 45 55
R/B=5 (Oh) 2.13a" 2.43a 3.40a 3.93a
R/B=5 (3h) 1.97a 247a 3.23a 3.73a
R/B=5 (6h) 2.13a 2.43a 3.27a 3.90a

"z A 209 T ggWEte] S e
“ Means separation within columns by Duncan's multiple range test at 2=0.05

3. 3L

7t 2 Ao AFEe Fde 13 % LED X E 342 Red(660nm)/Blue(450nm)E 5:1
if}% AL, 60cm Zo] WEE ) AR dAAsP o, tx FHQ Aug d35
Bl g o] 50WZE 342 Red, Green, BlueZ7} @Wo| 2HAby] = okAFS- vhel

3 ? 15, 3044 AdWsts AHE A9, 24, 97, 94, 9F ZF 5949 sl
Aol A 27] 2 A o= R/B=5 3do] %‘*@%}01 Eto}, 357 o] Fol= Fo4d

.

-
S/ DI S

32
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a3, FAe Bop 2% AgelM g0l 06~~0.

H

A3, R+B(5:D) A7} v A2l Fel v

oF

73 &It

nf 27 1A

J&2 -8.05~-8530%

W COz gFollA A 2] ztell zkol7b =LA yebsk T

Hh, 28 204 5

Eines

-
[§)

a3,

o
J_,NO
_Zr!
ojny
el

;o.b

o
6T

~

FXS
TR

o]
o
)
oF

—_

o)
X

ojiy

o e Az

3
=]

A A2l M g el FAY Bu 2w dojA= A Eolith

9

1 2 A A2 A7) 7

513
H [¢)

= =
=

oF. o]4ge A3

o] AA YERA &

A

3

9

o

J)

ﬂ
od
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A3E @7 FAAAMA EF 27134 F 449 A A Ve
1 7Y &

b AEAE 8 AMEd

WA EF9 A8 (Fragaria X ananassa Duch cv. Sulhyang)¥ d¥ Z35<l g=d
(Fragaria X ananassa Duch cv. Redpearl)s ©¢]&3lo] A& FTw3s] AX EFE AR=
10cm XEo] o HEE Yo Z+ X 200018 A2 s th 20119 39 99 23k a1,

AL 15 vk ot 13CE FA 83l

of &% <¢lF %Y LED(Light Emitting Diode)2] 5+ Red/Blue=b Z3aH3do Hl&
& AFEY 3o v&E JeER L, E26 &Fo o]§ 753 PAR B Fdy Ao
Im?el BAR ©E}Sl9 #dE& oo, thxgdor MAS(0W)S o]&3tdtt. HAxA7k
18:OO~O6:OO77}X] 30 HACRE 7+ el al, A EHA 1m Folo] AX At ofzt
TE 13C=E 9437] Y& v Qs o] &3kttt

<= Fhg FZA S47I(HD210L2)= 54331 AL, LP471 PAR 400~700nm =74 75

2}
Az Ay 414 & 24, #8944, 255, dUsE AR, A A8 24
4= T EAE
(D 24 o9d A o 5 Aok 71 11 719 AxHelA A7+ dols 574
(2) BFAA  BF #y 44L 54
(3) B35 0 B3 BRI 238 s =4
(@) AUF : B 2AH AU AFE 53

5) AAls, AdeEs @ BFE FHCE AGHFS AsFE UFrolx AAFS SHS &
80C 7

7] 2l 1gol ethanol 80% 25mle 3718 #&7]E vl tb3, water bathEs ©] &35}
S0C oA 3087 A8 e}t Agd AZ AL 3000rpmolA] 1087 AR sto] A4 N
7(

S FHokal, FA= U] ethanol 80% & FH7Fste] $19 #A S 28] HiEsle] HFHozw IS
A olo] 50ml7t HA sFth 53 AR NS s ZelATe] Yol I HFHIIE o] £51¢]
HesEeAY. w5 NS 33 THFF 2mlE Z 42 U, Sep-Pak C18 cartrigeE ©]-83+9]

12 o 3sgit, oJE ME ] 045m T3 8 PVDF FAM]8 HEHE o] &3t 23 ofyst
o] UPLC(Waters, USA)E &3 =433t &4A1e] %72 zorbax carbohydrate
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column(HPA}, 4.6mm IDX150mm, 5m)S ©]83%5 01, o]

A}
o 2% 30C, injection volume 30, % 1.0ml/min® <3

J-2 acetonitrile 75% S A3

SF LTt

5
PN
T

2. 4+4a 3
D7) dyFEEH B 2 419 T AF EAS FASE A3H(E D, A% FAE By ol
T3 A FAA o] AytFow i A9y, #F HAAHLS LED PARZF 1.63mm= 7H
siom, T B AEA OUNE 7 Agkt wAE iy s L6~ LR AE gt
of folAde g9ttt HEHeAE LED FY a7t 2o v Ay, #FAAHLS LED
BAReA 17.1mm=Z 7} #RoH, 55 S w57 Ao WHAsA] Lottt A4 HEsk
A} FAFSFSI T
¥ 1. ¥7] LED 25 AxAHEA Fd - F58H 23 2 25532 A-Y 419 $)
—_— S o ey w524 R AL
w3 ¥ (cm) (mm) N/7) N/
22 35.4 14.9 0.5 1.7
LTRSS 36.1 14.4 0.2 1.6
=t 45 38.4 15.4 0.4 1.9
LED PAR 385 16.3 0.1 1.8
LED BAR 36.8 15.5 0.4 1.8
T2 33.2 13.1 0.0 1.6
ELR=ERE 33.8 14.8 0.0 1.7
d=d | d35 34.5 15.3 0.1 1.6
LED PAR 37.2 15.2 0.0 1.9
LED BAR 38.3 17.1 0.0 1.8

LED PAR

p "fj:"-

Ve

8178 ¥¥5 LED PAR
Ay

.
. - S WA
1 =
.l /

I‘_‘.-" .

o
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&
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-
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A7d5-oF Aol AAFH HETES A A3(E 2), ¥ LED BAROIA S/RE9]
F Agolglon, el Ak B Aol X9 RS gRlsgith dl e AT A
ot A JEITh Qo d54 S S AR 3, AFA = F Aolrt Aoy
#=Fo A= LED BARVF & 7 o]t}

% 2. %7 LED BEF AxAYA Fd - 558 WA 2 AEF

= A F(g/5) AEF(g/7F
Shoot Root S/R Shoot Root S/R
ek 32.8 17.4 1.9 6.4 3.2 3.2
ELAERSS 24.9 14.3 1.7 5.5 3.6 3.1
Aa4% | ¥F5 25.4 15.8 1.6 4.8 3.7 2.7
LED PAR 31.4 17.3 1.8 5.8 4.4 2.9
LED BAR 35.6 15.9 2.2 6.4 4.8 3.6
A 20.7 11.7 1.8 2.0 1.1 3.0
RS 22.9 12.9 1.8 1.8 1.4 2.6
ded | d3Fs 22.7 15.3 1.5 1.8 1.6 2.4
LED PAR 25.0 14.3 1.8 2.0 1.6 2.7
LED BAR 27.7 14.3 1.9 1.8 1.5 3.2
33 E7] LED EF AxAgA 3d - FFE A54 FqF
B 2}-2] Total chlorophyll Chlorophyll a Chlorophyll b
= (mg/g) (mg/g) (mg/g)
2 1.04 0.77 0.28
LIRS 1.01 0.74 0.27
R 0.86 0.64 0.23
LED PAR 0.90 0.67 0.24
LED BAR 1.01 0.75 0.27
2 1.09 0.82 0.28
WA 1.28 0.95 0.34
d=d | FF5 0.90 0.67 0.24
LED PAR 1.16 0.86 0.31
LED BAR 1.36 1.01 0.36
7] LED EF HAxAA FdE AY 9 fEd FFHE HS FEv g8 9hg
zbolg B, FEHEEE A% FAYTE T dE ol 7P gkoy HEde TR
v AxAgFolA F FEFol = Aol @7 o FEEe fructose’t 7HE S
H] 5 S A8kl © 2 glucose, sucrose =°|t}. F F¥EHo|= fructose?t glucose’} 713
T2 JEFS v
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3% 4. 87] LED 5 dxAA] Fd - 558 A 89 F(meg/100g)

=% 34 Sucrose | Glucose | Fructose | Xylose | Maltose STuogthlﬂ

g 322 674 735 43 164 1,938

ELRERSS 379 494 522 41 144 1,580

A% | FEF 296 418 458 41 136 1,350

LED PAR 295 530 538 44 166 1,573

LED BAR 496 365 402 42 135 1,439

g 330 362 351 36 153 1,234

ELRERTS 248 521 554 39 186 1,547

ded | ¥35 304 585 587 43 216 1,734

LED PAR 234 520 529 40 175 1,499

LED BAR 275 564 587 40 218 1,684
Az AEst EFE 69 20974 SEZ A2 5 604 & 53 Ju5E gls & 4
HaE 2), HFeAe= WdFo] 257 = 7g Weta, #HEHo|A+= LED BARZF 25370 = 7}
Z wodth ol AnE 9 RY B AR AHEA 23S AR dedd AT
ol AojRorm, 9y F Fgt 2w =& Ao, AT, AETY A5 FF Fd
LED BAROIA %<& A3E Yegloy, 25 A2 & gust AH F5 FF 1 Aols
YeRGlth wheba &@7] F5 % A FoE f8 g Ads 7o) A ojop & A

o7 AZbeEr)
30.0 - mAaE mCH

350 - . 274 37 - 2z
200 -
15.0 -

10.0 A

Mo. of daughter plant
(daughter plant/mother plant)

0.0
COMNT INC FL LED PAR LED BAR

Light source

% 2. 87] LED BEF AxAgAl Fd -EFFHE AH A F
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AU F REFE Al AR BYFE A A3k APANE AR el 2 A

414 F el el zpol7k uA= okskal, e Bue AdxA 7t
_‘:"—_

4 7} d HE T EFo| A FU)ete Ado|ga, Ae grHe vl B30
o] ¥i= Ao}
AAZH AETS 2AEMY] S/RES A 23 F 5 25 LED BAR A oA
S/R&°] =4 Apebes ATgS Bgon, o] AL 100umo - m2 st ol THES FA}

T %% BEE 954 gFelAMe 35 HEFolA w2 Holly, d=deA= LED
BAR A 2] 77} total chlorophyll 1.36mg/g . & 713 W& Holglt}h.

A5 e FEd gEFS AR A9 fructosedt glucoseZt 5 ol FaL, T o
sucrose Z°]9%] _«Ui Ao HzxAa =z o & diteko] dtolx = @ko]%_o_q_, =
He 17}0}5— AEFE vEbdo] 7 FE1kel zkol7F Al

!

ot gRo AEBE BALRG 2T SAYE U Bol HEHAC
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Aed 27 AR bR FE B3 4P
1L A7 &

U SA EFF9 A3 (Fragaria X ananassa Duch cv. Sulhyang)®] AHE o] &3}t 79
9ol

2%
ato] =7 AR, Al 1T B2 SEAE

<
o
T
sy

Ado] AlgE 2lF 39 LED(Light Emitting Diode)™ Red, Yellow, Green, Blue, White,
Red/Blue=4, Red/Blue=9, Red/Far-Red=4, Red/Far-Red=9 F-¥o|w, 2332 H| &> HAx
9l v&%E YeRAY. LEDQ PCB(printed circuit board) Z 7]+ &7 200mmXx<1.6(t)°] ¥,
PCB & #ZE 12871 F-&elglth vz 4= A9 O}X] QoI AEAIZE A F+64]
ZH20:00~02:00001 1, FeFe AEA Ao A 100mol -m” s = 2435},

Ak £7471(HD2101.2)% Z4 3% 3, LP471 PAR 400~700nm 7% 7}

ofr

ot FAMY A A

AAEr) 7 stol| Al #Ze B7]9] AHYFE 3~5mmE FAA(formalin @ acetic acid : ethanol
50% = 5590, v/v/v)EHO 2 1AHAZl 3 potassium phosphate buffer 0.1(pH 7.4)Z 10~15
w3t 2~43] FA F 4CelA 1643 WA, R AL 0s04 1%2 skglon, 4TeqA
1~2A1%F 331 3t th potassium phosphate buffer 0.IM(pH 7.4)% 10~15%3F 2~33] &
A3l A ethanol 30, 50, 70, 80, 90, 95, 100% &Ml Atz 77t 10~15%4 & EFAA
b 71 % iso—amylacetate®] 20~30i% F<F 23] A3k & 16A17F WA A v A HAx
712 AZAA mount-diskell H&Z3sFA . H2HE A5+ ion coaterg ©]&3to] F7 100~200
A7y A W :®sle] FAMY WA@ 0] % (scanning electron microscope, SEM)S. 2 #Z
2 ZYP sl

2. d723%
sfolrl Ba gt AL oW oA 7hs] wahw, Holo] Limo] WAL= Hou}, o

AT Qe AR e ARHAA Ao BIE WEL, £ Bast o2 2YHY
the 2g Sobrasl ket dch

Z ¢ FAA07 AAnd 421 A7k EoF Aozl =t st}
A71A] ket divtstd A &A Q1 Aol Hesty] u
%

oh stolisl mom el Wtk zeit o}y ddaA $he & k. WE @@zl
HE, o E So] p&x7ow LU I A o8& BilstE= WEro g Zolyl WY % 9

_27_



o ALzAS AKHOE A, weEde] $UT A A Yo FaEA 2= AL
otk RAHOR o]g) o] ThA YYPFOR HEob i AVE Sobagokn 4
@ & vk o7l el ik Wasl ekv] 98, [stebRal fY)Eslt B 2a

B, ARAUG Lol AL & F ¥ F AAsRH} ww, AFFow @ o]
ook ol AE SLrq, olAE AAG ARAA 42 eol o, ool AFHoId 3
oHal7l HW olFo] mehset nehsk 48] BelE ot Hw wmi wojal tio) 2

dAo] dwtrlow  TalopislyEglith) 2kl stth(&35 &, 2010)
237 448 Al7]= o]k} ojdoletar Azt
7] 4] ﬂo}fﬂ% 14z 279 i}]ﬂ]_Z:ZjO] A 7)Eol Gt el AZHETH oY
7HA 7182 FolAE 2718 ol stel= Aol s agol 7h 2 g
A=
2 Ao #Fe HEF B9 sloptsl A I9 13 gow Ao FAVE AY st
slobsl @A= Shokit817](Stage Mol th.

]
Aw Baas A 71

T
oty
o

Stage | DI23HD| Stage Il 30tEZ S| Stagelll 3ot 3| StagelV StE3HD]
) \, T N ¥

StageV ZEEEAMI| StageVl ZASHAHD] StageVll ==& 4| StageVll 2=&47|
a9 Loy A stobrsl F2(SEM, FAME dAAdn A E9)

N

7] FHA AHe| LED #dS IJgHE ZAS & goldst JeE AAst d3(x D,
LED 3% Red, Yellow, Green, Red/Far-Red=4, Red/Far-Red=9 %%
A g 13}t

1
w
i
kv
5 F
1o ¢

3. 39
7V 7] A gl JAV|E A st shols) "’}74] slopt-817](Stage Molw, LED 38
Red, Yellow, Green, R/FR=4, R/FR=9 Fgo] FX g Ht} 1579 F= @ 7383}
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| FEA AR LED g sfolitdl i A28 A4 12009, 9. D

=
SLxk Flower bud differentiation stage of 1st cluster
T8 | Week i i IV v VI VI VI
0 9
1 4 1
2 2 2 1
Red 3 3 2
4 1 3 1
5 3 1 1
6 3 1 1
0] 5
1 3 2
2 5 2
Y ellow 3 2 3
4 1 1 3
5 3 1 1
6 2 1 2
0 5
1 2 3
2 2 3
Green 3 1 3 1
4 2 2 1
) 2 3
6 2 1 1 1
0 5
1 3 2
2 3 2
Blue 3 3 1 1
4 1 3 1
5 4 1
6 3 1 1
0 5
1 3 2
2 5)
White 3 4 1
4 4 1
o 1 3 1
6 2 1 2
0 5
1 4 1
2 3 2
R/B=4 3 3 2
4 1 2 2
5 1 2 2
6 2 3
0 5
1 3 2
2 3 2
R/B=9 3 1 4
4 3 2
5 1 2 1 1
6 2 2 1
0 o
1 4 1
2 1 3 1
R/FR=4 3 1 2 1 1
4 1 3 1
5 1 1 3
6 1 3 1
0 5
1 4 1
2 2 2 1
R/FR=9 3 2 2 1
4 1 3 1
o 3 1 1
6 2 1 1 1
0 5
1 5}
2 4 1
A2 3 2 3
4 3 2
5 3 2
6 1 2 1 1
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A5d 7] AR stotE s fr = LED o/ § &
1. A7UH&
o ARAR D Az

TS F5A B (Fragaria X ananassa Duch cv. Sulhyang)®] AHHE o] &3}t 72
st A AU E ddste] SYHAGAAT A2 15 vdeheAoA SFEHE 9o A

Ao Abg®  AdFFY  LED(Light Emitting Diode)™= Far-Red, Red/Far-Red=4,
Red/Far-Red=9 F¢olm, =339 v&L AHEY Ao v&=2 Yehygith. 4ol 60cm
LED f1=& 27) d4dste] Aot dxzve 28-S A kA gk, dxAE d&
5 3A17H(17:30~20:30)01 W, FeEe A& A Ao A 100~ 150md -m” s ® AT A g
A7 20109 89 27Y A2l &kd ok

flo
=
=
ofo
o

22 =4 7)(HD2101.2% =439 1, LP471 PAR 400~700nm =74 7}

ojr

wel 3] faA sobia H1 AelE skt so] Aot

= w}
= =
Ao DHAKE, FIFE, dEALA, AYAY, G2, ARTEAY

7] AR AAGdo] AeFE, Tk Qo] HASFE AL -ddef 7s3sh] EA Ho,
sloli-3l7} R} a8y ol sl Fol= AAagofo] WSS wek olo] W 3k Al
o] BS4E wo] FRHET(HsE, 2010)

40
Flen e =
35

30 —\ - I A
25 |- \,,/\/V w\ ~ ™, Fan f—\‘__/
o N\ AT TN~ A/

15

- —_ /=

(et )i rio
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20106 8k~ o FoRtt 25 AT A9 (2" D, 871 stohest
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T U omE A4S engdon selia F o slohras aAs ned dagPrel de
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LED =" A2 20d ¥ 3] daste] dspt =d&3 NMates S48 a3, #4457
7HY =koH, 322 Far-Red ¥¢9] Red/Far—Red Z3gA R =9k

oldel AxE Fal l‘itﬂ D7) Stobst x7](Stage ) WAl A L A2 A<l stoli-3}
20E 2t AHE A2 T 84 wet sEd & Aolrt & Ao®E AztEn shold
3l % 212 AL, Aol soptd 2 12, 1AL 21 AS aHsehd 21
A 4l 4 F I3 EdES AFENA LED AP 7|zte] dis] AT B 2evt
AS Hoz Azt

3 2 27] AR LED 2% 202 A2 & 44 A sEd 3 /2010, 11. 12)

Dy shEAE(%) N3HE(%)

Control 76.1 £ 6.2 24.9 £ 104

Far-Red 63.3 £ 15.3 89 = 38

Red/Far-Red=1 36.8 £ 9.1 104 £ 6.6

Red/Far-Red=10 49.8 £ 11.8 11.3 £ 50

” MeantSE
3 3L

bW AR s U FoRr £EE 245 A3, 9] Hobia fEo A%F L 1
5~25C KT} w9 =7 §AE90n, ot 99 F474 o]F7} Holok 1 o]st®

Hoj it

o A e stoltdtE 5Y Ao ® 1054 AR Ay FAE Bo LED AEa7t 2%
oo Ags el o stold st & stoptE s fsiM s ey daggitel 2
o9td o] xxio] EFEeY v SAR] o] tid Holglt

th LED 2% A2 204 § £ g4t g3y ede Mes 54 49 FA e
T7F 7V Eokor, thg o & FR Fdo] R/FR 2F4drct Erh

gh. ol dats TS el 2] sfolitdt 27](Stage ) @AM E A2 A <l Sfof
w3k 2AE 2EE AEHE Y § @A wet spEEA S Aolvt & Aow Azt

o ghobial RE 2AS AL, AQkolL, dobig AL 1e, 1AL 24 AL
negthd 2949 A58 G4 F sy FA&L A LED 2349 712l o
3 ATa 2 Aot 9 Ao YU
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Aed =7 ZAAAMA LED o] § ZolE 3 A 7l A
L AT7HE

7h AEAE W A
=WSFA #59 A8 (Fragaria X ananassa Duch cv. Sulhyang)® AR E o] &3ttt 7€
st 4 dUE dAwete] SHIEAAT Az 15 vldske2olA SEHME QoA A
st
U Qg
Ao AFgE 9l¥3¢ LED(Light Emitting Diode):™= Red/Far-Red=10 #¢o|, Z33¢
ol & AHEY Ao vl&E YERYdth do] 60cm LED 2 E 27 ddste] AA53d
o dxz27e 2HEs Ae oA @¥%ka, ARAIEE dE T 3AHAT:30~20:30)01 W, F
Al 7 %li

A AgkEol A 100~ 150mol -m” s = ZE3sgth Y717k A4 A 0, 5 10, 15, 20
st a, AAAL 2011d 8¥ 302 A Alskel ).

olr

& FdE FF S471(HD2101.2= 573 3k3lal, LP471 PAR 400~700nm 574 7F

, 9, IH 1gol ethanol 80% 2omls H7}ste]l A 7|2 wlaf st th, water bat
hE o] &35to] 80CeoA 303 9 Atk Hele Algd-& 3,000rpmolA 1023 ¢4
=gl glo 3Fal, ZAFE ©HA] ethanol 80% -5 #7Fstel 919 S 23] HEE 5o

Aol 50mI7E HA ekttt E53% AR NS A EeAAd 2o I AdE
715 ol&dte] AdEFadt. vFds 33 T 2mlE F 42 vhs, Sep-Pak C18 car
trigeE ©]&35to] 12} o #silnt. of3d NS thA] 045m 7+ 2] PVDEF FAM7]8 HE ©|
g3to] 23 o 3keto] UPLC(Waters, USA)E &3l 24k th &441¢ =42 zorbax carbo
hydrate column(HPA}, 4.6mm ID>150mm, 5um)S ©]-&3F3 ., o] 572 acetonitrile 75% &
ARESIR o &% 30T, injection volume 30, % 1.0ml/min= <333} o}

A}
[e]
ﬂ&ﬁ os 0é

2. A7+4%

20119 27] R s W Fues
3 £59l 15~25C Hu} =4 FAHAC
He AlZIE e ek Aol dnh

s S A9 (2" D, 27] slohitst el A%
W, Aol lske] AT B wRe] shopial
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e Leafstalk
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et

a9 2. 2] A% AR SE AV fEd 3 i)

97] Ao AH SE5 AZE B dg e wsi (IR el e Azt sEFF W
W gheFo] fFAadtes AEFS UERUTE FERFolA shokiste] i A xR 8EH Qe
peroxidaser= H:022] =4 3}ellA ©J2] hydrogen donordl 7]& el thdlo] &3} WSS FHujf
e BAaEMN W A3 Vles A FoE duA ded, 249 3 4 7|3 #F4

s S st ZoRE Halso] vk webx] @A R ole] A3tst slolits)

ich =
W ARE AYSE o] FLT Aow Y7En.
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Crown protein content(g/p fresh wt.)
5
Q

97] 4% Ane] LEDE U582 29 F F4

D, LED %<&

glroll M= vk JAlrE A gl o, stol sl WAl gk vt

A 1A stoltstE AR A
sl WA k2 04 Aol mEst AASrE 7B Wekar, 1094 ~20

bt

i

O]

¥ 1. 27] A3 2AH LED(R/FR=10) A& LA slolisl f % AA (I Y 2011. 8 30)

- e Flower bud differentiation stage of 1st cluster
2|
I I I \Y \Y VI VI VII
0d 4 4 2
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@7] 2% AHel LEDE dedEz =9 §F 444 4
(& 4, 047 59 A7} 718 el W 7]

Fo0o

SO0

SO0

o0

SO0

Z00

1O0

Crown protein content (g freshwt.)

r

ol wwa gue BA 4
A

7} 454mg/g o7 7 At}

— 652 E55
a == S89
— 454

o= = = 102 152 o
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<24 F-3A LEDE °] &% 27 dZAwWA F &4 /HAd>

A12 LED Jo] 2718 A 4 2o nx= 4
1. 7Y &

7} AEAQE g9 A A
S SA] EEQ HK(Fragaria X ananassa Duch cv. Sulhyang)S 29 3] d7)3F A&
NE= 0}01, 10cm EE°] o] FEE Yo & ﬂﬂﬂeﬂ SAAA A s vh g 2=
25C, AdE% 60~80% FxQl Aol Adstlar, Foe ofuiay] |7 AE wigd=
dste] FeFaith

mlm

I“N

o
ok
)

L 2l

Ao Alg® QA F39 LED(Light Emitting Diode)®] £H+= % 13 #11, Red/Blue=4,

Red/Blue=9, Red/Far-Red=4, Red/Far-Red=9 Z3&33g2°] H| &2 Ao v|&Z YeRYSIT.
LED?] PCB(printed circuit board) =71+ A7 200mmx1.6(t)e] ™, PCB

cael

- 7

ek Bz e A Darks A9 BZEWIS LA, Ange 3 AdEs
® ¥ = Red, Green, Blue 9 ¢o] wo] x3d FAS 7pxth AZAHS 244 7F A28l o
o, FEE AEAE e AdRel A 100~120md m® s 7F HES FolE 2T
X 1 Ade A8¥ LED ¥
o Viewing Dimension |Luminous Intensity
Emitting Color Wavelength(nm)
Angle (mm) (mcd)
Red 30° d5 1,500~ 2,700 660
Y ellow 30° d5 4,900~ 6,200 595
Green 30° d5 7,800~ 8,600 520~ 530
Blue 30° 5 2,300~ 3,200 465~475
Far-Red 30° d5 85~100 730
White 30° d5 6,900~ 8,600 -
UV-A 30° d5 2,300~ 3,200 390
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<= Fhg FZA S47I(HD210L2)= S48k aL, LP471 PAR 400~700nm =74 75

(3 AH, AFE - &d due A F hd 9o dolgt & A
(1) A=, e @ AFE FHOE AAH9 A2 YoM AT FHs &
0T, 48X 7 AEFAXVIZE AX AN & AESTS 54
uf, AT
Ax 457 T QAFHT A 1g2 acetone 80% &N 50mL=E vl dte] o %] (Whatman No. 2)

2 o yste] BEAsATE FENE UV/VIS Spectrophotometer(Hitach UV-2001, Japan)E ©]
&3to] 660nmel 642nmellA FFEE SHT & AFFFHAIAEE(S=2F G Fes], 2000)
°] "hHol wg} total chlorophyll, chlorophyll a$} chlorophyll b 8-S AALeLE 0™ mg/lE

EA AT,

(A
x
W
S
({4
ol
N
!
W
=2

A Qo FIAAAES FUg BT S471(LI-6400, LI-COR)E
. SA8A leaf chamber W CO2& %+ 400ppm, <%+ 25C, PAR#S
2103

A71(SI700, SKYE)E o] &3Fo] AAFH-2] obd Arst evks A3
At}

4 =
of S, AT 1~3A QAN Sl

2. 474%

AR WelM s E R 2443 AxAlAl 4530 2] e WstE AR 2ol
S UE 4 258 e 7 Atad 2. 1 252 Green 3902 7MY §552 A
skow, 2 15 Blue, Red/Far-Red 2339 0112w, 3 Z1F2 Red/Blue, Red, 497
So3Qolal, 47152 bem v WFC 2 A A3 Dark, UV-A, Far-Red, White 39 <=o]t}. o

™
B TR )
Moz AEAY o B AvHg AN ABAL WolAX, Bk 2] dobdE @4
=

A

EhhAw obglel e Avke 3] ME Astel £ QAW LED £9F A A
UV-A, White 398 @0l A ZUsl% Aol #zsh 2250 29 A% Wt gy

d



AL wsol drh Ag Mol @] QoM Wi FEFE 100~ 120md m® s 2 F LS %
RARE A Fol= FZFa gho] S48t oA+ 4
Ao S7FF> A3 #ME, Green, Red+Blue 23839 o & 2~31 o]t F7ksksla,
Far-Red, UV-A, Dark, White FelA= & Fro FFHo= QJd F7lstes %
T Fol= 23]y At Y dFolAs A $M3Z, Green, Blue, Red/Blue =%
A oz AR o Green FHolA = o] Tel= FAo] wWol wAgsith

#HGgk F(2003)°] S AAMF FANF LEDE ox 16M%F APsdlE W
A Aol Al Aol AAstlan, AAF A= dAs] oAlEe] & A Al fA)
stttk A=Ae] sl FFE nA= Fhe st A7 wol FAEHYo Y 435 FA 9
ayvtolgty B7]= ofg Adso] wkth

b 2 AYs T3] kA LED Fdo] il whE FEAte] A, AEe 9,
W Al T2 g ste] AlFskE Aol Fastet.

o g
Y

_0|L
32
o
110(' i

30
— 8 — Hed elic F— Sraan —®— Blus A
—aF— | =2, —i— hite —@— o= —®— F==(3 B=18{L
25 - B=19(a —— = —&— | amp
20
—

15 g —

Plant height{zm)

4.0
B r
3.0
g 2hb T

[nu}
T1.0

weelk

73 3. W] A AZAEA] e W)
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week

29 5 w7 s AzAuA Qe W

27 SgEE AxAAl Y B8] HstE AFRATE 6), A oA 240 %
7} wo] MAEk a1, LED 39 FolM+ Red/Blue=4 #go] 0802 71¢ wekow, & o
Z Blue, Green, Red 3¢ < ]‘giE} Far-Red9} UV-AoA = A5 @AsHA] ekokr), 2Adkz o
2 9y s %ﬁo}b A7)z oAl Aol Q- HEm EFH=E o]zt Ak
2FA, 4 FFTS AI7P°1 wdowm AP oR ygYd A ofFol AFo] %
g3ttt

rlo

_>.i
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webA] B Ao A= 24N AR = FAxA Abgjolw, A E A JokAe )l o}
A7 A" 5 glovm g ASo] EEslt Far-Redel UV-AolAE= @Y7 @AdshA] 9k,
3

3.0
286 r o]
Toqg |
=
=
—
S 165
i
—
o}
[N
1.0 |
. ]
05 | -
&
0.0 .
0 1 o 3 aq

weel
2% 6. w7] FgE AzAuA Ay wgse) wst

27 gl AxAN] 47 2GR A AAled AETS AR A3 2), A
EAG AR AAFES A WzxyE 153g0 7 b FAYI, LED 39 Sl Green,
Red/Blue Z3t3do] 10g JE= 7P FARTE A& Aty A= st AdH Y=
o v&S YER = T/RES ASAAEH S WS ¥AISE A XEE Red/Far-Red=9 3¢o] 543
o2 7hF %, AFo] PAdskA XY Far-Red, White, UV-A 3Fgo] 71 wokrt. &
Ao M= AAF-2 Bgo] s AHelelA X8k A Es sl A4 Aol
PG Aol qe Ae *@73} T Ageha Eakgt

el =7 A Aol *Wﬁroﬂ B3 AT Fd T IHEH

S fo flo ox
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320 2] s AxAE 45 5 AGE-eF A BAlTY e

AT AT
TR A% (e/plant) | A2 3 (g/plant)| 8 A1 % (g/plant) | A E E (gfplant)| X E
< (g/plant) |44 = (g/plan s \g/plant) A= "5 (g/plan
Red 7.312.4° 1.010.33 1.780.5 0.240.06 441
Y ellow 7.7£1.6 1.140.21 2.240.7 0.240.08 352
Green 10.0£2.2 1.540.52 2.010.8 0.2140.10 493
Blue 8.012.0 1.240.34 2.240.6 0.210.07 359
InfraRed 4.0+£1.8 0.740.25 1.840.9 0.240.09 221
UV-A 3.841.7 0.640.32 2.240.8 0.240.10 169
White 3.240.7 0.510.05 1.140.3 0.110.04 280
R+B(4:1) 9.91+2.6 1.540.37 2.811.0 0.240.10 359
R+B(9:1) 10.3+3.3 1.340.58 2.4140.8 0.240.07 427
R+IR(4:1) 8.012.2 1.440.30 2.240.8 0.310.09 368
R+IR(9:1) 6.842.1 1.140.48 1.310.8 0.240.08 543
Dark 3.842.4 0.610.44 1.840.6 0.240.09 214
Lamp 15.3%1.9 2.640.30 4.5%1.0 0.4140.10 343
"Mean1SE

R/FR=4

9% 7w ARAN 4F T AGRG Asre] 4% 43

R/FR=9

Dark
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B E ARAN 47 F A54 S SHS A" D), T 954 o Wste] w
2 G242 a®t b FHE S HIo|, Red FHY 7P wWtow Aupy wxel
Red/Far-Red=9% & Ho]glt}. Dark, UV-A, White, Far-Red #9S Red Fd9 Awty e
F7olR0 o™, Far-Red?] H]E©°] %2 Red/Far-Red=4 Z333d%E 3] 3o F=Fo]Qth 9=
2t FolUAE o M 728 Azoln FRYL e F2oE HEE 4% @
ol AFe) AR FEHVIE ok EA AN N R3] BE PG T FHE 54
& FEEA ga WAEly) Wi A2 olo] Mo walry dyA glou, & A
A AREE HASGEMmMAAE AS4 Bl A HasA @kor, A%4 Aol o
£ Qo] 283 oz Aztuc

1.2
B Totd choogwll E loodwlla O Cloodwll b
1.00

é 080

‘%

*5 (0159)

=

‘é 040

o

- I_’_‘ I_l_‘
0a
Yellow Geen Blue IR WA White R+B(4:1) R+B(9:1) RHR(4:1) RHR(9:1) Dark Lanp
Ligt scurce
I3 8 @] A AZXRAW 457 F JEA

l 5% 499 BT 5
golth FAEN /|BARE B FRAEL 05T AL ehigda, & FuA Fre
WolEA & Qe AEE vl 3719 $EFS A3 A=k by Rtk Q9w gEe

2003; Balegh®} Biddulph, 1970)3. 3}t 18y 2 A3 oA += Red FYH T+ Red/Blue =
Shagflo] FIgEo] ] Fkt).

- 44 -



® 3 27 s Az 15d ¥ FAd e
29 Photosynthetic rate| Transpiration rate| Stomatal conductance | Vapor pressure deficit
= (mol \m? +s ) (ol \m? - mm- s ) at the leaf surface
Red 2.0040.98° 0.9540.28 0.0440.02 2.76X0.72
Y ellow 1.49+1.01 0.934+0.26 0.0310.01 3.2310.62
Green 4.38+1.98 1.4140.55 0.0640.03 2.5440.34
Blue 1.87£1.19 0.934+0.29 0.0310.01 3.0140.16
InfraRed -1.04140.65 0.2910.05 0.0110.00 3.2210.07
UV-A -1.3840.06 0.3240.06 0.0110.00 3.1010.60
White -1.01140.16 0.2840.04 0.0140.00 2.8110.24
R+B(4:1) 4.99+1.52 1.7610.50 0.0710.03 2.5140.30
R+B(9:1) 4.03%1.26 1.72140.60 0.0240.11 1.8441.79
R+IR(4:1) 2.3510.62 1.3140.39 0.0510.02 2.7010.24
R+IR(9:1) 1.5910.44 0.9610.24 0.0310.01 2.7840.19
Dark -1.1940.10 0.2530.08 0.010.00 3.3910.06
Lamp 6.9712.40 2.6210.60 0.1910.13 1.8410.65
"Mean3SE
E 4087 s AdzAm 30 ¥ 3
o) Photosynthetic rate| Transpiration rate| Stomatal conductance | Vapar pressure deficit
° T (pmol \m® =57 (ol \m? +s ™) (mm® +s) at the leaf surface
Red 2.1612.08° 1.7410.87 0.0910.87 2.3140.50
Y ellow 1.2840.77 0.7940.22 0.0440.01 2.0310.13
Green 2.601+1.21 1.1440.37 0.0510.02 2.4440.22
Blue 2.1910.73 0.9840.08 0.0440.01 2.5310.18
InfraRed -1.2010.14 0.2240.05 0.0140.00 2.6110.37
UV-A -1.2340.16 0.2810.03 0.0110.00 2.77H0.79
White -1.0610.21 0.35+0.04 0.0140.00 3.1640.09
R+B(4:1) 3.68%1.13 1.3740.37 0.0640.02 2.5240.24
R+B(9:1) 2.86%+1.73 1.2540.44 0.0510.02 2.6440.24
R+IR(4:1) 1.2140.80 1.1940.73 0.0510.04 2.7510.42
R+IR(9:1) 0.8810.09 0.7910.08 0.0340.00 2.8240.17
Dark -1.30140.19 0.3940.15 0.0140.00 2.8710.45
Lamp 2.6940.93 1.2510.18 0.0740.02 1.8510.58
"Mean3SE
@] AzAM 4% F AT gEAe S ALY 9, A ALE Adstn
LED F¥o|A+= Red/Blue 23390l 71 ¥ o™, White, Far-Red, Red/Far-Red 39|
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R/FR=4 R/FR=9 Dark Lamp

I3 11 g27] s AxAuA 457 T AS5AE

3. 38

7b. A=A WAl LED 38 242 Green > Blue > Red/Far-Red 2339 wolv, 44+
Green, Red/Blue &3] LED #¢ FolA 2~3n] o @Wo] WAL 933 A%
w3l Green, Blue, Red/Blue &3 ¢o] 7bd WO, Green #gL ¢lo] wgl= ZA

A}

LAY A4S LE

o] wol] LA

Y wg RS by 4z g

ol
o
oiN
2
>

o] |yt 24M=Z 7H wkem, LED
= Red/Blue=4 #¢o] 08712 71 w@otrh.
AR AAZI AEFTLS Green, Red/Blue 28390o] 7P FAR L, A2 A9
+ Red/Blue 23390l 7Hd FART
LED 33 % chlorophyll & Ala}d #Z Red, Red/Far-Red=9 #¥o] 0.93~
098mg +1' © 2 7}3 @Weko | chlorophyll a®t chlorophyll b B% 72 7
AT,
LED 349 3388 4abd E ) Green, Red/Blue Z33¢o] v Az rut &
o, AL YolA Azte] SEFF FAEES oA = Aol
F FolA Red/Blue 23Hgdo] 7H WA, F9E=E ¢4
A0 Wsle| M Aegelr o] W 342 Red/Blue, Red, Green F¢ +ol%l
=3
webd @7 AdzAuE LED 342 Red/Blue 23390 714 Ag¢d oz A7+

.

_

»)
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A28 27 A=A E LED ol & 7ted 4T
AT E
7h AEAE 2 e A
U FEQ 2 (Fragaria X ananassa Duch cv. Sulhyang)& 2 EZ2AEZ ko] 20094
99 Ul ARE Fxo AAsAH. Exe= AFHAFAEY FHFH sH+202T vl
782 N-P-K-1 %A 3]-EH] S 35-4.9-56-200-2,000kg/10aS Y1 A FAT g Z&
120cm, ©|#%0]E 45cmz WHE F AAAYE F7F 0em, 23t 0emE FAEFA L, -~

LEdEE F7F 25420, ot 52T 2 ¥R A S o] &ato] el
AeA wels 2719 774 UlE 9713, e 5~THE V2R S Alrskelt.

Ao AFEH ¥ FY LED(Light Emitting Diode)i= 113 ko] =]gkzto] 120° A Eo]al,

Red/Blue=5, Red/Far-Red=5 X33l H|&ELS :xol &= Yeldglt. LEDO

PCB(printed circuit board) 7]+ 58.6x9.4>x3.2cmo]™, A& W E(metal)©]1, PCB ¥ 1W

AZE 18970 F-Fakglar, 2719 PCBE A4dste] Agstlnth tix= FAx 2 el M d-5(100W)
E &

S AA3FA 3, ME S (Incandescent lamp, INC)Q] 33 AHED B X = AHAHAETY O F A
Aage] wls] Gy A4 Fo] fo] xEE o] gQlo] AEo = TheAdo] xorwE F
AL FdorE FAFety, & A& F AEEA T892 g Ao], 279 FHwA, A
E5dolA ol T FHEHIAY AL o E AMEHT

InfraRed(750nm) Red(660nm) Green(530nm)

Blue(450nm) Red/Blue=5 Red/Far-Red=5
% 1 LED #¢ 378 A9

(m
o
R
ke
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o} A xuhy

EESRIE 2
22:00~01:00(3A]17H) <1

[e)
ol m” 0] o] HEE rolE xHsY
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ol
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ol
ol
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=
oY
>,
)
flo

T 179 Ao w 2%, A9, 94, 9% 9 9y RS vstE 4531 2Abe)
Z ok Aek-o] AT AEFTY] FAE 54

A AANE A F dol7t 74 7 F7])9 A FmHANA AdE7tA] do)S =4
A ANE Qo 5 SHE AANG AL
(3 94, 9% & A o F ke e Aolo} HE ASEE 54
(4 23pEdd - Ax F 23P FAAHA AeE A5 AN

Az 1593 3044 HF e 2 1gS acetone 80% £ 50mL= wla3te] o %] (Whatman
oS UV/VIS Spectrophotometer(Hitach UV-2001, Japan)
g o183t 652nmelM FHEE F5AH F Yoshita 5(197D)2] ¥R o] wa} total chlorophyll
kS A4S 0™, mg/g fresh wt.2 EA| 8T
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of. HEI C

27 RS FEE Fgsto] v = deep freezer(-70T) A7 Al 1g4 EolA
5% metaphosphoric acidE 7}stal A 2oA A&E3] FE3I & g71E  o]&s}o
2,000rpmel A 10 &<t g st Aeds At & 0.22um membrane filter® o 23t tf
S ANFgHo g ALt Hwang 5, 2000). HPLCE= Jascort(Japan)E AF&3l o 2o
AFEE columne ZORBAX Eclipse XDB-C18(4.6cm>250mm, 5um, Acilent, USA), detector=
UV(265nm), 9@ 20ul, ©1542 100% MeOH @ 0.IM KHPOZ 1198 E3sle] Al&3)
R, flow ratet= 1.0m¢/min®] AtH(Hua-bin} Feng, 200D).

B

1

r-\{_q —{o{r

il
=]
RU

A}, QFE Ao}

9] S EEE FEsto] vk § deep freezer(-70C)e A7 & FEAA] 1g¥ dolA
ethanol 95% ¢} HCl 15N §-91-& 85: 154 o vEE Ege g 10mlel ¥3 fEow vt
A gk thF parafilmC.® §7]5 &3 & 4T YA 16A1F WAsk3AT. o] E3E5 o
A2 o sto] FAEY. FE A UV/VIS Spectrophotometer(Hitach UV-2001, Japan)Z
o] &38to] 51nmelld FHEE 543 T Fuleki®t Francis(1968)2] ®H ol wel total anthocy
anin %S A4S 2, mg/g fresh wt. B FEA| ST

@) s 58 24 PGS duste] 4% & )" ZE7A(Atago PR-101, Japan) S
o] g3te A3kt
2. d4+4 3
A=A o] Qo] QFFe IA FAFEY FHELA S AF WS AojS 3 A A 9}
P 2208 95 By ujo] o] gHTHolAA, 1999). BA =y AzAu A Fud x|
= 98- E 700~1,0000me] =7 9] o] §ﬂr@°l QT Yo T A 63%1%——3— 700nm owsﬂ

Eqle] LED %J" 3~47) *% f?}id 2 Aoa & o Qv ARE A 7]
= aAHE 350mA A 100umo m® s’ o] FaFo]l WAl y|Ee] Ax iR WdB
FFE SAPES 9 2~6md m® ' FEolth 1Y AS AY FHAAE 7] 9% &
How AzANA FFE wolA RS © ABA AKH B mAE JTL FolnT
7 stk
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LED #H x5 & X =0|(accm)

a4 8 =] dxAm A 1A

AR FFE =A% A sHeA0F vd) Held 53 A3(E D, 5E e 3
o~ el A% 1,500l cm? -5 0]%—% SAY T, ¥ 9= e 15~2lmd +m” s $7
A 2k kAR dEH v o= Fe 190~218mol +m” -s 2 BH R Feko] 1087}
ZF Zot "HeFgelA vdes AR FES AZIEE Aot 9, 53] Al delAs T
52 }HL} Azl g8 ApdE = A57F ok A Al delM ZrEa Auiske A=

U e o Qe FFgo] ¥58 A BEs AAstd anrt e Ao Azdd. g2y

A AR AUz A Wyl @ 71ES vhdsts Ze] Wasitha Azw

N)

[R=ON) _I
@ %

N

T 1 wA s AMEeAFE BY) U A7 B =7
sS4 24 B2 FoHmd mZ s )
= A 1,835
34 304 EI
15 vdsk¢2 1,500
49 19 1] = A 15
=
15 vldah9-2 21
_ = A 520
64 302 52
15 Hdshe-2 320
A 218
8d 3¢ H)
15 Hldah%2 190
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w7 FAEE Az $ 15d AR A A 5SS AR AR ), 15 2 el
o] Yglert 30U AHE AolE UEhY] AlFsiiom, 459 4 R/B=5 o] thE A7l H] 4

& Aojglont 60 Aol Al ztell F AeolE YEhlA aFstth G 3 459 A
R/B=5 #elo] th& A7l nla] wokou, 60U Aele A el & Aols vehiA ot
AHE A2 F 159 HA o AR A 3, Dol A el &

g .
= @) Qo] AgelA ek ZUAM(ep)S o] g3 7 %olth 1 wlie] Az
0 A Aole AAAel vlsl A HASH: BF AAEd 1 JEE Aol
9 L Batgo] AYgon w5

ke %]
g w9l BAo] Wgs 2 dpio] we o BaarE
I + % H

>
24
l
>
r‘%
i
N
o
:‘-,)1:‘
>
rr
ke
o3
+
oX,
2L
i
o
ol
o
o
i}
o
ofp
s
ol
%0,
2
(03
)
e
o

154” | 30d 452) 60 152 304 4521 60
Control 0674 | 206ab | 264ab | 333%b | 057a | 160 | 257ab | 387

Inwﬁagfp@t 0452 | 078 | 225 | 28b | 067a | 16m | 22b | 417

InfraRed 0.64a 218b | 272ab | 360a 0.50a 1.57a 237ab | 453

Red 040a 1.20c 2.21b 293b | 057a 1.60a 263b | 493
Green 049 212ab | 257ab | 33%b | 00a 1.73a 263ab | 447a
Blue 0.50a 18dbc | 24lab | 318b | 057a 1.60a 263b | 470a

R/FR=5 0.70a 227ab | 268b | 332ab | 043a 1.53a 247ab | 443

R/B=5 0.71a 2.50a 297a 3Hab | 060a 1.67a 313a 5.30a

Az T RS JEE ek

? Means separation within columns by Duncan's multiple range test at 2=0.05
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b R A1 A 2% A3
1527 | 309 [ 459 | 60 | 159 | 304 |45 | 602 | 15 | 30 | 459 | 60
Control 0.35a%| 0.78a| 1.08a| 1.50a|0.23a]0.53a | 0.96a | 1.27a|0.31a | 0.67a |0.92a | 1.23a

Incaflafﬁgcem 0.37a|0.85a|1.18a| 1.53a | 0.29a |0.57a| 0.94a | 1.21a | 0.26a | 0.57a | 0.82a | 1.05a

InfraRed 0.59a|1.01a|1.37a|1.74a|0.27a|0.55a | 0.92a | 1.20a | 0.25a | 0.53a | 0.94a | 1.26a
Red 0.49a|0.83a|1.11a|1.50a|0.25a |0.54a | 0.80a | 1.12a| 0.20a | 0.44a |0.77a | 1.07a
Green 0.54a]0.90a|1.21a|1.70a|0.21a|0.49a | 0.83a | 1.25a | 0.23a | 0.63a | 0.88a | 1.32a
Blue 0.44a|0.87a|1.18a|1.56a|0.21a|0.52a | 0.79a | 1.18a| 0.31a | 0.67a | 0.96a | 1.32a
R/FR=5 0.51a|0.91a|1.23a|1.63a|0.20a |0.49a | 0.80a | 1.13a| 0.32a | 0.60a |0.87a | 1.19a

R/B=5 0.51a|0.88a|1.17a| 1.62a|0.23a | 0.55a | 0.85a | 1.30a | 0.14a | 0.54a | 0.82a | 1.28a

Pz F AAwste] JEE ek

? Means separation within columns by Duncan's multiple range test at 2=0.05

ke

4, B7] &

[¢]

ro,

M AEANA A9 95 W5

o] 32
H

i A1 A 24 A 34

15247 | 309 | 459 | 602 | 159 | 302 | 45% | 60Y | 159 | 302 | 45 | 60Q

Control | 053" | 0.87a | 1.10a | 1.33a | 0.30a | 0.63a | 0.87a | 1.13a | 0.30a | 0.67a | 0.87a | 1.10a
neandescent| 0.43a | 0.77a | 1.10a | 1.27a | 0.20a | 0.50a | 0.80a | 0.97a | 027a | 0.50a | 0.80a | 0.90a
InfraRed |0.53a | 0.87a | 1.13a | 1.37a | 0.20a | 0.50a | 0.67a | 0.93a | 0.13a | 0.50a | 0.63a | 0.90a
Red 0.43a | 0.73a | 1.00a | 1.20a | 0.33a | 0.60a | 0.87a | 1.00a | 0.27a | 0.50a | 0.89a | 0.97a
Green 0.53a | 0.87a | 1.13a | 1.47a | 0.23a | 0.40a | 0.57a | 0.87a | 0.20a | 0.50a | 0.63a | 0.93a
Blue 0.43a | 0.73a | 1.00a | 1.27a | 0.27a | 0.47a | 0.67a | 0.97a | 0.33a | 0.60a | 0.83a | 1.10a
R/FR=5 |0.43a|0.80a| 1.1a | 1.27a | 0.20a | 0.43a | 0.67a | 0.90a | 0.23a | 0.47a | 0.77a | 0.93a

R/B=5 |0.53a|0.87a| 1.1a | 1.37a|0.23a | 0.47a | 0.67a | 0.93a | 0.23a | 0.50a | 0.70a | 1.10a

Ax ARt JEE vehy
“ Means separation within columns by Duncan's multiple range test at 2=0.05
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7] gARE ARANA RS 54 UU SRS 2AS A0HE 5, Ax F 2y F
d 22A%E 17~229 o PRl b we 2Ago), BA40R Fode 9ol
Az 0% F FW PS T BAGOE RN 9ot Az 90U F UY AP

1 =R i

b4

o
248 An FARE A8A @ Ul vnem b A9, weas ATelAr 4 oo
2 714 B9k B339 Far-Redst Red A0l $H8 FA4 QU7 ol Mashs 3

Control 17.33a° 1.87a 0.93¢
Incandescent lamp 21.60a 1.47a 4.20a
InfraRed 21.83a 1.73a 1.63bc
Red 19.97a 1.63a 2.60b
Green 21.13a 1.63a 1.83bc
Blue 21.77a 1.83a 0.97bc
R/FR=5 18.00a 2.03a 2.20bc
R/B=5 17.20a 1.63a 2.27bc

? Means separation within columns by Duncan's multiple range test at 2=0.05

Az 60d F Fdd=E duAs A 9™ 9), R/B=5 Fdo] 7H HWglen, #Ae
of mlell Ax=S AAE Zlo] duide] ga Aot A= 15 304 ¥+ dA54 ¥F& 574
g A2 10) =3 FA ] vs) Az AT A5 ol ¥ @ Agolded, u
Ao AT P Bkt AEAT FeluAE Fashe M T Akl G s &)
T ARoVE SEE 454 gFo] A ALE F8HVE 4

2500
2,000 -
o
= /
m 1500
s |
= P
1,000 -
o
soo
_}/
ﬂ = T
COMNT. Ind GREEM BLUE R+IR{5:1) R+B(5:1)
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0.75
a7 072 0.68 .68

0.58.60 06863 ¢ 06

COMT. IMC. IR RED GREEMN BLUE R+IR(5:1) R+B(5:1)

%0100 2] Fdd Az dEa g it

27] FAEE AxAAl A AR Wkl oS Akt A3(TaF 11, BlEH
C(Ascorbic acid) %2 &332 Far-Red, Red Algo] stf8 Fdor B Aol
Green Fdo] 7} Wk,

HIEFR] C(Ascorbic acid, AsA)& Abgoll SlojA] o 27bAs g4z A 19 &
50~100mg oAt 1zt 59 Y7 AelA ascorbic acidE FAET = 7] vl

AR AMAaF s Tl AFEFYH AdHA&MF ok 17 AdelA ascorbic acid 7
dEI, AgAL o, vvk g o, 3t o] art Qlo] Vs A THA7E 2 4
(WeFs 5, 2005). BE AEA W9 ascorbic acid 2 FoEHoR Fust=,
-galactono-1,4-lactone dehydorgenase’l ¥ 2|&E4 o] ™ (Smirnoff, 2000), 3t 34 S
ol ®rstE FAol FiEY] wWEolvh Ay} FFel wet ascorbic acid Aol Tt
v A7 A= AR it

ko

O HE of N of

20 S ore o rlo

A

)

ot

oL

c g

1o

COMT. H
IMC —
IR —
RED
GREEM
BLUE
R+IR(5:1) —
R+B(5:1)
i t i i i
a 20 40 &0 a0 100 120

Vitamin C content (mg/100g)

78 11 9] F49d dxAuA] vlEy C
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D7) A AxAiAl et B0 REEAord ke SAS A3 (T 12), Gkl
Blue Ald 3 &344<Ql Far-Red AlFolA tEAlobd ghafo] Wk, MAso] 7Hd At

FEAOPIL A A, AAE YEhdle= Z8tEolEAS 784 MARE FEAopdo] v
showl AL g MHT Ao sl o solgy), 3 3 )
9 g Fo HHES WEtha HaEo] (S 5, 2009). JEEAloPUS AR o %
A2 =AY, JEESSE aglycone?!l  anthocyanidin® "o EajE
2-phenyl-3,5-7-trihydroxyflavylium® 7]&4%% 7}*]3 313, anthocyanidine phenyl”]<]
OH2] 9 A w2} cyanidin, pelargonidin, delphinidin 522 ¥ ¥ v, @7]o&= pelargonidin
o] etEAJob ] FQ& AHEo|t}. Anthocyanidin oA % cyanidin-3-glucoside(C3G)7} AFslA
AEH A A, FaksiAo] Sl AoE HuEu itk

JFEAJobAE g Fo met Aol A depxn] zpe]Mo] QEAlehd ] WE S
FXlek= AEolr, I 99 ML WA R Aol mIrt Qlar, =A0]
71 dths Aol Qluh dRbA o g A 2o] QFEAJold Y] Mule S HHA I Ao o4y
A Qo ekEAoLI L] FAS A E A TS FAd 2ol eFEHH, oA TF
< FHast & & Sl okt Aol FesttHFs), 1999). mEkA 2 A% ol e} fAFS
A¥E YRl ey, anthocyanidinell thst Fi3 248 3l 7152 7HA o] dsiisE A
3l & /o] St

COMNT.
INC.

IR

RED
GREEMN
BLUE
R+IR{5:1)

R+B(5:1)

1] 5 10 15 20

Anthocyanin content(mg/100g)
I 12, ") FdE AzA Al FEAJobd ek
d A4E o) £ Ao deE 545 472" 13), Blue %
7 Brix°=® 7V =9k, ¥4 219k Red/Blue=5 F¢le] 105 Brix°® 7Hg wotoy, 3}
= =

o]DE J/Pz]oﬂ Lq.e
off Al HgkeH of o]t}
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g},

A},

-~

11.8 v

116 +
114
112 +
Cr A
2 110
L=
) 108
Bx -~
106 1
104
10.2 —”i
100 4~
g-a - T T T T T T T 1
CONT. INC. IR RED GREEN  BLUE  R+IR(5:1) R+B(5:1)

Ao AFESE FHe 3% LED #ZE 94 Far-Red(750nm), Red(660nm),
Green(530nm), Blue(450nm)e|™, =332 ;W] H] &2 Red/Far-Red=5, Red/Blue=5
ojloy}, g EH H &S Red/Far-Red=10, Red/Blue=5°]1%11l, 60cm o] xW%5S
27 AEz ddste] AEA Awio] FEFo] 100~ 150ml -m” +s'o] HEE A28,

iz Fdoze V& 2x U vdes A2 dyelth
[e)

=
=0
271 AT wE AR d2AZE AR 2 Ay, 2937 g AR S
QAR ES Buuch v AFgolgor], 3¢ Feels dxAte]l Funot Tl
S0AIZE o) R, Bk =S
8

o =43 Ay, 2d T2 22 92 o
A% 1,500 cmZ s ol SR8 T, v 9= Je 15~2Lmd +m”© -s! 3 ASA 7

EiliiTie=

HZ 5 159 (1407 AEA A% EAS AN Ay}, 45474 = Red/Blue=5 44 o]
oA 1, P B Holdou 60Y Hel= A 1ol &

2ol & YERA] eForth 49 HE 4 A5 A Fhe FAEA FY8 sl
<
T

CRE S e 2d Aedge Ax 60d F E2E ST AY el £9790] e
U Az 0d $ Y BARS Nds ATt FA e s 4n) 7hsE w@ekh
Az 604 & FdHE JuAS A 23, Red/Blue=b F-do] 7H wekow, FA
ge vle] AxE AAg o] Pduo] @ Aot
Az 15, 308 F AFA FFES S Ay, FAY vl&] dx Ao gEe] 9



Be Agolglon], WAL Aot b B
Az 5 oo wE C $3e WA Red/Far-Red=s #go] & 7oln,
Green #¢lo] 7 wkokth @32 kEAlobd $teke] At Blue o] 743 Hghow],

Fdo] TAY wrh 1Brix o4 %A vhgor, bgow WAy

o¥el Ane Fds B HEBA ASH BASY 2P, 45, 94Uy Fe
Red/Blue=5 283¢o] & 9 vgov}, 49 G=, we C, FEAN 5& 7
AHE Aolsk QATE wekd B A AMA A AY K FEA ] AR
B2 Wk ool A9 715y AR BA ATE Kool Wed Aow Azt

_60_



<3AFIA F &3 e AT 27 AN

A12 LED EF 4y A 3 F71 A
1. 7Y &

hAEAR W AFAY

TN AAGH>

HE

TS FF5Q A3 (Fragaria X ananassa Duch cv. Sulhyang)& ©]|83lo] A& FTET
AR BEFE AEE AHIE dof FEES o] At AL 15 vl skF-2oll A
HES AAste] Hd¥ HeuUfe o2 EE AT A5A9S 18 DA AA
s} T

o1 3342 LED(Light Emitting Diode)¥ Red/Blue=5 =%
2 Yeh9lal, E26 270l o]4 7153 PAR BRSO F9S o] gatglon,
Fdoz NAF(60W), 2abddds(20W)s ol &sFalrt. A=A :

o
2
o
o
fu
R
o
o flo
[>

L AEA ZAY

o}

Az A 408 F 2%, #RAA, 255, dUFE AL, AASY AEFTS AL
S5F A8

(D 2% & @dAe o F dol7k 718 11 2719 AxweA] Aaizta] dojs 54

(2 #FAA  BF A5 AAEE 54

(3) &7 ¢ By #ARIF 258 g 5

(4) AU @ B4 HA8e Ay NeE 53

5) AAT, AET  BFE THoE AR AFE vrols AATE 4% F

80T, 48417 AEAXIIZ Ax AN F AEFTS 54

7] 9l 1gel ethanol 80% 25ml& H7Fste] H# & 7|2 wha$t th5, water bathE ©] 83}
80CAA 3087+ d' At Aeld AlgdS 3000rpmolA 1083F QA ste] A4 o
o] 50mi7b HA sk 5% A NS FAEgAT Yol IHdEFHTE o] 85k
AebsEsdnh w5 NS 33 T 2mlE 42> b3, Sep-Pak C18 cartrige® ©] 43}
12k st o e AS ohA] 045m T3S PVDE FAE FHE o] g3sho] 23 o 735)
o] UPLC(Waters, USA)S T3 #4313t £ A2 2712 zorbax carbohydrate column(H
PAL, 4.6mm ID>X150mm, 5um)e ©]-&3t o w, o] F4t2 acetonitrile 75% & AFE-stlom, &%
30C, injection volume 30xf, £ 1.0ml/min= 43 3} ¢}

A

_61_



2ol A AAekglaL
13 2 27

FAAAE o F

4% FdE A5

7

“4

o]

ZAo] dojz|= Ao, Aua 3§
S53¥ LED PAR AHZ|FoA 9.60mm<}
T3 FAE Rt 2|

=

ket

% 1 97] 4% LED &5 AxAA Fdd A5 54
el S -2 7 dqr =TT FEAS N
- (cm) (mm) i) (/=) (/=)
A2 15.89 9.25 4.20 0.10 0.20
Rty 16.58 9.60 4.20 0.10 0.25
R acy 21.71 9.21 4.00 0.00 0.40
LED PAR 19.85 9.79 3.70 0.20 0.40
LEDEF dxAeA Fdd AT AEFS A A& 2) oA FA Y Bmoh dxA
2l 7F Aol M e AT AEs B A "Holdloud, S/RES Wus] HekE W
de AZTE At vl Nds Aol el AFo] Axstol S/RE0]
EoAAl H 3t

3% 2 87 2% LED ®F

AzA A gad AAFN A%F

29 A= (g) =5(2)
Shoot Root S/R Shoot Root S/R
Ak 7.14 9.81 0.73 1.65 1.48 1.11
RS 7.26 8.81 0.82 1.77 1.33 1.34
P45 8.21 10.87 0.76 1.76 1.57 1.12
LED PAR 8.30 10.72 0.77 1.88 1.58 1.19
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LED PAR

H e srEs A A3(1™ 3), sucrose > glucose >
fructose £ o2 EASS L, FA 2 Bop dxAg T4 F G £33 gAhste S U

ERui 21Tt

2. 500
%ﬂ Z 000 1
N Sucrose
S
‘_E' 1,500 m Slucose
_.E M Fructose
E 1000 — M vlo=se
=
= m fAaltose
a
E S0 - m Total
o

COMNT IC FL PAR
T 3 w7l A% LED BF AxAA o Fed g

2% AzAe ¥ AT, 34 679 A AR BAFS 2 A 4, FAY B
)=y

o AxAYT7F AR BA"e] 9.0~9771 2 WS Hollth
1z -
10O =0 o = L=
K=E s - .5
=
B a
=
> -
]
COMNT I FL LED PAR

O 487 A% LED BF AxAu g4 5 AR EAR(2011 6. 30, 4 ¥ 67Y)
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% 5. 27 A% LED EF A2 § AR Y 252011 6. 30, A F 67Y)

3. 3

7h AR Bos AxAETelA Aol dojA= Aol At F3Fe] 21.71em
= 7]—75} AR oy AL WA G5 LED PAR AHE T4 9.60mmet 9.79mm= 7}

FAROM, 7)o LT Ay 4 gk TR 28] 7 gkt

1} —rﬂﬂ Bt AxA 7 AGHdAE BATH dEs BT —‘?—74% Ho|glon,
S/RES vlus BHets o Mds A5 Agstas veion, Mds At
MM = el o]l Axste] S/REC] FobA Al H AT

o 2 AxAgE A 9o feld S sucrose > glucose > fructose O =
AR, FAE Boy AxA el F e st dacske AEE UERI
BT AxAE & FAste] F2 674 A AH BAAHS AR A3 B 2o A
ZAH g7 AR Aol 90~9.712 Be Holqlu
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A28 LED AxAW 57t 45 A=
L d7W8

I AEgE W AZ=x] o
FYWSA FE9Q M8 (Fragaria X ananassa Duch cv. Sulhyang)S 2l EA &2 ste] 20104
99 Mdel ARE BX At ATAAE 1% A s ldelA AAsHT

Ao AbeE 339 LED(Light Emitting Diode)= 1.3 %o]™, Red/Blue=5 342 o] &
o] E26 &7l 48 7lsd PAR BFY(X &7 9003 Im Aol BAR EFY (A 32 120°)=
AR, T2 WG 5 (100W)S o] &3t}

LED PAR E+Y LED BAR E+Y

Az AL A2 F 18 294 AAE, 20109 129 59 ARSIt ARARR

< I, LED 399 FFe ALEA7 e Aukilo]a] wdd i
LED PAR E}4]S 2~4pmd -m® «s'0] 3, LED BAR E}Y-& 100~ 120md m® «s'0] HEZE zo] =
Z7d 38Tt

2t A EA A
ﬁ&xﬁl$3m1ﬂz , %% AVEFR L, AV =S & AANSE 9 F dolr) 7t
A=A R e e = B } Ao dolE A3}t

af E5AH
Az 15937 3094 pFH s o 1g2 acetone 80% €N 50mL=E wpafsle] o #A](Whatman
No. 202 o] #3}e] EA sttt FENL2 UV/VIS Spectrophotometer(Hitach UV-2001, Japan)
= o] &3] 652nmolA SHEE A3 & Yoshita 5(197D2] Wi wat total chlorophyll
wt

shaS AAsl o mg/g fresh wt.2 EA|3FA T

vl QFE Aol
D7) FAS vpgE R FEsle] vk F deep freezer(-70C)o A& F EX Al 1g4 oA
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ethanol 95% ¢} HCl 1.5N £91-& 85:159] H3 H|&= &3¢t v 10mld] €3 F5°= vt
At th3 parafimC 2 47|15 B3 & 4T YFarola 16A17F WAL o] EFES o3

A2 oAgste] FA5HGH. 5 UV/VIS Spectrophotometer(Hitach UV-2001, Japan)Z
o] g3t 515nmelrd SFEE =43 T Fuleki®t Francis(1968)2] ol uwla}  total
anthocyanin %< A4 W mg/g fresh wt. 2 EA| 85T,

iy
12
flo

Ao F e
7] EE w8 54 s dddte] A5 HXd FEAl(Atago PR-101, Japan)E
o] gstel Attt

N
nes
-
i)
B

b
i
i
=

W2 5 A dkg AoE Yot dxA e}
, 1998). A w7 AzAue AS F4d WA
AFFYAOoRA FFeS 700nm ©]79]
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=
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©
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2 Aol AME® LED PAR EFYC] 3
a1 Sl E26 24E IdE AMRE d

Ao A 2~4mol -m” 'R AT N1E AX YR NdF
6 'm” st FEeolth. 1 A A9 FRAAE 7 8] 9
F& wold ddge Wl AEA S Ao A= dFE dotry] 9

aE Uias AdAstel AAsiit

32 o 0
(I rlo ol

2 9
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rr oo

=2 KT
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o
o
atll
il
5
% o
o
2 o
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o2
o PLood xR
BN ¥ g ofn
2L e
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ot
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a2
offt
S
[P
o

LED PAR LED BAR

AzddE= AxAu 0¥ F 78 ARFY Wsks AR d9(E D, 184 e o
s Z7o] LED PAR ERSlelM 7Hg #ston, ]
o A E A maarh vE2A yEbstew, o3l Al Apole] oJgk @glo] & Aow
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Ho

“H(em)
1.44
1.77
0.68

=

o

A7 (cm)

1.62
1.80
0.96

(cm)
1.10
0.83
1.35

=

(cm)

1.51°

ZO
nmo

0.89
1.51

Hlo

C:

LED PAR
LED BAR

ats!

i

JvNO

CEEEER
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T

Nd

-

A2 3047}

o
.

H DA% 1

5|
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P A3

sr g 24}
LED BAR EFJTEH

[eZ]
H
o= BT

304 ¥ 90Y A

ko3
T

Fal v A=

V&

=
o

Aoll=
o]
=

A= F7Fe 7 90Y
304 7HA] A

el
free
O
)
fite)

7
NJo

7

o7 90

S
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N_.Vﬂo

o

ol
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o3
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il

LED BAR

=f=|NC ==f=LEDPAR

0.25 4

LED BAR

=#=INC —f=LEDPAR

EhiE

<k

{o}
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<l

A3 LED PAR AH#7}k

st

A5

o

booleh

FEAhI S A, P, A4S veh
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2-phenyl-3,5-7-trihydroxyflavylium® 7]|E4+Z2E 7FX3 31, anthocyanidin% phenyl”] €]

OH9] # A we} cyanidin, pelargonidin, delphinidin 2.2 FH¥ ™, 7] o= pelargonidin

o] ¢tEAJobde] =8 AJEo|t}. Anthocyanidin ZolA = cyamdm—3—g1u0031de(C3G)7]- Ab3} A

AEY Ao ey, dAkslAd o] Q= Ao R HaE I it
o}

QEEAlobd e Fahgo] Fde me Addo]l 7 debArn Zglado] EAJe o s
Fxehs Aol 1 9o sgelM e ageh sl = Aol Jmabrh 9lal, =40
7HE sk A3 gtk dubA o R A o] EAlebd S MY FXAY = Aow 4
A glov ftEAlohd el H4& feir = A TR FRYY 30l a7 HH, oo T
& HA2sk & 5 9l ok Aol Aestu(-FE), 1999). webd £ AR o]eh A
d3E WSl o, anthocyanidine]l tie Fw3 24 & F3l 71eA THA Ol teiE AT

¥ 2 A3FAE AxAuA s7hE e Wsk(12€ ~2¢€ )
24 A = (g/F)
NI ot &

LA RS 283.6 122.2
LED PAR 276.1 129.3
LED BAR 263.2 1155
14 4 14 -
N J-|_E1 cI)_|.

S U8 A
— 13: / \

mg/f100g)
e .
= o

i
ol
o6

t

13 I:{
o0
HE Al O EHeFimg/100g)

oHE A0
-
[ =]
ot

2 1 ==INC =l=LEDPAR LED BAR 21 e B0 0AR LED BAR

2011/1/11 2011/1/27 2011/3/3 011/1/11 2011/1/27 011/3/3

0% 3 AL ARAWA FHAIE EAohd FF W3

AFFAY AxAMA] FEA7|EE Ao Arg) %E% AR AI(E 3, F A 3L
of Azl ztell & Aol= Aot ol uhet TJrél" ol mA= FFel e Fdst
A3 &2 dedol vt
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1o

FeH7F 90
30 74 %

o

11.9

10.8

10.9
%7}

2= (°Brix)

T

W7t g2 A e

R

o

A€

o] LED PAR EFSJelM 7H&
™, }bgof A

27 30274

74 % (g/d5mm)
366.1
371.9
331.8

, A H =

L=
T

al

ﬂw-o

Z}.OL
) A

€3

10.2
9.9
10.8

Shal UEAE 7

2= (°Brix)

S

7}

B

o

=

74 % (g/d5mm)
233.1
283.4
279.9
04 0d 4 54

LED BAR E}glut

ko3
T

T

u, ets oA = LED BAR EFSJo] 7}

e
A el

Yo

s

‘]

LED PAR

LED BAR

Z}o
A

¥ 19 10d, 1€ 269 23] S92 zAbd 3

L

el
.50
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fite)
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FH7E 902
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A338 LED AZXAH 71&

1. A7 &

7h A EA s W Ae A

SUWEA FFQQ A& (Fragaria X ananassa Duch cv. Sulhyang)S 2l&=A 52 20104 99
el Bx AT 2xe AFHAFTAEE FEFY skea@E vl M=
N-P-K-11EX 3 -EH| & 35-4.9-56-200-2,000kg/10aS ¥ FE AAF t}d F& 120cm,
o]FEolE 45emz e & AAAYE F3F 0cm, £ emZ ZA SR, S-S 2=

T 3 25142C, o7t 52T R 2T RUYE o] &3] Wt

AeAl #els 2719 74 UlE 971a, e 5~TE VIR s Akl

Aldof AFEE ol ¥4 LED(Light Emitting Diode)¥ 1.3]%°|™, Red/Blue=b %S 9]
A8 7bss PAR BRI (32 90°) ¥ 1m ZAo]2] BAR EFY(X&ZF 120°)
2 MAS(60W)= o] &3kt

o

LED PAR Et LED BAR EtY

2]
22:00~01:00(3A17h) A& 8kal, LED F9e] FaF2 A&A7p e Addielx W
LED PAR EF4]S 2~4mol 'm® -s'] 3, LED BAR E}FYS 100~ 120pmol -m® «s'0] HEE o] &

A3

2k, A=A AL

Az g F 30U 604 % 5
(D 2% @ &d dst o 5 dol7t 7k 10
(2 g4 @ &d A o F dol7k 7 2

= =
£ =3
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PARREDN-

Az 1593 3084 AFHS 2 1ge acetone 80% £ 50mLE whafste] o %] (Whatman

No. 202 o] 3}o] FA H’iﬂr FZ AL UV/VIS Spectrophotometer(Hitach UV-2001, Japan)

= o] &3] 652nmolA SFEE SA 3 T Yoshita 5(197D)2] Wy whe} total chlorophyll
oA

SheFS AAFSES 9™, mg/g fresh wt.Z %A 8} T},

2. A1+ZA3

D7) = A FHol Z7E THwRA,

Eﬂ%% 10a T;]' 507H OE E_] o]—‘-‘ 3:7]_7]_ EH]:] HO]TA—
B oA%e] AbgE AFFLe WAL 60Wel LED PAR 16W¢ LED BAR 25W¢] %
Q

[e)

%
o

Intensity

152 186 241 295 350 426 461 517 573 €29 686 742 798 856 313 970 1017 1841L47 00D 0D0EH0
an 00 a0 0 ¢

Wavelength(mm|

500 o0
Waxelengthirm) Wavelength(mm)

—,“%%(SOW) LED PAR LED BAR

P A3(29E 2),
AstA At o, FAgRo A

=2 O
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| oH
oid
rjg
e
i
N
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2
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o
jis?
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1o
Y
o
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biAtH
ok
o
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oZ
o
ol
=
oty
i
m)f

_71_



2T gl WO, 1 FelM MATo] by ol et
MAT L QRAL] e WPo] o] TojL BELEH Yiu

o,
i)
k)
&,
[
=
2
~N
N
N,
[ol
[
ne)
>

= =2 O R T —
a2 G Who] o] Folth. AT Y] EFEEE ASAIAER 07 A G| Bl A
Aol @wol xFHol 3lo] A= B rheAel xor® FRAEE Fdores FHF,
T2 WS FAEE =30 JhE Alof, 2] FHWA, A delr dotsil 5 FEHE
Al g ez AREE givh 2 Ao MAdTS Ay Aol Bol H=e =R
Sz Aol AT
ax 7 gA171017] wiE

10 - 12 4
5 | - E
8 1 0 mesas
- £
BT 5 5 LED PAR
“Eg &1 KEE == ED BAR
5 -
I .
#H 3 i
2 ) ]
1]
0 0
0 20 40 50
HESRIRS GEEL
a9 2. A3 AxAwAl 2] 24 Q- A W

AFFeH A T A2 AT AEF AFH #HsE AHE d3(ad 3,
A5 AegrellA 233 A8 Al v& AT =TS A FUFekA sk,
LED PAR AHgFolA BAFH AEFo] 7HE Btk A4 4z Bl 74
Ho= AxA 97 g do] Sdiskes A Eolqla, LED PAR A7t 7Hd 4o \olth
(29 4.

25 - ——C3z 4
-z 35 e

20 | —f=tiacs - TES

- K@ E 3.0

KF ke LED PAR
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o
71 feiM = nEAA T2 vE 2 I (HPLC)®H oA styrene, divinylbenzene 7l 7AHd QFo]2

WEFAE T ARE ARSI A A=EAR E4ss Aol Hasit

22l T WA 7 Bt hF 7l g=
(g/7 (g2) (°Brix)
A g 169.9 a* 16.9 b 9.89 b
LIRS 169.1 a 19.8 a 10.26 ab
LED PAR 160.8 a 21.1 a 10.82 a
LED BAR 156.4 a 21.2 a 10.82 a

? Means separation within columns by Duncan's multiple range test at 2=0.05
® Abm B P atA 0 S5E-17-25g wIRk, e -12-17ge

= Ageld s Wdes tiAE LED 9 XA 2] dxA 3 @7 HA3 24
TRE] Ae FEE w] AxAE w7 AT A AR FAd AF s AR
HOIHHEE 2). 719 60W Aol Hle] LED d¢o] 16W= anjdzgo Feel 4

st} Hel9) @
o}

=1 ]
o a2 WeAE B26 A7lo] AXT & i PAR Bo® AAlshgict,

X 2. 39 AEF 54
3 9 Al F o 4
O A¥H : WS (Incandescent lamp)
O Z&njdg @ 60W
O I+4 @ White
- O Z7](mm) : 80(d) * 130(H)
- O Azt : -
s O A+ : LED PAR 38
*"‘"'“o?;% O 284 1 16W
<® Q%ﬁ) O & A : Red/Blue = 5(R 660nm, B 450nm)
gl O Z71(mm) : 120(p) < 160(H)
4 = .
O A&7+ 120°
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HH &
=2

omn

Jl& &&&A Colour Display
<LED PAR 38>
* $AZE : NEE 50Lux = 1.199mmd -m™2 -s™ = LED PAR 8.75Lux

LED PAR 38 ti&Z=«

LED PAR 38 x &3t &&8t& Colour Display
a9 7. 3998 394 Fskd Al E oA

D7) AEAMA] HAH ] FsFgor AT A FAdE AY ALFS vlud 2 A3k
4), 32~ 1% 715 10a T A dEH5EFH S o8 A MATS §5%0] 3840Wo] 1L,
LED PAR EF}]2 832Wo|H, o]A & FAE(H)S 7o ® FI7HA 10%98 A8E7]3 3.7% =

2
[} =
Wkt A7 e wS AAre A3 3nt THAAT8%) A= A= ZarF A
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W A5 60 3,840 1,037 47785 -
LED PAR 16 832 225 10,529 A78
CRAVIe s ARECY) VIE, B 10%, A" TS 37% 7HAE
3. 3e
7F edddE dxAa] Ad 279 239 4¥ES dxAe $HEH 1-2em 5= A

A},

Asl AR F 60478 wAsH Ao, FAT R dxA e g7 Aol weke

rlr

Ao duA AgRl At FAY ok AxA T gudel Trst Adels)
7

N

) s TR dx 097 LED ATt B S7K8ISAL 60 Zell= LED PARE: Alejshals

AP ol BHE FTY TR suroseBFol 71 B 11FE sk YA Az F A A

T= FZHA sl AeS el o glucoses) fructoser A% 30U o)F FAH ZkeR=

2 AREH AEAV = V] 2 HOlux FEolH, o]AS
oF 875lux AE7F HHA A ZEo

pul -
875ux olko] ZAH RS 2] Eolg 117 xAekel AAGE Aol st

YA 1
AR Y BFS AEdOIAT A, WAL WYl Aol /by ARA 9

= ]
FA o] dAS T webA] 2o X z
Astlal, AP = W B o ® WAt A Aol 12lux o]/de] =AM F RS
sto] 7Ex R dAEE SRS HA g skl
ol el Aug HES £ Ay U] 29 dRAMA NExE dAEE SATE

PHoE MAT A 2MAEL A4% 5 it LED PAR Bow sl 2434

>
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A48 LED AZAMA F2d 32 AE ¥
L 74U £

7F. AEAE 2 e A

=SS =52 A8 (Fragaria X ananassa Duch cv. Sulhyang)S A=A485% 2010d 9¢€
Aol #Ex s E2xe AFHARAEYE #FEE skea@ET vl JHE
N-P-K-11EA 3] -EH] & 35-4.9-5.6-200-2,000kg/10aE ¥ i A FA 3 v FS 120cm,
o]|F &) 5 45emE THE F AAAE F7F 0cm, 23F 0emz FA SR, ¢ 2=

£ 3 2542C, o}k 542CE £ENANE ol gkol hystaivh

HEA Hele 29 F4 VIS W13 95 5-TAE VIRoR mde Alvskih
B e )
A& AFEE Q#F3 Y LED(Light Emitting Diode)s 13 %o]m, = 3F7zto] 120° A Fo]l,

Red/Blue=5, Red/Far-Red=5 X339 H&L #xo HE=Z  YeRY. LEDY

PCB(printed circuit board) Z7]= 58.6x9.4>3.2cmo| ™, A&-& € (metal)o]1, PCB & 1W

A S 18 FFskelar, 271e] PCBE A48kl AFgshalth dix+=2 FA e ¢ 95 (100W)
=

= =
S AR 1, W5 (Incandescent lamp, INC)Q 33 AHED B y¥ = AEAAET O 7 A
Ao nlsl] AAgy AN Fo] wo] xFtrlo] Qlo A& T TheAdo] morw F
AL FdorE FAZey, 2 2 F FE2A F3549 st Ao, 2] FHwA], 4
EadoA ol T FHHFA Ao Loz AMEHT

o} Az

Az AL F2 & 18 294 AAsa, 2010d 129 162 Al Fskdnt AzA 7
22:00~01:00(341%h) A&z erlal, LED 3o FF2 A=A7F ve Adiolx W5t
LED PAR E}4]S 2~4mol 'm® -s'] 31, LED BAR E}FYS 100~ 120pmol -m «s'0] HEE o) &
sl

et A 54

TS oS FRA S471(HD2101.2)% S7d3k3lar, LP471 PAR 400~700nm 574 7he
g AAME o] &

ot HERRL C

D7) BAS SFERE FE5to] vkl & deep freezer(=70C)el A7 & A A 1g¥ HoiA
5% metaphosphoric acid® 7}etal Aol Al l F23% F AHAEYNNE o] g5k

2,000rpmeoll A 105 FoF YAFE g sty A5 dL FH3 T 0.22um membrane filter® o33k o}
S AlggAdoF AL G tHHwang 5, 2000). HPLCE Jascorl(Japan)E AFE3l o, FAo
AFEE columne ZORBAX Eclipse XDB-C18(4.6cm>250mm, 5um, Acilent, USA), detectors=
UV(265nm), U&= 20, °] &4 100% MeOH : 0.1M KH.PO/E 1:92 &g3to] AFE-3}
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A3, flow rater 1.0ml/min®] 1 tH(Hua-bin?} Feng, 2001).

vl QFEAJold

D7) PAS sEHE 85 vk 3 deep freezer(=70C)o] A F BAIA] 1g¥ HofA
ethanol 95% ¢} HCl 15N &S 85'1594 Fu vg&Z E3ek &) 10mlel 93 522 vl
A3 ohS parafilmO 2 €72 B& 3 4T WA 1647 A8ttt o] EIES of 3}
A2 oFste] AT FE NS UV/VIS Spectrophotometer(Hitach UV-2001, Japan)=
o] &3ty 51onmellA FFEE 5 F Fuleki®t Francis(1968)¢] Wil w} total
anthocyanin &% Al4Fek ™, mg/g fresh wt.= EAISFSI T

:
=

27] e a8 S s ddst] A5 § HAE FiA(Atago PR-101, Japan)&

a =

[} o

7] o] 1geol|l ethanol 80% 25mlS H7}sle] A 7|E w3t t}2, water bathS ©] 8319
80T~ 30%7F 47 Attt A Alsds 3000rpmellA 1087F 4liglste] A4 o
S H&tal, ™A= tHA] ethanol 80% S H7bste]l 919 AL 23] HiEsle] HEZow Ao
Aol 50mI7t EA SATE. H5% A e SdAETAde] Yo IHEFH7IE °] 85t
e sFeadt. 59S 32 7T 2mlE Z 42 ths, Sep-Pak Cl18 cartrige® ©]-8-3}¢]
12+ o 7slgict. ojate S oAl 045m 52 PVDE FAM|E FEE o] 43k 23 o3&}
o] UPLC(Waters, USA)E &3 43ttt 4419 %3S zorbax carbohydrate
column(HPA}, 4.6mm IDX150mm, S5um)< ©]-&3sF 0w, o] acetonitrile 75%E AF&-3F3
3y

o 2% 30C, injection volume 30xl, % 1.0ml/min% <33}t

2b Z2 =

A 208 80% oEreSE #A3E 3 85T 3AI7 HEE & o]31}Eto] Folin—Denis HY 0%
UV-spectrophotometer(Hitach UV-2001, Japan) 760nmelA] &3 =S =Ad1y ZTF=3HE

tannic acidE ©]-&3ste] A4ttt
b, ARG oI5

L= s U
ectrophotometer(Hitach UV-2001, Japan) 515nmelA €4 E=E5 =43 & DMSOE U x4=
sto] izt sk gy AATS Wt 2 AAkskSit).

2. 445
LEDS #99 47 o] AHoz Fu o AP njste] A% Fata o A
of e wpgdvte e wAFoln sdow Pdss) 7Msste] A4 (Growth chamber)
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60cm LED 24 &
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Green(530nm)
Red/Blue
] 11.2°Brix® 7}

Yo

[e)

10

Red(660nm)
Red/FR

Abs B Av(1d 3), R/FR=10 %
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ol 7Y 1¥E FHoRE Rl dAAME il Ut Brixgh> GE&=2AE AHE-eH]
Ao T WEE Adste S HEEZFEH YEE S Brixgt> S30] Holsta &
Aol BQ3t % Iml o]3te] A2 o= Jhsstr] witel YR tAXEA = ot W3t
o a2y Ate 1S Z45] "t dE S AF §Fo] & 3, EvtE JteFET 2ol
A9 H7EsE A, AAF ZFAA 0 FAR0] B2 AFER SolAE dRel ox7F ZA uE
vt d2AS AgetA stA A dsiAe 2S5 AA a2 v E 9 (HPLO)Y 01]*1
styrene, divinylbenzene 7| 7 ol w A& FHE S ALt A AEHARE

Nt o] ALsh

105

R
10.0 1 57
s | 1
cd be cd ab
20 1

2He| SHEHE FR RED GREEMN BLUE R/FR=10 R/B=5

[y
=)
n

[

=]

[RX]
5
1

it g (Brix)

Gl AR QFEAohd R wEHW C s 20103 20114 < Zéi% AR A (™ 4,
EAlobd 2 Bluegt R/FR=10 FdelA 7Hd werow, vgnl C =% R/FR=10 &l 7}

2wk

FEAOPIL A A, AAE YEhdle Z8tEolEA 784 MARE FEAohdo] thE
e AEEs o AT A s 2 dtad, ddds, s9Ash AR derE s
3o s W ES Wetal BuEe] v F, 2009). FEAleHE ARt o R
WAz A8, 7R EH aglycone?l  anthocyanidin®  @eo® B,

2-phenyl-3,5-7-trihydroxyflavylium® 7]|&4%% 7}*]3 313, anthocyanidine phenyl”]<]
OHY $1Ale| w2} cyanidin, pelargonidin, delphinidin 522 ¥ %™, 7] pelargonidin
o] etEAJobd el F o AFo]t}l. Anthocyanidin =4 %= cyanidin-3-glucoside(C3G)7} A+3}24]
AEH Ao Zel, dAakslAlo] 9= Aow B uE I Q)

FEAloPI S Fapge] Fae| wep Adkdo] A drebA X}ﬁﬂd | RFEAJobI ] &
S8 AROIH, 71 919l ARANE WAek WA= FAo] Eabh Y, o
7V dtteE Aot 9}1:}, oulA o7 A Lo] QFEAjolUO] MurE S EFA|F|= O oy
A Qo kEAohd e HAHL e A FEE FEA zﬁo] THH, oo} TF
S Axd T 5 Qe ok Aol AesthAEE, 1999). Wk B APl o9 FAME
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A= YEFY A 94, anthocyanidin®] tst &3 45 &8 7154 7FA ] "X s A
s 2 3 04o] 9t}

H]EFT C(Ascorbic acid, AsA)i= AFEel QoA A 71435 ddihz A 1Y Ho=e
50~100mg o] A uk 217t So AAFE AUolA] ascorbic acidE BT = Q7] wjFEo] FA
F delel MAAHF 5 = R2HE AFHsoF vk ¢17F Aol A ascorbic acid 7]5e

%Ié'_ﬂr AFAE duk vnk, G oy, w3} ool aarl glo 714 JHA|7F 2 Aol
ch(aekS 5, 2005). BB AEA W9 ascorbic acid L Fo|EFow Fosl=d), o=
L-galactono-1,4-lactone dehydorgenase’} & 2]E24 o] (Smirnoff, 2000), T3t F3A Sl
olF) B3l E Ao] Fuy ] wREo|th B Feko] wel ascorbic acid AEo] Fusich
= A7 AHRES AN sa it

e w0104 jjil | »——204105

HHE ) | m20114

0114 —_—

R M |

RED RED | =
GREEN GREEN '|_|

BLUE BLUE | =
R/FR=10 L R/FR=10 1
R/B=3 R/B=5 | |

a 5 10 15 20 75 a 20 40 60 20 100 120
CHEA|OtL E2F{mg/100g) | Ef2l £ 2Hmg/100g)

a8 4, 39 g cktEAlold ¥ vkl C &

* 2010~2011 2 %E Al 2k A4 A3

= o AYs & =S A7) f§ UPLCE ol &3ty -4 feld a%s A 4
FH(E D, 7] FAL fructose} glucose’t 0% FEE ZFA|skal, fructose®} glucose O]
%<& Far-Red F¢lo] & 9% 3 7 Wttt

® L 53 33 fEd 3 M3 (mg/100g)

Fd Sucrose Glucose Fructose T IEF
e 90 5,239 8,457 13,785
W= 49 4131 6,086 10,267
Far-Red 99 5,646 9,408 15,154
Red 48 4 088 6,200 10,336
Green 14 4 408 6,958 11,380
Blue 42 4 534 6,970 11,546
R/FR=10 32 5,305 8,230 13,567
R/B=5 106 3,976 5,799 9,881
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kst R A ] 71 54 A9l o8k oxidative free radical®} HHEE= O 2 o]H S o84S
o FakslsS 43t DPPH= QM43 free radical® cysteine, glutathione?} 22 3 $h-
oY x=AF3} ascorbic acid, tocopherol 52 &4kst EZof o3 o] @A EZ AtshE
Aol irstss 54 w DPPH #oZ &7 S3Wo] wol o] g®th(Ramarathnam N
S, 1995).
Fd o
© U %L%l“’ﬂ"i

ZAFSE A3H(19 5), FR, Green, Blue Fgo] W2 A5 A 2lsk
FAE e & akolE YER A ekSkt

m&
)
rr ol
2
ofr
tlo

al

84
81.01 90.25

97 | 80.15 £0.64

50 7 87.74
. _— 86.96

86

84 -

B2 -

80

o4 sEE FR RED GREEN BLUE R/ER=10 R/B=5
o -|E| =2

81.38

DPPH 47 & (55)

G
AL g olF dad W e e
= o)

1}%7— o152 dael FAFSHA F

of Fol @& olAaETEE: EeHE "—J%—Olﬁ}.
ZYdEe @420 =EEHY £4EHE DNAY By AXyd amd 9 §48 B3
sk FAbsl 5ol A thefet ARl gt AP EE WEH Ruda v e Ee
| A3 gs ul—o}_zr% 7}-\103 olg;]zq
&

g2 Ak

2 A #(Red/Far-Red=10) %3&%
H] 8% F7}slda, thE A el d
Q] FEA|OFA S A (Blue)

il

o] A3 LEDZE o] &3 er%Héi Az A A Zi*”ﬂr s
Aol Al &7 A FH9 M 2% 24 FEE Wl o
A8l B4 vlERY CO ek welk Erletia, #A Ake] F
FeeA Frhsthaint.
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230 q

186.5

200 | 187.0 1814 1770
1840 1617 165.3 163.8
150 -
100 -
50 -
o
FR

=5 ] = RED GREEN BLUE R/FR=10 R/B=5

E EclslE 2T (mg/1008)

23 6 A A9 F EE 3

3. 38

b gE R Aol g r:E R/FR=10 #¥o] 11.2°Brix® 7F¢ %029, Green #Fgo]
9.7°Brix® 7H¢ wektt.

. QtEAlobd ¥ Bl C &3S Blue9t R/FR=10 FolA 71 @oton, nigyl C E3t
R/FR=10 Z<lolA 7H¢ w3kt

ot w7 HAe] fEld S fructose?t glucose’t 90% HEE 2ASFAL, fructose®t
glucose &%o| =& Far-Red Fo] & dhaF £t 71 Wk}

2, g I dAxFols FR, Green, Blue F0o] 92 ZS AQstas the FdolA

= FAL e F AolE YERlA Fska EYuls FEF 3 o

1o
Jo
>
_O|L
38
)
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AFNE BE AT AT LS
O A1X ¥4 : LEDE o] €3 &7
IALHE A )& AL
O LEDZE o] &3t w7 &5 A7 | - @7] LED 25 Ay k4 100
sfo} 3zl 5= =X
OA2M 534 : LEDS o] &3 27
AzZAA F FH MAA
O =7 LED dAzxAn 7% - 7] LED AZAu 7|
- &7] HEMTIC, FEA]O} = 100
R/FR=10, Blue
OA 3A F A : & %}{é MRS A&
@7 AW FF & AA Y
O LED ©] € =7] %7 24838 7154 | - LED o] & =] Auj7|% HE
g - @7] LEDE o| &3t 4 3t 2 3} 100
el A A
A24d A=A A
_ 1 X-| A'ijl_ = o= A-IJ‘I_ = 75!.9_ AOI_I
Ne@s gy |4 ] SHE 81ey SHE| AS | 5P
X_HZIXl- T ) Tl:loxl' j_é O:iT
LED= 0|8 7] _ _
o5l | s 214 YtAH gl SloL= L
gjg%ﬂ /}DHA'_F 7|§ EI’S% So=0o Ejl":\' Al n_'i Eo::—g’—}ol'n_ O|X|8 20104 %Ol_l
e |8 S5 LED mE Mar ogl
7H et
£ 0|83 ©7 _
LEDS O] - | A= | LED MEAMH S LED e e 20094
A B 2 | oIXE | n s | 2 o|x| 2 . =9I
i | 2R & | &3t 10¢
LEDS o[E%8t &7 _ _
§||_AH|.E J_'él"?‘-_‘lo k7| O] AH A} I'él-la:ll-/\-l =
I‘|_7F_XHHHA| %I_ il_l-%‘ lel% == LED - _| = | |_oo, ’ o O|X|8 2009 %O|_|
@) |2 ZHEEAO O/xls I 102
|
MBC) 48
7H et
LED= O[E%F &7 ANEEsI29, Y= 200044
THSE MM 7|e | M| 22 | LED o= ofx (20} | HME 1 - a0
syt LA SRE0{0IAR) -
2 0|83 &
LEDE 0] =) ~ ] 20091
SR MM 72 | Z4E| &2 |YoZ HiCH MBC) ESpSE=s os 9l
T, -
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LEDE ©]&3t 27] Aju) 71& AA &H
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O WdsE AT 5+ Sle Al <l LED(Light Emitting Diode)
ol o] /M g aF
- 7] AZAA o] §H T Qe NI HAU|AEFo] ¥ 7

o] Ztol M- WA HARZO] Q&
- A7) ARl AL LEDE ol&3t 2] AxAM 7s e He
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