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Abstract. In this study, | was focusing on LED (Light Emitting Diode) light effect in growth of chrysanthemum.
For this reason, | formed six monochromatic lights (red 650 nm, 647 nm, 622 nm, blue 463 nm, 450 nm, white), six
mixed lights sources red: blue (9:1, 8:2, 7:3, 6:4, 5:5) and 3 control beds in light sources ratio between
rad : blue (8 : 2) including sun light. It was totally 15 control beds. Depending on light investigation time in growth,
6/6 (on/off) was highest in the length of plant, the number of leaves, the fresh dry and leaf area. But statistical signifi-
cance wasn't accepted in general. In case of monochromatic lights, length of plant and leaf areais biggest in the Blue
450 mm and the length of root is highest in RED 650 mm. Except for this 3 measuring points (length of plant, the
number of leaves and fresh weight), sun light and white was highest. Besides there are monochromatic light effect
but various wavelength range in light sources are needed to crop growth. In terms of mixed light resources, except
for sun light, It turned out the length of plant is highest in the highest red light rate red : blue (9: 1), and Red : white
(7 : 3) is highest in fresh weight and dry weight. The sun light is the highest one in the leaf area. The results from
LED light effect in growth of chrysanthemum are obviously effect on growth and building up the shape. We need to
choose suitable light sources in the monochromatic lights and mixed lights for growing high quality of chrysanthe-
mum or Supplementa Lighting.

Key words: chlorophyll, chrysanthemum, environmental control, greenhouse, LED (Light Emitting Diode), light
quality
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e A3 BRHoR 4% AT 5 glom, A
wgo] 2o} AAHola WTAHOE A8 4+ 3o
LEDE o] &3t A7} &3] d=al UTH(MIFAFF,
2003).

LEDE ©°l83 A7= 52 A2l4 whs-(Hoenecke
s, 1992), 5] AF mAl= J3H(Yanagi 5, 1996;
Lee 5, 2010), S70°] A B Bl wiAl= A,
BEEe Ajge] o}, gk HERS &= 5o Y
T TR AEAY] Al B9 d57F Bago] jlu
(Cho &, 2008; Choi 5, 2003), ZAgolA AH=34
FH(Nishimura 5, 2006, 2007; Warington 5, 1976;
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Mortensen 5, 1987)2} T3 AALe] 71eAd S
(Cho 5, 2008) % dzej7te] 435+ % 2Aaiax
(Choi %5, 2009) 5 FdEoklA LEDS] 28 7Fs4o]
Alg WA ot ST, HE wdol HEHI 2
© LEDE ©]83F A= A5y #85 T¥HeE 1
H3t LED AP &) mgs AAoltHAn 5,
2011).

T3le sl 7R 3 Hs) F shE kg, 9
AR, 7S 5 U =2 AwEa ok $Eiy
2he] 79 AR ) tso 2 Bar, A 4
AT AxollA AR Fo] oF 23% FER HIFO]
=2 AAOItHMIFAFF, 2012). 71e=3l= =9} 3ol
DHS WAE 7RI oM, Fe IR oiet
BT 2 IlstAI71el 2 dERs WIXIth(Suh 5, 2010).

o9} o] A&l A o] B 7Y Fag i
2H o] A7|(E=, 9o 8], B ASAHE A
7 AR, Wel BAEEE) 5 YRR RS
T k. 53], 3 Arle 389 93 dAE %
<t 38502 wEsHe ehrkee) 3ol Has &
A7kerL ol wie] ge] AZIE FEIFE OrhEE,
light compensation)elg} 3hH, <] Al7|17} S718r%
BAgeko] Zrlsltib FESFH ORI, light saturation
point)e] =W O o} F71eHA ket B 2EY
Al 7P Fa%t SHURIE AEvit ASgEd o
2t HA o] b2, 3 F8AE g fEv s
7124 5 FeFAl Qo] YR g 4R
o] Za3dlal(Hoenecke 5, 1992) A3 2lEA)9] 3
el AL Al FAH o]t (Okamoto 5, 1996).

mebx B AFdlMe ISl doix] LEDRO]
v e s fEiA B 7EEEEi]l
‘Sinma' & dVdoeZ LEDZ 37404 LEDHS] 3=

Fig. 1. Picture of greenhouse and experimental system.
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Fig. 2. Wavelengths of light source.

Table 1. Tests of compound light quality.
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Light source Red Blue Red Blue Red Blue Red Blue Red Blue Red White
Light ratio 9 1 8 2 7 3 6 4 5 5 7 3 sun light
Light |rr§d|at|on 6/6
period
' \é /
T&S . \
Table 2. Tests of monochromatic light quality.
. Red Red Red Blue Blue )
Light source (650 nm) (647 nm) (622 nm) (463 nm) (450 nm) All white sun light
nlig

Light irrediation
period

Tests

I i i

|

ZoA FrEE Bigo] Eob B BEHOE AR
=i ok Fig. 22 Al ARE o] A= B
Ao ol&H = g ol JEA yotstaat Bg=
A7)(RPS900, ILT Inc., USA) o]&3te] Bgle] npgth
= SAsIlon], tiseos A3 (Red) | AAF(Blue)-
(8: 27 WAF(White)e] SA3H IS LFERAIH
ujebd], BUS 3w LEDZL 20002 7ARE 2ie] =
E3(Power PG LED, PARUS Inc., Korea)2 AR8-3}¢
FARES A IR A AEY dEA F)
S B Aol s ok 1= I
o FL Y el o= g, A, Jis), et
S HH 2Us T 8 £33 B HES
tz2A ] et ©dgel B3-S FA(Red)

Al - AESH, M22d M15 20134

650nm, 647nm, 622nm, “gA1F(Blue) 463nm, 450nm,
A (White) 2 dsRlar, E3del 39 e A
A53(Red) : 23 (Blue)-(9: 1, 8:2, 7:3, 6:4, 5:5)9}

Table 3. Tests of light irradiation period.
Light source Red Blue Red Blue Red Blue
Light ratio 8 2 8 2 8 2

Light irradiation
period

12/12 6/6 3/3

\ /§\ 7§\ /

Tests
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Fde] ZANES P w2 LEDEHE T S5
A 3 vlE 2 (Red) - 3 (Blue)-(8: 2)2] on/off
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LED Tg-dofx] A43(Red) B 13 (Blue)e] ¥}
Aol W ASHInE Table 49F 2t} A3 (Blugy>
23] AAS JAA7 I (Rejapakseet Kelly, 1992), &
A3 (Redy> 42433 (Blue)e] fle Z7dollA 279 oA
a3} g stk McMahon 5, 1991). SEAE E
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NN 7Y =A JERTH ol 719 2%e A
(BlugellA A=A AAF(Red)ellXe AAEHAT
ArA3H(Choi 5, 2003)9} FARE Ao E FdEn) &
st AT DESIME dE=TFEIHIAM 7P =
Al UeRaL, 1 o2 WA (Whiteell A =4 e}
WUtk A% (Redy> 2129 F3gdol Hodsiar, Ha3
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(Okamoto 5, 1996)°]2}al slHEd], B I Axele
tz2A Jeldt. o= Ay 18T o] A%
(Redy} H4(Blueye] FF= ot iz (Eld=d)et
WAF(White)d 8 ohdgt 2] glo] A Z4a
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O 7P A Ve, 1 oo E iR (EIYSE)
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AMe AAFBluedlM =4 YERaL, 283 FollA
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=, G993 T2 dETEI) B3 (Whiteell A =
A Yehg gl B gokel sule] F9S AR
FogA =& A% S eI
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Table 4. Effects of light quality on the growth of Chrysanthemum (Monochromatic Light)

Radiation rI:Ianr: IRooth leameter Lesir Chiorophyll Fresh weight Dry weight Lesf area
light eight engt of sem  numbers (Mg/g FW) ()
(cm) (cm) (cm) (ea) Plant Root Plat Root
Red 650 nm 54.017ab 12.817a 0.52167a 37.000a 50.250a  35.217bc 2.7667ab 4.1167a 0.3667bc  6.283c
Red 647 nm  49.483ab 10.867ab 0.57333a 35.333ab 48.433a 29.850c 1.8833b  3.8500a 0.3667bc 7.850bc
Red 622 nm  53.750ab 9.400b 0.50667a 33.667ab 47.800a 28.017c 1.9833b  3.4333a 0.3000c 7.067bc
Blue 463 nm 54.467ab 9.850b 0.47333a 31.667b 46.250a 27.200c 25833b  3.1833a 0.3833ac 14.333a
Blue450 nm 56.467a  10.233ab 0.49333a 34.500ab  49.317a  31.933bc 24833b 3.7333a 0.4333ac 13.800a
All white 47.650b 11.867ab 0.54667a 35.167ab  48.783a  40.083ab 3.7667a  4.2167a 0.5500a 9.300b
Sun light 52.750ab 11.017ab 0.56000a 36.333a 44867a  43967a 36667a 4.2000a 0.5000ab 12.967a
“Mean separation within columns by Duncan’s multiple range test at 5% level.
Table 5. Effects of light quality on the growth of Chrysanthemum (Compound Light)
Plant Root  Diameter  Ledf Fresh weight Dry weight
Ragiaion light  height  length  of stem  numbers ((3:1'5’[0‘;'\%')' L‘?ifmazr)ea
(cm) (cm) (cm) (ea) g Plant Root Plat Root

Red9: 1Blue 50.767ab 12567a 0.52833a 37.167a 51.117a 41.550a 3.6000ab 4.6167ab 0.41667ab  8.933b
Red8: 2Blue 47.333ab 11.700a 0.57167a 38.667a 51.383a 40.000a 3.5333ac 4.3333ab 0.45000ab  6.400b
Red7:3Blue 44333b 11917a 054167a 35.667a 48467ab 30.717b 3.1667ac 35167b 0.41667ab  7.967b
Red 6: 4Blue 45317ab 11.417a 0.50167a 38.167a 49.983a 39.933a 2.7667bc  4.0000ab 0.33333b 8.300b
Red5:5Blue 46.033ab 11.333a 0.57667a 38.000a 48.2008b  39.550a 2.6167c 3.7500b  0.31667b 9.633b
Red 7 : 3White 47.350ab 11.150a 0.50333a 37.667a 49.900a 47.150a 3.8167a 5.2500a  0.50000a 8.300b
Sun light 52.750a 11.017a 0.56000a 36.333a 44.867b 43.967a 3.6667ab 4.2000ab 0.50000a 12.967a

“Mean separation within columns by Duncan’s multiple range test at 5% level.
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LED®E 3pgo] w3l vAl= 9F

o A d FeFY, 28l 4L FF§FE v
Atk B g Ack(Wongnok 5, 2008). ¥ AdolH %
Ao AMB(Red) : B3 (Blue)-(9: ollA 7 =4
Uepor, 24 M AT AEFolx dAAHe
2 = vERsth o)-® A3 (Redye A%} =714
ZH(Shin 5, 2008) F3S vRItke Harel Yx|g Ax}
= vEilY e AAEBluer> 954 A F
Q3+ @21(Morera da Silva2} Debergh, 1997)0. 8 <
A A= 2 AHY S8 A=Y 1EF oA
ErfEst 2o] S5 A] A% (Redy}t 4413 (Red) : 4
A Blug)e] EFFlA B Ak o]8 7FsAde] =tk
= A7A3(UmM T, 2009)2} ol dEA A=
214033 (Red) : H3(Blue)-(8: 2014 7P E=A VRt
o, AT AEFNAE FAF(Red) - HAF(White)-
(7: 30 7P =1 vERdth. ol @3 v AR
A Bt opelst sPddie] Fds ZARIEOEA A
Ay A= =& A7 e Uehlle oz
AT dAH o2 24, BAT, ES, 994 F
oA thETFEIYR)YT =4 veht 3 =, sl
et Fd= Bol AN PR JPY= & o=
s

3. BxA F7|

LED Z¢ vl 2433 (Red) : 3413 (Blue)-(8 : 2)°14
I ZAAZ) e SRl Table 69 o] 24w}
Aol o] ZAAZE 6/6(on/off)oll A 78 AA vER:
a1, ZARNZE 12/12, 3/3(on/offf= HIZ=E15AT}. ©]= LED
Chamber Systems o]-8gt =3} w2 EA9] Al
A AgzAtel HlE WrIARE G5 gt Aoy 3
EjA|ojol] a3}l A7 AN Heo 5, 2010)9F 2o] FAE
A UEREe™, 23} ‘Shinma'd] A9, 9dAlE]
T8l o] ZARKEESIGTT 43191 6/6(on/off)ol X 7
o g dAddn, gELFHME 2AIZI] 7}
7 20 12/12(on/off) 7FF A YEReH, 237 =71
7oA ZARZI] mE Zol7t fINaL, FHZ A

= ZAAIRI0] #ESE uFo] ke AES U

Wtk ZAAIZE 6l6(on/off)oll ] 27, A=, AAF (),

dHzo] A YepgA N, AxHos Fgho] AT

o] 6/6(on/off) °etd 789 =3} Aol & FEFS mlH]

= Aoz oy, BAZF Fode A=A 2k

B Aol Ayt LED #o] =3t A 2 FedA
FEFE vX= AoE YERdor, IeA) Al AH

& gele] Aele APE AKS 9ls) Basn 53,
Uzepo] RE3e] 1o HAo} nFAS] FoE 4
A7) 918 Basitkn weEt. webq g 2
oh G5 SEAle] Qo] Raoll 1EA FEANS
g 71z ARE o8 & U Aotk

X~ o
= el

TSl oA LEDRo] WA=
AsiA =3t inma s TR T A 3(Red)
650nm, 647nm, 622nm, “gA1F(Blue) 463nm, 450nm,
WA F (White)h E318(2 238 (Red) : 84133 (Blue)-(9: 1,
8:2, 7:3, 6:4, 5:5), ZA3Z(Red) : W3 (White)-(7 : 3)
Tar Fhe] AR WE LEDEHE Tkt
Fd HlE A3 (Red) : 443 (Blue)-(8:2)°] HEE
HE=E INE A8, d2FEEhE X3kt &
15719 HEES WES FAst 38t 3 AR
ol w2 AEoME 6/6(on/off)ollA] 2, A=, A
=, o] =A YepdARh, dAHgoz SAAA &
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450nmell A 2733} Guze] 7R FA vERaL, 2%
M= 22 (Red) 650nmellA 71 =7 YERGTH 1
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slal A3 (Red)e] HlEo] 7MY =2 A (Red) :
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Table 6. Effects of light quality on the growth of Chrysanthemum (Light Irradiation period).

Plant Root Diameter Leaf Chlorophvll Fresh weight Dry weight Leaf area
Radigtion light  height  length  of tem  numbers E\}\’/ A
(cm) (cm) (cm) (ea) (mglg ) Shoot Root Shoot Root (cm
Red 8 : 2 Blue b b b b
(12/12) 35467b 12783a 0.57167a 37.167 59.000a 36.967 51833a 3.8833a 0.56667a 6.450
Red ?6/62) Blue 47.333a 11.700a 0.57167a 38.667a 51.383b 40.000a 35333b 4.3333a 0.45000b  8.200a
Red ?3/32) Blue 36.750b 14.283a 0.53500a 34.500b 52.383b 32.980b 34833b 3.6167a 0.41667b  8.700a
*Mean separation within columns by Duncan’s multiple range test at 5% level.
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