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Effects of Light Spectral Energy Distribution on Multiplication and
Rooting of Chrysanthemum Plantlets in Vitro
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Abstract: The effects of different light spectral energy distribution of light-emitting diode (LED) on
multiplication and rooting of chrysanthemum plantlets in vitro were studied. Fluorescent light was used as
the control. The results showed that, red LED was in favour of enhancing plant height and internode
length, and synthesizing soluble sugar, starch and carbohydrate; The content of chlorophyll b, chlorophyll
a + b and carotenoid of shoots including content of amino acid of plantlets in vitro were significantly
increased by blue LED; Complex of red, blue and yellow LED was not only suitable for differentiation and
proliferation of shoots in vitro, but for pigment synthesis, growth and root vigor of plantlets in vitro. The
results indicated that, as compared with fluorescent light, application of complex of red + blue + yellow
LED was propitious to improve propagation coefficient, breed vigorous plantlets and decrease energy
consumption.
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JEFR G AR A K R E BHA WM (Lian et al., 2002; Nhut et al., 2003; Le &
Tanaka, 2004; Kuril¢ik et al., 2007; Guo etal., 2008; Shinetal., 2008),

[ N0 TR/ NGE S (EAIR %, 1997). T CR2A0F %, 2001). — 4l (R
MRS, 2003). a4 (ZEKAHE 45, 2005). #4 (g 55, 2009 MR CFE 5, 2009)
SRR, UESE TR EAT B AN . RIS 2 R AT (A IR BT IR
Jeilk, JoikE IR DG, R EA B, MBIl AT BRSO A
KA RN WE (Light-emitting diode, LED) W GHERE R0, BFFTHOGTIIME > (etmfl 4%,
2003). HJF (X, 2008). HE (il 5, 2009). 4§ (Kuriléik et al., 2007). 3C02% (Lian
etal., 2002). & (Nhutetal., 2003). *:ft (Le & Tanaka, 2004). Z<Fi¥E>% (Shinetal., 2008)
REHAERKKEN M. LED At B0, BAOLma. Sedim. WKEMEE . Hikhe
IR AR, TREIMREE SR ML, AT TR 21 285 78 Sk R F — AR5 R B
{RASEY5 (Guo etal., 2008),

YR DB IR A6 0 0 i W AR 1 B2 48 (Teixeira, 2004). CVfF 244 N T LED HEAT IR
B, WP HON A R AL B i AR KRN (Kim et al., 2004; Kuriléik et al., 2008), {HAXM M 41,
WGP D G TR LG, Bz 6 AR S SO 5T . AR R LED DG RO
TIF 5T 22 Tl 1% B 5 40 A1 5 36 16 A T R 0 A R A AR T 2B KA, by L B A B S5 R e IR 85 e 3
MY 5% FH LED Y6 I A SR A B A4t .

QY VR SRS DARES

1.1 I
T 2008 4F 9 H 2 2009 4= 5 HAEF A K22 2= e k1T . %64k [ Dendranthema morifolium
(Ramat.) Tzvel.] 4 F 5U R MR A0 ST 1Y <32-127 35T B = —0 . B 1.5 em 2
ARG M e 55 5 (12MS +0.5mg - L' BA+25g- L Al +6¢- L' B L,
g% 40 d, FRAFANA, BS SEHUK S SUM A R B A AR R R (1/2MS +25 - L7 + 6
g-L'H5UE b, ¥IE35dJE, RIERRE M. SR 6 ¥k, 74 pH 5.8,

12 HXiLgEESH
K B AP R 22 AR 2 Bt H LW LED FEY)'G U M 45 it , DA L 28 v i3 R 0 IR 58 e kT 1B
X, IR REE A W 1 s
#1 AR LED XiEHELSTHEERRSHE

Table 1 Major technique parameters of light spectral energy distribution under LED

postl e e A A1 WA % K /nm WA B /mm St/ (umol - m?-s™)
Treatment Light spectral energy distribution Ap AL Light intensity
R 21 Red 660 25 80

B i Blue 460 25 30

IRBY 21/¥5/3% Red/blue/yellow (5:3:2) 660/460/590 25 80

2RBY 41/ /3% Red/blue/yellow (6:3:1) 660/460/590 25 80

RBG Z1/¥ /4% Red/blue/green (5:3:2) 660/460/530 25 80

IRB BI41/W High red /blue (3:1) 660/460 25 80

2RB Th 41/ Middle red /blue (1:1) 660/460 25 80

3RB %41/ Low red /blue (1:3) 660/460 25 80

RBFr 21/¥5 /741 )G Red/blue/far-red (5:3:2) 660/460/715 25 80

X Control ¢ 564] Fluorescent 380 ~ 750 — 80
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TIREFE 5 d JaBENL 1% 10 20, R4 1290, 23m)'E T 9 FOBiE GE & A i) LED Yeyi/NMX Al 1 A
FEHT RIS o P A5 B LAY SRR PR S, (6 h 80 pmol - m™ - s A4 %
M 12h-d'e B3RS R (25+2) C.

1.3 1BEENE

BFE35d Ja, MERMEME SR, Wieks = RO e 228 o A IR 4R BY 40RR S92 e - T F (4
REERAERS, 2005). % (%) = SMAHAS E ZFI ISR BUFERI T PR E < 1005 3555 R 5L =
I R 2B AN T 2 S B R i e S 5

LA 80% A S 020 i i 2 SIS 3RS B ik E vt A A A
AL (SOD) I PER FH ZUIE DML sE s %84k il (POD) & EIZ G AR VAN & o
FAEE (CAT) VPR F SR IE s T PRI e Ry K FH O B A0 T 2 2d SRR R FH i —
W O vE (EAE, 2003).

TEATRPRIE & 6 IXH S, AFAIIE R 3 IRE R . KM Excel 2003 3317 5cdh #2588, ]
SPSS16.0 #4757 24341, LSD #E4T £ HE b4, P <0.05,

2 HiIR 5

21 AREREEE D FEBEREFIEEN BN
2.1.1 AAGA KRB SEFIEIH R K
L2 P, RPN AN SR iAo e, H 2w T R LA AR BE, 2R A1
RS2 = T s B AREE NI IR s/, BB KT HAh AL 3 (IRBY F1 2RBY FR4M); IRBY.
RBG Fil RBFr &b3 ) A f o0 b ek B i KAE,  H 23w T AR BRI I IRBY AR R A
AP B R AR B K, HAB ST 2RB AbFE,
#2 FRXEEENTHFELEHERKRMLE, HERKHTM

Table 2 Effects of light spectral energy distribution on growth, differentiation and proliferation of chrysanthemum shoots in vitro

yisid Frri/em ZAil/em i #/om?® A% B RS
Treatment Height Stem diameter Leaf area Differentiation rate Propagation coefficient
B 3.867bc 0.154bc 0.293¢ 83.333¢ 3.683ab
R 5.167a 0.172ab 0.540ab 91.667b 2.792ab
IRBY 4.167b 0.185a 0.350de 100a 4.167a
2RBY 3.433¢ 0.131cde 0.393cde 91.667b 3.000ab
RBG 4.133b 0.111e 0.440bcd 100a 2.700ab
IRB 3.867bc 0.106e 0.535abc 91.667b 3.000ab
2RB 4.367b 0.118e 0.613a 81.667c 2.800ab
3RB 3.367c 0.119de 0.583a 83.333¢ 2.900ab
RBFr 3.700bc 0.116e 0.560ab 100a 2.917ab
X # Control 3.400c 0.144cd 0.357de 91.667b 2.325b

Ee WS PRSP RERIRE 5%KF LR ER . N

Note: The same small letters in the same column means no significant difference at 5% level. The same below.

212 AAGHEELE

CERTEDEERINEZ IR, WK 3 PalLLEH, B A RN ET 43 by M4
FAE R N RS EIAP RO HE TR 0 2RB AR FE R (0 3 A A B A 1L
FCT B A
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%3 TRAABEERSGHFEAEHERSENUM

Table 3  Effects of light spectral energy distribution on pigment contents of chrysanthemum shoots

postd 425/ (mg- g'FW)  Chl ChL a/b Kl l\%/ (mg - g'FW)
Treatment a b a+b Carotenoid
B 2.285a 1.123a 3.408a 2.041ab 0.847a

R 1.737abc 0.775cd 2.512bc 2.240a 0.605bc
IRBY 2.101ab 1.071ab 3.172ab 1.963ab 0.796ab
2RBY 1.826abc 0.848abcd 2.674abc 2.145ab 0.650abc
RBG 1.901abc 0.948abc 2.850ab 2.009ab 0.704abc
IRB 1.850abc 1.015abc 2.865ab 1.837b 0.670abc
2RB 1.301c 0.644c 1.946¢ 2.022ab 0.485¢
3RB 1.850abc 0.860abcd 2.710abc 2.150ab 0.666abc
RBFr 1.597bc 0.762cd 2.35%9bc 2.097ab 0.587bc
%] Control 1.662abc 0.793bcd 2.460bc 2.093ab 0.606bc

22 ARERERED BN FEBREFERNBEN
221 REBHEAAEAR
K4 PR, RACEEF ISR TR m SR 3 0 1) P IA B e KA LR 35 vy 10 R R A Ak 3
IRBY Ab3 R 2560 1 R R AR KB A, 2RI 35K H 8 2 T A A B A B, i
PR m T I AR RBG PR W3 2 TX, ARG KU RBFr. 1RB; 71 R A& IRBY Ab#E
T, AR AR RGBT
F4 FARBEEAN BRI EHSRE RO

Table 4 Effects of light spectral energy distribution on morphology and rooting of chrysanthemum plantlets in vitro
553 AR SERESTR TRER

- Vil ¥ K/ R/ . ” i -
M PR E/cm EHll/om Jits 4 HiCfom AR %ﬁ]ij] 1 /em  Third ff@ /g /g

. Stem Root (ng-g -h) . /em
Treatment  Height . Root number . internode Fresh Dry

diameter length Root vigor Leaf area
length mass mass

B 9.667def 0.103cd 7.667bc 3.633cde  0.894ab 0.800bc 0.49¢cd 0.377a 0.029a
R 16.833a 0.095de 7.667bc 4.500ab 1.235a 1.267a 0.38d 0.453a 0.038a
IRBY 11.200c 0.119a 6.000c 3.300e 1.214a 0.633c 0.837a 0.505a 0.041a
2RBY 10.500cd 0.099cde 6.000c 4.167abc  0.881ab 1.000b 0.753ab 0.484a 0.03%a
RBG 10.333cde 0.113ab 13.667a 3.967bcd  0.759abc 1.000b 0.750ab 0.471a 0.039a
IRB 9.833def 0.101cd 11.667ab 4.667a 0.593bc 0.833bc 0.537cd 0.503a 0.046a
2RB 9.467ef 0.101cd 8.333bc 3.500de 0.618bc 0.733¢ 0.537cd 0.581a 0.048a
3RB 10.967¢ 0.101cd 8.000bc 3.400de 0.378¢c 0.667¢ 0.607bc 0.430a 0.036a
RBFr 13.067b 0.107bc 12.333ab 4.567a 0.448bc 0.100b 0.777ab 0.603a 0.052a
puglit 8.933f 0.091e 6.333¢ 3.367¢ 0.622bc 0.733¢ 0.420d 0.266a 0.026a
Control

222 KEHEELE

W 5 Fizn, IRBY ARFE IR MM 4825 a. M4 ER b MW 4 2 Rk Bl H2 & T X
W, KAE MRS EBEER TR B 4B NREWNN GO RSB EE S X s Ak E
FHEE, R SIS B (5 32 5
223 REW A TEEEG S ERIRANIEE K

IR 6 TR, ANFIALER R 1 ARG B I 1 (0 AT v I A 1 03 R CAT W5 AT i M 22 s
B 4bFE R POD [3E 5 v B v T 3RB AL R ¥ SOD W&k 35K T RBG AL K ) i .
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F#5 FRXERENGTHELAEHARIENRMA

Table 5 Effects of light spectral energy distribution on pigment contents of chrysanthemum plantlets in vitro
b 442/ (mg- g'FW) Chl. K [1%—‘5/
Treatment Chl. a/b (mg- g 'FW)

a b at+b Carotenoid
B 0.207ab 0.096ab 0.303ab 2.174a 0.078a
R 0.108¢ 0.049d 0.157d 2.190a 0.041c
IRBY 0.245a 0.131a 0.376a 1.886d 0.070a
2RBY 0.165bc 0.076bcd 0.241bcd 2.186a 0.062abc
RBG 0.177b 0.091bc 0.267bc 1.952cd 0.071abc
IRB 0.185ab 0.087bc 0.279b 2.127ab 0.072ab
2RB 0.188ab 0.091bc 0.279b 2.085abc 0.073ab
3RB 0.167bc 0.078bcd 0.244bcd 2.144ab 0.064abc
RBFr 0.114¢ 0.057cd 0.171cd 1.998bced 0.046bc
X H Control 0.110c 0.057cd 0.167d 1.938cd 0.048bc
F6 FRABEEHGHEEREEH FREER SENBEEHRIT
Table 6 Effects of light spectral energy distribution on enzyme activities and protein of chrysanthemum plantlets in vitro
Ab B AR A/ (mg - g 'FW) SOD/ CAT/ POD/
Treatment Soluble protein (U-g'FW) (mmol - min™" - g'FW) (U-min™ - g'FW)
B 7.559a 199.045ab 356.250a 23.723a
R 5.889a 150.358ab 298.125a 10.582b
IRBY 8.134a 177.566ab 346.875a 10.337b
2RBY 8.172a 179.714ab 303.750a 9.277b
RBG 9.703a 269.212a 307.500a 13.973ab
IRB 7.046a 181.862ab 296.250a 8.462b
2RB 8.103a 133.890ab 350.625a 14.364ab
3RB 9.393a 34.367b 335.625a 9.505b
RBFr 8.091a 80.191ab 324.375a 13.923ab
Xt H Control 9.538a 255.609a 301.875a 9.130b
224 KE H R AR

WA 7 s, RO SGAEIRE WS TR . TR M KAL S R IR B R, H HoA

AL B RS BRI B ATE B 25 25 5% B AL BE M

. 3RB AL HLERAM) .

R7 TRAEBEESHHFELEEHRIR GO0

Table 7 Effects of light spectral energy distribution on metabolism of carbon and nitrogen of chrysanthemum plantlets in vitro

R ISP, HBF s AR Gl

; QG THEH/ AR/ il RSP
A (mg-gh (mg-g™h (mg-gh (mg-g™h (mg-gh C/N
Treatment g8 g8 g8 g8 g8

Soluble sugar Sucrose Amino acid Starch Carbohydrate

B 197.249a 32.881a 1 572.100a 123.884ab 354.014ab 0.231a
R 206.560a 25.698a 737.481bc 145.734a 383.506a 0.581a
IRBY 132.264a 28.420a 652.107bc 84.675ab 245.358ab 0.382a
2RBY 136.376a 31.689a 634.904bc 88.858ab 256.922ab 0.439a
RBG 126.904a 32.405a 441.288¢c 76.603b 235912 ab 0.544a
IRB 165.378a 38.126a 603.083bc 103.623ab 307.127ab 0.558a
2RB 191.273a 44.670a 478.483bc 90.570ab 326.514ab 0.544a
3RB 205.306a 43.213a 967.602abc 111.910ab 360.420ab 0.283a
RBFr 149.003a 35.687a 606.495bc 121.439ab 306.128ab 0.430a
X Control 143.564a 26.883a 1 196.700ab 95.963ab 266.410ab 0.556a

3.1 LI FAEEMARE PRI
AU T, 200 B TN g1 E B AR RS SR AN A AR B B AR i TS, X5 R 4 (Kurilik
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etal., 2007). %jft (Kim etal., 2004). XA (Moreria & Debergh, 1997) ZERE 1 b (FIF 57 45
HF—%, Normanly (1997) i\l POD H AL IAA EALEFIIZIRE, 4064 S5 POD WM, M
M5 2SR o AR TP 200 B 450 A AE T AL R bk i B3 s T8 R, 10 POD BT B K T
WG, EE TR A

ARG 4 WAL R 206 FI T35 0 AN Ty Rl . ek oK G IR R, X 570
YR (R A, 2009). Zi22dE (FERE 4%, 2001). 4 (Kurileik etal., 2007) FIHEH (Saebo et
al., 1995) T 1 T BT 45 HARBL . DRI 38 BRI G52 A4 15 T (00 25 DR R HAG R 5 (14 I [ L A
A B RN, AF LR YEAE LR B op AT AR R R AR RN, (Seibert et al., 19755
VLR IE R, 2006).

3.2 EENXFEEMAE TR

HWFFR TN T2 B WTE . M4 R & 550 EZE/ER (Richter & Wessel, 1985; Shin
etal., 2008), ARIH, WG EZF I ENERWER. G4ER% (1997). Anna fl Alicja
(2001) 5584 nidRiE R 2 NG 25 . WUE PR A bt s = B . th4h, TR s A
AR T U0 2 2 IR & ok Bl KA, B | T b2, mlRe S B AR TR Ry rE A
JiEEA K (GRS, 1997),

3.3 EANAEEYAE PN

AT — SR IE AN 200 A e R A KR & = AE B (Lian et al., 2002; Kim et
al., 2004; Kongetal., 2008; Shinetal., 2008). AiRXK 45 R LA IRBY AFE (4 :#5: 3 =5
3:2) &M, AMUAFRI TN T AT, B R E SRRSO RER. A KRE R
AT FRENISE (2009) HHRIEEOCA R TS0 RERZE G 2. VFRTSE (2007) BIRFRER
BEOCRA R T B ENAERKE . MEEINR, RETOCARGCEER I @8R oss, H27E
CLHE SO A AR S O AT DA AR P R0 5 RN, R T4 A A IR R B R

AN, REG T RGB AFE (40 ¥ - 4% =5:3:2) W EE MM R AR 1 10 4R
Kim %5 (2004a, 2004b) 50K, 2LMEse S &6t T ERAK, A ASET LLE R
W5 2 R G e, T I R IR IR A A A LR AR A AR K R e

AIRIG SRR, 5 LED Je RIS AL, A LED SR @A N H A e A 2 5%,
IR ATHE 5 LED JGTE A 16 B AR R 557 10 384 58 B BORTAE R B LA B AR 3, AR T4 i i
B, WA ER, SEH.

3.4 LED NiBREEMBLLIEFIISBINH R EI=

LED 1B BT e 6, AR 2 BRI S FR 0 BERE, [ 1T LED A7 bilk e i
MM R R, A AP A U AT . RN, TER) A 2R A0
SN HEA T R R (K, 2008).

[FIlS, LED MBS REER N 45 &IV R 2, W CO WA WE . W FHATLAA R,
PRARHED . ESCR, BB, RIDEE AR, SSIMEPART SRR E. R
B, MR G IV 2 ik PR A T o Y R S A R 1 (Chory etal., 1996). P, il
R0 A R P 95 AE KU 1 5 2 1) AR A FH R AR A R S i o Je ok N — 2 9 1 B 05
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