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Table 1 The ratio of different light qualities of LED

Light treatment Factors Wavelength
RED(630) Red 630 nm

R(630)8B2 Red:Blue=8:2 630 nm/450—480 nm

R(630)7B3 Red:Blue=7:3 630 nm/450—480 nm

R(630)5B5 Red:Blue=5:5 630 nm/450—480 nm

R(630)3B7 Red:Blue=3:7 630 Nnm/450-480 nm

R(630)2B8 Red:Blue=2:8 630 nm/450—-480 nm

BLUE Blue 450-480 nm

RED(660) Red 660 nm

R(660)7B3 Red:Blue=7:3 660 nm/450—480 nm

R(660)5B5 Red:Blue=5:5 660 nm/450—480 nm

CW5R(630)5 Cold white:Red=5:5 630 nm/400-780 nm

Warm W Warm white LED 400 nm-780 nm (the range of 500—780 nm accounts for 91.80%)
R(630)6B3FR1 Red:Blue:Far red=6:3:1 630 nm/450—-480 nm/730 nm
R(630)4B4FR2 Red:Blue:Far red=4:4:2 630 nm/450-480 nm/730 nm
R(630)3B6FR1 Red:Blue:Far red=3:6:1 630 Nnm/450—-480 nm/730 nm

WFL White fluorescent tube 360-750 nm

R(630)3B7. R(630)2B8. R(660)7B3/IR(660)5B5
SEAE MLL(R)H (B)H A L (e 46 S4B 7 R 7R
LTRSS B SR BT (5 L 9), R(630)6B3FR1. R(630)
4B4FR2FIR(630)3B6FR1 A ¥ Il K 8730 nm i)
LEDZE 41 )¢ (FRYILL 1 414 %; CWBR(630)5% 7% [
1 LED(CW) 141 (2 LED Y4 8 L 1 495:5; Warm WKy
ISP S /IS B A AW A A =R o
500-780 nm i B Ha 5t o5 4 E T O AR 5 e
91.80%; WFL X & ([ 0 2¢ Y6 4T « LEDAT 5 e85
R AR AR A R A R AR, B EBO6AT H
M R AR AR A= @l T iEeds, M
Apogee X #%(StellarNet, Inc. of 14390 Carlson Cir-
cle Tampa, Florida USA)il 5 >t 8 38
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W RS 1/2MS+0.05 g-mL™' NAA+3.0 g-mL™
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Multiplication coefficient of Phalaenopsis shoot under different light qualities of LED

Light treatment Green Bear Big Chilli
Multiplication Ratio (%) Ratio (%) Multiplication Ratio (%)
coefficient (number of shoot=3) (number of shoot=4) coefficient (number of shoot=3)

RED(630) 2.85+0.16 c 51.39 25.00 2.20+0.14 g 34.55

R(630)8B2 2.26+0.13 a 38.46 11.54 1.8520.11 cdef 18.52

R(630)7B3 2.334#0.14 a 36.84 13.16 1.78+0.12 bedef 12.73

R(630)5B5 2.19+0.15a 32.43 9.46 1.6310.09 abcde 9.26

R(630)3B7 2.14+0.12 a 25.71 10.00 1.6910.11 abcdef 14.55

R(630)2B8 2.37+0.11 a 36.90 11.90 1.5040.08 abc 3.57

BLUE 2.27+0.13 a 33.33 14.67 1.66+0.13 abcdef 16.00

RED(660) 2.80+0.15 be 56.25 25.00 2.00+0.12 fg 32.14

R(660)7B3 2.134£0.13 a 35.94 9.38 1.86+0.10 defg 21.57

R(660)5B5 2.39+0.14 ab 40.26 18.18 1.7520.11 bedef 19.23

CW5R(630)5 2.43+0.15ab 38.67 20.00 1.9410.12 efg 20.75

Warm W 3.14+0.17 c 62.16 36.49 2.02+0.12 fg 26.98

R(630)6B3FR1 2.32+0.17 a 34.78 14.49 1.4910.09 ab 6.38

R(630)4B4FR2 2.29+0.19 a 31.82 13.64 1.56%0.09 abcd 8.33

R(630)3B6FR1  2.35+0.11 a 37.84 10.81 1.45+0.09 ab 5.45

WFL 2.05+0.12 a 22.08 6.49 1.38+£0.07 a 1.82

ol A P BME AR R, BT R AR 7B 22 51 B35 (P<0.05). WFL: H (5064

Data were means+SE, different alphabet indicate the significant difference at P<0.05. WFL: white fluorescent tube
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Table 3  Effects of different light qualities of LED on morphology of Phalaenopsis
Light treatment Green Bear Big Chilli

FW (g) DW (mg) Height (mm) FW (g) DW (mg) Height (mm)
RED(630) 0.94+0.05 bcde  49.56+2.81abc ~ 38.16x1.31ef  0.74+0.04 bc 41.28+5.24 ab 42.77+111 f
R(630)8B2 0.90+0.05 bcde  49.58+2.81abc  36.63+1.13cde 0.81x0.05bcd  42.01+2.45 ab 36.61+£1.03 cd
R(630)7B3 0.84+0.05 abc 47.30+3.33 ab 33.15£1.00ab  0.75+0.05 bc 42.82+2.59 abc  34.21+0.99 bc
R(630)5B5 0.79+0.05 ab 47.86+3.34 ab 34.59+0.88 bcd 0.74+0.04 bcd  41.89+2.19 ab 34.20+0.86 bc
R(630)3B7 0.71+0.05 a 43.16x2.70 a 32.944+0.77 ab  0.73+0.04 bc 46.04+2.37 bc 28.98+1.09 a
R(630)2B8 0.80+0.06 ab 45.01+3.61 a 30.9410.78 a 0.76+0.05 bcd  43.65+2.53 bc 32.53#0.85 b
BLUE 0.79+0.05 ab 53.30+3.35 abcd  39.68+0.89 f 0.74+0.04 bc 41.88+2.46 ab 37.7921.01 de
RED(660) 0.83+0.05 abc 47.80+2.49 ab 37.41£0.90 def  0.89+0.05d 53.17+7.59 ¢ 42.78+1.26 f
R(660)7B3 1.04£0.05e 56.86+1.77 bcde 37.18+0.92 def  0.68+0.04 b 40.16+£2.74 ab 32.92+1.13 b
R(660)5B5 0.95+0.05 bcde  58.26+3.12cde  32.93+0.76 ab  0.83%0.05 cd 42.41+2.14 ab 34.37+1.14 bc
CW5R(630)5  0.99+0.05 cde 56.80+3.06 bcde 34.94+0.96 bcd 0.75+0.04 bcd  47.30+2.94 bc 38.83x1.14 de
Warm W 1.041£0.06 e 60.25+3.61 de 36.37+1.08 cde 0.81+0.05 bc 41.762.27 ab 40.70+1.19 ef
R(630)6B3FR1 0.88+0.05 abcde 50.44+2.82 abcd 34.96+0.98 bcd 0.70+0.04 bc 43.67+2.11 bc 32.41£0.87 b
R(630)4B4FR2 1.04+0.08 de 63.37+4.68 e 34.47+1.22bcd 0.81+0.03 bcd  49.82+2.56 bc 33.02£1.16 b
R(630)3B6FR1 0.86+0.04 abcd  51.89+2.46 abcd 34.69+0.91 bcd 0.69+0.04 bc 42.69+1.96 abc  31.55+0.98 ab
WFL 0.87+0.06 abcde 50.63+3.17 abcd 33.74+0.83 abc 0.53+0.03 a 32.59+1.60 a 31.32+0.98 ab

Bl R P BE AR LR, BT RN T BEROR 22 5+ B3 (P<0.05). WFL: A GIO6ET; FW: #£5; DW: TE

Data were meanstSE, different alphabet indicate the significant difference at P<0.05. WFL: white fluorescent tube; FW: fresh

weight; DW: dry weight

ARFRTR, i R B A0 HR I A 3G n, H 35 7EWarm
WAL B R B K, B B 4 4 i) 42 T 19.54% Fi
19.00% . KRB F ) TC AR 20 5 B AELED T 1)
BB BN, 660 nmali 4 e AbEE T i K
(0.89 g), Warm Wik, Xt#{X#H0.53 g; TEHMIZ
TE P R [ 4641 6 AR (630)4B4FR2 4L B R 45 %+ iE
REWIN. SRR, L06E BT M 2 T SR 8
(RIHE N, 2 LT oy B 8 v PR D' I I bt ) T i o
TR0

3.1.3 YEHS

PR FRAE E 4T (B 456301660 nm) T Hk i, I
HLBEE 26 IR I R e R o, ok e 2 B0 L 02 T B
R A (R 3) . 2% RE AN KBRS, Bl 43 B 75 20 & %
R(630)2B8FIR(630)3B7 & It e (K fH, {HAE4HE
JEAAE AR EEEOK, B 206 AT AR b =2
PR = B 3, H 4T BRSO L B A R R
TR R FE I 0

314 MEESE
&3 RE AN K BB AS S AR AR H S R B S B A

R(630)2B84bHE i K (Kl1). 4HLLGAab BT, MHagER
a. bAla+blfI¥k AR, Warm Wikz, HAEZ K
NREZWEIET, MRS EEK. FIaEAR
T R A

3.2 LEDA[EIFtRRECEL btz = 4R 1 8 4 #R A0 N

321 EARKEFMRYE

7£R(630)4B4FR2. R(630)6B3FR1#1R(630)3B6FR1
SRR LA FR R AT, SRREATR BB AR K
Lot HRAH L B 2 1 A0 (24, B2), Rl 2 AR %
H 75 3h AN 78 215/ 1 Ak B R e et BRI 25 188 n sl v A
40, I Hi7ER(630)3B6FR1G i 41 & K ik # kK
1B, XTSI 22 LA ()38 2106 A ) T e 2= AR )
A . RED(630)Ab B 2% 44 T W it Pk (W AR fe A, T s
WG HIR(630)3B7 AIR(630)5B540 #Hik £l fit o X
BARN T-400%, WA R TR RN, HAHE
aiiE e, Hhn—E Bl a e H S EA R TR K E
(3840

322 WEFEHN., EREMBEHFEER
&3 BE AR AR R O AR R 35 /135 7ER(630)3B6FR 14



>
o
P

o o
(I))\l

o
3

Chlorophyll content (mg-g-'FW)

FEARERESE: ANFDGIT T LED il > 4% R 9 5l S BRI 20 85

=1

Chla

N RED(630)
[ BLUE

[ RED(660)

Chlb
[ R(630)8B2 R(630)7B3

AR R LED S 24 1H- H 1145 255 B I 52 i)

[ R(660)7B3
I R(630)6B3FR1 [[] R(630)4B4FR2 (I R(630)3B6FR1

Chl (a+b)

(A) ZRAEMZRZ S (B) KB 4R & . WFL: HE%RELT

Figure 1

Chla
1 R(630)5B5 [ R(630)3B7
I R(660)5B5 [ CW5R(630)5
. \WFL

Chlb

Effects of different light qualities of LED on chlorophyll content of Phalaenopsis leaves

(A) Chlorophyll content of Green Bear (B) Chlorophyll content of Big Chilli. WFL: white fluorescent tube
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Table 4  Effects of different light qualities of LED on rooting of Phalaenopsis plantlet
Light treatment Green Bear Big Chilli

Root length Number of root Root activity Root length  Number of root Root activity

(mm) (mg-g”-h™) (mm) (mg-g™-h™)

RED(630) 19.11+0.76 a 3.7840.22cde  92.08+12.84 a 12.50+0.89a 2.67+0.16 a 118.74+15.12 a
R(630)8B2 20.34+0.99 ab  3.36+0.20 abcd 106.1£16.47 ab 25.33+1.39b  2.68+0.11 a 177.04+22.40 abc
R(630)7B3 20.50+0.86 ab  3.92+0.18 de 115.53+10.06 abc  30.65+1.42cd 3.02+0.14 abc 185.91+20.58 abc
R(630)5B5 21.7740.94 abc 2.88+0.16 a 148.8+26.45 abcd 37.38+1.88fg  3.30+0.12 cde 201.35+30.95 abc
R(630)3B7 23.65+0.91 bcde 4.03+0.19e 180.87+17.96 cd  36.20+1.38 efg 3.4310.12 def 201.76+38.83 abc
R(630)2B8 21.08+1.02 abc  3.73+0.23 cde  211.99+18.74 de  36.56+1.75efg 3.25+0.14 cde 271.84+49.93 cde
BLUE 22.80+1.18 bcd 3.07+0.20 ab 253.49+11.79 e 36.50+1.73 efg  3.42+0.14 def 323.20+73.13 de
RED(660) 20.93+x0.97 ab  3.76+0.19 cde  166.72+3.95bcd 33.77+1.51 def 3.82+0.14 f 148.01£16.17 ab
R(660)7B3 23.69+1.27 bcde 3.25+0.18 abc  182.35+25.72cd 27.40+1.46bc 3.1910.14cd 183.29+12.02 abc
R(660)5B5 20.82+0.95ab  3.71+0.22 cde  259.68+29.63 e 31.1242.77 cde 3.09+0.20 bc  261.83+39.75 bcde
CW5R(630)5 20.7410.97 ab  3.53+0.16 bcde 171.98+33.48 bcd 31.54+1.90 cde 3.4610.15 def 188.82+20.36 abc
Warm W 22.2940.92 abcd 3.73+0.21 cde  211.05+17.48de  30.66+2.00 cd 3.57+0.14 def 225.28+40.13 abcd
R(630)6B3FR1 24.27+1.01 cde 3.86+0.19cde  260.63+29.06 e 39.22+1.83fg  3.67+0.11ef 351.65+24.40 ef
R(630)4B4FR2 26.40+1.29 e 3.75+0.15cde  349.41+31.61f 39.88+2.17 g 3.56+0.15 def 366.20+29.03 ef
R(630)3B6FR1 25.04+0.96 de  3.74+0.19cde  369.49+36.35 f 40.35+2.08 g 3.58+0.15 def 449.72+57.66 f
WFL 20.53+1.06 ab  3.49+0.18 bcde 172.52+11.89 bcd 24.58+1.61b  2.6410.13 a 171.67+23.38 abc

Bl A P BME AR R, BT R AR 7 8RR 22 5 B35 (P<0.05). WFL: H (5647

Data were means+SE, different alphabet indicate the significant difference at P<0.05. WFL: white fluorescent tube
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A ARKGFR60K 5 KA . Bar=2 cm

Figure 2 The growth conditions of partial Phalaenopsis’s plantlet under different light quality of LED

(A)-(D) Multiple shoots of Green Bear after 60 day’s multiplication culture; (E)-(H) Multiple shoots of Big Chilli after 60 day’s
multiplication culture; (I)-(L) Plantlet of Green Bear after 60 day’s rooting culture; (M)—(P) Plantlet of Big Chilli after 60 day’s

rooting culture. Bar=2 cm
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Effect of LED in Different Light Qualities on Growth of
Phalaenopsis Plantlets

Guiping Ren"?, Xiaojing Wang1, Genfa Zhu*
1Guangdong Provincial Key Laboratory of Biotechnology for Plant Development, College of Life Sciences, South China
Normal University, Guangzhou 510631, China; 2Guangdong Key Laboratory of Ornamental Plant Germplasm Innovation
and Utilization, Environmental Horticulture Research Institute, Guangdong Academy of Agricultural Sciences,
Guangzhou 510640, China

Abstract We used the aseptic seedlings of 2 cultivars (Phalaenopsis ssp. cv. ‘Green Bear and Phalaenopsis ssp. cv.
‘Big Chilli’) to investigate the effect of LED in different light qualities on multiplication and rooting in vitro. The experimental
design included 15 different light sources composed of six kinds of LED light, namely RED(630), R(630)8B2, R(630)7B3,
R(630)5B5, R(630)3B7, R(630)2B8, BLUE, RED(660), R(660)7B3, R(660)5B5, CW5R(630)5, Warm W, R(630)6B3FR1,
R(630)4B4FR2, R(630)3B6FR1, and WFL (control). Under red light illumination, seeding growth and the number of shoots
were promoted, but chlorophyll content of leaves was reduced, but it was increased under the mixture of blue and red
LEDs. Blue light had a positive effect on chlorophyll content. Root activity was increased with increasing ratio of blue in the
combined red and blue LEDs and increased under the three light sources supplemented with far-red light. Blue and
far-red light were more effective in root length. Shoots could be more successfully induced under Warm W light. Com-
pared with WFL light, the number of shoots of the 2 varieties was increased by 53.17% and 46.37%, respectively.
Therefore, the best light recipe for the multiplication and rooting of Phalaenopsis were Warm W and R(630)3B6FR1 light.
The present study provides a proof of application of LEDs in Phalaenopsis tissue culture.

Key words light-emitting diode, light quality, Phalaenopsis, tissue culture
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