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Abstract

The effect of light emitting diode (LED) on callus development through three
chrysanthemum cultivars which are Canter, Celebrate and Chrystal White were investigated into
three experiments. The experimental design was completely randomized design (CRD)consisting
of six treatments with three replications. Each treatment had ten pieces per replications. There were
six different light conditions which were cool white, white LED, red LED, red and blue LED ratio
3:1, blue LED and dark conditions. The petal of three chrysanthemum cultivars were cultured on MS
(Murashige and Skoog, 1962) medium supplemented with 2 mg/L. NAA and 4 mg/L kinetin in the
first experiment. After 10 weeks the best percentage of callus induction, the highest percentage
of shoot induction number of shoots and percentage of root induction were found in cool white
condition. However, the callus fresh weight were non- significance in Celebrate while Canter
cultured under white LED showed higher weight than the other. Chrystal White cultured under blue
LED showed higher weight than the other. The leaf growth under red and blue LED ratio 3:1were
found higher chlorophyll a and b contents than the other light conditions. The buds of three
chrysanthemum cultivars were cultured under six treatments. The results showed that, the percentage
of the callus were cultured under the cool white more than the other light conditions in all cultivars.
The buds of Canter and Celebrate cultured under red LED showed higher weight than the other.
Chrystal White cultured under white LED showed higher weight than the other. The other experiment
was studied the light intensity under red and blue LED ratio 3:1. The petal and bud of Celebrate

cultivars were cultured under 50, 100, 150, and 200 pmol m”s ' light intensity. It showed that petal



had more percentage of callus induction while the bud were better only 200 umol m’s’ light intensity
than the other treatment. Moreover, both explants cultured under 200 pumol m’s’ light intensity

produced more reducing sugar than the other treatments.
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cool white #4717 0.00£0.00  16.67+1.00b  38.86+1.52ab  45.53+0.57b  80.001.00a
LED dam 0.00:0.00 ~ 14.33£1.52b  37.86<1.52ab 42.20+1.50b 74.43+0.57bc
LED @uaq 0.00+0.00 ~ 20.00+1.00a = 43.3322.64a  5333£2.00a  78.86+0.57ab
LED Fuae:iiidu 3:1 0.00£0.00  18.76%0.57ab 30.00+1.00b  48.86:0.57ab  72.20+0.57¢
LED i1y 0.00:0.00  ~ 18.76+0.57ab  32.20£1.52b  46.66+1.00ab  71.10+0.57¢
ann lidiuas 0.00£0.00  11.10£0.57c ~ 18.60=1.15¢  42.20+0.57b  58.86+0.57d

F-test 0.00 s o ¥ b
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2 4 6 8 10
cool white 412 0.00:0.00  0.72+0.05ab  0.7320.05b  0.80:0.0lc  2.65+0.10a
LED @912 0.00:0.00  0.70+0.05b 0732005  0.76£0.05¢  0.80+0.55¢
LED fuaq 0.00:0.00  0.74:0.10a  0.75£0.05a  1.41+0.05a  1.51+0.01ab
LED uag:iindu 31 0.00:0.00  0.66+0.05c  0.70:0.10b  1.0040.05b  1.130.05b
LED iy 0.00£0.00  0.66+0.05¢  0.73+0.10b  1.03+0.05b  1.12+0.05b
ann hifiuaa 0.00£0.00 ~ 0.06£0.00d 0.10+0.00c  0.130.11d  0.13=0.11d

F-test 0.00 *x ** ** .
CV (%) 0.00 16.54 13.64 8.87 6.55
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2 4 6 8 10
cool white @117 0.09+0.01 0.24+0.07 0.38+0.09 0.76+0.11a 1.22+0.10c
LED @917 0.09+0.00 0.23-0.04 0.340.10  0.550.12b  1.57+0.07a
LED @iaq 0.10=0.00 0.28+0.09 041+0.10  0.57+0.11b  1.38+0.04b
LED fuaa:dingu 3.1 0.10=0.00 0.250.14 0.34+0.08 0.48+0.11c  1.5320.09ab
LED ity 0.09+0.00 0.24:0.17 0.330.05 0.45£0.04c  1.1740.03¢
an Lidinag 0.09+0.00 0.22+0.04 0.3120.04 0.44x0.04c  0.60+0.03d

F-test ns ns ns | *x

GV.(%) 19.24 39.89 23.53 11.70 5.65
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cool white #11) 10.76=0.57 =~ 13.30+1.00a 16.6650.00c  46.66+0.57a  68.66+2.80a
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LED S 11.60=0.57 ~ 12.00£0.57ab  23.33+0.00ab ~ 42.20+2.08b  63.22+2.90b
an lifiuaa 10.00+0.57 7.60+0.57c 8.86+0.57d 24.43+1.52d  63.00+1.20b

F-test ns x o v i *
CV (%) 29.56 18.40 16.93 17.97 16.37
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cool white AU17 257.32436.32ab 206.19+30.06ab
LED @912 224.39+16.36¢ 176.44+22.37¢
LED @11a4 239.01%31.20b 174.99+38.11¢
LED #i@a-3idn 3:1 268.57+28.60a 252.10+71.28a
LED finiu 247.23+20.15b 191.93£24.60b
g lufiuaa 175.88+24.60d 102.25424.31d

F-test x ¥
CV (%) 16.56 13.46
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cool white 7U1) 24.25+1.72 53.3745.95
LED @%11 24.12+1.25 55.40+5.15
LED @ua4 22.89+1.91 50.40+3.81
LED taaduag:aiisu 3:1 24,1241.23 56.41+6.23
LED i3y 24.56+1.62 58.3343.82
anw e 24.04+2.04 55.8445.76
F-test ns ) ns
CV (%) 26.99 29.55
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M15190 4.8 Hﬁﬂﬁlﬂﬂilcﬁuﬂfﬂ‘iiﬂﬂllﬂﬁﬁ?HJﬂﬂﬂaﬂﬂﬂﬂtumuﬂll’lﬁwuﬁgl}amﬁ?ﬁ.l’LlEl'WI'IiEIﬂ'S

MS AL Kinetin 33870 NAA mwlaunastusiauaauandien ludlansia 2-10

¢ o 4 = w1/
Wesisuansinauaade ©

whauyaatuang 01y (dlan)

2 4 6 8 10
cool white @U12 70.00+1.52ab 73.33+1.00b 77.76+1.00ab 8?).0(&1 .52ab 93.33+1.00a
LED @113 76.66=1.52a 80.00+1.52a  80.00=1.52a ~ 86.66+1.50a 90.00+1.15ab
LED @uaq 63.33+0.57b 68.86+0.57bc  70.86+0.57b ~ 77.76+1.15b 83.33+1.00b
LED Ruaae i s 63.66+1.73b 65.53+0.57¢ ~ 70.00£0.57b  70.00+1.52¢ 73.33+1.15¢
LED i3 60.00+0.00¢ 63.00:0.57c  66.0040.57c  71.10+0.57¢ 71.000.57d
ann lifiuas 63.3320.57b 63.33+0.57¢  60.00£0.57d  66.66+0.57d 76.60+0.57¢

Pt . - - - .

CV (%) 5.55 3.94 5.94 6.78 7.51
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2 4 6 8 10
cool white FU17 0.2320.09 0.38+0.09 1.28+0.05 1.35+0.03 1.3920.02
LED @912 0.23+0.03 0.38+0.10 1.28+0.04 1.3620.01 1.4120.04
LED @1a4 0.32+0.07 0.39+0.10 1.3720.03 1.4320.03 1.44+0.03
LED fuaa: i1 3:1 0.30+0.08 0.34+0.08 1.26=0.05 1.32+0.03 1.37+0.08
LED Ainiu 0.31+0.05 0.33+0.05 1.3120.03 1.3740.09 1.3920.07
an lifiners 0.25+0.07 0.33+0.04 1.34:0.02 1.38+0.03 1.39+0.04

F-test ns ns ns ns ns

CV (%) 27.00 23.53 26.94 24.87 23.94
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nfSouivy Tas3s Duncan’s Multiple Range Test N3&AUAMIF DU 95%

ns JUTANUHANAIINIADS



37

¢ o d a °
!‘lJi’J‘i!‘ii‘Hﬁl MInNALaALAZIIHIULDA

1 o o A Y (=] a = 4 " A ay 1 =]
wuluddarin 289 lilimsinasealunaniawud uaiieyudiunauasn
¥

i =] s 1 o

¥ [ '
ey 4 dar1dwodn FudriulmsiauuvninnguuaadanieidedeNwau1vum
¥

Y [ = =)

o A a g @ oA w ' =
IﬂUﬂ']‘iWﬂlu’l‘l’lLﬂﬂ"Uu l‘Iﬂ!!.ﬂ wmmﬁ‘luuﬂaaﬂuaﬂymmﬂuﬂqnﬂi’)uwwq‘unﬁwm

= 3 A

iWwulasudludeeuusnusovdn ondnvazie wau ldiudweeadiumsiiaunada
[ o a ] c:’ 1 @ 5 [ 4
Tasupadaddnyuzimgiuniu sudiuiinsiauniuseaiiiseiy 4-8 dlav nazly
o o A ' Y LA ~ ¢ o 4 a ~
a4 10wuI1arelavaea cool white 717 TidesiFudnisiinuoauiniga
=] ¢ o 4 ] ] Aaa w r_'iw 9 =1 = : = [}
Ao 80.00 1o51FuA naz liuanaranaananumsiasaniold LED 17, LED d413una

v ¥
UANA1Y LED @uad, LED auad: 71113y 3:1 vazaanw liinaansiasanoldviaon cool white

AU1HIIUINYOA 3.10 BDAADFUAIU AL INUANAIINNADAN VNI

vaoa LED @112, LED a1ikduiauandi19oniaoalu LED &uad, LED duaq:ad

aa luiinaa (9131990 4.10 LagAI519 4.11)

. | =1 o a a
A15137 410 A utlesIFUANITINATOATINAAVABNILY TN IANY

=
o luum

¥

F
o A b=l

fsaatsaasaniela

AN UL ALA

WS, uag

HYAIRUHALTITUAA I VUBIHITEAT MS 1A Kinetin 7011 NAA

Tudilaivin 10

rd o A 1
o uamsinavoa

FUALHAIAUTALA
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2 4 6 8 10
cool white 717 0.00=0.00 30.00+0.57a 61.67+1.53a 73.33+1.73ab 80.00+1.00a
LED @912 0.00+0.00 13.3320.57¢ 30.00+0.00c¢ 75.53+1.52a 78.86+0.57ab
LED @uaq 0.00+0.00 20.00+1.00b 45.00+0.57b 70.00+1.00b 73.33+2.00b
LED ﬁu.ﬂﬂ:cﬂ'ﬁﬁ"lﬁu 3 0.00=0.00 20.00+1.00b 40.00£0.57b 66.66+1.00c 74.43+0.57b
LED ﬁﬁ‘yféu 0.00+0.00 11.67+1.00¢ 43.33+0.57b 73.33+1.73ab 77.76+0.57ab
ann luiiues 0.00+0.00 10.00£0.00¢ 25.83£0.57¢ 50.00+0.57d 57.76£0.57¢

F-test 0.00 e ** *% e

CV (%) 0.00 8.41 14.08 5.60 4.41
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2 4 6 8 10
cool white 7912 0.00+0.00 1.26+0.57a 131=0.57a  1.00£0.05bc  3.10:0.87a
LED @17 0.00+0.00 0.85:1.50b  0.90+1.50b 1.54:0.05a  2.75+1.48ab
LED @ua3 0.000.00 0.3620.57c  0.80+1.15bc  1.01+0.01bc  1.25+1.47bc
LED Aupa:ainiu 3:1 0.00+0.00 0.36x0.57c  0.83+1.15bc  1.03+0.05bc 1.35+1.04b
LED i3y 0.00+0.00 0.25:0.05d  0.93+1.50b 1.13£0.05b  1.25+0.85bc
annlaiinag 0.00+0.00 0.20+0.05d  022+0.57d  0.22+0.11d 0.24+0.30c

F-test 0.00 *k *x *% **

CV (%) 0.00 10.54 9.67 7.87 8.68
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¥ ¥
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iesiguanisnagin

yriaunasiuianm 01y (Fland)

2 4 6 8 10
cool white 7912 31.002.51  36.66:0.57b  45.5340.57a 48.86+0.57a 61.32+0.57a
LED @17 34434152 36.66=1.52b  43.33=1.00ab - 47.76=0.57ab  47.76+0.57b
LED @naq 34433251 38.00£0.57ab ~ 38.861.15bc  42.20:0.57bc  50.00=0.00ab
LED Auae- iy 3: 1 3443000  36.66=0.57b  40.99:0.00bc  43.33+1.00bc  47.76+0.57b
LED finiu 34.00£0.57  40.00+1.00a  42.20+0.57ab  44.43:057bc  45.53%0.57b
ann il 30.001.00  30.0041.00c  35.53+0.57¢ 40.00+1.00¢ 38.86+0.57¢
L W i . e - .
CV (%) 19.31 4.42 6.07 5.59 4.74
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wysmaiuigamsanoldunasiuianasdieg wud ndesneldumasduianas
LED fuaa:@iiidu 3:1 TSmnmaaeTsfladioanniiqa 265.95 iaansudeniuihminan dou
YSumnae TsWadil Ao 263.95 Taansudensiniminaa uaz hiuandafunaea LED Fuaq,
LED #1113 usiang1anaen cool white Av17, ¥aoa LED Av17, iaea LED §uad, vaon

LED fiaunazanin luiiuas (m15199 4.13)

y = o a A a 1o oA =
M1319M 4.13 uaaalSunwnaes Isiad luwgnaiugdawsmavenolduvasduianmariie

a9 ludlanin 6

Ed
= d a a o " Q o a
Usumnaelivaa (Jaansunansuinvinag)
FUAUWAINUHANT

favlsnaa o aaelsWad 1
cool white 7912 249.9746.22b 188.29+21.97bc¢
LED @417 249.52+5.42b 186.55+26.10bc
LED @1aq 258.17+8.29ab 192.70+13.79b
LED Auaq:aiidu 3.1 265.95+3.40a 263.95418.70a
LED finiu 260.91+6.89ab 182.56:£15.68bc
an ' lufinag 125.8145. 14¢ 96.55+5.75¢

F-test o Fok
CV (%) 13.54 15.97
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finnundamaomiiny 23.89 Tulaswas vazavenlumasiidy 5741w Tasiuas

(M13199 4.14 MWN 4.10 D)

1 v ¥
3190 4.14 vinavehn luwgemminuiddius anavanelduvassuianassiiaaieg

01y 6 diland

vuathnlu(lulasmas)”

FUAIHAIR ULALA

ANUAI ANV
cool white @U1 23.25+1.72 56.37+5.95
LED @912 22.56+1.62 55.40+5.15
LED @14 23.1241.23 54.40+3.81
LED A ainidu 3:1 23.89+41.91 57.4146.23
LED i1 22.1241.25 56.33+3.82
A ludinaa 21.0442.04 55.84+5.76

F-test ns ns
CV (%) 25.99 28.55

]
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'Ll Q [ L-v3 1 =% 3 = 1 o 1 o [-] % a o 4
“Aunaonianysfinuamenu lunas ianunandtueiisidvidymeaiaile
nfSouiey Tao35 Duncan's New Multiple Range Test 7132 1UAM¥D1 95%
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9/ ' a a w [ =) [ Qs ah:i ay 1 ~ = t:i
ANWIVNTY 4 HaanTuaeans wud alaivin 2-4 wmunauwannﬂmﬂaﬂuuﬂawmﬂ
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L |

a o = o o o 1 T an - -
INALAAATNINNTA 93.33 wesiyua uax"lmmnmmnﬁmﬂumaﬂﬂmmaaﬂuummmaﬂﬂ
[ ¥ ¥
LED 5"[]11 LED ﬁl!ﬂQllﬂllﬂﬂﬂ’l\‘l%1ﬂﬁmﬂﬂu LED ﬁum:ﬁﬂmu 3:1, LED AU LazamIn
¥ ]
TufinaaTasunadaiianyueinizAuee13uUY (compact callus) HHTonduiaduiAiuen

1A TOUAAUDITUAIUUADDA (A1 4.15 NN 4.11 LAz 4.12)

3 d o a s as a o/ s
M13190 4.15 ugaalesiiuamuiaunadduenauae muyanaRuas3 ada laiuuens

qA3 MS AN Kinetin 53870 NAA moldimasduiauasludilanii 2-10

¢ o o " [ I
Wesiruamsmannaad

FUALHDINWUALLA 01y (ﬁﬂﬂﬁ’h

2 4 6 8 10
cool white 7717 76.67+0.57a  86.66+0.00a  90.00+0.00a  90.00=0.57a  93.33+0.00a
LED A% 70.00£0.00b ~ 83.43+0.57b ~ 86.33£0.57ab = 88.86+0.57ab  90.00+0.57ab
LED Aunq 66.66:0.57c ~ 8333+1.00b  86.66+1.00ab  86.66+1.00ab  90.00+0.00ab
LED duna: iy 31 63.33+0.57d  70.00£0.57c  73.33+0.57¢ ~ 80.00+0.00c  84.33+0.57¢
LED iy 66.33+0.57c | 733340.57c  80.00£1.52b  83.43+1.52bc  86.66=1.73b
anmwlifinaa 66.67+1.52¢ - 72.20£1.52c  83.33:1.00b  83.33:1.00bc  86.76+0.57b

F-test - - - W o

CV (%) 5.29 3.29 3.81 3.56 6.05

LgundoRdsnusmsuaeduluunan fnnuuanaafiuedaitodfanieaniie
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nfSeuiioy 19835 Duncan’s Multiple Range Test NT$AUAMMFDIU 95%
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fl]”lﬂﬂ131W1$!ﬂENﬂﬁUﬂﬂﬂlﬂﬂc.,lilll'lﬂﬁ"lﬂwufﬂ'iﬁﬂﬁul’nfl VHIAAT MS IAU NAA

Y

2 =Y =Y [ [ = 9 =) = [

ANTUYY 2 HadnTuABANIIINAY Kinetin AU Y 4 adniuaeans dla1ia

¥ ] ¥
° o o [ @

] (= J aa 4 a 1
2-6 NN ‘NTH‘LIﬂﬁﬂuﬂﬂaﬁ.liunﬂ’ﬂllllﬂﬂﬂWQTI'Idﬁﬂﬂ llﬂiuﬁﬂﬂ"lﬁ‘ﬁ -10¥UAIU

T
o A =) [

' ¥ I ]
Mavanioldvaea LED 113y hiivinaaunaddndouinian Ao 0.65 54 uay

L]

v EY ¥
Tinanaraneadanunaeslunvasduiianaanasa cool white, LED aua9:@#113u 3:1

[ [
UALANAININTIEE U LED ﬁ’lﬂl LED @uaq uazﬁmw"lnmma (M13139N 4.16)

1 ¥ ¥
M3197 4.16 VIMINAAUAI A AV INAVABNIIYIMNIANUTAS dAa 1INRoan 1o 1durassuila

HEANYUAANT VUBIMITYAT MS MY Kinetin 3300D NAA Tudilaifi 2-10

v
WMUnaAALAfd AN Y)

yiiaunaadulianm 1y (F1lan)

2 4 6 8 10
cool white #117 0.07+0.01 0.13+0.02 0.38+0.09 0.49=0.06ab  0.57+0.09ab
LED @912 0.1140.04 0.130.02 0.34+0.10 0.4320.15b  0.53+0.03b
LED @1aq 0.130.03 0.14:0.03 0.41+0.10 0.42+0.10b  0.49+0.03b
LED Fupa:niaidu 3:1 0.08+0.02 0.12+0.03 0.34+0.08 0.46+0.11ab  0.57+0.02ab
LED iy 0.06+0.01 0.1240.,04 0.33+0.05 0.50=0.21a 0.65+0.04a
anw e 0.1140.01 0.1420.02 0.26+0.04 0.28£0.08c  0.31+0.03¢

F-test ns ns ns b i *¥

CV (%) 2937 27.03 2352 7.15 8.90
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a4 A4 o ] o @ a e

4 '
fAunaenignyiminuandulunuias Inauuanaianuedwiinsdinynisadaile

n5uuMey Ta83% Duncan's New Multiple Range Test NT2AUAMF01U 95%
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HARAEHIDNDULIUDIEDNWAUIVULT NITHAUININAUY Ilﬂuﬂ Wﬂl‘l«[ﬂﬂﬂl!ﬂﬁﬁﬂﬂﬂﬂ‘]&lmﬁil U

nqudeuIvgusediiiorsenluninusesdn snansuzie wan lliluduseadiumsiia
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GGG ‘lfuﬁ')umllﬁuNﬂ'l'i“ﬁlu]lﬂuﬂﬂﬂlllﬂﬂ"lq 4-6 ﬁﬂﬂWﬂLWlﬁ]u Lmﬂuﬁﬂmﬂ‘n 10 WUN

¥ = = ¢ o L4 a =1 =) d d o ] 1
.ﬂ'lﬂclﬂ'ﬁﬁﬂﬂ LED @12 H!ﬂﬁ]il“ﬁﬂﬂﬂ'ﬁ!ﬂﬂﬂ@ﬂlﬂﬂﬂf{ﬂ Ao 74.00 L'].I?J'il“lﬂ!ﬂ Lm$llm!ﬂﬂﬂﬂ1’|'l~1

ADAINYA0A cool white U717, LED @i u3uuauana1avana LED duad, LED duas:aniuiy

3:1 nazan i aifinas daudiuaueea Wy vaea LED #vilsuiuveauiniiga 3.00

voAABFUAIU LA LHUANAI1INIIADAINNABA cool white TV IALANAIIHADA LED &i1a4.

LED duad:a1i1qu 3:1 vazanm luiiuae (115199 4.17 1aga1sen 4.18)

n'l s o o = = @ s a Qs ddy kY
AN 4.17LlﬁﬂdlﬂﬂiLWUﬂﬂﬁlﬂﬂUBﬂ%WﬂﬂﬁUﬂElﬂl‘LIEgﬁ]ll1ﬁw1‘l‘§ﬂiﬂﬂﬁ"l’3‘lﬂmﬂﬁﬂ1ﬂ1ﬂ

UM AR UUANAIFTARIIY VWBINITTAS MS NIAN Kinetin 117U NAA

Tudain 2-10

& o o = U
nesTuUANITINALDA

FUALHAIS AL

21y (Fani)

2 4 6 8 10
cool white F¥17 0.0040.00  4333+5.77ab  5333:1.52b  60.00=1.73b  62.20+1.15ab
LED d417 0.00:0.00 450048362  70.0042.00a  72.76£1.00a  74.00+2.00a
LED daq 0.00:0.00  28.83:5.16b  53.30:1.52b  S8.86+1.15b  58.66=0.57b
LED Fuaafihidu 31 0.00:0.00  28.83:5.16b ~ 5333£1.00b  56.66+0.00c  58.00=0.57b
LED i 0.00<0.00 28.8325.16b  56.66£0.00b 60.10£0.57b  63.00<0.57ab
anmhifiua 0.00:0.00  20.00:0.00c -~ 26.66+0.57c  33.33£1.00d  34.00<1.52¢
Fteit 0.00 " “ - .
CV (%) 0.00 11.22 8.05 6.26 6.95
YundeRisnus fifusiaiulunade Tanuuandsfuedaiivodidgyneadaie

nf3omney 1ao7% Duncan’s Multiple Range Test N5LAVANMFBIY 95%
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Kinetin 3251 NAA moldunasidianasaie ludlania 2-10

Ed
1WA (BoR/Fua L)Y

FUAUMAINNTALTS T
2 4 6 8 10
cool white #1177 0.00£0.00 0.75+0.05ab  1.13:0.05b  1.1620.11b  2.55+1.45ab
LED 912 0.000.00 0.80+0.10a  1.730.11a  2.00+1.15a  3.00+1.04a
LED g 0.00+0.00 0.7040.05b  1.1320.05b  1.16+1.15c  1.30+0.94bc
LED Auaa:miaidu 31 0.00+0.00 0.72+0.05b 1.130.05b 1.000.57b 1.20+0.80bc
LED fiiiu 0.00+0.00 07260056 1.09+0.05b  1.00=0.57b  1.20+0.80bc
anwlifiuaa 0.00+0.00 0.00:0.00c  0.6040.05c  0.60+0.57d  0.65+0.85¢
— o0 ” . " o
CV (%) 0.00 9.14 11.01 12.74 14.19
Rt snysMsuaasuluEI A ﬁﬂ’amuwﬂﬂ'nﬁ"umhmuﬂﬁﬁmummnﬁgﬁa

= Ao A — o A o
nfSouMe1 TAs7I5 Duncan’s New Multiple Range Test NIEAVANWIBDUU 95%
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= IANunanannueseltyd Ay Ieane | ns Tulinnuuandanieana
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wesiFuamsinasn
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WeWnsNMIINATINNLI ey 2 dlamda lulimanasinlunaniawud Taoyas
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duland 4-6 Tuszozusmzmailunquansin naziiadunniduimunndanamiu lddanu

o o ' LA = g o a - A
uazludaiiin 10 wud1 vaea cool white 717 o iFuanisiiasinuIniiga Ao 46.66

s g o ' i " o = = = ad o
lﬂ‘ailc}ﬂ«lﬁ Haﬁﬂlluﬂﬂ'ﬂqqﬂlaﬂ\iiuilﬁﬂQT)_’l!uﬂllﬁq LED av173, LED au@d: @414 3:1. LED

¥
o= 1

v ¥ "
MY uauAnA N INIREa Ty LED aued ua:ﬁmw"lumma (ﬂ’l‘iw”ﬁ 4.19)

1 o a =1 9 d a [ o’dy 1 o ~
M3190 4.19 uaaanlesiFuamsinasinvesnaduaeniutasada 1sidoamelduvasd uilauaa

FHAR ) VUDINIIFAS MS AN Kinetin 59070 NAA Tudlania 2-10

¢ @ - 1
osiruamanasn ¥

PTCITRNARTEES o1y (F1la)

2 4 6 8 10
cool white 31 0.00:0.00  14.33£1.52b  18.66+0.57b  26.60+1.00a  46.66=0.57a
LED dv1 0.00:0.00 ~  14.3320.57b  20.00+0.00ab _ 23.60=0.00ab  42.20+3.00ab
LED funa 0.00£0.00  18.86+0.57a ~ 21.00£0.57a 23.30=0.00ab  36.60+1.00b
LED upe: i 3.1 0.000.00 ~ 17.66+0.57ab ~ 21.00=0.57a  22.20+0.57b  43.33+3.00ab
LED iy 0.00£0.00  16.66+0.00ab ~ 18.60+0.57b  21.00:0.57Tb  42.20+2.08ab
anmn lifiuas 0.00£0.00 7.76:0.57c . 11.1040.57c - 20,00£1.00b  24.43%1.52¢

F-test ns i - G4 -l *

CV (%) 0.00 17.37 9.48 9.52 17.97
A aoRisnns ffumaiuluau IR fnuuanadues el N am1eaaaile

o

nfSounoy TauI% Duncan’s Multiple Range Test ATLAVANWFONU 95%
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= F=Y o' o d = @ g E 1 o =

nnnsAneIliinmaas lsWaa luwgemnaiugasaaa lainieldumassuiauas
] U =1 =1 : =) Y a o L= d'
A197 WU waea LED duad:diniu 3:1 1ilTuunae lsWadie uaznasTsWaaiqeiiga

) ¥

A9 471.08 HaansudensuiIniinga 1az183.88 Haansudensutiinaanay
Tiuanarandeslunvassuiiauas ¥asa cool white 7417, Haoa LED 417 uauana1aly

waoa LED duad uazanin luiues (m3191 4.20)

r.; =) o' a d = a n’a:qy Y ' o =)
M3191 4.20 naasTinanas IsWad luwguunavugasaaa hamesnelduvassuiiauas

= 1 [ P
¥HAA1e 9 Tudlain 6

= d a a o 1] [V :’ @
UsumaaelsWaa (Haansuaensuiiminan)
FUALKAIN WU

AaolsWaa 1o aanlsdad O

cool white @v12
LED @11
=t
LED @4
LED @ua:ainuiu 3:1
LED i3y

14
an i

455.46+15.04ab

462.60+13.34ab
394.04+14.19¢
471.08+9.78a
413.48+16.61b
95.52+26.33d

161.39+9.45ab

161.19+4.87ab
153.96+4.94b
183.88+4.73a

163.11+5.85ab

89.24+4 91¢

F-test

*%

* %k

CV (%)

8.06

15.11

L] o
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] 1 4
“faamaeiidnyiiinuannulunwids iauuandeduedlfodrdgnisadaile
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= o @ Jd a Y o ' :!y Y
msnpanyuzlinluvesuganaiugasada 1ai wud madesnivldvaea LED

fFuas:@iusu 3:1 vuannunathnlumde Ao 25.19 10 Tasiwas uazarwendnluen

57.97 luTaswas ua LA NUBANA1INIAEA (13199 4.21 7 WA 4.15 D)

1:‘ w o a [ s
M131an 4.21 vinavehnluwganaiugasada v

1y 6 da

avanolduvasiutanasyianie

vathnly (lulaswas)s

FUALHAIR NUALA

ﬂ’.ﬂi]ﬂ”j'lﬂ [ REVIiRNe]
cool white 7917 24.86+0.64 50.51+7.71
LED @41 23.98+1.00 55.43+4.66
LED auaq 22.89+0.75 51.30+3.67
LED #una: A3 3:1 25.19+1.28 57.97+4.58
LED iy 23.68+1.31 53.8443.77
anw e 22.5740.75 50.1343.57
F-test ns ns
CV (%) 16.19 19.15
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‘Avnagiidnysdinuatanulunuads Iawnananusdalvedrdynisada

A = an . — ™ A
ienfToumen 1as35 Duncan’s Multiple Range Test NFZALAIIMADIY 95%
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4.2 MINAaed 2.1 AnnmsymhmdsiinaunadanazeeavesuganaluamnuaInn

viooawlgesl sy UALAZIEIDINYADA LED ANMEIAAHIAINLANAIITH

o d
4.2.1 MNIVYIINATIWUFUAUND
¢ o 13 a [
wWesiuamsmnannada
3
= @ o =
mnmﬁmmammi’mmaﬁmﬁmﬂwufuﬂummUu’qm MS 11 NAA ANUTudY
a A o 1A 1 @ . . a a wo 1A 1w o @
2 1aanTuABANSI NN Kinetin ANUAUTY 4 Uaaniuaoans wun duawin 4 Tanvueiv
Y - a - 4 4 o of ' o
naunaviavenin wazimanaunad MWy nazilo@eadlaii 8-10 wun moldvaea
L oa a s d o a w A fa o . Ve A4
cool white dv1esIFUAMIINAUARATUINNGA 83.33 Wosidud uaz lunana1anuiiaes
T @
Tunvassuilauas LED fuasudnanaisninfidoalu LED 8v12, LED #uas:d1iu3u 3:1, LED
¥
113w uazanimliings TaounadaldnbMin1zA 8o LU Y (compact callus)

o A E o

= g o ny 1 [ d o = o ]
BaAsdwAaIuAMen nazsosAnveaFudIu Tunn 4 Alaniihmsn)aouensdadiu
Ed

1 3 ' ]
gainaziaonawizunadan M@ e2u1ae9uu 113 19y (915199 4.22 nazaInm

4.16,4.17)

H | = Qs o
M13197 4.22 naaulesIFUAMSIIALAAAAYE RN YVNARNUTUAUINGS VUDINS
= A " 3 ] Qs Y 1o = 3 o o
QA3 MS 1A Kinetin 390010 NAA n1oldunassniianaadiag ludlania

2-10

o o o a o 1/
wedruamainaunaaa

FHAUHAIN IR p1g(dla)

2 4 6 8 10
cool white #9712 66.66+1.00a  70.00£1.00a  73.2020.57a 80.00+0.57a  83.33+0.00a
LED #9717 60.00£1.00b  66.66+1.00b  68.86+1.15b 73.86+1.15c  76.66+0.00b
LED Tuad 60.00+1.00b  66.660.57b  73.33%0.57a 76.66+0.57b  80.00+1.00ab
LED fuae:@iiiu 31 63.33£0.57ab 66.00=0.57b  70.00£0.57ab  76.66+1.00b  76.66=1.00b
LED i 66.00£0.57a  70.00£0.57a  70.33+1.73ab  73.33+1.73c 76.66+1.00b
ann lifiuera 46.66+0.57c  50.00+0.57c  50.00+0.57c 53.33+1.00d  56.25%1.00c

F-test . ** * - *

CV (%) 7.29 8.19 9.73 10.73 3.62

P { IC!.W o ot 1 L5 3 I o 1 i o o oo 4
“Aundenienusmiduaeiulunuids Sanunanadiusiaifsddgmeadaiie

fSounenTasd% Duncan’s Multiple Range Test N3EAUAIILIFOI U 95%
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¥

AINA 4.17 MIHAUIVOITUAIWTUAUVIAN IV UYIWIANUTUAUINGS NAIAY

Tdunasdudiaudariinden o1g 10 ddad
A ¥a99 cool white 7112 B ¥ia0a LED @1
W
C viaoa LED aunq D ¥iaon LED @uag:a1i1au 3:1

E viaoa LED §1i13u F anin luiina
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muHnaaunaae

v a
VINMTINZATIUYIATORUTUAUINDS LUFAT MS 1AN NAA Aty

]
C% a

v ¥
2 1adnTuABANSIINN Kinetin AW UTY 4 Tadnsuaoans wu ddain 2 Suwmiindiy
o o ~ o 1 (=1 1 aa w o : Y A ; 0 w
andaglunanIawuanyN lidanuianaamaana dalamn 4-6 Hminmuduaiugiey
s (a; " Qs c{ d’ g/ = =] oy a :;

wazglud@laniniowudr unadaiidesnieldvasa LED Fuas Himinangeiiqa

v ¥ ¥ 1 ¥
0 0.60 N5y uaz lunanaradui@aesluurasduilauasvasa LED 81134 uduananidsg

14 cool white #17, LED #9717, LED @naa:a1i13u 3:1 uazanmw luluas (135197 4.23)

: ow Y [ o o 1T o A o ]
ﬁ]iNﬁ 4.23 u’lﬁuﬂﬂﬂuﬂﬂﬂﬁﬂ'I‘i?'lﬁl‘l]igﬂilwmuﬁ!uﬂuWIE)iﬁﬂUiﬁllﬂﬁiﬂ'ﬂﬂﬂllﬁi"ﬂuﬂﬂﬂﬂ

UUDINIIGAT MS NiAY Kinetin 33101 NAA Tudilaniii 2-10

¥
wvdnaauaaaa (nTu)"

Fiiaunasuiana g (F1land)

2 4 6 8 10
cool white FU12 0.07+0.09 0.14+0.03¢c 0.35+0.03ab 0.39+0.06 0.44+0.05b
LED @1 0.04=0.01 0.2040.02b 0.23+0.03b 0.32+0.03 0.36+0.03bc
LED duna 0.060.02  0.29#0.04ab  0360.052 0374003  0.60:0.07a
LED '?rum:ﬁﬁzﬁu <k | 0.08+0.08 0.27+0.05ab 0.32+0.07ab 0.37+0.06 0.45+0.03b
LED ﬁ‘tfn?u 0.06+0.09 0.334+0.05a 0.35+0.11ab 0.39+£0.09 0.56+0.10ab
an liTuaa 0.05+0.09 0.24=0.06b 0.25+0.03ab 0.29+0.01 0.32+0.02bc

F-test ns by = ns o

CV (%) 24.18 19.61 20.49 26.01 12.98

o

' . ¥ ¥
“Annasnienystituaratuluuuade Tanuuandanued g 1 unsanale

g

nfSoudisy 1ae35 Duncan’s Multiple Range Test N3¥AUAMIF0IU 95%

= Ianunanannsandedaived g . * Sanuuandecaiiodify, ns lifinnw
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UNMIGTHAUININNNQUUARATHIINDUIUDIYDN WA UIVUIN Tﬂﬂﬂﬁﬂﬁlu’lﬂlﬂﬂ’ﬂu "lmm

= '

wanniuuaadaiidnvusiunguieuiivguszddviseuluysnusesda Sndnvue

Ed
a ]

=) [ 1 ' = @ = o d;
no wmu1"11J1ﬁumuuaﬂiﬂﬂmumsmmmaaﬁ Euumuumswwmﬁ‘luﬂamnamq

o o @ s ' Y LA ~ sd o a
4-6 davi uazludanin 10 w1 meldviasa cool white #17 UilosIFuAmsINAvEANIN

¥
[

= = d o a 1 ' aa A 1o = a 1
nge Ao 82.33 !.‘IJ?JEHS‘LWI uaz"lmmﬂﬂmfmﬁmﬂﬂ‘umavﬂmmaammﬂum LED auaiua

¥
=

HANAN NN 1Y LED @917, LED @ua:a1i13u 3:1. LED v 13y vazanin luduas

druiIuean1e1Aavana cool white AU AD 2.30 soaAeTUA I LAz liuaNA1g

b
@

viasamelduvasniauaaana LED duad uguanald LED 8917, LED duad:a1iuiuy

3:1, LED @iau uazluaniw luiiues (1151990 4.24 uazaisnan 4.25)

4 =] o o A a
M99N 4.24 naauesiFudmanagean Uy IARUTIALIMET UUOIMTZAT MS AN

Kinetin 5207 NAA Tudi)ainii 2-10

¢ o3 a - L
WasiFuAnNIFINatea

FUAUNAIRNTANAS pw(dam)

2 4 6 8 10
cool white A¥71) 0.00£0.,00  23.33x1.00b  4333+1.00a  82.20+0.57a  82.33x0.00a
LED d1 0.00£0.00  21.10=0.57b  37.76=057b  68.86%1.15c  76.66+0.00b
LED @uaq 0.00£0.00  30.00+1.00a ~ 34.43=0.57bc  75.5320.57b  80.00+1.00ab
LED Auaq:ahiiidu 31 0.00+0.00 21.10+0.57b  36.461.00bc  75.53+0.57b  76.66+1.00b
LED i1 0.00+0.00 18.86-0.57c  34.20=0.57¢  73.33+1.73bc  76.66=1.00b
A lidiuea 0.00:0.00° — 15.5320.57c ~ 31.10£1.00d ~ 56.66+0.00d  56.25+1.00c
et 0.:00 s = - -
CV (%) 0.00 11.46 7.42 6.73 3.62

[l v 3 ]
‘Aunashlenyiminuaeiu luuds Ianuuanauiuediliisdngnsadaile
1nfSoiienTaods Duncan’s Multiple Range Test N32AUANMFOIY 95%

o

= Ianuuananuaaaed il anoe, ns hilinnuuanaaneaia
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M15190 4.25 uaaei InseAnINM I IIUYINATUTIAMMBs oI 1A ass uauaaviia

A9 VU IMITEAT MS NiAY Kinetin 39010 NAATudaniii 2-10

v
PMUIULIA(BDA/TUA LY

wiiaunasfutianag o1y (F1land)

2 4 6 8 10
cool white 7417 0.00+0.00 0.75+0.05b 1.06+0.05a 1.73+0.11a  2.30+0.74a
LED @%1) 0.00+0.00 0.72+0.05b  0.80+0.05b 1.13+0.05b 1.20+0.59b
LED @u@q 0.00+0.00 0.80+0.10a  0.80+0.10b  0.90=0.05c  1.90+1.32ab
LED Auaq:Ainidu 3:1 0.000.00 0.720.05b  0.72+0.05¢ 0.90+0.05¢ 1.00+1.35b
LED findu 0.00+0.00 0.70=0.05b 0.7040.05¢ 0.88+0.05¢ 1.10+0.66b
anmdt hifluea 0.00+0.00 0.2040.05¢ ~  0.20£0.05d 0.40:0.05d  0.40+0.40¢

F-test 0.00 *x * *a *
CV (%) 0.00 19.64 17.54 12,01 16.30

.
A Aa o W aa

v '
AR onuonysMNUAIIN U I UILIA TR NLANA 1NN B 1IN od IR U9 aDAie

o

nfSeumou Tavds Duncan’s Multiple Range Test N38AUA ¥ DU 95%
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* JANULANA AN NEDABE A AR, ns luTiamuana1aniana
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d o d a
!‘l]i)ﬁﬂf‘uﬂﬂTi!ﬂﬂﬁ mn

[ a

d' =Y =Y ] [] [V n‘d‘. (=] =1 o
wennInINInAT NN Tuganddamia 2 dalulimsaiiasinluynniawud

d‘! =1 [ a " qy [] 9 - W ﬂ @ a = " A =
welieny 4 dlavt wunFudumdanwau lidunaadaiinisniyauTaneiiesling
v a 1 2 .2 o I ' = = s d o
afusnvzinadlunguunsamsiuuaz ludlanii 10 wud vaea LED v Tilesidud

= — J o o [ ' — dw " e A n
MaNAsININNAEA 40.00 losiua uaz lunanarvniavslunnasdiudianaavasa cool white
v ¥ Y ¥

12, LED auad uguanai1ainaeslu LED uaa:H1iu3u 3:1, LED 13y uazaninluiiuas

(M13197 4.26 1AZN NN 4.19)

d' O o« = Y o o n‘dv £ " o a
M13197 4.26 uamtﬂaswuﬂﬂmnmmmmmmmummumaiaammﬂimmaqmmﬂum

]
=

UAA Y VUBIMNTZATMS AN Kinetin 57101 NAA Tudlani 2-10

g - .
lesiguamsifiain

wiiaunaasuiianag 91y (F1lavh)
2 4 6 8 10
cool white @112 0.00+0.00 14.06+0.57b 22.66+0.00b 30.00+£0.57b 37.00+0.57ab
LED dvM 0.00:0.00 16.66=1.00a  20.00+0.57b  40.00+0.57a 40.00+0.57a
LED a3 0.00+0.00 14.0041.15b ~ 23.33+0.00ab  33.00+1.72ab  38.00+1.72ab
LED fAe:A1130 3:1 0.00£0.00  1556£0.00ab | 24.0060.57a  30.0041.00¢ 32.00+1.00¢
LED f1i1u 0.00+0.00 ~ 15.5040.57ab  23.3320.00ab  30.00+0.57¢ 35.53+1.0b
amni Lifluaa 0.00+0.00 8.86+0.57¢  16.00+0.57c 30.00=0.57¢ 36.00+0.57b
F-test 0.00 * * ** *
CV (%) 0.00 7.20 6.93 12,67 9.67

.
o an A

“Aundonionysiinuaiany lunenae IausanaiuesaiisddanadaiionSouioy Taed3

Duncan’s Multiple Range Test NIZAUANUTOIU 95%

** AUIANANNIIAD ABY 101

unada uazWauiluin 01y 10 Fa
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v ALY

[

AN 4.19 Fudumdeuyanaiuguaumesniavanieldvasa LED @412 Avauuily

g4, * Inmumndnsedaiisding . ns lullanuuandraneana
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A1 NAA AU UIU

o LY s 1 " 4 [V 1
nsuneans dunalan dlainandslu

: ¥ ' ¥
anaadalunanIamud uaiisFudiuaidaiiong 2 - 4 #la1d mthasuvosvad

= o

= A a v A g =) o Y o dy k4
NHUSHINID uamiummaaﬁmnmﬂunnmmnuﬂ 11&31]?]1111‘1 8-10 ﬂ‘lilaﬂQﬂWUElWHﬁﬂﬂ

L oA - s 4 o a @ =] s d o ' ' aa
cool white ﬁ’UTHJnJ@i!"ﬁuﬂﬂ"I'ilﬂﬁllﬂﬁﬂﬂ'lﬂﬂ‘l’lfl’ﬂ 93.33 lﬂﬂil“ﬁuﬂ uaz"lmmmnmaanﬂ

o

¥
= o

ko'

A A ¥

¥
ﬂﬂﬁlﬁﬂﬂiullﬁﬂﬁﬁ]mm!ﬁﬂ LED auad, LED duad:

aun

i
o

U 3:1 nananaannnaeslu LED

U172, LED @u3u nazaa i ludina s Taounadalidpusziniziuet auiy (compact callus)

4 ' ¥ ]
uAadal @V UTMAAVUNHIUBN tazsooanveITudIulun 4 Alaniimsnlaouens

Y l - o c:’ = Y cslc.'lq = :;‘ (] c; ai
AATIUTA NG LaZladniRWIzuAD N Mﬁlﬂ]ﬂ’)lﬂ&ﬂﬂﬂﬂ‘l—!ﬂ'lﬁﬁ1ﬂﬂ (139N 4.27 NINWN 4.20

UAZNINN 4.21)

. s & a oA L, 2
A1319N 4.27 !Lﬂﬂﬂlﬂﬂil“ﬁuﬁﬂﬁ!ﬂﬂllﬂﬂﬁfﬁlﬂQ'Fl'l%’l\ilﬂﬂal‘ﬂll"lﬁwu‘qqmlﬂﬁﬁ'lJ'Ll'rJTH'"Ii?NMS MS

MAY Kinetina WU NAA nwlanvassidiauaaniasg ludlanin 2-10

FUALMAMN UUANTY

) a o j
nlasiFudmaiiaunada -

ag(d@lani)

2 4 6 8 10
cool white V17 66.00=0.57a 76.76+0.57ab  76.66+1.00bc 84.43+0.57a 93.33+1.00a
LED %17 60.00£1.00b  73.3311.00b  76.66+0.00bc ~ 82.20+0.57b  88.86+0.57b
LED @uad 60.00=1.00b ~ 80,00+1.00a  80.00+1.00b  83.33+1.15ab  90.10+0.57ab
LED fuma:Mindu 3. 63.3340.57ab  76.76<1.15ab  76.6641.00bc 83.3341.00ab 90.00+1.00ab
LED iy 66.00:0.57a ~ 73.33+1.00b  82.33+0.00a  82.00:1.00b  86.60+1.00b
anm lufina 46.66+0.57c - 63.33:0.00c  56.25+1.00c  70.66+1.00c  76.86+1.52¢

F-test e el E* * =

CV (%) 7.29 4.41 3.62 9.76 3.71

] v 3 ]
“aundoilonysiinuaianuluuuads danuuananueseiivoddyniaadaiie

nfouisy 19835 Duncan’s Multiple Range Test N3ZAUAIMIFOTY 95%
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PN 4.21 msﬁ'@uuwaﬁ:uf'huEué’fumamﬁ’fwmﬂﬁumﬁuﬁammmﬁm'é'vmmﬂclﬁ'
uHAIR WANAITAA 19 01y 10 dlar
A 11299 cool white A1) B ¥1a@a LED @v17
C ¥a9a LED d1aq D vaen LED Aupa:dinidu 3:1
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Mrunaaunaae

o a

VINMIMIZIREIMI By IAMeR U S sauugas MS 1A NAA anududu

= - 4 1 = " 1 = '

as A A [ o 7
2U08NTUADANIIINNY Kinetin ﬂ’nm%’u‘i’fu 4uaansuneans nundleinn 2-8

b4 ¥ v

¥ '
a oS !

o ar (= 1 aa 4 o ¢ a 1 Ay
Hhminaaumutuue liinnunana1aneana Weey 10 ey yudiunasanisldvaea
¥ v
LED fuaaliiiviindaunadauiniige An 1.67 n5u WU31 TANNLUANA1IN1IADA
(M3199 4.28)
M3 4.28 ininuAadavesm Uy InATUiFausadsanoldunasiuianasyiia

A7) VUDIHITYAS MS AN Kinetin 370110 NAA Tudilanii 2-10

=
hvinasunaaamniu)”

Fiaumassutiaum 01y (f)a1)

p 4 6 8 10
cool white 3112 0.08+0.03 0.30+0.05 0.32+0.05 0.47=0.13 1.28+0.06b
LED @u12 0.11+0.08 0.30+0.06 0.35+0.06 0.42+0.04 0.58+0.08d
LED fung 0.11£0.01 0.48+0.06 0.49+0.06 0.57+0.08 1.67+0.11a
LED ﬁum:ﬁ%ﬁu 3:1 0.08+0.01 0.47+0.08 0.49+0.18 0.514+0.19 0.42+0.06e
LED ﬁﬁy'lﬁu 0.09+0.01 0.47+0.01 0.49+0.11 0.58+0.03 0.63=0.04d
an Lifiues 0.08+0.05 0.37+0.01 0.40+0.01 0.51+0.10 0.80+0.12¢

F-test ns ns ns ns it 4
CV (%) 18.84 19.83 23.83 21.87 9.81

] ' 4 1
‘undonionusnifuatsiuluuuads daouuanaeiuedaiived inymeadaie
a 3 " : “5Y¢ 4 4
fSoumon 1A% Duncan’s Multiple Range Test N3EAUANUITONY 95%
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a o o T a =] s A o 4 ' c:’ 1 a 3
ddanin 2 daluiRavealunnniamud 1eeiy 4-6 Fainud FudiuSudu
=) oy at v as A -g A Ao 43 A o o o o
NNNIAUUAUMITANAUILINNAGUUAAA T NI D UBLIDNWAUIUVUU BTGETRMER LRSI GHE AT
a o [ -:? [ Ao d o o = o A d?' =] £
NITNALDALIAZITIUIHEDA WL amﬁ’m‘nmﬂaswuﬂmimﬂnaﬂmwmummﬂuu“lums
a o Y @ @ oo vy a = A ' a
tﬂﬂi]'}u’.]uﬁi)ﬂ‘]ﬂ ua:wmuui‘luuﬂaaﬁuanymmﬁuﬂqnﬂaummqwxmmmaauiumnm
= " & Y [} ] a [ LY ¢ ' F
TIDUARDNANHUTAD Wﬁlu11ﬂlﬂuﬁiuﬂﬂﬂN1Uﬂﬁ!ﬂﬂtlﬂﬁﬁﬂ Lmzﬁluﬁﬂﬂm‘n 10 WuNM ﬂmﬁlﬂ
= - a = A dd o ' Voo A A
Hao cool white Hlﬂﬂiwuﬂﬂ1ilﬂﬂﬂﬂﬂu1ﬂﬂQﬂ 10 80.00 1as1TuUA llﬁgulllll,ﬂﬂﬂNﬂ‘U‘l‘]mﬂd

¥ ' ¥
Tunvasdutiauas LED diniuuduana1aniniaselu LED 8419, LED #uas, LED fuaq

¥
=

A3 3:1 vazan i lulnas dIuMINEEA WL AR cool white FV1IHTIUILEBANIN
Nqa Ao 1.50 voaredudan naz hinanaratuidealuumasdwiianas LED @19, LED
= =) uv =) = | : =y L " ci c!y ~ 1

FuAd: A 1Iu 3:1,LED @d1uduuananaiannimasalu LED @nas uazaninludua

(ﬂ'li'lxlﬁ 4.29 HAagA13 1N 4.30)

- 7 oy =~ a ¥ W daa a v
M135134N 4.29 Llﬂﬂﬂlﬂ'ﬂilcﬁu%ﬂ’l‘i!ﬂﬂﬂ@ﬂﬂ1ﬂﬂ1m'NIUfgﬂu1ﬁ“u]i°§ﬁlu‘iﬁlﬁﬂﬁﬂ1ﬂ1ﬂ

UHAIRIUALAYTEAAII HBIHII RS MS AN Kinetin 32311 NAA Tud)am

‘ﬁ' 2-10
o5 FuAnsnAvea -
whaunas utiana 91 (Fa1H)

2 4 6 8 10
cool white @17 0.00+0.00 53.33+£0.57b 61.10£1.52b 80.00+0.57a 80.00+1.00a
LED @um 0.00+0.00 56.66+1.00a  66.66+1.52ab  68.86+1.15¢  72.20+0.57b
LED a4 0.00+0.00 50.00£0.57c  60.00+1.00b°  70.00£0.57b  74.43+1.52b
LED Auaa:ingu 3 0.00+0.00 53.33+1.00b  64.43+1.52ab ~ 70.00+0.57b  70.00+1.00c
LED fiidu 0.00+0.00 46.66£0.57d  70.001.00a  73.33+1.73b  77.76+0.57ab
anm linaa 0.00+0.00 48.86£0.57d  48.86+0.57c  56.66+0.00d  56.66=0.57d

F-test 0.00 ** *E *x *
CV (%) 0.00 10.91 6.70 6.73 4.39

" . Y ¥
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At uaung o1y (Flam)
2 4 6 8 10
cool white 7912 0.00+0.00 0.6020.15b  0.62+0.15b 1.40+0.15a 1.50+1.00a
LED @%1) 0.000.00 0.70£0.10a  0.75+0.15ab  1.33+1.00b 1.45+0.62ab
LED @ua4 0.00+0.00 0.60£0.15b  0.62+0.15b  0.73+0.15¢  0.80+0.54bcd
LED Auaa:diniu 3:1 0.00+0.00 0.63+0.15ab  0.75+0.15ab  0.80=0.10c  0.90+0.76abcd
LED iy 0.000.00 0.400.10c ~ 083z0.10a  0.83+0.10c  0.95+1.24abc
anmn Lidinag 0.00+0.00 0.0320.05d 0.06=0.05¢ 0.06=0.05d 0.10£0.11d
F-test 0.00 o * * *a
CV (%) 0.00 14.43 19.64 17.94 16.77
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2 4 6 8 10
cool white @012 0.00+0.00 44.20+0.57a 46.66+0.00a 48.86+0.57a 56.00+1.00a
LED @112 0.00£0.00 40.33+1.00b  44.0040.57ab  47.76=0.57ab  47.76=0.57bc
LED fuaq 0.00£0.00  38.00+0.57¢  40.00+0.57b  43.00=0.00b  50.00=1.00b
LED fupa:@idu 3 0.00£0.00  38.00=0.57c ~ 40.00+0.00b  43.00:0.00b  47.66=0.57bc
LED @iy 0.00£0.00 ~ 42.00+0.57ab = 42.20+0.57b = 44.43+0.57b  46.33£0.57bc
anm lufinas 0.00£0.00  32.00£0.57d ~ 36.00=0.00c  38.00:0.57c  38.00£0.57c

F-test 0.00 *k ** *x **

CV.(%) 0.00 5.66 3.29 4.97 6.44
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ﬂ'ﬁ'Nﬁ 4.32 llﬁﬂﬁtﬂﬂﬁl“ﬁuv’lﬂ13!ﬂﬂllﬂﬁﬁﬁ“ﬂ'ﬂﬁﬂ1%1Qlﬂq’!ﬂu1ﬂwuiﬂ§ ﬂ'ﬂﬂkh‘n'lju@“‘H'EQFli

MS 1A Kinetin 39000 NAA moldunassuiiauaansaias luddanin 2-10

-1 I4 =3 a 1
wosuamsmannaan -
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2 4 6 8 10

cool white @1 74.43£1.52a  76.66+1.00a 80.00+1.00a  8220+0.57a  84.33+0.00a
LED @412 72.20+1.15ab  75.53+1.52ab  76.66+1.00ab  78.86:0.57b  80.00+0.00ab
LED @uaq 72.20=1.15ab  74.43+0.57ab  76.66+1.00ab 80.00£1.00ab  80.00+1.00ab
LED fue:@riiu 341 67.76=1.15¢ 70.00+1.00c  72.20+1.15b 74.53%1.15b  77.76+0.57b
LED iy 70.00+1.00b  73.3341.00b  73.33£1.00b  75.86+1.15b  77.76%0.57b
an Lifiues 44.43+1.52d  47.76+1.52d  57.76+0.57c  66.66+1.00c  70.00+1.00¢

F-test 6.95 5.52 4.41 4.07 2.68
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FHAUNAITITALES a1y (d)ani)
2 4 6 8 10
cool white #112 0.13£0.02 0.38£0.09  047#0.133  0.57:0.09b  1.03+0.06abc
LED @91) 0.13:£0.02 0.34+0.10 0.4240.04  0.530.03b 1.2640.11a
LED @u@4 0.12+0.03 0.4140.10 0.49:0.08  0.49:0.03c  0.74+0.56bc
LED Aupa:aindu 3 0.12+0.03 0.34+0.08 0.490.19  057+0.02b  1.120.06abc
LED indu 0.12+0.04 0.330.05 0.58+003  0.65:0.04a  1.20£0.10ab
ann ludinag 0.05+0.02 0.31+0.04 0.51£0.10 0.494£0,03¢ 0.67+0.03¢
F-test ns ns ns Y 4 *¥
CV (%) 27.03 23.52 21.87 9.41 14.04
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EITCINE RN E o1y (Flan)

2 4 6 8 10
cool white @417 0.00+0.00 33.33+0.57a 60.00+1.73a 66.66+1.52a 76.67+10.32a
LED @12 0.00£0.00  20.00+1.00abc  46.00+0.57b ~ 56.662.00ab  60.006.32b
LED @uaq 0.00+0.00 30.00£1.00ab ~ 43.33+0.57b  53.3320.57ab  60.00+6.32b
LED funa:Aaiius. 1 0.00+0.00 13.33£0.57bc 30.00:0.00bc  43.3320.57ab  45.00+5.47¢
LED iy 0.000.00 13.33+£1.52be  30.00£0.00bc ~ 40.00+1.73ab  45.00+5.47¢
anw ludiuas 0.00+0.00 10.0040.00c  ~ 26.6620.57c  36.66=1.15b  43.00+5.47d

F-test 0.00 * * * **

CV (%) 0.00 25.64 20.99 27.48 10.87
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FAuHAINTANT 81y (F1la)

2 4 6 8 10
cool white 717 0.0040.00 1.26<251a  1.50+2.88a  1.7045.00a  1.93+2.88a
LED w12 0.00+0.00 0.75+1.73b  0.95¢1.15b  14543.60ab  1.15+2.88b

LED fiaa 0.0040.00  0.85:2.08ab  0.85+2.00b  1.00+0.00ab  1.15+2.88b
LED Auaa: iy 3:1 0.00+0.00 036£0.57c  0381.00c  0.95+2.88ab  1.33+1.15b
LED ity 0.00<0.00 036+057c  0.38:1.00c  0.75+1.15b  1.33%1.15b
anm lifiues 0.00+0.00 0.03+0.57d 0.06+0.57d 0.10+0.00c 0.10+0.00¢
Eotest - P4 Pe 5 i
CV (%) 0.00 23.84 22.88 27.72 21.41
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FUANHAINUTAUA o1y (d)amn)
2 4 6 8 10
cool white 7917 0.00+0.00 133041002 16.6630.00c 30.00£0.57c  46.66+0.57a
LED &1 0.00£0.00 - 12.00:0.57ab 20.00£0.57b  40.00£1.00a  43.33+3.00ab
LED @uaq 0.000.00 13.30+0.00a  23.00:0.00ab  36.00:3.46b  40.00+1.00b
LED Auea:aiiiv 3:1 0.00+0.00  12.00+0.57ab_ 24.30=0.57a  32.00+1.15b  43.3343.00ab
LED Midu 0.00:0.00  12.0020.57ab  23.33+0.00ab  35.53+2.88b 40.00+1.0b
an luginag 0.00+0.00 7.60£0.57b  13.86+0.57d  30.00:057c  36.66+1.52¢
F-test 0.00 * *x * *
CV (%) 0.00 18.40 16.93 20.63 15.97
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o1y (Flani)

pmol m’s’'
& 4 6 8 10
200 70.00+1.00a 7 73.33+£0.57a 83.33+0.57a 93.00+0.57a 96.60+0.57a
150 56.66+0.57bc 60.00+1.00c 70.00+0.00be 73.33+0.57b 86.60+0.57b
100 63.33+0.57ab 70.00+1.73b 73.33+0.57ab  83.33+£0.57ab  85.60+0.57b
50 50.00+0.00¢ 53.3340.57d 60.00+1.00c 73.30+0.57b 76.60+1.52b
F-test *% *k * * *
CV (%) 10.75 6.83 9.00 7.14 6.66
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T o1y (Flam)
pmol m’s

2 4 6 8 10
200 60.00<1.00 70.00+0.00a 86.66+0.57a  90.00£0.00a  100.00+0.00a
150 53.33+0.57 60.00+0.00b 76.66+1.15a  80.00£0.00b  90.00+0.00b
100 55.00+0.00 60.00£0.00b  60.00£0.00b  63.00£0.00d  70.00+0.00c
50 55.66+0.57 46.66=0.57c 46.66:0.57c  66.66+1.15¢c  66.66=1.15d
F-test ns *% * % *k * ok
CV (%) 25.55 4.87 10.47 6.06 3.42
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L & 1
1.1 MIATEHDIHISINIZIA8UUOIBO WY YA MS (Murashige and Skoog. 1962.)

> s 1
1.1.1 M5M383 Stock solution YDIDIHISIWIZIALIUDIED

¥ 3 [
1317381 Stock solution ‘IJEN?]TH151“13!.583&1?@!6@'(19\5 MS laoiasouaIuves

i =Y ] 1 v
Macroelements (MS1-MS5) 1 Tianududu 10 M1 veannududundesms 14 uas

@2UV849 Microelements (MS6-MS8) THLAMUIANIY 100 1971 A9A71519ATHE

ANMYNTY 511m5v04 stock
MS a15inil
(mg/L) solution
NH,NO, 1,650.00 100 Uanans
Macroelements KNO, 1,900.00 100 Haaans
CaCl,-2H,0 450.00 100 Haaans
MgSO, 7H,0 370.00 100 Uaaans
KH,PO, 170.00 100 Iaaans
ZnS0,.5H,0 86.0
MnSO,.4H,0 223
H,BO, 6.2
Kl 0.83 10 Haaans
Microelements Na;Mo0,.2H,0 025
CuS0,.5H,0 0.025
CoCl,.6H,0 0.025
Na,EDTA.2H,0 37.30
FeSO,.7H,0 27.85
Myo-inositol 100.0
Nicotinic acid 0.5
Pyridoxine.HCI 0.5
Thiamine. HCI 0.1
Glycine 2.0




A
¥o-ANa

Y =1 =T
JU e hina

=i.
=]
&R

szianmsanun

4

N IUANUN

2559

2516

88

UWATIUNTIT AZNIUNDI
6 TUIAN 2534

52 M3 9 A1VANABIIUAT BUNDA NI TanIauns g

73110

2556 INVIMAATUUNG MAIWIHYAIL
= Y = ¥ v
anzwalulagnmsinyas aorthuna lulagnszaounandi

AUNKITAIANIEY

¥
Nﬁﬂ]'ﬂdllﬁﬂﬁiﬂﬂﬂaﬂﬂ LED ﬂ’f)ﬂﬂﬁmwtaﬁl\‘lﬂs‘l)ﬂﬂﬂ
w J o = =) ] a
ARYIUAWURUALINDS. SI‘LIﬂ'li‘].]i$‘ij1l’3‘])”lﬂ’]‘iﬂ‘lfﬁ’3ullﬁ\3‘lﬂﬂ
¥ [ ' v
o o = o ar o A
3N 15 * wmmu"lm aaany Juns Uazuquu” 9-12

WOAINIBU 2559. MFATNBANANT AIVAIUATUNS. 57-62.

Effect of light from light emitting diode (LED on petal culture
of chrysanthemum cv. Canter Songklanakarin Joumal of plant

Science





