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Effect of Light-Emitting Diode (LED) on Growth of
Four Different Lettuce Varieties
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Abstract

Lettuce is a favorite for growing by hydroponic or soilless culture systems as the trend of the
growing up business. This experiment works on 4 types of lettuce, i.e. red oak, cos, green coral and
green oak. These are grown by hydroponics system with 3 different LED light color ratios, i.e. only
white light (WL), 2 white: 1 blue: 2 red (2W1B2R), and 2 white: 2 blue: 1 red (2W2B1R) in 10
replications each. The experiment was designed in a completely randomized design (CRD). The result
showed that the system with 2W1B2R supported the great growth rate of the 4 types of lettuce. They
have the most leave length and shrub canopy. Moreover, the system with the WL enhanced the most
of leave width, fresh/dried weight of stem and root as well as amount of chlorophyll A, chlorophyll B,
total chlorophyll and total carotenoid in the 4 types of lettuce. As the results, this information can be

an approach to the commercial production of the lettuce.

Keywords: LED; chlorophyll; total carotenoid; lettuce; growth

o o @ A e v
1. AW Agency, [EA) uazan1Li%Issulounsaua1nis
ﬂ'«aaaqu”uﬁmﬂﬂi:mﬂﬁuﬁ{lﬂi:mﬂvlm Y HIBI1T1& (International Food Policy Research
msthofugiuvasgawanauunidianluiiias Institute, IFPRI) wudnnielu 10 Ydenin fe
x4 . 4 a . 5
Ingiuinauises 9 lavardoaglunTiimou 317 1ud a.@. 2030 ANNUFBINITAIUDINTUAE
- - - Sx 5 v
e ilweranavesfiasfevenadlnanly WAIIIHIZLNNTUIDEAZ 50 WATAUGDINITHN
2 ' tyd}l A o A a a :3 2 o & =S o <) v =
1308 9 FINAIAABNYINMIINBATINENAAD NS NN TwIaas 30 aanuIvsnduaasiinig
X v Y ‘o P P 4 ) a aa a A a ds a
Wesdszmnidasihoeanidagradaswiniu UL R UATMINAAN T NLAUANINIDITNTNG
1 a a t;l ti' < 1 ] ' a GII v 1 o &)
warlutrsnandoinuh evgadovasdszriny dudulngldgmsnfauuudald nande 1du
' & a X ° oo A A a o & o
pasudardszinafiisugidn M liduou FLUUMINAANEIDBITUINAIINY UITIU LA
dszrinsvesudazdszinauullifuiSunas Usasuansiauad lagNsnuazanInanIzny
AI g lﬂl 4 A = v Q a Y
WNTUITY 9 T991NNITANANNTANBIBIRNT nisanuLFemlAnunIweInIsIINTAthas
WIWITIA 3 AU89T% A BIANITANRITUAS figa (nwa, 2555) Aanunsainanaluladnig
INHATLRIRRUIZT191& (Food and Agriculture naanruuulndidusendanuinduadneds
Organization of the United Nations, FAO) 84An3  tiWa&319ANNNKAI LM 1a1T LNaABLRUDY
[ ' . ' @ A a X A A
WRIITHIZWINIUTLINa (International Energy FaANNABININANDY waztawn nSaTzae

530



Vol. 9 * No. 4 « July - August 2020

Thai Journal of Science and Technology

ﬂzymﬁﬁﬁéﬁw?mmguma%u Taglanwizi3a4
Tansounionsnoinssysumaidenlnsn (6
fnd uazamu, 2560)

nsdgnisuuulalaslding (hydro-
ponics) hasdufiiealuiioslng Tagtinaziiin
lddpsfiansdgniisuuylalasldfinanianis
Uanizlasldldaululszinalng Aandule
8819370157 R1vTaNULARLEINIAN1ITING
Fmirsndadmsiannlalasldindeglu
wassswauerialdunndu la pIaHnaRaarln
fupssmIernUsaassie aidunmadon
%ﬁﬂﬁﬁ‘u@’uﬂnﬂﬁausl,amwmﬁaqﬂumw
(Moaw, 2561)

#aaa lalaalladuad (light-emitting diode,
LED) Lﬂuqﬂﬂ*szﬁmiﬁaﬁaﬁmmmﬁa inatlu
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Chlorophyll A (Chl A) = (13.36 x Aggss)
- (5.19 X Agse)

Chlorophyll B (Chl B) = (27.43 x Agso)
- (8.12 X Ages)

Total chlorophyll = Chlorophyll A +
Chlorophyll B

Total Carotenoids =

2.13ChlA - 97.64ChIB]}/209

Aqzo sample = ANNNIQANABUFIVDIFTT

[(1000 x Ayp) -

giafianueIAa 470 WIlwwas

Asso Sample = A1N1TQANAUULFIVDIFNT
aiafianueIAAL 649 WIlwuas

Agss Sample = A1N1TAANAUULFIVDIFNT

FNANANVLNIARY 664 WILULUAT

a o a 6

3. HANTIVYLALZITTW
nsltnaesalelaalldiusidanisiasey
ulavesdnada 4 afia oy 1, 2, 3 uas 4

FUAIRARY fean WUIINNTLALES 2W1B2R

lwinasans 4 ofia dausnlunazainy
n%amwjugaﬁqﬂlunnéﬂmﬁImmmmﬂu
yasrnasariasaldaludlandi 1, 2, 3 uaz 4
wasdnogndidn 7.75, 11.42, 13.36 uaz 13.58
LTUWALNAT ANNENAY FINHNFaaThAAaFE A1
6.64, 8.20, 11.38 WAz 11.62 LTUALNAT ANUAIAL
nnaaavianiulataailen 4.12, 6.43, 9.33 ua
9.62 LTUALNAT ANNR1AL UWRZHNIAATHANT
18afien 8.13, 13.63, 15.65 LAz 15.89 LUUALNAT
AUEIGD (A13199 1) #IUAUNIINTINY
wuidnasanfiasalsnluslensid 1, 2, 3 uas
4 navdudanian 13.54, 20.05, 22.00 ua
22.18 LTUALNAT AUAIAL KnaaaThanaaien
9.68, 13.65, 15.87 LAz 15.93 LTUGALNAT @13
160U WnasaThanIulasaaddn 5.92, 11.21,
14.06 WRT 14.17 LTWALNAT ANUE1AU LAZKN
aaarianiuldaien 15.39, 19.53, 22.70 uas
23.28 LEHALNAT MU (A7 2) FoAndal
AUNUNARBIVDI NBALAT (2560) Adnwmsld

a131911 1 wavasmiltnase lalaawdsussdomaadgidulanmsduanusniluvesdinase 4 ofia 1

21 1,2, 3 uaz 4 ok %é’aﬂ‘”’mﬂgﬂ

Leaf length of red oak lettuce (cm) Leaf length of cos lettuce (cm)
Treatments
Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4
WL 6.63+0.65 b"| 11.18+0.94 b | 13.10£0.74 b | 13.32+1.62 b | 5.63+1.08 b | 7.95:0.65b | 10.13t0.74 b | 10.35+1.56 b
2W2B1R 4924144 c | 9.56+1.63c | 11.65+1.51c | 11.86x1.71 c | 5.17+0.89 c | 7.62+0.65c 9.77+0.57 ¢ | 10.03+0.89 ¢
2W1B2R 7.75t1.20 a | 11.42£0.82 a | 13.36+0.67 a | 13.58+1.28 a | 6.64+1.52 a | 8.20+0.76 a | 11.38+0.84 a | 11.62+1.73 a
F-test o w * w * *h o *h
C.V. (%) 6.36 5.79 8.19 7.24 5.71 8.72 6.99 7.39
Leaf length of green coral lettuce (cm) Leaf length of green oak lettuce (cm)
Treatments
Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4
WL 3.34£1.05b | 5.05+1.69 b 7.45+1.38 ¢ 7.59+1.64c | 7.60+1.39b | 11.60+1.61b | 14.51£1.55b | 14.76+1.69 b
2W2B1R 3.13+0.88 c | 4.81+0.80 c 6.31£1.60 b 6.47+1.53 b | 6.20+1.31 ¢ | 11.25+0.57 ¢ | 12.93+1.08 ¢ | 13.15+1.26 ¢
2W1B2R 412+1.34 a | 6.43t1.29 a 9.33+1.25 a 9.62+1.43 a | 8.13+1.22 a | 13.63+1.14 a | 15.65¢+1.14 a | 15.89+1.58 a
F-test o w * w * *h o *h
C.V. (%) 5.98 4.43 6.72 7.45 7.52 9.81 7.18 6.49

" fadsauumaiianudedisnesmmnssngeimisunuuaasinbifanuuandrsnus g sy nisaifanmsiouifsolasis

Duncan’s new multiple range test; ** finauuandivagslinedaynisaianszauanuiTodn 99 1asidud; WL = n1slwussfana;

2W2B1R = MIMAUGIANFUTZNINIUEIFYY F1NI% uazFuad 8aT18I% 2:2: 1; 2W1B2R = MIIRUGIRHNENIERINILEIRY FTu uasFuad

AAIIEI 2:1:2
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@1391 2 Hazaamilinaealalaadiumdanmaaiyidulamidiuanunitansnusaknagn 4

0@ ﬁmq 1,2, 3 w8z 4 glanwt ﬂé’dﬁwﬁgﬂ

Bush width of red oak lettuce (cm) Bush width of cos lettuce (cm)
Treatments
Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4
WL 12.12+1.57 b | 19.85+1.10 b | 21.25£0.97 b | 21.43+1.53 b | 9.31+1.72b | 13.35+0.74 b | 15.52+1.29 b | 15.68+1.27 b
2W2B1R | 11.68+1.56 ¢ | 19.30£1.61 ¢ | 19.80+1.11 c | 19.97+1.18 ¢ | 8.67+1.77 c | 12.85+1.13 ¢ | 14.45+1.36 ¢ | 14.62+1.46 c
2W1B2R | 13.54+1.87 a | 20.05+1.21 a | 22.00+0.71 a | 22.18+0.98 a | 9.68+0.97 a | 13.65+0.28 a | 15.87+1.28 a | 15.93+1.24 a
F-test o o o o o oy o o
C.V. (%) 4.90 6.83 9.17 10.66 2.88 3.51 6.54 8.21
Bush width of green coral lettuce (cm) Bush width of green oak lettuce (cm)
Treatments
Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4
WL 5.10+1.36 b | 10.26+1.90 b | 13.70+1.81 b | 13.98+1.67 b | 14.38+1.22 b | 18.20+1.22 b | 21.12+1.36 b | 21.53+1.97 b
2W2B1R 4.30+1.61 c 9.25+1.57 ¢ | 12.85¢t1.28 ¢ | 13.02+1.76 ¢ | 13.41£1.19 ¢ | 16.05%1.07 ¢ | 19.91+1.41 ¢ | 20.23+1.97 ¢
2W1B2R 5.92+1.25a | 11.21+1.32 a | 14.06+1.26 a | 14.17+1.53 a | 15.39+1.33 a | 19.53+1.09 a | 22.70+1.38 a | 23.28+1.64 a
F-test o o o o o o o *n
C.V. (%) 5.58 5.55 9.77 10.82 2.65 7.20 6.53 9.56

" dadsaunmasianudisisneimmssnguimiieunuuaasin lidenuuendsiuadsdisddgnesifnmadsouieulasis

Duncan’s new multiple range test; ** finnuuand1vag1idnadragynisgianszauautToan 99 tlosifud; WL = nslRussdu;

2W2B1R = N3 IALRIRNANTEWINILRIFDND FUNTU LAz FUAI A8 2:2: 1; 2W1B2R = NI IRLRIRNRNITHINILEIFTY BTN UazFuas

BATIEI 2:1:2

LRILEINAINAREA LED §e4 9 wrinsza e
UanlunszanameldaninlsaFon wudmsld
LEIFUIIULATULRILUUNFNFLAILAZ LT %
AIIEIW 5: 1 lﬁﬂmuﬂiﬂdLLa:mwz;mmij
g{lﬁq@ vattarnnslwias 2W1B2R Adaas %
PAILFIFUAININNIIMINLUNADU 9 22T
m:@jumsm%zyuﬁui@"[ﬁﬁ%u a9 NUEIRLAS
Wuuasnldwasondn wasdautuusstos
ﬁﬂﬁﬁm@ﬂ%'mm"lﬁamuﬁwﬁ wnAautsazlal
Wosnademaasyidulaluan wussdnd 9
MILEAIBINNTVBIRTN Rrazinsiasaun
I a9 N RTF 09N TUEILAE WA I HUNT
Sefinsfladaanugs easiwdlafelesuussd
uay Wrazpnnazguld IAA sam3ladnalnlu
msfladaiarings wielwlasuusasng
W

mslwuas WL vinlwinasans 4 oha o
mwn%alugnﬁq@iunn 5 Fansk wazftianein

FALAZLAIVDIAULAZIN qaﬁq@ Tasauniig

534

luvesdnasasfiasalsnludlowa 1, 2, 3 uas
4 @0 4.60, 8.71, 11.10 Laz 11.43 LTUGALUAT
ANANAL WnaaaThanasien 4.34, 6.61, 8.17
LAY 8.54 LTUALUAT AMNB1AL WNEaaTha
nSulasaaddl 3.12, 5.12, 6.93 uay 7.33 LHud
LWAT ANEIAU hazknaaaTRanIuldnian
450, 8.64, 10.70 Az 10.97 LTHAWNAT ANUF 1AL
(A15199 3) FIBUIRBNFAVAIGH 310 UaE
ﬁwﬁnammmaaﬁﬂaé’mﬁ@Li@Ié’ﬂﬁmq 4
fUa# 6N 62.55, 12.98 ez 75.53 N3N AN
810U AnanaTianaaldl 53.48, 11.96 uas
65.44 N34 ANEAU HnFaavRanIulasaaian
50.19, 11.34 LAz 61.53 N3N AWK LAZHN
saavhanIuldaden 79.31, 2.83 uaz 82.14 N3
AUEAY (N7 4) waztinminuiveadn 3
LLa:ﬁmﬁmeﬁanumaw”ﬂaé'wnﬁﬂLmié”ﬂﬁmmq
4 §Uan9A 561 4.97, 0.44 1az 5.41 1IN ANUE1AL
NNERATHAAaFAA1 3.93, 0.34 WAL 4.27 N3N

ANNENIU WNERaTRANIUIATERNAT 3.94, 0.31
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o 0 @ o o a a o o a° { ' v
LT 4.25 NV QMUK LLﬂ:Nﬂﬁﬂ@ﬂju@]ﬂiuIaﬂ FIINANG (2560) ﬁWU?qﬂqiﬂQﬂNﬂﬂqﬂ%@N

{61 5.21, 0.47 uaz 5.68 NTU AWKAL (AT ﬁ'@lmaia@mU‘L@TLL&G%WW@@@WQaauamuﬁ8
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Leaf width of red oak lettuce (cm) Leaf width of cos lettuce (cm)
Treatments
Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4
WL 4.80+0.85a" | 10.40£1.47 a | 12.40+1.56 a | 12.71+0.78 a | 4.85+1.04 a | 6.73+0.76 a 9.2240.84 a 9.62+0.64 a
2W2B1R 4.14x1.05 ¢ 7.8240.91 ¢ | 10.00£0.71 ¢ | 10.32+0.43 ¢ | 3.96+0.82 c | 6.15+0.96 b 7.83+0.76 ¢ 8.2310.96 c
2W1B2R 4.60+0.65 b 8.7141.46 b | 11.10+1.07 b | 11.43+1.12 b | 4.3410.84 b | 6.61+0.89 a 8.17+0.96 b 8.54+1.26 b
F-test o o o *x - * *h *
C.V. (%) 9.57 8.90 8.17 7.87 7.85 8.54 7.24 6.42
Leaf width of green coral lettuce (cm) Leaf width of green oak lettuce (cm)
Treatments
Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4
WL 3.60+£1.82 a 5.30£1.82 a 7.92+1.56 a 8.32+1.56 a | 4.70+0.67 a | 8.70+1.53 a | 11.42+1.24 a | 11.62+1.45 a
2W2B1R 2.48+1.53 ¢ 4.10+1.56 c 5.60+£1.29 ¢ 6.03+1.19c | 4.40+1.14b | 8.51+x1.73 b | 10.60+1.78 b | 10.82+0.79 b
2W1B2R 3.12£0.87 b 5.1241.49 b 6.93+1.18 b 7.33+t1.28 b | 4.50+1.37 b | 8.64+1.30 ab | 10.70+1.30 b | 10.97+1.62 b
F-test " o o " o " o "
C.V. (%) 7.63 8.36 7.67 6.95 8.18 7.69 9.62 8.29
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Duncan's new multiple range test; ** #aa1uuand1sadrafidodayniiaianszauaudadu 99 wasidud; wi = nsliuasdan;
2W2B1R = maliumainauszwinsuasdzn Sihiu uasiuas Sasdan 2:2:1; 2W1B2R = maliuasdnausznitouaeion fiidu uaziua
ATEIU 2:1:2
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Fresh weight of red oak lettuce (g) Fresh weight of cos lettuce (g)
Treatments
Shoot and root Shoot Root Shoot and root Shoot Root
WL 75.53+1.36 a" 62.55+1.06 a 12.98+0.98 a 65.44+1.62 a 53.48+1.20 a 11.96+0.43 a
2W2B1R 64.26+1.27 c 52.27+0.97 c 11.9910.32 b 58.93+1.51 ¢ 47.71+1.36 ¢ 11.22+0.19 ¢
2W1B2R 72.03+1.06 b 59.17+1.87 b 12.8610.43 a 59.01£1.25 b 47.63x1.23 b 11.38+0.94 b
F-test o o o o o o
C.V. (%) 8.13 6.27 7.70 478 6.44 9.97
Fresh weight of green coral lettuce (g) Fresh weight of green oak lettuce (g)
Treatments
Shoot and root Shoot Root Shoot and root Shoot Root
WL 61.53+1.35 a 50.19+1.85 a 11.34+£1.51 b 82.14+1.46 a 79.31£1.28 a 2.83+0.71 a
2W2B1R 57.20+1.54 ¢ 45.49+1.12 ¢ 11.71£0.53 a 68.87+1.13 ¢ 66.61+1.48 ¢ 2.26+0.91 ¢
2W1B2R 58.46+1.71 b 47.18+1.57 b 11.28+1.14 b 71.35+1.87 b 68.89+1.36 b 2.4610.34 b
F-test o . . o o o
C.V. (%) 8.27 6.02 7.41 5.20 7.64 5.98
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Duncan’s new multiple range test; ** ﬁmmLLmnmaamdﬁuymmymdammmumwmauu 99 Lﬂai%uﬁ; WL = mﬂmmaﬁﬂnn;
2W2B1R = N3 lALRIFNANTEWINILRIFDD FUNTU LAz FUAI 8ATIEIW 2:2: 1; 2W1B2R = NI IRLRIRNRUITHINILEIFT1Y F0T0 Lazfuas
AAIIEI 2:1:2
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Dry weight of red oak lettuce (g) Dry weight of cos lettuce (g)
Treatments
Shoot and root Shoot Root Shoot and root Shoot Root
WL 5.41+0.15 a" 4.97+0.19 a 0.44+0.15 a 4.27+0.19 a 3.93+0.26 a 0.34£0.13 a
2W2B1R 2.94+0.16 ¢ 2.680.14 ¢ 0.26+0.13 ¢ 2.72+0.17 ¢ 2.54+0.15 ¢ 0.18+0.03 ¢
2W1B2R 3.77£0.19 b 3.43+0.11 b 0.34+0.16 b 3.54+0.34 b 3.2610.20 b 0.28+0.14 b
F-test o *x *x *x o o
C.V. (%) 6.16 8.30 7.28 7.04 8.13 6.59
Dry weight of green coral lettuce (g) Dry weight of green oak lettuce (g)
Treatments
Shoot and root Shoot Root Shoot and root Shoot Root
WL 4.25+0.18 a 3.941+0.12 a 0.31+0.16 a 5.68+0.30 a 5.21£0.29 a 0.47+0.12 a
2W2B1R 2.67+0.13 ¢ 2.51+0.19 ¢ 0.16+0.04 c 4.36+0.21 ¢ 4.08+0.17 ¢ 0.28+0.15 ¢
2W1B2R 3.57+0.12 b 3.35+0.11 b 0.22+0.13 b 5.43+0.26 b 5.04+0.24 b 0.39+£0.14 b
F-test o o o - o o
C.V. (%) 7.22 8.65 6.69 8.14 7.59 7.47
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Duncan’s new multiple range test; ** ﬁm’mtmnwhaashaﬁﬁmﬁwﬁ'zymaaﬁa‘ﬁ's:ﬁumwm%aﬁu 99 tafidud; WL = nrsliussdan;
2W2B1R = msliuasinauszninauasian iniu wazduas saman 2:2: 1; 2W1B2R = msliuasdnauszninauasdian s uazduas
AAIEI 2:1:2
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Red oak lettuce Cos lettuce
Total Total Total Total
Treatments | Chlorophyll A | Chlorophyll B Chlorophyll A | Chlorophyll B
Chlorophyll Carotenoid Chlorophyll Carotenoid
(M9/grw) (M9/grw) (HY/Grw) (M9/grw)
(M9/grw) (M9/grw) (M9/rw) (M9/rw)
WL 67.94+1.19 2| 28.67+1.37 a | 96.61+1.54 a | 23.03+1.34 a | 62.49+1.48 a | 24.16+1.07 a | 86.65+1.36 a | 20.23+1.23 a
2W2B1R | 59.69+1.29 ¢ | 27.46+1.31 ¢ | 87.15%1.14 ¢ | 20.78+1.68 c | 55.53+1.16 c | 22.49+1.63 ¢ | 78.02+1.57 ¢ | 18.47+1.73 c
2W1B2R | 62.37+1.72 b | 28.16£0.89 b | 90.53+1.24 b | 21.56+1.42 b |58.94+2.11 b | 23.54+1.62 b | 82.48+1.41b | 19.26+1.64 b
F-test o o o o o o o o
C.V. (%) 7.60 7.19 6.86 7.53 7.45 8.29 7.58 7.97
Green coral lettuce Green oak lettuce
Total Total Total Total
Treatments | Chlorophyll A | Chlorophyll B Chlorophyll A | Chlorophyll B
Chlorophyll Carotenoid Chlorophyll Carotenoid
(M9/grw) (M9/grw) (M9/Grw) (M9/grw)
(M9/grw) (M9/grw) (M9/rw) (M9/rw)
WL 59.84+1.63 a | 21.59+1.45 a | 81.43+1.07 a | 20.41+1.78 a | 70.26+1.31 a [ 29.21+1.75 a | 99.47+1.65a | 23.64+1.36 a
2W2B1R | 52.96+1.41 c | 19.83%x1.49 ¢ | 72.79+1.13 c | 18.28+1.16 ¢ | 62.76+1.67 c | 27.86+1.42 ¢ | 90.62+0.96 ¢ | 21.59+1.21 c
2W1B2R | 56.37+1.86 b | 20.94£0.94 b | 77.31£1.79 b | 19.43+1.36 b |65.59+1.42 b | 28.49+1.66 b | 94.08+1.13 b | 22.41+1.73 b
F-test *x *x o o oo oy oy oy
C.V. (%) 7.84 8.55 7.83 7.07 7.35 6.74 7.34 7.52
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Duncan’s new multiple range test; ** ﬁmﬁmmnm"}aasj'mﬁﬁyé'}ﬁ‘zymdaﬁaﬁ'szﬁumnm%aaﬁdu 99 tlasiFud; WL = nrsldusidana;
2W2B1R = MslilasiHaIzninonmIdus Sinin uaziuas sasdm 2:2: 1; 2W1B2R = MY RUEIFRNFNTZRIIUFIFYD 3w wazAuas
AIIEI 2:1:2
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