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Abstract

This thesis studied the effect of light wavelengths from light-emitting diodes on
growth and sugar accumulation in Fang 60, and the light emitting diodes (LEDs) has
used in the experiment consist of red, blue, green, and white. The light treatment has
a five treatment, red and blue light in ratio 1: 1, red blue and green light in the ratio
1: 1: 1, red blue and white light in ratio the 1: 1: 1, white light and sunlight. The
photosynthetic photon flux density was 50 umol m? s and was exposed on the
wheatgrass 16 hrs/day for a seven days. The experiment measured fresh weight, dry
weight, stem height, root height, pigment content, and sugar content. The results
showed that, the wheatgrass grown under the red and blue in the ratio of 1:1 gave the
maximum fresh weight to 0.1464 g/plant, the maximum dry weight of the plant was
0.1004 grams per plant and the length of the plant Fresh maximum is 19.42 cm. Red
and blue treatment gave the maximum vyield of the pigment content. The amount of
chlorophyll A is 1.0363 mlU/|, Chlorophyll B is 0.4189 milliliters per liter and the
carotene is 0.3208 mU/L. The sugar accumulation in the wheatgrass found only fructose.

The red blue and green treatment gave the highest amount of fructose of 8.2912 mUL.
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Relative Photosynthesis Response (quantum weighted)

Chlorophyll A

Chlorophyll B
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Photosynthetic photon flux (PPF) ApUsuiafivandsdnuiulinouii Uaniass
1o A = 1 a a 1 [ -1

ponUYBILUaIn L EaLas Ut U Srdiedu pmol s

Photosynthesis photon flux density (PPFD) fluaeidu umol m?s ! wigussnis
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Np = [2.2]
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dunng

Np

PPFD = —2
N 4X%X10

[2.3]

N, #o w@vazlinilaDaily light integral (DLI) Aon15induiueynIavadLamselinouiinn
1w = 1 [ [ v o | =] A 1 Qg{d 1A o
sotu Iy mol/day vniunmsuansuliivuulusuvielsusoualifedndianud gy
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FUATITIWET TIF1U50UALARNNALNITA 2.4

DLI = PPFD X time (s) [2.4]
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2.3.2 ¥2aalAsuueas Photoperiods

1d A Yo | 19} Id [J Y] [ | pRp 29 & o

Wunanivazlasuastuimaziu Wudrnudiluemeiu tranainglasunastiuri
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2.4 lalantUasuas Light Emitting Diode (LED)

IalenUasuasnse Light Emitting Diode (LED) Wuansfsfniiiinainsessiofi-1du dlu
a3 flaziiuszanvelea Tumsduazididnasou dmnnddlifinsluneanszualiiuansiain 7
sesio udu  anindfidenitmunedndiuiminivesiulilvsdneseululevesansidu L
Annisiadsuiiundeansdt uddlelafivihnissnoanusinsdndlufinliiusessomunadnganuas
Aogqanad Mlididnaseuaisiduaiunsandouiidilufiansiild vlmaanissudatusening
didnaseauiulealsaniin1ssiudiiunsenns Recombination wSauduvinliiinn1suanyass
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Electron energy
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A15197 2.2 arsihunadslalenaauassiingig o

Aiile asile
LA AlnGaP (Aluminium Indium Gallium Phosphide)
Side InGaN (Indium Gallium Nitride)

RPN AR GaAsP (Gallium Arsernide PhosPhide)

TGy InGaN (Indiumn Gallium Nitride)

ialalonlUaswaainnisalastdifoelin1IAIUANTIAN I UBILES LaNDBNUNTL

[ [~ =] [ 4 v a0 v [ 3 { =] a
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Epoxy lens/case
Wire bond
Reflective cavity

Semiconductor die
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Post } Leadframe

Flat spot

Cathode

gﬂﬁ 2.7 uananuarlATIas9wed Light Emitting Diode

Tutagdulalendsuasivarsoguuuy dmdn azutanudnuvazvesleloniudauas
anusauusle 2 Ly

Through Hold Fafida Epoxy Susenunandamaen Wuvmiedrfuesnun 2 a1
Tnehluiidurugudnansuna 3-8 fadins

- Surface Mount Type w30 SMT Aauuuiifidnwazidu chip §udufideminse

ansonanlafayrangqBudlvunsian
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Dominant Peak wavelength
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1. 3Jus (Solid angle) AB YUHDANYNTDITUAWNUNNINGINTY FIUNUIBLUU ALHD
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2. Anunwiulangvasas (Luminous flux) AoWangn1sdesaInweLmasiLile
wasluyniuuvuiedydnvaliimbheduguu Snvsge tm

3. ANULUNUDIN1TEBIEINE (Luminous intensity) ABAMUNLILLLTDINSNGED
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4. MNUEBIEIN9 (Illuminance) AB AIUNUILUUYBIUTUIULEINANNTENUUUNUR
¥ [ [ 4 a ] I~4
1o 9 unumedydnual e dndieidu Lux
1 . = 1 | a v [y a 1 &
5. AUEdNe (Luminance) Ae AnudesaIifasiousanunaIning dnuieduy
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2.6 Mé’ﬂﬂﬁﬂjmtﬂ%‘m UV-Vis spectrophotometer

(%4 =
2.6.1 ﬂL‘Uﬂﬁ'ﬁJﬂqi@ﬂﬂauuﬂﬁ
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JUN 2.9 UHUNIMNTIANTAANAULAS

LﬁaLLmﬁﬁmmLﬁﬁmﬁimﬁﬂs}‘iaLLamé’ammmmqﬂm (Ip) Wumsrhuasazane duszosnils
0) LLmﬁ’guw‘jwzgﬂ@mﬂﬁuﬁﬁﬂﬁumﬁﬂhuaamnLLazmi’;ﬁ@lé’ﬁmmLeﬁmaaa@m I
‘U%mmmmL%’mLLaﬂiJizLﬂ%LLiﬂﬁiﬁB’mwaaumi@mﬂﬁu Ao ShdusTIILATMERaINT
sAeAnAu() sodennulLaNsIdY (1) ShdndiBeni snsnisdeiiu
(transmittance) Tunnsefutnuddinisldaunduressnsnisasin dudemsnsnis

A U a a = a ! s 6
Qﬂﬂﬁﬂfﬂﬂﬂﬂﬂiﬂuﬁmaﬁ@ﬂﬂiﬂmLiEJﬂ']'] LaULDILUUY (absorbance)
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N ¢ ad
2.6.2 N§VBIUYI-LAULUIAN (Beer-Lambert’s law)
o ¢ as & 9 S a =
ngueddes-uauidsn Wundnnsnesuiganuaansalunisganduuasuasans lng
lgrn1sganduiudsiulaensaiuUsunuvesansiialounsisenmensilifediteulyi
wantuf L duLanenseA ANIgandulaszLUsiunsaiussEEn 1 ikasdosiuiIeE

ANUFUTUEURIAINITAANTULAUAL AU TUATAUNITT 2.6
A = ecl [2.6]

a a | a
1lo A fig AINTANTULAIYBIENT
P wa o a P v ' )
€ fe audRdnnzvesansnganfuLay infiaueIAmils
| A9 52oeNIaNLEINILAI88 1913 DANUN IS UDILAR MINUNBLIURLUAS

C A9 ANULTUTRIAS Ul LasaAn

2.6.3 dauUsznauYaAIad UV-VIS Spectrophotometer

UV-VIS Spectrophotometer iuiaiaailofilluiinsziansiagendovannisgandu
Ssdvesansiioglutas Ultraviolet (UV) uag Visible (VIS) Anmgnanduusesnss 190-1000 w1
Tuins lnefinuenaduuasazdanuduiusfuuinanaseiavesansiioglusnedng il
vhnsiaUiinamesuasiiioagieulnanfedaiisuiunasnunasiiiafinimen
AALATRNS JANLNLUBY Beer-Lambert A1NNSRANAULAS (Absorbance) ¥esansazuUsHufy
Sruniluanaiinsganduuas fafufsanmnsoldmadadlunisssysiauasiinuvosans

7119 o Idleglusagale daandlugun 2.10

g‘lh?i 2.10 Snwaizvaaios UV-VIS Spectrophotometer

1. wiasniauadluesasauninsinlndmosad ol inas iU enue1IPa U
AB9IN15DE19FDLLDILALAIINABALIAT SINTHLANUTULEILINNDAIEY AR LLALES I
wagviinnuAnugdrduLaawenin  dwsadenldlvignisamnsauiuresvaif

dnnFganduuas Megrauvasinlauaaiis UV ldvaen H, and D, lamp TiRuena
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maueglug 160-380 wiluwns viavesaninsalnl UV molecular absorption ezt
visible T9aan Tungsten/halogen TrmnusAauluaag 240-2,500 uiluuns siavesaiun
InsalnWidunuu UV visible/near-IR molecular absorption
2. Wlulasunpesaniiludwnldmunuuadiagazyiliuasiioonunainduiiie
v o a Y vy A a4 o v
we  wasazasvioudunsafinslundiladuuavnasau 9 weellanuseaufealagly
Wawos(nszand) Usdu (prism) w30 1n3AAY (grating)

3. Wwadhldussyasasanedieg wadildansdiiegne (cell sample) UIATIBNR
Send1 A (cuvette) sUnvunldiunlulauiwadnvisleuisssuan avldlamanisyas
W@ha  wszileuMsssumgnaanfuuadluyegile uaswaanvieeddnt  uwavaleInd
(quartz) T9lavisraeeiuagidilda

4. fmsRudY e (detector) viwihilunsiaanuduvesuasiignanndulag

o 44' I o dll YR, Aay A & v
nsuUasnasnuadulandundsnulniieiewmsndudyguninedaninlig Aoudl
USinauasazasuliidntes Aanansansiadudunuanuuanansls wissinuaafidelen
fueglutlagtu Ao wmealladafinateiess (photomultiplier tube, PMT) uaziasasinuas

sindanaulalen (silicon diode detector)

Mirror

il

D, lamp § Tungstenlamp Reference

Mirror @ Photo diode

Data readout

< Filter 2

Data s

Processing %’
| W Wavelength (nm)

K Photo diode
| Beam M
splitter Sample
Monochromator Sp

g‘dﬁ 2.11 WAMIANWAIZANTVINGIUVDY UV-Visible
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2.7 HANNNSNNSINIUVBNAZDS High Performance Liquid Chromatography
(HPLC)

HPLC WumSasilalddmsuwenansusenauiinaunu TaenseuluniIshenazinvusening

wa2 e Ao asy U (stationary phase) n3e maaui(column) fuwawAd eudl (mobile

=2

phase) aazgnueneanuitulianiisneiu asnauiiegluiiegne ausagnuenaenainiulauuy e

Yuegfuanuannsatunsdiiulafvesasiu dumaiindeun vemanediunlasaisuseneu

Y

2
9

mlvuiannsadiulad dAuwlaneiounastunasgnuenesnuineu diuasiditulalufiv

K%

watadeui vserihiuladduiaegiuiineegnuensenuniings lnsansiignuenesenulatazgn

Y Y

A Tndaguseinsaindygia (Detector) azdggaiivuiinlagaindnsainzianvay

Jufin FeaziFeninlasuilaunsy (Chromatogram) Taedudszneuuandlafsgud 2.12

sample |
l - - l Lu_L
HFLC
Injector Detector
L :I-]
bl HPLC colurmn I
HPLC Data aquisition
solvent r

waste

JUN 2.12 dnuvazuazdiulsznauiaIes HPLC
1. wlawdauil wsasynazaefldlunisuevsanendingne Wuandaun ddnwusidu
vounad yhwmthilunmsihansitegsasiviaraeidngaedudiielmifianszuiunisuennigly

ADEL

Ao o Ao

2. ALnes (degaser) 111N mm%laammﬂmmwuagimvxlamﬁauﬁhﬂﬁﬂmmmm
Wigreduiliay fMinsiadu

3, 3y (pump) yhnthiirsihazaneithgszuu HPLC ilesanlunsusnanswaslumadia
HPLC agofovdnnislvaveaslandeuiiinumasgiui Aflvuineyniadnunn JuiliiAaaiu
ATUNIUNITLAG wwﬁﬁqﬁmmﬁwﬁmmﬂiuﬂﬁﬁ%ﬁﬂﬁﬁ@mmﬁuqnLﬁaﬁ%Lm%umm
AUV

4. §23 (injector) wihitlun1sananssegnadnszuy

5. podut] (column) idnwaizduvesudwieaalumangiuiivhnidliannszuiuns

wenvasansiaula Tngnsyurunisueniindusenihavandouniumasgiun
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o 4 [

6. MnTUdy i mtilunsasiadygiuvesarsiiaulailaainnszuiunisuen
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2.8.2 M3ATI1EHAMULUTUSIU (Analysis of Variance, ANOVA)

[ a a ¢ g oA a A Ql =

Juwmedianisieseianusdsusiuildinevegevauuigiuninisiuseuiisy
| d‘ nll U ! -d’( Lo a dy d‘ o U A a a
AadeuINn 2 naudull lngasisauuigiuduuieriinisyeusunseuasauumgiu
¥ 1 -dl U ¥ o ¥ 2V al ¥
MILATgaNTU Tafmunves ANOVA dayaveaen q Usens agnediin1snsyangvedoya
wuuUn@ (Normal distribution) (1tiu ArAuiuwds (Variation) Yeedeya urazUseyns
dasliuanseiuegelideddidudsiunauviinisieseideyalagld ANOVA §
Wpseidndudesinisveaaeunisnszaeesoya (Normality test) dayannuszannsd
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Variance Test) it oliiuladnluiannuuanaiaiunnisesing Lee9Inn153AT181AY

= o = a a v a a o g Y 1 o | o oA
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¥ I [ Q’lj
voyaUunIy
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SSB fim ANukUTUTIUTENINNGY
k A9 LUTIUIUNEALL
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_ a | a Y a cal .
X; A9 UWNUANRRLURITOLANIALIUAT |
X Ao wnuAeieteyarianue
2. anusUsUsaunglungy (Within Group Sum of Square) Weuunusledydanuyal
SSE WWunsfiansanamuudsunuiiadunslunguusas ngudslinsivamein
1d A a & =% 1 d‘
Jumnuwdsusiuiifinananvegle luunsesilaseniianuaainaiau (Error Sum

oquuamﬁIﬂﬂﬁ

SSE = zk:i(xi,- — %;)? [2.8]

i=1 j=1
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SSE Ao AnukUsusiunelungy

Xijj fo wnuAefsveleyavsamun
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H1 : AladgueUssyIng k nuuanseiueg ety 1 ¢
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(3
NNGDDLIALYUN

[ A

a15m wazAny (2555) loAnw Taamignvgauiusugoutianaiionian iy
dmsumaasqaule ITanseiu 5 yia wedu v fu nseany waglildiagmiy wa
nmsfnwinuinstsdudutanmizlimhdugeugiaauasUsunanhaunnnitianmie

DU



23
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bodies, PLBs) wWaldssluomsidniiaausalng nisgeineanisldanmuasdunsiag
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JUN 3.1 uansguuuumsdnSsasiurisadlalonauamuguiuunsg e imunug
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wiazuratuIzivaenlalonUasias uiagdnunns1siueenlilngA1uinain
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wrasangluwlardanly LED DRIVER wuna 12 W idunvasaelnlaeisnazdaanian

AMUATUNIUNAIUNTELAAINNTOANLIULARILENNTS

R

AD ANUATUNIY

Ao Anglufnveswnassne

__ V=(NxXVLED)
1

Ao ANuRNeFNgNaNAsaulalonLUaLES

Ao nszualniilvaniulaloniUasies

Ao uIuvadlalenUadkas Ly

[2.6]
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1.1.2  YUABULATAIAUNISTEAS19AAINLINLES
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3.1.3 N13AUANAMUTNLEIAIY Pulse Width Modulation (PWM)
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Pulse Width Modulation Junisilisudeyawuusundondiedygyiunine
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3.1.4 MsuuU9asialaadauessauiu Arduino Microcontroller
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3.1.5 M5USUAUINVEY PWM Lﬁamuqumﬂm%'mm
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