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ABSTRACT

This research aims to study the average pressure level of the fertility sensor
and the pH value. And test the performance of the generated system. By providing an
automatic nutrient control system for the plantation by hydroponics. The sensor can

measure the voltage signal and send it to the microcontroller.

The results are as follows :

1. The effect of the average voltage level of the borehole sensor is in the
range of 90-120 millivolts when compared to the value of the instrument. The EC
values range from 67 to 138 us/cm. The effect of the average voltage level of the pH
sensor is in the range of 43-60 millivolts, when compared to the value of the tool, the
pH valueis in the range of 6.52-7.22 us/cm. These two values are inversely proportional
to the mean density of the pressure. The average decrease in the concentration of the

solution.

2. Results of the performance test of the built-in system. Fertilizer control
and pH adjustment for hydroponics. The hydroponics method can measure fertilizer
concentration in the range of 53-130 us/cm and the system can be adjusted in the set

range,to the acceptable range.

Keyword : Fertility Control System, pH Value, Hydroponics Cultivation






AnANssuUsZNIA

a oA

InerdinusaduidnSaanysallddei desnldfuanunsaazanutomiely
Torguaunuz AUSNe wugl anuAnTiY kasaslaungileu

YovOUNTTAM T09ANAT19156 AT Ial 1eienAya p1ansdTiUTnwAnednus ild
WiuwAnarudmdduns ansaeuiveidnusynsunou saemaulifnddladidou fadunal
Adsuiauaursalunisiunasiauinu §ivevensiureunseaandusgragely a
lonatl

yovauAn ioutihAnuuIygniniiliduusiasdiomdslunisvihinerinusedis
1N

[ o

YONIIVVOUNTEAN A Aniwl W i flvilenialvianuslvdmuugdimdmsng

v Y

a a va v

o w s a v < saa 1 | va
waziadla veveunsEAnYINITENUsEANSUsTanInduludsglovingdugungidemn
lngnaen

aniell JITeveveunszanuanantilieetenn a 71l ualdlidwtewiowasidu

mdalaatvauulunedinusiauiaudisamen

9

WNSNENT  DWIULNYT

Y



GUEITY

2
v
UNARTDNTH NI . i ocstiioneeereeebessessseess s e et g
UNARTDATG VDN B ettt e 9
MIARNTTHUTEM I oo eeeas st seessse e seesss e bbb %
BIVTUR vttt b et %
IR 312100 N OO OO0 S OO )
ANTURINMIHUTENBU e b 0
e{' o
UMV T UV oo s b e 1
<) a v
1.1 A TUHIUAE T MNVBINMIUTTY e 1
1.2 TAQUIBIRUDINTUITY oottt 2
1.3 BULRATVUUDINITITY .o scrssionssissssssssssssssiasiiissss e eessesesessssssssssse st st sssssesssssssssssssseseee 2
1. YBULYAUBINTITITY 1oorettveeerrrresessmeeeeseeesseessssbbes st s 2
1.5 UTELIYUUDINTTITE 1ottt et 2
UMY 2 LONENTRAEINUITETAIUBD oottt 3
2.1 AU TUNM SUanTTMUULETATIUTNG .o 3
2.2 Uszlovivauoin sUgNU LA UNR oo ittt 5
2.3 Ui nilnasion15ias A ulauesnenugnaedslalastuidngd i 6
2.4/ 530U sUgIBLUULETASTUTNG it et o 8
2.5 AN DANENY TOISVADINNT e e ovrvrrrssac st hras et sses s 10
2.6 NM3AIUANLALNTIAAIAIMTUNTAAIL (PH) v 14
2.7 M3muANAINITI NN (Electrical CONAUCEIVILY) oceevrrrreeeereccerrrrsssesccereeeecsennn 17

2.8 AATNUIHY (CONAUCTIVIEY) ..o 17



2.0 VI T O% oo 21
2.9.1 QTUATHLTUUTEIII 1ot s e eesseeeerees 21

2.9.2 QTUTVYPATTUTELIP oo it i eeee et ee e eeeeeeeeees e 23

N 3 IS UG8 ot 25
3.1 NNIONHUUAIUYULRSTUAIAYINDANALYTUILAZANITNDY et 25
3.2 NIBONHUUTLUUATUANAIINANANYTUUALATLDY oot 27
3.3 ANT0ONMUUNITTINITUUDIUTIATU oo e ene e eee e eee e eee e eee s 29
3.0 NITNAFDUNTTVINIUUDITEUU . eecerererereeeeeeeeeeeeeeeeeseeeeeeeeee et eseas e eeeeeeeeseese e e 31
UNT & WANITIATIIVOUR oo oo s 32
4.1 NanIANEUYRTIAAIAIINAANAUYTIMAZANDY oo 32
4.2 HAAATIANNTNAADUMNUSEANB NN UDBTEUURIAEEIE Y o 41
0.3 WANTIVREOU ..o eebees e oo s eeeeeeeeeseeseseeeeeseeseseesaeet s eee s eee s eseeeeeesee 42
UNT 5 @FUNE BAUTIONA WATTOIAUBIUL o e 45
5.1 TAQUIZAIAUBINITIVE oo s a5
5.2 EULATTUUBINTTIVY .ottt iieisss st irnseess skt 45
5.3 ATUNB .ottt b 45
B P DUBUBIIY 11200 esveeereeesiee oo sabeeesoesti oo i ene e foreeessbaeeeeeeessess S EEEue e sets s eeebee e ees s e seeeeesee 46
R M. ™l e LRI i N o ™ 47



UV MR

2

v

13991 1 U311av835 190 L UURON 1S9 QUMAZTRUNYOING oo 12
1519 2 Megeriinsmemnsluuuvedteesulumsaraiy silade wavansle.......... 12
M1399 3 waaanndilninvesasasaneunadounaslsai 25 oA nsaed 1. ......... 19
15197 4 wansan i lnivesasarate s UAUUS U VD IUDSIVINA oo 20

1599 5 wansannndiliiinvesansazanelnuna@eunaslsn 0.01 M Nigauigisnge........ 21

1599 6 M1INRULUAMUALAYAAIUANVBITYUUAIUANAINNEANANYTAILALATTILEY. ... 31

d‘ 1 U Qll d‘ U 1 d' ¥ a
ATIN 7 ALLINAULRAYATINAITNANABDN 1 dRFIUAITALANY A AN LLAWHH B oeeeeeeeee, 32
d‘ U > d‘ d‘ U 1 d‘ 2 a U
159N 8 ANLLIIAULRAYINNNITNAADIYN 1 dndi1ud15aza8 A AN LLAILAN B (MD)............. 33
ANS9N 9 ALSINURABINNNITNAABIT 2 ERFIUANTALAY B AT AAU A oo 33

M5V 10 NITNARBITLUUAIUANANNANANYSHMALATNDY WUUNTITAIAT .o 42



d1suynInUsenau

vl
AmUsENoUR 1 MIUgnBLUUlElasIURNG ... i 4
amsznauil 2 matgnitvlelasluiindszuu Nutrient Film Technique (NFT)............... 8
amUsznauil 3 msdgniivlelasiuiindseuu ALewil (Deep Flow Technique - (DFT)....... 9

anUsznavil 4 Telasiufindszuu Aesienit Dynamic Root Floating Technique (DRFT)

........................................................................................................................................................ 10
ANUTZNOUTE 5 WARAIHENNTITIITART PH oottt eer e 15
AINUTENOUTE 6 WARATHENATITIETAGY PH woooioeeeeeeeeses et 16
AmUsENOUR 7 WanavdnnsailiSaenan sl alin . 18
AMUTENDUTN 8 IUIEDSAIANLANANYTAINALANTOY ..o 25
AMUTENDUN 9 IBULLDSAIAINLANAYTAIMAZANTIOY ... 26
AmUsENBUT 10 N1508NKULIFUUAIUANAYIIEANANYTAAY AN IOY .o 27
AmUsENOUT 11 N500NUUUTASIAS9VOITUIIIGUATAS oo 28
AMUSENOUN 12 MI9NKUUNTININIUITIUTTRaNTHNaY wardamldmas ... 28
AmUsENouil 13 M300NKUUNIIIATSIALTIVRTEUUATTIINI oo 29
AMUSENBUT 14 WU sMENNUYOITEUUATUANANLGANANYIAL ... oo 29
AMUTZNOUN 15 MO NUTUNTUAUNTLUUATOTIUTIVY oo 30

ANUIENAUN 16 AwsasulndnTaleannaisazats A : B lnudnaiuvesdansazaly A Ay

ANUSENOUN 18 hanan1siuUseuieuseningasssulnfdinazaranuilwid ninlaain

A158¢a78 A : B LAUEAAIUUDIEITAZATY A AT.eeroeooeeoeeoeeeeeeeeeeeeeeee oo, 35



AMNUsENaUR 19 Ansseulniriinlaannaisazane A : B lnudndiuvsdaisazaty B A

AMNUSENOUN 21 hanen1siUseuioussnineansesulndtazaianuilwid ninlaain

A1585878 A : B LAUEAAIUUDIENTALATE B AT oo oo 37

AMNUSENOUN 23 hanarniieuNinlaainaisazats A : B lnedndiuvesaisazae A Adil. 38

ANUSENBUN 24 kannisiusSsuisuseItgasssuliiaz A inlaanaisazane

A B IOGAAEIUUDIANTALANY A PVl oo 39

AMNUsENaUR 25 Ansseulnihidnlaannaisazane A : B lnudnadiuvadaisazaty B A

ANUSENOUTN 26 hansAIieuNinlnaInaIsazais A : B lnadndiuvadasazaie B A 40

ANUSENBUTN 27 wananisiueuiisusenineanssnuliinazaieeninlaanaisazane

A B IOUANEIUYDIANTALANY BRIV oo et eet oot ne e 41

AMUIENBUN 28 uanimAugataNysalannaAfaalllUSsuieuivAmszuuUsuls ... 43

A

ANUSENOUTN 29 hanIAINewaINAINRI I USsURBURUAINTZUUUSULS oo 43



UnNA 1
UNUI

1.1 arandusnuaslamvesanuide
msdgniiflagilelnsluindiuBumannisfnsiiifunsldsmermasiiag Tu
nsUgnite Fslhndausnaneiulneuatyesedalaiia 1nndngiumisUse Heanswudn
Uninermansuatsviulaldouduiing9q (Asn netesiy, 2547) lalasluiing
(Hydroponics) Hunsugniislnglsldfuudldiiismomsivagmeeg wie msugniialu

= = o @ an 0 - Y -~
arsazangsensinauny daiuldudsnnslvdlunisugnity Taeaniznisugndnuaz ity

Mduems Wesanuszundainui wagldvuleudvaisiaiinieg Tudu inlvlaieing

(%
Ly

avornuomns@sly JaguuiilimafianisugnitvwuuliAunarsuuuaeiu (uwea Seuida

%37y, 2550)

N Y A

~ a ¢ = A A avy a v A w
ﬂ’]i'ﬂ@ﬂWGULLUUI@IW?IUUﬂauﬂa@ﬂaaqmqiﬂma@W%Wi@mama@uqﬂiﬂﬂisﬁwumu@EJ

vsoliiuildanzauaginn1snens asudsaunsaid oniunvgnindwna syuulag
Wenaunsandnlaeegesiailiotiazaiunsofitseunisngs Snisdanisuufuasinla

a v @& al < ] a v ) a PN
gn I@E’JUﬂWLLa'ﬁaqﬂqﬂqiLﬂULﬂﬂjﬂlgLi’Jﬂ'ﬁqﬂqﬁﬂaﬂUu@u LWﬁqgﬂqﬂquﬂiﬂf{]?\]ﬁ]Sﬂqima(ﬂlﬂaﬂqﬂ

v A Y

URH9R NdAgAoaINITasngnn

o

Ly

AUTZANTNINLAL 98101509 8UTENIAU WAL

coa

gl

S+

N o v w

SansULUaUYRULaLanNISITANSAINIRITNY (WASNIA 1WszI8Y, 2550)

v [
a‘ud{j v a a £ (%

lunsugnivwaledslalasiuiindiuidadeigitesiunsiasayiivlnve st

=1
=

1 £ v A v = < [y £% (Y ) < v o
aunsawudle 2 Uade fe Yadeluiwludadenisaunugnssy doiugnssuasiduiiniviue
anuMER19 vesiiy Mi3en31 81 (Gene) LW MstasaAulnvesiy & ATNEY wazadenis
dawinaeu Yadenisdanindeundifysonisiasyidvinveiia loun was quugd
2IAUTENBUVBIINA ANAINUY UHATE (pH) waes19emsHY (8191 AW, 2553)

n1sdgnigwuulalasludndunsanisugniivsienisiisnudedluaisazaiusis
91379 (Water Culture #se Hydroponics) @unsawtsesnla 3 sguu lain ssuuduten
& = 1 I [ 1A ¢
Mdunmsugnitelag s1nudedluaisazatslagnss a1sazatesine sz ivaduwnuilagd

U199 seuufeniilussuuiivgnitelaesinudegluansazatednuszuia 15 - 20 Wufiluns

v ]

1919 50 - 80 LwuUAWAT waze1d 1-10 Was lasdnsugniivuuuiulnuvsedaniasyuila

9

A A

dl = o v 1 1 v < a 901 = 6 a & v
Wiadnansunmazlasslnsinudassluun waEIEUUABNIWNUUIZUUNMTUINWTNLUUAIT



Ugniglisiniguteglutdiunilauasdndrunisaiesneniaiedislumsmela @sn
71899574, 2547)

[ [

Tnsnsugniivdslelasluindazitadendfylunisugnie amnugauauysalves
519913 el euaLysitesETsaratesInoIMs lunisugniielaglaldRutufivas
#Susmemsnnasazanesnewns deiulumsazanesgenstlszneudiesinoims
fitvdesnsienluldw lutiagtumsiadimugauanysaivedsineimsvinlilasnnsined
Audntuvesasazaelagldidugesniininssaulsunm manudlihuarAinanudu

NIAVBIANTAZANETINOMNT (WnSned Lyinwadly, 2550)

3
6 =2 o

NANAINRINETT IngrlnusdIaiiaueszuuauANEANaNYSallavAiLeY
dmsunisugnitelelasiuiing menisussandldiniasinAinnuanuauysaiiazaiiey
451958 UUAIUANNSALANTAEaENHYARINS wasUSuAierluasazanglidrmeawmang

munses ielilunaaeuldnulunisugniivasddunlamaaauitlaasadu

1.2 IQUszaAAYRINUITY
1. AnwdueesinAiaugnuauysaiLas Aoy

2. MAERUMUTEANEAINAITVINGIUIBISLUUT LAE519T Y

1.3 du3AgIUYRINTIVY

nslidueesinrnueauanysel luwandsa1ndTwuges

1.4 YBULYAYBIN1TIY

1. sEUUNIIMUANAT MALENYSAITIFAS 9T uaganIamURuATiAdL T 9 Tien
aeluge 53 lulasfuudrenaseuiums 69 130 lulastiuunsenIs1iouminms

2. ahirdessunvuiietinldlussuumugueugasanysallagldansazaieied

lunisugnityislelasiuiing

1.5 Uszlevilvaan1sidey
1. lansruladeiniinansenusienmsdanivalalasluing
2. losguumuaudunuulunmsauauauauauysalkazafieyluasazaty

3. 1Ans10D9UTLANTAINVDITTUUAULUUNAS19TU



UNN 2
av a4 v
LANAIILASITUAYNLNYIUVDY

umdefosurefmauiiugusiag fiAgesfumsUgniivuuulelasluiing 3
nands mnufifeatunsugniisuuulalasliing Ussloviveswesmsdgniivlelasluind
Hadeiifinasionataiyivlnvesiiviiugnsneislelasiuiing ssuunsugniivuuulelasiy
ind a15ava185991913 AINAANANYINVDITIHBIMNT N13AIUANKAaTNITInAIAI DY
n3Ae19 (pH) ArsAruAuAIn1sd1 b1 (Electrical Conductivity) @n1wunluin
(Conductivity) LarITefiAEITes

2.1 pufiRedunsugnitsuuulelastuiing

2.2 Uslpwivaswasnsugnitvlalasluing

A A ¥

2.3 Yasdviiinasionisiasyiulavesiiviiugninedslalastuiing
2.4 syuumsugnitviuulelasluiind

2.5 AVILQANANYIIVDITINDINIT

2.6 MIMUANKAZATINA1AUTUNTARS (pH)

2.7 m3auauAIN1sialiii (Electrical Conductivity)

2.8 an il (Conductivity)

2.9 $MITLNN8IVD9

2.1 anujinednunisugniiuuulalasluiing
2.1.1 Us¥iRnnuilunvesnisugniisuuulalastuing

lalasluiind (hydroponics) LIUAILN3MAN®INSA 2 A1 ABA131 hydro @9
WUa111 WazA1IN ponos kUATIINITUNIBILT U tHBFINAUIINAMNRNAYINNITVIANIUN
‘:4' Yy o o wa I - aad Y A = a 1Y) v
Weateanuir UseiRanuduuivesnisugniielae3stiusuniainnsfnyiieaiunisly
51911156799 lun1sUgnite. Fellurausvangiulnevaivvesesalama 3nnvang1une
Usziimaninuintdninermansvaieinulalouduiindneg nangnuaanstulazuing

o & ' - Y a Y A X = Y oA

AUNNIUUL WANITUGANTAIUNANAITNIANIATE@ATUULTHTUYTZNIU 300 UNLad AD
Uszanad A.A. 1699 John Woodward tinngnueansynisangulanersininnismaass wie

wAnauIteynIATeIBLlasewalieglufuliaiudAynenisasyiulavesity



0e14l5 deund A.a. 1860-1865 Hninermansde Sachs way Knop tuidugsinugniivsie
FWlalasludndnundnnsmaineremansadelvg lnenisUgniivsisansazaneiniio aliunie
a9 1y Tnunadenrloams Inuwnadealunsn fdvisinemisidndudenisiasaduls
vosity Ao Tulnsiay veaneda Tnuvadon uundiden fuzdy wradou uazmin nnovds
fn15WauIgn 351901 i3 eoun ule A A, 1920-1930 William F.Gericke L3
wninendeuadlediie Ussavanudnsalunsugnusidemaluansazaiesine1ins lnefiy
fnssaiulpanysaiualvinandng dudugadusuresmstimeianisugnialaeisd
lUdszgnaldifieUgniizidunisdn Fan neseshu, 2547) fnwdsgnoud 1 uagléiinig

WaumallaIdnswazdiulseneuluansavanesesunautadagiu

nmdsEnaun 1 mydgniiviuulalasiuiind

flan: Msugniivlsaiv (2547)

2.1.2 audiaggvesnisUaniiswuulslastuiing
lelaslufing (Hydroponics)tllunisuaniivlaglaldfuusldunnfisineimsiiy
avarweg wie nsUgniivluansazanesinemsitnawny Geiuiduisnislualunisugniiy

Tnaaniznisugninuagiiaildiiuemis Weswwinuszndaiun wazlivudouduaisiadl

v a

199 ludu Inldfvdnfiazermdueims Jagtuillunaianisugniivwuulifunaiswuy

fei (UNAa LSULBaRST, 2550)

o

v

Ja3du msUgnivmedslalaslulindlinatinifnnuluaie vainvaleguwuy

o
1 £ IS

filadrdnegianiznisugnityluua (Water Culture) 1iniu unensdlidnaslddanugn

U



(Substrate) NALVUAUNINUALALIAMILAITALALTINDWNTHY BasdiniSends Fudnsm
AaLaas (Substrate Culture) #Sailifey Aawaas (Media Culture) nsawannsinalalasiuing
(Aggregate hydroponics) aiaanantieusenit n1sugninglildau v3e nsugnityliau
(Soilless Culture) Fuluntrdnnainmaiianisugniiwluinnd wiensugniivieislalasiy
findguuuudun AR vIAsINEeNTINY 91 Soilless Culture WnuA131 Hydroponics fil

lalaslufing fuseloaingns 2 Usenisaieiu Uszasianasdigliddwnasu
d' v éf o (Y] a = d' I Ya 1 a o Yo o o d' 1
nuauldunAudniunsivlavesity wiuiasilunsldfuegiaau vinliridadudsild
ns1veanluannisneasslsdaiuiuuin Usenisiasense fvvatevinaslvnananlsuinly
warfidesnindy wazluuasindnunniianiniusie dluannwindsunazaninnis
\AswgAaninte nsUaniiwwuulalasiudndesiinamlsuniinensnsundu wagiienis
Ugnildldaudavhlvglifilseiianlufu lidvity lidesdanisiu wagdiamnsaugnivalng
Y v v S =g v a a ~ I\ a Ao v Ao w Lo a
funnle MmewmgiiiivddvnandnlulTunaiuinninauvaenldnundana venanidinig
Tduntdeguinmsziinisidnivug seseuviuiiLuula Lienyuisuil Wealfisuiu
ASLNEATHUURNLA N UM TN 9d D dn ity

ArgAuNINTIna1IuT9du viabilelaslulindduselaviiunsugnivanlily
aa a C% a a a 4 % 1 a 4 gj o v a
WnsuuuANg dnidsudiengingamansiaidusuiuiunaiin  lelaslutinduuazyinliaanil
9IM1A %38 81ueINIA anIsavgniiulinuliies wazamantAdinaIiinvlalaslutingd

v

WHgeggedmsugndeanisUgnilagn1snisaauandadenineateslauinian wagi

Y

AU LUUEIER

2.2 Uszlevilvasvasnisugnivlalasiuiing

nsugniguuulalasiuindivenreauisondaiiviilanandauinlaldnunidos

= v X Ay o al ° o o e = A A 1% | P
vso LU Ll zauiasiinsinens Auudsausadeniiunvanlnawndsyasulas
\Hananusananlae19waLlotaa1N A RNTEULTNIHER BIn15UgniivuuAulziila

10 lneUnfkdeignasiiuineassIndnisugnuuau aunsatdtadenisnanlaeenad

v A

Uszansnmuazdiansnsarisuszundaiuazdelailuegd ndrdyfodmnsasnlaynises

v v A ! v = v

msvwdeuvesnunazaanisliansiadidndn iy drudadeifednisamusuiudoudiags

= a

ABIN1INTTYUALALIANITUINNTINITUGATIBUNAU (WnSNad g1y, 2550) Felldas-

Toidgveansugniiynieszuulalaslutindisialuil



o

Ponvasn1sugnitwmessuulalasiuiing fifall

1) ludodldiu iseiuvatlanusasNagdaunansavianssnuasAus I

(%
o v

2) thitherldluszuy aunsamudeunduldlnils Gunsussvdomig
Feufulgnittsssan AiiesTuasiuduaiman

3) aunsamuaNUIIadlevioussndilsiiale

1) lsiflussng ieansiiwawiu Mnansenulinandaaouly

5) enunsamuaulsAkazkialafnin1sugnlufu

Y

1%
IS

Taidevasnisugnivusieszuulelasluing dasil
1) AuAntuszeze1s usnesldsuyugsluszesusn
2) mslsedesdivianaiiuiug wagnsfinds AmeNvesia ANEN
Fu pisrvesil Fosdiaruuaiugh
3) nsuiEoafinuazen INs1zAmUANNIUNINIEIEYeL e IR
4) fvusiayyiinagioinisussn uazddanzfiunneieiu

5) floein13AUANTIR foeseTalililonssInlaukaIlan INSITLI5IHUN

yinagannyney ielUdsunuauUaLialauLa

2.3 YadeiilinadensiasayiulavasiiviiugndeislelasTuiind
HadeAitostunsssaiulmvesiinaninsowusld 2 Jad fie Yadelufivuay

Hademddaandon Gedineandeadel

2.3.1 tadeluiie Wutdemesuiugnsse Sutugnssaadusiiuadnuas
#n99 vasfiv M3endn 81 (Gene) 19U n1siaSAuTnveasily & ANES AINAINITAIUNIS
Toinandn nsnuemesBuaadsunadlunitanmwinden sbuazaninuaindeniss
nasougnIsuTesii Aaiulunsusulaiusivllddnuugaiudeanisasdeauenaanu
LANANYINNLENTTIEBNIINAMMAN AN saaIIndex i ldluUssmain1sUgniialng
Bnslalasludndidunsegunsvats wuwaiBeu diu tisesuaud aglimddy
funisufudssiusidiougnieisilasiany nsUgniindaedstadsinanangsniinisugn
firlufu sraanusumdlneganisugnitusnedslelasluinddeidesdulng sl diiug
Lamﬁ’uﬁ’uﬁiﬁi’fﬂqﬂaqﬁu (811 AN9N, 2553)

2.3.2 Jadundiwindon Uaden19dalinaauidAgsanisiasyinulnuasny
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UNUIMABNISLAIQYLAULAVBING (8937 A1, 2553)
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nsmela msmetn uazionssuveseulainneg fufusnsnsiasaiuln way msliua
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waLgYE (1M A39E, 2553)

3) asfusznavretene Nldeendaulunismigla msmgle drumniledu
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fiyvuAufinisianeinaliiusndls Inenmsnsuiundenisldiagugnitviifidnwausnyu
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szuuUgniiveiiinenAlviivansazatg (6m A1), 2553)
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4) aaunnidn fdaudAgunntunisugniteiiedsl iWesaniiviugnlasu
y fhiinsvuideues

5190 M59INAIFAZA851981915 FasesldundussdusznaudAgy
a A @ ' ' R g o & v o = S
aunIdnluanimnvalsnieg lspasunsnszanglned195ni57 3ndudesinisedonau
Ul Feonaldmassunseluivulalusnaslsd nisunadeulalasaaslsanls drungu
H099NTA1THVIUARELADINTOUDWENBUBDNNBY UBNINLIINLTToAUTENBUNIY

aav 1 a Y a a [ = a a = 5
wilnldmagay 1wy d9asinusdislulsimaenniiuly Aasiinadenssyiuln vesdiy W
o wa ° @ A Yy aa a ¢ oA 1 a 3
Niauandimuzandmiunisdanivaieislalasluing Aa Ulunieuranaasy
Fausenu (99W1 AW, 2553)

5) Y5381 pH vnninan199ausan15ta3yiaulavasisdne 1999y
auiulselevivessinemns laeialunisugniivwuulalasiuiing ensanatesimemisiiv
A5l pH BE3ENIN 5:5-6.5 e UsewIa 6 weiliindsiin 7 (8aw1 ATaw), 2553)

6) 5292191159 Ae At luldlunsiasyiAule s1me1MIs TR SN YU
vareyda Jaudazydanazdunuaminwandrsiveanly laesiandniifigdesnisuin Ae
Asuau (C) pandiau (0) lelasiau (H) lulasiau (N) Weaneda (P) Inwadey (K) (81m1 A

291, 2553)



2.4 szuunsugniisuuulalasiuiing

n1sugniswuulalasiufindvianisugnitvsenislisinudedluaisavalusis
91T\ (Water Culture %38 Hydroponics) @snsautsonnls 3 syuu lauwn

2.4.1 syuuwduei (Nutrient Film Technique) {Wunsugnitulaeg sinutedlu

ansaranelaensy @15asa185190 1 s9g lna JuunuiaNu1e wudszana 2-3 Tawns Tu
saUgnieniae daiel 5-35 g, geUszNanl 5-10 wu. AN es Tuogiuriafivfig
ATINETIYBITN Al 5 - 20 Wins n1slnavesansarateduuudeiiior vieuuuaduf
Idlnevhluasasansazinanuudeiiles saslvnasglutag 1-2 Ans/ani/ag 919919911910
LHUNAERNABINEIY LAY U1 80 - 200 luAseu visean PVC Gﬁugﬂ \usedigaguii
nlavie 19U dinzd vie exgiilon wazynelusenaradniiledostu nisfansouves
arsavaty npazdtugaarsazarsliluaniusuazsnfivuasdounduan Sdaiv

a158vany (ALSN N99991Y, 2547) AININUSENBUN 2

drain

Nutrient reservoir

amiszneul 2 msdgnitwlalasiuindszuu Nutrient Film Technique (NFT)

fan: ﬂﬂiﬂ@ﬂﬁ“ﬂ%’au (2547)

2.4.2 szUUALENG (Deep Flow Technique) 1uszyuiivgniidlassinudeslu

A158%a18anUsEUN0s 15 — 20 LWURIAT A9 50 = 80 sURLLAT ka3 1=10 WA Laedl

Y I

= | a Ty A ~ o v 1 i v & a K &
ﬂqﬁ‘uqﬂWGUUULLNUIwuﬁﬁfJ'JaﬂVla@EJU']IWLW@U@@W@ULL@(\]gﬂaaﬂIVﬁqﬂL‘Uu@aigluuq ITUUU

q

srlufimnuanBeadussuuiinisnyuisuaisazarelaenislddugn arsavareandain

[ '
= ¢ A

Fuuldndluszuy weliiAanisuyuisulaeiiingUsvasAiaiiy Usuueendnuliiu

T a o o = Sad o = 1 =
izUUuqmiﬁUﬂqima@Nﬂ ANNINUTENBUN 3 SEUVUNYDLIUNDNDYINNUIN igU‘UlgI@iI‘U

v
ad v A

indasei (Floating Hydroponics Systems) @sszuumtenfianunsauusesnls 2 356



1) izuumguﬁﬂwf’lﬁﬂ (Deep Re-Circulating Water Culture ) Lﬁuizuuﬁﬂqﬂﬂﬂua’lig
azaneszAuAINAN 10 wu. uarlfssvuivauisuifiefivesndiay Tsudidusseey
szuunamyudsuihaggneuatliguindagszuulaedananlivheuludag 10-20 und
nne 1-2 $2lue Ingszeznamyuisuastesasiuinfigumgisuazaziisnaimyuiou
Tutsiifigamgfigitu_2) seuuthdn (Deep Water Culture) iWluszuuiignitaunsounlag
m3.tna3A (Prof. Dr. William F.Gericke) lagiinannisdidgy fie nsugnitvlaglvidiusinves
fivguoglumsaraeiifsgemsfivarangeglasdlussuuinmslvadsunaonian Feosn
as.ineda ldimuiszuulaefintdesfiveinialussuu eudtaminisaineinialy
ansazans Tnetiutuugnillausiuiuuatesindasidesineginlisniivuisdiuazey wile
szouindedian 15 wu. Seaviudastassnldsueention wosdiunisangamgivesiily

f93ou (Asn Newes Iy, 2547)

Grow tray is periodically flooded with the nutrient solution

\H H “T' H7

Grow Tray

Nutrient solution retumns to reservoir while system is not in operation

Reservoir

anUszneudl 3 nsuaniivlalaslulindseuy Aowi (Deep Flow Technique — (DFT)

fan: miﬂqﬂﬁﬂ%’au (2547)

243 sguUf151enY (Dynamic Root Floating Technique) L“fﬁluizuumﬁﬂqﬂ
A Ao a A v - v a v v = a
HYNWALINIAINTEUUVRY AS.LNEIA Mun1sUgnialisinudeglnidiuniuasdndqu
= o A ° Yy A & a
nilsasasneiniaiediglunisviela lagagviliisnugnlussuuilanunsaasylaly
a Ql' 1 d' Yal vV Aa v v
QUNYDIATATANLNFNINNTITEUUBNY 107 75.401 (Dr. Kao Te Chen) WnIeuaginmn

szuulalasludng valaniu lawau1szuuYed A5.0n05a Lagiussuuiasunlunssuy

1%
[y o

Mhelviseauigaiuvseanasliniunudeansvesity Iag as.in1 lanvualdseduinmms
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aufloanefiagsiil sinfivudegluild Ussana 4 wufiuns Taesindiui asdusindiga
91913 (Nutrient root) uagsndrumiieaintandusiniimela uazgresndiaudngsin s
Fonsinduilin nena (Aero root) fetiussuufonsienifessuuiianunsn Usumiugs
svosilunszuzdgnldamaudesns vossnfivudasedauaziiolfen fvassedluth
Tusgduifios 4 wufns ssuvionfienldinsiauinaenss wasagiulfanansinglu
Teniulasszuuminanlauvadu 2 szuvgesy loun 1) svuudiuanseavatsazanaduluy
fiudeslanauegluthdn Tusserusn udresanssfutnasnsgiuLnTigeszan 8 au,
wmde 4 vy 2) szUuleni-Aordien [umsugniinlaslisnfiniesuuduresnintgnil
sonuvuInlnglamzudvdesamsazanglunauusuisduandlunnuszneuil 4 Fisn

71899574, 2547)

FLOATING PLATFORM
WITH PLANTS

e A e A~

AIR LINE AIRSTOMNE|

AN

aUsenaud 4 lelasiufindszuu Rensiendl Dynamic Root Floating Technique (DRFT)

ian: ﬂﬁiﬂ@ﬂﬁﬂ%’au (2547)

2.5 AYNRANANYIAITINBINIT

ANUYANANYIOIUDITIDTNIS MUNENY AVINALYIUVDIETALANETINDIMNT TS
Uanfidlaeislelastuindtuivasldsusmomsanansaraissingms feuluaisazans
smpITIzUszNeUMes e sTTitsaInstotlUld Tunsduunsime vy
anunsasuunlénateds ngluiverdmusetiutaznanisnissuunsinoimniuuun

= ¥ = ! a
NWUABDINTTILNYIBY WML
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2.5.1 MITWUNTINDWNIANUUTHUNNYABINTT
UninemansaunuIsgidnduionisasyuasimuivesivussnausiie
s9Aee AndusesaslneUszana dwmandumsied 1 (Gsn nedesiw, 2547) wuitdlue
wUsEneaumesIndAy 3 5MMPe 8oNTAY AsUDY WaglalasiuTiuiuisesay 95
U3010030882 109519 s tufivuaazelindsiansnanuly uliusivyle
a [ U d' 1 v @ a n:l' 1 [y} % % d‘
Wweaiu Ugnluanimuindeunseiunagagausinemsiulsmaidnsiume Joyanuans
Tupnsei 1 JuilesradenusvenidnduuSouiiouUsunnuasuiazs it
< 1 & a 6 < I3 [}
9gludn 3 5ausnfe gen@au Asueu waglalasuluasdusenoundn
vodlasaseiiviliosnndusigiiissesnsldlulsnauin fgazldsusineandiauuas
AsusuanoMAlugUvesierenisueulagenlunuaslalasiauainii
dauilndedn 13 51 Welasuunanfunsanisdnssuiduaisazaie
A v v o o A A A a ! « gy =% ' Y] oA
welviylddmiviaulansoNisonil “a15aea185190IM1s” F9aguUteantaaaingufie
111516 (Macronutrien Elements) wag 98579 (Micronutrient element)
111579 (Macronutrien Elements) #3051911101A ABs 1A INYADIN1TIY
USunamn naafe danududuvessinemsieivtnuiniieivmsaydulaiulaganiy
500 fadnfusoilansy lnesmeimisuseanilll 6 s1n@duuneentiiu 2 nqude
1) NJUEIND1M1IUAN (Primary nutrient elements) AB517BINITNNY
foansunloawn lulnsiau Woanesa waylwiname
2) NH15981115589 (Secondary nutrient elements) A9517@1M5NHY
HeINTIUUSUNUTR8AY boN WABKYI NULOY kaskuNTiZey
38510 (Micronutrient element) #385192 111516340 ARsIMNNYADINTIU
USunaudes nanpedanududuiiamududuressine msineditinuisionuiasayiaule
< o 1 a a o I a [ a [l i v A < a (% a
wWallasindt 100 dadnFuneilansy fled 8 sameefiume wan wuen1ia newas dngd

Tuseou JWAUALY LaZARDSY

=~ « a A v

wonanigelasinauqdninvdeinisleluusunates 3dangu “s19

9 9

(3 a a a

D1MNSNLAE” LU 1AUDAS Lakhel aalifley Fadon Tanau Anuia ka2 tuLResl
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519) U3uad % 519 U3ual %
paNTLaU (O) 45 wundies (Mg) 0.3
AsUBU (Q) 44 1usou (B) 0.005
lalasiau (H) 6 AaasL (CL) 0.015
Tulnsiau (N) 2 NBILAY (Cu) 0.001
Woaneasa (P) 0.5 uusnila (Mn) 0.05
Tnunade (K) 1.0 wan (Fe) 0.02
uAaLTEY (Ca) 0.6 fanzd (Zn) 0.01
AUz (S) 0.4 TuauAty (Mo) 0.0001

un: S¥ns SeUURLRe (2557)

2.5.2 sUuuuvassmesnivamsatluldussleyila

Tunsvgnivalaelalldfiu Ayagtsmeimsivldusglomiluzuwuuniuniss

a a 1 v & ) = v o = ¢ Ql'
712 (Fivsn neseINy, 2547) Anulunisianisense1msdeern IefgULUUvedE 1991

fwzi Tl Aunmuumamsermudsavessgene Weglugduuuvessineeg T

aglusunuunfigausainldldlagu Tulasiaueglugu NO,™ vie NH,* wealesaaglugy

H,PO, %50 H,PO,” Tnuvandes agluguves K

M5 2 fegsviinsemnsdiuuratleseuluasavaty vinle uazgnsde

JULUUDY
HUATINDINTT looauluy Biinvely gnsvaely
AN5arany
411576) (Macronutrien elements)
lulnsiau (N) NO5 Ammonium nitrate NH4NOs
Calcium nitrate Ca (NOs) ,
Nitric acid HNO;
Potassium KNO5




M50 2 Megeviinginemsiusuuvetlessuluasaraty vialy wazgnsly (so)

13

PAUNTILON
YUATINDINT loaulu vilnveel gnsvesle
dg190¢a18
NO5* Ammonium nitrate NH;NO5
Ammonium phosphate NH;H,PO,
(mono)
Ammonium phosphate (di) | (NHy) H,PO4
Ammonium sulphate (NH,) ,SO,
Woawosa (P) H,PO, Ammonium phosphate NH,H,PO,
(mono)
Ammonium phosphate (di) | (NH,) H,PO4
Potassium phosphate KH,PO4
(mono)
Potassium phosphate (di) K,HPO,
Phosphoric acid HsPO,
Tnuvagen (K) K* Potassium chloride KCL
Potassium nitrate KNO;
Potassium phosphate KH,PO4
(mono)
Potassium phosphate (di) K,HPO,
Potassium sulphate K,SOq4
uAaLRE (Ca) Ca* Calcium chloride CaCl,
Calcium nitrate Ca (NO5) ,
Calcium sulphate CasSo,
wundigen (Mg) Mg Magnesium sulphate MgSO,.7TH,0
Auzau (S) SO, Ammonium sulphate (NH,) ,SO,4
Calcium sulphate Caso,
Magnesium sulphate MgSO,.7H,0
Potassium sulphate K,SO,
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M139 2 fegsviingineimsiusuuvetlessuluamsazaiy viinly uavansly (so)

JULUUUDY
ASI7BINS lovaulu vilnvaaly gnsvesly

d@13a¥a1Y

98519 (Micronutrient element)

Tusou (B) H,BOs, BO5> Boric acid H;BOs, B (OH) 5
RN N(ED) cu® Copper sulphate CuSO,4.5H,0

wan (Fe) Fe®* Iron chelate FeEDTA

unsn1tla (Mn) Mn?* Manganese sulphate MnSO.H,0O
luauRtu (Mo) MoO,* Amomonium molybdate (NHg) ¢{M070,4H,0
fanzd (Zn) Zn%* Zine sulphate ZnS0,.7H,0

11 5uns 90UYRLRD (2557)

2.6 N3AVANUAZNNTINAIAUTUNTARN (PH)
2.6.1 Mssnwmseatuny pH
= ! [ ! [ A 4 =2
WosndArauidunsassluaisazargaziumnuaninsiviernuaiunse
U0931NNEAASINM59199 Negluarsavarvsnownsialauniudanisinwiaianudy
oA [ D DR | A A
N30A97 5.8-7.0 51zt JUAIMI 019151005 YA 9 aunsaasgUluansavanendiy
ululdlardnnudunsansluasasaiesmemsiividsuuuadldvaisane 1wy n1s
a = - P Y A '

WagukUauiiesann13nsIniegasinemisluaisazaiesineImis uaiiivlanudesy
lelasiau (H+) waglansonles (OH-) A1nTIngdansazatesomsieninlyd pH wWisuudas
U 1w

Usealnihiau wsedweuloaosu (anions) su lutnsn (NO3), dawa (S04),
Woawln (PO4) uaiavdandasslansenlyn (OH-) da1sasaesineInis

Uszqlnfiauan viseuantaoaw (cations) LU wAaey (Cat+), wunfidoy
(Mg++), Wuna@ey (K+), wouluifion (NHA+) uaiasUanddoslalasiau (H+) darsazane
5190115UNGALEIs I MITIuaITagaNgTI eIy dusealuiuinvseunnloaeu
wnnIAreslssgliihaunsesteulossundirmmudunsnsavzanas luvaeiinisgenu
weulesauunniuanlossuaziiuaudunsadly asazaesinermsiivdmsunisin
s wsUsiianiyieenisidlulsinaunn fe s1nlulasiau (Nitrogen, N) @eiinslving 2

suwuu Ae Tugduuuresszaavluansemnsluguvedhunsa (N03-) uazlu JULuUveIUTEq
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vanluansomnslugtvesueuludion (NHAY) u Fosfinnsandssnmaiuvosansilid sy
efidvEnaronsdsuntamasrnudunsasauaznsliusslevivesiivinnsuiuiiie
anude inaaudunsasisiu annoiildlesiiuasasiiluansazanesinermsi
(Jensen, M. H. and P. L. Collins, 1985)

2.6.2 msUsusiteandnnadunsasng Ingnasinaislaansnileielud adluly
a15avangsTs @1M1sNY LU Sulfuric acid (H2504) vi3e Nitric acid (HNO3) %38 Hydrochloric
acid (HCl) ¥i3® Acetic acid

2.63 maviuifiaiiuaanuiunsass Tastu vilpemsifuanslasmilielud
aslUlu a15a88185199191 3\ LU Potassium hydroxide (KOH) #5® Sodium hydroxide
(NaOH) %58 Sodium bicarbonate %38 Bicarbonate of soda (NaHC03)

2.6.4 M3InAfieY (pH) nieAulunsam

manudunsansoansldunstun1sinlunuleiies (pH) Inefir1ain 0 fie 14
alumhefierias iatusemudiduresdlalasaulesoy TnsAnluravasnaiy Tase
pH 7 edndunans uazdn pH dndn 7 deliunse waz pH wnndn 7 fesdusna

f pH funumuaziigatestureavianiounnyin asazarslusnanioaziian
pH Uszan 7.4 uazasdsuwlasimidntoslutaaves 7.3 fe 7.5 dr31enefien pH 1100
wiatioaniifingnadedl Fmsfeznuldldezdemie n1siaan pH sadunumdrdaly
gnamNTINUIENET 91N InTeRNgRa mMNTIILAT Mav Tngndnnshunisia pH wans

PBlunwusznaun 5

Voit
Meter

A mUsznaudl 5 Lansndnnisnleinen pH

VU WNBNIY Izl (2550)
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nannslun1sleinan pH e dendnn1sLusaNsazaIuaoIdIumeIEau1ee 9
3undn wesawn-lusu (porous membrane) lngansaganediunile Wuasazaneiainany
Wuduveslessu diuaisazaredndrmiladuarsavareMsdesnisinAainuidudu e

Audntuvedisazany @esnuliviniy asulisisyudianinseaduluudaziudnsaz du

nafiuszngNfedisazae Meaesvinazasisusuadoulnduinanudisdnnduigy

a = A a X ! v a & [y 1%
dlanlnse LLSQLﬂaE)UIWﬁTVlLﬂ@‘U‘NSSWJ’]Q‘U’J@LﬁﬂIGﬁ@ ﬂ%’mlﬂ@ﬂllﬂllﬂ'ﬁ

E = K-58 (pH) (Hadlaav)

e K iusiasivuesfusinuedlénlngg

Y

E avwusandudaduiu (pH)

a v Y] ] a o & A 19
Amnshiauaulalunisinan pH wilgmuazseazidenlunisinduiseds

'
o

o & 'Y v v A ' = o &
g1nunIell sazlunisinagdesldnszualwilnlvanusadiinmuing vatmsiz Jeymn

WetunIsinanls sl ad nsuyin LN AANA LS IR DA ULTLARDUNARYY ViNTiwsARaUN

Us1ng asmgluvsdu delugunsalildlunisasiatausuadeulih findudseaidu

gunsalifirauiunuunngennduiiey 1y wan MOSFET 3o waondaqyinie

YRR

eavduafgiulyinisindwdnununeinissnategsagulsvun

13 Bleach

12 Soapy water

11 Ammonia solution
10 Milk of magnesia
Baking soda

Sea water

Distilled water

Urine

Black coffee

Tomato juice

Orange juice
Lemon juice

Gastric acid

© = N W & U O N ® ©

AMUsZNBUN 6 LaAINaNn159lEinAT pH

T WNBNIY Izl (2550)
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2.7 M3nduauAINsi Wi (Electrical Conductivity)
desnileiiazarslutihiidwesdoou (ion) fiannsalinszualiiififmiandu
Ta¥i (Mho) usdnaesmsihnszudliinideudastosunn einsimduiisimedu
faaluvi/AsuRiuns (MiliMhos/cm) Satdumidilaainnisianisiinseualniianniuinds
ATnuRLASY9EIT9111s NM5inANsE gy TRsIsIudiser1sanvesnisin lnin

vosansazaesmeIIiY (Re wdulefdusnomsfiviomnludilamsemnsiomn)
Wity ustlinsuasesdndrutessinemslasineimns wilsiogluds Mo aasulmy
naflosniiwilUlivdennasneusiundaninsusummstliinluldszesmiugs
Japsildvuansazansluddniduszor g InsamzUsenaiifionniadeusgrsusemelng
msdaguasavarslmiiduszozy wuyn 3 dUani Sansdguaisazaies oy
wiazadsimnedinsderldseiuiunfudnssnvamnisilnisesasenmssening
2.0-4.0 adlu/wudwns (MilliMhos/cm)

maasuuassmsinlnfivesansazane wiiunfudassnwanisiiliih
BOIANTOINNTTLIIN 2.0-4.0 Hadluvi/iwudums (milliMhos/cn=Mhos/cm) 1 (mMho/cm)
= 1 Millisiernen/cm (mS/cm) 1 Millisiemen/cm (mS/cm) = 650 ppm YBIAIUTNTUYD
a13azany (salt) UnAuainnuiduduyesdnseanisnisegluyie 1,000-1,500 ppm Wil
L39AURRALUANYDINTEUIUNIT AATUTINEIMTYRITINTIYlAazaInAINIsUnlnThasuaneg

AulUPUTLATDINY STazNSRULA WAy ANULUNTDILET (WU LNWAsY, 2534)

2.8 d@nwin il (Conductivity)

anansavenilumsinszudlaih anwilwihdasirsnnuiedesiuegiuiade
§199 anevEn Megaty ArmdiduTienTesasiiiusyaflararwegluth gamgives
YUz InTIain siave s iusrauavauidue sansilu sz qudaz viindsdauannay

\AnanansusenavetiuysduinnItasusenaudunsd uennldnuiulsequesasniiusey

[ = ! o (IR
Nagdinasoruanuasatunsi e siniunie



18

| 1inlsu

o fa ¢ ANUATUNIU
luinsuauiliwes

/uA

Funa

ANUSENDUN 7 hanIManNN1SNInA1ALLN LN

137: WNBNAY Lvilganly (2550)

2.8.1 Anuduiusszminsansnazanelanuanwindrlunsdlvesansazanen

Woaannih Wi aziimnuduiusiuusunave sl s eansnazatstn o lasUseunn fadl

K = TSD/COND %39 TSD = K (COND)

k)

K = A1AN7LEnIANuaunussEning COND wag TDS

COND = an wihbwirdudledululastiuusolvuRiung

TDS = USunuveandanazansualaanua (Total Dissolved Solid) Hwiae
I3 a a [y} 1 a
Wuladnsunadns

Y 1 [y 1y 4 o a < :.Jl a

A19819AMUFNTUSVDIEAINUN LNAWA 2 US WUV DI TINIRUAN A1U15D
azasluinlavesdsazarslnunaeunaa 5o Landlinem1sien 3 29AN1SPIANUAUNUS
591719 TDS way COND laauduiusd1usualsazaigiinanalnwnadeunaslse (A5

AUTIUTUTIBENIN 800 Nadnsumadans) il

COND = (1.894) TSD + 4.477
(r-square = 0.9999)
COND = an il (lulas@wusnouduns)

TDS = USunauwadidsnazarsinlavvun (Hadnsuseans)



A15199 3 wansan i lninvesasazaelnuvaldsunaslsnn 25 ssrwalted 1

ALTLTY USinaseaud el annilnin
(uosiia) (HaanTunang) (lulasTuumeloudiums)

0.0001 7.455 14.94
0.0005 37.28 73.90
0.001 74.55 147.0
0.005 372.8 717.0
0.01 745.5 1,413
0.02 1,491 2,767
0.05 3,728 6,668
0.1 7,455 12,900
0.2 14,910 24,820

0.5 37, 280 58,640

1 74,550 111,900

11 5uns 9OUYLDD (2557)

nTaganazaun1stany lunsdimsmenuduiusinedssana () ssninanin

i (ulasdusowuRiugs) kasuSunuusaudeiazatsuilevianus Gadnsusedng) 1o

1Y

N

De

TSD = K x COND

91 COND = 1.894 TDS
St K ~ 1/1.894
K= '0.53

fognaty Tunsaininanind Wil windu 500 lulasTiuuselgufiuns 1l
wnuAanInin i dadluaun1s COND = (1.894) TDS + 4.477 a¢ls USunaauwdeiiazans

Tavianue Uszunad 262 Taansunadns faaiag19lunnsnean 4
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A15799 4 nansanintnlniivesansazaneieufuUS U UUDILTIILA

anilniln USinasead e
(lulasBuunoirudiuns) (Haaniunoans)
50 24.0
100 50.4
150 76.8
200 103.2
250 129.6
300 156.0
400 208.8
500 261.6
600 314.4
700 367.2
800 420.0
900 472.8
1,000 525.6

n: $¥N5 deUURYLRD (2557)

ag3lsfinn nsinaniminlninazdesdiefiaumngivesaisazarvnie

\eannanimilnihasdenUdsuiiamisoamgil aufuanslun1snedm 5
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a ol

M5 5 wansaniniiliihvesansasanglnuvadeunaslsa 0.01 M Ngaumgineg

Y

goundl an il
CRARGIEER) (WlpsTusoiwufiuns)
21 1305
22 1332
23 1359
24 1386
25 1413
26 1441
27 1468
28 1496

un: S¥ns SeUYRYLRD (2557)

2.9 $UINNYIVD9
2.9.1 yuAsglulseina
a s a Yee i

WVINIA ne8iy(2550) ladnwinmseenwuuszuunldlunisamunuaisasany
1935700 wTkaEN1TUgniiwuuUlelaslulinduagn1391899n199INIUVRITEUY Faseuuil
Usenaumeimsanauiiamasnanililuniseuauuaziuiin ihedunmeinmvaieniie
-'-NI -d' 1 [y v a & [y} a [ dl' [ o‘t:l' Vo
MFoussiukuuliafnsaUiuaAouinoIAIUNINTFIUNTFRAITHUY RS-485 \Huwasildin
AuaudRvatasazatesIne I shagldlefuesinainldauaunisUalnansavaisieg
iU URuaNURYeId1982A18519 91T NFZUIUNITATUANIZSUAUIINLTULSATI9T
SrAUUIHIN ﬂ"]ﬂﬁmj’li‘WﬁﬁLLazﬂl’]ﬂ’mﬁJLﬂUﬂiﬂ“U@ﬂﬁ’liaza’]8619}@’1%75 NN U ey

< & w \ | o | = a = = Vo o aa
PNFugeInInanIzanadludmiiesundeadunnineiudsuvidyn adeuauuuninealy
sUnvutouanulusianeanimual’ dyainteyassgnasludinouiimeinanidvoninas
drSUTTUUAIUANTINNR IneviaeaInEIunsEuIun1sindulavesgernuisive Usuluaey
A01ULINRWNNY TesadyanlgndinduludiissdIneatoinniiietUfs udyy o
a a I3 ~ a I o [~

muANNsUA-UaanieUsunn Aanuilniuasaudunsnvew@nsasalus1ne1nis
lomuiinmue negenivisaivaulaunsatuiinrnuaudisinge vessazatsuazinnes
nshauvesszuuitelglunsAnwikazesnuuuinunssuumuadliinsauiuseuudan

Nuwuulalaslding
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waw 1sgaiiiu (2557) lednundadefimunzaslunsugnitvlelasludndne
sruuiauusuudale Tnsuwdadu 3 druldun n1sfnwinisnszansaamgiives
asavanedillunisugniinlelaslusindlagnamansvedlnaiBeduia nsAnwiauen
¥93519UgnuarIIuILYeITIgaditngnzanlngn1sIRae U Uarn15N1sang AN iives
asazanesInemsivlunisugniivlalasluindmessuuvianudunuudale uaziile
Wisuifisuanudurveansinssuaglildfadessuriaumbunuudnlelaeldinadn

nsuldalun1mnaeuan Han1sAnwInUINTDI1EANNEI NNV UL EINA LR HYDY

=

ansaraeinduiintes AuenvessIlgniiviansaulunisugniiafie 6 wens nanaaey

v
Y o <

msUgniivseszuudalegamgiluduiualsasaiesinermsvedfiziinaiss uuriauiy

wuudalawazldznlulafndeszuuvinanuiunuudnle dounniliade Ao 26.4 way 30.1

9 Y4

'
aa U

DaFLTATYE AINE1AU TuAnA1ei U Ted 1 Aynsaianseau 0.05 TaesyuuinnIy
Buanunsoangungivesansazangldne 3.7 ssrwaded gaumgladeiivisawagyinesy

Ugnuesszutivihanudunasszuunbilivianuduiidnede 27.1 ey 30.1 s waded

P2 '
a o L% =

Fetleluasuwlas WeawSeusuivinnasvesfislalasludndlumiasnivasssuunyii

@ a1 A

audunaglilavinanududen fia 830.00 uaz 647.50 NSURDINUGN WadATILIN9EDA
1 ISP 4 (% aad [ Qv :.JI dy Y1 aa 1

WU IAuaneNiun1eaifinszau 0.05 :nnsITeassllasulain nsangamgiiinadenis

wiAulaasiivlalasluling uwillowSauisuauAuAIMILATEEAEaS Ingiansan

a 3 Y] 1 Vo ! 23 da & o < &
3mewmamwmuﬁwalﬂmamiamu (BCR) Wu I@%UQﬂWWﬂWQi%UUV}’]ﬂ’NQJLUH wazlish

LY = 6V

LileRadaszuuinauLEuilan BCR A 0.16 way 8.31 ANaTsU dallanaisaunad 18

D.

ildRnssssunihmuduiianuduimaassgmanininlfzifniessuurhanubu

oyssawa fasman (2550) liAnwin1soonuuuszuumuauseluli® ielyluns
AuAATAINANI LI WAz A 1A unse-A 9 gevasavarefid ludesfiv 1ilaniuay
anmglvizaunuiifnesns lunisnnasstiisiuwanisasyiulnvesiinnSoudiou
semramslosaglilossuudalud® faun msleszuusnludadiviidnsesagiulad
51m BavluauLssnaLiUTeyanTamY tusilviatesszerhaInsAuLTiduna)
anmey

A aulyeasd (2551) laaumaluladvesyanivaunisugnityly
asazane lelasluind Nannsamuauiedeinasenisiataiulnvesivlivanzay Ae
anusamuaNANUdnturessme v simnzan AuanluduvetgunglinasUsuaves
asaranesIne Islullasign waainnsmuauiadediinadenisiaigiavlnvesity

AINAITUUAINITNAAAINENEINTUNITAIUANAIUTUTUYDITINDIMIT NTATUANDUNYH
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asazanslundasignuaznismuauuiinamsaranelunasgniiieliil vlf3uoendiay
Tngmssiuaansoanntsensvhaunmsdgninlasunannaaiueldidueded

$uns seuymyde (2557) IdvhmsfnuszuumuaumsaraeSeluiRdmiuns
Ugnfieislalnsweiing Inefiwageililunisaaeundsil fio n3ulda (Green oak) $1umu
45 FusiomvnaaUIFUY 1 ASY WistumeuntsdLiuaTy @ da fo 1) M1seenuuuuasugn
v Slalasnednduuu NFT 2) n15in3eda1sasanesso1msig wagaisazasldusuen pH
Tmnzauiuiivafiaty 3) eenuuugamuauasazatesalul® 4) wauaunada-Tnile
asazanensyuy Snluds nan1sAnvmuinsyuvazinaudaludlegdn Lazaiuauea
EC uag pH sumamazmaﬁagﬂmwﬂﬁmmzam fuiiiunasnan Ingvinisnsiaiaa
EC uaz pH defayaludilulasaeulnsaaes leidsuifisufudisiiiimun minariiiale
lilsioglurradirimunlilasaeulnsaiaesazauay mala - Ynndaitetiansazaisfivh
nsUsuAn EC wag pH LﬁﬁfrgjiwumuL'smﬁlﬁﬁ’]mmaéwﬁmiuﬁa

2.9.2 NUIpAneUsEina

Asurnadu (1996) latauenseenwuuLATodd aieAIUANUIIINTUALAIAIIY

'
a

Junsn-ane vesansazaesinemisiussuunsnaniivnlasunsimuau taglddanesiiu
Wi llunuiagmenumngaudmsunisysvitanadeyamelilasnaulnsaiaes
wasulugudayamelusunsy LabVIEW

Yang chenzhong (2004) lautauaunA1uiliazasuiefessuunisAluay
a1501m5vedlalasluinduasias e ntadeniiNan seNUNTEUIUNITAIUANYDY EC Uag PH
& Ay e a v ' a \ o | a a £ oA P Y]
Wunszuiunisnldladadusg1sannuasiidiusindunisningaiginuians deiieuiu
\wATeUeUsEAMTgNLag UL UUAMABNAN L LAglaNIEaE 19893888 U aIsNSAIUANTIA
4:1' g.; = £ d‘ v d' U & 1 aa dy o @
anntudsldsunuuntesnaanuin3auig. BP Usvain 1on1siiusvauaiiudnsalunis
whdaymasatn luns7eINYessEuUAIUAN UnARNaTetoflazLugnNSlEIEaN13

= '3 Y & I ad r-:’ljd o

N13NAFRUNIIAIVANKUUEEa kAR sliiudnAgn stiauansalunisvinaukuule
W iinuazliuseanSaInanIIN1IAILAL PID

Saaid (2015) lafnwszdu pH luasazanelaeaiunulaglulasaoulnsaiass

[ wa v Y 3 6 d' [ 1 A' d' )
wuusnlutiRuay Inmelduses einAives pH Suasulduayimuanavesaisazaty pH
’6’ = el' [ | [ 1 Z’

adluansazaei was@nwluNaruaIunsavessyuulunisusuaaudunse - asluii
dwsu DWC I suidaymitiannaivue DWC aggnangleuludsimaniveinsedu pH e
Wuweiuazinisuiudsundluwasaniuienduludidunuindnieugniivsely

TYLRUAYBINTANYINTILUBNTALITNTIRYRONALITNSWBNsDaSALITLAZ IO N LS
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s Teikazmswiledymnissiuniudeyatas Uaga INNANTNARBINUTITEUY
annsaandn pH I 0.58 pH uazidia pH 18n 1.15 pH

Kaewwiset (2017) msfnwiiifaguszasiifiofnuanuduiusseainsdnis
inlndiuAY pH Y8958UUNNTHENEIT9191S hydroponic kaziaunis EC wag pH lagly
mlszianoseiduduifioairsaunamendamans luniaaedlddeyaldndioaile
frvumiinungues EC waz pH luaunisiiiausuan andnddenuiinsalundniildly
N52UUNTUSU pH Tnadenisiiind uaual EC Mninideilaveanuuuliuiuen EC Aoudl
wUSU pH Wiy EC Wdusisdvssansamnsitiiedioants ludswand$uansararssigems
TAgNsAIUIMAN EC uagaun1susual pH uazidunionuesluliadansnuig nanisinw
WU EC waraunisusue pH aunsaussanausunmasarats A way B ludumounis
USus EC wagUnnaunsaluninlunsgsuiunmsusu pH Tusnsanunesnsvesduldnidien

Nishimura (2016) lﬁﬂlﬁuuﬂmaﬁmm%a%ﬂ’mmLLiJuETWQ\Tﬁ’lﬁ%JU’§8UUﬂ’13L§EJQLL‘U‘U

1%
o

hydroponic culture lugainseiuingaumaiinazarnnududuvesansenmsingldgunsalauy

9 Y

'
[

Weandareiuduuaz il ndduyuai Wugailaes oscillators kagseAUUILAZAIAIY
duduazgnudaatiuanuiivesdygyia oscllator ndnesuieiianalnnisulatiarsunuy

msufuAudnzuansliiuisrnusiugigmedugaiuees
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ATANTUNISIVY

[
v [y

lunsidensell fideldutstumeunayBmsduneide sondulsnsuasady
funeu Usgneuse niseenuuusTUUAIUANATIEANAYALAYATOT N13DBNUUY
TUSUNTUNTTNNUYBITLUUAIUAN NITNAABUNITYINY
3.1 N9ONLUUAIUUIYRTUAIAINEALANYTILALATTILEY
3.2 M399NLUUTFUUMIUANAIINANANYTIUAZATILDY
3.3 M30NUWUULUILNTUNTYINNUVRITTUUAIUAL

3.4 MINAFDUNITNINUY

3.1 N15NUUUAIUIULLITTUAIANANEANYTAILALATNLD Y

v
v A

MIvBARULdEUYRTUAIANEANaNYSaluazA et Ul 2 du Aadl

1

3.1.1 ludiwveinisiumarugauauysaluasaiiiavlaldiatesindeouay

]

Megludu uvianisuszandldnulagldvuasglivuiiaunlunisnsaunsaldadedive

Lo

o

gunsalfiifieagyhaulilaglidesdglniliiududumes dnmusznoud 8

AMUTENOUN 8 LYUIYRTAIAINNRANANY LA ALY
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3.1.2 NMsAndugesInAIAINgaLaLYTaIkaZ ALY
msAnduresinAirnugauanysaluazAfovauanuszneui 9 lag
ponuuunsnaaeuiuletilelasiuiind ABdutenivden dwsy lalasluiing Ay
Wty 1:200 anuusus EasyPlants dnsvneeuluiiasane 1 ans waude A wazle
B asluluthaudndauiidinunudivinnisindn s1uau 5 asudatanmeaneasinedadils
MneureifiazdeanilusUveussiuliiih sniuiahuiendsuiueiesietn lned
FuneUNIAABY §9i
nsvnaesrsedt 1 SaAusesuluansavans AB Insnavansazaneludnaiy
fiansazany A adfin 1 cc wasiinansavate B iindudeus 1 cc lauds 10 cc Tuduan
YUl 1 803
mMnpasindadt 2 Sarusssuluansazane AB Tnenauansazansludndu
fiansazany B asiii 1 cc uaziinansavany A wfindudeus 1 cc luauds 10 cc Tudiuan

U3uad 1 80

AUIENEUN 9 LWULYaTANANEANANYTHLAZATLEY
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3.2 N1599NWUUTEUUAUANANNANENY SRILAZ ALY

Tunsugniiedslelnsluindfumsugniieluarsaraefldiinsmuiouihands
finansazaneudalituihgmemindulumudsuuunagn wasudeslminlanduinandsds
finarsazansiiiefunsdteendauliiuiludiindas Tnsnsesniuuszuumunuay
aamauysaiuazAfitoruat 2 dau feil

3.2.1 AT9ANHUUTFUUAIUANAMIEANENYTlLagA ey Usenaume 3 diu

1) dunn Iduges 2 /1 Ae lwuwesinen Fertilizer kay wwulgosinen pH

2) msUszinana (lulaspeulnsawes) 19 Arduino MEGA 2560

3) wvine Tleduee1183.3 6

N1998NLUUNITHINTUVBITEUUATUANAIINEANANYTIIETUAIRIN

wuwesinanugeuanysaluaziiiovisuiees lnoideuseiuszuumugunsUszaanase
lalasroulnsaiaes vnoumudoulafildfernenly wiluddieduosndluutesdoha
Tasusnifumsauauaueavanysal $1udu 1 & wazdnassdslilfiflonuauaaninves
feylua1sazany AILaniInITeRNLUUIEUUAIUANAINNDANANY TalkaATNLoY Y

AnUsENauN 10

AIAIUAN

dA1sagany

h
#

t

ﬁﬂU‘i‘i'ﬁ!ﬁ'l‘ia%a’lEJﬁWlE]’m’]‘i

AMUTENOUN 10 NTRBNKUUTTUUAIUANAINGANANYSAlLALATLEY
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3.2.2 M390NKUULATIAT1NY0ITEUUAIUANANANANY TAILAEANLDY

A1599NkUUIASIAS 1995z ULUSENBU I UAR8FIUIRId 1T UIIFdIUdaeY

A136199 LLasl"iaﬂﬁﬂﬁmmuw%'umuﬁ lngdalaTsaziivungeani 100
WURLLAT N319 120 wufiuns duittarlidmsuinededanugeanniiu 70 Lwudiuns

AINNUSTNOUN

<
I5zUUNELAnIlY

ANUsENBUN 12 N1590NIUUNITININVBITIUTIYANTHNE wasdaildnam
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= o o
F¥NOUN 13 11999 39 9IATINNSTE

|

3.3 N1599N $TN91UVDSLUTUNSS

waLYelUskNSUiRlgluN1EBALUUS LU

3.3 DDALUUNITNINU

ATUANAINBAENY T

FuAnauaes

WEARING

\)
#EJ

Wises 2

&2
FNAT

MNSNUa-Un

UAIAEU

AMUTENBUT 14 WNURINITVINUTBITEUUAIUANAIILEANANY D]
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3.3.2 msoonuuumehauludiuestusunsuitelflunmseonuuuszuuaiugy
ATAIALANYIAMEUNTINIUTRsIEUUAKELINMT U TN UL T TRAIA g AvaLy 30l
wdthendldundumaieuieutuiiidaael’ deldnadnsudTedanuludgunsaii
¥Rndslhiileusuraugauanysafludeinansazats Tussuuiiasiiafildundudives
swpsdeiaedetn AB Aldntealfluds inmafuadlulufainansaraieiiieusunmam
ANLgANANYAII5198 1T BlFLANINLTINNTYINUYDITEUUAIUANAI L g ANANY T2
Tunmszneud 14

3.3.3 msoonuuumehauludiuestusunsudtelflumseonuuuszuuaiugy
AflerEunmasuAneuges udahmildnfmanuiieisuisusuaiicoly deld
wadnsuddednuludigunsalifievinisuiuafedluamsaraeudanduluizayihalng
1AgITUUNITAIVANAINLEYILUTENDUMERIUTIINTA HNO; LLazzﬁ’Wﬁf\;ﬂfwﬁﬁmﬁLa%gJﬁ
sedfu 7 ssuvavthaulasdnihiidmmadunsadesnhiidaliiudesfaussansn HNO; usidh

a &, I3 ° a 3 i A i A dvy v o "
llﬂ’ﬂllL‘UUﬂiﬂll']ﬂvLUﬂ"\]%Vl’]ﬂqiL@lluqLana\‘iﬂJqLLV}u LLagLﬂJ@ﬂ’]E]gLUGU’NV]@QVL?LLafJﬂf\]glﬁJUa@'ﬂ

Ny
LR

JuAnued

ANSNIADINIANNT WARNIPININUTENBUN 15

Y v
n3A z 1
FaA7
¥ v
14571 1 Wa-Ua 1% 2 @We-da
A 4 v
i LARIKE i LARIKA
o 1
N

h 4

UL

AMwdsEnaun 15 nsvinuvedlusinsuaivussuuAieylussuy
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3.4 ANSNAFBUNITNNIIUVDITEUY
NNINAFDUNTYINIUYBITEUUAIUANANNANANY S ATILEY YNN15VAdeU
N159119UVR9sEUUle MUARaU U UNITEI9IUR 1915197 6 LINENAABUNITYINIUINTEUY

anunsavinnulamusulenlanuualivse b

15991 6 MIIRULYAMUALIYAAIUANYDITEUUAIUANAILEANANYTHILALATLEY

¢
UNTUNAIUAY

d‘ o
Seulvlunisyinau

l9Auaefi133 SV1 f1ussy

Uo AB Wt 5%

WA : AB TANMNNIT LABSINIAAUR

Ua : TAUINNIUITDINULNUAN N TAUA

l9duasnI157 SV2

faussynInbumin 5%

a = '

\Un : pH dAuNnnINuIeLiify 6.5

a0 v

UA : pH dAA1U

]

28NINIBLYINAU 5.5

l9Ausef1353 SV5 faussquusslmse

WUUaniian pH Useana 7

a a1 Y

W : pH fiAteenan 5.0

Un : pH AN 6.0
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N13919U9B8ITTUUAIUANAIANLANANYSILAZ ALY du1Taadulelu

wann13vie fle azdesdigUnsalnsvdeuinedyaalneuaniandudgyaramlning

9
¥

PONLUULAZYININ1SNAaadlnswUnoandu 2 drusedu Usenauluae

= < [ 5 1 6 1A
4.1 NaN1TANTEN LszjuLszjﬁmmmmmqmmaugimuazmwLasu

nszuIUNIsUsERIaNaLaEn1TAtUANlAEaUnTal Arduino Mega 2560 YninNISuAD

a1l UssaianatazuanIdAIn Ui ininean1s BITelakUITunouNIs

4.2 NAIASIZHNITNAFDUMUTLANSAINNNTVINUVDIsZUUN A aS19TU

4.3 NanN1SNAday

4.1 HAN1IANWUYRSInAIANRANENYSRlkAzANLY

lumsAnwisureiinaAniuaauauysallazmfiorinszuIunstunsdnyidall

[

1) Mswssnalsagany AB AUl Tudadauniee) Tuii 1,000 cc (1 8n3)

2) WELaETaray AB MmUFRAIUNA1UA

o <

3) U TIAASIAUNLATIUIL 5 AT ADNISHHNETS

a4) ANAIAULTUTUVDIENTaZAUMELATDILD IR

5) Yuiinwaazyinnsuseuisunante

AN597 7 ALSINURABANNNITNNARNT 1 dRdiuanTazas A AN walRy B

dngu AVERRAGE AVERRAGE AVERRAGE AVERRAGE
sty A: B Fertilizer (mV) EC (us/em) pH (mV) pH
1:1 120 56 44 7.21
1:2 118 67 45 6.95
1:3 115 78 47 6.84
1:4 110 88 49 6.77
1:5 108 95 50 6.74
1:6 102 106 52 6.66




ANS199 8 ANLSIRULRALANNNITNARDN 1 dRdIUaITAza1Y A AT LaAY B (70)
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dnau AVERRAGE AVERRAGE AVERRAGE AVERRAGE
ey A: B Fertilizer (mV) EC (us/cm) pH (MV) pH
1:7 100 113 54 6.62
1:8 98 122 55 6.58
1:9 95 130 57 6.61
1:10 90 135 58 6.52

a I Y PN d‘ L% ! Ql' v a
13199 9 ATLLIIAULRFYINNNITNAGDIN 2 AAFIUFAITALANY B AN LLA3LAN A

dneu AVERRAGE AVERRAGE AVERRAGE AVERRAGE
voslg A:B | Fertilizer (mV) EC (us/cm) pH (MV) pH
1:1 131 41 43 1.22
2:1 125 53 45 7.03
3:1 120 64 48 6.95
4.1 116 78 49 6.98
5:1 113 87 51 6.98
6:1 106 99 53 6.97
7:1 102 111 55 7.03
8:1 100 118 57 7.03
9:1 98 133 58 7.05
10:1 96 138 60 7.03

4.1.1 man1sAnwduigesinAnauentanysallazai ey Tnan1svnaesin

TEAURTIRUYDIAIAINNEANAN YT UAITATAE AB ANEREIU d@715a2018 A AT LAY

A1582a78 B AANTUAUNAMUA LONANISNAADYT 9T

1) 1NNTNARBIATIN 1 AUTIAUVDIAIUGANANY

s

tUNIN

(%

1D

<

JuUALLSInNU
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