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Abstract

Climate change affect agricultural production. The growing crop under protected
cultivation is to protect them from adverse environmental conditions. It offers several
advantages. At present, the technology of plant production under greenhouse conditions has

been widely used in Thailand. Nowadays, the cultivation of plants under controlled
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environments is present in many countries. The objectives were study on vegetables production
grown indoor vertical farming which was not controlled environment conditions in order to
increase the yield and reduce the production costs. And to develop a solution concentration
control system with automatic control equipment. The concentration is controlled and the ratio
of the solution is adjusted appropriately to decrease nitrate residues on vegetable produce and
study on an optical tube suitable to bringing natural light into the building for decreasing the
use of artificial light. The results from the research and development technology of vegetables
production under controlled environment project. We conclude that both nutrient solutions
derived from aqueous extraction of chicken manure compost mixing with Photosynthetic
bacteria solution and all nutrient solution formulas can use for Pennywort (Centella asiatica
Linn. Urban) production. Wanshi nutrient solution could be recommended for growing as a leafy
vegetable. Enshi nutrient solution and Sum vegetables nutrient solution might be suggested for
growing Pennywort as a medicinal herb. There are 2 varieties of Pennywort that suitable for
grown indoor vertical cultivation which were not controlled temperature and humidity. They
have a long petiole, large leaf, tender vine and leaves, have good taste, have no bitter taste
that recommended for a leafy vegetable production. Chumphon variety is recommended plants
for medicinal purposes. The research and development of automatic fertilizer control
equipment and solar tube system for indoor plant production. We were designed and build a
device for an automated solution concentration control system by developing a program and a
solution concentration control and designed a natural light duct system into the building by
designing, constructing, and. installing a solar tube from the outside of the building to illuminate
the plant growing in the building compared to using the natural light outside the building. The
results showed that an‘automated solution concentration control system can replace the self-
mixing solution. The canopy width of 2 salad varieties were quite similar. We were found that
the using of natural solar tube is beneficial for indoor illumination, helps reduce the cost of
using electricity and it can be applied to the solar tube system together with the use of artificial

lishting for growing plants in EVAP greenhouses or in the building.
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Abstracts

Climate change affect agricultural production. The growing crop under protected
cultivation is to protect them from adverse environmental conditions. It offers several
advantages. At present, the technology of plant production under greenhouse conditions has
been widely used in Thailand. Nowadays, the cultivation of plants under controlled
environments is present in many countries. The objectives were study on vegetables production
grown indoor vertical farming which was not controlled environment conditions in order to
increase the yield and reduce the production costs. The experiments were conducted at Phang
Nga Agricultural Research and Development Center and Phuket Agricultural Research and
Development Center during October, 2019-September, 2021 for two-year duration. The study of
organic nutrient solution on growth and yield of Pennywort (Centella asiatica Linn. Urban) in
substrate grown indoor vertical farming was concluded that, both nutrient solutions derived
from aqueous extraction of chicken manure compost mixing with Photosynthetic bacteria
solution were suitable for Pennywort.. The study on the optimum nutrient solution for
Pennywort production grown in substrate to increase productivity. According to the results, all
nutrient solution formulas can use for growing Pennywort. Wanshi nutrient solution could be
recommended for growing as a leafy vegetable. Enshi nutrient solution and Sum vegetables
nutrient solution might'be suggested for growing Pennywort as a medicinal herb. The study on
the optimum variety. of Pennywort. Based on the results, Nakhon Si Thammarat (Suprap) and
Nakhon Si Thammarat (Porn) varieties are suitable for growing Pennywort. They have a long
petiole, large leaf, tender vine and leaves, have good taste, have no bitter taste that
recommended for a leafy vegetable production. Chumphon variety is recommended plants for
medicinal purposes. Because of their higher content of phenolic compounds and the
antioxidant activity. But the studies on the new technologies of Ice plant (Mesembryanthemum
crystallinum) production which is the new plant with high value and have a potential for indoor

vertical farming were not successful. Due to its seeds were imported from China. So that, the
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plant is unable adapted to the environment conditions in growing room where without

controlled temperature and humidity.

N1 (Introduction)
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913uuy NFT waglinyuidsusinemisluianuan Tagldainumuintudu wazan EC Mmanzay
iielinanouunugsgn Amdoniustiunfiminzandmivlgnlueimisiiionisuilae uieiie
gramnITudu AnwiiSmsndndniugled uwauvi luerans Weannsunitiudeus wagiiusold
witnwasnstulenasely Anwinisldaunsalnivauanunduvesasasaewuusnlud uasfinwinig
THuassssumannviethuamldlueasgnitvilifinisaiuaugaumgll Insaanisldiniesiveinia

LALAANIS LY LAY

52108U5N159398  (Research Methodology)
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Tumpumsiniiuey

LAnwmsldansavaesiomsity wagansaranesemsaunsd dmsumsvanted wwaun
(lce plant) uazthunuuiagugnlueasiilsifinsmusugamai  Teensldasazarssinoimsiivd
wissnandeiadianseaneg lowA a15aganes519eImMns Wanshi Sum vegetables wag Enshi wagnsled
MsaranesIeMIwEe MnTesanyaliviin 2 gns SwfulueiiFedunsziiuas Ugnaunssais
Juiindeyanisiasaiuln wandn Insenusinalunsmlunandn USunaene1msig waen1svageu
audinisiueyyadassluthun TnsmsmuSunuansussnaufiuedniisnua (total phenolic content)
WazAIRANITUNSANUOYLadaTEA835 DPPH (DPPH radical scavenging assay)

2.MsfAnLdenugIun Imaiwsfmﬁuﬁ:ﬁ’wﬂmﬂﬁuﬁLLanLﬂ‘tﬂmmmmmdwqﬂma6’] Wluuan
TussuuuuianUgnuuuinidueimsugnity Tunaviunauyeuznin sasdw 1:1 dw Wuianugn
Tngnislduaaiion Ugnaunssids duiindeyanisiasaiule wandn Jasierivsuanlumvlunanin
USunausemnsiiy  aumidawuinis  uasnisvedevandinisiuenyadastlutaun  Tagnism
Uinaansusgneufiuedniiaan (total phenolic content) WaZA AN TUN S URLLABATEMETD
DPPH (DPPH radical scavenging assay)

3. WusEUUAIUANANNITUYRIENTara1enTaNgUN salnuANLUUEAlutR Tnun1seanuy
wazaigunsaldmiussuumIvALAMITNTURtE sasaneuUsnlula  Tensiaunlusunsulay
gankuugUnIalnIuANANNTNTuYIaTarang. AL lum ade Ul AN meUnSalAuANA NN Y
YosasaraeuaznIsTeasarateuuudnlul® TunsugniilulsaSeulalasiuing  Juiindeyanis
uvesgunsaimuny Juiindeyanisiasaiulauaznanan

4. MIvanuuy adegunsal lasAndaethuasenfindannisuoneinns Tuiudifimvunviely
Fowaniiisvualidmsunsmadeutanfivuuasicluennis Juiindeyansiasqiulavesiiy  uaz

Y Y

Uoyavednasinlian

HAYBIENTAZANBEINEIMN SR U ERan1swIAuTauazHanEntunuuTanUgnuuUULLAsTy
21A13

TRUHUNMINAREILUY RCB 4 1 Usznaudie 5 naswis dail

3BT 1 ansazanesmensInyalanin gns 1

NIIAET 2 ansazanesmeIInyaliviin gas 2

n3AET 3 ansazanesmeIsInyalanin gns 1 SauAuuuaisduaniuas

N3 4 ansazanesmeIsInyalann ges 2 mfuwuafiedansziuag

NITAET 5 ansazanusmens Enshi lunsndfidTouldioy
FWFTRnmeaes immaaedlueians @ansldiedesusueinia (faudasan Choi et al., (2001)

[

wagliinauielionnavyuisunieluies) Naudidouasinuinisinuasguin lneujuRned
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- NSWERENEANTAraNEsIMeIIAINYA LAV

1. Mawissuyalivdngss 1 yalaly 80 Alansu wauiusitnd 20 Alansu yalindnans 2 yalnla

[e]

80 Alansu waufuiim 10 Alandy waswnuuassis 10 Alandy weslidntu 19Widogdunidee
AaneTanBuv3s 150-200 ndu wauth 20 Ans (nsudwnisiaung, 2548) TIauunasian AgnAdTlen
ffu 79l 10-15 Su lSnnduyaliviin gas 1 ¢ 11 vy 155 dw saundndunan 14 Yu Tneey
dhunanluudl 7 wey 14 vdsandu Wlilnnaznou wildihillduldlumsdgnlussuu [auvasn
Koné et al., (2010)]

2. MINILUATALANETINEIMNTIINYalAvn ges 1 wae gus 2 safunuafiseduasieviuas 19
Snsndu yaldudna wihdy 15 dou lduuafiBeduasgiuas Sns1 100 Seadmseeih 200 Ans He
e 14 Su audrunanlutuil 7 uay 14 vidndu Aelfldmnazneu wdaldhitldunldlunns
Ugnluszuy

Ugnlagldfuiusthuniivgniumsdiluiiuiinield  shludgalussuuuutanugnuuuuunily
a1msUanity Tdunaufunauyeuzni1n dnsid 1:1 dw Judanuan Wnenislduasien szauay
Wuas 150 umolm?s™ szeganliiuas 12 Halus Taglsifinsmuauaamgdl Mansavanesimemsity
Bunsdnunssnds wagldansavaresine s Enshi WWudiuSeuiieu Wik EC 2.0 dSm™ 1 pH ot
581119 6.0-6.5 1agld potassium hydroxide (KOH) %8 phosphoric acid (HsPO,) Tun1susua pH
lodesns \uiieinandn Weeny 3 ey ndwgn

a o o/

NAYRIENTaTANEsINaMNTHYsaNTsRSRUlaLasNanEnTunUNdanUgnuLUULUIAdluaIATS
TNUNUNITNARBILUY RCB 8 41 Usenauade 3,n35u35 Al
N35335% 1 a1sazanes19e1v1s Wanshi
aaa
NITUITN 2 F199LAUFIRBINNT Sum vegetables
adal . & aa A a
N351357 3 a13azae5MaMNST Enshi Wunssuisiueuliiey
WUUFnInaaes Mnsneaedlue1ns (@aanisldiasesusueina (AauUasan Choi et al, (2001)
Py - % = B =i fa o o =3 ava v &
warliinauiielvionmenyuilsunigluries) NAudidouasinuinisinunsgiin lagujoRaal
Ugniegldauiugtiaunivgnilumsduiiunaield  dhludgnluszsuuuuianuanuuuiunasly
asugniiy TdunavAunaugeuznd1y dnsdiu 1:1 dw Julagugn Teemslduaaiien seduaiy
ke 150 pmol.m2.s™ ssezialvikas 12 Filus laglaiinsamuaueamall Tdansazanesinemsity
U3 unssnds wagldansazanesine1nns Enshi WuduSeuiieu e EC 2.0 dS.m™ @1 pH og
38194 6.0-6.5 Tagle potassium hydroxide (KOH) 58 phosphoric acid (HsPO,) Tun1sususn pH
A v ] a a d' A [ o o
WIafeIN1T NUNENaNEn LHoeny 3 Wou naelgninmeaes 2 A
nsAREanwuSUIUNTmNzaudmTuUanTuaiais

[

IMIBHUNITNARDILUU RCB 5 91 Usenaunie 4 nsuis fAal

L% 3

N35U359 1 Wugtaun a1nguns

]
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d s ]
AIIUIB 2 U§ JAUN INUATAITITUINY (WT)

[y

ﬂi'ﬁlﬁd 3 WUTUIUN INUATASEITUITY (ﬁﬂ’]‘W)

]

adal

NFIUWN 4 W‘L!ﬁ‘U’J‘Uﬂ PNUATAITIIUITY (3)

‘i’%ﬂﬁﬂ’amiwmaaﬂ YMNNSNAABILUDIANS (ammﬂmﬂiaw%’ummﬂ (fawdasain Choi et al,, (2001)

[
Qud

wazldinauiteionnevauisumeluries) fgudidauasiamunnisinunsgin lasy fUcd
samwwuqmmmawuwLLUaaLﬂwmmmmmawqﬂmq6] ulldgnlussuvuuianugnuuy

[y

wndsluenesUgnity THunaudunangensnin sasidw 11 dw Wulanugn Teemslduaaien
syiuAMudLas 150 umolm2s™ szznanlyiuas 12 $lus Inglsifinsmuugamnd 1dansazany
513 Enshi Tumavnassadsdl 19 2563 uarl 2564 THansavatusigerms Wanshi lunisvaas
afait 2 U 2564 Toen EC 2.0 dS.m™ é pH 9g581I19 6.0-6.5 Ineld potassium hydroxide (KOH) %38

phosphoric acid (HsPO,) lunisuiuen pH Wadesnts uieimandn Weele 3 heu

a < [ 1 ¢
nsuanuaanugled uwwaun Tuanans
THUHUNITNARBHUY RCB 4 1 Usenausie 4 n33uis fall
N3UB1 1 Aa139EA19519RIMNT INNANTTUT 1.1.31ANTNARBIN 3 + NaCl 500 mM iy
5 fUainasnizna+ NaCl 400 mM ndsaanaan
N35UTB9 2 A15AEA1Y519RIMNT NNANTIUT 1.1 IINNTNARBIN 4 + NaCl 500 mM il
5 dUaninaswiznan+ NaCl 400 mM ndieenaen
N35U359 3 A13aAN85I9IMNT AINNINTINN 1.1 1INNMTNARBW 3
aaal a ‘:{I a
331359 4 a3aLanesINEINIG 3INAANTINN 1.1 3NNSVAGIN 4
WUHTANIMeaes vinsmeaesluainis (aansldiaTesiuernia (Fautasain Choi et al. , 2001)
SeeuAUdILES 120-200- umol.m s Tiuas 12 4alus (Cha et al, 2014) wazldwaauiiolionna
= b A ca o o =3 ava o &
nyudsuneluvion) Ngudideiazinuinisinuasnie IngujuRnad
Y a ¢ s A 2 % o v %
wnenaWanted wiaun Weeny 1 Weundwsen wiludanlussuy Ingldyeueninamauniy
Ugn3NFU (MIeonaldunaui) dnsdiu 2:1 seezan 15x15 9y, Tda1saganesnemsiemunssuds
WA EC 0.5 dS.m™ f1 pH og5enine 6.0-6.5 lagld potassium hydroxide (KOH) %38 phosphoric
acid (H5PO,) Tun1susue pH edesnis

[

nsuanlad uwawiseasazaresnamnTeBuvsduLiagUanuuuwuaneduainis

9 U
v

IIBHUNITNAADILUU RCB 4 91 Usenaunie 5 nssuis nail
N35UT8N 1 asasanesmemMnsIINyalividn gns 1
33081 2 asazanes e mnIIINYalandn gns 2

351381 3 asazanes e MNTIINYalandn gns 1 Samdunuafisedunseikes

351381 4 asazanesmeMNTIINYalavdn gns 2 Sadunuafisedunseines
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331387 5 a1sazanesIneImns Enshi unssudsiueuiiiay
WURURNMmMAae vin1sneaedueins (aanisldnIasuiueinia (Fawdasan Choi et al., 2001)

JEAUANUDLILAY 120-200 pmolm?s™ Tilas 12 Falus (Cha et al, 2014) NAugITouazimmunis

¥
va v a

nunsnuie InguuRceil

wnzndled wwawi Weeny 1 Weundaen wluugnluszuy Tngliyeugnionauniuuzndn
du (v3eoaldunaudiv) dnsdiu 2:1 seasdan 15x15 wuRwes. ldasazanesinenmsivenunssuis
Iifn EC 0.5 dS.m™ # pH og5enine 6.0-6.5 1aeld potassium hydroxide (KOH) %38 phosphoric
acid (H,PO,) lun1suduen pH iedesnis
- MIAIENATALANETIRNDIMNTIINYA AN

1. mMswseuyalnudnans 1 wazans 2 (Gawlatannnisuanladunsdnaininas ansnsunaiun
Y Y Y 9 9 U Y

(%
a a

70u) waulidniy Tdiweqduniddesaneiandunsd 150-200 N3 Wali 200893 (NSW3¥INT3
\nNEAS, 2548) SIAUUNaLIan Aanaatliidniu eld 10-15 Ju 19dnsdn yalavidn:d windu 1:5 du
wenviinidunan 14 T lneaudiunanluiuil 7 waz 14 wasanuu islilimnazneu udildhaldunld
Tunisugnlussuu [Fnuuasain Kone et al., (2010)]

2. Mawseuasazates e wnsNyalavdn ans.1 uaz @ns 2 TiuduiuaiiSeduaszviuas 14
gn1din yalandna whiu 15 dw TduuafiSedunsieuas (Rhodopseudomonas capsulate)
931 100 fadanssioun 200 dns nawndniduan 14 T eudrunauluiun 7 uaz 14 wdanuu fialy
Winnaznew uwildtihnlauldlunisugnlussuy
nsuanlad uwawi Adgansazalesinevinsiisuuiaguanuuunuifsluaiais
NARDI INUHUNITNAGBMUY RCB 4 1 Usenausie 4 n3suds fell

aaa .
N353357 1 @159¥a18579919113 Enshi
N33U359 2 ansavays1neImns Wanshi
aaa
NITUITN 3 F1IREANYTIRBINNT Sum vegetables
axal [ ad | =

N333357 @ gsazanesInems Ice plant Lunssudsiuseuidiey
WUHTANIMRaeY viin1sveaedluenas (annisldeiesusuenie (Aaklasain Choi et al, 2001)
JEAUANUDLLAY 120-200 pmolm?s™ Tiuas 12 Falus (Cha et al, 2014) NAugidouazimunnis

< ava v &
nunsNn Ingufunsail

wnznaedalod wwawy Weey 1 Weuwawen dilddgnluszuu legldyeusniinauniy
Ugn3NEU (MIeenaldunauiu) dnsdiu 2:1 seezUan 15x15 wu. [a15aza1es1neImTienIunTsuds
Iifn EC 0.5 dS.m™ f1 pH og5enine 6.0-6.5 1agld potassium hydroxide (KOH) %38 phosphoric
acid (HsPO,) Tun1sUsuA pH 1Wadesns

nstuiindaya
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1 tufindoyamasiyiln T dondnan dwdnuis arugediu enuntielu dwensuus
unilu uagduulva

2.mynneidsinaluesnlunandn YSunusinewnsity Auamelasunig uagn1svngey
audAnisiueyyadassluthun lnsnsmuTinamsUssneufiuedniimun (total phenolic content)
wazAIRANITUNSANUOULadaTEA835 DPPH (DPPH radical scavenging assay)
sTEzIAuaTanuiving ity
Budu nanay 2563 - fugiou 2564 sudiunsmaassiquéitouasimunanunsien uazaudide

LaTHRWINITNYATLAR

WNan15738 (Results)

n13UanTiunmeansaga1es1ne1msiedunsgd wudl n1sUgnUIuNmIga15aaI851701913

= I

Enshi da9uisisuiiiou insadgiviauazlinanantiungeiidn uazuinniinisugnlagle
aN5aEANETINMTBIUNEEN 4 g3 uasmIUgniIuNdeaTazaNEs RS Enshi insta3giule
wazlinananthuninniign msgniundeasazaissieavisdurdoins 4 sia fmassydulauae
Tinandntaun luuansneiu usdazdiuladn nsugningansaatesinemsainyalivin gas 1 1dyala
14 80 Alan3u waudusndng 20 Alanfu SufuuueiBedianesiuas Wihmdnansdesiu dninufde
funazduaulnainnninmsugnieasaraneduniduindu nanantiuniiugneeansazanesinems
Enshi fiUSunasluimsnannitgn waznislgnsapansazanesinemnsannyaliviin gns 2 1yaldls 80
Alansu wauius1tnd 10 Alandu waskrulaunis 10 Alandu Sudunuaiitedunsgiuas U3l
wsnifosiian urnadnseainguiuinisivinisinuasuazomssuniiu auzinaluladnisinuns
uninendesvAgQindagiBifondu wuin Ysualunsmvesnandatiuniiugnaiienisugneie
asazanesIgesNgaliven gas 1 Jumalunsmunniige uavansazatesnemsainyala
ans 1 SwdvuupfiBedansizinas TUsinalumsvdesiian nsugnthunfesaisazaissinems
Enshi #Usunaansysenauiluednuin wagnisuaniiundigansazaigsine1msanyalivdn ans 2
quadueyyadasyasan wazmsUgnihundeansazatesinemsdunisie 4 oda fudmalulesiau
WoavleFa Inuvaidey uaaidey wazuunid@euInnIINIsUgnAEaIsaraesIfe1ms Enshi Haa1nnIs
yaaosnssil Ingfiansanainesdussnaunanansiieg wuih nsugniundsansaraissinevsainga
lrinsingts 2 an3 Swfuuuafifedanszsiuas aunsaliugnirunuuiasugniuuinidusimsignity
Tnglsifinsmuaugungiivazaudu msdinafuasiilisnomnsueaifon wasuuniiden anundsdi
Julanduvsdluansazanesners wiielunsindeyalnndn Tunsdasdgniaunlussuudunid
nsUgnidunelgansara1es1nemMIsiiy nul1 n1sUgniaundieansazalesIneIms Wanshi

(% (%
(% [ Y

4 2 A%e Truniinsasaule walinandnuin sesasn Ae n1sUgniiunmeansazalesIneIns
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Sum vegetables M3AATEMUSIalunsnlunandnan 2 aouil kagenndesiu lnedauniian
AILE15aA185991915 Enshi TUSunalumsmunniiagn wazansazaiesine1ms Wanshi dusunaluwm
Y A 1y % . A A = a Y
INUBENEA N1TUGNUIVNAILATTAZANYTINDINT Enshi NUTIUaTUIZNRUNUDANEIERA N15UgNUILN
MEA1TALAEEINBIMNT Sum vegetables fgnSiueyyadasgean dusualulasiau Weanesa uay
Inuwnaeuanniign waluSinuuaa@ey wazwini@eudosfian n1sUgnamigansazalesgems Enshi

A a = A 1% . A A o Ql'
fUSnauAalfeuuInfign warn15UgndieansazalusIneIm1s Wanshi IUsuuuunii@euuinian
asazatesmemnsientdlunisveasams 3 wile anansaldgniunlussuulalasiusindluonansla
lngthunfivgnmigansaralesnemnsie Wanshi wmsngdwmsulgniienisuslnaan tilesaaniusunu
arstuasnandslunandnd an d3ua1502a185199115 Enshi LATA15a2A185190IM1T Sum
vegetables Nz msuugniienistdussleviiuayulng WewinivuaeasUseneuiluednviovun
WagansINueLAdaTYEN

nsAndeniugUnunImnzand wiuUgnlueians naanns@nwrl 2563 Ugniaunms 4 ang
WG AIEITALAIU5I9IM1S Enshi WU RUguASASEIINIY (3) Tumiinansieny wasdiminaunie

Y4 = = ¥ o = (A = =

498n WUUATAISIINTIY (@n10) AAugediu wavdduiulvauniign siuduasassssusy (3) daiy
nislusnniian Wugyans Tdwuluanniign waannisiine U 2564 a3 1 Ugniaunns 4 angiug
MEANTa¥aesIMeMNs Enshi WU WuduASAISTTNS W W) iimtdnansiesu Anuawy wavady
n1slunniian WuguasAIsIINSIY (Ws) Wantdnsuwns d9wuluainiige WusuasaIsssus v
(@01) UagiuguAsASEIINTIY (09) F9wulmauniign HaannsAnwl U 2564 assn 2 Ugndaunia
4 @neug MuaITazatusIneImM1s Wanshi wudl WuguasAssssusy (gam) vdminansesy ihnin
suiegege 31l wazduaulralangn MuguasAIsTINgIY (09) Aueasduy wagarunitdluiin
fgn Usunadlumsnvesandatiun :nNanIsiagIen annguiauin1snsivdeuiivwasUadenisuan

[

AiinTeuariRunsneRswail 7 nsuivinsneas Tag3s Salicylic Acid Method Wu11 NaAKNARWUG

9

YUNT uﬂimmlumwmmwam b e NﬁNa@WUﬁUF‘ﬁﬁiﬁiimi’m (Eﬁﬂ’]‘W) JUsualum sntioy denndoanu

Nﬁ’JLﬂi’?8‘1/1’%’]ﬂ?ﬂu‘c’J‘Uiﬂqi’J“U’]ﬂ'ﬁLﬂ‘HGliLLaSEJ’WW]iEJUWIlIU AzAlUlagNIIAYAS MM’]’JV]EH&E’JT‘I?JJWQ

Y

46 AAIMILATUINISVEITIUN WU Wugyuns Tandusnan ualaslulawmsnaaiagn wug

99 9 Y 9 9

o

s

a a ‘&J a (2 s a a Y £
UATAITITUTIY (WT) UAIIUVY waglusAugsdn AUSUATAIEITNINY (ANIN) ULOAIAR LLAZWUT

Y 9 9 9 Y 9 9

= av o < & a = a v
UATAIETINTIY (3) Tl wazibeleviavunasan USunuansusenauiluedanviun waza1saiueyya

RN

3 o a a o

dasyvastiun nud Wudyuns dusunaaisusenouiluedn wazgnsiusyyadasyaan Hananwug
= a a = N =i A a IR |
UASASETINIIY (3) AUSualulasiau waalen waswuni@eouunian willusuuneanesatosngn
v ¢ N A a Y A 1A 9 =i v g S a
MgUATAISITNIIY (W9) HUsunalulasiaudesiian wallusuiuneanasauiniian Wugyuns dusun
Tnunadenunndian 91nn1sveaesasiiiudl fugtiunandminuaseisssusy dneglunguidluvuie
g wagiugyunsdneglunguidluvuiadn ann1smaaesdusavid Gamuiiugiaunaindmin

UASASSIINTIY wenInziivwinanugsing wasvuialulvguas ludiveun waglunseu limies
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59156 laifisavu IngdauniuguasaIsssusiy (@n1m) uagiuguAsTAISIINIY (W9) JAMAINIY

Tn3u1n1s USuaansusenauiiuefaniante wazAuaIulsatun1sfiueyyadaTegs uasnandnazll

Usinalumsnamninthuniuguunsuaziuguasassssusy (3) Juvunzdmsulgniionsuslaadudn
dn dudhuniugyuns wunzdmuugniieldusslevimeayulng Weswniivsinaasdsenauiiuedn
WAL NEAUOULADATEETIEN

nsfnwin1sUgnled uwaud Mduiialvy Jyarias wasluisdnfddneninnisudaluennns
INHANITANTUNUNE 3 N1INAABY WU NMsenan ludanmiendfnaufiaueaniuineslan dunad

a oA v =% = X WYo a Y 1Y) Y v
sond weillesenlUlaszeenils asnveuiieinigly Felaanliunisiwizndiluiagumizna Rockwool fiu
% = A = S = vy D = Y < & - 2 o &
nanvend uiieannaludnass Faladrendimdeasianuan Ansesmeld e1alunailieinudniug
< [ o ¥ d o Yy A ! [ Y v 14 4 & AV 1
Juwaadudrandsemadu viliduiivlilannsausudidrivaninuindedluvieslgnides lidnng
ATUANENYT karANTUlA
L4 ! + [ va a & =) a 1

Han1svegeugUnsalntuANn1sIearsaratelednludd lnednadlulsaseulalasludinduuy
183197 (Wuu n.1A) aue 2.5 x 7.0 wns wan1sinn1siasgiiuls wuan lussuuuniinanaisazany
AILALLEY ANRAENTRSYRUlnvasadRugnIuleATNTINY 17.52 L 5Ufwns tsalonlinsany 20.07
wuRwes drulussuuiligunsalaiuauanuduturesasaralowuudnludd adaiusnsuloainsany
19.11 WUAWAT L3ALRANNTINY 19.43 WURLUAS

HANISNAFDUITTUUNITIYIIUNDUILAISTTHYIRINAIUVUNFIA1Y0I01A1 T AU Ty
% v 3 ] a ° & A = = Y =
W9INAG0Y YUALEURAUSNAYID 30 WURWAT 31U 1 Ya/Auil 9 m151auns Wisuifiguianateu
vietuas 2 vila Ae agililoy wardeingd Javamavedeuilosriunudn wasliieswouasdosiud i
viovhuandu 4 gasenui 9 asnaues Wamnsaudeyanisiasgiulafivdnadnld 1eanuawnn

A Py A ! P P o § vy v v oA
Anvlasuldiesweneanuaeinn iy vnlsunausiudauazane
a'gﬂwamﬁf{'fﬂ uazdaauauus (Conclusion and Suggestion)

nsUgndauneasara1esIne I saunid tngldansazaresinemnsanyalindnia 2 gas

Ao gns 1 Tdualaly 80 Alansu wauiusite 20 Alandu wazans 2 yalnly 80 Alansu waudui1dna

10 Alan3u wazluuwaIwAs 10 Alansy Mudvuuailiteduasgikas aunsaldvgniriunuuianlan

wuuwwifdlueiAsUanity tngliiiinisarvaugamgiuazanuuls wiaisiniswivasiiisinenis
~ A A D oA @ W a A ¢ ~ ) a a6

waalfey wazkunili@ey nuvasiiluiandunsd lunsalagUgndiunlussuudunid arsazatesis

9115y 3 ¥illa lokn Wanshi Sum vegetables wag Enshi anunsaldlunisugndaunle Tnvansazany

519915 Wanshi widnzdmiudanUiuniiienisusiaaan diua15aates19eImis Enshi wag

[

#1398a78519219113 Sum vegetables wiangdmsuuantaiunienslduselovdiuayulng druniug

9
'
Y] =

UATAISITUIIY (@N1W) waziuguasA3sssus1y (ws) Wuiugimunzaudmiunisugnuuianugnlu

v sa

wwaRdluemsugniiv waglifinismuauenmgll iWwiugndvuadiugdlng awalulng o1 wagly

]
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nseu savAR lalva wsnzdmiugnitenisuslaaudinan dauiusyuns wmszdmiulgniteld
Usgleimeayulng

msfnwnstanled wwau Fadufivlnd dudhanndsssme i 3 mavaaes nud1 msne
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Abstracts

The objective of this research and develop a solution concentration control system with
automatic control equipment. The concentration is controlled and. the ratio of the solution is
adjusted appropriately to prevent nitrate residues in the ‘produce and to study the form of an
optical tube suitable for bringing natural light into the building for plant cultivation in the indoor
growing system. Activity 1 design and build a device for an automated solution concentration
control system by developing a program and a solution concentration control device to study
the relevant factors for use in the solution ‘concentration control, Activity 2 designing a natural
lisht duct system into the plant building by designing, constructing, and installing a solar tube
from the outside of the building to illuminate the plant growing in the building compared to
using the natural light outside the building. The results showed that hydroponics sawtooth
greenhouse with dimensions 2.1 m wide, 7.2 m long, and 2.5 m high. There is an opening for
ventilation on the top of the gable roof, a width of 30 cm, along the length of the greenhouse,
plastic roofing that prevents rain, attaching insect nets around the house, placing foam rails, and
then laying plastic for supporting water and solution. The head side is slightly higher than the
rear of the house to allow the solution to flow from the head side back into the tank. The
results showed that the automatic fertigation system, average diameter of Green Oak 22.20 cm.
and average diameter of Red Oak 26.00 cm. The normal system, average diameter of Green Oak
20.54 cm. and average diameter of Red Oak 23.50 cm. The results of compared with average
weight. the automatic fertigation system, average weight of Green Oak 148.16 ¢. and average
weight of Red Oak 286.87 ¢. The normal system, average weight of Green Oak 301.92 ¢. and
average weight of Red Oak 262.32 g. As for the testing of the natural light guidance system from
the roof of the building, the ligsht was brought to the laboratory with a tube diameter of 30 cm.
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The ideal material for building a light guide is an aluminum tube that distributes light
throughout the space affecting the salad growing room of 9 square meters, compared to the
use of LED lamps. The temperature and relative humidity were not different between inside the
building or in the growing room and outside the building or inside the hydroponics greenhouse.
There was not enough light in the growing room for plant lisht demand, some seedlings were
stretched and died. Therefore, plant growth data could be not collected. However, the use of
natural solar tube is beneficial for indoor illumination, helps reduce the cost of using electricity
and it can be applied to the solar tube system together with the use of artificial lighting for

growing plants in EVAP greenhouses or in the building.
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AANUIN

M139NARUING 1 WIBUBURUUaNTazaes1ne I sivkuzdiUYeneAsnInguduaSuen

NNYAINENUANENTIUNAULAS ALEWAY B./8mEleY 2.41997

Jeiadl Wanshi  tnwasns  Wanshi  1nwasns
Solution A Ca(NO5),#4H,0 (Calcium Nitrate, Tetrahydrate) 944 8,500 26.43 221
KNO, (Potassium nitrate) 404 16.97
Fe-EDTA (Iron chelate) 23.1 300 8.09 105
Solution B KNO; (Potassium nitrate) 404 6,000 16.97 282
NH4H,PO, (Ammonium dihydrogen phosphate) 149.5 1,000 1777 56
MgSQ,.7H,0 (Magnesium: sulphate) 462 3,800 7.85 76
CuSO,.5H20 (Copper-Sulfate Pentahydrate) 0.08 0.01
H,BO, (Boric acid) 2.9 0.17
MnSQ,.5H,0/(Manganese Sulfate Pentahydrate) 2.11 0.13
ZnS0O,.TH,0 (Zinc Sulfate Heptahydrate) 0.22 0.01
NaMeQ, (Sodium molybdate) 0.03 0.15
Tululuusaigounaaine 1000 78
UpaLs 200 82
AUYU/108m3 84.55 225

M1TNNIARUINT 2 WIHUTEUAUYUENTaLaN8519 RIS HBNRULUN T UVBANEATNINGULATEFAI

walesluyuyy f.nvUs 2.7991 waE Young smart farmer f.ag 2.9

Jeadl Wanshi  1nwasns  Wanshi  ineAsns
Solution A Ca(NO,),#4H,0 (Calcium Nitrate, Tetrahydrate) 9,440 12,000 245.44 312
KNO; (Potassium nitrate) 4,040 189.88 0
Fe-EDTA (Iron chelate) 231 700 80.85 245
Solution B KNO; (Potassium nitrate) 4,040 7,000 189.88 329
NH4H,PO, (Ammonium dihydrogen phosphate) 1,495 0 83.72 0
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MgSQ,.7H,0 (Magnesium sulphate) 4,620 5,500 92.40 110

CuSO,.5H20 (Copper Sulfate Pentahydrate) 0.8 0.06 0
H,BO, (Boric acid) 2.9 0.17 0
MnSQO,.5H,0 (Manganese Sulfate Pentahydrate) 21.1 120 1.27 7.2
ZnS0,.7TH,0 (Zinc Sulfate Heptahydrate) 2.2 0.10 0
NaMoQ, (Sodium molybdate) 0.3 15 1.50 75
TululUusaideuoaims 3,500 273
DEERTH 500 205
diiadamn 10 22
Auvu/100803 885.27  1,578.20
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