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ABSTRACT

The study on the production of pelleted manure from bovine (cow), bubaline
(buffalo), and porcine (pig) sources aimed to determine the optimal mixing ratio for
ready-made fertilizer pellets. Seven different ratios were tested using tapioca starch as
a binder, and the optimal ratio for forming the pellets (manure:tapioca starch) was found
to be 90:10. Analysis of the initial major plant nutrients (N-P-K) revealed the following
contents: bovine manure had 0.857+0.016% N, 0.193+0.006% P, and 0.995+0.036%
K; bubaline manure had 0.587+0% N, 0.866+0.006% P, and 1.156+0.008% K; and porcine
manure had 0.400+0.016% N, 0.834+0.006% P, and 0.830+0.020% K, respectively.
Crucially, the major nutrient content (N, P, and K) in the finished fertilizer pellets was
higher than the standard criteria set by the Department of Agriculture, Ministry of
Agriculture and Cooperatives. Furthermore, in testing the efficacy of the pelleted manure
on water spinach growth, Formula 7 yielded the best results, with the Chinese water
spinach plants achieving the highest average height of 22.5 cm, an average fresh weight
of approximately 9 grams, and an average leaf count of 9.67.

Keywords: Pellet fertilizer, Manure fertilizer, Agricultural wastes
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4 yala + yanszle + uluiudznas 45 : 45 : 10
5 wale + uaans + wlaludUends 45: 45 : 10
6 wanseUe + waans + wdaludzvaa 45:45: 10
7 yala + yanszle + yaans + wlaludends | 30:30:30: 10

O 44

A

mwusznau 3 Uszavsnmaesanandadin
NAN133Y

w1l eifiinasinanandnluieaonia 3 vl

A9 3 uansmanITleTeivinasesarlulanautamaluyala yansede way
yagns wuin fusinudesazvedlulasausiniinaeininsguresnsivinsinuns Jeyale
fusmasesazlulnsiaunniign Ae 0.857+0.016 Joyanszde 058740 uazdoyaqns
0.4000.016 Ay NMAesesiUGnaSesaseanlaSaraualulonaniiy 3 siiadisuiu

NaTIermansuazinalulad IMedusvAguIIug U0 9 adud 2
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ns1MaAsgIufInINUTENoU 4 wuidi Jeyansedediviasevareanesaunniianie
0.866+0.006 JeyagnsiuTunuiosazwaanada 0.834+0.006 uaryalaiuiunnseeay
Woanosd 0.193+0.006 audu Wl osuiisuuTutuveanosanuinmusiuinsgu
TnnssAmnsinunsimun wuin Joyaladviinudesas 0.1930.006 fUmnamninnms
smsgiulnensdvinisnues Melnsgiviinaiesasinunadousiomeluyala yansede
LazyadNIMguAuNTINUINTIZIU Aenmysenay 5 wudi dUsinusesazveslnunaidey
yala yanszle waryaans Ao 0.995+0.036, 1.156+0.008 Wwag 0.830+0.020 MUEIAU WU
USuuiesazuaalnunaldongindnnueiiinsgulaensuivNIsinens nTenIanynsuaz
annsal

M13197 3 USiasmemisuanluluaanyi 3 vile

51191 IVAN JunasInenms wnsguedunid
(Sovazlngriwin) ($ovazlngtiwiin)*
yala yanszle yaans
lulasiouiionn 0.857+0.016 0.587+0 0.400+0.016 | hitlosndy Sevay 1.0

WoaloSaviann | 0.193+0.006 0.866+0.006 0.834+0.006 | litiaenin Sesay 0.5
Tnna@eusiavan | 0.995+0.036 1.156+0.008 0.830+0.020 | luitipenin Sesay 0.5

130 * UseMAnsaiunn1sinuns eaivuanuaidedunsd w.e. 2548
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15 y-0.9144x + 0.4647 ‘o
R? = 0.9672 e
- .
10 e
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vg
& 5 .
&>
c 0
<
-0 @
0 5 10, 15 20
AMULINTY (ppm)

amusznau 5 nsvunnsgulunsiasgimusinalninaldey

namsAaTziviinasgemavanludunandnie

1NN 4 mamFAEiUTINAesars1ge MIVANAeY uazudaionandnidn
4 7 gas mnFeuiisuUinudesarlulnainuvestsneneunasvdamstususndianui
Uimmiasawluimmwaqmmiammﬂwmmﬂsmmwmunﬂqm a1t
fudrvenda umvsrauildlunistusudadelfidadeinfesuiusududald o19eed
lulnsiuifisduiiosannudaiudends Reddes Tawum uasaue, 2558) Wisuiey
fovavrloavefandsnstugunuin Usinudesaswoaresa warlnuadouiviinanfiuty
HunaeiunsgIuledunidvansiivinisinens

A1397 4 USunaudesazsimemmsndnnauwagndvindedadais 7 gns

GZE] Anade (X) Ysuauiauazvaisnens Aade (X) Ysuauiouazvaisinenns
Aauviednuda wawinledaudin
lulasiau Woawasa | lwuvawWen | lulasiau | weaweda | lwunadeu
1 | 0857+0016 | 0.193+0.006 | 0.995+0.036 | 1.727+0.032 | 0.772+0.012 | 9.52+0.219
2 | 05870 0.866+0.006 | 1.156+0.008 | 1.605+0.016 | 1.363+0.005 | 3.464:0.106
3 | 0.400+0.016 | 0.834+0.006 | 0.830+0.020 | 1.512+0.028 | 3.191+0.006 | 6.524+0.415
4 | 07185+0.016 | 0.529+0.006 | 1.075:0.022 | 1.605+0.070 | 1.911+0.013 | 9.791+0.429
5 |0628+0.016 | 0.514+0.006 | 0913+0.028 | 1.717+0.016 | 0.226+0 11.378+0.692
6 | 049+0.016 | 0.850+0.006 | 0.993+0.014 | 1.661+0.080 | 2.2000.006 | 8.69+0.634
7 | 0612+0.010 | 0.6310.006 | 0.994+0.021 | 1.596+0.056 | 1.7700.007 | 12.877+0.890
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HannsAnESAsIduimanzanlunsiedauin

wavnsdIuLarismsivszaslunisienonsaia ﬁﬂﬂﬁﬁfugﬂl,ﬁmimiﬁz’fl,lﬂq
fiudgnasedenanludnsndiusing 4 wui 8nsndn 50 : 50 TUsunaudasesiuluvinli
Fushrureuinstisindilug wewslodidnwariiudann azaolfusldinaun snsdu 60 -
40 fUsinautaeozvhlidudsudeutefidialng neutudafianuudsazaroinlausls
N $m91au 70 : 30 SUSinaudaefavihliduifuudaaeudsdisfafivindu weus
wdudandadntos avaneildldnanldunudnadiu 80 : 20 fusmnaudsiineasyinliidedu
ffudroutadudingn Walng) swalddeswiiiy neurudioudadndevavareaily
T41nan T 8nsdau 90 : 10 Wudndwiafiaalunissnidn iesanifledndnies
Sadiandrannsanmuauuuaveadalivinduld Wethluazaneth wuih ansnsoazaneile
Sanhdandudy q dethdandnldumauiuyala yansedouazyaanslédodnidarimun
7 gn3 fans1eii 2
navaIn1sAneUsznsmnvesienandadadanisasgyiulnvaesings

nsnaaeumsiddeudazgns aw3snsduaudndsduiluiansiasyiulauuunszang
4 3 nsganslasnsiaaaugs dwidnan wagsunlulduaninasadvlnvestmisuanad
15799 5 WUt gaslegasi 7 1Dugesiiangaudssanliaugavesduingsdugeiian
Useanal 22.5 wufms dviinaauszana 9 ndu wazAnadeswauly 9.67

M13197 5 nansasayLaulnvaainds

gns ﬂ'%aﬁammqa Aadetvngn Aadesuauly
(ruRtans) (nFu) X)
AIUAL 18.66 5.33 7.00
1 20.00 6.00 9.33
2 19.66 5.83 8.33
3 21.33 7.67 8.67
4 21.33 7.33 10.00
5 22.17 8.33 9.00
6 20.83 6.67 8.67
7 22.5 9.00 9.67
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miv"mmﬂaﬂaﬂﬁ@LﬁmLﬁam'ﬁmwmﬂul,%awm}uémmmawLLazaﬁﬂiwmalé’ﬁqﬁ

1. myinsgimuinasinemman lulasiau veaveda uaslnunadelule
aon wud Tudeman lawn yala yansele uwavyagns dusunalulnsiausesay 0.857+0.016
0.587+0 uag 0.400+0.016 mudiudslulpaulishunusiinpsgrudeiisufuinnsgiuns
w13 nIETILnasLazannsal Usinudesazvieanesavesyala yanszle uavyagns
0.193+0.006 0.866:£0.006 kax0.834:£0.006 MXFIAU Yanszle UavyaanssUNMININTIIU
fitmualifnsuininianens nsensnamsinunsiaravnsaiviinafesasinumadouvesyaln
yanszde uaryagns 0.995+0.036 1.156x0.008 hay 0.830+0.020 ANUEIAU KU
ATFIUNTLIYINTNBAT NTENTHNTINEATLaTaNNTl USHNnToeasuesnemsnanmas
Puguiivinatesarvassnomnamdngstu iesnnsliudaiudussndaduiszauan
Tnssadrsvosutsfiosdusznouveshulasauisdmaliuimalulanaundinistusuiinge
sy

2. ﬁﬂmé’mwﬁaum?ﬁugﬂﬂ&Jé’mﬁmﬁmmzau (Yemon: udaden) 90 : 10 uay
ansUognsil 7 (yala : yanszde : yaans : ulefudends) Ao 30 : 30 : 30 : 10 ugnsila

Y 3
= a =

Mgaiasanlinnugaveswiudnaduaaianuszana 22.5 wuiuns dwinanusyan 9 niu

9 RY LY

warARAYIIUINLY 9.67
d3UNan15Y

NaNSANISHTIAIUT anzan Tuniswdnledunidsadnnnyadnitazuade
nstsayiulavewingsdu wui Usinasinermnsvdn lulnsiu veanleda ndunsdatugy
fU3uuToars1n oM INANH LN AUIIATTIUNTUIVINITINYAT NTENTHNITNYATLAL
annsal Sadningalunistugy [Weeen : ulalen) 90 : 10 uazgrstleiiniande gns
i 7 f8n51du (yale : yanszde : yaans : ullaludiends) Ae 30:30: 30 ¢ 10
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dlofudl 3 NUAINUS 2568, 310 https://www.doa.go.th/ard/wp content/ uploads/
2019/11/FEDOA11.pdf.
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mnagnfuezgiifionduvonds mnnsvuumsSludanzniuozgiiflen deuinuszay
Hymnsfndai Ifunugenaznnsdnasuiia wazranIsmagevasAUsznouaAiinu iy
fUsiuansUsznovreserqiiiiongs uasfiddnudndes Tunuideddsldvinsnantan
Flonedweianingdundnaeninaeniuszqiidoy lnafulalaluiluyae 0 f1 30%
Tngtmiin uasldansazaedamlaifuinsedulifnuiase nsarldasavanenausswin
lodeulansonlon (NaOH) AL 7 Tuans wazlemendana (NaSios) ludnsidau 1:3
uazimuasadLTesvaIevedfl 0.5 NansnasmuIn Mnngnuszgiideursliin
frguauludonnn1sviiufAzenves AN wazy w3o AN uag NaOH vinliTanignsu
Frunuann uarlimasduusedaliiinn egrslsimuninilalaluvidioifinanuudusmesian
Tngarmdssuussdnd adganulutaniidnlalalusi 109% ueid eiduluuTun 20-30%
ndvdssalinruuiusanas uonand livhmslinmeilasadaa lassadagania way
naiAsuuladasiaisiemaiaiinsziniaifsiuuresiiiiend, ndowanssmibidnaseu
LUUABINTIA kazmATANITIATIEINITAANAULATBUNTIIA AIUAIAU IINNANITVIAGDILARS
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Tiiudn Jandlenedwesgiuninasniuerglideufiantiniunsandmsunisldauiiuian
waulel

AdRey: Flenedwes nneeniussgiiden lealaluv
ABSTRACT

Aluminium Dross (AD) is a waste product from the aluminium recycling process,
which often faces high disposal costs and illegal dumping issues. The chemical
composition analysis revealed a high amount of aluminium compounds and a small
amount of silica in AD. In this research, the development of a geopolymer using AD as
the main raw material was conducted. Dolomite in the range of 0-30 wt% was added as
an additive. In the production of geopolymers, the mixed alkaline solution used as a
reaction activator was the mixture of sodium hydroxide (NaOH, 7 M) and sodium silicate
(NazSiO3) in a ratio of 1:3. The solid raw materials and alkaline liquid were mixed at a
liquid-to-solid ratio of 0.5. The results show that AD residue generates ammonia gas,
resulting in a highly porous material with low compressive strength. However, the
addition of dolomite enhances material strength as the highest compressive strength
was obtained in the sample with 10 wt% dolomite. Further additions of dolomite (20-
30 wt%) into the mixtures resulted in lower strength. Additionally, the phase structure,
microstructure, and chemical structural changes were investigated using XRD, SEM, and
FTIR techniques, respectively. The results indicated that this AD based geopolymer with
10 wt% dolomite established reasonable properties for the lightweight material

application.
Keywords: Geopolymer, Aluminium dross residue, Dolomite
unin
Hagduligmdwinden wazazlandeudulseedidoslinudidny i eunlug

N15WUTE98Y (Sustainable development) nilsludgmiAenisilssugnamnssuddes
finmisounsyanainnszurun1sndn ddlugnainnssuianneadisegisyuduud Addunisly
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granvnssuiiinisudesfensusulaeenluddiuiuinn Awdhiudiwudesduianiudause
wazdutandidenldlumanoadne udnsudnyufiuud duliduiinsrodauanden Tutuney
msuanyudsuddedlindanugdlunsiningiu FegaumndlunisiniAeussana 1,400 e
wandea uarlulfisefiinduszainsnismn Suiafemsueulasenled (CO,) Wusuau
1 FudufeiiduaiveudnivihlfiAnnnslanfou Usnngnisaiifounszan wazdunsa
Snde uenuntudsdsnsenusiodeddin ldiendufuindon wyuduasdniBndae taslu
n1swanyudiuud 1 du azdifireaiveulneenledgnudeseenunfisussuin 1 dudie
(Poonyakanok, 2023) et %nﬁmui%’aﬁi’wmumﬂﬁﬁwLauamﬁaﬁmmmugu%l,uuﬁ Fowilslu
Fanfianunsaumaunuyuduudleffe Yanilenedwes (Geopolymers) dsanansntivan
nsudosiearsusulaeenladuaznslindanuldegiann WelieutuasunIndlddumd
(Shobeiri, 2021; Stafford, 2016; McLellan, 2011) wonantmdiituneunsnande lidudeu
waglivhanevseneliAnuafiunseinia da3lenedwesiduiandenussarusening
Fan1 (SIO,) wag avgiun (ALLOs) (Xu, 2005) FeflanATeseaun LfJui’a@ﬁﬁmmwﬁaLLiqqﬂ
aansalimaunuyuBiuudld Tnglumsudaldansazaneiidanudusiisgslunsvrasaneuss
vasddnuazergiun laun laieulaasenled (NaOH) uazldloldeudding (Na,Sios)
Tumsdeuseviusylmiszning Si Al uag O viaiauiisedlenediweslsiedu lngngAundn
flAazdosiiUsunndan (S0, wazogiiun (ALO,) g Fsanmsanuldluiansssued Wy fu
wayTanmdefisninlssnugaamnssunionainuns 1wy idnaee (Fly ash) lunanasslé
Mnmssnauiiuiondnnszualiii wazazniumaqundn (Blast Fumace Slag) wanaseld
INNSHANMANLAZIIANNAINWIVaeY (Rashad, 2013)

faudin Tnevtilutanilonedwesarldngiudy fiflesdusenourasdanuazergiiun
woilueniddedl aulafinwmandntanilenodwesonmnaeniussgiidounanlalala Gy
SanaaesiivsinabanAoudisos waiiuinuansusenevergiidougs agnalsfiniu
Tunsuanlaeiialuainisldansazanedanilalenn NaOH uay Na,Sios Tun1sviugnzen
Flevedwelswty FamnldingAuidusnudanides Sifazfunldlulaseaiisves
Flonedwes 921811910 Na,Sio, Seen99sfoufinu3unn Nay,Sios ganNsHanIlonediues
MnningAuifaanududinsznoy

nnagniuergiiden umwndodisiifesduimiaanlssnslufalonzosgfidon
Fadugmamnssuiiisuaunnlulszmdle esnlavesgiifondnindutaguilsiden
ot sunsvaneifiosnnautdffvatsusznns iy dimdawn Sannuudeuss laiinada
finsinergiiiovanldlunsudnndn sauainig q liesfutudrusasusd 1n3enda vie
wesiwed finu TnefnansamAdefildhnnegniuesgiifennnlfifuingiu Tunsnanian
Flonediues 1Wu MuITeves Pimchanok Puksisuwan wavauy levinnswdnianilonediues
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PNnnegnuevaiiillouuasiinviudes Mvuaanudutuvesasararsleieulansonlen
fianududy 10 Tuans uazldensnaIusewing NaOH:Na,SiO, i 1: 3 uag 1 : 4 wayld
Sasdnvouvalrevesudaviniu 0.25 Fsflveanadluliunanies ileannauvesuesluiie
‘17fLﬁmefuaﬂﬂmsﬁwﬂgjﬁ%awaqmﬂmm%“uazqﬁLﬁauﬁ"uﬁw LLass?’Tugﬂé’wmiémeudﬂ NSLAY
nnagnsuezqiliilen 50% Tngvmiin iﬁmamsmmaaummLLG‘ﬁ&LLNﬁﬁﬁqm (Puksisuwan,
2018) ogslsfimuluauided sdaldd@nwislowodwesifviimuninazniuezgfiden
WA 50%

U398 Y83 Mohamed Hamdy Elseknidy lavinnsvaaeuautmaena wayaanununu
vosdIuNaNABunInfiuTEnausiedany nxnfusrgiifon (Aluminium dross) wazdiudy
wui Ao 10% mxniusrgiion 10% waziiudu 20% daudAfiandineuninunsgIu
TnefiA1ANLT U590 (Compressive strength) 35 MPa warAULTusIna (Flexural
strength) 7 MPa [Elseknidy MH, 2020] wagi1u3 38984 Thye Foo Choo la urngnsu
ozgfiion (Aluminium dross) Autdnase unduingiuifiondnwsiingdalavignsunuin
gnsunzauiian Ao wWhase 80% ninagn3usgiiiflen 20% (Choo, 2020)

uan Nt udaivaneruidedesniaiautagniadenlvliduiandides (Green
materials) Atfufinsfudawndon 1wy 1uideves J. O Dirisu ldWamnianaouTndndivsu
Hmauiiduinsiudannden Tagldivdenls ngauzndn nzarundu veu waznzny
ozgiilonuszneuiudulasiains wanFAdeldndnsasidimeuiitinnuassalunisssune
anuseu wavidufingiudwandeu (Dirisu, 2019) wavdluisesiuiuun TavinTwau
B Taauwdedising q unduingivlunisudatanilonedwes Wy aznduainmmany
wifin (Blast furnace slag) (Rashad, 2013) lngianilenedwesiiniuuluwsegs [Aziz |, 2019]
nusgungiiuazansiall (Thunuguntla, 2018) wayiravianlimaunuyudiaudle

nnngnfuegiidonlunuifed Idhunnnlseslafansniuegiiden (U3dniey
I funyuraned $1n) lnewduduimdensninnssvaunsileda dadunisiineniu
ogfiflounuenifudniifufeurnalug vuanans wazanadnidudu Tasngniufeulng
sediduidulanzerqiidoneguin vilvaunsavindulusiunisvasylnl uazuen
Tavwegiidoueenunld uddwiifufouvuinnats uazidnilavzesgiidovegiosunn uay
lidutumsasmuiluvaeslng fofu Tssndludaosgidonnneniuasdosd e damy
widofsngnuludid Tnelssnudeadodlddiegs lumsdneiidngia 3-5 vindedlansy
vioUsznamnnnin 2 §ruumded (feyaainuTsniioulnd uiyusianedsidn) fuszneunis
uTeeravnsdanuuligndesmierinauseuaouiiu ngniusg fidesardudary
arudurieth hlmAnnauguiuuswesfanelade fufAseluauns (1) dwalilennis
wavayn waztdudunsedeszuumeladnge dudu aededddaussinsefagdlunistdn
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Jgymwezayniuerglidendadulgmimsaglizunsudle egrelsinudafinuidenfnm
nsldauninensuezgiillonegliuin lnesuidedruunvinisidelaenisiininagniu
pailifunnldlunisndnsiuduyudmud viieldlunmsndawsiin

AN + 3H,O0 —> Al(OH)s+ NH; (1)

nauns (1) wuin lewla AN Tumﬂmﬂ%’uaxaﬁLﬁwﬁwﬁﬁ%mﬁuﬁw LA
A(OH); Faiduvesuds uenandumaiiduasUsznovvosergiidleveenledinufiseduih
lianduma Boehmite 3o gibbsite Winn1sudadndredundly viedlofinsfiy NaOH
war Na,SiOs wazanusaLinlasEs19iuszrad ALO-Si l9 1ag Si 1197n Na,SiOs

TunuddeiauladringAudniadivunldnantunnagniuesgiden Adolalalus
gnsiailfe CaMg(COs), @ity uaaouuundifounisueiun) Snvazasiiunazidondan
duminuagfaunuiudugs Talaluyi (CaMg(COs),) agdsznoulusae Cao fae 38%
LdIuaz MeO 14% daussrusznouniaadludiuves Siwaz Alnuluusuiui des
(Aizat, 2017) (ﬁhaEJ'Nmu"?%’aﬁﬁﬂﬂiﬁluﬁuﬂﬂufaQ%IawaﬁLuai‘ Wi 91UI8Ue Y. Zarina
wazanie TinanTanilenodimesanidmileloth (Boiler Ash) Anaulalalusi (CaMg(COy),)
1-5% lagumin Insldansazareladonlensonled (NaOH) Aaududy 12 Tuans
nanInaaes wul1 nsidslalaluyi (CaMg(COs)) 4% asludlelndiuasinanaziimdsdngaan
WA 7.3 MPa (Zarina, 2014) $11398984 Yip uagauy navasnsifulalaluy (CaMg(COs),)
adlutagdlewediwesgruiuvammuin maislalaluyi (CaMg(CO5),) Uszanns 20% Haeiiin
araudausdlunssadvestanilenodwesla [vip CK, 2008] uenaintunnyirmnssumans
uingrdvasatuaiuns 1dnmsdnulaenmsilalaluinadndunssdoddaensda uaz
ﬁﬂmmﬁ'qquﬁ 1,050-1,090 p4ALwaLd 8@ 92819 % uaudanuud swseannd ey
(Tonnayopas, 2011) UagaMUIT8YUBY Youssef Arkame hagAmy LARANYUYGIITNTNHIUIIN
Talaluyl (CaMg(COs),) ATnsidungniuszqiiion wazilumni gungdlndiAeety
1200-1300 aarieaidoa Lieglasiainmania uaraushiBnavesiuau [Y.Arkame, 2023]
uenantiu nuisenui madidlelalfluilewedwesyudiaoaduunddly Ca uwag Mg
Feamnsofaiduea CS-H vio uradouddinalawmsn way M-SH vie uuniideuddinalawmsn
1% @ afqauanvilunistisdamd valassadramdovludiwudialy Sadudiugaediu
ANULT sl (Aizat, 2018; Aizat, 2020) nstiulalaluvinguiu GGBS (Ground Granulated
Blast furnace Slag) lusmsndau 30 : 70 Tnetmin treiiuauudausdugaeiulaing
Yudiuud Tnelalalusivihmiidaduniounsndudluludesinwesilenedmesdivan
ANUNFUI

v ¢
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[
av a =

Tunudded Fsldfnwinszurunisudn uazautfvesianilewsdiuesindninnisnay
nnagnsusrgiifenazlalalud lngldansazaredanilainausening NaOH wag Na,SiOs
oV liAnufATeTlenedielsioty uag AnwauiAvesiagilenediuesainninagniu
ovgiiflonuarinlalunt Inennasumnailunsdafvesdiunan Anumuiuiy n1sgedu
Mdsunsedn lassadamla lassaiiagania ssdusznoumaadl wagnsudsuuadaseaiig

maadlvesduanuiinanls
29N1IANUUNITIVY
TRV ILVBIUTILATNITIATIETAN BULIANIZVBTINGAY

TmgAunaniudivesdelaun nnezniusrgivilen (AD) ﬁL“fﬁJui’aﬂmﬁaﬁﬂmﬂIiN’m
geamnsINslalAa vidnviedlnduuyuvanes 91in waznalalalusi (0O) wuin mMnezniu
oxgiidoufivunidn uazidunsaziBon wagneruUzduiu fddum wasdnduguisenaiin
Mnnmsfidulsznevvesninaeniuiiiesdusznovredlulasiauyhufasersuilueinie
ilmisutaueuluds dulalaluianwaridunsden danvazdenunnnii lngagild
AnsgesAlsznoumaail lassadiana uaglassastamaaiivesninazniuerqiliiey
waglalalunidigmealiaendisdigeaisawu (X-ray fluorescence, XRF) fena3os Wavelength
d|sper5|ve X-ray fluorescence spectrometers (WDXRF) §%a Bruker iu S6 Jaguar vnAadA
ﬂ’]iLa PUVUVDISTIFLONG (X-ray diffraction, XRD) §%a Bruker w D2 Phaser Laginain
Wisensunesudunsisaainlnsalasd (Fourier-transform infrared spectroscopy, FTIR)
89 SHIMADZU IR Spirit 3u QATR-S
nsmssuansazangdanlail (Alkaline solution)

Tuidei drunanvesven §uduasazanesanlad Wansazaneladioulansonles
(NaOH) fianudiudu 7 Tuand (esAuseneundnlu NaOH len NaOH 99%, Na,COs 0.5%, NaCl
0.04, Fe,05 0.005%) Ingtansazaielei sulonsenlad i asould wnauivaisazaie
TodenTaInm (Na,SiOs, Technical grade : 42-43 Baume) lnglt8ns1da1use13ing NaOH : Na,SiOs
Wity 1 : 3 muduravansazaeddeiuazsaaly 24 Salusreutenldo
mswamaz%ugﬂ%umu

nszvaunsnandunuilewsdiwed BunwlsuingAvlnet nnagniusrqfidey
13oURIUAENTIUS 150 (105 um) itetAsuudeulumnagniuosgiideuiifvuelng)
2ONNDU wafuﬁuﬁaumaﬂmi@lmﬁﬁﬁmma:ﬁLSzmaEUJLLé’ahJﬁaaﬁwméaumumumﬂ TnUsuna
drunanvosudadusimisid 1 Taeldlalalusi 0 89 30% Tnevmin demsuauvinanely

o
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AanaiuiionNuUasnde ewrinnsnauninaznsuergilleuiuvesnainduiaginlv
WnUfAsesiaaunis (1) eisweuluily

A13797 1 drunaningaurend

FaBuau nnagniuazgliilien (AD) Ialalun (DO)
(% Tneriwen) (% Tneviwin)
0DO 100 0
10DO 90 10
20DO 80 20
30DO 70 30

NI ANELEIUNANTRILDS (Solid) AUt uAua Juunanivasazaresanilall
(Liquid) ImafinunsnsnaiuseninewounalIneveduds (L/S) windu 0.5 (nerimin) a1niu
muldudodeaty wdumauduuuauin 3x3x3 cm® way 5x5x5 cm’ dmsun1snadey
audisng q detunudasuddiugs snsdemeiidunarainlaievuduau Tneandlid
saumgiivies ilelinsiinufizedlenedwelsiwduduiusioluouanysal Tngazvinisuui
73U 14 T4 way 28 U

MsATzvinadauTuIL
MsVAFIUNSIERARITBIT LY (Setting time)

nsnedevaLTAm 4 vesturuilonedwes lhun nsmegeuiiionatlunsdn
(Setting time) #281LA309 VICAT B%8 Humboldt $u H-3050 13unsnaAgeUfEnISKANTLNY
Sonedweslnsthdiunauvasudwauivasazarssanilay aulfdiu udnnlduduuui
wi3esly neaeulnnisinszerunvenduluanluiunuy vn q 2 i wTurudaduagd
Tylanunsasvadudunuld
NNINAFBUAMUNUIUY (Bulk density)

AmuMUNLLLTet Ui lenedles Qﬂmaamﬁaﬁu%umul"iuﬁa 28 u TagFamiin
3997 UUFIDE19 1AL TATUIATBIT UITULR DUINNAIUIAINIUSLINT UWEIRIUIMIAN
AuMLLANELNTS (1) fal

M

Bulk Density = v (0

v ¢
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e M fAe Whwtindaegne (n3u)
V fle Usnsiiegne (nuisiiguiiuns)

v

N1INAFAUNIIANTaILN (Water absorption)
waeaInTumuIlenadiuesgnuuasu 28 Tu Fadiiegauudlunivusniiunare1nis

1%
'

Aiunan 24 %”ﬂm %é’amﬂﬁuﬁwﬁaazi*mu%%iﬁasiamw@uﬁaﬁangfa Yrundaduarimgn
WJen Manmﬂuuammwammm 50 paAYalTEE AULTILEITILIMTAWES waLAILIMA

o X

Uimmmiﬂmummuammi (2) nau

Ws—Wp
D

%Water Absorption = x 100 (2)

- 4 3w oo -] o
e W fe unindegednindilueinia (nSu)

W, Ao dvindiegauiis (n3u)

NTNADUANUALTING

audRdenafivhnsnageuiie Mdsda (Compressive strength) vasduau Tngldindes
NAdDULUUBLUNUSEadA (Universal Testing Machine § %o Tinius Olsen ‘sq'u H50KT)
NMSVAABUREISATDITUIILILIN 3 x 3 x 3 cm® Ingvimsnageuiunundanisuuduna
7 16 waz 28 Yy i efnwin1swauidwn lunismaaeuldsasnilunissniied19fe
5 fiadunsrotnd aunseisiogauen wazfunAfawaveie fuandluaunsi (3)

F
Compressive strength = a (3)

Mo F fe ﬂ"]LLiqé’ﬂ (ﬁ’séfu)
A fo TSR0 L UTIRIRINTULLALSSA (AN51910S)

msiwszailassadranavestuau

nsnadeuLindinszailasiadreonaeiunudiogas 000 100 200 way 300
VSIUN 28 U Fr8ATelATIEY S suLTesSIALend (X-ray Diffractometer, XRD, §7o
Bruker 31 D2 Phaser) Inglun1snaaeuazldssdiond Cuko Inlutaeyy (26) wirriu 10 fia 80
29p1 YuiinAmN 9 0.02 83f wazly Time per step Wiy 0.2 3wl

o
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mi"?Lﬂsqzﬂﬂsqa%fwﬁ;amﬂ%afgumu

nsfnwlassasnqanIAvesiuAITeBWANYBIT LI 10DO 20D0 Uay 30D0 Fendes
9an33AUBIANATOULUUABINTIA (Field Emission Scanning Electron Microscope (FE-SEM)
§90 JEOL Ju JSM-T800F Prime)
mMsinszlassadraiussiaiivestuauy

TurAdeildnisfnvinsdisuwladasiadimanivedunuilonedwed de
Lﬂ%‘laﬂ‘v‘\!L%BW?WﬂﬁW@%MﬁLUﬂIWﬁIﬂﬂ (Fourier transform Infrared Spectrometer, FTIR, J1e
SHIMADZU IR Spirit §u QATR-S) lagTias1esilutnaiavadu 400-4000 cm’

NAN1539Y

NANITIATIRIINGAUAEIMALA XRD XRF uaz FTIR

HANTIATIElATE L NavenInagnSueraliilluy (AD) uazlalalusi (DO) Mewmaila
Aszinsiaueeadng (XRD : Xoray diffraction) uanslunmusznau 1 (a) uas (b)
Auaiy wua7 ninagnsusvgiillenvsingulananie exgidiululasa (AIN) wazialan
(3A1,05.2 SI0,) wonaINLUsmuives §5n7 (SI0,) wundifeussgiidonadiua (MgALO,)
avalifley (A) wealwd (CaCOs) war Inunaeunaslsn (KC) luninpeniuezgiiilendnaie
daulalaluvi (DO) Usngunananae Inlaluy (CaMg(COs),) wagnuavasuaalys (CaCOs)
éntloy

v ¢
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( a) Q=Quartz SiO,) JCPDS No.46-1045
5000 F c K=KCl JCPDS No.73-0380
M=Mullite 3ALO;2Si0,  JCPDS No.15-0776
AN AIN =Aluminum nitride JCPDS No.25-1133
Al = Aluminum JCPDS No.04-0787
Mg=MgALO, JCPDS No.89-1627
4000 F C=Corundum (Al,03) JCPDS No.71-1123
—_ Ca=Calcite (CaCOy) JCPDS No.89-5969
I
=}
2
S 3000
N
)
B
w
5
= 2000
Ll
1000
[ e e e B L A E e e e L A B e L B e e e e e
15 25 35 45 55 65 75
26 (°)
240000 (b) D
D = Dolomite (CaMg(CO;), JCPDS No. 83-1530
Ca=Calcite (CaCO,) JCPDS No.89-5969
~ 190000 4
-'f
=
=)
2
@]
= 140000 4
=
L
=
- 90000 4
40000 4
C DD
.S J_ bbb oD p D vd
-———r—TTr—T— 7T
25 30 35 40 45 50 55
26(°)

AMWUTTNBU 1 HAIATIEMEATIESNENIUNATIANSELIUUVBISIFDNT (a) NINFEATUY
vodidey uaz (b) lnlalu

MsATINYEERSLarmAlUlag WnnIn
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HAN1TIATITRIAYTENOUNIIATvRININAENTUELaililay wazlalaluridlsinadia
lonwLsEgenLsalsus XAF : Xray fluorescence (A51971 2) Wu31 nanzniuezgiiidoy
flosAusznaumuaindnfeaisusenavretergiifon lnowaninalusuvaseanlanae
flovgfiun (ALOs) 89 64.1 wi% oeg9lsfinuannwaiiasizd XRD wuin ezafilendiuniney
Tuguresansusznovergiilonlulnse (AIN) uagiiaesgiiun (ALO;) warlaveozgiiiley (AD
aae diulalaluvifosduszneumaniinanuanslusUvesaisusenaveanladfe unaidey
panlod (Ca0) 52.23 wt% wazuundideuoanled (MgO) 42.43 wt% F91nHaTnszviina
#1e XRD wuin Wulalalusf Saduansuseneu CamMe(COs), wazursarudumlaves CaCos
warnud 89407 (SI0,) uaveraiiun (ALOs) antley

M58 2 asdUsznaumamiivesnineeniusrgiiiey waglalaluvisiemedia XRF

Oxide Composition wtve p
Aluminium dross residue (AD) Talalun (DO)
SiO, 6.3 0.58
AlLOs 64.1 0.11
Fe,0s 1.9 -
Ca0 1.6 52.23
MgO 7.9 42.43
Na,O 3 -
KO 1 -
SOs 0.5 -
Total 86.3 95.96
Loss on ignition 13.7 4.35

a a

lassasimaadvesingAuninagniuezgilillouuarlalaludt negeulaemealinyises
nudnesudunsnsnaiunlnsalad (FTIR : Fourier transform Infrared Spectroscopy)
Tunmuszneu 2 wuin mangniuergiidenazusingfinfiavedu 2358 cm™ Fadu H-O-H
stretching wa9nga -OH Faduluanavesiiigaduuuiiufitvesmeninagniuezgiide dau
fiaflaundy 1390 cm M sduvomyilaidudan (5-0-Si) uaziiafilaundy 828 cm™ 678
e Ananmsduesiuszseninsezgifleuuazaneulumay ssansusznavezgiludaing
AL-O-Si fipTiaunay 686 cm™ Lﬁmmﬂﬂwﬁmmﬁuﬁmaaazqﬁtﬁwaaﬂiﬁﬁ (ALO;) W3BLNa

wetl ALSIO daunaiiasiedt FTIR vaslalaluiagdsingfiaiavndu 2358 cm™ Faudu H-O-H

v ¢
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stretching weengy -OH Fudhluanavesi uasnufinfiavadu 1412 way 877 cm™ Hinan
msduansusznauasuaun delalalusiffe CaMe(COs), wenntuTiiavady 728 uag 410
e AR5V LS ALO-ST waz SO MUEIRU §sdonadesiunanIsnadausay
wAllA XRD Wway XRF

| I
(a) I I
M\_ | | |
|
V I
- ! |
Aluminium dross I I |
| | [
o I [ I
T ‘E: : : | |
C § |
= Q al I Lo [
2 g' < [ |
g : E : T oI5 |
2 EIE |
g ' g1 SISt i
“g 3l 19 5l
& 5! =191 ol
5 ol 8121 SI
= & Z1Z ol
! g I
| o 3l
| Iz I
[ R
[ [
3900 3400 2900 2400 1900 1400 900 400
Wavenumber (cm™")
(b) _ |
Dolomite |
e o Baasy :
|
= I
X T
o I E |
8 o2
2 > o
£ T8I
£ o1 [
g - R‘: ]
[ T el & e
£ E R 5l
~! N =1
—l @) I |
Y So ol
o S Sl
! I |
ol | |
! |
3900 3400 2900 2400 1900 1400 900 400
Wavenumber (cm™")

mwusenav 2 wadnevivyilsidululuanamemaiia FTR (o) nmnsensuesgdiden
(®) lnlalusi
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navasnsinlalaluvidesutfvesilonafmesgunzniuazaliten

MnmswauingAuninazniuozgiilounaslalaluyi (0 8 30%lngtmidn) saufy
ansazaredanilail NaOH 7 M uag NaySio; (§ns1dau 1 : 3) wuin tinujisenieaiuiou
wazRanesiawenludosiuauann vnlaunuwes
nan1snagauIanlunsdngda (Setting time) #ae1A3as VICAT

KanIsNAERULIAT LG nd Ui lonediues WUl drunauvesdlenadiuasannnin
ngnfuszgiidlon 100% (0D0) Wakusgalaeldnanly 17 wiit Weslalaluviadluly
Funudwalinsdasivestunuitandntios Insnatlunsdndadadllineiumin dauans
Tunndszneu 6 Tunuitnalalalust 109% Tnetmidn (1000) lngldnatlunsidasa 18 wiil
AuTue 2000 uay 3000 e 21 wa 22 wiiinudidy

30
is i 18
e 20 17
% 15 -
=
v
10 A
<
E
(™)
54

0

0DO 10DO 20D0O 30DO
FuuIlowedies

AMNUTENBU 3 28I UNSERFIYRITUN U aND AL

AuLiLe s uuSTanedwed (Bulk density)

NNMUTENBU 4 kansAIAInuILturasiandleneadiwesanninazniuergiliey
ffnsiulalaluyi firnaglui93ening 0.84-0.98 nfu/gnuiAnlyuRuns Tnedusuain
mnazniuorailien 0DO flAAnumutiu 0.93 n3u/gnuiadisudins waziloislalaluy
U 10% Tngimtinaaumuuuiiandsiudntios 0.98 N3N/gnuiAnguRLIAS weilofiu
Talalusfluusunanfisanndudu 20 way 30% Tnsthwindraumuiuduanasdy 0.93 was
0.84 nu/gnuiariguiiuns fadu nsiislalalust (00) 10% denalvirnarumuIuLuRLTY

v ¢
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dndos urnsiislelalaifindy dwaldunuiaamnumnuivanandnies 91nnanis
Sapununuturestunuasiuintunuiisumnwiudesning fuinanlussuinanis
wangusuilenadwosgiunmnmeniuorgiiden iWennagniuegdifendudatuidayly
asavanedanilay axAnufizenszminergiidonlulasd (AN) foglumnazniuezgiiies
warlaieulansonles (NaOH) uay 1h auufiseluaumsi @) viliasfeuenlnis doa

Tguanuilsnguge
AIN+NaOH+H,O —>NaAlO, + NHs (4)
1.2
72
2 1 L o093 028 0.93
= 0.84
5
Al 08
=
(o
z
& 06
85
E 04 F
=
=
c 0.2 r
=
=
b
£ 0
@
0DO 10DO 20D0O 30DO
FunuIlenediues

ANWUTENBU 4 ANUTULUUUDITUINUI LONDRLUDST

nsgadutvasdunuilonaies

KaMINAdeUMIRRTLTT Ui eg1uandunTwsEnou 5 wudh Fueuiilidy
Talalant (0D0) fidefifudmanaduiih 19.6% iWedulalaliaduluunuilonediues
10% Tagumidn wui Juauiidivefifudnisgaduiianas Tnedainisgadun wify
17.96% agnslsfimuniiulealalusifisdudu 20-30% lasthwiin vildemagadaiifatu
fuudiurmanusunuluiivosas vielignsufistuiiues
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40
35 r 31.71
30 F 27.47

1%
o

25 T 196
20 F

15 r
10 r

17.96

F11N
Y

% N130IA

0DO 10DO 20D0O 30D0O

‘;’ X a 1
Fuulonediles

aMwlsznau 5 Wesluinisgaduiivestuuilenedwes

NAN1INASBUA1E98A (Compressive Strength)
9INNTNAFOUNTIULTISATDITUMUMEINTUL 7 14 uaz 28 Fu nudn Ardesaves
unuduianmuseneu 6 Tnemdssailaiiua maummumumL’Jawwmuuwﬂmmm
umiwmuﬂmqaiwmﬂﬂgmmﬂawaamaiil,szisnuwamuummnsuu Fu9u 0DO WiaTUIUAN
nnagniuargiliilen 100% Tnehaiindivy 7 14 uay 28 Ju Aindsuusssawiiu 0.78 0.88
uay 138 MPa iioiiulalaluvludlonedwesiigiuninazniussafiden 10% lasvhmin
At uauiamdsafiutudy 081 091 uay 1.4 MPa issannlalalusidesdussney
¥84 Ca WAy Mg g9 91991 lMiAna Ca-S-H 38 M-S-H ‘vﬁ,iJmﬂuswawﬂwmmwsuamaa
meimuiﬂiaiwmmsumﬂu 20-30% Tagvimin miwmmaqsmmaﬂaﬂm F019180
\esanlasiadrawesiuauileneadued 2000 uaz 30 DO AINTUAL ARAARDINUNANIT
mmaaumwwmLLu'uLLazmms@m%mﬁ']ﬁlﬁﬂé’lﬂﬂLLﬁ:]

€

D 2D

o
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1.8
. 7 14 28
s b 1.38 14 [ | [ |
E 1.2 F
= 0.91
a;; 09 | 0.780':?8 0.81 L 0680.84 0660.740.78
@ .
z 067 66+
= 06 [
Rlvgd
las
ag 03
°cC
0
0DO 10DO 20D0O 30DO
FunuIlenediues

AMNUIENBU 6 NMAISULSIOAVDNTUNUI LoNDRUDS

nan1sBaseilasadrana (Phase structure) daemaiiansiaeauuressidisnd

amUsEneu 7 (a) naiUSsuiisunanmsidsauusidiend uaninisasuulawenla
1993 usu 0D0 w30 nnazniuegiidon 100% isutumadnulutngAuninazniy
ozgiiilon Fawudn ndnmnagniuergiifleaniufizentuasazmesamlend Aaufazen
AIBAINTEY waznuWaadugIu (Amorphous) LLaqumaﬂﬂﬁwuﬁﬂﬂ’EWQﬁmm 20 winAu 20-35°
uaﬂuuwuwxlammammmummmmﬂmimmmuwmuaﬂwmgmsn

NadAs1EimIBuuSdiendrediunuilonedues 1000 2000 wag 30AD wandly
A mUszneu 7 (b) wuan %umudawaaLmaﬁmﬂmﬂmmuaxqmLuaummil,muimialw e
figauazuman Fauansdsmnuidundn (Crystal) veslalalusi Inenudiemdndiyy 20 Wity 31°
miLﬁu‘[mialmﬁﬂ%mmmﬂﬁuwuﬂﬂﬁmmvﬁmqﬂﬁﬁu Fawandiiduimsidulalaluiidiaty
o19erlilAnuffSoniutu favedalaliniEennggetutiues uenandusmumadidusay
ﬁlwﬁamnm5w°711§f7§‘a7wammmzns"’uas@ﬁzﬁayLﬁﬂﬁaa Tawn AN, ALOs, Mullite wag
Quartz \antee
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Q=Quartz (SiO,)
K=KCl

M=Mullite (3AL,0,28i0,)

AIN
Al
C Mg=MgALO,
_
= AIN C=Corundum (Al,0;)
= Ca=Calcite (CaCO,)
2 0DO
=
7]
=
Q
o
=
M
Al
o oo AIN Mg
AMAasATUasULUaN M .
Mg Q

. K

JCPDS No.46-1045
JCPDS No.73-0380
JCPDS No.15-0776
JCPDS No.25-1133
JCPDS No.04-0787
JCPDS No.89-1627

JCPDS No.71-1123

JCPDS No.89-5969

10 20 30 40 50 60

70 80

(b) D

Q=Quartz (SiO,)

AIN

D

> O

AIN

Intensity (a.u.)

A

A 1

D=Dolomite CaMg(CO,),

M=Mullite (3AL0,2Si0,)

C=Corundum (AL,0,)

. J (A A A \
Aottt WA srnn AN I M A A
T T T T

JCPDS No.83-1530
JCPDS No.15-0776
JCPDS No.46-1045
JCPDS No.25-1133
JCPDS No.71-1123

MM P ¢ 30DO

10DO

10 20 30 40 50 60
20 (°)

70 80

AMWUSENBU 7 HaNTSLAEIUUSIEDNT (XRD) VBB UNUILaNa RS

a a

(@) ImgAunnagniueygilitieuuay 0DO (b) 10 DO, 20DO Uag 30DO

Y

31
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HaN15AATIzlATEE1mganIA
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(FTIR : Fourier transform Infrared Spectroscopy)
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ABSTRACT

This research aims to study the positive integer solutions of the Pell-type system

of equations
x2 —8t?y? =1 and pz? —t?y? = -1

where p is a prime number, and t, X, Y, Z are positive integers satisfying the conditions
gcd(x,y) = 1and gcd(t,x) = 1. The methodology involves transforming the system
into a form suitable for structural analysis. Number-theoretic concepts such as the properties
of prime numbers, fourth power residues, and the quadratic reciprocity theorem are
employed to classify cases and provide rigorous proofs. The results reveal that the system
has no positive integer solutions; that is, there are no positive integers x,7y,z that
simultaneously satisfy both equations. This study enhances the understanding of the
behavior of Pell-type equations and promotes new approaches for analyzing complex
structural systems in theoretical number theory. Moreover, the findings have the potential

for application in future mathematical research.

Key Words: Pell's equation system, Simultaneous solutions, Congruences,

Diophantine equations
Introduction

The Pell equation is one of the most significant equations in number theory and
algebra, and it has been extensively studied regarding its potential solutions. Numerous
mathematicians have undertaken the task of proving and exploring the possibilities of
solutions in various forms. For instance, Bennett (1998) established the statement “if a
and b are distinct positive integers, the system of equations x2 —az? =1 and y? —
bz? = 1 could yield at most three solutions.” J.H. Chen (2001) demonstrated that a
particular form of the Pell equation a?x* — By? = 1 had at most one solution, while
P. Yuan (2004) proved that x* —4m(m+ 1)y? =y% —bz? =1 had a unique
positive integer solution.

In 2014, X. Ai, J. Chen, S. Zhang, and H. Hu investigated Pell system of equations
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a1
x% —24y% =1and y2 —pz? =1 where p is a prime number, revealing that such
system of equations yielded exactly two solutions. Simultaneously, L. Tao (2015)
showed that certain forms of the Pell equations x? — 24y? = 1 and y? — 2pz? =1
did not have integer solutions. In 2018, Q. Yunyun (2018) examined specific Pell system
of equations x? — (a? — 1)y%? = 1and y2 —pz? =1 for a = 2,3 and concluded
that these equations similarly fail to yield integer solutions. These studies highlight the
ongoing importance and continuity of research regarding the Pell equation.
Consequently, this research aims to explore the solutions of Pell system of equations

x? — 8t?y? = 1and pz? — t?y? =

—1 where p is a prime number and t,x,y, Z
are positive integers, we focus on fundamental concepts in number theory, such as

congruences and quartic residues.
Preliminaries

This section discusses the important definitions and theorems used in the proofs
of the lemma and the main theorems of this paper, without providing proofs of these

theories. Those who are interested can study more from the reference documents.

Definition 2.1 Let n be a positive integer. For integers a and b, we say that a is
congruent to b modulo n, denoted as a = b(modn), if n divides (a — b)
(Smith,2020).

Definition 2.2 Let a be an integer and n be a positive integer. We say that
a = r (mod n) if r is the remainder when a is divided by n, where 0 < r < n.

Definition 2.3 Let n be a positive integer. If there exists an integer x such that

x* = a(mod n), then a is called a biquadratic residue modulo n.

Example: The fourth power residues modulo 6 for

x=20,1,2,3,4,5 are shown as follows. Because

0* = 0(mod 6), 1* = 1(mod 6)
2% = 4(mod 6), 3* = 3(mod 6)
4* = 4(mod 6), 5% = 1(mod 6)
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to analyze the Diophantine equation x* = 5(mod 6), we begin by considering the
possible residues modulo 6. The residues x*(mod 6) for x € {0,1,2,3,4,5} vield the
set of possible results {0,1,3,4}. Since 5 is not in this set, the congruence x* =
5(mod 6) has no solutions.

Forn = 8 similarly we evaluate x* forx = 0,1,2,3,4,5,6,7 as follow:

0* = 0 (mod 8), 1* = 1 (mod 8)
2% = 0 (mod 8), 3% =1 (mod 8)
4* = 0 (mod 8), 5% =1 (mod 8)
6* = 0 (mod 8), 7% = 1 (mod 8)

Thus, the resulting residues are {0, 1}. Since 4 is not in this set, the congruence x*
4(mod 8) has no solutions.
Forn =9 similarly we evaluate x* forx = 0,1,2,3,4,5,6,7,8 as follow:

0* = 0 (mod 9), 1* = 1 (mod 9)

2% =7 (mod 9), 3% =0 (mod 9)

4* = 4 (mod 9), 5% = 4 (mod 9)

6* = 0 (mod 9), 7% =7 (mod 9),
8* =1 (mod 9).

Thus, the resulting residues are {0, 1, 4, 7}. Since 9 is not in this set, the congruence

x* = 9(mod 9) has no solutions.

Definition 2.4 A positive integer that is not a perfect square is referred to as a non-
square integer. The positive solution of a Diophantine equation is called the
fundamental solution if (x,y) are positive integers that satisfy the equation for any
positive solution (Hardy & Wright, 2008).

Definition 2.5 A Pell’s equation is a specific of Diophantine equation of the form x2? —
Dy? = 1 where D is a non-square positive integer, and x and y are integers, which are

the integer solution (x, y) that satisfies this relationship.

Example 1: Consider the Diophantine equation x? — 3y? = 1.

The positive integer solutions include (x,y) = (2,1). In this case, (2,1) is regarded as
a fundamental solution because it is the smallest positive solution that satisfies the
equation. Moreover, since D = 3 is a positive integer that is not a perfect square, this

equation is classified as a Pell’s equation according to the definition.
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Example 2: Consider the equation x? — 2y? = 1.
This is known as Pell’s equation. One fundamental solution is (3,2). Since 32 —
2(2%) = 9 — 8 = 1, other solutions can be generated from this fundamental solution

using recurrence relation.
Main Theorem

Theorem 3.1 The Pell-type system of equations
x?—8t?y? =1
{pz2 —t?2y?2 =-1
has no integer solutions (x,y), when p is a prime numbe, t, x, y, Z are positive integers,

and gcd(x,y) = 1,gcd(t,x) = 1.

Proof. Consider the Pell’s system of equation given by:

x? —8t?y? =1 (1)

{pz2 —t?y? =-1 (2)
when p is a prime number and t, x, Yy and z are positive integers. This equation can be
rewritten as

x? —8t?y?2 =1

{xz + pz? = 9t?y? (3)

By adding equations (1) and (2), we obtain equation (3). This equation can then be
expressed in a new form as follows:

x? —8t?y?2 =1

{pz2 = 3ty + x)(3ty — x) (4)
Let d = gcd(3ty + x,3ty — x).
Thus, d|(3ty + x) and d|(3ty — x).
Then, there exist integers m and n such that

3ty + x =dm and 3ty — x = dn.
Adding and subtracting these two equations, we get 6ty = d(m + n) and 2m =
d(m —n).
Therefore d|6ty and d|2x.
Now, consider that (x,y) = 1 and (t,x) = 1.if 3|x, then gcd(3ty,x) = 3.
Suppose that 3|x, then clearly 3|3ty, and since x is divisible by 3, we have
gcd(3ty, x) = 3.
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On the other hand, if 3 t x, then gcd(3ty, x) = 1.

Therefore, the possible values of gcd (3ty, x) are either 1 or 3.

Since d|6ty and d|2x, the possible values of d must divide both 6 and 2.
The common divisors of 6 and 2 are gcd (6,2) = {1, 2}.

But from the previous reasoning about gcd (3ty, x),

we also consider the case when ged(3ty, x) = 3.

Therefore, the possible values of d must divide both 6 and 3, i.e.,
de{1,2,3,6}
Therefore, we conclude that d can be 1,2, 3 or 6. From equation (4), we have

(3ty + x) (Sty — x) _ pz? c
d d - az ®)
This implies
3ty+x\ (3ty—x\ _
( d ) ( d ) = mn (6)
From equation (5), we have
d(dmn) = pz?
Which implies that
d | pz?

Since p is a prime number, the possible prime factorization of pz?2 implie that d must
be a divisor of p, z, or z%.In particulae, we focus on the case dlp, which implies d =
1 or d = p, due to the primality of p. In order to analyze the structure of the equation,
we consider the implications of d? in relation to p and z%. Among all possible
factorizations, we focus on the meaningful aigebraic cases that lead to integer values of
all variables:

Case 1: d? = p, which implies d = \/5 (requires p to be a square), and hence
mn = z2.

Case 22 d? = z?, which implies d = z, and thus mn = p..
Orther algebraic combinations, such as d? = pz, do not result in perfect squares or
contradict the integrality of d, z, or p, and are therefore excluded from consideration.
These two cases represent the only feasible scenarios that preserve the integer nature

of all variables and align with the original equation structure.
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Case 1: d? = p and mn = z?
since p is a prime number (p > 1). the condition d? = p implies that d = \/5
However, prime numbers like 2, 3, 5, etc., are not perfect squares, meaning their square
roots are not integers. Thus, d cannot be an integer.
Case 2: d? = z? and mn = p.
In this scenario, we have d|z and gcd(m,n) = 1.
We let

z = duv (7
where u and v are integers such that (u,v) = 1.
Substituting equation (5) into equation (6), we have

<3ty+x><3ty—x)_ s 5
P 7 = pu“v-.

Given the equation and the conditions mn = pu?v? and gcd(m,n) = 1, it follows

that m = pu?and n = v%, where m and n are integers satisfying gcd(m,n) = 1.
Btytx | 3ty=x

Since have a product equal to pu?v? and exhibit symmetry, there

are two possible Scenario for assigning the values pu?and v?:

. 3ty+x 3ty—x
Scenario 1: 7z = pu? and YE = 2
d d
. 3ty+x 3ty—x
Scenario 2: 2T = 2 gnd X = pu?
d d
6ty 3ty+x  3ty—x
Since d|6ty, we observe that — = — + S A pu2 + v?

d d d
where t, x, y and z are positive integers..
Since pu? + v? € Z,and d|6ty, this implies that 6t|d(pu? + v?).
Hence, we assume that the parameters d,u,v,t € Zt are chosen such that
d(pu? + v?) is divisible by 6ty, ensuring y = d (pu::vz

) is a positive integer.

From the two scenarios, we obtain

x==d (puzz_vz) andy =d (pu2+v2).

6t

Substitute x and y into equation (1),

u? — p2\* u? + v2\*
a2 () —gezar (220 =1
2 6t

we have
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2 2

d
—(pZuZ — 2putv? +v*) — 83¢ (p Y4 2putv? +vt) =1

4?2 842 —d? 842 4?2  8d?
- 2,,4 - 2 2 - 4-=1.
(4 36>p”+<4 >(p”v)+<4 36)”

Then

d?(p?u* — 17(2pu?v?) + v*) = 36.

2,4 2,2 36

p2ut + (—=17)(2pu?v?) + v* = =7
That is (pu? — 17v?)? — 288v* = 30
Let

d(pu? — 17v?)
p= |
Therefore
p? —8d*v* =1 (8)

From equation (8), we can consider four cases based on the values of d = 1,2,3 and 6,
utilizing the concept of fourth power remainders and the definition of the solution set
for Diophantine equations to analyze the solutions for each sub-case as follows.
Case 2.1: d = 1. From equation (8) we have
() () - ®
The equation can be rearranged for clarity by letting v = st to simplify the analysis as

follows.
L) -2

B+1 ﬁ

We can consider two cases because the equation has two factors > and —. These

factors can be related in different ways, which leads to two possible scenarios.
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Case 2.1.1
Assume:
[ =
2 2
From this, we can derive
p+1 p-1
— =25 —t*=1.
2 2
or Bl Bl et _ st =1
2 2

which is a Diophantine equation. The only integer solution is (s,t) = (1,1) when s
and t are positive integers.

From B = |M , we get B = 3 and pu? = 35 = (5)(7).

Thus p=5and u= +/7 or p=7and u= ++/5. Therefore, z = +V7 or z =
+V/5.

Since the values obtained do not yield any integer solutions, we conclude that this case

has no integer results.

Case 1.1.2
Assume:
ﬁ;1=¢
‘1 (10)
— =2t*
2
Or
Br1_ .,
ﬁ 2 (11)
2 4
From this, we can derive
p+1 p—-1 4
—_— = —2t* =1.
2 2
or %—%zt‘*—zS‘*:L

Let u = s% and w = t? for positive integers w and u. This gives the equation:
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st=2t* =u? -2w? =1.
Or
t*—2s*=w?-2s2=1
Up + w2 = (3+2v2)".
Or
o+ unV2 = (3+2V2)"
Since 3 + 2+/2 is the fundamental solution to the equation u? — 2w? = 1 and w? —
25 =1wehaveu; =s? =3 andw; =t =2.
Qr wy =t?=3andu; =s?=2.
Thus, s = +V3 andt=+v2.0r s =+vV2 andt = +V3.
Therefore, equation (10) and (11) has no integer solution.

It can be observed that swapping the values of s* and t* between (%) and

(%) does not change the final result. Therefore, in cases 2 to 4, the proof will consider

swapping only the constants, as detailed below.

Case2.2: d=2

From equation (8), we obtain:

p? —32v* =1,
This implies:
L+ 1) ([)’ — 1) Caa
(T ) =8

Since v = st, We can express it as:

L -aee

We will divide this into four sub-cases as follows:

Case 2.2.1
Assume:

+1

B—Z = 4s*

12)

“ (

Pl g
2

From this, we can derive

NITIemansuazmalulad unInedevdguisud U0 9 atun 2



a9
Let 7 = 252 and w = t2 for positive integers w and u. This gives the equation:
r2 —2w? =1,
The general solution to the equation 72 — 2w? = 1 js given by:
T+ w2 =(3+ 2\/§)n.
Since 3 + 2v2 is the fundamental solution to the equation r? —2w? = 1, we have:
1 =2s*=3andw; =t? =2

Thus, S=\/§ and t =2

Therefore, equation (12) has no integer solution.

Case 2.2.2
Assume:
+1
BT = 254
(13)
-1
Pl _ g
2
From this, we can derive
+1 -1
'BT — ﬁT = 2s5* — 4¢* (14)
From equation (14), we obtain:
2s* = 1(mod 4).

This means: 8s* = 4(mod 8),
Which is impossible since 8|8s*. This means that 4 cannot be a remainder of
8s*modulo 8.

Therefore, equation (13) has no integer solution.

Case 2.2.3
Assume:
+1
'8—2 = 8s*
(15)
p-1_.,
2
From this, we can derive
+1 -1
ﬁT—ﬁT=8s4—t4=1 (16)

From equation (16), we obtain:
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t* = —1(mod 8).
Since —1 = 7(mod 8). This leads to:
t* = 7(mod 8).
Since 7 is not a fourth power residue modulo 8, Therefore, equation (15) has no integer
solution.
Case 2.2.4
Assume:
+1
B L
Pl _ g 0
2
From (17), we derive:
+1 -1
BT_ﬁ_Z =s*-8t*t=1 (18)

Let u = s% and w = t2 for positive integers w and wu.

This gives the equation:
u? —8w? = 1.

Since 3 + /8 is the fundamental solution to the equation u? — 8w? = 1, we have:
The general solution to the equation
u? — 8w? = 1is given by:

Un + w8 = (3+V8)".
u1=Sz=3aﬂdW1=t2= .
Thus, s = +V2 and t = +1

Therefore, equation (17) has no integer solution.

Case 2.3: d =3

From equation (8), we obtain:
p? —72v* =1.
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The equation can be rearranged for clarity by letting
v = st to simplify the analysis as follows.
B+ 1) (,8 - 1)
—— | [—— = 18s*t*.
( 2 2
1
2
factors can be related in different ways, which leads to six possible scenarios.

pr1

We can consider six cases because the equation has two factors and . These

Case 2.3.1
Assume:
+1
prl = 6s*
(19)
-1
-1 = 3t*
2
From equation (19), we can derive:
+1 -1
'BT—'BT=6S4—31:4=1 (20)

From equation (20), we obtain the congruence
3t* = —1(mod 6) or 3t* = 5(mod 6)
Now we analyze possible values of t (mod 6). We compute t*(mod 6) for t =
0,1,2,3,4,5.
The resulting values are t*(mod 6) € {0, 1, 3, 4}.
Thus, 3t* = 5(mod 6) is not possible. This contradiction implies that our assumption

leads to no integer solution. Therefore, equation (19) has no integer solution.

Case 2.3.2
Assume:
+1
ﬁT = 354
(21)
-1
-1 = 6t*
2
From equation (21), we can derive:
+1 -1
i - '8—2 =3s*t—6t* =1 (22)

From equation (22), we obtain the following congruence:
3s* = 1(mod 6) or 6t* = 2(mod 6).
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Next, we analyze these congruences to determine the implications for § and t:

3s* = 1(mod 6) implies that s* must be congruent to 1(mod 2) (since 3 =
3(mod 6) and 1 is odd) 6s5* = 2(mod 6) simplifies to 0 = 2(mod 6) which is
impossible.

Thus, we conclude that the system of equations given by equation (21) does not yield

any integer solutions.

Case 2.3.3
Assume:
+1
prl = 9s*
E = 2t% (23)
2
From equation (23), we can derive:
p+1 p-1
— ———=09s*-2t* =1 24
> > (24)
Let w = t? and q = 3s? for positive integers w and q. This gives the equation:
q®> —2w? =1,

The general solution to the equation g2 —2w? =1 is given by g, +Wn\/§ =
(3+2v2)"

Since 3 + 2v/2 is the fundamental solution to the equation g% — 2w? = 1,

we have: ¢; = 3s? =3 and wy; =t = 2.Thus, s = +1 and t = +V/2.

Therefore, equation (23) has no integer solution.

Case 2.34
Assume:
+1
prl = 2s*
(25)
-1
-1 = 9¢*
2
From equation (25), we can derive:
+1 -1
—ﬁ >~ ﬁ—Z =2s*—9t* =1 (26)

This simplifies to:
2s* = 1(mod 9)
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10s* = 5(mod 9)
Since 10 = 1(mod 9), we can conclude:
s* = 5(mod 9)
Now we analyze all possible values of s*(mod 9):
We find that s*(mod 9) € {0, 1,4, 7}, so 5 is not a valid value.
This is impossible because 5 is not fourth power residue modulo 9.

Thus, we conclude that equation (25) has no integer solutions.

Case 2.3.5
Assume:
% = 18s*
E =t (27)
2
From equation (27), we can derive:
18s* —t* =1 (28)
Now, rearranging gives:
—t*—1=9(2s%.
That implies:
—t* = 1(mod 9).
Since —1 = 8(mod 9), we can write:
t* = 8(mod 9).

This is impossible because 8 is not a quadratic residue modulo 9.

Therefore, we conclude that equation (27) has no integer solutions.

Case 2.3.6
Assume:
+1
e 29
P-1_ 18t*
2
From equation (29), we can derive
bl Bl _ gt _18tt =1 (30)

2 2
Let u = s? and k = 9t? for positive integers W and U. This gives the equation:
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u?—-2k*=1,
The general solution to the equation u? — 2k? = 1 js given by:
Up + kyV2Z = (3+2v2)".
Since 3 4 24/2 is the fundamental solution to the equation u? — 2k? = 1, we have:
u; = s?2=3and k; =9t? = 2.
Thus, s = +V3and t = +§\/§

Therefore, equation (29) has no integer solution.

Case 2.4: d = 6, from equation (8), we derive

p? —288v* = 1.
This implies
B+ 1) (,8 — 1) B 4
(T — )= 720",

Given that v = st,
we have (%) (?) = 72s*t*.

We can divide the analysis into 8 sub-cases as follows:

Case 2.4.1
Assume:
+1
BEL_ o
(31)
-1
-1 = 8t*
2
From equation (31), we can derive
Bl o ogst—gtt=1 (32)

Given that v = st and z = duv, we find that
(s,t) = (1,1) is a solution for equation (32).
Now, substituting into the equation for 8, we have:

d(pu? — 17v?)
6

s-|
Assume that f = 17.
From pu? = 34 = (17)(2) the possible values are:
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a) If p =17, then u? = 2, which implies u = ++/2
b) If p = 2,then u? = 17, which implies u = +v17.
In both cases, u & Z, and therefore z=duv=d-u-v=d-u-1= +dv2 or

+d\17.

Therefore, we conclude that equation (31) has no integer solutions.

Case 2.4.2
Assume:
+1
'8—2 = 8s*
(33)
-1
Pl _ g
2
From equation (33), we can derive
Bl _ Bl _gst_ogtt=1 (34)
2 2

This leads to 8s* = 1(mod 9). Since 8s* = —s*(mod 9),

we can rewrite this as —8 = 1(mod 9).

Thus, we have s* = 8(mod 9).

This is impossible because 8 is not a quadratic residue modulo 9.

Therefore, we conclude that equation (33) has no integer solutions.

Case 2.4.3
Assume:
+1
BT = 3654
(35)
-1
Pl g
2
From equation (35), we can derive
&_Ez 365t — 2t* = (36)
2 2

From equation (36). Let h = 652 and w = t2 for positive integers h and w This gives
the equation

h? — 2w? = 1 s given by hy, + w,V2 = (3 + 2v2)".

Since 3 + 2v/2 is the fundamental solution to the equation h? — 2w? = 1,

we have: hy = 65% = 3 and w; = t? = 2.
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Thus, s = i\/% and t = i\/z

Therefore, equation (35) has no integer solution

Case 244
Assume:
+1
ﬁT = 254
521 37)
—— = 36t*
2
From equation (37), we can derive
+1 -1
ﬁT—ﬁT=254—36t4=1 (38)

This leads to:

2s* — 1 =1(mod 9) or 8s* = 4(mod 9).
Since 8s* = —s*(mod 9),

we can rewrite this as 4 = —5(mod 9)

Thus, we have s* = 8(mod 9) is impossible.

Consequently, we conclude that equation (37) has no integer solutions.

Case 2.4.5
Assume:
+1
— = 18s*
. (39)
2
From equation (39), we can derive
+1 -1
'BT—'BT=18S4—4¢4=1 (40)

This leads to —4t* — 1 = 9(—2s%).

Since —4t* = 1(mod 9). We can also write this as —8t* = 2(mod 9).

This simplifies to: t* = 2(mod 9).

However, 2 is not a quadratic residue modulo 9. Therefore, this situation is impossible.

Consequently, we conclude that equation (39) has no integer solutions.

NITIemansuazmalulad unInedevdguisud U0 9 atun 2



57

Case 2.4.6
Assume:
+1
IBT = 454
. (41)
—— = 18t*
2
From equation (41), we can derive
+1 -1
'BT—'BT=4S4—181:4= 1 (42)

Let r = 252 and f = 3t? for positive integers 7 and f.
This gives the equation 72 — 2f2 = 1. The general solution to the equation % —
2f? = 1is given by:
T+ fV2 = (3 + 2\/5)71.
Since 3 + 22 is the fundamental solution to the equation r? — Zf2 =1,
we have: 1, = 2s?2 = 3 and k; = 9t% = 2.

Thus,szi\/gand tzi\ﬁ.
2 9

Therefore, equation (41) has no integer solutions.

Case 2.4.7
Assume:
+1
ﬁ—z = 72s*
(43)
p-1_,
2
From equation (43), we can derive
+1 -1
ﬁT—ﬁT=7254—t4=1 (44)

Rearranging this gives:
—t*—1=9(-8s%
This can also be written as:
t*+1=72s*
Next, we analyze this equation modulo 9:
t* = —1(mod 9)
Which can be expressed as: t* = 8(mod 9)
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Since 8 is not a residue for fourth powers modulo 9, Therefore, equation (43) has no

integer solutions.

Case 2.4.8
Assume:
+1
pr1_,
2
f—1
— = 72t*
2
From equation (45), we can derive
p+1 p-1 4
— =t - 72t* = 1.
2 2
This simplifies to:
st—1=72t*

We can factor the left side:
(s2=1)(s?+1) =72t*

Sine 72t%* is even, both s — 1 or s% + 1.
Must also be even, which implies that s2must be odd as well.
Now, let us consider the equation modulo 3.
If s2 = 0(mod 3). then

s? —1 = 2(mod 3).
And

s? +1 = 1(mod 3).
The product becomes:

(s2=1(s?+1) =2-1=2(mod 3).

But
72t* = 0(mod 3).
This is a contradiction.

(45)

(46)

The analysis in the modulo systems shows that contradictions arise, which indicates that

there are no integer values for sss and ttt that satisfy equation (45). Therefore, we

conclude that the equation has no integer solution.
Conclusion: Main Theorem (Theorem 3.1)
The Pell’s system of equations:
x? —8t?y? =1
{pz2 —t?2y?2 = —1
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The objective is to explore possible integer solutions for X, Yand Z given that p is a
prime number, and t,x,Yy and z are positive integers. After deriving an equation from
the combination of (1) and (2), we arrive at an analysis based on the gcd (greatest
common divisor) of certain terms. This analysis further leads us to consider various cases
for the value for d = gcd(3ty + x, 3ty — x) and the implications for the system of
equations. Each case (d = 1,d = 2,d =3 and d = 6)
fails to yield any integer solutions. Therefore, the system has no integer solutions for

any prime p.

Conclusion

2

This study analyzes the system of Pell equations x? — 8t?y? = 1 and pz? —

t?y2 = —1 Where p is a prime number and t, X, Y, Z are positive integers. By applying
number-theoretic methods such as modular analysis and quartic residues, we have
demonstrated through an in-depth analysis that this system of equations does not admit
positive integer solutions. This provides a clearer understanding of the characteristics
and limitations of this type of Pell equation by exploring the properties of the variables
and utilizing the theory of quartic residues. The results of this study are significant for
the development of new approaches in the analysis of complex Diophantine equations.
Additionally, it highlights the potential applications of number theory in various contexts,
which can be useful for further studies or solving other mathematical problems in the

future.
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AENATY: answgnwAll ANTlleY asinueuyaBaTy a1sUsenauTiuedn yITud

]

ABSTRACT

This study aimed to evaluate the antioxidant activity and phytochemical constituents
of turmeric milk serum compared with Curcuma zedoaria (Christm.) Roscoe (storage root). The
plant materials examined were rhizomes of Zingiberaceae, with purposive sampling applied
to select “turmeric milk,” a mixture of four species (Curcuma aromatica, Curcuma aeruginosa,
Curcuma sp., and Curcuma xanthorrhiza). Proximate analysis showed that both fresh turmeric
milk and C. zedoaria contained proteins, fats, fiber, and moisture. Ethanolic extraction was
performed using 95% ethanol as a safe and effective solvent. Phytochemical screening
indicated the presence of flavonoids and saponins in both extracts. The total phenolic content
was higher in C. zedoaria extract (120.340 mg GAE/g) than in turmeric milk extract (27.920 mg
GAE/g). Antioxidant activity, measured by the DPPH assay and expressed as vitamin C
equivalent, showed ICsy values of 50.9059 pg/mg for C. zedoaria and 348.1242 g/mg for
turmeric milk. Statistical analysis revealed a significant difference (p < 0.05) between the two
extracts. These findings confirm that both C. zedoaria and turmeric milk contain antioxidant
compounds, highlighting their potential application as natural ingredients in community-based

cosmetic formulations.
Key Words: Phytochemical, DPPH, Antioxidant, Phenolic compound, Buriram
uni

uviu vfiue vde ldeiu Ao sInavanemsvesity (storage root) fgauludae
arsermsmanuts lusfu 1 wazlusiu (Pandey et al, 2023) f51891un153 817 82U
uuvdiy v vive Teviutuigndneglunsenafivasd Zingiberaceae (@ 11 wazviiu) 7
UsziRnsiunldusslesdogseniuiunazaseuaquniadunisunmg i uduluauds
nsvhomsiasfisnguiduinni 70 a1eus undaridaazegluvauenining Tunn
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iy wageeantide 4eldTuns@nuiniadiungnuiadl dundsineiuazinved
arstluanadifaqnidiusyyadasy dwlifa dudouuaide funisdnay drusam
o1MslsANINAUeIMIS antuIukard1usS udusuonand Seldiduensiuuas
ddousssuvnfuarlanuadla (Dhiman et al., 2023)

Tuvssmalng “livfiu” viesnminavauoimsvesiivasd Zingiberaceae griinanld
Uselomiogamannuans aluduonms wagmaunmgiuiiu neleusuussnuannie Use
Burdesmeafiousssanaznauluomsiosiu wenaini Seldidusutiulunisusam
9INIITNITLUUNIUAUBINIT LYW TUAN WAV 8980 ANLT A Warann15eniay
NuIBmsRuALvdeuanenanzd dagiulnmeiaundundesusayulnamdouduiotise
qUAMN s’mﬁy’qgﬂﬁﬂﬂiﬂuqmammiuLﬂ%qﬁwma WU aAsu wnan ay wazeaseruanulng
desniiguandftisannaunis wasdiugadnldd Snvsdedunumlufisnssuiesiu uas
anuiBesuanududiueea sufsmsugniiteduliiusedu ludaasugianui dnsugn
LLaxaﬁ’mu’qaL%qwm}us‘]ﬁgﬂugﬂl,t,uuaﬂ Wi Be wazansaie Tagosdmnuinsldanilvaiiulud
wiiazsnazanomInnIdwdy o vesivluanaifedtu nanamaananeveanisly
Usglovifananild imdudadnenmlunmstauidosendundefasadlnsnnsgu wee
\resdienssTINTATiasnsaiityadlfog1sdsEu (Boonma et al., 2023)

Tuilufl nangYusenidsanile nquuusgayulnsanitiusenild suatudie
sunenseds Savdayisug Ifhfivesenaiiode 91wy mussgndldifienandnaiosdions
dmsuunsedmdn laedenldsinazaneinisvesinu 4 via laun 71uuteAInTe
77UUIaTUNS (Curcuma aromatica Salisb.) 21uNRILY (Curcuma aeruginosa Roxb.)
FuBumies (Curcuma sp.) waziudnuagn (Curcuma xanthorrhiza) Tnethnatingaet
avemhlildmsatniidnuasiurennadumedietiuy feumudontui “uneiiu” an
saundueduuusiudeldnsluaiideu suviaosondundnfae qusuiiarunsnadis
meldliunaundnluguvuldsnde venantyuwudildth “uudos” Fuduaulnsiiuriosiu
snWaududiunasveman fausinsesdendlugiuuunsdanth wassedai ileiiunaden
Tumsliusslovtianivayulnslusiosiuiiudy

INNTAUNY wazNISAuTayanInawIn wull nauudssvanulnsans drusenild
fanuaulafiesAnudeyadsdnistvarsddnyluuneiuuasaivdos Weandsenu
mMsdesTyhasfanandquaniilunsannsiiednasneiuuuluntldase Taonguans
fleengquisvian Ao nguansueyyadass (Na Nongkhai et al, 2024) Fafugaauiianunsn
thlulidugudoyalunsiaundnsusilvivesyuvuilédumssesiuanamiddouazannsn
duaSunsneuazdndmhedandiyddelulueuaald
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mammummmvmw mlmmmsﬂmymumwamamaaaLasaJLLa auuauumsﬂmm
fananlagldnssuiunmsuazuinssumeduadl ilosnsedundnfasieduuuniu uazai
sogliunguwlsvayulnsaniviusenld duadiudie dunenseds Jawmdayisug

QUszaAn13IY

\efnwgvsAueuyadasuasytinvasansngnuaiiluuuuiy (Iunay 4 viia)

LPNANTHAZIUIVLNNYIVD

s

Geetha et al. (2020) lanAaaUNEAUTATNVBIATANAAIN Curcuma zedoaria wae
Curcuma aromatica Gial,%a Cutibacterium acnes "f'f\‘iLﬂuL%aﬁLﬁmSﬁaﬂﬁ’UﬂﬁLﬁﬂﬁa EeER
Wounsuwanviasu 9 HANSANBINUTT ﬁﬁﬂaﬂﬂwluﬂﬂié’u5&mam’%zysuaqL%aé’aﬂﬁn Iagng
Fovau Fadundngruaivayumsliinirvesiiv Zingiberaceae aniliiutngRuddaydmsy
nsWaLesdewtenandnsidudaluounan

vanovi¢ et al. (2020) Anwidauusznoumaaiuazqns fusyyadaszvesfiviad
Zingiberaceae 4 ila (n5521u vl udu 99 uaznra1sla) lnewSeuiiou “a1safane1u”
flafineae 80% Lev1uea 80% wvuea WAzt (Fae UAE) wuin Taesaa 80% tenueals
Angnmdudiningsiign KeduuTuuasiuoasuuargviiueyyadasy (ABTS FRAP)
dewflufusvazatedu 9131 enueadudvharanediuangaudmsuisasoengn’
nnfisnguil Tnedaddsdsmudaonsosonisldauluomsuasiaiesdondldde

Rahmat et al. (2021) lémuvussdardiieatu Curcuma xanthorrhiza Wieviium
Ingdnauedayan uIAnug ngnuetans aeaUsenauasdIfey Wi xanthorrhizol kag
curcuminoids AaBAIUTIBUgNE NaAdYIng 1 ivainnate leun quddueuyadass
AIUNITENLEU hagA1uatn nan1sAnwaduayudn msldmiasaneimsvesiyluied
Zingiberaceae fnuawgdluniswamndunan fusigunimuaziad osdrondiidsadostu
nspuaEINTsakaznsUssiunsonLay

Hussain et al. (2022) lafinwiauaudfves “inosaiiu” %QL%Uﬁ’]i@@ﬂi}%éﬁﬁﬂﬁWUNﬂﬂ
Tumiwesitwana Curcuma Tngiang Curcuma longa 9184 uaTU figuasugatndid oy
sowderalsafmifvanesiin suiadeiiiedestumaiings nieuianannile anuvasnste
voen1sUsegndldansadaanzd deyadenantliifudsdtnonmasnnesadulunisiily
meLfJuwﬁmﬁm%méwmaﬁm%’umu@mﬁal,l,asmiﬁm%auuﬁmﬁﬁ

Manasa et al. (2023) ld@nwunailaaiaiaasaiuain Curcuma longa wagfnw
Padeduivinazans wundngiuainvatenisveassdenndesiuil wnueaiu davhazane
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Bun3dit “douuasliinadiign” dvsunmsadanedaiiu viluudnanansesazuasUszansam
VDIHIUNEL

Putri et al. (2023) lsamndunuundndasiniosdendusuuuunadsduduginn
ansariamni1 Curcuma Togldiemueailuiain uasvaaeunmuautANINenMYeINEnsinm
wansnaaeanudl wlsuildfiaaaudRuansandmiuldidundnsasindosdions uasd
nsiasudsansszneuudangdoonled (2n0) Waltugndugadn vuided Judu
Freg19n5uead g A uayulnsuazniniy Zingiberaceae sWanndundndasii
FOUALBIRDAIIUABINITAUAIIUNLUALAUN A

Crusca et al. (2025) lvinnsAnvmsnddnuuugy Tagldaadifarseongnsain
Curcuma longa Sufumsaneuas LED flilesnunds nansvaassuansliidiudn anunse
anseelsndrdniaulfesailtuddydeisuiunguauau Sntslinuensdradesiizuuse
msdnwtagiiouliiuiiminiudetuniaundugnstmiumeluladasiel awnsoiiy
Uszavsnmlunsguaiiomils wagiaundululsfiazsosondemndyd

Siramon et al. (2021) l#vinsafauenatseengninsdaniwanumitiuunsduas
AnsiziesAUsEnoumaaiivesdlegeansanaveulaswmaidaiaialasunlnns il wuad
awnlnswniannwanisitasizinvesnlszneuninaliduou 5 via wuslaidu 2 ngu
Ao (1) nquwnesAduaed : Bisdemethoxycurcumin Demethoxycurcumin Curcumin kag
(2) ngueIRUsznauseivels Furanodienone wag Turmerone

A5N15AIUNISIY

mM9ivendedldvinsatnansddyanfiudesuaruaviiv Inedenldioniusaiu
favharaneifissriafendiuiuisnisatauuuny (maceration extraction) fiailiiladain
MMIMUMIUITIANTINT IR BT esnun tonuealdudavhazaied imunzaui gadmiu
nsafnansesngvs andivayulnsiifianuvaon fededudnuazuilae sauduiuiingde
Aaundeu SnvadvannsaUszndldldaivlusefuguruivaonadestuuuimisnisiaun
wAnAtanulnsfiduisuseansnmiayenudsu

Usgynsuaznguaiagne
Usz91ns A ﬁﬁzf[,umzqa Zingeberaceae
nNaufeE1e Ao viludeekaruNviY (I1unay 4 viin)
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ASAATITHETDINNS

Tutuneuildvinisisigsiaisermsdiday wu Wsiu lufu Sieseinnlowas
A Tsiudeserisinalulnsiaudedd kieldahl by Foss / Kjeltec 8400 Tusiuiiasnzst
A1875 extraction of fat in soya beans, ASN_3136 by Foss / 2050 n1nle 1LA5121in18735
AOAC Official Methods of Analysis 21" ed., 2019, method 978.10 by Gerharat FT12 whag
AT AsEneLAIes Thermogravimetric Analyzer 8%, LECO, 31; TGA-701

nsanAaTaAgy
1. N9LAIUAIDEIN (Sue-aok W. et al., 2023)

i udesandiuiu 1 Alanfy uaruneiiuansiuau 1 Alandu gniudng
¥auarendetinazenn wazanluiisuauuisain duduuuiiuan 1 Alandy Ussneude
Truanulng 4 9da laun Y7uu1eAT (Curcuma aromatica) 31usnLue (Curcuma
aeruginosa) MUDWWABY (Curcuma sp.) wagdudnuagn (Curcuma xanthorrhiza) Wnenas
Tusnsnday 1:1:1:1 nda91An1sAINWRe Nudn tindnutwewiiudoamiafy 117.7000 i
wazuviuwihiy 98.4700 S

AMWUTENBU 1 SNYULIDIVAUDDYAINLIA (2) WATHNWLVDIUNVTUAINWIA (D)

2. nMsafinasaAgy

AegeuiudIgnviamei1uIue waztlludluleviuea 95% Mgumg
873

L3817 3 U NEINUUTNINTNTBUNBLENNINDDN kATUININTLNABUENAT 1A
Wialileasainegemsudiu

Avoaudy
Sweaniu
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3. NNTSNYAINNAZANY
asavanedildanmsada gmirlussmednihazansienusaseniagliiniosszive
LUUARANAY (rotary evaporator) Wielildasananetuienuea (crude ethanol extract)
youniaiiudosuaruviu deanunsat Wl lunsiwseimaniivionswaunansast
ayulnsnaly
mMsnzvinvesasngnuaiiidasdu (Buachoon et al, 2022)
nsnadaulnalalun
drasadaveruieniuea 4 fiaddns gnviliuisauduiuns 2 Jaddns Ay
wanluieulensenles 1 Hadans wen Heansduas Usuenisnsnuaisinalalan
ANINAFDURNULY
vhansatnneuenIusanalfuaIsazans 2% voe FeCls 2 fiadans ndundu -
Fowdethiiu - susuendensnuansTnailueauazunuiy
nsnagaunalliuaen
UngsananeUleMUBaNaLAUENSaEa1Y NaOH Loudu 0.1 M USH1ns 2 Jadans
aUsIngddumissdsueniimsiiegvesailiuess
nsnagauy1lutiu
ansananeULenIueanaLfULINaY 5 Tadans lunaoannass LazlvE10E19use
U 30 AU NsnedvedliuAIdIuIL 30 WY Usuanteniswugluiiu

AsAATIZRUSUUE1SHUBANSIN (Sue-aok et al., 2023)

NSRS IUAITALANIUINTFIUNTAUNAANT A2MLTUTY 10 20 40 60 80 WAz 100
lulasnfu/fiadans wisuansadaneruieniuea Aanududy 200 lulasnsu/dadans
a15azane Folin-Ciocalteu 7 maundudu 10 % (vAv) wavarsazarslewi sua1s usiun
Fanududu 75 fadniu/fiaddns nauasazaienIawnadnvioanssiogns Usuns 1 fadans
Lazas Folin-Ciocalteu Y33 5 fadans ihluiAvliludifie uiu 3 uiiif gumgiisies
Wuansazanslafsunsuaiun Ysuans 4 fiadans waanduliludida wiu 30 wd dilude
m@mﬂﬁuumﬁ'mmmmﬁu 756 ULULUAS ﬁﬁmmsamﬂﬁuummmmLa?{s wazANEIU
Lﬁmmummgm et lumwnmuSinaasusznaufiuedn 1NNTINUINTFIULAETIE9U
Halumiieiadnsuauyavesnsaunadndeansanaveu 1 n3u (mg GAE/g of extract)
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m‘ﬁLﬂiﬁxﬁqwéﬁ'}uaqyjaﬁaizﬁ’aEﬁ% DPPH (DPPH radical scavenging assay) (Sue-aok
et al,, 2023)

nMswisuasaragaTataveULara TR TE AT Aeududy ansafavenu
viudes 10 25 50 waw 100 lulasniu/dadans arsadane uuuviu 50 100 250 wag 500
lulpsnsu/tadans a1sunsgIuinidud 12 3 uae 15 Wleasniu/dadans Idasadareiuiay
a150193371 USH1as 5 ad8ns wnaisazaity DPPH 0.2 Tadluans (mM) Usuins 1.25
faddns nanliidafu dsliludsiafunan 30 undl Agumgives taisazarsunine
nsganauLasioinissanlnsTnlafinefuuugi-3ai0a (UV-Visible spectrophotometer)
fianuemadu 517 uiluaes AuamanUedfidudniadiuds Geinhibition) :nasunis

Asampte

% Inhibition = [1-—— ] x 100

‘control

Asarmple D AMNNTRANFULAIURIANTHIDENS
Acontrol 1B AINMIAANAULENURIYAAIUAY (Ldlevusaunuan i)

N15a519N51MUIATFIUYesATAN AN UV o 0y @rsanave uuNlu uag
A1501959WINNTNT NwanspnuduRusTEnINeMUdUTUYeEIsiu %inhibition LienIen
ICso FasTupnfinansdisnnududuvatansiioangrsdudveyyadaszle 50%

NAN1539Y

HANITNAADINITILATIEWAITOINT NITANAANTAIA YA I8AIVIALAIULONIUD
N9IATIZRTInveIEITNgNATIIUBRY N1INIUTUIMEITH WOANTIN WaZNISANYINSATY
auyadase DPPH Alaninan1svaaeunuseunwiotull

NAN1SAATIZHETDINNS

@

a1semsdwmaneyszdninimiaissdronfildlunisungeda aremad3Tedlaun
Mae1e 2 iln Aip VUDRYUALUNVIUGIANTIN 1
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A15199 1 @1semsinuluviusplasunviy

YUAVDIANTDINNG viludos yuviiy
TUsAU WU WU
Tgiy WU N
nnly WU WU
ALY WU N

9915997 1 wudn afiudesnarunviuiliviwdsfasiduiansermsTusiu Tusfy
nnleuazanuduogiuey Teagdidludesiud ludoviiudosuaneduuunivdarsemsii
sndudenisieiyiivlanaziieingsdiuianvsevessianield (Duangit et al, 2020) us
dsvstimansusieduunviuduasesngnimestinmiiiinadenistigaiavdniuiiany
$ufusddaidesmaaouieds DPPH Feazlfinsanuluddudnly

NAN5EAAENTAIATYIINNYA2DEN4

nsafnansdfyanmitveswi udey wazuned unvihnsasnsae3sn1svlnud
\oMUBA 95% Tigaumniivies w1y 3 Ju Feszmeivhavanefeiniesszveanauy (rotary
evaporator) 9zl@asanafia (crude ethanol extract) Fuifldnvasuaziosazansain uwan
A3 2

A9199 2 NANTANRENTANAYINNUAIDE

- U3ung - UNRUNNY Unun Dl
WY anwds Yy g v 9 v 48w
v BNIUDA - uien e GRFG LG F19ENARBUINUN
29819 #196nn “ o
(mU (g) (9) WYLIAG
2 . GRPGRIIG
YUUBDDY 1,400 e ¥ o 117.7000 18.4495 15.6750
SR RRIRTN
p A3aNnNUA
ULVUU 900 aa ¥ : 98.4700 4.0725 4.1358
HaUManaU

MnuansatnanszdAtyvesiiudesuaruLEun U Lamuaammmaﬂmmsaaﬂfma
mﬂwwqaawumim agnglsiny Usmmmsaﬂmﬂmmﬂmuuaasmmmmﬂmiaﬂmmﬂumuu
og1etmLau eRansandoyaainans1ed 2 wuin Fwnansadaildaneiudosunniy
o19ifloananviiudesiinududuvesansdidty (active compounds) g4n71 luvmedius
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viiudadunswauinuvanssie envvilvdnduaiseangnsianis tuiioasas dwalv
Uszansammsaranglusivinazansiemueaanas Sedunnildenadesiunuiseres Rahmat
et al. (2021) #51891u31vi udee (Curcuma zedoaria) fasdAnlungu sesquiterpenes
uay curcuminoids Tuuinags Fadunguansiiazaneldmluleniuea Jwilildnandnans
anNeuINNI

nan1sAAs T linuesansngneaiil e iy

Tuduneuildnnaourinvosarsngnuaiidesdusuiuidu ¢ vin e tnaleles
iy alueed ez Uiy vesansafnanviusssuavansatauuaiiu lnanisnadeu
WA In15199 3

M15197 3 wliavesansngnueiiiUassuinuluarsainuuviiy

YUAVDIEAITDINNS viiudey yuviiu
Inalalen Tainy Tainy
wnudiu Taiwy Tainy
Waliuoun WU WU
LRSI WU WU

31915199 3 Feanusaasuledn vilavesasugnuadAnuluasadnainviiudos
unviiudarsvialiuesn wareluiudennassiuuideass Destryana et al. (2024) lanan
1 luiwnsena Zingiberceae dvlaliueedo

NAN13ATIZAUTU A TUTZNOUNUBEN

nywlnasuiLansemdius seninsadadnduveansaunadn (mg of gallic acid)
Lwa‘[fummuiumsamemmﬂimmaamwluaaﬂiawuaqmiaﬂmmuaaaLLauummu 2Nt
Slothansafnuiudesuazansatnainuuiiy filsvinseSeuudiuninnsganduas wuin
asataanuiudesfidnsganduuaniieunsaunadnlussduiiviniy 006017 fadndy
ﬁumﬂimLmaéﬂLLazmiaﬁ’mumfﬁuﬁﬂ'ﬁms@@ﬂﬁuumLﬁEJUm'mimmaﬁﬂ TuseRudimifu
0.01396 fAANTUVEINTALNGAN MLAWU LARINANITVIARDIFIINTIT 4
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M15199 4 AINIYANTULENTIANNLNINGY 765 PSR UMNUSUIUNTALNAAN

ANSanANY AU UTY , » R -
o ANISAANAUKES | USunaunsawnadn
(lalasnsu/dadans) v
YUY 200 0.6323 + 0.0057 0.06017
VERRIENRY) 200 0.1621 + 0.0046 0.01396

mﬂﬂy’ulﬁaﬁw&hmiamﬂﬁuLLawamiaﬁmﬁq 2 wilamAunifieUSinuasuseney
?\Iuaﬁﬂmuﬁgﬂwmmﬂaumﬂumwﬂmmgmwudﬂ USuuansuseneuiluednluaisadnain
2l ug ey 120,340 mg GAE /g of extract wazundl uvinfu 27.9200 mg GAE /g of
extract puddu fauandunised 5

a a a a ) Ly ) e
A157199 5 Usunauasusenauiueanluasanauiuoswarasanauuuiy

Ysunuansusenauiluedn

A15aNANYAIBE1S
(mg GAE /g of extract)
Aiusoe 120340
YUY 27.9200

Han1MAFaUANSAURYYABAsElneTS DPPH

I'g v
a (% a

Tutuneuil ldvhmsinesiansfieangrisnueyyadassresasatnanuiudos way
ULy Imaﬁwmmaauqm‘ééﬁua%aﬁaiz DPPH wu31 a15u10551u3nnfiudlian ICs
qﬂﬁqm Wi 7.6186 lulasnSusiefiadans sesasnAeansainanuiiusoslian ICy winiy
50.9059 lulasn3usieiadans uazansarinarnuuaiiu I ICs, whiu 348.1242 lalasnsusie
08803 wanINafmI5197 6

M137991 6 A1 ICsp VBIANTUINITTIWINTUT ansannviiuges wavaisanndtunas 4 yin

f15029819 ICso(lulasnSu/diadans)
A15UMIFIWINNTUY 7.6186
ansarmuiiudes 50.9059
ansafnnuLiiy 348.1242
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299197 9 wandlifiui ansadnuiiudesuaransatausniuliquidnueyyadaseaie
weghslsfnuansadaisaosdaiu Saflqvidusyyadaseiiosnitansunsgiuiniug
desnasunesguiniudiduansuiansilifiaadouu

anUseNan1sIve

viudesanuarunviuantiuiiasomangulusiu Lo malowazanutu wideth
usviiuanvhnisatadeiazenuazdudsnuou Lﬁ@iﬁasﬂugﬂmmLezj%"uuuﬁufuﬁ?mzwu
dsansemsngulusiuuazanutulauaumeiivillofuasninlodanisgymeld dau
nsafn lnelddhazatsienuea wWednwwidavesasngnueadidfyluriudesuar
unviunu darsvaliuessuareiviy deuvihnsnageuiiiednuusinaasiuedn
ﬁm/"?wmLLazaméﬁﬂuawaaﬁaizawﬂmiaﬁ’mmnmﬁué’amazmiaﬁmmﬁyu NUI @5
nviiudes dusinaasiuednsautimunwiafu 120340 uazansadauuaii udusune
ansfueBnsuiavuaindy 27.9200 uaznsAnwgudueyyadasy DPPH ifleufuiniud
WU A1 ICso VOIMAUTAANNIAY 7.6186 ug/mg ansarnuiiugoeflAnindy 50.9059
ug/mg Uaz miaﬁ’mumﬁyuwhﬁu 348.1242 ug/mg Imaqméﬁmauuaﬁm Y9IA15AANDIN
sfiudosuazarsatauuiiufauuandisedeiiteddndisziu 0.05 Feanunsnagula
faviudesuaruuniiudliviidudunavvesndnsusigury lnsnmgeduuneiuiansi
oyyadaszataarannsatnnldidudnusznovreaniosdiensld luswandmiunside
Seail aviuiunsvensranuifelaenmsisudieuivhazans wasimedeatndivainvans
wiewitainsgvinln warUTinumsddyheedosdieofvuatviniunudiummagougn’
1939070 wazauvaende il edududneninvesarsatalunisaundundn e
13 esdrensmdeanulnsguan sassmsRiansandiuasugianasnisdosenidanded
iieaiayariislifugusuetnaddy
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832 Au wu ey 2 ngu ldun nqudleg19dmSuUNMITALITEUU AREBNLUURIZIY §1UI
50 518 Uszneusie 019136 25 918 Wwihitaneaduayu 15 918 uasyAaNIaneuIvng 10 519
wanguiogdmiunsUsufiuanufiswela $1uau 256 T8 Useneusae 819138 1wt
waziinAnunszdudainfn wiowlolumside Wi ssuuiiianndesasmefaungeniung
(Software Development Life Cycle : SDLO) lngldan1dnanssuisasvatedite (RESTul AP)
Usgnoudesud nioudfiaundiearsina (Laravel) uagnsoudioudfiwaunseting (Nux)
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Tuenansalusi@ wuuasuauauianela 5 seiu waziadoslenaaeuyszansniw o
a3 (Apache JMeter) ad A 191339 1dun adfi@anssamn (Descriptive Statistics)
nsieseiiion (Content Analysis) kagN15ILATIEYTOLA WUUNENNAIY (Mixed-Method
Analysis)

nan15398MUdn 1) seuuiiaund uanssadanislueygauuusanaudld g e
UszAnsnm Taganian1saesnn 30 wifiwde 3 nifl (arasdesas 90) wavandumeunIaes
210 10 Funoumde 4 Tunou svuusesiurldnunientu 500 118 ABnamouauedadY
1.2 Jundl feumdedldausesay 99.8 uwarildnuaunsaiifsssuulaegavinfiguruseuy
asoudldiie (Single Sign-On : SSO) 2) WUULﬁuﬂizﬁmﬁmwﬂ']ﬂ%’muiuawy’mlﬁ%’aﬂaz 85
1NNIIRaTIRUURU T ukarN15ATIvaeUMTlduLuudnludd am1s0dan sAIN15989
Aonumslinu uazaenudadiuuusealnl way 3) ssuvasdununsdadelueyge
adld$anar 60 nmslinsnensed19iuszans mwuasnsannsd elueug el sudu
msUsziurnaisnelannnnguiaetnagldau 256 5o leazuuniade 4.20 9nAzuLULY 5.00
(ovar 84) lussdufiinn mamsideiannsathludsegndlfluandunmsinuduuazesdnsiid
ANABINITIANIININeInTmAlulagansaumaLuukUslu

Arddsy: svuvseseaulal nisdamslueygn Buwesiasadya nsuszyuesulad

ABSTRACT

This research aims to: 1) develop an efficient centralized online meeting license booking
system that enables equitable access for university personnel; 2) maximize the utilization
efficiency of online meeting licenses; and 3) reduce the procurement costs of online meeting
licenses for the university.

The research was conducted using a population of 832 personnel from Yala Rajabhat
University. The study employed two sample groups: a purposive sample of 50 personnel for
system development (comprising 25 faculty members, 15 support staff, and 10 administrative
personnel), and a sample of 256 users for satisfaction evaluation (comprising faculty members,
staff, and graduate students). Research instruments included a system developed using the
Software Development Life Cycle (SDLC) with RESTful API architecture, consisting of a Laravel-
based backend and Nuxt-based frontend. This system was integrated with the application
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programming interface of the online meeting platform for automated license management.
Other instruments included a 5-level satisfaction questionnaire and Apache JMeter for
performance testing. Statistical analyses employed included descriptive statistics, content
analysis, and mixed-method analysis.

Research findings revealed that 1) the developed system efficiently managed
centralized license allocation by reducing booking time from 30 minutes to 3 minutes (a 90%
reduction) and decreasing booking steps from 10 to 4 steps. The system supported 500
concurrent users with an average response time of 1.2 seconds, maintained 99.8% uptime,
and provided equitable access through Single Sign-On (SSO). 2) the system increased license
utilization efficiency by 85% through shared allocation and automated usage monitoring,
enabling queue management, usage tracking, and real-time statistical reporting. And 3) the
system reduced license procurement costs by 60% through efficient resource utilization and
elimination of unnecessary license purchases. User satisfaction evaluated from the sample of
256 users averaged 4.20 out of 5.00 (84%), indicating an excellent level of satisfaction. The
research findings can be applied to other educational institutions and organizations with shared

information technology resource management needs.

Keywords: Online booking system, License management, RESTful Web Services, Online

meetings
unin

an1un1TalnIsuNIszUInvedlsalain-19 (COVID-19 Pandemic) ladsnansznuoeia
quLmLLazm?{auLLﬂaquLmumﬁv‘mm (Work Pattern) Lagn153An13@n®1 (Educational
Management) lUg s¥uuaaulail (Online System) 88190135 vialviad1udaanisldany
wwasvlasunsuszyueeulail (Video Conferencing Platforms) 141 Zoom, Microsoft Teams
waE Google Meet tiniuatnafninselan Tnsowzetedsludatunsane (Educational
Institutions) fifesUuifiesesfumssounsasuwuulausa (Hybrid Learning) QUREERIEY
1999715 (Academic Meetings) LagAaNTIUUINITIANITAG 9 (Administrative Activities)
(Wang et al, 2021; Martinez & Johnson, 2020) mswasuudasadeilliiiesutifunisususn
1,577 (Ternporary Adaptation) waldinaneiuguwuunisvinaulum (New Normal) fiaain
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agasagnolUluauinn avsouliiiudsnnuddguesnisamudiunaluladaisaune
(Information Technology Investment) kazN15UIMFIANITNINEINTANA (Digital Resource
Management) ag19UsEaNENN

nsAnw oy (Preliminary Study) 789 Chen wazani (2020) wuin dadunsine
YUIANA1TIvUIAIY (Medium to Large Educational Institutions) fimanusasnislueyaie
nsUseyuoeulatl (Online Meeting Licenses) Lintuiis 300% Tutaed w.a. 2563-2564 1ile
\fieufutanoun1sszuin vinerdesuigozan (Yala Rajabhat University) 3afiyaanng
JaAu 832 Au Usznausee1ansd iWmiflaeatiuayy wazyaainsasuims Ussaudgm
Tedrdnveduaynnnisusryueeulatiliismesonnudesnsldnuaiaainnisding
dostusewiradouuneu-duiay wa. 2565 nuin wminendeilueygianisusza
seulavifios 30 Tad (Accounts/Licenses) 93ad assuadeuuszanas w.a. 2564 &3 w.a.
2565 udilanuseenisidauiy 200 Tedluriaiasiiu lngdeyaainnisdrsranisidany
Tudoununiiug we. 2565 wud Tasiowiglutianaviinisund (08:30-16:30 1) Fadumag
fifimsdanisSeumsasunarnsussguanniian JyminelmAnanudauddunisseddond
laiBuszuu msldauninennsiilifiussavinm waransedunumsdatoluayanafisiuiigs

dioudlutlyvdanaegraduszuunardidu uvninerdesvdneran J9ldTSuwamn
sruvradluaygnnsUsyyueauladiuusnaug (Development of a Centralized Booking
System for Online Meeting Licenses) Lﬁ'laU?Mﬁfﬁ’ﬂmimﬂsﬁlﬂ’luiuaumm (License
Management) TifiauszavsnmasgauaziJusssu IngUszendldndnnisnissiusiumineins
371 wagnsdnasshuvdangulunisdnnisnsneinsuuuiiualny (Real-time Resource
Management) szuuiilasunsesnuuuliausadnnisianisees famunsldau wazass
euBsEia Wonsnuwuuaznsindulslusuan uaﬂmm’fﬁwﬁLﬁuﬂﬁa%ﬁmmﬂﬂﬁﬂa
Tunmsidrfamsnenns anenudauds wazifiuanufioweloveadldeom dezidunuima
flanunsavenena wasihluussgndldluaoniunsfindu 4 Avszautameadrondediuls
IUILEIANIITIY

1. iteviannszuuasduoynnnnisUssyueaulall wuusuaudidussansnim uas
yransmeluumivendeaunsaldaulisgiaviniey

2. leifiuszavsammsldonluoyginnsussgueaulal iAnUs:Tovigan

3. ioanduyumsindelueunnnisUssyueeulat vesmmiinends
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o/

PNEITINUILTNYIVDY

WWIRANTTIANISNTNEINTUUUTIUAUE

mﬁmmiw%‘wmml,wunmqusf (Centralized Resource Management) Lf]ul,l,uaﬁﬂﬁ
dnanlglunisusmsinnismswennsimalulagansauna (IT Resources) TilAnUszd@ns a1
g9an laolvnzatnadsdmiuninensiididediinuaziunugs (Kumar et al, 2019) nsdnw
484 Thompson @ Johnson (2020) Wu31 N13IANITNTNEINTRUUTINANE AN TAAAUNY
I$%osay 40-70 uaziinusyansnmnsidauléSesas 50-85
andnenssusadyaeile

isanyaLeiile (RESTUl AP - Representational State Transfer) lugUhuun1seeNkUY
Buwwedia (Web Services) fildudnnisveslusinneatofifiin (HTTP Protocol) Tunsdesns
FENINTLUY s?faﬁm'm§m/iq'uqaLLazmmmmsﬂaﬁ”ﬂﬁﬁ (Fielding, 2000) N13ANYIVD
Rodriguez uaz Martinez (2021) wandliiiuin wsadyaiedite (RESTful API) dUszansamlu
nMsInnssruLvIa v laanIieiilelay (SOAP API) fissosay 40
MMINAIUITEUUMBATOUIIUANT NG

8151098 (Larave) 18 unsoU U 183 (PHP Framework) 71 14 wa nn15.8 13 3
(MVC - Model-View-Controller) wazdiruannsalumsiamnieiile (AP) fifuszanSnmnsesdu
N15911N158 uguR MY (Authentication) Warn13818y1# (Authorization) Lad (Otwell, 2021)
MsANYIVBY Anderson agane (2020) WUl a15ha (Laravel) Hussdvsnwlunsiauissuy
Famsnswennsiniinseunu (Framework) 3u 9 lushuamdlumsianuazmstizesnm
MMINAIUINTBUALBUARITING

ng (Nuxt) Wunseusu (Framework) fiiawnannda (Vue) ion1sadaweundinduanna
(Universal Application) fisosfuiansuanwai adswiaed (Server-Side Rendering - SSR) W@
nsuansailaleaious (Client-Side Rendering - CSR) (Chopin et al., 2020) NM15338U84 Lee Way
Kim (2021) wainslfiiuan Wnd (Nuxt) SUszansamninin3usne (React) Tumswamnszuud
Foansnisiinyszansnmedesiiofum (SEO) waznsiviansa

A5n1saniiun1sIve
UseynInguiaeeng

1FI8N9guA9819W UV A8 UTENouaiee13nsd 1Wminiangatuayu wasuaaIng
a1euTms nedndendldaudiuiu 50 518 aunaeinisdaiendinivun loud ypainsid
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Uszaumsalmsldauunannesunisuszyneeulatedsasiane danudosnislda
Tueugnnisussguesulal Wudsedlunsuf iRy wazdudunuanynmisnunely
uvinends Wlelilsdeyaiinseunquuazwiugranynnguildam lneldiBnsduntvalidedn
\n3eansileisy

Funouit 1 MsvBNLUUSTUU (System Design)

nvseenuuuldi3udunisaseaandnenssuszuu lagldndnnnsanidnenssy

lulasiwesia (Microservices Architecture) Wialiszuuiianudanguuazanansavengldine
sruugnuuseaniu 2 diundn Ae ulnieus (Backend) wag Wsousilous (Frontend)
Fadoansiusitu 1sasisfatedile (RESTFUL AP) Mseenuuudandnnisuendiuniusuinvey
(Separation of Concerns) tielsiszuuillassaineiidniauuazieenisthseiny wenani
filfoonuuulassadigudoyafiiussansnmuazaadonsieiaiile (APl Endpoints) fis iy
A3 UN198 0a1558MI AR 9 VOITTUY waé’wémﬂézfumauﬁiﬁgﬂﬁuﬁﬂiﬁuLaﬂmi
nseeNUUUTTULTIATUIY

Fumeud 2 nmswanszuuaneus (Backend System Development)

Database Server API Restful webservice web application

AMNUTLNBU 1 NINTINVBITEUU

denseenuuuiadedu IaSudumswausyuuudnieus (Backend) Tngldnsouau
219114 (Laravel Framework) Geiilassaf1avanusgnausefaauay (Controllers) dmiudn
M3AYBLEINAN (HTTP Requests), luaa (Models) dwsudnnisteyalugiuteya, uaguinig
(Services) dwsuid eusiafutefilaga (Zoom AP) szuuldgiudoyamsioafiuea (MysQL
Database) Lﬁuﬁ%’mﬁusﬁamLLaziaq%“umiﬁu{fuéfmu (Authentication) uszuvastedldifien
(Passport SSO) youmAnedeiielgldaunsadldnulfesazmnuazUaonde
Fumend 3 mawansyUUNTEUFOUS (Frontend System Development)
ezt eiuiumsvauwtneus taadunsiaunssuurseusious (Frontend)
frensaunuiing (Nuxt Framework) §adunseua1uda (Vue Framework) fiflanuansnsaly
msvinsuanasail ad$raes (Server-Side Rendering) wiaifiuuszans nlunislnanminiu
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szuuliiafivhe (Vuetify) \Wulausiddulsznevadiudnserld (Ul Component Library) titelilé
drufan o 14 (User Interface) ﬁlmmmuaﬂ%mudw NTOUTDITUNITORNUUUNDUAUDY
(Responsive Design) dwisumsldvuuugunanisin Tanoufiames uiudn uarlnsdidode

Fumeud 4 nswanTieesudn (Core Features Development)

n¥aniilassadrsfiugiuresssuuiaiadu IS uiaunflwosvdnvesssuu lny
Sudusieszuuinnislueyaingy (Zoom License) fianunsavinauldodadalusfny
nsBenlfiediles (Zoom AP) Uszneushemsiiuuazaulusyaa (License Management)
maﬂ%wumluaqigm (License Scaling) LLazmimaf\]aauamuﬂuauwﬂm (License Status
Monitoring) AuiensimunszuLIswieslssauiiinnudangugs Jsusznoudionisain
voaszyuaunafidivue nsaedlueyaanalst nsenidnnmssssuazAuluoygn way
sudaiiousnlusia (Automatic Notification) gaviefemsimunszuuudmsdansgldaud
AseUAgUNNTATIS wazdansdndgldau msdadvBniadhdssruunuunum, uaznsinn
msldauiieinsziuszansam Ingsrageduralszaulusunsudssend (Application
Program Interface: AP) iousiafiu zoom.us Tneifet1emds fanmdseneu 2 - 5

ﬁﬂﬁ"aL‘%ﬁﬂ@sﬂayjaﬁawszﬁmﬁwm AMUEAINTNLAAITHIATY cetMeetings() 7114
HTTP GET Request W11 Zoom APl endpoint /users/{userld}/meetings Wi 0f 9518n15% 04
Ussuianunvesild Tneds Authorization Token H1u Header wagldnadnsnduundu JSON
format ﬁﬁ%’agaﬁmﬁ’umiﬂizﬁmLwiazﬁaa 191 Meeting ID, 179, nasufuLazaiit T
Uszau

unction getMeetings()

return $this->_http->get($this->zoomUrl . Auth: :user()->passport->email . '

AnUsEnau 2 MAusENgYeLATBIUTEYNaNLA

fd nfongdeyanosUszust avuaniutuuaziian anuansl e Fu
getMeetingsByDateTime(SstartDate, SendDate) ARIEY Query Parameters (type, from, to,
page size) 1lUlu GET Request Lﬁaﬂsaﬂﬁawizsqmmmhﬁunmﬁﬁaﬂmi g
filterMeetingsBy Time() TumiﬂiaaﬁﬁmﬂaLﬁmﬁmé’wmim%amﬁau Timestamp i o4l
lmzveUszyuiiegluthanaiiiiinue Iidmiunsaasuanunienvesiosussyuuas
Josfumsassindou
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ync getBooking() {
await axios.get( book

params: {
roomId: 3,
startDate his.start.date +
endDate: this.end.date + "
}
}).then((res) {
this.booking = res.data
this.bookingZoom()
}).catch((error) => {
console.log(error)

b

AnUsEnau 3 MdusengYeuareIUTE RN aIIAn L TuLaLIN

ﬁwé"llal,ﬁﬂuaﬁgigm Anuansileritu addLicense($email, SlicenseType) #ild HTTP
PATCH Request LU&3 endpoint /users/{email} Lﬁ@é’ﬂmi@ﬁ%ﬁtﬂﬁmﬂ Basic (Type 1) 1Ju
Licensed (Type 2) il lda1u1saidu Host wazasaiesussyuldlidndniaa ssuuae
mmaamﬁ’ﬂmﬂuaw@mﬁmﬁaa&jﬁauﬁ%ﬁumi wazUuin Log mﬁmmﬂuaummﬁa
N3RRAINLA TN INEINTOE N UTEANE NN

addLicense(Request $request)

—>_http—=patch( is—=zoomUrl . ‘users/'.$request—>id_zoom, [
3 => %$request—>type,
1)—=json();

mwusenav 4 mauidlueyae

ﬁﬂé"qauﬁ’awizsqu Anuansil ey deleteMeeting($meetingld) 7114 HTTP DELETE
Request L8 endpoint /meetings/{meetingld} Lﬁaauﬁmﬂizﬁqmaﬂmmwu Lﬁﬁ)miﬂizﬁmﬁ%%
??uw’%agﬂamﬁﬂ larduag return true naudsa (HTTP Status 204) szUUdzdUinnanIuy
Tu Database uardsn1sudadioulusafiideados wiouidulueygramnglélisinns sy
duiiindsazania

n deleteMeeting($meeting_room_id)

return 1is->_http->delete($this->zoomUrl . 'meetings/'.$meeting_room_id)->json();

awusEnau 5 AdsaurieIUss
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Fumeudl 5 nMswanwazadeULUUTIazdu (terative Development and Testing)
nsitaszuuldRudunstagldisnswaunfiazdu (terative Development) 89
Paglianunsauuusazudladgmlfoddeios luudagseunsiamn axdinismaaou
szuuLilensIvdeuANNgNFBsuarUsTANS MmesTlaidus 4 LﬁaﬂwsﬁwuwnﬂsaULa§ﬂ§u
IGflunsvaaeuszuusn (Integration Testing) wialiiulaindrusing 9 vesszuvauise
yhausuiuldegiesuiu dounmsesfinuszninemsmeaeulsunisuily uazufuussesn
i
Funouil 6 MINAFBUSTUUASUIIES (Comprehensive System Testing)
donsanilnesiuunasaay Ieiiunisnaaeusyuuluguuuusing o a8
AsauAgy Inei3uainn1smaaeuUszAnsam (Performance Testing) #181A3 il olatuLnos
(UMeter) 1l pUsziduamasnsalunssossugldnunseudy naaeuduldaunsoudy
(Concurrent Users) 100 300 500 way 700 518 A128n1snd@eunsideu (Usability Testing)
Aur 1991939 30 518 Mneldumsgiunisidaussuy (System Usability Scale - SUS) wagdns
mavihauduia (Task Completion Rate) iioUszifiuanudielunsldam gavefenismaaeu
syuusnwIAulasnste (Security Testing Taeld a5 o9l oloanad uasy (OWASP ZAP)
Wi ensvdeutaslwi neauasasts saudenisleufuuudaldioadwea (SQL Injection)
mslanfarsuddaniules (XSS Attacks) waynsuasunuasivetaniules (CSRF Attacks)
Fupouit 7 MannsauazUSUle (Implementation and Deployment)
deszuuriumneseutauaud IRsudunssuunsinnassuuuudsinesuas
wSsundoudnsunisldnuass msusuldszuuldmiiuniswuududunou (Phased
Implementation) \fisananuidsaagianunsausundtamléiuied lneBuanmsvaass
T fungunaaeuduiu 30 918 iedaunanisaiuassudaiauonusidesiu ndsaniissuy
mauldegaaiiosuaglasunsuSusmnudaiausiuzudd Jslaveenisidauludadldenu
fevue sewinansaniunisd Iadnshanuuazysafiunanisidoueteroiie ndeus
Jovinenansgiiensldnuitesiomdogldaulunsimudlasyuuln

nsiiusIusIutoya
msianszuulddiiunsdinanudeinisannguiegsiidadenainuszang
Hvane Faduyamnsvosmminedosasgozanimun $1uau 832 Au Usenousiee1ansd
Ehitensatiuayy uazynainsaeuims laeldBnsduiegauuianzas Amdendldau
$I02U 50 918 AsAUTiNIAALEenT Avua ldun yaainsidusraunisalnisldanu
uwnianvefunsUszamoouladegnainaue faudoinisldmiluoygn Zoom Wudssdlu
MsUfiRnu uazidusunuanyambenumeluiminetds wWelilddeyannseunau way
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wiur9nanguilday TagldTSmsdunuaiidedn samfuuuuasuamioonuuusnidudivemg
n3nszaefveInguileg1sUsEne Uiy 819158 25 T8 (Fovag 50) Wmthlaeaiuayy
15 519 (foway 30) uazyAmNIANoUTING 10 18 (Fewas 20) iielriazvioud adaunisldau
FBaazmnudesmsivainuaisveusiazngy nmiezideyaildsu wuit Jamman
fflduuszauiensyuiunisasslueygmiduden uazunUszansaw siliiAnauadn
wazaliiaganlunisléau wannnsteseidgninadaiidulenarsanudosnis
1033w UU Tifaaunarannsmirluldluduneunsesnuuusely
nsaTeideya

n1531AsIEYiveYa (Data Analysis) 1938 n15uuUNELNAIY (Mixed-Method Analysis)
finaunaunTIAT1EsidoyalTsUSana (Quantitative Analysis) uazidenninm (Qualitative
Analysis) Tneutoondudunausis 9 MUAINUNIIANEUNITITY (Research Process)

MTIATEdeyanIUfeIMs (Requirements Analysis) 31nn&uA78814 (Sample Group)
50 318 l¥atiAdanssasun (Descriptive Statistics) dmiutoyaainiuuasuniu (Questionnaire
Data) wa¥n1531A51E% L oW1 (Content Analysis) Aun1sTanuIany Uszuiu (Thematic
Analysis) dm3UtayaINNTEUA¥0IEEN (In-depth Interview Data)

NTIATIERteLan1IAaeUUTEANEAN (Performance Testing Analysis) 140a3aa1n
Apache JMeter ﬁmaauﬁwﬂ%muw%@mﬁu (Concurrent Users) 100 300 500 kag 700 578
TneAsIEiaIneuauss (Response Time) 8as1ALLSalunsUsEanana (Throughput) Lag
nsInsindaianain (Error Rate) seadaldanssaun (Descriptive Statistics)

nMIATEdeyanismaaaunsiday (Usability Testing Analysis) fuilde1ua3a (Real
Users) 30 518 Tanns1gnu System Usability Scale (SUS) 8x51nsvinenudnisa (Task Completion
Rate) wavsianadefildlunisyiau (Task Completion Time) NMsnadauALUaanne (Security
Testing) IYOWASP ZAP Inednvsiavsivedlni (Vulnerability Classification) maiseiuAisuLse
(Severity Level) wagUszinnnslanf (Attack Types)

n153AsIEYiveYaINN1TAaedlda1uaTe (Pilot Implementation Analysis) fungs
nagau (Test Group) 30 518 Wuszaziaan 4 dUanvi Tdnsdmseiguuuunisldeu (Usage
Pattern Analysis) 91nU8ya Log Files N1534AT1EMUWALEY (Trend Analysis) kazn13LAT18Y
Lﬁammﬂmsé’mmwdmjm (Focus Group Interview Analysis)

M53LA9 %Y 03 ALUUNANNEIY (Triangulation Analysis) Aifiunnsil ongIvaoUAIL
#8nA5 09909783 a (Data Consistency) WazN153LATIEAMUFNIUS (Correlation Analysis)

$MINAIUTHNY 9 (Variables) 5aufian1susziliuuszdnsnin (Performance Evaluation) Tnesau

MENSAUINENTINSLTUTTUL (System Utilization Rate) MIUTEIUNaRULILIINNNTAY
(Return on Investment: ROI) uagmsinsgsisununauselev (Cost-Benefit Analysis)
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6-8 MIUSIAU ANLAAINL TN (Dashboard) 19953 UV BeU Tz uaaulay 7
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wAsgILAING Al Rodriguez A Martinez (2021) T8 Isiffudn RESTRUL API BugUnuud
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(User Experience) wazn1sasnagnudeyanisldsn (Usage Data) ianunsathluiiaszsitite
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msfiammsdensedumesidn (Intemet Connection) uardrusiaUszaulusunsuuszynd
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(Application Program Interface: API) 984 Zoom n15A4N druseuszaulusunsudseend
(Application Program Interface: API) mammaﬁaw (Third-party API) AeliAnAEsIR N
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Customization) l#a5siUANNFBIN1TIANTY8909ANT T 9919 HARBN1TABUALDIAIY
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AR sl s iy 1wy ssuunisudufeusaniey (Smart Notification
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19489ANT (System Integration) LilalfinUszAnsnmkazanuasanaune Wussuuianig
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JyeyrUsehiug (Artificial Intelligence) LLﬁ%ﬂ’]iL%EJuijsuaﬂLﬂ%‘.aﬂ (Machine Learning) il e
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ABATRACT

The objectives of this research were to: 1) develop an innovative loT system for
analyzing suitable crop cultivation areas in Mae Win Subdistrict, Mae Wang District, Chiang
Mai Province; and 2) transfer knowledge and skills regarding agricultural loT systems. The
sample group consisted of 40 cocoa farmers in Ban Mae Sa Pok, Mae Win Subdistrict,
selected via purposive sampling. The methodology involved studying environmental and
cultivation factors, and developing a solar-powered loT system equipped with both
online and offline control circuits to transmit data between devices and a server. The
system measured temperature, soil moisture, rainfall, wind speed, and wind direction.
Following system installation and testing, training sessions were conducted to transfer
knowledge to the farmers. The results indicated that cocoa cultivation requires sufficient
water and high humidity; optimal conditions were found to be a temperature range of
18-32°C, relative humidity of 80-90%, and annual rainfall of 1,000-3,000 mm. After
system implementation and knowledge transfer, farmer satisfaction was at a high level
(X =430, S.D.=0.61). This innovation will be utilized to manage and promote the

cultivation of economic crops within the community.
Keywords: promoting, economic crop, innovation, Mae Win Subdistrict, loT
unu

nslwaluladfdvadi edund ounianuasnssuduuuinisd Fyrosniswamn
\AswgNAvesUsumalng mswaunnynsnssuuazmaluladainalagldanusinaluladuas
uianssuazPIefinysansamnnsranuazonseAudnanuannsavesnaLATYgia A
ananuasnssuasielniilddeya wazddvadugiulumsdndula (@dnauaniwaun
My uazdInULiNIA, 2566) nsifeudadumeluladdumesidnvesassnda (IoT)
Lwamwama uarliaTeidaniainuaInTIiuuUiu s liinwasnsannsniladedidty
U Arwduvesiu gamgiianinennia dnwasvesiuiinizlgn Wiiedeniiuiifivzause
nsinzUgniiuasegia mslinelulagsunesidavasasamddumeunsms Swoandoriuiin
yamsimuilusgduglinig wazseduimdn nelianuddyfunsiaunlasedeiugu
welulefuaruinnssuAdaiiafiudanuanunsaniaasvgiavesiiui adeyaduisuas

NIFInemansiasinalula uninendesedguisud U9 9 adui 2




93
spe5UMSABuH UG ATugNaRTia (@nuTmsynsmansnqudwinniamiensuuy
1, 2568)

[ '
=] a

Auilusuawsiiu suneuding Smiadodnl uiluiindsdiinaiuneasnss
Tnefanwpfvssmaduuuugangsionnmabu fusmadifissnadensmegnaneniiad
finsugniiwasugiavanesda wu 41ilne fiwdn waldileanund Tnld Wudu (esrnisuims
dausuausiiu, 2562) sgalsfmuinuasnssaszauiymuananans annsmiaingin
mnﬂ?{ammmamwgﬁmmml,azéfunuﬂﬁwﬁmﬁqasﬁu FadenaliiAnaudsadunanan
luaunsadanisnineinsegranngan inwnsnsdaviananulunisuinsdanisiui
NEATNITH @ENSlea NITANTING, 933AF5 WAV WALTUING FSANA, 2564) INNTEUNTL]
wnsnsluufidmuansiu S 10 au nui ggniiuessgiadinddussaumsaiioneau
viodoyannnaseunsilunsinzdgn tnglifinislédeyasufiunieanmuindouiingiadn
mewmaluladndvia (nquinuasnstiiuwiazden, duniwel, 2566) nsuimalulagdumeside
vesassndsdefiunumddglunisufsunanisinuasvesing minflssuuudafeuanine
wandeuyninmsinensiuasis axilimamnzdgninnuusiugunntu (gia eaden wazsuna
WNSINTEINA, 2568)

n9ideiisladumsimunssuuuiangsy loT Welemeiuiigniisivnzauiudiy
\ATEENY sruvIztienTRaeuafedidglumanizuan 1w aumgll ATALTOIDINA Uaz
AU A1 pH Y8R wazaNINKINARN NMTHAINLNYATNTINEINsaUssendldmalulaglunis
yunwnsadelvl naontumsnievenssdnuiuasimeluladiasanaumdoudnaiuaiing
ANUTLLIIVDLATYENIFINIIN MIdLTuuazAnundymuazieszidnennuesnumnsns
thingmsiannssuuiuluuivnzauiuuunvesysey Tassjmidinadnseisenseiu
anuanansavesysrulumsliuinnssuAdia invszansamlunisuimsdanimineans
mManwRswazaismudfulunsUsznouedninunsns ey

(Y 3 a o
MUITHIATBINTIAY
1 weRmussuuuinnssy loT dwsuimsgiiundaniivnmanzauludvansdiy
gneusie Jmdndeslnl
2. WieaenenafnUkainwen1sldseuu loT nanisinwashiduinasns uavaulu
YUY

1y o

NIFInemanswasinalulad uninendesiedguisud U9 9 atun




94
A5nsaniiun1sive

a

mﬁﬁﬂwﬁﬁaﬂ%u’qﬁlﬂum'ﬁﬁmﬁmﬂﬁﬁammwﬁdwiamawmu 1UNI98 UagnuIeau
fiAertios Tneflvouiwnnisidedsd
1. Uszvnsuavnquénedng
1.1 Usea1ns baun naqunuasnsdinizdgnlnla Tlugnaeuding fanindesin
3117U 200 AY
1.2 ngusegne Tiun inwnsnsiimzugnlnld truusiazden suausiiu suneusl
19 daniadodlnd druau 40 au Tnemsdennguiiogisieisnsidonuuuianzes ilosan
Junguinwasnsfiinsinzugnlald Snsuusgudundadne wasiiudlunsdinie
wAnFsiannlnld dalnlfiduiinasugiafiannsoasemeldlifugusuiinmssimhenaan
nsuUsUdundndusivaziaduuvaaioniloive sy
2. ipdoailefililunside
2.1 indesflofumsiann Ae seUv 0T IBsai1sassd Usznousoisuwednsiaia
R ANTUDINA LLazgmﬁi’J’ayjaU%mwfﬂNu dmsunmsiesiaianinuiadoni
wingauiunisugnlall
2.2 wdeslefumsiiusiurudeya Ae wuuduniwel THlums@nmanimuandon
wazdadunismnzdgn uasuuvasuniiossiuanuianeloseniseusy wagnislday
JEUY
3. |Msanliuany
3.1 Anwraninwindeuuardadenisinizdgnlala lngdgnsdunvalidednngy
inwasnsfiugnlnld thusiazden suawsiu sneusinng Smindedl
3.2 N1SRALTEUY 0T wazn1shinszsiiuiugn Tnsuwvadu 4 Tuneude
1) N1599NUUUTZUY loT lnsnisd1saafiufluagiuneanuuuey 2) nMsiwuIssuy loT
feszuUeNsanaTuarsEuUTaNiuag 3) nsvaaeusruy Taethlufnds uasnadwsan
nsldau 4) msinsgsianAuiiensiuat pH vesiuiluldlunisingugn
3.3 M3dneUININeVonaIRANLTkANTUTHTLNG
4. nsiuTiuTindeya
Toyadgundl laun Jeyaaninwindeuuazladenismizdgnlaenisfinudayaain
nMsdunvalvesnguinuns wazteyaniogd ldun Anwiainienans wasiuideiiAades
paonuAnudeyanmsnuifetos wazlenansdidnnsetind 1Jusu
5. MATIEVtoya

NITInemansiasinalulad uninendesivdguisudg U9 9 a



95
IfatAdmssannlunisiwaesideya laun Anadsuasandosuuiinsgiu e

Y
a

NapNaNela tneiinueilSeuiisufe (Vv ASazann, 2560)

ERE

SEAUANMUTNDLD  TI9AZWUY SEAUANUNINDLA YIPLLUU
WNan 4.51-5.00 o 1.51-2.50
Tl 3.51-4.50 o iian 1.00-1.50
Y1unang 2.51-3.50
Nan1538

amIElFFIdunumMu I Usrasduasisiuiunuide Tanadndded
1. Anwanmwindenuazdadunisimnzdgnlnll
Foyariluveanunsnslugusy nmsdunwaiinuasnsvestuuiazden sua
witu Suneuiinng Sviadedu wudn inwesnadudnisgnanlnld deud O wa. 2560
finsugnnazaneluiuiithuuslasden nisugniulnld 2 13 asdiuszann 100 #u Tasfimsdgn
fundnglunfentunsugnlnld deasifunandslsidesuenguszana 2-3 ¥ awnsaiiunanan
éuszana 100 Alansu wagvmnthssdnuifayldnandeuintu Jaminilumsugninlfde
wasdngiiy Fadaaedulnld uaznszsenunAunalnld Yymnsvaneautidesinia
maqmimLLavmmsuuaaamLauamaamm‘u astedliUsnahegnafisaouarfnwiaudu
vosiiufu muumiﬂgﬂwsuaumﬂmmmsuusuaqmulmmlmﬂwﬁﬂiﬂmamawm
2. MeALSEUY loT wasmsesesiiuiiugn
2.1 N39ONUUUTLUU loT

FAfulddmaiuiidofudoyaaninuindenvesiiuiivaaes ewmdsufnd
¥ loT Fewudn Aufivgalnliidud mugelidssuulniusannsaldssuuleaisad
& deronadetnedeasansoldszuu 36 Muiunasdygaldaiiauedianmely
Pananstufionnadou nisidumadiiuiaanlnlfvisddlsiamseldsadloluiuild
Mnmsdmateyadindninimesniuussuy loT Weiiuteyaanmwiadeuiiuiiugnita
wuveswladuazuuvesuladmndoyaluszuuladidefianainfaunsatdeyadnszsuvunld
a1l msvenuuusriifed

wuuil 1 msfudeyauuusenlal Wewuwesiuteyaudiazdaiuteyaadly
mheanudmelugunsaififass flinudeadriuiiludnaendoyanuisaudinelu
gunsalifuszoziiiedrsosdoyall uanamsvinufinmuszney 1

PV o

NI Ianswasinalulad ininedenvdguisug U9 9 adun 2




96

quNsniFuAfdstiona

q_:l_!'

giltianu

_,(A)

gunInifutoyauanfiuiuiinasmituaanusa

-——

wirsaImdniutaya

awusznau 1 wuulaorunsuuanInsyinaussuukuueelay

wuul 2 maiudeyasuuesulal lnsgunsalisuwessutoyaudiavdiloyanu
£ a § @ L% < a6 s Y @ a U [ al ¥ a s [
waudumesidaludanuliludiviies uarldiivueundinduiluitendeyaanidsies

'
=

ienanstayalviiugldanuls uansnshaudenimdsenay 2

/

>
Z

)
2
=
>
-

)

2
§ e
= &

dunm

|
Va
1N
L

ukeundintu

dumesiin

%

fdy

MwUsEnau 2 A9laorunsULEnInsinaussuULUUeaulal

2.2 ANSWAIUISEUU loT

LHI90RNMUUTEUURTINUINRUITEUY 10T 1199UaIALISHasamiLITnal
221 WRIUIATUEITAKIT S¥UU loT LAW19UnIaliouiwas i ns1ainaAl
annngenluiiuiugnuazaaudRinaeilun1sfatsanwanafianisem 1

NIFInemansiasinalula uninendesedguisud U9 9 adui 2



97
A15199 1 LLam%’agadauﬂazﬂa‘ummsgw

A15M52990 yagunsal (nMwlne/dsngw) AMANUR/INUTINI5 (Spec)
gaumniiuae | weslu-lelnsiines (Thermo- Hraingaumngil: WU -40 asrmwaLded 19 +60 B4F1
AN hygrometer Sensor) walded AnuLugIgumgil £0.3 asrivaidyd

4397nANT: 0 519 100 %
ANULUUTIANUTUY +3%

Usunandy | esesinuSunaiely wuumunszan (Tipping Bucket) Axaziden Ly
(Rain Gauge) 0.2 fadmIrn1INIzAN

mudues | iedesiamnudiauuaziianisan | Pasinnnadien: 1wy 0 §1 60 m/s (wns/Auni)
NG (Anemometer and Wind Vane) | #3ogani1 Anuusiugiananiiau £0.5 m/s
fieveauiald 3600 Jan/laswesne masudaus
VUMIUAOUSIALUAZANTITEINIATULT

wase9ing WuwesinSadnsedind (Solar | wihetaduindrenisnauns (W/m2)

Radiation Sensor/Pyranometer) | 4333n 0 fis 2000 W/m2 anugneies =5% A95d
gmin (Leveling Bubble) dmsusaliagluszuny
Fidsnfuiiulaniaue dernuusdugilunste

1nA5199 1 wuwesagldlunisindiauduluiu Ysunadely irmsesay gamgll
Tuernia axduluennia ntudmUszneufnaaseuy loT Jauvadu 2 ssuvfie nsiiu
Joyanvusenlal uazmainudeyauuuesulal uanwianinlszneu 3-4

[ A D S S,
WS

(@) aunsaifuTea (A) N13ARAS 10T wuusanlall

AMUSENBU 3 AnRasEuU loT wuuaenlall

P o A

NIaTIvermansuazmalulad unInedesvdguisud U0 9 adud




98

nnmdszney 3 mafudeyassiduuuvesladidosnniuilunisiadsssuy (o7
Fyaadumnesiavsedygadnsdwidefioliates Sdldnsiuteyaamiteanudives
1309 MeenuuULa loT Tidaugs 4 was lasldndanuainuasending svuuazdesgn
Uiiﬂuﬂa'aaLﬁaﬂaaﬁ’uﬁmumm%uLLazﬂa&ﬁumeﬁm 1 aunsaisudeyalunuuduiass
Sufinuarwuwesluindesdsannsagetdng q leviufinuiansnasuuiinauuniaes wn
fosnsdsesdoyaanunsadnaendaivludotuiindenald msfiadsuuuooulaasuansd
mMwdsznau 4

(v) gunsainmsvinuvedlugaszuy (A) NM3FAGY loT wuveaulay

MwUsEnau 4 AnResyuu loT wuueeaulall

namdszneu 4 msiiiudeyassiduwuuesulal Insldauszuuleaneadiunis
drsesszuulnilaedunddeaioad S1u2u 1 Uk YR 50W A2AUANNITTIS IUUALADS
LUALMBITIUIY 1 fou ua 12v 12Ah tiledeidslnlugigunsalansnisnunuszu naes
WHIIITAIUANNITYINIUTBITEUY N3vuausasudsdayariuniassuudumesidalalag
T¥58Uu 3G HuMesEUUElTuTnIsnsdne ndunlasandayain Cellular Wudaygie
WiFi waziudsteyaszrinsgunsalfuidsvine sildsiudoya

o o

NIaTIermansuazmelulad W Ine desviguisug U0 9 atun



99

222 Wawsugeanduls laviniseenwuugiudeyawasn1snauiseuu lag
n13eenkUUgIuToya 91uiu 4 uiludeyaldun 1) LLﬂum”lﬁzmu'ﬁ gUU 2) wilugaumgd
3) uilupnudy 4) LLﬁZJﬂ’NlI‘U‘Iﬁ,U@U K958 aZIBIANIUANTIN 2

A15799% 2 Data Sensor

: o % = v o _a v a 1Y)
unde | Yoududeya | Founuveya AesuEulutaya vilaunlutaya
doya dungw mMuelny

D1 User wiludldoussuu | dudeyadldnuszuy Master File

a -3 a . .
D2 temp LL‘WJJQENMQM WUVDLAYUNNI Transaction File
D3 humi wiluAuTY ivdoyaninuy Transaction File
D4 soil wilupdulupy | udeyanuduluduy | Transaction File

nswaundeulusunsy lunsimuinindeulusunsuvesszuutu aguyady
2 du 1dun dwdl 1 andunadeulusunsuludiuveanismunugunsal loT dwd 2 ey
msdeulusunsuvuneundindy Tneasimuadeyafidunainuesnneulnsaaesiiosinisds
Toyaluuuivueundindu uazuendndu line wanudoulusunsusianindszneu 5

lude "DHT.h"

lude <ESP2266WiFi.h>
e <BlynkSimpleEsp8266.h>

lude <TridentTD_LineNotify.h>

(A) NSWauFBNIUBUIMBSNALAY line

BLYNK_PRINT Serial
IK_TEMPLATE_ID
BLYNE_COMMECTED() {
Blynk.syncAll() ;

¥

"TMPLtpnmeroB™

(1) NSLYDUABLENALATU

() VU ILEAAIHALAZAIUANN

15711974

AMWUSTNBU 5 NS LYW

NI Ianswasinalulad IInedevagus

v ¢ oA o A

JUE UN 9 aUun 2




100
2.3 MINAADUTLUY

s¥Uv 0T Aty annsaldlunisatuayudeyaanmwandondiangay lu
mswnzUgnity wazanunsathanldlunmsiinsedeanmuindeuiivanzan darnfimanzan
sonsmzUgnitalnli e gaumafides lumnd1 10 °C uazansegszming 18-32 °C (Limsge
Wi 35 °C) mm%ummﬂmngiwm 80-90 % U%mmﬁmumiagéwdw 1,000-3,000
fadumssiol wansnsrenunateyafunsiuansisnmlszney 6 Jeyadedsseiien
oA N utgasangunsal 367 leun 10T Phuket f9Wuau (Wind Turbine) waz
CMRUDevice-ESP8266

Anda alnsal 3 Alla

0

20

w IRNR
: I

2023-01 2023-02 2023-03 2023-04 2023-05 2023-06 2023-07 2023-08 2023-09 2023-10 2023-11 2023-12 2024-01 2024-02 2024-03

B |OT Phuket(online) u.A.66-5.A.66 Temperature(°C) 10T Phuket(online) 1.A.66-8.A.66 Humidty(%)
10T Phuket(online) u.A.66-5.A.66 Soil Moisture(%) floviuau(offline) w.u.66-8.A.66 Temperature(°C)
m figviuau(offline) w..66-5.7.66 Humidty(%) floviuau(offline) w.u.66-8.A.66 Soil Moisture(%)

B CMRUDevice-ESP8266(online) 66-67 Temperature(°C) B CMRUDevice-ESP8266(online) 66-67 Humidity(%)
B CMRUDevice-ESP8266(online) 66-67 Soil Moisture(%)

awUsznau 6 wanansilunisinAtaniniindeugilonaaie 3 gunsal

Jaymiinuannisnegeuszuude 1) dueraussd esniuiifennadeurili
gUnsaliiaanuidenns Wy wumneiuin uautandluvi$dlundesmunu Seilvssuy
lanansovheld dnfudsiemsnasunnnagadoyalussuuosulatifussey viedhiiud
dioluamaseugunaniuagiinishadeinauiioszutsanuiou 2) Fugenduad fnasiin
ﬁggmt%"aqmﬁmﬁusi’faaga miﬁaaulaﬁmﬂﬁﬁgiymmiﬁ'amiﬁummaﬁﬂﬁﬁz’fﬁ]gam 3@
liianysal uaznsdloovlladesdrsosteyaludevuiindoyaiiuszeiiietestugymeves
Toya

2.6 MINATIBRAIRY

mMsengiaui etrnan1siasgsiduan pH vesdululdlunisinizlgn 1ile
Wasuiteudn pH vesiu Tngldfnansansazaneiiuansieti ldu dindu, KCL uaz Cacl,
LARIRIINTT 3

NITInemansiasinalulad uninendesivdguisudg U9 9 a



101
A19197 3 wansTeuLisuAl pH vesaulaensldiinasesalsazareNuanmneiu

anudunsa-ang Jsua U U Ysueu

A0g19RU wo | ke | cact dun3ding | weaweda | Twunadeu | lulasau
(%lagwuiin) | (%laewin) | (%laewin) | (%lagwiin)

Auluanulnld | 558 | 4.54 | 543 10.28 0.001 0.024 0.16

91nM15197 3 WethAuundeszinand Tiun anudunse-raunudunieing
USunauleanesa Usualnunadeun uazusunalulaau wuin anudunsa-aAravindu 5.58
(H,0) 4.54 (KCV) wag 5.43 (CaCly) USuraduniedngwinnu 10.28% Tagtmidn Usuna
Woanodawiniu 0.001% Tnetimdn Usinaldnuna@ouyindu 0.024% Tnethuin uavu3unal
Tulnstauyihiu 0.16% Taetmin
3. NMINBUITUAENDABIARINTIALNITUTLIUNG
nseusutevonasdauinslFnuszuy o Turgmu 14tinsdninifTeduney
Tunsldszuu loT wietluldeu wazdnausulinNUIUANYATNT o BIANITUSINTAILUA
wiidu Sunauwinne Jarindedml Tneddnsufanssuduinensnegluguyusiuauiiu 6une
w219 Fein@edlu 919U 40 AU LERIRININUSENBY 7

(n) AAtensldauszuy (¥) NM3ineUTUENENBAAINTTEUU loT

AMNUSENBY 7 N15BUTNENENOABIARININNTITUTEUL loT

wiaNseUsHLAT U sEllunaauisnalaluniseusuaeneaau e nsialulday
INNAUNYATIIUIY 40 AW WU Tagansiudanuianelaglusesdvuin (X =4.32,
5.0.=0.55) $18aziD8ALARINIANTIN 4

1y o

NIaTIvermansuazmalulad unInedesvdguisud U0 9 adud




102
M19199 4 wARIHANTUTEEIUANUANElALAANNINUDITTUY INNITOUTY

Fadafiuszdiu Aade daudonuy iiﬁumw
UINTFIY wawala
Aunstenenrusiasnsuivldenu
1. fidneusuiianuinnnudila deuniseusy 3.65 0.66 1N
2. grevsdlasuanuianudila vdamseusy | 4.53 0.51 1niian
3. Wnsmeneannuilagnaes danudaau 4.50 0.51 11N
wazesueiemdiladng
4. Iensneumanulanssuseifutniau 4.55 0.50 1nitgn
5. punzandegunsalitldluniseusy 4.23 0.58 gl
6. Msldanlun1seusy 4.10 0.68 11N
7. annsathanuiiuyssynaldlunisuf ifan 4.38 0.54 hy
Tanunuasla
8. fousuannsnthanuildsulumeuns/ 4.40 0.55 1N
anenenls
9. fousuldsuusrloniluniseusundall 4.43 0.55 1N
10. Anuienelalunisinlassniseusulagn s 4.30 0.52 11N
573 4.31 0.56 11N
AUANNINYDITTUY
1. anuianelalunisldau 4.35 0.62 110
2. anuaEnunsavesszuy Tunmsinlulguseloyd 4.45 0.50 110
3. authaulanasmadaildluduany 4.35 0.53 10
4. N153AN9eeAUsENRUWIINzaN Tdaudne 4.38 0.49 11N
Fudiou
5. Mseenuuuldauludiurenisiuteya 4.15 0.59 1N
6. nseenuuultnuludinvenisussuiana 4.33 0.58 10
Joya
7. myeonuuuldnuludiuvesnaninalaynis 4.35 0.48 10
iUl
8. Anuazanlunsidaulusinsy 4.43 0.60 110
9. ahsanaulandanufensveuld 4.25 0.59 1N

[y

NITInemansiasinalulad uninendesivdguisudg U9 9 a




103
A15199 4 (9)

v v 4 .4 | dwudeauy | szeuAy
Wadaiiusziliu GRILED) -
INTFIU wawala
10. Usuumsldanussuulaeiuiinnuauysal 4.25 0.54 ol
53 4.33 0.55 1N
FUNIEU 4.32 0.55 1N

91nA1519 4 wansUssiiuanafienelateniseusunsitl lnenmsndanufienelag
Tusauann (X =4.32, 5.0.=0.55) Geut ey 2 anu fe 1) AUNTITAYNDAAINUI UAZATT
luldau wud lneamsiuiianuisnelagluseduuin (X =4.31, S.D.=0.56) Tneadadiil
arsuanuieanelaannuinlutios 3 susuusn Ae Ineinsneudaidlinssuseiaudaiay (X
=4.55, 5.0.=0.50) {iteusulasuanuimnudilandsniseusy (X =4.53, S.0.=0.51) s
A18N9AANNS bAQNFBY dAIUTALIY wavosulewiowdnledne (X =4.50, 5.0.=0.51)
MINAINU 2) AMUANAINVBITEUY WU neamsiudanuiianelagluseduuin (X =4.33,
5.0.=0.55) Tnaadafidiaduanufianslasinunlutes 3 suduusn fie ANAINISAT0S
syuvlumsihlUlguselovd (X =4.45, S.0.=0.50) AanugzaIntunsideulusunsy (X =4.43,
S.D.=0.60) N153AI9B9AUSENBUWMNNTEN Traudiedutau (X =4.38, S.D.=0.49) ANUAHU

aAUsI8NE

smideilddnwmutnguazasd Ao 1) Wanszuvuiangsy oT dwiulnsgiaud
Ugnitsfivunzan 2) devenssanuiuaginugnsldszuy loT msmsinuaslituinwsns
wazAuluyuTY HaN1TITENUdn 1) anmwieseuiardadenisimizdgnlnlitiuuiazden
AuakiIu 8unewda1e Janialeduil n1suandulnld 2 19 asdiuseuna 100 du ongeu
Uszana 2-3 Yanunsaifumandnlsuszana 100 Alansu deaenadesdunuidoiiendu
NsAnwAuULazHanauLnuYaINaRd Tl nluwindesse (3sanval 1530dla wazyna
dunya, 2566) ) Tnefiauuansnei uiiugnuesususivausiiuay umsﬂaﬂwuaumamu
ATTUTEsAY 2) NMIRALNIEUU loT wagmslieseiiuiiugn Iduadu 3 funeu Ae 2.1)
N99NKUUTEUU loT Lwamusuauuaamwmaaﬂuﬂmwwﬂqﬂww I@eonwuuidu 2 szuu
fo madudeyauuueenlad Insasdaiuteyaadumisaruinelugunsaififassiiienn
Hoymnsdyraudumedidniliiades uasmsfuteyauuueeulay Tnsgunsalisuieessu
Toyaudazdsdayarudyaadumesidaluianuliluginnes wagldivueundindiuiu

o o

NI Ianswasinalulad ininedenvdguisug U9 9 adun 2



104

Sendeyannidiinesiieuansteyaliiudliawls Jsaenadostunsidoszuuuiauion
anmzwndeumanisinuaslagltinaluladdumesidnvesassndsiinmsdsoyanuunguius
LazuansnwnAnuuMaegUnsailadeuil (Anslun wssARising, e33AYs WAaEY1T LAt
suma A3ana, 2564) 2.2) MIRaTuy Idiannszuumusdawslithgunsaliwumesh
nsafaranmndeuluiiuiivgnanaingungll anutu Usinamdu anuduasfiag
au Meuuvooulatl wazeorladmudildeanuuuly Fsaenndasfuauisenisussandld 1o
fisimsldszuumumeivanssuuuulumsanasaauauanimwindeunisugnity (nia asde
LarsUNa unsanselnn, 2568) N1sWaITEUUA1ugeduT lalin1sdnteyaneuiges
lugrudeyauazifoulisunsudsdayalduanmaluivueuniindunazueniady line
denndeetuauIdensiaugonduiisialaildinsussgndlduoundindurtussuy
iievnedumesidn GAANA InSnos, Useans waega wazdndde ydlss, 2562) 2.3)
nMsnageuszuy othszuy oT Witeuudrannsaldlunisiafuteyaaninwandend
wangaslunsmzUgniiald usnudgmlumsdidunisie gunsaliinnudemeiiosen
a1naseu duvaudrluvisslundesaunu warszuudgygradumesidauamedusses
Fea3sedu Anulgwisuwedidesanwuedudas s usudadiluvindy unanvesy
@nesenaiimadsuulainsinuneuwdonldeu (Futui Jaygla, 3 Anduszn,
vaSn \Weuvesana wazuIna muiuns, 2568) 2.4) Madesevianfu WethAuu s
nuad lawn anudunsa-asusuiadunietng Usuuneanesa Usuialnunadey
wazUsualulaeu wudn anudunsa-atawindu 5.58 (H,0) 4.54 (KCD) way 5.43 (CaCly)
Faazihluusuusslunisinzugnita 3) nsdneusunienenssdnuitaznnsUszifiuna
ladnvindatenisldaussuy loT wazeusumslidauliiunguinunsiuaudiu nan1sussdu
arfsnelateniseusundsil Inenmsaudarufenelaoglussduinn (X =4.32, 5.0.=0.55)
Fauvadu 2 d1u de 1) Munsireneanuiwaznisiluldau wuin Tneamsoud
aufisnalaegluseduunn (X =4.31, S.D.=0.56) 2) MMUAMAINUDITEUU WU LAgAINTIL
anuianelasgluseduuin (X =4.33, S.0.=0.55) n1smunwasnsliauisalsegnald
wealulaflunsiununsadislnl Ssasdunngulunsiauiaurgisnanenanensias
asanuunlavenaTugivgIuTINUesUssng

YDLAUDLUL

1. TovauawugiintnnanisselulglAnnU s el

[y

NITInemansiasinalulad uninendesivdguisudg U9 9 a




105

1.1 msdaifiudoyaanmeiniauaznsinsgimmluiuiiugninlf ausotanldly
mslneinsugnitssdaduluiuflndiAeds

1.2 550U loT ansnsni ldnunensnssuuiuibu
2. forausuuzionisviidelundasely

2.1 nafnwiuiuniuiidud sdidy mnegluiuiivinslnaidunisdiuin szuy
duwmesidaliiaiies wazllennadougeazinanonisguasnuiszuy AseenwuuszuUlid
i munu wareradennafutoyaiuuusuiinluedouazmsiaivluszuunand
iietaafutoyagame

2.2 Mmsldwuimasnsiaiarinisidendivszdninngs amu ionariniiay
AaALAABLDY

LONE1591999

Foun Jeyayrnla, a3 indusew, vasw Lﬂemwaqaqa LATWING WINUSUNS. (2568).
nstenenmalulafuazszgndliBumesidavosasmas (oT) svuusnthdnluifs
MuneUnAlatuLiienszdunfufegsggsianunsyivy: nsdiAnwivusioeng
1ATININTEIIYNT AN vues w1 luea Arenszuningn suneiles Javdnasuan.
275375391739070UN150159n w17l 1, 10(1), 13-26.

SHdnA Insnes, Usyans eI wag dnsde ydlse. (2562). mswmuszuuvhsugaases
dmsuinunsnsgalnisevesristalauardumesidavesasimds. 115msnums
Wk3AIT, 16(2), 10-17.

yaysu Alarenn. (2560) N1539eLaedy (Rusindadl 10). ngawwa: giSenandu,

179 Aadew uazsuma unsansnn. (2568). anunsaluasunliunmsyszendlddumesidn
Uszanuasswasdmiuwesuugniiviaaierluusemelne. Journal of Industrial
Education, 24(1), C1-C10.

sanwal 35300 Wag unNa Bunna. (2566). N1IANYIAUNULALHARDUWIUYDINGRSUINLA
nsalAnuIaviaguvulnliBessne. 995375 FUSIaY 4 Ine a5 199938,
8(2), 60-80.

avdlua WIsANYINY, 83575 WMEAYT WagsUINE A3aNa. (2564). MINAUITEUURINFDY
anmzinedeumimainunslagliineluladdumedidnvesasds nsdfnw uzai,
135715391773 “M3Iansinalulad umInenaesivagumasan”, 8(1), 60-72.

o o

NIFInemanswasinalulad uninendesiedguisud U9 9 atun




106

AInNUaNNRIUNNSATYIN WAL TIRLUNINR. (2566). UNUHUIATYEIIUALAIAUUNIYIS
UVl 13 WA, 2566-2570.

drilnuImsgmseansnguiminnawmilensuuu 1. (2568). uwwiiaINguIINInNIAMTe
mouUN 1 (W.A. 2566-2570). \Tuslnyl.

2IAMIUTMIAUmUALITY. (2562). TIeNILTaYAYN YU VALY EUNBUNI F991TA

el

NIFInemansiasinalula uninendesedguisud U9 9 adui 2




winnssulunisnanuzaznaUannng

Innovations in Safe Papaya Production

sfdan Jumes
Rapatsa Janthasri
AV UNYATAENT AUZALLLAENITNYAT WAINFETIVAYUMETATY
gnowis Tamiaumaisany
Department of Agriculture, Faculty of Agicultural Technology, Maha Sarakham
Rajabhat University, Maha Sarakham, Thailand

Email: juntasri@hotmail.com

Received : September 29, 2025
Revised : December 25, 2025
Accepted : December 27, 2025

UNANED

nsuanuzaznerfienmdasnde viooraisenidunisnanuzaynelussuudunss 4l
38U daldnatsuuy enfl msidendasnagnitimnzan n1sdan1ssinemiTLaY
mseuAw vty mMIndeuzazneiiionudasndy awnsavildlnenisugnuasmanuiuivein
dudsanunsamuaunisiinlsauazdesiuunasdngiis nsudnuzaznaUasnans nswan
UEAYNDTTULINEATIUNTE NInAnuragnemuLUIUfURTA (GAP) uagn1THAnuyazne
Tussvuinunsdsdu madsegndldsuuutlatufuanmanusngauvosiiud wagidvng
vosfanurazne i eifunruUasadevesisfndnuazuslaa lnednansenude
anmundoutiosiian
annealifuinunsnsqundsldiimaiamandludsegndldlndnduaninuindey 4l
Tududesordvarsailunsdesiumdalsauuas waazidunumstisdaaiunig o laun
msUgniisuen mMsvgnitemszgada mslddenen Jevsinuazanslauuasayulnseing 9 19
sruuMaHanuzagnefisEaviamuasiiineuasndy Wiuguanuaziuslnaeg1edsdu

YIRNTIUNISHNARULALND WBANUADANE ImmiﬂﬂgﬁﬂmmﬁuﬁmﬁLﬁuLaﬁaummﬂ

Do

ARy NMSNYRIINULUURURTA (GAP) MsudnusazneiienuUasndy svuunumsdsEu

v ¢

NIaTInermansuazmalulad v Ine1desvaguITug U7 9 a


mailto:juntasri@hotmail.com

108
ABSTRACT

Safe papaya production, also known as organic papaya production, involves
various practices such as selecting appropriate planting seasons, nutrient management,
and weed control. Safe papaya production can be achieved by intercropping with other
plant species to control diseases and prevent insect pests. This includes residue-free
production, organic agriculture systems, Good Agricultural Practices (GAP), and
sustainable agriculture systems. The application of any specific model depends on the
suitability of the area and the producer's goals; the priority is the safety of both
producers and consumers while minimizing environmental impact.

Innovations in safe papaya production involve integrating local wisdom, a heritage
passed down to future generations of farmers, to adapt these techniques to the local
environment. This approach eliminates the need to rely on chemicals for disease and
pest management. Instead, it employs supportive methods such as intercropping,
planting legumes, and using manure, compost, and herbal insect repellents. These
practices ensure the papaya production system is efficient and sustainably enhance

safety for both producers and consumers.

Keywords: Good Agricultural Practices (GAP), safe papaya production, sustainable

farming system

Introduction

Vegetable and fruit growing has long been a part of Thai society. Most rural Thai
families grow their own fruits and vegetables for home consumption in their yards,
around the house and around their rice fields or other cash crop production areas.
Papaya is a multi-use crop. Unripe papaya is mainly used to make somtam, a popular
dish for people of all ages and in all parts of the country. Somtam’s appealing spicy
crunch has made it popular even in other countries and now it is almost as well-known
as tomyam goong and pad Thai. Of course, papaya is also a fruit for eating ripe that has
good vitamin content and mild laxative qualities. (Janthasri & Chaiyaboon, 2016). Lastly,

papaya can be grown for industrial processing to make canned fruit or tomato sauce,
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and the papain in papaya sap can be used in the leather tanning and cosmetics
industries. Papaya is grown in tropical and subtropical areas all over the world. The
places with great potential for increasing papaya production in the future are China and
the Middle East. Papaya is easy to grow and grows quickly so it is found at almost every
household, especially in northeast Thailand. It can be planted in any season and can
flower and produce fruit all year round. It is not bothered by as many insect pests and
plant diseases as some other plants are. The main diseases are PRSV and root rot and
the main insect pests are aphids and mites, but they normally are only a problem at
the end of the rainy season and beginning of the dry season. (Food and Agriculture
Organization, 2019).

People all over the world have become increasingly aware of the problems with
chemical approaches to agriculture. The overuse of fertilizer, pesticide, fungicide and
herbicide can have damaging effects on farmers, consumers and the environment.
(Hueso, et al., 2019). More and more consumers are concerned about their health and
are demanding safer agricultural products. There is strong demand for pesticide-free or
organically grown fruits and vegetables.

Up to now, research on papaya has focused on 5 areas : 1.Control of PRSV
2. Increasing yield and improving fruit quality 3. Producing papaya for the export market
4. Producing papaya for processing industries and 5. Producing papaya for papain
extraction. Safe papaya production touches on almost all these areas. The author’s
personal observation of papaya growing areas in northeast Thailand seemed to show
that when papaya was intercropped with other plants it tended to reduce the incidence
of PRSV. However, one research study in which papaya was intercropped with mango
trees found the opposite. The study was an observation of an 8,000 square meter
plantation where 800 Kaek Dam Si Sa Ket variety papayas were grown interspersed with
Kaew variety mango trees for 2 years. It was found that the incidence of PRSV was even
higher than in non-intercropped papaya plantations. This may have been because the
farmer did not provide enough water and fertilizer for the papaya plants and didn’t
weed, so they were not strong. (Somsri, 2014)

In contrast, another study in which 800 papaya plants were intercropped with
custard apple trees on a 6,400 square meter plot found that the incidence of PRSV was
reduced by 80% and the farmer gained more income. For comparison, on another

papaya plot the papaya plants were not intercropped but were sprayed with an organic
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pesticide made from custard apple tree leaf extract, and it turned out this had no
positive effect on PRSV incidence. Papaya can be intercropped with other plants to
reduce PRSV damage. For instance, bananas are a good choice. This is partly because
the banana pseudostems and leaves are mostly made of tissues that contain a lot of
water, and when aphids carrying PRSV bite banana plants and suck out their juices, it
tends to wash away or dilute the virus. Marigolds, basil and mint are also good choices
to plant around the edges of the field and around the bases of papaya plants. Some
plants act as a natural barrier, keeping the aphids from entering the papaya plantation.
Marigolds are said to help maintain soil moisture and fend off nematodes that could
damage the papaya roots. Nematode damage in papaya makes the plants slow growing
and stunted with yellow leaves. If nematodes attack the roots before the plant begins
to flower, it will never flower. There are also some plants that tend to harbor and invite
PRSV-carrying aphids, such as chili pepper, eggplant and cucurbits. These plants should
never be planted near papaya plantations. (Janthasri & Chaiyaboon, 2015). The purpose
of this article is to compile information related to papaya cultivation or the technologies

used to produce safe papaya for the benefit of farmers and other interested parties.

Guidelines for safe papaya production.

1. Plantation area

Papaya is a tropical plant in the family Caricaceae. It is tree-like but only lives 1
to 3 years. It is the most productive in the first year and fruit production declines after
that, so for commercial production most farmers only keep the plants for 2 years.
However, for casual household growers they tend to let it keep growing until it dies
naturally. For safe papaya production, you should choose a place where PRSV has not
been seen. It should be far from residential communities because most households
grow papaya, and most of it is infected with PRSV. (Abeysinghe et al.,2016). The
plantation area should be bordered all around by large trees because that is a windbreak
and a barrier against aphids. You can also plant trees along the edges or around the
sides such as banana, custard apple or rubber trees. There should be a water source
that can provide water even in the dry season. A pond on the plantation can be used

to store rain water and receive excess water during heavy rains. Papaya does not tolerate

NITIemansuazmalulad unInedevdguisud U0 9 atun 2




111
flooding. If the soil is clay, trenches should be dug. If the soil is sandy, it may require
more treatment with manure and compost. A research study found that beneficial soil
fungus can promote the strong growth and productivity of papaya plants. In an
experiment where mycorrhiza were added to the soil, the papaya plants grew taller, had
thicker stems, produced more fruit and were more resistant to disease because the

fungus helps the plants absorb more nutrients from the soil. (Janthasri, 2021). (Figure 1).

Figure 1. A: Corn grown to raise arbuscular mycorrhiza for adding to the soil
B: Papaya grown with arbuscular mycorrhiza added

Before planting papaya, it is a eood idea to increase the organic matter in the soil
by plowing under green manure. Organic matter gives the soil more air spaces that
promote good drainage and help the plant roots access nutrients better. Leguminous
crops such as peas or beans can be grown and plowed in while they are flowering (about
45-60 days after planting). That is the time they have the highest nitrogen content. Some
legumes have a beneficial kind of bacteria called rhizobium growing in their roots in a
symbiotic relationship. The rhizobium get carbon and energy from the legume plant,
and the lesume plant gets easily absorbable nitrogen from the rhizobium. If you are
planting a leguminous crop for the first time, it is a good idea to add commercially
prepared rhizobium to the soil. After a few years there will be a sufficient population in
the soil so you don’t need to add more rhizobium bacteria for your legume crop. Green

manure helps increase the nitrogen content of the soil and also improves the soil
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structure. It is also useful for controlling weed growth and preventing soil erosion. You
can mow the legumes before plowing under and spread the chopped dead plant parts
on top of the soil after planting. (Janthasri, 2021).
2. Season

Papaya can be grown at any time of the year, but the best planting time varies
with the geographical and climatic conditions. If the land is in the highlands or on a
plateau, at a higher elevation compared to the flood plains, and the farmer is relying
mainly on rain water, then the papaya plants should be transplanted at the beginning
of the rainy season. Plentiful rain will reduce the labor input for irrigation. For instance,
seeds could be started in July and transplanted in August and then the farmer would
be able to harvest fruits starting in January, which is a season when the prices are higher.
If the land is in the flood plain area, papaya seedlings should be transplanted in the dry
season or the end of the rainy season to avoid flooding. Seeds could be started in
January and transplanted in February. The first harvest would be in July. (Janthasri, 2015).
3. Maintenance Practices

Irrigation systems :The most popular kinds of irrigation systems are mini sprinklers
and drip irrigation. When papaya plants grow larger, high-pressure sprinkler systems that
sprinkle from higher up rather than just at the plant bases can be used to help spray
the bottoms of the leaves to keep off aphids. When the seedlings are first transplanted,
they should be watered every other day or 3-4 times a week. (Estrella-Maldonado et
al,,2019) In the first few months they should be watered whenever it doesn’t rain for a
day. However, the amount of water given each time should not be enough to flood the
plantation or pool around the stems, because that may encourage root rot. If they are
not given enough water, the papaya plants will be small and stunted. Later, when they
start to flower, they should not be allowed to dry out for more than a week. If they do
not get enough water the flowers might drop early or might not get fertilized and will
not produce fruit, or the fruits will be small. Even if they are watered later they will still
suffer the after-effects of the dry spell for quite some time. So it is important to water
them every 5 or 6 days. If the plants are watered well during the dry season then usually
the fruit produced at that time will be good quality with good flavor. (Janthasri, 2021).

Plant nutrient management :Two months after transplanting seedlings you should
start to feed them with organic fertilizer supplemented with small amounts of chemical

fertilizer. In areas where papaya or other crops have been grown for a long time, the soil
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fertility may be depleted. Also in places with sandy or clay soil, it may lack organic
matter, so it is very important to add large amounts of manure, compost, and green
manure. Usually one kilogram per plant per month is required. Organic growers normally
add fermented organic liquid fertilizer every two weeks and also add beneficial
microorganisms to the soil. For manure, dry chicken manure is preferable to pig manure
or cow manure because it contains more nutrients. (Janthasri & Chaiyaboon, 2016).

Weeding: Weeds are very dangerous, especially when papaya seedlings are small,
because the papaya plants need time to establish themselves and grow stronger. The
weeds compete with the papaya plants for water and nutrients, and sometimes they
attract insect pests and plant diseases. Weeds can be chopped out with a hoe or mowed
out and the dead plant parts piled around 50 centimeters from the base of the papaya
plants to help retain soil moisture. (Junthasri & Suwanseree, 2022). Organic growers also
often grow cover crops, and that is a good way to reduce weeds without using herbicides.
4. Prevent Disease Occurrence

Growing mixed orchards with many kinds of crops in the same area is a good way
to reduce the severity of plant diseases and insect pests. In monocrop orchards the
insect pests have a large amount of the food they want, but in mixed orchards there is
only a small amount of each kind of food. There are fewer of each kind of plant, so the
smell of them will not be so strong as to attract insects from far away. Even if some
insects are there to feed on a specific kind of plant, if there is not a large food supply
for them, they will not be able to reproduce quickly and their population will not rise
quickly. Also, some of the plants may be home to beneficial insects that prey on some
of the insect pests. Some of the plants that can be intercropped with papaya and have
proven to be useful in controlled studies are banana, custard apple and lemongrass.
(Martin, et al., 2019)

Some appropriate cover crops that can be planted before transplanting the
papaya seedlings are basil, ivy gourd and Malabar spinach. Vine-type cover plants such
as ivy gourd should be allowed to climb part way up the papaya plants to discourage
red spiders from nesting in the papaya leaves, but the tips should be nipped back at
least once a month so they don’t cover too much of the papaya plants. (Janthasri,
2015).

The organic growers at Srisa-asoke Community in Ubol Ratchathani pile dry hay

almost a foot deep all over the area for growing papayas before transplanting and plant
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banana plants around all four sides of the plantation as well as intercropping with
bananas. The hay will slowly decompose, adding humus to the soil. Soon mushrooms

come up from the hay. The farmers add large amounts of liquid fermented organic

fertilizer to the plantation every week and they don’t need to use any chemical fertilizer
or pesticide (Anwar et al., 2019). (Figure 2-3).

Figure 3. Papaya intercropped with Asiatic pennywort (Centella asiatica) and other
herbs

Other plants should be intercropped with papaya seedlings while they are small
because it will take 7 to 8 months for them to start producing fruit. In the mean time
the farmer can use the land around and between the seedlings to grow something else

that will provide food or income, rather than letting the areas go to weed and then
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having to expend more labor for removing the weeds. They should be fast growing
annual plants such as beans or other vegetables and should only be grown if they don’t
interfere with the health of the papaya plants. When the papaya plants reach productive
age, additional intercropping is not recommended because growing other crops may
interfere with the papaya’s roots. However, a cover crop like calopogonium, centrosema,
or pueraria can be grown to prevent erosion, maintain moisture and add nitrogen to the
soil. (Sharma, Mitra, & Saran, 2016).

5. Local wisdom and safe papaya production

Papaya has been grown in Thailand for generations and the popular dish somtam,
which uses unripe papaya as the main ingredient, has become a part of the local culinary
culture. There are now many variations on somtam with different ingredients added,
such as peanut somtam, fermented fish somtam, salted crab somtam, seafood somtam,
wild herb somtam, salted egg somtam, pickled crab somtam and even live crab somtam.
(Janthasri, Janloon., & Suwanseree, 2017).

5.1 Folk wisdom about papain

Thai cooks have passed down a method for making boiled meat very tender.

They add a small unripe papaya to the pot. The reason it works is that the papain in
papaya sap is an enzyme that helps break down the proteins in meat, making it softer.
Papain is also used in leather tanning. Research by showed that when papaya farmers
extract sap from papaya plants for obtaining papain, they can get more sap if they tap
the plants in the morning between 8:00 and noon than if they tap them in the afternoon
or evening. The plants exude sap at the rate of about 100 milliliters in 5 hours. Papaya
plants can be tapped for sap from the age of 5 months up. (Choudhary, 2025).

5.2 Use of papaya tips and leaves to lure cherry snails that are a pest in
rice fields

Cherry snails (so named because of the pretty color of their eggs) are a serious

pest in rice paddies. One effective way to destroy them is to plant papaya plants around
the rice paddies and place papaya leaves and growing tips down in the rice field. The
snails will come to feed on the papaya tips and will lay their eggs there or on the papaya
plant stems instead of rice plants. Then the farmer can more easily gather the adult

snails and eggs and burn them to destroy them. (Janthasri, 2021).
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5.3 Wrapping with cloth

Some farmers wrap developing papaya fruits in cloth, tying a piece of cloth to
the top of the fruit stem and letting it hang down to cover all the fruits (Figure 4). Farmers
in the central region tend to use thin white cloth while those in the northeast often use
checkered loin cloths. This practice was believed to increase productivity, but the actual
benefit is to prevent sunburn, which can cause unsightly brown specks on papayas.
(Janthasri, 2015)

Figure 4. Cloth wrapping papaya in Thailand

5.4 Using papaya leaves as cricket food
Some farmers raise crickets in cement pipes for extra food and income. Papaya
leaves are a good additive to the cricket food and they can be obtained for free when
the farmers thin out some of the leaves. Crickets survive well on papaya leaves and can
be sold every 4 months.
5.5 Renewing papaya plants
There is a way to encourage new growth from old papaya plants and make
them productive again. These are the steps:
1. During the rainy season, select papaya plants that are healthy and have

been productive.
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2. Harvest all the remaining fruits, then cut off the top of the plant, cutting
the stem to just 50 cm from soil level, and make holes for rain water drainage.

3. New stems will grow up from buds in the old stem.

4. From among the new stems, choose just 2 or 3 strong ones from different
sides of the plant so it will be balanced, and cut off the others.

5. Add 15-15-15, 16-16-16 or 32-10-10 fertilizer and manure. Water well on
days it doesn’t rain and otherwise treat as you would newly transplanted papaya
seedlings.

The new stems will start to produce fruit after about 4 months and can
continue producing for about 2 years. You can repeat the renewing process once more

by cutting down the same plant, but not more than twice (Figure 5).

Figure 5. Renewed papaya plant

5.6 Intercropping with marigolds
Nematodes have become a problem in some areas of the northeast with sandy
loam soil. Nematodes make galls on the papaya roots and then the plant cannot absorb
water and nutrients from the soil. It will turn yellow and die. Nematodes can spread
around a whole plantation by moving in the soil when it is irrigated. One way to stop

nematodes is by intercropping with marigolds. Marigolds synthesize natural chemicals
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that give them their characteristic smell, and those chemicals are repellent to
nematodes. Marigold flowers can also be sold for additional income. (Janthasri,R.,
& Chaiyaboon, 2016)

Conclusion

Safe papaya production can mean an organic growing system, sustainable farming
methods, following good agricultural practice or GAP standards, or just reducing the use
of agricultural chemicals. Which methods are used depend on the conditions of the
growing area and the intentions of the grower, but the main idea is to make papaya
growing safe for consumers and the natural environment.

Safe papaya growing methods may include intercropping and the use of manure,
compost and herbal insect repellents. These innovations can enable farmers to increase
the value of their products by promoting them as safe for consumers and the

environment.
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