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‘&3’ Abstract

The objectives of this study were to develop a prototype, evaluate its operational efficiency, and
conduct an economic feasibility of sweet tamarind pod sorting machine prototype for tamarind
entrepreneurs. The research methodology employed the engineering specifications synthesized from users’
requirements using the Quality Function Deployment (QFD) technique together with ergonomic principles.
The process involved designing a prototype blueprint, building the prototype, testing its performance,
analyzing energy consumption, and assessing its economic viability. The prototype of sorting machine
operated with a conveyor belt speed of 0.82 meters per second. The processing time for tamarind pod size
classification was 230 milliseconds, while the processing time for pod sorting was 40 milliseconds. The system
was designed to sort straight tamarind pods of the "Sri Chompoo" variety and curved pods of the "Sri Thong'
variety into two size categories of long and short pods, as specified. An infrared sensor was used to detect
pod length, with the sensor distances set at 75 millimeters for straight pods of the Sri Chompoo variety and
90 millimeters for curved pods of the Sri Thong variety. The system was controlled by an Arduino Uno R3.
The performance test results indicated that for sorting straight tamarind pods, 153 long pods and 191 short
pods were sorted, with an average processing time of 2.65 minutes. The average number of pods sorted by
size was 150.00 long pods and 160.33 short pods. The accuracy of sorting long pods was 98.04%, while that
of short pods was 83.94%. The average number of damaged pods after sorting was 7.33, accounting for
2.13% . For sorting curved tamarind pods, 115 long pods and 110 short pods were sorted, with
an average processing time of 2.41 minutes. The average number of pods sorted by size was 110.33 long
pods and 94.33 short pods. The accuracy of sorting long pods was 95.949%, while that of short pods was
85.76%. The average number of damaged pods after sorting was 6.67, accounting for 2.96%. The electrical
energy consumption was 0.81 units per hour, with an electricity cost of 3.18 THB per hour. From
an economic standpoint, the total operating cost of the machine was 72.96 THB per hour, and the
break-even point was at 1,589 operating hours per year, payback period was 0.02 years. The research results
offered a solution to improve tamarind sorting quality by reducing the incidence of mixed-grade tamarinds,

and decreasing processing time and labor costs.

Keywords: Sweet tamarind pod sorting machine prototype, Economic feasibility



o
W

O
o

UA 20 a0UR 1 (UNSIAU - TOUEU 2568) 3
Vol. 20 No. 1 (January - June 2025)

unin

sggvudarinmesysadnstung Deudusdmegimansvesfiiamesysal wuassany
veutnoonidy 2 dnvae fe dnvarinnse wazdnvasdnlag (nsuminedunedeyey, 2548) ‘\]'lﬂ%ﬁ]i;ljﬁ
uzvavursd 2562 MnsmsEiUUTEMA USinaseunam $1uau 79,576,776 Alan3u (nauaalesy
n5InwAs, 2563) yannisveuzeudnsniluuendniyanisuuszunm 614,561,175 v Ligugan
nsvenzLvIUdauendniyamsinUsyanm 887,699,475 U yanaafud Iy 273,138,300 U
uazvoyaTIBUMIAIRenuzyLlUn AT ATuA N ANLE Y@ RARBATUT B UMM
Inglusaaduisneulasuauinuagaidainnan 3,000 374 (@ninnuasaiunisasemnaszma,
2558) Wy YymuazguassavesnIsiiinduniainnausUgnuzeumuiilunsmiuds Ao aanm
TumsdnuenuzamLasmsiiugamingnd ulsUun wagssnung i duawalinosansde
ang wordnfuaun lausuurINTAIRENNEIIM YR T M IUTERuA LA MIE I UL
dinamsiulalunisdedeusrumuainussmalvening i u Tngvoyaaznounszuaunisdausn
sTmmwmaf%ﬂu@Tmﬁﬁammm aamﬂayaaﬁ’uﬂﬁﬁﬂm%mﬂaiwﬁuﬁﬁﬁmiﬁmLLEJﬂﬁﬂuzmmmmmaq
wUsznaumaNEraLdmTamesysal nun madauendndsadaussnuaulunisdanede lufinisly
\r30adns Faussnuaumandaudugiiiarusiunguasivssaumsalumsdauendnugeiy 21019
ﬁzjyaag‘apgﬂisﬂaumimmmm’m%’wi’mL‘wmyiaj Ao FauRaguruaames suaniells Sunonuasly
Forfoumasysnl madanendnuzaunouvsdnuietiluulszuuainis axdausndn S1uau 2 1uin
PudnYMEATUT LYY LU uzvmugATvug szl dnvudnase msdavuiauuady 1) Andu
fannuendnadeliiy 57 faduns wieusvanu 3 98 waw 2) Anem farwendnieds 70 faduns
vioUszan 4 vetuly arunsruiusaivensidnuardnlas madnuuiauuadu 1) dndu fanuen
Anedelaifu 64 Sofums wieuszann 3 ve uaw 2) dnem dawemidnieds 76 fafiuns vieUszana
4 o3l Tnsuzauameiugifdnunednlasziarue nssmednannnmaneiugiiddnunezdnese
arunsianenarlynisnsaiianisaisaiiazdnuazduueneanaisie Tnensdauendnuguiu
Lﬁuﬂﬁw'gumse‘hﬁ’ayuazﬁmmaﬁ’ﬂLﬂuﬁ‘ﬁyaﬂﬁwLﬁamiLﬁ'uyjaﬁﬂ,ﬁﬁumwmmwuéwaﬁﬁmmameﬁa
fulaun 1) Andusiavieyssana 70 vimasilansu 2) fnensAvislsyanm 100 vimaeRlaniy
audnsudilyladauensimueUseana 70 uinaedlandy 91U T el 50,000 Alanu/d
VOIAMNAIYUYUAIINDY anlranelunissuieuzany 2,500,000 u1n/4J N9 LSINUAA RSN NLE YL
il 2 &nwaiz fo 1) afauenAniduilansuas 0.8 UW way 2) 1M 600 VW/FU FIAINITTUTD
NawdnrIaAousuNANTuLwEuYemnd fianudnedausanuaudunnlunsdauen vilndsyan
ﬁuﬂﬁymmimmLmaul,l,iwmiumaﬁ’mLLEJﬂﬁﬂLLEJﬂcTﬂuzsumisiVTuLLazﬁ]'mmaﬁ’mmﬂunmmu%ﬁﬂﬁ

LSIUARALENTBINTTAINT NUARAIHALRATARLYnTUIRE ANz v INAaT N TN T NR NE Y

v
o

Futnen ey Q’“J%?Niﬁyﬁﬁumﬁ”uLLuum%aﬁmLLaﬂﬁﬂuzmwuwawuﬁm%’uéﬂizﬂauﬂ’]immmmm
Usznaunie nsadsadnuzeny n1seaLs ol nugun aun1sAALEn N15R5295UIUIRTNNEY Y
Uszananadinsnufins )99y wonvunadnuzeuauiingiadu

nnsfnvinaluladnisdauen wu Tyazunssdausndnugaiumnauiug dnos (3 sm

o a ' = ¥ I3 ' =
AIAUNBU LasAUBUS), 2560, U.5) NUINHUBYIVBIAS NI 3 93A0 NHUANIYATINULITDU 12 39UMBUIN



Academic Journal Uttaradit Rajabhat University

q ‘ ) 015815367IN1S UKIANgdessinaasaad
L=

$ruaumsdeu 3 Alansu Susedvsnmlunsdadnifiansosas 90.63 Anwanusalunisvhanm 260.87
Alansunadalas a1us0dlaiEanTusauny 3 1 (siua eouuen wazALdu, 2566, 1.1) lsn13auen
Anuz9ILABLIIUALATIaE 5 AU vuaewuduEes TnsUTunmnisdauenugnusaa 100 Alansy
podalus luian 40.04 Wit Sasn1siulul 34.48 vw vesAafeonIIwesEN LI T U
ausuluannsadauzralaiu finornsaatsauhlnuszns amnsdauendnusauanas (So din
w3lume uaglifines ladu, 2549, u.282) leweaianisuszutanamenmanLeNAnuEI LT URLTANSS
uazedTIn MINIUTI WA UazTEBUAN UsAvBamnsdnuunuzuRugAvessesas 89.8 Souay 10.2
arwannsolunsieu S 1,517 A/l wesdavuausnuiugaiuug sovay 94.3 souaw 5.7
wazanuaazalumainu $1uau 1,491 fn/dalus Jeudnuganiasinuuaeniudides aonnassi
(Tangwannawit & Tangwannawit, 2022, p.344) LLUﬂﬂmauﬂjﬁLﬁ'avﬁmSﬂmmwmmm‘mﬁuimﬂ%
nsUszanaNanIn iuekuzn s melnenisledumesidalunnds (1oT) Sawfugunsaiduesuas
\deumonuduimesiinuasivteyadnuarnimnslnugauuuaeny araiiniandeuiivestnuzan
waszarvesEranuEIUUAETudLdes WelSsuisuunaseluladlutsuve sihdansuan
Tynzunssdnuendnlaviinausnasiulyaenudnidssdnlunn uwmdnnsdaendnusnuagfiansn
mnanugtiviesinuredlyvwaaulavestnuzay luauanudureuvenalnuagnisaiunu
arausuglumsdauen audemefienaifeiulunszuaunisdauen asdumsluaianisusznana
e mdsnlygunsaiifaussnurgeariisniged annseutunistigeinuuasgouthyaiinedls
gy limngauduglseny uasgUszneunsuzrmmmiluiiuiinenislamaluladfisog sailuge
msﬂ’qﬁnmLLazﬁéauﬂﬁqiwammiaﬁﬂﬁuwa aenAasiU (FnadAsTy wiadan LLazﬂuSUﬂ, 2565, 1.408)
IGTLLUmmwaaqmimaqgﬂﬁzﬂaumimmmmwm‘ﬂu%@ﬁmummiaaﬂLLUUm'%laﬁmwmffﬂmmmmw
G;I’]EJWlﬂ‘ljﬂmiﬂizmﬂ%gﬁﬁ@ﬂﬂm,ﬂﬁw wuﬁ'165@fﬁ’mummé’ﬂwmmﬁmﬂﬁu & mmﬂmnqmwﬁaaqm
laun (1) puUnIININTIITUTLARNLE YL (2) amadndnuzauiivensula (3) guUnsaIMIUEnvAdn
uzunufing19du (8) euFuatnusrundsmsdaueniiseuiula (5) mnsuendnuzauiivensula
(6) gUnsaiUsTINanadaNIILAnTI9 T (7) gunsaiddeatn (8) gunsaidmiunmsdaFosdnusy

neunsAnkendn (9) gunsaulsuwmnusvesnisandssinusuia wag (10) AAnudeneiveusule

v v
awv = o

mﬂ%aaﬂaszijmumﬂ amnLauamsﬂ’wmﬁummuLﬂ%‘laaﬁ’mLLsmﬂﬂuzﬁumm’mﬁfm%’uQyﬂizﬂaumi
wzyumu Taglyn1sadsstnuzeunleateniuatass $n159asselnusvIuneunIsAALYN
NM3ASIITUIUINANE T NLT VLA TULEDS miﬁ'ﬁsmamaﬁamwmﬁmw%ﬂ%@miﬁ LYAYUIA
Anuzmnufinsiaduledawing %qqﬂﬂﬁzﬁﬁy’mmm%ﬁjiwaiuﬁaqmammmlu'qa awdumadenlunis
U%’UI%LWaamﬂ'zyjmvﬁywummmﬁmme‘l’ﬂmmm dindsgansamnisAnueninuguudmsuuiuandym

SasnnMYUAvelnluTune UM SAALENAINUL N VDIKUTENOUNTUL AUV

Y 3 a o
o ANAUITEIANTIRY
R
1. ieRRu AUk DIARLENINUE VI UE M URUTENBUATTUE VNN
2. \WeNARUUTEANSAMNTINUYBINULUULATBIAALINANLEYINNITY

3. LﬁaﬁﬂmmmqmmmaLﬂwgmamﬁuammmuLﬂ%aé’mlﬂﬂﬁﬂm%mmm



09'0\)

UA 20 a0UR 1 (UNSIAU - TOUEU 2568) 5
Vol. 20 No. 1 (January - June 2025)

ASAAUN15IY

N19398A5 98 YT ULUUNITITBIasWaIUT (Research & Development) lngiisioagLdsnnis

Y
v

ARUNUITY A9

v ' '

miﬂ’mmmmmum‘%mﬁmLL&Jﬂﬁnuzmwmuﬁ’m%’uﬁﬂﬁzﬂaumimmum’m fdunousimeluil

1. vafvunndnuEIIMNITNTeIm LIS D3R AL Itz LY (FRARSTY A3aTan
LAYAUDLY, 2565, 1.408) S?iaﬁ@mé’ﬂwmmﬁmﬂﬁmaw?ul,muﬁLﬂuﬁﬂaﬁmuﬂumsaamwu A9ANTNY 1
swfuvdnnansemans lnsfinnsanainanugessduilewssvozidounalunon Tnslaeuufohnu
fuiedos $1uan 1 Au @rutefmuansdaLenaNusTIRNNETINENYLEANATs TusASTLg FanTm 1

WAZAIN 2

A58 1 AnudnvarnIRmnsuvewuuuuiiduveimualuniseenuuy

YOMNUARMAN YUY

AU

—_

. YUIALATDIAALENENUEYINIITY

280 x 4,161 x 700 HadLUnS

2. mumqﬂﬂszﬁé’m%’uﬂﬁﬁ"]’ml,%'mﬁﬂmmuﬁaumiﬁﬂLLsm 25.4 x 50 x 1,120 Haaluns
3. syezmagUnsnimInsndusuainuargUnsain susndnuz 90 dadiuns
4. pasianenudasedn 0.82 LUMNS/AUT
5. 1IN MINTUSEUIANANITARYUIAR ULV 230 faaiun
6. Aauuuglunseatnu luneeninsesay 90
7. nanlunsussunanan 1 suenRnuE 1w 40 fiaaiui
8. mAuuiuglunsuendnuzey luueeninsesay 90
9. usesfuasiilalunendnuyaumn 5U15
10. MANUEsETBITN LTINS e N luAusosas 5
11. UsunadlunsAnuendnugaiw Tuwesnan 60 Alanda/dlus
12. NSAALYNVUIARALZUII 2 9u1n (Fndunazdne)
13, yuinANu AL mEnvasnesaiugAT Y
- Indu 1 70 Hadwns
- flne 70 fladwns uld
14, GummmmmqLa§auzﬁumé’ﬂwmaﬁﬂigﬁuﬁjﬁmm
- fndu N 76 Siaduns
- (e 76 fadwns

15.

v a °o @ w

SrevlyulgaIi 1 uagdian 2 dmsuAnvuadnnsaiugaIvs

75 Hadluns

16.

SeelgULeIIIT 1 uagdan 2 dmsuAnvunadnlasiugdnes

90 HadLuAS




il 915aS3BINS UKIINENABssrinansaad
Academic Journal Uttaradit Rajabhat University

HnFuReRINIT 76 Dadluns fnenedy 70 Jadwns July

AW 1 2MNUATUIAANNEIRRLUL AN BUEANATY WUTATYIY

NNEULRAEAINIT 76 Hadlung Tneede 76 faawns TulU

AW 2 YarNUATIIAANNEIRALIEUAN v ANlAY WugEves

2. MILBNUUUKUUTNALLUUATBsdnLoNiNLEIM 1A 280 x 4,161 x 700 Tafwng Fanm 3
prsmartviun laun vneias 1 gunsudmiunsinidosinuzunoumsiauen vneias 2 gunsnuiuuns
A weansdidesdnuzey vaneiay 3 gunsamsnsIadunuainuzvn ey 4 gunsaiszaaaa
dsnsmuiingiadu waneiaw 5 gunsainsuenvuadnuze e siingadu mnelay 6 gunsaidudsedn
vanelan 7 Yeanseendnuzey vinetay 8 gunsaidulnuzuy vanelay 9 gunsaiaIuRuLsIuaY

WNaY 10 IATEATIATEN N8laY 11 1elmeT wagvngay 12 %ﬁﬂ%JUi%ﬁUﬁ’mLﬂ%a\‘i

A 3 LUUTNAULUUATDIAALENENLZ YNNI



UA 20 a0UR 1 (UNSIAU - TOUEU 2568) 7
Vol. 20 No. 1 (January - June 2025)

3. N13ATHALLUUAILLUUTIRuLUUTlaoenuuUla danin 3 wazdsien1siuaiugunn
Usgnaunuuuuial osdausndnuzauvig §n1s19 2 Tasudnnisvauazyhnmsdoudnuseuiiey
vilpgladnuzanumuasuaewnudidssdnuze fanm 6 Tnsdnuzamazdouniugunsudmiy
mi%’mL%aﬁﬂusmmﬁaumiﬁmLLﬂﬂﬂTﬂﬁ]gQﬂﬂ%’uﬁﬂmﬂﬁ;ﬁuiﬂmwLﬁmf’fuLﬁaagiuLLuaﬂﬂimﬁaﬁ]é’U%uwmI:Tﬂ
Faduyaiumesmsatumandeulmuuudunsise fanm 7 ladeuly

31 Anwgrudifianusnannsatuaiawesvendusesif 1 wasiil 2 wsoufu “Yes”
guUnTRlUsEINaNA Arduino azasdygaluigunsaimatenvuindnuzvailowendnaseaniaoen
ANNEILU3NMAUI9TBIR TS FINTW 4 UAZAIN 5

32 Anugrwdifanueniluamisaduanaisesiad 1 uazdad 2 lansondu “No”
gUnsaidszanana Arduino agluasdyainludigunsainisuenauiadn dnugeimasid euniuluag

YDWNIDNANULVINUTNUATUUAEVDIRIATES AININ 4 LaZAIN 5

M3 2 TIINTTUAIURUNTUUTENBUALLUULATOIARKENANLE YN

NUYLAY i?ﬂﬂﬂi%uﬂ’JUQﬂﬂiﬂJUizﬂaULL‘U‘Ui’N

1 aunsaidmsunsdnseadnugiuneunsfnuen iWulsuamuaaiuguRin

UIA 25.4x50x1,120 HaaMAT B0 1.8 Uadies 91U 2 U

2 gunsadiuwmnnudvesmsandesinuzeiy Ussneuaie Switching Power Supply
A 24 1aan 750 99 30 weud 911U 1 6 Speed Control PWM 913w 1 6
g1uMIUSU 0-100 wwRlusnines 20 wesU d1uau 1 Indonuay 1w 1 6

ypwUasE e 24 Tam 10 wauy 31U 1 61 @Mwmaaﬂ 3w 1 T

3 gunsansnTsdurwadnuzedudugesnsiniunisindeulmuuudunsin

Photoelectric Sensor DC6-36V 100mA Se8A5399U 3-80 WURALUAT 31U 4 A7

4 gunsalsEIaRadInSINUTInTIa3U Usenaunie 4a Arduino U Uno R3 311w 2 4

9199 LCD 1602 31173U 2 67 \wwiusnnes 20 wand 37w 2 6 ilaukUaeeinTe 311U 2 69

5 gunIMISLenIARNIEInNng U Usenaume leduesninas Ju 4V110-06 Pressure

0.15~0.8 MPa w1A 1/8 inch 1131 2§17 NSEUBNEULNUA WIINARLAINU 1-9.0 Kgf/em? 911U 2

6 gunsadndosin iuaeniudndesiiz vun ©4,000 x 200 x 3 fadwns $1UU 1 LEu

7 29N99BNANULVIN U 3 Y89 wuadu 2 ¥99 AUVILATeIE S UlNe way 1 ¥a9

aulangangniuadgsdmsuingu

8 aunsaiulnusuiy wWulavswaundidadeses Sumu 2 wau

9 unsuAIUANLSIUAN Usenauniy Juauessans vu1a 30 ans 800W F1uau 1 61

wazYAAIUANLAYUTUAMAIEN 911U 1 90

10 Ipsuasesdumdnnassguianlug vunn 75x38 x1.2 afwns 2 @ uaz

YUIR 280x4,161x700 Hadiums 31U 1 iy

11 wewes DC Ufunnuiiseula gu ZY1020 T8F 2aVDC 500W 2500 RPM $1uau 1 6

12 wUTuseiugIunIes svesnden 15 wuhung 91uIu 12 6




il 915aS3BINS UKIINENABssrinansaad
Academic Journal Uttaradit Rajabhat University

‘o o v A ‘o o v A
TBYSLYULDINIYN 1 UaTRIN 2 TLULIBULGDTAIN 1 LarsIn 2
e — ,

-

Nndu 9171 70 Taaluns #nend 70 faduns July

AN 4 SEeleuwesing 1 uagiin 2 dniudadnuzuudnuazdnnse “wugaIvug”

TLYLYUDIAIN 1 WaTFIN 2 SLYLGUDIAIN 1 LAZAIT 2

NN

N 5 Sreleuwesing 1 uagiii 2 dwsudadnuznudnuaednlas “dugdnes”

AN 6 AULUULAIDIAALENRNLLYINNINY



UA 20 aUuit 1 (UNS AU - TnuNBU 2568) 9
Vol. 20 No. 1 (January - June 2025)

AN T LHURSAIUUSENDUAUBUULAS BIARLENRNNZYL

4. yhnsmaaeuUsEAninmauLuuIAI asdaLendnuEI Y i’mqﬁuﬁh?wmaamﬁummm
MU 2 @eiiug Sednunisinulsriaeiugusry “fugaiunn” aeidnuazdness suinauladn
LATINANNETINITANAY AU “WugAnes” axiidnunednlas sunanaladnuasrieanue
vadnalnguazeninin diedfisutuimineenlansus whlnvuednlunismageulumifu aens
ilafsenlanelunsnaseulunsideadsdmnuaissnausruilyeaeufiugrumuameiugas
3 Alan¥u Famnsne 3 dmunainismadey laun sregvsgunsninimsaduruiadnuazgUnsainauen
Anugv1a 90 fafdlung svozisueesdaf 1 uazdafl 2 dwiudadnuzrudnuuednase “Rugaisug”
7l 75 fafluns srozrueasiail 1 uasiail 2 dmsudadnusrudnuaednlag “Wugines” 7 75
fiadwns Ausianenudidestn 0.82 was/Aud ailunisuszanananisAnvuiadnuzany 230
faduit uazialunisuszanananisuendnueanu 40 fadiunit ussiuasilelunendnuza 5 v1s
Mntdwhmawennaseulnglygunsaimaiususseya laun wiinidunat usvssteyaadlu
miwﬂ’uﬁﬂﬁayja iiomuszansamnisdausndnuzan Ae Uunalunisdnuendnuzis anuusug
Tunsfausn wagarndemevosdnuzundinsdanen Mntulnsenteyalasleadn asosa

LATANLRAY

A1519 3 USunaudnugnuntalunisvageau

ULV Unin o dnin mtingiu
. Ane(iln) - . Anéu(eln) - . - .
AnwnY (Alan3w) (Alansw) (Alansw)
BRI 153 2 191 1 3

ARIGK 115 2 110 1 3




Academic Journal Uttaradit Rajabhat University

10 ) 015815367IN1S UKIANgdessinaasaad
L=

5. vhmsdnmanslandsalai Imamiifmmﬂ1ﬂ%‘wé’dmuﬁwmxﬁﬂmuﬁumqﬂﬂiajﬂgwm
Tnelagunsal loun upandiiwes wnthuianduammainislandsnuling ausnsalivdad woe
ay 3.9086 UM 51naq3’1mﬁﬂlWﬂ/:llwmmﬂw%éaugﬁmﬂ f Wiaudemau 2567

5.1 §a3n1sauAomaseulina mlaangasnisduwanla (Marcsolarbrother, 2023)

flagunsi (1)

P = VI (1)
il P = dsloivin (Sam)
= wsasrlolvin (ham)
I = USinaunseualnivi (we)

5.2 mMsrmwana b Togns dsaun1sn )

Swumnenedu @ln) = (Frdslavi (90 ) x Sruamededlaliv + 1000)

x Srwaudaluedilaly 1 5u 2)

6. vT'lmiﬁﬂmmwmfuﬁmwLm‘wgmam{Imﬁmeﬁﬂ'ﬂ%ﬁﬁﬂumsﬁwm a;m?mnu uag
Anszmszsrnatlunisiunuenaies lneaunuasi laun andeusiavenaioumiulszanueny
sl 5 9 LLasmLﬁEJT,amasumL’Eunuﬁmé'mmaﬂﬁa;aaaz 10 514383903 45,000 U™
48R0 10,000 V19 ALyuiuLUs laun A9NuINIL 1 Ay ievhausniuieies 44 vin/Aalus an
Tlnin 3.1816004 U/4 a4 ﬂ'wﬂﬁq%’ﬂm;aaaz 5 Wiy 2,250 U LAYATULTUTOTAY 5 AU
2,250 U aurnlsansned 2,195,715.021 uw/d mmﬁ%g&a?amﬁwmumwm snunovuadls Smin
mesgsaj a1 7 2566 USunausugeinn 50,000 Alansi/d nanlumisviieu 912 $alus

6.1 ﬁﬂszm'wsammm%ﬂ (Total cost) (Stonier, 1980) é’aammiﬁ (3)

F,
TC - =+vC (3)
X
e TC = alranesivenaies (Un/dlu)
F. = alganeasd (u1n/dalae)

= FNUIN5vIuned(@lu)

Ve = arlaneiuuls (Un/dalu)

6.2 f\;ﬂf’jyunu (Break even point) (Stonier, 1980) Faaun1sd (@)

BEP = (4)



UA 20 a0UR 1 (UNSIAU - TOUEU 2568) 11
Vol. 20 No. 1 (January - June 2025)

o BEP = AUy F2le/d)
F. = anlaeas (V)
B = SasnsTuans (wn/dalu)
Ve = anlwaneiiuuds (wm/dta)

6.3 sygzlIatun1sAunU (Humt & Wilson, 2015) Keaunsi (5)

P
PBP = - (5)
. R
il PBP = sregatunmsfunu (@)
P = MALATesing (Um)
R = flsgmsned (/D)

6.4 ALdeNsIAT (Stonier, 1980) feaun1si (6)
P

-S
| D = T (6)
\iie D = ANdaNTIAN (VD)
P = ANA3eIdNT (L)
S = ;ﬂahwm (U )
L = 1gmslaau (@)

6.5 amenile wseAndslonalun1sasmu (Stonier, 1980) fsaunsi (7)

(P+S) .
l = l (7)
2
Wi l = Amantle (Umn/d)
i = dnsnenlenatioy

\\;;‘3\, NaN15398

miﬂ’@umgmmuLﬂ%‘laaéﬁ’mLLemﬁﬂuxﬁmummﬁm%;;Uisﬂaumimsummm finamsidessd

1. HaMTHAILIA LLUULAS BIRALENTALEIINMINY AnUAALLEIa e NIUELEB9ln 0.82
WRS/AW9 LarlunisusrananantsAnauIadnuzny 230 dadiudl Lailunisusranananisiendn
uzy 40 fadund Tuwumesifumesuuudunlsusadmsunsiadurunnueln ssesmuresii 1
wazdiail 2 dwsudavadnaseiugetoug 75 dafiuns dnlasiugdnes 90 Tafms Ussunanadenis
Gﬁy’m Arduino ﬁ;u Uno R3

2. NAN1SVAADUUSEANS ANYBIAULUULAS DIAALENTNLTIINMINY AT EAHUAAINNLED
YoEBNIUAALENTNNZYINWILT 0.82 lwas/AunT anlunisusyananan1sdnuuIadnuzuud 230
fiad3und nanlunisuszanananisuendnuzany 40 3ad3unT sruzasiadeunsdauwenlnedssaznig
e §afl 1 Auffl 2 vesuzudnuaednnsanity 75 daduns wasuzudneaednlaamiy

90 NAALUAT A9t



Academic Journal Uttaradit Rajabhat University

12 ) 015815367IN1S UKIANgdessinaasaad
-

2.1 Vnalunsiawenuzanumiu nsuzudnvasiness 1w 344 fn woadu dnenn
153 0 fndu 191 A wun Yunadunsdauenuzany auasumadsandu dne1a 150.00 dn Andu
160.33 @0 lumuswaedsdndy dnem 3.00 dn wazdndu 30.67 i lenandauenede 2.65 wifl wie
Ay 7,788.6 dn/Falus mnudemevesdnuzanuiade 7.33 10 fense 4 aauuzednvaednlag
$1uau 225 dn wuadu Ao 115 g Andu 110 fn wun Yanalumsinuenuzens puwwaeas an
Wu Tnem 11033 dn dndu 94.33 0 lumuwuiaedsdady dnen 4.67 30 Tndy 15.67 dn aidn
WONLRA BU 2.41 Wil niedmdu 5,601.6 Fn/9lus Anudsmevesdnuzyiuads 6.67 AN

A9H1579 5

A1519 4 USunalun1senenueu1umnuanwaeing s

UL 344 BA 1a1en Ysualunisaawen (@) AMULEINNY
adsin 2 LREG! ANUYUA lmaUn S NAGIEAIREY
Hnen? néu - = =
W)  fdhen ddw dhenn dndu (&n)
1 153 191 3.00 150 160 3 31 9
2 153 191 2.50 151 166 2 25 6
3 153 191 2.45 149 155 4 36 7
ﬂIWLQgEJ 153 191 2.65 150.00 160.33 3.00 30.67 7.33

A1519 5 YSunaulunisamienugaiuminuanwazinles

FNUIUNZVIN 225 60 1ada Usunadlunisaawan (670) AR
asil . wenin ANUVUIA T YpainuEYY
Anen Aneu - - ”
W) e dhdu dhenn dhdu (eTn)
1 115 110 2.55 112 93 3 17 qa
2 115 110 2.24 110 90 5 20 8
3 115 110 2.45 109 100 6 10 8
ALaaY 115 110 241 11033 94.33 467 1567 6.67

2.2 anuutugilunisdnuen uazanudemevesdnuzvuvdanisdauen sz]/aaﬁamiﬁﬂmu
1199NAN59 4 Uudnwarinase w9y 344 M0 woady Tnen 153 @ dndu 191 dn wuan fan
wiuglunsdauen auvuimedsdnudu fnensesas 98.04 dndusesay 83.94 lumuvuawdsfndu
dnennsesas 1.96 Andusosay 16.06 mudemevesinuzuuaasAndusesas 2.13 §191519 6 LAz
Gd”a;gamsﬁﬂmummﬂmin 5 yzaudnwazdnlag 1w 225 90 woadu dhen 115 dh Tndu 110 T
fianuuiuslunisdauen muvuneasasduy dnenisesas 95.94 dndusevay 85.76 lumusunads

Anndu tnendsevay 4.06 dndusevay 14.24 pmnudsrievasdnuzuiuedsdnidusesas 2.96 AIN1579 7



UA 20 a0UR 1 (UNSIAU - TOUEU 2568) 13
Vol. 20 No. 1 (January - June 2025)

AN519 6 FPUATANNLNUGTUNITAALEN LATAIUELYNEVBINNULYINA DYWL NASIVAINITARLEN

ULV Araaiuglun1siauen (Gesaz) .
g 4 v ANULEYMNYUDIN
ASIn 344 dn Hnen7 Hnéu .
> U2V (980)
AT B (21 1 VI R UL Vit N b VR Vi T R g T VR R PR AR )
1 153 191 98.04 1.96 83.77 16.23 2.62
2 153 191 98.69 131 86.91 13.09 1.74
3 153 191 97.39 2.61 81.15 18.85 2.03
ALRAY 98.04 1.96 83.94  16.06 2.13

A1519 7 5098LANULLUENTUNITAALEN WALAIULELTIEVDINNUL VLA NWULENLAINEINITAAKEN

UN 225 Ansusglumsdauen (seuaz) .
5 5 AU EYRIAN
ATaN in Anen? Alne

ULV (F08aY)

AR T (¥ (TR G P UL RV o C I R UL Y o M- e YL AV I M EY R I YR T

1 115 110 97.39 2,61 84.55 15.45 1.78
2 115 110 95.65 4.35 81.82 18.18 3.56
3 115 110 94.78 5.22 90.91 9.09 3.56

Anade 95.94 4.06 85.76 164.24 2.96

3. MIRNAEUINN VI ULUULAS BIRALENENNEUINNITY WU USunaunseualilnvesnsas
TagnshusrauuinesIamiiu 3.7 waud wsaeulnni 220 Taas faelusmiiu 0.184 wue/37lud
Al 3.9086 UIM/mursendeniaiatnivesnsiniialugiane o ieudau 2567 Aavdu

3.1816004 U /dhlua Tnesunule sei

ada o

5N P = 3.7 x 220
P = 814 Yo
Srununugne iy (gilm) = 814 = 1,000 x 1 719

= 0.814 wue/4la

- 3.9086 UNV/WUNY
- 3.9086 U318 x 0.814 Wu28/41as
- 31816004 U w/F7la



Academic Journal Uttaradit Rajabhat University

14 ) 015815367IN1S UKIANgdessinaasaad
L=

4. WANIIANYIAMUANAINILATYFAIEATVBIAULUULAT B9ARLENRINNEYIUNIUAINTY
HUTENOUNITUEVINNITU Lakn ATMYRIETINVBNATEL 72.96 UI/F7Le 9aRuvY 1,589 F7lua/d
srezlaalunisauny 0.02 4 andausian 7,000 uvin/d aeenilensenndelonialunisaimnu 2,750

y /4

- . 62,000 3
4.1 Y1899 UR9LAT4 (Total Cost) TC = ——— +4.9816004 , TC = 72.96 Uw/ahlan
912

. 62,000 3
4.2 9nAUNU (Break Even Point) BEP = . BFP = 1,589 9la/4

44 - 49816004

. 45,000
4.3 szazanlumsuguy PBP=————  PBP =0.02 3
2,195,715.021

Vg 45,000 — 10,000
4.4 Ad@eus1AN D =(—————), D = 7,000 U10/3
5

' Y o4 (45,000 + 10,000)
4.5 amenile wiseandslonalunisamu | = 0.1, 1 =2,750 /4
2

\\;ﬁ{, 2AUTIINANITIVY

AINNITHALUIAULUULAT DA ALENTNUZI M UALY e AR ALLE 1R sE e U AL A
UYWL 0.82 wns/Aundt 1atlunisuszananansAnvuindnuzud 230 fadsundt 1ranlunis
Uszanananisuendnuzey 40 fadiunfl szezasradeumsdnuenlnefissosmasuens Gl 1 fusaf 2
Yo9urINSNwEINATIUNITY 75 Tadluns wazuzudnunzdnlaanidu 90 Tadwns AnuEves
anernudauendnuzelssumesiunsinuuednuuaenugdssiunesseiasinluaeanaosty
(5LuA DEUYBN LLazﬂuﬁuﬂ, 2566, 1.1) fidndoalnuzuadiazunnuazlenu 5 Ay faugnuuaeniy
FdperuEianeniui wananeiy @unisvadeuUsyansnmunanisneastnuUsialunisdauen

uzvwdnuasdnasoiugesvug Andu 7,788.6 An/dalus uazdnvardnlasiugives Andu 5,601.6 dn/

'
o

Flus luaennassnuide uds a5lund wasifinae 1adu, 2549, 11.282) Ankunuz1uanwazlnmsa

&
o

WugAsTUNREY 1,491 In/d3lue wasusvndnwadnlaaiugdnes wde 1,517 dn/dalus uavluaennass
9 ¢ Ao o - ¥ a Y A v ' o

fiu Bsnaw ASTueN kazAUDUE), 2560, U.5) W lamadan1sAnLENNLANAI9AY AULLUEIUNNT
Ankenuzaudneluuanaeiuineglununaiauwuugtunsfauendnuzedluuesninsesag 90
winzyadnduazinInanimruailesndnduvesuanauvilminnisnaseguuaenuLaziinns
samauasluluvesdnvundng1iung amuaianudemevednusviundsdanenluiusesay 5 agly
NNTIAIYIUA WAZAIHANAININATEEATANS AANTY8TINVBUATES 72.96 UIM/FILUe IAANNY 1,589

Flue/d svezialunsfiunu 0.02 4



UA 20 a0UR 1 (UNSIAU - TOUEU 2568) 15
Vol. 20 No. 1 (January - June 2025)

N d3Unan1539e uasdalauanus

o

)
e

NMSWAILNAULUULAS BafnUenTNLEv MY Kan1sadeuUsEansaam wua Usinalunisdn
wonuzILvLdnEaEdnass 11 344 fn wuady fhen 153 dh dndu 191 0 Tonaeds 2.65 Wil
anunsafaugnlamuvuaeas fnens 150.00 A dndu 160.33 0 lumuwuseds fnens 3.00 dn
Tndu 30.67 i Auutudlumsdaenaasausneandudngnsosay 98.04 fndusesas 83.94
Tumuwunadndudnensesas 1.96 fndusesas 16.06 ANUEEMEIBRNUEIUMEINSAALENLEAY
7.33 0 Anwdusesay 2.13 wvammudnwadnlas s1uaw 225 dn wuadu Tnen 115 @ dndy 110
Tn Tenanads 2.41 Wil awnsodauenlaausuineds fnen 110.33 fn fndu 94.33 dn Tuanuvus
e dne 4.67 In Andu 15.67 dn arwuaudilunisdnuenedsnuausfadulnensesay 95.94
Tndusesay 85.76 lunuuuedaduinenisesas 4.06 fndusesas 14.24 Aruidevnevosinuyunds
nsAausnaae 6.67 1n Amdusosas 2.96 nistandarnulii 0.814 wuae/dalus Aarduanlvii
3.1816004 UTW/A3la9 AmANAIIGATEgAAnT daTlaaneTneeeind 72,96 U1n/Falug 9nAuYu
1,589 4lua/dl wazszelIalunIsAuL 0.02 J

Jaduauuzlunisiinanisidelulduselevd

1. mia'wmm”uuwm%"mﬁmu,sJﬂﬁﬂmxmmmwuﬁm%’w@ﬁsﬂawmiuwmmwmﬁmﬁu
vmLﬁafﬂ,uﬂ1sﬂ%’ﬂ%ﬁaamﬁzymﬁymmmuﬁmLL&JmTﬂumnu WinUsyanSamnisdauendnuzey

2. m'iﬁﬁ]ﬁﬁmmﬂ%mumaﬁugﬂuw?ﬁu 15U Image Processing Lumu wisgludagduinig
T991UBENINIUIN UARDITISUIAUANTFOULVINIY 101 LLazmmw;amm;J’L%Tuﬁuﬁ

3. asveenalulalunslulatutunudug wu msdauenns dnthane duau

Fowavauuzlunmsiiseadesialy

1. msinmswanogesiislinuLU U sRALENINLE LI SYANS ALTY Ly W
A lunisdauendnusasfiady auusinalunisdauendnusaslmiiudy Waunssuudses
%aadamsﬁmaﬂﬁnumm uazialasiaranioduiiiunangyinn

2. lun1508NLUULAETAILIA ULUULAS BedALe ndnuy I uASan oluadsiinasley Finite

Flement Wiawiganuuinvaunsossiuluiuaunltuinduadle daznsanalvaivasle

AARANIINUITZNA

veveuRuvangnsUsyanuUadin a1v1ivinsdanisnalulad anzinaluladenaivngsy
WANENdIANIEUAT karnsIInIsTiUInwmAMIL YeuRaamRarLTumames suameTls Sune
sl Ssrfamesysal fluanuoyaneilumsinveyauazduanuilun1side aunsevtsnided

du5alulannen

LONENTE1984
nsunswedunadeyay. (2548). Usenimnsumsngauniadaa 509 n1sfunsiloudaainigdmans

wzyrmmwsysal v deuayil v 48100003,



16 ) 015815367IN1S UKIANgdessinaasaad
L=

Academic Journal Uttaradit Rajabhat University

NSUANERUNISNYRS. (2563). UL, http://www.agriinfo.doae.go.th/year63/plant/rortor/fruit/tamarine.pdf

5L 5auuaﬂ, L?iyauzy P, 9¥05 Waruy, wavssAne ATAAAUNT. (2566). ANUETUS ST M98 RIINTS
Aulrluazaandaseuiimnzaudnivgunsalfauenuzuuiuuamenuadsuaz N,
13153 smaluladenarvnssuuayInanssy un1INeIaeTIvAnyaainsIL, 5(1), 1-10.

S eRdusion, Yousaa luvuy, Fons ndanans, Wsaly SuegSe, wavInen ygyAn. (2560, 4-7 NINYIAL).
iSeaRndnuzYIIMIIIEAeY [Msthiausunaal]. MsUssginnisieieieimnssuiaiedna
wisUsEmnelng asd 31, ﬂmﬁmﬂsiumamg, WS RS A UNTILSal.

Uoudin 93lunna uardines ledu. (2549). wadiamsUszananamenmanuendnuzan. 2. e, a, 37(5)

280-283.

o o o £ o a

nARIYY F3atan, otuana Bunsnns, aud ANITISULNG, Wozlgned aude. (2565, 19 duew). N73
LLU@\?F]?’WﬁTaﬂﬁ75?/8\7{1\7‘1/5&‘5ﬁ8‘Uf)7'51/37/71/7/]?7‘1#17‘16"?7@7077/}1‘19”)758@0!4UULF]?@\‘IF)WWLLHﬁﬁﬁlI&”Z/’Ii/
nusemaianIsnsy9remi I FanainIm [msdiaueuneLl. nsUsEgATINITEAUTRa Y
Weeansuazmalulad anInermansuazmalulad wningdeswigmusysa Ussdd wa,
2565, AnAnmansuazimalulad, wﬁwmé’aswﬁm%yiaﬂ.
dinnudnaiunsmssmnssving. (2558). srorulnelunaiasuie (euls). httpss//www.ditp.co.th/
contents_attach/139740/139740.pdf
Humt, D., & Wilson, D. (2015). Farm Power and Machinery Management. (11th ed.). Waveland Press.
Marcsolarbrother. (2023, June 16). Electrical concepts: W, Wh, A, Ah, mAh, V. solarbrother. Solar
Brother. https://www.solarbrother.com/en/blog/electrical-concepts-w-wh-a-ah-mah-v/?srsltid
=AfmBOoouL_eqvFgtR-tHxkwwKDfkag8Svrkt 3hEXjNXBztl-oeP6-ru-
Stonier, A. W. (1980). A Text Book of Economic Theory. (5th ed.). Longman.
Tangwannawit, P., & Tangwannawit, S. (2022). Feature extraction to predict quality of segregating sweet
tamarind using image processing. Indonesian Journal of Electrical Engineering and Computer

Science, 25(1), 339-346. http://doi.org/10.11591/ijeecs.v25.i1.pp339-346


https://www.ditp.go.th/%0bcontents_attach/139740/139740.pdf
https://www.ditp.go.th/%0bcontents_attach/139740/139740.pdf
http://doi.org/10.11591/ijeecs.v25.i1.pp339-346

2

szuumllassheiiiasnas: il rviesduian1sianisuiageddu

Y9YUTUNYAINTTNUUSNTIU S NNBLTBINT? Janindiesing

Fuiifu : 10 nunWus 2568 dufin1 eave’
Auiufly : 21 e 2568 AranURENsIUAERS NnInendulealug Jarindeslug

Fuiinauu : 23 wwieu 2568 _ _ _
*Corresponding author e-mail: aumpika.amloy@cmu.ac.th

o o/ 1
W UnAngD

&
N o =1 =

Tgusvasaie Anwiszuumdasgyususivaliiosnaauarunuimves iy,

q

n313ed
VTEJa5u1um'iﬁmié‘fmmsafwﬁm%’m;mu LagLitoTinevuaaniseyinsuasimunszuumilose
TnannansnsiunsUAsunUamuAannaouiayAuneaIn sl TN UIT LN ¥ATNTIILDITTIY SN0
Feenn Taniadeduuesnadiu Inglsnmsidodegunin iiuteyalnsnsdunuaildedn n1sdsne
AMAFUNL ﬂa;mﬁaasmﬂizﬂaué’w ;‘?ﬁ'lﬁqmu 6 A uazUszY 30 AU 33 36 Au l¥ABNsAREENA UL
LUULIZNMAzLUUTAINT 1A3 8adl39e Taun wuuduniwaifslassasauazuuudisnnteyaifei ud
AinsgrveyalnensnenaudunIsaluarnITTATIEiveyanIenIsnmesiiud nan1s3deslmiun
szuunilowheguruiuaidesnendussuuuimsdansihiiiauangidyymesdu Usznouais
Wy papani Tassasadonh (eh) verhdu uasinduiu Smaensvarehludsmufinunsnssy
pgwds sruunslamyusuuarunuownie (guarie) Sarwddyes1sBamenisdaassn
ognaiiUszdvBnn oondlsfinumaisuamesduneasuuaranumesnisleihiiutulaassansgmy
powadesnmvessrLIndiesny wumnanseydnswar TR S uuumsy s ivyymesduaniy
welulafadelny itofnvdseansnmvesssuudansiuagifiuauanansolunsuufneanne
winaoNfiUAsuuUas nagnsddy Taun maesuauuduswedassasshe mafiudaeiuanse
Tumsiniiui weenslumalulafadflnifieaiudszansnmlunisuimsdanis ssuunslahdseady
nalavdnlumsdnasniesradusssy Inserdensiausuvesyusy uonaind nsasisanusmiie
sTMNNARINAIY Ssiaiueufanguresszuy uashindesresannsninwssuunisdaniai

|
o

fadularaenmananuusUNMMeIdulnee19meLied

a

AdNALY: sEuUWese, N15UINIsIANTTU, QT mestu, wnue, ANty

Y



Academic Journal Uttaradit Rajabhat University

18 ‘ ) 01581536 UKIANEdessingasaad
=

MUANG KHONG'’S TRADITIONAL IRRIGATION SYSTEM: LOCAL WISDOM
FOR SUSTAINABLE WATER MANAGEMNT IN AGRICULTURAL COMMUNITIES
OF TH LOWLAND BASIN, CHIANG DAO DISTRICT,

CHIANG MAI PROVINCE
Received : February 10, 2025 Aumpika Amloy’

Revised : April 21, 2025
Accepted : April 23, 2025

Faculty of Architecture, Chiang Mai University, Chiang Mai, Thailand

*Corresponding author e-mail: aumpika.amloy@cmu.ac.th

\\;;!;‘\’\, Abstract

The objecitves of this study were to investigate the Muang Khong’ s traditional irrigation
system and the role of local wisdom in community water management, and analyze the
conservation and development strategies to help the system adapt to environmental changes and
rising water demand in the lowland agricultural community of Chiang Dao, Chiang Mai. This study
employed a qualitative approach, collecting data from in-depth interviews and field surveys.
The sample group comprised 36 participants, including six community leaders and 30 residents.
Research instruments included semi-structured interviews and spatial data surveys. The data were
analyzed using interview transcriptions and physical site assessments. The findings revealed that
the traditional irrigation system served as an effective model of water management based on local
wisdom. It consisted of weirs, irrigation canals, water-diversion structures (Tang Nam), rainwater
storage ponds, and embankments, which collectively distributed water to agricultural areas.
The rotational water allocation system and the role of Kae Fai (weir caretakers) were crucial in
ensuring efficient water distribution. However, environmental changes and the increasing water
demand had challenged the system's stability. The conservation and development approach
integrated local wisdom with modern technology to maintain water management efficiency and
adaptability to environmental shifts. Key strategies involved strengthening weir structures,
increasing water storage capacity, and integrating modern technology for efficient management.
The rotational water allocation system remained a core mechanism for equitable water distribution,
relying on community participation. Moreover, collaboration among stakeholders strengthened
the system's resilience, ensuring that Muang Kong maintained a sustainable water management

system that would align with its local context.

Keywords: Traditional irrigation system, Water management, Local wisdom,

Kae Fai (weir caretaker), Sustainability
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‘3?%’0 Abstract

The objectives of this study were to investigate the operational potential and evaluate the
energy economics of using a solar photovoltaic (PV) system for aquaculture at the community
level, specifically within the Tha Thon Kwao Community Enterprise Group for Agricultural,
Vegetable, and Herbal Cultivation in Saraphi District, Chiang Mai Province. The design findings
indicated that the optimal solar PV system size was 900 Wp, utilizing a single 450 W monocrystalline
solar panel to power a 350 W DC motor paddlewheel aerator for approximately 9 hours per day.
Additionally, another 450 W panel was used to charge two 12 V 100 Ah batteries to supply backup
power to the aerator during nighttime hours (from 11:00 PM to 4:00 AM), a period when dissolved
oxygen (DO) levels in the water become normally lower. An environmental monitoring system was
used to continuously track DO levels, which ranged from a minimum of 1.30 mg/L to a maximum
of 7.50 mg/L, with an average of 3.70 mg/L which is sufficient to sustain fish life. The annual energy
assessment showed that the solar PV system could generate approximately 1,383.35 kWh/ year,
reducing conventional electricity usage for aeration by 90.24% compared to operating the aerator
for 12 hours per night. The economic evaluation revealed electricity cost savings of 6,225.08
Baht/year, a payback period of 6.35 years, a net present value (NPV) of 15,898.71 Baht, and
an internal rate of retun (IRR) of 10.53%. As a result of the system's implementation, the
community enterprise was able to shorten the fish farming cycle from 7 months under natural

method condition to only 4 months.

Keywords: Solar power generation system, Energy economics, Aquaculture
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\\;;!;‘\’\, Abstract

The objectives of this study were to investigate the factors affecting the decision to adopt
technology used in small and medium-sized enterprises and examine the Infrastructural factors of
government agencies that affect the requests for government support by small and medium-sized
enterprises in the areas of Uttaradit and Phrae Province. The population included 3,364
entrepreneurs in Uttaradit and Phrae Provinces, with a sample size of 128 cases. Data collection
was conducted with questionnaires and analyzed with descriptive statistics, including frequency,
percentage, mean, and standard deviation, also using inferential statistics by generalized linear
model and logistic regression analysis. The study results revealed that the factors that significantly
influenced the decisions at the 0.05 level included the type and extent of business experiences,
confidence in their abilities, decision-making, and technological experimentation. It was found that
the Infrastructural factors of government agencies that affect the requests for government support
by small and medium-sized enterprises in the areas of Uttaradit and Phrae Province consisted of
the government policy, the knowledge and technology, and the cooperation between government
and private sectors, all of which were significant at the 0.05 level. If government agencies enhanced
policies to support various aspects of business operations, including fostering cooperation between
the public and private sectors for SME entrepreneurs, it would increase opportunities for these
entrepreneurs to seek support from government bodies. These responsibilities are distributed
across several agencies; namely, Department of Industrial Promotion, which provides central
machinery services to entrepreneurs and new investors; the Ministry of Higher Education, Science,
Research and Innovation, which promotes the commercialization of technology and research; and
the Ministry of Commerce, which promotes marketing and product exports. All these agencies aim

to collectively foster the effective growth of SMEs.

Keywords: Technology investment, Public sectors, Small and medium-sized enterprises
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nSnedumelyaidusinuuesun uaruSunaininenmansiaziniseiduseuiu

Jaingasfnauardmiauns Ategnamiovesssmelng Fallanvaenauasugia fismann

v v
Y

N3NYAT @N1UIaY/VIeUan waravgnavrnssy lneludwingnsinatuiuaivinisinunssesay 31
a1vveay/eUanseay 13 wagaivignaimnssusesay 12 iudAgauanu elawmdedsyung
ARYIUTEAINIINIAY 87,982 U (HNTINNUTIINGATARD, 2564) LATANWULNNATYFAIVBITINIALNS

%u@%ﬁUﬁ’]ﬁJ’]ﬂ?iLﬂﬂﬁii@ﬂﬁ% 18.17 d1U19RdINNTIUTDYAY 14.28 uag@1v1usnsAay/Uansesas
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10.61 udAgyaiuanau s1¢laiad snewavesUszansiniu 78,726 vm (Frifneuiaundaay
LLazmmaﬂ”‘uﬂwawwﬁjﬁwfmmé, 2564) 91nHANITTASUFUTAAIINEINT5aIUNTT LY T UV D
Uszine lasan1Uu International Institute for Management Development (IMD) Usza1d 2564
TadepulassassiugunainemansvosUsenalnglud 2564 Aty 1 Sudu vduandudui 39
FuuoySuduil 38 wandlviiufsanunssvinuagiauinismenuingrmansvosineiiud
Tnedadedfunananlsnsnunsiouasiannveniwsvmeafiiiuansosay 1.11 ves GDP Tuseud
#1373 2563 1usesay 1.14 vos GDP luseuddie 2564 Tasarulvyidunisamuidouasimun
Mnneensuiidalraisnunsiseuasian Wnduan 4,426 arusiegansy lul 2563 1 4,807
auwissgyansy lud 2564 Suiudyaaiivsuennaeenulnefiaunsen uazazbatamutullagn
mnlasunmsaduayuainnieigosimaiiios @dnamuanleuienisgaudng Inemans douas
uinnssuunend, 2565) dsnrsamulumalulad iWunislufunulunsdaninalulad Suiiaina
wwglvgonuefintu uasauyunIsHARIa wazanmsasiuidsanansaants 2 awmun
nsudalymeluladfiumstaunuannn 10 9 muwaiaundmingasanaladnmassiiduns
Tsamsmuimumugnanssinaawnsuarn1san taglulsutssanm wa. 2567 lafinsdnsiusmiam
swifuminedesuinensinniiiedtouasiaunfiuyannandanenisinasludmingasing
mndgmdenan nsAnwudssdaded dnananisdeaulaamuaumaluladuasnisvesu
miaﬁuayumﬂmﬂ%’gﬂuaqéﬂisnaumi SMEs Tudsmingmsing wardmiauns Fsluusingmuideddnu
Tununmsmeesy Usenaunsuaznginssusesy Usznounts SMEs Tu 2 fanta Fedieudndy
LﬁammﬁqﬁﬁaﬁLﬁ'm%aqﬁ‘umiﬁm%ulaaqnuvﬁkuLmﬂIuIaﬁﬂuaq;Jﬂisnaumi SMEs kagn1ASENIIuLLINIG
Tumsitaunslnuinig nseunmsivuaulsued easaszuuiinanisnisusenaunisi duind eu
mewelulad uasuinnsallnAntulestadusUssss Sasenssduemuaunsomaneluladuazuinngs

Tnfuguseneunis

InUIEaIAN1SINY

1. ilefnwdadefifnanensiadulaasununalulatiulvliamisnsnanuazsungen
1‘14‘17'&”14‘171'%’wi’mqmﬁmﬁum%’wi’mLst'

2. Lﬁaﬁﬂmﬁa%’aﬁﬁwa&iamsma%msaﬁuauumﬂmﬂﬁ"gﬁuaaﬁjﬂisﬂaumﬁa’mﬁwmmamm

yungey Tuituidwingnsanauas3aminung

A5AIUN15IY

m3duaatiiiun1s3d03eUua (Quantitative Research) Imaﬂ%ﬁdgﬁ%ﬁumimum ot|

1. Yswnsiilelunsifonded Ao guszneumstamiavianaruazauinsenlufiuiismia
qmﬁmﬁl,l,azﬁwi'ﬂu,wé 34 3,364 518 (ﬂi%ﬁ/liNW’]iﬁ‘UEj, 2565)

2, ﬁwmmmmmmjué’hathimiﬁgiﬂiLLﬂﬁ;Jﬂ@;Jﬁ%@@%ﬁﬂL%ﬁ]g‘d (G*Power) mualyt Test Family

wuU Exact lvadi@ Multiple Linear Regression a3 1uiufiog19tusfiieananayidudiunui fves
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Useans AseumaNndNEALUTEEIng S1uauluuesnat 101 318 Taedataudesiuiissdu 959% vie
fimmnuraardeuiivensulawmiiu 0.05 ﬁqﬁuﬁaiﬁg?%ﬂWiajuaéﬂaiﬁa (Simple Random Sampling) uag
muwmﬂejué’aaé’mﬁ’ﬁu 117U 128 578
3. in3eaflefilslumaifuvayaluadafiduuuuasunu (Questionnaire) lnanNisAuA Lonas
191 wazamAdefiAnaes sgneulunie arwddgmeaalulad unumnisaduayuvesniedy veya
LﬁsnﬁuimuﬁwmmﬂmaLLassuumsJ'ausLuﬁuﬁﬁwi’mqmﬁmﬁl,l,agé’wﬁfml,t,w% wazanAdeiiAeaes Lite
ﬁw%a;daﬁlﬁmﬁmumﬂsaULmem?mmﬁ%’aswﬁaﬂismﬂﬂumﬁﬁsﬂﬂ;ﬂsamqumui’mqﬂs:aaé
4. mﬁmmﬁ%@;ﬂm

msleseneyaiilslunmsfinyinuingussasanisfin

0.1 vayavialulelumsiinnevvoyaiBanssau laun e 91y szdumsine seozinan
Tun1siifiugsia Ysstavvesiianis Sruauwiinau s1elaned giovu suuuumsaansdou suuuuuay
yamnsamulumelulad waznisvesumsatuayuanuiesnumaig

4.2 mAnnendadeiifnanonisiadulatmaluladuagnmsvesumsatuayuanmnsny
nw-w%’g‘l,‘zjyaﬁﬁl,%aaumuima%%mﬁmeﬁmimaaawmmgﬁaﬁaLLuuaﬁ’waaqL%Méjmwmwﬁaﬂ"ﬂﬂ
(Generalized Linear Model : GLMs) tpsa1nvogaainnisifivteyaiilnainuuaouamiinisnszats
wouluduund Wuduuuiilelunsiinseimnduuuiimngan a1ela3snsussanmuaiwuunng
aruuugeaniiiveauufinanuduiusmelunquuesiandmevaussdudaszneiy melinsen
%@y‘aimalﬂﬁwﬁnﬁwmmé’uﬁ’ué msﬂ,uﬂq'mé’f’gLLﬂimauauaﬁgu%vi’ﬂﬂ;ﬂﬁgwn@aiaigﬂﬁffaﬁ Jadeanwoaly
vosy UsznaunisfidnanenisinauloasmuaumealuladvesyUsznounis SMEs idund@nwy laun
@mé’ﬂwmmmﬁgﬂisﬂaummazqiﬁa (Xy) ﬂa%’aqmé’ﬂwmwmﬁﬂisﬂaumi (X,) Jadiunaumsseusu

Y

Tuwmalulad (X,) wazUszdvsnmaumalulad (X,) Iegluanddetinmuslvsoudsanusiseunsy 1

Y = a+ [31><1 + BZXZ + [33X3 + [34)91 +e (1)
Tnerimusln
Y = msamununalulad Tyveyannuuuaeunwluaiuveseyamluvesusenounis

uarRansTinveyaUssvmsavalilaBuaruiansafiamu waeyarmsasuaiumelulad

X, = ﬂﬂﬁi’aﬂmiua{maﬁamiaanuﬁyww;vmiuiaﬁ ‘UizﬂaU@T’JEJGT’JLLUSﬂmﬁﬂ‘lﬂmz‘Ua\‘i
sjﬂsmaummazﬁjﬁa Taun e (X;1) 018 (X;,) SEAUNISANT (X13) Seezratunmsaniunans (X,,) 3
WU (X,5) sele (Xye) VAAMELTEY (X7) UTBlamesnia (X;e) susuumsaanetdeu Ussamssia (X

X, = ﬂﬁa@mﬁﬂwmwmﬁﬂizﬂaums (cHA) Tngvimadenlaufiesfmauiier usua
TngsmasuuummeuLnasauaihumeede dudlnstualvunasveiifneu 5 seau laun dnvae
arudesiuluauaunsavesiaies (CHA10) eonunanides (CHAZ0) MIANIUUTSN (CHA30) AMEINTA
Tunsuusdu (CHAGO)

X, = Uadetumeuntseensulumnalulad (TAM) Tnevhmsidenlaiiesimeuiien wsna
TnesauAzuLUAIRaULAaY BuAIINTMALREA 8 §elnsivunluunasveiidinou 5 svau Taun

%y’umsLﬁmmmg (TAM10) Sumssinaula (TAM 20) sunstilule (TAM30)
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X, = Dafemouenasanemsasuaumelulad (TAMA) Tagviniadenlauiisssneu
e wswalaesiuazuuumaoULAazTeUA I ARAY Bulinsivuslnuasvelidney 5 sedu laun
amulseavsnmweamaluladuasuianssy (X,,)

a - maAs

B

e

AdUUsEAVEN1SAnABY (Regression Coefficients)

ANILARIALARDU

4.3 nsiasegndadumsvesunisatiuayuainnasy lnuaseunguveyalilem deseneuly

medadenuulouiy amuerAug AuauTwile IngluimAdeimvualwiusanuinlenisiesennis

anneeluUladain (Logistic Regression) faaun1si 2

L = In (_I) = Ot lemi + BZXZZI + B3X231 t & (2)

Tnert sy

Y = msdedulavesunsativayuainaiady lnevhnisdenlafissinouioausua
TnssmaziuuAmaULAazToLathIALads Jadenulassarsiugiuvemnsnuniaisiiinane
nsvefunisaduayuanrusuneszluiamisrunanatuastuinsey luuiidming sAnauay
Fwiouns Sedinisimualiumazvedimaou 5 sz laun

X,, = Auuleuieveaniasy (INFA10)

X,p= ﬁwummguazmﬂﬁﬂ (INFA20)

Xps3= gwummilwﬁaﬁsmwamﬂ%fgl,l,asmman‘uu (INFA30)

B = mduUszAvdnisannes (Regression Coefficients)

a = mAg

e = ANUAAIALAGDU

WNaN15338

mﬂ%aaﬂaL%qﬁ"ﬁmﬁlﬁﬁﬂmsLﬁma‘usmmﬂ;;Uszﬂaumﬁuﬁyuﬁ%’Qﬁi’mqmﬁmﬁuazsﬁ’wi’mLLW%
Tuadailnuan dnnsnseaneivesanuuususuimnsananunsalrluniseduionaideszdnyle
Tnefaenuundediovesveyasosay 90 Tnogusznaunsarulugumeys ergiade a6 T dsedu
nsAnwszAUUIYYIRT LLazﬁWLﬁuqiﬁﬂLaﬁa 131 ;}Uizna‘umiahu'lmjﬂszﬂauﬁamﬁcﬁymﬂ'ﬁwﬁm GH
fnnsannsifoulusUuuumasuaindidauniian Tununisasuatunelulad wuins evay 83.59
vosgUsznauniaeamuaumalulad nsmunsiauinssuiunsnanuaznsluuinis (sevag 57)
YuziiTosas 30.58 LOUNTAULUUHALNATUITELLATLATE UM SUATHER SN uaziyanmsamuiade

o LY o

2.66 aruum egabsfinu gUsEneun1saIulng (seear 66.40) luwnevesunisatuauuainniasy

Feazvoulmiiutweaslunisnfmieonissusiwinsnisaduayuifiey Jainmsinsznveya

AN1150UNAUINANTANYT ATl
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1. Myseinnuduiusvesiadeiiinadenisinduleamudumelulad
nMadesgvanuduitustestadasmanonisindulanyunumealuladvesUsenouns
JamRrmanasuazsuasesluiiuiidmingnsinauar Smiaunsadeiladenlefuuy GLms Sadu
wuuiaesiifirnudavguimnzdmiumsussnanlunsdfiveyalylafinenszaresaduund (Abnormally
Distributed) ‘W%Jamamﬁzj”aai’wﬁ’maaaugﬁﬁmuwﬁwaau%nngfﬂlﬁu (Classical Linear Assumption) ifiely
miﬂigmmfﬁ%a;gaﬁlﬂéaLﬁaaaéwﬁﬂisﬁmﬁmwmﬂi@?amagmmﬁﬂﬁzﬂauL%ngu (Linear Combination)
Tngly3Bmsuszanannevdnnisameauuasdugeaa (Maximum Likelihood Estimation) Salassasns

voswvuaedluniuamsowandusUiuuiandumadineansle feaunsi (3) dall

Y = 0+ BiMale) + BuExperience) + BaManufact) + Balin_capital) + Bs(in_labor) +

By(ln_incomne) + B+(Cha_10) + Bg(Tam_20) + Bo(Tam_30) + €, (3)

M99 1 wansiasgndadeninanenisinaulaamununalulaglulylugsiavesusenaunis

Variable Coefficient  S.E. Z-stat p-value
WALy (Male) 0.492 0.180 274 0.006
Uszaunsel (Experience) 0.024 0.011 2.01 0.044
M3AHugIIUTEIANANINGR (Manufact) 0.644  0.193 3.33 0.001
Vguﬁlmmmﬂw (Capital) 0.286 0.074 3.78 0.000
N1997997u (Labor) 0280  0.114 245 0014
'5181(; (Income) 0.306 0.66 4.59 0.000
Snvararudeiuluanuansavewiaies (Cha 10) 0.399 0.169 2.35 0.019
nszuIuNsinaula (Tam_20) -0.351 0.174 -2.02 0.043
nsthmelulaglulslunsdiiugsia (Tam_30) 0472 0.210 2.24 0.025

I : nsagUvesyAnw

NANISNAFDUANUFUNUTVDIALUSIULUUTIADIU AN NUIUITeNAINanan1SHnaula

@ a

asuaumalulagvesuseneunisiavisvuinnasuazsuinsesluiuiidmingasAnauazdmin

]

uns laun LWWUENEEUiSHE]Uﬂ’ﬁ 5rELIAIMIALENGIND MIANTUTINAIUTLANKEG ALazUTEIANUINNS
nuannzidou My Mglaned dnwaganudufiemesUsznouns Junsunisdadulaway
nsthnelulafanysegnalelugsia Selanuduiusensissiudoddameedn soaudoasil
1) ziuwsiﬂszﬂaumnﬁumﬂma (Male) %ﬁwavi’ﬂviyﬁmiaw!wiymmﬂiuiaﬁqamﬁ;asaz
63.55' LﬁaLﬁauﬁuéﬂsxﬂaumimm@a aenaifuddnymnsadnfisesu 0.01 dermuslviuusiunad
2) 5’Wgﬂizﬂ@Uﬂ’1'§‘ﬁUi$ﬂUﬂﬁaj (Experience) lunsdnifiugshafiutu 1 9 asiinariilv

v o o S

fimsamuamumaluladiiiudusesay 2.40 egeildedAyvnsadfnszdu 0.05 Wemvualviulsduasi

o

L A20d970 % Ay=(ePPe1)x100
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v a

3) yUszneumMsinisaniiugifalseiannsan (Manufact) avdnaulaamuaumalulad

o W a

g9nI138Eay 90.40" iaiguiuyusznounsaniiugsnaussinvnsauazusnisesnaditeddgmieada
MszAu 0.01 Wemuualwiiuusauasi

=]

4) ayUsznaunisivuannzideu (Capital) Windusesay 1 avihlndinmsamuaiunalulad

WuTuseaz 0.286 pe1illuyd1Agyn1eiangzau 0.01 Weomuualusnusdunsi

a

5) 015 U52Naun15in15391997U (Labor) Wiudusesar 1 agvirlniinisdadulaaiu

'
aaa

auwalulagiiudusesas 0.280 spsiitudAgynsananszau 0.05 Womnualuiiulsduad

a a a

6) ayUsEnaunsisela (income) 31nnsaiugsiafintusesay 1 agvinluiinssinduls

]

'
aaa

amuaumalulagiiindusesay 0.306 eenelited1Aynsadansgdu 0.01 Wermualuiiuysdund

a

7) a1 Usgneunisiianeazand esduluaiiuaiunsnvesdiies uazduulfnlunis

{
ALIUgINAY09A04 (cha_10)° g7 1 seAU Azilnavinlniinisamuaumalulagiiindusesas 39.90

]

o o a

penslitodfgvsatanszau 0.05 Wanmualuiiudsouasi
8) a1 Usgnaunsinszuiunisdndula (Tam_20)° Nivunouazidenseunay 33n35

nslyauiinisauaveyaliiudy 1 seau selinaviinidnisasmuatunaluladanassesay 35.10

o o a

peltEdAYNIEdATTZAU 0.05 Wannualuslusduasi

9) amusznaunsiiveyaifedtuduneunisiunalulaglulylunisandiugsia (Tam_30)°

[ =

AN 1 5eau einaviluyUsznaunisiinsda dulaamuaunaluladiiiadusesas 47.20 0819

o—

Tuddymeadinsau 0.05 Wormunlviulssunsdi
2. mynszidadenisvaumsaduayuainnasy

n19As1enTasen 1unlsuisveanuisiiunindy (INFA_10) mymmmgyuazmmﬁﬂ
(INFA_20) waznrunrmsauiiossmnaniaisuazanaionau (INFA_30) Aifluananisvesunisatuayu
ANNIATF s"mﬁ’uﬁqLLﬂié’ﬂwmzﬁulﬂmaaﬁjﬂizﬂaumi‘ﬁwm 10 #2uUs loun wnAes (Male) ,018
(Age), s¥AUN13ANYI (edu), Uszaunisal (Experience), 15819971 (Labor), s1ela (Income), Nuan
nevlou (Capital), Usetann1satilugsia (Manufact) Tnglundailmdenlsuuuiasslanisiinsennng
annaeuuuladafin (Logistic Regression) Fdlassasnwaswuudnasumsifoannsouanduzuuuilendumig
Adinmandla il
21 inrgndadeaiuulouisremuisrunuuleviensanaiugsenaunis tngly

[

lassasveavuitaedumsidvamnsauandusuuuuiandumendinmanslo dsaunisi (4) dadl

L = Out+B; INFA 10 +B, Male +Bsedu3 + e, (4)

o Y

2 yusyneuntsiidnvazanudesiulumuaunsovesiaies wusesndu 5 sedu el Lsziubunu 2. seduimun 3,580

fula d.sydudienvgy 5.5edugtl

P
aa o a

3 nszuiunisandulavesnuseneunisiidduneuaidenseunsy wuseanidu 5 szauladell 1szdunissus 2.5vdu

NFTIVTINVOYA 3.58AUNTNATIENVOLA 4.5zaun1sussiliuniadion 5.5eaunisanauls

0 & o = 5 o a a ' ﬁ o o & @ N ¥ o g
upsumsihmalulaglulylunmsduiugsiawuseenidu 5 sgiu fiil 1sgfunsssyuasUssiliuanunems 2.5efunnsaum

voyaneiumalulad 3seiumsiiessriasidonmalulad d.ssdumsfindauasUiuly 5.sedunsussliunanasUsulse
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M5 2 NaNTAATIENUaTen Ul TeMUIBNUNIAT TINAA 8NS5V TUN AT UAYUIINAIATIVRY

yU3ENOUNTT SMES

Variable Coefficient predict StdEr  Z-stat  dy/dx p-value

Weunslumsasasuaumsedy 0.837 3716  0.254 330 0.130  0.000

gsnadwmiurUsEnauns (INFA_10)

wAge (Male) 1.035 0.682 0.498 2.08 0.161 0.028
nsANIZAUUSYYI9T (edu3) 2311 0376 0483 478  0.046  0.000
Pseudo R-squared = 0.250 correctly predicted 76.56% fian - mﬂmiﬁ‘gﬂ‘uadaﬁﬂm

1091979 2 WU dFnlsndaruduiusdiuau 3 fauds Feianudunusesnell
pdAynsata Ineviauaiifanaduuin aansassuieanuduiuseunaziuls Meavidenaal

avsnunesginulevglunmsasasununsandugsnadimiugUsenaun1sgsne

P v
= 1Y 3

SMEs (INFA_10)° Wiiadu 1 s¥6iu agviimleniadigusenounsvesun1saiuayuainmuienun1nsgaiuiu

o aaa

segay 13.00 a9l dudAyN1a@nfn

o

sz 0.01 e mualndudsdunsi gusgneunsidunayey
(Male) agvinlulanaiguszneunisvesumsatduayuannvuisnumasggniiledisuivguseneunis

o w a

IWANES 5088y 16.1 a89lUudAYNIs@dfnTeau 0.05 Wanuualudnusdunil wagnindszau

o

miﬁﬂmqm’jﬁsé’uﬂ%mmw% (edu3) %v‘fﬂvﬁamaﬁlﬁgﬂﬁsﬂaumssua%’vmﬁauuauumﬂuuwmumm"g
qmd%ﬁaLﬁwﬁmjﬂizﬂamﬁﬁﬁiz SuUSans Sevay 4.60 eundlduddynadatiseau 0.01
dletmuslyuyssunsii
ma%@ga%’umsaﬂ’uaqumﬂmqamumﬂ%’gmadcjﬂssﬂaums SMEs 3113u 128 4a
me"maammmﬁm’mgﬂgﬁja 98 mﬁyaga mmqn@uaaﬁuaqmaa‘i’maﬁmmﬁﬁ%’uﬁmL{]'u;aaaz 76.56
maasqmsdya;ﬂaﬁy’wm %aﬁmhau%ﬂqqqLLamdwmﬁﬁmaiﬁTIﬂgl,ﬁmﬁ’umﬁuﬁﬁq
2.2 ’3mswﬁﬂa%’aﬁmmmguasLwﬂﬁﬂma Tnglalassasnsosnuudandunisidoannsa

o A

LLamﬂ,ugﬂquﬂﬁﬁumam’immamﬂm feaunsi (5) il
L. = Oyt+B; INFA 20 +B,edu3 + e, (5)

M5 3 WanmansiaszriadenuausuasvAtAlHaneM IR TUNMSETUAYLAINA1ATIURITIHY SMES

Variable Coefficient predict Std.Err Z-stat dy/dx p-value
mumm;?LLazmﬂﬁﬂ (INFA_20) 1.16 3.648 0.305 380 0.178  0.000
szé‘f‘umiﬁﬂmqaﬂiwszﬁuﬁﬁymﬂﬁ (edu3) 2622 0376 0525 499 0402  0.000

Pseudo R-squared = 0.263, Correctly Predicted = 77.34% fisn - mﬂmiagﬂmmgﬁﬂw

s wsnumeigiiauleuglumsasaiununisduiugsivdmiugussnaunisgsia wuadu 5 sgiv el Lsvduiuay
wu Msluiuinwiazeusy 2. 5eAulduln WuNsatuayuaunIsnaI 3.55AUT18AINTT LU ASIAMVaIRWNLILIA
Tngy 4.52AUaNa WUMTANESUNITANTENINNUIEINA 5.520U98U LU MIaeasuAUsURnTaUnadaw
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o

NINTN 3 WUNTAMUTNTAMUFURUSTILIU 2 AU FellmnuduiusesiidedAey

M9adf Wnevamuadifenaduuin aunsaesuisanuduiusvoiwnazilslasadl

amBUMASTRuNsTRILAUAINIwasWATA (INFA_20)° dWindu 1 2y axiiln

o aad 1Y)

lonanyuseneunmsvesunisalivayuiiadusesas 17.8 suiltduddgmeatiansedu 0.01 Warmunln

)
=

FuUTBuA uazanyUsenaunslunuidmingasinauasunsiisisedunsinyigeninsedudSyaes

a

(edu3) agihlnlemanyUsznaunisvesunisatiuayuaninilawieufuyUsenaunsnilseiudIygyes

X

sevay 40.20 senaditudndyeedfisesu 0.01 Sletmuslvshudsaunsd
mmjya;gamisua'%’umiaﬁfuaqumﬂmhm’lumﬂ%’g‘umgﬂﬁzﬂamﬁ SMEs 91u7u 128
Y9 LUUFIABIETTIAYIUNENADY 99 YRTBLA ANLYNABITEIMITANquussTanduA alusesay 77.34
YosyAvDyAavIA deliaAeurisguansaiivinuela Inaesfuanfiunads
2.3 Aesgwlatemumunufiessmsnaiguavaaenyy laslelasEwouuusiass

[

Tumsidvannsawanslugduvuieanduniadaaansla Awun1sn (6) Asil

L, = Og+P; INFA 30 +B, Male +Bsedu3 + e (6)

M99 4 LAAINANITILATIENTITEAIUAMUTINTDIENI1NNIATTUAL N1ALBNYUTHAN DN1TVDSU

N5EdUAYUIINNIATIVBITIAY SMES

Variable Coefficient predict Std.Er  Z-stat  dy/dx p-value
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\\;;!;‘\’\, Abstract

The objectives of this study were to develop optimal nutrient management for sweet
tamarind by using chemical fertilizers combined with biofertilizers, and examine the return on
investment costs using chemical fertilizers in combination with biofertilizers. The experiment
was conducted using a randomized complete block design (RCBD) with four treatments and
five replications of 2 plants each. Treatments 2-4 were set to provide all-year nutrient rates of
0.8-0.4-1.2 kg N-P,0O5-K,O per tree. For Treatment 1, fertilizer and soil amendments were applied
according to the farmers' conventional practices. For Treatment 2, Chemical fertilizers were applied
at the specified rates. For Treatment 3, Chemical fertilizers at the specified rates and phosphate-
solubilizing biofertilizers were applied at 500 g/tree. For Treatment 4, Chemical fertilizers at the
specified rates and manure (cow dung at 20 kg/tree) and phosphate-solubilizing biofertilizers were
applied at 500 g¢/tree. The experiments were conducted in farmers' sweet tamarind fields in
Fak Tha District, Uttaradit Province, from October 2022 to September 2023.The result showed that
Treatment 4 produced the highest yield at 554 kg/rai, with the highest pulp weight of 450 g. and
the highest average pod weight of 30.30 g. Regarding the Benefit-Cost Ratio (BCR), Treatment
3 yielded the highest return on investment at 3.05. Farmers could adopt the tested technologies
to improve their practices effectively which could lead to the development of nutrient
management knowledge for sweet tamarind cultivation in Fak Tha District. Collaborative learning
emerged alongside the development of product quality, transforming the community into a source

of high-quality sweet tamarind. This also created a positive image for Uttaradit Province.

Keywords: Sweet tamarind, Phosphate-solubilizing biofertilizers, Nutrient management
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mﬁ%’aﬂ%ﬂﬁﬁgﬂLL‘U‘UﬂWi‘wmaauwuaﬁﬂuuﬁaﬂauyiiﬂ (Randomized Complete Block Design:
RCBD) TnedfiBdduns feil

1. dnfiunsluiiud suaiwden sunovnm JamingasAng ieu naneu 2565 - fugiou
2566 TagnaiumInnassnisvnasuuugtluvdenasysal (RCBD) 1 4 n33u38 duau 5 91 shas 2 au
Tag38msit 1 Wunslajsmuiinunsnsiivun 38157 2-6 Wunslajsmusnsiidivundo 0.8-0.4-1.2
Alanfu N-P,0.-K,0 nenunad LLaxLﬁmmﬂéﬂaSw% ﬂa%nmw TnefiswaziBoslunnazianis sl

3557 1 Taysuavansuiudgaiunaisinunsns Ae layslusseziniounugns 15-15-15
Sn1 2 Alan¥u/mu seostismandn gus 8-24-24 8n31 0.5 Alandi/au

B3l 2 lajsiadimudaniidmun fo laslussoziiounugns 46-0-0 §n31 0.8 Alandu/
AU + AT 18-06-0 SAF1 0.6 Alandu/mu + gns 0-0-60 8w 0.8 Alandi/mu srogtizmandn gns
46-0-0 $031 0.6 Alandu/au + gns 18-46-0 §n31 0.2 Alansu/mu + g3 0-0-60 S 1.2 Alandu/mu

st 3 ladewaiiusnafiiimun fe layslussozmiounuges 46-0-0 §n91 0.8 Alansw/
A1 + gAT 18-66-0 831 0.6 Alan3i/mu + gus 0-0-60 8ws1 0.8 Alandu/au + YsTanmazaeneails
$n31 500 n3/au srorthzmanan gas 46-0-0 8031 0.6 Alan3u/au + g3 18-46-0 51 0.2 Alandi/
P1 + g3 0-0-60 Sn31 1.2 Alandu/mu

B3l 4 lajeiadimudaiidmun fo laslussosifounugns 46-0-0 §n31 0.8 Alandu/
AU + gAT 18-06-0 8131 0.6 Alan3a/mu + gus 0-0-60 8n31 0.8 Aland/au + YsFanwazaeweails
§791 500 n3u/mu+sren (yatadng1 20 Alandi/mw) svogiinsaanan gas 46-0-0 8w 0.6 Alandu/
P + g5 18-66-0 83 0.2 Alan3u/mu + gos 0-0-60 S 1.2 Alan3u/mu
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3.1 vuauAUALN wuzahluly a13un3a 85% WP (nqu 1A) §a57 40 n¥unawi 20 ans
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3.2 AUl uuzthlnlelnesiivenuuu 25% WG (naw 4A) $a1 4 niumauth 20 des ude
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nduwanni1 20 05 (ARSI ATNT uaemVRYR YayTaly, 2566)
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iwlhufqm% é’mmama‘uLmum'aﬂlﬂ%ﬁﬁamsamu (Benefit Cost Ratio: BCR) (a3 Seiatuum waz
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3513 Snungrudnesy (1) USinauwaran Flandw/ls)
T1 53.0 533b
T2 51.2 531b
T3 53.3 552a
T4 52.7 554a
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CV (%) 16.2 27.8

v @
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1.5 dwmindnede

v
[

dmindnuzanued e 4 38n1swuan fanuuanamisad i Taeisnnei 4
nsladeiadiausngniitmun+laysnen atasnsn 20 Alanf/aw) + YsTamazaierean §n1
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28.57 way 27.78 NTu AR 2

1.6 Vinunsaiilmnsela (%6TA)
Usnmnsndilamsela (%6TA) luits 4 33013 nualudanuunnanmisadd Tndsuansed

Twmsalaay 2.31-2.42 % F3pn51a 2

A1519 2 TUIUNEVIURN UrUUe YNl augvun Ut nugu1n 1 Alansy Uantdndniedenay

Usnansadilmmsala (9TA)

35013 uudn (Tn) doindensay  dhuindniede %TA
wdn  uzeute (nFw) (nFw)

T1 29 Ta 430c 27.78b 2.32
T2 30 5a 438c 28.57b 2.41
T3 30 da 450b 29.41a 2.42
T4 32 1b 456a 30.30a 2.31
F-test ns * * * ns
CV (%) 15.83 15.11 16.97 15.27 16.82

wnewe 38093 a, b, ¢, ... indululufuanmiauuanaeiunieEdia (p < 0.05) lay fdnws a wsmiuauiian
a 'o v o o = A Y a

wnfian wagladdiussnuslusuiivariificnuesiign

onwsnafulilunnd F-test Sanunungluwnasnoaun fadl

ns = luuanaaiumeada, ** = upnaweenditedfgdunedainssiuanuilionu

(p<0.01)
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a a v dy
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2.1 9yanaATugAEnT
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34,515-36,010 un/ls iwlmqw%m?‘{aﬁﬂ 4 33015087 25,862-27,040 U/15 LALSATINARDULNLY
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n15a9Y (Benefit Cost Ratio: BCR) Ladswaia 4 33n135iiamiiy 2.99-3.05 G9a1 BCR danunnnan

1 nunefa Aanssunaiunisduiiniils Jenudeswesainnsarinnisnanla fan1se 3
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Bns NATBULYIUNNLATHGAAAT
PuyuNIHEn (U1n/l3) el ww/ls) selogn’ (U1n/l9) BCR
T1 8,600 34,645 26,045 3.03
T2 8,653 34,515 25,816 2.99
T3 8,865 35,880 27,015 3.05
T4 8,970 36,010 27,040 3.01

ALRAY 8,772 35263 26,491 3.02
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\\;;!;‘\’\, Abstract

The objectives of this study were to investigate the types of raw materials used in
fermenting healthy kombucha beverage products from roasted cocoa bean husks, examine the
quality, evaluate consumer acceptance of the healthy kombucha beverage products, and transfer
kombucha production technology to the cocoa-growing community of Nangua in Phetchabun
Province. A Completely Randomized Design (CRD) was used to analyze chemical qualities, while a
Randomized Complete Block Design (RCBD) was employed for sensory evaluation, focusing on
appearance, color, aroma, flavor, and overall acceptance. Convenient sampling was conducted
with 50 participants using a 9-point hedonic scale for taste preference assessment. Descriptive
analysis, including mean and standard deviation, was used to summarize satisfaction levels of 30
community enterprise members participating in kombucha product development training. The
research results revealed that Formula 2 (100% roasted cocoa husk) received the highest
acceptance in all aspects, with an average score of 8.12+8.60 and was selected as a prototype
kombucha drink. The product had a pH of 2.45+0.12 and a total soluble solid value of 16.2+1.02.
Chemical quality analysis revealed that the kombucha beverage contained no lead or arsenic.
However, it contained preservatives, specifically benzoic acid and sorbic acid, at concentrations of
14.20 mg/L and 38.60 mg/L, respectively, as well as caffeine at 2.25 mg/L. Microbial quality analysis
revealed no contamination from yeast and mold, Salmonella, Staphylococcus aureus, Coliform,
or Escherichia coli, with levels below 1.1 MPN/100 ml. These levels complied with the standards
set forth by the Ministry of Public Health Notification (No. 356) in B.E. 2013. This indicated that
kombucha from roasted cocoa husk was safe for consumers. For technology transferring to the
community, farmers participating in the training reported the highest level of satisfaction, with an
average score of 4.75+0.51 for applying knowledge and an overall satisfaction score of 4.82+0.54.
The research output could help add value to roasted cocoa husk, generating income for cocoa

farmers and residents in Nangua Subdistrict of Phetchabun Province.

Keywords: Cocoa bean husks, Kombucha, Consumer acceptance, Food safety
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1
v '

UBNATHS LRI
2. AuAWYBIHARSMUITATBIRNABLY YD YA

nuamsnaassgan Al laun aranuidunsaduaig (pH) wagaUTinuesds
fiaganglaavun (Total Soluble Solid) YowAnFumATofnsy T ITlaguAImNeY Wagndsainnisvsin
\duszoziaan 30 Tu wua Taegesd 6 SanedsvesaUiuuresudsiiazarslavanunnounisnsn
wnfigannifu 14.8+1.027 ®Brix warduganisviingasit 4 @) daadevesniviinuveudsiazans
latenuauniigaimiiu 14.6+1.02 7 °Brix daluuanansiulunngnanimmnaes (p>0.05) umiuual
Lﬁwﬁunﬂqm am';uqm‘ﬁ 6 (uxuiUien) Aifaanas eraideunanviavesingAvlunsviin Feiilu
fanduduuuuluasdl eaonnaeaiunisvaasdues 15dnual 43298 uazAudug (2566, 1.349)
aumeudunsauduana (pH) fdanafeidutui 6 ans %ﬂl@iLmﬂ@haﬁﬂunﬂqmmimam (p>0.05)
9nnsseauaeuiunsaiuasveaniesd uminasuyfiansay eyl 2.5-4.2

(FUNUAZNTIUNITOINITUALYT NDIBINIS, 2566) AINI1TIN 3
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A1519 3 WSsuieuaUSunavewdaiazanglaianun (Total Soluble Solid) wagaAudunsadunng

(pH) neuuazndsnIiTniAseshuaeNyyLieguamdual 30 Ju

ansLATesR ANINNIAT]

ADLYY mUSuesdsiiazaslariomn (Brix) aeandunsaiduag (pH)
nou™ naans neu™ naa s

1 11+£1.02 13.8+1.00 1.85+0.12 2.27+0.11

2 10.4£1.02 16.2+1.02 2.17+0.12 2.45+0.12

3 9.4+1.01 13.0+£1.02 1.90+0.12 2.1240.12

4 12.0+£1.01 14.6+£1.02 1.60+0.12 2.01£0.12

5 13.6+1.03 13.2+1.03 1.51+0.11 1.91+0.12

6 14.8+£1.02 12.0+£1.01 1.49+0.13 1.92+0.11

R Fanws ™ uansdalanuuanansesdlulideddgmieadn (p>0.05)

A1319 4 LAAIANAMATNNIUATIVBINEATUNATOPUABLYYNNOFUN N

29AUTZNIUN AL NaN1INAEBY me/L UINTFIU mg/L

(UsemiAnsenswansisaiay atui 356)

Az ND <05
a13ny ND <0.2
asfuyn (Benzoic Acid) 14.20 < 100
4350A (Sorbic Acid) 38.60 < 100
AU (Caffein) 2.25 > 1.5

W18We 38N ND = Not Detect uansfiensaaluny

N9 4 psnUsEneUMaAliveuaTostAeLyY AU oun ph ANy 399929
Tunuluia esuneuyriioauan unnsIanuansiuya laun wuledn (Benzoic Acid) uazwesda
(Sorbic Acid) U 14.20 wag 38.60 auUumABUNUTINA 2.25 FaegluinamennsgiuiaTeads
UIgtans #1uNIAT3IUUIENIANTENTNEIGITUEY LéaaLﬂ%ﬂﬁﬂum%usmiqﬂmaﬁw atiufl 356 w.a.
2556 (UsgnAnseNyNasIsaiay Uufl 356) w.a. 2556 1309 13esisszianyilunvuzussydaain,
2556) fun uansILATesANABIYTILagUAM ﬁmmﬂaamﬁaéaﬁuﬁm

NANNTIATIZNAMNIMNIIAUNT S UBINARN T AUANLAT D97 UABNY B DFUNIN NUIIATA
1ﬁwuﬂ%mm§aét¢,ﬁxﬁﬁgﬂwm, Salmonella wag Staphylococcus aureus wnn1anuUsunaladnesy
wuAiliSe (Coliform Bacteria) dsiia1uasnan 1.1 MPN/100 ml Iaefusununesniuinsgiumvun
ANAIATFIUYTENIANTENTIE5ITUAY 1509 LA3 oeRslunwuzussydnadn atudl 356 n.A.2556
(UsgnAnTenIeanssele (aUufl 356) .61, 2556 (309 m%aﬁlmizLﬂwuﬂumsausmiﬁ;ﬁmaﬁm, 2556)

dmsuUSua Escherichia coli #A1uasn3n 1.1 MPN/100 ml &u1asgruiivuanesiunulundngdom
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Milonflownandunsunisuiialnseshuyminussyasianatain enafinsdudadonuussy Jedlua

ilniinsudeweydunieaslundndumla Awm1s1e 5

M99 5 UAAIANAMANNNTAUYS SV NGNS TATRPNABN UYL NOFUAN

AMNWNSqALYEe NANSNABU UINTFIU
(Usgnensenssansisaian aduil 356)

U%mm%e?uazmﬁmm ND GTEN'IQJ‘WU
(Total Yeast & Mold Count) (CFU/g)
Coliform (MPN/100 ml) <11 <22
Escherichia coli (MPN/100 ml) <11 pasluny
Salmonella (100 ml) ND naslany
Staphylococcus aureus (100 ml) ND pasluny

WUILNA: fdnys ND = Not Detect wansdansalany

3. nswenfuvesifuslnafifidendndnsifunuuiniesauneuyviiagunmwioudy

wAn A uLUUIATasRuneuyTIiogun I TeuA N UB onyueTnlnAY s
dondeudwuneluguey Taediinnndoudsd 1) duddenmuindelnindnnausuiazoinlmien
(WanmswAenuudelnlnda 500 n¥u aeth 3 dns) Wunm 10 w7l 2) nsenenawUdenyusdalninesn
uafutmanseuinng 400 ndu aulvihmaazaieidu 3) angumgiadminde 50 ssrniwaldea
4) LﬁmmﬁﬂﬂammﬁmﬂLﬂﬁaﬂﬁmmﬁmiﬂﬁﬁqmﬁ 2 (leT%UﬂﬁsJam%’UMﬂﬁqm) U3 500 dadans
5) ussgluTANaTaRn (Polyethylene Terephthalate, PET) U3ans 250 fiaddns aaaifiulluguvnd
0-5 psriwadea Induthumaaeumssoniurewuilan lnsvaaounisUssidumeUssamdusa
prunnureulneTi dnuazlng d ndu savi wasiieduda Tnas uuulayds 9-point Hedonic Scale

(Weyw ey vu3an, 2556, 1.106)

A1919 6 LEAAIAINITEOUTUVBINUSINANULUUKNEAT LA DIALABN Y UNOAUANNTOLUFIN

AN sefuruiamelanendnSamruuuuinTesiuneuyiiogun
anwazdsng 7.55+1.09
a 7.60+1.93
nau 7.65+1.76
Y 7.78+1.77
nseaNsulaesIw 8.95+1.76
NUBLWA naileiaszsuanufianelalnes 9-point Hedonic Scale (Wieyy Ty WuU3en, 2556, 1.106) Sifal)
1 = luweusnniign 2 = luweuann 3 = luvoutunans
4 = luveuidnues 5 = 18" 6 = voudnuey

7 = ¥auununang 8 = ¥BUUIN 9= ‘UEJ‘UJJ’]ﬂﬁEjﬂ
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21191374 6 MU uslaalnazuuuaufovolavesndndunnuuuuiad 09h uAowy Y
diegunw luddonuuiudalnlndalunisvin laun dnuizusing 3 ndu sani uasnisensulnesiy
wurilAedenfy 7.5551.09, 7.60+1.93, 7.65£1.76 uay 7.78:1.77 sudiu Faflanufianels
TuszauUiunan lurusfertunissousulasm wun guslnalvesuuuaufionslandefanmuuy
iwsospunauyriiegunw Tuseduinn Taefiaedemniu 8.95+1.76

4. nsaneveawmaluladnnsuanaiesaunsuyytiagunw gyuvy

FalA5aN150UTUNTANONBNBIA AT NTHANIHE A A LAT o9f uABay ¥R DguAIMN
nndenvumdalnlngs Inunnquiamasguvu Tufuil 20 - 30 fquisu 2566 a1 amiaguy
naulnlnunia suaunds sunewdes Swrinmesysal Tefmuagiansiueusy S 30 Au 51udd
nsussdiumuiismelalunisinnslasenis fanm 3 uaznuuuundniumniedosiuneuyriiiogunm

nqunuasnsuanuas Imunslunainguyy danIm 4

AW 4 nEnseeuLULIATeIRNARNYY TtnslunaInguvy
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voyafilaannisUszifiuanufianelanuin auiirenisaevensan ALz uazousH
\FaUftRmsuUssURaRSamiedosaemymiogua T mnidenudalninda gensailaseinisised
avufisnelaoglunaumuniian Fafleniademitu 4.70+0.55 esninasnshaoudssuniniumil
wneu wagneeuntsiiaagivlrstlesu ginralessnisiseduanufionelaeglunumundian
fafimuadiomniu 4.75:0.51 uasmsUsziliuaufianslalunmsiusionun wuan gansalasemsiissdy
arwitswelaegluinausnniian Sedianedewniu 4.82+0.54 fp1e 7

v v o

M1919 7 SEAUAINTINDLAVOELUNTINBUTY

Useiunusziluy SEAUANUNINDLD

ALRRYEI a3una

Weuuuansgiy  anuiwels

L msmwamaqﬁmmi MsimuHdnAeATeshuAoNyvLle 4.80+0.59 1niiap
qunm
2. ausBUFTRNMIMILUsTURER e TesiuAeLy LD 4.60+0.50 wniiae
qunm
3. ATTlATUR TN TAgUSTAIR/AYIIRBINT YOI DUSH 4.75+0.44 snniign
0. flomiflasu ansnsmitluleusylovdluTinsedrfuuagns 4.85:0.51 1niiap
yhamila
5. armganmseusannsathluiauesendussraruslmiln 4755057 snniign
ALRAY 4.75+0.51 1niian
arufanelalunwsuviavan 4.82+0.54 wniian

\\ﬁ{, 2AU318NaN15Y
N - d' A ¥ I3 Yo oA ' 'a
w3 esfupeuyYiogumInUdenuudalnings danaudunsanis pH lufu 3.0
YSinmunsaluiiusesay 1 Fsaennastunisvdnasuyy1annyialuauidevesnneiuidy wasaudun
(Jayabalan et al.,, 2007, p.392) Fauansliviiuiinranudunsanis (pH) fanasdunasinianssy
nMsnuresskuaisewasBanniunuvlunmdn Inewewuaiselunau Lactobacillus plantarum

waz Lactobacillus casei aunsasasiiniaglasaidunglaa andudanazildeunglaaidueniuea

'
=

melaanvannsruumsminuasuuaiiieiiasansaes@in (Acetic Acid Bacteria) Masgjluthmtn
ﬂaugmmmmLﬂﬁamamuaaLﬂuﬂimax%ﬁﬂlﬁy (Dufresne & Farnworth, 2000, p.411; Jayabalan et al,,
2007, p.392) wazarUSunaedsiiavarglanevua (TSS) maamﬁmﬁm%m?mﬁmauymLﬁ'aqﬁumw
s 6 gns dategluinumnisminiadesdunesy Tag a1 pH Sategluris 1.99-2.16 Feeennaneiu

NUITHVRITIRTYY YUY (2560, U.365) TANWIgNTATUBUYABaTELATUTI U WA ILAYB

HandumAsuyTIINYaRUlnsiuuILe 10 9l laedian pH ayseming 2.15-2.97 Fallanilnaifeariv

vy '
o a a

ey fvrinvesingavithanlylunmsuinierinduniefuneuyy) aunmniaaiiou asavliny

q

See

Y .

ME3 E@TUY Tundndaum UANTIINUANIAUYA (Benzoic Acid) wazwasin (Sorbic Acid) i 14.20 uay
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38.60 @utiinas Awldu nuviw 2.25 Sseglunamnnsgruedessssivslunivuzussgdeain
UsgnAnsevsasans1saigy aduil 356 w2556 (Uszniansensnansisngy (Ul 356) we. 2556 139
Lﬂ%‘l@dﬁu‘ﬂi%Lﬂ%?ﬁ’ﬂUﬂ’]sﬁugUiiﬁlﬂﬁﬂﬁV], 2556) Nuun

Tunsns19nmn WAL AuY3 sresHAnfumied osi unouy LR oW WUIIRTITLLNY
Binafanuassn (Yeast and Molds) Salmonella wag Staphylococcus aureus dlesnnisnszuaum i
pouyluiiad i ud u dwwaviluan pHanas Insnisveiueswuadiis snsnesdfnuasian
a3 aagveiinia wazidgns nsduduaiisela Suilvasialunusiuiubanuazss e
Salmonella Wwag Staphylococcus aureus §seonnaneiunsnnaoweiian suaNg LLazmuguﬁ] (2564,
u.76) A AnwguantAnsdanmeesmdndunaouyriiad ulussmnssuauniantn lnensas
lunulie B subtilis, B. cereus, Salmonella sp., S. aureus wag E. coli il eeannd qw%‘mié’méﬂ WUATILS ¢

wnsnuUSinalranesuwuaiise (Coliform Bacteria), Escherichia coli usenm 1.1 MPN/100 ml 91aiiua

~

Weaunnnduneun1siiudieg1imsiainsiznnegaunie Juhlnesiany wndvsunaues Wewleuiu
wmsgukareglunuminasuimvualulsznensensasIsiay @UU 196) wa. 2543 (Sown (Usenae
NIENTNAITUEY @UUT 196) W, 2503 (583 ¥, 2543) uannnazosnuneuyyiieguan Wundasdom

finunmmnegduniedia wasyuslaranunsausiaalnessUasnds Judie £ coli iudenalsailuidu

v
o o

fidinanuUasniuvenmsawy Wasnawnsavulaulaainvatswas wu dnileslunseuiunisuan

v '
o a o

nORv wazauanuarva U TR Jaduddaiinedvedaun nTsaituussy mamarelsevenseuiuns

Yy v v '
=

andoniparusouTivengay ansevhans £ coli lneensdiusyAvsaw marudunsa (pH) aassnm 4.6
aryredud ansias i ulavend svdad «%’IaLﬁuﬂaﬁi’aai'm”zyiuwa“mﬁmwfﬁ'ﬁmwmﬁunmqa
1w ABNYY TAsNsgnAuIa msUFTRmsmanguAuIaiia (Good Hygiene Practices: GHP) Ly M3a79
uazanitegunanl wazmadansthillunssuiunandn (Avivarei et al, 2023)
Iumﬁmimﬂmaa‘uimﬁsmamaqﬁmmguazamuLﬁ'iqUﬁﬂ’ﬁmsmiﬂ’mmwﬁmﬁ’m%m?‘mﬁm

v a ~

ARy LBgYANIY Wuunuasnsivauaulaneuvisn uazliauianelaluszduauin iesain

v ' '
% A o e~

Wuesesiugunm uasyuslaaiuinlalalunisguaguainiuuniu Javilugndngdnsiuda esindies

U

nanduauarwlsgUuiiaiiuselalugusunniu Snnsdaduremdunsiiuselalniuaiiseu

a v ¥
a‘gﬂwamsqaa LLASUDLEUDLLUS
nnNsAnwriavesingaulunimmdnuindunias eswuaouy U ag v N Uy uilaa
TunspeusunIesiunauyruiioguaiw gasi 2 andenumdsinlnAunniian lnedazwuumniiv

8.12+8.60 uazillotluAnwamainniuad lawn Arusunavesudfiazanglaismun (1S) damniiu

o€

16.2+1.02 wagmsidunsaidunig (poH) Wiy 2.45+0.12 uazaanmMeqauyie oglunumunsgiu
fmun annsauilanlnognsasnsts Wethuiwundugasmuuuuied ssduaouyrifiogunw 910
Waenyudalnlnda guilaelnazuuuanufimelafissfumnnmifu 8.95+1.76 anduthesaaug
unevenwalulaBnisnaniadosfuneuyriitequnin gy wugrsmovailnasuuuawiianels

wnfign Wiy 4.82+0.54 Misil a3 eshumenymdudunisiiuyanwawviei wuionyuudalnlndn



o

o

UA 20 a0UR 1 (UNSIAU - TOUEU 2568) 33
Vol. 20 No. 1 (January - June 2025)

Tunszuaunssdalalninasnsannn iuselalnfuguey Snvisdadund esi uguniwd mdaduiidey
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dareuauuzlumainansdeluldusslevnl
1. wsnunadguaresensatuayuineaing ssasaiulnavesnsiivgninlavienudssy

a

Inlndmanaeslnegavdennuudauilylunsudnaiosfuneuyy iinyganwazasnselnaningiv

q

wiely iunisanvsrainnszviunsndnuarasasuasughanyuisul unosd undnSunaouyw
nnwdentnlnannsailugnisiauigaitedimuneidmndasla

2. NANTITULAZINYASNINONAY AIntAILAN TN ARABYINUEenTnln
Alutszgnaly asenelaasulnduguen Taseamusunedanauiamiagus uiindniaosiuaunn
diosmunglusananesduuasnainduniiiogunm

3. yUssnauNsuaEnIAENTY HUsENoUN STt alaTeshuifleguwasnsmiuunenisly
Waenyuidalnlnduniduaulsznevluedosiuneuys tugemedmivguilaaiflalaluFesgunn
wardawinaey fadumsanmdnsunitiondnunlunai
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1. msfinismagounuguamiisda laswumsideisaiusanssnumsguam iy Anw
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2. arsfimsnsgiinandelnslulefnluadosuneuymanivdenyuiudalnln iensiu
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3. asfimsfinwengmaifiuinwvsaeiesiuneuymanudenudelnln welushlan
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US¥NIANTENTIETITUGEY (@atuTl 356) .61 2556 1304 Lﬂ'%laa?imﬂizLﬂmﬂummwmsqﬂmﬁw (2556,

24 ASNNAN). TITAIDIYUAY). W3l 130 oufikAy 87 3, 93-97.
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nUsvasaiiievaumansunaiuaennunlannansataoniinalunisniugu
wazdostulsamundniaululauy Anvinavessdnfuneiuaenauulaainarsadadensdann
nonistudensasaiivinvendeuuafionelsmauudnaululauy uaz Anvinissensundndumn
psuaenualAnasataUFentegn wuadu 4 naumaaes Ao mawduasataandeninaiiseiy
5088% 0 5 10 uay 15 MUEIY finsvegeuamand® n1svegeuUsEANSANLAYNITNAABUNTTEOUTY
wansaumasuaenmutlanasadadoniann wan133Tenuin nansuneiuaenaiualaain
asatedensinnian pH 5811219 6.98-7.21 AMAUNEATEIIG 1684-2249 Loufnees A1 pH Lay
AANLndfngeT LU (p<0.01) WAnSamaTuaonw Ul Inasataidoniigaiimsasay 50
Inhibitory concentration (ICs) ANAIUULAUATS (p<0.01) w1ty 683.79 lailesnsu/Aaaans wiendnsoum
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\\;;!;‘\’\, Abstract

The objectives of this research were to develop a teat seal cream product made from
mangosteen peel extract to help with the control and prevention of mastitis in dairy cows, examine
the effect of a teat seal cream product made from mangosteen peel extract on inhibiting the
growth of bacteria causing mastitis in dairy cows, and investigate the acceptability of the teat seal
cream product made from mangosteen peel extract. This research was divided into 4 treatments
of different levels of mangosteen peel extract contained in the products at different levels (0, 5,
10, and 15 %). Qualifications, performance testing, and acceptance of teat seal cream products
were tested. The results showed that the teat seal cream product made from mangosteen peel
extract had pH between 6.98-7.21 and a viscosity value between 1684 -2249 centipoise, which pH
and viscosity value were increased linearly (p<0.01), while the linear decrease in ICs, (p<0.01) was
683.79 micrograms/ milliliter when the amount of mangosteen peel extract was increased. The
control group had the highest L* values of 72 (p<0.01). However, the teat seal cream product
containing mangosteen peel extract at 10 and 5 percent had the highest a* and b* values of 10.85
and 56.02 (p<0.01), respectively. The teat seal cream products containing mangosteen peel extract
at 10 and 15 percent were able to inhibit the growth of Staphylococcus aureus ATCC 6538 and
Staphylococcus epidermidis ATCC 12228 (p<0.01), with values between 14.40+0.23-15.32+0.11 and
16.62+0.04-18.03+0. 58 millimeter, respectively. As for the evaluation of the acceptance of teat
seal cream products made from mangosteen peel extract, the overall mean for product satisfaction
was at 8.07. Therefore, this research generated added value to mangosteen peel and could be
developed further into an actual teat seal cream products made from mangosteen peel extract

for launching in the market.

Keywords: Teat seal cream, Mangosteen peel extract, Mastitis
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Abstract

The objectives of the study were to construct a comprehensive and scientific evaluation
index system to assess the innovation capabilities of 169 national high-tech zones in China,
analyze the spatial stratified heterogeneity of innovation capabilities across 34 provinces, and
visualize and analyze innovation capabilities' spatial distribution and disparities. The research
adopted a multi-method approach, including the entropy weight method, catastrophe progression
method, weighted average method, and fuzzy c-means clustering algorithm, supplemented by
data visualization using Python-based tools. The results showed that the evaluation index system
consisted of four levels and 28 indicators, effectively quantifying the innovation performance.
Catastrophe progression results indicated that Beijing Zhongguancun (0.9725), Shanghai (0.9531),
and Shenzhen (0.9472) rank highest, while Rongchang (0.7810), Huainan (0.7947), and Qianjiang
(0.7968) rank lowest. The fuzzy c-means clustering analysis classified provinces into six distinct
categories of innovation capability, revealing a pronounced "strong East, weak West" spatial
pattern. The findings offered spatially erounded policy insights that was to bridge regional
innovation gaps, China should enhance R&D investment, optimize resource allocation, promote
innovation output conversion, and strengthen inter-regional cooperation, particularly in less
developed regions. These measures supported the goal of achieving balanced regional innovation

and sustainable national development.

Keywords: Innovation capability, Spatial stratified heterogeneity,

Fuzzy C-mean Clustering Algorithm, National high-tech zones in China
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Introduction

National High-tech Industrial Development Zones (hereafter "High-tech Zones") in China are
key drivers of regional innovation, significantly impacting regional innovation capacity. With the
"Innovative Country" strategy, emphasis has shifted towards building regional innovation systems that
leverage local strengths. High-tech industries, as vital pillars of economic growth, reflect a nation's
comprehensive power and competitiveness. Therefore, enhancing the innovation capacity of these
zones is essential for advancing high-tech industries and fostering an innovative nation.

Bruno and Tyebjee (1982) laid the groundwork for evaluating science and technology parks by
identifying 12 critical factors influencing companies. Malecki (1987, p.205) and Malecki and Nijkamp (1988, p.
383) expanded this by assessing innovation capabilities across eight dimensions, including government
support and personnel mobility. Chen and Huang (2004, p.839) applied the AHP method to Taiwan's science
parks, highlighting seven key factors, including industry relevance and government influence. Zeng et al. (2010,
p.402) focused on the role of the innovation environment and organizational structure in evaluating high-
tech zones. Since 1993, China's Ministry of Science and Technology has repeatedly updated the national
evaluation system for high-tech zones. Xu (2006, p.3) pinpointed six essential factors: environment and
technological innovation. Recent studies have utilized various methods. For example, Zhang and Chen (2022,
p.60) employed the entropy weight and catastrophe progression methods. Zhang et al, (2022, p.88) used
the effectiveness coefficient method; Guo and Wang (2022, p. 155) applied factor analysis in central China;
Ren (2020, p.25) used DEMATEL-ANP; Ding (2019, p.11) utilized the DEA Malmquist index; Su et al., (2018,
p.235) applied the catastrophe progression method to the Yangtze river urban cluster.

Current research on high-tech zones faced some challenges, including the lack of a unified
evaluation standard and the limitations of linear models in addressing complex, nonlinear systems.
Moreover, spatial variation in innovation capabilities is underexplored, which is crucial for identifying
regional disparities and developing effective policies. This research focused on 169 national high-tech
zones in China to address these gaps, constructing a comprehensive evaluation system. The research
revealed significant regional disparities by applying the entropy weight and catastrophe progression
methods alongside the fuzzy c-means (FCM) clustering algorithm. The findings highlighted the innovation
strengths of eastern coastal regions and the challenges in central and western areas, offering policymakers
actionable insights for promoting balanced regional development and sustainable growth in China's high-

tech industries.

Research Objective

1. To evaluate the innovation capabilities of 169 national high-tech zones in China using
a scientifically constructed and comprehensive evaluation index system.

2. To analyze the spatial stratified heterogeneity of innovation capabilities of national high-
tech zones across the 34 provinces in China.

3. To visualize and analyze the spatial distribution and disparities of innovation capabilities

across high-tech zones in different provinces of China
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\\ﬁ’\, Research Methodology
This research systematically evaluated the spatial differences in innovation capabilities
across 169 national high-tech industrial development zones in China. To ensure objectivity and
accuracy, the research employed a combination of methods, including the entropy weight
method, catastrophe progression method, weighted average method, and fuzzy c- means
clustering algorithm. Data visualization techniques were also used to intuitively display the spatial
distribution of innovation capabilities across provinces. The following sections provided a
detailed overview of the methodologies and their application (Su et al., 2024).
1. Evaluation of innovation capability: Entropy weight method and catastrophe

progression method

The Catastrophe Progression Method ( CPM), originating from mutation theory,
integrates topological dynamics with singularity theory to conduct state assessments and trend
evaluations. Recognized as a "mathematical breakthrough," CPM tackles multi-criteria decision-
making by hierarchically decomposing evaluation objectives, applying a fuzzy mutation
membership function, and standardizing data to derive a unified parameter for overall
assessment.

Step 1: Construction of the indicator system

This research developed a multi- dimensional indicator system to assess the
innovation capacity of China’s national high-tech zones, emphasizing scientific rigor, coverage,
applicability, and system coherence, based on cybernetic information theory and adapted to
national conditions (Su et al., 2023, p.52). The selection of four key secondary dimensions—
innovation input, output, environment, and organizational operation—was informed by several
factors: the importance of flows of information, materials, and energy in maintaining system
stability; the need for multi-level evaluation to enhance development efficiency; and the
necessity of detailed indicators to identify strengths, gaps, and improvement directions. These
indicators were supported by empirical evidence and practical experience, ensuring validity
and contextual relevance (Su et al., 2024, p.8). The catastrophe progression evaluation
framework identified core innovation dimensions and refined them into specific indicators.
Consistent with catastrophe theory, the model restricted control variables to four to ensure
feasibility and representativeness. It included four primary dimensions— innovation input,
output, organizational operation, and environmental support—divided into eight secondary

and 28 tertiary indicators, as presented in table 1.
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Table 1 Innovation capability evaluation index system and mutation types

Evaluation Level 1 Mutation Level 2 Mutation  Weight Level 3 indicator
objective indicator types indicator types
0.0430  Annual Increase of
. High-tech Enterprises
The scale of Moyvtall 0.0927  The scale of
mutation .
output B, evstem technology income
Innovation ' ) 0.0481  The scale of export
Output m earnings
Capability mutation 0.0387  Return rate of R&D
A system ‘ investment
Output Swallowtall ™0 0367  Technology Income
efficiency mutation Creation per Unit of
B, system R&D Personnel
0.0068  profitability
L 0.0607  Number of National
Organization S )
and Swallowtail University Science Parks
- ——0.0335  Number of Productivity
coordination mutation )
capabilit svstern Promotion Centers
Organization Spike pB Y l 0.0198  Number of Innovative
Operation mLut;tion i Industrial Clusters
Capability T 0.0494  The scale of high-tech
system ) .
A, Innovation Swallowtail enterprises
main body T 0.0354  Number of Innovation
L mutation . -
capability vstem Service Organizations
. Ba > 0.0201  Number of Universities
'”“OVSR'.O” and R&D Institutions
copes Itltyh 0.0569  Scientific and
oF high-tec technological activity
“ones Intellectual  Butterfl personnel
Butterfl n ‘?n eﬁtua rﬁrﬁ 0.047¢  R&D Personnel Full-time
iation b usem Equivalent
“ystern) 3 0.0462  R&D personnel
Innovation . 0.0048  Density of middle and
n Spike ior fitl )
put mutation senior title personne
Capability “ovstern 0.0619  Funds for scientific and
As Sslem technological activities
. . 0.0540  R&D Expend
Financial Butterfly =5 5589 R&D Expenditure
input mutation .
B system Intensity
¢ . 0.0062  Intensity of Expenditure
on Scientific and
Technological Activities
0.0354  Total number of
technology business
Hard Butterfly incubators :
environment  mutation 00355 Employee Size
e B, system 0.0085  Capital Operation
nvironmen . Status
Spike
tg;;zgiﬁ(t); mutation 0.0127 Enterprise size
Ag system 0.0089  Financial Support
0.0230  Basic Supporting
. Soft t Butttetr‘ﬂ Environment
envwanmen % 0.0430  Policy Support
¢ 0.0619  Institutional Mechanism

Innovation

Remark: Due to space constraints, this table includes the indicator system and incorporates content required for

subsequent sections.
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Step 2: Determine the weights of the indicators- EWM.

Once the evaluation indicators were defined, their relative importance was assessed
using statistical data and expert input. Indicators sharing the same type and hierarchical level were
prioritized by significance, with the most influential placed first. To minimize subjectivity, the
entropy weight method was utilized to assign weights, ensuring that the rankings objectively reflect
actual relevance. The steps for calculating weights via the entropy weight method were as follows:

1) Data standardization

This research processed the raw data using deviation-based normalization. After
transformation, all variable values fell within the range of [0, 1], and the resulting standardized
values were unit-free quantities. This method was straightforward and eliminated differences in
scale and mitigated the influence of varying variances. The specific formula was presented below,
as equation (1).

Suppose k indicators X, X,, ..., X, are given, where X;={X;, Xy, ..., X,}. Assume that the

standardized data for each indicator refers to Yy, Y, ..., Y, then

v = Xj=min (X))
" max (X, - min(X,) 0

2) Calculation of information entropy of indicators
According to the formula of information entropy e; = —1/Inn ¥ (pijIn p;;), the
information entropy of 28 indicators could be calculated.
3) Determination of indicator weights
According to the utility value of the indicator d; =1 —¢;, its weight was

obtained w; =d;/ X%, d;.

Step 3: Determine the type of mutation.

A typical mutation system involved up to four control variables, which corresponded to
seven distinct mutation types: cusp, dovetail, butterfly, fold, hyperbolic umbilical, elliptical umbilical,
and parabolic umbilical. However, the catastrophe progression method primarily emphasized three
types, as illustrated in Table 2. The same table also presented the potential function for a state
variable x, with the parameters a, b, ¢, and d serving as control variables. These parameters captured
the conflicting dimensions within the system. When an indicator was divided into two, three, or four
sub-indicators, it formed a hump, dovetail, or butterfly mutation system, respectively.

Step 4: Derive the normalization formula from the divergence equation.

According to the mutation theory, divergence point set equations could not be directly
analyzed and evaluated because the range of values of the state and control variables was not

uniform, nor could it be consistent with the range of values of fuzzy affiliation numbers 0 to 1.
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Thus, limiting the range of state and control variable values in each mutation model to 0 to 1, i.e,,
normalization was necessary. The divergence point equations were obtained by taking the potential
function's first- order derivatives, and the mutation system'’s set of singularities was obtained by
taking the second-order derivatives f'(x) = 0. By f'(x) = 0 f (x) = 0 eliminating x, the divergence
point set equation of the mutation system was obtained, i.e., the equilibrium surface formed by
the set of all critical points. The divergence point set equation indicated that the system mutated
when each control variable satisfies this equation. The normalization formula could be derived by
decomposing the form of the divergence point set equation. The normalization formula indicated
xi(i = a,b,c,d) the number of mutation levels corresponding to the control variable i. In the

mutation-level system, the normalization formula was a multidimensional fuzzy affiliation function.

Table 2 Mutation level system model and diagrams

Type Spike mutation Swallowtail mutation Butterfly mutation system

system system

1 1 1 1 1 1 1
System model  f(x) =x*+ax?+bx  f(x) =-x5+-ax3+ bez +cx  fx) = gxﬁ +Zax4 +§bx3 +Ecx2 +dx
5

3
Control variable a,b a,b,c a,b,c,d
Divergence
a=—6x%b=8x% a=—6x?b=8x3%c=—-3x* a=—-10x%b = 20x3,¢c = —15x*,d = 5x°

point equation

Normalization

xq =Va, x, = Vb xg =a, x, = Vb, x. = ¥c xo =va, x, = Vb, x. = e, x, = Vd

formula
Diagram X X x
a b a b c a b c d

Remark: The diagrams helped identify each mutation type: "one change two" for the spike, "one change three" for

swallowtail, and "one change four" for butterfly mutations.

Step 5: Comprehensive evaluation using the normalization formula

The normalization formula transformed the different qualitative states of each control
variable in the system into the same qualitative state, i.e., the control variables were unified into
the qualitative state expressed by the state variables. Control variables in the use of the
normalization formula to calculate the value of each state variable, if there was no apparent
correlation between the control variables of the system, the object of the control scalar for the
" non- complementary,” following the principle of "taking the smallest out of the big," let
min{x,, x;, X;, X4} to be the x value of the entire system; If there is evident interrelatedness

between the control variables of the system, then the control variables of the object are called

m
"complementary," and let izxi to be the x value of the entire system; which is the only way
m iz
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to meet the requirement of qualitative change of the divergence equation. Finally, the evaluation
objects were ranked according to their total evaluation index scores regarding their advantages and
disadvantages.

2. Weighted Average Method

The weighted average method derived a composite score by allocating weights to
individual indicators according to their relative significance or influence. In this research, the method
was employed to evaluate the innovation capacity of high-tech zones at the provincial level. Each
zone’ s output value was initially used to establish its proportional weight within its respective
province. These weights were subsequently aggregated to compute the overall innovation
performance of each province, producing a set of comprehensive innovation capability scores for
high-tech zones throughout China.

3. Fuzzy C-means Clustering Method

The fuzzy c-means (FCM) clustering method was a soft clustering approach that
permitted data points to be associated with multiple clusters by minimizing the weighted sum of
squared deviations, effectively managing uncertainty and data ambiguity. In this research, FCM was
utilized to classify the innovation capabilities of provincial high-tech zones. Based on results from
the weighted average method, the calculated innovation scores were fed into the FCM algorithm,
where the number of clusters (c) and the fuzziness parameter (m) were predefined. The algorithm
grouped the zones through an iterative refinement process, revealing commonalities and
distinctions in their innovation performance.

The FCM algorithm began by randomly initializing the number of clusters (K) and the
initial cluster centers and membership grades for all data points. Membership degrees were then
computed by measuring the relative distance between data points and cluster centroids, indicating
the strength of association with each group. Cluster centers were updated as the weighted mean
of data points, where the weights corresponded to membership degrees. This process—
membership evaluation and centroid adjustment—is repeated until a stopping condition was
satisfied, such as reaching the maximum iteration limit or when centroid changes fell below a
threshold. Upon convergence, the algorithm produced final cluster centers and membership
values, enabling the assignment of data points and supporting the interpretation of the clustering
outcome.

4. Data Visualization

Data visualization, utilizing tools like Python and libraries like Matplotlib, Seaborn, and
Geopandas, enabled researchers to explore complex datasets more intuitively by uncovering
underlying trends, distributions, and anomalies. In this research, a range of visualization methods-
including scatter plots, heatmaps, and geographic maps-were applied to improve the interpretability
of the data. The clustering outcomes related to innovation capability were displayed on a map of

China, clearly depicting the provincial-level spatial patterns.
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Research Results
1. Data Sources
The research drew upon a sample of 169 national high-tech zones across China, with
primary data from the 2021 annual statistical survey of national hi-tech zones, officially authorized
by the national bureau of statistics and compiled by the Torch center. As complete datasets for
2022 and 2023 were not yet available, the analysis in this research was based solely on the
comprehensive data from 2021.
2. Evaluation of Innovation Capability
The entropy weight method was used to determine the relative importance of each
indicator, ensuring the evaluation system remained objective and scientifically sound. This method
identified key factors influencing innovation capacity, providing a reliable basis for assessing and
comparing performance among high-tech zones. The resulting weights were shown in table 1. Next,
the catastrophe progression method was applied to calculate the overall innovation capability of
169 national high-tech zones. By integrating the weights from the entropy method, a composite
index was generated and used to rank each zone. These results revealed regional differences in
innovation capacity and support further clustering analysis. Based on the evaluation system,
mutation types, and weights from table 1, MATLAB 7.0 was used to compute innovation scores

and rankings for all 169 zones using 2021 data, as shown in table 3.



UA 20 a0UR 1 (UNS AU - TOUEU 2568) 111
Vol. 20 No. 1 (January - June 2025)

Table 3 Evaluation results of innovation Capability ranking of 169 national high-tech zones

Name of Innovation Innovation Environmental Organization
Innovation
High-Tech Input Output Support Operation Ranking
capability
Zone Capability  Capability Capability Capability
Beijing
0.9743 0.8326 0.8671 0.9867 0.9725 1
Zhongguancun
Shanghai
0.9049 0.8439 0.8401 0.8096 0.9531 2
Zhangjiang
Shenzhen 0.9244 0.8181 0.8032 0.7545 0.9472 3
Wuhan 0.8704 0.7761 0.8222 0.8823 0.9449 4
Hangzhou 0.8484 0.7868 0.8064 0.8186 0.9382 5
Xi'an 0.8587 0.7630 0.8157 0.8147 0.9377 6
Guangzhou 0.8519 0.7538 0.7877 0.8576 0.9362 7
Chengdu 0.8354 0.7807 0.8017 0.8266 0.9359 8
Nanjing 0.8571 0.7315 0.7717 0.8655 0.9339 9
Hefei 0.8220 0.7433 0.7722 0.7752 0.9251 10
Neijiang 0.6377 0.5498 0.6564 0.2502 0.8190 159
Shizuishan 0.6480 0.5117 0.6467 0.2459 0.8142 160
Quzhou 0.6729 0.5521 0.6580 0.1847 0.8136 161
Zhangzhou 0.5822 0.5947 0.6544 0.2316 0.8124 162
Huaihua 0.6202 0.5392 0.6221 0.2494 0.8118 163
Yaniji 0.4804 0.5923 0.5090 0.3540 0.7975 164
Qianjiang 0.6281 0.5399 0.5889 0.1734 0.7968 165
Putian 0.6097 0.5449 0.6265 0.1651 0.7962 166
Huanghe Delta 0.3155 0.5870 0.6200 0.5850 0.7962 167
Huainan 0.6215 0.5319 0.5692 0.1825 0.7947 168
Rongchang 0.6542 0.5395 0.6357 0.0832 0.7810 169

Remark: Given the extensive data from 169 high-tech zones, only the top 10 and bottom 10 zones in innovation

capability were shown here due to space constraints.

3. Clustering Analysis of Innovation Capability of High-Tech Zones Across Provinces
To represent the results of innovation capability, map-based visualization techniques were
employed to depict spatial variations among China's national high-tech zones. Since provincial-level
maps did not support the pinpointing of specific zone locations, we first computed the weighted average

innovation capacity across 34 provinces encompassing the 169 zones, excluding Taiwan, Xizang, Hong
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Kong, and Macao, which lack such zones. This yielded data from 30 provinces. The weighting was based
on each zone’s output value; the results were presented in table 4.

Subsequently, the fuzzy c-means (FCM) clustering algorithm was used to group provinces
by innovation performance. The procedure involved feeding the weighted capacity values into the
FCM model, assigning six clusters (c = 6) and a fuzziness index of 1.5 (m = 1.5). The choice of six clusters
followed the categorization approach of Xie et al. (2011, p.105), while the parameter m = 1.5 was
confirmed through repeated testing as the most suitable for reflecting data complexity. The clustering
process iteratively refined the centers and membership values, classifying provincial innovation
capacities into distinct categories. All calculations were conducted using MATLAB, which produced
the final clustering outcomes, highlighting interregional commonalities and disparities in innovation

strength and offering a foundation for subsequent spatial research.

Table 4 Value of innovation capability of national high-tech zones in each province

Province Innovation Cluster Province Innovation Cluster
capability value capability value

Beijing 0.9725 6 Henan 0.8852 3
Shanghai 0.9514 6 Hebei 0.8835 3
Guangdong 0.9208 5 Shanxi 0.8794 3
Tianjin 0.9184 5 Jilin 0.8793 3
Shaanxi 0.9109 5 Guangxi 0.8760 3
Jiangsu 0.9055 a4 Heilongjiang 0.8755 3
Sichuan 0.9047 4 Fujian 0.8752 3
Zhejiang 0.9033 a4 Neimenggu 0.8709 2
Anhui 0.9018 a4 Jiangxi 0.8702 2
Hubei 0.8996 4 Yunnan 0.8684 2
Shandong 0.8952 4 Xinjiang 0.8674 2
Guizhou 0.8895 3 Gansu 0.8644 2
Liaoning 0.8892 3 Hainan 0.8639 2
Hunan 0.8873 3 Qinghai 0.8558 2
Chongqing 0.8872 3 Ningxia 0.8274 1

4. Data Visualization
This research employed a color-coded scheme to differentiate regions based on
innovation capacity: red for high, orange for medium, and blue for low levels. Within each category,

darker shades indicated relatively higher or lower innovation strength. The visualization of China’s
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map was created using Python libraries such as Geopandas and Matplotlib. To ensure precision,
we first aligned the clustering outcomes with the corresponding geographic data for each province.
A range of color gradients was then applied to visually present the clustering results and overall
innovation capacities. Lastly, visual elements such as legends and labels were refined to enhance
readability, producing final maps that clearly illustrate the spatial distribution of innovation

capabilities across Chinese provinces, as depicted in figures 1 and 2.

Figure 1 Visualization of the value of innovation capability

High

Low

Figure 2 Visualization of clustered values of innovation capability



09'0\)

114 ) 015815367IN1S UKIANgdessinaasaad
L=

Academic Journal Uttaradit Rajabhat University

This research utilized the fuzzy c-means clustering technique to examine the innovation
performance of 169 national high-tech zones across China, uncovering a distinct regional imbalance
characterized by a "strong East, weak West" pattern. Innovation leadership was concentrated in
eastern coastal areas such as Beijing, Shanghai, and Guangdong, where plentiful R&D investment,
mature institutions, and robust policy backing contributed to high innovation levels, visually
represented in dark red on the map. Provinces in central China, including Hubei and Hunan,
exhibited moderate innovation performance but still fell behind the eastern region, indicating the
need for improved innovation ecosystems and stronger governmental support. Western provinces
like Qinghai, Ningxia, and Xinjiang demonstrated low innovation potential, depicted in blue, mainly
due to limited resources and underdeveloped infrastructure.

The geographic layout of innovation capacity underscored stark regional differences
influenced by disparities in economic conditions, governmental incentives, and access to
innovation resources. Addressing these imbalances required redistributing resources more equitably
and enhancing the innovation climate in central and western provinces. This would thereby support

coordinated regional growth and advance China’s innovation competitiveness on the global stage.

Discussions

This research provided new empirical evidence on the spatial differentiation of innovation
capabilities among China's national high-tech zones, offering theoretical insights into regional
innovation dynamics. Constructing a multidimensional evaluation system effectively captured key
components such as innovation input, output, organizational operation, and environmental
support, contributing to a more nuanced understanding of regional innovation performance.
The clustering results derived from the fuzzy c-means algorithm highlighted persistent spatial
stratification, particularly the concentration of high-performing zones in eastern provinces and
lagging innovation capabilities in central and western regions. These findings were consistent with
earlier research (Zhang & Chen, 2022) but extended the analysis by introducing cluster-based
heterogeneity, which better explained the structural complexity across regions. Furthermore, the
spatial visualization of innovation capabilities enhanced data interpretability and clarified where
disparities were most severe. These results underscored the importance of considering geographic,
economic, and institutional contexts when assessing innovation development. The research also
contributed methodologically by integrating entropy weighting, catastrophe progression, and
clustering techniques in a spatial framework, offering a replicable model for evaluating innovation

capacity in other national or regional settings.
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‘3@’“ Conclusions and Suggestions

This research systematically addressed its three core objectives by developing an
integrated evaluation index system, applying spatial clustering analysis, and visualizing the
distribution of innovation capabilities across 169 national high-tech zones in China. The results
revealed pronounced regional disparities, with innovation concentrated in eastern coastal regions.
This highlights the urgent need for differentiated innovation strategies across provinces.

Recommendation for using to benefit

1. National policymakers should strengthen R&D infrastructure in underdeveloped regions,
create innovation-friendly environments, and attract high-quality talent.

2. There should be establishment of a national resource-sharing platform to promote
resource integration and collaboration, particularly in areas with weaker innovation capacity.

3. High-tech zone management should be addressed to improve organizational efficiency
and fosters collaboration with universities, industries, and research institutions to accelerate
innovation commercialization.

4. Spatial distribution can be optimized by implementing targeted innovation policies for
underdeveloped areas, balancing the allocation of innovation resources, and promoting nationwide
equitable innovation development.

Recommendation for future research

1. Adopt advanced analytical methods.

2. Expand the dataset.

3. Deepen the research of policy impacts.

This research also provided Thailand with a model for addressing regional innovation
disparities through policy support, infrastructure improvement, and collaborative initiatives, fostering

balanced and sustainable development.
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‘3?%’0 Abstract

The objectives of the study were to develop cosmetic products; namely, salt scrub, aloe
vera gel and bar soap, design and create the packaging of all 3 types of products to match the
integration of community identity, and evaluate and analyze the satisfaction of all 3 types of
cosmetic products. The present study was conducted by developing product formulas, designing
and developing packaging to represent the identity of the community, testing the stability and
satisfaction of the products, including the satisfaction of the product packaging design in 120
volunteers, as the study population, on Koh Sichang using a questionnaire to collect general
information and evaluate satisfaction, and analyzing the data with descriptive statistics. From the
experimental results, the cosmetic products had physical properties that met the specified
standards. 25 volunteers were satisfied with the products for over 95 percent for all 3 products.
Overall, the design of the prototype packaging of all 3 product groups was able to attract the
attention of the tourist group very well. The satisfaction assessment results from the 3 groups of
government officials, Koh Sichang residents and tourists revealed that the average satisfaction was
at a high level (not less than 4 points out of a full score of 5). Tourists felt interested and wanted
to pick up, and most of the packaging could communicate the ingredients from Koh Sichang. This
research was able to develop all 3 types of cosmetic products with quality and packaging that met
market needs, increasing their attractiveness, appeal and purchase. It could also demonstrate the
integration of community identity in Ko Sichang Subdistrict very well and convey products to the

community for production, distribution, or further development in the future.

Keywords: Cosmetic product development, Salt scrub, Aloe vera gel, Bar soap


mailto:sujaree.hir@dpu.ac.th

iy
W

o

UA 20 a0UR 1 (UNS AU - TOUEU 2568) 119
Vol. 20 No. 1 (January - June 2025)

uni

finvaEignamnssumondeiforiunilduamdnvesasvgivlne vilwAansassnuuay
anayanufiumaasvgialaduiaumna lnsamzessddulssmalveiidninensnsmoaden
\duduamdn farumainvatsvesimusssndiduendnual Sn1sn1sveaiisaguau (Community
Tourism) iun1sneadismmadonlnuilvanuddgluniseysny sssumiuazdwinasusiuty
vosnulugurunonisdanimeadierluiiufiuvamondien imgataduniglngnarmeiaogmannds
SN8AIIIVIUTTNIU 12 Alaluns mmymmwgﬁfa snnaneddaindnanauazkdnsunans ilaan
nsaLvIeuUTIUINTEa Ao HAnfumvANvesLYY undwanEnsam maadesdesayulnglve
wanewilaanunsathuaudunda s Tpstems wdesiy e1¥nulsn saudwdnduniie
guAMmUazAIIMAaINTaegULUY Tagnuansanundmuisesamnunglunesmaiaiionouauns
m'EJmmé]ymﬂﬁmmgu%‘imﬁéauimgl@ﬁﬁmmﬁwﬁ’igﬁ’ums@jl,l,aqsumw ety mywwqﬁmimmi%’ﬂqmmw
wazarma Seiilundndusauguamuazarueuannsadvlaladnesmeliios mafauinEnsum
mntngAunesdululssmealvedaiaruddyludwoimaaiuaelawasen ooy luatu
wasfngAvluiudiinig 445 wuan guruwngddaduiuifanaa uasfindedidussingaulunae
qmﬂidmjﬂﬁamsﬁwmﬂizqﬂﬁ?’lfgfl,uL%am%aaﬁﬂmahau%wﬁ U Mandniaain Uiuaunain adelsn
Tumuremumasssiduiivayulnsiidulaladlufiufifunse fusiu wessutunse Jamseiudnuoe
manfivszimavennizdds Talarumnganiiagiuniauwnesenlminselaneslunismizdgn
wazihauUsgUiiundnfumad osdiensdidaunin LLaxLﬁ'mﬂaﬁwaaaquiwﬂmy @T’mm@lﬁyﬁmﬁ%

=

FafiuunAnlun1silnaugwazas9e1TInen 3 Kandunivsenounieinde ay wazianusznoauniy

o

a13annIuUnRIEiBLEsuAnen Iy seanuiunmes el Tnednseuwunfnidend

v a ada
WQ@‘UV]M

LONANYAUYUYTULATHNANITIATIENAMATANINIEAIN ULazNIToBNLUULAETRIUIUTIY mMATEE81
Wuduwdseu Famanisiauindasum wazussydanilasunausziduauisnelavesenaiadnag

Tusgavfrziduiasveulumsimunevenndadunlvasinelaneyusu wazanenenmaluladayuy

lpgnsnnenenynAusuazn1sANUSUANT (655353 Aulundw uavaudus, 2566, U.121)

InUsEaIAN13IY

1. uieimundnfuenedosdoinndeanty wanumaassiy LLazag‘hyausuaﬂsqmuslummﬁma
1At SunendYs Jminvays

2. iipoonuuuLas AU MRS Bsd 0 N FoaRTY AT LLazangauIﬁmqﬁ’u
msysanmasndnvaigumluaaiuanedds sineinzdds Sminvays

3. \ieUssdiumuiimels wasvaaour A vBER S e N FoaRTy ATLNAIHY

v v o

wazayneuvasyuulunduainzdts suneainzdds Jminvays



o

120 ) 015815367IN1S UKIANgdessinaasaad
L=

Academic Journal Uttaradit Rajabhat University

ASAAUN15IY

N19398A5 98 1Y ULUUNITITIUUUNITNAABIN 9910809 (Quasi-experiment) IauilseazLdun

Y
v

MsAHuLATY fail

1. Uszvnsuazinegns

Uszgnslusiuanins mAuanzdds sunenzdds Smiavayd S1uau 7 vyuiu

$1uau 4,535 Ay uaztinvmeaiinriiiumanmeadion lushuainzdds sunainzdds Sminvays seuns
Wouunsia — funay . 2562 nadeuanunufianelalunislyndaduniadesdionstuenanaiing
(Wszrnslumedds) 120 Ay MiAnainmsguidenatatanavisuasvds Aoy 18 - 65 7 Alai
UseRnmaumeiesdions iesanguuuiidugumuiiiundsduaouiiveadisisenionlungddsdamny
Tunsasndlonianiagsia

2. wieaflaflylun1sise

v v v
a o

widnaflefllelunisfinuidedl Ao wuuaounuiiyideasstu Sausoenidu 2 audeil
a1 LLwaauamﬁmﬁ’U%@yaﬁ’ﬂﬂ Taun e 918 ANUAINANTA TTAUNISANYT DITN
wavselaneiiiou ludnwazaiuvaisdn (Close-ended Question) Tudnwaizfauiinarofney
Tdon (Multiple Choice Question)
a1l 2 wuudeUnLAEITUAUTaNElaTe AN Tum YU NARSTLNADaATy WA
L9AIUNNIRTELY LLazmﬁmﬁmﬁﬁaggau Tnanismanads (Mean) LLaza{mLﬁmmummgm (Standard
Deviation)
3. maiusausaadaya
Im81%LLU1Jaaummﬂum%aﬁalumiLﬁUi’miamjyayjaﬁugm U LN 918 FANUNINANTH
sefunsAne 01w wazsglanewiou wasamufionelevewandm wu nansamndoansy wansam
98U LLazwﬁmﬁmSﬁagh”au
4. m3hessideya
ﬁgaga‘ﬁ‘ﬂﬂmm;_Imammuaaumu Taun e 918 ANIUNINAUTA TEAUNITANY 81TN U
srlanetiiou ludnwardanuuaisda (Close-ended Question) Tudnwazdanuiivaredneulmasn
(Multiple Choice Question) N153A 1 VadRTanssaiun (Descriptive Statistic Analysis) Aaufianala
vowmANSuT \u HAnSaeundeansy nanfunaaumasy LLasmﬁmﬁm%a‘gfﬁuau Tagmsmaniade
(Mean) LLaséauLﬁ&Nmummgm (Standard Deviation)

a o/ I3

5. NISWRAILINAAAN

¥
=1

gUnsal wagsiuiiunisusniduunasnanSumesdl
5.1 MSAsuLNaeansuRINg
ia@qﬂﬂsaj ABNLNGD, ﬁﬂﬁuaﬁmﬁamaué, ﬁﬂﬁummzma, ﬁazmaimfwﬁu, ANNNUD
Funaunsway Fenontndeniuuiuini muun laadunivusinieuls 9y

muhduaindausuamuUSIURMue Nauadlundenwseul wazreniniumeusywe 8 warinniiud

navaslundeiinauly vssyasluvssyduniwiouls



UA 20 a0UR 1 (UNS AU - TOUEU 2568) 121
Vol. 20 No. 1 (January - June 2025)

52 MAAINAAIUNDTHY
faﬂqﬂﬂiaj fmél’u, Ja98u lnamea, Iﬂiwaﬁl,mai‘jmﬁuﬁmu, ANSANAVLLDULNA,
Sauaulvdy, aslumnen, asataumesu, tives asiude uaxd
Fumeunsnavandl 1 vilaeiiand wasdafidu Tnarea aulvindu dlugulssan
Nyl 70 svrieaidioa aoee Wnlumedetaduiiasuey aufidliaunesinfud wardsaud 2 loun
Annfuda Sawaulndu wauadluluaind 1 vdminduduarsadavziomna arsluuen & deu
ansfude wazansatriumanssvadly waulmanfu anduussadluusssunindouses
53 MawbNAYneY

@

AnQUNI LUANRLOTY, ANTANAIUNINATHLY, §, UIviey

v

Qe

unounIHay FavandigeIuniuiidivualy Wudududng diluaufigungd 70

e 2

perwallod antumeansatinumeasy navadlluuandweiufiavansum veatvew wasd adly
wanawesufiavatauar waslauufium Hlueni LnreonanUURun Ussagaﬂumiaqﬁmeﬁ
6. MINAFBUAIUAIRILAZANUNIND lavoInAnua
VnsiuRanSunT 45 ssrwadoa wuan 3 ey mummeﬁmmgm ICH guideline
(ICH Guidelines, n.d.) n&santutsnUssduaruesiananisnnuesunasnansum taoynudn o
sznadlufinsasunasiuantud o ﬁai’uﬁwi”uﬁL“'%IJJLﬁU@ﬂmuméhﬁuamamﬁm% N13UT giiuazuen
\Juumavndndomn ol
6.1 nsUszliuAuAsINAnSunAoansy
6.1.1 & [WUspdlumeaen)nau (Sensory Test)
6.1.2 msazae (Funan1sasuslaswewdnindendaiuiiiduresnamiediau
17'iLﬂumiazmaﬂsmglwaw%ahi)
6.2 msﬂizLﬁuﬂmmwmﬁmﬁmeﬁmaﬁmma%zLszT
6.2.1 aamila (W3ssTannumila Brookfield Viscometer)
622 7 (Ussfiumpansmn)
623 ndu (Sensory Test)
6.2.4 audunse ae (W3ps pH Meter)
6.3 msﬂizLﬁu@mﬂwwmamﬁm%ag;au
631 & (WUsvdfiuapanon)
6.3.2 nau (Sensory Test)
633 msyusa (asnsdadun)
6.4 msUszdiuanuianelavoswdndom
finamnnsussiiumnufieelauvadu 5 sesu Tnounasinveuussysuamil

o

seAu 5 fie flanelaunndian

o

s¥dU 4 Ap fanalaunn

U A ==

sEAU 3 Ap Nanalauiunand

o =

S¥AU 2 Ao anelausy

b

@ =

52U 1 Ao analaueeian

3



192 ) 015815367IN1S UKIANgdessinaasaad
|

Academic Journal Uttaradit Rajabhat University

AsneaauAIUNanalanandndunlaglne1aadnsIIuIu 25 AU NAABILYNANA N

v
A

719 3 via lnglymusiiamasdiausyaiad 10 U9 waginisuseiluanuianalaluniundu & \eduda
YDIHANTUN MULNUNTEAUALLUY 1 D9 5
AUANATEIDNAANATALY151IATINTT NTlB1AATATAABINITVINALIINNITNAGRU

o I3

wARSN L9 SosuAs seBRINMISNay uilidudunsesuuss Inemasinsuasyideonauitud iod
wifoarlalnendslann ndsnsudnseusn ngnwiauide) Weussmmarafesinan nsdens
PaAsuintundannnassdndnfuniianinszesnaissdiu oraainsaunsainnoyidelaud
diogfoaslalmummeUssdiuennsviafes warlimssvfuunzauiuit lnseraasinsaglasunisin
osnamnzalnsaaasinsazludoaluae

7. NSRBNUUULATWAIUIUTINMN

v

Lﬁ'asiuuuwwé‘mﬁmsmg%’umwGuuwulﬁygﬂilwLLazé’ﬂwmsﬁmmmﬁmﬂﬂﬁﬂu{aaﬂa
Tun1soonuuuussyfunisusosuad angyiseladuauroyaiisfuainnisasdrsafiud uay
nsdununl wuuAsdilasasns sufuyeeaiieates induiaguasinsgmeyailaannisdunive
wazasiiudi Lﬁ'aaz"dLLmﬂ,ﬁﬂ’aﬁ’mﬁ”ﬁlﬁumaﬁwmuiumwsm mnﬁ?u?maiqﬂiwfjmﬁmsaammu (Design
Brief) uagiiausuuIAan1sn15e8nuuy (Concept) Tudunoudidunisinuidnvusuazesnisznou
#1499 Faganunsaturlsdusssiunalalunisesnuuuuardnosalsenouniaavuial tieseniuy
amUszneu dwsuihluvszgnalsuuussyfunurasndndunnely

FUBINUUVUTI S MM d WS UnIanL R aquanuazaNam Taun indeaun 1 aumeasHa
alujhyau ﬂmsrzﬁﬁ’aﬁﬁ%auaﬁgﬂwm 8 wuu IneflsnunuuussyfumdmiundeaUn $1uau 2 uuv uay
TUAUUUUUTTYAUNAAIUATHAY S 3 UUU éwn&?uuwmwﬁm%aiuj;au U 3 WUU A9 1,

AN 2 LagHIN 3

s¥a A05-1 ussyfausiindeat wuud 1 sWa A05-2_usseineiindeaun wuud 2

-

Mockup Design 9.5x3.5 cm

Jw |

3

BODY SCRUB

indoauy voR

a1 ﬂ’]WSNG}uLLUUUSSQﬁm"VlLﬂﬁ@ﬂﬂ’] U 2 UU



UA 20 aUUR 1 (UNSTAL - TOUNBU 2568)
Vol. 20 No. 1 (January - June 2025)

123

¥ A06-1_ussgitnusiian wuudi 1 9 A06-2_ Usaqdisiion wuudl 2 39 A06-3 333 Tusiion wuuii 3
DESIGN
" Y T
g s lockuo L
> s\ a

&= AFTER SUN GEL 4

AN 2 mwswmmwumsgﬁm%Laamumwssw UM 3 WU

9 AO7-1_ussgsiousiay wuudi 1 S0 AO7-2_uss9sinueiay wuud 2 9vid A07-3_usiqsinuaiay uwuuii 3

AN 3 ﬂ']Wi’NGIULLUUU‘Jiﬁ]ﬁm‘VIﬁU”ﬂQU U 3 WU

\)“\) a o
o0
%Mams'mﬂ
1. manawkaaiuieTesdaunienaiu wadumeasad uaayfouvesyuyu

NFRINNSAURERAUNT 45 aeanaadea [unan 3 Wau wadtu1ussdiuninuaeei
NNNEAMNVDILAALNANS UM Had oL usadl

1.1 nsUssiilunuAmnanSmindeansu
¥ o A a o C a ¥ aa o a ‘o a
AUANUAIAIVBIARANTUNINNSUSETUMBANEAN FLANNAIEAR tuiinsildeunlad
PIANUULVBINITLINVUVBIANS 000UV Maonauna UludnIsiURuLUaTY 3 NAUYBINAR N

wonanil luauvesnisazaeusemsiduvesndanunluinisazaigvewnds Meetluninduluwining



Academic Journal Uttaradit Rajabhat University

124 ) 015815367IN1S UKIANgdessinaasaad
-

ANUANUNINBLY L DNAADUAIIUNINDLINNBNFIANATINUIUL 25 AUNUIT So8aL 98
flanelaszivanniigaaud ndu wazanurervvesdande TuauvesUszidiununislanu wun sevas
95 fiauianalaniniiganulseansamvesdadunAviluiussudeu uu wasdnduneuiivig

N@uﬂaﬂ&]i%%lﬂﬂﬂﬂﬂ‘ljﬂ’]u&ﬂ FININ 4

2N 4 WNFRAASY

1.2 miﬂizLﬁuﬁ}mmwwamﬁm%maimmwsmﬂy

Auniinveei oraaludnnunanaaiusErI IS Iandan1suan wasiandenisiiu
Wuan 3 Weudietnauniianieiaies Brookfield Viscometer"Lvﬁuhwmwwﬁmaqimmﬁfi’mum
29341560383 Soothing Gel n3aLaaii on1sUasuuselanfia (30,000 - 50,000 centipoise (cP)) Tae
anidalaneufuanuaaiilan 42,505 cP uagudafudunan 3 Wou meanuminanasty 38,200 P
Felufiauunnansiusssiveddamneaii wazauauasiavesdlueadledssiiuateanenn
WU AU nsiUa sunUasienunisiuudu viesouas nasnaundufludnisa sunlanyuiy
auadunsamwosandumiieianerias pH Meter nuananudunsanslufinsasuulas
Ao pH asﬂfswdw 5.5 - 6 Fefadunfimnzaunonislyeu SquLﬂulﬂmummg’mﬂ"ﬂﬂmawamﬁm%
13 ped0 9@ mMTUAANLIMIFIU ASEAN Cosmetic Directive (ACD) (fstunlafi 4.5 — 6.5) (Health
Sciences Authority, 2025)

auanuianels Wensaeuaufianelaluonanatnssiuiy 25 Ay wuan sevaz 97
farufanelaninfiganulszdns imaeandadumnlununislnenugudu aanisszaisides
anoINsuaUTeRInAIduNaLaILAn wana1nd sevas 98 nAuwiuan Wewalufiaumussus

9 > < v ! Y og A a ay ! a @
NAINITLY @Wllll‘lﬂﬂﬁ]u‘ﬂ’]ﬂlﬁ’l LLazuﬂauw"Luguﬁmmulﬂ AINTIN 5



UA 20 aUUR 1 (UNSTAL - TOUNBU 2568) 125
Vol. 20 No. 1 (January - June 2025)

AN 5 LARINUNNITELY

1.3 MsUszillunaunnnandunaynauy
AuasiInuddeUsyiduneaenivesaynew wunayluinswasuddeiivaiy

gaungiifiauay uaznauluwdsuudas uenanndflethayludelminiegUiunuiayinnisgui

v '
o v a

= ! v 'a v S &
wenmhuinfivnglununayludnisguiianiimely
auanuiianela ienegeumuianalaluiaiadasdiuig 25 au nuInsevay 98
= = ¥ o a Y ¥ ‘o g Ya v ¥ = =
flanalasniigaaunisiianuazenrmanty uagluvihlvilounansiu uagsesas 95 fswelaunniign

Tunduvazlvu wandulursednRmdsainnisty fenw 6

AN 6 @yneu



126 ) 015815367IN1S UKIANgdessinaasaad
-

Academic Journal Uttaradit Rajabhat University

2. NN9DINUUULATNAILIUTIYAON

ANNEINNITODNLUUALLULUTT A D asnuasuiFsuses AneyI9elariduns
Lﬁwd”aagaL%ﬂﬁ’mﬁ]mmﬁnwa%ﬁ’uL%’mﬁwﬁ%’g U v1uyne a4 ﬂfj:iJQ\ITL?U‘I&l’JGUnyﬂy’mﬂ’li@E]ﬂLLUULLaz
ciﬁ’mmﬁuhy’l ﬁﬁﬁ{ai"]wiyuuwmwﬁ'zyé’ﬂmﬁ Faudnwaiilve LLasUiﬁﬁ;.ﬁ’m% Weanasunisdeans
Younedts meuvudsenufianelafiiinosmuuuus Tnensasiiuiiivreyaiinizdds sune
f3se fwdarayd nnduinivednduiiladusndiuiamauuuus ssusivneulangnguid wane
TnenansoonuuUALLUUUITIS M 1 iWefinrsanadisrannufiselaainynngy aunsaagdla
il

21 MTeonkULUTIISMaINdoaUn msRauIuTTySumndealt wuud 2 unarsusu
amasuay Mood tone Tusuanunaninedss msusulngalaanisesnuuuiiulne quiuiiuiu
dlaamsssnuuuithiauegiiuiuainassma

22 NPBNUULUTIYIUIMGR MITHANIUTTIIMIGS LUl 3 msUfuanaisuas Mood
Tone nusuan1unnnIzass amsusulngalaansesnuuulalugiiuduainiss sina maifiuam
figudundnsdasmsfunRondsoonuan

23 MseRNUUUUTIYTIMAY msmuIUsTIAumay Luil 1 msuiuanatsuas Mood
tone TusuanIINAININIEAT: ArsUulvgdlpamssenuuulalng duduninisssme Usuiurlasay
vieiderlasdnysfigazeauly

= K = A Ve ! a Y 4 =¥ = ¥
ieunledaymnisdeasiilugdniduduaiunnaininizdds Jalaesnuuunmuszneuditely

vsvenanuiunsddsuuussydumiulug dsnm 7

soan
evea
red®
soes

>
Tl

aw 7 amdszneudnsuluiieusuenanuduinzddiuuussgium



UA 20 aUUR 1 (UNSTAL - TOUNBU 2568) 127
Vol. 20 No. 1 (January - June 2025)

WL wuuUTsadusanunad1sianuianelaainnnnauiiesves tneduuuimuilny

v v
1Y

AN 8 Mendinisiawuuussaunlng lavinisdisaannnuiianelanin 3 naufe nguLIUTIsy

nauUsErINTUINIEAT wagnquilnneaien lnelnaagusiail

s A05-2 uiTgtidindeaun wuui 2 urmuuuussytneindasylnl

BODY SCRUB

132N kIR

AN 8 ANALLUUUTIYTUIAE (huulnw)

Had1519ANRanalandnonuluy “usseiumnioall” FMUNAIUALRE BVBITEAY
anuitanalalulszinunuaudRiniune auauAniuueinaufiee1avia 3 naunun Ussiunuaudd
Ao’ a o o Y Ao oA o a o ' a0 A
liaadegen dmsuRmunsg Ao ussaiumnaulavgudu (4.17) audsennsinigdds aladvgean
TunuidgnysnlouuusTaium (4.46) wagdwiulinvesienliniaisvessyauaiuianelauin Tuises
ussyiundefvaiunauiilaaininizdds wasussyiung wasudndnvauninsinvesn1edds laevs 2

Usziiudinnadewniu (3.46) Tunwswanievesnnuiisnelesglusyiuuin (3.77)

W A06-3_ unaydualan wuud 3 Uunianruuuusidusiasin

N 9 ANFUUUVUUTIA NS (wuuln)



Academic Journal Uttaradit Rajabhat University

128 ) 015815367IN1S UKIANgdessinaasaad
[

wad1Tnnuienelafifinenuiuy “UsTAANIR” FI0W 9 TuUNAMALRABYBITEAY
anufinelalulssifuguanifanumag auanudadiuresnauiienieis 3 nqunun Ussiugnaudi
fiflnadogean dusuamuiiisy fo Mdnusilyuuussadum (4.23) suvssrinanedd nanade
geaalunudlsuuussyun (4.73) dwfuinneaisadaiedsvesseduanufimelainludes

ussgdunuaulavgudu (4.20) lunwsiuadesvesminuiiswelaegluszduuin (4.06)

Wi AO7-1_UsiRiinusteny wuui 1

Ysusimnnuuuussginsiay e

N 10 MNALLUUUTTITUMEY 3 gns (wuuln)

Had1T19ANURNelandinenul Uy “UsTTuNay 3 gas” A9 10 Tuunnuaeiey

vosszsiupufianelalulsziiuamaniinunie muanufadiurenausiieesis 3 naunu Ussiu

' ' '
@

GRIGRREATH

=

NRRYaIEn MTURIMUITST Ao aIRa18UUUTIYA UT (4.23) aruUseynsinizdds

A
Inanadiggeaalunudnlyvuussadum (4.85) dmsudnneauniiinnaisvesszauanuianelauin

Tuses vssadumuaulanguiu (3.53) lunmsuaedgvesanuiianeliegluseAuiin (3.93)

9
v s

AMNTINVBINITODNLUUAULUVUTIYTUNTY 3 nquniadum amisafganiuauls
nnquiinveafisdladusensd dnveafisagdnaulauassdnesnuBudu wasussydunalngainise

1Y

AodsaIuUNaANN AL AT

a a v
2AUTIUNANITIVY
o a o A v oa YA ! a a ~ oa % [
nsimukdndumindeansy devlvinfeiduaiunausenienyiaviddoulyluniswauun
a o ¢ - = A = N Y a 9 a
Handunaln WenidandelianuaziBeanefidennasiiuluiAnvesinsani ynsanie (2564, 1.114)
MelunsHdawaail uazn1sviANazeniy uenantindedilasnamuwiluiseswainsadelsa
auuwng nnsinidurilnadadaniinnunidaTui v vyt uaenaoei uLLIANYEIsUITY
Jungiln WazAuduY (2556, 1.238) uanINTNTHITTIEUIINNITANYIITEUNUTIAINTT MUY
nandaumaUlulsEmne LU aAsuNFedaRINlaIuNALINABNNTRLAYNENTUNIINTITUYIA WU §3AT

vueniniumauUssiananiuindednily lugnamnssuanuauivusluunisasayivlnesneliles



UA 20 a0UR 1 (UNS AU - TOUEU 2568) 129
Vol. 20 No. 1 (January - June 2025)

ﬁﬂﬁtﬁmLﬂumi‘ﬁwmmﬁmﬁm%mﬁaaﬁuﬁLﬁjué’mé’ﬂwa}uaa‘qmumwﬁﬁﬁum Fandn Sumiiamn
Juanla annsonoulangmafiuyanilundsfumladuesisd esnwanmsussdiunnufimelafila
mnmsviideuandmiuneianatasiinanedsndndunmuiunded lasevinlvaFeudeu uu ua
finduveniininourmssznamslyaula dslundnsuniaunaureiniudifiauaudilunsdiy
AnusFunein uazamansilunsHdnaaiviluiuagnszadla

TUALTDINATIUINIATHY AINNSANHIVIUNILIT TUNTIUNUINI AT TT0INeenans
Aloe vera (Linn.) Burm. f. ansddnlurumsssadiansnasindusaalsn (Polysaccharides) naneziily
(Amino Acid) keuns1A3luy (Anthraquinones) indeus (Mineral) 3mfiu (Vitamin) woulesl (Enzyme)
n3AdunIouazalsdu 1wy unuidu (Tannins) dlmosea (Plant Sterols) miﬁwﬁmiumiaaﬂqw§
mMandrine1venumsassUsznaunie dndfiiugu ansdidnyiioongniannsdniau A aloctin A,
Bradykininase lng aloctin A'lgudsnsdauasien prostaglandin E2 Juds nsiinasman Cytokines
FvlmAnnssniau laun TNF-C uaz IL-6 a2 Bradykininase 9z¥1ane Bradykinin @auduansitvinlu
waenden venefauasiinn1ssniau aisddyfieengnd Tunisauiuuna e Glucomanan fa1s
Acemannan #enszaunisiaiafiulavesieas Fibroblast uaynszn uN15aI19ABAAIIY A1sad ey
aaaqwé&wumamwaaﬁmﬁq Ao Aloe Sterols (Cycloartenol and Lophenol) mmmmm{umiagﬁﬂ
reaalaulndenna eafuLLIRATRSINING ANSnTes wazIniiey Imﬂﬁﬁqué (2556, W.113) uay
nMsUsufiulsyAninanenddnvenumassianansanunissniauresilslnaenaaesiuiuafn

¥83 ¥1lnsan1-ndlen (Zagorska-Dziok, 2017, p.86) lnyITeidonn1sHmLILIAIMUNINRTELYTUATS

k4 L3
va a o

asednanvallnyuruin1edds uenand nandumnayneu FedagUildnisndndaunAimuiuianiy

q

¢ aa &

ayulnslundadamiieaunimuinTuaennaeafuLwiAnreef Tuu ASIRYS wasALdUT (2564, 1.239)
NaATeTnILL Anuianelalunislendadamaanumeasea lngluanuguduneiinled elauis
WY NMSTUYIURERD wasllussadunfiasay nanuguiiuneily ann1sseA1eiAed aneIn1sHAUTedHn

v
LYY a

ndsduiauann vonaniidewalufarumuesnuzndanisly Qm%ﬁmiﬁyﬁau%m%a wazfindudilugu
quduly USunaiinewne fisneazidonvesnandom vilndanuunauleesnsdveddaydisiu 0.05
aamﬂganﬁuumﬁmmqmﬁﬁ BulanAde (2565, 1.18)
mnmsfnmaunginssuvesyuilaaillalagunimuasdoulondnfamiiunansssurfisniy
ﬁﬂﬁm%‘aaﬁwmmgulwsLLa%"ﬂtnﬁaﬂiw 70% ﬁ’uml%ﬁ’mqﬁumnayulwsnjuéauﬂizﬂau LAYAAIRAT
vouadosdevayulnsanasesunoidosuiisd 2558 Weisuiudiiniuun feiidunanindiuoy
éﬂsmaumﬂummmmﬁmLﬂ%aﬂﬁwaﬂqﬁmmﬁu LLaZﬂWSLLGZjQGﬂIUGT’]u3’1ﬂ1171I§ULLSQ aamﬂayadﬁmmﬁmaasqam
Winwyns warunITIA ANIYINY (2560, 1.594) Lw{aﬂaﬂ'mmmmagagﬂmﬂé’uLﬁmﬁunﬂﬂ @"L@i”mﬂ
aﬁuuﬁqmimaﬂmaaagfﬁyau fusnussavladail 1) aﬁagulws 2) agé’m%’w}m 3) aﬁﬁaqmmwm%‘a
ayanide 4) ayifionnuny 5) aydin Faunauwuinmsmaavesayneulssianayayulnadinisvensd
Wi ussremoifios Hudaund 2555 wafu 24% aulud 2557 faruuvinisnainvosayauulng
Wity 33% wasduuluufidnaiuanfinaniudos vsedusmyundnunanwginssuvesuilan

= o A ::4'

fwdsuwdadly ilnduniddudideniivunwauneseaduayneuiiidudndnvuvewniedds

HansUsTuNAR S umay AN unn eraradasarulvguseliunainisaiauazenidala g

Aaluwnansundnisle Medilasnnluaiunauysznouniasanniumease Nnauyuiun ol



o

o

o

Academic Journal Uttaradit Rajabhat University

130 ) 015815367IN1S UKIANgdessinaasaad
L=

v

#8951 wheaadAsUIaIUlveLANBLULIS99RINAUINIURARY Fan1esiuaIdulasuns1ukaziun

U

wnlvuSudsslaenisiiivdnaiuvesimenlugns

A3UNaN15738 uasdalauauus

MnnsRAIHARSuMeT 0sd1919 Taun 1nF0aATY, WATLMNITILLY LAYAYNDU TBITNTY
Tulnsuneinzdda faminvay3 anunsatiunenssfugunmyessdnfuniaiesdioaioidusndnual
YOIYUTY UaAINAA WA UNTNGIINNIA UaraINNITNAdEUALAINU AR uaz Aty
yuala venvnimastannusTatusimnsmunnuroInsvematn dWuanuuly Asgala daunie
wntu Pudswdnsunannsodilumeneslvgusuiiendslunssmune viewaunnesenlalusuan

Fauauuzlunisimansidglulduselevd

1. guyuannsadindnSueilaluimuinesoalueuianlasas 19unsg1unaedn way

nsnageulaglauinisaueIde vseauenaaeulANIfTIIL TINEINTATIUUTUA AEBAIUNTTUNZITEY

N

y3ofuanuas iioifiuyan uarauundedelnannsodndinunslalusresend uasasmnguoniiui
GRFELR

2. guyuansnsailumesenlunsassauaUsysiguey wasifiuselalniuueulaass

toruonuzlunsiideafedely

1. fnmsianngessdnsumiedosdion laun indoaniu, wannumnesag uazayneu lunudug
Wity wasdinmeaeuusyansnmuemantuemalyeswaliios

2. Windunguuszanaidminslunsifvreyalndsuiumnd u iefiuussleviuay

ANMUULTDNDUDIUITY

NARNISUUTZNA

HIT8veveUANIMIINgIRYgIAATMAnY Tivn1satuauunulun1sidy uagvoveunMyuYY

o [

WAUIaNIZats dneiniedds Jwmdnvays wazenaadasnnvuninnisatuayunisideluasail

LBNE1591984

3N Iinwyms warunssa aanyine. (2560, 17 Awnew). nsuvingugldayiourimauazenianie
Anananayulnslaglstasenunslonanins luansanmumues [msthiausumalul. 13
Usgguinauanan e seaudadindng adaii 12 Onnsdnmn 2560, UauhinIngnay un13ingnay
F9de.

fivnng Avdn13ey warinufiy Tvaddunyd. (2562). nsfnwUsEAvsraTeIMIIRANUMITTTIUNS
$Nw13250050UNNIAN. 2958750 SUNNEUAE TN IFIERTFUNIM, 26(3), 113-126. https://he01 tci-

thaijo.org/index.php/jmhs/article/view/231295



UA 20 a0UR 1 (UNS AU - TOUEU 2568) 131
Vol. 20 No. 1 (January - June 2025)

s Sumziln, nusvun aeuled, undnle AR, uazionna aunaw. (2556). MsWRULNEeTRRTIASEL
PNNAONTLA. 15T TNFUMIaNToa14, 9(1), 236-239. https://he01.tci-thaijo.org/index.php/
[JPS/article/view/7780

fvsan ynsanude. (2564). m3nwindedusnignsudssundndumindoaiieAanssunisoudien
Lﬁaqmm‘wimaiﬁgﬁamisumsﬁéau%amawmu: gLnevNvziade Jmiauasvdin. 275975gm5
U39jAid, 35(3), 114-131. https://s005.tci-thaijo.org/index.php/DPUSuthiparithatJournal/article/
view/251899

o

a51a1 duilanasy. (2565). AUNaNelave I UITNAREIIUNINATHLUNBLLLAAIN AT YAVETAUAR

8

ﬁquﬂuuﬁmmmawau ﬁwammmﬁyﬂﬁﬁw UNeLlRY IMIANYTYS. 27957959ATTeuaz TR, 4(4),
18-30. https://he02.tci-thaijo.org/index.php/JMARD/ article/view/257058

a¥oTTu AaTunan, 13 2evunm, wassniana Fofml. (2566). MsauaiusndnuainToiisndiemng
Sneuazs Swinvans. :15msmsuUSmsdiyenauaz LI ssIiasaY, 9(2), 119-130. https:/
so04.tci-thaijo.org/index.php/jsa-journal/article/view/258622

oY A3ues, 3R Fseian, Q@mﬁna‘ e, uawiely wutum. (2564). ai__j:;m . ANSELESIANS
ﬁwa’gﬂ’mmﬂ%w; ‘qmuﬂﬂﬂuum Wﬂl‘ﬁ 6 duanTLlan SUNONIUNAT JWIAUATAIEITNTIV. 273475
AIMENTIVING UMINEIAETIVINTENTIE, 6(3), 239-259. https://s005.tci-thaijo.org/index.php/
jeducrru/article/view/255255

Health Sciences Authority. (2025, January 16). ASEAN Cosmetic Directive (ACD). https.//mwww.hsa.gov.sg/
cosmetic-products/asean-cosmetic-directive

ICH Guidelines. (n.d.). https://www.ich.org/page/ich-guidelines

Zagorska-Dziok, M., Furman-Toczek, D., Dudra-Jastrz€bska, M., Zygo, K., Stanistawek, A., & Kapka-
Skrzypczak, L. (2017). Evaluation of clinical effectiveness of Aloe vera — a review. Journal of

Pre-Clinical and Clinical Research, 11(1), 86-93. https://doi.org/10.26444/jpccr/74577


https://www.ich.org/page/ich-guidelines
https://doi.org/10.26444/jpccr/74577

10

NMINAUITTUUNSENLETUNTRE WUV IAUEINIY

Toen153dIusuvINIARTBYIY

T3 : 23 gy 2567 whas duwdw’, g8 Auuda’” uazassh adwmad’

Fuitudla : 10 ey 2567 'AaigIvenmanswarmalulad unIne1desvdgansing

Sufimousu : 13 domeu 2567 o o F
ﬂﬂﬁ/‘?ﬂ@q@]iﬂ(ﬂﬂ

*Corresponding author e-mail: sunee 26@uru.ac.th

\‘f&’“ UNANEYD

mﬁf{'fﬂL%nﬂﬁﬂ’amﬁﬁ"’s'mqﬂizaaﬁLﬁ@ﬁWiﬂisUUmiﬁﬁLa%:umia%aémeumsasﬂhlwﬁ’u%mu
aufelsnsiausinveanifinions uasiaiuamalaauannsnveaunuitlunisduindaussuunis
anaiunisey amiuvesnuante nauilmnewdusuaufoUsznaun 1y geeny Jovhauuazienisu
Tnednidonuuuiatzas nauioas 10 au 13w 30 Aunofiud lufufisiuaUiien sunowdes iuanegy
sunefidy Smingasfng duaafeds dualveTau suneda Smiauiu waziuanussasly
Fiauns S1uau 150 Ay ImEJmﬂﬁzj”ui’mﬂiiMﬂ'ﬁaeﬂJimﬁwﬂamuami’a A@ SIDASES (S = Situation,
| = Information, D = Development, A = Activity, S = System, E = Evaluation, S = Share) sgggiian
fduns 1 7 wdesilen1side laun LLmﬁmmﬁqiﬂiqa';wu,asLL’U’UUﬁsLﬁuamiauwﬁ’mﬂﬂ;mu MITY
fuvseenidu 4 seez laun 1) szomeiouaumsen 2) szovdudunuimwdnenin 3) svezdsuiueg
0) syvzazviouna Tnglamsliamemienn wanside wumn ﬁz‘U‘Uﬂ’]i?ﬁLﬂ%uﬂ”lﬁﬁ;’]QGTULLUUﬂ’]i’PJQJ‘S"mﬁu
vosnuanufelensilaiuruveanidiaienis Ussnauais 7 Tuneu Ao 1) mawisuanumsey 2) 13
3LﬂiwﬁLLazé’ameﬁﬁaaﬂa 3) MINAANgNWLAULNTNTY 4) miﬁmﬁamsumﬂ%‘aug 5) M3idonauy
ﬂﬁ%’mﬂﬁﬂ’smgl,l,azui’mmﬁm 6) MUszidiun way 7) AVouNa nadwsTiiady e Lﬁmmm‘mmgum
winnssugriluniseg uuvesauau oz auiuuiunguuu Tu 3 dnvae lawn (1) maduiedeu
Aanssuauauislasyrainslu aun. (2) mssﬁ’um5auﬁfﬂﬂiimumﬁdmgﬁmmu (3) Msduindou
ﬁﬁmiimuam‘iaimEmejmﬂuﬁ’wgqamq LLaziﬁyLa'%ma;N%mm’mmmmmmLmuﬁwﬁﬂﬂ;ﬁmuifﬁmﬁgmu
25 AU fianunsndemsuazdsranunuiunquauau e LLﬁSﬁﬁ’)EN’]UﬂWﬂ%JjLG; annsatuindeufanssy
vosauauiela mmamﬁwamaﬁmmgumﬁmms%’um?{aumn%ujuﬂuami’aiﬁ LLazLﬁmﬁuﬁmiﬁsug
yoaAua Ty 5 Wi mﬂmamﬁﬁm%&ﬁmmsaﬁﬂﬂLﬁuLmeqmwﬁwLﬁumwmmjmmuﬁﬂu@mu uay

Adda

PUILNUNNYIVBILUASTUPRBUUYBIANEL TETuNWANTIUS UNTnaLAe ey

ANEATY: NTAESUNTRYTINAY, AUANTY, N15TlaIUTIY, NAKTEUY



UA 20 a0UR 1 (UNSIAU - TOUEU 2568) 133
Vol. 20 No. 1 (January - June 2025)

DEVELOPING A SYSTEM TO PROMOTE THE COEXISTENCE OF PEOPLE
OF THREE AGES THROUGH THE PARTICIPATION OF NETWORK PARTNERS

Received : April 23, 2024 Padetkan Kancham®, Sunee Kancham'" and Jongruk Duangthong’

Revised : August 10, 2024
Accepted : August 13, 2024

'Faculty of Science and Technology, Uttaradit Rajabhat University,
Uttaradit, Thailand

*corresponding author e-mail: sunee_26@uru.ac.th

\\;;!;‘\’\, Abstract

Action research design aimed to develop a system for promoting of a model for the coexistence
of people in a three-age group through the participation of the networks and strengthening the capacity
of the leaders in driving the system to encourage coexistence. A sample was selected from a three-age
group consisting of elderly representative, working age representative and youth representative, by
purposive sampling, groups of 10 people per age group, a total 30 people per area. Community network
in the area of Pasao sub-district, Mueang district, Korrum sub-district, Pichai district, Uttaradit province
Jedeechai sub-district Chaiwattana sub-district, Pua district, Nan province and Nongmuangkai sub-district,
Nongmuangkai district, Phrae province, a total 150 people. By using innovations for coexistence of a
three-age group name is SIDASES (S =Situation, | =Information, D =Development, A =Activity, S =System,
E = Evaluation, S-Share), 1 year processing period. The instruments used include semi- structured
questionnaires and community innovators competency assessments. This research was divided into 4
stages: 1) Preparatory stage 2) Performance development stage 3) Evaluation stage 4) Reflection stage,
by using content analysis. The results of the study were as follows: The promoting of a model for the
coexistence of people in a three-age group through the participation of the networks consists of 7 steps:
1) preparation 2) data analysis and synthesis 3) developing the capacity of the leaders 4) organizing learning
activities 5) integration of knowledge management and innovation 6) assessing the outcomes 7) reflection
of results. The result revealed that has knowledge and innovation of the community in promoting the
coexistence of people in a three-age group three characteristics is (1) a mechanism to drive the activities
of a three-age group by personnel in the Local government (2) Community leaders (3) Elderly leaders.
25 community innovators who were developed to be able to communicate and coordinate with people
in a three-age group and government agencies, can drive the activities of people in a three-age group,
able to transfer knowledge and concepts to drive leaming for people in a three-age group. There were
learning area for people in a three-age group in 5 areas. The results of this research can be used as
a guideline for the community leading groups and relevant agencies to drive the activities of a three-age

group in areas with similar contexts.

Keywords: Promoting coexistence, Three ages, Participation, Network
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\\;;!;‘\’\, Abstract

The objectives of this research were to develop seasoning sauce and seasoned squid
products, examine the sensory qualities of product, and evaluate chemical, physical and microbial
qualities of product of Koh Sichang in Chonburi Province. This experimental study initiated with
developing 3 main recipes of seasoning sauce by selecting the proper ingredients and testing them
for sensory qualities of the product from consumers and then developing it into seasoned squid
product for the community. The results showed that the most accepted community product by
consumers is recipe 1 (Aji-mirin: Japanese soy sauce: coconut sugar: roasted white sesame: garlic:
black pepper: Korean chili = 37.4: 34.2: 12.2: 6.0: 6.4: 1.0: 2.8 by weight). The overall liking score of
seasoning sauce product was over 7.00 (on a 9-point scale) within positive acceptance (91.67%).
The physical qualities of seasoning sauce consisting of water activity (aw) and pH were 0.80 and
5.27, respectively. The chemical compositions of seasoning sauce including moisture, protein, lipid,
ash and NaCl contents were 54.78, 5.30, 1.03, 4.73 and 4.44, respectively. The physical qualities of
seasoned squid product consisting of water activity (aw) and pH were 0.70 and 5.54, respectively.
The chemical compositions of seasoned squid product including moisture, protein, lipid, ash
and NaCl contents were 70.05, 18.94, 2.03, 5.29 and 2.10, respectively. The microbiology quality
of the seasoning sauce and seasoned squid product was found to follow the standard on the Thai
Community Product Standard for a season squid product. Outputs from this research had potential
for adding value and variety of products from squid (the local ingredient of Koh Sichang in
Chonburi Province), and increasing the income for the community in the area of Koh Sichang in

Chonburi Province.

Keywords: Seasoned squid product, Seasoning sauce, Product development, Sensory evaluation
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goaUstsalvdonnnsgnasuudiavinasauniinazgn antuadndunvinusssaiilasmagon

a o

AN maATinEnIn uargduvruiivdsinanata Tnefineasdeadmelud

3.1 miﬁli’J’\]ﬂEJU@mﬂWWVI’Nf;WULﬂﬁﬂ’]EJJ’Y]‘IN UsznoumeUinaantu Yiunalusiu Uina
Ty Uananan YSmaande an pH wag Uinauhdasyluewns (a,) neswazideauanssave 2.2

3.2 m’ama%auqmmwmwﬁywua;a%ﬁwm TneseasiBenuanidae 2.3

4. NMFAATITATaYANINEDA

mﬁmiwﬁﬂya:ﬁamamﬁLLazmsjmwﬁwLﬁumsmmLmumimamﬁﬁmiejmasjwamyizﬁ
(Completely Randomized Design: CRD) Im81%Iﬂ5LLﬂiuﬁWL§%§U1uﬂﬂ53meﬁmmwiﬂiau (Analysis
of Variance: ANOVA) iiteiU3suifisuauunnanesymnsanadalngly Duncan’s New Multiple Range
Test (DMRT) #isvsiumnudeshusesas 95

mﬁwmzﬁ{ayjamqﬂizmwﬁuﬁaﬁwLﬁumsmmmumsmaaaquﬁﬂuuﬁaﬂawsd
(Randomized Complete Block Design: RCBD) ImSI%IUiLLﬂimﬁwL?ﬂgﬂiumumwﬁmmLLUiUﬁau
(Analysis of Variance: ANOVA) iiteiSsuifisuanuuanasvesaadslagly Duncan’s New Multiple

Range Test (DMRT) fiszsiumnudesiusosay 95

NAN33Y
1. MswanAniusigasinweaUesa wasvaseunseexuMeUsEauduiEvananfasl
ﬁwaaﬂysa
Tumﬁﬁmmwﬁmﬁm%gmﬁwaaﬂqﬁaﬁﬁmsﬁmﬁmﬁ’m%ﬁwaaﬁﬁaﬁgﬁ 3 gnT UMAEDY
nsgonfumsUszanduda TnevhnsUssiiiunndnuazusing @ nau savd ileduda uazanumey

TAe5IM A991579 2 nuHAnSunIgeal esane 3 gas lwilanuuanaiaiuendivediAynisada
(p>0.05) Aiszduanutedusosas 95 Tunudnwardsing & ndu wazileduda Juandlviurudndumn

Y

uweaussdalafunseausulnafissiuainnauruilaa esnslsinulunusanivazauveulngsiy

[

nudANuuana1eiues 1l dedAyn19ada (p<0.05) Mseauauedusesay 95 lnggnsn 1

o

JA1AZLUUNNTYOUSUNNUSEAMEUAFFIEANIIAUTEYR LagANUTeUlgsIUNIAY 7.22 LAy 7.32

Y 9

AINAIRY LAzt oNNTUIINAIALLUUNITEOUTUTDINAATUN NUIHANST UMY 3 grslasuaziuu

n1sgausuagluszauanin lnelinn1sgeusuang uslnauInnI15eeas 80 Tendndmungnsi 1
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finnsvausuanyuslnauniigasesay 91.67 sed9auA0gAsh 2 seuay 87.50 uazgnIn 3 seuay

83.33 ANUaAU

A5 2 HanInAdeUNsUsTEMANavesmanAumiweaU3esd (n=120)

NAnSuMhgeaUIa

AnweNUTTEENNE

ansil 1 ans7 2 ansii 3
anvuzUsng ™ 7.62 + 0.55 7.73 + 0.53 7.55 + 0.60
an 7.55 +0.27 7.50 + 0.61 7.59 + 0.70
nau ™ 7.45 + 0.30 7.38 + 0.52 7.40 + 0.64
AR 7.22° + 0.34 6.65° + 0.37 6.78° + 0.24
dleduita 7.03 + 0.40 6.94 + 0.50 6.84 + 0.38
AN ULAE TN 7.32° + 0.30 6.72° + 0.57 6.20° + 0.55
MsEoUSUNARTD (%) 91.67 87.50 83.33

e wanwarduaede + aaudosuunnasgiu
2 ALRATININAILENYILAAIAINLANA BT A AN 19ERRNTE AU p<0.05

# gngnslvanawuy (u/lula)

2. managauAANTAIi AT N wazqBunIsuaskAnsusiiivenlyesd

NANNTIATIZAAAUAMNIALAT NN UsgnauneUTunadasrlueis (a,) USun
Ay marsiunan-ns (pH) W Tudu 100 wesUinaunde uansimnss 3

PINMTIATIZVAN pH Uiy was Usinanhdastluems (a,) YoHARATNTed
Usssanungasi 1 fla pH iy 5.27 USuuennutusenay 54.78 uazan a, iU 0.80 Largmsi 2
flen pH WU 5.60 USunaupnutusesaz 55.16 waran a, Wiy 0.83 LLazqmﬁ 3 §lAn pH WU 5.65
USinanudusenay 50.95 waran a, Wiy 0.85 Tnerdnsumi 3 grstimnuunnasriueesifod iy
meadd unoeslafiniuan pH uar a, Alaidulummnaenuasgusdadunivealgasaiismualy
(@rinnuannsgrusdadaungaanss, 2549) wnandilaluiduluaanaeuasgiuiismueilungs
LLuzﬁﬂﬁﬁIﬂﬂLﬁaqmﬂmsﬁmumﬂ%ummm%uiuaﬁmﬁwﬁwﬂssmumﬁwﬁmLﬁuﬁlqﬁﬁmtﬁaﬂsxﬁu
QmmwLLazmmﬂaamﬁwawamﬁ’m%ﬁa@ﬁim ﬁﬂﬂj’;Uﬂ’JiﬁﬂﬁU%JUﬂiﬂﬂmﬂWWLLazﬂ’J”liJUaEmﬁEJ‘UEN
pnslvmnzaudian

lovnhwoausssatia 3 93 wileneruTinalusiu vy .01 uazU3nainde wum gas
1 fanfusesas 530 £ 0.12, 1.03 + 0.05, 4.73 + 0.25, uaz 4.44 + 0.11 MUY o iudnamngns
7 2 fusinadlusau Tusfu 100 warUSunannie winfusesas 5.21 + 0.21, 1.12 + 0.04, 4.69 + 0.28 uag
4.67 = 0.05 sruddu war wARfangRs 3 Sutinalusiu lutu 101 wasUTinaunde wndusesay 5.45

+0.10, 1.23 £ 0.11, 4.72 = 0.10 wag 4.93 + 0.12 AUa1AY
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M99 3 AuanTAMLalineneHAR uNUITeaU A

- NANTAATIEN
ABEALUR — - -
’sj(ﬂiﬂ/l 1 ’sjﬁ]i‘!/l 2 ’ejiﬂi‘l/] 3
manudunsa-ua (pH) 5.27°+0.01 5.60° + 0.02 5.65%+0.02
Uashdasyluems () 0.80° + 0.05 0.83°+ 0.01 0.85° + 0.02
USanaupnatiu (%) 54.78"° + 0.22 55.16° + 0.20 54.95° + 0.19
Usualuseiu (%) 5.30° +0.12 521°+0.21 5.45°+0.10
Usanalusiu (%) 1.03°+0.05 1.12° + 0.04 1.23°+0.11
USananan (%) 4.73 + 0.25 4.69 + 0.28 4.72 + 0.10
Usuaunds (%) 4.44° +0.11 4.67° + 0.05 4.93°+0.12

VHUNR: LLﬁﬂ\‘iWﬁL‘ﬁUﬂ’]LQﬁU + mmﬁmmummgm

° W

2 g RAININ UL BNYIUANIANLANANEE 9T TEd AN 9EDATITEAU p<0.05

HANITILATIENAUNIMNIRaTITNeT lawn UTuagdunsesianun (Total Plate Count),
Coliform Bacteria, Yeast and Mold, Bacillus cereus Wag Staphylococcus aureus WinthuUseuigu
funinsgiuvesdinauuinsgiundndungaamnssy (2549) $eadgealgesd waslududiued

o a

ANANYULYDINEATUNUIRAUTITE AT 4 NUIWERAMNUIgeaUTITANT 3 gns JUTuMRAUMTY

q
o

WLAAY 6.5 x 107, 7.32 x 102 wag 7.08 x 102 lalailnensa aud sy waswuuSunawes Coliform
Bacteria 48n21 3 MPN/ 1 ¢ U3una4 Yeast and Mold weena1 10 Talail mesesns 1 ndu wazlunuide

Bacillus cereus Waw Staphylococcus aureus TUNGASINTA 3 ans

M99 4 AaNTRNaTVIngvewHAndun1veaUTITa

AnaLTAvIqAuYSe NAMTIATIEN 11ASFIUNARUSTgRAN T
qmﬁ' 1 qmﬁ' 2 qmﬁ 3 (wen. 8-2549) L%E]Qﬁ’l“d@ﬁﬂ'z:ﬂiﬁ
Total Plate Count 6.45 x 10° 7.32x 10° 7.08 x 10° < 1x 10" colony/1 ¢
Coliform Bacteria <3 <3 <3 <3MPN/1g
Yeast and Mold <10 <10 <10 < 10 colony/1 ¢
Bacillus cereus ND ND ND < 100 colony/1 g
Staphylococcus aureus ND ND ND Tunuluseens 0.01 ndu

viangwe: ND fe luwugdunse

a o ¢

3. MINAWIHAASRINTNUTITAUAZNITNATRUAMMNNIIULALT N8N wazgAUNTEvas

CREHI
NRaNIINageUNUsEaImMdulaveIndnduniivealssanuuvealjesagasi 1

Wuansiilasunissensunnguilnauiniign Fdladinsuniweausasad 1 inawmdasunuinuyesa

~

AN 1 UAIATIENAMAMYDINAAAUNNNANUATNILNIN LaZIEUNTY AIAI19 5 NUIWEAS T
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niinUgesaiuTunmnnudy Usunalusiu Tufu 100 uasUSinainde windusesas 70.05, 18.94, 2.03,
5.29 uag 2.10 ANEIRU dIUA1 pH uaz a, WY 5.56 uaz 0.70 AU UONIINANANITIATIZN
I TURAUNT IR WUIUTIaNTeqAunIs ARy 19.45 x 10° Taladnensu Uiuiames
Coliform Bacteria 488131 3 MPN/ 1 ¢ wazU3unal Yeast and Mold weena1 100 Taladl nefaegns

115y

A 1 uansmandumihgeaUsagesi 1 wagkandunviinUsesa

M1319 5 AnautavnaeiinmenmuesnandunviinUsesa

AALTUR NANITATIZN
aaadunsa-ang (pH) 5.54 + 0.05
Vsinahdassluonms (a,) 0.70 + 0.10
VSt (%) 70.05 + 0.05
Usuaunde (%) 2.10 +0.20
USuaulusiu (%) 18.94 + 0.10
Usunadlusiu (%) 2.03 + 0.15
USuanan (%) 5.29 + 0.05
Total bacteria 19.45 x 10°
Escherichia coli <3MPN/1g
Yeast and Mold < 10 colony/1 g

B uanssatiunLode + mmﬁ'aamummsgwu

‘3\%’; 2AUTIENANTIVY
ﬁ]’]ﬂﬂ1iWGN‘IJ’]E,jﬁl51\’451‘UE]Td‘LJiqﬂiﬁﬁ’]M%Umaﬁﬁm‘ﬁﬁﬁﬂﬂiﬂiﬁﬁgﬂ 3 gn5 warynnIAdeUNTYRNIU
MsUsEaMANTEveIHANSTN NUgasH 1 ﬁﬂ"]mﬁaaui“umﬂ;JU%Immﬂﬁqmyaaaz 91.67 509094
Aognsil 2 5088y 87.50 uazgash 3 ou8Y 83.33 MudiU §awavanIsseNTUTaINAN S LN

o

fianudonnaseiuauideves wse3en 351e (2548) AlaAnwvinsndnveaiinlgesd 9INN3ANEINUIT
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q q

A o

yaadffiszduadeliusesay 95 uarluumnaafudowieudioutufosnmnansnuagaandumn
filafinduiad udund wanizgenindnuos uenand damnuaiauiseileds Yes or No Scale
Tunsinwinisseusumelszamduiavewanfamn1a 1wy 20aanes wazaudug (Walker et al.,
2010, p.32) Pladnunisuonsuresrandumwosiunlusudluiithmaiussneumelusauandumies
fifyvaaeuduianua 140 au A28 Yes or No Scale 9nn1sMARBNUINARSUNLATUNTTBENIY
mmjﬁimqaﬁﬁyaaaz 65 WALIUITYYDY NNFUN LLazﬂu’?ﬁ'uﬂ (Taksima et al., 2015, p.435) TpAnE
nsveusureskAnSumlaiRmwoandadidiynaaeuduianan 130 Au A28733 Yes or No Scale wagwum
yuslnaseusunandumgsiesosay 86.21 Tnuguilnalunissenfundnsumgaiesnidesdadun
fauusznevvesasLoanueusudeiiustlevinosane uazauideres anafm wndun uay Audun
(2566, 1.50) ladnwmanissensundndaniagnuandoilngligeundsuuaseriing “gundauni’

A78735 Yes or No Scale wagnudyuilansausundndungafissovay 100 lagyuslaalunisuausy

N

wAndungaiosnidndamisanafia ussdeiuiinislageundsuuaseriingilvndnfanazon
luimdtounsviunameisraiu

KansIATERAuAIININAT LaEN BN THYDINEN S 1w UTTa UIWERSegesT 1
fimn pH Wiy 5.27 Usinaeanafusesay 54.78 uay A1 a, iU 0.80 LLazqmﬁ 2 §ian pH ity 5.60
U3mannudusesay 55.16 uazan a, 1AV 0.83 uazgasi 3 fia1 pH 1ty 5.65 USinuaudy
se8ay 50.95 La¥A7 a, Wy 0.85 mﬂwamﬁmeﬁ%Lﬁuimyimﬁmﬁ’msﬁifwaaﬂqaimﬁa 3403

fMANTY wazan a, Muanasiueyeildedidgynieaia Wewinuaazgniddnaiuvedisy uazdion

'
a

Guiumnmaiy Imqmﬁﬁﬁméawaa%éjazﬂijummns’ﬁu’umémﬁmeﬁﬁ%ﬁm a,, Mnntunlume desnn
1u%§yuaj1iuﬁmﬁﬂiznawaaﬁwa&ujmm’;‘wﬁ%u (ruzdifufiosniaiiiuiuazuoanases) sondlsia
afilaninnisieneidulumunumunnsgiueomstmuaiidan pH 5ema19 4.5-6.0 U3umnudu
wazUFuanidassluems () maamﬁmﬁm%ﬁwaaﬂquaﬁ% 3 qml,ﬂuiﬂm’mmm%mm‘gmmﬁmﬁm%
ﬁwsuaaﬂ§aiaﬁﬁwwum1€ (FrinnusnasgIundndumgaamngsy, 2549) Gsan pH uazan a,, Tundnsdiom
osinaneninUjAzend wazmsvhauveseulwinaeniunisdudmieszaonisasaivia
v099AuNn3e (quam Twudug, 2505) waznanisiesznuiinalusiy luf 1o wezusinunde
YosoaUeTans 3 qns nurdennaestUruIToresqunsIius Tanednumay uazy Ay 4930
(2557, 1.430) ﬁl@?ﬁﬂmmﬁmiwﬁﬂmmwmamﬁmm wamﬁm%%aﬂiasaqmﬂsL.Wi'm’mﬁwﬂﬂﬂsﬂ uay
WuwWARSunUSIalUsAL Tus 101 ANLTY wazUSINaNEe WU Sepay 5.20, 1.41, 4.79, 53.80
LAY 5.53 MWAINU @IUHAAT a, WAT pH MNAU 0.841 uar 6.39 uavaLITeveswgs vug uaztufiun
ATIRIuna (2564, u.114) 1ﬁyﬁwmwﬁmﬁ’m%%aﬂqﬁammTﬂLLazﬁﬂmmﬁUizﬂaumqmﬁ LAZNUI
wanSusiilaiuiinalusiu lusfu 1 @ule wazanslulewse sovay 3.66, 15.04, 13.20, 332 uay 24.46
ALEINU uaﬂmﬂﬁé’awuiwﬁmmlﬁwﬁLﬁﬂ%ﬂumﬁmﬁwﬁtﬁmmmﬂmm@ﬂ%mmmé‘aﬁﬁaﬁumﬁmﬁm%
Squﬁmmmyﬂuwamﬁ’mﬁﬁ%Lﬂué'hﬁq%ﬁqqmmwmadwamﬁ’mﬁﬁfm (fi5en %’mmﬂuuﬁ, 2554) NNV
ﬂ'waqLéu']qaﬂ'imﬂaﬁ%maﬁaiwawﬁmsﬂaamﬂumigwﬂjymﬂummﬁfu i Hu Ay vide vie Luan

Fepranadulaiiaisinanuareinuanlufns s lviswuunwanlun1vinwmg
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KANTIATIZIAMAMTNaTTInen Taun Usinuqdun3oviemn (Total Plate Count), Coliform
Bacteria, Yeast and Mold, Bacillus cereus Wwag Staphylococcus aureus wuiwﬁmﬁmﬂﬁgn 3g99
Tawnmsgruduluninaumd vl aennassiveidoves ug vug uastuiiun faviauga (2564,
1.114) laWauwdn funveaUsasaandnuas Ainwamn MU n S uevIn 1 gAuN3s Lagnu
WA S Waula SUTuugdunsesianun 3.0x10° CFU/g waznsaaluwuaes Coliform Bacteria
uay Yeast and Mold Fepnitlaidulunufidrinnuinasgundnfungramnssy 13es theealgasa
faausla (ﬁwﬁﬂmummgmmémﬁmaﬁqmammm, 2549)

KANIINAADUANNINYALIATINNENIN UarBUNIEvINARSaMTnU 3958 WU RER e
wilnUgssafiuTnaanutusesas 70.05 Usanalusiusesay 18.94 lusfusesas 2.03 10n5e8az 5.29
USnaundesesay 2.10 wagHansinwian a, uazAmAmALAUNIsvesHAnSumnuILTuluay
dfnauansgTuRdndusgaamngsy (2553) esaniinUsssanseuuilaa Alafuualanen a,
yosuAndunnosluiu 0.70 Usuugaunisnmuanasluiu 1x10° Taladnadiesns 1 n¥u Coliform
Bacteria #n09ua8n21 3 MPN/ 1 g Way Yeast and Mold nedlaiu 10 Taladnesesns 1 ndu wenani
famunaranutunsn-ang (pH) Tundnsuneisiinanemaiaujisoneiiuasnsvihauvesoulss

naRnIUNTSugmsevranIsasyiulnveaunsele (aunmn Jnudug, 2545)

A3UNaN15738 wazdalauauus

miﬁ’@umwﬁmﬁ’m%ﬁwaaﬂqwaLLawﬁﬂUqaia mmmaﬁnmwviwqmﬁwaaﬂzaiaﬁlﬁy'iuu
nssavsusniignainguilag Ae gusfl 1 Fedusinaves f3u: FBadyu: tmaugnsna: Al
nszifiea: winlne: wininwisesas 37.4: 30.2: 12.2: 6.0: 6.4: 1.0: 2.8 (neriniin) wdnsusniweayss
iﬁﬁiﬁ?ﬁ]’]ﬂﬂ’l‘iWGNU’]Lﬂjuqmiﬁifﬁ%uﬂ’lit‘JE]iJ%J‘Uﬁﬂ;EJEJaS 91.67 flavhluliaTiERAmAMIIAILNIATN
Wu31dAn a, WU 0.80 wazga1Audunsa-a1e (pH) iy 5.27 dwmsuesadseneuniaad
puarty Tusiu Tudu 10 uasdSinanndevesmdnsumgoausssadamifusosas 54.78, 5.30, 1.03,
4.73 uay 4.44 9UAAU Lﬁaﬁwaaﬂqaiaqmﬁ'éu’%‘[maauﬁ"umnﬁqmmﬁ’wu%ﬂuwﬁmﬁmsﬁwﬁﬂﬂj‘ﬁa
LAYILATIZNA LN TNTBSHART LN NUIIAAATNINIALNIBNTNTBINAR S udnUg9sa Tan a, N
0.70 uazArILTUNTAANS (pH) MIfY 554 asaUsznounaadinuaudy Tusiu lusfu 101 uas
USunaunae suaﬂmémﬁm%ﬁﬁﬂﬂqﬁaﬁmwhf‘ﬁ’uéyaaaz 70.05, 18.94, 2.03, 5.29 kay 2.10 sua1fu d11su
@mmwmwﬁyﬂuqaéﬁﬁmswaamﬁmﬁmsﬁfﬂ%aaﬂwsaLLawﬁnU;aiawuiﬂLﬂjulﬂmmmmg’mmaaﬁwﬁmm
IATIUHAR NN TIY L%iaqﬁwaaﬂsqasa .. 2509 lasnuala

Farauauurlunisiwanisiselulduselevd

v '
o a

1. maanmaideiidunmsasyaniiulviuingiuvesdu fe niindsegluiuinizdds Jamin

Yaus waziiuanuarnvatswazuUanlmlnduwyanuindieidumadenlnug Induguslon

2. @11130018M8nIAANT IAUTNTsuTadlsussun1wdde wagyiuuluguyun1edd
naulaiedmunedsnisaneld

v o a o g’l 1
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Abstract

The objectives of this study were to develop an annual water accounting framework and
analyze drought-prone areas using the WEAP model under five different scenarios at the sub-district
level for the Lam Chiang Krai River Basin. The study focused on the non-irrigated Lam Chiang Krai River
Basin, Thailand, with analysis conducted at the sub-district level. Key research instruments included a
Water Accounting Framework and the Water Evaluation and Planning (WEAP) model. Secondary data
encompassing meteorological, hydrological, land use, crop calendar, and population figures were
collected from relevant government agencies. Data analysis involved calculating water demands
(agricultural using FAO Penman-Monteith, domestic, and environmental) and utilizing the WEAP model,
integrated with water accounting principles, to simulate monthly water balance under five off-season
rice cultivation scenarios. This identified drought-prone areas and assessed water shortage magnitudes,
with model performance validated (R? = 0.74-0.88). Results revealed that expanding off-season rice
cultivation significantly increased agricultural water demand by up to 30.63% compared to only wet-
season cultivation. Crucially, under the 100% off-season rice scenario, total water demand surpassed
effective rainfall, eliminating water outflow from the basin. While overall annual rainfall appeared
sufficient, localized water scarcity emerged due to intensive agricultural water utilization patterns,
particularly during the dry season months. The study confirmed the effectiveness of the integrated
WEAP-water accounting approach for detailed drought vulnerability assessment in data-scarce, non-
irrigated regions. Findings offered spatially and temporally explicit insights into water stress levels,
directly informing local stakeholder decisions. This information was vital for developing targeted sub-
district water management plans, optimizing existing resource allocation, and guiding the strategic
placement and design of essential small-scale water infrastructure. The research strongly emphasized
the critical need for carefully managing off-season rice cultivation to ensure sustainable water

availability and enhance drought resilience within the Lam Chiang Krai River Basin.

Keywords: Water Accounting, Drought area, WEAP model, Non-irrigated areas


mailto:kosa@g.sut.ac.th

UA 20 a0UR 1 (UNS AU - TOUEU 2568) 157
Vol. 20 No. 1 (January - June 2025)

\\ﬁ‘\) Introduction

Both management and sustainability of water resources were presented as a key role
of water accounting at the river basin level. It prepared insights into water inflows/ outflows and
efficient water usage across various sectors, such as agriculture, industry, and household consumption
(Pedro-Monzonis et al., 2016, p. 182; Sawassi et al., 2024, p.3). This is particularly important in the
context of Thailand, where issues of water scarcity and unequal distribution can significantly affect
people's livelihoods and economic development. Water accounting also provided essential data for
equitable water allocation, ensuring that different sectors would receive appropriate water resources
while supporting sustainable water management (Sipayung et al., 2024, p.94).

Moreover, water accounting helped in monitoring environmental conditions, such as water
quality and ecosystem situation, which were vital for preserving biodiversity in river systems. It also
enhanced the ability to adapt to climate change by assessing the impacts of changing weather
patterns on water availability, thus enabling better strategic adaptation planning (Dembélé et al.,
2023; Hunink et al., 2019). In policymaking, water accounting played a critical role in supporting
decisions related to infrastructure development, drought management, and water conservation.
For transboundary river basins, water accounting promoted international cooperation for the
sustainable use of shared water resources and helped reduce potential conflicts (Cravens et al.,
2021; Vardon et al., 2025). In summary, water accounting was an important tool for ensuring water
security, environmental protection, and enhancing social and economic sustainability at the basin
level (Yao et al,, 2021, p.217).

The WEAP model was a model for integrated water resource management, whose
applications span geographies to address water-related challenges and to promote sustainable
practices (Shahraki et al., 2016). The WEAP model became a globally accepted tool for addressing
complex water resources challenges (Agarwal et al., 2018, p.38). Its ability to adapt to different
geographical contexts and sectors made it valuable for planners and policymakers who focused
on its application in water allocation and adapt to climate change in urban and agricultural
management and cross-border cooperation (Rastegaripour et al.,, 2024; Hamdi et al., 2023).

Although previous studies explored water resource management and drought in Thailand
using tools such as WEAP and water accounting (Kosa et al., 2024, p.24; Tingsa et al., 2024, p. 15),
detailed sub-district level assessments in non-irrigated basins like the Lam Chiang Krai remained
limited, particularly regarding the quantitative impacts of expanding off-season rice cultivation. This
study addressed this gap by applying an integrated Water Accounting and WEAP modeling
framework to evaluate water balance scenarios at a high spatial resolution. By isolating the effects
of off-season rice on local water scarcity risks, the research provided actionable insights for
evidence- based water resource planning and management, offering critical support to local

authorities operating in vulnerable, rainfed agricultural areas.
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Research Objectives
The objectives of this study were to develop an annual water accounting framework and
analyze drought-prone areas using the WEAP model under five different scenarios at the sub-district

level for the Lam Chiang Krai River Basin.

Research Methods
Methodology
For research design, this study adopted quantitative research design, primarily utilizing
simulation modeling complemented by descriptive analysis to systematically assess drought
vulnerability in the non-irrigated Lam Chiang Krai River Basin. The core of the methodology involved
applying the Water Evaluation and Planning (WEAP) model to simulate monthly water balance,
identify potential water shortages, and evaluate drought vulnerability across five distinct scenarios
representing varying levels of off-season rice cultivation at the sub-district level. This simulation
modeling approach was underpinned by a descriptive analysis using a detailed water accounting
framework. This framework quantified crucial hydrological inputs, demands, and potential outflows
(including effective rainfall, agricultural, domestic, and environmental water requirements) for each
sub-district, providing essential data inputs for the WEAP model and enabling a comprehensive
description of the basin's water status under different conditions. The integration of these
quantitative methods provided a robust approach to understanding complex water resource
dynamics and identifying drought-prone areas within the study's specific context.
This study consisted of two main processes which were water accounting analysis and
drought scenario simulation using the WEAP model, as detailed below.
1. Water Accounting Analysis
This study conducted a surface water accounting analysis at the sub-district level,
excluding groundwater due to data limitations. Total inflow (Gross Inflow, GI) was defined as
effective rainfall (Ra), while net inflow (Net Inflow, NI) consisted solely of effective rainfall, as river
discharge was excluded given the non-irrigated nature of the basin. Water depletion included
agricultural evapotranspiration (ET) and domestic use (DU), classified as process consumption (P),
with 10% of agricultural demand allocated for ecosystem maintenance as beneficial consumption
(B). Outflow was represented by uncommitted outflow (UC), calculated as the surplus of rainfall
after meeting all water demands.
Based on the principles of water accounting outlined above, the calculation and
analysis of the relevant parameters were conducted through the following study procedures:
1.1 As for data collection and field survey, daily data collection and field surveys were

conducted, including land use maps, meteorological data (maximum temperature, minimum
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temperature, maximum relative humidity, minimum relative humidity, wind speed, and sunshine
hours), geographic locations of weather stations, crop calendars, reservoir and small pond data,
streamflow data for the Lam Chiang Krai River, and effective rainfall data. These data were obtained
from the Hydrology Division, Regional Irrigation Office 8, the Thai Meteorological Department, and
the Land Development Department.

1.2 Effective rainfall referred to the portion of total rainfall that fell within an area and
could be efficiently utilized for specific purposes. In the context of irrigation, effective rainfall
signified the amount of rainfall that fell on cultivated land and was beneficial for crop growth,
meaning that crops could utilize it effectively or that it could substitute for irrigation water that
needed to be supplied to the cultivated areas. For the assessment of effective rainfall in this
study, the effective rainfall data was collected from the Royal Irrigation Department.

1.3 Water usage for agriculture represented the highest demand within the hydrological
cycle due to the predominant agricultural activities in most areas, as depicted in the land use maps
for each watershed. The calculation of agricultural water usage involved the following steps:

1) Land use was classified using GIS data which was derived from land use maps.
Initially, land use was categorized into agricultural areas (with specific crops identified, such as rice,
cassava, corn, and various fruit and vegetable crops), forested areas, grasslands and scrublands,
community and industrial areas, and water source areas. The study area primarily cultivated crops,

including rice, sugarcane, and cassava presented in Figure 1.

Legend
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Figure 1 Land use map for the Lam Chiang Krai River Basin

in Nakhon Ratchasima Province, Thailand
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2) Daily crop water use was calculated using the FAO Penman-Monteith equation
(Allen et al., 1998) based on key meteorological variables— temperature, relative humidity, wind
speed, sunshine hours, and station location—from Muang Nakhon Ratchasima, Pak Chong, and
Chok Chai districts. Data spanning January 1, 1979, to September 30, 2010, were used to ensure
representative meteorological and hydrological conditions, as severe flooding events after October
2010 could distort the climatic baseline. Daily reference evapotranspiration for each sub-district
was computed accordingly, with agricultural calendars and field data coordinated through the
Nakhon Ratchasima Provincial Agriculture Office.

900
O.408A(Rn—G)+yWu2 (es—ea)

ETo = A+y(1-0.34u,) (W

Where ET,is reference crop evapotranspiration (mm d*), R, is net radiation
(MJm?d™), G is soil heat flux (MJ m™?d™), T is air temperature (°C), €, is saturation vapor pressure
at air temperature (kPa), €, is vapor pressure of air (kPa), U, is wind speed at a height of 2 meters
(m s"), A is slope of saturation vapor pressure curve at air temperature (kPa C'') and ¥ is
psychrometer constant (kPa C™).

Crop water use was calculated by applying fixed crop coefficients (Kc) of 1.49
for rice, 0.92 for sugarcane, and 0.80 for cassava, multiplied by the average monthly reference
evapotranspiration derived from the FAO Penman-Monteith equation. Agricultural water demand
was then assessed under five scenarios to capture the impact of expanding off-season (dry-season)
rice cultivation: (1) baseline demand for various crops and wet-season rice; (2) addition of off-
season rice covering 25% of rice areas; (3) 50% coverage; (4) 75% coverage; and (5) full (100%)
coverage of off-season rice.

1.4 In calculating water usage for domestic purposes, the analysis was conducted at
the sub-district level, considering the population of each sub-district for the year 2024. The water
demand for municipal use was set at 120 liters per person per day. The total population in the
Lam Chiang Krai River Basin is 671,693 individuals, which leads to the calculation of monthly water
demand for domestic purposes.

1.5 Environmental water requirement was defined as 10% of the water allocated for
agriculture. The calculated values of effective rainfall, water demand for agriculture and domestic
use, and environmental water requirements, originally assessed at a daily time scale, were
subsequently aggregated into monthly and annual values.

2. Drought Scenario Simulation Using the WEAP Model
The Water Evaluation and Planning (WEAP) model, developed by the Stockholm

Environment Institute (SEI) since 1995, was a flexible and user-friendly tool for integrated water
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resource management. WEAP functioned both as a database and a forecasting and policy analysis
tool, enabling the evaluation of water allocation scenarios among competing users (Siebe & Purkey,
2015, pp. 1-4). Based on water balance principles, WEAP could be applied to a range of systems,
from municipal supply and agriculture to complex inter-basin transfers. It simulated hydrological
and hydraulic processes— including runoff, baseflow, groundwater recharge, and reservoir
operations— and supports water demand management, water quality analysis, ecological
assessments, and financial evaluations of investment and project benefits.

The WEAP model study process consisted of four key steps, as outlined below:

1) The study began with defining the current water allocation system. Nodes for each
sub-district were assigned based on their actual locations on the map. If a sub-district was traversed
by the Lam Chiang Krai River, excess water would be transported downstream to the next sub-
district. For sub-districts where the Lam Chiang Krai was absent, the only source of water inflow
was effective rainfall.

A critical operational assumption configured within the WEAP model concerned
water allocation priorities under conditions of limited supply. Consistent with standard water
management practices prioritizing basic human needs, domestic water demand nodes were
assigned the highest priority (Priority 1). This ensured that, in the simulation, domestic water
requirements were met first whenever available water was insufficient to satisfy all demands.
Agricultural water demand nodes were assigned the second priority (Priority 2). Consequently,
agricultural water needs would only be fully met after domestic demands were satisfied.
Environmental flow requirements, calculated as a percentage of agricultural demand in the water
accounting phase, implicitly shared the priority level of agriculture in this setup. No other significant
allocation priorities or complex operating rules were defined, focusing the simulation on the
fundamental competition between domestic and agricultural sectors driven by varying off-season
rice cultivation levels.

2) The current accounts represented the existing water allocation system, incorporating
water demand, water supply sources, and pollution levels in water bodies. Monthly water balance
data, derived from the water accounting analysis in the previous step, were integrated into the
WEAP model. The spatial resolution of the model was at the sub-district level within the Lam
Chiang Krai River Basin, while the temporal resolution was monthly.

Model validation was performed by comparing WEAP simulation results with manual
calculations based on WEAP’ s computational framework and equations. The calibration process
utilized monthly water balance data from 2005, while the validation process used data from 2008.
The resulting coefficient of determination (R2) values were 0.88 for calibration and 0.74 for
validation, indicating that the WEAP model is reliable for use in this study.

3) Scenarios were designed to explore and formulate alternative water allocation

strategies for the future. These included the five scenarios previously mentioned.
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4) The evaluation phase involved analyzing water availability and its associated impacts.
The WEAP model was employed to identify drought-prone areas, determine the volume and
duration of water shortages, and calculate the percentage of available water relative to total
demand. The spatial resolution remained at the sub-district level, while the temporal resolution
was monthly.
Study Area Description
Nakhon Ratchasima Province, located upstream of the Mun River Basin—one of the major
basins in Northeastern Thailand— has experienced rapid economic and social development,
necessitating strategic water management amidst persistent annual droughts. Despite the presence
of four large reservoirs (Lam Takhong, Lam Phra Phloeng, Mun Bon, and Lam Sae), water scarcity
remains a challenge. The study area, the Lam Chiang Krai River Basin, originates from the watershed
ridge between the Mun and Pasak Basins, covering approximately 2,958 km? with an average annual
runoff of 263 million m3. It spans several districts across Nakhon Ratchasima and Chaiyaphum
Provinces. The basin includes two key reservoirs, Upper and Lower Lam Chiang Krai Reservoirs, the
latter facing significant sedimentation and evaporation issues. In 2020, efforts to improve storage

capacity raised the Lower Reservoir’s capacity from 27.7 to 37.7 million m3.

Research Results

The findings regarding the significant impact of off- season rice cultivation on increasing
agricultural water demand and localized water scarcity in the Lam Chiang Krai Basin aligned consistently
with recent research conducted in the neighboring Lam Takhong River Basin (Kosa et al., 2024, p.29).
Both studies, utilizing similar methodologies (Water Accounting and WEAP model), identified agricultural
water use, particularly during the dry season, as the primary driver of water stress in these non-irrigated
areas of Nakhon Ratchasima province. This concordance underscored the widespread challenge posed
by intensified agriculture on water resources in the region and reinforces the validity of the modeling
approach for capturing these critical dynamics. While the specific magnitudes of water deficit and the
precise sub-districts affected differed due to the unique characteristics of each basin, the underlying
trend and major contributing factors identified in this study were corroborated by findings from the Lam
Takhong, strengthening the overall conclusions presented here.

The key findings from the annual water accounting calculations and drought scenario
simulations using the WEAP model were as follows:

1. Agricultural Water Demand

The results of the calculations for agricultural water demand across all five scenarios

were summarized in Table 1, which revealed that the cultivation of off-season rice significantly

increased the agricultural water demand. Specifically, the percentage increased in water demand
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when fully cultivating off- season rice (Scenario 5) compared to the exclusive cultivation of wet-
season rice (Scenario 1) for the Lam Chiang Krai River Basin is 30.63%.

Table 1 Summary of Monthly Agricultural Water Demand for Scenarios 1-5 (Million Cubic Meters)

Month Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
January 169.54 238.63 307.73 376.83 44593
February 155.18 218.42 281.66 34491 408.15
March 181.14 254.96 328.79 402.61 476.44
April 167.53 23581 304.10 372.38 440.66
May 403.53 403.53 403.53 403.53 403.53
June 388.45 388.45 388.45 388.45 388.45
July 413.82 413.82 413.82 413.82 413.82
Ausust 391.53 391.53 391.53 391.53 391.53
September 324.52 324.52 324.52 324.52 324.52
October 346.06 346.06 346.06 346.06 346.06
November 150.41 211.71 273.01 334.31 395.61
December 166.21 23395 301.69 369.42 437.16
Total 3257.90 3661.39 4064.87 4468.36 4871.85

2. Annual Water Accounting Analysis

The annual water accounting results for the Lam Chiang Krai Basin showed that total
rainfall amounts to 5,147.68 million cubic meters. Water use across Scenarios 1 to 5 ranged from
3,603.71 to 5,379.05 million cubic meters, corresponding to 70.00% to 104.49% of total rainfall.
Although agricultural water demand was the dominant use, it remained relatively low compared
to total rainfall under Scenarios 1-4, allowing for outflows of 1,543.97 to 212.46 million cubic
meters, respectively. Under Scenario 5, complete off-season rice cultivation resulted in a water
deficit of 231.38 million cubic meters, eliminating outflow and exacerbating water scarcity. Thus,
full off-season rice cultivation was not sustainable basin-wide; cultivation should be limited to no
more than 75% of the agricultural area to maintain basin water balance. These findings were

illustrated in Figure 2, focusing on non-irrigated areas of the Lam Chiang Krai Basin.

P = 3277.92 MCM

Ra=5147.68 MCM  e—i— =
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Scenario 1
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Figure 2 Annual water accounting for areas outside the irrigation zone scenario 1 to 5
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3. Analysis of Water Scarcity using WEAP Modelling

The WEAP-based water balance analysis assessed the adequacy of water supply under
five scenarios and identified sub-districts experiencing water scarcity, defined as months with a
water deficit exceeding 20% of demand (Charoensawat & Marjang, 2021, p.246). Across all scenarios,
24 sub-districts in the Lam Chiang Krai Basin were classified as water scarce. Notably, Ban Prang
Sub- district (Khong District) consistently faced deficits exceeding 100 MCM annually, while
Non Muang Sub-district (Kham Sakae Saeng District), Don Muang, Nong Bua Noi, and Nong Ya Khai
Sub-districts (Sikhiu District) exceeded 50 MCM. Sema Sub-district (Sung Noen District) and Samrong
Sub-district (Non-Thai District) recorded deficits above 40 MCM annually.

Monthly analysis revealed Prang Sub-district (Khong District) as the area with the highest
water scarcity from May to November and overall annually across all scenarios. Other sub-districts
with critical shortages included Hoi Long, Nong Krad, and Krisana, varying by month and scenario.
Furthermore, several sub- districts demonstrated water shortages throughout all 12 months,
with 0% demand site reliability, including Nong Ngua Lueam (Chaloem Phra Kiat District), Pho Klang,
Cho Ho, Si Moom (Mueang Nakhon Ratchasima District), Samrong (Non Thai District), Nong Suang
(Khamsakaesang District), and multiple sub-districts in Sikhiu District.

The heightened water scarcity observed in certain sub-districts, notably Ban Prang
(Khong District) and Samrong ( Non-Thai District), could be attributed to a confluence of factors
evident from the input data and simulation results. Ban Prang exhibited a particularly high
proportion of agricultural land, especially areas potentially suitable for rice cultivation, leading to
substantial water demand that escalated sharply under off-season scenarios. Compounding this,
its location potentially received less effective rainfall compared to upstream areas (if applicable or
mention other factors like soil type if known). Samrong Sub-district, while perhaps having slightly
lower agricultural intensity than Ban Prang, faced persistent deficits likely due to a combination of
moderate agricultural demand, significant domestic water requirements driven by population
density, and potentially limited local surface water availability (as it might lack direct access to the
main river channel or sufficient storage ponds), making it highly sensitive even to moderate
increases in water stress, especially during dry months. These examples illustrated how the
interplay between land use intensity, population pressure, and localized hydrological conditions

drove the varying levels of drought vulnerability across the basin.

Discussion

This study, which integrated the WEAP model with water accounting to assess drought
vulnerability in non-irrigated areas of the Lam Chiang Krai River Basin, found that the expansion of
off-season rice cultivation had significant impacts on the water balance, resulting in localized water
shortages— particularly during the dry season. These findings aligned with the study by Kosa et al.
(2024, p.29) in the nearby Lam Takhong Basin, which employed a similar methodology. Comparisons
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could also be drawn with the work of Kimala and Kositsakulchai (2013, p.74) in the Sedone River
Basin in Lao PDR, which, while using the SWAT model, focused on water accounting and the impacts
of varying irrigation scenarios. Both cases indicated a regional trend whereby changes in agricultural
water use exerted considerable pressure on water resources.

Furthermore, the study by Lolupiman (2021, p.1), which developed a drought monitoring
system using a drought risk index for Thailand based on factors such as rainfall and historical
drought-prone areas, reinforced the importance of assessing vulnerability at multiple spatial scales
for effective water resource management. A key contribution of the present study lied in its finer-
scale assessment—conducted at the sub-district level and using monthly water balance analysis—
providing a more localized and specific understanding than the daily provincial-level assessments
by Ticha et al. or the annual HRU-based averages used by Kimala and Kositsakulchai (2013, p.77).
This enabled more targeted micro-level water management and drought adaptation strategies
tailored to each sub-district within the Lam Chiang Krai Basin.

The finding that off-season rice cultivation (a dry-season crop) increased water demand and
led to water scarcity was consistent with general water management principles. It also resonated with
the research of Noichaisin (2019), who assessed water shortage areas in Sa Kaeo Province by
considering climate variability impacts (El Nifio/La Nifa), which also affected water availability for dry-
season agriculture. Although Likhit's study primarily used GIS and expert weighting methods, its results
similarly highlishted the vulnerability of agricultural zones to water fluctuations. In contrast, the use
of WEAP and water accounting in this study offered a robust quantitative tool to analyze the effects
of dry season cropping on water balance at the sub-district level.

This differed from the work of Sukkasem et al. (2020, p.3), who applied the Temperature
Vegetation Dryness Index (TVDI) using MODIS satellite data to assess soil moisture and agricultural
drought in the Phetchaburi Basin. While their approach provided spatial information on drought
conditions, it did not directly simulate water balance dynamics. In contrast, the present study made
a novel contribution through scenario-based analysis of off-season rice cultivation expansion,
ranging from 0% to 100% of the suitable area. This level of detail was not commonly addressed in
previous studies and enabled the identification of a “tipping point” or sustainable cultivation
threshold for the basin (e.g., not exceeding 75% of agricultural land). This information was
particularly valuable for policymakers and agricultural extension agencies in advising farmers to
reduce water shortage risks and enhance the resilience of rainfed agricultural systems.

Finally, the integration of water balance modeling and satellite- based drought indices
could complement each other in confirming high-risk areas and periods of drought induced by
agricultural practices, especially during the dry season. Such comparisons reinforced the validity of
the findings and demonstrate the study’s contribution to providing actionable insights for water

management in non-irrigated, rainfed regions.
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\\;ﬁ’\, Conclusion and Suggestions

This study evaluated drought vulnerability in the non-irrigated areas of the Lam Chiang
Krai River Basin using water accounting and the WEAP model. Results highlighted that off-season
rice cultivation significantly increased agricultural water demand, leading to localized water scarcity
despite adequate rainfall overall. Inefficient water use and a lack of interconnected infrastructure
further exacerbated drought risks, particularly in specific sub-districts. The findings underscored that
unregulated expansion of off-season rice cultivation pushes water demand beyond sustainable
levels, impacting both agriculture and domestic use. Sustainable water management must
therefore integrate regional water availability with localized water use practices.

Building on the findings, this study recommended targeted actions for stakeholders. That
is, Local Administrative Organizations should utilize the vulnerability assessment for drought
planning and prioritizing small-scale water infrastructure in high-risk areas like Ban Prang and
Samrong. Additionally, regional agencies could use the data for optimizing allocation and long-
term planning. While farmer support should be focused on promoting water-saving practices and
drought-tolerant crop alternatives to off-season rice, particularly during critical dry season months
(January-April). Furthermore, the research underscored the need for aligning agricultural policies
with water availability and suggested future research priorities, including integrating groundwater
analysis, assessing socio- economic impacts, and evaluating climate change effects using the
established WEAP framework, to foster sustainable water management and long-term resilience in
the Lam Chiang Krai River Basin.

Recommendation for using to benefit

To address drought vulnerability and improve water management in the Lam Chiang Krai
River Basin, the following strategies were recommended:

1. Targeted Water Allocation: Apply WEAP-based, spatially focused water allocation,
prioritizing high-risk sub-districts such as Ban Prang, and optimize reservoir releases in alignment
with localized water balances.

2. Agricultural Diversification and Efficiency: Promote crop diversification and the adoption
of water-saving technologies, such as drip irrigation and rainwater harvesting, through targeted
policies and incentives.

3. Interconnected Water Infrastructure: Invest in expanding and upgrading storage, canal,
and pipeline systems to enable efficient basin-wide water transfers.

4. Strengthened Water User Associations (WUAs): Establish and empower sub-district-level
WUAs to manage allocation, monitor usage, resolve conflicts, and lead conservation efforts,
supported by regular stakeholder engagement.

5. Enhanced Drought Monitoring and Early Warning: Develop an integrated real-time
system combining rainfall, streamflow, sroundwater, and demand data to enable proactive drought

mitigation.
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Recommendation for future research

To advance sustainable water management in the Lam Chiang Krai River Basin, future
research should focus on:

1. Groundwater Assessment: Conduct comprehensive hydrogeological surveys, monitor
groundwater dynamics, and develop robust groundwater models to define sustainable extraction
limits.

2. Climate Change Modeling: Develop climate models to project changes in rainfall,
temperature, and evapotranspiration; integrate projections into WEAP to assess water system
sensitivity and adaptation strategy effectiveness.

3. Economic Valuation: Undertake a comprehensive economic valuation of water
resources, encompassing agricultural, domestic, industrial, and ecosystem service values to inform
allocation and pricing policies.

4. Social-Ecological Resilience: Investigate the interplay between human communities and
the environment to identify key social, economic, and ecological factors contributing to resilience
against drought.

5. Governance Analysis: Critically assess the existing water governance framework to
identify institutional barriers and foster enhanced stakeholder collaboration.

General Applicability and Future Directions

The analytical framework integrating water accounting principles and the WEAP model, as
demonstrated in this study, had broad applicability beyond the Lam Chiang Krai River Basin,
particularly for assessing drought vulnerability and water management in non-irrigated or data-
scarce regions with agricultural water stress. To adapt this framework to new areas, key steps
include: (1) compiling site-specific data, (2) reconfiguring the WEAP model to fit the new basin, (3)
recalibrating and validating the model with historical data, and (4) developing relevant water
management scenarios. The approach could serve as a basis for comparative drought studies, assist
policymakers in integrated river basin planning, and aid local drought preparedness. Future research
could expand by incorporating groundwater interactions, water quality, or economic analyses for

more comprehensive assessments.
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