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\\s;‘a’g Abstract

The objectives of this study were to assess the relationship between soil properties and both
the yield and quality of buckwheat and to facilitate the transfer of knowledge for enhancing
buckwheat production to local communities. An exploratory research design was employed, involving
50 farmers in Nakok Village, Phu Fa Subdistrict, Bo Kluea District, Nan Province, selected via purposive
sampling from plots where the Taiwan 01 buckwheat variety was being promoted. After harvesting,
composite soil samples were collected for physical and chemical analysis, and buckwheat yields and
seed quality were evaluated. Findings showed that buckwheat yields varied widely, from 25-233
kg/rai, corresponding to organic matter contents between 1.03-2.85% and available phosphorus
levels of 2.13-25.23 mg/ke. The available phosphorus range of 2.13-10.28 mg/keg was sufficient for
producing seeds with favorable sizes and weights. Yield was positively correlated with soil organic
matter and available phosphorus: plots yielding less than 100 kg/rai showed positive correlation with
available phosphorus, while those exceeding 100 kg/rai correlated positively with organic matter.
Knowledge transfer was given to targeted 20 members of the Nakok Village Buckwheat Community
Enterprise who previously struggled with low yield and poor product quality. The participatory process
raised farmers' awareness and enabled collaborative design of site-specific solutions, leading to
research uptake and practical implementation within the community. Following adoption, average
yields increased to 225 kg/rai, with a total production of 1,575 kg, which was further processed into
dried soba noodles and buckwheat tea. This research provided guidance for soil management and
selection of suitable cultivation sites, supporting the application of research findings to sustainable
community-based product development and economic enhancement in the highland regions of

northern Thailand.

Keywords: Soil properties, Yield, Highland, Buckwheat
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WALUT NIUNSYT) ﬁ%ﬁumﬂﬁuﬂagamﬂLﬂwmﬁmﬁmu 50 578 AIN N 1 ﬁﬁwmsﬂqnﬁﬂimiuﬁmﬁau
Surew - futeu qgugnd 2563 Tasinumansdinsdnnisulasuuulalawieudu nisdanoden
wdamsfiufenn warluiwwadveutusailuenn ‘\]’Iﬂﬁ?uﬂ@‘ﬂﬁﬂ%ﬁli@ﬂ%%mi%ﬂ@ﬂi%ﬁlﬁﬁLmﬁfﬂ 5
Lué‘m{awqu fifleuenluuesninsesay 90 TuszegnnaszaIIwas 25x25 WURlUAT wa“qmﬂﬂqﬂhiﬁ
mslaysuniinslmirdiuou 1 afimeiteu Wuszesim 3 Weu msdiurmuusosnidu 3 au fdl

1. msifiusenuaginseandinimenmiaziedvesiu

iudessfuntendinsiiuiiendnia (feuuwisw) Tnaifufsgaduuuusuniufu

(Disturbed method) 7iszfiunaEn 0-15 Wwufimns 0 15 '«gmm'al,maa ﬁwﬁaaéwmmwﬁaz@mmwammﬁu
I 1 #0819 (Composite sampling) Watdufunuvasunazudas wartufinduvsuasmeriesniite
PNdyy1unTIiie (GPS) thehetnsauisaalmumdluiisy (Air-dried) UPLALSOUHTUAZUNSITLIN 2 Tadins
s wnienunes Hydrometer method anuvidnn1suas Day (1965), maudunsamslemsmsna
fumeun 1:1, Ysunaudunseinglaedd Walkley and Black (Walkley & Black, 1934), USunauvlaanesa
iduuslowulngds Bray Il extraction method (Bray & Kurtz, 1945) wazUsunallnuvaideufivaniudsy
1alng33 Ammonium acetate extraction method (Thomas, 1982) MsineauinInaiduduns
maAFATEINAsg Ui vuely International Harmonized Protocol for Proficiency Testing of (Chemical)
Analytical Laboratories (Association of Official Analytical Chemists, 1991)

2. MsUszliunananduudnuazannmyssdnin

Gﬁ”uﬁumuﬁ‘uLﬁEJ’;LLa3ﬂ’uﬁn%@gawaw§maaﬂ’ﬂ’3‘mmnLLUaﬂmwmmaﬁ"]mu 50 wuas

Tne¥aruaiuiiveswlawnavuladdagluinies GPS mntuiauazeranananuasiind wievy
LLgaﬁ”nmsﬁl’qﬁmﬂ’ﬂLLazﬂ%’Uﬂ'wawﬁsﬂ,vﬁylﬂummgmﬁagé’umm%ﬁaaaz 14 Tneluia Seatanuiy
Kett PM-650 A1uiai nanannadfudiiduilandunels uonaind lavnnsdeuiimgn 1,000 wudn
Imeﬁmé‘haémmﬁmmﬂwaNémw{amwm LLazﬁﬂﬂWﬁaULLﬁaﬁqquﬁ 70°C 1uaan 72 Halus newtian

Famdn 100 wae wageulandusivgn 1,000 wWéa ﬁ]’]ﬂﬁu‘lﬁ’]ﬂ’]iﬁ@]LLEJﬂ“U‘LJWﬂLiJﬁ@IG]EJT%MBLLﬂi\‘igﬂall
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aua 3 faawns wadusdevuelnguaziudnuundn uarrwamsesasvessuuawdalnetmin
(Canadian Grain Commission, 2021)
3, mﬁmwﬁsﬂyagamqaﬁa
wiAUduus sEEns AAuLasnanan vesininae3s Correlation analysis (R Core
Team, 2024) Tngruuanikusdasy (Independent variables) Toun auvdsy (Lﬁyaﬁu, pH, 8unieing,
Woanofadiduustlovy waslnunadoudiadala) uazfvuafaudsniy (Dependent variables) laun
NaHaATnIR, Undn 1,000 WER LAZIEUAYYEIUIMIER mﬂﬁ?uﬁwmﬁmiwﬁ%ayjaimsﬂ%T,Uil,mi:u R
Wouszifiuseiupuduiussemeaudinuiunandatnie
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1. audAnanienniaziaiivesiiu

KamsdsaNtRnenisniasafivesiulufiuiidnusiuau 50 was wuan Audieyme
wiwaagsluﬂm;aﬂaz 52.20-80.60 finadssosay 64.34 (6.30) mduUszAvBALLUSUTIL (CV.) S08as
9.86 aymAnTIoLsTinegsEasasas 13.50-31.90 wavlinuadesenas 23.60(4.28) unfiadulsyavs
ATILUTUTILTETRY 18.15 Tegenanoyanensts dusvoumaiuinien nuidiawaniisesas 5.80
LLazqnqmyaaaz 20.40 AadpseLay 12.05 (3.14) Imaﬁmﬁuﬂsz?{mémmLLUiﬂiauqﬁﬁ”@aaz 26.05
AMwsmvesAuTLaUsy fiumudneasienuduiusudunse (Sandy loam) Wavae dmsvandi
maefiunssznns nunmenadunsanisiinieiandl 4.69 uazgeand 6.14 adeeyd 5.14 (0.29)
?fqagiuﬁuqﬁuLﬂunim fianduuszAviauulsusausesay 5.64 uazfiA1AuLy (Skewness) 71 1.29
Pmfunmanszaisresaarudunsamsdunluugannaiedodnues vasivinudurieTngluiu
finvihgnsesar 1.03 uazgeansesay 2.85 Aaduoysesas 1.65 (0.39) Fadmeyluseiunouniasi
TnefanduussaviauuUsusiusesas 23.73 uaza1auiud 0.72 aearlesadiiuusslovulufu

wundAwandl 2.13 Jadnsunenlansu wazgeaai 25.23 dadnfuneilaniu anadivegi 7.58 (5.59)

'
a a o

fiadnsunedlansy Tnefinnduszavdamnunlsunugsdsosay 73.69 uaza1AaUdl 1.84 vsuan
fenrmunnansvesUsinasleanadaluunarulasosiann uazdinsnszanevesanleanadaduualuy
gsnmnaedsidusrannmuiy suefiviialnunadoniuanddsulalufuiiamand 23.14 Tadndy
neflansu uazgagnil 98.01 fadnsumeflansy anadseyil 53.76 (19.07) fiadnsunedlansy laudl
AduUsyAvEANLLUSUTILTEYAY 35.47 Berpuniegs AAMLUT 0.71 wansdauunTuuveanisnazate

maaﬂ’]ﬁqaﬂmﬂ’ll,aﬁmﬁﬂuaa AIR15749 1

f1579 1 ANULUSUTINYREUUTRNI9N 18N NLALLATIVDIAU

T
1o 1

duUAvashiu AR AEeEn X (S.D.) CV. (%)  Skewness
aUNIANIIY (%) 52.20 80.60 64.34 (6.34) 9.86 0.34
agmﬂwiwwﬂﬂ (%) 13.50 31.90  23.60 (4.28) 18.15 -0.36
auNARLMLET (%) 5.80 20.40 12.05(3.14) 26.05 -0.10
audunsanis (pH) 4.69 6.14 5.14(0.29) 5.64 1.29
dunseing (%) 1.03 2.85 1.65 (0.39) 23.73 0.72
Available P (1n./nn.) 213 25.23 7.58 (5.59) 73.69 1.84
Exchangeable K (un./nn.) 23.14 98.01  53.76 (19.07) 35.47 0.71

nnewme: X (S.D) = muade (Maudeauunnggiu), C.V. = mduussansanuuwlsusiu

2. NandnLarANA NIt In
NM3ETIWANEATDIUNINNLUALNBATAT NUIHANEAVRITNIAWUG Taiwan 01 AHAKER

Aaun 25-233 Alansunels uazdaadeeyi 94.52 Alansunels Fearnveyaniseuiiisunanda
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maqﬁﬂﬁmﬂ’uﬁ:ﬁménwudwﬁmamﬁm 232-261 Alanfumels (@1an Neyauyseled wazaudu 9, 2548)
KaN13ETINARsTIA LU TUTIUYRINARARTE M LA ADUT 1991 TnsuUasii TvkanamuasnIn
100 Alanfumels S91um 29 wias (sevag 58) uazudasiilumandaunnan 100 Alansumels F1uau
21 ulas (sevaz 42) M3nszanefveskandanuindulasiluaandaninay 100 Alansumels 11
wasillunandngs (wandnunnnan 100 Alansumels) Gssosay 16 vaeditmin 1,000 whavesdnin
finnsnszanedioyluig 24-36 ndu Tngvasiinunniiareyil 28-32 ¥ seaasufe 34-36 N3
uay 24-28 n3u Muddy wandlfiunaivesiviin 1,000 wiadauulsusiu waulngeglurag
28-32 n3u Tavaiadsvenimin 1,000 win Wiy 20.97 nfu sﬁaﬂ'wm’mLLﬂﬁﬂiauﬁzJawjyaaﬂalﬂqmmﬁﬂ
azvaulmiiuisdnuasroiugninfifiuadarousmiiane dwsurnawdntnia wurwiadnie
valnyfisesazvesudniode 92.18 lasvsiinuinniignfossvissenas 91-93 uandmiunluulas

Ugnininanulnguunauiaddnaiuvesudavualvguinnuuadn fanim 2
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Yield 1,000 grains weight (gram)
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20 A
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—

I T T T T T 1
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Percentage of large seeds (%)

AN 2 M3nsEaneiveranan (Alansu/ls) dmtin 1,000 wan (054) wazsesavvesudnuunlvg (%)
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3. AuduiusTE A TRR Ui UNaNERLarANA YRt In

oY v
=

MMFUATIEVANUFUNUSTEMIEUTAAULATHANG R WU NQUN IMKaNEAUBENT 100

o o W a

Alanfumols Usurameanesaiduusylevy danuduiusnisuinessivedduiunananvaadnia

<

€

v

(b < .01) Fausinuinaleaesdluiuinalasasimenisfiunandnlungud uenaind sunianse
faudutusynsavesnaiifeddyivayniansieuds (o < .001) uazeynaduwmiea (p < .001) Fln
diunauiifdeaueynanmegsineynianmeuduaziumisii dmalndauaninsolunsgu
Lars Mo NI dnfuTinadunisiag wuniianuduiusnsuaniueyniansiewds (p < 01) way
oynARmTe: (p < 01) SwanmduiifiiofussBonazannsnasaudurieoTnglanniu egslsinu

manuiunsanswesiulufienuduiusiidaauiunandnlunguil Tusasfinquillvnandnuinnan 100

1Y =

Alansumals wuan Usunadunisingdanuduiusmisuinesndideddgiunandnvesinia (p < .05)

Fanunganuauiddunieinggeasvisiunandnlunquills USunaeanesadanuduiusvisay

o

flueynanseuds (p < .05) uenainl aranudunsaniefimuduiusmsauiudinnadunieing

d

(p < .05) Wnanmsaumsiindunieinglufududadeddgyfiveaduasmandnlunauld Tuvae

nmsmuauatrudunsnadleglussAuiimnzauizsesnwanuaunavesasomisuAulafg @y

AIR1519 2

o

A1519 2 AFuUsEaNsandunius (Correlation coefficient) seneauURRUAUNANENYBIUNIH (N=50)

0-100 kg Yield Sand Silt Clay pH oM p
Sand 0.129
Silt -0.272 -0.914***
Clay 0.090 -0.841***  0.549**
pH -0.069 -0.100 0.116 0.054
oM -0.049 -0.619%**  (0.532%* 0.568**  -0.056
P 0.555**  0.097 -0.249 0.135 -0.096  -0.020
K -0.112 -0.034 -0.138 0.261 -0.150  -0.021 0.113
>100 kg Yield Sand Silt Clay pH oM p
Sand -0.026
Silt 0.033 -0.869%**
Clay 0.005 -0.736**  0.304
pH -0.367 -0.284 0.201 0.271
oM 0.436*  -0.204 0.184 0.140 -0.453*
P 0.098 0.324 -0.43* -0.035 -0.218 0.138
K 0.007 0.095 -0.198 0.089 -0.111 0.269 0.327

VUBR: *, ** Uy *** uandtuniiitudfyn1ea@ivm p < .05, p < .01 uag p < .001 MuEIy
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vaa o a

MnNMsfnIATIETUs e TRRUA UNaREAveIT R WU NAuTiTnarEnLINNT1 100
Alanfa/ls dnafiuvsmadunieiagluAufanuduiusdsuinluszduisunisassaninves
in (R=0.190) wanslmiuandunistngdunumunsandunisanaiunandalungud lnefunum
Tunsusudgslassasaiu mafnuiusneims uasmsiuarutuluiu fadenenisissyifulavesinia
dmsunquiiiinandnuosnat 100 Alanfumels wunnsdfiuyiinuearesalufudiauduiusdan
Tusziuuiunansmensifiunandn (R%=0.308) uansimeanesaidusinervisiisidunonisiamusn

nssgiulnvenu wasn1sasuantungull muduiusiiinudaensaznoulivweiiiavesneanssa

lupuntegisluudasignnauil danw 3

Yield 0-100 kg rai™

250 7y = 50.588x + 64.892 (R? = 0.190**)
.
° .
200 -
'3 150
=)
<
e}
2 100 A
>
50 -
O T T T T T T 1
1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4

Organic matter (%)

Yield >100 kg rai’

100 7y = 1.969x + 37.935 (R? = 0.308**)

80 A

R
g
o
QL 40 A
P
[ ] [
[ ] [ [ ]
20 4
0 T T T T 1
0 5 10 15 20 25

Available Phosphorus (mg.kg™)
M 3 JULUUANUANTUS (Regression) sevNUTINBUVS InguAsKananveinin
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luraensfinwanuduiussemnsaudffiuiasAanmvawandn wui audfnuy
= v o o ¥ < v a = ! a 2 o A i
firnuduiusivsesagvwinwdavestniniiesseaies Tneusinameanesandulsslevy
luRudanuduiusidsauivssvaziudaininvualngislunquiifinands 0-100 Alansy

nols wagnquiiinandnuinni 100 Alansunels Inedaduusednsnisivuamiiy 0.219

wag 0.194 eua1au (1w 4)

Yield 0-100 kg rai”

98 1
y = 93.539 - 0.166x (R? = 0.219**)

96 - ° [ ]
[ ]
94 A o ©®

92 A

90 A

Percentage of large seed size (%)

88 T T T T
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Available Phosphorus (mg.kg™)

Yield >100 kg rai*
98 1
y = 93.274 - 0.174x (R? = 0.194*%)
96 A [ ] [ ]
94 A [ ] [ ]

92

90 -
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Percentage of large seed size (%)
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4. M3nevenBIRMmNIMIRLNAREALAE AN MBI IngYTy

nsweunInanTIselnAungu e et Ul s lsrdmsufiunananiazamn i
sumﬁ’ﬂ%'mimEJmszﬁamammmi’[ﬂ;ﬁ’uﬂéuﬁawwﬁﬁ]sqmwgﬂqﬂﬂ'ﬂfimﬂmmﬂaﬂﬁi’mu 20 Au Aszaudaym
nsndnitlananantninduaskandslalanaam sudunislaetinivin sunaueniugnawantnia
wazdlniiufsmaideanunlsunuremanandninlunauil fnandnsdla Sunansznuainleanea
fiduusslovilufu susfinguillunandagdlasudvswaanuiuadunisTngluiu uasdniiuds
weanoadifuusslovunemsaaudaiianysniuazauamuonsdntnia vilumavnsnaianissudiu
Aauiteundamnandnuazaaninvesinislugusy ian1seeusunaidelasiilulsulmalulad
TuulassesmuiasiasiinnszuiunsdsugauiiluivasSousvoonaidomaluladfmazauni sudn
ndn (A 5) maemausiutufuismandslunlaniousiuiinimdn 7 19 lanewdntningm 1,575
Alan3u nandniade 225 Alandu/ls wazthwananluuusguidundnfumvosumy laun @udninumg

VoI wary1UnIn Weoaseselalniunqunazyusunsly

1o

. e
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|
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anUs1eNaNI5IRY

nNsAnynaresantifuneUinanandnudavesdnialuiufiuviuwinen suagn gwne

a

vainde fafauiu nuriuidnuidnsasiusulunse faranudunsaniseglurag 4.69-6.14
Fanaudunsanig 4.69 egluseduniadn wazarnudunsnang 6.14 eglussdunsadnues
durieingluiufiaundeiisesar 1.65 dnoglusedunnugauauysnisi vasiieansyadiduyselov
Tudufiadaun 2.13-25.23 fadnfuneilansy aeanaosfunissseiuees Clark (2007) Tnia
faruannsausuialadnandyfivedndu q luduifanugauauysasi uielufufidsunising
fim&wesanvogluuiinmgs evnlsfinu wmdninannsasiyiulsluiuidaugauauysasila
uananAnzuanatuluwaziud nandndniedlaainulasnuasnsdanuuususiudoun 25-233
Alansunels Fwpnaannveyansiisuifisunandnvessninfugienariludoindedmiidondngs
232-261 Alanfumels (@1au MayauUselef wazaudu 9, 2548) Tnenurdadendniiamanenaninie
Usinudunietaguasrloavefadidutssleniluiu lunquilfnandnuessni 100 Alansumels nua
Woanodandudsylenilufuiimuduiusidsuinfunandnessideddnuandiiiua nearesadu
5190 1SATUNU AR RONITRALITIN NT2UINTAAATIEVLAS N9AT9UTS waznITRmLLAER
vo38nn Famsswmivlusdnrnnunmsnareaesasalnudadvuadnauasriilnadasens)
(Che et al., 2020) uanand nauiifinandauinnin 100 Alanfunsls wurFuwdunietag
fenuduitusidsuindunananossdidodidey azneulmfunnafiauiinadunietaglufuaansn
Podunandatnisls esndunisagmeusuuslasanmesiu Wumstniui uavsslnani
Qm%uﬁmmmﬂﬁvaéwaﬁﬂasﬁw%mw (Doley et al., 2020) dWiuAUAINTBINAHANTATA NUINVLIA
vouudatndndanuduiusidsauiuszdunoanesaiiduusslovuluiu Feusinumeaefaiigaiuly
p1anszg ulndninasaudaundnuinnaisfiiusuiavesude §se1afinanszdueanssa
‘171'mﬂLﬁuvl,ﬂmaéqmae{a5@151msa®%mm@mms§u qleﬁuﬁaaaa (Kaur, 2019) penalsfinny sesuvloaneda
luAugaiuldensmilndningalysimemslavesas uazarndunsanisluszdugsdwanseny
G{aﬂm,ﬁzylﬁuimaaﬁﬂ?m (Boglaienko et al., 2014) mﬂma’?aS’EJa'mwszﬂﬁgﬂ13z{w8wa®am‘mm§uaz
naddeluguruinnisoniureansasns vlmnuwmsnainmaious Uiuls uasnosenesraTmgiay
wa'ﬁ%’aﬁmmsamﬁ’uﬁuﬁLﬁmﬁﬂwﬂﬁ{j’mmsﬁ%ﬁuamLLanTuLLUUIumsfﬁ”mmiﬂagmﬁwﬁzylumﬁmamﬁ’ﬂ%m
Tuguau idanszurunisadadulnudiannsod il anduulamomuosuanfiunandnuay

Aaunvastndnluiunawiamiauasguule

d3UNaN13338 uasdaiauauu

autBaulufiufivgnindedannuuususiugs Inslamzaoanlesaiidusslosulufuuay
USinauBuvieing asmanerandnuaramYesIniug Taiwan 01 Fatnindinannindoniun 25-233
Alansunels Inenquitdinandnm funluiladunansenuansedureaedaiidulssTowiluiu luvaed
nquitlinandngs lasudvinannusinadundeinglufiuninn Turaefimsfisiuusunieinglufu
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\\)g\; Abstract

The objectives of this study were to analyze the current utilization and management of
water resources for agriculture in Ban Nong Bua Community, Choeng Doi Subdistrict, Doi Saket
District, Chiang Mai Province, and to develop a sustainable model for agricultural water utilization
and management. A Participatory Action Research (PAR) approach was employed. The key
informants consisted of community leaders, village committee members, subdistrict heads, village
heads, representatives from government and private organizations, and local residents-a total of
25 participants. Data were collected through document analysis, in-depth interviews, focus group
discussions, and field observations, and were analyzed using content analysis and descriptive
presentation. The results revealed that Ban Nong Bua Community relied mainly on rainfall for
cultivation, with limited secondary water sources such as Mueang Fai irrigation canals, streams,
and groundwater wells, which would often dry up during the dry season, causing disruptions in
farming activities. The community lacked a systematic and transparent water allocation mechanism,
resulting in unequal access and occasional conflicts among farmer groups. Nevertheless, local
wisdom-such as traditional Mueang Fai systems, the construction of bamboo check dams, and
household-level water sharing-remained a vital social and cultural asset. Furthermore, results from
the present study developed a Sustainable Agricultural Water Management Model integrating
local wisdom with appropriate technology, consisting of three main components: 1) participatory
community-based water management through the establishment of a community water management
committee representing all sectors; 2) integration of local wisdom with modern technology, such as
real-time water- level sensors, automatic water control systems, and supplementary reservoirs for

drought periods; and 3) capacity building and promotion of responsible water use through training,
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knowledge sharing, and transparent water-use recording. The findings revealed three key impacts:
1) community impact; the community established a transparent and equitable participatory water
management system that reduced conflicts; 2) policy impact; the developed model served as
a prototype for local administrative organizations and aligns with the Sustainable Development
Goals (SDG 6 and SDG 13); and 3) knowledge impact; new insights were generated on integrating

indigenous wisdom with technological innovation for sustainable water resource management.

Keywords: Agricultural water management, Community participation, Local wisdom
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\\sg\) Abstract

The objectives of this study were to evaluate the effectiveness of organic pelletized
fertilizer on the growth and yield of Brassica chinensis var. chinensis (Chinese kale) over varying
duration intervals, and to investigate the release of available nitrogen from the fertilizer to
the plants. The experiment was designed using a completely randomized design (CRD) with four
replications, incorporating six treatments: T1, a control treatment without fertilizer; and T2 to T6,
which utilized organic pelletized fertilizer at application rates of 1,000, 2,000, 3,000, 4,000,
and 5,000 keg/rai, respectively. Growth parameters and leaf greenness were recorded at 7-day
intervals following transplanting, up to the harvest at 42 days after transplanting. Yield data were
collected at harvest, and the amount of plant-available nitrogen was estimated based on the
nitrogen uptake by Chinese kale. The experimental results indicated that the application of organic
pelletized fertilizer at rates of 2,000 keg/rai significantly enhanced the growth of Chinese kale,
as reflected in plant height, leaf width, leaf length, petiole length, and stem base circumference.
The 2,000 kg/rai treatment yielded the highest fresh weights of plant stems and roots, recorded
at 105.54 and 18.60 grams per plant, respectively. It also produced the highest dry weights of stems
at 8.39 grams per plant. The rate of fertilizer application influenced the release of plant-available
nitrogen, with the 2,000 kg/rai treatment showing the greatest nitrogen release beneficial to plant
growth. This was evidenced by beneficial nitrogen levels of 714.52 and 768 milligrams per kilogram,
corresponding with enhanced growth performance. Over the 42-day study period, soils treated
with organic pelletized fertilizer demonstrated a nitrogen release rate of 6.36 mg/kg/day. Based on
the findings of this study, the use of organic pelletized fertilizer could serve as a practical guideline
for farmers selecting fertilizers for crops with extended growth duration. Due to their slow-release
characteristics, organic pelletized fertilizer could provide a sustained nutrient supply, which was

particularly advantageous for long-duration crops. This gradual nutrient release minimized the need
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for repeated fertilizer applications within a single growing season, thereby improving nutrient use

efficiency and reducing labor inputs.

Keywords: Organic pelletized fertilizer, Releasing nitrogen, Brassica chinensis var. chinensis
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‘3?&’0 Abstract

The objectives of this study were to investigate the management of drinking water and
analyze its physical, chemical, and biological quality from 35 rural schools chosen by purposive
selection in Health Region 4, including Ayutthaya, Pathum Thani, and Nakhon Nayok provinces.
Primary survey data was collected by a school water management questionnaire and drinking water
sample collection for quality analysis following standard methods; secondary data was gathered
by compiling the comparative previous five years of water quality analysis results. Variable
relationships were analyzed by t-test and logistic regression. Drinking water management analysis
indicated that rural schools used the groundwater supply (51.4%), Provincial Waterworks Authority
plumbing (40%), surface water (2.9%), and 20-liter bottled water (5.7%), mainly filtered. Between
2018 and 2023, the percentage of schools meeting physical, chemical, and biological water quality
standards rose from 54.3% to 77.1%. Compliance with toxic heavy metals standards was highest
at 100%, followed by general chemical parameters at 95.2%, physical parameters at 94. 8%,
heavy metals at 91.0%, and biological parameters at 73.8%. A significant association was found
between biological water quality and the presence of algae in dispensers/taps and insufficient
funding for water quality management (p < .050). Eighteen schools (51.42%) lacked a water
management budget. After the Coronavirus disease 2019 (COVID-19) pandemic began, a significant
reduction in total coliform bacteria was observed in drinking water (p < .001). These findings
suggested that water dispensers should be cleaned regularly and related agencies must fund access
to safe drinking water. Such measures would promote students’ health through the consumption
of clean water and reduce the incidence of illnesses associated with waterborne and foodborne

diseases.

Keywords: Clean drinking water, Health, Rural schools
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\’;‘S\)" Abstract

The objectives of this study was to examine the effects of growing media thickness on the
growth of organic green cos lettuce in raised beds. The experiment utilized a planting media
composed of loamy soil, pig manure, and filter cake in a volumetric ratio of 1:2:3. A randomized
complete block design (RCBD) was implemented, incorporating three treatments: growing media
thicknesses of 20 cm, 25 cm, and 30 cm. The experimental blocks were established across four
different farmer's fields. Growth and vyield parameters recorded included plant height, leaf
characteristics, leaf greenness, canopy width, and fresh and dry weights of yield. Data were analyzed
using analysis of variance (ANOVA) and mean comparisons were performed using Duncan’s multiple
range test (DMRT). The findings revealed that at 35 days after planting, lettuce grown in 20 cm thick
substrate exhibited the largest canopy width, significantly different from other treatments. However,
no statistically significant effect was observed for other growth parameters across substrate
thickness levels. Furthermore, variations in plant growth across farmer's fields were found to be
statistically significant. Based on these results, the study strongly recommended that farmers using
raised bed cultivation adopt a growing medium thickness of 20 cm., as it not only could promote
optimal yield and canopy development, but could also reduce production costs and enhances the

structural durability of raised bed frameworks.

Keywords: Growing media, Raised bed system, Green cos lettuce, Organic vegetables
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$1uau 4 aunesERUATIMULILesTanUan Sufinveya Anugeny S1uaulu anunatdlu Anwenily
Audealu (Yanas Minolta chlorophyll meter SPAD-502DL) kagA18N114MTaN 1 N15LAUT 038
anilunstunnyn 5 Ju L%'mé?al,w{c‘l’ﬂmq 25 Sundamziuda aufeeny 45 Ju newfuiAehnisduiin
ihainwandavisiminaauazdminuns newdufsalaguifuiesduinadaniuaealdamaie
Coliform (Gram-negative bacteria) mywﬁqmmmiﬂﬁ‘v\la{mLLUﬂ‘ﬁL?E‘J (Sl-2) waziie Escherichia coli
PILYANAGDUWUY Test kit for Escherichia coli nsuuaidusangnsluidu 2 nqu Ao luflansiiuas
Tuftlulaansh wanisifeuaznszuaunissdndnuuuulaseniiulatiluaenonausinfuineasns
naufitieauarin@nunileuwdomiAntununsasasts laedanfimuuasousunamonnunng
ya2ulasansife

mﬁmawﬁ%@yja ﬁw%ay‘amiLﬁzg@uiml.asmamammﬁﬂ 1 3ATIENAULUTUTIU (Analysis
of variance: ANOVA) waziU5suiiisuniad enae35 Duncan’s multiple range test (DMRT) 1n oly
Usunsumsadid IBM SPSS Statistics 26

NAN1539Y

miw%z:ylﬁuimmymmmqwaaci’ﬂaa”mﬂ%‘uﬂaa 91y 25-45 Tu WUI1 TEAUAINNUIYDS
faﬂﬂa“ﬂﬁ‘LLmn@mﬁ’ulaiafamas{amsLﬁ@Lﬁuimﬁmmmqwaaﬁﬂaé’mﬂ%‘uﬂaaaéwﬁﬂ’aﬁwﬁmmmﬁﬁ
TagarmuivesiagUgnil sz 20 wufuns duanenugenuinadn daum 01g 25 §9 45 Ty
WU 89.41 (52.52), 156.81 (13.13), 212,50 (16.23), 262.69 (15.80) uay 320.75 (18.58) fiaduns

AIUAIAU AIR1519 1
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M1919 1 NsasulanuANgesnadanIuaea (Haduwns)

AUNUIVDY 218N (1)

Jeaug 25 30 35 40 45

(Bufwns) X (S.D.) X (S.D.) X (S.D.) X (S.D.) X (S.D.)

20 89.41 (52.52) 156.81(13.13) 212.50(16.23) 262.69 (15.80) 320.75(18.58)
25 87.75(53.28) 150.38 (10.96) 193.94 (24.47) 245.13 (37.46) 323.19 (19.06)
30 87.50 (51.79) 154.63 (10.08) 197.63(22.22) 250.75(32.43) 293.63 (30.30)
F-test ns ns ns ns ns
Block x* ns x> x* ns
C.V. (%) 8.7 71.30 48.63 63.19 93.95

newme: X (S.0.) = Anade (@ deauuunsgu),
ns = luANA1STUN9Ena,

% = v aad o 4 o o o w
= UAMULANANAUNNEDNANTEAUAINULLBUUY 99% AIUAINY

Tanugnuuudasenituiidseauanunuuanasiuluamwananisiasgidvlanudiviuly

a

YanasnnIuneaeysliudAyn1aia lneilleeny 45 Ju ANUMUITELTARUANTITEAU 20 LwURlIAT

F9uulundsApuImINNNSERIUdY A 24.69 (6.72) Tu AInN519 2

A998 2 Mstasgaulaauduulusenuussnaaansunea (lunanu)

AUV a1gin ()

YaaUgn 25 30 35 40 45
(FuRiung) X (S.D.) X (S.D.) X (S.D) X (5.D.) X (S.D)
20 6.13 (1.13) 8.63 (1.92) 11.75(2.52) 16.25 (4.21) 24.69 (6.72)
25 6.00 (1.43) 8.00 (1.78) 12.06 (2.68) 15.88 (3.65) 21.69 (5.09)
30 5.94 (1.71) 8.69 (1.38) 12.00 (2.42) 16.75 (3.28) 19.94 (2.18)
F-test ns ns ns ns ns
Block - ok ok ok ns

CV. (%) 30.73 41.33 2791 53.29 55.92

mnewe: X (S.0.) = aedy (@ulesuunnnsgiu),
ns = luwananatuniaada,

** = JAULANANIIUNERRNTEAUAMULTRIU 99% ANEINU

TanUgnuuwlasenii ui dseauanunuiuanaisiuliamanen1sasgiaulnnuaiuning

vesludnadnniumeasy el dudrAynisadin nelednadaniuneaieny 35 Tu dn1sasgduln

= [

lngvgrsauninvesluniign deszAuanuvuivesiaqugniisedu 20 wuiiuas lTulinnnuning
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@iy 67.50 (7.03) fadiuns vaeiseauaunuIvesianlaniisenu 25 uag 30 wuduns vilnly

Taunnglulnafesiy fe 64.69 (5.66) wag 64.63 (3.79) Nadluns AUAIRU FIR1519 3

A998 3 MstasgLAulaauAunslurIinaannIuned Hadwns)

AUNUIVDY 218N (1)

Yaaugn 25 30 35 40 45
(BuRwas) X (S.D.) X (S.D.) X (S.D.) X (S.D.) X (S.D.)
20 46.32 (16.93) 59.89 (3.88) 67.50 (7.03) 58.18 (6.15) 62.38 (2.93)
25 32.11(20.72) 63.19(10.04)  64.69 (5.66) 59.06 (6.53) 64.88 (3.07)
30 32.85(22.49) 57.94 (2.89) 64.63 (3.79) 63.31 (4.54) 64.75 (2.56)

F-test ns ns ns ns ns
Block x* ns ns ns ns
CV. (%) 59.73 110.06 125.78 70.91 75.09

mnewe: X (S.0.) = aedy (@ulesuunnigiv),

ns = luuanaatuniaada,

** = JANULANANAUNEDATISEAUAMUTDAY 99% MUa1AU

A1uANE13esly nuln Tandgnuuklateniiui dseauanunuiwana1esiuluawa

non1TLas LA vlanuANeeslulnasanI uneas 19l e 1Ay NI9adf 1nefszauaIuIUN

vosianuan 20 wudwns dnaviivinadaniuneaininuenvedludunoun1gs Weeiy 30 35 uay

a5 Fu lnefanue1iaa e 130.69 (14.82), 134.00 (14.08), way 132.75 (13.58) iadLuns a1ua1su

YQULATLAUANUNUN 25 wag 30 Wwuiuns danueilulnawfeeiu fanisie 4

A58 4 MaLsgAvlanuanueluresinadaniuned (adwns)

AUNUIVDY 188N ()

Jaaugn 25 30 35 40 45
(Fufiuns) X (S.D.) X (S.D.) X (S.D.) X (S.D.) X (S.D.)
20 77.05 (45.31)  130.69 (14.82) 134.00 (14.08) 115.87 (18.68) 132.75(13.58)
25 72.62(49.48) 117.50 (11.39) 123.88(20.89) 119.75(18.43) 127.69 (16.98)
30 73.06 (47.92) 119.50 (7.82) 124.13(11.98) 125.31(16.35) 121.25(5.72)
F-test ns ns ns ns ns
Block x* ns ns ** ns
C.V. (%) 19.20 78.76 84.41 83.94 89.27

mnewe: X (S.0.) = anedy (@ulesuunnnsgiv),

ns = AN UNSEDR,

** = JAULANANIIUNEDRNTEAUANULTDIU 99% ANNEIPU
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o

faﬁlﬂqﬂuuu,ﬂmaﬂﬁuﬁﬁiwumnwmLmﬂmqﬁ’uﬁmaﬁ{an’mm%ay@ulmﬁ?ummn%amwg'u
P09 nadnn3 uAsauAnA1afues 1 Tod A yn1sads nediseduaunun 20 wufuns fuualuy
1‘1ﬁymwm§wmwjummdﬁsﬁuﬁu 7 Inslamnzideneny 35 fu ﬁﬂ’nuﬂ;wuaamwjumaﬁqm 251.69
(29.11°) fadiuns wanages1dtod AN 1eadfAannsefuAuL 25 WwuRiung 226.75 (32.77°)

Taawns ko luuanA1an1ERNTLAUAMNUNUT 30 WWURWAT 235.81 (24.19%°) Tadiums AIn1519 5

M99 5 NMsRsAulnAUANUNITINIveIRnadanIuAE (Hadiung)

AUNUIVDY 218N (1)

eGLNGN 25 30 35 40 45

(Fuuns) X (S.D.) X (S.D.) X (S.D.) X (S.D.) X (S.D.)

20 103.88 (73.25) 204.50 (35.83)  251.69 (29.11%) 327.13 (50.33) 356.69 (27.22)
25 82.50 (47.84) 183.06 (25.41) 226.75(32.77°) 280.13 (32.25) 350.44 (14.96)
30 83.60 (48.86) 197.13(37.48) 235.81 (24.19%°) 311.12(39.40) 326.56 (18.74)
F-test ns ns * ns ns
Block * ns x* * ns
C.V. (%) 56.61 91.69 33.05 32.82 76.20

newme: X (S.0.) = Anade (@ desauuunsgu),
ns = luuanaeiuni19aa,
* #% = JENUuANANAUNERANSEAUANNTIBNY 95, 99% ALE1RU

seauaNuvuIvesianlaniiuanasiuludnansainudervesluinadnniunea Augnuuy

v '

wlaseniiuegaiivdAnieada Inennseauanunuvesiandan vnivludnadaniunsaianuden

InaLAeeiunant9e8veINITaTYAule A58 6

A998 6 MstasgLAulaaudviaMululudnadansuaoa (SPAD unit)

AUV a1gen ()

Jaquan 25 30 35 40 45
(Fuuns) X (5.D.) X (5.D.) X (5.D.) X (5.D.) X (s.D)
20 33.04 (3.31) 35.34 (1.82) 33.46 (1.70) 30.59 (2.78) 25.07 (7.09)
25 33,51 (2.54) 35.39 (4.21) 34.04 (1.69) 32.56 (3.45) 30.49 (7.54)
30 33,17 (2.18) 35.23(2.01) 32.76 (1.31) 31.37 (5.27) 32.11(2.17)
F-test ns ns ns ns ns
Block ns ns * ns ns

C.V. (%) 84.40 74.02 46.71 81.98 59.31

mNewn: X (S.D.) = ALRAY (mmﬁmwummgm),
ns = luuanaeiuneeiia,

Y

v a e asd S
= UANULANANAUNWENANTLAUANULYBUUY 95%
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1Y o

seRUANIMUNYRs T UgnTiuanmA ey ufinanetminanuaziminunsvesinadaniuned
ogfitddynsadn sisluaumiefuuazaiuressin TaganumnvesianUgnilszdu 20 lwudiuns
fuwluulnanedsdwdnanuasimdnunsaeurnsgs Tasfiwiinan anuniedu 21532 (86.61) niu
dwinanaiun 12.84 (3.85) niu uavitwiinunswesaumiefu 1036 (3.76) n3u twidnunswessin

0.99 (0.49) N5Y F9MN519 7

M1519 7 dmtinan waziminunsvesinadansunealuszaznisinuien (01g 45 Ju)

AUNUIVDY dhaifnan (n3u) Yudnutte (n3w)
Yaaugn duunilonu 3 dauwnilenu 5
(FuRiuns) X (S.D.) X (S.D.) X (S.D.) X (S.D.)
20 215.32 (86.61) 12.84 (3.85) 10.36 (3.76) 0.99 (0.49)
25 188.10 (68.85) 11.73 (2.08) 9.52 (2.77) 0.85(0.16)
30 195.88 (71.35) 9.08 (3.19) 9.23(3.17) 0.74 (0.34)
F-test ns ns ns ns
Block x* ns x> *
CV. (%) 37.51 67.52 43.88 65.86

wnewe: aumiefu=anunasly,
X (S.D) = aade (@udesuuungi),
ns = LuAnAS UNISEna,

* % = fleURANANIIUNIERRNSEAUANUTBRI 95, 99% MUdAU

Lﬁlaﬁ’lﬁ’]aﬂﬁﬂiﬂﬁﬂﬁﬁﬂﬂ%‘U?ﬂ@ﬂﬁ‘UQﬂLLUULLUaGUﬂ‘ﬁu TUasmamnisuudouveads Coliform
(Gram-negative bacteria) wazide Escherichia coli wuan AnadnnIuneairunsyuaunsann lumy
nstudeureadeqauvisisassnguil uanunmsuudoudenguladvesunuaiize 1 fee1e lusesns
Tudnilurunszuiunisani (Ueyareasdenlalauans annan1sideiilafinsmenenssrmiugua
wadians 9 lunsgnindunisuuwlaseniulnfuineasnsnquandniiziea fwiagmsing was
indnwiiiFouieatuinwnsasads lagisnmsdaniiauazid snvuulasgnuednunsnsis

1ASINIFIVY AN 2
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2 2 nsmeveamalulagnsugninuuuudaseniiuluiuinunsnsaundniivieauwazyaula

\gg\, AUTIBNANITIVY
dnadanIuneanugnludanugniifinnuvuiuanaiaiuluszuuwlaiuuueniiy wulnseau
AnuvunvesTanUanluiinanenisiasaydulnvesinluneadn nneswusenaukaznaenengn1sasaAule

28380 tawn AruaNgnu 9wty aunielu anuelu wazanudeivedy swdwandn

lunruvesminanuasdMINuMe eNIuAIUAIINNIVBIMTINY Wernideiy 35 Tu WUl seau

mmwm‘uaqi’aqﬂaﬂﬁ 20 LWUALLAT TAIUNINVDINTINUNINATIAMUNUITEAUD U b WAAM Y

U 9

o o a

sendidediAgynieada senslsfinulonuszeriluuad seAuanunuivesianluiinanesnuszneu

'
a

yaemsasgivlnauiinisiuies vsdonadumsiznanununvesianUaniiszdu 20 wufiwnes fnane

o q
v oo

ASNIANMUTULALNSTE UM AN LN AN F9r38anANMLEEIYRINTSTINNUSHINSIN Usenauiu

'
a

finsaemenalaazain welnsinvesivlasueandiaulad vieadunieineniseinialuianlgn
dAanssuwmungan vaeAseauanuuu AL iuly (30 wufiuns) 9197 lunsseuneinnag way

awalvsniiwvinesndiau Faduannaluniseiyfivinvesisanas (Singh et al., 2008) AILNU

v
o

syavlisaasunsluansemsiiionsasy Wulnvewnlaeg iz aulaziisanenonissyiule
ypainadansumea dadurnusinalufissuusiniu @aennassiu Sharma (2021), Sharma et al. (2023)
wazanu1se ladsuazAudy 9 (2566) na13 Januanidenaunseulouainesiarsanivvangauiy

YAANY ﬂ’]’lﬂJWEJLﬁEN‘U?Nﬁ'W]‘@’]ﬁ’]S mmmmm‘lumsqmaxizm YU LNUNZ AL TITAINAAD

nsseAulavesiiviugn aruaudnvesianugniuey furiiavesiiy vatlillesannivudnilssuunndy

pguTIAY 9 (59de w11, 2546) @eanasdiu F1u1ey VInana (2565) Anuln AUIvesianUgn

o AN
v '

vuwlaauuuenity 20 iwufms Ugninninseannunaeiylafnmluisugnuuudu uas Sabeh (2020)
wugihnn dnudlaalu anansnugnluszduanudn 6 i (15.24 wufiuns) veduns wansAnYIE wanans
fuanuigiuiindagugniinutueramioiunaiayiulmesivlafiy iesmnimstnifumiudusey
5198 WN5LINT4U (Sharma et al., 2023) &z"iﬂmf«]Lﬂulﬂlgiwqmnﬂwmaﬁﬁ’a@ﬂqﬂﬁﬂﬁigﬂiﬂﬂ%mmﬁaisﬁu

Auvw tnesnemsifieglutanugnenaduduwlsmdniifinanenisiasaiulavesity (Sharma, 2021)
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Weniarsananis3delunimsin wuan dnadaniuneainisasyivlannesadseneu lud

AuRANAAUEiRnaanszazvensasyiulnaudinisianands sisderaidunauianaunin

a o

vaadanugnunnninseauauvuvesianuan @9 gUANGA unuumn (2561) Na1in Aud Alunidraneds

U U

Y og

fanUaniid avaaaiunisuanseonmeiugnssuvesiislaifudl asfulaangisiidney 30-40 Ju
fnadaniunea fnsatauivlnogmadilunnauiasynseduanumnvesfanugn Ssoraidumsy
2 Yadoudn Aevadousnanunsi uazauaiauevesiugnssuinadansuneadi idnonini a
JemouaussmeaninwInaouiivanvaslad Jaded 2 Ao aunmvestanugniithunlefinnuauysa

NsIMeIMITsselunsaLasuNssiulnvenivgnuuwlaseniiuladuin dawnsug nauds

a
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o
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a
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a o

FIFNINLINA DY
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Uinaiuiiugnuazdszaunisnl maguaiiunnmstuassanenandnnininnumsla lag
(2561) namnataiuluaskandeiifvesiviutueyfunisinmslasgUgniduaiulng n1sdanis
dsunaeuluasgnimmnzasviiluiieinnuudausuasuansdnenmussiugnssueenunlaeeafud
eaamanonananTidaaa A LLazL.ﬁ'aﬁwéhaéwniuﬁnaé’mn?uﬂaaﬁﬂqﬂLLUULLanﬂ‘ﬁu lunsiam
L‘??EJ Coliform (Gram-negative bacteria) W’U’JIWﬁﬂaﬁﬂﬂ"?uﬂaaﬁmlﬁuﬂ’l‘igﬂﬂﬂéﬂ VL@JIﬁmi‘UULﬁlEJuL%EJ
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\\)g\; Abstract

The objectives of this study were to apply spatial information to classify and delineate
ecological characteristics, and to group poor households based on spatial contexts and compare
them with ecological characteristics to support the design of poverty reduction strategies
in Yasothon Province. The study utilized a database of 5,041 poor households. A mixed-methods
research approach was employed to integrate quantitative and qualitative data, including
the participatory definition of geo-ecological characteristics, the delineation of boundaries using
Geographic Information Systems (GIS), the categorization of poor households, and the analysis
of their distribution across the province’s geo-ecological landscapes using the Identity Analysis
overlay technique. The results revealed that Yasothon Province could be classified into five ecological
types of Phu (uplands), Khok (mounds), Thung (lowland fields), Tham (floodplains), and Mueang
(urban areas) which were visualized into maps. The impoverished households were categorized
into four groups based on their spatial context of strugeling, difficult, manageable, and secure.
The spatial analysis comparing the distribution of poor households with the eco-landscape types
indicated that the majority of poor households (38.05% of all poor households) resided in the
Thung (lowland fields) eco-landscape. However, when analyzing the density of poor households
per eco-landscape area, it was found that the Mueang (urban areas) eco-landscape had the highest
density, with 4.11 poor households per square kilometer. These variations among eco-landscapes
indicated that physical characteristics significantly influenced poverty conditions, particularly
in relation to livelihoods and occupations that differed across each eco-landscape type. This study
demonstrated the vital role of spatial information systems as tools for defining ecological

boundaries, managing physical data, and analyzing the spatial distribution of poor households.
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The findings could be beneficial in supporting future policy design and decision-making for poverty
alleviation and development, enabling relevant agencies to formulate targeted and effective

interventions that align with the specific contexts of each ecosystem.

Keywords: Ecolosical landscape; Poverty; Spatial information; Geographic information system
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\\sg\) Abstract

The objectives of this study were to investigate the incidences of anemia during pregnancy
and to compare food consumption behavior, iron supplement adherence, and hematocrit levels
before and after the intervention. This research was a quasi-experimental one-group study adopting
a pretest—posttest design. The participants were 15 pregnant women attending antenatal care
at Chiang Dao Hospital who had hematocrit levels of >33% and a gestational age (GA) of <16
weeks. Participants were selected using simple random sampling and were followed for a period
of 20 weeks. Data were analyzed with computer programs using descriptive statistics, the Wilcoxon
signed-rank test, and Paired t - test. The results showed that anemia occurred in 13.33% of the
pregnancies during the study period (95% Cl = 1.7- 40.5). The median scores of food consumption
behavior at weeks 12 and 20 were significantly higher than before the intervention (Z = 3.420,
p = .001) for both points in time. The median scores Iron supplement adherence increased
progressively after the intervention, with significant differences observed at weeks 4, 12, 16, and 20
(Z=2014,p =.044; Z = 2.014, p = .044; Z = 2.060, p = .039; and Z = 2.060, p= .039, respectively).
Although an improvement was observed at week 8, it was not statistically significant (p > .05).
Furthermore, the mean scores of hematocrit levels showed no statistically significant difference
(t= 1.11, p = .282). It was suggested that self-management support through telehealth could
enhance pregnant women’s self-care capacity and serve as an alternative approach for anemia

prevention during pregnancy.

Keywords: Telehealth, Self-management support, Anemia in pregnancy
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Iwéqfﬁumqa, 2565) mﬂ(miqauguwméam%ﬁﬂ (American College of Obstetricians and Gynecologists,
2021) fuslvansnenssnidiszaudlalnadumnm 10.5 o/dl viseBuilneSasninsesay 33 feandinne
Tafinan nefigtfmsaialanadesesay 37 uasnugaissosas 56 lutssmamdminun (Verma & Roy,
2020) Tutszmalnenusnaanugnuesnniglafinansluanidsasinsesay 36.7 (Mangkalard et al.,
2022) warluiuagun i 1 wuseay 12.65 (NT¥NIIANEIIUAY, 2566) sﬁaﬁqqqmﬁmmsﬁlﬂmma
finswoundtesshilnanndesesas 10 aelud 2570 (nsuewnsly, 2566) naglafinansanansaesiule
A18n15UsTnA NI I an nMsiasusnndnuaznsalian ufanisufunginssugunin
p1ulnruInsAukInIesesrn1seusielan (WHO, 2017) n1sfnwin eunuiil waasludiuan
mﬂvﬁymmis mie{qLa%mwmaugﬁvwm‘umw waznslauuafan1sdanisauies (Self-management)
’Lumia'qLﬁ%:uaﬂ’uauummgyl,l,azwqﬁﬂﬁmwsauamum sastansladuugiin msluduinsiuans
fifanssn Lﬁa‘hﬂﬁmmﬁmm‘amumﬂumiﬂ%’vLﬂ§aquaﬂiimqmmwﬁmmsau Immﬁquaﬂﬁmmi@ua

muesfineslfiRlunularunnms nisleenasusinumdnesnaiiauslusznnmanssn weluansninssn

v
aa=

ANgANTTUFUANNAVU uarseiuBulnasaiindy Ganseans Anse IGERITEE AgsAANIULN, 2563;
AYaIE7 anluy warAud U 9, 2564; @13F1 AUaNG LLazﬁﬂ’mﬁ Lﬁﬂ%ﬁum‘mqa, 2567) agnalsfiniy
mi@i’wLﬁumﬂuamw%mwmwﬁaé’wmm’mméLﬁaﬂumiammma%}ﬁwLLusﬁmé’amﬂﬁmmg
Faududadvddniamanemnuaiiauslumsfulssmugiadusgmanuas msungAnssumsuilan
pwnsifiovastfunniglafinasssvnenisiangsn

voyavedlsmerutadenn 9 2565-2567 wunnglafinadlundeianssnfiurinassnadan
Wuduneoliios sesay 18.85, 20.77 wag 20.85 auaisy (154N81UNALT B4R, 2568) @ 9aenouln
wmsnnaudtluifismenonistestunnzlainang 1nnsieszan unsanUIIUS UnTE SR U
L%aamuﬂuﬁuﬁqﬂ nMadumemdeiiassnuniuuinisiinasniivediia nisiamuneidiesiilagn
assalnnsufoimusuusiluasuoulunedes mnmsmumussansamunlusasuidinun
n13quaguamnsing (Telehealth) lasunisndnduduuleuisuasfuuamanisuiafdaaunin
psrmsouislan LﬁaéqLa'%mmiijﬁw%ﬂﬁqﬁumw angaaenunsuInTg uardnwiaumeLiios

Y9IN159ua LALlan1EndnI1sseuInves COVID-19 Misslninnisiszuuquanisinauilyluianing

" v
N

wardienisefidasslonilurasinssn Wy M1sUfusUuuuuinisuinTsiinATsALaEN1sAAA LN
A TUszansamuind uluvatsusun (Atkinson et al., 2023; WHO, 2022) A1SNUNIUITTUNTTH
ogradussuuuarnsdauamennuidetlmiiuiueundinduuuiiofowas nsasonn (mHealth)
mmmLﬁumﬁm1%’Uu%msmﬂﬂﬁﬁuaxmsﬂﬁﬁ’amuﬁwLLusﬁﬂmqqmmwlﬁy‘tw%wﬂizLwﬂﬁﬁm%’wmﬂi

311iA (Mishra et al., 2023) waKanefvinaansu1sUsen1sdsfuivuTunuassuiuunsussgnaly



X
o

X
o

100 | = 215a1536IMS UKNINENAESNNasand
Academic Journal Uttaradit Rajabhat University

Mnzau (Knop et al,, 2024) Tuusuniiunniduguuisusinademninisdunisniuuiniseiin

irnassndivediia nsly LINE Gaduneundndudinlavesdunwasuazivifdlaaey Jadumaden

a vaa

Weluanmungaudmiunisinaiy mw}mﬁau LLaﬂﬁyﬁwLLusuf"]éjﬂuimmmmasaﬁfuau unsleen
89k 09 uanaNiduiTenatssunuinnisled edeauseulay wu Application LINE waeln
w@aﬁamiﬁ%ﬁaﬁayjaqsumwlﬁyazmﬂLLaw{aLﬁaammﬁyu iinausmdelunsguaniies wazansng
misumsﬂgasmﬁﬁfaﬁﬁﬁg (Kim & Park, 2023; Setyowati et al., 2022)

i E‘I%{]JEJ‘MUWUWWUENWEHUﬂaﬂaﬁﬂmﬂﬂiiﬁ T5angUaTE9n17 FIMUIAANITIANITAWLDS
U89 Kanfer and Gaelick-Bays (1991) mﬂisqﬂﬁiril’mﬁ’Uﬂﬁ@jLLaqmmwmnlﬂamﬁu Application LINE
deanafuluvdeisnssnansadanismuedlafitulununginssunisuslnaoims wazanuaiiae
lun1ssuusenmuenasusinman msslszju?{aaauiaﬁﬁ’ma'nmmsauﬁ’w%wﬁyuﬁqaﬁ'msLﬁumq

v
o

wrsuusmsidululaenn welminnisinmues1amaiiias Lﬁmﬂizﬁm%mwslumsaua waziduwuImlu

o

nfidnenlunsimuunuiuuredliusunsuguavdenssntusuuningluouian

IMUTEaIAN1INY

1. Wiednwgifnisainnglafinansluanisdeassniila sunsatuayunsTanIsntLe NIy
nsAnAuguamnslnaluyaidnm

2. \itew3suifisunginssunisuilanems anuaiiaueveansFuUsELE LA U AN
Tunsdesiunnizlainas wagsedudulnen (Hematocrit) luanddsassnd suuinisilsmeuia

LT ENANINDULAZ A ﬂ’]iﬁﬁUﬁHUﬂﬁiﬁﬂ msmmaamumiﬁmmmqﬂumwmﬂﬂa

ANNAFIUN1TIY

1. mwé’qﬁ%umsaﬁuauumﬁmmsmmmshumiammuqsumwmﬂﬂa an3nanssniiniade
YoszuuuNgAnTsuNIUilanomma ity

2. mwé’qﬁ%umsaﬁuauumﬁmmsmmmshumiammuqsumwmﬂﬂa an3nanssniiniade
yosserarATAIaNsluMsSUUsEIUB IS AN AL T

3. m&mé’ﬂﬁy%’vmiaﬁuauumﬁmmsmmmsﬁumi@mmmqsumwmﬂﬂa an3easan feniade

YBITTAUTUNAASALNUTU
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\gg\, NSOULUIAANTSTINY

AuUsAu Audsnnu

msaduayunsianisauesiunsianuguatumslng
1. uurRansuaguammnislng 1w Application LINE teatuauulnainug A

N13ARAIN NTEAUIHOY N1TRUANULBINUIL TonTsHoa sl TR YeINITAUARILDS

poLliafiuu Usznauniy -
. vy, 5« 1. gUAn1sanieg
1.1 msatuayunugisiiuluvaeisesen

0 aon . 4 ¥ - larina19lung u
1.2 anglumsufifuasnsdnnsauesiievain1izladines L C
v o . R R NATE R
1.3 ManunuenugsazknUiitunsdansaueadusses 4

vy . C v v, . 4 a fAinw
1.4 E‘\IJ’J‘\]EJVI’]ﬂWSC‘IﬂGI’]iJE]EJ’NGIELan ﬂaaﬂimumau iUWﬁLLa%I%ﬂ’]LLu%U’] LJJE)QJ‘[T‘EUU%W

S 2. NYANTINANT
VBINIYLARULDITIUI .
uilane1ms

2. M3UszgnAlduulRan1sInnIAULEIYas Kanfer wag Gaelick-Bays Usznauniy

- : . ; 3. Arua AN
2.1 N13fARuALLY (Self - monitoring) Twi aen1s¥uuszmuemsidsnnangs

. - « Tunissuuseniu
WaN1ITUUTEINUEESUT AN

- , 4 . CRIGEFGREIT
3.2 msUszilunginssunisguaguamauies (Self - evaluation) luSes mnuiiaane

4. szaudunlen

Tumsiuussmuemnsiifisgwingdluunas u uagaruadiauslunsiuussmugiasy

P vy av w1 e ¥ao - ¥ oy v Y
s19an e eusulrhdiivadioUssiiuaueumdaimudmnglule

3.3 NILETULTINULDY (Self-reinforcement) Lﬁ'a@L‘uﬂi'summmv‘hmmﬁmmalm

v
o

a o A A4 o ¥ag Yo o Yo o A a A o ov'x ¥
wIefusnilevhlafluidla wagluAuugsiifiuiudedwiludadimvune

U

TN - - aw
\\3&\) AALUUNTITIY
\Junn538eAamnass (Quasi-experimental research) waﬁmémi’ﬂf{auuawé’a (One group
pre-test and post-test design) fifiun1sAnwilu Weununmius 2568 fs ieudamey 2568
1. Usgnsuaznguniegie
Ussmnslunsanundsil fie andsenssnfianfuuinisiilsmeruiaifosmn fsviu
gulansnannnvdeundusesay 33 uarliengassnnewduduiunsifenssni 16 e lurasd
i sfinwd 2568 91uau 50 AU (T5aneunaLlesnn, 2568)
naugesslunsinuadsd Ao anddenssaflanfuuinisilsmenunadesnn fdseiu
gunlna3nuinniviemiu sevay 33 warflongassanoududuiun1siseusenin 16 &Unm Un
msiladennlainearlenanslilnadu (Hb) waz adunlarse (Het) Taisaesmasiinnuduius i
TneBunlnn3maviiausvana 3 e Hb (Het = Hb x 3) Fansasradunlnase aruavaaniumslan
shlas engnuazsans silmdunmadenillelumsdansesmaauy Smsfnuidessyn maleen Het
ﬁﬁwndﬂmmsﬁmmiaLﬁuﬁaﬁq%yﬁ'aau%’ulﬁyﬁ’m%’uﬂ’]iﬂmﬁu;;ﬂaaiaﬁmmﬂﬁlﬂiuﬁ’uimLawmﬁmﬁauﬁ’u Hb
Faflruaennaniu msUsvanamanuduius i ivanansalsamiwsuidudnamislaiunsdanses
\{03m1 (Brunken et al, 2016; Insiripong et al, 2013) gaamqwaﬁ’qﬂén ‘Lumﬁﬁﬂwm%”lﬁ;ﬁ%’aﬁizé’u
surlapsandunam ‘LumiammﬁmﬂﬂﬁmmmwiaﬁmmLﬁ‘yaqguhiwiwmiﬁmﬁﬁ nsAALEan

nquee 19l IBNsENey1918 (Simple random sampling) uadlnasaudfnswnunumimun lnefivun
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nquineg el smnTsAnwIAdal S1uau 15 919 n1dINILANgRFIBE79 (Sample size) 971934
PnmAseneumnifidnuis savedusunsunisluanugFesnnglainamiunsatuayunnaseuads
wuueaulaunensius il satunnslafings wgRnssunssulsemueTIuaseNasNsIWE N8
avansan Tosululsmenuiagum (un Ssadsualy uazauana dazalin, 2567) aelalusuns nd studies
Tun AU (Bemard, 2000; Ngamjarus & Chongsuvivatwong, 2014) lﬂyﬂq'uﬁaaéw 9 AU Ll 9 Ber

NSEYMILVRINAUAIBEIANAILNEINE (Power) TuN1T0TIITUAINLANAI Fenguitoe 197 iy

'
a °

LN UBIUIINI NGB (Statistical power) U9IN1TIT8YIUTTONENINTUN DLATITNUATIULANA

o o

e Ayneadalunanside wagiuanuiiugazauuLgeie nslynquiieeavuinlngyigin

7

v

a3 Ideiinnuususinniu weefiuarmdetilureasuillaaniuisds gidelafiuvunangusonn
AN 6 A (USH unaauUssau, 2564; Cohen, 1988) et azl@?suumﬂéuﬁaaémm U 15 AU
\NAUTINI9AAL (Inclusion criteria)
1) animansaniinivuimsilameniademissduinlnasavendonnnnivdowiu
soUay 33 LLazﬁmqﬂﬁﬁﬁauL'%'m"%ﬁumﬁfﬁaﬁaaﬂ’h 16 Fam
2) lufitymgunitamananside laun anuunwsomnenisladu Symgunminilady
nsfadennuwne Tsnsndadidle
3) filnsfmnideuit uazanunsaly Application LINE Tameulunisdeansla
1) an3hansan/gaua annsadoasivilalunilne
5) wsalasnitemeenuadasla
\naimn3AnDN (Exclusion criteria)
1) ansansaniiflsesdadidle
2) fanuunwsemnsnslady LLa3ﬁﬁiqusuﬂww%mﬁlhy%’umﬁﬁﬂﬁamﬂLL‘WVlEj
msqﬁmsvﬁwsﬁmwﬁ%’a (Termination criteria)
1) ilewrsalufanssy lnuauarpansnifedaluasmnauiofiniu aesnisven
uazUBNANNSTINAINTIY M%aﬂﬁl,aﬁm{lﬂ;%aa@
2) ﬁmmﬁmm (Abortion) gaﬂqaﬂﬁ(%ﬂﬂiiﬁ
2. \n3asiiafililunnside
2.1 wiesdioflslunsifiusiusumoya Ussnoune
aufl 1 wuudsuaumeyaTialy S1uausdinisiiasan engasan UseTRntsuneyns
il 2 LLwaaumquammmsu%T,mmmﬂuﬂwsﬁaaﬁ’umaﬂaﬁmma \Juverany
MAgatunsUfUAdudusuuesindiAseaina (Likert scale) wuadu 3 sedv lunsujodias
43
uj
g

UfuRvmsalanzuuu 2 Yjdhvesmsilanzuuu 1

wa

UAU1IAse wazufuRvesass Inediinamnisluazuuu feil armaudeuin lesufidiaslansiuu 1
v

wva

vnselanzuuy 2 UfuAvesasilanzuuu 3 wazvariaudau lueeufdfaslanzwuu 3

gl 3 wuulssdiuenuaiauelunissulseuenasusaman Msfinwassiiyide

U

a

Fenly 2 35 Ao nsuszidiuannisdunivaylisiunsinaiuguainmslnalidniuiuvediaiy 2 ve

laun 1) FmuATiwen1svIneluseu 1 Aoy Lay 2) IMAHATEINITVIANITTUUTENILET N1SHAITAUN
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muaiaseresslanamnsUssiiumuasiidevessues s Ald wazAudy « (Srsai et al,, 2021)
aruaauelunsiuUssmueily 1 feu mdusnuaded suusemuenaiduseundadion x 100/
Frnuniiinesiulssnusmueunsiyluseuniaiey
2.2 \desiioflelunisveass

2.2.1 AdVIRTem g Ratunglafinandluanifinssn wnazaduamnuen 3-5 wiil
uA ALY AR 91113 HANSENUADINIALARYAINTUBITY N3N (nTueuLTe, 2565)

2.2.2 pavARTowumeNsURTRTuNsTAnsIueesaniiingsn unazadunue
3-5 Ut laun AdUuLztuMAIEMTUAL BN Te VNS TITsmANgY Tan1sulsEmusESuTRInEn
fignaeamnganssdumnevesdunlania nsudinassamuta (nsueuiss, 2564; 1sswe1una
SUNBUR. AzuImerans, 2560) uazlavinnisfaneienilunszdu wasmngausunalunisnuny
mmgﬂmq Application LINE

2.2.3 aunsninuvselnsdniiad euil waz Application LINE Iuﬂwiﬁlamﬂﬁmmg
nsatfuayunsdansaues msfianu mslusiuinvideanifidassnaesnssiuuzi Tunsdestu
awlaiinan

Lo

2.2.4 yuuduiinnssuusenuenasusimanyIselaiauduielelunisinay

Y
v v v

nszRuiouuardsufiun1siulssmusinieruesesaninanssn tnelugirsaunsidevuiinnan
nssulsgmusluwnaziionntu suvananalunisuiaet uiensulsemusilunsal auayis
unlyymniiie
2.2.5 desl,miumsaﬂ’uauumﬁmmimmaqmﬁu Application LINE ﬁﬁaﬁ"aiﬁuﬁ’mmﬂﬁyu
NMINUMILITIUNTTUUAAN WA TR B2903Us2NBUAIY UUIARNISUAgUIWMSlnaTEs0IANTS
auulan (WHO, 2022) LaghulAATANITAULEIUDY Kanfer and Gaelick-Bays (1991) ﬁwmﬂizqﬂﬁ%
Tumseﬁ’wLﬁ‘uﬁﬁ]nssuaﬁuauumﬁmmimuLaaﬂi’mmia(smmqGumwmﬂvLﬂa“luam%‘éTyaﬂﬁﬁﬁLﬁgﬁl’mmﬁfﬁ’a
Tundsil
3. N13ATIVFDUAMNINLATEATTD

3.1 157980UANYTAIUATINULE 81 (Content validity index: CVI) sﬁﬁi’aﬁ%ﬂ%"mﬁa
Tunafunurmeys uanedosdlefllvlunimeans gnasnandid i 3 mu Useneuns ghuunmg
WU INTIUIYN LY uaznguaInInTUfURelunddndnasan Mé’ﬂmﬂﬁ?uﬁwmﬂ%’w?a
unlalvasysabatumuiuugimesmanaad Inlaedianunsmmdonimiu 1

3.2 Qﬁﬁaﬁwm?mﬁalﬂmaaﬂ% (Try out) laun wuvasunmmgAnssunisuilnneimig

‘dao

lun1svesiunglafinaeluanifinssaniidnwaglnatdesiunaudiognsuaitinimaiauiiedy

s
o a

(Reliability) vosuuvaauaIun835duUszdnsoan aseuuia (Conbrach’ s alpha coefficient: a)
IaarAuLEeiu 0.75

4. FWauiluns3de /n1ssusiudaya

o

WlHNUNIHANTNNANENTINNITIESTIUM Ty ee deladnlunsidedsil

o

4.1 Yn3dyaSureingUszaenrein1side I8Anlunsidenuenarsyuasdmiugius

nAeuarasteludundngrulunilsdedugeusnuide
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4.2 YaRanssunulusunsunsatiuayun1sInNIsR UL Application LINE lngnisasiasy

anugieihlUlslunsaduauunisdamsaueaiieUssiunielainiane seaziBennu Study flowchart

[

&
PNU

FUawid 1

Aanssudi 1 : mi‘l.ﬂ;mmglﬁyaw?uLLawTwrmwumwgﬂfﬂ&ﬂ%ﬂaﬂ VDO / e-learning w11 Application LINE

Aertulsanglafinndluanidassn laun anumneniglafinans ame wansznuresnnizlaiinang

mmﬁﬁﬁgmmmﬁﬁadﬁwazmﬁmmi

Aanssud 2 ﬂWiiﬁﬂawugyl,?‘{mﬁ"umsﬂﬁﬂ’ﬁmmﬁaﬁaaﬁ’u‘iaﬁmma Tynad VDO W1 Application LINE

loun masuussmuewnsiiismmings maaiusaudnuaznsnlndnuarnsUfoidanauides
ﬁy’qaaqﬁaﬂiiwvmummgﬂ?ﬁ (@a it 2-20) Tagasady VDO LLasﬁammg yn 2 dUam (33 8

A39) 1alenaniu-nou Yoasdun1u Application LINE

L

FUansiil 1-20

Aanssudl 3: MsUfURnIsdnnsnues (@Uanil 1-20) AesamoRngsy 3 AU

- mdamsnuemiulneuinis SuusEmuNITsRman Yulsemusaiusnman/nan aiiae
asnuutuiinnisiuussmuegyniieunnu Application LINE

- MIQUAFUNTNALLDY TUNMIININATIAMILIN NIATITAVA AL LA,

- NMSLERUUTINULDY (Self-reinforcement)

@

UndelnAuugdn madle wagnseaudionile/lula nu Application LINE

L

Augaduanin 20

- fiusiusineyananiside

- WATIEMRYA (N=15)

- d@3una

4.3 mMafusavruteya stezaatlunisifusiusanyeyanulusunsus 20 dUam
Tngnisoonuuuiaailunisnaaes lausulnasnaasstunislnuinisvesadidndinassn s uuamis
nsfunuAnasisnIETRasIgY waglidunaiumssluiy gluuing garsmnside s
‘Lﬂ;{miﬁﬂLﬁumu%%’ammmﬂimﬁuwaLLasﬁw%ayjauﬁmswﬁlﬁ fail 1) inaumvesnsensilnasasedy
Het adeft 2 Tumas dUamdl 30 - 32 2) anmsadlyaevesnsuaINMsTsEeAaIEATs 3) annisy
vesgnrmnsielumafunanaisdon usrannmaduivasedwesnsmanmsasdeatigou

wenwloNMIVIMIUNAYWILIBI UagiTBnsAnnmuazdan1s Drop-out HesnwAMAYBIYYA
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v

Tnoy 3deudu Aamu wagnszauiiou yursaanduszes 9 1ae W Application LINE dUawiay 1 as
naeamsAntTudUAmA 1 - 20
4.3.1 neuduMInAaed IAUTIVTIMNIEYA ATNLUUADUNLTeYaTIlY wuvABUATL
wAnssunisuilaremslunisUestunnslainine wuvdszidumnuainauslunisfuussniuen
W@SusIRNAN wazszAudunlaase
4.3.2 \iususamteyanuwuuaeuaumgAnssunsuilanoimslunisdestuniie
Ta#inana neu sememsvaaedludUanil 12 uazAunisvanedludUaiuil 20
433 LﬁUiﬁUiﬁMﬁJ@y‘amﬂuLLUUﬂiSLﬁummaﬁﬂLauaiuﬂﬂi%’uﬂismumLa%uﬁmmﬁﬂ
neu sevensnaaeddudUa 7 4, 8, 12, 16 uazAumavinaesludunni 20
4.3.4 \ivveyaseAuBinlnasn nouwazAuganamaaadludUami 20 veyagifinisnl
msinnnglafinandlunguiiosns éuqmﬁﬂmﬂﬁﬁ 20
4.3.5 Maivsunnveyariefanuanuaiauelunisutssmusluuusudin
mi%’wizmumlﬁmwgm§ﬂimﬂiﬁ@fdﬂwémmﬁﬁ’aﬁuﬁﬂnmm’a%’wsxmuaﬂul,wiazfaﬂqﬂi’u TPV
winRaluNsRgLarauUUTuiinmslauynideuiioUssiiunsufiRve s
5. N15NIUNAIEFIIUNTITe Tunywe
mﬁé’]’ﬂﬂ%gaﬁchumi%’mmﬁmmw‘%aﬁiiumﬁﬁﬂiuwmj NNANLATINNTIILTIIUNNTINY
Tsmmenuiauasivn Sanindedu lena1sfuseaanil NKP No 009/68 fuiliuses 23 unsiau 2568
6. MiaTzvidaya
Anszvvayalaglalusunsy R version 4.5.1 for Windows lag
6.1 szua;&aﬁlﬂﬂ osunelnelvadddenssaun laun $1umn sevas aisegIu (Median) A1iads
(Mean) aﬁmﬁsawummgm (Standard deviation) uagwideszvi19m18lna (Interquartile range:
IQR)
6.2 guAnsannelafings esurelaslyadfidemssaun laun souar uagAuINTI
audetiusesay 95 (95% CI) vesdnailneleds Clopper—pearson exact binomial & wszauiiu
nsUssanudnaiulunquiiesswinidn (n < 30) ielvlan1raseudesfuiuy Exact wauiendy

gbeta () lulUsunsu R fsaunis (1) uaz (2)

X
Lower bound = gbeta ( > X, N -x+1) (1)
X
Upper bound = gbeta (1 - PY L,n-x (2)
Taei x = RV IR R PRIEIIERN
no o= WIAFI087S

o = 0.05 @ nSUTI9ANUTRIUTYAY 95
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6.3 @ty (Inferential statistics)
6.3.1 Wisuiflsuaadsaziuunginssunsuilnnonms uasandsaziuunnyasiniae
slum‘i%’uﬂismu&nm?mmmﬁﬂ mﬂNam'ﬁmiaﬁ]aa‘ummizmﬂﬁwawymga (Normality test) 91n
ALY (Skewness) wazArATag (Kurtosis) wuanvayainiswanuasluund Jaudenlvadfuuuluds

v

w151flaes (Non-parametric) Taela Wilcoxon signed-rank test 4l oiU3eusisumnounazndsnsla su
LUsUNIUNTAtUayUNITIANITALLES fmunseauteddameadahai .05 warUSumaruiiveddy
¥3a0A (p-value) a8 Bonferroni correction LﬁamuqummEﬂwmmﬂismwﬁ' 1 (Type I error)

6.3.2 szAudulaA3n (Hematocrit: Hct) %@yjaﬁﬂﬁm}ﬂLL‘\]ﬂﬂgLﬁﬂﬁUﬂa (Approximately

normal distribution) Twafi@ Paired t-test wiawSaurisuaedsnaukarnadbnsuluswnsu=

NaN15338
1. foyaniluvanguanininsassfildsunsaduayunisianisaulaskitunisiaauguan
mdlna
wunauiiogsiongade 24.40 (5.11) 1 awulney sovar 66.67 luiveiTouansa sevay
93.33 duSansAnwseduisenfng/Uin. sosay 40 Uszneue BnusUIL SouaT 46.66 AATINATILSN
sovay 86.67 lanAeiiusyIin19unayns Tosas 66.67 ANTNIIHINATIA LAYDILATINLRABTBINGURI9ENS
13.90 (2.27) &Uam
2. giansaianazlafingnsvesaninenssiildsunisaiuayunissani saulesrinunisinany
gunmndlnalugaeiidne
wungiRmanivesnmslafings lundatsasanfiunumessdudulnainund (Het 1nn
vaawniu sovaz 33) Anidusesay 13.33 (95% Cl = 1.7-40.5) LLawmjaﬁgqmiﬁﬁquiw@ SoUaz 86.67

(95% ClI = 59.5 - 98.3) diszAudulaasneglunamunAndsaugnszeziansinmu 20 &Uawm fam151e 1

M99 1 gUinisaunngladinandluanimeassaluyienfng (n=15)

7
N

an3nenssAfldFunsaiuayun 317U (AY) Souaz 95% CI°
AMEladingng 2 13.33 1.7-405
Und 13 86.67 59.5-98.3

VBTG AUINYIAIILTREN 95% n3835 Clopper-Pearson exact binomial Inglyiandu gbeta () Tulusunsu R

' v
o

3. WiguiguaAdseguvasazuuunginssun1susinramsluaninneassinauwazaIng
AUAYUNITIANIAWBIRIUNITARANFUNWTeING

LU%‘EJULﬁEJUﬂWﬁﬁEJEWU"UBQﬂgLL‘LJ‘LJW@]aﬂﬁillﬂWSUqﬁIﬂﬂaﬁﬁﬁﬂuaWN%’NL’Jaﬁ laun neunsAaeY

o

seymseaadluduavil 12 uazduganisnaaedluduavil 20 nunadseguvenzluuNgAns sy

N o [

n1suslanemsneu wasndnisiasulusunsuatvanu Windues el dodAyveada fsedu 05
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(Z = 3.420, p = .001 HaperaIan) Taeslan Median wazysfideseninanielna (interquartile range:
I0R) TudUandi 12 uagdUa1it 20 WU Median =26.00, IQR = 0.50 wag Median = 26.00, IOR = 0.00

AUAIAU AINITN 2

f1919 2 ﬂ?ﬁﬁﬂﬁ’m%@ﬂﬂ%LL‘Ll'lJ‘Wi]aﬂiillﬂ’]iU%Iﬂﬂa'mWiIuﬁm%ﬁﬁ\?ﬂiiﬂﬂa‘L!ﬂ’ﬁVIﬂaEN FEWINWNITNAAD

1u€1’ﬂmwﬁ 12 LLaxﬁuqmmmﬂaaﬂué’ﬂmu ﬁ 20 (n=15)

A1sUsZLEU Median (IQR) 4 p-value®
NEUNNSNAGDT 21.00 (2.00)
noumslalusunsunsaalsunsus luduam 7 12 26.00 (0.50) 3.420 .001*
neumslalusunsu+Augalusunsy TudUanu 7 20 26.00 (0.00) 3.420 .001*

MUNEWR: *Wilcoxon Signed-Rank Test, * p-value < .05

4. Wisudisuadseguvasdosazanuadnaualun1ssulssmueasusIamanvaseans

¥
o

AsATIAnauLAzNdINMsauayunMsIanITALE UM sianuguamnslng

b

Wibuiiisua1dseguvess egazaualLanelun1s uUUTENIuENES NS RINA N0 aRS
NAsAsInNyIIa lawn neun1sneaes sevn1snaaedludUnmi 4, 8, 12, 16 uag Augan1svnass
TudUnmi 20 wuAdsEgIUTRITEEaYANALELE lUNTITUUTEN LY AT U 19MANVOIARI IR AT

LT UAILAFUAIUT 4 LaLAI naansEewiIaIn1saney (Median = 100, IQR = 0) lagdAINULANA 1

v
o w a

senaditfuddnymeainnseiv .05 Tuuswaaa la un TudUami 4, 12, 16 uay duganisnaaeduduam
120 (Z = 2.014, 2.014, 2.060 Uay 2.060 Mua1AU) wazlunuanuLanAsesdited Ay sadia ludunim
718(Z =1.890, p = .059) AN 3

f1919 3 ﬂ’]ﬁﬁﬂi’]u%@ﬁiaUaﬁﬂ’l’maﬁﬁLﬂiJBIUﬂWi%UUSzVHuEJ’]Lﬂ%llﬁ’]@!LW?ﬂﬂ@dﬂﬁﬁWﬁﬂﬂiiﬂﬂ@ﬂﬂ’ﬁ

naaed semmMsnaaedludUaivi 4, 8, 12, 16 uazduganisnaaasluduami 20 (n=15)

ANTUTZLY Median (IQR) z p-value ?
NOUNNSNAGDT 100.00 (4.17)
noumslalusunsunnsalusunsus Tuddawd 4 100.00 (0.00) 2.014 .044*
noumslalusunsunnsalusunsus Tuddawd 8 100.00 (0.00) 1.890 .059
noumslrlusunsu nvnsalsunsun luduanit 12 100.00 (0.00) 2.014 .044*
noumslalusunsunnslusunsus ludUnni 16 100.00 (0.00) 2.060 .039*
neumslalusunsu+Augalusunsy ludamii 20 100.00 (0.00) 2.060 039*

MUEA: *Wilcoxon Signed-Rank Test, * p-value < .05
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5. Wisuisuanadessiudunlaeialuansiineassdieunazndsmsatuayunisdianisnues
HuNsARANgUnImNIeLng
seiuBunlanieluanifineassniifuinsilsmenuiadowmnouiasudslafunsaduayuy
mﬁmmimuLENci’mﬂﬁamm’mqsumwwmlﬂamLLmﬂﬁmﬁuasjNﬁﬁﬂﬁﬁmmaaﬁa (p = .282) laennanas
mimaaﬂmjué‘haéwaﬁmilfdé"auLLUaﬁzﬁuém‘Im’%mﬁuﬁu 6 310 Anvusesay 40 wazilseiudulaesn
anat 9 518 Anidusesas 60 fum13na 4

" v
o

M1919 4 Han1SUSEULgUARAYSEAUTULAASH LUERSTIAIATI NN ULALRRINITNAR D

A
o

nsiasuuUaszaU Het szaugunlnnin luan3snaenssa
WAINSNAADY X(S.D.) t p-value®
WUy ANAIIIUIUY NOUNITVIAGEY PHINITNAADY
(50082) (sovaY) (n=15) (n=15)
6 (40) 9 (60) 38.01 (2.53) 37.08 (2.80) 1.11 0.282

MUNEWR: Paired -samples t -test, * p-value < 0.05

AU IHANTTAY

an1sAnsndell nuangiinisaivesnglainodualundgadsasinimidusesay 13.33
(95% Cl = 1.7- 40.5) ﬂzLLuu‘wqﬁﬂisumsu%ﬂﬂﬂmmiuazmi‘%’uﬂismumLﬁ?ﬂﬁmmﬁﬂ Wiy
siidnyluunazsisamdslnfunisatuayunisdanisauesstunsiamuaunmndlng
FeanunsnefunenanuingUsrasn waraunRgiunside lagieid

N a

NANIIANYINUMANQRIATIN 2 518 (S98/az 13.33) Minn12zlaRina1andan1sunsnluswnsy

v
=

GG o5ulan miLﬁmqﬂ’ﬁﬂwsajﬂndaﬁmmﬁmaLﬁrﬂBuuif;uajﬁmiaﬂ’uaqumﬁmmﬁmmm
KuszuURamuaunwsing Yadedienaflarwieives laun armumnansweannslavunnisiiugu
MegedusIAIman MIneuauemosn viiennaluainauslunsUfoRmufuugiiluuee sudsdade
sumuitluannsamuaula uarnisfngUinisailunisfneddmuganindmanevesnsuounss
Asmumnamidmnelandeerssniinnglaineanassevay 1 ned andeuusyana 2566 wesnin
yieuniusesay 14 sufiaussnuFermniusesay 10 T 2570 aseulannisaduayunisinniaues
wﬁumsﬁmmmqmmwmﬂlﬂam'«asTa"L:u'Lﬂ'EJa‘waluﬂ1iJaaﬁ’unW’;ﬂaﬁmmqﬁwumiuﬂﬁuwzﬁqéﬁgamsﬂ‘
ai’ﬂLﬂuﬁuaqn'jﬂma'%mmmmsaﬁuaquﬁu U MsfinnuvnavesUfifinisesnmeiies nisluduinu
BlATUINITUUUTIBYAABKRUULINTY LarNTsTlarusuvasnsouaia ogslafinulunisfnuad siny
ndjaRansinsesay 86.67 ansansszdudulaninlveglunumunila esuglansruiumsatuayu
ﬂ’]i‘{T@ﬂ’]i@ml@\‘ir}\l"]uﬂ’]iﬁﬂﬁl’]ﬂ?j‘uﬂ’m‘ﬂ’mlﬂaﬁﬁ’ﬂEJﬂ’]WIUiSﬁ’UMﬁ;ﬂUﬂ’]iﬁ’JEﬂﬁLﬁﬂﬂ’]i@li%‘wﬁ’ﬂguaz
mahamunueseemalios MuLIAANIIAMIAULBY Kanfer and Gaelick-Bays (1991) Flvidium
mi‘u%‘quﬁﬂiiuqmmwﬁuﬂuﬁyﬁmmﬁﬂﬂizmumimi%’ug nsfvua e nsefanuaues

WaEMILESULIIMNUIN uasiilelimsatduayusyneliles asyleiiinUszansnmuesnisianisauedla
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lusgerend LWWAEINUNSANYIVDY Mangkalard et al. (2022) NiszymisinAuwuziaulavuinsiay
N13LETUEIRWANDY 190 LT DA IR TTEZUINTBINITAIATINA NS0 wangURNTNN1Izlafnadla

py19HTud1AY Lozt i@nnnasInuLLINIITes asan1sauIdelan (WHO, 2023) Muulungesiiassn

v
o

la¥usinmdniasussaiianonasanisnensia lunsnwadeinadlnddluersaglideang
semelUsunIn T funsangUinisainnglafinarslaossdaiau Sudunesinisfnvidaniu
wuuiinguivieuidieulusuneamifieBusulssavsnavedlsunsuineld
ARABYDIATLULNGANTINN1TUTINAB NS uarTesarvesa Al nauelun1 T U sETY
gasus AL ueselitoddamieadn nrouddlasunisatuayunisianisnueskIunsinan
aunmnslng nan1sfnwdIinannaennaesfuLLIAANITIANISALIBIT8Y Kanfer and Gaelick-Bays
(1991) a3 vrelinisdanisnmendunszuiunisfiyanadunuimddnglunisifanumgfnssu
Y99AULBY (Self-monitoring) m‘iﬂ‘izLﬁuwaﬂ’liﬂﬁﬁaﬁT’J‘EJG]L!LEN (Self-evaluation) wazn1slusistanse
LATULTINIUIN (Self-reinforcement) Lﬁaquﬁniiuﬁmmsauﬁ wazn1slyuIRaLLIARNSTANTS
W‘ULEN‘EI?MﬁJULLu’Jﬁ@mi@‘LLﬁE‘ﬁJﬂ’]WW’]x‘IlﬂﬁlHﬂﬁﬂ%LWﬂI‘L!Iagﬁlaﬁ”ﬁﬂh‘u Application LINE & syirnundi
undosielunisfinnu nszauiiou ﬁ‘u'aalﬁmﬁacﬁgmﬁiﬁmmiai’ugyaa’mzqmmwmammaqLLaz
USunginssulvaenaansiuduuzdilnesneides Sadmalmianginssunisusinaemsuay
ns¥ulszmugessalinaueNt L donaasstun1sinuvesaie aluy wazaudu 9 (2564)
%Qwuiﬂﬁﬁ?{ﬁLﬁ%ll‘WE]@ﬂiillmi‘U%Lﬂﬂa’M’ﬁLLﬂzﬂWﬂ%ﬂﬁLﬂ%uﬁW}L‘Mﬁﬂluwiﬁﬁﬁgﬂﬂﬁf{fﬂj‘uﬁﬁwa‘lﬁ
ngfnssunTsuanuLeIRTuesteiiveddy wwieitunisaeulsaSouneuniaussSaasunuauey
Tuﬂiiﬁﬂi’m?iaﬁmuaaulaﬁw@qcﬁ?&ﬂiiﬁﬁwuima’jw“?&msﬁﬁmmﬁumsﬂﬁﬁﬁﬁaLﬁ'u%‘u (WUszansel
LWYTHN LLaﬁ‘qm ﬂ"?’ssmi, 2566; ?1'5’1&%’61‘15 18A5UA1S LLazﬂu?iu 9, 2564) uaﬂmﬂﬁuﬁaaamgmﬁ’u
wmamsﬁﬂmﬁ'wmﬁmﬂ,v}umw:ugyﬁ"aam’;ﬂaﬁmmaﬁ'mﬁ’umsaﬁuaqumﬂmawﬁ’qLmuaaulaﬁ
‘ij\‘mzﬂﬂiiﬁfﬂéuﬁﬂ’l’mgﬁladﬂ’]i@JLLaGIULBQ WO ANTIUNITTUUTEIMUEIMSAANEAY uagNngRnTTy
mi@jl,l,amul,aﬂumwﬁ’mLﬁmﬁu (Wugfing AnAvaums wazUseys AnNANRIING, 2567; Un BenUsulasy
hasANAN A Hazain, 2567) wazwu31n1sly Mobile health applications Wag Telehealth support
FreufiunsufuRnunsdanunedinasn N155UUTEMIUBNATUSIAMAN LazngRAnssularuinis
Tundeanssn Imma‘wwLﬁa“lﬁgLLwaMWas‘uﬁsﬁ%ﬁyuLﬂa w1 LINE 130 WhatsApp viviAan1sdesns
ﬁﬁaﬁaaLLaxa;NLLimuasLalﬁTﬁ?iﬁu (Kim and Park, 2023: Rahman et al, 2022) a813l5AAN15ANE
93 Alam et al. (2020) #usl mHealth aznelmdaianssaundausnisla uananensUsunginssy
LLazmaé’wéqmmw%Lmnéwmmzﬁums@wﬁa{amm wazlulasuusedun mHealth Wssesnafien
wiismeiauely Svaennaosfuredunaluruifeassinauraidemesmsfnnuazmsiaius
suaw@a&y’aﬂﬁiﬁiumsﬁﬁammﬁmacﬂ'amimé"UuLLUaawqamsuqﬁumwﬁaﬁuashwimﬂaq
AinAsvesBilanSAre iR s AN T USLATINTANES NI IAN ISR INLSEUY
Aamuguaimmisinaluunnansesnsditfoddymsadfilodfisuduneunismaass 05u8la1 WY
maﬂ%’u@hmaawqﬁmmma‘u%iﬁﬂﬂmmiLLazmmaﬁnamalums%ﬂizmumLa%ﬁmmé‘mﬁ'wﬁ?u
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dUn) onazdluismelniAnnsdsuulamnszdudulnainesnstaay esmnnszuauns
asadadonundlu (Erythropoiesis) noserdeiiamasainlasusinminessasiiaue Ssazasmaln
sydudunlansaUasuwdadla (WHO, 2023) dennaasiunisdnuvas Verma and Roy (2024) #ilavih
Global review Lﬁ'EJ’Jﬁ’uq‘ﬂ”ﬁmiaju.azmiff]’fﬂmimaﬂaﬁmmwWﬂﬂﬁﬁumﬁmmﬁﬂsluwwi’msffqmiﬁ
Fanuinnsiasuuasluardunlaaineadaluusngdaaulurisnanieddu ifeswnmsasay
swmdnlusmenedesrernamoiioduramnanosdudaidonundaossddeddy

wamsAnwdalmitun maauayunmsdanisruesusruuRnnuguninnslnadiusyavsue
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wagmimuaudadoniuiteusulstavinavedlusunsuessdaiau
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ngAnssuatunisuilnaemsuagauaanelun1sulsEnus i us g mEnuaslafulusunsy
Lw{mmmmémﬁaaéwaﬁﬁau%wﬁaa (n = 15) p19dmanBAILTBITUMNIARR (Statistical power) wagyily
luanusansanuaruuana 1susaIulnes 1staey Sniasidnaanuaiunsnlunisensdawaluds
nauUszenIBL (Generalizability) fatu mstinisAnwnesenlaglsnquinestsualvgiu ofudy
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Abstract

The objectives of this study were to examine the topographical characteristics and
leaf phenology of the community forest, to preliminarily assess the carbon stock quantity, and
to evaluate the economic potential value derived from carbon credits of the community forest
in Mae Mok Subdistrict Community Forest in Thoen District in Lampang Province. This study
employed participatory action research methodology with the participation of seven village
volunteers who were assigned as forest management to measure and assess aboveground
carbon stock from 1 rai (1,600 Square meters) within the selected study area out of the total area.
The assessment was conducted using allometric equations and economic value analysis utilizing
the carbon stock assessment framework established by the Thailand Greenhouse Gas Management
Organization. It was found that the community forest in the study area was classified as
a deciduous dipterocarp forest on mountainous terrain, with a total area of 2,428 rai (3,884,800
Square meters), at elevations ranging from 180 to 1,000 meters above mean sea level, descending
from East to West, with intervening valley floors. The patterns of leaf shedding during the dry
season would start from February to April, with the peak leaf drop in March. The most intense leaf
shedding would at lower elevations and foothill plains, while areas at elevations between 500
and 1,000 meters would exhibit less leaf shedding. The baseline carbon sequestration at the
baseline year (2024) was measured to be at 18.443 tons of carbon dioxide equivalent. Projections
for the subsequent 3, 6, and 10 years were expected to have net increases in carbon dioxide
sequestration of 6,919.80, 13,839.60, and 23,066.00 tons of carbon dioxide equivalent, respectively.
These corresponded to carbon credit values of 2,089,641, 4,179,282, and 6,965,470 Thai baht,
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respectively, based on carbon market trading prices in February 2025, with an average purchase
price of 301.98 baht per ton. This research was anticipated to contribute significantly to the
development of community-level carbon credit projects, promote community income generation,
forest area conservation, and enhance local capacity participation in greenhouse gas reduction

initiatives in the future.

Keywords: Carbon stock assessment, Carbon credit, Community forest
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Tufiilven 0.47 nnaunssallaialy Tasensdslag IPCC (2006)
3. miﬂsmﬁuﬁnsmwgaﬁhmaLﬂwgﬁamnm%uauLﬂiamaeﬂ'm;wuluﬁuﬁﬁnm
waé’wémaﬁmqﬂizaaﬁiu%umauﬁ fio Usnaumenisainisiniiumsuey wazUSinamanises
ANEAIMNILATYENI mﬁ‘uaumaqﬂwmu Tuiufidondnunlurianm 3, 6 uaz 10 T Taenisussidiu
ﬁﬂsjmwmaaﬂwmﬂuﬁuﬁﬁnmaﬂ%ﬂ%mmmiﬁ’ﬂLﬁU;wﬁauﬂﬁMﬂmﬂﬂgmmaauﬂmmaaﬂuﬁyuﬁ
BRNANWINNANNIT (6) mﬁ”nmmﬁuﬁuﬁ%mﬂmmﬂuﬁuﬁﬁﬂm Failitudivianun 2,428 15 9ntuFan
fmnasasmsiniuvesmsueu luilifasananmssallfiudiodam %aﬁﬁmﬂmi@@%uwﬁuauimaaﬂlsvé
agujﬁ 0.95 ¢iu/ls/T (RECOFTC., 2025) LLazﬁwmmzﬂaﬂ'wmqmwgﬁa]m%vammﬁmimagﬂqaaswme?juamEJ

o o

AAAATUBULULABUNNATNUS W.A. 2567 Iy BUN. (BUN., 2567%) MUAIAU
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NaN13398
1. dnwazgiivszmaanugeuasiiguruluiuiidng
9nnslenisdrsananamansaniiien Sentinel- 2 91numanHeIH Google Earth Engine
(GEE) ArmaziBonnTn 20 x 20 wims T .. 2568 way voyauNuTiduAILgs (Digital elevation model:
DEM) anusnesutelng Ursssulufuidnuudulnuganssalasosfiniugeussanaiun 180 s

1Y

1,000 105 AszAvimsiaUiunga1s lngusnuniaugegeansy ifanziusanvesll Yseuia 1,000
waswieszavdimgialiunans wazdanuainainieiangiuandwsialimadiaag Juan
wiANugILesNINUTNAANz JuoBNLAY TEMILWITIBNIIAURE TueBNULAAL TUANAEINTIUTEVI NS

ULNIAUNAT9DE A9nIN 1

a1 LLw‘m/lLLamWummawawmmﬂwmﬂuﬁu AN

2. anwazmsuanluvasUrguyulununne
31NN15415393INAINA18A1NT 8L Sentinel- 2 HIUVBYARITNYINTT A93UAIN 2
luyisgguasasununvus, fual wazluwieu J wa. 2566 1efnwidnwugnisuanluvesuiyusu
TuiundAnw wun Turisgguatioununiiug, TUAN LagwIsw WA, 2566 LAAITEAUNIINTEINER
L A da Y v ! o a & A o Y o = v oo =
vasiunndnisudaluasnseanediey 2 sedu fis NunseaunsianluindnnuinILgeseaufTIes

1Y o

fisudan eeuuuaiienining fusenuasay Susnuagiufissfundaluves ?ﬁaﬂﬂ%ww%nmﬁuﬁqq
A7 500 4 1,000 Lams ﬁixﬁuﬁqmLaﬂfmnmqu,azmqﬁﬂmﬁa*uaw%L’szjwﬁaﬁﬂmﬁumnﬁizﬁummqq
TnaifiBs 300-400 wns Asziutmeauiunaanugidy MnAuENYUrNTUAsuLYaIN THERTUYES
Unlumagguas suaieununiusiafoumsiou e, 2566 wuriileiFugaguasiaunieununiius
Unagisundnlu uazazndalusnniigalufeuiuiey unegnslsfnuludouswsuduiinimaluves

W99 N D UL UNALTLNUANAILN
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WU W.A. 2566
M 2 JUANULERIANABTNYN T TULAE A NHENFT AN U YN YUVRINUTAN W

Tumsszezialugguas

3. msﬂsxtﬁmﬁmmﬁnLﬁumﬁuaumnﬁuﬁﬂmwu

ma%aagjamiﬂszLﬁuﬂ%mmmsﬁ’mﬁumgua‘wuaqLLanmaaﬂuﬁuﬁﬁﬂm WU SR
Tuulamadeusinun Sy 208 Ay %myuiﬁiuuﬂawmaauﬁgwmM’mﬂuﬂﬁquﬁm"L;Jyﬁ"’ﬂUﬁwﬁﬂ%mm
nsfifiuneansueulasenleniiussiiudemuogil 18.443 duasuaulasenlenifioum wssailudumy
visawssailumdniinu 6 suiuusn laun pzuun (Lagerstroemia floribunda Jack) &n (Tectona grandis Lf.)
willem (Memecylon edule Roxb.) 81U (Colona flagrocarpa Craib) Aseil (Millettia brandisiana Kurz)
wavsNAEY (Vitex quinata Will.) #1u&19u

defansanvsinamnadanmnidediuiv waadinmlafuiueazaiadaninsin wuan
1789201528 95 US I 10,101.76 Alandu Tasanunsasuunoenidumnadinimndedi uiunas

128N IAY 7,954.14 way 2,147.62 Alansy AuaIfufInIn 3
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uruiluanwadininvesUlunlamaaeu

3
= 15,000
e 10,101.76
= 10,000 7,954.14
[
e
& 5,000 2,147.62
b
g —
e o & 2 ~ Ve a
- ma?n nqwmuaww FeGRe mﬁ/\lﬁ?\@“ 1At AN
UszLnnanadinw

AW 3 wugiuanaiatinmmieiuiu wiatinnleiu wasinainmsuvesUluulamaaey

aAruusenaulatiNmleiuny a1 N9 way luvesluwlasmadsy

Z 10000 7954.14
< 6392.66
G

GLZ/

- 5000

g 1361.19

= 200.30
"g 0 [

= adon sufe anily Jnaiann ot
=

[1ag

]

@uUsTNaUYBIIaTIN ML DAY

A 4 ununiuanaiadinnmiteiiuiu dnu A uarluvesiluudamaaey

1NN 4 LBNINTUIUIBTIN AL NUAUNTUIATIN WAL aNUAY 7.95 ¢ azUsenau

Tumsuradinmwieiuauinidu d1au A9 wazlu USua 6.39 1.36 way 0.20 U AUEIRY

A58 1 ATeuEneyaTIuILAY Usinanadinmseulas Usinamsiniunieiseunsyansiewla

a - -
LazUIUIUNITANLAUNILIDUNTLINRAY T8 UAS

udasl ulas2 uudas3 wuasd
UIUAUTIBLUAS 68 63 42 30
J3unruuladannsieudas (Au/udag) 6.00 2.17 1.16 1.37

YSunaunaianwiaaeseudas (fu/ulas)  0.09 (0.39)  0.03 (0.06) 0.03 (0.04) 0.05 (0.06)

YsurunisiniiuAngisaunszansiendas 10.35 3.74 1.99 2.37

(Fuarsuauieuwin)

YSununisinifiudieiseunsyaniadesie 152,20 (0.67) 59.31 (0.10) 47.42 (0.07) 78.88 (0.12)
wuas (Fua1susuiisumin/uuag)

EWe: X (S.D.) = ANade (@uluuuuiinsgi)
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I1NH1579 1 Lﬁ‘laﬁﬁ]’]imﬂ%ﬁlyjai’lﬂLLﬂaQWﬂﬂaU%QﬁﬁuUWﬂﬁL%gﬂlﬁqfﬁ]]%’ﬁ YU 20 x 20 LUNT
W 4 ulases WU Swausvlueulad 1 89 4 d5wmau 68, 63, 42 Lay 30 AU AUEIRU FNTU
WaTanmsInsIeulas wuan SUsunadiuna 6.00, 2.17, 1.16 way 1.37 du/ulas auaidu Andy
USunaunatnnimadeseudas 0.09 (0.39), 0.03 (0.06), 0.03 (0.04) waz 0.05 (0.06) fu/ulas muddu
dm¥uUsunansinifuasvoussudas azdluSinanistniAvatsus usiulas 7 10.35, 3.74, 1.99
way 2.37 fupsusufisuwnaugsu Usinamsinfunsdounstaniadsseulasi 152.20 (0.67),

59.31 (0.10), 47.42 (0.07) Waz 78.88 (0.12) FumsuauiEum/ulasnudu

4. dneawvasthayurulunisiniuaisusy uazyamnIuATegianIsuaLATHA

mﬂ%aaﬂamiﬂizLﬁumiﬁ’ﬂLﬁumguau’muﬂawmaauﬁuﬁ 115 fiszifiudTnanisini
A1TUDUEYT 18.443 Fumsusufioum Feaglsuinadiduuiinuansueudemy (Baseline carbon
stock) axiuUgusuIransadnifuasueulalussdulnaidsafuuiugyanssussaund ot
voyatunsvssduesnureanmstniulTnumsvourosmusuiiuuduenladediiuinamn
242815 %ﬁﬂ%mmmiﬁﬂLﬁugwmguauﬁgﬂﬂwmuagﬁ 44.779.604 fupisuoulaoenlaniisumn
Tudgu Wonnmaniludn 3, 6 wae 10 9 Tnglydnanisgaduneesuaulneenlen 7 0.95 fu/ls/d
(RECOFTC, 2025) nuanazdiuiunanisinidunieaisvoulaoonlenifiudu # 6,919.80, 13,839.60
uag 23,066.00 Auasveulaeenlen weded 7 3, 6 wag 10 mud iy wazifloUszifiudnenimues
nsinfuuTinauasvedluidaasugia lnsordenadersnamasuouluiou nuanius w.a. 2568
Tny ouN. (2567%) WU eiiyanBuasugmansii 2,089,641, 4,179,282 wag 6,965,470 UM ANFIF
MnTasuteinds 301.98 vweesumsveulaeenlanifisun ieagvinnisneludil 3, 6 uay 10 9
ANUAINY ImmﬂaFﬁL%qLﬂwgmam%ﬁ’aﬂénmuﬁaﬁﬂﬂiﬁiﬁﬂiziwﬁuisﬁusqmu U mﬁmfﬂnamu

AITUBULASARNIINUIgUBUNBLAAIANENTNYBINANTITeR BN TR LT NURD LU

aNU1INANISIVY

o

nsfnwnisluandniudsnnuddgesmisuszenalomaluladgnisdiseainszeglnasiuiu

o
o ¢

nsdrsaniaaum WeUssiduuiinumssnifuesveuresigumy KamTIdeilaluifisunnevauowma
Tanuszaann1sdne Lm'é]’aawyauiﬁﬁﬁuﬁqmmsa”wzﬁyawumixuuﬁLaﬂﬂwwz:yawwmiuqﬁmmﬁ
WU e?fammsaa%maleﬁyeﬁuwmwﬁuasLLmﬁmmﬂﬁnﬂiwmﬂﬂﬁﬁwmﬂﬁmEJ il
dnvaizgiiussmannugewesU gy uansAnuansmiunUmudnuasdudiyons
vugin Tnefieuigadaun 180 fa 1,000 waswioseduthmzauiunan ferwainamnfiang fusenlus
frmz Tunn wansAnuiaennaesiy wqwﬁmmaﬂ%uizﬁummqwmﬂ’]L‘Uﬁgf«]Wiim (Altitudinal zonation
theory) flsdunelag Knamyong et al. (2018) Famuninuganssalumamievesssmelnetnwilusedy
g 50-500 insvillasziutmmatunans Tnefirnuuanmsvessziuanugstiasneulmiudmeuims

laserudawinaeu (Environmental gradient theory) 9Mn91ufnw1989 Eshetu et al. (2020) fia5u1871
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5(119043@11?1]55L'V]ﬁLﬂjuﬂ’ﬁ]ﬁafﬂﬁ’ﬁﬁufﬂﬂ’]iﬂixﬁ]’]ﬂ%@ﬁﬁﬂﬁﬁﬂuazﬁﬁW%Wﬁml@ﬁﬂﬂﬂﬁwmiﬁ}ﬂLﬁUﬂ’l%U@u‘Ua\‘iﬂ’l
Fsaonmaosfumsinuiues Kafle et al. (2025) finunndadomagiivssima 1wy seduaugs fimna uay
mmam%’ui?m%waaéwﬁﬁﬂﬁﬁigﬁiamiﬂismaé’amaaﬁuﬁﬁﬂuasmiazaumguau
Snwagnandaluvesiigury wensAnwmandnlulurmauasfeununiiusiufousmen
wuaragndalusnniiaaluiouiiuiay FsmansAnuiannsned urglanienguinisidsuutag
muqamammﬂﬁwmwsim (Seasonal phenological theory) HIUNTSAN IV Lamjiak et al. (2021)
flamAlulad Machine leaming TunsiisnznnisnouaussasnssdnluneamuUssuvesgiionnia
TuduganssuvesUsemalng wunniswdaludianuduiusiuuiinadusazusngnisaieaingly
fuavlvinsuedluludouuvieudesnndduanasunludeufuiay wasnislodvdfanssn
(Vegetation indices) 91nanakfion Sentinel-2 lun1s@nwiaseil dennaeefunuaniedl Grabska and
Tymifiska-Czabariska (2023) #lwlumsusziiuntsildsuutamiuggnasesuiuganss Tnewuan
Adasiifiumssas (NDVI) ansnsoagnaunsdsuntasedlulalunglulinalnes s
nsUszfiudTinainifuaisueu wansdnwinualulamaass 115 fusiansinifu
A13UBY 18.04 FuATUBUITIEUW inaTin e 10.10 fu wuadunatanwmilefiufiu 7.95 fu uas
iy 2.15 fu mudsu Tnennsloauniswealawn3n (Allometric equations) Tun1suszidiugnadanan
uiBmanesguilafumsseusuesnsnaua (Petsri & Pumijumnong, 2007)
fnenmvnaygiavesTusuATin NamsAnwIUssliugenMasssgivvesmsinfuaiuelag
Tysianensdaanaainaisueulsemalng (T-VER) i \iaununsus w.e. 2568 7 301.98 uwmaey
ensuaulaeenlundiunn msmamsnieleriudi 3, 6 wag 10 agﬁ'i 2,09, 4.18 Uag 6.97 MU AU u
nansalasnisfifeafunsdevisaisveumasinmatilalussmalnedy azgnaiugulng oun.
FunmstunsioumansaiauasUssfivufinamstniuasveu aulmsdensasveu onnding
'«JzﬁwﬂWéqwuu“luﬁuﬁﬁﬂmmjﬁaaﬂmqmiﬂ ’«ngaﬂﬁ?"lﬂ%’«ﬁiﬂumiﬁﬂLﬁ‘umiﬁ\‘iﬂa‘W’J%QLﬁu%aﬁiﬁﬁﬂ‘UﬁN‘qu‘Uwaﬂ
Fefunsanafulnivnenumeisuasontuiiifnenw malasnmsidenuddgmensitashi sy
wngmaanistoreasveuddanuidulllainniu aeanssstuleuevessmalnglasiuaid mine
nsidunananisnsuey (Carbon neutralization) way Net zero nelud W, 2593 wag W.A. 2608 AUAIRY
snniunelul ne. 2580 Aufidlslulssmalvefiiuiiossessesas 55 ansevar 32 Tull nel. 2561
Fumfuneeadiuituiiudn 27 awls fehlassnsfereaiveuwasinmatila Sdllenaftavanunsadivln
In3nluowan Gisnserfiansdn “msuouasin” nalniGmdmenernudsdy, 2566) oedlsfinm nsfiam

maesegeansiduiissnsennsamisanniiag (Scenarios expectation) iy lulyaniedy

A3UNaN15338 uazdalauauus

HaNsANwIANIngUIEaIAvesWiIdeTull wun anvagneneanLaydnming1ve gLy
Lﬁu‘u'1Lmyﬁ]ws*imuuglfmﬁﬁmmqaﬁaLLm 180-1,000 wnstuibaseauviimziat unana lnedn1snsyanesn

v o

wuulasgauanniiangJueen (gean) liirnziuan (Anga) dennassiunguiniswenduseiuaugees
sruuiinAULUganss FdnsanlunuggnialagusInd I BeEinNgaInnIT 500 Wng Inswasly

1NNV URsIMIREaluggaiiat ulufsuinauuazs und lulnuludsuuwmeuniuga s
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dwfunstnifiuans veuutamaassuuia 115 (208 a) nuramsadnifuaisuoula 18.44
msueulngenlaniisuint wazn1sUsEliiuyanINIATYEAANTIINANTUDLLATARANNNTBUTEY BUN.
PB9IATO1BY 1 LieUNUAILS 2568 WunUuviue 2,428 15 Sdnenmela 2.09-6.97 aruum
Tuszoy 3-10 T Fmansfnwdnandudunimusuiiinedanisessiamsuannsadnifuasveula
wazdidnenmlunisimundunsueunsinlusuag

daruauuzlumainansdeluldusslonl

1. MswauununsdansUgurudaysannistagniunisdaiiununssanisugu sy
wuUauTan msysansTeyamsIingImans funivyam esdulnefinunfanssy wu n1sdgn
wsustugla nsuimsdanslaiilasledaidngsaly szymaadaluluvinadunidnssdaluan
mseysnuiuivmulusinafinudaen wemsiaunssuunsianuwesUssiiunaesemeiiios
nrunislymaluladnnaiion Sentinel-2 way Google Earth Engine Wi afinnunisid suudaswesn
Juneifou Tnsnmzasngguas

2. maiweyalUllumsinuilasinsensuowasin wu mslyweyalunsimhionasiaulasns
(PDD) fipveTunzdeulasans T- VER fu sun. sy Fosnmeiamnaumsuealawmin dwiunsussdiu
Fanaluionsou Wliaruususiantu MnsanszyunsUisuuasgiionma (Chave et al. 2014)

3. mMearaeiersarurade lsmsanasdorelmumussduioiaarginadiouandeu
Uszaunisal Ay uazmaluladlunisdanistn wsensasaluunumesiesansUnasesaIunasiu
lunsrmquatiuiivuaraduayufonssuanniedounsyanlussfuuu

Foruonurlunsiisendealy

a

1. fifi@aaa (Temporal dimension) AasAinwinisiasuulasvasnisiniuaisueulugia
3- 5 U ilaasnounainvessuuinALasNaen1sInNsUIguu
2. §RATaNUT (Spatial dimension) AITveNENsANYIATEUARNNUTIUgNBUlrEANVaINTIATY

Tuumagiiun ielUSeufisudneninaisveuluusungiivsena suudamsfnwilassasiesseuuiim

nsdsuwlas uazuuiviaiusly saonaudadenidnsnanenisiuisuwlas

a a
naANITUUITNIA
Hanuillasunuaanyuniglalasinisideilasudnassudssanunsmuanasuineimans 39y

wazwInnssy Yseirdeudseana w.e. 2567 UmIng1aesniaiun anursusesavi 1. 029/ 2567

LANE1581484

nsuvlal. drdndantsfidudilal. (2566) swamuiﬂsqmﬁmﬁﬂ{agaamwﬁuﬁﬂﬂﬁﬂ WA 2566. N4
https://wvvvv.forest.go,th/land/iwmuimiqmﬁmﬁﬁ?a-12/

NING maamju, Wn anle, dud quaen, LLaxﬁmawé REnTIuNg. (2565). wasnunliazmsAnAuANs Uy
Tumaanan 10 9 Iuﬁuﬁqwmmmsmamﬁmm Jmingasanouazfaninuns. 1sarsaumansine,
41(2), 48-62. https://\i01.tci-thaijo.org/index.php/tjf/article/view/254443
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Haigzemnntlsl. ewn1susmsdanisnieiieunszan (e3AMsumIvL).
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\\s;;‘\, Abstract

The objectives of this study were to synthesize the stakeholders’ prioritized needs of Nan
College, a regional satellite of Uttaradit Rajabhat University (URU), to develop its business-education
master plan for social entrepreneurship and self- sufficiency; and to test the master and strategic plan
appropriateness within the education and social entrepreneurship for self-sufficiency of Nan College.
A qualitative research technique was mainly applied to conduct this study with 5 groups of stakeholders
and experts- namely, university executives and council members, administrators and faculty members
of Nan College, local government and private sector representatives in Nan Province, Grade 12 students
from local public schools, and experts in higher education and educational business. Those people
were regarded as the stakeholders which were selected from a list of people concermned with
Nan College affairs. The purposively selected stakeholders and experts functioned as the key informants
and were involved in the model testing and verification. Data collection methods included using
questionnaires, in- depth interviews, participant observation, expert seminars, and focus group
discussions. Statistical analysis and qualitative content analysis were performed. Content analysis
was employed for category identification relevant to the research objectives. The findings indicated
that there was a gap between the needs of the URU and stakeholders, resulting in a decision on
an integrated digital lifelong education teaching and learning method in Nan Province. The college
and URU should reinvent themselves in line with an education business-based approach, fostering
social entrepreneurship and self-sufficiency, based on the results of the integrated Triple Bottom
Line (TBL), Systems Theory, and PESTLE analysis under the CIPP Model of the Nan College context.
A master plan was developed and tested. It contained an integrated characteristic of social

entrepreneurship, self-sufficiency, digital lifelong education, and sustainability. Consequently, the study
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established an empirically grounded operational strategy for social business within a hybrid digital
and conventional education ecosystem. All the plan’ s components and strategies were found
appropriate and viable in transitioning the college into a self-reliant educational and business institution
across economic, environmental, social, and systemic dimensions. Policy, academic, and strategic
recommendations were proposed to ensure holistic and interdisciplinary development across URU's

knowledge domains.

Keywords:  Business-education master plan for social entrepreneurship and self-sufficiency,
Digital lifelong learning strategies at Nan college,

Social entrepreneurship in higher education
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\\ﬁ‘g Introduction

An unpredictable number of factors have affected higher education since the 21st century,
both in the Thai and global contexts. Most institutions are rapidly facing digital transformation
pressure to integrate Al, big data, applications, and online platforms into their teaching, learning,
and curriculum design processes. Additionally, there is a lack of teaching and administrative staff’s
digital competency and infrastructure to cope with the digital transformation and technological
disruption, and inequality (Selwyn, 2021; Williamson & Eynon, 2020). The latter has happened in
terms of gender, rural/ urban dividision, and socioeconomic status (United Nations Educational,
Scientific and Cultural Organization [UNESCO], 2021). In Thailand, an aging population, rising rate,
and shrinking youth cohorts have occurred in a similar tendency to those of Japan, Germany,
and most parts of Southeast Asia, leading to institutional under-enrollment (Marginson, 2016)

Nan College, a satellite campus of URU located in northern Thailand, exemplifies both
the challenges and potential of regional institutions. Despite the resource limitations and declining
enrollments, it benefits from strong community ties, cultural capital, and a decentralized operating
structure. While Nan College can currently sustain operations, business-based analysis reveals
critically low self-generated income. Nearly 73% of funding comes from URU and the government.
This is financially unsustainable for long term.

However, projections indicate the potential for increased revenue if strategic reforms
are adopted. Yet, there is no strategic reform policy indicated at the URU council or even at the
college level.

However, a review of relevant literature and research indicated that there had been
studies on strategic management in higher education institutions (Kotler & Murphy, 1981) and the
concept of the “Entrepreneurial University”. These studies revealed an emphasis on income
generation and organizational agility but remained a practical gap among academics. This gap here
refers to the limited application of these concepts in local campus settings, which often face
resource constraints and unique contextual challenges, particularly the URU’s Nan College.

Simultaneously, although the concept of “Social Entrepreneurship” has been widely
discussed in the development of social enterprises (Dees, 1998; Zahra et al., 2009). Its application
in the context of public higher education institutions remains scarce. There has been a lack of
a strategic plan that simultaneously addresses both organizational financial sustainability and
local community well- being for Nan College and URU in their long-term plan (Uttaradit Rajabhat
University, 2025). This represented a contextual gap that has not yet been sufficiently explored.
Furthermore, sustainability assessment in the education sector might need to use frameworks like
the Triple Bottom Line (Elkington, 1994), or strategic tools such as the TOWS Matrix or the Balanced
Scorecard (Kaplan & Norton, 1996) in their planning and implementation process. Most of them

are mainly put on the private business sector. Applications in the context of regional educational
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institutions are rare, thus revealing a methodological gap. This gap necessitates the development
of context-appropriate methodologies for public educational organizations in rural areas.

In a discussion section with the experts during the study field work in Nan College, they
suggested to apply the Transition Theory and PESTLE analysis to reinforce the Triple Bottle Line
(TBL) theory in this research’s model development process. They said “the integrated TBL,
Transition Theory and PESTLE analysis will help the model developer’s concept in serving the
process as its critical tool for examining how people navigate periods of disruption and
transformation the developed model in the future. Whether in the context of personal
development, career progression, healthcare, or education, understanding transition processes is
vital for designing responsive, supportive, and empowering environments” (Fieldwork’s workshop
for data collection among the experts in Nan College, 1-2 February 2025).

A preliminary study’ s collective result through an URU stakeholders and expert group
discussion in 1-2 February 2025 at Nan College proposed a business- oriented management
approach that incorporated social entrepreneurship to generate income, resulting in mitigating
management risks. The study found that this approach has practical applicability in enhancing
financial sustainability and improving the quality of life for the Nan College community, based on
its developed and tested model of the S-O-C-1-A-L Model (Strategic alighment, Ownership,
Collaboration, Innovation, Accountability, Lifelong Learning). However, the study has not yet
proposed any master or strategic plan for the model’ s implementation. Therefore, this research
focuses on investigating how Nan College can reposition itself as a business-oriented, community-
integrated higher education institution that grounds in lifelong learning and digital innovation, as a
practical master plan and strategic plan.

Some significant knowledge gaps have been found as follows. While Triple Bottom Line
(TBL) and Systems Theory have been extensively applied in business contexts, their integrated
application in small-scale, regionally embedded higher education institutions remains underexplored
(Norman & MacDonald, 2004; Skyttner, 2005). Most sustainability frameworks in education focus
on either environmental sustainability or institutional management independently. There is limited
empirical evidence on social entrepreneurship in public higher education, particularly satellite
campuses with resource constraints, which remains insufficiently researched (Dees, 1998; Zahra
et al., 2009). The gap is particularly pronounced in Southeast Asian contexts where cultural,
economic, and policy factors differ significantly from Western models (UNESCO, 2021). Additionally,
current literature lacks comprehensive models that effectively integrate digital transformation
with lifelong learning strategies in resource-constrained regional institutions. While studies exist
on digital education (Organisation for Economic Co-operation and Development, 2021) and lifelong
learning principles (Panyanuwat, 2005; UNESCO, 2022), few examine their synergistic application

within hybrid traditional-digital pedagogical platforms in developing country contexts.
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\gg‘o Research Objectives
1. To synthesize the stakeholders’ prioritized needs of Nan College, a regional satellite of
Uttaradit Rajabhat University,
2. To develop its business-education master plan as social entrepreneurship and self-sufficiency.
3. To test the master and strategic plan appropriateness within the educational and social

entrepreneurship for the self-sufficiency of Nan College.

W%y Research Methods

This study received an “ Institutional Review Board’ s approval with a certificate number
“COP 68/005”, on January 21, 2025, from Payap University. This qualitative study was conducted
in 3 main sequential steps as follows.

1. The population consisted of 6 groups of people including 12 university executives,
6 experts from 5 universities, 34 Nan College executives and teaching staff, 32 Nan provincial and
community stakeholders and 187 Nan College’s students, who enrolled in 2025.

A cluster random sampling technique was used to select 44 fourth-year students, while
other key informants from the province and community were selected in line with the criteria set
as the representatives of the networking agencies concerned with Nan College.

2. This study applied a rapid rural appraisal (RRA) in collecting data and current situations with
5 groups of stakeholders and experts. This study prioritized testing all data collection instruments
for content validity and reliability with a different group representing the entire study sample. Then,
the tested instruments were modified for better mutual understanding among all respondent samples.

Two sets of interview formats and in-depth interviews were employed to collect data from
those key informants for the first round after literature review, while focus group discussions were
used with the experts for the master and strategic plan judgment. Then, five selected samples
from each group were involved in the final workshop for testing the appropriateness of the master
and strategic plan that was developed in the following session. At last, 25 representatives were
involved in a workshop as an expert judgement process for the master and strategic plan,
with some more recommendations for modification.

The study synthesized institutional data gathered from documentary surveys and analysis,
stakeholder interviews, and environmental scans to map Nan College's assets. The assets were then
categorized according to Triple Bottom Line (TBL) (Elkington, 1994; Slaper & Hall, 2011), Systems Theory
(Checkland, 1999; Skyttner, 2005; von Bertalanffy, 1972), and PESTLE Analysis for strategic planning.
Content analysis was employed for the master and strategic plan categories and identification relevant
to the research objectives and conceptual framework of the study. Then, the notion “ Social
Entrepreneurship” (Dees, 1998; Zahra et al., 2009) was applied to emphasize a mission-driven business-
based education model that could pinpoint social problems while ensuring financial sustainability of

Nan College, while TBL functioned to evaluate organizational performance based on economic, social,
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and environmental outcomes. However, an Al application on information source search was conducted
under the close control of this study.

In response to this study’ s second objective, it integrated TBL and systems theories to form
a multidimensional and dynamic approach to studying the institutional transformation of Nan College.
This was a sequential means to provide an asset-based, theory-informed master plan grounded in the
stakeholders’ needs and community data. There were several advantages to TBL selection in facilitating
a comprehensive assessment across economic, environmental, and social domains. Meanwhile, system
theory would enhance the understanding of complex relationships among institutional units” functions,
competencies, and their environments. Together, they would offer a pragmatic systemic model for
self-sufficiency and social business program planning and development. URU’s Nan College, with
its vision of fostering social entrepreneurship, requires a strategic marketing and management framework.
So, the study drew upon other interrelated concepts and theories and was supported by “Lifelong and
Self-Directed Learning” (Knowles, 1975; UNESCO, 2021). It was intended to facilitate adult learners to
continuously acquire competencies to adapt and thrive across life transitions, because all Nan College’s
potential learmners would be adults.

With the concepts mentioned above, this study crystallized the collective concepts from
a group of 25 experts to integrate the applicability of Philip Kotler’s 7Ps and Marketing Mix 4.0,
Peter Drucker’s Management by Objectives (MBO) and business theories, and Michael Porter’s Five
Forces to formulate a conceptual framework for master plan and strategic plan development
(Drucker, 2007; Kotler et al., 2017; Porter, 2008). Then, the CIPP Model (Stufflebeam & Coryn, 2014)
was applied to formulate a conceptual framework for this study.

The Nan College’ s identified and prioritized needs were synthesized to develop a master
plan and strategic plans based on the business-based education of its scenario, working as the URU’s
offline campus platform. Business administration theories and concepts were applied to develop
the master plan’s characteristics, components, driving mechanisms, and conditions. Then, all plans’

appropriateness was tested and verified by using an expert judgment approach (Figure 1).

Identified and ‘ Master plan ‘ Characteristics, Components, Driving
Prioritized Needs Development Mechanism & Conditions

Concepts and Theories:

-Participatory needs assesssment
-CIPP Model
-Program Planning & Development, Lifelong education, Digital

Master and
Related

Strategic Pl
e R Strategic Plan

transformation, Social enterpreneurship, Business Model Testing and
Canvas, Social Return on Investment (SROI), and the Triple Verification Development

Bottom Line, Porter’s Five Forces,
-Kotler’s 7Ps and Marketing Mix 4.0,

- Drucker’s Management by Objectives (MBO), etc.

Figure 1 Conceptual Framework of the Study
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\gg‘o Research Results

The findings indicated a wide gap between the needs of the URU and stakeholders,
resulting in a decision to develop an integrated digital adult and lifelong education teaching and
learning method in Nan Province. The results from the experts revealed that there was an urgent
need to reinvent Nan College for self-reliance under the fiscal and limited student enrollment
constraints, digital transformation, and technological disruption. URU should also reinvent itself in
line with the education business-based model for social entrepreneurship and self-sufficiency with
suitable personnel’s vision and competency.

The findings emerged from the stakeholders and experts developed 3 College scenario
cases as follows. The “Best-Case Scenario” for 100 percent should be self-reliance and full financial
independence with additional revenue of 12,307,319 THB from the Government. The approach
should be an expanding program offering more courses, increase operational costs, but achieve
full independence, with a 4-year break-even for self-reliance. The S-O-C-I-A-L Model Scenario could
gain 75 per cent of self-reliance, 25 per cent support from URU, with additional revenue
of 9,230,490 THB. The approach should be based on partnering with other URU units, expanding
the client base, and diversifying revenue streams, with a 3-year break-even for self-reliance. Thirdly,
the “Worst-Case Scenario” should be 50 per cent of self-reliance, with 50 per cent support from
URU, with additional revenue of 6,153,660 THB. The approach should be office cost reduction and
partial integration of growth strategies, with a 2-year break-even for self-reliance. However, there
must be “Revenue Enhancement Strategies” for the 3 main issues - asset utilization, human capital,
and business ventures.

The documentary analysis indicated that, firstly, the current resource management at Nan
College was constrained by rigid bureaucratic structures, URU policy implementation neglect, and
state regulations. Secondly, those factors limited their responsiveness and autonomy, indicating
a need for reform. Then, the researcher and experts synthesized that six strategic conditions as the
key management issues were identified as that 1) university policy reform, 2) strong leadership,
3) financial self-management, 4) social enterprise—driven educational business, 5) market adaptation
with innovation, and 6) operational efficiency encompassing risk management, staff capacity building,
and the integration of lifelong learning through distance and interdisciplinary platforms. The proposed
concept and model were validated by stakeholders, experts, and administrators' consultation,
confirming their viable applicability and feasibility. It was the “S.0.C.LA.L.” model (Strategic alignment,
Ownership, Collaboration, Innovation, Accountability, Lifelong learning) (Table 1). It was confirmed
as a strategic management framework for promoting operational efficiency, financial sustainability,
and enhancing community well-being at Nan College. The findings led this study to develop a master
plan and social business- based operational strategies with a recommended application to Nan

College.
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Table 1 The S.O.C.ILA.L. Strategic Framework for Nan College

Letter Concept Application to Nan College
S Strategic Formulate a strategic plan that aligns Nan College’s objectives with
Alignment those of the parent university.
O Ownership & Promote community engagement and shared ownership in
Autonomy institutional planning and governance.
@ Collaboration Initiate collaborative projects with local administrative organizations,

private sectors, government agencies, and culturally grounded

community groups.

I Innovation Leverage technology to design and manage future-oriented curricula

focused on essential skills.

A Accountability  Establish transparent monitoring, auditing, and reporting systems

using blockchain technology.

L Lifelong Learning Develop flexible, credit-transferable curricula that respond to the

needs of learers across all age groups.

Additionally, there were three sequential steps in developing the master plan process.
First, the “S.O.C.I1.A.L” model among the stakeholders and experts was reviewed by using
a group discussion process with mutual understanding and design. Based on the field survey,
identified needs, and theoretical integration, the study characterized URU’ s Nan College’ s master
plan relating to the “S.O.C.I.A.L” model as previously proposed. The six strategic conditions as
mentioned above were confirmed by the stakeholders' and experts’ judgment. The main driving
mechanism, mediating the model’ s components in terms of the administrative and academic
inputs, is the process. It was suggested in the form of integrating business and marketing strategies
for the College’ s operations. This study developed the master plan structure as the sequential
issues: vision, policy, missions, strategic plans, monitoring and evaluation plans, while its strategic
plans would include the S.O.C.I.A.L. strategic framework for Nan College’s suggested application.
The master plan development process was significantly applied from the review results of the
program planning and development process. Secondly, as for conceptualizing of the master plan,
the master plan development process consisted of 3 sequential steps. The first step was the study
integrated Triple Bottom Line (TBL) and Systems Theory within the CIPP Model, and Nan College’s
context. The second was that PESTLE Analysis was applied as a strategic management tool for evaluating
the external macro-environmental factors that might impact an organization or educational provision
system. The third was that when applying PESTLE to the transformation of education systems,
particularly in integrating digital learning and lifelong education, each domain helped identify

opportunities and constraints that must be managed for successful reform. PESTLE Analysis was
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integrated within the CIPP Model as well as in the master plan development regard. Benefits of
Integrating PESTLE with CIPP would function as the master plan four pillars: 1) comprehensive analysis
by combining internal program evaluation with external environmental factors for a holistic
understanding of educational transformation challenges; 2) strategic alignment for assuring educational
initiatives align with broader societal, economic, and political contexts, increasing relevance and
sustainability; 3) risk mitigation by identifying potential barriers across multiple domains before
implementation, allowing for proactive planning and adaptation; and 4) enhanced decision-making
by providing structured data from both internal and external sources to inform evidence- based
decisions in educational transformation. PESTEL Analysis’s acronym stands for political, economic,
social, technological, legal, and environmental aspects.

Following the above six factors, the stakeholders and experts, who joined in the seminar
and discussion, came to a conditional suggestion for Nan College’ s role shift. The College should
be modified to be capable enough in identifying the driving mediating conditions of master plan
development, focusing on educational transformation itself from a conventional type to digital
lifelong education with a global commitment to the UN’s SDG 4. Consequently in implanting the
master plan, URU and Nan College would face 1) an economic investment in EdTech infrastructure
and affordability of digital devices; 2) changing learner demographics (aging society), social equity,
and accessibility of digital learning; 3) application competency development in technological use
of Al, learning management systems (LMS), and mobile learning platforms; 4) legal compliance with
data protection laws (e.g., GDPR), and accreditation of online degrees; and 5) promoting e-learning
as a greener alternative, integrating environmental sustainability in curricula and practical business-
based education in terms of social entrepreneurship.

Thirdly, as for designing master plan and strategic plans, this study conducted a focus group
in an expert and key informant seminar on “Policy Establishment for the College and URU Paradigm
Shift”. This seminar resulted in a business-education master plan, which consisted of characteristics,
components of inputs and processes, with mediating and driving mechanisms under tangible and
suitable conditions, leading to the plan's goals. The characteristics were based on “an integrated
characteristic of social entrepreneurship, self-sufficiency, digital lifelong education, and sustainability. ”
The components and processes were designed in line with the above-mentioned on “the PESTLE
Analysis with CIPP Model”. That integration would function as the master plan's six pillars of the PESTLE.
Consequently, the study established an empirically grounded operational strategy for social business
within a hybrid digital and conventional education ecosystem. However, the PESTLE framework
(sometimes written as PESTEL) is an environmental scanning tool used in strategic management to
analyze external factors that may influence an organization. It usually has six pillars of political,
economic, social, technological, legal, and environmental pillars. Then, vision was developed as “Nan
College as a self-reliant, socially innovative learning hub aligned with local needs”. Moreover, strategic

plans were developed. There were 6 strategic plans to follow the above strategic plan synthesis
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as follows. They consisted of 1) social enterprise incubation plan: developing campus-based
business labs and implementations; 2) integrated curriculum development plan: embedding
entrepreneurship across URU disciplines; 3) sustainable infrastructure upgrading for practicability:
using green buildings and ICT tools with Al and digital platform linkage between Nan College, URU
and partnership network; 4) participatory governance fortification: establishment of community
engagement with stakeholders, partnerships, people, and marketing mix; 5) hybrid pedagogy
and andragogy through distance and satellite agencies: establishment of blended digital platforms
with hands-on local learning relevant to needs and future self-adjustment; and 6) program planning
and monitoring, evaluation, and feedback for improvement, including income-generating activities.
The master plan’s implementation timeline should cover 2025-2029.

The findings revealed that while testing the developed plans’ appropriateness, the
majority of experts mutually agreed that transforming Nan College into a socially embedded,
digitally enabled, and financially self-reliant educational institution was both timely and strategic.
This hybrid education-business master plan would foster localized development, prepare citizens

for the digital economy, and reflect global best practices in community-based education.

Discussion

Regarding selection of theories and approaches, this study found that the application of
a participatory approach in its research methodology could produce tangible and intangible
scenarios of the stakeholders’ needs and Nan College, suitable for the PESTLE’s 6 pillars (Aguilar,
1967, Elkington, 1994) and the CIPP Model (Stufflebeam & Coryn, 2014). The gap between the
needs of the URU’ s Nan College and stakeholders affected a decision to develop an integrated
digital adult and lifelong education teaching and learning method in Nan province. The results
led to an urgent need to reinvent Nan College for self-reliance under the constraints of fiscal
and limited student enrollment, digital transformation, and technological disruption. This study
focused on reinventing Nan College in line with the business-based education model for social
entrepreneurship and self-sufficiency with a special relevance to lifelong education concept
(UNESCO, 2022).

Responding to this second research objective, the conceptual and theoretical framework
development was aware of the selection reasons. TBL was selected to align institutional development
with sustainability goals and community impact, while systems theory supported holistic, adaptive
design within interconnected academic and community ecosystems. Systems Theory represented
a foundational conceptual framework that facilitated the analysis of complex phenomena through
a holistic lens (von Bertalanffy, 1972). At the core of Systems Theory, there were several key principles
consisting of holism, where the whole was greater than the sum of its parts; interdependence, which
implied that changes in one part of a system could influence the entire structure; feedback, both

positive and negative, which regulated system behavior and adaptation; and equifinality which referred
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to the concept that systems could reach similar outcomes through different pathways. These principles
were instrumental in advancing our understanding of dynamic systems that must adapt to internal and
external stimuli.

This study analyzed that their synergy could provide both strategic breadth and operational
depth needed to realize social entrepreneurship and self-reliance at Nan College. Consequently,
both theories were integrated to develop the conceptual framework under the CIPP Model for
developing the Nan College’s master and strategic plans.

As for master plan development, the business-education master plan was developed as
a strategic and integrated business administration and marketing plan into the higher education
services of Nan College, a sub-campus of URU in Thailand. The characteristic of the plan was
a social entrepreneurship education for self-reliance and sufficiency which was reinforced by
a digital transformation and inter-agency cooperative platform among the URU’s academic units.
Based on the CIPP model (Stufflebeam & Coryn, 2014), its components consisted of relevant inputs
relevant to academic factors, organizational administration, personnel competency management,
teaching and learning environment and digital transformation platform, and risk management.
Its process was related to lifelong teaching and learning relevant to a developed curriculum-
business-oriented toward social entrepreneurship. The driving mechanism consisted of personnel
and mediating competency in specific and participatory purposes, under conditions varied to
academic and administrative purposes for effective outcomes and impacts.

In sum, this study provided a temporal roadmap that respected institutional rhythm
while enabling systemic change. It affirmed the concept of equifinality- multiple pathways to
institutional transformation (Skyttner, 2005). Each phase built cumulatively, starting from
groundwork (pilot and curriculum) to infrastructural readiness, entrepreneurial mobilization,
evidence- based assessment, and final integration. Strategically, this sequence mirrored
a “learning organization” cycle. It invited real-time feedback and values emergent knowledge.
Academically, it allowed flexibility for faculty and administrative stakeholders to synchronize
innovation cycles within different knowledge domains- such as education, management,
agriculture, and IT-particularly when blended learning is part of the educational model.

Furthermore, the scenario analysis of risks and impact considerations could be discussed
in 5 aspects, without ignoring the integrated approach grounded in social entrepreneurship, digital
lifelong learning, and financial self- sufficiency; otherwise, it would likely result in continued
institutional fragility and diminished social impact.

The implications of this study extended beyond theoretical contributions to practical
impacts at multiple levels. At the learner and community level, the developed master plan
enhanced access to digital lifelong learning and creates pathways for adult learners in Nan province
to acquire entrepreneurial skills and competencies that directly supported employability and

community well- being (Knowles, 1975; UNESCO, 2022). At the organizational level, the plan
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established a framework for Nan College and URU to transition from heavy reliance on government
funding toward financial self- reliance by embedding social entrepreneurship and diversified
revenue strategies within the institutional fabric. The integration of Systems Theory and the Triple
Bottom Line ensured that management processes were both holistic and adaptive, enabling
stronger governance, risk management, and sustainability outcomes (von Bertalanffy, 1972; Elkington,
1998). At the policy and regional level, this study offered a scalable model for similar satellite
campuses in Thailand to reposition themselves as socially engaged, self-sufficient institutions,
aligning with the national agenda for higher education transformation (Kotler & Murphy, 1981;
Porter, 2008; Uttaradit Rajabhat University, 2025). These impacts confirmed the study’s significance
in bridging educational provision, organizational reform, and community development within

resource-constrained settings.

Conclusion and Suggestions

The S.O.C.I.A.L. model, master plan, and strategic plans could be applied for reinventing
the overall replanning of Nan College's and URU's education- business- based approach for
curriculum development and management by means of lifelong education and self- sufficiency.

By integrating TBL, Systems Theory, and PESTLE Analysis to lead a mechanism of the whole
conceptual framework of this study, Nan College could mobilize its diverse assets for impactful,
self-reliant, and socially driven education. This transformation would require strategic coordination
across policy, curriculum, infrastructure, and stakeholder systems, contributing to a scalable model
for other Rajabhat institutions.

The strategy matrix functioned as a bridge between strategic intentions and available
institutional capacities. It embodied the principle of “strategic fit” within the organizational systems
lens. Each checkmark indicated not just alignment, but a potential value-creation loop-where
assets like cultural capital or green infrastructure directly informed targeted interventions such
as heritage-based enterprise or sustainable campus design.

This matrix revealed how interdisciplinary resources could be activated across multiple
knowledge bodies within URU, enabling cross-faculty synergies and deeper learner-community
engagement. In essence, it translated complexity into action, fulfilling Systems Theory’ s tenet of
holism.

Recommendation for using to benefit

This developed master plan indicated the strategic plan’s viability of the college
by integrating with lifelong education and community development concepts. Drawing on
interdisciplinary frameworks including various main business-based education theories and
concepts, the study proposed a master and strategic plan of business-education hybrid rooted
in local wisdom, digital andragogy with various teaching techniques and channels, and social

entrepreneurship for sustainable development. The result of an expert judgment on the model
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appropriateness was unanimously accepted. The college transformation into a community-
engaged, business-education enterprise, targeted investment, collaborative governance, and
strategic curriculum redesign were strongly recommended for the college to work with the
mutual participation of stakeholders, agencies, and communities.

Recommendation for future research

This study strongly recommended Nan College and URU develop a lesson learnt from this
study's PAR and PRA technique for designing the relevant further research in tangible and intangible
environmental utilization of Nan College for self- sufficiency and sustainability, with a holistic view
of social, economic and environmental aspects.

Some future research and master plan implementation should be recognized as an integral
part of URU’s Nan College reinvention relating to these study findings. Recommendations are laid
out here as a guideline to do so as follows.

1. At the policy level, URU should support blended education infrastructure through
provincial and national investment, leading to social entrepreneurship for self-help, self-reliance,
and self- sufficiency of Nan College. Then, the College should formalize social enterprise as
a function within the university charters.

2. At the academic level, URU should promote transdisciplinary research on sustainability
and entrepreneurship, to encourage open-access knowledge dissemination platforms via the digital
lifelong education principle.

3. At the strategic level, URU should establish a Nan Social Business Hub with URU-wide
engagement with the community and partnership, particularly the potential learners. Nan College
should seek to build joint credentials and micro-certifications on social innovation for local farmers,
arts and craft producers, with marketing for self-sufficiency. In the meantime, its natural resources
should be utilized, such as carbon credit issues, and conservation for sustainability.

4. The study results in an integration of cross-disciplinary theories and concepts for the
education- business-based model and master plan should be applied for further modification for

other higher education institutes’ program planning and development for self-sufficiency.
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\\s;‘a’o Abstract

The objectives of this study was to develop the formula and production process of an herbal
toothpaste for a community enterprise group to enhance product quality, stability, and suitability
for community- scale production. The study focused on improving production efficiency by using
a whisk-type mixer instead of manual mixing. The developed formulation and process were then
evaluated for product quality before transferring this knowledge to the Thapra Fangklong Community
Enterprise Group in U Thong District, Suphanburi Province, for sustainable production. The research was
conducted with an experimental approach using herbal raw materials obtained from the community
group. All experiments were carried out in a laboratory. The study involved measuring the moisture
content of dried herbal powders, adjusting the proportion of glycerin, testing the addition
of carboxymethyl cellulose (CMC) as a binder, and replacing manual mixing with a whisk-type mixer.
Data were analyzed descriptively using mean and standard deviation. The results showed that
the formulation containing 30% glycerin by weight provided desirable texture and moisture content
without the need for additional binder. The use of a whisk-type mixer reduced the production time
from 4 hours to 20 minutes and increased the production volume per batch from 2 kg to 4 kg. The final
product exhibited a pH of 8.5-8.7, a smooth texture with no separation, and maintained stability under
accelerated storage conditions. The transfer of knowledge enabled the community group to
independently operate the mixing equipment, effectively control moisture, and improve product
quality. Moreover, the production capacity increased from 50 jars per month to 300 jars per month.
This study demonstrated the potential of applying research findings to upgrade community herbal

products, generate income, and strengthen the local economy sustainably.

Keywords: Herbal toothpaste, Community enterprise, Production process improvement,

Texture stability, Whisk mixer
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1. MTRAILIGATUALNTTUILNITKEN
1.1 muduesiagiuasulng
Tunsiaungasy 39elafnumarosniaruduvesauulnsilelunisudn wanisfng
AserazauTuesandlnsunailelunisdnediuuanatinisg 1 nunagulnsunaisdeda lown
k9998 T9% n1ung uazkawy danruduiusesas 5 edu lnsntungfinnsesazemiutugeiian

Ao 10.53 (0.69) 5990931 fig muﬁmg 9.66 (3.37) T 8.47 (0.74) uazHway 6.07 (0.72) MUy

M54 1 anduvesayulnsilvlugnsondiuayulng

ANTY (%)

CELERN -
X (s.D.)
KD 6.07 (0.72)
B9% 8.47 (0.74)
NUNG 10.53 (0.69)
muﬁw;ﬂ 9.66 (3.37)

e X (S.0.) = Ay (mMaulsauuinsgiv), (n = 3)

1.2 MmyvSudaauniwesunazansuendiuiiaiwaglad (CMC)
msuTugmslanaaedyndieiulurissesas 15-35 uag CMC Turisseray 1-3 LionTiadey

\endndaumnluaiuveinuguay ANUAKN LasAuileu nallawandfimsng 2 uaeanse 3 muaiu
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9NAN5 2 NUNUSINNAeSunzaLAe Sevay 30 vesmTnsmTavLe sTabunla
Innfeseraz 35 vlnilsamARnu (Becker et al, 2019) ﬁﬂé{lﬁaﬂgmﬂ&%‘%u;@aa: 30 LALYNNISANYI
wawesnsla CMC Taglaviintsnnaes 3 gas tiei3suiisunatugnsilufininiu CMC nafennsna 3
wurn13Usnaves CMC luflnanonininudu pH LLasﬁﬂHmﬁJadLﬁ@ﬁuﬁﬁ@ﬂl’ldﬁﬂlﬂﬁ’lﬁ@, afu

Tunsugeendiu lundwesusesay 30 Yo nlnNTINIMUA

AN 2 HATDISRTIAIUNAweTURBANANURYDIENETY

NAWaIY pH AUBY (%) . P
- - a Anwauziile
(%) X (S.D.) X (S.D.)
35 8.73(0.03)  24.05(0.65)  ma wilen YU YAy
30 859 (0.03) 2530(052) i Wil 1u gy
25 8.62(0.03)  20.20(0.72) iena wilenuesnILuy 30%
20 873(0.04) 1508(1.45)  thana  WileIuBoNIILUL 30% Uag 200 ABUTHUMA
15 853(0.04) 1116 (1.89) t1maseu ilovienu Tumdle wazguins

newme: X (S.0.) = anade (maudesuuinnsgiy), (n = 3), navesduasdnuneillosndlyisnisdauns

M99 3 HavesUTINuveIMTUBNTLTA wgladnennauTRveediy

Asuandwiia Luglas pH AUTY (%) . &
- - a anwaziie
(%) X (s.D) X (s.D)
0 8.59 (0.03) 25.30 (0.52) thena wile Tu iy
1 8.93(0.04) 24.05 (0.45) thna wilen 1y iy
2 8.12 (0.03) 23.20 (0.67) Wea wille) YU YTy
3 8.41 (0.09) 24.08 (1.45) thanai: wilen 1 iy

mnewe: X (5.0) = aedy (Maudosuunnasgiu)
3w CMC = 0% vnefagnsiilufinisidiu CMC iugnsaaunu

NavpsdLardnuuziesndlyisnsdaunn

1.3 msSeuiisunmsnaumeussruaukarmsluaosauuuUTingnse
lavhnsfnwuasvaasswaunfiauLUuaznie danm 1 ielnauulnsuasndigedu
Wiy (Rangarajan & Sangeetha, 2015) Tnenslorudiseuiisssutunansit 166 seu/nit uazU3uns
ﬁawmaamémﬁqaqmﬁ 20 805 mumsauzmﬁgmiq visaUSinasenvinsmaunvesensileliiu
afsay 4 Alandu Feundlunsuaunlousenuay s 2 sznale 2 Alandu lunswanunazaduas

Tyianuseanu 4 93l undlanaunlsLAIasraNLuUTIngnsaaansanaula 4 Alansu wazlvan 20 widl
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(@) NsUFUSEAUAINULSL

(N) LAIBIHAUTLAUDAANNTTH (v) Frauunznsoluly
NN IUNANUDILTIUUR

A 1 nszuIunsanend@TualulnInlensomaNLUUTInENTe

(n) FTNSNANYENUAIBNTIVBTITUAY (@) g@anunle

2N 2 nssviunswangd@iuagulnsmienislausanuaularkdadune@unlaainnszuiunsina

2. MsVAFRUANN WY FNUTINAATH

| eMAADUANNASANMYDILNENY TUANIIZLTIAL UNY. 909/2560 (F11neuunsgIu
mﬁmﬁm%qmmnﬁm, 2560) lninn15MAaessIuIu 4 seu (mudilassurgliluisnssndunuise
‘i?umauﬁ a) ﬁﬂLﬁSULViWﬁ’UﬂﬁLﬁUNﬁmﬁm% 1 9 (International Council for Harnonisation of Technical
Requirements for Pharmaceuticals for Human Use, 1993) NamiL‘LJ’%EJ‘ULﬁﬂuma‘uaﬂﬁﬁaﬂazmm%u
A1 pH LaTd N YL YEINIINIEATINYe N 081 EWUT 1A 91N ATTHANA BUTIIUAY UAZLAS BINEL
WUUTINENTD uAneInis1e 4 TnenuanAnsesarauduresendiuilnanniad ssaunuuingnse
ANLINNTNTHANA BTN TUAY IﬂEJﬂ"Iﬂ’J’lﬁJ%‘u‘UENﬂ’Iﬂ‘?}"qﬂﬁ’mﬁuﬁﬁﬁaﬂaﬂﬁﬂgaﬂ (frnnsesay 10)

YU NINTNANAIULTINUALAIANTUANAILINDITOYAY 35
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M1319 4 MsSeufisusesavaudu way pH vesend@tuayulnsfilnannisnaunlenssuay uaz

LASDINALLUUTIAZNTD LazlUSuuLiisunoulas RN MA@ UAILASENTWILEN1IZLSS

AU (%) pH
pdnu oy A fiay WA
X (S.D.) X (S.D.) X (S.D.) X (S.D.)
SHELAIBUI LAY 19.58 (1.90) 12.58 (0.64) 8.73 (0.03) 8.59 (0.03)
PRDHALLUUTIAYNT 25.27(2.23) 23.89 (2.50) 8.85 (0.05) 8.66 (0.13)

e X (S.0.) = Ay (Manudeuuuaasg), (n = 12)

HANSEAAAMNENENTLER I8 5 1uMIATIRERUALTRYINEAN memsdanadnyay
Wald Tnenisnsrafidauaray @sdnwazveaiesndtudusuuiwds ssreadudementu Tuuendy
lfidauvanyaey TaRnusssumnAvesuUsnauiily werlufinauduilifiesyam wu nawsu nauiiu ndu
U nRanIsIAaeIUIn W esndiuluiinnsuendy Tuwud wlanuaey Tunnﬂiﬁmaaﬁaaéwﬁlgam

g - o ¥ = = A Ve T o
NINAUMIYLIIUAU LLa3Lﬂj@QNﬁNLLUU'ﬂ'ﬂmgﬂifﬂ@ﬂam@ﬁﬂ’]ﬂﬁuw‘lﬂﬂﬁuqmqa PNAIN 3

M99 5 @ma"ﬂwmzmamamw LaZLUIHULIBUNTNTIREDUAN NN DULAZ VAW TNAZDUANAIANTN

a9 ANUNHAN LALAEITNNTFUNNIINASHANAIU LTI UAULALLATDINAULUUFINENTD

naulyieUszasd . %
. — - — anwazilagngnu
gndnu NAUDU  NaUYA  nauAuY
fou %A Nau Wa9 nNou Wae fau ha9

mMinaumeusiuay X X X X X X nflgy auden  anuyuiuanadessdaunale

winkalkuunznse X X X X X X wnilgd aziden  aufy iendndumidnuae

YUY PYNYLABRALAN DY

AN 3 ATNIUATUNENAIELATDINAULUUIINZNTBWAZ N ENUNLA
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Weend@MuayulnsfiniuaeLes BIHaY Y8991NNTNAGBUAILAIEANTN WU LT BNENAT N
fanwarmugEuanas s 4 wduenzauvedumniienamnanmeuzussyiionalalalueaiv fsiuds

Inwauauuzpengiiaviaguslunmsinsandenussadamiilundemdalaatimanntu (Pal et al, 2024)

(N) NOUNAFDUAIIUAIFNIN (%) MAIMAFBUANNASANIN
AN 4 WisuWieuileed@iuayulng
(Manewe: Uinauilesndiuiianas Wesningnildiamarumainuiy way pH)

4

3. HAN1TANLNIABIARINS

NENANA5INTIY ﬁfﬂ%ﬁ“fﬁlﬁ?ﬁﬂ1'§dwswamaq¢§mm§ﬁmﬁ’uﬂssmumimamiﬁuﬁmﬁﬁamﬁa}

iy 1uau 30 Ay danm 5 TnseSunsimavesduiiinomstmusUSinavesndieetuilly wasnsniuau

mms?j”uaEJ"m'ﬂEJGiyaEJmimﬂaagulwﬂﬁt.l,ﬁﬂmdﬁgéauLmeﬁmt’j LLay’aﬁ'mﬁ]’mﬁUiumﬁuuzLquﬁymﬂmﬁ
sufuansgarmsty warnstufintutinaslnsunadunummuauaunimnowitluly

mé’qmﬂa'wEmamm(mwuiﬁﬁ’umﬁﬁamﬁwmuwuiw mely 1 1Foundiniseusy nquanangn

Inadosauuuuingnsalaesiignnos AuauAmnMKERSLsTlAMBALIDY WUN15TA pH wazNTIATUAL

Auruvesasulnsiiinedy awananisiiumdinisuanlaeendaay Auanifnisng 6

A\“ e - F 2 i.,

o

2 5 nsangveamaluladnisuananauiaviiaguyy
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M99 6 nanTsidsunUasindinisnanuarselanaaluusanseuiuni e

3789M13 QRINTRTIES naeuTulge nsiAsuuUas
MANSHER (nseUn/iiow) 50 300 sl 6 1
MANSHER (/i) 6 36 i 6
318l0 (UIN/ifiew) 3,250 24,300 sl 5.7 101

e veyavnnsiuiuiinlaenguianuiaguey Mevdinisaievensrnng 3 Weu

AU 1IHANTTIY
1. MINAUIEATUAaTN1TUTUUTINTZUIUNMSTHER
1.1 Arwduvesingivasulng

nMsiesenanad uwesayulnsuns 4 wia wunareuduluwnasiin ganan
sovay 5 deilnanssnulaensanentsduanuarmnuauUinandwesulugrsnandamedtuayulns
Hesngnakafufinguananludilalasildisennuturesingiu vlunisnmmunadlaglufionsan
Arutufiussoy asnalnUimundiseiuiifngiduaonnassiumiunoanisveniondindae ndweTu
s dumaiuaratu uastesnyaruBavguusailen1diu (Becker et al, 2019; Chen et al,
2022: Rowe et al,, 2009) Mstiundiwesunesiuluagyninidsendiuiidnvusuiuasuns (Akotakar et al.,
2018) uavnniissniiuluonaasmanesarivilminsavuuazifueuniaausinnonislsay fafy
nsUiudgagaslasthatasduindiun ieusuuiinundieulnmneautudondndam awae
diannuarAuRsTTeskEntaeluszere1l n1sTauagmuauatAT st uresaulng luifissunidu
msTamaaiinitu wadsfiarudfydanszuiunisndn Hamwalasnsmeaudfnienisnimuazad
YOIWAA TN

1.2 myUfudaaundimeTulazasuendiufiamaglas (CMC)

mamﬁLﬂﬁzﬁﬁﬂgmﬂ’;mlu'ﬂqGT?LLazmmLLﬁqmaaLﬁaawﬁﬁuiuqms@m Fliun
UsinundiweTuiilalumanzay el nquiamAsguwulafundweiulusnssesay 25 undvlud
nsuSuiiavseanegnaduszuy wamsmamwuiwqmﬁlﬁmﬁma%‘uiué"mﬁyaaas 30 Ingrimiin
Fane 2 mdledudadifinnundouiou 4y warsosaranudugs Tendwoduflaudiiduarsidiy
arumudutunsnnuamsolumstniunufunuiusslelasauiuihuasesausenoudu 4 luges

(Becker et al., 2019; Rowe et al., 2009) osuelan ﬂé‘Lsua%'uﬂixﬂaumwglamaﬂ%a (-OH) 1NN

'
=

Jawwasaiusglelasiuiuluanadiuavarsduluidondndun ilnnfweSurihmunfiuasgauay
Aniuanudulussavluana annsgadetiuazShvianuguiuneludesdiu Javelniesdiu
fianvazyuwianazdanguuindu (Chen et al, 2022) Tusyuuiwesudegse1d@lu ndweSurivan

WSl eiIsEmIeuNAnsayulnsuagguiensy awalvnsayulninszagdilaesainianeuay

aAn1sueNTuvemaAnsim il AnunvuvandwesuluseAuUunan 1wy seeag 30 Jadieidugnauna

MV ANTEIN NN TINVIANUYRTULAENTAIUANAIUVEATEMER M LasanmniFaluyIuem

¥ <

ulUagyintnondndumuns wie wazainmnusieuaials vaeimniuainiuluazyintndlemien
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wiowmarauiuly dwmanoaruazaanlunislysu (Becker et al, 2019; Mangilal & Ravikumar, 2016)
NANIVAABIADRAABITUT BB Mangilal & Ravikumar (2016) iuuzthnsifunawedululiuna
sevay 30 wislladeduiauasauyud ufinay s1ufls Becker et al. (2019) Faszyandiveiu
WpUesunswiiuasiueun Yo Wan S

v v

a3 (Binding agents) i 338ladnwnavesnsuenduiiawaglaa (CMO) Fady
ansiunviaazyedauilenandam (Rowe et al, 2009) nansvaasmuan CMC lufinaeensdioddny
pomafiuarmuiunieauniniden Jadenlugnsiiiundiweiusosay 30 Inslufuasianzifiuia
1.3 mMasuiisunsuaunsussnuauLazmslvesomauLuuingnse

Tun1sUfuUgenszvIunanan n13leind peHaNLUUIIAZNT DA SANALATUNAL
negnsdivszansnmanntu Tnglsnalumswaudios 20 wii Weiflsufumsuaunsussnuauileng
wuie 4 Falus msidenliadomanuuunsnseddennansfuyeL@usves Rangarajan & Sangeetha
(2015) flsz127 1A3osmuuuLngnIomang fumsrauasludn vz udsfinonisauaiiave
N3 BLaINMSKALAIBLIILALI YA DIHALLUT RN T0ANINTNARSEEZIA N THAR Lagin
eduavosndnfuniifouasiavemnduty aunsnesurslnang udnuuzianizresinay
wuunznsofivusudeulusedusmisuiunans (Gokhale & Trivedi, 2016) Wngdmiuszuufsweudeid
wianulnsnavey osnusadoudvionsznefwomaayulnslvatiaveludeniulaglunslnin

WosanAnsensuendrvesigaianisluilondadam Snisnisaruaunnuiiseuvenn’ sanay

a

faiauevielnanunsanssziunnuiulilnegnsdiussansam ammigz:gl,ﬁmfﬁsmwmsmumimu
Fenearnnismumeissnuilefliannsonuaunnud Anuuss waznafiuuueuls viluudnsom
funTsunadwFeusniulunends
2. MsVAGRUANN WY ENUTINAALE

wami‘mmaauammwmaawﬁmﬁ’mﬁﬁmﬁﬁuﬁlﬁumﬂﬁmﬁﬁwmsfu wufinnaniRivangan
Tustanenu laun an pH oglugenasgIuifvue 5.5-10.5 ATULIASEIURARS ML UK. 909/2560
(@I NUINATTIURER T gMAMNTTH, 2560) uenanil anwazvendosdmuiladnaduidofeatu
lwendu Auasnaueylussiufivensula asvoulemuasivesediuilannnssuiumsdniuiulsuam
uanand erdANussnsdnumrnismenwia loun fidedudadudodotu luwendu & wazndu
ogluspdvilsousuln asmeudsarmasiafilaainnszuaumandniilafunisusuus el Wewisudey
AP YD ATUN DULAFVAINITNAABUATUAIANTN MU FTUTINARABLAT BINANLUUAZNTD
faeutuanaudnues (Uesna13osay 10) LATUBINIERSANTINANAIBLINILAL BeanAuTuanag
fasewax 35 uansinnuaiaueresn TN HARLAzAMA IR T ATuTIATY

a wa

dwsuveyaneyadninen ngulamisguvulaasiieslnvesujiinisnarinsiaaeu

af o w

MINTIBLEVT TRCS62/16999 syyalunumsiudeuvesgdunie Fududadudidgyneninulasnsds

14

vosyuUilnAkarn1sIelugandive

v
av adou o

aynalsfiny uddedFdivednauralsensiesiatsanlunisiealulenselunisise

noven lawn wanduniladilulasunimegeuninuasaninluaniizaie (Real-time stability testing)

Feonamanenummillainushviluanmuinaeuwargamgiivanvaneidussesiauu
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3. MIAENIABIAAINNS

nsanevenasAANLgRsatunszUIuN ARl ngulavRayuTy fialuaunisAIuAN
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‘3?&’0 Abstract

The objectives of this study were to develop a prototype of an automatic mushroom
cultivation control system, evaluate its operational performance, and assess user satisfaction.
The study began with the design and installation of greenhouse equipment, incorporating sensors
to measure temperature, humidity, light, and carbon dioxide, along with fans and water pumps
controlled through a customized circuit box based on the Internet of Things (IoT) framework with
real-time data processing. Sensor data were transmitted wirelessly via the MQTT protocol to
a private cloud system installed on a dedicated server, which functioned as the main platform
for data storage, processing, and providing APIs for dashboard integration and visualization.
In addition, a cross-platform mobile application was developed to allow users to conveniently
control, monitor, and receive notifications remotely. The results revealed that the system achieved
100% accuracy in automated operations according to scheduled times and demonstrated
an average accuracy of 98% in remote application control, with a mean response delay of no
more than +2 seconds. Sensor data transmission accuracy exceeded 97%, while measurement
accuracy showed an average deviation of 1.2 °C for temperature, £3.5% RH for humidity, £35 ppm
for carbon dioxide, and 96% correctness for light intensity compared with standard instruments.
A user satisfaction survey conducted with 115 elderly individuals and farmers indicated a high
level of satisfaction, with an overall mean score of 4.26, particularly in aspects of installation
convenience, ease of control, sensor precision, and overall system stability. The findings highlighted
the potential of the proposed prototype to be applied in larger-scale mushroom farms and it could
be further developed into a smart agriculture system that would enhance production efficiency

while sustainably reduce the workload of farmers.

Keywords: Mushroom farm, loT technology, Cloud technology, Smart agricultural
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\\)go Abstract

The objective of this study was to evaluate the effects of supplementing Marigold flower
powder (Cochlospermum regium) in the diet on the growth and coloration of goldfish (Carassius
auratus). The experiment was conducted using a completely randomized design with four treatments:
control (0%) and diets supplemented with 1.5%, 3%, and 5% Marigold flower powder, each with
three replicates. All diets contained 40% protein, and fish were fed twice daily (09:00-10:00 and
15:00-16:00) for 10 weeks. Fish were randomly weighed and measured for color parameters every
two weeks, including lightness (L*), redness (a*), and yellowness (b*), to assess growth performance
and color quality. At the end of the experiment, dietary supplementation with Marigold flower
powder did not significantly affect growth performance or survival rate (p > .05). However, fish fed
diets supplemented with Marigold flower powder at all levels exhibited significantly higher lightness
(L*), redness (a*), and yellowness (b*) compared to the control (p > .05). Notably, fish receiving
5% supplementation showed the highest color values, which can be attributed to the high
carotenoid content in Marigold flower (28.91(0.43) mg f3-carotene/g), acting as a natural coloring
agent. This resulted in brighter and more vivid overall coloration. These findings indicated that
Marigold flower powder could effectively enhance goldfish coloration and had potential for

development as a commercial feed for ornamental fish.

Keywords: Yellow silk cotton, Growth, Goldfish coloration, Goldfish
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Famesordvanemsiilasudundn ludagtuiinislengiunnfivanduaindszneuaiilugnsoims
v in walsl wagmenlunie q Salsfiuesniquinueyyadase anmudemeveneaa WenTEau
szuugfinuituilvarntunulsalafidu (de Carvalho & Caramujo, 2017) wazanansaazasluiiiouas
Ramifswestaln shlvwdamesdaean sufsdnuusmeaisine1du 4 lumandu sUsswesdi atu
LAZUUIA Imaa”ﬂ‘umwﬁ’aﬂa'nﬁmmﬁ"]ﬁ’zyflumiﬁmum’]msuaaﬂmmmm (Gouveia & Rema, 2005;
Khieokhajonkhet et al., 2023; Nishshanka et al., 2022)

PONAWTIENIT (Cochlospermum religiosum) Yagtufissgnidulaszdu nulavlluede
nzJusenidedla ndunenifuuundugeunaruutduisiuaunaneiug Avesnonuasinasidudvdes
denonuiuasiivwiaaunuguenans 6-8 wuRiluns aunenuszneuluate Wsiusosay 13.24(0.41)
lusfusovas 0.40(0.08) LLazﬁmiélyma%aSasz Tawn falauess 8.88(0.38) mg CE/e, uadamavun
48.83(0.41) me GAE/g uaziiualsiiueun g9i4 28.91(0.43) mg B-carotene/g (@fyen unslyl wazAudY 9,
2562; 407 WnbuAd wazAudy , 2564) senumuarluumsludueitise dadu nengwssdnsfiodu
wildlumadondmiunsluduaudsznevithiniaiuluownsdmiudaihasn

yideladduntsinyaudullalunslenengnssdninduingiuaialuemsuames
diowed SuiduniafiugaruasauneINTTMnIman TneyeuuMIANIIITLT e Z @R oN 171593
nMaasyiuln wagdnsiniseamevesaines i wanisAnwenaid uwuamslunsussynaly iy

UandnauazUananssmuindu 9 issnszaudnaninnisiastulunaialan



180 | = 215a1536IMS UKNINENAESNNasand
Academic Journal Uttaradit Rajabhat University

& WNUILEIANTIVY

WeAnwnavasnIsidunengnIsiinisndlumsHaM Sy AuLaLarAvesUames

O ad o a a o
\\3&\) ID/ATUUNITIVY

mﬁ%mnuﬁwLﬁumﬂugﬂLmeiwmamLwaﬁuamqizﬁ (Completely randomized design,
CRD) Lﬁ'aﬁﬂmNamaqmiLa%‘maﬂqmizﬁmgmiummiﬁamuﬁfytﬁiﬂmLLazﬁmmﬂmmm Tnguus
poniiu 4 gan1eans (Treatment) wiazeymil 3 51 (Replication) fsil
nauNIVIAAesT 1 gnsenalassaines (nAIuAL)
nauMIVRARsT 2 gasensidslamesinaunengwssdinistisesay 1.5
nauNIVRAesT 3 grsemnsiaslamesiinaunengnasdinisriTosay 3
nauNTINAResTl 4 grseTsiAssamesTinaunongssiinIsKITEsaY 5
nnyanamaaesediseiulusiulueimissesas 40 Inslauaimesiidiminig unuuszana
4 nsumes mavaaesdiiumsnuduneusneluid
1. MALA3ELUBNAADY
WIBUVDULIA N219 1 LUNT 8712 1 1ms Bn 20 Leufiums S92 12 Ue urnaeIuUiIna
ALY 10 ppm 11U 7 Fu vidsndumainanuaretauasfuinaduueaulassiunnugassana
15 Loufing nseufnds wedadlueinie (Air diffuser / anse vidovonszatseine)
2. MawiBugnUavessas oI
anUamesiilavaaadluaded ugnuamesiilaainnisimnzguideatu Tasgnuaimes
fuiniade 3.96(0.10) nfumed Wndamedla 7 Fu newdwiinismeaes uasinlvdamesiuenis
yamunx Taglvewnsuas 2 o ewnsiilnilusiusosar 40 T8asmaUasetames 15 6 nons19LRS
3. MIFTYUDIMNTNARDY
nongnsstinisflslumannassedstiunansssund Tnedanenniueenlmudounndunen
mﬂﬁguﬂwlﬂauﬁqmmﬁ 55 pernaiea Wusvezinan 24 Hilas nouthantulnduss LLg'mauﬁ’ﬂmqﬁU
f19 q Fan9 1 waslmfuuaziieiedessaudie wazthemnsiialusufigumgi 55 ssrnealfea
\uszezingn 24 Falus wdsnduhemnadedilaindinsevauaimddauinisveseis laun
Tsiuleleia Kjeldahl method lusfulaei3 Ether extract 18 olelngd3 Fitted slass crucible method
1011ae35 Muffle furnace combustion kazaaulaLs Drying in vacuo at 103-105 °C s1us193g1u

U4 Association of Official Analytical Chemist (Association of Official Analytical Chemist, 2000)
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M99 1 gasuazesnUsznauveingivenmsiasunengnssain1ske (nSu/Alandy, dngums)

ARy 0 1.5 3 5
gasems (niw/Alaniu™)
Uae 390 390 390 390
winuu® 140 140 140 140
nMndandest 200 200 200 200
gmlneduy 22 22 22 22
wdeend 84 69 54 34
Uaneam 30 30 30 30
mmamjwssﬁﬁm% 0 15 30 50
vsfudvdes 110 110 110 110
Innsiusan® 5 5 5 5
LLSISWﬁ’J?,Je 5 5 5 5
ladu 7 7 7 7
LT il il il a4
I 3 3 3 3
594 1,000 1,000 1,000 1,000
29AUsENBY (%)
Unalusiiuavan 39.587 39.580 39.573 39.564
Uanaslusiunianue 12.147 12.144 12.141 12.137
UStnasenviamun 2.81 291 2.95 2.96
US1nauAm e 7.62 7.51 7.54 7.63

e *Uauy, gamungamnsdniunsiius Jmiafivalan Ussmnelne

bydinUy, Ui Wi-aada 9110 nsammumuas Ysemelne

‘mndamdes, Usen ihduitvlve $1dn mww) Smiauaslgy Useindlne

Fandiu SUN-MIX, U3 wpdumesiin i Jmiauasugy Useinelny

U359 MINMIN, U3 1spsBuwmesia rin fwdnuasusy Usemnelve

4. NFINLHNUNITNADDY

MNUNUNIINAADILUUANENY TU (Completely randomized designed, CRD) Usznounae

4 yAn15MAaes (Treatment) N1sMAaBIa 3 91 (Replication) lnevin1sAnwinislynengwssain1sue

NszAuna 9 fatl

ANSNAERIN 1
ANSNARBIT 2
ANSVAABIN 3

=]
ATNARDIN 4

mmiﬁmuwamaﬂmﬂqwsmimimmﬂas

v

mmﬁﬁmumamamaﬂqwsmimimaaaag

mmiﬁmuwamaﬂmﬂqwsmimimmﬂas

v

’t’]"lﬁ'ﬁﬁﬁ?ﬂNﬁM“ﬂaﬂ@E}ﬂs"jWiiﬁjﬂ'ﬁNﬂiﬁ]ﬂﬁﬁ

0 (grAIUAN)

1.5

3
5
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5. nMsUuiinveya
5.1 Guiinnsasgiivlanieisnsdadnmin dadmdnyn 9 2 dUaiv anduihandwinm

NSRS YAULALAZERIINITIONMNY AaunI1s (1), (2), (3), (4) uay (5) Lanesall

UmlnILANTU (Weight gain; grams)

= tnefelleduganisnaaes - Wmtniedisisunisvmeass (1)

ﬁmﬁm‘ﬂ'magﬂmi’u (Average daily growth; grams/fish/day)

v

iwtingame — dwdnisuau

FUIUTUNL

nsINsIasLAUlR g (Specific growth rate; percent/day)

(Inshwiingane — INvwiniSunu)
- — X 100 ®
Fnuiuiiaes

nsnsiaguemsiduile (Feed conversion ratio; FCR)

USunaemsviamuaiuaniuasunisuauduann1snaaes

UNTNTIUERFUFANITNAGDI — NN TR TNARBA

9931113599918 (Survival rate; percent)

INIUUAIVTRVI MU FUFAN1TNAGDS
- - —— X 100 (5)
WIUUANURBELUBLIUNITNAADY

5.2 famduamed laun manuas mauns wasadmvies (LY a* way b yn 9 2 dUam

Tngluwedesind Hunter lap colorFlex A60-1003-150

6. ﬂ’]ﬁLﬂi’]%ﬁ%@;&a
'imwﬁmmLLmﬂmlwuaq%aada‘mwia:vﬁqmmﬁmaaq Imaﬁwﬁaaﬂaﬁlﬁmimeﬁmmmﬂsﬂ'w
neadd Tnele3sns3asenaunUsUs1un1eadi (Analysis of variance: ANOVA) waziU3suiiey
mmLmﬂsi'msuam"]La?{maﬁagaéw 9 lugansnaass Taele33n13 Duncan’s new multiple range test

NILAUANUIDIUTOBAY 95
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1. M9AsAUln LazdnIIN1TIennIe

ﬂ13Laﬁmaﬂqmizﬁm{wﬂummiﬂmmaﬁixé’ugaaax 1.5, 3 uag 5 WU Bvndiiudu
dhminiiiuedens u RTINS YLAUTAT N Sasnsiasuomsiiuile uazsnsisennie (SR)
luusnansessdifoddmeada Wefleutugnauay unndunun msasyidulaluieis wu dnin
diadenaty snsnsasaiuladimng wazdnsmsdasuemsniduie wiuwludistudnues
mmzéfwmmL%uﬁgumaaﬂWiLa'%mmanqwaifﬁmg wazadnsnsasuesiiuie duwiluuanas
\Enuesluseiusesas 1.5 LAAULANANIAIN ARl wAnAsTupe 1l Tod A ynnadf wuiy Wil
Snsmssonmelunnnauegluseduguaiososay 75-80 Wevhteyauiiinssnisudisunsainu

a o

feluwnnangesnsiiiodAgneadd (o > .05)

o

M99 2 NssRulakardnsINTTERMEveUamediilauamisiEunenanssiinigng 10 dUau

s::r?fummstﬁ%manqmszﬁnﬁm (3ama2)

n15L93gYLiule 0 1.5 3 5
X (5D X (5D X (5D gDy L
IBW (g/fish) 3.98 (0.02) 3.96 (0.08) 3.97 (0.06) 3.98 (0.02) 704
FBW (g/fish) 9.98 (1.14) 10.31 (1.72) 10.66 (1.71) 11.12(1.11) .390
WG (g/fish) 6.01 (1.00) 6.33 (1.73) 6.70 (1.73) 7.20 (0.93) 357
ADG (g/fish/day) 0.09 (0.02) 0.09 (0.01) 0.10 (0.02) 0.10 (0.01) .368
SGR (%/day) 1.31(0.11) 1.35(0.25) 1.40 (0.23) 1.49 (0.10) 311
FCR 2.40 (0.42) 2.03 (0.46) 2.20(0.43) 2.21(0.43) .359
SR (%) 75.56 (7.70) 75.56 (3.85) 77.78 (7.70) 80.00 (6.67) 463

WNEWe: X (S.D.) = ?ﬁﬁ%a?{a(h%ﬁwmummyu) Falaannismanes 3 1

ﬂ'wLQ”SIaﬁmwﬁyaEJéhé’ﬂ‘wimmé’aﬂqwﬁﬁwﬁﬂmmwau wansLUANENueEnituddyneada (o < 05)
Snwsee: IBW (nitial body weight) = ﬁmﬁfﬂlﬁm?umimaaa;

FBW (Final body weight) = ﬁmﬁfmﬁa?;uqmmﬁmaaa;

WG (Weight gain) = 5ﬂwﬁ'ﬂﬁLﬁM%{u;

ADG (Average daily growth) = dwtniuedenetu;

SGR (Specific growth rate) = §n31n15493eAUlATLWE;

FCR (Feed conversion ratio) = é’mﬁmim%aummnﬂmﬁa;

SR (Survival rate) = 9R31N1550ANE

2. mnsindvesuames
NaN1TInA1d@veIUaIMee taln AI1AINEDN (LF), ANdLad (o) Lagandiudes (b*) nasn
sezian 10 dUan lasuusnisiann 2 §Uam wundnmsfsunlamiuanaaiuausgaunisiasy

manqwsm’jmim (M99 3) 99l
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AAas (L) vesvamadlunnnquivuluufistudedugnnismeaass Tnsnquaiuam
fiafinan 43.63 (3.03) 1u 48.45 (2.09) Tuduamid 10 ﬂumzﬁﬂéuﬁlﬁy%’umsmaﬂqwsim‘jm%mgaaax 5
fiaufugsnmnyaniamaaes Taedfiuain 43.51 (2.17) wu 53.83 (2.18) wandlmfiufswavesnisiasy
ponanssdinismsifiuanuanwosivoslamoslaossifoddynisada luaiuvesniduas (a¥)
wuniwnludiviunoidomnyanimeans Tnenquatusudfisain 20.33 (1.83) wu 22.73 (3.33) vausil

nauitladumsiaiunonanssdinisnasesas 5 daniuain 20,26 (2.45) iy 33.42 (1.93) Tuduawidi 10

'
=

Fegefianilonisuiisusunnyansvaass Sarauanansestsdifddameada (p < 05) uandidiu
faUseaninwlunisaduaseanuanvesduadludameslaesaaudna dmsuadndes (6%
finsasuudadluiienafoadu Insnquaiuguiafiuain 38.60 (4.42) 1y 39.98 (1.70) vngd
ﬂa;uﬁ"lﬁ%’umua’%umimaaa;aaaz 5 fiafinen 38.70 (5.32) 1u 49.38 (1.85) Lﬁa?:uqmmsmaaa
Fauansmifudanaiuaunuresdndedlafifiaawuiu §alanuuanaisesnsitoddgmieada

(p < .05)

M99 3 AIANNEIN ANALAY UazdvdesvesUamediilasuomisidSunenanssdinisug 10 dUau

duasi d 0% (control) 1.5% 3% 5%
X (S.D) X (S.D.) X (S.D.) X (S.D.)
5UNIVAADS L* 43.63 (3.03) 43.86 (3.30) 43.23 (4.95) 43,51 (1.27)
a* 20.33(1.83)  20.38(1.70)  20.35(2.57)  20.26 (2.45)
b* 38.60 (4.42)  38.57(3.85  38.40(4.35)  38.70(5.32)
FUnwidl 2 L* 46.23 (3.09  47.65(2.92°)  47.30 (3.22°)  49.13 (4.24°)
a* 21.21(3.02°)  21.69 (2.35°) 2176 (3.24°)  24.19 (2.78%)
b* 38.85(3.98") 38.83(3.89")  39.78 (3.19°)  40.24 (4.14°)
FUawid 4 L* 47.26 (3.229  49.42(3.21°)  49.79 (2.61°)  51.13(3.10°
a* 21.87(2.239 2199 (2419  22.63(2.40°)  26.28 (2.58%)
b* 39.17 (4.07°)  39.05(2.31%)  40.63 (1.66°)  42.20 (3.70°)
FUpwd 6 L* 4853 (334) 5042 (4.05°) 5098 (2.34°)  51.93(7.89%)
a* 2207 (3.56)  22.98 (2.899)  23.22(2.76°)  28.63 (2.34°)
b* 39.52(5.72°) 3954 (5.71°)  41.15(2.17°)  44.62 (4.50°)
FUnwiil 8 L* 50.12 (3.11%)  52.35(4.21°  52.03(4.377)  52.48 (5.33°)
a* 2244 (3.879 2452 (2.91°)  24.61(2.74°)  30.98 (2.45%)
b* 39.74 (2.36%  39.91(3.339  41.93(4.06°)  48.33(5.12%)
o 10 L* 48.45(2.09°)  53.03(4.01°)  53.54(1.89°)  53.88 (6.43°)
a* 2273 (3339 2506 (3.19°) 2530 (2.63°)  33.42(1.35%)
b* 39.98 (1.709  40.06 (3.73%  42.03(3.01°)  49.38 (1.85%)

newe: X (5.0 = anade (midsauuinasgiv) &laannsmaaes 3 4

ARABTInINAIBRSNYINLISINgBiniuluLuILeY Laniauwanaeiusnslidadfgniseaia (o < .05)
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MNMsANvmaTeINaiunenanssdnisrdlusmanenisiaiyivinuasdvesamos
Tuauresnsisguivladaluwnnaistuneadd o1adewnaneruulsunureseyanisluuna
ﬂEiJJﬂ’]iWﬂﬁENﬁﬂlau%Ngd LLaxmmwmizﬁumwL%m%ummmaﬂzjmitﬁmgm fiesuluensluiivane
nenslagiAulnvesUames v‘iﬂﬁiﬁLﬁumﬂmmnmﬁaﬁ’umaaﬁﬁiwiwqmmsmaaﬂ o874l
wnlusfigetulungunisiaSunenanssdinisnesenay 5 o1afaunInaITeengMs 9T NTB0 IS
W@3uAaNaNTINITH NUI1 miLfﬁ@yLﬁuimsuawmwaaﬁiﬁmmsLa'%:umaﬂqmifﬁms‘mﬁumiﬁ
mil,ﬁr;gtﬁuimﬁqdﬂ’jﬂﬁqmm‘uau ﬁﬁﬁuﬁﬂﬁaqmﬁw dranindliiuau waZENIINITATYRULAT AN (SGR)
asfian Tufelassuzvesnnaiyiuladd lefiadnsniadsuemnadude (FCR) fid uazdwiin
Wi uadsnaudutu (ADG) fuwilunfiginangaaiugy nifedsll Snanssennieginingnaluau
Lﬁ@ﬁﬁ]”lﬂ@EJﬂEjW‘iiEﬁﬂW{‘Ui%ﬂEJUlUGT’JEJWﬁ’]I’JUE]EJW;LLagﬁuaaﬂﬁgQMuiﬂ WU 8.88 (0.38) mg CE/g wag
48.83 (0.41) mg GAE/g imﬁy’ﬂé’qﬁmsaaﬂqw%‘mﬁgma%aﬁaiz (DPPH Wy FRAP) Usanas 60.00 (1.95)
mg TE/g tkag 81.60 (9.24) mg TE/g ANNaIAY é'fqmim“nﬂénLﬂua15aaﬂqm§wwq%qﬂ1w sziwmwjumi
wigiulauazdnsinissennela (40197 uvenas uazaAuBy 9, 2563; Chakraborty & Hancz, 2011;
Harikrishnan et al., 2011; Reverter et al., 2014; Sivaram et al., 2004)
Tunsnwinavesnsiadunengnssdnsailusziviiuanasiunenisiindvesames nuan
MANANN (L¥) LR (@) wazandmdos (b%) ﬁuawa’maqﬁlﬁy%ummsm%maﬂqwsizﬁm%mmﬂizéﬁ’u
fuwluugeninquatuguesteddoddynaadd anvedonn anaongussdnisiuimuualsiiuosn
904 28.91 (0.43) mg f-carotene/g §eaursavoniduasindsssuei (Coloring agent) Tuems
Feamalnanuaisvesdvameniuiu vinlndnvasddulnesudamuanlawas dunaladaiauiid
Uandudmiiiluannsodauasevansiloes asdfinulussnensdaainnisusinn lasanigans
Tunquualsiiuesn (Carotenoids) Suflevanlp3uansdusuiiu (Zeaxanthin) awgnivAsuduumualsiiy
(3-carotene) waziUd sunoluifuneaniusuiiu (Astaxanthin) wWazwAUNILIUTAY (Cantaxanthin)
asdsaesriei fnalaonssmonisazauiadluimimestan wilndduasuudadlaeenssinda
warflanunudn Insanizueanwsuiud aduualsiivesniidunumddalunisilndvesuan
AnAINEnaI8 (Gomes et al., 2002) NANNSNAADIRINA1DADAAA BITUUTTBYB anwyen wnaly
wazAud q (2562) Mlavhmsiasznasddyuazarsaanaentufiviinale 4 4dia laun aenuauan
AONLALAS ABNANTIEINS Waznongas Inenuinenanssdnsivuumsualsiiuesa Husdn uaz
Walhuosngeiign Saduunasansdfyiid ”ﬂamwiumﬂéﬁﬂui’mqLeﬁ:ummﬁ iioveifiunuanla

LAYAUAUTAYDIE MIERIUEIEaNL

\\ﬁ’\, A3UNaN13338 uasdaiauauu

N13RsAvlawazdnsINIsTeAngveIlavelasuemsiasunenanssanine Wedugn

N13NARBINYIN Nsasunengnssalin snluemsiudnananisasyivlauazdnsinissenniy

a v o

voslamesesliuddyneadf (p < .05) sandlsiniu nsiasunenanssdinisuadinavilluaanim
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o

dvosUamesitusendited ey (o < .05) Sedwalnauainesduamendiadu vhindnvasadu
Tnesudimuanlauasdanaladniou lnenquitlasuomnaiadunonanssdinisussesas 5 enadiatian

Fauauuzlunisinansielulduselevd

pjt:?i”ﬂwmwma’m'1imﬁ']wamﬁ%’aﬁlﬂﬂis*qﬂﬁhsz?l.umiLa%maﬂquiajﬂﬁwﬂummiﬂawaq
e mdlnuadddu anumsoy uasdiyanmisnisaaingsiu Taglinsenunennaiagivle
W3ednIsennIeveIUm

Forruauurlunsiniseadedaly

L. miﬁwmiﬁﬂwnﬁm@uLﬁsr.;ﬁ’uﬂ15Leﬁ:umaﬂqwsiﬁﬂﬁmluixﬁummLsﬂymj”uuaziwgnm
nsveaesiivanvans WleUsziunanensiaiqpivlauazsnsinissennmevesames

2. lunmsnaaasluauan suduiiesmeansainuassnuaunintiiesauduszuy waousa
Jinsznesadsznounalaruinisvesemsnaassluresl §UAn1s lnsanizusunaualsivesn
WieBuuaninvnalaruinisyese s

3. MIANYINAYEINISLATURDNENTIENTHInEAMAMB Y 9 vosUaInes U quamlngsa
n1smueyyadasy wagaumunln Tawdanimaaedlussdurhiuvioaniunisniae ieUsdu

Anuanzadlunslyvudntvepg1sUann iy

anAnssuUsENIA
ANZEHITLVDVBUANANYINUTENN UaranvTinenmansiazinaluladnisenns augInerans
wazinAlulagnsinuns wnivendemelulagavuraaiuun fvalan dmsuanueynsevluniuaniud

Tunsnnass wazweIaeiialunisinadveanisanwiluasadl

LONENTD1984

nsuUsEIN. (2566). nTuUszuadanseua 5 dadvarmesiulnedilnaiilan wiouduuinsgiuvadlne
“arenanIn” 99NANINNAINGIUAY. N3, https://wwwi fisheries.go.th/local/index.php/main/
view_activities/1210/198482
- (2568). aifssoandnhsIeT 2568. n5u. http://file fisheries.go.th/f/85a5967485/

grinyen wadly, Asns ﬁynmzy, Uszn @3 lanes, siwsiuy 1nsssy, Tuan Nguyen Ngoc, ASuay dounal,
LATANTIR WnBLAg. (2562). M gmnansddyuavarsanneenlufulauisiaielyly
gnsdmdn. 7373w TULSAIS, 16(1), 57-64. https://li01.tci-thaijo.org/index.php/aginujournal/
article/view/247855

4010 uvguag, aneyey) wadly, 3ns ﬁwamzy, Wustun 1n555y, Usen@s lanes, #au wideu 9en, way
a¥auy auudl. (2563). psrUsznoumuadl grniusyyadasy Watluesn uelsiuosn uas
fuedanmunvswnenluunle. ununvss, 48[ e 1), 1011-1018. https://agkb.lib.ku.ac.th/
kku/search_detail/result/401835



A 20 atuit 2 (nsnenA - SUOIAU 2568) 187
Vol. 20 No. 2 (July - December 2025)

anif wneuag, afyen wndly, A3ns VT’nmnuJ, Wnsun nsssu, Usznnds lanes, nens BULATLY, WAy
32930 129004, (2564). NAYBINITLATUABNLALAY LALAA uazaNIainIsluewnslnlune
aussanmnsuannanwly uazalafisinen. ununwes, 49Fuey 2), 940-950. https:/agkb.lib.
ku.ac.th/kku/search detail/result/413246
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