ATRJ

((/,) a1sdasinuausArdasuasinalulad ®)
,.> uns.d4d1u

rRMUTI

Volume 6

No.3 September-December 2025

ISSN 3057-0174 (Print)
ISSN 3057 O182(Onllne 4 ]:l:

o — = e
- - "_ = '_"-' i -

https://li01.tci-thaijo.org/index.php/atj

peuztnyasAdasuazinalulad ukidngraginalulagsisuvAadaiu dngrwagsuns



2sadeinuasmansuaznalulad uns. 31y unsmsfisariduiaifiu
unauilidulssleviisetenisivinsuazyanaall Tneifianundes 3 san Tdun
Angrmansuazmalulad inuwasaans uazdaanssuaans Tasnnsasatuiflfineuns
wasuifidammediuiennis msafeesdaud nsysuins uasteyasudu
Usslenfannannansd Wnfnwn wasfideavigluanvidvndie q wisazilugnag
nszduamnmdia sauviansliifausslovnsdiuivnisuddiaulaialy Taed
unAy 11 Fas Afidevvanvats un 1) navasguugiivazszeziaanisiiu
Sherfeusandeldanuauninegigrannuddinvasioussy n1sialn uazn1s
wiyhulnvesduseuluaniwdasaide 2) Aneawvesunludsdeanleduazansane
ngruayulnslun1sdud adasn Pseudoperonospora cubensis 3) n15l41 oy 3e
iauslggessTurAsmivuledndidenisiasgyiulnvesinds 4) nsussiliuna
win oefUszNaUNanAR uazdnuusnenanuasTulszsnsgnuaunduassd 2 497l 2
vasdrudriuguiifiugnssuanusey 5) nswaungudideuddiunisinensseiu
YUYUUWUURHIUTWUNTAUANYY nganeasatvatdalin gnaandunuy Jaudn
uv1a15AY 6) MsUsziiunisiyiiulauaznandnvesdanainaniziieugnly
Jainssvan 7) msUszfiugmniwiluguininuiiaandia N1 Teglduuusiass
QSWAT 8) navasnisldunuuncid ssuarnziisuvialuundradunid 9) nsiiia
ANTIAULNITAULAIAI8aNTaUlAEAIUANNTITULUIBURINIAT RS Bz uTEUU o Lo
10) mslnnziiBantadeiiedenidumsuuddudinensegnavanzay nsalinwn
NFeuANIUNYTFaruganInsidesvas 11) n1susadiuamnmuazasAusznaumaall
vasUanaeveas neUandaufa Todudts uaznsussandldlunmandanslsedng

p74

TagunAulaRIuNITHAITUY 1aZN1INAUNTRY ANENTIAaAINeTuwas
ABUBNUNIINGIFY NBIUTIUITN1TYBVaUAMLNITENNYITUN LA dsunamdIun
Yasun1sANUWIul15815 wazudaduagrsgsinunaaululisaisaduilaznaliia

Uszloviniedvnisvasusemalnesall

NPIUTTUISAS

M5asNEAsANERSwazAlulag uns.danu



AST

_RNVIUTI

MsEsNERsANERSHaziAlulag uns.danu
Agriculture & Technology RMUTI Journal

3

noUszeaen

Pia]

Wrvey/drtnausans

fivinerussansnis
WINHINBIUTIUNEAS
UIIUI5NT
999UTTUDNT

HY8UTIUENNS

NBIUTIUNBTNIHN TR

NBIUIITUISNS

L‘ﬁaLwsJLLW'ﬁ'mmiLLazwamu%wmimqéfmmimwmmam%uagLwﬂ‘[uiaﬁ sy
donandlunisuanildeuanupaiiunisisnisdadeasss i oduasuenansed
indv1nns n3de dndnw wazdfiAededifidusanlunisanonenssdniug
walulagwseuinnssuungdeny

AaizinERsAansuarmalulag 145 vy 15 a.uenlles a.illosdiums 2.a5ums 32000
9. 044-153093 In5a13. 044-153093

E-mail: atj.rmuti@gmail.com

Website: https://1i01.tci-thaijo.org/index.php/atj/index

SA.05.d414U073

L&A

Ne.9.6.A.N7.83NEY FsNEY

wImedemnalulagsvunadanu w.asuns

D.NTIEA AnAvwuiisiv wnendemnalulagsnyiinadau 1v.a5uns
HA.A3. AT avignay wnnendemalulagsvnadau 1v.a5uns
3. WIAANS Nesivselasy  uiminendemalulagsvasnadanu .a5ums
3.0 #1anes wnImedeinalulagsvunadanu w.asuns
n3.90y30d lygnBseiuna  unminerdumalulagsivusnadanu .a3uns
FLAT.SLUA FRIETgH UMNINGYYOURAY

A.03.Jgznn Fsznaiiens WIngReveuLiY (inBuneny)

A.ATLT EERAN 0N WATIMENREveuLIY (nBunee)

A.AT.aTY J0Na0¢ WML (INYeaee)
AASAMUM  WRTUNTAY  unIvendveuwiu

A.A3. 01U Nasdl WIS veULAY (INYeaene)
AATOMNAN  WAUODNNDY  UNTINEIREVBULAY

AAsavesnl o uAs IS UATANENS

A.03.quduR VioNyagy wnendemnaluladasuns

A.A3.g 3 Foysa wnIngraemaluladsvaenaesivy
AATYIUNBY NG UNTINEIREYUATIVE

l5958uweEeINALITUNNERZE1551Y (NBuaoe)

AATNAWYY  WEINea VNINYIREYUATIFIT
A.05.83N8 WauaY UATINEIREUEN AT
JAATRUEIA  duiuswly nansaluvninendy

a

aUUf 3 Aueney - 5u1AL 2568 | Vol.6 No.3 September - December 2025



IFLATFNII GLGIYD) wﬁwmé’amwﬁui

535w nTwiuny UATINEIRNYATANERS

SA.AT.UATET  YRyge UATINEIRELNYATANERS

SAATOTRUN  JumanIng NIV YATANERS

SAATUTINA  UTILAS UMNINGYYOURAY

5f.05.59Na quUAIIINS UM INIRYVRULN

3A.09. 835003 FemngTamn  awive deveuniu

5A.A5 AN guand@ wnedemnaluladasuns

SALAT.N3Y GHOIR WIS an 511l

sAAsISmg  auls WIMSeQUaTIYsIHl

JAATUITN YRy anfumalulagnsgrsuindnguvisaiansy e

sAasddin  ewasey UNNINYYYDURAY

A.05.9785U GG UMINIRLVIULNY

JAATAIYNG  WEANA UNINGTUVOURAY

NA.AT.8MMY  ynyEn UMNINGTUVDURAY

HALASEAUA  Fssdieil ammivendenalulagnszanuindisuyd

NeLAT.OTOUSH  QAqu ANV S8R

NFLATIBouNS  dumSdesany  anmivendesivdgienidn

HeLATRYSUNS  ewdlestiyl  amnivenduieuanang

HALATITEIUS  Avinunu WIMeSegUaTIvsIHl

HAAT ST SeulsmeSy  wmivendumalulagsivueeadanu v.asuns

HALAT.ANANWEL  LNAAINLAR wrivedewmalulagsvaenadau w.asums

HALAT.UEANANSAa Vselavauns  unnivendemalulagsivusnadanu 1v.asuns

K P RT L TR IR VAT wmedeimalulagsyiinadanu 1v.g5uns

weLATANEVS ATl wnendemnalulagsnvnadau 1v.a5uns

A3.71N3 BINING wvendemnalulagsnvuipadau 1.a3uns

f3.50men N wingaewalulagsvusaadan w.asuns

ATAT I WALINE wImedemnalulagsvuipadanu w.auns

f3.qN5vIY flaqud wnedemnalulagsnvuipadanu w.asuns

3438 AR wingaewmalulagsvusaadan w.asuns

A3Aas Wieava wmedeimnalulagsvuspadanu w.asuns
ANNUABDNINTENS TUNNEUNTIE 4 (Fiou

- UUN 1 UsEdhau UnNsIAY — Lwneu
- atun 2 Uszdumau wawniay - damnay
- aUUuR 3 Usedheu Nuegu - SunAl

=
=
20\
<.

AzNwRsANansiasinalulad wninedemalulagssueadaiy menngsuns

fuatulesunisanudalludvdnsuesinsansinusseanswazmalulad wazunanuluinsans
WuswiAnvesjuws iy usuiAnvesnmenssunisdnniiasas wasdlyiduainusuiiaveuves
ANEINEASANERSLATIALULAEY

a

U 6 avudl 3 funey - uanAu 2568 | Vol.6 No.3 September — December 2025



FIYUNULNTIAANRINTUIUNANY

5A.03.35m8 guls
SA.A5.98WN° allana
A998y A3Imeunsal
IA.A9.91UY TUUNTES

UINYAERUATIVEI
antumaluladidnaummsainnss U

UM FUNYATAIERS
UINEFYTYAATUNS
unTinendumalulagsvusrashulnduns
WINYINYIIVA)aUATIYENT
UINYIRYINVAaUATIVET
UINRUNALULATIIVNIAGDAU 10.F5UNS
WINeeAlLLAEIvNIAadaI 0.85UNS

sA.05. WS weddogne
NA.AT.UTYROU THUN
HA.A.allan Wadlans
HALAT.IbanT Budin
NA.AT.NO% JUNTHY

HNFL.AT.ITIUINT WUFE
nA.n3.UJIR 1918ns
ue.as. Yewanl wiuies
ueL.as.058 Aty
NA.ATLAIAUS LN
nA.n.Syaatly Sydsisesd
HAL.AT.856H WINAIYAT
NA.AT.95587 A9AN
NA.AT.ANUAT MAVATIN
NPL.AT.UTEIU 218Y
HALAT. ST WS
HA.AS.HUSYT Nanaen
HALAT.AIUA 58T
NA.AT.AAU0 LAY
NALAUNTUY TIDTEY
NA.NINT WUTHIY
ns.odg lusud

A3 WenNzald Saudseius
ATNNTNY edNDY
34131 uvlnd
n3.0008MAa WsugUIItume

WNINedemnAlulagsLIRadEUY
WANINedunAlulagvLInaDEY
WINedemnAlulagsLInadEIUy
UINeIGuNWAUG
UNINYIAYUATNUN
UMNINYIRYLNYATAEANS 1. ANAUAT
UUINYIQYUDULNY
UANINYIREAIVATUASUNS
UMY YI1 VN UATUFY
UANINLA UL

UANINLA UL
UINIFEIBAY T NN
UMINIFENTEIDUNAITUYS
WYY aTUNs

WA NALULAEIIBUIAAFSITY
AN UATNUL
UINYIFLQUATIYEH
WIMEFUUATIYE

WA eNAlUlagIBUIAaDEY
NINedemnAluladsLInadEUy
UANINURNALULAETIBUIAAAIULN



AST

RNIUTY

AMSINEASANEASLaTATULAT

UNINYIALNALUTAE SIVUIAADEIU

INYNVAGIUNS

UNUIIUITNIS

1158715nEATA1ans wazinalulad uns.da1u (Agriculture &
Technology RMUTI Joumnal) tdw21581591197 910158 1u I neneans uay
waluladdinsnand (Peer review) Inefiinguszasdiilomeunsauiuas
naU3MnseRunasmansuazsmalulad sauadudenandunis
wanaguaMuAnTunIBSNNST@ssEsse Wiedwuasue1ass dnivnis

o

sy thnw uaziiiAeadediifdusnlunsanenenssinug malulad
wieuinnssuundeny vhnswmewnsluguuuunsasdidnnselindgiudeya
szuueeulat] uazguidn $1uu 3 adudel Tunn 9 4 Fiou Tasatiudl 1 sewing
WWeuuns1A-wwey atudl 2 seniiadieunguaiau-daman uazatuil 3
sewinufou fugiou-funay WasuunaruiiiAsates laud inunsmans

Amnssumans enmansuwavmalulad Widulumuguuuuvenisans

AuznuasAansuazwalulad lawiuanuddgyrosnsimuiiag
a'ma%mamufi%’aLﬁaLN&JLLWi'L%qyjﬁzmmﬂﬁﬁqmmw WnUselertog19uiase
dusuatuil Tunauisedietu 11 3es Ussnausiuaivineasaans
4 309 @1973An33UAENT 4 1589 @11inemansuaznalulad 3 150
Tagsansinuasaansagimalulad (Agriculture and Technology RMUTI

a s

Journal) 1unnsansfidannmuasideluauddviinissnsdansansive (Thai-

Journal Citation Index Centre; TCI1)

NBIUTTUBNNTVOVRUAMENTIRaANNVInuvdaausluzdmIuly
wiazunAu3de veunmuiileunnvinuilideunenududuusslent weunsg

A15N5uELENRILI IR R lY

JU8Aan319158 As.qdity 8ngaee

U550415n15



d13U8y

MsasnuasAransuazmvalulad uans.8a1u | Agriculture & Technology RMUTI Journal

=

U 6 atiufl 3 fugreu - $ua1AN 2568 | Vol.6 No.3 September — December 2025

A&ET

,NVIoOTI

navagamalinazsTaziIaInIsiushwfousandsliannaunneyig 1
wonuiTAnvastousy matniln waznsesydulavesduseuluaniwdasnite
Effect of temperature and storage period of Dendrobium Yaya Victoria pollinia on
pollinia viability, pod formation and in vitro growth of seedlings
launes i uazdnissal dnlanina

dnenmvasuludedeanleduazansaianeuayulnslunisdudadon 14
Pseudoperonospora cubensis
The potential of nano-zinc oxide and crude herbal extracts for inhibition of
Pseudoperonospora cubensis

50] mauen Snnsal augus Svind walannas sns sl

Anies Vuesd §39e yauey sy aausiide uazuaen1l Segass

nslEdegSaiataunigenssssuvnsmivudeidsenisesyaulavasings 29
Application of coating urea fertilizer by natural rubber with rice flour
on the Ipomoea aquatica growth

538 yuin@ aised Feaveesiug a5sassnd iosvesiug uazgsma §isuina

N1SUSTIUNANER BIAUTENDUNANERN LATANBAIENIINISINEATIUUTZYINITRANENNEY 39
aeit 2 49l 2 vasdradujuiifivugnasuaumen
Evaluation of yield, yield components, and agronomic traits in
BC,F, population of soft-cooked rice with aromatic germplasm
naydand wsrealse 1 Tsnesing uaswsde nselans



d13U8y

MsasnuasAransuazmvalulad uans.8a1u | Agriculture & Technology RMUTI Journal

=

UN 6 aUu 3 Aue1eu - SU1AU 2568 | Vol.6 No.3 September — December 2025

A&ET

,NVIoOTI
NIWRINAREIREUAUNTTINYATITAUTNYULUUTFIU N SAIRNY 48

ngunyAsAIUaLFalin naUuny Jmdanmansaiu

Development of participatory community-level agricultural learning center
A case study : Suea Kok Sub-District agricultural group, Wapi Pathum District,
Maha Sarakham Province

[ o

anslon wssAWInY a53m35 UNIFYI 5UIMA M3aNa Uazng sl UssqY

99

nmsUszfiunaesyivlnauaznandnvesinnanaeniziveugnludminguan 57
Assessment of growth and yield of niche market rice for cultivation in
Songkhla Province

ANTNT ANARUIY UASTUINTUS NYINTIN

m'iiJizLﬁuqmmwﬁﬂ’luéuﬁqmuﬁﬁmﬁ"ﬁ'ﬂﬁq N.1 Taglduuuanans QSWAT 70
Water quality estimation in Nan Basin at station N.1 using QSWAT mode

153l Wiund? vyl Bueel maansa Wsgy weans uneing

ngueuy Siaeq garsmd Auad uazedsy Tunes

navasnsiduruunsdsslatasiieuraluunndadunis 82
Effects of using Azolla (Azolla microphylla) to feed Thai silver barb
(Barbonymus gonionotus) in organic rice fields

30 wawda ngAu Nyl 9923194 1AT0ANA UazduIT la1Ina



d13U8y

MsasnuasAransuazmvalulad uans.8a1u | Agriculture & Technology RMUTI Journal

=

U 6 atiufl 3 fugreu - $ua1AN 2568 | Vol.6 No.3 September — December 2025

A&ET

,NVIUTH

nsiiuausIauENsaUWiidsaufaulasaruAuN U IsUaINASIR3ES 93
ruszuulalod
Enhancing hot air drying performance through loT-based intelligent air
recirculation control
e nexdl ous wIaYm NTIGNT WuYNA STNIF U1l
nn3n Inderm ngnen lveer uaselnang g

msdeszidyiadiiaidanidumsruddudinunsagravanzay 107
nIflANEMITEUINAUNYIFAuAanINTITEI9
Multi-criteria analysis for optimal agricultural freight routing:
a case study of durian transport from Chanthaburi to chiang khong customs house
sudws dngzisen 1owg) INEsuns uszyamsng widwns

m'i‘LJ’izLﬁuﬂmmwLLazmﬁ‘U’iznaUMNLﬂﬁ‘llmﬂma’nawam NIUaTA 122
9uuste uaznsuszgndldlunsudandlsedng
Evaluation of quality and proximate composition of striped catfish floss,
Thai river sprat fish powder, dried water meal and application of
rice seasoning powder production
Vn3uns m3aunes Ueedng I5evelnid uayiseins Asivgs



MsEsInuAsAtEnstazmalulad uns.8a1u | Agriculture & Technology RMUTI Journal

o

U 6 atiufi 3 Ausreu — $uaAl 2568 | Vol.6 No.3 September - December 2025

Received: December 20, 2024; Revised: March 13, 2025; Accepted: March 31, 2025

HavasguuiuazsTazIaInIsiuShwfeusyndqeldannauaneyg
AaANiTInvaauLsy MsAnRn wazn1sasyulnvasdusauluanwlasnitie
Effect of temperature and storage period of Dendrobium Yaya Victoria

pollinia on pollinia viability, pod formation and in vitro growth of seedlings
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mafusnufousyvesndeliifeldnauiuaeniifissernainisuiuvesmenuanssiuiiondnndaelifgnse
maiusnwdewsandeliignuannnegiailuguiuvanuasuuuui ﬁqmmﬁﬁaq (25 peATaldyd) 12 uay
-16 psmwaidya iunan 7-350 Fu ieAnwigamainazszernafvsnzailumaivinvdeusailonaiiug
wui1 msiusnmAeusauuvaniiguvaiivies luna 39 Ju Aeusyiiinuasiilniadugegn Ao 80 uaz 100
Waesldud muddu uaznsiiusnudeusauuvand -14 ssrwaidea iunan 128 Yu feusyidinuazdnil
Wingean 40 Wosidud wiannnanaudedousgiiivinuiiduuslesazsendulusianefudomzdsy
9113ud9gms Vacin & Went (1949) fifintinuznd1n 150 fiadansredns uaziimaglasa 10 nfusodng
de 40 Yu uazssyduduilomnzidssuuomsudegnsdautas Vacin & Went (1949) fifsniugninn 150
findansriodns ndaevie 100 niusedns ned1u 1 niusedns uasiinaglasa 20 nfusedns dnuarresiugon
MnmsHaufefeusyiutarliAusnulifienuuandreiy uay Lﬁ]smmuimiéﬂuimiau mimmﬂwmaumm
ﬂuaaﬂawluaﬂmammmmmquammammwamav 14 ssmwadea nzdmiuiivinuieusyssesduias
svognanailonauiiug sud iy Faduisnsiiie azein lildansieiiuazgunsalsauns ﬁ’]ii’ﬁﬂﬂiwﬂﬁfﬂsﬁﬂU
néelillneuaznénelsignuaniioufudaiugiale

o s

Addsy: ndawldl fewsay nsuulseiudie wan Wslaaesy

Abstract

Storage of pollinia is crucial for hybridization of orchids with different flowering times to produce hybrid
orchids. The storage of Dendrobium Yaya Victory pollinia at room temperature (25 °C), 12 °C, and  -14 °C
for 7-350 d in the forms of fresh pollinia and dried pollinia was investigated to study the optimum
temperature and duration for storage of pollinia for pollination. The results showed that the optimum
temperature of fresh pollinia storage for 39 d was room temperature, with an average of 80% and 100% of

the pollinia viability and pod formation, respectively. An average of 40% of the pollinia viability and pod
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formation were observed after 128 d of fresh pollinia storage at -14 °C. Seeds of pollination with the stored
pollinia produced embryos, and after 40 d of sowing on Vacin & Went (1949) agar medium supplemented
with 150 ml/l coconut water and 10 ¢/l sucrose, the seeds germinated into protocorms. On the modified
Vacin & Went (1949) agar medium, which was supplemented with 150 ml/l coconut water, 100 ¢/l banana,
1 ¢/\ activated charcoal, and 20 ¢/l sucrose, the protocorms developed into plantlets. Plantlets that were
pollinated using stored pollinia were identical to those that were pollinated using fresh pollinia and grew
in the greenhouse. For short-term and medium-term pollinia storage for pollination, fresh Dendrobium Yaya
Victory pollinia can be stored at room temperature and -14 °C, respectively. This method is easy to use,
doesn't require chemicals or costly equipment, and can be used to improve plant breeding in Thai orchids
and hybrid orchids.

Keywords: Orchid, Pollinia, Plant breeding, Seed, Protocorm
UNin

fousnyresndglifiunumadalunmssaiusiionseyindiiugnasuuazifiensusuuaiug Tunsusudseiug
néeliiiilonanndelignuaniifianuausansuuazunnssluanniiy Wy aondvualng ddumeny funenen
penADNAADANIY Fumusslsauazuias viedundeliivunadnifendndulinszans Wusu manauiugndaeld
vhldlaonsnasiuddweinauazduana uitymilunsnassiusiflendngauay Ao n1seenaenluriaaiisieiu
(Pritchard & Prendergast, 1989; Vendrame et al., 2008) w%aw%zyagﬂuamuﬁﬁmﬁ’u Fadlanudndudasinisuiu
fnunfeusandeliviaduiiotumauiuaenndlifidesnis Yadeiinadenafvinudousy Ao gungd
AUTUFUINS (van der Walt & Littlejohn, 1996; Deng & Harbaugh, 2004) szegtatlunsiiusnul (Metz et al,,
2000) anmn9a3 TInevenentsl engvedioulsy LLazU'%u’]mmm%yuﬂuaaﬁauLw (Rosell et al., 2006; Soares et
al,, 2008) %adﬂmam'ammﬁ%ﬁmﬁuaaﬁaumﬂwﬁﬂmﬂﬁLﬁuifﬂ‘tn (Vaknin & Disikowitch, 2000) 33n1sifiusnwdeusedl
MILUUERN LUULHS WUUEEIRINTA TISOUUURYLT AT Tngannsafiuldlugiesseznadulszing 14 §Unf auds
maifuszegnansUsyanal 120-180 Ju siaiiauey fugamafiiiusnu (Yuan et al, 2018; Fayos et al., 2022; Wu et
al., 2022; Nagar et al., 2023; Shankar et al., 2023) ’qquﬁﬁi%‘lumﬁlﬁu%'ﬂmé?qL.wiqmugﬁﬁm (25 samwaed) Wiy
TugiBuigamadl ¢ ssrnwaiBea fusudgamgll 20 ssmwadea uardusuds -80 ssmnwaea FBnsiiusnuifou
snlutsssernaduiidealasmadiusnuludifu iesnazan shldde lideddasaiuazaissdionauns
nsUszdiuauaInsaluniiinvesaresssuamsailalaenisly 2, 3, 5-triphenyl tetrazolium chloride (TTC)
(Matison et al,, 1947; Khatun & Flowers, 1995; Abdelgadir et al., 2012; Dolce et al., 2016) HazN159BNVDIAL DD
iseflunaeannaes dssnunsiivimndeusyvesndelifigumginlagligydeauidin 1wy Dendrobium
phalaenopsis, D. undulatum, D. strebloceras, Wag D. Jaquelyn Thomas ﬁqquﬁ 7 osrnwaled Wunan 12 heou
(Meeyot & Kamemoto, 1969) Dendrobium, Vanda, Cymbidium wag Arachnis ﬁ"qiqu 14949 6 paALYaLT ud
Wuan 280 Tu (Shijun, 1984) D. scabrilingue way D. anosmum, D. parishii &% D. peguanum ﬁ"qmﬁqﬁ 4
perwaea Wuian 240, 240, 270 uag 210 Fu AUE19U (Inpar & Potapohn, 2009) LLazqﬂwammLLauaU%aﬁ
gaumnfl 4 asmniwalea (Yuan et al, 2018) lumsussiiummuiiFinvesrousyiiiusnuwfemsnauinasseiiedu
3§ﬁﬁﬁqwﬁwmmilﬁué’ﬂm (Lyakh et al, 1998) aruanansalumsassilnviona waznsadraudaneluilng
ansnsnsenuanaiapiusuld nsenvensdandglionnesauiusfeteusniiivinndnufeamadsy
ownsduassimelianmuaenite Wesmnudandwlifuunadnedelu uarliflewnsavan (Arditt, 1967) 9w
ﬁiﬁfﬂumimwmgmqm Vacin & Went (1949) Wupmmnsidenldlunsinzidsaudandaelivansaia Uitsopakul
et al,, 2023)
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Yaguudsludsenuniafusnwdeusyvesndaeliannaunitegyig)n (Dendrobium Yaya Victoria )
Jundagliivneuasy aendduaeluand inannisnauszning Dendrobium Sonia x Dendrobium Jane Wilson
Tng E. Zayas-Bazan Tl a.a. 2004 wsnzdmiuldlumsnassiusndelififlondnndeliinszansmnaidniiinisesn
PONARDANIY ﬁaﬁgm"mqUﬁzaaﬁmanmﬁﬁaﬁtﬁaﬁﬂmqmmﬁumiwmmﬁmmzamé’m%“vmnﬁui"ﬂmﬁamsa‘g‘ﬁa
LuvaalazuUUL alonsHasitug Ineinrmansnsalumsidinvesiousy msAnilnndsnuaiiug mssenuay
nMaesauesudevluanmuasnide

T80 aunsal uardsnis
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Table 1 Percentage of viability and pod formation of Dendrobium Yaya Victoria pollinated with fresh and dried pollinia stored at different temperatures and durations.

Room temperature 12°C -14°C
Duration (25°0) Fresh pollinia Dried pollinia Fresh pollinia Dried pollinia
(days) Viability =~ Pod formation  Viability Pod Viability ~ Pod formation  Viability =~ Pod formation  Viability =~ Pod formation
(%) (%) (%) formation (%) (%) (%) (%) (%) (%) (%)

7 100200 80+20° 100+0° 40+24.5° 100+0° 40+24.5° 100+0° 100+0° 100+0° 100+0°
14 80+20° 80+20° 100+0° 40+24.5° 100+0° 60+24.5" 100+0° 60+24.5" 100+0° 80+20°
21 80+20° 40+24.5° 100+0° 40+24.5° 100+0° 100+0° 100+0° 100+0° 100+0° 80+20°
30 80+20° 80+20° 80+20° 40+24.5° 80+20° 80+20° 100+0° 40+24.5° 100+0° 80+20°
39 80+20° 100+0° 80+20° 40+24.5° 100+0° 100+0° 100+0° 40+24.5° 80+20° 40+24.5°
128 0+0° 0+0° 0+0° 0+0° 0+0° 0+0° 40+24.5° 40+24.5° 40+24.5° 0+0°
280 0+0° 0+0° 0+0° 0+0° 0+0° 0+0° 0+0° 0+0° 0+0° 0+0°
350 0+0° 0+0° 0+0° 0+0° 0+0° 0+0° 0+0° 0+0° 0+0° 0+0°

Ftest x « x s x x x x x x
CV (%) 9.8 18.3 10.9 0 8.5 18.5 20.8 283 215 18.3

Notes: Fresh pollinia were not air-dried before storage. Dried pollinia were air-dried in a laminar air-flow cabinet for 120 minutes before storage.

: Values represent the mean + SE (n=5).
. In each column, similar letters mean no significant difference at p < 0.05 by Duncan’s Test.

: ns = not significant.
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Table 2 Width and length of Dendrobium Yaya Victoria mature pods pollinated with stored pollinia at different temperatures and durations for 4 months.

Room temperature 12°C -14°C
Duration (25°C) Fresh pollinia Dried pollinia Fresh pollinia Dried pollinia
(day) Width Length Width Length Width Length Width Length Width Length
(cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm)
7 0.95+0.05°  1.87+0.02°  0.80+0.10°  1.45+0.15°  1.00£0.00°  2.00£0.00° 0.84+0.15°  1.7240.05°  0.90+0.07°  1.86+0.05°
14 0.60£0.04°  1.25+0.06°  0.60+0.10°  1.55+0.25°  0.50+0.05°  1.60+0.05°  1.00£0.20°  2.06x0.26°  0.85x0.06°  1.65+0.06"
21 0.90+0.10°  2.10+#0.20°  0.70+0.10°°  1.85+0.05"  0.70£0.07°  1.50+0.07°  1.10£0.07°  2.20£0.08°  0.90+0.04°  1.90+0.08°
30 0.80+0.09°  1.87+0.08°  0.65£0.05°  1.60+0.10°  0.85+0.06° 1.75+0.06 0.65+0.05°  1.50+0.10°  0.82+0.04°  1.80+0.04°
39 0.74£0.05®  1.74+0.06°  0.80+0.10°  1.75+0.05"°  0.84+0.05° 1.72+0.05® 0.85:£0.05®°  1.85+0.05®  0.85+0.05° 1.70+0.10%
128 - - - - - - 0.30£0.18°  0.68+0.41° - -
280 - - - - - - - - - -
350 - - - - - - - - - -
F-test * * ns * * * * * ns ns
CV (%) 21.4 17.6 18.1 12.9 24.2 11.3 21.8 16.9 12.8 8.2

Note: Fresh pollinia were not air-dried before storage. Dried pollinia were air-dried in a laminar air-flow cabinet for 120 minutes before storage.

: Values represent the mean + SE (n=5).

: In each column, similar letters mean no significant difference at p < 0.05 by Duncan’s Test.

: ns = not significant.
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Table 3 Fresh weight of Dendrobium Yaya Victoria mature pods pollinated with stored pollinia at different

temperatures and durations for 4 months.

Duration  Room temperature 12°C (g) -14°C (9)

(day) (25°C) (9) Fresh pollinia  Dried pollinia  Fresh pollinia  Dried pollinia
7 0.59+0.03° 0.43+0.08° 0.66+0.01° 0.77+0.22"  0.66+0.03™
14 0.30+0.04° 0.33+0.00° 0.38+0.01° 0.83+0.16° 0.55+0.02°
21 0.76+0.09° 0.58+0.04 0.34+0.02° 0.92+0.03° 0.52+0.04°
30 0.87+0.04° 0.72+0.13° 0.81+0.04° 0.59+0.15° 0.78+0.01°
39 0.78+0.04° 0.78+0.03° 0.74+0.04° 0.89+0.04° 0.64+0.10°

128 - - - 0.21+0.13° -

280 - - - - -

350 - - - - -

F-test * * * ns *

CV (%) 21.6 19.2 19.2 21.8 10.8

Note: Fresh pollinia were not air-dried before storage. Dried pollinia were air-dried in a laminar air-flow

cabinet for 120 minutes before storage.

: Values represent the mean + SE (n=5).

: In each column, similar letters mean no significant difference at p < 0.05 by Duncan’s Test.

: ns = not significant.

Table 4 Morphological characteristics of Dendrobium Yaya Victoria plantlets pollinated with stored pollinia

at different temperatures and durations when cultured on modified VW agar medium for 60 days.

Temperature Height of No. of leaves Width of Length of No. of roots
Q) plant (cm)  (leaves/plant)  leaves (cm)  leaves (cm) (roots/plant)
Fresh pollinia 5.72¢0.29°  5.10+0.27° 0.66+0.04°  4.04+0.18°  14.40+1.71°
Room temperature (25°C)  5.67+0.42°  5.80+0.24° 0.54+0.04°  3.98+0.33°  10.60+1.28"
12°C (Fresh pollinia) 5.74+0.20°  4.65+0.15° 0.68+0.03°  4.25+0.16°  14.40+0.94°
12°C (Dried pollinia) 7.70£0.00°  5.00+0.00° 0.90£0.00°  5.90+0.00"  10.00+0.00°
-14°C (Fresh pollinia) 575:0.17°  4.8020.17° 0.60£0.03°  3.98+0.14°  11.20+0.67%
-14°C (Dried pollinia) 6.04+0.14°  4.60+0.18" 0.62+0.03°  4.53:0.11°  11.20+1.01%
F-test * *
Vv (%) 14.1 11.3 12.0 9.1 12.0

Notes: Fresh pollinia were not air-dried before storage. Dried pollinia were air-dried in a laminar air-flow

cabinet for 120 minutes before storage.

: Values represent the mean + SE (n=20).

. In each column, similar letters mean no significant difference at p < 0.05 by Duncan’s Test.

: ns = not significant.
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Figure 1 Dendrobium Yaya Victoria: (a) fully open flowers, (b) pollinia, (c) survival of red pollinia stained
with TTC, (d) pod formation after 4 months of hand-pollination, (e) seed producing embryo was
monitored under a compound light source microscope at 40x magnification, (f) seed germination
into protocorms on Vacin & Went (1949) agar medium supplemented with 150 ml/l coconut water
and 10 ¢/l sucrose, (g) plantlets produced by pollination with fresh pollinia without storage, and
(h) fresh pollinia stored at -14°C (Scale = 1 cm.)

unagu

mimmﬂmﬂauLsmﬂaasﬂmaﬂwaumwmmwammwm (25 sspnwaidoa) Wua 39 T wmunzaudmsu
mimmﬂwmauwmluiv sy LLﬁ°’ﬂ’]iLﬂ‘UiﬂHWﬂ@mimLL‘U‘Uﬁfﬂl‘umLLEULL‘UWIE]meJ -14 saenwaioa 1Wuan 128
Fu wangdmiunsiiuinuszeznans iliteusylidin ianisindnndsannuaiugldunniga wannnns
naufefousiiuinuigumgiiuarsrernassiuiiduuile awnsasenuaznsiaiydusiuseuluaniwiaon
o uarsentinlulsadould lunsnvgumpiuarszernamafuinufousyndelimeggniuisiae
ligasnn agan Wildasiafiuaziniesiiosiauns Fauwmsiiamnsailiussgndlilunisfuinuieusyues
néeliilve néelignuananavanevieanaduiifisreznansuiuesaenuanssiuiiensufulgaiugiviely

AnANssuUsZNIA

YBNIIVVOUNIEAUYUNITANBILATINITNTEIIYNIUANUY IR BUATIYRIUNTNTAUNIIAIUNTEI1VAS
audansgniug3audn nsuaufanssNSIUTIYgan T aemusITIYNNTS dnsunsAneuarnsided



MsEsnuAsAtanstazmalulad uns. a1 | 9 6 avuf 3 Aueneu - SulnAu 2568

LBNE15919D4

Abdelgadir, H. A,, Johnson, S. D., & Van Staden, J. (2012). Pollen viability, pollen germination and pollen
tube growth in the biofuel seed crop Jatropha curcas (Euphorbiaceae). South African Journal of
Botany, 79, 132-139.

Arditt, J. (1967). Factors affecting the germination of orchid seeds. Botanical Review, 33(1), 1-97.

Bain, H. W., Wang, J. H., Lin, W. Q., Han, N., & Zhu, M.Y. (2002). Accumulation of soluble sugars, heat-stable
proteins and dehydrins in cryopreservation of protocorm-like bodies of Dendrobium candidum by
the air-drying method. Journal of Plant Physiology, 159(10), 1139-1145.

Bhat, Z. A, Dhillon, W. S, Shafi, R. H. S., Rather, J. A., Mir, A. H., Shafi, W., Rashid, R., Bhat, J. A., Rather, T.
R., & Wani, T. A. (2012). Influence of storage temperature on viability and in vitro germination
capacity of pear (Pyrus spp.) pollen. Journal of Agricultural Science, 4, 128-135.

Bocsi, J., Kovacs, G., & Barnabas, B. (1990). Pollen storage effect on seed germination ability at low
temperature in maize (Zea mays L.). Cereal Research Communications, 18(4), 347-354.

Deng, Z., & Harbaugh, B. K. (2004). Technique for in vitro pollen germination and short-term pollen storage
in Caladium. HortScience, 39, 365-367.

Dolce, N. R.,, Medina, R. D., Mroginski, L. A., & Rey, H. Y. (2016). Storage of Cohniella cepula (Orchidaceae)
pollinia: fertilizing ability and subsequent fruit and seed formation. HortScience, 51(10), 1265-
1269.

Engelmann, F. (2010). Use of biotechnologies for the conservation of plant biodiversity. In Vitro Cellular &
Developmental Biology-Plant, 47(1), 5-16.

Fayos, O., Echavarri, B., Vallés, M. P., Mallor, C., Garcés-Claver, A., & Castillo, A. M. (2022). A simple and
efficient method for onion pollen preservation: Germination, dehydration, storage conditions, and
seed production. Scientia Horticulturae (Amsterdam), 305, 111358.

Ganeshan, S., Rajasekharan, P. E., Shashikumar, S., & Decruze, W. (2008). Cryopreservation of pollen. In B.
M. Reed (Eds.), Plant cryopreservation: a practical guide (pp. 443-464). Springer Science and
Business Media.

He, W., Xiao, Q., Pu, G., Huang, X, Li, Y., & Shi, L. (2017). Effect of walnut pollen on ‘Shuangzao’ fruit
quality and early fruit of several. Journal of Hunan Agricultural University Natural Sciences, 43,
266-269.

Inpar, C., & Potapohn, N. (2009). Effects of Temperature and Storage Period on Pollinia Viability Percentage
of Dendrobium scabrilingue Lindl., D. anosmum Lindl., D. parishii Rchb. f. and D. peguanum
Lindl. Journal of agriculture, 25(2), 101-108.

Jia, H., Liang, X., Zhang, L., Zhang, J., Sapey, E., Liu, X,, Sun, Y., Sun, S, Yan, H., Lu, W., & Han, T. (2022).
Improving ultra-low temperature preservation technologies of soybean pollen for off-season and
off-site hybridization. Frontiers in Plant Science, 13, 920522.

Jitsopakul, N., Chunthaworn, A., Pongket, U., & Thammasiri, K. (2023). Ability of Seidenfadenia mitrata
(Rchb.f.) Garay, pollinia stored at low temperature on fertilization, pod formation and in-vitro
hybrid seed germination. The Indian Journal of Genetics and Plant Breeding, 83(1), 122-126.

Khatun, S., & Flowers, T. J. (1995). The estimation of pollen viability in rice. Journal of Experimental
Botany, 46, 151-154.



MsEsnuAsAtanstazmalulad uns. a1 | 9 6 avuf 3 Aueneu - SulnAu 2568

Kim, D. H., Kang, K. W., Enkhtaivan, G., Jan, U., & Sivanesan, . (2019). Impact of activated charcoal, culture
medium strength and thidiazuron on non-symbiotic in vitro seed germination of Pecteilis radiata
(Thunb.). South African Journal of Botany, 124, 144-150.

Kunakhonnuruk, B., Inthima, P., & Kongbangkerd, A. (2018). In vitro propagation of Epipactis flava Seidenf.
an endangered rheophytic orchid: A first study on factors affecting asymbiotic seed germination,
seedling development and greenhouse acclimatization. Plant Cell, Tissue and Organ Culture, 135,
419-432.

Lyakh, V. A,, Soroka, A. I., & Kalinova, M. G. (1998). Pollen storage at low temperature as a procedure for
the improvement of cold tolerance in spring rape, Brassica napus L. Plant Breeding, 117, 389-391.

Marks, T. R, Seaton, P. T., & Pritchard, H. W. (2014). Desiccation tolerance, longevity and seed-siring ability
of entomophilous pollen from UK native orchid species. Annals of Botany, 114, 561-569.

Matison, A. M., Jensen, C. O., & Dutcher, R. A. (1974). Triphenyltetrazolium chloride as a dye for vital
tissues. Science, 106, 294-295.

Meeyot, W., & Kamemoto, H. (1969). Studies on storage of orchid pollen. American Orchid Society
Bulletin, 38, 388-393.

Melo, I. L. P., & Almeida-Muradian, L. B. (2009). Comparison of methodologies for moisture determination
on dried bee pollen samples. Ciénc. Tecnol. Aliment. Campinas, 31(1), 194-197.

Metz, C., Nerd, A., & Mizrahi, Y. (2000). Viability of pollen of two fruit crop cacti of the genus Hylocereus is
affected by temperature and duration of storage. HortScience, 35, 22-24.

Nagar, A., Gowthami, R., Sureja, A. K., Munshi, A. D., Verma, M., Singh, A. K., Mallick, N., Singh, J., Chander,
S., Shankar, M., Pathania, P., & Rajkumar, S. (2023). Simple cryopreservation protocol for Luffa
pollen: enhancing breeding efficiency. Frontiers in Plant Science, 27(14), 1268726.

Popova, E., Kim, H. H., Saxena, P. K., Engelmann, F., & Pritchard, H. W. (2016). Frozen beauty: The
cryobiotechnology of orchid diversity. Biotechnology Advances, 34(4), 380-403.

Pritchard, H. W., & Prendergast, F. G. (1989). Factors influencing the germination and storage
characteristics of orchid pollen. In H. W. Pritchard (Eds.), Modern methods in orchid conservation:
the role of physiology, ecology, and management. (pp. 1-16). Cambridge University Press.

Prizao, E. C., Goncalves, L. D. M., Gutierre, M. A. M., Mangolin, C. A., & Machado, M. D. F. P. D. S. (2012).
Activated charcoal and graphite for the micropropagation of Cattleya bicolor Lindl. and a orchid
double hybrid ‘BLC Pastoral Innocence’. Acta Scientiarum Agronomy, 34, 157-161.

Reed, B. M., Denoma, J., Luo, J., Chang, V., & Towill, L. (1998). Cryopreservation and long-term storage of
pear germplasm. In Vitro Cellular & Developmental Biology-Plant, 34(3), 256-260.

Rosell, P, Sauico, V. G., & Herrero, M. (2006). Pollen germination as affected by pollen age in cherimoya.
Scientia Horticulturae, 109, 97-100.

Sauve, R., Craddock, J., Reed, S., & Schlarbaum, S. (2000). Storage of flowering dogwood (Cornus florida L.)
pollen. HortScience, 35, 108-109.

Shankar, M., Gowthami, R., Tripathi, K., Deepak, D. A., Barpete, S., & Agrawal, A. (2023). In vitro germination
and cryopreservation technique for long-term pollen conservation of underutilized legume:
Grasspea (Lathyrus sativus). Indian Journal of Agricultural Sciences, 93, 205-209.

Shijun, C. (1984). The studies on keeping freshness of orchid pollinia. Acta Horticulturae Sinica, 11, 279-
280.

Soares, T. L., Silva, S. O., Costa, M. A. P. C,, Santos-Serejo, J. A.,, Souza, A. S., Lino, L. S. M., Souza, E. H., &
Jesus, O. N. (2008). In vitro germination and viability of pollen grains of banana diploids. Crop
Breeding and Applied Biotechnology, 8, 111-118.



MsEsnuAsAtanstazmalulad uns. a1 | 9 6 avuf 3 Aueneu - SulnAu 2568

Vacin, E. F., & Went, F. W. (1949). Some pH changes in nutrient solutions. Botanical Gazette, 110, 605-613.

Vaknin, Y., & Disikowitch, D. (2000). Effects of short-term storage on germinability of pistachio pollen. Plant
Breeding, 119, 347-350.

Van der Walt, I. D., & Littlejohn, G. M. (1996). Storage and viability testing of Protea pollen. Journal of the
American Society for Horticultural Science, 121, 804-809.

Vendrame, W. A,, Carvalho, V. S., Dias, J. M. M., & Maguire, I. (2008). Pollination of Dendrobium hybrids
using cryopreserved pollen. HortScience, 43, 264-267.

Wu, Y., Gao, W., Zhou, Y., & Guo, H. (2022). Optimization of in vitro germination and storage of Armeniaca
sibirica pollen. Scientia Horticulturae, 304, 111309.

Yuan, S. C, Chin, S. W, Lee, C. Y., & Chen, F. C. (2018). Phalaenopsis pollinia storage at sub-zero
temperature and its pollen viability assessment. Botanical Studies, 59, 1-8.

Zhang, Y., Shang, X., & Liu, Y. (2006). Advances in research of pollen cryopreservation. Journal of Beijing
Forestry University, 28, 139-147.



MsasinensAansuazimalulag ans.da1u | Agriculture & Technology RMUTI Journal

: :
2 a . =

Un 6 atuf 3 AuBIBU — 5u1AN 2568 | Vol.6 No.3 September - December 2025

Received: May 23, 2024; Revised: March 19, 2025; Accepted: May 22, 2025

Anentnvasunludrsanleauazansaianeiuayulnslunsdugaias
Pseudoperonospora cubensis
The potential of nano-zinc oxide and crude herbal extracts for inhibition of

Pseudoperonospora cubensis
29mal Amuaw3’ Faunnsal augn’” Sseind walandas! anwand afulln? Andss wuedd®
g% yayiew® 3nyeyn adudalie’ uasuaennd degassas’
Warut Koonnasoot! Rattanaporn Somrit'” Thirawit Phonkhokkong® Jatupat Samappito?
Kittitorn Nongsee® Surachai Boonses® Wiranya Suanmuamued?

and Saengdaw Chaisuwan?

nalzInenmans un1ImeIaes1vngyiaed SaminyTiue

'Faculty of Science, Buriram Rajabhat University, Buriram Province
“pauzinaluladnisinyms umIneraeIvngyTiad damiayisue

2Faculty of Asricultural Technology, Buriram Rajabhat University, Buriram Province
RaisATmans unInenaesIvanyTie 1ininyTiue

3Faculty of Education, Buriram Rajabhat University, Buriram Province
“Corresponding Author E-mail Address : rattanaphorn.sr@bru.ac.th

UNANED

aAdelingUsrasdilodunsgiuasAnwigninissududes Pseudoperonospora cubensis anvinlsn
shddlusdeu Falummddaivhlifnemudsmesonandndouludsoonlediiliguugiuaaled 300 uas
500 pamugarded wazaisanavetvayulng 4 ¥ia Ao nsziiien U ufiudu waznIEuIe NANITIATIN
Andnuuzanzvssuluisdosnlediemeaialinnesinnidsnuuvesisdiing (XRD) ndesganssmisidnnsou
wuudesnsavilaflansiiatu (FESEM) awnlasalaledenduuunszatenasanu (EDX) wellaySeinsudneosy
dunsusnanlasalal (FTIR) wazmadadansilloanuazididaanlnsalal (UV-Vis) waaslimiiuinuily
Sadvanludlasairamdnuuuionszlnueaisvled J5UsrauvuususuInedy 32.0244.06 UWaz 48.18+10.02
wilung mudeu aansadudinisaiadivinventosily 63.09+0.18 uay 59.731.40 Wosidud audiu ans
afaneunszeivszansamlunssufinaasydulnesdenidgiianideiouisuivasadaayulnsin
u Tnsannsadudsnaaiyfvinveadesld 55574211 wWesidud uaruludsdoonledigaumnii 300
perwallud TTUENTatAreIUINNTTEIEsRTIEIU 1:5 finnududy 3,000 lulasnsuseiadans anunsaduds
nssaivTnveadeld 81.74+1.12 Weddud wandidiuimsdaameiddonlaslusssuulusauiunsideans

afaeruIINnIEvIsieiulsEavanmlunisdudsdesamelsasnimduaaaulauiniu

ArdAey: lsnsAe nsfugaiion uludsdeenled asataveuainayulng



MsEsnuAsAtansLazmalulad uns.8du | U9 6 atuf 3 Auwieu - Sunau 2568

Abstract

This research aimed to synthesize and study the antifungal activity against Pseudoperonospora cubensis,
the cause of downy mildew in melons, which significantly damages the yield, using nano zinc oxide calcined
at 300°C and 500°C and four types of crude herbal extracts: garlic, galangal, turmeric, and fingerroot. Results
of the specific characteristics analysis of nano zinc oxide using X-ray diffraction (XRD), field emission scanning
electron microscopy (FESEM), energy-dispersive X-ray spectroscopy (EDX), Fourier transform infrared
spectroscopy (FTIR), and ultraviolet-visible spectroscopy (UV-Vis) techniques were provided. It was shown
that nano zinc oxide has a hexagonal wurtzite crystal structure, with an average particle size of 32.02+4.06
and 48.18+10.02 nm, respectively. The antifungal activity showed that nano zinc oxide inhibited fungal
growth by 63.09+0.18% and 59.73+1.40%, respectively. Among the crude plant extracts, the fingerroot
extract exhibited the highest antifungal efficacy, inhibiting fungal growth by 55.57+2.11%. The combination
of nano zinc oxide calcined at 300°C and fingerroot extract at a ratio of 1:5 with a concentration of 3,000
pg/mL inhibited fungal growth by 81.74+1.12%. These findings demonstrate that synthesizing nano zinc
oxide combined with fingerroot extract significantly enhances the inhibition of Pseudoperonospora

cubensis, providing a promising approach for controlling downy mildew in melons

Keywords: Downy mildew, Antifungal activity, Zinc oxide nanoparticles, Crude herbal extracts
UNUI

Tsasidns (Downy mildew) dnidulsniinieussogrmilsiineliiAnauidemelundou fadufinasgiag
d1Any dunlduaiudeinisvewaingawaglinanouunugs ﬁmmqmmmﬁﬁymﬂ Pseudoperonospora cubensis
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(Thamsatit et al., 2023) @ztanlne VLN RN FLumiéTUé'?qL%aﬂ Phytophthora parasitica (Chuenchan et al,,
2022) 91 nseiiien wagagladannsadusates Colletotrichum sp. awglsAeuEnINluaYedzaiag (Sutthisa et al,,
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Figure 1 Schematic of ZnO synthesis
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naSaivlnveaden el (Eq1) A = mmamaumuquﬂnmwaﬂﬂiawﬂjaiwumuLaawuasqmmuqu uay
B = ﬂ'wLaﬁ'&JLﬁuﬂwu@uéﬂamaaiﬂiaﬁt,%amuummgmL%aﬁq@mam (Sehawong et al., 2022)

¢ s o o A a & A-B
wWoesiuinsdudinisiasgivlaveation = —x100 (Eq.1)

ndniudenasiegsfiduaneilduararsataayulnsfiivssdnsammssudininaiyiulnvendegs
fian thunautulagldansiegwiiduasedlddeasatnanulnslusnmdiu 1:1 uar 1:3 Ingtwidn luawns
Aoade PDA Ildanududy 1,000 lulasnduseiadsns Anwisasidruidududy 13 uay 1:5 Ingvmidn
Fenududu 3,000 lulasndurediadans wardasidiu 1:7 Taguvein frnududu 3,000 wag 30,000 lulasnia
Aedlatans
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a ¢ v aadg v
nsIAszidayanasaianly

WHUNTNARB LUV NaNy 5l CRD (Completely Random Design) #an153iAs1gvnanaluguiuuvas
Aade + d3ullouuuNInIgIu (mean + SD) NAABUAIULANG19UBIANAE 8T LAIINLARENITANYIALE
One-way ANOVA lag Duncan’s multiple range test (DMRT) 7 s¢a UANLT 0al usovag 95 laglalusunsy
°o & v av oy ¥ . ' aa a A
dL33gu SPSS ma;&awimmmsmam 3 91 AIATIUANNNEAALYANINTAUNIB p<0.05

NANI5398 WaznN15anUsIgNa

a ¥ =® v a &’ v s
NanN15IAsITAlASIENanArmaliansIdeuLSdand
HaRINNITIAIzlassasandnvesasiegafinunsuaaleifigamg 300 uay 500 esmwaled uian
1 2l mewatansiaguussdend (XRD) Ingldunasniilnsd Cu K, (Figure 2)

ZnO 500 °C

3
< g g8 s =5 &

A ~ = @ -~
2 T8~ S T 2 TEZ Zn0300°C
72) Z ~ = &
% 'k_/lJL A A | L S N SR,
=

I N T

20 30 40 50 60 70 80

2 theta (degree)
Figure 2 XRD spectra of calcine samples at 300°C and 500°C

ansfiegeiinunisuaaleifigangd 300 uar 500 esAwaidsa Usnguiuunndsnuuresisiiend
sz (100) (002) (101) (102) (110) (103) (112) ua (201) AAAADINUIUTOLANINTFIUYDY JCPDS MNBlaY
36-1451 Usidudedeanlediiflassairmdnuuuionazlnuoaiisnle s (Hexagonal wurtzite) Tuyndaeeis
A0AAADINUIUIT8YDY De Peres et al. (2019) 970 Scherrer’s equation (Eq.2) L = vuanan (uluwng); B =
AAmnisfinsnansasfianisideaiuu (full width at half maximum; FWHM) (sifen); 0 = yunisidieaiuuees
$58end (93A7); A = ANUETIAAUTEISIE (Wiluwns)

KA
B= Lcos8 (Eq.Z)
Inp=In——+In" (Eq.3)

11 (Eq.3) a519n5ml5e1313 (n B wag n (1/Cos (0)) Tngrngadawny Y andmiamvuiaxdn (Nasir et al.,
2023) e (Eq.4)

KA
L

weiaunu Y —
e 5 =

(Eq.4)
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Table 1 The required values extracted from X’Pert for calculating crystal size of ZnO at various

calcination temperatures

ZnO 300 °C ZnO 500 °C
20 B (FWHM) in B ln (1/Cos (0)) 20 B (FWHM) inB  n(1/Cos (8)
(Degree) (Degree)  (Radian) (Degree) (Degree)  (Degree)  (Radian) (Degree)
31.86 0.38 -5.0284 0.03916 31.81 0.27 -5.36121 0.03903
34.52 0.21 -5.6157 0.04608 34.46 0.18 -5.73917 0.04591
36.34 0.37 -5.0355 0.05115 36.29 0.28 -5.33929 0.05101
47.62 0.35 -5.0970 0.08895 47.57 0.27 -5.34555 0.08876
56.66 0.42 -4.9084 0.12757 56.62 0.33 -5.16764 0.12739
62.92 0.38 -5.0102 0.15899 62.88 0.31 -5.21466 0.15878
66.43 0.48 -4.7827 0.17838 66.40 0.35 -5.08847 0.17821
68.01 0.47 -4.8103 0.18755 67.97 0.36 -5.07550 0.18731
69.12 0.55 -4.6433 0.19415 69.11 0.39 -4.99397 0.19409
72.63 0.22 -5.5557 0.21595 72.59 0.22 -5.58316 0.21570
e 7.9 s04 (B) (o
48 4
52 4 ’,///'/
50 - - & i -
§ /,.'//' Yo 13713 X 5.22532 3 o ‘/},_/" Yo 165509 X -5.50374
Sl — St [N e
Pot "
Aeart o Wegrmg
—riein 850074 90 V3
54 4 56 bepe 185509 2 107480
. Arsdug Sum of Spusrm 0 Mo
Pearnan's ¢ a4TeS
A Sgues (OO0 02288)
56 4 AQ R Square 012221
LA v L Al Al et 54 B A L A L '_M
004 acs 012 0.1 0.20 0.2¢ 0.04 Q.0e on 0.4 0.0

in(1/cos) Degree

inl1/c0s0) Degres

Figure 3 The linear plot of the Modified Scherrer equation for ZnO calcined at 300 °C (A) and 500°C (B)

Fadvenladiiiunisuaalodfiguugfl 300 ssmwaidea ldnsiBaduvesaunisivesises Y=1.3713x-
5.22532 wazdluuandn 25.49+0.22 unluias wazfigumagil 500 ssmwaldea Taunisidunsadu Y=1.65509%-
5.50374 wardivuandn 33.67+0.15 uiluians (Table 1 uag Figure 3) wamslifiugamgiuaalaififistudama
i eiifsnanwesiinnsasauy (B) anas warawandnvesuluddoonlerianiudu (Kenyota &
Laokul, 2019)

HAN1TIATIEAN BUEA NI ILAZEIAUTENBUSA
anvazdugIuiidinsziaiendesganssaldidnaseuiuudeansinviiaflad ddatu (FESEM) 91 30,000 i1

galmsunsunsnszaneilasnaiiasgiesrusznousinuasiudafeentys
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Count

Count

(B) ZnO 500 °C

Figure 4 FESEM images and histograms of ZnO at various calcination temperatures

Elem. Weghtse Atomec™
CK ) 14 08
ox 2294 4820
ZnL AR 36 0>
Totals 100.00

r
1 2 3 4 ' 2 3 - s < 7 a °
Ful Beale 15272 cos Cursor 9588 (4 cis) iy eSS GRcAIRwes -

Figure 5 EDX spectra of ZnO calcined at 300 °C (A) and 500°C (B)

fedoonlarfisUuinuuusiusaziinnisrudtunntudogumpiuealsdiiudu surnuiueisoglussdu
U UVINAY 32.02+4.06 Way 48.18+10.02 Unluluns m1ua1au (Figure 4) @0AARBINUIIUIT8DY Kenyota &
Laokul (2019) #iduasgvinsanaunadsdoonleddeislelnamesueailigugiuaaladifuty nud wdsnu
arufeuiigiudmalifnmaiuinvennsuan vilfnsuwesoumafisruuudennsmnaiivunalvg iy dnsy
NANTILATIEY 59T Ndsuveassdiend (EDX) veaunludedoenledunaletifigunall 300 ssrnwaldoa
(Figure 5A) WuaaFUsznousawan Ao 336 (Zn) fovaz 71.68 Inetiuin uaveandiau (O) Sevay 22.96 lag
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wwiln Tnsunludsreenledunaleiiigamgll 500 ssrgallua (Figure 5B) nusdAUsznausaman fe 844 (Zn)
Jowaz 69.91 laguwiln uareendiau (O) Sevay 23.22 laguwiin

Han1T3aTzvivglandudematliaySeimsudnasudunsusaaiunlasalal
nyjilsnduvesansdrdglunluisdeanlediiaseimemaliayitoinsdresudunsusaanlasalad (FTIR)
MaavAiu 4000-400 AoLTUAIAT

200 4 OM | Zn0O 300 C=0 ZnvOM | 51"'0
180 4 C=C

160 4
140 4 1530 1414

3510 \
120 4 5

s |

610

100 Zn0 500

Transmittance (%)

80 -
60 4 ‘ \

40

L L L L L ) L2 L

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm’ l)

Figure 6 FTIR spectra of ZnO at various calcination temperatures

nansAtasgvinyiladdusie FTIR Tutisavady 4000-400 Aatwuiiuns (Figure 6) wusunyanisdunuuda
vowusy C=C fiavadu 1414 deigufiuns Ssorafnnansisiuduniduieassenounivoudissliaaies
oehsauysal (Bashir et al,, 2022) suvmsduuuuiavesiusy C=0 fiaundu 1530 Aolwufms Ustaenisios)
mamyjﬁaﬁ%’um%maﬁa Ay 3510 FolURLAT LARIEINSEUTDINUSY -OH (Hasany et al., 2020) 8ugunsil
otjvasmylansondavuiuinvesoymeuiludsoonies lnemyilsidulensondamani SanautFlunsiudeon
(Somrit et al,, 2023) MavAdw 670 LAy 835 Aelwuflung WudnvuzianzveensduLUUTaTeaius: Zn-0
(Hasany et al., 2020) %aLﬂumé’ﬂgmﬁué’umﬁﬁaé’madiﬂiaa%mé’ﬂmaq%aﬁaaﬂleuﬁ

Han1sAATIzRRANURNILasRBmaTingI-dadlasaUnInsalny
PNHaMTIATEiRuautAinuawesnliudiosnlenmemaiingi-Jadidaauninsalnd wud wiludedesn
lusfidaaseilafigamail 300 uaz 500 ssrnwaldoa Tvrsnsgandunasiiidnvazmiiouty nefimsgandunas
geanfinnmenndu 376 nm Jadurrimsgniunawesdsdoanludiifvnneyniaseiuunlumns fsaenndesiy
11338984 Navas et al. (2020) ¥innsdauaneiunludideanledrenssuiunsanaznou laein139ana uwas

FUgANANLIARY 373 Nnm
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Figure 7 UV-vis spectrum of ZnO at various calcination temperatures

Uszansnmnisudadiosn

wamaauﬂszﬁw%mwﬂﬁ&TﬂEﬂﬂ’liLﬁﬁgLﬁuimmLé’uiaL%‘yaiw Pseudoperonospora cubensis lutugaau
szognanlumsvaass 4 Yu Meuludsdeenleduaalutiionmgil 300 wag 500 ssmwaldoa wazansarineIy
Ypensziioy 91 viiudu nszaneluevnsidsade PDA TRldamdudy 1,000 lulpsndusediadans Wiguiuyn
muay (Linauunlugadeanlenuagayulng)

Table 2. Percentage inhibition of Pseudoperonospora cubensis by zinc oxide nanoparticles and herbal

extracts at 1,000 pg/mL concentration

Treatment Mean colony diameter (cm) Fungal inhibition (%)
Control 7.45 £ 0.16' -
ZnO 300 2.75 + 0.05% 63.09 + 0.18°
ZnO 500 3.00 + 0.08° 59.73 + 1.40°
Garlic 5.45 + 0.07° 26.85 + 2.46°
Galangal 6.48 + 0.15° 13.02 + 3.80°
Turmeric 5.50 + 0.01° 26.17 + 1.42°
Fingerroot 3.31 + 0.09° 55.57 + 2.11°

Note: Control treatment exhibited no fungal inhibition.

Letters a-f denote significant differences within columns at p<0.05 level

MNMINARDIANIUTEANE NS US T o3 Pseudoperonospora cubensis vesuludsroonlasiuaaled
flgaumnfl 300 uay 500 esrwaiea wavansafansifion 91 wfiudu nssre fszduaududu 1000 Tulasndy
sofiadans (Table 2) wui1 Aedsiduriuguénansvedlalaiiles faruuansisiusg \witoddymeadn
(p<0.05) Tnsuludsdoonlafunalevifigumnd 300 ssawadoa danadoduihugunamesdaladidon oy
fian Fsaenndostunanisiiengiuszansamnisdudadesunian Taefiilesidudnssududoniiu
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63.09+0.18 se%au1AD Fedvanlanuaaluiiigamall 500 esmwailva uazansainnseyny dmsuansadnuiiudy
waznszeuuanAtafeduugudnavedalaiiwesliwnnasiueg1slitedAyn1eeada (p>0.05) uagansann
PiUsrAnsammsdudutedesiian Wewssuweuduarsadeayulnidu q lnsuludsdeanleduaalyili

a

gaungfl 300 asmiwadoa dvwamandnfigauasdfuiiasunzanniliiussansamnissudninasyifivle
voudesldi uardwmaliindiuresuiuesnonioguinuiiuia (Surface) uasRndua (Interfaces) vasaynin
1Nty S?fqﬁnmﬂ’;é’mﬁamaﬁamza'mam'aﬂgjﬁ%aﬂﬁl,ﬁﬂ‘*ﬁyua&hqﬁmL%’;LLassﬂ“Uéy'nmiLﬁﬁﬁgtﬁuimau%al,ﬁmﬁu
(Arciniegas-Grijalba et al., 2017) Yonanimuin uﬂu%qﬁaaﬂlm‘ﬁé’alm']zﬁlﬁﬁﬂizﬁw%mWﬂﬁé’ug’aL%aiwqm'h
maﬂﬂﬂﬂz?mi‘u%qﬁaaﬂlqjﬁuﬂal%ﬁﬁqmmﬁ 700 perwaldod nanlue 1 Msiasude PDA fiAnadudy 4,000
lilpsnSuredadans deesidusnnsdudutiosvindu 41.26 (Somiit et al, 2023) Tngeuddovos Patitungkho
& Patitungkho (2014) 3189111 nalnnseengrdveseumeaunlunannsdrdnrnamsaasaduagsuniuns
yhaveseuleififedostunssuiunmamelainavilfieadaelulufian venniddsdinenueyniaddoanted
ﬁﬁimaa%ﬂauﬂummm@m%’wuwﬁmaé%&L%Em WG wad dleduiatulelanaraduoradmwasie
n1svirsuveslulnneuinie 4adinalaensssanisudna Reactive oxygen species (ROS) Tag ROS wag Zn’'
fivanudegesninaneymmnludsdesnledeaneliinnsudsundadussiunsuanioenyesdudiidfaung
i (Sakayaroj et al, 2022) MnransnageUTifuiulugsAeanleniiduaseide Selsawadunsadudes
awnlsnstdld Tavansataveuannszeivssdnsnmmssudadosuniian sesamnduarsadnney
Mnnsediey viudu U lnefiefdudnsdudurintu 55.57 26.85 26.17 waz 13.02 aud1su Sehawong et al.
(2022) wun miaﬁ’mmﬂﬂszmaﬁﬂﬁzﬁw%mwmsé’ugaﬂwsLﬂ%zg%aaLﬁuiaL%aiw Colletotrichum gloeosporioides
fiduavmvedsaoumiesluveuuasgeanidlaoufisutvasainannsifion 11 viiu uazarla (Farungsang
et al, 2005) UonNTINUIN asatanevaInnsEefiataldnanluemsidsade PDA Annududy 1,000
lulasnSusiedadans ﬁﬂszﬁm%mwmaﬁuéﬂqL%yaswqaﬂ'iwamﬂﬁz’j’msaﬁwmumﬂ?ua warlwanauluonaidesdo
PDA fimnudaudy 4,000 lulasndusieiasans dafedidudnisdus adosvinty 29.93 uay 44.61 augdu
wazasatave NN T efiataldiusransamnissududeslndidestunsld arsataneruangaiineaaly
9WNSIaBATe PDA fianadudu 4,000 lilasnsusefiadans Felesidudnssudadeswvintu 5558 (Somrit et
al,, 2023)

Oo-n

B N Tl cecacsssnnsnsshonsssssssnscrssnd

Transmittance (%)

hssssscoscscnsvscnsncssssscsccsss

.
'
'
'
3

L] T p] L]
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Figure 8 FTIR spectra of fingerroot extract
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deodinsevimyiladduvesansdfnlunsenefomaiaySoinsudiosudurisisaanlasaled (FTIR) fivas
\avAAu 4000-500 olufluns (Figure 8) Nusuviisueansduvesvyilsidulensonda (O-H) flaundu 3339
selwuRlng (Sarvalkar et al., 2024) lavady 2973 uay 2927 sioleufluns uansn sduvasiusy C-H lavndu
1731 sielgufiams wanafansduvesitusy C=0 lavady 1635 Aaleufiluns wunsauvesiuss C=C uaziaunay
Tue19 1200-1000 Aawwufiuns WJunisduresiusy C-O (Kantong et al., 2022) @uAdy 626 salwufiuns fniu
aenndosiulaumueslsundn Hraavadu 890-810 Aetwudiuns Wudiansduvemyiladdu CH luraumu
o£l3uAn WazlavAd 1460 Aolwufiums donndesiuaIsnaunailiuess (Flavonoids) (Machana et al., 2019)
uenvnil Seiinuifefiuansiiiuinasatanseveduarsnauatlauess (Boonnaum et al, 2021) Tny
‘V\IaﬂauaaﬁLﬂuaﬁiUSzﬂau%amwﬁaaﬂqméﬁaﬁmﬁ?@iﬂ (Ali et al.,, 2022)

nagoulsyAnsamnssudadenienmminludsdoonladuealuifigangd 300 ssrugadoa nauasadn

veualulnsNiuseansnmnsdudsgean fie nTevie N8RsE 101 1:3 15 wag 1:7 Wnedwiln Aensududy

FN9 9

Table 3 Fungal growth on PDA in control and treatment groups

Treatment Fungal growth Treatment Fungal growth
Fingerroot ' !
Control A\
1,000 ppm |1
Rt .

ZnO+ Fingerroot

Zn0O 300
(1:1)
1,000 ppm 1000 '
) pPPmM ' 4
ZnO+ Fingerroot
Zn0O 500
1000 : (1:3)
, m .. 3
PP \ e / 1,000 ppm
S
N ’
r " .
. y/ v , ZnO+ Fingerroot
Garlic [ y (1:5)
1,000 ppm ‘ Y '

3,000 ppm
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Table 3 Fungal growth on PDA in control and treatment groups

Treatment Fungal growth Treatment Fungal growth

ZnO+ Fingerroot

Galangal /‘/
1 OOO f (17) '. !

) ppm

- 3,000 ppm 7
R
] 5‘ ZnO+ Fingerroot

Turmeric
1,000 (1:7)

, m

PP 30,000 ppm

Table 4 Inhibition efficacy of ZnO (300°C) and fingerroot extract against Pseudoperonospora cubensis at

various ratios and concentrations

Zn0: Fingerroot Concentration of ZnO- Mean colony diameter o
. ' . Fungal inhibition (%)

ratio Fingerroot mixture (ug/mL) (cm)

1:1 2.32 + 0.04° 68.86 + 0.89°
1,000

1:3 2.08 = 0.20° 72.08 £ 2.73°

1:5 1.36 + 0.08° 81.74 + 1.12°
3,000 ] ]

1:7 1.33 £ 0.10 82.15 + 1.53

1:7 30,000 0.79 + 0.14° 89.40 + 1.94°

Note: Letters a-e denote significant differences within columns at p< 0.05 level

MnMsneaekanszansnnnstiudades Pseudoperonospora cubensis veauludseanluduaaled
figaumad 300 ssmwaldoa Saufuansadnainnszae fsndrnazsziuanududusiig 9 (Table 3-4) wuin
Andodurhuguinasedaladifonianuunnisiuogsiiteddymeada (p<0.05) lasdsdoonlusunale
ﬁqqu:ﬁ 300 perwaldua SaufuaTatnINNTEYNY sRsIEL 17 Airanududu 30,000 lulasnSuseiiadans
fedoduhuguinamedalatideniiosiian fvaenadasiunansiesesivsyavsammssudadesunniian
Tnofesidudnssudadesviniu 89.40+1.94 dwsusnsidiu 125 uag 1:7 Anududu 3,000 lulasnuse
faddng LLammLa?{aLé’wimqusjﬂmwaﬂﬂiaﬁﬁasﬂajLLmﬂemf‘ﬁ“uasmﬁﬁaﬁwﬁzquaﬁa (p>0.05) 99989117
Smsdu 153 uasdndru 11 imnududu 1,000 bilasniuedadans fanadoduruguinatedealaditon
genpdasiuilodiduilunissud wiosvindu 72.0822.73 uay 68.86+0.89 ALY 9NHANITNARBINUTN
M58 1:5 way 1:7 AU udu 3,000 lulasnSuneladans memLaé"EJLé’umuquéﬂmwaﬂﬂ‘[aﬁﬁaﬁwLLaz
Wesiudmsdudadesldunnseiuegrelideddameada (p>0.05) dufunsidenldsnsdwilmnzanio 15
aadudu 3,000 lulasniudefiaddns eswinnaiiuduvesdasdiuuludsdeanlsdunaleifigamgd
300 sswadea Saduasatnainnszmishidmaroniadoduinuguinanedaladidesuasvedidusinig
Fufadon
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unay

=

m'ﬁé'mmwsﬁuasﬁﬂmqm%‘msé’usﬁ W31 Pseudoperonospora cubensis mmakmwﬁﬁwﬂuméau Togly
wlugsrsenledgumgivaaleil 300 way 500 s walied wagarsannveivayulng 4 ¥lln Ao nssiiivy U1
viiutu uaznszys wuin Sadeenledunaledfigumgi 300 ssawaldoa fUszAnsamnisdududon
Pseudoperonospora cubensis Mﬂﬁqm Tnefivodfuinstudutesvintu 63.09+0.18 wazansannainnsyane
ﬁﬁmiﬁwﬁ’q;ma‘wqwmam%mmsamuqumm%maqLﬁﬂ&%@ﬁ Pseudoperonospora cubensis i@dlawfieuiu
ayulnsvidndu diesidudnisdududosuvdu 5557211 Tnsuludsdoonledunalefigmumg i
300 DA LTALTEE SIUAVANTANAINATEINOATIAIU 1:5 way 1:7 AUINTY 3,000 lulasnsuseladans wana
mLﬂ?ﬁlEJLé’umu@juéﬂmwaaiﬂiaﬁl,ﬁ'?ﬁyaﬁLLaxLU@%Lsﬁuﬁmié’Ué’?ﬂL%yaﬁhiLLmﬂ@iwaﬁuaﬂﬂaﬁﬁaﬁ’]ﬁmmaﬁa (p>0.05)
Fuunmsdenldsnsdiuimunzauie 1:5 Annududu 3,000 lulasniudedadans ownnisiiuduves
danduuludsdoanludunaletiignmgfl 300 esmiwailea Saufumsainannszunelidsnareriadodusin
@ju&?ﬂmwaﬂdaﬁﬁamLLazLUai‘Tjuﬁmié‘J’U&ﬁaﬂ
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wUas 1.2x2 ms1ams warlile 7 38 1dud 357 1 lddinslideySe 359 2 Tadegidotmidn 30 nfudoutas
wdaanUgn 7 Yu 359 3 wudlddegie 2 ads afaay 15 niusteuta wdaanUgn 7 uaz 17 Ju 389 4 5 6 uay 7
TaugFeindougns [100:0] [90:10] [70:30] uag [50:50] tutin 30 niuseutas nuddy ndsanugn 7 u wui
naindeutsgFosothorssamisutuutindiisnm (50:50] Wudpdwiindoudnteldosnsdivssaniam
Lifityindndaveadintondinsindou ililifngivdevesisifinndeuidiales dwaliinisuanddssie
glpinfiaaionaaeuiiluutih nslitegdandounnansugninds shlvsuindafinsaiguduiia liuandrsann
nsudslatde 15 n¥u aesnss TasiamstogFoindougns [50:50] viliindsdinnadyivinuasiwiindadaumilo
fiugsfigauazannisgaydesiglulasiauaniy

Adagy: lulasiau Jogise dnds Joazaredy namdlanediues

Abstract

Urea fertilizer is widely used for cropping due to its high nitrogen content. However, it is easy to lost
to environment through water leaching and sublimation processes. Therefore, this study explored slow-
release urea fertilizer by coating with natural rubber (NR) grafted copolymer with rice flour (RF) in various
proportions. The proportions of natural rubber (NR) and rice flour (RF) were [100:0], [90:10], [70:30] and
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[50:50]. Release profile of the coated urea was tested on Chinese water spinach (jpomoea aquatica)
cropping. Complete random design (CBD) was adopted for the experiment with 5 replicates of 1.2 x 2 m’
plot per treatment. Seven treatments were investigated for fertilizer application: Treatment 1: Control (No
urea application), Treatment 2: Urea 30 (applying 30 g/plot after 7 days of planting), Treatment 3: Urea
15+15 (applying urea 2 times, 15 g each after 7 and 17 days of planting) and Treatment 4 to Treatment 7,
the plots were applied with [100:0], [90:10], [70:30], and [50:50] coated urea, 30 ¢ each after 7 days of
planting, respectively. Efficacy of the coating and the resistance to urea release showed that the [50:50]
coated urea was well-formed, with no stickiness, surface holes, or gaps, resulting in the slowest release
during water soaking. There was no difference in growth indicators for plant which was applied with either
Urea 15+15 or coated urea fertilizer. However, the finding in plant applied with the coated [50:50] urea
suggested that coated urea could provide the best yields (highest height and above-ground fresh weight)
and be able to decrease N loss in soil.

Keywords: Nitrogen, Urea fertilizer, Chinese water spinach, Slow-release fertilizer, Grafted copolymer
UNUI

ﬁ’mluimLﬁmLfluﬂa%’aﬁugwuﬁﬁmmﬁﬁwiamﬂﬁzgtﬁuimmmﬁsu duasulizdinmsasyiulnednesinga Tud
wa. 25572561 msldtelulasiauiidndiugaiia 60 Wosidud nslaws JogiSe uazlouenludoudamin iosan
Mlgsuftmmnaiariudn fvld e maiaiednuingie 1 W dhneem fnesii waednd@uiifienudoanissn
lulasiaugs (Tanpaiboon, 2017) Jsgi3ugms 46-0-0 Hlulasiauds 46 wWesidudlnerimiin Wuleiiailunisge
anutugailisarasegunndaiivaunsmilUlivslonddfuiivhlion Gogaudsluiurrdauianagadote
Tlneansylewid (Pringphro & Kulnit, 2018) Lﬂ‘wmﬂimmsaammiqzyl,a’aluimLﬁ]uLLasLﬁuﬂis?m%mwsuaqmﬂ%’ﬂEJ
g3eldlnnmautidldvansads Wiourivludananfivansauvioliteazated (Slow-Release Fertilizers; SRF)

Jpazanednilasifinisuasudessinensesnindinitleniivialy esanflansindeuvievuiieleegfuuen
Tnenssunumavhaureseazaedliisnsunssumedlodiiluiluderihwesdinloussiuesgemsléty
RuAdeusenurumstesgnyuesiuiniadou dnfutanedouin desdamuaunsolunissuduasundsilodid
Tl evilvieazansuazunsiiusinenseenludsiivld ludnmemvilsiessinrmisaiioardesiunsunnues
Waenianiild lulagiuiinsfnwansiedeviadmivveruidindeyde 1wy asiuzdu weddlaiu (Cho & Lee,
2002) weduanfinwadn (Chen et al,, 2008) waznwodorasailum (Nakason et al.,, 2010) wai’aqﬁﬂ']m’h?mﬁauﬂa
wianil wudh Sededuemuussuanings uesiunumsidndnsgeeg eldimeiauiieomataindaninils
9nutls (Tudorachi et al., 2000; Zhong et al. 2013; Wiriyasunthorn & Sriplang, 2015) mﬂui’aﬁ]m‘iﬂumimﬁauﬂa
azaneth uimslfutdunsiedeuvievudaleifissesafessavsnmlumsmuaumsdanddestgliie iesan
Adaudsiildfanifonuudauneg Snsuumhgehlifnmsmesiuasidosuhadeldsuanuiu § auguassese
nslfesndudesimatauuaruuugeded oo el and@iisunimiolndifsstunaradnialy (La-or &
Asavapisit, 2008) %amﬂﬁiimwﬁLf]uﬁ’aqﬁwﬂlﬁdwaluﬁuﬁﬂﬂﬂiﬁ (Natural Rubber: NR) uagdlaus@anaildvouin
(Hydrophobic) fiaygavieugs numusan1sanA (Kongparakul, 2013) MNaANTRLAUAING1ILNETTUNATEIAIT
winzaufiasiuldlunsuiulgmaaifnanainanmildnudasanudutiundsudmalidanudii
g weiinanudhiulddsihudanviuiazensmidlanedue e sssauilagldnunadouoidamndus
313uUAA%91 (Riyajan et al. 2012) Wil wodwesdanmitladdruussnourisiimeutin (Hydrophilic) uaslsiveuth
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Table 1 Preparation of natural rubber grafted copolymer with rice flour

Proportions of natural rubber (NR) and rice flour (RF) (NR:RF)

Ingredient 100:0 90:10 70:30 50:50
60% Natural rubber () 100 (60) 90 (54) 70 (42) 50 (30)
Rice flour () 0 6 18 30
Water (ml) 0 24 72 120
10% Teric (ml) 20 18 14 10
1% KPS (mU) 8 8 8 8

nsasauiegFaindoudaeiensssuriiudiuutieddilumaugndints

TNUHLNISAREILUUFLANY 0] (Completely Randomized Design; CRD) d1uau 5 91 1ag 1 utas Tned)
yuauUas 1.2x2 wng Iilegi3eussnause 7 35 (Table 2) 357 1 laifinsTilegi3e (Control) 357 2 ldtogi3e
i 30 nfusleutas wdsnUgn 7 Yu (Urea 30) 337 3 uudldiog3e 2 ads afay 15 nfuseuvas ndaan

ana +

Uan 7 uag 17 Ju (Urea 15+15) 359 4 5 6 uag 7 lalsgiSeindouans [100:0] [90:10] [70:30] wag [50:50] thwiin

ERRT]

30 nfurauUas AUENU waeaInUgn 7 T
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Table 2 Quantity of applied urea fertilizer and urea fertilizer coated with natural rubber grafted

copolymer with rice flour for lIpomoea aquatica planting

Proportions of Quantity of fertilizer (g)
natural rubber and rice flour 7 days 17 days
Control (No urea application) 0 0
Urea 30 30 0
Urea 15+15 15 15
NR:RF [100:0] 30 0
NR:RF [90:10] 30 0
NR:RF [70:30] 30 0
NR:RF [50:50] 30 0
NMSUUIINNANIINAADY

nstufindnuagmanmenmussiogidaindeu msazanetwesogFeindoulae Tdndu 50 fadansudauiu
{Jogi3s 10 n¥u SunanauniegiFoarasansvun visdunmanaisindouiivulsazassdugiuuy Tufinuanis
\wiyidvTnvesintaiudlonny 15 uay 25 Fuvdaugn Téud Swaulu anugewesdiumienu wasidusiugudnany
vosdRuiisziuaugInIndu 1 wuhiuns Sufindoymimdnanuasthminuiwesdrumilonu (Fu uay lu) was
10 Tageuflgamgd 70 ssmuwaidoa Wuna 72 $2lus wasthdruvesivlinszsiuiuasnlulnsiou e
(Kjeldahl method) ifieffntduang 25 u wsgn Tinsevsialulasouimaslufiu (Keldahl method) fay
wagvaaUaningedu 25 Ju

M3IAsEviteya lnedAsieiauulsuTIun1eEia (Analysis of Variance; ANOVA) wagiTeuiiguainy
WANANITEVIALRRTe AL TSN Tne3E Duncan’s new multiple range test fiszfuauderiuioray 95
Tneldlusunsudn§agu SPSS Statistic (Version 23.0) uamsnaluguanade + Adeauusnnsgiu

NaN1578

MnnmdarnsealegFeirinunisindeu (Figure 1) wuth mnumuveadevuisgFeiiiunisiadoudei
p195550ATIWAULT TS M 5@ [100:0] [90:10] [70:30] wa [50:50] finrmmunlndidssiuvoudeviui
Uszana 0.25 fadiuns nisazansvesdgSeluih nuinjegdefindeudeihensssumisiutuutedingi
Sy [50:50] Tfszeznanlunsazanedifian 14.922+1.203 Wil sesasnAesasian [70:30] [90:10] [100:0]
wazgiSoft luldnunisiadeuldszoziian 10.7701.157 10.236+0.671 10.150+0.335 War 6.630+0.612 U1
AUARU (Figure 2)
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Figure 1 Cross-section of urea fertilizer coated with natural rubber grafted copolymer with rice flour at

ratios of [100:0] (A), [90:10] (B), [70:30] (O), [50:50] (D) and coated urea granule (E)
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Figure 2 Dissolution time of urea fertilizer and urea fertilizer coated with natural rubber grafted copolymer
with rice flour at ratios of [100:0], [90:10], [70:30] and [50:50]

nsasyivlnvesinysdundsaindgn 15 Tu 9walu anugs wasidusugudnanvesdduliunneimng
aftif (p>0.05) lawilAag sning 3-5 Tu 21-24 lwufuns uaz 2-4 dadluns Aua1aU (Table 3) nd99nUgn
AnUa3U 25 Ju Mssgyiuladnnuwnnd1an1eaia (p<0.05) AndsdunlasudegiseynIsinissyiulnanii
Andeduildlasudeeise (Control) InsanzdnUaluilasudegiSeiaiou NRRF [50:50] dnsiasaiulndiuiuly
v 4 Ao v v oa A ve = J | a ] <
ANEY wazldunugugnanfiind dndeduilisudegSensusion (Urea 30) uaz wusoyiseldansnss (Urea
15+15) e 8 Tu 50.58 wwufins way 6.58 Tadluns nuaau (Table 3)
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wiinanuaziminuisvesingsdu (Table 4) wuin dntsduiildoyiFonnisddminaauwasdwiinuisdn
wileAusnnindngedudliléfudende fnfduildsulogisendounnisylmiminanuazininuies
fntsdudiumionu fuulduinnnd dndeiuiildsuden S eaiadie (Urea 30) uar wisogiieansads (Urea
15+15) Ingiamnzdinderlldsutog Foindou NRRF [50:50] dminanuasiwiinuisosingdudumiionugean 3

A1 9.55 NSU way 0.87 N3U MUAIRU weludgiuveardnanLazirnwiss U T uLANAS T UNNeEDR

Table 3 Growth of Jpomoea aquatica using urea fertilizer and urea fertilizer coated with natural rubber
grafted copolymer with rice flour including number of leaves, plant height, and stem diameter at

15 and 25 days after planting

Proportions of 15 days 25 days
natural rubber No. of . Stem diameter No. of _ Stem diameter
and rice flour leaves Height (cm) (mm) leaves Height (cm) (mm)
Control 4.94+0.69 23.07+3.25 3.48+0.37 7.48+0.37 41.15+3.55° 4.69+0.24°
Urea 30 4.90+0.33 21.23+2.66 2.97+0.53 7.76+122  44.18+5.27%° 5.16+0.39°
Urea 15+15 5.22+0.42  23.00+3.27 3.28+0.43 7.78+0.55  45.90+3.37% 5.24+0.23°
NR:RF [100:0] 4.94+0.48 24.29+2.35 3.49+0.21 7.48+0.84 48.50+4.03° 6.06+0.92°
NR:RF [90:10] 4.94+0.42 22.36+1.87 2.96+0.52 8.42+0.66  47.10+4.03™ 5.59+0.30°
NR:RF [70:30] 5.38+0.31 23.08+2.10 3.43+0.20 7.92+0.53 48.52+3.52° 5.37+0.40°
NR:RF [50:50] 5.18+0.15 23.84+2.02 3.29+0.28 8.14+0.98 50.58+2.30° 5.98+0.40°
F-test ns ns ns ns * *

Note: Values are presented as meanzstandard deviation (SD). Different lowercase letters within a column
indicate statistically significant differences as determined by SPSS.

* Significant at the 0.05 probability level (p<0.05); ns = not significant.

Table 4 Fresh and dry weight yield of the above-ground parts (stem and leaves) and roots of jpomoea

aquatica at 25 days after planting

Proportions of Fresh weight (g) Dry weight (g)

natural rubber and

Above-ground Above-ground

; Root Root

rice flour part part
Control 5.98+0.88° 1.21+0.33 0.58+0.08" 0.17+0.05
Urea 30 7.23+1.62% 1.51+0.64 0.70+0.15% 0.18+0.07
Urea 15+15 7.62+1.41% 1.42+0.19 0.71+0.08% 0.18+0.02
NR:RF [100:0] 8.54+1.70° 1.50+0.45 0.80+0.13° 0.21+0.05
NR:RF [90:10] 8.77+1.51° 1.66+0.39 0.81+0.09° 0.21+0.06
NR:RF [70:30] 8.16+1.55% 1.43+0.37 0.79+0.13° 0.21+0.07
NR:RF [50:50] 9.55+2.31° 1.81+0.47 0.87+0.17° 0.22+0.05
F-test * ns * ns

Note: Values are presented as meanzstandard deviation (SD). Different lowercase letters within a column

indicate statistically significant differences as determined by SPSS.

* Significant at the 0.05 probability level (p<0.05); ns = not significant.
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mnuduturessiglulnsiouludumiofiuuazsnilauun ninmneada (p<0.05) wui dnisiiladeySonn
FBsibilulasauludrumiefuuarndanududugsniduililaladegde Insamzingeilaisudegse
\dBU NRRF [50:50] fimnuidudu vessmlulnsioudumilofiugsiign 3.61:0.08 wWedldusd vuzfienududuves
slulnsiuludiusnvesinteiuiinddategSoaesads (Urea 15+15) finnuiduduvossiglulasiaudiusings
flan 2.40+0.28 Wadldus laiusnsnafuiindeduiladoySoindeu NRRF [100: 0 NR:RF [90:10] uag NR:RF [50:50]
(Table 5)

Table 5 Nitrogen content of the above-ground parts (stem and leaves) and roots of jpomoea aquatica at

25 days after planting

Proportions of natural rubber Nitrogen content (%)
and rice flour Above-ground part Root

Control 2.56+0.26" 1.64+0.24°
Urea 30 3.46+0.34° 2.1240.07°
Urea 15+15 3.47+0.20° 2.40+0.28°
NR:RF [100:0] 3.59+0.26° 2.20+0.13%
NR:RF [90:10] 3.57+0.27° 2.19+0.21%°
NR:RF [70:30] 3.43+0.07° 2.10+0.13°
NR:RF [50:50] 3.61+0.08° 2.19+0.17%
F-test * *

Note: Values are presented as meanzstandard deviation (SD). Different lowercase letters within a column
indicate statistically significant differences as determined by SPSS.

* Significant at the 0.05 probability level (p<0.05); ns = not significant.

mnudutululasieulufudeusulgndngsdulazndanismaass wuin Auluusazudasieuduugnintsdudl
Tulasiauliwansneiunieada (p>0.05) Te1 0.082-0.094 wWesidud arwududululasiaulufundinisnaassugn
Fndfaduillulnsiouunndnaiumnaadii (p<0.05) AudilddeyFeindou NRRF [50:50] fiefidudlulnsiounavdely
fiugafiqn fid 0.081 Wefldud wagnslaegiFeindou NRRF [100: 0] NR:RF [90:10] uaz NR:RF [70:30] fusl
lulnsiaunsvdesglufundsnsnaaoslsiunnssiunsutsldt sgFoasands (Urea 15+15) fiansening 0.074-
0.076 wWosidud willulmsiauaundoagluiundimsvanes gandmsldgdefissniaior (Urea 30) uazAudlals

ldegi3y (Figure 3)
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Figure 3 Nitrogen content of soil before and after the experiment
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mnmsinmmslithessamnasuioutdadnhnldiedeueyoieansnnsanddossiglulazau
vostlogids lnAnwsnadadiuthessssumfutidig fhnmsedeutogdens 4 ans Ae [100:0] [90:10]
[70:30] wag [50:50] amnsavitliy gidsararslunlddias il esanauantivessassam il veuih
(Hydrophobic) ianugaeugs numusion1sanuaLazn1sing dlesdfuutsdflandiiveuih (Hydrophilic)
fanuudausg dnmsuahgailfiaanmesiudeldsumiutu Wesssmminasutesndideiudae
UjAsonsmdlanediweslaglilnunaifondesdammiufmiizuuiaten (Riyajan et al. 2012) vilvldnedies
Frnmisduuseneusaiiveuin wagliveuii JIweg ey waznansandus1afing wusy (Kongparakul,
2013) FaflamaniAfmnzadlunsialfiduanedou Fafuuimudadmvondsdnidifimunnduiliin
\ndeuiinuantifimagadiniuazundiuinldd JogiFonsiiararasoenunldisy uindunud delddadiunos
wuuntu Jegdendou (50:50] avanglddinimandoudogiofiidadureserssaumigaldud (1000
[90:10] wa [70:30] \lesandnuaizvesinindeutefitidndrusnssssumnings Aedevazmieafnfuihliideusn
dntefindeuseniniuasingivdederidluiuedoudate ddvimudiiluasaedogSeldinense

nsnaseulilgdandousothoneutsinidn dadau [100:0] [90:10] [70:30] waw [50:50] Ugniintsdu silv
FudndfedufinisiaTyivia liunnssainnisusddds 15 nfu a0emss (Urea 15+15) wansliifiuindeogiod
\nFeudasinenssssuriudsiu f 4 gos deldasiuariinsvanudessinlulnaiauegiedn q Tifusuings
THlunsasgivlnguieatunisulddassads vilimslélondevamnsnanfuyueusaulumslddoadd

lnganzdegisoindautnensssuyifudeatnund ndnsdu [50:50] inlvdndeinisiasadulanwagiminandiuy

'
al

willefAugeign MmivanUdessmlulasiauresiegiseindousuain lewvietunsinudagndeuily Weledndily

agnelutu

a

Rmdoufzunsniiegluteing 2 dw fie snsuneluiedeuazdessyninaiuaiovivde aunseiy
goriwisuniiveanaivssyegfin Jedruiieglndiaaiousuazats ussiuneludadegelu ansazanedeay

an1swnsUanUasnsnanuiniguen (Hummel, 1989; Hakeem et al, 2011; Kuhathamrakun & Saengsuwan,
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2017) JpgiFoiadovthersssumniudadindfisamdu [50:50] annisgaydesiglulnaauaniu luguvesieg
wonlanile (NHs) uagni1sveanslusuredluimsy (Nitrate leaching) (Pringphro & Kulnit, 2018) vilvidunasuagn
dnsdusanaiilulasiauiiganiinislideySedeisnisina 4 uenaintdu Auedeuifmurainiiensssuea
nymdudaiiuaninuantiidulinsiedandon esnannsagndesamenisdinmlaegdunisluauld
(Tokiwa et al., 2009; Wiriyasunthorn & Sriplang, 2015)

unagy

nNsnaaesnsidlegiseindeumegnsssunasiuiuudsdnididenisasyiulavesings wuii nns
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Tnganesiug RIP19N0.3-3 wag RIP41No.7-2 Tinandngaan (1,366 wag 1,297 Alandu/ls aud1siv) Fslalumnang
MNnfugeflaze uiganiniusunusil Tuvasiiosdussnounandnuasdnuuzmansinumsliunansisandramiug
Wisuifisusaesiug dudu draeiugfnanazgninluvssfiunslinandouasganmdnlufuiidwane
moly

AEATY: KaKER N1FUSUUTITUETT AMUVIEY anHauNdu Oryza sativa L.

Abstract

The objective of this study was to evaluate the yield, yield components, and agronomic traits of 10
BC,F, populations of soft-cooked rice with aromatic germplasm compared with RJ22 (non-aromatic rice)
and Pathum Thanil (aromatic rice) varieties. The experiment was conducted in a randomized complete
block design with three replications at the Ruamjai Pattana Kwamroo Research Station, Pathum Thani,
Thailand, during off-season rice planting 2023/2024. The results indicated that yield, yield components, and
agronomic traits showed statistically significant differences, except for plant height and 1,000-grain weight.
The RJP19N0.3-3 and RJP41N0.7-2 lines had the highest yields (1,366 and 1,297 kg/rai, respectively), which
were not significantly different from RJ22 but were better than the Pathum Thanil rice variety. Furthermore,

these lines showed no significant differences in yield components and agronomic traits compared to either
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of the compared varieties. Therefore, these promising lines will be evaluated in the target growing areas in

the future.

Keywords: Yield, Rice improvement, Aroma traits, Backcross, Oryza sativa L.
UNUN

Frameududni fauatienzuandutiadovdnlunsudndnaunmii ennsuilnauaznisdsesn Tud
. 2567 Frvenlvediuiunanisdieenyssana 0.54 S1usu Andu 5.97% vesnisdseandravianun (Department
of Foreign Trade, 2025) 41vosdaidudngunmgsisluuazineszme uanduiidnduegrumivanslunguves
nwaINT WeAwariustaAu ey ansddaivinlidniinduney fie 2-acetyl-1-pyrroline (2AP) Ss¥1indosdl
Usannuanstiunnnindans (interational Rice Research Institute, 1983) amnamudiasnstraveniitifissnntudalis
nsfaLfusEMdnanEnd wesdammeudensusulseiug Taglutumeunsuiuuseiugdn doldwaunans
stuglysifiunsdndonuasAeutisnsimaiugns avthiuvarilulgnussdiudnemennianunadesiu iy
A aLBTRTusenABNUAL AN dnumznsiu Tu wazaen Andenaeviusiiaitausluugndnyiusdugs
Wetsfiudnunenamanuns wasnarandosiy Wisuifisusuiusuisudiou T8 Yusennen awgeesdu
Sununesiona S1uauTviens waznandn Wusu mndudndenmeiusiflinanangs uardnumeymemanynsi
WiethluUsudiunandnneluaniiuassenineaanisely (Chongkid, 2014) fas18a1ue3 Junbuathong et al. (2022)
vhmsUgnusziliunandninoiug nuo7 vide enssdn wud Tuandmade 727 Alansusels flengmaiuifen 111-114
Tu a5l Awgs 116 WuRlins Swindden 1,000 Win 29.52 ndal wasiinduvesndntios

drrtugensiaz2 Fududridremiugs bilavodisuas Winandngada 1,160 Alansusiols Inedidnuusisu
fo nandngs eneiuierdu wasdumlsaluivunaauasisaveuluuia Tngldsumssusesiudidoeungunian
.. 2565 (Department of Agriculture, 2022) a8 lafiniy draiusEiduiugilidnduven fadu nisufudgaiug
defiveamendadudnuumenddunmsfunaunmliuidnaeiug Tuniddeadiishnmeadsssennsgnue
5M3I9019MUE 9194922 1 uaewug SU (Recurrent parent) uaziug U sl Faduiusdndudy lmiw,aq
LLa‘”LiJ“LJleﬂLﬁ]’WIiJﬂa“LJMEJJJ i Guaesituslyi (Donor parent) ndsnifu vhnsuaundy (Backcrossing) $1uau 2 ads
uaznauALed 1 Ass Saufunsldiedesnelianafidauduiussudunnunen (badh2) indaelunmsdaion
(Riabroy et al., 2012) slldUsEansgnuaLndUASsdl 2 971 2 (BGF,) Aifldnuassyananemsiiisuau 10 anevug
dmsumsugnuszidiu S muﬁﬁ’ﬂﬁ%ﬁﬁ*quﬂizmﬂ‘tﬁaﬂﬁsLﬁumawam DIAUTENOUHANGN UAZANYLNNITNYAT
vosUszrnIgnuaunduiail BOF, vesid uguiiiiugnasuemnumen Senewusdiiunsdaidonanusoldiy
s ArvilulassmstauUsulseiusdniusidenumousely

Y89 aunsal wazdsnis

WUSUATaNNEN

sflunssgninadouwiey 2565 i Juian 2567 lneasegnnaussndnel1iugensia22 Wuaeiugsu way
RugUnusil S'ﬁﬂLﬁuﬁuﬁ‘%nﬁuLﬁa hthLm LLauLﬁwﬁnﬁﬂﬁﬁﬂf?{wam 1‘3Lﬁumaﬁuﬂﬁ LLauﬁwaﬂwam%’aﬁ 1(Fy)
naunaulumaneiugsu 91w 2 fq iieadeussrnsnaundundi 2 mw 1 (BCFy) Imimmsawmaimaﬂa
Faelunsimden ndnivihnsnauieadulssannsnaundund 2 97 2 BCF.) (Figure 1)
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A Evaluation of yield, yield components, and agronomic traits

Figure 1. Marker-assisted backcrossing scheme for the development of soft-cooked rice with aromatic

germplasm in BCoF, population.

nsandenlngldiaiomuneluana
nsanamdule wazujiseniidens

uasegsludliazidenlneldlulnsaumar feuaiamsuesieis CTAB fidauUasanisass Doyle and
Doyle (1990) LLaSLﬁluﬂ§ﬂﬂmﬁL§ULaﬁﬂﬂﬂﬁﬁ§8’1 PCR master mixed USu1as 10 lulasans, ALdutaduwuy
AuLdY 10 ulunsuselulasdns Usuns 1 lulasdng, Forward way Reverse primer Anaidudy 10 lulaslua
othsazdiineg 1 lulasdng wasthnduuians (din,0) Ysines 2 lulasdns Mlwsuesiifiausumnzianzasiuiu
(Functional marker) A31u%au (Aromaker; Forward primer: 5’-TGCTCCTTTGTCATCACACC-3’; Reverse primer:
5’-TTTCCACCAAGTTCCAGTGA-3') (Riabroy et al., 2012) TnaiSuujfisen PCR lutumeu Denaturation figaumini
94 aammavﬁaa 45 3u1i, Annealing figamnll 60 osmuwaldoa 45 Juni way Extension 72 ssmwaITus
60 3l LLausuumau Final extension 7 72 aaraLdeya 5 Uil $1UIU 32 S0U LATLINULIAYBILAUALTULE Y
wadaaes Qlaxcel Tngld Gel cartridges uavanasvuiannuAdueiiusng uiswiavesnisiauauiiduedu
2wl lefun P1 Ao Wugnssud imdouiuswl (Badhz/Badh2) uaz Hfo WusnI5uLUY Heterozygote
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gl dmsunisuannaaeunadnideniugudnly

N5 19UNUNITNAADY
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WUALAT 31U 4 UDY 9 A 16 duspaeiug/Mug n1sguasnuniuunsguduiinens 417 (National Bureau
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seeuImsldiaieannsluiana Naro wag RM190 flamizAudnwuzainuvien (badh2) uazUIunmeyiilaa
(waxy) fislsumiseguulasluleon 8 uag 6 vastn mudiy fszdrsnnlunisdndendnuuesisaes Tulssans
F7t 2 (F2) 19 600 Fu anguanszwinaiuguyus i1 (PTT1) uay CHA §1uau 600 fu Fduifalulndd
Foaniaiisaesuuudiuau 32 du §eazldihluldlud unoureluresnisusuussiugaely venani
Wirattanachaiwan et al. (2022) liadosmanelanana FMBadh2-E7 thedaidendnunzannuven (badh2) angsiu
fifhdedundnddluvssning F, $1uau 320 du Mngnuansemisaneiugfinuiidndudduielilderiua
(KDK-10) Wugunusnill daduiudiuie liluas uandudridfifindunen wuduiiffugnssudnumeasiaves
Auex (badh2/badh2) uariiforuudadssniie 2 dnwagldifies 23 du vieAndudadiu 7.5% vos
Uszrnsianun Ssaneiugimanigmitludgndadend i 3 (F) uasussifiunnuveslaonisaundu vidliananse
fadendunuaneugdnini liluasmasiindunoulifomn 11 aeiug metuivadalilumsdadoniuin
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AaNUANILATivaAY

MnnTeTeiauaRivesiu wud ieRueglutasilufumien (Clay) Aarudunse-sns (pH) wazeims
ihlifi (EC) vosdudlen 6.62 way 578 pS/cm muddiu wenaint SUsinadurieiaguiunans (2.90%) U3na
Tulnsiouanuauazveanedaniduusylowy 1 (0.17% waz 3.81 me/ke muasv) luvasAlnunadoy
Awaniudsuls ueailoudiuanidsuls uazuuniidesdiuanideulsigs (317.50 3,416.20 uay 682.90 Tadn3u/
Alansu auasv) (Tablel)

Table 1. Soil chemical properties analysis results

Parameters Analysis results
Potential of hydrogen ion (pH) 6.62
Soil electrical conductivity (uS/cm) 578
Organic matter; OM (%) 2.90
Total nitrogen (%) 0.17
Available phosphorus (mg/kg) 3.81
Exchangeable potassium (me/kg) 317.50
Exchangeable calcium (mg/kg) 3,416.20
Exchangeable magnesium (mg/kg) 682.90
Texture Clay

NAKNAN DIAUITTNDUNANARN WATANEAUSNIINITINYAST
HAINANTUGNNAFDY WU v;ﬂé'ﬂwmzﬁﬁwmimaauﬁmmLmﬂﬁhqﬁuaﬂﬂdﬁﬂ’aﬁwﬁmﬁﬁmﬁaﬁﬁ gNLIY

o

£% Y

ANGISU wazdulin 1,000 wan (Table 2) lnganeiug/Mugnvinnisnageuiinnnugesiu windu 67.67-77.00

[ v v

wufuns Sadungudnafuie (Figure 2) fennugedududnvazmanisinuasiiddny fudnidaugd
winnzanzyisandyninsindy wazsnwidneaimnislinandala (Sadimantara et al, 2018) aneWug
RIP19No0.3-3 fiannmenlusenniian (44.33 iwufians) Inggnniniugensiaz2 uazunusiiil (40.33 uay 41.33
wuRlns auddu) dslussildndidylunmsimiidiensiuaaivomsivazauiiudn luvugiaieiug
RIPA8N0.8-3 finnmemsinadelndiAssiuiniugensia22 udganiviudunusilt Tasannusnsisiinnuduiug
fumsiaimda anuemrsiiiud udunliuhldswuudasens wslmdnvesudnanas uenaini
ameusfiidunudaronuariminudngs dnasdiauenndlderann ifesnudaduuvasazaueims
(Sink) Aiddayiian o1vnsiiliannsdaaesiuanzgnasluiiiewauiudnnou (Wang et al, 2024) anesiug
RIP12No.2-5 flo1geannen 50% L339ian (70.33 Ju) dusindniugensia22 uasunusnill (76.67 uay 82.67 fu
padd) denalifanesitug RIP12No.2-5 Songfiuiierdutian (98 fu) Feduniviugensiaze (104 fu) luvmsdtans
wugunusniil forgfuiiersndan (110 Tu) edrlsfniu aeiugiinaaouiaduiusinogdu iesan
flongfuifealaiiiu 110 Ju (ACFS, 2020) inwasnsdrulugfianudesnisdnengfuduinndu Wesanannsn
Ugnls 2-3 sousial Bnviaiannisliussnunasnsdanisadld sufeanarudsdusuanmgioniafiususu
wawdnsilea (Prakobna et al., 2020)

uenandl @eus RIPLENo.3-2 fidruiusasdenagean (22.67 19) gandniugen§iaz2 uasUnusniil (18.67
Loy 19.33 324 audi) Tuvaefianewug RIPAING.7-2 Sdurumdasessuiniiae (212 wén) (Figure 2)
FednvazmaniiduadoRimuananandn (Casanova et al, 2002; Chongkid, 2014) egnslsinu lunisAniden
aougdnifnonangs ssdUsenounandamanisesdimuaugasuinnniinmslianuddgiesdnuusion
(Shen et al, 2023) TurnigfidnwazuazauIdaddonvesaneiugivinisdadonluunndnaainius
Wisuiiey uswdadnlifmannssanniug unusiill (Figure 3) Sansimadudnuwasiiinuivuseiugdnlal
AD9N13
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s

INAIANYIAT 1T a1usAAEonaneius M desAUsenaunandna 2 aeWusg laun aenug

]

s

RJP19N0.3-3 Wag RIP41No.7-2 Tnsanesiug RIP19No.3-3 Tinananiadugean (1,366 Alansusels) Faganiniug
8151922 uazunus1fil (1,270 wag 1,157 Alansudals aud1dv) 5998901 Ao a18Wug RIP4INO.7-2 Uag
RJIP143N0.22-7 (1,297 waz 1,190 Alanfusials aud1eiv) (Table 2) naainnisvadeukansliiiud anewuging
fanamiidnanmlunsliuandneoudisgs uenant auatimaeivesiu Wunddutaduddyiidmalnnss
AoosRUsENaUNANAR IRt TnBrn pH (5.0-6.5) uazAn EC fivsnzas (Table 1) sduadulvfudnanunsagads
s1mosidegaiuszaniam Tnglamglulpsiou earesa uarlnunadon Fudusiniidamnsaluld
Uselomfldlunszuiunaaipdulauasiaunandn Wesmemamanidvhauniuassienssdunisulwead
uazmaiaivinvedeBolunnsresnmaimuesuin dwadensadyidvlamsluaydidiu S1uaussions
LAATNBTITILRNTY maﬂﬁmiﬂ’wmﬁamid aiqmaiﬁfé’mmmaﬂsiaimﬁu%u ilugdunusdaifindu Snvis
Tulnsiauardaasunisadielsiu wiadnivminuniu Johlvinandntd1igs (Chongkid, 2014) asmliﬂmu
wanandtuazuansatululuusiasiuf fu uazanimennia (Huang et al,, 2017) fatfu Aasthanewusirmanil
IﬂﬂizL@Jum{lmamamLLaz@mmwmﬂuwwLﬂmmwal‘u

Table 2 Yield, yield components, and agronomic traits of BC,F, population of soft-cooked rice lines
evaluated during December 2023 to March 2024

. . PH FLL PL 50% FD HD NP/ NG/ GW Yield
Line/Variety
(cm)? (cm) (cm) (days) (days) plant  panicle () (kg/rai)
RJP12N0.2-5 75.33 35002 29.00°¢ 70.33¢ 98¢ 15.00¢  168¢ 23.67 1,0449%

RJP17No.3-1 73.00 39.67°  28.33¢ 71.11% 99de 13.67¢  185¢ 25.00 1,022¢
RJP18No.3-2 7133 36.33%  29.67%c 73330 101°* 22.67% 179 25.00 1,050¢%
RJP19No0.3-3 76.67  44.332  29.00"¢ 7233 100 18.67°  195° 25.33 1,366°
RJPZ20No.3-4 76.33  33.67% 26.67%  72.00 100 19.00> 182 24.00 1,124«
RJP28No.4-2 67.67 32.67% 28.67¢ T74.67° 1020 18.00>  176% 24.33 1,074¢%
RJP41No.7-2 73.00 36.67% 2833 76.67° 104° 17.00  212° 24.33 1,297
RJP48No.8-3 72.67 38339 31.33* 75.67" 103 18.67°  198° 23.67 1,173
RJP50N0.8-5 7133 38339 26.67%  73.00°° 101Pe 18.33°  184° 24.00 1,040%

RJP143No.22-7 74.67 31.33¢  25.67¢ 73.67°¢ 101°  16.33%¢  195P 24.33 1,190

Check

RJ22 77.00 40.33*  32.00° 76.67° 104° 18.67°  198° 25.00  1,270°%
PTT1 7233 41.33> 2833« 82.67° 110° 19.33>  189b¢ 23.67  1,157°¢
F-test ns * * * * * * ns o
C.V (%) a.7 10.3 7.3 4.8 35 14.3 6.6 3.5 11.3

Note: ' PH: Plant height; FL: Flag leaf length; PL: Panicle length; 50% FD: 50% flowering date; HD: Harvesting
date; NP/Plant: No. of panicle/plant; NG/panicle: No. of grain/panicle; GW: 1,000 grain weight.
> Means in the same column followed by different letters are significantly different at 95% level
by LSD.
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(A) RJP12No.2-5 (B) RJIP17No.3-1 (Q) RIP18N0.3-2
(D) RJP19N0.3-3 E) RJP20No.3-4 F) RJP20No.4-2
) RIP41No.7-2 ) RJIP48N0.8-3 (1) RJP50N0.8-5

(J) RJIP143No.22-7 K) RJ22 L) PTT1

Figure 2. Seed morphological characteristics of 10 BC.F, populations (A-J), RJ22 (K), and PTT1 (L) rice
varieties. scale bar: 1 cm.
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(A) RJ22 (B) BCoF2 (Q) PTT1

Figure 3. The plants of the RJ22 (A), BCoF, population (B) and Pathum Thanil (C) rice lines/varieties.

unagy
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wazdiY (71.33-76.67 wufuns) lneanenugaau loun aewus RIP19No.3-3 uag RIP41N0.7-2 Tinandnsinid
#Wuge151922 uazunus1il luvaziesrusznaunandnuardnyasnanisnenshiunndnaniugiuieudiisy

o o ¢ L - a o a & ° @ & v ¢ vaao
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Abstract

This research aimed to: (1) Examine the general background of the community, (2) Study community
participation in the development of an agricultural leaming center, and (3) Investigate problems and
suggestions related to community participation in the development of an agricultural learning center. This
study involved a sample of 268 farmers selected from a total of 815 farmers residing in a community with
agricultural land. The sampling method used was stratified random sampling, proportional to the number
of farmers in each of the five villages. Data collection tools included questionnaires and in-depth interviews.
Statistical analyses included frequency distribution, percentage, mean, standard deviation, t-test, and
content analysis. The findings revealed that: (1) The majority of the respondents were female, with an
average age of 35-45 years with major educational attainment of the secondary level (Grade 9 or Vocational
Certificate). The average farm size was 5-10 rai per family with average household labor force of 1.40
individuals. The primary occupation was agriculture, followed by livestock farming. The average annual
income from agriculture ranged from 100,001 to 150,000 baht, while the average income from livestock
farming was between 15,000 and 25,000 baht. Income from other sources averaged 10,000 baht per year.
(2) The overall level of community participation in the development of the agricultural learning center was
82.00%, which was a high level of participation. And (3) Problems and suggestions regarding community
participation in the development of the agricultural learning center could effectively be addressed through
collaboration between farmer representatives in the community, various agencies, and community
members. This collaboration leads to the formation of networks and the establishment of a tangible
learning center, contributing to the improved quality of the community. The details of the five individual

aspects are rated at a moderate level, while the overall assessment is at high level, respectively.

Keywords: Learning center, Community participation, Agriculture
UNI
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1. Uszvnsuazngudiieeng

mﬁﬁa@%&ﬁlﬁé’i%’ﬁlé’ﬁmumaumeawimﬂimwwdqmaaLﬂﬁﬂmﬂiﬁﬁ%@;ﬂaﬁugmmn DIANITUIMTEIY
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311U 20 AU

2. \p3osilonside

Usgnousie wuudunwaluuuiilassaine (Structured interview) slunuudunivaifesszneuluseyssiiu
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Brisquiegrauuuiugil (Strati field random sampling) wazduaudnauswiununsnsluusasuy i Tneld
gnInIanssenudndau Minduimansede ks insanagniemenion aunmveadem amnwes
Fomuanuifismss wazanudiladiouluudazde Tudazdesioududgndunivalidlansefuniolal was
éfaamifﬁaLauaLLusL‘ﬁmLamLﬁ'mﬁ’ul,l,uué’mmwaimﬂ;ﬂﬁmwmaauLﬁammwmﬁmmwmLﬁam (Content validity)
wazA ANy salvesuuuduntwal uazteyalasmauidesiy (Reliability) veaiA3asiionuuannsgIuUsEanma
TnonsAmnnAdudsyavduean (Co-efficency alpha) (Q) gnsves Cronbach (1970) Tneff3delsvinnismaaey
(Pretest) wuudunwalluvssinudgmnisiidusinvennunsnslurhaud Seuiiunsinunsssdugurunuuddn
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WNEAINT 2) seauguunuuildiusnlumsiauigudiseussiunisinueasdivaidelin uag 3) Jyniuay
ForauauuziAnafuszduyurunuuiidmsulunsiaungud Seudiunanunsiuadelin

3. Maiununudaya

Aeun1snudeyaldinsveaeuuazdunuvainmsiiudeyalaslduuvdunvalivuneyanadidouas inale
wsmsifusiusudeyasenidu 2 seu fie seuusnidunisiivdeyaidsUimnamasgunmdundn wosrusw
Foyateiusuusidnuseisnsdunuaiinunsnssetne wieudunaanwinluvesndaiseununing anm

'
al

fuidadagud Fouilueiuiimuadelin sunenunu Smiaumarsay nsufuieyasouiiass Ty
p3vdeUANLAIYIivesdaya mnmut deyadulalinsuduauysaivielidaalusnou ndoumsraenans
nansIseiliABItes ioiunsfuduninugndesvesteyailiiAusiurunsinseideyaiisausuldan
NEATNIHIREL UL TIY ATIRABUANNYNABIMAEANNANYSHIvasTaya UL UL waludazyn

4 Mylnseideya

4.1 3mmsﬁsﬁagaﬁ"ﬂﬂ Tneldr1Aud (Frequency) Anfasay (Percentage) Aade (Mean) dauideauu
15571 (Standard deviation) A1d1ga (Minimum) uazAgsga (Maximum)

4.2 InsgitoyasziugurunuuiidmsnlunsimunguaBeuiiunsnens Tagldaanud (Frequency) i
Yovay (Percentage) ALaAY (Mean) dhuidesiuuanmsgiu (Standard deviation)

4.3 Ainseideyatamuazdeiausuuzintussivyumunuuidnudnlunsiamgudisoudmunisinuns
TaeldrAnud (Frequency) Andeeay (Percentage) Anads (Mean) ai’ml,fjaamummgm (Standard deviation)

NaN1578

¥
=] ]

1 Foyaniugudiuyana ATYIRA wavdruraununIng

1NNSANYT WU amwﬁugmdauqﬂﬂa fuAswgRuazdsauifeaiu e o1y sefunisine seldannia
ManuRTkazIeRUTTNISNYRT il e nemsnsieg1svesaudsausa dulvgdumendgs $1uu 15 918
Anidufesas 75.0 ave Sy 5 18 Andufesar 25.0 87 WU InwasnsHIeeAUA LYY fonyiady
41-61 3 Andusesas 60.0 agludiaszdunis@nwdsendny) 1.3/U3%. 91uau 12 918 Amdusesaz 60.0
aundnlunsideu nuin fandnlundauiewads 1-4 ausensadou Andudesay 60.0 (Table 1) uavilvuaiiuil
Mnsinessaiulngiade 5-10 lSdenseunsa Andudesar 65.0 fusaudunsineasluaiiiounds 1.40 au
fadendwndnAenunnssy sesasunfourdn? Tnsfisgldanmaviinuasnssmadsoglutag 100,001-150,000
vmsel Aaidufesas 65.0 Meldanmsinadn wdseelutg 15,000-25,000 uwsied Anduiosas 65.0 uas
elFanmsinensnssuay 9 lade 10,000 vmsel Andudesay 80.0 (Table 2)

Table 1 Gender, age, education level, household members, income from agriculture livestock, other
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agriculture (n=20)

Parameter Number of people Percentage
Sex
male 5 25.0
female 15 75.0
Total 20 100.00
Age Number of people Percentage
1-25 1 5.0
26-40 1 5.0
41-60 12 60.0
260 6 30.0
Total 20 100.00
Education level Number of people Percentage
No education 3 15.0
Primary school 2 10.0
Secondary school 12 60.0
High school 2 10.0
Bachelor's degree 1 5.0
Total 20 100.00
Parameter Number of people Percentage
Family members
1-4 12 60.0
5-9 8 40.0
>10 0 0
Total 20 Percentage 100 Min =1 : Max =2 Mean = 1.40 : SD = 0.503
Table 2 Size of agricultural area
Economic information Number of people Percentage
(baht/year)
Agricultural income
<100,000 3 15.0
100,001 - 150,000 13 65.0
150,001 - 300,000 3 15.0
>300,001 1 5.0
Total 20 Percentage 100 Min=1 : Max =4 Mean =2.10 : SD =0.718
Income from livestock farming
<10,000 2 10.0
10,001 - 15,000 13 65.0
15,001 - 30,000 5 25.0
230,001 0 0
Total 20 Percentage 100 Min=1 : Max=3 Mean = 2.15 : SD = 0.587
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Other agricultural income

<10,000 16 80.0
10,001 - 15,000 3 15.0
15,001 - 30,000 1 5.0
>30,001 0 0

Total 20 Percentage 100 Min=1 : Max=3 : Mean =125 : SD=0.550

Farmland size in rai

<4 4 20.0
5-10 13 65.0
11-20 3 15.0
>21 0 0

Total 20 Percentage 100 Min=1 : Max=3 : Mean =195 : SD = 0.605

2. pnsmvesTEAUgrULUUidusulunsimnaudSeuisumsineasiuadelin
1n1sMsAnvamTmmessEdurusukuuidiuslumataugquiFouidumanuasiuadelin i
5 ¢ fuaz 5 4o sauviau 25 48 Tae Ysznaude 1) funsmusaudamuarainudeinis 2) funsiesi
Joyauazmarumannnveslynn 3) munsdends wumnanised ledym waginausunisaiiuau 4) dunis
fausalunsandunumuuny uaz 5) sunisinaudszdiung (Table 3)
211 Table 3 AMmamvesAUTuTULUUTduTwlumsTaugud Seugiunsinuashuadelin Usngea
fail nqustegnsdidauiiuvesnumsnslunisiannguiGeufunianeaslunmen eglussduiidaudauun e

a

finrsantusieUsziu nul ngudiegslidsanlusunsieszideya uaznsdumannnvestgniluseaud
dusmuniian wagsesasunAerunITIuTINlymtazanudeaniskazaunisiidiusnlunsaniduauniy
W gavingfasunisianuUssiiunaegluseAuiiaiusinyIunats AU INLAAA1UYeINTHE LTINS

NERSNTUNSHALNANGISEUIAUNTNYATIUNNTIN BgluseAuTdIuTINN

Table 3 Overview of community-level participation in the development of the Suea Kok sub-district

agricultural learning center (n=20)

Average percentage
number of number of
Farmer participation . . interpret rank

questions questions

answered answered
1. Problem and need identification 4.00 80.0 Highly involved 3
2. Data analysis and root cause analysis 4.50 90.0 Most involved 1
3. Solution selection, planning, and 4.00 80.0 Highly involved 4
implementation
4. Plan implementation and participation 4.25 85.0 Highly involved 2
5. Monitoring and evaluation 3.75 75.0 Moderately

involved

Overview of community-level 4.10 82.0 Highly involved

participation in the development of the
Suea Kok Sub district Agricultural

Learning Center
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3. YyvuazdelausuuzifeafussiususuuuuidusulunmsiaungudBeuiiunsinunsdvadolin

Jgyvuazdaiauanurvaunynsns lunisiaugudiseuiaiunisinees Wudeyasansseiutynives
inumsns Tnsudaszauymiliidu 3 sedu e win Urunans waties fwauiomun 5 d1u saurtedu 19 9o Tne
UsEnaunig 1) Aun135usiudymiuazaudeanis 2) Aunsitangideyaiazn1saumanvgvestym
3) AuUNSIEENId wwanneanskd ldgy wagansumunsadunu 4) Aunsiidausiulunsaniununiuunu
waz 5) Aun1sinauUsediuna (Table 4)

910 Table 4 IgymuazdoiausuuziferivsssuguruuuuidusnlumsiaungudGouisumsinunsdua

Felfin Usnguarsil

1. sunsrusinlymuazanudeans wud Tunwsimvesngudiegnadidaymnlumunssiusindymuay
AMUABINTS (X =3.30, S.D. = 0.571) ag”imzﬁw’mﬂma

2. mumslnswiteyauaznismatmneslym wuit Tunmsimvesngudiegallgywiludunisinsen
Toya waznsmannnvestym (X =2.95, S.D. = 0.686) aglusziuliuna

3. numsdenisuuvnaniseiledymuasnismnuaiiiveu wui Tuniwsivesngunuasnsiidynily
AuNsiEenTs uwumnansuiledym wasmananualiveny (X =3.15, S.D. = 0.745) agluszauliunan

4. gunsiidusalunsanfivauniuuay wudn luninswvesngunuasnsidamilusunisidausuly
MIAnTLUALUNY (X =3.30, S.D. = 0.979) aglusdusn

5. gun1siaauUseidiuna wudn lunmsuveangunensnsidaymlusunisianiudseidung (X =3.05,
S.D. = 0.826) agluszaAuiiunans

e nmsusasiuresigmuasteiauouusAnafusssururusuuidnsslunmsiaunaudoudiu
AR (X =3.15, S.D. = 0.761) agiiuasﬁumuﬂa'm

Table 4 Problems and suggestions on community level participation in the development of the Suea Kok

sub-district agricultural learning center. (n=20)

Number of Severity level
people (Amount / Percentage)
Issue without Low medium High Mean S.D. interpret
any
problems
1. Problem and need 0 1 12 7 3.30 0.571 medium
identification (0.00) (5.00) (60.00) (35.00)
2. Data analysis and root cause 1 2 14 3 295 0.686 medium
analysis (5.00) (10.00) (70.00) (15.00)
3. Solution selection, planning, 0 4 9 7 3.15 0.745 medium
and implementation (0.00) (20.00) (45.00) (35.00)
4. Plan implementation and 2 1 6 11 3.30 0.979 High
participation (10.00) (5.00) (30.00) (55.00)
5. Monitoring and evaluation 1 3 10 6 3.05 0.826 medium
(5.00) (15.00) (50.00) (30.00)
Overview of problems and 4 11 51 34 3.15 0.761 medium
suggestions on community level (4.00) (11.00) (51.00) (34.00)

participation in the development
of the Suea Kok Subdistrict

Agricultural Learning Center
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AudiguIauNMsinuaslun sy aglussAuiidiusiuuin Jefnainsiuvesseauyuvuwuuiidiugiy 1) U
Tomalguvuildiusiu 2) aenndesiuuiunvesyuvunas 3) wuldiSoudluimassoudfivarnvans way noud 3
Hymuazdoiausuuzifnafusefuguvunuuidmsulunmsiaungudiiouddunsinuns annsdnew wui
Hamuardoiauonusiioatunisiiduimmesgueulunsimungud Fouidunmanuasiuadeldn fiiatu
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nsfidusinvennuasnslurhgudiseuinunsinunsseaugnyuluuiidmswivadelin aunenduny
Jwiaumansany andymuasdeiausiugiivafussdugurunuuiidnsin vesuvuies asiidausanlunis
NunuAanssunsFeud whildldiZouslaonsujifesanazidelonalieuluguyudu o danddiusuluns
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memsuiledym waznisnaunudniua (X =3.15, S.D. = 0.745) aglusgduuunans 4) sunisiidmsanlunis
Anduauausay WUt luamsiuvesng udleg 19l Jymludunisddiusawlunsaduauniuiu
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ANRNSIHUTZATA

YBVRUANNNBIANITUIMTEIUUaEalAn g1LnenTunu Fmdaumansaiy uazanzmalulagnisinums
uingdesus qumansaiu A s1uasanuazainlunisenduay w¥ouiad eiileaniuiilunisvineuide
YOVOUNTEAN £IBANEnIIANTE A3.9A3 IndN Inganasiaeuaunydide uily dewausuuy Suidudszlov
061989 TahranasgynvhuiildussAniussam Snanud Ussaunsalfifauandwififouaznnuznaenau
Wvessanu i3 enansmeinnsmniiuigidsldiundne deliiAauunanduiiamairenuide el
veveunadmiing Ay glvgthu Munuguruazinunsnsingalenueynsed uasideaaznailunislv

JoyaneuwuudeununaenauaseunIluussaivayulunisinideluasalidnsaldmes

LNAITD19DY

Charoennit, T. (2007). Public participation in the administration of Bung Wai Subdistrict Administrative
Organization, Warin Chamrap District, Ubon Ratchathani Province. Master’s thesis, Khon
Kaen University]. Graduate School. (In Thai)

Cronbach, L. J. (1970). Essentials of psychological test (5th ed.). Harper Collins.

Dulyakul, N. (2021). Guide lines for the development of model farmers of the Center for Increasing
Efficiency in Agricultural Production (COE) in Narathiwat Province. Master's thesis, Maejo
University. Sustainable Geo-social Development. (In Thai)

Ministry of Agriculture and Cooperatives. (2014). Manual for Agricultural Production Management
According to the Guidelines for Agricultural Area Management. Bangkok. (In Thai)

Office of the Education Council, and Ministry of Education. (2017). The official title of the document
Bangkok, Thailand. (In Thai)



MsasinuAsAEnsLazmalulag uns.8a1u | Agriculture & Technology RMUTI Journal

i 6 atiudi 3 Aueeu - Sunau 2568 | Vol.6 No.3 September - December 2025

Received: March 28, 2025; Revised: May 22, 2025; Accepted: June 6, 2025

nsuszliunsiasyiulauasnandnvastnaaRnizivaUgnludwingavan
Assessment of growth and yield of niche market rice

for cultivation in Songkhla Province

ANTNS ANARUIUY LAZVUINIUA F9HINTNY>

Phattharaporn Pakdeechanuan®” and Chanakarn Wongsaprom?

"puzinaluladnisinyns unIImMeIaeTIvINaNYaT 9 inaava)

IFaculty of Agricultural Technology, Songkhla Rajabhat University, Songkhla Province
“gueiugimnssumazimaluladdanimuvand (lulemea), drunsruirvermansuazinaluladuviend (@amv.), nyumwuniuas
2National Center for Genetic Engineering and Biotechnology (BIOTEC), National Science and Development Agency (NSTDA),
Bangkok

“Corresponding Author E-mail Address : phattharaporn.pa@skru.ac.th

UNANED
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v
o

wnsgududlasdinaiauazduilaaems msfnudifnguszasdiiiowioudisunsniyivln ssiuszney
HAHER wazHandnvesiugdrlunguduAdiaaiaanizluulaminensns duneiiles Jminaswan gauid
(Aa1AL W.A. 2565 Badlurau w.el. 2566) 1MBRUNITNAARMULdNaNYIaineluuden (Randomized Complete
Block Design) $117u 4 41 Ugndatavan 6 ugusznouse dramdeasiuau 2 fus (fugne 6 Fuiile uasiug
$yas) wartuddunu 4 Wug (Rugdedven stugna 43 Wusvead’ waeiuslsdiuesd) wut 4109t 6 Waug
anunsasaiulanaruusdntuaninwndeuls TnefnandaunnsisiuegaiveddaBmiadn (p<0.01) u
nquind usvouvadnslinandngsan (686.48 Alandusels) sesaunituslsdiuedd (521.23 Alansusiols)
Wugny 43 (495.92 Alanfusiels) vausiiuddsdnonlvinandnsinan (362.86 Alanfusels) dmunguinmieiug
Soysudiuondn (479.24 Alandusiels) gandviugny 6 dudle (397.62 Alansusiels) nansAnwdtlifuinannse
duasuliinuasnadentgnituginlunguiudrdneamanizld iteifialenaniaasvgialiinumsnsluiiud
Jminaavan

a v s

ANENARY: NANAATTY BIAUTENOUNANER T1INAIALRNTE

Abstract

Niche market rice is distinguished by its unique characteristics and high nutritional value. It is produced
to meet specific quality standards and is targeted toward particular markets and consumer groups. This
study aimed to compare the growth, yield components, and yield of rice varieties in the niche market rice
category in farmers' fields in Mueang District, Songkhla Province during the 2022/23 rainy season (October
2022 to March 2023). A randomized complete block design with four replications was implemented in the

experimental design. In total, six rice varieties were cultivated, including two glutinous rice varieties (RD6
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semidwarf and Thunya sirin) and four non-glutinous rice varieties (Sungyod, RD43, Hom cholasit, and
Riceberry). The results demonstrated that all six rice varieties were capable of adapting to the
environmental conditions and growing, with statistically significant differences in yield (p<0.01). Hom
Cholasit had the highest yield (686.48 kg/rai) among the non-glutinous rice varieties, followed by Riceberry
(521.23 kg/rai) and RD43 (495.92 kg/rai). Sungyod had the lowest yield (362.86 kg/rai). Thunya Sirin had a
higher yield (479.24 kg/rai) in the glutinous rice group than RD6 semidwarf (397.62 kg/rai). The results of this
study indicate the potential to encourage farmers to cultivate niche market rice varieties to enhance

economic opportunities in Songkhla Province.

Keywords: Grain yield, Yield components, Niche market rice
UNn

waAnssumsuilanemnsvessznnslandsuniasegwsioides fuslaalimnuddnsensguaguninuas
aruaondevesemisfiugedu dwalinisdminedaiduemsndnesaulnefunldul fudsude
novauesial L pen1svesfuslaaniunszuasnguainandu lneifond 11 faueamislasuinisige
(High nutrition rice) %édLﬂuﬁi’fnﬁqmuﬁ’m%ﬁﬂLLazU%mmmaﬂmimmﬁﬁiﬁﬂmﬂizl%ﬂmﬁﬁimLf’luasi’mmﬂ’h
“trufieguam’ wazdalvidnlarunnsgseglunguauddnnainane (Niche market rice) ilaaainnouauss
Aufasnsvesfuilnaanignguiiueaindns il ogua mAAT Y (Kannuch, 2021; Rice Department &
Department of Internal Trade, 2022; Rice Trade Administration Division, 2022)

Hagtuiidniuglml q ffidnenmlunnduiuirdneaaemediuintu wu fuslsdued wusny 43 g
delvon fusvonvadng wasiugsnaiu nsawziuglsdiued wasiugna 43 Saludnnguinduiiissualne
Wene RSN uLazdLasuvenandseanliifuang U (Manager Online, 2021; Rice Trade Administration
Division, 2022) ftuglsfiueiiidnunsisuiiddy fo wandndhatuadenaesiantsgausemueulnloeniu
(Anthocyanin) Fadudniifiaseengvsdueyyadasyae dauamdasumsgaiiesnndiunszuaunisddndes
nddmvm lneaudmeaguinisse 100 niu Tuwdausenausie nasu 360 Alawpaes aslulawnsn 80 niu
Tostu 4 n¥u WUsAy 8 n$u wazAwydiinia (Glycemic Index; GI)Iuisﬁumuﬂawﬂ'au%wm&mq’ﬁ' 62
(Thadamatakul et al,, 2021) dawalituglsdiueslasunudenuilnaegrunsvarouazsaniiilunaiatiie
gunnialulsseLassnsUssme dauitugng 43 Susinaerlaariegfisesas 18.82 AunwuasiuEavady Yy
wile fnduvensou q warlinuamdasunisilaniu Tasenzegdsdadaiihmaliunandoutisiosi
57.5 (Wasusun et al., 2017) ﬁw%’uﬁuﬁ:ﬁdﬁmwﬁnﬁuLﬁawmmﬂiéfﬁLﬂuﬁiﬁ’ﬂa&hmwéwma lnsanizlungy
Fuilaailfuomsifioavan siugdsineafidnvuezid oiuwdaidunatalaedvs maueulnlsendy 18.06
fadnfusotminuta 100 n¥u fuTualusiu uazaslulewsm Wiy 9.77 uaz 81.66 Wesidud muddy
(Jaikaew & Subanmanee, 2021) fiusunailue1@u (Niacin) 6.46 Gadnsu loems 4.81 Ny uags1mman 0.52
fladnfuandegednndes 100 nfu WediluinndonFotnmsasiiferuudsdumuudunssgaudunataily
winieatu Wedhmsaniinnutuinn uazdnsuegidioifuiias (Wattanakul et al, 2016) ftusneuvadns 1Hu
frdiujuiivinueslueaiegittesay 14 Fuslevsgnutinddeuduhmados wistniinduneulasdviina
d15eu 2-Acetyl-1 Pyrroline (2AP) iy 1.19 ppm fs19dnsdqe wagsmmananind1adda 2.78 wi
venaniiugronvaAvsidnuuzilaniduddey Ao Wudnmuihvhudundulunnsvezniaesydula aunsony
aq'iﬁ’ﬁfﬂé’muaa'wﬁaﬂ 2-3 &Uasf udraunsadl usandsuranle (Cluster and Program Management
Department, 2016; Kasetsart University Research and Development Institute, 20 1 6 ; Rice Products
Development Division, 2017; Department of Agriculture, 2020) uarmﬂﬁgmﬂnﬁm%ﬁ’ﬂhﬂiﬁ%’ﬂ%’ﬂmﬁmlﬂu
FuA1d1manaanig (Thai Rice Foundation under the Royal Patronage, 2020) 41uniiensydsudud1imiien
win3eas1n guawadueglusgdud Taednandemmndonuuaziindunen 4agnidelduuddananmdy
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( National Center for Genetic Engineering and Biotechnology & National Science and Technology
Development Agency, 2021) daudnamilen nu6 duiefinunmnsduegluserufduisatuinimidesydsu
Lwié’fuu?'iyaﬂ’iﬂmﬁmmqwizmm 130 wudwns wazarunulsaluduaglsaveuluuwis (Cluster and Program
Management Department, 2015) Tummzﬁ%”nmﬁm%’zyﬁ%uﬁmmqaﬂssmm 155 Wwufiung wagduniulsalg
( National Center for Genetic Engineering and Biotechnology & National Science and Technology
Development Agency, 2021)

GﬁfnL{’luﬁ'énmwgﬁwé’ﬂﬁuaa%’wiﬂmﬁuaﬂuéﬁé’uﬁ 2 98991NY19N151 Iﬂﬂﬁ‘ﬁuﬁUQﬂ“iﬂﬂixuﬂm 307,471 15
fefuiiugniniifanumneaugauazngauiunasnszneieglusinesis q Idun sunesslun sunoais
W3z ounedanuns ouneiliesaval sSunenalug uazdnodvuy é’ww%’uﬁuﬁﬂqﬂﬁﬁ’wﬂué’wmaLﬁadadﬁum
inwnsnsUgniruiieuilaeluaiadounasussuiridestuiedmelugurunasiuiidados Sminamanld
atfvayuliiuawariuunuilaednivgnludminasanlagiunisussuduius “auasan vilaadnasuan”
fatinmsfisdaeuaunsolunmsutsduresnumansfugninludmiaamailéfinsduaduativayumelindnnis
pandin1suan lagldutsnaineenidunainialuuagaainaniz (Land Development Department, 2021;
Songkhla Provincial Agriculture and Cooperatives Office, 2021; Rice Department, 2023)

Femmimaiiugialunguinemaenzdiulgnluiuiivgninifdenmlufminama Faluuums
funaula fifunuAdedinguszasdifiowiouiisunnaiyiivln osusenounonan uaznananvestndaiia
UiuLn‘w%"nmﬁmuawﬁnL%'ﬂuﬁuﬁLuJaqu’ma'uLﬂwmﬂﬁm%’nﬁmmﬂé\' ULINTeR é’ﬂmmﬁaq JanToasuan
Lwa“luwuwL{]'mmalmmnwmﬂwmawuﬁwmmammmumu‘[mmmmq uazAnaLtRfEdy q uonaniidie
fananuiussiinurronnunsnslumsdenldiitusinimnzausvanmituiiuaznevaussaudesnisvemain
iz ihlugmsairslemamaasugialiunysmlas maifiuyaswanandnuazelaliuninuasnsgugndiilu
Jaripasarsioly

Ya9 aunsal wazdsnns

N3 NURUNITNARDY

UNLLNumi'VlmaENLLUUE‘j@JﬁMiﬂJiiﬁmﬂiuuﬁaﬂ (Randomized Complete Block Design) 91uu 4 ‘gﬁ Usznauniy
ugdndmau 6 Wug sldsuarmewaeiudeiusanngudiusimnssuuazimalulad@inwusiend ame.
il Wugdramiensiuau 2 Wus Ihun Wugne 6 duiil wesiugsyaTy wasdadsiuag 4 Wug 1iud Wugded
nea Wugny 43 Wusvenvadnd waziuslsdivess Ingldiusne 6 duiile uasiusdedven uiugioudioy
dmfunug tiniletnasd11d1nuaIn U wlatgalivun 20 A1519UAT WAATLUAIUIEREWIITN 1 AT
T 24 uasungos ogluidasuilug) vhduiutulneseudiotestunsivauivesitlunlasden duduns
TReuarsivniudeyalugauil (manau w.a. 2565-1uAu w.e. 2566) o wlasnguinuasnsuntitiuaiuld dua
viawds suneiles Taminaswan feuinuiilunguiuiuesdaluiiuiiu %’magﬂumauawaﬂmﬁu%uuuﬁL‘ﬁa
fuduiusautunse dputusdiforuduiusiunioatunsie §§ pH 6.0-6.5 (Soil Resources Survey and
Research Division, 2017)
BnsUgnuazquainm

miﬁ]mLmemLLUaamEJaammﬁﬂﬁﬁ’%ﬂmimuauﬂwmimEJLm'%sJaJLLUmmﬁwmilms 1 afa lowds 1 ads ud
wauAuliiu 1 ads vdmnduuiviiuiliaihiauouddsiuiluniannlnesnussdudilieglussdu 5-10
wuRunsaenngUan uastdesthoonliuiidluszesfufenfiolitngnuindoutu masSoudundlng tuda
ftugurth 12 dalus wagulilufisuunu 24 9l nduFailuwhumduslanmendn idedundfionyls 25
Fuisnoundiluiindadluuvasunlaednidendundrfiudauss Indlaelddundn 1 dudenquuazldszozugn

25x25 wuiwng Tdwaaiugludng 3-4 Alansusels dmsunisdnnisarueauauysaivesiu ldadegns 15-15-15

e =e

De

dn31 5 Alansusiels sauduldlegns 16-20-0 651 20 Alansusiels Wulssesiiu wazlussezdiiuadseu
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Taduans 15-15-15 8n31 5 Alansusials swuduldalegns 46-0-0 81 20 Alansusials dwsumsmdniviiyldile
nounuausduegaios 3 ady aufuiAe) uasnsestufdalsauasuuasdngtrldimnfivayulnsuas
anstfardanutadniiauazdrndulionunsdviane

nstuiindaya

1. Toyan13taTauiule 99AUTENOUNANES WaTKANGNYDIALTN?

‘uummsuauamﬁmmmuimmmmﬂuwuw 2x2 AN31RT guusnaunauladluiiasuUadges Jufindeya
SuRuRene (Fi) mmmmvavmuma'ﬂmmmmmmmﬂsvmwumumansaqmmwam (wuRung) 9183y
paNABN uummumL‘W%LmamumLuamumﬂuuﬂaaaaﬂmaﬂ 50 Wesiud veniuvasdes () wazogIuiv
Aen Fuanfufinzwdasufietngnun (Fu) wazduiindeyassduszneunandn loun S1urusisdens (529)
ANueMTNLnginndeusnvesramioluselisanssie (Wuiwes) S1uuwdefnesie (Wae) Wesidudubnas
o wasefiudiudndu duiinlutimdafuifemandndnn duifussdndiuan 10 929 fudwauwded wae
SnuLEaUALETY WE A wanduesidud dhvein 1,000 Wi Assduanatunde 14 Wedidud (n%)
waviminranandinudy 14 Weidus Tngldmhodunsu/iuiiuie wduhindunaduilansusels

2. Yeyagnlesing1Usedny

Lﬂmausamamaamuamwmﬂswmﬂ oA Usnasielu Shuaufurusn Qo LLﬁ“ﬂ’J’]&JL'ﬁ’JaM yasiiuiisne
ilee Sinasvan daud A 2555-2567 Nnunasteyansugailenine wihuAmnuaeds
nseszidayanIeana

A1 ALUsUTIU (Analysis of variance) anaununIsvaaeafirmuall wasSeuiieuannuwandaves
Aadelngds Duncan s multiple range test (DMRT) fissduauidiotiu 95% way 99% smalusunsudinsieinig
a0 STAR (Statistical tool for agricultural research) Version 2.0.1

NaN1578

n1stseyLAula

Frnaaenzdwa 6 ugivgnlunlasmnnuasnsdminasman wuin fnmsesyivlasunugeiuas
Iuudusienauandsiuegwiifuddgmieata (p<0.05) (Table 1) Tungutnidt wudt Wuddedveailiaiugasdu
\fivgean 119.18 wwulung se3aau1Ae Wusuenvadng uaswuglsdiuess (107.44 way 102.26 lwuRns
pudiu) Tuvasiiiugne 43 fmugeduladediian 98.25 lwufing dmfumsuanneriusesadslidiuaudu
soneladeunniigaiviniu 12.82 dusene usliuansfuiuslsdiuedd (9.19 dusens) sesamnfe Wusdny 43 uaz
Wugdsivend sl Srurudusdensiadsindu 8.95 uay 8.63 dusiene mudwy daulungudramies wui
ftussyasullenugstunarsuaududenamnnitiugng 6 fuiite oghaiifoddnymaaia

dwiuegiusennen 50 Wedldud uagorgiiuifeafianuuansisfuegreidudiAydmieada (p<0.01)
(Table 1) IngwugdsivoniiongTusennon 50 Wedldud uazenguiuiinnniigaindu 104.50 wag 134.00 fu
Mud iU sedaunfe uglstiuedd uaziusvonvadns Tuvasiiiiugny 43 fengTusenaen 50 wWedldud uazeny
uRenduitansiiy 65.50 waw 93.50 u muddy
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Table 1 Mean comparison for plant height, tillers number, days to 50% flowering, and days to harvesting

for six rice varieties grown in Songkhla Province.

Variet Plant height No. of tillers/ No. of days to No. of days to
arieties

(cm) plant 50% flowering harvesting
RD6 semidwarf 110.12° 6.80" 80.75° 110.25°
Thunya sirin 117.05° 8.43° 83.00° 112.00°
Sungyod 119.18° 8.63™ 104.50° 134.00°
RD43 98.25° 8.95" 65.50" 93.50°
Hom Chonlasit 107.44° 12.82° 90.25" 118.25"
Riceberry 102.26™ 9.19% 91.50" 122.50°
CV (%) 5.55 13.31 1.48 3.09

Notes: * = significant at p<0.05 level, ** = significant at p<0.01 level
- Means in the same columns followed by the same letters are not significantly different

determined by Duncan’s multiple range test (DMRT)

DIAUTLNOUHANERN UALHANER

\ofinnsunesduszneunandnlungudind wuin Sunusdensuwanssiusgwiveddyd imnsaia
(p<0.01) fiugvienvadvlisnuTeenemNTigaIvinfy 9.48 93sdene sesaunde Wuslsdluess Wusny 43 uas
Wugdadneaiiddnausedenawiniu 6.93 6.12 uay 5.96 Tsens AMEIRU (Table 2) fiugny 43 fuualiiili
ANNENTILNT AR 24.77 lwuRnns udliuansnsnnsadAduiusdsdvendifannuensamindy 24.06
wulung sesaauAe Wuglstiuess wasiugvouvadviffiannuenisiawinfu 22,62 wag 20.13 wuRiuns
U (Table 2) stugvonvaanssiuu s Iumdnddesanniigaviiiy 138.19 waa udliuandiamis
adAfURusdsiveniifidnouadadesiavindy 129.25 wia luvuginugny 43 uasiuglsdiuesiidnumdnd
AoasliunnAeiuneadfvindu 113.67 waz 108.56 winm a1y (Table 2) dmsuivasidudiudnd wuii wug
lsdiwesifivesdudndnigegauintu 89.48 Wedidud Tuvusiiuguenyads Wusny 43 wagwusdeduenadl
Wosifudiudailiiuanssiumaadfuiriu 83.72 81.68 uax 79.44 Wosidus mudsu (Table 2) $127 4 Wusd
Yninde 1,000 wiEn uwaneefuegaiiteddeyBmneada (p<0.01) wui Wugnv 43 ThminuEn 1,000 Wan
wnflaaiiu 29.42 n3u sesasnie Wuueuadns wuslsdivedd uasiusdsiueaifiminudn 1,000 win
Wi 26.98 24.91 uay 21.84 n¥u sy (Table 2) drunandniadsvastini 4 Wug wud fenuunnsaiu
oguiidodAnyBansadn (p<0.01) Insuguouvadvslrinandngian 686.48 Alansusiols sosawmnriuglstiveds
521.23 Alan3usiols siugnu 43 495.92 Alanfusels vuiwusdadvenlinandnsiian 362.86 Alanfusels
(Table 2)

dmsungudnamiley wud Wudsayasud

o

o
a o 7 <

11IUTIFEND LWasWuMuand Y vtinudntwaesn 1,000 Wan

°

v
v v aa a o

wasnardnganIiugny 6 dulile Ineugsadsulisiuiusiwens wWesdudwand hninwaadraden 1,000
AR WATNANAMWINAU 6.77 5296808 80.27 wWasidusd 28.97 nsu war 479.24 Alansusals mudsu Tuvaeh
v ¢ vy & Ao . s & & & o % o 2 v a < a | @

Wugny 6 Audeliduiusiwens Wesiudwand Wiminuant1iiuien 1,000 wéin wasnandaindu 3.65
53998N8 68.25 Wosldus 25.25 NS waz 397.62 Alansusials mud1du diuanuensvesiugsydsuiay

ugny 6 sudglidnnuuanssiuniedia (Table 2)
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Table 2 Mean comparison for panicle number, panicle length, filled grain number, percentage of filled

grains, 1,000 grain weight, and grain yield of six rice varieties grown in Songkhla Province.

. No. of . ) ) Grain
o No. of Panicle _ Filled grain 1,000 grain .
Varieties ' filled ) yield
panicles/plant  length (cm) ) (%) weight (¢)

rain (kg/rai)
RD6 semidwarf 3.65° 20.98° 94.42°¢ 68.50° 25.23 397.62°
Thunya sirin 6.77° 20.85° 102.86° 80.27" 28.97° 479.24°
Sungyod 5.96° 24.06° 129.25% 79.44° 21.84° 362.86"
RD43 6.12" 24.77° 113.67™ 81.75° 29.42° 495.92"
Hom Chonlasit 9.48° 20.13" 138.19° 83.78" 26.98" 686.48°
Riceberry 6.93" 22.62% 108.56" 89.48° 24.91° 521.23"

CV (%) 21.95 2.70 16.73 26.87 12.99 23.59

Notes: * = significant at p<0.05 level, ** = significant at p<0.01 level

- Means in the same columns followed by the same letters are not significantly different

determined by Duncan’s multiple range test (DMRT)

ANFUNUSTENINNANAALAZDIAUTZNOUNANEAR

NN IATIE R AN LS T2 IHANARTUBIRUSENOUNANEAR WU SAuIUTIRENefAdNUsyans andumus
qaﬁqm sosaunAoesumudnd wavimiin 1,000 wan sy Tneflaandusiudivindu 0.856, 0.515 uag
0.427 muddu 7iseiutiad1dy 0.01 0.05 waz 0.05 Aud1RU (Table 3) wana1ndinud S1uIusIRonei
avduiusmevintuUefdududad wazdiuuwdad tnafienanduiudivintu 0.689 waz 0.594 fiszauiluddny

a

0.01 TuvaueAnue11929 dedulseansanduiusiuauiusiuiusians Yivtn 1,000 LA LasNANA Wkl

a1 o

TTeddyneada wardnuudanimdulssansanduiusiduauiunanan wildddoddamisata

Table 3 Correlation coefficient of yield and yield components of six rice varieties.

Panicle No. of Filled grain 1,000 grain Grain

length filled grain (%) weight yield
No. of panicles/plant -0.253 ™ 0.594** 0.689** 0.232"™ 0.856**
Panicle length -0.003 ™ 0.200™ -0.136™ -0.424™
No. of filled grain 0.341"™ 0.427* -0.232 ™
Filled grain (%) 0.70"™ 0.515%
1,000 grain weight 0.427*

Notes: ns= non-significant, * = significant at p<0.05, ** = significant at p<0.01

mmLuJiiJiau%aaamwgﬁmmﬂ’(,uﬁuﬁ{f\mi’ﬂawa'\

defiansangumyiiindsvesdminaiwal wuin Fausidoudutoudistunau wa. 2565 pampindslutag
UangUiiuuliuanasegaiulédn andulud wa. 2566 gumgiindsandutudndoslufouunsauuay
NS uazazfintussurniludoufiuiay wwey uasnguniau Taefonmnfindewiiu 30.8, 33.9 uax
34.4 parwaded aua1au (Figure 1) dmsuaanusaan wudt ludoungednieu w.e. 2565 uaznun1ius w.a.
2566 fanudiauiniy 22.22 uaz 29.63 Alawmsdetalus sy wwdiuldhanuauiunldufstues
1N tU9a199na17 (Thai Meteorological Department, 2024a)
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Figure 1 Average maximum temperature and maximum wind speed in Songkhla Province from
August 2022 to May 2023.

Turhafoudiounanau w.a. 2565 Sanunius w.a. 2566 vesiminasaniusinaninus 2,365.70 Saduns
Usinanirluiede 473.14 Sedwmsdeiion s1uauturuansan 106 Ju wazsiuiuiulunnade 21.20 fu (Figure
2) TnglamziieusunaudunnuuasiUTauINgign 1,052.90 fadns nFrntuUianiiuLa
Srunutulunnanasegseiiemuiiufouuweu we. 2566 (Thai Meteorological Department, 2024b)

B Total Rainfall (millimeters)

= Number of Rainy Days (days)

rs)

tal Rainfall (millimete

Year 2022 Year 2023

Figure 2 Total rainfall and number of rainy days in Songkhla Province from August 2022 to May 2023.

Mnnsiessitunltunsdsuulawe S Wy wazdwInTudunnIEnIIsiounaIAutasuIIAL
w29 12 9 (e, 2555-2567) veadaninaswan wuin Usnaslusiuedsiiuunltndyiuegrdnaulnoanzlugag
Y w.d. 2561 W.A. 2563 W.A. 2565 Wway W.A. 2567 ﬁﬂ%‘mmﬁmummmﬁu 1,083.80 1,836.30 1,857.90 wag
1,912.80 Haaluns aua1au (Figure 3) A vduanuduiussEIeUS AU A U Y usuan WU lutha
W.A. 2555-2565 ﬂﬁﬁﬂ%mm‘fﬂNuqa%ﬁaﬁ’wmui’uﬂumﬂqqmmlﬂﬁw uiluas WA, 2566-2567 Usunauinrlud
wultiugetu uwidunuturuaniuualiiuanas (Thai Meteorological Department, 2024c)



MsEsnuAsAtanstazmalulad uns. a1 | 9 6 avuf 3 Aueneu - SulnAu 2568

s A 0o
' { 3
0e0 -

: I I oo

- 1 0.0
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Figure 3 Total rainfall and number of rainy days in Songkhla Province from October to December
(2012-2024).

n1sanUsIeNa

s aa

Mnmamnaesgning 6 Wus de ugnu 6 duidle Wugsyasu Wusdedven Wusn 43 Wusuouwadn’ uaziiug
lsdiuess ”Lumm@‘sm WA, 2565 2 wlaununsns suavmds Sunailes Jwinamar wudt amnsaasydvle
uazdfududnsuanmadenld Tasdnata 6 usfinnaioiln ssduszneunanan unznandnuandnatunig
a0A (Table 1and 2) Myvinduvesduiniinadenisanasesrandn seiuaITaNTiasavinliudvinduls
avunnssfuluTuegfuiusin arugmowiudn svezdgn UTinudelulasiau uazaniwiu (Wu et al, 2022)
Ingszuumyuisuvesanludwminawailutiasounainu we. 2565 Sanun1ius w.a. 2566 (Figure 1) aziluay
ﬁﬂmz’i’uaamﬁmmﬁammL%faamqaqml,aﬁlwizmm 22-29 Alaumsaatalus (Thai Meteorological Department,
2024a) nevhlunszuaauiifinrniiszana 25-28 Alawnsdedalus aunsaneliAnanudssgestenisvinduves
fudnle (Sterling et al., 2018) ﬁgqﬁ?mwmmﬁluﬁuﬁL{]mmsﬁﬂﬂixauﬂzym%’nﬁuﬁﬁuLﬁaaﬁ’ﬂé’ﬂuﬁdmriauLﬁu
Ao Tnglamzdndsivendiflddugaszann 140 wufwns Ieinduldiesihlildnandalidiad (Rungtumnan
et al,, 2015) fstfuarnnisneaesilungudrdaiug nu 43 danuguadosign 98.25 wufwns warlungud
willeaiug nu 6 fuidle Sarwguai 110.12 wuftms Suonmauusiiusszyin Wugnu 6 fudle Tdwuuds
waENUNIUALAaNLSS linay (Cluster and Program Management Department, 2015) 39u@nIfamILulIgEL
vouugn 43 uawitusny 6 fudedmiunsUgnluiiufidmne Wetisanaudssiensingu anugnyde
wandn arwgsernlunsiuies wararudemenndesisadndvhaessd s dansdiuirnduld
(Agusta et al,, 2022; Li, 2023) uanainiugny 43 fiengTusenaen 50 wWedidud uavergiuiisrduiigawiatu
65.50 way 93.50 Tu nudy Faudumedeniidmiuinuasnsluiiviitmneddosmetugdniasaugnuay
Fuienlsng wasdiislenalunsugnitenuisunieugninlivarsseuluniled wiegidlsAmusiug nv 43
limsugnsafuiniugiteny fufematuin LﬁaamﬂL?%*&JwiammL?{&Jmsmﬂmsv‘hmmanuﬂLLawMuiuﬂaaﬁ
Audrgnulinfouiuld (Land Development Department, 2023) egnslsfinuiisudfindiugny 43 awddmn
wiin 1,000 wéngs uslidsmaliinandngeiian Wosnddwunwionsuarosifuimdnfitesnindfusmen
ﬂuaammauwuﬁﬁimuaﬁ u,amiwmmmamamuagﬂuamﬂisﬂaumamamimaLawwamammmuiamaﬂa uay
Wedduiiudadiidnaidsuindonandnlasuminnindminudafissegaie (Table 2 and 3) aenadasiu
Yamsaray et al. (2023) fidnwndIouiiisunandnuazosdusenaunananluiuginilng 8 swug laun Wug nv 69
wuguzalnundaiund #3 sug R684-13-15 iug R2535-8-10 Wuslsdiuess WuslsdiueiTaneusnane
fusUnusTl 1 uagiug nu 43 wudh Wugiithiondn 1,000 wingedlgaio Wug nv 43 (28.49 n$u) uilaildlsiuanan
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aefian (486.4 Alansusield) luvmeditususalnuumiasuns #3 wasius R68A-13-15 fulmiin 1,000 wie
WounIWug N 43 wANTIUIUTHABNBLALHANGNINNTINS NY 43
anduiusssminwananuaresdUsEnoURaRART LT wanAmsTavdtussuINAUdIuTIEenennTige
sosasAoesdusudnd uagthmidn 1,000 Wan Mgy (Table 3) @anadaary Li et al (2019) iAW
04AUTENBUNANAR UaTHANANYDINLET IS 7,686 ugfignuuztifiugsewing aa. 1978 fa a.m. 2017 Tu
UseneRu Ui HanERdTinn g U s AU LTI ve T Shunuwdaaress waztimiin 1,000
win Fanuddedtmifuinmafisnandansaduluiinafissiuunsiombefuil Suauwdaides uas
i 1,000 widn lngAeein1saununITUgndegeiiuseansam Lﬁ'aﬁmimﬁuéﬁ’qsﬁmm%ﬂLﬂuﬁuﬁ‘ﬁmﬁaqﬁ
foudgnluiiud LLﬁ“’I‘ULUUW‘IJﬁL‘LJiEJULV]EJUIUﬂaiJ‘U’YJLﬁl’]‘UadmﬁWﬂaaﬂuv\m’l’l 199AUTENOUNANANATUTIUIUTIIRD
ne Wesiudwdnd wazduinudn 1,000 wén m’mam (Table 2) muuﬁmamaanmaama‘lwwuﬁmWJmJ
wanAnsTigaidiowFeuiisutuiug nu 43 Wudnonvadn’ wasituslsduesd Milaesndomuionansuusiimiugi
syyi Wusdedven Wug nv 43 fugvenvadv’ wasiuslsdiuess Tinandnuszana 330, 561, 300-500 ua 800-
1,000 Alansumeols aruaiau (Division of Rice Research and Development, 2016; Cluster and Program
Management Department, 2016) eg13bsfiniy sugdndsivenusinaueulnleeniu Iniud 1 wazinfiud 2 g
ni1dnitudiosialy (Wattanakul et al,, 2016) Setheifiuyaruarannsaldidunagnsnisnanfiodiuaeldly
inwnns wmszduiidesnmsvesmanguanlugruiaznaindosn Fsmsuuzthuumslunisiiunananyionts
Famsszuulgnifiefindnenmitusiazanasgiumssanduining egdaliinunsnsugninidsdnea

a

wugneuvadvsidnenmlunslinandngaiign Inglriraduesdusznounandndudniussienegiigaiile
Wisuisuiuiugdu 9 uandiidiuinamsansgivlawasdfudadiivanmundeniivasuuadldfdamasi
Tinandnas uaﬂmﬂﬁﬁuﬁ:uamaawéﬂuﬁuﬁ:%’ﬂﬁ'ﬁizﬁummwumuﬁwﬁmﬁfnwé’uqq (Chomchat & Rungrat,
2020) mMdgninunBvemamelinoudunsatugausauny Susenidsuniedsdaudssganninvhudundy
waziinds azdfuldiludeusunem e 2565 dunnvuiutuasiiuiuususngs (Figure 2) dwaliAnid
MINLUUAUNAULAZENNTOES19ANUEERADAUT? s’ﬁqwaﬂizw‘umﬂﬁwhummmE"J“Ué'?ﬂmm%zylﬁuimLLazmi
Wannnsvoswdadlavilinandndnanasde 50 wWosidus (Mongon et al,, 2017; Zhen et al., 2018) wanug
venvadnsiinvaiuansawlyiulaldrlurasatinduarlusvdaianlds vensniddduunddivn
dud1e venaniviinahrusutafeugaudsunaukeu® ne. 2555 89w 2567 vesiwinasan (Figure
3) fuwn s tuegsdniau (Thai Meteorological Department, 2024¢) dawalinisugndnludminasvandesd
msUsuifiesuiletuaiumuesimuhularswauuluan uuamavikesnisusuiaiBesnde maden
ftustinfimngauivanmenmaiiudeuuas dnfuiuguonvadvitaduiuiinzaudenisduaialfinuasns
TudmiaaswaunzUgniftefiunandndeiul ananudswuaseiouaumdonsuiiofudgmivhuuuudundy

Nnransmaaesnud Wuglsdiuesitdnenmlunslinandn 521.23 Alansusiols Inglviduaduesduszney
wanAnduesifudiudaiaeian diduimuglsfivesiannsamigiviauasusudrfuanundouluiiug
wWvaneld TneddnsnsdnudngaiigaileSoudisuiuiusdy q Sududniusnisiuraulaludaasals
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Water quality estimation in Nan Basin at station N.1 using QSWAT model
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Dissolved Oxygen (DO) Wag Biological Oxygen Demand (BOD) lnensanwiadsiildlusunsy QGIS Usznoudne
LUUT1a0s QSWAT lun1sfinmuannini Inewfisudaus wa. 2559 S0 wa. 2561 wud uwuuTIaesETn
$rapsUFinathilfosauiuglurasnisuuidisus R2=0.7139 uay NSE =0.6934 uazinseglunasifioausy
lalugaenismiuaeual R2=0.6658 way NSE =0.5866 ﬁm%’uﬂ’ﬁﬁi’wammﬁmﬁﬂmmwﬁw WUUTNRBIEUTOUEARS
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3u 9 Ifeehediuszansam

o s

ANANALY: ﬂmﬂ’WWﬁ’W TUsunsu QGIS LUU1a09 QSWAT AL UEN izuumiaumﬂqﬁmam%
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Abstract

This research aimed to evaluate water quality in the Nan River Basin at the N.1 gauging station, focusing
on key indicators such as Dissolved Oxygen (DO) and Biological Oxygen Demand (BOD). The analysis
employed QGIS software integrated with the QSWAT model to simulate and monitor water quality between
2016 and 2018. The model demonstrated high accuracy in streamflow simulation during the calibration
period, with RZ2=0.7139 and NSE =0.6934, and remained within an acceptable range during the validation
period, with R2=0.6658 and NSE =0.5866. For water quality indicators, the model closely approximated
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observed DO and BOD levels in many instances, particularly during the rainy season when higher streamflow
enhancing pollutant dilution. However, during the dry season, greater discrepancies were observed,
especially in months with low flow and high pollutant accumulation. Overall, the findings indicate that the
QSWAT model performs effectively in simulating streamflow and water quality during the rainy season and

can be applied for water resource management and water quality monitoring in other watershed areas.

Keywords: Water quality, QGIS program, QSWAT model, Accurate, Geographic information systems
unin
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nsvUIumsTiRluNss AT INEsnsnsshresyed WuAdidesiidmanseureusssnslanduegienn v
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Figure 1 Processing and display concept for SWAT model (Santosa, 2016)
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Figure 2 Flowchart of QSWAT modeling study
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S (Runoff data) enaniifminin 1 aonil Tnevhnismusdeyannnsfuiey avesnsuvaussy
(Royal irrigation department, 2019) %aaﬂaﬁﬁﬂmLﬁu‘ﬁaﬂdaiwi’uizmwﬂ WA, 2559-2561 axudnainsvasdanil

Tahunazanidinuivin wanses Figure 3
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Figure 3 Watershed map at streamflow gauge station N.1
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Figure 4 Land use and land cover map

Figure 4 uansdhudoyanislduselovifinu (Land use data) wuin Nuitdwlngduiinls Aadudesas 35 ves

¥ '
&

funin1s@nw Tudiuvesunasifiiiise¥osar 0.31 vesiiuiin1sfinw s1vaziBualiuiuds Table 1 Tayansg
gafu (Soil data) wuin Audrulngidunguausiu Anduiosas 78 vesiuiinisfinw wazdoyanuniminden

q
=

AnwnanigardydnunImy DO wazA1 BOD lasn15iAusiusiudoyadnnnsuaIuaAuuany nsensg
NineINTeTIURLaEAWIndon Tul w.e. 2559-2561 et dayadinanundeulewmsaiuseninadoyaluiui
Anwiudeyaiuguresuuudnaes QSWAT (Tufa & Sime, 2021)
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Table 1 Land use type and SWAT code

No. Land Use SWAT Code Description Area (Sg.km)
1 Water WATR  Water bodies (e.g., rivers, lakes, reservoirs) 14.176
2 Urban-medium density URML  Medium-density urban or built-up areas 47.242
3 Rice paddy RICE Flooded or irrigated rice fields 164.006
4 Deciduous forest FRSD Forest dominated by deciduous trees 307.449
5 Evergreen forest FRSE Forest dominated by evergreen trees 992.799
6 Mixed forest FRST Mixed forest types (deciduous+evergreen) 1,492.532
7 Agricultural land-row crops ~ AGRR  General agricultural row crops 1,574.653
Total 4,592.857

N13UTZUIANAYDILUUINADY

ANSIRVLUUINGDIVBINNTIFEASIY 13

Y '

pr i deyaNugIuee 9 817y JeyauIunainu Ysinauin Jeya

nsliuselomifiau uasdoyanguyniiu Alfndoulitrefuguuudiass QSWAT Tagazvihmsuszananalutisnis
Usuifley (Calibration) U w.a. 2559-2560 wazluzisvesnismiuasy (Validation) T w.a. 2561 1Hunszuaunsi
THuuuaedinadnifnrmaenndowioanwsssuni viodnvuzvesiuiiquihiiduegluiagtu uagldding
Usznranasiuiulusunsy SWAT CUP m’sﬂismmﬂ'qum"‘mm%ﬁwé’ﬂmimaﬁmamammﬂ;ﬂmmil,muﬂ'ﬂ
yostladpmng o lusssumaasluluaunismendaeans a9 Eq.1 (Armold et al,, 1998; Neitsch et al,, 2011) lne/lu
mMassuifisudoyauuudalui@ asldeduussavsfmnzauvomnaiimesluuudiaedidalng ideetuani
mmfmmﬂﬁqmﬁwzmmmﬁwLLUUf\i’waaQ"LiJiJssqﬂﬁisﬁumiﬂizLﬁuqmmwﬁéw Fauanasa £q.2 uaz Eq.3

(Wongsas

Taedn

r, 2011)
SW=SW + Xi—; (R-Q-ET-B-QR,)
sw o = USunashlupuidudselosd @adung)
¢ = 9295%8eLIa1 7 Ao Lan (Fu)
R = YSunauy Hadwnsg)
Q = YSunauhluaun @ediuns)
ET = YSuaunmsaessive (Qeduns)
P = YSunanhinduasluluiu @edums)
QR = Y3manihnluaasaiil Radwns)

USualeandiauazansul (Dissolved Oxygen; DO) A3 Eq.2

1nef

OXsurf:OXsat'KJ XBOD, Xﬂ

surg”™ 5y

ANUNTUYBRBNTIUArANE UL RednSuredng)

OXsurf =
OXsat = ANUMINTUYDI9NTLIUDUM (Taansunaans)
Ki = BOD deoxygenation rate (si93u)

tov = Time of concentration ¥an5lualufinfu (F2139)

(Eq.1)

(Eq.2)
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USinaeendiauiigdunidiesnisliluruiunisdesansdunidviiniisesaasldneldan1ngiideandiau
(Biological Oxygen Demand; BOD) #14 Eq.3

2.70rgCsyrq (Eq3)

Qsurqarea, hrurg

BODsyrq=

Tnei
BODsurg = aandiuduwes BOD Tuthinfiu @adnsusedns)
orgCug = U%mmm%vauﬁ’wmﬁaﬂuﬁwﬁ'ﬁu (Alansu)
Qsurg = ﬂimmmmmu (Hadung)
areanrurg = Wuwmamauauaqmaawmwm (GRERARIGIETE))

wnaainnsanaulanuudians
AU EIUALMIUE VR UUT 180 TUN1IRANTUIAILABAARBITUTBIAIIINKATBINITTNEDI KAZAIEILNA

Platinnstuiinlivieanase Tngldinasinnsussiudaseansan toun adudszansnisinavla (Coefficient of
determination; R?) a4 Eq.4 (Chacuttrikul et al., 2014; Tumkoon et al., 2017) Fadusudidenldlunisuonan
AnuusiugwesuuUan lunismnazumiisonis Tas R2 sgfidiegsening 0 fa 1 fd1 R2unlnd 1 wanein
ﬂfju%am“aﬁy'\iamrﬁﬁulﬁmﬂ A1 R2 191lna 0 LLamdﬂnfcjwifaaﬂaﬁ”'qaaqﬁmmé’uﬁuéﬁuﬁaEJmﬂ

YL (XX) (YY) (Eq.4)
e xP i, v

R? =

Tned
R? - AduUsyavisvesnssinaule
X; - fhutsdastiitintuas
X - Aadeiulsdasitintuase
Y; = fUUININIALUUINGDY
Y = ANRAYFILUIINLAINWUUR A

AUTZANSATNUBILUUIADY
A1 Nash-Sutcliffe efficiency (NVSE) Toulalun15uonszauauLyl ug1909luuInandni oUsedns nm

UszAndnavraaluuinass (Model performance) Tun1sminaziuAffednis 63 Eq.5 (Nash & Sutcliffe, 1970) agil
A1BETENING -00 s 1 Fep1 NSE Wiy 1 nunedls wuudnaesanunsamanziualaglifinanuianain wina1 NSE
ag3¥ning 0.36-0.75 nueiia wuudnaesanunsannaziuAaghunusiminela

i)
NSE = 1- Zn - ] (Eq.5)
Lir—1)?

Tne?
Ardunan 7o 7 dfegsening 1 fan
ANIIANNAZLUAINLUUTI8D9UDIAT Y

=X
Il

ALRAYUDY Y,
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NANISIY

lunsnwadsildusegndliuuusaosndamans wuusiaes QSWAT saufulusunsy QGIS dwsunsinay
dyilaanini (DO, BOD) Tnan sifisuduAINIASgIuAMA MUY IMUIBIUATHAIUALNATY NTENTI
yinensTIIYIALarAIndon faul e 2559 F9 wa. 2560 Mlensusuiileuuuudiaes way T wa. 2561
Tiftensnmafigaiuuudiaes luiuiguminiiu anidifah N1 Tnesemssdunuasulddeielud

wan1sUsziiuyzinaiivi

wansUszNUS I YNnuUUTIa0e QSWAT flanilfnun N.1 Tudrsnisusuiiiey (mqadneu 2559-
HaNAN 2560) AN RZ 0l 0.7139 wage1 NSE oyl 0.6934 Fauansfsmnuduiuduazauusiugwesuuuinaes
TunsdaesUiananivh dalutisnismusou moednmeu 2561-na1Ax 2561) A1 RZ anaudu 0.6658 uavAl
NSEagjﬁ 0.5866 wigintuansdanuwiugfisensuld Amsfiwesing 9 anwuudiaes uanslilu Table 2 Tng
nsusuieudeyaseningd w.e. 2559-2560 uagn1sniuaeudeyasevined we. 2561 wandlilu Figure 5 lgiA
duusyavinisindula uazAUsrviamusauuudians wandlilu Table 3

Table 2 Optimized model parameters

Parameter Minimum Parameter value Maximum
r_CN2 -0.2 -0.11 0.2
v__ALPHA BF 0.0 0.75 1.0
v__ GW_DELAY 30.0 158.31 450.0
v__ GWQMN 0.0 1.56 2.0
v__GW_REVAP 0.0 0.15 0.2
v__ESCO 0.8 0.89 1.0
v CH N2 0.0 0.16 0.3
v__CH K2 5.0 78.8 130.0
v__ALPHA BNK 0.0 0.44 1.0
r_SOL AWC -0.2 -0.07 0.4
r SOL K -0.8 0.28 0.8
r SOL BD -0.5 -0.37 0.6
v__ SFTMP -5.0 -1.74 5.0

Table 3 Coefficient of determination and model efficiency
Stream flow R? NSE Period of observed data
Calibration 0.7139 0.6934 November 2016-October 2017
Validation 0.6658 0.5866 November 2018-October 2018
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Mlibration Runoff Validation Runoff

(@) (b)

Figure 5 (a) Calibration period for streamflow Data (b) Validation period for streamflow data

HaNsUsTUAMATNLN
ANMUFUNUS 81T 19A1A UAINUIIINNTATITAIT 4T VAT LAAINUUUTIaDY QSWAT ¥an1susuiigy

(Calibration) wamsl3lu Figure 6 nan1sAny MU wuusIaesanIndosfsiauamit DO ldaeandastudn
a3sluvnafiou 1wy WWeunwgAInIeu w.e. 2559 wagiioungeiniou w.a. 2560 agnslsinnu Tuuiega 1wy heu
NUATUS W.A. 2559 (ANdnaes 9.72 mg/L, A1934 5.20 me/L) wazlAoudmnAN WA, 2559 A1d1aeeluudlugend
Afiinldass dnsuandviamnimii BOD uuusaestnagdniaiitaldaidunaiaiou wu Weungainieu
W.A. 2559 (A191899 0.70 me/L, A1933 1.90 me/L) agslsAniu Tuuiafiow 1 WounuaIius w.a. 2560
LLUUﬁwammmaaUﬁzLﬁuﬁﬂﬁmﬁqmmwﬁ% BOD lalndlAgeiuA1ase (And1aes 2.50 me/L, ANR39 2.20 mg/L)
(oW 1IIMINGgNIaNUIN LLUUﬁ”laaﬂﬁﬂ?’ma’mﬁﬂlumi‘\f’laaﬂﬂ"lﬁjﬁuﬁﬂmﬂ'lW‘lj;’] DO A dlugiaga W
IngA191a9dAulnaLAeIiuAI939 1Y WauNguAIAY w.A. 2559 (Tald 7.60 me/L) wasiiaungAiniuy
W./.2560 (Tale 7. .00 mg/L) IwmmmqqmLLaQLmeaamLLqummaaqmmuﬂmmwm DO gan1A939
LLaumm‘uuﬂmmwm BOD #1n31A934 Immawwﬂumauﬂmmwuﬁ WA, 2561 Tenuanuea AL TaLauT 2 i

mﬂuuﬂmmwm
= Calibration DO Calibration BOD
10 :" % b 3
3 N N ) =
s IN: i NfN® ce N | 5w
N gw NN § N[ | |5
N\ N \
smion gyces

Figure 6 (a) Calibration period of DO water quality index (b) Calibration period of BOD water quality index

Frnsmuany (Validation) Tutas® wa. 2561 aruduitusszarinnmuamihilldannimmneinssiunadng
9nuuudiaes uanslilu Figure 7 wui1 uuudassdsasiinnunainndeuluuisag Insamzludeunuaiiiug
Feoglurnenguds Arduiigaininih DO fisraesligedis 9.00 me/L vauefiraseiivaldogifios 2.50 me/L uansdis
fosrinvesuuuiasdunisUssifiuamnimineldfanmiiduisanilmatosuasarududuresasuaiivg
og1slsAnu lurradoudiddunndeiies wu Weunguanuuazifoungadniou w.e. 2561 wuudiassannsa
$raeardvigunimii Do IdlndiAsstudas uandlidiuiuuudians fussansamlumsussidugunimi
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Tuthengeu Fsdaninnsdvilvaisusasderonisnszarwasionauatiy dnsuardvdnmuaimi BoD
wuuiaesindiunliuninindifaldesdutimguds wu Weunuaus wa. 2561 idrdaeseyi 0.50 me/L
YauziiA1939g9is 3.30 me/L aEJ'Wdliﬁm’msu'aqﬂm&JsJuLLavé]’qumﬂulﬁaquﬂ%mau w.el. 2561 Afisraadld
(0.80 mg/L) femanuaanaiafouips fuaats (1.60 me/L) ilefiasanmangmanyit uwuiaolimuuaiug
wnduludregqay @quisu-natau we. 2561) #e 2 drdamaimi dnlugguds GnsAu-nquniay way
NOAINHU-5UIAN WA, 2561) umﬂmﬂmaaugqmw

Validation DO Validation BOD

0O (met)
0 (et}

o

(a) (b)
Figure 7 (a) Validation period of DO water quality index (b) Validation period of BOD water quality index

HAN153LATIZINTUTHAUINNUUUIIALY

HaN15UsELIUINLUUTIABY QSWAT laglu3eulileufudoyansiainasanudl LUuTIassaIu1sndnasea
Uinndwiassduiinanmih (00, BOD) Ifegramngan Inslawizlurasggruiifinislavesings iliuafiv
ausansreuasiondldd dmaliddiasfinnuaenndesiumatanniagguds dnindnisivadnas wa
aruidiuduresasuaiwfindu dswadeaunanniadouresrivesiuudiaos sanisAnwiiiaenndoatuanuide
Wongsasri (2011) fiussifiuganimirluguinmesneuandlaglduuusians SWAT uagnudn wuusiassanunsn
avviounnuduiusvosrauamihannimneineitumasddegraumneautuiu egndlsinuanugnies
yoauuU et ueg fuaunsufuresdeyatnid wu deyagivssma mslifiau fu wasdoyagniouinen
Famnteyavrsdnlaiauysal enadedimsussanurvielusunsduiiglunisdeduteya wazerathlugai
AanaLAdould

n15anUsIeNa

nsUseiiununmiluguiuiianndiai N1 Taslduuudiaes QSWAT TunisAnanudaiinmnini
(DO, BOD) Iuﬁuﬁduﬁwﬂwuﬁaawﬁi’ﬂﬁw N.1 5¥91319U W.A. 2559 D4 W.A. 2561 NANISANWILEAIDIUDAWATIDINNA
YUUTIa0 Fil

1. nansUsgiutTunan vy 9iniuusiass QSWAT Tugaanisufuiiiey (noadnney w.e, 2559-p 1Al
W.Al. 2560) WU huuaesdiaduuiugig lngdn R agjﬁ' 0.7139 way NSET 0.6934 Feuansdennudunusia
sewinAidiaeuaza1a3e dalutianismuaey (ngadniou w.e. 2561-na1Au w.a. 2561) f1 R2 uay NSE
anadntioy (R2=0.6658, NSE =0.5866) LLm'ETQmaq”lussﬁuﬁmmimam%ﬂﬁ AnAARINUNUIILVRY Tufa et al.
(2021) Tiilavesen RZ wag NSE uansafudntosluranisuduiiiou uassensmudeuseiuuusiast mijes
Anniadenansetne Wy arunUsUsiuwesanmeina Usinaniny waznnslnavesifidinansenusonis
nassluuerlanan

2. wansUszifiudsiiquaint (00, BOD) luten1susuifiey (wga3neu w.e. 2559-a71A W.A. 2560)
wuuFtansanIniaesdeiquami 00 IdlndiAsetua1asdunareidiou Tnsanizludounnadnioy
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WA 2559 uazifeungadniou n.e. 2560 egrslsfnaluuiadiou wu Weunuawius w.e. 2559 f1 DO fidraedls
gn1A193 Bsoraiinandesiinvesuuudaeduntssiasaniglianimnslnaveninfisludiegguds dau dai
vjzumwﬁw BOD wuudtaesinazdaesaiimnitdaidunaneidiou wu Weuwnednieu wa. 2559 wiluuiafou
i Weunua s wel. 2560 Adaiaunimi BOD Asaedldlndifbsiuaras namsvuaeulul wa. 2561
wuh wuuieesiasdanuaainndeuluuiei Insemludeunuaiug Fudutgquisifusinanilvades
uazansuafivgs ogdlsfnniluideud Tlunnsoilos 1y Woungquaiau wazwaadnieu w.e. 2561 wuudiass
annsadaesidiinunimi DO I8lndidestuaass uandidiuiuuuaesivszansnmlunissiaosmmuam
ihlutsgru

3. MIRINTAIMINGYNTA HANITIRDINUGINANUT LUUTIABY QSWAT anansadiaesadvinmninii DO
wazswiaan i BOD Ippgnausiudilutieggru @guigu-naiau w.ea. 2561) FefiUanamivhanuazaninnis
Tnaveshiia ilvuaivanusanszeuaidensddoeeissansam Tuvauzluriagguds (unsias -nauniay
LATNGAINIBU-SUIAL WA 2561) uuudaasdarunaandeumnty Tnsamsludoununiius 2561 fifing
Inavesiviuazanuiduduresasuafings ilfuuuasdaiannsasiaosiguamiildosauiuguvinfians
aonAdaaiUILATER Prasanchum et al. (2022) ThilefiuFanauinvindeslikavosuvudassdsnsiiaaiu
Aamedeuluuetas Tassmuwdanuusians QSWAT fanuusiugigdlunissiaesuimuwiuas fudnaniniy
(DO, BOD) lursnastu uisdianuamnndeuluringuds Suansdeinvesuuudasduanmnisivavesi
finuazanuituturesansuafivas

unagu

MnuanIsUS U BULUUTIa0s QSWAT anunsautseanidu 2 drufe nsusuiisuusumanvi uaznns
Wisuiisuduiinmniniii (DO, BOD) annuan1sUfuiisutsunamiwindiaondiaui N1 Turaed wa. 2559 fa
WA, 2560 1A1 R2=0.7139 wazA1 NSE =0.6934 Tutasl w.e. 2561 flen R2=0.6658 Uave NSE =0.5866 13U
nawFsuitsugunmitluandfiuioudiovie anniiieh N.1 nansAnudeyannnensainssaiisutudoya
nuuvaedinnltulndifesiuiasazhifisuaenndesiuluui s

Tudruresnisiassgaunini nud1 wwuaesaunsnUssnmaidviauaimih DO way BOD lilndiAssriy
Av3luraedis Inganglugaiu @guieu-naiaw) aflusianisivavesiunn faenszansuaziionnsans
wafwldd vinliuuuiiassuanawalduiuginitlugquds sgrslsAmunudodiinlurasgquds Tneaaiild 91n
wuusiaeuindaruaainedouge Tnsanigludeud fuuadilvasmuasarududureauafivgs wu
Weunuaius w.e. 2561 TasuanisAnwianansnasulddn uuusaes QSWAT fszansamlunisuszidudis
UimmmmLLavﬂmmwm‘Luaummu"LmaaNuﬂﬁva‘mamw Immawnﬁuqmﬂu waganunsnthlUuszgndldiiionns
Uimsdanmianineinsth uaznisfenuauamilufiuiiguindy o Ifeghannzay

AnRNSsSUUTZNA

v
[

ANEEITVDVDUANNTUATUANNATY NTENTNNTNEINTTTIUVRRA FMIndouNativayuloyalunsiensall

LBNE15919D4

Arnold, J. G, Srinivasan, R., Muttiah, R. S., & Williams, J. R. (1998). Large area hydrologic modeling and
assessment: Part 1. Model development. Journal of the American Water Resources Association,
34(1), 73-89. https://doi.org/10.1111/j.1752-1688.1998.tb05961.x



MsasinensAtansuazimalulag ans.dau | U9 6 atud 3 Aueieu - Suinau 2568

Boochayan, A., Pahanich, W., & Sartsin, P. (2018). Geoinformatics technology and geographic literacy.
Journal of Humanities and Social Sciences, Surin Rajabhat University, 20(2), 385-397. (In Thai)

Chacuttrikul, P., Pukngam, S., & Thueksathit, S. (2014). Application of the SWAT model to study the impact
of EL Nino and La Nifa on runoff in the Lam Chi sub-basin. Khon Kaen Research Journal (Graduate
Studiies), 14(1), 24-35. (In Thai)

Nash, J. E., & Sutcliffe, J. V. (1970). River flow forecasting through conceptual models: Part 1. A discussion
of principles. Journal of Hydrology, 10(3), 282-290. https://doi.org/10.1016/0022-1694(70)90255-6
Neitsch, S. L., Armold, J. G., Kiniry, J. R, & Williams, J. R. (2011). Soil and water assessment tool theoretical

documentation version 2009. Texas Water Resources Institute.

Prasanchum, H., Chaowiwat, W., Muangthong, S., Sarinnapakorn, K., & Boonyaaroonnate, S. (2022).
Evaluation of SWAT hydrological model performance for runoff simulation using multi-site calibration
and validation techniques in Mun River Basin. In The 27" National Convention on Civil Engineering
(NCCE 27)(pp. 1-8), Chiang Rai, Thailand. (In Thai)

Royal Irrigation Department. (2019, February 10). Upper Northern Irrigation Hydrology Center.
http://www.hydro-1.rid.go.th/. (In Thai)

Santosa, P. (2016, June 14). QGIS interface for SWAT (QSWAT) tutorial.
https://www.santosasandyputra.wordpress.com/2016/06/14/step-2-qgis-interface-for-swat-gswat-
tutorial/

Singkran, N., Yenpiem, A., & Sasitorn, P. (2010). Determining water conditions in the northeastern rivers of
Thailand using time series and water quality index models. Journal of Sustainable Energy &
Environment, 1(2), 47-58.

Suksomboon, R., & Boonmak, P. (2023). Effects of hydraulic loading rate and solids loading rate on
groundwater filtration efficiency using sroundwater filtration units. Journal of Agriculture and
Technology, 4(3), 36-44. (In Thai)

Tufa, F. G., & Sime, C. H. (2021). Stream flow modeling using SWAT model and the model performance
evaluation in Toba sub-watershed, Ethiopia. Modeling Earth Systems and Environment, 7, 2653-2665.
https://doi.org/10.1007/540808-020-01039-7

Tumkoon, K., Sittichok, K., & Thepprasit, C. (2017). A comparison of calibration techniques of the SWAT
model for runoff estimation into Kwae Noi Bamrung Dan Reservoir, Phitsanulok Province. Kasetsart
University Journal of Science and Technology, 6(3), 41-59. (In Thai)

Wang, Z., Cao, J., & Yang, H. (2021). Multi-time scale evaluation of forest water conservation function in
the semiarid mountains area. Forests, 12, 116. https://doi.org/10.3390/f12020116

Wongsasri, S. (2011). Runoff estimation in the Phong River Basin, Nong Bua Lamphu Province using the
SWAT model [Unpublished master’s thesis]. Khon Kaen University. (In Thai)



MsasinensAtaasuazimalulag ans.da1u | Agriculture & Technology RMUTI Journal

U7 6 avuil 3 fuereu - Suanau 2568 | Vol.6 No.3 September - December 2025

Received: April 23, 2025; Revised: May 4, 2025; Accepted: August 18, 2025

NAYDINIS LYLAULALAEIUANNZNE UV TUUIT1DUNSE
Effects of using Azolla (Azolla microphylla) to feed Thai silver barb
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24 1
UNAnga

nsAnwRavasnsuuLA (Azolla microphylla) sufuemsdandunidlunsidssanasiiieusn Tuwn
T1dun3d Andunsiivhinuszus ininedomealuladumsnadau Inewnaiuns Wussezna 120 3u Tag
wisngunismeasseandu 4 ngu tiun 1) Ygndafissednufes 2) wiuuaadueims 3) unuuwnswauive1mns
Sun3diluons uay 4) ewnsBunidodruien nanismaaesnudt naud 4 Siminadsvesarunniigad
57.94+13.07 n3u Tuvairdingudl 3 fmiiniede 55.36412.30 ndu Faldunndreiuuirnafunisada (p<0.05) fu
nauil 2 Bafidniineinfianil 44.96+8 23 n$u ndufl 4 ferueriaonniigedl 16.14+1.29 wufiuns Mudengs
7137 16.01+1.07 wufians Bslsiunnsinsfiuudsnaiumeaia (p<0.05) funguil 2 Fsiianue1iadedl 14.89+0.97
wuRng Fumaedguivlndu 4 funldundiodu Taengui 3 uas 4 uanwanisasyAulaianiilud e
nssydulnanz (SGR) uagdmsnisdsuemaduie (FCR) ileifleufunguil 2 Tnsfanuunnsinemseda
oghsiitfodfny (p<0.05) nawdl 4 FlA SGR gegail 1.63%/3u uazdl FCR fitgndl 1.3 Tuvazdiadadanmussya
A (K) wagdnsinissenliiuansinsiulunnngunisvmaaes (p>0.05) lagan K aglutig 1.35 fis 1.38 wagdnsinig
seafiuni 92% sstiemumnzanvesduandenluundmaunislunadena

AENARY: LULAY Uanasiileuwnd 918unsd

Abstract

This research aimed to study the effects of using Azolla (Azolla microphylla) in combination with organic
fish feed in the cultivation of Thai Silver barb (Barbonymus gonionotus) in an organic rice field system. The
experiment was conducted at the Fisheries Farm, Rajamangala University of Technology Isan, Surin Campus,
over a period of 120 days. The experiment was divided into four treatment groups: 1) rice cultivation only,
2) fish fed exclusively with Azolla, 3) fish fed with a combination of Azolla and organic fish feed, and 4) fish
fed exclusively with organic fish feed. Results showed that groups 4 had the highest average weight of
57.94+13.07 grams per fish, while groups 3 achieved 55.36+12.34 grams, with no significant difference
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between these two groups. However, both groups 3 and 4 showed statistically significant differences (p<
0.05) compared to groups 2, which had the lowest weight of 44.96+8.23 grams. Similarly, groups 4 exhibited
the greatest length of 16.14+1.29 cm, followed by groups 3 (16.01+1.07 cm), with no significant difference
between them but both group 3 and 4 were significantly different (p<0.05) from groups 2 which had the
smallest length of 14.89+0.97 cm. Other growth parameters followed similar trends, with groups 3 and 4
demonstrating better Specific Growth Rate (SGR) and Feed Conversion Ratio (FCR) than groups 2 with
statistical significance (p<0.05). Groups 4 achieved the highest SGR of 1.63%/day and the lowest FCR of 1.43,
indicating efficient feed conversion to biomass. Fulton’s condition index (K) and survival rates showed no
significant differences across all groups (p>0.05), with K values ranging from 1.35 to 1.38 and survival rates

exceeding 92%, indicating the suitability of the organic rice field environment for fish rearing.

Keywords: Azolla (Azolla microphylla), Thai silver barb, Organic rice
unin

msLgaqﬁmiﬂfwéquﬁUﬂW5ﬁwuw%’WqL{’lugﬂLLU‘U%aﬁxUUmwmuuumammu (Integrated farming system) la5u
arudisafiunnntu desmnaunsalivinenssssumildogiivszansnm lnsawglufiufivuunvesyssme
fdaian seuvitiefuandanisnisinumsnsluduiituasdnSluiuiidiontu duaasuenutuasmsemsuas
s1elavensaiou (Halwart & Gupta, 2004; Ahmed & Garnett, 2011) wuaAndInandideandesiuulouIeng
Wainwnsnssudsduvessemalnefiniunisannisldansied uaziunsflenaulesweanumsng nsAnwIwe
Saowakoon et al. (2010) uanslifiuinnndssansndournluundmasnsodiiunisldeseiiussansamly
mengiusonideanievedine Tnelidsuansenusenananin Smiaduisnuaudngits uazaiusgldidutulng
Tduyuiish anenumes Prein (2002) way Cagauan et al. (2000) nuimadssUanluudnidofvarsussns
dun nsaunudngiitluundin annisldasiadl afreseldiasuainnsdmiouan wazifinanserslidy
AsITU lnslanzuaingiiieunn (Barbonymus gonionotus) ?jaLfJumaﬁuﬁ:ﬁLgmdw 1057 wavanansausudale
AUANNLINFBUVDIUIUT

wiuuas (Azolla spp.) Wuiiwthassfiianuddymaneasnssy Wewnausasiclasaunneinidliiae
n13898un3d Anabaena azollae erdeegauiululnsdly vildarusahanléilulefivanluundildesned
UsAnBn1w (Lumpkin & Plucknett, 1980; Kannaiyan, 1992) uonannil wuuasdsdamamidiaguinisgs lned
Uinalushuszanadesay 20-30 vesiwiinuts uafinsnerdlusulunansvia Tsgnihanldiduunasemis
dmsudniulumaneUssina Fiogbe et al. (2004) Mnamunisaitiagiiu nuinnwnsnsluniang Susenidsunie
Tnolawizludwingiuns ddnonmlunsiaunnensdunisaugiunmadssdnii Tnedanunfeuadiu
ninensuazanuavlelutumaiana Sriwichai (2005) agndlsfny fmateyadsedndiAsaiunanisld
wiuasluniadesUansaufunsgnimdunis Tasamsludunendn uagnsiaiiulnvesan

Fatu udteisaauddylunisinnustans amwesnnsldunuundunsidssamsiiisurniluund
Fuvidd ileUsziiunamsTainin ieswgie uazdnonmlunsihluliasdussiuinumsns Tnesjamddmduuumisly
nsAuaRuTEUUNYATB YT LU URALHALT S B LAz au AU URsuTisuuvluy stnale

o

Y89 aunsal uasdsnis

A5aiiun1599y
wUansneanseandu 4 ﬂEj:lI a’mumummmamLLUUUﬁaﬂEjmaugiiﬁ (Randomized Complete Block Design ;
RCBD) afiun1s@nwneluiuinmassseuuunt1dunsgnisuanuuseus unninensomaluladsivusnadanu
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Ingnamgiuns vinsAnsndussgnariomn 120 fu dusgndnludeu fguieu wa. 2567 FuUdesderit
Tuiieu nangnau n.e. 2567 auistmaiuiemandndnuazdnfii-ludoutueisu we. 2567 Fwvinisusu
fufiudnliduiuiinugninuasisdn it Tashnsinwnsgndnssuudunid sudunsmuguuuuns
UgninBunidnunnasguinuasdunidgiung (un.as) wasftuildlunisugnda NI 2 1A 879 2 1w
fuflutonun 4 msrsuns wuwmuwamﬂawLasqﬂmmmumiﬂaﬂmn Fruntreditud 1 wes 812 1 wns
doinaaes Iiud Uameifteunn dhwiiniade 14 ndu anuemieds 10 wufuns $1uau 270 f avhnsveaes
iuuaLamamuﬂuuwnmwmauma 117w 9 Yo lnsuvadsssiuautens 30 i msliens 9197 5% vos
umuﬂm Tnglsifuay 2 o a1 9.00 u. uay A 17, 00 . mmimﬂﬁumiwmaaq am‘w 1 T2 Tounuuasmnuii

a

ﬁ(ﬂi‘lﬂ 2 T3 TUnuLauA W@l AU M SouUn3s Lag ﬂﬁi‘lﬂ 3T4 ’eJ’W1WSLlIWeJu‘V]ﬁEWlNaWULWHlIﬂﬁi

nsiiusIusmdayadasmsasyivlnvasuainsiieun
Tayalavuiinannsideslaingiieuyiseeziia 90 Ju 1wy USinaemis seueinallun1sidss wagnns
mmLmuimawmﬂwmaaammammmmamwmumq S]Immmsammasmﬂmamﬂaﬂu{]ﬁmwmmmﬂm

&

wazn1sugniIBurdiesetume) Wiomanueedstasiinedshluldlunsinsey g
(1) dnsnsiasaiuladunig (SGR%/ ) = [In(ﬁ’mﬁﬂqﬂﬁw)-ln(ﬁ’mﬁﬂSué‘fu)x100] / TEULIANARDY
(2) $msimswasuemsiduie (FCR) = duihvesenmsiiau / dwmdniifiady
(3) n5In1550Rme (3esaz) = (Frunudniifmdesen / saudnitiEumeass) x 100

nsUszfiumaiuTavesaniiduiusivlussuudnaundialunisine

mssaivlavecan Tuszuunnaes anduindindmumnzauvesszuuinmueamaass d9dunse
iluvssiiuunumuardndiuiiaziansanldvsslend muingUszasdiuandietu fufusmsives wio dvd
msUssidiunmsiiulnvesUanlussuuinauamaass Ssiosanldevanzausselud

Avrtlan nvesaiu (Fulton’s condition index) 38 K amduTuEsTwiah T nuazA e alY
dusunisman Condition factors Tuvanlalustu F2inenUszasayld Condition factors Tunisinaumuwls A
hnsaanuen vosandusedmiengu iieldvsvenauuandsesimin madsuulaswesaning
93 NaNsENUTeIAIndanld A1 Condition factors Ausalléian Eq.1

(4) K= (W /L3) x100 (Eq.1)

Wie K = vl Condition factor, W = ihwinvasuanuiiewdunsy
L = mnugveslal vuiedu Wumuns way = 100 AAeh

#wil Condition factor (K) \lurniivsueniiamavesnisiivaildasuenms (udinauauysaiuasguainaes

v 6

UszrnsUan Tsnamesmsadyiusiungnia shansliussleianems Tuuadnhsssundeildasuans
Usinamdsnuiiiulilustnisvesta fafededdnenssiunadulauazeuduitluniasiyiugussuan 38
aunmvesiiegordelnesiudmsunmsiulauazmsiaiayiuguesian duiuisasfieufisanueaumysaivesssuy
ﬁwmmizwfﬂﬁﬂmmﬁaLLaxLﬁzyLauimag' (Saksena & Kulkerni, 1982)

A K figauansinandiguamd findsondmiunsifivlaaznsiadyiudifiome Tumanduiu dr K fianas
wdunananmsfivminifurenattioondt Weiftvuiunadiuiuauen Sduidovatsdunuiem K uay
naiiulaestaTuegifu Armgauanysel uazesdUsznautladeduemis uasdnuaemaniinmeamussily

sxuuilng Kamal (1982) uay Sinha et al. (1986) tfuos
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nsessideyanieana

ndsnnimnassirdoyadildannisinudanmaeiagivlavesdniin Snanissenns wagnandnd
W3ASIERAULUSUTIY (Analysis of variance) wazil3suiiisuauuand1avesaadslngld Duncan’s new
multiple rang test fisziuarudesiudosay 95 Inenslilusunsuens (R Programming)

N15AATIZUANINLN
Tugsesnisiassdnidninisdnwiguaimineusuneasuasnsaindudssdmndua lae3snsnsas
AaszinunmuIlunAau wagynasaiinseiinluiesljuinisludntademnunninniieades dall

- anudunsadunna 14 pH meter
- Guueendauazaietn 14 DO meter
- Aadueng Tdymnsaa Test Kit
- AUNTEAN 1gynn31a Test Kit
- Yinauweulandle 1ggnn31a Test Kit
aw
W&N1378

duiniedevesUamaans

wé’qmﬂmﬂﬁmmiﬂmqmwmaaﬁﬁmum WuIdURAT 2 draninindsveslaingiiieun: ngunaaesdl 2, 3
WAy 4 Windu 16.12+1.24, 16.31+1.66 way 18.75+2.55 AU ANUAAU Gﬁaﬂdummaaqﬁ 2 uag 3 danukaneng
fuuifiauuans1eiunaada (p<0.05) fundunaaesd 4 Uanid 4 wuih dwiinidevesuamsifiousm ngu
VAARAT 2, 3 uaE & WU 19.08+2.17, 20.24+1.48 uay 24.35+2.76 n§1 auasiu ?faﬂa;wmamﬁ 2 way 3 lifl
mmLLmﬂmaﬁuLL@iﬁmmLme'Nﬁ’uvmaﬁﬁ (p<0.05) ﬁunduwmaaaﬁ 4 §Unwil 6 wud ﬁmﬁ’ma%‘uan
mmauma ﬂaumaaw 2, 3 uag 4 Wiy 25.21+1.18, 27.77+2.02 uay 32.10+4.08 n3U ANAIRY emﬂaumaaq
7i 2,3 uae 4 faruuanaeiun1Eda (p<0.05) dUa i 8 wudn mmmaamaaﬂmmmwma ﬂawmaaw
2,3 hay 4 Wiy 31.74+2.57, 37.52+2.63 tay 40.82+3.10 N5U AINAIAU mﬂqwmaaw 2,3 lay 4 4A1u
WANFI9ALNINEDF (p<0.05) A9 10 nuin veiniedsvosainuiiiound mjwmamﬁ 2,3 uay 4 Wnnu
38.18+3.48, 46.57+4.66 Uay 50.83+5.24 N3 MUAWU Fandunnassil 2, 3 uay 4 TamuAnAAUNIERA
(p<0.05) uazdUA¥#l 12 nuin dhwifnedevesUamsiiiousna ﬂfjuwmaaaﬁ 2,3 uag 4 Wiy 44.96+8.23,
55.36+12.34 Uay 57.9413.07 n§u mud Wy Ssngunaaedil 3 wag 4 laifianausnsnafuusdanuuansisiuma
& (p<0.05) funguvinaesil 2 (Table 1)

Table 1 The average weight (Grams) of fish farmed in organic rice fields.

Experimental group

Duration (Weeks)

T2 T3 Ta
0 13.94+0.22 13.90+0.14 13.87+0.34
2 16.12+1.24° 16.31+1.66" 18.75+2.55°
4 19.08+2.17° 20.24+1.48° 24.35+2 76"
6 25.21+1.18° 27.77+2.02° 32.10+4.08"
8 31.74+2.57° 37.52+2.63° 40.82+3.10°
10 38.18+3.48° 46.57+4.66° 50.83+5.24°

12 44.96+8.23 55.36+12.34° 57.94+13.07°
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Note: The numbers shown in the table are the mean=+standard deviation (SD). The letters * " “that
appear in the same horizontal row indicate a statistically significant difference (p<0.05) at the 95%

confidence level.

AN IRAETRIUATMNGRY

wé’qmﬂﬁamm?ﬁymﬂmqmwmaaqﬁﬁmum WU U 2 muenedsveslatnsiiiournn ﬂ&jmmaaqﬁ
2,3 4ay 4 wnu 10.71+0.24, 10.64+0.16 kay 10.95+0.55 WURLUAT ATNAIRU %qnﬂﬂduﬂ13wmaaﬂ1ﬁﬁﬂawm
WANANAUNNEDF (p>0.05) FUa%i 4 WUl Aueedsveslatnzifiouunn ﬂdmmwaaaﬁ 2,3 uay 4 Winnu
10.71+0.24, 10.64+0.16 Lag 10.95+0.55 WURALLAT AUAIAU STfmﬂﬂa;umimamhjﬁmmmesmﬁ’umaaaﬁ
(p>0.05) UMY 6 WU ANETIRd BYesUatnzLi a1 ﬂq'umaaqﬁ 2,3 uay 4 winnu 12.44+0.18,
12.96:0.22 Uar13.31£0.18 Lwufluns mudwu Fmnngunimaasdifinruuansisiunisedia (p>0.05) daw
i 8 WUI1 AILBLE BT DIUARELR BUT) ﬂq'wmamﬁ 2,3 4ag 4 Wnvu 13.02+0.47, 14.28+0.63 way
14.49+0.41 1wufiluns muddu Tsnguvaassil 3 uaz 4 liflanuunnsineiu uilleuunnsnsfiunaada (0<0.05)
ﬁ’umjwmaaqﬁ 2 ATl 10 WU ANe A vesUaIREIRBUYT ﬂ%j:iﬂ/lﬂa@ﬂ‘ﬁl 2,3 uay 4 Winnu 13.45+0.78,
15.02+1.66 Waz 15.10+1.84 \wufising amadu Ganaumaassd 3 uay 4 laifimnuuansisiu uifanuunneeiu
3adA (p<0.05) Aundumnasil 2 uaz dUawid 12 wudh mueasveaRsfiousn ngumaassi 2, 3 uas
4 WNAU 14.83+1.93, 16.01+2.34 Lay 16.14+2.07 WURUAT AIUE1AU %mzjwmamﬁ 3 way 4 lufianuwnnsng
fu udlmuuansafumeadia (p<0.05) fundumnassil 2 (Table 2)

Table 2 The average length (Centimeters) of fish farmed in organic rice fields.

Experimental group

Duration (Weeks)

T2 T3 T4
0 10.22+0.22 10.14+0.14 10.30+0.34
2 10.71+0.24 10.64+0.16 10.95+0.55
il 11.34+0.17 11.41+0.08 12.05+0.26
6 12.44+0.18 12.96+0.22 13.31+0.18
8 13.02+0.47° 14.28+0.63° 14.49+0.41°
10 13.45+0.78° 15.02+1.06° 15.10+1.04°
12 14.89+0.97° 16.01+1.07° 16.14+1.29°

Note: The numbers shown in the table are the meanzstandard deviation (SD). The letters *° that
appear in the same horizontal row indicate a statistically significant difference (p<0.05) at the 95%

confidence level

dwidniusetu

S venededeu ﬂzjumaaqﬁ 2,3 uay 4 Wiy 0.34+0.01, 0.46+0.01 wag 0.49+0.02 nSumaiu
AU TAuuanAetun1eaia (p<0.05) lnsnsliununaaiissegaderlungunnasei 2 denalinng
Wiiuladuthwinedoduse furesameiiivsiiiian 0.30+0.01 ndusiotu msliumunssufuommsuan
Sunsdlvihminiadsfiude furesUameifiounn wihiu 0.4620.01 nfuseu wagnislormsardunidifies
ognafeliimiinedofiure furesuansifourigeian Wity 0.49+0.02 nfusiou

AN ANUADTU
93N UAINYRA URoTUNAUNARRIN 2, 3 kA 4 1INy 0.0511+0.0022, 0.0652+0.0060 Lay
0.0658=0.0071 LufUNs AINARY AANULANAIAUNIEAR (p<0.05) Inensliunuunsiesed1uagslungy
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RGN 2 dwalin1siaseAulnauALe1IveIUaIngieuY1IRNEn 0.051120.0022 LEURAWAT NITLARIAULLAS
suwivensuasunsdlinueriaieveslaneiieuy Wiy 0.0652+0.0060 LEUFAWAT kazN15HRIMNTUN
duvdiiiesegufgrlinnugnimdevesUaneiiieuyniaaian Wiy 0.0658+0.0071 Wwudwns (Table 3)

Table 3 The rate of weight and length increase in fish farmed in organic rice fields.

Experimental group Growth rate per day
Weight gain (Grams) Length gain (Centimeters)
T2 0.34+0.01° 0.0511+0.0022°
T3 0.46+0.01° 0.0652+0.0060°
T4 0.49+0.02° 0.0658+0.0071°

Note: The numbers shown in the table are the meanz+standard deviation (SD). The letters * ° that
appear in the same vertical column indicate a statistically significant difference (p<0.05) at the 95%

confidence level

AvvllanInvayady (Fulton’s condition index) %38 K

Adudaninuassfasiu (Fulton’s condition index) w3e K Tnsnisliunuunaiiosegiafolungunnassd 2
danalviddvdanimveaaduveslaingiiousd windu 1.36 nguvaaesil 3 msliunuunssiufuemsuan
duniddaalviardvianinvesyaduvesUatngifisurnd Wiy 1.35 wagn1sliemsuadunsdiiisssgusien
danalvien K vesUamgifiournn winiu 1.38 fennaummeaedlifianuuandaiunnaaii (p>0.05) (Table 4)

Table 4 Fulton’s condition index (K)

Experimental group K®
T2 1.36+0.04
T3 1.35+0.02
T4 1.38+0.02

S

Note: The numbers shown in the table are the meanzstandard deviation (SD). ™ indicates a non-

statistically significant difference (p<0.05) at the 95% confidence level.

9315138 AUln Wz (Specific Growth Rate; SGR)

91N YLAUINTUNIZVOIUANZNE UTIRANLANANNINEDA (p<0.05) Tnen1slruruLnaie98E191RE7
Tungumaaesil 2 demaliidnsmaaiyduladinzveslamziiourndiign 1.28+0.02 msliunuuassamiu
9115UaBUNTI ORI NSRS YR UlRTNIZYIUaIREBUYTY WINAY 1.53+0.02 Lazn1stiemsuandunid
Wssegrafelishnmasyiulndumnevesansifiousngeiign winfu 1.630.04 (Table 5)

Table 5 Specific growth rate (Percentage per day)

Experimental group SGR (Percentage per day)
T2 1.28+0.02°
T3 153+001°
T4 1.63+0.04°

Note: The numbers shown in the table are the meanzstandard deviation (SD). The letters € that
appear in the same vertical column indicate a statistically significant difference (p<0.05) at the 95%

confidence level
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INTINTTIOANNEY

n51N1550AMevsUaInzieuYldfinuanA1enNean A Immﬂﬁl,mul,mqLﬁﬂaaﬂwﬁﬂﬂuﬂejwmamﬁ 2
danaliionsInsseaneveIUaIngiiauunl WAy 94.44+5.07 nSIALRULASTINAUDIMSUAIBUNI I RERIINS
saAMNEYRIUAINTIREUYY WNAU 94.4423.42 Lagn15hie1n1sUandunsgiieeg1aufelliensIn1550nAn 18U
Uamglileuy1 Wy 92.22+4.00 (Table 6)

Table 6 Survival rate (Percentage) of fish farmed in organic rice fields

Experimental group Survival rate (Percentage)™
T2 94.44+507
T3 94.44+342
T4 92.22+4.00

S

Note: The numbers shown in the table are the meanzstandard deviation (SD). ™ indicates a non-

statistically significant difference (p<0.05) at the 95% confidence level.
o a < t!’ll
ansIN1siUaguImsIlULLe
gnsnmsilasusimsiduiieveslanzifiouny wuin ngunaasafl 3 uay 4 3A1 FCR Wi 1.54+0.02 uaz

1.47+0.05 pua1du ldfimnuuaneneiy uilinauuanenaiuniead (p<0.05) fungunaaesi 2 (Table 7)

Table 7 Feed conversion ratio (FCR)

Experimental group FCR
T2 2.03:004°
T3 1.54+002°
Ta 1.47+0.05°

Note: The numbers shown in the table are the mean+standard deviation (SD). The letters *° that
appear in the same vertical column indicate a statistically significant difference (p<0.05) at the 95%
confidence level

NaANANU12

HavraIN1TEuTULAST AU I SUMBUNIS gnIvaaasiimun leslaingiieundluudiduniddenanin
111U 1IR8NUEd 105 WU nandnd1ivInenued 105 WilAnuuanavneada lng nquneaesi 1 Ugndnaiies
agAelinandn 532.03 nn./ls ngunaassil 2 Ugndnasiudunisideslameiiiouvnilaglie msuandu
winkauisseg1ufeilinandn 544.33 nn./ls nguveassil 3 Ygndisaudunisidssameiiiousnilaely

< ' o a a v a | | a v | ) X

21 sUandunnunasiuiua1sUandunsdlinandn 552.10 nn./ls wag NQUNAARIY 4 ﬂQﬂEU’l’Ji’JZJﬂ'UﬂﬁLaEN
Uanngigurnlagliemsuandunsdiiesesamerlvinandn 536.01 nn./ls (Table 8)

Table 8 Organic rice yield

Experimental group Rice yield (kg/rai)™
T1 532.03+£12.38
T2 544.33+8.42
T3 552.10+15.47

T4 536.01+8.20
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S

Note: The numbers shown in the table are the meanzstandard deviation (SD). ™ indicates a non-

statistically significant difference (p<0.05) at the 95% confidence level.

Qmauﬁ'ﬁmaaf’ﬂumﬂgmﬂm

msmami‘iﬁmuumﬁ'wﬁ’ummiﬂm@uw%‘éqmimaaaﬁﬁmum WUl Besansiiuraluundindunis
1311?'@1:14@12’1’6(51’&‘51 qquﬁﬁuaqﬁ’lﬁﬁﬁwdw 26.0-30.5 parwaded ansdunsadunie JaAnsening 7.0-8.5
sondrauiiazangluiniansewing 4—6 faansusiedns anudusiswewifidisening 85-119 dadnsusiedns
ArunsdnsdiAszaing 75-100 fadnusedns Tusswitaniseyunanmslainuauenladelud (Table 9)

Table 9 Results of water quality testing in organic rice fields.

Experimental group

Water quality

T1 T2 T3 T4
pH 7.0-8.5 7.0-8.5 7.0-8.5 7.0-8.5
Dissolved oxygen; DO (mg/L) 4.5-6.0 4.5-6.0 4.5-6.0 4.5-6.0
Alkalinity (mg/L) 85-119 85-119 85-119 85-119
Hardness (mg/L) 75-100 75-100 75-100 75-100

Total ammonia (mg/L) 0.00 0.00 0.00 0.00

n15anUsIeNa

hwiinuagemuenvesUamaaes wuh nauiildsuemsnnunusasuiuemsandunis (ndunanesii 3)
uaroIUaBunIdifisetnafien (nquvanesil 4) fimadydulalusudminuasaruenvesuandtuegied
Hudfan9ada (p<0.05) ilewfisufunguilldunuunufissegnafer (ngunnassit 2) Ingludun1vid 12 nau
NAABIT 4 ﬁﬁmﬁnﬂmgaqmﬁ' 57.94:13.07 N3 oz ngunAaesd 3 masludduil 5536+12.30 n3u vauzdingy
naumaaesd 2 funiniedediand 44.96+8.23 ndu naduladiFlundunaassd 3 uar 4 o1adesunannisldsy
asemnsfiaunaanemsUardunissiuiuuruin SseansadisiaiuainsnsiyiulavesUaniouuld
ANTIMULALNEIBE 1AL

nansAnwiuansliidiugn msdesainsifiensn (Barbonymus gonionotus) lusruuwndndunislagld
wukaadudrulsenoulueinis dnasdaiivedrAnsednsinisesaivlnvesUanlunatadi Wagnumin
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Abstract

Drying is an energy-intensive process extensively utilized in food and agricultural industries for moisture
reduction of products. This research aimed to investigate techniques for enhancing hot air drying
performance through the application of a real-time adjustable air recirculation control system based on
Internet of Things technology. Experiments were conducted under drying temperature conditions of 50°C,
60°C and 70°C combined with air recirculation percentages of 0%, 25%, 50% and 75%, while maintaining
constant air velocity at 1.5 m/s. Pork tenderloin was used as the sample material for this study. The
criteria used for evaluating drying performance included drying rate and specific energy consumption. The
study results revealed that increasing drying temperature resulted in increased drying rate and specific
energy consumption. Conversely, increasing air recirculation percentage helped reduce specific energy
consumption while drying rate increased. Under drying temperature conditions of 70°C, increasin ¢ air
recirculation percentage from 0% to 75% resulted in a 61% reduction in specific energy consumption and
an 11% increase in drying rate. Furthermore, it was found that under conditions of 50°C drying temperature
and 75% air recirculation percentage, the lowest specific energy consumption of 17.11 kWh/kg was
achieved. This study confirms that integrating air recirculation percentage control systems with Internet of
Things technology can significantly enhance drying performance. This approach demonstrates potential for
industrial-scale applications, particularly in energy-saving drying systems and long-term sustainable

development.

Keywords: Waste heat recovery, Specific energy consumption, Energy, Air recirculation percentage
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LLaxLﬁmﬂaﬁﬂﬁﬁ’uwémﬁ’mSﬁ (Adeyeye et al., 2022; Mishra et al., 2022) JagUuwmalulagnisounnaiinangid
p819lsAnY N1seULamEBaNSaU (Hot Air Drying; HAD) lasuauienegnaunsvians Lﬁaamﬂiﬂ%’u%uuasé’funu
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Figure 1 Schematic diagram of hot air drying system with loT-controlled air recirculation
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Figure 2 Moisture ratio and critical point for adjusting air recirculation percentage
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suvniinouuasndiunainauiouanas Trsannsgrydondsnunnuiou Foazdwmalisyavsnmnslindsny
Tneruvesszuvouuiaiiniu Insduneuiamuadlfideulusunsumuausaluifkiussuu o7 Tnedunudanis
AuAudAsuandly Figure 3
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(B) Example of monitoring, control, and data logging via Blynk Cloud

Figure 3 Schematic of the loT-based air recirculation control system

nsAATIvidaya
dwfuneazideansiwesntdlunmsiinseiteyalunuideiil
&
AN

AU (Moisture content; M) Ao Usunahlundndusisenilaniieuiauns Weunnuduiuslang (Eq. 2)
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M= e (Eq. 2)

m,

We M fie AU (g water/g dry matter), m, @ Wit luNEnfueNusayYIeIa (g), m, Av wIAWIYeY

HANA N (g)

Fmdauanuiy

Fndumnuay (Moisture Ratio; MR) Tiasneilagld (Eq. 3) pehalsAnnu Lﬁaamﬂmm?z'?uamaﬁmﬁawmLﬁa
WisuileuiuAmudududu (Eq. 3) asadeuluguuuegeinglane (Eq. 4) %ﬂammiﬁwgﬂiﬁﬁaﬁmwﬁ
FrdnunruturesanieifiasuudaclUluudardisnavesniseunsie

M —-M

MR =—' (Eqg. 3)
Min _Meq

MR, ~ ll\\:t (Eq. 4)

log MR, Ao dndmuAudu (), M, ANUTUNUAREYINIAT (kg water/kg dry matter), M, AB AINAYULTUAY
(kg water/kg dry matter) wag M, g ANUALAA (kg water/kg dry matter)

BNIINTITOUNAY
9n91N159ULIAS (Drying Rate; DR) Ae nsiUdsuniasnaveswaniudiseia Weuauduiuslans (Eq. 5)

— (mt _mt+1)

Eg. 5
(Atxm,) €q.5)

W DR AB dM5IN1TBULAS (¢/gmin), m Ao wIaNAnd e iurasyd193a1 (9), m,, Ao WIaNind i
Frnadall (g), At fie Freauasuudas (min), uar m, fis WIauivenEnsiuel (o)

AMURUUADINAIIUT N
ANAUUADINAINUT NI (Specific Energy Consumption; SEC) Atasigsainwassuisnuanszuuly (kwh)
AoUTUNUUNNITEMERDNANKARSWMI (ke) FaTsuaudNRUSTA (Eq. 6)

SEC = Fuoa (Eq. 6)
m

w

We sec fip AuAUUTomANWTWNE (KWhikg), B Ao wassuvianuafiszuuld (kwh), m, fe wiaves

UAszirgeenINEANN I (ke)
N153ATIZANSERR
nyiAsIznEdftuided ddunsiegldlusunsu Minitab nnleulunismeaenieg 3 A5 uaztdnawenaly

sUuuuAIadY + Andeauunnsgiu aAnsuanssriendglunguiediinesilaglinisinsesining
WUSUSU (Analysis of Variance, ANOVA) fiseduiiadndiy (p<0.05) uazdnsunisanwanuduiusues
AruAuUAomdsnusunig (SECQ) MIMYUIEUDINIA (AR) Uargaumniiauu (T) Tagn 15T 1Eikuunnnaeiteny
(Multiple regression analysis) Faiasaniednsnavosiaudsndn (Main effects) Ufdunusseninesiauys
(Interaction) wagnavifdades (Quadratic terms) InsAndiszavisn1sandula (R-squared) grlftitoyseidiuay

WLIZENTRILUUTIA0Y LaznTitaszianuLlsunuldiienmageuidvdAguestadsluluudiass
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NANI538 azN15nUs1uNa

nuIdeilladnwiniseuwiailenyduludlsauieuneligungiiouwia 50°C 60°C wag 70°C 33uUNTT
Uuidsunmamvyuisuoinawuusaluiiniumealulagdunesidavesassnds Weriednsniseuwialisunla
NFNSATINTEURRIATIEgYIRsINseuwiianas Tnefiivesidudinismyudsusiniaifnyviniu 0% 25%

50% Wag 75% AUEIRU HaIINN1sANEIdTIsazBnlulaUsTRUsTasalUll

navasugliauuisiifitensdsunlasdadiuaatiuuasdnsinmaausie

Figure 4-7 uansauduiusvosguugiouuisiiidennudsuutasdndiunutunassasniseuuis aneld
FeulvnsmyuiFeueniaindy 0% 25% 50% way 75% muadu HasnnsAnwluansinaznudy dndiy
AufuaranaInusznate ULt Tasaziinginssuanasreudreminisalugae 60 witusn dedunaldann
Figure (4A-TA) wdmndusasmsddsuulatasdias warmnfinnsansnsiniseulie (Figure 4B-7B) agnuin
Tutiinannsifiemitugs (1.7-2.4 ¢ water/g solid) wiedndiuaudugs (MR>0.7) asiniseunrisarge fiailiin
Mnudnssissasdinnuturouiiegs messmevenilutasitauAsnmirarauusnafatuuenudndaelbundn
FenansAnuindnuaauazaenAdeetUNUITETHLN (Bai et al., 2023 Shaukat et al., 2024) ndoyalu
Figure 4 wnfinsaslunsdinavauisuannia 0% vieudesoiniafivonannieseuuisiisluoualnglifinnsis
nduildlual wagRarsanaeldfouluarudundnfasigainewity 60%.d.b. viedndiuanuduiiu 0.25 2
wui maiftuguvndevuisdenalissernaniseuuisanas Turaeidnsnseuuiandindu Ssaonadosiung
n13AnwWIYed Aranibar et al., (2023), Bai et al, (2023) uaz Shaukat et al., (2024) iednTzhiuisuiiioudeya
Tu Figure 4 azwuin nsdlfeulvgamgieuus 70°C agldszoznalunseuwisliosninsdgamgiouua 50°C
waz 60°C WU 56% way 30% Auddu uenandudmuin Snsrnsevuiensdlldgumgiouuss 70°C den
wnninsalldonmgiiouurts 50°C wag 60°C iU 37% wag 25% puddu dmiumanaiefitgamgiouuis
dwalilarmseuuisanas Tnefisnsmssuuiadiuiy Ao mammamumauLmqmﬂmamﬁvmwamwnummﬂ
Sounaenanfasiiuiy dwaliiAnnsdomarudouludmandusifunntu dafunssemmariornuiures
nansnTsuAaduldmasweziusnaiivund uruiedy 611qaaﬂﬂamﬂuuaﬂwqwgauﬂizﬁwﬁmium
Uszansua ngnaanmsfnuiiiiusnuin gumgfleuuisietladondniidimademdulsyavsnisunsusyansua
VvpINAnS 9 (Al Faik et al., 2024; Zeng et al., 2024)
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Figure 4 Effect of drying temperature on moisture ratio and drying rate at 0% air recirculation
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Figure 5 Effect of drying temperature on moisture ratio and drying rate at 25% air recirculation
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Figure 6 Effect of drying temperature on moisture ratio and drying rate at 50% air recirculation
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Figure 7 Effect of drying temperature on moisture ratio and drying rate at 75% air recirculation
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wyulguaManaduinldlmidisannsgaydendanu (Afzali et al., 2019; Zohrabi et al., 2020)
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Figure 8 Effect of air recirculation percentage on moisture ratio and drying rate at 50°C
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Figure 9 Effect of air recirculation percentage on moisture ratio and drying rate at 60°C
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Figure 10 Effect of air recirculation percentage on moisture ratio and drying rate at 70°C
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(Specific Energy Consumption; SEC) 9MnHamsnnaesnuin sigungiiuasnisuyuidsusiniaiinasedt SEC o
HdvdAey FeaonndaeunuiTefiniumn (Zlatanovic et al, 2017; Fu et al,, 2023) 910 Figure 11 ¥1NW150U7
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Figure 11 Influence of drying temperature and air recirculation percentage on specific energy consumption

fogannuanisinudlidiuin mangudeuermeandualdimiannsoanmslindsnunioan SEC 9833
ouwisldogaiiuszannm ilidesanniseuusiilaifimanyudoueinmandualdlmiazdosndsnuaminiou
fslutamuanelfAnnisgadondanululnedsslont feszuvasdesirendsnulituananauiouly
USnaudeuininaiinaenniseuuriaiioiiugumgionniaanduwindeslildiviniugumndeuueiirimun uaziiled
msmudsuonandusnldl ermafeutieenaineseuwisazgnisnanivemelvsifiingsyuudslgumgd
wihiugumivesdunnden wadwsiatuanmananenadmaligumgiionadeuirduaaiaauiougeni
nsdllaifinsmudeueinieaniensvsudsuenmalusamdniin druinihlindsnuiineliiueaanauion

anasaniiy daduluauanuduius Q=mC, AT dlo Q fie wdaueNdeu (KW), m fe §asinisinadeana

91n1 (kg/s), Cp Ao AMAISaUTIIEINA (K/ke.°C) uay AT Ao nashsgampiennAneutasndaiiuag
anAuieu (°0)

Table 1 LAAINAANSNNTIATIERAIUAURUSTLUNINF

UsmeTen1sanneeliany Faandeyanuin Ujduius
seninvgungiiauuiauazn vy uiguonAfide s )

UYAIALYNINED

o

fge (p<0.023, F=5.72) duduusdunuin il
HpdAgy wazdlofasantiudulutuuingss awnsaadwaunsanneeliionanial SEC g (Eq. 7)

SEC=-27.8+0.076AR +1.457T-0.00362(AR x T) - 0.00803T* - 0.000151AR* (Eq. 7)
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v v
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el aumsannesfnaniaumnzaudmiunsiieen SEC aeldideulumsineilusiideiivindu fo
g Tauuiie 50°C 60°C wag 70°C karn15uLueuaIN1e 0% 25% 50% uay 75% auadu nmstaunisily
viueen SEC uentrudeuludiAnwienalinadnsiinaraadouls eaninanuduiudszninednusens
Wasuuladluidlesgusndasivihnsdn Tnsaunsannosdifiadulsansnsindula Re g90le 88.48% uazAn
R2(ad)) Winifu 86.56% Fauansfanrusiudigiluniseuneanuulsunuvestoya

Table 1 Analysis of variance results for the regression model of specific energy consumption

ltem Degrees of Freedom (df) F-value p-value
Regression Model 5 46.08 0.000*
Air Recirculation (AR) 1 0.57 0.455
Drying Temperature (T) 1 273 0.109
Interaction (ARXT) 1 5.72 0.023*
Quadratic Term of Temperature (T2) 1 1.20 0.282
Quadratic Term of Air Recirculation (AR2) 1 0.07 0.787
Residual 30

Total 35

Note : Statistical significance at p<0.05
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fis1uan (Zohrabi et al, 2020; Djaeni et al,, 2021; Fu et al,, 2023) ﬁmmmLiJa%Lsﬁuﬁmsmuﬁwmmﬂiﬁmﬁ
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Abstract

This study aimed to analyze and compare the critical factors influencing the selection of optimal
transportation routes for agricultural products, using a case study of durian transport from chanthaburi
province to the Chiang Khong customs house in Chiang Rai province. A comprehensive review of domestic
and international studies identified 35 relevant factors. The frequency ranking technique was applied to
prioritize and select 9 key factors: transportation time, cost, distance, road conditions, pavement quality,
road width, frequency of acceleration, route characteristics, and facility availability. The analysis employed

a multi- criteria decision-making (MCDM) approach using the simple additive weighting (SAW) method to
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evaluate route suitability. The results revealed that Route 3-1 obtained the highest total score, followed
by routes 1-1 and 3-2. In contrast, routes 2-4 and 4-2 received the lowest scores, indicating potential
infrastructure deficiencies and environmental challenges. Routes 3-1 and 4-3, with total scores of 7.6469
and 5.6250 respectively, Therefore, it could be concluded that they were the most suitable routes for
durian transport. Based on the consistency of factors of time, cost and route quality, the research shows
that considering multiple factors together increases route selection accuracy, reduces risk and enhances

the competitiveness of the Thai agricultural sector.

Keywords: Optimal route, Frequency ranking, Multi criteria decision making, Simple additive weighting; SAW.
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Figure 1 Frequency ranking of factors in the study.
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Table 1 Factors used in selecting agricultural product transportation routes.

No.

Factor

Description

Measurement Method

1

Transportation time

The amount of time required to travel from the origin  Measured by travel time

to the destination

2 Transportation cost /  The amount of cost incurred for transportation, such ~ Measured by cost per
Expense as fuel costs, driver wages, vehicle depreciation, traveled distance
maintenance costs, etc.
3 Distance The distance from the origin to the destination Measured by the
traveled distance
4 Road condition The importance and role of the road within the Measured by road
transportation network classification number
reflecting structural level
5 Road surface quality /  The characteristics of the road surface along the Measured by the type of
Road type transportation route material used in road
construction
6  Road width The number of traffic lanes on the transportation Measured by the number
route of lanes
7 Speed frequency The frequency or the achievable speed for trucks Measured by average
along the transportation route speed (km/h)
8  Route characteristics The nature of the route, e.g., flat, hilly, or Measured by the type of
mountainous route
9  Facilities The number of truck stops, convenience stores or Measured by the number

restaurants, truck maintenance centers, roadside

hotels, and fuel/gas stations along the route

of available facilities on

the route
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Table 2 Routes used in the study.

Number of
Route . Provinces
Provinces Passed

1-1 14 Chanthaburi, Rayong, Chonburi, Chachoengsao, Samut Prakan, Bangkok, Pathum
Thani, Ayutthaya, Ang Thong, Sing Buri, Chai Nat, Nakhon Sawan, Phichit, Phitsanulok

1-2 12 Chanthaburi, Sa Kaeo, Prachinburi, Nakhon Nayok, Saraburi, Ayutthaya, Ang Thong,
Sing Buri, Chai Nat, Nakhon Sawan, Phichit, Phitsanulok.

1-3 10 Chanthaburi, Sa Kaeo, Prachinburi, Nakhon Ratchasima, Saraburi, Lopburi,
Phetchaburi, Nakhon Sawan, Phichit, Phitsanulok.

2-1 6 Phitsanulok, Uttaradit, Phrae, Lampang, Phayao, Chiang Rai; Destination: Chiang
Khong Customs Checkpoint.

2-2 6 Phitsanulok, Uttaradit, Phrae, Lampang, Phayao, Chiang Rai; Destination: Chiang
Khong Customs Checkpoint.

2-3 7 Phitsanulok, Uttaradit, Phrae, Lampang, Lamphun, Chiang Mai, Chiang Rai;
Destination: Chiang Khong Customs Checkpoint.

2-4 5 Phitsanulok, Sukhothai, Lampang, Phayao, Chiang Rai; Destination: Chiang Khong
Customs Checkpoint.

3-1 14 Chanthaburi, Rayong, Chonburi, Chachoengsao, Prachinburi, Nakhon Nayok,
Saraburi, Ayutthaya, Ang Thong, Sing Buri, Chai Nat, Nakhon Sawan, Kamphaeng
Phet, Tak.

3-2 14 Chanthaburi, Rayong, Chonburi, Chachoengsao, Prachinburi, Nakhon Nayok,
Saraburi, Ayutthaya, Ang Thong, Sing Buri, Chai Nat, Nakhon Sawan, Kamphaeng
Phet, Tak.

3-3 12 Chanthaburi, Sa Kaeo, Prachinburi, Nakhon Nayok, Saraburi, Ayutthaya, Ang Thong,
Sing Buri, Chai Nat, Nakhon Sawan, Kamphaeng Phet, Tak.

4-1 5 Tak, Lampang, Lamphun, Chiang Mai, Chiang Rai; Destination: Chiang Khong
Customs Checkpoint.

4-2 q Tak, Lampang, Phayao, Chiang Rai; Destination: Chiang Khong Customs Checkpoint.

4-3 Tak, Sukhothai, Phrae, Lampang, Phayao, Chiang Rai; Destination: Chiang Khong

Customs Checkpoint.
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Figure 2 Study routes comprising four sets of route data.

3. NM5AATIZRLAZATUIMA2ENsTUIUNISAnaUTaLUURANEINMY (Multi-Criteria Decision Making; MCDM)

f1835829UMINKNATINDEYN9418 (SAW)
3.1 NMsMrunAIUIvLnYesuRazUae

nszvauntsindaulanuu SAW T eusziduanudagesuaazUade Tned19dan1sluatuiminain
N5%UIUNT Analytic Hierarchy Process (AHP) ilsgaunudnfey 9 AU hansszaun1siuTouliisulang

Table 3 AL UUII8DUBY Saaty (Brunelli, 2014)

Table 3 Levels of importance comparison.

Level of ) .
Meaning Description
Importance
1 Equal importance Both factors are equally important.
3 Moderate importance of one over One factor is moderately preferred over the
another other.
5 Strong or essential importance One factor is strongly preferred over the other.
; Very strong or demonstrated One factor is very strongly preferred over the
importance other.
) There is conclusive evidence that one factor is of
9 Extreme importance ) ) )
the highest possible importance over the other.
Used as compromise values to reduce the gap
2,4,6,8 Intermediate values between levels; indicate partial or intermediate

preference between two factors.
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3.2 AMMUAAIATIUUAIEISNSIWSBULTiBULdeg (Pairwise comparison matrix)
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lnghl a;; Ao ArAudIAnveslade i euiulade j au Saaty’s Scale uag a;; Wiy — (vnlade i
3]

fAaudrdunndn j, Awes jileuiu i azdudundu)
NUUATNTINNINGN1sFnaula elinsientadefinmuanndade wavhnismanudfgvedus

v ¥
Y

avtady wavyuanIsATWIMYBILAarUaTETINRHATINIULULIAY (Fan, 2010) 9nkUUI1a89ll

X11 X1z - X1in
X1 X227 Xop
D= : L
Xm1 *m2 7 Xmn (Eq.3)

e a;j Ao Aveamnadeni i meldwdninasidl j, m fie Siuaumaden, uaz n fie Sruundninass

vdmndildrasuve i Isidunsuasniminanuddgyuesiiafeussidiulaeynisusu
rasmvaasaradelivinfy 1 wagyhnisiumnIsmAHAsILLILeY WamAmtinvesnasifiansaning
mIsmaedsveusazilade

3.3 Madneiiazaguanuddnyvesadsitlédmiunadendunanissudedudinuns
ﬁm%’“umfim31xﬁLLazaQUm’mﬁﬁmmmﬂﬁﬂLﬁamilﬁaﬂLé’umnmimuéﬁuﬁwmwmﬁwLﬁumﬂmmi
AnaAauddguuuuesiialad (Normalization) Fadunisusuaveusasinasilieglugae 0-1 mugns
normalization 1t elsfanunsniFsuiisusuldegnainioudu wed Snsdidesinnsmundufiee 2 nad
(Triantaphyllou & Mann, 1995) il
N3 1 HuinasifiFesnisengean (Benefit criteria) faunslunisduandeil

.
v max(x;;) (Eq.4)

o

nadifl 2 HunausifiFesnisasign (Cost criteria) Tamnslunisiunnell
Tnedi 1y fD mﬁgﬂﬁ%mmgwma&muﬁaﬂﬁ i aelduwdnnasii , x;j AD AnfuveImadent i
min(xi]-)
TR (Eq.5)

elananinaeiil j, max(x;;) Ao AEEAYBINIT j W min(x;;) Ao AMNEATDNNMINTN |
, Y 9 9 o
Wemuruauestialagumingnisdndula (Normalization) LA2Y1NTATUIMAINATINLUUA NN
(Weighted sum calculation) WAfiH1uN15N1TARFULY LalnauiuaAIadIdnvewAasnannMa (w)) Wi
FAHAANS (Triantaphyllou & Mann, 1995) fiaannsil
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S = (W'xri-)
; Xy (Eq.6)

Tned s, Ao ArAsuuusINTBIMAEend i was w; Ae AE TN Ye NN T j Gﬁﬂﬁaaﬁmasﬂu‘m
0<w; <1 LazNaTIIVeIRamTnda Ay 1

MnsInaAunIa@en (Ranking) IBesaRuA1ves s; 3nunluiloy ‘vmLﬁaﬂﬁﬁﬁmmﬁqmﬁawmﬁaﬂﬁ
aﬁqﬂ wazyinsUssuiisulazdnaifunigden (Ranking the alternatives) dal3ssanauvosaziuY s; 31ANNTY
fou uazynadeniiilnzuuusiugsan e fudeniiafian

NAN1SIY

1. malnnsitadeilddmiunmadondumslunsvudsdudinens

PIMTiaTiematiansIasusumuAud (Frequency ranking) wuin "szezianiunisauds (ulade
AfmnudAygeanuazgnnanianniigaluissanss Wesniinalnonssenuninvesdud armsandaluns
49310U LAYAIIALAMNLATYFRAIVDINTHUIUNTVUAS Tsasn oA "Funumsvuds’ uas "szogvng’ Fadeidu
sefUszneundniasieufivlsyavsnminesnessyuuuddudneas uenanil nan1sinseiduandiivhud
arwddyostiadeses Idun anmaesouy AunvesuRInuY KayAssuIANAYAINTE WINeMne Bedaud
unuwlunsduaduninuvasads anannudsslunisvuds Insnglunsdlvesdudinunsilasousnssunn 1wy
waldfan ansvdrdymanilfinngnssmuaiuumdndielflumsiauuuuassnisinsgidundivnzan
MU Iwaztdenly Table 4

Table 4 Assignment of variable values for factors used in agricultural product transportation route selection.

Variable Factor
X1 Transportation time.
X2 Transportation cost / Expense.
X3 Distance.
X4 Road condition.
X5 Road surface quality / Road type.
X6 Infrastructure / Road width.
X7 Speed frequency.
X8 Route characteristics.
X9 Facilities.

v
° %

2. MIIATTRLaznIsAIUINlAgnsTUIUNITAnaulanuUaneInaeiRe3Ta2stntineasINeE19918 (Simple
Additive Weighting; SAW)

Tunsdnwni I@iidunmsiieseidunnsouddudninus eeldnsdinvinsoudmdsunndmin
Funy3 Gluma) ludsinumaninsifesres Smiadesse Uarema) Wemmadeniifianumnzauign laold
Hafusiuau 9 Tadeiidmualfidosiu uasiinssvinudduduneudsil

1. Mavssduanimdnveusasinuiilaelfinadansiesesiidunmuuunatsinns (SAW) Tngads
M31USEULTgULTag (Pairwise comparison matrix) Wiodmsziruddyresnariwtasdady Snzuuuimn
anmsfununudeyaidsinavsusarladelunndunsiidnuiliinnnisinsinna Table 1 Tned
{Afoaghmaudasdeyaifeiinasinarlddulumuddudu 1 81 9 uagvimsenisindula (Decision matrix)
ileFeuifisuanuddgueausia tadedesindiunisiioudisuiunndade wansiogsmssmsiIeudiouls
f9Table 5



Table 5 Example of pairwise comparison of factor importance.
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Factor Rating Factor
X1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X2
X1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X3
X1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 Xa
X1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X5
X1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X6
X1 9 8 v 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X7
X1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X8
X1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X9
X2 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X1
X2 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X3
X2 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 Xa
X2 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X5
X2 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X6
X2 9 8 v 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X7
X2 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X8
X2 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X9

2. M3afemuuning ieuansnasnnsAdminvesudazinueiann1siuTeulisudiee lngende
Joyalu Table 6

Table 6 Weights of each factor criterion.

Factor X1 X2 X3 X4 X5 X6 X7 X8 X9
X1 1 3 3 3 3 5 5 5 7
X2 1/3 1 1 1 1 3 3 3 5
X3 1/3 1 1 1 1 3 3 3 5
X4 1/3 1 1 1 1 3 3 3 5
X5 1/3 1 1 1 1 3 3 3 5
X6 1/5 1/3 1/3 1/3 1/3 1 1 1 3
X7 1/5 1/3 1/3 1/3 1/3 1 1 1 3
X8 1/5 1/3 1/3 1/3 1/3 1 1 1 3
X9 1/7 1/5 1/5 1/5 1/5 1/3 1/3 1/3 1

3. AIATUIUAIUINTNANEIAYTOINAINeN1TUSUNETIYOuRaE Uade (Aoduil) Tivindu 1 uag
a¥13¥ade (redutl) UminlagnsmAedeveufazinl kasasUNan1IAILINIAETILNATINMLIALAZULILOY
Y93AANLEAY WamunAtnvesnazinasnldlun T gsidunslutunsudely fauanslu Table 7

Table 7 Weights of criteria used in the SAW technique and total weights.

Horizontal % of
Factor X1 X2 X3 X4 X5 X6 X7 X8 X9 eight )
Sum Weight
X1 0.3251 0.3659 0.3659 0.3659 0.3659 0.2459 0.2459 0.2459 0.1892 2.7154 0.3017 30.17
X2 0.1084 0.1220 0.1220 0.1220 0.1220 0.1475 0.1475 0.1475 0.1351 1.1739 0.1304 13.04
X3 0.1084 0.1220 0.1220 0.1220 0.1220 0.1475 0.1475 0.1475 0.1351 1.1739 0.1304 13.04
X4 0.1084 0.1220 0.1220 0.1220 0.1220 0.1475 0.1475 0.1475 0.1351 1.1739 0.1304 13.04
X5 0.1084 0.1220 0.1220 0.1220 0.1220 0.1475 0.1475 0.1475 0.1351 1.1739 0.1304 13.04
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Horizontal ) % of
Factor X1 X2 X3 X4 X5 X6 X7 X8 X9 Weight
Sum Weight
X6 0.0650 0.0407 0.0407 0.0407 0.0407 0.0492 0.0492 0.0492 0.0811 0.4562 0.0507  5.06
X7 0.0650 0.0407 0.0407 0.0407 0.0407 0.0492 0.0492 0.0492 0.0811 0.4562 0.0507  5.06
X8 0.0650 0.0407 0.0407 0.0407 0.0407 0.0492 0.0492 0.0492 0.0811 0.4562 0.0507 5.06
X9 0.0464 0.0244 0.0244 0.0244 0.0244 0.0164 0.0164 0.0164 0.0270 0.2202 0.2202 243

Vertical Sum 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 9.0000  1.0000 100

4. MsvfuAnnnsgIumsiadula (Normalization) Ifaenndeafutasafivsnzanvesusazilade Taoflus
aviladvaziifoyaiianuunnsatu dstladodts 9 dadoludeyadid 2 ned Ao nedifidunaridesnsangean uas
nydifidunasidesnisaiign wu Jadedunalunsuudsdisingn fe aidign vistadesumuniises
auuAgean Ae AfiaTian uazimadnsAldinlflunaeieudeyafiovnsinseiludunousely Fashldiu
iafeunatiatasiiduinilunans 1 duns widhdeyavestiadediaustunadnsiildasunndnatu
Foyathiunlflumsiinzsidesinuiiteinnain vieidoRnmaniitosann ¢ Table 8

Table 8 Normalized decision matrix of each factor.

Factor

Route X1 X2 X3 Xa X5 X6 X7 X8 X9
1-1 0.7231 1,200.54 47.5462 8.1538 9.00 8.3077 66.5654 10.00 3.5385
1-2 0.9182 1,445.22 57.2364 7.3636 9.00 7.0909 62.9877 10.00 3.7273
1-3 1.2513 1,850.26 73.2778 6.4444 9.00 5.8889 59.3670 10.00 3.6667
2-1 1.4400 2,111.32 83.6167 7.4450 9.00 6.1667 58.1729 8.67 4.1667
2-2 1.4247 1,959.82 77.6167 6.4450 9.00 5.8333 54.8363 8.67 3.6667
2-3 1.6467 2,184.13 86.5000 7.2857 9.00 6.0000 56.4194 7.43 35714
2-4 2.1510 2,864.36  113.4400 6.3340 9.00 5.6000 52.8418 9.20 3.6000
3-1 0.7508 1,257.45 49.8000 8.7692 9.00 8.4615 66.9156 10.00 4.1538
3-2 0.8262 1,280.18 50.7000 7.6923 9.00 7.0000 61.2314 10.00 4.0769
3-3 0.9509 1,512.48 59.9000 8.0909 9.00 7.2727 63.4015 10.00 4.0909
4-1 2.0093 2,779.52  110.0800 7.6000 9.00 6.4000 58.2916 8.00 4.0000
4-2 2.1558 2,966.24  117.4750 7.0000 9.00 6.2500 53.1784 9.50 4.0000
4-3 1.6556 2,219.05 87.8833 6.3333 9.00 5.6667 53.7813 9.00 3.6667

5. MsAmaAzwuudnsunsAadenidunslagldnsyuiunisdadulanuuraisinast (Multiple Criteria
Decision Making; MCDM) fa833s1simiinrasinegising Tnstharaudfaiildanduneudounduasen
wasgrumsinadlansuiy Wermuassiuazuudluisasiduma Tagldnisimauissdusestoyavowusas
Hadeliusaziasnseunquariiegluveundifmundmiumsinalulflumsiieszideya wlsszdueenidu 9
fu FadunasFeuiisuuardmnsuuluitosdunamatoyalu Table 9

Table 9 Results of scores using the SAW method.

Factor X1 X2 X3 X4 X5 X6 X7 X8 X9 Total
Weight 0.3017  0.1304  0.1304 0.1304  0.1304  0.0507  0.0507  0.0507 0.0245 1
1-1 7.875 7.875 7.875 6.75 7.875 6.75 2.25 9 5.625
1-2 7.875 6.75 6.75 5.625 7.875 4.5 3.375 9 6.75
1-3 6.75 5.625 5.625 3.375 7.875 2.25 4.5 9 5.625

SAW 1-1 2.3760 1.0272  1.0272 0.8804 1.0272  0.3422  0.1141  0.4562 0.1376 7.3881
SAW 1-2 23760 0.8804 0.8804  0.7337  1.0272 0.2281 0.1711 0.4562 0.1652 6.9183
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Factor X1 X2 X3 X4 X5 X6 X7 X8 X9 Total
SAW 1-3 20365 0.7337  0.7337  0.4402  1.0272 0.1141  0.2281 0.4562 0.1376 5.9074
2-1 5.6250 5.625 5.625 5.625 7.875 3.375 4.5 7.875 7.875
2-2 6.7500 5.625 5.625 3.375 7.875 2.25 4.5 7.875 5.625
2-3 5.6250 5.625 5.625 45 7.875 2.25 5.625 6.75 5.625
2-4 45 3.375 3.375 3.375 7.875 2.25 6.75 9 5.625

SAW 2-1 1.6971  0.7337  0.7337  0.7337  1.0272  0.1711  0.2281 03992 0.1927 5.9165
SAW 2-2 20365 0.7337  0.7337  0.4402 1.0272 0.1141  0.2281 0.3992 0.1376 5.8504
SAW 2-3 1.6971  0.7337  0.7337  0.5870  1.0272  0.1141  0.2851  0.3422 0.1376  5.6577
SAW 2-4 1.3577  0.4402 0.4402  0.4402  1.0272 0.1141 03422 0.4562 0.1376 4.7556

3-1 7.875 7.875 7.875 7.875 7.875 6.75 3.375 9 7.875
3-2 7.875 7.875 7.875 5.625 7.875 4.5 4.5 9 6.75
3-3 7.875 6.75 6.75 6.75 7.875 3.375 3.375 9 6.75

SAW 3-1 23760 1.0272  1.0272 1.0272 1.0272 0.3422  0.1711  0.4562 0.1927 7.6469
SAW 3-2 23760 1.0272  1.027r2  0.7337 1.0272  0.2281  0.2281 0.4562 0.1652 7.2688
SAW 3-3 23760 0.8804 0.8804 0.8804  1.0272 0.1711 0.1711 0.4562 0.1652 7.0080

a-1 4.5 4.5 4.5 5.625 7.875 3.375 4.5 6.75 6.75
4-2 45 3.375 3.375 45 7.875 3.375 6.75 9 6.75
4-3 5.625 5.625 5.625 3.375 7.875 2.25 6.75 7.875 5.625

SAW 4-1 1.3577 05870 05870  0.7337  1.0272  0.1711  0.2281 0.3422 0.1652 5.1990
SAW 4-2 1.3577  0.4402 0.4402  0.5870  1.0272  0.1711 03422  0.4562 0.1652 4.9869
SAW 4-3 1.6971  0.7337  0.7337  0.4402  1.0272 0.1141 03422 03992 0.1376 5.6250

nanTlATIgideIstanimnasiuegadie (SAW) uandliiuin dunsiideruuugediaaluudasngu
Usznoulusg dunianguil 1 Ae 1dumns 1-1 feazuun 7.3881 1un1enaudl 2 Ae wdumna 2-1 foaziuy
5.9165 Wunsnguil 3 Ao 1@uNe 3-1 feAziuY 7.6469 uaziduvnangud 4 Ao 1duma 4-3 feAzuuL 5.6250
Farhlugmsaguidumafivsnzaslunisvudsangadumaludsatema Tnsanunsautangudumaldanazuund
frnsfumanian Gl dumagadl 1 Jszneuludaeduna 3-1 way 4-3 wasidumeed 2 Ussnauludae
s 1-1 way 2-1 Wudumeioanzaudmiumsvudsdudinuasidussavsnimanniign

n15anUs18Na

v

mMsniiiingusrasdiielinesiuaziUiouiiisudunnisuudidudineas tnsemizlunsdifnuinisvuds

Bounndmindumludsiumaninaifewes Smindees FalugaruuauddyuesUssmealnglunisdsenn
UA mwﬂﬂmﬂsummwaumu wansAnyadsdassieuliiiufasslomiveanmaysannissswiamaianisin
Susuard fumedanistsiwiinuasseg e miunmsiessRidondunenisuudsdudineas

nsliimadansindusuanuivinlvianunsaduundadoddyanngudeyavunlvgldesadussuu annns
mmamaua{]f\mmwm 35 Uady wudndiiies 9 ﬂwwuamwamamsmaﬂaLaamaumqamqmwm uazdlny
ATEUARUTIR LR YU S2893 anmAuNg uarAssuenuasen Jadadedfnanduesdusznaudidylu
srudladafndvesduiifaunzuidagiamzdudinens

nan1TATEilazn TUTmdiudunisiismedanistinividnuasivesnsing (SAW) wudndunie 3-1 16
AZUUUTINGIAR (7.6469) Beaonadastudnunsrandunisiianunsosesiunisvuasldd Melufuamnimuesnuu
STEELAT UATFUYUTI FesasNABLduUTNG 1-1 (7.3881) way 3-2 (7.2688) Fadmauanafnunmluseiugeinzuuy
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NUINAIBILILALALAINTE NI

7
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nan1sAnwasalyliiiudn msfinsaissiudsladuumils wu sseznmienilddne ovtlugnis
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U9
unagy
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Abstract

The demand for health-promoting foods has been increasing, leading to the utilization of locally
nutrient-rich ingredients in food product development. However, understanding the quality and proximate
composition of raw materials is crucial for effective product formulation. This study aimed to evaluate the
quality and proximate composition of striped catfish floss (SCF), Thai river sprat fish powder (TRS-FP), and
dried water meal (DWM) and study the potential of these raw materials for producing rice seasoning powder.
The results showed that SCF contained 44.87% protein, 42.06% carbohydrates, 5.53% ash, 0.94% fat, and
0.449% fiber. TRS-FP had 76.13% protein, 9.84% carbohydrates, 5.31% fat, 2.90% ash, and 1.85% fiber. DWM
comprised 64.73% carbohydrates, 25.58% protein, 1.37% ash, 0.92% fat, and 0.55% fiber. All three raw
materials had low moisture content (range 3.97-6.86 %) and water activity (0.257-0.354). When the raw
materials were used for producing rice seasoning powder by using SCF (46.09%), TRS-FP (17.39%) and DWM
(13.04%), it was found that rice seasoning powder contained 40.57% protein, 9.22% fat, 6.04% fiber, 11.34%
ash, and 27.95% carbohydrates. It had antioxidant properties with a DPPH radical scavenging activity value
of 60.41%, an ABTS radical scavenging activity value of 1001.04 uM TE/g and a FRAP value of 7.334 mM Fe”*
equivalents/g. The overall liking score was moderate liking level (7.10 points). Therefore, it can be concluded
that the three raw materials are sources of protein and carbohydrate nutrients and have the potential to

be produced as rice seasoning powder.

Keywords: Striped catfish floss, Thai river sprat fish powder, Dried water meal, Proximate composition,

Rice seasoning powder
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(Total carbohydrate) 91ngn3 a3Tulaiasn = 100-(AruTu+TUsAu+lostu+idn) Umamdanuesdiogs
T3FAuININERT IneUTUINEIUYRIR18E19 (Keal/sample 100 ¢) = (U3ualusfiuvesdangns (g)x4)
+USunalvdiuresiiedns (x9)+Usunaaslulawnse (9x4) Tun1s3aszresAUssnauNILATLaZNA 1 UTDY
freg1e vhmnaaes 3 rvasegng

thuamnnegivesihegiildande 4.1-4.4 thanduuiedsuardudssuuinnsgiu fadudmg
afafldefunsuwiliumnansestoyauasmsnszneivestoya

5. Ansnsudanslsednlaglddrunauaintataneness naland@uda wazlatusie

Ydananenges nelardauds uagldiueilgande ¢ vndudiunaundnlunisnaanddsedidunuy
diodnmarnudululdlunsuandundndusiomsaiugunw Seiisnsfnudsd

5.1 @nsuhagnIswseNd AL YRINglsET) uf’ﬁmqﬁuﬁy’ammﬁwmﬁﬂmmmLﬂulﬂléﬂumsmémmémﬁ’m%mms
ieuguadunuuTaerdndundsetndiuiu 1 gas Jednuuasangnsuslsednves Runglerdkriangkrai (2017)
Iﬂﬂ@mimﬁiﬁﬂ%ﬂﬁﬁuuuuﬁgfﬂLL‘Uad‘Ui%ﬂa‘Uéj’J&J Uanaenens 46.09% weUand@auda 17.39% levheunss 13.04%
9191777 6.09% 919A7 6.09% a@MIIBUNUYTITE 1.74% WinUu 0.87% YIAanse 6.09% wazinde 2.60%
TneUananienees nauardauda Taduds wisunudsnislude 4 dausvniuazas thundadelngouaumey
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wintu vhanavae uazinde thanunasiden LLazamémeﬂiuﬂga5a1§1m€1’mﬂw§u U9 1 x 1 mm Wddunay
sravunumanlsidniu shlveusegevaufoudigamad 110°C uiu 10 wifl Al vsldgegiideumond
Unaiin Auligumgivies isldlunisAnwamuamseld

5.2 msUszdiuganmvealsednn twdlsedniwiouldands 5.1 svhmsieneinuam 1dud 1) Adly
TPUU L* a* b* #1e1e30¢70A (Ju Ultra Scan PRO 838 Hunter lab Uszinaausgoiuini) ¥iin1svnaaes 6 41
2) 1 a,, MEATEIINAN a. (U Pre B Aqua Lab Uszimmanigeiini) insnaaesdiuiu 3 %1 3) peFUsEney
manil Iiun Usinatu Tusiu Wsfiu i iBele uazenslulewnsn n1uds AOAC (2016) 4) AanwMNIgaTaine
Tawn U%mmqﬁw%‘ﬂﬁgwm (Andrew, 1992) uazUsunubaduazsn (Bacteriological Analytical Manual, 2001)
5) 3Lquﬁqwéé’hua%aﬁaiwaqmiimﬁ'n 1an A1 DPPH radical scavenging activity (%) 1135 DPPH assay
(AALUaI91n35989 Klomklao & Benjakul, 2018) A1 ABTS radical Scavenging activity (uM TE/g) 1135 ABTS
assay (AALUAIIINTTUDY Arnao et al,, (2001) Laz35ue9 Klomklao & Benjakul, (2018)) uaga FRAP value
(mM Fe** equivalents/g) mu35 Ferric reducing antioxidant power (FRAP) assay (sl Ua191n35 Klomklao &
Benjakul, 2018) war 6) Useiluamn1mnsussamdudalngIsnaaauanugeu 9 s¥au (9-Point hedonic scale)
Tunudnuagdudnuasusng & ndu sani eduia uazaruweulnssiu Tnsazuuu 9 Ae veuuniign
wazaziuy 1 Ao liveusnndign Mimaaeuriludiuau 30 au thteyaildanmsiinsesiludundiedouas
drudsavumnaspuiievsziiunuildudnarsvesteyanaznisnszandwesdona waglddeyaiilesuiiiu
dnsnmanudululdlunsléimghuiianurialunsdonssedn

NAN15998 WaznN15aAUsIeNa

1. nansUszfiugunmuazasusznaumaaiivasUananeveas naandauia uagluthude

wansUssIdug A MLAzDsAUIzNaUNINLATvaaaTa18MEaq (Table 1) wudn wandusididuledy
wagvin dnvairy Avdesosnimasou (Figure 14) TnefiUunamanan 55.02% AAuaing (L) Adung @*) uas
ANELaDg (b*) agjﬁ 59.89, 8.82 kAY 23.39 ANUANU FIUAT Ay AAYINAU 0.339 d11SUBIAUTENBUNILALYDY
UanamevieasUsznaudeautu 6.15% TUsiu 44.879% lustu 0.94% el 0.44% 181 5.53% uazenslulense
42.06% Tnae91u 358 kcal/ 100 ¢ 1nNan1snAaenandliiiuil Aduesuanainevessdonnasinuanwy
Usng@adusamnainnisiimeiosss Idun #8291 85960 wazananae Iﬂaﬁmﬁadamﬂgﬂmaéaumm
Uaaneveoninandjiternuaaiia (Mailard) szninsnsnezdlululauas giiananag Tauienain
ITIATeNMG (Caramelization) AldSuaLSou dwaliAnansuseneuiinalundndose vueddsaumni

Tsfundumdenduesduszneuissduaiuufaonuaaisn dudsamdfiduiiiaannszuaunismiin
LLazmiwmaLiaLé‘maﬂﬂﬁqszhaLﬁummLﬂﬁmmﬁﬁwmaLLazmaLs’wﬁﬁ%mmam%m dewnithmadussddszneu
YA AN ay (0.339) agluinusiunsgrundndusiguyulaineas (Thai Industrial Standards Institute, 2010)
Fartmualiliiiu 0.6 Taeen a, iWutiadsddydesigniafvinviuazauvasafoveseinis iesandaua
AaN1308 50AkAEN15ATYAULAYEIAUNTY (Thai Industrial Standards Institute, 2010) druUsunannudy
(6.15%) fieaonadesiuimnsgiundnsnsignamnisuamens Yanundn uazatuislu Fafmueld Uamees
Ugssadiostiarudulaiiu 129 (Thai Industrial Standards Institute, 1987) faifu Uananeneosiindnlddsiinn
Uaenserenisuilne dmsuesduszneumaaiivesataneness nuin fanuwandrsainvameesiindnann
Ualeany (Euthynnus affinis) (Kartikaningsih et al., 2021) Ya1an (Clarias gariepinus) (Romadhon et al., 2019;
Fahmi & Purnamayati, 2020) uwagUanuwiadunsnezia (Wijayanti et al., 2016) %ammLLmﬂﬁwaﬁaﬂdwaﬁuagﬁUﬂjﬁm
193UaA" dIURAN wATNSEUINNTHER gslshmuuaanevessfiuiinalusiu (44.87%) Tndidesfudamessi
wananUaviindudailusiueylutis 29.11-43.08% (Wijayanti et al, 2016; Romadhon et al,, 2019; Fahmi &
Purnamayati, 2020; Kartikaningsih et al., 2021) mﬂulalmmL‘Uuaqﬂﬂivﬂaumqmmmsmmaqadm (42 06%)
Fuinnnnsindunaniiiasiulamsadudiutssnouluduneunisudn Wun thananse 392 uas@dawn
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vurfiUsinandn (5.53%) diaserildlulameestsi fsnsdegvossinemslutatainsnses uonaini
vanamengosdaiiluiuuandeles TasUsinalasuindunaannssuiunisudssuilfiamendandovailasiud
Sinszildsaduluidungaiowidy ﬁ’;ﬁl@mﬁhmﬂmmmifﬂ”ﬁﬂa'nﬂmm'l&J‘M&JaﬁqL‘f’lmmdﬂﬂiﬁuﬁammm
vilnelnemswieldiduingAulundndasiomadiowsulusiu Mesiuinalofuiimnsdmiudidonis
mupuluduluemis

HAN1SUsTUAMN KA 0IAUTENEUMAATIvEINIUa T (Table 1) Wud1 naUa1@uiIduSuNanEn
21.28% ?quqﬂdwmﬂmmnﬂm Chapila (Gudusia chapra), Uan Punti (Puntius ticto) wag Uan Kachki (Corica
sobora) @ s AU 13.65, 11.25 way 12.81% A1ua1syU (Bhowmik et al,, 2022) wargInIHIUaNgIs Ay
(15.25%) (Mamun et al., 2022) agslsinu Usunamandnvesalar@nialnaidssiunsuanainuan Anchovy
(19.05%) (Mamun et al., 2022) Imaﬂ%mmmamﬁmaamﬂaﬁuaq’ﬁwﬁmﬂm YUIN UaTNTEUIUNITUUITFU
(Bhowmik et al,, 2022; Mamun et al,, 2022) @1%$UAT ay 1098 1Ua18uA25 ALY 0.257 Tam1ninseeaud
auvddanunsaiadulaly TnevhluwueiiGednlvgbisusaaiagdulaldaien a, dnin 0.90 wagsdnilvg)
arldiasayfien a, N9 0.70 (Maepakdee et al,, 2014) Avdvesrstanduda liun a1 L* (61.05), a* (1.02) uaz
b* (8.02) denAdaiudnuarnsandondinienynivewdndon (Fisure 1B) vaisfinanisinsiessussnounig
inilvpstadauia wuin ity 3.97% Wi 76.13% lustu 5.31% el 1.85% 1 2.90% wavenslulawmse
9.84% A9 399 kcal/ 100 g laanuan Usuainnud uvesnsUan@audasinimearainlan Chapila,
Uan Punti, Ua1 Kachki, Ua1915au wag Uan Anchovy (Bhowmik et al., 2022; Mamun et al., 2022) & 9ii e
10.38-11.02% n1saaUsinmANTusng1 10-20% Wuuumsiitaeaengnisifiusnyiadadase (Van Ruth et
al,, 2014; Haider et al,, 2021) uarsAnfarifidaudusinir 10% sg3nuamnnlddiian (Abdel-Haleem &
Orran, 2014) Yinalusiuresnslar@nia (76.13%) SarlnalAeeiuseanuaes Mahmud et al. (2019) Fanan
nsananUanvansuide laun Uan Awaous grammepomus Uan Channa punctata Yan Puntius puntio, Uandu
(Hypophthalmichthys molitrix) wazUandanina (Labeo rohita) In aﬁmmmsﬁulumﬂmﬁ’qﬂa'naauiﬁ‘zha
70.80-75.80% wnzTinatanduiafiusunalusauganiinsuarainyan Chapila Uan Punti wazuan Kachki 3]
1UsFiu 48.81-57.65% (Bhowmik et al., 2022) wazuUan Anchovy (69.59%) (Mamun et al., 2022) Usunadlusiuves
reUandnd (5.31%) Salndifssiueuideves Mahmud et al. (2019) (5.85-8.04%) wazsnninwsuaniidneilag
Bhowmik et al. (2022) (6.86-17.58%) waz Mamun et al. (2022) (6.42-12.24%) wauzfiuSunand? (2.90%) Fauad
feuTunaussnlusdnias wud dawinimea19niuddeues Mahmud et al. (2019) (7.66-9.19%), Bhowmik
et al. (2022) (9.99-21.05%) waz Mamun et al. (2022) (8.00-14.31%) 91nHan153LAT 9% weUar@aunaduunas
Tsiugeitanunsai llfiduingfivlundnsusiensguam Tnsamendndusiaulsiy esanlusiuanuan
donouardnmemslnauinisgs Snvudediusslosiioguam wu anamedniau Sgviiuusds wasieaiuay
ﬁmﬁ'ﬂ (Rudkowska et al., 2010; Khalili Tilami & Samples, 2017)

nan1sUsziiiununnLazesdUsznounaafiveslyiiuie (Table 1) nuin Ioveuuieiindnlddsnway
Wunsaziden @3geeusumassdntios (Figure 10) IngliuSununandn 5.67% a1 L*, a*, b* uag A1 a,, Wiy
41.67, -3.47, 11.42 waz 0.354 AAEFU NHANMTIATIER aswinlddn lidheuusaien a. s (0.354) Feinagly
nauoIMILsTiTUSInahdasee laliBedenisiaiyenaunid dwmaltansanengmaifivinuld (On-Nom
et al, 2023) dmiuasAUszneumaaiivesliinuiaUsEnaudieauTy 6.86% TSy 25.58% lusiu 0.92% Liele
0.55% i1 1.37% wazAslulewnsn 64.73% lindsau 372 kcal/100 g lnanwuin aslulewsadussAussneunis
\indnd saonndestusBauYas On-Nom et al. (2023) uaw Puttame & Ninlanon (2021) szt livusied
Usmnamsiulawnsngagn Taglvduieiwionannsvudauvuusdonudsiuimunsivliensa 52.59%
(On-Nom et al, 2023) vausiildtuiefimiouainnisdrlunsenenoandsdlinislulawmsn 57.65% (Puttame &
Nintanon, 2021) Usunalusiuvesldtheuuisannnisnaaesi (25.58%) flusunamnineuiseves On-Nom et
al. (2023) (31.50%) waz Hu et al. (2022) (50.89%) uAgena191UATL Ve Puttame and Ninlanon (2021) (11.22%)
drnusuanan (1.37%) ﬁﬁmﬁwﬂléﬂﬂﬂﬁwauLLﬁMﬁﬁuﬁam‘Lumﬁmﬁm% (Hu et al, 2022) vauilindiusanm
Tusfudisnann (0.92%) ﬁgqﬁmﬁﬂizﬂawwLﬂﬁ%ﬂﬁi*ﬁuﬂLLﬁnmﬁ]LLmﬂﬁmﬁ’umumaﬂ’uﬁ:maﬂﬂﬁw Uaduuwindon N3
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WNZIAEY an1a wavnszuIUNISHAR eg1elsiniu Amasunld (372 keal/100 ¢) IndlAssiusieauves On-
Nom et al. (2023) (383.03 kcal/100 ¢) Fvanunsaagulaan luwuinduuvawwasnslulawmsauaslusiundAgylu
HARA IR 9 161

Table 1 Quality characteristics and proximate composition of striped catfish floss, Thai river sprat fish
powder, and dried water meal

Quality and proximate Averageztstandard deviation

composition Striped catfish floss Thai river sprat fish Dried water meal
powder

Yield (%) 55.02+0.79 21.28+0.14 5.67+0.33
Lightness (L*) 59.89+1.16 61.05+0.43 41.67+1.22
Redness (a*) 8.82+0.10 1.02+0.02 -3.47+0.46
Yellowness (b¥) 23.39+0.53 8.02+0.15 11.42+1.57
Water activity (aw) 0.340+0.010 0.257+0.003 0.354+0.003
Moisture (%) 6.15+0.05 3.97+0.04 6.86+0.08
Protein (%) 44.87+0.27 76.13+0.29 25.58+0.21
Fat (%) 0.94+0.03 5.31+0.02 0.92+0.00
Fiber (%) 0.44+0.01 1.85+0.03 0.55+0.01
Ash (%) 5.53+0.04 2.90+0.07 1.37+0.01
Carbohydrate (%) 42.06+0.20 9.84+0.35 64.73+0.29
Energy (kcal/100 ¢) 358 399 372

(C) Dried water meal

(A) Striped catfish floss (B) Thai river sprat fish powder

Figure 1 Striped catfish floss, Thai river sprat fish powder, and dried water meal

5. NAN1TANYIAMAINTINIBAIN AMATNNINAT AMNINNIRATITNET uazAuAIwNIsUsEamMTuREYDq
nalsadnn
wansUspiiunmamvewmslsednidvaansnses neUanduda uarliiuds Wudunaundn (Table 2)
w1 walsedmsuuuuTinarlaTsnvasdunarts s uaglidudodeatu Teonmumdonhmanumueudeg
ATe1 (Figure 2) InaNan13aATIEAAUAINNIEAIN WU WelsedadlAnd L*, a%, b* uag a., Wiiu 55.09, 1.78,
12.96 waz 0.380 awadu dmsunanimninadl taun ssddseneumaaiivemslsediuaraudfinisndu
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avsdueyyadase wuin wilsedaduiuiuaudu 4.88% WUsiu 40.57% lufu 9.22% 1iele
6.04% 481 11.34% a3lulansn 27.95% wazlindasnu 381 kcal/100 ¢ vaurfinanisiasiziaud@insdu
ARG LG F93n81835 DPPH assay, ABTS assay uaz3s FRAR assay wu31 ualsedninansautfinisidu
a13d1ueyyadasy laeia1 DPPH radicals scavenging activity 60.41% ﬁqm'éiumiﬁﬁm%aﬁasz ABTS lag
WaMIA1 ABTS radicals scavenging activity 1M1 U 1001.04 uM TE/g wazdartuaiuisalunislisidnasou
dlonnaeudieds FRAP assay @4iifn FRAP value Winfiu 7.334 mM Fe®* equivalents/g anuansu dmiuaunmn
M39aTANeT WU wdlsedndvsungAunsitaunwindy 1.3x10° CFU/g uagldamanuadslundn s
yaurfinansnaeUANIWIMeUsEAMALT (Table 3) Wud1 AzlLUALTRUANAN YU MUSNYMEUTINg # nAu
uaziileduiaegfiszdurouidntion (6.59-6.79 Azuuw) vazfinudnuasdusand uazanuvoulnesmdazuuy
AMYEUBETIsEAUTUUILNANS (7.07-7.10 AZLUL)

MnransieTesiasiiui nelsetniidnvasunats su werliBudodenty dewndunauilifivun
funndneiu fdoonlnumdeniiniaonn @vesaareveoazreardui) uazusudiodidonduvos
Idhuiedsaenndasfuadfifinsedls ansiien a, vemslsed 1 (0.38) Wulunmnasiuinsgrundadus
nelsed1n91nUan @i munliudndusideedan a,latiu 0.6 (Thai Industrial Standards Institute, 2022)
Feannndostutsinmuanutuiian (4.88%) vemslsedn viliaunidliamsaiydulaldifuiidosnind
USmnanhdaseiien dswalindlsednienuvaeasouavannsafivinulduig Ssaenndostunanisieey
UhinaaunigiamnuasUinBaduarmiiaedlunusiinnsguemwdouuilan (Ready-to-eat) fifmuaiy
w5mﬁ’msﬁé\’aqﬁﬁuwmqﬁum%‘éﬁy’wmiﬂLf“m 1x10° CFU/g wazdasuazsnounin 100 CFU/g (Siripongvutikorn et
al,, 2023)

dmiussrusznaumanil wuin welsednidiesrusznaumaniigeanne Usunalusiu (40.57%) seeasunfe
aslulainsn (27.95%) 1 (11.30%) lusfu (9.22%) uazdele (6.04%) muddu TasUinalsiuduesduszney
fislegaan (40.57%) ilesmndrunaundn Téud ananevees neuandauia uazldiuk iudunaniiduiina
TsAu uazanslulainsngs Wevnnudndundsednisdmaliasomssminlusiu uazanslulainsaves
wilsed 1T UTuugs vausnsiseigridiueyyadaszd1e33eng (35 DPPH, ABTS uaz FRAP) WU
miiasﬁnﬁqwééhua%aﬁai:ﬁﬁ FaRnndunauildlunslsednianviganan 1eun WWuiusts Somboon,
2014; On-Nom et al., 2023) 91913 9161 (Wei et al., 2022) u,azmm'wasﬁﬂﬁawiaaﬂqméww&%aﬂww Tne/lajtiusad
s ey adaseidesainesduszneundn Idun Tndfluea (Polyphenols) uaz arlaussd (Flavonoids)
Fefiunumlunisdiueunadasylaenisduoyyadase uenaindsedidandiu C 3andu E uastudiualsiu
(Beta-carotene) Eﬁwﬁwﬁﬂ‘ﬁ'Lﬁuaﬂiﬁﬂua‘u‘iﬂa@izﬁﬂﬁ’m (Somboon, 2014; Thongkham, 2019; On-Nom et al,,
2023) yaugfiavnnazidesAuseneundnuesieedu (Sesamin) wag iwiluau (Sesamolin) Fsfinniantily
nsAueUyadase (Wei et al, 2022) dmivainsiedesdusznauveualsiiuaeniaznailiueea Fadu
a1siueuLadasy InuNaNITIATIZIAT FRAP value vadlsedn (7.334 mM Fe® equivalents/g) flAnlnalAes
fuansadaainaonniunglusisusiveumning 3iidn FRAP value WAy 7.026 mM Fe? equivalents/g
LLazﬁﬂ"lmﬂﬂa'waguiwsmﬁmﬁlu 5 Tusinsusmen (Manok & Limcharoen, 2015) ﬁnﬁyﬁﬁmimaaqu%{ﬁm
oyyadasyiaauisidumstaifnalouandiatu nanide 33 DPPH iun1siaruasavesansiogislums
Mdneyyadastlnyizlilalasiaueznoniu DPPH @133 ABTS iuisilinaaeunuaninsnvesiogidluns
fdneyyadaszuiaiofeondiiinein ABTS vauriis FRAP Wunsinaud@lunisidudilididnnsouvesans
fhegaurayyadassiidunszidulussuy nserdnstaufien Reduction wes Fe*-TPTZ TUillu Fe?'-TPTZ
(Manok & Limcharoen, 2015)Immﬂ%ﬁ%ﬂﬁﬁwmﬂmawaiuﬂwsﬂisLﬁuqm%‘ﬁma%aﬁaisﬁmmﬁwLﬂuasmﬁq
desnnusagisivannislunisnaiafunndetu Heludunalnuasdnuuzvesquifuoyyadasy daiidesan
FilaislaAnieftanmnsolinamsUssiiuiiauysalasudufiediinmaden duiu meldiimsUsaduiivannvans
sufuagihlilsdeyafidusuieiudnenwlunmsiueyyadaszuessedisdnan

dmsunanmimegeuAunMnIeUsEamduda wud gnaaeulviaruuuauveuluynaaanuae (EnVusEIR
wazATITUT) aYTiseiuTauEntoy (6.59-6.79 Axkuu) Fellszduarumeulndifssiundlythauuiasesa
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Faogiszdurouldnias (Cheerapatiyut, 2009) uazfiailndidsetundlsedfindnainlumdss feauks :1e
Wae31917 (Siripongvutikorn et al,, 2023) augiinzuuuauvoulnesinvenilsed1Ifindnanvatainevess
KaUandauis uarliiuis (asuuuarameuagssdureutiunats) fssduazuuunnniinliheuuisgasa
Fagfisziurouidntien (Cheerapatiyut, 2009) fetionaindesandadinvosdrunaniiuandieiud dnasio
Aureurasuilag Rnwanismaassisansaasulddn nsldvaanevees nadar@auda waglududs
Faduingiviifiansemmsiimnlsiunazaslulainsnganuszgndldlunsudnndsetnaansoadsudadusi
ownsiidaauguamls tnodunandusilunguiidlusiugs Sauemslawuins fqvdduaseusyadsy Uaende
son1suslan uazdinsuuumnuveulasnegissiuroutunans

Table 2 Quality Characteristics of rice seasoning powder made from striped catfish floss, Thai river sprat

fish powder, and dried water meal

Quality of rice seasoning powder Average+tstandard deviation
Lightness (L*) 52.96+0.94
Redness (a*) 1.32 £0.36
Yellowness (b*) 13.07 £0.69
Water activity (aw) 0.38+0.001
Moisture (%) 4.88+0.02
Protein (%) 40.57+0.05
Fat (%) 9.22+0.03
Fiber (%) 6.04+0.03
Ash (%) 11.34+0.02
Carbohydrate (%) 27.95+0.09
Energy (kcal/100 g) 381
Total plate count (CFU/g) 1.3x10°
Yeast and mold (CFU/g) Not found
DPPH radicals scavenging activity (%) 60.41
ABTS radicals scavenging activity (UM TE/g) 1001.04
FRAP value (mM Fe”" equivalents/g) 7.334

Table 3 Sensory preference scores of rice seasoning powder made from striped catfish floss, Thai river sprat

fish powder, and dried water meal

Attributes Averagex+Standard deviation
Appearance 6.69+1.75
Color 6.59+1.72
Odor 6.69+1.74
Taste 7.10£1.76
Texture 6.79+1.63

Overall liking 7.07+1.53
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Figure 2 Rice seasoning powder made from striped catfish floss, Thai river sprat fish powder, and dried

water meal

unagu

MnuamIvaaesaIalin Uaranenees auanduia uazltihouuts Wuingduiifdngnwlumslddu
drunanluemsiaiuguamiosaniiaunmiduaziinuaimstasuinisgamnzausenisinluldussg ndlu
Wan oo T tngRuiseanueiinduundsesasemavdnsmnlusiunazanslulawsn uazimiudaense
souilamdiosnniien a, warUimmeutuegluszdum Lﬁaﬁmwammiw%’namﬁmwuLﬁ@ﬂi%ﬁumm
Buldlumsuszgndldingiuisamein wuin mi':twnﬂiwﬂaumamimmwaﬂmmﬂiﬂimu mqwﬁmumi
oyyadasy Uaendosefuilnaussfinzuuuarusoulnesiuogfissduroutiunans dudu Yaghuiarusiadad
ﬂﬂEJﬂ’lwiuﬂwsuJuLmawmmimmi‘wmwmmmzmmumiuﬂﬂwwmLﬂumammu%mmﬁqsumwlé’ﬂuamﬂm

AnfnssuUsENIA

{ITeveveunma1vivinalulagnisussus a1vndvunalulagnisernis wazarvivimalulagdinim
AngwAlulagnisinuns uninenadeniudus Naduayuaunsal wIesdle wazanunlunsiinimeass was
YoYOUAN NOUANETIIVEIAEanS TFeuazuinnssy Tsuuseuna we. 2567 Aldaduayun1svinideluasal

LONE1591994

Abdel-Haleem, A., & Omran, A. (2014) Preparation of dried vegetarian soup supplemented with some
legumes. Food and Nutrition Sciences, 5, 2274-2285.

Andrews, W. (1992). Manual of food quality control. 4. rev. 1. microbiological analysis. food and drug
administration. FAO food and nutrition paper, 14(4 Revis 1), 321-338.

Arnao, M. B., Cano, A., & Acosta, M. (2001). The hydrophilic and lipophilic contribution to total antioxidant
activity. Food chemistry, 73(2), 239-244.

Association of Official Analytical Chemists (AOAC). (2016). Official Method of Analysis (20" ed.). Benjamin
Franklin Station.

Auyyuenyong, R., Boonthawee, K., & Wangdee, K. (2023). Shelf-life evaluation of dehydrated Thai river
sprat (Clupeichthys aesarnensis) product in packaging with nitrogen gas using accelerated testing
method. Journal of Food Technology, Siam University, 18(1), 10-20. (In Thai)



MsEsnuAsAtanstazmalulad uns. a1 | 9 6 avuf 3 Aueneu - SunAu 2568

Bacteriological Analytical Manual (BAM). (2001, October 14). Yeast, molds and mycotoxins. Laboratory
Methods. https://www.fda.gov/food/\aboratory-methods-food/bam-chapter-18-yeasts-molds-and-
mycotoxins

Bhowmik, S., Zakaria, M. A., Sarwar, M. S., Shofi, S. B., Akter, S. F., Islam, M. M., & Mamun, A. A. (2020).
Development and nutritional index of ready to use fish products (RUFPs) from small fish species:
future superfoods for consumers. Applied Food Research. 2(100111), 1-11.

Cheerapatiyut, K. (2009). Product innovation of high calcium rice vegetative seasoning from water meal
(Wolffia globosa). [Master’s thesis]. Chulalongkorn University Intellectual Repository (CUIR).
http://cuir.chula.ac.th/bitstream/123456789/19653/1/krerkchai_ch.pdf. (In Thai)

Department of Fisheries (2018). Fish Processing. Wanida Karnpim limited partnership. (In Thai)

Fahmi, A. S., & Purnamayati, L. (2020). Cholesterol content, fatty acid composition and sensory analysis of
deep fried and roasted abon ikan (fish floss/shredded fish flesh): fish processing pechnology. £35
Web of Conferences, 147(03009), 1-7. https://doi.org/10.1051/e3sconf/202014703009

Haider, Md. N., Bhattacharjee, S., Shikha, F. H., & Hossain, I. (2021). Bacterial count and proximate
composition of an indian sub-continental freshwater barb, punti (Puntius sophore) and a gangetic
catfish, gulsha (Mystus cavasius) during drying-up process. Journal of Aquatic Food Product
Technology, 30(4): 474-483.

Hu, Z., Fang, Y., Yi, Z., Tian, X., Li, J,, Jin, Y., He, K,, Liu, P., Du, A., Huang, Y., & Zhao, H. (2022). Determining
the nutritional value and antioxidant capacity of duckweed (Wolffia arrhiza) under artificial
conditions. LWT-Food Science and Technology, 153(112477), 1-8.

Kartikaningsih, H., Yahya, Y., Yuniar, T., Jaziri, A. A., Zzaman, W., Kobun, R., & Huda, N. (2021). The
nutritional value, bacterial count and sensory attributes of little tuna (Euthynnus affinis) floss
incorporated with the banana blossom. Potravinarstvo Slovak Journal of Food Sciences, 15, 846
857.

Tilami, S. K., & Samples, S. (2017). Nutritional value of fish: lipids, proteins, vitamins, and minerals. Reviews
in Fisheries Science and Aquaculture, 26(2), 243-253.

Klomklao, S., & Benjakul, S. (2018). Protein hydrolysates prepared from the viscera of skipjack tuna
(Katsuwonus pelmamis): antioxidative activity and functional properties. Turkish Journal of
Fisheries and Aquatic Sciences, 18(1), 69-79.

Kongpun, O., & Somboonyarithi, V. (2009). Fish sauce production from freshwater fish (Technical Paper No.
2/2009). Department of Fisheries, Ministry of Agriculture and Cooperatives. (In Thai).

Maepakdee, S., Rattanasuwan, P., Krasaechon, N., & Yuenyongputtakal, W. (2014). Enrichment of protein
and iron in snack products using tuna blood powder. The Journal of KMUTN, 24(1), 168-177.

(In Thai).

Mahae, N., Pichairat, D., & Khachenpukd, N. (2019). Product development of rice seasoning (furikake) from
crispy fried seabass (Lates calcarifer) skin (Research report). Faculty of Science and Fisheries
Technology, Rajamangala University of Technology Srivijaya. (In Thai).

Mamun, A. A., Bhowmik, S., Sarwar, M. S., Akter, S., Pias, T., Zakaria, M. A, Islam, M. M., Evans, H. E. F,,
Wahab, M. A, Thilsted, S. H., & Little, D. C. (2022). Preparation and quality characterization of
marine small pelagic fish powder: a novel ready-to-use nutritious food product for vulnerable
populations. Measurement: Food, 8(100067), 1-10.

Manok, S. & Limcharoen, P. (2015). Investigating antioxidant activity by DPPH, ABTS and FRAP assay and
total phenolic compounds of herbal extracts in ya-hom thepphachit. Advanced Science, 15(1),
106-117. (In Thai)


https://www.fda.gov/food/laboratory-methods-food/bam-chapter-18-yeasts-molds-and-mycotoxins
https://www.fda.gov/food/laboratory-methods-food/bam-chapter-18-yeasts-molds-and-mycotoxins

MsEsnuAsAtanstazmalulad uns. a1 | 9 6 avuf 3 Aueneu - SunAu 2568

On-Nom, N., Promdang, P., Inthachat, W., Kanoongon, P., Sahasakul, Y., Chupeerach, C., Suttisansanee, U.,
& Temviriyanukul, P. (2023). Wolffia globosa-based nutritious snack formulation with high protein
and dietary fiber contents. Foods, 12(2647), 1-16.

Phonpannawit, A., & Klomjoho, S. (2024). Development of noodle product protein fortification with
watermeal (Wolffia arrhiza (L.) Wimm.). Science Journal, Chandrakasem Rajabhat University,
34(2), 160-169. (In Thai).

Prachachat Business. (2024, August 3). The health trend is booming, with the market value expected to
exceed 230 trillion baht by 2025. Business. https://www.prachachat.net/tourism/news-1620647.
(In Thai).

Puttame, K., & Ninlanon, W. (2021). Development of dried alkaline noodle product supplemented with
water meal. VRU Research and Development Journal Science and Technology, 16(2), 57-69.

(In Thai).

Rajavithi Hospital. (2016, June 14). Striped catfish, high in omega 3, a menu choice for Thai people. Food.
https://www.rajavithi.go.th/rj/?p=2075. (In Thai).

Romadhon, R., Amalia, U., & Anggo, A. D. (2019). Quality improvement of catfish floss (Clarias gariepinus)
through oil reduction technology with spinner and press tools. Omni-Akuatika, 15(2), 36-42.

Rudkowska, 1., Marcotte, B., Pilon, G., Lavigne C., Marette, A., & Vohl, M. (2010). Fish nutrients decrease
expression levels of tumor necrosis factor-Q in cultured human macrophages. Physiol Genomics,
40, 189-194.

Runglerdkriangkrai, J. (2017). Development of seasoning mixed snack from salted Snakeskin gourami
(Trichogaster pectoralis Regan): seasoning mix (Research report). Faculty of Fisheries, Kasetsart
University. (In Thai).

Siripongvutikorn, S., Banphot, P., Rampoei, N., & Thantrirat, J. (2023). Quality of Thai furikake dried
seasoning powder fortified with natural calcium and phosphorus. /talian Journal of Food Science,
35(4), 88-101.

Somboon, S. (2014). Cultivation and utilization of water meal (Khai phum). Kasetsart Extension Journal,
60(2): 61-74. (In Thai).

Thai Industrial Standards Institute. (1987). Industrial product standards for fish floss, scaled fish, and dried
fish meal (TIS 700-2530). Ministry of Industry. (In Thai).

Thai Industrial Standards Institute. (2010). Thai community product standard (TCPS) for fish floss (TCPS
No. 300/2553). Ministry of Industry. (In Thai).

Thai Industrial Standards Institute. (2022). Thai community product standard (TCPS) for rice seasoning
from fish (TCPS No. 165/2565). Ministry of Industry. (In Thai).

Thongkham, P. (2019, June 14). Effect of temperature on antioxidant activity in dried water meal (Wolffia
arrhiza (L.) Wimm) and application in food products [Master’s thesis]. Repository RMUTT.
https://repository.rmutt.ac.th/dspace/handle/123456789/3815. (In Thai).

Treeinthong, J., Samanros, A., & Wiriyaampaiwong, P. (2024). Product development of snack bar enriched
with dried Thai river sprat (Clupeichthys aesarnensis). Prawarun Agricultural Journal, 21(1), 96—
105. https://doi.org/10.14456/paj.2024.11 (In Thai)

Van Ruth, S. M., Brouwer, E., Koot, A., & Wijtten, M. (2014). Seafood and water management. Foods, 3(4),
622-631.


https://doi.org/10.14456/paj.2024.11

MsEsnuAsAtanstazmalulad uns. a1 | 9 6 avuf 3 Aueneu - SunAu 2568

Wei, P., Zhao, F., Wang, Z., Wang, Q., Chai, X., Hou, G., & Meng, Q. (2022). Sesame (Sesamum indlicum L.): A
comprehensive review of nutritional value, phytochemical composition, health benefits,
development of food, and industrial Applications. Nutrients, 14(19), 4079.
https://doi.org/10.3390/nu14194079

Wijayanti, I., Surti, T., Anggo, A. D., & Susanto, E. (2016). Effect different packaging on proximate and lysine
content of milkfish [Chanos chanos (Forsskal, 1775)] floss during storage. Aquatic Procedia, 7,
118-124.



ATRJ |

(> a1saqsinuasradasuasinalulas
9) uns.d4d1u

rNVIUTI

— e —.
— g

L LT

= == - —
R Sy - -—-.‘i-m.._- B o

https://li01.tci-thaijo.org/index.php/atj
peuztnyasAdasuazinalulad ukidngraginalulagsisuvAadaiu dngrwagsuns




