mmm J1SA1S

IJbB1

WICHCHA JOURNAL

WINY ﬂ&l‘i"ltiﬂ{]uﬂiﬁ%ﬂ‘ﬁui"lﬂ
NAKHON SI THAMMARAT RAJABHAT UNIVERSITY

91sd1s331n1sdrvadneaArdnsnazinalulad
ISSN 3027-737X (Online)

WICHCHA
JOURNAL




Wichcha Journal, Nakhon Si Thammarat Rajabhat University (2026) Vol. 45, No. 1




21SA1S

Ol

WICHCHA JOURNAL

HUIINYIVYSIVNYUASASTITNIY
NAKHON SI THAMMARAT RAJABHAT UNIVERSITY

W99 UINIRYTIVAYUATAITITNTNY

fiUsnun A3.aUUBY SNW5TIU SNWITIVNITUNUBBNITUR UMINEIFIVAUATASTIIUIY
HYemansIanged as.ausny sealassy sesesmsvdrhedTeuazimaluladansaume
UINYIRYTIVAYUATAITTINTIY

UFIANENTS s09m@ns19158 As.UsEIng Lewiaan

JUa8UsINNEnIT  ATURRTI Taed

ulgune

1. 2158153997 UnnIne1desviguasaisssusy Wunsasivinismseiuineimansuas
welulad Afanidaudd wa. 2524

2. 11515391 A INeIauIwauAsAIssIus Y Wuenasivinsuuudidnnsedndfidinng

a

weunshigldanunsadfawuveeulatlduvuiasineniunssuiunmsussfiuanangussiliudase (peer
review) NdA3derngluaiviiifestes lugluuudUssiiiudassuazurslinsuied siunasiu
(double-blind review)

VOULYAIU
YOUMYBIUNANLITY (research article) WazuNAAATINS (academic article) Aasifianily
138153990 W Inendesuiguasassssusy Wuunenuluaninermansuazmalulad Ysznousie
ANANIENSNIBAIN IMIMENITININ INnerenansuszend inaluladanannssy wasimnssuamans
Inguszash
1. Wewsunsnanumainnisuasnuifonwnuinermansuazivalilad
2. iedudedusiunsainemiuiuazesdeuluaviineimaniuazivalilad
3. leluniithiauenanumadnnsvesynainslusmineidouazyanavily

Uszsnnunay
MIANTIVY WIS IAYUATASEIINTIY ARuiunanuatufnlugluuuunauide
(research article) WagunANNIYINTT (academic article) AMUYBULUAITY



N3TUIUNTRIITUIUNAY

unaamnuneuildiumsionsanasfuilunsasive sminerdesviquaseisssusy
lasunisfiansanangUseiliudase (peer review) fifmnundeagluawniiisstewinvainvans
wiheny egatios 3 v Tugdiuuiussiiudaszuasdusidlimsudedsiuasiu (double-blind review)
wazunanuiedeAnivle 9 Ausinglunsansiidurssanssuveadifou vssandnmsnieuminede
winuAsAIsssusw s ndudeaiiusie

J = aa L3
AssTILlauNSANLN
NIEFIV ImedeswiguasAssssusy liivasssudenlunishinud

Aeafiuansans
Fonsans L 5ENTIVY) ANV UASASTIIIY
ISSN adudidnnsedind : 3027-737X
Vuladansans : https://www.tci-thaijo.org/index.php/wichcha/index

MAUALKELNS : iWeunsUay 2 adu RUuN 1 uns1au - dgwiew wazadud 2 nsngax - SuI1AL)

InNanlag : aoTuddpuwaziau InIveIae YA UASASSIINTY
@l 1 vyl 4 fuavindd SunewleaunIAIsTINTIY JMIAUATATETINTIY 80280

NBIUTTAUITNITAEUBNNN NS

AENTINTE 75.NJ0 NDIUTEUM
A1EN319158 As.auUed weeln
AAnT19138 As.Andans dunslng
FAARTIANSS AT ATINAYS nAouINdn
39910513758 A3.ASYY Bunglue
J8IFNANTINTY ATAAUUN YIouT
FBIANANTINTY ATITNTT WhieuTY
FIFNANTINTE AT NIGNTR FunTry
JIANENTI138 AT.HaRYT 913U

FIANANTI158 ATAATY SANR

F9IANENTI19158 A3.A96NR Uneguid
SRIANANSIDNTE AT NETHUS Ran1e

naeussasSnisnelunnnInenay

FBIANANTINTY AT 4R 01l

ANTINYIANENT UUTINYIUEVAIUATUNT
AMUEVSNYINITTIUYIR UM INGIRYENTAIUATUNS
AMUEINGIANENT UWIINYIREUDULA
ANZRNANMNITTUNYATUASTININ UM INedevinSe
AMUEAINEIMEN AW IRNTINATYIA NIeNaeinBe
ANEINYIAENT UUTINYIRUEVAIUATUNT
AEINGIFNEART UNTINGIRENITZIBUNAITUYS
diinIginerans unnIenaesuanval
ANIAINTTUAERS
aovumaluladnszaouindtainnsz s
AuEINeImansiaznalulad

U INYUTWAYANAUAT

AEANGANERS UNINEIRETYAUITUE
pugINEImansiazmalulad
WMINedes i gasuns

AEANeEanSuazmAlulag
WIS TNVHUATATITIUIY

Wichcha Journal, Nakhon Si Thammarat Rajabhat University (2026) Vol. 45, No. 1



https://www.tci-thaijo.org/index.php/wichcha/index

HHemans191sd as.Jeun faau

HYI8AIanI19158 05.93M5 Buuu

Aans1a159 ns.sue Seudla
ANANSI9158 A5 TRIUA SAUISIN
389FNEN519158 A5.NUA LBEuNUIAY

a aa

J99A1ANT1A758 A.5UNH ATy
5991805137156 A3 58U ulnyadiimn
FOIANENTINTY AT.UTIA TV
509ans19158 A3.UszInd (lostaan
FOIANANTIATE AT.0104 NTDUNNTNNT
509M@n519159 015318 Tandn
FOIANENTINTY A3.AUBTE TN

HYefans19158 avinTeedng Inenad
HU8ManI19158 AT.9MINA ANYEa

WUANANTIAE ATLTNFNT FRIRNENUS
Pmans19158 asvAdnR wzindedlns
Premansasd assumags nedlandos
PUMENIINTE 735518 JAURFUTUS

© e epe eS¢

ex

HYI8m1anI137158 Aslugyanna vywly

lf;l: QWANEARSINNGE AT.NYT NAUIA

YFNENS19158 AS.NSTY mselang

e

M8AENT1ATE AT.N1TUA A15YATIH

A9eans19158 05.30100 nua

HYI8AanT19138 AT.0Y.ATYR FiuRenadaina

Gl
U
Gl

AEAINeEansuazmalulad
UINIRYINVHUATATTITUINY
ANYINEAEnsuaznAlulad
UNINYIRYTNVHUATATTITUIIY

v a a A a a ¢ . a ° o
ﬁdﬂixtuuaaszwsawmywmim (Peer review) A5938dUN19YIN15UIEAN2UU

AMEIFINTIUAIERNS UNINY NS UAIVATUASUNS
dindynimnssuaans uninedemalulagasuns
AuEINemansLaznalulad
UNINYINYETIUANERS
pugINEAmansLazinalulad
UMNINGSYTIVAYNTLUAT

AAANEASANERS NSNEINTTTUMPUaTAIINGON
LTINS UULIAT
ANEANITIUAARsuAzIALlLlagana Ty
UATINEIFENINEUS
AuINYImansiazvalulad
UNINGIRYTNVHUATATTITUIIY
AMEIAINTTUAERS
URINEREALUlaETIINIAAATITE
AEATANENTERamMNITLLaTInAlulad
andumalulagnsgrsuindidnnummsaInn ey
AMZLNYAT AMUNLEY. UAINYIRENUATAERNS
AUZINYAT MUNILEY. UAINYIRELNUATAERS
AMEAFINTTUAERNS
URIeaeAluladssNenani Ity
dindvnIneneans umInenalneanual
AUZLNYAT UNINYIRBLNYATAIENT
AUEINYATANENS UNINYINIUTIDNATIVUATUNS
AEINAERSUTEENA
unIneasaluladnszasuinainszuasivile
AuEINeImansiaznalulad

UNTINNFYINUA 1845511
AUEIENAERSLATWIRNTTUAINA
UWANIVESuNnga

AuEINemansiaznalulad
URINYIRYEITUAERS

AUZLNYAT MUNLEY UNINYISUINEATANERS
AMYINYNAENS UUNINYITYTIUALIAS
AULNFUANEAS UUINYIEUDULAY

Wichcha Journal, Nakhon Si Thammarat Rajabhat University (2026) Vol. 45, No. 1




feemansnasd as.aly lemmndng ANgIYwEranSuazdALmans
WM& A et
HYILAanT1AN5e n3.0RANS Jndiy ANZINYATATAN TULAENTNEINTTTIUY A
wningdemalulagsvienang Jueen
femansnansd as.ofdns Sy ANZINYATATEN TUAENTNEINTTTIUYIA
wingndemalulagsvinanz Jueen
n3.U38N035 nwsum nauUAsILarnduaziTiou

A0V ULINTINY LAY

gasramunwsinsszmaszanadu
Ms.Christine Soriano AUE AWML TUETINUIUIYR

u
9 o

diimineusnisuasinaluladansaume
UMTINGNFINVAUATATETINIY
Mr.Kenneth Ugonabo AUENY A TUUETTUUIUIYR
dtimveuinisuazinaluladansauwme
UIINIRETNVAUATAITITUINY
Assistant Professor Dr. Fahmida Wazed Tina  Augdnenransuazinalulad
WIS WA YUATASTITUIY

Heg1u8n1s
HYeMman3n9138 A3.93050] WINYEn Henen1sandiITeuasiann
UTINEFETNVAUATATETINIY
FBIFNANTINTY AT.ININA AATUS s san TuITouas i
UINIRYINVHUATATTITUINY
Htemansnansd 1ise. as.ansud fissned  sesfSruaemsaniuideuassian

WIS INVHUATATITIUIY
3.4URYRITI0 Taed seagewINsan TuIdeuas i
UINYIRYTNUHUATATEITUIIY
Jian13913813
wsaniudgiiy 9595 GRRINIEEIGEATCNIY
UTINEFETIVAUATATETTUIY

Un un woatiaslng (Moof Advertise)
WY 1/13 vyl 6 Muavitn duneiiles SmiauasAIsTINTIY 80280
3. 095-7218863 / 093-6623225 e-mail: moofadvertise@gmail.com

Wichcha Journal, Nakhon Si Thammarat Rajabhat University (2026) Vol. 45, No. 1




UNAUITY
ANuvaINaeyaugnssHvesaeiugTnliinud sy ludminuasaisssusy e
\3omnEiLeNLeAT
Genetic Diversity of Cocoa Varieties in Nakhon Si Thammarat Province Assessed by
AFLP Markers

NWAsUNS Snas Tsefiesh nimel wavgnuna anius

Kedsirin Ruttajorn, Verakiat Supmee and Jutamas Supapan”

nsnwanaTRves e aLeaiiadinduunldlmiiuiul ssseiuagnias iy
Properties of Reclaimed Asphalt Pavement (RAP) Stabilized with Crushed Rock and
Stone Dust

winsal Tuldu a5138 9300w wazlena auladin

Khemaporn Khan-ngern, Saravut Jaritngam” and Opas Somchainuek

+

wavesRuyeliiuazeduridienasdyiivlauasnsinandnveaiinidolufiugnlunszans
Effects of Bamboo Soil and Organic Fertilizer on the Growth and Yield of Dictyophora
indusiata Grown in Pots

Aungual wasldy’ wagdnnns Aisn

Komerit Saeng-ngoen” and Winakon Theerak

navesensnlradmsilasenstrasmsissyiulavesiindriluanmdasnide
Effect of Paclobutrazol on the Slow Growth of Momordica cochinchinensis (Lour.)
Spreng In Vitro

laflfiz avunan wadn svsnaiiard audes wvsls wavgdsnl Wudou’

Sainiya Samala, Polawat Pattarakulpisutti, Sompong Te-chato and

Sureerat Yenchon

msfnudadefivngzanlunsdadiuuriannnzaiugndnlnen150enwuUN1SNAGE UL
winvalsuainULUY
Study on the Optimal Factors for Briquetting Charcoal from Coconut Shells Using
a Full Factorial Experimental Design

BATal PITUWIRST NoRsam NesdY wazley suiazeed

Yossawat Cheewaworanontree’, Kridtharit Thongsin and Piya Rontlaong

dvswavesTanUgnuazeiniidenisiasyiiulauazananve syt
Effect of Planting Materials and Chemical Fertilizers on the Growth and Yield of Clitoria
ternatea L.

aifud W3exdinsia’ wenua JURA NYINTTy Leiogal 13879 wauum

WS AULaY waTFUIINTO! LAY

Anan Piriyaphattarakit’, Ponkamon Ruploet, Kanjapat Mekarun,

Mariya Sankeaw’, Patcharee Dechlay and Sukhumaporn Saeng-ngam

15-26

27-36

37-47

48-62

63-73



UNAUITY
navadlruan1sNuLarANuARAngliihdenmn mvsInnEewaEN1TIAT IS0 U TaR
wludsroonlan
Effects of Operating Modes and Electric Potential Difference on Image Quality and
Elemental Analysis of Zinc Oxide Nanomaterials

fivn orguulsanl’ uasBednd iesshud

Nidcha Aroonrote” and Teerasak Thianthiradait

wavesnslituanuLnderonmNWHAKAANE B LD

Effects of Salt-Farm Residue Application Rate on Fruit Quality of ‘Hom Thong’ Banana
Yi afdand nsesdnd ssudifa’ Tuviuda gassadus Anfun Aazwed Taw
ada afafusea waslana dumeln
Boonchart Kativat, Songsak Thamjumrat*, Nanapas Suwansink,
Kittima Leelapongwattana, Saran Sawatdimongkol and Sopon Antako

m’mmmﬂﬁmmmzﬂqmﬂ'Wmﬂmmmiﬂuaﬂﬁﬂﬁuauwigﬂ Wnwng) Tudsurundudiowou
meldusundeiiuiiinn U e Soriaunsadsssus
Diversity and Nutritional Value of Local Vegetable Side Dishes (Pak Nhor) in Muang
Khon-Style Thai Rice Noodle Meals within the Kao-Pa—-Na-Lay Context of Nakhon Si
Thammarat
Juiis 1A LTS ﬂqwmm‘ ?ﬂlmjﬁimmﬁ* ANT AINDY uaraNsny sonLasey
Chantira Wongwichian, Jutaporn Limsuwanmanee’, Jatuporn Khongtong

and Somrak Rodjaroen

Focal Mechanisms from Waveform Inversion and Multiple Velocity Models: Phayao
Fault Zone, Northern Thailand

Kasemsak Saetang and Helmut Duerrast’

Auuzihlunsmseuduadu

90-103

104-122

123-144

145-154



NIATIVY UNTINERETIYAUATASTTINTIY (2569) UM 45 aduit 1wl 1-14 1

AIUNAINUAIININNUSNTTUVRIEIBWUS I AT AU FU
TudnInuATAISIINIIY AELATINNIYLELONLDAN
Genetic Diversity of Cocoa Varieties in Nakhon Si Thammarat

Province Assessed by AFLP Markers
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Toyanugnssuiiossyuwnasiuuazaneiuguednliluiui asensududeyalsznounis

Y

adenitansveneiugiarnsuUssUlnlludwminuasassssusveg lmnyay
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Abstract

The genetic diversity of Theobroma cacao L. was investigated using amplified
fragment length polymorphism (AFLP) markers. DNA was analyzed from six cocoa
samples: two known varieties (Pa7 x Na32 and UIT1 x Na32) obtained from the Chumphon
Horticultural Research Centre and four farmer-grown trees (C-4, C-6, C-8, and C-9)
collected from Nakhon Si Thammarat Province. Three primer combinations (E-AAC/
M-CTC, E-AAG/M-CTA, and E-AAC/M-CTA) yielded an average of 4.67 polymorphic bands
per combination, with E-AAC/M-CTC producing the highest number of polymorphic
bands (9). The mean polymorphism information content (PIC) value was 0.32, and
E-AAG/M-CTA exhibited the highest PIC value (0.37), indicating that it was the most
informative primer combination for genetic diversity assessment in this study. Cluster
analysis using the unweighted pair group method with arithmetic mean (UPGMA)
separated the samples into two major clusters, with the second cluster serving as an
outgroup. Within Cluster I, two subclusters were identified, revealing close genetic
relationships between farmer-grown trees and the known varieties. The findings provide
useful information for identifying genetic origins of local cocoa and support appropriate

selection for propagation and processing in Nakhon Si Thammarat Province.
Keywords: AFLP, DNA marker, Cocoa, Diversity
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101§ (Theobroma cacao L) ilufifluid Sterculiaceae ulifgusu luideiFesadu
sUreuruuunlnd e gUre UL RoniEvResendunsrniiddulazAsiiu ndusen
dununuwdes nasiiluniudiiedy Yarweenden maanduguluwnugunsvane g
doanfiisvdondes wiagUnszaediina fuvdstudaogluuaugduniemounouuy
InlAwusleinlu 4 nquitug (varieties) loiun 1) nguiugasleala (Criollo) 2) nguiugiudlowa
(Nacional) 3) nguwugWesamnasls (Forastero) wuedu 2 nguges nquegesaiuensiu
aillaunla (West African Amelonado) wagngudaudniUasewsan (Upper Amazon) wa
0) ngustusn3ianile (Trinitario) (Afoakwa, 2014) agdufiufivgndulugjeglunensnn
aviunn Uszimealuwnsouveseining uavielde Andusesay 63 20 uaz 17 muanu
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Tudszimnalngaudideivarugunsinsdndentasndaiuglininlaensilseuiieuiuginld
grananUsEmasald o Ui usAnunsnsgnegids wuinANaNsEnINg Parinari 7 A
Nanay 32 (Pa7 x Na32) \fuwugfidnandnuazanmunimvesudafmuzaudonisdaadaly
inwasnsUgn 9ldT unandoususestusidulnldgnrauiusgnuausams 1 undsgnlnld
ferdylutszmealne loun Sorinveuniu Sumy3 Weese ursadsssngy warUszauAstus
Judu (@antuddeiivaiu nsivinsinuns, 2564) sulnlnaansalduselesiangiung q 1o
winduingavidudoninuan oanunsaldviieiesiu dmdenvestinfudumdens
nsuls3y wenanldudnludendnuds denmsaldvindudnsdmsulddouindsssuya
19dnae (RAns wavany, 2568)

Ffaunsaiosaumuduimiadiiuivgnintddumddugfiaslumels fided
Ugn 580 13 nawanTiAuAEald 11,200 Alandy (@aTuideiivanuy nsudmnsinens, 2564)
Tngiangluginevivmaniuseiinisugnlnlianysean 40 0 Imﬂiﬁﬁmmimwﬂﬁﬁwm
WWUWLLauﬁUUaU‘LﬂWLﬂ‘tﬂﬂiﬂi‘ﬂaﬂIﬂImﬂmLL(ﬂ‘U . 2525 \Hosniufiuasgfienniaiini
winzay visniuianimgadaasunsugnlnldtu viliineasnslaulnlifuanddou
\unsgnensmnsmauny msvgnlnlifasusuimiasnnizes q sunsgnalnliandmia
uasAssssTldsuTeTalussdunilan vldmamandnlnldivagatudnade uaziisaane
lunananamth (cocoa continuous contract: CCOO) Swulinsudfisdunlunaalan
Faduadinageiigalusou 47 U vosnanlald (meluladetu, 2567) Geavaondnsiu
nawdawaznisdseentnlinglussme sgndlsinmunuasnsugninilites wazlilddsonn
Udwhatssma Snvisdymainnisiistaslumstgninduszesnaun silfmeriusing o
vodlnlf sufvaneiusradudumely

HagvuiinnfunwaeiusTnldvameius safuuavaiusidnmstauilae
nsrandmaeugnanatsaneiug dsudazaeiugnuinddnvarnadugiuine
fismunsiavesaeiuglidaay fomninssuunanuainuaisvesinldlasende
3w uedslasunnuilon (Korzun, 2002) Lﬁasl%’ﬂq%mmwmﬂwmwwﬁ’uqﬂﬁu
103 peviangLoteLead (amplified fragment length polymorphism: AFLP) Juied oemang
ﬁLSuLamﬁwﬁﬁmﬁ’aﬁugmmmﬁuﬂ%mmm&Jﬂﬁﬁ%ﬂﬂgﬂiﬁdﬁiﬁaaaéfﬁwaaL;JaLia (polymerase
chain reaction: PCR) Ingliifosnistoyadiduiiandlolnd sildsinsuazldfidueisudy
anududuies wazausansiaaeuddueldvatediunis (Vos et al., 1995) adeiu
103 09vLNE O3 LoT R (random amplified polymorphic DNA: RAPD) 211414338294 Ronning
et al. (1995) uaz Syahri et al. (2019) l@udupsaamneansieofimiosuunuszensvedlald
faoegraugviousi qniagudl 1 wazUszyinsanisaaumaaey (backcross) @enndadriy
LUUBKLNTEENOARNuMYNITUENITUTILAR Sovay 68.3 uananiiinisussyndld
|3 osvsneietovlueatiogsunsnaneliloUszid unnuvainvanon UGN T danETTLS
iemnudnlassduanediaunnsuasiiniimansseiuusznns oasaunuiinugnsss way
iloduunadistus seinaenetus (Paunand Schonswetter, 2012) i?uﬁﬂm'ﬁﬂig&mﬁ%
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WeUszdummmannviaevesUsznsuesiain (faba) ﬁwusiaaquﬁmmﬂ (Nurmansyah
et al., 2020) FuaIesmneialenioaniinnuannsalunsnaaeunIMaInanyldany
s Tnausiud wavannsavhenlddenssufieuiuiniesunediSueiingdu ey
mitediadenlindommneioonueaiifednyianuvainuaiemeiugnssuvesinld
meiugiuuussUludminuasaisssuny Weldidudoyamatusnssusiuiudnuas
Usgdnmiuguednla

WaAnllunside
1. A79E19NY

usheendlulald (7. cacao L) Aifimsifiusnmaneiuganngudisefivaumuns
gnea Jamdnguns lun aneiusinlignuauyuns 1 (Pa7 x Na32) wavaneiug UITL x
Na32 nudasugnuesinunsnsludminuasadsssuseiiduselnavosnisuussulalidu
wAnfut Tnsnsaeumuameiugii ssfuanfuanasdu sunevitman léun vaneiay 4
(C-4) uagvEnglay 6 (C-6) NNFUAATELND B1NBYVIIANAT UNeLaY 8 (C-8) uazningiay 9
(C-9) (il 1) Fadegndlullmdunafulilugmanafinfifinszmudonussqeg usnw
flgnmnivszana 4 esmiwaidoa Tumuzla Wethindwiosjiins warldnszdouden
(Abelmoschus esculentus: okra) iufaae19aUAL (outgroup) s1anduiavn 7 foens
Tmetusas 5 fu ilevunadnfidue

Al 1 usuiuanaiumisvegalfiudieg1areanudse u qudidefvaiuyums danin
Yuns uagulaanwasnslusiuand sty uagdvaaszuia snevitaan famin
UATATITIUINY

fian: Google Maps (2024)
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2. msananduevaslulnld
n1sanafdweveslulnlildiSussandain Doyle and Doyle (1987) lnadin

TulnlAdmdn 0.2 nfu uadaglulasiauman fnlufiunazdoaldvasnlulasuaiiag
(microcentrifuge tube) uaalANa1Taza18 CTAB AMILUNTU 2 111 (2X CTAB) USu1ms 700
lulpsans wag 2-wesuaulneniuea (B-mercaptoethanol) Usuns 2 lulasans waalimdu
ey ﬁmaamé‘hasmﬁﬂuﬁmﬂfwmmmqmmﬁﬁ 65 psrwaldea [uian 60 uiil
naunaaAluLmN 9 20 Wi Wkasaza1eiiuea (phenol) : aaalsnasu (chloroform) : lole-
oflaueanegea (isoamyl alcohol) (25:24:1) Usuns 500 lalasans Wnluwanlmdniu (vortex)
watui esiinnuEaseu 12,000 sousewnd Wunan 10 unil anasaratedulasuuuld
vieenalvl IAvasazatunaslinesy : lelueliaweaneses (24:1) Usuns 700 lulasdng waw
Ty wausiefianusiseu 12,000 seusewndt Wuan 10 wnd Anansavaredla
auvuldluvaenlng WWuasazarslufouezdinm (sodium acetate) Aududu 3 Tuans
U303 1 T 10 vesansavane uaziislelelnsfiauoanesed (isopropanol) utiu Usunas
1 win vesensazany Usiigamndl -20 ssrmwaidea iunmesties 45 il udnihludumies
finnuEa 12,000 sousewnit igamgiivies Wunan 10 w1l drsmzneusneiefiausanesed
pudutuSesay 70 Mudidu Usues 500 Tulasans tiludumiesfinnnmuiga 12,000 souse
it figaumgfivios iuan 5 Wit wansazansdanladia Wusgnoufidue uaznnaznou
Adueliursilgnmnfiveos visniuazanenzneufiuiefetiimosits (TE buffer) U3uns
50 lailasans waziAvliselduiionmail -20 esmiwaidea

msmsRaeURaNLATUSIN RIS weve et wlulTiadnldiensganduuas
fiAue12Aa U 260 waz 280 uluiuns lnoldias esiar1gandunas (NanoDrop
spectrophotometer, Thermo Fisher) uazasiagaununnaALduensemaladianinsnida
vulaaznlsanutudusesas 1.0 Tutwiesviied (TAE buffer) Anstdudu 0.5 i1
(@sazaensa lelasmaslsa (Tris-HCL) AMuduTY 40 Jadluans nsmesdfn (acetic acid)
ANUtNTY 20 Jadluans 8a7ie (EDTA) Anududu 1 Jadluans Usuaraudunsa-ang
W 8.0) Anua1adnd i 100 Taad Wuan 30-45 uril uarhusueausluddouidue
(ViSafe green gel strain: Vivantis) Wuszeziaan 15 Wil ntunsiasounaseniossenm
WaEALATIZRNILEA (UV transilluminator) W@t uiinam

3. \A3uIneLaENLaAR

aruLud (sequence) vadlwsiuas (primers) wemnildlueisei siwaziden

Fam131971 1



6 NIATIVY UMINGIRETIUAUATASIIINTIY (2569) VN 45 aduit 1 wih 1-14

A15°97 1 a1PuLuavezLaUnes (adapter) wazlnsiwasmsiaiosiisioevuoad

Folwswuos arauLua (5 - 3)

EcoRl Msel
pruaUnes Wasiisa CTCGTAGACTGCGTACC GACGATGAGTCCTGAG
(adapter forward)
prunUines 31350 AATTGGTACGCAGTCTAC GACGATGAGTCCTGAG
(adapter reverse)

Twsiuessnmzduusn GACTGCGTACCAATTCA GATGAGTCCTGAGTAAC

(pre-selective primer)

Insiessunig E-AAG: M-CTC:

(selective primer) GACTGCGTACCAATTCAAG  GATGAGTCCTGAGTAACTC
E-AAC: M-CTA:

GACTGCGTACCAATTCAAC GATGAGTCCTGAGTAACTA

NIATIIAeULAE AT IEE AL LS uevenas peneLalenlLead TneTs
Fauasan Vos et al. (1995) Funoumsgesiidue (DNA digestion) Bufuanwssufidue
Tnndegralianududuwingu 800 unlunsuselulasins wazldieuleddndnnie 2 viin
A9 EcoRl (5-GAATCC-3) way Msel (5-TTAA-3) lnewnseuaiunauvesufisenusenausae
Tllesdmsuldiueuladdndumneaududy 10 wi1 (10X Cut Smart) Usunas 2 lulasang
20 giinsialilasdng Ecorl Usuns 0.125 lulasdns 10 giaselulasing Msel Usuins 0.250
lalnsans TuufAsewioun 20 lailasans ntuhasaraeildihluulaglfiniosmugu
oaumgdl Unilgamndl 37 esmuwaidoa (unan 1 $2lus 30 Wil vgauFaselaenisuui
gl 65 sarnaided Wuan 20 wiil wasnsadeunameisosnilsanadianinsliGda
(agarose gel eLectrophore5|s) AdNTUSesay 1.0

Fumeunaidousie (igation) lasthiuduiigniadeioulest £coRl way Msel
ol 5 uas 3 favesuatined Wansasmoiildandusuntsdenduiedn uas
wisndunanuisenusznousie Uriesilng (T4 buffer) mnududu 5 win Usuns 4
lulasdns 1 gieselulasing AlnsAdwelaina (Td DNA ligase) 20 lulasdns sxunuines
Y94 FcoRl Anuituty 5 lalasiuans Usuns 0.5 lulasng axunuwasves Msel Aauidudy
50 lallasluand Usunms 1 lailasdes ludfisewimun 20 lalasdns sinduiasavanedls
usilneltinTesmunuaamgdl Unilgumndl 37 ssrnwaldea Wunan 1 42l 30 uil uas
ngaUFAsenlasnsuaiigumgivendunan 2 9alus dnadildnsiaaeusieisoznilsa
Wadannsinigannudududosas 1.0

%y’umauﬂmﬁuﬂ%mmﬁlﬁma ﬂ%ﬂ‘ﬁl 1 (pre-selective amplification) Whasazane
s deuroseazualwes wisudiunauUszneudie ansazansuuniifeunaslsd (MeCl,)
AMULTNTY 50 Hadluans Usuns 0.9 lulasdns Inswes EcoRHA waglnsiues Msel-C
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Aududu 10 Tulasluans edway 2 lulasdng drunaunseuldvoneuluidunsesiniouwe
(Taq master mix) Aadudu 2 Wi Usanms 2 lalasans TufAsewianun 20 lulasans
PntuthdunaildlufaSinaiiduedeitond (PCR) ddusunsunsvmeetoudiv
ﬂ'%mmmaﬁuqmw (thermal cycler) fin %umauﬁfmé’umﬂwﬂmaﬁLSuLa (pre-denaturation)
flguvgdl 94 psmsaidoa e 5 w17 FuneunisuenaIsfiSule (denaturation)
figaumadl 94 ssnwaldea Wunan 30 Jundi Funsunsiuvedlnaiues annealing) figaumgdl
56 psneadoa 1una 1 uif duneun1sduasiziAiduie (extension) igauuad 72
psrneaded Wunan 1 undl vhensiuau 30 seU musaeduneunsEwATIERRLE we
59UgAYNY (final extension) figamgil 72 ssrwaideoa Wunan 10 Wil AsIadoURaRIY
Wormlsaadiannslidaaududuiosas 1.6

FunounsiuUSInamEue asall 2 (selective amplification) thnananfidens
ndumeunsiinusinaiidue afedl 1 1 duiidueduuuu 2 lulnsans wioudiune
UfAsenusenaunie arsazansuunilifeunaslsinnnududy 50 fadluais Usuns 1.125
lulasdans Tnsiwes 91wz E-NNN wag M-NNN asdudy 10 lulasluans ogngaz 2.5
lulasans drunaunseuldvesouleidunsizdifiidue anududu 2 w1 Usuias 2.5
lulasans luufAsewionmn 25 lulasaes dludfisafduewadddTusunsunisvha
YoanTeaitUTnamsiusNTTL $1Ua1 35 50U gaMILazIa WUt uneunsLiy
UasdiBue adedl 1

4. M3AaszilaTosaneLaleWLeaid183 M Iusn IR TN TS ATLSTA

Aaenszualnia

3T RAOUNAYRAS D INELBLEWIDATIFEN TUN VAN UGN SIS R LR
shenszudliii (capillary electrophoresis) lngldiaTasiiaszsiansiugnssuuuusmlu@ u
QIAxcel advanced system (Qiagen, Hilden, Germany) Lﬁumim?{auﬁmaaaqmﬂﬁﬁﬂizﬁ;
Tusumesansavans Wofimslidnglnihassilflossuvesesazaneindouiiluiidlwiusiazd
\Annnslnavesdidninsladlumamasngidn (capilary) Sadumsiesevinaiiiimuagnin
wazInL5) IATzLerTufinnakauAdueINNTRANTaNALTUIUNTUAMLAA (gel image)
wardidnTnsinelsunsu (electropherogram) N5t uusunavesuauisweding u 14
dryanwalldu “17 Sldduoviduelddydnwalldu “0” MulmAImNEINITalUATI LA
AULANG 19UBILNTLNOST WA agy T AR 18A1AIUNAINNA1ENIHUTNTTY (polymorphism
information content: PIC) LLazizﬁummL%aﬁw,mugmaumﬂ (bootstrap) $1u3u 100 A% Tag
TUsunsu PowerMarker (Liu and Muse, 2004) Sas1gvianduuszansanumiiou (similarity
coefficient) 91N AR BU (similarity matrix) 11313129 193 ANG Y (cluster
analysis) Lﬁ'aﬁ’ﬂﬂq'mﬁaaa'wimwi‘%ﬂ']i«’&’ﬂﬂq'w,l,uuafm”wﬁgu (unweighted pair group
method with arithmetic mean: UPGMA) (Sneath and Sokal, 1973) 3ms1gsianuvainviane
yeugnsITNLaUASuediAaTuiomaruduiusmatugnssuvestnlilagldlusunsy
NTSYSpc U 2.10e (Rohlf, 2000)
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NaN15338
1. nawASesvuglevluaaivaslnli

Unandeidonsiinudunouesnisinelonueat Tiesginadaeiad s
Aiaszdansiugnssunuugaludfluguuuuninea wuin 3 gluswes Miuwauddwesiu
favn 23 unu 1dAeniitu 7.67 unudeglnsied nan1senesiuaufiduenyiglnaes
E-AAC/M-CTC E-AAG/M-CTA uaw E-AAC/M-CTA TiunufiSuiovianund uny 12 8 uag 3 uay
auddu Tneduaufidueiunndns (polymorphic bands) 113 9 2 uag 3 wau auddu
Amdudaway 75.00 25.00 uaz 100.00 AMUAIFU LaZTAIAIUNAINAIBNNNUTNTINOY
539979 0.28-0.37 Fa31971 2 wawn il 2

] a a o & 1 = = 1%
M1 2 Naﬂ"liLWllUill']mﬂLa‘Hl,@ﬂjEJLﬂia\'ﬁﬂll']EJL@L@WLL@@W?J@QIﬂIﬂ

dlwswed  dwouway  Swduuau Sovaz ANAIIUMIAINYIANY
Mdule  Aduwediuandne  Adueiiuandns meiugnssu
E-AAC/M-CTC 12 9 75.00 0.28
E-AAG/M-CTA 8 2 25.00 0.37
E-AAC/M-CTA 3 3 100.00 0.31
Aade 7.67 4.67 66.67 0.32

wrugdeuduiusiadyiauvilou Wi 0.18-0.93 uagn1sad1auaun
AuAuRuSAIElUTUNTH NTSYS $1 2.10e 35 UPGMA wuin ansnsauenanuduiusvedlnll
16 2 ngu Ao ngaiil 1 wuadesls 2 ngudenusn léun C-4 C-8 C-6 wag UIT1 x Na32 uagna
douil 2 1fun C-9 war Pa7 x Na32 daungufl 2 e okra \unsedeudeldifusosemuny
(it 3) Tnsnudrandadaumilouiugnssusnniian Ao C-4 uag C-8 Tvirfu 0.93 uay
PNUHUYIANUFITUTYR UITL x Na32 wudniddyiaumileudu C-4 C-8 uay C-6 Wiy
0.89 0.82 Uag 0.79 AUEIRU dIuateiug Pa7 x Na32 vieangiugintnguns 1 dadvil
Aueuiugnssuiiu C-9 Wity 0.82 Finnsnad 3
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Al 2 MsliessirasauAduelugULuunmaa lneldiaediinsziansiugnssuiuy
gnludd Ineldalnswesiunneeiu Ao E-AAC/M-CTC (n) E-AAG/M-CTA (1) ua
E-AAC/M-CTA (p)

WBLAe: - M Ao Aldueunsgu
- C-4 C-6 C-8 waz C-9 Ap AULNIATUELAY 4 6 8 WAy 9 AUAIAU NLNWATAS

- Pa7 x Na32 fip angiiuglnlignuasugums 1
- UIT1 x Na32 fie angiuginlinnaudidefivaiugamns
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UIT1 X Na32

C-9

Pa7 X Na32

Okra

T T T T T T T T T T T T T T T T T

I T T 1
0.22 0.40 0.57 0.75 0.93
Coefficient

A 3 anuduiusnisiugnIsuvedlnliannesemingeenLeailng3s UPGMA

A19199 3 ArduUsEAnsaumiloun1aUgNTINAIINNTIATIEAILIAT IO LeAT

NENADEN9 AduUszAvsanumilaumanugnssa
C-4 C-6 Cc-8 C-9 Pa7xNa32 UIT1xNa32 Okra
c-4 1.00
C-6 0.89 1.00
C-8 093 082 1.00
c-9 075 064 082 1.00
Pa7xNa32 079 0.68 0.86 0.82 1.00
UIT1xNa32 089 079 082 0.79 0.82 1.00
Okra 025 036 0.18 0.07 0.25 0.21 1.00
N5 AUTIEHANTIINY

n15141A3 sanneLateviueaiil ofinwimnuvainuanemaiug N3y Usenausie
anefiuginlinnaudiTefivaiuyuns 2 anevug laun Pa7 x Na32 uag UIT1 x Na32 way
Inliannuuasdgnueanunsnsludwminuaseisssuy Mndeyanisdunivalnuinlinsu
aneugAudn ldun sneay C-4 uag C-6 ddnuanadiden dwmineay C-8 uag C-9
Tinadideuardung auddy Dumewusdafuiiidnanussmaiads ol wa
2522 Beaonadosiudoyanisiamniuginlilusemelne Wl wa. 2522 Idwalnliuas
AatusTalAaneum Ussmaunialesngnitaniiinaaesfivanua? (@antuidefivetu nsu
Fmn1nneng, 2564) uenaniewidedlidldnszdsuidenduiegsaiunu 9nuanis
Sinseieiesanoioenueailiauiidueiamn 23 wou 10 3 glwswed wisdu 7.67
wausiadlwsiues 91ns1eaTues Saunders et al. (2000) WipSesvanatotevueail 7 glnsies
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sWAULeALEED1S (simple sequence repeats: SSR) 15 Twslues Lﬁa‘h’fﬁmﬁaﬂﬁaﬁuéﬁm%u
mMyUiuUssiugueslnlAidauiunuselsn wuinglnsiues E-AAC/M-CTC Truaufiduie
flumnsinaunndian 30 Wy @ E-AAG/M-CTA Tiunuiidute 21 uau uazglnswesilsiuay
tloufian Ao E-AAC/M-CAC Tsiuaufiduie 15 uau Ssdununnuiidueiuanmeiuasduiug
fuAramannuaneyausNIINAe wonaINtFULUUATIUANANsB LN UR S uegAINTY
U8 msudsiuvesiivld Tunuidodldldelnaiuod E-AAC/M-CTC way E-AAG/M-CTA
ety udldsnuunuiidueiiuanseliosndn daumruvannvatemeiugnIsIes
Alwsised E-AAG/M-CTA fiengaan wiriu 0.37 Fadurusdfiddydmsumsnngsia
wannvangneiugnsIvadinlilusuian

Mnusugimeiugnsuveslnlieinissnetelenueailuadedl aunsadands
Areg19aeRugInlANLUaLN¥ATNITUaIER LS gNRaNN19INI5ATLY tnenudnfIegis
angiuglnlianuUasnunsnsiurineiay C4 C-6 way C-8 dauduiusinddnneiugnssy
fuanesiug UIT1 x Na32 @ UIT (unidentified trinitario) \ungsniugesfinslefinsduiiugm
JuAnnmssautuszninenguiugeslealatunesamesls nguiusi daanmiuagls
Handnas daunumuielsafiniingunesamesls wasvenidanslounaiugezdsawf
Ay druaeiugininanulatnumning C-9 dnnuduiustnddanisiugnssuiuanenug
Pa7 x Na32 vi3elnlignuauyuns 1 1dunqugssgmlesaiuyeu lunquitugnesamesls
savivesndnlnliflsauudndesuifisanidudiy shlidonlnuaniindnaniugidsana
fruaziduiuiign (@1tuideiiveanu nadvinsinens, 2564)

TutfagtuameiugInlifinant unnd eldugnludanisd daunasdugnuay
desndesmslignuaniiinduiinuamludusine q Aundtugsious sisludesns
Widuln nslinaran AunwwazILALER ATauIuRBlsALATIAIAY Fatunisdaiden
amewuglnlAli eUgnnisnisinuaznisidentdUselovdlunisuusgetamnzauiadu
dssudu mnuacmidfeildiedomnsioenueafiinuanuvannvanmesiusnasumedinld
ﬁﬁmmUigUmmmUﬁmmé’uﬁ’uﬁ‘mﬂﬂ’uqﬂﬁmamwﬁuﬁialﬁmmﬂawmmwmﬂiﬁ’u
metusinsuudnnaudidefivaugams wedudeyansldusslovinsuussulnliegs
fiusyAvsnmgan uenanilefesmnoieenuoafianusnUssgndldilinneianuainvans
ymafugnssuLaziNugfinnudiudmaiugnssludsdidindu « 16 1wy Brassica oleracea
(El-Esawi et al., 2016) wazdau (Faba beans) ﬂ’ua:ﬂma (Nurmansyah et al., 2020) Jusiu
auiuld eI osmunsiolenioafianusavenaLLANAIISTUs N5Y A saliued
londnuaivesdsldin mansraaoumudugnuay uaznsaanzidouiusld uieedlsfnnu
uaudiBuefiAntunneiesmneeionuoafasisunsnnuazrualndiAssiu uoufidue
fiind uoradivwawirduusanduiiduieauassuns Sso1aviliuanisTinse
AanLABule
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d3UNaN1339Y

nsAnwinamainvanemeiugnssuveslnlisieias smneieteusadl Tneify
AeganeiugintAgnNaNyn1en1sA bawn aewug Pa7 x Na32 wazaiewug UITL x Na32
PNAUEITeNYaIUYLNT Sunead Jwminyuns uazdiageaneiuglall dunneiay 4 (C-4)
MELAY 6 (C-6) nueay 8 (C-8) uagnunglay 9 (C-9) MnuUasUgnuaanunsnsiudwin
upsaisssusviiidunelvgvesnsuussuinliidundnsias Anviaiomsneieevuoad
i 3 glnswes awnsoadwaneRuidlduevednlinigguiuunmiaaanlusunsy
Qlaxcel Advanced Systern WunaeusTnlAs1uIu 6 fegrauaznszilauden 1 feehs
Faduiegnamunu aansaaisunugimaiugnssuvedlnlils 2 nau Tasudsngusogis
Yo4lnlikasfeg19AIuANEaNINAY WagausakUINgugaevadlnlild 2 naugesmunly
IndTaN 19 ugNIINAUTENI AR LS NNV AN YATNTLALENEWUS A NHANNIINITAIVDY
AUGINYAIUYUNS

Ualauauus

ifediduteyadesduresdoyanumainvatsneiusnssuvaslnlidaeg
\ApsmneLeLeLoall JsmsvaaauiiesaUsznsveslnlduazalnaofifiuinntu e
Tldaugnifosusiug ity

AnAnssuUsENA
MyAdeEesmsAnwmnumanmanyausnsuvesaneiugialAaudsguly
JminuasAssTsslasusulssanuatuayuantuIuyssan 1. Usednd w.e. 2566
uvTInederwinuasaissingy lnesjmiafieofiaglitoyadnuasneiugnssuvesaeiug
Tnlfiftothanduduametusidudusndavednliluiminuasaisssusy wedudoyalu
nsaauusudinlfludaiauaseisssusalifamniidefionntunesfunisensedures
HUT¥NRUNIAIY ANEEITEvevauAMAMYINeImansuazmalulad uninerdemalulag
T1vL9AarSITY Tloylaziiied osliolunsdnuisiugmansluanalunisvillasans uas
vevouAM ARG Sundns fitneUszauamdumaifiuiiogne veveunnguditofveau
pmsTloyanzidosaeiug sufunumensnviuiitiemielunafuiiegiduyniug
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Properties of Reclaimed Asphalt Pavement (RAP)
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Abstract

This research investigated the properties of reclaimed asphalt pavement (RAP)
stabilized with crushed rock and stone dust for use as an alternative pavement material.
Crushed rock and stone dust were employed as stabilizing additives to enhance the
compressive strength of RAP. Both additives were first subjected to gradation analysis,
and materials meeting the specification were selected for mix design. Pavement in-
place recycling mixtures were designed in accordance with the Thai Department of
Highways standard DH-S 213/2543 for reclaimed asphalt pavement (RAP). The mixtures
were prepared by combining RAP with two types of additives crushed rock and stone
dust at three RAP-to-additive ratios of 25:75, 50:50, and 75:25 by weight. Unconfined
compressive strength tests were conducted on the prepared mixtures. The results
indicated that stabilized RAP has potential for use as an alternative material in road
construction and rehabilitation. In particular, the mixture with a RAP-to-additive ratio of
25:75 satisfied the Department of Highways requirement for a cement-treated gravel
subbase layer, achieving a minimum unconfined compressive strength of 24.50 kgf/cm?

(ksc) after 7 days of curing.
Keywords: Reclaimed asphalt pavement, Crushed rock, Stone dust
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Abstract

This research aimed to evaluate the effects of bamboo soil and organic fertilizer
on the growth and yield of Dictyophora indusiata (bamboo mushroom) cultivated in
pots. Mushrooms were cultivated in 15-inch pots containing a substrate of bamboo
chips, bamboo leaves, and sucrose, amended with five ratios of bamboo soil to organic
fertilizer (100:0, 75:25, 50:50, 25:75, and 0:100, w/w). The experiment was arranged in a
Randomized Complete Block Design (RCBD) with six replications per treatment. The
results showed that the mycelium colonized all substrate ratios within 30 days after
inoculation. The substrate with a 0:100 ratio (100% organic fertilizer) induced the fastest
fruiting bodly initiation (pinhead stage) at 38 days after inoculation (p < 0.05). In contrast,
the 75:25 w/w ratio resulted in the shortest development period from pinhead to
mature stage (14 days) and produced the highest number of fruiting bodies (18.17), but
also the highest number of aborted fruiting bodies (12.00) (p < 0.05). Furthermore, the
75:25 w/w ratio yielded fruiting bodies with the greatest fresh weight (58.90 g), stipe
length (17.07 cm), stipe diameter (2.73 cm), and veil length (20.10 cm) (p < 0.05). For
mushrooms harvested at the egg stage for gel collection, the 100:0 w/w ratio produced
the largest egg size (4.78 cm in diameter) (p < 0.05) and the highest gel yield (17.00 g).

Keywords: Bamboo soil, Organic fertilizer, Growth and yield, Dictyophora indusiata
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ansoWNINaNANg 9 TesmenEvan senIesazgas i duteniaiaeadiadels
uonnipduvaddsiisamaimaiveusiolulnsiau (/N Ratio) laifiu 20:1 masAsgIY
Jedunid (mszsuinefAde @UUA 2) na. 2550, 2551) Filiiiaannsahansems
Wldldognemais iumsgesaaoesnitdunieingiidarsasdmaiueudelulasiau
figenin WuidenduduaAsoves Thaisuchat et al. (2023) lsmaasamsliiaslifuifiavauie
Tunsdsadulodinidoll nuinduledinannsaasylamniniiesmsfinzd omaudio
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Aaneniinnelu 3-4 dUavindaunis
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0.11 M50 mMawnglunszansi uafndinmamizuuuuamienssuglgn duty
318971UV09 Thaisuchat et al. (2023) ﬁlﬁmamémamﬁmqﬂqma?{a 37.00 nonfawlalyn
(0.75 m5namng) Wemnzluudas uarsenureasaa wayivsing (2563) Tnanannen
geanady 14.00 aensamstamns WeimnzlaeldlunSeuldrsmese auvmivhliinonidiade
FruaunniAnandunmfiviiniameiissegluragafeu (guugiaeds 35 ssiwaiioa)
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1uﬂmwwm§mqmdw 35 garwalded azdwaliiiadelldnalunissydvlnway
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flanusavuineiesdionsld 1wy nsalaengsetia uardadulndu Feilqvlunisdunis
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Abstract

The effect of paclobutrazol (PBZ) on slow-growth storage of Momordica
cochinchinensis (Lour.) Spreng. was studied in vitro. Apical shoots were cultured on
Murashige and Skoog (MS) medium supplemented with PBZ at concentrations of 0, 1,
2, and 4 mg/L and maintained at 25+2 °C under a 14-h photoperiod. The results revealed
that PBZ caused a significant decrease in shoot height and in the number of leaves per
plantlet. MS medium supplemented with 4 mg/L PBZ resulted in the lowest average
shoot height (2.18 cm) and average leaf number (5.2 leaves per plantlet), which were
significantly different from those on the medium without PBZ (3.20 cm and 6.4 leaves
per plantlet, respectively). After three months of culture on PBZ-containing medium,
shoots were transferred to root induction medium (MS medium with 1 mg/L IBA). Shoots
derived from medium with 4 mg/L PBZ exhibited an average shoot height of 2.20 cm
and an average root length of 0.86 cm, which were significantly different from the
values for shoots cultured without PBZ (2.76 cm and 3.38 cm, respectively). Therefore,
supplementation of the culture medium with 4 mg/L PBZ was the most effective

treatment for inducing slow growth and for the in vitro preservation of M. cochinchinensis.
Keywords: Plant tissue culture, Plant conservation, Plant growth retardant

unidn

#4179 (Momordica cochinchinensis (Lour.) Spreng) ¥ uii¥nsenauzsvuay
unanan wufiduiidauaulssmaeiBoniou dwiuussmdlneugninnluamamieuas
manans findrduiivAnases (diploid) Hd1unulasiuley 2n=2x=14 finnunainvaiglu
g JUnsLazIUARaTUANA1aTY SindraiusRmunsdidnuase fo Thihwinnauas
dwinideumdainnniniindritusine duitndriuginedSnuuseu Ao Srumumaun
uaziuiiends widsddnuasfesidesuiuug Ae ‘fﬂ‘wﬁfﬂmaLLavﬁmﬁm?jaﬁmmﬁﬂ #ng17
f\mmuwsuwumumﬂﬂamwm‘wav%LUmGmﬂuiuﬂ’mmiiﬂmummimaasum‘w (Wasu,
2555) fsfuinduiinasugiafidsesdumnliuaudemafiutuegadeides mnmsng
osdUsEnavresintuiiataainid evudelneislasuninnsfiveanaianssnuegs (high
performance liquid chromatography: HPLC) wuasuszneulaladu (lycopene) LLaxﬂEjaJ
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lalaUumnnnimsdemads 12 wh fiudualsfiuganiiuasen 10 wih Geanslalatuiiions
AupyyadaTzal lesuaseiiduiu dngsanem waslesiuusiSaengnvunn amnsadianldy
Wuguazemmsieuguamls SefiodduomnsinuuziSeiangaianis lnsemzuzise
AONQNUNIN UL INTNIZ01MT wazuzisaald (grudeyaayulns ausindvaians
wﬁwmé’aquaiwmﬁ, 2553; Kubola and Siriamornpun, 2011) asiwl'ﬁﬁmﬂuﬁﬁgumuﬁuaa
mandniindmdsnditymidesnisugndeudailsiamnsosnmels deaviliiuiiugnaesy
Tinandnliiashiaue uenaniinunsnsiouugnilndianeius Fesummnnnitaetugine
danaliindnaneiuginsanuiinuadluises q dailemaidsaronisgayiuglusuiale
Mndymnsveneiusiiomdnidmwaneusunaunandn uaziidauiifindaeiusine
flonaidssronisgayiug Faldfimsiammuumnaiiowsdymidsndn Tas@nwiisnng
veneiugiindnsenmamziisaiede Inglitudndeuasiuduianeson Tmuinvsaos
Fudruausadmiliiiadulnd neldannguaendelddnss (edfy wazans, 2558)
asnsalisudluanmiaendodutududududdnasuunafvinuitusnssaluanm
Vinonvnaadla

maiusnymugnssuivluanimmasavaaea (in vitro conservation) 1uniseusny
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Augeu lnglanigegadsdiulangegen (shoot tip) waziileldalasey (meristems) Fadudiu
Pigumaiugnssunsaauaeiugglaaiuidsaliluaninmaeanaass 1Huwisadeuld

=

downldfufivdes aunsaanmsdsaneusUTIuesanmgionna mahaieves
dngiy wapvhldieidesmnduduiivdnsmevausdlddiloiundssisemadunsei
Tuanmmaeaveaes uenanidsazmnlumsuaniUdeudonusivsewinsana osn
Judwiiedvuadn shlvasanlunisuuds (assda, 2501) sgdlsfnumafuinuiusiio
Tuszezdu Junsiiusnuiugiialuanimnisiasyund Seloidenigyfovsunils sauen
dedeuarimsidsuensinl vlvdesdenauariudesrldtelunsdaueniisu
pwnsliunidedoves q lnswdaidlodeasedldifies 1-2 Weu Fesindaiiodenazidou
omslnl ailtufurdafeiivhnisiusne G, 2540) é’ﬂﬁ?uﬂﬁa@msl,a%zyjlﬁuimm
Fudrlusenininsmsdoslidias (slow growth) Tnensiinanszasnisasayiule
adldluemsinzdes dwaliiedefisiimseiyiulnidadaenssitaviedanmsiese
fiierload wuunueddy (metabolism) sidludiuresemsmeidisswazanmundolunis
\AUsn1 (Gordon and Rees, 1799 814lA8 135A1 LazAME, 2557; Rees, 1990 819lng
1590001 WazAnly, 2557) anusakiusnududuitluomsmzdedlslussezine 12 7 3
anunsnansuaidunstheidsaudsuemns weeddlddunuiiini isaulumaiusnw
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answileadansiga (paclobutrazol: PBZ) idavnaaiidn (2RS, 3RS)-144- chlorophenyl)-
8, 4-dimethyl-2(1H-1,2,6-triazol-Ly0) pentan-3-ol Wuansszasnsaiaiulalnedudaeulal
Tuidnsdaameiduvesadu dwaliwadfivinsudwissausvenevunadiat vl
foudosduns (fisunm, 2529; Benelli et al,, 2022) Yagiuiinisldans PBZ Tnefinqusvase
diovzaemaaiyiivlsluanimuaendelufiavanssiia Wy dos (Hosyw, 2502) n3egn
(1R, 2558) nane (Indrayanti et al., 2019) St unSA i LN A nunsesuAad Ty
0513 PBZ slemswrasnaiasyiulavesiindriluaninlaonde ieiduwuamsdunisiu
Snwugnssunavanansathiudnfisiiuvsnulinlflunsueneius Weadudeiusnssu
findtelflunmsusuuseiugeld

ABanliun1sIde
1. ANYINAVDIAUTUTUVDIATT PBZ 6iDN1592A0N156A3QLAULAVDILDA
Andaluanmvasannaas
ihfudauseniindniidnihldnnnsmnadsstudiude (niuemeen 0.50-1.00
LHURLUAT) WA muummilﬁaqm MS (Murashige and Skoog, 1962) i Le‘?ufwma"’zﬂma
3 Wesidud s9uAU BA (6-benzyladenine) Anududu 1 Jadnsunedns saudvans PBZ
ANUduduRg 9 (0 1 2 uae 4 fadnsusiedns) uazdiniu 0.75 Wesidus UsuAnnuiy
nIn-ATese I IZAEIYNL 5.7 dewhluiluinde wiazgnsemein 15 %1 910z 3 o
pdnimsdsaduszesnm 8 dUa Sufinanugeiiiistuaneugaiudunasiuuly
sosuIsuiisuiuluusiazyan1snaaes
2. AnnsiifivTnvesseaiindrmdsnnsmsdesuueninsiians PBZ
ihuduseniind (Aue1IBen 0.50-1.00 iwufiiuns) AkumMsmzEssu
91M15udagns MS ffiuans PBZ avandudusiig 9 (0 1 2 way 4 dadnfusedng) 1u
se219m 3 Wou wiwsdssuuesudages 1/2MS Aiuhmaglasa 3 Wesidud Sy
IBA Anandudu 1 Gadnsusedng uwastfuiu 0.75 Wesidus Usuaianudunsn-nnaves
pIMamIzA Bty 5.7 neuludveinie Fadugnsomsfimnzandmsudniinn
(5B uaznuy, 2558) usiavgnsonmavi 15 41 610w 3 van niaNsEsluszesI
4 Famt JufinenugeuasganuazaeITnIsuisuivluusiayyanismaaes
3. anasnawsiasstuduivuazadanidlunmaaes
ynmsfnwimzidssduduiisfigungd 2652 osmnsaifoa melduasan
viaeavigesisalwus 14 Falusdeiu anuidunas 14 lulasTuademsnamseedund Tneaausu
nsMAABLULALALYSa] (complete randomize design: CRD) uazi3euifisudiadslayis
Duncan’s multiple range test (DMRT)
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aa o <@ a a a a al a o 1
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< aY 1 a a v v a a o 1 a Yy aa
21NIUT9gns MS Nliifnuaginans PBZ anududu 1 2 way 4 Tadnsusiedns lvidund
Funlueay 6.40 6.00 5.40 kag 5.20 TuRaAU ANAINU LAYES PBZ NANULUUTURAILA
2 fadnsuredns TrsnuiulusadulauwanA1aTUNNEaR AT UAUNLNIZLAB9UY DIMNTHT
403 MS 7liiieans PBZ (m15197 1) uazduiiinnzideslueimsudegns MS Miiveans PBZ
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1 (@) 2 (A) Uaz 4 Tadn3umadns (1) Auany

2. M33YAUTAYEaANNTIIMHIUNITINIZIAESUUB M STIANENS PBZ
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Study on the Optimal Factors for Briquetting Charcoal from
Coconut Shells Using a Full Factorial Experimental Design
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Abstract

This research aimed to investigate the optimal factors for compressing coconut
shell charcoal briquettes using a full factorial design (2° full factorial design). A coconut
shell charcoal briquette compressing machine was developed with a width of 60 cm,
a length of 66 cm, and a height of 149 cm. The machine employed a semi-automatic
power transmission system driven by a 7.5-horsepower electric motor (380 V), equipped
with a 3.5-inch drive pulley and a 21-inch driven pulley. The experimental design
consisted of three factors: screw length (30-32 cm), compression cylinder size (45-47
mm), and motor speed (254-267 rpm). The experiment was repeated three times with
30 samples per trial, resulting in a total of 24 experimental runs. The results indicated
that the optimal conditions for briquette compression were a screw length of 30 cm,
a compression cylinder size of 45 mm, and a motor speed of 254 rpm. These optimal
factors were subsequently applied in an additional experiment to collect comparative
data. The results showed that, prior to optimization, 19 briquettes (21.10%) were broken
or insufficiently compacted, whereas after optimization the number decreased to
8 briquettes (8.90%), representing a reduction of 11 briquettes (57.89%).

Keywords: Design of experiment, Charcoal, Coconut shell, Charcoal press
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Abstract

This study aimed to investigate the effects of growing media and chemical
fertilizer on the growth and flower yield of Clitoria ternatea L. The experiment was
arranged in a randomized complete block design (RCBD) consisting of two experiments.
The first experiment evaluated five growing media formulas: 1) soil mixed with Samanea
saman leaf compost (control), peat moss : soil mixed with S. saman leaf compost (1:1),
peat moss : perlite : soil mixed with S. saman leaf compost (1:1:1), peat moss : perlite
: soil mixed with S. saman leaf compost (1:2:1), and soil mixed with S. saman leaf
compost : chopped coconut husk (1:1). 2) the second experiment examined the effects
of chemical fertilizer (16-16-16) applied at rates of 0, 10, 15, 20, and 25 g per plant.
Plants were grown in 20-inch pots. Vegetative growth was recorded every 15 days after
transplanting for two months, while flower yield was recorded for six months. The
results showed that growing media significantly affected the growth and flower yield of
butterfly pea. Plants grown in peat moss : perlite : soil mixed with S. saman leaf
compost (1:1:1) showed the greatest plant height (170.00 cm), the highest number of
flowers (139 flowers per plant), and fresh and dry flower weights of 52.32 and 5.83 g,
respectively. For fertilizer application, 10 ¢ per plant produced the highest number of
shoots (43 shoots per plant) and the largest stem diameter (0.78 cm), whereas 15 ¢ per
plant resulted in the highest fresh and dry flower weights (80.65 and 8.03 g, respectively).
Therefore, peat moss : perlite : soil mixed with S. saman leaf compost (1:1:1) combined
with 16-16-16 fertilizer at 10 ¢ per plant was the most suitable treatment for promoting
the growth and flower yield of C. ternatea L.

Keywords: Clitoria ternatea L., Planting materials, Growth, Yield, Chemical fertilizer
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Effects of Operating Modes and Electric Potential
Difference on Image Quality and Elemental Analysis of

Zinc Oxide Nanomaterials
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Abstract

This research focuses on selecting the optimal operating mode and accelerating
voltage for the analysis of zinc oxide (ZnO) nanomaterials using a Field Emission Scanning
Electron Microscope (FESEM) combined with Energy Dispersive X-ray Spectroscopy (EDS).
The effects of operating mode and accelerating voltage on image quality and elemental
analysis were evaluated. The results showed that the GB-HIGH mode at an accelerating
voltage of 2 kV produced the sharpest images and revealed the most detailed surface
morphology compared with the SEM mode and other accelerating voltages. In addition,
EDS analysis indicated a uniform distribution of zinc (Zn) and oxygen (O) on the material
surface. A comparison between the Analyzer method and the Point & ID method
for elemental quantification revealed similar Zn and O contents, consistent with the
characteristics of ZnO nanomaterials. These results highlight the importance of selecting
appropriate operating parameters to enhance image quality and improve the accuracy
of elemental analysis in nanomaterial research, and they can be applied to future
materials research and development.

Keywords: Zinc oxide nanomaterials, Field emission scanning electron microscope,

Energy dispersive x-ray spectroscopy
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Han1senenIwieg e ianwIludfeenluniiendoqanssaiBidnasouluy
dosnsavileiaddfadu moldlmuanisiau SEM Aanussdndlin 5 Alalad wuin
amnefifdaneny 50,000 fsludegsitliindouunaituiasiadeuunadiu aunse
danaiuiinvestanuludedeenledlfludnusmraoudiadou oglsimuidefiufdeny
Hu 100,000x Tasiamelufegneiindeuunafity wuiamsodanefiuiafifinnugse
Igunsdu fanmdi 4
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Al 4 nanesegnsTanuludsdeenludmendaganssmididnnsounuudesnanuin
flansfadufiluunnisviney SEM wazaussdnglada 5 Alalad wWisuidisy
Fregnaiiliindeunasindounnafitumeldmdwenesietu 1w ldedouunaiiy
Masveng 50,000x (n) laimdauunadity masweng 100,000x (1) LAFBULNATT
A998 50,000 () LaglAdauunaiitil Aaseny 100,000x (4)

1.5 [uAn15¥11971 SEM waganuae@ndlndn 15 Alalias
Han1senenIwieg e ianwIludfeenluniiendoqanssaiBidnasouluy
daansieviafandfaty Auldluunanisvinau SEM Aanusedndlidn 15 Alalias wuin

[
Y '

Nasnegenlundauunaitulaziadaulnaituwansanwus N uRINAs LTINS eU Inennane
Alafinsuanssvazidaiuian wazlianwauznmlnaldssluvaedid (2D appearance)
FININA 5
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Al 5 nmaneegsTanuludsdeenludmendaanssmididnnsounuudesnanuin
farsfaduiinunnisvihey SEM wazanu snsdnsladia 15 Alalad wWisuiiisy
Fregnaiiliindeunasindounnafitumeldmdwenesietu 1w ldedouunaiiy
Masveng 50,000x (n) laimdauunadity masweng 100,000x (1) LAFBULNATT

o w

AMagveny 50,000 (A) wazlAaULNaTTN Aaavee 100,000 (1)

1.6 Mswisuiisunmansvesiegisianuiludsdoonladiindeunnadiiu

FEUINMUANITINY GB-HIGH wag SEM

vhmsl3suiisunmeaevesiedsTanuiludsdeenludiindouunaiity
Tagrimuamdsvens 100,000x Meldlymnnsvinnu GB-HIGH Aimusedngluli 1 wag 2
Alalaadt waglvunnisvineu SEM fimnusnedngluli 2 5 uag 15 Alalaad wudnsiedou
wnafitduaelinunmusanmarefienuesdauinnindaegwilindeu WesanTanulu
FereanleddaduTaniaiath (Habibi and Karimi, 2014) Fse1auinnsazauuszquuiiuia
sgrhunsdnenld Ssndudenndouunafituiiefiunmiliiivesiufiaiiegng

wamsisuiisussninnnnisyhan nuiamaieldanun GB-HIGH
ansauAnITBasd AR Ui arAvsIEvesTaguiludsdeanlefldeadaau v
ameenlvun SEM Wneasidafiufanasuazfiuaungusyldlddanu failnmee
meldlnun GB-HIGH finnuaudpuazarmannsalunisuansdugiuinefiuiafindluue
SEM peinedinLau fanwdl 6
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Al 6 nmanesegsiaguiludsdeenlediiladouunaiitu fendesqansseididnaseu
wuvdesnsnailaflasaiatu itidewens 100,000x Melilnanisiauasay
sadngluiismedy 1oun e SEM fimnusisdnglnda 2 Alalad (n) nua SEM
finnussdnglnda 5 Alalaas (@) Tuua SEM finnusnsdnsladia 15 Alalad (a)
Wun GB-HIGH fiausnsdngladia 1 Alaload (2) uaglvun GB-HIGH finnusia
fndlniln 2 Alala (1)
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2. NMFAATIENTIATINGIU
2.1 MIAATILYNIINITLANYAIVBIEIN)
HANTILATILRNIINTLABAIVDI519 VIA108 19T anuIluTneanlydeie
wadansiieTeisnBmdan wuisndingd fuansieduns uagsinoondlau Jauans
FreAiden Snisnszeiiedaiaeuuiuinvesiiosns uennianady EDS Saudns
deygavesndingduaroeniaueg9tniau Fanmil 7

Zum Zn Ka1

2um 0 Kal

il 7 MilessdnisnsEnefivessnvesiie s Taguiludadeenladdemeiianis
WAT1esmdandsnu laun amaedtegeiaquiludsdeanted (n) Mmdaunis
nszefessIndanyd @und) uazeendiau (BlTe7) vunmaefegna (1) Wi
1505891879095 dINEd (A) UHUTN1INTEANBR1VBI5 IR DENTIAY (1) LAz
awUnmsu EDS vassmdinsduaroendiau (3)
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2.2 MmawlSpuliieuisnsinseiusunaes

N19USBUIBURNANTILATIENUTHNIE N A8MATANTTIATIEEI9IT
WA FENINIENTIAT ISR UURTU lawesLag BN TR e uUUALEY
nssrysiingn wuiaesislinansieneivinusgdnsduareandiaulndifsaiy
(571971 1) TnonsranuUSnasmdansduszana 45 Wosidud uazsmeandiauyssan 55
Wosidud deeglurisiiaenadesivamideves Demissie et al. (2020) Aistenunsdansigy
FanuludadeanlenanlufivuaznuuSuasindined 59.43 wWoesidud uazs1neandiau
40.57 Wosidus

A13797 1 UsinausguuiiuiiiiegsTanuiludedaenlan

BN15AATIIUTNIEN Uianaus1n (Wasidus)
dansd 29NTLIU
wuvavlaLwes 45.44 54.56
LUUAKAZNI35E YRS 44.43 55.57
n159AUS18NANISIAY

Truanisvien GB-HIGH Wulnundildussiulniiaufiuiugiesns (negative sample
bias) 4l 07 IEAANE 191U B LE NATOUTAEANNTENUT UAF 0819 dwaldngssuves
adidnaseu s 9annnsznu (landing energy) anad rlannsoenemnituidldeudaty uay
antlymmsazandsyqluliiuuiaegne lnslawizSanfthlwid i oidufsin luvaed
uansvhen SEM lunsldddidnaseundsnugedsluduinegdlaenss dmalidianmsou
ansnzdnasiutanldunnni Ssenvilissasdendsiuitanaudodieusulnu
GB-HIGH Wsfi nsisuifisunmautRsenindunun GB-HIGH uag SEM uansdansed 2
(JEOL Ltd., 2012)

M1319% 2 NsiSpuiiigupuandRvedlnuan15v19IU GB-HIGH wag SEM

AMENURA TyiaIAn1591191u
GB-HIGH SEM
WAMUABIENATEU i 6N
(Budnnsoulradndnios-Alaliaden) (1-30 Alaliad)
AnuALTRYe s genan fmi
Yeymn1svnsavesdiegn anag Aatulgie

ANUANYDINITINZADLaNATOU AUNIN annan
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Han1senenieg19ianwludsdeenleniundeanssmididnasouluudosnsin
siaflandfiatu meldluminnisinuuazanuanesdndlniiang o wansdiiuiinisiden
Tuan1sinukazaua AN inInad RN NUININABUATANAIUITATUNITUARS
MeaBenfiuRavesiogsedeiioddey Tnenuinneldlnun GB-HIGH fiemusnadngludiy
1 Alalaad nmdneiuiidsdinnuendaliiisme vausfidodiuarussdnglaindy 2
Alalaad nmdnsannsouansssasdoaiuilddaauiasdamueudngsdusgan uin
deiFsuiisuiulmanisiany SEM wuiusfidanudsdndlaii 2 Alalad nwenodsd
ArunuasuasaniTsazdeaiuiildlddaeu uandefiuarusisdndluiidu 5 ua
15 Alahad TwasiBuaiiuivesietvanasednsdniau wieadeananmsldanus
Andliiniigaiuanumnzanivriavesiiogne dwmalidididnnseulindanugauasiin
ANEBEsoNLA (beam damage) Seenunsadunaldandnuvasnsindivesiieg (bum)
Fadunisfnuseussdndliidmsunisdienmisnsiinisinuviennaeuidosdiu
Wiolannsaidenailvmnzauuazanmnudewieniiaeandemeniotan (gwd, 2567)
HansAnyiaonadesiuaiideues Stevens et al. (2009) Bsldseaumsaienindaniii
anushadndlaitilugng 500 Bidnaseulad (ev) e 1.50 Aladidnasoulaad (keV) Lilouan
Tiuauuanatsresnunmamaiedeldaussdnglwiimnaiu uasauoiduuuni
Tunsangnwian SBA-16 wag FDU-16 Ssatiuayuinnisidenaiusnsdngluiiilussdu
feunansfimmmsnzausomsmenmianfidesnisneasdeatiuitseduunly

mMsnsesndmdnuiumadeilddmiunieneiesdusenousniiluds
AN nuazislsina lngendemsldadidnaseuainndesganssmididnaseunuudansin
dosnsnuuiuiiafogne viliiAnssdlonddnunzianizuessn (characteristic X-rays) &
annsahinldssyriauazuimnamessmiiiussdusznevluiedeld mslinsegiinng
nsvaeiewnIgliiadnsidummuaninanssnefwessnuuUInaiuiiivhnmse i
Feannsalivsudunnuaiiavevesessussnausnuuiiuiiainendld dmsunsiinsgy
\BeUsna nansnsaainazgnuandluguanady EDS Gauanseuduiusseninauny Y fo
Frunudy 0I5 AengRngIaTald (intensity W38 counts) WAz X fia WEIUTBT
YedendlumireAladidnaseuliad (kev) nefia (peak) Ausngluanasu anunseldvsd
vilawessniliussduszneulusiegie LLawmmmﬁwmmaaﬂmLﬂué’mﬁaw%LU@%L%W‘?
vossminsranuludieddld venandasnmstinsesisnuuugauasnsssyvingn.du
mMaTsEilBiEnaseurnnsEUAsog i umisamzuuiiuiadegns e TarUTina
Ssdend o qemanlalagase (hagf, 2562)

d3Unan1339Y
nan1sAneInisatsnInianuiludsdeanladaiandesganssAudiannsauluy

dosnsmviailaddfiadu meldlvuanisiauazausedn i duandistu wui

TvuAN9¥1197U GB-HIGH fimanusnedngluidin 2 Alalaad Wuanigilmunganfiandmiu
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nsthenwiuRavestaguiludadeanted esnlinmiifiauaudauazanusouans
easdeaiiuildifigadeoudsutuaniigdu

HAN1TIATIERRIAUTENOUTMMIEMATANITIATIERs T and U Tudiuveanis
nsrefvssuandliiiuitsmdnsAnaroontiauiinianszatefos vahianevuiiuin
9310813 wonIINTnaNThATeRdilnesufisusErinelsmslieseiuinn
suuvarulawesiarismslianeisnuuuganasnssrywing 1 wuinisaesisliua
Tndifeaiu InensranulSunasindinsduszanm 45 1Wesidud uazsineondiaulszana 55
\Wosius

FaunansAnuda iuisnnuddguesnisdenTuunnisiauuazaausg
Fnglihilmnzanlunisfiugunimesanindrs suiadiueugndewemansiae
psAUsznousgluaAfediutanulu feannsnhludsegndlddunumisdmiunuide
wazanniagluewiaala

JoLEUBLUY

a

1. iegailtlumsiienesidondenanssmisidnasouiuudeninuiinilad ity
wnduegefildinlniiwdedahlni msinisedeusiegisteunsiasedt wu ns
\WPABURIBENIRIENBY i3 awnanita LUudy

2. msdenluunnisvieusaranussdnglnifimunzauianusnduegedsie
ﬂmﬁuﬂmmwmmmw Wodunsifinuszans nnuesnszuaunsingzy anszezaly

nsAliuny warsannunulunTiinseidied

AnAnssuUIENA

YoaUAMNBIU]URN1INARIganssAIBanAToULUUEBINTIA Quéﬁmmmi%uqﬂ
Fruulumeluladifiogaainnssuiad owns uagniainuas an1tuIneInsiugaus
UNTINYIRBNYATAENS

LONE15919D9
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cl/knowledge/2562/EDS.pdf.
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cl/knowledge/2563/material_prep.pdf.
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NaYRINS I TUUAAUINADABAMNINHANEANGILNDUND
Effects of Salt-Farm Residue Application Rate on
Fruit Quality of ‘Hom Thong’ Banana

YR AR nsednd s3sudnsa’ Twiuda gassadug’
Anfu dazweddmun’ @5a alanuenal uazlana dunslnl
Boonchart Kativat?, Songsak Thamjumratl*, Nanapas Suwansinkl,
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MATei i Tngusrasdifefnwnslddunnunndelunisufuuenuniwkanan
ndeveuned lngnaunimaasndu 5 drsunismaaes laun (1) Wildds (garuau)
2 ldteiaiigns 13-13-21 Tudha 125 n¥usedu (3) Tatunmundelusng 240 niusiadu
(@) lddunnunndeludmns 480 n¥usadu uay (5) laluanunndelusng 720 nfusiosiy
HaN1sNAaeUIINIslaUeans 13-13-21 dwalinanaigvouneaiifnainuniie g’
i uasninaaundign vasfimslaluaauindelusng 720 niudedu Tenu
wiuielunafuuazuaaniiian Wiy 4.880+0.300 uay 0.338+0.016 Ty nruddy
uenandmslatunaunndelusng 480 uag 720 niusedu dewaliuimameudsiiarany
¢ smun (total soluble solids: T5S) Tunagngsiign winfu 21.37+0.88 uag 21.5140.77
293G MuEIAY waznsldduaaunndelusng 720 nfusedu Ta dndiusening
Uhinaveadsiiazaneldrousinunsadilnmseld (TSS/TA) wihitu 36.52+5.16 RauFagy
hmslitunaunndelusningeanivuiliugisufulganunmuandn Tnevhlia Ui
vosudsftoraneldiviomngefian ogndlsfnumainisdnvifimfudiunafiusasnmsld
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Adnfsy: ndneveunes Juans 13-13-21 Tuanunnde Usunaweswdeiazanglivisiun
Abstract

This study investigated the use of salt-farm residue to improve the fruit quality
of ‘Hom Thong’ banana. The experiment consisted of five treatments: (1) control
(no fertilizer), (2) chemical fertilizer 13-13-21 at 125 g per plant, (3) salt-farm residue at
240 ¢ per plant, (4) salt-farm residue at 480 g per plant, and (5) salt-farm residue at 720
g per plant. The results showed that fertilizer 13-13-21 produced the greatest fruit width,
fruit length, bunch weight, and fruit weight. The application of salt-farm residue at 720
g per plant resulted in the lowest firmness values for mature-green and ripe fruits
(4.88+0.34 and 0.338+0.016 N, respectively). Salt-farm residue at 480 and 720 g per plant
produced the highest total soluble solids (TSS) in ripe fruits (21.37+0.88 and 21.51+0.77
°Brix, respectively). In addition, salt-farm residue at 720 g per plant resulted in a TSS/TA
ratio of 36.52+5.16. Overall, the highest application rate of salt-farm residue improved
fruit quality, particularly by increasing TSS. Further studies should investigate higher
application rates or the combined use of salt-farm residue with chemical fertilizer to

reduce production costs and improve product quality.
Keywords: Hom Thong banana, 13-13-21 fertilizer, Salt farm residue, Total soluble solids
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sanid fnduvonindudseniu nandefiarudaondelifanadandraud oy il
néeneuvasesnglisumnudeuduiivensuvesiuilaelunaindu ndreviesmesiiugn
TuvszmeAlnednuazmluazilddugaszana 3 was dushugudnansnnnin 20 wufiluns
nmuddualudidergsuiianedudyuy Auludsesroutiniig dunarsludides dauves
ponfidufuaieasivy Uasulireuineen Yaeunay Muvuiiduasessins ndreindonis
11 4-6 73 M’iwﬁqﬁ 12-16 wa Uanenadanuiiudn wWienu Weandeuwdudindemes e
Awdoady ndumen savmuulsEny (5397, 2566) uwiludlagiuianuasnsuarduilne
TaudAluduarnasndeuniu nensns3adiusudsumsnatasnsannsld
Joiadl gl ingavildansssunaimidieuaylidmansznudedwandon Tagnisld

]
[
°

dmndannaniintnanvan dndasaliuazdminuandanundudieteanduyu
Auansieiivazdewndl (Enswn, 2564)

Fondamysyiauiviunindensia S1uau 19,000 15 1nwnsnssiuau 320 518
fnandnUszann 46,400 dudel yar1 23.20 a1uum @EUnnudnusnis ae 4, 2566)
Juapunda (salt farming residual) uTagumiefisninnisvuinde e amse arlasii
wavunasineuse 9 Asusmiuduwiuluuindeuaranaynouwisain frfadundaain
Wnnsviwndelugaeuy Tnsanunsaiuidenldlazadsludiafoungeinisuvamndneu
yuindefiosuiiuiuindeliissuarutudmiunisuhuinde Tuasunndeaunso
dinduneTmgliunauvliiuiinnusuge Suhldd wansuimassydulpiuiiennade
waztilUlFumutowed Ssdieudaonsosiodian (s, 2565) Tuamuinefinmaudinig
il fo Tulnsiuianun Weawa3a (P,0s) Tnunande (K,0) weaudey uazuuniifen Wity
0.72 039 1.03 1332 upz 6.84 Wosifud mudiu (YA wavan, 2567) Tuanunnde
fnsih o suussnunmmandalsiue Inonislausnuseunsaiuvesiudilelusng
1-3 Alan3used neunsifuifeUseun 50-60 Fu uavinlifuadgAulad dsavfniu
nseU wiazihiuuszvin (haunddyaviesdunazuinnssudunisineas, 2564) uazlu
Tunnunndeiinoaneiatisduaiuiiosnunduswoaiu nsedumsoonnenioua dau
Tnunadevinlvinafouialvy sauiva Snvedslinuaudflunsduiifdnadaslibu
FgemzsinIsasydulavesniudulinnla (@samed uasauy, 2545)

anuziiTeTsdiennuaulalunisihiusauindedadumundeisnnmeihuinde
wrllunsuulgsnanmmananndeviesmes frsunsnunaresduanunndosonmuam
nanAnvoandevounodunisiifoduuumdunisiluvssondldlunisuiuussmmam
waARlUINYATNSTIUgNNEEvoNve el
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Banliun133deg
1. Mawstatuanunge
ihiupnuindemnuadeindestosifiolilouineynainas Seoiuiuiiig
wazifiuuszavs nnlunnilvldusslend anduduifuiegsiuaauindofiolinse
autinamenmuazmaai lngldisnegeunuaiolinsgidiegavesdiningimans
Wonswaundinu (@dninemansiiioniswaundinu, 2547) NANTILAS WU Un
wndeiiAimnudunsa-ang (pH) windu 8.52 wagainisulnin (electrical conductivity:
EC) winfiu 14.19 wdduusieiuns dUSunaduniedng (organic matter: OM) Wiy 10.04
wWosidus Tnefvsnadlulasiauionun Wweanesa uarlnuvaideu Wity 0.72 0.39 uaz 1.03
Wosidud muddy uenandnuuiinuueadouuazuaniieasindy 13.32 uay 6.84
Wesius muaeiu waslivsunalufeuvindu 2.61 Wesidud
2. NMssENAUNAEEMIURANEMARDY
yhnsAnidendundievonnesainulasigniBanisin a ulaanunsng il 1
fuaviniau snethuaa fwiamesy lnelundeiivgnuuuenses ssozUgn 2x2 WAg
wazflongUszana 6 Weu vatneusunmmeans wasgndinaninisladeiinug 2 ade
Fud adedl 1 Tandsgn 2 iou Taeldteges 25-7-7 §n91 100 niusledu waradsd 2 lands
Ugn 5 1ieu Tneldtegms 25-7-7 8nm 150 nfudesu Mndududnidendundrveunasiis
919 6 1o vieagluszerSuundluss (eng 184 Jundwgn) uasdimnuauysaflndidsadiu
$1uau 80 du iiteldlunisvnaes ilendreiFuunaUa (eny 189 Juvdsgn) Favhnslie
munssuIsneaes Ineninudeseulaudunielusal 1 wWns naenseusiaINIImMAaeiinis
Timn 2 Yuludaadh edsas 1 92l waglidfinisviuanstastusadadngfivnnaia
3. MIVNUHUUALNITIANTNAGDS
mqLLmumimaaaquq'muﬁaﬂamyszﬁ (randomized complete block design:
RCBD) $uau 4 vfien uaxdl 5 é¥unnaes el
fsunaaesit 1 laldde (@aauaw)
ffunnaesit 2 Taleilgns 13-13-21 Tudns 125 niusiasy
snsumeansdt 3 Taluaauninde Tushm 240 nSustesiu
sn3uneansdt 4 Tatuaauninde Tusho 480 n3usesu
snsuneansdt 5 Tatuaauninde Tushm 720 n3usesu
yhnslsemunsauiivnaes Wies 1 %t andudnuandisoonvdannusing
ViR (engdu 204 Sundsgn) wasiiuReInananlnetuegrdansinyd 55 Yu (o1gsu
259 Tumiaugn)
4. msUuiindayauazmsinsevideya
ynsiiuifemandndendiefiony 55 SundswiaUd Faduszosfiufsma
981 ntuutsmandaeeenidu 2 daw liud 1) dudmTumsTuinAuAINYBINARU Loy
2) drudwiumstuiinaunmyessadn Tasnandednildfnymaanluutluguy o
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avnsalnninunstiuan $1da sunetuan Siamesys Wuna 21 Falus (1 Aw)
Mndutnsluiensuiigungd 21 ssrneadoa Wuna 1 Au uasinliluanm
onumQiiviesdn 1 Au ieddenudsuandidoniudmdesazeglussiunsanvesndae
sedudl 4 (WasnBSuudsunndidueenides warlidmdewnnnindides) Swhnnstudin
Aunmagn Taesidunisudafuiessanm 3 $u
4.1 MITUNNTOYANANEALALALNINHA

MIN1STUTNT 04 AR TUNARSALALA NN INHATDING I LA kA YUIANA
(AEINaLazALn e Tnetanun el nafanansaa nSeustetuiinimined
(Alan3u) wastiminua (n30) dwmsunsussfiuemuwiuiie vmsTausnafnamwa tne
Tagulasunisveana $1urn 2 90 drunisussdiudvemariinisiauinufanawa
i1 2 dndluimmanssdiuiy TaeTaadlussuy CE Lab* faeiadesinand HunterLab ju
UltraScan VIS wagsresmuraiduainnmadng (L9 endides-uns () drddndu-wdes (b9
uazALand (hue angle: h°) Fautanamusasg N1 Indves intemational commission on
|Llum|natlon (CIE) UssnanlSaea wonanivhnistaraudunsn e 9antdiduduses
deona Tinseivsinamewdsiiazareldiaun (total soluble solids: TSS) BurEBIAUING
(°Brix) warUSunaunsadi lninsele (titratable acidity: TA) voa1 enan1u33 AOAC (1990)
Pntusumdndussrieiinaueuwdiiasaeldneusnansafilnmsald (Tss/TA)

4.2 MTBATIRveYan1eata

Jpszideyalaglilusunsudiiagy SPSS warinmsnsgianuwUsusiu
(analysis of variance: ANOVA) il aM1AdaUALLANG 1958111905503 5 neaes Wienuaay
uwaneseg i@ dmneadi SavhnslieuiisuruwanaauesA s T EniILe
A2835 Duncan’s new multiple range test (DMRT) fisgsuarudesiu 95 wWeoddusd

NaN15338

nslddegns 13-13-21 denalinandreneumesdinnunitemageian Wiy
3.66+0.15 Wwufiung Tnefianuuandsiuegsitedduneads dewSeudieutunisls
Tunnunndeludng 480 uax 240 niusedu uazyaniuau (alldde) Faiaeuniiwa
Wiy 3.5120.12 3.45£0.16 Uag 3.34=0.13 lgufiluns mua1au TuauaueIng wui
mslatogns 13-13-21 Tieanuenagfian winfu 22.64+0.89 Wwuluns Ssdiauuansig
fuoghaildedfymeedn WenSsuiieutunninsunaaes Idud mslitunnuindelusn
720 480 uaz 240 n3usedy wazyaeuay (Lldle) Fsdiaameninawindy 21.9940.76
21.88+1.21 21.66+0.69 WAy 21.57+0.88 LwufiLung AuAIFU Fams1eil 1
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713197 1 AIUNINLAEAINENIVBINANAIVEUNDINLATUTBsNg 9

A15UTINADY YUNAHNANAIBWDUNDY (LYURLUAT)
ﬂ’J']llﬂ”j']\i AUy

llldde (ynauaw) 3.34+0.13° 21.57+0.88"
Jainilgns 13-13-21 (125 niustediu) 3.66+0.15° 22.64+0.89°
Fuanunde (240 n¥usody) 3.0510.16° 21.66+0.69°
Funnunnde (480 ndusady) 3.51+0.12 21.88+1.21°
Funnununde (720 ndusady) 3.60+0.13% 21.99+0.76"
F-test * *
CV (%) 4.84 4.37

e - eulugluuuAied + dudesuunnnsgiu (mean=SD)
- * uagAnadsiniumedenesasiuluanuiifediulanuuanssiusg1eiidedasy
N9@Edd (p < 0.05)

nsldegns 13-13-21 dawaliuininudiedsvasndaevounesgsiian ity
2.47+0.13 Alany wazdnnuuansnaduegefideddyniads WewSeudisusunsly
Punaundelusng 720 480 waw 240 n¥usledu uazgaauax (ldte) Sedamniwiind
WU 2.32+0.07 2.30£0.04 2.21+0.08 uaw 2.24+0.08 Alan¥u muiy Tusrudwmiina
wuimslatogns 13-13-21 Iithndnuagefigauiu wihiu 179.30:6 37 n¥u Taefimny
wanssiuegsiifoddmeada Wewssuisusumsiitunmnindslusng 720 480 uae
240 n¥usiedu wazynauay (ldde) Felnimdnaawinty 172.78+3.67 167.62+2.91
161.2046.01 Uy 159.60+7.94 N3 sruady fams1eii 2

A157197 2 dmlinwiuagtvtinvesanaieveuvesilasudesiig 1

ANSUNNADY Ywtinndreveunas
Y3 (Rlansa) Ywinua (nda)

hilddy (ynmuaw) 2.20+0.08° 159.60+7.94°
Jewadlgns 13-13-21 (125 n3usiosi) 2.47+0.13° 179.34+6.37°
Fuanuinde (240 ndustadu) 2.21+0.08° 161.20+6.01°
Fuaauinde (480 ndustadu) 2.30+0.04° 167.62+2.91°
Fuaauinde (720 ndusadu) 2.32+0.07° 172.78+3.67°
F-test * *

CV (%) 4.84 4.37

vnewe: - Meadlugunuuaneie + dudeuuuninggu (meanzSD)
- * wazAedsinnumemsnesaeiulugausifenulinuwanansiuegsiidedaey
19808 (p < 0.05)
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amuduiovewandreiu nuinisliduanuindelusns 240 ndusedy Tk
Anuiuiiogefian Wiy 5.070+0.180 Ty sesaun Ao milituanuindelusng 480
n3ustedu gnaiuau (ildde) nislatogns 13-13-21 wasnsliduamuindeludng 720
n¥usedu §adaraauuyud etvinfU 5.000£0.230 4.970+0.290 4.950+0.370 uas
4.880+0.340 T sudeu egrslsimulinuanuuansivneadn Wefinnsanauuiy
Lﬁaﬁuaqmaﬂé’wqﬂ wuAuLueananszeznanu Tnonslitunaunndelusas
240 nustosiu Wenaruutuilogeiian Wity 0.352+0.018 fadu sesasun Ae yaniuny
(afldt)e) n1slitunnuindeludns 480 n3usedu nsladegns 13-13-21 wagnsliduan
unndelusnst 720 nfusedu FeilAranuuduiieriafy 0.346+0.015 0.345+0.018
0.340+0.011 @y 0.33820.016 iy MUIFU R inuAMULANAINSEDR Fans1ait 3

M13°99 3 ANUBUENARULAEHAANYBINANT e viDLD AT U 9

A15UTINADY auuuienandlevieunas (Ha6u)
NARAU NAgN
lildde (ynauaw) 4.970+0.290 0.346+0.015
Jaiailgns 13-13-21 (125 niusies) 4.950+0.370 0.340+0.011
Fuaaunnde (240 nYusodu) 5.070+0.180 0.352+0.018
Fuaauinde (480 ndusladu) 5.000+0.230 0.345+0.018
Fuaaunde (720 ndusiadu) 4.880+0.340 0.338+0.016
F-test ns ns
CV (%) 6.870 8.570

vanewe: - Mealugunuuanei + dudsuuunnsgiu (mean=SD)
- ns WTANUWANFAUN19EDRA

USmnamesudeiiazansldimualundreonadvlimuauuanssmeadfluy i
yaans o slsfnuuiinavondeiiasansldtomuelundrenagniauuandistuogis
fifodndaymaadn Tnonislituanunundelusim 720 wag 480 n3usesu e USinamesuds
ﬁazmslﬁﬁy’wmqaﬁqm WinfU 21.51+0.77 uay 21.37+0.88 83AU3ng Aud iy vauzdl
ynmuau (alldde) Inausinaesdsiiazansldiamasiian wihiy 19.26:031 ssmuing
Fapanadl 4

A13199 4 Ysnawewdafiazansldveamafuuaznagnnatevieunasiilasudesing o

ANSUNAABY USunauvasndsiiazanels (a9f1usnd)
NARU Nagn
Lufldde (ynauaw) 2.24+0.27 19.26+0.31°

Jaiailans 13-13-21 (125 n3usiosiu) 2.12+0.13 20.28+0.65"
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A15199 4 (M)

fASuUnnaas Uunavawdafiazaneld (aeruing)
NARY NAEN
Fuaaunde (240 ndustod) 2.09+0.16 20.48+0.71°
Fuaaunde (480 ndustodu) 2.24+0.17 21.37+0.88°
Fuaaunde (720 ndustod) 2.11+0.19 21.51+0.77°
F-test ns *
Qv (%) 8.80 5.15

U - swmuiugﬂmummﬁa + duideauuinnsgu (mean+SD)
- * wavAnadeiiniusemsnysisiuluanusiientuiauuandatuetditeddy
N9ERA (p < 0.05)
- ns TadfiuuanAeiun1eaia

USUUNIAN e ld L nuAIMUBANA 19N 9Ea R 5ENI19eISUNAaes ag1alsAny
FaaruszninaUsunauvedanazatslasaUsuiunsad mwmsals Januwanafaiuagiedl
HodAgn1eada Inen1slutunnuindsludnst 720 nfuresu RAdadusenIelsunu

2 a P a a v a W a
vaaudaniazarelaneusunansad innsalagefian windu 36.52+5.16 vaugfiganIuAy
(llldde) Thandnduszmnauinamesudiasarsliseusununsaiilnmsaldsmign wafu
32.50+4.87 $9615197 5

a a Al ¥ 1w 1 I a 2 o Yo a
A1519% 5 USunaunsanbnmselanazandndiuseninausunuveswianazarglanousune
nsafilnimsalaveamandigveunasilasudesiig o

A15UNINADY Usueunsa ANAREIUTENING
Flnwsals Uanavasudediazansls
daUsunansadilnmsale

lfldde (ynauaw) 0.61+0.10 32.50+4.87°

Juiailgns 13-13-21 (125 niusied) 0.59:£0.06 34.69+3.38"

Fuaaunde (240 ndusied) 0.59+0.08 35.67+5.86™

Fuaaunde (480 nduslad) 0.61+0.06 35.20+4.04°°

Fuaaunde (720 ndusad) 0.60+0.08 36.52+5.16

F-test ns *

QV (%) 4.84 4.37

vaneme: - eanlugiiuuAieds + dudeiuunnsgiu (meanSD)
- * wavAnadeiiniusemsnesisiuluanusiientuiauuananatuetditeddy
NERA (p < 0.05)
- ns Wiflauunnaneiunisadia

Wichcha Journal, Nakhon Si Thammarat Rajabhat University (2026) Vol. 45, No. 1, pp. 90-103
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ArUTUNTA-A19vRINAlsRaR UlLINUANLLANANN AR RTE NI SUNAaDY ag
Aeglurag 6.08-6.28 agalsfimurinnundunsa-arswesndienagn Jrnuunndieiuegi

CC)

Hedhdgnneada Wnenshituaauindeludne 240 nusesu lianaudunsa-aagsiign

(N

Wi 4.95+0.12 vaueiinshivuanunndelusdns 720 nfusesu wazn1slddegns 13-13-21
Tiremdunsa-ansindian Wity 4.82+0.17 uaz 4.85£0.12 AUAIAU Fe151971 6

il
il

M13197 6 Amudunsn-Aveaiuuaznagnueanandeneunefilasulesig 1

A1SUNINADY Aranudunsa-Ang
NARUY NAgN
Laflddy (yamauaw) 6.08+0.12 4.88+0.06°
Jaiatlgns 13-13-21 (125 niusiedu) 6.18+0.24 4.85+0.12
Fuaauinde (240 ndusiadu) 6.24=0.13 4.95+0.12°
Funnununde (480 nfusady) 6.28+0.13 4.89+0.05"
Fuaaunde (720 ndusadu) 6.10+0.31 4.82+0.17°
F-test ns *
Vv (%) 3.40 2.46

e - eulugluuuaiai + dudesuunnsgi (mean+SD)
- * uagAadenniumedenwiasiuluanuiifaiuianuuanssiusgiidedasy
19858 (p < 0.05)

- ns ldfianuwanenaiunsada

AdvRINARUNAIBUENNDlUTTUU CIE Lab* wulndlanuuanasiueeedidedagy
yaadR Tusauaing (L) endifer-uns (@) uazeanand (h°) vueiiendidu-mdes (%)
linuanuunnd1ameadia Inedenegluge 33.13-33.39 dwsuaranuainanuinisldde
an3 13-13-21 Iiengefian winfu 59.05+2.80 vauziigamuny (bildde) Tedeedign winfu
57.80+0.84 Tududifer-unswuimslidunauindelusng 240 uaz 480 n3uredu uas
nslddogns 13-13-21 Tengefign Ay -11.37£0.50 -11.38+0.47 uay -11.390.54
pdiy vasfigaeuau (alldie) Waiesfign winiu -11.58+0.36 uenanilaand
wuiyanuay (lldde) Wengeian windu 109.38+0.79 Tuvaziinisldtegns 13-13-21
warnslid uanundesns 240 uar 480 niusadu lasnfian WAy 108.80+1.00
108.85+0.96 WAy 108.90+0.92 AuAWU Fams1ail 7
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A1519% 7 Andraluseuu CIE (L* a* hag b¥) wazAang Yadanalignaunasssesaungle
n33uIsMsliidesing q

ASUNAADY AR
L* a* b* h°
laildds (ynpauAm) 57.80+0.84° -11.58+0.36° 33.21+0.73  109.38+0.79°
Jaiailans 13-13-21 59.05+2.80"  -11.39+0.54" 33.25+0.86  108.80+1.00°

(125 nSumosw)

AAUNNED (240 NSuFDAU)  58.50+1.65° -11.37+0.50° 33.39+0.78  108.85+0.96"

AAULNED (480 NSurEU)  58.31+221%  -11.38+0.47° 33.35+0.83 108.90+0.92°
AAUNNED (720 NSusDAY)  58.23+1.47° -11.44+0.35® 33.13+1.03  109.10+0.94%
F-test * * ns *

CV (%) 3.34 3.94 2.55 0.86

3

3

e - gadlugduuuanade + dudeiuuiinggi (mean+SD)
- * wazAadsfiniumeisnesaeiulugausifeinulinuwenansiuegsiidedAey
N9@dd (p < 0.05)

- ns liflanuuanenatuns@d

Advamaannalereunadluszuu CIE Lab* wulnlinnuunndaiuegelded Ay
yeadin Tudarmaing (L9) adBoa-uns (@) adiidu-wdes (%) uazAand (h°) Tagen
armainenuinmsliduamuindeludne 200 n¥usedu Tiageiian winfu 75.67+0.79
vuziinslitunnuindeludn 720 nfusady wasynmuay (laildde) Tiadiian wiiy
75.2040.68 Waw 75.27+0.55 muad iy dwiuedidea-uasuinislitunauindelusng
480 n3usiasy lrir1gefign Windy 3.98+0.51 vauzdinslddegns 13-13-21 Tianfoedian
Wiy 3.6540.08 luduanduuiu-mdemuingaaivay (uldae) Wagsian v
45.22+2.75 vaufinisldlogns 13-13-21 waenslitunaunindoludng 240 niusadu T
Fiign Wity 43.05£3.11 Wag 43.263.61 AuEEU uaamm’fﬁ%mﬁwudmﬁﬁldﬂaqm
13-13-21 wazmsliupnuindelusng 240 niudedu Wirgafian Wiy 85.93+1.04 uas
85.79+1.01 sudiy vauzigamuay (ildde) Wentesdign winfu 85.23£0.69 fwns1sii 8

M131991 8 Andialuszuy CIE (L a* uay b*) uarA1and vesranaieveunadssazgnatele
n35a3sMsidesing q

ATUNAADY AdRD
L* a* b* he
Lufldde (ynauaw) 75.27+0.55°  3.76+0.62"° 45224275  85.23+0.69"
Uewailans 13-13-21 75441091  3.65+0.48°  43.05+3.11°  8593+1.04°

(125 nSusosw)
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a5l 8 (7o)
A13UTINADY AR
L* a* b* h°
Fuaeunnde (240 n¥usody)  75.6740.79° 3.77+050° 43.26+3.61°  85.79+1.01°
Yuppunnde (480 nSusoAy)  75.51x0.41%°  3.98+0.51° 44.38+2.86"°  84.76+0.89°
Iupaunnde (720 nfusey)  75.20+0.68°  3.75x0.4%°  43.88+3.44%°  85.58+0.98%°
F-test * * * *

CV (%) 0.93 13.49 7.35 1.18

e

3

e - galugdiuuanade + dudeiuuiinggiu (mean=SD)
- * wazAedsiniumeisnesaiulugauiifeiiulinnusenansiuegsiideddey
N9@Edd (p < 0.05)

N130AUTIINAN1TINY

wan A unuindeludmaiiad uiwnludsaliiauauay
dmiieandevesvoufisdu Ssoraiannnafinuiinusnensidegluiuanuinde
Taglamzsglnunadenifiunumdfgrenssuiumsiansaua A WHANAR (83gvs,
2552) agslsfimuudfimslideiniigns 13-13-21 alfeemnioma armetana dwiind
wagiwiinuagaiian uinislitunmuninde Taslamelushsigean 720 niusedu aunsndae
dinaunmmandnfiofeutuganuau (ildde) Idegradniau Auamuuiuionui
ndansus wandrefienuuiudeanadlunniifunaaes Fududnuuenisisuuasd
Aatusswinnszuiunsanvesals Tasaenedosiunsidsudvendienandifendu
dwdes sulunannmisaaeivenaslsiladuaznisusngdvesansnauualsfiuesd (I3,
2509) sufsmaAsunlasesdUszneuvesmtavadivilmdeduiasouuas uansdsnadng
sravanui wainsituanundeludng 720 niudedu uagnslsilammuisinumsnslsia
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Abstract

This study aimed to investigate the diversity and nutritional value of processed
local vegetable side dishes (Pak Nhor) served with Khanom Jeen in Nakhon Si Thammarat
Province, within four geographical contexts: mountain (Kao), forest (Pa), rice field (Na),
and coastal (Lay) areas. Data were collected through in-depth interviews with local
knowledge holders and nutritional analyses of processed local vegetables. The results
showed that processed Pak Nhor could be classified into three categories: sweet-and-
sour pickled vegetables, coconut-blanched vegetables, and salad-type vegetables.
Sweet-and-sour pickled vegetables and coconut-blanched vegetables were found in all
areas, including pickled cucumber and pickled papaya. Salad-type vegetables were
found only in the rice field (Na) area, including young mango salad and young mango
salad with freshwater crab (Pu Piaw). In the mountain (Kao) area, pickled Luk Pra and
pickled bitter bean (Sator) were found. The coastal (Lay) area featured pickled spider
flower and a coconut-blanched mixed vegetable dish known as “Four Friends,” while
the forest (Pa) area was characterized by Ajaad-style pickled cucumber and a coconut-
blanched mixture of water spinach and banana stalk. Nutritional analysis indicated that
different types of processed Pak Nhor had distinct nutrient compositions. Pickled nipa
palm fruit, pickled banana pith, and pickled cucumber contained sugar levels of
15.09+0.04, 11.20+0.03, and 9.74+0.04 g per 100 g edible portion, respectively. In contrast,
pickled Luk Pra, pickled Sator, and pickled spider flower contained high sodium levels
of 1,256.70+0.57, 1,102.40+0.25, and 829.40+0.06 mg per 100 ¢ edible portion, respectively.
These findings highlight the potential of processed Pak Nhor as foods with biodiversity
and nutritional value that can support local food consumption, community economic

development, and the conservation of local culinary traditions.

Keywords: Thai rice noodles, Pak Nhor, Processed vegetables, Nutritional value, Nakhon

Si Thammarat province
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fromnefuiusdssuiifianalansuiasldsuamudeslunisuslnmnituiorosstes 2 4in
devhmsienesigauamslasunms Usinadmiiulazindeusidfasiely
3. Msfnwrdayaniulavuinis YsuiadnndiuwasinfeusdrAgyvasdnivuneg

ﬁuﬁuuﬂsgﬂmuﬁwﬁuﬁLm-ﬂﬂ-m-l,a JINIAUAIAITIIUINY

NSANYIIULAYUINTT U'%mm%mﬁuuazmﬁaLLﬁ'é’wﬁzymaaﬁﬂmmzﬁ”uﬁmmigﬂ
UELANHN 9 NnfuTin-d e fuflavedratios 2 ¥iin Tnevhmsimsiziamadneunnis
Umnadniusazindous lnensifuieswannudagiiud ussgldgenatafinuuududen
FaivludauiannsafuamandulfuasvudwiolUdgudiinsgimaneimansnelu
nathiiAu 3 Fluenunadifusiegng

3.1 mylasgiguAmalaruing Usenaume

1) USunmuAnudu (moisture) #2838n153ms51u184 AOAC International
(2000)

2) Usuadlushiu (crude protein) (n§1) 928735013 Kjeldahl method 283
AOAC International (2000)

3) YSuraulasiu (crude fat) (n153) A2835015 Soxhlet extraction U89
AOAC International (2016)

4) Y3unumsiulense (crude carbohydrate) (n53) A2838AILINANNNT
3Lm31zﬁﬁauﬂizﬂauﬁugmué‘mmwehwm (by difference method) (d1tintasuns nsu
Uy NTENTNATITUGY, 2561)

5) Y3uailee1mns (crude fiber) (n54) A7835N1501955 18 v8e AOAC
International (2016)

6) Usinamdanuiavun (Alaweaed) fedsmumamduanasewsi
Tangaau @Ednlawuinis nsueundly NseNsNassuge, 2561)

7) Usunaiamnasianun (total sugan (n3) #2835n13 Fehling test
(Bogdanov, 2010)

3.2 MyiATIziUIIIAdMTuLazindows Ussnaume

1) winualsitu (ulasn$u) Tinszdlagliia3os hish performance liquid
chromatography (HPLC) (Speek et al., 1986)

2) 3mdue (lulasndu) Fiasreilagldinies high performance liquid
chromatography (HPLC) (Speek et al., 1986)

3) 3andiud (lulasnsu) Swsieilaeldiades high performance liquid
chromatography (HPLC) (AOAC International, 2000)

) Toiiy (Fadnu) Tias1zilneldind o flame atomic absorption
spectrophotometer (AOAC International, 2000)

5) waardey (Hadnsu) Fasrzilagldia3oq flame atomic absorption
spectrophotometer (AOAC International, 2000)
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6) Weaveda (Radnsu) HinszilagldinIas UV-Vis spectrophotometer
(AOAC International, 2000)

7) Wnunadey (fadnsu) Snszilagldinies flame atomic absorption
spectrophotometer (AOAC International, 2000)

8) wdn (Tadnsu) Fias1esilaeldias o9 flame atomic absorption
spectrophotometer (AOAC International, 2000)

9) danzd (Fadnsn) Tias1esilngldin3es flame atomic absorption
spectrophotometer (AOAC International, 2000)

10) wuniden @adndu) Swnszilagldindes flame atomic absorption
spectrophotometer (AOAC International, 2000)

4. nMsATIEvdaya
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MalAYUINT ﬂ‘%mmﬁmﬁuuazmﬁamﬁumﬁi’ﬂmmgﬁ‘yuﬁuuﬂsgﬂ%ﬁwmﬁwmﬁLf-mzﬁ
wanuassaiadelusunsuneuiamoddniagy meads (mean) drudsauunnsgiu
(standard deviation: SD) Jwasgvideyansadifmelusunsunsuiames lnedslaseininy
LUSUTILUUUMNGFET (one-way ANOVA) waztUSeulfiaumannuuans1suesAaa osieds
Duncan’s multiple range test (DMRT) fiszdiupnuidesiufosas 95

NaAN15338
1. mafnAuvanManTesinvusAuBuL ssUmMEE U RUTI-Ur-un-a
AMIAUATATTIIUY
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usorauanesiululud aswestrgAunansrurunsnananedithald deinuung fudu
wUsguiuiludminuasadsssusny awnsoudanmdsnsuanldidu 3 Ussunnmdn Ae
Ussnvinesanusa Ussamanvisesuinensd uasUssiandn laefiseanden el
1.1 ﬁﬂmmz‘ﬁu?{uLLUﬁgUUszmmmmma
Snuarvesinimuneiufuwlsguussaneesausalunssdinissdauuy
fufuneld fo dudnaeiimawiomiausadmiunisaesinuszianing 4 ey e
Usenouldeiimanse thduaey indevu tazen thauwauvismadsiliazans
wriniluduaivnoufiesiinaesindivienld venniluusiuiieainislanintuns
uazvenuasasluseioinsavfaradu Tnsdusnnudiniifemhnliussuduinees

& o A
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warANNINADY mmﬁaﬂmmﬂﬁyuﬁﬂwﬁﬂmzcﬁa‘i’mﬁuﬁaaﬂamfumﬂ%wjLLé’qLﬂuﬁuuﬁﬁuaq
suneffvuslualuimisuaseisssusy Wugudnanmsauuautaymsvudwosdmin
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AN 1 fegednmuzuAuwlIIUUTHIAVARIEINTA WY MeINNAIEABs (N) §nANmes
(v) gnUsznes (A) azmonad (1) uaginideunal (3)

1.2 Ansuneiuiusssussannanvdesudensi

Snwurvesinimuneiuiusulssananviesudonsfilunssisnig
naauvuituaunald Ae nmsldinsilunsaninandsziansing q wiunsldiazenn Tne
sndesldvengilunisaineduuasiiundeadluidnfosiiiawiusand wazazlifinissa
Feingfineuddniutunisanvieduindongiflddmsudwed safogfuiingn
ruzfidenuiluisiasiiuiifinmidnanavansyssnvissudensmnuiesudensd
duduinungludivrundu lednaniideutananviedudonsfidutnag dudnd
Uslanluiduemns Liflsanilawiuta uadlismnsailuuussusenisnomieseisnsdu
defiusand wu Tuufiun dnasdfnamniesyldfmusonirlua visluiufiufithidg
Faintsundasidnuurdrduiuudenualvgjnindindsssandu 1l evuuannioand
dofenisinvnaedionsdvninedueenundeenduiniuniesiliifnenisuiluyana
vungu fstumsulaadntamaiiiistesdinisaanieidnesiinelfiinnsuiosndeu
Feyniuluiiuiuluefndnldnsmnuieduing swnluhfounousulssniu udidlenm
iuluAfinisusualdinginaundodndeslunsmnunuifiofiusand dauluiiuiiie
wuindinmsthifnannmaneusziavaniiunszuIunsuUsgUsensaInduned udlidedn
Aamemnne? damneanud ludnfitanlflunsannefddsuauiedu 4 via fe
finnem nevaa wasen wasdniiuduiifiomengniadn 1 vin Tnglunguuasdmiols
Budunau gofouasdingadudiunay dnduiiuiiviuasiiuiie wuindnsussy
Anmmeiisnsanneiduiifuiiuiau wiindnslddnidsmetaly de dnds
nend1Ud videdinmarIaInng? Sanmsasiiui nuimsiluiuiivuastn lifinsuussy
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NnUseinmalnneAntgEnfud utueadasunantuiunluddndud unnzaulunisdnun

v ' '
v a o

wUsgudrenisadnnedl wardniuduusussunnmingani asdnliudsguieisnsuuudy
1NN (AR 2)

A 2 AregradnimungiuiuwlssuUssianalnuieduniengi 1w dnsiuainngdi (n)
dave aanned (gau) (V) wazdameainneil (g9fow) (a)

1.3 ﬁﬂmmsﬁu?{mmsgﬂﬂszLmnsj"]
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A# 3 feg s iuiukTUUTEIANgT Wy druzdiiau (n) wagduzdnyiden
(Yuh) ()

Wichcha Journal, Nakhon Si Thammarat Rajabhat University (2026) Vol. 45, No. 1, pp. 104-122
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finideun (16.770.01 2.76+0.00 uaw 10.47+0.04 niusednuiiuslaald 100 n3u amdiiy)
wazlinuuTuutiiniaias (0.000.00 n¥usedauiuilaald 100 nfu) drudnimngiuiu
wssuifivsinuanslulawmsmuaziniagaiian Ao gnainees (19.97+0.02 uay 15.090.04
nsustaduiiu3lnald 100 n¥u mud ) v ddnomnefiududssuiiviinalusiumen
Ao meanndaenes (0.18+0.00 ndusisdudiuslaald 100 n3u) Usnallusfunazloenssgn
Ao 119999 (0.10+0.00 Uag 0.40+0.00 n3usaaAusInald 100 N3 pudL) Femaedi 2

Usanaundensimulufnomngufudssunnusasiuiidarsunnssty Tay
Tnomneguiussuiitinaladen ueadeu dingd uesuuniiTougedian Ao gnuszans
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drunuslaale 100 n3u)  aslulawnse Wshu sty To@s Y1ma
W1 AYmanDd 59.02+0.01“ 7.71+0.02°  4.03+0.01°  1.34+0.00®  2.05+0.00°  0.51+0.00°
anusnag 136.56+0.15' 9.70+0.02  590+0.01°  824+0.05°  9.20+0.02"  0.47+0.00”
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e - Meadlugduuuanede + dudonuuinggiu (mean=SD)
- AadeninmiumemsnusaiuluganiifsiulinusanansiuegsiidudAynieeda (o < 0.05)
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Focal Mechanisms from Waveform Inversion and Multiple Velocity
Models: Phayao Fault Zone, Northern Thailand

Kasemsak Saetang! and Helmut Duerrast!”
Abstract

Northern Thailand, situated within the complex Sunda Tectonic Plate, shows
significant seismic activity due to its proximity to major tectonic boundaries; however, it
often has lower to medium magnitudes. One of the delineated active fault zones is the
Phayao Fault Zone (PFZ), which generated an M,, 6.3 earthquake in 2014. Its further
south located Pan Segment is also active, but with lower magnitudes. However,
understanding and characterizing its seismicity is essential for ongoing seismic hazard
assessment of the area. To overcome the challenges, waveform inversion techniques
in combination with multiple velocity models were employed, with the aim to
characterize the seismic source parameters of earthquakes in this area. Hypocentres
were determined with exceptional precision and subsequently validated by applying a
velocity model that demonstrated the highest double-couple percentage. This indicates
the model's efficacy in precisely calculating hypocentral parameters in this specific
geological context. Our findings unveil a complex interplay between right-lateral strike-
slip and reverse faulting mechanisms, consistent with a transpressional tectonic regime
in the Pan Segment. This regime reflects the accommodation of regional compressional
stresses superimposed on the dominant strike-slip motion along the Phayao Fault Zone,
thereby yielding a significant contribution to seismic hazard assessment in Northern
Thailand. The study also underscores the need for further research to refine these
models and methodologies, thereby enhancing our understanding of the seismic
characteristics of earthquakes in such regions. Methodologies and insights gained here
could serve as a model for characterizing seismic source parameters in other

understudied low-seismicity regions globally.

Keywords: Focal mechanism, ISOLA, Velocity model, Waveform inversion, Hypocenter
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Introduction

Located within the Sunda tectonic plate in Southeast Asia, Thailand demonstrates
considerable seismic activity, as shown in Figure 1, which is partly attributed to the
country's proximity to the Sunda Subduction Zone, a component of the globally
recognized ‘Ring of Fire’, and partly related to active faults, which are the result of the
India-Eurasian continent-continent collision. The latter ones are responsible for the
seismicity in Thailand's western and northern regions. In terms of its tectonic setting,
Thailand lies between the Shan-Thai Terrane (STT) to the west and the Indochina
Terrane (ICT) to the east (Aihara et al., 2007). During the uplift of the Himalayas during
the Cenozoic era, Thailand experienced tectonic and geologic events that resulted in
the development of diverse geological structures, as outlined by Morley et al. (2011),
including the formation of the Khorat Plateau in northeastern Thailand. Additionally,
regions such as the Andaman Sea (AS), Central Basin (CB), Gulf of Thailand (GOF),
Peninsular Thailand (PT), and Western Thailand (WT) have also been influenced by
these tectonic processes, leading to the creation of a variety of geological features,
including active faults, and sedimentary deposits in extensional basin structures (Figure
1). A comprehensive understanding of these Cenozoic processes is crucial for unraveling
the geological framework and evolutionary history of Thailand and its surrounding
marine regions as it carries significant implications for geological hazards and natural
resources, including substantial reserves of hydrocarbon and lignite, as well as mineral
deposits (Morley et al., 2011).

The structural geology of Thailand during the Cenozoic era is characterized by
a combination of compression, strike-slip faulting, and folding, all of which can be
attributed to the tectonic stresses within the region as a result of the Indian-Eurasian
continent-continent collision (Morley et al., 2011). Northern Thailand is characterized
by mountain ranges and Tertiary basins formed by extensional escape tectonics
(Uttamo, 2000). A variety of rock types can be found in the basins alongside younger
sedimentary rocks (Department of Mineral Resources (DMR), 2007).

Regarding the seismicity of Thailand and surrounding areas, notable earthquakes
include the M, 9.2 Sumatra-Andaman earthquake on December 26, 2004, which caused
significant damage, tsunamis, and loss of lives across the country and the region. Further,
a 6.3 magnitude earthquake occurred on May 5, 2014, located at the Phayao Fault Zone
(PF2), resulting in one fatality. However, after the M,, 9.2 event, the Thai Meteorological
Department (TMD) significantly improved Thailand’s seismic monitoring network by
increasing the number of seismic stations. These improvements have resulted in
enhanced earthquake detection, more accurate location determination, ground-motion
assessment, and a more comprehensive seismic hazard evaluation (Thai Meteorological
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Department (TMD), 2014) TMD is the sole government agency responsible for continuous
earthquake monitoring and reporting, however, the resulting data are frequently used
for academic research (Noisagool et al., 2014; Saetang and Duerrast, 2023).

Seismological research in Thailand has significantly increased following the M,,
9.2 Sumatra-Andaman earthquake, leading to a better understanding of Thailand’s
seismicity and seismic hazard. Noisagool et al. (2014) conducted a study investigating
crustal thicknesses across Thailand, ranging from 28 to 42 km. Saetang (2022) published
research work done on mantle anisotropy, presenting a two-layer model and concluding
that the movement within the Shan-Thai Terrane is more complex than that within the
West-Burma Terrane. Furthermore, Saetang et al. (2018) presented local earthquake
tomography to explore geothermal sources and pathways beneath the crust of Northem
Thailand. Recently, Saetang and Duerrast (2023) published a 1-D velocity model with
station delays for northern Thailand, demonstrating significantly lower root-mean-square
values of travel time residuals. They also demonstrated a clear relationship between
station delays and near-surface geology. However, an understanding of Thailand's
complex tectonic details is still required. While previous focal mechanism studies
(Noisagool et al., 2014; Pananont et al., 2017; Saetang, 2017) concentrated on the Mae
Lao Segment following the 2014 M,, 6.3 earthquake, the Pan Segment has remained
largely uncharacterized in terms of its seismic source parameters. The 2019 earthquake
sequence provides an opportunity to constrain the faulting style and tectonic regime of
this southemn segment, thereby extending our understanding of strain partitioning along
the entire Phayao Fault Zone. Although seismic activity in Thailand is generally lower
compared to surrounding countries such as Myanmar, it remains susceptible to
earthquakes due to its proximity to major fault zones (see Figure 1 and 2). Several
geological areas exhibit a relatively higher degree of seismicity, particularly in the northern
and western regions adjacent to Myanmar and Laos.

This investigation is focusing on the Phayao Fault Zone (PFZ), which is divided
into the Mae Lao Segment (MLS) in the north and the Pan Segment (PS) in the south,
as delineated in Figure 2 (Boonchaisuk et al., 2017), and which generated the M,, 6.3
earthquake on 5 May 2014 in its northem section. Subsequent studies by Noisagool et al.
(2014), Pananont et al. (2017), and Saetang (2017) used moment tensor solutions to
estimate the geometry of this northern segment. They revealed main shock magnitudes
between M,, 6.2 and M,, 6.5 and aftershock depths ranging from 10 to 15 km. The
present study, however, is focusing on the Pan Segment in the southern part of the
PFZ. The central question of this research is how waveform inversion techniques and
multiple velocity models, including the recently developed Saetang and Duerrast (2023)
model, can be effectively employed to characterize the seismic source parameters of
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earthquakes in this specific region, ultimately improving seismic hazard assessment for
Northern Thailand. In pursuit of this, we aim to determine the focal mechanism of the
M,, 4.9 earthquake reported by the Thai Meteorological Department (TMD) in February
2019. Moreover, the methodologies and insights gained here could serve as a model
for characterizing seismic source parameters in other understudied seismicity regions
globally.

LAT

LONG
1=Ailao Shan-Red River Shear zone §=Mae Yom Fault zone AS = Andaman Sea
2=Khlong Marui Fault zone 9=Pua Fault zone CB = Central Basin
3=Mae Chan Fault zone 10=Ranong Fault zone GOT = Gulf of Thailand
4=Mae Hong Son Fault zone 11=Sagaing Fault zone KP = Khorat Plateau
5=Mac Ing Fault zone 12=Three Pagodas Fault zone  PT = Peninsular Thailand
6=Mae Ping Fault zone 13=Uttaradit Fault zone WH = Western Highlands
7=Mac Tha Fault zone 14=Great Sumatran Fault Zone

Figure 1 General tectonic setting of Thailand and its surrounding areas. Red circles
indicate 9,792 seismic events reported by the Thai Meteorological Department
(TMD) from 2009 to 2022. Red lines represent surface fault lines, as identified
by Department of Mineral Resources (DMR) (2007) and Morley et al. (2011).
Blue square highlights the study area. WBT: West Burma (Myanmar) Terrane,
ICT: Indochina Terrane, STT: Shan-Thai Terrane.
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Figure 2 Phayao Fault Zone and focal mechanisms. Pink lines show fault segments.
Red dots indicate earthquake epicenters from TMD (2009-2022). Red beach
balls at Pan Segment represent focal mechanisms based on velocity models
used in our analysis. Blue beach balls at Mae Lao Segment are from Pananont
et al. (2017).

Research methods

For this study, we utilized seismic stations from four distinct networks, as
depicted in Figure 3. These networks include the Global Seismograph Network (IU), the
Myanmar National Seismic Network (MM), the Regional Integrated Multi-Hazard Early
Warning System (RM), and the Thai Seismic Monitoring Network (TM). The integration of
data from these multiple networks enhances the reliability and accuracy of the results.
For the initial hypocenter determination, seven stations located within 200 km of the
epicenter were selected, as this distance criterion ensured clear P- and S-wave first
arrivals for accurate phase picking. For the waveform inversion, 10 stations from the four
networks were utilized: SUAB, LAMP, CHTO, HOTB, KTN, NONG, TG, YGN, SLV, and NGU
(Figure 3). The inclusion of additional, more distant stations in the waveform inversion
enhanced the azimuthal coverage and provided better constraints on the moment
tensor solution. Data were downloaded through the Incorporated Research Institutions
for Seismology (IRIS) platform, whereas the Thai Meteorological Department (TMD)
provided direct access to TM data.
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Figure 3 Distribution of seismic stations from four networks. Blue, green, black, and
purple triangles illustrate stations from the TM, IU, MM, and RM networks,
respectively. A black square indicates the study area. Red lines show fault
lines.

Source: Department of Mineral Resources (DMR) (2007); Morley et al. (2011)

Identification of hypocentres, representing earthquake locations, was manually
conducted by selecting initial P- and S-arrival times. Multiple velocity models were used
in this process, including AK 135 (Kennett et al., 1995), IASP91 (Kennett and Engdahl,
1991), and a minimum 1-D velocity model with station delays from Saetang and Duerrast
(2023). A modified version of the HYPOCENTER software (Lienert et al., 1986; Lienert
and Havskov, 1995) with an earthquake location method that utilizes centered, scaled,
and adaptively damped least squares, was used for hypocentral calculation, as
incorporated by Seisan (Havskov and Ottemoller, 1999). Latitudes and longitudes
obtained from HYPOCENTER were used and remained constant, whereas depths were
systematically adjusted within the range of 0.5 to 35 km with increments of 0.5 km each,
during the waveform inversion process.

In this research, we employed the ISOLA Fortran code (Sokos and Zahradnik,
2008) for focal mechanism analyses. This freely available software is based on the six-
element moment tensor approach proposed by Kikuchi and Kanamori (1991) and the
inverse problem formulations developed by Zahradnik and Plesinger (2005). Within this
software, we utilized a single-point source solution and the deviatoric moment tensor
(DMT) inversion technique. This technique requires two key components; a double-
couple (DC), and a compensated linear vector dipole (CLVD), both with 0% volumetric

coverage.
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Due to the large-scale regions of hypocentral distances from stations, an
automatic calculation of station weights was applied in the analysis using the ISOLA
Fortran code (Sokos and Zahradnik, 2008). For the estimation of centroid depths, a 3D
spatial grid search methodology was employed, and the Green's function was computed
using a frequency-wavenumber method (Bouchon, 1981). The Green's function was
calculated using the AK135, IASP91, and a specific 1D velocity model (Saetang and
Duerrast, 2023) with a maximum frequency limit of 0.10 Hz. This frequency band (0.03-
0.10 Hz) was selected because surface waves, which dominate seismograms at regional
distances, carry the most information for moment tensor inversion in this frequency range.

Furthermore, we determined the densities of the crustal layers using equation (1),
Density (/cm’) = 1.7 + 0.2 x V, (km/s) (1)

The data processing procedures employed in this study involved several steps
to ensure accuracy and reliability of the results. Before initiating the inversion process
for the DMT analysis, it was necessary to apply instrumental corrections. These
corrections consisted of removing the direct current (DC) offset and long-term trends
from the observed waveforms. To prepare the waveforms for subsequent analysis, both
the synthetic and observed data were band-pass filtered. The selected frequency range
for the filtering process was set between 0.03 Hz and 0.10 Hz. Frequencies below 0.03
Hz were not expected to contribute significantly due to the presence of long-period
noise and the inherent frequency limitations of the seismometers used in this study.
Conversely, frequencies above 0.10 Hz were previously tested and found to yield
inconsistent results compared to the observed waveforms. This inconsistency may be
attributed to the hypocentral distances, which were not adequately small. A more
detailed investigation and expansion of the selected frequency ranges have been
carried out, as discussed in the subsequent sections of the study, specifically in the
results and discussion.

Following the band-pass filtering and instrument corrections, the seismic data
were converted from count units to displacement units, expressed in meters. This
conversion was crucial for ensuring the data's physical meaningfulness and interpretability.
Subsequently, the corrected data were truncated to encompass a time span of 250
seconds, starting from the hypocentral time. This duration was carefully selected to
encompass all earthquake events under investigation, enabling a comprehensive
analysis of the seismic signals. To improve analysis and computational efficiency, the
data were automatically resampled from the original frequency to 33 Hz. This ensured
temporal resolution while reducing the computational load on high-frequency

components. By rigorously processing the data through instrument corrections, band-
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pass filtering, unit conversion, truncation, and resampling, the seismic data were
effectively prepared for detailed analysis, enabling an investigation into the seismic
characteristics and properties of the studied earthquakes.

The DMT inversion process played a pivotal role in this study, aiming to minimize
the discrepancies between observed and synthetic data in terms of displacements. By
adopting a least-squares approach, the inversion considered trial origin times and trial
source positions meticulously. The primary objective was to identify the optimal depth
and time that would best align the observed and synthetic data. This search for the
optimum parameters was conducted by incrementally exploring predefined intervals.
For depth determination, a systematic exploration was carried out by incrementing the
depth values according to a parameter derived from the Green's function. Each increment
provided an opportunity to evaluate how well the synthetic data matched the observed
data at different depthes.

For time determination, a range of time steps was examined, each corresponding
to 0.2 seconds. This time range extended from 5.0 seconds before the hypocentral time
calculated from HYPOCENTER to 5.0 seconds after it. The resulting optimum depth and
optimum time, obtained through this exhaustive search process, were referred to as the
centroid depth and centroid time, respectively. These parameters represented the best-
fit values that minimized the discrepancies between the observed and synthetic data.
The determination of the centroid depth and centroid time provided crucial insights into
the seismic source characteristics and temporal evolution of the studied earthquakes.

The determination of the best centroid positions (epicenters and depths) and
time, based on the correlation coefficient between the observed and synthetic
waveforms, is achieved through a grid-search method. The correlation coefficient
represents the match between the waveforms and is quantified by a variance reduction.

The variance reduction (var.red.) is calculated using the following equation (2),

E
varred=1-— (2)
O

where E = Z(O‘. -S, )2, O= ZOZ S is synthesis, and O is original waveforms

along with the summation of all collected data. A higher value of var.red. indicates a
better fit between observed and synthesised waveforms.

Waveform inversion is an important technique used in focal mechanism studies
to determine seismic source parameters, such as strike, dip, and rake angles. The inversion
tries to minimize differences between observed and synthetic waveforms, providing

valuable insights into faulting mechanisms. The process finds model parameters that best
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match the observed data, including arrival times, amplitudes, and waveform shapes.
Here, three-component waveform inversions were performed using an iterative
deconvolution method (Kikuchi and Kanamori, 1991). A waveform inversion approach
was adopted without separating body and surface waves. The waveform fit was optimized
through a grid search over various trial positions. The grid-search method employed and
determined the best centroid positions and time based on the correlation coefficient,

aiming to fit between the observed and synthetic waveforms.

Results and discussion

The Waveform inversion with multiple velocity models was selected to
determine the focal mechanisms of earthquakes in the Pan Segment of the Phayao Fault
Zone in Northern Thailand. Table 1 presents the calculated hypocenter parameters,
including latitude, longitude, depth, and time of origin. Seven stations (CRMJ, CRMM,
HOTB, LAMP, MHIT, PHRA, and SUAB) as illustrated in Figure 3. Each station was selected
based on its hypocentral distance, ensuring that each station was situated within 200
km distance from the seismic events to ensure that arrival times could be determined
from clear first breaks and arrivals, thus providing reliable and unambiguous data for
waveform inversion analysis. The 200 km epicentral distance criterion was applied to
ensure sufficient signal-to-noise ratio, and all available stations within this distance range
were utilized. These stations provide azimuthal coverage from multiple directions
relative to the epicenter (Figure 3). A seismic velocity model is essential to know for a
region of interest, as it directly affects the accuracy of hypocentral determination. By
comparing results obtained from multiple velocity models, a more comprehensive
analysis and assessment of the uncertainties associated with hypocenter determination
can be achieved.

The TMD (Thailand Meteorological Department) reported a seismic event in the
Pan Segment of the Phayao Fault Zone that occurred on February 20, 2019, at 09:05:41
local time (UTC+07:00). The Saetang and Duerrast (2023) velocity model estimated the
hypocenter at approximately 19.262° N and 99.583° E with a depth of 27.1 km. The AK135
model estimated the hypocenter at approximately 19.258° N and 99.590° E with a depth
of 20.3 km. Further, the IASP91 model determined the hypocenter to be approximately
19.250° N and 99.620° E with a depth of 15.8 km.

To identify the most accurate velocity model for calculating hypocentral
parameters within the Pan Segment, we conducted a comparative analysis. This involved
evaluating various hypocentre results, which included the following parameters: latitude
(LT, longitude (LN), depth (DP), and origin time. Additionally, we considered the error
estimates (ER) for each parameter (ERLT, ERLN, and ERDP) as presented in Table 1.
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Notably, the AK135 model exhibited a significantly higher error in depth (ERDP) at 46.6
km, suggesting less reliability in depth estimation compared to the Saetang and Duerrast
(2023), and IASP91 models. Conversely, the IASP91 model yielded the lowest error
estimates across all parameters, suggesting a potentially more reliable model for this
specific region. Despite these observations, no single model emerged as the best for all
parameters. Therefore, the determination of focal mechanisms for earthquakes within
the Pan Segment, as presented in Table 2, required a careful discussion. This was
particularly informed by waveform inversion results using various velocity models, whilst
the error estimates from Table 1 provided additional context on the reliability and
limitations of each model.

To summarize the results of the DMT inversion process using multiple velocity
models, Table 2 presents an overview of the centroid depths and times for the analyzed
earthquakes. The relatively low variance reduction values (0.13 to 0.37) are likely
attributed to the limitations of 1-D velocity models in capturing three-dimensional
crustal heterogeneities in this tectonically complex region, as well as the signal-to-noise
ratio at the recording stations. This table includes event-specific details, such as velocity
models, date and centroid time, latitude and longitude, centroid depth, moment
magnitude (M,,), strike, dip, and rake angles for two nodal planes, double couple
percentage (DC%), and variance reduction (var.red.).

Applying the Saetang and Duerrast (2023) velocity model, the centroid
coordinates were estimated at 19.262° N and 99.583° E with a centroid depth of 8 km.
The moment magnitude was calculated as M,, 4.4. The strike, dip, and rake angles for the
first nodal plane were determined as 356°, 87°, and 173°, respectively, while the second
nodal plane exhibited strike, dip, and rake angles of 087°, 83°, and 003°, respectively. The
dip direction of the first nodal plane is 086° (eastward), which is consistent with the
structural geology of the western Phayao Fault Zone characterized as a half-graben with
an eastward dip direction. The DC% was determined to be 93.1, indicating a dominant
doublecouple component, and the variance reduction was 0.13. Using the AK135 velocity
model, the centroid coordinates were estimated at approximately 19.258° N and 99.590°
E with a centroid depth of 6.5 km. The moment magnitude remained unchanged at M,,
4.4. The strike, dip, and rake angles for the first nodal plane were determined as 1757,
86°, and -158°, respectively, while the second nodal plane exhibited strike, dip, and rake
angles of 084°, 68°, and -005°, respectively. The DC% was calculated as 61.2, and the
variance reduction was 0.18. Using the IASP91 velocity model, the centroid was
determined to be approximately 19.250° N and 99.620° E, with a centroid depth of 5.5
km. The moment magnitude was slightly higher with My, 4.5. The strike, dip, and rake
angles for the first nodal plane were computed as 184°, 75°, and -149°, respectively,
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while the second nodal plane demonstrated strike, dip, and rake angles of 086°, 61°, and
-017°, respectively. The DC% was evaluated as 50.7, and the variance reduction was 0.37.

As waveform inversion is used to determine the focal mechanisms of earthquakes
in the Pan Segment of the Phayao Fault Zone, variance reduction serves as a key metric
for evaluating the reliability of the results. A higher value of variance reduction suggests
a better fit between observed and synthetic waveforms. This, in turn, increases confidence
in the derived focal mechanisms. We used variance reduction as a quantitative measure
to assess this fit. The IASP91 velocity model yielded the highest variance reduction, with
a value of 0.37. It was followed by the AK135 model with 0.18 and the Saetang and
Duerrast (2023) model with 0.13. Results are detailed in Table 2. A visual representation
of the fit between observed and synthetic waveforms is shown in Figure 4. However, it
is essential to note that variance reduction is not the only criterion for model selection.
For a more nuanced understanding of the correlation between each model and seismic
data across parameters such as time shift, depth, and focal mechanism, readers are
referred to Figure 5, 6, and 7.
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Table 1 Hypocenters determined by the HYPOCENTER computer program using multiple velocity models.

Velocity model Date Local time Latitude Longitude Depth RMS ERLN ERLT ERDP
(DD/MM/YYYY)  (UTC+07:00) (°N) (°E) (km)  (s) (km) (km) (km)
Saetang and Duerrast, 2023 20/02/2019 09:05:39.49 19.262 99.583 27.1 0.38 2.5 1.2 6.6
AK135 20/02/2019 09:05:41.17 19.258 99.590 20.3  0.59 4.5 2.0 46.6
IASP91 20/02/2019 09:05:40.87 19.250 99.620 158  0.30 2.2 0.9 24

Note: - RMS = root mean square; ERLN = longitude error; ERLT = latitude error; and ERDP = depth error.

Table 2 Results from the DMT inversion using multiple velocity models are illustrated in Figure 4.

Velocity Date Centroid Latitude Longitude Centroid M, Strikel Dipl Rakel Strike2 Dip2 Rake2 DC% Var.red.
model  (DD/MM/YYYY) time °N) (° E) Depth
(UTC+07:00) (km)
Saetang and 20/02/2019  09:05:39.73  19.262  99.583 8 44 356 87 173right 87 83 3 931 0.13
Duerrast, 2023
AK135 20/02/2019  09:05:44.11  19.258  99.590 6.5 4.4 175 86 -158right 84 68 -5 612 018
IASP91 20/02/2019  09:05:41.11  19.250  99.620 55 4.5 184 75 -149right 86 61 -17 50.7 0.37
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Figure 4 Comparative analysis of waveform inversions using multiple velocity models:
the Saetang and Duerrast (2023) velocity model (a), the AK135 model (b), and
the IASP91 model (o).
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Figure 5 Correlation versus time shift and depths for single-source inversion. Using the
Saetang and Duerrast (2023) model. Higher correlation values indicate a more
accurate fit between seismic data and model parameters, such as time shift
and depth.

Source: Sokos and Zahradnik (2008)
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Figure 6 Correlation versus time shift and depths for single-source inversion using the
AK135 model. Higher correlation values indicate a more accurate fit between
seismic data and model parameters, such as time shift and depth.

Source: Sokos and Zahradnik (2008)
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Figure 7 Focal mechanism for single-source inversion using the IASP91 model. Higher
correlation values indicate a more accurate fit between seismic data and model
parameters, such as focal mechanism.

Source: Sokos and Zahradnik (2008)

Interestingly, the high variance reduction value for the IASP91 model aligns well
with the geological features of the Pan Segment. This highlights the importance of
integrating seismological and geological data for a more complete understanding of
earthquake mechanisms. Geological consistency and double-couple percentages also
play a significant role. For instance, the Saetang and Duerrast (2023) model has a
relatively high DC% value of 93.1. While variance reduction is an important metric, not
the sole criterion for model selection, these values come with limitations. A high value
does not necessarily imply that the model is free from errors or uncertainties. Future
studies could focus on a more in-depth uncertainty analysis to validate the robustness
of the waveform inversion results. To determine the most suitable model for the Pan
Segment region, it is essential to consider not only the variance reduction but also
additional geological information, such as fault strike from geological maps.

Strike angles from the first nodal plane, obtained from all velocity models,
consistently align with the fault line depicted in Figure 2, showing a clear north-south
trending pattern. The strike angles from the second nodal plane across all velocity
models do not exhibit a discernible relationship with geological or topographic maps.
By comparing results obtained from multiple velocity models, the fault orientations
illustrated in Figure 2 are considered. Fault orientations of the Pan Segment follow
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approximately a north-south trend, where the strike angle is assumed to be a value
between 0 and 180 degrees. This emphasises again that integrating geological and
seismological data into earthquake studies is essential, especially for identifying the
correct nodal plane. Based on these findings, we interpreted and considered only the
strike angles from the first nodal plane for determining the rake angle.

The rake angle characterizes the direction of movement of the hanging wall
during fault rupture relative to the fault strike (-180 to 180 degrees). A rake angle of 0
degrees indicates left-lateral motion; while +/-180 degrees signify right-lateral motion.
Positive rake angles involve upward movement (thrust/reverse fault), while negative
angles indicate downward movement (normal fault) (Aki and Richards, 1980). Based on
the focal mechanisms derived from the results presented in Table 2, it is evident that
the earthquakes occurring in the Pan Segment of the Phayao Fault Zone in Northern
Thailand predominantly exhibit right-lateral strike-slip motion. This conclusion is drawn
from the consistent rake angles provided in the table for the first nodal planes across
the three velocity models. In each case, the obtained rake angles are close to +/-180
degrees, confirming the predominant right-lateral strike-slip characteristic.

The double couple percentage (DC%) is an important parameter to assess the
generality of pure shear motion during seismic events. A higher DC% indicates a dominant
presence of strike-slip or dip-slip faulting, while a lower value suggests the involvement
of non-pure shear components. Notably, the recent model presented by Saetang and
Duerrast (2023) reveals a significantly higher DC% values of 93.1, contrasting with lower
DC% values found in the other two velocity models, namely 61.2 for AK135, and 50.7
for IASP91. A complex rupture and normal faulting earthquake system may lead to
lower DC% values (Zaccagnino and Doglioni, 2022). However, this explanation might not
hold for the lower DC% values observed in AK135 and IASP91 compared to the model
of Saetang and Duerrast (2023), as the same event within the same fault zone should
yield similar DC% levels. Instead, Zahradnik and Sokos (2018) propose that a low DC%
might indicate an issue with the velocity model. Consequently, it can be inferred that
the velocity model published by Saetang and Duerrast (2023), based on localearthquake
travel-time data in Northern Thailand, is better suited for focal mechanism analyses in
the Pan Segment. Hence, the determination of the strike, dip, and rake angles for the
first nodal plane of the event that occurred on 20 February 2019, in the Pan Segment
of the Phayao Fault Zone with values of 356°, 87°, and 173°, respectively, is considered
reasonable and very likely.

The local velocity model (Saetang and Duerrast, 2023) yielded the highest
double-couple percentage. This result is consistent with the understanding that non-
double-couple components can arise as artifacts when the velocity model does not
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accurately represent the Earth's structure. The local model, derived from earthquake
data in Northern Thailand, better captures regional crustal characteristics, resulting in
more accurate Green's functions and focal mechanisms with higher double-couple

components.
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Figure 8 Hypocenter locations and focal mechanisms of the February 20, 2019 earthquake
sequence in the Pan Segment of the Phayao Fault Zone, Northern Thailand.
Locations were determined using the Saetang and Duerrast (2023), AK135, and
IASP91 models. Seismic events from the TMD catalog (2009-2022) are denoted
by circles, with circle diameter scaled proportionally to hypocenter depth
(larger circles indicate deeper events; see legend inset). Beach ball diagrams
represent the faulting mechanisms derived for each velocity model. The color-
coded backeround illustrates the regional geological framework, comprising

sedimentary, igneous, and metamorphic lithological units.

Figure 8 presents a comprehensive synthesis of the hypocenter locations and
focal mechanisms derived for the 20 February 2019 earthquake sequence in the Pan
Segment of the Phayao Fault Zone, Northern Thailand. Red circles indicate events
reported by the Thai Meteorological Department (TMD), with the size of each circle
proportional to the hypocenter depth. This depth-dependent scaling provides a clear

Wichcha Journal, Nakhon Si Thammarat Rajabhat University (2026) Vol. 45, No. 1, pp. 123-144




140 NINTIVN WTINETWAYUATATEIINIIY (2569) T 45 atiufl 1 wih 123-144

visualization of the spatial distribution and depth variation of the seismic events.
Notably, the highest seismicity area, as indicated by the concentration of red circles,
coincides with the epicentral locations determined by the Saetang and Duerrast (2023),
AK135 (Kennett et al., 1995), and IASP91 (Kennett and Engdahl, 1991) velocity models
for the February 20, 2019 earthquake. This convergence of seismicity and the epicentral
locations derived from multiple velocity models underscores the significance of this
area as a focal point of seismic activity within the Pan Segment.

The focal mechanisms, represented by beach ball diagrams, illustrate the
predominance of strike-slip faulting mechanisms derived from each velocity model. The
consistency of these mechanisms across different models offers crucial insights into the
orientation and sense of motion of the fault planes responsible for the earthquakes,
reinforcing the reliability of the derived fault plane solutions. The strike-slip mechanisms
indicate lateral motion along the fault, suggesting a dominant role of shear stress in the
tectonic setting of the Pan Segment.

The color-coded background of Figure 8 represents the regional geological
framework, encompassing sedimentary, igneous, and metamorphic lithological units.
The integration of geological context with seismological data enables a comprehensive
understanding of the relationships among earthquake locations, fault mechanisms, and
the underlying lithology. The spatial distribution of the hypocenters reveals a clustering
of seismic events within the Pan Segment, particularly in the area of highest seismicity,
indicating the active nature of this fault zone. The depth distribution of the hypocenters,
as evidenced by the varying sizes of the red circles, suggests that the earthquakes
occurred at different depths within the crust, which may be attributed to the complex
interplay of tectonic stresses and the presence of multiple fault segments or splays
within the Pan Segment (Boonchaisuk et al., 2017; Department of Mineral Resources
(DMR), 2007).

The integration of the geological framework in Figure 8 enables a more
comprehensive interpretation of seismicity in the Pan Segment. The presence of different
lithological units, such as sedimentary, igneous, and metamorphic rocks, may influence
the propagation of seismic waves and the distribution of crustal stress (Saetang et al.,
2017; Saetang and Duerrast, 2023). The alighment of the hypocenters with specific
geological features, such as fault boundaries or lithological contacts, can provide insights
into the structural controls on the earthquake locations and mechanisms.

Figure 8 provides a detailed and integrated analysis of the hypocenter locations
and focal mechanisms of the 20 February 2019 earthquake sequence in the Pan
Segment of the Phayao Fault Zone. The coincidence of the highest seismicity area with
the epicentral locations determined by multiple velocity models underscores the
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robustness of the seismological analysis. It highlights the significance of this area in
understanding the tectonic setting and seismic hazard of the region. The predominance
of strike-slip faulting mechanisms derived from different velocity models reinforces the
reliability of the fault plane solutions. It provides a consistent picture of the tectonic
regime in the Pan Segment. The combination of seismological data and geological context
provides a comprehensive framework for unravelling the complex nature of the fault
zone and the potential influence of lithological heterogeneity on the seismicity. This
integrated approach serves as a valuable tool for seismic hazard assessment and further

research in the Pan Segment and similar tectonic environments.

Conclusion

In this study, we have gained invaluable insights into the focal mechanisms of the
Pan Segment of the Phayao Fault Zone in Northern Thailand. Utilizing waveform inversion
techniques, we employed multiple velocity models, including Saetang and Duerrast
(2023), AK135, and IASP91, to analyses seismic data from four different networks. Our
comprehensive analysis revealed a complex interplay of strike-slip and reverse faulting,
with a dominant mechanism of right-lateral strike-slip faulting. This finding is particularly
significant for seismic hazard assessment in the region. The study also highlighted the
importance of variance reduction in validating the reliability of our models. Furthermore,
the results presented here are consistent with the fault geometry and orientation of the
Pan Segment. Among the models used, the Saetang and Duerrast (2023) model yielded
the highest double-couple percentage (DC%), suggesting its potential accuracy for
calculating hypocentral parameters in this specific context. This is the first study to employ
the Saetang and Duerrast (2023) model for this particular geological setting, offering a new
benchmark for future research. Our findings also introduce a novel perspective on the
interplay among faulting mechanisms, which has not been reported previously for the
Pan Segment. Specifically, the coexistence of right-lateral strike-slip and reverse faulting
components indicates that the Pan Sesment is subjected to a transpressional stress
regime, wherein both horizontal shear and compressional stresses are simultaneously
active across the fault zone. These advancements have critical implications for seismic
hazard assessment and model validation, setting the stage for future research not only in
this area but also in other similar regions worldwide. Further, the findings underscore the

need for additional research to fine-tune the models and methodologies used here.
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Figure 1 The specific activities (U/mg protein) of pepsin (a), trypsin (b), chymotrypsin (c)
and amylase (d) in giant freshwater prawns subjected to various dietary
replacements of protein from fish meal with mackerel condensate (MC). The
data are expressed as mean + SEM (n = 3). Different superscripts indicate
significant differences between groups (p < 0.05). CD, commercial diet.

Source: Wattanakul et al. (2017)
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Wdotioy N 15 pt. 1. ¥ade (1.5 @,
Unf 15 pt. 1.1 Iage (2 .)
Un# 15 pt. 1.1.1 e (2.75 wu1.)
ilom Un#l 15 pt.
A3 Un#l 15 pt.*
NG Unf (uagii
flan Unf Joya)

4. N1591999 (References)

NIETIVU 3J‘Viﬁ‘l/1EJ75851%ﬁ§]‘14ﬂ5ﬂ%‘655ﬂ37’ﬂ%§‘dLLUUﬂ’]iﬁﬂﬂaﬂﬁﬁmLUa\‘i
U1INENIANTATNE UM I@UTFBLUT N1 (American Psychological Association: APA, 6™
edition) &l (\PEeavang / veneds Mstiuasse 1 fshes)

4.1 m3dsluilon (in-text citation) 1¥ms8nsdauuy “wn-0” Heillald
Forusis wazliifiu WuReafunssrsdwiheumaniy

4.1.1 m3deuhsdetewiom
fuatulun1wlng: 353aT/(25540) TOAINU....cceeeeeeeeeeeeeeeeeeeeeeeeeeeenne
Fuatullun1w18angy: Tomson/(2014) TR ...cooocecrreeernee
4.1.2 m3deuiomneunisensds
AURTULTUNIBING: BRI oo (RA3ial,/2554)

AUaTUITUNISINY: VOADW.oeeee (Tomson,/2014)
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NI WAIAULAEY

1) suatuliunwilng: To/@ we)

2) duatiuidunwdange: Jeana/@ )
N3QTRusie 2 A

1) suatuliunwilng: Teaudl 1/uasdonuil 2/@ wa)

2) fuatiuidunndsngu: Jeanaauil 1/and/Aeananuil 2/ a.e.)
nsdififureisud 3 autuly

1) suatuifunwilne: Teaud 1/uazanis/@ wa)

2) fuatiuidunwdsngu: Jeanaauil 1/et al /(@ )

4.2 N1591999M18UNANY (reference section)

wilsofiffuniluguidn (print version)

Naa e

Yo/Aoana./(Unun)./ Fandade./(ATNEN)./anunfiam:/drdinfiu.

fate

nsdifimuinSausn (aidasldadsfinum)

asuis 2¥5Un1s. (2551). UnTTamaniureilvUsauuauaissd. uunys: aunsnde.

Almond, G.A. and Powell, B.G. (1976). Comparative political today. Boston: Little Brown
and Company.

nsdifinRuased 2 Duduly

Woduns vsaiin uazsuies quiving. (2550). N19FUATIEYIINITIA AN YLUAY
nszvUaunITUgnilsesesTsuveaUsHmang 4. (Ruviadadl 2). ngamwa: gayw
annsalnsinensuiaUsemelne.

Carpenter, J.W., Mashima, T.Y. and Rupiper, D.J. (2001). Exotic animal formulary.

(2" ed). Philadelphia: W.B. Saunders Company.

niisdefioauladl (electronic book)

Fo/Toana./(Dooulav)). Fomleds./Auduidie/fu/fowd /an:/http....... :

finag9

The World Society for the Protection of Animals. (2013). The cayman turtle farm:
A continued case for change. Retrieved 10 July 2017, from: https://d31j74pd
(pxrfpcloudfront.net/sites/default/files/us _files/turtle a continued case for

change report.pdf.
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219613 (journal)

Yo/yoana./UNNuW)./Founau./Te75975,/ANvizeraui @Uun),/ mihusn-nigaving
nIoLavUsEaUNAY, doi:/http://doi.org/ ..o .

AIDYIN

ausny JeALTEY LavnIga NeIUsEuT. (2559). anmensdsiuaresdUsznoumand
YesEmeATEmnLIGL (Nostoc commune TISTR 8870) Tlrun1siauUsHe
rdulalasn. 15575398 Inenaemaluladsvenansive, 8(2), 219-229.

Varzakas, T. and Antoniadou, M. (2024). A holistic approach for ethics and sustainability
in the food chain: The gateway to oral and systemic health. Foods, 13(8), 1224,
doi: https://doi.org/10.3390/foods13081224.

Whan-air, W., Thongprajukaew, K., Salaeharae, T. and Yoonram, K. (2018). Identification
of wild and farmed broadhead catfish (Clarias macrocephalus Gunther, 1864)
based on morphometry, digestive indexes and flesh quality. Journal of
Oceanology and Limnolology, doi: https://doi.org/10.1007/500343-018-7205-7.

a ! o/ a S
UngansusonusdaNun

¥o/Hoana./(u/ieu/d). Aeunany. Jadngarsusomlsdonyd,/U,/min.

f28814
Wall ey, (3 nsngreu 2560). amzilouauaw. ¥4w, 50, v 12.

unwilslumiisde (book chapter)

Yo/ Aoanadlleuun./ Annun). Jeunvieneu./lu/Ae/Jeanaussusng./dendsde,/
MNWIN-MNAANIEVBIUN. /A uniui/drdnfium.

f20814

WIAUUN NS, (2560). amsrenedu. Tu Tudia Andl. inwesmdaluy, wi 100-110.
n3unn: gauAad.

Zambonino-Infante, J., Gisbert, E., Sarasquete, C., Navarro, I., Gutiérrez, J. and Cahu,
C.l. (2009). Ontogeny and physiology of the digestive system of the marine
fish larvae. In Cyrino, J.E.O., Bureau, D. and Kapoor, B.G. (Eds.). Feeding and

digestive function of fish, pp. 277-344. Enfield: Science Publishers, Inc.
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o
o

Ho/geana./ (UNNam)./ ToIne1dnus./seauIneninug (envTiv)./Aouing1ae,/ e
WMINERE.

A28e19

Tneysd Wusunge. (2562). mevievadnaimmsluaimasiumsinaaldnessuunivuzUn
yuImdn. InrdnuFimnssumansumiudin Grnssuduindon). pnasnsal
UNINYEY, NTANN,

Mirera, D.O. (2013). Capture-based mud crab (Scylla serrata) aquaculture and
artisanal fishery in East Africa-Practical and ecological perspectives. Ph.D.
thesis in Environmental Science (Marine aquaculture). Linnaeus University,

Kalmar.

WVulad (website)

ForInvi./(Uneeula)./gai599./Aufuiile/Su/ideu/d,/210/http:. e .

AIDYIN

o33nfug dudlsay. (2542). mweaauysalveedy. Fuduile 2 natey 2542, 9n:
http://158.108.200.11//scil/009hom~1/009421/chap1.html.

Adkins, J. (2016). Marine scientist devotes career to reversing trend of by catch.
Retrieved 1 July 2018, from: https://phys.org/news/2016-03-marine-scientist-

devotes-career-reversing.html.

3189UNTUTEYY

A

o/ Aoana./(Uniun). Vei5e./Ton15Usquyson 15a8au . /AR Nfium.,

Y 1

ADYIN

4385 wdufa. (2559). ANUTUAINIDIMTVRIYNYUTILUIIUIA. NITUsEYNTYINIT
AIIAIN 1IN SUINTIA. ATUNNA.

S1891UN158

Wo/veana./ (UNNUN)./A01393./576M71398./AouUnTINe 18,

29819

Juitan Ha83ns weAs uiUseAng uagngnIzen wadBndn. (2559). nswEn dufusTud
Mnalienmnaildanlssniihdanadmsunueions ssh. 5891598,
UAINYIUFIVATUATUNS.
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Uwﬁﬂwﬁaﬁan'ﬁﬂswgu (proceeding) LaZLONANTNTITAUNUN
Fo/Toana./Vfifun)./Founarwmseun./lu/Fanisuszgumsonisaiuun/ (mihusn-ni
anving)./dlesiifud: misandidav,

A814

N313304 WINFY. (2555). 3IMNTIUAMNINVBLA N sEUA nwIuvanid aludanda
uAsASEIINY. MU NI5UsENTTINITIEAUIATIVATIE AT 3 (Y 22-35).
UATAITIIUINY: UNNINGNGETIVANUATAITITUIY.

unAngalun15UszyuIYIN1g (abstract in conference)
¥o/Ajoana./Unfiam). Aeunau./ luundnge/4an15Usea/ (). Alleaniui:/ e

[

IAYN.

#2889
Kovitvadhi, A., Chandang, P., Luapan, J., Sriyaphai, P., Buahom, R., Cham-iam, T.,
Leelehapongsathon, K., Tirawattanawanich, C. and Thongprajukaew, K.
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digestibility techniques. In Abstract of the 6" Mediterranean Poultry

Summit (pp. 62). Torino: The Mediterranean Poultry Network of the World's
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519A991YLUNW (royal gazette)

FonQuune./(Uiia,/Jun/diew). 719099 11UNY)./Adu/meaul, /viusn-vigaving.
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UsEMIANTENTNAITITUAY (UL 349) WA, 2556 1389 15n150EN LATesilaiaTaalyly
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wazaianusunsa. (2556, 20 NUATUS). TI197997WUNY). LAY 130 ROUTIAY
24 9, K11 11-15.
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VsWgFUn U1/ tavi./ Sioiiu: /Mieaundavi.

720819
TNIA YYPIBUNU Uar1nT veullen. (2565). drunauuaznINITN1IHEAUTIingian
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