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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)
ANULtNTY 20 fadluans 8Avie (EDTA) Anududu 1 dadluans Usuatnudunsa-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
- okra e n3zdeues Wuied A
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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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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) (o < 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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50:50 21.85° 12.20° 2.04° 13.65 3.23° 13.25
25:75 34.91° 15.37° 2.42° 18.59° 4.36° 16.53
0:100 38.41° 16.60° 2.45° 19.67° 4.33° 16.11
F-test * * * * * ns
CV (%) 28.41 15.83 15.23 4.32 24.02 39.16

o

MW - * wagAimiumednesaeiuluanudietiuianuwnniuegdideddgnieaia
(p < 0.05)
- ns LiflanuuanasegeiitudAgynisais
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ansoWnINgUAg 4 TesmeNIVan s INITeMargas Rl yeuind el
uenniidedunisssfisnandunsuousiolulaziau (/N Ratio) lahfiu 20:1 mumnsgIu
Jedun3d wsesvUnyefAde @UUfl 2) wa. 2550, 2551) Feiliiinasnsadiansenms
Wldlsegmni iumsdosaaetiosnindunisingidasndmasvoudelulasiou
figeanin WuiRerrufvnuATeves Thaisuchat et al. (2023) lsmaasamsldiaslsifufinnduie
Tunmsdsadulodindeln nuindulodinaunsanialdinindeomsitnsdsmande
vaude ilosnniianduieannsadesameliieniwagiiansemnsngusng q tnndt uag
Aaneninnely 3-4 dUamidauns

dmsusnuseniiniiindu wuirtagmziiauyelinauedunisludamdan
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12.00 men vdaann 40 Sulumslvinandn villdnananneniade 6.17 aendenszans (Uszan
0.1 ms1aiums) n1swnglunseorsiinaindmamizuuuulamionssuzdgn fagu
51897184 Thaisuchat et al. (2023) Ailiinanannonifingsgaiade 37.00 nonseuUaslgn
(0.75 m19uing) Wemzluulas uarsoauvessaas uazivsing (2563) Winananaen
geaniady 14.00 nendemsnamns WemnglagldluyFouldemess aumaivihlinondiade
ﬁ']’ﬁmuwml,ﬁmmﬂﬁzi'mnmﬁﬁwﬂ'mww,?;aqagﬂuﬁi’mm%au (gaumaigeda 35 srvaldya)
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flannsnduinedosdionld iwu ninleengsetia uardadulndu deilgvlunisiunis
BNLEU AANITITANLLABIVDID Lﬁmmwmjm%uﬁuz\!Lﬂjaa‘ﬁqﬁﬁammw nsanglafiafianunsn
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HavasaswIlaatansleasiani1svzasnisasgyiulavasingd
luanmuaaniaa
Effect of Paclobutrazol on the Slow Growth of

Momordica cochinchinensis (Lour.) Spreng In Vitro
lotidiz azanan’ wadn Ansnaigns’ audes nvzla’
wazgs s Wudou”
Sainiya Samala’, Ponlawat Pattarakulpisutti', Sompong Te-chato®

and Sureerat Yenchon?'
UNANgD

nsfnwmavesaswilaatamsilas (paclobutrazol: PBZ) fion1stzasnisiasgiiuls
maqmuﬁﬂmﬂuamwmawmam ImﬂL‘Wﬂ“Layawumuaamummmmam MS (Murashige
and Skoog) Aduans PBZ anududuuandraiu léud 0 1 2 uar 4 fiadn3usiodns LW’]uLaEN
fionmadl 2552 ssmwaldoa waglvuas 14 Falussiotu wudrensudegns MS Alinans
PBZ dwaliifiruaazduiuluanasedfideddgmeadd omsulsans MS fifinans
PBZ arnuiduty 4 fiadnsusedns Wnnsdnenveseenesiian 3dvianuguads 2.18
wuRwes warsuiluinde 5.2 ludedu Sedeuuaninaiuetsiifeddymadisuems
udagns Ms Alsiiiuans PBZ (nde 3.20 wufiluns uay 6.4 Tusiodu) uazilevigenainms
LW’]%L??ENUUEHW]?LL%QQWS MS Fiinans PBZ 1@uan 3 Wew andnisnuuensiiiudy
Tnadn7i3nuedn (indole-3-butyric acid: IBA) avandudu 1 fadndusedns nuiduiiimunis
A 8aUueMNT MS Winans PBZ arandudu 4 fadnfusedns Ifaugeseniade 2.20
WURWAT WarANNENITINWAY 0.86 WuRias Fulanuuanestumsedatududiliiiunns
Lgawummwﬁﬂqm MS filfisians PBZ (NgaLade 2.76 1wufling wasauensniade
338 Louiung) fadunisldans PBZ enududu 4 fiadnfusedns fUssAvsnmgeiiaalu
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msrzasn1ssyRulavesiind wazansahluussandlddmsunusnvitadeiing il
Tuanmuasnideld

AEARY: NTINZAELTBIERNY N15RRSNENUGNIIUNY @159aaN19a3YRulnvaINT
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

uni

#n413 (Momordica cochinchinensis (Lour.) Spreng) ¥atd uiivnszansszuas
unan iudduiidauaulssmaedouniou dmiuussmdlneugninnluaamamieuas
Aanans dndruduiivinases (diploid) ddwaulasiuley 2n=2x=14 fanuvarnvaiely
aneug UnsarTwARaTiuandeiy findriudienmunidnuaseu Ao Tiiwiinuawa
dwinidetudainnniiindiugive duiindiuginedSnvuseu fe S1umumauin
wazfuifsns uidlidnuaedeniifesusuuss Ao tminuauasiminiBeruda dndm
Faduitviutuiifidnenmgaiagld dutngAvlumsusguduemaiiogunw (i,
2555) Safuindufinasugiafidesdunlivenuesnsiutuegwoiies :1nmsinu
osdUsEnouvesisuiiainnd evuiudalneislasininnaflveamaiaussaugga (high
performance liquid chromatography: HPLC) wuaisusgnaulalalu (lycopene) wazngu
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winualsfiu B-carotene) vaudeuiudnilndnandunniansatnnnidona eilndd
lalatumnnnitugidemat 12 wih Siuduelsiiuganinuasen 10 wh Fsanslaleluiliiqns
Fnupuyadasegy wWhuasugliduiu tissamen uwasdosiuueSaiangnvunn anunsatunly
Hugnwazomaiaiuguamld Fsdednduemsdunzidaifngauianils nsanzuzide
AOUGNUNIN UL5INTZINIZOIMS wazuzisaald (grudeysayulns auzindvmans
mﬁwmé’squaiwmﬁ, 2553; Kubola and Siriamornpun, 2011) asmliﬁmﬂu%umauﬁum
st ndnddmidesimsugniremdeiibimunsausnindls deaidlsiuiiugniesu
Tinandnliaiiaue wenaniinwasnsdiesgnitndnaneiugdsauunnndmeiugive
danalsiiindnaneiugineanuiinuadluizes q Failemaidsaronisgayiuglusuiale
Nnnilymnsveeiugiowdafidmanouinanandn uaziidamiiindnaeiugine
ﬁiammﬁawiamiqzyﬁuﬁ: Falgfinmswammuumaiiewddamisnan Tnednwdsnis
veneiugiindnfemannsdeudode Inglitudutewssiudnlassen Samuinisaes
Fuduausadnilhiindulnl neldannguaendelddnse (edds wazas, 2558)
ansnsaldsudniluanimlaondeduiudusuiudngnssuiunmaivinuiugnssluanm
VinenAnAaedla

maiushwmusnssufivluanmvasnnaaes (in vitro conservation) WWumseusneg
fusinlaglimeiamzidondodertnde aunsafuldfurssumed Wode efens uas

]
£ '

Augeu lnglanizegadsdiulanseen (shoot tip) kaztileldalase (meristems) Fadudiu
ngruneiugnssuassmnaeiuiadaeiuidediluanwasaneaes \Wuisnteuld

&

dosnldfuiitos ansaanm A s InANuLTUTITesanmgienna mahaneves
dngiiy wazsilddrenlosnnd udufiefinisnovauedldfid evhunid swiasomnsdaase
Tuanmwiaeavnaes uenanidsazanlunisuanivdsuidorusfivssninsseme 1Hosnn
Fudrufivdioundn viliaganlunisvuds (assde, 2501) egslsfimunisifuntugis
Tusvordu Wunmafudnuiiuginluanimnsaiound Wededowsyfsedunds fauen
dadouazrnisasuemsiml vlddeadenauariudiewlddislunsiauenidoy
amsliuniiiedeves qimamﬁmﬁmﬁa%agﬁ,ﬁm 12 Fou fosindeidedsuaviudou
ownslvl Tatauiuvdaieivinnsiusne (g, 2540) é’aﬁ?uﬂ'ﬁammmﬁfglﬁuimm
Fudnduszgminansinzdsdidias (slow growth) Tnenisifinansszasnisiasayiiule
atlUlusmsinzides dwaliidedefiviinsadydvinidadaemsstaviesanisiiade
fidealesiauunueddy (metabolism) visludiuvesomnsmsiaowasanwandonluns
\Ausn® (Gordon and Rees, 1799 81918 255AT LagAME, 2557; Rees, 1990 814lae
2930001 Az, 2557) aansasiusnududuiitluemsmzdedlalussesna 12 T 3
annsnansuuasdlunmstiedsndisuens waeddddunuiisiniisaulumaiuinm
WUgNTIUNY
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anrswlaalmsilaa (paclobutrazol: PBZ) fidamaniidn (2RS, 3RS)-1-4- chlorophenyl):-
8,4-dimethyl-2(1H-1,2,8-triazolLy) pentan-3-ol Wuasvrasmsiasyiulalaedud woule]
Timsdumszisuvesadu dwaliwadfindnsulsliosauvensvuadiugy ¥ild
Foudosduas (A5, 2529: Benelli et al,, 2022) Jagtuiinisldans PBZ lnedinguszasa
diowwasnasquivlnluanmuaenidolufionanevin wu Sos (Hosye, 2502) n3zge
(Wsugh, 2558) ndqe (Indrayanti et al., 2019) FalumsAnunilamnmsanunsesuanududy
90915 PBZ flomsvzasmsaiaiulavesiindluanmiaende wWeduwumslunsiiu
fnwniugnasuwavannsathuduiviiinuliinldlunsveneiug viedudorugnss
fndtelflunmsuuusaiugseld

BAnliun133dy
1. Anwinavesaududuvesdns PBZ dan1svzaanisiaigyiiulnvasean
Andluanmvasanaaas
ihfudweenilndmiidmhldnnmamededudute (mmueneen 0.50-1.00
LYURLUAT) mwu?ﬁymuummiwﬁaqm MS (Murashige and Skoog, 1962) ﬁLauﬁwmaegIma
3 Wesidus 59uAU BA (6-benzyladenine) Attt 1 iadnsunedns saufivuals PBZ
ANUTNTERI 9 (0 1 2 wae 4 fadnsusiedng) wasidiuiu 0.75 Wesdud UsuAinnuly
nag-ABIe NI 5.7 newitludeihde wiazgnsesvi 15 %1 910¢ 3 von
pdsnmzdsniuszesnm 8 i Tufinanugeiifistunnanugadusunagsuauly
ResuUSsusuiuluudazyan1sMnaes
2. Aimwmass v Tnvessaaiindravdmnnsnadssuuewnsiiivans PBZ
thiudueniind1n (rueeen 0.50-1.00 Wwufitums) HHunswnzEesu
osudegns MS Miduans PBZ anududusing 9 (0 1 2 waz ¢ dadnusedns) 1y
sgozIm 3 feu wiwwdssuuenmsudagas 1/2vs Aduinaglasa 3 Weddud s
IBA anundudu 1 Sadnsunedns uaziiuiu 0.75 Wesidus Ysuaraudunsn-nnswes
oamzAsnAY 5.7 deuhluilseinie Fadugnsornsiimnzandmiudniign
(lwiif uazanuy, 2558) usiavgnsonnevh 15 61 51az 3 von ndsNiMeRsaiuszeza
4 FUavt JuiinenuasvegeawazANeITINUSEUMBuiululsasyan1Inaaes
3. anmEmawidsstuduivuazadanldlunimanes
NnMsAnvINIzE Bl udmiiviigamad 26+2 osmuwaifea nelduasin
viaontigoaisairus 14 Falusietu anuidiuas 14 lulasluademmamnssoiunit Tneaausu
IMARBILUUANALYTR] (complete randomize design: CRD) waziU3sulfisuanadelngis
Duncan’s multiple range test (DMRT)
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Aedns lin1sinenivesuandianady 2.18 lwufiuns dadanuwansneiuegedidedidoy
aa v <  a N a A a [ '
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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

uni

Tulagtumsldndsnumadendulszinudfysyaulan domndmawinden
ﬁwf‘smmgmmﬁ'ﬁyumﬂmiﬁquLf'uyal,waqwga%a lddnasunmglaniou safivnse1nia wis
nnenIsTINYIAfianas Wi efuilefudgmdananmdeundnduliusemenng o sauds
Ussmamdsianndnihusuuazgnsmansjsgdsauaiuous (low carbon society) Uszine
Insosinszmindsnnuddyrecdgmi Tagliuanuansudunmsusmsdanistiasou
ﬂizﬁmmum3aqmﬂuﬁlﬂizﬁqmmﬁauﬁ’@iywamszﬁn'ﬁmﬁﬁf’lé’aamimﬁauwaﬂamw
gfionie adsil 21 (conference of the parties: COP21) Farinuaiimneannisudesfineg
Bounszanasierar 20 melull we. 2573 (MsumswAsuulasanmgiiemauasAandos,
2567; 91U hazAy, 2565) LmewﬁﬂumsLLﬁlmi‘JmmwﬁﬁamaﬁmmLLasa'qLa'%mwa”mu
youny Tngiamnendanudana dannsolininensidogluriostliiausslomiganuas
annsfianuvaandsnueada wu Tasidey ofiu uasfesssuwd Jdiunltufiogun
T lusuan



a

50 NIANTIVYT UGN INVFUATATITINIIY (2569) V7 45 atud 1 Wi 48-62

%’wi’magmmﬂ'iLﬂwﬁﬂuﬁuﬁﬁﬁﬁ’ﬂsJquﬂumiﬁmmWé’qmu%ama dlesann
Hugudnarsgranvnssuormansiauazinunsnssy Tasamzuzniduiiviasughondl
frununanansmsnigadlodisuiuiinasugiadu q Inglufouunsiau wa. 2567 wui
finwmsnsfivhmanunsuendivensiuiu 181 918 wendriwenduwh Siufingdgn
AsEUARY 3 81N8 1uau 20,972 15 USunmsandn 102 d1una (Wandnade 480 nasels)
NnUFIANaNARF NS LuIn dwaliAnveademanunsnssudiuiusnn widu
FagAvfimdeldAenzaruznin dsanunsanlfidusngAuvdnlunisnaandanuima
1A8LRNIZNITHAAIUSALYIY WONIINIZYIBANTYIIVETNIUNEATNTTULAD TId1U1T0E519
yariumaATugAa warauayunsiaungdanuasueusladnse Jagtuilnuide
F1urunn (B1ue wazany, 2562; UsEANS Wagusad, 2565; FUaINT LAYANTITIAL 2565;
ARG wavany, 2566; U@ uazANE, 2566) ﬁﬁﬂmmnmigﬂi’a@mﬁdi’fmqmimwm
Dududauis lneaudaurisanngatugniniidedvassenis wu nshirianusouas
wlvifazenn wardlongmislderusmuuniidlsiviily uenandnistwumeluladiio
USuugsnmnnaestusaunisdseaeliinansaeiisyAns nmg ety uavanunsoudsiuly
panendsaumadenldeneiiussansamitelimsnand usauvsdiusyavs mmuasn sy
1nsg1u Sududesins@nvnmseenuuumanemaniuazmaiamaimnss tewamn
nszuIuNsHAnliUsEavEnmegean Inglutagduyuwurndminaynsaaslidiavdion
ugniniimdeldlasdniiiunsameniindiuyadlnsinuauas Satugiduduus
fldnngaugnini e lusmneliineldifduiu uidoniesdnduuisiisioging
Fryauazliliunsgiuiinssuiunisseauuiaianisuanindemesnaunndsdwali
FUNUNSNEREUSALS (BATAY UazAe, 2566)

MiAdeiFsi g UsrasdlunmsoonuuuuazfusanssuIunsHARd WS ALY N
nratmugngl laelduuIniinseenuuun1smnasy (design of experiments: DOE) 1ag
Uszendldlusunsudiiogumadmnssudaeluniseenuuunisvnge (aeasssy wagusng,
2565) Ingluilagiumseonuuumsnmaaesgmiranldfiulunsfnuiileuugeseansam
V9en3PUILNT warFnmsedutadeiivanzaulumssdnioasvendefiAnulunszuiums
TnefnuAfeiszyndldimaiianisesnuumavaass Wy msfinwiieafudvsnaiivuges
somnuudusisalunmsiuguneunin (igwed, 2565) msmmnadvesiivangalunszuiunis
unzadndsnaiawes (A uazAne, 2567) Msvsdmesfimanzaslunsyuiumsudn
gunsaldaseiutindu (s uasdsial, 2567) MaUszgndldudnnsdnddnaii (six sigma)
iieanaudlidulumudenmualunszuiunsussqiieds ((nau uazang, 2567) 910
mAfefinanumuimaianisesnuuumsmaaesiiamnumnzaniun AT UTeN
Haduffanumngandenmdnndnsuslinsnunudnvued fivue il
g UszasAlumsUszendldndnnisesnuuuuaziiaszinisuaassuuuwrnneissaiia
JULUU (2 full factorial design) Wiemanieiiviangay (optimization) vessesuvastiadelu
NIEUIMIEALMIELIINNEALEN1T Fasznoudioanuenangindel suinnszuensn
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wazasIseuNemed Wil eliuviaduilioiunszuaunssauisinsdudandudouldd
wlauss linnsgu wdndasifinaunings eeulandnsldnuluniaasieunazanamnssu
naenaudsaunslindsnunadenlussduriosiunassrduussna Sntadumaiiiuyac
wazasneldlitugmu (a3udng, 2561) fafumadedfdanuddidudasnnsuay
BURUR oo aiuluiimsianmaluladiilesnssiugaanmnssumdsaudamanangiu
Souvisnnnzanuendnliiaaunmiiadu Inasguazadlemamaasushalisuyum
Wunslininennsegraiiszansam deaztrendndulidminaynsaasinlugnisidu
Funuuresmslindanuazenauasdduluaunan

/AU

ﬂﬁii%’ﬂﬂ%’;ﬂﬁﬂmzcﬁﬁ’ﬂﬁLﬂami%’aaamﬂu 3 dhuvdn leiun (1) mssenuuuiA3es
SAnULYNIINAZANENI (2) Mmsivuadadenazseautlady way (3) senuuulaz ATz
HAANEIINNTODNRUUNTNAABIRUULINVBIS BN UMY anunsaeSutaduunulnans
Huddutunoumssniiunuise (Montgomery, 2017) Fanmi 1
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1. NsPENKULLAAS 1RSI At UMisIINAZAUZNE 1D
AMUNISEDNUUULATYES11ATBITAEILLTIIINNZAINENET LAAIRININT 2
Az 3dldAnudoyaifioadnaedosdaniuuis iielslun1sdndusunandwdauisain
neamzndn Tnemisdamdnnssarolld
1.1 UIAVDUASBISAE LU
diellumssniugundndiusauwisnnngamenin aaedidelfesnuuy
warasues 0ssng uwsaInnzauznd 1 Tneduuinnnuning 60 WURWAT ANNETY 66
\YURLIAT WAEADILEN 149 1wURlng
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1.2 wilavestan oUnsal uazszuuauvaeaseithunldlunsaraedesn
RN
’Jaﬂﬂ‘?j‘lumiai'Nmsaaaﬂmul,mwimaumamammwm 3 Jafwns
LanEN2NILIA 2 57 w7 4 Tadims 'i‘“UU?Nﬂ”lENLUULL‘UUNE)G]I‘L&EJG] Tnglduawmasini
i 7.5 wsadh (5.5 Aladndd) 16l 380 Taadt fywedduaunn 3.5 i1 uaryadamua 21
ih venaniifsruvisslaindmsumuaumsvnureuaies uarRindisruumiudaonse
voua3osdanuuiaduaindisty (safety switch) 91uau 1 90 dun alndnganisieany
anidu (emergency stop switch) Litaldngansvinalunsdaniduvielenioufinaaiy
UnURITEnINNTYINY

——31CM——p
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®19194911 [Pl [QhPL il QNP1 NI

AN 2 LASDIDARIULYINIINNZAINZNEY (MU2Y: WURLLIAS)

2. msmuuadadsuazszaudalde
msfmuadads (factor) Mdlunsesnuuunismeaes ANz RAEleIINSsEAY
ausslunsimundedoiidsmaiensdnnuuisannzatuznin ldud anuenanginden
uAnszUendn wazaudiseuawed saduilidendnlunisdauriseiuainnzaiuzndn
LAZHARDUANBINENITNAARY AD TIUIUE UL wAnRn Tnedadouayseiuvesdade
(level) Tl4lunmsveaou wansfamsnad 1

A15197 1 Yadsuarsyeudadenldlunisveass

Uy seaulady
M () 89 (+)
ANHENANINGY (LURLNT) 30 32
YUIANTZUDNSN (HAALUAT) 45 47
ANLLSITEULBLADS (SeurauTdl) 254 267
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wasalunsdenldammnuenanginden winfu 30 way 32 iwufung ieaan
Tuduugihweadldanu wuindinnuenansindeaiemensmiefuniinasifidmun
rdwalinudawiafanssziasuaninde waslwiusaudsiiugivuinnssuanda
fvunlinsesnufifmuasening 45 fis 47 fadluns szdwalrausauidliuty uazunnsin
LArAAYEANLIEITEUNBIMBST ANrua Ao 254 WAy 267 sousoundl InedAdusaseu
fanudlinssmudidivun fvdmalfiudauiddamnsatugiduuiaaizesnisld

3. 2ANLUUNTNARADY

dwsuniseenuuummaass auggideldandunimaassuilatymlagld
wadlanseenuuunsvaasainUszgndiiiomiadelunsmaaesiivmnza leud anuen
anginden WWIANTEUeNSn wazAISITeULewes tnefifiulsneuausienisnaaes Ae
F1urumuuvisiiuansin e?fﬂumiaaﬂLLUUmswﬂaam’fﬂmz@?%’alﬁiﬁfﬁwﬁﬁﬂﬂﬁaaﬂLLUU
mMavmaesuULnveiFsafiusUuuy Tnsdumsesnuuumsveassunsdliitads k Uade 3
uiagaduszneude 2 sefu sedumariionnasiAnandeyaiauiunurientvaziinain
Toyaldenanm azunussszduganagen vlvinsuidninavestladendniiaulaudas
ylvinsutiadesaundeufduius (interaction) Tnsdumeuvesnisesnuuunisnaaesing
fvuntlymn enduusilidta fvuatiady senuuunisvanes Tinevideya uarasuna
(1MIBU WazAME, 2567)

NAN1539Y
1. A59ANUUUNINARRILUULWNBLSEA
Az IdelaldISnseanuuummeasmuuinvessafiuguuuy lnefviun
drunutade loun anueniangindes vnanszuendn wagausIeULaWeS IN15NAaeY

v
o w 1

FIRIDYNTIUIY 3 ATI TINTIUIUNIEY 24 N1INAABT (AFNT WAZANY, 2566) WATNASNT
(response) 71lA1NUAaFULUUNTVAGDS AiD I1WIUUVIEIUIINNTERTLANNISWANTNYS D
dnliuuuiinvu tngguuuunameasnduluudy uanafn1san 2

A157197 2 NNSPRNUUUNTNAABILALATNARNEINNITNAADS

WINTFIUYRY AU U2y A
ATNAADY i AUYND YUIANTIUBNDA  AUSITOU  WAAWS
anginaen CREHIE) HGIRE
(LEURLUAT) (sausiaui)
14 1 32 45 267 14
5 2 30 45 267 13
15 3 30 a7 267 15
21 q 30 45 267 12
20 5 32 a7 254 27
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15199 2 (71p)

WINTFIUYRY AU Uady A
N15VAR8Y i ALY VUIANTTUBNDA  ANMAFTITOU  WAAWS
anginden (GEHIE) uoLNRs
(wuRng) (sausiaul)
22 6 32 45 267 15
10 7 32 45 254 21
17 8 30 45 254 5
4 9 32 a7 254 28
19 10 30 a7 254 24
16 11 32 a7 267 20
6 12 32 45 267 14
13 13 30 45 267 11
24 14 32 a7 267 23
7 15 30 a7 267 16
23 16 30 a7 267 20
18 17 32 45 254 19
2 18 32 45 254 18
11 19 30 a7 254 22
20 32 a7 267 22
21 30 45 254
1 22 30 45 254
3 23 30 a7 254 27
12 24 32 a7 254 29

2. NIATIFIUANAYNABIVBIFUULUUNNARDS
dwsulumslieseinateyanimeaenuegdglavimalianeideyalae
roufiagihdeyaiildannmmeassniinseinnuuususi Admwandng (residual) ¥ee
foyaanuuudtaesnmsannes Tnsnsesiaaeuysznoulufeduneuiamn 3 duneu
2.1 MIRTINAOUNTUINUIWUUUNFAYDITRLA
NMSANITUUHUNMUEAINNTNTEI B ITDIAEILUANANS WiTonaaey
NsuANKAItUUUNAYedaya (normal distribution) WudATEIUANA1EINITNSEILRINNY
wundunse fauandlunind 3 uazdan pvalue Wiy 0.883 dasnnninseiueddy
(o = 0.05) (ANAA wazAne, 2567) Jasulahmdrunnmedinsuanuasuuuni
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Mean 17.88

StDev  6.823
N 24
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P-Value 0.883
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N1INABD LﬁammaaummLﬁuﬁasmaq%’aga (independently distributed) wu3iiA1dU
anfnsdidnuuznsnszaedudugiiuudass wansdanmi 4 1losannsnszaredalai
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2.3 MINTIRAUANUIATIINIMYBIAANUWUTUTIU
NNTRIITUMHUANUAAININTEILMIVBIAEIUANA LB U UAYeY
fuusnevauedii lfanuuusrasinisanaoe (fitted value) 1 aaainnisnszanedalaid
dnwaziidusuuuuvidelasaiindle o Seasuldindaunniadiiaiosnmvesmnuudssiu
(constant variance) egfluinausifieensuls wanafanimil 5
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ArfinuudnassUszannld

AN 5 LEUAINNITNTEINFIVIANEINANAILABUAUANTIRU U aaIUsEUNULA

91NNNIATIIABUAINYNABIWBITULUUNITNAGDY LAAITININT 3 4 uaz 5
wuingusuuvesatduanAadulunuanuiigie 3 4o liun deyafinisuanuasuuuunf
frnududaszsiofu uazAmnuuUsusuiiaiosnm Jananlditeyaiildannmaass
farugndosuasivingan wavannsathdeyadluinisiieneiauusrusellly

3. MIAATRANUWUTUTIY

PNMIeastUULnnaeaiusUkuulaeiruaduudade laun A
g1IANgINELT PIANTEUBNSA LazANLSITEULEE (Sousiaun?h) shnTsneaesd d UL
3 ads fidwaunmsvaaosiaiuainty 24 Mavaaes uanIHANTIATIERATILTUTIY
(analysis of variance: ANOVA) uanafanseil 3
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M19199 3 KAN1TIATIENANUWUTUTINVRITBYANITNAGDY
n1suukuuTaannaEea: AuUnauauadiisufiuaNeIaNgNGEL YUIANTEUINSN
AUITITOUNBLNDS

AUsTINNaANSENULATANENUSEANS VIR LUSRaUEWRY (WUeLUNTIE)

faudssialadle wansenu Coef SE Coef T p-value
AUEIANTNGYY (LUFLUAT) 5917 2958 0344 861  0.000
YUIANTTUBNDA (HadnT) 9.750  4.875 0344  14.19  0.000
ANLLSITEULBLAES (SaurauTdl) -3.250  -1.625 0344 473 0.000
ANNEIIANINFLT*UUIANTEUBNEN -1.750 0875  0.344  -2.55 0.022
mmmaan;;Lﬂﬁm*mmﬁasawama% -2.417  -1.208 0344  -3.52 0.003
YUINNTEUBNSA* AT ITOUNBLABS -358%  -1.792 0344  -521 0.000
mmEJnangl,nﬁm*suummzuaﬂé’m* 2.917 1.458 0.344 4.24 0.001
ANLLSITEULDLADS
S =168 R-Sq =95.77% R-Sq (adj) = 93.91%

9115197 3 MFAgiaauUsUTutadsiidsansenusenisiinuandin
vidodnlaiuviu wuirtadendniifdvinatenainuaniinuiesaliuiuanmsdausdueeig
ftfuddgyneadia (p-value < 0.05) lAun ANENANINALT VUIANTEUBNDA UAZAINSG?
JRUNBABS AINMTUATILANULUTUTIVYDIUBL ANV LT UNNNDIS UALUUABITEAY
(yayde wazalgsenl, 2559) anunsauanaduusunmuesdyEnaantladesing o Admanszny
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DY AAANTHANT NS 0O LWL UIINNNTOADTULVLARIAINING 6

ANupMAnNTIARL VUIRATEUDNTE ANIToUNINDT
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o

AMMDUANDILREY

30 32 45 47 254 267
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vostuwiiessfideddymeada nnduldinsiieneifiemaivanzauiigavestiate
Tnglailsridu response optimization (Su et al., 2015) Faduismsildmvunseiuvouay
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Abstract

This study aimed to investigate the effects of planting 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 separate
experiments. 1) The first experiment evaluated five planting media formulas: (1) soil
mixed with Samanea saman leaf compost (control), (2) peat moss : soil mixed with
S. saman leaf compost (1:1), (3) peat moss : perlite : soil mixed with S. saman leaf
compost (1:1:1), (4) peat moss : perlite : soil mixed with S. saman leaf compost (1:2:1),
and (5) 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 ¢ 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 evaluated over a six-month period. The results showed that planting media
significantly affected plant growth and flower yield. Plants grown in planting medium
formula 3 exhibited the greatest plant height (170.00 cm), the highest number of flowers
(139 flowers per plant), and the highest fresh and dry flower weights (52.32 and 5.83 g,
respectively). Regarding fertilizer application, the rate of 10 g per plant resulted in the
highest number of shoots (43 shoots per plant) and the largest stem diameter (0.78 cm).
In contrast, fertilizer application at 15 ¢ per plant produced the highest fresh and dry
flower weights (80.65 and 8.03 g, respectively). Therefore, planting medium formula 3
combined with chemical fertilizer at a rate of 10 ¢ per plant was considered the most

suitable treatment for promoting optimal 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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3.3 nsiUSeudisunnaesdiegsiindeuwnadidy
FnsSeudisunmiiegafindeuunadity meldideuluieatuiude
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dosnmavilafladddadu ameldlnuanisvine SEM finnusnsdngdlin 2 Alalaad nuin
faeensiiliindouunadifuuasiadeuunaiity LLamé'ﬂUmzﬁuﬁaﬁﬁmmm’;mz ag14l3

9
Anunnaneddanuaudasiiaslianunsalansvazdenvasiuinliegatnay feanmi 3
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Al 3 mmdnefegisianunludsdeenledmendoranssemididnaseunuudensinvia
fansfiatufiluunnsyineu SEM uazanussdnglain 2 Alaliad wWisuifisy
Fregsiildndeunavindauuwnaiitunielddwenasaiu toud Tedounnadity
Ma9v818 50,000 (n) lalpdaunnaity Adsvene 100,000 (V) LAFBULNATIL
Ma9vee 50,000% (M) kaviAdauLNaRty mMaveny 100,000 (9)

1.4 Wunn19vna1u SEM wagausnedngludia 5 Alalaad
Han1sanenmiieg 1 ianuludereanludiendeganssaiBidnaseusuy
dosnmavilaladddadu aeldlnuanisvinen SEM fianusinedngdldin 5 Alalaad nuin
ANENET NS EnE 50,000 walugegnenliind sunnanituLazAd ouLNaTIT a11150
Funeiuivesianuudefesnledldludnunzaoudiaiou edrlsfnudofiumdmes
Hu 100,000x Ingiamelufogaiiadouunadiiy wuhannsadunafiufiafifanuoguse
Tgunsdu fannil 4
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Awil 4 amdnefegiTanuludsdeenledfendesqansimididnasoutuudeansinvin
Harsfiatufiluuansyineu SEM uazanussdnglalin 5 Alaliad wWisuifisy
Fregsiildndeunavindauuwnaiitunielddwenasaiu toud Tedounnadity
Masweny 50,000x (n) luipdsuunaiitil Masweny 100,000x () WABULNATITY
MMa9ue18 50,000 (A) WazlARauULNaRtl ANdIEny 100,000x (3)

1.5 Tuan15vn91u SEM wazanusnsdngdlaidn 15 Alalan
Han1sEnenImieg 1 iaguIludfeenluiiiendoqansiBiannseuLUy
dosnsnailaflansfiaty neldluunnisvhau SEM finnussdnsluia 15 Alalaad wui
wiihethaildindeuunafitiuasindeuunafitiuansdnva i fideuinadou Tnanmene
Alginsuansseandoniiuion uarlidnvazamlngifssuwuuasdi (2D appearance)
Fanndi 5
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awil 5 mndnefegistanuludsdeenledfendeqansimididnasouluudeansinvin
HarsRadufilnunnsvheau SEM wazau snsdnsludia 15 Alalas wWisuiiisy
Fregsiildndeunavindauuwnaiitunielddwenasaiu toud Tedounnadity
Masweny 50,000x (n) luipdsuunaiitil Masweny 100,000x () WABULNATITY
MMa9ue18 50,000 (A) WazlARauULNaRtl ANdIEny 100,000x (3)

1.6 NMswSeuiisuninangvesiieg1eianunlugeneantys i7indounnaiity

S¥INANANISYINIU GB-HIGH Wag SEM

yhmslisuiisunmeansvessnegnaiaguiludsdennladiindouunaiity
Tnefmuafingwene 100,000x neldlruanisvingIu GB-HIGH fiausisingli 1 uaz 2
Alalaadt wazluuan1svinaru SEM finnusinednslngia 2 5 way 15 Alalaad wuiiniswedeu
wwaditurelinanweesnmaefiauadaunnindegisitlitndou Wesniaquily
Fesoonladfdnidutanfsianh (Habibi and Karimi, 2014) Svorauiansazaulsyquuiuia
sswinmsanenmld Sssnfudeonndeuunaitiufiodfiunsilihvesiuiasedng

namsUSeuisuseninsunmsvhay wuinamgnedildainivun GB- HIGH
mmiﬂLLamswauLaaﬂwumLLaummsuisusumaq:]amuﬂumﬂaaﬂlszjm“lmmwmw Youzdi
Awangnluua SEM ’meauLaEmwumaﬂmLLaumumwm?zﬁuiﬁlmmw Watinmdne
aeldlun GB-HIGH fanuaudauasauaunsolumsuansdugiinefuiafninlue
SEM aehetimiau fanndi 6
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Al 6 amanefegsianuludsdeenledindeuunadivh sendesganssmididnnseu
wuudennviinfladddatu fisdwwens 100,000x Meldlnunnsviaulas Ay
sadnglindnetu 1oun Tun SEM finusnsdndlnd 2 Alalaad () iun SEM
Fieusnednsldia 5 Alalaad (@) T SEM fimnussdndludia 15 Alalad (a)
un GB-HIGH fiausnsdnglada 1 Alalaad (1) uazlnun GB-HIGH finanusig
fndlndin 2 Alalad )
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2. NMTIATIZASINTINGIY
2.1 MIAATIZYININTLAYFIVRIE0
HAN1TILATITINIINTLINAIVDI5 1A VBIRIRE 19 TR U LT ABanlad e
wadlemsienesisindmdsny wuismdned duansiisduns uags1meendiau Jauans
Frediden finsnsraeiedminausuuiiuiinvesiiogna uenaniannsu EDS Suans
doygnvessndingduazeandiaueg19daiau Fanmil 7

Zum Zn Ka1

2um 0 Kal

Al 7 Meileseinisnszatefinessinuesiiegwianuludedeenladdiemaianis
TasgisnBandaa loua anarediegrsianunluBedeenles (n) nmdaunis
nsxaefvessndangd (@ung) uaveandiau (A1387) vunwaieiioens (1) wuud
N1399188 200951 FINEd (A) LNUT N13NTEAN0RIVDI510BONTI9U (3) Wag
anmsu EDS vaesndansduazeantiau (3)
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2.2 mawlSpuliieuisnslinseiusuass

N33 ULTBUNANITIATIERUS UGN AEImMATANITIATIE1S 11T
WA FENINTTNTIATIAUTIUT ML ULz UL sag I NTIATIE BN UUUALAE
n3svyilngnn nuiniaesislinamsiinnziuinasndingnareendiaulndifeaiu
(51991 1) TngmsrenudSinasindanzausyana 45 Wesldus wagsimeendiaudstanal 55
Wosidud Feeglursiiaenadesiuamidduues Demissie et al. (2020) s8numsdansiz
Yanuludedeenledaintuiiguaznul3unusindengd 59.43 wWesiiud wazs1noandiau
40.57 Wosldud

M13199 1 YSinausguuiuiaiieg e Tanuiluieieanlys

BN15IATILRUIUIUEN U3uau519) (Wasidud)
daned 29NTIU
wuvarulawes 45.44 54.56
WUUPALAENNTTEYTUATIA 44.43 55.57
N159AUS19NANI5IY

Tuan13veu GB-HIGH {ulvunildussiulniihauiiuiugegns (negative sample
bias) 1l 8% 28 AANE 1 1LTE B NATEUTAIEANNTENUT U AT 0819 d wwaldndsauves
addnaseu a 9annnszu (landing energy) anad Wrlvenansagenituioldeudety ua
antlymnsavaudseqlaiinuuiaedne lasing fandithlwiidvioidufsiag luvaied
Tuemsviau SEM Wunislddddinaseundanuaddludseddnenss dwalididinasou
ansngdnadlutaglédinnndt Tseailineandeadeiuisanaudedisuiulnue
GB-HIGH ¥l n1siU3sulfisuamatfsznindvun GB-HIGH uar SEM wansdan1s1edl 2
(JEOL Ltd., 2012)

M13197 2 MsUSeuliisuauanRvedlnuan1saIu GB-HIGH uag SEM

AMENURA TyiaAN1591191u
GB-HIGH SEM
WANUABENATEU i R
(Bidnaseuliadudnios-Alalade) (1-30 Alaliad)
Arweuavoiuin 40N fnin
Ugyn199159909619819 anas Antulsing

ANUANYDINTINZADLaNATOU AuNIN annn




P

86 NIANTIVYT UGN INVFUATATITINTIY (2569) V7 45 atud 1 Wi 74-89

Han1sanan e ianuludReenlediiendaiganssmidianaseuluudeinsin
siaflanafiatu neldlumnnisinuuazauasdndgluinnng o uandiiiuiinnsiden
TANIIYNNULAZAINA AN AN TIHNAH DAMNINVBININEBUALAIINAINITO IUNTUARS
wazBenituivesnegegditud ey Tnenwuinneldivan GB-HIGH firusnedngludi
1 Alalaadt nndheiufadsflarunudaliidisme vausidofiuarumsdnglaindy 2
Alalaadt nndrsannsuanseasidoafiuialdtaausasianuaudngsduegan uin
Ferssudisuiulnunnisyianu SEM wuinusildausiisdnglyiin 2 Alaliad nweaiedsd
Aruautaruazuanseasdoaiuialdlidaay uandodfiveussdndlniniu 5 uay
15 Alalaad TwasiBuniiuivesiodvanasetrsinau vadenadeunanmsldanus
Andlulihiiguiuanumnzauiurdevesiiedna dealiddidnaseuindsnugauaziin
Audemesofuiia (beam damage) dwannsadanaldandnuarmsldivesiione (bum)
Fafunstvuaauanadngliiidmiumsaienimismsiinis@nuvdensaeuid osiu
Wielianunsnidenefivanzaunazanauidssdomsinanudemeneian (gwd, 2567)
nansAnyiaonadasiuaiideues Stevens et al. (2009) sldsreaunisaignindanidi
anushadndlaitilugag 500 Bidnaseulaa (ev) fe 1.50 Aladidnaseulias (keV) Lilouand
Tdiuanuuandswesanmamaeileldanusinadndliiinetu uaziauoiduuums
Tunsdnennian SBA-16 wag FDU-16 Ssatiuayuiinmadenanusnedngluii-luszdus
fatunansfianumanzautenisseniniagiidesnisneasdentuiassiuuly

mersisndmdsnuiumedefldmiumsieseiosdusznausaiidiubs
AN MLaTIUsua nsandunisliadidnaseuninndaganssaudianasauwuudonsn
dosnsrauuiiuiiafiaedts viliiAnsdienddnsiane o1 (characteristic X-rays) &
annsodunldsryriaazsyiinamessigidussdusznouludegdld nsieszinng
ﬂszmEJGT’Jﬂuaamq%‘Lﬁwaé’wéLﬁumwLLammsmzmaﬁfmaqamuuu‘%L’amﬁuﬁﬁﬁwmimaﬁm
feanunsolivssiiuanuaiiauevesesdusznauspuuiiuiadiodsld dmsunisiiene
B9UTun namsnnninazgnuandusuainau EDS Jauansnadiniussrinaunu Y fe
Frunudauesssdiendfingninld (intensity 3o counts) Az X fis n&w1uTeq
Yeendlumieiladidnnsouliad (kev) Insfin (peak) fiusingluawnady ausaldusd
yilnvossgiiiussdusznoulufiedns wazansormmesnuniudnduio wWesidus
vossmiinsranuludieddld venandasmstinsesisguuuganasmsseyinsedy
mMAnTednliaBiEnnseunnnssnudnseg fidumisameuuiiuiadiiedne e inrusina
Yadend a1 gafiendlalagnsa (nagd, 2562)

#5UNan1339Y

Han1sAnwINIsaten nianuiludsdeenladaiondesganssaudidnnsounuy
doannvdafiadddadu neldluunnisviinuuaganusisdndlaliihfuansraiu wudi
Tvuan3¥ine GB-HIGH finusnadndlin 2 Alalaad Wuannefvnzauigadiviy
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nsthenmituivesiaquiludsdeenled ilesnlinmildaueudanazauisouans
TeasBeaiiuildifiandeoudsutuaniizdu

HANTIATILNBIAUTENBUTINAIEMATANTITIATIENEI9TINE 191U TuduveINIg
ﬂixma&hﬁumﬁmLLﬁﬂﬂﬁLﬁudWﬁmé’aﬂz?ﬂ,l,az@aﬂ%wuﬁmiﬂixma@hastaﬁuamuuﬁuﬁa
930819 wenAINiHaNITTeTEAaUulneUTsuiisussringismsie e
suuuazulaweiuariimslinsgismuuunuaznsszysiiaen wuitveaesislig
IndAeaiu lnensranudsinasgdngduszinm 45 Wesdud uazsmeandiaulssunm 55
Wosidud

FaunansAnu s iiduiseudidyuesnsidonlnunnsrhausasausig
dnglaifihfmnzalumafiunuamessnindis suiafisanugnieswemanisingg
psAUsznousaluaAdesutanuly Seansothludssgndldifuuumsdmivnuide
e ianluewnanle

Jolduauuy

1. fhetitlflumsiinngishendeqanssmididnaseunuudesnnavilafliassdaty
mndugregeiiliiluiviefwhlni msiinsedousegienoun1singzd wu nms
\WABURIBEIRIEaT visaunanita lWudu

2. Mmsdenlvunnisviausazanusadngliiaiuanzaudausndusgdese
nsifingaamueanm Wetdunsifiulssaninmuenssuiunm sy aasyeziaily
nsaniiua wazyiganauyulunseeidiegns

AnAnssuUsENA

YorauUnMiatljufinisndesganssmididnasounuudensin @ué’mmmi%uqq
Fruurlumelulofiflegnanvnssnad 819113 uarnainuns an1tuineINIT9ugIus
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HaY2IN13 IHAUAAUILNADADAMNTNNANAANGIENDUNDY
Effects of Salt-Farm Residue Application Rate on
Fruit Quality of ‘Hom Thong’ Banana
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(2) Tdtewafigns 13-13-21 Tudhm 125 n¥udedu (3) Tatunnuindelusng 240 nusiody
(@) Téuanunndeludns 480 niuredu wae (5) lalunnuundeludnm 720 nfusody
Han1sneaeanudnsladegns 13-13-21 dwalinandieveunasilaininuning auen
g uazthmiinuaanniian vausfinisldtuanuindeludam 720 nfustedu e
wiuilelunafuuagnadneinfian winfu 4.880+0.340 uay 0.338+0.016 iy muddy
uenanimsldtuanunndeludnm 480 uay 720 niusedu dsalviuTunmesndeiiazae
¢ Wanan (total soluble solids: TSS) Tumaqﬂqqﬁqm Wi 21.37+0.88 wag 21.51+0.77
psuind udiu wagnsladunauindeludnm 720 niudedu IiArdnaausewing
Uinnuvesdeiiavanslddeusununsaitlnmsnls (TSS/TA) ity 36.52+5.16 Katudsagy
imslddunaunndelusmgaaeiiuualiutsusuugaauamuanan taovhlieUium
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Arddisy: ndreveumes Yuans 13-13-21 Tuanwinie Usinavesdeiiazaials
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 g 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 ¢ 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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NA189RUNBY (Hom Thong banana) fidovainereanian Musa acuminata, AAA
Group L“f]uﬁﬁumwgﬁaﬁﬁwﬁ’agﬁuawszmﬂimm‘ﬁﬁLLu’ﬂﬁmmméfaamisuammmﬁu’q‘[,uﬂsxwm
LLameiszmn%unﬂﬂ Felud w.a. 2563 fwandnvianun 136,067 fu fyarnisdeeen
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Handnilliieananan1suslan (@rtinauesegianisinuns, 2564) Imaﬁﬁuﬁmimﬁmﬁéﬁzg
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reulAuiAed Wl elinandndilafiguaimassmuanudesnisvesfuilan Gdud, 2557)
ndrenonmenduiinasvsiefiddyuesiminmesys Tulinisude wa. 2564/2565 fitudi
Ugnndevioumes 9,765.74 13 fluflifiuiien 6,939.24 19 finawdn 17,900.93 s laonanan
WAy 2,579.60 AlanSusels @ innununsuazainIlTminmusys, 2565) lnenaievieunas
dseendeadundrovesmesiignifies 70 Wedidud ndreveuveadufivasughavianilsnd
fnenmlunisdseenlagiamenannduilniudomnisg Meoaudnuuzueindionesmes
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sanfd fnduvomindudseniu nandndaudasadelifasedandrsuwd ou vl
néeveumesvasinglasurulenduiivensuvesiuslnalunaindiu ndreveumesiign
Tuuszmalnednuazmluaziddugsuszana 3 was @ushugudnasnnnii 20 wuReing
nuasuuluddegeuianedudvuy Auluiisesraudanie dunaisludies diuves
ponfiiduruedevvilou Vasuliaeuthiem Uarounan suvuiidunsensihs néeiniends
11 4-6 w3 M%ﬂﬁ\iﬁ 12-16 wa Uanewafignisiuda idenuns ileanasududivdemes o
Awdoady nduven savmufulseniu (3391, 2566) uslutlagturianussnsuaeduilne
Trieuddnluduenudaonfoniu inwmsnsdaduuiudsumananlnensanmsly
Joiadl gl ingaviiliansssunadmldisuarlidmansznudedwanden Tngnnsld
dwsindanmandwinenvain dndnaalfuasminuardanumsluietieanduyu
auaseiiuazdeiadl (enswn, 2564)

é’]’wi’mstniuﬁﬁv'fuﬁ'vﬁmmﬁawma 147U 19,000 15 1N¥ATNTIIUIU 320 578
NHanAnUTzIM 46,400 dusial yaa1 23.20 duum (@rdnnudnuisnig a4, 2566)

oes

Juapunda (salt farming residual) {utanmdetisainnisvunnde fie audne azladi
wazunassaausiig q Asuiatudusiuluunndowasanaznouuisain Snifadundaan
sinmshundelugaru nsaunsafuieldUagaddlutiafoungainisuremndieu
huinderiieusuiuiiunindelfiFeuuasuiudmiuwisnihuinde Tunuindeausn
didunieTmgliunauriliauiinnusiuge Suhldd wnzuimassydulniuiiennsde
wazthlUldunuteind Sediaudaonsosioduan (a:ins, 2565) Tuaaunndedinaansinig
il Ao lulnsiausiaviun weaneda (P,0s) Inumandes (K,0) waawdie wayhuniides wniu
0.72 0.39 1.03 1332 uaz 6.84 Wosifud mud iy (YA wagany, 2567) Tuaaunnde
fnmsthlldiieusussanmuananliina lnonslauinuseunsajuvesiudilelusn,
1-3 Alansusedu AeumsiiuifeIUszanm 50-60 Yu Snavihlidueiapiulnd fisaufvau
nseu WisuaginduUsEmu (hguai g viesiutazuinnssusunisinenas, 2564) uazlu
Tunaunndefiveansdarisduaiudosnuudaussweadu nagdunisesnaend ara du
Tnunadeuvilinadvunalng sauivau Snsdsdauautalunsdumifintnadelvidu
Fugemnzuinasyiulnvesniuiulinnuile (@sume warane, 2545)

anuzgfifedadimnuaulalunisihiussuindedudumundeisninmsiuiinge
snldlunsuiuusnmnmrananndieroues fesunsinuinarestuaauindedenmnm
nanAnvasndevosnasluaialifieduuumdlunmsiluuszgndldlunsusunmnm
wanAsliUINYAsnITUgnNEEvesmossioly
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BAnlun133dY
1. Mmawdsuiuanune
ihiuaaunndesnuadeiniesdesiielivuaeymaiinas Seeifiuiuiiag
wazifindsrAvsamlunmsilldusslond mnmfuduiuiedtuanunndeiiolinse
autAinnenniazmaall lngldisnaasunudiiolinmeidegsvesddninermans
Wenswaudisu (@dnineansiiiontswaundinu, 2547) NANTIATIEANUIIT UAR
wnndediArAaudunsa-ang (pH) winiu 8.52 wagAinisunlain (electrical conductivity:
EQ) winfiu 14.19 wdFiuusiowns JUTunadunseing (organic matter: OM) winfiu 10.04
Wosidus Tnefusinailulasiausiomn Weaneasa uazlnuvaideu ity 0.72 0.39 uaz 1.03
Wesius audisu uenandnudTaueadsuuazuuniioumiafu 13.32 uaz 6.84
Wosdus mudau wasdivinailuienwindu 2.61 wWesidud
2. mawssaRundwsmiuAnuInaaas
MNsAnEenAUNIeeNNaINLUaUgNENISA1 o ulauNYAINS mﬂ"ﬁ' 1
fuavinau sunetuann faiamysys lnedundefivgnuuuenses ssezugn 2x2 wns
uazflongUszana 6 Weu Mineudunamanes waslgniinaniimsladendiug 2 ade
Wud adedl 1 landsgn 2 iou Taeldtegns 25-7-7 §n91 100 niusedu waraded 2 lands
Ugn 5 iieu Tngldagns 25-7-7 Sm 150 niustedu ndududndendundevoumesiia
919 6 1o videagluszerSuunduss (e1g 184 Jundean) uasdirnuauysaflndidssiu
$1uau 80 du iileldlunisveaes lendreiiuunsud (eny 189 Juvdagn) Savhnslie
MunTsNIsneaes Wnenituleseulausunelusell 1 wns saenseeslinIn1maaedinig
Toidwn 2 fulutaadh adsas 1 47009 uaglifinisviuamstiosturidndnsfivnnuia
3. MIVNUHULAZNITIANTNAGDS
’mLLmumimmaaqLmueﬁmﬁaﬂamgsaj (randomized complete block design:
RCBD) $1uau 4 Ufen waxdl 5 fiuvnaes deil
fsunaassit 1 laldde (@aauaw)
ffunnassit 2 Taleieilgns 13-13-21 Tudns 125 n3usiosy
snsunmansdt 3 Taluaaunnde Tudhm 240 n¥usiesiu
snsunmansdt 4 Talunaunnde Tudho 480 n¥usiesiu
fnsunmansdt 5 Taluaaunnde Tudhm 720 n¥ustesiu
yhmslinunssiinanes wies 1 ads andudaudndseenudminting
viRush (engdu 204 Sundsgn) wesiiuiemandnlnetiuogudsnsiaua 55 u (engdu
259 Tunasugn)
4. msUuiindayauazmsinzideya
vmafuifemandndendieiong 55 Tundsiaud Saduszesifiuifsms
n13f Mntunimandaeeandu 2 dw ldun 1) dudwiunmstufingunmveskaiu ua
2) daudmiumstuiingunmuessadn lasdinandodmild@nvinagnluvaluduy o
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avnsalmsinunsiiuata $1im snetiuata Semdamesy3 Wunan 21 Falus (1 Aw)
mn‘fuﬁmnwﬂuﬁaqLﬁuﬁqmmqﬁ 21 ssmwaldea 1Wunan 1 Ay wazwnliluanin
gnumgiiviesdn 1 Au ieddenidsuandidendudivdewuareylussfunsgnveind e
sefuil 4 (WeniSudeuandideroenudes warlidvdewnnnindider) Sehnnstudin
Aunmiagn Taesdidunsvdaiuiessana 3 fu
4.1 MITUNNToUANANGNUALAMNINNE

N1ITUTNT oY AR TUNAREALALAUAINNATDING I8 DA LA VUIAKE
(mugmrakazauniana) Inefannunitausnafnatsa wieaaduiiniminm
(Alan3u) wazd g (n33) dmsunsussdunnuiuile vnstausnafnanua ne
Fagnilasunisveswa 91 2 90 drunsuszifiudvesmariinisiavinui inatwa
i1 2 dniluimmenssiuiu TaeTaendlussuu CE Lab* faewadesinend HunterLab Ju
UltraScan VIS wazs1saunasduAranuasng (L9 Ardides-uns (@) Ardidu-ndes (b%)
wazALand (hue angle: h° )‘mu:LJamammmmmumimaﬁuaq international commission on
|llum|natlon (CIE) Ussineil aueta wonaniivinistadannadunsa-sine 9antihdudures
dena Siesziusinuvesdsiiazansldviomn (total soluble solids: TSS) wiagoIAIUTND
(°Brix) warUSunansadi lnnsnle (titratable acidity: TA) a1 snan 1133 AOAC (1990)
MndusmnamdadiusswinUinaveudiavaeliteusansaitnmsald (TsS/TA)

4.2 MTUATINUeYaNeaDA

Tnziteyalaglilusunsudniagy SPSS wazvihmsimsgianuul Ui
(analysis of variance: ANOVA) 1l aV1aaaua1uuansiesswinenssuisnaaes Wenuay
uwanenseenediteddneadn SeihnsuSeufisuauuandisesnadssEninmInaus
#7633 Duncan’s new multiple range test (DMRT) fiszsuanandesiu 95 wWesiius

NAN15IY

nsladegns 13-13-21 dawaliinandreveunesinnunitaagafian wiidy
3.66+0.15 Wwufims Tnefianauandstuegadvddnmeada WenwSeudisutunsli
Tunaundeludns 480 uar 240 ndusadu uazgamuay (aldde) Fsdidanuniies
WU 3.51+0.12 3.45+0.16 way 3.34+0.13 wuAwnT MUaRU TUAIUAMNEIING WUT
msladeans 13-13-21 TiAmmensagaiian winfu 22.64+0.89 wufies deilemnuunndng
fuegnsditfoddnymeada WewFeudleutunndisunaaes I¥un mslituanuindelusng
720 480 uaz 240 n3usiofu wazyarug (lldds) Fsidnnuennawindy 21.99+0.76
21.88+1.21 21.66+0.69 WAz 21.57+0.88 1wuflung MudFiu fawns1edl 1
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M19199 1 AUNTIUAYANILEIVBINANAIEaUND ke TuTasg 9

fFUNAADY YUIANANAIVWDNNDY (LYURLUAS)
A2UNIN9 AU

lulldde (ynauaw) 3.34+0.13" 21.57+0.88"
Jainilgns 13-13-21 (125 niusiedu) 3.66+0.15° 22.64+0.89
Fuaaunde (240 ndusiodiu) 3.45+0.16° 21.6620.69°
Funnuunde (480 niusediy) 3.51+0.12" 21.88+1.21°
Fuamunnde (720 nfusodu) 3.60+0.13" 21.99+0.76°
F-test * *
CV (%) 4.84 4.37

e - eadlugdiuuanede = dulsauuanigiu (mean+SD)
- * wazAnademiumesisnusasiuluanudifeiuilanuwenasiusg1aiitedfy
19808 (o < 0.05)

nslavegns 13-13-21 dwalvidminuiiadsvesnd oveunesgaiian ity
2.47+0.13 Alan3y wazdanuuwandsiuegaiveddynieads Wewseudieutunisli
Tunauindelusam 720 480 waw 240 n3usasu uazymeuan (ildde) deflaniwingd
WU 2.320.07 2.30+0.04 2.21+0.08 waw 2.24+0.08 Alan3u suadty Tudumdneg
wudmsladeges 13-13-21 Tianiwiinsagefigauiu wihiu 179.346.37 n¥u Taefinnu
uanssiuegrelifuddynieedn WlowSeuisutunslituaauindelusng 720 480 wae
240 n¥usiedu wazgamuau (bildle) Feddnimiinuaiity 172.783.67 167.62+2.91
161.20+6.01 Uag 159.60+7.94 n¥u AmdIRU Famnsadt 2

M13199 2 Wvtniuaztmviinveawandieviouasilasulesng 9

AN5UNNADY Ywiinndleviounas
Ywtinud (Flansu) Ywiinwa (nda)

uilde (gamiunw) 2.24+0.08° 159.60+7.94°
Jaipilgns 13-13-21 (125 niusedu) 2.47+0.13° 179.34+6.37°
Fuaauinde (240 ndusiadu) 2.21+0.08° 161.20+6.01°
Fuaauinde (480 ndusadu) 2.30+0.04° 167.62+2.91°
Fuanuinae (720 nSusiody) 2.32+0.07° 172.78+3.67°
F-test * *

Qv (%) 4.84 4.37

e - eadlugdiuuaneie £ dulsauunnggiu (mean+SD)
- * agAadeiimnumgmsneIaiulugauAnetudauuanasiuegelitudAey
19808 (o < 0.05)
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ALt evamandroiu numslitunnundelusng 240 ndusedu e
Auiuilogefian Wiy 5.0700.180 T sesaun Ae milituamundeludne 480
n3usiosiu gamuau (ildde) mslddeans 13-13-21 wasnslituanunndeludng 720
n¥usedy deid1mnuudulowindu 5.00040.230 4.970+0.290 4.950+0.370 uaz
4.880+0.340 98U suasu agrelsfmulinuanuuansavieda Wefiansananuuiy
Lﬁaﬁummaﬂﬁwqﬂ WUl eanasansezraiu Tnenislnduasunndslusnsn
240 n3ustesiu Wiaauuuilogeiign Wity 0.352+0.018 fadu sesasun Ae yaaauAy
(late) mlstunmundelusng 480 niusesiu mslategns 13-13-21 wagmslituan
unndelusns 720 nfusiedu Feildrmnuuyui owiniu 0.346+0.015 0.345+0.018
0.340+0.011 uay 0.338+0.016 HfU AUEIFU HILINUAULANANMSERR FamnsneT 3

M15199 3 AuwUuilorafuLaTNAaNTRINANAIEauNDTIlaTUTasng 9

YRTEEEN anauduliorangaeveuas (@ad)
G NAgN
ulldde (ynauaw) 4.970+0.290 0.346+0.015
Joiatlgns 13-13-21 (125 nfusiedu) 4.950+0.370 0.340+0.011
Pupauunde (240 niusadu) 5.070+0.180 0.352+0.018
%memma (480 n3umDeL) 5.000+0.230 0.345+0.018
G?Tmemmﬁa (720 n3umDe) 4.880+0.340 0.338+0.016
F-test ns ns
CV (%) 6.870 8.570

wnewe): - sevulugluuuanade + dundenuuannsgiu (mean+SD)
- ns LfAnuks AR UNI9E R

USmnnmesudsfiazasldviamelundronaiulinuanuuanswnsadlunnsis
yaaes agslsfinuuiinuresudsiazagldiomelundioraanieuuandatuegs
fuddnymeada lnenslituaaundoludng 720 wax 480 ndusediu IanUSunawewds
flavaeldviomngaiign windy 21.510.77 uay 21.37+0.88 83mu3ng muady vouxdi
ey (slldde) Tausinamewdsfievaeldimunsiian Wiy 19.26:0.31 ssmuing
Fapsadt 4

A13199 4 Usinaweandsiiazangldvesmafiuuaznagnndievieunasiilasudesing o

ANSUNAABY Usunauvaeudanazaneld (aerusnd)
NaRu Nagn
Lufldde (ynauaw) 2.24+0.27 19.26+0.31°

Jaiafigns 13-13-21 (125 nSusiosi) 2.12+0.13 20.28+0.65"
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15199 4 (79)

A5UNAABY Ynavaudsfiazansld (asau3ng)
WAy Nagn
Funnuunde (240 niusod) 2.09+0.16 20.48+0.71°
Fuamunnde (480 nSusiodu) 2.24+0.17 21.37+0.88°
Fuamunnde (720 ndusiodu) 2.11+0.19 21.5120.77°
F-test ns *
CV (%) 8.80 5.15

NUBLYR): - swamu‘lugmmuﬁmﬁ'a + dudeauunnsgIu (meanzSD)
- * yagAadsiimiumesisnussatuluaaudifieatuiianuuandafuegedifedfy
N9ERA (p < 0.05)
- ns Bifiuuaneneiuneada

USnansadilnmsalaldnuanuunnsismisaddszwinesisunaans agalsinnu
dodruszmneUSunaewdsfiavarsldneusinansadilnmsals Sanuwansiatuegnsd
Tedhdymaana Tnensliduamunindslusng 720 ndusedu Iiddadiusznine3una
vosudstaranelireusinannilnnnldgeiian windu 36.52+5.16 vuriiganunu
(afldtje) WiandndrusminatiinavesudsiiazanslfrouTinunsailnmnlfifign ity
32.50+4.87 fapN597 5

A1519% 5 USunaunsantninsalanazardndiuseninalSunaeawiaiazaslasnousunu
nsafibnnsalavesmandieneunanlasulusig ¢

A13UNAADY Usuaunsa ANANEIUTZNINN
Flmnsald Uunavaaudsfiazangld
davsuansafimmnsald

lallddy (yamuaw) 0.6120.10 32.50+4.87°

Jainilgns 13-13-21 (125 niustedu) 0.59+0.06 34.69+3.38%

Fuamunnde (240 ndusodu) 0.59+0.08 35.67+5.86™

Funnunnde (480 nfusod) 0.6120.06 35.2244.04"

Funnunnde (720 nfustod) 0.60+0.08 36.52+5.16"

F-test ns *

CV (%) 4.84 4.37

vanewe: - s1enulugUuuuaieds + dudsnuunnsgiu (meanzSo)
- * yazAadsiimiumesisnussnatulugaudifieatuiianuuansafuegaditeddy
N9adR (p < 0.05)
- ns Tdfianuuansnaiunisedia

Wichcha Journal, Nakhon Si Thammarat Rajabhat University (2026) Vol. 45, No. 1, pp. 90-103
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ANAULTUNTA-AN9YDINAIUHARULUINUANULANANN DRSNS UN A0S 1o
a 1 1 1 @ 1 I~ 1 v = 1 [y 1
fiAnagluyag 6.08-6.28 agdlsisnuAinnudunsn-Answanaienagn danuuansaiuegis
B

CC)

ydhdyn1eadn lnenishituanundeludns 240 nSusiedu Tiamudunsa-regsiian

Wi 4.95+0.12 vaueiinshituanuindeludng 720 niusedu wazn1slddegns 13-13-21
TAAdunsa-aewinfign winiu 4.82+0.17 wag 4.85+0.12 mUERU Awn3197l 6

M13197 6 Anudunsn-rvesmaiuuaznagnueanandeneuneafilasulesig 1

ASUNINADY Araudunsn-Ang
NaRu Nagn
lildde (ynauaw) 6.08+0.12 4.88+0.06™
Jewallgns 13-13-21 (125 niusionu) 6.18+0.24 4.85+0.12°
Fuaauinde (240 ndusiodu) 6.24+0.13 4.95+0.12°
Funnunnde (480 ndusod) 6.28+0.13 4.89+0.05™
Fuaaunde (720 ndusiodu) 6.10+0.31 4.82+0.17°
F-test ns *
CV (%) 3.40 2.46

e - Nenulugduuuaiade = dudsauunnsgiu (mean=SD)
- * uazAademnumeisnwIsiulugauAfefudauwenasiueEaltuEAgy
19808 (o < 0.05)

- ns LflAuks A UNI9E s

AdvsNaRunaeeNnasluszuy CIE Lab* wuandlanuuanansiusg1siiiodfgy
maadd Tudenuadng (L) adden-uns %) uazAnand (h°) vaugfisndiibu-mdes (09
ldnuanuuandramneada Tnedidregluyae 33.13-33.39 dwsudranuainauinnisldde
an3 13-13-21 TiAngaiian winfu 59.05+2.80 vuziigamunu (Lildte) TAdeeiign winiu
57.80+0.84 Tufudifer-unsmuimsliduaauindelusam 240 uaz 480 nSusiedu uaz
nsldeogns 13-13-21 TiA1gafian Windu -11.37+0.50 -11.38+0.47 uay -11.390.54
iy vuzfigaeugu (dldde) Tiadesiian iy -11.58+0.36 uenaniAnand
wuiyamuay (aldde) Wiengaiige windu 109.38+0.79 Tuvazdimsldiogns 13-13-21
waznsWa uanuNEosaT 240 uar 480 niusiedu TA1dnfian Windy 108.80+1.00
108.85:0.96 WA 108.90+0.92 Asidndy Famsail 7

Wichcha Journal, Nakhon Si Thammarat Rajabhat University (2026) Vol. 45, No. 1, pp. 90-103
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A1519% 7 AdRaluseuu CIE (L* a* hae b¥) warALand YaINanalgneunasssasaunels
n3suIaMslilesng 9

A3UNAaDY Adin
L* a* b* he
Lufldde (ynauaw) 57.80+0.84° -11.58+0.36° 33.21+0.73  109.38+0.79°
Japiigns 13-13-21 59.05+2.80"  -11.39+0.54° 33.25+0.86  108.80+1.00°

(125 nSusoAw)

YuAAuNED (240 nSufofy)  58.50+£1.65° -11.37+0.50° 33.39£0.78  108.85+0.96"
Yupnunde (480 nSudo)  58.31+2.21°°  -11.38+0.47° 33.35£0.83  108.90+0.92°
Yupaunde (720 nfudonu)  58.23x1.47% -11.442035° 33.13+1.03 109.10+0.94%
F-test * * ns *

CV (%) 3.34 3.94 2.55 0.86

e

3

vanew: - euluguuuuaeds + dudoauunnsgiu (meanSD)
- * yaganadefimiumessnusisiuluanusiientudanuuansatuegaditudfy
19808 (o < 0.05)
- ns Tdfmnudansinaiunisedia

ArdvesHagnnaleveNnadtusyuy CIE Lab* wudrdanuunnsnsiuegeilded gy
yneadid TueAuadng (L9 edidea-uas (%) ArduRu-mdes (b)) uazanand (h°) lagen
armatnsnuimslidunnuindoludng 200 n¥udedu Tiegeiian winfu 75.67+0.79
vauzfinslituanunndeludng 720 nfusasu wasganiuau (aldte) Tiaddaa wihi
75.2040.68 uay 75.27+0.55 nuddiu dmuadiden-unamuiinisiduamuindeludng
480 n3usiadu lsir1gaian windy 3.98+0.51 vauzdinislaegns 13-13-21 Tiaesiian
Wiy 3.6520.48 Tuduanduniu-wdesmuinganauay (bildde) Wangeian wihdy
45.22+2.75 vouriinislddogns 13-13-21 waenslituaaunindelusnm 240 ndusesiu e
frfian Wiy 43.05+3.11 uay 43.26+3.61 pud1su uenanilAandnuiin 1sldtegns
13-13-21 uazmslitumaunndelusng 240 n¥ustedu Tiengsfign Wity 85.931.00 was
85.79+1.01 muddu vausfigmeauau (ailale) Wiandiouiian winfu 85.23+0.69 famsneit 8

M13197 8 AdRLlusEUU CIE (L* a* wag b*) uavAand vesrandlgvieuvasssuzgnnels
nssuIanslilesng 9

AFUNAaDY ANER7
L* a* b* he
Lufldde (ynauaw) 75.27+0.55°  3.76+0.62"° 45224275  85.23+0.69"
Japdlgns 13-13-21 75.44:091%°  3.65+0.48°  43.05:3.11°  85.93+1.04°

(125 nSusoAw)
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a5l 8 (s1e)
ASUNINADY AR
L* a* b* h°
Fuaeunnde (260 n¥usiody)  75.6740.79°  3.77+050° 43.26+3.61°  85.79+1.01°
Iupauingde (480 nJufoAW)  75.51x0.41%°  3.98+0.51° 44.38+2.86"°  84.762+0.89°
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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 (Thai rice noodles) in
four distinct geographical contexts mountain (Kao), forest (Pa), rice field (Na), and coastal
(Lay) areas of Nakhon Si Thammarat Province, Thailand. Data were collected through
field interviews and laboratory-based nutritional analyses. The results indicated that
processed Pak Nhor could be classified into three main categories: pickled vegetables,
coconut-blanched vegetables, and traditional salad-type preparations. Pickled cucumber,
pickled papaya, and coconut-blanched vegetables were commonly found across all
four areas. Traditional salad-type preparations were found exclusively in the rice field
(Na) area, including young mango salad and young mango salad with local freshwater
crab (Pu Piaw). Distinctive processed vegetables in the mountain (Kao) area included
pickled Luk Pra (local wild legume pods) and pickled bitter bean (Sator). The coastal
(Lay) area featured pickled mustard greens and a coconut-blanched mixed vegetable
dish locally 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 stalks. Nutritional analysis revealed that different types of processed Pak Nhor
exhibited distinct nutrient profiles. Pickled vegetables generally contained higher sodium
and sugar contents. Pickled nipa palm fruit, pickled banana pith, and pickled cucumber
showed high sugar contents (15.09+0.04, 11.20+0.03, and 9.74+0.04 g per 100 ¢ edible
portion, respectively). In contrast, pickled Luk Pra, pickled Sator, and pickled mustard
greens were high in sodium (1,256.70+0.57, 1,102.40+0.25, and 829.40+0.06 mg per 100 g
edible portion, respectively). In addition, each type of processed vegetable demonstrated
distinctive vitamin and mineral contents depending on the plant species and processing
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method used. This study highlights the potential of processed local vegetables (Pak Nhor)
as traditional functional foods that contribute to dietary diversity, support local food
systems, promote community-based economic development, and aid in the preservation

of regional culinary heritage.

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

Si Thammarat
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3. msAnwrdayadularuinis Ysunadnniiuasindausddgyvesdnmune
NuduuUssUmuuIuniuiin-r-una Smdaunseisssue

e

MsANYIPUlAYUINTT U%maﬁmﬁul,t,auﬂﬁal,l,i'éﬁiyuaaﬁﬂmmzﬁu?{mmigﬂ
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3.1 MTBATIENAMAMILATUINT Usznaume

1) US1euAna%u (moisture) AIEIBN1TUINTZIUNVBY AOAC International
(2000)

2) Usunalus@u (crude protein) (n$3) A1835015 Kjeldahl method ve4
AOAC International (2000)

3) USunaulodu (crude fat) (nS1) A2835n15 Soxhlet extraction W03
AOAC International (2016)

4) Y3unaumslulawnse (crude carbohydrate) (n51) fA838AUIUIINATT
AnszidiudszneuiiuguudmatdIuing (by difference method) (diinlamuinis nsu
DUNLTY NTTNTIETITUEY, 2561)

5) YTuadlee1uis (crude fiber) (N$3) A187801501M53114¥89 AOAC
International (2016)

6) Usaundanuiionun (Alaunaed) §edsmunamdsnuanansoisi
Tngsau @dnlavuinis nsuewndliy NseNTIvassaan, 2561)

7) Usunatiimnastanue (total sugar) (NFu) A2875n15 Fehling test
(Bogdanov, 2010)

3.2 MTIATzRUSINadiulazingens Usznousme

1) winualsitu (alasnsn) Tinszilagldia3os hish performance liquid

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

3) 3pndud (lulasnsu) Siaszilasldin3es high performance liquid
chromatography (HPLC) (AOAC International, 2000)

a) lewiiou (fadndu) Tiasiesilagldiad e flame atomic absorption
spectrophotometer (AOAC International, 2000)

5) upaldeu (Hadniu) Jinsevilagldinges flame atomic absorption
spectrophotometer (AOAC International, 2000)

6) oaveda Hadniu) Iinszilagldipios UV-Vis spectrophotometer
(AOAC International, 2000)

7) Wnunaden (@adny) Snszilagldindes flame atomic absorption
spectrophotometer (AOAC International, 2000)

8) wdn (Tadnsu) Tias1ziilagldias og flame atomic absorption
spectrophotometer (AOAC International, 2000)

9) danzd (Fadnsu) Tiasresilaeldiages flame atomic absorption
spectrophotometer (AOAC International, 2000)

10) wuniliden @adndn) Tnmeilagldiedes flame atomic absorption
spectrophotometer (AOAC International, 2000)
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MalaruINTg UTnadanfiuiagindensves s‘Tﬂmmw‘ﬁyuﬁuwsgﬂ%ﬁwmﬁwmﬁmeﬁ
wanuasad Anelusunsureuinesdnsagy mARde (mean) druidsauunnsgiu
(standard deviation: SD) Aingvidayanisatamelusunsuneuiiimes lngiinseinig
LUSUTIRUUNIAAE (one-way ANOVA) waztU3euifisumanuunnanaeniadenieds
Duncan's multiple range test (DMRT) fisvsupmudesiudesay 95

NAN1539Y
1. msAnwaavavasvesi Uz LA LM TIUM AU UL -Uh-u-a
AMINUATATTITUTY
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sstavuduluiiud nutluiasiuiifinsdednomnefuiuuusuieisnmsdadiondety
uionauananaulvlud esvesTngiuuaznszuaunssamanziianld fatnmmne fiudu
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Wichcha Journal, Nakhon Si Thammarat Rajabhat University (2026) Vol. 45, No. 1, pp. 104-122
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a @ o & A EI AR a 1w a
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fuoghaunsnansagudidnineremsiuiuaosssinniiudsguileusarAuagau

haulaliitudfuruduluiufiinndu (imdl 3)

A 3 MegdadnmunziuuuUTsuUsEnng W dugaiaun (n) wazduziaylen
(Yuhi) ()

Wichcha Journal, Nakhon Si Thammarat Rajabhat University (2026) Vol. 45, No. 1, pp. 104-122
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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(Oi -S, )2, O= ZOf, 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



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

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
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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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