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WU 142 @989 LUNTIAINFIBEIITINAETS tissue transplanting Lazlens1A1nAUAIAS dilution
plate las9fidnvauenedugiuine iesius Fusarium spp. 313U 145 lalaian daduunviinves
FWNeYeyatayaiugNTIUVeITY Fusarium spp. ML the Internal Transcribed Spacer uag the
translation elongation factor 1-alpha a3 nn1sdnduunmedluana linuslelsanladndiuunle
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Wus F. oxysporum f.sp. elaeidis muuwamﬂmiﬁﬂmummﬁaaqﬂlmw 31 F. oxysporum f.sp.

elaeidis liusnglunuiiugnurauindiuludsznealneg

The occurrence of Fusarium oxysporum f.sp. elaeidis (Foe) the causal agent of wilt disease
of oil palm had not been reported in Thailand. To confirm the absence of Foe in Thailand, the

specific survey was conducted to determine the status of this fungi. The surveys were done on



the oil palm plantations located in Krabi, Chumphon, Nakhon Si Thammarat, Phang-nga, Prachuap
Khiri Khan, Trang, Phathalung, Surat Thani, Chiangmai, Chiangrai, Petchaburi, Nakhon Phanom and
Phitsanulok during December 2015 — September 2018. The symptoms of wilt disease caused by
Foe were observed on 2,345 oil palm trees, which randomly selected from 105 sites. None of oil
palm trees presented wilt symptom. The soil surrounding root system and roots of oil palm were
sampled from observation sites. Soil dilution and tissue transplanting techniques were applied to
isolate Fusarium-like from 142 samples of soil and root samples. 145 isolations of Fusarium-like
were identified based on molecular data of the Internal Transcribed Spacer and the translation
elongation factor 1-alpha. The phylogenetic reconstruction showed that none of Fusarium-like
isolations had an identical to F. oxysporum f.sp. elaeidis. The results from this study indicated

that Fusarium oxysporum f.sp. elaeidis is considered to be absent from Thailand.
6. AN

Undahsu (Ol palm; Elaeis guineensis Jacq) Lﬁuﬁ%ﬁwﬁuﬁﬁﬁﬂaﬂwwiuﬂﬁiLLSdﬂ%’uqqiu
panalan  esaniduiiviifinandndenieiuiiugngeaalunguiimindudedy  Sniaddunulnes
Aoudastlunmsugnuasmsatmiruitendninduundy Hagtumandminduundiluyssmele
wonanudmiienisuslanmelulsemeuds  SianunsendnifiedseanlUdimelssva  wazausondn
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Tu¥ 2561 Useinalnediunignurauiunmun 4.75 auls Iunlinandadiuau 3.47 auls
wazaNIANANANLAT WAL 14,420 AUAY (NTUALETUNITINGAT, 2562; dUNULATEFNANITNYAS,
2562) Nuiivgniuwalduiivaulensanndeyaiunivgnausl 2551 Wusiuan Siufinnalday
[ X A o 3 T o = IS ! 3 S @ [ o Aol A
Juituivanlunisugnirauiiduiissnnianmenimmnzunnmsugnuidudidu - Jamdandiundan
wnrauiniungalaun g51u05571 sesaanlann nsed Yuns UATAISIINTIY WM waznsa (Table 1;

Figure 1)

Table 1: Data of oil palm plantations in Thailand from 2009-2018 (DOAE, 2019; OAE, 2019)

Province Oil palm plantation (unit: million rai)
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Surat Thani* 0.12 0.97 0.92 0.92 0.94 1.11 0.98 1.01 1.02 1.04




Krabi 021 101 101 098 092 074 096 098 097 097
Chum Phon 0.06 079 079 080 078 079 080 079 079 077
Nakhon Sri Thammarat ~ 0.00 032 031 031 035 033 036 041 044 044
Phang Nga 005 016 015 016 016 019 017 017 017 018
Trang 003 014 014 014 018 017 016 016 017 0.21
Total area in Thailand 051 412 401 412 4.31 454 445 4.57 4.75 4.75

* The provinces indicated in Table 1 were the top six of major oil palm plantations

Figure 1: A map of oil palm plantations in Thailand (2017)

(Office of Agricultural Economics, 2019)
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31 F. oxysporum f.sp. elaeidis Toovey (Foe) %ﬁjﬂaqwlu Kingdom Fungi, Division Ascomycota,
Class Sordariomycetes, Subclass Hypocreomycetidae, Order Hypocreales, Family Nectriaceae
Tnladlvessn (Figure 2) vwomMsiaBade? pH 6.5-7 sxnuinsaunsaasiading (pigment) Wvannuane
laun d@v1a dduseu (peach) Auilsroutnadu (salmon) @xseou iuas audsdiady iduleddnvy
striate uay felted to floccose fhazwuiniinisadne microconidia AlMuvUwadREMIoaDTad
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veesuuLes phialides waz philalides @¥1soenunaindudnwwes conidiophores Tidvuinay
macroconidia ddnwa falcate v3eilunuy elegans type n3elidnuwazAsulun1e martiella type
Taevialuagnu macroconidia #iil 3-5 spetate YU1A 27-60 x 3-5 um @319UU lateral phialides AT
agin13lesufIves slimmy sporodochia chlamydospores WuinaswegsenitmsadIuUateves short
lateral branches 91anuagiierq viadesiudume Snvusluida winvadifuuudouwasguse
veasenuinfinsadns stromatic pustules 9gTIuAY perithecia 18931 Gibberella wiliifisngauimy

NN5E319 asci e ascospores




Figure 2: Colonies of F. oxysporum f.sp. elaeidis on PDA (Godswill et al., 2015)
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anshudnuaztiiuidusidineglivargUnasainnunisiante1n1s dnuaeiiaes asnuininisuand
91N1590L5ANTULSE Ingnuimsluasiinnisuanyilimalunieds Snwasuiiseusu nsiauIvedlse
Wuluegresinga lneduunduazaeniglu 2-3 e (Cooper, 2012) uonanniliisienuitanunsanung

wansoInadiorldsvesnile niufuazannsoiiuiy Tuduinduilengdes swuiiluseudeluiiey
Fruluvomsaiasnanionavdes  viedtea  aniiluisuuiuasiudunmeluiian  (de
Franqueville and Diabate, 1996) Tuszuznan suidulsmagnuinduiimsludeudnsdy TuLnagusiane
(Prendergast, 1957) lnednwarennmsimeiifaandnsarvesnsmaiilemnien  (ylem
vessels) gnyvinang (Figure 3) wagdanasianisasneans gibberellins Fadsmasansiasyveseen (Mepsted
et al., 1995) é’ﬂwmmmmﬁwﬁgﬂﬁwmmzﬁ?iﬁ'lmavﬁm Tognulausnuaau agalsiany dnlawunis
LERIENNSUSIIRSIN (Wardlaw, 1950; Prendersast, 1957) uawiifivorfosuuenmilonniiduingu
laun dnlvwuny (Amaranthus spinosus) @ ulde (Chromolaena odorata) vaia (Imperata

cylindrica) (Figure 4)




Figure 3: Symptoms of wilt disease caused by Fusarium oxysporum f. sp. elaeidis

a, d. Wilted oil palm b-d. discoloration of xylem
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Figure 4: Weed hosts of F. oxysporum f.sp. elaeidis
a-b. Amaranthus spinosus
c-d. Chromolaena odorata

e-f. Imperata cylindrical

51 F. oxysporum fuenldanduinduituiivansennisveslsadierlusauneinm 16insen
dwunidu F. oxysporum var. redolens (Wollenw.) Gordon Tnglddnuauzniadagiuive waziing
WYy taxonomic synonym 84 F. oxysporum (Brayford, 1992) 51 Foe \Ju seed borne anansaaenen
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Us29IN398331 Fusarium spp. HNazanasnsognyinaleseninnszuiunsnIzaunIsIenvequdn uas
laildgnyhangegneduds Sesnuhmuddaundinisulumsdestuiidnlsafis Wy captafol LHu
svpzinan 7 Ju Winauasiuseansawlunsida Foe (Flood et al., 1994) lsaiinuadausnlulseine
Zaire (Wardlaw, 1946) vie asnsasgUszaddlaeaedaludogiu  anduduinismilsalud
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(Oritsejafor, 1989) siosnin1sunsszuIINlLUUTEIMAUSIZA (Van de Lande, 1984) wazloniines ¥4

1n1552UInNTULSe (Renard and de Franqueville, 1989) (Figure 5)

® = Present, no further details @ = Evidence of pathogen

@® = Widespread @ = Last reported

® = Localised @ = Presence unconfirmed

@ = Confined and subject to quarantine @ = See regional map for distribution within the country

© = Occasional or few reports

Figure 5: Distribution map of Fusarium oxysporum f.sp. elaeidis

(UK CAB International, 1996)
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funis the translation elongation factor 1 alpha (TEF1) (Geisser et al., 2004; Rusli, 2012) aghslsh
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MTIAABUNTIALIEIVRYATRYA (alignment) MedT MUSCLE Tulusunsy MEGAT (Kumar et al., 2016)
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Bayesian inference (BI) w3walwd nexus AAs1zilaglusunsy MrBayes (Ronquist and
Huelsenbeck, 2003) Ingl435 Markov Chain Monte Carlo (MCMC) fvium model of evolution WU
GTRGAMMA fndaduiildlunisiassided] fmun 4 runs ustay run Usznaude 4 chains Ase
37U 10 a1 generations e cold chain temperature 0.25 ?jmﬁaa*&hﬂ substitution model
parameters WagUuvin trees 71N 1,000 generations AsIvEeUAILT el uveq topology A8 cumulative
and compare functions & AWTY (Nylander et al., 2008)
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Figure 6: The oil palm plantations had been surveyed during

December 2015 - September 2018.
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Table 2: GPS coordinates recorded from surveys on Foe during Dec. 2015 — Sept. 2018

Province District Subdistrict Village GPS coordinates
Chiang Mai Doi Saket Mae Pong 18.8255556, 99.2177778; 18.8252778, 99.2186111
Mae On Ban Sa Ha Khon 18.8252778, 99.2222222; 18.8263889, 99.2191667; 18.8252778, 99.2222222; 18.8263889,

San Khampang

Kanchanaburi Phanom Thuan

Nakhon Phanom Mueang

Phitsanulok Phom Phiram
Sukhothai Thung Saliam
Chumphon Mueang

Nakhon Si Thammarat Mueang

Huai Sai

Nong Sarai

Kham Thao
Thap Yai Chiang

Ban Nong Nae

Khao Kaeo Si Sombun

Thung Kha

Bang Jak

Ban Thung
Kha

99.2191667
18.775517, 99.181292; 18.752131, 99.174985

14.0344, 99.6986; 14.0343, 99.6985; 14.0343, 99.6982; 14.0343, 99.698; 14.0343, 99.6979;
14.0343, 99.6978; 14.0343, 99.6981; 14.0343, 99.6982; 14.0346, 99.6969; 14.0346, 99.697;
14.0346, 99.6972; 14.0346, 99.6974; 14.0345, 99.6976; 14.0346, 99.6978; 14.0346, 99.6979;
14.0346, 99.698; 14.0346, 99.6983; 14.0346, 99.6986; 14.0346, 99.6988; 14.0345, 99.6987;
14.0345, 99.6985; 14.0345, 99.6984; 14.0345, 99.6983; 14.0345, 99.6981; 14.0345, 99.698;
14.0345, 99.6978; 14.0345, 99.6977; 14.0345, 99.6975; 14.0345, 99.6981; 14.0346, 99.6984
17.281242, 104.768357; 17.27954, 104.770244

17.076006, 100.248275; 17.076134, 100.248133; 17.07627, 100.247966; 17.076551, 100.24775;
17.076731, 100.247575; 17.076819, 100.247437; 17.076949, 100.24732; 17.077102,
100.247147; 17.077284, 100.246974; 17.077571, 100.246679; 17.077788, 100.24651;
17.077745, 100.246384; 17.077679, 100.246534; 17.077512, 100.246683; 17.077363,
100.246828; 17.077188, 100.247039; 17.077024, 100.247197; 17.076859, 100.247402;
17.076556, 100.24765; 17.076482, 100.247746; 17.076149, 100.248098; 17.076237,
100.248084; 17.076175, 100.24846; 17.076254, 100.24849; 17.101731, 100.276006; 17.080581,
100.253447; 17.102847, 100.277206; 17.076182, 100.248257; 17.076267, 100.248194;
17.076334, 100.248145; 17.07636, 100.248115; 17.076484, 100.248021; 17.076485,
100.247975; 17.076573, 100.247908; 17.076596, 100.247836; 17.076677, 100.247815;
17.076722, 100.247713; 17.076795, 100.24768; 17.076795, 100.247588; 17.076916,
100.247563; 17.07693, 100.247503; 17.077007, 100.24745; 17.077059, 100.247361; 17.077164,
100.247332; 17.077162, 100.247286; 17.077277, 100.247196; 17.07735, 100.247093;
17.077451, 100.247007; 17.077492, 100.24694; 17.088637, 100.262679; 17.077598,
100.246846; 17.077798, 100.24666; 17.077882, 100.246543; 17.076005, 100.2481; 17.076225,
100.247893; 17.076207, 100.247918; 17.07658, 100.247594; 17.076578, 100.247595;
17.076884, 100.247202; 17.07705, 100.247044; 17.077215, 100.246879; 17.077396,
100.246667; 17.077585, 100.246538; 17.077725, 100.24633; 17.077698, 100.246332;
17.077342, 100.246486; 17.07734, 100.246479; 17.076977, 100.246803; 17.076967, 100.2468;
17.076663, 100.247102; 17.076662, 100.24715; 17.076353, 100.247503; 17.076332,
100.247533; 17.075942, 100.247841

17.318169, 99.629588; 17.318124, 99.628864; 17.318091, 99.628896; 17.318002, 99.628739;
17.318015, 99.628682; 17.317964, 99.628661; 17.317961, 99.628552; 17.317975, 99.628492;
17.317987, 99.628533; 17.31798, 99.628386; 17.317921, 99.628375; 17.317927, 99.628386;
17.317897, 99.628326; 17.318092, 99.628861; 17.318108, 99.628883; 17.3181, 99.628892;
17.317972, 99.6289; 17.318026, 99.628817; 17.318006, 99.628754; 17.31797, 99.628738;
17.317918, 99.628701; 17.317902, 99.628618; 17.31787, 99.6286; 17.317911, 99.628553;
17.317889, 99.628483; 17.317882, 99.628443; 17.317858, 99.628374; 17.317843, 99.628366;
17.317748, 99.628309; 17.317742, 99.628276; 17.317813, 99.628268; 17.31808, 99.628644;
17.318046, 99.628543; 17.318057, 99.62846; 17.318067, 99.628427; 17.318004, 99.628284;
17.317934, 99.628147

10.3805556, 99.1202778; 10.3872222, 99.1130556; 10.3805556, 99.1202778; 10.3872222,
99.1130556

8.386186, 100.059159; 8.386243, 100.059396; 8.386212, 100.059473; 8.38619, 100.059553;
8.386187, 100.059649; 8.386129, 100.059794; 8.386104, 100.059885; 8.38608, 100.059955;
8.386064, 100.060027; 8.38605, 100.060081; 8.386065, 100.060046; 8.386117, 100.059861;
8.386149, 100.059783; 8.386162, 100.059724; 8.386202, 100.059565; 8.386216, 100.059472;
8.386193, 100.059252; 8.386178, 100.059177; 8.386482, 100.059632; 8.386432, 100.059816;




Table 2: Continued

Province District Subdistrict Village GPS coordinates
Nakhon Si Thammarat Mueang Bang Jak 8386384, 100.059986; 8.386233, 100.060168; 8.386222, 100.060152; 8.386027, 100.06032;
8386102, 100.060327; 8.386121, 100.060298; 8.386032, 100.060326; 8.386343, 100.060128;
8386477, 100.059991; 8.3866, 100.059824; 8.386591, 100.059734; 8.386507, 100.059651;
8.38636, 100.059427
Ban Khao Fai 9.0361111, 99.8555556; 9.0322222, 99.8686111; 9.0322222, 99.8686111; 9.0241667,
99.8758333; 9.0202778, 99.8736111; 8.3213889, 99.9636111; 8.1761111, 100.0416667
Sichon Sichon Kao Fai 9.0361111, 99.8555556; 9.0322222, 99.8686111; 9.0322222, 99.8686111
Sichon Klong Tha 9.0241667, 99.8758333; 9.0202778, 99.8736111; 8.3213889, 99.9636111
Ruea
Chaloem Phra Kiat Suan Luang 81761111, 100.0416667
Thang Phun 81808333, 100.0361111; 8.1811111, 100.0363889; 8.1808333, 100.0361111; 8.1811111,
100.0363889; 8.325, 99.935
Phra Phrom Na Phur 8.325,99.935
Thungsong Khlong Noi Ban Bang Poh 8.1219444, 99.6661111
Thi Wang 8.1219444, 99.6661111
Pak Phanang Khlong Noi Ban Bang Nian 83638889, 100.0883333; 8.3638889, 100.0883333
Krabi Mueang Krabi Noi 8.105153, 98.945568; 8.105104, 98.945557; 8.105015, 98.94569; 8.105042, 98.945822;

8.104974, 98.945813; 8.104914, 98.945829; 8.10478, 98.945793; 8.104708, 98.945848;
8.10465, 98.945796; 8.104626, 98.945926; 8.104621, 98.946024; 8.104621, 98.946125;
8.104582, 98.946183; 8.104632, 98.946334; 8.104799, 98.945964; 8.104848, 98.945552;
8.104655, 98.945485; 8.104485, 98.945481; 8.104346, 98.945497; 8.104174, 98.945479;
8.104048, 98.945504; 8.103982, 98.945595; 8.104555, 98.945581; 8.104755, 98.94563;
8.104768, 98.945692; 8.104827, 98.945765; 8.104982, 98.946044; 8.10482, 98.946049;
8.104692, 98.946046; 8.104708, 98.946183; 8.104876, 98.946183; 8.105036, 98.946169;
8.124533, 98.962912; 8.124257, 98.963062; 8.12439, 98.96306; 8.124651, 98.96303; 8.124891,
98.963025; 8.124865, 98.963428; 8.124684, 98.963465; 8.12442, 98.963482; 8.124221,
98.963498; 8.124131, 98.963761; 8.124271, 98.963792; 8.124532, 98.963799; 8.1246,
98.962883; 8.124875, 98.9629; 8.124463, 98.96292; 8.124257, 98.963196; 8.12444, 98.963185;
8.124634, 98.963177; 8.12491, 98.963173; 8.12495, 98.963296; 8.124712, 98.963377;
8.124493, 98.963359; 8.124278, 98.963388; 8.124178, 98.963644; 8.124332, 98.963647;
8.124589, 98.963634; 8.124848, 98.963585; 8.124916, 98.963751; 8.124768, 98.963774;
8.124813, 98.963864; 8.116767, 98.968491; 8.116646, 98.968582; 8.116483, 98.968784;
8.116355, 98.968962; 8.116337, 98.968892; 8.116451, 98.968691; 8.116554, 98.968499;
8.116448, 98.968524; 8.116306, 98.968653; 8.116164, 98.968779; 8.116028, 98.968836;
8.11601, 98.968615; 8.115942, 98.968393; 8.115799, 98.968474; 8.115788, 98.968573;
8.115714, 98.968658; 8.116841, 98.968536; 8.116708, 98.968748; 8.11658, 98.968916;
8.116434, 98.969112; 8.116317, 98.969555; 8.116479, 98.969294; 8.116614, 98.969097;
8.116751, 98.968919; 8.116966, 98.968728; 8.117137, 98.968544; 8.117045, 98.968761;
8.116926, 98.968917; 8.116791, 98.96914; 8.116634, 98.969362; 8.116442, 98.969572;
8.116566, 98.969709; 8.116689, 98.969503; 8.116849, 98.96933; 8.116942, 98.969144;
8.117088, 98.968948; 8.117163, 98.968617



Sai Thai

Thap Prik

8.068829,
8.068699,
8.068564,
8.068322,
8.068584,
8.068817,
8.068911,
8.068634,
8.068289,
8.068499,
8.068132,
8.067877,
8.067613,
8.067821,
8.068017,
8.102535,
8.127723,

98.858576; 8.068788, 98.858424; 8.068776, 98.858329; 8.068771, 98.858149;
98.857988; 8.068666, 98.857818; 8.068629, 98.857537; 8.068582, 98.857432;
98.85728; 8.068436, 98.857112; 8.068411, 98.856946; 8.068342, 98.856637;
98.856539; 8.068479, 98.856489; 8.06849, 98.856587; 8.068551, 98.856821;
98.856984; 8.068593, 98.857118; 8.068651, 98.857268; 8.068683, 98.857459;
98.857707; 8.068765, 98.85777; 8.068795, 98.857901; 8.068835, 98.858062;
98.858279; 8.06886, 98.858389; 8.068708, 98.858503; 8.068666, 98.85834;
98.8581; 8.068562, 98.857853; 8.068532, 98.857641; 8.068431, 98.857381;
98.857225; 8.068269, 98.857432; 8.068352, 98.857695; 8.068404, 98.857927;
98.858246; 8.06854, 98.858524; 8.068454, 98.858677; 8.068261, 98.858667;
98.858451; 8.068071, 98.858196; 8.068003, 98.857954; 8.067961, 98.857712;
98.857443; 8.067859, 98.857145; 8.067784, 98.856905; 8.067747, 98.856686;
98.856536; 8.067628, 98.856821; 8.067709, 98.85716; 8.067716, 98.857433;
98.857716; 8.06783, 98.857855; 8.067889, 98.858125; 8.067908, 98.858309;
98.858625

98.888517; 8.126899, 98.862958; 8.127143, 98.862903; 8.127362, 98.862896;
98.86261; 8.127901, 98.86241; 8.127936, 98.862284; 8.128028, 98.862206; 8.12846,

98.862378; 8.12869, 98.86245; 8.128912, 98.862544; 8.129075, 98.862564; 8.129008,
98.862721; 8.128865, 98.862659; 8.128685, 98.862624; 8.128613, 98.862622; 8.128536,
98.862541; 8.128385, 98.862522; 8.128241, 98.862485; 8.127924, 98.862429; 8.128019,
98.862546; 8.128207, 98.862617; 8.128483, 98.862668; 8.128537, 98.862758; 8.128336,
98.862765; 8.128171, 98.862721; 8.127891, 98.862631; 8.127706, 98.862568; 8.126889,
98.863041; 8.126848, 98.862802; 8.127041, 98.862779; 8.127254, 98.862743; 8.127526,
98.862781; 8.127659, 98.862668; 8.127442, 98.862612; 8.127165, 98.862605; 8.126876,
98.862636; 8.126794, 98.86257; 8.127033, 98.86249; 8.127283, 98.862468; 8.127544,

98.86252;

8.127558, 98.862399; 8.127319, 98.862356; 8.127063, 98.862337; 8.126825,

98.862344; 8.126809, 98.862285; 8.127, 98.862247; 8.127302, 98.862279; 8.127636,
98.862382; 8.127738, 98.862734; 8.128, 98.862855; 8.128225, 98.862851;

Table 2: Continued

Province

District

Subdistrict

Village

GPS coordinates

Krabi

Mueang

Thap Prik

8.128374,
8131091,

98.863003; 8.131568, 98.864345; 8.131452, 98.864388; 8.13128, 98.86449;
98.864093; 8.131157, 98.863991; 8.131242, 98.863925; 8.131343, 98.863764;

8.13118, 98.863736; 8.131045, 98.863789; 8.13095, 98.86339; 8.131029, 98.863239; 8.131168,
98.863173; 8.131346, 98.863073; 8.131367, 98.86301; 8.131307, 98.862937; 8.131189,

98.86297;
98.86432;

8.13107, 98.863041; 8.131014, 98.863008; 8.131629, 98.864169; 8.131356,
8.131113, 98.864195; 8.131363, 98.864079; 8.131539, 98.86399; 8.131477,

98.863385; 8.131289, 98.863494; 8.130973, 98.863639; 8.130839, 98.863562; 8.131019,
98.863431; 8.131176, 98.863327; 8.131587, 98.862613; 8.131132, 98.862792



Ao Luek Khlong Hin 8.273971, 98.795915; 8274081, 98.795989; 8.274763, 98.79594; 8274581, 98.79581;
8.274434, 98.795718; 8.274533, 98.795483; 8.274784, 98.795635; 8.274934, 98.795733;
8.274866, 98.795381; 8.274961, 98.795404; 8.2751d, 98.795592; 8.275348, 98.79575T;
8.275527, 98.79567; 8.275352, 98.795517; 8.275687, 98.795249; 8.275853, 98.795408;
8.27599, 98.795584; 8.273968, 98.795911; 8.274128, 98.795827; 8.274303, 98.79596;
8.274518, 98.795971; 8.274401, 98.795883; 8.27449, 98.795605; 8.274708, 98.795727;
8.274806, 98.795441; 8.274944, 98.79555; 8.275357, 98.795252; 8.275541, 98.795506;
8.275686, 98.795677; 827596, 98.79576; 8275884, 98.795612; 8.275649, 98.795327;
8.266739, 98.783005; 8.266717, 98.783085; 8.266542, 98.783224; 8.266356, 98.78339;
8.266175, 98.78357; 8.265964, 98.783702; 8.265999, 98.783853; 8.266189, 98.783753;
8.266418, 98.783551; 8.266549, 98.783461; 8.266763, 98.783306; 8.266916, 98.783348;
8.266714, 98.783461; 8.266519, 98.783614; 8.266316, 98.783743; 8.266114, 98.783899;
8.266118, 98.784048; 8.266168, 98.784293; 8.266218, 98.784532; 8.266272, 98.784752;
8.266306, 98.784921; 8.266441, 98.784931; 8.266391, 98.78468; 8.266382, 98.784512;
8.266321, 98.784229; 8.266317, 98.784094; 8.266287, 98.784039; 8.2666, 98.783835;
8.266878, 98.783705; 8.266927, 98.783492; 8.266369, 98.783591; 8.266773, 98.782945;
8.266586, 98.783082; 8.266337, 98.78324; 8.266153, 98.783393; 8.265965, 98.783531;
8.26581, 98.783559; 8.265924, 98.783393; 8.266117, 98.78323; 8.266303, 98.783088;
8.266492, 98.782911; 8.266561, 98.782736; 8.26637, 98.782903; 8.26618, 98.783034; 8.26597,
98.783168; 8.265798, 98.783284; 8.265014, 98.78368; 8.265075, 98.783604; 8.265339,
98.783458; 8.265566, 98.783345; 8.265769, 98.783178; 8.265023, 98.783041; 8.266157,
98.782883; 8.266338, 98.782757; 8.266396, 98.782526; 8.266198, 98.782639; 8.285635,
98.786854; 8.285543, 98.786935; 8.285373, 98.787001; 8.285227, 98.787119; 8.285226,
98.787242; 8.285337, 98.787209; 8.28547, 98.787137; 8.285609, 98.78705; 8.285782,
98.787079; 8.285633, 98.787185; 8.285491, 98.787286; 8.285358, 98.787325; 8.285227,
98.787421; 8.285306, 98.787544; 8.285345, 98.787516; 8.285513, 98.787415; 8.285666,
98.787337; 8.28582, 98.78726; 8.285748, 98.787372; 8.285813, 98.787186; 8.285822,
98.787118; 8.285732, 98.786936; 8.285633, 98.786889; 8.285499, 98.786919; 8.285593,
98.786944; 8.285647, 98.786758; 8.285549, 98.78682; 8.285369, 98.786906; 8.285148,
98.786993; 8.285108, 98.787094; 8.284946, 98.78694; 8.284814, 98.787102; 8.284556,
98.787174; 8.284287, 98.787325; 8.284202, 98.787477; 8.284376, 98.787484; 8.284531,
98.787494; 8.285072, 98.786889; 8.285216, 98.786792; 8.28551, 98.7867; 8.285431, 98.7867

Khao Phanom Khao Phanom 8.228696, 99.051105; 8.229075, 99.05114; 8.229143, 99.051274; 8229187, 99.051432;
8.229278, 99.051559; 8.229294, 99.051728; 8.22936, 99.051874; 8.22943, 99.052004; 8.22951,
99.052183; 8.229539, 99.052222; 8.229658, 99.052468; 8.229702, 99.052555; 8.229756,
99.052725; 8.229774, 99.052937; 8.229927, 99.053084; 8.229974, 99.053204; 8.230043,
99.05339; 8.230098, 99.053528; 8.230168, 99.053683; 8.230395, 99.053809; 8.230574,
99.053912; 8.230729, 99.053932; 8.230927, 99.053913; 8.230941, 99.054058; 8.230784,
99.053995; 8.230563, 99.054033; 8.23039, 99.054042; 8.23033, 99.053988; 8.230295,
99.053896; 8.230266, 99.053675; 8.229995, 99.053321; 8.229189, 99.051077; 8.229217,
99.051228; 8229313, 99.051387; 8.229389, 99.051583; 8229416, 99.051732; 8.22951,
99.051866; 8.229564, 99.052032; 8.229878, 99.052431; 8.229632, 99.052204; 8.229728,
99.052512; 8.229803, 99.052644; 8.229889, 99.052798; 8.229965, 99.052958; 8.230011,
99.053106; 8.230145, 99.053316; 8.230202, 99.053462; 8.230263, 99.053621; 8.230413,
99.053648; 8.230384, 99.053474; 8.230274, 99.053342; 8.230252, 99.053235; 8.230166,
99.053066; 8.230099, 99.052907; 8.230035, 99.05278; 8229981, 99.052608; 8.241991,
99.038411; 8.242011, 99.038528; 8.242164, 99.038644; 8.242157, 99.038656; 8.242301,
99.038795; 8242421, 99.038896; 8.242575, 99.039037; 8.24269, 99.039137; 8.242603,
99.03919; 8242507, 99.039143; 8.24237, 99.03893d; 8.242117, 99.038948; 8.242037,
99.038917; 824189, 99.038793; 8.241806, 99.038701; 8.241692, 99.038865; 8.241571,
99.038936; 8241495, 99.039096; 8.241442, 99.039253; 8.24152, 99.039385; 8.241797,
99.038744; 8.241997, 99.038292; 8.242087, 99.038406; 8.242273, 99.038556; 8.242267,
99.038394; 824219, 99.038269; 8242011, 99.0381; 8241971, 99.037916; 8.242082,
99.038047; 8242232, 99.038171; 8.242421, 99.038254; 8.242584, 99.038363; 8.24266,
99.038459; 824284, 99.038559; 8.242969, 99.038689; 8243037, 99.038765; 8.241679,
99.038823; 8241405, 99.03891; 8241211, 99.039088; 8241063, 99.039113; 8.241096,
99.039194; 8.240995, 99.039392; 8.241162, 99.039149; 8.241337, 99.039102

Nuea Khlong Huai Yung 8.134773, 99.020735; 8.134546, 99.020661; 8.134364, 99.020637; 8.134196, 99.020616;
8.134075, 99.020577; 8.13408, 99.02047; 8.134241, 99.02043; 8.134306, 99.020423; 8.134394,
99.02055; 8.134443, 99.020643; 8.134521, 99.020581; 8.134444, 99.020442; 8.134397,
99.02029; 8.134417, 99.020376; 8.134529, 99.02044; 8.134424, 99.0203d; 8.134927,
99.020813; 8.135267, 99.020876; 8.135013, 99.020975; 8.134873, 99.020821; 8.134832,
99.020954; 8.134863, 99.021161; 8.134875, 99.021248; 8.134949, 99.021393;

Table 2: Continued



Province

District

Subdistrict

Village

GPS coordinates

Krabi

Phang-nga

Phatthalung

Nuea Khlong

Plai Phraya

Khura Buri

Srinagarindra

Prachuap Khiri Khan Mueang

Surat Thani

Mueang

Huai Yung

Plai Phraya

Plai Phraya
Plai Phraya
Mae Ya Nang Kao

Ban Na
Lam Sin
Chumphon
Ang Thong
Bo Nok
Makham Tia

Khlong Noi

Klongpuan

Ban Nha Suan

8.13503, 99.021506; 8.134774, 99.021271; 8.134826, 99.020956; 8.134798, 99.020812;
8.13471, 99.020908; 8.134598, 99.021023; 8.134498, 99.020917; 8.134601, 99.020813;
8.132503, 99.026557; 8.132325, 99.026282; 8.13233, 99.026115; 8.132231, 99.025936;
8.132309, 99.025833; 8.132146, 99.025608; 8.132068, 99.025446; 8.131886, 99.025418;
8.131848, 99.025463; 8.131763, 99.025615; 8.131681, 99.025759; 8.131595, 99.025905;
8.131551, 99.025931; 8.13144, 99.025731; 8.131352, 99.025624; 8.131213, 99.025638;
8.131217, 99.025716; 8.131233, 99.025803; 8.131302, 99.025896; 8.131289, 99.02584;
8.131402, 99.025486; 8.13143, 99.025394; 8.131437, 99.025252; 8.131867, 99.025366;
8.132093, 99.025374; 8.132156, 99.025628; 8.132164, 99.025613; 8.132451, 99.026675;
8.132474, 99.026614; 8.132659, 99.02638; 8.132609, 99.026198; 8.132494, 99.025948;
8.132444, 99.025704; 8.132406, 99.025505; 8.132334, 99.025233; 8.132219, 99.025033;
8.132353, 99.025001; 8.132414, 99.025218; 8.13263, 99.025021; 8.132745, 99.025208;
8.132797, 99.025477; 8.132909, 99.025702; 8.132994, 99.025885; 8.133143, 99.025829;
8.133081, 99.02567; 8.132954, 99.025377; 8.132841, 99.025228; 8.132779, 99.024938;
8.132912, 99.024908; 8.132948, 99.025175; 8.133129, 99.025315; 8.133217, 99.02554;
8.13326, 99.025748; 8.132973, 99.0261; 8.133098, 99.026044

8.5861111, 98.9188889; 8.6158333, 98.8847222; 8.6141667, 98.8855556; 8.6141667,
98.8855556; 8.6005556, 98.9027778; 8.639432, 98.891571

8.6158333, 98.8847222; 8.6141667, 98.8855556; 8.6141667, 98.8855556

8.6005556, 98.9027778

9.1537083, 98.4247222; 9.1537083, 98.4247222; 9.16227, 98.408962; 9.163976, 98.405425;
9.164677, 98.397739; 9.173078, 98.405859
7.561577, 99.918313

7.570163, 99.94011

7.56994, 99.944961; 7.567818, 99.948429; 7.564332, 99.964804; 7.583628, 99.958958
7.564332, 99.964804

11.9702778, 99.8077778; 11.9702778, 99.8077778

9.085768, 99.345557; 9.085688, 99.345617; 9.08558, 99.345645; 9.085483, 99.345724;
9.085354, 99.345808; 9.085268, 99.345942; 9.085148, 99.346044; 9.085003, 99.346086;
9.085105, 99.346165; 9.085204, 99.346081; 9.085307, 99.346001; 9.085423, 99.345872;
9.085551, 99.345787; 9.085686, 99.345786; 9.085762, 99.345789; 9.085663, 99.345415;
9.08556, 99.345533; 9.085453, 99.34563; 9.085344, 99.34573; 9.085206, 99.345784; 9.085064,
99.345932; 9.084934, 99.346045; 9.084806, 99.34619; 9.085006, 99.346138; 9.085046,
99.346099; 9.085227, 99.345967; 9.085348, 99.345861; 9.085458, 99.345767; 9.085559,
99.345692; 9.085684, 99.34561

9.145244, 99.268441; 9.145455, 99.268739; 9.145674, 99.26902; 9.145882, 99.269232;
9.145976, 99.269614; 9.145699, 99.269285; 9.14548, 99.269021; 9.145244, 99.268716;
9.145027, 99.268537; 9.145167, 99.268679; 9.145374, 99.268984; 9.145634, 99.269267;
9.145816, 99.269506; 9.145968, 99.269422; 9.14574, 99.269152; 9.145361, 99.268171;
9.145525, 99.268371; 9.145753, 99.268672; 9.146, 99.268927; 9.146245, 99.269179; 9.146229,
99.269179; 9.145951, 99.268853; 9.145745, 99.268551; 9.145529, 99.268327; 9.145276,
99.268235; 9.145451, 99.268488; 9.145697, 99.268777; 9.145814, 99.268915; 9.14589,
99.26901; 9.146102, 99.269258; 9.146143, 99.269361; 9.145588, 99.268615; 9.139123,
99.269668; 9.139441, 99.269699; 9.139654, 99.269737; 9.139537, 99.269696; 9.13935,
99.269644; 9.13913, 99.269593; 9.139042, 99.269563; 9.138951, 99.2697; 9.139215,
99.269773; 9.139363, 99.269798; 9.139945, 99.269855; 9.139996, 99.269689; 9.139996,
99.269539; 9.142847, 99.253318; 9.142862, 99.253387; 9.142889, 99.253529; 9.142926,
99.25368; 9.142955, 99.253846; 9.143079, 99.253867; 9.143032, 99.253665; 9.143014,
99.253537; 9.142962, 99.253344; 9.14295, 99.253215; 9.143056, 99.253142; 9.143114,
99.253313; 9.143181, 99.253421; 9.143185, 99.253553; 9.143203, 99.253707; 9.143307,
99.253716; 9.143273, 99.253499; 9.142911, 99.253198; 9.142946, 99.253428; 9.142948,
99.253541; 9.143009, 99.25371; 9.143033, 99.253855; 9.143159, 99.253774; 9.143101,
99.253596; 9.143071, 99.253432; 9.143055, 99.253244; 9.143165, 99.253203; 9.143205,
99.253375; 9.143229, 99.253493; 9.143278, 99.253656; 9.1455556, 99.2658333; 9.1455556,
99.2658333; 9.1458333, 99.2658333; 9.1458333, 99.2655556; 9.1461111, 99.2658333;
9.1472222, 99.2658333; 9.1472222, 99.2658333; 9.1472222, 99.2658333; 9.1472222,
99.2658333; 9.1466667, 99.2655556; 9.1452778, 99.2683333; 9.1455556, 99.2658333;
9.1458333, 99.2658333; 9.1458333, 99.2655556; 9.1461111, 99.2658333; 9.1472222,
99.2658333; 9.1472222, 99.2658333; 9.1472222, 99.2658333; 9.1472222, 99.2658333;
9.1466667, 99.2655556; 9.1452778, 99.2683333; 9.1355556, 99.2788889; 9.1322222,
99.2836111; 9.1455556, 99.2658333



Ban Kho Klang

9.132482, 99.249187; 9.132276, 99.24983; 9.132556, 99.249558; 9.132653, 99.249495;
9.132777, 99.249345; 9.132847, 99.24936; 9.132706, 99.249503; 9.132585, 99.249587;
9.132478, 99.249703; 9.132381, 99.249785; 9.132447, 99.249834; 9.132565, 99.249731;
9.132675, 99.249622; 9.132811, 99.249477; 9.132914, 99.249374; 9.132706, 99.249967;
9.132806, 99.249867; 9.132967, 99.249725; 9.13261, 99.249939; 9.132698, 99.249837;
9.13277, 99.249726; 9.132878, 99.249613; 9.132999, 99.249485; 9.133039, 99.249536;
9.132905, 99.249666; 9.132821, 99.249741; 9.132651, 99.249927; 9.132763, 99.249918;
9.132847, 99.249802; 9.132938, 99.249727; 9.133046, 99.249601

Village

GPS coordinates

Khlong Noi
Table 2: Continued
Province District Subdistrict
Surat Thani Khlong Noi
Kanchanadit Takhian Thong
Kadee
Kadee

Ban Kho Lang

Na Trok

9.145615, 99.265702; 9.145918, 99.265758; 9.146241, 99.265794; 9.146562, 99.265876;
9.146856, 99.26587; 9.14715, 99.265915; 9.147498, 99.265974; 9.147492, 99.265796;
9.147114, 99.265726; 9.146801, 99.265668; 9.146514, 99.26564; 9.146178, 99.265598;
9.145877, 99.265573; 9.145552, 99.265536; 9.145394, 99.265172; 9.145915, 99.265228;
9.145681, 99.265855; 9.145903, 99.265899; 9.146285, 99.265931; 9.146556, 99.265974;
9.146792, 99.265996; 9.147073, 99.266063; 9.147398, 99.266084; 9.147636, 99.265957;
9.147442, 99.265601; 9.147284, 99.265592; 9.146976, 99.265543; 9.146727, 99.265512;
9.146446, 99.265477; 9.146138, 99.265438; 9.145815, 99.2654; 9.145554, 99.265329

9.16004, 99.43942; 9.15999, 99.439313; 9.159932, 99.43916; 9.159886, 99.439042; 9.159864,
99.438914; 9.159811, 99.43897; 9.159858, 99.439109; 9.159898, 99.439246; 9.159954, 99.439374;
9.160005, 99.439492; 9.15989, 99.439428; 9.159877, 99.439273; 9.159801, 99.43916; 9.159751,
99.438984; 9.159924, 99.438965; 9.15996, 99.439088; 9.160004, 99.439243; 9.160047, 99.439366;
9.159882, 99.439539; 9.159802, 99.43939; 9.159775, 99.439249; 9.159714, 99.439088; 9.159674,
99.439014; 9.159608, 99.439004; 9.159648, 99.439101; 9.159704, 99.439228; 9.15976, 99.439355;
9.159764, 99.439413; 9.159766, 99.43943; 9.160033, 99.439505; 9.159271, 99.437522; 9.159179,
99.437543; 9.159026, 99.437551; 9.158848, 99.437653; 9.158696, 99.437639; 9.158522,
99.437669; 9.158526, 99.437532; 9.15864, 99.437569; 9.158849, 99.437492; 9.158945, 99.437455;
9.159096, 99.437422; 9.159099, 99.437341; 9.158948, 99.437241; 9.158789, 99.437353; 9.15867,
99.437372; 9.159485, 99.437632; 9.159237, 99.4377; 9.159149, 99.437716; 9.158961, 99.43775; ;
9.158749, 99.43782; 9.158588, 99.437852; 9.15844, 99.437866; 9.158476, 99.437868; 9.158639,
99.437843; 9.158771, 99.43782; 9.159518, 99.437408; 9.159104, 99.43777; 9.15924, 99.437702;
9.159377, 99.437677; 9.159457, 99.43774; 9.159381, 99.437786; 9.159309, 99.437779; 9.159219,
99.43782; 9.159136, 99.437846; 9.159737, 99.437552; 9.159716, 99.437547; 9.159699, 99.437541;
9.159629, 99.437707; 9.159693, 99.437838; 9.176054, 99.442286; 9.175897, 99.442303; 9.175697,
99.442297; 9.175521, 99.44227; 9.176036, 99.442203; 9.175904, 99.442167; 9.175767, 99.442158;
9.175607, 99.442153; 9.175998, 99.441767; 9.175839, 99.441688; 9.175628, 99.441707; 9.176024,
99.44158; 9.175844, 99.441557; 9.175725, 99.441543; 9.175577, 99.44154; 9.176074, 99.442071;
9.175947, 99.442016; 9.175772, 99.442011; 9.175619, 99.441993; 9.175559, 99.441967; 9.175705,
99.441973; 9.175848, 99.441996; 9.176009, 99.442007; 9.176083, 99.441912; 9.17593, 99.441871;
9.175778, 99.441871; 9.1756, 99.441844; 9.175575, 99.441814; 9.175757, 99.441832; 9.175934,
99.44186; 9.176047, 99.441862; 9.17607, 99.441978

9.174527, 99.459029; 9.174531, 99.459028; 9.174627, 99.459103; 9.174631, 99.459082;
9.174652, 99.459088; 9.174676, 99.459079; 9.174929, 99.459019; 9.174907, 99.459031;
9.174893, 99.45901; 9.174834, 99.459037; 9.174795, 99.459011; 9.174703, 99.459015;
9.174623, 99.459029; 9.174604, 99.459075; 9.174501, 99.459071; 9.174484, 99.45903;
9.174618, 99.459033; 9.174656, 99.459062; 9.174531, 99.458927; 9.174629, 99.458973;
9.174694, 99.458945; 9.174751, 99.45895; 9.174759, 99.458952; 9.174779, 99.458958;
9.174861, 99.458965; 9.174853, 99.45897; 9.174923, 99.45896; 9.174985, 99.458948;
9.175088, 99.458955; 9.175065, 99.458975; 9.175022, 99.45902; 9.174819, 99.458976;
9.174748, 99.458965

9.171831, 99.461671; 9.171874, 99.461894; 9.171942, 99.46222; 9.171944, 99.462489;
9.17197, 99.462715; 9.172065, 99.462885; 9.171933, 99.462795; 9.171916, 99.462818;
9.171791, 99.462754; 9.171593, 99.462566; 9.171344, 99.462307; 9.171309, 99.462033;
9.17132, 99.46172; 9.171411, 99.461686; 9.171444, 99.461995; 9.171571, 99.46226; 9.171587,
99.461968; 9.171568, 99.461677; 9.171601, 99.461534; 9.171695, 99.46181; 9.171979,
99.461534; 9.172023, 99.461704; 9.172041, 99.461903; 9.172051, 99.462146; 9.172069,
99.462398; 9.172101, 99.462652; 9.172136, 99.462884; 9.172224, 99.462981; 9.17225,
99.462806; 9.172222, 99.462576; 9.172205, 99.462345; 9.172187, 99.462143; 9.172194,
99.461924; 9.172166, 99.461735; 9.172144, 99.461577; 9.172259, 99.461612; 9.172317,
99.461737; 9.17232, 99.461965; 9.172368, 99.462209; 9.172372, 99.462423; 9.172392,
99.462622; 9.172407, 99.462905; 9.172465, 99.463041; 9.172476, 99.462794; 9.172467,
99.462481; 9.172471, 99.462231; 9.172424, 99.462052; 9.172399, 99.461848; 9.17224,
99.461603; 9.172479, 99.461605



Kadee Ban Son

Phlai Wat

Ban Nong Plae

9.168774, 99.459217; 9.168761, 99.459378; 9.168663, 99.459562; 9.168717, 99.459615;
9.168805, 99.459554; 9.168593, 99.459592; 9.168608, 99.45947; 9.168668, 99.459333;
9.168718, 99.459178; 9.168721, 99.459093; 9.168657, 99.459229; 9.168609, 99.459422;
9.168511, 99.459607; 9.168498, 99.459537; 9.168543, 99.459418; 9.1686, 99.459197;
9.168372, 99.459287; 9.168291, 99.459369; 9.168345, 99.459422; 9.168363, 99.459455;
9.168415, 99.45949; 9.168436, 99.459453; 9.168488, 99.459462; 9.168485, 99.459432;
9.168445, 99.459401; 9.168437, 99.459311; 9.16847, 99.459243; 9.16848, 99.45924; 9.168515,
99.459329; 9.168579, 99.459299; 9.168581, 99.459168

9.167882, 99.496478; 9.167818, 99.49651; 9.167628, 99.496557; 9.167445, 99.496592;
9.167372, 99.496671; 9.167187, 99.496639; 9.166971, 99.496676; 9.167092, 99.496582;
9.16721, 99.496536; 9.167347, 99.496511; 9.167512, 99.496482; 9.167672, 99.496456;
9.167836, 99.496422; 9.167922, 99.496385; 9.167802, 99.496378; 9.167572, 99.49643;
9.167421, 99.496477; 9.167255, 99.496476; 9.16703, 99.496525; 9.167955, 99.496529;
9.167802, 99.496562; 9.16764, 99.496573; 9.167497, 99.496612; 9.167348, 99.496651;
9.167193, 99.496663; 9.167039, 99.496683; 9.167021, 99.496689; 9.167196, 99.496607;
9.167116, 99.496453; 9.167156, 99.496462; 9.167295, 99.496415; 9.167457, 99.496393;
9.167643, 99.496379; 9.167862, 99.49634; 9.167789, 99.496535

Table 2: Continued

Province District

Subdistrict Village

GPS coordinates

Surat Thani Ban Na San Thung Tao Mai

Khuan Suban

Thung Tao Mai Ban Nong

Silpachai

8.953702, 99.393217; 8.95373, 99.393403; 8.953746, 99.393523; 8.953736, 99.393698;
8.953762, 99.393714; 8.95379, 99.39401; 8.953796, 99.394213; 8.953843, 99.394322;
8.953844, 99.394532; 8953844, 99.394662; 8.953855, 99.394855; 8.953901, 99.395023;
8.953925, 99.395228; 8.953945, 99.395401; 8.954066, 99.395662; 8.95366, 99.393183;
8.953681, 99.393327; 8.953721, 99.393511; 8.953734, 99.393697; 8.953737, 99.393871;
8.953787, 99.39401; 8.953749, 99.394216; 8.953779, 99.394386; 8.953808, 99.394532;
8.95383, 99.394736; 8.953829, 99.394861; 8.953876, 99.395051; 8.953954, 99.395211;
8.95396, 99.395313; 8.953894, 99.395566

8.884385, 99.413621; 8.884141, 99.413589; 8.883952, 99.413545; 8.883723, 99.41355;
8.883452, 99.413492; 8.88317, 99.41346; 8.883104, 99.413436; 8.883417, 99.41346; 8.883696,
99.413509; 8.883875, 99.413521; 8.884103, 99.413558; 8.884402, 99.413602; 8.884172,
99.41346; 8.8839, 99.413409; 8.883609, 99.413391; 8.883351, 99.413341; 8.883111,
99.413321; 8.882916, 99.413293; 8.882828, 99.413267; 8.88308, 99.413263; 8.883282,
99.413283; 8.883459, 99.4133; 8.883698, 99.413356; 8.883968, 99.413405; 8.884076,
99.413413; 8.884333, 99.413438; 8.884328, 99.413096; 8.884108, 99.413108; 8.883905,
99.413014; 8.883605, 99.412971; 8.883315, 99.412954; 8.883094, 99.412824; 8.883167,
99.412814; 8.883636, 99.412788; 8.883881, 99.412923; 8.884344, 99.413216; 8.883817,
99.413163; 8.883366, 99.413109; 8.883472, 99.41323; 8.875638, 99.381619; 8.875601,
99.381657; 8.87565, 99.381556; 8.875621, 99.381409; 8.875594, 99.381282; 8.875572,
99.381166; 8.875556, 99.381019; 8.875546, 99.380867; 8.875635, 99.380702; 8.875525,
99.38062; 8.875533, 99.380471; 8.875554, 99.38034; 8.875497, 99.380171; 8.875461,
99.38012; 8.875465, 99.379976; 8.875427, 99.379942; 8875713, 99.381651; 8.875727,
99.381508; 8.875741, 99.381399; 8.875728, 99.381248; 8.875705, 99.381116; 8.875703,
99.380976; 8.875675, 99.380831; 8.875676, 99.380698; 8.875631, 99.380565; 8.875625,
99.380451; 8.875603, 99.380307; 8.875636, 99.380182; 8.875625, 99.380054; 8.875603,
99.379752; 8.875564, 99.379598

8.94436, 99.39769; 8.944409, 99.397817; 8.944478, 99.397965; 8.94459, 99.398133; 8.944647,
99.398259; 8.944692, 99.398335; 8.944795, 99.398546; 8.944852, 99.398666; 8.944931,
99.398807; 8.945021, 99.398975; 8.945195, 99.399303; 8.945357, 99.399607; 8.945525,
99.399937; 8.945684, 99.400236; 8.945787, 99.400498; 8.945681, 99.400257; 8.945554,
99.400017; 8.945416, 99.399741; 8.945268, 99.399477; 8.945121, 99.399174; 8.944952,
99.398855; 8.944752, 99.398539; 8.944605, 99.398253; 8.944457, 99.397968; 8.944316,
99.397708; 8.944194, 99.397833; 8.944371, 99.398131; 8.944522, 99.398409; 8.944671,
99.398691; 8.944832, 99.399; 8.944961, 99.399287; 8.94512, 99.399572; 8.945267, 99.399844;
8.945413, 99.400139; 8.94409, 99.397931; 8.944179, 99.39813; 8.944291, 99.398357;
8.944415, 99.398578; 8.944547, 99.398792; 8.944671, 99.39899; 8.944783, 99.399196;
8.945029, 99.399629; 8.94525, 99.400037; 8.94547, 99.400461; 8.945541, 99.400831;
8.945205, 99.400458; 8.944994, 99.399974; 8.944763, 99.399593; 8.94454, 99.399148;
8.944258, 99.398696; 8.944082, 99.398251; 8.943916, 99.398088; 8.944084, 99.398472;
8.944316, 99.398911; 8.94458, 99.399417; 8.944799, 99.399816; 8.945057, 99.400253;
8.945342, 99.400676



Thung Tao Mai  Ban Hua 891058, 99.402501; 8910315, 99.402404; 8910051, 99.402333; 8.909837, 99.402299;
8.909887, 99.402351; 8.910102, 99.402482; 8.910353, 99.402559; 8.910507, 99.402624;
8.910445, 99.402653; 8.910242, 99.402591; 8.909968, 99.402508; 8.909818, 99.402496;
8.909999, 99.402607; 8.910235, 99.402637; 8.910489, 99.402782; 8.910326, 99.402807;
8910073, 99.40272; 8909844, 99.402643; 8.909793, 99.40266; 8.909981, 99.402774;
8910077, 99.402899; 8.909804, 99.402793; 8.909765, 99.402872; 8.90981, 99.402981;
8.909972, 99.402938; 8.910705, 99.402557; 8.911077, 99.402514; 8.91082, 99.402204;
8910599, 99.402105; 8.910392, 99.402022; 8.91011, 99.401978; 8.909936, 99.401882;
8.909934, 99.40206; 891019, 99.402163; 8.910399, 99.402225; 8.910632, 99.402306;
8.910862, 99.402355; 8.910561, 99.402391; 8.910338, 99.402351; 8.910117, 99.402312;
8.909865, 99.402197
Khian Sa Khian Sa 8.839485, 99.181261; 8.839609, 99.181283; 8839766, 99.181357; 8.839944, 99.181418; 8.840107,
99.181484; 8.840246, 99.18153; 8.840405, 99.181606; 8840576, 99.18156; 8.840436, 99.181506;
8.840281, 99.181462; 8.840124, 99.181401; 8839934, 99.181357; 8.839806, 99.181282; 8.839668,
99.181186; 8839566, 99.181111; 8:839735, 99.18118; 8839931, 99.181247; 8840047, 99.18131;
8.840206, 99.181353; 8.84035, 99.181415; 8:839771, 99.181667; 8.839745, 99.181673; 8.839774,
99.181549; 8.83995, 99.181626; 8.839918, 99.181573; 8839764, 99.181508; 8.839588, 99.181478;
8.839523, 99.18135; 8:839709, 99.181405; 8.839867, 99.181465; 8.839979, 99.181511; 8.843876,
99.193845; 8.843907, 99.194282; 8.843946, 99.194799; 8:84401, 99.195437; 8.844043, 99.195989;
8.843909, 99.196117; 8.843928, 99.195895; 8.843903, 99.195618; 8.843866, 99.195313; 8.843853,
99.195033; 8.843847, 99.19473; 8.84381, 99.194449; 8843789, 99.194171; 8.84378, 99.19391;
8.843516, 99.193881; 8843512, 99.194059; 8.843529, 99.194386; 884357, 99.1947; 8.84358,
99.194951; 8.843607, 99.195195; 8843636, 99.195494; 8.843664, 99.195832; 8.843661,
99.196069; 8.843782, 99.196106; 8843714, 99.196031; 8.843659, 99.195805; 8.843643,
99.195417; 8.843643, 99.195145; 884361, 99.194868; 8.843607, 99.194572; 8.843569, 99.194302;
8.843547, 99.193926; 8.843956, 99.1939; 8.84396, 99.194152; 8.844019, 99.194523; 8.844027,
99.194726; 8.844054, 99.19499; 8.844078, 99.195332; 8.844069, 99.195579; 8:844113, 99.195919;
8.843799, 99.196043; ; 884377, 99.195548; 8.843701, 99.195461; 8.843727, 99.195424; 884373,
99.195321; 8.843751, 99.19506; 8.843685, 99.194774; 8.843695, 99.194471; 8.843679, 99.194209;
8.843639, 99.193916; 8.843918, 99.196034; 8.785381, 99.18753;

Thanon

Table 2: Continued

Province District Subdistrict Village GPS coordinates

Surat Thani Khian Sa Khian Sa 8.785556, 99.187704; 8.785654, 99.187804; 8.785855, 99.18793; 8.786039, 99.187819;
8.785874, 99.187661; 8.785772, 99.187527; 8.785494, 99.187347; 8.785714, 99.187338;
8.785936, 99.187507; 8.786092, 99.187657; 8.786226, 99.187682; 8.786073, 99.187437;
8.785872, 99.187279; 8.786006, 99.187242; 8.786196, 99.18739; 8.786367, 99.187463;
8.786378, 99.187409; 8786158, 99.187231; 8.786167, 99.187173; 8.786384, 99.187287;
8.786448, 99.1873; 8786387, 99.187055; 8.785424, 99.187396; 8.785668, 99.187573;
8.785845, 99.187783; 8.785957, 99.187701; 8.785827, 99.187495; 8.785587, 99.18734;
8.785958, 99.187176; 8.785935, 99.187441; 8.78592, 99.187676; 8.786269, 99.187728; 8.84,
99.1819444; 8.7944444, 99.1627778; 8.796517, 99.175103

Arankhamwari 8.7602778, 99.1627778; 8.7602778, 99.1633333
Phuang Phromkhon 8.6755556, 99.1247222
Ban Khian Sa Plai Lik 8.84,99.1819444
Ban Khian Sa Phuang 8.6755556, 99.1247222
Phromkhon
Khian Sa Ban Sadet 8.7944444, 99.1627778
Khian Sa Ban Huay 8.7602778, 99.1627778; 8.7602778, 99.1633333

Nam Tao



Phrasaeng Bang Sawan

Bang Sawan

Ipan

Tha Chana

Prasong

Khao Hua
Khwai

Phunphin

Ban Bang
Sawan

Ban Plaiseang

8.638375, 98.986461; 8.638568, 98.986467; 8.638354, 98.986552; 8.638112, 98.986674;
8.637894, 98.986749; 8.637617, 98.986799; 8.63737, 98.986871; 8.637141, 98.986934;
8.637073, 98.986982; 8.63701, 98.987017; 8.636848, 98.987045; 8.636845, 98.987187;
8.636943, 98.986854; 8.637175, 98.986795; 8.6374, 98.986728; 8.637665, 98.986638;
8.637883, 98.986603; 8.638107, 98.986519; 8.638359, 98.986458; 8.638309, 98.986294;
8.638117, 98.986345; 8.637843, 98.986443; 8.637708, 98.986501; 8.637395, 98.98655;
8.637148, 98.986575; 8.637136, 98.986512; 8.637464, 98.986426; 8.63775, 98.986509;
8.637923, 98.986548; 8.637996, 98.986616; 8.638397, 98.986553; 8.638337, 98.986732;
8.638093, 98.986785; 8.637917, 98.986831; 8.637579, 98.986913; 8.637349, 98.986984;
8.637145, 98.98706; 8.637008, 98.987245; 8.637248, 98.987212; 8.637481, 98.987189;
8.637722, 98.987086; 8.637955, 98.98701; 8.638157, 98.986911; 8.638269, 98.987032;
8.63801, 98.987182; 8.637756, 98.987173; 8.637853, 98.98749; 8.637661, 98.98754; 8.637289,
98.98764; 8.63712, 98.987689; 8.637139, 98.987851; 8.637414, 98.987752; 8.637597,
98.987722; 8.637816, 98.987636; 8.638098, 98.98754; 8.6413889, 98.9716667; 8.6425,
98.9677778; 8.6413889, 98.9716667; 8.6425, 98.9677778; 8.5961111, 98.9483333; 8.6066667,
98.9575; 8.6413889, 99.0311111; 8.6411111, 99.0686111; 8.9291667, 99.2586111; 8.9866667,
99.2063889

8.5861111, 98.9188889; 8.5961111, 98.9483333; 8.6066667, 98.9575; 8.6413889, 99.0311111;
8.6411111, 99.0686111; 8.9291667, 99.2586111; 8.9866667, 99.2063889

8.602144, 99.234508; 8.601965, 99.234514; 8.601766, 99.234588; 8.601594, 99.234599;
8.601429, 99.234628; 8.601398, 99.234654; 8.601593, 99.234648; 8.601808, 99.234605;
8.602007, 99.234604; 8.602114, 99.234579; 8.602003, 99.234419; 8.602032, 99.234434;
8.601765, 99.234442; 8.601535, 99.234507; 8.601433, 99.234745; 8.601731, 99.234671
9.494228, 99.13392; 9.494172, 99.133884; 9.493953, 99.13384; 9.493819, 99.133798;
9.493222, 99.133757; 9.493353, 99.133821; 9.493524, 99.13388; 9.493681, 99.133914;
9.493814, 99.133953; 9.493957, 99.134052; 9.494135, 99.134106; 9.49427, 99.134151;
9.494401, 99.134183; 9.494288, 99.134303; 9.494133, 99.134243; 9.494228, 99.134411;
9.49415, 99.1344; 9.493983, 99.134376; 9.493848, 99.134286; 9.493702, 99.13424; 9.493506,
99.134197; 9.493398, 99.134177; 9.493221, 99.134123; 9.493129, 99.134057; 9.493122,
99.133962; 9.493264, 99.13401; 9.493342, 99.134063; 9.493525, 99.134105; 9.493688,
99.134163; 9.49381, 99.13421; 9.493994, 99.13426; 9.494171, 99.134328; 9.494218, 99.134378
9.092592, 99.222569; 9.092648, 99.222508; 9.092669, 99.222369; 9.092711, 99.222382;
9.092843, 99.222351; 9.092918, 99.222296; 9.092977, 99.222232; 9.093031, 99.222177;
9.093061, 99.222159; 9.093028, 99.22209; 9.092958, 99.222032; 9.092882, 99.222038;
9.092856, 99.222105; 9.092802, 99.222158; 9.0927, 99.222219; 9.092633, 99.222277; 9.09257,
99.22232; 9.092502, 99.222389; 9.092434, 99.222433; 9.092491, 99.222505; 9.092507,
99.222471; 9.092639, 99.222413; 9.09264, 99.222389; 9.092721, 99.222333; 9.092795,
99.222273; 9.092851, 99.222217; 9.092919, 99.222161; 9.092954, 99.222114; 9.092215,
99.222553; 9.092052, 99.222643; 9.091894, 99.222786; 9.091717, 99.222942; 9.09166,
99.223047; 9.091478, 99.223141; 9.091403, 99.223199; 9.0913, 99.22328; 9.091146,
99.223403; 9.09102, 99.223485; 9.090845, 99.223649; 9.090808, 99.223669; 9.090665,
99.223787; 9.090647, 99.223796; 9.087641, 99.215456; 9.087547, 99.215469; 9.087547,
99.215469; 9.087499, 99.215496; 9.087424, 99.215561; 9.08736, 99.215597; 9.087265,
99.215642; 9.087219, 99.215682; 9.087159, 99.215746; 9.087094, 99.215796; 9.087056,
99.215828; 9.087, 99.215874; 9.087048, 99.215927; 9.08691, 99.215937; 9.086835, 99.215983;
9.086819, 99.216006; 9.086819, 99.216006; 9.086658, 99.216136; 9.086586, 99.21619;
9.086519, 99.216254; 9.086387, 99.216326; 9.086368, 99.216349; 9.086252, 99.216434;
9.086249, 99.216453; 9.087696, 99.215566; 9.087628, 99.215559; 9.087559, 99.215628;
9.087541, 99.215632; 9.087461, 99.215694; 9.087433, 99.215722; 9.087491, 99.21582;
9.087317, 99.215955; 9.087243, 99.215992; 9.08718, 99.216061; 9.086841, 99.216324;
9.086781, 99.216336; 9.086794, 99.216269; 9.086888, 99.216193; 9.086965, 99.216142;
9.087022, 99.2162; 9.063043, 99.261794; 9.063249, 99.262003;

Table 2: Continued

Province

District Subdistrict

Village

GPS coordinates

Surat Thani

Khao Hua
Khwai

Phunphin

9.063363, 99.262183; 9.06353, 99.26237; 9.06374, 99.262429; 9.063585, 99.262246; 9.063462,

99.262023; 9.063297,
99.261737; 9.063551,
99.262266; 9.063825,
99.261471; 9.063462,
99.261952; 9.064066,
99.261662; 9.063707,
99.261723; 9.063312,
99.262397; 9.063819,
99.261856; 9.063308,

99.261863; 9.063132,
99.261958; 9.063706,
99.262085; 9.063669,
99.261414; 9.063616,
99.262145; 9.064187,
99.261485; 9.063578,
99.2619; 9.063387,
99.262416; 9.06371,
99.261663; 9.063376,

99.261643; 9.063284,
99.262147; 9.063847,
99.261848; 9.063532,
99.261539; 9.063756,
99.262083; 9.064004,
99.261316; 9.063634,
99.262048; 9.063532,
99.262212; 9.063588,
99.261525; 9.063498,

99.261543; 9.063389,
99.262322; 9.063967,
99.261707; 9.063354,
99.261762; 9.063918,
99.261869; 9.063877,
99.261172; 9.063135,
99.262248; 9.06368,
99.262004; 9.063447,
99.261667; 9.063672,



99.261911; 9.063814, 99.262082; 9.063987, 99.26229; 9.064057, 99.262242; 9.063964,
99.262038; 9.063837, 99.261847; 9.063652, 99.261634; 9.063485, 99.261453

Phunphin 9.131066, 99.199174; 9.131248, 99.199238; 9.131456, 99.199309; 9.131651, 99.19937;
9.13186, 99.19944; 9.132094, 99.199517; 9.132287, 99.199573; 9.132501, 99.199638;
9.132729, 99.199704; 9.132912, 99.199773; 9.133143, 99.19981; 9.133325, 99.199868;
9.133453, 99.199889; 9.133271, 99.199835; 9.133074, 99.199784; 9.132851, 99.199706;
9.13266, 99.199651; 9.132466, 99.199581; 9.13225, 99.199494; 9.132035, 99.199456;
9.131809, 99.199397; 9.131631, 99.1993d; 9.131387, 99.199268; 9.131178, 99.199148;
9.131063, 99.198943; 9.131187, 99.19897; 9.131354, 99.199032; 9.131488, 99.199064;
9.131604, 99.199127; 9.131768, 99.199148; 9.131919, 99.199203; 9.131988, 99.19924;
9.13216, 99.199255; 9.132316, 99.199337; 9.132569, 99.199393; 9.132721, 99.199403;
9.13292, 99.199484; 9.133072, 99.199496; 9.133194, 99.199567; 9.133332, 99.199613;
9.133483, 99.199645; 9.133618, 99.199701; 9.133592, 99.199703

Lilet 9.16735, 99.234054; 9.167189, 99.233979; 9.167046, 99.233896; 9.167005, 99.233951;
9.167125, 99.23405; 9.167249, 99.238178; 9.167308, 99.234147; 9.167184, 99.234184;
9.167066, 99.233123; 9.166911, 99.234067; 9.166962, 99.23412; 9.167109, 99.234221;
9.167231, 99.234315; 9.167195, 99.234407; 9.167106, 99.234329; 9.166946, 99.234289;
9.167096, 99.234415; 9.167191, 99.23448; 9.167176, 99.234605; 9.167053, 99.234463;
9.166831, 99.234399; 9.167135, 99.234647; 9.167048, 99.23466; 9.167024, 99.234734;
9.167614, 99.234208; 9.167628, 99.234269; 9.167574, 99.234558; 9.167609, 99.234478;
9.167713, 99.234352; 9.167788, 99.234198; 9.167805, 99.234278; 9.1677, 99.23441; 9.167598,
99.234503; 9.167466, 99.234685; 9.167394, 99.234792; 9.167383, 99.234913; 9.167515,
99.234777; 9.167658, 99.234617; 9.167739, 99.234494; 9.167839, 99.234393; 9.167946,
99.234258; 9.167957, 99.234294; 9.16787, 99.234438; 9.167757, 99.23d516; 9.167659,
99.234688; 9.167325, 99.234336; 9.167416, 99.234233; 9.167394, 99.234219; 9.16749,
99.234101; 9.167189, 99.233563; 9.167127, 99.233523; 9.167174, 99.233476; 9.167257,
99.23345; 9.167284, 99.233362; 9.167273, 99.233498; 9.167377, 99.233445; 9.167463,
99.233404; 9.167543, 99.233411; 9.167628, 99.233433; 9.167683, 99.23349; 9.167161,
99.233637; 9.167117, 99.233591; 9.167056, 99.233526; 9.166977, 99.233613; 9.166942,
99.233596; 9.166956, 99.233639; 9.167058, 99.233638; 9.167115, 99.233656; 9.167131,
99.233617; 9.167039, 99.233675; 9.167119, 99.233747; 9.167154, 99.233735; 9.167168,
99.233755; 9.167243, 99.233564; 9.167244, 99.233498; 9.167296, 99.233438; 9.167394,
99.233462; 9.167407, 99.233472; 9.167446, 99.233482; 9.167496, 99.233491; 9.16761,
99.233517; 9.16765, 99.233528

Si Wichai 9.166138, 99.233264; 9.16619, 99.233466; 9.166211, 99.233599; 9.166177, 99.233698;
9.166103, 99.233529; 9.166019, 99.233383; 9.165981, 99.233246; 9.165937, 99.233145;
9.165863, 99.233012; 9.165813, 99.232861; 9.165744, 99.232698; 9.165758, 99.232633;
9.16559, 99.232597; 9.165653, 99.232774; 9.165705, 99.232915; 9.165748, 99.23304; 9.16581,
99.233206; 9.165874, 99.233389; 9.165932, 99.233563; 9.165966, 99.233699; 9.165845,
99.233724; 9.165866, 99.233807; 9.16578, 99.233585; 9.165668, 99.233265; 9.165592,
99.23311; 9.165529, 99.232878; 9.165484, 99.232711; 9.165369, 99.23277d; 9.165426,
99.232905; 9.165466, 99.233064; 9.165548, 99.233313; 9.165976, 99.232988; 9.166021,
99.233146; 9.166056, 99.23322; 9.166093, 99.233308; 9.166139, 99.233472; 9.166249,
99.233741; 9.166044, 99.233591; 9.165994, 99.233523; 9.165967, 99.233335; 9.165881,
99.233144; 9.165891, 99.233056; 9.165796, 99.232891; 9.165642, 99.232894; 9.165683,
99.233016; 9.165619, 99.233021; 9.1658, 99.233302; 9.165849, 99.23347; 9.165924,
99.233633; 9.16598, 99.233634; 9.165798, 99.233783; 9.165754, 99.233629; 9.165703,
99.233484; 9.165652, 99.233328; 9.165525, 99.233084; 9.165508, 99.232918; 9.165409,
99.232777; 9.165402, 99.23275; 9.165457, 99.232745; 9.1661111, 99.2336111; 9.1661111,
99.2330556; 9.1661111, 99.2336111; 9.1661111, 99.2330556

Tha Chang Khlong Sai 9.213264, 99.155783; 9.213117, 99.155795; 9.212936, 99.15574; 9.212774, 99.155727;
9.21262, 99.155712; 9.21256, 99.15556; 9.212701, 99.155572; 9.212846, 99.155586; 9.213033,
99.155626; 9.213167, 99.155645; 9.213281, 99.15566; 9.213337, 99.155546; 9.21316,
99.155522; 9.212963, 99.155488; 9.212836, 99.155465; 9.212651, 99.155429; 9.213189,
99.155923; 9.213016, 99.155879; 9.212852, 99.155862; 9.212659, 99.155844; 9.21255,
99.155935; 9.212544, 99.15595; 9.212888, 99.156008; 9.213006, 99.156021; 9.213008,
99.156176; 9.212898, 99.156188; 9.212741, 99.156175; 9.212593, 99.156124; 9.212608,
99.15629; 9.212649, 99.156349; 9.212785, 99.156312; 9.212822, 99.156342; 9.212865,




99.156323; 9.212888, 99.156326; 9.212924, 99.156323; 9.212935, 99.156341; 9.212986,
99.156315; 9.214519, 99.151702; 9.214588, 99.151684; 9.214837, 99.151708; 9.214935,
99.151699; 9.2151, 99.151685; 9.215283, 99.151694; 9.215441, 99.151708; 9.215582,
99.151715; 9.215791, 99.151726; 9.215947, 99.151716; 9.216117, 99.151732;

Table 2: Continued

Province District Subdistrict Village GPS coordinates

Surat Thani Tha Chang Khlong Sai 9.216328, 99.151744; 9.216452, 99.151723; 9.214448, 99.151825; 9.214636, 99.151886;
9.214796, 99.151875; 9.214904, 99.151838; 9.215145, 99.151874; 9.215301, 99.151831;
9.215478, 99.151845; 9.21451, 99.151643; 9.214609, 99.151585; 9.214831, 99.15159;
9.214946, 99.151565; 9.21516, 99.151585; 9.215328, 99.151585; 9.215487, 99.151586;
9.215687, 99.151567; 9.215813, 99.15158; 9.216182, 99.151583; 9.214529, 99.151448;
9.214718, 99.151455; 9.214969, 99.151443; 9.21517, 99.151453; 9.21539, 99.151452

Tha Khoei 9.230586, 99.145281; 9.230735, 99.145363; 9.230856, 99.145454; 9.230983, 99.145468;
9.231119, 99.145537; 9.231251, 99.145625; 9.231457, 99.145677; 9.231395, 99.14579;
9.231269, 99.145756; 9.231116, 99.145705; 9.231, 99.145646; 9.230862, 99.145602; 9.230852,
99.145711; 9.23099, 99.145755; 9.231141, 99.145796; 9.231235, 99.145847; 9.231146,
99.145949; 9.230973, 99.14589; 9.230833, 99.145852; 9.23072, 99.145787; 9.230574,
99.145725; 9.230435, 99.145681; 9.230643, 99.145241; 9.230799, 99.145281; 9.23088,
99.145343; 9.231042, 99.145373; 9.231196, 99.145435; 9.231346, 99.145495; 9.231456,
99.145524; 9.231549, 99.145473; 9.231474, 99.145405; 9.231308, 99.145346; 9.23116,
99.145298; 9.231014, 99.145258; 9.230906, 99.145213; 9.230805, 99.145022; 9.230911,
99.145077; 9.229415, 99.148435; 9.229376, 99.148348; 9.229362, 99.148306; 9.229057,
99.148353; 9.228972, 99.14829; 9.229054, 99.148461; 9.229175, 99.148444; 9.229321,
99.148447; 9.229483, 99.148456; 9.229453, 99.148575; 9.229316, 99.148611; 9.229237,
99.148562; 9.22918, 99.148602; 9.229036, 99.14858; 9.229094, 99.148674; 9.229142,
99.148699; 9.229251, 99.148662; 9.229321, 99.148652; 9.229532, 99.148109; 9.229388,
99.148108; 9.229217, 99.148129; 9.22912, 99.148069; 9.229114, 99.148072; 9.228937,
99.147967; 9.229086, 99.147941; 9.229277, 99.147979; 9.229393, 99.14795; 9.229565,
99.147873; 9.229441, 99.147909; 9.22928, 99.147841; 9.229164, 99.147884; 9.228964,
99.147816; 9.228887, 99.147761; 9.228967, 99.147685; 9.22914, 99.147741; 9.229272,
99.147729; 9.229551, 99.147728

Chaiya Pa We 9.438974, 99.149604; 9.438961, 99.149879; 9.438952, 99.150066; 9.438933, 99.150261;
9.438876, 99.150465; 9.438862, 99.150597; 9.438845, 99.150714; 9.438803, 99.150894;
9.438799, 99.151; 9.438906, 99.151328; 9.438931, 99.15117; 9.438983, 99.150986; 9.439004,
99.150814; 9.439008, 99.150651; 9.43908, 99.15054; 9.439056, 99.150339; 9.439074,
99.150166; 9.439132, 99.149912; 9.438916, 99.149678; 9.438841, 99.149986; 9.438808,
99.150245; 9.438779, 99.150489; 9.438733, 99.150742; 9.438696, 99.151001; 9.438653,
99.15127; 9.438567, 99.151575; 9.438555, 99.151802; 9.438661, 99.151948; 9.438764,
99.151551; 9.438801, 99.151289; 9.438795, 99.151029; 9.438849, 99.150735; 9.438873,
99.15044; 9.46291, 99.153196; 9.462945, 99.153087; 9.462983, 99.152926; 9.463039,
99.152765; 9.463059, 99.152629; 9.463155, 99.152362; 9.462993, 99.152363; 9.462933,
99.152528; 9.462922, 99.152669; 9.462878, 99.152811; 9.462823, 99.153007; 9.462782,
99.153096; 9.462666, 99.153008; 9.462732, 99.15283; 9.462767, 99.152704; 9.463325,
99.152981; 9.463353, 99.152827; 9.463401, 99.1527; 9.463493, 99.152543; 9.46319,
99.153048; 9.463271, 99.152951; 9.463301, 99.152818; 9.463387, 99.15262; 9.463423,
99.152477; 9.463491, 99.152282; 9.463305, 99.152349; 9.463258, 99.152529; 9.463237,
99.152638; 9.463108, 99.152887; 9.463063, 99.15306; 9.463034, 99.153199

Wiang Sa Ban Song 8.684598, 99.377788; 8.684521, 99.377786; 8.684393, 99.377786; 8.684317, 99.377791;
8.684062, 99.377782; 8.68394, 99.37777; 8.683813, 99.37782; 8.683684, 99.377713; 8.683512,
99.377742; 8.683155, 99.377746; 8.683248, 99.377903; 8.683412, 99.377966; 8.683554,
99.378112; 8.683743, 99.378065; 8.683935, 99.377957; 8.684124, 99.377994; 8.684221,
99.378006; 8.684359, 99.377961; 8.684488, 99.377983; 8.684553, 99.377923; 8.684591,
99.377613; 8.684425, 99.37748; 8.684227, 99.377482; 8.684094, 99.377462; 8.683942,
99.377474; 8.683798, 99.377466; 8.683573, 99.377d51; 8.68348, 99.377451; 8.683196,
99.377573; 8.683452, 99.377606; 8.683583, 99.377593; 8.683716, 99.37758; 8.683684,
99.377539; 8.684021, 99.377633; 8.684219, 99.377619; 8.684482, 99.37772; 8.684578,
99.377673; 8.69039, 99.383461; 8.69028, 99.383395; 8.690584, 99.383222; 8.690783,
99.382978; 8.69097, 99.382948, 8.690784, 99.383102; 8.69055, 99.383319; 8.690532,
99.383603; 8.69059, 99.383464; 8.690655, 99.383468; 8.690738, 99.383353; 8.690898,
99.383246; 8691023, 99.383143; 8.691031, 99.383038; 8.69102, 99.383006; 8.690944,
99.382902; 8.691199, 99.384003; 8.691261, 99.38379; 8.691111, 99.383743; 8.691092,
99.383866; 8.690946, 99.38391d; 8.690963, 99.383763; 8.690989, 99.383601; 8.691027,



99.383422;
99.383667,;
99.376046;
99.375842;
99.375982;
99.375818;
99.376144;
99.376163;
99.376232;
99.376248;

99.376349

8.691087, 99.383263; 8.691023, 99.383272; 8.690978, 99.383497; 8.69094,
8.69084, 99.383732; 8.690822, 99.383589; 8.690882, 99.383421; 8.676017,
8.675907, 99.376038; 8.675766, 99.376018; 8.675601, 99.375998; 8.675548,
8.67571, 99.375991; 8.675884, 99.376031; 8.675987, 99.376002; 8.675872,
8.675729, 99.375939; 8.67571, 99.375868; 8.675827, 99.375869; 8.675899,
8.676005, 99.375737; 8.675946, 99.375648; 8.675917, 99.375643; 8.676006,
8.675816, 99.37611; 8.675572, 99.376084; 8.675431, 99.37608; 8.675311,
8.675424, 99.376161; 8.675588, 99.37617; 8.675734, 99.376219; 8.67587,
8.675801, 99.376281; 8.675632, 99.376293; 8.675479, 99.376294; 8.675419,
8.675332, 99.376306; 8.675484, 99.37632; 8.675626, 99.376323; 8.675797,

Trang Wang Wiset Wang Maprang Nuea 7.7416667, 99.3602778; 7.738401, 99.368399; 7.74187, 99.38361; 7.7416667, 99.3602778

Huai Yot Bang Kung 7.778944, 99.4483221; 7.7569444, 99.4587233; 7.7569444, 99.4483333

Yan Ta Khao Thung Khai 7.463304, 99.663566; 7.466643, 99.677413

Ko Pia 7.465242, 99.699455

3. uunviinvasslaelddneaznisdugiuine
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Figure 7: Fusarium isolates obtained from this study.



4. Iunviiavasslaglidayanugnssy

N13IATUNTY F. oxysporum f.spp. PIUENEUENNEUNTIWINGIADUTI9EN dlosndnuae
vodlassahadielflumsdaduunlndidssiuinn  Ssfeaiouiiousetoanaiusnssy ofls deya
WUINTIUVDIIT F. oxysporum fsp. elaeidis TApudedin FavhnsfinwiuSeuiieuiudeayanis
ﬁuﬁqﬂiﬁmaﬂi’l F. oxysporum f.sp. elaeidis ﬁﬁﬂi’mgiu Fusarium MLST database, FUSARIUM-ID
(O’Donnell et al., 2012) Wag FIEUNITIVYHANE ﬁﬁ%’a;ﬂamﬁuﬁqmimam F. oxysporum f.sp.

elaeidis (Cooper, 2011a; O’Donnell et al., 2012; Rusli, 2012; Geiser et al., 2013; Ponukumati, 2017)

N

ToyanugnIsuiusingliamnuvainranguasanuniouvestoyaios wulileslaifsumuie 1w ITS, TEF1

wag LSU uneiegaiiteyavesiugnysuiies 1 duvds viiliiAndedndnlunsiundieuiiey

ANSIUNVLAVDITT Fusarium AwenlaannsinwazausausinUIduungu 31uu 42 leoletan way
NsInraudediual 4 leluan 1w 46 lolaan WewIsuiisudoyaiugnssusiumus TEFL Aus

Tu genus Fusarium 911U 60 taxa Microdochium musae B outgroup (Table 3)

Table 3: List of Fusarium included in this study

Clades/Complexes Taxa Accession GenBank References

- Microdochium musae CBS 143500  MH108017  Crous et al. (2018)
heterosporum Fusarium heterosporum ICMP 11866 ~ MG857465  Unpublished
tricinctum F. torulosum NRRL 52772 JF740840  O’Donnell et al. (2012)

F. acuminatum NRRL 52789  JF740857  O’Donnell et al. (2012)

F. tricinctum NRRL 25481  HMO068307  Unpublished
concolor F. polyphialidicum XBd-1 KM487210  Unpublished

F. concolor NRRL 52927  JF740869  O’Donnell et al. (2012)
chlamydosporum F. nelsonii NRRL 28505  GQ505404  O'Donnell et al. (2009b)

F. chlamydosporum DEB15 KF918546  Unpublished
sambucinum F. asiaticum NRRL 13818  AF212451  O'Donnell et al. (2000)

F. graminearum NRRL 52799  JF740867  O’Donnell et al. (2012)

F. venenatum ICMP 8997  MG857304  Unpublished

F. sambucinum ICMP 10535  MG857393  Unpublished
incarnatum-equiseti  F. lacertarum NRRL 52753 JF740828  O’Donnell et al. (2012)

Fusarium sp. M0024 - This study

F. incarnatum DEB26 KF993974  Unpublished

F. incarnatum SPL16038 KY508347  Unpublished
lateritium F. lateritium NRRL 25122 JF740747  O’Donnell et al. (2012)
buharicum F. sublunatum NRRL 20897  KX302919  Unpublished

F. buharicum NRRL 25488  KX302912  Unpublished
merismoides F. merismoides MO5A-3F-4 KX681521  Unpublished
dimerum F. delphinoides ER025 KU738439  Haas et al. (2016)

F. dimerum NRRL 37039  EU926344  Schroers et al. (2009)
decemcellulare F. decemcellulare DI11 KF918553  Unpublished
ventricosum F. ventricosum CBS 748.79  KM231924  Lombard et al. (2015)
solani F. kurunegalense FRC 51833 DQ247511  Zhang et al. (2006)



F. phaseoli NRRL 22276  AY220186  Aoki et al. (2003)
F. brasiliense NRRL 31779  AY320150  Unpublished
F. illudens CBS 126406  KM231934  Lombard et al. (2015)
F. solani FRC 51980 DQ247501  Zhang et al. (2006)
F. ambrosium NRRL 22346  FJ240350  Unpublished
F. euwallaceae NRRL 54725  JQ038010  Freeman et al. (2013)
F. solani NRRL 52746 JF740822  O’Donnell et al. (2012)
F. solani NRRL 52773 JF740841  O’Donnell et al. (2012)
F. striatum CBS 101573 KM231927  Lombard et al. (2015)
F. paranaense CML 1988 KF597819  Costa et al. (2016)
Fusarium sp. MO0030 - This study
Fusarium sp. MO0079 - This study
F. solani NRRL 52689  JF740774  O’Donnell et al. (2012)
Fusarium sp. MOO75 - This study
Fusarium sp. M0040 - This study
Fusarium sp. MO0038 - This study
Fusarium sp. MO0081 - This study
Fusarium sp. MO0072 - This study
Fusarium sp. M0084 - This study
Fusarium sp. MO0015 - This study
F. falciforme NRRL 32928  DQ247176  Zhang et al. (2006)
Fusarium sp. MO0025 - This study
F. keratoplasticum NRRL 54999  KC808217  Unpublished
Fusarium sp. M0074 - This study
Table 3: Continued
Clades/Complexes Taxa Accession GenBank References
solani Fusarium sp. MO0071 - This study
Fusarium sp. MO0026 - This study
redolens F. hostae NRRL 29889  HM057340  Unpublished
F. redolens NRRL 52619  GU250581  Balmas et al. (2010)
burgessii F. algeriense NRRL 66647  MF120510 Laraba et al. (2017)
F. burgessii NRRL 66654  MF120517  Laraba et al. (2017)
nisikadoi F. commune NRRL 52764  JF740838  O’Donnell et al. (2012)
F. miscanthi X071 HF674999  Unpublished
fujikuroi F. acutatum NRRL 25119  JF740745  O’Donnell et al. (2012)
F. acutatum NRRL 25119  HMO057336  Unpublished
F. fujikuroi MAFF 235463  JN695737  Suga et al. (2014)
F. sacchari NRRL 52795  JF740863  O’Donnell et al. (2012)
F. mangiferae RBG5407 KX452381  Unpublished
F. musae FvB14 KC599250  Unpublished
oxysporum F. foetens NRRL 52749  JF740825  O’Donnell et al. (2012)
F. oxysporum f. sp. aechmeae NRRL 22533  AY527622  O'Donnell et al. (2004)
F. oxysporum f. sp. cubense Race 3 - KC889021  Unpublished
F. oxysporum f. sp. MO0076 - This study
F. oxysporum f. sp. M0021 - This study



F. oxysporum f. sp. MO0034 - This study

F. oxysporum f. sp. MO0080 - This study

F. oxysporum f. sp. passiflorae NRRL 38273  FJ985362  O'Donnell et al. (2009a)
F. oxysporum f. sp. tracheiphilum NRRL 36284  FJ985343  O'Donnell et al. (2009a)
F. oxysporum f. sp. cubense Race 2 FOC12 MG773853  Garcia et al. (2018)

F. oxysporum f. sp. cubense Race 4 VCG 01213 MG211817  Unpublished

F. oxysporum f. sp. zingiberi NRRL26449 FJ985301  O'Donnell et al. (2009a)
F. oxysporum f. sp. cubense Race 1 FOC1 MG773851  Garcia et al. (2018)

F. oxysporum f. sp. MO0073 - This study

F. oxysporum f. sp. MO0036 - This study

F. oxysporum f. sp. MO0023 - This study

F. oxysporum f. sp. MO0022 - This study

F. oxysporum f. sp. MO0020 - This study

F. oxysporum f. sp. MO0083 - This study

F. oxysporum f. sp. M0028 - This study

F. oxysporum f. sp. melonis NRRL 26178  AF008503  O’Donnell et al. (1998)
F. inflexum NRRL 20433 AF008479  O’Donnell et al. (1998)
F. oxysporum f. sp. MO0027 - This study

F. oxysporum f. sp. MO0031 - This study

F. oxysporum f. sp. MO0078 - This study

F. oxysporum f. sp. MO0017 - This study

F. oxysporum f. sp. MO0037 - This study

F. oxysporum f. sp. MO0035 - This study

F. oxysporum f. sp. MO0016 - This study

F. oxysporum f. sp. MOO77 - This study

F. oxysporum f. sp. MO0032 - This study

F. oxysporum f. sp. MO0030 - This study

F. oxysporum f. sp. MO0019 - This study

dlodasei phylogenetic reconstruction W11 topology ildan ML waz B fimudenados
Ay wavidu monophyletic dlofinnsanan lineages %39 ﬂﬁju complex U89 51 genus Fusarium (Figure
8) auwiuledn 51 Fusarium 91y 46 lelawan gnineglunduves £ solani complex d1uau 23 laly
ban ﬂfjfu F. incarnatum-equiseti complex 31U 1 Tolgtan LLazagﬂuﬂfjmaq F. oxysporum complex

U 22 Telglan (Table 3 wag Figure 8)
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MO0029
M0083
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100 ¥ moo23
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IF. oxysporum f. sp. cubense
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F. oxysporum f. sp. trachephilum
MO0080
F. oxysporum f. sp. passiflorae

98.Jf {M0076

A F. oxysporum f. sp. cubense Race3
1.0 F. oxysporum f. sp. aechmeae
L F. foetens




Figure 8: Phylogram obtained in a maximum likelihood search in RAXML of dataset of TEF1 gene

region. Bootstrap support values (=70%) from 1,000 replicates above nodes. Posterior

probabilities (20.95) summarized from 30,000 converged trees obtained in a Bayesian

search are shown below nodes.

Table 4: List of Fusarium oxysporum f. spp. included in this study

Specimens GenBank accession
Taxa References
accession TEF1 ITS
Fusarium foetens NRRL 38302 GU170559 MH862858  Migheli et al. (2010)
F. inflexum NRRL 20433 AF008479 NR152941 O’Donnell et al. (1998)
F. oxysporum f. sp. aechmeae NRRL 22533 AY527622 N/A O'Donnell et al. (2004)
F. oxysporum f. sp. cubense Race 3 - KC889021 KC869371 Unpublished
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. oxysporum f. spp.
. oxysporum f. spp.
. oxysporum f. spp.
. oxysporum f. spp.
. oxysporum f. spp.
. oxysporum f. spp.
. oxysporum f. spp.
. oxysporum f. spp.
. oxysporum f. spp.
. oxysporum f. spp.
. oxysporum f. spp.
. oxysporum f. spp.
. oxysporum f. spp.
. oxysporum f. spp.
. oxysporum f. spp.
. oxysporum f. spp.
. oxysporum f. spp.
. oxysporum f. spp.
. oxysporum f. spp.
. oxysporum f. spp.
. oxysporum f. spp.

. oxysporum f. spp.

NRRL 36284
NRRL 26035
NRRL 26445
NRRL 22539
NRRL 38586
NRRL 38318
EFA 1186
NRRL 22543
NRRL 36358
NRRL 26414
NRRL 36266
NRRL 36356
NRRL 26221

MAFF 744009

NRRL 26993
NRRL 26955
NRRL 36357

ATCC 16416

CBS 127.73
MO0016
MO0017
MO0019
M0020
M0021
M0022
M0023
M0027
M0028
M0030
M0031
M0032
M0034
MO0035
MO0036
MO0037
MO0073
MO0076
MO077
MO0078
MO0080
MO0083

FJ985343
AF008485
DQ837686

FJ985269

FJ985413

FJ985381
JQ219942
MF684772
MF684773

FJ985292

FJ985339

FJ985348

FJ985283
DQ452425
EF056787

FJ985296

FJ985349

EF056783
KF913725

MH855398
N/A
DQ831900
N/A
N/A
N/A
JQ219941
N/A
N/A
N/A
MH857679
MH856497
MH857020
DQ452448
FJ158124
MH865889
MH856498
DQ452450
KF913730

O'Donnell et al. (2009a)
O’Donnell et al. (1998)
Mbofung et al. (2007)
O'Donnell et al. (2009a)
O'Donnell et al. (2009a)
O'Donnell et al. (2009a)
Mbofung et al. (2007)
O'Donnell et al. (2009a
O'Donnell et al. (2009a
O'Donnell et al. (2009a
O'Donnell et al. (2009a
O'Donnell et al. (2009a)
O'Donnell et al. (2009a)
O'Donnell et al. (2009a)
Lievens et al. (2007)
O'Donnell et al. (2009a)
O'Donnell et al. (2009a)
Lievens et al. (2007)
Bani et al. (2014)

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

)
)
)
)




INTIATIRANUUANFINANIENAUYVBY £ oxysporum  complex  W3guliigusigdaya
fiugnssuiuvLe TEFT wag ITS vessileglunguues F. oxysporum complex S1uau 22 lelatan fus
o 51 Tu F. oxysporum complex 372U 21 taxa wazd F. foetens Ju outgroup (Table 4) wui1 11l
loian M0016 M0017 MO0019 M0020 M0022 M0023 M0027 M0028 MO0030 M0031 M0032 M0035
M0036 M0037 M0073 MO077 MOO78 uaz M0083 gnimeglu clade Wieniu Foe wazanuduiudiiu

LLUU paraphytetic (F - 79 F. oxysporum f. sp. lini
ﬁ,WL F. inflexum
I oxysporum f. sp. cucumerinum

— F. oxysporum f. sp. cyclaminis
89 |F, oxysporum f. sp. elaeidis NRRL36358
088 1F oxysporum f. sp. elaeidis NRRL22543

— F. oxysporum f. sp. lilii

F. oxysporum f. sp. dianthi

M0017

Mo0027

MO0037

F. oxysporum f. sp. gladioli

Mo0078

M0031

F. oxysporum f. sp. cucurbitacearum

MO0030

MO0077

M0019

Moo16

M0035

M0032

—— F. oxysporum f. sp. basilici

F. oxysporum f. sp. fragariae

F. oxysporum f. sp. voandzeiae
[ —F oxysporum f. sp. perniciosum

M0083
l‘ M0028
%1 mo0020

F. oxysporum f. sp. phaseoli

| 70 }— F. oxysporum f. sp. lactucae
06| £ oxysporum f. sp. pisi
—MO0022

92
0.98

81 |M0036
10 0%91M0023
0 Imoo73
L F. oxysporum f. sp. chrysanthemi

91 F. oxysporum f. sp. canariensis
TI—— F. oxysporum f. sp. tracheiphilum
M0080
MO0076

/| 70 |M0021
<!\ 72| F. oxysporum f. sp. cubense

99
00 | 0%1 M0034
F. oxysporum f. sp. aechmeae

0.003

Fusarium foetens



Figure 9: Phylogram obtained in a maximum likelihood search in RAXML of concatenated TEF1

and ITS gene regions. Bootstrap support values (>70%) from 1,000 replicates above

nodes. Posterior probabilities (20.95) summarized from 30,000 converged trees
obtained in a Bayesian search are shown below nodes.



Table 5: Estimates of evolutionary divergence between Fusarium sequences obtained from this study and F. oxysporum f.s p. elaeidis (Foe)

NRRL 36358
Taxa 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
1 MO0016 0.000° 0.000 0.002 0.002 0.015 0.000 0.002 0.000 0.000 0.000 0.000 0.015 0.000 0.013 0.000 0.000 0.002 0.004
2 MO0017 0.000 0.000 0.002 0.002 0.015 0.000 0.002 0.000 0.000 0.000 0.000 0.015 0.000 0.013 0.000 0.000 0.002 0.004
3 MO0019 0.000  0.000 0.002 0.002 0.015 0.000 0.002 0.000 0.000 0.000 0.000 0.015 0.000 0.013 0.000 0.000 0.002 0.004
4  MO0020 0.468 0.479 0479 0.004 0.017 0.002 0.000 0.002 0.002 0.002 0.002 0017 0002 0.015 0.002 0.002 0.000 0.006
5 MO0022 0.468 0.480 0.480 0.963 0.017 0.002 0.004 0.002 0.002 0.002 0.002 0017 0002 0015 0.002 0.002 0.004 0.006
6 M0023 3510 3486 3486 3999 4.003 0.015 0.017 0.015 0.015 0.015 0.015 0.000 0.015 0.002 0.015 0.015 0.017 0.019
7 M0027 0.000 0.000 0.000 0479 0.480 3.486 0.002 0.000 0.000 0.000 0.000 0.015 0.000 0.013 0.000 0.000 0.002 0.004
8 MO0028 0.479 0.479 0479 0.000 0963 3999 0479 0.002 0.002 0.002 0.002 0.017 0.002 0.015 0.002 0.002 0.000 0.006
9 MO0030 0.000 0.000 0.000 0479 0480 3486 0.000 0.479 0.000 0.000 0.000 0.015 0.000 0.013 0.000 0.000 0.002 0.004
10 MO0031 0.000 0.000 0.000 0479 0480 3486 0.000 0.479 0.000 0.000 0.000 0.015 0.000 0.013 0.000 0.000 0.002 0.004
11 MO0032 0.000 0.000 0.000 0479 0480 3486 0.000 0.479 0.000 0.000 0.000 0.015 0.000 0.013 0.000 0.000 0.002 0.004
12 MO0035 0.000 0.000 0.000 0479 0480 3486 0.000 0.479 0.000 0.000 0.000 0.015 0.000 0.013 0.000 0.000 0.002 0.004
13 MO0036 3486 3486 3486 3999 4003 0000 3486 3999 3486 3486 3.486 3.486 0.015 0.002 0.015 0.015 0.017 0.019
14 MO0037 0.000 0.000 0.000 0479 0480 3486 0.000 0.479 0.000 0.000 0.000 0.000 3.486 0.013 0.000 0.000 0.002 0.004
15 MO0073 2963 2963 2963 3470 3473 0481 2963 3470 2963 2963 2963 2963 0481 2963 0.013 0.013 0.015 0.017
16 MOO77 0.000 0.000 0.000 0479 0480 3486 0.000 0.479 0.000 0.000 0.000 0.000 3.486 0.000 2963 0.000 0.002 0.004
17 MO0078 0.000 0.000 0.000 0479 0480 3486 0.000 0479 0.000 0.000 0.000 0.000 3.486 0.000 2963 0.000 0.002 0.004
18 MO0083 0.479 0.479 0479 0000 0963 3999 0479 0.000 0479 0479 0479 0479 3999 0479 3470 0479 0.479 0.006

19 Foe NRRL36358 0962 0962 0.962 1448 1449 4516 0962 1448 0962 0962 0962 0.962 4516 0.962 3980 0962 0962 1.448

*The genetic distance (above diagonal) and number of nucleotide substitutions (below diagonal) per site from between sequences are shown. Analyses were conducted
using the Maximum Composite Likelihood model (Tamura et al., 2004). The analysis involved 19 nucleotide sequences. Codon positions included were
1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were eliminated. There were 234 positions in the final dataset. Evolutionary

analyses were conducted in MEGA7 (Kumar et al., 2016).
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Table 6: The results of quarantine pest inspection on imported oil palm seeds between

January - September 2017

No Country of the origin No of imported seeds Results
1 Benin 90,000 No pest detected
2 Costa Rica 47,000 No pest detected
3 Costa Rica 16,000 No pest detected
a4 Costa Rica 47,167 No pest detected
5 Costa Rica 66,000 No pest detected
6 Costa Rica 18,000 No pest detected
7 Costa Rica 75 No pest detected
8 Malaysia 4,200 No pest detected
9 Malaysia 31,500 No pest detected
10 Malaysia 10,500 No pest detected
11 Malaysia 3,300 No pest detected
12 Malaysia 10,500 No pest detected
Total 344,242 No pest detected
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