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Abstract

The aim of this study was to control the pre-harvest and post-harvest of
‘Namwa Mali-Ong’ banana diseases by biological control agents; panama disease
caused by Fusarium oxysporum and anthracnose disease of banana caused by
Colletotrichum musae. Eight F.  oxysporum isolates were collected from the
symptomatic tissues of banana in Suphanburi, Nakhonpathom, Ratchaburi and
Petchabun province. Ten C. musae isolates were obtained from the symptomatic
fruits in Suphanburi, Nakhonpathom, Ratchaburi and Nonthaburi province. For the
pathogenicity test, F. oxysporum BAFC-01 was the most virulent, causing the
maximum diseases severity inoculated on banana leaves while the most virulent
strain of anthracnose disease was C. musae BACM-09 induced on banana fruits. All
pathogens were re-isolated and re-identified based on morphological characteristics
and the internal transcribed spacer (ITS) sequences were also confirmed the species
identification. For potent antagonistic activity, we were screened for 26 antagonists
which isolated from soil against both fungal pathogens by dual culture method. The
result showed the best isolates of antagonist to inhibit the spore production of F.
oxysporum BAFC-01 was Talaromyces trachyspermus AWP08-01 with 62.25% and
Neosartorya fenneliae CHA03-A11 was presented the highest inhibitory effects on the
spore production of C. musae BACM-09 with 55.61%. The three selected antagonistic
fungi (T. trachyspermus AWP08-01, T. macrosporus AWP11-01 and N. fenneliae
CHA03-A11) which are effective against both pathogens were extracted using various
solvents such as hexane, ethyl acetate and methanol. The crude extracts were
evaluated against both pathogenic fungi. The result showed the most effective crude
extract that can inhibit spore production of F. oxysporum BAFC-01 was crude ethyl
acetate from N. fenneliage CHAO03-All as 40.14%. Crude ethyl acetate from T.
trachyspermus AWP08-01 was found to be the most effective inhibited the spore
production of C. musae BACM-09 as 50% inhibition concentration at 969.37 ppm.



Then, N. fenneliae CHA03-A1l and T. trachyspermus AWP08-01 will be used to

control the pathogen F. oxysporum causing panama disease and C. musae causing
anthracnose disease of banana.

Keywords: Biological control, Panama disease, Anthracnose disease, ‘Namwa

Mali-Ong’banana, Neosartorya and Talaromyces
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fdwaduasugiavesUsema uiluudazUnandnnenisinuasiinanuidsmeidudiuou
wniflosnngninanelasdngits Tnsianzlsafiniifanmuiaindesfiamisaaiisaia
deonnglinuiialaedgasniuarunss inwasnsisleuldaseaidilunisaivnu twsizdng
710157 wardivseavanmlunsevnalse Tneinessnsdnldansiafivanesiaaivaiu wagld
Yunaunnfuaiudwdu vliiansiednndnslunandanienisinens dawansznusents
SinevaluuazAn s imﬂgqeiﬂwaﬁaqmmwmaq@ﬁimLLasLﬂwmﬂi (@13, 2556; 15
W uazANY, 2557)

néne (Musa spp.) Wunaliwndeu fauduialusouedeny fusenideddd uenan
srFusemumandadiamnsathudsatuemsnrmn wasuussudundndasisng 4 wu
ndaemIn ndreven Idudunanluwuy waeduhdise q suslu fu alduslewdlasn
#he néeanunsaugnldianngiaiavesussimelng aann1sdisaalud 2559 Useinelned]
fufimzugnadiondt 3 uauls woglinandauinde 1 dmduded Ednauiasugia
NSNYAT, 2560) LLﬁﬁmuwﬁﬂﬁmﬁﬁamaﬂizmuﬁawawamﬁg@daumitﬁuL?imLLawé’qmiLﬁU
Aeadle Tsafidanmmunannidos wu lsamense uarlsauonunantua L“fJuéTu

LsAnans e (Fusarium wilt 30 Panama disease) mmmmmmﬂmaiﬂ Fusarium
oxysporum_f.sp. cubense. \Tulsafid @i linananndaedevesauddounisiivife:
s lvfundedudunigedissinga (Deltoura uavanz, 2017) fifgaunisiialsa
menseifeunndminlutsandlne uazdnlngitalsalundiedndn (razvhauwensol
waziftousadngiie nsdviniaineas, 2559) n1smueslsadudululddunszidorudl
Manen193n wavausaasuiulalaednesinda (seh, 2552; Ploetz,  2005;
Thangavelu uazAmz, 2015) dusulsauouunsnluavielsanain fauvnuiaindes
Colletotrichum musae (Zhu Lavaniy, 2015) W@es1agdWiateiuuussuuRand gl
andifinaidudider uavazuansenmsvedlsadiondisanvdeinadudvdesiiua ennsves
TsmediguusanniunuauanvassainszduTuainiaunty (mems, 2535; Khan wag
Anig, 2001) Fadeiinlsa inunsnsiinagldansieilunmsaunilsn Wewudundedidulse
mensesinldun (calcium carbonate) Tefilaudiu viedaduiuazsinarsifiordn
Fomanunguadlse vieldarsadansiuuadu (cabendazim)  s1AasUUUIIMAUTY
wnzUgnndie (8A5wd, 2555) dwmsunisaunulsaweuunsnlua Tdasindilnesiuunileu
(thiabendazole) Aanuniaindeuiiinveswanidas iledudinmainiyrentonaivmuedsa
(Mehdi, 2010) azwiulainnsmuaulsalundredsieouldansiadl inszieuazdiussdnsnm
usidamansEnuInIeTdLAIIndeN MIdsoanuananndouaziuguamuasuilan



[
a v

LazinYRINTle IAduifajatiuiasnitnmsmunsilselundelag bl dasiaiiuasumnld
mseuaulsalaedais Aemslddaddinmuaudddindoiues lnsAnuqaunddidauen
lAanauy LLasauIﬁ]L%aiwiuaqa Neosartorya wae Talaromyces Faiis18a1un1sanyngesn
‘Luaqa Neosartorya Wwag  Talaromyces ’iﬁa’lmiaﬂ’JUﬂﬂJL%ai’l Colletotrichum
coffeanum ﬁLﬂuL%aﬁmmmaﬂsﬂLLauLmiﬂIuaIumm\l (uows, 2558) 1¥99
Talaromyces flavus mmaamuam%a Verticillium dahliae ﬁLﬂummmaﬂimﬁ&rﬂu
UL DLNA (Tjamos  kag Fravelt, 1997) LL@%L%@?} T. flavus é’ﬂawmwsamuwﬁa

Verticillium alboatrum 1'7iL“f]umLmsuaﬂiiﬂl,ﬁaﬂw,l,mmﬂé’ (Naraghi wagmug, 2010)

1.2 IngUseaIAvaeUIdY

121 AAusnuasUsdidesn F. oxysporum awwpueslsamenseuasie C musae
awnvadlsawauunsnluglundy fednvausndfugiineuwagasuinilolng

1.2.2 ﬁ’mwﬂuamfgﬁaﬁﬂuaqa Neosartorya waz Talaromyces fIganwagnIg
dugrinewavainuinedlalve

123 ﬁﬂmﬂizﬁwﬁmwmanL%aiﬂuaqa Neosartorya Wag Talaromyces #an13ATUAN
Horammuadsalunds

12.4 ﬁﬂwwizﬁm%mmmmsaﬁmmﬂL%Jasﬂuaqa Neosartorya wag Talaromyces
somamuAmdenanvedsalunda

1.3 Y2ULYAVRIUIIY
Anueniaz Ustiltesiiuanngueslsaniensiowazlsawouunsnlualundoy

(%
[% a

Uimgdses ndaograndreiifalsalunsinndmingnisayiiazdmialndides s
anwalegnsdugIvIneLaza1dunalelnalusiumug Internal Transcribed Spacers (ITS)
uardnuenuazUstitosluana Neosartorya uag Talaromyces nduluuinnginemnas
H1NH FIMIANIYINYT UadINBAIUEI FIMTAFNITUYT MEdnuuen AUV AL
Srfuianalelnd lusumis  f-tubulin s1vianeaeuUsEAnSawvendosluana
Neosartorya Wag Talaromyces LLazmsaﬁ’mmm%@mﬁy’qamaqaﬁaﬂﬁmmmL%@ﬁﬂﬁﬂl,m

299b5ALUNATE

1.4 UssTomiianinazlésu

1.4.1 nudsamnunainuansrestenannnvedisalundis fe £ oxysporum @y
vodlsamens1s Wos C musae awpvadlsaueuuninlua wasdosiluana Neosartorya
wa Talaromyces Mnfufinedgnndeluuinudminanssnniuasmialndides

1.4.2 mmﬁﬂﬂizﬁﬁmwmaﬁL%Jaﬁﬂuaqa Neosartorya Way Talaromyces #9013
musudeauvgadtsalunds ieiluvssgndldlumsaiueulsalundaesely

143 nsdssgdndamuesansataneviildaindesiluana Neosartorya uax
Talaromyces slomsmupuiesanguedsalunds Wethasataluszandlduasitaun
Huansthsusilunsmuaudonavnvestsalundeseld
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NOYHUATIIUID

YNNIV

D =h.

nénedunidlunaliffianuddgmaasusisvesusemalne annisdisaalud
2559 Ussnalnedifuiimngugnndiondt 3 wauls uagliinandeannds 1 &usuded
ansnaineldlinunsnsfiansanelinuingioan Tuaududsgidundndasiing q
Jfiodaoan (FdnauAsygianisinens, 2560) Lwiﬁz:gmé’ﬂﬁ’igﬁdmamzm@iawawﬁmﬁgﬂﬁau
mafufeasviminiuiofe lsafifanmnanides wu lsamenss uazlsaueu
wnsnlua

2.1 lsananagylundae
2.1.1 lsApansie

Tsamensie (Fusarium witt) Julsafiddnfisnialugisennsiiufoinands
ANAFDNITANAIVDINANANNAQE %aﬁmmqwmmsﬁam Fusarium oxysporum ®In15U93
Tsamewsisidunndenammdignnudansiydilogluiasideniuagens vilive
ﬁ’]Lﬁ&JﬂﬁwmmiLﬁmqmﬁu Lﬁ@L%@ﬁ’]Lﬁ]%iyangﬂﬂﬁﬂuvi@ﬁ’]Laﬁlﬂﬁ’lLLazaWM’]iLﬁaL?jaQBLU§BUL‘ﬁu
Avaiy 19 quiishana (5U71 2.1A, B uay O szwm’:tdmfmasﬁmmmsﬁmma TuFemth
uazuansenndiiendudindes auluiiaauiadudimae fuludnruasnauiuiud fu
(5UT 2.1D uay B) dalugentudinsdidifvisounansiysmsey naasyivlnmgasein
Lignansaasnenuasraiiomniuazeomshiifiowe Tnehldldnuansnieuenves
Tsaludiuvowmiue (ASYA Wavay, 2554; Ploetz, 2005; Thangavelu asaeg, 2015)

fmsmeeuilsansensislundreadusnlusandosamsaslud 1876 uaiins
fuflugruilsaidunassudamanuauniviedens fusen uaeiimesudnfalsaiuinly
UszmmmuaL:u'%ﬂﬂéfﬁﬁﬁuﬁﬂmwwﬂ@uﬂﬂé’wa‘hmuma Wy Usswaduininazdssina
U138 %ﬂd’guimyjﬁsuwaﬂqﬂﬂé”;wamuﬁﬂﬂﬁmmamwaﬁ%aﬁaﬂasjwuwiwawd'}
Fusarium wilt %58 Panama disease (Ploetz, 2005)

IuﬂizL‘Vl?111/]EJLENﬁi’]EN’maﬂm’iﬁ’l’i’mﬁﬁUﬁL‘ﬁui‘ﬁmﬁlﬁnLLaxﬁﬂLLSﬂL%E]ﬁ’IEI’]LMGﬂENISﬂ
Fusarium sp. 31N 24 %ﬁmﬁﬂqﬂiuﬁuﬁ 20 Fem¥n wuannsafauenidesls 6 viln Ao
F. equiseti, F. moniliforme, F. oxysporum, F. proliferatum, F. semitectum Wwag F. solani
Tnordednunenisduguine uarlufoandeirhidulseidnuazeinslumies
e warluitn esnnfidenugasusgluioddeseauarih uazanuisadauonls
Juides F oxysporum  (aA%%s, 2544) wazdaiseaululsumedy q invinednuuy
anslundesuaziiion lWaufwandrefdnuasdufisiwaziudume wu Tuussmady
asInundeneniifionnisvedlsamensie (Wu uaganiz, 2013) lulsemadulafidensae
WUL%@?’]?I’]L%Q F. oxysporum f.sp. cubense ELUﬂéI’JEHEﬁ’I (Purwati Wagmady, 2007)



2.1 wamsdnueraInisuadlsanensielunalstii anseguduiidulsalulssine
a PR A v = & o oA = ')
Bulatl@e: A, B hay C: a1nnsvedlsafdianwasluldsumdudugod g wagniu

€an
c
=2

luinee; D way B Woeneludundlreindulsaasududiiedaiinia
(Purwati waganle, 2007)

2.1.2 lsAwauLnsnlug

] 1

TsAkauwnsnlua (Anthracnose) n3alsanatul tulsaid1fuinules

aevdaniafuiies awnsnfaldvlundieveuuazndreinit faunauaindos
Colletotrichum musae (Zhu wazang, 2015) ﬁauimyj%wuiuﬁuﬁmmﬂ%’au mm%uqa
Snwreinsiuanadeiventonaznszaesuiilufuauuas wlufnedfudiudas
vowmandae eldfunnutualeiazseniasdvhaedenndsandululanesanou au
uoafiufugadd dni wdwerersnhiluiFes q (Uil 2.28) Wienndasdeududm
AdvFotnnaft vuiauarsuIavosunaiiinlsatuliutueu wndunanielindes
avnssetd azifuianadiimadflulseiulfieddufahnadurunadnegily Ui
2.28) vilmielunaiiluiian Uil 220 Wesasdwhansuuuissuunandaeiidslian



nardudiden wazesuaniainisveslsalienalegn duaidudivdewiong 0ansvedlsnag
JULSITUANANNENVBIRANT LTS aNNAY (MANS, 2535; Khan wagae, 2001)

JUN 2.2 UangoIMsiagan s uia vl sALB LS NLUAUNNANAIE; Ar SNUEDINTTSUAY
Jugmaeden; B: Winanh@dudlouwnalssumuty; C wradavgnsuunaunaty
(@enming: INed, 2561)

A51891udsn1TdITItsAINaINnatsveslsaLauLsnlualunale uzdig
Sle warduvdedudmindedvl nuilsauouunsnluaiiinlunesiag dile uazdundos
fiaumgunanites C gloeosporioides uarluiagislsnuauunsnluafifialundae daive
1N1NT031 G musae (Photita wazanuz, 2005) wasdalsreauiinsdauenides
endophyte Tulunday IuwuwawawuLqumwmmaﬂaLMW mmmﬁuaﬂm NUIEUNTAAALLYN
Lﬁua’i’l C. gloeosporioides wag C.-musae 14 LLaummﬂL‘naswm 2 ¥in mmﬁamﬂsasﬂu
ileidefivle (endophytic fung) uiiliuansennsvedlsasunitazegluanneiangas 1wy
GRIVHH LAz (Photita WAz, 2005)



2.2 L%’a’i'l Fusarium oxysporum
Fos1 F oxysporum IandaAusynIUIsUeLly
Kingdom: Fungi
Division: Ascomycota
Class: Sordariomycetes
Order: Hypocreales
Family: Nectriaceae
Genus: Fusarium
Species: F. oxysporum

Subspesies: F. oxysporum

WaLWIzLaBs F. oxysporum UU®INIS potato dextrose agar (PDA) didnwazlalatd
1717 Wewnufinduag wuleylindes dnisassaues 3 dnvaegRo microconidia  (FUN
2.3A), macroconidia (§U1 2.3B) uay clamydospore (§U# 2.3C) macroconidia @y

microconidia @¥1991nUane sporodocium  (conidiophore) maccroconidia fuun 27.0-

55.0 X 3.3-5.5 pm i1 4-8 lwad U3 lAY Uaneraesnuumanadieidien (sickle-shaped)
microconidia J9u1a 5.0-6-16.0 X 2.4-3.5 pm & 1-2 1988 5U3743 (oval -shaped) %38
sUepangle (kidney-shaped) chlamydospore @¥13agusianiuaevisessninaduly iy
HUALINaNa 7-11 um (Ploetz, 2005)

UM 2.3 uanadnuaigalasvedie F. oxysporum; A: microconidia. B: macroconidia ag
C: clamydospore

(ﬁu’l: http://www.promusa.org/Fusarium+oxysporum-+f.+sp.+cubense)

o F. oxysporum Tiusiueglufunien delselasidnluludedofialagnissen
germ tube vosaUasilulufivrumaanesinviemauiauna ntaudesavasaeules]
U pectate lyase (PL) uag poly-galacturonase (PG) flanunsaaansntiasadvaafivle v
Tideruaiqudiluegluriodidesemnsvosiigld (Nelson uagany, 1983; conidia wesde
sazuninsrarelasordunsinavesiwazansonnsluviodides dedl conidia d1uauann
Judsnaliiedndosgadu shlilianinsndndesiuarasomsludaduuuvesdudiols



Huamgyiliduiindeenmaiien wesihliaigiduladiniund uassundu wagdudune
Slodumeuazduas conidia uazidulouisdinaznduinganinuindennieusnuazaiungn
3nAulalaludu videilleans chlamydospore MlananTAvUsDan LIAEDN 2¥a1T0
yilvistufivndusnidulsaifienls (Kidane, 2008)

Tumsmuaslsanmensesinagldyun waadoumsveiun) safilaus viedady
fawazmyiaeiorndenainguedsa uiesnanadieniiuun@u (carbendazim) a9
vuuinafufiazUgnndae (eA3ud, 2555) aziiiuliinnismuaulsadsliamnsaniuaulsals
fodefiens wasfivserufinindenlivdauazummvesaaadminderiiangay o
mmmmwuL%yamLwyuaﬂiﬂlﬁﬁﬂiz?m%mwmWﬂsﬁu ANNINAABUUTEANTNNYBIAS
Jasturrindoslunissudininaiauenden £, oxysporum awvmvaslsaiiealuweuni
QU Immgﬂaﬁaimummi PDA ﬁwammiﬂaaﬁ’uﬁﬁmﬁaﬁ copper hydroxide, etridiazole,
quintozene, metalaxyl L&y pyradostrobin Farududu 0, 500, 1,000, 2000 ez 3,000
ppm U813 copper hydroxide fsvRupnududy 2,000 ppm mmaaaummimmm
L%asw F. oxysporum 1 100 Lﬂasmjum Iwum“‘w etridiazole Way metalaxyl fiszeumny
i 3000 ppm- anasadudansiatueidfesn . oxysporum 1§ 8550 uay 52.20
Wesidud muddu Semisldasadlunisrunulsaaziussdnsama winnsliluyiunui
wnidurrwddy oradsadedsanmiandenls (nsnssnuazasia, 2560) WHvntag
fvangemAdeiingrgmmislunserumilsameonselaghildaseilagnsaddeuldans
NN NNAUNY

fivanessauiTeidausnuasadeul szavsnnveudas Trichoderma #1833
wizdsatodn Wes Trichoderma sp. Mnmang Susendsanie 14 lelean anusadn
LLEJm%aiwmmé’ﬂwmzmqé’mgm‘imﬂé’ﬁ;\'ﬁwm 5 9iin A9 T. harzianum, T. aureoviride, T.
viride, T. _koningii - w&¢ T. longibrachiatum mmmé’uanmiw%mé’uslmaﬂL%@iﬁ F.
OXysporum f. sp. lycoperSIC/ DOAC 1258 launnnia 80 tuesifun dloafaienansiiléan
LGUEJ‘JWN 5 il ENmmmEJ‘UEN & Loxysporum f. SP: lycopersici DOAC 1258 1§ lnefiansd
annlelaian TMSO7 annsadudsnsasyrenienaieessaldafiandsedu 71.67%
Tuvagfiansonieletan TMS11, TMS14 way TMS15 g‘UgﬁﬂﬁiLﬂ%@LﬁUI@%@ﬂL%@iﬂaﬁL‘VH}]
voslsalddngnlndiAsafuiiszdu 70.90-71.44 Wosidus (3elsayl uazaniz, 2552) uazdsdl
nsindes T, harzianum - lunsmueslsamenseveandaetrinfiflaimgainidesn
F. oxysporum f. sp. cubense Tuaninudaslan neun 7. harzianum eantuaulunszans
AoUNIN wasimeUgnnéetilaglifuiifidenanguedsamegnadunssanaie
WuImAIIn 3 Weundamsimizlgn fundediugnlunseansdill 7. harzianum awnse
Wigivlalanandinseaneuan wazlinueinsmaesedly  (@ATvd wazame, 2556)
uenanmslFasatnndesilunisemuaulsamenneuds Sdnenuissdniamuns
ansarluduriiannity 4 vila fe Azardiachta indica, Artemessia annua, Eucalyptus
alobulus waz Ocimum sanctum fimudRdu 5, 10, 15 waz 20 Wesldus wuinfinnu
dudu 20 wWeidudvesansafnain A indica a1usnaruguidesiannveslsa



F. oxysporum f.sp. cubense lailusgansnmuniign seasnfeansainain £ globulus
A. annua 4ag O. sanctum MNa1RU (Mengane lag Kamble, 2014)

2.3 L%Ia'iﬂ Colletotrichum musae
o C. musae dpeuafusynsuistueyly
Kingdom: Fungi
Division: Ascomycota

Class: Sordariomycetes
Order: Glomerellales

Family: Glomerellaleceae
Genus: Colletotrichum

Species: Colletotrichum musae

dlamnzidsaunens PDA fdnuuglelatden i tinte aullsd (UT 2.4a uas
b) Wileudazaia conidiomata Adu fdnunsdufinadsiusguuduly U 2.4d, e was )
WU conidiophore (gﬂ‘ﬁ 2.4c a¢ g) koY conidia Hvunussana 9.5-15 x 4.5-6 um U39
3 (3Ufl 28h uag i) (Alizadeh uagAniy, 2015) 13871 C. musae anninnelsaldidosan
alosvendeumagmuan uazdnogilundae ililulisesandsn Raunansznefoondy
131374 LilepennaaUesazluiniivatenanasyinlimawin (wAns, 2535) uardEunsnende
ogfluitiaibovesiiald wiazlinansermsuaslan (Photita uagamy, 2001)

TutseAlnefinisdnsiafadedifudnisifnlsausuunsnlualndaedriluiiud
Jendauunys uasdgu 51903 wazUnusiid wulndesidudnisiialsnin ¢ musae
Aendamsiivifetegi 87.2, 83.0, 78.0 Uay 77.0 Wosliud mud iy (nens, 2535) uag
lunrsaivaslsakouwnsnluasinldansiniilvezivuailou (thiabendazole) Anvuvsaindau
fifnvewmandaeifiedudnisiaigvesdosanvnuesisa (Mehdi  2010) Snnsfnwn
Usednsnnaaenisluansiall thiabendazole, benomyl, thiophanate-methyl, prochloraz,
imazalil Tun1smivaulsalauwnsnlua wulrmsiunalgluansiedl imazalil Aadudy 250
pPM W 3 Wil ansnsnmugulspueuunIniudlan Lazloldfufumaiuinuluready
figuvigdl 15 esrwaldoa anusaiundrevienunu 30 Yu Iaefindrevenddannalyl
Wasudusimanenslsa uaziileusligniigamgiivies Aliusingenisvedlsauouunsn
Tua  wiillevihnsmsavaovansandanuiilansiaiinndnsegifiandie Jsdenaldesions
deannananndiguarddmadesoaninuinenluszezen?



1Al TAUNEIDIUNIELAS; C WAy g: conidiophore; d-f: conidiomata; h wag i
conidia (Alizadeh wagmady, 2015)

Tutgiuiisensiduneriunsidasm@anmietiuimuaslsaweuwnsnlugly
na7elaedls et maununsidarsiailunisauaulsa wu dinisuideuuaiiiseNan
wenlaanluadiu (Curcuma alismatifolia Gagnep) waginsauludswin@aslml umegeu

& Y aa =1 & = 19 &
N13AIUANLYRSY €. musae AEIaN1TmIstas we39d wudndeuenld 3 lelawan A
Bacillus licheniformis, B. amyloliquefaciens wa% B. subtilis @111508U89N151938) 003400
sanvelsaliuings 75 Wesidud uaziens 3 leluandiausaduiinissenvesales
Wosanmwaveslsalaunis 100 Wosiius (Mahadtanapuk wazAnz (2007) UeNINLTe

N a Y o a = v & . .

wupiiseuddalisneaudansididest Trichoderma harzianum lun1svageunisAIuAy
& . . . s g Y aa = S
\B31 Thielaviopsis paradoxa, C. musae Wwae F. verticillioides aI838N1IN1ELaEATDIIU
UAZNITVAFDUUURINAIENWUIN T, harzianum  @a13adusinIseenvedaUasue i T.
paradoxa, C. musae, \a F. verticillioides Tounds 100 wWasidud

wannifadinisihansadani@ininiiveldnivnulsaneuunsnlualundiy lagld
asafntuuIInig Solanum torvum, Jatropha curcas Way Emblica officinalis Wasfiu
M sldwnzifsateamglsn nuiaunsadugsmsasyvesdulenes € musae 1
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Imea15ainan S. torvum NAdudu 25 wag 50 Wesidud (w/iv) aansadudenisiasay
GuaqLsuaswmmmisﬂlmamqwiuawﬁmw LLauEJQGU’JEJEJ@@WEJ"U@\‘iﬂmEJIMENL"UEJﬂWJ’]WUHﬂ’J’]LaﬂJ
16-20 U (Thangavelu tazAng, 2015)

2.4 L%aiﬂﬁqa Neosartorya
L%aiﬂaqa Neosartorya 3unaua1eUaLNsLisuegly
Kingdom: Fungi
Division: Ascomycota
Class: Eurotiomycetes

Order: Eurotiomycetidae

Family: Trichocomaceae

Genus: Neosartorya

Fosnana Neosartorya LﬂuL%jai’]ﬁa@luﬁﬂwmzﬁuﬁuﬁ:mumé’i’smeau%ﬁ]i'}aqa
Aspergillus 1a35yegunendsddin wumnluluu it Jousin gade’ (Samson wazany
2007) Inevhaluidnuzlalaifousdvn am atn aufavdesseu (U 2.5A uax B) fidoog
ludnyaizn1sFUNUSHUURAUMAAINN 04519 ascocarp WUU cleistothecium  JUT19AR"
09U widenun (’5‘1J‘171| 2.5C waz D) ascospore il ridge WU 2 equatorial crests (g"d‘ﬁ 2.5H)
LLa.uasﬂ,uaﬂwmymﬁauwuﬁuwiummL‘Wﬂ 9¥aWN304579 conidiophore ﬁé’ﬂwmvlﬂmmq
A5 9 conidia #13U3193 (Yaguchi uazmAmg, 2010; Poeaim Uazagiy, 2016) Lsuaimﬂa
Neosartorya UNE?U"U&&’]@J’WQLU@EJUE‘ULLUULﬂuamﬂmwﬂﬁﬂUWUﬁLLU‘U@’lﬂﬁlLWFTVLWLLI@
wneiiesluesTiszan (Samson wagaas 2007)
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gﬂ 25 LLamaﬂwm“maammmmwaqwaiﬂ Neosartorya hiratsukae; A wag B: lalail
G]WUVUWLL@JQI@UW]UW@Q VUBIN1T PDA ‘VIQEN‘VIQJJ 25 E]\‘iﬁWL‘daL‘UEJﬁ L‘Uuizaznm
59 C ascocarp Via%mumﬁﬂa; D: ascocarp; E way F ascus; G, H uag I:
ascospore (Soytong Wag Poeaim, 2015)

LAY waYAMY (2553) i'lsmfmﬁqmswm%aiwaqa Neosartorya Tutuszialngainiu
Uinanindou AunInnwns wasAINUVEWg 9 210 13 Swmta S1uam 7 a03d Ae N
delicate, N. fischeri, N. glabra, N. multiplicata, N. spinose, N. quadricincta &g N.
takaii vlnsldhidenluanatannsonuldilvlufuifeugauauysel uasduunli
flazanunsanuaudouldae wesimaasulssAnamnisemuuieaauadlsadiy
Fe3EMsIIABNT a3 NUINTes1 Neosartorya v 7 aﬂ%émmiammwﬁaﬂmmm
voalsaiNY Bipolaris maydis, C. capsici, C. e¢loeosporioides, F. oxysporum LLau
Pestalotiopsis 16 30- 40 Wosidus uenani Gomes kazAny (2014) Fefinsfnuenides
@na Neosartorya ﬁﬂﬂ‘Lﬂ‘V]‘“La mmmﬂml,smlfnaﬁ N. paulistensis, N. laciniosa Wag N.
tsunodae wavaINAUEINIORARENTET1 N. fischeri uaw N. siamensis waznuinasarilu
%uﬁ’mmﬁ'ﬁyai'} N. paulistensis ﬁﬂiﬁm%mﬂumigﬂgﬂ Staphylococcus aureus, Bacillus
subtilis, Escherichia coli wag Pseudomonas aeruginosa Tun1snaaauna83d disc
diffusion wazdaisteerunisnaaeunisldansatanenuannides N. pseudofischeri,
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N. quadricincta, N. multiplicata, Eupenicillium parvum Wag Gelasinospora brevispora
wagansasaveuludy ethyl  acetate mmsamuqm%aﬁmmmaﬂm Pythium
aphanidermatum, Phytophthora palmivora, Alternaria sp., F. oxysporum, Sclerotium
rolfsii, C. gloeosporioides, Lasiodiplodia theobromae, Helminthosporium maydis Wag
Rhizoctonia solani wa¥ 5&ﬁﬂ’]i§’]ﬂx‘l’]ﬂﬁﬂﬁﬂiﬁﬁ@%ﬁﬁU%u ethyl acetate mm%aﬁ
N. pseudofischeri KUFA 0060 fiarududu 100 ppm mmmmmﬂmsﬁasﬂmmmsua\ﬂiﬂ
P. palmivora Wag C g(oeos,oor/O/des LLaua’liﬂﬂﬂmeGﬂu ethyl acetate ’mm“tia'i’l
N. quadricincta KUFA 0064 #A1ududu 10 ppm mmmmuqm%aﬁmmqim
P. palmivora wag Alternaria sp. laeg1eiiusy@nsnin (Boonsang wayaady, 2014)

2.5 L%@Sﬂaqa Talaromyces
es1ana Talaromyces Tuungusfveynsuisueyly
Kingdom: Fungi
Division: Ascomycota
Class: Eurotiomycetes
Order: Eurotiomycetidae
Family: Trichocomaceae

Genus: Talaromyces

& 4 & A 1Y) &4 o & o &

\Wasana Talaromyces Uuidpsiegludnuvarnmsduiuguuue1fuinmvedes
Penicillium anansanulalumniiy sandainiuandueguiinaiinu danvauslaladdvnis
WA ATH VAW WYY Wazduwed (U 2.6A  Uag B) aunsanudnwugnsduiuswuulyl

o = i PR a . OP & v I3 a

pdenalalaeil conidiophore WYRLIBULAZUTVIL U phialide 2 wU aUUateLEn U1ITUn
phialide #Fuwdigl (5U 2.6C wag D) asexual spore (conidia) d5Usianau fis3 (UM 2.6E
wag F) diudnuaensauiuguuuefAuinalzny ascocarp IdnwazadnggiUnliivesdn
sUsenan Taedintaiu ascomata 1uduleuns g ascus gusImdnely (U7 2.66) U35q
ascospore 8 9 dldnuaznaudss Wil ridge (3N 2.6H wag I) (Samson wavAny 2007)
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2.6 LANIANBUENNFUFIVINGIVRUYBT Talaromyces flavus A way B: laladl
Auniwaglaladamunds uuemns PDA figauugil 25 asrwaldea Lan 5 u; C

Ly D: conidiophore; E Wag F: conidia; G: ascus; H Wag |: ascospore

(Yilmaz wagague, 2014)

fgunsAnLenidesn Talaromyces Tuuszimealng wuliesianaills 13 al¥dae
T. austrocalifornicus, T. flavus, T. bacillisporus, T. helicus, T. macrosporus, T.

trachyspermus, T. luteus, T. indigoticus, T. stipitatus, T. rotundus, T. wortmannii, T.
tratensis Wwag T. thailandensis F@1u1safaLenlanieds soil plate, dilution plate,
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alcohol 1@y heat treatment A1891%15 Gochenaur’s glucose ammonium nitrate agar
(GAN) wazfinw1ansniegiiains 7. bacillisporus  @11150@319815 oxyphenalenone
dimers wialul 1&ur bacillisporin D waz E uazdnwidiesn T. flavus $1uau 20 lelwan
Wudﬂa"suimgmmmﬁugaL%aiwaﬁmmaﬂiﬂ P.  parasitica, F.  oxysporum,
F. semitectum, C. capsici waz C. gloeosporioides l#f wildlanunsadudados
Lasiodiplodia theobromae, Rhizoctonia oryzae Wag Sclerotium  rolfsii Toluann
ol URN1T Ba wavane, 2550)

fisenuicssansnmeendos T. flavus GiamimwuL%@iﬂmmmaﬂiﬂé’wﬁu
\Whwesda Sclerotium rolfsii waslsamdieaveusidowa Verticillium dahlia wud%%am T.
flavus aunsamuaudieawnueslsai 2 38alé (Madi wazany, 1997) uazdsanunse
muqm%@m Verticillium dahiae, F. oxysporum f.sp. vasinfectum, R. solani Wwag C
gOsSypii ‘1'7iLﬂumm@ruaﬂ'ﬁﬂiuE]whamwﬁmﬂﬁﬁﬁmi Tnevadausiedtmnziasadosiuuy
911113 Czapek agar (CZA) way wheat grain media WU 7. flavus mmaaé’ugamaw‘%zy
¥93931 V. dahiae Wag F. oxysporum Lmlajmmmé’ugﬁﬂwsLQ%@maq R. solani way C.
gossypi lg Jun wagAme, 1999) Huang uazAmy (2000) dawuansi T. flavus @150
AIUAN  Sclerotinia sclerotiorum ﬁL‘ﬁummmaﬂiﬂ white ‘mould 28987 dry bean
(Phaseolus vulgaris) Iuammmmﬂgﬂﬁﬂizmmmmm

%Lﬁulcs’ﬁ%%aiﬂaqa Neosartorya wa Talaromyces 1A31ua1115atun15AIUAY
lsaluiignatgydala insvlinaaudife dndsaveinul auisanuguvgigiuasnu
LoanegeslutunounIsRRLEnTaRe3a alcohol waz heat treatment WazdiaN1308579
ansniegioonindudanisiSayuesdenavemadisalufivig 4 1 viuAsedisaulaiosdn
LLsmLLazﬁﬂmﬁanzﬁm%mW%ﬂL%amaqa Neosartorya waz Talaromyces Tumsmuam%
savmuaslsamensisuaslsaueuunsiualundeihuzdses
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A5N15ANHUIUIY

< o 1

3.1 N1FNUNIDYNY

3 v 1 t4 A a [ = N @ I d'

uAeganalefiialsanense tnedunnaneinsluies Wasuldudmaes e
v o ¥ & A a a QA = 3 o & A Y o a v
ArvaunuLlelaneluildsudiludiniahna dadaigengluiuiiialsn uazdn
weneriudl waglsaueuwnsnlualaaiiudiegnmandeiiulsn dunngeddfiinuuna
nane aniuimnzUgnnanesluuinadmingnssaysuasdminlnaifes lnaiumegidlse
MENIIEY 10 Mog1e Laziiod19lsalauLnInlug 10 (19819 SIUEuNUAIBE19RUNE
YunAnkeNesreiuIniummizUgnnaieitliialsausindminanssuysuazdmin
Indifies IneliufmegednaninAudszana 15 wufiuns

wazlasuanueyAsIiesisen udiuiu 4 lelaian Ae Neosartorya aureola

CHAO1-A01, N. spinosa CHA09-AQ1, N. fenneliae CHAO3-All wag Talaromyces muroii
CHA03-A03 970 7.9, aWn31 InGLBEY N1ATYITIINET AEINeIAmans andumalulad
WILIDUNANAAUNINTAIAN 2T

3.2 \p5esilouazgunsal
3.2.1 agarose gel electrophoresis
3.2.2 alcohol lamp
3.2.3 autoclave
3.2.4 balance
3.2.5 centrifuge
3.2.6 cork borer yuALEUHUAUENA 5 TafknT
3.2.7 DNA thermal cycle
3.2.8 flask
3.2.9 hemacytometer
3.2.10 hot air oven
3.2.11 incubator
3.2.12 laminar flow cabinet3.2.13 micropipette
3.2.14 needle
3.2.15 petri dish ¥u19 60 kg 90 UaALUAT
3.2.16 rotary vacuum evaporator
3.2.17 separating funnel
3.2.18 slide uag cover slip
3.2.19 light microscope
3.2.20 stereo microscope

3.2.21 spectrophotometer
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3.2.22 vernier

3.2.23 vortex mixer

3.2.24 water bath

3.2.25 test tube UM 0.2, 1.5 Wag 50 Uaddans

3.3 @154Adl
3.3.1 ansiadlifldlunisAnudnuaemedagwingveaden
3.3.1.1 @au lactophenol cotton blue
3.3.1.2 91%197 rose bengal agar
3.3.1.3 91119 potato dextrose agar (PDA) (MANWIN N)
3.3.1.4 97119 malt extract agar (MEA) ivdin 40 Wosidud sucrose
(n2ANUIN N)
3.3.2 aswadldlunisanaduenaswaiia polymerase chain reaction (PCR)
3.3.2.1 10X standard Tag reaction buffer
3.3.2.2 10% CTAB (21ANUWIN ¥)
3.3.2.3 2X CTAB (21@KUIN )
3.3.2.4 3X gel loading dye
3.3.2.5 agarose powder
3.3.2.6 chloroform: Isoamyl alcohol (24:1 v/v)
3.3.2.7 deionize water
3.3.2.8 deoxyribonucleotide triphosphate (dNTPs)
3.3.2.9 DNA ladder w11 100 fLug (VC 100 bp plus ladder)
3.3.2.10 DNA ladder vw1a 1 fAlatua (VC 1 kb DNA ladder)
3.3.2.11 ethidium bromide
3.3.2.12 ethyl alcohol 70 Lag 95 Uasidus
3.3.2.13 ethylene diamine tetraacetate (EDTA)
3.3.2.14 liquid nitrogen
3.3.2.15 Taq DNA polymerase
3.3.2.16 TBE buffer (n1ANUIN )
3.3.2.17 TE buffer (nAxwIN )
3.2.3.18 Twsweslusumis ITS was B-tubulin Fdwuiedlelnddmsad 3.1
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a9t 3.1 Tnswesildlumain Polymerase chain reaction (PCR)

Twsiues aneuiinealalng 91994
TS1 5’-TCCGTAGGTGAACCTGCGG-3’ White Lasans
TS4 5’-TCCTCCGCTTATTGATATGC- 3’ (1990)
Bt2a 5" GGTAACCAAATCGGTGCTGCTTTC-3’ Hubka way Kolarik
Bt2b 5’ - ACCCTCAGTGTAGTGACCCTTGGEC -3’ (2012)

3.3.3 aswndlildlunisatnansataeuainides
3.3.3.1 dimethyl sulfoxide (DMSO)
3.3.3.2 ethyl acetate
3.3.3.3 hexane
3.3.3.4 methanol

3.4 3/N1INAADY
3.4.1 nMafauenitenielsneneuaywousniudlundieuasnsvidlfideusans

miﬁﬂLLEJﬂL%@iﬂﬁ?lﬂﬂ@fﬂ@ﬂiﬂ@]ﬁﬂﬂ/\liw Fusarium  oxysporum P83 Tissue
transplanting technique (Zheng uazaniy, 2018) Tnedndwilaidefiinlsaiidniuiiede
Unfinaasuue1vns water agar (WA) Udigamniivios wazdunmdulovendeniiasyan
dadefiwlusudiinlsn Anawsznn 3 Tudlefidilavendossensenainduiloded
Aolse Wadulemedinds (needle) §easuuemns potato dextrose agar (PDA) &una
Snvalalaiveate Sednvusiduioriiduledsn wanudsnduiininnaidelaild
nanUseann 3-5 Fu aldidouian’

nsdauenieaivnvetlsaLouwnInlua Colletotrichum musae #1833
Single spore isolation  (Alizadeh wazpme, 2015) laswandrefiinlsaunly moist
chamber figamaiivies 1uian 3-5 fu dedunmitudingnidduseuusnaunaiiialse
Feanhnduiiiunsande wasnennselaavedasuuems WA Unfigamniivies 9N
dunanssenvesaUaimelindesganssm 1uaUesiisaniunueimns PDA uazdanndnwos
Taladfidudulodumion waswasududduannardalad figumgll 25 ssmuwaldea
naUszau 3-5 Ju au"Léﬁau’%qmé

3.4.2 Mafanenteaniulass soil plate wagnaviilideuians
thiegeAunuendelngds Heat treatment TagtidegnsiuariuaIg
Youdigamadl 65 ssrwaidea 1Juia 30 Ui uag Alcohol treatment Tagtdioesiu
wilu ethanol Amnudadu 65 wWedidus Wuan 30 wift wagyinsuenEedEeIMS rose
bengal agar Tnehiogsinldauemsidoudefiiunisandouds Ussuna 0.25 n3u w
mmiﬁsghL%@LLﬁaﬁqmmﬁﬂismm 45 pemaaldod asluaemsiaeade (pour plate)
uEamyuIIue T Asnte WeldAuuazemisnszatediiae s Yuliludidad
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QUNNIVIBY (25 Berwalea) (Hong uazaniy, 2010) dunanisiasyvadlalailidesmniy

9 Y

a

Junan 15 T deillaladventeosinausdn A3 wdosoeu waes wazduusingiu 149au

a

Wesnvaulalatignuasuue1is PDA dunpanwazlalatl dlalatl n15a319 ascocarp Hay
Snunuzues ascospore Sndasngy Neosartorya azillaladifauddun wn a3y audunies
gau aaidnuuznay dRSeunIvuseadeivuy & ridge (Samson wazAE, 2007)
waxdasngy Talaromyces willalaffusdindosoou indes & uazuna adasilysss 4
HALS8UnSe3vse (Yilmaz wazAny, 2014)

3.4.3 MaAnwdnuEnEgUIneeNTe

Anwdnuneyedugiuineivendes £ oxysporum way C. musae Tnstinde
Aesuuoms PDA e 10 fu flgamgd 25 ssmueadoa dunanisaiaivlnvesde
51 dnvauzlalall wdule wavadss lasnsivaeunielindeganssal uasAnwidnuaeni
duginewendeluana Neosartorya wa Talaromyces lngindieunidssunevs PDA
LAy malt extract agar (MEA) 7lldisl sucrose 60 Wosldud 1unan 25 Yu figauvnd 25
pswaldoa dunensiasayivinvendes dnunelalad Wile uwazaUs? lnansiadeu
aelandesqanssail

3.4.4 MY emedsudanalelng
3.4.0.1 msanafdwe (Doyle Wag Doyle, 1987; Suksiri tavAny, 2018)

YmswzEsatauueimis PDA Wiaan 10 Su ﬁqmmﬁﬁm YALE AU
lonagualiaziBunmelnssunel lnglalulasiauwan uwagnauiu 2X CTAB buffer 600
lulasins wasilviidiu shludsisnsnuauenumadiigamnd 65 esmawadea Wunan 1-2
Flus vitelmduansazaraiiodioaiu Wu Chloroform : Isoamyl alcohol (24:1 v/v) 600
TulAsang el 9 divdusieafininudaseu 10,000 seuseund WBuman 5 wadl wenien
dula 1@y 10% CTAB buffer 50 lulasans wag Rnase Aududy 20 lulasnsuseliaaans
Usuns 2 lulpsans wagiiy Chloroform : Isoamyl alcohol (24:1 v/v) 600 lulasans unly
Juniieafinnudiseu 10,000 seusiewnd Wuvan 5 wiil wenenduladuuu annznaud
Budne isopropanol - TutiEy Wi 1.5 iwesUSunsdiulanls ﬂuﬁqmmﬁ -20 9371
waLged 30 unil JumisefinnuiEaseu 10,000 sousoundt Wunan 30 und aremznoun
Buasie ethyl alcohol 70 wWasidus 1,000 Tulasans Juwdssd 14,000 seusewd iy
na1 30 Wit ramzneuiduesnadadng absolute ethanol 1,000 lulasans duwiesd
14,000 saUMdUIT WuwIa 30 Wil 1 absolute ethanol 9 anazneuALE U UL
gaunnivies axarepznaufdwese TE buffer 30 lulasdns MntunsIedeuUSINaLaE
Qmmwmaaﬁﬁmaﬁw%% agarose gel electrophoresis i agarose gel AMMLTNTU 1.0
Wesidud (wa) Tu 1X TBE buffer fiausnadndgluilh 100 1aad Wluan 30 unfl Tne
Wiguiiguruaiufiduennsgiuuuin 1,000 Auua deuame ethidium bromide (10
lilpsnsurefadans) JausunafiBuiede spectrophotometer fiAnueIAdY 260 wax
280 wluinas daiufiBuetigamgil 4 ssmivaldea
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3.4.4.2 MsdiuUSinaiduesiawmaie polymerase chain reaction (PCR)

mMsiinUSunafiBuedewada polymerase chain reaction (PCR)
Tnaufinsuauidueuing TS dmsuidosinelsa F. oxysporum (Zheng uazani, 2018)
waz C. musae (Alizadeh wagaug, 2015) Wazusii p-tubulin dmsues Neosartorya
wav Talaromyces (Hong uwazmmz, 2010; wous, 2558) lagldlnswesansed 3.1 Tu
URATe PCR U3unns 25 lailasdns Usznoufeasifimnudutuanviefe Mdue 50 w
lunsy, dNTPs 0.2 lulasluans Iwswwes 0.8 Wialuans woulesl Tag DNA polymerase 1 gl
narefiaddns uay standard Tag buffer 1X sefiaddns wazvinisiinUSunafduely
RILAUS TS @n19EMInN51991 3.2 wasiunus  Btubulin @n1efenn3199t 3.3 9Ny
ATIVEDUVUINVDINARA UG 15ALID agarose gel electrophoresis Tu agarose gel AW
Fudu 1.0 wWesidud (wa) Tu 1X TBE buffer imnusadndliln 100 Taad 18unan 30
Uil WisuifieurunadisuleAufiBuloNInsEINIUIA 100 ALUE AUSNYIHAREATIT015
Vil 4 BamlYaLTea

3.4.4.3 nsmaudiiuSTeatesedtundlelng
nandnfigensnltalumaisuiiadlolndil Bioneer  Corporation
UszwAnvd inasdnsesaduiianalelvddiew3euifisu multiple  alignment  #ae
Tusunsu Biokdit nduidtuiandlolndléuioudeuiugndoya GenBank las
TUstng BLAST
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AN51991 3.2 Lansan eI lun SN US U Rdue SN ITS (White wazande, 1990)

Junau QaUNNY 1281 UIUTOU
Initial denaturation 95 DeATALTYE 1w 1 50U
Denaturation 95 DeAALTYE 1 W%
Annealing 50 DaFaLTYE 1 W% 35 50U
Extension 72 DA alTYE 2 Ui
Final extension 75 peAaltyd 5 Ui 1 50U

A15197 3.3 wansan e ldlumsiindsunaumdueluusimudy s-tubulin (Hubka  way
Kolarik, 2012)

Funou gaumail 1281 I1UIUTDU
Initial denaturation 95 By YALTYE 3 Ui
Annealing 55 4ALYaLTYE 30 U 1 50U
Extension 72 peALsaLTed 1 Wil
Denaturation 95 DIALTALTYE 30 W
Annealing 55 pIANYALTYE 30 U 35 89U
Extension 72 peALsaLTYE 2 W19l
Denaturation 95 DIANYALTYE 30 U
Annealing 55 DaALTaLYd 30 AU 1 594
Final extension 72 DA aLTYE 1 U

3.4.5 manaaeuysedvnmlunisnelsarentostavlsalundae

TumsnageuUszansnmlunisnelsavendesn  Fusarium  oxysporum
(USuUg991n Purwati uagae, 2007) Tnnsnageulasldluanvesndiaihiusasesiiiony
wazdvaslulnalfesiy drlundedauudlidoninuseann 20 WUALIAT NANEEe AR LY
Frethnduiinunisahd@e anduldifudeatraunauulundssuay 5 wia Tilszoyinavia
5 A ('gﬂ‘ﬁ 3.1) ¥MInades £ oxysporum f.sp. cubense ﬁﬁmq 5 94 VU913 PDA
Imé’f@%ﬁué”m cork borer YuALEUHIUAUENAT 5 HAFLIAT AIUULHA aﬁ’mu 4 %1 wazsn
ﬂ’JUmJIWEJEL‘UGUUUUVIhJNL%@i’]ﬁ%%@]“ﬂ@ﬂiiﬂ Mn1sunlu moist chamber wam‘vmm 25 84N
waded Wunan 5 5u Savwaunanadiuniisuazauen wazdndendes F. oxysporum
flanunsonolsagunssiian 1 lelwian
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&

Control e Wasdmalia

JUN 3.1 uandismmeaeulszdnsamilunisnelsavesdesn F. oxysporum uulunde

Tun1snaasulseansninlunisnelsavonde ¢ musae (USuUge91n
Purwati uazAfiz, 2007) nnanadeulaelfaanuasndreiriuedvesitony wun uava
vowalndifstu dinandsumiauaroafadisndufiiunisanide ndulfidude
asNUNavUNanmIENaaz 2 uia Tillszagrniayin o fu (g‘dﬁ 3.2) 13198051 C. musae
fifleny 5 5u vuoms PDA Tnefatuiude cork borer vuIAEURIUAUSNATS 5 Taims
AaULLNE F1Uau 3 91 wasiaeualaeldtuiuiilbifidesaugueslse inisuslu moist
chamber figaungfi 25 ssrmiwaidea WWunat 5 Fu fevurnuranafuniuasdue uay
fadonidion C musae fianunsanelsaguussiian 1 lolwan ieldlunsvaaouduneu
moly

5UN 3.2 uanalsmvegeuuszaninmlunisnelsaveuteas C. musae UuNandY
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3.4.6 MavpaeuUszAvinussdorafutenisaunudenaiglsalundae

neanuNITAIUAILT BT AR UedlIa Fusarium oxysporum Wa
Colletotrichum musae Iﬂ&JwL"gaswiaﬁmﬁa L%@i’ﬂuaqa Neosartorya wag Talaromyces
FeisnsiEsdesay (bi-culture) (Sakunyarak Wag Satithorn, 2014) Imaﬁwﬁammmmm
TsAuazidosisesuauueng PDA Aifiony 10 Tuld cork borer vunaduruguinans 5
Taduns GIWU‘U’J‘L!WHL‘U@i’]UiL’JﬁUGU@UIﬂIau mwmummLﬂjaswmmm’mawumwuwaq
9193 PDA wagnstuiuvendendeduadniumisotemns Wilszesing 4 wufiuns
yhnsidsadonannguassdediuuenainiuue1ms PDA  iilelfidudaiusuidiiey
(control) ¥IMN1sNA@aUKUU completely randomized design (CRD) 31u3u 4 1 Unanu
oslAsuTesan figuungdl 25 ssAnyaLded 1Juian 25 Fu 1ilosann
esluana Neosartorya waw Talaromyces wiggiulatnindosanvnveslsaiis 2 ¥ia
(wous, 2558) Lilansulaniudinuaveiventenaivavedsaiivufuauisuiioy
Aunasneiifudinmasudimainsales a1ngns

Gl = R1-R2
R1

x-100

Toefl R1 e SunuadesventesawmglunuevnaUsudiou uaz R2 fe
ﬂﬂmuaﬂa%awﬁjmﬂmLwﬂumuamm?:ws?}jaiw

ﬁwmsﬁmﬁaﬂL%@i']@iaéhuﬁﬁﬂizﬁm%mwmﬂﬁqm’l,umimw]mL%ainmm&ﬂﬁﬂ
v 2 win s 3 lelvtan devhnisadnasuasnnaeulusuneudely

347 mimaa‘uﬂisﬁw%mwmmmsaﬁwmumﬂL??@ﬁiaﬁwuﬁiaﬂﬁﬁﬂaU@mL%am
anvedlsnlunany
3.4.7.1 maaﬁmmsaﬁwmummﬁaiﬂ (Soytong wag Poeaim, 2015)
é’mLﬁaﬂL%@i']m'aéfmﬁﬁuwﬁﬁmw‘lumsmmmLsﬁaiwml,msuaﬂsﬂﬁu’a

2 ¥ drannidssluems potato dextrose broth (PDB) USuas 10 fiadans tJurian
30 fuioriudSunandulodes nsewendulsrendes sulvuisluaiesevaniou i
gaungfl 45 asreaidoa unen 3 Yu pntuindulefuiudunualiasdondeinios
Ju wtlu hexane TutSina 1:1 wA) W@unan 5 Fu nseueInIneendiensznunses
whatman wes 1 iarsazanglunendivinazateie rotary vacuum evaporator Agloans
afatu hexane mﬂuumﬂ'mmlmmﬂﬂ'ﬁﬂsaalﬂaﬂmmammmmuawu Ag ethyl acetate
ey methanol ﬁlulmaﬂsaﬂmju ethyl acetate Wag methanol MUY SUUG]’EJ‘Im’ﬁﬁﬂ@ﬂ’ﬁ
aﬂwmumuwumgﬂw 3.3
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STWAURIYINaTANY

AN5aNANLIUTU hexane

W 5 U I
AN
annmie ethyl acetate o
W 5 U
3 b
JEMEAINIazans 0

l

!

asanaveIuTU ethyl actate

anmnae methanol

W 5 Ju

JEWERAVIREANE

l

ANTANAMBIVTY methanol

10N

5UM 3.3 unudsiansduneunisaiaansanne1uaInaesHefiu

3.4.7.2 N1IVAARUUTEANT ANV TANANYIUABNITAIUANLTDTIALVAYRN

Tsalunaie

mﬁ‘wmaa‘uﬂszﬁm%ﬂﬁweuaﬁmiaﬁ’wmumm%aiﬂumsmuam%aﬁ
mmmaﬂm Fusarium oxysporum ka% Colletotrichum musae (Soytong Wag Poeaim,
2015) Tnvthansafaneudldainde 3.4.7.1 mmaseunisauamidionainguesise luns
Wwisuasainldeaviazats DMSO (Dimethyl ~sulfoxide) fimnuidudugavinglaiiu 2
Wosiudidusvinazans Tnethansatnuenulusu hexane, ethyl acetate way methanol
wazanglildradudusing 9 sndushmuauisefuaududu 0 ppm Yimsmeaesuuy
completely randomized design (CRD) 3717 3 1 WuLuu 3 x 6 factorial experiment

P

A9
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Uady A Ao slinuesansann
Al = ansafanenusu hexane
A2 = ansafinvenudu ethyl acetate
A3 = @nsafamenudu methanol
Uady B Ao sgAuAMINTUTRIaTann
B1 = A2MALTNTU O ppm
B2 = A2MULTNTU 10 ppm
B3 = AIALTNTU 50 ppm
B4 = AIMALTNTU 100 ppm
B5 = AULUNTW 500 ppm
B6 = ML IUTU 1,000 ppm

thansatafiszaumnududusiig o NEUfuemITaee PDA waziildileided
anusille 15 Uoudsionnsnaiia aaumadl 121 esmwaidea Wwan 15 w1l 11e1mns PDA
fnautuansataneruilsniends wldimemismades seauewnsuds greduiuilide
S1anRveslsa £ oxysporum wae C. musae Wnglyd cork borer aunadURIUALENA1 5
fa8WIAT 19MTNANIIUD I TALUTE Undigamnd 25 ssrnealdea [Wuan 7 fu Tudin
nalpenuinvedialaduazfusiuanalediies F. oxysporum wae C. musae Fuammn
Wasdusnsdudsmsadislalail uaviosduinmssuiinisasades NGNS

Gl= R1-R2
R1

x 100

Tnedl R1 Ao sunadurhugudnansedlalaivioswiuaUesvedosianvmuu PDA
fsgdunuitadiu 0 ppm (AuAN) Lay R2 fo U uaugnanvedlalatdviediuiu
ﬁUEJ%sUENL%JE]inL%G!UU PDA luanusvsnnasuiiseiuasdudusiig y

s zvideyaieds Duncan Multiple Range Test (DMRT) fiszfiumnndosiu p =
0.05 wavFuue effective dose 7 50 Wosidus (EDsy) Aoszaunnudutuvasansi
annsadudinisadrsaUasls 50 wWedidud @ilesidusmssudinsatrsavesunnnii 50
Wosidus) melusunsy Garphpad Prism 8

3.4.8 MTIATILAMENTANALAE Gas Chromatography-Mass Spectrometry

thansadavenuiiissansanlunsauaudesianvnuedlsalundaes 2
in 3Lﬂ§’wﬁmm'ﬁﬁ’lﬁiyﬁ’wm%ﬂ Gas chromatography-Mass spectrometry (GC-MS)
fiqudiadesiioinemans auzinermans aadumaluladnszaoundingunyis

AnNILUY
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NAN1SIYLAZN1SAUS19NE

4.1 wan1sfausnidadednuazeduguine
4.1.1 wansfauenidenanmamedlsanense
MnnsfRLendaIndetsiundeiidulsanienss ndminansang3
uAsUgu 31903 wasmasysal anun 10 foga Sedanmennisvedlsnaindnumuzniaiies
vodlu Afluifiondudindes Uil 4.1A) andudndundrefiduilivgruindulse iedans
doemeludy nuiodemelusundsudaindun duiiasdahne U 4.18 wag O
dethundauenitosdeds Tissue transplanting wudaiishegnsiiwiiidulsaiianunsadnuen
Foslédvanua 8 faeee Tasludaognsfivnndaminanssnns 3 dae81s unsugu 1
M0819 IYYT 3 A0 wazinesysal 1 fees fsanmnsodauenidonidiun 8 lels
1an wansanuiiuaslelaniidnueonlansmsned 4.1

JUR 4.1 uansdegrsiundreidulsamensie A o1nsluiiendingdes, B way C: oo
Meluaundieiddleniadinia
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A151991 4.1 Lansiu a1 anunlunsiiusiegsivAldulsanensie waztislolatanaias

Adauanls
Fuilfiudaagng sonuiifiudaagng ADE1INY \Wesiluenld
03/01/61 2.4il09 A.nsysal PB-01 BAFC-01
18/03/61 2.1n5197% 2.5793 RM-01 BAFC-02
18/03/61 9.ANINEY 2.uATUTY NP-01 BAFC-03
18/03/61 2.4i189 2.919Y3 RM-02 BAFC-04
18/03/61 9.4i109 2.5793 RM-03 BAFC-05
30/03/61 9./ 2.FNTINYI SP-01 BAFC-06
20/04/61 9.4 2ANTIUYS SP-02 BAFC-07
22/05/61 2.07UT9 2. ANTTNUT SP-03 BAFC-08

3

Mnsegndundeiilulsanensie 10 faegns aansofawenidosidludnume
Fenfudnu 8 lolwan Tnglutag 3 Susnudsnuuigamgdl 25 ssriwaloa vue s
PDA Teladlaziidulodun uazidlenan 5 fuawSuAsuiduding (5Ul 424 uaz B) Tng
macroconidia &g microconidia a319l#a1n conidiophore T&nuaizidufuiussnuiain
wdule (gﬂﬁ 4.2C, D, E 4w F) microconidia ddnwaue3 sUsnsaanale (kidney-shaped) & 1-
2 1988 TIAUITUIeL 3.46 X 8.28 um (g‘dﬁ 4.2G wag H) macroconidia danweusl3eie1)
Uanerhdesmnuldssendnendion (sickle-shaped) & 4-8 1wad sunmdsvanas 3.15 x 17.25 um
(3U7 4.2) - waz  chlamydospore Wusgusaaeviiasenitadule UsNnay vum
Us¥anad 7.25 um UuawnT PDA @nansatasaiulnlaisn

Tuusaefuilansaduendoldinuaensdaguinerdendaiu 8 lelaan
Fagonndeaiunuiseiisenuiinisnulsanensigluituiisn @ luussndlne Anudu
nérelaganzndroiriuindnvarenisluieadudindos Sudune iedevesite
Wasuludihduhna devimsiauendeseds tissue transplanting wuinaunsadn
wenlddudes F oxysporum fsp. cubense (9A3%A WagAne, 2556; Thangavelu Way
AgLy, 2015) uardiaenndestunuyiteves Maryani wavAnie (2019) IAnwdnvasLazAIY
vimﬂmwmqﬁuqﬂﬁmaqﬁasﬂ F. oxysporum f.sp. cubense Tuuszinadulailife wuin
fundrefiennisluiien wasdlendmrnaifodomeludioundudiduihmauiy dedn
wen@enuiillaladding anunsaadsaUaduuy macroconidia fvwnm 3-6 x 15-32 pm il
3-8 1988 microconidia YUIA 2-3 x 4-13 pm 3 1-2 1wad wag chlamydospore gﬂ'ﬁ"mﬂau
YUIR 4-12 um

deiudsnamsueluiumis s felwswed TSt uaz Tsa veudesileluian

0 Y a

BAFC-01 wag BAFC-05 wazdasnzvidsuianalolng anunsafiudSunamduoldns 2 oy
o0 Lazdivunvostananidensvindu fe Wesileluian BAFC-01 waviiesilelaian BACM-
05 HYUARANTANTRSIVNU 544 ellua wazdlothdduinalolndveaiesi 2 Toloan
sflsufugiudona Genbank wuiidesleluian BAFC-01 way BAFC-05 finnundnonds

AULYesI F. oxysporum accession number: MKO074845, MKd463988, MK432913 uay
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MK849925 Taeila identity 100 WWasifud fatiudaanunsavadivesileluan BAFC-01 way
BAFC-05 Faidusiuvuveaiiosfidausntasnuiu 8 lelgian ananvaznisdugIuinewas

awuiamdlolnalaindules F. oxysporum

d' L2 L3 a dg/ dl L2 Y o
19199 4.2 PN NWYEUT N WNEUZTUINYIVDILTB I F. oxysporum Naauenladnuwiy 8 lolwian

macroconidia microconidia chlamydospore

Tolaan  Alalad , YUIA , YU , YU
FALERE U39 U39

(um) (um) (um)

BAFC-01  ¥1/329  kidney 3.15x17.25  sickle 3.46x8.28 globose  7.25
BAFC-02  ¥1%/329 kidney 3.14x18.21  sickle 3.12x8.14 globose  6.13
BAFC-03  %717/3 kidney  3.13 x 16.92 sickle  3.19x8.26 ¢globose 7.12
BAFC-04  ¥1/329  kidney  2.86 x 16.75 sickle 3.14x7.92 globose 6.48
BAFC-05 1/119  kidney — 2.78 x 16.25 sickle  3.09x7.87 ¢lobose  6.39
BAFC-06 ~ 2717/339  kidney  3.67 x 19.21 sickle  2.45x 7.38 globose  7.49
BAFC-07 = ¥13/329  kidney ~ 3.02x 17.55  sickle = 2.78x8.01 globose  7.47
BAFC-08 ¥12/37  kidney ~ 2.98 x 16.05 sickle. 281 x 793 globose  7.58
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JUN 4.2 wanadnuaisndgINING T8N0 F. oxysporum BAFC-01 Muenlaanniileitie
Yy A a a a = & Y
narelulsnnens1guuemis PDA gumal 25 esrmwalded Lunan 5 u;

A: Talatlanunin; B: lalaflsinuuds; C, D, E wag F: conidiophore; G uag H

microconidia; I: macoconidia; (scale bar; C-I = 10 um)
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0.1.2 wansdnueniBesanvaedsauouunsnlua

MnmsfaLendesaniegmandefiiulsanouunsnlua nfamia
anssny3 uasUgy 91905 nyauyd wavuunyd svue 10 fegns Fedunnandnunznai
funaiugadsi (Uil 4.38) Mnduthamislundesnuauauduiigumniives younadid
valnajiu uwaraiadind1tihddy (conidiomata) ndwnUaszam 3-5 u (U7l 4.38)
wazthiAauendos #8738 Single spore isolation nuiniifegrmandeiiiulsaiianunse
fouonidesldvanun 10 feghs Tneilusesmandrvaniminuasisy 6 fete uas
Fa¥aawssauu 1903 myauy3 uasuuny Sinas 1 fegs Tsaunsodauendosld
sravun 10 Telean uansfansned 4.3

JUR 4.3 uanwedimandieidulsaueuunsnlug; A fegrmandenilulse; 8: e
211Nddu (conidiomata) WiAnEIRINUY 3-5 Tu Nigamnll 25 ssrwaLlea
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A15199 4.3 wansiu 1Ian annuilunisiiusegreiwiidulsawaulnsnlua wazdolalaan
YaUYINAARENLA

Fuiliiudagng souiiiudiegng A0E9NY Woniuenld
06/10/60 B.MLNLAY 2.UATUFY KP-01 BACM-01
06/10/60 B.NWNLAY 2.UATUTY KP-02 BACM-02
06/10/60 B.MLNLAY 2.UATUFY KP-03 BACM-03
06/10/60 9.LilpsuATUTY 2.uATUTY NM-01 BACM-04
06/10/60 9.1199 2.579Y3 RM-01 BACM-05
23/12/60 8.A1UT9 2ANTINYS DC-01 BACM-06
02/02/61 8. lnstiey .uunys NS-02 BACM-07
05/04/61 D.AIUNTIU 2. UATUTY SP-01 BACM-08
05/04/61 D.AIUNITU 2. UATUTH SP-02 BACM-09
25/12/61 0.9199N 103 a.nwmauq% KR-01 BACM-10

MnnsdanenilesnuTIieimun 10 lolemediuanls wansdnumuem g
Inendansned 4.4 uasiilamziAosuuawng PDA 7 25 ssmwaidua nan 5 Yu laglugu
4.4A1 1Wushegnevesloluian BACM-06 Mildnwaglaladiduns du A (3U1 4.9A uaz B)
Slomnziferiadn 3-5 fu asiiudiadnihddussgfuuudule viodonit conidiomata (3
7l 4.4C uaz D) Tn1sa319 appressorium (sﬂﬁ 4.4E Wey F) conidia @51311310
conidiophore (‘i‘U‘VI 4.4G wag H) conidia fanwEs YLIUITENINM 3.23 X 12.57 pm (S‘U‘Vl
4.41 uaz J) Mndnvuemsdugiingvenveatesusnld ummaamaammwmw
fousnidenanndeiiulsaueuumsniudludionanden Usemedu Safuietamandae
fiftonsifugaunais Sidadindde uesflaladdon wn fedu adeavesiidoun
Ussan8 2-3 x 6-10 pm (Zhu wazAug, 2015) LazdiaannasdiuaiuIdevel Alizadeh uag
Ay (2015)  iiuiedndedidulsaiderntsusmPuidinddudiundauenide
wudenillaladiddu a¥rsauesfinsusnss wuwinUssan 1-3 x 5-14 um

Soiuusmamsuelusumds s felwsiues 151 wag M4 veudorleluian
BACM-09 uaz BACM-10 wagliasiguanauihaglelne vwanandai@ensiviniu 575 eiua
wagiilethaduiinedlolndvoadesit 2 lelmanuiisufugiutoya Genbank wuiidesn
lolgian BACM-09 uaz BACM-10 finuadiefuidosn Colletotrichum musae accession
number: IN121212, AY266396 uaz AJ301904 Tnedlen identity 99.30 wWedifud fauds
annsnvstiderlelean BACM-09 uay BACM-10 Fadufunuveadesiidauanldv 10
leloan andnvagmsdngiuineuazaiduiandlelndldinduidos Colletotrichum

musae
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A1519% 4.4 LANIENYALVNEUFIUINGIVOUTOT) C. musae NARkeNLATWI 10 lelaian

- - . conidia .
lolwian dlalal  conidiomata , appressorium
3Us1e wuia (um)

oval 3.17 x 13.22
oval 3.63 x 12.78
oval 372 x 12.74
oval 374 x 12.77
oval 3.61 x 12.27
oval 3.23 x 12.57
oval 3.45 x 12.42
oval 3.01 x 11.12
oval 3.03 x 10.32
oval 356 x 12.79

BACM-01 /&y
BACM-02  a1V/&d
BACM-03  @1%/du
BACM-04  @13/du
BACM-05  a1/&4
BACM-06  21V/&
BACM-07  @1%/du
BACM-08  Wn/&u
BACM-09  ¥719/du
BACM-10  in/&u

b R ) R ) NS ) N it N it R i) N it N i R i}
2D D D D D b D D D D
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Y4
ESSaoRy
: je— A

- Lioyile
RIS

UM 4.4 wansdnvasmedugIuivetveation € musae BACM-06 fusnldannuandaed
Hulse uonumsnluauuems PDA figamail 25 esriwaidoa 1a1 5 Ju A: Talail
Aunid; B: lalatiniunas; C wag D: conidiomata; E wag Fraspressorium; G kag
H: conidiophore; | k&g J: conidia; (scale bar: 10 um)
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4.1.3 mamiﬁmwﬂﬁaiwaqa Neosartorya Wwag Talaromyces 3NNGU
NMSAVAIBENAUUT T NNBNBRYT  FWMIANYINYT  wazdnenut
F¥agwssain aun 17 fegne wuihildedisduiiaunsowendesls 9 dedi Tae
Judregpuuinusinevewigll Jmiangauys 6 degn wazduaemudie Jwmin
anssuyd 3 Me laedausnidesnaindiesnshiudes Heat treatment uaz Alcohol
treatment Tngld01m5 rose bengal agar base @sanunsafauenidesildmun 22 lolvan
LRI 4.5

a LY PN [ Y ! a = & Ao v
A15199 4.5 Lansiuian @01unlun1siAusiieg 1Ry LLﬁ%‘?ﬁ@l@I"?ﬁLﬁﬁ]Lﬁ]@i’?%ﬂﬂLLﬁJﬂlﬂ

v a &
AUNLNY

o A0UNAUAIDES fBe19AY WWas1NweN e
f19819

16/01/62  9.M08#108 2.N5YIUY KRIO1 -~ AWP01-01, AWP01-02, AWP01-03
KRIO4 — AWP04-01, AWP04-02, AWP04-03,
AWP04-04
KRIO5 ~ AWP05-01, AWP05-02
KRIO7  AWPQ7-01
KRIO8 ~  AWP08-01
KRI11  AWP11-01, AWP11-02
25/10/61 DAL VEANITTNYT SPBO1 ~ AWP12-01
25/10/61 9.AMUEN 2.ANTIUYS SPB0O2  AWP13-01, AWP13-02, AWP13-03
5 SPBO3  AWP14-01, AWP14-02, AWP14-03,

AWP14-04, AWP14-05

o) and

16/01/62  ®.M®WNLH 2.AYIUY

16/01/62 = ®.M8w19H 2.N1YaY
16/01/62  ®.m8I9H 2.018aU
16/01/62  9.91899019H 2.N16YU
16/01/62 .90 2.N0YIUY

wC

W) (o
all o) aNl Nl

25/10/61 9.AUTIN 2ENTTUY

MnMsfnLemEes e 22 leluan Wedunadnunemsdnguinefodn vae
yoslalatl N158319 ascocarp UINUBY ascus  LAYANWUTLAZUUIAUY ascospore WU
anunsauvadesldeenitu 2 ndu Ao nguiesluana Neosartorya fifllaladidum fewn
A3Y @10150a319 ascocarp waxdl ascospore  3UT9NAY 1l ridge @RAAGDITUNUITYVDY
Samson wazAn (2007) AfALENEes1 Neosartorya aandiunuin Taladlveadeilaiidun
famgou fin1sa¥s ascocarp waxdl ascospore fillgudnanay i ridge uaznguidosluana
Talaromyces filelafidmadeseuiandawns aunsnain ascocarp  wawdl ascospore
sU163 aidl ridge  Feaenndosiuauidoves Yimaz uazeme (2014) fisienuinden
Talaromyces zillalatldnao19oudundodlad @111508319 ascocarp Wavdl ascospore
sUs1anan il ridge  ualodunndnuasnisduguineniuty fuuauarsUinaes
ascocarp uay ascospore LAMININNSIT 4.6 wazansaulanduventesfidausnliann
Fuoonléidu 8 nau weil
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1) uansdnwazlalatiuuewns PDA fignumgil 25 ssrisaifes nan 5 3u fidaeen
vasloluian AWP01-02 fidnwnrlaladdindesdaundessou (UMl 4.5 A uaz B) dnsais
ascocarp WUU cleistothecium JUS19nay YuIA 227.67-782.23 x 235.46-764.98 pm (E‘U‘ﬁ
4.5C-F) ascus JU1aNAN YA 9.28-11.35 x 9.41-12.01 pm (U7 4.56) ascospore JU5193
YA 4.12-5.16 x 4.43-6.01 pm (3U7 4.5H uag 1) dothlumzidssuuoims MEA i
40% sucrose figamndl 25 ssrwaldoa an 5 Su annsadsundasdnuauglalailifud
waesgeu Wennzwasuiudidenduuinanalelad (UM 45 waz K) aunsoaiis
conidia Mildnweuznay 97172 (gﬂﬁ 4.5L wag M) $31uwu 4 lalawan As AWP01-02, AWPO1-
01, AWP04-01 ez AWP04-02

2) uansdnwasglalatiuue1mns PDA flgumail 25 ssriwaida nan 5 Tu aioens
yosloluian AWP08-01 fidnwaelalaiidvnadu (Ul 4.6A uay B) Wuloadayin awwnse
aseasdvneenuiluemisseulalail @319 ascocarp  WUU cleistothecium §Us1ena
YU 212.87-728.43 x 225.33-734.58 pm ('gﬂﬁ 4.6C-F) ascospore VUM 4.72-5.65 x
5.13-6.73 pm 3Us793 AaFeu T4l ridge (U 4.6H was 1) ilethluimsidosuuevng MEA
fUfin 40% sucrose flgaingll 25 ssmiwadea na1 5 Yy liaansaAsundasdnuae
lalailld 917w 1 leloan fie AWP08-01

3) uanadnuaiglalaiuueivns PDA Tlgampil 25 ssmwaidea an 5 Yu daiaoens
voslalotan AWP11-01 fdnuairlaladfivdes (3UA 4.7A uay B) awnsaaisansdundls
lalatdl @319 ascocarp  WUU cleistothecium JUS19NAN YUIA 297.53-645.73 x  312.87-
649.75 pm (3Uf 4.7C-F) ascospore JUS3 A193058ARETMUIN 119 4.64-7.15 x 6.53-
8.43 um (3U7 4.71 uay J) SourluimngiAssunoims MEA it 40% sucrose flgaumail
25 smiwaided an 5 Fu liamnsaasundasinvarlaladlld fdwou 1 loluan fo
AWP11-01

8) uansdnwazlelaiiuuoimns PDA flaaumgll 25 ssrueaidoa 19an 5 Ju fafiogns
vodlolwian AWPL4-01 fidnunslelatdun asdunmfiuamdniimasguiinunalalad
dourlalaflanddumuddima (U 4.8A uay B) a¥13 ascocarp WU cleistothecium
sUSanAN Yun 173.57-765.23 x  189.30-752.18 pim (U7 4.8C-F) ascospore 3U9143
UM 4.87-5.13 x 5.89-6.71 um (gﬂﬁ 4.8H waz 1) ilethlUmnzidssuuems MEA i
40% sucrose flganail 25 samiwaBea a1 5 Ju aunsaasunlasdnvasleladen
nanslaladdiTeisou (UM 4.8 uaz K) a319 conidia 3USanay (3U7 4.8L uaz M) fiduou
2 lelian fio AWP14-01 uag AWP14-02

5) uanadnwauzlalauueims PDA flaaumgdl 25 ssriwaidoa 19an 5 Ju fafoens
voslolwian AWP04-03 fidnwaglaladdvnaiy (5U7 4.9A ez B) wuloiaiadn adhs
ascocarp WUU cleistothecium §USMNAN VWA 214.87-756.33 x 225.43-759.87 pm (gﬂﬁ
4.9C-F) ascospore u1A 4.72-5.33 x 5.14-6.77 pm  3UTNNAY RIV3VIEAG8inY &
ridge filEnwzyuidrdnly (5UA 4.9H uay 1) Wethlumsdssuuoims MEA fifiu 40%
sucrose figamadl 25 esmiwaldea a1 5 Ju aunsnAsuasdnvaslalaiiduden



35

nanslalaildudiBeady a¥19 conidia  gUs1anan fdwau 4 lelwian Ao AWP01-03,
AWP04-03, AWP04-04 ez AWP13-02

6) uanadnuaizlalatiuue1mns PDA flgamndl 25 ssrwaidea nan 5 Yu daiaoens
vosloluian AWP13-03 fidnwalalaidvnedy (U7 4.10A wae B) wloiaiqss adns
ascocarp WUU cleistothecium §USNAN VWA 211.86-724.43 x 225.23-739.71 pm (E‘U‘ﬁ
4.10C-F) ascospore vU1% 4.44-5.77 x 5.41-6.63 um (gﬂﬁ 4.8H uag 1) JUINNAURIYTUTY
pdnpfinuny I ridge Afdnuuzmuddiuly WorhlumgiAssunonms MEA iy 40%
sucrose flgamndl 25 ssmiwala a1 5 Ju anansawdsunlasdnuaslaladifudun
nanslaladididen (3U7 4.10) waz K) a¥19 conidia Us19nax (U 4.10L waz M) fidwau 4
lolwian Ao AWP05-01, AWPO05-02, AWP13-03 uag AWP14-04

7) uansdnuaizlalaiuueiyns PDA flgaimnii 25 ssrnwaidea Lan 5 Yu daiaoens
yosloluian AWPO7-01 Hdnwmslalaiiduns (Ul 4.11A was B) a31s ascocarp WUU
cleistothecium §UsSN4NAL VWA 222.37-734.53 x 225.33-741.38 um U3 (gﬂﬁ 4.11C-F)
ascospore YA 4.18-5.35 x 5.23-6.34 um JUSsnan Aoy I ridge Aifldnwazuueen
Fruuen (SU 4.11H uaz 1) iedilumindesuuens MEA Thiu 40% sucrose 7 25
osrnigalToa nan 5 Yu munsardsuidasdnvadlalaiidudum naslaladdiden 11 (U
7l 4.11J uaz K) @319 conidia 3USn9nal (U7 4.11L wag M) Td1uau 4 lelwian Ao AWPOT-
01, AWP13-01, AWP14-03 il AWP14-05

8) uansdnuaszlalatiuueyns PDA figuvail 25 ssriwaidoa an 5 u Asiioens
voslolman AWP11-02 fdnvarlalaifunn (3U7l 4.12A way B) @318 ascocarp WUy
cleistothecium 3Us19NaYN WUIA 212.87-728.43 x 235.33-759.78 um U413 (‘gﬂﬁ 4.12C-F)
ascospore UM 4.32-5.44 x 5.01-6.88 pm FUsNAN FIFeU axdunsdiudadn 9 son
pONNINNTILAY 3 ridge fiTidnwnizdtponduLanY11 (FUA 4.12H uag 1) lethlumzides
UUDIMNT MEA 71 40% sucrose 125 esiwaidea wan 5 Yu anunsaasundas
dnwazlaladifudvn nandlaladdiden v10 (U7 4.12) was K) @33 conidia JUS19nAY
¥17 (U7 4.120) F8wu 2 lelatan fio AWP11-02 uas AWP12-01

slaruSmaiiBmelusumis g-tubutin Tngldlnswes Bt2a uas Bt2b voados
esuiidaidenduiunuronguiitwindneasdagiuine s 10 lelian fe
AWP01-01, AWP04-01, AWP04-03, AWP05-01, AWP05-02, AWPO07-01, AWP08-01,
AWP11-01, AWP11-02 waz AWP13-02 wardmsiziainuiinalelng anusawuslaeandy
6 NAY AUVUINVBINANENTTR5AD Laleian AWP01-01 uag AWP04-01 Jauawifiu 461
Awua leloian AWP11-01 Jvuaindu 472 eiua lolaian AWP08-01 Hvuiawiiu 478 4
wa  leloian AWP04-03, AWP11-02 uaz AWP13-02 Huuramiiu 581 giua leleian
AWP05-01 Uag AWP05-02 fvuwiawiriu 572 ewua wagloleian AWPO7-01 Huuiawiniu
553 flLud



wazLlauIaInuN

a

36

alelvAuUSuisuiugIuteya Genbank WUIENNTOLUNLYE

slodu 6 al3d Ae Talaromyces muroii (AWP01-01 way AWP04-01) T. macrosporus
(AWP11-01) T. trachyspermus (AWP08-01) Neosartorya tatenoi (AWP04-03, AWP11-02
wag AWP13-02) N. quadricinota (AWP05-01 tag AWP05-02) wag N. spinosa (AWP07-01)
fidnfanazarumiion (% identity) uaranunsoagUalidvesdesofuiidausnldainiu

AILEAILUMITIN 4.7

= 4 A & Ly oaAv °o o v a o s
M15197 4.6 uansealidvedlelulanveaesidedunlaainnisiiaduianalelnaly
UKl S-tubulin Wiguiugudesa Genbank

% ,
U4 Accgssien AN Telwaniiuenld . nqam: u
number - A IUINYN
LAUDU

T. muroii KJB65727  99.54% AWP01-01, AWP01-02, 1,4
AWP04-01, AWP04-02,
AWP14-01, AWP14-02

T. trachyspermus =~ AY753371 99.25% AWP08-01 2

T. macrosporus AYT53373  99.77% AWP11-01 3

N. tatenoi DQ114130 99.16% AWPQ1-03, AWP04-03, 5,8
AWP04-04, AWP11-02,
AWP12-01, AWP13-02

N. quadricionta KMQ095498  99.08% AWP05-01, AWP05-02, 6
AWP13-03, AWP14-04

N. spinosa AY870760 - 100% AWPO7-01, AWP13-01, 7

AWP14-03, AWP14-05




a o o a & "y Ao 1% a o
M19190 4.7 LLﬁfﬂQaﬂwmgmqﬂamg']U'lVlS']sU@\‘iL%@i']m@@numﬂ@LL?JﬂbLﬂ"U']ﬂﬂu‘VN 22 1@16’0@@

- ascocarp ascus ascospore ridge
lolwian Hlalatl - ; : ,
a U4 U9 (um) JUIN U39 YUIA (um)
AWP01-01 WRDg WA subglobose 219.74-718.42 x 237.87-741.18 subglobose ellipsoidal 4.71-5.45 x 5.13-6.73 [ty
AWP01-02 N GRNRRD! N GRRRD! subglobose 227.76-782.23 x 235.46-764.98 subglobose ellipsoidal 4.12-5.16 x 4.43-6.01 Taidl
AWP01-03 Y1IATY Y1IA3U subglobose 214.47-728.52 x 225.31-739.18 globose subglobose 5.12-5.65 x 5.13-6.63 1
AWP04-01 N GRRD! N GRRRLD] subglobose 210.87-723.43 x 225.33-754.78 subglobose ellipsoidal 4.42-561 x 5.22-6.43 Taidl
AWP04-02 RGN AR s subglobose 237.43-771.13 x 257.37-784.38 subglobose ellipsoidal 4.17-5.13 x 4.41-6.11 1aid
AWP04-03 1IATY Y13 subglobose 214.87-756.33 x 225.43-759.87 globose globose 4.72-5.33 x 5.14-6.77 a
AWP04-04 Y1IATY Y17P3 subglobose 214.77-748.42 x 235.33-759.14 globose globose 4.82-5.64 x 5.43-6.79 1
AWP05-01 1IATY YA subglobose 201.17-718.43 x 205.33-729.73 globose globose 3.82-5.15 x 4.13-5.74 a
AWPO05-02 YA YA globose 216.47-738.43 x 219.13-739.54 globose globose 4.74-5.34 x 5.12-6.23 a
AWP07-01 U717 U717 globose 222.37-734.53 x 225.33-741.38 globose globose 4.18-5.35 x 5.23-6.34 a
AWP08-01 WD IEaU A3 globose 212.17-728.43 x 225.33-734.58 globose globose 4.72-5.65 x 5.13-6.73 iy
AWP11-01 HEN HGN subglobose 297.53-645.73 x 312.87-649.75 subglobose ellipsoidal 4.64-7.15 x 6.53-8.43 Taid
AWP11-02 bl il globose 212.87-728.43 x 235.33-759.78 globose globose 4.32-5.44 x 5.01-6.88 a
AWP12-01 STab) Sab) globose 214.17-778.47 x 225.43-789.18 globose globose 4.21-5.75 x 5.16-6.44 X
AWP13-01 bl V13 globose 221.87-708.33 x 235.65-714.68 globose globose 4.57-5.82 x 5.28-6.33 a
AWP13-02 19A3Y Y1A3U subglobose 214.27-748.43 x 215.23-759.55 globose globose 4.78-5.77 x 5.29-6.84 a
AWP13-03 YIRS 1A subglobose 211.86-724.43 x 225.23-739.71 globose globose 4.44-577 x 5.41-6.63 a
AWP14-01 STab) STab) subglobose 173.57-765.23 x 189.30-752.18 globose globose 4.87-5.13 x 5.89-6.71 Taid
AWP14-02 bl V17 subglobose 187.37-708.42 x 188.53-711.48 globose globose 4.12-5.35 x 5.16-5.98 gl
AWP14-03 STab) STab) subglobose 191.82-698.73 x 198.55-701.78 globose globose 4.92-5.61 x 5.11-6.23 X
AWP14-04 YA 1A subglobose 202.84-768.51 x 207.33-779.49 globose globose 4.32-5.65 x 4.57-6.18 a
AWP14-05 I I globose 179.47-705.78 x 183.37-712.48 globose globose 3.78-4.63 x 4.17-5.71 i

LS
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LERIENEAEIBNR8TY T. muroii AWP01-02 TimaLenldaindu; A way B: Taladl
suntiuazlalafidunds vuewns PDA fienmgll 25 ssmiwailoa nan 5 Ju;
C: ascocarp ﬁa%ﬁwu Léﬁﬂ,a; D, E uwag F: ascocarp; G: ascus; Hwag I
ascospore; J uaz K laladiuniinazaiunas uue1nis MEA Ay 40%
sucrose; L: conidia; M: conidiophore (scale bar: C, D, E wag F 100 pm; G, H, |,
J,Luag M5 um)
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4.6 uARIENYAIYIDUTOT T, trachyspermus AWP08-01 Aidauenléanndu; A uay B:
Talatsuvihuaglaladfiumds uuewns PDA flgamail 25 ssriwaldoa 1an 5
U C ascocarp ﬁa%ﬁwmﬁﬂa; D, E wag F: ascocarp; G: ascus; H uag I
ascospore; J uaz K lalatanuniinazaiunas uue1nls MEA Ay 40%
sucrose; L: conidia (scale bar: D, E wag F 100 um; G, H, |, wag L 5 pm)
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4.7 LARISNUALTONTOTY T, macrosporus AWP11-01 fidauenidainiu; A wag B:
Taladsnunthuaslalaifuvds uue1mns PDA figamgil 25 ssmiaidea 1nan 5
1u; C: ascocarp fa¥rauudule; D, E wag F: ascocarp; G wag H: ascus; H tag |
uag J: ascospore; K uag L: lalatdimuniiiagaiunas uue1mnis MEA Wiy 40%
sucrose; (scale bar: D, E ag F 100 um; G, H, | wag J 5 um)
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4.8 LARIENWAEIRNTDIY T. muroii AWP14-01 fidauenldaindu: A uag B: leladl
sunthuazlalatsumds vuewns PDA figamail 25 ssmnwaldea an 5 Yu;
C: ascocarp ﬁa%ﬁwmé’uiﬂ; D, E uag F: ascocarp; G: ascus; H uag l:
ascospore; J uwaw K. lalad duniuasdunds uue1ws MEA 7iAy 40%
sucrose, L; conidia (scale bar: D, E wag F 100 um; G, H, | hag L 5 um)
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sUM 4.9 LARISnEaAITURTRTY N, tatenol AWP0A-03 Afauenldandy: A uay B: lalail
AUMLazlAlatn1unes UNe11ns PDA ﬁqmmﬁ 25 paAnaLged 13an 5 du; C
ascocarp ﬁa%wwulﬁuiﬂ; D, E wag F: ascocarp; G: ascus; H Wag I: ascospore; J
waz K Taladl duntuassunds uuoms MEA filin 40% sucrose; L: conidia;
M: conidiophore (scale bar: D, E w8z F 100 um; G, H, | L b8z M 5 um)



q
Y]

U

=)
7

43

4.10 wansdnwiuzveudes N. quadricionta ANP13-03 iidausnléaind; A waz B:
Taladsnunthuaslaladfuvas uue1uns PDA igamadl 25 ssmiaidoa 1an 5
1u; C ascocarp fasquudule: D, E uay F: ascocarp; G: ascus; H uag I:
ascospore; ) uway K lplafiduniiuazdunds uue1ws MEA LRy 40%

sucrose L: conidia; M: conidiophore (scale bar: D, E uag F 100 pm; G, H, |
wag L 5 um)



aa

UM 4.11 LAnsENuEIzUR T N, spinosa AWPOT-01 Tidausnladandiu; A uay 8: Teladl
AUNTbaLALALA UGS VWD PDA ﬁqmmﬁ 25 paALaLtYd 13an 5 Ju;
C: ascocarp ﬁa%ﬁwmé’u’ta; D, E uag F: ascocarp; G: ascus; H wag I
ascospore; ) uway K lalaflduniiuaziunds uue1ws MEA LRy 40%
sucrose L: conidia; M: conidiophore. (scale bar: D, E uwag F 100 um; G, H, |,
ez M 5 um)



a5

}
L

XY

= L
3‘ iy
S N

5
¥

gﬂﬁ 4.12 uanadnwarIeaos) N, tatenol AWP11-02 Aidauenldaindu: A uas B: Teladl
suntiuazlaladdunds vuemns PDA figamgil 25 ssmiwaidoa 1nan 5 Ju;
C: ascocarp ﬁa%’wwmﬁu’la; D, E wag F: ascocarp; G: ascus; H uwagl
ascospore ; J uaz K laladduniuardunds uue1ws MEA TiAy 40%
sucrose L: conidiophore (scale bar: D, E etz F 100 um; G, H, | ez L 5 um)
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Mnmsfauenidesrasuioun 22 Teleian nFregeAuluTIInans YT way
neyauys wudwudldeanidu 6 aU3d fe T. muroil, T. macrosporus, T. trachyspermus,
N. tatenoi N. quadr/cmoto o N. spinosa Faaenadoafuruitevenan) uazaue
(2553) mswmumm'ﬁwwmaﬁaﬂa Neosartorya 1‘14‘1.]3‘”L%ﬁl%ﬂ%?ﬂﬂﬂUiL?ﬂJﬂ?Wiau AUN
NI9LNEAT LAZAUIINLUEIAIN 9 910 13 9%dn 91U 7 al3d Ao N. delicate, N. fischer,
N. glabra, N. multiplicata, N. spinosa, N. quadricinota Wag N. takaii WAklWU N. tatenoi
WAZI1LIVBVDY 51 LazAnle (2550) iﬂmmﬁqmiﬁ’mL&Jﬂngﬁﬁ'} Talaromyces Tuuszinelng
WUL%aﬁaqaﬁiﬁ 13 aU3d Ao T. austrocalifornicus, T. flavus, T. bacillisporus,
T. helicus, T. macrosporus, T. trachyspermus, T. luteus, T. indigoticus, T. stipitatus,
T. rotundus, T. wortmannii, T. tratensis wag T. thailandensis "?J!Gmmmﬁ'mt,smiﬁﬁwa%
soil plate, dilution plate, alcohol Way heat treatment $2881%15 Gochenaur’s glucose
ammonium nitrate agar (GAN) ustliiny 7, muroir ¥l ulfddesluanadannsany
Ievhlulufuiifiaueauauysel wastnuliuiazannsanuanyfeuldgs

a a 1 dy 1%
4.2 wansnegaulssanininlunisnalsavesvesaiunlsalunaqe
4.2.1 1IN UUIZENENINAIABLIATRTDI F. Oxysporum
Pnnsvaaeulseansnnlunisnelsnveaaes F. oxysporum 14 8 lolwian
vulundigunugdoes ngundesianmglininsaiuusesinana Hsvwuulundieiiiony
w1 wagdvaslulndifeenu wudndesituynlaleaniininualunsalunisnalsn weikes,
lolwian BAFC-01 @unsanalsalizunsingnagaditud1Ay Ao Jvunuka 40.18 + 3.34 x
10.21+1.19 fafmng Tiuiikg 410.29 dafiuns (113199 4.8) dnwazunaisusne dlena
& o L P & L T [ a ol
nsanansvuuiduledvnvontenamvnuedlsaaiyuy fsgun 4.13 lelalaniinelsasuuse
5998917 AaLas Lolatan BAFC-04, BACM-06 Way BAFC-08 mua1nu (915199 4.8) 39
ARLERNBIY F. oxysporum BAFC-01 tethluldlunismeasulutunsunaly
NNFHANANUI Wavinisnagdeudssansnmlunisnelsaveuiasnal mnves
Tsamensie Wevhmsuniigamadl 25 ssrugaided Wuan 5 Ju lupdenldlunismeasy
AnLHaFUI19TENIMIaTLanedteIN15velsAnENsI8 MiFesanadvinateusinve
) a g 1 Y 1 d' a d' I~ = = d'
dndsainarems waundeguluildlumsvegeuiineinisluiiowdudinies (3UM
4.13) AwAfAINTURRUNISIAanluNAIEAzIAdaU WSIzun1sEenluNA8wUY

dunidvedlulnaifusiu lunisvegeullaunsaldlundiglumeniu duheniu engvedly

9

windulavanue wselun1sneaaudagldlunalsvunn 20 URuAS 39kla1u1sannaau

a

UszansSamlunisnelsamensielanieludagrsluimendu



a7

JUN 4.13 uangUseansninuendas Fusarium oxysporum 9113 8 lalaian uulundie
UTuzdond

A5 4.8 uansUszAvSnmaeaiest F. oxysporum 914 8 lelwam vulunalsirin

HERRLN
lolwian VUIAUKE
WWosauwnlsn 817 (13.) n319 (ua1.) Nl ()

BAFC-01 40.18+3.34 10.21+1.19 410.29°
BAFC-02 7.78+3.50 4.22+0.60 32.83°
BAFC-03 8.38+0.51 4.45+0.66 37.25°
BAFC-04 29.90+3.39 10.28+2.29 307.89 "
BAFC-05 18.40+4.20 8.75+4.03 161.11°
BAFC-06 31.01+3.27 9.50+2.46 294.64b
BAFC-07 9.21+0.66 5.22+0.28 48.12°
BAFC-08 34.33+4.03 8.96+2.49 307.55"

VEMR: A1RREAIN 5 97, AledunumemdnyInwileuiu llanuwendsiunieda
NszfuAnu@eiug P = 0.05 lauSeuiisuamisadsuy Duncan’s Multiple Range
Test
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4.2.2 nansnadeuUszansamnstielsrveadieon C. musae
MnMsvngeulsEansawentes C. musae s 10 loloian vunandaetini
uzdses nuindeslunnloluanaunsanelsald usdeslelaan BACM-09 anwnsadelsn
Ieuussiigneeaiifoddnfe flounauna 2221 + 1.77 x 32.66+1.33 Hadluns Tdnwas
unaiduddn 5Us1e3 unaguaadnides diguil 4.14 uazleluianiinelsajuusssesasinie
Fosleloran BACM-10 waz BACM-04 aud1diu (513t 4.9) vhnisideniest €. musae
BACM-09 FsiiuszAvsnnlunisnelseanniian ieldlummaseuiunousiely
Mnnsvndeulszansnmwente C musae BACM-09 lunisrelsauouunsniy
auunandis wuiwandeuisetafaumadiluuinadlilinduiuiiidesaie i
ANYAULLNAAAIEAGINUDINITT0ILTALOULMINLLE 15189133803 Perfect uazmne (1999)
euiinsnaaeustest Colletotrichum 189 lelaian fifnuenldainiivadinsig 9 91
Auaunsatunsily endophytic fungi ﬁmmiamﬁaaaﬂmﬁaL?Jasuaaﬁsuléimhiﬁaim
uninegldfuannefivanzan avesniedulefazionuazinsaivleld aanadesiu
$ATeves Photita Wazamuz 2005) Mvhmsifudaegislundisanuinmnesamm fanin
Fedlml iiledauenidos endophyte slevinisiauenaiinsawuiios Colletotrichum 2

wiln A C. cloiosporioides Way C. musae

BACM-01

BACM-06 BACM-07 BACM-08 BACM-09 BACM-10

JUN 4.14 uansUsgdvinmnisnelsavedtiosn C musae 31w 10 lolaian vunande
ERRHERRELN
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ANS19N 4.9 waRIUSEANSANUBWTRSY C. musae 91U 10 belUanuuNanalgulin

Urioes

lolyian VUIAUNE

L»T?asqmm;sﬂsﬂ nd19 (uat.) g2 (Ja.) il ()
BACM-01 20.14+0.55 28.77+0.82 579.52"
BACM-02 19.40+0.85 27.53+2.19 533.93"
BACM-03 18.02+1.80 29.15+1.56 52532
BACM-04 20.36+2.50 29.80+1.44 606.76"
BACM-05 20.39+1.66 26.61+£3.03 542.58
BACM-06 19.22+2.56 26.35+3.70 5065
BACM-07 19.80+1.96 25.85+5.86 51168
BACM-08 20.14+2.90 26.93+2.55 54246
BACM-09 22.21x1.77 32.66+1.33 725.30°
BACM-10 21.33+0.72 29.76x2.70 630.60"

MR A1RAEIN 3 97, AledeiniumeRidnyInuilsuiy lfieuwsnsnesiunieada
NszAUANUTOIUA P = 0.05 lasilSuuisuAmieanfuuy Duncan’s Multiple Range
Test

4.3 wan1nseulszAns mmweadersadulunisauauieawnlsadae
5 adasanluan wiosufiins
4.3.1 nanavnasulsyAvswmedessnuien1ImMUANITET F. oxysporum
BAFC-01
Tumsnageuyseansnmueaderesulumsmunuies £ oxysporum BAFC-
01 anvaaslsamensgluanwioswfuinig IneTsnnaeuoisisadesiuuuoims
LgﬁﬂL%’a PDA izmﬂ\‘il,%aﬁwiaﬁm Neosartorya Wag Talaromyces MU 22 Tolaan
fiauenls LLa”Iﬁ%JUﬂ’JﬁﬂJauLﬂﬁ”ﬁL%aﬁG]'E]éhu 4 lelgan #e N. aureola CHAO1-AO1,
N. spinosa CHAO9 -A01, N. fenne iae CHAO3-A1l wag T. muroii CHAO3- A03 i’mm‘wm
26 lolwian 1wz Lammmwﬁam F. oxysporum.BAFC-01 {uiian 25 u figamadl 25
perwailed wuilesn T. trachyspermus AWP08-01 ansadiudinisaiisaesues
F. oxysporum BAFC-01 léffian lnefidruauadesvesdosiannguadlsn £, oxysporum
BAFC-0L whifu 1.15 x 10 adesdefadans Wewdsuiisuiusniuavesvende
F. oxysporum BAFC-01 Tuaiusmmsaupunuitannsadudnisaisaesvende
F. oxysporum BAFC-01 lfsnniigaegeiifiudfny wihiu 62.25 wosidud LAz Terefy
T. muroii AWP04-02 waz T. macrosporus AWP11-01 anansadudensadreaUasvende
F. oxysporum BAFC-01 59989311 Tnefisuuavosvende F oxysporum BAFC-01 M1fiu
1.29 x 10" wae 1.3¢ x 10" avesdedadans Andu 57.49 war 55.93 Wedldud auddy
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Feuszansamlunisaiunu £ oxysporum BAFC-01 ¥0ai%a31si0duns 26 lalaian Lans
AIR1599 4.10

q‘ ° ¢ & P v & 1% ¢
A19199 4.10 uansduILaUssuBTe F. oxysporum uwaztUasidunn1sdudenisasisaues
YUDIMNTHRETDTIY

F. oxysporum F. oxysporum

loleian . . msdudenns loloan  F1uquades n3dus
\Wasady mm?aﬂas d519adas \Waredy (dUa3/ 158519
(adas/ua.) .
(%) ua.) dUa3 (%)
Control 3,05 x 10 0.00’ Control  3.05x 10 0.00’
CHAO1-AO1  206x 10 21.70° AWPO7-01 190x 10 37.46°
CHAO3-A03 ~ 2.16 x 10 25.56' AWPOS-01  1.15x10°  62.25°
CHAO3-AI1  1.92x 10" 37.62° AWP11-01  134x10 5593
CHA09-AO1 223 x 10 30.29° AWP11:02 — 210x 100 31.06°
AWPO1-01  1.69 x 10 28.92" AWP12:01 ~235x 10 23.34°
AWP01-02  1.97 x 10 36.88" AWP13-01 ~218x 10 2851
AWPO1-03  1.89x 10 26.63 AWP13-02  2.86 x 10’ 6.11
AWP04-01  1.55x 10" 44.52° AWP13-03  236x 10, 22.44°
AWP04-02  1.29 x 10 57.49° AWP14-01  1.60x 10" 4739
AWP04-03 158 x 10" 48.13° AWP14-02 2.86 x 10’ 6.19
AWP04-04 221 %10’ 27.28" AWP14-03° 225x10 2613
AWP05-01 2.32x 10" 23.67° AWP14-04 ~ 254 x10 = 16.45"
AWP05-02 - 1.87x10 38.61° AWP14-05 192x10 3697

MNewme: A1RAeaN 4 91, Aumdenanumuiionysiutiouny llinnuwansneiuni
anANTzAUANNLTRNUY P = 0.05 laoFaudisuaineadsnuy Duncan’s Multiple Range
Test

4.3.2 wamsvasouUsv A1 IeNTesafLsanIsAIUANETET C. musae BACM-09

Tunsnpaeulszdnsnmuesdoiksoiuiiidonsauamide ¢ musae
BACM-09  anmauaslsauauwnsnludluaniniesujifinig nedeulnefidsadoiuuy
9113 PDA  szminaidlesisiednu Neosartorya uay Talaromyces vavun 26 lelaian
wzdssniuilen C musae BACM-09 iunan 25 fu flgamgd 25 esanvaidva (3U7
4.16) We31 CHAO3-AL1L  annsadudenisadiadesvendenolsnldffian nedsiuu
adosvontio C musae BACM-09 1.23 x 10" adefeisefiadans WoFoudivusudau
avosvondelunuomnsmununuitansadudnisadualesvenitie C. musae BACM-09
nnflanegnafidedifn wihiu 55.64 Wosiud uasillesedu AWP05-01 anusadud
nsadeavesvendo € musae BACM-09 léifusuduiiaes Insfidturualesvonie
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C. musae BACM-09 1.44 x 10" uar 1.43 x 10 avesvofiadans Anlu 48.46 uay 48.10
Wosiud auddu uwazilasediu AWP0S-01 uag AWP11-01 anunsadudnisadreales
vouTe C. musae BACM-09 léfususuiian Tneishuiuaasvenie C musae 1.61 x
10" wae 1.63 x 10" avesrefiaddns Andu 41.99 waz 41.54 Wesidudnuddu uwansss
angeTl 4.11

WARITIUILAYDSVRUTD C. musae waztlasibunnisdudinisasisalasuu
UDIMSENZLALT DI

A5190 4.11

C. musae C. musae
loloan . mstiudanis lolaian . ) nsdugie
\Waradu mu'niaﬂas d519adas \Woradu mu'iuatlai 156519
(ddas/ua.) (das/ua.) .
(%) dU93 (%)
Control 278 %10 0.00’ Control ~ 2.78 x 10’ 0.00’
CHAO1-A01  1.87x 10" 30.83° AWPOT-01 179 x 10" 35.79°
CHAO3-A03 232 x 10" 16.67" AWP08-01  1.61x10 41.99°
CHAO3ALL 123 x 10" 55.64" AWP11-01  1.63x 10" = 41.54°
CHA09-AO1 181 x 10" 34.99% AWP11-02  211x10 2421
AWP01-01 213 x 10’ 23.49' AWP12-01  203x10" 2717
AWPO1-02 197 x10 29.06° AWP13-01  205x 10" 2619
AWP01-03 161 x 10" 42.26° AWP13-02  2.23x 10" 19.81°
AWP04-01  1.76 x 10’ 36.69" AWP13-03  238x 10" 14.60"
AWP04-02  1.82x 10" 34,45 AWP14-01  243x10"  1281"
AWP04-03 2.08x 10 25.20' AWP14-02 = 2.62x 10 5.80
AWP04-04 ~ 1.79x 10 3561° AWP14-03 260 x 10 6.52
AWP05-01 1.44 x 10 48.10° AWP14-04 258 x 10" 7.42
AWP05-02  1.75 %10 37.23° AWP14-05 220x 10 20.08°

MR A1REEAN 4 97, AnRReNnumemdnyItuliouiy liauuanseiunisada
NszAuANUTOIUA P = 0.05 lastSouisuamgaafuy Duncan’s Multiple Range
Test

ANNHNANITNAFDUUTY a‘vlﬁmwsuaqwammamumamimmwna F.
BAFC 01 wae C. musae BACM-09 g LVi‘LlVL@’J']L‘U@iﬂﬁ]@ﬁﬂumﬁﬂm’]iﬂEJU‘ENﬂ’]iﬁi'NaUEJi‘UEN

oxysporum

L“U’e) F. oxysporum BAFC-01 lqummmuLLiﬂmmayjamqam Ao AWP08-01 d1dufiaes
Ao AWP04-02 ez AWP11-01 LLazé’wé’Uﬁamﬁa AWP04-01, AWP04-03 uay AWP14-01
wandesiefuiianunsadudinisadsadeivonde C musae BACM-09 drduusnanudeya
yeadid Ao CHAO3-ALL drfuiians Aa AWP05-01
AWP11-01 wazvhnsdadonderesuiiiiussavsamlumssudinisadualesventon
anvpuaslsn 3 lolaaniiieriinatinans e Wesidedu AWP0S-01, AWP11-01 uaz

LAYAIAUNENN AD AWP0S-01 WAy
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CHAO3-AL1 9nUszavanmuendesidediu AWP0S-01 fianunsadudade F oxysporum
#Rflan wianansodudade ¢ musae BACM-09 Hugnduiiany iossediu AWP11-01
annsadudade F oxysporum BAFC-01 way C. musae BACM-09 laluddufi 2 uae 3
AU wazlesiediu CHAO3ALL  aunsadudinisaiiealesvende €. musae
BACM-09 #Afian anuansnaaeuisdnidendeswosiu 3 leluanfifseansamlunis
muamdesannglsalundelévia 2 wiadl Ao Talaromyces trachyspermus AWP08-01,
Talaromyces macrosporus AWP11-01 wae Neosartorya fenneliae CHA03-All
Fauandlusuil 4.15 uag 4.16 ielflunsvnaeuduneusely

MnMsnaaeulsEansnmuentesedilumsauauifenainguedsalundiens
2 GUANuI L%@i? T. trachyspermus AWP08-01, . macrosporus AWP11-01 @1u138
muamdeTannguestsalundas £, oxysporum BAFC-01 uay C. musae BACM-09 167
WULAEINUMUITEVRIEAT LavAny (2550) ‘1'71"1/‘1’1mamaauﬂisﬁw%mwsﬂaaL%asﬂuﬁqa
Talaromyces fo T. flavus- Tunismuaudesianvmvedlsnfinfaeifmnsdsadesiuun
911135 PDA ~ wua1 T. - flavus mmsamuqmmnﬁ@ﬁuh%u%@% Phytophthora
parasitica, F. oxysporum, C. capsica Wag C. gloiosporioides Iaednsdiusyansnn
yonanidaisnenuistves Famvijan  wayAuy (2009) fisraudsUseansnmwentes
N. fischeri, N. graba, N. spinosa, N. hiratsukae, N. takakii Wwa¢ N. tatenoi NUINEIUITE
muqm%am F. oxysporum, C. capsica wag C. gloiosporioides teiie e 30-40 Wosidua
dewseuifisuiudszdnsamues N, fennelice  CHAO3-A11  WUI1@1BNTNAIUAN
F. oxysporum Wag C. musae 19annie 37.62 way 55.64 Wasiiud muasu
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Pathoger Bi-culture Antagonist Pathogen Bi-culture Antagonist] Pathogen Bi-culture Antagonist

AWP08-01 AWP11-1 CHAD3-A11

Ul 4.15 uanswamsdesdiotaussvitadosnesnu AWP08-01, AWP11-01 wag CHAO3-
A1l ABNITAIUANITRIAWIALSA F. oxysporum BAFC-01

Pathogen Bi-culture Antagonist [Pathogen Bjcylture Antagonist jPathogen Bi-culture Antagonist

AWP11-01 AWP08-01 CHAO03-A11

gilﬁ 4.16 LANINANISLAYILTDIINTEMINWTDIIMOA AWP08-01, AWP11-01 Kay CHAO3-
A1l AiBN1IAIVANTRIIENMALSA C. musae BACM-09
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4.4  WaN1INAFRUUIEANSAINVRIENTENANEIUANNYR NG Neosartorya

uaz Talaromyces lumsnauaudasiauvnlsalundae

MnnsnageuUsyansnwlunisauamde annguedlsalundietn e dsedis
Brsmzdsndesussiadondediuiommn 26 lelwan wasidosannmedise
F. oxysporum BAFC-01 wag C. musae BACM-09 ﬁqmﬁﬂ”ﬁ 25 serngalfea [Wuaan 25
fu lnwansnsadadenidosdeduiiiiusyavinnafianlunismunuidesannguessaa
2 afa laun Talaromyces trachyspermus AWP08-01, Talaromyces macrosporus
AWP11-01 uwagNeosartorya fenneliae CHA03-All 1n@fina1snle@iivinazany hexane,
ethyl acetate way methanol wuiilemnzidsadesreduunens POB Wosredy
T. trachyspermus AWP08-01 leusmnanduleveadesn 2042 n¥u aansathunadaansle
ansafiaveuludu hexane 8min 1.01 n3y asafaveudy ethyl acetate 0.74 n3u
wazansafnueudu methanol 1,22 nfu dletwisidsadessediu 7. macrosporus
AWP11-01 Wusinanduleveades 19.08 n§u dnansaunadmansldasatnmetuluty
hexane ldtiwiin 0.97 n%ur ansafpueudu ethyl acetate 0.62 n3u wazansafave Uty
methanol 1.07 %y Wewnziaeades oy N. fenneliae CHA03-A11 TdUSunandule
veulios 27.82 n¥u awrsathuainansliansatanenuluty hexane tidmin 1.48 n3u
ansataveuty ethyl acetate 1.06 N3y LaZasafRRE Ut methanol 1.92 n%u wazth
asafalufvhazareludurng q smasevdszansamnlunisauaundosanvnveslsn
F. oxysporum BAFC-01 wag C. musae BACM-09 Tnenanansananeuasiue s PDA 7
AIULTNTY 10, 50, 100, 500 Laz 1000 ppm LL@SLW’]%L%&NL%@%E’I’]Lﬂﬁﬂaﬂiiﬂﬁlﬂ 2 vauU
915 PDA Tinduansaiinludusitg 9 waéaqﬁqmmﬁ 25 ssrugaded 1Wunan 7 Tu
yhnsiasuaduriiugudnansadalall uaziusiuinavesveadonranmueslsaiia 2
¥ia Wisuifeuiuauauauildewnaisante PDA flinauansadn

Mnmsvedaulnstidesfedi N. fenneliae CHAO3-A11 snafinansiesvhazane
hexane, ethyl acetate waw methanol wasnaua1sataeuluenss PDA fiauidudu
10, 50, 100, 500 way 1000 ppm WU iewnziieds £ oxysporum BAFC-01 uaw
C. musae BACM-09 asUua115 PDA finauansatane ufinanududusing q Sawavesans
afaveuturesiasatefissiuaudit s iuses £ oxysporum BAFC-01 wuin
ansafafinnadudusng ﬁwasiamiw%zyfuau%aﬁmLwﬂiﬂ F. oxysporum BAFC-01 lag
Funaldnnuuevedalativender 4 Srizidouueims PDA Insasarindidwasanis
Wigrendenawnguadlsaazililaladvesde mamaivuadnniniuauey dmdu
{031 F. oxysporum BAFC-01 wuiansaravenulusu methanol A11150AIUANNIILITEY
veaduledes F. oxysporum BAFC-01 I¢Ananfisziuaadidu 1000 ppm Li/i']ﬁ'u 19.73
Wesidud udiilorhnstusuualestenden £ oxysporum BAFC-01 ansaraty ethyl
acetate fesiiurlumsiudinisadrsavesvonde F oxysporum  BAFC-01 mmnam
fisgdumnandudy 1000 ppm Wiy 40.14  WesiEud (37971 4.12)  dmsuidos
C. musae BACM-09 wuinansaanenuludu methanol annsnauaunsaiyveadule
{951 C. musae BACM-09 I§AgansiuAudidy 1000 ppm Wiy 20.24 Wesidud
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wavanusaediudinsadsaeseades C musae BACM-09 I 40.70 wWofidus (m1379fi
4.13) dlowdsuidisudszansnmwesansataneuiildannidesidediu N fenneliae
CHA03-A11 Tuduresiivhazaiesng 4 wuhansafanewluynduvessivinazarefisssu
ALTLTY 1000 ppm lm'mzmaéTUé’iu’ﬂﬂ’ﬁa%fwaﬂa%suau%asnmLwﬂimﬁa 2 yialaAu 50
Wosidun

NIV UUSE AV NNUDIENTARAVETUIINLTDTT T, trachyspermus AWPOS-01
dmduiden F oxysporum BAFC-01 W‘U'j'1a’ﬁaﬁ’wmuﬁlum%’jummﬁaﬁwawmEJ Taiaanse
mmumimmaumﬂ,alfzjem F. oxysporum BAFC-01 1§ uadlevhnsifusuiuaeives
lfuaiﬂ F. oxysporum BAFC-01 miaﬂmju ethyl acetate :uLﬂaiL%um‘IumiwmmiaiN
aﬂaﬂmma F. oxysporum BAFC-01 mm/lq@ fsgduarududy 1000 ppm Wiy 22.11
WosduRmsnait 4.18) dmSudes) C musae BACM-09 wuinansaraneivluduy ethyl
acetate annsnmuAuNIyrenduldon ¢ musae BACM-09 I¢ifianfiszdunin
dudu 1000 ppm Wity 4127 Wesidus wazanansadudansadealeivendes
C. musae BACM-09 1¢ 51.58 Uadifiust (3197t 4.15)

NNIIVNEUYSERTS NNvBsEaTAVETUINEeT) T. macrosporus AWP11-01 de
nsmuAudesavnvesisAlundas dwsudes £ oxysporum BAFC-01 wuitaisaria
Maﬂuiu%u methanol mmmmmumsm’%maqLﬁu‘lwﬁaiw F. oxysporum BAFC-01 1@
mammmummwmu 1000 ppm wnmJ 19.73 Wasidud usidlovhnsiusnauadesves
L“Ua’i’] F. oxysporum BAFC-01 aﬂiaﬂmju ethyl acetate mLUaiL*’zjumﬁLuﬂ’liﬁmmﬂ’liaiN
aﬂaﬁsuawua F. OXysparum BAFC 01 mmnam fisgsupnandaudu 1000 ppm WiAU 40.44
Wesifud (m3199 4.16) dwuidest € musae BACM-09 wutnansarianeuludu ethyl
acetate mmmmuqmwmwmLauiﬂL%aiﬁ C musae BACM-09 léffigaiiszsuaay
Fudu 1000 ppm - Wi 6.85  Wasiud waransasdudinisadreadedvendes
C. musae BACM-09 ¢ 12.01 wWedidud (ansefl 4.17) WeSsuifieuuseansnmuesans
afanenuitldanidossesu T. macrosporus AWP11-01 lutuvesiaviagatesng 4 wuin
maaﬁ’wmu’tunﬂ%y’uéumé’hﬁwazawﬁizé%ﬂmuL%@J%’u 1000 ppm Mlannsadudannsadis
Jasreadoranmalini 2 fialdifu 50 wWosidus

Mnmsdieuiiteulssans nmaesaisafnneuluduresivhazareanidesdedu
T 3 lelwian Ae T. trachyspermus AWP08-01, 7. macrosporus AWP11-01 Uay
N. fenneliage CHAO03-Al1l Iumiﬂ’mﬂm%@i’l F. oxysporum BAFC-01 wag C. musae
BACM-09 wuirlunisfudansadrsatasues £ oxysporum BAFC-01 ansaravenuludu
ethyl acetate 9MnWTo390fU T. macrosporus AWP11-01 ansnsadudsléiand 40.44%
(g‘dﬁ 4.17) sosawfoansataneIudu ethyl acetate s ni@eswwiediu N fenneliae
CHA03-A11 17'i40 14% LLa“IUﬂﬁigUézﬂﬂﬁiﬁ%NﬁU@%SU@ﬂL%@i’] C. musae BACM-09 Wu11
msaﬂwmwu ethyl acetate mmﬁuasw T. trachyspermus AWP08-01 mmaaa‘uaﬂm
1/]?191‘1/] 51.58%  EDso 111U 969.37 ppm (sﬂm 4.18)503a9u R easataveuludy
methanol mﬂﬁ?a N. fenneliae CHA03-A11 7 40.70% mmmwmiaﬂmiuw ethyl

(%

acetate  AMNLYOINROAIUN 3 lolgian  U19zlgnslunisdudinisassalasves
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F. oxysporum BAFC-01 wag C. musae BACM-09 uaglinaluludiamaneiuiuamuide
389 Wews (2558) MvhmsAnuUszansnmassasatinneuannidos T, trachyspermus
EU09 wag T. muroii EU06 Iumimwﬁméﬁasﬂ C. coffeanum Lﬁ??aiwmmmaﬂiﬂLLauLmsﬂ
Tuglunun wuinansafanevludu ethyl acetate 910 T, trachyspermus EU09 ua
T. muroii EU06 anansadfuisnisadaasveaidie C coffeanum M@a7t EDg, Winfu 0.65
way 2.20 ppr AuddU wazdalsienuideues Boonsang warmme (2014) Fwinas
npaeuUsTansawwesansananeuludy ethyl acetate MndesidaLenl@anausenis
muamL%@ﬁﬁ%%@%ﬂiﬂﬁ%ﬁq 9 NuUTEsAfAneIutY ethyl  acetate  91nLGes7
N. pseudoficheri (KUFA-0060) ﬁgm'élumammm%am C. capsici fisgduamududu 100
ppm  uarlndiAeeiuauidores Dethoup wazAmy 2007 MnisvadeuUseansainues
maaﬁ’wmﬂu%u ethyl acetate mm%asw N. pseudofischeri (KUFA 0108) @11130AUAY
nswesaiulnvendosn C cloiosprioides wa C. capsici W 50 wWodidud fisziuaay
Wnduvesansanave1u 1666.87 uay 1887.38 ppm AUA1GU kaEHAIN1IAAIVANATT
Saiulnveaten £ oxysporum I 50 wWesiius fszdumaundudn 9281.37 ppm
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A19197 4.12 LanaUTEaVBAMNVDIENTANANEIUANLAD N. fenneliae CHAO3-A11 fian1s
AIUANLYDTT F. oxysporum BAFC-01

v MUY
- AI1Y LHUNIY Growth P Spore
GRFGIIG o o . EDs,
LUUVU AUYNAIY inhibition 7 inhibition
VTIRET) YA (x10 (ppm)
(ppm)  Talad (uw.) (%) p (%)
duos/ua.)

0 50.00 + 0.00 0 1.07 + 0.35 0.00

10 50.00 + 0.00 0 1.06 + 0.11 0.48

50 50.00 + 0.00 0 1.05 + 0.10 1.48

Hexane -

100 50.00 + 0.00 0 1.05 + 0.17 1.59

500 50.00 + 0.00 0 0.98 + 0.09 8.10

1000 48.78 + 0.48 2.435 0.85 + 0.09 20.57

0 50.00 + 0.00 0.00 1.07 £ 0.35 0.00

10 50.00 + 0.00 0.00 0.96 + 0.13 10.32

Ethyl 50 50.00 = 0.00 0.00 0.89 + 0.08 16.71
acetate 100 4773 + 0.29 4.54 0.80 = 0.09 25.26
500 45.32 + 0.38 9.36 0.71 £ 0.04 33.63

1000 42.64 + 0.33 14.73 0.64 + 0.09 40.14

0 50.00 + 0.00 0.00 1.07 + 0.35 0.00

10 50.00 + 0.00 0.00 1.07 £ 0.18 0.13

50 50.00 + 0.00 0.00 1.05 + 0.12 1.30

Methanol -

100 45.40 + 0.23 9.19 0.93 + 0.06 13.02

500 43.26 + 0.16 13.49 0.90 + 0.06 15.36

1000 40.14 + 0.18 19.73 0.78 £ 0.04 26.49

e ANRAEIN. 4 97, EDyy AoseRumnuituianunsaduginisassaasia 50

Wosidud
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A151991 4.13 LanaUszanSnnuesansananeIuane N. fenneliae CHAO3-A11 #9n"s
AIUANLET1 C. musae BACM-09
Ay Ldunnu Growth  91w2udaUas  Spore

#158N0 v ¢ 7 Dso
LUUYU AUNLNANY inhibition (x10 inhibition
ne1U T4 . (ppm)
(ppm) laladl (uw.) (%) duas/ua.) (%)
0 50.00 = 0.00 0.00 1.31 + 0.09 0.00
10 50.00 = 0.00 0.00 1.28 £ 0.02 2.34
50 50.00 = 0.00 0.00 1.27 £ 0.03 2.69
Hexane -

100 50.00 + 0.00 0.00 1.27 + 0.08 3.24
500 50.00 + 0.00 0.00 1.26 + 0.03 4.04
1000  50.00 + 0.00 0.00 1.25 +0.02 4.54
0 50.00 + 0.00 0.00 1.31 + 0.09 0.00
10 50.00 = 0.00 0.00 1.26 + 0.02 4.13
Ethyl 50 50.00 + 0.00 0.00 1.24 + 0.09 5.04
acetate 100 48.06 + 0.13 3.88 1.12 + 0.07 14.90
500 45.45 + 0.45 9.10 1.05 =+ 0.02 19.67
1000 44 58 +0.24 10.85 0.98 = 0.06 25.25
0 50.00 = 0.00 0.00 1.31 £ 0.09 0.00
10 50.00 + 0.00 0.00 0.95 + 0.05 27.34
vk ooal 50 50.00 = 0.00 0.00 0.93 + 0.06 36.07 )

100 46.38 + 0.25 7.24 0.84 + 0.07 29.15
500 42.48 + 0.64 15.04 0.81 + 0.07 38.02
1000 39.88 £0.36 20.24 0.78 £ 0.06 40.70

NG ANRAYaIN 4 @1, EDsy Aesssumududufiannsadudinisatieadesly 50

Wosidus
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A195197 4.14 LanaU T aVBAmMUeENTanneIuINe T. trachyspermus AWP08-01 #
N13AIVALLTDI F. oxysporum BAFC-01

v I7UIU
- AI1Y LHUNIY Growth p Spore
#15dnm o o P dUos EDs,
RTEURTY AULNAY inhibition 7 inhibition
VTIRET) b (x10 (ppm)
(ppm) aladl (us.) (%) p (%)
duos/ua.)
0 50.00 + 0.00 0.00 10.07+ 0.04 0.00
10 50.00 + 0.00 0.00 10.06 +0.04 0.14
50 50.00 + 0.00 0.00 9.96 + 0.05 1.07
Hexane -

100 50.00 + 0.00 0.00 9.84 +0.09 2.25
500 50.00 = 0.00 0.00 9.81 + 0.09 2.62
1000  50.00 = 0.00 0.00 9.60 + 0.06 4.67
0 50.00 + 0.00 0.00 10.07+ 0.04 0.00
10 50.00 + 0.00 0.00 10.03 +0.08 0.38
Ethyl 50 50.00 = 0.00 0.00 9.91 +0.02 1.63
acetate 100 50.00 = 0.00 0.00 9.28 + 0.06 7.83
500 50.00 = 0.00 0.00 9.03 = 0.06 10.32
1000 50.00 + 0.00 0.00 7.84 + 0.04 22.11
0 50.00 + 0.00 0.00 10.07 +£0.04 0.00
10 50.00 = 0.00 0.00 9.57 + 0.03 4.98
vl et 50 50.00 + 0.00 0.00 9.58 + 0.07 4.85 )

100 50.00 = 0.00 0.00 9.35 £0.09 7.15
500 50.00 = 0.00 0.00 9.34 + 0.04 1.27
1000  50.00 + 0.00 0.00 8.89 + 0.09 11.74

NUBLYR): Anndgann 4 9, EDs, Aeszdumnudutuiiannsedudinisaieadesls 50

Wasidus
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A19197 4.15 LanaUszanSnmuesansanae1uane T. trachyspermus AWP08-01 #19
N13AIVANLTDS1 C. musae BACM-09

v AU
- AI1Y LHUNIY Growth p Spore
#15dnm o o P dUos EDs,
RTEURTY AUYNAIY inhibition 7 inhibition
VTIRET) YA (x10 (ppm)
(ppm)  laladl () (%) p (%)
duos/ua.)

0 50.00 + 0.00 0.00 12.62 0.00

10 50.00 + 0.00 0.00 12.61 0.11

50 50.00 + 0.00 0.00 12.56 0.48

Hexane -

100 50.00 + 0.00 0.00 12.49 1.05

500 50.00 + 0.00 0.00 12.45 1.33

1000 50.00 + 0.00 0.00 12.38 1.90

0 50.00 + 0.00 0.00 12.62 0.00

10 50.00 + 0.00 0.00 12.34 2.24

Ethyl 50 50.00 = 0.00 0.00 12.38 1.92

969.37

acetate 100 49.01 + 1.15 1.99 11.84 6.18
500 48.13 + 0.22 3.74 10.52 16.61

1000  29.37 +0.22 41.27 6.11 51.58

0 50.00 + 0.00 0.00 12.62 0.00

10 50.00 + 0.00 0.00 12.48 1.15

50 50.00 = 0.00 0.00 12.53 0.73

Methanol -

100 46.38 + 0.25 7.24 12.14 3.79

500 42.48 + 0.64 15.04 11.90 5.72

1000 39.88 + 0.36 20.24 11.82 6.37

e ANRAEIN 4 9, EDs, Aeszrumnuidudiuianunsaduginisasisavesia 50
Wasidus
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A19199 4.16 LanIUTZANSNINVDIANTAAARYIUANLTD T. macrosporus AWP11-01 619
N13AIVANLTDI F. oxysporum BAFC-01

. AU LU Growth  ?1uauaUas  Spore
gd13dnm v ¢ 7 Dso
LUUYU AUNLNANY inhibition (x10 inhibition
%YU b . (ppm)
(ppm)  laladl (ua.) (%) duas/ua.) (%)
0 50.00 = 0.00 0.00 10.67+ 0.35 0.00
10 50.00 = 0.00 0.00 10.62 + 0.11 0.48
50 50.00 = 0.00 0.00 10.51 £ 0.10 1.48
Hexane -
100 50.00 + 0.00 0.00 10.50 + 0.17 1.59
500 50.00 = 0.00 0.00 9.81 + 0.09 8.10
1000 48.78 + 0.48 2.43 8.48 + 0.09 20.57
0 50.00 = 0.00 0.00 10.67 = 0.35 0.00
10 50.00 + 0.00 0.00 957 £ 0.03 10.32
Ethyl 50 50.00 = 0.00 0.00 8.89 + 0.08 16.71
acetate 100 a7.73 + 0.29 4.54 7.98 + 0.09 25.26
500 45.32 + 0.38 9.36 7.08 £ 0.04 33.63
1000 42.64 + 0.33 14.73 6.36 + 0.09 40.44
0 50.00 = 0.00 0.00 10.67 + 0.35 0.00
10 50.00 + 0.00 0.00 10.66 + 0.18 0.13
50 50.00 + 0.00 0.00 10.53 £ 0.12 1.30
Methanol -
100 45.40 + 0.23 9.19 9.28 + 0.06 13.02
500 43.26 + 0.16 13.49 9.03 + 0.06 15.36
1000 40.14 + 0.18 19.73 7.84 + 0.04 26.49

i q' 9 a ) Y v A v o o v
VUGN ALRAYIN 4 91, EDs ﬂ@i%ﬂUﬂTﬁJLﬂmsﬂuwaqu’]iﬂﬂuﬁﬂﬂqiaiqﬂaﬂ@ﬂ@ 50

Wosidus
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A19199 4.17 LanaUszanSnInvedaNsananneI1uanee 7. macrosporus AWP11-01 619
N13AIVANLTDS1 C. musae BACM-09

. AU LAUNIY Growth  ?1uuEULS Spore
gd138inm v ¢ 7 Dso
LUUYU AUNLNANY inhibition (x10 inhibition
ne1U T4 . (ppm)
(ppm) laladl (uw.) (%) duas/ua.) (%)
0 50.00 = 0.00 0.00 12.60 + 0.09 0.00
10 50.00 = 0.00 0.00 12.54 + 0.03 0.50
50 50.00 = 0.00 0.00 12.48 + 0.02 0.92
Hexane -

100 50.00 + 0.00 0.00 12.41 + 0.05 1.55
500 50.00 + 0.00 0.00 12.07 + 0.01 4.22
1000  50.00 + 0.00 0.00 11.86 +0.12 5.88
0 50.00 + 0.00 0.00 12.60 + 0.09 0.00
10 50.00 = 0.00 0.00 12.56 + 0.02 0.32
Ethyl 50 50.00 + 0.00 0.00 12.44 + 0.09 1.27
acetate 100 48.11 = 0.17 3.78 12.15 + 0.07 3.59
500 47.20 + 0.08 5.60 11.79 = 0.04 6.41
1000 46.58 + 0.24 6.85 11.09 + 0.01 12.01
0 50.00 + 0.00 0.00 12.60 + 0.09 0.00
10 50.00 + 0.00 0.00 12.54 + 0.02 0.45
vk ooal 50 50.00 = 0.00 0.00 12.50 + 0.03 0.81 )

100  50.00 + 0.00 0.00 12.36 + 0.05 1.88
500  50.00 + 0.00 0.00 12.07 = 0.03 4.20
1000 48.63 + 0.30 2.74 11.51 +0.02 8.69
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14

4.5 HaN15IATITAANTEAUAIBGas Chromatography-Mass Spectrometry (GC-MS)

v
o w
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4.18

A157971 4.18 wandaNsARTIRATIERdie GC-MS IdRinansafane udu ethyl acetate
310 N. fenneliae CHA03-A11 Wwag T. trachyspermus AWP08-01

ansafavienuty ethyl acetate AnsafavieNUTY ethyl acetate

31N N. fenneliae CHA03-A11 910 T. trachyspermus AWP08-01
yinasaAsY Usual (%) yina15eALY Usua

(%)

Octadecanoic acid 34.46 Benzoic acid 28.51
Hexadecanoic acid 16.87 Hexadecanoic acid 11.69
9-Octadecanoic acid 16.62 Heptadecene 10.36

Benzoic acid 6.99 Linoleic acid 7.80

Benzoic adid ifuasiitmautidiuasiuys visldifledudinnaiin vesadunidlu
9913 %’ﬁﬁswamuié’faﬁiﬂumimu@m%mwmm«;ﬂiﬂsm 9 319175304 (2550) 31891UDINTT
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parasitica laog19luse@nsain wazdelisioaudenisldans Hexadecanoic  acid %3©
Plamitic acid TunismuRuilies Rhizoctonia sp. Mduanmmmaslsatinluuzuld (5w
LA AY, 2547) uaﬂmﬂ‘fj WTEIU hAZANE (2550) S18971UITNUANS Hexadecanoic acid Tu
ansafnmeudy ethyl acetate e Trichoderma  harzianum wawiiuszavianimly
nsdfudiades Phytophthora palmivora 'l fid EDs, winffu 5873.37 ppm wazdudanis
LWQ3QVOS F. oxysporum AN EDsy tWNAU 9281.37 ppm 39AINT1@1T Benzoic acid hag
Hexadecanoic acid ﬁwulumﬁaﬁwmus{?u ethyl acetate 310 N. fennelicge CHA03-Al1
uaz T. trachyspermus AWP08-01 LJuansiteanguitiudansiasauasnisasreavesves
F031 F. oxysporum waz C. musae I
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Abstract The anthracnose disease caused by Colletotrichum musae on banana was controlled
by biological control agents. Seven isolates of C. musae were collected from banana growing
area in Suphanburi, Nakhonpathom, Ratchaburi and Nonthaburi province, Thailand.
Pathogenicity was tested on fresh banana, and proved that isolates CMDC-01 and CMNM-01
were most aggressive isolates. These isolates were molecular phylogeny confirmed species. In
vitro test was done by dual culture tecnique, two isolates of pathogen were tested against ten
isolates of antagonistic fungi (Neosartorya hiratsukae, N. pseudofischeri, N, aureola, N.
spinosa, N. fenneliae, Talaromyces muroii and T. trachyspermus). The result showed the best
antagonistic isolate was N. pseudofischeri EU13 which inhibited C. musae CMDC-01 of 51.23%
and N. fenneliae CHA03-A11 inhibited C. musae CMNM-01 of 59.85%.
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Introduction

Most of the people in Thailand are farmers. So, the agricultural industry
especially, the fruit and vegetable industry are important business that
contributes to the economy. However, agricultural production is severely
damaged by pests and plant diseases. In particular, plant diseases caused by
fungi can quickly and severely damaged crops. Farmers are used chemicals for
their control because chemicals are easier, faster and more effective to control
the diseases (Mari et al., 2009; Schirra et al., 2011; Zhu et al., 2015).

Anthracnose disease caused by Colletotrichum musae, is one of disease
that damages the banana. The pathogen is infested with unripe banana showing
green and signs when the fruits is riped it become yellow. Symptoms of the
disease are more severe as the fruit ripens because of the amount of sugar.
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Leison are small sunken black spot and extended wide. The size and shape of
the lesion is uncertain. In optimum condition, orange spots are visible on the
lesion. The famers often use chemicals such as thiabendazole, carbendazim and
prochloraz sprayed or coated at the surface of banana fruit to inhibit the growth
of pathogen. But excessive use of chemicals negatively affects to the
environment, farmers and toxic residue in the product (Khan et al, 2001;
Mehdi, 2010; Alizadeh et al., 2015; Zhu et al., 2015).

The disease can be controlled without using chemical fungicides that has
been reported as biological control. Recently, the successful measure has been
achieved using antagonistic microorganism to control plant disease. There are
many reseasches reported that in the biocontrol activity of antagonistic
microorganism such as competition for space and nutrient, activation of host
defenses, and production of substance to inhibit the pathogens (Soytong and
Quimio, 1992). Many researches reported that using antagonistic fungus to
control anthracnose disease in various fruits such as Neosartorya fischeri, N.
glabra, N. hiratsukae, N. takakii, and N. tatenoi to control anthracnose disease
in chilli caused by Colletotrichum capsici (Eamvijarn et al., 2009).
Talaromyces trachyspermus EU09 and T. muroii EU04 can inhibit growth of C.
coffeanum cause of anthracnose disease in coffee (Soytong and Poeaim, 2015).
The objective was to isolate Colletotrichum musae from banana growing area
in Suphanburi, Nakhonpathom, Ratchaburi and Nonthaburi province, Thailand.
The pathogen was isolated, morphological and molecular phylogenetic
confirmation. The potent antagonistic fungi Neosartorya and Talaromyces were
tested to control the anthracnose pathogen.

Materials and methods
Isolation and identification of fungal pathogens

Colletotrichum musae was isolated from anthracnose lesions of banana
fruits by tissue transplanting technique. Banana fruits with disease symtoms
were collected from growing banana area in Suphanburi, Nakhonpathom,
Ratchaburi and Nonthaburi province, Thailand. Infected areas were washed
with sterile distilled water, cut to 5 mm diameter and surface sterilized with 1%
sodium hypochlorite for 30 second and washed tree times with sterile distilled
water. The washed tissue was transferred to Potato Dextose Agar (PDA) and
incubated at room temperature. After incubation, cut the fungal hyphal tip from
infected tissue transferred to new PDA and purified by tranfered single spore to
new PDA. Identify species of pathogen isolates by morphological observation
and molecular data (Sutton, 1992; Nuangmek et al., 2008; Ismet et al., 2012).
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The pathogens were identified by morphological observation on character
of lesion on fruits, colony, conidiomata, shape and size of conidia followed by
Alizadeh et al. (2015). The pathogens were confirmed species by molecular
data, dna extraction was modified the CTAB protocol from Doyle and Doyle
(1990) and Suksiri (2018). The DNA templates were performed by sequencing
the internal transcribed spacer (ITS) region and amplified by polymerase chain
reaction (PCR) which modify the condition followed by White et al. (1990). The
PCR products were performed to sequencing analysis by Bioneer Company, Korea.
The sequences were identified species by aligning the sequence from database of
National Center for Biotechnology Information (NCBI) using Basic Local
Alignment Search Tools (BLAST).

Pathogenicity test

Pathogenicity test modified from Ismet ef al. (2012), was done on healthy
green ‘Namwa Mali-Ong var.’ banana fruits. Fruits were surface sterillized with
sterile distilled water and four wounds were made on fruits by needle. The
mycelium plug was corked by 0.5 mm diameter of cork borer and placed on
each wound, use pure PDA plug for control. Three replications were made in
each treatment (Figure 2A). The inoculated fruits were incubated in moisture
chamber at room temperature for 5 days. C. musae was reisolated to PDA for
further experiment.

Antagonist fungus

Neosartorya and Talaromyces are soil-brone fungi, isolated by soil
dilution technique, heat treatment and alcohol treatment from soil. Species of
antagonistic isolates were identified by morphological and molecular data. Ten
isolates of Neosartorya and Talaromyces were offered by Mayamor Soytong,
Supanan Suksiri and Supattra Poeaim which deposited in our laboratory.
Antagonistic isolate Neosartorya hiratsukae EU06, Talaromyces muroii EUQ7,
N. pseudofischeri EU13, T. muroii EUIS8, T. trachyspermus EU23 and
Neosartorya sp. EU35, were isolated from Chiangmai province, Thailand. N,
aureola CHAO1-AO01, T. muroii CHAO03-A03, N. fenneliae CHA03-A11 and N.
spinosa CHA09-A01, were isolated from Chumpon province, Thailand.

Dual culture
The isolates of antagonistic fungi were selected from in vitro test by dual

culture technique (Nuangmek et al., 2008; Sakunyarak and Satithorn, 2014).
The mycelium plugs, 0.5 mm diameter of C. musae from colony incubated at
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25°C for 10 days were dual culture with 0.5 mm diameter mycelium plug of
antagonist isolates. The distance between pathogen and antagonist were
approximately 4.5 cm. Four replications were made for each treatment. Dual
culture plates were incubated at 25°C for 25 days. After incubation, colony of
C. musae was measured and compared with control. The percentage of growth
inhibition (GI) was calculated by using the equation (1). Data were statistical
analysed and means were compared by Duncan Multiple Range Test (DMRT)
at p-values less than 0.05 significantly level.

GIL (%) =[(A —B)/A] x 100 (1)
(A) C. musae colony in control plate, (B) C. musae colony in treatment plate
Results
Isolation and identification of pathogen

Seven ‘Namwa Mali-Ong var.” banana samples were collected from
Suphanburi, Nakhonpathom, Ratchaburi and Nonthaburi province, Thailand.
The pathogen was isolated from anthracnose lesion (Figure 1A). Banana
samples were isolated and yielded seven isolates of CMKP-01, CMKP-02,
CMKP-03, CMNM-01, CMRM-01, CMNS-01 and CMDC-01. All isolates
were identified by mycelium and colony morphology, conidia shape and size
and development of conidiomata which observed after 10 days incubation at
room temperature. The morphological characteristics of C. musae isolate
CMDC-01 which is shown in Figure 1. All isolates were produced orange
conidiomata on the lesions after 3 days incubation in moisture chamber (Figure
1B). The colony were white mycelium and turned to pinkish orange in color
with age (Figure 1D and 1E). Conidia were hyaline cylindrical shape, size of
conidia ranged from 3.45-5.32 x 10.12-14.60 pm (Figure 1C and 1F). All of
seven isolates were morphogically identified as Colletotrichum musae.

The DNA sequences of each isolate was amplified with ITS regions. PCR
product were sequenced and compared with C. musae sequences in NCBI
databases. The nucleotide sequences were identified as C. musae based on
molecular analysis and comfirmed with morphological identification. BLAST
analysis of all isolates complied with 99% identity with reference of C. musae
accession number AJ301904, JN121212, NR120132 and JN943076 in Genbank
database.

1592



International Journal of Agricultural Technology 2018 Vol. 14(7): 1589-1598

= D < N
Figure 1. Morphological characters of C. musae 1solate CMDC-01, (A) lesion

on banana fruit, (B) conidiomata, (C and F) conidia and (D and E) colony on
PDA after 10 days incubation

Pathogenicity test

Pathogenicity test was confirmed the pathogenic isolates which tested on
‘Namwa Mali-Ong var.” banana fruits. The fruits were inoculated by C. musae
isolate CMKP-01, CMKP-02, CMKP-03, CMNM-01, CMRM-01 CMNS-01
and CMDC-01. The fruits were showed symptoms of anthracnose after 3-5
days incubation in moisture chamber. Lesions were black, oval and sunken.
After that, the lesions showed white mycelium and produced orange color of
conidial masses (Figure 2B-2H). C. musae isolates of CMNM-01 and CMDC-
01 made a largest lesion on fruits which were 24.18+0.98%33.81+2.96 mm and
23.46+2.24%30.66+3.32 mm, respectively. However, there was no significantly
different in lesions on fruits which inoculasted CMNM-01 and CMDC-01
isolates, the lesions were 817.36 and 719.21 mm?, respectively (Table 1).

Table 1. Lesion areas on ‘Namwa Mali-Ong’ banana fruits inoculated with
seven isolates of C. musae after 5 days of incubation

Lesion
Isolates Width (mm)” Length (mm)* Area (mm)
CMKP-01 16.57+3.34 24.35+4.09 403.45°
CMKP-02 17.60+1.72 27.21%0.90 478.86°
CMKP-03 18.02+1.99 26.19+2.59 471.97¢
CMNM-01 24.18+0.98 33.8142.96 817.36°
CMRM-01 15.412.48 28.8142.25 443 .81°
CMNS-01 17.75+0.56 32.5642.74 577.88™
CMDC-01 23.4642.24 30.66+3.32 719.21°

*Values expressed are mean + SE
a-c means with different letters in the same column were significantly by ANOVA at P<0.05
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Figure 2. Lesion areas on banana fruits after pathogenicity test by isolates of C.
musae (A) set of treatment in three replicates ® and control ® , (B) CMKP-01,
(C) CMKP-02, (D) CMKP-03, (E) CMNS-01, (F) CMRM-01, (G) CMNM-01
and (H) CMDC-01

Effect of antagonist to control C. musae by dual culture test

The isolates CMNM-01 and CMDC-01 proved to be aggressive
pathogenic isolates to banana. Dual culture was tested with ten antagonistic
isolates. The colony diameter was masured after 20 days incubation. Result
showed that antagonistic isolates EU13, EU06 and CHAO03-A11 were strongly
inhibited C. musae CMDC-01 of 51.23, 47.32 and 46.62%, respectively (Figure
3). The antagonistic isolates of CHA03-A03, EU06 and EU13 showed the
highest effective isolates to control C. musae CMNM-01 which were 59.85,
50.33 and 46.92%, respectively (Figure 4, Table 2).

Table 2. Dual culture test of antagonistic fungi and pathogen

Isol ¢ C. musae CMDC-01 C. musae CMNM-01
aiot:gt(e):lios ¢ Colony diameter Growth Colony radius Growth
(mm) inhibition (%) (mm) inhibition (%)
Control 45.00 0.00 45.00 0.00
EU06 23.71 47.32 22.35 50.33
EU07 28.88 35.82 30.33 32.59
EU13 21.94 51.23 23.89 46.92
EU18 30.63 31.94 29.71 33.98
EU23 37.01 17.76 35.53 21.05
EU35 27.00 40.01 29.60 34.21
CHAO01-A01 25.36 43.65 27.91 37.97
CHAO03-A03 29.06 35.42 29.38 34.71
CHAO03-A11 24.02 46.62 18.07 59.85
CHA09-A01 28.71 36.20 29.19 35.14

1594



International Journal of Agricultural Technology 2018 Vol. 14(7): 1589-1598

Figure 3. Antagor_listic activity in dual culture test on PDA after 20 days
incubation of C. musae CMDC-01 dual culture with (A) EU13, (B) EU06 and
(C) CHAO03-A11

Figure 4. Antagonistic activity in dual culture test on PDA after 20 days
incubation of C. musae CMNM-01 dual culture with (A) CHAO03-All, (B) th
EU06 and (C) EU13

Discussion

Anthracnose of banana caused by C. musae that isolated from symptom
showing black and sunken lesions and covered with orage conidiomata
(Thangamani et al, 2011). All the seven isolates showed hyaline cylindrical
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conidia. The conidia size ranged in 3.45-5.32 x 10.12-14.60 um and there were
made a lesion was black and sunken on pathogenicity test. These characters
agreed with Mehdi et.al. (2010) and Alizadeh et.al. (2015) also reported in the
conidia size as 4.5-6 x 9.5-15 um. The other species of Colletotrichum was a
different shape and size of conidia. The average spore size of C. capsici causing
anthracnose in chilli was 3.50 x 21.00 um and sickle-shaped (Ghosh et al.,
2016). C. gloeosporioides were isolated from various host and conidia size was
3.5-6.0 x 12-17 um, cylindrical shaped.

In this study, the antagonistic isolates EU13, EU06 and CHAO03-All
were strongly inhibited C. musae CMDC-01 as 51.23, 47.32 and 46.62%,
respectively. The antagonistic isolates CHA03-A03, EU06 and EU13 showed
highest anifungal activity against C. musae CMNM-01 which were 59.85,
50.33 and 46.92%, respectively. The result revealed that N. hiratsukae EU06,
N. pseudofischeri EU13 and N. fenneliae CHA03-A11 gave the good control of
both of tested isolates. Isolates EU06 and EU13 were actively against tested
pathogenic isolates.  Similar result from previous reports comfrimed N.
hiratsukae were inhibited Bipolaris maydis, C. capsici, C. gloeosporioides and
Fusarium oxysporum (Eamvijarm et al., 2009). Crude ethyl acetate extract
from N. pseudofischeri KUFA 0060 at 100 ppm was strongly inhibited
Phytophthora palmivora and C. capsici (Boonsang et al., 2014). The reserch
finding, it is obiviously showed that N. hiratsukae EUO06, N. pseudofischeri
EU13 and N. fenneliae CHA03-A11 reported as the new antagonists to control
banana anthracnose caused by C. musae. This study was similar to the report of
Chaetomium spp. effectively against Fusarium oxysporum f.sp. Ilycopersici,
stated that the control mechanism as antibiosis which produced Chaetomium
produced antibiotic substance eg. chaetoglobocin-c to kill the pathogen cells
(Soytong et al., 2001).

It is concluded that the biological control of banana anthracnose caused
by C. musae using the effective antagonistic fungi. Isolates CMDC-01 and
CMNM-01 were the highest pathogenicto infect the babana fruits. The
antagonistic isolates N. hiratsukae EUO06, N. pseudofischeri EU13 and N.
fenneliae CHA03-A03 were storngly inhibited C. musae isolates CMDC-01 and
CMNM-01.
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