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Abstract

During 3 years of search for endophytes, an agricultural application was mainly observed, and novel bioactive
compounds against drug resistant bacteria and Pythium insidiosum, a Pythiosis pathogen of human, were
preliminary investigated from more than 1,000 endophytic strains isolated from Thai medicinal trees in Thailand.
Three endophytes that are high potentially used to control a broad spectrum of plant diseases are Muscodor albus
MFC2, Xylaria sp. QS4 and Paenibacillus polymyxa TL41. The fungus M. albus MFC2 was isolated from Myristica
fragrans at Mahidol University, Salaya, Nakornprathom. A novel endophytic species of Bipolaris thaiendophytica
JF2 with antagonistic activity of a broad spectrum of fungal plant pathogens was found from a fruit of this tree. In
specific grain formula media, M. albus MFC2 could produce bioactive volatile organic compounds (VOCs, i.e.
ethanol, isoamyl alcohol and aromadendrene) that partially to totally inhibit plant pathogens including Alternaria
sp., Colletotrichum capsici, C. gloeosporioides, Fusarium sp., F. equiseti, Ganoderma sp., Geotrichum sp.,
Phytophthora parmivola, P. ultimum, Rhizoctonia and Sclerotinia sp.. Importantly, M. albus MFC2 colonizing grains
could completely control P. ultimum on kale, Alternaria disease on chili under field conditions, F. equiseti black
spots on Hom-Thong banana, and partially control C. gloeosporioides anthracnose on Nam-Dok-Mai mango fruits.
The high production of ethanol from M. albus MFC2 colonizing grains was an interesting observation for an
alternative energy source. Notably, M. albus MFC2 induced mechanisms affecting drought tolerance in tomato
(Lycopersicon esculuentum). The second endophytic biocontrol agent was Xylaria sp. QS4, a fungal endophyte
from twigs of Quereus lauritolia growing at Kanchanabury campus of Mahidol University. Results of in vitro
antagonistic test showed that Xylaria sp. QS4 could inhibit Alternaria sp., C. capsici, C. gloeosporioid and P.
ultimum. Thoroughly mixing 15 plates of 10-day old Xylaria QS4 in 500 g mixture of commercial soil and field soil
did not negatively affect both germination and growth of kale and lettuce seeds in outdoor conditions. In addition,
the same concentration of Xylaria sp. strain QS4 could completely control P. ultimum infestation pots of kale and
lettuce, but restored productions more than control pots. The last one was Paenibacillus polymyxa TL41, a gram

positive bacterial endophyte of Paederia foetida that could control of Xanthomonas campestris on lettuce under



outdoor conditions. Additionally, P. polymyxa TL41 was able to inhibit Alternaria sp., Colletotrichum capsici, C.
gloeosporioides, Fusarium sp., F. equiseti, P. palmivora and P. ultimum on potato dextrose agar.

For the medicinal applications, the Xylaria QS4 also has antibacterial activity against Escherichia coli,
Acinetobacter sp., Pseudomonas auriginosa, MRSA-1302, MRSA-2, Staphylococcus aureus and Candida albicans.
Twenty three extracts of 10 day PDB shaking endophytic cultures had ability to inhibit growth of all those
pathogens. The 15 extracts of which cultured for 10 days in stand and shaking GP both have the inhibition activity
against all pathogens. Other objectives of this study were to screen endophytes having anti P. ultimum activity that
are able to inhibit a growth of P. insidiosum based on a dual antagonistic test on PDA, GPA and modified PDA
because Pythiosis is a life-threatening infectious disease of humans and animals that has been increasingly
reported. Radical surgery is the main treatment for pythiosis since conventional antifungal drugs are ineffective.
There were 24 endophytes that could inhibit P. insidiosum at 57-96% from a total of 49 endophytes with anti P.
ultimum activity. These top eight endophytes were Dothideomycete sp. N5L4 and NAAL7, Myrothecium sp. RSb8,
Phyllosticta citrullina NHL12, Xylaria sp. QS4, Chaetomium sp. RPR2, Cladosporium cladosporioides RRS18, and
the bacterial endophyte P. polymyxa TL41. These data indicate that endophytes from medicinal trees are promise
reservoirs to search for novel antibiotic compounds against drug-resistant bacteria and anti- P. insidiosum agent
for a treatment of patients with pythiosis.
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' a v @ a ' A a o A A ' & X '
sanlurunszuiumislalatlads  aldndinudaszddeseanindaliinunasnudaszignidenaanumuliuat)
AUUGATENY 9
ATP + H20 —> ADP + Pi ADP fa adenosine diphosphate L8z Pi flo inorganic phosphate
#33IN81ANNLAK (Stress physiology)
gyrnmenadn [JusnimndagsesdEinanduiunesauninonuiTisssa inauawasda g WRILIAR DY
' A A L A o @ A Ada AN ve Aad A = o . o o v A da
atnslifidonuuaiaftbidyannaeiifianlaiunaiange sududnuniaanuiinadunii 9 dwin&end
Aa v l:gld U o v Y 1 &) Q o Qs 1 A =S v kg
Falavn  anuiluduaiisulunmemliidlahezladuiivihnalunsuwinzasvesiis  msdinmduah
wazddpanuiluduiazinpiuannedaunsiunuainaniananemaneas
o & A A A Y v A \ @ o A & Ao &
dnrmadialuadiinemuanuiduianuuandrsnuwann dnldlasnluiiaad
ANUFUNMUIUANULAK K38 Stress resistance: ANUFNTOARNUNUABANULABAIFINNABUEN
a o . A Yy o v A o A o X
MINAURANIHANNLAY W38 Stress avoidance: aumanTanazilasnudaanuduildanaewenfiaisislin
wirnuanudum el
mMInumuluanuidu #3a Stress tolerance: ANuEANTANIENUMRAaaNUdRMeluATNiN Taganudwils
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ANULAY \nia w38 NaCl
a a A o o
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Aetwana 9 laonsnliiiludn lessndunsmiedufionns  wafilduinisonelivalifin anudu
u,azmaﬂ%v‘aﬁqmvxgﬁ@"ﬁmwz“ﬁ'ﬂﬁﬂﬁlﬁmmwLﬁuluﬁwm‘fw%u"l,@ﬁl,ﬁdﬂﬁuﬁf’mﬂ&iLLﬁaLLéﬁ (Hsiao uazamsz, 1976)
Hesamansznueng 9 muan 1w maugimaesaidulalag anagfianas ssfanmwiiaass maaaaslusa
Fanwvesweauinnitlusn i unaanainmsaesdlulSinasenses  semefiinldtasnagnsfemaisaan
lufauszuds  mangaTiazdulufsinsiia Begrvezilosunannsszauuendan oxda aoldaninuiiuds

UazLAANIIEL g@i%ﬂ’ﬁuﬂﬂtﬂa HUUATURZ N THILATIZAUTS

aauaadnansznuvasanuduluduihvuanudnlldvasihlulunazsanfifsrvuiumssaa e Auas
unsmIaneiiluuzi@ame (Bauer uazami, 1997)

. e e o - _ mIdoLAaTIEnes v
229289AMMURINEI(T1) anadlnlylavasirluly (vp,) Cdd e e e e MIAN8Yn
(ALY 0 5% uvianlSauiie)
0 06 100 100
8 -1.2 95 84
11 -15 78 65
12 -1.8 52 21
manauliign -0.8 93 74
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sou 9 v fiansaalunFienzdllsin - areaaunIaaaszaInIruitsusznIiigauITge T lay
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e v [ a
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' A A A ' o o ja A o A =
mMInaUAKEINIUTUAEETTINETasRTdeanunanEmsluzinnrasenuduldUTusuluszauiad

XAy o A A . v @ v o o
uwazluiana  nsaaususandifiiiwing W luuwinilasiuisizlidaduanududisandoziuunlunng
aausuaszatluanafinsrlifirliusasanufioUndlalaludugiamiestsine (Bauer uazams, 1997)
° o A& { , o
navildideidavioruuan
& A . o & & & < Y o v .+ A daaa 9 [ o
abaredumaduazasdtiznavrasaadiduihvasmshmolasanududefianifianasdszinndronunldun
safisyniama lavgwin ganndl 9ay maliifladlauanansasdunaniznuiuuinzasnnuidu wWiawafiaz
a a a d I 1 Q a 4 { 1 v
WamuanluanufaUndvesualuans - Sadunalunuansansuazmslimzdudavenfiaiiaiadn  muan
snoasiaiianaiuiadaradusinguasnnunanumnolunaniznudesitinevanssd  nInadIvTas
& A & a & A e oA

waztitaibavaslumeidunansznuluanuifomeveaiiaiiaveuidunge
myznilysausumz
A ' Ed a a K ' 9 A Ada A 4 Y '
wrtasaTInuaalUsaulnilunmineuauasdannuidunisdsidiataindumsliduaauaznisaausuasdnig
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Iﬂsauxﬂ'aﬁmgmﬁamﬁd qmﬂnuﬁﬁw
Tuséu BN28 (luites Brassica napus) qmﬂnuﬁ@%ﬁ
Dehydrins ANMUUAIUAY, qmﬂnﬁﬁ@ﬁm ANULABLAZLOLFTA a2Fa
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Osmotin WAZENIAATY Osmotin anudy, maduwuna, waudda 0:3a, 1a58u 98y
Phytochelatins Tanznan
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A a A a Aa A f
Species (ROS) ma’ﬁu@mnma’uawanmaumﬂgmmma Reactive Oxygen Intermediates (ROI) LT

Superoxide anion (O°,) waz Hydroxy free radical (OH ~) wazanuibuisdadzves H,0, drwnlounu
#1950 ROl ﬁ]:LﬂuﬁwgamﬂLm:mmmﬁ']mwm%ymsJVL@TamaEuLLia@iamuﬂs:namaqLmaﬁ awaﬁm:mﬁhﬁ

v v A

a9zt duan m@ynaomﬂﬁwaan%muiudmﬂatznawamﬁa WaraRudsnilownt  wananfazniznunizifloude
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A Ada R A a  _aa a a a v a & ' aa @
I&ILRQN"UEIGKGN"E’NI L“ﬁuu’]ﬂ@ﬂiﬂi@u PINRDA DETA YaY NIINAGN ROI ﬂﬂ(ﬂLLﬂ’JﬁlzLW&I"UM?:%’J’N&J‘]’I’J:Y]&IWJ’]&ILﬂu

dad «

ﬁwjﬁﬂa‘lﬂmiﬂaoﬁ'ummmumma%a%zﬁzmai’lf:aanvl,ﬂéﬁaﬂsznau@Twmi@iaéﬁuawaﬁm: %38 Antioxidants
l@unans Ascorbate, Glutathione waztindassnnanswiialaun Superoxide dismutase (SOD), Ascorbate
peroxidase, Ascorbate reductase W&z Glutathione reductase mnmwmtyLm:mfm'aUmmﬁgn"ﬁ‘nﬁ'ﬁzwjmﬁ@
anudu matnihasinlddaluforiainumudannuduwnnnilufsisouns

#MIU Superoxide anion (O°,) "lﬁwﬁ@r’fmﬁaﬂsxqaugﬂ"ﬁ'uaaﬂmm:umm | 38 Photosystem | (PSI) \inEa
I@ﬂmaqamaoaaﬂ%mmmuﬁimﬂ Ferredoxin snuzmsaluuuiiasdwiiomsugndas CO, gnasssuanay’ly
19191849 Ferredoxin ez NADPH andnia iUszaaugniuasnain PSI Plisusnarsumibesesiulndvasiu
Ferredoxin lugn1zmsnfitusiu Superoxide anion L‘ﬂuﬂﬁﬁ%maamgovl:ﬂmqmuﬂszﬂaumaal,éﬁaﬁl.t,a:ﬁwvlajLm
nenguevihenaduisluie UssgauesliwdsugUmarnnanaiiduiudendhaimios wis H,0, lay
Wntias Superoxide dismutase &§1W3L Hydrogen peroxide fﬂzvl,xiLLamqmamﬂ'@mma‘%a%aizl,l.mlﬂuﬁ’mmaa%m
aan%muﬁmamwmﬂﬁq@ amavliﬁmuﬁ'wﬂué’ansxﬁwiaﬁmuﬁugmmﬁﬁﬁwé‘aﬁLﬂummqlﬁaaﬂfﬁmuﬁm
amwmnﬁqm aai’mvl,sﬁmuﬁ'wﬂuﬁ'ms:ﬁwiavm'raﬂﬁuqﬂsiuﬁﬁﬁwé‘aﬁLﬂummqlﬁaan%muﬁﬁﬁamiugﬂu
Peroxisomes at191sAid tngegazanaluwiefifenssutosunlulolalos, lularewds uszlaalswana nalniid
UssanBawannilumaieusmoas H,0, lusamsznauasmadinailkiiuasns Ascorbate-glutathione lu
’J\‘ﬁli‘f: H202 a@gﬂt‘ﬂuﬁﬂmﬂﬁﬂﬂaﬂ Ascorbate peroxidase N1INA® Monodehydroascorbate 91N Ascorbate
N Monodehydroascorbate Qﬂaﬂgﬂﬂﬁuvl,ﬂlﬂu Ascorbate I@]mi’]iiaﬂ Monodehydroascorbate reductase ﬁif
NADH w38 NADPH JumiheliBiinaseunulddasriafilt NADP)H auua8a3z Monodehydroascorbate 9z
wWagwlyilu Ascorbate uaz Dehydroascorbate §1%3U Dehydroascorbate aziaonldilu Ascorbate las Reduced
glutathione ELumilf’lEiaU Dehydroascorbate reductase 817 Oxidised glutathione Qﬂaﬂvlﬂl,ﬂu Reduced glutathione
Tavhtia Glutathione reductase  lun13fl NADPH uwizaaz @T’mm@ﬁmﬂmwmty Ascorbate U8
Glutathione LLaziiﬁziaﬂLﬁmﬁaﬂu’Nﬁ Ascorbate-glutathione ‘ﬁﬁ’lﬁ‘tyhluﬂ’lﬂﬁun’s’mai«maam: 997 Ascorbate-
glutathione Lﬂuﬁmmﬁuﬁﬂ%a%ﬁaﬁa Asada-Halliwell cycle mu%‘amaagﬁuwu

ABNIANRWIIWIVY
n’nﬁnmtﬂ‘%ﬂntﬁﬂua’%ﬁﬂmmaaé’fumtﬁamﬁTuamnﬁhjimfﬂLﬂ%ﬂmﬁﬂuﬁuﬁumtﬁamﬂﬁﬂgn
sawnudasnenlalwr M. albus S19W®S MFC2
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1) L8e9iTa M. albus muwmf MFC2 1i#3z8i21381 109% Una1m13Las9LT0 PDA Namn) 25°C
&

2) ymﬁ?a M. albus mﬂﬁ'mf MFC2 waununIeludasndin nie 500 N3N dawia M. albus mﬂﬁmf MFC2
31U 10 plates

BANIINANDY

Y3ALWUENINARELLNLNaIEE M. albus AUWUT MFC2 faelunInuuds lagldmoiug wzlanagnuas
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2. °1;<m‘7i 2 EAHIBRNFUVDINTIU+HURANZLDBLNA Ll,a:imfwﬂnanﬂi'muﬁum@amﬂﬁmﬂg3 Fu udSasain
Tuwlaiiu 2-3 u dedn 8 Tu udunzilamaiiany 22

3. mﬁ 3 axfisunanvaanne+aausdama+igorieulaliyl M. albus fUWUT MFC2 LLa:i@ﬁwﬂnanﬂTu
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BudnduusdamanianiinvaanIauudn 1 war 2 dudunIawuanlilalaia M. albus MFC2 a9l
WIsuauneniUNIawuen 3 wae 4 sudunIawuantasa M. albus MFC2 adll siuswinsinwa a1y

duwrnnfisuny 100 vivadalluilasiaue

AAAINLIIVBITIN 17 l5usmadiannuen12893n waITUANNaNIINARDI
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ﬁwmaﬁﬁﬁuﬁqmmﬁ -80 a9FLTALTUR 100 mg NNLAG2E Micropestle LANa1TacaNanauUad 0.1 M Tris-HCI pH
7, 2 mM EDTA, 4 mM DTT Wag polyvinylpolypyrrolidone (PVPP) 30 fiadnTu USunas 500 lulasaas vnlduzgle
Sonicator w1 15 w17 uazsilUiiumAssft 12,000 soumnd win 20 Wl Ruswinla
myvmdsanaldsaulagis Lowry

Huadredng 10 lulasdasaluniangy Tag¥ndn 4 €1 @uasazanonaniidsznaudis 0.2% CuSo,5H,0 +
0.4% tartaric acid solution : 20% Na,CO; : 0.8 N NaOH : 10 % SDS : nanopure lugasamt:1:2:2:2
131103 200 lulasdaymay @%ﬁq"ﬁﬁqmwgﬁﬁauﬂunm 30 w1l Ll@us13azans Folin-Ciocalteu phenol reagent
(m‘%ﬂmﬂﬂ Folin-Ciocalteu phenol reagent : nanopure AATIEIN 1 5) U3u1a3 50 vlaJIﬂ‘iam/mpJ gﬂﬁﬂ"ﬁ'ﬁ
gannfivendunan 30 wit ildéudndan Microplate reader fienueninan 750 wilwiuas MnWINaIgIw
Tael% Bovine serum albumin innududn 0, 2, 4,6, 8 uaz 10 lulasnsu/lulassas

mMInnfanssataw ol

1) Peroxidase activity

uadiatne 5 lulasRasaslumangy Tag¥indn 4 1 1@u Substrate solution (0.174 mM  H,0,, 2.358 mM
Guaiacol uaz buffer ( pH 5.0,7.0,10.0 )) 133n@3 200 lulasiasman sirluéruenean Microplate reader fiany
§108W 436 wilwuasnn 30 Jufl una 3 wifl vhdnlagiUasu pH 289 Substrate  solution  3LAT1EM
Peroxidase activity laginenfisnwledann Microplate reader finnnugniaan 436 wiluwas wfanssuvestan o
Peroxidase fifinnuuanansves pH losfAaidugfiadelulaniuldsdu

2) ATPase activity

Huladradn 5 lulasdas asluonangqu Tau¥indn 4 61 1@y Substrate solution (3 mM ATP, 0.2 mM Ammonium

molypdate, 5 mM MgSO,:7H,0, L@y 100 mM KNO, %38 nanopure LazUTuilianasaas 50 mM Tris-HCI buffer (
pH 6.5)) UIu1a3 50 VLZJIﬂia@li/‘VﬁQN Ui 37 aseaaiBuawin 30 wifl udr59dw colour reagent (8.5 mM
Ammonium molypdate, 1.62 mM Malachite green, 200 mM perchloric acid ez 0.06% Tween 20 J5udSuaseas
nanopure) 200 lulasRasmay i lududndas Microplate  reader finuenanan 660 W luwas vns
wangulasld KH,PO, fienududu 0, 0.1, 0.2, 0.3, 0.4 uaz 0.5 lulamnu/lulasdns mAsnTsuvasiawlssd
ATPase activity I@gﬁwmﬁém"lﬁam Microplate reader ﬁmmmmﬁu 660 WlwuAT WILANHAININTTY
wliifSoufisuiunnwinengu lesfadugfiedalulasniulusdu
nsdnsiansrngauduniszasiasiewlaluy M. abus d18WKs MFC2 a1y colonized luaunazida
e

nsuanidasnawlalny M. abus s8Wg MFC2 UWDIWNILALILE D water agar plate
SEmsugnianlalnrianduiia Tagdede thdudiuvesisliuazluldama 15 ou. anvlidsanndelasusly
woanagad 70 % ww 2 w1, uglussazany 10 % Sodium hypochloride Wi 3 whdi, &ralwihnaudseanide
win 2 Wt uae sulwuisuwnszaensesdnanide Ltﬁaé’@%umumaaﬁ"ﬂﬁﬁ“ﬂmmﬁﬂﬁqﬂ (1-2 wx.) aqwia
Unaanide wdnsdua i ldasumn water agar plate LLﬁaﬁwvlﬂﬂuﬁqmﬂnﬁ 25 °C é’mmmm:ﬁ'uﬁnwanni’u wen
LauI@]"I,WﬁEL%”L@Tmmﬁuﬁ:u%qw’%gﬁam'i%'msé’@ﬂmmﬁuslﬂ (Hyphal tip technique: Strobel LazAthz, 1996) Waziians
ﬁ'uﬁju%qﬂ‘ﬁ;ﬁvlﬁ’lﬂmmgm@iauu potato dextrose agar (PDA) plate @mmu‘%qn%@auaﬂ@‘lﬂﬁuu PDA lau&3ine
ananwaslalafifissanalesiaen (Single Spore Culture)

nsnagauwdasewlalilyi M. albus fgins MFC2 Tuanaziliaindnsisnedalanana
Ynmsnasaumigesianlalwii M. albus auwug MFC2 ludunzifainaluszaududionisvi PCR
MIFAAGLakE ﬁﬂmsaﬁ’ﬂﬁLSuLa@Tmmﬂﬁﬂﬁﬂizqﬂﬁmnﬁﬁmaa White Wazamhe (1990) lasuaauuzilaimnelu
Liquid Nitrogen wazazanelu Lysis Buffer udaanaznaulus@nuaslusiuds 1somyl Alcohol:Chioroform ludasnaan

1:24 LAIRIAZNOUALDULBAIE 70% alcohol
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M PCR msiiwiwindiiuefiainanifandisimaiin Polymerase Chain Reaction (PCR) lagldlwsiunas
FSULRNS IIUEN ITS4 waziu TS5 vasBasoula vyl M. albus SEWUT MFC2 (White uazamiz, 1990) Falu
wﬁoﬂ@ﬁ%mﬁﬂ%mmmﬁw 50 lulasdas azisznause 10X Taq Buffer with 15mM MgCl,, 5X Enhancer, 2U
Taq polymerase (Finnzymes), 10mM dNTP, 25uM Primer uaz DNA 1 lalasdas lunsvufisendsznousae 4
4uAauAe Initial Denaturation 7} 96 asri@aLEaa 2 W17i, Denaturation i 94 asriwaLEas 30 Suifl, Annealing 71
55 9fLTALTEE 45 3317, Extension?t 72 sdenimaldas 1 Wit lasvnmaius wmunanua 30 cycles uaz Final
Extension“?i 72 aeeTaLlTER 10 wIN (Kong iaz@twe, 2003) mﬂifuﬁ'lmﬁmﬁ:ﬁ PCR product arenaia
agarose gel electrophoresis Wi iusiunadrsnsmseufinndlalnduas PCR product uazshwai lduni3suifioy
ﬁuﬁﬂﬁuﬁaﬂﬁia%ﬁmaaﬁa‘sﬂugmﬁagamaa National Center for Biotechnology Information #%38NCBI
(http://www.ncbi.nIm.nih.gov/BLAST)
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$aniy Basnanlaly M. albus a1uWKs MFC2

maSeuiguaIseIng1vadd unzidaine

wasifudnianvadanuidaina

PMNNANTNARDS ﬁuuwﬁamﬂﬁﬂgnlummﬁﬁmmam%@ M. albus MFC2 1 IﬁLﬂas‘L%uﬁmsaaﬂﬁgdﬂiwﬁu
mﬁamﬂﬁﬂ@ﬂlum’]ﬂﬁ"l,ajflmswam%a M. albus MFC2 ﬁaqmmsmaaaﬁ 1 LLa:’g@msmaaaﬁ 2 asuEadlu
o397 2 é’ofummma‘gﬂﬁh 18 M. albus MFC2 snansatasliiudansidomedilafidudnisiandudundd
ﬁLﬁuga‘ﬁu pazianudwldlén e M. albus MFC2 manInddya mmsnzduliiniaundameaiidnnng
oanﬁﬁugﬁu viaaaezilanudnlUle e M. abus MFC2 lUtanludasmasmssangnimiaitesn q ffine
@“iamiﬁ'ugeﬂwsaaﬂmaaLuﬁﬂu:ﬁamﬂﬁﬁaglumm %aﬁwﬁﬂﬁmﬁﬂuwﬁamﬂﬁeS'mwmiaamﬂuﬁunﬁwﬁga%u
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BIHNIADNIIDI ﬂl%@uuzwaLﬂﬂa’mﬁ‘mLﬂitya%lluaﬂ’]’!:ﬂl,mdumvl@] LLAASA ﬂﬂa‘lﬂlﬂuu PIANIABINNITANTN

WaLfngall

A1319N 3 URNIAINNENNY ﬂ\‘]i’mLLazﬂ’ﬂNq\i“ﬂ NGRS, (;fullzL"iE]W]ﬂ

MTWN 3.1 LEAIANNENIY a\'mﬂLLa:mmgwaoéwﬁumaoﬁumL"ﬁa tNet

A
qmﬂﬁmaaw 1

nIALnA
' 3
0 A 0 1% T Rl 30 A
1 3.25£0.39a 5.85£0.13a 1.93:0.21b 6.06+0.26a 2.93:0.17a 5.9240.22a 2.85:0.21a 6.240.13a
2 3.51£0.25a 6.50+0.24bc 2.20£0.24b 5.75£0.23a 2.48+0.20b 6.13£0.16ab | 2.88:0.29ab | 6.84:0.22c
3 3.78£0.26a 4.610.34ab 2.38:0.19b 3.89£0.34a 3.3240.22ac 4.48:0.30ab 2.79:0.13bc | 4.86:0.34a
4 3.80£0.30a 4.56:0.34a 2.69:0.21b 4.40:0.41a 3.47:0.17a 4.98:0.34a 3.5210.21a 4.62:0.37a
5 2.80+0.15a 5.36:0.33a 2.02+0.08b 5.73£0.15a 3.16£0.14c 8.1120.20b 2.400.09d 7.630.13b
6 3.42£0.24bc 5.76:0.14a 2.53£0.20a 4.20£0.10b 3.83£0.27¢ 7.21£0.19¢ 3.09£0.13ab | 6.90:0.15cd
7 4.54£0.33b 6.24:0.11bc | 3.74+0.46ab 5.47:0.14a 3.1120.23a 6.13£0.23ab 2.74£0.29 6.85£0.39C
8 4.72:0.26a 6.55£0.15a 2.91$0.33b 5.500.14b 2.7740.19b 6.87£0.21a 3.33£0.26b 6.94£0.15a
9 4.65:0.40a 5.90+0.29a 3.7940.27a 5.95£0.26a 4.02:0.27a 6.70£0.28b 3.85:0.26a | 6.47:0.20ab
10 4.23:0.40ac 6.33£0.19a 3.08+0.24b 5.0180.15b 5.20£0.42¢ 6.45:0.13a 418:0.36ad | 6.34:0.16a
WNELNG : u' de SuRBurnmInesasiain
ﬁ'l‘i'l\‘]ﬁ 3.2 LLa@Nﬂ']']aJU']'J“]Ja\'ﬁ']ﬂLLazﬂ']']aJiﬂﬂ“ﬂaﬂﬁqﬁu’ﬂaﬁﬁuuzL%aL‘Y]ﬁ Qﬂﬂﬁﬂﬂaadﬁ 2
NIALNWG
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0 a1 0 §10% 0 RTa 0 10

1 3.7840.37a 6.470.19a 2.36£0.21b 5.99:0.26ab | 2.70£0.24b | 5.61£0.32b 2.92+0.31b 6.090.21ab
2 2.47+0.56a 522:0.21a 2.040.22a 6.09£0.28b 3.69£043a | 6.69£0.16b 2.84:0.28ab 6.200.20b
3 4.41:0.40a 6.570.17a 2.53£0.17b 6.21£0.12a 3.32:0.30b | 6.34£0.23a 3.20£0.32b 6.29£0.28a
4 2.86£0.30a 5.76:0.35a 2.65:0.33a 6.44£0.27a 416£033b | 6.19:0.23a 3.17£0.46ab 6.37£0.15a
5 3.38£0.20ab 4.81:0.18a 3.53£0.27ab 4.92:0.29a 3.04:024a | 5.83:0.20b 3.78:0.27b 4.76:0.14a
6 3.91£0.25a 5.89:0.36a 3.6240.42a 5.58£0.25a 33410292 | 6.54£0.19b 3.59:0.41a 6.30£0.13a
7 4.68:0.37a 5.63:0.21a 3.28:0.23b 5.77£0.20a 3590.24b | 6.67£0.12b 3.07£0.251b 6.25:0.27a
8 3.77:0.29a 4.940.24a 3.49:0.38a 4.74:0.12a 3.39£0.30a | 5.64£0.16b 5.20£0.38b 5.48:0.11c
9 3.88+0.30ab 6.070.25a 3.30£0.21b 5.23:0.20a 420:027a | 6.35:0.15b 4.18:0.24a 6.48+0.15b
10 6.14£0.30a 5.88:0.16a 4.46:0.22b 5.77£0.28a 6.28:0.23a | 5.50£0.16b 6.07£0.37a 6.40£0.21b
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aa v

S fe IuASuYnmMInasesai UszanananiaiiaenslusunIn SPSS Version 11.5 1435 ANOVA Uaz LSD Test

fnfle Ao @1 mean+S.D. WAz significant A p < 0.05

Eﬂﬁ 3. ﬂ?’IWLLﬁ@]\‘]ﬂ'J’INEJ'I'J“].IEJx‘li’IﬂLLatﬂ’J’llJﬁ\ﬂlE]\‘]ﬁuﬂg'llltl,“i‘lﬂLﬂﬂluLL@iat‘ﬂ%(ﬂLN%@TL‘TJ%L’J&’I 10 ﬂ’]illﬁﬁﬂ']?lt
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NAENG:

RA= Tinduuziliaing + wwfmn’m (TaRILAN)
RC= Mnauuzilaing +MFC2+ sm‘fmni‘u
SA= duuzilaimng + mﬁ'ﬁqn’m (TAAILAN)

SC= dunzilaing +MFC2+ saimnin

v A Y o o w
RB= MINARNZLUOING +3AHI%EIUIN
RD= Nauazi@aing + MFC2+3a1iniuliuisu
SB= euuzilamna +3auiniuiuin

SD= duazilaing + MFC2+3a3in L iuin
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NAELNG:

RA = nauNzilamned + mtf'w;nﬁfu (TAAIUAN)
RC = Tnauuziliaimne +MFC2+ mﬁmni’u

SA = gunzilawned + smfmn’i’u (TAAILAX)
SC= aunzilaing +MFC2+ imfmm"u

RB = Tindunzidomne +3ariniuciuz-37u

RD = sinduuzifiaine + MFC2+5a1in3uiu2-35
SB = dunzidaimna +sariniusuz-33u

SD = duuzidaina + MFC2+5auin 3 u2-35u
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W2 usz W3 dunzidaimaiisrinniniadslndidoaiu ud w2 ﬁuu:ﬁamﬂﬁﬁnﬁmﬁfﬂmﬁU@iaﬁuﬁaﬂﬁqﬂ INHA
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AN 4 uRASNNINAsdaFuVBIRUNANTI BN

TN 4.1 usashwinedsdadusesduniuzidane 7anINanedn 1

w NIALUBG
1 2 3 4
1 52.63 51.67 32.00 31.82
2 60.00 59.38 52.78 46.25
3 70.62 60.59 41.76 54.76
4 71.25 61.76 54.76 58.89
5 71.00 51.74 60.00 56.00
6 69.52 54.78 83.48 78.57
7 66.00 61.67 62.78 65.00
8 65.45 48.10 81.67 81.82
9 81.05 57.78 62.00 7714
10 75.24 44 .85 79.54 53.67

AN 4.2 WIASRUNRALGadUTaIFUNANZII BN "g@mimamﬁ 2

w NIALUBG
1 2 3 4
1 76.36 74.00 50.00 62.86
2 57.50 42.86 57.14 51.67
3 72.50 64.44 75.38 60.00
4 84.00 69.09 61.25 76.00
5 83.00 79.00 78.00 88.00
6 92.73 82.50 83.64 94.00
7 102.50 83.33 100.71 86.67
8 107.00 94.00 128.00 123.00
9 115.71 88.00 107.00 103.64
10 128.39 90.67 124.33 122.00
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17 Tygananasasn 2 Imaduenueisalinuduundamaniniuniizenmmasasdi 1 anuamMImansd wuh
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nIEAG: SA = dunziliang + 101N (19A0QN)SB = dunziliaina + el iwiuiu
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SC = dunzifiaing +MFC2+ 301h1nTn SD = dunziliaine + MFC2+3a3i1 3w in2-37%



MAUSHULAELTEAL peroxidase pH 7 lugiudisuvasdunaivsidiaina

AMINeRaIN 1 usz 2 uu SB SC uaz SD liwaminenssifiuwlinllufienadeiniudie § peroxidase
- { A & A ' & oo { A o . L. A A
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Capsicum sp.
s s 1 & a A Ay | a & aa 2 a_ o ¢ 1
SBh1 thaa’ anand @3 innsng’ lasdng) 2193905 uaz I3Wus 29w
'majzunaluladzdinin amginadans aviinsnasaiing
21‘ ) =
FIRLAWHATLEI . FINNTIN 2. wATLH
aguszaa
1. \Nafn®WIgaININEY Modified Rice Starch (MRS) Taunuiavianla Wyl M. albus strain MFC2 fignanin
o ¥ , . L & . 2 a18g (in vi
gugNLDa Colletotrichum gloeosporioides, C. capsici Was t1831 Alternaria sp. UHhaTUa1RIILRLILD (in vitro)
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, AW B) WINWHINTI, NTWC) w‘%n%%ks, 2w D) wineaaulunin

NNWaUMSHIT8lAnAT. IWUE 15w Waz Professor Dr. Gary A. Srobel WiAd Montana State University fiH14an
musauenyianlalwimeiuilnaidwan 2 modud fe 1) sueulalw  Muscodor albus nduiy
Cinnamomum zeylanicum (Worapong Wasatue 2001) was  2) TneulalWyi M. roseus nduNT Grevillea
pteridfolia (Worapong Hazamse 2002) ﬁmmsna%aﬁ"'mﬂ‘uﬂy'amﬂﬁzyﬁaﬂﬁrialmﬁuﬁ"ﬂ a1filTw Ustilago hordei
(Loose Smut) VIFUTILLAE uanmnﬁswmﬂﬂﬂﬁmﬂﬁuﬁf M. albus £48131INAILANNIIATYVEI
Rhizoctonia solani \Tamfirialsaasdu sugarbeet Iddan T 2003-2004 Dr. Strobel uaz tindnsSayanln Eva
Grimme (Grimme uazAme 2004) ldnanasinga M. albus usz M. roseus TlErumstlasiulsanudu sugar beet
U8z dwingds WIaduwluyaIue (Chrysanthemum) Walsngdn lawaduin uazlusmzi@ieann Dr. Strobel Ieva9iio
M. albus Tl Dr. Julien Mercier uaz Dr.Jorge |. Jimenez (2004) ﬁu’%ﬁ'ﬂ AgraQuest, Inc. 13849 Davis ua%’g
California (AgraQuest is a biotechnology company that focuses on discovering, developing, manufacturing and
marketing effective, safe and environmentally friendly natural pest management products for the agricultural,
institutional and home markets., http://www.agraquest.com) armmesevlfidadensnnunsilesiuualda
Ny mm%aﬁaiﬁﬂ%é'\‘m’lilﬁmﬁml,"ﬁu Penicillium expansum; Botrytis cinerea; Monilinia fructicola IATNNANIINARD
‘]Ji’lﬂg]’i’lﬁ”’l‘liﬁa%”m]’ml,%a M. albus Masswadainlsd sansosinige Botrytis, Colletotrichum, Geotrichum,
Monilinia, Penicillium and Rhizopus usnaueuiila s wi”auﬁ”'ﬁaagﬂﬁﬁﬁn'm%a M. albus mmsnﬁw"lﬂﬂi:uqﬂmﬁl%
Uszlamidanarifiosnnide M. abus hisansondastasfiazunsnazang Sl lduasiondy duteds m.
albus A lldFuranura liilasasidas wazlulaald Dr. Julien Mercier uaz Dr. Denise C. Manker (2005) la@Auw
Basmyinda M. albus lulFauqulsn Damping off flinanidla Rhizoctonia solani fusuusanaass U 2549
US-EPA (United States Environmental Protection Agency) Talwnsvansulunsld L%a M. albus TwmsinEas
ﬂﬁ]i;ﬁ’uu%ﬂ'ﬂ AgraQuest levieananouda (Strobel, 2006) Dr. Julien Mercier Waz Dr.Jorge |. Jimenez (2004) “?i
131N AgraQuest, Inc. 1389 Davis Nﬂ‘%’g California (AgraQuest is a biotechnology company that focuses on
discovering, developing, manufacturing and marketing effective, safe and environmentally friendly natural pest
management products for the agricultural, institutional and home markets., http://www.agraquest.com) Lﬁaﬁ’lmi
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‘quﬁﬁwwmmsmﬁmﬂmm”nmmmamimﬂmtﬁa;‘JTU%Inﬂ"l@TU‘%Iannﬂaammiﬂw wonanitgstedssnama
ﬂi:vxEl'ﬂL‘Eumwa@qamsﬁﬂunﬁéﬁ%LLa:ﬁnLiﬁ'ﬁ"mqﬁﬂwmamsmwma:ﬂmﬂﬁ Tumsnasasassilldvinns
NAROULLL in vitro UM sLasTanassiia las3s Antagonistic test $935¥N1INARELANNIINITNVBITOT
Laula luyf ﬁmmma‘?ﬂqmsnaunﬂﬁ‘[umiﬂ'usiamnﬁmmam%amn’aT‘mLLauLLmﬂIumLaﬂsﬂﬁmﬁaLﬁﬂuﬁﬁﬁqﬂ
LLaﬂum:ﬁﬁa:’L"fﬂaaﬁ'ﬂmf:ﬁmmmﬁmvlﬂﬁ'uLuﬁﬂﬁuﬁ: M. albus strain MFC2 azpnibldnaseunuislasasslay
TsZasdlulunszons wiew qﬁumﬁmﬁ"ufw%ﬂLLa:L%mm'aIiﬂLLauLLﬂiﬂIuaLLainﬂrja whafsuiisu
AN NRWIWIVY
msasunada (inoculums) §55695
1 163uNaMILELIEe PDA
2 %1 stock VadLTe M. albus strain MFC2 11A89UwaW131a891Ee PDA dwiuiluiaide inoculums 1&g
W% 10 %
3 ilaBa M. albus strain MFC2 015070 10 THUE? lﬁﬁw‘z?m:uﬁﬁvfa M. albus strain MFC2 3111905189039
NA9IUMILREILTD PDA
MIATHNEINTT 3 §AT
1. 1@38u1199 T19ned 51 ludaaaw 70:30:10
2. ﬁn5’@151muﬁy'mm"lﬂfluwauﬁ'mawﬁ'mm:msqlum@mm@ 100 ml. lasutseaniluews 3 gas Gl
tsznauas

1. MRS1 ( F2*50 g + Modified rice starch 50 g )

2. MRS2 ( F2*40 g + Modified rice starch 60 g )

3. MRS3 ( F2*60 g + Modified rice starch 40 g )
F2* manpfis dharhednandassnin lu sasdam 70:30:10:10 mawiuuiliazanedn (Modified rice starch)
3. Entinau sterile U31nas 20 mi udinluidhiades Autoclave 2 a1
ﬂ’)i?’l@aaﬂﬂi]’)&lﬁ’)&l’liﬂluﬂ’)5ﬂ’31!@&/&§waﬂ'aIiﬂﬂadtfya M. albus strain MFC2  lumssudada C.
gloeosporioides, C. capsici ua:t,fyaﬁ Alternaria sp. Uu%]’lummﬂﬁiimf%ﬂummi PDA
1. Wde M.albus MFC2 ﬁﬁmqﬂm 10 Jualdluoms 3 gas lavlddanaim 1 ma: U31asisa MFC2 50
30 mntuflUldluemnsBsade  PDA AivnmsdaamistagiiaPDA panedenitinds wasialiunn 10 uas
14 T
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2. oAty 10 uaz 14 Muud? MWihsanelsededsznaudieite C.gloeosporioides , C.capsici Was \Iia Alternaria

vl v é ; s
sp. ZJ’l’J’NVL’J NATUAUIVBIDTINIILREI L%a PDA

a

3. mnﬁuﬁwmummﬁmL%aﬁv'mmvlﬂﬂuﬁqmmuu 25°C W% 79% §ING UazUUANNAN3 % inhibition
maaamsm’%mtauimaaL%ﬂsﬂLLauLstﬂIuaLLa:Iiﬂrja wiafln UuemnaBaTa fim 3,5 uax7 u
MITuinWg

maSpuisuuazdwiudu % inhibiton Aa ’T@%’ﬁﬁmsm‘%@waaL%aiﬁﬁaIiﬂLLauLmiﬂIuauuamegmL%@“};@

Auquiisufisuiue Dual antagonistic test Lanhandwinkdwlafidudnisduds augas % inhibition =

(Ry- R, ) R,X100 lagfl

R1 Aadalimuigreagenneliauauunialusunerniaisite PDA Midugaaiuqy
R2 Aatrdnaaigueadenraliauauunialusuuemaasate PDA NiTataulalny M. Albus uazgas

9MWINI 3 03

4. iNNNINARDY Viability tests

41 ilalafiveaganelsans 3 wiia 48 C. gloeosporioid, C. capsici W8z Alternaria sp. Al maasadula
TEsaluomnsiasside PDA Tns mﬂﬂ?uﬁwmummﬂgmL%aﬁgmmvlﬂa.iu“?iqm%gﬁ 25°C w1 7 %

42 vnFune ussiufinuemaesidulaveadenrelsas 3 sflauuewsiads PDA lasdunadin i
Talaflvagerelsalifimuaiydulauuemaaoaie sunsnasylad \Ta M.albus MFC2 snansnain (kill) 1o
relsatug ld3s wimnilalsflvesdendelsafinadudulauuemaiaonie sunsnagdldin B M.
albus MFC2 §1an3nsuss (inhibit) asnelsauauunsalusle

43 luiguf:sta:VL@TL%aiﬂﬁaIiﬂLLauﬁlﬁLﬂai%uﬁmsﬂ'uﬂgagaﬁqmUummﬂgmgmﬁ?}ﬁq@mnﬁv‘mum 3 ga3 v
NINAfaIaa

5. ¥NNNIN@®al inoculum concentration test

5.1 ﬁwmn‘gumﬁaﬂﬁaT‘mﬁlﬁLﬂaﬁ%uﬁmsi‘mEly’ogo“?iqﬂuummﬂﬁmgmﬁﬁﬁq@mnmm@aaaﬁ 4 UueWNI
(381910 PDA LLéﬁﬁwmiyﬂﬁmﬁwaaiﬂiaﬁmau%mwﬁakm‘hmu 3 plates asuwiNauTaNTaL

5.2 niwhalefveslalafivesdenalsefilaludesiuieias Hemacytometer Wilavimsiuswnalad uazinll
fwomanudutusasgandineliiialsaauunsa luadely Iﬂﬂﬂﬂm"ﬁuﬁu"uaat%asm’aISﬂﬁVLﬁa:QﬂﬁﬂvLﬂ’lﬂf
1ummamﬁ'uLmﬁ@w'%mﬁaadl,l,ﬂml,wwzﬂgn@iavl,ﬂ

6. MINAROUANNENTOVETaTNalA N M. albus strain MFC2  lumssusadenrelsn (uiifidede
Alternaria sp.) ”Luw'%nﬁﬂgﬂsluﬂs:ma

6.1 msm’%wﬁuwamﬁm:ijauﬁ'ﬂﬂmﬂaaﬂgnﬁuauﬁﬁmmULﬂuqa ( Awiw ) aasdIn 2:1 lalunszans

3

YUNA7x23 7 NIzAN9as 3 Alaniu Imm.io"q@nﬁmaaoaamﬂu 7 7@ (udazgarin 5 1) aasalud

a;ﬂ‘*?i sznauns

1 LWAAWIN 20 LUAA + AU 3 Kg (1aAIU9 )

2 LWAAWSN 20 LWAA + i 3 Kg + 81%13§03 MRST + \iTa Alternaria sp.
3 LWAAWIN 20 LUAA + Gu 3 Kg + 911117305 MRS2 + \ifa Alternaria sp.
4 LWAAWIN 20 LUAA + AU 3 Kg + 91111780 MRS3 + \T Alternaria sp.
5 LWAAWSN 20 LWAA + i 3 Kg + 81%17§03 MRS2

6 LWAAWSN 20 LWAA + G 3 Kg + 81%17§03 MRS2 #lyfga MFC2

7 LAAWSN 20 LWEA + A 3 Kg + 158 Alternaria sp.

RUIEULAG gm‘ﬁ 1 MRS1 ( F2*50 g + Modified rice starch 50 g )
glm"?i 2 MRS2 ( F2*40 g + Modified rice starch 60 g ) gmﬁ 3 MRS3 ( F2*60 g + Modified rice starch 40 g )
F2* Ao 21 d19ndee:30:30 T 8951871 70:30:10:10 Hannuwilsazanad (Modified rice starch)

31



6.2 MILAIVULNAA 'ﬁnLuﬁﬂﬁuﬁfw%ﬂvlﬂLLﬂuL{"m@?uﬁmumsemL‘%'yauﬁa Al 1 Awdadumsadenae
ﬁ'mf‘?immilitﬁémi"uvl,ﬂadLLﬂaaﬂgﬂs‘imaa I@mﬁﬂmilﬁaﬂL;J%@ﬁuﬁauﬁamuﬁmﬁuﬁﬁwaﬂﬁﬁuﬁﬂmai’ dlosan
Lﬂmwﬁﬂﬁauymi mumﬁﬂﬁufﬁmmﬂajgmﬁaﬂLﬁaammﬂmwﬁwﬁwaﬁwzvlu'ﬂ§nm:"lu'mmsaim"lﬁtmuﬁ@ﬁ'mf
aztiuasinmenan Twiinau 5 il daanzwiafauin

6.3) muan Ifwdanuininnizneez 20 wia lunszansvwnae 7x23 fir Fmzsai 150 wa. S uasls
oiaiigas 25:5: 510 9 1 dlasi

7. fmatiufinuaduesidudnaaiydulavasduninngn 2, 4, 8 uaz 10 dla

lagiufinanueninn mmg@éﬁﬁul,m:ﬁmﬁfn wazfmafSeufisuanuuandrsluudganmasasiugaaiugy
I(ﬂm:ﬁnLwia:@iﬂunnegﬂmmmmﬁﬂmaaﬁﬁ 83D Fisher's LSD multiple-comparison test

HANIINARDY

aaui 1 mimaauqmauﬁa“ﬂaagmmmﬂau%ra M. albus MFC2 Lﬁaiﬂuﬂ’]iﬂﬁuq&m’]il{ﬁ@L@UIW"UadL%ﬂi’]
fialsa IINHANINARDIFAIDINIIAN ﬂﬁﬁnml,‘érmmzﬁwa@iamﬂmaaL%a M. albus MFC2 ludnumeiienstiu fa
-g93 MRS1  WuiBem M. albus MFC2 fmwesdvlaldd Tesidulovesfonynas uaswuingemansa
WSy ldvanimnemsaeade

-§73 MRS2 wuingen M. albus MFC2 fimssgidavlalad I@mﬁulwaal,%aﬁﬁwm wewuie'la
sunsaasy ldianiaemasate

-§a7 MRS3 wuiiBen M. abus MFC2 Smaisaidulaldlidesds IﬂgLﬁuiumaaLﬁasww“WQa uAzNUI T
sunsaesy ldianimaemnaste

Ao 2 mimaaumw;Jmmsniun’mmuquﬁaﬁa‘[iﬂmam%aLauI@"LWﬁ M. albus strain MFC2 lumseiugiaige
C. gloeosporioides, C. capsici LW L%ﬂi’l Alternaria sp. uumummﬂ'gmﬁauummi PDA
mﬂwamimammimaaummmmmhmimuqmL%aﬁaiiﬂmaaL%@LauI@"LWﬁ M. albus strain MFC2 luns
ﬂ’uﬁg\n%a C. gloeosporioides , C. capsici W8 L"gai’l Alternaria sp. uumummﬂgmﬁauummi PDA WU
a3 M. albus strain MFC2 #naly 14 S lugasams MRs2 %aﬁmwé’amqLﬂﬂﬁ%uﬁmiﬂ‘uﬁu%ﬂﬁﬂbﬂﬁ 7
Su Wdofiiudmsdiugaia Alternaria sp. gaﬁqfﬂ Lﬁ'mﬁﬂuﬁu*’g@msmaaaﬁﬁl,%as'l M. albus strain MFC2 Aifig
17 10 T lugasanmisngg desnnlwdenielsana 3 sflawuinde Atternaria sp. Inmswigduladesiige
Waeurugan c. gloeosporioides Waz C. capsici

@aufi 3 MIMAFAU Viability tests URNUEMISIALITE

(mi’]oﬁl 1. UR@INIINGRAL Viability tests ma\u%a Alternaria sp. 5‘u°7iwﬁm%ai’l M. albus strain MFCZﬁ’Ugm

MRS2uaziaed 3l plates wiu 10 Tu

MRS2
Pathogen C. gloeosporioides
1o Taila

Plates ﬁ 1 v

Plates ﬁ 2 v

Plates 71 3 v

Plates 71 4 v
Plates ﬁ 5 v
Plates ﬁ 6 v
Plates ﬁ 7 v

Plates ﬁ 8 v

Plates ﬁ 9 v

Plates 1 10 v
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@3N 2. URAINTNAFBY Viability tests V83108 Alternaria sp. INFNLTAT M. albus strain MFC2U§AT MRS2

uaztaea bl plates win 14 n

MRS2
1a Taila

Pathogen Alternaria sp.

Plates 7} 1 v

Plates 71 2 v

Plates ‘ﬁ 3 v

(\

Plates ‘ﬁ 4

<\

Plates ‘ﬁ 5

Plates ﬁ 6 v

Plates 11 7

Plates ﬁ 8

Plates 1 9

NERE

Plates °71 10

PNNANTITNARBINTNAFAL Viability tests  UBINUWaMITLRILTD wuilavwae Alternaria sp. 7 kiiNT
windulalugasens MRS2 annagay Viability tests lapniaiFouifisunasadifion M. albus strain MFC2
angld 10 uar 14 u lugesewnudeniu  wuduBen M. albus strain MFC2 Mgl 14 Tulilinng

a a

wSaiiulaunans PDA  $1wan 7 plates 970 10 plates  Wwumsfio M. albus strain MFC2 #AinslS 10 S
LifimseSufiulauue1ms PDA $1uau 4 plates 0 10 plates  aoiuisamansananldiuden M. albus
MFC2 a1y 14 U%BIMIIFAT MRS2 mmimhl,%aﬁﬁaiiﬂfjaLLﬁoﬁLﬁmmﬂL%a Alternaria sp. I¢vande
1 M. albus strain MFC2 il 10 4 1flasandsuau Plates vaagefilifimuaiyidulaannni

maw?il 4 NINAFDU inoculum concentration test

AINNNANITNA[BINITINAROY inoculum concentration test wud%fiaﬁwm?gﬂﬁmﬁmﬂa% madL%aﬂ Alternaria sp.
WazaNdeanULAas Hemacytometer tiavimstuswinatas wazdwmeaninduanududuvasdanalsaie
g lulddalunsasudaamziandnaes wuiflamanudutuaede Atternaria sp. Asnwaasle Wiy 10°
cfuml Tawldi%a Alternaria sp. $IUNIEU 3 Plates

@aufi 5 mInaseuanumansnvasdayienlalWi M. albus strain MFC2 lumsiusadan e lsa luwsn
ﬁﬂgnluﬂszma

Lfiaﬁwmsﬂgnw’%ﬂ"lé\” 2 glandt uaz 4-6 ﬁﬂmﬁwmﬂuu@iaz"gmmi‘nmamlﬁwamsmamﬁaLLam‘Lumﬁa‘ﬁ' 3
MnuamMIMassInsnagauanuaansavaddasionlalw M. abus strain MFC2  lumssusuigannalsaly
winfignlunszans Tasganuesidudnsetaidvlavesduninany 2, 4 uaz 6 dlaw nasanmatgn wui
wWinay 2 ﬁﬂmﬁﬁlummsmaaaﬁ 1 U8z 7 Wu]aﬁ%um‘n’mangaﬁagﬂ Lm:slummsmaaaﬁ 4 lWMdesigud
miqaﬂcﬁ'ﬁﬁqﬂ LL@i%ﬁomﬂw%ﬂaquLﬁ 4 glandt wudﬂwgﬂmsmaaa‘ﬁ'ﬁmﬂdﬁmmmi MRS1, MRS2 uay
MRS3 fHiesifudmssaniindu mmsﬁﬂ;ﬂmuqmﬁl,ﬂas‘lfﬁuﬁmiaamvhﬁ'u 0% lasanlufimssanifinduandn
Tugdensi 4 I@m:wmm@msmaaaﬁ 2 #a a3 MRS2 Wma‘iéﬁuﬁmmaﬂgaﬁqw LLﬂz"g@l‘ﬁl 7 fora
Negative Control sl,ﬁl,ﬂaﬁs'ﬁuﬁmsaaﬂﬁwq@ PNANANINAFBITIGH F9na17 13N gmmmsﬁlﬁmaﬁ%uﬁmi
Janfgafa MRS1> MRS2>MRS3 L'%mmﬂu'mq@vl,ﬂﬁaﬂﬁqﬂ sougaaluasf 3

Wavmyiaen pH maaau‘ﬁ'ﬁ']miﬂan wuiﬂau‘lumzmwaaq@ﬁ 1-3 fl¢i1 pH=7 muaufl,uni:mwam@ﬁ 4-7 §
@1 pH=8
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M157197 3. wRAILUaTFUANITIaNVAILNRANWIN #asnmsLlan 2 ot waz 46 FUaw

TAMINANDY % germination Wasann1ILagn 2 Flad % germination W&4a1NN13UaN 4-6 Flak
1 70% 70%
2 42% 70%
3 46% 67%
4 36% 59%
5 47% 56%
6 43% 56%
7 48% 43%

\Wevnmsneuduninfsanaenanludilesiil 2, 4 uaz 6 Alaniuvinmsiaanusnnuazanugeves  §du
wuhaMuevaITInauninluaty 2 ﬁﬂ@nﬁmaa‘g@muquﬁdnmnﬁq@LLazLL@m@mmn’g@ﬂﬁmaaa‘é"us] QHgREY
wodATY I@m:wu:hmw;\1m’amaas’métol,l,@immsmaaaﬁ 3.7 wwhidanuuandaisfiisddynesda @
AMUETITBIT U WUI1TA Negative Control ﬁmwgdﬁﬂé’umnﬁqﬂu@i“ﬁmwLmﬂ@maﬂwﬁﬁuéﬂﬁ@md
aﬁaﬁumﬂﬁmaaaﬁ 5 U8z 6 1umm:“?i°gﬂmsmaaaﬁ 1 usz 2 enwgvasidwlifianuuandisadn
woFAYNIRDa L“ﬁw,ﬁmﬁummimaaaﬁ 3uar 4 couaadluaefi 4

A17191 4. URAIANININIVBITINUAZANFIVBIAUNIN flanwn 2 wasanian

Treatment Length of pulled root (cm ) Height from tip to stem base (cm)
1 3.241£0.11a 2.67+0.07a
2 2.94+0.13b 2.62+0.09a
3 2.59+0.13c 1.840.09c
4 2.32+0.11¢c 1.82+0.08c
5 2.49+0.13c 2.91+0.15e
6 2.50+0.12¢ 2.96+0.08e
7 2.58+0.13c 3.04+0.06e

AULLAA @1 + AaAN standard errors
—_—

PINHANINARBINMTIAANNEMITINUAZANNFITBIEdUBaININnasnUanle 4 §ansd wudianwsvesmn
duninlugas MRS1 waz MRS2 fidnfisuirinuganiugu sufs anuenvesmnlung 3 gammassdlifians
wandnsadalideiaynesid wazluzammenadn 4 - 7 fanupzamniriinu - duanueITaIduuL

wWuhmnramInaasslanugiuaiiduLandnTeauguatnlisdAyneaia dauaadluasen 5

el

A13190 5. Ltﬁﬂx‘iﬂ’ﬂ&l&l?’l‘ﬂﬂdi?ﬂLLﬂtﬂ’J’]&lq@“ﬂFN@T%W%ﬂ slenvin 4 %Eqi’\‘]?ﬂ"lﬂﬂaﬂ

Treatment Length of pulled root (cm) Height from tip to stem base (cm)
1 3.241+0.11a 2.67+0.07a
2 3.1910.14a 8.00+0.21b
3 3.30+0.12a 8.30+0.12b
4 2.09+0.22b 7.09+0.22b
5 2.34+0.13b 7.34+0.13b
6 2.36+0.13b 7.36+0.13b
7 2.83+0.23b 7.83+0.23b

AULLAA @1 + ABAN standard errors
—_—
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NNHANINARBINITIAAMNENITINUAZANUFITBIRFUBaINWINwaInUanld 6 §lenw wuianuenizes
Tnduninlugas MRS1 uaz MRS2 dnfisuirinuganiugy fufa anumvemnlunm 3 gaminaaadlifl
ANULANGN IR RIRATINNRTA LLaziu’gﬂnwsvl@aaaﬁ 4 uaz 5 fanwesmnwindu  wudeliiana
uANGNB IR REIATYNNEDA LﬁuLGﬁ'mﬁummsﬂmadﬁ' 6 uAy 7  FIuANEMTBIEE WL wodlugans
nasedfi 14, 7 fanugsvesdrduiriniu tufelifiaenuuandetedtidymesia  add LA INUYA

MINARBIN 5 URz 6 AILAAILUAITIN 6 LLa:;nJﬁ 2

A17191 6. UFAIANINNIVBITINUAZAUFIVBIAUNIN fanwn 6 wasanian

Treatment Length of pulled root (cm) Height from tip to stem base (cm)
1 6.20+0.27a 9.45+0.23a
2 6.10+0.27a 8.59+0.21a
3 6.39+0.29a 9.02+0.27a
4 4.660.29b 8.02+0.29a
5 4.24+0.36d 7.47+0.30b
6 4.08+0.33c 7.04£0.25b
7 3.35+0.30c 8.86+0.5a

AULLAG @0 + Aadn standard errors
—_—

| [
%Uﬂlh”..l |

Eﬂﬁ 2, LL@@GW‘%ﬂﬂﬁﬂq 6 FUA uude ?@ﬂ?uq&l / g9 MRS1 / g9 MRS2 /fﬁ(ﬂ? MRS3

8198 : g7 MRS3 lalsmanriolsa / §n7 MRS3 Alaldma s lsauaziTaMFC2 / Negative Control
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WarnInasaIng 7 TANINARDY 1IN 5 ‘ﬁ’]&J’]‘ﬁ’m’]iLﬂ%UULﬁEIlJﬂ’J’]&Jg{]I,Lﬂ:ii’m’,]ul‘]_lsl,uw%ﬂa’lilq 10 §Ua#

wuiw"lﬁwaéﬁgﬂﬁ 3 fa ﬁuw‘%nlunszmaq@ﬁﬁgm MRS1 Lm:ni:moﬁlﬁgms MRS?2 @Tuw’%ﬂﬁmmgamnﬁq@

Eﬂﬁ 3 LL@@GW%ﬂB']&Iq 10 fUan% uude ﬁﬂﬂ]‘UQ&J / g9 MRS1 / g9 MRS2 / g9 MRS3

819818 : g0 MRS3 lalsmanriolsa / 73 MRS3 AlalsmarislsauaziTaMFC2 / Negative Control

ayduazdvsainanismaaas

MNMINaFaLANUINITavasTalanlalWy M. albus strain MFC2 21y 10 uaz 14 T fvamanauiudls
AzanpTIUATgaT F2 Tudandmiuandanu 3 gasfia MRS1, MRS2 Waz MRS3 Lﬁalumsmuqmﬁaﬁakﬂ
wouunsa ualuwdnuuauemsasaite PDA Sadanrislsafihanneseulsznaudie C. gloeosporioides ,
C capsici  Waz Alternaria sp. Auenldanaunin namImaaasilewuinge M. albus strain MFC2  1%81%13
§07  MRS2 AA91Y 14 Su Seldrutsznovde ullsazansdn 40 dagas F2 Afgeaulalwy M. albus MFC2
TutlSunm 60 n3w IWedidudmssuiada Alternaria sp. Qaﬁqﬂ Tﬂﬂ@mnmsﬁiﬂiaﬁmau%a Alternaria sp.
dosuuuemnaasadelifimneipdola  dniudananldingorioulalw M. abus strain MFC2 aanTn
dudannaiydulasende Atternaria sp.  UuIMEIABATR LS mnifug&?ﬁwmﬁ%’m%ﬂﬁﬁwamimaaqﬁ'"léf
MNADUFUNINATEL Viability tests Lﬁa@d'n%asnaui@vlvdﬁ M. albus strain MFC2 #nal¥ 14 3u snansnduds
massydulaviemansnanga  Aternaria sp. ¢ lasvmsiuolalaflvende Atemaria sp.  7ilifin
wiaidvla feoluidssuuemaioade PDA lns wszdonadlalailiu 9 mnsdudvlanield  wenwa
mnaaes wuilaladfidoanlifimseiadole  Ssenansassuldingorionlalu M. albus strain  MFC2
mmimhl,%a Alternaria sp. uumummn‘ggu%ﬂﬁ Lﬁadﬁl’mﬁ’m’m plates maal,%a Alternaria sp. ﬁvl,&i
wsaidulaludon M. albus strain MFC2 #7917 14 Fuildruan plates 289180 Alternaria sp. 7 kiissidvla
annnilwdon M. albus strain MFC2 #falY 10 34 Tuanmsgandonnu evnmineseuiiamanududu
Aminzavuaada Alternaria sp. Lﬁaﬁnvl,ﬂ'l,%wauﬁuLugﬂw’%mﬁaaauﬂauwn:ﬂgm’haao WAZAINATHLIWIN
soSvaaiTa Alternaria sp. W 3 Plates UATEIWIMANNNULT T wunldanuduiuveside Aternaria sp.
Wi 10° cfuml  aneamInessInInagauanusanInvadasiewlalw M. abus strain MFC2 lums
fugugeT Alternaria sp. 1uw%nﬁﬂ§n1uni:ma WuhHamMInesasi lede wWinay 2 Jlend 7anIugu uas

79 Negative control lWilasidudnissangaga
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nnuugimaiseldimanimaeseasnn 3 aeu dedu anliiuudaswzlgndaeslasudrammanadeaniu
o g A g & '
770 69k 1. 7AAILQN 2. §ATMRST 3. §ATMRS2 4. §a3 MRS3 5. §a3 MRS3 fililaizenrialia 6.
ga7 MRS3 lildTasraliauaziTaMFC2 7. Negative Control  Han1inasadsnasandanld 2 e wui
¢ = & ) ~ ) ¢ = & A ) ¢ = & o
wadidudmisanvasduninluganivquldidefifudnmwengiga  uazgammesesf 4 ldiesidudnissandn
A . e . % o & ' A a ¢ = & a £ A a
fign  wdndsnUgnwinld 4 dlant wudiluganiinasesdug Hwefidudnisianiiniu suzigaaiuqul
wWesidudmwanviiny 0% hasanldinmaaiydulavaswin Iﬂ&lﬁ]zwmmﬂmimaaaﬁ 2 Aa §n3 MRS2 w
wedidudmisangsfgalafisuniuraaiugu uwaz7afl 7 Aa7a Negative Control  TWilasidudnissandnga
eyl ldhgarnldidefifudnissendgafio MRS1> MRS2>MRS3  3usandgaludnfign  awnafiduisud
mﬁ]LﬁaammnLﬂuthgmmmsé’ma’nﬂs:nauﬁaaJ 41719, T1Inde9 warh N IuemITESNEWIULRLILTe
{ 9 . . { o a o A& . o o o &
M.albus MFC2 fasanishsaztialumagwuialdeandiauiuige Malbus MFC2 dudindaduaziniu
1 a a 1 o v ¥ a a Qe ;3/ > g: 1 K% v
WWa9 Carbon Source uazianduwtioviliida Mabus MFC2 1e3aidulaladan  asnuwmilauiliazanadile
o . A o ' ' o o & Y A a a £ A A a
danduiieuniigasems wthevliiie Mabus MFC2 HRunlunaaiydulaanniuiasaniiyinm

A

o & 'Y g ' Ada ' a P ' o @ o o o '
a1 Tvialalannni sulunsdndnslauilolurfinaiunnigasemssiliuilsdadaiuunn uazd
wunlumaaigidvlarease Mabus MFC2 dasasdsdanarildduninlatiuazdduuaszunsunigardund
Vsnnwilsdasndt (MRS3)  anwamInanastvduriliasyldingasennisnld uazse Malbus MFC2  Aildas
T ldSnsnunmsasyidvlevasduninidiosandunsnaansosyidulaldmudnd  winudwudnge Malbus
{ WV v %Y a = &£ { ' ' o a a '
MFC2 finsuadlulildmeldduninlaiin esmnwuilutg 2 dlaviusnvesmaaiyidvle wodiganis
nanasn 1 uaz 7 Midefifudmuenginhrammensidug  udazwuivmaann 4 dlankussmadaniu du
o o & P e _ .
wWinfifilia M.abus MFC2  fuefidudmaaiyidvlamalwiisuiniuraniugy  uazga Negative Control 1
¢ = & o A gy \ a A & Ao, o = . a A o '
wedidudmsendnfiga  wenanidinuiminilasuddduaiy ussudausniganivgy  lufdonduuaslal
\ulsa 1w lundn lunias dafinuluge Negative Control  3sanananileiinislaiasn Malbus MFC2 wuvinlw
v a vV 1 a 1 o I3 v Y ~a 1 1 a g: 1 Qs g/
duwinlaginiundudnaurilvdunindanusuysainanigeaiugu lasazwuiwinegaiud 6 Ut Ju
lolugas MRS waz MRS2 aanIniaigdulaldriuganiugu  uaswuihdduasduninern ulus uazlufid
dnaauszlvTinaluniganivquindis asmuisaglldinte Maibus strain MFC2 swnsnsingendalias
v da & _ & X . .
wisNiinaniTas Alternaria sp. NsuBINKIMTRBI Tz UMULAIWzdgndnasld
guUsmafiiiaainmiriiniinasasdiaiians  contaminated NnnTauuafizerildmmasasariiaanly
wanannfiiloasudasdgnitaesludansiii 10 wugas MRS1 $1uan 1 n3zand 90 5 N laungunziieu
~ ° Y v S S ° @ Aa & a a a
winldvhliamusoaguammenadld 4 61 an 5 41 wwanmensudledmsudymifiedu fa adsiinisia
Alcohol lutFnmnvhuatuazalsdsiiouazlia  Alcohol naTaLNailasriunns contaminated lunsdinugnwinas

niznnmsiimIteunIzaImIsmMInouszaInMagianaailasiuda fuazunateng g lilinsuniudunin
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maauaalsasnuilwaziuazdnnanaslaasianlalii Xylaria sp. @84 1nawAnnI®
Control of Pythium uitimum in kale and lecttice by an endophyte Xylaria sp. QS4 from Quereus lauritolia
a a1 aa ¢ + ¥ 1 & a et | a o ¢ 1
235nn 33owlad’ 33nnsal 9 mias’ andga @3 nming’ uaz FIWus 1IN

'nadznalvladdinan amzIngdans arIngasuiag

Iaguszaa
P & & i o &g ' , iy
1. Wafinmanusansavedtasuanla Wyl Xylara spp. lumsdugadannalsasniun P. uiimum URAIUIANT
LY
LRENLTB (in vitro)
A = & I i v & & . , . '
2. WafinwanumunInvaddaniawlalng Xylaria spp. lumsgugadasnalsasinuin P. uitimum uaznnsne
Isauadiasuanla Wyl Xylaria spp. darnaziuazinmeananlunszans
3. NeAnmauaINTavadTaTeula MY Xylaria spp. ude 2 lumsdugadendalsasinin P, uitimum
' & > 9 @
uazmInalsnvadidanianla lWvidannazinuazinmeananlunszans
VNI
15A310130 (Root Rot) Atinann@as P. ultimum wuiilulsafineliifisanudsmeuindenanda lagidasunsn
ihansTnnIzezsainaeiy uesarszuiaannluszssnlienudugaiaanniuiuiniluuinds dau
insanuinfouldaaadluniiedsililzaudymasisandsnnoiaadagis dldislunmbom
o o A L & ' o o A A e A & o & a2 Ao
fdadazie lidhandusauaas sriaaadnineliauszensirizie uiwinaniunnd Selymnisfidas
% o o & o &, A ¥ o & a ao ’~
lfniaagadnusadanluviuinniudruniadunannnniten amuiafienuisslasiinmiamaunm
& & . v @ A o A Ada £ a P S A ad '
Fateula Wil Xylaria spp. MnduinnIuiEIwaImasnindaninudinidei llfluiAsaueulsannih

1uﬂ:ﬁ1u,a:ﬁ’ﬂmwammumﬁmﬂﬁLﬂuﬁumwsiawwﬁ A TuaTRILINS DN
A "‘
!

Figure 1: Sugarbect secdlings infoectced by Svfbiam altdmm. Heslihy
..... Alizsgz b 3m L Lot

Eﬂ UROIANHHZINITD aﬂsmm LN

ABnneaad
o g { @ o
mMIAaLRantiastawla Wy Xylaria spp. 910 stock culture fithusnun 1Y
iiwiuveaganioulalwyl Xylaria spp. 9 stock culture MAUTnLT $1wan 20 sowud ldun aifpsuu
21 ALITE PDA muwuiaz 1 plate Ngawpiitenduinm 7-10 Twlaasunaishmutendaeula
B A a A o v & A '
Xylaria spp. MA37Y 186 druan 5 spwud iieriinmesavdaly
Aa [=3 (9 4
mMinadaulsz@nSnnaadindanug
° = e € v o 1 [ 3 A A o 1 & & ° ) :’ < =
iwdanusaziuazinmanasaugly 70% uaanazad 5 wifiiiarmsinge anuwildugluingu 5 wif
Wanwdariusianizianin 31uam 100 Wi 119G8IUY plate TauTiiain plate drsnzasfiy wazdai
=~ s o s v 2 a A @ = v o a_ 29 va \ EXVe a Aa .
awdongy (h 3 41) uddshnasfsgnlenuwie udihmsdablddongy asialivinuniusuaasas
2 o A o o o o LY} A o & & & = &
natdwandszunm 3 14 aaudawianinMInuINmInARdawnIan uazunnnratuilasihue
& I3 . S o o A o & & .
mInagauaNaaINIsazaddaanlaliy  Xylaria spp. fivinsealdan  lwnsdudeiBa  Pythium

: & &
ultimum Vwa1n1IILRL9LT
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l¥gurnevas Pasture pipette é’ﬂ%%’?%ﬁﬁt%ﬂiﬂﬂﬂ@“ﬁ Xylaria spp. H¥M3AALEEN H1IIASIRIATINGIIIL
9MMN31AB9ITa PDA, YPD uaz SDA (35nW) GPA, MEA ez CMA (33masaf)(vih 2 1) ﬁnvlﬂﬂuﬁqmwgﬁﬁauflu
a1 7 uaz 10 5% Weasunafimvue é’ﬂ%m:uﬁﬁtéal,%a P. ultimum %712193819 48 Xylaria spp. MW¥n9 1
LTUALNAT 1UI% 5 99 (Antagonistic test) ﬁ%mi”wgﬂmuquam,%a P. ulimum 89939NEINHEMIREITET 1
Xylaria spp. LLﬁaﬁwmmWﬁw@aaaﬁzmm"l,ﬂﬂwﬁqmuqﬁﬁaq ‘T@%ﬂﬁmﬂﬁtgmau%a P. ultimum UWeMNILRYS
L%a"q@muqmﬂ%ymﬁﬂuﬁ'uqﬂ Dual antagonistic test 711781 2 uaz 5 3% M 381w % inhibition

% inhibiton = R;-R, *100
R,
A o oA a & . & & 4«
I(ﬂil R1 A IAUNITLAIYVBILTD P. ultimum ‘U“H)a']%'ﬁl,ﬂtl\'iL"]IE]‘Y]L']J%ZJ@FI'JUQN

o a a & , X X da .
R, fla IANNIAIUVBILDD P. ultimum UUANRIIREILTRNA Xylaria spp.

NINARDUNNSIBNYBINEAAIILREIMNSIALILED PDA, YPD uaz SDA WAzinNARaNL®aMNSIALIES
GPA, MEA uaz CMA fisltiastawla 1wy Xylaria spp.

ﬁﬂmﬁﬂﬁuﬁ:ﬂ:ﬁmazﬁﬂm@maumuﬂu 70% woanages 5 wiftiavimssinge antwinlugluings 5 wd
Lﬁamaww:mﬁﬂﬁuﬁ:ﬁwﬁﬂ wannesau e aulalnsl Xylaria spp. UM HaNAILALIEE PDA, YPD uaz SDA
Tvinsdszanae 1 ufiuas $1wn plate 82 20 LWEA 'u'&J'ﬁqmﬂgﬁﬁaa1ﬁﬁLLaaaiﬂadaaﬁd 1waan 3-5 3 (¥ 2
1) Tufinuauazdadanmsenveswialul o fidud

nsnagauanNaRnsavandasawla iy Xylaria sp. @s4 Twmssiudoe P. ultimum luinasiuas
ﬁ'nmﬂwau‘ﬁ'ﬂgnc[unizma

MSATYNAH

wamamzijauﬁﬂﬂluuﬂaaﬂ@nﬁu@uﬁﬁimmmﬂuqa(auﬁmg) aaman 1:1 lalunszansama

20 x 20 . N3zA9Az 500 niulasulisganiinasaseandu 5 7a (wiazgarh 6 1) sodeluil

“gw‘?i 1 Jluganiugu sarmarlufinmslagele 9 aslulunszons

m‘ﬁ 2 LﬂumﬁlaL%a‘sntauI@VLWW Xylaria sp. QS4 81t 10 7% 4 plates

°1;<ﬂ°7i 3 Lﬂu"qmﬁ’lm"ﬁa P. ultimum a1t 2 3% 3 plates

q@ﬁ 4 L‘flwg@ﬁslm%a P. ultimum 815} 2 7% 3 plates waziBarnenlalWsi Xylaria sp. QS4 218 10 7% 4 plates

ymﬁ' 4 Lﬂumﬁ"lm%a P. ultimum @7g) 2 7% 3 plates waziananlalwsf Xylaria sp. QS4 918 10 T4 15 plates
maeRBuEe utiwdenusasiuazinnanay Twiinan 5 wfl daanzwianansin

nsdan loudenuiazihuszinnmanaunszansaz 25 wia ¥ims3atin 50 wa. : 1 {%LLazldﬂﬂmﬁéj@i 25:5:5
nn o9 1 qUanw muﬂ‘%umﬁuummLmﬂ@i'lﬂmwimmwmaaw:ﬁnLwia:@iﬂunﬂsgwmmmLa,a"ﬂmmﬁa 83D
Fisher's LSD multiple-comparison test

NaN1IANE

nsaatdanidasawlaliyl Xyfaria spp. 910 stock culture

anmaidasiaulalwd Xylara spp. Ausnldandudinwausiwn 21 AEWUT AYMSIRBILHANANILR LT e
PDA uazviimsdaiienandiuam 5 mewuiiiaiayldd laud Qb19, Qb20, Qb21, 0S4 uaz N3S9 aausaslugui 1
nmsnasaulszinBammssanzasiniaiugamiuazinnakaa
Lmﬁﬂﬁufﬂ:ﬁma:ﬁﬂm@mawﬁmsaanﬁag‘lummﬂnaﬁa 95.66% ez 90.33% ANE1AU ﬁummiugﬂ'ﬁ 2
nsnagauaNNENNsazasdasewlalilyl Xylaria spp. wmsiudside P. ulimum uweMIABEE
PDA

NI 5 MRS |aun Qb19, Qb20, Qb21, QS4 uaz N3S9 Wui Wareulalwr Xylaria MuWUs QS 4
011 10 1% UnEM5IA89Te PDA uaz GPA mmmﬂ'vfﬂﬁﬁﬁqm é’umm’lugﬂﬁ 1

31]"7; 1. snwalalafivasmainiGarienlalwy Xylaria spp. $1w% 5 auWug ldln Qb19, Qb20, Qb21, QS4 uAz
N3S9 fiatnyled uuanmaianaze PDA
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Qb21

QsS4 N3S9
Eﬂﬁ 2. MInagaulszEnTnIwmMIsana amuﬁ@ﬁuﬁjﬂzﬁw UazHNNIARaN

[ o ¢ v [ o e
AANKBIAZIN WAANBIHNNIAKDN
U1 3. (A) mIdugada P. uttimum lag a3 Xylaria QS4 818 10 7% UUWMNIABITE PDA (B) N13tuiuge
P. ultimum 1@y \Ta T Xylaria QS4 818 10 T4 LU MNILABITE GPA

(8)

31l 4. (A) MINAFROUNAVBITE Xylaria QS4 UK PDAGENITINUBINEAAZI (B) MINAROLNAVBILTE
Xylaria QS4 Ut GPAGaMIIaNTBIURARNNIANRN

(A)
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& ¥ v @ v v
MINAFDUNITIDNVDILNAAALHILWDINILALILTE PDA, YPD Uaz SDA LAazANNIAKNUWEINTLALILTED
¥ ¥
GPA, MEA uaz CMA nifiasawlalny Xylaria Qs4
WUiLTa Xylaria sp. QS4 lilnadanssanuasudanstinuuaimsiaedde PDA uaslnaliniasdanissanwes
=& o & & [ a
WRAKNMAReNLUAMLALILTE GPA asuaaslugii 4

311 5. (A-1), (A-2) mauufisuduaziiiens 45 3u uas (B-1), (B-2) mafieuiiisuduinmanauay 35 T
‘l,wqﬂmsmaaoﬁwam%a Xylaria sp. QS4 lwn3eiugaita P. ultimum (A-3) (A-4) msulsuisuduazineny 51
W ‘l,uqﬂmsmaaoﬁwam%a Xylaria sp. QS4 2 plates Waz M. albus MFC2 2 plates lumsgiugisisia P. ultimum

il

o

o

Qs4 2 Pt 3
MFC2 3
Pt 3
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ultimum 3 plates

{ a a v Y o P & o & &
@135197 1. ugeanailiouifisuduaziieny 45 Tu lusamimanasfinauitia Xylaria sp. QS4 lun1sdutaita P,

ANUFINNLAK ﬁﬂﬂﬁfﬂm AL .
TANARDI L Fuanly
: nIYaa (cm) (g/plant) 370 (cm)
Non-infested control 12.51a 2.79a 4.62a 6
QS4 4 plates 12.45a 3.22a 4.60a 6
QS4 15 plates +
) 15.28b 4.41b 11.67b 6
P. ultimum
QS4 4 plates +
8.29c 2.88a 4.73a 6
P. ultimum
P. ultimum 6.51c 1.47a 5.30a 5

Means with different letters are significantly different according to Fisher's LSD Multiple-Comparison test (P < 0.05)

@13197 2. ugaanalSsuifipodudnnanaueny 35 TuluganinaaasNuaasa Xylaria sp. QsS4 Tumstdudaa

P. ultimum 3 plates

PAGED

ﬂ’J’]SJiNﬁJ’]ﬂIﬂu fANNL N
FANARDI L Fuanly
* nygaa (cm) (g/plant) 370(cm)
Non-infested control 11.92a 1.63a 12.63a 5
QS4 4 plates 15.16b 2.56a 12.15a 5
QS4 15 plates +
15.35b 3.08b 9.25b 5
P. ultimum
QS4 4 plates +
9.78a 1.05a 8.2b 5
P. ultimum
P. ultimum - - - -

Means with different letters are significantly different according to Fisher's LSD Multiple-Comparison test (P < 0.05)
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y a a v v o A & .
M13199 3 LL@T@]Gﬂ’]iL‘]JiEI‘ULﬂﬂu@]uﬂ:u’]ﬂ’]Elq 51 % luﬁﬂﬂﬂiﬂmamﬂwauma Xylaria sp. QS4 2 plates W8z M. albus
. & & .
MFC2 3 plates lunsdusasa P. ultimum 3 plates

ANUFINIANDILEA L{’mf{ﬂa@ .
TANANDI u AINVEIIIIN(Cm) mmulu
: (cm) (g/plant)
Non-infested control 21.5 18.97 30 7
QS4 2 plates +
16.9 17.29 27 6
MFC2 3 plate
QS4 2 plates +
MFC2 3 plate + 20 25.6 30 6
P. ultimum
P. ultimum 15 5.7 22 6

Means with different letters are significantly different according to Fisher's LSD Multiple-Comparison test (P < 0.05)

dyduanInaasy

nniesnawlelwi Xylaria spp. Ausnandudnnanu AAusnun13lu stock culture $1Wm 20 Gt Wavan
NARBILALIUHENMSIALILTS Potato Dextrose Agar (PDA) ﬁqquﬁﬁauﬂunm 10 54 wu Sidesaulelws
Xylaria spp. fivasadulaldasnmwin 5 aoug ldun Qb19, Qb20, Qb21, QS4 waz N3S9 AmzKviNTATuIavin |
maaummmmmlumiﬁuﬁanWSLa%tymaqLff?aﬁ Pythium  ultimum  SalwFanelsannuinlufindn  deds
Antagonistic Test Iﬂaﬁwm‘ngmuummﬂgmﬁa 6 afla leA Potato Dextrose Agar (PDA), Yeast Extract
Peptone Dextrose Agar (YPD) itae Sabouraud Dextrose Agar (SDA)(Y3INW) e Glucose Peptone Agar (GPA),
Malt Extract Agar (MEA) tlaz Corn Meal Agar (CMA dmiuidolanla iy Xylaria spp.i~’nLI'VQ"NJS;r Qb19, Qb20,
QS4 uaz N3S9 ﬁwnwuﬁmﬁqm%gﬁﬁaa Junaa 7 waz 10 Tu duanowug Qb21 sansnwigidvlalaiiunnis
vnsiaeaies 5 5w usnilunaseuruide Pythium ultimum 018 2 Tu waz 5 T wuhliisemewus QsS4 uas
N3S9 Lﬁwfuﬁawuwsna§waawsnaugﬁaaﬂmil'uﬂv'amﬂﬁtymml,%aﬁ Pythium  ultimum \& lagiis 2 MURUTH
snumefinandnsaanly do Lsmemsaadasen 9laladt wiifuas (QS4) uaziiwias (N3S9) Fagatoule i
Xylaria QS4 811 10 4 mmsnguﬂv‘avlﬁaﬁq@

anzginmaAdvisldvinimesevdaly da mInaseunavasidaianlalwy Xylaria Qs4 811 10 1% danssanves
wiawus lasrnazi NARBULWEIMNIIALSITE PDA, YPD uay SDA SIWANMAWey MNAFaULREMIsALIEe
GPA, MEA uaz CMA Usngin Ba Xylaria QS4 vl&iﬁwasfl'uﬂv'amsqaﬂmauuﬁmﬁuﬁjﬂ:ﬁw Wanamaudwam 3 Tu
I(ﬂEJfl5@‘5’]71’]50aﬂgdﬁq@u%m%’]ﬂémL%@ PDA suminasauniuimdawuiinmenay 5 T wuh fifivade
Xylaria QS4 T A8IUUaNMIELITa GPA LYt ﬁ"l,ajﬁwaﬁuéizamsaanmaam§@1ﬁuhfﬁnmwau fIUMINAFOLUY
9IMN3LAL9L T MEA waz CMA Lu§ﬂ‘ﬁuﬂwmm*moan;ﬁumvlﬁmﬂ F3en21flunaa1nms contaminate B89 TaTTA
anfiule

%ﬁamﬂﬁ"lﬁﬁaaa;ﬂ'j'] \asnoula Wi xylaria Qs4 018 10 T AIRBIUnEIMIRLITe PDA uaz GPA lifunaduds
mMisanveduAanuiazin  uazinManan  auiIaU ﬂm:g&?ﬁwmﬁ%’ﬁoﬁwmmaauluamaﬂna"tﬁmﬁsuma
mululsaSauwizdidias T@\yNawaﬂuﬁuﬁlﬁﬂgnﬂ%mmumﬂ@haﬁu"lﬂ UARUIBUABLNIIBNUATNMIATY VDI
HNAZIUAZRNMana] NUTAAILAN UsngImInsaTe Xylaria QS4 811 10 3% 91u3u 15 plates aslunszansdi
fda Pathogen P. ultimum 218 2 Tu 3 plates linamMwanvauuia galndiAuiiuTa Non-infested control uaz'lal
wummi’uaﬂsﬂﬂﬁnguuﬁuﬂ:ﬁﬂmq 45 3 (3U (A1) (A-2) WazAI9T 1 WREAUANNNANENENE 35 TUWAIIN
Uan (31 B-1) (B2) ez TN 2 ?in'ﬁzqiToﬁmiLﬁngw‘iuImﬁgmdwm Non-infested control  lagfiansanann
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4 o o = . A o Aa & i a . a '
iminge  uszanugennlauduioen gwdsanulunsznefifize Xylaia QS4  Wpsednadey ud %
a ' @ % o A & ' . =
Germination uazn1atainazudainnluduaziuszinmenanluganaseufinauaralsannin P. uttimum e
' a & o va o o . & X o & & 3 o \ a a a

athaden Jeliifiedasanedn 1o Xylaria QS4 wananduswsa P. ultimum u&1 anatsiumsiasydvle
Tunfirlddndas namudSsufisuduazsihany 51 3% luganiinasesinauisa Xylaria sp. QS4 waz M. albus
MFC2 (3U (A-3) (A-<4) uazanawf 3) waasliiAuwingarieulaluy 2 nesfiedusdninmwlunsdusasa P.
ultimum waziRamaasadulaliunieledndrs suduldtaawiinsldisa M. albus MFC2 WRutn ldanansnae
USuouTa Xylaria sp. QS4 1ni@n 15 plates 10w 2 plates wazn13ldiTia M. albus MFC2 1aaNaNInAILAN
\Ta P. ultimum ldagnsfidsz@nTaaw fi4 ~4 v (15-2=13/3)
ALABUAZAAANNTINIIAVBINAI NN

ac & A« & { s P
Namu’m%uﬁmumaLtinﬁﬁm‘sﬂizqnm“lﬁ%mnaufmvlﬂﬁ 2 ﬁumﬁtmnlﬁmnaqﬂwﬂﬂﬂﬁa M. albus

v o ° & s
MFC2 31nAuIWNKNe uaz Xylaria sp. QS84 mnauwaniIwsasawanigiiluiaaiuas (Biocontrol) 1za
nalsasnuinlndnazinuazinniananlaadeidsz@ansam wazmasnawlaliy 2 sResw1safaNg
wiadulaliundnaziuazinnenanladnais wananiiBasewlalnyl Xylaria sp. Qs4 dezraln
ﬁﬂﬂ:ﬁwLm:ﬁnmwamaﬂﬁmmmﬂ%ﬂﬂﬁmmLﬁuﬁugaﬁa 10 ¥ mnmmc‘i@wm@‘lum‘mﬁwﬂwmpﬁﬁbﬁo
¥ & A [l o Aa o {
2 au nMslddasawlaln M. albus MFC2uaz Xylaria sp. QS4 nifia lailvilndlawnu&nS1insh Prof. Strobel
Taaald MunswanuiiinnasnsidumsldienAuananandwsuwiso Trichoderma sp. Aawyldiinsusas
91N Environmental Protection Agency maoﬂszmﬁa%%’gam‘%ﬂﬁn%a Muscodor albus m&lﬁ’uﬁj f Prof. Strobel ¢
Aa A a 1 o ' a v a o g yﬁ 1 1 ‘s &
ﬁ]ﬂﬁﬂ‘ﬁﬂ@]iﬁﬁluLU%E]%@]T]EJ@]E]&I%HETLL&&&GLL’J@IQEJN IMNUANWIBBWINNUIN BT awlalling M. albus
. V@ o ' ¢ o & A [y ° v & o A

MFC2 usz Xylaria sp. Qs4 laiiluduasiaaaaned dad Fwrndea uazaansavluladugidagizunn

a A o o a ¥ a A B o Y val P
ssadiedglunsiamiuazdiudnanianenmainsasiaess ndinfelutisvesmsiinian laiinui
m?“f'zjag’u’%nmisaL%aul,wwzﬁ'ﬁ‘i'maamﬁ‘@]ﬁuﬁuﬁnmwau’d’mﬁﬁuﬁnmwawﬁmq 14 % wdn wuinlanean
mamhbmuluu‘%nmin&ﬁuuwiamalm n@:maa;ﬁifﬂ fo 21913INUSAILATINY HALATITRUT 1IWIN (3Unany)
WazHTIEIIBTINNIAEITENI 2 anlaTudsenuiniUgnlulassnuiseiiasgiuaasdnesng sudnazigidnle
il lkqausidaaziiihdunesiudsenuithu snfnluasauaiuaznnaud ldiudlzmudnaziiuas

ﬁﬂﬂﬂ@%auﬁﬂ'aﬁ%ﬁmayj’uazqmmwﬁnﬂﬂuﬁamwm

UG

I

a o v, A E o sma & = o, &
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msﬁnmm!,%yaLaufﬂ‘lwﬁtﬁlasl%‘lumsmuqm%ya Xanthomonas campestris TwAnANNIARAN
Screening of endophytes for control bacterial leaf spot of lettuce, Xanthomonas campestris
A32330 398uN3 | AnAA @3 ININING” uaz IWns 5weE
1) 121N EAI NSRS NIz UNalnladiinin ameAnandans an1InsauaAna

a A a s a o a
2) mmmma‘[ufaﬂ%amw AWSINYIFAITAT AW 1INLIFUNNAAR

Tagilszasa

Lo & &

A o oA & e A ' I o A a & A A ) o
1.LWaﬂ@]LaaﬂL%aLﬂuI@vLW‘ﬂﬂNf]ﬂ‘ﬂﬁﬂ fJ\‘]L%aﬂaiiﬂlau']ﬂqqﬂLﬂ@ﬁnﬂlfﬁﬂufuﬂqfuig X. campestris Iuwﬂﬂq@]“au

2. adnwiTatoulatrininda 1 41 Suadanissenuaziaigiduladaduinmaenanwia bidlatgnluudasnlan
NI
o I3 o A o o a PN 4 Ao o o A X { ' o
Anmanauduinffienuddymaassgiianintuimenianudasmuiniutas quamaaninmaenas
dndszaunuilymlsashdiifiennizauuadite X. campestris T1awiInAudlumavailiauid (Bacterial leaf
o A A & a o = A A A v A o &
spot) ITzANBMzaIMIVaINTALEadaaninn  lasndudasaslluudaduihaariamassaduanas dudulsa
dalWifaanaudsmeann denmwdainmenauiiiesnniaaing musadiaeynizsznaeiydulanisies
NULAZAIA Lﬂ‘]:&@]iﬂig?ﬂQﬂﬁﬂl’ﬁﬁ’]imﬁﬁﬁi’]ﬂ’]LL‘W\‘]LLﬂzL‘ﬂuﬁH NWITLRINEUDTIITINTE I EULA TN
Muscodor albus strain MFC2 uaz n1iuonigasiaulalwridngildnnfizayulwiie augusanalauidlueu
o = & R A A da & A a & & I
AnmanananmdnsizaiawlaiWyinanaldanisayulns lusfefiduniwuefiGouazn wunuingaeulalui
imsasnmauni gugadenalsafaluinmaenanld  anusansalunsdugaude X. campestris vadiTaTR
N A T P i a o . & ¥

lalwrinusuagiuriiavasenmis uazszuznmiisnde Aldhmmenasieiuduanumansalumduguse X.
campestris  TwiSawnwziiiassuazyinmsfinsansaensugwIngnnldimssunnsiievaseulawvilay
aa A A =2 A o ¢ o v a A g
3519 molecular iNafimanInnTMuiisiauszaonufiaula inrildadouniads aduumimilunmgaiuas
dganadmemniimuzanlumaill 1lunsasuqulsafnluulasnlgndnmaenan’leas
A5nmIneaas

¥ ¥ ¢ & &
NINAFLANNFINITNVDIL T DL Tataula WY Uwa1r1TALTD
2.1 7% Antagonistic test #uzavaulalWi N1 38 MuWut shanRsIDuaRIRBNTaN3THa ldun PDA, GPA
w8z YPD sl,uam'szﬁqm%nuﬁﬁaa a5, 7 waz 10 24 E‘hul,%aLLUﬂﬁL%EJLauI@]VLWﬁﬁ’]EIﬁWE TL41 uaziTanalsa X,
campestris gnianidsluemawaaziia MHB azgniinly shaking Huiam 8 uaz 5 Mlusawdiau widaralin

. oA o o 7 ° A ~ & o
X. campestris NANULTUTH 4.3x10 CFU 2200 #1417 spead plate SIUUAIWIITUA MHA 130767 100 | NURAQ
Fumwsa N leinmaas Hawdun lanaiuiuds siannsuu plate Ale¥innns spread \aralsa X. campestris
= o v ¥ o { v o 7 . { g
me‘%ﬂmaULmem%aLLUﬂﬁL’%fJLauIﬂvaﬁmﬂwuﬁf TL41 Nanuud 8.3x10 CFU a:gﬂmmﬂu disk Naialu
~ AN v o & . , A o & o
U311a3 10 | 19w plate 71ldvinmT spread arialsa X. campestris \HulAnIAUIINIUFINGANUEINNIAIUNTT
v & & & ) o a A a £
SUgITaLTanalsn X, campestris lauMIFING LARuSlaunialn
NINAFDUANMNAINITNVBILT Lo ula I IS anin1zB191a 9
lummasasftazldmoiuginmaenaniihanlglunimasasiidinmananao®us Grand Rapid Ailulinailuia 7
fondgniumldludszinalnauaznudesmeiaulddni lasazyinsgnniznieas 25 e saunszneildianaz
U 20x20 oy LLa:’Lmzm_lmsﬂgﬂﬁ 1 uae 2 Iﬁfaaﬂgnmzmaa: 500 N3W wanzg@ 11 3 1 1w 2 A39 ud
azizumzﬁﬂg@mwmad 5 qﬂﬁaﬁ
7afl 1 \Juganuguainudsliinslagela gadlulunszang
A & A9 . da v @ ™~ 7 & o o
gaf 2 \Jugafild X. campestris Aflanuidudn Uanm 4.3x10'CFU 25 ml uazizasianlaluiiany 10 u $1wau 6
' ¥ { v @ 7 ™
plate FIiTanUANToLawla WY Nanudude 8.3x10' CFU USunas 50 m
{ & 9 , & . { L) a 7 ¥ [ °
707 3 Lﬂu"q@ﬁ’lmfﬁa X. campestris DA TN TwUSU I 4.3x10 CFU 25 ml LLazL%aﬂLauI@VLWﬁmq 10 1% $1UIU
' & A A A v @ 7 a

2 plate sulTanuafiSuaula lWriianududu 8.3x10° CFU U381a3 25 ml
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qmﬁ 4 Lﬂummm%aﬁLauIﬂVLWﬁmq 10 5% 31w 2 plate FrwBanuafiFoianlaluy Annuidudu 8.3x10” CFU
301617 25 ml
qﬂﬁ 5 Lﬂum“?’rlm%a X. campestris AR NuENTw USunos 4.3x10'CFU 25 ml
msé’m‘htmnmﬂﬁuf?uaa!,%yaLaufﬂ‘lﬂvﬁﬂmzﬁﬂmsﬁnmmaﬁmgﬂuf‘mmuazmﬂﬁﬂma molecular

Nwgw Goik
1msaﬁ?ﬂLLs_mmiﬁ'ugﬂsmﬁ”‘mummL%asmwL%aﬁﬁﬁaomsaﬁ'mDNA mdaagé’nwmﬂmaaﬁ”nmﬂlﬁnﬁaaqammﬁ
nntuldmsdee e s almedulowssinaniassunans PDA ﬁqmmgﬁﬁauﬂumm 2 % mnfuymﬁu
loianunams PDA vimsdaidulodroinnaufidseanidouds aniwianualwaziduaud16y DNA lysis
buffer (pH 8) 400 lavans nanlwidwileldentiu 1@y Tris-HCI 100 lulafasudavinnsgla Eppendorf 2w1a 1.5
f8aans winsunauiinnwnilaan @n tysis buffer wldudliaanin 700 lulafas antwihaniwwised
AT 10,000 saudawfl iluaa 10 wifl gadaulaun 400 lulasdas il Eppendorf awia 1.5 fiafAas dulwai
\@n 400 luTAs8@3 Chloroform:TE-saturated phenol 1:1 wdnanl¥dTugI8MT votex Insiwihuniiudsauis
10,000 sausiam i Hwian 15 wifl g@aﬁa:mzﬂmfzmuq@%aﬁ DNA azanzagjuizunm 300-350 lulasiay Auly
Eppendorf 2411@ 1.5 188805 aulnd 16N 3 M NaOAc (pH 8) 10 lwlasaas waz Isopropanal 0.54 inwaIUSunm
gsazany DNA uazinenldunng WWansszmowaunu azdanaiuaznas DNA landawjuidu Wantudae
A5 10,000 saudawfitiuna 2 wifl maulaiis uazdrsaznan DNA g 70% ethanol wdashantiwwisade
ANU3? 10,000 saudamIiuaa 3 A%1 1n 70% ethanol senuAzaNNAzNaL DNA lﬁLLﬁaﬁqmwﬂﬁﬁaoﬂs:mm
15-30 w1ft azans@znow DNA ¢a8 TE Buffer W3o 1innam B3 fiknumsainiieft 121 asemimaifoaninuei 15 Uaud
15 wifl Y5 20-40 lulasias riauﬁw"l,ﬂl"ﬁl,l,azl,ﬁu%'nmﬁqm%gﬁ 20 admTalius LazyinnTiiaTz DNA lag
3% gel electrophoresis
2. m3vh PCR dwmiulufizdasnefivhmsaiaeDNAalagassld Universal TS Primer lumsvin PCR @slu
%ﬁoﬂﬁﬁ%mﬁﬂ%mmmﬁw 50 'lulasdasaztsznauda10X Taq Buffer with 15mM MgCl,, 5X Enhancer, 2U Taq
polymerase (Finnzymes) , 10mM dNTP , 25uM Primer uaz DNA 1 lulasaas lumsvhdjisensznaudas 4 TuADU
fi9 Initial Denaturation 71 96 saFLTALTYS 2 W1l Denaturation 71 94 asriaieus 30 w17l Annealing 7 55 aa¢n
ISR 45 5wt Extensionl 72 asemalds 1 wifl legymafiudiumiunanua 30 cycles uaz Final
Extension“?i 72 9FLTRLTUR 10 WIN (Kong et al., 2003) ﬁ]’m‘tfuﬁ’m’]ﬁmi’]zﬁ PCR product 828113 run garose
electrophoresis gel 11 PCR product maaL%yaﬂdamaaﬁuﬁ’m’é‘[a"lm?ﬁ%muu‘%nws%aquuﬁﬂ'ugﬁmmmu,mﬂ
Tuladfanw wssiwaitldnuwiouisiuiduianilendusadenlugmdayavas NCBI
HAN1INARDY
HansNAgaUANNENNIavadatanlalily lunsiudsida X. campestris UwansIALIHaTia PDA , GPA
wag YPD

nnmsansgesiaulelwinomun 38 MuWuf Wud7 sevWug fa NHLG, NAAS10, NAAL23, NPPL3,
NAAL4, NHL8, N6L12 uazuuafiiFoiaula Wy anowud TL41 FUNTATUSITBUUATISY X, campestris UHOAILALS
Fo'ld sruanlalWil M. abus strain MFC2 limansodudadeuuafile X. campestris 'l& L%ai’]LauI@]vLWﬁﬁ’lilﬁuﬁ:
NAAL23 ﬁ]:ﬁﬂi:'ﬁw%mwhmsﬁwminam{}ﬁij’m}z\a X. campestris lwam13zfia PDA ladninluaimis GPA &
p1mIriia YPD swnuilsusavhliifaedeslow  uddaieulalndmansnfiesesyidulauuenmsldivingu
(AT 1) Ehummmmm“uadL%aﬂg'jﬂﬂﬁmﬂﬁmf TL41 a7y 8 s lussansaduiadauuaiie X. campestris 6@

g (N311 2)
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nsf 1 FevieulalWrianowul NAAL23 azfivszAmTnwlunisaiiisnmunlauns X. campestris luanns

u

— ! PDA
- T I GPA
| ‘ I N yrp

endophytes

73a PDA GPA waz YPD

Dimeter of inhibit X. campestris

NAASI0 NHL6 NAALY NPPL4 NPPLY NHLS  NeLI12

n i 2 anwananInvengamoiug TL41 lunsdusaaunafitse X. campestris fiiaeng g

By
n

Dimeter of inhibited X.campestris
= o n
g
e
)

B
o

o

G Hrs. BHrs. BHrs. 10Hrs. 12Hrs. 16Hrs. 18Hrs. 20Hrs. The time that used
For TL 41 growing : Hours

HANIINAFDLAMNEINITAVILTaLanlA Y IniSaninzE191a09

I ¢ A A a A o o a v @

Wwethienujindldnesausdninm  nmwqulialuSewmzdidiaes  gamnasasludunenmdin’y

NUINTMEATINNTIANA 7 WAz 14 % WUIEATINNTIANVBINAANNMIARINANRS  LiaINNTHIRNLTaRIAW]

' g & o o & o eal a a A o o & = M A '

funanasamIRBTevhldizaralinmenusawiydulalddvldluduginssenvennia  udlifnadens

wWigdulanmenasainmsen 14 4 awnsnaeanuguus muquliasihdldadlidssininmwuasdoaiuayu

masgLavlavesduinmanandnds AIRULTAHWUS NAAL23 uaz TL41 ﬁﬂs:'ﬁw%mw’tumsmuqulsﬂvlﬁazm
' Aaa o A A

UANGINIRTRA GIaNT9N 1 Uaz 2 uazgUn 2

f«i’;umiﬂmﬂuﬁ?ﬁﬁqﬂgﬂLﬁﬂwmﬂﬁé'mﬂmiaan 7 uaz 14 PdanIsenteuNIn wanNhIIwLBaI LN

a & ' o o v @ o & o . o

U3 R AT ULARINA AR OO IO LTaIdUENNIA BN muma@;ﬂgmﬁm%ﬂummzau‘[umiﬂgnmmwau

nan1sduwnazinstawlaliyl TL41 uaz NAAL23 mgsrauiaadlalng

nnminsisiauiandlelng 168 DNA vasmewus TL41 lawld (Primer 27F-1522R) uaz Blast uac

Lﬂ‘%ﬂmﬁuuﬁagaheenbank fUNTNIATMUNERUT TL41 69k Prokaryota; Bacterial Firmicutes; Bacillales;
. . . B o A a o a o & A A & o A

Paenibacillaceae; Paenibacillus snawuiniianalndidssiuiauuafiioeulalwiaswus  TL41 Annuniion

99.44% @@ Paenibacillus polymyxa strain GBR 472 fillwigauuafiisuiaula WiAnuluiauszdunuauasasn

[
A

nnsanseuiianalendAug ITS1-5.85-ITS2 PBIMIWUT NAAL23 faNT0Iaduunansnus NAAL23 qidk
Eukaryota; Fungi Dikarya; Ascomycota; Pezizomycotin; Pleosporomycetidae; Pleosporales; Leptosphaeriaceae;
mitosporic; Leptosphaeriaceae; Ampelomyces LLazﬁ’lUﬁuﬁ:ﬁﬁﬂ’s’mlﬂﬁlﬁUGﬁUL%ﬂ‘S’]LE}%I@IVLWYTa’IUﬁuﬁ: NAAI23 i1
anuniian 99.42% da Ampelomyces sp. Po59 Ainuludulifansautn

A15197 1. Namaaﬁasnaﬂ@"lw“ﬁmﬂﬁmf NAAL23 daaasimssaniazmiasyiauladnmenas

Treatment %Germination 7 day %Germination 14 day  33-day old after planting
Soil Soil High Fresh weight
Non-infested control 24.0a 24.0a 15.9a 2.2a
NAAL23 6 plate + X. campestris 25 ml 14.0b 15.0b 17.4ad 2.0a
NAAL23 2 plate + X. campestris 25 ml 17.3b 18.3b 18.3bd 3.3b
NAAL23 6 plate 11.0b 12.0c 18.2bd 2.8b
X. campestris 25 ml 13.8b 12.7¢ 9.7c 0.5¢
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@15191 2. wavasBaTieula Wi sWug TL41 dadamnssenuazmaaigidvladnmanay

Treatment Germination 7 day Germination 14 day 37-day old after planting
High Fresh weight
Non-infested control 18.2at 0.24a 19.2a 1 0.22a 18.1at 0.04a 3.1at 0.02a
TL41 25 ml + X. campestris 25 ml 1.2b % 0.05b 8.7b £ 0.12b 16.2at 0.06a 2.5a10.01a
TL41 50 ml + X. campestris 25 ml 5.3b 1 0.08b 13.3b £ 0.12b 18.2a 1 0.06a 2.9at0.02a
TL41 50 ml 5.5b 1 0.22b 13.8b £ 0.28b 16.9a 1 0.03a 3.0at 0.02a
X. campestris 25 ml 5.1b% 0.04b 10.3b 10.09 b 12.5b £ 0.02b 1.5b% 0.01b

31]"7';2. LLﬁ@Nﬂ’liLﬁﬁiyL@‘UI@]’UENﬁuﬁﬂﬂﬁ@ma&l‘iz{luﬁ‘mﬁlEJ’J“?iLLa@]\‘iﬂ’J’IﬁJﬁ’m'linsluﬂ’liﬂ’mQ&IL%@ﬁ@IﬁﬂLﬂ’lﬁ’ll%ﬁﬂ%
WANZE191R89 (A),8ATINTIONTBIAK m(ﬂ‘ﬁauﬁ 14 1% (B) T1=7anI1uqy, T2=Na&JL%ﬂLauIﬂvLWﬁ NAAL23 6 plates
+ X. campestris 4.3x107CFU, T3= NauL%aLauI@vaﬁ NAAL23 2 plates + X. campestris 4.3x107CFU, T4= NRY L“'f;a
roulaWINAAL23 6plates, T5=H& X. campestris 4.3x10 CF

uaagﬂms‘nﬂaaa

NRINNNIINARALAILAD antagonistic test wu'hl,%aﬂ,auimvl,wy? NAAL23 %%al,%a Ampelomyces sp. ﬁmminwﬁ(ﬂ
minaugﬁlumsﬁuﬁv‘uﬁa X. campestris pv campestris "I,@T?]ﬁq@uummi PDA Lﬁumuguﬁnmamﬁuﬂmuwhﬁ'u
3.86 LTudluasuaziouuaiGoanlalni TL41 wialda P. polymyxa 011 8 “B"ﬂmmmsnil'uﬂy‘u%ammqkﬂt,mm
X. campestris "L@Tﬁﬁq@ UUDIHIT MHA 'ﬁLﬁumuquﬁnmaLﬂﬁaﬂmuLﬁnﬁu 214 | TUALNAT
wanmmasatluSeunzirdaaslasnanduludamain 1:1 maqﬁumml,ﬂmﬂgﬂﬁna‘%aLm:au'ﬁmmmuﬁamm@
USunms 500 nFudenIEaNg WuInTEansAnaue NAAL23 wialda Ampelomyces sp. 011 10 4 $9I0 2 plate
waenIzasRNENTauUefi3s TL41 wiala P. polymyxa henwdudn 8.3x10'CFU mmmmuqmsﬁa X.
campestris e NuETw 4.3x10 CFU "lé’lmzé’u%ﬁaﬁﬂﬁé’@mmsaaﬂmaac‘l’nmwauﬁamdmsxmwawgﬂmuqu
Alaifmnautale 9 WANNNINTEefinaNLSa X, campestris WReadalden Aanududueinay  luumed
nszaefinae NAAL23 w3alde Ampelomyces sp. \gdidaliisn $hwims 6 plate vhldsasimssanuos
si'ﬂmwauﬁaﬂnims:mwaammuquu,aznszma“?'iNam%aﬁaismmﬁwLﬁmﬁa@mﬁmmLiuﬂ”uéﬁﬂdn luns
naufunIznfinsuSauLafiGe TL41 wiaida P. polymyxa fienuidadudinsidianes 50 mi vilisasmssen
maqﬁ'ﬂm@mauﬁayn'j'ms:mwaa‘g@muquLwimnﬂ'hni:ma‘ﬁNauL%aﬁaIiﬂLm@‘i'uﬂmt%mﬁm FaiuIsdasd
mydnmmenudiuresgaanlelnrivssesfimanzaudall
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nsauqasanalsafisladaluan Pythium insidiosum laglaasndapiinannainzatanla
Control of the human phythiosis pathogen (Pythium insidiosum) using secondary metabolite crude extract
from endophytes

a &a o Av & a A v ¢ aa v af La o &

Pwniinw sanagisan’, audgs @3 nmind’, @3ws analndinml’,
a ¢ v Ao & &1
SINIH NITUIZAUNT IINUD 1TNIK

'madzunaluwladfnin ameinsndans anIinsnasasina
Zgoninddalaruins amingasaiina @rane waslga

‘NI INLIEINGT ATUNNYATFEAS LIINYILIAIINIBUA

Iaguszaa
~ a a & eaa Lo & A a .
Wemaadsnfinngaieula lWinfignidudinsaiydulaas p. insidiosum
UNUI
.. & a & wa f . . . . a & L A = & '
130 pythiosis Lilulsn@niTagiidlna (emerging infectious disease) LiaaniTa P. insidiosum Fuiwralungy
o K . . & . Aae . . A . A
oomycetes uazdaatflu Kingdom Chromista (\alunguiilianmmizianiznig physiology uaz genetics 71 laindan
A& & ' . . . A . Ha 2 & A aa v &
waz lifiailu \elungu fungi, viruses, bacteria W3a parasites) lsndfianuyuussisnmdsdia wulansluauuas
Tudad 1w g unr 1 uae® fordueglutszinanaion Tusssnmd e P. insidiosum andbagluimianau
A A aa 9 A & L o A A a
waz lugtasmen Ui 1) Wellfisuadaufiwanzan 13a P. insidiosum §1813n&T4 zoospore (JUN 1) Hedl

| ' b4 < ' o a & { ' ¥ @ o o a v
flagella %?Uluﬂ'}i’l']ﬂu’] Zoospore Lﬂuﬁ')uﬁ']ﬂfy’ﬂﬂﬂﬂizﬂ?uﬂqi(ﬂ@]rﬁﬂ Lﬁﬂ Zoospore ’J'ltluﬁu’lauwaﬂuw’mu\m%a

'
a

A . A o ¢ & L&A =2 P9 v a a
Lﬂﬂl‘!@n\?s] PAIAWRIDFAT 2IaNLLURILIN (hyphae) ﬁauvhjvlﬂgLuaLﬂﬂ‘ﬂ ﬂﬂﬂﬂﬂ‘lﬂ LLaZﬂalﬂLﬂﬂWUqﬁaﬂ']W

“

311, LLamﬁaﬁnwm:Lm:gﬂs’ﬂwaaL%a P. insidiosum muﬂﬁaaﬁ;amﬁﬂﬁ (F181) L&wle (1721) Zoospores ﬁagﬂuqa

U312t hyphal tip (Krajaejun et al. Am J Ophthalmol 2004)

T30 pythiosis Tuawin wuassusnludszimnalng 1af w.e. 2528 wasansin ﬁﬂmmmiwugﬂamﬂ'uﬁuﬁaU6]
sulwgiludthonndsznelng Fsfieldiusznelnendu endemic area wailia pythiosis luau udLiiasan
yamniminsunndaulngdaliiinduiesivlia uazdayavaslinfifiogios ww. Fiwad nazuazduni uaz
amzy Faldurindayarihnlia pythiosis PAfladuseningt w.e. 2528 fi9 2546 a0 9 lsgweunaradssine an
LA NMINBTINUAZIMISZLNAANEN (Krajaejun et al., Clin Infect Dis 2006; 43:569-76) iialwidnlalsalunandiin
TN LLﬂ:LﬂlaLﬂuﬁa;3aﬁugméw%’umﬁ%’uudguﬁu lumsdinunit wuglthodwau 102 18 lag 40% vasgihe
ldsunmitesslutis 34 Ygarovasnisdinm waasfisumaliiufaznulsn pythiosis InTuluauiae anumzms
Adfinuadlaa pythiosis aanInuLivleilu 4 ndw fa:



(1) fiaugeffiawits (cutaneous/subcutaneous form): WU 5% maa;\?ﬂ’;sﬁ”’wm. Qﬂmméﬁmmaé@%’a A-nuas win
msnissstuiawisnazldimiininnluni won wienn sulwajsanindneldde saturated solution
potassium iodide

2) faafidudoaua (vascular form): WU 59% maagﬂwﬁy’mw. Kawandae claudication Wia gangrene flan
L‘wsw:ﬁmiaﬂL%aﬁwﬁfmaamﬁaﬂLLmﬁmLﬁ@msqﬂﬁu (gﬂ‘ﬁ' 1) §awlng (~80% vo9rthe) Snunlasmasaandsi
faLgons luiﬁﬁﬁﬁmiamL%agﬂmumnﬁmaL%U%‘%ﬂvlﬁmnmﬂ,mnmamaamﬁammﬂﬂqj (~40% wasie)

3) Saadion (ocular form): WU 33% maap&”ﬂ’mﬁmm p&"ﬂaﬂﬁﬂﬁ]:mﬁammaﬁni:ﬁmm Uszanmw 2-3 alandt qu
7 2) msam%aﬁ'ﬂqnmu @Taq%'nmhﬂmsméfmﬁ']@ﬂ@nﬁwﬁam"%aaaﬂ (~80% wasEin)

(4) faTaLsmidn (disseminated form): WU 3% maagﬂwﬁv’wu@ Qﬂwlumjuﬁwuam%aﬁLf':aauaa ﬁIWSWQﬂ

@ A A o N v e 7 A A Aaa
LLa:VL‘ﬂuﬁ “iaﬂﬂi:LW’]zLLaza’]‘lﬁ Eﬂ?ﬂﬂd%uﬂluﬂ@&lmﬁ&l‘ﬁ’m

Ui 2 dayansadiiauazanumizIlineves vascular pythiosis A, anldfilumasfifiowszluaunsuTianeiri

g A o A X da a & v A a & d 2 a o . .
(@neIT) B, U3miFwdaa (gnesT) NAnsiame €, nsdansgnIfaiafilgulianals Gomori methenamine
silver (GMS) (Krajaejun et al. Clin Infect Dis 2006) D, ocular pythiosis (518) @39@1NNNNTAALT (U1) FIUVD3
hyphae 1% corneal stroma (GMS;x40) (Krajaejun et al. Am J Ophthalmol 2004)

mnﬁagamds:mm%m wuﬁ;jﬂ'mni:mua%iﬁmszmﬂ 99T AN InTzanevadBa P. insidiosum a%iﬁ"mi:mﬂ
. - L & 4 L e e e o . 4
nnansuzplienaad  wodihazlinansenovansendinaieutinudie  Sawudind Idadunsdeman
[ R . | o @ A o |
sunusnugielin pythiosis 1w mMavharBwinuasnysa (75% vadithn) daduandwnanuasaulng, d9eny
d I ) = o | kg 1 U
20-60 U (86%) Woidus9dnvinen, uanduwiwamy (71%) wanaind Wudilas cutaneous, vascular uaz
miscellaneous pythiosis 11NA% Y underlying hematological disorders laglsa underlying AWLLAUTARD thalassemia
A = o { ' ' X & ' ' '
(85%) Tudulsamanugnssufinudasludssinalng §augthe ocular pythiosis w daulng (84%) laiwuiilsn
Urzddlag dayailisrififadouvdensfsdastulidiholiaben Gale P. insidiosum uLAaWTaNN
' = o & ' o v & a & L o
atnslafionw gAfigunwudouss Liflsadszden Aswisndaise P. insidiosum 'ld
A A X L. L a & A ' o @ L.
asanfinawuitholie pythiosis Melwiiiniuites g lasawizludszinelng uddlymadnyuedla pythiosis
[ [ P A [ {a o " v o A AY oo
fa fdannuwanmuazaaninnongs iasnnnsinsyaenfagludadultlildun uaziadunliinmlse
a A A N o o R o o e & A A o Aa A& ) s o v a A 2 A
fdsedntamwdn  mIsnenanasaaslimsinaathaiiariasinizndadesanlinuadailiiiaanuiinsaed
o & ' o a o ' laf { o o
anudndiFudwlumaiauwdinsinmlng 97dau esedannwwanwiazdanmiansanlse
SN RWIIY
o & A& ; & e . g &
1. MINAFaUAMIFWNINIUMITULITa P. ultimum vaviTaiaula wvifiatlu Culture collection UUaMILALILTE
iizaiaulalnrifiagl Culture collection 11119AT1MIATINAIUAIAIIABITE PDA, GPA WAz Modified PDA
o oA A 0 < 9 { P o & - &
ilinfigann@ 25 °C 1luan 3 3u Waasunanfifnuaud adia P. insidiosum 81 8 Ty, 8438U LTalaula
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It 1vng 1 em dwan 5 94 z%m%’u"qﬂmugmu%a P. insidiosum 84939NaNsMamsLRsTen lifiFatoula
Tt LLﬁaﬁwmummimaaaﬁamﬂ"l,ﬂﬂuﬁqmm‘]ﬁ 25 °C Funausziiuiinuammasssmaissaiiulavaads P,
insidiosum uummﬂgmﬁganﬂi’u uir wiudl 1.3 uaz 5 Sauastufinsaiinmaissyveade P. insidiosum uues
Lgml,%a“qmmuquLiﬁ&lmﬁuuﬁum Dual antagonistic test UiWANFWIUANFAT
% inhibition = R1-R2 * 100

R1
Taw R1 fo Sadvaade P. ulimum iw control R2 &8 Sefivasifa P. utimum sufisswfanudeiaulalu
2. mnasauanuaansavesdatanlalwilumsiusaide P, insidiosum Lo MNTLALILT
vnmsmesauanusansavesdataulelwilumsiuiaga P. insidiosum 3niBafdl % inhibition FINY UUDINNT
\8891%a PDA , GPA uay Modified PDA i gaunnil 25 °c flwna 3 Tu Lﬁammﬂﬁufﬁﬁmmmmmlumi
fusade P. insidiosum lapinigeianlalwviaziBa P. insidiosum 319¥9Rw 3 cm ANILUMITUEIMNTIALLED
PDA, GPA W&z Modified PDA 1 "Lﬂﬂuﬁqm%n“ﬁ 25 °C 1Jwa 3 T a%m%fummuquml,%a P. insidiosum TuTw
‘}fua’m'mﬁw,%a

'
.:4 A

Alanaeulalnrivneiu 3 cm LLﬁaﬁnmummimaaaﬁ”'mmvl,ﬂﬂmqmwgu 25 °c dunauaztiufinuans
nesssmaaiwdulavesda P. insidiosum uummmﬁmﬁanni’u fmsiausziuiin Safinaddyventa P.
insidiosum uummnﬁwﬂuﬁammqu wivmaSeufisugaaIuauLTa Dual antagonistic test Uaza WLl
% inhibition ANWFATINIAH
3. S3mIsfessiiignimeiimwdssduanideioulalwiidae Ethyl Acetate
LauI@]VLWvTﬁLmn"L@Tﬁ]zgﬂmvlﬂLWW:L&yUalummiL&?mL%ammmufi%maq Strobel et al. (2002)  USanas
500 wa. 1w Flask 1,000 ml W% 14 53 W&991NIw §3uved Culture broth '«J:Qﬂﬁﬂﬂaﬁ'mmmsﬁﬁqw‘%{ma%mm
oadu (crude extract) @28l Ethyl Acetate 133193 500 W&, 2 a%1 uay smmowide Rotary Evaporator #84210
Wuguves crude extracts fiadpaldtinluneseumenumaunsolumstudimiesinga P, insidiosum 87
waslfianmaseunninieiiniw da o MaATwen3ing ancuwnomaas lsanennaTaniud
4. mstmnmmamgﬁu’%qm%ﬁﬁqw%yma%amw laeld Thin Layer Chromatography
Lmﬂms‘q?}ﬂgﬁu‘%qﬂ‘ﬁfﬁﬁqw%‘ma%amw Tagld Thin Layer Chromatography tiausnsnsanaann both culture litla
LUWDDY F1T6N9 LAINARBUMITUEIMITY TasudazuLY UWUeTMIRREITe laaiide P. insidiosum ﬁayj’m
MIAIBIATINAN9I UL Te SDA e 23 Tu uddseh crude VoIudRzULUAtaUAILURAY uiInLa
inan 20 lulashas LLfoi”aﬁwmummsmaaaﬁy'mmvlﬂi_iuﬁqmﬂgﬁ 25 °C  dunauastufinuan1InaaaIns
WSgLavlan 83\%a P, insidiosum UWENMIIRLALTE
5msa’i’umn°ﬁﬁ@1maaLﬂﬂ@"lﬂﬁﬁmmmai’nmiﬁﬁrm‘ﬁgmq%qmwimﬂ;sﬂ‘iwﬁnwmzé'mgmﬁwmtm:m:mumi
NTUAR
sURny R wWInmeagoonlalw orfisu dnsavsaduly snumzaaslaled uas alef use dioule
Tviing lisesdeinielananofidulszlomldomssuunoiia Wenkd35 uax Sudiinilalnduasbud
rRNA (Molecular Phylogeny) azgnibanlglunsiuunsiiavesionlaluyl anuituas white et al., 1990 35lawayy
dovadulolanlaliyiiiasdluemsifeade Potato dextrose broth Luaan 1-2 44 éae Liquid Nitrogen ¥l
WORRLANGIE 8NT8aNY Lysis Buffer uiianaznawlds@uuas luiuee Isoamyl alcohol: Chloroform 1:24 Laauen
FNALAZA1I DNA @28 Sodium acetate and 70 % alcohol Méld’al’mifu 1331 DNA ﬁv’d%&l@ W Qﬂﬁ’lvl,ﬂmmwmﬁm
3wtk rDNA 284 ITS182 628 Universal primers ITS1 & ITS4 (White et al., 1990) & Sequence Waz 1i3suifiay
Ausauiinilenaduas ITS182 ﬁﬁa%ﬂu GenBank
HANIINARDY
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1979 1. LFAIANNENNITDaITalawla MY lunnTauLTe P. ulimum 3 days

e v wWesidudmstiuds P. utimum uwermsiApage
faun \Te

PDA GPA Modified PDA
1 K1u22 100 100 100
2 K1u21 100 100 100
3 N6L12 100 100 100
4 NAAS10 100 100 100
5 NAALS 100 100 100
6 NHL8 100 100 100
7 NHL6 100 100 100
8 N1L1 100 100 100
9 NKL14 100 100 100
10 N4L3 100 100 100
11 NAAL9 100 100 100
12 NAAS12 100 100 100
13 NPPS9 100 100 100
14 NFL5 100 100 100
15 N7L11 100 100 100
16 N5L4 100 100 100
17 NPPL1 100 100 100
18 N7L9 100 100 100
19 NAAf12 100 100 100
20 NAAf10 100 100 100
21 K6n10/1 100 100 100
22 K1n5/1 100 100 100
23 N7L1 100 100 100
24 NffL3 100 100 100
25 NAAf1 100 100 100
26 NHL20 100 100 100
27 NAAL7 100 100 100
28 Qs4 100 100 100
29 TL41 100 100 100
30 NJL4 100 100 0
31 K6L15 100 0 100
32 NPPS4 100 0 0
33 Qb10 100 0 0
34 NHL12 100 no no
35 NPPS3 100 97.64 100
36 NJS4 93.88 100 100
37 AL38 88.24 88.20 92.89
38 JL2 96.24 90.86 90.99
39 Qb17 90.35 89.62 85.54
40 N3S9 96.94 95.04 94.07
41 N2L6 89.65 91.74 97.03
42 RSb8 97.65 93.63 96.08
43 Qb25 96.41 97.53 96.23
44 NHL15 91.62 89.88 89.31
45 RPR2 97.60 92.59 97.48
46 RTJ3 87.34 90.12 84.78
47 RSSL2 93.42 91.11 82
48 Qb21 97.60 no 88.68
49 PRS18 86.33 no 85.61
50 RSb3 no no no
51 K6n10/2 no no no

P B A o £ & \ ) o
WNEAA no wanuiis T8 P. ultimum wWinniugeieulalWiauwlisusniaszesld



M99 2. uFeIANNENNTnTadalaula lNilunsausta P. insidiosum 3 days

e v wafiudmatiuds P. insidiosum uwaWTIABITE
fauhn L0

PDA Modified PDA GPA
1 TL41 85.48 87.50 95.24
2 QsS4 74.10 50.79 72.73
3 NAAL7 89.16 76.98 89.77
4 RSb8 96.39 77.78 91.48
5 NHL12 80.72 68.25 81.82
6 NHL15 80.61 75.00 82.98
7 N2L6 72.45 59.21 69.15
8 RPR2 74.49 66.45 70.21
9 RTJ3 57.14 51.32 58.51
10 RRS18 69.39 no 69.68
1" Qb25 80.61 72.37 73.40
12 K1n5/1 no no 83.51
13 N5L4 no 94.74 96.81
14 NJS4 no no 84.04
15 RSSL2 no no 60.11
16 N7L1 no no no
17 K6n10/1 no no no
18 N6L12 no no no
19 NPPS9 no no no
20 K1u22 no no no
21 NAAS10 no no no
22 N3S9 no no no
23 NAAf1 no no no
24 NAALS no no no

P4 . A o A & \ ) o
WNBLAG no naNufis LTa P. insidiosum wityniviTataula nvianliaaniniaszesld

@ & el o & & .
M1319 3. LLﬁm“DaHa"ﬂaot“ﬁaLauIﬂvLW'ﬂ‘ﬂ&lﬂ’.l’ma’m’ﬁnsluﬂ'ﬁﬂumL"Jja P. insidiosum

Strain Host TS identification % inhibition with % inhibition with
P. ultimum P.insidiosum
TL41 Paederia linearis Hook.f. Paenibacillus polymyxa 100 (All) 95.24 (GP)
Qs4 Melientha suavis Pierre Xylaria sp. 100 (All) 74.10 (PDA)
NAAL7 Costus speciosus Dothideomycete sp. 100 (All) 89.77 (GP)
RSb8 Jatropha gossypifolia Myrothecium sp. 97.65 (PDA) 96.39 (PDA)
N5L4 Unknown Dothideomycete sp. 100 (All) 96.81 (GP)
K1n5/1 Amorphophallus sp. Colletotrichum sp. 100 (All) 83.51 (GP)
NHL12 Osmanthus fragrans Phyllosticta citrullina 100 (PDA) 81.82 (GP)
NHL15 Osmanthus fragrans Ascomycota sp. 91.62 (PDA) 82.98 (GP)
RPR2 Kaempferia pulchra Ridl. Chaetomium sp. 97.60 (PDA) 74.49 (PDA)
N2L6 Unknown Not done 97.03 (Modi) 72.45 (PDA)
RRS18 Oraxylum indicum (L.) Vent Cladosporium cladosporioides 90.12 (GP) 69.68 (GP)
RTJ3 Flacourtia indica (Burm.f.) Merr Not done 90.12 (GP) 58.51 (GP)

wanuing All nanefs Waleulalwdaanndugnaaiyidulavas Pythium sp. 1dns 3 8913 Unknown nanafis lainsude Host

AU 57-96% LraTianla IWviasnwuldunise



A1519 4. LEAIANMNFINNTDIUMTIULNTD P. insidiosum VaIgI&NANA TLC 100 ul (0.1mg/ul DMSO) vadliia

wla Wyiluiunaseu 2 (UITHausn) uas lwiunazaun 3 (UTINAN 2)

TIUIN
Strain % inhibition against P. insidiosum
Band
6 B1=6%, B2=18%, B3=9%, B4=6%, B5=15%, B6=10%
Dothideomycete sp. NAAL7
B1=14%, B2=17%, B3=11%, B4=9%, B5=17%, B6=9%
3 B1=31%, B2=29%, B3=23%
Myrothecium sp. RSb8
B1=32%, B2=30%, B3=27%
3 B1=3%, B2=16%, B3=16%

Dothideomycete sp. N5L4
B1=6%, B2=16%, B3=15%

4 B1=18%, B2=24%, B3=6%
B1=16%, B2=16%, B3=8%
5 B1=15%, B2=19%, B3=25%, B4=25%, B5=16%
B1=17%, B2=28%, B3=27%, B4=31%, B5=15%

Chaetomium sp. RPR2

Xylaria sp. Qb 25

7 B1=17%, B2=27%, B3=15%, B4=6%, B5=18%, B6=9%, B7=15%
Colletotrichum sp. K1n5/1
B1=21%, B2=28%, B3=14%, B4=9%, B5=17%, B6=14%, B7=19%
3 B1=21%, B2=21%, B3=0%

Cladosporium cladosporioides RRS18
B1=21%, B2=21%, B3=14%

3 B1=13%, B2=12%, B3=0%
B1=9%, B2=16%, B3=11%

NJS4

ﬁ?ll l,l,aﬁm‘mﬁwan'hmmaaa

Ay o a

Pythium Lﬂm%asﬂumg'u oomycete 6‘?541LﬂuwgaﬂﬂumwmNWiﬂﬁalﬁLﬁ@ISﬂ"luﬁm fodhatu lsanuin Soiie
N Pythium ultimum l,wianﬂmiﬁﬂmfagaiﬁ'uLﬁmﬁu’um Ao, 33t 23wey 1almsdunuingaienla
"I,Wﬁﬁm’%tguummma%nmsnaUgﬁaanqw"ﬁf ain P. ultimumls Bndrunitdluminmsunnd wudh Pythium £
munsnreliifalsaoussluanld dufielsaritlode afnanide p. insidiosum Foifaruydguiiiduieian
TolWifmusndudmaasaidulaves P. utimum ldudifaieulalwifiihazmunsndudimaaiydulaves P,
insidiosum lee e mnauqag’mﬁqﬂmawmwﬁﬁamuI@"lWﬁmn Culture collection 3113w 49 myﬁuﬁ:ﬁmmm
dugmaesaidulazes P, utimum 16 warnmIneseunuianigaiaula Wy 49 awﬁuﬁ:ﬁaﬂﬁmﬁl,%al,auiﬂ
IWri§mom 24 muwugRmusodudsmaalydulaves P, insidiosum 16 Aaiiu 48.98 wedidud welaulalnyi
e 24 emﬂﬁufﬁﬂmwmmmlumsﬁuﬂg\iL%a P. insidiosum ®aug 57-96% wndaednoTu (Hasanla Wy
Myrothecium sp. RSb8 LLUﬂvlﬁﬂﬂﬂﬁuaialeaaﬂ (Jatropha gossypifolia), Xylaria polymyxa QS4 won laandu
AnwIw (Melientha suavis Pierre), Dothideomycete sp. NAAL7 uwgn'ldaindwdesnunawaandu (Costus
speciosus) uaziBauuafi3oiawlalwyl Paenibacillus polymyxa TLA41 s‘fjaLLﬂﬂvl@Tmnszumgw%wm (Paederia
linearis Hook.f) flanusansolunssusade P. insidiosum 96% , 74%, 90% Uz 92% UnNMILALLEE PDA,
PDA, GP uaz PDB ¢usau

\flasnnmisanmaeiudulevesta P, ulimum waz P. insidiosum laivintu @9rtw33n1vih Antagonistic test
IuANE1NUEE NANIABNNTYN Antagonistic test fuie P. ultimum 21438 msvdatanlaliiinasuuaiuerms
woaderowduam 3 u deasunmiitmuauda auda . uimum seu 9 daieulalwsl Wivne 1 cm 1w
5 39 Funausziufinuanmasssmasyidulazeads P, utimum us33n13vh Antagonistic test fuiTe P.
insidiosum a:@mmmamLﬁaaﬁrmé"@mﬂ'mﬁfyLauimmau%a P. insidiosum Fnuaaila P. ultimum GIiuMNIAY
o P. insidiosum EallL%ﬂLauIﬂVLWVT“?ifIﬂﬁL’«ﬁtylLaul(ﬂagﬁauLLﬁ’J%ﬁﬂﬁL%aLauIﬂVLWVTﬁﬂ’]il,ﬁ]‘%tyL@UI@]W‘UL%@J P.
insidiosum  figtlisansasyidulaldane  mlwlisansonnuldgeeulawimusnsudimaeiyola
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& . o A ' . ¢ = & o ENaea o o & aad o
204178 P. insidiosum lew3ali  uazlisunsandasiSudmsiuasladndis  aenudsimanzanlunvi
. o & .. 2 & e o o & o &
Antagonistic test NULEa P. insidiosum a1439n3a31@a P. insidiosum wWiay « nuadifalaunlalwy lasnsliize

toulalWyiving 3 cm anvauTuiurate P. insidiosum AfHazvliulaldinge p. insidiosum Imaaigidvle

v
Y = A A

< o & 6 & (3 o & v aad v o &
LLazﬁ']ll'ﬁﬂLﬂuﬂ’]igﬂEJ']JﬂdLLﬂzﬁWLﬂaiL‘ﬁuﬂﬂ'ﬁQﬂ?JUF.J\'ivl,(ﬂ LAITUNNUVINNG  Ad 'Jﬁ%a’lll']iﬂlﬂﬂ@ﬂﬂrﬁﬂmuiﬂ

UNBUIWNAD WANNINAFEL Dual Antagonistic test

o

TWvinfimaesgdvlasuvinnuianalse P. insidiosum wan
WUFAIINTD Phoma herbarum N6L12 'lisnansndugs-gusaleliNgIunigin anmMImagaualIunIndioe P.
S g g ' A A a £ A & {
insidiosum 5 39 38U € wataula Iy UANLUEIITNUIFNDIWIU 1 TUAINLTE Phoma herbarum N6L12 Y
Lo & X R
qnauLITa P. insidiosum
- e A A £ . - A
ImInasay Well diffusion assay VaIFIIMIVIFNDIN Thin Layer Chromatography mﬂmi‘qﬂﬂgum‘iﬁm‘i
. . e a X . X e
A9z U2R9TEWINGEN IS P. insidiosum MM INAgaLITYinlasn1Iadisa P. insidiosum nawduiian 2
TULRITIAIFTRNANINALUNNAY WUINNTZULAITERINGIRNINULTE P. insidiosum WiNNU 0.5 cm LLAUKNANNT
o & da ' ' o o & R A A . a ° Y £
JULINANINTZHEWN9TzIN@IRNIALTD P. insidiosum 1 cm Hasanszazneanvinsanniinldazvinldgndvesans
analaansalufeandeld uaznaves mInasay Well diffusion assay findaaannidataulaluyl X.  polymyxa
. . 4 A £, I A | o
Qs4 ang 14 Julu PDB WuilanIneuTansimam 5-6 slaniignddudaie P. insidiosum (31 4A)

a A A & & A & ' & & Ae o ¢ < & o &, '
namsiiouiisuriievasanadaasenldlunmasasinuiiamaasasanlidafidudmsguagsaiwlngan
MNTafilaTyuL Glucose Peptone Agar (GPA) tfiadamnam1s GPA finglas waznimazfilufizariihlulsldian
lizeieulaWridmusigidulawsziwluegluzag Stationary phase ldiidsaiwmandusanaaigdula
2849 P. insidiosum laaninlua1msnfindu sa9adnunda Potato Dextrose Agar (PDA) @dnuininmInaaadiaiéy
4 e e . N T o
NENUMINAaeIta i T mITRsTans 2 TRakYins WIoawnITiadug
HAINAIT 4. Waz JUN 3 UFAIANIANAIN TLC 100 ul (0.1mg/ul DMSO) Basigaiaula lnvindanuaaninlu

o & X g I ¥ A o a ad Lo &
M3tuadTa P. insidiosum \avwawla Wyl Myrothecium sp. RSb8 wsehaansnaimmasnindgnsiuds
& - & P . & & o & X - o .

e P. insidiosum geninFaioulalWididung udiasioudnidugude P. insidiosum weuniimInaseuuuy
Dual co-culture 1nn@1aLIWNIIZ&IRAAN TLC Hanudutuiasann WaSouifsunumsldaansanaann TLC
afiminannd 01 mg lasasaslulungy asusaslugy 4A uas 4B wanaNiHamMINaseUsILe lain

P & o & 4 & o o a A & I3
wesiwudndusingianadunananasans i lussananssanamisnlvaseiaula vy

° A a £ { a & { ..
minasevlusmaafamaihaIniuigndan TLC findaaniTaiaula Wyiluasef 4 Tunasey Cytotoxicity test

AU Human Celline waxN1334NTRa2838137 Wt uR16a Human Celline LAgINNIAE LTS P. insidiosum

317 3. uxAIEIENAIN TLC 100 ul (0.1mg/ul DMSO) waasaula Wyl Myrothecium sp. RSb8 (11) uaz 110
Tuaulalwyi Chaetomium sp. RPR2 (111) Aiflanuanansalunmsdugade P. insidiosum Twiufl 2 aa9mnagay
WANTULUYBINTWABNANAILANNIINTAZAY DMSO LNeIaEaLGE7
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1t 4. usasnnwmanIalumstudada P insidiosum lwiufi 2 vasminaseumsaiavanderianla’lw
Xylaria sp. QS4 W8 Xylaria sp. Qb 25 E’fiuﬂm‘iiraamﬁufl,ﬁmﬁu 4A) ssanaveaTaTanlalnif Xylaria sp. QS4
nTLC Iwl5nadiannnin 1 mg 4B) asanavasiarienlalwy Xylaria sp. Qb 25 9nTLC lui/Sunms 100 ul
(0.1mg/ul DMSO)

4A)

4B)

naanssndszne

Imamuﬁ%’ﬂﬁ“’lﬁ%'unumiaﬁfuagumnﬁ']ﬁfm'mnamuaﬁfumﬁ%'ﬂ LLa:ﬁ’]‘IIﬂd’mﬂm:ﬂii&lﬂ’ﬁq@mﬁﬂﬂ’] RTNY
Lﬁu%mwmmsnﬁmmu’iﬁummsﬁjuﬂmo (RMU4980030) T w.¢1. 2549-2552 saamansudmnmsinuasluny
aw&msw:ﬁﬁaﬁa‘[iﬂﬁ’mmm X. campestris
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Abstract — A novel endophyte species of Bipolaris named JF2, isolated from the inner fleshy fruit of
Myristica fragrans, is described and illustrated based on a polyphasic approach. The JF2 strain is distinguishably
characterized by the production of straight big brown 1-6 phragmosporous conidia 17-67(38.7) x 11-20(15.4) pum
germinating a germ tube at each end. Another unique characteristic is spongy brown sheath nodes interval wrapping
around the old hyphae. Molecular phylogeny of ITS1-5.8S-ITS2 sequences supports that taxonomy of the isolate JF2
should be placed in the genus of Bipolaris and a sister lineage to the Curvularia sp. NR2006D12 (DQ480350). A
glyceraldehyde-3-phosphate dehydrogenase DNA sequence was 88% with Cochliobolus intermedius (AF081383) and
Co. kusanoi (AF081404). On the basis of its distinctive morphological characteristics and phylogenetic position, this
strain defines a novel species named Bipolaris thaiendophytica, sp. nov.. The type strain of Bipolaris thaiendophytica
is JF2.

Key words — antagonistic dual test, Bipolaris, Curvularia, endophyte, ITS and 5.8S rDNA, nutmeg tree, phylogeny,
taxonomy

Introduction

Shoemaker proposed to segregate the subdivision Helminthosporium (Link: Fr.) into Drechslera (Ito) and
Bipolaris (Shoemaker) (Shoemaker, 1959). With that recognition, he established the genus Bipolaris for
species that Nisikado (1929) had been classified as the subgenus FEu-Helminthosporium (Nisikado)
(Shoemaker, 1959). The species was B. maydis (Nisikado) Shoem. The evidence for the recognition of
those two genera was studied and confirmed by Alcorn (1983, 1988). Based on morphology and
germination of conidia, and conidiophore with conidiogenous structure, 52 species of Bipolaris were
justified in the monograph written by Sivanesan (1987). Bipolaris’s conidia were described as fusiform to
ellipsoidal, straight to curved, brown, smooth wall, distoseptate (pseudoseptate) conidia with and without a
protuberant conidial hilum (Sivanesan, 1987; Alcorn, 1988). The germ tubes of this genus are germinated
only from each end cell of conidia (bipolar). The sexual state of the Bipolaris is associated with
Cochliobolus (Shoemaker, 1959; Luttrell, 1977; Sivanesan, 1987). In 1991, Alcorn (1990, 1991) combined
and transformed the two genera of Bipolaris and Curvularia as the synonymous genus.

Due to inadequate conidial morphology and lack of teleomorph in many species of these 3 genera, recent
taxonomic revisions have relied on molecular phylogenetic analysis of DNA sequences, in particular, IDNA
internal transcribed spacers (ITS1 and ITS2) and glyceraldehyde-3-phosphate dehydrogenase (gpd) gene
sequences, have been used extensively to solve taxonomic relationships at the species level (Berbee et al.,
1999; Zhang and Berbee, 2001). Based on the phylogenetic analysis of ITS and gpd sequence data, Zhang
and Berbee (2001) reported that the species previously described as Drechslera portulacae (orig. CBS
239.48), Pyrenophora bromi (orig. CBS 403.72) and P. portulacae (orig. DAOM 208494), were re-
classified as Bipolaris portulacae. In addition, Drechslera biseptata (orig. CBS 371.72) and D. heveae
(orig. CBS 241.92) that had been misidentified were transferred to Bipolaris spicifera and B. heveae,
respectively.

During the last decade, there were a few reports about new species of Bipolaris. Chen et al. (2000)
mentioned that B. prieskaensis was the sixtieth species of Bipolaris that was isolated from debris of
Pistacia vera (L.) (Pistachio) in Prieska, Northern Cape Province of South Africa. Five years later,
Tsukiboshi et al. (2005) reported that B. heveae (Co. heveicola) was another new species causing brown
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stripe of Bermuda grass and Zoysia grass. In 2008, Jiang and Zhang identified B. fusca as a new species of
dematiaceous hyphomycetes from soil in China. We now describe a novel species isolated from a fruit of
the woody plant, Myristica fragrans (Houtt.) growing in the Siri Rukhachati Medicinal Plant Garden,
Salaya campus, Mahidol University, Nakornprathom, Thailand. Its affinity to closely related species is
discussed to show its distinguishing morphological features along with the comparative ITS1&2 rDNA and
gdp sequence data to other related species.

Materials and methods

Fungal isolation, growth, identification and storage

A fruit of M. fragrans, from the same tree that Muscodor albus strain MFC2 was originally obtained (Sopalun et al.,
2003), was sampled from the Siri Rukhachati Medicinal Plant Garden, Salaya campus, Mahidol University,
Nakornprathom, Thailand. Isolation procedures were based on Sopalun et al., 2003. Hyphal tips of developing isolates
designated —JF2 were aseptically removed and placed on potato dextrose agar (PDA) with small sterile pieces of the
carnation leaves (0.5x0.5 cm) to encourage spore production for 10-14 days. One hundred conidia and 50 conidiophores
in lactophenol cotton blue solution were examined and measured with a light microscope (Seek Microscope LW 100
BT, China). Photomicrographs of the JF2’s morphology were taken by a PowerShot S45 Cannon camera (Japan). The
isolated endophytic JF2 fungus was identified down to species level using the monographs described by Sivanesan
(1987). The pure culture of JF2 endophyte was preserved using 15% glycerol and stored at —80°C at the culture
collection of Mahidol University. It was also deposited as Bipolaris sp. at the Montana State University living
mycological culture collection as culture -2346.

Scanning electron microscopy

Scanning electron microscopy was performed by procedures previously described by Castillo et al. (2005). Isolate JF2
was processed by placing agar pieces and host plant pieces supporting fungal growth into 2% glutaraldehyde in 0.1 M
sodium cacodylate buffer (pH 7.2-7.4) with Triton X, a wetting agent, and aspirated for 5 min. and left overnight. Then
the fixed agar pieces and plant pieces were placed in #1 Whatman filter paper packets (Whatman Inc. Florham Park,
N.J. USA). The packets were made by folding the filter paper over a piece of cork (1.5 x 1.5 cm). The packets were
tied with cotton string, and two removable split shot sinkers (ca. 3.25 gm each) were attached next to the packets to hold
them under the surface of the dehydrating solutions and liquid carbon dioxide during critical point drying. After that
the samples were washed in six 15 min changes of water buffer, followed by 15-min washes in 10%, 30%, 50% ethanol,
five-15 min changes in 70% ethanol, and then were left for 18-24 hr in 70% ecthanol. They were rinsed for 15 min in
95% ethanol and then three 15-min changes in 100% ethanol, followed by three 15-min changes in acetone. For SEM,
the specimens were critically point dried, gold sputter coated, and images were recorded with an XL.30 ESEM FEG in
the high vacuum mode using the Everhart-Thornley detector.

Fungal DNA isolation and amplification of 18S, ITS1-5.8S-ITS2 and gpd genes

For total genomic DNA isolation, the fungus strain JF2 was grown on PDA for 10 days at 23°C. The mycelium was
scraped directly from the surface of the agar culture, weighed and extracted by the methods of Lee and Taylor (1990).
The universal primers of N1-N8, ITSS and ITS4 were used for amplifying PCR product of 18S and ITS1-5.8S-ITS2
rDNA genes, respectively (White et al., 1990). The PCR mixture concentrations and thermocycler conditions of 18S
DNA were performed based on White et al. (1990) while the ITS/5.8S rDNA was amplified using conditions described
by Kong et al. (2003). The PCR of gpd DNA sequence was performed using gpdl and gpd2 primers following the
protocols of Berbee et al., 1999. The PCR products of 18S rDNA, ITS1-5.8S-ITS2 and gpd genes were sent to the
Ramathibodee Research Unit, Ramathibodee Hospital for purification and sequencing.

BLAST and phylogenetic analysis of 18S, ITS/5.8S rDNA and gpd sequences

Nucleotide sequences of 18S, ITS/5.8S rDNA and gpd regions of the JF2 endophytic fungus were determined manually
on both strands and submitted to GenBank with a serial number FJ666899, EU447681 and FJ666900, respectively. The
18S, ITS/5.8S rDNA and gpd sequences of JF2 endophytic fungus was also searched and compared with other fungal
sequences under a BLAST 2.2.19 (Zhang et al., 2000) search of NCBI at <http://www.ncbi.nlm.nih.gov/BLAST>.
Comparison and alignment of ITS sequences from 40 closely related graminicolous taxa and 4 taxa of out group
obtained from GenBank (Table 1) were analyzed using CLUSTAL W version 1.7 (Thomson and Gibson, 1997) and
manually aligned afterwards. Those four outgroup taxa were Alternaria raphani (U05200), Setosphaeria monoceras
strain 208988 (AF071340), S. monocerus, S. rostrata strain 32197 (AF071342) (Zhang and Berbee, 2001). A full
alignment of ITS datasets was submitted to the TreeBASE with a matrix number SN3879-18212. An inferred
phylogenetic tree was reconstructed from the excluded terminal sites (602 characters) in the ITS and 5.8S regions using
a general time-reversible model of distance method in PAUP program (test version 4.0b3, Macintosh). The reliability of
the tree topology was determined by bootstrap analysis using 1,000 replicates for the neighbor joining analysis. The
TREEVIEW program was used to demonstrate the inferred phylogenetic trees (Institute of Biomedical and Life
Sciences, University of Glasglow, Scotland, UK).

Collections

Material examined: healthy living fruit of M. fragrans at Sireerookacharti Garden, Salaya campus of Mahidol
University, Nakornprathom province, Thailand, June 8, 2007, J. Worapong and M. Srisaisup. The JF2 was deposited in
the culture collection of Department of Biotechnology, Faculty of Science, Mahidol University and Department of Plant
Science and Plant Pathology, Montana State University, Bozeman, USA, designed 2346.
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Taxonomic description

Bipolaris thaiendophytica J. Worapong, M. Srisaisup, W. M. Hess, and G. A. Strobel, sp. nov. PLATE 1-5
MYCOBANK 885

Consocies alba labrum ambitus irregularis cum novae generatoniae usque antiquus hyphae archa est et evoco
velvet, floccose, pallide olivo atrum olivo (Instar. 1.A). Reverse atrum olivo usque niger centri (Instar. 1B).
Mycelium in substratus. Delicatis auctus in PDA in locus temperatur, verbi gratia , enumero septem diei nam 23
mm et novem .diei huic 25 mm. Hyphae septae, olivo usque brunneus, smooth cum usque novae generatoniae,
esponja brunneus folias cum senectus (Instar 1C et 5B, arrow). Conidiomata formo in rami senectus In vitro
senectus uni mensis exertus in PDA (Instar. 1D). Sectionis, haec rami stromata pario non asexual, sexual
reproductive organs. Conidiophore simplis solitary, rectus in inferne infecunditas sectionis cum esponja brunnea
folia, geniculatae usque caput capitis, brunneus, secundus-3 septae, 30-100(58.2) x 2-5 um (4.1). Conidiogenous
archa cylindrical, integratis, consociatis terminalis, directus blastic, 7-15(10.2) x 2-6(5.2) um (Instar. 2, 54 et 5B).
Conidium muticum, rectus, levidensis inflectum, 1-6 distoseptae (multo 4), elliptica, lisa, centris arca archa atrum
brunneus et sensu lato distalis pertinens, cum hilum non protuberante 2-5 (3) um diam, 17-67(38.7) x 11-20(15.4)
um (Instar. 3, 54 et 5B), bipolaris germinatio (Instar. 4).

ETYMOLOGY: Name thaiendophytica referring to its nationality and ecological interaction.
HOLOTYPE: JF2, a living culture from a healthy living fruit of M. fragrans at Sireerookacharti Garden, Salaya
campus of Mahidol University, Nakornprathom province, Thailand on 8 June 2007. The JF2 was deposited in the

culture collection of Department of Biotechnology, Faculty of Science, Mahidol University and Department of Plant
Science and Plant Pathology, Montana State University, Bozeman, USA, designed 2346.

TELEOMORPH: not seen.

KEY CHARACTERS — Conidiophore simple solitary, straight in the lower sterile section with spongy
brown sheath, geniculate at apex, Dark Yellowish Brown [10 YR 4/2], 2-3 septate, 30-100(58.2) x 2-5(4.1)
um. Conidium muticous, straight to slightly curved, 1-6 distoseptate (mostly 4), ellipsoid, smooth, central
cells Dusky Brown [5 YR 2/2] and broader than the distal ones, with a slightly protuberant hilum 2-5 (3)
pm diam, 17-67(38.7) x 11-20(15.4) um (Fig. 3, 5A and 5B), bipolar germination (Fig. 4).

EXPANDED DESCRIPTION — Conidiogenous cell cylindrical, integrated, terminal, single blastic, 7-
15(10.2) x 2-6(5.2) um (Fig. 2, 5A and 5B).

MACROCHARACTERS — COLONY, white [N 9.5-9]- in the irregular margin when young, reverse dark
olivaceous Olive Gray [5 Y 3/2] to black [N1] the center (Fig. 1B); OLDER HYPHAL CELLS, velvety,
floccose, floccose pale olivaceous to dark olivaceous Dusky Yellowish Green [5 GY 5/2]-Grayish Olive [10
Y 4/2]-Dark Greenish Gray [5 GY 4/1] (Fig. 1A); CONIDIOMATA, formed in branch on old culture aged
one month on PDA (Fig. 1D), this branch stromata generated none of asexual or sexual reproductive organs
after section.

MICROCHARACTERS — CONIDIA, Straight big brown 1-6 phragmosporous cells 17-67(38.7) x 11-20(15.4)

pm; HYPHAL SEPTATE, olivaceous to brown, smooth when young, spongy brown sheaths when old (Fig.
1C and 5B, arrow).

ECOLOGY, RANGE, DISTRIBUTION — A healthy living fruit of nut meg tree (Myristica fragrans). Uncommon.

CULTURE — Mycelium immersed in the substrata. Slowly growing on PDA at room temperature, for
example, 7 day for 23 mm and 9 days for 25 mm.

MotLecuLar PuyLoGENY — Based on the BLAST search of 18S (1753 bp), ITS/5.8S rDNA (540 bp)
and gpd (587 bp) sequences of Bipolaris thaiendophytica JF2, this fungus belongs to the phylum of
Ascomycota, the sub-phylum of Pezizomycotina, the class of Dothideomycetes, the order of Pleosporales,
the family of Pleosporaceae, and the genus of Biolaris (mitosporic Cochliobolus). Table 2 shows the
identity of ITS/5.8S rDNA and gpd sequences of closely related taxa with their conidium size recorded by
Sivanesan (1987). Five hundred and forty nucleotides of B. thaiendophytica JF2 were 100 % identical to the
sterile mycelium strain of Curvularia sp. NR-2006-D12 (DQ480350), an endophyte fungus isolated from
Garcinia species in Songkla province located in the Southern part of Thailand (Table 2). Three strains of
endophytic Bipolaris sp. (Bp-zj strain 01-03) isolated from Sesuvium portulacastrum (Guangdong province,
China) had 94 % identity from the comparison of 519 bp of the ITS1&2 regions. B. portulacae strain
DAOM 208494 had 92% identity from a total of 513 bp ITS1&2 nucleotides. Additionally, the ITS
sequence of B. kusanoi, with conidium morphology that looks like B. thaiendophytica JF2 conidia, had the
least identity (87%) to that of B. thaiendophytica JF2.

The phylogenic trees obtained from alignments with and without excluded sites were very similar in
topology. When all sites were included for phylogenic analysis, the B. thaiendophytica JF2 and a sister
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species of Curvularia sp. NR-2006-D12 (DQ480350) clearly separated from other topologies of Bipolaris
spp. (data not show). When the terminal length variation were excluded, the B. thaiendophytica and
Curvularia sp. NR-2006-D12 (DQ480350) shared recent ancestors with the major clade of B. sorokiniana
(DSM6260), B. sorokiniana (BS11), uncultured endophyte clone 16-10-19, Co. heterostrophus (BM3) and
B. sacchari, B. sorokiniana (FG42) B. sorokiniana with bootstrap support lower than 50 (Fig. 6).
Distinctively, B. kusanoi with conidium size comparable to that of B. thaiendophytica JF2, did not group
with B. thaiendophytica JF2, but did with the major clade of Bipolaris spp. Bp-zj-01-Bp-zj-03, B. indica, B.
portulacae DAOM 2084, B. portulacae CBS 40372, and B. portulacae CBS 23948.

DISCUSSION

Based on the description by Zhang and Berbee (2001), the basal cell germination and progression of septum
shown in figure 4 and 5A supports the fact that the B. thaiendophytica JF2 should be placed to the genus of
Bipolaris. The morphology of Bipolaris strain JF2 does not have a close relationship with Co. australiensis,
Co. lunatus, Co. spicifera, Curvularia inaequalis, Co. heterostrophus, Curvularia geniculata, B.
sorokiniana, B. sacchari, and B. kusanoi. From the description and the illustration (Fig. 1-5), the conidia of
B. thaiendophytica JF2 vary a lot in length. Although its conidia size was somewhat similar to B. kusanoi,
the B. thaiendophytica JF2 clearly differs from B. kusanoi both in phenotypic and genetic features. Based
on the description by Sivanesan (1987), B. kusanoi has conidiophores in the features of single or in small
groups, brown, paler towards the apex, smooth with swollen tips, 16-250x4-6.5 um. In contrast, the B.
thaiendophytica JF2 has old mycelium and rough conidiophore that are simple solitary, straight in the lower
sterile section with spongy brown sheath (Fig. 1D), geniculate at apex, brown, 2-3 septate with 30-100x2-5
pm in length and width. The old mycelium with spongy brown sheath nodes seemed to be the unique
characteristic of B. thaiendophytica JF2 that has not previously been described in any species. In addition to
differences in morphological characteristics, the ITS1-5.8S-ITS2 and gpd sequences of the B.
thaiendophytica JF2 are different among other fungal species.

A comparative analysis and phylogenetic study of ITS rDNA sequences indicated that B. thaiendophytica
JF2 formed a distinct clade within the evolutionary radiation of the family Pleosporaceae and clustered with
members of genera Cochliobolus/Bipolaris. Nonetheless, there was no unifying phylogenetic characters
between the topology of B. thaiendophytica JF2 and Curvularia sp. NR-2006-D12 and the sister clade of B.
sorokiniana (DSM6260), B. sorokiniana (BS11), Uncultured endophyte clone 16-10-19, Co. heterostrophus
(BM3) and B. sacchari, B. sorokiniana (FG 42) B. sorokiniana. In this polyphyletic tree, the B.
thaiendophytica JF2 was placed in the Cochliobolus Group 2 that included species with Curvularia type
conidia as well as species with straight Bipolaris conidia as described by Berbee ef al. (1999). In addition,
the Cochliobolus Group 2 appeared to be diverse not only in genetic and morphology as discussed by
Berbee ef al. (1999) but also ecological interaction (Fig. 6).

Molecular data also supports that Curvularia sp. NR-2006-D12 (DQ480350) was, a sister taxa of the
Bipolaris JF2. Coincidentally, both of them are endophytes that were found in different hosts and locations.
The B. thaiendophytica JF2 was isolated from inside the fruit of nutmeg tree growing in Nakornpathom
province located in the central part of Thailand. In contrast, the Curvularia sp. NR-2006-D12 was found in
the Garcinia tree in a forest in Songkla city located in the southern part of Thailand (Phongpaichit ef al.,
2006). Therefore, this information suggests that the B. thaiendophytica JF2 endophytic fungus tentatively
has a broad host range. Consistently, both B. thaiendophytica JF2 and the Curvularia sp. NR-2006-D12 can
produce bioactive compounds that have potential use for agricultural and medicinal applications.

With a noted distinctions of morphological data, ITS sequence and its phylogenetic position, this fungal
endophyte isolated from M. fragrans is a new species of the anamorphic genus Bipolaris, in which the name
Bipolaris thaiendophytica sp. nov. is proposed. The type strain is JF2.
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Fig. 1. Bipolaris thaiendophytica JF2 (from holotype). A. Colony growing on PDA 9
days; B. Reverse colony; C. mycelium with spongy brown sheath nodes (1 channel of

scale bar = 1 pm); D. Branch stromata (1 channel of scale bar = 10 um).
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Fig. 4. Conidia of B. thaiendophytica JF2 with bipolar germination (1 channel of scale

bar = 1 um). Arrows indicate a germ tube at each end.

69



Fig. 5. A) Scanning electron micrograph of hyphae, mycelium and a conidium with a
basal germ tube of B. thaiendophytica JF2 growing on PDA. B) Scanning electron
micrograph of hyphae with swollen nodes (arrows) and a conidium.
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Fig. 6. An inferred distance bootstrap phylogram from ITS sequences of Bipolaris
thaiendophytica strain JF2 and 43 taxa retrieved from GenBank. Number at each
internode is the bootstrap value of neighbor-joining analysis from 1,000 bootstrap
replicates with general time-reversible distance correction. Sale bar represents 10
base pair substitutions. The ecological interaction of some taxa is diagrammed to

the right.
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Abstract
Application of the fungus Muscodor albus MFC2 to control Colletotrichum gloeosporioides isolated from

mango cultivar Nam-Dok-Mai was evaluated. After 5-day exposure with ten-day old
PDA Muscodor albus MFC2 cultures, a number of C. gloeosporioides plugs were killed
while some remained alive in vitro tests. Fourteen-day old M. a/bus MFC2 cultures in
autoclaved non polished rice grain mixture could either inhibit or and kill the growth of
C. gloeosporioides mycelial plugs on PDA plates after 10 day exposure. The same
amount of M. albus MFC2 colonized grains provided 90% inhibition of C.
gloeosporioides spore germination after 24-h exposure. Five-day fumigation with 50 g of
14-day old M. albus MFC2 colonized grains partially retard growth C. gloeosporioides in
wound-inoculated mangoes. The GC-MS analysis showed that putative bioactive volatile
compounds of 14-day old M. albus MFC2 colonized grains were methyl isobutylrate,
ethyl isobutyrate, butyl isovalerate and 1-ethenyl-4-methoxy-benzene. The serendipitous
result of high production of ethanol and hydrocarbons including a-guaiene, trans(p)-
caryophyllene, and aromadendrene from M. albus MFC2 colonized non polished rice
grains became a valuable observation with regard to alternative energy.

Keywords: anthracnose, Colletotrichum gloeosporioides, endophyte, mango, volatile
organic compound (VOC)

Introduction

Mango (Mangifera indica Linn) is one of the world’s most famous fruits. The most
popular cultivar for ripen fruit trading that has been cultivated in Thailand is Nam Dok
Mai for its unique flavor, texture, size and attractive appearances (Figure 1). These
distinctive properties make the Nam Dok Mai variety become the first exported fruit from
Thailand to Asia, Europe and America. However, mango fruit of this cultivar is sensitive
to physical and chilling injury and is susceptible to anthracnose disease that is caused by
Colletrotrichum gloeosporioides. Symptoms on the surface of mango fruits include the
tear-stain patterns with characteristic brown to black lesions that develop after harvesting,
resulting in the loss of export value for mango. Unfortunately, disinfestations of fresh
mango fruit using chemical control of anthracnose is difficult since C. gloeosporioides
remains quiescent in the cuticle of unripe fruit after harvest and prolonged storage leading
to physiological changes in the fruit, favoring pathogen development (Eckert et al., 1996).
The anthracnose infections can be prevented either with protective treatments or by
treatment with pre- and post-harvest fungicides that penetrate the infection site to restrain
further development. Using hot water dips incorporating fungicides and spraying with
benzimidazole and ergosterol biosynthesis inhibitors (EBIs) is relatively effective in
protecting the crop against pathogen infection and in extending the storage life of mango
fruit during overseas shipment (Johnson et al., 1997; Chung Kuo, K., 2001; Swart et al.,
2002). However, those chemicals are expensive and hazard to human while a biological
approach would be more environmentally appealing. Therefore, biocontrol agents were
evaluated as an alternative to fungicides to control anthracnose on the mango to avoid the
hazardous of chemicals to human, animals and environments.

Biocontrol agents that recently have been used for postharvest disease control are, for
example, Bacillus licheniformis and Muscodor albus. B. licheniformis was elucidated as a
pre and post-harvest spray treatment either on its own or alternated with copper
oxychloride to control mango fruit diseases (Govander, et al., 2001 and 2005; Silimela
and Korsten, 2007). Another interesting biofumigant source is the endophytic fungus M.
albus strains CZ-620 that was firstly discovered by Strobel et al. (2001). Several strains of
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M. albus have been reported as diverse and effective volatile organic compounds (VOC)
against many plant pathogens (Worapong et al., 2002; Daisy et al., 2002a, b; Sopalun et
al., 2003; Erza et al., 2004). In addition, Strobel et al. (2001) showed that artificial
mixtures of these VOCs can inhibit and kill fungal pathogens.

Mercier and Jime’ nez (2004) showed that the M. albus strain CZ-620 cultivated in
autoclaved rye grain can be applied as a mycofumigant for controlling Penicillium expansum

and Botrytis cinerea of apple, as well as brown rot of peaches in the near distance without
physical contact with the fruits. They also reported that the VOCs of M. albus CZ-620
can partially inhibit the growth of Colletrotrichum acutatum, C. coccodes and Rhizopus
sp. on potato dextrose agar. Three abundant volatile compounds produced by one-day rye

grain culture of the CZ-620 strain were 2-methyl-1-butanol, isobutylic acid, ethyl

propionate, and followed by trace amounts of phenethyl alcohol, 2-methylbutyl acetate,
isobutyl alcohol, ethyl isobutyrate, methyl 2-methylbutyrate and ethyl butyrate. They
mentioned that single pure compounds of 2-methyl-1-butanol, ethyl butyrate and
isobutyric acid were highly inhibitory activity, while ethyl propionate, ethyl isobutyrate
and methyl isobutyrate had some inhibitory activity against agar plugs of R. solani.

The M. albus strain MFC2 isolated from Mpyristica fragrans grown in Thailand is closely
related to the original M. albus CZ-620 but, its volatie antibiotics produced from PDA culture are

different which include globulol and ledol (Sopalun et al., 2003). Promising applications
of this strain and its VOCs have been analyzed. One of the potential uses was as a
biocontrol agent of Pythium ultimum for vegetable crops (Worapong and Strobel, 2008).
In this study, the effect of volatile gases from M. albus MFC2 cultured in 2 different grain
mixtures on the mycelial growth and conidia of C. gloeosporioides isolated from Nam-
Dok-Mai mango was investigated both in vitro test and wound inoculated mango fruits.
We also identified the bioactive VOCs produced by culture of M. albus MFC2 in a
mixture of non-polished rice grains by gas chromatography mass spectrometry (GC-MS).
Materials and Methods

Isolation and identification of anthracnose fungus from Nam-Dok-mai mango

Five ripen mango fruits with anthracnose symptoms were bought from a Salaya district orchard, then washed and air-dried.

The suspected black spots on 2 Nam-Dok-Mai mango was cut and put on the Potato Dextrose Agar (PDA), then incubated
at 30°C for 3-5 days. Two colonies from each mango were chosen for tested pathogens. Koch postulates were
used to confirm that those isolates were anthracnose pathogen. identification of each isolate was
performed based on combination of morphological classification (Sutton, 1980), and ITS1/2-5.8S DNA sequence (Lee

and Taylor, 1990, White et al., 1990). Measurements of microscopic features were made
using an Olympus CH-2 light microscope while the 1T51/2-5.85 DNA sequencing were done by the

center of research of Ramathibordee Hospital. All of C. gloeosporioides strains used in this study

were stored in a 15% glycerol solution at —80°C at the Department of Biotechnology,
Faculty of Science, Mahidol University, Bangkok, Thailand.
Effect of VOCs from PDA M. albus MFC2 culture on C. gloeosporioides

The effect of volatiles on C. gloeosporioides was investigated on PDA as described by
Strobel et al. (2001). A 1 cm strip of PDA was removed across each plate to make a
medium-free moat physically separating two areas with medium and preventing any
metabolites from diffusing across the plate through the medium. After growing M. albus
MFC2 on one side of the plate for 10 days, a 6mm diameter plug of 5-days-old C.
gloeosporioides on PDA was added to the other side before sealing with parafilm. This
experiment was repeated two times with three replicates.

Preparation culture of M. albus MFC2 in 2 different grain mixtures
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Two different formulas of grain mixtures were used in this experiment. The first formula was comprised of
sorghum based animal feed, rice bran and water in the ratio of 100:10:10 by weight whereas
the second one contained sorghum based animal feed, non-polished rice, rice bran, and water
in the ratio of 70:30:10:10 by weight. To prepare M. albus MFC2 in each nutrient formula, 50 PDA
plugs with 0.5 mm in diameter of 10 day m. abus MFc2 were added into 100 ml potato
dextrose broth (PDB) and incubate without shaking at room temperature for 10 days. After
that mix 50 ml 10 day of M. albus MFC2 with 50 g of each nutrient formula.

Effect of VOCs from M. albus MFC2 cultured on 2 different grain mixtures on C. gloeosporioides

Ten day olds of M. albus MFC2 cultured in each nutrient formula (~7.6 g) was replaced
on one side of the PDA plate, and then a 6 mm diameter plug of C. gloeosporioides was
put to the other side before sealing with parafilm. The growth of C. gloeosporioides was
recorded for the effect of volatiles from each formula. Three replicate plates were used
for each experiment. Growth was rated after 10 days of exposure. Plugs with no growth
of the pathogen were transferred to fresh PDA to assess their viability. After that an
effective grain mixture was selected for further test of 2 different incubation times that
were 10 and 15 days by the same procedures. This experiment was repeated three times
with four replicates.

Effect of M. albus MFC2 colonizing grain volatiles on conidial germination of C.
gloeosporioides

To observe the effect of M. albus MFC2 volatiles on germination rate of C.
gloeosporioides conidia, the conidial solution was applied instead of the 6 mm-diameter
plug of C. gloeosporioides. Conidia of 10-day C. gloeosporioides were re-suspended in
0.01% Tween 20, and the 10* spores/ml concentration was adjusted with a
hemacytometer. Germ tube production was observed at 5, 24 and 48 hours after
application under the light microscope. Three replicate plates were used, and this
experiment was repeated two times.

Control of anthracnose on Nam-Dok-mai mango by M. aibus MFC2 colonizing grain volatiles of

formula 2

Nam-Dok-mai mangoes with no injury were selected, washed, air dried and placed in the
15.5x22.5x12.5 cm plastic box. The fruits were wounded on one side by piercing the skin
with a 4 mm long sterilized sharp point knife. Each wound was then inoculated with 10 pl
of C. gloeosporioides suspension at 6-8x10’conidia/ml. The concentration of the conidia
was measured as described previously. The M. albus MFC2 colonized 5 days in nutrient
formula (50 g) in a 8 oz bottle was added to each box immediately after inoculation and
the boxes were closed. The size of anthracnose pustule was measured by leaving the
colonized grain in the boxes for 5 days at room temperature. There were 2 fruits per box
and three boxes per treatment.

Analysis of VOCs produced by M. albus MFC2 colonized grains

The effective nutrient formula controlling C. gloeosporioides was selected for
identification of volatile compounds produced by M. albus MFC2. Five 8 oz-bottles
containing M. albus MFC2 colonized in nutrient formula 1 (50 g) for 5, 10 and 14 days at
RT were connected to Solid Phase Micro Extraction (spve) combined with gas

chromatography-mass spectrometry. The SPME with polydimethylsioxane (PDMS) fiber (100 m, Supelco, Bellefonte, PA,
USA) was used for volatile sampling. The adsorption time for volatiles produced by M.albus was 20 min at room
temperature. After that, the fiber was thermally desorbed in GC injection port (220 °C for 5 min) to release those volatile

compounds.
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GC-MS (an Agilent 6890 plus GC/HP 5973 MSD, Agilent, USA) was used to identify the volatile organic compounds.
Helium was used as a carrier at a flow rate of 1.5 ml min ' with split ratio of 1:1 at 220°C. The separation of volatile
compounds was achieved on a fused silica capillary column (25 m x 0.32 mm i.d., HP-FFAP; J&W Scientific, Folsom, CA)
coated with cross linked polyethylene glycol modified with nitroterephthalic acid as stationary phase (film thickness of 0.50
um). Temperature program was as follows: 40°C for 2 min, ramped to 230°C at 10°C min '. Mass selective detector
capillary direct-interface temperature was 280°C. Acquisition was performed in positive electron impact ionization mode
(70 eV). The compounds were tentatively identified based on the comparison of the mass spectra of unknown compounds
with those in the Wiley 275.L mass spectral database (Hewlett-Packard Co.). The volatile compounds from
sterilized grain bottles with the same nutrient without culture of M. albus MFC2 were
used as a control to subtract the background gas.

Results and Discussion

Isolation and identification C. gloeosporioides from Nam-Dok-Mai mango
Ten strains of C. gloeosporioides isolated from 5 mango fruits variety Nam-Dok-Mai in

Nakornprathom orchards were selected for species identification based on the
combination of morphological characteristics and ITS sequence. These ten strains of C.

gloeosporioides were MN7, MN9, MN16, MN19, MN24, MN25, MN35, MN57, MN85
and MN86. All 10 isolated strains produced cylindrical conidia about 13.4-14.5 x 3.7-4.5
micron, and white fluffy to pale gray colonies with salmon orange oozing spores. These
characteristics indicated that all of 10 should be classified as C. gloeosporioides as
described by (Sutton, 1980). The BLAST search analysis of ITS1&2-5.8S DNA sequences strongly confirmed that
10 isolated strains were C. gloeosporioides with the 99% identity to C. gloeosporioides
AJ301909.1.

Effect of volatiles from PDA M. albus MFC2 culture on isolated strains of C. gloeosporioides

There was no growth of C. gloeosporioides during 5-day exposured to M. albus MFC2.
Viability of C. gloeosporioides after 5-day exposure to M. albus MFC2 growing on PDA
was investigated. Upon transferring to fresh PDA after 5-day exposed to M. albus MFC2,
six plugs of C. gloeosporioides test strains including MN7, MN9, MN24, MN25, MN35
and MNS57 were killed while C. gloeosporioides isolates of MN16, MN19, MN85 and
MNS86 remained viable. Seven strains of C. gloeosporioides including MN7, MNO,
MN24, MN25, MN35, MN57 and MN86 were used for the following experiments.

Effect of VOCs from M. albus MFC2 cultured in 2 different grain mixtures on C. gloeosporioides

VOCs from 10-day M. albus MFC2 cultured in formula 1 grain mixtures of sorghum based animal feed, rice

bran and water in the ratio of 100:10:10 by weight provided 65-100% inhibitory activity
against 6 C. gloeosporioides strains of MN7, MN9, MN25, MN35, MN57 and MNSS5, but

kill a C. gloeosporioides strains of MN24 (Table 1). vocs from 10-day M. albus MFC2 cultured in
formula 2 grain mixtures of sorghum based animal feed, non-polished rice, rice bran, and water
in the ratio of 70:30:10:10 by weight provided 100% inhibitory activity against 5 C.

gloeosporioides strains of MN7, MN9, MN24, MN25, and MNS85, but kill 2 C.
gloeosporioides strains of MN35 and MNS57 (Table 1). Additionally, vocs from 14-day M. albus
MFC2 cultured in formula 2 grain mixtures gave 100% inhibitory activity against 6 C.
gloeosporioides strains of MN7, MN9, MN24, MN25, MN57 and MN8S5, but kill a C.
gloeosporioides strains of MN35 (Table 2).

Effect of VOCs M. albus MFC2 volatiles on conidial germination rate of C.
gloeosporioides
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Antifungal volatile compounds from 5-day-old cultures of M. albus in 7.6 g of the
ingredients containing sorghum based animal feed, non-polished rice, rice bran, and water in

the ratio of 70:30:10:10 by weight provided 90% inhibition of germ tube germination of
C. gloeosporioides spores that were close to M. albus MFC2 at 2 cm (Figure 2. A and B)
compared to the control treatment (Figure 2. C) at the same distance. However, the C.
gloeosporioides spores that far away from M. albus MFC2 colonizing grain culture could
produce germ tubes at the same rate of the control treatment.

Control of anthracnose on Nam-Dok-mai mango by M. aibus MFC2 colonizing grain volatiles of

formula 2

Necrosis lesions on wound-inoculated fruits of the control were bigger than necrosis
lesions on wound-inoculated fruits exposed to 10-day-old M. albus MFC2-colonized
grains.

Analysis of VOCs produced by M. albus MFC2 colonized grains

After subtracting volatile compounds from sterilized non polished rice mixture bottles
without culture of M. albus MFC2, the SPME connected with GC-MS revealed that there
were 17 volatile compounds at 5- and 10- day incubation periods, and 21 volatiles
molecules at 14-day incubation (Table 3). Among 21 volatile compounds, they were an
acid, 2 carbonyls, 3 alcohols, 7 esters and 8 hydrocarbons. Four volatile compounds
distinctively found only at 14-day culture were methyl isobutylrate, ethyl isobutyrate,
butyl isovalerate and 1-ethenyl-4-methoxy-benzene. High concentration volatile
compounds appearing through out the incubation time were ethanol, followed by isoamyl
alcohol, aromadendrene, trans (beta)-caryophyllene, isoamyl acetate, «-guaiene,
phenethyl acetate, ethyl acetate and isobutyl alcohol. Five other volatiles consistently
found in small amounts were hexyl acetate, mesifuranne, 3-octanone, trans-
caryophyllene, and 2-nonanone. Volatile compounds including isoamyl acetate, isoamyl
alcohol, a-guaiene, oJ-guaiene, trans (beta)-caryophyllene, phenethyl acetate and
aromadendrene increased with prolonged incubation of the M. albus MFC2 colonizing
grain culture.
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Table 1. Effect of VOCs from 10-day M. albus MFC2 colonizing on 2 different grain

formulas on growth and viability of 7 isolates of C. gloeosporioides after 10-day exposure

Test strains % inhibition (and viability) % inhibition (and viability) by
by VOCs of Formula 1 VOCs of Formula 2
MN7 100, 100, 65 (3G) 100, 100, 100 (3G)
MN9 100, 100, 100 (3G) 100, 100, 100 (3G)
MN24 100, 100, 100 (3D) 100, 100, 100 (2D/G)
MN25 100, 84, 73 (D/2G) 100, 100, 100 (2D/G)
MN35 100, 100, 100 (2D/G) 100, 100, 100 (3D)
MN57 100, 75, 100 (3G) 100, 100, 100 (3D)
MN86 100, 100, 100 (3G) 100, 100, 100 (2D/G)
Total dead colony 6/21 12/21

Table 2. Effect of VOCs from 10- and 14-day M. albus MFC2 colonizing grain formula 2
on growth and viability of 7 isolates of C. gloeosporioides after 10-day exposure

% inhibition (and Viability) % inhibition (and Viability) of
Test strains of 10-day M. albus MFC2 14-day M. albus MFC2
colonizing grain colonizing grain
MN7 100, 100, 100, 100, 93, 100, 93, 100, 100, 100, 100, 100, 100,
100, 100, 100, 100, 96, (12G) 100, 100, 100, 100, 100, 100,
(10D, 2G)
MN9 100,100, 92, 100, 100, 100, 96, 100, 100, 100, 100, 100, 100,
100, 92, 100, 100, 100, (1D, 11G) 100, 100, 100, 100, 100, 100,
(10D, 2G)
MN24 100, 90, 100, 100, 100, 100, 96, 100, 100, 100, 100, 100, 100,
100,100, 100, 96, 100, (5D, 7G) 100, 100, 100, 100, 100, 100,
(10D, 2G)
MN25 97, 100, 100, 100, 100, 100, 100, 100, 100, 100, 100, 100, 100,
100, 100, 94, 100,100, (5D, 7G) 100, 100, 100, 100, 100, 100,
(8D, 4G)
MN35 97, 100, 100, 97, 100, 100, 97, 100, 100, 100, 100, 100, 100,
100, 100, 100, 97, 100, (5D, 7G) 100, 100, 100, 100, 100, 100,
(7D, 5G)
MNS57 44, 100, 100, 100, 100, 100, 100, 97, 100, 100, 100, 100, 100,
100, 100, 100, 100, 100, (4D, 8G) 100, 100, 100, 100, 100, 100,
(5D, 7G)
MN86 81, 100, 100, 75, 100, 100, 100, 100, 100, 100, 100, 100, 100,
100, 100, 100, 100, 100, (4D, 8G) 100, 100, 100, 100, 100, 100,
(10D, 2G)
Total dead colony 24/84 60/84
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Table 3. Identified volatile compounds produced by M. albus non-polished rice culture at
5-, 10- and 14-day old.

RE Compounds Abundance (Peak area x 10,000)
5 days 10 days 14 days

1.44 | ethyl acetate 25.46 25.79 23.99
1.70 | methyl isobutyrate ND ND 16.27
1.83 [ Ethanol 103.54 133.41 130.91
2.13 [ ethyl isobutyrate ND ND 21.47
3.87 | isobutyl alcohol 16.01 16.62 16.86
4.35 | isoamyl acetate 13.96 15.10 30.43
5.40 | butyl isovalerate ND ND 10.00
5.63 | isoamyl alcohol 27.98 53.01 79.81
6.35 | 3-octanone 3.89 3.72 3.30
6.78 [ hexyl acetate 7.02 7.06 7.00
8.26 | 2-nonanone 1.59 1.07 1.24
10.64 | isobutyric acid 2.04 2.24 2.11
10.69 | a-bergamotene 12.51 5.60 13.52
10.75 | a-guaiene 17.73 10.38 25.24
10.83 | Trans-caryophyllene 1.96 1.04 3.10
10.94 | Mesifuranne 7.69 3.83 4.15
11.98 | 1-ethenyl-4-methoxy-benzene ND ND 5.17
12.23 | d-guaiene 2.58 1.98 7.03
12.40 | Trans (beta)-caryophyllene 3.34 1.13 42.96
13.48 | Phenethyl acetate 12.04 10.41 24.24
17.30 | Aromadendrene 31.61 30.40 52.92

Notes: *Cut-off peak area at 10000. ND: Not detected or peak area is lower than cut-off
at 10000 (or at 1.00 as shown in this table). *Retention time (Rt) were based on FFAP
column.

Figure legends

Figure 1. Big oval with a sharp-pointed tip with golden-yellow color Tearstain patterns
with characteristic brown to black lesions of Nam-Dok-Mai mango fruit infected by C.
gloeosporioides

Figure 2. The comparison of GC/MS analysis for the volatile compounds produced by M.
albus MFC2 colonized grains at 5, 12 and 14-day-old cultures and the volatile compounds
of sterilized grain bottles that holding the same nutrient without culture of M. albus
MFC2 used as a control to subtract the background gas. The GC/MS chromatogram
profiles of TIC: SCSLS606.D, TIC: SCSLS609.D TIC: SCSLS610.D and TIC:
SCSLS604.D show volatile compounds produced by M. albus MFC2 colonized grains at
5, 12 and 14-day-old cultures and the control, respectively.
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Figure 1. Big oval with a sharp-pointed tip with golden-yellow color Tearstain patterns
with characteristic brown to black lesions of Nam Dok Mai mango fruit infected by C.
gloeosporioides
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Figure 2. The comparison of GC/MS analysis for the volatile compounds produced by M.
albus MFC2 colonized grains at 5, 12 and 14-day-old cultures and the volatile compounds
of sterilized grain bottles that holding the same nutrient without culture of M. albus
MFC2 used as a control to subtract the background gas. The GC/MS chromatogram
profiles of TIC: SCSLS606.D, TIC: SCSLS609.D TIC: SCSLS610.D and TIC:
SCSLS604.D show volatile compounds produced by M. albus MFC2 colonized grains at
5, 12 and 14-day-old cultures and the control, respectively.
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Abstract

The endophytic fungi with antibacterial activities were screened from Thai medicinal
plants. One hundred and forty six fungal endophytes were isolated from six medicinal
plants collected from Koa-Yai forest, Nakornrachasrima provinces whereas 380
endophytic fungi were isolated from five herb plants in Kanchanaburi campus of Mahidol
University. All 526 fungal endophytes of two host origins were determined for
antibacterial activities against Escherichia coli ATCC 25922 and Staphylococcus aureus
ATCC 25923 using dual co-culture method on Potato Dextrose Agar and Glucose
Peptone Agar. There were 18 endophytic isolates with an antibacterial activity against S.
aureus and 17 isolates have ability to inhibit E. coli. Seven endophytic isolates could
inhibit growth of both E. coli and S. aureus. Starting from these results, the antimicrobial
activity of endophyte extracts from different culturing methods and media was also tested
by disc diffusion method against five drug-resistant strains including Acinetobacter sp.,
Pseudomonas aeruginosa, Candida albicans, MRSA-1320 and MRSA-2. Twenty three
extracts of 10 day PDB shaking cultures had ability to inhibit growth of all pathogens. In
addition, the 15 extracts of which cultured for10 days in stand and shaking GP both have
the inhibition activity against all pathogens. These data indicate that rainforest endophytes
from medicinal trees are reservoirs to search for antibiotic compounds against drug-
resistant bacteria.

*Corresponding authors: stjwr@mahidol.ac.th and scpip@mahidol.ac.th

Introduction

The pathogenic microorganisms have speedy spread for a century. Especial for the food-
borne pathogen which eases to infected in human body such as Staphylococcus aureus,
Salmonella typhi, and Escherichia coli [1]. These pathogenic bacteria that have overcome
to multiple drugs are a global problem causing increased concern in healthcare
institutions. In the past decades, Methicillin-resistant Staphylococcus aureus (MRSA)
infections have been estimated to kill a lot of people both in develop and developing
countries [2]. One possible solution is the discovery and introduction of new antibacterial
compounds from many sources such as plants, microorganisms and others. Endophytes
from rain forests are one of the great source of new antimicrobial compounds because
there is a number of undiscovered endophytes residing in the estimated 500,000 species
on the world [3-6]. Pestalotiopsis is one of the most common and amazing endophytic
genus that produces many active compounds inhibiting plant and human pathogens [7].
Therefore this project was aimed to isolate endophytes from Thai medicinal plants
growing in forests of Thailand, and to determine antibacterial activity against drug
resistant bacterial strains of Acinetobacter sp., Pseudomonas aeruginosa, MRSA-1320 and
MRSA-2.
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Materials and Method
Origin of plant materials and laboratory isolation procedure

Table 1 Host plants and their geographical regions used in this experiment

Host plant Geographical regions
Begonice sp. Kanchanaburi
Albizzia myriophylla Benth Kanchanaburi
Paederia sp. Kanchanaburi
Quereus lauritolia Indica Kanchanaburi
Caesalpiniaceae sp. Kanchanaburi
Zingiberaceae sp. Nakornrachasrima
Arisaema pattaniensis Gagnep Nakornrachasrima
4 unknowns botanical name Nakornrachasrima

The eleven healthy medicinal plant materials were collected from two forests in
Kanchanaburi campus of Mahidol University and Nakornrachasrima provinces of
Thailand (Tablel). Collection and isolation methods were performed as described by
Strobel [4].

Determination of antibacterial activity

Fungal entophytes were grown on Potato Dextrose Agar (PDA) and Glucose Peptone
Agar (GPA) for 7, 10 and 14 days at 28°C. To do dual antagonistic test, S. aureus ATCC
25923 and E. coli ATCC 29522 were streaked on each Mueller Hinton agar (MHA) and
incubate 24 h at 37°C. Afterward, 5 single colonies of tested bacteria were put in each
Mueller Hinton broth (MHB) and incubated for 5 hours in rotary shaker. Each tested
bacterial culture in a log phase was spread 0.1 ml on MHA plates. Then a fresh colony of
7, 10 and 14 day old of each endophyte was cut and placed on each tested bacterial MHA
plate. Clear zone of growth inhibition was measured for antagonistic activities of
endophytic fungi against tested pathogens.

Crude extraction for antimicrobial test

The endophytic strains that potentially produce bioactive compounds were grown on
PDA and GPA medium for 10 days. Then 10 days of each endophyte strain on each
medium was cut into small piece (0.5 cm?) as inoculums. One hundred pieces of each
endophytic inoculum on each medium were inoculated in 2L flasks containing 1000 ml
PDB and GP medium and leaved for 10. After 10 days, culture broths were filtered
through cheesecloth for secondary crude extraction. Method of crude isolation was
performed using Ethyl Acetate (Merck, USA) as an extraction solvent [7]. The organic
part or ethyl acetate fraction was collected and evaporated out using rotary evaporator
BUCHI EL-131 at 50°C.

Disc diffusion assay for antimicrobial against drugs resistant strains

To determine antimicrobial activity of crude extract, drug resistant strains of
Acinetobacter, P. Aeruginosa, C. Albicans, Methicillin-resistant S. aureus-1302 (MRSA-
1320) and Methicillin-resistant S. aureus-2 (MRSA-2) were used. These drug resistant
pathogens were kindly provided by Associate Professor Srisurang Tantimavanich,
Department of Clinical Microbiology, Siriraj Hospital campus, Mahidol University. Put
on MHA coating bacterial plate in 4 sections. Twenty micro liter of equal concentration
of crude extract were applied on sterile paper disc in a MHA plate coated with log phase
pathogen. The same amount of ethyl acetate was used as a control.
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Results and Discussion

Isolation of endophytic fungi

Five hundred and twenty six endophytic fungi were isolated from eleven plant species of
two forest regions, Kanchanaburi (380 strains) and Nakornrachasrima province (146
strains) (Table2).

Table 2 Numbers and strains endophytic fungi from each host plant

Host plant Geogr:':lphlcal Strain code .NO' of
regions isolates
Begonice sp. Kanchanaburi BL1-31, Bb1-8,Bs1-18 57
Albizzia myriophylla Benth Kanchanaburi AL1-53,Ab1-23,As1-3 79
Paederia sp. Kanchanaburi TL1-52, Ts1-23 75
Quereus lauritolia Indica Kanchanaburi QL1-40, Qbl1-8, Qs1-13 61
Caesalpiniaceae sp. Kanchanaburi CL1-42, Cbl -2170’ Cs1-29, CCl- 108
L. Kao-Yai,
Zingiberaceae sp. Nakornrachasrima Ko6s1-11, K6L1-10, K6F1-6 27
Arisaema pattaniensis Kao-Yai, . Kls1-9, K1L1-22 31
Gagnep Nakornrachasrima
Kao-Yai K2s1-7, K2L1-15, K3s1-5, K3F3,
4 unknowns botanical name Nak h > K3L1-15, K4F1, K4L1-6, 88
AROTITACASTINA | 1 461-12, K5s1-10, K5L1-16

Total 526

Among the plants species, Caesalpiniaceae provided the highest number of 108
endophytic fungi. In regard to the plant parts, it was found that the leaf gave various
isolates of endophytes more than other parts of the same host plant.

Antibacterial activity

The production of antimicrobial agents by endophytic fungi might be influenced by the
culturing media [8]. Therefore, the 7, 10 and 14 day of endophyte which were grown on
PDA and GPA and their inhibiting ability against E. coli ATCC 25922 and S. aureus
ATCC 25923 were compared (Table 3). Table 3 also showed the strain of endophytic
fungi which have the inhibition activity against E. coli and S. aureus in different culture
medium. The total 13 isolates could inhibit growth of E. coli on PDA and GPA. The
growth of S. aureus was inhibited by 15 isolates endophyte on PDA and GPA. In
addition, 4 isolates of Tl11, k1121, K6L5 and Qb19 on GPA or PDA cultures had high
antibacterial activity against E. coli and S. aureus. Figure 1 illustrated inhibition clear
zone of S. aureus growth caused by the strain Qb8 and Qbl19. Thirteen of 15 isolates
cultured on GPA could partially inhibit either E. coli or S. aureus. The antibacterial
activity on GPA show that 2 isolates of K1L22 and K6L5 from Zingiberaceae sp.
growing on GPA exhibited antibacterial activities against of E. coli and S. aureus with
inhibition zone 0.8-2.0 cm. The activity on PDA reveal that 3 isolates of K6LS5, T111 and
Qb19 show their inhibiting activities against E. coli and S. aureus with inhibition zone
0.75-1.75 cm.
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Table 3 The number of all isolated endophyte cultured for 7, 10 and 14 days on PDA and
GPA which have antibacterial activity against E. coli and S. aureus

Inhibition strains against E.coli Inhibition strains against S. aureus
GPA PDA GPA PDA
KI1L22, K6L5, | KOLS, TII1, Qbl9, | w4195 KeL5,Qb9, | K6L5,TII1, Qbl,
v, | S | S drname | oo oo
K6L7/2, Qs4 ; : ; ’ ;

Qb21, Qb22, Ab12,
Ab17/1, Ab18, Al38,
KI1L21, K6s10/2,
K6L7/2

Figl. Anti S. aureus tested on Mueller Hinton Agar. Endophyte strains Qb8 and Qb19
growing on PDA for 7 days could inhibit S. aureus ATCC 25923.

Table 4 presented the total number of endophytic fungi related with their host plants,
which have antibacterial activity against E. coli and S. aureus. Notably, Quereus
lauritolia and Zingiberaceae sp. are plants hosting high numbers of endophytes with
antimicrobial activity (Table 4). It is not surprised that Zingiberaceae is the common plant
family hosting endophytes with antimicrobial activity as reported by Bussaban et al. [9,
10].

Determination of inhibiting ability of endophyte crude extracts

The discovery of antibiotic against pathogens and drug resistant bacteria constitutes a
priority research in medical field [2]. Therefore, all endophytes that were active against .
coli or S. aureus on GPA and PDA were tested against pathogenic strains in this part
(Table 5).
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Table 4 Numbers of endophytes with antibacterial activity against S. aureus and E. coli
using dual co-culture method

Activity against Activity against
Host plant E. coli S. aureus
PDA GPA PDA GPA
Begonice sp. - - - -
Albizzia myriophylla Benth - - 4 3
Paederia sp. 2 - 1 -
Quereus lauritolia Indica 2 1 8 2
Caesalpiniaceae sp. - - - -
Zingiberaceae sp. 4 4 2 3
Arisaema pattaniensis Gagnep - 2 1
4 unknowns botanical name 1 1 - -

Table 5 Number of endophytic crude extracts with antimicrobial activities from different
culture media under shaking and still conditions

Number of extracts with antibacterial activities
Pathogenic strains Glucose peptone broth (GPB) Potato dextrose broth (PDB)
Still shaking Still shaking
Acinetobacter sp. 14 15 23 23
P. aerugoginosa 14 15 22 23
MRSA-1302 14 15 23 23
MRSA-2 13 15 23 23
C. albocans 14 15 23 23

Table 5 displayed the antimicrobial activity of crude extract from 10 day culture in GP
broth and PDB by different condition. The results indicate that 23 extracts of 10 day PDB
shaking cultures had ability to inhibit growth of all pathogens. In addition, the 15 extracts
which were cultured forl0 days in shaking GP broth, have the inhibition activity against
all pathogens. Moreover, the two different culture conditions of same culture media gave
no different activity of crude extract against 5 pathogenic bacteria, Acinetobacter sp., P.
aeruginosa, MRSA-1302, MRSA-2 and C. albicans. These results implied that there is no
specific optimal condition enhancing endophytes to produce active secondary
metabolites. It seems that ability to produce active metabolite depending on the species of
endophytes.

Conclusion

In this study, several endophytic fungi screened from Thai ethnobotanical plants promise
for antibiotic compounds against drug resistant bacteria. The highest numbers, 108
isolates of endophytic fungi, were screened from Caesalpiniaceae plant species. The leaf
is the part of plant providing the most number of endophytes. A result of culture
conditions suggested that antibacterial activity against tested pathogens seem to be varied
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according to species of endophyte themselves and types of media. The purification and
structure elucidation of such compounds is actually in progress in our laboratory.
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ABSTRACT

The present study firstly reported a novel strain of bacterial endophyte Paenibacillus polymyxa TL41
isolated from a leaf of stink vine (Paederia foetida) growing at Mahidol University, Kanchanaburi Campus,
Thailand. We also addressed its potential application as a good biocontrol agent of X. campestris on lettuce
under field experiment conditions. A dual antagonistic test showed that a 8-10-hr old Mueller Hinton broth
culture of P. polymyxa TL41 could strongly inhibit the growth of X. campestris on Mueller Hinton agar.
Thoroughly mixing 500 g mixture of soil and field soil at ratio 1:1 by weight with 4.2x10° CFU of P.
polymyxa TL41 could restore seed germination in pots infested with 1.1x10° CFU of X. campestris under
field experiments after 14 days of planting. P. polymyxa TL41 at this concentration could promote growth
of lettuce for up to 5 and 8 weeks after planting in inoculated soil with X. campestris to level close to that of
the non-infested control, but higher than infected X. campestris lettuce populations. P. polymyxa TL41 was
able to inhibit Alternaria alternata (54%), Colletotrichum capsici (28%), C. gloeosporioides (90%),

Fusarium sp. (53%), F. equiseti (63%), Phytophthora palmivora (68%) and Pythium ultimum (100%) on

potato dextrose agar. The obtained results provide promising information for this endophytic bacterium in

the control of a broad spectrum of plant pathogens.
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INTRODUCTION

MATERIALS AND METHODS

Endophytic isolation, growth and storage

The stink vine twigs (Paederia foetida Linn, Rubiacea) was collected from the forest at Mahidol University,
Kanchanaburi Campus, Saiyok, Kanchanaburi, Thailand. A plant sample was dissected into 4 parts that
were leaf (L), outer bark (OB), inner bark (IB), and cortex (C). The isolation procedures were followed
Worapong et al., 2006. Endophytic isolates and a pure bacterial culture designated — TL41 were transferred
on potato dextrose agar (PDA, HiMedia, Mumbai, India). Morphological characteristics were examined
with a light microscope (Seek Microscope LW 100 BT, China). The ability to use carbon source was done
using api 20 C AUX (bioM] rieux, NC, USA (http://apiweb.biomerieux.com)). The pure culture of TL41
endophytic bacterium was preserved using 15% glycerol and stored at —80 C at the culture collection,
department of Biotechnology, Faculty of Science, Mahidol University.

Identification based on 16S rDNA analysis
The pure culture of TL41 endophytic bacterium TL41 was grown in Mueller Hinton broth (Difco, MD,

USA) at room temperature for 18 hours. This overnight culture was used as a template DNA to amplify 16S
rDNA with universal primers; 27F, 357F, 920F, 520R, 1080R, 1522R. The PCR and sequencing conditions
were followed protocols of Dahllof et al. (2000). The DNA was amplified in a Mastercycle Eppendorf
thermocycler (Eppendorf, Germany). The 16S rDNA PCR product of strain TL41 was sent to the
Ramathibodee Research Unit, Ramathibodee Hospital for sequencing. The 16S rDNA sequence was
determined manually on both strands and submitted to GenBank with a serial number xxxx. The 16S rDNA
sequence of TL41 endophytic bacterium was also searched and compared with other sequences under Blast
2.1, a search of NCBI at http://www.ncbi.nlm.nih.gov/BLAST. Comparison and alignment of 16S rDNA
sequences from 10 closely related bacterial strains and 4 taxa of out group obtained from GenBank (Table
1) were analyzed using CLUSTAL W version 1.7 (Thomson and Gibson, 1997) and manually aligned
afterwards. An inferred phylogenetic tree was reconstructed using a general time-reversible model of

distance method in PAUP program (test version 4.0b3, Macintosh). The reliability of the tree topology was
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determined by bootstrap analysis using 1,000 replicates for the neighbor joining analysis. The TREEVIEW
program was used to demonstrate the inferred phylogenetic trees (Institute of Biomedical and Life Sciences,
University of Glasglow, Scotland, UK).

Antagonistic tests against Xanthomonas campestris

The X. campestris was bought from of the department of Agriculture of Thailand. Both endophytic
bacterium TL41 and X. campestris were grown over night in Mueller Hinton broth at room temperature.
The concentrations of both endophytic bacterium TL41 and X. campestris were measured every 2 hour

using viable plate count method, and calculated as Colony Forming Unit (CFu). The inhibition activity of

endophytic bacterium TL41 against X. campestris was detected 2-hr interval time using inhibition disk
assay. X. campestris overnight culture broth at 0.1 ml was added on Mueller Hinton agar, then 20 ul of
endophytic bacterium TL41 overnight culture broth was applied on 6 mm paper disk.

Antagonistic tests against fungal and oomycetous pathogens in vitro

The endophytic isolate TL41 was grown in PDA at room temperature for 2 days. Then, 5 small plugs of
each plant pathogen were placed 1.0 cm from the edge of TL41 colony with two replicate plates. These
pathogens included the following: Alternaria alternata, Colletotrichum gloeosporioides, C. capsici,
Fusarium sp., F. equiseti, Ganoderma sp., Geotrichum sp., Phytophthora palmivora, Pythium ultimum,
Rhizoctonia sp., and Sclerotinia sp.. The strains of A. alternata, C. gloeosporioides and F. equiseti were
isolated from chili, mango and banana, respectively. The C. capsici and Ganoderma sp. were bought from
of the department of Agriculture of Thailand. The species of Fusarium, Geotrichum, P. ultimum,
Rhizoctonia, and Sclerotinia were provided by Professor Gary A. Strobel at Montana State University.
Growth of tested pathogens was rated after 3 days of inoculation with TL41. The inhibition levels were
calculated by using the formula (R1-R2/ R1) x 100. R1 indicated colony radius of control plant pathogens,

and R2 indicated colony radius of tested plant pathogens (Intana et al., 2003).

Control of X. campestris on lettuce under field experiment conditions

Five treatments were modified from Worapong and Strobel, 2009 to observe the abilty of TL41 to control
X campestris on lettuce starting from germination, growth and harvesting under field experiment
conditions. A control treatment had only viable lettuce seeds. The second treatment contained 25 ml of
8.3x10" CFU TL41 and 25 ml of 4.3x10" CFU X. campestris. The third treatment was 50 ml of 8.3x10’

CFU TL41 and 25 ml of 4.3x10" CFU X. campestris. The forth treatment was 50 ml of 8.3x10” CFU TL41.
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The fifth treatment was a negative control consisting of 25 ml of 4.3x10" CFU X. campestris. Each pot
contained 25 viable lettuce seeds and 500 g mixture of soil and field soil at ratio 1:1 by weight placed into
each 8.5x 10-inch pot. Duplicate experiments were done with three replicates for each treatment. . All pots
were put out doors under the blue screen to protect them from insect infestation. The percentage of
germination of kale seeds in each pot was recorded after 2-3 weeks. After germination for 5 weeks, seedling
plants were randomly selected for measurements of their height and weight. Again, after 34 days, the

representative kale plants were measured for the height and weight.

Statistical analyses
The analysis of variance of seedling growth and adult growth data was performed using the SPSS software
version 11.5 for Windows. Differences among treatments were analyzed with the Fisher’s LSD multiple-

comparison test.

RESULTS and DISCUSSION

A pure bacterial culture designated — TL41 was transferred on potato dextrose agar (PDA).
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Table 1. Carbon utilization activity of P. polymyxa TL41 after 72 hours

Carbon ingredients Turbidity
D-glucose +
Glycerol +
Calcium—keto-gluconate +
L-Arabinose +
D-xylose +
Adonitol -
Xylitol -
D-galactose +
Inocitol -
D-sorbitol +
Methyl-ocD-glucopyranoside +
N-Acetyl-Glucosamine +
D-cellobiose +
D-lactose +
D-maltose +
D-saccharose +
D-trehalose +
D-melezitose -
D-raffinose +
Protease activity +

Table 2. Antagonistic ability and growth rate of P. polymyxa TL41against X. campestris at different interval time



Time (hr) 5 6 8 10 12 14
Growth rate (CFU) 4.2x10" 5.2x10 9.8x10" 1.0x10° 6.7x10° 6.5x10°
Clear zone (cm) 1.1 1.6 2.4 2.5 1.9 1.5

Table 3. Effect of 25 and 50 ml of 8.3x10” CFU P. polymyxa TL41 treatments on lettuce seed germination
in the presence or absence of 25 ml of 4.3x10" CFU X. campestris after planting 7 and 14 days in pots
containing 500 g of commercially sold soil mixed with field soil.

Treatment

Number of germinated seedling

Number of germinated seedling

after planting 7 days after planting 14 days
Non-infested control 18.2 £ 0.24a 19.2 £ 0.22a
TL41 25 ml+X. campestris 25 ml 1.2 +0.05b 8.7£0.12b
TL41 50 ml+X. campestris 25 ml 5.3£0.08b 13.3£0.12b
TL41 50 ml 5.5+£0.22b 13.8 £ 0.28b
X. campestris 25 ml 5.1 £0.04b 10.3 £0.09 b

Means with different letters are significantly different according to Fisher’s LSD multiple-comparison test
(P <0.05). There was no treatment-experiment interaction. Each value is mean + standard error. In each
treatment, twenty-five viable lettuce seeds were added per pot.

Table 4. Effect of 25 and 50 ml of 8.3.x10” CFU P. polymyxa TL41 treatments on lettuce growth in the

presence or absence of 25 ml of 4.3x10" CFU X. campestris after planting 8 weeks in pots containing 500 g
of commercially sold soil mixed with field soil.

Height from Length of Number of Fresh weight
Treatment tip to stem | pulled roots leaves (g/plant)
base (cm) (cm)
Non-infested control 18.1£0.04a | 4.9+0.02a 4.5£0.01a 3.1£0.02a
TLA41 25 ml+X. campestris 25 ml 16.2+0.06a | 4.5+0.03a 4.1£0.01a 2.5£0.0la
TL41 50 ml+X. campestris 25 ml 18.2+0.06a | 5.0+0.0la 42+0.0la 2.9+£0.02a
TL41 50 ml 16.9+0.03a | 5.4+0.02b 4.1£0.02a 3.0£0.02a
X. campestris 25 ml 12.5+0.02b | 5.0+0.04a 3.2+£0.02b 1.5£0.01b

Means with different letters are significantly different according to Fisher’s LSD multiple-comparison test
(P <0.05). There was no treatment-experiment interaction. Each value is mean * standard error of 30 plants

from each treatment.
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Table 5. Antagonistic ability of 8 hr-old P. polymyxa TL41 against fungal plant pathogens after co-cultured with fungal

pathogens on PDA for 3 days

Tested pathogen % Inhibition
Alternaria alternata 535
Colletotrichum capsici 275
C. gloeosporioides 90.0
Fusarium sp. 52.5
F. equiseti 63.0
Ganoderma sp. 0.0
Geotrichum sp 0.0
Phytophthora palmivora 68.4
Pythium ultimum 100.0
Rhizoctonia sp. 0.0
Sclerotinia sp. 0.0

The inhibition levels were calculated by using the formula: (R;-R,/ R;) x 100. R indicated colony radius of

control plant pathogens. R, was the mean of 10-colony radius of tested plant pathogens.
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Figure 1. Antagonistic ability of 10 hr-old Mueller Hinton broth culture of P. polymyxa TL41 against X. campestri
with the control on the upper plate

Figure 2. Effect of 25 and 50 ml of 8.3x10" CFU P. polymyxa TL41 treatments on lettuce growth in the

non-infested and infested 25 ml of 4.3x10” CFU X. campestris; A) after planting 5 weeks, B) after planting

8 weeks. From left to right: non-infested control, TL41 25 ml+X. campestris 25 ml, TL41 50 ml+X.
campestris 25 ml, TL41 50 ml X. campestris 25 ml
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Abstract

Pythiosis is a life-threatening infectious disease of humans and animals, and is
caused by the pathogenic oomycete Pythium insidiosum. The disease has been
increasingly reported from tropical and subtropical areas of the world. Treatment option
for pythiosis is limited. Conventional antifungal drugs are ineffective. Radical surgery of
an effected organ is the main treatment for pythiosis, resulting in handicaps in most
patients. Many patients die from the infection. In this study, we screened crude extracts of
50 endophytes exhibiting anti-Pythium ultimum activity for their inhibitory effect on
growth of P. insidiosum by using a dual antagonistic test on 3 different media: potato
dextose agar (PDA), glucose peptone agar (GPA) and modified potato dextose agar
(mPDA). Twenty three endophytes (46% of all endophytes tested) inhibited P. insidiosum
growth by 50-97%. Based on ITS1-5.8S-ITS2 sequence analysis, seven fungal and one
bacterial endophytes with highest anti-P. insidiosum activity were identified as
Dothideomycete sp. NSL4 (97% inhibition of P. insidiosum growth on GPA),
Myrothecium sp. RSb8 (96% inhibition on PDA), Dothideomycete sp. NAALT (90%
inhibition on GPA), Phyllosticta citrullina NHL12 (82% inhibition on GPA), Xylaria sp.
QS4 (78% inhibition on PDA), Chaetomium sp. RPR2 (75% inhibition on PDA),
Cladosporium cladosporioides RRS18 (70% inhibition on GPA), and the bacterium P.
polymyxa TL41 (95% inhibition on GPA). GPA and PDA served as suitable media for
production of endophytic anti-P. insidiosum compounds. Thin layer chromatography
(TLC) was used to separate crude extract of Xylaria sp. QS4. Well diffusion assay
demonstrated that compounds derived from 6 individual TLC bands of Xylaria sp. QS4
markedly inhibited P. insidiosum growth. In addition, Xylaria sp. QS4 cound produced a
red compound at 100 ul of 0.1 mg/ul in DMSO stopping growth of P. insidiosum on SDA
for 14 days implying a long stability of this compound. To our knowledge, this is the first
report showing that endophytes isolated from Thai medicinal plants are promising
reservoirs to search for anti-P. insidiosum compounds for a treatment of patients with
pythiosis.
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Introduction

Pythiosis is a life-threatening infectious disease of humans and animals, and is
caused by the pathogenic oomycete Pythium insidiosum, which is a member in Family
Pythiaceae, Order Pythiales, Class Oomycetes and the Phylum Pseudofungi in the
Kingdom Chromista (Stramenopila). P. insidiosum inhabits in swampy areas, and is
present in 2 forms: mycelium and biflagellate zoospores. Although pythiosis in animals
has been increasingly reported worldwide, most human pythiosis cases have been
reported from Thailand. Thalassemia is a major predisposing factors for human pythiosis.
Clinical manefestations of human pythiosis can be divided into 4 forms: (i) Vascular
pythiosis (59% of reported cases) is an infection of arteries leading to arterial occlusion
and aneurysm. Most patients become handicaps because the main treatment to control the
infection is limb amputation. Many patients die from the infection. (ii) Ocular pythiosis
(33 %), is an infection of eyes in which patients present corneal ulcers or keratitis. Most
of these patients undergo enucleation to remove an infected tissue. (iii)
Cutaneous/subcutaneous pythiosis (5%) is an infection of cutaneous and subcutaneous
tissues leading to granulomatous and ulcerative lesions. (iv) Disseminated pythiosis (3%)
is an infection of other internal organs such as brain tissue, sinus or gastrointestinal tract.
Treatment option for pythiosis is limited. The use of conventional antifungal drugs is
ineffective in treatment of pythiosis because Pythium lack the drug target ergosterol
biosynthesis pathway, and radical surgery is the main treatment option for cure.
Therefore, finding a more effective treatment is an important goal.

Endophytes are microbes including fungi and bacteria that inhabit internal tissues
of plants with mutualistic relationships (Strobel 2002). They are currently considered as
one source of novel secondary metabolites offering the potential for medical exploitation
because there are so many undiscovered endophytes occupying in tropical rainforest
plants (Strobel and Daisy, 2003). Several novel ompounds produced by endophytes that
are able to inhibit P. ultimum are oocydin A, coronamycins, munumbicins E-4 and ES5
(Strobel et al., 1999; Ezra et al., 2004, Castillo et al., 2006). Thus, it would appear that
they might govern the novelty and biological activity of the secondary metabolites against
P. insidiosum that is the same genus as P. ultimum.

The objectives of this study are 1) to screen endophytes having anti- P. ultimum
whether they can inhibit a growth of P. insidiosum based on a dual antagonistic test on
PDA, GPA media and mPDA; 2) to extract and identify secondary metabolite crude
extracts from endophyte strains with anti-P. insidiosum activity using Thin Layer
Chromatography technique; 3) to analyze crude extracts with anti-P. insidiosum activity
for the cytotoxicity test against human cell lines. Novel compounds with anti-P.
insidiosum activity may be discovered and developed to produce promising medicinal
cream providing treatments of pythiosis patients from amputation or death.
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Material and Methods

Microorganisms

Fifty strains of endophytes with anti-P. wultimum were recultured from culture
collection at the department of Biotechnology, Faculty of Science, Mahidol University,
Rama 6 Rd., Payathai, Bangkok, Thailand. Table 1 showed names and hosts of studied
endophytic strains. P. wultimum was provided by Professor Gary A. Strobel at the
department of Plant Sciences and Plant Pathology, Montana State University, Bozeman,
Montana 59717, USA. P. insidiosum was a CBS strain.
Determination of anti-P. insidiosum activity

Fungal entophytes were grown on one side of PDA, GPA and mPDA for 3-7 days
at 28°C. To do dual antagonistic test, a 6 mm plug of 5-day old SDA P. insidiosum
culture was placed at 0.5 cm far from endophytic colony. Clear zone of growth inhibition
was measured for antagonistic activities of endophytic fungi against tested P. insidiosum.
The inhibition levels were calculated by using the formula (R1-R2/ R1)x100. RI
indicated colony radius of control plant pathogens, and R2 indicated colony radius of
tested plant pathogens (Intana et al., 2003).
TLC Crude extraction for anti-P. insidiosum test using well diffusion assay

The endophytic strains that potentially produce bioactive compounds against P.
insidiosum were grown on PDA and GPA medium for 10 days. Then 10 days of each
endophyte strain on each medium was cut into small piece (0.5 cm2) as inoculums. One
hundred pieces of each endophytic inoculum on each medium were inoculated in 1L
flasks containing 500 ml PDB and GP medium and leaved for 10. After 10 days, culture
broths were filtered through cheesecloth for secondary crude extraction. Method of crude
isolation was performed using Ethyl Acetate (Merck, USA) as an extraction solvent
(Strobel and Daisy 2003). The organic part or ethyl acetate fraction was collected and
evaporated out using rotary evaporator BUCHI EL-131 at 50°C. Each dry crude extract
was spotted on 20x20 cm TLC aluminum sheets with silica gel 60 F,s4 (MERCK KgaA,
Darmstadt, Germany). Then the TLC sheet was put into the glass tank filled with ethyl
acetate:methanol at 10:1 by volume. To see bands of separated compounds, the UV lamp
was used. Each band was scrapped and weigted for 100 mg. Add 1 ml of Dimethyl
Sulfoxide (DMSO) into each crude extract. After that 100 pl of TLC crude extract in
DMSO solution was added into 6 mm wells that are 0.5 cm far from the colony of 5-day
old SDA P. insidiosum culture. Each petridish had a control well containing only 100 pl
DMSO solution. The inhibition levels were calculated the same as mentioned previously.
Fungal endophyte identification based on ITS1-5.8S-1TS2 regions

For DNA isolation, the fungus strain JF2 was grown on PDA for 7-10 days at
23°C. The mycelium was scraped directly from the surface of the agar culture and
weighed. Total genomic DNA was extracted by the methods of Lee and Taylor (1990).
The universal primers, ITS5 and ITS4 were used for amplifying PCR product of ITSI-
5.8S-ITS2 rDNA genes and (White et al., 1990). The PCR of ITS/5.8S rDNA was done
based on Sopalun et al., 2003. The DNA was amplified in a Mastercycle Eppendorf
thermocycler (Eppendorf, Germany) with thermocycler conditions described by Kong et
al. (2003).
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Table 1. Selected endophytic strains and their hosts

Strain Host
TL41 Paederia linearis Hook.f.
QsS4 Melientha suavis Pierre
NAAL7 Costus speciosus
RSbS Jatropha gossypifolia
NS5L4 Unknown
K1n5/1 Amorphophallus sp.

NHL12 Osmanthus fragrans
NHL15 Osmanthus fragrans

RPR2 Kaempferia pulchra Ridl.

N2L6 Unknown

RRS18 Oraxylum indicum (L.) Vent
RTIJ3 Flacourtia indica (Burm.f.) Merr
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Table 2. Antagonistic activity of selected endophytes against P. ultimum after co-cultured
for 3 days on PDA, GPA and Modified PDA

No Strain % inhibition on P. ultimum

) PDA GPA Modified PDA
1 K122 100 100 100
2 K121 100 100 100
3 N6L12 100 100 100
4 NAASI10 100 100 100
5 NAALS 100 100 100
6 NHLS8 100 100 100
7 NHL6 100 100 100
8 NIL1 100 100 100
9 NKL14 100 100 100
10 N4L3 100 100 100
11 NAAL9 100 100 100
12 NAASI2 100 100 100
13 NPPS9 100 100 100
14 NFL5 100 100 100
15 N7LI11 100 100 100
16 N5L4 100 100 100
17 NPPLI 100 100 100
18 N7L9 100 100 100
19 NAAf12 100 100 100
20 NAAf10 100 100 100
21 K6n10/1 100 100 100
22 K1a5/1 100 100 100
23 N7L1 100 100 100
24 NffL3 100 100 100
25 NAAf1 100 100 100
26 NHL20 100 100 100
27 NAAL7 100 100 100
28 QsS4 100 100 100
29 TL41 100 100 100
30 NJL4 100 100 0
31 K6L15 100 0 100
32 NPPS4 100 0 0
33 Qbl0 100 0 0
34 NHLI12 100 no no
35 NPPS3 100 97.64 100
36 NJS4 93.88 100 100
37 AL38 88.24 88.20 92.89
38 JL2 96.24 90.86 90.99
39 Qbl7 90.35 89.62 85.54
40 N3S9 96.94 95.04 94.07
41 N2L6 89.65 91.74 97.03
42 RSb8 97.65 93.63 96.08
43 Qb25 96.41 97.53 96.23
44 NHL15 91.62 89.88 89.31
45 RPR2 97.60 92.59 97.48
46 RTIJ3 87.34 90.12 84.78
47 RSSL2 93.42 91.11 82
48 Qb21 97.60 no* 88.68
49 PRS18 86.33 no 85.61
50 RSb3 no no no
51 K6n10/2 no no no
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no® represents P. ultimum colony grew over colony of endophytes

Table 3. Antagonistic activity of selected endophytes against P. insidiosum after co-

cultured for 3 days on PDA, GPA and Modified PDA

NO Strain % inhibition on P. insidiosum

’ PDA Modified PDA GPA
1 TLA41 85.48 87.50 95.24
2 QS4 74.10 50.79 72.73
3 NAAL7 89.16 76.98 89.77
4 RSb8 96.39 77.78 91.48
5 NHL12 80.72 68.25 81.82
6 NHLI15 80.61 75.00 82.98
7 N2L6 72.45 59.21 69.15
8 RPR2 74.49 66.45 70.21
9 RTIJ3 57.14 51.32 58.51
10 RRS18 69.39 no 69.68
11 Qb25 80.61 72.37 73.40
12 K1n5/1 no no 83.51
13 N5L4 no 94.74 96.81
14 NJS4 no no 84.04
15 RSSL2 no no 60.11
16 N7L1 no no no
17 K6n10/1 no no no
18 N6L12 no no no
19 NPPS9 no no no
20 K1u22 no no no
21 NAAS10 no no no
22 N3S9 no no no
23 NAAf1 no no no
24 NAALS no no no

no” represents P. ultimum colony grew over colony of endophytes

Table 4. Identified endophytes with anti P. ultimum and anti P. insidiosum activity

% inhibition on P.

% inhibition on

Strain ITS identification . o
ultimum P.insidiosum
TL41 Paenibacillus polymyxa 100 (All) 95.24 (GP)
Qs4 Xylaria sp. 100 (All) 74.10 (PDA)
NAAL7 Dothideomycete sp. 100 (All) 89.77 (GP)
RSb8 Myrothecium sp. 97.65 (PDA) 96.39 (PDA)
N5L4 Dothideomycete sp. 100 (All) 96.81 (GP)
K1a5/1 Colletotrichum sp. 100 (AlD) 83.51 (GP)
NHL12 Phyllosticta citrullina 100 (PDA) 81.82 (GP)
NHLI15 Ascomycota sp. 91.62 (PDA) 82.98 (GP)
RPR2 Chaetomium sp. 97.60 (PDA) 74.49 (PDA)
N2L6 Not done 97.03 (Modi) 72.45 (PDA)
RRSI8 Cladospor.iu.m 90.12 (GP) 69.68 (GP)
cladosporioides

All means endophytes that could inhibit Pythium sp. on 3 different media.




Table 5. Welled antagonistic activity of 100 ul (0.1mg/ul DMSO) TLC crude extracts
produced by 7 selected endophytes on 7 day-old P. insidiosum after 2, 3 and 7 days of

inoculation on SDA

cladosporioides
RRS18

% inhibition of each % inhibition of each % inhibition of each
Strain No. of | band on P. insidiosum band on P. insidiosum band on P. insidiosum
Band after 2 days of after 3 days of after 7 days of
inoculation inoculation inoculation
Dothideomycete sp. 6 B1=6, B2=18, B3=9, B1=14, B2=17, B3=11, | -*
NAAL7 B4=6, B5=15, B6=10 B4=9, B5=17, B6=9
Myrothecium sp. 3 B1=31, B2=29, B3=23 | B1=32, B2=30, B3=27 | -*
RSb8
Dothideomycete sp. 3 B1=3, B2=16, B3=16 B1=6, B2=16, B3=15 B1=23, B2=30
N5L4
Chaetomium sp. 4 B1=18, B2=24, B3=6, | B1=16, B2=16, B3=8, | B4=17
RPR2 B4=27 B4=28
Xylaria sp. Qb 25 5 B1=15, B2=19, B3=25, | B1=17, B2=28, B3=27, | B2=11, B3=18,
B4=25,B5=16 B4=31, B5=15 B4=39, B5=24
Colletotrichum sp. 7 B1=17, B2=27, B3=15, | B1=21, B2=28, B3=14, | B1=39, B2=37, B7=25
K1t5/1 B4=6, B5=18, B6=9, B4=9, B5=17, B6=14,
B7=15 B7=19
Cladosporium 3 B1=21, B2=21, B3=0 B1=21, B2=21,B3=14 | B1=11, B2=11

-* represent no antagonistic activity on P. insidiosum after 7 days of inoculation on SDA. Bold letters
means increasing of antagonistic activity on P. insidiosum after 3 and 7 days of inoculation on SDA.

Figure legend

Figure 1. Welled antagonistic activity of 100 ul (0.1mg/ul DMSO) TLC crude extracts
from 2 endophytes on P. insidiosum after 2 and 3 days of inoculation TLC 100 ul
(0.1mg/ul DMSO) on SDA; Left from endophytic Myrothecium sp. RSb8 and Right from
endophytic Chaetomium sp. RPR2. The upper control well of each plate contained only

DMSO solution.

Figure 2. Welled antagonistic activity of Xylaria sp. QS4 on P. insidiosum on SDA: A) 1
g crude TLC extracts,B) 100 ul (0.1mg/ul DMSO) TLC after 3 days of inoculation, and
C) TLC 100 ul (0.1mg/ul DMSO) after 7 days of inoculation.
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Figure 1. Welled antagonistic activity of 100 ul (0.1mg/ul DMSO) TLC crude extracts
from 2 endophytes on P. insidiosum after 2 and 3 days of inoculation TLC 100 ul
(0.Img/ul DMSO) on SDA; Left from endophytic Myrothecium sp. RSb8 and Right from

endophytic Chaetomium sp. RPR2. The upper control well of each plate contained only
DMSO solution.

Figure 2. Welled antagonistic activity of Xylaria sp. QS4 on P. insidiosum on SDA: A) 1
g crude TLC extracts,B) 100 ul (0.1mg/ul DMSO) TLC after 3 days of inoculation, and
C) TLC 100 ul (0.1mg/ul DMSO) after 7 days of inoculation.
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