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Fusausadiesn Phytophthora spp: AlwmlsaniSay aansakeniteuTavilasaau 79
lolaan gusiuau 24 lelvantiievageuanusiumusisaseiiliesfuiadaidosinas i fe
dimethomorph, fosetyl-Al, metalaxyl uas mancozeb YU V8 agar f3875 poison food
technique ravarswiitiosiufsmiasaienuduti a3 wasshsueal, Savmuhi uazae i
voesn Tz Usediusriuamudnuniu dall druvusieansiaiitesfumdailesn [resistance
(Fg") = Smsuuzail ay soultadeansieiite AL In s [sensitive (Fg>) < dnsuuziil ny
Wossuau 7 lolewen Shumudeansaiidesfum dmdes metalaxyl tandas i 5 lole
an Fumusieansielitasiuidnidos dimethomorph newudagauau-3 lelaian anlsanaiin
ey dumudeansniitestuidndasald 2 4dia fa dimethorotph-ae metataxyl 3edn
sglunguéumusieansiadidlosiirndmiesiuaievin Mure’) wenaniinwnavesialngny
hwiinTuanasi Uhuney uazge fissdum ity 0 yarunAx), 500, 1,000 uag 2,000,ppm
demsiadaiiulamaduleve e Phytophthora spp. anunalsaniseu 1aeds poisoned food
technique WagAan15a@319sperangium  wasnisvanyasy zoospores aydd culttre  disc
technique nan1MAaes wuTtdmnianavestalneua e ie fisgfuaandidu 2,000
ppMm fiuszansamlumsdudimsiesidulnmaediile waedulenisasns _sporahgium it
wiagalsfenu Talawumnnssudshifinaunneaiimsadifdanisiandaat. zoospores
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Research Title: Control of Multiple Fungicide-Resistant Phytophthora spp. Causing Durian
Fruit Rot by Some Chitosan
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ABSTRACT

Phytophthora spp. causing disease-were obtain from infected para-rubber and
durian collected from orchard in Chumphon province. Seventy nine isolate were
successfully isolated. Twenty four-isolates were randomly selected to be representative
of multiple fungicide-resistant-test. The resistibility of each'isolates to dimethomeorph,
fosetyl-Al, metalaxyl and mancozeb was. detected from the growth of colony by poisoned
food technique on V8 agar amended with fungicides at concentrations of 14/2X, 1X, and
2X of field-use reéommended rate. The level of resistance to .each fungicide was
evaluated and grouped inte -2 representative phenotype reactions  which fungicide
resistance (FgR) and able to grow on each fungicide at > field-use recommended rate and
sensitive (ng) for the isolate that'could grow on at < field-use recommended rate. The 7
isolates were classified.as the FgR to metalaxyl and 5 isolates were FgR to dimethomerph.
The 3 isolates from fruit rot of durian. were multiple fungicide resistance (MquR) to
dimethomorph and" metalaxyl. Moreover, study the“effect of low, medium and high
molecular weight chitasan at'Q{control); 500, 1,0007and"2,000 ppm were to evaluate the
in vitro on mycelial srowth'of Phytophthora'spp. causing para-rubber and durian diseases
by poisoned food technique and” on sporangium production and zoospores‘release by
culture disc technique. The resultssshow that low, medium~and ‘high molecular weight
chitosan at 2,000 ppm. were the most.effective treatment for.mycelial and sporangium
inhibition percentage. However, all chitosan treatments-were no significant on zoospores

release.

Keywords: Phytophthora spp., durian, chitosan, multiple fungicide resistance
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Morphology characterization of Phytophthora spp. isolate causing fruit rot
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mycelial growth of ;Phytophthoraispp. causing durian disease.
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Chemical structure of chitosan
Symptoms of fruit rot disease (a) and stem rot disease (b) in durian

Morphology characterization of Phytophthora spp. isolate causing fruit rot
disease of durian; colony color on V8 agar (column a), hypha (column b),

sporangium (column c), and chlamydospore<{column. d).

Morphology characterization.of Phytophthera spp. isolate causing'stem rot
disease of durian; colony color on.V8.agar (column a), hypha (column,b),
sporangium (column’c), and chtamydospore (columnid).

Multiple fungicide-resistant ‘assay- of, Phytophthora Spp.-causing fruit- rot
disease of durian on.V8 agar amended with fungicide.
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1.1 emadunuazaruddgueslym

f]ﬁymﬂmﬁm‘hﬂﬁmﬂﬁ%”wmﬂ nANsEThasveates Phytophthora spp. dadlu
a1 lsasineg vesiivvateviinluuszinelng wu srems mSeu s Wuanungliia Tsa
A9y Tsalusae (leaf fall), Tsmudusi (black stripe) waylsAanAuNiITeIe19d19e (twig rot of
polybag rubber) LiJummm'IViﬂﬂamwmwamwad (ﬂamaEJLLaq,‘wcmmmiauinwﬂuuasmww

2/
Qs

fils, 2548; amnmuﬂawuaamwvwmsmmuma 2555) Luaamanuﬂiummaﬂmmasﬂ,u
wmamw:mmmmmuaawuuﬂumnﬁzjmnaumaaﬂmﬂ UiunamuanwmumwaawaswuﬂumﬂEJ
Widuhuasiu ahuavesldfuuueidtuagliondomea Tngavesiliowemadmeimiiilun
Tadeufiludramiuasossudeldogisaniss danaliilinn1sunsszuialiisams, Jaglu
inwasnsuidgymidsndndatilaenasli@saiiesiuidnidesiwinniie wu cymoxanil,

o

d|methomorph etridiazole, fosetyl-Al, metalaxyl phosphorous acid tag oxadiky! e
mUmJL‘Uaﬁ Phytophthera spp:tWinzavsanuazlonasaniss lasarsteiitlasiuiidnidosadis
99 Fredfu sengrEluuT I E RS AN Na AT ATk AAe T (555udnd, 2543;
Davidse, 1988) ﬁwé’nvmwmsaanqw'ﬁ{u'umhwaﬁﬂWﬂauﬁumﬂﬁmsmuaahemamaa a9
sﬂﬂu’ﬂ.ﬂt“ﬁ@i’]m@ﬂ'ﬁWWU'WiiE)U?UWJLW@ﬂ'J']ﬁJE]EJ‘SE]ﬂ aumﬂmmmawumﬂumawuﬁma@ami
ﬂaanuﬂwm‘uai”ﬁuu L3J€JLﬂ‘iﬁ@]iﬂ'ﬁﬂ\‘lﬂﬂ?ﬁﬁ’]ﬂﬂ&l‘ﬁﬂﬁﬁﬂﬂ‘] FINNETY LEUE]'S']E‘I"IEJWUﬁVIﬂa'IEJWNﬁﬂ@G]EJ
Td']iLﬂQJEJ\‘lF’NE]FJié)ﬂ IﬂEjaﬂ‘tﬂ'muﬂ'ﬁﬂﬁ’]ﬂWUﬁ‘VlﬂaT)uﬁ'lll'ﬁﬂﬂ"tﬂ'ﬂaﬂﬁiuaﬂ%ﬂ"l'ulﬂ dalilianng
quﬂsmmmﬂuuﬂaaﬂaﬂwaamwmnﬂéﬂﬂdmm (acquired fungicide resistance) (Brent and
Hollimon, 1998; Deising et aly;, 2008; Damicone and Smith, 2009) Uiuﬂamumﬂwammm
wuwuﬂﬂamam'ﬁmuﬂaaﬂuﬂ”ﬁ)m‘aaimmwuﬂ (multiple. fungicide = resistance) d@swali
Lﬂ't‘miﬂ'iﬁ@Qﬂiuﬁﬂ{]mﬂﬂuﬁ”ﬁﬂiﬂﬂ'}‘Uﬂmﬂ’]imﬂLLauLLWiS“U’]ﬂ?J@QL’UE]ﬁ']LMGlUU‘] 1@ iNLﬂﬂIiﬂ
E]UG]‘ZI']"U’]ﬂ saamqmadaumaamuwuuaunaﬂumsﬁaaﬂumﬁm mnmwmamnanmwﬂmﬂm
mmauma'ﬂumiﬂaaﬂum%ﬂkmnm‘uu ‘Vl'lx‘lLﬁ@ﬂﬂﬂ\ﬂﬂﬂ’liaﬂﬂm‘ﬂ"lﬂﬂﬂaﬂF’]@ ﬂ'\ﬁ‘llﬁ'l'iﬂlﬂf\]”lﬂ
ﬁisuﬁmwmmawum’iuﬂws{]aanuwammmaﬂmwm 1NN UVDS Bautlsta Banos et al.
(2005) WU lﬂIG]?i"IUﬁ'W'ﬁﬂﬂ'DUﬂQJL‘liE)'i'lﬁ']WWlIiﬂW%lﬂ ﬁ”l‘Wi‘U\‘lWUQQSﬂiﬁuﬁJﬁﬁﬂﬂioﬁ\‘iﬂLW@
Anwndos Phytophthora SPP- Wﬂ'emaaﬁmmﬂa\mumﬂﬂwmwuﬂ naetAnwmaveslalney
Gl@ﬂ']’iEJ‘UENﬂ”ﬁLﬁ]iiUW]UIGI‘UENL‘ljai']ﬂallﬂ\?ﬂa']’l LW@&J\‘]Luuaﬂﬂ’ﬁI‘Uﬁ’l’iLﬂm au%uuﬂﬂam‘smaﬁw
3/ F\NE aﬁJIUﬂﬂiﬂ’JUﬂuiiﬂ@EﬂﬁﬂﬂﬁENLLa yiUsy ansan E)ﬂ‘Vl\‘i‘U’JEJaﬂ{]EUW'la'liLﬂllﬁlﬂﬂ’]\ﬂu
FITUYA aamalu‘l.mﬂﬂuawwaamwwmaam wazUannnuranEasns

1.2 IngussasAvaimside
ﬁﬂ‘mﬂsvawﬁmwmaa’l,ﬂim'mu'lwumwammm‘uas'} Phytophthora spp. @wislsaua
Luwaamﬁaumamaaﬁmmﬂaaﬂumﬂwmmum



1.3 YBULYAYBINITIY
nasaa1fin uu1Tznalne Usraulanididy As nasidivinatsvsades

Phytophthora  spp.  answafitesfiufdmdesiviasiieg wiludsiignidenluseiudug e
widgymsanan nselanad uazsinse windunuihmsldasndiegsiaides Adainisszuin
vaulias1 Phytophthora spp. T,ﬂaﬁauyﬁgﬂud'l'u'wmﬁﬂmsﬁasiaamﬂﬁﬁmq Andulusssud
aeulaidi mszansiaiitiostuidaidouiinsing sengVsKULRMIEIZRsT INIgAMLNaln
madaafifiunndnediu Ussnaudunisliesedaiiios dwadmilfidesiinnisiaun wieusush
lwaiienIwegsen suinmsnaneiusiiluaeiusiineseastiestufdaidesiu Wenumsns
sTam’l%’msmﬁéﬁ’ﬂﬂa'nL%ammaﬁuﬁ:ﬁﬂmaﬁuﬁfs}’amagiaaﬂlé’ fednwazmenaeiusiinanuniss
aunsannenengiugnvailddndie wazdwaliiisnsisnananeluuagnuesnynins
Wlagligsn nlinwasnsuszauiyvlisansemuaumaiaiaumsssunveslsaild s
fosduwassiunuuasianlunsletiuhinlsn snmanadnansahiiaeimdumadluns
Jostumdnlsafiingu

MNMINTINERUMANTINRT 851 Phytophthora spp. fineveanstesiuiinuans il
Aatuudalusssund suAsuseuiie detanuFinitenduiadaemsidlalnguuasie
msrzduansildnnsssuvatinuanilunstosiudeanvalaaiy NALUANSIANNGNAINGT
slélalasnuduuuamiaden iilewdeniinzysvas maldarsiaflundasian Tnsaaiites
ansoandinandeiiinedesisiedideiuniifanar vilald '

1.4 AEIAYVBINTIY
1.4.1 V38U (Durian)
1.4.2 lalagnu (Chitosan)
14.3 Aesoansinfiosiufnes (fungicide resistance)

1.5 Uszleaufinnniteslasu
wievsuisUssangaonveslalawauuisyliniiieniunutias) Phytophthora. spp./anvn

IsAranihvesey Nineseanaivasiuridamnalevis
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ngeuazulIdeineides

2.1 wumsmsiglalagulunisatuaulsany

latewudululeindwessssumafiataanladu  Fediesdusznauddnlugiues D -
glucosamine (Figure 2.1) wulsilusssuwd Ineiluesdusznevegludenuenvesdninan qe 4
was wasiden WuassssurAiitdnvusiansuameda fo MduTagdanm Biomaterials)
gogaatemusssuyd  dadwvasadelunisinunldivayed LiianadsuazUasndone
dswndeun Lifinnisud Tl lnuazlidufy (hon-—=phytotoxic)gaiiy uenaniifeduasunis
WuUSinawesdsiitin WuessdussnaussitumBenvuiasi 9 asu?ul,ﬁaaa”uaﬁmsﬁdaal,ﬁuﬁm
pnsiuifuuenanisafimuatuasaduivlessusine q wu Tudadoy Whalsy winddoy
widn veawn FLiulselovidoitudanes 9 Janldesansmantiunfiy vieimse lilasay Hulu
Tolwdwefiiusey azﬁy’uﬁw'saammssuxéwuaxszh_a’l,ﬁﬂwsl%ﬂaﬁﬂszamﬁmwum%u (335:2543) 1
srenuieriunislilalnsuadunsilinnsssurdtanaidlunstosfindeannnodsa
Y (Bautista-Banos ‘et al., 2005) maadevtudanugdndadaglalasiuamasansedunis
Frununmadwinalaetifest | Fusarium | graminearum finnRor W LAmILE TagviTld
wWaesiGudmnuten Lavanuuditswausdanusininudaihiinaausaglalagiu (Reddy et al.,
1999) Viza51J§z?m%ﬂwwwaalﬂimﬁﬂu%uazjﬁnmﬁm uazsTarmsyRulnveNdest A1sianve
aves uazmaasarivlavonduly (EL Ghaouth;'A. et al., 1997: Benhamou, N. et ali, 1994)

msfududaanvguatsaie Idun Wolasa wuniiSy uasidostinetiin Tnelalaonlazdy
iudmainly duiiy Hedusemanalsaitlunsdiiiaidelsafuuds Gnwlsaniy) uazais
mwdumulsalifuivitlinade - Tnglalaguiiaaauddfianusogongisd uianse du
(eliciton) siofivlsl vgnszAussuuleTiuiissyasiy vibifvndneuleiuaeansindifedati
mueavangvile fivdsanlantafissgnanamlasidaanugleniinld Talnvanaznssdulyiinisstn
msdniusarwnuiuvesityinn iy fuansotesfusiias Iilimuanns thaasunisitSina
Aun3dnusslovilufu 1y \§g Actiomycetes sp. Trichoderma spp. WaliNaATsanUTue
waaqﬁuw%ﬁﬁ]m%@lmﬁﬁv \u Wasa.Furarium Phythophthora, spp. " {amd 2544; 35

2543; g8 2543)
OH OH
O ]
HOC HO
NH, NH,

Figure 2.1 Chemical structure of chitosan




2.2 Lfgai'l Phytophthora spp.

o Phytophthora spp. LﬂuL%ammqiiﬂﬁ% v‘h’lﬁlfﬁﬂa”xﬂmmﬁ;uma dlod w.a. 2419
wiaiile 135 U Anton de Bary Lﬂuéﬁa%aswﬁmﬁdﬁ Phytophthora (Greek : Phyton and
Phtherio = Plant destroyer) finumnedn “Gvinane” lasanlunadaiuislsaluludvessiu
dSsszuiaguuse sivldmsugniudaduman aubiannsandniniudssldnaifigsiuanledy e
vSlandusmsudn Wuwmnlivnle3vdetenssinduneiiuiiumn Adinegsenineisn
AusuenewuasivhAuas g endulmiitel saawy enengauiaiaiing (Zentmyer, 1983)

o Phytophthora spp. %’maq‘lu (Hawksworth-et-al.-1995)

Kingdom Stramenopiles
Class Oomycetes
Order Peronosporales
Family Pythiaceae
Genus Phytophthora

\o31 Phytophthora fleuauargusasiisisunn Tu wi. 2506 Waterhouse (1973) Tt
¥i1 key MSIIWUN species UBEIY Phytophtora 31uAu 48. species  Uagtiudinisduun
Phytophthora |5udh 80 species Thlan iuidofszuinldunsdaeifimiufiverds ndmieiy
wiln Tdnwazrude aunsaasaveslifuuuenfe warlienfoma dnsunshinaumaSeni
zoospore gl sparangium Slaunduiinfeuiiasunnesnuan papilla’ aNWMEUBY zoospore
ine (Ragella) 2'wne Tanmenlivindu- mandadudhvasnuuduiidwsoulassoundie
WU9E1evan  (tinsel | flagellum) - diwitiididnelunlvludamd - Snvhanbsidnuasadond
(whiplash flagellum) '\ Viminivaslunliasendslinimadoudng - wiomsiei—anwaly
sporangium gﬂmm’m%{‘i (lemoniform)_julvuanesdn (obpyriform) w3yl (ovoid) witwes
oogonium TMauuidey T§vs: Miertunznzda el wids oogonium 9199z
LLazﬁ?‘iﬁ;ﬂma d1u antheridiurm, Huwuy amphigynous @uny species fiduuuy paragynous)
(Waterhouse, 1973)

dgmuludsumalneos Phytophthora TinwvlsuaP—palmivora, P. parasitica, P.
cinnamomi Wag P. botryosa, P. infestans Fen Phytophthora spp. Lﬂuﬁ%%ﬁiiﬂ%a\‘iﬁ%
isugRafiddmansvin wu Tsadudivasenamns Tsasnui Taui uaskain vaamiiou v
szevnduayszoziiling luusamalne fdsdilgmiuidesviaireudrann @wus uas ns
Wa¥, 2501; Awus 2542a; 2502b; Weula uasAme, 2545, nguiTeuariaINITEUSYALLAZYN

¥
=1

Nufidials, 2548: anoudduenans, 2553)



2.3 nshevisentumusaaislasiuminiios Phytophthora spp.

v
wa o

mﬂn15mm‘[m*ummawwmummwss“mﬂ Uy gURgwnnnd mguaddyUsenmmis
m%mﬂmnmsmwammm SuiiWauins “nisheen” wiedFenlumdivinisin Fungicide
resistance amﬂuwaanLuaammﬂms‘l‘umimmmawaummamaammamu Mndamnsaase
astlasiumdndas uJuLsaamﬂm‘l,umumiﬂaaﬂum«'\)ﬂﬂmwsu Lﬂu{]aﬂam'vawammiﬂaanu
mammwmamsmu wdugvdua vSeduman wuaaﬂ‘uwaua MsHeE LariBinssAmITEIY
nshee fuiy ilesdedunSetyasnisiamn msﬂamﬁuaqwaaﬁmm‘liﬂw%anhﬂﬁlﬂmwaﬂ 6N
mammsm'vmmawﬁmammﬂ%mﬂu auniusnguanamnssuaiitnens  (Crop Life
International) fimsdnds ﬂmwmumuﬁimamwu Fonin Angyhauduusmsinnsmshesn
sawuagﬂuﬂmnmaqamﬂu 1y ansidalias T ARESENI ARIEYNILUIV TSR MIRad U
Aomvesansidndon (Fungicide «Resistance Action Committee ™= FRAC) AQEYN9IUT
Usenaunde  UnIveIAansannuienmnieg miesemuaditneasialan m'smﬁuv‘hmuimﬁ’u hay
°usJwamwmmmammusmnuumwmmammnamuuma WoamTuNsAnwIvesTE LR AnA1
m'iweummiﬂamaﬂaumsmumm Ivmmu"mwuauEJaemaaﬂnaﬂumﬂ%msmﬁ‘lwmmyau
Lwaﬂﬂmamﬂmma'ﬁmmwmﬂsvawﬁmwasﬂﬂmuwaﬂ‘m?a nandntibnis ffe mamum‘amam
MgBmsmainermans udhwsiciivielilulsandlng fnay ﬂﬂ\ﬁ]‘“ll’)’l AsNAEaY N137E
g1 woflagine usliseiilos anutuissrnuaulneneyrrareninide Lum«'wu,m Alulath
‘ZJEJSJﬁVlIﬂﬁJ’ﬂ‘UUi“’IEJ‘UH@EJ’NT\]':N‘N %auaﬂﬂmﬂus"uu wagdslufivmigaula VNﬂ"IﬂS%LLa”LE]ﬂ“Uu
Tanudndy Twdesd Wil msiesr dndesuni, Wuanuguidsmassesnovaswia 1y
mugydsiununsHasaNIERsns wastldgnanaiwe (low productivity) U8 %nHAIN3
Bendn gapdeiunu uer guderils fifsazlaannisudn dadesd wAgIlayaIvINIHaY
AUZYIINUNIYING u,avLwaimﬂmwaiumaﬂgmamafmm ABLiANTIITDTENIN NIA3T
MALNYY UazNeAINT IzaIsauinIsdants mslidmaailvislonigege

90 Table 2.1 Wdns¥tinvasatsinitesiuia as Phytophthora ‘spp. wlias19e an
M3AALUAIRIN 970 Fishel(2009) uas Fungicide resistance action committee €2011) Wuin
Wan Phytophthora spp. ﬁiammﬁmsiamiﬁ”amimﬂumju Phenylamidesge dwiluansiadl
1Uﬂfiu Aromatic hydrocarbons & heteroaromatics ey Cyanoacetam-ideoxime L%a‘iﬁ
Phytophthora. spp. wIamama’Lm"ﬂwmﬂma 1 muﬂauauasﬂ,ui cwﬂmmﬁawiaﬂﬁga
TEAUAN Lmasmliﬂmuaiiﬂmw \Tas1 Phytophthora spp. ummLammamiﬂamaamﬂwﬂﬂau
wnieiuduiuriavesansiadl Soilidenihnmsinuseld



Table 2.1 Fungicides for controlling Phytophthora spp.

Group name  Chemical group Common Mode of action Target site Resistance risk and
name and code comments
Dithiocarbamates Dithiocarbamates Mancozeb Group M: multi-site LOW RISK
and relatives and relatives Multi-site contact ~ contact ~ Generally considered as a
activity activity  low risk group without any

signs of resistance
developing to the

fungicides
Phenylamides Acylalanines  Metalaxyl Group A: Al: RNA HIGH RISK
Nucleic acid polymerase Resistance and cross
Oxazolidinones  Oxadixyl synthesis I resistance well known in

various Oomycetes but
mechanism unknown.

Aromatic Thiadiazoles  Etridiazote Group F: F3: lipid LOW TO MEDIUM RISK
hydrocarbons & Lipid and peroxidatio Resistance known to some
heteroaromatics Membrane n fungi. Cross resistance

synthesis patterns complex due to
different activity'spectra.
Carboxylic Acid ~ Cinnamiciacid  Dimethom Group H: H5:
Amides amides orph Cell wall cellulose
bigsynthesis synthesis
Cyanoacetam- Cyanoaceta-—~ Cymoxanil Unknown mode of  Unknown  LOW TO MEDIUM RISK
ideoxime mideoxime action Resistance claims
(not appearing'in described. Resistance
the list derive from management required.
Phosphonates Ethyt Fosetyl-Al reclassified Unknown LOW RISK
phosphonates fungicides) Few resistance cases
Phosphorous  phosphoro Unknown' reported in few pathogens.

acid and salts us acid

Sources: Fishel (2009); Fungicide resistance action committee (2011)
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A ndunsiIvey

3.1 LﬁUi'mi'muazﬁnmé’nvmzmaé’mmu%wmL‘z’jas’l Phytophthora spp. d@walsaiy

mum‘usmmamamsawu,ammnwswammmmmﬂwammmm Phytophthora  spp.
wsauuuwﬂszjumt.avamm'rﬂ‘uam’]mnuﬂ”ﬁ)m?jaswuﬂuu«] Vl"lﬂ’]'SLLEJﬂL‘?IE]'i’ﬂﬂEmﬂ"UU‘W‘UUSL’Jm
wwafuieif eundlitouaUseaa 05 x 0. 5 iwuims sdefiialneuvly Clorox 1-2%
Ussnm 1-2 unfl uagsin selective media L‘lJu“UWZJU’mU'iuSJ’Im 0.5 x 0.5 wuAuas Tasiuiulu
mﬂauumn%aumhwamwnwaa Juan 48_dalae-Fedstuselective media 219UL81MS
selective media 8t Umlawammwamsvmm 2-3 Ju maaammmmaulawammmaaﬂmﬂ
suua’mwsu mwa‘ummﬂmaLau’l.aun'muua'\ms V8 agar 'uumah'wafumwaq waEvinnIsuen
wasmsammuLsuaa'awual%‘lu PDA slant awmui%‘lum'smaawuﬁalﬂ Undeusnladnu
dnvauzasisadule dulbdeatesn lalail das sporangium

E’l’ Jé’l‘ ¥ s o e =’n’ = ¥ 1% act
3.2 NIV ULYBIN Phytophthora Spp. ‘Vlﬂ’emEJﬁ'IiﬂENﬂ‘IJﬂ’H]ﬂL“UBi”I‘UUﬂﬂ'N‘| N3G IS
Poisoned food technique

nsvdeudlen Phytophthora spp. mawaawﬂaanumwwaswuﬂmqq Ingldasiad
dosfumdalsaftgniuiinuasnsdnilnals Saan's - vile leuA eymoxanit, - dimethomorph,
etridiazole, fosetyl-Al~ metalaxyl phosphorous ac:d was oxadixyl M‘Lﬂiumwummﬂumn
ﬂiﬁJ’J“U']ﬂ’]iLﬂ‘l:mi (2549) Ineldansdosiumansing fisssumudiuiu 3 sefuluahsiasnie
V8 agar fafl todniaouvnuessnsuis, Shsuusi  uazinnnitde wivedens it
nnld cork borer summaumuﬂuaﬂmq 5 faduns dausuameulaladiesiiassuueing
V8 agar 8¢ 5 Tu muumuammaamawmaumuﬂuanfcm 9 wumms szl 15003005
nauanstlosiumsnlsafisusasze e Iﬂamaaummu 55 Umﬁuawammwm VUAnUUALAY
Hugudnadlaladl LwammmmLﬂaimumn'lsaummimmﬂauauiﬂ Wisuiguaneelalail
nwmmumwlmmswammsmyﬂaaﬂumammasw TnsUszdiuseiunmudauiunatindninasily
99 Auas B ‘U\‘]ﬂﬂLLﬂﬁ\i‘\]’lﬂ Koenraadt et.al. (1992) wag Peres et al: (2004) ﬁ’aﬁ

ﬁ”uL%asﬂalsmawﬁai’ﬂsvﬁm‘f}mfﬁaswmaﬁ’uﬁ‘ﬁmmu (Fe") siaaﬁﬂaaﬁ’uﬁ'n"fm%aﬁmﬂndw
2 ¥in Tmmﬂuamwuﬁ multiple fungicide resistance (MuFg) itevrlunaaausialuluns
VNQ8IT 3.3
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3.3 maauﬂswawﬁmwmaﬂﬂimmumwuﬂmamswsmwaawaﬁ Phytophthora spp. 717®
siadstlasiuridndas

UNUNTINABBIRUY 3*4 Factorials in Completely Randomized Design (CRD)

Uaded 1 winveslalnymuismiminluana Ao
® chitosan low molecular weight
® chitosan medium molecular weight
® chitosan higsh molecular weight
Taduit 2 seduarududu fe
® control
® 500 ppm
® 1,000 ppm
® 2,000 ppm

ITTAUANNAMIIUFRAT UM IMAs1 2 Sesfu (Table 3.1)

Table 3.1 Phenaotype-resistant-levels of Phytophthora spp- to.fungicide modified.from

Koenraadt et al., 1992; Peres et'al., 2004.
Fungicide concentrations

Strains Resistant Less than 2 time of Field-use More than 2 time of
levels field-use recommended recommended field-use recommended
concentration concentration concentration
Fg  Sensitive (S) X X X
v X X
F¢'  Resistance (R) v - 2
v v v

g Fungicide sensitivity strains
R Sit v R,
Fg = Fungicide resistance strains
X = Percentage of growth < 109% eompared with the control
v Percentage of growth > 10% ‘compared with the control
8 g P

3.3.1 Anwnavaslalagusenisiaiymaduls

wisuemsiasade va agar VisimmsﬁqﬁzhL%ammfuwamamﬁ’wﬂﬂimmumﬁmwﬂ] il
SYAUAMLINTY 500, 1,000 wag 2,000 ppm nJisrumaunuwmmuﬂuwamamwﬂﬂimm
m‘lamuammamwawmaumuﬂuaﬂma 9 wuflms Ussns 15 faddns ntunaaeums
aummsmm‘uauaﬂﬂ Iﬂsﬂfa cork borer wuaduRUANSNAN 5 Tadwns mummmadvﬂau
wasnma‘wuﬁ MuFg" fidssuuans v8 agar 81g 7 Ju MANUTLEMSALITE $1uIU 5 91
uulfuawammwawmau‘lﬂmasﬂu‘uﬂmmummmumummmwfua YuAnvuIALEUNIY
Audnandlaladilermnumiefidudmssud



3.3.2 Anwnavadlalagiusanisade sporangium uaznisuasaass zoospores

1833 culture disc techmque 1‘6 cork borer sammaumuﬂuaﬂma 3 Nadwnsg ¢
usnaveulalaiides angnug Mqu fdeauuas V8 agar 81g 7 YU ‘Lamummﬂaama
summaumu@uaﬂma 5 L guUANAT waafufmuummsavaﬂalﬂimmwuﬂmqq mummmmmu
500, 1,000 wag 2,000 ppm 8gay wnf] fu Tdowhn culture disc S1uau 5 91 vuied
paunveN e 12 Falus ndsandy Tuiinduy sporanglum ey empty sporangium
NN 6 Halus e 24 dalus demuamwefidudnissuds
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NaLazITAINANTIY

4.1 WENUAZSIUTIUTDT Phytophthora spp. duvalsanizeu

nAMsiuieg et iGey wummswaLm'[u'szmnaumsmumm fanwauziluunad
imavsnawEen uay ananuilunieluma (Fisure 4.1a) daueimisvesdutinnelidnvausiy
uwavnaziulvaliy anwmmﬁaﬁamﬁanuasnﬁalﬁtﬁuﬁﬁwmaﬁn 81MsTANAWYI LAY
nSsududuseluiainew (Figure  4.1b)  Yadhegefildunviiniswenidagnese baiting
technique WLag tissue transplanting technique 1ngld@a1as PARPH)-V8 selective media wan
nalsananiFou 91 dregne uonideld 67 lolava WazlsAfmiten.28 et uonideld 12
lolaian sauwenideldvanun 79 laltiav (Table 4.1)

Figure 4.1 Symptoms of fruit rot disease (a) and stem rot disease (b) in-dufian.

Table 4.1 Sample numbers-of durian disease: collected fromorchards.

Durian Tisstie No. of samples !sdlafé no. of pure culture
Stem 28 12
Fruit aL 67
Total 119 79

4.2 AnendnwasndugIUINe 1V LT TTELNR

¢ auvaliAnanimiey

vinsguiiegediuu 12 laIﬁLaVlﬂﬂﬂL‘UaVlLLE’Jﬂlﬂﬂ?ﬂNﬁVILiEJUWLLﬁﬂQE)']ﬂ']?NﬁLU’] WU
lfuaimawunuanwmviniauuuawwws V8 agar #ail Taladifidam Wuduleduiuieg deudutuq
ams":mimmuummi V8 agar Lafesietu 11.25+0.12-15.30+0.64 mm. (Figure 4.2a) 195guLAu
‘i]”luLW’l”L‘Uaﬂi“’ﬂJ’]ﬁu 57 Fu mﬂuumnﬂumumaaL?jamamhmwmanq danldnumzdeiisn
Woudn mumﬂaumma‘lwmmmu mvhwammwaq 17U a5vdnwuzidulouas
sporangium ma’lmﬂaawawssnuwmw anwausdulofluuuy non-septate (Figure 4.2b) o
anwmmwu‘tﬁ‘iumaswum a514 sporangium WU ovoid Wag obpyriform wue sporangium
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AYMETILAAY 35-70 um warAUNIaREs 23-40 um $R51Y89ANUEMIFBAINATINREY 1.5-2
(Figure 4.2c) wananiifany chlamydospore wnlelawan (Figure 4.2d) Indnwaedingt?
anunsadwunleiluiiosn Phytophthora spp. (Table 4.2)

Table 4.2 Morphology characterization of Phytophthora spp. isolate causing fruit rot

disease of durian.

Plant

Radial

Sporangia characteristic and

Origins dimension
Isolate . Growth Chlamydospore
. (Location) Length Beadth L/B
Host Tissue (mm/day)  Shape :
(um) (um)  ratio
DF 016 Durian  fruit Sawi 15.25+1.58" __ ovoid %G 23 1.52 v
DF 020 Durian  fruit Sawi 11.25+0.12 ovoid 50 30 1.67 v
: ; Chumphon
DF 038 Durian  fruit 14.85+0.75 ovoid 70 40 "5, v
5 Campus
Chumphon
DF 040 Durian fruit 13.05:1.22 ' | ovoid 48 Ok 1.6 4
b Campus
) Chumphon |
DF 041 Durian fruit 13.13£0,15"~"6void a0 2511 ™6 v
] Campus
- Chumphon : A
DF 043 Durian  fruit 15.30+0.64 ovoid 50 25 2
& Campus
) Chumphon
DF 046 Durian  fruit 12.71%0.57 ovoid 45 30 dk v
7 Campus
i Chumphon i
DF_053 Durian  fruit 12.86+0.41 obpyriform 50 30 1.67
¥ Campus
S Chumphon . ¥ |
DF 055 Durian  fruit 11,93+0.94 ovoid 50 30 1.67
& Campus
) g Chumphon y
DF 061 Durian fruit 13.46:0.99" - ovoid 55 30 183 v
W Campus
) Chumphon iy
DF 065 Durian  fruit 12.00+0.92 ovoid 45 30 5
o Campus
h ) Chumphon y
DF 071 Durian  fruit ¥2.11+0.28 & | avpid 50 30 1.67 v

Campus
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DF 016

DF 020

DF 038

DF 040

DF 041

DF 043

DF 046

DF 053

DF 055

DF 061

DF 065

DF 071

-

um  (d) ch léfﬁydbspore

Isolate code (a) colony (b) hypha (c ) sporangi

Figure 4.2 Morphology characterization of Phytophthora spp. isolate causing fruit rot disease of durian;

colony color on V8 agar (column a), hypha (column b), sporangium (column c), and
chlamydospore (column d).
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* duvalinddunigSeu

NA98719 12 leluan wm"nwasmwmmaﬂwmv‘lﬂ‘[auuumms V8 agar il Trladlila
1 uduleduniuig deududuq amnmsmmuumms V8 agar Laaammu 13.50+1.00-
17.69+0.69 mm. (Figure 4.3a) Li]‘iiULGlSJ‘ﬂ’]ULW']”L‘U@USdJ'Im 57 u mﬂuummmumawnamam
Wdutusng vnnldammnsderisnioud mumnaumwa‘[mmmmu Lnubwamwﬂwaa 1
T asndnvuedulouas sporangium melindesganssminuin anwmutaﬂamuuw non-
septate (Figure 4.3b) szmLﬂuaﬂwmwwwulé‘luwa'iwumam sporangium WUU ovoid UUIA
sporangium finnenedy 25-80 pm u,avmmrrm 20-60 pm SRII1VOIANLINBAIINNTI
iy 1.2-1.6 (Fieure 4.30 uenanideany chlamydospore Tulaleian DS 001, DS 002,
DS_004, DS_005, DS  079,-DS 115-DS 1186, DS..118; DS 119 (Figure 4.3d) 31NANBULHINGT?
mmiamuuﬂlmﬂumjam Phytophthora spp=(Table 4.3)

L‘Uaﬁ Phytophthora spp: uanwmmamau’laamamaq RIYUUB MG V8, agar oAy
NueIMTEBIdes1UsTINET Ty nivsdavnzdulonasmsaaves slinde sqanssen
wuh duleumnfsinu Snvasidulelaliia (hyaline) TaifiniTefu (non: ~septa) @399 sporangium
LU ovoid As1any sparangium-wy papitla. aau andnumessnanaunsasawunlidaidy
Wamn Phytophthora lspp. 75198518948 Hawkswarth ef &l (1995). Drefitiand Sendall
(2001); Sangchote et al. (2004); Sumbali{2005)

Table 4.3 Morphology  characterization -of Fhytophthora spp.-isolate-causing stem rot

disease of durian.

Sporangia characteristic and - Chlamydospore

Plant T Radial . ;
Origins dimension
Isolate ! Growth
_ (Location) Length ‘Beadth. /8
Host  Tissue (mm/day)  Shape :
(um)-  (um)  ratio
Chumphon
DS_001 Durian  Stem 17:25:0:25 " Ovoid=, 40 308 133 y
o Campus
Chumphon - -
DS 002 Durian  Stem 17.25+0:63 ‘"ovoid — .80 50 1.6
0 Campus
: Chumphen i
DS_003 Durian  Stem 17.43+0.53 1 jovoid ] * 80 60 153 -
RE Campus
) Chumphon ) \/
DS 004 Durian  Stem 17.69+0.69 ovoid™ 45 30 1.5
o Campus
K Chumphon )
DS 005 Durian  Stem 15.63+1.19  ovoid 30 25 1:2 v
o Campus
DS 079 Durian  Stem Suratthani 14.56+0.53 ovoid 35 30 1A v
DS 114 Durian  Stem Hua Hin 17.06+0.47 ovoid 50 35 1.43 -
DS 115 Durian  Stem Hua Hin 17.63+0.19 ovoid 45 30 1.5 v
DS 116 Durian  Stem Hua Hin 13.50+1.00 ovoid 40 28 1.43 v
DS 117 Durian  Stem Hua Hin 17.50+0.38 ovoid 25 20 1.25 =
DS 118 Durian  Stem Hua Hin 1556+0.94 ovoid 38 25 1.52 v
DS 119 Durian  Stem Hua Hin 17.06+0.53 ovoid 30 20 15 v
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DS 001

DS 002

DS 003

DS 004

DS 005

DS 079

DS 114

DS 115

DS 116

DS 117

DS 118

|
DS 119 |
|
|

B
(c) sporangium  (d) chlamydospore

i

a

s

Isolate code (a) colony (b) hyph
Figure 4.3 Morphology characterization of Phytophthora spp. isolate causing stem rot disease of
durian; colony color on V8 agar (column a), hypha (column b), sporangium (column ¢), and
chlamydospore (column d).
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4.3 Uszliuse G'fumwﬁ'mmwiaa'mﬂﬁﬁaaﬁ'ur?’xa’)'m%asma'wwﬁﬂ

’«J’lﬂﬂ'l'iam?j@i’l Phytophthora spp. @WvalsANIEU NadauANAIUNIUAEaIAT
ﬂadﬂumﬁ]m‘tja‘iﬁ 4 ¥ia laun dimethomorph, fosetyl-Al, metalaxyl Wag mancozeb wuail
fu 3 lelwiav e DF 016, DF 020 uay DF 038 Widumuseaisiaiilostuidados
metalaxyl waz 31U 5 laleian A DF_ 016, DF_020, DF 038, DF_040 way DF 065 funu
semsinfidesfumdndes dimethomorph Tnemudn s1uau 3 leluian Ae DF 016, DF 020
uay DF_038 fifumusioansiafitestufdndesils 2 ¥lla fie dimethomotph was metalaxyl
Jednaglungu Mure”  uazwuimnlelmansouuadeasiaiitestumdnides fosetyl Al uay
mancozeb (Table 4.4 wag Figure 4.4) uay mnﬁ'aasjw,%aﬁ Phytophthora spp. mma‘lma‘ﬁ
AumSen w12 lelaan wuddidiuu 4 leleew-Ae.DS_001, DS 002, DS 003 was
DS_004 Aishunuseansiaiitiosiuindmdissrmetalaxyl uarwuimnlolmanseuussioaisiai
Joafufdndos dimethomorphyfosétyl-Al 4ag mancozeb (Table 4.5 ua%-Fisure 4.5)

MnUsafiusziuadunusea neitesiufdmge s dimethomorphy, fosetyl-
Al, metalaxyl uwag mancozeb sua\‘iL%yai'l Phytophthora = spp. WU’hL%@i”l IﬂEJE‘jSJL%EJ‘i”I
Phytophthora spp. Tiwenlsainsasssiinanternns Isalusaduaslspdusuesensnts 1sana
wuazdduivewReu S1u 48 lelaam wuidesignum 27, laluan fwvuseasingl
Joafumdndos metalaxyl oz i@osisny 5 loluan N IIARAUYBMIEY Y ANUTIURD
maaiifosiuidaiiesa dimethomorph wagus i uau 3 loluian ynlsanatwaamiFeu
sunudeasiniitiesiufmdadienld 2 gia Ae dimethomotph was metalaxyl dnoglunay
MuFg" LLav‘wud"mﬂ"LaIszjLawdaul,l,asiaamﬂﬁﬂaaﬁ'uﬁ”ﬁ'i'm‘?syas"l fosetyt-Al Wag mancozeb 1nKA
msmmaaawmﬁuaﬁ Phytophthora. spp: dawnjdiumuseaisiniitasufdaitash metdlaxyl
fefinaaenndaaiu Sukovski et -al.  (1995)" Idvhnsussiiusesuan s e uden A
infestans T,mahmsmuﬂaanummwaﬁ metalaxyl, cymoxanil tag chlorothalonil laaxanas
neaeenudn Was7 P infestans dulngiumuseaseiitosiufsnto st metalaxyl i
Ltaoﬁdaaﬂﬂﬁmﬁ’u AAng wagaay (2554),-Mukalazi et.al-(2000) Wag Fontem et at:.(2005) 7
ATkl L‘UE]S”I Phytophthord, ~spp. drulgdmneasiaiitetuiidades metalaxyl
uaﬂmﬂumﬂwamimaaaﬂiauwuLsuaﬁ Phytophthora-spp: wn’LaImawaauuamaamﬂmﬂaﬁﬂu
ma]msuai”n fosetyl-Al Lag mancezeb Feaanadasiu Sujkovski_et al. (1995) fiasneeuimy
L‘UE)’i"I P. infestans aauu,amaamﬂmﬂmﬂuﬂwmjaﬁ cymoxanil lLag.chlorothalonil emamasﬂu
msmmﬂmﬂum%Lﬁuaimaummﬂ‘u fosety-Al=4@ag.mancozeb MUAIAU WAAIMTUNANIS
wmaaamasw Phyfophfhora spp- wmum‘umamsmmﬂaaﬂummmasw dlmethomorph galsiny
PenumMsIveide Phytophthora spp. amnsasunmuseasaiitestumdndasdinaale
wenMniidmurenunsisedenvinsuiitumuseaseiiosfuidaden Wy wiuse
W hazAe (2553) 518471870 wm%aiw Colletotrichum gloeosporioides mmsﬂiml,aul,msﬂu
auunaNzaag ansadumuansiesiuidndos carbendazim  wae Bardes et al. (2010)
enUh Won Botrytis cinerea annsadumusioasiaiitesiuidnidiosn boscalid uaz
pyraclostrobin ¢
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Table 4.4 Multiple fungicide resistant assay of Phytophthora spp. causing fruit rot disease
of durian on V8 agar amended with fungicide.

Isolate : Concentration : Multiple
o Fungicide type Resistant =0

0.5X 1X 2X resistant
DF 016 Systemic fungicides

dimethomorph  12.73% (V')  12.27% (¥) 11.42% (¥) Fo'
fosetyl-Al 0% (X) 0% (X) 0% (X) =3 o
u
metalaxyl  14.41% (V)  1358% (V) 11.68% (V) F" .
Contact fungicide
mancozeb 0% (X) 0% (X) 0% (X) Fg’
DF_020 Systemic fungicides
dimethomorph  12.60% (')  12.15% (¥) 11.33% (V) Fg'
fosetyl-Al 0% (%) 096(3¢) 0%-(X) Fg' :
v 74 7 2 Al
metalaxyl 22.82% (V)" .18189% (V') 17.01% (V) Fg
Contact fungicide
mancozeb 0% (%) 0% (X) 0% (%) Fo'
DF 038 Systemic fungicides
S R
dimethomorph #12.93% (V1) 12:64%(¥) 12.53% (V) Fg
fosetyl-Al 0%-(%) 0% (X) 0% (X) F¢’ .
i« 4 v ¥ 53
metalaxyl 14.27%(¥~) 13.89% (¥), 12.14%(¥) Fg
Contact fungicide
mancozeb 0% (%) 0% (%) 0% (%) Fe
DF 040 Systemic fungicides
: e v % (V[ i
dimethomorph  12:61%(¥-)--12.23% (Y ) .11.25% (V) Fg
fosetyl-Al 5.74% (X) 0%+ %) 0% (X) Fg’ -
metalaxyt 0% (%) 0% (X) 0% (%) Fo’
Contact fungicide
mancozeb 0% () 0% (%) 0% (X) Fe'
DF 041  Systemic fungicides
» S
dimethomorph 0% (%) 0% (%) 0% (%) Fg
fosetyl-Al 0% (X) 0% (X) 0% (X) 23 i
metalaxyl 0% () 0% (X) 0%.(X) Fg’
Contact fungicide
mancozeb 0% (%) 0% (X) 0% (X) F¢’
DF 043 Systemic fungicides
dimethomorph 0% (%) 0% (%) 0% (%) e
fosetyl-Al 0% (X) 0%.(%) 0% (X) Fg
R non
metalaxyl 0% (%) 0% (X) 0% (X) Fg
Contact fungicide ;
mancozeb 0% (X) 0% (X) 0% (X) Fg'
DF 046 Systemic fungicides
dimethomorph 0% (X) 0% (%) 0% (X) Fg
fosetyl-Al 0% (X) 0% (X) 0% (X) Fo’ b
metalaxyl 0% (X) 0% (X) 0% (X) F¢'
Contact fungicide
mancozeb 0% (X) 0% (%) 0% (X) Fg'

X = Field-use recommendation rate

Fg¢ = Fungicide-sensitive, Fg = Fungicide-resistant and MquR = Multiple fungicide-resistant
X = Percentage of growth <10% compare with the control ;

= Percentage of growth >10% compare with the control



17

Table 4.4 Continues.

Isolate ol Concentration . Multiple
Fungicide type Resistant .
code 0.5X 1X 2X resistant
DF_053  Systemic fungicides
dimethomorph 0% (X) 0% (X) 0% (X) F¢
fosetyl-Al 0% (X) 0% (%) 0% (X) Fo
S non
metalaxyl 0% (X) 0% (X) 0% (X) Fe
Contact fungicide
mancozeb 0% (%) 0% () 0% (X) Fe’
DF 055 Systemic fungicides
dimethomorph 0% (X) 0% (X) 0% (X) Fg’
fosetylAl  5.43% (X) _.#0% (%) 0% (%) Fg’
. non
metalaxyl 0% (%) 0% (%) 0% (X) Fe
Contact fungicide
mancozeb 0% (X) 0% (X) 0% (X) Fo’
DF_061 Systemic fungicides
dimethomarph  09%(X) 0% (%) 0% (%) Fg
fosetyl AL 0% (%) 0% (%) 0% (%) Fg'
non
metalaxyl 0% (X) 0% (%) 0% (%) Fg'
Contact fungicide
mancozeb 0% (%) 0% (%) 0% (%) Fg’
DF_065 Systemic fungicides
i v v v 3
dimethomorph! 14.24% (') :13.50% (Y ) = 12.26% (") Feg
fosetyLAl~  5.84% (X) = 0% (X) 0% () Fg®
R non
metalaxyl 0%1(X) 0% (X) 0% (%) Fe
Contact fungicide
mancozeb 0% (%) 0% (X) 0% (%) Fe’
DF_071 Systemic fungicides
dimethomorphi ", 0% (X) 0% (%) 0% (X) Fo
fosetyl-Al 0% (%) 0% (X) 09%¢%) Fg’
s non
metalaxyl 0% (%) 0% () 0% (%) Fe
Contact fungicide
mancozeb 0% (X) 0%X) 0% (X) Fe'

X = Field-use recommendation rate

ng = Fungicide-sensitive, FgR = Fungicide-resistant and MquR = Multiple fungicide-resistant
X = Percentage of growth <10% compare with the control

v = Percentage of growth >10% compare with the control
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Control 0.5X 1X 2X
Isolate code
upper lower upper lower upper lower upper lower
DF 020-041-053- & & S, oom odi g mny. oo w a1 om. mm  on o1 o
071
Systemic fungicide

fosetyl-Al

metalaxyl

mancozeb

DF 038-043-046-
061 ‘

mancozeb

Figure 4.4 Multiple fungicideresistant assay of Phytophthora Spp- causing fruit rot disease of durian on V8 agar
amended with fungicide.
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Control 0.5X 1X 2%
Isolate code
upper lower upper lower upper lower upper lower
DF_016-040— "““ 0175‘ : o6 0'0 ‘ 040 a1e 816 0 B0 o6 016 o o 08 816 01

065-055

Figure 4.4 Continues.
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Table 4.5 Multiple fungicide resistant assay of Phytophthora Spp- causing stem rot disease of durian
on V8 agar amended with fungicide.

6t code Fungicide Concentration Peldiie Multiple
type 0.5X X 2X resistant
DS 001 Systemic fungicides
dimethomorph 0% (X) 0% (X) 0% (X) F¢’
fosetyl-Al 0% (X) 0% (X) 0% (X) Fo’
metalaxyl  11.08% (V) 10.86% (V) 9.42% (X) Fg" S
Contact fungicide
mancozeb 0% (X) 0% (%) 0% (X) Fg’
DS 002 Systemic fungicides
dimethomorph 0% (X) 0% (%) ___.0%.(X) Fg’
fosetyl-Al 0% (X) 0% (X) 00 (X) Fg
metalaxyl  11.60%4¥)+544% (v') 0o (X) Fe' et
Contact fungicide
mancozeb 0% (X) 0% (X) 0% (%) Fo’
DS 003 Systemic fungicides
dimethomerph 0% (X) 096-(3) 0% (X) F¢'
fosetyl-Al 0% (X) 0% (3€): - 0% (%) F¢
metalaxyl  11.479(¥) .1057% (V) 9:34% (X) Fo |
Contact fungicide
mancozeb 0% (%) 0% (%) 0% (X) Fo’
DS 004 Systemic fungicides
dimethornorph 0% () 0%¢X) 0% (X) F¢’
fosetylAl 0% (X) 0% (X) 0% (X) F¢’
metalaxyl 40779 Y"1027% (V') 0% (%) 4 g
Contact fungicide
mancozeb 0% (X) 0% (X) 0% (X) Fo'
DS 005 Systemi¢ fungicides
dimethemorph 0% () 0% (%)  #0% (X) Fe’
fosetyLAl 0% (X) 0%,(X)"  ".0%-(X) F¢°
metalaxyl, %, 0%:(%) 096 (%) =04 (%) e "y
Contact fungicide
mancozeb 09%.(X) 0% (X) 0% (X) ng
DS 079 Systemic fungicides
dimethomorph 0% (X} 0%.(X) 0% (X) Fo.
fosetyl Al 0% (X) 096 6X) 0% (X) Fg
metalaxyl 0% (X) 0% (X) 0o (%) Fe® i
Contact fungicide
mancozeb 0% (X) 0% (X) 0% (X) F¢®
DS 114 Systemic fungicides
dimethomorph 0% (X) 0% (X) 0% (X) Fg’
fosetyl-Al 0% (X) 0% (X) 0% (X) Fg’
metalaxyl  11.73% (V) 934% (X) 09 (X) Fe’ o
Contact fungicide
mancozeb 0% (X) 0% (X) 0% (X) F¢’

X = Field-use recommendation rate -
S
Fg = Fungicide-sensitive, Fg = Fungicide-resistant and MuFg = Multiple fungicide-resistant
X = Percentage of growth <109 compare with the control; v = Percentage of growth >10% compare with the control
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Fungicide Concentration Multiple
Isolate code Resistant :
type 0.5X 1X 2X resistant
DS 115  Systemic fungicides
dimethomorph 0% (X) 0% (X) 0% (%) F¢’
fosetyl-Al 0% (X) 0% (X) 0% (X) Fo’
S non
metalaxyl ~ 9.57% (X)  9.05% (X) 0% (X) Fg
Contact fungicide
mancozeb 0% (X) 0% (%) 0% (%) Fo’
DS 116  Systemic fungicides
dimethomorph 0% (X) 0% (X) 0%.(X) F¢’
fosetyl AL 0% (%) 0% (X} 0% (%) Fg'
5 non
metalaxyl 0% (%) 0% (X) 0% (%) Fg
Contact fungicide
mancozeb 0% () 0% (%) 0% (%) Fg’
DS 117 Systemic fungicides
dimethomorph 0% () 0% (%) 0% (%) Fg
fosetylAL  0%-3%) 0% (34" 0% (X) Fg'
s nen
mefalaxyt”  9.49% (%) 9.11% (%) = 0% (X) Fg
Contact fungicide
mancozeb 0% (X) 0% (%) 0% () Fg
DS 118  Systemic-fungicides
dimethomerph' 0% (X) 0% () 0% (%) Fg
fosetyl:Al 0% (%) 0% (X) 0% (X) Fg
metalaxyl 0% (%) 0% (%) 0% (%) Fe
Contact fungicide
mancozeb 0% (X) 0% (%) 0% (%) Fg’
DS 119 Systemic ' fungicides
dimethomorphy, 0% (%) 0% (%) 0% (%) =3
fosetyl-AlL %, 0% (%) 0% (X) "0%(X) Fg.
4 non
metalaxyl  1049%:(Y") 898% (X) 0% (%) Fe
Contact fungicide
mancozeb 0% (X) 0% (%) 0% (X) Fo

X = Field-use recommendation rate

ng = Fungicide-sensitive, FgR = Fungicide-resistant and MquR = Multiple fungicide-resistant

X = Percentage of growth <10% compare with the control

V= Percentage of growth >10% compare with the control
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Control 0.5X 1X 2X
Isolate code
upper lower upper lower upper lower upper lower

D5 001002 @R R &8 2 & = fags B
003-004

bl L] R =t

oy wy B2 L H

mancozeb

DS _005-079-
116-118

b

Figure 4.5 Multiple fungicide-resistant assay of Phytophthora SPp- causing stem }ot dis
asgar amended with fungicide.
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Control 0.5X 1X 2X
Isolate code
upper lower upper lower upper lower upper lower
DS 114-115
119-117

mancozeb

Figure 4.5 Continues.

'Y

4.4 vnedauisy avnsmmaaln‘[nmumwuﬂmamiwmﬂmwaﬂ Phytophthora spp. s
Aeansilasiuidadesn

4.4.1 ﬁﬂmwamaa‘lﬁiﬂmusiam'm'%zuvmtz’%'u“la

a]mmswmaawawammuﬂiuLaﬂawadﬂ‘lﬂmu WUV low, - medium uway  high
molecular weight 7158AUAITIMTUTY O (ymAauAN), “500,* 1,000 ' tas 2,000 ppm #anis
mmmu’tmmaLaulmamasq £hytophthora spp. $aqu & lelean (OF 020, DF.065,08 079,
DS _117) wmﬂumun‘lmaﬂasuad‘lﬂimmuuwaLmnmameaammawamumaummsmmmu‘[mmq
Lau‘lﬂwaﬂa’lmaw DF_020 uaz D9 079 uwagsgsivanuduiufimiuunadievinsadfos o
TodfeyBasioris 4 lelanaw Imsmmuﬂ"[mLana‘uadlﬂimmuuﬂgauwuﬁﬁaszﬂummLsumuma
Lﬂamumawamsmmmulmwmau‘lwaﬂa‘lmaw DF_020°Wa% DS_079 97nn1svaassswyin
umun‘l}maﬂamaﬂﬂ‘lmmu WY low, medium uaz high fisefunududiy 2,000 ppM @158
Sufsmmasydulmmadulsld 100 Wedius (Table 4.6)
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Table 4.6 The effect of low, medium, and hish molecular weight of chitosan on the

mycelial growth of Phytophthora SPP. causing durian disease.

Molecular weight Concentration (ppm) Percentage of mycelial inhibition
of chitosan DF_020 DF 065 DS 079 DS 117
low 0 0.00d 0.00c 0.00f 0.00d
500 2276c. - 80.29b . 78:33d  “88.67bc
1,000 30.99c  100.00a  91.46¢ 100.00a
2,000 100.00a  100.00a 100.00a 100.00a
medium 0 0.00d 0.00c 0.00f 0.00d
500 2T55C 88%ab  72.01e 79.38c¢
1,000 43.33bc  100.00a"=9197bc  93.75ab
2,000 100.00a = 100.00a- 100.00a 100.00a
high 0 0.00d 0.00¢ 0:00f 0.00d
500 98.12a 8824ab 99293 961B5ab
1,000 96.47a' - 94112ab’ - 9553 95.65ab
2,000 100.00a  '100.00a -~ 100.00a! ~100.005
Chitosan type (A) & . ns 5 ns
Concentration (B) & IF . )
A*B i ns i ns

CQV (%)'; 36.04 15,59 4.19 11.42
*= P-test significant at P <0.05:*¥= F-test sienificant at P <0.05; ns = F-test not significant at P >0.05
values in the same column followed by different are significantly different by B50 b#

mﬂﬂ1swﬂaauﬂszaw‘ﬁmwwaaﬁmﬁﬂmaQaﬁuaﬂﬂiwmu Wy low, medium uge high
siamié’uzi'imiLﬁﬁytﬁu‘[wmé’ﬂamaaLﬁ'?i"aiﬁ Phytophthera-spp. 31u7u 4 lalsian fisesuning
windu 0 (ynAuA), 5005 1,000 uax 2,000 ppm nuialng e 3 yilnfissdunituiy
2,000 ppm mmmé’uégaﬂﬁm%mutﬁu‘lmmaLé’u’lwaaL%ai'n Phytophthora spp. "Lﬁﬁﬁqm Fafiua
donAaediu Iuaul uazamy (2549) ﬁﬂ‘mmasuadlﬂimﬁmuﬁiaﬂ'1'5w?zyu?mimmaué’u”laﬁuau%aﬁ
awalsaiiy 4 vin luewmsideaie PDA PH-5.6 WU 1?\1@‘11’]‘14311}1305’115&?1’]SL‘«J?QJUL?IUIGW]N
viule veaos Fusarium solani uas Macrophomena-phaseotifg Thassunemsids wieis
"Lﬂ‘lmﬁmuiuvgﬂmmL%u%’uﬁmm%mLauim%ﬂﬂdﬁﬁqﬂmU@mLamgmﬁﬁﬂmas%ﬁﬂ ot ailied Ay ue
nsiyiulnvendulevendost Pythium aphanidermatum \Wunavnufsensiuveansaes
Fanuazlalevulurnsiidos sclerotium rolfsii ﬂmaﬁnuu,ﬁuimgﬂé’usj"’uﬁaamm??au%aﬁ
NINBLBANIWAY  wazannAdoiiu ¥inT1 wasAmus (2556) lavin 1sAnwUseans amunly
wwaily (Nano-Pt  uag chitosan-derivatives  (Chi-der) ”Lumsé’uéy’u%aﬁ Aspergillus
parasiticus waz Aspereillus niger Vitmn'!.é’mmmﬁﬂ5aﬁa$«'huazﬁnmﬂﬁo Fawud1 Nano-Pt szdu
ATILTLEY 1.2 ppm wag Chider Aissdumuduty 1,000 ppm fiuszansamlunissudanig
Wwigiuladulels uansnaaenndesiu ¥ad wazans (2556) A naveslalngusanis
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AAMEEIT F. oxysporum awmalsaisamdeddumaunioms wuilalneuiisesuni
Windu 0.2, 0.4, 0.6, uaz 0.8% (pH 5.6) annsadudansiiyivlnveaduldes F
oxysporum  Idfegiifeddyiioniouiiisuduganunn wasaenndasiu q4nnsel uazAuy
(2557) v‘hm'ﬁmaauﬂssﬁﬂ%mw‘uaﬂﬂimmﬁwamanﬂLﬂﬁaﬂf’jﬂumsmmm%@m Rigidoporus
lignosus @WALIATINYIIVBIEIMTLAINASRUMIBENTINRITINAUseUTALA LB IS 1A
nenuin Tneidsadoluens  PDA navlalavuiisefuninundudy 10, 100, 500 Waz1,000
uaaﬂimaam wudlalaeuiiaandudy 1,000 fladnsusodnsanunsadudinisasyvendule
‘UENL?fEJ'i’i R. Lrgnosus 1ﬂﬂ‘ﬂaﬂ uasaanAdeIAU  Hernandez-Lauzardo et al. (2008) 161
vimsfnwnieaiuidios Rhizopus stolonifer awglsaniluinuazaald wuin lalaeweide
low molecular weight fiuszavsamlunsiudimsesandulazandile wazaenndosty Liu et
al. (2007 wamaﬂﬂimm@ianwimmmiiﬂiﬁmmazsﬁﬁﬁL‘Emﬁmmm%ﬁmma Botrytis
cinerea wag Penicillium expansimasnsyiviisinansdomenuin lalngtuiiuseansnmn
annsodusamaaiadulanadidilovendast B cinerea uay P expansum|#iiian uaz
feaenndaiu Sunpapaoetal. (2013) liimsaAnmlalavusanisiiudsnseiydildveate
31 Phytophthora botryosa awglsalusashusgwas wuindes 2 botryese fitasautio wns
PDA Finaalalaguiistaunududu 0.5 me/mi-i mmsné’uéy’amsm%zglﬁuimaué’u’[ﬂlﬁﬁﬁqm

4.4.2 ﬁm:nwaﬂae‘lﬁiﬁmuﬁiamsa%"n sporangium kazni13tlasnUass zoospores
wun 1{i819a1 48 Halug u"mufﬂmaﬂmjaqlﬂ‘[wmmaumnmqmaaamammusmﬂm
mmmﬂaimumummsaiw sporangium | uazIvAuAMLINTulia AN seatiiagiedl
Teddda s 4 lelotam IﬂwmuﬂiuLaqaﬁuaﬂﬂimmuﬁﬂg‘jﬁuﬁuﬁ’ﬁiaisﬁummﬁu%’usﬁamaa
lolwan DF 065 wag DS 079 “lagwuii ﬁmﬁﬂimaqamaﬂﬂiwmu WUU low, “medium uag
high AAseduAudutu 21000 pprm-Atualtuansnusanisadns sporangiurlaaian (Table
4.7)
uan9ni wuih siinvaslalnsuiiuunndnenlsadndenisuastaon zoospores kiNE
leloianiien fio DS 079, %, wag sysumrmudndulifiaanansiwitedansdenisudadaes
zoospores aniiu lalvian DEQ20-dagnuntlnvedalasaufiuseiuanudhdulufiufduius
mMeadidnan1sUanilass zoospores(Table 4.8)
%'mmsm@aauﬂsvﬁw%mwmasﬁlﬁwﬁ’ﬂhmnalﬂimemmjﬁ@ low.uaz medium molecular
welght AONTTET sporanglum wmﬂﬂimmm 3 ﬁuummvﬂummmmu 2,000 ppm @158
EJ‘UENMS?ISN sporangium ‘U’e)dlfliaiﬁ Phytophthora spp. lmwam mmaaﬂﬂaamu JUALD Uag
AUy (2549) ﬂﬂmwasuaalﬂimmumamiaswaﬂamaLsuaﬁmmmisﬂwszj 4 wila wuailalegiu
am1'imjvaamsaiwaﬂawamaﬁ F. solani, S. rolfsi, P. aphanidermatum uwaz M.
phaseolina  l¢agedituddey Lyamiaumsmﬂwqﬂmmu LALARARADINY YRS LazAY
(2556) lavihnsAnwdseansatn Nano-Pt uay Chi-der Tunsudaudos A parasiticus Way A.
niger maﬂlmmmwamaaﬁamuavwﬂmmm F9Wu1 Nano-Pt seAUAMUINTY 1.2 ppm WA
Chi-der fissfummndudu 1,000 ppm fUszandamlunisusasnisaiealedls uazaenndas
U &l wazAug (2556) ﬂm:nwamaalﬂimmumamsmmuLﬂzja'i"n F. oxysporum anvinlsaiien
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widedludausideme nuiilalavuiissduanudutu 0.2, 0.4, 0.6, war 0.8% (pH 5.6)
aunsovzaemsaduaeiventes £ oxysporum eghiiuddrdlowSouiisuiuyamuny
wazaaAMdeaiu Hemandez-Lauzardo et al. (2008) ldvihnsAnwiAgafuides R stolonifer
awnalsaniludnuassalsd wudt lalawuyda high molecular weight dsmaligusisvesanes
nsasalesuaznisenvesaUasiuisuuias wazaenndasiu Liu et al. (2007) naveslalagu
m'am'imumﬂimﬁﬁLmuazswﬁfﬂﬁuLﬁmmm%aﬂmms; B. cinerea Wag P. expansum Wa4n13
Lﬁmﬁmwaumﬁammamﬁu%ﬂmﬁqquﬁ 25 uay 2 ssrnwaidea wud lalaguansosud
nenvaEUes MMENITes germ tube wasndpuviasntavaduasaveveaion 8. cinerea
uaw P. expansum wisgalsimamudn Talaguia 3 vilalifinadanisuandaes zoospores

Table 4.7 The effect of low, medium,-and high molecular weight “of chitosan on the
sporangia of  Phytophthora spp. causing' durian disease™at™48 hr. after

incubation.
Molecular weight Concentration (ppm) Percentage of sporangia inhibition
of chitosan ‘ OF 020 D 0gar  D35079==DS %1%
low 0 0.00c 0.00e 0.00e 0.00e
500 35.2008 | 38.@6Cdgl 36 dicel L 82.69a
1,000 0301EEE- ¥aP%uld Stehe “w61.972¢cH
2,000 303200 5138 e afictty i68.2 2bed
medium 0 0.00c 0.00e 0.00e 0.00e
500 22.50b¢  '49.26bc I 25.66d+ 1 49.62d
1,000 31.60b  44.29bcd. 44.80bcd+ 80.83ab
2,000 26.23b_ 61.74b 147.77bcd 75.54abc
high 0 0.00c 0.00e 0.00e 0.00e
500 37456, 53.62bc 767.97ab . 89.78a
1,000 A3,558 H700be 77.30a % 91.79a
2,000 8455a " 84.88a _ 84.11a. .88.59a
Chitosan type (A): . ** L i i
Concentration«(B) A = i i
A*B - ns ns s

CV (%) 46.99 34.62 35.65 19.18
*= F-test significant at P <0.05; ** = F-test significant at P <0.05; ns = F-test not significant at P >0.05
values in the same column followed by different are significantly different by LSD, s
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Table 4.8 The effect of low, medium, and high molecular weight of chitosan on the

empty sporiagia of Phytophthora spp. causing durian disease at 48 hr. after

incubation.
Molecular weight Concentration (ppm) Percentage of empty sporiagia
of chitosan DF 020 DF 065 DS 079 DS 117
low 0 3.83ab 9.74 10.70ab 8.31
500 2.78ab 5.10 6.31bcd 9.03
1,000 1.67b 2.86 7.34abc 515
2,000 5.83ab 3.47 13.93a 0.76
medium 0 3.83ab 9.74 10.70ab 8.31
500 1.39b 10.00%,_6:59bcd 0.93
1,000 4.17ab 5.90 7.72abce 3.33
2,000 8.63a 10.00 2.84cd 1.19
high 0 0.58b 3.28 2.91cd 4.47
500 0.67b 1.85 3.28cd 4.58
1,000 0.00b 148 0.00d 2.38
2,000 8.33a 417 5.83bcd 2.80
Chitosan type (A) ns ns X5 ns
Concentration (B) A ns ns ns
A*B ns ns ns ns

€V (%) 11360 92.24 62.17 153.93
*= F-test significant at P <0.05; ** =.F-test significant at P <0.05; ns = F-test not significant at P >0.05
values in the same'column followed-by different are significantly different by LSDy4:
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Low Molecular Weight Chitosan Iuhibits Sporangia Production of
Phytophthora spp. Causing Durian Disease in Chumphon Province,
Thailand

Phanida MIKHLONGBAFENG', Pornprapa KONGTRAGOUL'*

! Program in Horticulture, Department of Agriculiural Technology, King
Mongkut's Institute of Technology Ladkrabang, Prince of Chumphon Campus.

“humphon, Thailand
Abstract

The effect of low molecularweight chitosan (LMWC) was evaluated onsporangia
production of four isolates of Phytophthora spp. causing fruit and'stem rot of
durian. The culturedigc of all tested isolates were soaked in LMWC solution at 500,
1,000, 2,000 ppm, and sterilized distilled water (control)., The sporangia production
was observed under the compound light microscope after incubated for 24, 36, and
48 hours. The result showed that LMWC had potential to. inhibit the sperangia
production of Phytaphthora spp! from the early stage of incubation (24 hours). At
the end of incubation (48 hours), it revealed {hat EMWC at 500 ppm were inhibited
the sporangia production of all tested-isolates in the range of 35.29-82.69 percent.
Moreover, the LMWC art 1,000 and 2,000 ppmin ail tested isolates gave the percent
inhibition in| the=tange ol-24.40-61.93 and “35.91-63,22 percent; respcetively.

However, their antifungal activities were significantly different in each isolates.

Kevwords: chitosan, phytophihiora spp., durian disease

# Corresponding author: E-mail address: kkpornpri@kmitl.ac.th
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