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UNANED

\Fususadesn Phytophthora spp. GUINVCISCUICHY mmiaLLaﬂL%aU%qwéié’ﬁﬂuau 79
loloian dusuu 24 leleian Wovaadeuarudumuseasieddestufdndosvaisvia fe
dimethomorph, fosetyl-Al, metalaxyl 8% mancozeb UL®I11S V8 agar #8735 poison food
technique wenansiaiifesuidndositrnududy Aswesdnsuuzh, Sasuusih warvaeasi
vednsmuzt Uspdliussiuanudumu dell fumudeasieiitostusidaidos [resistance
(Fg') > Sasuuzii] uas souLoreansAiifosiufdnios [sensitive (Fg) < Shvuuzi] wu
Fesrsiuau 7 lelatan drumuseasiaiitosiuminmosn metalaxyl wazidosisuau 5 lely
o drumusieansaiitesiuminidesn dimethomorph Tnenuinsuau 3 lelaan annlsanain
vomiSeu fumuseaainddesiumidnitonls 2 ¥da Ao dimethomotph uaz metalaxyl 353
ogflungudnumusiomsiaiitiostuiidaidosmatvia (MuFg") uendnifnwinavedlalagiu
dhwiinlananas drunans waggs fissduanudadu 0 (aeuau), 500, 1,000 wag 2,000 ppm
semswsasiviamaduleveadest Phytophthora spp. amnlsnyiseu Le3s poisoned food
technique WAZABDNITASIY sporangium  karn1sUaaUaes zoospores  1ABAS culture  disc
technique NANITNAADY WU ﬁmﬁﬂiuLaqaéuaq"l,ﬂimsmuﬁ”'qmmﬁm fisyuauduty 2,000
opm Siszansamlumstiufimaadyiviamadule wazdudenisadrs sporangium I¢Aian
wioglsinny lalsguynnssudshiiinaunnsansaifsenisuaniaes zoospores

ANEnARY: Phytophthora spp., N3y, lalaenu, fereasnlidesiumdntesvalevin



Research Title: Control of Multiple Fungicide-Resistant Phytophthora spp. Causing Durian
Fruit Rot by Some Chitosan

Researcher: Dr. Pornprapa Kongtragoul
Faculty: Prince of Chumphon campus

Department: Agricultural Technology, Horticultural Program

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 dimethomorph,
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 1/2X; 1X, and
2X of field-use recommended rate. The level of resistance to each fungicide was
evaluated and grouped into 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 dimethomorph.
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 chitosan at 0 (control), 500, 1,000 and 2,000 ppm were to evaluate the
in vitro on mycelial growth 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 results show 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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1.1 anudunuazaudifyvaslym

ﬂmeﬂWiLﬁmIiﬂﬁmqﬁ’a%’Jﬁmﬂ nnsThanevendes Phytophthora spp. dudu
annalsasnag vesfivansvialulsemealng Wy s1em1 ydou funss Wuaivgliin Tse
Anedu 1salusag (leaf fall), Tsandusn (black stripe) wazlsnanAuLLIv03819%9199 (twig rot of
polybag rubber) {uanuslidnaninnisudnana (ﬂ’ﬁ'iﬁ{fﬂLL@%W&NU’]ﬂ’]i@H%ﬂ@ﬁULLaSﬁﬁﬁuﬁ
fiwls, 2508; drfnaunamuanaTzinisvhaiuen, 2555) Lewhegivsumavesivedagly
wmanmgienawuuieutuiitunnynifounaenist Ussnoududnvasdurentosviiniondy
tiluuasiu afwalasliuuuadbuasliog Tnuaeiftlisdumeshmaimidlun
Tindeuiludrmiuazassndsldegnaniaigy dwmaliAnnisunsszuinldsnia Jagou
neasnsuidaymdinantidulaenisidasaiidestuidadosaianieg wu cymoxani,
dimethomorph, etridiazole, fosetyl-Al, metalaxyl phosphorous acid ag oxadixyl e
AIUANITDSY Phytophthora spp. meazmnuazldnaniaii lneanseiitosiumdndesivia
a9 i pengrsuuuIsrIudnuenalamsTLedfiuandeiu (53Tudng, 2543;
Davidse, 1988) fwdnuazn1soengrskuUTIIEiUEnaufiunmsldansiededseiies duma
%’ﬂﬁﬂﬁl,%aﬁLﬁmmiﬁmmﬁaﬂ%’uéﬁLﬁammaéﬁam auLﬁmmiﬂmaﬂ’uﬁ‘ﬂumaﬁuﬁ‘ﬁg@]@iams
doafurndnideniu LmaLﬂ“@mmmmimmimmumma6] fanan Wenaeiusfinanewugiese
asinfifanegsen lnsdnwarnisnanetusiinanianninenendiugnvaiuld dwaliinns
waimmmﬂmmawqﬂmaqmwmﬂﬂéﬁmimgm (acquired fungicide resistance) (Brent and
Hollimon, 1998; Deising et al., 2008; Damicone and Smith, 2009) Uizﬂauﬁumm‘%’amma
vilwilanoroasaiitlostuidadosivateaia (multiple fungicide resistance) denals
inwasnsfesUszauiymiliannsonuaunsifawazundssunvendoavntug 1§ Fudalsa
gifitnen  TamviefesduuFosiunuuaznarlunsdestuide mnmaradnanisilian
anudumarlumsiesfuidalsaiinty madennilslunsandymeinanie nisldansildan
sssumpfiinuantilunsdestuideannguedlsaiiy aans18aures Bautista-Banos et al.
(2005) wuin lalssuannsomuaudesauvaliafivld dusunuiteadelifngussasdiie
Anwdo37 Phytophthora spp. iineseansiaiidasiumdavansvin nSeudnvinaveslalng
somsfudamaliyiulaveadosngudindn Weuduannsldasall Suasinlugnismisd
wanraslunisnugulinegrgnieuasiivssaviaiw Snvadagantymarsiainndidly
5350975 danalilifnuaiivsoanintindey wasUasnienainuming

1.2 InQUIzaeAvaINISTIY
AnwUszdnsninveslalaguunssiiniiioniuauiasn Phytophthora spp. @1uelsANa
wvewiseuedeasniivesiuidnvaieyin



1.3 Y9ULUAYBINITIY
naoarIaIfiiuuIUsznalue Yszaviguididy Ao n1sdvinansvendes

Phytophthora spp.  ansiaiifesiufidaidesisiiasiieg %Lﬁuﬁqﬁgmﬁaﬂimzﬁuﬁuﬂ Jdie
widamdanan mseldnad warsind windunuinisldansinfegesaiies Adilinisseun
w031 Phytophthora spp. T,@aﬁauuag’]u’hm%Lﬁmmiﬁaﬁiaamﬂﬁmq6] Antulusssuwi
oedlaidi wranaiidestuiindosviainag sengrsuuuianziaizassumizgamunaln
matadifumnsnsiu dsenousumsldediseiiles dwmatniilidesifinnisiau uieusush
loaifleAnueEsen Aamsnaeiufuaetusiinesoastiosiuiindeniu Wenvnins
Hnddamanifindridenmeiusiinaneiusssnsegsenld Fadnuurnisnaneiusiina1ianid
annsadnevengiugnuanladnie wazdwmalimAnnsifinynansluwlamgnueanyninsg
8laelsidin liinensnsuszauilymllannsamuaunisiouasunsssuinvedlsaild sauia
fosdudesiunuuaralunisestuidalsn anmamadinandnhliasaudusadluns
HosurndnlsafiAnia

PINMIATIVABUMANUTUAMLTDT Phytophthora spp. fineseastetuirdavancin
Aetuudalusssud auyigiudennfe dosaauiinaidonguiiasaenisldlalpsuuisia
wszduasildansssunifinuandilunistostudoavelsafis nawuaaiaingudnan
nsldlalaeudunuimadon wendeuiezyivannisldasiaillunvasan Tnsaaniainey
ansnsnanUiinandeniioseaaaiitioatufdavanesiald

1.4 Ad1AYVBINITIVY
1.4.1 58U (Durian)
1.4.2 lalpwu (Chitosan)
143 Aosoansieiitosiuiida (fungicide resistance)

1.5 Uszleauniaadinazldsu
WensuisuseansninveslalaeuuisvliaiionIunuLies) Phytophthora spp. @we

Y

Lsanaivemseu Nnedeasiaillesiumdnvaievin

a Y o o &
NASY TTUTIUAZIREA IdALaU MU | Yduse

1. AISLNYLNSHNAIIUNI9IBINT5(Publications)
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UNN 2

nufuazauITeningItes

2.1 wwannamsiglalaeulunisauaulsaieg

lalagwdululalndwessssumanainaintafiu - Felesrdsznovdrfgluzees D -
glucosamine (Figure 2.1) wuldlusssuw@ tnedussdusznavegluidonuenvesdainn A
dy < ada o 1 o & a @ [ a . .
LUad wazes Wuanssssuranlanvaglanduanizss e Aludandinin (Biomaterials)
siaaaawmmiswmﬁ ﬁmmﬂaamﬁﬂumsﬁmﬂ%’ﬁ’wuwélmﬁmmalﬁﬂuazﬂaa@ﬁma
dawanden Tuiinnsui Ll lnwaglaiidufiv (non - phytotoxic) mamﬁ uaﬂmﬂumauaﬁumi
WnUSawesadidan Wussruseneudeiduaigsnuuinmi 9 auuumaamsmmmmwmsm
gvnsluAfuLenaniFiimuanansaduiulessusing o 1w TUdaden uaaen wuniiges
<@ a" I~4 6 1 = % 1 1 1 Qg‘, = 5 alll [~4
widn Weas Nidulszlevidensuainey q JanUaoarsinartdunie viadimszlaleeu iluly
lalndweiniusyy aziudsheannisyzaauazyglvnslddeiiuss@nsainunndu (35, 2543) &
d' [ dl> I c{' 2 aa A [y dy
senudeiunsldlalamudaduasnlannsssuniinuaudilunisdesiuieaivgvedlsa
fiw (Bautista-Banos et al., 2005) n1sipdeuannuginadmelalagiuaiuisansziuns
AuvIuNIsdvinaneveadiosn Fusarium graminearum fiRAsENIUNIGLAATUE Tnavinli
f & & I & o a1 & av oA P
Wasldudaueen wazAukduswestdaiusanitudanliindeumelalagu (Reddy et al,,
1999) nstluszaAnsamvaslalawuTuedivein warszazn1sRSYRULATOLYDT N1598NTBY
ales waznmsaseyulavesduly (EL Ghaouth, A. et al., 1997, Benhamou N. et al., 1994)
miaummammmaﬂmm Taun 1Welisa wuafise wasidesuneiln Iaglalneuasd
NN @duie Fredudinisiinlsanslunsannadiolsanwwal (Snwlsafiy) wazasna
¥ Y =l ‘:l' ra ::qu a ua‘zl' ‘§ [~ Y] ¥
Anusmunulsaliduieilifnge  laglalaeudauauiinainisooengnsidudinsedu
(elicitor) siofivld aznsedussuvdesiudeseaiiy vilvisndneuleduazaisiaiiiedaariu
auavaeYiln Nvdanlenanazgnanaalaeweaivglsanile lalaguaznsequliininda
a15andunarnudureINvuINTIL Ava1u1satosiumied talagua unsadnasunIsiiuUS LI
qaunsdnduselewilufu wWu We Actiomycetes sp. Trichoderma spp. yinlviian1sanusuin
vosgauvsenduvelsafiy 1y Wes Furarium Phythophthora spp. 181 (n11# 2544; 3§

2543; @i 2543)
oH oH
] ]
] o Gf’f
HO HO
MH, MH,

Figure 2.1 Chemical structure of chitosan




2.2 L%'aiﬂ Phytophthora spp.

{031 Phytophthora spp. Lﬂm%@mm{?ﬂiﬂﬁ“d viliAne NI Agunss el we. 2419
viole 135 Y Anton de Bary Lﬂuﬁ&gﬁaﬁwﬁmﬁdw Phytophthora (Greek : Phyton and
Phtherio = Plant destroyer) fimmmedn “gvane” ilesanlunduiuialsaluludvoiy
N%ﬁismmmm ﬁﬂﬁmiﬂaﬂﬁw%’ﬂﬁmma’s %uhjmmiamﬁmﬁaﬁuw%"alé’wal,ﬂmﬁwnla% R
Uslnauomisvan LﬂummimmiaiﬁummamasrmamnaLﬂummumﬂ mmmama@ﬂwmmu
muiua‘wEJ‘WWLmawmﬂuua“mamﬂﬂmLwaiwiamwu BNYNFaANITUIN (Zentmyer, 1983)

Kioeh Phytophthora spp. 98¢ty (Hawksworth et al. 1995)

Kingdom Stramenopiles
Class Oomycetes
Order Peronosporales
Family Pythiaceae
Genus Phytophthora

031 Phytophthora SnunauarsUstsiuuusnn Tud w.e. 2506 Waterhouse (1973) 16
M1 key N13914UN species U831 Phytophtora 374U 48 species  U9Uudn15914uUN
Phytophthora 1iudn 80 species valan LﬂuL%aﬁizmwié’quLLiﬂmaﬁﬁﬂj‘ﬁ'Lﬂuﬁ%mﬁaﬂ’jmﬁqﬁu
il fisnuassiuie awnsaasaleslidiauuuends warliofoma dmsumsldnaumadonin
zoospore 4ialu sporangium ioudifuiindeufiazunnaenuvng papilla nwaizaes zoospore
e (flagella) 2 wns finnuedldwiiy  madadudnvazwuuduiidvugeulnesoundie
wUsd9an  (tinsel flagellum) vimdnfigelunliludrandr  Snmewmdsfidnuasadoud
(whiplash flagellum)  viwihiigaelunlineenddunsndoudne  ssenisined  dhwas
sporangium gﬂmmm%ﬁ (lemoniform) sUluUanedin (obpyriform) w3a3UlY (ovoid) Hilsves
oogonium fisiuuidey v3vse viadunslungth (uilsifivuu) wifs oogonium 8199MuITY
LLazﬁﬁﬁ’lma du antheridium 1Juluu amphigynous (Htley species Fdunuy paragynous)
(Waterhouse, 1973)

dmsululsanalnedes Phytophthora fwuléiun P. palmivora, P. parasitica, P.
C/nnamom/ Wag P. botryosa, P. infestans Kioen Phytophthora spp. LUummmTﬁﬂsuam%
\sugiafidfavansuia 1wy lsaduiuessnanng lsasni Taui uagsaui vesmiFeu W
sveznauarsveviuliive ludssmalnedditgmsudesviaineudian @wus war $ns
Wa¥, 2541; fwus 2502a; 2502b; ieula uazane, 2505; nauiTewazIAIIN TS NYRUWAZI

[
N

Huiiiials, 2548; @aouAspeIIN, 2553)



2.3 MsAerIaRIUMURRE1sUBINUAINBSY Phytophthora spp.

(%
wa o

NAITAALIATDIL NI TINLNITUNTTEUIA LLa E)UG]‘?H"?J’]ﬂ“V]ﬂU mmmamﬂmﬂswmwm

=

ﬁwauﬁmmmaﬁvﬁamma Suiliaunnts “nsaeen” wiediaenlumdiznsin Fungicide
resistance  suduraduiiioananmsldasieiiurazednsoiioanenuiu ndymmsaese
asdestufdniden Lﬂuﬁ'aaﬁwﬁmiumumiﬁaqﬁ’uﬁﬁmﬁ’mﬁﬁu Lﬂuﬁﬁ]ﬁ’aﬁ%damadwmsﬂmﬁu
ﬂ’]ﬁ]ﬂﬁﬂiWGU@’JEJﬁ’]iLmJ edugring vioduwan wuamwama MsReEn kardansdanisiu
nseen sty ilesrefuvieszasnisian mmamﬁuamammmlmwsuaaﬂlﬂiﬁlmmumaﬂ of
mawmimmmwsmammﬂ%mimu auiusnauanavnssuaiinens  (Crop Life
International) fnsdnss ﬂmwmmumuuimmawu 38n31 AaTURIUUIMITANssAes
mmuagﬂuﬂizl,ﬂwuamil,ﬂu WU astidnides AaniSenit aagiauuimsdanisdedunis
ReveEnsindaLde (Fungicide Resistance Action Committee : FRAC) AL
Usgnausie dnivenmansannudendneg medwaiiinunsialan unsiufuiieusindy wae
vgrmumievhausmiuinineimansainantuide voantunsinwivessy lefnn
nsWmuIMsAesonduasiaiiingg iduusihiivuaivegrasanailumsldasailfya
dieBnengnslinumnailviiussavsamegldunuiiaavie na1idndenil fe defiunsiesn
FeAsmImanemand nudhvasiivielllusemdlng fneu fnsiidin mamegeu msie
o1 wedlagithe wsiliisiowlles enafuifivsniwaulaemnzyanavesinide Lﬁa"‘;%’mt,é”; Aladlei
mamamlmﬂﬁuﬂiimuaemfmfm mamamlmmuiuw uaedtlsifmieaula faniasguasienvy
GL‘Viﬂ’J’WﬂJﬁWﬂiU Twdesdl qil nmsresn SuinTuud Jumnugadeniaasugiavesnd u
AnugapdedunuMsHAnYeanYAIns wazthluguannimen (low productivity) T8numsNS
Sond gaudeduu uay gapdedls finsagldainnisudn dadestl asfesiifeyaivinisuay
AMuugihaintninns uastiteliiAasalumajoRednaieds desfinusuiioszuing neds
AIALONTY UAZINYAINT JEUTAUIMNTIANTS Nsldansiaillviiuseleviigean

910 Table 2.1 uanwiinvasansiaitostuidndes Phytophthora spp. ¥1a#19°) 270
N13AALUasan 21 Fishel (2009) wag Fungicide resistance action committee (2011) Wu"
\Ta51 Phytophthora spp. :ﬁiamaL?imeiami??amimﬁiuﬂ&jm Phenylamides g4 duluansiail
1Uﬂaq'u Aromatic hydrocarbons & heteroaromatics Wag Cyanoacetam-ideoxime L%@iﬂ
Phytophthora spp. flemanelusziuuiunats - s dauﬂdmﬁuasﬂuszé’ummﬁwﬁamsga
seifuin usteenslsfimuagdlddn Wes Phytophthora spp. firmudssdenishedeaisiaivnngu
wansnafutufusiinvesansiadl Seilddewhnsinuseld



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  Etridiazole 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 ~ Cinnamic acid Dimethom Group H: H5:
Amides amides orph Cell wall cellulose
biosynthesis 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 Ethyl 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)




UNNA 3

A5andun1599Y

3.1 NUTIUTIMUAANIAN BN IR G WIS YR Phytophthora spp. d@wnlsaiiy

Lﬁm’mifmﬁaaﬂ’mnL%fsluﬁl,l,ama'm']smaLmﬁLﬁmrmL%aiﬂmLm Phytophthora  spp.
wiantuiindauazdnsinsldansiostumdndesviadug vhnsuenideslaodatuiisusia
wiatuiiloifeundlifawaUssin 05 x 0.5 wuRwns dudeiiialneudlu Clorox 1-2%
Uszanas 12 il uasdin selective media \ufuruiausvana 0.5 x 0.5 wufiuns lasuiuly
hnduissindeuslifgamgiivies iunan 48 #alus Tedretu selective media 19unIMS
selective media 3na¥s Uiilifigamgiiviesuszana 2-3 Yu Wedunafiudulaesiadyesnain
Fududin Tadeunaaedulonnnauuei Ve agr vmdelifigungives uaziinisuen
Fossavdiiudediumidslilu PoA sant dwiuldlunsveaestusiely thidefnenlddnu
Snvarmaaduiivle duloventes laladl uaz sporangium
32 ps29dUe Phytophthora spp. finoreansdastuidndosnvinniieg de3s

Poisoned food technique

As1deue Phytophthora spp. Tineseanslesturidndesviasme Tneldansad
i’]aqﬁuﬁﬁmimﬁ%muﬁLﬂwmﬂsdaﬂwiy%’ U 6 via lawn cymoxanil, dimethomorph,
etridiazole, fosetyl-Al, metalaxyl phosphorous acid tLag oxadixyl Alasunstunsfouain
nsuimMsnuns (2549) Ingldansiostumdnsieg fsssuaududu 3 seduluemsiasade
V8 agar Fail $oENINADWNNVDIDATILULYT, DNTIHULLT  LATUINNINEDAYINVDIDAT UL
aniuld cork borer YUAFURUAUGNA1 5 Hadluns faushameulalaiidorfiiesuueinis
V8 agar 019 5 U mwumummn?:m%aﬁﬁLé’umuquéﬂma 9 [wuRLAT Usyunu 15 1adans
fnauanstlesiuidnlanfivusazadn Ineveaeusiuau 5 1 Uniefigumniives tufinuunudu
Hugudnanslaladl Womwamilesidudnistudinisiesyreandule Wisuiflsudnvaslalad
ﬁ’wmmuamﬁl&iﬁmiwammsLﬂﬁﬂaqﬁuﬁﬁﬂLs'%iuaiw InEUTEUTEAUAUA U UAILAG NN U L1
Yo A uaz B Fafauasan Koenraadt et al. (1992) uaw Peres et al. (2004) fsii

) -«-*3 Ao [ -«-*fl’ v &Y R 1 [ o w dy !
dngeslolaaniidnsziududesaeiugiumu (Fe) searsdasiuidagesiuinni
a Y U 6 . .. . R d" o 1
2 viia Tidaduaneug multiple fungicide resistance (MufFg) wianlunaaeuseluluns
NAADIN 3.3



3.3 naaauUszAnsnImvaslalagIuunlindan1s1aseyvaiyasa Phytophthora spp. N1Ag
Aoa13UaINUNINLYDT

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

Jadeii 1 vlaveslelneuutwnutminluana fe
® chitosan low molecular weight
® chitosan medium molecular weight
® chitosan high molecular weight
Jadof 2 seduanududu fe
® control
® 500 ppm
® 1,000 ppm
® 2,000 ppm

INTLAUAIMUATUNURDFTUBINUMIMLTDT 2 S¥eU (Table 3.1)

Table 3.1 Phenotype-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
ng Sensitive (S) X X X
v X X
FgR Resistance (R) v v X
v v v

ng = Fungicide sensitivity strains
FgR = Fungicide resistance strains

X = Percentage of growth < 10% compared with the control
- Percentage of growth > 10% compared with the control

3.3.1 Anwnavaslalagusamsasyniadule

WwienoTmMsLAeate V8 agar ﬁﬂﬂumiﬁwhLﬁ?’f’amﬂﬁuwamwﬁmﬁm%ﬂﬂim%ﬂuﬁnﬁmwG] 7
sefuadudu 500, 1,000 wag 2,000 ppm WisusuRUgmUALT linauHAnfuslalagy
wildauomsdsadefiiduinuaudnans 9 wufuas Jssina 15 faddns 9nduvagounis
fudamaiaigueadules Tagld cork borer wuAdusuguSnaTs 5 Taduns dnuTnmuveulalail
eosaneiitug MuFg” fiesuuenms V8 agar 018 7 Fu 29asuuI U WNIRENTe $1uu 5 91
vudefigamnivesaudulodonlugnmuquisdyfivaueadonte  dufinuindusio
audnanslalafifiedunmiesfudnmsduds



3.3.2 Anwnavaslalagunan1sasne sporangium uazn1suasnuasy zoospores

g5 culture disc technique 19 cork borer wuadusuAuEnaIe 3 Tadwns dn
vinaveulalafifesn aeiug Murg" Mdesuuemmns V8 agar 01y 7 fu ldnuemnsdsade
YUIPLFUNIUAUGNANE 5 LYURLUAT wdniwharsazanglalagueiase ﬁ'ﬁyé’m'smvﬁwﬁu
500, 1,000 uaz 2,000 ppm egwaziig fu ldauvia culture disc $1uaw 5 41 Ui
paumndivies Wunan 12 Halus wdsndu Sufindiuau sporangium Waz empty  sporangium
yin 6 $2ls Hunan 24 $las iWleduumiesiduinisduds
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NAKAZITUNANISIVY

4.1 WHNUATSIUSABST Phytophthora spp. AnALIANLTE

MnnmaiusegniegnamiFeu Mfemsuaiinlusseyieunaiiuiies Tdnvazduunad
thmavsnuuden uazgnanudlunelusa (Figure 4.12) drusimsvasiuiinneddnwasdu
unauuagiiilvady Snvasidededenuandoliidudthnady o1nsazgnanuilidy
nssududuneluiaidenn (Figure  4.1b) tsegeiildunriinisuendedieds baiting
technique wag tissue transplanting technique lagldo1115 PAR(PH)-V8 selective media wen
nnlsemaniFeu 91 fegs wenidold 67 lolmian uazlsadundeu 28 Foge usnideld 12
lolwian sausnioldviomn 79 lolwian (Table 4.1)

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

Table 4.1 Sample numbers of durian disease collected from orchards.

Durian Tissue No. of samples Isolate no. of pure culture
Stem 28 12
Fruit 91 67
Total 119 79

4.2 ANYIANEAEN T UFIUINYIVDAYDINHIMA

¢ gunnlsanaimiey

] Y 1

inN1sdufieg19d1uIY 12 laismawmﬂﬁaﬁusﬂlé’mﬂwanL%‘auﬁuammmimamw WU
Woswiueiidnvarlaladuuenms V8 agar sl Taladilden Wuduledonuieg doududug
$MIINISA3UUUDIMS V8 agar LaBeneTu 11.25+0.12-15.30+0.64 mm. (Figure 4.2a) 1a3aysfia
NuwsdoUszanm 57 Tu niudaduiurendeidsdifutwing thunldaimeideiisn
Fouda utndudndeliiiuduiu ifulifguugives 1 Yu asradnvuzdulouay
sporangium nelandesganssainuin dnwaziduleiuwuu non-septate (Figure 4.2b) Faudu
Snwariinuldludesdus a¥s sporangium WUY ovoid wax obpyriform YU sporangium i
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AMNETNAAY 35-70 um WarANNi1uads 23-0 um SasvesAILEIRenINNiILaEY 1.5-2
(Figure 4.20) wananidanu chlamydospore vnlelwian (Fisure 4.2d) MNENYALAINGT?
annsaduunlalues 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 35 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 1.75 v
- Campus
Chumphon
DF 040 Durian  fruit 13.05+1.22 ovoid 48 30 1.6 v
- Campus
Chumphon
DF 041 Durian  fruit 13.13+0.15 ovoid 40 25 1.6 v
- Campus
i ) Chumphon i
DF 043 Durian fruit 1530£0.64  ovoid 50 25 2 4
- Campus
) ) Chumphon )
DF 046 Durian fruit 12712057  ovoid a5 30 15 4
- Campus
) ) Chumphon ) v
DF 053 Durian  fruit 12.86+0.41 obpyriform 50 30 1.67
- Campus
) ] Chumphon ) v
DF 055 Durian  fruit 11.93+0.94 ovoid 50 30 1.67
- Campus
‘ ) Chumphon )
DF 061 Durian  fruit 13.46£0.99  ovoid 55 30 1.83 4
- Campus
‘ ) Chumphon )
DF 065 Durian  fruit 12.00+0.92 ovoid 45 30 1.5 v
- Campus
i ) Chumphon i
DF 071 Durian fruit 12114023  ovoid 50 30 167 v

Campus




12

DF 016
DF 020 ‘ =
DF 041
DF 043

iFd
DF 053 \
DF 055 i
DF_065

Isolate code (a) colony (b) hypha (c ) sporangium  (d) chlamydospore
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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¢ gFunglinarfuinEe

Tndaogns 12 lelman nuindesamnidnuarlaladuueims V8 agar sl laladlila
am Duduledunivng Yewdudu SasnsieSyuue s V8 agar ladeseu 13.50+1.00-
17.69+0.69 mm. (Figure 4.3a) Ww3apduamumeidioussana 5-7 Yu ndusaiuiureadefides
ududng danldnumizndofisndeuds Wutndusidelivituiu wiulifienmgies 1
Tu neanvazidulanas sporangium  aeldndesganssaunudn anvazduloiuluy non-
septate (Figure 4.3b) g fudnvainulgludesdumadis sporangium wuy ovoid wuA
sporangium fA11181RAY 25-80 pm UALAIINNTIT 20-60 pm SRIIVBIAINETIROAIILNT
WAy 1.2-1.6 (Figure 4.30) uenaniidiewy chlamydospore Twlelwian DS 001, DS 002,
DS 004, DS 005, DS 079, DS 115, DS 116, DS 118, DS 119, (Figure 4.3d) 3MNanwuMeAING1?
annsasuunlidudes Phytophthora spp. (Table 4.3)

\§e51 Phytophthora spp. fidnwarnguduladu1auney W3guuemIs V8 agar iy
MuewnsAsnTeTUssinm 57 fu anadnvsdulowagnisaiadesnieldindosansaed
wun dulowaniafiu Snvasduleldlifid (hyaline) ladfindsiu (non-septa) @319 sporangium
WUU ovoid m59Uay sporangium WU papilla FALau nanwzaInaaNIsasunta Iy
Tos Phytophthora spp. AS9M1U31891UU89 Hawkswarth et al. (1995), Drent and Sendall
(2001); Sangchote et al. (2004); Sumbali (2005)

Table 4.3 Morphology characterization of Phytophthora spp. isolate causing stem rot

disease of durian.

Sporangia characteristicand  Chlamydospore

Plant Radial . .
Origins dimension
Isolate Growth
) (Location) Length Beadth L/B
Host  Tissue (mm/day) Shape .
(um)  (um)  ratio
) Chumphon ) v
DS 001 Durian  Stem 17.25+£0.25  ovoid 40 30 1.33
- Campus
) Chumphon ) v
DS 002 Durian  Stem 17.25+0.63  ovoid 80 50 1.6
- Campus
Chumphon
DS 003 Durian  Stem 17.43+0.53  ovoid 80 60 1.33 -
- Campus
‘ Chumphon ) v
DS 004 Durian  Stem 17.69+0.69  ovoid a5 30 15
- Campus
i Chumphon ]
DS 005 Durian  Stem 15.63+1.19  ovoid 30 25 1.2 4
- Campus
DS 079 Durian  Stem Suratthani 14.56+£0.53  ovoid 35 30 1.17 4
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 15 4
DS 116 Durian  Stem Hua Hin 13.50+1.00  ovoid 40 28 1.43 4
DS 117 Durian  Stem Hua Hin 17.50+0.38  ovoid 25 20 1.25 -
DS 118 Durian  Stem Hua Hin 15.56+0.94  ovoid 38 25 1.52 4
DS 119 Durian  Stem Hua Hin 17.06+0.53  ovoid 30 20 15 4




DS 001

DS_002

DS 003

DS_004

DS_005

DS 079

DS_114

DS 115

DS_116

DS 117

DS_118

DS 119

Isolate code (a) colony (b) hypha (c) sporangium  (d) chlamydospore
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 Usaduszauanadunmuseaisiaidesiudadesuareiia

MNNsduTes Phytophthora spp. annglaAniisu nadeunusIuIuAeanTAdl
Josfurdmides ¢ vin loud dimethomorph, fosetyl-Al, metalaxyl kag mancozeb WUl
$1ou 3 lelowan Ao DF 016, DF 020 uaz DF 038 fidnumiuseansaiiostudndes
metalaxyl waz 9112u 5 lolgian s DF_016, DF 020, DF_038, DF_040 uay DF_065 f1un1u
sioansiaiiflosiuiidnidos dimethomorph tnewuin s1uau 3 lelewan fie DF 016, DF 020
waz DF 038 fumusioasiaiitestuidmdosld 2 4iin Ao dimethomotph uay metalaxyl
Jedmeglungu MuFg' waznuimnlelsiansouuedearsiaiitostufidnites fosetyl-Al uas
mancozeb (Table 4.4 uas Figure 4.4) uaz 9nFBE1LTDI Phytophthora spp. @¥iilsAa)
Aunsen 31w 12 Telaan wudnddwiu 4 lelaan Aie DS 001, DS 002, DS 003 uag
DS_004 fishunusioansiaiitlestufidnition metalaxyl uaznuimnleluandounerearsiad
Josfurdnges dimethomorph, fosetyl-Al ag mancozeb (Table 4.5 wag Figure 4.5)

MnmsUspdiuseiuaudumuseasaiiiosiufdados dimethomorph, fosetyl-
A, metalaxyl uaz mancozeb vouTo Phytophthora  spp. WU D37 Imaﬁjmﬁ'ﬁyaiﬂ
Phytophthora spp. Tuenldanndaegnsiiuanieins lsalusrauaslsadusivatenans tsana
whuarddunimenydou $1uau 48 lolwan wuidessiuau 27 leluan dumusioasiad
Josfurndados metalaxyl wasdonsiuau 5 lelaan nlsananimemiieu fumuse
armafifesiuiidaies dimethomorph uazwuinsiuau 3 lolean anlsamaiinvesyiiou 7
Frumusioaaieitesiuindnidesild 2 win o dimethomotph waw metalaxyl daaglundy
MuFg" LLazWU’jmﬂl’eﬂﬁnLawa'@ul,t,aeiaamﬂﬁ{]aqﬁ’uﬁﬁmL%aiw fosetyl-Al @z mancozeb 1NN
nsnAaesnUdes1 Phytophthora spp. dailwalfnunuseansiaiitlesiumdndosn metalaxyl
Fefinadonndasiu Sukovski et al (1995) l@vmsuszdiusziuanudiuniuresdos P.
infestans Tnel¥answaiitiesfiumdnies metalaxyl, cymoxanil uae chlorothalonil Tngwanis
npaeIUIn Wo57 P. infestans dndlnaldumusieansiniiiostusidates metalaxyl Lszj'uﬁ“u
wag maamﬂaaqrm fisvs warAny (2554), Mukalazi et al. (2000) uag Fontem et al. (2005) 7
WU L?J’e]i’l Phytophthoro SPp: mulmmmumumamaLﬂu{]aaﬂumf\]m%sw metalaxyl
uaﬂmﬂumﬂwamimaaqmauwuLszjaiﬂ Phytophthora spp. ‘1/1ﬂléﬂﬁjLamaauuamaamﬂmﬂamu
mﬁ]m%aﬁw fosetyl-Al WLag mancozeb Faaenadosriu Sujkovski et al. (1995) fifiseanuiany
\Fes P. infestans geuLoreasiaitosiumdndes cymoxanil wag chlorothalonil %ﬁmaeﬂu
mimﬁﬂaaﬁuﬁﬁ@Lf’?‘?@iﬁﬂémﬁmﬁu fosetyl-Al  1La¥ mancozeb ATUAIAU WAAINTUNANIT
NAADIUTDT Phytophthora spp. wmumumaamﬂmﬂaqﬂumamﬂjasﬁ dlmethomorph gldnwu
SEnUMHTINTes Phytophthora spp. annsafumuseasieiiesturdndesdenanild
uaﬂmﬂumwmwmumm%Lﬁuaiwumauwmumumamimmﬂmﬂumﬁmwasw Wy wause
W1 agAnE (2553) 37891170 WULTD Colletotrichum gloeosporioides mmmisml,aul,mmiu
duunNaNzaae aansadumuastestuidnides carbendazim  wa Bardes et al. (2010)
5189791 \TeT1 Botrytis cinerea awsadumiuseasiaiidosiufdnitos boscalid was
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
Fungicide type Resistant .
code 0.5X 1X 2X resistant
DF 016 Systemic fungicides
dimethomorph  12.73% (¥)  12.27% () 11.42% (¥) =
fosetyl-Al 0% (X) 0% (X) 0% (X) Fg’ R
metalaxyl  14.41% (V) 13.58% (V) 11.68% (¥) Fo" MuFs
Contact fungicide
mancozeb 0% (%) 0% (X) 0% (X) ng
DF 020 Systemic fungicides
dimethomorph  12.60% (V') 12.15% (V) 11.33% (V) Fg"
fosetyl-Al 0% (X) 0% (X) 0% (X) Fo’ R
metalaxyl  22.82% (V') 18.89% (V) 17.01% (V) Fe" MuFs
Contact fungicide
mancozeb 0% (X) 0% (X) 0% (X) ng
DF 038 Systemic fungicides
dimethomorph  12.93% () 12.64% (¥) 12.53% (¥) =
fosetyl-Al 0% (X) 0% (X) 0% (X) Fg’ R
metalaxyl  14.27% (V') 13.89% (V) 12.14% (V) Fe" MuFe
Contact fungicide
mancozeb 0% (%) 0% (X) 0% (X) ng
DF 040 Systemic fungicides
dimethomorph  12.61% (V') 12.23% (V) 11.25% (V) Fg"
fosetyl-Al 5.74% (X) 0% (X) 0% (X) Fo’
metalaxyl 0% (X) 0% (X) 0% (X) Fo® non
Contact fungicide
mancozeb 0% (X) 0% (X) 0% (X) ng
DF 041 Systemic fungicides
dimethomorph 0% (%) 0% (X) 0% (%) Fo’
fosetyl-Al 0% (X) 0% (X) 0% (X) Fg’
metalaxyl 0% (%) 0% (%) 0% (%) ng non
Contact fungicide
mancozeb 0% (%) 0% (X) 0% (X) ng
DF 043 Systemic fungicides
dimethomorph 0% (%) 0% (%) 0% (%) FgS
fosetyl-Al 0% (X) 0% (X) 0% (X) Fo’
metalaxyl 0% (X) 0% (X) 0% (X) Fo" non
Contact fungicide
mancozeb 0% (X) 0% (X) 0% (X) ng
DF 046 Systemic fungicides
dimethomorph 0% (%) 0% (X) 0% (%) Fo’
fosetyl-Al 0% (X) 0% (X) 0% (X) Fg’
metalaxyl 0% (%) 0% (%) 0% (%) FgR non
Contact fungicide
mancozeb 0% (%) 0% (X) 0% (X) ng

Field-use recommendatjon rate .
Fungicide-sensitive, Fg = Fungicide-resistant and MuFg = Multiple fungicide-resistant
Percentage of growth <10% compare with the control ; V' = Percentage of growth >10% compare with the control

Xs
Fg
X



Table 4.4 Continues.
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Isolate Concentration Multiple
Fungicide type Resistant
code 0.5X 1X 2X resistant
DF 053 Systemic fungicides
dimethomorph 0% (X) 0% (%) 0% (X) F’
fosetyl-Al 0% (X) 0% (X) 0% (X) Fo’
metalaxyl 0% (%) 0% (%) 0% (%) ng non
Contact fungicide
mancozeb 0% (X) 0% (X) 0% (X) ng
DF 055 Systemic fungicides
dimethomorph 0% (X) 0% (%) 0% (X) F’
fosetyl-Al  5.43% (X) 0% (X) 0% (X) F’
metalaxyl 0% (%) 0% (%) 0% (%) ng non
Contact fungicide
mancozeb 0% (X) 0% (X) 0% (X) ng
DF 061 Systemic fungicides
dimethomorph 0% (X) 0% (X) 0% (%) F’
fosetyl-Al 0% (X) 0% (X) 0% (X) F’
metalaxyl 0% (%) 0% (%) 0% (%) FgR non
Contact fungicide
mancozeb 0% (X) 0% (X) 0% (X) ng
DF 065 Systemic fungicides
dimethomorph  14.24% (') 13.50% (V) 12.26% (V) F’
fosetyl-Al  5.84% (X) 0% (X) 0% (X) Fo’
metalaxyl 0% (%) 0% (%) 0% (%) FgR non
Contact fungicide
mancozeb 0% (X) 0% (X) 0% (X) ng
DF 071 Systemic fungicides
dimethomorph 0% (X) 0% (X) 0% (%) F’
fosetyl-Al 0% (X) 0% (X) 0% (X) Fo’
metalaxyl 0% (%) 0% (%) 0% (%) ng non
Contact fungicide
mancozeb 0% (X) 0% (X) 0% (X) ng

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

Vo= 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
0z0 041 041 020 0z0 041 041 020 0z0 041 041 020 0z0 041 041 020
DF_020-041-053-
- 1 1 1 1 1 1 1
071 “oss om /) “om ws/ ‘s on/ onm o3/ oss on /) ‘om o3/ ‘o on /) _om o/
\'\ _y"/ \\'\._\__ _'_y"/ \\"-._\__ & _'_y"/ = = i _'_y"/ \\"-._\__ & _'_y"/ \\'\._\__ & _'_y"/ \'\._\__ & _'_y"/ \\'\._\__ i _'_y"/

Systemic fungicide

dimethomorph

fosetyl-Al

DF 038-043-046-
061

J\JY

Figure 4.4 Multiple fungicide-resistant assay of Phytophthora spp. causing fruit rot disease of durian on V8 agar

amended with fungicide.
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Control 0.5X 1X 2X
Isolate code
upper lower upper lower upper lower upper lower
040 016 016 040 040 016 016 040 040 016 016 040 040 016 016 040
DF 016-040-
- 1 1 1 1 1 1 1
\"- _y"'/ \\'\__\__ _’_y"'/ \\'\__\__ o _’_,"'/ \\'\__\__ % _’_-"./ \\'\__\__ o _'_y"'/ \\'\__\__ o _’_y"'/ \\"\__\__ o _'_y"'/ \\'\__\__ o _’_y"'/

Systemic fungicide

dimethomorph

Fosetyl-Al

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.

Fungicide Concentration . Multiple
Isolate code Resistant .
type 0.5X 1X 2X resistant
DS_001 Systemic fungicides
dimethomorph 0% (X) 0% (%) 0% (%) Fo’
fosetyl-Al 0% (X) 0% (X) 0% (X) F¢’
metalaxyl  11.08% (V) 10.86% (¥) 9.42% (X) Fo" non
Contact fungicide
mancozeb 0% (%) 0% (X) 0% (X) ng
DS 002 Systemic fungicides
dimethomorph 0% (X) 0% (%) 0% (%) FgS
fosetyl-Al 0% (X) 0% (X) 0% (X) Fo’
metalaxyl  11.60% (V') 9.44% (V') 0% (X) Fo' non
Contact fungicide
mancozeb 0% (X) 0% (X) 0% (X) ng
DS 003 Systemic fungicides
dimethomorph 0% (X) 0% (%) 0% (X) Fo’
fosetyl-Al 0% (X) 0% (X) 0% (X) Fg’
metalaxyl  11.47% (V) 10.57% (¥) 9.34% (X) Fe" non
Contact fungicide
mancozeb 0% (%) 0% (X) 0% (X) ng
DS 004 Systemic fungicides
dimethomorph 0% (X) 0% (%) 0% (%) FgS
fosetyl-Al 0% (X) 0% (X) 0% (X) Fo’
metalaxyl  10.77% (V) 10.27% (V) 0% (X) Fo' non
Contact fungicide
mancozeb 0% (X) 0% (X) 0% (X) ng
DS _005 Systemic fungicides
dimethomorph 0% (X) 0% (%) 0% (%) Fo’
fosetyl-Al 0% (X) 0% (X) 0% (X) Fg’
metalaxyl 0% (%) 0% (%) 0% (%) Fg’ e
Contact fungicide
mancozeb 0% (%) 0% (%) 0% (X) ng
DS 079 Systemic fungicides
dimethomorph 0% (X) 0% (%) 0% (%) FgS
fosetyl-Al 0% (X) 0% (X) 0% (X) Fo’
metalaxyl 0% (X) 0% (X) 0% (X) Fo® non
Contact fungicide
mancozeb 0% (X) 0% (X) 0% (X) ng
DS 114 Systemic fungicides
dimethomorph 0% (X) 0% (%) 0% (X) Fo’
fosetyl-Al 0% (X) 0% (X) 0% (X) Fg’
metalaxyl  11.73% (V) 9.34% (X) 0% (X) Fo® non
Contact fungicide
mancozeb 0% (%) 0% (X) 0% (X) ng

X = Field-use recommendation rate
s R R
Fg = Fungicide-sensitive, Fg = Fungicide-resistant and MuFg = 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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Table 4.5 Continues.

Fungicide Concentration Multiple
Isolate code Resistant .
type 0.5X 1X 2X resistant
DS 115 Systemic fungicides
dimethomorph 0% (%) 0% (%) 0% (%) Fo’
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% (X) 0% (X) ng
DS 116 Systemic fungicides
dimethomorph 0% (%) 0% (%) 0% (%) Fo’
fosetyl-Al 0% (X) 0% (X) 0% (X) Fo’
s non
metalaxyl 0% (%) 0% (%) 0% (%) Fg
Contact fungicide
mancozeb 0% (X) 0% (X) 0% (X) ng
DS 117 Systemic fungicides
dimethomorph 0% (%) 0% (%) 0% (%) Fo’
fosetyl-Al 0% (X) 0% (X) 0% (X) Fo’
s non
metalaxyl — 9.49% (X)  9.11% (X) 0% (X) Fg
Contact fungicide
mancozeb 0% (X) 0% (X) 0% (X) ng
DS 118 Systemic fungicides
dimethomorph 0% (%) 0% (X) 0% (%) Fo’
fosetyl-Al 0% (X) 0% (X) 0% (X) Fo’
s non
metalaxyl 0% (%) 0% (X) 0% (%) Fg
Contact fungicide
mancozeb 0% (X) 0% (X) 0% (%) ng
DS 119 Systemic fungicides
dimethomorph 0% (%) 0% (X) 0% (%) Fo’
fosetyl-Al 0% (X) 0% (X) 0% (X) Fo’
s non
metalaxyl  10.11% (¥))  8.98% (X) 0% (X) Fo
Contact fungicide
mancozeb 0% (X) 0% (X) 0% (X) ng

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
Vo= Percentage of growth =10% compare with the control
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Control 0.5X 1X 2X
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Figure 4.5 Multiple fungmde resistant assay of Phytophthora spp. causing stem rot disease of durian on V8

agar amended with fungicide.
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Figure 4.5 Continues.
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4.4 vegauyszandnmvaslalagiuunaviindanisa3yuaayasi Phytophthora spp. 9
sioansUasnunInLes

4.4.1 Anewavadlalagudanisiasymiaduly

mﬂmswmamwammﬁ;mﬁfﬂimaqaﬁuaqlﬂim%ﬂu kUU low, medium Wag  high
molecular weight iszfumnandudu 0 (yaauaw), 500, 1,000 Wag 2,000 ppm AT
weiulnmaduleveadesn Phytophthora spp. S1uau 4 lelawan (OF_ 020, DF_065, DS 079,
DS_117) nudniwiinluanaveslalneuinauandansaiiseosifudsudanmaiayiulama
wWulewsslolgian DF 020 waz DS 079  uwagsyauaududuiinrnuuanaanisaifogndl
Joddydaiona a4 leloian lasdmidnlumanaveslelasuiufauiusdeseduanududuse
Wesiussudinsasaiulamadilevedlelaan DF 020 waz DS 079 91nn1svaaesenudl
5'mﬁfﬂimaqasuaﬂﬂimnu WU low, medium uag high fisziuanududu 2,000 ppm a@wnse
Fudimsasaivlamaduleld 100 Wedidus (Table 4.6)
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Table 4.6 The effect of low, medium, and high 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 22.76C 80.29b 78.33d  88.67bc
1,000 30.99c  100.00a  91.46c  100.00a
2,000 100.00a  100.00a 100.00a  100.00a
medium 0 0.00d 0.00c 0.00f 0.00d
500 27.55c 88.57ab  72.01le 79.38c¢
1,000 43.33bc  100.00a 91.97bc 93.75ab
2,000 100.00a  100.00a  100.00a  100.00a
high 0 0.00d 0.00c 0.00f 0.00d
500 98.12a 88.2dab  99.29a  96.35ab
1,000 96.47a 94.12ab  95.53b  95.65ab
2,000 100.00a  100.00a 100.00a  100.00a
Chitosan type (A) ** ns ** ns
Concentration (B) *x *x *x *x
A*B * ns * ns

CV (%) 36.04 15.59 4.19 11.42
*= 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

mﬂmi‘wmaauﬂizﬁw%mwmmﬁmﬁﬂimLaqa%ﬂlﬂimm WUU low, medium Wag high
semsdudimaasiviamadulevendos Phytophthora spp. s1uau 4 lelawan fisssumny
g 0 (gamauAw), 500, 1,000 wag 2,000 ppm wuiilelagiudis 3 wdafiszduanududy
2,000 ppm @wnsadudnisiasaiviamaduleveades Phytophthora spp. I¢ATgn deiina
denndastu Juaun wavame (2549) Anvmavedlalagusensasyiulavenduloveade
anvalsadis 4 ¥iln Tuomnsidisnts PDA pH 5.6 nut lalneuannsadudansiasauiulamis
ule voadiosn Fusarium solani wax Macrophomena phaseolina fhassuuamsiaedofis
lalpnilunnanudiduiimsisigdviadiniyamunuuasypiifinsnozdin ogreildoddn us
mil,a%aujl,auimsuaaLé’uiasuaalf?iyaiw Pythium aphanidermatum \Junaainujizesiuveensnes
Fanuarlalnuuluwnsdides Sclerotium  rolfsii ﬂ?iLﬂ%mLanmQﬂgugﬂLﬁ@@’l%?iLgEJ\‘iL%@ﬁ
NINDLTANTIUAIY  LAZADAARDINU VWA tazaz (2556) lavinnisAnwUssdnsninuily
wwafitu (Nano-Pt  uay chitosan-derivatives  (Chi-der)  lunisdudades Aspereillus
parasiticus way Aspergillus niger fiwenldannudndailaniuazinniais Sawuin Nano-Pt g6y
AUty 1.2 ppm wa Chi-der fissduaududy 1,000 ppm fiuszansamlunisdudans
Wiiulnduleld wansnadenndesiu ¥1adl warane (2556) idnwinavesialagiuionis
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PUANIeT F. oxysporum  anwalsaiisandedumdeusidema wudlelaeuilseduaiu
dutu 0.2, 0.4, 0.6, uaz 0.8% (pH 5.6) annsadudinisiaiyivinvenduleen £
oxysporum  IdeghsildedrdnuilesFeuiiisuiuynniuay uaraenndostu annsal uazany
(2557) ¥msveaeulszansamedlalaeuiinanandendslunisauauiesn Rigidoporus
lignosus @WALIATINYIIVOIBNINIFIIRINNITAUAIBEIIINRIIINAUTBULAUAU NI IUAY
nenuiin Ineideadoluems  PDA waulalaguiissdiupnaududy 10, 100, 500 wav1,000
fiadnsusiedns wuilaleufinnnududy 1,000 ﬁaaﬂ%miaémmmsmﬁuégQﬂwsLa%@manLé’uia
voudes R. Lignosus iﬁﬁﬁqm Lar@oAARBINU  Hernandez-Lauzardo et al. (2008) l¢
yhmsAnwiAeatuides Rhizopus stolonifer anvelsauiluinuaznalsd wuin lelasuda
low molecular weight fiuszansamlumsdudimsaiayivlnvendule wazaenndosiu Liu et
al. (2007) naveslalagrudonisaruaulsasdmuagsdiiduinainidosman Botrytis
cinerea wae Penicillium expansum n&snsiiiuiieinauzidomanuin lalaguiuszansaim
ansadudimsasaiiviamadulevendes B cinerea uaz P. expansum I#Aiian uay
Hraonadasiu Sunpapao et al. (2013) lévinsAnelalagudenisdiudinsiasyivinvends
31 Phytophthora botryosa @wslsalusaslugnemis WUINTeT1 P. botryose ThaBeULEM
PDA finaslalagufisziuaradudy 0.5 me/mL-1 annsodudamassayiulaveadulsléifian

4.4.2 Anwnavaslalagrunenisase sporangium wazn1suasnlaas zoospores
wuin iffernan 48 Falus dwidnluanaveslalawudnaunndransadfediadifodfy
Serrafiundudanisadne sporangium  warszRuAmIdNTUd A ILARAsadR g
toddnyds e 4 lolwan Tesdniinluanaveslalasuiufduiusdossduaududusees
lolglan DF_065 wag DS 079 laswuin 13mﬁﬂimaqasuaq1ﬂimm WUU low, medium W@
high Aiszsuadudiy 2,000 ppm fluwslduansadudnnsasns sporangium léfﬁ‘ﬁqm (Table
a.7)
uananil nu wieveslalnuimuuansameadnrenislanddes zoospores Lile
lolgianifsn A DS 079  uwaz syAuANduduliiauLanaImsatanenisvandaes
zoospores &niiu Lalgian DF_020 waznuinwavadialagiuiuszaunnutuduluiufdunus
nanARan1TUanUany zoospores (Table 4.8)
ﬁ]’lﬂﬂ’]i‘l/l@ﬂaUUizaW%ﬂWW%aﬁﬂj’mﬁﬂimLﬁf]ﬁlﬂi@“d'm“(jﬁﬂ low way medium molecular
weight slon15a$ne sporangium wuilalaguis 3 afiafiszsuanududu 2,000 ppm @ansa
fFudansadne sporangium ¥edas1 Phytophthora spp. Iéfﬁ‘ﬁ'qﬂ Fainaanndostu Funw way
Ay (2509) Anwmavaslelasuronisaisavasvendesiauvnlanfio 4 9dia wuiilelagsy
anunsavzasnsadealesueades £ solani, S. rolfsi, P. aphanidermatum uag M.
phaseolina  I#egaiitfyddny ileowTouiisuiugnniuau uagaonndostu vdlng Lozans
(2556) levinsAnunUszansnm Nano-Pt uaz Chi-der lumsdiudades A parasiticus uaz A.
niger Tuonldainudndailaiuasinniaw Ssmudn Nano-Pt seduamududu 1.2 ppm uaz
Chi-der fisgdiuanududy 1,000 ppm fUszansamlunisvzasnisadrsavesld wavaonados
fu 91adl wasany (2556) Anwnaveslalagusonisauaudes F. oxysporum annelaaiiie)
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wideduwdauzdome nuitlalaeuiissiupnududu 0.2, 0.4, 0.6, waz 0.8% (pH 5.6)
annsoszaemIaisaeivendon £ oxysporum Idesnsiifdddiowisuiisutugamuny
LazaonAdesiu Hemnandez Lauzardo et al. (2008) Mvn1sdnwiiienfuidest R stolonifer
anvalsaniludnuazaald wudn laleeuwie high molecular weight dewalvigusiavesaues
msassavesuaznistentesavesildsuntas wazaanndetu Liu et al. (2007) naveslalnyiu
G]IE]miﬂ’JUf"’pﬂiﬂi’]ﬁLVHLLaziﬁaﬁﬂL?L!Lﬁﬂﬁ]’]ﬂL‘%@i”lﬂ’]wi@ B. cinerea Wa P. expansum WaIn1s
FulRgmangzidemataziiuinuiigamndl 25 wag 2 esmivaldea wuin Talagnuanunsnduds
MssenveEUas ANNETITBY germ tube waznSauThanenusaduesaUaiueie B. cinerea
waz P. expansum useghslsimunuin Talagmuta 3 silalifinasenisuanudes 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 DF 020 DF_065 DS 079 DS_117
low 0 0.00c 0.00e 0.00e 0.00e
500 35.29b 38.06cd 36.41cd 82.69a
1,000 43.51b 24.39d  52.16bc  61.92cd
2,000 37.52b  55.38bc  35.90cd 63.22bcd
medium 0 0.00c 0.00e 0.00e 0.00e
500 22.50bc  49.26bc  25.66d 49.62d
1,000 31.60b 44.29bcd 44.80bcd 80.83ab
2,000 26.23b 61.74b 47.77bcd 75.54abc
high 0 0.00c 0.00e 0.00e 0.00e
500 37.45b  53.62bc 67.97ab  89.78a
1,000 73.55a  57.00bc  77.30a 91.79a
2,000 84.55a 84.88a 84.11a 88.59a
Chitosan type (A) ** o ** **
Concentration (B) *x ** ** *x
A*B * ns ns *

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 3.75

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 7.72abc 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 1.48 0.00d 2.38
2,000 8.33a 4.17 5.83bcd 2.80

Chitosan type (A) ns ns *x ns

Concentration (B) * ns ns ns

A*B ns ns ns ns

CV (%) 113.60 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 LSD s
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Low Molecular Weight Chitosan Inhibits Sporangia Production of
Phytophthora spp. Causing Durian Disease in Chumphon Province,
Thailand

Phanida MIKHLONGBAENG!', Pornprapa KONGTRAGOUL'*

!Program in Horticulture, Department of Agricultural Technology, King
Monglut's Institute of Technology Ladkrabang, Prince of Chumphon Campus,
Chumphon, Thailand

Abstract

The effect of low molecular weight chitosan (LMWC) was evaluated on sporangia
production of four isolates of Phyfophthora spp. causing fruit and stem rot of
durian. The culture disc of all tested isolates were soaked in LMWC sclution 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 sporangia
production of Phytophthora spp. from the early stage of incubation (24 hours). At
the end of incubation (4& hours), it revealed that LMWC at 500 ppm were inhibited
the sporangia production of all tested isolates in the range of 35.29-82.69 percent.
Moreover, the LMWC at 1,000 and 2,000 ppm in all tested isolates gave the percent
inhibition in the range of 24.40-61.93 and 35.91-63.22 percent, respectively.

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

Keywords: chitosan, phytophthora spp., durian disease

* Corresponding author: E-mail address: kkpornpr@kmitl.ac.th
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