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Mancozeb Resistance of Phytophthora palmivora, a Causal Agent of
Stem Rot and Leaf Blight of Durian in Eastern Thailand
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manguseniiuunasugnySouiidrfuessemealne Tuundsgninnunisunsszuia
29415ATINLU @1AULUN LLaz’LUWﬁﬁﬁmmamm% Phytophthora palmivora egiase 3sinlviin
nsgapdenandmdusiuiuinn Wumglhinwnsnsimsldaaaddosiumdaideannm i
sordendunannu fenmvilidoamalsaiauninnnudumuty swideiinguszadide
npdeunuaTalunsnelsavesdeavlsaluniiey Suunvlavendedeisiilmana uaz
Anvnsmeudussende P. palmivora Giamimﬁl,muimm ImaLLEmL%aﬁmm%uﬁlﬁuiiﬂmﬂ 3
Favin 1¥un Sunys szues wawana wuide Phytophthora spp. 40 laleian laeynlaleianaunsn
relsafididnunrlulniadisernsdiih Sowausadud 1 wufunstuly Weynlelaanldsunis
FuduluseiualddlasAnudduiaedlelnduina TS 98y P, palmivora :1nMsMadeUANY
Frumurendosinandeasiaiivuomadsads nuit 3 lelsanain 40 lelewan léun CTT3,
CTT4 way RKT2 innudumusioansidiundaen Tneflen ECy, 103.4 - 109.86 ppm daduie
flFndainduny3 uazszees luiuoaferfudenasouarudumuuuiodeluySeu wui
Frunuloluaniisounaseasiaivuomsidsnde idn ECso 13.29 — 15.64 ppm @1usauny
lolwaniidumusiearsiefivuemsideads fe ECs >1000 ppm Fagnaneglunguoeuusuay
Frumusousulagy muddy wudsduuuemsidsade muu%mamlmmmwm%m z19u
Usslewilumadenldasiadngudu ilevaunuasiadlungu Dithiocarbamate Tunisaaunulse
vomidsuiifianmgainde P, palmivora luknasgnnieny Tussnvesssimelnesioly
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Abstract
The eastern region is a vital cultivation area for durian production in Thailand.
In planting areas, the outbreaks of root rot, stem rot and leaf blight caused by Phytophthora
palmivora are persistent, and they cause a large number of yield losses. Since the growers

have continued to use the same fungicides for a long period of time, the pathogens have
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developed fungicide resistance. This research aims to study the fungal pathogenicity, identify
the pathogens using molecular techniques and investigate the pathogens resistant to
mancozeb. The pathogens were isolated from diseased durian parts obtained from 3
provinces, Chanthaburi, Rayong and Trat. The results revealed that 40 isolates of Phytophthora
spp. caused leaf blight-like water-soaked symptoms with more than 1 cm in size. All isolates
of pathogens were confirmed based on nucleotide sequence in the ITS region as P. palmivora.
The evaluation of fungicide resistance of the pathogens on culture media was found in 3 out
of 40 isolates, including CTT3, CTT4 and RKT2 isolates that were resistant to mancozeb with
the EC50 values of 103.4 - 109.86 ppm. The resistant isolates were predominated in
Chanthaburi and Rayong provinces. Additionally, in the resistance assay on durian leaf tissues,
the mancozeb-sensitive and mancozeb-resistant isolates had the EC50 values of 13.29 — 15.64
ppm and >1000 ppm, respectively. This phenomena were classified as the sensitivity type in
the culture medium assay. Thus, the information from this study will be beneficial to choosing
alternative fungicides for dithiocarbamate fungicide replacement in controlling P. palmivora
diseases of durian in eastern Thailand.
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AN

unulaLgy (Mancozeb) uansiadidostuidnidosannglsafivvinduda (contact
fungicides) finalneangninuugadudinignaisga (multi-site actions) Sy lunguansiadl
Dithiocarbamate Tnefivfinvesaisiaifi oglunguifsadu ldun u1iuy (Maneb) loiuy (Zineb)
Tnsfiuy (Propineb) waglsusa (Thiram) Wusu Sadunquansiefiifenuidssiiiveshlmdosia
ANNAUNIL 9813l5ARN Sijpesteijn (1984) 5189711437 answiluulamuiianuiodesiunsduds
ny sulfhydryl vasnsnerilunaievlmineluwaduouios dsdmadenszuiumsumuoadues
lusfuuaznismelavenead laehluud ansiedidestiusrdadoamalselungy Oomycetes il
arsiadiuniuanda (Metalaxyl) \esnnduansiefidifinalndudinsduaseiuaznisviauves
toulesl RNA polymerase | s'z?laaaﬂqm§ﬁ1waxm'aL%yaiuﬂq'u Oomycetes lan3agnn3nansiad
wilaigy uddemeiiaisadiunuandaduansidaudsgeivilddelungudna uinanu
gauntuladne (Wu et al, 2011; Kongtragoul et al.,, 2021; Chacén et al,, 2022) GREINGE
wlawudsgniunldaduivansiadiunuandaioniugulsadsnainegsieiios Famuiransiad
wulauiivszans mwlumsenuaulsafiiAaarnidelungy Oomycetes TdAuetaamu o1
lsadduvemiseu du axlinila fin1nida Phytophthora palmivora was P. cinnamomi
Tsalulvsivosfudfauazuzifowma fiinnnide P. infestans (Ramirez-Gil et al,, 2017; Chi et al,
2020; Ivanov et al., 2021) Iiﬂi”l‘l}’lﬁw‘uawau ﬁLﬁmmﬂL"ﬁa Peronospora destructor (Aradjo et
al,, 2020) uazlsAs1uAwvesaqu Miinanide Plasmopara viticola (Wong & Wilcox, 2001)
faudansefunulawuasiivsrdnsamlunismunalsaldvainuats wifnuidideavelse
Ursvdadianuliseaisiafianas (Gullino et al, 2010) Fawu W Wes1 Alternaria alternata iy
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anuglsalulndvesugifome wazduinliiinanuduniudiy (cross resistance) foa154All
lelnsladia (Cyprodinil) wagimylaunlea (Tebuconazole) (Malandrakis et al., 2015) wuLiigafiu
Yang et al. (2019) 91691u1 1031 A, altemata vislelewan idaaudumuseasieduslaigy
wazannsainnuiiunuiearsiadlafiiulautlea (Difenoconazole) Fsaudumudiuiiay
dwmansznudentsmuelsaivlngldasiadsnedaniaduesiamnn ioswnandunsdaaiilinge
navlseilomaunuseasiafivindu o Alsuvdeldaduiuiaulamuls Faililiannsa
AruAuMsTEUInYedlsald uanandsmunissenuiivssinsvead et Colletotrichum
acutatum anglsenaniveseyiaineudumugwiomsiedunlasuiosas 25 wasdienu
Frumuunansdosay 50 vaslelelaniitumaaeusiavan (Moreira et al, 2019) wagiosan
wunleuiduasniiiviilidesfmuanudumulda Seililunuidedlsmmsinwany
Frumuaaiedsnlamurente P, palmivora awslsadiuinarluludivesy Seuluunasgn
71 3 $invesniany Tusenvesussmelng 1dun Smindum szees warnstn Tuduuvasgniid
nslansiadiuuulaguinegsdoiies uasddlifsenuinnudumurenteviaisoasiad
Fanan ieUszifiuvssansamussasaiuulaulumseunilse wagidunumdunsdentd
armedliimnzaunarivssansamdonisdanislsavesmssuiiinnide P, patmivora My
Yaglusioly

BNsAn

1. iiiuetamidouiiiulsn wenileuiqnsuasiigainisrolss

fumegnamBouiiulsannuvagnmanyYusen 3 Sawia liun Sunys szees wazasn
Tneduiuietdlsaiiinainide P, palmivora wu emsdiduuaziai senuuarlulul S
av 2-3 ulas (Table 1) théhegisidulsauueniesaes tissue transplanting Tnedaiifolde
UShasessessniusakaziodounilildvmaussuas 0.5x0.5 wuRies sndeusnaituiseu
uangay 10% Clorox® Wunan 57 Wil dradethnauileinie 2 a% Advuidluanmiaonde 1
Fudhufitn eI wg carot agar (uAsEN 200 nfuuaziu 15 n3usedng) euszneuse
pentachloronitrobenzene 100 ppm, pimaricin 10 ppm, ampicillin 200 ppm, vancomycin 100
ppm, nystatin 25 ppm Wag hymexazol 40 ppm (FAuUAIRN Jeffers & Martin, 1986) Ul
gaungivios (25-30 esawandea) unan 2-4 fu Widudedauasdulsveadedielunuemis
half potato dextrose agar (half PDA) LLaBLLUﬂL%@IﬁU%?jw%‘IWEJSL%mﬂ‘aﬂ hyphal tip Wiuidel3lunaen
919889 (slant agar) \lenlunaaeunisielsnseds detached leaf TnedinluyFeuluszes
waaauariandsliazenn Al LLaquﬂL%aﬁLLaﬂiéiuLwiavaaImaw TneAnusiuveulalall
voadelngld cork borer Ttufuiivuiaidurinuguinans 0.6 loufiuns Sredufulgnuulundeudivh
unaluay 3 90 TUKLNITARDILUY CRD S 5 91 U'aﬂ:uvgL’%‘auﬁﬂqm%auﬁﬂunéaawmaaﬂ%uﬁ
gumniivies 1Wunan 5 Fu Tuiinvuadusihuguinansiardnvazensvesinaiusing Ussiiu
seuAuguLsIvedlsn nalinsuuu 4 sedu laun - = ldfiaune, + = unaliduruaudnans <1
WURAT, ++ = UWHATEURILAUENATY 1-2 WuURWeS wer +++ = unadiduiiugudnan >2
wuRues Mntusndentelaandidelsalifnuludunousteld
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Table 1 Diseased parts of ‘Mon Thong’ durians collected from growing areas of eastern

Thailand, Chanthaburi, Rayong and Trat provinces

Fungal isolates Diseased Location
parts
CKKB1, CKKB2 Branches Khao Khitchakut District, Chanthaburi Province
CKKL1, CKKL2, CKKL3, Leaves Khao Khitchakut District, Chanthaburi Province
CKKL4, CKKL5, CKKL6
CKLB1, CKLL1, CKLT1 Leaves Khlung District, Chanthaburi Province
CTT1, CTT12, CTT2-1, Trunks Tha Mai District, Chanthaburi Province
CTT3, CTT4
RKT1, RKT2 Trunks Klaeng District, Rayong Province
RWL1, RWL2 Leaves Wang Chan District, Rayong Province
RWT1, RWT2, RWT3 Trunks Wang Chan District, Rayong Province
TBA1, TBA2 Shoots Bo Rai District, Trat Province
TBL1, TBL2, TBL3 Leaves Bo Rai District, Trat Province
TBT1 Trunk Bo Rai District, Trat Province
TKT1, TKT2, TKT3 Trunks Khao Saming District, Trat Province
TKL1, TKL2, TKL3 Leaves Khao Saming District, Trat Province
TMB1 Branch Mueang District, Trat Province
TML1, TML2, TML3, TML4 Leaves Mueang District, Trat Province

2. affa DNA uaznsaadeualddvoadoauvnlsn

Bidefiuenldusarlelmanunidosuuonms half PDA Hunan 7 Fu antuilidestu
9NTWEAIeY half potato dextrose broth (half PDB) tHuaan 3 Tuuwedeaugn 240 seusoundi
Yiduloanarin DNA #1838 CTAB (faudasann Doyle & Doyle., 1987) Inshudulevoadiosuam 100
fiadnsuldlunasnvunn 2 fiaddns Tdgnivdinuunn 4 fiadwes Sruu 3 gneieviaen uddadu CTAB
buffer [2% CTAB, 1.4M NaCl, 100mM Tris (pH 8.0), 20mM EDTA, 2% PVP polyvinylpyrrolidone,
0.2% Beta mercaptoethanol] 600 lilpsdns umduleliazidenderdosfidulodunan 3 wi
hluduiigaumad 60°C Wunan 30 unit shludumissfienanda 10000 rpm unan 10 it gadu
Ta 500 lulasansldluvasnvun 1.5 fadans Wy Chloroform : Isoamyl alcohol (24:1) 500
Talasang welidntu diludusiesiirnuids 10000 pm Wuwvan 2 wiil andula 350 lulasing
Talunaeslval i Chloroform : Isoamyl alcohol (24:1) 240 lalasans welvidniu dludumies
Junan 2wl geaaula 200 lulasdaslalumaenival wiiu isopropanol 200 lulasdns uax (1:10) 3M
Sodium Acetate (pH 5.2) 20 Tailasans tluvafl —20°C W@uan 15 wiit Wiludumies 10 uidt w
dalaiia iiu 70% ethanol 200 lalasans Suwieaiinauuds 12000 rom 10 Wil mdsuladts an
avnou DNA liuwradunan 1 $2lus avanenynou DNA e Nuclease-free water (Omega Bio-tek,
Norcross, Georgia) 9101t DNA AldluInUsinauazaunndeiaies BioDrop (Biodrop Ltd.,
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Cambridge, United Kingdom) uagifiuansazany DNA @ ~20°C anniuvhmsifisinas DNA Lite
psIvdeUaInUTIAalelAUILIM ITS (Internal transcribed spacer region) lngldinaiia Polymerase
chain reaction (PCR) Tuufjisenusznausie 375 ng/ul DNA template, 1X FIREPol® Master Mix
(Solis BioDyne, Tartu, Estonia), forward Wwag reverse primer LA 0.1uM forward primer ITS5 (5°-
GGAAGTAAAAGTCGTAACAAGG-3") ey 0.1uM reverse primer T4 (5’-
TCCTCCGCTTATTGATATGC-3) anntuthidniados PCR Tnsserndfall initial denaturation 94°C 5
Y19, MIuRY 30 58U VB4 denaturation 94°C 1 U1, annealing 48°C 1 Y7, extension 72°C 1 U7
wag final extension 72°C 5 w1 Lﬁaéuqmﬂﬁﬁ%mifhmamamﬁ%aﬁuﬁmwﬁimﬁ% Agarose gel
electrophoresis Tu 1% Agarose gel Tu 0.5X TBE buffer wau RedSafe™ (iNtRON Bio, Korea) lng
Tdeushedng 120 Taad 30 w1l asaaeutu DNA nelduas UV SsagUsinguau DNA wuaUseanm
754-834 ALua HANAATITe13dsUTEM U2Bio (Thailand) Co., Ltd (Bangkok, Thailand) Lite3iAs1e+
Suihedlelndse BT sequencing wazidduiadlelnafilsuniuseudisuiugudeyaly
GenBank (https://www.ncbi.nlm.nih.gov) Iaele Nucleotide BLAST &Lugmﬁayﬂa NCBI sitefusuie
Tuseaualad
3. nagauAd U des Al safiu AU ITNIEB AT
edeUANFILT YRR raaaIATiFeTE poisoned food lneideadeavelsaunems
half PDA fifidunanvesasiaduuulamuiiseduanuiduduuansistiu (0, 10, 20, 30, 40, 50, 60, 70,
80 wax 90 ppm) fnveulelaiiveaidose cork borer YUALFUHUALENAT 0.6 LBURLIAT ’m%u"éu
voudefinsnananilnseiduiifidulsaswuioniiems dndefigaumgives Wuna 6 u Sufin
Gushugusnandalativoadenaaou  uasAnnmeiiduidudiniastauendeluuiaseududu
Wisuideufugaauey  (dthndufisendeunuaned) Tagldgns wWedduidudinsaiyveado
yadou = (@uhugudnandlaladveatonnaouluganiunu - uhugusnandealadveatonnasy
vuesaNaaAll / dukugudnandaladvesdonaaeulugaaiuay) x 100 nduduaua
duduvesansiniludarslafiannsadudinsasavendald  50% (half maximal  effective
concentration;  ECy)  lngldaunisasni3vinvesnnudunusseninennududuvesasiaiiuay
Wesduriudinisiasyeade (v = a x InK) + b) ilevsziiuaudumurendensaeusioansiad
(Lu et al,, 2010) ImaLLU'amjumimauauawaaL"ﬁuaeiamimﬁu‘;lu 2 Ny A9 BauLe (sensitive, S) =
ECso <100 ppm waza1unIu (resistant, R) = EC5, >100 ppm (finwdasain Malandrakis et al., 2015)
4. vasauAuduuvaadesmalsaemsafiulauuuiloidoiv
dnluniFouiugnuounedlusrogmanaandundifieny 10 Weu fululumsazats 10%
Clorox® funan 5 wifiiiesniFousinaiseuuen dradaethndu 2 af Adsiuis dalunFeuliild
fiuit 2 ssaeuiums shusalaelfifieg 1 wavinunansiuly ndulugsedfaesuumaa
wlpwuiienanduduwansiatu (0, 0.1, 1, 10, 100, 500, 1000 wag 3000 ppm) ﬁUiif\;aaﬂumu
NeaeIlung 25 fadansneanu (Faudadninidnisues Zhao et al, 2013) wAAISWUILADY
sporangium  vewunulelgiannguay 2 lelaniidnidenanideiicouse (loloian CKKLL waz
TML2) uazdunu (lelean CTT3 way CTT4) seansiafiusndawulute 3. fanududu 1x10°
sporangia / fiadans U3ums 20 lalasamsasuuuna vuilgumgiivieaduna 4 fu duiinanuguuss
vodlsn Tnedsuduesidusiiuiifiuanternsvedsa (@msthiddng) uasimumesidusiuds
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anuguussvedlsaiUioufiutuganuey (dihnduisndounumaad) Tngliges wWeddudsuds
AugULIwedsn = (WesiWudanuuuswedlsalugamuay - Weosidudnuguuseedsauy
asiadl / Wesidudnnusuusawadlsalugnaiuan) x 100 AWINAT ECs, Ingldaunisaaniiiiuves
arwduiusszrisenududuresmaeiuanefduisudsausunssweddsa (y = a x (n() + b)

a <
Nan1sAnYILaZITA
g @ a o de q a £ a ¢ :
1. iiudregenEsunidulsa Leneusgvsuasiigatinisnalsn
nmssenidenndiegrmiseuiilulsaiiunainuagnaianziueenis 3 Jmin
lown Junys szees wagasin wudl Wwevia 40 leleaviwenldnindiusing q vemEeuidulsn
(Table 1) Tanwaglaladiludvn dulewidndosuasiinsasaluduuuems half PDA dau
sporangia #3Us19AEHAWNS (pear shape) TnguSiiudiutaie 3 papilla waguSiagiuay nely
sporangia U339¢138 zoospore Faluavesluszezduiuduuuliendewna (Fisure 1) Taaenadosiu
n15Anw1ves Prommate et al. (2019) wag Suzui et al. (1979) NTENUIANBULFUFIUVDNTD
manangnszuiiuiie Phytophthora spp.

Figure 1 Colony characteristics of a representative isolate of Phytophthora sp. obtained from

a diseased durian part on half PDA incubated at 25°C for 10 days (a) and sporangium
shapes (b), scale bar = 20 um.

9nnsiide Phytophthora spp. sia 40 leleaniiuenls smaseuauausalunisie
TsruuluyiFouiugnuouneaiieds detached leaf wuiwnlelaananunsanelsald lnsFudsng
91BN 2 i’uwé’qmiﬂqm%a %a@iammmaamLﬂul,ma?ﬁfwmammdwg Toloandiulugdruau
32 laleanann 40 lelgannelifnunaiivuinduriugudnaisinndy 2 wufwes (Table 2, Figure
2) Fsdenpdesfusnesures Koohapitagtam (2018) findide Phytophthora spp. Twenlain
nssuluunasgnaangiueendiuiu 15 lelaan anunsaneliialsauuluniSeuiuguueunadla
Wiy
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Table 2 Isolates of Phytophthora spp. causing blight symptoms on ‘Mon Thong’ durian leaves

obtained from artificial inoculation after 5 days of incubation.

Isolates of Phytophthora spp. Disease
severity"

CKKL2, CKKL5, CTT1, RKT1, RWT1, RWT3, TBAZ, TML1 ++

CKKB1, CKKB2, CKKL1, CKKL3, CKKL4, CKKL6, CKLB1, CKLL1, CKLTZ, +++

CTT2, CTT2-1, CTT3, CTT4, RKT2, RWL1, RWL2, RWT2, TBA1, TBL1, TBLZ,
TBL3, TBT1, TKL1, TKL2, TKL3, TKT1, TKT2, TKT3, TMB1, TML2, TML3,

TML4A
Y+ = lesion size <1 cm, ++ = lesion size 1-2 cm, +++ = lesion size >2 cm.

Figure 2 Pathogenicity tests of Phytophthora spp. causing blight symptoms on ‘Mon Thong’
durian leaves obtained from artificial inoculation after 5 days of incubation, lesion size

1-2 cm (a) and lesion size >2 cm (b).

2. maszyiinvaadaamndaeiduiandlalnduiiom s

nmsamadeunlin (species) voadora 40 TolwianiuenldandunZeuiidulsalae
Wisuidlsuaduiaadlelnauiion TS dugiudeyaly GenBank wudn vnlelatanuanAiaing
ademdwedsuanalolvsiniu 100% fude P. palmivora isolate Ppa3-Wera-leaf (GenBank
accession number KP183963) Mfuanvnlsafiuenlinnnizoululsuinadulafide dsaenndosiu
M358 Kongtragoul et al. (2021) fSeuifisudduiandlelndudim ITS uay 5.85 rDNA
wuindefiduamalsadduniuasnanivemSeulunmelivonsemelnesuou 17 leleanan
sravun 20 lelsiangnszysiiadu P, palmivora wWuideniiu
3. nadauaiuuvaaTademanfiulauuue v RAsTe

MNMsNAdEUANLEIUYNUYBEa P. palmivora W 40 lelmandeansiaiiunlawuuy
oMsaENTe wutil ECs, Kaust <10 - 109.86 ppm Feanunsautadu 2 nau oA naugeuwe
(S; ECso <100 ppm) & 37 lolaan lnedldn ECs, <10 - 93.21 ppm wazngudiuniu (R; ECs, >100
ppm) &1 3 lolatan Ae CTT3, CTT4 wag RKT2 lneilAn ECs, 103.4, 106.53 uay 109.86 ppm AILa16U
Fadudofuenldnnunangnlusinounas Tminssees warduneviln Smiadunyd (Figure 3)
wnilawuduasaififinalaniseongriuuugedudimenatsye  Swdmalideruardditinnde
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iwﬁL“T;Jumma‘liﬂﬁmmLf?%‘smsi"m'ammﬁmmmﬁmmm’amimﬁ (FRAC, 2022) %sdonadesiiu
MsANYIVee Rekanovic et al. (2012) finuinde P. infestans s1uau 12 lelsianiinaila (sensitive)
soansiadiuuvlaey Tnedien EC, 3.9 - 5 ppm Wuiisafiun1sssanuues Puig et al. (2021) finuin
@8 P. palmivora 9101AlA S1uau 7 lelaan finrulseansindiuuulamy Tnesin EC., 29.5 - 41.5
ppmM Wsa1NN15ANYIT09 Malandrakis et al. (2015) Wui \$o31 Alternaria alternata $1uau 42
Telaanilsseunauasfumuseasiniiuundaw Tnefidn EC., 2.34 — >100 ppm sausedanuin
\Te51 A. alternata Minanudumuseasafifananduinanudunuduseansiadl 2 4dn fo
Cyprodinil ez Tebuconazole

20

17 (a)
=] [ Chanthaburi  §
o 15 14
2 @ Rayong
@
B 10 [ Trat
]
o
E 6
Z 5
2
|
0 0
S R
ECS50 £100 ppm EC50 >100 ppm

Figure 3 Sensitivity types of P. palmivora to mancozeb obtained from durian growing areas in
eastern Thailand (a), CKKL1, a representative isolate sensitive (S) to mancozeb (b) and
RKT2, a representative isolate resistant (R) to mancozeb (c). The pathogens were
grown on culture medium amended with different concentrations of mancozeb at 0,
10, 20, 30, 40, 50, 60, 70, 80 and 90 ppm, starting from the left plates of the upper

rows, respectively.

4. maaummﬁ'ﬁumwmﬁammqisﬂﬁiamimﬁLmuiﬂwwmﬁalfiaﬁ‘*u

nnnsnageurudumuvessaulelwanide P, palmivora figeuneuariumusio
mmﬁLLaJuImsuwuLﬁaL?ia‘Lwﬁau wuin Telatan CKKLL™ wag TML2™ AN EC,, 13.29 - 15.64
ppm dadneglunguseuneseuuulainy dwleluan CTT3' uag CTT4"" fiAn ECy, >1000 ppm s
froglunguinumusisusulaiy (Table 3, Figure 4) laglolmianvaatovi 2 nauiliinsmouaussdie
asedituiiuinageuutemsdeade fuulunsmeadeurnudunuweads P palmivora
seansiaiiuaulay Seennsaliisnisedeuldne 2 38 edndlsinu 9nnsiian EC,, vosloluan
CTT3 " uay CTT4 ™ finpasvuuiiowdolufiviian ECs, gaﬂdﬂﬁmmaawuamm?ﬁ”mL%@Lﬁuﬂi”u 10
vty enafiawmunonaseiiuuulawuliannsadudinaaiyronteaimglsnld  Juiliide
Fenamausaiyuazielsauuiedeiivld viooradnnnuuulawuluamaivssnnduda So
mmsaLﬂ?}lauﬁwvﬁwﬁﬁaL%mﬂumaaﬁ‘tﬂﬁ (FRAC, 2022) %ﬂa'amaiﬁlsiamwmmuegmiiﬂléfm/hﬁﬂﬁ
mndesmsnandsimsiineudunuressznsde P palmivora  ¥aSEUARANTLA
unulaulusuian  AIsldasalinusnTLuztheguasensn  wisaaulUldansiaiiussinvdudalu
naudu 1wy uAUmY (Captan) 3o Aaslsnilada (Chlorothalonil) usu
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Table 3 Sensitivity type of P. palmivora isolates to mancozeb on durian leaf tissues.

Isolates of Logarithmic regression R? ECs, Sensitivity type on
P. palmivora® durian leaf tissues®”
CKKL1Y® y = 9.65n(x) + 23.46 0.89 15.64 Sensitive
TML2Y® y = 3.54In(x) + 40.83 0.84 13.29 Sensitive
CcTT3™® y = 4.55n(x) + 16.21 0.98 >1000 Resistant
CTTa"® y = 29.12In(x) - 151.99 0.94 >1000 Resistant

Y'MS = mancozeb-sensitive isolates, "R = mancozeb-resistant isolates obtained from culture medium

technique

¥ Sensitive = ECsy <100 ppm, Resistant = ECso >100 ppm

Figure 4 Water-soaked symptoms on durian leaf tissues obtained from artificial inoculation
using sporangium suspension dropping technique of CKKL1, mancozeb-sensitive (a)
and CTT3, mancozeb-resistant isolates (b). The durian leaf tissues were floated in
mancozeb solutions at different concentrations of 0, 0.1, 1, 10, 100, 500, 1000 and
3000 ppm, starting from the left side of the upper rows, respectively, scale bar = 10
mm.

a3Unan1sAnNY
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lawn dunus szeetuaznsng 1815 ® Phytophthora spp. s1u7u 40 lalwgian lngyn
lelganauisanelsavuluniseu wazynlolsanlasunistudulaenisinsziiduianalelnd
viiam TS by P palmivora 1 enaaoua i 1unugeud ennleleiand oaisiad
wnlawuuuenadsnts wui Telwan CTT3 wag CTT4 fusnldandminduny? uaslelaan
RKT2 fuenldanndaminszesainausunuseasiaiivlaey dadulvluwhusaferduiunis
naaeueuiuurentevuiaiBelundou Anuimunulelaaniseutesoaainiivueims
Aeoude Adeunerearsiefivuiedefiudis uasdunulolaanildunuuueomndsade
Adumusieansifivuiodefinduioty anmiseeditivdleinge p palmivora fikenléan
uwiasgnuSeulunany fusenvesusuimalne furdleluavondesuimuauiumusoasiad
wnilawuuds wivsssnsveadednilugidsounedemaaiiog  fufununsnsdsaunsoldarsed
wnlawuseluldluwmdwgniidedilifinanuiumiu wiasldivinisuiu waeldnusnauusi
pE10ATIASA TITImIsITIEUMLA UL e Tusyey 9 WedesTuntswananudiuny
Y03UsEANTde P. palmivora seansindiusndlaiguludnnufiinniy
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