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Abstract

Phytophthora palmivora is the serious cause of durian disease. Forty-eight
isolates were successfully isolated from stem, root and fruit rot of durian in 5 locations
of Mueang, Sawi, Thung Tako and Pathio districts, Chumphon province. This research
aimed to evaluate the effect of azoxystrobin at 0, 0.1, 1, 10, and 100 ppm combined
with salicylhydroxamic acid (SHAM) at 100 ppm. in vitro test. The effective fungicide
concentration at which 50% was calculated from the inhibition of mycelial growth (ECsp).
The results showed that azoxystrobin combined with SHAM could inhibit the mycelial
growth of all isolates at ECsy <0.1 ppm. Moreover, only azoxystrobin can inhibit the
mycelial growth of 45 isolates at ECso >100 ppm. Therefore, it could be concluded that
SHAM showed a synergistic effect with the azoxystrobin, which was significant while

assessing the level of azoxystrobin sensitivity in vitro testing.

Keywords: alternative oxidase inhibitor, Quinone-outside Inhibitor (Qol)
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2.2 L‘?’;aiﬂ Phytophthora spp.

Phytophthora spp. vnlWiiaxasdainamdemeageulssuaiavatsyialan
dewnnluganansemssuil 19 damssyunveate Phytophthora TususlSaog193uussv0q
mﬂa‘%aﬁﬂﬁhjmmsaﬂqﬂﬁuw%ﬂé’tﬁmwaﬁiamm@fmmwmsz’nlﬁa Feuslaaduems
wanvinliyileSaeneendumeiuiuinnuazenengdlosuaud (Drenth and Goodwin,
1999)

aymm%ﬁ’mﬁuauﬁﬁai’] Phytophthora spp. (Brich and Whisson, 2001)

Kingdom: Chromista
Class: Oomycetes
Oder: Peronosporales
Family: Pythiaceae
Genus: Phytophthora
\da51 Phytophthora spp. LﬂuL%aiwiuﬁumﬁ'aagﬂfﬁmqauumwmﬂﬁ%ﬁLf’luiimﬁw
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Figure 2.1 Fungal life cycle Phytophthora spp. (Drenth and Barbara, 2004)
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2.3.1 Isasnnudalautln (Root and Stem rot)
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2.4 @1sianladasnun1anidasn Phytophthora spp.
91NMIVia1BeRTesINgu Oomycetes as1apudemelmnunsnsiluag1ain
inwasnsaulngTedenldasiadlunismvaudoslunguil imsizazainuaslinasinso

qi a g o o 4’1 d‘ dil ! a o 1 !
%ﬂﬂ?iLﬂMﬂ@ﬂﬂUﬂ’]ﬁ]ﬂL“UQiﬂﬂiﬂUﬂﬂiﬂ’JUﬂuLsﬁai’]ﬂQM Oomycetes U31UIU 10 AU LUIAH

¥
a Y o= =

nalnn1snvinane (Gisi and Sierotzki, 2015) #115UNISAUAIIATINLLUANwIE1SALUBary

[y
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azoxystrobin

azoxystrobin aﬂiLﬂﬁ%ﬁﬂ§QQTUﬂém Quinone outside inhibitors (Qol) Faduansuin
@m%m (Systemic fungicides) finalavmne@aadifisamne (specific mechanism of biochemical
action) LLazﬁmmLﬂuﬁwf\i"n,wmmmqqa aaﬂq‘méiﬂsJLﬁi’hiUﬂ’Juizwmaim%asw (555067,

2543; Lee et al., 1999) (Figure 2.2)

Common name : Azoxystrobin

Trade name : Azoxystrobin, Amistar, Heritage, Bankit

Molecular formulas : Cyy Hi7 N3 O

Chemical group : methoxy-acrylete

Active ingredient methyl (E)-2-{2-[6-(2-cyanophenoxy)pyrimidin-4-
yloxylpheny}-3-methoxyacrylete................ 12.5% + 20% W/V
EC

Chemical structure

N";'“lw
o)%/l\o
CN CH30._~

COQCHE,

Figure 2.2 Azoxystrobin (Source: Fungicide resistance action committee, 2020)
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nau Ao Complex I, Complex I, Complex IIl tiag Complex IV (Ishii et al. 2001) (Figure 2.3)

%

‘:\

TR P E Bt
AR+ kAt o)

)

Figure 2.3 Modeling of enzyme groups complex I-IV

(Source: www.ck12.org/book/CK-12-Biology-Advanced-Concepts/section/5.13)

£

asniidasnumdnlsaiunignsse Complex Il lakn nawans C3 : ansnqualnslasu

[ 1

Wuarsdestumdaidanudrdgynaulug nquais C4 : cyazofamid (lwenleniiin) waz

amisulbrom (wondiwealusy) fidwason1syauvesgdailuu 489 cytochrome b,
feguinuiuluvendevililnaouede, nguans C8 : methoctramine (ofineAnsndu) dsua
sogUnTlunuas cytochrome be, USLad Qo site 9FUAY Stgmatellin binding sub-site i
U3t Qol Wuansiinrwddgannuaziimsiaunsgisiniiinnvdindisusengnainly

U A.f. 1996 (5o, 2559)



2.4.2 Alternative oxidase

Tunsfinwasedl 1ald salicylhydroxamic acid (SHAM) yiutinfiunusendiaganiadeon
fnsanfiunisiiielvinsiuienalnves azoxystrobin Tunsdudenismelaves mycelial way
DVBNATBY SHAM N1snAdauURaNTTuUee azoxystrobin wag SHAM aliunisiagldnisneageu

a

masaivlndaduvendulouaznisnaaeunissenvesales nedainerdu q Mdeades
uaﬂmm‘j”ﬂwugmamﬁ’a nsduds azoxystrobin Wag SHAM feLiosn nsn Salicylhydroxamic
W un158ue slne azoxystrobin N15ld0end1au A1sNAdey mycelia wan al9fL9f us
azoxystrobin Sudansmglarenidesluszezusn sremmududuiindy Jssansamfiutu

dlonandulunismelaves mycelia a2ldsumstiudamesngndiosn (Li-hua et al, 2009)
2.5 uBNNeITVa9
» aeludsendlne

Wnauazdansn (2558) Lavn13Anwinavesansiad Prochloraz, Benomyl,
Carbendazim, Azoxystrobin, Mancozeb wae Copper oxychloride m'aﬂ’liﬂ’JUQuIimLau
UNIALUATDILAININT INNITUABDINUIT d3LALLARZIUATINANITEUSIN T TR NduleLTe
suAazviiauanseiuansialinauisagudsnisiaigueaduluesn C gloeosporioides 16
l:ll dj = v Q"J’ a 174 v & ¥ 1
naadsdnadudansiayveadulelaauysaiae Prochloraz hag Mancozeb 50484 lak

<3 &

@151Al Carbendazim, Benomyl, Copper Oxychloride wag Azoxystrobin Taodiues g ud

(%
LYY

udalevindu 91,26, 88.33, 65.41 uay 31.73 WasiGudmuaduliaiuiauiisuiugaaium

WIUTENWATANE (2562) 1 1AYIIN1IAN Y INATDIE1SLATANTALA B3 azoxystrobin
pyraclostrobin way trifloxystrobin #A7udNdu 0, 1, 10 wag 100 mg/l $amAU alternative
oxidase inhibition (SHAM) i3t u91 100 me/l faltias Aspergillus spp. 3NNAUNIZIABY

W1 NASANINUIT @159 3 iladuseaniainlunisarvaunisiesynaduleveates

Aspergillus spp.

Kongtragoul et al. (2019) lavinnis@nwraausiuniuae Quinone-outside Inhibitor
(Qol) ansaiifesly Colletotrichum spp. Twenldanisa Anthracnose Tiintululszmelng
9INN1SNAABINUIT LT351 Colletotrichum spp. @unsR umusieansiail azoxystrobin ¢
wavannsaiulauLeImng PDA finay azoxystrobin 100 mg/l weidlona salicylhydroxamic

(SHAM) # 100 me/l azanunsanIues Colletotrichum spp.



> dsuszine

Alviter et al. (2007) TdvirnnsAnwanulifiugiu wazaanuuand1swesase g o
Qol apsviinlunguituenldves Phytophthora cactorum Avilia wazsoaituuanse
WS 9nmsnaasanuin nsld azoxystrobin wag pyraclostrobin fiauidudu 0.001, 0.01,
0.1, 1.0, 10 wag 30 pU/ml Wedunsaniduls wuiramnsanugumsasguiulauagnisen
v83gloaUas vad P. cactorum laaiinaulisia pyraclostrobin 1NN azoxystrobin way
A14lsie azoxystrobin war pyraclostrobin aglusgAuUiunans udauduiusiuseied

HedAny

Li-hua et al. (2009) la A n¥IA1SYIII1UVBIdITLAL  azoxystrobin Lay
salicylhydroxamic (SHAM) Tunas§ud snsasmdvinvendulovends Colletotrichum
capsici, Botrytis cinerea, Rhizoctonia solani and Magnaporthe grisea 39NN1INAADINUIN
nsldansiafl azoxystrobin fiaanadudu 0, 1, 10 waz 50 pU/ml saufu salicylhydroxamic
(SHAM) Fianadiadu 100 pUml wansfifiuinanunsadufinsmelavendosa 4 sialdidu

! a
RISANI

Seyran et al. (2010) l§vnsanwaudufivluvasannasswesansdud wendin
anaden salicylhydroxamic acid (SHAM) uag propyl gallate vu Fusicladium effusum a7n
NSNARBINUTINTM azoxystrobin 7iaaududy 0, 0.0001, 0.001, 0.01, 0.03, 0.1, 0.3, 1.0
way 3.0 pUmlansand 831 Qollunisnadevlunasannass Inenisla wazlald
salicylhydroxamic acid (SHAM) 7 aanand udu 100 pUmluanslfifunisnevauessaen

o w

azoxystrobin M1s@9eE 1A dA1 ECs, Nmunadlafounnaieiueeiidudany

Bradley and Pedersen (2011) 1AvIn15AnEIN1SA1UNIULE B Cercospora zeae-
maydis Woanmalsalugavestnlnalulssmaanizeining lagldaisiall azoxystrobin 7
AU gy 0.0001, 0.001, 0.01, 0.1 waz 1 pl/ml, pyraclostrobin wag trifloxystrobin 7

AMMUNTY 0.0001, 0.001, 0.01 ag 0.1 pl/ml 31ANTNAFBINUINEITNY 3 YA @11150

(%
v @

vgsn1ssenvendulyulad An ECs, NAnulaianudunusiueg1eiidedany wazidely ais

[%
LY

719 3 wila NaFeUTINAU salicylhydroxamic acid (SHAM) fiesdudu 60 pU/ml wustanunse

o
v v o w

vienssenveadulelannitegrelidedfny



Duan et al. (2012) l@vinms@nwinisdiuda Sclerotinia sclerotiorum lumasanaass
TndIuNaNvD9 azoxystrobin fimnududy 0, 1.25, 2.5, 5, 10, 20 waz 40 pU/ml SHAM 7
AuLd 50, 75, 100, 125 waz 150 ul/ml thiram finnadudu 0, 0.03125, 0.0625, 0.125,
0.25, 0.5, 1 4ag 4 pl/ml 31NAISNAADINUIN mié’uslgqmil,ﬁcylﬁuimmLﬁuiﬂ TagdansLadl
azoxystrobin 38 azoxystrobin W@ thiram %é’ugamiw%@@uimaqLé’uialé’ﬁuwnndw

SHAM uan158ussnsaseAulnveddulsaginTuaNAUTNTUTDY SHAM TILALTY

Zhang et al. (2012) 1§vhn@nwneaudunuesansaiitdosiufisndesn Qol se
Tsalugaludmdeainain Cercospora sojina fivgalunivewwsninie Tagldats 3 via
Toun azoxystrobin, pyraclostrobin wag trifloxystrobin AU N Y 0, 0.0001, 0.001, 0.01
waz 0.1 u/ml Inenaaausauiu salicylhydroxamic acid (SHAM) fiasuidiudu 60 uU/ml way
fuemaisaie PDA 9 nmanadeunuil arseditestuidadesngy Ool ieldsuiy

salicylhydroxamic acid (SHAM) a11150AUANTRsLARNT

Hincapie et al. (2013) 19’1"1/Tﬂmsﬁﬂmmmln‘ﬁ”ugmﬁum Guignardia citricarpa fiken
I#ansgviaaian 1neldf Azoxystrobin Wag Pyraclostrobin Aty 0, 0.001, 0.01, 0.1, 1
way 10 pl/ml 91nn1suRaasnudn nsuiia SHAM fiaanadiudu 100 pl/ml ashu Azoxystrobin
uag Pyraclostrobin T18anvuAdURTUALSNa19983 colony Taudelsrlunszgaduagiad

Y 1Y

UEJ??’WﬂQJ, LLaa‘ﬁﬁ’]ﬂJWiﬂﬂ’]UﬂNﬂ’ﬁ\‘iaﬂT@ﬂﬁUiﬂ%

Ma et al. (2018) AlAFn¥INITITIMMAZENBUZRN TV Phytophthora capsiciﬁ
NUAEITLAN azoxystrobin, pyraclostrobin itag famoxadone ﬁﬂ’smlfi’fm’fu 0,05,1,2,4
wae 8 pU/ml 33U SHAM fiaanandudu 50 pU/ml reliAa Pepper Phytophthora Blight Tu
Useinadu 2nns@nwanuin a1esus Phytophthora capsici ianalhanas ilevdnideenis
faauiuuegasaiiinsld Qol Saufuassidenifiuuuumsosngiiunneis

AU warannulaInumIUENSMLULLIN
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4 ad
uNInULAZIGNTT

3.1 WUSIVTINNATANBIANBUTNIITUFIUING WY 851 Phytophthora spp.

dmalsnney
3.1.1 LﬁU'i'JUi'mél":asJNvgﬁauﬁmemmsmm%ammq Phytophthora spp.

» msiiudiesig
TnaiuMmemiseuniina nasn Phytophthora spp. INEIRL KAZHATBINISEL

TuNuNIaninguns

Bnsiudayannimaass
1. JUiNS 188z duAYININNUADE
W/ PeU/A) WaIny

fingilenans (GPS)

T1o0W» 0w
=)

. 1A
> nswenida Phytophthora spp.

1mglg35 Tissue transplanting technique AnTuiisusMUNaRNTIAULTYINaI8YBUD
awme Widauan 0.5 x 0.5 cm. dwdousiaiiuialagy Clorox 10% Usyunas 3-5 Wil 819
P H & Al - -1 PR YY) a A =< & v v
AIgUINAUNAIUNTEELYe Usennnd 3-5 il Fuaienseauiivyaunislgnieliumg
udUBuEUNYIUMIUUDIMNT V8 agar Wadl Selective media wisulagianiny (Table 3.1)
maiu@fﬂaam%a (Laminar flow clean bench) ﬁ’liﬂﬁuiﬂuﬁjﬂmﬁa (Incubator) 2-3 Tu 9

a

gaunnill 30 ssrwaded Wedunaviuduleventiosfiaiyeenunld cork borer vuALdY
H1uAUINa1e 0.5 cm. dinusiiauaneiduleiliasgeenyn 119UUe 15 PDA (Potato dextrose
agar) Ul3lugdunae 2-3 1w 14 cork borer diausnaaneiduleiulilu PDA slant dmsuld

Tunsnmasssall



Bnsiudayannismeass
1. S1urusegelsaniu

2. $ruriios Phytophthora spp. Tiwenld

3.1.2 Anwanyazn1edugININGNYaI1 Phytophthora spp. dwnlsAieu
18N8 8918091 Phytophthora spp. Tua1ue1115ta 8413 PDA (potato dextrose

agar) WALEURIUAUENa1 9 cm. wagly cork borer BwALEURIUAULNAS 0.5 cm. Taulw

v A

g Yonal dndulausnaeulaladyanta MNaiaunidulerautanInasuueImsusIn

[
14 =)

nauRIMsdende Yuliiaamgienuessayiulafuanubente wasfnwinnield

Y

N&vIaNnTsAY

Bamsudeyannisnaaes
1. anwauglalatiiyas)

2. aTv@euanvauzdulanazn15a319 sporangium Aelandesgansseid



Table 3.1 PAR(PH) — V8 agar: For Phytophthora species.

Amount per A.l. Concentration

Ingredient 1.0 Liter 0.5 Liter (PPM)
Basal Medium
*Clarified V8 Concetrate 50 ml 25 ml
Distilled Water 950 ml 475 ml
Difco Bacto Agar 15¢ 75¢
Amendments
Delvocid [50% pimaricin] 10mg=0.01¢ 5 mg 5
Sodium Ampicillin 250 mg = 0.25 ¢ 125 mg ~ 250
Rifamycin-SV [sodium salt] 10 mg =0.01 ¢ 5 mg ~ 10
**Terraclor [70% PCNB] 66.7 mg =0.0667 ¢ 33.4 mg 50
**Hymexazol 50 mg = 0.05 ¢ 25 mg 50
or**Tachiaren[70% Hymexazol]  71.4 mg =0.071 ¢ 35.7 mg 50

*Clarified V8 Concentrate = Buffered V8 Juice [1.0 ¢ CaCO,/100 ml V8 Juice] clarified by :
« Centrifugation [400 RPM for 20 min] & filtration [2 layers of Whatman No. 1 with vacuum], or
+ spin @ 7000 rpm for 10 min then filtration is not necessary then, freeze at -20°C in 50- ml aliquots [e.g.,
in disposable 50- ml centrifuge tubes]
** PCNB and hymexazol are optional and can be omitted [e.g., to make PAR, PARP, & PARH]
« PCNB is particularly useful to inhibit soilborne fungi on soil dilution plates
« Hymexazol inhibits most Pythium spp. While allowing most Phytophthora spp. To grow
Sources : Jeffers and Martin (1986) and Ferguson and Jeffers (1999)

3.2 UszLliuUseansnInuasansiall Azoxystrobin 33uiu SHAM lunsaaunau

\%831 Phytophthora palmivora 8alsAntseu

'
4:1 [y

MsSENeINSEBUTD V8 agar naufuasilosuidaides azoxystrobin 15¢AU
AILTLTURANS 9 len 0, 1, 0.1, 10 way 100 ppm. maqmiaaﬂqw'é LavlASEN S ABATD
V8 agar nanfuanstestumdag as azoxystrobin (a.i. 25%) tag salicylhydroxamic acid
(SHAM) s 100 ppm. 91nvuld cork borer YUIPLFUHIUAUGNAIE 0.5 cm. FRUTLIN
vaslalatvesdosusazlelaan uavihludowuenms V8 agar induansiosiufdndosnd
swiuaududy e 9 iSsuidfisunasiyuedalaiidesfuganiuauie 913 V8 agar 7

[

Tuilonayastaaiu MAABIT YNNISNAABIANULINTUAE 4 90



UUNNNAN1INAADY
1. IN1593eeeates nenmsinduriuaudnaledlalaiies

2. Amwanesiduinsdudinsasyiulavenduly WeiSeuiisuiugaaiun

nsAUIUBS LU N158eden1sias A ulnve il 931 Phytophthora spp. wag

salicylhydroxamic acid (SHAM)

R1-R2
PIMC = — x100
R1

R1 = $AIiN15.93u99985

R2 = SmillalatiynArunu

= o 1 [

3.3 N19AU2 LazUssliudseanSn1nvedansiall azoxystrobin $9UAU SHAM
o § < 6 % :J’ a a v v & a v o 14
ilesiguanisgadansiasydulnuiuanensananudnusdadu Inenvuali (Wnu

X) 18uAn log voenditutuvesasialitesiufdntosildnaaeu waglh (wnu v) WWue

wWesiudnisdudsnisisayivlaveaidos Mntuuwnuanlesidudnisdudanisisyivln ay

TaA1ATLTY YanuiAl antilog azliannuidutuasansialiannsaduginIsaseaulale

50 wWesldus (Effective concentration; ECs,) $9a11n1S

Y =aln X)+b

¢ < & Y qi.// a a dy
Y = wWeslguansdugenisasyiiulaueaies
X = AUULTUUD AT ATIUOINUAIALTDIINAIN T SUEINITLDTYLAULATDILT DT
Tne1A1 ECs, NAnuiailaainaunisanana Useiluusea@ndninuesansiail azoxystrobin

90U SHAM
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NANIINNaBN

4.1 NSUENUALIIUTIULYTY Phytophthora spp. anlsAYSEY

Mnmsiuiieg1alsaniseuan 5 @u (location) Tuiiuil 4 d1nevesdaninguns

liun snnevziiy dunaidies enead wasdnneyangln waniseazidenly Table 4.1 fian

TUANIINTBAWE Phytophthora spp. FILFNWULDINITIINGIAY kazka F2iUNaTARIU

Waenaswdnduduima i eldduludswdudiiniaunsfisinniadu (Figure 4.1 a)

nuareINsNaasingauNaTUIAEndU MM I ULNE 919N 1 v5e 2 90 W3eunn

(%

(Figure 4.1 b)

Table 4.1 List of location details and condition in Chumphon

1w wagveelugiiuinaunieraudes Waugusrwanazezanaudneluilonseu

District Sub-district Farmer name GPS Location code
Mueang Tham Sing Whanvara Thaitas 1024 55N, 993 33 E CL1
Sawi Na Sak Sujita Manghintew 10 13 56 N, 990 2 E CL2
Thung Tako  Thung Takhrai Sritong Aunpinyo 10825N,996 26 E CL3
Pathio Thale Sap Vitaya Eimdang 104836 N, 99 6 59 E CLa
Pathio Khao Chai Rat Pasit Sae-ngu 1054 51 N, 99 17 04 E CL5

Figure 4.1 Symptoms of Phytophthora disease on (a) stem rot disease, (b) fruit rot disease



1A8UIAI081901YININTeNAIY3S Tissue transplanting technique f\ﬂﬂ@hﬁ]&i’lﬁqﬁ&luﬁ
wansornslsasniunlauni aglsanauin funeludminguns feiegefiuenlddmou
a8 lolwian Tnsutseanidu suneidies (CL1) S1uau 13 lelwan dewonliaineinisuudisu
SeU 8wnead (CL2) 91w 5 lalwan wenliainainisuudisunsew gunevangin (CL3)
$1uau 10 lelwiay wenlsanensuudduniEou sunevziin (CLA) $1uau 9 loluan Auen
laa1nenisuuaruisey 311U 3 loloian wasnanisew 319 6 balaian g (CL5)
$1uau 11 Telewan AuenldainwaySeu (Table 4.2) vsnduiilushnsuenidosuiand

single spore d@wsultlunisnaasinissely

Table 4.2 List of Phytophthora spp. isolates from each location.

Tissue
Location code No. isolates
Stem Fruits
CL1 i3 13 -
CL2 5 5 -
CL3 10 10 -
ClL4 9 3 6

CL5 11 - 11




4.2 AnYaNYMENNAUFINING WYY Phytophthora spp. 81WALIANLIEY

PnnReTLenla WU Wwesanuniidnwuglalatiuue1is V8 agar sl lalailiidun
Wuwduledaune q deutududu (Figure 4.2 a) 1SIANIUDINSEBLTDIUR 85 mm.
Uszan 5-7 Tu anduneauinauilseinige 1 vea ldulatsunauloiduly visalesives

VU5 V8 agar ihlUnsuuuiualan waslelidiuveuduly niealesiwesliuannszany

(%
Y

uiaseusiu cover slip wiel#asdnTutunsuuunualadudnauny cover slip liladels
AIUVDITULANNTEILDBNLALUIIAY ASIFdaUanwzidule wag sporangium aeldndes
f\;aifliﬁﬂﬂ 198379 sporangium LLUU ovoid, globose, pyriform, limoniform uag ellipsoid 1
14ifid (hyaline) daunssUaned papilla (Figure 4.2 b) drudnwaziduloidunuu non-septate
567877 WANATIULUL simple sympodium w3eealifiauuiuueu (Figure 4.2 ©) wagny
13519 chlamydospores gUsspautanay (Figure 4.2 d) 9nanuazaananinduundy

Phytophthora palmivora

Table 4.3 Morphology characterization of Phytophthora palmivora Isolates causing

durian disease

Isolate code Sporangium shape Chlamydospores
(Mg N | : -
CL1 S2 Obpyriform v
CL1 S3 Globose v
CL1 sS4 Ovoid v
QLS55 Ovoid v
CL1 Sé6 > -
CL1 S8 Obpyriform v
CL1 S9 Obpyriform v
CL1 S11 Ovoid v
CL1 S12 Ovoid v
CL1 S13 Ellipsoid -

CL1 S14 Pyriform v




Table 4.3 Continues

Isolate code Sporangium shape Chlamydospores
CL2 S1 Ovoid v
CL2 S2 Ovoid v
CL2 S3 Obpyriform v
CL2 S4 Ovoid v
CL2 S7 Ovoid v
CL3 S1 Ovoid v
CL3 52 Globose v
CL3 S3 Pyriform -
CL3 S4 Ovoid v
CL3 S6 Globose v
@5 {1 Ovoid v
CL3 S9 Globose v
CL3 S10 Ovoid v
CL4 F1 Ovoid v
CL4 F2 Obpyriform v
CL4 S3 Globose v
CL4 sa Ovoid v
CL4 S5 Ovoid v
CL4 F7 ellipsoid v
CL4 F8 Ovoid v
CL4 F9 Ovoid v
CL4 F10 Ovoid v
CL3 S11 Ovoid v
CL5 F1 Ovoid v
CL5 F2 Obpyriform -
CL5 F3 Ovoid v
CL5 F4 Globose v

CL5 F6 limoniform v




Table 4.3 Continues

Isolate code Sporangium shape Chlamydospores
CL5 F7 ellipsoid v
CL5 F8 ovoid v
CL5 F9 ovoid v
CL5 F10 globose v
CL5 F11 globose v

Vv = appeared



Isolate
Font Back Spore Mycelium Other
code

CL1 S1

CL1 S2

CL1 S3

CL1 sS4

CL1_S5

CL1 S6

CL1 S8

CL1 S9

(a) (b) (o) (d)

Figure 4.2 Morphological characterization of Phytophthora spp. Isolates causing durian

disease; colony (a), sporangium (b), hypha (c) and chlamydospores (d)



Isolate
Font Back Spore Mycelium Other

code

CL1 S11

CL1 S12

CL1 513

CL1 S14
CL1_S15
CL2 51

CL2 S3

(a) (0) (d)

Figure 4.2 Continues



Isolate

Mycelium

code

CL2 sS4

CL2 S7

CL3 S1

CL3.S2

CL3_S3

CL3 sS4

CL3 S6

CL3 S7

Figure 4.2 Continues




Font Back Spore Mycelium Other

CLa F1

CL4 F2

L4 S3

CLa sa

CL4 S5

CLa F7

Figure 4.2 Continues




Isolate
Font Back Spore Mycelium Other
code

CL4 F8

CL4 F9

CL4 F10

CL3 S11

CL5 F1

CL5 F2

CL5 F3

CL5 Fa

(@) (b) (c) (d)

Figure 4.2 Continues



Isolate

Font Back Spore Mycelium Other

code

CL5 F5

CL5 F6

CL5 F7

CL5 F8

CL5 F9

CL5_F10

CL5 F11

(@) (b) (c) (d)

Figure 4.2 Continues




4.3 Usztiuuszandnanwwesansiall azoxystrobin $2uAU salicylhydroxamic

acid (SHAM) Tun13AuANLGa31 Phytophthora palmivora &wnAlsANLEY

1NN15ANYIUTEENT ANVeIaESLATl azoxystrobin SAuAY salicylhydroxamic acid

(SHAM) Tun1seIuAuIE a3 Phytophthora spp. Uu®1113 V8 agar AUIMNIUe3LGUANIS

o
LY Y]

VN33 YL AULATDUI D51 WU UszAnSnnuesansiadl  azoxystrobin 331U SHAM 7

ANUANTY 100 ppm. Beanansadudsmsiasaivlnveadesila 100 Wesidud Hdiuau 45

(%
Y] [J

Toloian Meddsuiu 3 loloan NlwWesiduddudanisiasadulnveudesitiosnin 100
Wesidua Ao CL1 53, CL1 S12 uay CL1 S11 Iesfiwesidundudinisiadaydulay 98.88,
94.97 uay 92.77 auanau luvusNUsEandn1nasiadl azoxystrobin a819@e? NAINULTNTY

100 ppm. dUszdnS A mguganistasyiAulavuead 931 Phytophthora spp. 11An11 50

[
v Y

Wesidud 311w 10 lelgian wazdudsnisasaiulavendesitosnin 50 Weosidus s1uiu

38 lalaian

PNHANITUABBIV AU WU USzanSnnwesasiadl azoxystrobin NIRULUNTY 100

ppm. WANTINAY SHAM Tutwad usi 9tneiiies (CL1) viarnasvaaosanuau 13 lalgian

a

nuIiauu 2 Telalan Nansadusininasyiulnueadaslansusautudu 10 ppm.

o

o v
v A

nausauiu SHAM fg CL1 54 wag CL1 S14 weiddswau 10 Tolaan fiawnsadudenis
wiaiulnveadosild 100 wWesidus wasiisiuay 3 lolean fidudimsidyivinveades
Ihdosndn 100 Wodifus Ae CL1 S3,CLL S12 waz CL1 S11 Tnefiesifuddudanis
L‘G%QJJL@UIGH?]I 98.88, 94.97 W@y 92.77 Mua1nu 87.nea? (CL2) yin1sveaasdiuiu 5 lalaan
wuhanunsodudsld valelsan waelidun 1 lelwan daunsndudinaaigivlnvenie
srleRauaAddy 10 ppm. kaNTINAY SHAM Ao CL2 S3 guneyewzln (CL3) vinIg
yaesd iy 10 lolean wunaunsodudsldvalelaan wazidsiuam 2 lelsian Aamnsn

(%
LYY

VETIN393eL AU VDUTO I ARILAAUTNTY 10 ppm. WANTINAU SHAM Ag CL3 S9 uay

(%
o

CL3 S11 gwnedeiia (CLA) yhnisveaesdiuiu 9 lelsian wulnaunsadudslannlelsan
wazdsruau 2 lelewan fanunsadudeinsiedyivlnvendosldnudaududu 10 ppm.
NEAUTINAU SHAM Ao CLA F2 way CLA S4 way (CL5) vinimveassdiuiu 11 Telsian wuan
annsadudsldvnlelsian wazdsuou 4 lelwan fawnsadudamsiaiadvlnventesls
Fausaududy 10 ppm. nausaufu SHAM e CL5 F1, CL5 F4, CL5 F8 way CL5 F10
wiN1INAaBIUTEANS A NTEsENsAT azoxystrobin  fiAdnandudu 100 ppm. WisseEafen

annsadudinisadyfivlaveniiasnuinnd 50 Wesidus wuin suaevisnzln (CL3) Hdunu



2 lolaan swnaUsia (CLA) T91u7u 3 Lalawan (CL5) 33117 5 1alaian wagehnokilad

(CL1) wazswnead (CL2) ianusadudinsiadgiulnrentiosuinnin 50 wWesidua

Pntusnamdesduinistudinsnasaiulamadule suanensauduiug
Fadu fuen log vesmnududuvesansiaiitiesturidnidos luaunis Regression equation
e antilog udarldrnnuituduresasaifiansadufimsasyivlald 50 Wesidud
(ECsy ; effective concentration) #u31 a@154A3l azoxystrobin finausaufu SHAM annsaduds
nMaasuiulnvendulefien ECy, <0.1 mg/l ynlelaian TuvaefinisnaassUszansnmees
@15LA8 azoxystrobin LNEDEINLAY aﬂmiaé’uéﬂmaw%m@uimmLé’uiaﬁm ECso >100
me/l $1uau 45 lelatan vailwuuseansanuesansiail azoxystrobin Wewogaiien da1unsa
é’uégamsl,ﬁauuﬁuimaﬂLé’ula‘ﬁ'm ECsy <0.1 me/t $1uau 2 lelwvan felelewandl CL1 S12

way CL1 S13 uaziA1ECs, 10 89 >100 mo/l $1uan 3 lelwan Falen ECs, 60.82 - 86.37

mg/L (Table 4.5)



Table 4.4 Fungicide Resistant assay of Phytophthora spp. causing durian disease on V8

agar amended azoxystrobin with salicylhydroxamic acid (SHAM).

Isolate SHAM Percent of inhibition (%)
code (100 ppm.) 0.1 1 10 100
CL1 S1 - SHAM 4.70 19.35 20.39 16.93
+ SHAM 54.86 66.13 93.93 100
CL1 S2 - SHAM -1.58 16.10 17.16 23.82
+ SHAM 49.53 69.71 87.29 98.88
CL1 S3 - SHAM -1.31 8.84 19.52 9.88
+ SHAM 59.39 78.20 93.70 100
CL1 5S4 - SHAM 8.51 17.86 24.71 24.81
+ SHAM 58.31 79.83 100 100
CL1 S5 - SHAM 8.55 13.74 18.27 12.31
+ SHAM 66.25 96.17 98.40 100
CL1 S6 - SHAM 8.23 28.49 31.26 20.77
+ SHAM 60.02 79.08 93.81 100
CL1 S8 - SHAM 1.80 15.74 13.25 14.35
+ SHAM 57.58 77.10 98.83 100
CL1 S9 - SHAM 0.38 13.74 8.18 14.28
+ SHAM 57.69 71.04 99.57 100
CL1 S11 - SHAM 3.08 11.80 10.89 9.38
+ SHAM 69.50 80.19 90.11 92.77
CL1 S12 - SHAM 33.22 27.58 28.48 21.68
+ SHAM 63.03 85.16 89.78 94.97
CL1 S13 - SHAM 5.88 2.62 31.34 -5.86

+ SHAM 68.37 80.94 95.68 100




Table 4.4 Continues.

Isolate SHAM Percent of inhibition (%)
code (100 ppm.) 0.1 1 10 100
CL1 S14 - SHAM -9.37 8.09 6.25 7.84
+ SHAM 72.16 94.87 100 100
CL1 S15 - SHAM -3.16 -7.42 12.36 17.07
+ SHAM 61.48 7.01 81.19 100
CL2 S1 - SHAM e 6.51 23.63 28.27
+ SHAM 68.02 84.65 89.02 100
CL2 S2 - SHAM 7.92 9.42 29.04 32.36
+ SHAM 65.1 85.20 93.26 100
CL2 S3 - SHAM 13.39 11.02 23.89 31.54
+ SHAM 62.07 92.32 100 100
CLz 5S4 - SHAM -9.73 7.99 22.70 35.40
+ SHAM 67.48 78.43 93.98 100
CL2 S7 - SHAM 16.01 8.00 20.37 34.61
+ SHAM 67.90 83.13 91.25 100
CL3 S1 - SHAM -6.45 =323 8.71 15.46
+ SHAM 69.02 77.96 79.05 100
CL3 S2 - SHAM 20.86 24.51 38.20 32.93
+ SHAM 66.23 95.46 97.46 100
CL3 S3 - SHAM 12.05 10.03 24.85 35.77
+ SHAM 68.90 86.27 93.66 100
CL3 54 - SHAM -13.41 -51.47 -26.39 5.31
+ SHAM 67.16 87.07 90.82 100
CL3 S5 - SHAM 6.85 3.14 26.90 26.72
+ SHAM 64.00 85.79 97.77 100
CL3 S6 - SHAM -5.14 7.90 23.35 29.10
+ SHAM 69.91 88.50 98.24 100




Table 4.4 Continues.

SHAM Percent of inhibition (%)
Isolate code
(100 ppm.) 0.1 1 10 100
CL3 S7 - SHAM 14.07 34.48 11.72 32.27
+ SHAM 49.94 69.26 85.10 100
CL3 S9 - SHAM 5.74 22.28 19.51 42.72
+ SHAM 67.24 77.13 100 100
CL3 S10 - SHAM delesdG 24.13 23.35 54.52
+ SHAM 68.86 80.76 92.40 100
CL4 F1 - SHAM 13.26 18.84 46.42 44.37
+ SHAM 63.87 73.93 86.91 100
CLa F2 - SHAM 18.74 16.86 14.63 43.68
+ SHAM 67.82 85.51 100 100
CL4 S3 - SHAM 8.93 15.44 20.65 50.83
+ SHAM 62.11 76.28 92.01 100
CL4 S4 - SHAM 6.94 19.65 22.49 44.24
+ SHAM 65.66 82.69 100 100
CL4 S5 - SHAM 5.97 16.30 23.15 51.14
+ SHAM 65.12 77.82 90.34 100
CL4 F7 - SHAM 7.81 16.32 18.72 49.56
+ SHAM 62.05 73.95 88.19 100
CL4 F8 - SHAM 16.29 20.39 25.62 51.32
+ SHAM 63.46 76.91 93.34 100
CL4 F9 - SHAM 7.83 16.03 13.67 46.03
+ SHAM 57.62 73.54 86.10 100
CL4 F10 - SHAM -17.06 4.25 -1.59 38.92
+ SHAM 571.77 71.45 89.25 100
CL3 S11 - SHAM 25.70 36.00 23.55 44.80

+ SHAM 62.69 91.24 100 100




Table 4.4 Continues.

SHAM Percent of inhibition (%)
Isolate code

(100 ppm.) 0.1 1 10 100
CL5 F1 - SHAM 27.10 38.82 30.85 55.48
+ SHAM 68.11 78.93 100 100
CL5 F2 - SHAM 31.38 37.21 38.66 55.24
+ SHAM 68.27 79.37 94.44 100
CL5 F3 - SHAM 23.68 33.91 31.29 50.02
+ SHAM 64.42 78.44 87.46 100
CL5 F4 - SHAM 28.78 31.86 34.01 42.22
+ SHAM 75.87 84.92 100 100
CL5 F5 - SHAM 32.96 39.22 40.55 52.62
+ SHAM 72.07 78.86 91.14 100
CL5 F6 - SHAM 31.78 39.56 39.07 53.65
+ SHAM 71.35 75.20 94.95 100
CL5 F7 - SHAM 25.32 33.58 33.17 51.55
+ SHAM 70.35 79.86 98.66 100
CL5 F8 - SHAM 21.67 33.65 27.55 46.47
+ SHAM 68.45 77.24 100 100
CL5 F9 - SHAM 12.59 31.69 27.26 39.38
+ SHAM 65.28 75.30 89.58 100
CL5 F10 - SHAM 14.13 27.67 25.84 41.09
+ SHAM 68.21 75.84 100 100
CL5 F11 - SHAM 17.09 37.14 28.56 49.60
+ SHAM 68.63 85.98 93.93 100




Table 4.5 azoxystrobin fungicide with salicylhydroxamic acid (SHAM), regression
equation, coefficient of determination (R?), sensitivity and 50% effective

concentration of mycelium growth of Phytophthora spp. Causing durian disease.

SHAM ECs0**
Isolate code Regression equation R?
(100 ppm.) (mg/V)
- SHAM y = 1.6386In(x) + 13.456 0.45 >100
CL1 S1
B + SHAM y = 7.0886n(x) + 70.569 0.94 <0.1
- SHAM y = 3.3554(n(x) + 10.012 0.84 >100
CL1 S2
B + SHAM y = 7.1932In(x) + 68.071 0.99 <0.1
- SHAM y = 1.9218In(x) + 7.02 0.45 >100
CL1 S3
+ SHAM y = 5.9642In(x) + 75.956 0.96 <0.1
- SHAM y = 2.4212n(x) + 16.185 0.87 >100
CL1 S4
+ SHAM y = 6.3077In(x) + 77.273 0.89 <0.1
- SHAM y = 0.6866ln(x) + 12.427 0.26 >100
CL1 S5
J + SHAM y = 4.4941n(x) + 85.031 0.69 <0.01
- SHAM y = 1.7541n(x) + 20.168 0.26 >100
CL1 S6
= + SHAM y = 5.8486In(x) + 76.494 0.96 <0.1
- SHAM y = 1.527In(x) + 9.527 0.50 >100
CL1 S8
A + SHAM y = 6.4706In(x) + 75.928 0.91 <0.1
- SHAM y = 1.5695In(x) + 7.338 0.52 >100
CL1 S9
B + SHAM y = 6.7515(n(x) + 74.302 0.90 <0.1
- SHAM y = 0.7813In(x) + 7.888 0.35 >100
CL1 S11
B + SHAM y = 3.4626In(x) + 79.156 0.95 <0.1
- SHAM y = -1.464In(x) + 29.426 0.84 <0.1
CL1 S12
B + SHAM y = 4.3621n(x) + 78.213 0.85 <0.1
- SHAM y = -0.282In(x) + 8.82 0.00 <0.1
CL1 S13
B + SHAM y = 4.7612In(x) + 80.766 0.96 <0.1

*y = percentage of mycelial growth inhibition; x = fungicide concentration. ** Calculated by

the concentration equation (mg/0).



Table 4.5 Continues.

SHAM ECs0**
Isolate code Regression equation R?
(100 ppm.) (mg/V)
- SHAM y = 2.1624In(x) + 0.713 0.58 >100
CL1 S14
B + SHAM y = 3.85In(x) + 87.325 0.74 <0.1
- SHAM y = 3.4948(n(x) + 0.689 0.77 >100
CL1 S15
B + SHAM y = 8.2403In(x) + 52.933 0.37 <0.1
- SHAM y =2.9245In(x) + 14.118 0.73 >100
CL2 S1
+ SHAM y = 4.3564In(x) + 80.407 0.95 <0.1
- SHAM y = 4.0363n(x) + 15.038 0.88 >100
CL2 s2
F + SHAM y = 4.8971n(x) + 80.252 0.93 <0.1
- SHAM y =2.9237In(x) + 16.594 0.83 >100
CL2 S3
3 + SHAM y = 5.2754In(x) + 82.524 0.75 <0.1
- SHAM y = 6.5188In(x) + 6.585 0.99 >100
CL2_Sa
- + SHAM y = 4.9123In(x) + 79.317 0.98 <0.1
- SHAM y = 2.9606In(x) + 16.339 0.62 >100
ELZSY
+ SHAM y = 4.5349In(x) + 80.349 0.98 <0.1
- SHAM y = 3.3732In(x) - 0.261 0.96 >100
B 51
%9 + SHAM y = 4.0837In(x) + 76.806 0.86 <0.1
- SHAM y =2.1671In(x) + 26.63 0.67 >100
CL3 S2
B + SHAM y = 4.4867\n(x) + 84.622 0.71 <0.1
- SHAM y = 3.7341In(x) + 16.376 0.85 >100
CL3 S3
+ SHAM y = 4.3729n(x) + 82.173 0.94 <0.1
- SHAM y = 3.5282In(x) - 25.552 0.19 >100
CL3 S4
B + SHAM y = 4.4415In(x) + 81.149 0.91 <0.1
- SHAM y = 3.6207In(x) + 11.734 0.72 >100
CL3 S5
+ SHAM y = 5.2107In(x) + 80.891 0.88 <0.1

*y = percentage of mycelial growth inhibition; x = fungicide concentration. ** Calculated by

the concentration equation (mg/0).



Table 4.5 Continues.

SHAM ECs0**
Isolate code Regression equation R?
(100 ppm.) (mg/V)
- SHAM y = 5.1321In(x) + 7.894 0.97 >100
CL3 S6
+ SHAM y = 4.3434(n(x) + 84.162 0.88 <0.1
- SHAM y = 1.3828In(x) + 21.543 0.12 >100
CL3 S7
+ SHAM y = 7.2102In(x) + 67.774 1.00 <0.1
- SHAM y = 4.6978In(x) + 17.154 0.84 >100
CL3 S9
+ SHAM y = 5.2615In(x) + 80.035 0.89 <0.1
- SHAM y = 5.5855(n(x) + 21.917 0.81 >100
CL3 S10
B + SHAM y = 4.5627In(x) + 80.252 0.99 <0.1
- SHAM y = 5.2511n(x) + 24.677 0.83 >100
CL4 F1
+ SHAM y = 5.271In(x) + 75.109 1.00 <0.1
- SHAM y = 3.1525In(x) + 19.848 0.48 >100
CL4 F2
= + SHAM y = 4.822In(x) + 82.781 0.88 <0.1
- SHAM y = 5.6853In(x) + 17.417 0.83 >100
CL4 S3
+ SHAM y = 5.6198In(x) + 76.13 0.98 <0.1
- SHAM y = 4.9831In(x) + 17.593 0.91 >100
CL4 S4
+ SHAM y = 5.2259n(x) + 81.071 0.89 <0.1
- SHAM y =6.1826In(x) + 17.022 0.90 >100
CL4 S5
B + SHAM y = 5.0882ln(x) + 77.462 1.00 <0.1
- SHAM y = 5.5438In(x) + 16.72 0.82 >100
CL4 F7
- + SHAM y = 5.5629n(x) + 74.643 1.00 <0.1
- SHAM y =4.7911In(x) + 22.889 0.82 >100
CL4 F8
B + SHAM y = 5.4743In(x) + 77.125 0.98 <0.1
- SHAM y = 4.8745In(x) + 15.278 0.72 >100
CL4 F9
+ SHAM y = 6.0671In(x) + 72.33 1.00 <0.1

*y = percentage of mycelial growth inhibition; x = fungicide concentration. ** Calculated by

the concentration equation (mg/0).



Table 4.5 Continues.

SHAM EC50**
Isolate code Regression equation R?
(100 ppm.) (mg/V)
- SHAM y = 7.0399In(x) - 1.975 0.78 >100
CL4 F10
+ SHAM y = 6.2751In(x) + 72.393 0.99 <0.1
- SHAM y = 1.9478In(x) + 30.27 0.35 >100
CL3 S11
+ SHAM y = 5.2415In(x) + 82.448 0.78 <0.1
- SHAM y = 3.3515In(x) + 34.204 0.63 >100
CL5 F1
+ SHAM y = 5.07In(x) + 80.923 0.90 <0.1
- SHAM y =3.1717In(x) + 36.971 0.85 60.82
CL5 F2
Y, + SHAM y = 4.7885In(x) + 80.007 0.97 <0.1
- SHAM y = 3.318In(x) + 30.905 0.79 >100
CL5 F3
- + SHAM y = 5.0274In(x) + 76.792 0.99 <0.1
- SHAM y = 1.8444In(x) + 32.094 0.91 >100
CL5 Fa4
" + SHAM y =3.7988In(x) + 85.824 0.90 <0.1
- SHAM y = 2.6192In(x) + 38.322 0.90 86.37
CL5 F5
e + SHAM y = 4.1723In(x) + 80.714 0.99 <0.1
- SHAM y = 2.8281n(x) + 37.759 0.85 75.82
CL5 F6
\ + SHAM y = 4.5905In(x) + 80.09 0.92 <0.1
- SHAM y = 3.3997n(x) + 31.991 0.83 >100
CL5 F7
B + SHAM y = 4.6795In(x) + 81.83 0.92 <0.1
- SHAM y = 2.9662n(x) + 28.92 0.69 >100
CL5 F8
+ SHAM y = 5.0991n(x) + 80.552 0.89 <0.1
- SHAM y = 3.298In(x) + 23.933 0.76 >100
CL5 F9
+ SHAM y = 5.1438In(x) + 76.618 1.00 <0.1
- SHAM y = 3.4331n(x) + 23.23 0.85 >100
CL5 F10
B + SHAM y = 5.1911In(x) + 80.036 0.88 <0.1

*y = percentage of mycelial growth inhibition; x = fungicide concentration. ** Calculated by

the concentration equation (mg/\).



Table 4.5 Continues.

SHAM EC50**
Isolate code Regression equation R?
(100 ppm.) (mg/V)
- SHAM y = 3.863In(x) + 28.65 0.70 >100
CL5 F11
B + SHAM y = 4.4324In(x) + 82.032 0.94 <0.1

*y = percentage of mycelial growth inhibition; x = fungicide concentration. ** Calculated by

the concentration equation (mg/\).



Isolate code Control 0.1 1 10 100
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Figure 4.3 The azoxystrobin sensitivity of Phytophthora spp. in each isolate on clarified
V8 juice agar amended with 0 (control), 0.1, 1, 10 and 100 ppm. (a.i.).




Isolate code Control 0.1 1
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Figure 3 continued.



Isolate code

CL1_S2

CL2 S1

CL2_S3

CL2.S7

CL3 82

CL3 S4

CL3 S6

CL3 S9

Figure 4.3 The azoxystrobin with salicylhydroxamic acid (SHAM) sensitivity of
Phytophthora spp. in each isolate on clarified V8 juice agar amended

with 0 (control), 0.1, 1, 10 and 100 ppm. (a.i.).
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Figure 3 continued.
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A15INANTITNNAD

5.1 NSUENUALIIUTIULYTY Phytophthora spp. ainlsAYSEY

nmafiuiaegislsanidouain 5 aau (location) luindiufl 4 Srnevesdiningms
¥msuenideslaeda Tissue transplanting technique lnale®1113 V8 selective media B
ossmzdniunsdndenifes Phytophthora spp. annsakendesuians thsuau
a8 Telaian wan1sAnudnuassdusIWIneIMelindomanssmisiiameny 40X idnway
anwauziduladuduliiid (hyatine) 'gﬂémﬁmé’umalﬂﬁmﬁqﬁgu (Coenocytic hyphae) @31
sporangium WU ovoid, globose, obpyriform ta limoniform assUansdl papilla Lag non-
papilla td ulaunn A afuuuy simple sympodial ka8 g compound sympodial &3 14
chlamydospores 5Us14AUYNAY Fasruundudes Phytophthora palmivora #5397

1891099 Gallegly and Hong (2008), Yang et al. (2017) wag Hui-cai Zeng (2018)

5.2 U2t uuszansnanvasa1stadl azoxystrobin $2uAU salicylhydroxamic

acid (SHAM) Tun1saauANLesT Phytophthora palmivora 8WAlsANLIEY

NMSUTUUIEANE ANV SLASITRIAUNYR azoxystrobin $AuAU SHAM #anns
Wwitgiulavnadulevestiasi P. palmivora 31uau 48 lalaian Tuanimieslifins wuin
N13uEN SHAM 91A27363341 100 ppm. Saufuanseiidesiumidn azoxystrobin nszAumIY

vy S o 4
§ < v v a = A

Wity Silosigunduguiuduiisanuidnturesansiatvesiunidn azoxystrobin WNAW wag

a

asadudimseialdindtlunssudsfifasaiitesiufidn azoxystrobin agraiie (lauey
SHAM) n51¢ SHAM 10U alternative inhibiter LGZ’JJWVLIJETUE?Q“UU’Juﬂ’IidWEJVIE)G]SLTS?WW@U“(T’]@J
(hua et al. 2019) denAdasiuTIBLVBY Alviter et al. (2007) Tildvinsanwansaiideatu
f¥aTasn azoxystrobin was pyraclostrobin fimududu 0.001, 0.01, 0.1, 1, 10 waz 30
uU/ml S2uffu SHAM fimnadudu 100 pg/ml demstfudadosn P. cactorum GUIVEIET PRI
LarEanLTeIERTauesS WuInsTe azoxystrobin wag pyraclostrobin fiaududusngnn
390U SHAM aunsamuaunsasaiiulawaznissenvasyloades wan9 g Li-hua et al
(2009) fildvhnisnnasanasléansiadl azoxystrobin MAradudy 0, 1, 10 waz 50 pg/ml

FAUAU SHAM 71 A0t uTU 100 pg/ml @1u1sague 1n151as i uvlnveaduleld 991



Colletotrichum capsici, Botrytis cinerea, Rhizoctonia solani and Magnaporthe grisea 7
wenaNITugUT (Wild type) wudnnisldansiadl azoxystrobin $3sU SHAM annsadudanis
melaveadesia ¢ slald el Seyran et al. (2010) lgvin1s@nway
Dufiwlunasaneassvesansidesiuidndon azoxystrobin finnudud 0, 0.0001, 0.001,
0.01, 0.03, 0.1, 0.3, 1.0 uaz 3.0 uU/ml 390U SHAM uaz propyl sallate (PG) Fimnududiu
100 uUml lun1sudad 851 Fusicladium effusum a1nnlsa Pecan scab wu3n15ld
azoxystrobin nageulunasanaane lnen1suay wavlinay SHAM way PG uansliiunng
ROUAUBIROA15.ATl azoxystrobin 89T ALAY A1 ECs, Aifuialddaunnsieiuegnedl
TodAgy o] Hincapie et al. (2013) Algvimsfnuaaliventiosn Guignardia citricarpa
auvnlinnsenaduansgvasian deasialveaiuiidn azoxystrobin Uag pyraclostrobin i
AL 0, 0.001, 0.01, 0.1, 1 4az 10 pU/ml Wuin AW SHAM Fimnsidud 100 ul/mt
aslu azoxystrobin waz pyraclostrobin @11150aATUIALEUHUANINA19VEY colony voude
awnlsadananegnduddny wazanuisamuaunssenvealesiiduednad wudeau
Ma et al. (2018) 7 ba @nw P. capsici A nuaoa1siad azoxystrobin, pyraclostrobin hae
famoxadone fiauduty 0, 0.5, 1, 2, 4 waz 8 pl/ml 998U SHAM fieaududu 100 pU/ml
nalwiAin Pepper Phytophthora Blight Tuussinadu wuan nsasatAvlaveadululaeg
azoxystrobin 438 SHAM 71 50 ul/ml Fufingn azoxystrobin tip8E 191787 denndoafy
Kongtragoul et al. (2019) fildvhnisAnuaudiuniusendios Colletotrichum spp. vos
wn wzaiae du uazndaelsd wenldennlse anthracnose MiAnTuluuszndlve sio Quinone-
outside Inhibitor (Qol) Tuan nwesUFtiAns wud1 M3seu SHAM 71100 me/L $amfuansiadl
azoxystrobin @un3amuLlesn Colletotrichum spp. Wi il nstszmuazany (2562) 16
YmsAnwNaTeEsLATi e azoxystrobin pyraclostrobin wag trifloxystrobin A1y
WYY 0, 1, 10 way 100 me/l 53U U alternative oxidase inhibition  (SHAM) fiAandudy
100 mg/L Ao s Aspergillus spp. fivszdanininlunisarvaunisiasynindule YUzl
Bradley and Pedersen (2011) lavinisfnenisduniudes Cercospora zeae-maydis

& v ) a v ~ . oA [
Weawlsalugavestininalulsemaansgewsni negldaisiall azoxystrobin iAuLUuYY

0.0001, 0.001, 0.01, 0.1 wag 1 u/ml, pyraclostrobin wag trifloxystrobin ﬁ'm’mlﬁi’fwﬁu

(% (%
Y

0.0001, 0.001, 0.01 &z 0.1 pU/ml AINAITNAFDINUINEITIN 3 FTUA @ NITATUTINTIBNVDY

dulalan dAn ECs, Nanwinladianudunusiusgeiivedfy wazideoldasialing 3 wlia

o

NAABUTINAU SHAM ARududu 60 pi/ml wulanunsadudinissenvesdululannitagiedl

LY [ 1

YdNAY LULREIAY Zhang et al. (2012) AilavinAnwInuAIumuYesansiaiitesiundn



Fom Qol delselugaludundeainaniles ) Cercospora sojina ivgnluniveisinunie
Taeldansiadl 3 ¥fia lawn azoxystrobin, pyraclostrobin wag trifloxystrobin ANUNTY O,
0.0001, 0.001, 0.01 waz 0.1 uU/ml Inenadousauiu SHAM fiar1sduty 60 pU/ml wuan
asnfitlestuminidonngy Qol eldtmiy SHAM ansnsomumudesldfunn warlunsd
fldfansiad 3 ¥iin Tnglinan SHAM 61 ECs, wansinafueg1eivoddey %44l Duan et al.
(2012) 8vimsAnwnisduds Sclerotinia sclerotiorum lunasanaasdlagnisnaues ves
azoxystrobin fieudiudi 0, 1.25, 2.5, 5, 10, 20 way 40 ul/ml SHAM fieududu 50, 75,
100, 125 wag 150 pl/ml thiram ‘1'71'mwwz’fmsﬂ’u 0, 0.03125, 0.0625, 0.125, 0.25, 0.5, 1 wag 4
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