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Abstract

This study aimed to evaluate the efficacy of crude extract and essential oil derived
from Melaleuca cajuputi in controlling fungal pathogens responsible for durian diseases,
both pre- and postharvest. Pathogens were isolated from ‘durian plants exhibiting
symptoms of root rot, stem rot, branch dieback, and fruit rot. The identified fungi included
Phytophthora palmivora, Fusarium sp., Colletotrichum gloeosporioides, Lasiodiplodia sp.,
and Rhizoctonia sp. Pathogenicity tests demonstrated that P. palmivora was the causal
agent of stem rot, Fusarium sp. caused branch dieback, and Rhizoctonia sp. was associated
with leaf blisht. Meanwhile, C. gloeosporioides and Lasiodiplodia sp. were identified as
postharvest pathogens responsible for fruit rot.

The antifungal activity of the crude extract was evaluated at concentrations of 500,
1,000, 5,000, 10,000, 15,000, and 20,000 ppm. Complete inhibition of fungal mycelial
growth was observed at the highest concentration (20,000 ppm), effectively suppressing
six fungal isolates, including C. gloeosporioides KM-dc, Fusarium sp. KM-DFg, and four
isolates of P. palmivora KM-Dpt02, KM-Dptd, KM-Dpt5, ku-Dptkkk. Similarly, the antifungal
efficacy of cajeput essential oil was tested at concentrations of 100, 500, 1,000, 5,000, and
10,000 ppm. At 5,000 and 10,000 ppm, the oil completely inhibited five P. palmivora
isolates KM-Dpt02, KM-Dptd, ku-Dptckkl, ku-Dpttkl, ku-rwl and two postharvest pathogens,
C. gloeosporioides ku-dc and Lasiodiplodia sp. KM-dlt, achieving 100% mycelial growth
inhibition.



The results of the efficacy test showed that the crude extract of M. cajuputi
exhibited ECsq values within the concentration range of 400-1,000 ppm and
demonstrated significant inhibitory effects on five isolates of Phytophthora palmivora
KM-Dpt5, ku-Dptckkl, ku-rwl, ku-Dptckkl, and KM-Dpt02. In comparison, M. cajuputi
essential oil inhibited the growth of pathogens with ECsy values ranging from 300-1,000
ppm, effectively suppressing both mycelial growth and the reproductive organs. Four
fungal genera comprising seven isolates responded to these low concentrations,
including five P. palmivora isolates ku-rwl, KM-Dptd, ku-Dpttkl, ku-Dptckkl, and KM-Dpt02,
as well as Colletotrichum gloeosporioides ku-dc and Fusarium sp. ku-bf.

Analysis of the chemical composition of the crude extract of M. cajuputi, extracted
using 75% ethanol and analyzed by GC-MS, revealed 36 identified compounds. The major
component was isocaryophyllene  4.56%, belonging to the terpene group, which
accounted for a total of 8.02%. Other notable compounds included o-humulene 2.05%.
In contrast, the essential oil of cajeput obtained via steam distillation contained 39
identified compounds. Monoterpenes were the dominant group 50.63%, followed by
terpenes 30.73%.

An evaluation of M. cajuputi crude extract in controlling the causal agent of stem
rot under greenhouse conditions revealed that treatment with a cream formulation
containing approximately 20,000 ppm of the extract, applied every 7 days and every 14
days, effectively reduced disease severity and incidence. These treatments resulted in the
absence of visible symptoms in many cases and performed better than the spray
formulations applied every 3 days and every 7 days. In comparison, the untreated control

exhibited an average lesion size of 6.5 cm and a disease severity of 75%.

Similarly, testing of M. cajuputi essential oil showed that the cream formulation at
a concentration of 2,000 ppm provided the best results when applied every 7 days and
every 14 days. Within two weeks, this treatment significantly reduced disease symptoms,
with average lesion sizes of only 1.4 cm and 1.3 cm respectively.

The efficacy test of cajeput crude extract and cajeput essential oil in inhibiting
postharvest fruit rot caused by Phytophthora palmivora demonstrated that coating durian

fruit with a 1,200 ppm solution of cajeput crude extract and dipping fruit in a 1,000 ppm



solution of cajeput essential oil effectively reduced disease severity. These treatments
resulted in lesion sizes of 3.18 cm and 3.23 cm, respectively. In the case of fruit rot caused
by Colletotrichum gloeosporioides, dipping fruit in a 2,800 ppm solution of cajeput crude
extract yielded the most effective result, producing the smallest lesion size of 3.16 cm
and the lowest disease severity at 25%.

In this study, the combination of 1% chitosan with 1,000 ppm Melaleuca cajuputi
essential oil was applied to durian fruits to control Phytophthora palmivora, a major
postharvest pathogen causing fruit rot. The results showed that this treatment resulted in
the smallest lesion size, averaging 6.08 cm, indicating strong antifungal efficacy.

Regarding postharvest quality, the coating treatment helped reduce weight loss
during the early stage of storage. However, no statistically significant differences (p > 0.05)
were observed among treatments in terms of titratable acidity (TA), firmness, and total
soluble solids (TSS). These findings suggest that the addition of M. cajuputi extract or
essential oil in the chitosan based coating did not significantly affect the chemical
properties related to fruit sweetness or acidity, making it a promising approach for disease

control without compromising fruit quality.
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1.1 anudunuazanudrrgy vty

n3sunaliilasunisauuundndu "swmaldidesdou” (king of the fruits) uazldsu
Anulenegraunsvateningluusema wazaaindieen :nadalul 2567 Ussmalneduunn
MIndaniseuTINUza 2.85 Wud iy Anduyadiniuesugiageds 246,231.65 duum
(@InUATEEAINISINEAT, 2567) ANNABINISUSLATSulunaIam1sUssn AT LY
& i oA o = = ) ! = = A & Y
geluegwialiies lnglangluansgouiing Ju gesns waznduusemao@eu Fedaidunainnen
dmsunisasesnseuading laglaniznalnduninuiednisas dealiiinsdseanagig
' = o ' (Y 1 a 1 [ a

foLl 99 kaztlan13ve1gA1vnaInd0enniSousd 199353 (37 Aunszumn, 2563)
nseeiIRanavilATIAWARGANS s IIN gL danaliinueasnsiinssgelalunisvengiug
wngUanagenialilad (WaWus aueIuum wavane, 2561) lngunawlanniseunanveslsene
laun nangivesn Wi JWinTegay JUNY3 7310 LagUTIIUYS TIN01NALE WU JIVTAYUNS
43145571 wazuAsAIsIINIY oeslsnnu WinensEnniEeuaziivuallufiulnegnesinsy
wangrsmulgvineusssazulaslan saludsszazndanisiiuies anvevanfalsaiiviiia
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MNAdunsETsansadyhatefivlinusszey fund wlaslgn lUaudmandnvdenisiiu
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Wea lsad@agy lawn 1sasanualAlLu N a91nLd 8 Phytopthora palmivora

o
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Bsewisiidnainde Fusarium sp. Isalulndiananidia Rhizoctonia solani Tswouunsalua
fAnand e Colletotrichum gloeosporioides LLaziiﬂIUﬁgmﬁ'LﬁmaﬁﬂLgﬁgja Phomopsis sp.
(NFUAINITNEAS, 2562; Sangchote et al., 1998; Chantarasiri and Boontanom, 2021)
N154NINTTN8VRIlsAaINIsaRNS lanatetade Wy audu wiouuas lnsanigluglggdu
ﬁﬁmm%uqa UaNMNLA pUeTTineTLEREINIVEINTLUAEY (latent infection) Tneide
vzuslairoglunalifaunszadgszozanidni (Prusky and Plumbley, 1992) viliAn
msgaydonandnlunszuumsvudaazdmineg Jagtuiinslimaluladuazuinnssalunisidiy
mamﬁmﬁla‘lﬁ’ﬁﬂmmw (Pisante et al., 2012) asJ'NliﬁmaJmwmmmum’%‘susﬁ’qmﬁqu
nsldansiaillunisaiunulsafiv 1Wu metalaxyl, mancozeb uag phosphonates Lil9331n
aselinadngisaniduariiussansam Tnonsldasiaiian q nieldedreinislusseren

g1athlugUaymmswauanuiumuresd eamnaeansiail (Kongtragoul et al., 2021;



Somnuek et al., 2023; Tongsri et al., 2023a; Phetkhajone et al., 2024) Feoravililalananse
uelsafitldogaiusyaniam SnisdsoraneliAnuansenusioudn uazduilnainnis
azauvosannaiilunandn uazanmundon lifesvidnaindseeanssusemadsiingseidev
fitunnvesansnndnslunandn Mnransznufinandlmiuin nsmualsafivdieistanm
Hunislunuamanisauaulsaieiifianuuasade (Gyawali and Ibrahim, 2014) n15ld
ansTanmandivlagmzansadaneukaztinsiuneussme (Shuping and Eloff, 2017; Isman,
2000) Wumadeniildansssundlunismunaulsa (Junisdudsasdldsuauion (Carpena
et al, 2021) Tumsdududeaunalsaiiy [asmilasmnivelainioginioasngnuiad
Lﬂuaﬂﬁﬂizﬂauﬁﬂﬁ’@ iU flavonoids; terpenoids, terpenes; phenolic, alkaloids, tannins
Ilay flavonoids Lﬁuaﬁiaanqw‘ﬁgma%amw (Dias et al., 2021; Masyita et al., 2022; Zhang et
al., 2022) Fsaunsesunulasiainsrensad uazdudennasaiulaveadagduvas (Pinto et
al., 2018; Seephonkai and Traisathit, 2020) uaﬂmﬂ‘ﬁmimeualaﬁmﬂﬁwmwﬁm
feauauiflumsdudsaunisaadey hligaindldiussndeuazarstuyaluoms
(Burt, 2004; Mancianti and Ebani, 2020) fis1eiunateatiunuinasadaainivaiunsaduds
naaSyfiulavesdegaunssiinelsafivld anseaiuaes 21131 sesuada wagame (2560)
ﬁﬂ‘lﬁ’lmiETUEJzﬂﬂ’liL‘\]%ig“Ua\‘iL%aiﬁ Phytophthora palmivora e?fati‘;lumm&ruaﬂimwmm TAuLN
voaisuu ngldarsanangivaindiy 8 wie ldun nsgets sfuty Wiy ayiden
Jugadnis Waenge wanuzsy wavlna nanisnnaeimulIng1sainannszens ity
ayiien lna waziufendinn au1sasUSsnnTsyvesde P, palmivora td 100% 318911
fnamuanstiviudsfnenmlunisldfvaplnslunsmunslsafivesnsivsz@nsam Snnildlu
filasumnuaulafoidiaun Welateuca cajuputh uduiiafiuilewedlne Tnsiane
Tuniald 1unaslfusglovdainsssund Aldani vlusiesfusiuiardeninluniald
wazduldonnanwszs1vi3ves aufansyniugidsieidn nsuatidanszmwsnuswa-
agnuusuTenen3 ulassmseysniugnssuity ietmrlivstlomisdisdeiilos Tasenaiamn
Hundndasiiefiuyadild mmuadana1 Tadaiuanuddydanisinldlnanusslon
9813AuAN uazLiiuyaA1vesNgIan 91N51891UYBS Septiana et al.(2020) AnwiesAUsznoy
ﬁﬂﬁuwamzmamﬂ Melaleuca cajuputi wuasusznaunanfe 1,8-Cineole, B caryophyllene,
a-terpineol, a-pinene, ILa¥ y-terpinene uaﬂmﬂﬁ’ Sutrisno and Retnosari. (2018) 189711
Tuansafpainiatinundl 1,8-cineole SuliauautlunissudauunaiiGs swideves wne wues

warAug (2553) Anwinavesasanaiainunfaududu 800 ppm WuE@ NS us e



Fusarium oxysporum, Colletotrichum gloeosporioides, Phytophthora parasitica Wae
Pythium deliense 1¢ TnoilussanSnmgsgail 87.84% vauzdl gls1sas Aanmaniiuvi uazany
(2546n) drsrauazguiuiieg1sluainuiainaiansiueenuazaials 590 16 faags
20 9 Y defnwnisesngivesintunensameiadisunlunisfunsniyreanton 2
wiln Ao Aspergilus niger, Trichophyton mentagrophytes wasiouueiide 2 viln Ae Staphylococcus
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2.1 @nwaTNONEAENIUDINEEY

ni5ou feAnermans Durio zibethinus Murr. 8glu1ad Bombacaceae 13 oasigy
Durian 1ulifFudu Alsindalu Inssuusning mnugsuandafunadsugn Tnesuiinnzudn
g9 20-40 meter (m) wazduAvgnaINAIsIEULengs 8-12 m lulfied yuIn 8-20 x 4-6
centimeter (cm) Hufigluidosg Yasluwmen duvudBeady dudsdima duludu
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wivitvuazAundulsa Weswieamusaindlegluaveiniiveaziudunaiuy vilid
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2.1.1 Colletotrichum sp.
Foiveneans Colletotrichum
Taxonomic information
Phylum Ascomycota
Class Sordariomycetes
Order Glomerellales
Family Glomerellaceae
Genus Colletotrichum
Species gloeosporioides

Snunizventon

dlodenildnuazumnistuaednune Taladuuewnadoadeddvuylufdd
gou wardidm wungu conidia Budlendduunagu acervulus M5esdaufindug conidia
sUSMsINTzUDN Vanu Waeunuwadifies LA Tuflileiu dugiudansa conidia flunn

La?ﬂla 5.72-5.96 x 15.26-18.77 um (Meyers 1957)

anwaizn1dIIagRareInIsvadlsa
& . I ' a L 4 A =i
831 Colletotrichum \luanmnvedlsanaiil 1ngoIn) sEuLsNNULLBLE o U
& v o a & a6 ' @ | S Ay a °
Welnhatgiwdsuluddina wiados 9 v819970819%7 9 azuisaseiliduledvnndiuiy
2 v a & & a & a o = =~ R a0 ° o
dntsaiinTuuuiiuiy meluns WemaviuhaeanudenueninaeJudiaas wiiennis
Tuduuenvzglizuuss widlefiarsantulussnuiniolaasududuimawazunaiivuinlg
A o’ & v = 1 "o & 1 & & a @
nimuAguen szevusnilenadiasanineey willeweunsnszanganniu ieazildeudua
44 i A a < = ' - o A v Yo = |
wiieseouuazindumiuIeidew « Wverdennulaves louA Ly viesuas nssiiey vieslngy
Uz waznSew dmsUIsAIUANLIA MEINTSAUNLIAITARLAIAIAZINTREIUTILEADINTS

LﬁaﬂaﬁummwéﬂszmsJéuaalﬁia (Krishnapillai and Wijeratnam, 2014)



2.1.2 Erythricium salmonicolor
Foivenmans Erythricium sp. %39 Corticium salmonicolor
Taxonomic information
Phylum Basidiomycota
Class Agaricomycetes
Order Polyporales
Family Phanerochaetaceae
Genus Corticium, Erythricium
Species salmonicolor
Snunizvaades

WS UNANLDNML D Ae Corticium salmonicolor (Berk. & Broome) 4ii5s ey

(%
I % s

duiugnauuendeineg (sexual stage) waznuuliandaine (asexual stage) avoswadifaala

nfigussliadnauedunss linunisadsalosunemsideaie PDA dnvusduledun way
yn Ldfindany (Akrofi et al, 2014: Amoako-Attah et al, 2020)

anwauznsidiatelazaInisvadln

W13 Erythricium \Juanmelsasiasuy (pink disease) 91n13wuRidIufIfuvaiY
ilfinnswisniganUaiewardsingaiuvestiedurgudvuneau wWasnvesnmanioula
1y At uendnileranuiidiuas Wesiaiuasawsyanaiuludewu vl sususny dn
Y o A o v &) v st @ v a | v o a
Wvianedt Tudndu udy Agerfe lawn Mien uzdae InlA asinesayu dean winlny
g19%151 (Bukari et al., 2020) 38n13pruaw lanuisdulsaidntoamsdauazmninats wad

nuAeaseddpsumdnas g (Akrofi et al., 2014)



2.1.3 Fusarium sp.
A a s .
YRINYIANERNT Fusarium sp.
Taxonomic information
Phylum Ascomycota
Class Sordariomycetes
Order Hypocreales
Family Nectriaceae
Genus Fusarium
Species solani

ANYULVUYDT

& . £ ¢ o . Qe . T Q‘

W Fusarium sp. @3198Ua394lugdiuy macroconidia Wag microconidia lngil
[y I p=] ') | = 4 a . |
Anwalg macroconidia ANWAUT JUIILIBALaY (fusiform) U3t apical cell uu @u basal
cell ddnwasad1ein (foot shape) auasll 3-5 cell 43U microconidia Autisniun JUT1AUS
oval, ellipsoid, obovoid aufia reniform 8 1-2 cell uagpguunuyalasludnuae false head
(Leslie and Summerell, 2006)

ANPUZNITUINIANUATDINITVDILIA

& A P a Y A . o A = -

We31 Fusarium 1Juanmalsn Aauns A8nwureIns dieback g8nnsoRmISHUTN
wanlugeuiidnwazuisnsoululuduisafivedunilingaainis Aeuiinseudalesvnn 9
Anfuegnsaisuazlaviodns Tanvarildenuenwiwazsey diluilleldazund minanatuazih
TiAnunanlaviesnsauindisuldiloady oranureandduiiuaonseNinagaunsisan We
AIUTUGIIENUYBAUBTTUANTUTTUSoUTLIAS TUSIT SINWIR WaZNISEUANYDENNTIAEY Luad
WINENIITZUINAD INAENDELNAA UDAWIZEIRY szazantun1sseuIn 37 Ju oSy

meld vendevan asaned ee ¢ gy (wsiiva a3laanay, 2548)



2.1.4 Lasiodiplodia theobromae
Foivenmans Lasiodiplodia theobromae
Taxonomic information
Phylum Ascomycota
Class Dothideomycetes
Order Botryosphaeriales
Family Botryosphaeriaceae
Genus Lasiodiplodia

Species theobromae

ANTUZYDUYDI
W31 Lasiodiplodia spp. Svduledin 1w3ausa laseasne pycnidia Wuguin (lask
shape) Aeluasie conidia Tneduainszes immature Talddd wazliffmisny antuiaundy

S28¢ mature #1908 A 1 1 WA (septum) LagRIVIVITAMEN

ANWAIZNISIIYINANEaZaINI5VR9NSA
anwreIN1IYedlsa walundlem (black fruit rot ) dnwuEeIn1svedlsn nalan

sreEnduAULN Y TuNat1azyinlrn@esitavinalgladny wazilianaziantainisidanudailona

9
1% '

Tuufazanaililonudsiwiwe Werinuansesnudeluidnlagududiee was
atuaidenn lneiiduledmiventesesyunaquiilana bidaaiieuidideanluign
fwendendnlaun denn ueuny duls 1aias ndI8 139 Yo unasinnreutafie wWaen na wén

-«-i’l" 2/ dy o a v a & a € a
Woldl uuas Wosiamelsn (Wwu dussau wasvamy 2537; S9adud el wavane

2562)



2.1.5 Phomopsis durionis
Feineneans Phomopsis
Taxonomic information
Phylum Ascomycota
Class Sordariomycetes
Order Diaporthales
Family Diaporthaceae
Genus Phomopsis
Species durionis

Snuaizvaades

W51 Phomopsis durionis f&nugidvinansuuuudsuulun Fou Jesazadn
conidia aglulaTeas1aes pycnidium #@83uuufe alpha conidia anwauelelyiid laifiniTeru
sUs e wvinguan Snvniywes beta conidia Fee11 Tsena 1dldfd iWesayszualéily
anmnwnfauty (Tonesri et al., 2016b)

AnwaznIadIIaNgLazaIN15Yadln

Wow1 Phomopsis \iuanivsuedlsalugn (leaf spot of durian) dnwaizain1s vuly
y3uitusnuounesiiiulsn Wondndwharsluaniniiefifinmmeon wogausauuIndnd

!
AUsEa 1 mm 59090 WHadllilawodvaedensau UUlULAvenISUAWNALNNT1IUIUNIN

Re

£ @ - Yo = aa s v | & A

U uazvey g lvnauiuliteunntu Yeuwnaiduinay duisigonsinand
& 8 a3 i 8 oad A A A | a ] v
Judundavisauiniasey seugaumadiilledednies wuiweisuinneenluuinauiule
Faiau UusBBLNANY pycnidia asudasnlugaian & @1 Budlednilewegnislsindosganssedl

< .o a 1 N A o A & g o o I a j2
uiiiu conidia Usaadann druvasigignyianglu unasiunveates WarindqegluluniSeuls
lnglundwedsliuansainis anmwindeudslimunzan nsunsnszaglulssmalnenud
FJUNYI A590 Yuns aalakazunaalgnniseund Ysema tud1euseina d5eanunuiedly

NRguUsTinausly Wewing waznnalde Gsedld nosrs uwavauds waslyd, 2559)
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2.2.6 Phytophthora palmivora
Feinenenans Phytophthora palmivora
Taxonomic information
Phylum Oomycota
Class Peronosporomycetes
Order Peronosporales
Family Pythiaceae
Genus Phytophthora
Species palmivora

Snuaizvaaden

o Phytophthora palmivora §aselunay 5981930 Aga831 (fungal-like
oreanisms) dnwaizvead o «Julelaluila ludadsdu @519 zoospores anunsawadouilaluth
nsaunughuultiondulnease sporangium d@iulaedl papilla miﬁuﬁuﬁ:wumﬁmwmaaLﬁ‘fija
%ﬁmﬁLﬂuLLUU heterothallic @514 oogonium tag antheridium wmauﬁuﬁ (Fitzpatrick, 1930;

Brasier et al;2022; Ugyaun N11999 waz auds waslus, 2545)

anwazndatgLasaINIsvaslin
Judeanvanelsanisiu virbiAalsasinuuilau (root rot) dnwalzeinislsadn
a A < Vo ¥ = & = o 9 1 X v o YV 1

Anfisguusan saluasEdiy ndeududiinig 91 wagidn 8ansanadtuingadidy dawg
liuniSouanduaisemisiaziilatesas 81msilaudularadudenusnalauduuwnn

2 = & % =~ | o a v <
\Wuwna (patch canker) wagtUa gUTUAUINIANIUINIRUIT L BAAUSIMLNAG NYUE UL
& A 2 ag = = a A v
mnanmeInIeyuRliilenidudimiauativasanin Weayadenusnnunasen wuinilel

N % % ! 1a a t% voa a a 1< 1
Waswdudumiawnsernisdulugiinuinalauduseduianu einsilu Tuiduunaidn
Tnaangludourzuaniomnisyunss Tludnas lilulfu wazwdesedasiags wuluiugiiseuus
WU vueuvet TuazdanwazTed1915Imsy 81n1siing Hadlyeduinia wazwnagnaiudnis
Wenleu MNAneINIsIuLse Haetdenna Weed Tugq laluduuagsysuusin
luanimmedeuifimuizaulidunaiuiy weaunsawnsnszaaldsiadiluaniniindey
Adanudugs Ingamglunuindiuanynuasszuiednld@ (Lim and Chan, 1986; Jgyaun

NN9FA WATANAS waaluR, 2545)
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2.3 MsliUszleviaInNyeangnsnIeAIuNIsNEAsluN1sAIUANLERAUNSY

o o

fuflansdfadanansaeengnsnadaaiined idindu quamamdw%wﬁamamﬁ’ﬁiu
nssuNAT o uuedide vielhfa sufiduaiunmaiyiiulavesiivuasy Suunmnnay
fivoengrismedinmanansathuldlunansinuesldnalodm

v unsglnn uagany (2547) Anvigvisveninduneussmernayulnydds 3 v
I¥un nszne 91 wards lunsdudinisesyveadon 6 wiia ldun Colletotrichum capsici,
Colletotrichum gloeosporioides, Dothiorella sp., Lasiodiplodia theobromae,
Pestalotiopsis sp. wag Pythium aphanidermatum Nan sAaemUInueNssmefildann
nszenard i aaududy 1,000 ppm @1unsaduds C. capsici, Dothiorella sp. way
P.aphanidermatum laggnsauysal LLaxmmmﬁugdmiLﬁ@%d Pestalotiopsis sp. 19 88%
Passone et al. (2012) 'ﬁ&lmumamié’ughmsw‘%mau%am Aspereillus flavus Tneldisumey
semeaInity 5 90n 1XUA Boldo Poles numg Wern warlss] nudithiuvenssimeann Boldo
uay Poleo sinniandAlunsresumsainoziamentuvos A flavus Tnsfinrmidudu 500 ul
anunsadiudadosald 75% 83% uay 1009% e water activity 0,98 0,95 4ay 0.93 AwaU
Sharma and Kumar (2009) nagevansanaain Capparis decidua, Lantana camara Wag
Tridax procumbens lunasinuliesn Fusarium oxysporum legldinaiinnissanvesalasi
aIdudy 10 me/ml wuaansnailiuesaiadalaainnenaed 7. procumbens wag
C. decidua annTadufianistenvesaiasuas £ oxysporum ¢ 100% Tapwal et al. (2011)
s18uRanIslidansannanniiy 5 wlia lalA Cannabis sativa, Parthenium hysterophorus,
Urtica dioica, Polystichum squarrosum Wwag Adiantum venustum Iuﬂ’liﬂ'm]gd L“?;Jaiﬂ
Alternaria solani, Alternaria zinniae, Curvularia lunata, Rhizoctonia solani Wwag Fusarium
oxysporum MRMEITY 15% uay 20% Nuiensatnan C. sativa @wisadudade C lunata
1% 100% wavanunsasud @ a A zinniae. ¢ 59.68% vausitasartnainly Parthenium

hysterophorus @unsadudutio A-solani 16 50%
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2.4 \&@linu1n

A &
Folny : VSN

A

ey Cajuput tree/ Milk wood/ Paper bark tree

=

YoInema@ns . Melaleuca cajuputi Powell

D96 : Myrtaceae

=N

o A ] < < DN =
VOOU : w@dla (n1enang), e, wida (n1ale), Newa (wang-Unendl)

adpvrndulidusulindnluvuisdniinatsge 5-25 m aglured Myrtaceae
Wudeanugaauda dnnulamaluamuneneia Tunguiiuads anuveuvesding dnwaraisuln
19 Wisnuenduwiaasneeniluty q Wienluuisdumiaseuluiigaiosiow suluven
N9 1.5-4 em 813 5-10 cm Uanewaslauuwvan iluvuiuiu 3-7 Wy Awaglugeusivudend
[ o [ ! a £ a 1 ! ] a &
Juiu neneeniludeitianaqaiuniensesean 813 7.5-15 cm nenges 1-3 aansete nAuLdes
wagnfiunenegag 5 nau nendvndvuianies lulld1u waddnwaguaie duimam ni
Laze1UsERNN 4 mm Weuiwuanaiuuy arelufiwdavuindnyuszuna 200 Wia wadnund

DONADNLAZANNANADAT (ﬂ']Wﬁ o]

AN 2.1 dnwagngnuransves Melaleuca cajuputi
11 lasenisoysneiugnssuity (2544)

2.4.1 arséraeinuTuluadinun
VA1t 09A UTENOUNIUAT A LANFA 1A UT ¢ @15E81A U7 U WU a-pinene,

Limonene, 1,8-cineole, Viridiforol (Bautista et al., 2020; Septiana et al., 2020)
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2.4.2 Uselewivaznisihluldvasiuaiinuin
[~ =] ) 1 1 ¥ v [ = o £ I~

aflavaiinisihdiusng g anlguselevidlanarnvate Tuadaendnisuaiduduen
ayulnsiud wazdemhuindudduwenszme laannsnaulethluanuazeenseu Benin
901 C | = . . a aa A v LY % 13 o on % i [
WsluleIvse Cajaput oil (HaAT $oe3e8 wavsivdy derazAUd, 2547) MUduwInnIuiAae
dioy Uinuan Uande wazUansussameniay dsiudsndusiandyuszdrinuldussimmin lo
0 uazUanvies anseangnsAeunSagduea (@3anual duunwl, 2545) MTend1 dduided i
yndhiuduinen raslsilad newns uazasngy azulene Madenutuadnundgnssii
nmsaseyiulnveateolsa dmnisomey wasuivm ieldainvniinunmudeaniniiden

dy gt: [ yal = ) Y o @ 14 4 ] & a [ ] 6’5 -] ! Y ]
Funazludnaulad Jsarsarhunlevinady @519ty iuesines i3y wazvinaulas diu

Y] & o

= v q v 1% ° 9] Y] Y o o ] a vy 41
Waensuldywaenn viethudanss Wihwduide Ieagsivesse vszyuise Midauwwmie

Y

o Mvieteulddwivldyaln Faduitenvemwnusyus

2.4.3 nsiasiauralunieniswnng

124 Q‘ (=3 UVl 1 = L3 1 aly
nsldansesngniainainuid dsigsuindnisldlunianisunnguiuinii 50 U
(Cuong at al., 1994) naasarsiladimnudasade Lazanunsadud wWeqaunsgl tneundiu
vowszmed lnanlutainunnainideauin Melaleuca cajuput Winsu@nwiesnlsenaures
Urdunurn da1561A9y Linalool, terpinene, terpineol kg 1,8-cineole dsianauUmlunis
AuUNIUl auuAlie Staphylococcus aureus, Escherichia coli wag Pseudomonus
) a v A g a VY
aeruginosa Menta MiuanvalsaRaniale
Zhang et al. (2019) Anwrundunenszine Melaleuca leucadendra (L.) mﬂmm%aﬁﬁl
Wed 2099 lngldundureussivenaliueUTIusaaeUiue Candida Wiauun3nsnsy
AIENADIANIIAUBIANNTOUNYTT LARALASNETD LLLUTUAIINGDINUTUMELSZLE AT
a A v ¢ a ~ I & v & a £
LYYELE DN UTAR WaZNNTUAYULUAIYDINITTUNIUVD IR mmﬂulﬂimWLUumiLasuq‘wﬁ
FuAUEIUHINEdUY 9
My et al. (2020) Anwnuadunenszine Melaleuca cajuputi UlUIATIEHR GC-MS
wulesAUszneu 10 vila Adauaiwnsassngndlunisduds SARS-Cov-2 fimnulufiuse
1Usfu Angiotensin-Converting Enzyme 2 (ACE2) Iu’ilwﬂ’]am{wﬁﬂﬂﬂﬁﬁ/mi Docking

o o o

Simulation awsawwzgmwuﬁa Terpineol, Guaiol, Linalool, Cineol, B-Selinenol, a-Eudesmol

(%
Lo o

waz y-Eudesmol Havsdudslusiu ACE2 way PDB6LUT lanensd awnsatesiunisiasgiauls

vodlusAuvethiTauaznIsuNINIENeveTe SARS-CoV-2 [Wgianeuywdle
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F189Uv83 glsrss Aanquiudl wazamz (2546n) d1519uazduiiuiioyia
Tuiafinuanaiangfuoen wazneld s3u 16 freg1s 910 9 Santa wudrdtudildannms
nduanluiatinun anusasuvasuniansTuesnuazaeld fdkiwnndnstuilednwvinisesn
qm%fmamfﬂﬁwamzmaLaﬁmm’s Iumiéfmﬂmﬁmawﬁjﬁ]m 2 %ila Ao Aspergilus niger,
Trichophyton mentagrophytes LLaw’ﬁyaLLUﬂﬁL?EJ 2 ¥ila A9 Staphylococcus aureus,
Streptococcus sp. WudﬁﬂfﬂﬁwamsmsJLa:ﬁWu'n‘1/1ﬂG“f’aaﬂﬁqaaﬂqwéé’wuﬂwsLQ%mmaﬂLﬁ??@ﬁf'?q 4
wiln Tnedudanswdyueadesn T. mentagrophytes ié’aﬁqmaqamﬂé’ud e S. aureus uay
W‘udflﬁmmLmﬂm"mﬁ’uﬁlumiaaﬂqw%{ﬁiaﬁ;é‘w%‘sﬂaqﬂfwﬁwamzmmaﬁmnmmwiam‘”';a&m
usnAney wagnuinsueusneiaing1aIn MeST 014 Sminaga way MeChp 025 Sain
s Sudansiwinues o Streptococcus sp. WiTian

1891484 9l5I3see AnnAatu Lavany (2546) NAFOUNIIODNENS VB4
vhiuveusuivedts 3 vila dedes 8 vlalsun Aspergillus flavus, Aspergillus japonicus,
Aspergillus niger, Eurotium amsteodami, Eurotium chevaleiri, Penicillium camemberti,
Penicillium sp. wa¥ Fusarium sp. LLazLﬂl‘?‘yaLLUﬂ‘ﬁL% 4 %iim Ao Escherichia coli,
Pseudomonas sp; Salmonella typhimurium wag Staphylococcus aureus 91835 Paper Disc
Diffusion Method wuin thdumesseinesia 3 i aaﬂqm%‘é’ugqmm‘%m‘umLﬂ??aaﬁw‘%émaau
v lneitungoongrisudimaasyresdodunidiounldfian sosmen léun sy
3 uazdiunenssmeaiau g Ry wenani Sawudn Salmonella typhimurium i
mml’miamiaanqwémaﬂwﬁqumnﬁqm Tuvaseiidlo Penicillium camemberti fiannalasio
miaaﬂqw‘émmﬁwﬂwamwaLaﬁ@mn

I N ¢ 1

2.4.4 m3liusslsviamasinunlunisauauidegdunidielsn

mslselemiannsssinalunsmuauiazidnlsaiv duiiaulavesinisevany
N LML LSS waTALY (2553) Anwiansannegiwpuannlulisesainuniaududy
100 200 400 wag 800 milligram/liter (mg/L) sennsdudadoslsafis Fusarium oxysporum,
Colletotrichum gloeosporioides, Phytophthora parasitica wag Pythium deliense WU 7N
seiuauduturesasatnesnaveurenatinun aunsodudinisaiywendesia 4 vlald
Tneitszumnudaduil 400 uaz 800 me/L annsadudade P. parasitica wa P. deliense
16 100% druasdudnsdudiveade F. oxysorum waw C. gloeosporioides q@qm‘ﬁ 87.84%
uaz 86.16% MmNty 800 me/l mud1dy TBauves Fows anumamIg wazAme (2559) 11

(% ¢ i =

uuvenszmeiadauny ganauda Wawnlundadue Nlauaudfdureswazineanisinu
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Fnwimanzadae unduneuszivenldluns@ne de undugaduda nauduiadauin 1:1 7

9n1dU 7:3 U3 thuzahanldganseamwafousisiniuvenssive wavdliutuveslui

ansHANTUUSUIUNF19NUY 6 SEAU A 0 2 4 6 8 WAy 10% WUINARTANMUIUTUN 8% @115

Y Y

v
v v A

dudadia C. cloeosporioides Tunanzsiagla

578971UY04 Sutrisno and Retnosari, (2018) Anw194AUTENOUNILANVDIAY
dhfumenszne cajuput ves Melaleuca cajuput arnituiishs 9 luduladde ldun Sinse
nsldAnalamaa spectrometry Lilonsiadeuanundendety wazanuuandlunjasiad
03AUsznoU Uil 1,8-cineole USNnIINTAGA (42-60%), a-terpineole (4-18%)
caryophyllene (0.6-11%) waz a-pinene (3-12%) dsufiineinunds $Usuna asselinene
113N (6.73%) Liosammudians 1,8-cineole fianiaifdudamaiyivlnvesdogdunis

1181 555uEDe wazAnE (2560) ﬁﬂmmié‘mEngmiLﬁszaﬂLﬂ??ai'} Phytophthora
palmivera daduaimguastsamattlaunivomBeu Ineliasatameruaniy 8 via loun
nsgae wiiudu Faurany aydion 41ushfnans Waendiaa Wiy uazlng Han1snaes
wuANsaiAaINATYEE YR ayidon twa uaviudeniiaan ansndudenisnineaie
P. palmivora-l§ 100% 51831uwes Siddique et al. (2018) isutenssneanluadialutas
ALY e 82250 (pg/ml) dgndudsnsniyresduloiiosnanvnlsaiy dun
Aspergillus niger, A. flavus, Fusarium oxysporum, F. solani, Alternaria alternata Wag

Penicillium digitatum

2.4.,5 mstguszleatdannlalagruduaisiedouiia

sl lelmanu (Chitosan) lunisiedeuisalfidunisluisniedinmm Aldsuanuiey
finuauiAdenisdneignisiiusne aan1sdvina1svesgaunse uazaanisgadendinisiiy
187 EL Ghaouth et al. (2000) 189131 m3ldlalawuedeviusdeimaainsaszasnisan
LLazaﬂmsq@Lﬁaﬁmﬂ’ﬂiuﬁwdwmiLﬁU%’ﬂwﬂé’as}NﬁUisﬁm%n’]w Tnefaulalpgudanvs
Fuiadusinu temuaunismelatemals weranmandnesdoduniduuimals Tuvues
{Feafius1eaiumes Bautista-Banos et al. (2006) 1891ui lalaguduansuseneusssusaid
dFnunmlunismuaudeainglsaiiy vilussezrounasvdmnfiuien Taseengvikiunaln
mssumumseuwesderfuadyain nasdulvifiusdaoulsiiude uazannaudemean

a =)

¥ 1 IS a a
aunsdlaegraliuss@nsnm
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3.1 aunIaldsnis

3.1.1 gunsalitldluntsmadeu
1. dudede (needles)
. AzligILeanages
. UDWISIEBTBULIN 5 cm
. MINTABUTR TN 9 cm
. VROANARDY
. Qawaafin
. Untnes

. centrifuge tube 50 ml

O 00 N O U0 A OWN

. naesansIauliuas 8% Nikon Ju eclipse E200

. nszandlas

—
(@]

CuHudanszanalas

[REN
[EN

. N3TUDRANET

— =
W N

. cork borer

14. 13 rotary shaker %@ orbital shaker

15. #1384 linear shaker 5;'“ SSL.2 8 Stuart

16. 1309 incubate shaker iﬁ"u EW-79520-00 e Cole-parmer
17. \P53MIUaS (magnetic stirrer)

18. gmuANgMn)il (incubator) 3u-Accuplus 1250

19. 150330 pH (pH meter)

20. Lﬂéaﬂ ultrasonic bath 'g'u Elma e70, Elma s70h

21. \3osTanuuiiuiile u hardness tester Ju(FHR-5)

22. 1AR0eTRANAIIULUUATABANNT U atago PAL-1 (3810)

23. galningn nIa-Lua



24 1ATDINAULYNENT (rotary evaporator)

3.1.2 9 IsiaELde wazasall

1. gnsiasade potato dextrose agar (PDA)
: mmiL?:mL%ja corn meal ager
. awmaé&m%a V8 agar ey V8 broth
_asiaiimdnides Benomyl
. Pentachloronitrobenzene (PCNB)
. a5UfTue nystatin

. a3UfTIue rifampicin

co ~N O U B~ VLW N

lalmeu Food grade

9. acetic acid

10. saenlansontys (NaOH)
11. Polysorbate 20

12. Glycerol

17
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3.2 AnwneTanvnlinluniSeulasn1seseNasanA NNy
3.2.1 @Wasaumglsaiiiunnageu

LuNBNARE 19T UA WY tawn A9 Tu e a1y Auansenislsnnisen was
modrsruusnalauduiidulse MnaunEeuludminguns uendesaniudiuiislaeds
Tissue Transplanting technique UUOTMSLE89TD potato dextrose agar (PDA) Tudiusiiegig

Auwenlagdd soil dilution plate wag 33 baiting technique welalalativestas lvdetuiu

£ =

LUidieaun PDA Lilousnieusans Anwidnvaenisdugiuine) Wu dnvazvedlalaluuemns
Beate wuly uavalasvewesiniglindasqanssal
& dl 1% Ad v 1% % o gy & =
woNIMY samnlsan unlaandsvsiunds galdeanvnlsaluniiou
AATUANBYLATIYN TRFNENTIN5E A3 35%6lE VB AAdTlsAiiY anInedenunsAans
ewnuay laun Phytophthora patmivora 37uau 3 lelaian len ku-Dptckkl, ku-Dpttkl, ku-

W wagidle Colletotrichum gloeosporioides 31 1 lolwian ku-dc
3.22 Anwdnsmuendugiuinevede
Iuﬂiaiﬁuaal,%a‘luﬂa;m Oomycetes Wi We Phytophthora spp. ¥nsideadoly
19N3\ABED V8 agar Uszanas 7 fu annduinisfatuduatluninemaideadeifuingy
Uszana 20 ml ifetas avimuemssenanldluguunelduamgeaisauduy 24-48 93lus

gaunQil 25-28°C Livenseaulvilteasnsauasusaide (sporangia) wenannuudnyilasadanuy

=2

odemAREnTELAssdouLe s V8 neldndosqansaat]
1un‘siﬁmmL‘?}Jai’lﬂb’ﬂ‘1ﬂumjm true fungi lawn C. gloeosporioides, Fusarium sp.
Lasiodiplodia sp., Rhizoctonia sp. Tisanld Wanidesluemsdedde PDA wasdnulaseadis
voude wWu dnuazidily uavdhuneeig neldnderanssmiventousazeiln uasiiodn
N
3.23 MsnagauAdNEINIsatunsnalviinln
nanageuAAIInInlunsielsrveaiesn P, palmivora, Fusarium sp. wag
Rhizoctonia sp. 1978 detached leaf test lnglgluniSeu svozinaann unafiiulagldidufian
o 3 90 9eay 1-5 wwa Tudruvesdeanvgiiinlsandsnsfuismaaoulngldis detached

fruits test naapuiuNaniseu tawiwe C. gloeosporioides Lolaan ku-dc wag Lasiodiplodia sp.
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Lolgian KM-dlt ngldWesnanmslsniiidesuuemisidsda PDA a1y 7 Tu 19tujuiienslsn

Y19 5 mm wagldiu PDA Wugaaiuau wazimsduiindauuauna dnuuasisain Vawdrey

1% '
IS) =

et al. (2005) ynyan1sueassunlunadematafinduigaumvgiveadunat 7 Tu aanduviing
Uszilluanusuussvadlsalagldans

Wasiwudnisiinlsa (disease incidence)= (3nuiulufinlsa / s1uiuluianun) x 100

3.2.4 ANSHTEUAITENANSTUBASUINUNBUILLALLEIAYID

[ a I3 Y 1 < dy ~ % =

slunisnumegsluadainszezlumaaia lumaiunaadunalulagnszaon
NAMAAUINTAIANTEUS INBUVAYUNTUATOAUANG JINTAYUNT

nsiseuaNsanae ULElinu M. cajuputi crude extract (MCE) drlutasina
aaetiagen dbiuis wazthleudieiniesevauiounenmgil 45°C segiian 1-2 Tu (Qu

v a o 1 val <@ £ A = o o 1 A A [ Y o
wiitaidn) dlvgelidivuindnasnagiaiasun Jstisasgdluneila llaianisdavinazany
75% ethanol 89351@3U 1:9 fa8LA30Y ultrasonic Wunat 3 Falae 91nUUMNITNTOINENENS
anneen Lavinsviazatelnd inisadaneun 3 Ase Jrasanaeiuanls [Ussimesav
1% = A A g % Aa o 1%

AYANYDRNAILLATIITLINEYYINIA (rotary evaporator) Ngamnal 40°C Alpansnianwuz Ty
wile Sendy ansaianeu (crude extract) bagsivansanailalilugiou 10-15°C

3w paitureusywmeladinu1a M. cajuputi essential oil (MEO) hdeenslu
i1 Fedmtin 500-1,000 ¢ antuaIYANEEen Reliuis wasdiandaiiududn o
afmiiuvenlagInaunuulen (steam distillation) nasannnaudseuny 3-4 §3lue Fuegiu

USinaudaduilel vinisludndivesninain vial lghlastiungaundu wagyimsuwenindiuesn

¥ (%
Ly

5 = P S, o 9 =~ o < = ]
A1OUN Lﬂ‘UI‘U‘VIQZLlVi{]&J 5°C I‘MW‘NLLﬂ\‘l Lwaiamiuﬂ‘dwm’iaumiaaﬂE]‘VIﬁf-J‘UENLGUE)?HLW;GIEJVLU
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3.3 MINAERUUTZENSAWETEN ANIIULAZ UL UNDUTZLAY Lﬁﬁ AY1AINTTE UL

dwnlsAniseu

3.3.1 mMmagaulseansninvesansananeutazindunauseerainvidlunisduds

nssyvasauly

H ]

MSNAADUUTLANTNINUDIANTANANYIUBAL UL UNDUTLMALETIAY LUANSEUEINT

wigvendulede faemain poisoned food lasldununisnaassuuy completely
randomized design (CRD) ns33iaay 5 91 lunswnsgiasnaaauld 20 Tween20 udazae
Tumsavargansanana 2 via maeiendsaaneIvanEinu avedeniinududy 500
1,000 5,000 10,000 15,000 iaw 20,000 pprm tudauvsfunesuneainadau wisy

Aadudd 100 500 1,000 5,000 kag 10,000 ppm KaNa1sAfANsERuANIEIduse 9 ady

919715 PDA ne11shdaudedvaunin 5 ml 39nnuaiied s uiavanuents asuuemis

'
¥ v =

Bestaudazadudy unwelieamivies Juiinnalagnisinvuiniduriugugnaidlaladl

3

Y
[
v v

(cm) wawhumwumanlesifiundudenisasaiulaveaduly (percentage inhibition of

diameter growth = PIDG) n1335vey inwyl aseeves (2532) lagligns

e
= X
A

A = wuruaugnaidalatvenielsaluaiuyaniugy
B = wuruaudnanslaladvavelsalunuibgsioinauansania
WHANSEUgAMIINIMAIANNNTUNTYTEANS AN (effective concentration)

Fanunsadudalaladonnin 50% (ECyy) waviigussle 90% (EC,,) Tneldlusunsa statistical
package for the social sciences (SPSS) v.28.0
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332 msvagaudssavsnwlunssiudenseenvasaus? (spore germination test)
w3pnansndanenusazintunenssmeasinunnlumududusing @ Wuieatude
3.3.1 dnnaufuasususesaUasinnududu 1 x 100 spore/ml Tngldthndudugamuaa
TNUNUNIINABBILUU completely randomized design (CRD) ns5ui8ag 3 62915’1 MIIFDUNIT
fudanssenvesatasmeldndosanssmilugag 12 24 48 uar 96 Falus thanfuiaudesidud
nsduds
333 manadoulszdusnwlunisiudmaairsdauneneus (Spore formation)
N158319 sporangium RENED Phytophthora sp. npgeUlngNZEouLE ML aE
o PDA fleng 5 Ju daduiudeunin 2 x 2 mm ldadluarsazaisansadavety wagisiy
afinvnfieadaduing @ dmsugnnuauagliuntseinte mndutuiigunaivedudiia
Hunan 3 4u Fequiiusiuan sporangium a9 3 ass neldndesganssm wasduan

6 =@ 2 Y g.J/
LWUBSIUANITE U

3.4 NIFATIERRUSENaUNIALIvasETEN A lUEIAYTD
N15AtASIEITRIAUSENaUNILATIvRsaIsai AluLad AU Az T uneUssLtaliau1 84
ns1alneld Gas Chromatography - Mass Spectrometer/ Mass Spectrometer, SCION 436-GC

fa o '

MS/MS TRIPLE QUAD, BRUKER, USA 3ias1¢lagaudivasiuainig kagianyu aAuy
WAlUlagNsnNEns d1rTUN159MUNDIAYTENUNIUATVEIUNTULEAY wasTeszilaaly
uIni1TAudinTewlledngmans aneinead1ans an1dumalulagnszauna 1A ug

a1ansede andumalulagnszasuinaRinummIatansedy
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3.5 fﬂi‘l/lﬂﬁﬁ]UUizaﬂgﬂ’]WﬂJﬂﬂﬁ’lﬁﬁﬁlﬂ‘VifJ’TULLﬁSﬁﬂﬁuﬂﬂﬁJizL‘WﬂLﬁﬁﬂ?ﬂ’ﬂﬂﬂ’ﬁ

AruAulsaniSeunaun snunealudnmlsesau

lunisnaassillaviinisandenarsanaadaunn Adian1sgudadulels 90% (EC,)
NRANIINAaedtude 3.2 umaasuuseansamlunisniunude P. palmivora anmnlsaneu

2 o = Yy 1% = v ¢ N Aa o <
nsfuiedluaninlsaieu lnglddundmiSounusvueuneseny 1 U Adanvarudauss
wagUsianlsaluiivnaaey vinisugnieannlsn P. palmivora TneviuKaNusInEa16Y
e cork borer YuAEUKUANINAY 0.5 cm AnldiAu 5 mm 3ntulgnieinegeunienis
Anduudulows wazihurnsuukaaiild Tindiulvsevnvanie uwidnhgmaiadineay
Aunguaziy tdzaaieliinaduduinald 2w sulivtaaseinisialsaluseiu 3 Aefivwin

WHAWINAY 5.1-7.5 cm wisldidudunatlunisvegau

3.5.1 mvnseulsAnsanvasansanaveUiaiiovialunisaiunulsa

wituansadang1uiagnaaoulugUunundadus 2 sunuy Ae Whdmiuwy
warAsHAInT UM (nand 3.1) Widanandududl 20,000 ppr Taevin1snuss en vudundad
wanse1nastsaad Ui P. palmivora fikdnsenisiinlsasyiu 3 GupSounaiiiedunay
NeaaulagI NN UNITNAGBILUY completely randomized design (CRD) & 6 N335 NINID
a¥ 3 7 fall

Ti lﬁﬂqm‘%@ g nauniu (healthy control)

T2 = ﬁﬁﬂ’ﬁﬂ@mﬁ%@ laiwuans (inoculation control)

T3 = Wugnseri v uedenmpudy 20,000 ppm Inemunn < 3 Ju

T4 = wWuansafevenuiaiimume iy 20,000 pprm Tnewunn 973U

T5. = mAsuensaiavenuaiiauneadady 20,000 ppm v 9 7 Tu

T6 = MAssansanaveIuEiiny ey 20,000 ppm 1vn ¢ 14 Ju

[V Y
Y]

Tunnnssuisvaaeuldsresina1nedu 3591 wazvhnsiiudeyalaetuiinug
nstAnlsn (@1n1sura vnakka Weswudnisdulse) o 9 7 u saunnd 3.2 vinns

Wisuilguiugamuay wazthanAialesidudnisanlsnniugns

IngUseiiudvtinnugulsavedlsa 4 seeu (0 3.2)
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inuunmwIandunuguselse (disease severity)

ca . . ' HATINYRIATEANTULTIRLIA
Lﬂasmummmquuﬁﬂﬁﬂ (disease severity) = - - x 100
futinisuandlsngegn

ludureauasiiudnisanlsAMuINIINIUIAVBILKE Ifﬂ&lﬁ?ﬂ?ﬂlﬁﬁ]’]ﬂqmi

(vwmuralunssidSruau—awaunalunssyisnadeuansara )

Woesudnisanlsa (Disease reduction%) = — %100
“Uuqﬂ“UaQLLNaluﬂiiﬂ'Jﬁﬂ’JUﬂ‘ll

AR 3.1 HARA MY IINAITLET AV A HARA U uUUWUL TuLEdae 2,000 ppm,
a (%) 6 1 [ <@ a [ I3 g L
B: HAMAMALUUNUAITAAANEIULAL AU 20,000 ppm, C: HARA LU SN IINTY

iéfin 2,000 ppm, D: MAAABILUUNIENTENARLIULERAY1I 20,000 ppm

b

lesion size 0cm 1-25cm 2.6-5 cm 5.1-7.5 cm 7.6-10 cm

Score 0 1 2 3 q

AT 3.2 AZLUUAILTULTIVDILIAIFT UL UNA YIS

0 = laifinlsa

1 = 59815ANAINNENT 1-2.5 cm FREWKAAAT 2110

'
o

2 = WNATUINNANENT 2.6-5 cm SoguHadani 2111 81n15819lvia

3 = unalug) 5.1-7.5 cm seguNadnaT 2111 81n13879lua

v
o

4 = unalng 7.6-10 cm se8LuadaT 2111 91n1581¢lva

&2 = Y o 1Y £%4 - = " 1 ¥ o v (8% 14
enastiluenansnanubidmiunisidauiensnyivingu lieugialrmhluldusslevdimunise

Lidnnsdllaqsau Snvvinudividauwlasiion wazseeg1sdedadivesenaisynasaninisunlule
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3.5.2 ﬂ'li'vmaa‘uﬂszﬁw%mvwaaﬁﬂﬁwamzmaLaﬁﬂmﬂumsmuqﬂiﬂ

ihifuneuspmelatinuiwievaslusuuuusdesast 2 Uuu fe thdmiunu uag
Asumdmsum (it 3.0) Widenudududl 2,000 ppm @Eseengy) FudunsmageuLazl
wHuNsTaaest s Tude 3.5.1 TneiRgnsvaaousai

T1 = liugnide tthndumu (healthy control)

T2 = ﬁWmiUQﬂL%ja lainuans (inoculation control)

T3 = Wutfunenszmeasinuamnududiy 2,000 ppm lognunn 9 3 Tu

T4 = WudhunessameadnuadRy 2,000 ppm lagnunn 9 7 Ju

T5 = yasuthsuneuszieidsinunmmddy 2,000 ppm lagnmn 9 7 T

T6 = Mmesuiniuveussmealnymududy 2,000 ppm tnevnn 9 14 Ju

3.6 ﬂ’]i‘l/lﬂﬁa‘U‘Ui%ﬁ%%ﬂ’]W%B\‘iﬁ’]iﬁﬁlﬂ‘lﬂﬂ"lULLﬁZﬁ’]ﬁJu%aﬁlixL‘WﬂLﬁﬁﬂ“ll’]?l‘h!ﬂ"li

AIUANLIANBEU LAZINEIAUAINUAINITAUNEY?

3.6.1 UszAnSanvasansananenunazundunenssinetdinuiananisdueslsa
o < = A a & .
RAINITNULNEINNAIINLYD P. palmivora
Unanisvingeulaainte 3.3 launan ECsy Tunisduganasiaigmiaduley
¥ 1 Y b % 1% gj gj a
wazldArdosvinues ECs, uldiduarundulunisnagavuluassll Taoniouaisazaiy
arsanaveautadaulilafiaaududu 600 ey 1,200 ppm UIiuReNsELRULENIAU12
LASEUAITAZA18TIANUINTY 500 taz 1,000 ppm
ArLdannaY S sunkUasUgnludwmiagung Adauanldiiu 70% Jsiaainlse
LUAY LarTeEd1vll WInaviSeud19iA1taEeTn 91 anuiange Clorox AUWNTUN
200 ppm U 2 W9l (Allende et al., 2008) AnUuA198nAILUNTRINYBLALIN ALY UINE
NEuTuAd ousIEanIazaIulalnu9ag3ITnsgu (dipping method) 3ntuvinn1sugnideaning
Tsawaidn louA We P. palmivora lelsian. ku-rwl IRg7WNEUSHUNAYISEY 1aI19TUUILIN
Y & a i a & Y] A & O v ]
5 mm uaiunayseulundesmanaindunal 2 Ju weldunsuuds 3ntuigesnainnaed

o [ A a v
LASNINTTINUINWIVIRUNNUTDY 25°C
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o

DUNUNNINARDILUY CRD §1uau 3 1 dnssadasel

T1 = laiquans 13J"1.J@Jm%ja (healthy control)

T2 = laiquans Ugjjm%@ P. palmivora (inoculation control)

T3 = Quansaiarenuiainurmududu 600 ppm (MCE:600)
T4 = Quansaiavenulainureududy 1,200 ppm (MCE:1,200)

v
' o w <

T5 = quindunensseladinuadinu1anududu 500 ppm (MEO:500)

3
1%
| o

T6 = Fuihiuneusyvesainuadin1ANudy 1,000 ppm (MEO:1,000)

3

U = L2 = U a a dﬁl
Juiinnalngdnuuinvediug Ae 0-4 szau tne 0 = lifin1shin B; 1 = LHATUIR

1-5 cm; 2 = NavuIm 5-10 cm; 3 = WNatuInl0-15cm; 4 = YUIAUNANINATT 15 cm

v ¥
3.6.2 Ui%ﬁﬂﬁﬂ’]W“ﬂaﬁﬁﬂiﬂﬂﬂﬂﬂ’]ULL?IZ‘U']SJ‘NW@&IS%LWEJLﬁﬁﬂ‘ll’]’)ﬂ'e)ﬂ'ﬁﬂi]ﬂﬂi’iﬂﬂaﬂ

< o o a dy e o
n1sLtnuULngINNAIINYDd C. gloeosporioides

FnansnneeuaInde 3.3 Iaun Areududulunstufimseiaeadulelae
1961 ECsp taztinpnaatiiived ECs, unldlunisnaasu andiunisieieunaniseunute 3.6.1
TR stgsararearsat ane uiat av 1 I e AUt w 1,400 hag 2,800 ppm
weNasazangisuensseiadaunfinaiududu 800 kay 1,600 ppm mﬂﬁu’uﬁwmﬁﬂgﬂ
Foanmalsanairlduide C glocosporioides elsan ku-dc satanistufinnadseiiiuain
sunsslsnituieatiunisnnaes 3,5.1 Inedngsuisvnaeusied

MIMKUATISNAABILUY CRD $7tat 3 487 dnssuismail

T1 = laiquans 11J“1J@Jm%a (healthy control)

T2 = laiguans quﬁ?’fa C. gloeosporioides (inoculation control)

T3 = JuansafnreuElav1 AUty 1,400 ppm (MCE:1,400)

T4 = Quansanavenuladinuamdndy 2,800 ppm (MCE:2,800)

T5 = f\jmﬁ’lwﬂwamzmmaﬁmsunm’mﬁu%’u 800 ppm (MEQ:800)

1Y
! o <@

T6 = QuUNTUNNIZIRLLELAY1IANNTNTY 1,600 ppm (MEO:1,600)

q
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3.6.3 msUszgndldansanaverunazinduneussimeiaiaviisaunulalagiulunis

AUANTIANAINISIAUNEY waZSNEIRAAINAINTISIIUNEIVDIMISEY

3.6.3.1 Anwszdudamvasssaiaanluiadaviasaudulalamulusudaile
suvglsavdeniafiuifeafiinanide . palmivora
n1sUszgndldansadnsiuiulalagulagaiunisfniiennaniseuun
yagou WuRetute 3.6.1 MndusSevasazaslalasu Gavarendlalaguiu 1.0% acetic
acid fela3osniuanuszesnal 24 9alus Y50 pH.fe 1 N NaOH Tlareglugag 6-7
MnunanTwfvasatanainaaueduiuiinaaeuaiade 3.6.1 uay 3.6.2 Tnglils
ANNuTugavnevaslalag iy 1% n1seaeuRaS sume3sn159u (dipping method)
Hunan 15-30 Funft wastilduiy vihan 3 ass ndanduwhnsugnidalsenani Téud e
P. palmivora lelean ku-rwl Yiuwalasld cork borer @1e8n 0.5 cm Waufudulensuin
nanFeuitognidfe inisifusnunfiguvinfisios 25°C 9igld 7 Yu
MNINUMTVARBLUU Completely Randomized design (CRD) 31141 51351735 éﬁ’aﬁf
T1 = gushetndu lsiugnide (healthy control)

1 v

17 ﬁ;umaﬁﬁﬂﬁu ‘LJ@JﬂL“??a P. palmivora (inoculation control)

T3.= quieilalamu 1% Ugnide P, palmivora - (CHI19%)

T4 = quasslalag1u 1% saudvasadaneiuiadauidaaaududy 1,200
ppm qu%a P. palmivora.: (CHI1%:MCE1,200)

15 = quaaelalagiu 1% saudvdiiuneussiveigdauiaududu 1,000 ppm

Uanite P, palmivora : (CHI19%:MEO1,000)

Juiinuanisnaasslagduinualagdnauinvasunann 9 2 Ju Ae 0-4 S¥AU
198 0 = lin15fin Wo; 1 = wNavuIn 1-5 cm; 2 = WRATUIA 5-10 cm; 3 = LRATUIANINATIN

v

10-15 cm; 4 = IWIAUNANINNT 15 cm wagAaoidudnviinusunsalsnnIugn el

¥ (Faunaditialsn X Azuuuvnwgg)

Wesiwudauguusilsn = x100

TIUNATINNA X AZLUUTUINUNAEIER
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3.6.3.2 AnwiUszAninnvssarsanaainadinviasaunulalagiulunissne
AMNTNYBINEIUNAIN1IAULAEA
WwisamayFeunnde 3.6.1 uasdndunisqunaniSousglelasuinay
asanalainunINte 3.6.3.2 1LHUNINAABILUU Completely Randomized Design (CRD)
$1unu 4 nsns dedl
T1 = quéethnduiissedradien (healthy control)
T2 = Jusnglalagi. 1% (CHI 1%) (inoculation. control)
T3 = gueslalagu 1% sauduarsaianeualavnaanududy 1,200 ppm:

(CHI1%:MCE1,200)

T4

Juaglalagin 1% sauiuiiiunenssmelalinu1IAmdudy 1,000 ppm:
(CHI1%: MEO1,000)
JuinnalagdtasigdAunInnIsiiusneIvamandna 1910111015:A5 0 URD

AUSYIT 7 waz 14 Ju tnenudeys femaluil

[

nsdsiziaunwremBsundsnafiuiedlas daaaandel
1) nsgeyidenimin
ymsdeiminvesanFeudaeiriests 2 fumis fausfuusnosnis
4 LLﬁs%ﬂfﬁ%ﬂﬂ%ﬁ@ﬂ 92 %uﬁu@mwmmﬁﬁam (12 4) ﬁwlﬂﬁwmumsgzgﬁmfmﬁﬂ
lpa1nans ann1iad AuzUsun lazaue (2563)

~a A—B
nsgeylEsunln (%) = (T) x 100
A f9 dvdnsusufauAUSnE R INa L

B A9 UutnvaaiusnEn

2) suiuiile
nsnadeuarmuiuilovewFeu dudunimnaeuludiuveuiiona
sowe3asiloneaeunuudsvamalil (Fruits Hardness Tester, FHR-5) Tnodainannuudavas
onaanuge (5 nana Theveaw) Afttufinuansisaumuutureniens Fuanwmadunae

Haau (N)
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3) ms¥aUsuansailnmsaldiiomn Titratable acidity (TA)
N1531A51ERUSHUNSAT Lmnsaldwanun (TA) #2en15lnsa
wazAunainmdunse MWa1asfinsauian (0.067) (Tan et al., 2019) §s9znausog s
Lﬁjaﬂql,%'au 10 ¢ futhilsshide 15 ml mﬂﬁ'juﬁgmfmL%&JuLLazﬂiaqmséhas’hsmmq wdanTiu
Mnsnmsameaisararelafeulansanled (NaOH) Anududu 0.1 N IngldAuoannaudy

dudiawmes lun1smgedugavenisininss deazifaniswasuuvasainludddudsuneeu

wariAflalumuumeandunsn augnsves AOAC (1990)

(ml NaOH)x (N NaOH)x 0.067

USUIMIVeIETazaN8sI0E1

A (%) = (

)x 100

(%
a

ml-NaOH: Y3umsansagaty NaOH ﬁiﬁ&ﬁamf\;@auqm (m0)
N NaOH: nuwutuvesansagats NaOH (0.1 N)

nsaudnuantumisew (0.067)

4) M15USunauvatiNazaleile (Total Soluble Solid) TSS
n1sAnuilupsslinlauldiney Refractometer LUUAIRNDa "Pocket”
[ a St . g o o 1 & a a o & a H
PAL ueainanatdusemuing (°Brix) men1siidiegauilieondeulsima 5 ¢ 11vitmsauy agiiui
NAY 10 ml AU UNTOIIUNTEATYNTET Whatman Wwas 4 wazvinisiawazyuiinuady

ANNFANUSND (°Brix)

3.7 MTIASILINNEDRR
thiayaaInnsnaedil¥viaaa AT iALMUTUSIU Analysis of variance (ANOVA)
uaziUSoulfisuAiadevosusagnaulngld Duncan's Multiple Range Test (DMRT) iszfiumaan

oty 95% (p<0.05) Tngldlusunsy R statistics
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unii 4
NAN1SIYLAZN1SAUS19NE

4.1 NMIANYLYRIIEVALIAYBMISEY
4.1.1 msuenwanazdnduunanuglsalaglddagiuine,

nsusnidestanuglsarasisenneunsfuiel uasvdnisiuie luaddlfifu
faee 91n01N3AAY TusaskayFou Mnulannunsnsiufiuil sunondaiu Swminguns
WUL%@IUﬂa;N Oomycetes laurida Phytophthora sp. sauau 3 lelaan lududos1viald
W3e true fungi WUl Fusarium sp. s1uau 2 lelatan @We Rhizoctonia. sp. $1uau 1 lolsian
wazide Lasiodiplodia sp. $1uau 1 Teleian anmsdnudnuasmadugiuiagdasiuun aunsn
ssyeanduadioluil

nsusnideaIne Mty Tiddnunzennsnauvinseunude s1uu 2 lelwan fo
KM-DFa Wag KM-DFg mﬂﬂ’1iﬁﬂmé’ﬂwmzmqﬁ“mgmmmﬁLfluw‘?ya Fusarium sp. lagia
2 lolowan Tlassadetuansisduifisadntes nudnvaglaladuuemnnfonteddun uley
azifun WleflonganniuaAsutudeiunios Anwlassasenmelfndesganssed vivaes Teluian
wun1aseaves 2 wuu Ae macroconidia 3Us1NSE 817 Gamsinszuen Yansuuiantey
septum fu a6 septum waalaluilid Ui apical cell fianwaiznu (blunt) d1u basal cell dau
microconidia danlnaiwuiisusnsd suly (11379.4.1 wazamdl 4.2-4.3) aenndoeriusBuves SR
nadTiavsn wazanly (2563) Menulisdiureneiusues Fusarium sp. ivhmsuendosanvglzaia
wislunSeula 28 loleian 9nguns Junys Lazn3In NaN1IANYIAING1INUINTNBULATINY
NS uUNTeNles1 £ solani musesuneves (Leslie and Summerell. 2006)

Asuenid oanmalsaniSound s LA o9 99n@108 197 LARID NI THALN
e 1 leloan fe KM-dlt Snsinemeinduiie Lasiodiplodia sp. Ineildnwazidulend
wneaudei Wosiada fruiting body WU pycnidia uaz conidia szezusniidla wadiien sUl
(oblong) fve1i3auisreudnauvats sruvienauuuy e conidia wiavasawaiu 1 septum
wisluaewad figusissadngly nlsrinuuenvu 2 Fu (11519 4.1 wazamit 4.4) nansInsauun
fanana fidnvarreadonsimusenuves auds waded wazany (2539) maialsandenisiiv
RenlunBou Lasiodiplodia sp. @314 pycnidia Heluilodadonusnaiiinensudes conidia &

moonumsUnla vildiuduwaingsn conidia f@uimnas waziindeiu 1 septate wonandla
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f518uves Feddus Ssz1eddinly wazane (2562) AnwidnwaenedugIuTINAUTaLaN19T7
Imaqamawﬁym'} Lasiodiplodia spp. ﬁlwmlﬁamm%uﬁﬂmu 30 Tolaian wuindes L.
theobromae, L. pseudotheobromae Wag L. parva iWuriiafiannsanelsanaimizoululszing
Tnela

Msusndeandegenmssnilau Lﬁ'aﬁﬂmé’ﬂwmzmNé’mgmuummﬂé&éqL%ja
wazmelindesqanssal Mndudieudisufuienasdrdeiifinisssyaneuesde maindude
P. palmivora 31w 3 lelavan Ao KM-Dpt02, KM-Dpt0d wazkmM-Dptos Tnewilednudnuaslalad
uwesiasde 3 wilafie PDA; CMA wa V8 wilaladluuomsideadounnsietu fe leloian
KM-Dpt02 flalafidnwaty radial lalean KM-Dptod Ialaflanwusidunuy stellate way loluian
KM-Dpt05 Telafifidnuae chrysantherum n leleay Siduledun Wiy wasiloidedy
91MN3LA89T V8 (Selective Medium) Wiy 7 Fu L%@ﬁﬂﬁia%”]qmumaﬂaﬁuﬁ:ﬁa sporangium Wag
papilla agedniau a1l sporangium KR zoospore §USIsWABU ABLUY ovoid (11514 4.1
wazAMl 4.5-4.10) INNsAnTIMaTSsus Ul esidena S&nwaaswmay P, palmivora fu
F1891UYBY (Suzui et al., 1979; Danial et al., 2023; Pongpisutta and Sangchote 2004) iz‘uﬁq
Snwasrasade Phytophthora sp. vaneauY ey

nIsusndsaualsay Seudeumafuiiel ndasssiiansdnuugeonisluinues
y3ou Wednwdnunrdagiuamaiwdulde Rhizoctonia sp. (KM-DRH) $1u7u 1 Talewan Tae
Snwnrleladuuowisdsadeiduium edesmeldndesganssatnuidnuagiduloadng
asexual spore dntatumadifuszoz iulounnutsiaduguan wosyuuvan afaduloiony
resistant structure Wulef 3 Fnvaly wuuusidunuteanse Suwnedy q wuuiiaendu labate
mycelium @5 penetration peg védlguuuiiany moniloid cell %Lﬁmiwﬁmﬁmﬁﬂ sclerotium
(11519 4.1 wazn i 4.11) dnuaiedana1naenadesiunis dasuunmuseduves Thuan et al.
(2008)

Tuns@nuin1snnaaIndd e Yuainueuas e osnaualsalunidou S1uau
4 lolaan lauwn L%EJ Colletotrichum gloeosporioides ku-dc, kae P. palmivora sp. ku-Dptckkl, ku-
Dpttkl, ku-rwl 31nA1AIBTANY ABZINEATURIINGIGULAYATANENT INYUVAUIUYU (11579 4.1

LLazmwﬁ 4.1) way (mwﬁ 4.8-4.10) MUAINU
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ey /unasiian 9IN19 Uiip lolgian
NFYW/AUNy3 WAL C. gloeosporioides ku-dc
VISUU/YUNS Aals Fusarium sp. KM-DFa
m%u/ﬂqum Aauis Fusarium sp. KM-DFg
NISYU/YUNT HAL L. theobromae KM-dlt
VISYU/YUNT GRiANENg P. palmivora KM-Dpt02
VJL%'E;Iu/“QJJW’i A1RULUN P. palmivora KM-Dptd
VISYU/YUNT GREATENY P palmivora KM-Dpt5
VEUU/YUNT GRIATTYY P. palmivora ku-Dptckkl
VIFUW/MIIA afuLn P. palmivora ku-Dpttkl
N3/ 38804 AU P. palmivora ku-nwl
NS/ YUNT Tulwal Rhizoctonia sp. KM-DRH
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- -
s \
—_ g ~
. - o «
i conidia o,
S
v) / it
s S B, 7 & 1 3 y
N (.‘,J . N ) )
o 4,‘ .':2 A - > s a —
¢ R T T 2 D
‘-T" : -
{ %
/7“ 5
r\\' 4;.,_-’ Y a0
O 1 Fz 'y
: ‘ y f FTh
"‘J - 5 HreSed)
) conidia Yoo
- Y
) =
1/ & e A
4 = foaes/ i

pram
A

.,
-

4 ¥ L .
AT 4.1 SNBuEN AU IUIENT031 C. gloeosporioides Talwian ku-dc anvazlalaiiuueinis

\Bos@puiinfing 9 A: CMA, B! PDA, C: V8 9191 7 %u; D-F: conidia iwadlalifd (scale

bar 10 m); G-J: anweue conidia (scale bar = 20 um)
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Y oW o _—

=F | =
,7 1 T"f b\
Fricigedcia It

VARG | AN

ANl 4.2 é’ﬂwmzmaé’mgmmau%@ﬁ Fusarium sp. lolwian KM-DFa dnvauslalatiuueinis
Boadeniianiig 9 ALCMA, B: PDA, G V8 flany 7 Yu; B-F: dnvausidule; D: Snwaue
macroconidia ka% microconidia (scale bar =10 pm); I: Qﬂm?iﬁ%l,amslﬁt,ﬁuﬁﬂwmz

LIRRUNUINU 5-6 septum; G-J: ‘UmSgﬂﬂﬁﬁﬁﬂLLamﬂiﬁLﬁuﬁﬂwmz macroconidia Way

microconidia (scale bar = 20 ym)
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’
AINN 4.3 SNYULNINGUFIUVBBYBI. Fusarium sp. lolgian KM-DFg dnvazlalatiuueinis
Boadeuiasig 5| A: CMA, B: PDA, C: V8 ﬁawq 794; D-H: anwazidule, macroconidia
ez microconidia (scale bar = 10 um); I gz M: ANWY Chamydospores; J-K: gnes

Aeuansliiudnuuzwaaiinidenu 5-7 cell (scale bar = 20 um)



conidia

AN 4.4 SnuENFNgIUYaNTR Lasiodiplodia spp tolwian KMdlt dnwuzlalatuu
p1msiaseyiasiag 9 A CMA, B: PDA, C: V8 781y 7 4u; D-F way H-I: dnwee

conidia fifsauny (scale bar=20 pm); G- gnasdsuanslsiiuiduly Paraphyses
(scale bar =10 um)

35
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AV = o

f’":ghté{@déspo're i
J | L

7 |

AL = / (- fﬁ 7o
AN 4.5 SNvaLNIIFUFINVO U Phytophthora sp. laleian KM-Dpt02 anwuzlalatuuy

93BT 0uAse 9 A CMA, B: PDA, C: V8 flone 7 Ju; D-F:Lefulelaifinianu uas
sporangia (scale bar = 10 pim); G-H: sporangia tJuwuu ovoid; H: gneasdsuansla

Wi papilla; I: chlamydospore J: intercalary chlamydospore (scale bar = 20 um)



-
oosp?r?'
5 TP
[ oon
- 3 Ll -
')z ' 1
-, ; - >l "
Ry " -~ p /"
] Y tf A

') e !

AT 4.6 Snwalgvnedaus uvetos Phytophthora sp. leluwan KM-Dptd dnwaylalaiivuy
pWnsLaBNTeuda1a q A CMA, B PDA, C: V8 fieng. 7 fu; D : iédulelaifiniany
(scale bar = 10 um) ; E-I: sporangia tag terminal chlamydospore @Jﬂmﬁ@i’mam

Tt papilla; K: n1sUanuass zoospore (scale bar = 20 pm)

37
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Y Rat | % 7 O | —
I ) J)l ‘ 1 “ oy

AWl 4.7 dnwalgnisdugiuuesidiesa Phytophthora sp. lelsian KM-DPs dnwmylaladuy
91N TR UTOUTAA 9 A: CMA, B: PDA, C: V8 flene 7 $u; D-F: sporangia WUy ovoid;
E-F: gnesdcnuansliiiiu semi-papillate; H: wdulelidfinidanu (scale bar = 10 um); I-

J: oospores W@ terminal chlamydospore (scale bar =20 pum)



39

AT 4.8 é’ﬂwmzmqﬁmgmmaw‘ﬁy@m Phytophthora sp. taletan KM-Dpttkl dnuuzlalatiuu
aTmslaBadeuinnag q A:CMA, B: PDA, C: V8 ﬁaﬁq 7 91; D-L: sporangium, oospore
Wag zoospore; F: terminal chlamydospore; H-L: sporangia buu limoniform; I-J: Uany
anAsdnuansliiifiu papilla wag zoospores nelu sporangium; K-L: suandaes

zoospores 31nUang papilla (scale bar = 10 um)
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AT 4.9 AnuaEnIdgIUYaTeIY Phytophthora sp. laluan Ku-DPtwl dnwauzlalatiuuemis

\Beatavilanng 9 A: CMA, B: PDA, C: V8 ﬁ'mq 740 D-E: Alauuu sporangiophore; F: L&
Telufiniany; G: sporangiauu-ovoid Uanegnasnuandliitiiu papilla (scale bar =10

um); H-J: cospore tag terminal chlamydospore (scale bar = 20 um)
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9IS T 0¥TAG1T | Ar CMA, B: PDA, C: V8 niong 7 Tu; D-E wduleluiinianuna

LYY sporangiophore ; F-G: terminal chlamydospore (scale bar = 2 um); H-I:

sporangiatlUu ovoid Qﬂﬁi?lﬁ’ll,t,ﬁﬂﬂﬁtﬁu semi-papilla (scale bar =10 pm)
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AN 4.11 anyaen1edgIueetos) Rhizoctonia sp. telgian KM-DRH laladuueimsife s
#ilns19 A CMA, B: PDA, C: V8, D-G: ansaiduly hyphae, gnasdniuandliiugs

T-shape cell, H-: Qﬂﬂiﬁﬁmaﬁﬂﬁﬁuﬁﬁ moniloid (scale bar = 10 um)
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4.1.2 A1SNAFIUANUEINISOLUNISADANALSA
4.1.2.1 NSNAEBUAMNANITAINSABlsAYRIYaE WA lsAnauM AN

nMsvRgeUAEITIalunselsATeses RouMiUREIIN 3 ana bawn
Phytophthora sp., Fusarium sp., Wag Rhizoctonia sp. lnal475 detached leaf UUIUV;L%‘EJW%EJ%
LWAaR mwa”amiﬂqmsﬁya WuINTe P. palmivora e 6 lour Telaian KM-Dpt5, Ku-Dpttkl, Ku-
Dptrwl, Dptckkl ,Ku-Dptd,Ku-Dpt2 anansanelsalsnnlelman wagwuirfilelaaniiansonelsa
Juusanely 3 Ju fiw KM-Dpt5, Ku-Dpttkl, Ku-Dpttkl, kg Ku-Dptckkl ﬁmmmmaagﬁ 3.99, 3.63,
3.59 waz 3.28 cm wazlelwaniifvuinunasesasun Ao Ku-Dpta wag KmDpt2 Wiy 17.6 uas
17.2 e nuddfy dnwarennsulundeundinistgndennleluani 7.9 wuiunauanse1nns
a1 Feseunensarniuiiiniavianluglust wage (11319 4.2 wasnand 4.12) Fansefu
5769794 Lim and Chan (1986) lassuidaansauzeinisninaifueinisveslsai wazaenndes
fusenuves Wsuns desive uarany (2565) wwnleannlsndduninaslulnfvesdouls
&o Phytophthora spp. ansanelsanseula ughwios Rhizoctonia sp. lalaan KM-DRH mds
nMavadeunAalsafivunnieg 2.77 cm dheagoinsiudnunluniFeu wraisUssliuuuey
Hodoidudiinadnin demnunaddnuaais (dl 4.11) gonadestusienumansatuiiszyin
931 Rhizoctonia sp. vilnalsaluluiitazasludunan (Kwee et al.,1987; Thuan and Tuyen,
2008)

dusuldosa Fusarium sp. lolaian Km=DFg uag Ku-Dptd Wui1masannnis
NAFOUANAINITOLUNITABLIAATU 7 TU VUILNATLAAT UL AT 0.99 Laz 0.80 cm AIuaIAy
anvuzeIn1sveLNakansliiuyeuLra JUs9luwiuew Wuddimady wariidulevewtesiun
a ) o i - ; ] ! = v
AANUTIUNG GNYAYAINE1IUNTINTE Fusarium sp. 14 2 lelasan enunsanelsauulunSeuls uwe
= o a a ) W . A v = Y A
finusunsll ol sudisunu@enelsnlnganie P palmivora Nas1enudemigluniie
NAHBUNINTAR (M1319 4.2 wazn A 4.11) Feaenaadoeiusieanunatgatunseyufnisvinany
Yo luiSeu (Wysuns Wity wazaue 2565; Lim and Sangchote, 2003; Singh et al.,
2024) eg3lsnauldiiiessidia P. palmivora Muamananven1sdvinaefunisey Nanis
negeulduandliiiuiniiosainanadus wu Rhizoctonia sp. Wag Fusarium sp. @1xnsaneliiie
ANudumesofunsoulduiy Jegenndeaiuuideuas Sangchote et al (1998) wag

Chantarasiri and Boontanom (2021) fis18auin@esidananainsanslaluniseuls
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A5 4.2 NsNAdUANLAINTalUNINBlsATELTREWIAlsANBUNSAULNEY

Toloian ?hLQ?iIEJSUU"lﬂLLNa (cm)
P. palmivora (KM-Dpt5) 3.99
P. palmivora (Ku-Dpttkl) 3.63
P. palmivora (Ku-Dptrwl) 3.59
P. palmivora (Ku-Dptckkl) 3.28
Rhizoctonia sp (KM-DRH) 2.76
P. palmivora (Ku-Dpt4) 1.76
P. palmivora (KmDpt2) 1.72
Fusarium sp. (Km-DFa) 0.99
Fusarium sp. (Km-DFg) 0.80

AT 4.12 SnEaEINIsluNINAARUAINEINITANBLsAvRL ARl sAUL U I UMAINIS

Ugnid o7 U legloleian KM-Dpt5sP, ku-Dptckkl, ku-Dpttkl, ku-rwl, KM-Dpt5,
KM-Dptd, KM-Dpt02 fewda P. palmivora, lelawav KM-DRH feide Rhizoctonia

[
=

sp.; olelan KM-DFa, KM-DFg ADWD Fusarium sp.
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4.1.2.2 nsnagauAUEaIusalun1snalsAuaasInaInN1sAULNYA

Tunmsnedeuauannsalunsnelsavendesvdsmaiiuiden 1dud e
Lasiodiplodia sp. lelaian KM-dlt uag C. gloeosporioides lolsian ku-dc lne3s detached fruit
test wutmdanisugniderdunan 7 Yu Werts 2 ana annsonelsavunaniFeuld lasde
Lasiodiplodia sp. {finusauuIn 9.8 cm a1n13vedisn lussszusnazUsngluunadimaguasnan
vudlafeuinmuuienvemaniou Mntuikazass q gnanulumuiuayvesta Tneunnsenin
muuvewSeusdsuiudc uasnuduleventorunequuinamuy (nmil 4.13A) Snwa
mmiﬂfaamﬂé’aqﬁmwmmﬁizqmmiéﬁ’mén (AudAs waalud lagany 2539; 81451 inen uay
ARl 2556) BniTENIUTes Jeddiug Sszranaley wavane (2562) WU Lasiodiplodia spp.
aansonolsanaimdamsiAuievesSels

mmzﬁmimaaumidakmmL%a C. gloeosporioides WNUIWIALHET 6.7 cm
Snwawenisduusniyavuindn demutanmsureelgfunusomuny Uinaumai (n1wd
4.13B) aenpdasfUsIBuTes Lsh feaziAsugna (2534) Anuaizain1avadlsaiiuunay Soud
Aaande C gloeosporioides 51891Uv8Y Armand (2023) Anwin13seuaIeiug Colletotrichum
anadeslsfididgividlidalsanahvamdeuluniavidevesUssinalny anuanisvadey
Tsadenanuinde Lasiodiplodia sp. wansuiuaauaiilainda We C eloeosporioides wansli

WiuIdes1e 2 viin ansnelsanauliwnySeuls

T | :
L. theobromae (KM-dlt) C. gloeosporioides (ku-dc)

AT 4.13 dnvare1n1sisARald1ITsunasUgne 7 Ju A 81n1IHald1Niinniie
Lasiodiplodia sp. lolgtan KM-dlt, B: e1n1swatiniiinainidie C. gloeosporioides

Tolwan ku-dc
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4.2 n1sNAFUUSTLANSATNEITANANEIULAZUNILUNRBUILMLELAVIIABNITEUSITD

dmalsayizeu
4.2.1 msmaa‘uﬂis?m%mmjmmiaﬁ'wmuLaﬁmnﬁunﬁé'uégu%lamLwﬂsﬂm'%au
nsneaeuUszdnsnmansataneruiatinuafiseduaanududu 500 1,000 5,000
10,000 15,000 waz 20,000 ppm #1833 Poisoned food technique sisnsudanisadyveadule
voadenawglsanFeu wuiasaadaneuationm aunsdudinaaiyrentenld Wudumy
arududu denalivesfiudnmatiudiniansyreadulsfsduosnsidedfy Tasanudutugean
i 20,000 ppm maaﬁ’wmummaaé’ué’jamimﬁzysuaqL%Jaiﬂé’amyiiﬁ 100% 112U 6 lolglan laun
C. gloeosporioides KM-dc, Fusarium sp. KM-DFg Wae P. palmivora sp. KM-Dpt02, KM-Dptd, KM-
Dpt5 Tuvaugfiaudiudu 10,000-15,000 ppm mmaaé’fvﬂzqL%aiﬂiﬁaﬂﬁqamyiai T 4 Telaan
A9 Fusarium sp. KM-DFg P. palmivora KM-Dpt02, KM-Dpté ttag C. gloeosporioides ku-dc Snie

WuIANUT T UAIEAT 500-5,000 ppm §yaunsadugenisaiyiulaveadulalagean 80%

(11919 6.3 uaznIWi 4.14) TunIaaeIAUNANIINAADUAINITOEUIINIFEIIY sporangium VBl

v
o

P. palmivora 151’aejﬁaamg3ai‘t‘7|'mmﬁm%’u 1,000-5,000 ppm (1579 4.4-4.5) nan1sduditiaennany
AUTIB9UTOT WIRET WURSLaTAY (2553) wudtarsadaveuainluiadnuiiaanududud 800
opm a@nansaduss P. parasitica uas P. deliense ¢ 1009% 8alunitifud aonndosiussnuves
Somnuek et al. (2023) usnidas P, palmivora awguadsaimidould 20 lolean wuidl 9 lo
Toian fiflnrunsvateseranstiuddsadaaniuadaua Jacquin et al. (2022) uas Zhu et al.

(2023) a8 vigIrarsusznauluaIsanaINHILNaRaN1SYINUVE RE BV UWAT LasNawad s

& =

Oomycetes FUAYITOIRUAMNTOIUNITTUR VDB ONUAAT YTOVIANUASNIBVINTITAS &
an9lUsununszuIuNTTasne warnIssenTasdi e iuavenvsin nan seaeuTliiiuinansain
@slnvuszansanlunisyimihiiduasdudate Phytophthora sp. 310318974 Al-Abd et al.

(2015) 52y31 flavonoids, terpenoids, phenolics uaz alkaloids @1snquinanilfinaaud@duans

'
=

A1URaTN (antimicrobial compounds) MengNSHIUNALAAIY 9 FadnAdBITUTIBIIUVDS

(%
v a

Stankovi¢ et al. (2012) Anwgnini1sdudegaunigvesansannainiendwunualanses wu

9

a 6

phenolics, terpenoids wag alkaloids lngnuitansiaigredudinisnsyulnveauniduiu
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nalnenee nanIfe phenolics Mateniawad terpenoids SUNIUNITYINIUVDLE D UWAT WAy

a

alkaloids guganisdanszilshuvesgdunsd Wumadanlunmsmurulsaiivaneaivslungy
Oomycetes WaziioITUFRY 9

Mnuamsnageuiasiuldimsataerunnluadiaviaunsasudininaiymadu
o o9l aududugean 20,000 ppm Tasgudaldag1sanysal $1uau 6 loleian Ao 1¥o
C. gloeosporioides KM-dc, Fusarium sp. Km-DFg LLﬁ%EQJJUéJzﬂL‘%E] P. palmivora lelwsian KM-Dpt02,
KM-Dptd wag KM-Dpt5



A1919 4.3 UszdnSnmuesansadavenuiadeunilunisdudinisasgveaduleeaglsnnBeu

Wasiuanisdudadule

ALY co” Fu Fu La Ph Ph Ph Ph Ph Ph Rh
(kudc)  (KMDFa) (KM-DFg) (KM-dlt)  (KM-Dpt02)  (KM-Dptd).  (KM-Dpt5)  (ku-Dptckkl) (ku-Dpttkl)  (ku-trwl)  (KM-DRH)
YAPIUAL 0.0e” 0.0f 0.0f 0.0e 0.0f 0.0d 0.0f 0.0e 0.0e 0.0f 0.0d
2% Tween20 0.0e 0.0f 0.0f 0.0e 0.0f 0.0d 0.0f 0.0e 0.0e 0.0f 0.0d
500 ppm 39.8d 14.4e 35.8e 0.0e 16.8e 16.4¢ 54.4e 31.0d 52.6d 45.2e 0.0d
1,000 ppm 44.8c 17.8d 43.2d 0.0e 64.8d 11 2x 58.0d 77.6C 77.8c 58.8d 0.0d
5,000 ppm 86.0b 56.6C 72.2C 69.8d 68.4c 52.8b 75.6C 82.6b 82.0b 73.6C 58.6¢
10,000 ppm 100a 64.0b 79.0b 76.0c 83.8b 100a 79.0b 82.6b 82.0b 78.8b 79.4b
15,000 ppm 100a 68.6a 100a 78.8b 100a 100a 79.4b 83.0b 82.8b 84.8a 82.0a
20,000 ppm 100a 71.2a 100a 87.0a 100a 100a 100a 100a 86.0a 85.4a 82.6a
F-test * * * * * * * * * * *

esidudnisdudaduls = [(A-BYA] x 100.%Co = Colletotrichum sp., Fu = Fusarium sp-, La = Lasiodiplodia sp., Phy=P.palmivora sp., Rh =Rhizoctonia sp.,”f8nwsdi

wanFaiulukIRalALBANAaiuER RS EUW s UlaY (P>0.05)

8v
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A58 4.4 nsnadeuUszanSnmvesansadaveuiadavnlunisdudadvdnensiugueaie

P. palmivora @ winlsavisey

Woeswudnisdudnisasisadidiuvenaiug

AUUUTY
KD -Dpt02 KM -Dptd KM -Dpt5  Ku -Dpttkl ~ Ku-rwl — Ku-dptckkl
YAAIUAL 0.0b" 0.0b 0.0b 0.0b 0.0b 0.0c
2% Tween 20 0.0b 0.0b 0.0b 00b 0.0b 0.0c
500 ppm 0.0b 0.0b 0.0b 0.0b 0.0b 0.0c
1,000 ppm 0.0b 0.0b 0.0b 0.0b 0.0b 0.0c
5,000 ppm 0.0b 0.0b 0.0b 100a 0.0b 0.0c
10,000 ppm 100a 0.0b 100a 100a 0.0b 60.93b
15,000 ppm 100a 100a 100a 100a 100a 100a
20,000 ppm 100a 100a 100a 100a 100a 100a
F-test ns A Y * - *

Yanduredudn 3 a3 fsnwsidnsiulupedudifeaiuudadiinuuandtegnddedid (DMRT) fissiuanuidadu 95% (p<

0.05), ns=luwnnaaiuegdldedia (p<0.05)
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AT 4.5 MavadeulssansnmuesansanaeuialnunlunisdudinisienvesaUasvesanielsn

NFYUN 96 Falas

Waswudnisdudinissenvasalas?

Py Co ku-dc? Fu KM-DFa Fu KM-DFg La KM-dlt

Control 0.0b% 0.0d 0.0 b 0.0
2% Tween 20 0.0b 0.0d 00b 0.0
500 ppm 100a 0.0d 100a 0.0
1,000 ppm 100a 41.6¢ 100 a 0.0
5,000 ppm 100a 58.9b 100a 0.0
10,000 ppm 100a 65.8b 100a 0.0
15,000 ppm 100a 100a 100a 0.0
20,000 ppm 100a 100a 100a 0.0
F-test 1 i * nsi

YWesiluadudanissenvesadasaunilealdansaeluil: (Ge-Gt)/Ge x100, ¥ Arfinusaeidnusiieaiuly

uazunalidnnuunnsisednsdvedraniiioninuanag (P>0.05), ns=lilandeiusg1alivediAn (p<0.05),

*Co = Colletotrichum sp., Fu = Fusarium sp;, La = Lasiodiplodia sp.; ¥ nsi = Wifin1sdugsnisasades
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2%
lolaian YaAlUAL 500 ppm | 1,000 pmm 10,000 ppm | 15,000 ppm | 20,000 ppm
tween 20

N g = ‘/\'\;

\ )’ { e [ .

° \l e |

/ \ ./’ . J v \ y \ /

4

Co v
|
(ku dc) /4

(KMDFa)

Ph
(KM-Dpt02)

(KM-Dpt4)
(KM-Dpt5)
(ku-Dptckkl)
(ku-Dpttkl)
Ph

(ku-trwl)

(KM-DRH)

MW 4.14 Usgavsnmvesarsaiavenuainunlunisdudimsiedgrenduleeanelsayeu
N5EAUAUTUTUA 199 #3835 Poison food technique 018 5 Tu, Co=
Colletotrichum sp., Fu=Fusarium sp., La=Lasiodiplodia sp., Phy=P.palmivora,

Rh=Rhizoctonia
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4.2.2 nsnagauUszaninmvssinduneussmeaiinunisenisdug weanvalsaniteu

nsnadeuUsTans Mnwesifunensymeiasinaiisssuaadudu 100 500 1,000
5,000 10,000 ppm #1835 Poisoned food technique Giamié’uégqmm%ayumLé’uiasuau%amma
lsAniSeu HANISNAADUNUIIN AT LT Y 5,000 fAuuaneveg 19l ted Ay nIsan g e
Wisuidleutugeauan Tnefiusyansnmlunssudsnsfulnveadounndt 50-100 % wudnhihy
mewsveLatarnansndudimaiulndoaweldflasamesude p. palmivora finismevaues
g 5 lelwan #e KM-Dpto2, KM- Dpt4, ku-Dptckkl, ku-Dpttkl uaz ku-wl @nnsadiudsldagng
auysad SnvanUIEe C. gloeosporioides ku-dc anisaduddlé 100% wWuioaiu uenaniud
o L. theobromae KM-dlt Sudslaas 79.8% Miueniorduiidmuinde Fusarium sp. il
Wesudmstudsliralusesuiie (1319 4.6 wavamd 4.15) ludiuvemanisnagounisdudanis
senuesaUes Wagn1sad s sporangium veuis P. palmivora Willdlufiemaieatufunmsmagey

nswsymaduly numsduginsaiainveanuglegauysal lussaumnududuin 500-1,000

'
a

ppm (A3 4.7-6.8) FaaeAAR A UNITTEIUTDY 8151550 AanANNUT wazAny (2546%) 7

nadoUNIeRNqVdYeITUieNTHENe 3 viln Aoundiung ihdudiuiing wasiduale delwes 8

Qe

¥iln WU Penicillium camemberti finanulasionnseenguavesinduvelszivielainu 8nv
AT 2@l sIsuadn wazae (2560) Nadeuasannanayulng 8 wila loud nszee viudu

a

ayiden lna uazidondean wansdnaninlunisdugaie P. palmivora laegaiussdvenn lagdl

v <

n13gudInsIyiulaestalaty 100% nneuaIgatuszunsineaIsddgveainu
WU 1,8-cineole, alpha-terpineol, caryophyllene, alpha-pinenec ke samma-terpinene (Quoc,
2021; Abd Wahab et.al., 2022; Chaudhari et.al, 2022; Isah et al., 2023) ag1541a11l 196N
FBAINELYTUVBLYAINIUNALNAIATYARINATEUIUNITOINTLAY W KATNITTUNIUNTEUIUNT
melaludenureslulvaoueis n3dudinisnigueatas wavidilugnisanmnusuusivedlsa
(Abdel-Aziz et al., 2019; Chaudhari et al., 2022)
nmManaaeuiliedlinuislssBnsamaesihdunenssmeiadnuiaududu 5,000 ppm
ffnenmaslunisdudanisiaigueadulee P. palmivora sp., C. gloeosporioides wag
L. theobromae lapg1sauysal 8nyiediaunsadudan1siasueade Fusarium sp. laagiedl
Usganinmlusedud wenaintifianunsaduginmseendiuveneiuguestiesla lnewmgegedeiv
| A dy . v O v = Y @ 1 -
nauvas Oomycetes ABLT® P. palmivora Gudilaunda 5 lalsian wansbiiiuwinduneussive
=] = va & [y o v dy = Lo 3 dglj I~ 1%
wdinvninuandmduastesniu uaemdndes nelignsduduteavalsanvlinseunqumnans

Y09 TINDULAENEINISAULAEY?



#1319 4.6 UszdnSnmuesidumenszmeiainunlunisdudiniswsyvesdule@oamelsansou

c s < o o a ) F[, 1
LU@iL"’U‘U(ﬂﬂ’liEJUEJ\?ﬂ’]'ﬁL'i]iQJfUENLﬁu ¢

N co” Fu Fu La Ph Ph Ph Ph Ph Ph Rh
(ku do) (KMDFa)  (KM-DFg)  (KM-dlt). (KM-Dpt02) = (KM-Dptd)  (KM-Dpt5) (ku-Dptckkl)  (ku-Dpttk)  (ku-trwl)  (KM-DRH)

YAAIUAY 0.0e¥ 0.0f 0.0f 0.0c 0.0d 0.0e 0.0e 0.0d 0.0d 0.0e 0.0f
2% Tween20 0.0e 0.0f 0.0f 0.0c 0.0d 0.0e 0.0e 0.0d 0.0d 0.0e 0.0f
100 ppm 33.0d 11.8e 14.4e 0.0c 2.6¢d 8.0d 27.4d 0.0d 0.0d 18.4d 26.8e
500 ppm 39.0c 28.2d 39.0d 0.0c 7.4c 27.6C 31.4cd 10.0c 24.0c 50.8c 33.6d
1,000 ppm 58.4b 38.8¢C 51.2c 0.0c 47.4b 57.6b 35.4c 55.0b 58.4b 74.6b 37.8C
5,000 ppm 100a 75.0b 76.8b 79.8b 100a 100a 60.2b 100a 100a 100a 62.4b
10,000 ppm 100a 82.0a 81.0a 100a 100a 100a 68.8a 100a 100a 100a 77.8a

F-test % * x * * * * * * * *

Fafiay

Yidesusnnsduda= [(A-BYA] x 100,7Co = Colletotrichum sp., Fu = Fusarium sp., La = Lasiodiplodia sp., Phy=P.palmivora, Rh =Rhizoctonia sp.3/ﬁ1La§81uLLua

'
@ =

upneegsliudAgdlannualaeliniamaaeu (DMRT) AisEAUAMBTONU 95% (p< 0.05)

¢S
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A9 4.7 MInegeuUszansnniidumenssmeiainunlun1sdugsasisdinveneiuiuete

P. palmivora sp. @wnlsnyiey

Woesiuansdudinisasieasisdienenug

AUTUTU KD- KM~ KM~ Ku- Ku- Ku-
Dpt02 Dptd Dpt5 Dpttkl rwl dptckkl

YAAIUAN 0.0b" 0.0b 0.0b 0.0b 0.0b 0.0d

2%Tween 20 0.0b 0.0b 0.0b 0.0b 0.0b 0.0d

100 ppm 0.0b 0.0b 100a 0.0b 0.0b 0.0d
500 ppm 0.0b 0.0b 100a 100a 0.0b 54.20c
1000 ppm 100a 0.0b 100a 100a 0.0b 83.69b

5000 ppm 100a 100a 100a 100a 100a 100a

10,000 ppm 100a 100a 100a 100a 100a 100a

Ftest * * * * * *

Aadge 3 A3 Mmeonwsnansnulurestiliieldukansdsnnunanaiseg1siitbdAgy (DMRT) Msgaumutiony

95% (p< 0.05)
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AN 4.8 NMvnaeuUsEAnsnwveslndualevriadavnlunisdudinisenvesalesvesavalse

! ]

NSUN 96 Tl

Waswusnisdudinisionvesalas

AUV

Co ku-dc? Fu KM-DFa Fu KM-DFg La KM-dlt
Control 0.0d¥ 0.0c 0.0e 0.0
2% Tween 20 0.0d 0.0c 0.0e 0.0
100 ppm 0.0d 63.2b 52.1d 0.0
500 ppm 58.6¢ 66.4b 66.7C 0.0
1,000 ppm 75.3b 69.6b 81.0b 0.0
5,000 ppm 100a 70.4b 100a 0.0
10,000 ppm 100a 100a 100a 0.0
F-test p * * ns¥

YWeigwdagudinssenvesalasauanlaglignsseluil (Ge-Gt)/Ge x100, ¥Co = Colletotrichum sp., Fu =
Fusarium sp;,-La = Lasiodiplodia sp > Anfinunasfionesnkansisdulundazinifinnuuanaisog1ei

odrAaudemuunnag (P>0.05), “ns = ldfinaduannietiunisana
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2%
Tolyran YAAIUAN 100 ppm 500 pmm 1,000 ppm | 5,000 ppm | 10,000 ppm
tween 20

Fu
(KMDFa)

Fu

La

(KM-dlt)

2]
(KM-Dpt02)

(ku-Dptckkl)

(ku-Dpttkl)

Al 4.15 UszdvsnwvosinsunenszveiadaunlumsdudinmsaiyveaduledoaivglsanEou
N5EAUAMUTUTUF 9 METT Poison food technique 1818 5 1, Co = Colletotrichum

sp., Fu = Fusarium sp., La = Lasiodiplodia sp., Phy=P.palmivora, Rh =Rhizoctonia
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4.2.3 AMUTUTUNTIUILENSNINVDIENTEAARETULAZUNTUNDUSLALEI AU

TunsmenududuresUssansnmlunmsdudamsnsamaduloventesld 50 Wedidud
ECsp Wuimssusnmataiaueadulovesmsatianeivaniadnvniuansmanglutisvesnududu
71 300-4,000 ppm 1NNIIIIAT Ecs, lumsdudamsiivlnveadule wuinilensinda 1,000 ppm
Tneanunsndudadofiedlungu Oomycete ldlnatanizvoade P. palmivora lés1uau 5 leleian
lAuA KM-Dpt5, ku-Dptckkl, ku-rwl, ku-Dptckkl wag KM-Dpt02 wonniansatanenvaniadeu
é’qmmsasTué’?qmia%’Nei’Jm&naﬁuﬁ:mm P. palmivora loun lelaian ku-Dptckkl, ku-rwl Lay
KM-Dpt02 1&g 19 Usyansamlasilan ECoo n1n41500 ppm d1msuidosuialunuinde
C. gloeosporioides olasan ku-dc &A1 ECs, MU 1,397 ppm e Lasiodiplodia sp. lolgian
KM-dlt A1 ECs, agjﬁ' 2,224 ppm & Rhizoctonia sp. belgian KM-DRH. fif1 ECs, iU 2,938
opm uazide Fusarium sp. 18ur lelsian KM-DFe uas KM-DFa Sién ECs, Wiy 2,698 uay 4,019
ppmM ALUAINU (M13749 4.9)

1NNITUIAN EC50maaﬁwﬁwamsmsJLaﬁmniumsé’ué']quiw'%aujsuauéjusla WuIndlAey
Tut3 500-4,561 ppm Imaamwmé’uézu%aiuﬂfju Oomycete 18 P. patmivora ku-rwl #ifn ECs,
fflande 500-ppm dwsudie P. palmivora lau. Telewan KM-Dptd, ku-Dpttkl; ku -Dptckkl, KM-
Dpt02 Way KM-Dpt5 fe1 ECs, 081Ut 868-1,043 ppm Tudauiesiiald Fusarium sp. Telowam
ku-bf wag G gloeosporioides leloan ku-dc Filfin ECy iU 579 Uaz 776 ppm Auddu
Tunenduii e Fusarium sp. leletan KM-DFa, Rhizoctonia sp. bolaian KM-DRH way
L. theobromae lolwian KM-dlt fif1 ECs, 49814 3,586-4,561 ppm Tunnssud snsadradu
Yeenugnudn lolaan dvulvajves P, palmivora ku-rwl, KM-Dptd uaz KM-Dpt5 waz Fusarium
sp. ku-bf way KM-DFg fid1 ECs, #n37 100 ppm %ﬂﬁmauauaﬂGiaﬁéwﬂwamzmmaﬁmnqa
(m1519 4.10)

N nnIAAL Lt sEans M esesatanalinuTedeseidn nsmadoUnTs
é’J’Ué’?ﬂLé’uiaLLazmsa%ﬁﬂaﬁummaﬁuﬁ:ua@ﬂﬁlﬁudﬁﬁa P. palmivora, C. gloeosporioides Fusarium
sp., L. theobromae Wag Rhizoctonia sp. hulaag lolsian ﬁmmmauauawiamsaaﬂqméé'u5@‘1’71'
AN TULANFNGAY ﬁ?fqaw%uaEUJ'ﬁuaaﬁﬂizﬂammmiﬁwﬁmmLwiazﬁzjﬁmmiaﬁ’m PADAIUAIY
Mmﬂummamqaﬁa WA WAy sEAUANNTULTIRINNIAelsA @nAdadsI8aIU Mannon and
Chuanxue (2008) wua1 lelywan suaﬂl,%ya Phytophthora sp. LARINISAOUALEIEATARA AN
unnsnsiu Tnetldefidmasufsamumainuaiemaiugnasy uissiineade wavdruvesfiafiAn

13a vilAudazaeiugiiszAunoUaUDIRa1T98NgNETesasainT WAL T sinlseaues

]
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Tiwari et al. (2011) wu3n lelwan voude Phytophthora sp. A1 ECsy LANINAURINTEAUAINM
dutuvesansarin Geazfeudsaumanvaismaiugnssuuasinasiinnveadon feuitevany
atuiiAnwesAUsznouanseengrisnnivayulng Tnsnnsenummeatunuiasddgiatnain
Laﬁ@maﬁqwéé’ué'jﬁﬁum‘%é 19 1,8-cineole, alpha-terpineol, caryophyllene, alpha-pinene Wag
gamma-terpinene (Quoc, 2021; Abd Wahab et al., 2022; Chaudhari et al., 2022; Isah et al.,
2023) agslsfinu msAnwseluifsafiuesduseneuvesanseangnsusazeiln saudunasinives
iy

Mnuannaessludunssudenssymadule Lavdudinsasnsdueeius wandl
diudwszAvsnmvesansafaveny uazihdfutensymeanadnra Ssyansnmlunisiudade
mm&g‘lmﬁmmauauaﬂﬁﬁmﬂLawwﬁ’w‘f’i"aiuﬂajm Oomycetes #a P. palmivora 8niiaidassiald
70 e C gloeosporioides Tadudoanaiiddyvomitou arsadnonadinundauauifiduans
oongvislunisudsnsiasoesdoanug Ssmdenmaudiduiitudadeavald 50% (ECs) o¢
Tuthsfungay dnlunadeudszavs mmvasasadasnaluan nifesufsinis uasluanmlsuieu

ieussgndldlunisnaunslsaiivaely

A1579 4.9 A1 ECs, Uag ECop YaIAaNAMEIUERRY IR WR LAY

2
LYY

Fudadnile VEINITAT
L%amma Tolatan (ppm) druvg1eug? (ppm)

Ecsol/ ECgo™ ECso ECo0
P. palmivora KM-Dptb ar2 19,200 710 898
P. palmivora ku-Dpttkl 496 23,124 <500 3,441
P. palmivora ku-rwl 628 24,246 <500 <500
P. palmivora ku-Dptckkl 639 18,271 539 721
P. palmivora KM-Dpt02 876 13,307 <500 <500
C.gloeosporioides ku-dc 1,397 5,471 <500 <500
L. theobromae KM-dlt 2,224 23,169 >20,000 >20,000
Rhizoctonia sp. KM-DRH 2,938 52,750 - -
Fusarium sp. KM-DFg 2,698 10,870 <500 <500
P. palmivora KM-Dptd 3,400 8,099 <500 <500
Fusarium sp. KM-DFa 4,019 21,576 3,187 12,362

Vanuudunfiuseansanenuialasld SPSS v.28.0
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[
LYY

Fudadile VEINTAT
L%@ﬁ%ﬁ@ Tolaan (ppm) druveneniug (ppm)

ECso"/ ECo0" ECso ECo0
P. palmivora ku-rwl 500 1,199 <100 <100
Fusarium sp. ku-bf 579 5,928 <100 <100
C. gloeosporioides ku -dc 776 1,724 249 1,308
P. palmivora KM-Dpt4 868 1,495 <100 <100
P. palmivora ku-Dpttkl 878 1,364 762 953
P. palmivora ku -Dptckkl 950 1,366 659 831
Fusarium sp. KM-DFg 1,000 13,162 <100 1,622
P. palmivora KM-Dpt02 1,043 2,324 312 406
Fusarium sp. KM-DFa 3,586 10,391 a2 7,076
Rhizoctonia sp. KM-DRH 3,680 13,151 - -
L. theobromae KM-dlt 4,281 5,398 >10,000 >10,000
P. palmivora KM-Dpt5 4,561 14,272 <100 <100

Y gunaipnadudunivssansanenunadesldy SPSS v.28.0
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4.3 n153ATzesrUsEnaumuaiivasdsanalutaiinunilaeids Chromatography-

Mass Spectrometry (GC-MS)

’ﬂ?ﬂﬂ"lifﬂiﬁlﬁ]ﬁjLﬂi’]%ﬁ@ﬂﬁ‘di%ﬂa’uvﬂﬂLﬂﬁﬂ@ﬂﬁ?iﬁﬁﬂﬁﬂ"lULﬁﬁWU?’J NWUATUTENBY
siavan 34 viia Gsanunsadaduunlingu sesquiterpenes wInde 10.54% s03a%NABNgY
terpenes 8.02% é’awumiﬂszﬂauﬁluq Iuﬂﬁjm hydrocarbon 0.31%, thioester 1.29%, sugar acids
0.47%, terpenoids 0.5 %, cyclic ether 1.84% uag phenolic acids 1.00% mmﬁ’jamiﬂﬁzﬂau?iuﬂ
8n 76.01% dwmsungu sesquiterpenes dotlussnlsznoundn nuaisusznau caryophyllene
oxide mﬂﬁﬁjmﬁq 3.44% WazNgsl-terpenes WUaTT Isocaryophyllene §19.4.56% wansl3Fannsned
4.11

Tuwagiinashnrisdesivssnoumaaiivesitunneadarildannisndudae
w3eanduleth Steam Distillation saewiaile GC-MS wussddsyneumaaiivanun 39 ¥iln lneeas
daulvgiiunquues monoterpenes 4 wiussdsgnaundn wuannda 50.63% lerun
O-terpinolene 17.60%, Y-terpinene 13.46%, Q-pinene 4.88%, -limonene 3.42%, O-terpinene
2.69%, A-thujene 2.62%, (-phellandrene 2.30%, B-pinene 1.07 %, 1,8-cineole 0.81%, B-
myrcene 0.69%, linalool 0.31%, sabinene 0.29%, 6-3-carene 0.23% uag O-terpineol 0.22%
AINEINY TO99UAD terpenes 30.73% LA caryophyllene 12.40%, a-humulene 4.80%, B-
elemene 3.33%, germacrene d 2.80%, germacrene b 1.63%, f-eudesmol 1.18%, caryophllene
oxide 0.98%, a-copaene 0.94%, suaiol 0.92%, 5-cadinene 0.63%, y-eudesmol 0.55% iag &-
elemene 0.54% MIUAIAU uaﬂmﬂﬁﬁﬂﬂszﬂaué’mmsﬂizﬂau aromatics 8.55%, way @15usenau
carbocyclic compounds 1.47%, alcohols 0.19% Wae hydrocarbons 0.09% dufidedn 7.25%
Huansuszneudu 9

IINNANIIATINIATISRBIRUsENOUMMLATvesasanaadnvazUladmy a1sarie
afaranunauasuszney terpenes Wunguvdn Tudiuvesindunenszimeiadavniny
asUsznou Tungy monoterpenes wag terpenes Lungundnuniign Jsaenndostusenuyes
Al-Abd et al. (2015) fisgyin asinunn (. cajuput) Tuvszmmniai@eiiosdusznouddny Toun
nau terpenoids, phenolics, flavonoids, aromatics Way fatty acids 8gu1n 59951891 U0

Sutrisno and Retnosari (2018) AN®w199AUIENBUNIALYDIUN UNBUTEEAIN Melaleuca
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cajuput Mniuiiane 9 luduladide 3 vda ldunhnseinsldialauia spectrometry ito
MTIVFBUANNARIEATINU LazAUwAnaIslungansiadl eerUsenay wudndusunu 1,8-cineole
IIUIUNIN 42-60%, O-terpineole 4-18% caryophyllene 0.6-11% Way O-pinene 3-12% @13
wighioglungumas monoterpenes thifuiaiinynafinanidiesnds Vssmadulnfids fusina o
selinene $1ULN 6.73% Fanuinans 1,8-cineole mmiaﬁﬂmauﬁ’aﬁugqmiLﬁ]%fgtﬁuimm
Woadunsld Isah et al. (2023) Menutassznounaaivandannsoasanuldsluasad
981U uaztfuvessmeniatinem egnlsfimumansinneilusdsiliaenndosiunenurion
yiiTlulsgifiuvesans 1,8-cineole Fegnsrssiuimuludiimenn usidosannisnaaeuwudn i
USuaufies 0.81% Tuaizil Yoon et al. (2003) fsgyifisnfinit asdsznavmaedivasisiumen

<

sumganainufianuiuulsgs IusdivanimwindondiduainuninSeyiuln uena1nsIeaud

Y

AU INAULLAD NSIRIviIazane (Fatiha et al, 2012) kag3snsanauItumeNse e tudling

InenssonsnlsznounuAll BIeTinaseoNgMETINENUsIIMaIsdIREY Gaikwad et al, (2024)
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fdu sTEman Yomns i UsZnNNguas o
! (%)
1 9.00 isocaryophyllene 4.56
2 9.22 O-humulene 2.054
terpenes

3 9.44 O-selinene 0.513
4 9.48 Y-gurjunene 0.546
5 9.61 d-cadinene 0.368 8.04
6 10.01 spathulenol 1.085
7 10.06 caryophyllene oxide 3.448
8 10.35 caryophyllene oxide-dupl 2.326 sesquiterpenes 10.50
9 10.45 elemol 2.197
10 10.83 alloaromadendrenoxid-(1) 1.448
11 6.44 p-cymenene 0.311 hydrocarbon 0.31
12 7.80 s-methyl hexanethioate 1.296 thioester 1.29
13 8.33 4,45, 5-tetramethyl-2,3-dihydroxy-2- sugar acids 0.47

cyclopenten-1-one 0.473
14 8.76 (-)-cis-B-elemene 0.5 terpenoids 0.5
15 10.21 humulene-1,2-epoxide 1.844 cyclic ether 1.84
16 11.69 eugenin 1.005 phenolic acids 1.00
17 8.49 3-allylguaiacol 0.258
18 5.61 1-methoxy-2,3-cis-dimethylaziridine 0.677
19 11.27 2'3",4" trimethoxyacetophenone 1.25
20 11.34 cis-z-O-bisabolene epoxide 0.862
21 10.71 1-(4,7-dimethoxy-2h-1,3-benzodioxol-

5-yl) ethanone 3.512

other compounds

25 10.53 caryophyllene oxide-dup2 0.836
26 9.09 9.0942-ethyl-3-methoxy-2-

cyclopentenone 0.937
28 11.06 o-methylxanthoxylin 0.459
29 12.17 5,8-dihydroxy-2-methoxy-1,4-

naphthoquinone 13.113
30 12.28 5,8-dihydroxy-2-methoxy-1,4-

naphthoquinone-dupl 10.09
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o o & o . 3
GRIZNY YLKIAN YLET WUN ‘UiSLﬂVIﬂE!lIﬂ']i
(%)
31 12.42 1-(d-ethylphenyl)-4-(hydroxymethy)-4d-
33.325
methyl-3-pyrazolidinone
32 12.57 p-phenylbenzoyl chloride 0.896
33 12.76 5-methyl-6,7,8,9-
other compounds 76.01
tetrahydroisothiazolo[5,4-clisoquinolin- 1.392
1(2h)-one
34 10.16 n-hydroxy-2-[(2e)-2,4-
8.411
pentadienylJcyclohexanecarboxamide
saTtvan (%) 99.99




A1519 4.12 93AUTENDUNILALYIU T UMD LIS AT?

fdu ssezoan Feans i Usennnguans 59(%)
1 5.76 Q-thujene 2621
2 5.89 O-pinene 4.885
3 6.56 sabinene 0.295
4 6.62 B-pinene 1.072
5 6.83 B-myrcene 0.699
6 7.08 -phellandrene 2.304
7 7.18 5-3-carene 0.233
8 7.28 O-terpinene 2,692 TR e
9 7.50 [-limonene 3.427
10 7.55 1,8-cineole 0.810
11 8.00 Y-terpinene 13.460
12 8.50 O-terpinolene 17.600
13 8.61 linalool 0.310
14 10.07 O-terpineol 0.222
15 12.74 Ol-copaene 0.940
16 12.94 B-elemene 3.339
17 13.38 caryophyllene 12.408
18 13.80 O-humulene 4.800
19 14.13 germacrene d 2.803
20 14.31 germacrene b 1.638
terpenes 30.76
21 14.59 S-cadinene 0.639
22 15.40 caryophllene oxide 0.989
23 15.55 guaiol 0.925
24 15.93 Y-eudesmol 0.551
25 16.16 B-eudesmol 1.186
26 12.19 d-elemene 0.546
27 7.785 1,3,6 octatriene 0.093 hydrocarbon 0.093
28 9.970 benzenemethanol 0.197 alcohols 0.19
29 7.434 benzene 8.550 hydrocarbons, 5>
aromatic
30 26.13 di-n-octyl phthalate 1.473 acids, carbocyclic 1.47
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JoES

WU

810U STEELIaN Usgnnguans 59
31 9.88 3-cyclohexen-1-ol 0.45

32 15.66 1,8-naphthyridine 3.805

33 16.75 33,69 9pentamety-2,10- 1.186

diazabicydold.4.0ldec-1-decene2 oxide

34 10.26 - 0.107 other compounds ~ 7.45
35 10.62 ethenone, 1-(2,5- dimethoxyphenyl) - 0.088

36 11.69 3,5 pyridinediol 0.228

37 14.42 ethoxycitronellal 1.134

38 21.07 phenanthrene 0.461

39 9.371 epoxyterpinolenne 0.206

TR (%) 99.37
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4.4 ﬂ’]i‘VIﬂﬂﬂUU‘JSE‘VI%ﬂ’]W‘UE!\‘iﬁﬂiﬁﬁlﬂ‘lﬂﬂ']‘uLﬁﬁﬂ‘lﬂ’lLLazﬁ’lﬁuﬂﬂﬁJizLMﬂLﬂﬁﬂ%'\’l

TunsaaugulsaniSeunaunisinunealuanmlsazau

4.4.1 UszBnSamvasarsaianeuiaiinvidlumsaiuaulsaaduniivesmiey

MsvadeulsEans nmwesarsataneruainluainufieududuy 20,000 ppm Tu
nsmuaslsadduyEuiiinande P, palmivora wuitluiuil 7 udsmsveaeuas etan
Wisuidfisufugaaiuay nudnssuisgamuguivhnnsvanidedvuinunageaeil 5.7 cm lnsuans
p1nslsrddui g1 enasenalve e eflududthanatien vdsmsvegeuduna 14 u
wuilunnnssuisvuinuraanasign 1.7-2.0 cm uazannsnannisiinlsnee 64.3-70% ey
nsnadeUA TR 21 Buduly nudinsnAiniaiuasatanetu 20,000 ppm N7u wazyn
14 Ju anansaaamsialsalaegsanysal laghiinenisiiaund TuniaeddudunssuiSuuansada
iy niauidiudu 20,000 ppm a4 3 Fu ke Wunn 4 7 5u Suuievewnail 1.1 cm uag
1.4 cm amnsnannisfinlale 80.6 Waw 768 % sy Wnngiinsmisviinisugnidelinnaeuans

o

flvwawnagaania 65 cm Mnuansnaaesdliivinnisindadusionaisadmaiavini 21 fu

[

WuIMANTININlTansandasianasadanevaiauaasisaannisiinlsale egreddeddy
aa A ) = % ada 1 1% [l ad a
nsadAilewseuiguiuganluau TnenssuisuuatsausnanlsnligeEn 80% wazdiunssuisasy
MansaannIsiinlsAliag waNY ol (NINT 4.13 kaenmi 4.16)
nansnaeeutandliiudansadaneuanluadavnidnenmlunisaiveulsa s
dudmiieu P, palmivora liluednsd Tnsawizndeldlususuuaiunann o 14 Ju laed
Usgansnmgagantelusseziign 21 Tu Nsluidvesnsangunautg wagnsiinlsn Gawanismaass
fonaludgnmsitmuindndarinivszavsawlunstasiulsafia egdlshnuudnadnsazdudi

=

flanala nsldansamturnududugeds 20,000 ppm anadudedainlunsidassduaninwlasugn

Y

WesnndedldasainludSuuninuazenadiduyunisnanias (Suteu et al. 2020)



A1979 4.13 nan1snadeulszavsn nvesansaiavenuialavnluniseiuauesn Phytophthora palmivora Tuanmlseseu

79 14 ju 21 28 Tu 35 T
ax G () G G G
27 & JY I\ gy~ ° g - ° 2z T °
YARIUAY 0.0c” 0 0 0.0c 0 0 0 0 0 00b 0 0 00b 0 0
YomUAIgni 570 75 0 58a 75 0 6:0a 75 0 62a 75 0 652 75 0
Wuensarioveny 20000 ppm 3DAI 2.1b 25 630 _20b 25 5430 \ T pegrgh 80.6  0.0b 0 100 00b 0 100
Wuensarnemvenu 20000 ppm 7DAl 2.3b - 25 957 phtebly ol 70.001 b PaRD 768 - 0.0b_ 0 100 00b 0 100
MASHeAvETU 20000 ppm 7DAl 2.1b 25 63.0, femtvi N5 701 700c. =0 100~ . 0.06710 100 00b 0 100
MASYafeveTy 20000 pom 14 DAl 2.2b 25 b1 vty % 706772 0.0¢ /-0 100 0.0b © 70 100 00b 0 100
F-test * & % ] N
QV. (%) 9.8 15.06 18.4 20.16 15.07

L/9%DS = wWasduinisiialsa AunuaInsiinlsa 4 seau e 0=laiinlse, 1 = 1-2.5 cm, 2 = 2.6-5 cm , 3= 5.1-7.5 cm, 4= 7.6-10 cm %/% DR = wWasfdusinisanlsa

AN (QUIALNATUNTTNATAIUAN-YWIALKA N SUITNAGR UANTANR))/ AN tNAlENTTNATAUAL x 100, /Fadnusfinnsiuluneduilifediunanadianiny

unneiNeeg1didedAty (DMRT) MIsgAUAINTRIU 95% (p< 0.05)

L9
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T5 mAsuensana  T6 messdsane

P T3 viuansaiave1y T4 vuansananey
T1 YARIUAL T2 Ugnuo - L ¥eIu 20000ppm 181U 20,000 ppm
20,000 ppm 394 20,000 ppm 14 U

73U 143
AW 4.16 wamvpdeulszANSAMYeEsainveIuadinu1rlunIIAIUANLTEsT P. palmivora
IUﬁﬂWWIiﬂL%E]u LLﬁﬂﬂ‘lJu‘]ﬂLLNaWéJ\‘]ﬂWiTV]ﬂa@Uﬂi%aW%ﬂWW‘U@ﬁEﬁiﬁﬁ,ﬂ%EﬂUL'ﬁﬁﬂ‘lﬂ’)

i 35 Yu

S a Y o Y v - = [ 1 ) Y ¢y v
nansiiluenansianulidmiumsidanuienis@nwvintu leugnlmhllddssleviaunis

Ldnsdilaensdu dnviwvnuiilvinaudadiion wagdesdeddiadivaaenaisynasaninisiluly
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4.4.2 UssAvBnmvenisuenssmeiaiinualunisaauaulsadduninlunSeu

A3AnwUsEanE amvesunensymeiadinun (Melaleuca cajuputi) Tun1s
mumilsadfuifinande P, palmivora wuingaeuauitldsunisgnidelaglildansarin 3
vauNaads 5.0 cm laefiornisani ieifety iWuiinadeh uanternisensiva udminns
Wansmaaoudunan 7 u nuimsmeasuitunensymeadinundinudadu 2,000 ppm nn 7
Fu uaznn 14 Ju fvweunaladesniigadl 1.4 uay 1.3 cm uazasnsaanmainlsald 75.9% uaz
76.07% muddu sesasnAenguitldsumsriuiunenssmennatinvndarndudu 2,000
ppm 1N9 3 U Wagng 7 U Imaﬁﬁumml,mam?{aagiﬁ 2:56 cm a@usaannsiinliale 52.44% i
sUsEfiunalut1adean 14 Ju nuiinisasuusuensyivelasinuifanuduty 2,000
ppm W0 7 Yy uaznmng 14-3u Inefvunaunatazannsaannisifalsaldegsauysaiile
Wisuifisuiugnemun lunsiinssisrhmsdgnidelinedevarsiouinunagigads 553 cm a0
namsnaaestiriiuinsinandasinnasaiaainamil 16 Yu nudmnnssAs Rl s Sl
nnituneussmeainuaaininaanisialsald sgrsditodfymsadadeTeuioutuge
AuAx Ingnssiinuansamsaanlsalagean 81-82% drunsuisasuniaiuasaannisiinlsala
100% (A1514°4.14 way Ml 4.17)

N 1sAnwIAsstwuI Mylianfusiidureussvelaiianniensidudy 2,000
ppm ﬁﬂizﬁw%quﬂumiamumLLmaLLazmuﬁmiwﬁqéfmﬁqﬁﬁmmﬂ P. palmivora lnglanig
Soltlusuuuueim@dinadiiigalugns fmmng 7 Tu lay 1434 aninsaaneinsvedsaldnigly
2 §Uni Balsiuadininnisviu iosanguuvuesumeaiinuasRlufunsBmnzua AL
SuleR vilauasnnsgmsvasasihiuneysevelasing 1y lunseunsisasduiinlg Snitedd
wunltiuannsgaydeaisdfaenduanien uonanidsaonndsstuums fnlutogiuiiten
1330 nunauazmasseansiaiiansosiuiidnides (fungicide) Wi metalaxyl w3o fosetyl-Al
Feiluszansnmlunismunglsniigausalagnss (53m ledie Laganz 2562; Kongtragoul et al.,
2023) oehslsfinnunsldansiafideiedluszevenenadwmalfidoaivelsaimunnsion fee
8uduin Phytophthora spp. UNEERUGANUNTORMUIAMUAIUNIUGS fungicides Fdasiaiian
1¢ (Gisi and Cohen, 1996; Kongtragoul et al., 2023) Waiia Iriuinnandasiinsuneusyine adn
SU’l’JSLu’gULLUUﬂ%ZJVI’]ﬁﬂ’J’]ZJL%@J%ULﬂEN 2,000 ppm uansuszansnnluannisiialsalas Tussezinan

[V
v v A Y =

gudui 14 u lusgduanuudunsiiniaisanavenu Jededldgeiisaiuuduia 20,000 ppm

o

v v = v U & o W & = @ a 2 =~ aAa
LLGSWQQISUUWUO\T 21 MU AUUUIUUNRDUTZLNYLENAY1II01AUUBNANIUADNUUINY ﬂEl.ﬂ']WI‘L!ﬂ']i

LY ) a [ LSS ¢ o U =]
WGJ,JL!’]Lﬂuma@ﬂm%ﬁﬂﬁﬂm%a’]%i‘Uﬂ’)“UFjllIiﬂWSU



1919 4.14 mamimaa‘uﬂizﬁw%ﬂwwmaaﬁﬁﬁuwamzmsjLaﬁmﬁmﬂumimuamﬁﬁaiw Phytophthora palmivora Tuanwlsaisou

79 14 3y 2194 28 U 35 U
n55175 g S 3 < = s S
SE 8 5 2E B8/ -8 &NEE 28 § 25 & &
S22 2 S N & A RS S= X RS S= 2 B3
® & > = @
Untreated control 00d 00 0.0 0.C 0.0 0.00 0.0c ~ 0.0 0.0 00b 00 00 00b 00 00

Inoculated control 54a 75 00 553 75 000 '583% 75 .00 67a 75 00  77a 100 O

winidhuveisuve 2000 ppm3 U 2.56b | 33335244 09b 50 8133 00c 00 100  00b. 00 100 00b 00 100
Wi svessse 2000 ppm 7 2.56b 40 5240 © 1.0b @ 50 8228  10b 2583 8228 ~ 00b- 00 100 00b 00 100
el smerssve 2000ppm7IU 1.4c | 20 7590  00c 0.0 100 00c. 0.0 100 . 00b .00 = 100 00b 00 100
e thvesseme2000ppmify 13c 20 7407 00c 00 100 00c 00 100~ 00b . .00 100 00b 00 100

F-test : - \ x .

V. (%) 9.0 8.6 2.6 24.76 3.18

Y9%DS = wWasidudnsiinlsa AuiaaInsiinlsa 4 seau fe 0=luiialse, 1 = 1-2.5 cm, 2 = 2.6-5 cm , 3= 5.1-7.5 cm, 4= 7.6-10 cm %/% DR = wWasdudnsan
TsAA1wInaIN (WnaLHalunT5UITAUAN-YUIAWNA TN TSN VNGO UATITANR))/AUInUBUHATUNTIIATAIUAN x 100, Yddnusiissiulupeduiifediuuansds

AMLANASEEsHTEdAYY (DMRT) MiseAuanudaiy 95% (p< 0.05)

1.
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T3 yiwingiu T4 Wusiu T5 mesanaiu T6 ynASLL B

T1 gaAIUAY T2 anl,%amms; 2,000 ppm 2,000 ppm 2,000 ppm 2,000 ppm

71 4%
JUALY 831 Phytophthora

WURIUNTUMRUTTMELATR

dy 1 dl Y o U 24 dl = ] gj 1 Y o ¥ €Y 1Y
wnanstluenashanulidmiunisidnuienisfinuwinu eugrelnhluldusslevdmunisdn

' = & a U v agve & Y Y a = v & A ° v
imﬁqﬂiﬂﬂ,@ﬂvmﬁu @ﬂmﬂﬁqﬂmiﬁﬂﬂuﬂa\uu@ﬁ’] LL@%WENEJ’NEN@QLF\]']GUENL@ﬂﬁ’]iﬂ/‘]ﬂﬂiﬂmﬂﬂ’ﬁuqlﬂiﬁ
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4.5 mi‘wﬂaamlisﬁm%mwmamﬁaﬁ’wmuu,azﬁ"lai’uwamzmaLaﬁmwﬂumi

AUANISATISEY LAZSNEIAMAINREINISNUNEY?

4.5.1 UsLANSAINVRIENTEAANEIURAZUNTURDUTZMELETIAVIIFADNITEUEINISAALIANE

Withnannie P. palmivora

nnsuraySevluasarasasatavenuiariuneussmeiaiavnifienaaoy
UszAvsnmlunssusanininlsrveade P, palmivora lelwian kunwl avgvasisandaniaifu
AenluwaniSou wuinluszey 5 uusnvesmsvaaovuuIauralunnnssuisaguaislifaig
uansnensadd wiiuludl 70ud nisdamaniFeuseasateveruadauneandudy 1,200 ppm
(MCE:1,200) LLazf\jufﬁﬁwamzmaLaﬁmnmmﬁu%’u 1,000 ppm (MEQ:1,000) fiuse@nsninly
nsanANNTULIIeslsngean TneulIaunasgl 3.18 Wag 3.23 cm sudndy WeSsuifisudiungy
ﬁﬁwm'ﬁﬂqﬂﬁa P. palmivora ku-n JUUNAWASEaE4 8.70 cm (A5797 4.15 UazA il 4.18)

NmsesesuisiuLensliliuiessavsamees asatavouiaisuiaiianududy
1,200 ppm wazusunensziveiafinvnmdudy 1,000 ppm lunisdudanisiniguosde
P. palmivora lumsauaalsavdenisiiuifelunanideu feglussdumnudutusiniivszansam
munulsanawladusgied Sadndeniluuszandldsaunulalaguduasindovianseulunis

o [ < a 1
AuAulsA wagsnwiamMNraInIsIiuRgsialy
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AN 4.15 Useavis Mnesansan avienukazLs Ui sseas au s o s UdelsAvd snsi Ui Aan

e P. palmivora

YUIALKA (cm)

N335 - - -
33U 59U 73

T1 = laiguans (control) 0.0 0.00 cv 0.0d
T2 = laiquans Ugnidie P, palmivora ku-wd 00 2173 8702
T3 = uensarisvienuiaiinum (MCE:600) 0.0 135b 476 b
T4 = uensaiavienuiaiinm (MCE:1,200) 00 116 b 318¢
T5 = fanisuewszmeERnu (MEC:500) 00 120b 521b
T6 = ajmﬁwﬁummzmmaﬁmn (MEO:1,000) 0.0 1.07Db 323 ¢
F-test ns > *
CV. (%) 19.09 19.56

v o

Vinenusnumnsnan s dunnmnesiuynseninglold DMRT Aiseauaui@adu (P <0.05), ns=hikananeiuagedl

o o

Hedegy (p<0.05)

AW 4.18 noesmsiikaY Seueaatave ke e sHmeade oS S s el snas
Auien fiAnnnde P palmivora Ar T1= Talqaeans (control), B: T2= laifuens UQﬂLS??a
P. palmivora ku-nw, C: T3= Juansaravienuiaiinum (MCE600), D: Td= Juansariavieny
afionm (MCEL,200), E: T5= fuiwfuvesssweiaiionns (MEOS00), F: Té= qaninsiumes

suwskasinuT (MEO1,000)
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4.5.2 UszAudamvassnsafanenuuazthdunaussmeafinundanmsiugeninialana
wiiinanide C gloeosporioides
nnsunaySeulumsazansansataveiuuazinfuneussmeainluiatinun e

”Ug'Qﬂ’liLﬁmIiﬂNaLmﬁﬁa’lL%G}ﬁ]’lﬂt%@ C. gloeosporioides Iu“d’mizazL’Jﬁ’lLL’iﬂ%ﬂﬂ’liLﬁU%’ﬂmﬁ 5
Fu wuinssAshiguansiivuinunai 2.68 cm Tudruveansniimsguasadadidvuiaunaedsd
1.62-2.00 cm uawidloAugeszezmafusnwi 7 T WUjWﬁﬂﬂ?Uﬂmﬁﬁﬁﬂ’ﬁUQﬂL%Q C. gloeosporioides

Tnglaldansain nuindvwiawnalnggeani 8.42 cm FedauunnaneiuegelivedAynisada

'
a0 U

dew3puiisuiunssudsfieunisguansain Tngnuaanisguansadaneruaiauiinududu

H &

1,400 ppm (MCE1,400), Juhduvaussiwmeiadnuiiniiududy 800 ppm (MEO800) LLazajuﬁwﬁu
weusmeainuIaadudy 1,600 ppm (MEO:1,600) Swtauwnail 4.35, 5.81 uwag 4.62 cm
puddu uwidaFeuieufunisuarsatneuiasindunessmeiadnuiafiefuynnssais
wuTlaifinBANANeN9EER (5 4.16 WegnIwdl 4.19)
nansanwtiianslidiuiamsidansataveavarmednn M. cajuputi Tagaweluau
Wuduit 1,800 uaz 2,800 ppm TunsanuinavsuaRinande C cloeosporioides TsanaLL1
YLIAUNG 4.35 uag 316 cm lfianmunnsaiunsadd Sebiaunsasulfdlunssudsdonauin
fiin C gloeosporioides mmLﬁmﬁuiﬂﬁﬂizﬁw%nﬁwsl,uﬂ’rié’uégqmitﬁmkﬂlﬁﬁﬁqm Duldlende
C. gloeosporioides finsmauaussfuasatnadarnlstiosnidoanmnvindy q uludiuves
ansafanenUEdauaTin Ity 1,200 ppm wasihiunesssmetadavnaeandudu 1,000 ppm
dleld Tumssudsnsairante P, patmivora lumseuaulsavdanafuisrluwanGeu fuun
WA 3.18 Wag 33.23 cm fegluseRuanududusndussansaimmuaulsanaldiduogied 3
Hunawnaniansvagoutssuneuwiiat fnudiasataverukasiifumesssive inadingnnd
UsyAnBn selusziunssudaduls Lossussnmsadsdiueeiusinaangfudie P, palmivora
yanglelmavlfosnainysnl uasianazasléindy dufulsdndonildssgndlisutulalng
JuasiedeuioniFeulunismugulsananiMiinan P palmivora warinwinunwmdanisiiv

LRI
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5N 4.16 UszAnNSnInvesasananeiulainuitwaziunaussiverainuiiaenisdudelsa

#dansiAuieaiinandie C. gloeosporioides

YUIALKE (cm)

3935 - - -

33y 59y 7 Ju

T1 = Liguans (yaniuAw) 0.0. 0.0 c” 00e
T2 = lﬁﬁjmmiﬂ@jm%a C. gloeosporioides ku-dc 00 2.68 a 842 a
T3 = quansainreuLainu1 (MCE:1,600) 0.0 1.90 b 4.35 cd
T4 = Quansanaveny (MCE:2,800) 00 1.62 b 3.16d
T5 = quihifuneussweiainu (MEO:800) 0.0 2.00 b 581 b
T6= JuiniuvoussveiatingIMEO:1,600) 00 1.90 b 4,62 bc

F-test ns * *

CV. (%) 19.09 19.94

1/fonusnuananaiuluwuifnsdieenansfunsadfiiold DMRT Aseduaiiu@esiu (P-<0.05), ns=luuans1eiy

AN 4.19 UszanSainuoaisananeivlaiauiawazundunaussinelainu1inenisduds

lsandan1siiulneIMmana1nlia C gloeosporioides, A: 1= liguans control, B:

T2=liquansugnilie C gloeosporioides ku-dc, C: T3= JuasananeIuLainvi?

(MCE:1,400), D: Td= quansadianeruaineid (MCE:2,800), E: T5= quunsiuney

smeLainu1 (MEO:800), F: T6= Juiniiuveusymeiadauid (MEO:1,600)
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4.5.3 nmsUszgndldansananerusasiniiunaussmeiaiaviisiuiulalngiuly

N13AIUANTIA WAZINEIAANINUAINISAUNEIVDMIFEY

4.5.3.1 UszAnSameasasanaadaviasulalaguludugaiioannglsanaanis

WuLigiinaINe Phytophthora palmivora

a

nMInadeuUsEansnmussansindoufidiunauresansannanlulainuni
' ) v o | ) < dl = A a & .
sufulalagulunisdudilsaraimdnisnulnglvemiBeuiiiinainie P. palmivora lelsian
NANTSANYINUI Tudl 8 uay 12 veanisiiusnw wudanuianareiunsainednsidoddey ne
WUINANISEUYAAIUANTYINNITUaNTD P. palmivora daateinisuatialaeiiauiaunay 11.4 cm
TuvaeinanSeunadausislalagiy 1% Jvuiauwna 3.07 cm wagiledugnssesiainisiiusinm
o A ! Al & A = 44 Y
Fui 12 nuilegyaasuaundnsUgnwenuauIngeani 18.42 cm sesasunfe ndoumiglalagu
ANNHTU 1% (CHL1%) Bvuiauna 12.9 cm Tuvuginanssungoumelalagiuanuluduy 1%
swduituvenssmetEianv AdNdu 1,000 pprm (CHI 1%:MEO:1,000) uag wnaeunlglale
FIUAMALTU 1% SWAVAITAIANLIVLALINYIAAUIINTY 1,200 ppm (CHI 19:MCE:1,200) Wuan
flvunseslsafiinfianogi 6.08 uay 10.4.cm AINEIRY (AT 20) ANNHAMNIVAFOUNUIINTTLAY
ansanansaetriinfe asadameiukasiiiuneyssinelaingi saudvaisazatglalaeudinali

a Lo o & ) A X | Ao o @ aa A = a Y ~
LU VSEUEWD P. palmivora \indusstudIAINEns Wellseusisuiunsldlalagiuiies
pg1aien lngnngnsiutnduvedsgineladin1A 1ty 1,000 ppm Feuaniuszansninly
LY g zg’ Y 1 ¥ k% 1 % L% =3 1% ¥

nsfudarenlaaningss lalaguarantudy 1% saudvansadaveiuiadaiianiududy 1,200
ppm (CHI1%:MCE :1,200) 9rarfurauiaingnomssudeussindunensseiainun dso1aiedos
fuasdrdgluadavniafiouautRnisdudinseigiulavestos wazauauiiveslalagudn

q

Ui udiunauaIsinda URITeHaN IS oy Y8ann15TUHIUTD0NTIIULAZAANITHIT YUDS

Wegdunidld aennaadnuIgULes Palma-Guerrero et-al. (2008) wuin lalawudunadiy

ad

9353V IRNLAMALTRUNTIUTINTIET Y0 INBEIN1T0TLARN1TI9NTEUDTLAZNITIATEY

q
v ¢ o

youduloeslaognedivszd@ninm wazdiotnunldiluaisiedou lalasunazdgnsdudade
wanewin (Jiang et al., 2005) Msll d1enuatuayuiaAnINaLYes Grande-Tovar et al. (2018)

Falmihfuneussveniaulusuuuudiatusiuduiiauwarasindounanunsasulsenuls lag

a

wuansaLiuUszansnmlunsdugndunidlaegniidedAy uenantaenadesiuTesures

q

A wazany (2560) Wansiadeuiianauzsitninentdivesdmelalagiu 0.25% uaglufouuea

Fium 0.1% Fa¥ruvzasnsildeunlasdvonudon wavaanisiialsAidannnainiye C.
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gloeosporioides 16 25% wag 62% MUAINU WUREIAUAUTIBIIUVBS Barreto et al. (2016) WU
nsiElalagusiufuiisfumenseimeann Origanum vulgare (OVEO) anansadiudamssenvesaos
wazei@es Rhizopus stolonifer way Aspereillus niger Ipognfiuszansnmluszauneslfifinis
nsldansindeulplamusiufuinfiumenssmeann Origanum vulgare Ssthevzaonsidenanmug
ug@owmAess LLﬁ%SU"JEJ'%Jﬂ‘lﬂ'lﬂﬂm’lwaﬂﬁﬂizﬂaUVl”NLﬂﬁLLazizEJSL’Ja’]ﬂ’liLﬁU%’ﬂ‘lﬂ'}f]’jﬂﬁqm%gﬁﬁaﬂ
wazgamniify Wuideiusieanuues Sanchez-Gonzalez et al. (2011) naasuansiadeuiilale
gusufuituvenssmeeiniiion anunsaansiuiugdunidldegnsdiusyaniam uazdudinis
Wivlnvesderuasfadldnaenssernatnisiiusnem

wan1sdnwduandiifiuinmsldlalney 19% saufvintunenssveade
P1IANUTUTY 1,000 ppm (CHI 1%:MEO:1,000) fiUssd samlunistussuasnsiAnlsanatn ans
duhtuneusunewadaviluasiedeuiatsduasugrsnisdudule P, palmivora IWdiuTuls
o8ailUsEAnBnn uaranansnvzasnsiinlsanallmwamizoulds Wealisuiuyamueuuanauiild

Talpw1uigane19Lhan
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Inoculated+ Phytophthora sp. Chitosan 1%
CHI 1%:MEO:1,000 CHI1%:MCE:1200ppm

20
18
16 |
14 Z B
12
10

Pathogen infection (cm)

o N A o ®

4 DAl 8 DAI 12 DAI

il 4.20 Useansanuesansainannluadinvnssuivlalagulududaieanglsavaanisiiy

\NeItARAINTe P palmivora 1 4, 8 uagl2 u

4.53.2 Anwiuszdnsamwasarsaiaaiinuiasiulalneiudonuamnainisiiu
\NevaiFey
UszAnsnmuasarsiadauarsadalutainun Sudulalagiunenissne
Al MmEansAUIRBIveFey 3nnsAnw wuitlutas 125U veenisiiuinu wani3ouya
muauutnduiiveifudmagaudethmingsanil 31.179% sosaandewndoudas 1% lalasilas
fieddudnisgaudediminuiii 24.60% Tuvmeinayeuiedeudslalasu 1% saufuans
afaveuEdnu LTy 1,200ppm (CHI 19%:MCE:1,200) uagiadousmslalagiu 1% sauiu
dhifunenssmeainuauduty 1,000 ppm (CHI 19:MEO:1,000) ﬁLU@%Lﬁ‘fmﬁﬂﬁqﬁyLﬁaﬁ'mﬁﬂ
g7l 17.10 waz 18.11% muadu (Ml 4.21A) wansi¥ansindevialaleusandvansadaain
2717 mmaaszhmisaamsquLﬁaﬁmﬁﬂiéfaﬂﬂaﬁﬁaﬁwﬁ@mqaaaLﬁaLU%‘EJULﬁ&JUﬁ’Uﬂ']ﬂﬁiﬁ’lﬂImmuLﬁm
pgafin el nmsgaudsiminddauisidestudnsnismelaweznisgyden uazufasen

pondnduidranionunmvaswalil (Magbool et al., 2011) @onAdesiuTIBIUYBY Kumar et al.
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(2017) '17‘1'5'1amu’iw%gw‘/‘\léuLﬂﬁauﬂammimhaﬂmﬁ’umingl,ﬁaﬁﬂLLaz'«ﬁﬂﬁ’mmil,t,wimwuaaaaﬂ%mu
Wngualsl dssalinszuaunismelaanas daazdievzaemsidonnnnnvemanan Tuvhusudeaiu
Jiang and Li (2005) s18a1u3n1sndevRanadiledielalagiuiiasududu 0.5 1.0 way 2.0
Wosidus PrwandnsnismelawesnsgadeiminlFesnadifoddameedn Snvisdsanunsosean
maifinduresiansaueulwiindfiueasendina (PPO) wagnsidsuulasesdiona aonndasiu
89799 Khalifa at al. (2016) Wansiedouthdunenendinaslalasu lunsfuinvsaweuda
wazansaiuess nuhasadeulalnmusiusvaisatanluznendinaududu 20 oLt anunsaan
msgadetmiinvesoudalfien

dwsuranudunsaiilningald wuiwmFeuindeuselalawu 1% $afu
ihifuvessgmeadinamarandudu 1,000 ppm (CHIL% “MEO:T,000) Trranaunsagegalutui
4 yosnsiiuing ogelsAmaluiui 8 uaz 12 Arramdunsavemnnssudshiflauuansiety
adniivodda wandfifudiasndovaiaiinanomudunselutisduresmsifusnerinty wa
nnaeviuansiiuinisliasndevislunnnssuishifinane nmssnveanudunseld (nwd
4.218) Weiarsunnteyadiiuim gilifssnuiidanmietunavesmsldasindovisenn
arufunsafilnmsaldlunGoulagiows fdanuudsuulamensndurEslusalifinuduius
Tngnsafiunszuruntsiuauedsy lagianignszuaunisviglavesgadiy denisldnsadunididu

L3

wrsanaeny dmalvusnansnanacienaldigsvezgnuasii MIanaeinnduvsd

Sifeduitug
fumnaUa etuUasuassann IﬂaLa‘wwaaLﬂgaaﬁﬁﬂamaﬂuwaiﬁqﬂ wagnsideanmuadnaldl
(339U A3nAile, 2553)

Tugunavosaiauknile wazldmuvondiiazatedaly (TsS) wuinen
arautiuile uazUTumesidtoratsile luiui 12 Yu wanFeulunnnssudsdldaaadou 3
Aaduogil 2.60 N wagArUTinuvesliaratotldiadoeg i 23.98 Brix vz iiganiuauiiaiiigs
WiNAU 35.9 °Brix %QLLamiﬁLﬁudﬂmsmﬁauﬁaawmamﬁw%aamiq@ﬁst’mLLﬂJuLﬁ‘f@ UAZINY
Uinawewdeiiavaneinle usdlanieuiisvansindeviniidlalnsuiissegaientunisld el
gusivansaiaadnuialifanuuananaiiy (gﬂ‘ﬁ 4.21C way Al 4.21D) auddiu wansliidiy
hmafuasasatnaiarnuiuanaieudn Wlddmadenisdudmionsedunszuiunsiun
veddu wu msaaeuiladuinia FednaderUiinaecndsiiazarsthld (T5S) uavauuiuves
lo el lusswinsanuesalsl wulssding q wwdosutuasindudnanlsdlinaneidutihnmad
azanoinld dewaleien TSS Wty uazauuduveaieanas Jafarzadeh et al., 2021) iy ans

(% '
=] =1

anaainunlifinasegrsnsdudinisinuveseulsimeaii wWslinisedeunalifiuszdnsam
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AISNANTUNNITLAAITAADU WMALANITIAADU WATANWUEVDINAL TINNARDNITEANITWAY
Uizawgmwblumi%mqﬁﬁﬂmiLﬁ‘ULﬁm (Jafarzadeh et al, 2021 Chalermchai et al.,, 2023)

Pnwamsldansindeuniesrusznavvedlalaguiiuiuiiduneussimeuas
ansafaveuantuadaun lnsamzgns lalawu 1% swdvasadaneiuiadavnifianududu

1,200 ppm (CHI 19%:MCE:1,200) waztadeualglalagiu 1% sauduindunensyiveiaing1iniaig

1%

WIudu1,000 ppm (CHI1% :MEO :1,000) a@1xnsagivannisdyideuntinuassnennuwlweile

duiavewSouldealiusz@niaan F391a7288n01gn s US N ILaZ S NYIAUATNYBINA VT Y

]

Tuhsduresnisiiusnw egadlsiau niswndeuiiassgnsliinasg slidedAgysioannudunsad

Tnwsale (TA), auniuiile wasUSuausauwdsfiasariunle (TSS) vaesseu Jananaliiiuin

'
= ¥ Y

panUszneumLAl i edesiunumnunseniBunse ldlasunansenuannnmsifiuaisana

@ = a
Lammaaﬂuqmmaaum



35
30

(%)

25

%

20

n1sgeysdetamiin
&

¥
=~

AULLUULL(N)

10

USuaunsa i lnmsn(%)

4 DAT 8 DAT 12DAT

2a1811(Brix)

USuruvo e

4 DAT 8 DAT 12 DAT

40

30

20

10

4 DAT

4 DAT

8 DAT

8 DAT

81

12 DAT

12 DAT

W Distilied water i Chitosan 1% = CHI 1%:MCE:1,200 f CHI1%:MEO:1,000

A 4.21 Uizﬁm%mwummiaﬁ’mLaﬁmﬁmi'mlﬂimsmwia@mmwwé’ﬁmilﬁmﬁmmamSsju 74,8 uay 123, A

Y o a PN vy & = < U
ﬂ'ﬁq@y}lﬁﬂu’]'ﬂu@ B:ﬂill']mﬂ'iﬂ?/l‘lwW]iﬂiﬂﬂ\ﬂﬁllﬂ, C: ANULLUULUD, DZU‘JN']W?]E]\?LLGU\?aSaWEJquLﬂ

&2 A Y o 1Y £%4 - =2 " 1 v o v ¢ v 1%
nansiiluenansianulidmiumsldnuionis@nwiviniu leugnlviluldusslevisunisen

Ldnsdilaensdu dnviwvnuiilvinaudadiion wagdesdeddiadivaaenaisynasaninisiluly
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unil 5
AjUNan1sIeuasUaLEUBLUL

£ L3 L 3 =] &
nsldusglevianaisadaluiadaviilunismivauanvalsalunsey wuleannglsaly
a 5 1 (% =3 a d’lj 1 14 1 . [

NisguInaukazraIN el lnewudelungu Oomycete loun P. palmivora \uamnvadlse
aduuaznani Tuvaeiesilungy True fungi Ainunsunisiiuiies teun Fusarium sp. F9.8u
a1nuaalsANIuie wag Rhizoctonia sp. #nduameuadlsalufin dmsudondnisiiuneiiny
I~ . . . = & 1 [ < Yoo [
fie Lasiodiplodia sp. Fadugnuvmuadlsaraii 31nnsanaasanluadaen lawn asadanenu

s

waz Undunenszmediaun Wenageugnslunisdudenisasgueadulowaraiuveteug

]

'
a

voudoang nudy ansadaiivaessia fonslunisdudildvislunds Oomycete uar True fung
Duanmnlspvesnisou Taewuitasadanerviadaunifnadud eanunianzianzasiude
P. palmivora wag Fusarium sp. mmﬁqm 30989171 AR C. gloeosporioides fannsadudsldetng
amgsaﬂﬁmmﬁwﬁu 20,000 ppm ludrwrssintunensavetafinaminansdudadolsn fuie
anvniounnin Teansadudate P palmivora Tiadsanysal uonandfianusndudde
Fusarium sp. Ielusesuiimwuiusaniate sloeosporioides way Lasiodiplodia sp. langa
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Abstract Results showed that cajeput oil at 10,000 ppm had the highest inhibitory effect on the
myecelial growth of all tested fungi, with an inhibition rate of 92.5%. It was followed by cajeput
crude extract at 20,000 ppm and teak crude extract at 25,000 ppm, with inhibition rates of
88.6% and 67.0%, respectively. Thus, cajeput oil and cajeput extract showed promising
potential in controlling fruit fungal pathogens. Effective concentration (ECsy and ECq) of each
extract suggested that the lowest concentration to inhibit mycelial growth, spore germination
and spore formation were in between 50-90%, which the concentration range between 100 to
30,000 ppm depending on the extracts and pathogen species. This finding could be useful in
evaluating the appropriate concentration of each extract for controlling plant pathogenic fungi.

Keywords: Plant extracts, Bioactivity, Tectona grandis L.f., Melaleuca cajuputi Powell

Introduction

Thailand produces tropical fruits such as durian, mangosteen, rambutan,
mango ete. which are both consumed domestically and exported. Agricultural
products are the country’s main source of income. Statistical data showed that
in 2019s, tropical fruits production in Thailand was 39,811,512 tons with a fruit
sales volume of around one hundred billion baht (FAOSTAT, 2020). The
production of tropical fruit is still increasing but the grower has encountered
plant disease problems in fruit production. These microorganisms, such as
Botryodiplodia sp., Colletotrichum sp., Fusarium sp., Lasiodiplodia sp. and
Phytophthora sp., can attack plants from the seedling stage to the post-harvest
period (Prusky et al., 2010; Sangeetha et al., 2012; Kongtragoul ef al., 2021;
Tongsri et al., 2022). Many farmers have been applied chemical fungicides to
protect plant diseases from destroying their crops but this method might be
negative effects on the environment, farmers' health and consumers' health.
Alternative methods have recently interest to apply plant extracts for disease

* Corresponding Author: Koohakan, P.; Email: prommart ko@kmitl.ac.th
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control. The leaf extract of cajeput contain 1, 8-cineole, a-pinene, linalool,
flavonoids, phenols, alkaloids, and glycosides, which actively against fungi and
bacteria (Sutrisno et al., 2018; Isah et al., 2023). Its activity has been
demonstrated against Alternaria sp., Phytophthora palmivola, Staphylococcus
aureus, S. pyogenes and Escherichia coli (Somnuek et al., 2021, 2023; Abd
Wahab et al., 2022). Additionally, teak has been studied for its antifungal
activity. The leaf extract of this plant was evaluated to inhibit the growth of
Arthrinium phaeospermum (wood decay on Albizia falcataria) (Astiti and
Suprapta, 2012). In the work of Budianto et al. (2023) reported the secondary
metabolites of this plant demonstrated numerous pharmacological activities.
Therefore, this study aimed to evaluate the effective concentrations of teak
extract, cajeput extract and cajeput oil to inhibit some fungal pathogens isolated
from major fruit crops of Thailand.

Materials and methods
Preparation of crude extract

Teak and cajeput leaf samples were collected from King Monkut’s
Institute of Technology TLadkrabang, Chumphon campus. The leaves were
cleaned and air dried, then dehydrate in a hot air oven at 45 °C until completely
dried. The plant leaves were then rinsed in 75% ethanol and shaken in
ultrasonic bath for 3 hours. The ethanolic extract was then evaporated using a
rotary evaporator at 40 °C until it became crude extract and kept at 4 °C at the
refrigerator before use.

Preparation of cajeput oil

Cajeput leaf was taken in the early moming, clean the fresh leaf. The
essential oil was extracted from the fresh leaf using steam distillation. Cajeput
oil was separated and stored at 4 °C.

Isolation of fruit fungal pathogens

The pathogenic fungi were isolated from infected plant organs, namely,
durian (stem rot, leaf blight, die-back and fruit rot), mango (crown rot),
mangosteen (fruit rot), and rambutan (fruit rot). To isolate fungal pathogens
from plant tissues, the tissue transplanting technique was used, which involves
cutting infected plant tissues into small pieces and cleaning the surface by
soaking the tissues in 10% sodium hypochlorite, 75% alcohol, and washing the
pieces with distilled water before placing the sample in water agar (WA). After
the hypha grew from the tissue sample, it was transferred to potato dextrose
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agar (PDA). To isolate Phytophthora sp. from the infected durian, baiting

technique (Dhingra and Sinclair, 1994) were used, and the obtained isolates
were cultured on V8 juice medium for 7 days. The morphological identification
of pathogenic fungi was compared with characterization features in the
identification keys and species descriptions (Lim and Chan, 1986; Sangeetha et
al., 2012; Lombard ef al., 2014; Huang et al., 2020). Additional fungal isolates of
Phytophthora sp. (ku-Dpttkl, ku-rwl, ku-Dptekkl), Colletotrichum gloeosporioides
(ku-de), Fusarium sp. (ku-bf), Lasiodiplodia sp. (ku-bl) and Greeneria sp. (ku-ngr)
used in this experiment obtained from Dr. Veeranee Tongsri, (Department of Plant
Pathology, Faculty of Agriculture, Kasetsart University, Bangkok Thailand) (Table
1).

The detached fruits and leaves were applied for pathogenicity test. The
mycelial discs (5 mm) of the tested fungi causing fruit rot and crown rot disease
were inoculated to the healthy host fruits. The mycelial discs (5 mm) of
Rhizoctonia sp., Phytophthora sp. and Fusarium sp. isolated from durian were
inoculated to the durian leaves (modified from the method of Vawdrey et al,
2005 and Lin et al., 2018). Each treatment was incubated in a plastic box at
room temperature for 7 days and evaluated with disease severity as follows:

Disease severity = (A * 100)/B where A = size of the lesion on the tested
plant organ and B = overall size of the tested plant organ.

Poisoned food technique

Teak extract, cajeput extract and cajeput oil were tested for their ability to
inhibit fungal pathogen using a poisoned food technique. The experiment was
designed in Completely Randomized Design (CRD) with 5 replications. To
obtains the teak and cajeput extracts, Dimethyl sulfoxide (DMSO) and 2%
Tween20 were used as a solvent, respectively. The dissolved crude extract was
diluted to 5 different concentrations using sterilized distilled water as followed:
teak crude extract was dissolved in 2% DMSO at 1,000, 5,000, 10,000, 15,000,
20,000 and 25,000 ppm. Cajeput crude extract was dissolved in 2%Tween20 at
500, 1,000, 5,000, 10,000, 15,000 and 20,000 ppm and cajeput essential oil at
100, 500, 1,000, 5,000, and 10,000 ppm. Five ml of each diluted plant extract
was then mixed with PDA medium. The tested pathogens were cultured on
each PDA medium at room temperature. The colony diameter was measured
and calculated as percent inhibition of diameter growth (PI), as follows:

PI= (A-B)/A x100 % where A = colony diameter in control and
B = colony diameter in treatment.
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Spore germination test

The extracts of teak, cajeput, and cajeput oil at various concentrations as
described above were mixed with pathogen spore suspension (1 x 10°
spores/ml) with distilled water serving as a control. The experiment was
conducted in CRD with 3 replications. The inhibition of spore germination was
observed under a microscope for 12, 24, 48 and 96 hours. The percentage of
spores germinated inhibition was calculated using the following formula:

(Ge-Gt)/Ge x100 where Ge is number of the spores germinated in control
and Gt is number of the spores germinated in treatment.

Sporulation test

The inhibitory effects of plant extracts on sporangium formation of
Phytophthora sp. were tested using modified method from Mulugeta et al.
(2019). The efficacy of teak crude extract, cajeput crude extract and cajeput oil
was tested. The agar plug (2x2 mm) of Phytophthora sp. with the following
isolates (KM-Dpt02, KM-Dpt4, KM-Dpt3, ku-Dptckkl, ku-Dpttkl, ku-rwl) was
cultured on PDA medium for 5 days before being transferred to the extracts and
the essential oil at various concentrations and incubated for 3 days at room
temperature in the dark. The experimental design was conducted using CRD
with 3 replications, each replication was randomly counted the number of
sporangia in 3 areas under the microscope.

Statistical analysis

The experimental data were analyzed using One-way ANOVA, and mean
values were compared using Duncan's Multiple Range test (DMRT) at 95%
confidence level (p< 0.05). Effective concentrations were calculated using SPSS
v.28.0.

Results
Isolation and pathogenicity test of the fruit fungal pathogens

Nineteen isolates of the pathogens were obtained from infected
banana (crown rot and fruit rot), durian (stem rot, leaf blight, die-back, and fruit
rot), mango (crown rot), mangosteen (fruit rot), and rambutan (fruit rot). They
were morphological identified as Phytophthora spp. (6 isolates), Lasiodiplodia
spp. (4 isolates), Fusarium spp. (3 isolates), Colletotrichum spp. (2 isolates),
Greeneria sp. (1 isolate), Gliocephalorichum sp. (1 isolate), Pestalotiopsis sp
(1 isolate) and Rhizoctonia sp. (1 isolate) (Table 1). Pathogenicity tests on
detached fruit and leaf suggested that all isolates were the causal agent of fruit
crop diseases (Figure 1).
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Table 1. Sources of fruit fungal pathogens used in this study
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Host plant/ location Symptom idenfication” isolates
Banana/Chanthaburi crown rot Lasiodiplodia theobromae ku-bl
Banana/Chanthaburi fruit rot Colletotrichum musae ku-be
Banana/Chanthaburi fruit rot Fusarium sp. ku-bf
Durian/Chumphon leaf blight Rhizoctonia sp. KM-DRH
Durian/Chumphon die-back Fusarium sp. KM-DFa
Durian/Chumphon die-back Fusarium sp. KM-DFg
Durian/Chumphon stem rot Phytophthora sp. KM-Dpt02
Durian/Chumphon stem rot Phytophthora sp. KM-Dpt4
Durian/Chumphon stem rot Phytophthora sp. KM-Dpt5
Durian/Chumphon stem rot Phytophthora sp. ku-Dptckkl
Durian/Trat stem rot Phytophthorasp. ku-Dpttkl
Durian/Rayong stem rot Phytophthora sp. ku-rwl
Durian/Chanthaburi fruit rot C. gloeosporioides ku-dc
Durian/Chumphon fruit rot L. theobromae KM-dlt
Mango/Chanthaburi crown rot L. theobromae KM-ml
Mangosteen/Chumphon fruit rot Pestalotiopsis sp. KM-Mp
Mangosteen/Chumphon fruit rot Lasiodiplodia sp. KM-gml
Rambutan/Chanthaburi fruit rot Greeneria sp. ku-ngr
Rambutan/Chanthaburi fruit rot Gliocephalorichum sp. KM-Ngc

VPathogen identification was based on morphological characteristic and host plant, except the obtained isolates.
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Figure 1. Pathogenicity test of the tested isolates A: Symptom on detached leaf,

B: Symptom on detached fruit
Effect on mycelial growth

Teak extract

The efficacy of teak extract in inhibiting mycelial growth by poisoned
food technique were evaluated. The result revealed that teak extract had
significantly inhibitory effects compared to the control. The concentration at
25,000 ppm greatly reduced the mycelial growth of Colletotrichum musae (ku-
be), Phytophthora ~sp.  (KM-Dpt02),  Greeneria  sp. (ku-ngr) and
Gliocephalotrichum sp. (KM-Ngc) at 90-100% followed by Colletotrichum
gloeosporioides (ku-dc) and Lasiodiplodia_theobromae (KM-ml) at 80-85%.
Meanwhile, the remaining treatments demonstrated to be moderate to high
inhibition percentage (30-75%) (Table 2, Figure 2).
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Table 2. Effect of crude ethanolic extract from Tecfona grandis on mycelial
growth

Mycelial inhibition percentage®

Tested isolates ~ Control 2% 1,000 5,000 10,000 15,000 20,000 25,000
DMSO  ppm ppm ppm ppm ppm ppm

La (kubD¥ 0.0e”  0.0e . 198d 498c 628> 708a  70.8a  73.8a
Co (ku-be) 0.0g 0.0g 9.4f 422e ~ 556d . 59.6c  66.6b  90.0a
Fu (ku-bf) 0.0e 0.0e 0.0e 2084 * 3276cd _7.0c 47.4b 75.8a

Rh (KM-DRH) 0.0e 0.0e 26d 29.6cd 334c  644b 77.2a  79.0a
Fu (KM-DFa) 0.0d 0.0d 226c.  252b  252b 254b 26.8b 29.8a
Fu (KM-DFg) 0.0d 0.0d 20.4c 332b  352ab 352ab 37.6ab 40.0a
Ph (KM-Dpt02)  0.0f 0.0f 0.0f 5.0e 14.4d  234¢c  33.4b  100a
Ph (KM-Dpt4) 0.0e 0.0e 0.0e 46.8d  60.4c  6l4c  75.0b  79.4a
Ph (KM-Dpt5) 0.0e 0.0e 0.0e 2.0e 18.0d ~ 352¢  514b  56.6a
Ph{ku-Dptekkl) 0.0e 0.0e 0.0e 6.2d 8.6d 248¢c  34.6b  49.6a
Ph (ku-Dpttkl) 0.0e 0.0e 0.0e 0.0e 9.6d 19.6c = 27.2b = 45.0a

Ph (ku-trwl) 00d 004 004 00d 112¢ 275b 298b  34.8a
Co (ku -dc) 0.0e 0.0e 0.0e 0.0e 428d . 522¢---58.6b 82.0a
La (KM-dlt) 0.0e 0.0e 0.0e 29.0b 31.8ab 32ab  32.0ab 35.4a
La (KM-ml) 0.0g 0.0g 158f ~ 33.0e  40.6d 46.0c  5l.6b  85.6a
Pe (KM-Mp) 0.0d 0.0d 41.8¢c  446c  54.0b  566b  6l.6a - 62.6a
La (KM-gml) 0.0f 0.0f 0.0f 21.4e Q0.2¢ 54.0c  584b  63.8a
Gr (ku-ngr) 0.0f 0.0f 0.0f 20.4e 31.6d . 484¢c  57.4b 90.0a

Gl (KM-Ngc) 00f ~ 00f  00f 208 332d- 474c  56.8b  100a

T/Values are followed by the same letter in each row are not significantly different as determined with (P>0.05),
%/Percentage of growth inhibition = [(A-BY/A] % 100, ¥ Co = Colletotrichum sp, Fu = Fusarium sp.,
Gl = Gliocephalorichum sp., Gr = Greeneria sp, La = Lasiodiplodia sp., Pe = Pestalotiopsis sp., Phy =
Phytophthora sp., Rh = Rhizoctonia sp.

Cajeput extract

Crude cajeput extract at 20,000 ppm was completely inhibited (100%) the
myeelial growth of Colletotrichum musae (ku-be), Fusarium sp. (KM-DFg),
Phytophthora — sp. (KM-Dpt02, KM-Dpt4, KM-Dpt5, ku-Dtpckkl),
Colletotrichum  gloeosporiodes  (ku-dc), Greeneria sp. (ku-ngr) and
Gliocephalorichum sp. (KM-Ngc). The concentration at 15,000 ppm was found
to be completely inhibited the mycelial growth of C. musae (ku-be), Fusarium
sp. (KM-DFg), Phytophthora sp. (KM-Dpt02, KM-Dpt4), C. gloeosporioides
(ku-dc) and Greeneria sp. (ku-ngr). The concentration at 10,000 ppm was
completely inhibited C. musae (ku-be), Phytophthora sp. (KM- Dpt4), C.
gloeosporioides (ku-dc) and Greeneria sp. (ku-ngr) (Table 3, Figure 2).
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Table 3. Effect of crude ethanolic extract from Melaleuca cajuputi on myecelial
growth

2/

Mycelial inhibition per o
Tested Isolates Control 2% 500 1,000 5,000 10,000 15,000 20,000
Tween20  ppm ppm ppm ppm ppm ppm

La (ku-bl) ™ 0.0d" 0.0d 0.0d 0.0d 0.0d 452¢ 69.4b  70.0b
Co (ku-be) 0.0e 0.0e 20.4d 38.6¢ 82.0b 100a 100a 100a
Fu (ku-bf) 0.0e 0.0e 23.4d 28.4¢ 47.0b 58.8a 60.0a 60.0a
Rh (KM-DRH) 0.0d 0.0d 0.0d 0.0d 58.6¢ 79.4b 82.0a 82.6a
Fu (KM-DFa) 0.0f 0.0f 14.4¢ 17.8d 56.6¢ 64.0b 68.6a 71.2a
Fu (KM-DFg) 0.0f 0.0f 35.8¢ 43.2d 72.2¢ 79.0b 100a 100a
Ph (KM-Dpt02) 0.0f 0.0f 16.8¢ 64.8d 68.4¢ 83.8b 100a 100a
Ph (KM-Dpt4) 0.0d 0.0d 16.4¢ 21.2¢ 52.8b 100a 100a 100a
Ph (KM-Dpt5) 0.0f 0.0f 54.4e 58.0d 75.6¢ 79.0b 79.4b 100a
Ph (ku-Dpttkl) 0.0e 0.0e 52.6d 77.8¢ 82.0b 82.0b 82.8b 86.0a
Ph (ku-Dptekkl) 0.0e 0.0e 31.0d 77.6¢ 82.6b 82.6b 83.0b 100a
Ph (ku-trwl) 0.0f 0.0f 45.2e 58.8d 73.6¢ 78.8b 84.8a 85.4a
Co (ku -dc) 0.0e 0.0e 39.8d 44.8¢ 86.0b 100a 100a 100a
La (KM-dlt) 0.0e 0.0e 0.0e 0.0e 69.8d 76.0¢ 78.8b 87.0a
La (KM-ml) 0.0d 0.0d 0.0d 0.0d 52.8¢ 69.6b 72.8a 75.6a
Pe (KM-Mp) 0.0f 0.0f 16.2¢ 38.4d 77.6¢ 85.4b 87.0b 90.0a
La (KM-gml) 0.0d 0.0d 40.8¢ 40.8¢ 61.0b 62.4b 73.8a 76.4a
Gr (ku-ngr) 0.0¢ 0.0¢ 79.0b 100a 100a 100a 100a 100a
GI (KM-Nge) 0.0g 0.0g 28.6f 58¢ 73.2d 74.8¢ 83.6b 100a
TValues are followed by the same letter in each row are not significantly different as determined with (P=0.05), “/Percentage of growth
inhibition = [(A-B)/A] x 100, ¥ Co = Colletotrichum $p., Fit = Fusarium p., Gl = Gliocephaiorichum ., Gr = Greeneriap., La =
Lasiodplodiasp., Pe = Pestalotiopsssp., Phy = Phytophihora sp., Rh=Rhi iasp.

Cajeput oil

The effectiveness of cajeput oil in inhibiting mycelial growth using the
poisoned food technique was evaluated. The results showed that using cajeput
oil at coneentrations of 5,000 and 10,000 ppm were shown to be effective for
inhibiting mycelial growth of all isolates with an inhibition percentage greater
than 50%. Cajeput oil at 5,000 ppm was completely inhibited the growth of L.
theobromae (ku-bl), C. musae (ku-bc), Phytophthora sp. (KM-Dpt02, KM-
Dpt4, ku-Dptekkl, ku-Dpttkl, ku-rwl), C. gloeosporioides (ku-dc) and
Greeneria sp. (ku-ngr) (Table 4, Figure 2).

Effect on reproductive organ

Spore germination

Crude extract from teak was able to inhibit spore germination on the
isolates of Colletotrichum sp., Fusarium sp., Pestalotiopsis sp., Greeneria sp.,
Gliocephalorichum sp. and Lasiodiplodia sp. at concentration of 1,000-25,000
ppm. Spore germinations of C. musae (ku-be), Fusarium sp. (KM-DFg) and
Greeeria sp. (ku.ngr) were completely inhibit since the concentration of 1,000
ppm. However, the other isolates were needed higher concentration to
completely inhibition (Table 3, Figure 3).
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Table 4. Effect of essential oil from Melaleuca cajuputi on myceelial growth

Mycelial inhibition percentagey

Tested Isolates Control 2% 100 500 1,000 5,000 10,000
Tween20  ppm ppm ppm ppm ppm
La (ku-bl)’® 0.0b" 0.0b  0.0b 0.0b 0.0b 100a 100a
Co (ku-bc) 0.0e 0.0e 23.0d 63.8¢ 74.0b 100a 100a
Fu (ku-bf) 0.0f 0.0f 16.8e 48d 61.2¢c 81.2b 100a
Rh (KM-DRH) 0.0f 0.0f 26.8¢e 33.6d 37.8¢c 62.4b 77.8a
Fu (KM-DFa) 0.0f 0.0f 11.8e 28.2d 38.8¢ 75.0b 82.0a
Fu (KM-DFg) 0.0f 0.0f 14.4e 39.0d 51.2c 76.8b 81.0a
Ph (KM-Dpt02) 0.0d 0.0d 2.6¢d T.4c 47.4b 100a 100a
Ph (KM-Dpt4) 0.0e 0.0e 8.0d 27.6¢c 57.6b 100a 100a
Ph (KM-Dpt5) 0.0¢ 0.0e. " | 27.4d 3l4cd 354c  602b  68.8a
Ph (ku-Dptckkl) 0.0d 0.0d 0.0d 10.0¢ 55.0b 100a 100a
Ph (ku-Dpttkl) 0.0d 0.0d 0.0d 24.0c 58.4b 100a 100a
Ph (ku-rwl) 0.0e 0.0e 18.4d 50.8¢ 74.6b 100a 100a
Co (ku -dc) 0.0e 0.0e 33.0d 39.0¢c 58.4b 100a 100a
La (KM-dlt) 0.0c 0.0c 0.0c 0.0c 0.0c 79.8b 100a
La (KM-ml) 0.0e 0.0e 16.6d 19.0d 26:2¢ 80.6b 100a
Pe (KM-Mp) 0.0e 0.0e 39.6d 41.2d 60.8¢ 72:2b 81.6a
La (KM-gml) 0.0c 00c  0.0c 0.0c 0.0¢ 59.0b 100a
Gr (ku-ngr) 0.0e 0.0e 37.0d 44.4¢ 73.2b 100a 100a
GI (KM-Nge) 0.0e 0.0e 10.4d 10.4d 20.2¢ 51.2b 65.6a

*fValues are followed by the same letter in each row are not significantly different as determined with (P>0.05),
2/Percentage of growth inhibition = [(A-B)/A] x 100, *Co = Colletotrichum sp., Fit = Fusarium sp.,
Gl = Gliocephalorichum sp., Gr = Greeneria $p., La = Lasiodiplodia sp., Pe = Pestalotiopsis sp., Phy =
Phytophthora sp., Rh = Rhizoctonia sp.

Crude extract from cajeput was tested for its ability to suppress spore
germination of the pathogens at concentration range 500-20,000 ppm. The
results showed completely inhibited the germination of Fusarium sp. (KM-
DFg), C. gloeosporioides (ku-de) and Gliocephalorichum sp. (KM-Ngc) at the
concentration of 500 ppm and the concentration higher than 1,000 ppm which
showed 50-100% inhibition on the other isolates such as Lasiodiplodia
theobromae (ku-bl), C. musae (ku-bce), Fusarium sp. (KM-DFa) and Greeneria
sp.(ku-ngr) (Table 5, Figure 3).

Essential oil of cajeput was tested to control spore germination at
coneentration of 100-10,000 ppm. The results showed that some isolates were
sensitive to the substance at the concentration of 100 ppm. The concentration of
cajeput oil which higher than 500 ppm gave 50-100% inhibition to many
isolates such as C. musae (ku-bc), Fusarium sp. (ku-bf, KM-DFa, KM-DFg), C.
gloeosporioides (ku-dc), Pestalotiopsis sp. (KM-Mp) and Gliocephalorichum
sp. (KM-Nge), including L. theobromae (KM-ml) but the crude extracts of teak
and cajeput were not inhibited. (Table 5, Figure 3).
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Table 5. Effect of plant extracts to inhibit spore germination at 96 hours

% inhibition*

, La” Co Fu Fu Fu Co La La Pe La Gr Gl
Plant extract concentrations 44 b jubf KM-DFaKM-DFg_kude KM-dit KM-ml _KM-Mp KM-gml kungr KM Ngc
Control 0.0 0.0b" 0.0d 0.0e 0.0b 0.0d 0.0 0.0 0.0e 0.0c 0.0b

= ..s 2% DMSO 0.0 0.0b 0.0d 0.0e 0.0b 0.0d 0.0 0.0 0.0e 0.0c 0.0b 0 Od
g 5 1,000 ppm 0.0 100a 0.0d 54.5d 100a 71.3¢ 0.0 0.0 47.4d 0.0c 100a 83.8¢
% & 5,000 ppm 0.0 100a 69.6c 66.7¢ 100a 84.1b 0.0 0.0 79.8¢ 0.0c 100a 88.1b
3 s 10,000 ppm 0.0 100a 78.9b 88.1b 100a 100 a 0.0 0.0 84.8bc 0.0c 100a 97.0a
(= % 15,000 ppm 0.0 100a  953a 983a 100a 100a 0.0 0.0 89.2ab 0.0c 100a 97.1a
& & 20,000 ppm 00 100a 9752 100a 100a 100a 0.0 0.0 93.1a 36.8b 100a 100a
25,000 ppm 0.0 100a 100a 100a 100a 100a 0.0 0.0 946a  62.0a 100a 100a

Control 0.0¢c 0.0d 0.0 0.0d 00b 0.0b 0.0 0.0 0.0d 0.0 0.0¢ 0.0b

. 2% Tween 20 0.0¢ 0.0d 0.0 0.0d 00b 0.0b 0.0 0.0 0.0d 0.0 00¢ 0.0b
g -] 500 ppm 979b 579¢ 0.0 0.0d 100a 100a 0.0 0.0 0.0d 0.0 00¢ 100a
% % 1,000 ppm 98.1b 71.3b, 0.0 41.6¢° 1004 100a 0.0 0.0 33.6¢ 0.0 83.8b 100a
28 5,000 ppm 100a 100a 0.0 58.9b 100a 100a 0.0 0.0 77:3b 0.0 100a 100a
g = 10,000 ppm 100a 100a 0.0 65.8b 100a 100a 0.0 0.0 100a 0.0 100a 100a
15,000 ppm 100a 100a 0.0 100a 100a 100a 0.0 0.0 100a 0.0 100a 100a

20,000 ppm 100a. 100a 0.0 100a 100a 100a 0.0 0.0 100a 0.0 100a 100a

Control 0.0b 0.0d 0.0b 0.0¢c 0.0e 0.0d 0.0 0.0b 0.0¢ 0.0c 0.0d 0.0¢

=Y 2% Tween 20 0.0b 0.0d 0.0b 0.0¢ 0.0e 0.0d 0.0 0.0b 0.0¢ 0.0¢ 0.0d 0.0¢
= % 100 ppm 0.0b 0.0d 100a  63.2b°  52.1d 0.0d 0.0 100a 75.0b 0.0¢ 0.0d 0.0¢
P 500 ppm 0.0b 58.6¢ 100a  66.4b. 66.7¢  58.6¢ 0.0 100a 94.5a 0.0¢c 0.0d 98.8a
g ~ 1,000 ppm 0.0b 75.3b 100a , 69.6b.  81.0b° 75.3b 0.0 100a 100a 0.0¢ 453¢ 100a
@S 5,000 ppm 0.0b 100a 100a  70.4b 100a 100a 0.0 100a 100a 27.2b 82b 100a
10.000 ppm 63.8a 100a 100a 100a 100a 100a 0.0 100a 100a 42.9a 100a 100a

"Values are followed by the same letter in each row are not significantly different as determined with (P>0.05), ~ The percentage of inhibited spore
germination was caleulated using the followmg formula: (Ge-Gt)/Ge ~100, The numbers in'the formula represent the mean of the spore counts in

each treatment (30 sp pli
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Figure 2. Effects of plant extracts on mycelial growth
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Control 2% DMSO 1,000 ppm 5,000 ppm

Crude extract
Tectona grandis
Greeneria sp.

| 10,000 ppm | 15,000 ppm 2,0000 ppm 25,000 ppm

Comttol | 2%tweeh 20 500ppm 1,000 ppm

Crude extract
M. cajuputi
Gliocephalorichum sp.

5000 ppm | 10,000 ppm. 15,000 ppm 20,000 ppm

T00ppm | 500 ppm

cajeput oil
M. cajuputi
C. gloeosporioides

Figure 3. Effect of plant extracts for inhibiting spore germination at 96 hours
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Sporulation

The efficacy of different concentrations of plant extracts in inhibiting
sporangium formation of Phytophthora sp. revealed that all plant extracts could
inhibit the sporulation of Phytophthora sp. Crude extract of teak could
completely inhibit sporangium formation at 5,000-20,000 ppm. Crude cajeput
was completely inhibited at concentrations ranging from 1,000 to 5,000 ppm,
while cajeput essential oil could inhibit sporangium formation at 500-1,000
ppm (Table 6).

Table 6. Efficacy of plant extracts for inhibiting sporangium formation of
Phytophthora sp.

% inhibition on sporangia formation
Plant

eXract comcertutcns ];i)ht/(I)Z 11;1;\){4 Ilgl\pftS Dl;itkl ﬁl D;iLclkk
Control 0.0a’ 0.0a 0.0a 0.0a 0.0a 0.0a

2% DMSO 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a

5 & 1,000 ppm 0.0a 100b 0.0a 0.0a 100b 43b
JE §o 5,000 ppm 100b 100b 100b 0.0a 100b 70.1¢
% § 10000 ppm 100b 100b 100b 0.0a 100b 100d
O s 15,000 ppm 100b 100b 100b 0.0a 100b 100d
20,000 ppm 100b 100b 100b 100b 100b 100d

25,000 ppm 100b 100b 100b 100b 100b 100d

Cortrdl 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a

-z 2% Tween 20 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a

S § 500 ppm 0.0a 100b 0.0a 0.0a 100b 39.1b
% § 1,000 ppm 100b 100b 100b 0.0a 100b 100¢
r“.é’ § 5,000 ppm 100b 100b 100b 100b 100b 100¢
O3 10,000 ppm 100b 100b 100b 100b 100b 100¢
= 15,000 ppm 100b 100b 100b 100b 100b 100¢
20,000 ppm 100b 100b 100b 100b 100b 100¢

: Control 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a

§ 2%Tween20 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a

E ';’j 100 ppm 0.0a 100b 100b 0.0a 100b 16.3b
§ § 500 ppm 100b 100b 100b 0.0a 100b 45.8¢
53 3 1,000 ppm 100b 100b 100b 100b 100b 100b
§ 5,000 ppm 100b 100b 100b 100b 100b 100b
10,000 ppm 100b 100b 100b 100b 100b 100b

"Values are the mean of three replications. Values in the same column within each plant extract
followed by the same letter are not significantly different as determined using Duncan's Multiple Range
test (DMRT) at 95% confidence level (p< 0.05).
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Effective concentrations (ECsy ECyp)

The ECso of teak extract for inhibiting colony growth were ranged from
7,000 to 40,000 ppm. C. musae (ku-bc), Phytophthora sp. (KM-Dpt4), L.
theobromae (ku-bl), Pestalotiopsis sp. (KM-Mp), L. theobromae (KM-ml),
Rhizoctonia sp. (KM-DRH) and C. gloeosporioides (ku-dc) were shown to be
sensitive with the ECsy for colony inhibition was lower than 15,000 ppm. The
extract was highly affected to the spore germination of C. musae (ku-be) which the
ECspand ECoy were lower than 1,000 ppm (Table 7).

Table 7. Effective concentrations (ECso and ECq) of the ethanolic extract from
Tectona grandis against plant pathogen

Colony inhibition Reproductive organ
Pathogen Tsolate (ppm) inhibition” (ppm)
ECsp ECo ECso ECop
Colletotrichum musae ku-be Tl T 25,040 <1,000% <1,000
Phytophthora sp. KM-Dpt4 8,427 27,496 <1,000 <1,000
La. theobromae ku-bl 8,567 32,777~ $25,000 325,000
Pestalotiopsis sp. KM-Mp 8,826 45,601 2 505 16,268
Lasiodiplodia sp KM-gml 9,870 39,736 22,943 28,635
Rhzoctonai sp. KM-DRH 12,921 27,850 - -
Co. gloeosporioides ku-de 12,259 26,600 562 5,268
Greeneria sp. ku-ngr 15,637 25,000 >25,000 =>25,000
Gliogphelorichump. KM-Ngc 15,842 24,851 <1.000 7,148
La. theobromae KM-ml 16,709 31,179 >25,000 >25,000
Phytophthora sp. KM-Dpt5 17,965 33,002 3,101 3,928
Fusarium sp. ku-bf 20,851 34,177 4328 10,712
Phytophthora sp. KM-Dpt02 21,994 22,235 3,101 3,928
Phytophthora sp. ku-Dptckkl 26,461 42,991 1,235 7,079
Phytophthora sp. ku-rwl 26,689 41,798 <1,000 <1,000
Fusarium sp. KM-DFg 27,794 64,808 <1,000 <1,000
Phytophthora sp. ku-Dpttkl 27,943 38,319 17,438 19,310
La. theobromae KM-dlt 28,077 35835 >25,000 >25,000
Fusarium sp. KM-DFa 44,121 984,707 968 10,201

“Effective concentrations were calculated using SPSS v.28.0, “Spore germination or formation,
*'The effective concentration was higher or lower than the range of this study

The ECs of cajeput extract for inhibiting colony growth were ranged
from 300 to 14,000 ppm. The highly sensitive isolates to the tested extract were
Greeneria sp. (ku-ngr), Phytophthora sp. (KM-Dpt5, ku-Dptekkl, ku-rwl, ku-
Dptckkl and KM-Dpt02), Gliocephalorichum sp. (KM-Ngc), which the value
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was lower than 1,000 ppm. The tested extract was highly effective to inhibit
colony growth and spore formation in many isolates of Phytpohthora sp.
causing durian disease. It is actively demonstrated to suppress spore formation
of isolate ku-Dptckkl, ku-rwl and KM-Dpt02 with the ECs, was lower than 500
ppm (Table 8).

Table 8. Effective concentrations (ECsq and ECqg) of the ethanolic extract from
Melaleuca cajuputi against plant pathogen

Colony inhibition Reproductive organ
Pathogen Isolate (ppm) inhibition” (ppm)

ECso- ECq ECso ECop
Greeneria sp. ku-ngr 331 773 870 1,032
Phytophthora sp. KM-Dpt5 472 19,200 710 898
Phytophthora sp. ku-Dpttkl 496 23,124 <500% 3,441
Phytophthora sp. ku-rwl 628 24,246 <500 <500
Phytophthora sp. ku-Dptckkl 639 18,271 539 721
Gliocephalorichum sp. KM-Ngc 888 19,077 <500 <500
Phytophthora sp. KM-Dpt02 876 13,307 <500 <500
C.gloeosporioides ku-de 1,397 5,471 <500 <500
Pestalotiopsis sp. KM-Mp 1,860 20,000 3,098 6,041
C.musae ku-be 2,299 5.833 247 1,931
L.theobromae KM-dlt 2,224 23,169 >20,000 >20,000
Rhzoctonai sp. KM-DRH 2,938 52,750 = B
Fusarium sp. KM-DFg 2,698 10,870 <500 <500
Phytophthora sp. KM-Dpt4 3,400 8,099 <500 <500
Lasiodiplodia sp. KM-gml 3,623 29,097 >20,000 >20,000
L. theobromae KM-ml 3,914 28,664 >20,000 >20,000
Fusarium sp. KM-DFa 4,019 21,576 3,187 12,362
Fusarium sp. ku-bf 6,439 30,845 © 20,000 20,000
L. theobromae ku-bl 13,866 23,480 322 664

YEffective concentrations were calculated using SPSS v.28.0, %Spore germination or formation,
¥The effective concentration was higher or lower than the range of this study

Cajeput oil was strongly affected to inhibit colony growth of all isolates.
The ECs, for inhibiting colony growth were ranged from 300 to 5,000 ppm, and
the highly sensitive isolates were C. musae (ku-bc), Phytophthora sp. (ku-rwl),
Fusarium sp. (ku-bf), Greeneria sp. (ku-ngr), Pestalotiopsis sp. (KM-Mp), C.
gloeosporioides (ku-dc) and Phytophthora sp. (KM-Dpt4. ku-Dpttkl and ku-
Dptckkl) with the ECsg values were lower than 1,000 ppm. In addition, the ECsg
for inhibiting sporulation was lower than 100 ppm on some of the sensitive
isolates (Table 9).
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Table 9. Effective concentrations (ECsy and ECop) of the essential oil from
Melaleuca cajuputi against plant pathogens

Colony inhibition Reproductive organ
Pathogen Isolate (ppm) inhibition” (ppm)

ECso' ECq ECso ECy
Colletotrichum musae ku -be 311 1,797 302 1,337
Phytophthora sp. ku-rwl 500 1,199 <100% <100
Fusarium sp. ku-bf 599, 5;928 <100 <100
Greeneria sp. ku-ngr 597 1,346 2,914 5,316
Pestalotiopsis sp. KM-Mp 742 12,518 o 242
C. gloeosporioides ku -de 776 1,724 249 1,308
Phytophthora sp. KM-Dpt4 868 1,495 <100 <100
Phytophthora sp. ku-Dpttkl 878 1,364 762 953
Phytophthora sp. ku -Dptekkl 950 1,366 659 831
Fusarium sp. KM-DFg 1,000 13,162 <100 1,622
Phytophthora sp. KM-Dpt02 1,043 2,324 312 406
L. theobromae KM-ml 2,687 5,999 45 57
L. theobromae ku -bl 2,942 3,592 7,649 16,338
Fusarium sp. KM-DFa 3,586 10,391 42 7,076
Rhzoctonai sp. KM-DRH 3,680 13,151 s -
L. theobromae KM-dlt 4,281 5,398 >10,000 >10,000
Lasiodiplodia sp. KM-gml 4313 6,030 10,545 17,761
Phytophthora sp. KM-Dpt5 4,561 14,272 <100 <100
Gliocephalorichum sp. KM-Ngc 4,784 16,095 320 442

YEffective concentrations were calculated using SPSS v 28.0, 'Spore germination or formation,
¥The effective concentration was higher or lower than the range of this study

Discussion

All 19 pathogen isolates including Colletotrichum musae (ku-be), C.
gloeosporioides (ku-dc),  Fusarium  sp. (ku-bf, KM-DFg, KM-DFa),
Gliocephalorichum sp. (KM-Nge), Greeneria sp. (ku-ngr), Lasiodiplodia
theobromae (ku-bl, KM-dlt, KM-ml, KM-gml) Pestalotiopsis sp. (KM-Mp),
Phytophthora sp. (KM-Dpt02, KM-Dptd, KM-Dpt5, ku-Dptckkl, ku-Dpttkl,
ku-rwl) and Rhizoctonia sp. (KM-DRH) were morphologically identified, and
the pathogenicity tests were confirmed by Koch's postulates.

The highest concentration of teak extract was 25,000 ppm which greatly
reduced the mycelial growth of tested fungi including C. musae, Phytophthora
sp., Greeneria sp. and Gliocephalotrichum sp. at 90-100%, and completely
inhibit spore germination of Fusarium sp., Colletotrichum sp., Greeneria sp.
and Gliocephalotrichum sp. The result revealed that tested extract was able to
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inhibit the growth of fugal pathogen with varying levels of sensitivity. The
ECsy of teak extract for inhibiting colony growth was found to be in the
concentration ranged from 7,000 to 40,000 ppm. However, the sensitive isolates
were affected at lower than 15,000 ppm, except for C. musae (ku-bc), whose
spore germination was highly affected by the extract, with the ECsy and ECyg
were lower than 1,000 ppm. The result supported the work of Montri et al.
(2019) who stated that crude extract of teak could control C. musae causing
fruit rot disease of banana. Similar results were reported by Astiti and Suprapta
(2012), who discovered that teak extract could inhibit fungal growth and
sporulation at a low concentration. Additionally, they found that the growth of
Arthrinium  phaeospermum - was reduced by 81.4% at the minimum
concentration of 0.4% (w/v). Consistent with the findings of Carcamo-Ibarra et
al. (2022), extracts of teak exhibited antifungal activity against some fungal
strains  of Trametes, Gloeophyllum, Aspergillus, Macrophomina, and
Schizophyllum, and showed the LCso of 84.9 pg/ml. with hexane extract.
Sumthong ef al. (2006) found that quinones derived from teak could rupture
fungal cell walls. According to Krishna and Jayakumaran (2010) who stated
that teak extract can reduce bacterial growth and cytotoxicity in Staphylococcus
aureus. These results suggested that secondary metabolites such as alkaloids,
flavonoids, tannins, anthraquinones, and napthaquinones expressed antitoxin,
antibacterial, and antioxidant activities (Purushotham et al., 2010; Murukan and
Murugan, 2017). There were some reports indicated that bioactive phenolic
compound from teak such as flavonoid, tannin and chlorogenic acid could
inhibit bacterial growth by disrupting cell wall and plasma membrane integrity
(Dos Santos et al., 2018).

According to the study, the highest concentration of ethanolic extract
from cajeput at concentration of 20,000 ppm that inhibited mycelial growth by
90-100% which the mycelial growth of 9 fungal isolates such as C. musae (ku-
be), Fusarium sp. (KM-DFg), Phytophthora sp. (KM-Dpt02, KM-Dpt4, KM-
Dpt5, ku-Dtpekkl), C. gloeosporiodes (ku-dc), Greeneria sp. (ku-ngr), and
Gliocephalorichum sp. (KM-Ngc) were inhibited. Moreover, some isolates
were completely inhibited at the concentration of 10,000 and 15,000 ppm. The
results also showed that cajeput extract displayed significant inhibitory effects
against the growth and sporulation of Phytophthora spp. which is a major
pathogen of durian rot. The ECsq values for inhibiting colony growth were
ranged from 300 to 14,000 ppm for Greeneria sp., Phytophthora sp., and
Gliocephalorichum sp. which showed the highest sensitivity to the extract. The
tested extract suppressed the colony growth and sporulation of Phytophthora
sp., particularly in isolates ku-Dptckkl, ku-rwl, and KM-Dpt02, where the ECs,
was below 500 ppm. Similarly, in the study by Somnuek et al. (2023) stated
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that out of the 20 isolates P. palmivora causing durian rot, 9 isolates were found
to be sensitive to the cajeput extract. Tiwari et al. (2011) reported that the
effective concentration was less than 1,000 ppm and observed that certain
isolates of Phytophthora sp. were sensitive to low dosages. Montri et al. (2010)
reported the efficacy of crude extract from cajeput against some plant
pathogens (Phytophthora parasitica, Pythium deliense, Fusarium sp., and
Colletotrichum sp.) at a concentration of 800 ppm, which could inhibit P.
parasitica and P. deliense by 100%. Jacquin ef al. (2022) and Zhu et al. (2023)
reported that the compounds in plant extracts influence the cell anti-oomycete
to activity membranes and walls, which could be related to membrane
permeability or a loss of cell wall integrity. These results suggested that crude
cajeput extract is shown the potential to act as an antifungal agent against
Phytophthora. Al-Abd et al. (2015) identified flavonoids, terpenoids, phenolic
and alkaloids as potential antimicrobial compounds in ethanolic extracts of
cajeput using GC/MS analysis. These findings are consistent with the results of
Stankovi¢ et al. (2012) that confirmed the antimicrobial activity of plant
extracts, such as phenolic compounds, terpenoids, and alkaloids which
attributed to the presence of numerous. bioactive secondary metabolites,
important components in antimicrobial activity.

Cajeput oil was strongly affected to inhibit colony growth of all isolates
at econcentration of 10,000 ppm, with an inhibition percentage greater than 50%.
Specifically, it was completely inhibited the growth of Lasiodiplodia sp.,
Colletotrichum sp., Phytophthora sp. and Greeneria sp. at 5,000 ppm. The
ECsq values for inhibiting colony growth were ranged between 300 to 3,000
ppm, with highly sensitive isolates showing values lower than 1,000 ppm. The
suseceptible isolates were C. musae (ku-be), Phytophthora sp. (ku-rwl, KM-
Dpt4, ku-Dpttkl and ku-Dptckkl), Fusarium sp. (ku-bf), Greeneria sp. (ku-ngr),
Pestalotiopsis sp. (KM-Mp) and C. gloeosporioides (ku-dc). Moreover, the
ECso values for inhibiting reproductive structures were highly affected at
concentration lower than 100 ppm in highly sensitive isolates. Corresponding
with this study, the antimicrobial properties of cajeput both extract and essential
oil were proved for inhibition the growth of plant pathogenic fungi. Wardana et
al. (2021) reported that the cajuput extract could inhibit the growth of Botrytis
cinerea at 0.75% concentration resulting in the lowest spore germination
percentage, and consistent with research of Montri ef al. (2010) who reported
the efficacy of the cajeput extract against some plant pathogens. Many reports
suggested that cajeput could produce various important phytochemicals: 1,8-
cineole, a-terpineol; caryophyllene, a-pinene and y-terpinene (Quoe, 2021; Abd
Wahab ef al., 2022; Chaudhari et.al, 2022; Isah et al., 2023) which could
damage the cell integrity subject to oxidative stress and decrease the virulence
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as well as growth of the fungi and obstruction to the respiration process in the
mitochondrial membrane (Abdel-Aziz et al., 2019; Chaudhari et al., 2022).

The findings of this study suggested that extracts obtained from teak and
cajeput possessed the potential antifungal properties due to their abilities to
inhibit the growth and reproductive structures of various fruit fungal pathogens.
The effectiveness of these extracts varied with depending on the pathogens.
The ethanolic extract from teak demonstrated high efficacy against the tested
isolate of C. musae, whereas cajeput extract displayed growth inhibition
properties against several fungal isolates, particularly Phytophthora sp., which
is the major pathogen of durian, Additionally, cajeput oil was highly effective
against the fruit fungal pathogens at minimal concentrations. The essential oils
of cajeput contain essential phytochemicals that can damage the cell integrity
and decrease the virulence and growth of fungi. Therefore, the extracts of
cajeput, either crude or oil gave the potential to be promising substance for
controlling the major fruit pathogens. Further research is necessary to explore
the potential of these natural extracts and develop to be an alternative source of
antifungal agents for plant disease control.
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