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Abstract

Currently, many types of fungi are a pathogen that damages the durian and can
infect all parts of the durian at all stages. Chemical fungicides are popular because they are
convenient and quick to control. However, they affect the health of producers, consumers,
and the environment. Therefore, there are guidelines for studying zinc oxide nanoparticles
(ZnO NPs) with 25-50 nm that have properties to inhibit fungal growth as an alternative to
preventing and eliminating such fungi. The objectives of this study were 1) to collect, isolate,
and morphologically characterize P. palmivora, Fusarium sp., Lasiodiplodia sp., Phomopsis sp.,
and Rhizoctonia sp. the causative agents of durian disease, 2) to evaluate their pathogenicity,
3) to study the efficiency of zinc oxide nanoparticles in inhibiting fungal growth, and infection
on durian seedlings. The results showed that 5 genera of durian pathogenic fungi (11 isolations)
were successfully isolated and identified by morphological characteristics. 1) P. palmivora
(CL4 F1, CL4 S5, CL4 F10) were found in colonies with rings and stellate pattern, ovoid,
limoniform sporangium with semi-papillate or papillate, and formation chlamydospores. 2)
Fusarium sp. (CL6_FL1, CL6 FL2) was found in fussy creamy white colonies, septate-hyphae,
producing 2 forms of conidia as crescent-shaped macroconidia and elliptical microconidia.
3) Lasiodiplodia sp. (CH1_LF1, CH1 LF2) were characterized by white colonies at first, turning
gray in maturity, producing conidia shaped like dark brown rugby balls. 4) Phomopsis sp.



(CH1 PF1, CH1 PF2) appeared colony with flat growth on the surface media and slightly
yellow of the central colony, greyish white mycelium, forming 2 conidia, alpha conidia
ellipsoid and beta conidia elongated with slightly bent. 5) Rhizoctonia sp. (CL1 RL1,
CL1 RL2) were colonies on the surface media, initially white when mature mycelium turned
brown to dark brown. The hypha is perpendicular to the septum. All isolates were
pathogenic on durian at 100% (Disease incidence; DI).

Therefore, the efficacy of zinc oxide nanoparticles (ZnO NPs) on growth and infection
of all 5 genera fungi of 11 isolates. ZnO NPs were found to inhibit growth further with
increasing concentration. However, ZnO NPs at the concentration of 2000 ug/ml could inhibit
the mycelial growth of all fungi isolates; Phomopsis sp., Fusarium sp., Lasiodiplodia sp.,
P. palmivora, and Rhizoctonia sp. at 79.77-81.28%, 63.23-81.18%, 68.83-75.06%, 57.76-
69.84%, and 50.14-52.97 %, respectively. Moreover, ZnO NPs at the concentration of 500
pg/ml could inhibit the sporulation of Lasiodiplodia sp. at 100%. and P. palmivora, Fusarium
sp., and Phomopsis sp., respectively, at 88.24-97.75%. Meanwhile, 1000-2000 pg/ml
concentration inhibited sporulation of four fungal genera (P. palmivora, Fusarium sp.,
Lasiodiplodia sp., and Phomopsis sp.) at 100%. The concentration increased, and the disease
severity decreased. In addition, ZnO NPs at all concentrations were observed to delay the
germination of Rhizoctonia sp. and 4 genera. Moreover, ZnO NPs could inhibit the infection

on durian seedlings with higher concentrations following the lower disease severity.

Keywords: Durian diseases, Pathogenicity test, Durian seedling
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2. WilevpdeumLEIsaluMsRolsAveNTaT P. palmivora, Fusarium sp., Lasiodiplodia sp.,
Phomapsis sp. Wae Rhizoctonia sp. U] Seu

3. lefinwUsyAnsnmvaseyniauiludsdeanladienisdusaninaiyivinveados

WAZNIARTDUUYLTEY

1.3 Uszleviifianndnaglasu

1. nyuistunoun1sfiusausu LLsmLﬁ??amLasmsa”fmﬁ’ﬂLLuﬂé’ﬂwmzmaé’mgm%wawaq
L"?;j 831 P. palmivora, Fusarium sp., Lasiodiplodia sp., Phomopsis sp. W Rhizoctonia sp. @1+%19
lsAyseu

2. s ismnuaEnsalunsielsAvesdias) P. palmivora, Fusarium sp, Lasiodiplodia sp.
Phomopsis sp. e Rhizoctonia sp. mm@im@ﬁau

3. N31UIUsEdavinmvetaynIAUIlLuERRanlYRReN ST UEUTRI AL NI TARLTR VLYY
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USuarananneangnatauarusuinnisdsean (@inddeimsegianisiness dinauasugne

N5LN¥AT, 2565)
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2.2 WanewmglsaissungAgy

v

2.2.1 Phytophthora sp.
Kioeh Phytophthara sp. 3031LuUn#3 Erwin and Ribeiro (1996) et
Kingdom Chromista
Class Oomycetes
Order Peronosporales
Family Pythiaceae

Genus Phytophthora



MSeudiialsasiniga Tauiin (Root and Foot Rot) 3174831 Phytophthora spp. il
Y] | A P A a Y] & a & o v A a Y H a A Yo
ANYULDINSHNTIALAUYSBNY danariuRUaaNvaIaIAuMs aneAatelias Iud L AnLiLlaT
Tuanmiisiuniauwin lugradideineguiuazaesiuneaiensdiinasndlasenuiainsey
wNakANYoIaIRUNI 0N shazazAeeq wisliludisnarsiuifiuendn vinliiwduasuinduuu
a o w A a o v a Ao H 2 & A a ° a8
Wienvesdiu WeaniUdenvesdvuuinniiasuingngiiuile@edengnyiaiedduinig
WASYSDLNMALY druINSHNTARfUSINBNYS e INHBY Waldasnaziesuineanainiulady
(@indfeinuinisesnuniiy, 2562) MITYaeveITeITUANTUINNIINLALANANELALAY
lugnmAuiiinisszuieunldd danuduuaregnaomaanduaninuingoudl inuiziunis
wigaule lngazasraduledun adsalostudiwiuann Wuunasidaues zoospore Fafivnag
a A ¥ v -0 a v w | a P P
waouA lumuudatesIniy aisainale g lufulaidunaruiunaied lusduuures
chlamydospores unssyurnantuiunurzonszelufunseuaauls (3, 2543) n13AIUANLIAAIS
fin1sdnnsudadifinisszuieunig liviauds ldunidufindlasldaiu mndndudeosld
a5l Joaiumdn wugtiarsielngui duganisiaiaiulavend os1la Wy wniwanda

(metalaxy) uag Woadiia-axgiitiluy (fosetyl-aluminium) (@n3deiiniuinise1snuiie, 2562)

2.2.2 Fusarium sp.
W31 Fusarium sp. IAAUNA Link (1809) ¢iall
Kingdom Fungi
Class Sordariomycetes
Order Hypocreales
Family Nectriaceae
Genus Fusarium

& o ) & a Y a a 1% N o < a s a

We31 Fusarium sp. \luisannaineliialsefiauis danvaziduikaduiniauiion
Uangeon wiawins iWeldfidnvurdu wuduledunvseduunenduiasyunaguiunaunay wiewduy
& = 1 a & A & &, a3 a 1o 4 a a
Uu Werhguinaiedmeeanilulsaazifuunaduinia Advgiidnuvazui Ushunaineany
uunauiis veuwradidauimaluuns a1n1sveamseuiianvarluiadeuinalaisyenuaziile
anmoinasoudiwalminanwuzlniiuinavatesoveulu ntuluazsne Awislazaiuunds
daua9veens mneInsgusssssdanaliduniseulnsy (Shen wazany, 2563) lun1saiuaulsa

aganfawsisdudulsneen lumsnialilusvaslgn wmegvliduunasazand eamalse

= o

anunsandunihanenseuldsnuazdnlunazdeddansaiitosiuidanimugay fusednsam



\EVEANIAZVOATDTIA LU LuulALGU (mancozeb), lolnslalou (iprodione) uazlnmas

51% (prochloraz) (5%en, 2563)

2.2.3 Lasiodiplodia sp.
Wos Lasiodiplodia sp. 393LunA1L Barnett and Hunter (1987) it
Kingdom Fungi
Class Deuteromycetes
Order Sphaeropsidales
Family Sphaeropsidaceae
Genus Lasiodiplodia

e Lasiodiplodia sp. awvmuaslsanideu dsaliislsanain fénvarenmaduuna
Amediug deunaveteundunudulsfvmdudeduyuinuwma ernsuhaulufsdumddon
FruludBeuduiivnounuardrniovemdoulidnumedudii fsmusounsnszarslnema
au 11 Au uarlu irgualneanizluraaggruiiianutugs Wesagidvhanedussses nageu
unszimaud udsiingesdoinnnsazaulunasnndiuvesiiviifulse wwennfivuasiu
fihdoannlsn Inamentinssdiuingnuiedakufinnasinssnuavssudagnasinly saufisms
duffaruszninwaundtuwaiiiules @afnsumueuiivuas fann1sinwns, 2563) Tunismues
Tsavinlaennsdinnainiisamausgluuinamuldmmhasuazvdaiufedaudnae Adidy

1% =

15A M5B8LNATIARNILEITALUBIAUMANYDST U bsaziuunlea (thiabendazole) way wlulla

v o =

(benomyl) (F1N38WRUINITOITAYVINTY, 2562)

2.2.4 Phomopsis sp.
Fos Phomopsis sp. 3AWUNAIL Webster and Weber (2007) et
Kingdom Fungi
Class Sordariomycetes
Order Diaporthales
Family Diaporthaceae
Genus Phomopsis

o371 Phomopsis sp. divianeniieu AeliiAalsalugaldfuusszesdundraudeduln g

Snwawermalugadiina vevuseddidulnngraumudindesdensounszaseguuluuas

dﬁl dl 1 a 1 1 a d‘ 1 d! o v
Wesanvglsafiegusiadluaunsaunsnsyaneluguiiandu lnsngludiuvena Jeagvily



ANINTHALINIEMAY WBNINTLYBTT Phomopsis sp. Sailnndnuazlunsidinaiskuude
wle NA1IA Lo ouRINYiNISInaneveLle Phomopsis sp. widiliusingeinisuaslsali

wiu Inedesianunsansyaseuaquneluilodeiviazasisdiuneeiug Aa pycnidium Ju

(%
=

Tassaddmsuieiuadefvendoslussezdviuuuiodoluiimeuds iWedeluiiiinnsiad
Huswunnluudagn ssfuvadsestofiuninszaedindluduremaldnaenna (Gsedld
LazauAs, 2559) Semsaaussluiidulsaluwiiians Lﬁmﬂumaamﬂ%mm%@mmq GHAERT
asnddestumdn nindanusndulunisly wu wluda (benomyl) #58 ANSLUNATY

v v

(carbendazim) (E11N3TLWRHIUINTTBISAVINY, 2562)

2.2.5 Rhizoctonia sp.

o

{931 Rhizoctonia sp. ANTIMUNANY Barntte and Hunter (1983) ol
Kingdom Fungi
Class Agaricomycetes
Order Cantharellales
Family Ceratobasidiaceae
Genus Rhizoctonia
e Rhizoctonia sp. iudeanvemedlselufin vidl¥fungalnsy Adunjurismns wuann

Tuwndsugnifinnuugaasauisouinsaiuwiuiy Wesidwinanglugeulanluylggsu &

'
= o

anwaeinsienlumaaimlulsaesigadnizusdiuiveu unaszvenslngtundegniniou

& Ao ! = < a =3 £4 a a a
anduddinaseulavuiaaridsududuimailslusaunay @Wﬂ'ﬁiﬁllE)’]Q‘DSLﬂ@‘VIUiL’JiU‘U@U

v
IS o

Tuguuanely nandlunderislu lufignidesivhareaedidulsdimageudnogiduunsuandule
voadonamsaviaslufiegintuld dadoe Rhizoctonia sp. anusauninszaelagluiiu
TsahrvauluandsegiuluseuiioglusumisinaswasuinnlausmihlVifaudsas auvoado
fazunsnsznslutaggruiazdiiifiamiuge @iinideimuniseninuity, 2562) muaslse
Tnensinuiduidulseirlumnfis mneinsvedsafimuguussindusiosasnad wu wenesle
w1lga (hexaconazole), AoUilasoandaaslsn (copper oxychloride) way AaUivaslansonlan

(copper hydroxide) (@1InI98WMUIN1TB1SNVINTY, 2562)



2.3 aqmﬂuﬂu%aﬁaan‘lﬁiﬁ (Zinc oxide nanoparticles; ZnO NPs)

Fedidusmemsses Simhindnlunsdaaiunsieiapivlnvesiivwazdaliiduansildly
nsinensogeunIrareiedesiunarisalsadie Imaaaﬂqwéiﬁwa‘[,umqﬂaqﬁ’uiiﬂﬁsu (Usan,
2553) Falawdndudediy Wesnnduarsivslumsvirauvesenled dvdurviunisms
Fuadvaaiy (Ywul, 2562)

Tumangef@sreanlen (Zinc oxide; ZnO) Wuansuszneumaadl lassasisudnduwuy
Hexagonal Wurtzite (Figure 2.1) agflugivasnsudsdivn dsavdsududivdoadognlinimieu
waznduldudsmmuindoonmgiianas 1iesan zno WuansAsinifiidesinauaungaauniis
Uszann 3.34 eV wansfsandAnsuasiazand@inislninia aamsnnludsegndldldedis

N9 lumaneeu Ll N1SUNNE IndYNITTU AUANTIH INYATNITULALRRAMINTIY (393, 2560)

Figure 2.1 Zinc Oxide Crystal Structure

(Source: Desgreniers, 1998)

nsUsgendldifonismudnenn awnsoansuinvedlastainaddeenledlimanasaud
u1neg luszauululag (Zinc oxide nanoparticles; ZnO NPs) vinlidainuusand gaunazd

UszdnSnimnsvihanugedu anaudivaznalnnisviteunnainuaiy 3sgniludssendldegng

'
v v A

191319 Inetangnstlusa (composite) futandu wiednwlasuasinunuaudfansves

9

faniiu (&3, 2560)



ﬂaiﬂﬂnsaaaqméﬁmmuﬁmmaa ZnO NPs au31891U989 Mohd et al. (2019) (Figure
2.2) figteil

1. 8UN1A ZnO NPs UanUdoyayyadaszoandiay (reactive oxygen species; ROS) A8
superoxide anion radical (O?"), hydroxyl radical (HO) wag hydrogen peroxide (H,0,) vi1a1e
lasiuuaglusfiues cell membrane iRansaansvasmainiely cell f2lva sautadrgnisly
cell naneduielaenss uazviaelusfiusneg luwad domeluiian

2. 8un1A ZnO NPs Uaaauaey Zn* 91n15@anefived ZnO NPs viang cell membrane
wae 101g cell Tavremsvinuveteuled nsnesiluwasmawnaiglusiunieluisas

3. 9uMA ZnO NPs i¥viany cell membrane Tngnss dnussinihainihanedornead

wazinnssmaneluwad

Release of Zn?*

ROS @ @ Protein and enzymes @ ’\
production denaturation @
7 @ ac, O

Disruption of the
cell membrane

) Attachment of
) -y WA, ZnO NPs
e - - > S 4 ."\
Inhibit protein Gt y Electrostatic ‘@
synthesis ° interactions

L]
._A\‘_‘. o

Leakage of intracellular
contents

Figure 2.2 Schematic illustration of the antimicrobial mechanism of ZnO NPs against cells.

(Source: Mohd et al. 2019)
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2.4 UYNLNYIVDY
qusnal (2558) Anwwaveanisidarsunludedeanladaanisdudainisiialsnsuteves
ugdsdnenldiinani¥esn Oidium mangiferae Benthet IngAuunA 1ML TNt Uy IUN U

a [

Fadoonledil 5, 10 war 15 ¢/l naapUReds Poisoned Food Technique AMnHANTSVIAADY Lag
fansiaiyreades ieasu 7 Yu wudn anududu 15 o/l annsadudadesldiian e
WisuiisuiuyaauaunuiiamduduresunTudsdeanles 15 ¢/ fivesiduddudinig
Winivlaendesuniian fe 78.79% dauanmdududl 10 uax 5 o/l o 75.76% waw 72.19%
AIUAAY

Janva way N13zina (2559) Arwignsniseaudesivesunludedoonledsenisduds
Asvasuenduled esinelsaity 3 vidn ldun 1 es1 Fusarium sp., Alternaria sp. waw
Colletotrichum sp. #1875 Poisoned Food Technique nanansuluddeenleaivemnsdode
PDA firududiu 500 ppm Sufinnanisnaass ndswin 7 Wudwmuﬁaé’ug’qmm%ﬁymmL%@
1 Alternaria sp. i dnwazidulonieléndesganssmididnaseuuuudeansin (Scanning
Electron Microscopes) Wudnwasfiuivendulefinaund lneildnvasgunazuns vneonan
fu linunsasales

[UQRTII IagAnE (2559) Anwgns iuiesiveseynimuluddeanladsoidas
Phytophthora sp. @wmnlsalusaesnanii tnsldouniaunlugedeenlediissduanudutu
1000 waz 2000 pg/ml ! nageumstiudimsaiaivlnventes Svaunsadudiléi 83.80% wae
90.09% puEIU ATadeunelindesansAididnaTeuuudeinsn (SEM) dnsdsunuag
lassasanmeuenigad yibidulowavavesusadsudsusedaung waznuiliainissuds
minimum inhibitory concentration (MIC) Arnmndududausd 500 pg/mlt agAn (minimum
fungicide concentration) MFC fiaududuy 1,000 pg/ml* Jusuly

Ramy and Osama (2013) Anwnauniauludsdoanisdronissudsnasiayiulavonde
371 F. oxysporum wuinanansadudenisiesaiulnveadesilietefivssaninm Tnowdonis
fgudsnmaasapivlnveadulelu £ oxysporum eglugag 19.3-77.5% muaudadures Zno
NPs fisiiuann 2-12 mg/l*

Khan and Siddiqui (2018) Anwiaynauiludsdeenledsonisdaniaiies Ralstonia
solanacearum, Phomopsis vexans Wag Meloidogyne incognita mmqiiﬂuwﬁaﬂn NINT

aa A a | Y] I3 & a 9] a ¢ s
NAABY 3 NTIUIT A NITRANU, INWILUAA LLaSUQﬂLsﬁaaQIumu I@]Uslsﬁauaﬂqﬂu’ﬂusﬁﬂﬂ@@ﬂlsd@ﬂ

AUNTY 100 Az 200 ppm KANINAABINUIT NssuIsnanaalaun F8n1sdanu Tuszduaiu
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Wudud 200 ppm sedunsAnlsreglusedu 1 Ae To1nsifier gnvinans 12.6-25% wlelésunis
Aanuiiemdiudu 200 ppm desnelfindosqanssmididnnseunuudssnsin (Scanning Electron
Microscopes) wuimiagaduesdesnelsaiimnudems

Siddiqui et al. (2018) Anwinavasouniauiludsdoanledseaidonalsauisuin fiduase
nssaiulauassinluvesiauiia vinisvaasdasnisuenidesindaiinanennisvedlse
MTIVADULATIATIMUNATUANBUENNT UFIUINEN Wm'w:ﬁl,%'vammqmmmsﬁymﬂ Alternaria
alternata \ag Fusarium oxysporum ‘V](ﬂaa‘um’lummiﬂumimw}u

Guerrero et al. (2020) ﬁﬂmqwééfmmaﬁ%aﬁaaﬂiﬁﬁ sowdule 1Wes1 R, solani, Sclerotium

rolfsii, F. oxysporum 7 szfuaInadudu 500, 1000 wag 2000 ppm wu31dualdiianis

[ %
o o 1

Wasuwaslassairavesiduly Aansvnfethadiulade stddmuialessaie S rolfsii, F.
oxysporum QﬂﬁﬂmaLLa%ETUE?\‘imiLﬁEyJL(?lUIGl

Ritmontree and Kongtragoul (2021) laUssiiiudsyansaimveseunauilugsdoan by
YUIABUAIA 25-50 nm TiszAUAIMILTATL 500 1000 WA 2000 pg/ml’ fiaLi031 P. palmivora
awalsandou wuieaduduiigatuivssdvsnlunissudinisiadefiuanntu lnsau

Wududigean e 2000 pg/ml enansadfudenisinidels 50.52% uay 43.70%



uni 3

A5N15ANUUN1SIVY

3.1 AnwdnuaraIns NUTIVTIULATHENTaTIENUALIANSEY 5 08
AnwndnuareIns WununuLasTuiindnunreinisfoisestsaaniBesiiiuaing

15 lngdunndnuaizainisisnsnuia Taunin Tsanawia lsanai Tugauagluin

nsduindaya
- Juiinsgazidniiagelsamiseu

- 2NN

wenidoanuglan Tagld3s Tissue transplanting dndufivuinaunaiifslaudivhaisves
Hoavn ilanin 0.5x0.5 cm. gndauiiaauialasus 10%Clorox (Clorox Regular Bleach,
USA) Uszanal 3-5 Uit anesetinaudirumsisaide Yssanm 3-5 unil %Uﬁaaﬂssmwﬁénsgﬁ
Rumstandeliuis udnuduiilunIuuesiaede water agar (WA) (Biomark, China)
W3a V8 agar eyl Selective media #ufusnmzdinsungniios . palmivora mu3sn3ves
Jeffers and Martin (1986); Ferguson and Jeffers (1999) and Sarker et al. (2020) »3ulaguans
M1y (Table 3.1) mﬂué’ﬂaameﬁa (Laminar flow clean bench) (Thermo Scientific-1300 Series
A2) iludul3ludumde (incubator) %o Memmert 11 30-1060°) 2-3 Yu flgungiive e
Fanatuduloveudoiliaiyoonuld cork borer murndurimugudnas 0.5 cm. fAuTiio
UmEJLﬁiﬂ&ﬁL%’%maaﬂmmwummi V8 139 Potato dextrose agar (PDA) (DifcoTM, USA) d@1su
Talunisnnassnald

%

weNWe I luTansmeds single spore isolate (SSI) M133N15Y8 Ho and Ko (1997) lng
Bewouuems WA Junan 12-24 9alus andudedujundiissaUesifier desuuemisdes

1w PDA 1uan 5-7 Yu wazitAulilu PDA slant dnsuldlunis@nesald
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Table 3.1 NPAR(PH) — V8 agar mixed Selective medium: For Phytophthora species.

Amount per A.l. Concentration

Ingredient

1.0 Liter (PPM)
Basal Medium
*Clarified V8 Concentrate 200 ml
Distilled Water 800 ml
Bacto Agar (Difco, USA) 15 ¢
Amendments
Nystatin (Phyto technology Laboratories©, India) 12.5
Ampicillin (Goldbio©, USA) 250
Rifamycin (Goldbio©, USA) 10
Hymexazol (TCl (shanghai) Development Co., o5

LTD., China)
*Clarified V8 Concentrate = Buffered V8 Juice [1.0 g§ CaCO4/100 ml V8 Juice] clarified by:
« Centrifugation [10000 RPM for 20 min] & filtration [2 layers of Whatman No. 1 with vacuum], or
+ spin @ 7000 rpm for 10 min then filtration is not necessary then, freeze at -20°C in 50- ml
aliquots [e.g., in disposable 50- ml centrifuge tubes]

Sources: Jeffers and Martin (1986), Ferguson and Jeffers (1999) and Sarker et al. (2020)

3.2 Anvuazdasuunidonaunalsanizoulasdnvusnedugiuine

Ho91UgMEINNITUENd133 Sl AesuuewaAsade V8 uie PDA unan 7 Yu 4
pamqivies nsvapvAnsaEIdngLANgendesInelindasgansaal (Optika Italy ju
B-383) dasuunsiinvendeslnsieuiisudnvuzitesdugiianisdasuun Phytophthora
M4 Erwin and Ribeiro (1996), Fusarium #1131 Link (1809), Lasiodiplodia #14 Barnett and
Hunter (1987), Phomopsis #1134 Webster and Weber (2007) wag Rhizoctonia $13 Barntte and

Hunter (1983)
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v = 173
nsUuiindaya
- Juindnwaziazdvedlala

- deamdnwuzidule Snvuraveiuarinvuinaleinelindesgansml

3.3 ASNAEBUAMNEINNTALUNISYINIANBLsA (Pathogenicity test)
3.3.1 NSATHUAUNAUASNANTEY

= N

wBLAUNEYS eI LUty 6 Weuilifiuinurakas NS whatevedlsa

(%
a |

LWTIUNAYLTEUNUTNUBUNDY UL IFAT UAIWVLINYTEUI 8x 10 cm. 819678

109%Clorox L¥unan 5wt ntudetnduiendedunm 2-3 w
3.3.2 Mawdsudenanvalsanioy

L%Eli'l P. palmivora

Aeadios1 P palmivora wwownsiaeade Ve Lunan 7 $u figungiivies dwiy
Tdlunsnaassdely

L%ai"l Fusarium sp., Lasiodiplodia sp., Phomopsis sp. &% Rhizoctonia sp.

LgﬁﬂL%jaiﬁ Fusarium sp., Lasiodiplodia sp., Phomopsis sp. Wag Rhizoctonia sp.
vugwnsiisnda PDA una 7 fu figaumgiivies dwsuldluntmeassdely

3.3.3 nadauAMNEInsalunsielsATa o

L%aiﬂ P. palmivora, Fusarium sp., Phomopsis sp. Wa¥ Rhizoctonia sp.

11 spore suspension ATMMLTNTY 1x10° spores/ml AANUAIUUAUNAIILTEUIN
naedenlude 3.3.1 wdiaquinegamatain (unan 24 Falus Minduthdundndeueananngs
yhnmannaessIuaL 4 41 dandasiSnisued Jeiing (2557); Isudld wavands, (2559)

L%ai'l Lasiodiplodia sp.

MumkKaUURaiTeuNnseTedlilude 3.3.1 lnedavunuladaunadusinu

Augna1e 0.5 cm. MNTUYINMTUaNeaIuuUInkEameIdulewes1aINNsiRgutes lude 3.3.2

(%
a ¥

Ingly cork borer WzUsIMvaUlAlall drefuiuasuuuInwNalidulai o a vaananisou

q

AauNaYLSEUGIagInaain Wuaan 24 Falus udninanieueanangs iin1sneaesdiuiu 4

91 InennLUadion15ved Piasai (2021)
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L= ¥
N13VUNNVBUA
- NS ULEnIeIN15TeeLIA

- Uszilulesidunnisiinlse (Disease incidence: DI)

lngltans
Sruuduiiialsa
- — x100
MUIUAUTINLA
- Uszillusgauanuguusevedlsa (Disease severity index: DS)
115 e sail
S¥AU 0 = Llanenisuedlsa
SEAU 1 = L@nIB1N15VeNLsA 1-25%
LAV 2 = LEAMIBINSUBNLIA >25-50%
LU 3 = LARIBIN13VBILSA >50-75%
S¥AU 4 = LANIDIN15YB9LSA >75-100%
loeldgns

PIUIUALTULARE TEAUAITL TULTIXTEAUAIIUTULTS

> x100
TIUIUAUTINUAX TZAUAIIU TSGR

3.4 UsaifiuussAnsamgmasuveseuniaunludedoonled deitfesn 5 dna Tuaniw
VioaUfuRnag
3.4.1 naseuUsEAnsmuassymMauTudeanleidenstiudinisiiyveadule

nageuMssusinsasaiulaveaiosn faeds Poisoned Food Technique Tne
A3uE ZnO NPs luemsiasade V8 vie PDA fisgsumnaidaudy 0 (yaAuUAL), 500, 1000 Wag
2000 pg/ml mad1dy 9ntuld cork borer surmFurNguSnats 0.5 cm. Aiunssinge 1wy
vinaeulaladvende dretuiunmnanaemsidsntedinay Zno NPs lusefuai
Wuduseg aududuay 4 g1 U';J"L’i’ﬁ'qmwgﬁﬁm 19UHUAITNABBILUU completely
randomized design (CRD) Mniurilussiadeudnumsidulonieldndosqanssaiiifdseis

100 91"
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L= v
N13YUNNVBUA
1Y v 1 4 = & =~ J f @ & v o
- 3mmmLaumuquaﬂmﬂﬂiammL%aﬁ W BANUAURIUD I UANITEULINTT

sgiulnvoadule

nsAATIEtaya
msﬁ'lmzuL‘tJa%LsTiuﬁmié'agamsm%muLaUImaaLsﬁaﬁ (Percent inhibition of
mycelial growth; PIMG)
C-T

PIMG = x 100

C

C = wushAudnalalaiivendeuuenmsdgulioynaiun:

T = durhgugnaialalailveatiosuuemsiae ey naed

N15UsZAUUSZANSAINVBY ZnO NPs

dnan1snaapskananImaNFIRLSBudL Inatuualid (wny X) 1Wuan log
vosaududuves Zno NPs iildvaaeu wazls (nw v) iudnlesiduinssudinsasgiile
gaade31 MntuwuaUadifudnissufinisesyivln axlireududu dumen antilog
srldmududuaes Zno NPs fianansadudansied aiulale 50 wWesidus (Half Maximum
Effective Concentration; ECs) AS&1IN1T

Y =a ln (X)+b
AAUALA v = WesidudnstudimsissyivTnvoades
X = arududures Zno NPs fianusadiudsnmsiaSayivlnvoades

1n1NAT ECsp NAnualaaInaun1snanan? Useiliuuseansnineas ZnO NPs

3.4.2 nageuUszAninmuasaynaunludsdoanleddenadudenisairsaves
ymstusuiualesvondos P palmivora, Fusarium sp., Lasiodiplodia sp.
waz Phomopsis sp. Uauemsiasadeiinisnaaeulude 3.4.1 Tneld cork borer vunmauy
suguenans 0.5 cm. dalaladiveadoruiararndudu wiihetudosiuau 10 3u Tdluindu

g LwaUsums 10 ml. Inesnluasisnisves Marinho et al., 2018
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v = Y
N13YUNNVBUA

o ' ° s A o s & & v o s
- YUANUNULUUYDIUIUAUBIINDATUIUMILUB I UANTHUEINITATNAUDT

3.4.3 nadeuuszansnmluntséudinssenvesalasuadule

%1 spore suspensions Y8905 P, palmivora, Fusarium sp., Lasiodiplodia sp.
waz Phomopsis sp. USusesuaanududu 1x10° spores/ml @2l 31 Rhizoctonia sp. ¥
mycelial suspension AU 1x10° spores/ml dmSuUnenauLemMISIABLTe V8 3o PDA
wauiu ZnO NPs sgfuamdity 0 (gaaauaw), 500, 1000 kag 2000 pg/ml! My 91Nty
ﬁm%u%:u PU1e 1.5x1.5 cm. Tagnen spore suspensions ey mycelial suspension Usinad 40 ul
sasuuuriualad Tadhousiy cover slip Uslundesdufigamgiivies nravdeuauenuazgnis
sonvosaodidon P palmivora, Fusarium sp. A1ssenvesiduly Rhizoctonia sp. #na1 0, 3, 6
Falus duadesiesn Lasiodiplodia sp. Was Phomopsis sp. ian 0, 4, 8 Falus aneléndes
a;amsﬁﬁﬁﬁwé’wma 40 V1 19HNUNISNINaDILUY completely randomized design (CRD) 1ne

U ad ’c}j
AMTUUNTINITAY 5 91

msduindaya
- damuem germ tube v83aUps LazAusEUlugen

—  dudnnualesuaziduleaen eduumidasidudnissudinisian

J §f = 13 v o & A a a . Cl ey
ANSAINIUBS LT UANISEUTINIT9anTUN U 1 R15190aaLUnS (percent inhibition of
spore gemination; PISG)

TS -SG

PISG = x 100

TS

1%

TS = 9MUIUAUDITVUA

SG = PuIUAUDINIEN
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3.5 Usziliuuszansninvadayniaunludedeanlenuudunainaznaniseu
3.5.1 nagauyszaninmvaseunaulugsdeanlyn
yhmsugnides 5 anauienduisnameasdlute 3.3 MeunuNIAaRILUY
completely randomized design (CRD) lagvinn1svnass 5 55175 nssuidas 4 8
NTIART 1 vLiJ"UQﬂL%’@’i”I (negative control) ¥AMIUAL
n333357 2 ﬂgms‘%m (positive control) gnAIUAL
n393357 2 Bemin/3u ZnO NPs TusaAnandudiu 2000 pg/ml?
N335 3 Baviu/u ZnO NPs Tushmanmidudiu 4000 pg/ml?
N33 ¢ Bamiv/3u Zn0 NPs Tudhsnandadiu 8000 pg/ml?
3AWu ZnO NPs vusund i auiiuau 2 afe udsannnisdanuid o
P. palmivora, Fusarium sp., Phomopsis sp. W& Rhizoctonia sp. Juian 7 uag 14 T ﬁﬁaaga
WNUSEULTEUAUNTTNITYRAIUAL
dmsuiies Lasiodiplodia sp. ajumam’%awé’qmﬂﬂﬁﬂgﬂl,%aLfJuL’Jm 24 #lus

ToyaunUIsumEUiuNTTNIsYRAIUAY

LY =1 }74
mstuiindaya
- dunmoni1svealsa
- Uszilulesigduanisiinlse (Disease incidence: DI)

- UszilluszRuauguussvealse (Disease severity index: DSI)
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NANTIINNAaD

[ < =
4.1 ANYIANEAILEINTT NUTIVTINLATUENLYRINEUUALIANE 5 dna
nnsiusegelsaseuiinnIinnesvinne 4 ineliinanudemeuudiu
adu Ae e wazluresiuniseu Juluameveddsafineliineinisaiduni wa A Tuga

wazlulug Ingaunsanusnsulanwanslumisen 4.1

Table 4.1 The pathogen in this study infected on different parts of the durian.

Part of durian Diseases Genus
stem stem rot Phytophthora spp.
branches die-back Fusarium sp.
fruits fruit rot Phytophthora spp., Lasiodiplodia sp.
leaves leaf spot, leaf blight Phomopsis sp., Rhizoctonia sp.

L%a'i’l Phytophthora palmivora

fmﬂﬂ’]iLﬁ‘UéﬁE]EJ"NI’iﬂV!L%EJUﬁﬂ?MWLﬁWHﬂL‘??’e]’iﬂ Phytophthora spp. dnwaizanisiiny
Aeduudinndidu denvesdwuaruanuazudeuduidenatuiheai Tuanmenieduas
wuideniBusenunaniudentesdy Weyndensenwuiniolfineluudsududiimauns
(Figure 4.1a) wafiU3mma e1MsulInIsAngauuat i atum sougausadzaenelng)
ananuInTumunsanuesna anansdiluiadesuly vilddendeududdena (Figure 4.1b)
MN15UBNAIY3S Tissue transplanting a@uasanenlaanuiu 3 lalaian Ao CL4 F1, CL4 S5 way
CL4 F10
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Figure 4.1 Symptoms of Phytophthora disease on naturally infected (a) durian stem, (b)

durian fruits.

L‘%ai"l Fusarium sp.

nmsfuieglsanByuiinnininnides Fusarium sp. o1nsiwuiRatuuiin
JaneRefidenduniasyunagu luiitnuaensiifnumzuis Snder Tasfsuansennisusiannn
Uaneeenauithangdimanuesia ¥in1sueneds Tissue transplanting anansauenl@diuom 2
lolgian Ao CL6 FL1 wpz CL6 FL2

Figure 4.2 Symptoms of die back disease on naturally infected durian branches.



20

L%@i'] Lasiodiplodia sp.

fmﬂﬂWiLﬁUﬁ’J@‘EJ"NIiﬂ‘VJL%EJuﬁﬂ’Iml’ILﬁ@ﬁﬂﬂL%@iﬁ Lasiodiplodia sp. wuiiiunaunaLind
fina sevumadtmauariy asnsovenelngdu lnefidulefmyunaquuasaiygnamegis
599157 ¥N5uenA2833 Tissue transplanting a@ansauenladiuau 2 lelgian As CH1 FL1 uag

CH1 FL2

Figure 4.3 Symptoms of fruit rot disease on naturally infected durian fruits.
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L?’J’aiﬂ Phomopsis sp.

mﬂﬂmﬁuéhasjﬂqiiﬂm%uﬁmmﬂLﬁmmm%aﬁ Phomopsis sp. amsinguitly wuind
wiadugnuundnnszasegiily Uindoudunaunied Tneassnansunadinadouseused
e ¥N15LenA835 Tissue transplanting aunsauenlaaiuiu 2 loluan A CHL PF1 uag

CH1_PF2

Figure 4.4 Symptoms of leaf spot disease on naturally infected durian leaves.
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1851 Rhizoctonia sp.
13 Y 1 a ~ a & . . ~ a
INMIAUAIBE19LIANSEUNAIATNANINTBIY Rhizoctonia sp. oI sAnuluinaaind

) & S ' ' ' 3 al ' N PR 9]
anvauzdugeaiigusaldutueu auawnaazeelug U Weluwnasildsududuinia aing
Wulowesdalulidadu aeinisluniadung oue vn1suenaae3s Tissue transplanting

awnsanenlaanuiu 2 lelsian fie CL1 RL1 wag CL1 RL2

Figure 4.5 Symptoms of leaf blight disease on naturally infected durian leaves.
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4.2 Anwuazdndnuuniasiamnlsaiseulagdneaenisdugiuine,
NNBAUTIVTI Lasiendesianmalsanisaudiusasuieaniy 2 ngu Aoios1dusn
wazieIuEs

1. Wosdusm (The lower fungi)

1851 Phytophthora palmivora

o [ o

TNIITINAOUSN BN NEUFIVINEIVOUTRTT raaInnIstesRuladunan 14 Ty v

4

[
= =)

9115 B @ V8 agar nansAnwIjUI1elalativesloleian CL4 F1 fidnwasuuy stellate
pattern 1uuanadeguam (Figure 4.6 A, B) Sasnssaiulasetuede 16.0040.23 mm/day
(Table 4.2) fdnwazidulolauuu non septate wanf 471UV simple sympodial @374
sporangium 31 semi-papillate dnwauztdunuu limoniform Svuiaauniaxeuriadesiitu
70.25+2.06x36.75+3.30 um (Table 4.2, Figure 4.6 D) Lagwun15a@319 chlamydospore g‘LJi"N
ADUT9NAY SUUIRANNIIIXANEIRYINY 41.0042.83%39.5:2.12 um (Table 4.2, Figure
4.6 E) d@rulolgian CL4 S5 Aanwaisliuy rings AA1E9WAIUSBIAURATY #u (Figure 4.6 F, G)
é’mwmsw?zyLﬁuimm'a'i’umﬁ'a 7.18+0.54 mm/day (Table 4.2) nuanwazidulalawuy non
septate WANATURUY simple sympodial @573 sporangium & papillate anwagtuuwuu ovoid
fluu1nANNTIIX AN URREIAY 56.542.08x37.00£2.45 um (Table 4.2, Figure 4.2 1) @514
chlamydospore U519ABLT1INAN FVUNAANANTIIXANNBIURABLNNTY 38.542.12x37.522.12
(Table 4.2, Figure 4.2 J) wazlolgian CL4 F10 fdnwazuwuy stellate pattern 1uuanadegy
17 (Fisure 4.6 K, L) 80151015095 s ulasi o3 uiad o 13.8140.24 mm/day (Table 4.2) @$14
sporangiurn i semi-papillate &nwazdunuy limoniform fvunaruniiaxaueTadesiiiu
58.75+5.06x35.75+5.74 um (Table 4.2, Figure 4.6 N) @314 chlamydospore U3 4ABUT9NAY
TUuIAALNT1IXAMUE TR 42.5+2.12x40.5+2.12 um (Table 4.2, Figure 4.2 O) 910

Snwaizianandndunlaindu P. Palmivora
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Table 4.2 Morphology characterization of Phytophthora palmivora isolates causing stem rot and fruit rot disease of durian.

Growth rate Mycelium Sporangia characteristics and dimension Chlamydospore dimension
isolates (mm/day) characteristic Shape Papillate Length (um)  Width (um) Length (um)  Width (um)
CL4 F1 stellate 16.00+0.23 non septate limoniform  semi-papillate ~ 70.25+2.06 36.75+3.30 41.00+2.83 39.5+2.12
CL4 S5 rings 7.18+£0.54 non septate ovoid papillate 56.5+2.08 37.00+2.45 38.5+2.12 37.5£2.12
CL4 F10  stellate 13.81+0.24 non septate limoniform  semi-papillate  58.75+5.06 35.75+5.74 42.5+2.12 40.5+2.12

-

)

n"(r \f
3 y/,

.«t'-‘)

Figure 4.6 Morphological characteristics of Phytophthora palmivora CL4 F1 (above), CL4 S5 (middle), CL4 F10 (below), colony

front (A, F, K), and behind (B, G, L) on V8 juice agar for 14 days, mycelium (C, H, M), shapes of sporangium (D, I, N), chlamydospore

(E, J, Q).
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2. L?gjja’i'l%ugﬁ (The higher fungi)

L‘%ilai'l Fusarium sp.

v‘hmwmaaaué’ﬂwmzmaﬁmgm’imawaaL%asw waannMsaseduladuna 14 Ju vy
omsidsate PDA Anwigusnalaladvaslelsian CLe FL1 fdnungainAaeims u1iedu
Wil (Figure 4.7 A, B) $asinisiasasivlnsieTulade 14.53+0.47 mm/day (Table 4.3) Wy
anwazdulelaiuy septate (Figure 4.7 C) iin13a$19 conidia 2 UUY A® macroconidia JUT1
fusiform Benemadeidemszsuns & septa wesondu 4-6 wad awaAENaxANET)
128 911U 28.75£3.86x4.00+0.82 um (Table 4.3, Figure 4.7 D) microconidia wusi § U514
n3ansrUen il septa U5 IMIATINaTe WU veandu 2 wad Arundiearnueed ewinfu
14.00+4.16x3.50+0.58 um (Table 4.3, Figure 4.7 E) wazlolaian CL6 FL2 danwaea1nii
93 TAvAsy Wiaduas (Figure 4.7 F, G) dasinisiasauiiulasieuiade 8.570.07 mm/day
(Table 4.3) wuanwaugidulylawuu septate (Figure 4.7 H) WU conidia 2 JULUUY A9 macroconidia
sUs9 fusiform Beaenadieiduans suns i septa uuseanidiu 4-6 1wad wuInALNTIaxAIL
smm?fswhﬁ’u 22.25+3.30x4.50+0.58 pum (Table 4.3, Figure 4.7 1) microconidia ‘W‘Uﬁg‘dﬁ’m
n33n52U0n & septa USIMATING1T WU seaniiu 2 1wad Arund19RINe1RE By
9.50+1.91x3.50+1.00 um (Table 4.3, Figure 4.7 J) 3 nanwnusaena1ndadiwunladudu

Fusarium sp.



Table 4.3 Morphology characterization of Fusarium sp. isolates causing durian dieback disease.

Growth rate

Conidia dimension

Isolates Colony colour Macroconidia Microconidia
(mm/day) characteristics
Length (um)  Width (um)  Length (um)  Width (um)
CL6 FL1 Cream- whitish 14.53+0.47 28.75+3.86 4.00+0.82 14.00+4.16 3.50+0.58
CL6 FL2 Cream- whitish 8.57+0.07 22.25+3.30 4.50+0.58 9.50+1.91 3.50+1.00

26

Figure 4.7 Morphological characteristics of Fusarium sp. CL6_FL1 (above), CL6_FL2 (below), colony front (A, F), and behind (B, G)

on PDA for 14 days, mycelium (C, H), shapes of macroconidia (D, ), microconidia (E, J).
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L?gjja'i'l Lasiodiplodia sp.

yhnsmsaaeudnuusnedugiuineivendes lelwan CHL LF1 ndsnsiaiaidule
Huna 14 Yu vuenaidsae PDA Anwguilalaiinudt Tdnwaey Tnelussozusniduledid
A wAes 9 wWaswdudnmmdnnaiUssana 7 Ju (Fisure 4.8 A, B) Sasnsiasaivinde
Suady 27.31+1.05 mm/day (Table 4.4) f§8nwazidulodsuuu septate (Figure 4.8 C,) a$1s
conidia 3U319AauT T auRsAauT9nan T septa wuvoonilu 2 wad Fuarady suina
A3 19xAIMUEINRB WY 21.00+2.71x12.75+0.50 prn (Table 4.4, Figure 4.8 D) wazlalaian
CH1_LF2 fdnwagy) svezusniduledidyn udrdos o Wasmdudimvdsannaisyana 7 Ju
(Figure 4.8 F, G) 8nsn1sia3anduladeuade 34.40+1.86 mm/day (Table 4.4) fdnuwaiduled
AU septate (Figure 4.8 H) @319 conidia JUs19AeutnsSauiisdeudwnay I septa wiseanidu
2 wad Aanat YuInAUNIXANETIAABWINTU 22.00+1.41x13.50+0.58 um (Table 4.4,

Figure 4.8 I) 3nnanwazaenaniwasnunlaindu Lasiodiplodia sp.



Table 4.4 Morphology characterization of Lasiodiplodia sp. isolates causing fruit rot disease of durian.

Growth rate Mycelium Conidia dimension
Isolates Colony colour
(mm/day) characteristics Length (um) Width (um)
CH1 LF1 gray, white 27.31+1.05 septate 21.00+2.71 12.75+0.50
CH1 LF2 gray, white 34.40+1.86 septate 22.00+1.41 13.50+0.58
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Figure 4.8 Morphological characteristics of Lasiodiplodia sp. CH1 LF1 (above), CH1 LF2 (below), colony front (A, F), and behind

(B, G) on PDA for 14 days, mycelium (C, H), shapes of conidia (D, ).
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L?gjja'i'l Phomopsis sp.

¥insnsvEUAnvgIsdugIuend e lelwan CHI_PF1 ndanisiasquivlnuu
o1aidsade PDA \uian 14 Fu Anwrguindlalad nudnduleniguuusuluvuiaeims
anwazllunanuais 9 wan deuiiuiu usnuseuuenauesdulefidunvum assnansdd
wideudniies (Fisure 4.9 A, B) Sasnisiasaiiuladeiulade 11.68=0.46 mm/day (Table 4.5)
wuanuaszidulelauuy septate (Figure 4.9 C) @374 conidia 2 5Uuuu lauA alpha conidia 3U314
N335 YUINAIUNT1IXANENAREWITY 9.00+0.82x3.75+0.96 pm (Table 4.5, Figure 4.9 D)
beta conidia U3191387877 Tvuinamninaxmmeedsminiy 15.20+0.84x1.60£0.55 pm
(Table 4.5, Figure 4.9 E) dulalaian CH1_PF2 Anwizusnslalainuindulensywuusivluy
Ro1wns anvazllulanane ¢ wan deunuiu Uihaseuusnaueomsdulefidaniumi ass
nansfidwdendnifes (Fisure 4.9 F) 38nsnnsiasaiulaneuade 14.1140.63 mm/day (Table
4.5) wuanwazdulelanuy septate (Figure 4.9 H) @319 alpha conidia §U5191593 Yu1AAIY
A319xA1UE120E 8LV U 8.25+0.50%3.25+0.96 um (Table 4.5, Fisure 4.9 1) beta conidia
sU$1587871 HvuraaannniexaNe1Ned sty 15.20£0.84x1.60+0.55 um (Table 4.5,

Figure 4.9 J) 9ndnwaizainandnsuunladndu Phomopsis sp.



Table 4.5 Morphology characterization of Phomopsis sp. isolates causing leaf spot disease of durian.

Growth rate

Conidia dimension

Mycelium

Isolates Colony colour Alpha conidia Beta conidia
(mm/day) characteristics
Length (um)  Width (um) Length (um)  Width (um)
CH1 _PF1 white, gray, yellow 11.68+0.46 septate 9.00+0.82 3.75+0.96 19.60+1.34 1.80+0.45
CH1 PF2 white, gray, yellow 14.11+0.63 septate 8.25+0.50 3.25+0.96 15.20+0.84 1.60+0.55
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Figure 4.9 Morphological characteristics of Phomopsis sp. CH1 PF1 (above), CH1 PF2 (below), colony front (A, F), and behind (B,

G) on PDA for 14 days, mycelium (C, H), shapes of alpha conidia (D, 1), beta conidia (E, J).
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L%@'i'l Rhizoctonia sp.

yhmsaTdeuinuasmedngine Anwlelatdvesdesn lelewan CL1 RL1 Uue1ms
Boude PDA nuidulowSyuuusuliuiemsesunnd Wueemsidsatedina 3 fu
Tngluszevusnidun desnuasududiimaianmady w§an 7 5u (Table 4.6, Figure 4.7 A,
B, E, F) fidnsinisiasaivlasiotuady 37.85+0.98 mm/day (Table 4.6) wudin sclerotium @
drmnadash gUi’NVﬁaﬂamﬁmmﬁmmz ﬂi%mﬂ@iqu@’MWiLgﬁNL‘%{@ (Table 4.6, Figure 4.7 1, L)
uaznudnunzdulelanuy septate unnutsRsaInsiLLUsEANa 45 °C (Table 4.6, Figure 4.7 J)
dwlelman cL1 RL2 nudlowSayuuunuluiuines Tnslussesusniidon deunddsudu
Sumanainaaidamden 7 fu (Table 4.6, Figure 4.7 C, D, G, H) d8nsn1sasgaulasaiu
\ale 38.9241.02 mm/day (Table 4.6) wuifia sclerotium Finn1afiesn JUsMsnauivea,
MR ﬂizﬁnaa@juuawmmﬁau%@ (Table 4.6, Figure 4.7 1, L) uaznuanwuzidulslawuu septate
Lmevum&?qmﬂﬁmmszmm 45 °C (Table 4.6, Figure 4.7 K) andnwazaand1ndndunledn

\Uu Rhizoctonia sp.

Table 4.6 Morphology characterization of Rhizoctonia sp. isolates causing leaf blight

disease of durian.

Colony colour Growth rate Mycelium
Isolates Sclerotium .
Before 5 days After 7 days (mm/day) characteristics
CL1 RL1 whitish Brown-dark brown 37.85+0.98 present septate

CL1 RL2 whitish brown-dark brown 38.92+1.02 present septate
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Figure 4.10 Morphological characteristics of Rhizoctonia sp. CL1 RL1 (A, B, E, F, J), CL1 RL2
(C, D, G, H, K), colony front (A, C), behind (B, D) at 7 days grown on PDA and front (E, G),

behind (F, H) at 21 days grown on PDA, mycelium (J, K), sclerotium (I, L).
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4.3 nadauauamsalunsiinliialsa (Pathogenicity test)
L%ai’l Phytophthora palmivora
nMsnageuANansalunstelsalaensaaniuie P, palmivora lelgian CL4_F1,
CL4 S5 uay CL4 F10 asuudunasou wuimasannisdanudunan 2 Ju leleian CL4 F1
way CLA_F10 fuiausaain sUssliuvuou Tudswdudindes nanias luvueileloian
cLa_s5 Tungasramaanndaviwduian 7 Ju (Figure 4.11) uasndsnndanwdua 7 Ju lely
N CL4_Fluag CL4 F10 nolvifinlsm 100% (Table 4.7) fisgauainuiumss 4.00 (Table 4.8) du

LY

lalgian CL4 S5 nalifialsh 75% wavlseAumnuguuss 2.25

Table 4.7 Disease incidence (DI) of CL4 F1, CL4 S5, and CL4 F10 of Phytophthora palmivora

isolates after inoculation on durian seedlings for 7 days.

Disease incidence (%)Y
Isolate code

0 days 3 days 5 days 7 days
CL4 F1 0 75 100 100
€l4-S5 0 50 50 75
CL4 F10 0 100 100 100

Walues are evaluated with 4 durian seedlings.

Table 4.8 Disease severity index (DSI) of CL4 F1, CL4 S5, and CL4 F10 of Phytophthora

palmivora isolates after inoculation on durian seedlings for 7 days.

Disease severity index (%)Y
Isolate code

3 days 5 days 7 days
CL4 F1 3.00ab 3.5ab 4.00a
CLa S5 1.00b 1.75b 2.25b
CL4 F10 3.25a 4.00a 4.00a
F-test * * *

Walues expressed are means with 4 replications. The different letters in the same
column code are significantly different as determined by the least significant difference
test at p<0.05

* = F-test significant at p<0.05



Figure 4.11 Symptoms on durian seedlings after inoculation with CL4 F1 (A-D), CL4 S5
(E-H), and CL4 F10 (C-L) of Phytophthora palmivora isolates for 7 days.
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L?}Ia'i'l Fusarium sp.

Mnnsvageuauannsalunisielselasnsianudie Fusarium sp. lolewan CL6 FL1
uay CL6_FL2 vusiundmi3ou via 2 leluandelsiinlsn 100% (Table 4.9) wuitdnwmuzeins
vadluiiivanisuagnansa (Figure 4.12) lngszduanusuussveslsalifinuunnd1aniaada
wasannsaanudua 7-21 Ju lolaan CL6 FL1 fiszauniuunse 3.25-4.00 wazlolaan
CL6 FL2 5auATuILse 1.50-3.00 (Table 4.10)

Table 4.9 Disease incidence (DI) of CL6 FL1 and CL6 FL2 of Fusarium sp. isolates after

inoculation on durian seedlings for 21 days.

Disease incidence (%)Y

Isolate code
0 days 7 days 14 days 21 days

CL6 FL1 0 100 100 100
CL6 FL2 0 75 100 100

YValues are evaluated with 4 durian seedlings.

Table 4.10 Disease severity index (DSI) of CL6 FL1 and CL6 FL2 of Fusarium sp. isolates after

inoculation on durian seedlings for 21 days.

Disease severity index (%)Y

Isolate code

T days 14 days 21 days
CL6 FL1 3.25 4.00b 4.00
CL6 FL2 1.50 2.50a 3.00
F-test ns * ns

YWalues expressed are means with 4 replications. The different letters in the same
column code are significantly different as determined by the least significant difference
test at p<0.05

ns = not significant at p>0.05

* = F-test significant at p<0.05
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Figure 4.12 Symptoms on durian seedlings after inoculation with CL6 FL1 (A-D) and
CL6 FL2 (E-H) of Fusarium sp. isolates for 21 days.

W51 Lasiodiplodia sp.
nNNITNedauAINaInIsalunisnelsalnenisugniie Lasiodiplodia sp. loloian
CH1_LF1 waz CH1_LF2 aquunayiseu nulmmasannnisugnidosduan 3-7 u s 2 leluiaw
neliAalsa 75-100% (Table 4.11) VIAkHAUUKRANITEUNAUNNS Ye1eInnuaziliduleduun
! < . v = | aa | a
ARUBE195IAL5 Y (Figure 4.13) lnpsgauadndusssuaslsaliiinanuunnsanieada nanfe
waann1sUgnie lelaian CH1 LF1 fseaumnugumse 1.50-4.00 uazglaleian CH1 LF2 seéiu

AAUTULTS 0.75-3.00 (Table 4.12)

Table 4.11 Disease incidence (DI) of CH1 LF1 and CH1 LF2 of Lasiodiplodia sp. isolates after

inoculation on durian fruits for 7 days.

Disease incidence (%)Y
Isolate code

0 days 3 days 5 days 7 days
CH1 LF1 0 100 100 100
CH1 LF2 0 75 75 100

YValues are evaluated with 4 durian seedlings.
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Table 4.1 2 Disease severity index (DSI) of CH1 LF1 and CH1 LF2 of Lasiodiplodia sp. isolates

after inoculation on durian fruits for 7 days.

Disease severity index (%)Y
Isolate code

3 days 5 days 7 days
CH1 LF1 1.50 3.75b 4.00
CH1 LF2 0.75 1.75a 3.00
F-test ns = ns

YValues expressed are means with 4 replications. The different letters in the same
column code are significantly different as determined by the least significant difference

test at p<0.05
ns = not significant at p>0.05

* = F-test significant at p<0.05

Figure 4.13 Symptoms on durian fruit after inoculation with CH1 LF1 (A-D) and CH1 LF2
(E-H) of Lasiodliplodia sp. isolates for 7 days.
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L%@'i'l Phomopsis sp.

Jrnn1snageuauamsalunisnelsalaenisdanud e Phomopsis sp. lelean
CH1_PF1 wag CH1_PF2 asuusiundwiseu wuirreliinlsevs 2 lelsian (Table 4.13) &nviue
omsveslsaintuiily funardugauundn suseaeudenay dwdes nszarseguulumdann
nsBaviudunan 7 Ju (Fisure 4.14) lnaszaumuguusavestsalifinnuunnaanieeads nanfe
ndnmsannude Teloian CH1 PF1 fi52AuA11u3umst 1.50-2.75 uaglolgian CH1 PF2
FEAUANTULTY 1.25-2.50 (Table 4.14, Figure 4.15)

Table 4.13 Disease incidence (DI) of CH1 PF1 and CH1 PF2 of Phomopsis sp. isolates after

inoculation on durian seedlings for 21 days.

Disease incidence (%)Y

Isolate code

0 days 7 days 14 days 21 days
CH1 PF1 0 100 100 100
CH1 PF2 0 100 100 100

Walues are evaluated with 4 durian seedlings.

Table 4.14 Disease severity index (DSI) of CH1_PF1 and CH1 PF2 of Phomopsis sp. isolates

after inoculation on durian seedlings for 21 days.

Disease severity index (%)Y

Isolate code

7 days 14 days 21 days
CH1 PF1 1.50 2.25 2.75
CH1 PF2 1.25 1.75 2.50
F-test ns ns ns

Yalues expressed are means with 4 replications. The different letters in the same
column code are not significantly different as determined by the least significant
difference test at p<0.05

ns = not significant at p>0.05



Figure 4.14 Symptoms of disease caused by Phomopsis sp.

Figure 4.15 Symptoms on durian seedlings after inoculation with CH1 PF1 (A-D) and
CH1 PF2 (E-H) of Phomopsis sp. isolates for 21 days.
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L%@'i'l Rhizoctonia sp.

JnnsnegeuALasalunsielsalaen1sanwud 051 Rhizoctonia sp. lelaan
CL1 RL1 4@z CL1 RL2 UuAUNELS8U wuiha 2 lelsanneliiinlen (Table 4.15) §nwae
amsietuiily Tusvezusnluflonisani devndelusduinuwennnssnisisnvasuiadu
Ahana 181879n313U (Figure 4.16) Faszduanuguussvadlsalifiauuandanisada ndnfe
wdnnsaaruge lelean CL1 RL1 fisgAumnuguusy 1.00-2.50 uaglaleian CL1 RL2 szhu
AIUTULIY 1.00-2.00 (Table 4.16, Figure 4.17)

Table 4.15 Disease incidence (DI) of CL1 RL1 and CL1 RL2 of Rhizoctonia sp. isolates after

inoculation on durian seedlings for 21 days.

Disease incidence (%)Y
Isolate code

0 days 7 days 14 days 21 days
CL1 RL1 0 75 100 100
CL1 RL2 0 75 100 100

Walues are evaluated with 4 durian seedlings.

Table 4.1 6 Disease severity index (DSI) of CL1 RL1 and CL1 RL2 of Rhizoctonia sp. isolates

after inoculation on durian seedlings for 21 days.

Disease severity index (%)Y
Isolate code

7 days 14 days 21 days
CL1 RL1 1.00 1.50 2.50
CL1 RL2 1.00 1.75 2.00
F-test ns ns ns

Walues expressed are means with 4 replications. The different letters in the same
column code are not significantly different as determined by the least significant
difference test at p<0.05

ns = not significant at p>0.05



a1

Figure 4.16 Symptoms of disease caused by Rhizoctonia sp.

Figure 4.17 Symptoms on durian seedlings after inoculation with CL1 RL1 (A-D) and
CL1 RL2 (E-H) of Rhizoctonia sp. isolates for 21 days.
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4.4 Ussfiugsduvsseymaunludedeenledaidos 5 ana Tuanmifasuifnig
4.4.1 vageulsEAvinmuassymauludedeanlsddensdudnisiaiyveadule
L%ai'l Phytophthora palmivora
9InN15MAAeUUsTANSNIMVBY ZnO NPs fiszsuaruidudu 500, 1000 way 2000 pg/ml
sensiasaiivlanaduledesn P palmivora leleian CLA F1, CL4 S5 uaz CL4 F10 wuin
asadudainssaniulamaduleld 3 Teluan veidssiuaududuves Zno NPs S

N v o W

wansnaveatfegeditedfgyde Woanududuiiniu wWeosidundudinsiasyAvlaiudu vl

a

LU@%L%WTETUENmmm@ulmmqLé’ﬂﬂiﬁﬁﬁqﬂ fio Anududuii 2000 ug/ml 71 57.76%, 58.50%
LAY 69.84% MUAIHU sosaTiAIdAY 1000 pg/ml anansadUdslaa 50.11%, 37.23% uas
63.56% PNANU Lagnutkaseu ¢ lalall (Table 4.17, Figure 4.18) 3anasiiluasiageulduly
amldndeaqanssad fifdsens 100 Wi wudimadsdu 500-2000 pg/ml vinliuasidule
Fasie 3 leluaniidnvaanse ansauanuauseanuildtesamiusysuanududuiiiaiy

(Figure 4.19)

Table 4.17 Inhibitory effects of zinc oxide nanoparticles at 500, 1000, and 2000 g/ ml on
mycelial growth of Phytophthora palmivora CL4 F1, CL4 S5, and CL4 F10 after incubation

for 4 days.
Concentration ZnO NPs Inhibition of mycelial growth (%)Y

(ug/mU) CL4 F1 CL4 S5 CL4_F10

Control 0d 0d 0d
500 41.47c 17.00c 49.94c
1000 50.11b 37.23b 63.56b
2000 57.76a 58.50a 69.84a

F-Test o o o

Walues expressed are means with 4 replications. The different letters in the same column are significantly
different as determined by the least significant difference test at p<0.01.
** = F-test significant at p<0.01
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Figure 4.18 The effect of the zinc oxide nanoparticles test at various concentrations for

controlling CL4 F1, CL4 S5, and CL4 F10 isolates of Phytophthora palmivora on V8 agar for 4

days.
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Control 500 pg/ml 1000 pg/ml 2000 pg/ml

Figure 4.19 Mycelial characteristics of Phytophthora palmivora after treated with zinc oxide

nanoparticles at 500, 1000, and 2000 pg/ml for 4 days under the compound microscope (10x).
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¥nsUspiulsEans nmuss ZnO NPs Tastlesidudnsdudinisiasyivlnuans
s AETUS3udY Aoy unu X 1A log vesmmudiduves Zno NPs Ailinaasuuas
wnu y Wuadesidudnstudinsssyivlnventes aldaunmstuandlumsei 4.18 sty
wuAUesduRdudensasaydivin dWesmuinmunduduves Zno NPs anunsadudald 50%
(Half Maximum Effective Concentration; ECs) WU?N L%jai’l P. palmivora lolgtan CL4 F1 uany
ANENNTT y = 11.751n(x) - 31.391 Fadlen R2windu 0.99 Taedldn ECs, 1018.72 pe/ml daulels
lan CLA S5 hansA1aunis y = 29.936(n(x) — 169.21 3iA1 R? AU 0.99 A1 ECs, 1514.16 pg/ml
Tuvagdileloian CL4 F10 A1aun1s y = 14.355\n(x) - 38.046 A1 R21infu 0.95 uazdidn ECs

<500 pg/ml (Figure 4.20)

Table 4.18 Zinc oxide nanoparticles, regression equation, coefficient of determination (R?),
and 50% effective concentration of mycelial growth of Phytophthora palmivora causing

durian disease.

Isolate code Regression equation? R? ECs, (ug/mU)?
CLa F1 y = 11.752In(x) - 31.399 0.99 1018.81
CLa S5 y = 29.936In(x) - 169.21 0.99 1514.16
CL4 F10 y = 14.351n(x) - 38.023 0.95 <500

Vy = percentage of mycelial growth inhibition; x = fungicide concentration.

#Calculated by the concentration equation (pg/ml).



80

60

40

20

80

60

40

20

80

60

40

20

y = 11.752In(x) - 31.399

R% = 0.99

500 1000 1500 2000 2500

CL4 F1

y = 29.936In(x) - 169.21
Rz = 0.99

500 1000 1500 2000 2500

CL4 S5

y =-14.351In(x) - 38.023
R%z = 0.95

500 1000 1500 2000 2500

CL4_F10

46

Figure 4.20 Coefficient of determination (R?), linear regression equation, and scatter diagram

showing the fitted simple regression line of Y on X under laboratory conditions.
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L%’a'i'l Fusarium sp.

9InN1sMAAeUYsTANSNIMYBY ZnO NPs fiszauanududu 500, 1000 way 2000 pg/ml
sensasaiviamaduledes Fusarium sp. lelsian CL6 FL1 way CL6_FL2 wuin @ansa
Fudamsiasaiviamaduleldns 2 lelsan fedssduanududures Zno NPs dauunnsng
naadfeg1eivedAayds Iﬂ&lLU@%L%uﬁﬁlUéjﬂﬂ’liLﬁiyLaUIGﬁ/l’NLﬁuiEJlﬁaﬁEjﬂ Ao Anadudud
2000 pg/ml 7 81.18%, waz 63.23% AINa1FU wasnuslausiauseu 5 laladl (Table 4.19,
Figure 4.21) hlunaaeudnuwasidulonlindesganssat Afdsweny 100 i1 wudenu
Wy 500-2000 pg/ml vinlanedulevediosn w 2 lelgan Sanvazante FanUnAunndng

20N kINYAAIVAN ANUITDUANLULIBDNINLAUBYAINNNSEAUANTNTUNLTY (Figure 4.22)

Table 4.19 Inhibitory effects of zinc oxide nanoparticles at 500, 1000, and 2000 pg/ ml on
mycelial growth of Fusarium sp. CL6 FL1 and CL6_FL2 after incubation for 5 days.

Concentration ZnO NPs Inhibition of mycelial growth (%)Y
(ug/ml) CL6 FL1 CL6_FL2
Control 0d Oc
500 66.20c 55.19ab
1000 74.97b 51.58b
2000 81.18a 63.23a
F-Test & F

Wvalues expressed are means with 4 replications. The different letters in the same column are significantly
different as determined by the least significant difference test at p<0.01.

** = F-test significant at p<0.01
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Figure 4.21 The effect of the zinc oxide nanoparticles test at various concentrations for

controlling CL6 _FL1 and CL6 FL2 isolates of Fusarium sp. on PDA agar for 5 days.
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CL6_FL1

CL6_FL2

Control 500 pg/ml 1000 pg/ml 2000 pg/ml

Figure 4.22 Mycelial characteristics of Fusarium sp. after treated with zinc oxide nanoparticles

at 500, 1000, and 2000 pg/ml for 5 days under the compound microscope (10x).

Mn1sUseifiuysednsamees ZnO NPs Tagunlesidud nmsdudanisiasaiivlnuans
nsANNFNNUSITUdY aantarid wnu X 1A log Ye4AdNTuYes ZnO NPs A ldvnagdau

¥
i3 v v

<) 1 f a a d’lj i [ A
wagunu y uAtlosiduinisfuginissyiulaeatiosn azldannisauanslunisnsi 4.20

[
v

PnuuuAesdussudinsiesyiuln Weduammiududuves Zno NPs flanansadudsly
50% (Half Maximum Effective Concentration; ECso) WU L%E]’i? Fusarium sp. lolgian CL6 FL1
LARIANENNTS Y = 10.806ln(x) = 0.5271 Fadlen RZ WAy 0.99 TaefiAn ECyy <500 pg/ml dulele
1@ CL6 FL2 LaAIAIaunIT y = 5.7996ln(x) + 16.604 G9id1 R21AAY 0.45 a1 ECs, <500
pe/ml (Figure 4.23)

Table 4.20 Zinc oxide nanoparticles, regression equation, coefficient of determination (R?),

and 50% effective concentration of mycelial growth of Fusarium sp. causing durian disease.

Isolate code Regression equation? R? ECso (ug/mU)?
CL6 FL1 y = 10.806n(x) - 0.5271 0.99 <500
CL6 FL2 y = 5.7996n(x) + 16.604 0.45 <500

Vy = percentage of mycelial growth inhibition; x = fungicide concentration.

ZCalculated by the concentration equation (ug/ml).
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Figure 4.23 Coefficient of determination (R2), linear regression equation, and scatter diagram

showing the fitted simple regression line of Y on X under laboratory conditions.
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L%@'i'l Lasiodiplodia sp.

9InN1sMAAeUYsTANSNIMYBY ZnO NPs fiszauanududu 500, 1000 way 2000 pg/ml
son1stesyiulamadulodesn Lasiodiplodia sp. leleian CHL LFL waz CH1 LF2 wuin
asadudainssaniulamaduleldi 2 Tolaan veilsziuaududuves Zno NPs Sy
uangsvnaaReseifoddn s Taswesidusdudsnmaasgdvlsmaduleldifian de A
gl 2000 pe/ml 71 75.06% uaz 68.83% muasu sesasnfinnnududu 1000 pe/ml @unse
FudslaT 66.73%, uay 53.55% mudey WagnUREYINUTINTEU 9 lalatl (Table 4.21, Figure
4.20) nnailunsaeaeuidulonmlindesganssen] Addsens 100 Wi wuirnududy
500-2000 pe/ml ldulevesdoswani 2 lolsan annsaunnuausesnuiliduamuss s
aranduduilifintu FRaunfunndseonlunngaaiuay TanuurvBnseuinalaeduls tay

auuldtafisysupanadudu 2000 pe/ml (Figure 4.25)

Table 4.21 Inhibitory effects of zinc oxide nanoparticles at 500, 1000, and 2000 pg/ ml on
mycelial growth of Lasiodiplodia sp. CH1 LF1 and CH1 LF2 after incubation for 3 days.

Concentration ZnO NPs Inhibition of mycelial growth (%)Y
(ug/ml) CH1_LF1 CH1 LF2
Control 0d 0d
500 59.05¢ 42.20c
1000 66.73b 53.55b
2000 75.06a 68.83a
F-Test o **

Walues expressed are means with 4 replications. The different letters in the same column are
significantly different as determined by the least significant difference test at p<0.01.
** = F-test significant at p<0.01
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Figure 4.24 The effect of the zinc oxide nanoparticles test at various concentrations for

controlling CH1 LF1 and CH1 LF2 isolates of Lasiodiplodia sp. on PDA agar for 3 days.
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Figure 4.25 Mycelial characteristics of Lasiodiplodia sp. after treated with zinc oxide nanoparticles

at 500, 1000, and 2000 pg/ml for 3 days under the compound microscope (10x).

Mn15Useifiuyssdnsamass ZnO NPs Tagunlesidudnmsdudinisiasyiivlnuans
nslANnuduiuSBady aon iy wou X 1uan log 89AHduduYed ZnO NPs Tildnadou

v
(3 v

wazwnu y WuAdesidudnsdudinsedaiulnvendosn wlfaunsduandunsed 4.22
PnfuuuAesdussudensiesyiuln Wesuammmududuues Zno NPs flanansadudsls
50% (Half Maximum Effective Concentration; ECso) Wu11 L%yaﬁﬁ Lasiodiplodia sp. lalgian
CH1 LF1 wa@ngm1aunis y = 11.546ln(x) - 12.81 dA1 RZLv1AU 0.99 A1 ECs <500 pg/ml
Turaued Telotan CHL_LF2 wansaraunig y = 19.210n(x) - 77.838 fifn R2winfu 0.99 e ECs,

776.47 pg/ml (Figure 4.26)

Table 4.22 Zinc oxide nanoparticles, regression equation, coefficient of determination (R?),
and 50% effective concentration of mycelial growth of Lasiodiplodia sp. causing durian

disease.

Isolate code Regression equation? R2 ECso (ug/mU)?
CH1 LF1 y = 11.546ln(x) - 12.81 0.99 <500
CH1 LF2 y = 19.21In(x) - 77.838 0.99 776.47

Vy = percentage of mycelial growth inhibition; x = fungicide concentration.

ZCalculated by the concentration equation (ug/ml).
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Figure 4.26 Coefficient of determination (R?), linear regression equation, and scatter diagram

showing the fitted simple regression line of Y on X under laboratory conditions.
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L8571 Phomopsis sp.
9InN1sMAAeUYsTANSNIMYBY ZnO NPs fiszauanududu 500, 1000 way 2000 pg/ml

sonsisaiviamadiuleos Phomopsis sp. lelatan CHL PF1 uay CH1 PF2 wui1 aunsa
Fudamsiasaiviamaduleldins 2 lelsan fedsssuanududuues Zno NPs dauunnsng
nadfeg1eived Ay ImanﬂmmL%’u%’ummmé’uéjﬂLﬂa%fL%wﬁmiLﬂ‘%iy}ﬁﬂimﬁﬂ«é’ﬂ&lé’ﬁ
74.71-81.28% wagnuaslausinaseu 9 lalall (Table 4.23, Figure 4.27) 9ann1stinlunsivaeuLay
Tonwlindesgansse] Amdsers 100 W wudrasidudu 500-2000 pg/ml vivliduleves
Fosiia 2 lolean Sanvaevion lesesthafiulddn sndsannsaunnuausesnuldtosamy

SLAUANMUTNTUNLNLTY (Figure 4.28)

Table 4.23 Inhibitory effects of zinc oxide nanoparticles at 500, 1000, and 2000 pg/ ml on
mycelial growth of Phomopsis sp. CH1 PF1 and CH1 PF2 after incubation for 4 days.

Concentration ZnO NPs Inhibition of mycelial growth (%)Y
(ug/ml) CH1_PF1 CH1_PF2
Control Ob Ob
500 74.71a 77.92a
1000 76.64a 80.49a
2000 79.77a 81.28a
F-Test & F

Wvalues expressed are means with 4 replications. The different letters in the same column are significantly
different as determined by the least significant difference test at p<0.01.
** = F-test significant at p<0.01
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Figure 4.27 The effect of the zinc oxide nanoparticles test at various concentrations for

controlling CH1 PF1 and CH1 PF2 isolates of Phomopsis sp. on PDA agar for 4 days.
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Mn1sUseifiuUsyd@nsamass Zno NPs Taguinesidudnisdudenisiasaiivlnuans
nsaNuduiuSIBady aonany wny X 1uan log 389AUuduYed ZnO NPs fildnadou

v
< [ v v

& i s a a & 1 o A
RS LAU Y LUUWWL‘UaﬁL%uc‘]ﬂqﬁﬁlﬂﬂﬂﬂ']ﬁL"i]iiyleUImsUaﬂLsﬁai'] "ﬂ%lﬂﬁmﬂ'ﬁﬂﬂuﬁﬂﬂiumqiqﬂm 4.24

[
[

PnuumuAesdudsudinisesyiuln Weduammududuves Zno NPs fianansadudsly
50% (Half Maximum Effective Concentration; ECsq) WU2 1 L?'Tya'i’l Phomopsis sp. Lolaian
CH1 PF1 WaRdANaunIs y = 3.6457\n(0) + 51.857 @eiid R? 11y 0.98 TneflAn ECs, <500
pe/ml d@iulelaian CH1 PF2 Lanmainis y = 2.4289(n(x) + 63.117 da1 R? 1Ay 0.91 uagil
A1 ECso <500 pg/ml (Figure 4.29)

Table 4.24 Zinc oxide nanoparticles, regression equation, coefficient of determination (R?),

and 50% effective concentration of mycelial growth of Phomopsis sp. causing durian disease.

Isolate code Regression equation” R? ECso (ug/mU?
CH1 PF1 y = 3.6457In(x) + 51.857 0.98 <500
CH1 PF2 y = 2.4289n(x) + 63.117 0.91 <500

Yy = percentage of mycelial growth inhibition; x = fungicide concentration.

ZCalculated by the concentration equation (pg/ml).
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Figure 4.29 Coefficient of determination (R?), linear regression equation, and scatter diagram

showing the fitted simple regression line of Y on X under laboratory conditions.
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1851 Rhizoctonia sp.
9nN1sMAAeUUsEANSNIMVEY ZnO NPs fiseiuaruidudu 500, 1000 way 2000 pg/ml

aonaLasgLAulamsduleos Rhizoctonia sp. telatan CH1 PF1 wag CH1 PF2 WUl @1ansa

I
v

gugenisiasaaulamadulelas 2 lolaian MlseAunntuYes ZnO NPs SaNuLanNeaNg

a

yaadfeeeitfoddnyds Inewesiduddudanisaiyiulamaduleldiian fe arundudy
2000 pg/ml 7 50.14% wag 52.97% Auandu sesasirandudy 1000 pe/ml aansadudsls
7i 41.58%, uaz 47.82% muadu (Table 4.25, Figure 4.28) 91nn1sibunsivaeudnvasidule
awldndomanssm fifidmens 100 wh wuineraudidu 500-2000 pg/ml virlaulevesde
511 2 lelman fdnvandn Ante unnwuwsesntldduasnusesuaududuiliady 3o

AnuRaUnALanAseanluNyaaIUaN (Figure 4.30)

Table 4.25 Inhibitory effects of zinc oxide nanoparticles at 500, 1000, and 2000 pg/ml on
mycelial growth of Rhizoctonia sp. CL1 RL1 and CL1 RL2 after inoculation for 2 days.

Concentration ZnO NPs Inhibition of mycelial growth (%)Y
(ug/ml) CL1 RL1 CL1 RL2
Control 0c 0c
500 31.88b 36.71b
1000 41.58ab 47.82ab
2000 50.14a 52.97a
F-Test X *x

Walues expressed are means with 4 replications. The different letters in the same column are significantly
different as determined by the least significant difference test at p<0.01.
** = F-test significant at p<0.01
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Figure 4.30 The effect of the zinc oxide nanoparticles test at various concentrations for

controlling CL1 RL1 and CL1 RL2 isolates of Rhizoctonia sp. on PDA agar for 2 days.
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Figure 4.31 Mycelial characteristics of Rhizoctonia sp. after treated with zinc oxide nanoparticles

at 500, 1000, and 2000 pg/ml for 2 days under the compound microscope (10x).

Mn1suseifiudssdnsamaes ZnO NPs Tagundasidunanisdudanisiasyiivlnuans
nslANnuduiuSBady aon iy wou X 1uan log 89AHduduYed ZnO NPs Tildnadou

v
(3 v

wazwnu y uAesiduinsdudinsedyiivinvendosn awldaunisiuandunsd 4.26
PnuuuAesdussudimsiesyiivln Wemuammmudiuduues Zno NPs fianansadudsly
50% (Half Maximum Effective Concentration; ECsq) WU 14 851 Rhizoctonia sp. Lalaian
CL1 RL1 WaASAIENNTT y = 13.171In(X) - 49.782 &afiAq R? iy 0.99 TnefiAn ECy, 1,950.58
ug/ml d2uleletan CH1 RL2 wandA@un1s y = 11.734In(x) = 35.218 Lag 0.95 A1 ECs,

1,425.79 pg/ml (Figure 4.32)

Table 4.26 Zinc oxide nanoparticles, regression equation, coefficient of determination (RY),

and 50% effective concentration of mycelial growth of Rhizoctonia sp. causing durian disease.

Isolate code Regression equation? R? ECso (ug/mU?¥
CL1 RL1 y = 13.171n(x) - 49.782 0.99 1950.58
CL1 RL2 y = 11.734In(x) - 35.218 0.95 1425.79

Vy = percentage of mycelial growth inhibition; x = fungicide concentration.

Z(Calculated by the concentration equation (pug/mU).
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Figure 4.32 Coefficient of determination (R?), linear regression equation, and scatter diagram

showing the fitted simple regression line of Y on X under laboratory conditions.
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4.4.2 nagauUszAndnmuasaynaunludedoanluddenisiiudenisairsades

L‘%ilaiﬂ Phytophthora palmivora

PNNIVAdeUYsEANSAINTBY ZnO NPs fiseduadnandudu 500, 1000 uag 2000 pg/ml
sonsasalediion P. palmivora lelewan CLA F1, CLA S5 uay CL4 F10 wudn awnsadiuds
nsassadesiane 3 lelaan Milseduanududures zno NPs Sauuansremisadifesed

v o

UYE

1 I~

83 na1Ae ynAuNtuaInsaduginisaswaleslai 88.24-100% (Table 4.27)

2"

Table 4.27 Inhibitory effects of zinc oxide nanoparticles at 500, 1000, and 2000 pg/ml on
sporulation of Phytophthora palmivora CL4 F1, CL4 S5, and CL4 F10 after inoculation for 4

days.
Concentration ZnO NPs Inhibition of sporulation (%)

(ug/ml) CL4_F1 CL4 S5 CL4_F10

Control 0b Ob 0b
500 99.34a 88.24a 100.00a
1000 100.00a 100.00a 100.00a
2000 100.00a 100.00a 100.00a

E-Test *% > *x

YValues expressed are means with 4 replications. The different letters in the same column are
significantly different as determined by the least significant difference test at p<0.01.
** = F-test significant at p<0.01

vnsUssdiudsyansamues Zno NPs Taethidedifuinstiudinsadeataduansnsan
ALduTuS3ady aonadin wnu X Wl log vesrmudiuduves ZnO NPs fildvadau wasunu
y Wumwedfifudnsdufinsadwaleiveaden arldaunissaandlunnsiedt 4.28 anduuny
AedifudtudinsadrsaUod Wesuramnduduvos Zno NPs fiaunsadudsls 50% (Half
Maximum Effective Concentration; ECsy) WU Wo51 P. palmivora leletan CLA F1 wangan
4uN13 y = 0.4761In(x) + 96.491 §9iiAn R2winfy 0.75 Taedian ECs <500 pe/ml duleleian
CL4 S5 uAnIANANNTT y = 8.483In(x) + 37.481 fie R2wirifu 0.75 A1 ECs, <500 pg/ml Tuvniedi
Tolotan CLA_F10 wanedn y = 100 daldanunsaduinen ECs, I Lﬁaqmﬂnﬂisﬁmmm%’wﬁuﬁ

nagauiiasidudnisdudinisassavesla 100% (Figure 4.33)
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Table 4.28 Zinc oxide nanoparticles, regression equation, coefficient of determination (R?),

and 50% effective concentration of sporulation of Phytophthora palmivora causing durian

disease.
Isolate code Regression equation® R? ECso (ug/mU)¥
CL4 F1 y = 0.4761In(x) + 96.491 0.75 <500
CL4 S5 y = 8.483n(x) + 37.481 0.75 <500
CL4 F10 y =100 - -

Yy = percentage of mycelial growth inhibition; x = fungicide concentration.

ZCalculated by the concentration equation (ug/mU).
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Figure 4.33 Coefficient of determination (R?), linear regression equation, and scatter diagram

showing the fitted simple regression line of Y on X under laboratory conditions.
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L?}Ia'i'l Fusarium sp.

9nN1sMAdeUUsTANSAIMUBY ZnO NPs fisesuaruidudu 500, 1000 way 2000 pg/ml
sonsa¥isauedidon Fusarium sp. 2 JULUY e macroconidia wag microconidia lelaian
CL6 FL1 waw CL6 _FL2 wud1 dnansadudanisadne macroconidia way microconidia et 2 1o

lglan Madszauanududured ZnO NPs fiauuanaanuaifeg9idedAnds naride o

A uEInsadusansad1ealeslan 97.76-100% (Table 4.29)

Table 4.29 Inhibitory effects of zinc oxide nanoparticles at 500, 1000, and 2000 g/ ml on
sporulation of Fusarium sp. CL6 FL1 and CL6 FL2 after inoculation for 5 days.

Inhibition of sporulation (%)Y

Concentration ZnO NPS

Macroconidia Microconidia
(ug/ml)
CL6_FL1 CL6 _FL2 CL6_FL1 CL6_FL2
Control Ob Ob Ob Ob
500 98.08a 97.76a 100.00a 98.28a
1000 100.00a 100.00a 100.00a 100.00a
2000 100.00a 100.00a 100.00a 100.00a

Yalues expressed are means with 4 replications. The different letters in the same column are significantly different
as determined by the least significant difference test at p<0.01.
** = F-test significant at p<0.01

¥msuszdiuUszaviamass Zno NPs Tnswndesidudmsdudnsadreadesuanansav
auduTLSTNEY aon ATy wau X 1Buen log vesrudidures Zno NPs fildnndeu wasuny
y Wumweffudnstudinisatsateswsaies axldansiuandunisiedt 4.30 mnduuny
Adesidudsudinisadisaled ifodmnmendudures Zno NPs fiannsadudld 50% (Half
Maximum Effective Concentration; ECso) #u31 lolgtan CL6 FL1 macroconidia WansAI@uAS
y = 1.385(n(x) + 89.793 § a5l A1 RZ2Wvinfu 0.75 laefiAn ECs <500 pg/ml (Figure 4.34) @7
microconidia wa@nsA1 y = 100 Feldaunsamuiaen ECs, 16l Lﬁaqmﬂnﬂszé’um']m%’u%’uﬁ
nageuiiofidudnmsdudinsadeavestd 100% luvaedilolaan CL6 FL2 macroconidia wams
AUN13A7 y = 1.6158n(x) + 88.092 & aflen RZwintu 0.75 Taeflan ECy <500 pe/ml dau
microconidia LAAIATIANNIT y = 1.2407In(x) + 90.856 Tapda1 R21i1AvU 0.75 A1 ECs <500
pg/ml (Figure 4.35)



67

Table 4.30 Zinc oxide nanoparticles, regression equation, coefficient of determination (R?),

and 50% effective concentration of sporulation of Fusarium sp. causing durian disease.

Isolate code Sporulation Regression equation? R? ECso (ng/mU)?
Macroconidia y = 1.385ln(x) + 89.793 0.75 <500
CL6 LF1
Microconidia y = 100 - -
Macroconidia y = 1.6158In(x) + 88.092 0.75 <500
CL6 FL2
Microconidia y = 1.2407n(x) + 90.856 0.75 <500

Yy = percentage of mycelial growth inhibition; x = fungicide concentration.

ZCalculated by the concentration equation (ug/ml).
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Figure 4.34 Coefficient of determination (R2), linear regression equation, and scatter diagram

showing the fitted simple regression line of Y on X under laboratory conditions.
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Figure 4.35 Coefficient of determination (R?), linear regression equation, and scatter diagram

showing the fitted simple regression line of Y on X under laboratory conditions.
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L%ai'l Lasiodiplodia sp.

9InN1sMAdeUUsEANSNIMVBY ZnO NPs fisesuaruidudu 500, 1000 way 2000 pg/ml
sion1sassaUesiten Lasiodiplodia sp. lelwan CH1 LF1 uag CHL LF2 wudtanansadudanis
auoslavi 2 leloaw Haiisvdumududuves Zno NPs Smnuunnsnsnsadnogneildoddnds

o

naMAe NnANULTuanTadugInsasaleslen 100% (Table 4.31)

Table 4.31 Inhibitory effects of zinc oxide nanoparticles at 500, 1000, and 2000 ug/ml on
sporulation of Lasiodiplodia sp. CH1 LF1 and CH1 LF2 after inoculation for 3 days.

Concentration ZnO NPs Inhibition of sporulation (%)Y
(png/mU) CH1 LF1 CH1 LF2
Control Ob Ob
500 100.00a 100.00a
1000 100.00a 100.00a
2000 100.00a 100.00a
F-Test > xx

Walues expressed are means with 4 replications. The different letters in the same column are
significantly different as determined by the least significant difference test at p<0.01.
** = F-test significant at p<0.01

Mn1susEiulsEanS A ZnO NPs Tnstiasigudnisdudanisasnaauasianansan
[ v} 6 a k% a = =3 1 % % %

AMNFURUSLTEL aan1aiu wan X 1TuAT log W89AMlNTUYDs ZnO NPs lT9nagau wazwnl y
& | f & & O P & & o Y] ~ Ly, \
WuaUesidudni1sdudinisasealosvedtosn alaaun1saaanslumisnad 4.32 nTuknuan
WS uadudinisasiealas iAW INANUTLTUYeY ZnO NPs Naunsadudals 50% (Half
Maximum Effective Concentration; ECs,) WU 857 Lasiodiplodia sp. 4 2 laloian wans

1 d" 1 ) 1 2 d{' [y} % % d' = & @ &
aun1sA1 y = 100 Faldanunsomuinan ECy, ¢ Wasanynssruanududunnaaauiivasidus

Msduganisas1sauasia 100%
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Table 4.32 Zinc oxide nanoparticles, regression equation, coefficient of determination (R?),

and 50% effective concentration of sporulation of Fusarium sp. causing durian disease.

Isolate code  Regression equation? R? ECso (ug/mD¥
CH1_LF1 y = 100 - -
CH1_LF2 y = 100 - -

Vy = percentage of mycelial growth inhibition; x = fungicide concentration.

ZCalculated by the concentration equation (ug/md).

L8571 Phomopsis sp.
NAsNAFEUYsEANSNMUBY ZnO NPs fiszmuarududy 500, 1000 way 2000 pg/ml

AONITASNAUDILYO51 Phomopsis sp. lolgtan CH1_PF1 uag CH1 PF2 WU1M@1u1908u89n1s

[
=1 [y Y v Y

avaslans 2 lolalan MatlszauamuiuduYes ZnO NPs dinnuuanasnisaineg1aiiiod1Agy s

nnAdiduasadiudinsaialaslen 96.61-100% (Table 4.33)

Table 4.33 Inhibitory effects of zinc oxide nanoparticles at 500, 1000, and 2000 pg/ml on
sporulation of Phomopsis sp. CH1 PF1 and CH1 PF2 after inoculation for 4 days.

Concentration ZnO NPs Inhibition of sporulation (%)
(pg/ml) CH1 PF1 CH1 PF2
Control 0b Ob
500 97.75a 96.61a
1000 100.00a 100.00a
2000 100.00a 100.00a
F-Test 4 x>

Walues expressed are means with 4 replications. The different letters in the same column are
significantly different as determined by the least significant difference test at p<0.01.
** = F-test significant at p<0.01

Mn1sUszRuUsEANSAINYee ZnO NPs Taetasidudnisdudinisasisavasianinsin

ANUENRUSIZUEU aanaTiu wnu X Wum log vesaaduduues ZnO NPs Alivadeu wagunu
] ' ¢ < ¢ v o P & & P ) a &

y 1WuAnlesi@udnisdudinisastealesredting avlaaunsaauanslunisned 4.34 anuuwny

AUasiduAdudIN1Tas19aUas arUINAUTNTUTDY ZnO NPs Nanunsadudale 50% (Half

Maximum Effective Concentration; ECso) WUIL@851 Phomopsis sp. tolgtan CH1 LF1 uanssn
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aun13 y = 1.623In(x) + 88.038 FefiAn R2 iy 0.75 wazdldn ECyy <500 pe/ml drulelean
CH1 LF2 4and@naunis y = 2.445 (x) + 81.978 d@1 R? iU 0.75 wagdiA ECsy <500 pg/ml
(Figure 4.34)

Table 4.34 Zinc oxide nanoparticles, regression equation, coefficient of determination (R?),

and 50% effective concentration of sporulation of Phomopsis sp. causing durian disease.

Isolate code Regression equation® R? ECso (ug/mU)?
CH1 LF1 y = 1.623In(x) + 88.038 0.75 <500
CH1 LF2 y = 2.445 (x) + 81.978 0.75 <500

Yy = percentage of mycelial growth inhibition; x = fungicide concentration.

ZCalculated by the concentration equation (ug/mU).
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Figure 4.36 Coefficient of determination (R?), linear regression equation, and scatter diagram

showing the fitted simple regression line of Y on X under laboratory conditions.
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4.4.3 nedauuszAnsnwvasaumauludedoanleddenissudinissanvasavasuas
wule

L%@'i'l Phytophthora palmivora

NNINAFBUYTEANSANTEY ZnO NPs fisziuanududy 500, 1000 uag 2000 pg/ml
sansdudinisienvenidesn P. Palmivora lelaian CL4 F1, CL4 S5 way CL4 F10 wu3n lu
szez1Ia1 3 9210 Aududy 1000 way 2000 pg/ml @anunsadudinisienvesavasly 100%
seeeaRe ATy 500 pe/mil Suftnstenvesalasla 77.42-83.17% luraisitszaviaa 6
Falus arudadu 2000 pg/ml ansnsadudinissenvasavaslddfiandl 26.55-40.30% (Table

4.35) Feflanuenives germ tube 9g/luY9 41.75-43.75 um (Table 4.36 Figure 4.37)

Table 4.35 Efficiency of zinc oxide nanoparticles on sporangium germination of Phytophthora

palmivora isolates CL4 F1, CL4 S5, and CL4 F10 on V8 agar for 3 and 6 hr. after incubation.

Concentration Inhibition of sporangium germination (%)Y

ZnO NPs 3 hr. 6 hr.

(pg/ml) Cl4 F1  CL4 S5 CL4 F10 CL4 F1 CL4 S5 CL4 F10

Control 0.00c 0.00c 0.00c 0.00b 0.00b 0.00b
500 77.42b 83.17b 80.00b 17.48a 15.0dab  19.40ab
1000 100.00a  100.00a  100.00a 21.36a 13.27ab 28.36a
2000 100.00a ~ 100.00a  100.00a 32.04a 26.55a 40.30a
F-Test o *x *x *x * >

Walues expressed are means with 4 replications. The different letters in the same column are significantly
different as determined by the least significant difference test at p<0.01.

** = F-test significant at p<0.01

* = F-test significant at p>0.01
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Table 4.36 Efficiency of zinc oxide nanoparticles on germ tube length of Phytophthora
palmivora isolates CL4 F1, CL4 S5, and CL4 F10 on V8 agar according to incubation periods.

Length of germ tube (um)Y

Concentration
ZnO NPs 3 hr. 6 hr.
(ug/ml) CL4 F1 CL4 S5 CL4 F10 CL4F1 CL4 S5 CL4 F10
Control 49.30d 47.60c 48.65d 117.50d  110.50d  115.00d
500 8.60C 7.50bc 9.10c 80.50c 78.75¢ 89.25¢
1000 5.15b 4.20b 6.00b 63.00b 57.75b 66.75b
2000 0.50a 0.20a 0.35a 41.75a 43.253 43.75a
*x *% *x *x *x *x

F-Test
YWalues expressed are means with 4 replications. The different letters in the same column are significantly

different as determined by the least significant difference test at p<0.01

** = F-test significant at p<0.01

3 hr. 6 hr.

Control

500 pg/ml

1000 pg/ml

2000 pg/ml

Figure 4.37 Efficiency of zinc oxide nanoparticles on germ tube length of Phytophthora
palmivora isolates CL4 F1, CL4 S5, and CL4 F10 on V8 agar for 3 and 6 hr. after incubation.



75

L?}Ia'i'l Fusarium sp.

9InNN15MAAeUUsEANSAIMYBI ZnO NPs fisziuaruidudu 500, 1000 way 2000 pg/ml
m'aﬂﬂiﬁugﬂﬂﬂiﬂaﬂmaﬂL%yaﬁ Fusarium sp. (macroconidia) lal#ian CL6 FL1 oy CL6 FLZ
wuin Tuszezian 3 $alus Arudadu 1000 wag 2000 ug/ml @ansadudanisionvesalasla
100% 509893178 AUy 500 pe/ml Sudamssenvesalaslei 68.62-86.21% luvaei
swova 6 Halus Aty 2000 pg/ml aunsadudnissenvesataslédfiant 58.22-67.23%

(Table 4.37) sflaue1ives germ tube 9g/luY39 11.50-14.50 um (Table 4.38, Figure 4.38)

Table 4.37 Efficiency of zinc oxide nanoparticles on macroconidia germination of Fusarium

sp. isolates CL6 FL1 and CL6 FL2 on PDA agar for 3 and 6 hr. after incubation.

Inhibition of macroconidia germination (%)Y

3 hr. 6 hr.

Concentration ZnO NPs

(ug/ml)
CL6_FL1 CL6_FL2 CL6_FL1 CL6_FL2
Control 0.00b 0.00c 0.00b 0.00c
500 86.21a 68.62b 7.14b 8.44b
1000 100.00a 100.00a 13.87ab 15.11ab
2000 100.00a 100.00a 30.25a 58.22a
{8 *x o ¢ *x

Walues expressed are means with 4 replications. The different letters in the same column are
significantly different as determined by the least significant difference test at p<0.01.
** = F-test significant at p<0.01



Table 4.38 Efficiency of zinc oxide nanoparticles on germ tube length of Fusarium sp.

isolates CL6_FL1 and CL6 FL2 on PDA agar according to incubation periods.

Length of germ tube (um)Y
Concentration ZnO NPs

3 hr. 6 hr.

(pg/ml)
CL6 FL1  CL6 FL2  CL6 FL1  CL6_FL2
Control 17.00c 14.00c 50.00d 44.75d
500 2.75bc 2.50bc 35.25¢ 32.75c
1000 2.25b 2.00b 28.25b 26.00b
2000 1.00a 0.75a 14.50a 11.50a
F-Test % wx xx .

Walues expressed are means with 4 replications. The different letters in the same column are
significantly different as determined by the least significant difference test at p<0.01.
** = F-test significant at p<0.01

0 hr. 3 hr. 6 hr.

Control

500 pg/ml

1000 pg/ml

2000 pg/ml

. e
. qﬂ
'

Figure 4.38 Efficiency of zinc oxide nanoparticles on germ tube length of Fusarium sp.
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(macroconidia) isolates CL6 FL1 and CL6 FL2 on PDA agar for 3 and 6 hr. after incubation.



T

INNINAFDUUTZANSAIMVDS ZnO NPs fiszfuanuidudy 500, 1000 uaz 2000 pg/ml
sonstiudain1sienveates) Fusarium sp. (microconidia) lelgian CL6_FL1 wag CL6_FL2 wuin
Tusvezinan 3 Falus mnududu 1000 waz 2000 pe/ml danunsadudenisionvesaladld 100%
sesaaio ALty 500 pe/ml SufinssenvesaUaslé 50.00-47.26% luraitszasiaan 6
Falus aranduty 2000 pg/ml anansadudanissenvesaues|dAfiand 55.67-41.18% (Table

4.39) Faflmuenives germ tube g/lur39 18.25-18.75 um (Table 4.40 , Figure 4.39)

Table 4.39 Efficiency of zinc oxide nanoparticles on microconidia germination of Fusarium

sp. isolates CL6 FL1 and CL6_FL2 on PDA agar for 3-and 6 hr. after incubation.

Inhibition of microconidia germination (%)Y

3 hr. 6 hr.

Concentration ZnO NPs

(ug/mU)
CL6 FL1 CL6_FL2 CL6 _FL1 CL6 FL2
Control 0.00c 0.00c 0.00c 0.00c
500 47.62b 50.00b 25.49bc 25.7Tbc
1000 100.00a 100.00a 32.35b 45.36b
2000 100.00a 100.00a 41.18a 55.67a
rTEse *% *% *% *%

Yalues expressed are means with 4 replications. The different letters in the same column are
significantly different as determined by the least significant difference test at p<0.01.
** = F-test significant at p<0.01



Table 4.40 Efficiency of zinc oxide nanoparticles on germ tube length of Fusarium sp.

isolates CL6_FL1 and CL6 FL2 on PDA agar according to incubation periods.

Length of germ tube (um)Y
Concentration ZnO NPs

3 hr. 6 hr.
(pg/ml)
CL6 FL1  CL6 FL2  CL6 FL1  CL6 FL2
Control 7.00c 5.50b 39.00d 39.25d
500 2.50bc 2.00a 29.25¢ 30.25¢
1000 1.00b 0.50a 25.25b 23.75b
2000 0.25a 0.25a 18.75a 18.25a

Walues expressed are means with 4 replications. The different letters in the same column are
significantly different as determined by the least significant difference test at p<0.01.
** = F-test significant at p<0.01

0 hr. 3 hr. 6 hr.

Control

500 pg/ml

1000 pg/ml

2000 pg/ml
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Figure 4.39 Efficiency of zinc oxide nanoparticles on germ tube length of Fusarium sp.

(macroconidia) isolates CL6_FL1 and CL6 FL2 on PDA agar for 3 and 6 hr. after incubation.
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L?gjja'i'l Lasiodiplodia sp.

9InN15MAdeUUsEANSAIMYBI ZnO NPs fiseiuaruidudu 500, 1000 way 2000 pg/ml
son138uden1sienvend 81 Lasiodiplodia sp. lelaian CHL LFL way CHL LF2 wu3a lu
szez1Ia1 4 9alue Aududy 1000 way 2000 pug/ml @nunsadudinisienvesavasly 100%
sesaane ATy 500 pe/ml Sudinssenvesalaslé 68.29-89.47% Tuvawiisvaziian 8
Falus arudadu 2000 pg/ml ansnsadudanissenvesavesldffiandl 35.44-4521% (Table
4.41) uAENUIIANETIVEY germ tubefitian 6 Falusdinnuenuiniufiszauisataldiesann

wanlududlodesuda (Table 4.42, Figure 4.40)

Table 4.41 Efficiency of zinc oxide nanoparticles on spore germination of Lasiodiplodia sp.

isolates CH1 LF1 and CH1 LF2 on PDA agar for 4 and 8 hr. after incubation.

Inhibition of spore germination (%)Y

4 hr. 8 hr.

Concentration ZnO NPS

(ug/ml)
CH1 LF1 CH1 LF2 CH1 LF1 ~ CH1_LF2
Control 0.00b 0.00b 0.00c 0.00c
500 89.47a 68.29ab 11.39b 10.96b
1000 100.00a 100.00ab 17.72a 26.03ab
2000 100.00a 100.00a 35.443 4521a
st *x % *x *x

YWalues expressed are means with 4 replications. The different letters in the same column are
significantly different as determined by the least significant difference test at p<0.01.
** = Ftest significant at p<0.01
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Table 4.42 Efficiency of zinc oxide nanoparticles on germ tube length of Lasiodiplodia sp.

isolates CL6_FL1 and CL6 FL2 on PDA agar according to incubation periods.

Length of germ tube (um)Y
4 hr. 8 hr.

Concentration ZnO NPs

(pg/ml)
CH1 LF1  CH1_LF2 CH1_LF1  CH1 LF2
Control 51.25b 49.00b - -
500 2.75a 2.00a - -
1000 1.75a 1.00a - -
2000 1.25a 1.00a - -
F-Test *x ot - -

Walues expressed are means with 4 replications. The different letters in the same column are
significantly different as determined by the least significant difference test at p<0.01.
** = F-test significant at p<0.01

0 hr. 4 hr. 8 hr.

500 pg/ml

1000 pg/mt

2000 pg/ml

Figure 4.40 Efficiency of zinc oxide nanoparticles on spore germination of Phomopsis sp.

isolates CH1 _PF1 and CH1 PF2 on PDA agar for 3 and 6 hr. after incubation.
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L?gjja'i'l Phomopsis sp.

9InN15MAdeUUsEANSAIMYBI ZnO NPs fiseiuaruidudu 500, 1000 way 2000 pg/ml
sion1stiudan1sienueatesn Phomopsis sp. lelawan CH1_PF1 uas CHL PF2 wut Tuszeziaan
4 §2l09 AT uTY 2000 pg/ml @nsadusansienvesalasly 79.64-86.08% soeasnie
Aty 1000 pg/ml Sudanissenvesaveslei 68.99-72.46% Tuvnzdiszezinan 8 dalus
Aty 2000 pg/ml annsadussnissenuesalesléffiand 43.67-52.78% (Table 4.43) daf

AHETIVEY germ tube 9¢/luYIe 7.75-8.25 um (Table 4.44, Figure 4.41)

Table 4.4 3 Efficiency of zinc oxide nanoparticles on spore germination of Phomopsis sp.

isolates CH1 LF1 and CH1 LF2 on PDA agar for 4 and 8 hr. after incubation.

Inhibition of spore germination (%)

3 hr. 6 hr.

Concentration ZnO NPs

(pug/ml)
CH1 PF1 ~ CH1_PF2 CH1_PF1 ~ CH1_PF2
Control 0.00c 0.00c 0.00b 0.00c
500 42.41b 33.53b 33.86a 22.92b
1000 68.99ab 72.46a 38.61a 44.10a
2000 86.08a 79.64a 43.67a 52.78a
F-Test *x o ¢ *x

Walues expressed are means with 4 replications. The different letters in the same column are
significantly different as determined by the least significant difference test at p<0.01.
** = F-test significant at p<0.01



Table 4.44 Efficiency of zinc oxide nanoparticles on germ tube length of Phomopsis sp

isolates CH1 LF1 and CH1 LF2 on PDA agar according to incubation periods.

Length of germ tube (um)Y
Concentration ZnO NPs
4 hr. 8 hr.
(pg/ml)
CH1_ PF1  CH1 PF2 CH1 PF1  CH1 PF2
Control 13.50c 13.00d 29.25d 27.50c
500 8.25b 7.25¢ 21.00c 19.25b
1000 4.50a 4.00b 12.50b 10.50a
2000 2.25a 1.75a 8.25a 7.75a
F-Test **

*% *% *%

Walues expressed are means with 4 replications. The different letters in the same column are

significantly different as determined by the least significant difference test at p<0.01.
** = F-test significant at p<0.01

0 hr.

4 hr. 8 hr.

Control

500 pg/ml

1000 pg/ml

2000 pg/ml

Figure 4.41 Efficiency of zinc oxide nanoparticles on spore germination of Phomopsis sp

isolates CH1 LF1 and CH1 LF2 on PDA agar for 4 and 8 hr. after incubation.

82
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L?gjja'i'l Rhizoctonia sp.

9InN15MAdeUUsEANSAIMYBI ZnO NPs fiseiuaruidudu 500, 1000 way 2000 pg/ml
sansiudansienvendosn Phomopsis sp. teletan CL1 RL1 war CL1 RL2 wun luszesiaan
3 §alue Aty 2000 pe/ml @nunsadudanissenvesaladld 94.47-98.64% sosasnie
Ay 1000 pg/ml Sudinissenvesadeslei 80.54-80.65% luvariiszoziaan 6 Falus
Aty 2000 pg/ml annsadussnissenvesadesléiiant 65.72-69.04% (Table 4.45) da

AHETIVEY germ tube 9E/luYIe 32.75-38.50 um (Table 4.46, Figure 4.42)

Table 4.45 Efficiency of zinc oxide nanoparticles on mycelial germination of Rhizoctonia sp.

isolates CL1 _RL1 and CL1 RL2 on PDA agar for 3 and 6 hr. after incubation.

Inhibition of spore germination (%)

3 hr. 6 hr.

Concentration ZnO NPS

(ug/ml)
CL1 RL1 ~ CL1RL2  CL1_RL1 ~ CL1RL2
Control 0.00c 0.00b 0.00d 0.00c
500 23.98b 28.11b 24.56¢ 24.73b
1000 80.54a 80.65a 52.67b 52.30a
2000 98.64a 94.47a 69.04a 65.72a
{8 *x o ¢ *x

Walues expressed are means with 4 replications. The different letters in the same column are
significantly different as determined by the least significant difference test at p<0.01.
** = F-test significant at p<0.01
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Table 4.46 Efficiency of zinc oxide nanoparticles on mycelial length of Rhizoctonia sp.

isolates CL1 RL1 and CL1 RL2 on PDA agar according to incubation periods.

Length of germ tube (um)Y
3 hr. 6 hr.

Concentration ZnO NPs

(pg/ml)
CL1 RL1  CL1 RL2 CL1 RL1  CL1 RL2
Control 49.25d 47.25d 118.25d 89.25a
500 33.50c 32.25¢ 82.75c 83.00a
1000 25.75b 25.00b 57.00b 53.00a
2000 10.75a 11.00a 38.50a 32.75a
F-Test % wx % .

Walues expressed are means with 4 replications. The different letters in the same column are
significantly different as determined by the least significant difference test at p<0.01.
** = F-test significant at p<0.01

0 hr. 3 hr. 6 hr.

Control

500 pg/ml

1000 pg/ml

2000 pg/ml

Figure 4.42 Efficiency of zinc oxide nanoparticles on mycelial germination of Rhizoctonia sp.

isolates CL1 RL1 and CL1 RL2 on PDA agar for 3 and 6 hr. after incubation.
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4.5 nagaulszansnwvasaunmaunluddeanlenuudunduasnainFeu

L%ai’l Phytophthora palmivora

INNITNAFBUUTLENTNINVDY ZnOIVPsﬁizﬁUﬂ?nu%u%ﬂ 2000, 4000 wag 8000 pg/ml
nuvdiannisugnitie P. palmivora uusundmideu v 9 7 Yu budiuau 3 afs wudinisda
i ZnO NPs laianunsadudanisialsaldynlelaa (Table 4.47) Hsdlnuinnsld zno NPs &
wualtanmiusulssvesmaiinlea WewSeuisuiuyamuau nande Zno NPs Aty
8000pgAnLawuwaaaﬂﬁzﬁﬂﬂawuquuﬁamaQﬁfa?wP.annwonalﬁiﬂadaiﬁlﬁmisﬂﬁzﬁﬂﬂawu

JULTY 1.50-3.25 IuﬁumzﬁﬂgmmmmﬁizG'fummqul,m 3.75 (Table 4.48) (Figure 4.43, 4.44, 4.45)

Table 4.47 Inhibitory effect of zinc oxide nanoparticles at 2000, 4000, and 8000 pg/ml on
durian seedlings of Phytophthora palmivora on disease incidence (DI) after 21 days of

incubation.

Isolate code Concentration (ug/ml) Disease incidence (%)Y

Control Non-pathogen 0
pathogen 100
2000 100

CL4 F1
- 4000 100
8000 100
pathogen 100
2000 100

Cla_s5
4000 100
8000 100
pathogen 100
2000 100

CL4_F10
4000 100
8000 100

Walues are evaluated with 4 durian seedlings.
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Table 4.48 Inhibitory effect of zinc oxide nanoparticles at 2000, 4000, and 8000 pg/ml on

durian seedlings of Phytophthora palmivora on disease severity index (DSI).

Concentrations CLa F1v CL4_s5Y CL4_F10Y
(pg/ml) 7days 1ld4days 21days 7days 14days 21days 7days 14days 21 days
Non-pathogen 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
Pathogen 2.75¢ 3.75d 3.75¢ 1.50b 2.50b 3.25¢ 2.50c 3.25¢ 3.75b
2000 2.00bc 3.00cd 3.50bc 1.50b 2.50b 3.25¢ 2.00bc 3.50c 4.00b
4000 1.75bc 2.25bc 3.50bc 0.75ab 1.75b 2.50bc 1.00ab 2.00b 3.75b
8000 1.00ab 1.75b 2.50b 0.50ab 1.25ab 1.50b 1.00ab 1.75b 3.25b
F-test *x *% *x * *x *x *% *x *%

YValues expressed are means with 4 replications. The different letters in the same column code are significantly different
as determined by the least significant difference test at p<0.01

** = F-test significant at p<0.01

* = F-test significant at p>0.01
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CL4 F1 0 days 7 days

Non-pathogen

Pathogen

2000 pg/ml

4000 pg/ml

8000 pg/ml

Figure 4.43 Symptoms on durian seedlings after inoculation with CL4 F1 of Phytophthora

palmivora.
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CL4 S5 0 days 7 days

Non-pathogen

Pathogen

2000 pg/ml

4000 pg/ml

8000 pg/ml

Figure 4.44 Symptoms on durian seedlings after inoculation with CL4 S5 of Phytophthora

palmivora.
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CL4 F10

Non-pathogen

Pathogen

2000 pg/ml

4000 pg/ml

8000 pg/ml

Figure 4.45 Symptoms on durian seedlings after inoculation with CL4 F10 of Phytophthora

palmivora.
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L?}I’e]'i'l Fusarium sp.

PINMsadeulsEANEAMYes ZnO NPs fissiuaududu 2000, 4000 waz 8000 peg/ml
Anuvdsannisugnitio Fusarium sp. vusundmideu v 9 7 Yu Budiuau 3 ads wuinisda
w1 znO NPs Liannsadudenisifalsaldnnleloian (Table 4.49) vadnwuinnasld zno Nps
wualtananusunsseinsiialsa WeSeuisuiugamuau ndnfe ZnO NPs anandudu
8000 pg/ml @N13naRsEAUANTULTIDUT DT Fusarium sp. I¢ TnenaliAnlsaszduai

JUL3Y 1.00-2.50 GLusumsﬁsqﬂmU@uﬁizﬁummsﬁmm 2.75-3.00 (Table 4.50) (Figure 4.46, 4.47)

Table 4.49 Inhibitory effect of zinc oxide nanoparticles at 2000, 4000, and 8000 pg/ml on

durian seedlings of Fusarium sp. on disease incidence (DI) after 21 days of incubation.

Isolate code Concentration (ug/ml) Disease incidence (%)Y

Control Non-pathogen 0
pathogen 100
2000 100

CL6 FL1
i 4000 100
8000 75
pathogen 100
2000 100

CL6 FL2
4000 100
8000 100

YValues are evaluated with 4 durian seedlings.
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Table 4.50 Inhibitory effect of zinc oxide nanoparticles at 2000, 4000, and 8000 pg/ml on

durian seedlings of Fusarium sp. on disease severity index (DSI).

Concentrations CL6 _FL1Y CL6_FL2Y

(ug/ml) 7 days 1d4days 21days 7days 14 days 21 days

Non-pathogen 0.00 0.00a 0.00a 0.00a 0.00a 0.00a

Pathogen 1.25 1.50b 3.00c 0.75ab  1.00ab  2.75ab
2000 0.75 1.50b  2.25bc  2.50b 3.00b 3.50b
4000 0.25 1.00ab  1.75bc  1.75ab  2.50b 2.75b
8000 0.25 0.75ab  1.00ab  0.50ab  2.25ab  2.50ab
F-test ™ * > * *% o

Vvalues expressed are means with 4 replications. The different letters in the same column
code are significantly different as determined by the least significant difference test at p<0.01
ns = not significant at p>0.01

* = F-test significant at p>0.01

** = F-test significant at p<0.01
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CL6 FL1

Non-pathogen

Pathogen

2000 pg/ml

4000 pg/ml

8000 pg/ml

Figure 4.46 Symptoms on durian seedlings after inoculation with CL6 FL1 of Fusarium sp.
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CL6 FL2

Non-pathogen

Pathogen

2000 pg/ml

4000 pg/ml

8000 pg/ml

Figure 4.47 Symptoms on durian seedlings after inoculation with CL6 FL2 of Fusarium sp.
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L?gjja'i'l Lasiodiplodia sp.

PINMsadeulsEANEAMYes ZnO NPs fissiuaududu 2000, 4000 waz 8000 peg/ml
Imamiﬁwanﬁ‘auﬁmmsﬂqﬂLG’??@ Lasiodiplodia sp. 43 wuinmsanviu Zno NPs lalanansndug
nsinlsaldynlelaian (Table 4.51) fsfinuiinigld zno NPs fuwrliuananiuguussveans
\Aalsa WeFsufisuiugamuau nade ZnO NPs amidudu 8000 pg/ml anansnanszsiu
mmqumwawﬁam Lasiodiplodia sp. ¢ TngnolmiAnlsaseduanuguunss 0.25-1.00 Tuvas

= [y

YAAIUANNTZAUAIUTULIY 3.25-4.00 (Table 4.52) (Figure 4.48, 4.49)

Table 4.51 Inhibitory effect of zinc oxide nanoparticles at 2000, 4000, and 8000 pg/ml on

durian fruits of Lasiodiplodia sp. on disease incidence (DI) after 7 days of incubation.

Isolate code Concentration (ug/ml) Disease incidence (%)Y

Control Non-pathogen 0
pathogen 100
2000 100

CH1 LF1
= 4000 100
8000 75
pathogen 100
2000 100

CH1 LF2
\ 4000 100
8000 50

UValues are evaluated with 4 durian fruits.
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Table 4.52 Inhibitory effect of zinc oxide nanoparticles at 2000, 4000, and 8000 pg/ml on

durian fruits of Lasiodiplodia sp. on disease severity index (DSI).

Concentrations CH1_LF1¥ CH1_LF2Y

(ug/ml) 3days 5days 7days 3days 5days 7 days
Non-pathogen 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
Pathogen 2.50d 3.25¢ 4.00c 225c  3.75bc  3.25c
2000 1.75cd 2.25b 4.00c 1.75bc  4.00c 4.00c
4000 1.00bc ~ 2.25b 3.50c 1.25b  2.75b 2.25b
8000 0.25ab  0.75a 1.00b  0.00a 0.50a 0.25a

F-test > o *x > *x *x

Walues expressed are means with 4 replications. The different letters in the same column
code are significantly different as determined by the least significant difference test at
p<0.01

** = F-test significant at p<0.01
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CH1_LF1

Non-pathogen

Pathogen

2000 pg/ml

4000 pg/ml

8000 pg/ml

Figure 4.48 Symptoms on durian fruits after inoculation with CH1 LF1 of Lasiodiplodia sp.
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CH1_LF1

Non-pathogen

Pathogen

2000 pg/ml

4000 pg/ml

8000 pg/ml

Figure 4.49 Symptoms on durian fruits after inoculation with CH1 LF2 of Lasiodiplodia sp.
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L%,aﬂ Phomopsis sp.

PINMsadeulsEANEAMYes ZnO NPs fissiuaududu 2000, 4000 waz 8000 peg/ml
aﬂWUMﬁﬂﬂﬂﬂﬂﬂiﬂQﬂL%B Phomopsis sp. UuAunamiseu n 9 7 3w ludiuou 3 afs wuiims
Zaviu Zno NPs lalansadudsnisinlsaldnnlelean (Table 4.53) viadnuiinisld zno NPs &
wualtanausunssvesmaiinlsa WenSeufisuiugamuau nande ZnO NPs Aty
8000 pg/ml m:uwsaamzé’ummqmmﬁumL%@iﬂ Phomopsis sp. 16 lagneliinlsaszauaam

JUKI9 1.00-1.25 1usumm'7i6qmﬂw@uﬁizé’wnm§uLm 3.25-3.50 (Table 4.54) (Figure 4.50, 4.51)

Table 4.53 Inhibitory effect of zinc oxide nanoparticles at 2000, 4000, and 8000 pg/ml on

durian seedlings of Phomopsis sp. on disease incidence (DI) after 21 days of incubation.

Isolate code Concentration (ug/ml) Disease incidence (%)Y

Control Non-pathogen 0
pathogen 100
2000 100

CH1 PF1
= 4000 100
8000 75
pathogen 100
2000 100

CH1 PF2
\ 4000 100
8000 75

Yalues are evaluated with 4 durian seedlings.
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Table 4.54 Inhibitory effect of zinc oxide nanoparticles at 2000, 4000, and 8000 pg/ml on

durian seedlings of Phomopsis sp. on disease severity index (DSI).

Concentrations CH1_PF1¥ CH1_PF2Y
(ug/mU) 7 days 14 days 21days 7days 14 days 21 days
Non-pathogen 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
Pathogen 1.50a 2.00b 3.50b 0.75ab  2.25cd 3.25¢
2000 1.50a 2.00b 3.25cd 1.75b 2.75d 3.00c
4000 1.50a 1.50ab ~ 2.00bc  1.00ab  1.25bc  2.00bc
8000 0.50a 0.75ab -~ 1.00ab 0.50a 0.50ab  1.25ab
F-test *x * *x > *x *x

YWalues expressed are means with 4 replications. The different letters in the same column code
are significantly different as determined by the least significant difference test at p<0.01

** = F-test significant at p<0.01

* = F-test significant at p>0.01
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CH1_PF1

Non-pathogen

Pathogen

2000 pg/ml

4000 pg/ml

8000 pg/ml

Figure 4.50 Symptoms on durian seedlings after inoculation with CH1 PF1 of Phomopsis sp.
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CH1 PF2 0 days 7 days

Non-pathogen

Pathogen

2000 pg/ml

4000 pg/ml

8000 pg/ml

Figure 4.51 Symptoms on durian seedlings after inoculation with CH1 PF2 of Phomopsis sp.
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L%,aﬂ Rhizoctonia sp.

PINMsadeulsEANEAMYes ZnO NPs fissiuaududu 2000, 4000 waz 8000 peg/ml
muvdsannisugnifio Rhizoctonia sp. vudundmiSeu nn q 7 u Wuswau 3 st wuins
Zaviu ZnO NPs lalansadudsnmaislsaldmnlelean (Table 4.55) viadnuiinsld zno NPs &
wualtanausunssvesmaiinlsa WenSeufisuiugamuau nande ZnO NPs Aty
8000 pg/ml @3nanTEAUANLTULIIIBNTRT Rhizoctonia sp. ¢ Tnsreliinlsaseduai

U39 0.75-1.25 1usumm'7i6qmﬂw@uﬁizé’wnm§uLm 3.25 (Table 4.56) (Figure 4.52, 4.53)

Table 4.55 Inhibitory effect of zinc oxide nanoparticles at 2000, 4000, and 8000 pg/ml on

durian seedlings of Rhizoctonia sp. on disease incidence (DI) after 21 days of incubation.

Isolate code Concentration (ug/ml) Disease incidence (%)Y
Control Non-pathogen 0
pathogen 100
2000 100
CL1 RL1
4000 100
8000 50
pathogen 100
2000 100
CL1 RL2
4000 100
8000 75

WValues are evaluated with 4 durian seedlings.
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Table 4.56 Inhibitory effect of zinc oxide nanoparticles at 2000, 4000, and 8000 pg/ml on

durian seedlings of Rhizoctonia sp. on disease severity index (DSI).

Concentrations CL1 RL1Y CL1_RL2Y
(ug/ml) 7days 14days 21days 7days 14 days 21 days
Non-pathogen 0.00a 0.00a 0.00a 0.00 0.00a 0.00a
Pathogen 0.50ab 2.25¢ 3.25¢ 0.50 2.75b 3.25b
2000 1.00a 1.50bc  2.50bc 1.25 3.00b 3.50b
4000 0.00a  1.00abc 1.25ab 0.25 2.50b 3.00b
8000 0.00a 0.25ab 0.75a 0.25 0.75a 1.25a
F-test * *x > 6 > *x

VValues expressed are means with 4 replications. The different letters in the same column code
are significantly different as determined by the least significant difference test at p<0.01

* = F-test significant at p>0.01

** = F-test significant at p<0.01

ns = not significant at p>0.01
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CL1_RL1

Non-pathogen

Pathogen

2000 pg/ml

4000 pg/ml

8000 pg/ml

Figure 4.52 Symptoms on durian seedlings after inoculation with CL1 RL1 of Rhizoctonia sp.
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CL1_RL2

Non-pathogen

Pathogen

2000 pg/ml

4000 pg/ml

8000 pg/ml

Figure 4.53 Symptoms on durian seedlings after inoculation with CL1 RL2 of Rhizoctonia sp.
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PNNIAFRUUIEANEAIMUBY ZnO NPs Ainastdudu 500, 1000 wag 2000 pg/ml g
nsdudansiasguenduly nmsadades waznissenvesalssiaziduly Rhizoctonia sp. @150

ayUlafannsnen 4.57

Table 4.57 Summary of the efficiency of zinc oxide nanoparticles on the growth of 5

fungal genera.

Zinc oxide nanoparticles

fungi
500 pg/ml 1000 pg/ml 2000 pg/ml

Phytophthora palmivora®

mycelial growth X X X
sporulation v v v
spore germination X X X
Fusarium sp.?

mycelial growth X X v
sporulation v v v
spore germination X X X
Lasiodiplodia sp.?

mycelial growth X X v
sporulation v v v
spore germination X X X
Phomopsis sp.?

mycelial growth v v v
sporulation v v v
spore germination X X X
Rhizoctonia sp.%

mycelial growth X X X
mycelial germination X X X

v" = ZnO NPs could inhibit on fungal growth at > 70%
X = 7Zn0O NPs could inhibit on fungal growth at < 70%
YAverage from 3 isolates of each genus

ZAverage from 2 isolates of each genus
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MIVAERUUIEANEA MY ZnO NPs fiamudiudy 2000, 4000 waz 8000 pg/ml fionIs

AnauuAUNALaEHanSeuaNnsaaTUleRIn1sen 4.58

Table 4.58 Summary of the efficiency of zinc oxide nanoparticles on infection of 5 fungal

genera.
Zinc oxide nanoparticles
fungi
2000 pg/ml 4000 pg/ml 8000 pg/ml
Phytophthora palmivora on durian seedling” X X X

Fusarium sp. on durian seedling”

Lasiodiplodia sp. on durian fruits”

NN

X X
X X
Phomopsis sp. on durian seedling? X v
X X

Rhizoctonia sp. on durian seedling?

v’ = disease severity index <2.00
X = disease severity index >2.00
Yaverage from 3 isolates of each genus

ZAverage from 2 isolates of each genus
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327150INANITNAADI

5.1 1fiusIusIw wen wasAnwdnwasmeduguinendesamglsanideu 5 ana

L%Iai'l P. palmivora

PnnaiusegimSeuiiialsadiduin mainanitos P palmivora. in1suen g
7 Tissue transplanting Lﬁamsmaaué’ﬂwwmqé’myuiwmﬁm%’umﬁmﬁ’mum%@m NNANTT
YIAABIANNTOuENEaTIUTaNs IdTmau 3 leleian (CLA F1, CLA S5 uay CLA_F10) n319d0U
dnwarmsduguingnelindeaganssaifididsuens 400 wih wudnwalalaiiuuy stellate
pattern 1uLanA&183UA ka¥dNBULLUY rings Ad1sumuLSsetunatedy fnisada
sporangium WU limoniform, ovoid 31 semi-papillate wag papillate AUEIAU doAARDIAU
$189MY99 Suksiri et al. (2018) Tayaun wagands (2545) AvaudnuirNIdugILINIves
d 931 P palmivora figus s oud1aduus dn13a$19 sporangium wane3ULUU L1 ovoid,
ellipsoid, obpyriform, ovoid-obpyriform uaedl papillate w3 semi-papillate dnwauzfinan
Taswunlaandu P, palmivora #59911518914U89 Drenth and Guest (2004) Lag Xiao Yang
(2014)

L‘dgaiﬂ Fusarium sp.

Mnnsfudiegrmidsuiifinlsefauiaindes Fusarium sp. ¥nsusnlagds Tissue
transplanting tiensvaeus nuazIIEnE LI NEd T uNsTAs wuNT e MnnansNRaes
miﬂiﬂLLHﬂL%@i’]U%E‘jV]éI@Tﬁ’]U’Ju 2 loloan (CL6 FL1 taz CL6 FL2) wulalatidumasy asiagdeu
Snwauymedusiuingimeldndosgansset Amdsuene 400 1w wuidnuaiduledinnsaing
conidia 2 3ULUU A macroconidia §U3191587817 fintfeffu 4-6 Fu uaz microconidia 5Us
yisansyuen futaenauuy Tulfadu 1 U denrdesiumenues $Hen uazee (2563) 18970
Fmunsadraduledesndunneiy dvenndss vislelaiamasaiduae wuadsaves
macroconidia JUs19i3enendanssnszuen fulsiu 4-6 $u wag microconidia sUT193ULY og
sanundu uazdenndoau nUlnl warany (2562) enuimulaladveatos Fusarium sp.
f&nwurdviaTy a§19 macroconidia fdnuazdeut1sdu 18 Tnedinteiu 3-4 Fu day

microconidia fanwugaseguly wienseans eralufintdenuvseingsnu 1 4u
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L?gjja'i'l Lasiodiplodia sp.

MnnmsiegsiEsuiiinlsanaiu Ml Lasiodiplodia sp. ¥nmsuenlagds Tissue
transplanting Lﬁamnaaué’ﬂwmzwﬁ’mgwu%mmﬁm%’umi%’ﬂﬁwLLum%yasw PNHANITNAABY
ﬁ’]iﬂ’]iﬂLLHﬂL%@iWU%Q%aﬁﬁWU’m 2 loloan (CH1_LF1 uay CH1_LF2) wulaladddnwauey lu
spozusnidulefidvn dedloundsududing asvaeudnuazmedugiuineinelindea

[

qanssey NMaevee 400 wulduledomen drdanu @379 conidia JUTNABUIINANVTRABUYST

fudaitu 1 4y Ao Seaenndestursnumes gvini (2558) nulaaddum Aoudrey e
Taladurezudewdudins conidia a5ading dhmaudi wazasamlsty 1 funssnans

L%aiﬂ Phomopsis sp.

MnnsiuiegmSeuiiialsalugnanidas Phomopsis sp. ¥n1susnlagds Tissue
transplanting 1l ansa9E0 U LRI UANEd M UAISTAT MUNT 1 9NHANTSNRaeY
mmsmwﬂL%aiwu%qwélﬁﬁwuau 2 lolwian (CH1 PF1 wag CH1 PF2) wulalafidnwuzidulondy
wuusulluuiaews dnvagiduuanuany 9 wan Fouviuiu Usaseuusnauemsduleda
YUY A5INANRFME @379 conidia 2 UkUY e alpha conidia 3US1aN543 Uay beta
conidia JUT19L387817 @onAReaiUTI891UVB Vilka and Volkova (2015) wulalalianwuziduled
yeam Luusu uadundu ndann 9 u Taladuansiseuuansvendied vinafnans
faunady Ushavouiviesm numsasas conidia 2 UMY Ao alpha conidia U1y
nIzany UaneuviauusoUatsuy wag beta conidia anwaziReasITales

L%,aﬂ Rhizoctonia sp.

mnmadusegunideuiiialsalufinanides) Rhizoctonia sp. ¥ansusnlagds Tissue
transplanting Lﬁam’aﬁ]aaué’ﬂwmzmaﬁmgm%mﬁm%’mﬁ%’mﬁﬁLLum%yam NHANIINAADY
mmimwﬂL%@iwu%qwélﬁﬁﬁmu 2 lolwian (CL1 RL1 waz CL1_RL2) wudnwuzlalatiduloiady
wuusulifuiinems Wnslusservusniden seunddewfudinnaiainmady nden 7 S

(%
1 1 I

AOARRDIAUTIBINUVDT INT T (2559) AA1IINTOT Rhizoctonia sp. d@319tanizidule Weduly
o aa Ay =3 a & o d V] & v o
fegeuldild Wedulounduasdswdudunawnunies Tndanugadilusses dulendnuan
wrunduguainuazyuuray loeswndsiwanuauadneg indudeny yenaininunisasng
. < o a X LY VIY) ¥ 1 = [ a 1 1
sclerotium (Uunsenay Fufntuarnnisiuimnuueaduly wudeinu $3355a (2562) na1ai

\%991 Rhizoctonia sp. @514 asexual spore nwudulednsiududia sclerotia
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5.2 MsnAgdauANEINIsalunisnalsa (Pathogenicity test)

L%ai’l P. palmivora

INNIINAFDUAINAINITALUNITNBLTAVUAUNATEU FIUN1TAANY sporangium
suspension 1T P. palmivora A 1x10° sporangium/ml wudnsa 3 leleandeliAnlse
wdannsaanudungn 3-7 Ju Jaaenadeatusieauues Soytone (2010) Aldvn1sdaniy
sporangium suspension AIMALINT 3x10° sporangium/ml youdes P, palmivora Uuﬁunﬁﬂu
Hunan 30 Fu wunishndeunly At wawsa 1l Tongon and Soytong (2022) 31897 INNNG
2AWU sporangium suspension AINLTNTU 1x10° sporangium/ml 20417 957 P, palmivora
AolvAne N ssnidkaziiamenisly 15 U uusunayseu

L%ai'l Fusarium sp.

INMINAFBUATINAINNTOLUNITNBLIAVUAUNAYLS 8L AIUNITAANY spore suspension
YaTeT1 Fusarium sp. wuiane 2 lelowan ndainnisaeny 7-21 Ju nelfifelse ddnuway
013l suaengasas wufendy SReuagany (2563) S1891uinisugnidiouuimiFou
nelfiAneInsussdimany nevdarnnsgniderdunat 7 Yu TutesiuySousudious
IABILALNRATI VSR UANIDINITUIT F9anndBITIeUTes Soleha et al. (2021) na1in
F. oxysporum fieliAnlsauudundinsedumn nuanisluimdes faufisunl uwiilaysimauy
Mndusumeludian uavaonndesiuTesuues 9510501 uas A (2560) nnsnelsareudeon
F. oxysporum uususgBewmea wudiiinEiuanien s iigmdsainnisUgnienan 10 fu el
dnl 21 $u formsuussnnduaushlifuusdomans

L‘%ilaiﬂ Lasiodiplodia sp.

Mnmnadauawansalunsnelsauurai3oy Tnsnsugnidoasuuuiaumadeidule
Lasiodiplodia sp. wuiiia 2 lelaan neliifelsandsan 3 5u mmmauumanﬁwﬁﬁﬁﬂma
vgneniety Sidulsvnaauanaiuednisnig Jsaenadesiunenuves Sedtus woraue
(2564) ﬂdn’jwmsﬂgms’g@m Lasiodiplodia sp. funanieundimaiuiien amnsanelviAnusad
ihmafiuunaniFedlussszanuidiufiuasnuduledniveatoniuninmuns uazasanias
U @im wagAue (2563) VT’]ﬂ’]iUQﬂL%@UUN@@JB&J"N NUTLZIILARIINTURAARTNAT AR
sdsanugnite 24-a8 Falus Raunauunelng ve1eeneegeanis

L%lai’l Phomopsis sp.

IINMINAFBUANUAINNTOLUNITNBLIAVUAUNAYLSEY AIUNITAANY spore suspension

YUY 851 NUIe 2 lalatan neliiAnlsandsaindanuduiial 7 Ju nus1n1siAnd unlu i
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< [ = I ! ! ¥ 1% v a a6 aa £%

wnalugavuiaian e JUTeABUTINAY denAdBIiUTIBUYDY ITEld uazauds (2559) 1o
nsnageuuulunSey USnuiuanidedsiindnunzanduinia JaeuiNaveNgvUINkAL LA
el UPNEUTIUNANUNALAEUT N HuUEmEesdeNsay nseenuuly wasigudediy
31897489 Thesiya et al. (2020) YNASUgNIYBUUNELTBNI NUTRElIATNEMENAY 9 HnA0d
4 % a 901 U dg’ el 1 ] Idl U
AOUTOUMENWIUERNIaNAINN1TUgNIe 6 Tu uasnudwaniWesluan 15 Ju

W51 Rhizoctonia sp.

NNIVPFDUAINAINITAIUNITABLIAVUAUNGYLTEU F8N15AANY spore suspension
YouTes1 wuiwi 2 leluavnalnialsadiedaviuluian 7 3u lnslussozusnlunissuiiunadn
W1 gUseliuiuey vasanluknviawnaiiaiunszuiaduduinia Gegennde iusieauves

v (% L3

Ay1se wagane (2563) enuitnelminlsavuaud1 Inglugiausnunanusnguudud

I Ag7]

< a a o o o A =3 o & A o
WULAUALYSIDULNT Haneuea1un LN@I’ULLﬂGUu@iﬂﬂa']\TLLNaLLVN YauLNalJuaU g

v

5.3 Uszifluguasuvaseyniauniudedeanlediaitios 5 ana

Usrdnsnanwes ZnO NPs Iumsﬂ’mﬂmﬁyasw 5@ana (P. palmivora, Fusarium sp.,
Lasiodiplodia sp., Phomopsis sp. Wag Rhizoctonia sp.) 7 LAa1NN15LENKAEIIVUIIN WU
WesduAnsisaivlavesdesanammudasamiuiudunes Zno NPs fiutu fo 500, 1000
La% 2000 pe/ml muandiu tiesansreeuneunthinuia Zno NPs finaduiaudewuniliiouas
Josnunerialdetneiusyans sl ssunanmsiiaiuiaf sunigasannnisansuiaes
oynAasihllgnaiinyfAseiiaaveseunia Zn0 (@03, 2560) AonndesfiusBaILYes Ramy
and Osama (2013) @in¥1 ZnO NPs Gf@ﬂ’li%j'UEi‘iﬂ’]iLﬁ]%iylLa‘UIWUENng’ai’l F. oxysporum Wu31
annsadudimsnasyiulnventesliiedisivsyansnm Tnswisnmsdudinsasyivlnvendy
lelu F. oxysporum aglu® 19.3-77.5% A1uAULtNTUVe ZnO NPs Widuan 2-12 me/l!
WuReatuemAdeves Ritmontree and Kongtragoul (2021) fivhnnsnageuusyansaimaes ZnO
NPs sleLe31 P. palmivora wuinaadadudl 2000 pe/ml awnsadudenisiasasivlamadule
1§ 56.64-53.58% wazdeandestUILITeTes WTITTA UazANY (2559) Anwgrisiuesves
ZnO NPs 4031 Phytophthora sp. aunglsalusavessnems Assduanuidudu 1000 uay
2000 pg/ml @wnsadudanisiasaivlamaduledesléi 83.80% war 90.09% nuddy
desnlasadunmeuenasvesdesimadounlas mlssadinanudoms dlidulowas
sporangium 13 US19AAUNA (Khan and Siddiqui, 2018) YaNaIN denAZ0ITUSIHIIUTB1

Guerrero et al. (2020) nd1731 ZnO NPs fiszfuanandudu 500, 1000 way 2000 ppm dduals
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dlodes R solani, S. rolfsii waz F. oxysporum fipnuAaund tAanswadudegunssegiaiiu
I§dn Hefldamuinadesveaden S. rolfsi uay F. oxysporum Qﬂ'v‘hawLLastUéjmﬁLﬁzyL@UIm
A951891UV09 Sawai and Yoshikawa (2004); Brayner et al. (2006) nd@1231 ZnO NPsylilAnNIS
Wasuwaslassaiavendeviumad 1ianisialvaveslalymanaduuayluianyiliieadnie
UsgAnSn1maes ZnO NPs fisziuanududu 2000, 4000 wag 8000 pg/ml fansdamu
UURUNAT Mﬁﬂﬁﬂﬂﬂﬁﬂ@ﬂﬁ%@ P. palmivora, Fusarium sp., Phomopsis sp. Wae Rhizoctonia sp.
waruNaY LS sundsnn1sUgnide Lasiodiplodia sp., wuilianunsndudenisiielsaldide
Wisuifsuugamuey wilkunltananusuusls deandestuemidenounini nuiinsda
wu ZnO NPs 71.0.1 me/ml vusudalaufiaanansoane nsifieuazanauguussveslsaluge
mnmaﬂ@m%a’m Alternaria alternata, Fusarium oxysporum f. sp. lentis (Siddiqui et al, 2018)
71ai Altememe et al. (2019) $7697u31 ZnO NPs Sinisdudaiintumusyiuanududuves zno
NPs Fitfindu nuinfisesuaududu 10 me/t finasanissuda @eosn Sclerotium sclerotiorum
wagdnvuwawndosusidosnldidian venaintdsiesiud zno NPs arursadudanis

wigAulpveageluaiiiselane (Navale et al, 2015)
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d3Un1Innany

MNNEAUTIVTI Wen wardnsuunemudnuaeadugIuIneIvendes 5 ana baun
\¥o371 P. palmivora (CL4_F1, CL4 S5, CL4_F10), \e31 Fusarium sp. (CL6_FL1, CL6_FL2), \¥o
31 Lasiodiplodia sp. (CH1_LF1 wag CH1 LF2), Kok Phomopsis sp. (CH1_PF1, CH1 PF2) wag
031 Rhizoctonia sp. (CL1 RL1, CL1 RL2) nadauawaimsalunisvinlidslsanuimmnana
nelfiAnlsAuLEsy 100% el Zn0 NPs aunsadudsmaaigiivlpmadulevendosis 5
anaidleamudutudfisdu zno NPs sefuaudind 2000 pg/mi anunsoiiudamaiaiadulanis
dloveadiasiléits 5 ana uagANYY 500, 1000 pg/ml annsadiudadiasn Phomopsis sp.
Bn¥ta ZnO NPs seduauiat 1000-2000 pe/ml amnsadudanisadnalasvonton 4 ana
1¢ 100% wazszfuaadudu 500 ug/ml awnsadudinmsadieauosld 88.24-100% uazaunsa
anmsPndeundundsznaneuld lnefseduausuuswadsaanasmuenuidudures Zno

NPs PILALaIU
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