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Abstract

To avoid the risk of harmful effects from synthetic fungicides on human and
natural environments. Therefore, this study aimed to evaluate the potential use of the
indigenous Thai Myrtaceae plants as a harmless means for controlling fungal pathogens
causing leaf spot diseases and insect pests, including induction of plant defense
enzymes in lettuce. Phytochemical profiles of the plant extracts were also analyzed
using GC/MS and LC/MS. Furthermore, an attempt was made to improve the antifungal
potential of plant extracts. Regarding isolation and morphological identification, the
result revealed 2 isolates namely Alternaria sp. (Alt-LL1) and Curvularia sp. (Cur-LL2).
The pathogenicity test on detached lettuce leaf revealed that both tested fungi
(Alternaria sp. and Curvularia sp.) were the causal pathogen of the leaf spot disease
of lettuce, showing 100% disease incidence (DI) with 85% and 40% disease severity
(DS), respectively at 5 DAI. The Alt-LL1 fungus was then classified by molecular biology
methods, revealing that the isolate was Alternaria brassicicola. For phytotoxicity test,
four Myrtaceae extracts namely Melaleuca cajuputi (95%EEMC), Callistemon viminalis
(95%EECV), Syzysium malaccense (95%EESM), and Syzygium jambos (95%EESJ)
showed no phytotoxicity towards lettuce seed and lettuce cultivated in hydroponic
conditions, with notable plant-growth-promoting potential observed in lettuce treated
with 95%EECV.

Regarding a direct effect, Melaleuca cajuputi (95%EEMC) showed the strongest
inhibition of mycelial growth of A. brassicicola (85-100%), followed by 95% EECV (40-
63%), while both extracts significantly inhibited spore germination (80-100%).

In the case of insecticidal activity, the preliminary experiment of 95%EEMC and
95%EECV (2,000, 10,000 and 20,000 ppm) was performed on aphid and mealybug. The
result presented that all concentrations of 95%EEMC and 95%EECV significantly



showed the mortality effect on aphid and mealybug about 5-100%. In addition, the
95%EEMC and 95%EECV at 2,000 and 10,000 ppm showed a repellency of about 5-
55%. Then, both plant extracts at 2,500, 5,000, 10,000 and 20,000 ppm concentrations
were tested to those insects. The 100% mortality of aphid and mealybug was found
in the highest concentration of 95%EEMC and 95%EECV while 2,500-10,000 ppm
concentrations showed in the range of 38-98%. The 100% repellency capacity was
observed at 10,000 ppm concentration.

A GC/MS and LC/MS analysis revealed terpenoids as the predominant
compounds at approximately 55% and 37% in 95%EEMC and 95%EECV, respectively,
with high concentrations of phytol (14%) and 1,8-cineole (14%) being particularly
notable.

For an indirect effect of the plant extracts as an inducer, the results from the
experiment with 95%EEMC (15,000 and 50,000 ppm) as well as 50%- and 95%EECV
(15,000 and 50,000 ppm) applications was in good agreement, demonstrating significant
reductions in disease severity in hydroponically grown lettuce ranging from 50 to 70%
together with the induction of defense enzymes (specifically 3-1,3-glucanase, chitinase,
and peroxidase) compared to those in the inoculated control and fungicide treatment
groups. Furthermore, a correlation analysis revealed a negative correlation between
disease severity and the three defense enzymes.

Focusing on further improving the efficacy of plant extracts (95%EEMC and
95%EECV), combining the two plant extracts at 5,000 ppm as well as reducing the
particle size of extracts was employed and then the extracts were evaluated at 5,000
and 10,000 ppm for their efficacy on controlling Alternaria \eaf spot in lettuce. Based
on the in vitro experiment, it showed that all combined extracts could inhibit the
mycelial growth of A. brassicicola by 25-92% and spore germination by 75-100%.
Besides, the combination of micro-extracts improved the antifungal potentiality. With
regard to the greenhouse test, the combined micro extracts at all tested ratios with
5,000 ppm presented 63.64-65.23% disease inhibition. Using 10,000 ppm, disease
inhibition was up to 77.47% while the accumulation of the three defense-related
enzymes in lettuce was stimulated.

Based on the combined micro extract at 5,000 and 10,000 ppm, the negative
correlation was still found in both experiments indicating a decrease in disease severity
while an increase in plant defense enzymes. This probably implied that plant extracts
(all tested formulations of 95%EEMC and 95%EECV) could act as inducers for the
induction of plant defense enzymes and be subsequently responsible for the inhibition

of Alternaria \eaf spot.
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1.1 anudunuazanuandgyvastyn

Jagtudeuiilansiuitieulne Suiunadlalugunmanniu mamudnidudnmadenuilsiag
duafuligunnddy usnisudadnanniuly wu dnade snwuligmainmadvhaisvesd o
aglsalugadifiuddyiduesnann Inelselugaludnadaiiny asinainniadrvharsvoude
31 Alternaria spp., Curvularia spp. wag Cercospora sp. Feadannudemeuniiy ﬁ’;qquﬂ
fatnuuuialy sieudinssiafunisugninUasnsofiniy Tumstlastuidadonanmnlsafangin
wnensnsinldansinddaasziidududuusn (Horsfield et al., 2010; Wang et al., 2016; Yang et
al., 2019; Wu et al., 2023) inszaeninuarsinisa wisgralsimumsldansiefidanseiidusyey
nauy devdaaidesoduilna inumsns wardanade Snvidsdisenunansaduiissydnisia
Hesienn vionsiunuasialduasent (lacomi-Vasilescu et al., 2004; Yang et al., 2019)
uenniud Tutlgtufuslnaldnsevindedunmennnisliasediduanest uasnindenandni
Wansinilnntu sededienudosnsinfinanannssisfivasads andymdnedu arsatnaniiass
annsaneulandrennudenisiaiule idlesheansafinanfivgnidaldineuasdesaansldios
MusTINTR frmdasadodeduslnm nwnins wasdulinsredanadendnse antasom et al.,
2016; Dethoup et al., 2018; Dethoup et al., 2019; Sukdee, 2023) lnevlUuds ansafnandivas
ﬁaﬂﬁﬂixﬂauﬁwmiﬁqaﬂgﬁwa’lwﬁm 19U phenolics, phenolic acids, terpenoids, essential oils,
alkaloids, tannins, flavonoids, coumarins, lectins Wag polypeptide %dLﬁumiaaﬂqWﬁgmﬁ’amw
(Gurjar et al., 2012; Pinto et al., 2018) 5&1ﬂﬂd15u§QWinmmmﬁi’]’a%ﬂwmaaﬁ’uszqiﬁmiaﬁ'ﬂ
Mnfsidnenmlunisaivaud earnglsaiie §sa1seongnivosansataiivazdnalaonsaun
Geauvalsn a¥uenuduiiy songuidoniead uazdnunnisinureseulsivagTusiuniely
wad ueniniludransatnonfivdianuisanseduniesnilvivadregidutunuioslddndas
(Bonaldo et al., 2004; Celoto et al., 2008; Bulhdes et al., 2012; Pinto et al., 2018) I@aqﬁﬁuﬁu
pusvesiiniuivatsnalndeiuy wu nsedulifivatrsdniu n1siAnUfiATen Hypersensitive
reaction '3';:141713:1ﬂ15ﬂizé1’u1ﬁﬁﬁzja§waﬁﬂizﬂau phenol wazn1sasiseuledduniulsnuesiiy 1w
3 -1,3-glucanase, chitinase, peroxidase, phenylalanine ammonia lyase Wag polyphenol
oxidase (Barros et al., 2010) ‘ij‘iﬁ\‘iﬂ\laG]EJmiL“U’]‘I/I’]’mEJWGU‘ZJENL“UE)T]E’{%MG]IS?W Tud 2018 Pinto et al.
(2018) T19uIIAITANRAINNYRAT IR (Anadenanthera macrocarpa, Schinopsis brasiliensis,
Maytenus rigida, Caesalpinia pyramidalis, C. ferrea, Peltophorum dubium, Capariscyn
ophallophora, Ziziphus joazeiro, Mimosa hostilis, Momordica charantia, Erythrina velutinag,
Cleome hassleriana, Sideroxylum obtusifolium Spondias tuberosa) mmam%ﬁﬂﬁﬁuéauﬁ%ﬂgﬂ
novausLazn1sTasTunuIeLnLd 831 Alternaria alternata f. spp. citri §nadanud
ansatmnMenduisansadudinsasyuenten Alteraria solani I dusgnad waznnsldans
annaenageanuisansed uliusilewmeas1euleyl peroxidase, polyphenol oxidase,
phenylalanine ammonia-lyase, chitinase Wag 3 -1,3-glucanase V?ﬂ&‘]’ﬂammilﬁmiiﬂ%ﬁm



Alternaria 88n38Uszan5n (Latha et al., 2009) dwduussmelng msneswdiiedesiunisly
ansafnanitvlunsnseiuliivaninsoaiagifuiuauesinisaluln Altemaria Ssneiitoyaiiies
oRial

wenandgmnisdwhaeveddsafivnd wasinsfiavansein suvandsseuin wazmie
ws Wudntymiiddnlunssuiunsugnitedin nsusasdnsiivazdiihansuazarsmiuidenie
Trundamuluvangvda wu Az nsds dania sawdednadase lunsde stufdauuasi
Uaoasty fmunmsnenuiuninaeifeadvasaiaaniivisUszansamlunislauazainuuasls
(Cannon and Bunn, 2017; Palumbo, 2019)

dmsuusendlng Sivasgulnvanesdaiidgvdlunsnidorduniuasdoaturdauuadld iy
29duY (Myrtaceae plant) 917y a1y mvjmzmﬁm wadifmaﬂlﬁ uazlU13819070 Tag
sanananusanulalulssndalneuazisynalndldss 8819@U Myanmar, Malaysia, Indonesia
5331‘17?& Australia (Bharat and Praveen, 2016; Salem et al., 2017; Patel et al., 2019; Isah et al.,
2023; Salem et al., 2023) Gsiiglunadfinanmansiingninunllunisinelsn dududoqauns
ANNTTONLEY L.Lazé’uﬂumié’uégﬂa%aaaiz (Imatomi et al., 2013; Al-Abd et al., 2015; Rita et al., 2017;
Salem et al., 2017, Puig et al., 2018; Patel et al., 2019; Vasconcelos et al., 2022; Salem et al,,
2023) miaﬁ’mmﬂLLUiaé’NmWQﬂi’]Emu’iﬁﬁﬂiz%w%mwiumié'uE"?w??at,wﬂﬁﬁa (El-Hefny et al.,
2017) waziosanvalsafidld (Somnuek et al., 2020; Somnuek et al., 2021) Tuvauziithiumey
sumpniadingignilunissidowuailFowazuaas (Sharif et al., 2019) uazdsduduion
Candida albicans ﬁéfmmu&Wﬂgj%uﬂﬁlﬂuaéwa (Keereedach et al., 2020) wenannd &l
enudnmansatuszyfsUssansamiidvesansadaanatavlunismuauuuadise Thia Tsla
41 uazidosmanewiin (sah et al., 2023) druasatnanauminenldnusenudssyiasaia
MnfivdainanflgrssuduuafiSeunsuuinuazunsuau (Mohanty and Cock, 2010) lunaitansara
MnmuzmilenansodudadouveiiFounsuaulfiduogai (Bouzada et al., 2009) 9nfind1un
Trefunandiiuirdissdous fufivayulnsiivhauladuognebs fufidedsdiunaudadion
ansatnanfivasdrlivsslovdlumsmuaudenainglsaluge savidvinateuuasdngin
vosinadn sluanmiesufoinsuarluanmlsadou

1.2 AugananeuaIngUseaIAuaIn1sine

121 iefnuuszAvsnmvssansadateniueannlufivasduns ¢ vin lumsauaunisaiay
SU'eNL%ammmmiiﬁimmﬁﬂaé’m luan nvioauunng

1.2.2 LwaﬂﬂquwmmLuaqmuLLav';msnvwaﬁammaqmﬁaﬂmmﬂwszmmmw

123 fleAnudvisnadesuvesansatnnluaiavniuaslunssdanelunismunuuas
Ansuntuanimiosyfunnag

1.2.4 \fefnuuszaninmussansasaanluadinvnuagluulsedsnslunsmunilsaluge
wagHanTsnsrAueulsliunulsavelnadnluanimlsesou

125 lefnwiunmenmsifiuussavs amaesansadaanluainuouazlundsedrsnlunis
munulsalugaluinadaiduanmiesu fifinmauaranlsedon



a =
1.3 @UyAFIUVDINTANT
n3uiasEANS A nvevlawaz AU TUNMINE AN YR TARR ALY LavluInensiiy

a

UszAnSamuasansann suviawadenisnszdueuleinnuduniulse weldlunisaivaulsaluge

v LY

YoIRnaaAluanInlsuseu wazgrslun1sAIuANLIALARgHN

1.4 YaUIANTSIVY

1) wenuazdnduundorannnlsalugaaininadn nieutmaaeuauasalunisnelmiaa
Tsn uazdmdondon 1 viia Wevhundnuise

2) ¥nmanaaeungmafifesdu uarleseiesdusznauniaaivasansaia 95% ethanol 91
Turesfinasduuy 4 oiin Tiun wafinum wsesdremn suyusnien uasvusjiheenld

3) negeuanuduiivresasatinainiivasduu 4 ¥ila onissenveuudawaziivugniuszuy
lalasluiing

1) nedeulszAnsnmnisdudansaiymadulovesdes Alternaria uazdaidanansadn
fifgn 2 win meaouUsEArBnmiudinsienveaUafvedon

5) nagoulsyansanvesansainanluiadavnuazlunussdnsin (gndsden) Tunisaiuazla
wuadnsin 2 wiln Tuanmvissuinnng

6) Anwdvdnavesaisainaintuadavnnazluulssdnevinlunsaurulsaluyn Alternaria
savimalunisnszdueulasinnuiunulsefivvesinadaiivgniessulelasluiind

7) Anwuamemaifislszansamaesasadaanluiadauiouay luuusadnsnn feiSua
ansaie uaranwuineynialuntsdudauasauaulsalugaainilosawnlseluge Alternaria Vsl

anmiesuURnIsuaslsazon
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D =

finadn feAmenmansin Lactuca sativa Linn. daegluned Asteraceae fiuriiinly
yAvodnarunuiwimedinds vivglsy dnadndufivdugnannsdgnldnaoniisd Taodiy
AanaERsLAulelaflueIn1AWTY (Thamburaj and Singh, 2001) wazdagiuluysewme
Inedinsugniisluiu warlussuulalldau Tuwanianans Wy uunys aymsanns Unusnd
WNYsYIal N1ABAIU WU UATIINEN wazaAwmile Wi Weslnl uavidessie lnsanizees
feluiaituilasansvas (eAv1f adaen, 2558) Anadaidufivfineugnggniaiden 3
Snwauzdrdueaudu uazdrssewinaded luniyandeiiungy fvsdnuvazuuueruaylyl
vievi lurasinadmasdisusunnisiuiueg fuiiugden wu nau 3 ou findn 9a viese
Tuiiauuulunuuds waglugeudy fauandsiunuudazaisiug daundideagouauded
Urmnady uisanewu§enad 9 dudus sdifeanazuns fszuusnuuusinufa
flaviaTyasgiu vieTagugnogienas uimamnzugnluszuulalasiuind sinazuoaiiu
Ieludaau agnusnuuusiagsindesuin aenfidnwaiduteuuy panicle geuszuna
120 wuRlms (w1) Usznoulumenguaondiegfuliunuunsygnassdiusenuaus usazeon
eiinongesuszana 15-25 aon wisaunsanulauinnit aendunuvanysaline nduild
mdes 117 viierUuIMAD msslaunenazifeudniu $3ly 1 sieq inasdnudle 1 A 2
wan dnasdigasd 5 A egvuiudusensnvieuiiunasdades aenazuiuyrad
wazlnadluszozinandu lnslawizlurefigaumafiehn nsnavazdeud1ni winingas
guvnfigeuaraauasem wwnsrulilinmaunsdonandunntu winvesinadnazfubn

Y
A

Weaaseyansiluife) ddnwasuuue? ‘ﬁmazﬁwEJLmamé’wwanw‘%a?ﬂw?augﬂin AR
fiudensiuidniy i vded Sstuagfuaeius wwiadn fanuenussan 4 Gediuas
() uazne 1 . adnduivfiveugamaisfougu Imaqmmﬁﬁmmzamzagﬂuﬁdw
20-27 DaFaldad (o) LLmﬂmmmiamwléﬂuamﬂmm (7.2 °%) wazga (35 °) wagunn
ﬂaﬂiuwuwammum fnadninaziASen aTnuUaNsAAELLILNN LavTisaus (United States
Department of Agriculture, 2004; Department of Agriculture, 2017; Thomas et al.,
2021; Zhao et al., 2022; Lal et al., 2024)

lunsingdgninadadniongnuanvaneiug Feanusoutanudnvasvosiulay
Tuladu 6 ﬂa'u (United States Department of Agriculture, 2004; Department of
Agriculture, 2017; Lal et al., 2024) laun

1) Leaf lettuce Lﬂuwuqmmmuau LLaxﬁmm%aﬂaﬂULfluﬂﬁza;ﬂ Jludwuunn
waginaned 1wy Green oak uag Red oak

[y

2) Crisp-head Juanewusnadudu Tuflvualugiminun nswsayveduluuie

]
aa a

P AANgNTEUaUa aluuenazlideady wagluluazlddealuunn Wiy BnN1Nreuie %58
HANTIANDLLA?
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3) Butterhead \uinadafifidnuvazAnie luseunazi fddvsou viedunuui
Uanau

4) Cos vi3e Romain uitusiifdnuaslivior drduamuunans lusnsmss i3
Wendu wdunansluyu ng) wiudn

5) Stem \Juadafiinuurddusndaau lueider dmssedie Cos HATen Tu
vendiaziEendn Celtuce wia Celery-lettuce

fnadadufiviigauldonadmaavunisun wu 3adiu A, B1, B2, B3, B6, C
way K Bslundrdudnadnasiinduesdusznaunoudiegs da 90 wWodiud Wndaaush
(15 AlauAae3/100 n$u) Favhbiduslnaeunuan wisgrelsfnulunswizugndnadn
finagmanideadngnessaumnldly valsauasuuas dewaliAnmudsmemnne Tnsamns
otsBamninilundy deuvhligaydeyarmansugiaegiann (Kim et al, 2016; Lal et al.,
2024)

2.1 Angeiingan
2.1.1 Wesrauvglsanidluvasdingdn
2.1.1.1 Tsalugaminu

dnvagoinsiunsnanugaidn 9 Frhddiana seutensavaene
1Nty uwnareddnuandudimaduviofiinaun narunaasdugndon adednume
w301nU dinaznulsaludlruvedlunntazluan laedinaznuuinaveuly unadivaisvuin
Faugt 1 Fa 10 w1 aansanszeldify mnemsusannuraazafaty wlwAmdy
Snwarlulnd dnwazernisdainaniidesaumnlsafio Cercospora lactucae-sativa T
Isafiddnlsanils annsanuldeialan saueuszmdlne venaniudadosdenands
ansaviangiylavnszerandneie (Figure 2.1) (Koohakan et al., 2008)
YNNI

Domain: Eukaryota
Kingdom: Fungi
Phylum: Ascomycota
Class: Hyphomecetes
Order: Hyphomycetales
Family: Dematiaceae

Genus: Cercospora

W31 Cercospora \uiesiiiidulowuu septate hypha fidlaluaudis
fvhana aunsanuldieszasuuuendoine (teleomorph) wie perfect stage awildoiFand
Mycosphraella aglupaa Ascomycetes wagszegliaduine Tneluszesdoasinng
a¥19 stroma AifldnwaizAsudnenay SvuinUszana 25-45 lulasuns (um) dAuyladife

(conidiophore) {unguuu stoma fidnwsr3UsaEeIe dau conidia JUTNARELEUAEY



(filiform) LAAUUUa18 conidiophore UsaTeY conidial scar dlafsduiniasou duun
3.5-5 x 14-18 pm Huilanu (septum) 3-7 Wil (Figure 2.1) (Carmello and Cardoso, 2018)

(a) reproductive structures, (b) pathogenicity, (c-e) various kinds of lettuce

Figure 2.1 Frog eye leaf spot caused by Cercospora sp. on lettuce.
fi1n: Koohakan et al. (2008)

2.1.1.2 I’iﬂi‘uqﬂ Alternaria

anvaze1nslsaluge Alternaria azfiennisisuwsnilugadumyaian

[J

A Wesreznaniiuly suaunaiinisiaannududiinaiiniad Muusau
fignvaniursFosfousududu 9 adreidinszqu (concentric circle) USMTBULKA
fidmdosdousou (yellow halo) sa1nslsnaunsanulsmnszesiy waznndruvesiy
Tngiamzly snagnuluasnou mntuazannlugoen mnlsaguusannazdmaliianeins
Tulvs! wazazaeluiign lsadsnanudulsafiddnlsavisansnsanuldinlan dhazifafuiiy
lavaneaiin (Michereff et al., 2012; Nowicki et al., 2012; Blagojevic et al., 2020) @15
Usznalnennunsidvhateveades Alternaria brassicicola wie A. brassicae lufia
mzqaﬂz‘waaﬁ Snitedaurssnfuidnldsndne (Pattanamahakul and Strange, 1999;
Phuakjaiphaeo and Kunasakdakul, 2015; Haituk et al., 2023) wenaniudalsasanands
annsanun st whansresdesiludnadn enmslsnsiidnuusdeudisadeiulsaluge
mnU (Figure 2.2) inagtinduluin (Moses et al., 2017; O’Neill, 2019; Pongpisutta et al.,
2023)
BUNITUITTU
Domain: Eukaryota
Kingdom: Fungi
Phylum: Ascomycota
Class: Dothideomycetes
Order: Pleosporales

Genus: Alternaria



{951 Alternaria \Jud a5 7 ddnwazidulowuy septate hypha
avnna lilfinsadne Asexual fruiting body fin15a31s conidia duhma dnwarinetiu
Uaei3en adnegnuniuiefiulufas tAauudu conidiophore 1uiadu laifinnsuanis
&4 conidia azinsiniivateves conidiophore wassarududuans wIold Ine conidia
ﬁLﬁmau%ag‘muﬂmaqm (Figure 2.2) (Woudenberg et al., 2013; Pongpisutta et al., 2023)

Figure 2.2  Alternaria \eaf spot caused by Alternaria sp. on lettuce and
morphological characteristics of A. brassicicola; Conidiophore and
conidia (E-G), Conidia (H).
flan: Moses et al. (2017); Haituk et al. (2023)

2.1.1.2 Ysaluyn Curvularia

dnwazenislsalugn Curvularia fidnwngiiuduazifuunaidnds
Mntuusazdvunalngainty Fdmadinias sushausndstuduegiufivends wn
Anduiirluidsaferazdsusumadeudrenay ied uimniinfuiivludose sussll
Lueu veuusadudiiea (Wonglom et al., 2018) wenINHLdnnAaf U nadaazi
a1nsunaiugauuinian (Pornsuriya et al., 2018) (Figure 2.3)
YNNI

Domain: Eukaryota
Kingdom: Fungi
Phylum: Ascomycota
Class: Euascomycetes
Order: Pleosporales
Family: Pleosporaceae

Genus: Curvularia

a1 Curvularia sp. fidnwazlaladis uusnazdudenniy e
sveznawlasdsududidondy hmady vieds dnvarialadndromuemi dule
fnfeumuLuIvINg (septate hypha) duimiagou conidia vun 12-13 x 26-33 um
i 3 septate $1uu 4 Wwad lngaziiwadvilsiifivnaninsniwadau V1sviia conidia JUs9
1fsAdne croissant 10 germ tube I 2 wuu e senanUane conidia Trlatiamils wie
sen9nUane conidia e 2 919 Tne conidia azinuulans conidiophore 1Junuute



NN WDI1698111508319 chlamydospore Hdn¥UEADUTINNAN LAATENINAAINTDY
wdule (intercalary chlamydospore) (Pornsuriya et al., 2018; Wonglom et al., 2018)

Figure 2.3 Leaf spot caused by Curvularia sp. on lettuce and morphology of
Curvularia sp.
fan: Pornsuriya et al. (2018)

2.1.2 wuaeAngRngdn
2.1.2.1 \wagseudin
wRvgeuindedudsuianisfiddnsienn tneusasiandritaalnu e
wiawsnsyiadieou %@mﬁuﬁ%gwmﬂ%ﬁﬁn (Figure 2.4) lnganizag9Bauinneensou
warmonvesiiy dwalifiviluiaundly Anenisluninee Wuedy windnisszuiadingn
wntu agviliuiangarsdn hlvandnanas uasdamnmde Sslunindundeseuds
Junnzihdaluane adulsadiddyludnuaisviia (Palumbo, 1998; Cannon and
Bunn, 2017; Department of Agriculture, 2017; Palumbo, 2019)
BUNTUITIU
Domain: Eukaryota
Kingdom: Animalia
Phylum: Arthopoda
Class: Insecta
Order: Hemiptera

Family: Aphidoidea

wAsgauin (Aphid) §8einermansin Aphis craccivora oglususu
Hemiptera uusasRfUngavumdn BuinnNLeNaW Uszanal 1.30-1.6 1. 3Us19AdNe
la dutuglalagldendame songniduda finswiqfulnuuy incomplete metamorphosis
Fashsoufivunadninn Amdesseu Welndulsuuawinaneiidvdedade dmlaevies
fiviowdn 7 (cornicles) Busanin 2 vie (Palumbo, 1998) TneUnfudanasseudidyhanednd
wanewida wu wEsseuting (Aphis gossypii Glover) \wa o8 ouln (Lipaphis erysimi
Kaltenbach) uay Wwiagsaudh (Aphis craccivora Koch) (1nfigan &#UA3 WazAuy, 2561)



Figure 2.4 Vegetable aphid
w: Cannon and Bunn (2017) wag https://www.growingproduce.com/vegetables/d-

keys-effective-aphid-management-leafy-vegetables/

2.1.2.2 waglwin

LW?TEJlWﬁmgsTﬂ L‘ﬁmmmﬁﬁ]gﬁ‘ﬁ‘ﬁﬁ?ﬁiﬂHﬂ’]iLW’]%UQﬂﬁ%ﬂTﬂ WU Nnadn
finsszurnwazunsnszanslusialan T,mJLawwaa'ws“fﬂw,l,mauq'u wagwausou 4019
wsnszangldmiiesandidiivuadidnunn vhanednlavarsuis Tnowasludladde
L.Lavéhéau mmmlﬂ’lﬁwawﬁmé’wmim{i’uwLﬁyaa TuuS MUY MTOUITHAEILATYNN
‘vmm LLaJLU‘WSU dwmaliludnasuazduniu madivharsusnariedusasilugeu vhlw
dadeusnuudome wessoznariuly luiviuasidnuasildseas (Palumbo, 1998;
Medhurst and Anderson, 2003; Natwick et al., 2017)
aYNIUITIU

Domain: Eukaryota
Kingdom: Animalia
Phylum: Arthopoda
Class: Insecta
Order: Thysanoptera
Family: Thripidae

aaell Juwiasdngivuwindn ddnvagadiiieivns d0nuave
2 ¢ vouTnilvusnadules Fvasdanunsanuldvansd wu wdes du Saaiei Tog
dnwairvesdaziUasuutasmugumnl siesiimsszun uasiivends fladiuty asdidnvus
Avaanne 1y warUiunans luvaeiidgeuasiidaniniomdes wariiamidmdaiay
(Palumbo, 1998; Natwick et al., 2017) waglWAidvihaednadn dvarevdin aansouddls
2 genus A8 Thrips Wag Franklinniella W Onion thrips (Thrips palmi) wag Tomato
thrips (Frankliniella schultzei) s1a 2 genus Aeudnandefuann wlewenlden (Figure 2.5)
(Palumbo, 1998; Medhurst and Anderson, 2003; Natwick et al., 2017)
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Figure 2.5 Common thrips on lettuce: a) Western flower thrips, b) plague thrips, c)

onion thrips, d) tomato thrips.
71311: Medhurst and Anderson (2003)

2.1.2.3 wasuds
Asdhanereandsuts agldurnunanunadilvluiled ovesity
mﬁmﬁa@mj%?:m ﬁﬂﬁﬁ%qﬁyﬁamimmmagmmﬁw dsalviiviinsasgyivlag denis
Tuwdes vdemnszuianiin vilviftevganisaiaduln wazmeluiian mdsudsdsansn
Uanwansinilen (honeydew) 99nin %QL%U‘U@QL?S‘\]’m’ﬁE}@Bﬁ’]Lgﬂﬂﬁaﬂﬁumﬂﬁﬂj lasans
mﬁm%Lmzamagjuﬂ‘uLLazﬁaﬁ’m%qﬂ% Medaduurasesnsveadoss (sooty mold) ¥
T esnasauazunsnszareiaiialu ivivldaunsaduaszinaddogradud ns
wigiulnvesiivgnsumu 9109 wiongavedn uenainiuds Sudummeiilsalafasing q
mgjﬁstﬂﬁ (Tanwar et al., 2007; Manners and Duff, 2015)
BUNTUITIU
Domain: Eukaryota
Kingdom: Animalia
Phylum: Arthopoda
Class: Insecta
Order: Hemiptera
Suborder: Sternorrhyncha

Family: Pseudococcidae

wdsuds (Mealybugs) figusradugulunienauuuy vwimanyszuna
1-4 a1, fidv1 dvuy vsedn Inedvuwladvunaqunidia indsudeindisdiulelld
a Av Yo ad a Y ' ral Y . &
Un vaugisgdniUnuavaninsadule v 3 6 wagnuiauie 9 egitdauii (Figure 3.6) inde
wlaingninaqualgatsmiletnnindudveenun tiledesiud19ndngsssuviauas
annwindeuilivinzan wiswdalninefnegnuly, A, du wassinvesity laganie
lugiuniinsavauvasdnse1msuin (Pintar et al,, 2017) Funasudsliviangwdaiinvinans
Rnaan W wwaswdedy, inasndanise, waswledudidesna e wazinaendauzagne

(Figure 2.6)



11

Figure 2.6 Common mealybugs on lettuce; Jack-beardsley mealybug.
fi1n: Frank and Baker (2022)

2.2 msliuselevidanniyasdvuy @dTun1sfinen) lunisatuaueqdunsd

LAZUAAY

fiaflunsd Myrtaceae WWunguiivdifinrumainuaneiisluudvesdnumeyangnumans
wagnslEUselen sl dusdifianuddgiamaasusiaazmsdnging dmdu
Uszindlnsudrannsamuiivisduanldunnuevaevia uasduiividfamansugi g9
Hunfanduduesnad wu vy W55 nuwg 1Judu usegslsinudsasdifivadvuydnmans
yiin \Hufieriesiulne vioannsonuld luwnuiedenyfusenide sléivindy wu wadaam
(Melaleuca cajuputi) ﬂjuﬁ(jﬁgﬁmaﬂlﬁ [Syzygium jambos (L.) Alston] LLammwjmmﬁ'm
[Syzyeium malaccense (L) Merr. & L.M. Perry] Wusu Ineitgnsnandaduiialy “lasanis
susnEiugnIsufivduidomnanmsysvdd aufanssyminusvan auusIsuna3”
Tnglanzededa lafinv1n 1uliviesdiu Aanansanuldlusauiimeiay wazding aald
gasUszindlng WUlAlE unandnduliAanslivselowd warduaduliduldnansugia
aeldlasans “quidnmmsimunfinavesduidosnanmsesvis Smiausidna” au

WIZIIYANFTVRINTTUWIALAINTZUTUIUNITLUAT WNTNADARLIATUNNTIY USHUIOURAST

2.2.1 wU59819990

Foastoy: Bottle brush tree

FoImemans: Callistemon viminalis (Sol.ex Gaertn.) G.Don
A Myrtaceae

Fodu: “aInDN

AUUTIAN9970 daumialunivseamsias leewnnizeg1edalu Inpeiseaiud
LauA waztunsiad Felluinndi 30 wila laedeana Callistemon 1131nA1wIN3N Kallos
VUGR89 UaE Stemon %38 stamen B NATHIE OTINAUTMUNILAINIT INATAE
e dmsuidledine Isenuigniidinugnasausnlugiel wa. 2504 Tag viaiayLses
° = v v a a a ) a o &,
U13em1s Wuldudugedszana 10-18 was lumeiiseadsuaduseuis dnwasiduguven
(pendulous foliage) UaneTuunan Taulusen veuluiFeu aurnuszuial 5-10 x 40-50 wl.
vonsouAsudIgauyl wazllvulnagu aendudeduns WU spike AG1BLUTIAIN 10y
49nBNALeBNUIHAUUANENT TANNeIUTEUNM 15-25 %3, TaAaztpasUsenaunignantae
o = dy a v [~4 ¥ = alal gj = [ ¥
UIUNIN NAULRBINANYULTUIUAE NAURDNUELAY panARNAaoAYINy Naldugunie
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YUIRLANYTNseudzdiddes Weounvziiduina wiwazuandu 3 3y EdnRnidusazan,
2020)

=P

173 ¢ ¥ dy a
nsldusglevdannulsednevinlunisatuaneaydunsdnalsa
[ [~ | Qlld ) % I3 v a 1

wlssansvanduividnisinanldusylovdunnuny uwazdsllassnaalunisyie

Jostunsudeivenden usaninisle uilsavaenaudniau Jansiuenyadase uavddl
av a v QAI QA‘ £ (% dy <~ a .
guIdgdnvatgatuineItesiunsmuAlResIavnlsaiiy 819 Misra et al. (1997)
NUINUNHUNBUTLMEANLUTIR193A (Callistemon lanceolatus DC.) NAULUUY 3,000
5,000 8,000 kaz 10,000 ppm @11130ATUANNITHIZYNIBEULEVUTBINAIMHVBITT?
4 6 ¥l leun Magnaporthe grisea, Rhizoctonia solani, Fusarium moniliforme,
Curvularia lunata, Aspergillus flavus wag A. niger 1§ lagisgAuAUTLAILA 8,000 ppm
au1sadudala 100 wWasidus Tuvaeil Jazet et al. (2009) lenaaoulseansainuesuiiaiuy
¥ v & A .. . . cY :1’ dy
nouszneaInlunls9a1999n 2 Wug Ae C. rigidus wagC. citrinus Tun15UE 1Y
Phaeoramularia angolensis Wua1 Unsiueuszelaan C rigidus 1AL 6,500 ppm
ausadudadiosinenarale 100 wWesidus way C citrinus AMUANTUN 6,000 ppm
[y g.J/ dy [ | ¥ ¢ @ I3 Y @ | = a [ (B Y4

aunsadudadesdinandla 100 wWesidud wanslmiudn Tuiivanafedfiuussisansiug
gansaliuseanSanaanenu Tul 2012 Shukla et al. (2012b) as18auin dnsiureuseine
PNWUTIA19VINTEAUAMULUTY 0.908 Radnsumelaaans (un./ua.) Juszansainlunis
gugalie Absidia ramose, A. alternata, A. fumigatus, A. niger, A. oryzae, Chaetomium
sp., Dreschelera sp., F. nivale, F. oxysporum, Fusarium sp., Mucor sp., Penicillium
citrinum waz Trichoderma sp. Muenlaanuandades gedis 100 wWosdud asdunalei
U UNONTENYINNIAINANANMNIT0TUT Y8 Chaetomium sp. wag Trichoderma sp.
= & d’lj a Y 2 & Y o w 1% go/ o 1% | Y] r.:qu gj a
FuluweuUnéld Jadudedrinlunisldunfiuneussmeannulssaninsuiuenaayiin
lumsaupu@eanrslsaiy dnvedamuin arsainainluwlssdeuiniild petroleum ether,
chloroform, ethyl acetate way methanol Wufvinazateaiunsadudenisiasyves
WOLUATILSY Agrobacterium tumefaciens, Erwinia carotovora, Pseudomonas syringae,
Xanthomonas axonopodis pv. malvacearum, X. campestris pv. vesicatoria, X. oryzae
pv. oryzae. i lngansainfild petroleum ether WudavinazanauansUsz@nsnnaiian
Tnediusnaududaludig 18.66 - 35.33 ull. 50989U1A8 @15ana1n chloroform LJusn
viagateiusnududslutag 21.33 - 29.33 wu. daUa15anAN LT ethyl acetate uag
methanol Wudvinazarenliuagudsmunu Inedusnududaluyig 15.6 - 25.6 1y,
luvagansanannvlinlianunsadugaie Ralstonia solanacearum 19 (Kavitha and Satish,
2013)

WANANWBAUVS a1 valsANTLAY UluvousemeaINKUTIRVIA §a13150
v & - ¥ d v L X , ,
Emsmmsl,amyfuaqL%aaulwmmmm WU W Staphylococcus faecalis, S. aureus, Bacillus
cereus (Oyedeji et al., 2009), Wway Escherichia coli (Gohar et al., 2014) g nivasana
WUSIA1VINDINAVNALALBUNITE WU @15aNAUN, methanol way Hexane @unsaguds

WeUATSY E. coli, Pseudomonas aeruginosa, Salmonella enteriditis, Shigella sonnei,
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B. cereus, St. aureus, St. pyogenes LLazL%ai’l Candida albicans @ Iﬂaﬁu%nmé’uéga
o8/'lun79 16 - 20 ux. (Delahaye et al., 2009) duansanadildainnisldinduiy
fviazans Aaududy 10, 20, 40, 80 un./ua. @unsadusad e Pseudomonas
aeruginosa 311 4 Telwian 16 fusnmusudeedlurag 6-17 uu. luvedinnsldihoudu
Fwhazangluuansseavisnmnisduds (Faris et al,, 2011)

#1u Oyedeji et al. (2009) ldvin1sAnwasFUsEneuLTueNsEEaIn
wUsa9an 2 aneviugludssmaneninild fe C citrinus wag C. viminalis wu31 JU3una
vsfunenssne 92.0 Wesiud way 98.3 Wedud auddu Inenvansussnaumand
ﬁﬁwﬁ’aﬂaﬂﬁﬂﬁwamzmama C. citrinus wag C. viminalis A® 1,8-cineole (61.2 way
83.2 1UasuR Aua1nv), Q-pinene (13.4 uaz 6.4 Wasiius audiu) wazdissydni
dhifumenssine Aimnududu 0.08 un./ua. mmiaé’uégmmﬁzgsuau%a Staphylococcus
faecalis, S. aureus wag B. cereus l# WUU%L’JEUE"JJUE"?QIWU'N 23.0 - 26.3 1.

514U lavanNuUTea1999nlUNTAUANLNES

wUsedamn uenanazisyansnmlunsdudatorduniduds desenudn
dnilefanldlunsdanisiuuas varewia wu Tudsemausda msldihdunesssne
MnRenulsid193n (C. viminalis) Aaadudu 0.5% dwalisuiuvesnasseuden
(Myzus persicae) Wazn13v818Wuganas (Sales et al., 2017) d@uusesinadnsu (Iran)
Zandi-Sohani et al. (2013) na1131 nslifunenszmeanlunUssdrsnan (C. citrinus)
Aty 500 /L hufiwsesnedany (Callosobruchus maculatus) dawalviiUosidud
N15018903A 3983 08 luY39 50-100 Wesidud wavdsduszdninmnislaladndae
Frutssnaduiie Snenuihifunenssmeanuussdannaeiug Curtis (C. citrinus)
finaneusuialy nsilnda nsegsenvesdigeu uazniswsydudidnivveswenuls
(Ramachandran et al., 2022) Iummzﬁawﬁuﬁ: C. lanceolatus fUseansnwlunislawnuad
vanevin 1dun saadamy freynd wazueaudsld (Ankitha et al., 2024) dwuuszmelne
fiseauin ansadaanlu C lanceolatus 1 hexane Wudiiagany dnadennfinssunisiu
wavduduiwneviusuledn (Sannongmueang et al., 2017) LLﬁ%LWﬁySLLﬂQa‘%NWU

(Sannongmueang et al., 2018)
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2.2.2 1@dinv17

%amﬁzy: Cajuput tree/ Milk wood/ Paper bark tree
oImenmans:  Melaleuca cajuputi Powell
VOND: Melaleuca quinquenervia (Cav.) S.T.Blake

Melaleuca leucadendra var. albida Cheel

Metrosideros quinguenervia Cav.

s

A Myrtaceae
A4 < < < v, =
VOOU: iadla (nanang), e, willa (nald), Neua Wang-Unanil)

wdinuny anunsanuldusnaiuiguly waumeildduazaziusanvasseine
Ine wagdaanunsanulabusnauseme tawn dutie 3u Wil Heauiy uawe dulailde
& a 3 < Y v (= [ a
vasiied aues rasinvindulddudulydnisudalu fA31ugeUssun 5-25 LUns
Jadudnge wWasnduuan Jdv17ua auisaasniduwuls Fuluazuiduiniaseu
| &, a a a o W A v I Yy & v P~
dulu Wulumen Seadeuaauiu Tulanvauslunen laaantsy Jvuiaussunn 15-40 x
50-100 wu. Yaewkazlauluwnay vauseu Rndes ddulu 3-7 @4 9uIUaInlALase
Uanelu Tusauazivudvnd aen Tanwazduteasvau sonnanivatens 2317 AdtenIa
nsEIan YUINYRE1IUSENNM 7.5-15 9. nandaiauindn ludd1uneniiwude eannan
A &, ¥ P | A o v v v
paoaU Naldugualy aLNSNAUINIADUYNT YUIANIWNUTZUIU 4 UL, WAILAZLAN A5l
Uszlevdarnduainuid ileldazldlunisneasie 795 @y wazyinily druuden
Henaenuagldvimtiu wieyamdn (H9fs 509598 wagsivde Tanasaud, 2547; nsuunld
, 2550)

v I3 < ﬂy a 6
nsiduszlevianaiinu1dlunisauauagaunsdnaln
TusfnymUukaunalaveslne %ﬁmﬂﬁi’ﬁ,aﬁmm’ﬂugﬂuwﬁumﬁﬂﬁu 5NN

unuadn vsundudes (Cajuput oil) Snwilsalutedniau vieuiuinisy Uiny wazdsld

<

Jussnwnlsaionis Shwds wavenwelsn dmsunuidenudeqdunid I518unaiy

o¥

atufiszyinansadauazintunenssmeniadavnianmsausudad eamalsadigls T
Usandlnefissaumstiifueussmeanluadioun 9258 2007-2016 J5YN dhsfumney
suwmemudLdy 1.5-50% ansadudinsesymaduleveados Aspersillus flavus waz
A. parasiticus aegaiiusgdnam aaunnin 90 WesWus (Thanaboripat et al., 2007;
Thanaboripat, 2011; Thanaboripat et al., 2016) @uluaA19UIZINA SINUNITIIBIUVDY
Bharat and Praveen (2016) ﬁl@fizudwfﬁﬂwamzmamﬂLaﬁmm’s Aspergillus niger Wa
Aperg/llus spp. (Usnaududs 2-19.5 uw.) Wduegnsd way Siddique et al. (2018) Wum
dfunenssmennlualinarududu 8-250 lulasniusiefiadans (ue/mL) ansadudinis
Lﬁ]iigmqLauiaﬁuaqrnammm@kﬂm Aspergillus niger, A. flavas, Fusarium oxysporum,
F. solani, Alternaria alternata wag Penicillium digitatum uaﬂmm‘faimé)’; Ukit et al.
(2019) narin ansarta methanol MrluialinanusaduddenuaiiGeunsauin Bacillus sp.,
B. licheniformis Wag B. subtilis) uazlupiiisaunsuau (V.cholerae wag S.dysentriae) 19
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mslduszlevianadnvialunsaunuuies

thifuiadia Hungitggrenathuidanldnifielags uagusaing 9 yragadlqns
Tunseuld (@aAsuavs e, 2547: 38n wavauds, 2542) §9lunintiu Ko Ko et al.
(2009) lénaan dsfuvensvmeiadavianing Sgvslunslamanilnauazuenuds
#7549 100 Wosidud Tusmed Visheentha et al. (2018) nu31 a1saia hexane,
dichloromethane wagmethanol MnAULAT AU AUTUTY 20% @1u15alaun
Camponotus sp. laeg19iiuse@nsan waziiiosy 9 il Vivekanandhan et al. (2024)
891U 13'133’14%@3153mamﬂiuﬁﬁaﬁqméiumﬂéQnﬁuﬂa'aq Anopheles stephensi uazds
mmaaezh@uﬂﬁwaaqﬂﬁmé’qmﬂmaauLﬁ‘flunm 24 Flug (1)

2.2.3 yunuswvilen

%amﬁzy: Malay apple/ Pomerac

Foineeans: Syzygium malaccense (L.) Merr. & Perry
Yorios: Eugenia malaccensis Linn.

9 Myrtaceae

Fodu: ugnilen, VUNF AN, VUHUAS

yuyiupivile Ul fuhnlusauimesan quine Auagnsaty s
aaldvesuszimalng Jagtununisnszaredadunsuissuiuedony fuoonidodld
yuuzmilondulsiBuduruinnats gaszana 5-15 was aduanunsausnisinulsunn
waziifsdeuddlug wWienvosdduiduinageu Arvgese andle Turuyusmi e
Hulufer Fesiaduiudug lugouFuusndduuy Tuunfidider vuialng dnvarlus
Uangluwnay Taulunu Svunadssann 8-15 x 15-25 gy, vauluiseu lunun dun Aty
2udu nseenaon aunsasenaenldniui wagddu sonaenidure dunsia uie
Aunudu Audenanduiinduides 4 ndu FAden nasia Adertududnen d9wauunn
warduguszels 9audu naseudrididien wasnaudaziiduns Wegnazildiiseuuns vde
waaity Wonu du aeluidens viovnewvuy sawdnaiy deudgnaudiu uay
Sulsemunaan dsavuae (Pazzini et al., 2021)

nsldusslovinnuamuzmiivalunsaiuauidogdunisielsa

wnjuzviler drunnarlivssleninnnisulssmunaan oldldvhaadeats
thudeu mslinuAndestugduidideyareutrsiia numssenuiies Bouzada et al.
(2009) @ alf¥5189771 asaia methanol arnlumamy g o fqns sudud ouundie
Pseudomonas aeruginosa, Salmonnella typhi way Shigella sonnei aiasitud) 2019 Savi et al.
(2020) l@ 51891177 @ansadudanisiyvendewuailise Staphylococcus aureus,
Salmonella bongori, Candida albicans wag Candida tropicalis A1 MIC wag MBC/ MFC
oefluting 1-8 uay 5-14 pg/L uasdirnuanlaiuud wunissenuves Quenon et al. (2022)
uay Hapida et al. (2023) find1in ansaa methanol nvusuzvisrannIndudanis
WiyveuteuuaiiGaunsuuinuazunsuaulivanasie
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2.2.4 yuyinanld

Foasty: Rose apple

Feinenenans: Syzygium jambos (L.) Alston

oo -

eNGE Myrtaceae

Todu: sigvas] ugiiwien (ndw), s dini (nelé)

[

guynenld [Wuiislusa lrssdeuvgn Wuvuniugasfuvesusenealng
faumillalusaudula-uiandu suusdsemalneads Tullagduiivetaiiinisunsnszaiy
wavausonulanslunivewdni wensni uasiede suunenldiduliinuinnals aauas
o v 44 a & ] a = P v & | P Y]
YosmruUsEInn 10 wns Tuvesivriinilaviduluifey senSewsetnuiudug luldnvae
Se7 Aaarevien Yaneluwuay Tauluuus vauluseu douindssunu 3-4 x 12-17 4.
N o & a = ' a! ' a a o |
aaNdlanwue U UEUIIN30L1a 0989 panABN UL USHaUanene dnangay 3-8 Aan
funasdadsruauun dwna WWunaifey Tdnvaenauuy adenadu dvewa mnduane
Wuslvedleanvzfidmdes Yanenaiindudiden 4 ndu ndurdienonuuuan uwinnduans
Wugunalersiiduns nalivdaduenainazsulszmuaauds Saunsalinalsadueiven

o Y 14 1 I 2/ =3 14 % a [y 1oa [
‘U’]?Q‘Wﬂﬁ] NAY @IUUADN AULAZLIAALNLUIINULAENDILES (NaEA PYUBUNTINT, 2564)

nsldusslovdanvaminenlilunisaiuauiegduvidnalan

wvjﬁ;’maﬂlﬂﬂuﬁﬁmﬁwﬁq fuenanagliusslevtidunalivuanuasld
Jugrayulnsuds aenuteyalunuifensdiugdunis vansdudadosuazuuadiSe
ADUL9NAR 9191 Tl 2000 ﬁiwmumﬂ%’miaﬁmmLﬂﬁaﬂwvﬁmaﬂlﬁmé’mﬂﬁﬁLLag
acetone \ushvhazane fiusvansamdududonuniide Staphylococcus aureus, Yersinia
enterocolitica, S. hominis, S. cohnii W& S. warneri (Djipa et al., 2000) GLusumz‘ﬁl Murugan
et al. (2011) wui ensafnanluildirhazaneis 2 slindnadu fszdunnududu 60-100
ug/mL fgvilunssudutosuazuuaiiSeldunndeiy Siansaiaain acetone a1unsa
ETUE%&L%@ S. aureus, B. subtilis, E. coli, K. pneumoniae, P. vulgaris, P. aeruginosa,
S. typhi waz V. cholera @auansannanuinaunsadudsldiiies S. aureus, E. coli was
S. typhi uenaniinda Sawudn arsada methanol 9nturugitinenld annsndudade
A. faecalis, A. hydrophilia, B. cereus wa¥ S. aureus taJuoe19d ¥297 2015 Begum
(2015) la@nw1Usednsninvesarsannained uyuw i ldandaviazals carbon
tetrachloride uag chloroform @9mu3n ansanana 2 ¥ila anansasusade B. cereus,

B. megaterium, S. aureus Wag E. coli ta
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2.3 n1sgnuianudiunulsavasnylaglvaisannainineg

nalnn1satunulsaaesia daaedu 2 naln lawa 1) constitutive resistance %3®
passive resistance Junszurunstesdunueswesiaifung waifinduadgivln Wy
mwwuwawu cuticle aﬂwmumqwm mu‘mi‘u smmmiﬂi ABUNIN alkaloids, phenol
uag glycoside 2) induce resistance %39 active resistance Lﬂuﬂizmumﬁﬁmsﬁuwﬁﬂmﬂ
filgsumanszfunaradiedu soradunamnanidelsn aaedl aruiion auvduitng
Lavansanaanniiy (WsAng 29duia, 2532) Weilvlasuaadumanil gaunsanseAulilin
nMsasuulamaduaivazaisinelufiv wu nsasuanuudausveawiaeaduiung
d319 lignins n15dzau suberin wagn1vazay callose 59UAIN1INANATT phenolic,
phytoalexins ez pathogenesis-related (PR proteins) %aazsﬁaaﬂaaﬁummﬂqﬂsuaal,%aisﬂ
fi19 9 lunszuaunismanil nsuanuaznisazauves PR proteins lufiwiienauaues
sionsyngnvesidelsaieindiarudifyun fvazdiumnouaussniseatulasnisnszsu
Aanssuveneuley Uestud narnvatsd wdu PR proteins lawn peroxidase,
3-1,3-glucanase, chitinase Wag polyphenol oxidase 52U phenylalanine ammonia
lyase é?fqmmm%aamm]”m"wmsmaaﬁmgﬁmmzé’mmmiLLWi'ﬂizmEJSU@QIWVLG?
(Prasannath, 2017)

nstnuIANUUlsavesiansavinlauaeds lawn nisldasiadldaunsiziung
¥ilm WU Acibenzolar-S-methyl (ASM), Benzothiadiazole (BTH) wag Salicylic Acid 6‘3&
anunsanseduliiimasaansiestusies msldastanmidedadast wu msliidouuaiie
viederiidulsslvdifonszduaudunlsaluiiy astsdnstdansatnanfvnsedu
Tifivasrsouleddostunuosnnniy deusofnaufsifagiu Tud 2003 Bonaldo et al.
(2004) Ig@nwrnsldansatnuinen Eucalyptus citriodora (Myrtaceae) fuwminat wuin
arsatasena il insann1sientesdlosuazn13as1e apressoria 1048 99
Colletotrichum lagenarium l¢ §sanunsanseduliivasagiiquiunuesluivlawuiy
siourlul) 2009 Latha et al. (2009) wudransaraainiis 20 ¥iin 929 Zimmu (Rnszga
vewduiie) fanddudimsnsgmadulevesties Alternaria solani I waznisldansara
91nftY Zimmu eghaie vieldsutudeuuaiiseujiny (Pseudomonas fluorescens
waz B. subtilis) @nsnsnannisiialsa early blight disease Tunzifemaly 8eluniniuans
anm Zimmu genseaulvnyasiaeuledaiuniulsaiiv laun peroxidase, polyphenol
oxidase, phenylalanine ammonia-lyase, chitinase wag 3-1,3-glucanase launninnsla
ansiniiduasizikazynnIuau daulul 2011 Akila et al. (2011) loseanuluviuesfedfiy
31 nsldansatnannludilneduieiivszans amdudaniswsymadulevead 8
F. oxysporum f. sp. cubense wasn1sldasanasanann auuvansasnetuieiuay
Tsufuidonuai3euiing aunsoanausuusslsadienlundis uasdsannsadniili
nalsasaeulesl peroxidase wag polyphenol oxidase Lo Tuveuedi Farag Hanaa et al.
(2011) wuih mslansatminnaveuaz wilow anansaannisinlsadierlusifemals
finuguusalsawindu 25.5 wag 27.8 Wesidud elfisuiuyamuauiiianuguusdlse
WU 65 Wasidus ﬁﬂﬁgqé’amzéfuiﬁmL%Lma%’mauisziﬁ peroxidase, catalase wuag
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superoxidase dismutase wagluaad 2017-2019 wunssesudanateaty sldszyinns
Wansatmanfiwnanesiinfidvssansanlunsdudeanswiyveadesn Alternaria solani
(Kumar et al., 2017), A. alternate (Pinto et al., 2018), Botrytis cinerea (Gholamnezhad,
2019) uay Puccinia triticina (Draz et al., 2019) TuanmiosufiRnisuda et lunegey
luanmlsaseu ansadnanivdlifnenmlunisnssdulvinvordeaiaeuleddasiunues
(WU peroxidase wag polyphenol oxidase, 3-1,3-glucanase, chitinase Wag phenylalanine

ammonia lyase) lodJunenaf



unii 3
A5N15ALUUIUIVY

3.1 msfnwdfesauvnlaafivlugadnade
3.1.1 nsusnuazmadaduunidesamnlsalnedugiuine

Auludnadafidenmslsaluga nshdudgninlelasludng luaaduiisundn

ngamIIUAT Wuenidesatvalsalagds Tissue transplanting technique ua Single

spore isolation technique ﬁ]ublﬁlf?}laiw%fjw‘é waztAuluraene1mis potato dextrose agar

(PDA) figaungdl 4 o titellunisnaasssiely
dmsunsdaduunidenaivalseluaadnadn Taedidunsfnudnuazmis

duginen Wy dnvazvedaladuuesdsnte Snvazuasrunvendulouazaleives

dos nelindesgansam]

3.1.2 mMsnagauANNEUIsalunlsnaliiinlse

suduntsnageuauasalunsieliiialsaveadesanvnlsaiiuonld
uiluinada Cos (Hosnnilumeiusiiauseuesolsauniian) smemsiwieludinadn
Cos Ewhmuareiauazaini@ede 6% sodium hypochlorite (NaOCD) w¥assiaduuadng
nsvAwaiTe mﬂﬁgwqm%aiwmLwﬁmﬁw%ﬁuﬁa (mycelium agar plug) vu1A 5 1.
vulufiadananafwienly udnhluvudslundesmwanafnliaudu Agumnfiveady
F2UZAT 7 MU TNUHUNTNAABILUY Randomized Complete Block Design (RCBD) 411U
5 41 (5 Tu wagUgnitiesn 2 gasioly) dnfunsniSmunuliiuiu PDA fiusimainidouny
fufinuanisnaaesfensinvuiausa Woydvdamguusslse wazduinndesidudinig
Anlsn Wesidusinnuguusdlsn nugns dieluil

AZLUUANTULIILSA Iy 4 sEiu fe

0 = lufinshne 1 = UIALNG 1-5 1. 2 = YUIALNA 5-10 Uu.
3 = YUIALNA 10-15 L. 4 = YUK > 15 1.

WoeswudnisiAnlsa = @unuluiiialsa / S1uruluianun) x 100

3 (Frnuluiiialsa Xazuuuanuzuusdlsa)

Wosldudnuguusdlsa (Disease severity) = X 100

(Frualufioun Xaguuueuguusdsagan)

3.1.3 MIAANUUNWRT Alternaria sp. lngisan33nen

yhmsdnsuunaiin (species) vaadias Alternaria sp. (Alt-LL1) TagFvmanny
I dhemadsatoruuonsiasade PDA a1y 7 fu 9ntudaderluduiuata DNA
niourtsdnsuunidoslands DNA identification n13i3we9 Mohammadi and Bahramikia
(2019) ¥innnsafin DNA Tudau genomics é"saﬂqmﬁwmé’ﬂﬁﬂgﬂ NIV uAI DNA
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USKIEW ITS rDNA (ITS1-5.85-IT52) Inelglnsiuas ITS1 primer (57 TCCGTAGGTGAACCTGCGG
3’) hay ITS4 primer (57 TCCTCCGCTTATTGATATGC ’3) w9 niu 1 purified PCR
products lumaisuiiadlelng laeuiem Bionics Co., Ltd., Usenenuals waziiaiau
fmalelnadild luwssuifisudiduianilelnd Taeldlusunsy Basic local alignment
search tool (BLAST) Tusyuuves GenBank NCBI database

3.2 msfnwmgnuaiidosduvasansadaeniuaaaniivasdey 4 viia

nsnsENasannaINTuNYedYNy

FruiunafulumaaavouUsdn wtsniol uessuyinenld Tueiuiis q
yoenganmavuas dwduluadinen iuluiuiidminguns @uanimeasndons q Ty
Table 3.1) uazthandwdethazein niousisaulviuis mnduinisevuidluiindenan
#e feuanieu (Memmert) figamadl 50 °% suuwisain waziiulugmanain ieldlunis
afanseengrisely

dmdumsataansoongnsainiivld 95% ethanol Wusvhazane Tngtilufivasdumsy
uiazwiauavieny uaztanatalngds Soxhlet extraction 9ntuasazareildiiungos
udthlussimediazatgeandions a9zl Inie (rotary evaporator, Buchi
Rotavapor R300) figaumail 50 ° suldansmileitu uazifvlusiauifiuuasiigumgi
4 o5 el lunsnmaanssioly

Table 3.1 Mpyrtaceae plants used in the study

Local name Common name Scientific name Abbreviation
Prang lang khuad Bottle brush tree  Callistemon viminalis ~ EECV
Samedkhaw Cajuput tree Melaleuca cajuputi EEMC
Chompoo mameaw Malay apple Syzygium malaccense  EESM

Chompoo namdokmai  Rose apple Syzyeium jambos EESJ
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nsasradeungneaiiidasdu

Phenolics wag tannins: $9a15ainne1u 100 fadnsy (un.) uazazaiesae
50% ethanol U315 1 fiadans (Wa.) weuaznsesduiiliararoeen anntaniansilaia
fgasazay 3% ferric chloride (FeCls) YS9 2 1a. Lazwen d4nANanISNAgay wIn
ansazanedl phenolics %30 tannins avUsngidudideriuieritus

Flavonoids: agaiea1sananenu 100 1. #3g 50% ethanol Usuas 1 wa.
wdansesdrudiliazarseen 1d magnesium ribbon Fwdn q 1 U a1nunensae
concentrated hydrochloric acid (conc. HCD §1uau 5 mem drluldmudeusasledny
a1 5 Wil dunananisvageu winaisazaisd flavonoids azusngludivdeady wse
GEARINGRN

Alkaloids: F3a5aiane Iy 15 un. azatediy @13 hydrochloric acid (HCL)
Auduty 1 % Ysuns 6 wa. thlududunan 5 uiit wavnsesdiunszatenses ANt
wena1savay iodine adll (@usSeulaenan potassium iodide U3unas 2 n3u wae iodine
Usinms 1.27 ndu Turndu 5 wa. anduudusunnsTild 100 ua. detndy) danananis
NAFRY vINasazatedl alkaloids %Usmgmﬂauﬁﬂfwma

Terpenoids: Gz"j"ﬂmiaﬁwmu 100 un. wazazalenl8 chloroform (ChCls)
USUMS 2 wa. LaWANAIY sulfuric acid (H,S04) 2 1a. §UNARANISNAEDU MNa1Tavaiell
terpenoids axUsINIumuEmMaTassesResEwinstuesansazany

3.3 mifnwanuluivvessasaiaemuesaniivisdeuy 4 via denswsey

=
?Jmmjﬂgn
Tunsleansadnaniuiedesiumanlsans tagenizag19daiuanniuly a1sanane?
aztunly deeduszansnmmlunisdudutosiuda wasdasliidunusoivnie fatiu

(%
P

Tunsnaaesiifswihnsfnwanuluiviesansainanluiivisdyuy 4 wia sefivgn dail

3.3.1 BNSNWARDNITIDNVBUNANENHAN
naansadaisuiazydngieuindeindenay dimethyl sulfoxide mmududy
10 Wes@ud (10% DMSO) Tlamnudistuvesansaiaitamiafiu 5,000, 25,000 wag 50,000 ppm
thudadnadauluansatainiodlfifunan 15 wiit intudiudainadauineuunseay
wneitldtndeende 5 wa. lusumz@evunn 9 wu. $1ua 4 91U 9uEE 25 Wi wavih
uitanaalusly growth chamber figamindl 25 °n Tfuas 12 v, dufuynaiuauldeh
1 said onan 10% DMSO linauansafALNY 1M9URNUNISTNARBILUY 4x4 factorial in
Completely Randomized Design (CRD) 371U 4 $1 Tnorimunliiads A A adinvesdans
affn 4 528U (EECV, EEMC, EES) waz EESM) luvairiitade B Ao avududuresaisadn
4 s¥au (0, 5,000, 25,000 wag 50,000 ppm) Juiinwan1smaasslagn1siuduiuuansen
TPVUIAAMNYNIVDIAULAL T INVDIAUB DURNEAA
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3.3.2 Bvdwasenswigvasinadaiiugnluszuulalasluiing
NMSNAADILANUHUNITNARDILUY Gxdx2 factorial in CRD $947Y 3 91 1az
3 fu lnemnualidade A Ae silnvesansana 4 seau (EECV, EEMC, EESJ wag EESM)
Tuwnziitade B fie mmwmmaaaﬁaﬂﬂ 4 g6 (0, 5,000, 25,000 Wag 50,000 ppm)
Lasilady C Ao S1uaunfivesnisdaniu 2 sy (Wuudaniu 1 ass wazuuudaniy 2 ad)
ANIUNTNAABUA NSNS BUATAN A WAEIAUAISNAFBUB NS NAsRBN1TI9NVBLUARRN
adn dmsuinade shmanTeufialaemsdadnasuuiesiliimn ususenduian
3 Ju Mnduliiansazanesmewnsfienudiudu EC = 1, pH = 5.8-6.2 (fautasan Benoit
and Ceustermans, 1995) \Juan 11 Ju uddeedugauinadinardludgnluszuulalasiy
ind (deep water culture : DWC) Tiansagangsngevsnyaududy EC = 1.6-1.8
mS/cm, pH = 5.8-6. Ziuﬂivuvﬂaﬂwamﬁﬂwm 25 x 34 x 15 %4. W%Jamammmm'mﬁ?u
mmsaﬂmwwLma:uhaﬂwuawumumﬂaamwmawsu 15 TuUsunsg 2 wa. mamu ‘msmms
vnassLUUdaruasuioiuazdaniu 2 mq LmemimmaaUqumwu 2 A%q qydnniugiuy
Wvane 30 U mmummuqmumwumumLeuawam 10% DMSO uldnauasanaunu
Juiinwanisnaasslasdusiuiulu Yaauinainue1ilu Tanrudeiveslusioind e
chlorophyll meter (SPAD-502, Konica Minolta Sensing, Inc., Japan) LLﬁS%ﬂﬂj”mﬁﬂaﬂﬁ‘U

3.4 M3ANYIUTEENTAINVRIENTENALBNIUEAINNYIIATUNADID T

awmnlsalugaluanwiasuinnis
3.4.1 UssAnSmwvasansaianyisdvayianisniymadulevaaten

A. brassicicola

n1sfnwUseansamvesaisataeruantuiiviedsuy 4 ¥ia fisgauaiy
Wudu 0, 5,000, 15,000 waz 30,000 ppm semsiymadulevendosn A brassicicola
P1875 Poisoned food technique WAEILNUAITNAGDILUY x4 factorial in CRD 91u7u
3 g7 lnarualed a9 A o %ﬁ@%@ﬂﬁﬂiaﬁmﬁ% 4 s¥aU (EECV, EEMC, EESJ uag EESM)
Y99 B Ao anudiuduvesansatnfivfiinaaeu 4 seéu (0, 5,000, 15,000 wag 30,000 ppm)
vnmslmsma'ﬁaﬂmwmmawuum LLa”N?{Nﬂ‘UE]’Wﬂi PDA Tildimnudadumuiifosnisfisey
15 wavimasanuemsiasade ﬁmuum%u’gumammaau 91y 7 Fu vum 5 . lunadl
Asnansauemsfieienly dwiugeaivasldihdindonan 10% DMSO @sanududu
gavhewiniu 1 wWesdud) unwansaria Jufinuanisnaaes laenisinvuaduriuaudnans
Telaflidosmagouiivne 1, 3, 5 uas 7 Tu Mé’qmiﬂqﬂrﬁy@ uwEaFnarUosduinssuds
(Growth inhibition : GI) #3gns

P « = & P < S
(mmmLaumuquaﬂmﬂﬂiaul:uaiwmmu@m—mmmLﬁumu@uaﬂmﬂﬂiﬁum@immaau)

Gl (%) = P x100

P « R
WJu’WlLﬁuw’]u@uﬂﬂﬁ’ﬁiﬂiﬁulﬂj@i’]‘ﬂ@lﬁ@ﬂ

AnNVatAba lUAUIUAT 50% effective concentration (ECsg) A28
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3.4.2 Uszansnmvaeaisanaainluadinviinazlunussdnsvinsanissanvasalas
YBIDI1 A. brassicicola

Tumsnnaesildvhmsdndenarsadaiviiuansmadudsifian 2 sdaannis
yaaes 3.4.1 Aeansataanluiadinunuarlunsedrsun smnaeudseandamsudans
ﬁaﬂmaﬂaﬂai%\‘iwaﬁ A. brassicicola 978735 Spore germmatlon test lnuLn3 ol spore
suspension 18318 a3 1MAdaUAMILTLTY 10° spore/ml a1ntugA spore suspension
AINA1 USHas 1 wa. navansanaiudazylln Ui 1 ua. Iﬁlmmmmmu@ﬂmmmﬂu
0, 1,000, 5,000, 10,000, 15,000 uag 50,000 ppm dusugamuauldiirfenitonas 10%
DMSO uag a@rsunulaugy 500 ppm wniasanaig ﬂﬂﬂﬂuﬁqmmﬁﬁaa (25+2 °g) Tudin
uamvaaedlasnsduiuiuunsenuesaleiventos 100 aves aeldndesgansseil
A 9 12 v, ufls 72 2

3.5 n1sAnw1UsEans nnvesdrsannanluadinvnanazlunusedrevanda

WNAIANFNYEN

uaﬂmﬂL%aswml,miiﬂﬁmt,é’a Lmaaé’i’mgmaqﬁ%ﬁﬂﬁLﬂuﬁiymﬁﬁﬁ@iumsL‘wwﬂqﬂﬁ%
Fadulunsneassiswhnisinwlseansnmussansadmanluatinaniuasluulsednsman
1UﬂW3?J1LL6815LW§EJﬁWEﬁﬂ Falgutsnmsvaasseenidu 2 nsvaass sl

3.5.1 BNINARBNITANVBILANAIANFNYAN

Iuﬂﬂimaaumim%aaLmaaﬁ’mgﬁﬂﬁ Tawusnsnnasseanidu 2 nsneasadeas

TnoiSududie 1) nmanaaeud oadu Tnevhnisneasuaisaimainlutadaviinazly
WUSsanafisERuALdLTY 2,000, 10,000 waz 20,000 ppm AONAY Ul LAZINA LT
2URUNISNAABILUU CRD $117U 3 91 91ae 20 i TneBuannmsiseyansaiaiivusas
AR AAINAI N LU 89N LaTI S1AAIUUNTEAENTOITUIN 5 T, La1119aslU9TY
pnsABaTarUn 5 wu. ntudheusasinsfivaduuiiniould dmsuynanueliinds
ahiTenan tween 20 AUy 10 Weddud unuansatniiy Tufinnanisveasdasdans
NOANTTUVDIUAY KAZATIFUUNITAEY fiszosiian 6, 12 uay 24 %, LAl LY
AwaUosdudinInenNgns

o Sasa ° Saaa
(FnuwuadiiBislugamuau —Suuwiadiidisluyanaaes)

Mortality effect (%) = ; x 100

° Sasa
mmuLmawmmﬂummmu

AU1 2) ¥IN1SNAdOULT 991A1 50% Wway 90% Lethal concentration (LC)
Femssimassouasmasutwesansatnanluatinunuaslunlsdnemn Asssumududu
2,500, 5,000, 10,000 W@z 20,000 ppm #2E35 Paper contact technique lagug18n1IVAADU
LazUdusERuANUE I uvesansataliiisinauas wieushAUoffusnsmeveusas
TUMUIAT LCso waE LCop LABINIBEUNISNARDILALANTUNITNAAB LY ULA &N UAY
nsnaaeulowdu uildaumeiorunn 9 @y, w
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3.5.2 Bvswasdanislauuasdngivusn

¥nsneaeuansadaiivts 2 vla Assduaududy 1,250, 2,500, 5,000 waz
10,000 ppm Tunslauuasdngity 2 viin (nAedeudnuazinasuily) daeimaden (choice
method) BudulnanIouarsataivusazsdalildnuanudududidoants andudn
N3zATENTeY (R 9 wu.) 1B 2 dawiiu (wililneeniu Wewdweuwanisnenans)
uazeasluay Petri plate gaansadafvidonly Usuns 1 ua. nenasuunimilaves
nszaunsos luvaefionaswmiwenszavld tween 80 Aududu 10 Wasifus Usuns
1 18 MntudoulamegeUNIinInaNInsEATEnsesinReLll 219UHLNNSNARBILUY CRD
$1u3U 5 91 914z 20 & Junnuan1snaalagdunangfAnIsuU9IuuaIageU hastiu
Fnusatluidazainvenszaunses wdnhluduwnesituinisla awugns

(NC-NP)
Repellent percentage = (

100
NC+NP)

Tnefmun NC = Fnuusiamegeuludiuniuay
NP = Frunuwiamaaauluduansain

Tween 80
Extracts
1,250 2,500 50,000
ey 10,000 ppm

Figure 3.1 Selected method for repellent effect test.

3.6 NSIATITINgNEATivasasanalutaiinvItnaslunlsednavan

Tneluudmgnuaivosivasduasdunid luguuuuansssmeuaransliissve daiy
IumﬁLﬂi?“ﬁWi}ﬂHLﬂﬁ%ﬂﬁﬂﬂ%ﬁgﬂL‘Vlﬂﬁﬂ Gas Chromatography-Mass Spectrometry (GC-
MS) wae Liquid Chromatography - Mass Spectrometry (LC- MS) denuazdnsuunans
#1a  Tufis Tinseunquanseenguslviunniian Tnedseas s Sondil

3.6.1 wAlA Gas Chromatography-Mass Spectrometry (GC-MS)
nFATIEngnuiaiivesasainanlulalinung (95%EEMC) uazluulssdnswan
(95%EECV) 1neis GC-MS fAinuiasisnisann Al-Abd et al. (2015) wag Hassan et al. (2022)
Fa8uA3 09 Gas Chromatograph-Mass Spectrometer, 7890 B GC-5977A MSD (Agilent
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Technologies, Inc., USA) Tnesaaan1edei aoguy HP-5 Ultra Inert column (30 m x
250 um x 0.25 pm, Agilent Technologies) ¥ufa Helium (He) 10w carrier gas Fianne
mslvavesufadedn 40 wu/Auil guuglieefiniazdalusunsulagldgungiidudu 60 oy
dunat 2 wift anduiugumgiiiudulusng 7 ou doundl qudsgumgiias 150 o
(rsgaunndl 1 uf) wazdsugumgiiindulusng 2 °u deundl audsgumgiias 230 o
(Asgaungdl 1 W) Mnduuiuidudng 15 o deunit aufagangiias 300 °u (Asgumnd 15
w19l) anansiaegis 1 lulasdans (ub) wuu spilt mode 10:1 @uwes MS 1Ju single
quadrupole acquisition 7ifensaiu GC Fernu transfer line ﬁqqmﬁqﬁlf’iﬁ 150 °% tag
gaunnives lon source 1u 230 o« #a520U scan mode Tuma3 35 - 600 m/z. ANt
FoyadildluiussuifisuuazSaduuniugiudoyases MassHunter Workstation Software
Quantitative Analysis Version B.09.00 Unknown Analysis

3.6.2 Wi Liquid Chromatography - Mass Spectrometry (LC-MS)
nMsBaszingnuaiivesansataaniivia 2 ¥iin Faemeda LC-MS-QTOF &
AALUaI9INI5n19U99 Al-Abd et al. (2015) I%Lﬂi 939 High Performance Liquid
Chromatograph-Mass Spectrometer-Quadrupole-Time of Flight [ExonLCTM AD Series
(LC) and X500R QTOF System (QTOF),-SCIEX] thuu dual electrospray ionization (ESI)
Tipodud 2.1 mm (. d) Narrow-BoreSB- C18 (length 150 mm, particle size 3.5 mM)
USunaunisdn 1 uL sapnan1aeeing o sail gaunniinsdnuazAedulvindy 25 °4 957
Aslva 0.4 wa.seund Tagld 0.19% formic acid Aadudu 0.1 Wesidus T Ju
fviazane A uay formic acid Autudu 0.1 Wesiud Tu acetonitrile WWudvhavate B
d1uree MS gt ESI capillary voltage of (+) 4000 V WUU positive ion modes A28A183
125 V warsernsaasindu 45 psi ludnsn 10 anseeund Ingld nitrogen gas ﬁqmmﬁ

300 ° Iniudeyafildinluiinnsiuioudsuiogudeya SCEX 0S 2.1.0

3.7 MsAnwrdnenwvasasainlenIueaIniysdvunluntsatuanlsalugm
Alternaria wazn1sniaulviininudiuniulsavasninaanluaninlseisay

nuanIsnaaadluanIniesliainis arsartnnluiadauniuansuszansamsuds
nswsymadulowarmsenvesalaivosdes A brassicicola lWeehed luvasdiansarn
nnlunssdanaueniinizuanstssnsnndudsldisosnasataluadauiugs &
wanssalunsnszdunsaiapivinvesinadaldd daduauauding fafulunimaaesdis
nageulsedninimeesarsadnainluiadnviinazulssdsvanlunisaivaulsaluga
Alternaria samakalunsdniiduladarusunmlsaludnad
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3.7.1 UsgBnsawvasansainantuaiinviouaslusdsednsvaalunisduesisalugn
Alternaria

3.7.1.1 wavasdsanalutalinuln

ASLASPUUAZINUUNUNITNAADY

¥msiseundndnadaiieldlunismaaeuuiioafude 3.3.2 aaniu
M3BuENTaAR AT sz nAgeU NIsERuANLLTY 15,000 way 50,000 ppM LazAANUaIUUAU
nafnadaiedeuly Usuna 1 wasesu deszaznamiuly 1 Sundsnisdanuasaia vi
nsUgnidasavnlsafiagnaaevasuuludnadn s1utu 3 lustedu (2 9anely) uasld
gemanadnaqunieulAudy MmN IMAaesUY CRD $1uau 3 91 ($hay 3 f) Tned
nssuRNAERURID

T1 = Healthy control T2 = Inoculated control
T3 = Chemical control (mancozeb 500 ppm) T4 = 95% EEMC (15,000 ppm)
T5 = 95% EEMC (50,000 ppm)

NaRaAIINTULIIYadlsATuRA

dnpmsinlsauaznvunavesusafissozna 1, 3, 5 uay 7 Yundsns
Ugnifo Mnduhanuausadilludnazuuumuiauma &0 0 - 4 sedu Tas 0 = laifinishie
Ao 1= UHATUIA 1 — 5 4115 2 = WNATLIA 5 — 10 Ui, 3 = UHATUIN10 — 15 1. LA
4 = YUIAUNANINNT 15 1. warAwiniUasidudanusunsilsn augns

Y Grwavluiidalsn X avuuuvaueg )

Wesudrmusuusslsn = x 100

Fuaulunavun X AZLULILIALNAEIEA

wenvntgssziiunssyiulavesinadna tawn dwaulu vuieaugalu
ANUTEIvadlY (chlorophyll meter (SPAD-502, Konica Minolta Sensing, Inc., Japan)) Wag
dutinam

3.7.1.2 WaYa9aTaNAluLUTIA192I0
Tun1snnaeiastnieuuasatdun1svaass SIUNIUsZEUAILTULSY
lsAuAEINUNNSNAGDT 3.7.1.1 Tnelinssuisnaaaundl

T1 = Healthy control T2 = Inoculated control
T3 = Chemical control (mancozeb 500 ppm) T4 = 50% EECV (15,000 ppm)
T5 = 50% EECV (50,000 ppm) T6 = 95% EECV (15,000 ppm)

T7 = 95% EECV (50,000 ppm)
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3.7.2 dnenmeasarsannainlutadinunuazlundsednsvanlunisaniieulsl
AMUATUNIULIAYBIRNEAN
3.7.2.1 WavesdsannlutElanvIa

Tunanfgatuiumsusediulsa Tevimsuseidfiufanssuduluilunson
fu flszerinen deunsdaviuansada 1 fu wasndinsgnide 1, 3, 5 way 7 Yundamsdgn
o dremaiuluiisiinaaouinunazisendaglulasauman (iquid nitrogen) anduih
Fregeufiunldusuna 1 nfu nauluaisazats sodium phosphate buffer (1 M, pH 7)
U313 2 wa. wehiagthtuwisaduna 20 und fgamndl 4 ¥ anuida 10,000 souse
Wit v&sannihaula (supernatant) lumnanssuvesdulesl B-1,3-glucanase, chitinase
LAY peroxidase Tngnnwladisan Verburg and Huynh (1991), Boller and Mauch (1988),
Gupta et al. (2013) uag Selvaraj and Ambalavanan (2013)

Aanssu B-1,3-glucanase: An supernatant USu1ns 62.5 pL wauiy
laminarin (4% w/v in 0.05 M sodium acetate buffer, pH 5.0) U5u1015 62.5 pL Y
gl 40 °9 \unan 10 uit ndsnifungaufizendenisiin DNS Uinng 375 pL udn
ihlududuna 5 uift dhluindganduuasieinies spectrophotometer AmNLEIAGY
500 uluns AdilFiluUIsufsuiunsmlinsg i glucose LALIIENUNATBIAINTIY
Juniag pmol glucose/g of fresh leaves

NaNTsu chitinase: AA supernatant USuns 0.4 wa. Nawiy colloidal
chitin (0.1% w/v in 0.05 M sodium acetate buffer, pH 5.0) 9a351d7u 1:1 wagiiu N-
acetyl glucosamine (GLeNAC) thlutufigamgi 37 o \Hunan 2 su. aniuiiilunen
@Jmﬂﬁuumé”mm%a spectrophotometer A3M813AA U 585 U launs A7 Ly
Wisumeuiunsmunnsgiu GleNAc wazsrsaunavesianssudumiag umol GleNAc/g of
fresh leaves

NaNssu peroxidase: An supermatant Y3195 100 pL ldluansavany
0.05 M pyrogallol U315 1.5 wa. 5uUfATendenisiiu H,0, aradudu 1 wesidud
Y5195 0.5 1a. TansiUasunlasianssy fieweses spectrophotometer ANLETIAAY
420 wilung 9 30 3undt auila 3 wift Mnduduuagandulasiudsuludeuniian
araduaunsdadulioudsudulinalusiunuildannisadadieiu wagssnuns
vostansslumiig unit/ g of fresh leaves

3.7.2.2 WAYDIESANAIULUSIANIVIN
Tun151na09d 98 IUBAZANAUNITNAADT SIUNIUTLLHUNAINTTY
wulsigunmulsafis 3 ¥ia WudeINunIsNeasd 3.7.2.1
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3.7.3 n9AAszianudunusvaInuuslsalugauasiauleiaudiunulsn
AuldFunsnszduvasinadn
iiefagdlafemnuduiusseninenuuusslsaduduleiflifunisnsefuves

fnadn wosfiadiunsBusufisunumeaduledfnanlunisinnislaelugn fedulsims
AwIANanduius (Correlation Coefficient: r) sswinsenusuusslsaivianssuveudulesdl
[3-1,3-glucanase, chitinase LWa¥ peroxidase uaﬂmﬂﬁgqﬁwuﬁLLaz’Smiwﬁmsmaaaé’w
aunnsaenney (Y= a + bx) tewluldlunsweinsaldnisidsuulamesuTinaieulyl
dwsuilldlunismivaulsaluge

3.8 KUINNISNUSEANS A vasarsanalutadavianazlundsedansuanly
n13AuANlIAlugn Alternaria Tulneadn

naInnIsnaaesiukandliifiuitansataainluainunafiussansawlunissuds
Tsalugalsiduedned luvngiiansatnanluulssdsniniauauilunsnssdunsaiyves
fnadniilansu wardusyavinnlunssudilsneglusedunils uwifdsasioddnrundudud
&4 (50,000 ppm) Foilumsmeaesiswsdunmsmuunmemnsiiudssdnsnmaesansain
nntuadiprmuarlunssdmalunseuauideosavelsaluln Alternaria Tuinadn e
gatiusensuavansatnniivisaessiafonusunuaniifiduresansafav 2 via
LaznIsaRTUIRyAIAvasasana WeliiiuszAnsamlunisunsnduldfgedu Tnesw e
Jamnefaglilsuszansnmilgefianvesansada lusazfiananunduduvesansaindioz
inlulefag

3.8.1 UszAnsnmvesansananananluaiaviuazluudssdrsuanlunsiuds
nswsvaadeslusnmkesufiinns
AsAnwUsEanSnmuesansatanaunluadnvnasluwlssvaniissfuan
Wty 5,000 ppm slenswigymaduloveadion A brassicicola #1833 Poisoned food
technique LAEINIUNLANINIAGBILUY CRD $1uau 5 51 tnenisthansarinusazeialuazans
F0un1 98118 enay 10% DMSO lusmsiarusyuindluiadavitnarlunyssdiean
(0:0, 100:0, 75:25, 50:50, 25:75 waw 0:100) MnuuhasatafanaInauadiy PDA Tla
aadiudu 5,000 ppm wavmadluaumisdovunn 5 v, mﬂﬁgus'hs%m’:uﬁ}/ai’mmau
gua 5wy, TUrefsnarsauernsimsouls ﬁm%’ummuqmﬂ%ﬂéﬂﬁmL%@Nau 10%
DMSO (0:0) wnu ﬁ'mul,wwLﬁ?‘?@ﬁu’mmmiﬂﬂuﬁqmmﬁﬁaa (25+2 °%) Tufinnan1snnass Lag
mﬁmmmé’umuquﬂﬂmﬂdaﬁL%ammaauﬁnm 1,3, 5uay 77U Mé’qmiﬂgﬂﬁa Wan
funnAnUasiiuinisdiuda (Growth inhibition : GI) mudes 3.4.1

A ufunsnaaeuUsEANS Amueansatanauson1sIonveaUasveui o)
A. brassicicola 1w a¥ldansatainseulideduumageulunismaassd #1835 Spore
germination test LAYINIUNUNITNARBILUY CRD §1UU 5 91 LasnaualsaiaLsay
Fasnauifu spore suspension eI MAGEY (10° spore/ml) aslumasn microtube 1
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laaudutuanyingd 5,000 ppm inlUunNgumnivied (25+2 °¥) Tuiinian1sveaess lag
nMsdutiuinumMRenavasieon 100 aves meldindewanssed Namn 9 12 . U 72 4,

3.8.2 UszAvsnmaasansatanauaynialulasanluaiinunuazlundssdnsean
Tunsfudenisaigyueadonluaniwiesufifing
fonanisnaaevarsadanauanluaiauig (MO) warluuussdrswan (V)
Fradu wanman1sdudslailuetned udegnslsfinuansatanaudng 3 Snsndau (75:25
50:50 waw 25:75) Sudsldifietne 41.5-80.5 wWesifus windu deiuileiuuszansamues
ansafanauaniit 2 ¥ia IWRinnBetu Suhmsanmunounmavesarsatana Tneinden
miaﬁ’mmﬂﬁmwiawuﬁmiﬁlﬁmmﬁuﬁu 100,000 ppm mﬂﬁ?uﬁflmiaﬁ’mﬁaﬂa'nlﬂamﬁumm
aumﬂmamiaﬂ High-Pressure Homogemzer (Microfluidics M-110P) wEoureTavunn
aumﬂmﬂauLLavwaaammmaumﬂmaLmaa Micromeritics-Nanoplus ag19lsinaluns
anvuIneynIAvasasana laaanislivuineuninegluseduunly uisiednuaevedans
afn uarUszneufuanseangsiildivunslve Swhlfanunsoanldifissuualilng

mMavpaeuUsEAvE nmvesansatanaseymelulassedueLddu 5,000 ppm
sensasymadiulevesdion A brassicicola #1833 Poisoned food technique Tneiinsn
dunanlazisn1Ianidun1IveaeutuLAeInuAUTe 3.8.1 (n1snadoulszdnsninaanis
Wimaduleveaidesn) winauaun1INAaeUY 6x2 factorial in CRD $1uau 3 91 g
muualy U938 A Ao §RT18UVDINITNEN 6 T2aU (0:0, 100:0, 75:25, 50:50, 25:75 way
0:100) U348 B fio YUIADUNTA 2 ¥V (GATHANTTINAN UazgnskaNeunialulag)

3.8.3 dnswavasasananauaynialulasanluaiinvuazlunyssdneean
lun1sauaulsalugaluaninlseisou
é’m%’umsmmamﬁ%Lﬁuﬂﬁﬁﬂmﬁm%wamaamiaﬁmmamaymﬂlu‘lmmﬂ’tuLaﬁm

g17uazlunUs9d19907 seauad Uty 5,000 ppm lun1sanlsaluan wazKananis
Wsaiuln saustedvswalumsdnieulsidunulsafisvesinadaluannlsaiou Faay
dfurnunaaesiieszuulalasiuing (OWO) uazwssuinadnfinnaeuiduidenfuiude
3.3.2

3.8.3.1 Wasan1saalsaluan

adunswisuasananaueynialulasaniisnaaeun1ude 3.8.2
nduiludanuasuuduseudnadn (o1g 14 fu) fwdeulidredu YSums 1 wasedu
MnsuinsUgnillenamalsadetuiudion A brassicicolo vunm 5 uu. vulufie 3 Ty
sodu (2 §u dolu) ndsdanuansatanauannia 1 Tu warldgmarainaqundeuliaui
TURUMINAGBILUY 6x2 factorial in CRD $1uan 3 41 (§1a¢ 3 ¢ Tnerfmualy Tade
A fi9 9n91EdUVRINTNEN 6 SAU (0:0, 100:0, 75:25, 50:50, 25:75 Wag 0:100) Jade B Ae
YUINDYAA 2 TEAU (FRINANSTIUA uazgmsnaueynalilag) uazfiuyamunuansad
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[ '
=< I

wuulay 500 ppm kaggantuANiivUnd Juiinianismaasdaginvuinvaunanindu
SeEE0al 1, 3, 5, 7 uay 14 Jundinisugnidie wagAuinilesitudinisanlsnnnugns

(vwnumalunssuidmuau—vuaunalunssuisaaouasainne)
. . 0 )
Disease reduction (%) = — x 100
WWATBNALUNTTIIBAUAL

3.8.3.2 Wafan1IRIYLAULAYDINNEAN

Turnnwanisiasgiavleuesny lauwn 9ruarulu arrue1alu
AU Lazdvtngn wdidanuansane wuheaiude 3.3.2

3.8.3.3 walun1synuaulwinud I untulsang
Tumdetagafiunistas TuinNan1snaasuLfedInule 3.7.2

3.8.4 dn3wavasarsananauaynialulasiiszauaadudugaainluadaeid
wazlunussdnsvanlunisaiuaulsaluge Alternaria wasn1sdnuaules

AMnuAuNulsAvaRnaanluanInlsetou
nHan1sveaedlude 3.8.3 a1sananaueunialulasivssdnsamlunisanlse
Tugnasld wazdidanaiulinisnsyivlnvesdnadafivunty Saduuunlduia fuduly
MIveansiswhnsdmdonansatanausnsau 75:25, 50:50 wag 25:75 unfiuanudaudu
vJu 10,000 ppm Imamwi’qdwizﬁm%mwﬂ’ﬁs‘l’us‘]&/ﬂiﬂ%qqsﬁ/uﬁw IUNULUY CRD
$1uau 3 9 ey 3 du Tnefinssuiannaoeed
1) Healthy control 2) Chemical control 3) Untreated control
4) MC:CV (75:25) x C 5) MC:CV (75:25) x M 6) MC:CV (50:50) x C
7) MC:CV (50:50) x M 8) MC:CV (25:75) x C 9) MC:CV (25:75) x M

nafan1anlsalugn

AU ULaLYNNSIAUNaNAaBITUREN T UTe 3.8.3.1
NafaN15RSYAUIAYDIANEEn
AdununAdaULaLInNNSINUNaNAaRLuREI Ute 3.8.3.2
nalun1sndeulodanudruniulsane
FLuUNAdULALYNNSIRUNaNAaRTURERUTe 3.8.3.3

3.8.5 N133ATIZRANFUNUS TErdeANTuLIlsalugadufanssuvaaulyd
ANUATUNIULSANY

¥1n1571A518 AN URUS eI 19Augusslsatufanssuvestoulesd
B-1,3-glucanase, chitinase Wag peroxidase SINYNAUNITONNDY WURBINUTD 3.7.3

aa o a Y] 14 < v a a € 1 &
’]ﬁﬂ'ﬁ@’]LU‘LN’]‘IJ’J"DEJVN%@JWIG]LLﬁﬁNLUUNNWU’JWEHUWUSGNG]EJIUU
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NAN1SIAYLAZN1SDAUS1INE

4.1 msfnwdesavnlsaiivlugadnade
4.1.1 mmamm:msﬁmﬁ'\tmnL%as'lmm&ﬂsﬂimaﬁmgﬁu%wm
nansuenidosaneinisisalugaludnade wuides 2 leloan (Alt-LL1 wow
Cur-LL2) d@73un1s@n¥Ianwaesn g ugIuingl wuin o371 Alt-LL1 fi8msin1siasey
maduleunemng PDA 0.6-1 wasofu laladfidnvueiuiugnd ddureud ulodu
WUU septate hypha du1m1adn conidia H5U1UUNY IR 1.5 - 2 x 120-150 pm
W3seruwuuduany (Figure 4.1) Turaued Wosn Cur-LL2 1893115935y UUDIUIT PDA
1.2-1.5 g1, sofu laladdumas uloduuuu septate hypha durma dau conidia
ﬁgﬂﬁ’]ﬂéjﬂ AN croissant WA 7.86-17.52 x 19-30 pm @3ayuL conidiophore (Figure 4.1)
Feaenadnsfu Woudenberg et al. (2013) wag Wonglom et al. (2018) ﬁiﬁizqiﬂﬁﬂwmz
Fanaduides Alternaria spp. Wag Curvularia sp. AMNEAU

Alternaria sp. (Alt-LL1)

Curvularia sp. (Cur-LL2)

Figure 4.1  Cultural and morphological characteristics of Alternaria sp. (Alt-LL1) and
Curvularia sp. (Cur-LL2).

4.1.2 mageuaNuansalunisnaliinlsa
Asnagoundnaiuisalunisnelfiinlsavead 831 Alternaria sp. waz
Curvularia sp. #8738 Detached leaf test wuin Wosmadeuris 2 adin awnsanelsafuly
Yosrnadale lnauanInsiialsa Wiy 100 wWesidus uarAnuguwsslsamiiu 85 uaz 40
Wosidust sud flsvesinan 5 Sundmstgnide dmsunmmesouiuiden Alternaria sp.
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Tufnadauanionnisunamedinnadousiuiduwuudanse YaU uaY ia‘uu,mamaamaaa
(yellow halo) fvunaunawiniu 23 ua. Fslngjninuuiauraiiineinides, Curvalaria sp. i
Huuaies 6.6 U ImaaﬂwmmaLﬂuamt,a“mmamaamma (Table 4.1) Fawan1snaaou
wansliuindosita 2 ana (genus) LUuL%aaWLWIﬁﬂiumﬂaam Snvados Alternaria sp.
aiwmwmaam8ﬂU1UW%mﬂaaU3JWﬂwa@ uag maamﬂaaqﬂmwmuwmaawmvmﬂ lfuasﬁ
maawumﬂumLmiiﬂmﬂmaumamawﬂmuﬁLU TneLaniveg138e Alternaria sp.
arursanulasialy Tuivaednszna’ (Michereff et al., 2012; Nowicki et al., 2012;
Pornsuriya et al., 2018; Wonglom et al., 2018)

Table 4.1  Pathogenicity test of Alternaria sp. and Curvularia sp. on lettuce leaf.

Incidence (%) Severity (%) Symptom
Treatment B
3 DAl 5 DAl 3 DAl 5 DAl 5 DAl
Control oc! Oc Oc Oc T
Alternaria sp. 100a 100a 75a 85a -
Curvularia sp. 60b 100b 12b 40b -

Values are means of three replicates .Values in each column followed by the same letter are
not significantly different according to Duncan’s Multiple Range Test (P>0.05).

’DAI= Day after inoculation

Black scale bar = 10 mm.

4.1.3 n133AUUNIYRTT Alternaria sp. lag35andainen

a

N13INTUNY 031 Alternaria species (Alt-LL1) A283511900:%7

Y

Ingn (ITS
identification) Ingn13nsiadinuiiindlelnd Aue1d 568 ea wastilethanuaiualy

Y
o

Wiguiiguiudeyauugiu GenBank wuinawiuilandlelnd 551 21 554 ¢ danuadieny
A. brassicicola Telsian ACT0 uag A. brassicicola Telwian PAbal fia 99 wWosifus faiu
annsadaduunlddn Weslolean Alt-LL1 18y A, brassicicola (OR226735) @ wa
AonndasfunsAnuuas Pongpisutta et al. (2023) Aildinisusnifosanvelsalugaan
Anasalunisudgnin Ysenalng wazdnduunlaedIFnisendiinen nuiduid e
A. brassicicola Wity uonanfiuga Haituk et al. (2023) uay Phuakjaiphaeo and
Kunasakdakul (2015) l¢seeudn msuen@emannglsalugavesiivasenanszua luion

fundmriadeddul WednulusyAueyddinenduies
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4.2 miﬁnqunvmﬁLﬁmé’wmmiaﬁ’ﬂLamuaamnﬁmaﬁwz\j 4 vin

nsfnwimgnuiadiid ssduresansann 95% ethanol anlufivasdauy 4 via
TAuwn phenols, flavonoids, tannins, alkaloids ke terpenoids (Table 4.2) 3700195
$TIdU ‘W‘Uﬁﬁ’e]@ﬂi]ﬂ/lé phenols, flavonoids Wag tannins mﬂmiaﬁmﬁ%ﬁq 4 e ’Qﬂfd
A9y ansaria 95%EEMC azmy phenols, flavonoids a\‘lL‘fJuﬁLﬂw (high presence) vzl
terpenoids wutaw1zly 95%EEMC uay 95%EECY wintiu d@qu alkaloids Tuwuluansarin
Ve szmwamiﬂﬂmuaamﬂaaqmmmawmaawmwmwwmS%uﬂimm Myrtaceae
mmmm’mwumswqﬂwmwmaaulwmaﬂqu (phenols, flavonoids, tannins, alkaloids
WAz terpenoids) WU @158ANINNKAYDY M. cajuputi (Isnaini et al., 2023) @a15a1AIN
C. viminalis (Salem et al., 2017) @1sannaintukaziudanvad S. jambos (Wamba et al.,
2018) @15anmna1ntueee S. malaccense (Patel et al., 2019) war@sanAAINLU Psidium
cattleianum (Faleiro et al., 2016) uaﬂﬁ]’lﬂﬂfﬁqmaﬁlwumswqﬂwmﬁmd’lﬁiumiaﬁmmﬂﬁm
5u 9 e (Tiwari et al., 2011; Gurjar et al., 2012)

Table 4.2  Phytochemical compounds of 95% ethanolic crude extracts from leaves of

4 Myrtaceae plants.

Phytochemical Plant extract
compound EEMC! FECV FES) FESM
phenols ++ + + +
flavonoids ++ + + +
tannins + + + +
alkaloids - - - -
terpenoids + + - -

'EEMC = Ethanolic extract of M. cajuputi, EECV = C. viminalis, EESJ = S. jambos, EESM = S. malaccense
“++ = high presence, + = moderate presence, - = absence
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4.3 nsrnwanuluivasmsaiaenueaniyndvay 4 vlia danssey

vasuUgn
4.3.1 BVBWaADN1IBNVBINAAHNAER

msdnwanuduiiveesasaaoniusanniivisdvuy 4 via Aszduaim
gy 5,000 25,000 WAy 50,000 ppm ABATSIBNVBLUARRNASA WUI1 arsanna v
yuysia 4 wia nnanududuiinaasy liduRviowdavesinadn wagansadaurswiads
nszduNITIONENFIE uenaNiudr mnfimsandunsesydvlavesfivnadey wui o
Hadvriavosansadafiy dadvarudutuvesarsain uaztiadesauis 2 dads fuadenns
19N AIUENEWULALIINVBINETR (5 TundIN1sVAdoU) Na1IAe NsutwanRNadnmY
an5anAluLUTIa19U90 (95%EECY) AdNdU 25,000 ppm LEAINARBNITIBNUBILANRN
adagean Wiy 98.48 Wosidus seanfie ansafnlusamuzinile (95%EESM) uandnns
oy 91.66 Wefdud Faumnsnsanyaauemelitddmeada (74.66 Wedldud)
Tuvausdingsudsildansatindu uansnssenaglurag 91.66-72.98 1wWasidus (Table 4.3) 3
NAN1TVIAABIABNARDIRUNUITETRS Carmello and Cardoso (2018) fiszyinnisidansare
hanaonmumg (Myrtaceae) ausuazing luifufivuasSuanimssenuosdnsinadald
luanssaInnAIuA uay Teixeira et al. (2018) Aldsenulundetuin msldansarmii
N3 (Myrtaceae) Liidufivsenisionvenudninadawazaztin Soilvinissenveawdn
fnvis 2 viadiesifudinissentdlidunndnsningamuny udegndlsfnu msldansadauusg
hmenldl (95%EES)) Aududu 50,000 ppm LanInseenagaogwifeddynieada
Wiy 61.66 Wasidus (Table 4.3)

uenaNLuds dwmsuaruenadiu nmsldarsataainuy (95%EEMC) A
WNTY 5,000 ay 25,000 ppm %memmmaéfwmﬁqm WINAU 22.52 ke 22.02 1y
PuEFU Faunnsnannyarsuaueesiltudifymeatia (18.92 u.) uavansidansadeuung
nonlsl (95%EES)) mudiudu 50,000 ppm LanIALE AU san Windy 18.35 ua

dudrunuensintu wudn msldarsataainluwusediauin (95%EECY)
AULUU 25,000 ppm Iuszjmjﬁmaﬂlﬁ (95%EESJ) AuUNUU 5,000 Wag 25,000 ppm
suansafnanlusuyuzinion (95%EESM) ardudu 5,000 ppm uansnImeNITINGY
Tuti29 16.60 - 17.83 u. elsiunnsinsegaiitddgmeadn Weisuiieuiuyaniuaui
WERIANETITINWINTY 17.60 au. Belundndu msldansatrlunssudssu q ndudwalidl
ANE1ITINTeENINYARIuANBE Tl Ted 1A NIeaia agluyae 13.86 - 15.83 wy.
(Table 4.3)
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Table 4.3  Effect of different concentrations of ethanolic extracts from Myrtaceae

leaves on seed germination and seedling growth of lettuce

Seed Hypocotyl .
, o Radicle length
Extracts Concentrations germination length
(%) (mm) )
95%EEMC 0 ppm 74.66cd’ 18.92ef 17.40ab
5,000 ppm 85.07bc 22.52a 14.20ef
25,000 ppm 81.66bcd 22.02ab 14.46ef
50,000 ppm 80.00bcd 20.75bcd 15.53¢-f
95%EECV 0 ppm 74.66¢cd 18.92ef 17.40ab
5,000 ppm 81.11bcd 19.52c-f 15.83b-e
25,000 ppm 98.48a 19.09def 17.83a
50,000 ppm 72.98de 21.07abc 15.43c-f
95%EES) 0 ppm 74.66cd 18.92ef 17.40ab
5,000 ppm 81.66bcd 19.85¢-f 17.06abc
25,000 ppm 83.33bcd 20.85abc 17.23abc
50,000 ppm 61.66e 18.35f 14.80def
95%EESM 0 ppm 74.66cd 18.92ef 17.40ab
5,000 ppm 91.66ab 20.15cde 16.60a-d
25,000 ppm 84.82bc 18.92ef 13.86f
50,000 ppm 85.00bc 18.59ef 14.16ef
CV (%) 8.80 5.17 7.11
Extracts x* x* xx
Concentrations * ** x*
Extracts x Concentrations * xx xx

"Values are means of 3 replicates .Values in each column followed by the same letter are not
significantly different according to LSD (P>0.05).
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4.3.2 Bvdwarenswiguasinadanugnluszuulelasiuiind

nsAnwdnSnavesansanaantuivIsdyuy 4 via Idnaduauseiivugnly
szuulglasiviindviselal lnevihnsfnwdadeviinvesansain arudutuvesasain wag
$rurunddlunsde Sswanismeaaeunandliiiuin asataanfisaadsuniis 4 «da o
Wuduinaaou liidufiviednadaias nandslsifionnisiaund wu lumdes uazlulug
(Table 4.4) drulundnisiadguiule wuin yniladei@nuilifinaderuiden (SPAD value)
voainadn Snvednadafigndaniufeasataainfisluynnssiifenaruderliunnfiy
ngaruAx ogflutag 30.5-33.8 ogslsAnuluudveskandn (dwinan) ndunuitUium
ihniinvesinadniuey fuiladesiavesasatouazarududuresarsiidnnumiidy u
Srurunisdalaifinasiounminan nande dnadniidawudisansain 95%EECY ynAI
duduannsonssdunmassyivinvesinadalduniian dsmaliiniinaneglutis 65.5-
70.2 nfusiodu Faunndanyaaruauegiifedifaneedia (39-43.5 n$u) (Table 4.4 uay
Figure 4.2) uonaniiudy mafineududuresansatnazdmaliiminanvesivgtunu
e

PNNaNISNAdaUNafdanIsIenuan Anudufiy uazniswsaiulnvesinadn
wansliiiuin ansafine ¢ i Biduiivsednadn Fwmansvnasaonndosiunisnansd
N1uwn (Somnuek et al., 2020) inudn n1sdanuarsataainlunlsedaafiadnaae
ethanol 3 AU (50%, 70% waz 95%EECV) mmwmu 5,000-50,000 ppm TaiJu
fwronseenvesudauaznsasyivlnvesinadn wonaniiugr nsldansasminaniie
mnansmlmﬂuwwasmLLawmLaiumﬁmﬁgmﬂwmﬂsuumsj luieusansansainain
wssnawaawinty Sdlsenusmmaneatiudssnenuin Taeluud ansannaIniy vy

“laJL‘LJUWHG]@WGUUaﬂ WU Myrcia tomentosa (Imatomi et al., 2013), Myrciaria dubia
(Kunth) McVausgh (Rita et al., 2017), Eucalyptus globulus (Puig et al., 2018), MUy
(clove), 1113 (tea tree), aﬂ;u‘usﬂ% (jaboticaba) way R (guava) (Carmello and Cardoso,
2018; Teixeira et al., 2018) Bnvedaiinalunsduasumsaiayiulnvesiio (leuesigus
N1599n 9R51N15900 T1UUTU ANB1IIIN wazkanan) Tudnadnale welun1enseiugn
nsiansana Myrcia vittoriana (Myrtaceae) nduldufiwmeinadn (Vasconcelos et al.,
2022)

Rnuansadeudwiu wansliiuiansatnainluivisdyuy ¢ wile liduiy
sornadn dudunnaudinfivesansadafianinluldon duduisasihaisadadanaaly
nadeulsyAninmnstudstenisiniyrenteon A brassicicola fsluanmiesfjians
wazluanmlsaSounsld
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Table 4.4  Phytotoxicity test of 95% ethanolic crude extracts from 4 Myrtaceae
plants on lettuce grown in hydroponics
Plant  Concentration Application time? Phytotoxicity’ ~ SPAD*  Fresh weight
extract value (¢/plant)
EECV 0 ppm One time 31.6a" 40.9¢
Two times 30.2a 42.5¢
5,000 ppm One time 31.4a 65.5b
Two times 31.5a 67.3ab
25,000 ppm One time 30.8a 68.9ab
Two times 32.4a 67.4ab
50,000 ppm One time 32.5a 68.3ab
Two times 30.7a 70.2a
EEMC 0 ppm One time 33.4a 40.9¢
Two times 32.2a 42.5¢
5,000 ppm One time 33.2a 39.0c
Two times 31.6a 43.5¢
25,000 ppm One time 30.6a 40.1c
Two times 32.2a 41.1c
50,000 ppm One time 31.3a 40.6¢
Two times 31.9a 40.1c
EESJ 0 ppm One time 32.0a 40.9c
Two times 30.6a 42.5¢
5,000 ppm One time 33.8a 40.4c
Two times 33.2a 39.6¢
25,000 ppm One time 32.0a 41.1c
Two times 32.0a 39.4c
50,000 ppm One time 32.0a 40.2c
Two times 30.8a 41.2c
EESM 0 ppm One time 32.0a 40.9c
Two times 32.8a 42.5¢
5,000 ppm One time 32.0a 39.0c
Two times 30.5a 39.2c
25,000 ppm One time 32.0a 40.2c
Two times 30.2a 40.0c
50,000 ppm One time 32.3a 40.6¢
Two times 32.5a 40.4c
CV. (%) 4.56 7.59
Plant extract ns x*
Concentration ns x*
Application time ns ns
Plant extract x Concentration ns x*
Plant extract x Application time ns ns
Concentration x Application time ns ns
Plant extract x Concentration x Application ns ns

time

Values are means of 3 replicates .Values in each column followed by the same letter are not

significantly different according to LSD (P>0.05).

ZAppLication time: For one time group, the spray was made at 15 days. For two times group, sprays
were made at 15 and 30 days.

= showing non-phytotoxicity, + showing phytotoxicity
“SPAD = Soil Plant Analysis Development (SPAD) chlorophyll meter



Figure 4.2 A photo (at harvest) showing non-phytotoxicity and plant growth
stimulating effect of 95% ethanolic extract of C. viminalis (95% EECV)

spraying onto lettuce in hydroponics. Bar = 20 cm
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4.4 NM3ANEIUTEENEAINVRIENTEAAENIURAIINNYINAYNYHDIYDT

awmnlsalugaluaniwiasuinnis
4.4.1 Usgansnneasansanaiylsdvunsensiymadulevesyas

A. brassicicola

nsnageuUsEaANTAIMvetansainen ueadniivIsduuy 4 ¥iln (95%EECY,
95%EEMC, 95%EES) way 95%EESM) fiszduauidiudu 5,000 15,000 way 50,000 ppm
semswiaymadiulovendon A brassicicola #1833 Poisoned food technique Tngfinw
Hadvviinvesansain uazanuduturesansadn nuin arsafaynvdauazynamdudud
nageu aansaduinseigmadilevesdes A brassicicola I Fsuszansamnnsiuds
JuagAuriauarenududuresansatniinnaeu (Figure 4.3) ndnifio ansarin 95%EEMC
fusgAns amdusamaiymaduleldddan oglutiag 85-100 Wosdud aunnsinsanys
PuANEETTEAARyeaRR Sasaunie msatn 95%EECY Sudild aglurae 40-63 wWesidud
Tuvasiiansarin 95%EESM uaz 95%EES) ausadudald 15-80 way 30-40 Wosifus
audy Sntsmssiuanuduturesansataunty asfunmsiudssansamdiunndudae
Fepududu 30,000 ppm ﬁﬂszﬁw%mwﬁﬁqm iU 95%EEMC fianaidiudiusia 15,000
wag 30,000 ppm LLﬂﬂﬁUizﬁﬂ%ﬂ?WgUgﬂgﬂaﬂ 100 Wosdud Wiy (Figure 4.3) uanaini
LLé”a ANNITAUIUAT ECso WU 95%EEMC A1 ECs, ﬁaﬂﬁamwhﬁ’u 4,141.92 ppm Tuvoue
71 95%EECV wag 95%EESM llﬂ’] ECso ThdAeeiu windu 19,697.06 Way 19,117.62 ppm
d7U 95%EES) dA1 ECs mm/la@ (Table 4.5) Fauszans nmnssudivesansatnanniivie
4 %iln fanandneiu theginaunanmgnuaifaansansaamuldluasada wu phenolics,
flavonoids, tannins Wag terpenoids Gﬁﬂmiaaﬂqwéﬁaﬂdnﬁy Qﬂswmud%ﬁumsﬁﬁ
UszAnsamlunmssudadonanvelsaiigldifuesad (ALAbd et al., 2015; Bharat and
Praveen, 2016; Salem et al., 2017; Patel et al., 2019) lnenalnvesansoengiazdanald
sUNUNTIwad Tavn9n1svinauvesdulesl vnlmdsiudsanin wasiduie (Tiwari et al.,
2011; Gurjar et al., 2012) Beluninifu nansnnaesdsaenndasiunsnyimgnmaives
ansaiavie 4 via (Fe 4.2) Tnsiawizasnade 95%EEMC gnamanuriinvesnguansnniign
G?famsmmﬁﬁqm%‘hmsé’ué'jy’ql,%aaﬁuw% (Tiwari et al., 2011; Gurjar et al., 2012) Snvads
dululufiemaderfuduseauidodu 4 dseyin difunenssmeanluaiaun &
‘Ui%ﬁ‘wgﬂ’l‘waﬂl’]ﬂgQIUﬂWiETUEJg\‘mﬁLﬁ]%EUEUENL“'Z:}/@i’] Alternaria spp. (Pawar and Thaker,
2007; Siddique et al., 2018), Aspergillus spp. (Thanaboripat et al., 2007; Thanaboripat,
2011; Bharat and Praveen, 2016; Thanaboripat et al., 2016; Siddique et al., 2018),
Fusarium spp. (Pawar and Thaker, 2007; Siddique et al., 2018) wag Penicillium
digitatum (Siddique et al., 2018) wenangnsnsdudatesud arsainuiiaueanesed
mﬂLaﬁmns‘]’aﬁq‘mg&]’UE]gamiw%iyjuaqLﬁz'?yaLLUﬂﬁL?Hiﬁﬁﬂ@”’;&J W Bacillus spp.,
Enterococcus faecalis (Ukit et al., 2019), S. aureus, Vibrio cholerae, Shigella
dysentriae, Way Staphylococcus epidermidis (Al-Abd et al., 2015; Ukit et al., 2019)
Balundnty ansarin 95%EECY lun1mnaesiifsnsdusunansvaansiiiiuanuesdide lu
nstfudades Alternaria sp. 19 (Somnuek et al., 2020)
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duansatn 95%EES) nan1stiudsaenndesiuseauyes Sakander et al.
(2015) 5‘5@5zqﬁqmzﬁm%mwsﬂaqa’ﬁaﬁﬂmﬂLuﬁmLLaﬂwmjﬁmaﬂlﬁ A1U1INAIUANNITIATEY
Yede51 Candida albicans, Microsporum canis Wag M. gypseum I dusead Snvs
Murugan et al. (2011) wag Mohanty and Cock (2010) $1831u31@15ain LN
taenlsf anansasudadewuafiseld Wy Salmonella typhi, Aeromonas hydrophila,
Alcaligenes faecalis, Bacillus cereus ey Staphylococcus aureus u@ﬂaﬂﬂﬁLLﬁa NaNT
é’ué’?@L%@iﬂﬂﬂﬂﬁﬂiaﬁ'@%aqslusamvjmzmﬁm danidauiunisnaasuves Bouzada et al.
(2009) fiwuan ansadaainluvuy ueimd padqnd Sudwd euvaiiSonarsuda 1
Pseudomonas aeruginosa, Salmonella typhi Wag Shigella sonnei

HaINNTRaBsi wolrasuldhansataainiivasdvusiia 4 wiin awnsoduda
nswsymadiuleveades A brassicicola I Ineianizeg1ada a1sarin 95%EEMC figns
fudaifian sesasnite 95%EECY fuifu ansarfiniis 2 viin Ssgnidenifiofnufaussavnm
lumsenuaulsalugesely

A M control ' 5,000 ppm M 15,000 ppm M 30,000 ppmj{ B
a a
-5 100
g b 18
& 80 - &
B d
]
< 60 e
c
e f ff o
g 40 - g %
on I
® 20 h
g i i i il
N 0 | | |
s T T T —
EECV EEMC EESJ EESM g_])
Plant extract o | H
Concentration **
Plant extract x Concentration ** s
Values are means of 3 replicates. Values in | @
each column bar followed by the same | M
letter are not significantly different according
to LSD (P>0.05) Control | 5,000 ppm {15,000 ppm|30,000 ppm

EECV = Callistemon viminalis; EEMC = Melaleuca cajuputi, EES) = Syzygium jambos; EESM =
Syzygium malaccense

Figure 4.3  Mycelial growth inhibition of A. brassicicola by different concentrations of 95%
ethanolic extract of 4 Myrtaceae plants (A) and their growth on Petri dish (B).
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Table 4.5  ECs of ethanolic extracts of 4 Myrtaceae plants.

Myrtaceae extracts ECso (ppm)
EECV 19,697.06
EEMC 4,141.92
EESJ 28,873.08
EESM 19,117.62

EECV = Callistemon viminalis; EEMC = Melaleuca cajuputi, EES) = Syzygium jambos; EESM =
Syzygium malaccense

4.4.2 Uizaw%ﬂﬁwmadaﬂiaﬁﬂﬂﬂﬂiULﬁﬁﬂ‘U’]’JLLaﬂULLUNE’{']si“ll'mﬁiaﬂ’l’iﬂaﬂﬂla\‘laﬂ’e)’g
YBNBI1 A. brassicicola

Usgansnmuesansadnanluaiavnarlunusedsvindseduanududu
1,000 &1 50,000 ppm fenissenvetaUasuaciiesn Alternaria sp. WU31 HANISVAADS
Julvluiiemaierfusunsmageunisiesgmadule lnsarsatniinageuris 2 vin
ansadudenssenvesateasliiiuegied Saumnaegeiiteddymeada WewSsudiou
AuganIUAY (Figure 4.4) Na13Ae @15arin 95%EEMC fiszdumnududu 5,000 - 50,000 ppm
fiusvansnmdudansenvesalesitesmadeuldis 100 wWosdud duansatnsanand
sedumUdRdY 1,000 ppm awnsadussld 90.66 wWadius E‘?ﬂﬁgﬂunﬂmmvﬁmﬁuﬁ
NAFEUYRIANTANA 95%EEMC Sanualafiiaund wu aledyu wmiawaduan uaglisen
Tuwniziinisvadeu 95%EECY ansarnsinanaunsadudinsenvesalesidosidmiui
TneUszansammsduds 100 Woddus aansanulddeusanudadu 10,000 pprm Tuld
LazaznuanvazauAnUnAvesaled (alefyv) lunssudsiaududy 50,000 ppm
winfu §edenndasiunissieciuues Somnuek et al. (2020) &wwuin @1saiaannly
wlsednerndianingae 50%, 70% uaw 95% ethanol awnsadudsmssenvesalesvoates
Alternaria sp. Waz Curvularia sp. ¢ Tuwauedl Bouhlali et al. (2021) Fana1yin ansarinu
(Fou) AngAdUsE ansadidinsenvesaUasvesdes Mauginiella scaettae

lngsunuanisnaaeulseansamdudwienisasymadulouaznisienves
aleswesn Altermnaria sp. wansliiiuil ansannaziiuse@vanngadu auseAuauludy
YRIANTANANFTUAIY
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Values are means of 4 replicates. Values in each column bar The incidence of non-spore germination as well

followed by the same letter are not significantly different
according to LSD (P>0.05).

as abnormal spores was observed in the treatments.

Figure 4.4 Bar graph showing inhibition effect of different concentrations of 95%
ethanolic crude extracts from M. cajuputi (95% EEMC) and C. viminalis (95%

EECV) on spore germination of A. brassicicola.
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4.5 nsAnwUsEanSamvasdsanaanludinuntuaslunusednevanne
WUAIANINYRN
4.5.1 BNFTWARDNITANYVDIUNAIAAFNYAN
1) nsnageusnsnaleuesasatnanluainvwarluulsedan (@
sEeUANTNTU 2,000, 10,000 kag 20,000 ppm) fakuasdngin 2 ¥ia (WAgsou way
waEsutle) wudn asadan 2 vla (95%EEMC way 95%EECY) fiszansamluniseuvas
naaeuts 2 wiald Tavansadaaududugsga (20,000 ppm) fusrAnsamanifian @

unnsiseg sl dedrAnean s gelunintuansann 95%EEMC Auda 20,000 ppm

'
a

UszAnsnmeiindsdouuasinaoud asiia 100 Wesiud Wonawily 24 vy Tuvned
d5afia 95%EECY (20,000 ppm) a33asIuuAwT 2 ¥ila aglur9 80-90 Wosidud diu
asatasie 2 ¥ila Aududusi (2,000 ppm) @unsasiwuamageuldiiies 21-33
Wosldus (Figure 4.5)

UaNMNUsEAVEAMNTEUE Srdanangiinssuvesutasiinaaeu wud uuad
nageuinsAuULnsEAYnIesitiansatneytamil MntuingAnssunmsiduiiudeuly fe
Wuthas wasiiusenainnsvaensesllusnaeweuT sl Swandidiuin asatn
nageut 2 9ia Tuanudutulunatswazidedigns lauuaslée Tnsasatnaududu
U1unans (10,000 ppm) wamanistaldunnnitansatnaiudiudus (2,000 ppm) eansars
959%EEMC (10,000 ppm) Fuszansammslamasseunaznaoudals 52 way 26 Weddud
Tuwauedlansaia 95%EECV (10,000 ppm) @wnsalauuasis 2 ¥iln 1§ 30 way 40 Wosdus
druansatanududusiie 2 9iia duszansamnnslaldifios 2-30 Weddus widu
(Figure 4.5)
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Ethanolic extract of M. cajaputi

M Control [12,000 ppm M 10,000 ppm M 20,000 ppm

100 100
80 80
3 g
8 60 a 8 60
[ [
V] (O]
o o
& a0 & 40 \
20 20
0 0
hr 12 hr 24 hr 24 hr 12 hr 24 hr 24 hr
Mortality Repellency Mortality Repellency
Aphid Mealybug
Ethanolic extract of C. viminalis
100 100
a
80 80
a
()] ]
an 60 a b ::gn 60
c c a
9] b [}
O 40 — O 40
(0] b [0}
a c a
c
20 20
c
d d d
0 0
6 hr 12 hr 24 hr 24 hr hr 12 hr 24 hr 24 hr
Mortality Repellency Mortality Repellency
Aphid Mealybug

Values are means of three replicates. Values in each hour followed by the same letter are not
significantly different according to LSD (P>0.05).

Figure 4.5 Mortality and repellency percentage of aphid and mealybug caused by

ethanolic extract of M. cajaputi and C. viminalis using paper contact
method.
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2) MINAFBUNIAT LCso waz L oo Inavinnisvadeunavesasannluainuig
warlunUsademaiissiuanudud 2,500 5,000 10,000 wa 20,000 ppm ABNITEAS
Angin 2 vile (wazseuwasnasule) Aes Paper contact technique wWudn a1san
95%EEMC vgﬂmmL%@J%’uﬁmmaauﬁﬂsz%m%mﬂumi@hLLmaQﬁmgﬁﬂﬂz@Lw?;jaa'auLLazLW?:&J
utlilfBuegnad TnaudidugeaniimaaouuanuszdvBammnssniig nannfe 1aausn
VDININAFOU (12 Y.) asafin 95%EEMC VNANUNTULARIUIEENSAMNTHMLAARNSHN
wansnsfusgdlieddynisad s Tnsansatasenaifiseduanududu 20,000 ppm §
Uizﬁm%ﬂﬂwiuﬂWieziﬂLLanﬁ’mgsTﬂﬁmaauﬁgq 2 wiln léfian sioxnfinan 24 v, ndsnsnagoy
ansafannaudutuiinaaeunanssyaninissniivinnty Ssansataiissduaududy
20,000 ppm SspsuansUszdninmlunssiindeseuuasmioutiifian fuedidusinisme
Wiy 99 wag 95 Wasidus mudiu wsdeduaanismaaay (36 1u. ndansMAaa)
arsaneluiainundussAndamundu uaninisnevesiuaivaaeuisaesin g
100 Wesidus se%aanAe ANuWLdY 10,000 ppm An1saewiniy 83 way 98 Wesiud
Baunnsnsegsiiffoddnmeada deTeuifisuduyaaiuau (Table 4.6)

dIUN1SNAFRUBNENATYDETANNAINTULUTIE19IR (95%EECY) NaN1sVRERY
Juldluiiemadesduduansadaainus (95%EEMC) nafie ansarin 95%EECY ynaAw
duduiinedeudiqnslunissunisseunaznasutsldoseiiusyansnin lnsansadaiisyiu
mmﬁwfmqaqﬂﬁmaau (20,000 ppm) ﬁqméﬂmmﬁqﬂ Fawmnensegadvedfyvneadn
dewssuifisuiuyeaiun dslutisusnvesnismaaey (12 val.) a1sann 95%EECY uang
qvsmssuisseusanioutihoglurag 5-50 uay 6-73 Wesdud nuddu ienariuly
24 % asatadananiivsrAnsannmseifiunntu ogluts 27-75 uay 28-87 wediiud
puERY wazidleduganismaaes ansatnainluil ssdeand ssduandudu 20,000
opm Samsiiszavsamlumsshuaamegausia 2 ¥l Aflandia 100 Wesldust (Table 4.6)

dm5UAT LCso Ay LCoo WUIN @N58RH 95%EEMC 4@ L sy POUNALOULAY
wasuilavinu 2,671 war 2,981.2 ppm auddu luvait @1 LCo winfu 14,101.1 ua
12,819.2 ppm ANaINU @ 95%EECV 31 LCso AU 2,541 tag 3,801.6 ppm AuaIau

(%
v v

N9893A1 LCop AU 13,931.4 Wag 12,901.6 ppm (Table 4.6)
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Table 4.6  Mortality percentage, LCsoand LCq of aphid and mealybug caused by
ethanolic extract of Callistemon viminalis (EECV) and Melaleuca cajuputi

(EEMC) using paper contact method.

Mortality (%) LCso (ppm) LCo0 (ppm)
Tested extract Aphid (Ap) Mealybug (Mb) Ap Vb Ap v
12h 24h 36h 12h 24h 36h
Control Oe 0d Oe Oe Oe 0d 2671 2981.2 14101.1 12819.2
g 2,500 ppm 7d 35¢ 49d 8d  33d 4d6c
oﬁ\" 5,000 ppm 28c 42c T2c 22c  40c  60b
& 10000ppm  46b  69b 83 550 72b  98a
20,000 ppm 86a 99a  100a 8la 95a 100a
Control 0e' Oe Oe Oe Oe O0e 2541 3801.6 13931.4 12901.6
Q 2,500 ppm 5d 27d 43d 6d  28d 38d
2"\0 5,000 ppm 22c 37c 66¢C 20c  38c 64c
& 10,000 ppm  30b  56b  87b 65b  77b  96b

20,000 ppm 5da 75a  100a 73a 87a 100a

"Values are means of three replicates. Values in each column within each plant extract followed by
the same letter are not significantly different according to Duncan’s Multiple Range Test (P>0.05).
EECV = Ethanolic extract of Callistemon viminalis; EEMC = Ethanolic extract of Melaleuca cajuputi
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4.5.2 Bvswadanislauuasdngivusn

Sninavesansatnluadinunuarlunusidrannadissiuaududu 1,250 2,500
5,000 Kaz 10,000 ppm m'amﬂa'Lw?:aa'auuamwﬁyauﬂaﬁmgﬁﬂ FILIININFDA WU @TENA
i1 2 wiin ynanudituiinaaeuanunsaldusaadnginfiaaoulfegnedivszavsam lnsas
afnnnududuiigaty wsnansssansnmmsldfistuseuiu Siurag 12 v arsadn
79 95%EEMC way 95%EECY aviduuanlszansainnisialdegadaiau Lﬁ'aﬁh’fmsaﬁ’@ﬁ
syfuAMududy 2,500 ppm Fuly awmsaialm 10-100 way 14-100 wWasifus Luaauam
N131Aa0Y (24 v3.) miaﬂmmaaum 2 wila fieududy 10,000 ppm wansUszansam
ngla LLuaaﬂmgwﬂm 2 vlin gefian lasansadn 95%EEMC arunsalaunasldde
100 Wasus dau 95%EECY aunsalamdsdounarinaoudsld 90 uaz 86 \Wosifus
AWEIRU FaumnsnanyamuaNetsiteddanisadia dmsunmsmeasuiiannududy
2,500 -5,000 ppm Ue9a15@Nn 95%EEMC uag 95%EECV ndmsusednsannslalag
sesunile aglutng 28-62 Wesifus 91nnsmaaeuaziuldinaisadn 95%EEMC
iUszAnsninnislannnnid 95%EECV (Table 4.7)

Table 4.7 Repellency percentage of ethanolic extract of C. viminalis (EECV) and M.

cajuputi (EEMC) against aphid and mealybug using paper contact method.
Repellency (%)

Tested extract Aphid Mealybug

12 h 24 h 12 h 24 h

95%EEMC Control 0d 0d Oc Oe
1,250 ppm 6cd 24c 8¢ 22d

2,500 ppm 16c 58b 10c 28c

5,000 ppm 4d4b 62b 32b 56b
10,000 ppm 100a 100a 100a 100a

95%EECV Control od' 0d 0d 0d
1,250 ppm 0d 16c 0d ldc

2,500 ppm 22c 54b ldc 4db

5,000 ppm 48b 56b 28b 50b

10,000 ppm 88a 90a 86a 86a

Values are means of three replicates. Values in each column within each plant extract followed
by the same letter are not significantly different according to LSD (P>0.05).
EECV = Ethanolic extract of Callistemon viminalis; EEMC = Ethanolic extract of Melaleuca cajuputi
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Tnehluuda ansadpuasthiuvenssmeanfisvanesia saeigludsayay
fovslunslauuadld Tnsnmzesadstuationn hifwatie) dnldlauasdnsauagudaly
i uaunAlduosUszmdlne Snvanasinnsvadeudiedu uavneduduldansainon
Tuiadnrnuazlunlssdniniivsednsannistwaznistasuasdnsinleidued1ed lny
anunsnuarlamasseunasindoudldzads 100 wWesifud deldfseiuamnududugs
(20,000 wag 10,000 ppm) FananImeansfinan denndesiutnideateyiuiinuinfialy
wAgunansaduazlauuals (Ndomo et al., 2010; Sannongmueang et al., 2017;
Majeed et al., 2018; Sannongmueang et al., 2018) ?jﬂiﬂﬂi’lﬁ?u Sannongmueang et al.
(2018) WU @1sanane1uan Callistemon lanceolatus ﬁiﬁi?@fw‘haxma hexane, acetone
Lz ethanol gy 1-5 Wesius anansauansmudufivuazlamasudals luvaei
Visheentha et al. (2018) lAs1891131 @15a@nm hexane, dichloromethane wag methanol
910 duladinu1y (M. cajuputi stem) @mnsasinunlsl (Camponotus sp.) 16 @u Showler
(2017) 53U dsfumousean Syzygium, Melaleuca Wwag Eucalyptus (Myrtaceae)
finagiuarlauuasiu homn flies uay stable flies I Fanalunisauazlawuasmasasada
mﬂﬁmt,amfwﬂwamsma‘uﬁ%ﬁ'awammﬂwqﬂwmﬁluﬁ%ﬁ?u 9 WU phenols, flavonoids,
alkaloids wae terpenoids ImmiaaﬂqwéwﬁﬂﬂﬂﬁﬂLL‘UU broad-spectrum action %#3©
multiple modes of action iamﬁ'ﬂ antifeedant repellency Wag toxicity GiaLLmaﬂﬁmgﬁmaz
&n? (Cheraghi Niroumand et al., 2016; Hematpoor et al., 2017; Hikal et al., 2017; Salem
et al.,, 2017; Showler, 2017)
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4.6 N15IATIINGNUATIvasasEnalutalinvkazlulUs9a192720

HaNITILATIERNgNeLATlvesasannaInlulainu1d (95%EEMC) wazlunlssanauan
(95%EECV) mewmaila GC-MS uag LC-MS-QTOF lauanslilu Table 4.7 uay 4.8 lngszyds
retention time, molecular formula, m/z, peak area ﬂuﬂgdqwésuaﬂmiﬂszﬂauLLﬁiaWﬁﬂﬁ
weiiseely fad

4.6.1 walla Gas Chromatography-Mass Spectrometry (GC-MS)

nsATIZANgnuiAlinemalia GC-MS vesasanalutadnu1 (95%EEMC) wu
miwqﬂwmﬁﬁgwm 41 ¥fin Feanunsodnsuunldidu terpenoids 41 %, phenolics 1.95
%, flavonoids 0.32 %, naphthalene &g aromatics 8.85 % imﬂg’quiﬂssﬂauﬁu an
41.99 % dmduansngal terpenoids Faiduadusznounan wuaslunduilviavan 28 via
Tngans phytol wusnnilgadis 14 % vesansngnuaiivionun sosasn A 10,10-dimethyl-
2,6-dimethylenebicyclo[7.2.0Jundecan-53-ol (3.89 %), caryophyllene epoxide (2.53
%), aromadendrene epoxide (2.45 %) uway selin-6-en-da-ol (2.12 %) ’Lummzﬁlmimju
phenolics wuans ethyl a-d-glucopyranoside (1.66 %) wag 2-hydroxy-5-
methoxybenzaldehyde, TMS derivative (0.26 %) §1v5ua1snay flavonoids WU
a15Us¥nay pinostrobin (0.329%) wleswimieavithy (Table 4.8 uay 4.9)

dmsunslinTeivesansatnluuysednanin (95%EECY) Geuandlilu Table 4.7
waz 4.8 nunquansilululufiamaiieniuiu 95%EEMC nafe maquwmﬁﬁwuﬂgmm
45 wiln Imaﬁﬁﬁdﬂwmdaﬂmjﬂumimjm terpenoids (30.04 %) ussrUsznoundn waz
nUa1s 1,8-cineole USinaumnniign Wiy 14 % vesansngnuaiivanun sosasnie
a-phellandrene (2.04 %), y-sitosterol (1.91 %) way L-a-terpineol (1.42 %) §ALADEIT
ﬂaq':u phenolics WU 3.47 % [2'-hydroxy-5'-methoxyacetophenone, 3-methylbutylether
(1.7 %) wag 2,6-di-tert-butyl-4-hydroxy-4-methylcyclohexa-2,5-dien-1-one (1.77 %)]
a15na ¥ flavonoids wu 5.27 Wosidus [prosogerin E (2.06 %) way 4',7-di-O-
methylnaringenin (1.79 %)] @13nay aromatic Wag fatty acids 534 1.49 % smﬁy’qmsﬂfju
quinones way steroids 533 3.81 % WeNANTUE a15lungudu 9 WU 36.65 % (Table 4.8
way 4.9)

4.6.2 wAila Liquid Chromatography - Mass Spectrometry (LC-MS)

nMTATEIngnuAdimematia LC-MS-QTOF YosEnsafANa 2 ¥in WANAN9AIN
MIesIzddsmailn GC-MS nanfenusiuiuriinansiideui ey 18 waz 23 ¥in
winthu Ty 95%EEMC uaz 95%EECY audsu Tunsiiszsiansarin 95%EEMC fawmail
AINATT WUNRUATT terpenoids (9.17 %) phenolics (19.49 %) nay flavonoids way
naphthalene (5.55 %) nay steroids wag benzofurans (7.79 %), Nau fatty acid wag
glucosides (12.91 %) nasl vitamins (6.63 %) NAY ethylene glycol (26.25 %) uag n&yl
asUsznaudu « 8n 9.31 % auuiuldnansnay ethylene glycol Wussdusznauman Fany
@13 nonaethylene glycol (10.28 %) way decaethylene glycol (10.42 %) 59983117
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@15na' 4 phenolics lewn acetaminophen (9.9 %), 3,5-di-tert-butyl-2-
hydroxybenzaldehyde (6.81 %) waz 6-gingerol (2.75 %) iu%mxﬁmiﬂﬁju terpenoids wag
A3 WUaT ingenol (9.17 %) way R-lipoic acid (6.63 %) mua1du tesstianealuas
Lwiazﬂfjmm‘lfu (Table 4.8 uag 4.9)

AusuNITIATIERENTane 95%EECY WUTATBIENT AAUAINKAIBNINATY
95%EEMC Tnnuvianun 23 ¥iin uarilarsngy fatty acids iluesdusznoundn wands
13.32 Wosiwud lawn tafluprost (8.59%), 18-carboxy dinor leukotriene B4 (3.53%) wag
16,16-dimethylprostaglandin E2 (1.2%) @u#a15na3 flavonoids Wu#1s leiocarposide
(2.41%) waz peonidin cation (1.03%) Iummsﬁmiﬂisﬂaﬂumju terpenoids, phenolics
WaY vitamins WUEISIW 8908 1908TU A bawn 11-keto-R-boswellic acid (6.96%)
metaproterenol (5.33%) Wag 1,25-dihydroxy vitamin D2 (2.07%) a1uga1au (Table 4.8
wag 4.9)

MnuaNTATzingnwaiivesasatnantuadinuadiediu nunquaisusznay
terpenoids mﬂ'ﬁqm FadenadasfunsTIe9uves Al-Abd et al. (2015) ﬁ?faisqdﬁ w@dlnun?
(M. cajuputi) Anvluvszmeannale Josdusznoundn loun terpenoids, phenolics,
flavonoids aromatics Way fatty acids uaﬂfmm‘j’uéjﬁ f\]’mmsi’mimLLazﬁﬂLﬂiﬂzﬁﬁa%a%aﬂ
sah et al. (2023) ludiiruan senudulvlufiemaiestu fmui ssdusenaunie
Wqﬂwmﬁéﬁﬂa'namwmwui@fﬁyﬂumiaﬁmLLawfﬂﬁ’ummzmmmLaﬁm’n GRIR
NTIATIEAENTANAINTULUTIANIN SIANEDAARDIAUNITTIBNUYDITNITENAEVU U
Salem et al. (2017), Ahmad and Athar (2016) wag de Oliveira et al. (2014) lananyi
terpenoids (1,8-cinole), phenolics wag flavonoids asianulauavidussAusyneundnly
NYUUTIA19V2A

Mnrafind1ud1edu nefiaraguldan veansadnanluaiavnayly
U59819v9nzdlansngu terpenoids iuasAUsznaundn seaunfe phenolics, flavonoids
e ethylene glycol (Table 4.8 wag 4.9) LLazmﬂmﬁwi’m%gaqmﬁsmﬁamwm'eN
ansUseneuusazyin dauandlilu Table 4.8 uay 4.9 vlvinsiuih ansusenevdilvefiny
IuaWiaﬁmﬂga 2 wila fordlunsdudaden wuafie uazdul3ald Belunindugmilunis
EJUENL%ﬁ]aumEHJENmiﬂmJ terpenoids (phytol, 1,8-cineole, a- terplnene terpinene-4-ol
uay 11-Keto-B-boswellic acid) fisreanuiannsadudinswiyvesdesidnaesin Tau
Candida albicans (Tadtong et al., 2016), Aspergillus spp. (Morcia et al., 2012; Kim et
al., 2018), Alternaria spp. (Morcia et al., 2012; Marei and Abdelgaleil, 2018), Botrytis
cinerea (Yusoff et al., 2020), Fusarium spp. (Morcia et al., 2012; Marei and Abdelgaleil,
2018), Penicillium sp. (Morcia et al., 2012; Marei and Abdelgaleil, 2018), Rhizoctonia
solani (Marei and Abdelgaleil, 2018) Fadunstusuliduln Usvdnsamaesansannain
Tuafisvnuarlundsdsvnlumsiiudades A brassicicola thaviinasnain terpenoids
Faduesuszneundnvesasainis 2 v Saluniniunasnnisnegeu prudufivres
ansainuUsedvin uenanbiiluiiwdeialgnuds danunsaduasunisasyiulavein
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AALADNAY FINARINGNIUIALANANIIINEIST vitamin E, 1,25-dihydroxy vitamin D2,
nigerose wag glu-ile Inga15UTENBUMAINA1INTIEIIUIIEINITANTEH UNT BALATUNT

wiaAulaaesiiald (Munoz and Munné-Bosch, 2019; Qiu et al., 2020; Ichimura et al.,
2022)
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Phytochemical compounds from 95% ethanolic extract of Thai M.

cajuputi (95% EEMC) analyzed by GC/MS QTOF and LC/MS QTOF.

Compound name RT Molecular m/z Peak Known bioactivity from
(min)  formula area literature
(%)
By GC/MS QTOF
Terpenoids
1 Copaene 16.74 CysHoa 204 0.20  antimicrobial (Scur et at., 2016)
2 B-Elemene 17.12 CisHaq 204 0.64  anticancer (xie et al., 2020)
3 Caryophyllene 17.87 CisHoa 204 0.41  antimicrobial (Selestino Netaet al, 2017)
4 o-Muurolene 19.35 CisHaq 204 0.33  antimicrobial (Marinas et at,, 2021)
5 B-Selinene 19.59 CisHaq 204 0.95  antifungal (Ding et at., 2017)
6 y-Selinene 19.82 CisHog 204 0.39  antifungal (Foudah et at, 2021)
7 Elemol 21.26 Ci5H260 222 0.35  antimicrobial (Noriega et al, 2020)
8 Spathulenol 22.22 Ci5H240 220 0.45  antimicrobial (Fuet al, 2022)
9 Caryophyllene epoxide 22.44 Ci5H240 220 253  antimicrobial (Selestino Netaet al, 2017)
10 Muurola-4,10(14)-dien-1p-ol 23.78 Ci5H240 220 1.54  unknown
11 Caryophylla-4(12),8(13)-dien-5a-ol 24.00 Cy5H240 220 1.71  antimicrobial (Sdestino Neta et al, 2017)
12 10,10-Dimethyl-2,6- 24.12 C15H240 220 3.89 unknown
dimethylenebicyclo[7.2.0Jlundecan-5 3 -ol
13 B -Eudesmol 24.39 Cy5H260 222 0.27  antimicrobial (Noriega et al., 2020)
14 Selin-6-en-da-ol 24.61 Ci5H260 222 212  antibacterial (Cordeiro et at., 2020)
15 Aromadendrene epoxide 24.75 C15H240 220 2.45  antimicrobial (Mulyaningsih et at,, 2011)
16 8-Methoxycedrane 25.27 Ci7H280; 264 0.74  unknown
17 (1R,7S,E)-T-Isopropyl-4,10- 25.44 C15H240 220 1.17  unknown
dimethylenecyclodec-5-enol
18 Pluchidiol 26.97 Ci3H2002 208 0.21  antimicrobial (Karimi et at., 2019)
19 Proximadiol 29.55 Ci5H280,2 222 0.25 unknown
20 o-Eudesmol 30.29 Ci5H260 222 1.40  antimicrobial (Noriega et al., 2020)
21 Squamulosone 30.90 Cy5H20 218 0.78  unknown
22 6,10,14-Trimethyl-2-pentadecanone 31.46 CigH360 268 0.43  antibacterial (Naidoo et al., 2014)
23 Corymbolone 31.55 Cy5H2402 236 0.40  antifungal (Hussein et al., 2016)
24 4.4.8- 31.67 Ci5H2602 238 0.54  unknown
Trimethyltricyclo[6.3.1.0(1,5)]dodecane-2,9-
diol
25 Estra-1,3,5(10)-trien-17 B -ol 32.82 CigH240 256 0.91  anticancer (khan et al., 2022)
26 Phytol 38.60 Ca0HaoO 296 19.14  antimicrobial Ghaneian et al, 2015;
Saha and Bandyopadhyay, 2020; Yusoff et
al., 2020; Petpheng et al., 2023)
27 y-Sitosterol 41.19 Ca9Hs500 414 054  antibacterial (subramaniam et al, 2014)
28 28-Norolean-17-en-3-ol 42.70 Ca9HasO 412 0.57  antiviral (Darshani et at, 2022)
Terpenoids 45.31
Phenolics
29 Ethyl a-d-glucopyranoside 23.67 CgH1606 208 1.66  antioxidant (Dai et at, 2022)
30 2-Hydroxy-5-methoxybenzaldehyde, TMS 25.82 C11H1605Si 224 0.26 antibacterial (Darshani et al., 2022)
derivative
Phenolics 1.92
Flavonoids
31 Pinostrobin 32.53 C11H1004 206 0.32 antibacterial (Marliyana et al., 2018)
Flavonoids 0.32
Naphthalenes & Aromatics
32 1,2,3,4-Tetrahydronaphthalene-1,2- 23.15 Ci12H1604q 164 8.45 unknown
diol,5,6-dimethoxy-
33 9-Butyl-9H-fluoren-9-ol 36.55 Cy7H180 238 0.40 unknown
Naphthalenes & Aromatics 8.85
Other compounds
34 2,5-Dimethoxythiophenol 15.71 CgH100,S 170 0.26 unknown
35 Butyric acid, 2,3-epoxy-, ethyl ester 21.47 Ci11H160 164 0.23 unknown
36 234" Trimethoxyacetophenone 26.46 C11H1404 210 7.16  antibacterial (Freitas et al., 2020)
37 2,5,5,8a-Tetramethyl-d-methylene- 28.99 C14H2,04 238 1.23 unknown
6,7,8,8a-tetrahydro-4H,5H-chromen-4da-
yl hydroperoxide
38 Octahydro-1-(2-octyldecyl)- pentalene  30.51 Ca6Hso 362 3.63  unknown
39 10-Methylanthracene-9-carboxaldehyde  33.23 Ci6H120 220 11.63 unknown
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Table 4.8 Continued

Compound name RT Molecular m/z Peak Known bioactivity from
(min)  formula area literature
(%)
40 2-Isopropyl-10-methylphenanthrene 37.35 CigH1s 234 532  unknown
41 5-Methyl-6,7,8,9- 37.79 Ci1H12N,OS 220 1253 unknown
tetrahydroisothiazolo[5,4-Clisoquinolin-
1(2H)-one
Other compounds 41.99
Total 98.39
By LC/MS QTOF
Terpenoids
1 Ingenol 15.36 C20H2805 348 9.17 antiHIV (vang et at,, 2019)
Terpenoids 9.17
Phenolics
2 Acetaminophen 11.99 C8HINO2 151 9.93  antifungal (Srikanth et al., 2005)
3 6-Gingerol 12.51 C17H2604 294 275  antifungal (xiet al, 2022)

4 35-Di-tert-butyl-2-hydroxybenzaldehyde 27.74 C15H2202 234 6.81  antimicrobial (zhao et at., 2020)
Phenolics 19.49

Flavonoids & Naphthalene
5 Cyanidin-3-O-sophoroside 0.58 CoH31016" 611 1.34  antibacterial (Tan et al, 2019)
6 6,2'-Dimethylflavone 15.72 C17H1404 282 4.21  antifungal (Mangoyi et al, 2015)
Flavonoids & Naphthalene 5.55

Steroids & Benzofurans

7 5B-Androstane-3p,17p-diol 12.54 Ci9H302 292 3.84  unknown
8 Dichlorofluorescein 14.80 CothClOs 401 3.95  unknown
Steroids & Benzofurans 7.79
Ethylene glycol
9 Nonaethylene glycol 0.58 CigH38010 415 10.28 antimicrobial (shukla et al., 2012a)
10 Decaethylene glycol 0.58 C20Ha2011 459 10.42 antimicrobial (shukla et al, 2012a)
11 Pentaethylene glycol 12.51 C10H2206 238 5.55  antimicrobial (shukla et at., 2012a)
Ethylene ¢glycol 26.25
Vitamins
12 R-lipoic acid 0.46 CgH14025, 207 6.63  PGPM (Elkelish et at., 2021)
Vitamins 6.63
Fatty acid & Glucosides
13 2,3-Dinor-11B-prostaglandin F2 a 12.56 CigH3005 326 9.45  unknown
14 Harpagide 144 Cy5H24010 364 3.46  unknown

Fatty acid & Glucosides 12.91

Other compounds
15 1-(1',3-Benzodioxol-5'-yl)-2-butanamine  0.42 C11H15NO, 193 1.03  unknown

16 Salicylic acid, valerate 0.82 C12H1404 222 370 ISR (Waretal, 2011; Sangpueak et al, 2021)
17 2-Acetyl-5-(tetrahydroxybutylimidazole  12.47 CoH1aN2Os 230 1.24  unknown
18 Leukotriene B3 12.54 C20H3404 338 3.34  antibacterial (Serban et at, 2018)
Other compounds 9.31
Total 97.1

PGPM = Plant growth promoting metabolites, ISR = Induced systemic resistance
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Phytochemical compounds from ethanolic extract of Thai C. viminaris

(EECV) analyzed by GC/MS QTOF and LC/MS QTOF.

Compound name RT Molecular m/z Peak Known bioactivity from
(min)  formula area literature
(%)
By GC/MS QTOF
Terpenoids
1 o-Phellandrene 8.96 CioH1s 136 2.04  antimicrobial (scan et at., 2012)
2 o-Cymene 9.39 CioH1ag 134 0.84  antimicrobial (Tadtong et al., 2016)
3 1,8-Cineole 9.52 CiH180 154 14.0  antimicrobial (Morcia et at,, 2012;
Tadtong et al., 2016; Kim et al., 2018)
4 a-Terpinene 10.77 CioH16 136 0.19  antifungal (Marei and Abdelgaleil, 2018)
5 Terpinen-4-ol 12.64 CioH180 154 0.36  antifungal (Morcia et al., 2012; Marei
and Abdelgaleil, 2018)
6 L-a-Terpineol 12.89 CyoH180 154 1.42  antifungal (Marei and Abdelgaleil, 2018)
7 2-Acetoxy-1,8-cineole 15.24 Ci2H2003 212 0.26  antimicrobial (Tadtong et at., 2016)
8 Caryophyllene 17.86 CisHag 204 0.35  antimicrobial (selestino Neta et al, 2017)
9 v-Selinene 19.81 CisHag 204 0.20  antifungal (Foudah et at, 2021)
10 Spathulenol 22.21 Ci5H240 220 0.76  antimicrobial (Fu et al., 2022)
11 Isoleptospermone 23.65 Ci5H2204 266 1.01  unknown
12 Pluchidiol 29.46 Ci3H2002 208 0.57  antimicrobial (Karimi et at., 2019)
13 o-Phellandrene, dimer 29.82 CooH3z 272 0.76  antimicrobial (iscan et al, 2012)
14 Phytyl acetate 31.42 C22Ha202 338 0.49  antifungal (Foudah et at, 2021)
15 448- 32.82 C15H2602 238 0.33  unknown
Trimethyltricyclo[6.3.1.0(1,5)]dodecane-2,9-
diol
16 Phytol 42.67 C20Ha0O 296 0.53  antimicrobial (Ghaneian et at., 2015;
Saha and Bandyopadhyay, 2020; Yusoff
et al., 2020)
17 Vitamin E 65.48 CooH5002 430 0.56  PGPM (Murozand Munné-Bosch, 2019)
18 y-Sitosterol 68.15 Ca9H500 414 1.91  antibacterial (Suoramaniam et al., 2014)
19 Lanosterol 68.76 C30Hs500 426 0.52  unknown
20 28-Norolean-17-en-3-ol 69.25 Ca9HasO 412 1.02  antibacterial (kim et at, 2015)
21 o-Amyrin 69.56 C3oHs500 426  0.40  antibacterial (Chung et at., 2011)
22 y-Sitostenone 70.52 Ca9HasO 412 0.64  antibacterial (subramaniam et al., 2014)
23 Betulinaldehyde 73.64 C30Has02 440 0.88  antibacterial (Chung et at., 2011)
Terpenoids 30.04
Phenolics
24 2'-Hydroxy-5-methoxyacetophenone,  20.33 C1aH2003 236 1.70  unknown
3-methylbutylether
25 2,6-Di-tert-butyl-4-hydroxy-4- 23.24 Ci5H2402 236 1.77  unknown
methylcyclohexa-2,5-dien-1-one
Phenolics 3.47
Flavonoids
26 Hesperetine 58.40 Ci17H1407 330 0.39  antimicrobial (Carevic et at., 2022)
27 Prosogerin E 60.00 Ci8H1607 332 2.06 antibacterial (Shamsudin et al., 2022)
28 Guaiacin 60.63 CooH2404 328 0.32 unknown
29 8-hydroxysalvigenin 64.71 Ci18H1605 312 0.71  Antimicrobial (Alreshidi et at., 2020)
30 4'7-Di-O-methylnaringenin 65.01 Cy9H1805 326 1.79 antibacterial (kozowska et al, 2017)
Flavonoids 5.27
Aromatic & Fatty acids
31 Isolongifolene 19.59 CisHag 204 0.48  unknown
30 1,2,3,4,5,6,7,8-Octahydro-2-naphthol, 4- 24.79 CiqH220 206 0.25 unknown
methylene-2,5,5-trimethyl-
33 2,4,6-Octatriene, 3,4-dimethyl- 9.23 CioH16 136 0.26  unknown
34 Hexadecanoic acid, ethyl ester 37.81 Ci8H3602 284 0.30 unknown
35 Ethyl oleate 44.93 CooH3802 310 0.20  unknown

Aromatic & Fatty acids 1.49
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Table 4.9 Continued
Compound name RT Molecular m/z  Peak  Known bioactivity from
(min)  formula area literature
(%)
Quinones & Steroids
36 5-Hydroxy-2,2,6,6-tetramethy!l-4- 14.26 CioH1405 182 1.04 unknown
cyclohexene-1,3-dione
Androst-1-en-3-one, 17-(acetyloxy)-  50.33  CyHxsOq 344 2.14 unknown
4,5-epoxy-,(4B,58,17p)-
Quinones & Steroids 3.18
Other compounds
38 6-acetyl-2,2,4,4- 16.37 CioH160gq 224 1.59 unknown
tetramethylcyclohexane-1,3,5-trione
39 2Cydopropene-1-carboxylic add, 2(1,1- 18.68 CizH00s 224 0.31 unknown
dimethyl-5-oxohexyll, methyl ester
40 2-Hydroxy-5-methoxybenzaldehyde, 19.16 CutHheOsSi 224 0.32 unknown
TMS derivative
41 2.24-Trimethyl-4- 21.01 CisHxOSI 236 25.0 unknown
trimethylsilylethynylcyclopentane-1,3-
dione
42 1-Ethyl-2,2,43,7,7-pentamethyl- 22.96 CisHagNoy 236 0.72 unknown
1,2,3,4,43,5,6,7-
octahydro[1,8]naphthyridine
43 dagaDimethyl-2oxo- 51.49 CoH2604 344 7.63 unknown
1a24a4b56,63,789939b,10,11-
tetradecahydrocydopental7 8lphenanthrol,
10abloxiren- 7y acetate pk2
44 2-Amino-3-cyano-4-methyl-4,6- 61.33 CoaHaaNgOq 432 0.32 unknown
dipyridin-4-ylcyclohexa-1,5-dien-1,3-
dicarboxylic acid, diethylester
45 2,6,10,14,18,22- 62.28 CsoHso 410 0.76 unknown
Tetracosahexaene,2,6,10,15,19,23-
hexamethyl-
Other compounds 36.65
Total 80.1
By LC/MS QTOF
Terpenoids
1 11-Keto-B-boswellic acid 16.22 CaoHaOq 471 6.96 antimicrobial (Raja et al., 2011;
Jaros et al., 2022)
Terpenoids 6.96
Phenolics
2 Metaproterenol 13.34 CyiHi7NOs 212 5.33 unknown
Phenolics 5.33
Flavonoids
3 Leiocarposide 12.63 CorH34016 653 2.41 antimicrobial (Toiu et at., 2019)
4 Peonidin cation 15.24 Ci6H1306" 301 1.03 antifungal (Chen et at, 2023)
Flavonoids 3.44
Coumarins, Alkaloid & Steroids
5 T7-Methoxycoumarin 0.80 Ci0HsO3 177 211 antifungal (Chen et at, 2023)
6 Quinupramine 1212 CxyHaN2 305  1.04 antimicrobial (Caldara and
Marmiroli, 2018)
7 5B-Pregnan-3a,17,20321-tetrol-11- 12.20 C21H3405 366 1.39 unknown
one
8 y-Muricholic acid 15.28 CogH3sDs0s 391 1.70 antibacterial (watanabe et al., 2017)
9 5B-Androstane-3a,173-diol 12.07 CioH30, 275 1.33 unknown

Coumarins, Alkaloid & Steroids  7.57

Ethylene glycol
10 Nonaethylene glycol
11 Decaethylene glycol

Vitamins
12 1,25-Dihydroxy vitamin D2

0.81
0.81

16.23

CigH38010
C20Ha2011

Ethylene glycol 11.1

C27Ha403

432
459

411

5.00
6.10

2.07
Vitamins 2.07

antimicrobial (shukla et al., 2012a)
antimicrobial (shukla et al., 2012a)

PGPM (Buchala and Pythoud, 1988)
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Compound name

RT (min) Molecular m/z

Peak Known bioactivity

formula area from literature
(%)
Fatty acid
13 18-Carboxy dinor leukotriene B4 12.12 CigH260s 321 3.53  unknown
14 16,16-Dimethylprostaglandin E2 12.23 CooH3605 363 1.20  unknown
15 Tafluprost (free acid) 12.25 CpHpF0s 411 859  unknown
Fatty acid  13.32
Other compounds
16 Etidocaine 12.05 CiHgeNO - 277 2.05  unknown
17 N-Desethylamodiaquine 12.12 CHlNO - 328 2.05  unknown
18 Nigerose 12.19 CioH20011 365 5.49 PGPM (ichimura et al., 2022)
19 Unoprostone isopropyl ester 12.33 CsHaaOs 407 1.23  unknown
20 Glu-lle 13.49 CiHaoNLQOs - 261 521  PGPM (iu et al., 2020)
21 Cinnamic acid 15.24 CoHgO2 149 212  antifungal (Guo et al., 2020)
22 3B-Hydroxy-5-cholenoic acid 15.49 CaaH3s05 357 7.98  unknown
23 Octamethylcyclotetrasiloxane 15.54 CgH2aOaSia 297 1.14  unknown

Other compounds 27.27
Total 77.06

PGPM = Plant growth promoting metabolites
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4.7 msfinefnenmuasansaiaeniueanylsdraylunsauaslsaluan
Alternaria wazn1stnuaulgdainudiuniulsavesindan luaniwlsasau

4.7.1 Uszansnmvasarsanmannluaiinuidnazlundsedansuanlunisduds
Iﬁﬂi‘uf\m Alternaria

4.7.1.1 wavesarsanalutadngid

nsfnwUsEansnnvesansatnevueasnluadau fisziuainy
WNTY 15,000 Lag 50,000 ppm IuﬂWié’Ué'jaIsﬂiUﬁm Alternaria wanalyiiiuin Tugiasn
YBININAFDU (3 DAI) Liilganssuismivauuaransann 95%EEMC Ayt 15,000 ppM
finansornislsawindu (Figure 4. 6) uay aidlonuly 5 DAl wuiinswauveddsadiuundy
Lmasmliﬂmumiaﬂﬂ 95%EEMC 51s 2 Arududu LLa”aﬁLﬂll FansuaninLguusalsad
1 FaupnsnsannyamuauegaitdiAyniaaia Luaauqmmimaaq (7 DAI) nANTTUIF
waneausuLselsalugawanasiveg el ded Agnieada enliugaugniivunid lneyn
AIUANLAAIANTUUTINIAGIER Wiy 100 Wefldud Tuvazfiansada 95%EEMC A
Wit 50,000 ppm amnsaanmuguLsdsaffian Tnedanuguusdsaios 25 Weosidud
509D @1TAAAANUILLTY 15,000 ppm %ﬂﬁmwmumﬂiﬂlﬁhﬁ’u 50 Wosiius dwunisly
asindlanansaanadugulsdlsalatosan nanfe Suinuuusilingeds 66.66 L‘Llasmjum
(Figure 4.6) Inenseiil mmummammmfﬂaimmaammanm@mmamamimmlm R
AOAAADINUNITIIBIIUVOS Yang et al. (2019) finuin A(temar/a alternata wuu Cross-
resistance Aea15LAA mancozeb Wag difenoconazole ’eJﬂ‘Vlﬂ lacomi-Vasilescu et al.
(2008) 169731 A. braassicicola ian1sheseansiail flutriafol, difenoconazole was
prochloraz lusefufiguuss

Tusunssaulavesingan nsildaisatnainiadnuuazaisiadl
nansre i lliuansnsanyamuauitUnAdedian SPAD value eglutig 34.11-35.43
LALANEN9INYAAIUANDE T Aty neadii Faflen SPAD value Winiu 30.12 (Figure 4.6)
dmiunananvowinads ululudamadeatuiuaimnnuder nanfe msldarsannfivuay
nslfansiadifvntingn oglutas 19.2-17.5 ndu (e1gfie 21 ) liusnsnsaingadgnity
Uni %mmmuamﬁﬁmﬁﬂamﬁm 15 nSu weikansinaanyanIuANeg 19l didgynieais
(Figure 4.6)



59

L T1=Healthy control [[]T2=Inoculated control i T3 =Chemical control B T4 =95%EEMC (15,000 ppm) [l T5 = 95%EEMC (50,000 ppl

3 DA 5 DA a 7 DAl
100 ~ 100 A 100
g S -
< 80 < 80 - S
2 2% g 80
£ 3 <
[} [] )
> 60 - a > 60 - =
3 8 : 60
Q v 7}
w0 . 2 .
g 40 b g 40 y 40
R 2 8
[a]
20 A 20 g 20
C C C C
0 0 0
T1 T2 T3 T4 T5 T1 T2 T3 T4 T5 T1 T2 T3 T4 T5
21 Days old 21 Days old
40 25
30 20
0] -+
3 515
>20 Q
Q E” 10
g o
(%]
10 ‘;‘f 5
0 0
T1 T2 T3 T4 T5 T1 T2 T3 T4 T5
—_— f . —_— —_— —_—
Values are means of 4 replicates. Values in each column bar followed by the same letter are not
significantly different according to LSD (P>0.05).
IBar = 10 cm

Figure 4.6 Effect of 95% ethanolic extract from Melaleuca cajuputi leaves (95%
EEMC) on Alternaria \eaf spot (at 7 DAI) and growth of lettuce in
hydroponics (21 days old).
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4.7.1.2 WavasETanaluklssdanavon

UszAnsnnvesarsaiaeniueaaintunlseansvin 2 vila (50%EECY
Way 95%EECY) 7158A UM udy 15,000 way 50,000 ppm lun1sAruaulsaluye
Aternaria U371 H29U3NYBINTNAFBY (3 DAI) Ynnsndsiinadeu (uniiu yaugniivund)
amguusalsalugaliiunnenefiu AoUszana 25 Wedidud Wenuly 5 DAl wumswiames
omslsmnTy snunssisildansadn 509EECY way 95%EECY mududy 50,000 ppm
Hansfienuguusilannadl Wity 25 Wesidus wesiileduganisvanes (7 DA nssAsAld
ansafnnlunlsederaadenainii 2 slindsnsuanassansamanauguusdlsaldiiian
Faflanuguusdlsaiiios 25 Wefdus wihiy sesaunie a1sadn S0%EECY uay 95%EECY
aadudy 15,000 ppm sausisasiail 4111508AANUTULIILIALY UsEu 50-56.25
Wedldud TaumnsnsanyamunNogsiifuddymaaia (Figure 4.7)

dwmdumaaigivlavesinadn yanssdsildasadaainivuas
asWATLARIAIAUTYY (SPAD value) liunnsnsannyalgniteund eglutig 35.44-33.7 ug
uansinsegrefiduddanieada elisuifisuiuyaniuns (SPAD value Wiy 30.25)
Tuwariinandnainnssuisildansatnaniieia 2 ¥ila (S0%EECY way 95%EECY) fisusu
AMNTUTY 15,000 ppm Waga1siadl LLamma%mjfmﬁﬂamhiLmﬂ@mﬁ’usqmﬂqﬂﬁﬁuﬂﬂa
ogluras 17.53-19.36 n3u umnsinsednaditfoddquileUSouiiisuiuyamunu (16.04 n3w)
wariduiiurauladued1eds nanafe nsldansatnainiiadenaiaie 2 via Asvdu
AUNTY 50, 000 ppm wonanaz Ll ufivudn é’awudwmmmmué’umm%mLauimsum
Wnaanla LL@uﬂJU’MUﬂﬂ@ﬂﬁﬁﬁEJEJ’NI&I‘UEJ?H@ZU‘V]’NEmG] Wiy 23.5 n3u (Figure 4.7) Fawanis
‘mmaaaumaaﬂﬂaamumﬁmaaummLﬂuwwaqmﬁaﬂmqmuwm 4 win Anuinnasld
miaﬂmmﬂLummmmmmaamuﬁ;ummmﬁuaqmﬂaaﬂmﬂsuu (Table 4.4)
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EH =Healthy control [[JT2 =Inoculated control ll T3 =Chemical control [F] T4 =50%EECY (15,000 ppm) [ T5=350%EECY (50,000 ppm)

T6=95%EECV (15,000 ppm) [l T7 = 95%EECV (50.000 ppm)

100 T~

o) @
o o
1 1

Disease severity (%)
=y
o
1

=

3 DAl

T1 T2 T3 T4 T5 Té6 T7

Disease severity (%)

5 DAI

7 DAI

T1 T2 T3 T4 T5 T6 T7

T1 T2 T3 T4 T5 T6 T7

T1L T2 T3 T4 T5 T6 T7 TL T2 T3 T4 T5 T6 T7
21 days old 21 days old
40 30
ab ab 2 ab ab
c 25
30 a3 _ b
g €20 4b b
E 3
220 15
<
% 210
10 b=
5
0 — 0

—_—

—

—_—

—_—

—_—

—

Bar = 10 cm

Values are means of 4 replicates. Values in each column bar followed by the same letter are not
significantly different according to LSD (P>0.05).

Figure 4.7 Effect of 50% and 95% ethanolic extract from Callistemon viminalis
leaves (EECV) on Alternaria leaf spot (at 7 DAI) and growth of lettuce in
hydroponics (21 days old).
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4.7.2 dnenmeasarsannainlutadinunuazlundsednsvanlunisaniieulsl
AMUATUNIULIAYBIRNEAN
4.7.2.1 wavesasannluElanvIa

lugraseninnmageulssavsninansadaivlunisanaiusuus
T5a lefinsesavaeudnenimvesansainainluainunn (95%EEMC) Tunisidudanseeu
(Inducer) Aanssuteulasiarumulsaiivvesinaan (3-1,3-glucanase, chitinase way
peroxidase) mugludae denanismaaeuludasusn (1Fundnisugnide: DA) wui
ynnssIsinaaeuifonssueulusl p-1,3-glucanase figaninografidoddameaia 1o
Wisuisuunssuisugniiaund (Healthy control) Bvlundntiu nssuisdldansatnannly
wfinu (95%EEMC) 51 2 Anadiudy (15,000 waz 50,000 ppm) ansanseauliinadn
a51aeulwal B-1,3-glucanase mﬂ‘ﬁfjm q&ﬁﬁ 2.55 = 2.72 ymol glucose/g of fresh leaves
wazilanaiuly 3-5 DA nﬂﬂiiﬁ%ﬁﬁaﬂsimLauiszjﬂé’ma'nLﬁ'mmﬂﬁummlﬂé’aa waziile
§uqmﬂ13wmaaa (7 DAI) @5aiin 95%EEMC ¥a 2 aududy Sanuanaianssutouled
[3-1,3-glucanase mmﬁajm (11.66-11.83 pmol glucose/g of fresh leaves) %QLLG]ﬂGi'N"\]’]ﬂ“Q@
AIUANag i@ Ayn9aia (Table 4.10)

dmsunsnsinasuieulal chitinase madsnadululuguuuudeatuiu
nsmsavaeuteuls! f-1,3-glucanase FannnssuAsiiAanssueulesifinnninyaugnitvund
wazidlosreznaniiutuianssueulvlfdiuiunuluge Tnoanzegnede nsldansadn
95%EEMC Fiszsuninududu 50,000 ppm (7 DAI) Ssnsdsnalifinadaiifanssueulasiunn
fign Wiy 23.12 pmol GLeNAC/g of fresh leaves s8sasunAe ansafindissiumnanduduy
15,000 ppm W1AU 20.24 pmol GlcNAc/g of fresh leaves Tuéumzﬁsqﬂmmuﬁﬂqmsﬁaﬁ
fieseg1aiie wansafanssueuleyd wihdu 17.30 umol GLeNAC/g of fresh leaves @4
upnsinnuegeltsd1Agy1eana (Table 4.10)

druoulal peroxidase wadsnndululuguuuuifeatuiunisnsiaaey
wuleyl B-1,3-glucanase uax chitinase Fanssuisildansatnainiivdangty (7 DA) aunse
nszduliinadaaiiaeulssl peroxidase annfign ogflutiag 12.56-13.36 unit/g of fresh
leaves muadu (Table 4.10) 9nnnan1snaasuandliiuinusinaneulsimuunniy
ﬁmmaamé’aammmiamawaammquuﬂhﬂﬁLﬁmsﬁué”m



Table 4.10 Activity of defense enzymes against Alternaria in lettuce treated with 95% EEMC.

Activity of defense enzyme

e 3-1,3-Glucanase o )

a Chitinase Peroxidase

S (umol glucose /g of fresh )

o (umol GlcNAc/g of fresh leaves) (unit/ g of fresh leaves)

o leaves)

'_

1 DAl 3DAl  5DAl 7 DAI 1 DAI 3 DAl 5 DAI 7 DAI 1 DAl 3 DAl 5DAI 7 DAI

Healthy control 153d" 353d 3.60d 3.46d 550d 5.07d 5.97d  5.63e 338e 490e 6.52c 8.44c
Inoculated control 217c 527b 6170 7.36b  9.43b  11.25b 1595b 17.30c  537c 6.89c 851b 10.43b
Chemical control + pathogen 220b  4.63c 520c 6.20c  863c 9.17c  11.03c 11.33d 4.70d 6.22d 7.85b 9.76bc
95% EEMC-15,000 ppm + pathogen 255a 862a 7.87a 1l1.66a 1349a 1529a 19.23a 20.24b 7.50b 9.02b 10.65a 12.56a
95% EEMC-50,000 ppm + pathogen 272a 872a 797a 11.83a 13.49a 1491a 1999a 23.12a 830a 9.82a 11.45a 13.36a

Values are means of 3 replicates. Values in each column within each enzyme followed by the same letter are not significantly different according to LSD (P>0.05).

€9
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4.7.2.2 WavRIENTANALULUIIANGUIN

NIINAADUANENINYDIAITAN ALENIUDAINTULUTIA 1900 2 il
(50%EECV wag 95%EECV) fiszdumnuiduty 15,000 wag 50,000 ppm Tun1sdniieulal
audunlsaiiana 3 aiin wudn wansagevasataluwlsEmdululufiams
Aerfufunisnaaeuansadnanluiaiaui (9O5%EEMC) ndnafe nssudsildarsadaain
TunUsadamanuianssunisavameuleasie 3 vila (B-1,3-glucanase, chitinase uag
peroxidase) mmﬁqm ‘%flﬂLLG]ﬂG]I'Naﬂﬁﬂﬁﬁ&ﬁﬁﬁ@%’lﬂﬂﬁﬁLﬁ@Lﬂ%ﬁULﬂ&lUﬁUﬂiiuagﬂ’JUﬂm
‘1??@ 3 N55U3D (Healthy control, Inoculated control wag Chemical control) LLaszja
svevnaniiuinniy Usmaseuledavifinunniunudie nanafe naannisasaateulesd
B-1,3-glucanase luas 1 DAl msldansadmainlundssdrevaniia 2 win (S0%EECV ua
95%EECY) ynemidutuiinaaey Sinsdsnalsifivairsoulusfinniign sesaunde nsld
arsiafdunulaigy (mancozeb) wagn1sUgnidosisegaien ossasnawiuly
(3 - 5 DA) mﬂ%’msaﬁmﬁ%ﬁwmaauﬁwmé‘f@mﬁmiazaw%mmaul%ﬁﬁmmm%uuazqq
flan deidsuifsusunssitamunudu q wedloduaanisvaaes (7 DA wudn n1sldans
i 959%EECY 719 2 Arududu war S0%EECY fiszdumnundudu 15,000 ppm dnsavay
Usinaneulusianniian e/lure 16.2-16.93 umol glucose/g of fresh leaves 589R%IAD
50%EECV-50,000 ppm iU 15.73 pmol slucose/s of fresh leaves lunqefinssuis
AIUAN (Inoculated control tag Chemical control) HUSuuazay agﬂusﬁjﬂ 12.43 - 12.86
umol glucose/g of fresh leaves (Table 4.11)

dmSueulul chitinase nan1snsvaeudinadululuguwuuifeaduiu
wulwal B-1,3-glucanase naMAe m'ﬂ%ﬁﬁﬁﬁﬂmﬂiULLUSQéJNSU’m‘ﬁQ 2 %1in (50%EECV wa
95%EECV) mﬁﬂsmwiumimumﬂww%iwLaulezmmmam Faunnsinsegnadiduddyms
aamLuaLUia‘Umwﬂumimmwﬂwa 3 N353 HuATITUINVEININAFEY (1 DAI) uag
wulmiinsavauinunniwilessoznarld 3 fa 5 awaamiﬂqmﬁua Luaﬁuqﬂms
A (7 DA) msliasatinanudssdnsnannsnisimeaeuiinsuaninanisnsydulife
ﬁmiazammﬁqm ag/luy9 26.23 - 26.63 pmol GLcNAC/g of fresh leaves Tuvauedinasly
ansinTiusnlawy (Chemical control) wagnsUgniiesifissegiaien (Inoculated control)
fifanssumsazaueuley agluyia 21.66 - 21.96 umol GlcNAc/g of fresh leaves (Table
4.11)

drunanisasagsufanssuoulyyl peroxidase nisldasainainly
uwssdsemnnsndsimaaeudmadulluiimmadetuiuenssneulss p-1,3-glucanase
uay chitinase Ssmslfansadaaniivfanannszduliivairseulsinnianazinisazas
dunntudlesrernawiulunaennisnnaes Tnansldansaia 95%EECY Asziuaiy
Wt 50,000 ppm ausanssduliivas1veulsl peroxidase qqﬁqm 3998931A0
95%EECY AL 15,000 ppm waz S50%EECY T 2 mamudud snuddu 6?@@&ﬂdﬁﬁm
AIUANBE iRty n9ada (Table 4.11)



Table 4.11 Activity of defense enzymes against Alternaria in lettuce treated with 50% and 95% EECV.

Activity of defense enzyme

é 3-1,3-Glucanase Chitinase Peroxidase

485 (umol glucose /g of fresh leaves) (umol GlcNAC/g of fresh leaves) (unit/ g of fresh leaves)

a 1 DAl 3 DAl 5 DAl 7 DAl 1 DAl 3 DAI 5 DAl 7 DAl 1 DAl 3DAI 5DAI 7 DA
Healthy control 153c'  353d  3.60c  3.46d 550c  5.07c  597c  5.63c 333c 498e 548e 6.45e
Inoculated control 217b  5.27c 9.43b  12.86¢ 11.00b 14.30b 18.67b 21.96b 6.02b 6.47cd 6.83d 7.45d
Chemical control 220b  5.37c 9.50b  12.43c 10.80b 15.07b 18.60b 21.66b 6.79a 6.54bc 7.53c  7.99cd

50% EECV-15,000 ppm + pathogen  3.30a  8.87b  11.20a 16.26ab 16.00a 18.20a 21.63a 26.46a 6.48a 7.12a 7.50c  8.29cd
50% EECV-50,000 ppm + pathogen  3.27a  9.30a  11.60a 15.73b  15.50a 17.63a 22.03a 26.63a 6.52a 6.83ab 7.84b 8.68bc
95% EECV-15,000 ppm + pathogen  3.30a  9.37a  11.67a 16.93a 1593a 17.73a 21.67a 26.23a 6.37a 6.7dbc 6.91d 9.52b

95% EECV-50,000 ppm + pathogen 347a  9.47a 11.83a 16.2ab  1593a 17.27a 21.83a 26.53a 6.22b 6.18d 8.18a 10.97a

Values are means of three replicates. Values in each column within each enzyme, followed by the same letter are not significantly different according to
LSD (P>0.05).

G99
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4.7.3 nsiRTzviaNNduRusvasrusuLsilsalugauasiauludanudunulsane
ldFunisnszduvasinadn
nsBAsIERANudNiusIEnIausuLslsalugatagieuladaudunulsn

fiv 3 wila AAnandvSnavesarsatmanluaiavnuazluulsedanin Assoznm 3, 5
Wy 7 fuué’qmiﬂqudga FanaminszsimumnuduiusiBsay (iFemnuduiusuuuaniu)
Hanuaszrineeagunstlsauazieulninnudunulsaudazada nanfonuzuusiwes
Tsranas Turnedivinaeuleiiuiy Sdunhiumansiinnesiandvinavesansadinain
Tutafinw (7 DAI) wuauduiusiBeauszAuna1iiags Wiy -0.766, -0.575 uay -0.807
Tufanssureulayd -1,3-glucanase, chitinase Wag peroxidase AIUAA U Iuﬁumz‘ﬁl
n15AsIziANduiusandninavesaisadalunussdnsvin wanswaidululuiianis
WeaiunsiATIziaIndninavesarsadaluiainein nanife wuauduiusideay
WULRYIAY WINAU -0.631, -0.722 way -0.708 Iuﬂﬁ]ﬂﬁmau%m [3-1,3- glucanase chitinase
uay peroxidase Aud iy (Figure 4.8) uananilfmuaunisannosidsauainianisnagen
yesansanaluainunuaglunlssdisnn Wernuguusilsranas 1 e Usinaneulvsies
ity 1 e Ssanansoilflunsnenselsafiald
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EEMC effect EECV effect
®3DAl ®5DAl ®7DAl ®3DAl ®5DA ®7DA
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S r=-0.76632 > ¥ = 9.0493x + 185.32
80 - 80
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Figure 4.8 Correlation of disease severity with (3-1,3-glucanase, chitinase and
peroxidase activities in lettuce plants treated with EEMC and EECV as an

inducer against A. brassicicola at 3, 5 and 7 DAL
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PnMsnageuUsEansnmaesansannanluainvnwazlunlssdanndneiu wandld
Fuhansaran 2 oiia aunsnanmNguLselialugn Alternaria leg1eafiuss@nsnm uas
a1sanmnanadeausatninlinnasdnas1aeulas B-1,3-glucanase, chitinase way
peroxidase 1nnIRAUANENGIY BnTamslienginnuduiusssrinienusunsdlsaiy
Aanssueulesl Suaninnuduiusiday Fwadinaneadumsgnisdnineuleiannans
ane (Yamunarani et al., 2004; Latha et al., 2009; Gupta et al., 2013; Franzener et al.,
2018) Faoulesiiaedvnuivlunisanannuguusdlsa viedudsnainlsa (Akia et al.,
2011; Arzoo et al., 2012; Franzener et al., 2018; Gholamnezhad, 2019) lagiauley
3-1,3-glucanase Wag chitinase ﬁl%ﬁUﬁ/}UWﬂumiﬂl’e}'&JNﬁﬂLGZIaﬁ‘SU’eNL%EJﬁ %aﬁ 3-1,3-glucans
wae chitins [WuseAUsznou (Yamunarani et al., 2004; Gupta et al., 2013; Prasannath,
2017) Tuwauzdl toulesl peroxidase flunumlunisiia hypersensitive reaction 15§14
lignins smﬁ’quié’amiwﬁ phenolic glycoproteins Wagz suberin 38138031 phytoalexins
Tuile (Prasannath, 2017) uen1niiuga nansnaaesluadsiisdonadosiusenuyisean
nsldansatmadvuyaiindu Faszyin ansadngaauiaanansnanlsaiiouazifisyTunm
Iﬂiauﬁﬁm%’mﬁ}maulﬁﬁ 3-1,3-glucanase, chitinase Way peroxidase TuauuzWaind
(Arzoo et al., 2012) @u Franzener et al. (2018) nan1yin Corymbia citriodora (Myrtaceae
plant) mmaaammmiumﬂmﬁLﬁmmﬂl,%aiw Colletotrichum lagenarium uaz m“ﬁﬂﬁ
a519USInaneulesl peroxidase wag B -1,3-glucanse ”Luummﬂmmmu NHANTNAAB
‘wamuaiﬂlmq asann 95%EEMC uay 95%EECY S9UTa 50%EECV anusaidudinszeu
Tivadraevladdunulsald Feasatni 2 via arsaziauniomuwimislunisiiy
UszAninmvssansiananlunisarvaalsalugaldd sy uenaind nsTinsies
AruduiusisahlguuamafiRluniswennsallse
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4.8 wuInenIsiiNUsEanSnmvasasanalutadinuinazlunussdnesun
lun1smauaulsaluan Alternaria Tudingdn

4.8.1 UszBvdnmuasmsafanauanluiadavuasluuusedeuanlunstuds
nsaiyvesdeluanmiesufinns
31nnsuadeulszdnsanvesarsadanauainluiaine (EEMC) wazly
wUsad99n (EECV) fisziupinududu 5,000 ppm Tudhsidau 0:0, 100:0, 75:25, 50:50,
25:75 Way 0:100 NANTNAABINUIN lesreaviian 3 DAl ansafnnauyndnsIduamsn
gudsnsaiymadulevesden A brassicicola #luszdunils uaniileduganimnaes
(7 DA miaﬁ’mwamqﬂé’m’lé’mmmmﬁué’jﬂmilﬁﬁmwLﬁuiaLﬂmuWﬂﬁu LAZUANA9BE9E
fodfgBaiesuiisuiugnnun eglurag 28-93 Wesiud uiegndlsfinim asadanas
SnsEU 100:0 (@sanmanluainunaiiieses1aien) a’lﬂJﬁﬂEquUélJlx‘iﬂ’liL‘\]%ﬁlﬂl’NLﬁusLEJ‘UENL‘??E]i’]
veaeuldfiian Wity 93 Wesifud sesasnie ansadanay (EEMCEECY) Tudnsnan7s:25,
50:50 WA 25:75 WU 80.5, 63.25 uag 41.75 Wesiud muasu Tuvaiedl ansatndnsidiu
0:100 (asafnanlunlssdaviniisodnaien) uanansdudslddestian windu 27.5
Wesldust wazuansetslivedfgydailowSsudisutugamuay annadina1undrasiu
wansliifuinszAnsnmnissudsnmaniymaduloveadesmeaeuduogfuuiutuemi
duduresansasannluiadaun Bdnsdmresasadaluainuniunniy Yssdndamns
FudBafiumnntuse (Figure 4.9 uay 4.10)

dmfuniamaaeulszaninmuesansatanausenissenvosaUaivoad e
A. brassicicola wuin wailululuiirmadeiuiumsnegeunmsiaiymaduly nande a3
affanaumndnndiu anunsadudinisientesaleivesdiosmaaeuldedieditoddmnaais
denFeuiisuiugemunu arsataanluadiauaifiesesiufien (100:0) uagansafnuay
(EEMC:EECY) $ms1dau 75:25 uansUssAviamsudinissenvesaUasldiiian aglutas
98-100 WwWosud sosasunfe a1sainnay (EEMCEECY) 8n31d3u 50:50, 25:75 wag 0:100
(@sanauUsd19vInfisseenaLfen) Wiy 91, 84 uag 75 Waslud auaiau (Figure 4.9
uay 4.10) uenaniudrdmudnuazauinunivesavas@esmaaeulugniinaudioas
ananay (EEMC:EECVY) 8ms1d7u 50:50, 75:25 wag 100:0 (ansannannlutasinvniiiteaagi
WWeeae) (Figure 4.10)
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H Control

100
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Inhibition percentage

MC:CV(0:100) I MC:CV(25:75) " MC:CV(50:50) M MC:CV(75:25) M MC:CV(100:0)
a a
a b
c =
d =

Mycelial growth Spore germination

Values are means of three replicates. Values in each column bar followed by the same letter are
not significantly different according to LSD (P>0.05).

Figure 4.9 Inhibition effect of ethanolic extract from M. cajuputi (EEMC) and C.
viminalis (EECV) on Alternaria sp. mycelial growth (at 7 days after
incubation) and spore germination test (at 72 h).
Formulation of EEMC and EECV
control 0:100 25:75 50:50 75:25 100:0

Mycelial
growth test

Spore
germination

Black bar = 25 um

Figure 4.10 The characteristics of colony (at 7 days after incubation) and abnormal

spore (at 72 h) of Alternaria sp. after being treated with plant extract
formulation of EECV and EEMC.
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4.8.2 UszAvsnmaasansatanauaynialulasanluaiinunuazlunyssdneean
Tunsfudsnisaigyueadonluaniwiesufifing
nsnageulszaninmaessarsadananeynialules (M) anluiadevuazly

wssdrsmalunsdudsnsnigmaduleveadon A brassicicola wuin ansantaa
sumalulasynnisuisinaaevannsadudsnmaniagveatesld Faunndrsediedifoddy
yaadd WenBuifleufunsaiBaua Bluniifulsydnsamlunstudinmasiyrente
mmaaué’ﬁuaq’ﬁ’uﬂﬁaé’mwmumau (formulation) uagaunIAYBIETENA (particle size)
fe Felutladesnndunansinadululuiianafsafufunismeaeuiiciuin (4.8.1)
namfe UsAvBnmuesnssudatuegfusnmduvesansatnluadinan taenslasaria

Y
(% '
v aa I

alavniiissegrufelinan1sdudifiagn sesawunfe dns1diu EEMCGEECY 75:25, 50:50

[ a

LAy 25:75 awnnsinsegeiidedAynieads drudadeeuninvesansaia wudn arsadn

4

o
v

aunialulas (M) duanadszdnsdudinsnigmaduleldfiniiaisadneyniaund (O)
Feunneeegnildedifynieans wazlofiarsandadadesiusenindnndiuuazouninves
ansariaudy asadn EEMCEECY (100:0) x M wie ansadntuiaiinunieynialulasifieodng
WAe wanen1sdugalaanan wiriu 95.5 Wesiud sesaswnfe EEMCEECY (100:0) x C %39
ansaiaaiinuneynaund Gudsldvindu 91.11 wWesitus Tuvasil EEMCEECV (0:100) x C

A % v a v oy vy .«.:4' Y s a3
w30 a15aiaulssdanineyn1aund uanin1sdudeladesfian windu 21.48 1Wasidud
(Figure 4.11 wag 4.12)
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= 2 = =2 = =2 = =2 = ¢t
Factor A (Formulation) = ** Factor B (Particle size) = ** Factor A x Factor B = **

Values are means of three replicates. Values in each column bar followed by the same letter are
not significantly different according to LSD (P < 0.05).
C = Crude-formulation, M = Micro-formulation.

Figure 4.11 Growth inhibition percentage of extract mixtures from Melaleuca cajuputi

(MQ) and Callistemon viminalis (CV) on mycelium growth of Alternaria sp.

Crude

Micro extract

Control MC+CV (100:0) [MC+CV (75:25) |[MC+CV (50:50) | MC+CV (25:75)|MC+CV (0:100)

Figure 4.12 Poisoned food plates showing combined effect of Melaleuca cajuputi

(MC) and Callistemon viminalis (CV) against Alternaria sp.
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PnuansadeulsEaninmussansatanananiuaiavawarlunlssdnn fisedu
gy 5,000 ppm wuasasarauiiUsyansnwlunstudiniseiymadileuarns
sonvasaUodvantesmaaeuld SwanmsvaasadulUlufiamaiertunsmeaeulude 4.4
Iﬂaﬂizﬁ‘m%mvﬂ,umi€J’Ué’iu’ﬁuagiﬁ’ué’mwdaumamaamiaﬁ'@Laﬁmsu'n MnUSIUYeETAnnA
avnnnty Yssansanlumssudesfintuge uwogslsinng nansvaaeusananill
Lﬂulﬂmmﬁmwi’qﬁ mﬁ]L‘fJustwzmsaﬁ’mmﬂ%LLiqué’Nm@ﬁﬂizﬁw%mwlumié’u5@1(3{13]
AuTAYiNTians Fauanenae1nn13TI89IuYes Rueangrit et al. (2019) mumw nsldansana
weid 2 vin NN Acorus calamus L., Coscinium fenestratum (Goetgh.) Colebr., Piper
betle Linn., P. niscrum L. wa P. retrofractum Vahl. LLa@aﬂWiLa%quéiuﬂwsé’uéy’amiLaﬁiy
‘1/1’1%5‘1418“0@%%@5’1 A. brassicicola, C. capsici Wa¥ F. oxysporum f.sp. cubense launna
nsldansanmfen

Tureiinaaeuusyansnmuesasatanaueunialilastenisuigmadulevesdon
WU ‘Lumwaaumﬂsﬁmiaﬁmmauaumﬂluimﬁﬂiz%m%ﬂflwmié’uégqﬁﬁﬂdﬁmi‘[ﬂ’j’miaﬁm
NﬁiJE]‘Lm’lﬂ‘UﬂGl Fadululufiemafientuiu Mossa et al. (2021) finuin N1T8ATUINDYNIA
maaumwamumamﬂ clove, black seed, lemon Wag orange LLamUivﬁwﬁmwmswm
nssymaduleveaton A. tenuissima, F. solani was G. candidum lmqamwmﬂwmu
NoUTEMLBUNIAUNR %aawL“f]uL‘wsqzaymﬂﬁumaﬁaﬁ’mﬁﬁwmﬁLﬁﬂaammm%”mmmﬁa
wadvoutosliunntu Wunalansusznousengnssis o Tuansainiiy wansUszansam
iﬁmmgﬁu (Gevorgyan et al., 2022; Rana et al., 2023)

4.8.3 dndwavasasananduaynialulasanluaiinvuazlunysidneean
lun1sauaulsalugaluaninlseisou
4.8.3.1 wasian1sanlialuan
n1snaaeudnsnavesarsadananoyninlulasainluiadaviouas

Tuwussdaneludhndrunauiuanisiudissiunnududu 5,000 ppm Tunisanlsaluge
Tuanmlsasou wuin nssdsildansadaiivnnnssuiSannsaanmsinlsalugalsedisdl
ffudAynisada ieiSsuiisufuyaniugy (Untreated control) usegdlsfiniy wanis
gudslanlugntiu Juegfudladednmaiulunsnauansada (formulation) uAvuinayni
vpsansana (particle size) lifinasonisdudalsa nanfe arsatanauris 2 oynia
MC: CV(75:25)xM Wag MC:CV(75:25)xC uansuanisdudslsnlaffian aglut 63.64-65.23
Wesiud deunnsisegnsiifoddgmsaifdeiSoufisuiunssuisaunu sesan Ae
MC:CV(100:0)xC Wag MC:CV(100:0xM mi3enssaisiliansatmannlutasinuaiitesedraifien
(50.84 Wosifush) daunsadFau q aunsaduddld oglut 49-60 wWosiiud luvnisiinesids
33 (chemical control) Sudslaalugald 75.88 Wedifus (Figure 4.13 wag 4.14A) 91nKanI3
neaestafuuandiifiuin nsldasataisoynialulasuareynauniludasdiy 75:25
iuszdvsnmifian dewansnnaesdldlfduldluianmadessusunisveaoduanim
WoaUiRing Ssansatnluainunafivsesnadien (100:0) uansUszAnsnmdudanisaiey
madulodesmanouldiiian
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Formulation x Particle size
< 100
g
C
Kol 80 a a ab b
a bcd bcd .3 C
% 60 G cd d d cd
= : :"':"' "':"': P I I
v Sy e P
g 40 S o e
© iiii i‘i‘ iiii
S 20 2 et e,
D iii iiii i
e e o G o)
O =)
U U U U = =
X 3 X 3 X 3 %X 3 x % x z|g ¢t
3 e s A a5 A s A a5 A 5 X = =
5 £ 5 2 o & 9w 8 = R S 8|6 o
c c S S o) 0 S S Lo 5 » — ] )
S o ;, < L;, ~ £>) ) i;‘, N S>>, S = 2
v = = = = = KS} =
23 932828938353
o © = = = = = = = = = = 5 T
€ £
- )
CV (%) = 5.97 | Formulation = ** Particle size = ns Formulation x Particle size = ns

Values are means of three replicates. Values in each column bar followed by the same letter are
not significantly different according to LSD (P>0.05).
C = Crude-formulation, M = Micro-formulation.
Figure 4.13 The combination effect of Melaleuca cajuputi (MC) and Callistemon
viminalis (CV) extract (at 5,000 ppm) on Alternaria |eaf spot disease in
lettuce at 7 DAL
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4.8.3.2 NARBINITRIYAULAVBIANEAR

dmsunansnaaeuretansaianatoaunIAlulATHen ST Yo Rnadn
wanaliiuan onsrdrulunisuauansana (formulation) duasgnsidedrAgynisadase
$uaulu arwely fnuden (SPAD value) uaztiuntingn luvagfivuineyninvoans
afniinangafidoddymeatnnenuslunaziminaawiniy uilifnasdes uinluuay
AT winiinsandadesiuseninensadilunisnauuazvuineynIAvesalsann
wuinsldasananauynnssuisuazansaialuiusdnviaiisieganel Inaneduly
oglurasszanu 21-23 lu JaunndnsegreiifoddyiunssaiSeuau (untreated control)
wavansaiaalinuiiieseg1afes IMCCV (100:0)]) wansdrwanlueglutdiaszana 19-20 Tu
Tuwaizfingsu3siasu (chemical control wag healthy control) wansdrwanluingu 20 Tu
(Table 4.12)

duA1ANAEY (SPAD value) nsldansainraseuynialulasynnssuds
finaaeunansualiunnsinsty oglugie 37.20-40.27 usumnsinsegsiiodifymisaifann
N35U35AIUAN (untreated control) wanIwawU 28 (Table 4.12)

dmsuauenvedludnada mslfansadanaveumelulasainiieis
2 ¥ila nnnssudf dwananiiuenvedludnadnuinnited el ded1Ayn1@af
SlowSeuileuiuganiuau (untreated control) Fauansanueily 16.63 wu. Beluniniu
mslfansaianan MC:CV (25:75) x C wag MC:CV (25:75) x M wansanuealuaniige
g/lut9 22.57-22.60 w31, 50983951AD MC:CV(0:100)xM, MC:CV(50:50)xC Wag MC:CV(50:50)xM
wananmelueglugig 20.87-21.27 oy, luvaiziinisldansatanannssudsay 9 uansainu
g#139gluY39 17.57-19.70 @y (Table 4.12)

dauduresnandn (yield) mslfarsatanaueynialulasandiada
2 vila wanmadulvluiiemadeaduiuaruenludnadn nanfe nsldasadanaunn
nsauifivaaoy uansiminveswandnuinnitedsiitedAamnaais (oglurruszanm
115-178 ) WlewSvuiiisudunssuisauny (73.67 n$u) lagnsldarsadnoynia
lulAsarnuussdnaninifissegafion [IMC:CV(0:100xM] uansinninvesuandnuniian
Winfu 178.47 n$u annninnssidsmunn (untreated control) wag n3su3BIesH (healthy
control) fi4 142.26 war 53.85 Wasidud Aua1fu sedanfe arsaineuniauniiainly
uUssdeaniiesagnaiie [IMC:CV(0:100)xC] wansinminiindy 158.03 nfu Fauinnin
untreated control wag healthy control §19 114.52 uag 36.24 Was@ud aua1fu e
oedlsfinny nmsliansatananfidsnuananintinuemandniifgudiu Tnsuinnd1 untreated
control ua healthy control agluting 62.17-85.07 uay 2.99-17.53 WWesiius (Table 4.12
way Figure 4.14B) 9nuan1snaaesiinaniudsdunansliiuiinisldasatnainluadio
1A ULUTIR19IAN N UL UUA sas 8N LA ulave nad aunn Iy AnIuAY
(untreated control) Tnglawzegnads nsliansafniifldrunanainluuussdnsinsause
wnseRunsaigivlnvesinadniiuiniy T,mamﬁmzéjuﬁqﬂem%%uagiﬁ’uﬂ%mmﬁmdau
yesansarianUsdnn JadunuaniBfifvesmsatnfing
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Table 4.12 Effect of combined extract from Melaleuca cajuputi (MC) and Callistemon

viminalis (CV) on Alternaria leaf spot and plant parameters in lettuce at

harvest.
Per cent Per cent
Leaf . yietd yield
Leaf SPAD Yield increase increase
Treatment length
number (cm) value (¢/plant)  over over
untreated  healthy
control control
T1= Untreated controlxC 19.3¢" 16.63¢  28.0b 73.67¢ 0.00 -36.49
T2= Untreated controlxM 19.3c 16.63¢  28.0b 73.67¢ 0.00 -36.49
T3= MC:CV(100:0)xC 20.3c 1757  40.27a  115.47f 56.74 -0.46
Td= MC:CV(100:0)xM 20.3c 17.67f  39.37a  116.77f 58.51 0.66
T5= MC:CV(75:25)xC 22.6ab 18.83e 39.30a 119.47ef 62.17 2.99
T6= MC:CV(75:25)xM 21.6a 19.57d  3850a  119.63ef 62.40 3.13
T7= MC:CV(50:50)xC 22.0ab  20.33c  37.40a 123.90de  68.19 6.81
T8= MC:CV(50:50)xM 223ab  20.87bc 37.83a 126.47d 71.67 9.02
T9= MC:CV(25:75)xC 23.0a 22.57a  37.20a 127.50d 73.08 9.91
T10= MC:CV(25:75)xM 23.0a 22.60a 37.70a  136.33C 85.07 17.53
T11= MC:CV(0:100)xC 23.0a 19.70d  38.23a  158.03b 114.52 36.24
T12= MC:CV(0:100)xM 223ab  21.27b 3850a 178.47a 142.26 53.85
Chemical control 20.0 16.70 39.70 117.9 60.05 1.64
Healthy control 20.3 16.77 35.97 116.0 57.47 0.00
C.V. (%) 2.98 1.70 5.05 2.25
Formulation ** ** ** **
Particle size ns ** ns **

Formulation x Particle size

ns

*%

ns

*%

"Values are means of three replicates. Values in each column followed by the same letter are not

significantly different according to LSD (P>0.05).

C: crude extract; M: micro extract.
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50-60% Inhibition effect 60-70% Inhibition effect >70% Inhibition effect

B
T1&T2 T3, T4, T5, T6 & T7 T8, T9 & T10 T11 & T12
0% growth 50-70% growth stimulation| 71-100% growth stimulation >100% growth stimulation
stimulation

Figure 4.14 The image of lettuce leaf showing Alternaria sp. leaf spot (A) and growth
of lettuce (B) treated with extract formulation from Melaleuca cajuputi

and Callistemon viminalis at the harvest.
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4.8.3.3 walunisinineulodaudiuniulsang

mveaeuAngnnvasasainnaayn1Akilas (5,000 ppm) sien1sinul
wulmidunulsafivluinadn Ine@nwdsladednsndiunau (formulation) wazauin
ouN1A (particle size) HanisvaapULARdlTiu adadudnandiunan uazaunvesoyna
Ysansane duanonistnuieulysl (3-1,3-glucanase, chitinase waz peroxidase) 98193
HedAn9ais (1-14 DA na1fe Tudnusnuesnisnadau (1 DAI) n1sldasananay
MC:CV(25:75)xC d1anssu B-1,3-glucanase @98A 509891188 MC:CV(25:75)xM,
MC:CV(50:50)xM Wz MC:CV(0:100)xC anuddu luvnigdl MC:CV(100:0)xC fRanssy
wulwidosfian widsraminniingsuidaunu (untreated control) egadifeniai
Flenandwly 3 - 5 DAl Aanssueulusflunnnssudtifiunindu wasilesseznaiuly
ufla 7 DAl Aanssu B-1,3-glucanase TuynnssaiSifingsiian uaznanismaasuisnaduly
lufimmadedtuiugiausn lnenssuds MCCV(25:75)xC #AanTsyd B-1,3-glucanase g3gn
11171 untreated control wag chemical control §14 45.2 way 49.2 Wasdud sodawuwnfe
MC:CV(50:50)xM wag MC:CV(25:75)xM %ﬁqmiﬁ untreated control 14 38.8 uaz 35.8
Woslus auaau (Table 4.13)

d1m135UAaNIIU chitinase uay peroxidase Nslda1safinaIniyyn
n33135 (7 DAN Senadululufimmaieniuiu B-1,3-glucanase 1nens5u3T MC:CV(25:75)%C
AA9NI5U chitinase mﬂ‘ﬁlqc-ﬁ LLazqquw untreated control 1&g chemical control fis 32.0
uaz 39.7 Wedldus auadiu Tuvaiziifanssy peroxidase ns5aABRananIgenin untreated
control kag chemical control §i4 31.8 way 38.5 LWaswWud (Table 4.14 wag 4.15)
wonaniuds Weszeznaiulud 14 DAl eulsimudunulsausassia fUSumnis
avauevluyifiana

Mnuansnadeuitady uandliisiuln Uszdnsammsdudilsaluge
wazAanssueulsdanudumlsaiie lfauaenadostu nanfe UszAnsamdudsla
I¢aefianaznuannnssuisildasatanauiseynieunfvareynialalasludasdiu 75:25
uinan1snazduieulasliiuulsafiviagn nduwulunssisnldasatinan MC:CV(25:75)xC



Table 4.13 Activity of (3-1,3-glucanase against Alternaria sp. in lettuce treated with Melaleuca cajuputi (MC) and Callistemon viminalis (CV)

at 5,000 ppm.
Activity of -1,3-glucanase (umol glucose /g of fresh leaves) _ Percent kel  Per cent
inCrease over  increase over  increase over
55 before untreated chemical
Treatment u%j 45 é = = = < g application of control control
g —éf - © 0 ~ iS5 inducers (7 DA (7 DA
Silie) (7 DAI)
Untreated controlxC 1.26a" 4.23 4.77j 5.07i 6.26i 5.77i 79.8 0 7.3
Untreated controlxM 1.26a 4.23j a.77j 5.07i 6.26i 5.77i 79.8 0 7.3
MC:CV(100:0)xC 1.36a 4.80i 5.37i 6.23h 7.16h 6.20h 81.0 12.5 18.9
MC:CV(100:0)xM 1.30a 6.20f 7.17f 7.87f 8.96e 8.17f 85.4 30.1 35.2
MC:CV(75:25)xC 1.33a 5.57¢g 6.67g 7.57g 8.33¢ 7.83¢g 84.0 24.8 30.3
MC:CV(75:25)xM 1.26a 6.37e 7.47d 8.17e 9.26d 8.47e 86.3 323 373
MC:CV(50:50)xC 1.36a 6.13f 7.33e 8.43d 9.20d 8.67d 85.2 31.9 36.9
MC:CV(50:50)xM 1.33a 7.23¢ 8.43b 9.33b 10.23b 9.57b 86.9 38.8 433
MC:CV(25:75)xC 1.23a 8.13a 9.17a 10.27a 11.43a 10.23a 89.2 45.2 49.2
MC:CV(25:75)xM 1.40a 7.47b 7.97c 8.57c¢ 9.76¢ 9.17c 85.6 35.8 40.5
MC:CV(0:100)xC 1.40a 6.73d 7.37e 8.17e 9.16d 8.53e 84.7 31.6 36.6
MC:CV(0:100)xM 1.36a 5.10h 6.33h 7.53¢ 8.63f 7.83g 84.2 27.4 32.7
Chemical control 1.33 3.13 a.47 5.53 5.80 5.13 77.0 -7.9 0
Healthy control 1.44 247 3.53 4.47 5.13 4.23
CV. (%) 8.89 0.99 0.72 0.53 0.94 0.71
Formulation ns ** ** ** ** x*
Particle size ns x> x> x> x> x*

Formulation x Particle size ns
"Values are means of three replicates. Values in each column within each enzyme, followed by the same letter are not significantly different according to LSD (P>0.05).

C: crude extract; M: micro extract.

6.



Table 4.14 Activity of chitinase against Alternaria sp. in lettuce treated with Melaleuca cajuputi (MC) and Callistemon viminalis (CV) at 5,000 ppm.

Activity of Chitinase (umol GlcNAc/g of fresh leaves) ~ Percent _ Per cent _ Per cent
increase over increase over increase over
55 before untreated chemical
Treatment u%_) '4% % = = < < g application of control control
K _éf - © 0 ~ S inducers (7 DA (7 DAI)
< O (7 DA
Untreated controlxC 2.43ab’ 5.87j 6.77k 7.83i 8.26h 7.13i 70.5 0.0 11.2
Untreated controlxM 2.43ab 5.87j 6.77k 7.83i 8.26h 7.13 70.5 0.0 11.2
MC:CV(100:0)xC 2.40ab 6.07i 7.17] 8.13h 8.36h 7.10i 71.2 1.1 12.3
MC:CV(100:0)xM 2.46a 7.47f 8.33¢ 8.99f 10.16e 8.77f 75.7 18.7 27.8
MC:CV(75:25)xC 2.26b 6.87¢ 7.87h 8.69¢ 9.53¢g 8.20h 76.2 13.3 23
MC:CV(75:25)xM 2.50a 7.67e 8.67d 9.29%¢ 10.46d 9.17d 76.0 21.0 29.9
MC:CV(50:50)xC 2.36ab 7.43f 8.47f 9.55d 10.40d 9.07de 77.3 20.5 29.5
MC:CV(50:50)xM 2.53a 8.53c 9.67b 10.45b 11.43b 10.13b 77.8 21.7 35.8
MC:CV(25:75)xC 2.40ab 9.43a 10.37a 11.39a 12.16a 10.87a 80.2 32.0 39.7
MC:CV(25:75)xM 2.46a 8.80b 9.17c 9.69c 10.96¢ 9.67c 77.5 24.6 33.1
MC:CV(0:100)xC 2.50a 6.37h 7.53i 8.65¢ 9.80f 8.53¢ 74.4 15.7 25.2
MC:CV(0:100)xM 2.43ab 8.10d 8.57e 9.29e 10.36d 9.00e 76.5 20.2 29.2
Chemical control 2.43 5.13 5.67 6.80 7.33 6.83 66.8 -12.6 0
Healthy control 2.33 3.50 4.67 6.35 6.93 5.63
C.V. (%) 4.75 1.02 0.68 0.49 0.99 0.87
Formulation ns ** ** ** ** **

Formulation x Particle size ns ** *x% *% *% %%

"Values are means of three replicates. Values in each column within each enzyme, followed by the same letter are not significantly different according to LSD (P>0.05).
C: crude extract; M: micro extract

08



Table 4.15 Activity of peroxidase against Alternaria sp. in lettuce treated with Melaleuca cajuputi (MC) and Callistemon viminalis (CV) at 5,000 ppm.

Activity of Peroxidase (unit/ ¢ of fresh leaves) Bk  Per cent  Per cent
increase over increase over increase over
55 before untreated chemical
Treatment u%j 45 é = = = < g application of control control
g —éf - © 0 ~ S inducers (7 DA (7 DAI)
© 0 (7 DAI)
Untreated controlxC 3.83ab’ 7.46i 7.83i 8.33 9.20j 10.41d 58.3 0 9.8
Untreated controlxM 3.83ab 7.46i 7.83i 8.33i 9.20j 10.41d 58.3 0 9.8
MC:CV(100:0)xC 3.8ab 7.43i 7.76i 8.69h 9.69i 8.34i 60.7 5.0 14.4
MC:CV(100:0)xM 3.86a 8.70f 9.56f 10.32f 11.49f 10.01f 66.4 19.9 27.8
MC:CV(75:25)xC 3.66b 8.10g 9.09¢ 10.02¢ 10.86h 9.4d4h 66.2 15.2 23.6
MC:CV(75:25)xM 3.90a 8.90e 9.89d 10.62e 11.7% 10.41d 66.9 21.9 29.6
MC:CV(50:50)xC 3.76a 8.66f 9.69ef 10.89d 11.72e 10.31de 67.9 215 29.2
MC:CV(50:50)xM 3.93a 9.76¢C 10.8%b 11.79b 12.76b 11.37b 69.2 27.8 35.0
MC:CV(25:75)xC 3.8ab 10.66a 11.5% 12.72a 13.49a 12.11a 71.8 31.8 38.5
MC:CV(25:75)xM 3.86ab 10.03b 10.39c¢ 11.02c 12.29c¢ 10.91c 68.5 25.1 32.5
MC:CV(0:100)xC 3.9a 7.64h 8.76h 10.05¢ 11.17¢ 9.77 65.0 17.6 25.7
MC:CV(0:100)xM 3.83ab 9.33d 9.79de 10.62e 11.98d 10.24e 68.0 23.2 30.8
Chemical control 3.83 6.36 6.89 7.53 8.29 9.07 53.7 -10.9 0.0
Healthy control 3.73 5.27 6.93 7.17 7.87 7.07
CV. (%) 2.90 0.87 0.95 0.64 0.93 0.81
Formulation Ns x* x* x* x* x*

*% *% *% *% *%

Formulation x Particle size Ns
"Values are means of three replicates. Values in each column within each enzyme, followed by the same letter are not significantly different according to LSD (P>0.05).
C: crude extract; M: micro extract.

18



82

4.8.4 Bswavesasafanauaynialulasiiszauadudugeanlueiinutn
wazluuusednsvanlunsatuaulsalugn Alternaria wazn1sdniaulesl

AUAUNIULIATBIRNESA LUANTWLTIE DU

nMsnpgeudniwavesasatananoynialulasisefuanudutuga (10,000
ppm) Antutadinuuazlunussdneun lunsmivaulsalugn Alternaria ludnadn wuan
msldansadananuynnssuisannsoanizalugald Fsunnsinsainnssuds untreated control
ohailifoddmeadn nanfe nsuisldasatanaulusnsdi 75:25 feounauniuas
aunalulas [MC:CV (75:25)xC wag MC:CV (75:25)xM] anunsaanlsalaasan aglugig
74.29-77.47 Wosdud Faliiunnsineannssads chemical control (75.88 Wasigus) Turae
finssaAsildansatanandu q ansoanlsals eglutag 60.30-67.25 Wesidus oegslsfn
mnisandwanisanlsaluganaaziule mﬂsﬁmsaﬁ’mmamﬁiué’ummﬁm%’uﬁaﬁu
aunsaiinUsEansamldunntusie Ssmslasaanaudisyiuanududy 10,000 ppm
anunsnanlsalugaled oglugag 60.30-77.47 Waesidud Iuﬁummmﬂ%miaﬂ@mammmm
svfumududy 5,000 ppm wansnsanisAiies 49.91-65.23 wWeddus windu (Figure
4.15)

dmsunsnsiageuianssueuleddiuniulsaia (3-1,3 glucanase, chitinase
wag peroxidase) é’fmuﬁu"l,ﬂlmﬂLLU‘ULﬁmﬁ’uﬁ’um'ﬂ%’msaﬁ’ﬂwauﬁszﬁummL%@J%’u 5,000
ppM naIAe ﬂwﬂsuaﬁaﬂﬂwaumﬂﬂi'ama dwalinadadifanssueulsdanudiuniulsn
14 3 ¥iin mnm’mﬁmwmmmm 3 N35U78 (Healthy control, Chemical control wag
Untreated control) Bnvtaiflaszarnaniuly nnnssaisineaeuifanssunsavaueulss]
dannnduse wasiiloszernat 7 DAl wudh msldansadanaunnnssisanunsanseduly
fiwasraeulesimudunlsafigldganiinssiimuauesnaditiddymsadn Salundndy
nssuIsfnavansataulsedrennludasfiad vardwaliianssudulesigedudae lng
N35UAT MC:CV (25:75)xM anunsadnirfanssudulesl R-1,3 glucanase, chitinase wag
peroxidase l9igegn iy 12.10 umol glucose/g of fresh leaves, 13.46 pmol GlcNAC/g
of fresh leaves waz 14.79 unit/g of fresh leaves MUEIAU 5098901AB MC:CV (25:75)xC
Faunnanseg 1efiudrdgilslSsuiisuiugaalunu (Untreated control, Chemical
control ez Healthy control) (Table 4.16)

NNaNIsNAaeulsEaNS A MvesasananauaynalulaslussAuAUTLTY
% I a a 1Y [ [ a LY Y v
10,000 ppm Feasidululuiianisfvrfudun1snadsuansanaNaNy ssAuAUITUTY
5,000 ppm A8 Uszansamnisdugalsalugn laenadesiuianssueuledimuniulse
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Values are means of three replicates. Values in each column bar followed by the same letter are
not significantly different according to LSD (P>0.05).
C = Crude-formulation, M = Micro-formulation.
Figure 4.15 The combination effect of Melaleuca cajuputi (MC) and Callistemon
viminalis (CV) extract (at 10,000 ppm) on Alternaria leaf spot disease in
lettuce at 7 DAL



Table 4.16 Activities of plant defense enzymes against Alternaria sp. in lettuce treated with Melaleuca cajuputi (MC) and Callistemon viminalis (CV)
at 10,000 ppm.

Activities of plant defense enzymes

3-1,3-glucanase Chitinase Peroxidase
(umol slucose/s of fresh leaves) (umol GIeNAc/s of fresh leaves) (unit/g of fresh leaves)
c ¥ c ¥ c Y
Treatment v68 _ B . w0 T _ _ _ _ 08O _ _ — _
5RS < < < < 5®S < < < < 5RS < < < <
o383 A & A A o083 a S S S o638 a S S S
BE ) 0 ~ LB <~ © e ~ BBE — © 7o) ~
[OXN (ORI (ORI,
S0 T 0 © 0

Healthy control 1.44a  2.47h  3.53i 4.47i 5.13i 233a 350h 4.67i 6351 6.93h  373a 527h  6.93h 7.17i 7.87h
Chemical control 1.33ab 3.13g  4.47h  553g  5.80h 2433 513g¢ 567h 6.80h 7.33g 383 6.36g 6.8% 7.53h 8.29¢
Untreated control  1.26b  4.23f  4.77¢  507h  6.26g 2433 587f 6.77¢ 7.83¢ 8.26f 383 7.46f 7.83g 833g 9.20f
MC:CV (75:25)xC 1.43ab 5.80e 6.27f  7.33f  8.46f 2.40a 7.13e 7.47f 8.45f 9.66e 3.80a 8.36e 8.69f 9.79f  10.99e
MC:CV (75:25)xM 1.40a 6.53d 7.77d 8.87d  9.86c 233a 7.87d 897d 9.99d 9.86d 3.73a 9.10d 10.19d 11.32d 11.19d
MC:CV (50:50)xC 1.36ab 6.53d 6.87e 8.10e  8.96e 250a 7.83d 8.07e 9.22e 10.73c 390a 9.06d 9.29e 10.55e 12.06¢
MC:CV (50:50)xM 1.33ab 7.53c 8.73c 9.63c  9.63d 2.43a 8.80c 993c 10.75c 10.83c 3.83a 10.03c 11.16c 12.09c 12.16¢
MC:CV (25:75)xC 1.33ab 8.50a 9.43a 10.53b 11.46b 2.50a 9.83a 10.27b 11.65b 12.66b 3.90a 10.40b 11.49b 12.99b 13.99b
MC:CV (25:75)xM 1.26b 7.83b 9.23b 10.93a 12.10a 2.36a 9.17b 10.63a 12.05a 13.46a 3.76a 11.06a 11.86a 13.39a 14.79%

CV. (%) 6.37 1.32 1.30 1.10 0.97 485 096 093 098 0.75 2.9 0.75 1.15 1.27 0.86
Values are means of three replicates. Values in each column within each enzyme, followed by the same letter are not significantly different according to LSD (P>0.05).
C: crude extract; M: micro extract.
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ﬁ’m%‘umiv]maa‘uﬂizﬁ‘m%mmaqmiaﬁmmauﬁdﬂgﬂquaﬁ,gmﬂﬂﬂﬁLLazaumﬂlu‘Iﬂﬂu
msmuaalsalugn Alternaria wuin ansafiwaunndnduiinageuansnannisiialsa
o Inenisldansadanan MC:CV(75:25) fivsgansamlunisananugunssvadlsalauinnid
nstansain MC:CV(100:0) Fsliiaenadosiunisnaaeumssudiniseiagmadule inuii
MC:CV(100:0) TUszansnndfign Georadunszauanifnfvesmsatnaniivudazyiing
unnsnaify Tnsansatnanluainnasdussaninndudadon smutnisanaiuguuss
vodlsalddfian Tnsnuanseengridudadeqdunigsmauinn lusasiinisliasataanly
wssdsnnrduaiumaniapivlavesiivuasds naedunisaaeuluifunudes s
0614l reaSugnslunsmuelselugn fewfiinmsansuineynavesansarin fis gl
uaron1zeuailsalugafnu duoradudefvesnsliasatnanfivauinoynialulesh
Fuls wszidlesnndsmAdevarsatuilésenuin mamnneynmavesasainiiy wie
mslfansatnfivluguuuuuly fussdvinmlunissuduasyadunidnelsalfiduoeef
Tumanduiu asadaluguwuuianandmanenisasyiulavesivla (Rastogi et al., 2017;
Goswami et al., 2019; Selvakesavan et al., 2023; Wang et al., 2023) Snvadaiinane
daandau (Martinez et al., 2020; Tuncsoy, 2023) innninUssleminiazlesy
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4.8.5 N13AATINAMNTURUTIENT19AUTULIsAlugaduRansTuvasiaulysl

ANAUNIULTANY

NTIATIEYAUFURUS S9N TULsalsAlugn Alternaria AUAINTIUVDY
ulmiiumulsaivusazaia (3-1,3 glucanase, chitinase Way peroxidase) Tudnadniian
sugheasatananeynialulasrnluainemuasluuusedenn fesedunnudidu 5,000
waz 10,000 ppm TugaeTuil 3, 5 uag 7 fuwé’ﬂmsﬂqmsﬁa wui lumsvedouilsesuany
WuTu 5,000 ppm ANNFNTUETENINNANTURSIATU B-1,3 glucanase, chitinase wag
peroxidase (3, 5 uar 7 DA) nud1 arwguusslsalufianuduiusfuieuluiva 3 ¥ia
(Figure 4.16) Bawan1sias1esi danudenndesiunanisanlsalugauaznanisnszduioull
nafe nisldarsadanauludnsidau 75:25 weeuniaUnfuazeynialulasuans
UseBvBnmiudilsaifian Tuvasinamanseduoulesidummilsandunulunssuisilians
afinay MC:CV(25:75)xC ashidululufiemaienty nsdiennwfunauanamaudaiia
vesasataudazain lasansataanluadavnignslunissudates waglseldiuoted
Tuvariasadaluudssdrenedauandilunisnszdunseiyivinvesivuaznszdu
wulesidumulse Soihlignsiisndunanvesansatmluiadavniganifluuisedien
fauantidudslsafiinnuardnuaiuinsnssduiouleiidntos Tumandutu mingnsis
dnsdrunanvaasanalunUsdvInnnasataainu Aesdnaaud@lunisnszeu
nswsaivlnvesiivuasnsavaueuledanuduniulsafiunnndn uenainiuds nns
Anzaruduiusisseadululufiemaieatufu Kumar et al (2017) Gwhnslesizs
mmduTusszrineausunsslsalulnilusiun sdutoulsinnudunmulsafiviléuns
nszdunansatafiy 11 vdia wudh enuduiusdanasdidnuasdudeaulussiui (sedu
Anuduiusegluge -0.1 89 -0.3 witiu)

Tuvauzdl msdinsginuduiusssrinseasuusdlsafuieulsiannnsmaaey
ansafanadaunAlulasANWNTY 10,000 ppm wud Tudiawsn (1 DAY Anusuusslsaiy
oulssianudumlsais 3 e ldfianuduiusiu @ 5 way 7 DAl wuluanuduius
Feuan (Figure 4.16) ?ialﬁ@ulﬂmuamﬁmuﬁ@?ﬂ”j nanfe Avnssunisavauouleiinga
wu Ligenadesiudszdvsnimnisanasedlsnuagsinsluanngug] Ae UsyAnsninnnsduds
Tsngs wsiianssunsazaseulsisn uio UssAvsnmnisdudslsns udfanssunisavan
Laulszmqq Badsmaduiithasdy uazdoshnsinuseluiielilfndoasy

ag13lsfinu annsnagevasadanauanluadavwazlunyssdnsvan
fisgfupnudiudu 5,000 ppm miaﬁ’mmamﬂé’mwﬁauﬁﬂmmmE"J’UE“?qmiLﬁmIiﬁiﬁLﬂuaEJ'N
i Beluniniu mndiuanudududisesu 10,000 ppm Uizﬁm%mwmﬁgusjgaﬁé’qmLﬁ'ugﬁu
s fuudRonssueuludagliiduluanuiiaeniald uagmnfinnsanlundvesnandnud
nssuAsildansatnuUssdnsaninagiian esanannsadauaiunisoiadulnvesiudn
adalsiduegned uazdameanlsaldflusziunils sesannde gasnanansluaiavnuarly
WUSIEUIASaTId 50:50 LeswinanusaanisaldiuasSiduasunisavadadulnvesii
¢ Bnvtsdadunisananududy wieusinunsldasatnaindivas tielallfiAnnsdumy
somsafnfinvontenailsn el
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Figure 4.16 Correlation of disease severity with [(-1,3-glucanase, chitinase, and

peroxidase activity in lettuce treated with combined extract from

Melaleuca cajuputi (MC) and Callistemon viminalis (CV) against Alternaria

sp. at 3-7 DAI.
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Mnmsuen@enainglsalugaludnade wudes 2 leluan wasnwidugiuine
ldnsuidesiuenls fio Alternaria sp. (At-LL1) wag Curvularia sp. (Cur-LL2) Tngwa
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Wesidud muddu Snvisdansada 95%EEMC didn LCs, veundssouuazinasuda whi
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nan1sAnwUseansnmvesansatnanluadnuniwagluuusedrsvinlunmsaiua
salugn Alternaria ludnadnpaa wuin ansadnainluadinun (95%EEMC) dusz@nsam
Tunsananuunsdlsalugald oglugae 50-75 Weosdud wasdsanansanseAuliinadnasng
eyl B-1,3-glucanase, chitinase wag peroxidase 1MNINYARIUANDE T T AYNISATA
Tuvauzfiansatinanlunlsadnavan (50% wag 95%EECY) Aamnsaannsifalselugals (50-
75 Wosdud) wwdeaduaisadnanluainug wazdimadniibidnadaasaeuledaiy
Frumulsadiia 3 slnfineaeuld wagdsdifansmumeulusifiganinynauauetnaiiiuddny
NG uammmﬁuﬁaé’ammsadqLﬂ%gmfm,aﬁzgtﬁuimsuaaﬁﬂaa‘”ﬂmaaﬂﬁ Belniniu na
NFIATIEANFuTUS SEnIsAuTULsvedlsakasUSIaAansTueuledusazvlia wu
Fuewduiusidaavlunnauduiusveaeulul nanfededmiadu SnAmiazann
Fadunstuduldieulsiusasaiadunumlunisanausuussvedlsals

NAINNNIANWINUINIINTA IUTEANS A mesansadaainluiadnvninayly
LU0 TneFSuavansarnia 2 via fednsdu 100:0 75:25 50:50 25:75 wag 0:100
fise fuaadatu 5,000 ppm sonssgmaduloventes A. brassicicola wuin yn
nssuAsfinaaoy (Mngasnay) aunsadudinnasiyesdosmaaeuls of 25-92 Lﬂammm
uardudanissenvesavadilonanmalsald oglurag 75-100 wWedidusd Fesedunsduds
Fueg fusasrduvosarsataiaiaun luvngiinsnaaevarsafananoynialulasly
Samdufetusienandgmadulevendes A brassicicola wuin nssuAsiianuuin
oumaiunltudiezdussansamiiganin 33.33-95.55 Wesidiud luvugdiarsadanan
oumAUnfannsdudsld 21.48-91.11 wWeddus

HAIINNISNAFRUUIEANS N INVBsasananaNaunalilas fszdumugudy 5,000
ppm lunsmuaulsalugavesinadn wudn arsadanauntuaiaviwazlunysedswin
faoynalulasuazasatanauoyniaund Snsrdu 75:25 aunsadudalsalddiian g
T3 63.64-65.23 Wosldus wazdaunsansziuluiunageuiifanssueuladuinninge
muANeg i Ay eaia diufiansadanausnsidu 25:75 awnsanszduliivaing
wulwimnudumulsaldfian deliaenndasiu luvueiinsmaaeuussansanvosans
aﬁ’mmamméﬂ'mluimﬁszﬁwmmLﬁﬁ’usﬁuﬁqﬁu (10,000 ppm) wui1 Msnaaeudnadululu
Famafeatuiunismageuiisefuanududu 5,000 ppm nanafe nisldaisadanas
3 §n91d7u (75:25, 50:50 waw 25:75) annsadusnainlsalfuasiussandamiiumniy
Tnsansadanauiseunalilasuaveyniauni Snsrdu 75:25 fuszansdudalselugals
a9an ogludne 74.29-77.47 Wesiwud uwavnisldansananandnsndiu 25:75 amnsonsesu
Tivatrsouluianudunulsalddian defdinddiasnadesiu uiegslsfinig
frfinnsaunluissansamlunsdudilse Afoimansmasestdnduiivensuld maeid
ﬂisﬁw%mwmﬂumié’ué’j’jqqqﬁa 63.64-77.47o5dUA wAMTILUNHNANGARDITUITIY
#ae vieldiduusziundn Tnensldasataanluiainufissegrafeiausaduds
Tselugals uinszdunsaiyivlnvesiivldfiian Jeursdumsatuenzandian mnay
ihlUldvdeianndesen sesaunie ansadanausnadiu 50:50 Afududiuraul eaain
annsndudslsaldfseiuniuasdidanauialunisnsedunnadydulavesiald Snfad
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et al,, 2010; Wang et al., 2016; Yang et al., 2019; Wu et al., 2023). Hence, a transfer from synthetic to natural safe
fungicide is needed. Plant extracts are of great significance in this regard. Scientific studies have been carried out
worldwide on the antifungal activities of plant extracts against the fungal pathogens of plant diseases, which have resulted
in the development of promising sources of natural fungicides and botanical fungicides offering a potential solution to
agricultural challenges (Jantasorn et al., 2016; Dethoup et al., 2018; Dethoup et al., 2019; Sukdee, 2023). In general, plant
extracts have secondary metabolites (e.g., phenolics, phenolic acids, terpenoids, essential oils, alkaloids, tannins,
flavonoids, coumarins, lectins and polypeptide) which represent biologically active substances (Gurjar et al., 2012; Pinto
et al., 2018). Several researchers have uncovered the potential of medicinal plants to control plant pathogens, both by
direct fungal toxic actions and due to the ability to stimulate the accumulation of molecules with elicitor features capable
of inducing defense responses (Bonaldo et al., 2004; Celoto et al., 2008; Bulhdes et al., 2012; Pinto et al., 2018). These
resistance mechanisms may include the accumulation of phenolic compounds, phytoalexins and pathogenesis-related
proteins such as p-1,3-glucanase, chitinase, peroxidase, phenylalanine ammonia lyase and polyphenol oxidase (Barros et
al., 2010). Plant extract enhancers of the defense response in Ponkan mandarin seedlings against Alternaria alternata £.
spp. citri infection were reported by Pinto et al. (2018). In 2012, Gurjar et al. reviewed the efficacy of plant extracis in
plant disease management, finding that thousands of phytochemicals with inhibitory effects on all types of
microorganisms in vitro should be subjected to in vivo testing to evaluate how well they control the incidence of disease
in crops. The latest studies of natural alternatives for chemical synthetic pesticides, including the application of neem
extract to manage postharvest losses due to postharvest diseases (e.g., Aspergillus flavus, A. niger and Botrytis cinerern)
of fresh produce in tropical and subtropical fruits, were reviewed by Tzortzakis and Proestos (2024). In Thailand, the
popularity of botanical fungicides is algo increasing. Quite a number of phytochemical extracts have been evaluated
during the search for plant-based antifungal agents for plant disease management, some recently reported studies include
those on indigenous plants, such as Hydrnocarpus anthelminthicus, Crateva mogna, Caesalpinia sappan (Jantasorn et al.,
2016), Acorus calanms (Dethoup et al., 2019) and black pepper (Kimasakdakul and Suwitchayanon, 2012).

Myrtaceae plants, specifically Callistermon viminalis, Melaleuca cajuputi, Syzygium jumbos, and Syzygium malaccense,
are naturally found in Australia, southeast Asian countries, including Thailand, Malaysia and Indonesia (Bharat and
Praveen, 2016; Salem et al., 2017; Patel et al., 2019; Isah et al., 2023). Various plant species from the Myrtaceae family
have long been widely used for medicinal purposes given their antimicrobial, anti-inflammatory and antioxidant activities
(Imatomi et al., 2013; Al-Abd et al., 2015; Rita et al,, 2017; Salem et al., 2017; Puig et al., 2018; Patel et al., 2019;
Vasconcelos et al., 2022). The phytochemical extract of C. viminalts demonstrated strong to moderate antibacterial effects
against certain plant bacterial pathogens (El-Hefoy et al., 2017) as well as in vitro antifungal effects (Somnuek et al.,
2020; Somnuek et al., 2021). Essential oil extracted from A cajuputi has been widely used worldwide for many purposes.
Most of the compounds found in this plant possess aromatic, antibacterial and insecticide properties (Sharif et al,, 2019).
Keereedach et al. (2020) reported that Thai cajuput oil can be used to create new potential combination therapies to combat
the antifingal resistance of Candida albicans. In addition, several studies have found the excellent antimicrobial effects
of M cajuputi extracts against bacteria, viruses, protozoa and fungal species due to the presence of specific
phytoconstituents (Isah et al., 2023). §. jommbos extract showed antimicrobial activity on the growth of both gram-positive
and gram-negative bacteria (Mohanty and Cock, 2010), while only gram-negative bacteria were susceptible to the extract
of S malaccense (Bouzada et al., 2009). Although multiple studies have analyzed chemical compounds and the
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antibacterial activities of extracts from different Myrtaceae family plants (Al-Abd et al., 2015; Salem et al., 2017; [sah et
al., 2023), few studies have evaluated the potential of these extracts in in vivo testing to control the incidence of fungal
plant discases.

Therefore, the objective of our research was to investigate the possibility of employing ethanolic extracts from
Mpyrtaceae plants as an alternative approach for managing Alfernaria leaf spot in lettuce. For this purpose, an experimental
series was carried out to determine the following: (1) the phytotoxicity of Myrtaceae plant extracts on the cultivated crop,
(2) the direct effects of Myrtaceae extracts on mycelial growth and spore germination of a fungal pathogen of lettice leaf
spot, (3) the phytochemical profile of Myrtaceae plant extracts according to liquid chromatography (LC) / mass
spectrometry (MS) and gas chromatography (GC)/ MS, (4) the potential of Myrtaceae plant extracts as an inducer for
defense-related enzymes for controlling Alternaria 1eaf spot in lettuce grown in hydroponics and (5) the correlation

between disease severity and defense enzymes.

Materials and Methods

Myrtaceae extracts preparation

Four Myrtaceae plants were studied here. Caflistemon viminalis (CV), Syzygium jambos (SI), and Syzygium
mualaccense (SM) were collected from an area in Bangkok province, while Melaleuca cajuputi (MC) was collected from

Chumphon province in Thailand.

Crude extracts using 95% ethanol

Fresh leaves of the Myrtaceae plants were cleaned with tap water and dried in open air. The leaf samples were then
completely dried vsing a hot air oven (Memmert) at 50°C. The dried leaves were ground and extracted using the Soxhlet
extraction technique with 95% ethanol, after which the ethanol solvent was evaporated with a rotary evaporator (Buchi,
Rotavapor R300) at 50°C. The sticky extracts were kept at 4°C for firther study.

Crude extracts using 50% etharnol
The method used to extract the Cailisternon viminalis leaves was identical to that used with the 95% ethanolic crude
extracts but with 50% ethanol instead as a solvent. This extract as well was kept at 4°C for further study.

Identification of Afternaria species by sequence analysis

The Alternaria isolate in this experiment obtained from our previous research (Somnuek et al., 2020) was morphologically
identified and already proven with regard to its pathogenicity. Here, the identification of Alfernaria species was
confirmed by molecular identification. The genomic DNA of the tested fungus was extracted and the extracted DNA was
used as the template for amplification with the ITS1 primer (5° TCCGTAGGTGAACCTGCGG 3°) and I'TS4 primer (5°
TCCTCCGCTTATTGATATGC °3) of the internal transcribed spacer (ITS) of rDNA regions via polymerase chain
reaction (PCR), with the process conducted according to the work of Mohammadi and Bahramikia (2019). The purified
PCR products were sequenced by Bionics Co., Ltd. of Korea. Sequence similarity analyses were conducted using the
Basic Local Alignment Search Tool (BLAST) in the GenBank NCBI database.
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Preliminary phytochemical screening of leaf extracts from four Myrtaceae plants

Phytochemical compounds such as phenols, flavonoids, tannins, alkaloids, and terpenoids showed antifungal properties
on plant pathogenic fungi, and they acted in a synergistic manner (Tiwari et al., 2011; Gurjar et al., 2012). Therefore, this
part of the experiment was undertaken to screen the targeted phytochemical compounds from the ethanolic crude extracts
of Callistemon viminalis (95% EECV), Melaleuca cajuputi (95% EEMC), Syzygium jambos (95% EEST), and Syzygium
malaccense (95% EESM). Phytocompounds were detected according to a slightly modified version of the methods of
Harborne (1998), Igbal et al. (2015) and Dubale et al. (2023). The qualitative results were assessed by means of
colorimetric reactions and were presented here as positive (+) for the presence of and negative ( —) for the absence of

phytochemicals.

Phytotoxicity of four Myrtaceae extracts on lettuce grown in hydroponics

Plant extracts, an important source of bioactive compounds, have been suggested as a viable, environmentally friendly
option for plant disease control. However, plant extracts may also have negative impacts on cultivated crops. Therefore,
a preliminary test was conducted here to find the extract with the least negative effect on lettuce grown in a hydroponic
system. The experiment utilized a 4 % 4 % 2 factorial in a completely randomized design (CRD) with 3 replications (3
plants per replicate). Factor A was the type of plant extract (EECV, EEMC, EESM, and EEMI), Factor B was the
concentration of the extract used (0, 5,000, 25,000 and 50,000 ppm), and Factor C was the number of applications (one
time and two times). The tested lettuce plants were grown in a deep water culture (DWC) system, which was constructed
from a plastic box (25 = 34 x 15 cm) and filled with a nuirient solution (EC = 1.6 — 1.8 mS/cm, pH = 5.8 — 6.2) (Benoit and
Ceustermans, 1995). Subsequently, 2 ml of each prepared extract was sprayed on 15-day-old lettuce seedlings, and this
step was repeatedly sprayed on 30-day-old lettuce seedling group. Phytotoxicity was evaluated according to the incidence
ofnecrosis and discoloration at 1 to 3 days afier the foliar spray. Moreover, the lettuce growth parameter of leaf greenness
of the lettuce under test was monitored weekly using a chlorophyll meter (SPAD-502, Konica Minolta Sensing, Inc.,
Japan) afier foliar spraying, whereas the fresh weights of the plants were recorded at the end of the cultivation period.

In vitro antifungal activity of Myrtaceae extracts on the growth of Afternaria sp.

Effect of four Myrtaceae extracts on mycelial growth

The effect of the ethanolic extracts from the four Myrtaceae plants on the mycelium growth of Alternaria brassicicola
was investigated using 4 % 4 factorials in a completely randomized design (CRD). Factor A indicated the 4 Myrtaceae
plants, and Factor B represented the 4 concentrations of the extracts used. The crude extracts were tested with regard to
the mycelial growth of 4. brassicicola by a poisoned food technique. A fungus was cultured on potato dextrose agar (PDA;
Sisco Research Laboratories Pvt. Ltd., India) at room temperature (~25°C). Mycelial disks, 0.5 cm in diameter, were cut
from the marging of the colonies and inoculated onto PDA mixed with each extract. The sizes of 4. brassicicoli colonies
in the control plate and the plate containing the extract were determined at 3, 5, and 7 days after inoculation. Mycelial
growth inhibition was calculated using the following formula: Mycelial growth inhibition (%) ={(DC - DTYDC = 100
where DC = diameter of the Afternaria colony on the control plate

DT = diameter of the Alfernaria colony on the plate containing the extract
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Effect of potentially selected Myrtaceae extiacts on spore germination

Two plant extracts (95% EEMC and 95% EECV) showing high-potential antifungal activity in the mycelium growth
test described above were selected and tested further for their effect on 4. brassicicola spore germination. The experiment
was carried out by CRD. One mL of spore suspension (approximately 10° spores/mL) was inoculated into 1 mL of PDB
in test tubes with 5 extract concentrations (1,000, 5,000, 10,000, 15,000 and 50,000 ppm). Sterilized water and mancozeb
(500 ppm) were used as inoculated and chemical controls, respectively. Then, spore germination of the tested fungus was
observed under a light microscope at 24, 48, and 72 h.

GC/MS and LC/MC-TOF analyses of the Myrtaceae extracts

GC/MS and LC/MS have often been used to analyze phytochemical compounds in plant extracts. The two methods are
more alike than different. The only key difference between the systems is that GC/MS uses a gas mobile phase while
LC/MS uses a liquid mobile phase. Therefore, GC/MS appears to be more applicable to more volatile and gas samples.

GC/MS analyses of the 95% EEMC and 95% EECV were carried out according to a slightly modified method based on
Al-Abd et al. (2015) and Hassan et al. (2022). A gas chromatograph-mass spectrometer (7890 B GC-5977A MSD,
Agilent Technologies, Inc., USA) was employed for these analyses. A HP-5 Ultra Inert column (30 m % 250 pm x 0.25
um, Agilent Technologies) with helium (He, flow rate = 40 cny/s) as the carrier gas was used. The oven was initially
programmed to run at a temperature of 60°C (hold time 2 min), a rate of 7°C/min to 150°C (hold time 1 min), a rate of
2°C/min to 230°C (hold time 1 min), and a rate of 15°C/min to 300°C (hold time 15 min). The injection volume of 1 pL
operated in the split mode with a ratio of 10:1. The MS transfer line and ion source temperatures were maintained at 230°C
and 150°C, respectively, and the mass spectra detector voltage was set at 70 eV. The scan range was from 35 to 600 m/z.
Peaks and chemical constituents were identified by a MassHunter Workstation Software Quantitative Analysis Version
B.09.00 Unknown Analysis.

The LC/MS analyses of the 95% EEMC and 95% EECV were conducted according to a slightly modified method based
on Al-Abd et al. (2015). The system for analyzing the samples consisted of a high-performance liquid chromatograph-
mass spectrometer-quadrupole time-of-flight [ExonL.CTM AD Series (I.C) and X500R QTOF system (QTOF),-SCIEX]
with dual electrospray ionization (ESI). The LC separation steps were performed using a 2.1 mm (i.d.) narrow-bore
SB-C18 (length 150 mm, particle size 3.5 mM) analytical column. The LC parameters used were: 25°C for the
autosampler temperature, 1 pL for the injection volume, 25°C for the column temperature, and 0.4 ml/min for the flow
rate. A gradient system consisting of 0.1% formic acid in water as solvent A and 0.1% formic acid in acetonitrile as
solvent B was used. The mass spectra data were acquired using an ESI capillary voltage of (+) 4000 V in the positive ion
mode with the fragmentor set to 125 V. Other conditions were set to 45 psi for the liquid nebulizer, a flow rate of 10 L/min
with the drying gas, and vaporizer temperatures maintained at 300°C for the nitrogen drying gas. Moreover, the ionization
interface was operated in positive mode. The data were collected and analyzed using SCIEX OS 2.1.0.

Evaluation of EEMC and EECV as an inducer on development of Affernarialeaf spot and the
induction of defense enzymes in lettuce grown in a hydroponic system

In addition to a direct effect evaluation, we also focused on an indirect effect of the extracts as inducers on Alfernaria
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leaf spot disease severity as well as on the activity of defense enzymes. Two experiments were separately conducted, one
to assess the effect of 95% EEMC (15,000 and 50,000 ppm) and the other to test 95% EECV (15,000 and 50,000 ppm).
Moreover, 50% EECV, given its potential to stimulate lettuce growth as determined in our previous research (Somnuek
et al., 2020), was also included in the 95% EECV experiment for further evaluation as an inducer on defense enzyme

activity.

The EEMC effect
Preparation and experimental design
In order to make certain of the indirect effect of EEMC as an inducer, a hydroponic experiment with lettuce was carried
out. First, lettuce seeds were germinated in a plastic tray on amoist sponge with nutrient solution (EC=1,pH=5.8-6.2)
for 14 days. The seedlings were then transferred to grow in DWC with nutrient solution (EC=1.6— 1.8 mS/cm, pH=5.8 -
6.2). The 95% EEMC at 15,000 and 50,000 ppm were prepared and foliar sprayed on the above lettuce seedlings (1
ml/plant). The treated seedlings were inoculated with a 100 pL of tested spore suspension (approximately 10° spores/mlL)
a day after spraying with the plant extract. CRD with 3 replications (3 plants per replicate) was used in this experiment,
as follows:
T1 =Healthy control, T2 = Inoculated control, T3 = Chemical control (mancozeb 500 ppm})
T4 =95% EEMC (15,000 ppm), T5 = 95% EEMC (50,000 ppm)

Determination of disease severity

The treated leaves were observed at 1, 3, 5 and 7 days after inoculation (DAI), and a disease index was scored using a
scale of 0 to 4 for the lesion size: 0 =no infection, 1 =1 to 5 mm, 2 =5 to 10 mm, 3 = 10to 15 mm, and 4 > 15 mm. Disease
severity (DS) of the tested lettuce leaves was analyzed using the following equations:

% DS = [ 2 (number of infected leaves x disease index) / number of total leaves x the highest disease index] » 100.

In addition, the plant growth parameters, such as the greenness value (by chlorophyll meter; SPAD-502, Konica
Minolta Sensing, Inc., Japan) and fiesh weight were checked at 1, 3, 5, 7 days afier spraying and at harvest.

Induction of plant defense engymes due to the effect of the inducer

During pathogenesis, plant defense enzymes were also determined. The aforementioned treated lettuce leaves were
collected at 1, 3, 5, and 7 days after foliar spraying. Three treated leaves were sampled from each replication of the
treatment and were ground using liquid nitrogen. Then, 1 g of the tested leaf sample in each case was homogenized with
2mL of 0.1 M sodium phosphate buffer (pH 7.0). The homogenate was centrifuged for 20 min at 10,000 rpm in a cooling
centrifuge at 4°C. Subsequently, peroxidase, chitinase, and -1,3-glucanase were detected according to a modified
version of the method introduced by Verburg and Huynh (1991), Boller and Mauch (1988), Gupta et al. (2013) and
Selvaraj and Ambalavanan (2013).

B1, 3-glucanase activity
The homogenate of 62.5 pL was mixed with laminarin (4% w/v in 0.05 M sodium acetate buffer, pH 5.0) of 62.5 uL for
10 min at 40°C. The reaction was then stopped by adding 375 pL. of DNS and heating this solution for 5 min in a boiling
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water bath. The absorbance was detected by a spectrophotometer at 500 nm. The enzyme activity was expressed as pmol
glucose/g of fresh leaves.

Chitinase activity

The homogenate of 0.4 ml was mixed with colloidal chitin (0.1% w/v in 0.05 M sodium acetate buffer, pH 5.0) at aratio
of 1:1 and incubated at 37°C for 2 hrs with the product of N-acetyl glucosamine (GlcNAc). Then, the chitinase activity
was detected with a spectrophotometer at 585 nm. The enzyme activity was expressed as pumol GleNAc/g of fresh leaves.

Peroxidase (PO) activity

The enzyme supernatant of 100 pl was taken along with 0.05 M pyrogallol. To initiate the enzyme reaction, 1% H,O,
inan amount of 0.5 ml was added. The change in the absorbance was recorded by a spectrophotometer at 420 nm at 30 sec
intervals for 3 min from zero seconds of incubation at room temperature. The result was expressed as the change in unit/g

of fresh leaves.

The EECV effect
In this experiment, the preparation and experimental design, including the determination of disease severity and the
plant defense enzyme activity, were carried out in the same manner as in the 95% EEMC experiment. Treatments in the
experiment were as follows:
T1 =Healthy control, T2 = Inoculated control, T3 = Chemical control (mancozeb 500 ppm)
T4 =50% EECV (15,000 ppm), T5 = 50% EECV (50,000 ppm), T6 = 95% EECV (15,000 ppm),
T7 =95% EECV (50,000 ppm)

Correlation of disease severity and plant defense enzymes

In order to understand the relationship between the severity of leaf spot disease and the induced plant defense enzymes,
as well as to confirm that these defense enzymes have a role in leaf spot management in lettuce, the correlation coefficients
(r) between disease severity and the defense enzymes of B-1,3-glucanase, chitinase and peroxidase were estimated by

standard statistical calculations. Simple regression equations (Y= a + bx) wete also developed for all variables.

Results and Discussion

Identification of Afternaria species by sequence analysis

Alternaria species (Somnuek et al., 2020) was confirmed by ITS identification. The nucleotide sequences in the tested
isolate were approximately 568 bp in size. The nucleotide sequence of the tested Alternariy isolate Alt-LL1 (OR226735)
allowed an identification of Alternaria brassicicofa. Our findings were in agreement with those of many researchers who
reported that 4. brassicicola was the causal agent of leaf spot disease in a number of vegetable crops, including lettuce
(Pattanamahakul and Strange, 1999; Dethoup et al., 2018; O’Neill, 2019; Blagojevic et al., 2020).
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Table 2. Phytotoxicity test of 95% ethanolic crude extracts from 4 Myrtaceae plants on lettuce grown in a hydroponic

system
Factor A Factor B Factor C Phytotoxicity” Fresh weight
. e SPAD value
(Plant extract) (Concentration) (Application time)* (3DAT) (g/plant)
0 One time - 31.6a* 409¢c
pprt Towo fimes - 302a 25
One time - 314a 655b
5,000 ppm
Two times - 315a 67.3 ab
EECV
One time - 308a 68.9 ab
25,000 ppm .
Two times - 324a 67.4 ab
One time - 325a 68.3 ab
50,000 ppm .
Two times - 30.7 a 702a
0 One time - 334a 409¢c
ppit Two times - 322a 25
One time - 332a 39.0¢c
5,000 ppm .
Two times - 3l.6a 435¢
EEMC
One time - 306a 40.1¢
25,000 ppm i
Two times - 322a 4l.l¢c
50,000 One time - 313a 406¢c
PR Trwo times - 3192 401c
0 One time - 320a 409¢c
L Two times - 306a a25c
One time - 33.8a 404c
5,000 ppm .
Two times - 332a 39.6¢c
EES]
25,000 One time - 320a 41.1¢c
PR Two times - 20a M4c
One time - 320a 402¢c
50,000 ppm
Two times - 308a 412¢
0 One time - 320a 409¢
L Two times - 3284 2sc
One time - 320a 39.0¢c
5,000 ppm .
Two times - 305a 392¢
EESM
One time - 320a 402¢
25,000 ppm i
Two times - 302a 400¢
One time - 323a 406¢c
50,000 ppm .
Two times - 325a 404c¢
CV. (%) 4.56 7.59
A ns U
B ns U
C ns ns
AxB s g
AxC ns ns
BxC ns ns
AxBx(C ns ns

*Application time: For one time group, the spray was made at 15 days. For two times group, sprays were made at 15 and 30 days.

¥ — showing non-phytotoxicity, + showing phytotoxicity.

*Values are the means of 3 replicates. Values in each column followed by the same letter are not significantly different according to LSD (p
>0.05).
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Table 3. Phytochemical compounds from the 95% ethanolic extract of Thai M cajput/{95% EEMC) analyzed by GC/MS QTOF and LC/MS

QTOF
Compound name R_T Molecular z Peaic area Known bioactivity from literature
(i) formula (%)
By GC/MS QTOF
Terpenoids
1 Copaeme 1674 Cisy 204 020 antimicrobial (Seur et al., 2016)
2 [(-Elemene 1712 Csy 204 064  anticancer (Xie et al., 2020}
3 Caryophyllene 1787 CisHa 204 041 antimicrobial (Selestino Neta et al., 2017)
4 o-Murolene 1935 Ciskhy 204 033 antimicrobial (Marinas st al., 2021)
5 B-Selinene 1959 Cishhy 204 095 antifingal (Ding et al., 2017y
6 ySelinene 1982 Gk 204 039  antifungal (Foudah et al., 2021}
7 Elemol 2126  CistheO 222 035  antimicrobial (Noriega et al., 2020)
8 Spathulenol 222 Cst0 220 045  antimicrobial (Fu et al., 2022)
9 Caryophyllene epoxide 2244 GO 220 253 antimicrobial (Selestino Neta et al., 2017)
10 Muwrola~4,10(14)-dien-1p-ol 2378 CisthO 220 154 unknown
11 Caryophylla-4{12),8(13)-dien-5¢-0l 2400 CsHO 220 1.71 antimicrobial (Selestino Neta et al., 2017)
12 10,10-Dimethyl-2,6-dimethylenebicyclo[7.2.0jundecan-5 -0l 2412 CistRO 220 389 unknown
13 B-BEudesmol 2439 CistheO 222 027 antimicrobial (Noriega et al., 2020)
14 Selin-6-en-4o-ol 2461 CistLeO 222 2,12 antibacterial (Cordeiro ef al., 2020)
15 Aromadendrene epoxide 2475 G5O 220 245  antimicrobial (Mulyaningsih et al., 2011}
16  8-Methoxycedrane 2527 CylheOs 264 0.74  unknown
17 (IR,7S8,E)-7-Isopropyl4,10-dimethylenecyclodec-5-enol 2544 CisthO 220 1.17  unknown
18 Pluchidiol 2697 CpaO: 208 021 antimicrobial (Karimi et al., 2019)
19 Proximadiol 2955 CiskhsO: 222 025  unknown
20 o-Eudesmol 3029 GO 222 140  anfimicrobial (Noriega et al., 2020}
21  Squammlosone 3090 GisHxO 218 0.78  unknown
22 6,10,14-Trimethyl-2-pentadecanone 3146 CulsO 268 043  antibacterial (Naidoo et al., 2014}
23 Corymbolone 3155 Gy 236 040 antifingal (Hussein et al,, 2016}
24 4,4,8-Trimethyltricyclo[6.3.1.0(1,5)] dodecane-2,9-diol 3167 Cisld: 238 054 unknown
25 Estra-1,3,5(10)-rien-17p-ol 3282 G0 256 091  anticancer (Khan et al., 2022)
2% Paysol 3860 CyllO 206 19.14 antimicrobial (Saha and Bandyopadhyay, 2020;
Yusoff et al., 2020; Petpheng st al., 2023)
27  y-Sitosterol 4119 CoHsO 414 0.54  antibacterial (Subramaniam et al., 2014)
28  28-Norolean-17-en-3-ol 4270 CeH0 412 0.57 entiviral (Darshani et al., 2022}
Terpenoids 4531
Phenolics
29 Ethyl e<d-glucopyranoside 2367  CiHisGs 208 166 antioxidant (Dai etal., 2022)
30  2-Hydroxy-5-methoxyhenzaldehyde, TMS derivative 2582 CpHOsSi  224 026 antibacterial (Durgadevi et al., 2019)
FPhenolics 192
Flavonoids
31 Pinostrobin 3253 CuHiOs 206 032  antibacterial (Marliyana et al., 2018)
Flavonoids 032
Naphithalenes & Aromatics
32 12,3 4-Tetrahydronaphthalene-1,2-diol, 5,6-dimethoxy- 2315 CpHeO, 164 845 unknown
33 9-Butyl-SHAluoren-9-ol 3655 CyHO 238 040 unknown
Naphthalenes & Aromatics 8.85
Other conponds
34 2,5-Dimethoxythiophenol 1571 GHuG.S 170 026 unknown
35 Butyric acid, 2,3-epoxy-, ethyl ester 2147  ChH QO 164 023  unknown
36 2,34 Trimethoxyacetophenone 2646 CpHLO, 210 7.16 antibacterial (Freitas et al., 2020}
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Table 3. Phytochemical compounds frem the 95% ethanolic extract of Thai M. cajuputi (95% EEMC) analyzed by GC/MS QTOF and LG/MS QTOF
{Continued)

RT Molecul Peak
Compound name i OO e area Known bioactivity from literature
(miny  formula (%)

2,5,5,8a-Tetramethyl 4-methylene-6,7,8,8a-tetrahydro-4H, SH-chrome

37 -yl hydroperoxide 2899 CuEHn(s 238 123 unknown
38  Octahydro-1-(2-octyldecyl)- pentalene 3051  CuHEsO 362 3.63 wlnown
39 10-Methylantracene-9-carboxaldehyde 3323 CHR0 220 11.63  nknown
40  2-Isopropyl-10-methylphenanthrene 3735 Cly 234 532 wknown

41 5-Methyl-6,7,8 9-tetrahydroisothiazolo[ 5,4-Clisoquinolin-1(2H)-one ~ 37.79 C HDLOS 220 12.53  unknown
Other conpormds 41,99

Total ~ 98.39
By LCMS QTOF
Terpenoids
1 Ingenol 1536 CoBsOs 348 917 oo HIV (Fujivera et ol 1996)
Terpenoids 917
Phenolics
2 Acefaminophen 11.99  GHNG, 151 9.93  antifingal (Srikanth etal., 2005}
3 6-Gingerol 1251 CiblsO 204 275 antifimpal (Xietal, 2022)
4 3,5 Di-tert-butyl-2-hydroxybenzaldehyde 2774 CHz0, 234 681 entimicrobial (Zhao et al., 2020)
Phenolics 1949
Flavonoids & Naphthalene
5 Cyanidin-3-O-sophoroside 058 G0 611 134 antibacterial (Tan et al,, 2019)
6 6,2-Dimethylflavone 1572 GO 282 421 antifimpal (Mangoyi et al, 2015}
Flavonoids & Naphthalene  5.55
Steroids & Benzofirans
7 5p-Androstane-3p,17p~diol 1254 CioELOs 292 384 unknown
8  Dichlorofluorescein 1480  GuHClOs 401 395 ulmown
Steroids & Berzofirems 779
Ethylene glycol
9 Nonaethylene glycol 058 CuHOn 415 1028 antimicrobial (Shulda et 21, 2012)
10 Decacthylene glycol 0.58  CuElpOy 459 1042  antimicrobial (Shulkda ef al,, 2012)
11 Pentasthylene glycol 1251 Cofs:0s 238 555 anfimicrobial (Shukla et al, 2012)
Ethylene glveol 2625
Vitconins
12 Rdlipoic acid 046 GHLOS, 207 6.63 PGPM? (Elkelish et al., 2021}
Viteomins 6.63
Fatty acid & Glucosides
13 2,3-Dinor-11p-prostaglandin F2e 1256 CisHadOs 326 945 wnknown
14  Harpagide 144 GOy 364 346 wmknown
Fatty acid & Glucosides 1291
Orther conpownds
15 1«1',3'Benzodioxol-5'-yl)-2-butenamine 042  CHELNG 193 1.03  unknown
16  Salicylic acid, valerate 082  CpH,O 222 3.70 ISR’ (War efal., 2011; Sangpueak et al., 2021y
17 2-Acetyl-3-{tetrahydroxybutylimidezole 1247 GHLNGOs, 230 124 urknown
18  Leukotriene B3 12.54  GoHheOy 338 334 antibacterial (Serban et al., 2018)
Other conpounds 9.31
Total 971

*PEPM = Plant growth promoting metaholites.
YISR = Induced systemic resistance.
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Conclusion

Thai indigenous Myrtaceae plants were tested here as substitutes for chemical fungicides. The 95% ethanolic extracts
derived from 4 Myrtaceae leaves, namely Caflistemon viminalis (EECV), Melaleuca cajuputi (EEMC), Syzygivm jambos
(EEST), and Syzygium malaccense (EESM) exhibited no phytotoxic effects on lettuce. Interestingly, a plant growth
stimulation effect on lettuce was detected with the 95% EECV application. Notably, all concentrations (5,000, 15,000,
30,000 ppm) of 95% EEMC significantly demonstrated the highest inhibitory effect, ranging from 85% to 100% on the
mycelial growth of 4. brassicicola, followed by 95% EECV ranging from 40% to 63%. In the spore germination test,
complete inhibition was observed with the application of 95% EEMC (5,000 to 50,000 ppm) and 95% EECV (10,000 to
50,000 ppm). Among the identified phytochemical compounds, terpenoids (such as phytol, 1,8-cineole, o-terpinene,
terpinene-4-ol and 11-Keto-p-boswellic acid) were the major bioactive components of both extracts (about 37% —55%)
followed by phenolics, flavonoids, ethylene glycols and vitamins. Furthermore, the applications of 95% EEMC, 95%
EECYV and 50% EECV as inducers reduced the severity of 4/fernaria leaf spot on lettuce by 50% to 75% but increased the
levels of plant defense enzymes (B-1,3-glucanase, chitinase, and peroxidase). Our findings provide evidence of the
potential use of EEMC and EECV for controlling Alternaria leaf spot disease in lettuce, which was likely due to their
direct effect with the presence of phytochemicals responsible for antifungal activity and the plant-growth-stimulating
effect as well as their indirect effects as inducer for plant defense enzymes. Therefore, these M. cafuputi and C. viminalis

extracts could serve as alternative potential sources for the development of botanical fungicides in agriculture.
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Abstract Effect of ethanolic extracts of Callistemon viminalis (EECV) and Melaleuca cajuputi
(EEMC) leaves was evaluated i laboratory against plant pathogenic fungus (Alfernaria sp.)
and plant insect pests (Aphis craccivore and Fhenacoccus manihoti). Regarding the study on
botanical fungicide, the combined formulas of EECV and EEMC (5000 ppm) in ratios of 100:0,
75:25, 50:50, 25:75 and 0:100 were tested on mycelial growth and spore germination of tested
fungus. The results revealed that all tested formulas of plant extracts gave significant inhibition
on mycelial growth and spore germination in the ranges of 27.5-92.7% and 75-100%,
respectively. However, the EEMC itself was unexpectedly found highly effective than the
combined formulas. In the case of insecticidal activity, the preliminary experiment of EECV
and EEMC (2000, 10000 and 20000 ppm) was performed on aphid and mealybug. The result
presented that all concentrations of EECV and EEMC significantly showed the mortality effect
on aphid and mealybug about 5-100%. In addition, the EECV and EEMC at 2000 and 10000
ppm showed a repellency of about 5-55%. Then, both plant extracts at 2500, 5000, 10000 and
20000 ppm concentrations were tested to those insects. The 100% mortality of aphid and
mealybug was found in the highest concentration of EECV and EEMC while 2500-10000 ppm
concentrations showed in the range of 38-98%. The 100% repellency capacity was observed at
10000 ppm concentration. Therefore, two Myrtaceae ethanolic extracts are promising to be
used as a natural pesticide in controlling Alternaria and insect pests in laboratory.

Keywords: Myrtaceae ethanolic extract, Botanical fungicide, Botanical insecticide,
Callistemon viminalis, Melaleuca cajuputi

Introduction

Vegetables are highly susceptible to insect pests and diseases. Therefore,
pests and diseases are considered as a major limiting factor in the commercial
vegetable production (Hoffmann er af., 2004). Several insect pests including
aphids, mealybugs, beetles and cutworms cause significant damage (up to 60%
yield losses) to vegetable crops (Shankar and Raju, 2012). Alfernaria spp. is
one of the most widespread genera in the world that causes pre- and post-
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harvest damage to agricultural products including vegetables (L.opez and Cabral
1999). For instance, Alternaria infection of broccoli and cauliflower heads can
lead to complete deterioration of the heads and results in total loss of
marketability (Singh et al., 2015). To combat such a various insect pests and
diseases, most growers rely almost exclusively on chemical synthetic
insecticides and fungicides but without satisfactory control result. On the other
hand, the disadvantages to widespread synthetic pesticide use are significant.
Chemical pesticides in agriculture have also imposed a serious negative impact
on the environment such as contamination of soils and groundwater and
contamination of crop products with harmful chemical residues (Bahar et al.,
2007). Therefore, long-term sustainable management can help growers decrease
their reliance on chemical insecticides and fungicides. At present, public
awareness of pesticides residues on agricultural produces as well as on
environmental problems has stimulated research efforts using natural products
to reduce the impacts of pests and discases on agricultural systems. A renewed
interest in the use of botanical pesticides for crop protection without other
adverse effects on the host (such as reduced yield) has increased markedly in
the last 10 years (Wurms, 2020).

Callistemon viminalis (bottle brush tree) and Melaleuca cajuputi
(cajeput), belong to the family Myrtaceae, were used in traditional and folk
medicine (Ko Ko ef al., 2009; Ahmad and Athar, 2017, Mohamed ef ol., 2017).
Moreover, the extracts and essential oil from the plants in this family have been
reported to have toxic effect on microorganisms and insect pests (Ko Ko ef al.,
2009; Visheentha et al., 2018, Bakar er al., 2019). However, only a few and
limited studies of the extract of C. viminalis and M. cajuputi as botanical
fungicide and insecticide was noted.

Therefore, this research was conducted to determine the effect of
ethanolic extracts from C. viminalis and M. cajupufi as botanical pesticides to
control Alternaria sp. and insect pests (aphid and mealybug) in a laboratory
condition.

Materials and methods
Plant ethanolic extract preparation

Callistemon viminalis (Bottle brush tree) leaves were collected from the
area in King Mongkut’s Institute of Technology Ladkrabang (KMITL),
Bangkok province while Melaleuca cajuputi (Cajaput tree) leaves were

collected in KMITI, Prince of Chumphon Campus, Chumphon province,
Thailand. Both plant leaves were washed with tap water and dried in the open
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air. The leaves were then dried in hot air oven at 50°C. Blender was used to
grind the dried samples. The Soxhlet method was used to extract the plant
leaves. The ethanolic solvent of obtained crude extracts were removed by rotary
evaporator. Then the ethanolic crude extract of Callistemon viminalis (EECV)
and Melaleuca cajupuii (EEMC) were kept in refrigerator at 4 °C for further
study.

Sample preparation

Plant pathogen

Alternaria sp. causing leaf spot disease of lettuce was used in this study.
The fugus was maintained in potato dextrose agar at 7 days old. Then spore
suspension of Alfernaria sp. was prepared and adjusted to 10 spores/ml for this
study.

Insect

The tested insects as aphid and mealybug were collected initially from
agricultural farm at Faculty of Agricultural Technology, KMITL, Bangkok.
Both aphid and mealybug were reared and multiplied on alternate host in
greenhouse further experiment.

Effect of plant ethanolic extracts on Alternaria sp.

Mycelial growth test

Effect of antifungal activity of EECV and EEMC on the mycelial
growth of Aliernaria sp. was carried out by poisoned food technique. The
EECV and EEMC alone (100:0 and 0:100) including the combination of EECV
and EEMC in ratios of 75:25, 50:50 and 25:75 were used in this experiment.
The molten PDA was mixed with each formula of the tested plant extracts at a
5000 ppm concentration. Then the PDA with plant extract was poured into Petri
dish (5 em diameter). A mycelial disc of 5 mm diameter was inoculated on the
center of the prepared plate. A completely randomized design (CRD) with 5
replications was used in the experiment. Ten percent of dimethyl sulfoxide
(DMSQ) without plant extract was used as a control treatment. After that, the
tested plates were incubated at 25 °C. The diameters of the colony growth in
control and plant extract treatment were measured at 1, 3, 5 and 7 day and the
antifungal effect was calculated by the following formula:

Antifungal activity (%) = (Dc-Dt)/Dc =< 100

where Dc was the diameter of colony growth in control plate.
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Dt was the diameter of colony growth in the plate containing
tested extract.

Spore germination test

To evaluate the antifungal activity of EECV and EEMC on Alternaria
sp. by spore germination test, the experiment was carried out in CRD with 5
replications. The experimental treatments were EECV mixed with EEMC in the
ratio of 0:100, 25:75, 50:50, 75:25 and 100:0 at 2500 ppm. One ml of prepared
spore suspension (10° spores/ml) was added with one ml of the tested plant
extract at desired final concentration. Ten percent of DMSO without plant
extract was used as control treatment. The spore germination was observed
under light microscope at 12, 24, 36, 48, 60 and 72 h. The inhibitory effect was
compared with the control treatment.

Effect of plant ethanolic extracts on insect pests

Preliminary test of plant extracts on insect

To assess the effect of EECV and EEMC on aphids and mealybugs, the
lowest, medium and highest concentrations (2000, 10000 and 20000 ppm) of
the tested plant extracts were used in this experiment. Each concentration of the
plant extract was filled to filter paper of 5 cm in diameter and placed into Petri
disc (5 ecm in diameter). Then twenty tested insects were transferred on the
prepared filter paper. The experiment was designed in CRD with 3 replications.
The 10% tween20 without plant extract was used as a control treatment. The
mortality effect was observed at 6, 12 and 24 h and calculated followed by
mortality effect (%) = (NC-NTYNC) x 100 where NC was the number of
insects in the control treatment while N'T was the mortality number of insects in
plant extract treatment. In addition, the preliminary repellency of the tested
plant extracts was determined at the same time.

Mortality effect of plant extracts on insect pests

The mortality effects of EECV and EEMC at 2500, 5000, 10000 and
20000 ppm concentrations against aphids and mealybugs were carried out by
paper contact technique. The experimental method and design were tested in
the same way on the preliminary test of the insect. The nine cm in diameter of
Petri dishes were used in this experiment. In addition, probit analysis of lethal
concentration fifty (1.C50) value was evaluated.

Repellent effect of plant extracts on insect pests

The repellent effect of EECV and EEMC on aphids and mealybugs were
performed using the different low concentrations (1250, 2500, 5000 and 10000
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ppm) as compared with mortality test. Half of the filter paper (9 cm in
diameter) was added by one mL of the tested plant extract whereas, the other
half filter paper was filled with 10% tween20 (control). Both the treated half
and control half of paper filters were placed in a plate of 9 cm in diameter.
Then twenty the tested insects were transferred to the center of the prepared
filter paper. The CRD with 5 replications was used in the experiment. The
repellent activity was observed at 12 and 24 h. The repellent percentage (RP)
was calculated using the formula RP = (NC-NP)/(NC+NP)) x100 where NC
was the number of tested insects on the control half and NP was the number of
insects on the plant extract half.

Results
Effect of plant ethanolic extracts on Alternaria sp.

Effects of ethanolic crude extracts from Callisternon viminalis (EECV)
and Melaleuca cajuputi (EEMC) leaf on mycelial growth and spore
germination of Alternaria sp. were conducted. The tested formulations were the
mixture of both EECV and EEMC in the ratios of 100:0, 75:25, 50:50, 25:75
and 0:100 at 5000 ppm concentration. The result showed that at 3 days after
incubation (DAI), colony in control plate was about 50% whereas only slight
mycelial growth was detected on the treatment plate. At 7 DAI, control plate
reached 100% and mhibitory effects of the extracts revealed significantly about
28-93% (Figure 1 and 2). The stronger inhibitory effect was noted in EEMC
alone (EECV+EEMC 0:100) about 93%. In the case of mixture extracts, three
ratios (75:25, 50:50 and 25:75) significantly revealed the inhibition effect on
the tested fungal mycelial growth in the ranges of 42-82%. The EECV+EEMC
(25:75) presented the more significanct inhibitory effect than other mixture
extracts (EECV+EEMC 75:25 and 50:30). While EECV alone showed a lower
inhibition effect of about 28%. Regarding the spore germination test at 24 h
after treatment, the spore germination in the control was about 24% while no-
spore germination was found in the plant extract treatments. At 72 h, all tested
formulas presented strong inhibition effect (about 77-100%) which were higher
than in the mycelial growth test (Figure 1). the EEMC alone and EECV+EEMC
25:75 gave the highest inhibition on spore germination of the tested fungus
about 98-100% followed by EECV+EEMC 50:50, 75:25 and EECV alone
showed the effect about 91, 84 and 91%, respectively. However, the EEMC
itself was unexpectedly found highly effective than the combined formulation
(Figure 1). Moreover, abnormalities of spores such as swelling and lysis were
detected after treating with the tested plant extract (Figure 2).
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In addition, the result obtained from the repellent effect test in the medium
and low concentration of both plant extract. The medium concentration (10,000
ppm) showed the repellent effect more than that of the lower concentration (2,000
ppm). The EECV (10,000 ppm) showed the higher repellency about 30 and 40%
(aphid and mealybug respectively) while The EEMC showed the effect on aphid
(52%) rather than mealybug (26%). The low concentration of both plant extract
presented slightly the effect on both tested insects about 2-30%. The repellent
effect fast occurred on the medium concentration more than the low concentration

(Figure 3).

Table 1. Percentage and L.Csy of aphid and mealybug caused by ethanolic
extract of Callistemon viminalis (EECV) and Melalenca cajuputi (EEMC)
using paper contact method

Mortality (%) LCs (ppm)
Tested extract Aphid (Ap) Mealybug (Mb) Ap Mb
12h 24 h 36h 12h 24h 36h
EECV  Control Oe Oe Oe Oe Oe Oe 2541  3801.6
2500 ppm 5d 27d 43d od 28d 38d
5000 ppm 22¢ 37¢ 66¢ 20¢ 38¢c 6dc

10000 ppm 30b 56b 87b 65b 77b 96b
20000 ppm 54a 75a 100a 73a 87a 100a

EEMC  Control Oe 0d Oe Oe Oe od 2671 2981.2
2500 ppm 7d 35¢ 49d 8d 33d d6c
5000 ppm 28¢ 42¢ T2¢ 22¢ 40¢ 60b

10000 ppm 46b 69b 83b 55b 72b 98a
20000 ppm 86a 99 100a 8la 95a 100a

Values are means of three replicates. Values in each column within each plant extract followed by the
same letter are not significantly different according to Duncan’s Multiple Range Test (P>0.05).
EECV = Ethanolic extract of Callistemon viminalis, EEMC = Ethanolic extract of Melaleuca cajuputi

Mortality effect of plant extracts on insect pests

Evaluation of the mortality effects of EECV and EEMC at different
concentrations (2500, 5000, 10000 and 20000 ppm) on aphid and mealybug
nymphs by using paper contact method demonstrated that all tested
concentrations of both EECY and EEMC gave the mortality effect on tested
insects. Among all tested concentrations, the highest concentration (20000 ppm)
significantly presented the highest mortality of both aphid and mealybug
nymph. In this regard, 12 and 24 h after treatments, the EECV (20000 ppm)
presented the mortality percentage of mealybugs with more than that of aphids
by the ranges of 73-87 and 54-75%, respectively. While the EEMC (20000 ppm)
gave the higher mortality result on aphids more than mealybug with the ranges
of 86-99 and 81-95%, respectively (Table 1). At the end of the test (36 h after
the treatment), both EECV and EEMC at the highest concentration presented
100% mortality on two tested insects. Regarding LC30, EECV showed the
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concentration value on aphids and mealybugs about 2541 and 3801 ppm,
respectively while EEMC showed the value about 2671 and 2981 ppm,
respectively. However, when we considered L.C50, the tested aphids showed a
weaker response to the plant extracts than mealybug (Table 1).

Repellent effect of plant extracts on insect pests

The repellent effects of the different concentrations (1250, 2500, 5000
and 10000 ppm) of EECV and EEMC on aphid and mealybug nymphs were
carried out. The results indicated that all tested concentrations of EECV and
EEMC repelled the tested aphid and mealybug nymph with a wide range
repellency, the lower to medium concentrations (1250-5000 ppm) of both
EECV and EEMC gave the moderate repellency of both tested insects in the
ranges of 14-62%. Moreover, the highest concentration of tested plant extracts
showed the best repellent activity on the insects about 90-100% when
compared to other treatments (Table 2). However, EEMC exhibited repellency
on the tested insects better than the EECV.

Table 2. Repellency percentage of ethanolic extract of C. viminalis (EECV)
and M. cajuputi (EEMC) against aphid and mealybug using paper contact
method

Repellency (%)
Tested extract Aphid Mealvybug

12 h 24 h 12 h 24 h

EECV Control 0d 0d 0d 0d
1250 ppm 0d 16c 0d l4c

2500 ppm 22¢ 54b 14c 44b

5000 ppm 48b 56b 28b 50b

10000 ppm 88a 90a 86a 86a

EEMC Control 0d 0d Oc Oe
1250 ppm 6ed 24¢ 8c 22d

2500 ppm 16¢ 58b 10¢ 28¢

5000 ppm 44b 62b 32b 56b
10000 ppm 100a 100a 100a 100a

Values are means of three replicates. Values in each colurmn within each plant extract followed by the
same letter are not significantly different according to Duncan’s Multiple Range Test (P>0.05).
EECYV = Ethanolic extract of Callistemon viminalis, EEMC = Ethanolic extract of Melaleuca cajuputi

Discussion

Effect of crude ethanolic extracts from Callistemon viminalis (EECV) and
Melaleuca cajuputi (EEMC) as botanical fungicide and insecticide on
Alternaria sp. and insect pests (aphids and mealybugs) was conducted in the
laboratory. Regarding antifungal activity, the results were revealed that all
formulations of EECV+EEMC (2500 ppm concentration of extract mixture in
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the ratios of 100:0, 75:25, 50:50, 25:75 and 0:100) gave the inhibition effect on
myecelial growth of the tested fungus in the ranges of 27.5-92.75%. Whereas the
spore germination test showed the effect in the ranges of 75-100%. However,
the best inhibitory effects were noted in EEMC alone treatment while EECV
gave the lower inhibition effect. For extract mixtures, the inhibition effect
increased with the increasing concentrations of EEMC. Our findings agreed
with many previous researches. Both C. viminalis and M. cajuputi, belong to
Myrtaceae family, presented strong inhibition effect on plant pathogenic fungi
(Bharat and Praveen, 2016; Pawar and Thaker, 2007, Siddique et al., 2018;
Thanaboripat et al., 2007; Thanaboripat et al., 2016; Somnuek et al., 2020).
Apparently, our tested extracts were strongly inhibitory to Alternaria spore
germination. Abnormal fungal spores were found in EEMC alone and the
extract mixed with EEMC. The antifungal effects of EECV and EEMC found
in our study may be attributed to the presence of their phytochemical
compounds. The chemical compounds such as phenolics, flavonoids, tannins
and terpenoids were presented in the Myrtaceae plants. These phytochemicals
have the ability to suppress plant pathogenic fungi e.g., to inhibit enzymes, bind
adhesins and proteins, and degrade cell walls (Tiwari ef al., 2011; Gurjar et al.,
2012).

Many extracts and essential oils from plants including the Myrtaceae
plants have been reported that it gave mortality and repellent effects on insect
pests. Our obtained result implied that EECV and EEMC exhibited mortality
effects on both aphids and mealybug. The highest mortality effect (100%) was
noted in EECV and EEMC treatment at 20000 ppm concentrations. However,
EEMC showed an effect more than EECV which gave the L.Csy values on both
tested insects with the range of 2671-2981 and 2541-3801 ppm. Our finding
agreed with previous researchers who reported that Myrtaceae plants could kill
and repel various insect pests (Ndomo ef al., 2009; Majeed er al., 2018;
Sannongmueang ef al., 2018). Besides, Sannongmueang et al. (2018) found
hexane, acetone and ethanolic crude extracts from Callistemon lanceolatus at 1-
5% (w/v) showed the toxic and repellent activities against mealybug. While
Visheentha er al. (2018) reported hexane, dichloromethane and methanol
extracts from M. cgiuputi stem gave mortality effect on Campornotus sp.
Showler (2017) reported that essential oils from Syzyeium, Melaleuca and
Fucalyprus (Myrtaceae) presented the effect on horn flies and stable flies. In
this regard, the effectiveness of plant extracts and essential oils on mortality
and repellency of insect pests would be related to the phytochemical
components. Such phenols, flavonoids, alkaloids and terpenoids are important
compounds containing in the plant extract. Those bioactive compounds showed
broad-spectrum action or multiple modes of action, including antifeedant,
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repellency and toxicity on insect pests (Showler, 2017; Niroumand et al., 2016;
Mohamed er al., 2017, Hematpoor et al., 2017; Hikal et al., 2017).

In conclusion, ethanolic crude extracts from C. viminalis (EECV) and M.
cajaputi (EEMC) alone and extract mixtures of both plants (75:25, 50:50 and
25:73) significantly showed the inhibition effect on mycelial growth and spore
germination of Alternaria sp. with the ranges of 27.5-92.7% and 75-100%,
respectively. Also, the effect in terms of toxic and repellent activities of both
plants on aphids and mealybug, all tested concentrations of both plant extracts
gave mortality and repellency effect on tested insects in ranges of 38-100% and
14-100%, respectively. Therefore, EECV and EEMC could be used as botanical
fungicide and insecticide for controlling Alternaria sp. and insects (aphid and
mealybug) in laboratory conditions. However, these two plant extracts should
be further tested in greenhouse and field conditions in order to obtain the
botanical pesticide as an eco-friendly product.
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