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AsUnIRAvaLNaBLlY géna Planococcus Ferris, 1950 (Hemiptera: Pseudococcidae)

AlTaNEEN NI LazmATiaNIsTIluana

Species Identification of Mealybug Genus Planococcus Ferris, 1950 based on

Morphological Character and Molecular Techniques

wilens Tana" ea5uns ugmu® aging udna? guann wide Y

Chamaiporn Buamas" Yuvarin Boontop® Charuwat Taekul” Sunadda Chaovalit"

ABSTRACT

Mealybugs in the genus Planococcus Ferris, 1950, belonging to the family Pseudococcidae,
are sucking insects capable of causing significant damage to a wide range of host plants. These
insects are small in size, and many species exhibit similar morphological characteristics, making
accurate species identification difficult. This study, conducted between 2022 and 2023, aimed
to identify Planococcus species and their host plants in the Central, Northern, Northeastern,
Eastern, Western, and Southern regions of Thailand using both morphological and molecular
approaches. Specimens were collected from various agricultural crops and prepared as
permanent slides for morphological identification. DNA was also extracted and amplified using
primers targeting the cytochrome c oxidase subunit | (Cox1) gene. The obtained nucleotide
sequences were compared with reference sequences from the GenBank database to confirm
species identity. As a result, three Planococcus species were identified: Planococcus lilacinus
(Cockerell, 1905), Planococcus minor (Maskell, 1897), and Planococcus citri (Risso, 1813). This
study provides useful reference data and contributes to the development of clearer, more

accurate, and standardized methods for the identification of Planococcus species in Thailand.

Keywords: mealybug, DNA barcoding, Planococcus
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Aol a@na Planococcus Ferris, 1950
Tuned Pseudococcidae Wuusasngafiansnsa
asreanudemelinunslanannvanesia
JUu1naf 8 nuasu19rdal a nwaenig
Fugruineriindidesiu vinlinnsduuneda
fgndesilden nsduunsdavound suis
@na Planococcus Ferris, 1950 6788 Nwly
ndugIuInewasimadanegaluiana
Fnlunssening U e 2565 - 2566 onI1U
gidauarfivends Tuil ufi nranans nramile
AMARETUDDNLR YILNTL D ANANETUBDN
AANTTUAN Warnlalavasusenalng v1n1s
Aususaudaeg1and suds arnunasUgn
g q duvhaladansdisldsuwunyiage
Snuairnadugine) wazadafidule waziily
UTuaa1ndIuv098U cytochrome c oxidase
subunit 1 (Cox1) snldlumsBuduiisveamaouta
dlatdsuiaadlelnd i ldunussuifieuiu
aduliardlelnaninsgiulugiudeya GenBank
mmmf\i’muﬂ%ﬁmwﬁymﬂa dana Planococcus
lasuau 3 wila lawn Planococcus lilacinus
(Cockerell, 1905) Planococcus minor (Maskell,
1897) wag Planococcus citri (Risso, 1813) Favhlsk
nsineluaded aruisathunldifunuanig
LLazsﬁau‘jaaﬂfuauﬂumﬁﬂLLuﬂ%ﬁmaqmﬁstm’]q
lidaudaau daugndosududuazidu
mmgmmn%u

(%

o o w a a & v
Aandgy: waswla Adueunslan Planococcus

UNUI

wasuls (mealybug) ana Planococcus
Ferris, 1950 29A Pseudococcidae Wuwinvinang
Nwee 9 lavarnnaty wu Wwen ldaen liina
wagials Mlannuseauuda 48 wila dwmiuly
pilaAeWeny Tueani@edls 15189Uua 15 ¥iin
(Garcia et al, 2016) dniluszmelneniu wundoutls
aqaﬂf 31U 2 vila Ao Planococcus lilacinus
(Cockerell) wuasvianglu Wiz MiSeu Uoemi
wazaay Wil waz Planococcus minor (Maskell)
wuasvianelu ideu ndaethi desvin e
avana sauln Tun$a uagugaafaumnud (YU
wazwdni, 2543) uanaind Williams (2004)
1851891077 Usznalnenuind sudsuia
Planococcus citri (Risso) § ana LLﬁﬁIuaqaﬁ
finupd1ead s udugruinenduegraunn
Tnsiawzwdn P. minor wag P. citri {83310
NyordeinuduivAfanuddyniuasegia
anugndesusiuglunissuunviindadudedis
awdAnyduegeds Inslamzdmsudiilaid
A Bavgdueunsuisiurenna suts
fofudsiienn wasmndoeeiillsiauysaifvinls
nstuunsdadudulylden §edudagiu
fimadadudluanadidordund sadodfy
mnanuserussynalilunisdndiwunyiali
finnugnaswiugy sausuluszavana uazds
aNTaN LA 880AE N15T TULN B AUINTg
as9aouliisanis Wuseaniunisal §adu
Uszlegdaanisnsiaaeudngiiglunisinduay
dwwendudununsvating saemsnaudlunis
Ueafturirdnigndeamnzaulusunansioluls
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1. usausAlegrewaeutlsana Planococcus

M USIVTINA 0 199 nNUwNE 1Ug Nt
fidndrymandiamesing 4 ausume dlonwuimdeutls
Thind uduvosiei Tind sutlserduoylaly
INITEAENIBVORIUNTEA YN IF UL A
lugananadin Tuiinteyaseazidun 1Useg1
A ususwlsd wmsagdnvaratguen
é’]’wﬂé’amammﬂamaﬁa (stereo microscope)
TuieaufiAntg Yuiinaiwae siazidend
Aeates Andenduduiomadioniessoraou
Joil 3 Baflotorzsing o asysal viinsaesiaegne
Tuweaneged 95% wasiiulugiiuinwigamgll
-20°%. iesidunsludunsusely

2. NM5IBUNVUALWALLTS fna Planococcus

AEIINYIUENA

Yiiog10ma suddldatniidule
Taeldna oud sfimadluueanesed 95% ande 1
Yina sudawsildlunasnuuin 1.5 mL
wdasniunisatadaeyauenatn ISOLATE |
Genomic DNA Kit (Bioline, Australia) tflal Lysis
buffer GL 180 pL Wag Proteinase K 25 pL 108
gty waziaiigamad 62°0. uiu 20 - 24 %3,
ntudn Lysis buffer G3 Usanms 200 pl wenlsk
Wy wasUused 70%. w10 uadl viladu
(chitin) 909na sudfeeonuinesluteanased
70% it et luvalasanns waziiveanadly
nasnLA absolute ethanol Y3u1ms 210 pL
welimdniu waviluldlupedudnsosnouily
W399 13,000 g U 1 U9 AemdulA e
Wash buffer GW1 U595 500 uL wartumies
713,000 g wu 1w wdwdinsesléie wazdng
ABduIgNRe Wash buffer GW2 US31a1s 600 pl
Juiesdi 13,000 g WU 1 W warugrsnads
Tneldifnansazans wWefdn ethanol finndag
soutgumeaudluldlunasnlul Lavvzans
fduLemaenisiAn Elution buffer G g uli7

70°9. U311a5 50 pl Uniigaumgdisies 3 uri
wdatundesdi 13,000 ¢ wiu 10 Wl vinas
WuUSuadu mtCol #2833n15 Polymerase
Chain Reaction (PCR) Taeld lnsiuosainaves
LW§EJLL‘13@ mealybug universal primer) PcoF1-5
CCTTCAACTAATCATAAAAATATYAG 37 whag
LepR1 5 TAAACTTCTGGATGTCCAAAAAATCA 3
(Park et al., 2010; Park et al, 2011) lun13ifia
US1na DNA #0A5129 81 mtCOl vonnasud
nfdueiisould tnelddrunauves MyTaq
HS Red DNA Polymerase (Bioline, Cat No. BIO-
21114) yiuiselunasaiidesuun 200 pL
Usenaulusie Nuclease free water 31131 10.5 L
5x MyTaq Red Reaction Buffer 37474 4 L
10 uM CP-F 9711 1 L 10 uM CP-R 97uu 1 pL
MyTaq HS DNA Polymerase 37u7u 0.5 uL DNA
template 97U42U 3 uL S2URIE U 20 UL Wew
drunauliddud udrnhluidei ssniun
gl (thermal cyclen) viugAse1lunns
d9LAs1e9 ey Predenaturation 95°. 5 W19
Denaturation 95°%. 1 417 Annealing 50°%.
1 ¥ Extension 72°%. 2 U191 Waw Final extension
72°. 10 Wil wart NS s g 97 Ly
PIAUAIBITNTDLAINIING T UuaznlTala
Fifiaududu 1.5% waglyi PCR product ndewdi
N1UA15a¥ae TBE (Tris-borate, EDTA) laaly
nszualain 100 1haa WWutan 30 uadl de PCR
oroduct Ll ensravgsuiianalelng wazi
Poyadwiuindlelna anvimTiinses lneviinis
Wisuiisudduiandlelndind sutsana
Planococcus i W11 & nwet aman (sequence
assembly) ifielWilé DNA barcoding ﬁﬁmmgnéfaa
Taalusunsudl Bioedit Sequence Alignment
Editor Version 7.2.5 (Hall, 1999) wazyuin
Toyatuguuuu FASTA Td lunmsfinuasgninu
Tuiin wazsenuitelfiduteyasredsdmsu
nMssavindsed eunasdngiiy uazdidue
fanalardniulifgumei -20%. a fifisAnsiuas
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3, mMssuunviamasude dna Planococcus
AEAgIUINYT

ilpfudildanduneunisadafidule
91090 2 Wvhalana1asiaeanudasannisnig
Y89 Williams and Watson (1988) U1si18814
alad i vias assudeslueuliuielug ey
figaumgd 500, Tdnanegetion 2 1oy asa
Fruunvdand sudsuuuiualasanns neld
naoeganssaduvulyduas (compound
microscope) Aildswenegs Taslduuinisnns
At Ue9 Cox (1989) Williams and Watson (1988)
Williams and Granara de Willink (1992) uag
Williams (2004) 52t ad3sutiisuiuiiogng
alamwagudafiiusnunluisfusiwuas ve
FUNITINAUUINITDISNVINY ATUIBINITLNEAT
TauUTo Ui ua NuasN1IdUgIUING1Ae 9
laun 91uruldeanuin (antennae) 3Us 199U
(setae) 14U Yu3UNT28 (conical setae) YUDDU
YuLan (auxiliary setae) vuudee (flagellate
setae) 3ULUUVD (pores) LY U FNANLUU
na18%949 (multilocular dis pores) gamm%m
(trilocular pores) EIUS'QLLaﬂ (translucent pores)
snau (discoidal pores) gUwuuveYie (tubular
ducts) wu iawkuLTs (oral collar tubular duct)
viovauwda (oral rim tubular duct) §1u7UNEN
aiwznanidundan1utdned il (cerari) 3U319
2999 09LUn (ostioles) d NwuzILRIUUaYEIU
N4 (anal ring) LauUansd@1un 09 (anal bar)
dnunzvetaouUatudi1uies (anal lobes)
Mniudavuuameidaderdamd sutls ana
Planococcus wagdniualasiunasdldalan 1
nushwbiluiiisdaeiuuas Inewiadunuiany
AIUNGNAINEG UWAZIAVIUUIYLAVVDIF DY 1IULG
avalad i ordugiuteyalun1sdredanisg
Inedransaald

NALAZITAINANITNAADY

usausiudieg 1und sudsana
Planococcus MnuviasUgnituiidriey (Figure 1)
Tuinfiufiananans 1wy Swinaszys deum
9yes 1l LATNIUNNUNIUAT AANTe LA
Janineny waza1u1e nnangiusenides
e WU TITAUATINYENT NUBIAY LAY
UIEITANY A1ARETUDBN LU YAUS Uagduny3
AAAZTUAN LU AN KaZNTTUT AAla LU
Us297UASTUS Yuns wazds1wgssnd v
suauda0g LA sd 1 60 0819 Aosly
LoANBIed 95% LAuA1eg197 Laludiiusnw
Uil -20°%.
Suunefliamdsutlslu dna Planococcus

AEaIgIUINGT

ihlaRureunasuiiiudunounisadin
fsueuvhalasansii eldswunvile oy
Snumsneduguined ddgreund suls
d@na Planococcus (Figure 2) fiswavidendal

dufudemeiogustanaunsogUle
drulngdnuin 8 Uaes aasqivlnfdnny
51U auas (translucent pores) UuUaaalAUY
(coxa) ¥38 MWL (tibia) ¥8IUAMAT (hind leg)
RNt @useU (claw) afoisnandundeannudng
167 (ceraril) 91U 18 @ %38 36 U UAALHU
Usgnaunl83u3Uns1e (conical setae) 31uU
2 9y gammﬁau (trilocular pores) NI¥ABUU
i sEegsaELe Mounuwds (oral collar
tubular duct) SIMWUUURTIEIFIAIUEN (venter)
1AELRNIZUSLIMNEIUTIDY BIANUUIIUSLINEINI
wazdiuen snaNluunaneyed (multilocular dis
pores) HunuUansdi1un o9 (anal bar) Any
USLIUEIUY 999 D9INEIa16 A 1Ua 19 (venter)
wANULARgUUNLIA1RIA1UUY (dorsum)

4 2136715398UaTWAILIRIFNVINY TN 1 atunl 1 AsngAx - Augneu 2568



Figure 1 Field survey of mealybug in various agricultural areas in Thailand.

A. Sugar apple orchard
B. Cacao orchard
C. Banana orchard

D. Integrated Farming

1nalan 0195810150 ILUNYL AR Y
Fnwugnredugruinedld 3 aila deil
1. Planococcus lilacinus (Cockerell, 1905)
2. Planococcus minor (Maskell, 1897) Lag
3. Planococcus citri (Risso, 1813) %W’miﬂm’m
09 YURIWALYAM (2543) Tifies 2 wlaiidy
Li9InnsAnwIAYed numasudaiy 1 oia
gun p. citri eehslsfmuniswunaouda . citri
donndastu Williams (2004) fisreauls Fsaan
msdnuluafsl wasuds . citri Aeudeanuld
Yow fiftwennsiiios 2 vlawiiy

FuazRuakazanwzidAgyvaanaenls
ueazuila

1. Planococcus citri (Risso, 1813)

wagudedu (citrus mealybug)
anwazlusssuyid (Figure 3)
dududemends sUlY d1deUssRn

3.0-33 1y n19 2.1 - 23 1. wIn 8 Udes
niseddtimasuruyvieddy Unagudasly
uladvnn enuuinafnatsuenvesdd
Feanunsnueaiudunavdiniauay q sou

v

anddlidunds 91uu 36 18U v3e 18 ¢ iduuds

Journal of Plant Protection Research and Development Vol. 1 No.1 July - September 2025



fogFurhediadanuenunninduutsieg
Autnadndes 1 3 ¢

sygzeiagau JULY drdieiUsvan
1.1-28 4y, nuIndl 6 -8 Udos Wuva16E
vnnavunndoddy Unaqudieloudsden
Fuutiseuddfianadeudisdunarlidaiay
wisngidundanuinedditaiu 1 3
Frseuied 1 wheuiildsindinindhseuiedu o
AnwYEN19aYNINISIU (Figure 4)

fududomends Ul d1denUszann

2.0 - 3.3 4. AIN9 2.2 - 2.5 1. UIN 8 Uand

20/pm!

cerarii

trilocular

pore - =

multilocolar

pore

Oral rim tubular duct

YUATYAUIAA TINAUUUUNAI8Y VUK
suans Tasundsinmuuinasiosdesd 4 dvie
WHULDIINNTY 5 VoY 58WI19anuIn 2 919
Uaealauvignaadviewrundesiuiu 6 vevse
wnn1 A5lusauasusnulauiwagntiugaive
dnuazAdeviavaURds 91WIU 1 3 WSeNINn
naueigiznandundeinudiedid 18 g v
36 Ngu WeazngudlduIuIUNTIY IIUIU 2 1du
“3euINNIlABANITUTIMEIURT Laziluay
Uangdiuviod

NYI5 TN AT NUNAITIA

antenna

hind leg
anal lobe

Figure 2 Slide - mounted adult female of the genus Planococcus, showing key

morphological characters used for species identification.
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Key to species of genus Planococcus

Multilocular disc pore present on venter in medial area of abdomen, usually in single
to double rows across abdominal segment IV and posterior segment.

.......................................................................................................................... P. lilacinus (Cockerell)
Multilocular disc pore present on venter in row across abdominal segment IV and
posterior segment Or AarOUNGT VUIVA.......c.cuiiiiiieirirciecee et s 2
Venter of head with 6 oral collar tubular ducts or more than between antennae
.......................................................................................................................................... P. citri (Risso)

Venter of head with less than 5 oral collar tubular ducts or more than between

ANTENNAE oo

.................................................... P. minor (Maskell)

Figure 3 Field observation of Planococcus citri (Risso, 1813), showing adults, immature

stages, and ovisacs on Clerodendrum sp.

2. Planococcus lilacinus (Cockerell,

1905) waeuilaniun (coffee mealybug)
anwauzlusssuf (Figure 5)
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Figure 4 Microscopic view of Planococcus citri (Risso, 1813), showing key morphological

characters.

A. Antenna.

B. Oral rim tubular ducts located between the antennae.

C. Translucent pores on the coxa and tibia of the hind leg.

D. Multilocular disc pores on abdominal segment VI.
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3. Planococcus minor (Maskell, 1981)

wheudaldin/mAeudaanss (Pacific
mealybug/passion fruit mealybug)
anwazlusssuyid (Figure 7)
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Figure 5 Field observation of Planococcus lilacinus (Cockerell, 1905).

A. Adults and immature stages of P. lilacinus on Ficus sp. (twig).

B. Adults and immature stages of P. lilacinus on sugar apple (Annona squamosa)

(twig).

Journal of Plant Protection Research and Development Vol. 1 No.1 July - September 2025



Figure 6 Microscopic view of Planococcus lilacinus (Cockerell, 1905), showing diagnostic
morphological characters.
A. Antenna.
B. Oral rim tubular ducts located between the antennae.
C. Translucent pores on the coxa and tibia of the hind leg.

D. Multilocular disc pores on the ventral medial area of the abdomen.

Figure 7 Field observation of Planococcus minor (Maskell, 1981)
A. Adults and immature stages of P. minor on sugar apple.

B. Adults and immature stages of P. minor on durian.

] ]
= v

10 2138153 8uas L1153y UN 1 alui 1 nsngiau - Nueey 2568



Figure 8 Microscope view of Planococcus minor (Maskell, 1981); morphological characters.

A. Antennae.

B. Oral rim tubular ducts between antennae.

C. Translucent pores on coxa and tibia of hind leg.

D. Multilocular disc pore around vulva.
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Fenslfavuuuniu Appendix 1 u 1o
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n1sduunytawasutslu ana Planococcus

feFanetalulana
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(Figure 9) Wiovwansaueifigenslunsradinsei
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Figure 9 PCR amplification of Planococcus with PCoF/LepR1 (mealybug universal primer). M =

1 kb ladder, Lane 1 = Planococcus lilacinus, Lane 2 = Planococcus citri, Lane 3 =

Planococcus minor, Negative control (-) was ddH2 and Positive control (+) was

Dysmicoccus neobrevipes.
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Table 1 Nucleotide sequence analysis of Planococcus samples amplified using the

mitochondrial CoxI gene with primer pair PcoF1/LepR1.

No. Code Scientific

name

Nucleotide sequence

1 PM1 Planocccus

minor

ATCATTAAATGAATATATTCAACTAATCATAAAAATATTAGATTAATATACTTATTATTTGGATTTTGATC
TGGATTAATAGGT TTATCAATAAGATTTATTATTCGAATTGAACTAATAAATTTAAATAATAATTTTAATA
ATAATATAATTTATTATATAATAATTACTATTCATGCTTTTATTATAATTTTTTTTATAACTATACCTATC
ATTATTGGAAGATTAAGAAATTGACTCTTACCATTAATATTAATATCATCAGATTTAATTTTTCCTCGAT
TAAATAATTTTAGATTTTGATTATTAATTCCATCACTTATTTTAATAATAATAAATATAATATTATCTAAT
AATATTAATACCGGTTGAACACTTTATCCCCCTTTAATTAATCAAAATTTTATTACATTAAATTTTATTAT
TTTTTCTTTACATTTAAATGGGATTTCTTCTATTTTTAGATCAATTAATTTTATTTCATCAATTTTTATTA
TTAATAATAATAACTTTTTTTTAAATAATATTACTTTATATATTTGATCCATTATTATTACAACTATTTTA
TTAATTATTTCTATTCCAATTTTATCAAGAGCAATTACTATAATTATTTTAGATAATAATCTTAATATAAA
TTTTTTTAATCCATTAGGAAATGGTAATCCAATTTTATATCAACATTTATC

2 PC1 Planoccus

citri

ATCATTAAATGAATATATTCAACTAATCATAAAAATATTAGATTAATATACCTTTTATTTGGATTTTGATC
TGGATTAATAGGTTTATCAATAAGATTTATTATTCGAATTGAACTAATAAATTTAAATAATAATTTTAATA
ACAATATAATTTATTATATAATAATTACTATTCATGCTTTTATTATAATTTTCTTTATAACTATACCTATC
ATTATTGGAAGATTAAGAAATTGACTTTTACCATTAATATTAATATCATCAGATTTAATTTTTCCCCGAT
TAAATAATTTTAGATTTTGATTATTAATTCCATCACTTATTTTAATAATAATAAATATAATATTATCTAAT
AATATTAATACAGGTTGAACACTTTACCCTCCTTTAATTAATCAAAATTTTATTACATTAAATTTTATTAT
TTTTTCTTTACATTTAAATGGAATTTCTTCTATTTTTAGATCAATTAATTTTATTTCATCAATTTTTATTA
TCAATAATAATAATTTTTTTTTAAATAATATTACT TTATATATTTGATCTATTATTATTACAACTATTTTA
TTAATTATTTCTATTCCAATTTTATCAAGAGCAATTACTATAATTATTTTAGATAATAATCTTAATATAAA
TTTTTTTAATCCATTAGGAAATGGTAATCCAATTTTATATCAACATTTATTTATTA

3 PL1 Planoccus

lilacinus

ATTATTAAATGATTATATTCAACTAATCATAAAAATATCAGT TTAATATATTTACTTTTTGGATTTTGATC
CGGTTTAATAGGATTATCAATGAGATTTATTATTCGAATTGAATTAATAAATTTAAATAATAACTTTAAT
AATAATATAATTTATTATATAATAATTACTATTCATGCTTTTATTATAATTTTTTTTATAACTATACCAAT
TATTATTGGAAGAATAAGAAATTGATTATTACCATTAATATTAATATCTTCAGATTTAATTTTTCCTCGAT
TAAATAATTTTAGATTTTGATTATTAATTCCTTCATTAATTTTAATAATATTAAATATAATTTTAATAAAT
AATATTAATACGGGTTGAACTTTATACCCTCCATTAATTAATCAAAATTTTATTACATTAAATTTTATTAT
TTTTTCATTACATTTAAATGGAATTTCTTCAATTTTTAGATCAATCAATTTTATTTCATCAATTTTTATTA
TTAATAATAATAATTTTTTTTTAAATAATATTTCTTTATATATTTGATCAATTATTATTACTACAATTTTA
TTAATTATTTCTATTCCTATTTTATCAAGAGCAATTACTATAATCATTTTAGATAATAATTTAAATATAAA
TTTTTTTAATCCTTTAGGAAATGGTAATCCTATTCTCTATCAACATTTAAAT

LNEDN9D

UUNT Inadude uavvdnn aaunyl. 2543
wRsudauazini gviesdn gy nd1Agy.
Isefiuniaganaeni1 ngamwe. 70 v,
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Appendix 1 Diagnostic morphological characters separating Planococcus citri and Planococcus

minor, based on six characters described by Cox (1989).

Character Value Score
0-3 0
1.Number of ventral oral - collar tubular
4-13 10
ducts on head
14 - 35 40
0-2 0
2 Number of ventral oral - collar tubular 3 7 0
ducts adjacent to 8" pair of cerarii
8-30 40
3.Tubular ducts present between 2™ and
o - ) absent 0
3™ cerarii on head on at least one side of
present 10
the body
4 Number multilocular pores behind 0-6
front coxae 7-12 0
. . . 1.00 - 1.07 0
5.Ratio length hind = tibia + tarsus to
1.08 - 1.17 5
length of trochanter + femur
1.18 - 1.30 10
6.Width of row of ventral multilocular Single row 15
disc pores on posterior margin segment Intermediate 5
of VI Double row 0

Note: Character descriptions follow Cox (1989).

Value = number/ratio/absent/present and width of each character.

Score = rating at each level and character.

14 2136715398UaTWAILIRIFNVINY TN 1 atunl 1 AsngAx - Augneu 2568



n1snsadtaReuNasiunaliindiandudrAgyniaasegnaniemalin Duplex waz Multiplex PCR
estuayun1dsaanduAnNYns
Accurate and Rapid Identification of Economically Important Fruit Flies

Using Duplex and Multiplex PCR Techniques

gy5uns yanu” aingun lagnasyna® aguu umide” ginigad laua®

Yuvarin Boontop" Nuttima Kositcharoenkul? Nathamon Kaewnuy? Chutikarn Jailae®

ABSTRACT

The guava fruit fly (Bactrocera correcta) and the melon fly (Zeugodacus cucurbitae)
are important agricultural pests in Thailand and are listed as quarantine pests by several trading
partner countries due to their potential to cause significant damage to exported vegetables
and fruits. The detection of larval stages in agricultural commodities can lead to serious trade
implications. However, species identification based on larval morphology is challenging due to
their high morphological similarity. This study aimed to develop a duplex PCR technique for
the rapid and accurate identification of B. correcta and Z. cucurbitae. The results demonstrated
that the developed technique effectively distinguished B. correcta and Z. cucurbitae from 20
other fruit fly species. Furthermore, when combined with species - specific primers from
previous studies, the primer set for Z cucurbitae was successfully adapted into a multiplex
PCR system capable of simultaneously identifying four fruit fly species: Z. cucurbitae, Z. cilifer,
B. dorsalis, and B. tuberculata. However, the B. correcta - specific primer could not be
integrated into the multiplex system due to annealing temperature limitations. These findings
highlight the high potential of the developed duplex and multiplex PCR techniques for rapid
and accurate identification of fruit fly species, with reduced diagnostic costs. The approach is
well - suited for applications in plant quarantine, inspection of export commodities, and could

be further extended to the diagnosis of other pest species in the future.

Keywords: fruit fly, Bactrocera correcta, Zeugodacus cucurbitae, duplex PCR, multiplex PCR,

molecular identification, plant quarantine, export inspection
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UNANYD

wuasTunesls s Bactrocera correcta
LarLUAITULAY Zeusodacus cucurbitae WD
Fngfivi drdyresUszmalnenazidudng ity
AnfuvesUszinan dmateuszinald 8131n
gansaaseAnudsmnenefvRnLaynalddiesn
NIATIINUTEUEAINUBULLAUANEATOEINE
AsEVUABNISAIERneg19n uildlesandnvae
dugnuresiinuoukAasytinlinuAa1endIiu
nsuunviialagldanvaenisdugiuingl3ei
1#enn sddeifaiingUsrasdifieiinuimaia
duplex PCR @nsuldmnsrvasuuaziniunviln
LUATUNBINS S B. correcta WATLNAITULAY
Z. cucurbitae 881451015748y wilugn nans
nadeUNUINNATdATIAILNT uanunsasuun i
LA UNBINS S B. correcta wazuuaITuLAY
Z. cucurbitae a1nkiasiuNaldauiu 20 ¥ila
fogsfiuszans nmuaziiledszyndld sy
Tnsiedsmzanauddediu nuitlnswesves
wiasTuwng Z cucurbitae anunsanmufaidu
wadla multiplex PCR fildsuunuuasiunalifle
wiouiude 4 vila laun Z cucurbitae, Z. cilifer,
B. dorsalis wag B. tuberculata %mzﬁlwuma%
W94 B. correcta ldamsawmundu multiplex
PCR o1l asandediindugamginisviiay
namsAnuiuanddiiiuinmaia duplex PCR
wag multiplex PCR ﬁlwuwmﬁ‘ﬁyuﬁﬁ'ﬂsquq
dnsunsitadesiinnuasTunaldlaogneasing?
LU UG AAFUNUNITATIVADY Magd1nTy
Usggne L9 luaudndung n1snsivaeuduan
NYATAIDDN UAYANITNABYDAGTZTUUNITATI
'3‘13?\158LLmaQﬁmgﬁmﬁnﬁmSquauwwm

A1d1A ey wuasdunald Bactrocera correcta
Zeugodacus cucurbitae 6, WL and WG 013
dadmandfidens n1sdnuunyiaszdvluiana
Anfuiiy N1snIRduAdean

UNUI

wuasiunaldluana Bactrocera way
Zeugodacus \iuna uunasdagfivi neliin
ANUEmeneN TR nLazNaldatnnatesila
(Drew and Romig, 2013) lnglan1sNuAsugna
it onsdseenvoslssinalne Tugiuaud
wuasTuneslss B. correcta way WUAITULAS
7. cucurbitae v u¥iI A% wusEUIAU B LA
faoruzidusuasdngiadniu (quarantine
pests) Tunaneuszma osananunsaadiean
Lﬁamaﬂajqiuﬁwﬂ'%mmua3Qmmwsuaqmamam
Snatansund suvesianueulududinunsd
913dINANTENUABNITTUTBIA UV U BTY
LaENBALANNISAAAUNIINITAIIENINUTENF

AUARIEAGITUVDIANYUEN T UFIY
Inenduaruimedddglunisidadesia
wuasiunalyl lnsaniglussogainuounsolu
nsdifimeeslsianysal Fsdsnalvinisduunyia
Tnelddnunrduguinerdeisnaduunain
wiuguazldinauiy waslugramessedidiuun
Uszmalned ulddnrswauimadanig
a0y73Ine1 WU N13AnwIAEueUIsiAN (DNA
barcoding) kazn150enLUUlNILUBDS TN
1912995189710 (species - specific primers) 1y
gI5UNT wazAny (2564; 2566) Laln1sHmun
wiadaaulalnsiuesImsiatgasiullasTiunes
EJ'%IJ\‘i B. correcta Way WUaIIULAY Z. cucurbitae
lunsszyridaunuasiunaliliegasniuag
gnaes uredrelsinumnaladinaidedde
Faiafuiuny wagszozinan tesananunsa
as1vaouldiiies 1 adaronss sadunidlu
el sumaulalunisiinussans aamn
n1sasidfadeuuasdngiivfe waia duplex
PCR way multiplex PCR & 48111507153380U
wuaadngfivldunnimissianglulfasen
87 AEngNNITURINITIR LTIUIUALE ULe
Wvanedfiaula Ineldlwswesvatsgnieudy
melaufisenneniu @snsal uazunas, 2549)
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Farrvanduneu Ald31e waziandeisou
Wouiumeda conventional PCR $1u3d85 5
d¥nqUszasdLi oWmunnada duplex PCR
dmsun1sTInunLuasTuneslss B, correcta
LazuuasTULAY Z cucurbitae SN WA
Al A multiplex PCRA1NN1TUT2E N0 LY
InswesAfinsoonuuuliTauduyalnsimedain
NUITBAUNN (Jiang, 2015; Afroz et al., 2022)
Wensrvdeurdauuasunaldldvainnaisuia
nieutunelunisihufAsouiisans wien
Wudefuiinednisléinedia multiplex PCR Tu
n1sTuunuuastunald adaaud1dynis
wiswgnalunIkensnile (Andrews et al., 2022)

A5anduns

1. g@inafdueaINAvgeuNaIuNaldl
annndueIniegaLuaTiunaldlag
Tv1991 3 19nddusefiiusiusu dildly
NaaAIUIN 1.5 4a. kA iunN1Tainneye
‘13’18’]’5’15@ ISOLATE Il Genomic DNA Kit (Bioline,
Australia) L@ 8 Lysis buffer GL 180 pL wag
Proteinase K 25 plL lwgiun 9 wazuudigaungd
37°. g uAy 9t Uiy Lysis buffer G3
U3195 200 pL 1E1LUT 9 wasuNsed 70%.
U 10 WA Mé’qmmful,ﬁm absolute ethanol
Usu1as 210 pL wenlianu wazirlulalu
aedunsoenoud wind vai 11,000 ¢ U
1 W% a9meauunIg Wash buffer GW1 U3uns
500 L wazd wnd ped 11,000 g U 1 U
wdufinsedldie wavarsnedudediae Wash
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Elution buffer G Aguli# 70°. USuns 50 pL
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U 2 W c“ma]aaw%mmuasmmﬁqw%‘maq
AsuemersosaUninslilafiwes lneldainis
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gAnduuasdi A260/A280 uaziioanalidniy
LUt 10 luNFUsBpL ASIFHBUAMAINYBA
Suedataldfaensi uUsuad udauiy
cox1 Taela universal primer laun LCO1490
(5’-GGTCAACAAATCATAAAGATATTGG-3’) hay
HCO02198 (5’-TAAACTTCAGGGTGACCAAAAAATCA-3)
(Folmer et al., 1994) I@&Jﬁmummgumauuaz
srggiialunisiinuisetanlgnediueisa
Usegnia1nI5vee ga5uNs uazang (2565)
Wdeganan g el luiasevidsu
Tanalelne i oduduvdauuasTunald
noutlUldlunisnaasunisaismaiia duplex
PCR siolU

2. NAFUANIUINNIZEANZAIAzAUTT LAV
Alwsiwas lun15v1U)isen duplex PCR #ia
WUAIIUNDINSS B. correcta haThUAIIULAY

Z. cucurbitae

2.1 NAFDUAINNTIUNIZLANEAIVD S
Insiwesuaznagauainulala (Validation) ¥e9
TNSLueS TN VT AN B LUAITUNDIN S
B. correcta WagulasIULAN Z. cucurbitae 31N
NUATReUNI (893UNS WazAne, 2564; 2566)
(Table 1) IngyiNA1SNARRUAUA D8 19MUAITY
walisIuTInanginiasig o vesszimelne

2.2 WanEd g auaInsunsLiiy
USinaumdute (duplex condition optimization)
diglimaaeulszavsnmnninuiAten duplex
PCR Tneld lnsiuass1in1z09uuaa T une s
B. correcta WaghuaITUUAS Z cucurbitae
aeludgisenaeiny 1t unsIaaey
puszveslnswesiownasTunaldvindud
Ienunululsemdlneg

2.3 TASIERHANA YT NI D15 A3
Wwadanlaslsdavuernilsaannududy 2 %
ikt RedSafe™ dye (iNtRON Biotechnology, USA)
Tuthen 1X TAE buffer Tnernuausilyiiindianny
finadng 100 Tad LJuian 45 u msa9deu
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wouAdulenelinasdans1lloan waztuiinua
A8LAS5 8I018NINLAA Gel Documentation XR

3u Universal Hood Il (Bio-Rad, USA) w3aslusunsy
IATIEINTNEE

Table 1 Nucleotide sequences and characteristics of primer sets used for screening Bactrocera

correcta and Zeugodacus cucurbitae in this study.

No. of Size
Primer
No. Sequences Position base Tm  %GC of PCR
name
pair product
1 Bco-F1 CTAGGACACCCCGGAGCAC 85 - 103 19 542  68.4
141
2 Bco-Rl  CAGTATTAGGGGGACAAGTCAA 204 - 225 22 50.3 455
1 Zcur-F1  TGAGCTGTAGTATTGACAGCTC 518 - 542 25 52 44
TTC 83
2  Zcur-Rl  AGCCGGGTCGAAGAAAGAGGTG 580 - 601 22 60 59

Noted: F= Forward primer, R= Reverse primer

3. NAgaUA lWsNRTNHAIINTIUNILIALRD
WUAIIUNDINSS B. correcta HazhiadIULAL

Z. cucurbitae 3AUAUA LWILUBTEY 9 A28

wAdA multiplex PCR
ynsAmdeninsiwesfidaudinig
1z anNasTuNaldvianf1g 9 910917y
(Jiang, 2015; Afroz et al., 2022) nA@auI AU
Tnsuessunzaeuuasiunewlss 8. corecta
wavwuasTuwAe Z cucurbitae ieWauwadia
multiplex PCR d1115UN150152931928L1a37Y
Haliivangydalulnsened lngiarsane
Insiwesiifgumall annealing IndlAsaduas
nAnSugiidondaunassiuegedaau Wi ol
ansausnuauRduelaeg 19 nlaUnaRLATIYY
nadaoLeasianlnslaEda muisedviinisusu
AUAILE LT UT I saNvetaITiAd way
Iwsied nageuamvInzauvesgamnlinlily
Funou annealing ¥a9UfN3871 multiplex PCR
faudt 55 - 60°0 Litomrsgamgifiangayly
nsasianuasiunalivatevialud)isen
LAIAU LAZATINEDUAIUTNNIZVDIIDNTIAY
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T4 otunasiunaldfifsenululszmealng
WATITIRANA UINNT 815 AreLeadLanlasins T4
UUBENLSALAANUINTY 2.5% Wau RedSafe™
dye Tutien 1X TAE buffer Tagldaunulifiad
AU 9ANg 100 1aas 1duiian 45 uni
psyvgeuLaUAbuanelduadans i lolanuay
Tufinwasen3asaien1mea Gel Documentation
XR U Universal Hood Il (Bio - Rad, USA) wieu
TUsuNIIAATIZANNENY

NALAZIATAUNANTNAADY

1. nan1sananLduLeaINA881uaa Yunald
nsafafdueaIniegausasTuNald
Tuadaillinadwsaiinanmd Tnefidnmagandu
LANTISMIIEIL A260/A280 8glutag 1.7 - 1.9
(Table 2) wansidueiatnldianuuignsly
seuT inunzaudmsuntsunlvldluimade
N15AnYIN198n 33N (molecular biology)
LaznannIsiuusuafsuedaelnsiues
LCO1490/HCO2198 Faifu universal primers

038U cox! (cytochrome ¢ oxidase subunit )
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auNsasNeTUALD Wl vUIAUSZINAL 650 - 700
ALua Fa U 1VUIATLRLNZFNA NS UNT L LU
o A & [y} v
AMSYNALDUBUNS PRI UNA b (Hebert et al,
2003) uanNaNil N15ILASIERaIsUNIAaLalng
YDINAANUN AT DTN b LAAIAIAITULNL DU
(sequence identity) futeyalugiudeyaaina
Tusgavu 99 - 100% SudulinmalanIsanakay

Aountfiszyindu coxt \JuBudifianunsiige
Tus2U intra-species wazdAMUUANASTITAIIY
S¥MINIR (inter-species divergence) JnuNzaw
ag198 sdmsuldlun1ssuuneinuuasiaes
DNA barcoding %3 8n15Waunlnsiues 910n0g
d1vsunisTdadeluvadan e 9 19U
conventional PCR, multiplex PCR #5 & LAMP

QI a a < d' a o dyd
ANSL UUS LA LD WLET bY b uIUA T8 T A3NY
gne s ulug awnsaduunvialaeg el
UsEaANT AN NanISANEIN@DAAaBINUSI89U

(Folmer et al., 1994; Armstrong and Ball, 2005)

Table 2 Concentration of DNA of fruit flies for this study

Purity (A260/A280) Concentration (ng/pl)

No. Sample
1 2 Mean 1 2 Mean
1 B. carambolae (Adult) 1.89 1.84 1.87 37.26 39.28 38.27
2 B. cilifera (Adult) 2.07 2.12 2.10 287.84 268.99 278.41
3 B. correcta (Adult) 2.11 2.13 212 267.26 261.01 264.13
4 B. dorsalis (Adult) 2.07 2.04 2.06 548.13 537.45  542.79
5 B. umbrosa (Adult) 2.05 2.07 2.06 470.53 454.09 462.31
6 B. zonata (Adult) 2.00 2.01 2.00 226.88 214.09 220.48
7 Z. caudata (Adult) 2.15 2.09 212 284.18 279.66 281.92
8 Z. cucurbitae (Adult) 2.00 2.01 2.01 257.93 249.47 253.70
9 Z. isolata (Adult) 2.10 1.88 1.99 124.66 137.74 131.20
10 Z. tau (Adult) 2.11 2.11 2.11 273.99 274.28 274.13
11 B. carambolae (Larve) 2.00 2.07 2.04 790.05 777.55 783.80
12 B. correcta (Larve) 2.11 2.12 2.12 1438.03 136755  1402.79
13 B. dorsalis (Larve) 2.15 2.16 2.15 1517.88 1487.69  1502.79
14 B. latifrons (Larve) 2.04 2.11 2.07 1270.10 1165.48  1217.79
15 Z. cucurbitae (Larve) 2.16 2.17 217 1806.92 1744.42 1775.67
16 Z. tau (Larve) 2.04 2.07 2.06 679.62 677.50 678.56

2. NAFBUANUIINIZLANLIMALANU Y LA VD
Alwsiuas Tun15vi1ufiTen duplex PCR #ia
LUAIIUNDINSS B. correcta HashiladIUbg

Z. cucurbitae

2.1 mmaau@lwsma%ﬁﬁﬁwammwia
LUAINOINT ¢ B. correcta LaTUUAITULA
Z. cucurbitae mﬂgﬁmmm 9 YosUszielng

nsnagauusedns nanveslnsiues
SuNzEMTULLATTUNBINSS B, correcta wa
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WNASTULAN Z cucurbitae ALHUNNTAUAID819
1NUsEYININNYAAIAveUsEINAlNg laun
ATANANY ANARTTUDDN ATANET UAN
AMAnzTuenniuanile n1ale LazniAluile
Ingldalnsiesinmgdmiuusasyin ninsioue
PCR 7ilsignitnszsisneaadidnlnslnida wuin
Tnsiues TNz ns UBNaITuUNno Il S
B. correcta Windnsiual PCR yu1a 141 g Lud
(Figure 1) vueiilnsiuessnmnzdnsuniasiuun
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Z. cucurbitae Winansel PCR vu19 83 fLud
(Figure 2) lngldiiauaulidniziarzas (non-
specific bands) ¥ JLAAINIAITUTIUNIZ LAY

9 10 11

1213 -

300 bp
200 bp
100 bp

300 bp
200 bp
100 bp

9 10 11 12 13 -
300 bp
200 bp

100 bp

Useansnnlun1sn9I9aaUInALLATUNE bi11N
nauusEnIingiimanslasg1adaiay

9 10 11

1258130

Figure 1 PCR product of Bactrocera correcta from six Thai biogeographical regions (Central,

300 bp
200 bp
100 bp

300 bp
200 bp
100 bp

300 bp
200 bp
100 bp

East, West, Northeast, South, and North) was amplified using the B. correcta-specific

primer pair Bco-F1 and Bco-R1. Negative control was ddH,0. Positive control sample

was B. correcta. Lane M: D2000 Marker

10 11 12 13 -

Central

10 11 12 13 -

South

(B)

North

Figure 2 PCR product of Zeugodacus cucurbitae from six Thai biogeographical regions (Central,

East, West, Northeast, South, and North) was amplified using the Z. curcubitae-specific

primer pair Zcu-F1 and Zcu-R1. Negative control was ddH,O. Positive control sample
was Z. cucurbitae. Lane M: D2000 Marker
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nansnageulandliiiiuinglnswesd
ganuuuliidinesauasTunensa 8. correcta
MAZULATIULAN Z. cucurbitae BN3N50RTIVEDU
Areg1antasiunalidannyngdininvesuseina
Inglangeiiuszansam lngnuuaundandwe
figenf vurn 141 glua dmunuasiuness
B. correcta Lag 83 ALUA @M ULUAITULAS
Z. cucurbitae WA@ WS A ANA 11dLN 8 U
AITNTILNY (specificity) WAy AINULAD 8T
(stability)%BQIWHN’@{%JQ&@Q@; GRMPELIRE
WnUfAsenlinumnzay wiasda1uuangng
N AMIAATUATNUTNTTUUIUTENTTENIN
Uszrnsuuadusazndniafaiy audnialy
N9 wUSud uevesuuasTunaliann
Uszrnnslugiiniasng 9 wandliifiuinlnsiuesd
Isonuuuiudarusumziaizasiuiiums
ﬁuﬁ'ﬁﬂammﬁq& (highly conserved regions)
Fadundnnsdrdgluniseenwuulnsiues
dmumaifadeluseiuriadannndosiunis
59897UV49 Rogriguez et al. (2015) i na127
nseenwuulnsueswarinsuduiladofiddy
fandmiumaia PCR uanINinMAaBUAI
Tlavesnsunaglnsiwesnouarldniinnud Ay
wufudwdinagldlusunsuiiyndedelunis
DOALUUAAL

2.2 F3msiimunzaudmsun1snsIvdeu
SAnUNaTIUNDINSI B. correcta LavLIATIULAS
Z. cucurbitae # 1utnAad A duplex PCR 1o
antiunslaely species-specific primers RO
gosrasaunulunsnsIvfng anuasiunald
ginsng q fnvlulszmelne Tnednisinua
diunanveUfise1idens (Table 3) wazan1ie
UfAZe1 mungaudmiun1svin duplex PCR
(Table 4) HANIINARBINUINITAINA1IAINITA
wenvdautasiunesss B, correcta wazuasiy
WA Z. cucurbitae sonanuuasiunalivingu
IFogedaau Tnawdndael PCR 7ildainuuas
Funosd$a B corecta fvura 141 ALua uaz
NANAUVBIMNAITULRY Z. cucurbitae AU
83 A vud d@msunuasiunaldiddudedn
18 wilndinaaeu léun Bactrocera albistrigata,
B. carambolae, B. dorsalis, B. latifrons, B. limbifera,
B. nigrotibialis, B. tuberculata, B. umbrosa,
B. zonata, Dacus formosanus, Zeugodacus
apicalis, Z. caudatus, Z. cilifer, Z. hochii, Z. incisus,
Z. isolatus, Z. platamus way Z tau LU WU
NAMA PCR Laneliiuianinudnigiatgas
younadadlunisnsiaasvrinuuasiunalsl
\Wuune (Figure 3) lngliiinnanisnagauais
funtasTunaliafindu |

Table 3 Preparation of the PCR Reaction Mixture with a Final Volume of 25 pL.

Reagents Volume (ul) per reaction

dH20 6.5
2x Green PCR Master Mix Direct-load 12.5
(Biotechrabbit)
10 uM Bco-F1 1
10 uM Bco-F1 1
10 uM Zcu-F1 1
10 uM Zcu-R1 1
DNA template 2

Final volume 25

Journal of Plant Protection Research and Development Vol. 1 No.1 July - September 2025
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Table 4 PCR amplification conditions used in this study, including temperatures, durations,

and number of cycles for each step of the reaction.

PCR steps Temperature Time Number of cycles
initial denaturation 94°C 4 min 1 cycle
denaturation 94°C 30 sec
annealing 58°C 30 sec 35 cycles
extension 72°C 30 sec
final extension 72°C 5 min 1 cycle

- +Bcor +Zcur M

12 13 14 16 17 18 19 - +Bcor +Zcur

Figure 3 PCR amplification of Bactrocera correcta and Zeugodacus cucurbitae using the
B. correcta - specific primer pair (Bco - F1 and Bco - R). Sterile distilled water (ddH,0.)

was used as the negative control (-). The positive controls included B. correcta
(+Bcor) and Z. cucurbitae (+Zcur). Lane M: D2000 DNA marker. Lanes 1-20 represent
the following fruit fly species:

1. Bactrocera albistrigata
4. Bactrocera dorsalis

7. Bactrocera tuberculata
10. Dacus longicornis

13. Zeugodacus caudatus
16. Zeugodacus hochii

19. Zeugodacus platamus

22

2. Bactrocera carambolae 3. Bactrocera correcta

5. Bactrocera latifrons 6. Bactrocera limbifera

8. Bactrocera umbrosa 9. Bactrocera zonata

11. Dacus spaeroidalis 12. Zeugodacus apicalis
14. Zeugodacus cilifer 15. Zeugodacus cucurbitae
17. Zeugodacus incisus 18. Zeugodacus isolatus

20. Zeugodacus tau
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NN INAUILAENAaaUmALA duplex
PCR #aanstilnsiwesfifinnnusinigianza
109 wuarTunels B. correcta waTLIATIULAY
Z. cucurbitae dniunslulfisenier waild
wanslfiiudlnsimedisaosn anunsaiiay
sufuldegefiussaninmaeldannedidivun
Tnganusosuunuuaciuhaossialandouty
meluufRzenfen fedeanauagninensly
nseidunsidedns ddedrdad ewfioufu
N394 PCR weanwila (singleplex PCR) (LablLife-
Real-time PCR, 2015) uarfid1fnywanisnaaes
lanuuaundndueiigensia q lungusdiegis
wuastunaldeindusiuau 18 wila nsldny
nandusivind uusegluana (Genus) iioady
avfaudsnnuudugiluniseenuuulnsmes
aansanenviatuunglalaglufinansenuain
wuasTunaldidssuiswedilndifsadu wans
IﬁLﬁU’iﬂWiLmagﬁ'jﬂﬂmﬁiﬁﬂ’J’]ﬂJ"\TWLW’wm‘a“Uﬁ@
(species-specific) a4 uaglaifinsiAnUfisetu
(cross-reactivity) funsasTunalivdnd ui i
anwagnedugIuIng mseRugnssulndlAgaiy
Fadunnaniifiddyuounaiamedaluana
Tilusuiueynsudsnu MuinduNgwasns
MFIVADUAUAEDDN

3. namsvasaUE IwswesdANNEIWIE
1912297 DUNAITUNBES 9 B. correcta wa g

WUAIIUUAS Z cucurbitae 3aufuA LI Iua s

3u q #rewmadia Multiplex PCR
nmsihlnsiuesfidanus iz
WUaTUNBINS S B. correcta wazuuaITULAY
Z. cucurbitae 31UsegnATINAUNUITENBUNT
Uiang, 2015; Afroz et al,, 2022) 11 wuinlnsiues
Pt uNzIza9ReuNasTULAS Z. cucurbitae
(Zcur-F2 wag Zcur-R1) @1u150Walu1LnAle
multiplex PCR Tun1sns19a@ounuasiuna by
Imaﬁjlwnmai‘ﬁlﬁaaﬂqummiaﬁﬁmuﬁwﬁ’u
Iwswes BBDF, B. tuberculata way BZCIF (Table 5)
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lapddrunanvyealisen PCR (Table 6) waz
an1zUFATe1 Multiplex PCR Awsngaudiviu
Fuunuiasiunaldnieds PCR wuingagmumgil
Tudumeunis annealing fimunzausenisLi
USunaumduleus gy cox! vasuuasiunalsl
74 4 va wiouffuigumndl 60°%. fuustumeu
waznaluufizen PCR cycle (Table 7) uagiile
YanaaeuiulasTunaldfdsenuludss e
Ine 20 vile lown B, albistrigata, B. carambolae,
B. correcta, B. dorsalis, B. latifrons, B. limbifera,
B. tuberculata, B. umbrosa, B. zonata, D. longicomnis,
D. spaeroidalis, Z. apicalis, Z. caudatus, Z. cilifer,
Z. cucurbitae, Z. hochii, Z. incisus, Z. isolatus,
Z platamus Wwa e Z tau N15ASI3d8 U
AMUTUNILLANLIVBIITNITAIYNITATIAEDU
WA U NTa15h8351ead1aAlas NS Ta wuin
TavunnandusingansvuInUsEaM 216, 225,
159 wag 113 e Lud (Figure 4) g afuvuin
Yaanuaatunaty 4 ¥9a lawn B dorsalis,
B. tuberculata, Z cilifer wag Z cucurbitae
auany eglufinuaserduduiuasiunalyd
Yiadu 9 FelIvuandnsurigeisves
wuasTuNaly B. dorsalis way B. tuberculata
sxflvueilndiAsatunsegnslsinudaunse
wenauLanaslassasniieUTouisuiv
fatUSuuLeuuan (positive control) Nans
pIIdaUAumALlA multiplex PCR ‘U?ummm
FuSUN1INIIVFOURLE ULOT S AT LNIZ A
wuasTunaly 4 e lneaiusalynsiageu
wiasiunalsididihareiedniasugiavesing
lawn Z cucurbitae, Z. cilifer, B. dorsalis Wag
B. tuberculata wazd@onnasstuNad lea1nnIs
Suundnednuurnedguine uilnsuefid
ATIUTINILLNZ 90 OUNAITUN OIS
B. correcta Wuly @115t W muns 23 i
uisedu 9 lesanliamnsamgungdi
wigaula
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Table 5 Nucleotide sequences and characteristics of primer sets used for screening Bactrocera

dorsalis, Bactrocera tuberculata, Zeugodacus cilifer, and Zeugodacus cucurbitae in

this study.
% CG Tm Size
Primers name Sequences Reference
(°0) (bp)
BBDF-F GCTA CACTTCACTTAACG 33.33 55.34 216 Afroz et al,,
BBDF-R AGTATTTAAGTTTCGGTCTGTTAG 33.33 54.68 2022
B. tuberculata-F CACTCCACTTAGCCAGG 47.62  57.86 225 Jiang, 2015
B. tuberculata-R  GGGGTCAAAAAATGAAGTATTTAAG 32.14  58.10
TTC
BZCIF-F GGCTGTAAA ATCACTACAGTC  56.27  56.27 159 Afroz et al,,
BZCIF-R CGGTCTGTCAAAAGTATAGTAATG 55.40 5540 2022
Zcur-F2 CTTCTATCTCTACCTGTGTTAGCCG 48 53 113 Boontop., 2021
Zcur-R1 AGCCGGGTCGAAGAAAAGAGGTG 59 60

Table 6 Reagent composition used in the multiplex PCR assay described in this study, showing

the final volume per 25 pl reaction.

Reagents

Volume (ul) per reaction

Multiplex PCR Master mix (2X, Biotechrabbit,

Germany) 125
10 uM B. dorsalis-F 0.5
10 uM B. dorsalis-R 0.5
10 uM B. tuberculata-F 0.5
10 uM B. tuberculata-R 0.5
10 uM Z. cilifer-F 0.5
10 uM Z. cilifer-R 0.5
10 M Zcur-F2 1.0
10 uM Zcur-R1 1.0
Template DNA 1
Nuclease free water 6.5
Final volume 25.0
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Table 7 Thermal cycling conditions used for multiplex PCR amplification, including temperatures,

durations, and number of cycles for each step of the reaction.

Step Temperature (°C) Time Number of cycles
1. Pre-denaturation 95 3 min 1
2. Denaturation 95 30 sec
3. Annealing 55 - 60 45 sec 30
4. Extension 72 45 sec
5. Final - extension 72 5 min 1

500

200

50

500

200

50

P2 P3 P4

500

200

50

200

50

Figure 4 Multiplex PCR amplification of DNA from 19 fruit fly species using species - specific primers.

Each lane represents the PCR product obtained from a different fruit fly species. Sterile

distilled water (ddH,0) was used as a negative control (N). Positive controls were as

follows: P1 = Bactrocera dorsalis, P2 = Bactrocera tuberculata, P3 = Zeugodacus cilifer,
and P4 = Zeugodacus cucurbitae. Lane M: D2000 DNA marker. (A) Lanes 1 - 10; (B) Lanes
11 - 20. Lanes 1 - 20 correspond to

1. Bactrocera albistrigata
4. Bactrocera dorsalis

7. Bactrocera tuberculata
10. Dacus longicornis

13. Zeugodacus caudatus
16. Zeugodacus hochii

19. Zeugodacus platamus

2. Bactrocera carambolae
5. Bactrocera latifrons

8. Bactrocera umbrosa
11. Dacus spaeroidalis

14. Zeugodacus cilifer

17. Zeugodacus incisus

20. Zeugodacus tau

3. Bactrocera correcta

6. Bactrocera limbifera

9. Bactrocera zonata

12. Zeugodacus apicalis
15. Zeugodacus cucurbitae

18. Zeugodacus isolatus

Journal of Plant Protection Research and Development Vol. 1 No.1 July - September 2025
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nsdnuadsilduszgndliglnsuesid
AUANNIZHDLNAITULAN Z. cucurbitae TIAU
Alwsiues i swizaeunasiunalivindy
W emunain Multiplex PCR wan1snagau
wulnsiwed v 4 gaanunsavausauduld
atefiusyansarmnieldaniy PCR fifvun
laglanigy9g unndn153un vedlnsiues
(annealing) 7 60°%. wavauIsaIdadeuuasiy
naldlanwsounu 4 9da lawn Z cucurbitae
B. dorsalis, B. tuberculata wag Z. cilifer nglu
N15A59FOULT B9AT LR 87 & suanadanay
winzaulun1sesnuuuainulnsiuesaran1iy
U381 (PCR conditions) malla Multiplex PCR
AWRuU1T ua1u1500R uve18nE n el DNA
loegretaau lnelilaundndusingansaun
216 gjwa (B. dorsalis), 225 fjlfua (B. tuberculata),
159 gjwa (Z cilifer) waz 113 @'wa (Z cucurbitae)
aruadu warlddnsAawaud b grmiziu
wiarfunaldviinsuiinaaouii 16 via Fasauds
viiad ogluanaifeiu uazvidalndiAanis
wugnssy wadnsduansldifudlusiues i
Uranlddnudnmizge (high specificity) way
aunsanenvidaunasiunalilaog1eus ugn
WU TUIALAUUITE A LU B. dorsalis ey
B. tuberculata araglugidlnaifesiu (@a5uns
WAZAMY, 2566) LATIAILITALINAMULANAINLA
DY NTALAUA1ENITLUT UL B UA UUAUUD S
positive control Han15AN®IT donng o iU
wdnnsvesnada multiplex PCR 7w unisld
Insiwes i laiAnufAgenduiu (no cross -
reactivity) LagdAINULANAIYDIVUIAKNER S U9
fiunnwedmsunisnsianendiedidnlnslnida
AnuaSalunsnTIniItadeuuasiunald 4 vila
Tuafuien Wulslowdlumeaufod Tneenzly
USUNYBINNIATINERUAR Y AN AU U Uuiy
Auaivinuazualdvsslve wata multiplex
PCR Feanuisaluuszyndlalunisnsivasy
wuasiunaliandednsiiogluszozsing q la

Tngldsnduecdomuisvesiufufoaonndos
U gIsuUNsUazAe (2564, 2566) Fervanian
wagiiaszansamlunsidadelunau foals
Huegnaf egrelsfiny Inswedisninigse
wuasTunedls e B correcta laru1satun
auoszyndlddumada multiplex $auify
Tnswesduld Wesanlianunsafvungamnf
annealing Fimanzaudmsun1shauTILiuges
lnswesnnyalagliaanaudszdnsainnis
ey Fediadudedfnddyveinisesnuuy
Tnswesfidewhausiutuvesmada multiplex
PCR fifesrilsdinumuyauvadlnsiuednaiy
ATUAIINT NN VUIATRILNTINES uargumnadl
Tunshau avenilsenamnainanuadienas
Fuvesdrduiualudy col veswuasiunenss
B. correcta funuasiunaliiafindy 1 fuilnn
Tnddsaturliniseenwuulnsiues v
AT IIIzgwilaen (Jiang et al., 2013) Falu
auIAne1Ussynel by inAlA realtime PCR
WUV probe-based 141 TagMan aaunsosiiy
AanuTnziazaulilafanit uazgaiunly
Fuunvianuasiunalidlungy Bactrocera way
Zeugodacus haengiiiugn (Kayattukandy et al,,
2025) #3omsldia3eamnemsugnssnandy
9u q Aidanudunzuazainiligandt uaglis
N9 cross-reaction LU 84 ATP6 Way ND2 Lﬁa
Wineuniuguazauaseuaqulun1Inge
wunYiakuasTuxalyl (Castellanos et al,
2025)

Fovu uivedsadunuisousni
n1sUseene bYimAta multiplex PCR #1915y
115157995 7wund Y cox! vasuuasTunalsdits
4 ¥a (Z. cucurbitae, Z. cilifer, B. dorsalis wag
B. tuberculata) lansourunislunisnageu
deseduier Tngldlnaiwesiifinnudnmegsly
anzUfAsefmangan nansinwiladifies
wansliiuImealinfinantanunsauenviauuas
naldliagraududuazdime uiduanaliidiu
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Fednoarnluniswauias oo o5
UsengaLIawasd U uLINNIINITATIIRUY
conventional PCR 7 #8susnvs1evdn way
Ug’jﬁﬁmuwmaﬂ%ﬁ (Lab Life-Real-time PCR,
2015) uenanifadunisantuneulunisimioy
Aog19 NM3TMUYATen PCR Tianunsansivaey
lavatgydaluasiiied waznisidinaia
wadianlnslEFaiiowanaldogadaay

d3unan1snaaasuazAugin

watla duplex PCR FivmunTulunuyise
ﬁmmsmmwaauLLazﬁwLLummaﬁumalﬁﬁ’mgﬁsu
Adrdny 1w wuasiuneslss 8. correcta way
wHAITUWAS Z. cucurbitae Tansaununielunis
yUFAzeRen Ingldyelnamesidasunzga
Usznaudunszuiunisanamidule nasuity
USuauAtdulanlemaila PCR Lagn153tAs1e
naseadidnlaslnida delinawiug sams
wazausauszenaldiudtegsanyngiinieg
yoaUsTInalnelaog 19 Uszansan 80w
Tnsiues A Waurd U@ nsunuaITuLn g
Z. cucurbitae §ag1u1salasaunulusiuesain
niTaulunsesvdeuLasTuralian 3 vila
(B. dorsalis, B. tuberculata wag Z cilifer)
meluufizenien Fshemiudszansaiwluns
Fladudngiivlunandniiionisdaoen aia

1Y |

fanaddelaiusaunia conventional PCR Tu

ATUNTITANVUABU IR LLﬁS@UVJUIUﬂ’]i@i'Jﬁ]ﬁ@U

€

fadsanusatluldnsaidadedegeiioglu
svoyld damueu wiodnud deldanunsadiuun
I VA R T (Y e LI RN TN G R Nk
Jununzdmsuyssynd g luuaynsudsnu
ANAUNY N1515879 LagnN1IATUANA AN
duAnnuasnaunsdseanagelusednsaw
iielvaenndasriuuasgunsmsgnintaUssine
Tutfagiu wazanunsasegeni oldfuuuas
Fngiivwiadu 9 lusunanldetreiszdnsam
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TuauiAnAIsY Bl unNIsWaILINALlA
real-time PCR (GPCR) 17t 81fi uA2 ma@1u1saly
A15§IUUNYIALA BANT UABUNSATIIT AL
189970 realtime PCR @11150053934A51%
Tunvidanuasiunalidlalanelydesselv
AuanufAsen nioludesmnvasunield
Wwadlanlaslusda viSemsimunAila LAMP
(Loop-Mediated Isothermal Amplification) i
au1sauseyne b lunimauinla taelad o
191a3049 thermal cycler 57uWsAITANETLAS
Wangansadnsagulugluuu lateral flow
%30 chip-based ﬁawmaamaﬁ]aammaﬁmgﬁ%
Ignanevianseuiulaglidesendeid vy
NIEN1e Feazreiuuszansamlunisitedy
Lmeﬁ’mgﬁﬂuizﬁ’uﬁyuﬁ'LLam"mmmﬁuﬁw
nenslaed19lUsEansamund i u wazwa
nsanuildifiedianuddaddmnsluns
ledvrdaunasiunallogquyug winds
arunsadluldas sdunuiniudes n1siiseds
N13ATUANANAINAUAEIDDN wavNITatUAYY
FEUUNIIATIVABUAIUAVDUIN BN YUDIUTZNA
Tneliognadivszansnmuasdedu

AUBUAN

YOUVBUAMTITIVNIT WHNITUIINITUAL
AN NANUBUNTUITIN NANAUALERIINEN
dninidewmuinisersnviny nnvinud iy
audaemderlinuideluafddnsa uas
qalumed

LONE1591999

910300 IUTYNDY Lag UNET ATISUIAUIA.

3
a6 1

2549. N39TIFBULYBIAUNIInolIAlY
911151lne 35 Tafnandideons. Aus
WdvmaEns uInedeNiing. NFuNNe.
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WAUMALA Polymerase Chain Reaction tiWan15m329313ae

W31 Trichoderma asperellum

Development Polymerase Chain Reaction technique for detection

of Trichoderma asperellum

wiluns asaen? uglusmil gaasiu’ Tudand wasenln?
qaised duzipie! aussyy) Anlaien gvdtl fUnnsenase”
Chanintorn Doungsa-ard” Manorat Sudsanguan Wanwisa Pet - amphai"/

Suneerat Seemadua® Amonrat Kitjaideaw" Suttinee Likhittrakulrung®

ABSTRACT

The analysis and verification of Trichoderma biological products is a mission of the Plant
Protection Research and Development Office, Department of Agriculture. This task is part of the
process for registering hazardous substances for agricultural use and includes verifying the species
identity of samples collected by departmental officials. However, verifying the species using
phylogenetic analysis is time - consuming and expensive. Therefore, a preliminary screening
method is needed to reduce both the time and cost involved. This study was conducted to
develop a rapid and accurate technique for detecting Trichoderma species using Polymerase
Chain Reaction (PCR) - based technique and specific primers. The specific primers were designed
based on the ITS and tefl gene loci. The primers were tested against the Trichoderma type
sequences database. It was found that two pairs of primers based on the ITS region were found
to be specific to the T. asperellum complex, as well as one pair of primers for the tefl region,
which also presented specificity to the T. asperellum complex. All primers had the optimum
annealing temperature at 60 °C. The results of testing the designed primers on the ITS locus with

various DNA of fungal species showed that the primers were specific

Keywords: Trichoderma asperellum, detection
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unin

Wosmarwadddluana Trichoderma
(Ascomycetes, Hypocreales) fiA1UE1A YN
wAswgha lalanignisdunsinensidanisly
i 031 Tuana Trichoderma v uan3da st
(biocontrol agent) (de los Santos-Villalobos et al.,
2013; Kindermann et al., 1998; Mbarga et al.,
2012) Suilosnanamauiilunisdudautas
aglsndi Ieidlon Trichoderma udesnd
fonsmsasyedenasudedisuiuides
awmglsanyvatevila Juidussdnsaintu
nsuedldansemsuasituiilunisasey sudeds
ansaldaserms wazesaludulovondes
auglsaity (mycoparasite) uananil 1o
Trichoderma 83a31sansufTaugfiannsnduds
mm’%ayumL%aswmmaiiﬂﬁwmwﬁm Wazas
8 031 Trichoderma @519 u'sd swadi s ofiy
Tawaaglunisiasgiaule (plant growth) $a84
nszduliiwdinuudaussnenisidvinatsves
Ls'f';jaswmmqisﬂﬁsu (plant defence responses)
ety Wes Trichoderma Sufudnmadonnils
fignihunldlunsaunulsadis TaglinelviAa
naLdoun i wazd windon wazylsannisly
answalilunstesiumanlsaiig

Trichoderma asperellum Huid a1
Juiisdnluana Trichoderma wazdinnsvanld
Tun1smunulsaiialnedaisedraunsvans 3
nsduasulildlunstestumdnlsafialneii
VNINIASTHAZIONTY FIURINNITHEATUTINIAY
mimmaaummqﬂs’fawawﬁmmLﬁz‘?yaiw

T. asperellum sfinudrdaidusdreds mndl

n15l9¥lnveaLd 031 Trichoderma ligne s
wislidulumuingUszasd 1w finnsuuidou
wsenskaniuveesujinduinnin 1 viia
rdINANTENUABNAUTEANT A MUATAINT 1B
g ’ -
YDINTAIUANY AR LIANY (Druzhinina et al.,
2010) Tudagdudvateusvnuivedunsiou
FaTuailudanalgdusiii o9 nd nuae Ay
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Lmnm'wmqa”mgm'?mmaqLﬁa?yaiﬂuaqa
Trichoderma Suflauuansnafisndnios 39
mlensen1saunlusyaualdd

mi%’mm,um%yaiw Trichoderma @115
TuwunlanluanvazdugIuined (Rifai, 1969;
Bissett, 1984; Bissett, 1991a-c; Bissett, 1992)
WU 3UT 1A NYMNELaTYUIAYDS conidia &
AnNwaER7 conidia (ornamentation) anwEANS
wand ety nrsesudulowuy sterile 3o
fertile AvmeTiEuOBNINAINAUYAUes udtell
SnvaEAIINLANA 19T H N5 89unS e Tuiin s
flanananusalguenANLANA1IlA g9 TALaY
FNSUUNETTE weillau1saunenANULANANela
N30LAINARULATOITNIN strain VOIUNAUTH
(Singh et al., 2014)

N5TATILUNLAET TAUINISYB I 957
Trichoderma Laglda nyueEN19A 1N UTNTTY
(DNA) Fn1sfnwrfunnndu Tnodulng 19
$iNLUs internal transcribed spacer (ITS) (Dodd
et al., 2000; Kindermann et al., 1998) LANUIN
A158ILUNG8 TS Wisandaiunisldaunse
LONAIIULANF195ENI 9L 957 Trichoderma
v1eadddle 11 0991014 051 Trichoderma
a1 Ui Yaunnsilndldsady Snazdaiiy
adeadweddnunrmesdugninedilndiAes
funin Wy d51897u71 T, asperellum \Ju
complex species (H11nn71 1 adddneldde
T. asperellum) WaganWUENINAUFIUINGT LYY
anwaLn conidia luau1sald 91989 K30
Wisuisuiiosuuneiald widelddnves
MeAURUENTIN (DNA) 9113 4 diunda loun
the Internal Transcribed Spacer (ITS) translation
elongation factor 1 (teflI) RNA polymerase
subunit 2 (rpb2) wag actin (ACT) Tun199a
TUN (Samuels and Ismaiel, 2009) WU
Foswidaiiusznavludag T. asperellum was
T. asperelloides @l Sunstuiindudnadid
90448051 Trichoderma (Samuels et al., 2010)
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[ 1%

waNINUFINUI dnuaeNINdugWINg Ve
doeadidil fmnulndidsegrwnnsiuid e
T. yunnanense lag@115aLenAMNLANA19LA
TnsiSsudisuteyavesiiduewiniu (Samuels
etal, 2010) @wsuld 031 T. harzianum Hu
Chaverri et al. (2003) YnnsiTsuLiisuaneele
NAIURUTNIIUN 4 Frums Lawn ITS tef]
calmodulin tkae actin L%asﬁ Trichoderma inu
TuUszmaduiesuiunatgleleanidaduun
Aavanwazn I dugIuIne1indu 7. viide us
olddoyaveadifuearndiunis IS uas
elongation factor WUl 05 UMaE ABLE 57
T. asperellum 5o T. asperelloides (Sriram et al.,
2013) 91AN19ANYISNWALUDS conidia VO3
W31 T, harzianum wuinfinnalndifesiu
conidia veud 051 T, viride Tngfimnuuansng
Wigantoevesdnuwue ANURUILLY Lazland
499 conidia 8n9a 13 851 T, viride §aiiAany
Tn&1Aeeu T. asperellum ey dnwaiznig
Fuguinen luanunsalddredaiedadinun
pg19tnLaulA (Singh et al., 2014)

Hagiuldimnumensuiauinadaii
AL U RTINS L ensavdeuTiln
Y89 Trichoderma \%u N15L% isozymes A1
Wisuisuanuinalelnavesdu uag random
amplified polymorphic DNA (RAPD) (Zamir
and Chet, 1985; Grondona et al., 1997,
Miyazaki and Tsunoda, 2003) Waiinsnsasey
Inelgmatia Polymerase Chain Reaction (PCR)-
based warlnswesfidausnnzdnigiiunld
IumsmnaawﬁmaaL%yas']mLwﬂiﬂﬁ%mﬂéﬁu
(Devi et al, 2017; Mazzaglia et al., 2001,
Konstantinova et al., 2002) farilunis@nwnil
i¥mgUsvasd ewu1isnisaseaeuid e
T. asperellum #ifluszanSnn anSuazia
wiugnge dWethluussgnilunismsvaeudon
fana1rluasd el f uiund unzfouiv
ATUAYINITINEAT

aunsaluazdsnIg

1. Tusudayasianugnssuvaateasluana
Trichoderma

1.1 i?Ui?M%@HaiﬁﬂﬁuqmimﬂaﬂL%j@'i’l
luana Trichoderma 3INANs A9 LsANY Loy
culture collection vesnayIdelsaity d11in3de-
WawIN5e13nuIiY

nunufeaswendeliuians

& A vo

W8N 931 T. asperellum Ala5un1an
WilsAaulsAe wag culture collection YaInNEY
A7elsane dinITewauinisensnun vl
U3gn3 1ae73 single spore isolation geaues

' g g

LA 83UBILY 891 T. asperellum L& 383U Y
919113 Potato dextrose agar (PDA) ﬁuﬁqmwgﬁ
WosUuRn1g wiu 7 - 21 Tu winludnsuuleu
aunsasdunsataflowe Wellasgyanales
WE A2YINITLENIEEIVUDINIT PDA 91n1UULN
Wousgnsfla 1de3uue1nis PDA Slant Tu

1% <@ v a ° P Ve 1
waoau Wuligamgil 15°. ield@nwsialy

annAduLe

Weotduloveadosi T. asperellum 9
1T UUDINIS PDA wdadwaslunaond iy
AfmALOUL LAY glass beads adlunasnualLven
A8 Tissuelyser 1A1UA 30 8URBIUNT WY

= [ v a & aa

3 U9 WaEVNTANAALOULD AINIDVBI Meyer
et al. (2012) uay Doungsa-ard et al. (2015) 1A
Snwfduelineamail -20 w3 -40°v.

Polymerase Chain Reaction (PCR)

Widuefiataldainusasfegne uvh
N9 wUS RS wend muneswag e the
Internal Transcribed Spacer (ITS) wag the
translation elongation factor 1-alpha (tefl)
p1875 Polymerase Chain Reaction (PCR) lngld
Tag DNA Polymerase (biotechrabbit™ ) 1 4
cycling kag condition maaﬂg‘jﬁ%‘mmuﬁ@w%m
wuzud nnualda 1 annealing temperature
56°9. nTI9deuUNARSaeiTild1nnsYin PCR Tag
A52I9EOUVLINVDIT UdIUTBIR LS UL B D915
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v a

A5 BanInsInSTa denanauel PCR lUds
USEN Macrogen USZINFLAINEG LWOFIATIENA

=) 6
Aeuiaedlalng
NMFIATEALASIIFDUAPUTIAA e LA

ihdeyadduinalolndiildainnig
NAABINININITTLATIZY Tagun forward
sequence Wag reverse sequence 7T
wWisudu Iaeglglusunsy Geneious Prime 2020
(Kearse et al., 2012) Y'ufind @3, aveda1du
Tndlolnaluguuwuulig FASTA vimsnsivaey
ANugNAeIeTiavesgAUnIETiviinsAn KAy
F1UTBYANIHUTNTTU LU Mycobank GenBank
Tnedanadsilseuisunu type sequence

1.2 sauriudeyadduiuaread asily
ana Trichoderma 310 GenBank $1USIUY8Ya
Tandlolndsums ITS way tefl voudosilu
dna Trichoderma Immawwnaﬁ'mauﬁyam
T. asperellum complex ﬁﬁiugmﬁﬂjayja GenBank
59084 type sequence wiothunwU3suisuiu
Yoyasviaiugnssuiildainde 1.1

1.3 mMsdnsesarnuinglolva

11 contig ¥asa1aUdIAALD AL
TS wae tefl M bAINAIINAADILAZIINNNS
FIUTNTeY NI AT 8 8 TUTUNTU MAFFT
6.611 (Katoh and Toh, 2008) N UATIVEDY
n159aL3 89 (alignment) T35 MUSCLE Tu
TUsunsN MEGA12: Molecular Evolutionary
Genetics Analysis version 12 (Kumar et al., 2024)
2. sanuuulswassmneradion T, asperellum

ponuuulnswosfifimusumereiton
T. asperellum Tnsnsfinsanyadoyaveniion
luana Trichoderma waz 14lUswnIU GPRIME
lun1seeniuu lngesnuuuimuwvisiveg nnely
AN TS ey tefl

3. nagaulnsues

3.1 NAARUUTEANTAINBATAIUT N
vaslnsmefioanuuuldiudifueluguteya
19U GenBank

3.2 VpdeURUASWeTe Rt e T, asperellum
wazidos1luana Trichoderma 91nfifis el
LAy wag culture collection ¥o4na U3 e
lsany @1UnTIdeWauInN1Te15 ANy Tay
fufluns weil

Polymerase Chain Reaction (PCR)

iAdueiatalannuiaziiegns wvh
MU Suathmeiumds 1S way
tef1 mulwsiues ITS1/TSA (White et al., 1990)
ey EF1-728F/EF1-986R (Carbone and Kohn,
1999) EF1-728F (Carbone and Kohn, 1999)/EF-2
(O’Donnell et al., 1998) waglnsiuoifivhnis
DONLUUUUGRLIUY TS way tefl Ae75 PCR
Ineld Tag DNA Polymerase (biotechrabbit™)
1% cycling way condition maaﬂﬁﬁ%mmmﬁﬂw%m
wugii fwualden annealing temperature 7
56°%.

Nested Polymerase Chain Reaction

Yrwdnd a9t PCR 7 Lea1nn159h PCR
Funs TS Faldlwswed ITS1/TSE wag fumia
tef1 Fildlnsied EF1-728F/EF1-986R way EF1-
728F/EF-2 1791 Nested PCR Tngldlnswasdiv
n1seonuuulaely Tag DNA Polymerase

(biotechrabbit™) 14 cycling wag condition ¥84

UfAsomiiganuuzii fvualden annealing
temperature 56°%. A529AOUNARST 7 LN
A15% PCR TA8ATI988UIUINY0IT UAIUTD 7
BuefidesnsiieizBianivsineda dendasos
PCR lUS3U3®W Macrogen Useinanng iiavi
ToiAn st PCR U3aw wagmarduinadlelnd
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4. A5IAHIUAIINYNA 99DV AVD LY 951
Trichoderma #flwsiasanmiznsiaaula

ideyadinuiiindlelnavesiiegeain
clean culture AvUFATeFUINTILBS TR
awzzs iUl o T, Asperellum 1191013
A5z Taei forward sequence Wag reverse
sequence 7 bAunUssuiauioury Tneld
1UsKN53 Geneious Prime 2020 (Kearse et al.,
2012) Agduiinteyavesanuilandlolva bu
sUsuulng fasta vin1snsivaeuaiin 1aeds
phylogenetic reconstruction ¥83 combined
dataset Aldanaumia ITS uay tefl fewnasi
Maximum Likelihood (ML) Taatp3eulud phy
TlUswnsy RAXML v8.1.15 (Stamatakis, 2014)
Tun1931As18% AunAl model of evolution
WUU GTRGAMMA T1AS1%%A28 rapid bootstrap
(command fa) 15 451A512% 9170 random
starting tree Wag A1UAAT 1000 1 drnu
maximum likelihood bootstrap ApziinaLiie
nyvaeuviafigndesiilnsmosdumensiaduld

NANINAADILAZIANTA]

1. uTIudayasianusNIsUYaNYaT lUaNa
Trichoderma

W e mu13 S nsnsaadeud 831
T asperellum AT UNTTIIVUSIULT B3
Trichoderma wuemd alwusans 1dd1uau
115 loloian afnflduonayyin PCR dumis
ITS, tefl wag rpb2 ¥ataN sequencing lovaya
sequence vaias1 T.asperellum 1 115 leleam

FIUIU 3 AU UIINITATIVAD UL S
Tunuilnn1878 phylogenetic reconstruction
Wiguiileuiu aneiugauluy (type sequence)
voudesluana Trichoderma dafiuisnsiild
WINTFIUMAEIAULL U
Han1sIWuUNYIdan wul1lanaee
mau%amﬁasinq'maa T. harzianum complex

T. asperellum complex wagluna wv o
Longibrachiatum Fauanslsifiuingegranguil
flanuvainunansuazunzauiiazthumagaey
AUTINIZvlNsNes 7 ldeanuuy e
ATI9AEUAINSINAE DNA veadesivang
2. sanuuulnsaisnzsedies T, asperellum

ponuuulngwosTnnIzuud udLul
ITS way tef! veudes T, asperellum voucher
CBS 433.97 ¥ 010 u type isolate 10917 851
T. asperellum Fansld type isolate Fdudunuy
Tuniseenuuulnswesiduisnisigndesniy
vanmsnseynsaisny vilvulaldinlnsiuesi
Ifarsumznzastudesiimane lnswed
INANAUS TS T1UIY 10 A wagiunla tefl
1§ wou 6 ¢ (Table 1) Sruauglnsiuasildin
Tusigndenlunisiilunageuyssdnsnnuay
donglnsiuesiangadmsunisiamunisnig
ATIEOUsD LY
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Table 1 List of primers specific to Trichoderma asperellum/ T. asperelloides,

designed based on the ITS and tefl gene region.

ITS tef1
Sequence (5' - >3 m size Sequence (5' - >3) m size
1 F ACGTTACCNNNCTGTTGCCT 57.95 269 1* F  GGCTTTTAGTNNNGTGTCAA 58.01 319
R CGCAATGTGCGTTCNNNGAT 58.03 R TGCAATGTNNNCTGAAGTGT 57.76
2 F  TCTGGCANNNATGAAGAACG 58.07 215 2 F  TTGGCTNNNAGTGGGGTGTC 58.01 320
R GACCGCCNNNGTATTTAGGG 58.05 R GCAATGTCNNNTGAAGTGTC 57.14
3 F  ACAACTCCCNNNCCCAATGT 57.53 214 3 F  GCCCGANNNTTCTGTTCTCA 58.19 426
R CATCGATGCCAGAACCAAGA 57.97 R TGTCGACTNNNGTGTCCAAA 57.03
4* F  CCTCGCGNNNGTATTTCTTT 58.36 223 4 F  TGCCCGACNNNTCTGTTCTC 58.19 428
R GGGTTCGNNNGTTGAAATGA 57.81 R ATGTCGNNNGAAGTGTCCAA 56.8
5 F  ATCTCTTNNNTCTGGCATCG 57.68 263 5 F  TTCCATNNNCCACCACATGC 58.23 257
R GAGTTGTGCNNNCTACTGCG 57.7 R AATGTCGACTNNNGTGTCCA 56.8
6 F  TTACCNNNCTGTTGCCTCGG 58.4 430 6 F  TGTTTGGCTNNNAGTGGGGT 57.54 319
R CGAGTTGTGCNNNCTACTGC 57.7 R TGTCGACTGAANNNTCCAAAA 57.75
7 F  TCCCNNNCCCAATGTGAACG 58.68 210
R TCATCGATGNNNGAACCAAG 57.97
8 F  ACTCCCNNNCCCAATGTGAA 57.23 214
R CTTCATCGATNNNAGAACCA 57.97
9 F  ATGAAGANNNCAGCGAAATG 57.47 286
R AGTTGGGTGNNNTACGGACG 58.41
10 F  AACTCCCNNNCCCAATGTGA 57.23 216
R TCTTCATCNNNGCCAGAACC 57.68

ITS: *4: Trias3 - F/TriasdR, tef1: Tritef1F/EF2

3. nadaulwsiuas
v‘hmimmaaﬂw%ma%ﬁ’mm%mm%am
Trichoderma TusgauaDs type sequences La
Twdwesisumerodeos T. asperellum £
Y9N Y complex UUAILNUS TS §71UMU 2 ¢
lauA Trias3-F/Triasd-R Wag Trias3-F/ITS4 (Figure 1)
wazdleunisduaeslnsiues Triasl-F Trias2-R
Trias3-F uae Triasd-R vusum TS voud 837
T asperellum CBS 433.97 (Figure 2) laglnsiues
VN 3 ﬂ X annealing temperature wmmvama
56 - 60°%. Lagenuiaua tef 3mu 1 Q Ao Tritef1F/EF2
Jenaaeulng e eanuuuuusmiumis TS
ey tefl fuiSuevendon T asperellum Wag
T. asperelloides lngl¥adrunauvosuijizen PCR
U 20 Pl Uszneaunae Tag DNA Polymerase
(biotechrabbit™) 1171 10 pL Insiues Ay

WUTU 10 uM 919 forward Wag reverse a819a
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1 pL dH,0 MU 7 pL tag DNA naasuduIy
1 pL wualwswes ook uuaInAILKdg ITS &
Qr-:l' ‘:{' A o, o ]

Qo ifvingaungafe 56°4. Wagiunis tefl
fgamgfinuzaufigade 60°. ognelsAny
INSLUe3 NAILUUS tefl TAUTUNIEAD
T. asperellum s¥AUYBINGY complex Wonin
Insiwes ool uuy b annsunu e TS g 9l

z )
dUI0ULYNATINYDT T. pseudoasperelloides
Y ' ¢
way T. yunnanense ba TUVET bNILUBS N
ponLUUlAINAILAUL ITS @1119005293ULT0 T
T. asperellum sgAuvaINgd complex lalanie
& . Y
W93 T. asperellum Wae T. asperelloides 1UIY
Ta19009nuUUINsLUDT 7119718297 UL 091
T. asperellum Tuszaungy complex LadL59
wazlaszegialudunaunisvinu]isen PCR
(Table 2) Fadufsdrdmiiedlslunisnsiann

UV S
WwertnllaglifaufAzenduduiresutinguy <
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MAgves Famannsiigmuteya type sequences
YUY Trichoderma Wuiiugulunisesniuy

Figure 1 The specificity of the designed primers against Trichoderma asperellum CBS 433.97

1. AY380912 1_Tnchoderma_aspereium_CBS_433¢
2 KF425754 1_Trichoderma_ssperetium_CGUCC_6
3 NR_165848.1_Trichocerma_kunminoense_YUF_1
4 GU19B301.1_Trchoceema_sspereliondes_GJS_04
5. JN123552 1_Trchodeema,_ssperatioides_GJS_04
6.0P3287711_Trchoderma_ssperetoides_Tr2

7. MH383059 1_Tichoderma_pseudoasperedoides_
B.MH262687 1_Trichocerma,_pseudoasperedoides_
8.NR_134419.1_Trichoderma_yunnanense_C8S_1%
10, AY941823 1_Trchoderma_yunnanense_YMF1.01
11 AFOS7606 1_Trichoderma_harzanum_CES_226-
12 FJ442579 1_Trichoderma_hacsanum,_GJS_051(
13, NR_134371.1_Trichoderma_hamatum_DAOM_1(
14, MH1139251_Tchodeema_insigne

15 MH113927 1_Trichoceema,_insigne

16 MH113926 1_Trchoderma_anischamatum

17. MH252585 1_Trichooeema_anisohamatum_YUF
18 MH262583 1_Trichoderma_ansschamatum_YMF*
19, MHB52505.1_Trichodeema_atrouide_culture_C8
20, NR_138456 1_Trichodeema_koningi_ATCC_642
21 NR_144958 1_Trichodeema_lentiforme_CBS_10¢
22 NR_120297 1_Tichodeema_teesei

23 DQ322409 1_Trichodeema_konings_GJS_00-18
28 MHBSTBS5 1_Trchoderma_virens_culture_CBS2
26 NR_128441.1_Trichooeima,_virice_CBS_119325
1, AF456007.1_Trichoderma_asperelium_CBS_4339
2. KF425756.1_Trichoderma_asperelium_CGMCC._6-
3,6U248412.1_Trichoderma_asperelicides_GJS_04
4.GU198294.1_Trichoderma_asperelioides_GJS_04
5. JN133571.1_Trichoderma_asperelloides_GJS_04-
6, KI742802.1_Trichoderma_kunmingense_YMF1.021
7. MK775504.1_Trichoderma_pseudoasperelioides_\
8, MH247183 1_Trichoderma_pseucoasperelioides_'
9.GU19243 1_Trichoderma_yunnanense_C8S_121
10. AY941825.1_Trichoderma_yunnanense_YMF1.01(
11.AF459195.1_Trichoderma_lentorme_GJS._86-6
12 AF401004.1_Trichoderma_teesei_OM_8a

13. AY750891.1_Trichodarma_wrens_DAOM-167652
14.DQ672615.2_Trichoderma_ride_CBS_119325
15. AY376046.1_Trichoderma_koningi_ATCC_64262
16.00289007.1_Hypocrea_konings_GJS_90-18

17 AF456887.1_Trichoderma_aroviride_G.J.S._98-1:
18. AF248101.1_Trichoderma_haranum_CBS_226.¢
19.F1463329.1_Hypocrea_lii_GJS_05-107

20, AF456911.1_Trichoderma_hamatum_DAOM_167(
21, MH177911.1_Trichoderma_insigne_YMF 100207
22 UH183185.1_Trichocerma_insigne_YMF 100351
23 MH177912.1_Trichoderma_anisohamatum_YLF1
24 236495 1_Trichocerma_anisohamatum_YLF 1
25 UH236494.1_Trichoderma_anisohamatum_YLF1

(type)

[GCCCTAAATACAGTGGCGGTC HC 1 AY230912.1_Trichoderma_asperelium_CBS_423¢

0
3
§
£
g
i
o
5

3 NR_165846.1_Trichoderma_kunmingense_YWF_1
4.GU198301.1_Trichoderma_ssperelioides_GJS_04
5. JN123553.1_Trichoderma_asperetioides_GJS_04
6.0P938771.1_Trichoderma_asperelioides_Tr2

7. MH383059,1_Trichoderma,_pseudoasperelioices_
8. MH262587.1_Trichoderma_pseudoasperelioices_
9.NR_134419.1_Trichoderma_yunnanense_CBS_1:
10. AY941823 1_Trichoderma_yunnanense_YMF1.01
11, AF057606.1_Trichoderma_harzianum_CBS_226-
12 F3442679.1_Trichoderma_hamanum_GJS_05-1
13, NR_124371.1_Trichoderma_hamatum_DAOM_1t
14 MH1139825.1_Trichoderma_insigne
_Trichoderma_insigne
16. MH113926.1_Trichoderma_anisohamatum

€ 17. MH262586.1_Trichoderma_anisohamatum_YMF*
18, MH262583.1_Trichoderma_anisohamatum_YMF
19, MH862505 1_Trichoderma_atrowride_culture_CB

3
g
H
§

DO000000000000060
~

M) cal c@ce!
GGCTTYTAGTGGQG'BTCAA
GCTTTTAGTGGGGTGTCAA
GGCTTTTAGTGGGGTGTCAA - |
GCTTTTAGTGGGGTGTCAA -
GCTTYTTAGTGGGGTGTCAA -
GCTTTTAGTGGGGTGTCAAMN
GCTYTTAGTGGGGTGTCAA

GU248412 1_Trichodetma_asperelioices_GJS_04
GU198294.1_Trichogerma_asperelloides_GJS_04
JN133571.1_Trichoderma_asperelioides_GJS_04-
KJ7428021_Trichoderma_kunmingense_YMF1.021
WK775504.1_Trichoderma_pseudoasperelioides )
MH247183.1_Trichoderma_pseudoasperlioides_\
9. GU198243.1_Trichoderma_yunnanense_CBS_121
10. AY941825.1_Trichocerma_yunnanense_YMF1.01¢
11, AF469195.1_Trichoderma_lentdorme_GJS_98-6
12. AF401004.1_Trichoderma_reesei_OM_6a

13 AY750891.1_Trichoderma_rens_DAOM 167652

14, DOB72615 2_Trichoderma_viride_CBS_119325
[15. AY376045.1_Trichoderma_koningii_ATCC_64262
ll’ 16.00289007.1_Hypocrea_koningd_GJS_90-18

17. AF456887.1_Trichoderma_atroviride_GJ S._98-11
18 AF348101.1_Trichoderma_haranum_CBS_226.¢
19. FJ463329.1_Hypocrea_li_GJS_05-107

* 20, AF456911.1_Trichoderma_hamatum_DAOM_167(
- 21 MH177911.1_Trichoderma_insigne_YMF1.00207
MH183185.1_Trichoderma_insigne_YMF1.00351
* 23 MH177912.1_Trichoderma_anisohamatum_YMF 1
© 24 MH236495.1_Trichoderma_anisohamatum_YMF 1

cHEcCHN
lilliﬂlllllnﬂlllll-nlIIIB!Illll 25, MH236494.1_Trichoderma_anisohamatum_YMF1

|
a
il

BCCTCGCGGACGTATTTICTTT
BCCTCGCGGACGTATTITCTTT
!ccrccccc:«ccn'rncvrr

GTTTGGCTTTTAGTGGGGT
TGTTTGGCTTTTAGTGGGGT
TGTTTGGCTTTTAGTGGGGT

CHTGTTTGGCTTITTAGTGGGET

] CHTGTTTGGCTTITTAGTGGGGT

CHTGTTTGGCTTTTAGTGGGGT
CETGTTYGGCTTTTAGTIGGGGT

Table 2 Thermocycle for Polymerase Chain Reaction (PCR) for specific primers to

36

Trichoderma asperellum/ T. asperelloides

1

PCR steps Temperature °C Time Cycle
Initial denaturation 95 5 mins 1 cycle
Denaturation 95 1 min

Annealing (ITS/tef1) 56/60 1 min 30 cycles
Extension 72 3 mins

Final extension 72 5 mins 1 cycle

]
=
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%

]
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c

ﬁ!
MBCCETGTTTGGCTTITTAGTGGGG THECH
BCCHTGTTTGGCTTTTAGTGGGGT



1 i 2

C

4

. TTTACAACTCCCAAACCCAATGTOGAA

. TTACCAAACTGOGTTGCCTCGGCGGGGOGTCATC
% M

1 CCCGCCGGAG

€ CCCG6G6G6TGCG6TCGCAQG T A ACCAGG

, TATT TCTTTACAG

i AACCAACCAAACTCTTTC

i A AT CAAAA

i CAAAAATTCAAARAT
=Y

CTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTA
P 0 m g = i il
ATGCTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTAT
g7 EER w0 g E= 370
= 1
T CT C  CATOCCCTGOGTCCGAGCGOGTCATTTCAACCCTCGAACCCCTCCGGGGEGATCGOGGCGOEGT
E:y w0 am am =
1
T T C 1 € 1 TCTCGCCGCAGC

T ACCCCTCACACG GGTGCCG
% =

CTCTCCTGECGCAGTAGTTTGCACAAMCTC

i CACCGGGAGE ECGCGGCGC

CCCTAAATACAGTGGCG
a7 am [

i TCCACGTCCGTAAAHA

510 BB

CACCCAACTTTCTOGAAATG

Figure 2 Binding sites of the Triasl - F, Trias2 - R, Trias3 - F, and Trias4 - R primers on the ITS
gene sequence of Trichoderma asperellum (CBS 433.97, type)

nan1snadeulngues i eanuuuuy
FAWNY S TS way tefl AURLEULev89LE 957
fusaiionsveaeu Toun L%E]i’] T. asperellum
$1uu 50 lelean Wesn T, asperelloides 31U
a8 lolwian Wesn T. parareesei $1uu 2 lelaian
\§ 851 T. longibrachiatum 1uau 1 lelwian
o3 T, viride complex 31uau 5 lolwian Wes
T lixii §1ua 2 Tolewan 1i 051 T, harzianum
Frunu 2 leleian WWesn T, lentiforme 1UIU
2 lelwian \ 851 T. affoharzianum $1uY
2 lolwian wazid a1 Gliocladium sp. $1uAU
1 lolewian wuia Twsiwes Trias3 - F/Triasd - R
wag Trias3 - F/TS4 finudunizaeides T
asperellum wag T. asperelloides (Figure 3) e
swhaewiafinuadendstunniaedy sister
group Tunssuunsewinadesasseidnddang
ONSEE phylogenetic reconstruction ARtk
Twsines 7 ldasdarudinizn oid 83
T. asperellum Tuszauna ' complex W
Inswesiananausaszyrianielfusnides
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T. asperellum Wwag T. asperelloides 9an9NLTe
91 Trichoderma nguduldegnsdaau nuinldd
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Foa T, asperellum FaTNT0DNWUUULAWILS
b2 sgnslsimuanseeuldldvdinlngwes
Fanaansanend o5 T, asperellum 31N
T. asperelloides & (Devi et al., 2017) 71819
FRIND15UINITEDNLUUINS LUBS A8FAILNUS
rpb2 W3 aswndd wi ufy iy tub2 Tagld
F3nsannnisineased Wewaunlilalngues
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ﬂsaw%mmaawﬁmmLG’?}Uaﬁw Trichoderma
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Figure 3 The results of specific primers tested with DNA templates of Trichoderma spp. and
Gliocladium sp. The lower bands showed that Trias3/Triasd and Trias3/ITS4

detected only T. asperellum and T. asperelloides. (Lane no.1 - 4= T. asperellum; 5

- 7= T. asperelloides; 8 - 9= T. parareesei; 10= T. longibrachiatum; 11 - 12=T.

viride complex; 13= T. lixii; 14= T. harzianum; 15= T. lentiforme; 16=T.

afroharzianum; 17= Gliocladium sp.)
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AUT UG U (complex) Han1saTuIIu 1o
Inswedi sonuuuuusmumys ITS 9004 831
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Trichoderma harzianum DOA-TH50 1‘14%‘13[,[5%

Acute Oral Toxicity and Acute Dermal Toxicity Study of
Trichoderma harzianum DOA-TH50 in Rats

Vian wneuns? 3way 15ssuglnia auiesh ndude” fans raddesiiya’/
Thasdaw Katenate! Vichan Watthanakaiwan Somkiat Klakhang®

Suphakorn Wongruenpibool”

ABSTRACT

Acute oral and dermal toxicity studies were conducted using a spore suspension of
Trichoderma harzianum DOA-TH50 as the test material, at doses of 5,000 mg/kg body weight
for oral administration and 2,000 mg/kg body weight for dermal exposure. Both studies were
performed in accordance with OECD Test Guidelines 423 and 402. The results demonstrated
that Trichoderma harzianum DOA-TH50 produced no evidence of acute toxicity in rats by
either the oral or dermal route during the 14-day observation period. No mortality, clinical
signs of toxicity, or alterations in behavior were observed. Gross and histopathological
examinations revealed no abnormalities in internal vital organs. Accordingly, Trichoderma
harzianum DOA-TH50 was classified under the Globally Harmonized System of Classification
and Labelling of Chemicals (GHS) as Category 5 (Unclassified). These findings indicate that
Trichoderma harzianum DOA-TH50 does not exert toxicological effects following acute oral or

dermal exposure and may therefore be considered a safe biological control agent.

Keywords: Acute Oral Toxicity, Acute dermal Toxicity, Toxicology, Laboratory animals,

Trichoderma harzianum

Y nguiiguardnyinen dindduimunniseninuiiy nsudvinmsinens a.avalesu a1ae1 9dns ngamme 10900
Y Entomology and Zoology Group, Plant Protection Research and Development Office, Department of Agriculture,
Phahonyothin Rd., Lat Yao, Chatuchak, Bangkok 19000. Thailand
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UNANED

msnageuAuduiwdsundunisuin
wagnaimdslunyusn lngnsldasuviuasey
auas Trichoderma harzianum @18Wug DOA-
TH50 AUSanaiAadudu 5,000 un/nn, tvein
fany dmfudeuniauin uazi Usuiuaing
Wty 2,000 wn./nn. gy dnsuuty
Handa suwudUjuRves OECD Test Guideline
423 way OECD Test Guideline 402 wWu31 1857
Trichoderma harzianum @18 W ﬁ: DOA-TH50
Lifanuduiwdsundu Tunyifomeuinuag
il wandedunafanueinisiduiag
14 Fu ldnudasinsane lduansnisiudeuwlas
woAnssunaglinudnueianunAveseTene
mely Fdudodnseiuauduiimdsundu
AUNUNTIMUNAUUADAN BAIUTZUUNITINA
NUATITLANLATNITAARAINVBITAANAADUAY
nanineuived Globally Harmonized System of
Classification and Labelling of Chemicals (GHS)
WU T Trichoderma harzianum mEJWUﬁ:
DOA-TH50 a‘i’@aq'iu category 5 (Unclassified)
laifanuduiwdeundunisuiniagnisiamils
Tunyusy FsdniduTdusinerudasafogs

Ardae: nmsvageuautuiwidsunaunis
U1 N1snaasuAnuLduR s sundunietiinia
NINYT d0INAa0d Was1lnslamesun sndety

UNin

¢ aa

NIUIABINITNBAT IANAUITIA U]
Usgdniamlunisaivaulsnwaziuadng iy
fimnuvasnsivgs siomyud &l fiv uavdsndon
dislinumsnsldnaumunisidansiafinimsinuns
Yt Uesiuidndngiiy (Biological Control
Agents; BCA) Usznaulusiededidinuazansonn
gnsTidunsdusznouredsdidin 1iu 9Aunss
Mdndngity &al3invunlug arsadnandiy
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s55uvn@ WWudu @rnidenauinisonsnanie,
2563) 83325041 Trichoderma harzianum @1
#iug DOA-TH50 1T udrunilsludAnsifiunide
NSNIVINITNEAT UINIANIIToRATAMUIIY
A5 NALE BareneUS U LA RAR
wandgligieinuasns weluldverenase
geaLd saveeiRuls i wagldlunisAiuny
Angite 1fioannienaunumsldarsiadidesiu
M3ndng iy Fafunsmaaouanudufiviie
AUaanN YT Trichoderma harzianum
angWug DOA-TH50 demduduseiads iteld
Iadeyasuaruduiivaoszuunn 9 Adeades
wazfinsussdunnudssdeunisihdastaueitu
q 1l msvageuaruduivillneuniugadu
nsnageulaelddninnasy slauazdiuiu
dninaasafitinldazgnfiansannszuiunis
Tuneud gndosn1sInerarans uazndn
T3 UTIUNTITERInAaed InuAuznIINAIT
uaniidsauaglddnivaaes uanaind &
UsgnianiuAunIslidansiieseidevasiaiives
anamglsy REACH Taduliansiafiynuda s
floguduaznanduln dosditeyanisfivine
FewniiTaiisnaden (alternative methods)
Aadwieldlunisnegeu n1snageuainadu
NwaeIsninden awnsauusaiu OECD Test
Guidelines § 18u33 7 H1unszUIUNIINAGRY
anuldlavesisuaziniseansuluszivainaudn
Wiomen LDsg (Acute oral and dermal) @maé’wé
Ap 931N15M18 (mortality) warernisaaadu
Aui Ui Tmau (evident toxicity) Tudninaaes
Wudeyanulasndsniuszuunisdnng
A5 LaEN1IANRAINYRITAA NAGB UMY
nanneugue Globally Harmonized System of
Classification and Labelling of Chemicals (GHS)
(United Nations, 2019) ﬁﬂﬁgwmwwiwﬁ@fﬁ’a

% ]

T0dUnTIe WA, 2535 a1sTId M Indn iy

Y
=

nfuingdunsie siled 2 Feazdestunzidou
LaEKIINTANTUNITNOUNITUTENBUAINIS
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Fadunaenwuildnfunmsarenenmalulad
NSHARTITUNIIAANTNYVRINTUIVINITNYAT
Fowunstunsdeunou §semnsasuiduns
wAnLflo e an3inle Fedeyafivine-lu
dnivaansmunsgiuainaty egludeyaiio
nstunsSeuTafasihindnsfiviemudiy

AdeilingUssasdiflenaaeuniny
Wuiwidsunaunisuan (Acute Oral Toxicity)
wazanuLduRwidsundunneldands (Acute
dermal Toxicity) Tngn1snagounnuid ufie
WREUNAUNISUIN Azdnslralsaaaun1sun
(oral administration) fuvy a1unsoliadafie:
yiovansadsildnielu 24 Falus wazquanely
14 Tu lnsdunnoinishifieUssasa (adverse
effects) lUaudsgunsediadedin (OECD, 2000)
1 81171 LDso (Acute oral) Tasn15Uuaniu
OECD Test Guideline 423 (OECD, 2001) hag
nsnageuAIduiudsunduniaiands 1Ju
nsnedeuivienaintulusserduanmsduda
Fuansiiduvesudmsovennailnenieiane
Tnodunno1n1sluieuseasa (adverse effects)
lUaudsgunsedadedin nelussesiign 14 u
Wiovnen LDso (Acute dermal) lnansufjusniu
OECD Test Guideline 402 (OECD, 2017)

1. mmsnadauautdunwidsunaunisdin
(Acute Oral Toxicity)

ANTUNITNAABUANULUIU TR VD
OECD Test Guideline 423: Acute oral toxicity-
Acute toxic class method of OECD guidelines
for testing of chemicals (2001)

1.1 MIATENTEANAGOY

ihdannagey Trichoderma harzianum
aeug DOA-TH50 AnFeuldliduasuuiuase
alos (spore suspension) UTana 5 1. wetallunin
NAUURNIRS 12.5 wa. wislildansuriuaseales

AT 5,000 1in/nn. Wvidndvy Wedasdiu

N ULE avvnsrauEnaSadeLAS e an
a1sazany (vortex mixer) i alaraneidudu
deieaitu vhneseudaudunsas dae
N3ZA1YAIUTUTAAINLEY (pH indicator strips)
TavasuviuassayUes dA1 pH = 6.0 NsATou
Taanaaaud osrdun1snssuiunIsnagey
ermduivlunyusnaeluiudendu
1.2 Mamieudninnaes
Tdyusnmaasatenug JclSD il
3 61 97y 8 AUt Tlifinsdaiesuasliely
szogliuy aun nulanse 9nu3En luysy @eu
Suwmesiutuwua s1im wieuralalususes
gun1nmyusy (Animal Health Certificate) 41s1
Aodluiesu fodniad elvimydsudadaiy
anmuwindeu tnedinsauauammnndeglugas
22+3% A UEUINST 50 - 60 % wawilszuu
muAuLasaIdimizanlunsaziu Tnodal
Wuszezan 12 vu. Validussuzioan 12 wu.
myusvldfuemaidafiniunisendeaingud
Fninnaosunierd uminedeuiing wazid
N983 Reverse Osmosis aa’wuﬁuﬁ'maaﬂmi
naaes fimsldtagsosmeulunss uaziinadsy
Fanseeuouyn 3 - 4 Fu wiowdsuidowuind
audunazniglunsmaass Tnednidunis
AUV URVDY Guide for the Care and Use
of Laboratory Animals, 8" edition (National
research council, 2011) maluayynlddniiile
PUMIIneneans el U1-04925-2559 @iy
Waunssdunsdedaiifienumadneimans
(ana.) dUnUANLNTIUNTILUNIVIF (3%.)
1.3 mstaudsnnageu
Tnerouunnaeuiimyusmits 3 ¢ ldas
TUNTINAFANNAADIVUIA 23x52x22 Y. Lhein
L?;JEJGW%LLSVI 1 fasonse waveme1msuslilonii

Duszeenan 1 Au (yusn 1§/ 1 Tannaaeu)
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Gutlewiannaaoulagiiunsliaisuviuass
aues T. harzianum aeug DOA-TH50 laenss
MaNAUNYLIT (gavage feeding) AIg feeding
tube TansuwuapraUaSANUYLTU 5,000 UA./AN.
dweindany Unuasiviuassalasilivon
wusmwfazﬁaﬂgu Gfuaajﬁ’uﬁémﬁﬂﬁwawg

Tngusurunisliarsunazad sl aunla iy
2 319./100 n. wiindavy mevdsdleuamsvagey
AsU 4 v Wemsunvyusvauund (Figure 1)
U‘%mmmsLLﬁmuaasJaiJa%ﬁﬂaumﬂmmm’m WIn

LHIAaTFININY 3.94, 3.90 uay 3.41 Ua. HINAGU
(Table 1)

Figure 1 Oral administration of a spore suspension of Trichoderma harzianum DOA-TH50 at

an acute dose of 5,000 mg/kg. body weight to rats.

Table 1 Oral administration of a spore suspension of Trichoderma harzianum DOA-TH50 to

three rats.
No. of Concentration of Amount of
i Sex Body weight (g.)
animal substance (mg/kg/day) substance (ml.)
1 female 5,000 315.00 3.94
2 female 5,000 312.00 3.90
3 female 5,000 273.10 3.41

1.4 N3FAUNANANITNAGDU

FUNADINTITN AR UNRATNEANTTUVD
v Lo msfiReUn eandutin enmsdu
(tremor) 811157 A (convulsion) 81159 99LEY
(diarrhea) 910150 0uULna o (lethargy) 91019
hanelna (salivation) wazenisuuaai (coma)
fiszeziaan 30 Wil 1 uay 4 v, Mﬁﬂﬁ]’]ﬂﬁgmﬂ’]@
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oM sneAaindiintulusseziian 24, 48 uay
72 v mmfué’uﬂma'm'rﬁuam'ﬁgqnﬂi’u
Ansomudunan 14 Tu JuiinUsnae msuay
ihitnyusniunniu uasdufimimdndamyusmi
a1 1, 7 wag 14 U vanlasuiannageu
LazilaszsiiALAnaadoyaLiiosuiiuna
1947 NAADUABENIIN1TIRT LA ULAVRINY
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fiauﬁ?}uqmmimaauﬁiwmm 14 JUna9an
I¥$uiannaasy inisonemsnyusni gl
aenduan 1 Au deunisnigaeenn laensii
nyksngaingasueulneanlyd uwagk1¥evies
LLazﬁaqamﬁa%’uqmmﬂ HIIVADUANYUENIY
nMeuaInveteierzntelun1an1uan (gross
examination)

2. minagauaNuduiwmdsunaums
N (Acute dermal Toxicity)

aulunsnegeumuLuIlURves OECD
Test Guideline 402: Acute dermal toxicity: fixed
dose procedure of the OECD guidelines for
testing of chemicals (2017)

2.1 MSLATPNIEANAEFDY

Uriannaaeu T. harzianum @89G
DOA-TH50 7inseuldlihduaisurinassales
Usina 2 n. wanludinduusanms 5 va. wield
Taansuviuaneayuss anadudu 2,000 un./nn.
thwiingany offusinaudnfuuga asviinas
naudnafaisirteaLansarans Wislvavane
dnduiloieatu shnsmagoudiaudunse
AN AIENTEAIBEINTUTAAINLEY LABdans
wYIuaREaUas 4A1 pH = 6.0 Nsin3eudan
NAFBUADIANTUNITNTDUAUNITNAFDUAIM
Duiiwlunyuwsnagluiudeadu

2.2 Msnseudninnasg

Tinywsnmeaesaneiug JclSD el
3 62 91y 8 dUnA filaifinsdaviasuarlaioglu
srogliul guainuduss 3nusen Tuysse
deny Sumediutunua $1im ndeuvildlususes
gun1MmYUsY (Animal Health Certificate) Wi
Aoslurosufuinad elimyusududasy
anmuindeu laedinsatuauaungilegluyla
22:+3%), AUTUFUTMEA 50 - 60 % wazisvuu
muAuuasaInsimnzanluusiaziu lnodalw
Wuszoznan 12 vu. Ualiluszosinan 12 v,
MuﬂLL'EVIVLG?f’%JUE]'IWI’iLﬁ@ﬁﬁi’]uﬂ’]‘ﬁsﬁ’]L%@ﬁ]’lﬂﬁlué
Fninaaeaunand uniinedouding wazn

N989 Reverse Osmosis aa"ml,ﬁmﬁmaammiwﬂa
04 fimsldfansesueulunss uazlimaiudeuian
$09UDUNN 3 - 4 YU T oLUF uLfl owudndl
auduLarnslunsmeans Tngsudunisny
wuIUUR Ve Guide for the Care and Use of
Laboratory Animals, 8" edition (National research
council, 2011) muivaqmmwﬁmﬁﬁamumq
Svpadnans Lavi U1-04925-2559 @ndu
WauIN15a T UNISA 0 AT LT 991UV
BIEEns (@nan.) d117nUANENTINAITINY
WASTIA (2%.)

2.3 MUV IAANATUUUHINI

lngnauyiin1saaay 24 vy, Inuvuny
WINUSLIUATUNAITEUT NV IAU TR VIR
(dorsal/flank area) m3N1AI19 7x5 9. %58 10 %
vosiuifrvudiany lagldliiAauiaunauy
Forls uazaimyusiis 3 ¢ ldadlunsananafin
NAADIVYUIN 23x52x22 . LLEJﬂL?:EJWiHLLiﬂ 16
fonse wazene1nisuslyonun Wuszezinan
1 Ay (yusw 1/ 1 aqnaaou) ndsanniu
pndunisiiaisuaiuaseales T. harzianum
aneiiug DOA-TH50 Tnelviansindsuuusiuifew
VA 6 7B, IUURIMTIIY WSVl LIY
wdtnulaTiuuiugAevdenanamesUauna
wardaiumeiunnauuudnedadildneldiin
nMssyAeiesnanads Tngldansuviuassales
Arandudu 2,000 un./nn. gy U3ues
Yo3a150gluY193ENIe 0.5 - 1 ua.) Womsun
NULINATUUNG A18NTINAABUATY 24 V3.
WNEZLHUNAZDUDDALATANYINIAIINELDINRINS
NYWINA I8 0.9 % Normal Saline (Figure 2)
U'%mmi’a@maauﬁLLUzuuﬁmﬁqLLfimgLLimwias
fnnu 1 ua. (Table 2)

46 2136715398UaTWAILIRIFNVINY TN 1 atunl 1 AsngAx - Augneu 2568



Figure 2 Dermal application of a spore suspension of Trichoderma harzianum DOA-TH50 at

an acute dose of 2,000 mg/ke. body weight using a gauze pad applied to the skin of a rat.

Table 2 Dermal exposure of three rats to a spore suspension of Trichoderma harzianum

DOA-TH50.
No. of Concentration of Amount of
i Sex Body weight (g.)
animal substance (mg/kg/day) substance (ml.)
1 female 2,000 225.00 1.0
2 female 2,000 226.70 1.0
3 female 2,000 228.50 1.0

2.4 NSEUNANANISNAEBU

dunne1n1In1enddn wgRnssu laun
91MsTRaUNE A UUIn 91nsdY 81nTn
91nsHeads 9ansseumds oan1suianelua
LAYOINSRUAER LABFUNASNWULNITUINLAS
u,azmiLﬁmLmaﬁﬁmﬂ’wawwnmﬁﬁwzLam
30 Wit 1 uag 4 v, wdentulsydudnuae
ﬁmﬁfwawguwﬁiwmm 24, 48 uay 72 Y.
Togduaninannis Az LLLEINITLALAZBINTS
UIUVDININUIRU Draize et al. (1944) (Table 3)
ﬁmfué’uﬂmafmflii’uasﬂ%gmﬂi’uﬁmaﬁulﬂu

1387 14 U ﬂ’uﬁnﬂ%mmmmmasﬁéﬂﬁmLmn
Aunniu LLazﬂ’uﬁﬂﬁgﬂwﬁfﬂﬁamLLﬁwﬁnm 1,7
wag 14 U #89nlAsuaNsMAERU LarIAsIeu
ﬂ'm'mmmnm'wﬂ?’ayjaLﬁ'aﬂimﬁumamaami
naaeusesnaNsasydvlavemy nouduan
n1sMAdeUT szuzaa 14 Sundsanlasuans
NAGEDU v‘hmwmmmWHLLimﬁéTahjmaL“ﬁunm
1 Ay Aaun sMIen laenshinyusvaaing
asuaulavenles wasiYewiowmazdesaniile
FUFNTVIN ATIVABUA NYULNIINIEAINVD
oinznelumeniilan
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Table 3 Grading of dermal effects.

Erythema and eschar formation Grade
No erythema 0
Very slight erythema (barely perceptible) 1
Well defined erythema 2
Moderate to severe erythema 3
Severe erythema (beet redness) to slight eschar formation (injuries in depth) 4
Edema formation Grade
No edema 0
Very slight edema (barely perceptible) 1
Slight edema (edges of area well defined by definite raising) 2
Moderate edema (raised approximately 1 mm) 3
Severe edema (raised more than 1 mm and extending beyond the area of exposure) 4

Source: Draize et al. (1944)

NANISNAABINAZIANTAl

1. nanadauaMUUuRwdsunaunisuin
A1SEILANBINITNINAR L ALAZ WA NTTH
(Clinical signs observation and behavior)

mmiﬁuawwmamﬁlﬁ%’umiﬂaumi
wiuaewales T. harzianum aneug DOA-TH50
fenuidiudu 5,000 un./nn. dviindany ileld
nadauAIUld U v suna uni1sUin
Tuszeziaan 30 wiFt 1 vy, was 4 v, wsaniy
LE]’]@JEJ’]ﬂ’]iﬁ/l’]dﬂﬁﬁﬂﬁﬁ@%ﬂiﬂi%ﬂzL'Jaﬁ 24, 48
uar 72 3. wazdanmeinistuazasenniu
Andefuduin 14 Ju wudn vyusvite 3 6
Auomslamuund e sfiiaund lauana
anusulan Winisuansenisdu e1n1s9n
gnseade e1nseeumds e1nsinanslua
LAZDINITNUAGR

9M51N15018 (Mortality)
aMenasn1sdeuaisuriuassales
T. harzianum @newus DOA-TH50 Aimnuidiudu
5,000 un./nA. 1}1‘1/1%153‘1/115 Lﬁlaé’qmmmmiwy
wsnluszeziian 30 U9 1 YU, WAL 4 YU, U
linunismenseennisindniy wazluszesiian
24, 48 uag 72 Wi, JWATUAUUATEEZIAT 14 TU
w1 siyusvisa 3 ¢ lifinsmenintu (Table 4)
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Table 4 Mortality, morbidity, clinical observations, and behavior of rats orally administered a
spore suspension of Trichoderma harzianum DOA-TH50.

No. of Concentration of substance Mortality and Clinical signs observation
animal (mg/kg/day) morbidity and behavior

1 5,000 0 No toxic signs

2 5,000 0 No toxic signs

3 5,000 0 No toxic signs

USunaiemnsuaztniiny waznisiUasuntas
13(’Wiﬁn§f’3 (Food and water consumption and
body weight change)
miﬁummmazﬁmawgLLimnﬂﬁaﬁ
Iesunuuliisiin Tnefinsdahminemsuazady
iU nuivyusnildsunisdouaisuviuase
aUod T harzianum anewug DOA-TH50 721l

Wty 5,000 un./an. dmdndavy aunsanu

grsuazinlmduund daadsnisiuems
WINAU 16.27, 16.11 ag 13.78 AT AUa1aU
LavilAadsnsuumintu 41.86, 35.53 hay
51.73 wa. anuansu Tnefdminfiiiuiuaas
MADATYYLLIAMAGDU 14 JU VAU 24.30, 28.10
way 25.70 /87 MUSTU (Aedy 26.03 n./f)
(Table 5) uwagwuinnsasundaswestiming

wavLTudonA DI UNSITEYRULe (Figure 3)

Table 5 Changes in body weights of rats orally administered a spore suspension of

Trichoderma harzianum DOA-TH50.

Body weight (g.)

No. of S Weight Mean
ex
animal Day0O Dayl Day2 Day7 Dayl14 gain(g) (g)
1 female 31500 321.10 328.60 33490  339.30 24.30
2 female 31200 32040 331.30 336.10  340.10 28.10 26.03
3 female 273.10 276.00 278.80 28590  298.80 25.70
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Acute Oral Toxicity

r23

4

Bodly Weight [gram)

Dayd Dayl

Day2 Day3 Dayd Day5 Dayé

(wesd) uopdwnsuod poo4

Day7 Day8 Day9 Dayi0 Daylil Day12 Day13 Dayid

I Food consumption

—=Ratno.l
ol Fat N0Z

—g—Fatno3

Figure 3 Changes in body weights of rats orally administered a spore suspension of

Trichoderma harzianum DOA-TH50 in relation to food consumption.

AMIATIVEDUANWUSNINIBA TNV IDIIEA8 U
femUan (Gross examination)

Tududi 16 veen1snadoun1ind ufiv
MgLLimﬂ”lq 3 7 azgnyinisens msidunian
1Ay LLazﬁmvﬁ"qﬁéwwﬂ’ﬂdauvi’wmam;mamm
Tnenmslivunaassgaauiteasueulaoenles
(COp) ANTUMTHITINNYNAGDY H1YBIVDILAE
thaaamﬁ'asﬁ’uqmsmﬂ LagaAUNAUNAYDS
oieaznelu loun Yoa Wala du d1u nseinig

913 anldvindrudu la uagnuazsely way
GRON wamsw’wmmLLsmﬁllﬁ”%’umﬁﬂaumi
wiiuaewales T. harzianum aneiug DOA-TH50
firududy 5,000 un./nn. 5mﬁfﬂ§hmé PUI
aiiznglureanyusnynsa lidauiaung
YOIFNWAEAIUEN MIlUALYDIRIUML e T
nelu vuneieny wasdveseleny (Figure 4)

Organs : Acute Oral Toxicity

Lung Heart Liver Spleen

Gastric

Uterus and
Kidney Brain
ovaries

Duodenum

Results = Normal

Figure 4 Pathogenicity of a spore suspension of Trichoderma harzianum DOA-TH50 in

different organs after oral administration.
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2. nanadauanuduiwdsundunisiavie
A1SEILANBINITNINAA L ALASNYANTITY
(Clinical signs observation and behavior)
mﬂWUawwmamﬁlﬁ%’ummmuaaEJ
aues T. harzianum angWug DOA-TH50 Al
ity 2,000 un/nan. dwiingany eldnagen
AU wdsunduniainds Tuszagiian
30 W19l 1 Y. way 4 vl wé’wmfwé‘hammi
mardiniiAnTuluszosan 24, 48 uay 72 .
uazdanmenisTuazadamnufadefudung
14 $u nudn vyusviia 3 & Tugas 30 wiiusn
ingAnssuldqudududiuunad wudoild
werenuinnazfasuinAevoen oglaidauslsl
gouiu 1433anslseunse enawioswnannnis
W liseuda denalvimyusvlianunsanseiale
fvifiaag ndsann 4 wu. wyusmiuemsle
auUnd wazlifonisianund liuansniuy
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AnuuNaLazLsuRNigean WUl Kantaveamy
wsvldifionnsuiuuns ladfionnsud lfifunde
sailadu wilutudl 5 wudrRmifwesyusmizad

Day 1 Day

aufinuneg Uhafiluveuisesunadniies Tu
Jufl 7 Awfsvaanyusni uidy asfouas
sosvountauiamely wazlutuil 14 Aamdalad
msilundusnluanmAdai (recover) (Figure 5)
WaZIINNITUTEAUDINTUALALDINITUILVD
ﬁﬁﬂﬁﬂMHLLiwﬁQﬂLLU%ﬁ?EJﬂ’]’iLL‘U’JHﬁ@EJﬁU@%
T. harzianum @18 Wus DOA-TH50LW Wy 18
9IS EINTUIN Fadlamuimaidauiinng
LANAENITUINVRIR I aryusly 72 va. usn
NUIHAIAZLUUNITUASLALNITUINYBIN IS
WINAU 0 MIURANLNUTT NS IAALLUUDINITUAS
WALOINITUINVDIRINTBS Draize et al. (1944)
(Table 6)
9n31N135918 (Mortality)
Aeundensldasuiuassalasiinig
UL 2,000 Un./NN. 13mﬁfﬂ§h‘mg wUEUURINTa
NUYWIN Lﬁlaﬁ)ﬂLﬂGlEJ’]ﬂ’]i%HLLiV]IUiSEJSL’Jﬁ’]
30 U9 1 wd. WAy 4 9. Wsn lnunISANeunse
21N15ENARNY wazluseesIan 24, 48 uay 72 v,
UATUMNUASTEZLIAT 14 TU WU mﬂ;mwﬁy’q
3 ¢ Talfinnsaefiniu (Table 7)

Day 7

Day 14

Figure 5 Dermal irritation in rats following administration of Trichoderma harzianum DOA-

TH50, with complete recovery observed after 7 days.
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Table 6 Grading of erythema, eschar formation, and edema in rats.

Grading of dermal effects

No. of Irritation
animal 24 hrs 48 hrs 72 hrs level
Erythema Edema Erythema Edema Erythema Edema
1 0 0 0 0 0 0 non-irritant
2 0 0 0 0 0 0 non-irritant
3 0 0 0 0 0 0 non-irritant

Table 7 Mortality, morbidity, clinical observations, and behavior of rats dermally administered

a spore suspension of Trichoderma harzianum DOA-TH50.

No. of Concentration of substance Mortality and Clinical signs observation
animal (mg/kg/day) morbidity and behavior

1 2,000 0 No toxic signs

2 2,000 0 No toxic signs

3 2,000 0 No toxic signs

USuaiensinsuazinii iy uaznisia suudas
ﬁmﬁnﬁ"a (Food and water consumption and
body weight change)
maﬁummmamfwawy]LLimnﬂﬁhﬁ
Igsunuulddda Tnefinsdaimtnermsuazain
NnTu nuImYLINT i Suaisuviuassales
T. harzianum aneiug DOA-TH50 fienandadu
2,000 un./nA. ﬁmﬁ’ﬂﬁhm UUZUTLIURINN
anunsofuemsuaztinlgiuund faeasnis

AUBINISININY 15.55, 16.51 ay 16.65 n.
ANETU wavidaadsnisAutuyindu 41.60,
46.40 uay 39.33 wa. auansu Tneihimdngai
futuadunasnsyezamagey 14 Yy Wiy
52.60, 38.40 k@ 57.00 n./67 MU (Aade
49.33 n./6) (Table 8) wasnuinsiUasunas
Y09t nALaE ot i 1T uaennd ot UNg
L3gysAule (Figure 6)

Table 8 Changes in body weights of rats dermally administered a spore suspension of

Trichoderma harzianum DOA-TH50.

Body weight (g.)

No. of s Weight Mean
ex
animal Day0 Dayl Day2 Day7 Day14 gain(g) (g)
1 female 22500 23210 23550 25840 277.60 52.60
2 female 22670 231.10 23430 24730  265.10 38.40 49.33
3 female 22850 237.40 241.10 26330  285.50 57.00
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Acute Dermal Toxicity
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Figure 6 Changes in body weights of rats dermally administered a spore suspension of

Trichoderma harzianum DOA-TH50 in relation to food consumption.

MINTIVFRUANBUEININIEMNYRRTEIzAeTy
aaenUan (Gross examination)

Tufudl 16 veamsmaaeuaImduiiv
YosasurIURBnaUas My 3 f1 azgni
n1semeaiiue 1 Au uazthundsinidn
Aowin1sn13aieans Inen1slinylmanauing
asueulaeeanled (CO,) ANTUNNTHIIINNYLTY
K1vewiBaLardosenIilofugnsnn uavgAIy
Anundvesedeiznely laud Yan il du dhu

NIz g mnT Sldandiuiu ln unanuassaly
uazaued Hanssgnvyusiildsunsusans
wwuaeeaUes T. harzianum anewug DOA-TH50
Ui A A auduty 2,000 un./nn.
ﬁmﬁﬂéffsm WU o3ywngluvemyLIN NG
Tuudaznisnaaeu lidauiaunfvesanyus
meuen Tluduvesiumisetrznely 1un
937 wazdueseiviy (Figure 7)

Organs : Acute dermal Toxicity

Lung Heart Liver Spleen

Gastric

Uterus and
Kidney Brain
ovaries

Duodenum

Results = Normal

Figure 7 Pathogenicity of a spore suspension of Trichoderma harzianum DOA-TH50 in

different organs after dermal exposure.
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ﬁmﬁmﬁhmaamLLimﬁw‘fTuLa?{aaamﬂé’mﬁumi
Wsaiulau wansliidiuindes 7. harzianum
aneviug DOA-TH50 Lifinadanisiueimisuay
1}’1LLazMﬁmaLﬁ&l@famwﬁﬁyjtﬁuimawy)L.mn
AONARDINUNITTIENUTDY Arteaga et al. (2014)
Alasenui damindvesdninnassdusiia
ogamilsilideyaiieriuanudufiveesansi
Tdmaaeuund u nsgydouamindves
dninmansatheiivoddny onadunisludued
anudsmesedniuinian uaglunsddons
Aanulgnansildnadeuidyqinmesnuu
NeoE19TALIY
ﬁdﬁuﬁagamwmaauﬁﬁqmmsaﬁmﬂﬁz’f
fuduninuvasadevend 831 T. harzianum
anewug DOA-TH50 finanlagnsaivinisinuns
16 Ysgnauduiiveayan1sdwunyianiedygiu
Inguazdiluiana na1iAe T. harzianum
aeug DOA-TH50 Lumeiusiinrudasnasde
dewFsuisududon T arewusdug 4
d0AAABIAUNITINBIIUTOI Roman-Soto et al.
(2019) Ainuindesn T. longibrachiatum \Ju
aetusfidoidudelsng il fvilviAnnisin
FeluvoauazRamivlugvaedinnegddudu
UANTBS wavuBNINGSdenndoeiuniisees

Shahbazfar et al. (2023) 7518910778150y
Q’ﬂw@w’f}uaﬁ Trichoderma spp. 374U 3 97¢
TnenuseslsavuRnge osinnisiinunaiy
osusitsiimmdsosiaoanmnsondumnituylé
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dsunan1snaaauazAugin

nmnageuauuiividsundunia
Urnlunyusn vesarsuviuaseales
T. harzianum @19%us DOA-TH50 7 U3 w1
gy 5,000 wa./nn. iy uagnns
nadeuaIduiwdsunaun i mvildlunyusy
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YlauakuAiiisy Xanthomonas anuglsalugauzidamanazninlulszmdlng

Xanthomonas Species Causing Bacterial Spot on Tomato and Chili in Thailand

Pwasse AumaR” alngun laBaasgyna? Suiiey eEunR?
Y38l Wasdunmng 35un veamse” ngyaun asldY
Tippawan Kanhayart” Nuttima Kositcharoenkul” Wanpen Srichart?

tl/

Buranee Puawongphat? Rungnapha Thong kreng” Kanchana Srimai®

ABSTRACT

Bacterial spot disease in chili and tomato plants is a significant problem for producers
worldwide, causing yield reductions and seed-borne transmission. The disease is caused by
several Xanthomonas species, which exhibit similar symptoms and have undergone multiple
taxonomic revisions. Thus, this study aims to identify Xanthomonas species associated with
bacterial spot disease in chili and tomato plants in Thailand and to provide updated
information on pathogen classification. The study was conducted from October 2022 to March
2025. During this period, Xanthomonas isolates were collected from diseased chili and tomato
plants in cultivation areas across the country, as well as from the Plant Pathogen Microbial
Collection Center. A total of 96 isolates were obtained, including 77 from chili and 19 from
tomato. Isolates from tomato infected only tomato plants, whereas isolates from chili were
capable of infecting both chili and tomato plants. Most isolates from tomato produced both
amylolytic and pectolytic enzymes, whereas the majority of isolates from chili did not. PCR
analysis revealed a 173 base pairs (bp) DNA band specific to X. euvesicatoria pv. euvesicatoria
in chili isolates and a 300 bp band specific to X. euvesicatoria pv. perforans in tomato isolates.
Maximum likelihood analysis of concatenated partial sequences of the atpD, dnaK, efp, and
gyrB genes confirmed two major genetic groups closely related to type strains: X. euvesicatoria
pv. euvesicatoria, predominantly from chili, and X. euvesicatoria pv. perforans, exclusively
from tomato. This study confirms that X. euvesicatoria pv. euvesicatoria and X. euvesicatoria
pv. perforans are the primary causal agents of bacterial spot disease in Thailand. X
euvesicatoria pv. perforans was specific to tomato, while X. euvesicatoria pv. euvesicatoria
primarily affected chili but was also able to infect tomato. The absence of X. vesicatoria, X.

hortorum pv. gardneri, X. campestris pv. raphani and X. arboricola in Thailand was also noted.

Keywords: identification, leaf spot, chili, tomato
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n19911 PCR T9USums570 20 pl Usgnaunaes
BueveadsuuaiisanuduTy 10 ng/ul, 1X
OnePCR Master Mix (GeneDireX Inc., Taiwan)
wazlnsiwesednas 0.2 pM WfiuUSu RS uLe
é’aal,ﬂ%amuauqmmﬁ Biometra TAdvanced
(Analytik Jena GmbH, Germany) fiMuuAgURYil
IwswesiFududugfufidueusinuu (annealing)
ﬁqmmﬁé’mﬁ@ﬂu Table 1 As29@@UNANITLRA
USinamduemeds exnlsanadianinslsds
(agarose gel electrophoresis) LLazm’Jf\]@JLmua
Buenelduas gansthloanseiaias UVITEC
Cambridge Platinum (Uvitec Ltd., UK) laadlf
WSutevend ouuaTiSofuwuy (type strain)
La'wn Xanthomonas vesicatoria NCPPB4 22,
X. hortorum pv. gardneri NCPPB8 8 1 ,
X. euvesicatoria pv. perforans NCPPB4321 ugay
X. euvesicatoria pv. euvesicatoria NCPPB29 68
91nd@01U UThe National Collection of Plant
Pathogenic Bacteria (NCPPB) @%1519910413N 9
\Jugmauay (positive control)

5. mysuunviadauuafieaunglsaluga
VBININUAZULLUBLNA
nssfauazisFIIMALEue
afafduedonunaii3eannnlsalugn
VBINTNUAL UL ONARILYAATA QlAamp DNA
Mini kit (Qiagen, USA) thiliuiefiadalduiidix
USuaudiu atpD, dnak, efP uag gyrB MuTIENU
4949 Roach et al. (2017) laglun1s¥1 PCR 14
Usu1ms91 50 pl Usgnaunig s ueveate
WUATILTEANMLUNTY 10 ng/ul, OnePCR Master
Mix (GeneDirex Inc., Taiwan) wazlnsiuasvin
Az 0.2 pM WNUSIAALSuefIsIA3 B3AIUAL
aqzwq‘ﬁ Biometra TAdvanced (Analytik Jena
GmbH, Germany) Aviung M) duaglaal
S uduuenatsfdulout wuy (denaturing)
fgunnd 95, \utian 2 uad w9y 1 58U
LENABA LS ULOL WUUR BT o N T 94°%.
Hunan 30 Jundt InswesiBududug fudidue
wiuU (annealing) Aawansly Table 1 1Juaan
15 3unfl duas1esinidute (extension) figaunail
72°%. \urian 2 A 9uau 30 SO uas
daAz9iAouleTeUnYiNY (final extension)
figaumadl 72°. 19uaan 5 undl $1uu 1 seu
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Table 1 PCR primers for Xanthomonas species - specific identification and MLSA assay

Primers Sequence (5’-3’) Annealing PCR Reference
Temperature product

BS-XeF CATGAAGAACTCGGCGTATCG 66°C 173 bp  Koenraadt et al. (2009)

BS-XeR GTCGGACATAGTGGACACATAC

BS-XvF CCATGTGCCGTTGAAATACTTG 66°C 138 bp  Koenraadt et al. (2009)

BS-XVR ACAAGAGATGTTGCTATGATTTGC

BS-XpF GTCGTGTTGATGGAGCGTTC 66°C 197 bp  Koenraadt et al. (2009)

BS-XpR GTGCGAGTCAATTATCAGAATGTGG

BS-XgF TCAGTGCTTAGTTCCTCATTGTC 66°C 154 bp  Koenraadt et al. (2009)

BS-XgR TGACCGATAAAGACTGCGAAAG

HpaF-f GTGGCAGGCAGGCAATCGACG 65°C 300 bp Ning (2012)

HpaF-r CCGGCACGTCGACGCCTGGAAACC

dnaK-F TGGGCAAGATCATTGGTATT 67°C 765 bp Roach et al. (2017)

dnaK-R ACCTTCGGCATACGGGTCTG

atpD-F GGGCAAGATCGTTCAGAT 66°C 768 bp Roach et al. (2017)

atpD-R GCTCTTGGTCGAGGTGAT

gyrB-F GCCGAGGTGATCCTCACCGT 69°C 774 bp Roach et al. (2017)

gyrB-R GGCCGAGCCACCTGCCGAGT

efp-F GTCAAGAACGGCATGAAGA 65°C 387 bp Roach et al. (2017)

efp-R TCGTCCTGGTTGACGAAC

N13ASIAEDUNANAUN PCR

S wedilia1nnsvil PCR 11ns79
ARsIinlgIternlsalaadianinslnsda lneld
2% agarose T 0.5X TBE 1dnszualui 19 an
AUAANS 100 Taad w1 25 w1 ATIQUAU
fduenielduasganinlalelandloins o
UVITEC Cambridge Platinum (Uvitec Ltd., UK)
dandnsimel PCR A8 uovuaLtnunely
Ansngvidduiiadlolnd A us sy Macrogen
Uszenmald nsieaeudsuilandlelne il
TneLUSeusneununl8luswnsy BioEdit (Hall,
1999) Guiindeyavesdduilindlotnalusuuuy
IWdyda fasta wagiuFvuiilsudugiudoya
GenBank

NSAATIZRAIUFUNUS LTI
e uunaiiauuadise

o

AUINIT

£

ASTILUNTR AVDILT DUAT LS 8ldA D

[

multilocus sequence analysis (MLSA) Tagdn
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Sesanauiandlelnanlslusinsy MEGA 12
(Kumar et al., 2024) wagIASIELNANUTUNUS
F9iTmunisfiesaswunsdaseuiiiouiu
LUATISEaeWUSAULUY (type strain) fAfisnean
aglug1udoya GenBank J1AT1EVTBLALUY
Maximum Likelihood (ML) salusunsu RAXML
v 8.1.15 (Stamatakis, 2014) Iagn1vua model
of evolution LUU GTRGAMMA LaznIRUARAI
maximum likelihood bootstrap 31U 1,000 ﬂ%ﬂ

HAN1INARBILALIRT0]
1. ssdauuaiiGesuvalsaluganinuas
UL YDINA

imsdnaLasiudiegniidnvue
2111308 1813ALUYAVDINT NUALULLTBLNATN
Lma'qﬂqﬂﬁﬁﬂﬁ’zg é?um'elmﬂu 2564 - fduAu
2568 tnu1nenid oluesuf udnasldide
wuATILS e Xanthomonas spp. 4 1 dnuuela
latinauyy &wndes veusou Raduiuam
69 lolawan FausnldaindegwiiAvandmin
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BIAY T4N1%W ANAUAT UATIUN UNAIYNT
VOULNU T8ELA UNIAITAIY QUATIYST
ATaziny Te9il 43uns uTTUY Ly inysysal
fwaylan aseys uATTNENT UATUTY gNITTUYS
UATAITIA ALV NEYIUYT AN TIVYT INYTYI
UsEaIuAsius wng Ui Weslnil uazideese
sastahnmsilundouuaiFeanalsalugadi
Ausnwllugudifuinvidonusaunidngu
Adulsafiy Aeurd wa. 2504 - 2564 F1U9Y
27 lolawan TruuvafiSefildlunsidoianun
31uu 96 lolaian laeidulalganainnin

912y 77 lelgian wagannusldewd 31U
19 1olaian
2. MAgauANEINIsalunsialsa
(Pathogenicity test)
Ydeuuafidunmageunuaansaly
nsnelsatuninuasuzidona wul e
wuAfieris 96 Tolwian ausanolsalunintny
Lazuzld oA ug dn1le (Table 1, Figure 1)
Tnglalgianannusidananaliiinlsaianiy
wzidowna Tuvaziilolaianarnninneliiinlse
Igrslunsnuavasiiome

artificial infection

Figure 1 The pathogenicity test results of Xanthomonas spp. on chili and tomato plants

3. AnwAaandaniedugiuinel d359nen
wazduaflveade

nageuAUANUANI9d ugI1uTNen
4393981 F21Ad UN9UTENISV0ILUATILTY
Xanthomonas spp. @a1ualsAluanveIniniay
LT ONANINITNI19VDY Schaad et al. (2001)
WUIILUATILI8 Xanthomonas NalsAfunInuay
uzllomallauanURN T ugIWINg a353e0
Fueslvesuvaiieluana Xanthomonas Bsldfuen
anuuanasanuuaidefilaladdmiedu 1
fio wuafiBeifuunsuay sUsadurieu indeud
19 1w3glagldandiau au1s0a3e Levan Loy
193U 0.1% TTC 1o wuailiseliaunsa
wiydulafigumgd 40, liadrsansiSoas
(fluorescence) wagluasrsioulysl oxidase

nssuund euuaiiieanunlsaluge
lngldnuauiinisasraeulyd amylolytic was
pectolytic nuinannsautaiooaniiu 3 nqu
fo nguusniBudefiadaeuledldisaesuin
d1uau 15 lelawan wilunsidoma nguitaoniu
Woitliadraoulsdisaesia S 73 loluian
wuluwin Tnevisaesnguiaonadeatiuseay
Y99 Vauterin et al. (1990) uag Stall et al.
(1994) (Table 2) drunguiianududefiadis
ulwlldifieswdnlavdanis $1uru 8 leluian
nutsluninuazuzidena easnad oy
n13@NWIYed Bouzar et al. (1994) A18411NS
Fuunidesenidu 3 nauludnvmsientu
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4. msm'maam%aLwﬂﬁl,'%ﬂmmq‘lsﬂ%qmm
wInuazuziamAdematin PCR
A19MTI9@9UAIE PCR MIUTI89IUVD
Koenraadt et al. (2009) wu31lelatanainwin
Wamum war DOAC-B2179 Fwwenldainuziieme
US1nAwauA Lo ulovuIn 173 bp (Figure 2A)
Fagnmzaauuafiie X euvesicatoria pv.
euvesicatoria @ 1ulolglanainuzid aina
Liusinguaudidule usiilensiaaeuuuaiie
Tolgananuatlowmanielnsiues HpaF-f/HpaF-r

200 bp

A1US1891U4V84 Ning (2012) Wud1UsInguau
FL8 UL TUIA 300 bp & T NITH ORUATIITE
X. euvesicatoria pv. perforans (Table 2, Figure
2B) Jeymn15ns1adeuLefas PCR As18971U
%84 Koenraadt et al. (2009) lun1svnaosiiliing
d49AAA BINUNANIINAADULAY Roach et al.
(2017) i wusalnsiues Bs-XpF/BS-XpR
(Koenraadt et al, 2009) lalanu1sesfi 3 une
A Lé‘ul,asuaal,%ya X. euvesicatoria pv. perforans
lunnaneiugnagaauy

12 13 PC NTC M

S S S S R R R e R R e B e e

Xee : 173 bp (Koenraadt et al., 2009)

300 bp

11 12 13 PC NTC M

Xep : 300 bp (Ning, 2012)

Figure 2 Polymerase chain reaction (PCR) amplicons of pathogenic bacteria causing leaf spot

disease in chili and tomato. (A) Isolates from chili plants. (B) Isolates from tomato
plants. PC: Positive control (type strain DNA); NTC: Non-template control; M:
OneMark 100 DNA ladder (Bio-Helix Co., Ltd., Taiwan).
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Table 2 Results of biochemical and PCR assays conducted in this study

Test

Chili isolates

Tomato isolates

Gram stain

Cell shape

Aerobic metabolism of glucose
Anaerobic metabolism of glucose
Motility test

Oxidase test

Levan from sucrose
Fluorescence

Growth on 0.1% TTC

Growth at 40°C

Amylolytic activity

Pectolytic activity

PCR

Negative Negative
Rod Rod
+ +
+ +
+ +
+ +
- (99%) + (83%)
- (95%) +
Xee" Xepy

+ = Positive reaction, - = Negative reaction

Y positive reactions for X. euvesicatoria pv. euvesicatoria (Xee) were detected (chili: 77 isolates; tomato: 1 isolate) using

primers by Koenraadt et al. (2009).

¥ positive reactions for X. euvesicatoria pv. perforans (Xep) were detected (tomato: 18 isolates) using primers by Ning

(2012).

5. m'iai’ﬂLLun%ﬁﬂL%Ial,wﬂﬁl,'%'aml,miiﬂ%qﬂ
YDININUATULIVDLNA

MN5ANBIANNFURUS 1T TaIuINIS
YBIUATILTE Xanthomonas anvnlsalugnalu
winuazuzldowna 97U 96 lalwian lay
AAsgranuilanalelnauisdiuvedu atpD,
dnak, efp Wag gyrB ﬁ’JQJﬂD’]QJEJTN;lJ\‘ié,u 2,251 bp
ntuade Phylogenetic tree #28n153A%
793 AUy Maximum Likelihood (ML) L e
Wiguiguiuteyaaiauiindlalneves
wupmisganvelsalugalunsnuasusiowmea
anenugAuLuy lawn X euvesicatoria pv.
euvesicatoria NCPPB 2968", X. euvesicatoria
pv. perforans NCPPBA4321', X. vesicatoria
LMG911" wag X. hortorum pv. gardneri
NCPPB881T saudet oy aanewugfifseeuly
Ussinesing o wazid eviindu 9 NFIUToYa
GenBank (Hamza et al., 2010; Hamza et al,,
2012; Roach et al., 2017)

NANNSAN®Y WUINYDNY 96 Loletan WU
sonylu 2 ngundn (Figure 3) ¢iail

1. ﬂiq' U X euvesicatoria pv. euvesicatoria

(Xee) 91u2u 78 lolaian Usznauaaelaleian
QnWIATaviLe war DOAC-B2179 anuziiawme
nauilutsgoseanitu 2 nqueen léun

naugosd 1 leluannnninuazazideime
Taglolagananninlulnediuluguag DOAC-
B2179 nuziloine Jneglunguiaeifivaney
W uﬁj AULUY X. euvesicatoria pv. euvesicatoria
NCPPB 2968 (a5 50113n1) hazaneWug 910
AUz Wy LMG909 (lenedlaa), ICMPI086
(§9n13), LA127-1 (159 1w9), LD128-2 (wvvad),
LE82-2 (o5 1T vd), ICMP5051 (29 wawun ),
BRIP38997 (ppaLnside) uasanemiusdu q saud
aneRugIInuLlawme 1w CFBP5597 (French
West Indies), LMG922 (@%5 §oL13 n1), JW6
(59ilev), LB226-1 (palulsa), LMG914 (1wiufia)
wag NCPPB1227 (wasln3ln)
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naugond 2 wulanizlunin leun
ICMP3381 (Busie), LMGI18 (BuLdy) wag LD53
(1n3Lunn) Tnedl DOAC-B1685 Litaslolatanifen
Pnlvefnansnnuduiusindde

naugeeves Xee A nulusuided
40AAR 03N UNTIIANYILAY Hamza et al. (2010)
uay Roach et al. (2017) Feanuiusdrulvgeg
Tunguifenfuameiusiunuy drunguaneiusi
fiduridnandufowazinsiuniuananiny
uaneseEeT AU A usFuLUUTY WU
Tudu atpD vesna ud ludui i iinnis
LLaﬂLUéﬂIEIUWyuqﬂiiaJ (recombinant region)
TuvagAaeiusfuuuuiiuinadingn (Hamza
et al, 2010; Harnza et al, 2012) uena1nil
ganuindlaloianannninludssinalneiiies
lolowamierdneglunaugond Teusdfeany
Gululdvesmsindoudedesyninssnaniy
nsuanvIonsAnudawus 1Hesaninednig
ynddaiiuganduie

2.nga1 X euvesicatoria pv. perforans (Xep)
917 18 loleian Usznauaiy lelagianain
undomenomn Tnglolmananuzndomelulne
drulngdneglunquifeiiualewug duwuy
X. euvesicatoria pv. perforans NCPPB4321"
(ANSFOLUTN) WAZANENUTIINAUTTNA LU
BRIP62398 (paainsLa 8), LB273-2 (ungan),
LB101-1(wad), LH3 (ue3iTea) uazanesiusau |
40nAAIAUNIIANYY Roach et al. (2017) uas
naugesdsiiamglolmanannuseimealne

A3ANWIENUI T e Xee way Xep 1u
awnaudnvedlsalugatuninuazuzidawmely
Usznalne Tneide Xep nuanzlunzidoma
druiie xee wuszuralunsnidudaulng steil
WU DOAC-B2179 9 nuzidomeiiiaslolgianifen
fisnoglunguide Xee Fudovindarmsaiin
angldvandnuazuzidome ognslsfiniy aan
N13AN©®IYDY Jones et al. (1998) Wu11dn1s

Wasuudasinvesdeanvalsalugnusideme
Tulae3an Wneiiude xee iuanveifiosin
P ulugael 1991-1994 Faduszozinanies
3 3 nuiude Xep naneifuanvguanununis
WA suuUasdenafinananuannsavonde
Xep lun1swanuuafisledy (bacteriocin) Sste
Fuamsasaivlnues Xee dmalsk Xep fann
IEuTeulunsudsdumiodoviindu (Hert et al,
2005; Lue et al, 2010) uan9aNd 1o Xep &l
mmqmmLﬁuﬁmﬁaqmmﬁqqﬁa 30°%. (Aradjo
et al,, 2011) A3 ua N5t uN1SUSUA T 10U
gaunpiigeiitsenatiatuayumaunissuinves
B xep lanluiuindou arndadeiaaesd
o1 dumauaivilinuide Xee odlelsian
Fendnelsalunuzidomalulszimalne
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LMG673™ Xanthomonas cassavae

pv. rap

pv.

BRIP62410
7 100,BRIP62412
'BRIP62414

Xanthomonas hortorum pv. pelargonii B

Xanthomonas vesicatoria

Figure 3 A maximum - likelihood tree, based on concatenated nucleotide sequences of atpD,
dnaKk, efp, and gyrB, illustrates the relationships among Xanthomonas spp. 96 isolates
from Thailand and the type strains of various species. Bootstrap values, calculated
from 1,000 replicates, are indicated at the branch nodes. The bacterial strains in this
study from chili are represented by green text, while the strains from tomato are
represented by red text.

] ]
= v
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o Xep \uamgudnuadsalugeluuziome
Tnefisnuadusnlusgnasian ansgewsn
0T 1991 wazilagUulduwsnszansluialan
sufsluiuiflidinenulsaunneuainnisine
994 Timilsina et al. (2025) 1A ¥1n1531A5189%
$Tunveaid o Xep s1uau 270 lelaian 210
13 Useina wuindnisudanguidessnidunas
cluster Tneido Xep nflufindaudaiugly
Uszinelnednoglu cluster 10 $2ufuidaain
11358 denrdpeiuMsAnNYIVes Preangtong et al.
(2025) wazdanulu cluster 5 (FeUsznoudae
Lolganainlneg ansgoldng Wndln wazusda)
Wolu cluster 10 FA2uuANA1IMITUENT5Y
(genetic divergence) 9819TALAU LAZINITATI
wu effector xopAJ @ slanuly cluster 8u 9
Snunuzivhlfidonguidosldsunmaiihse Ty
ey 1 osa1nonaimunlg areiuginin g
Arwanasalumsnelsngsy uionaudeegd
Frumuldvinlinisaaunslsnenntu
agalsfinu wudeyanisAnwives Jibrin
et al. (2022) s¥ydle Xep aneiug N1 Tuludize
\Ju race T5 aneiugluives Xep lngwuin LPS
cluster yasanaWus N1 T AITUAR 187U
X. translucens pv. translucens %ﬁLﬁUL%@ﬁ@Iiﬂ
Tudunsiad uagwy effector MAumuLanizly
X. hortorum pv. gardneri v%u AvrHah1 wag
XopAQ luaneius NIt Jauuafi3suidafsnann
lavpgnussuinludssnelng n1swu effector
waNAnwardEusuN3An recombination wiae
afauasiinsuandouiunansaialadlaud Xep
Way Xee w5914 xanthomonads 3u 9 il
ARAMUMAINTAIENIITUINTTUAS kaznelvilin
aewuslyaifdgansRuAnsRIna Sy
Asnukd e Xep luuszindalneyod 11
Uszinalngeraduniduundsinia vieidu
WYE AT ALANAVIAIN AT IR UENTTHTD T B
ﬂejm“‘j o990 cluster 10 famunisnszanesily
219150 Wi AuLd oe7 azuns nszanelud
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ainedu q irNdniuguion1sisening
Usena msfideainyUssmalnednoglunguiia
AIURANA NN UTNTTNEY wansliiiuds
AanudAylunIsiseTaaznsiaasuny
nannvanevesaeiug et eneidos sisly
wlasndnnaanuaziUasndnudniug arugly
AUNIRTNIIAIUALLALATIDAEDULLAATUGU LD~
deoonegrudunn iedosiunisunsnszany
1w Bnvismsativayunsivediuuiulss
wug efnidenaneiuguziemaidumuvie
yumusiedelundui

il Tumsfinwadaiidslainunsszuin
voudofidnoglunguientiu X. vesicatoria way
X. hortorum pv. eardneri Tuussinelng oo
X. vesicatoria §151891un13n339 18R 001U
3 nqu lawn NauaeRugiuLUUkaaeTugaIN
Tguauduazieslely nqualgiuganalsn
Tauaziafloile wagnquatgiugaINUMIaYNS
dulfenriunniReald (Timilsina et al,, 2015)
g msud o X hortorum pv. gardneri wulalu
ﬁuﬁﬁﬁmmqm’iﬁzﬁuﬁmua (Aratjo et al,,
2017) upgilenuguusannnindeanvalsaluge
vindu 9 fgamgd 20°w. (Aradjo et al, 2011)
ﬁmﬂ’uwudwﬁa X. hortorum pv. gardneri uay
X. vesicatoria ﬁmSLL‘W'ﬁ'ﬂimWEJL‘WIN%uSLuQﬁmﬂ
Tndiiios Tnewde X. hortorum pv. gardneri WU
Tuunasugnuzidomenit snsdlunnaide
(Rashid et al., 2016) Gumz‘ﬁllﬁﬁya X. vesicatoria
nulule iy (Lue et al., 2010; Burlakoti et al,,
2018) wazeaalnsLa ¥ (Roach et al, 2017)
wonNi gﬂlﬁWUL%@iUﬂfju X. campestris pv.
raphani waz X. arboricola & 4fi51891ulu
A1sUseimadanansanelviialsalunsnuay
ug@awmela (Punina et al., 2009; Myung et al.,
2010; Roach et al., 2017)

Han1InadeuAuaNdAnIsas1euled
amylolytic wag pectolytic luanunsalduunaiia
voudelfeedaiaunumenuvas Jones et al,
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(2004) agalsAny N1sesIERUAIEMALA PCR
WUAUEDAAA DINUNANISILASIZHE MLSA Tag
lolgtanarnuzilowadrulugnsranvuay
ABwesunzres Xep WieldiSaussauues
Ning (2012) asuz i laletanainnsn 52
lolaian DOAC - B2179 31nULLYBLNA ASIANU
WOUA L ULBTILNILUDY Xee A1UT TNV
Koenraadt et al. (2009) 4 9% sa097 51 nah
#aAAA0INUNITINUNYRAAE MLSA wansl
Wiua1 N1SRSIEEURIE PCR AN 57 51n1s
31amuéﬁ’aﬂfﬁ'nmmmﬂssqﬂ@‘iﬁ?ﬁ’ﬂum%aﬁaﬁﬁ
Uszans anuazsimialunissuunadaiie
anvslsaluanlunsnuasusama

A9UNAaNIINAADY

MNMITIUTRITOLUATISY Xanthomonas
anvalsalualunsnuazusiloma lagn15d159
ﬁuﬁﬂqﬂﬁ’aﬂszmﬂl‘maLLasmﬂ@uéLﬁu%’ﬂwu%@J
fugaAun3s sewingd wa. 2504 - 2568 Wuile
Fruruited u 96 leloian wonlaarnwsn
77 lolatan wazainuzidowmna 19 lalyian
Feonamunannsonelsaluiivly Tnglelaanain
winanunsanelsaldsluns nuazuzidemnd
vuzdibeloananueidewmenelsalianizly
UzIoLnA

n1sasivaeuAandAnueulednudn
lolgianannuzilowmadulng@aru1soas g
vouled amylolytic way pectolytic la &
Telaanannndnarulngldansaadraeuledi
dosuilal NansAsIREUAIEIATA PCR WU
Tolgananuzidamaliaufiduevuin 300 bp
a3 un1esie Xanthomonas euvesicatoria pV.
perforans Aaiz 7 LoleLana1nns nuas DOAC-
B2179 a1nugid otna tWuauvuia 173 bp
%ﬂﬁi”] LW1Z#D X. euvesicatoria pv. euvesicatoria

NaNISTIUNTTALT R 8n1531AS LY

¥

U8akUU Maximum Likelihood (ML) wu3iae

o

Fuunladu 2 ngu leun X euvesicatoria pv.

euvesicatoria 37Uy 78 loluan wululolaian
Pnwsniun way 1 lelmanainusdome uay
X. euvesicatoria pv. perforans 31U 18 Tolaian
wuitanizlunzidona lunuid elunguy
X. vesicatoria, X. hortorum pv. gardneri,
X. campestris pv. raphani Wa ¢ X. arboricola
Tutsanalne fuiu Wouuafi3eavlsaluge
Tunsnuazusidowmad nuluvszinalnely
YagUuarunsadadiwunlaidu 2 vlda laun
Xanthomonas euvesicatoria pv. euvesicatoria
ey X. euvesicatoria pv. Perforans

foyaninmsiteatadosdundngiuma
Ingrmansfiddnlunsaduayunisu it
Y9I0IANITITNVINULUIYIA (National Plant
Protection Organization; NPPO) ﬁlLﬁlmsﬂ'aﬂﬁU
N13AAMINLAZINTETIARTNY N1TIATIERAIY
Aoswesdngii msdavihdaTededngity uas
n13UsuUsalyddng i niuvesuseinalng
ol

LONE1591999

(3 a a

duansd dnSsudu amunn Tyselyenud

f
TYUIUY NOTNINU NWITTU AUNIYIF

Ingun Jadnasyna It ludnsau was
a3udt n3gana. 2563, n1sdnduunide
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ANEINTAETINRasNSTAneateauTauluitvasinuIunanvun (Oxalis latifolia Kunth)
Production and Thermal Death of Bulbils of Fishtail Oxalis (Oxalis latifolia Kunth)

Saure wiuanY sy dvives? Sywun Aslles? dvinsal Tan?

Ansaya Promma" Watchara Sangthong® Tanchanok Sreemuang? Nichakon Jaidee?

ABSTRACT

Fishtail Oxalis (Oxalis latifolia Kunth) is a monocotyledon perennial herb which
propagate by bulb and bulbils. The study on propagule production was conducted in
nethouse, growing the plant in pots. One plant of fishtail oxalis can produce 15 bulbils from
the mother bulb in 20 weeks duration. Base on the previous study, the vigor bulbils can
germinate up to 91.5% and 20 weeks for a cycle, so the plant can produce 2.5 cycle a year or
5 cycle in 2 years. The plant can produce about 2,000 bulbils in first year, and the number of
bulbil will be huge as 7,000,000 in the second year. A method of destroy the bulbils was
consider as thermal death. An experiment of heat treatment at 40°C - 60°C, 5°C interval, 24
hours duration were treated to the bulbils and growing material (soil), then let the bulbils
germination in net house for 35 days, comparing with the bulbil with no heat treatment
(control). The result showed that the heat at 40°C, 45°C and 50°C effected by decreasing the
germination to 75.0, 47.5 and 15.8% respectively, comparing to control 9.17%. The heat at
55°C - 60°C can completely kill the bulbils, no plant geminate from the treated bulbils.

Keywords: Oxalis (atifolia Kunth, invasive alien plant, Garden Pink - sorrel, ornamental plant,

weed
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Figure 1 Habit of Fishtail oxalis: (A) above ground part, leaf shape and inflorescence: B) flower

and (C) underground part (young plant), bulb, runner with bulbils
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Figure 2 Germination of Fishtail oxalis in pots (%).
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20 ™ week

Figure 3 Bulbils formation of 4 sizes bulbs (original bulb or mother bulb) of fishtail oxalis at

" and 20" week after planting
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no.bulbil

12
11

time (weeks after planting)

6 7 8 9 0 11 12 13 14 15 16 17 18 19 20

original bulbil size —e—A ——B ——C —e—D

A>90mm. B=6.1-9.0m. C=5.0-6.0 mm.D < 5.0 mm.

Figure 4 Bulbils production from bulb of fishtail oxalis in pots during 20 weeks.

Figure 5 New leaf arise from bulbil while it still connected with the mother bulb.
(A and B in pot, C in field)
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Table 1 Predicted bulbil production of various size bulbs of Fishtail oxalis.

Ce Large bulb (A) Medium large (B) medium © small (D)

Sprout 91.5% sprout 91% sprout 82% sprout 68.5%
1 (20 weeks) 15 12 5 a4
2 (40 weeks) 206 131 21 11
3 (60 weeks) 2,826 1,431 84 30
4 (80 weeks) 38,782 15,626 345 82
5 (100 weeks) 532,281 170,636 1,413 225
6 (120 weeks) 7,305,552 1,863,350 5,793 618
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75.0, 47.5 way 15.8% nuanu (Table 2)
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Table 2 Germination of fishtail oxalis after heat treated at various temperature for 24 hours.

Germination (%)Y

Treated temperature

7 DAPY 14 DAP 21 DAP 28 DAP 35 DAP

40 °C 49.2 a 71.2b 73.3 b 74.6 b 75.0 b
45 °C 22.1b 44.6 c 46.7 c 46.7 c 47.5 c
50 °C 37c 14.6 d 15.0d 15.4d 158 d
55 °C 0.0c 00e 00e 00e 00e
60 °C 0.0 c 0.0e 0.0e 0.0e 0.0e
GHT 28 °C 52.1a 89.2 a 913 a 91.7 a 91.7 a
CV. % 27.6 20.1 21.0 19.7 19.3

YMeans followed by a common letter are not significantly different at the 95% level by DMRT.

“DAP = days after planting.
GHT 28 °C = (Green house temperature 28 °C
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(Ruth et al,, 2007; Hoyle and McElroy, 2012:
Norsworthy et al., 2020)
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UszIiuAMUAIUNIURRETSANRLNasIUASRsnRNLaUanY, Phyllotreta sinuata Stephens
mihaenvinasznanzan
Evaluation of Insecticide Resistance in Striped Flea Beetle, Phyllotreta sinuata

Stephens damaging Cruciferous Vegetables

Sadin Tosvus? nang Saunmalng 351vs ned" F3Tussd asduns?

Thitinicha Chaichana" Korakot Ratanamahamaneekorn® Jiraphat tasee” Srijumnun Srijuntra”

ABSTRACT

Insecticide resistance data for the striped flea beetle (Phyllotreta sinuata Stephens), a key
pest of cruciferous vegetables, provide critical information for selecting suitable insecticides for
rotation strategies aimed at reduce resistance problem. This experiment evaluated the effects of
various insecticides on the mortality of flea beetles damaging cruciferous vegetables in farmers’ fields
in Kanchanaburi, Phetchabun, Nakhon Pathom, Chiang Mai, Chiang Rai, Nong Bua Lam Phu, and Khon
Kaen Provinces. The experiments were conducted in the laboratory using young Chinese kale leaves
dipped in various insecticides: profenofos (pro, group 1B), carbaryl (car, group 1A), fipronil (fip, gsroup
2B), dinotefuran (din, group 4A), acetamiprid (ace, group 4A), and tolfenpyrad (tol, group 21A). Leaves
were treated at the recommended dose and at 2-fold of their recommended dose and then fed to
flea beetles collected from farmers’s cruciferous vegetable fields. Mortality percentage was recorded
after feeding for 48 hr. The results revealed that insecticides with low resistance, causing >60%
mortality at their recommended dose were profenofos (pro) and fipronil (fip) for flea beetles from
Ban Kao Subdistrict, Mueang Kanchanaburi District; pro, fip, dinotefuran (din), and acetamiprid (ace)
from Wat Wang Khanai Subdistrict; fip from Thung Thong Subdistrict, Tha Muang District; fip, din, and
pro from Ban Khok Subdistrict, Mueang Phetchabun District; fip, din, and pro from Wang Ban
Subdistrict, Lom Kao District; fip, pro, din, and tolfenpyrad (tol) from Ban Kad and Pong Yaeng
Subdistricts, Mae Wang and Mae Rim Districts, respectively; fip, pro, din, and ace from Mae Chedi Mai
Subdistrict, Wiang Pa Pao District; fip, pro, and din from Pha Sam Yot Subdistrict, Na Wang District;
and fip, pro, and din from Hin Tang Subdistrict, Ban Phai District. Moderate resistance was observed
for pro in Nong Ngu Lueam Subdistrict, Mueang Nakhon Pathom District. Insecticides affecting low-
moderate resistance could be used in rotation programs to retarding the development of resistance
in flea beetles damaging cruciferous vegetables in each planting area.

Keywords: insecticide resistance, insect pest in cruciferous plants, insecticide rotation
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1. @3 fipronil 5% SC (nqu 2B)
#8051 50 wax 100 wa.Ah 20 a.

2. @13 dinotefuran 10% WP (ngy 4A)
78031 40 uay 80 n./ah 20 a.

3. @19 tolfenpyred 16% EC (ngu 21A)
78751 30 waz 60 wa.Ah 20 a.

4. &3 profenofos 50% EC (ngy 1B)
#8n571 50 uaz 100 ua.Ah 20 a.

5. @13 acetamiprid 20% SP (Ngal 4A)
78031 30 uay 60 n./1h 20 a.

6. @13 carbaryl 85% WP (nqu 1A)
78031 60 waz 120 n./1 20 a.

7. @159ulu (Triton X - 100) (control)
71651 0.05 wa./a.

N1INAFBUNAYAIENTNNIALUAINBNITANEVDS
Frviianluisnszgansranitayszifiuaany
AunIuY
iin1snaaeslaeldisnisyuluiy
(leaf dipping method) AnLkUaI91nI5 V04
Tabashnik et al. (1987) yhmswdesluay il
dnsviuarsidauuas d1dlsiazenn el
wiie wadnluazdundaduguasnauvuin
Eurgudnats 5.5 oy, vinsguluagtid
andadudu q aslluarsmdnuuaseia
#1499 Aisnswusuazfisnsianududy
A09LM1U098AIINITUULYY WY 10 Tud
drugnaiunu (control) Juluazdinluiid
wana1sdvlu dnluazinfiguansmdnuuag
wazisanliuiands Tdlunszynwanadni
ANUATUIALAURIUANENATS 5 Fu. 89 6 P
nsznay 1 3w ndulddsmdadnluudas
nsedn 9 az 10 43 Tadnseunlviain
Uaosarandadninduluasdiguanslu
Wosufuanisiduiian 48 wu. udvinnas
Tuiiniasidudanisnievesnimdainlaeld
ndesgansiad Framdadnilinsvausse
A3 ¥gveateyiuazgniiansuninnie
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Figure 1 Cruciferous plantation collected striped flea beetle, Phyllotreta sinuata Stephens in

Thailand in year 2025.

88 2138153 8uas L1153y UN 1 atui 1 nsngiau - Aueey 2568



o

AsUufinNauazIase
Juiinlasifudnisnieveenansiain
LLazLﬁawud%maﬂusqmmuqu (control) Ay
N1 5% Liviinnsusua wnene 5 - 20% 1nns
YSuAasiuinismelagld Abbott’s formula
(Abbott, 1925) uan1nA18U1INAI1 20% 911N1S
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Tuft ui shuat 1 s1nedog
Mayauy3 Samianigauys wud asiisnemiin
Fnfiesidudmsnieiunans - ¢ wie A
A untuuIunae lawn @is fipronil (57.50 -
95.42%) @15 profenofos (58.72 - 68.24%) @13
dinotefuran (45.55 - 52.50%) Wazas tolfenpyrad
(44.36 - 50.17%) €195 VATA A 2 aname T3]
Wefldudnsmediann vise mnumumugmn
lawn @15 acetamiprid (5.24 - 8.02%) Laz&13
carbaryl (0 - 16.61%) (Figure 2)
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Figure 2 Mortality percentage of Phyllotreta sinuata in Brassica crops in Ban Kao Subdistrict,

Mueang Kanchanaburi District, Kanchanaburi Province, after feeding with Chinese kale

leaves dipped with insecticides in year 2025.
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AN - 4N 3B ANNEILNIUAN - AN
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- 100%) @15 dinotefuran (89.15 - 89.64%) way
a3 acetamiprid (72.65 - 83.36%) a157i¢aamiln
{Kndilesidusdnisniguiunaie u3e ANy
AruniulIunans laun @13 tolfenpyrad (43.64
- 46.15%) waz @ carbaryl (56.07 - 68.47%)
(Figure 3)
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INSECTICIDES AND DOSES TESTED
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Figure 3 Mortality percentage of Phyllotreta sinuata in Brassica crops in Wat Wang Khanai
Subdistrict, Tha Muang District, Kanchanaburi Province, after feeding with Chinese

kale leaves dipped with insecticides in year 2025.
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Figure 4 Mortality percentage of Phyllotreta sinuata in Brassica crops in Thung Thong
Subdistrict, Tha Muang District, Kanchanaburi Province, after feeding with Chinese

kale leaves dipped with insecticides in year 2025.
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Tufiud suathulan sSuneideanysysal Smin
wsysal wuiansidantadniiesidudnig
ABg9 - gau1n 3o AuFIumIusn liun
@13 fipronil (97.73 - 100%) @15 dinotefuran
(85.68 - 86.22%) way @15 profenofos (97.73 -
97.50%) druansfiiiiuesidudnismeuiunans
ie dTAud1uniuUiunans laun @13
tolfenpyrad (57.69 - 75.68%) L @ ¥
acetamiprid (61.59- 65.91%) a15718731N159"8
#1 w3 AuFIunIuge liun @13 carbaryl
(19.32 - 30.69%) (Figure 5)

Tudiudl suateuna sunenduidn S

a119

wsysal wuiansidantadniiesidudnig
AEge - gaNn n3e daudiumiusi i
@195 fipronil (91.89 - 95.80%) @13 profenofos (96.41
- 97.92%) wag @15 dinotefuran (63.38 -
67.35%) dauansfifiesidudnismeuiunans
niodAaud 1unIulIunas laun ais
tolfenpyrad (43.08 - 43.49%) wag 4157 9
Waesiudnismes vielinrmsummgs Téun
@15 acetamiprid (21.49 - 32.08%) kagd19g
carbaryl (1.67 - 21.66%) (Figure 6)

Tufiudl svanuesyivdon sunoidles
upsUgu Smiauasusy wuinansisavsdadnd
Wesidudnismeuiunans - Aeudres niedl
ANAIUNILUIUNENS TAWA @19 profenofos
(42.69 - 56.44%) @19 fipronil (30.34 - 56.40%)
dmsuansiidmtadniesiudnisane 6 -
pun i Tanuduniugs laun ads
dinotefuran (15.85 - 38.33%) W& @13 tolfenpyrad
(24.20 - 36.24%) @15 acetamiprid (5.83 -
7.27%) wazans carbaryl (0 - 2.27%) (Figure 7)

Tufluft suathuma sneuting Samin
Fedlud wutansismdadndivedidusnsee
a9 - geun n3efaruduniue leun a1
fipronil (100%) @15 profenofos (100%) @15
dinotefuran (74.14 - 77.44%) way @193
tolfenpyrad (74.04 - 88.14%) @1 %S Ua157 &
WesifusnismesidaUiunans wiedainy
Auniulunas laun @13 acetamiprid (28.98 -
85.68%) wag @15 carbaryl (48.90 - 79.30%)
(Figure 8)

Tuiludl fualvawes snewsisy Smin
Faalual nuransidemiadnfiesidudnns
A8ga - geun niedanuduniua laun
@195 fipronil (100%) @15 profenofos (100%)
@13 dinotefuran (91.03 - 95.42%) @15 tolfenpyrad
(97.50 - 100%) WAz @15 acetamiprid (92.95 -
97.50%) dusuansfifiesifusinsmes wied
AIUAIUNIUGS Laln @15 carbaryl (22.50 -
51.82%) (Figure 9)

Tuitud suawiwidnl sunaisaiud
Fiadossne wuinansiidhamiaindiesidus
N1SAEEY - qamﬂw%ﬁmmﬁmmum"’mm
Ta'un @19 tolfenpyrad (100%) @13 fipronil
(97.92 - 100%) dinotefuran (95.42 - 100%) &1
profenofos (91.75 - 97.73%) Wag @15 acetamiprid
(87.08 - 95.45%) ansiidwasiduinismetiunans
nIodAMUAUIUUILAAIS lawA @15 carbaryl
(62.27 - 85.00%) (Figure 10)
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INSECTICIDES AND DOSES TESTED
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Figure 5 Mortality percentage of Phyllotreta sinuata in Brassica crops in Ban Khok Subdistrict,
Mueang Phetchabun District, Phetchabun Province, after feeding with Chinese kale

leaves dipped with insecticides in year 2025.

INSECTICIDES AND DOSES TESTED

120
100 91.89 9580 96.41 97.92
> 80
% 63:38 67.35
®
s 60 —----0--B--"B--""-"""-"-"---- — e
= 4308 4349
(=}
S 40 32108
21749 21166
20
1.67 1.67
0 —_ .
~ ~ N \ ~ ~ N ~ X & & & Q
& & & & & & & £ . > . S o S P’ WO
Y e s & & N I T Rt
o ol® ol o\° o\ o C (]/Q (19 o\ o\° {{\-
N ol N N no no BN S O > N > S
& > S & > > v ) -Q‘\ 3 3 3 «0\
© & O & @ & &S
Q X & & Q Q © o ? ? 2 Ny o
< & & & & & & E & & © ¢ ¢
oF o & L @ & e

Figure 6 Mortality percentage of Phyllotreta sinuata in Brassica crops in Wang Ban Subdistrict,
Lom Kao District, Phetchabun Province, after feeding with Chinese kale leaves dipped

with insecticides in year 2025.
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Figure 7 Mortality percentage of Phyllotreta sinuata in Brassica crops in Nong Ngu Lueam
Subdistrict, Mueang Nakhon Pathom District, Nakhon Pathom Province, after feeding

with Chinese kale leaves dipped with insecticides in year 2025.
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Figure 8 Mortality percentage of Phyllotreta sinuata in Brassica crops in Ban Kad Subdistrict,
Mae Wang District, Chiang Mai Province, after feeding with Chinese kale leaves dipped

with insecticides in year 2025.
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INSECTICIDES AND DOSE TESTED
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Figure 9 Mortality percentage of Phyllotreta sinuata in Brassica crops in Pong Yaeng Subdistrict,
Mae Rim District, Chiang Mai Province, after feeding with Chinese kale leaves dipped

with insecticides in year 2025.
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Figure 10 Mortality percentage of Phyllotreta sinuata in Brassica crops in Mae Chedi Mai
Subdistrict, Wiang Pa Pao District, Chiang Rai Province, after feeding with Chinese

kale leaves dipped with insecticides in year 2025.
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Tuftufl uaniaueen sunourds Yandn  Saudiumiudiunans 1Eun @15 tolfenpyrad
wuestngg wudrasismmiindndivesidud  (59.85 - 61.12%) uazans acetamiprid (61.14 -
IRELREGK wiedarrud1unaue bun  70.00%) dwsvansiidiedidudnisanesi wie
@13 fipronil (80.00 - 95.00%) @15 dinotefuran  diAA1uAUNIUES LAUA @15 carbaryl (17.05 -
(65.91 - 80.68%) waz @15 profenofos (80.55 -  25.83%) (Figure 11)

95.23%) ansfisilesidusinismetiunans wie
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Figure 11 Mortality percentage of Phyllotreta sinuata in Brassica crops in Pha Sam Yot
Subdistrict, Na Wang District, Nong Bua Lam Phu Province, after feeding with
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Chinese kale leaves dipped with insecticides in year 2025.
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Tuiludl fuafiuds sunetuld Swminvouwniy
wuansficnaniadndivefidudnisnegs - g9
u1nn3edAruduniue Taun a1s fipronil
(98.44 - 100%) @15 dinotefuran (67.61 -
79.02%) way @15 profenofos (98.21 - 100%)
4157 fedidusnismeuiunans niedainy
AuyIuUIUnaNs laun @19 tolfenpyrad (62.24
- 60.43%) dauansiifilesidudnisaies wied
ANAIUMIUES laln a1 acetamiprid (37.47 -
52.88%) war @1 carbaryl (15.83 - 21.86%)
(Figure 12)
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INSECTICIDES AND DOSES TESTED

120
98.44 100.00 98.21 100.00
100
79.02
> 80 6761
= 6220 6443
I
S 60 ----B--m-B--B--8------ e e
=
N 10 37.47
21186
20 15[83
3.71
0 .
& & & & &S S S
) Q ™ ® » S 2 o Q Q Q ~ +
@ WV V) & C N S S AN \ +
2 C i) < C o\ o\ o ¥e)
o o\ ol® o\ ol° o\ & \) Q S o\° &
" oo N N no N 4 SR AN N X S
NN o o > > 5 o N N N N o
Q Q & o 3 &3 <0 & Q KL 2 ) <&
) © N N 5) 53 ° 3 < < Ny ° N
< KL & <&@ N R & & & & o ? (o
< < O & & e & ¢ ¢ ¢
N kO «9 T vor

Figure 12 Mortality percentage of Phyllotreta sinuata in Brassica crops in Hin Tang Subdistrict,

Ban Phai District, Khon Kaen Province, after feeding with Chinese kale leaves dipped

with insecticides in year 2025.
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alngun ladnasayna? vasy snlas? Aimassas Aumad? aunn veunsa”

Nuttima Kositcharoenkul” Chonticha Rakkrai” Tippawan Kanhayart” Rungnapha Thong kreng"

ABSTRACT

Banana cultivar Kluai Hin (Musa spp.) is an important economic crop of Yala Province
in southern Thailand, particularly the “Kluai Hin Bannang Sata” which has been registered as
a Geographical Indication (GI) product. Since 2015, the production of Kluai Hin has been
severely threatened by a bacterial wilt disease known as banana blood disease, caused by
Ralstonia syzygii subsp. celebesensis. This disease is characterized by reddish - brown
discoloration in vascular tissues, and has rapidly spread across several districts of Yala, resulting
in a drastic reduction in banana yield from 1,588 kg/rai to 624 kg/rai in 2019, with disease
incidence increasing to over 92%. To address this crisis, an integrated disease management
strategy has been implemented, which includes the eradication of infected plants using
triclopyr butoxyethyl ester, soil disinfection with a mixture of urea and lime, biological control
using Bacillus subtilis strain BS-DOA 24, vector control through bunch covering and removal of
male inflorescences, and strict agricultural sanitation practices. Complementary measures such
as legal enforcement, farmer engagement, and the use of disease - free tissue - cultured
plantlets have also been adopted. These integrated efforts, combined with active participation
from local farmers and support from government agencies, have significantly reduced disease
incidence to 25.29% by 2024 and improved average yields to 1,152 kg/rai. The outcomes
highlight the effectiveness of technology - driven, community - based approaches in managing
banana blood disease and underscore the importance of continued knowledge transfer and

capacity building to ensure sustainable banana production in Thailand.

Keywords: Kluai Hin, Banana Wilt, banana blood disease, Ralstonia syzysgii subsp. celebesensis,

Integrated Disease Management, BS-DOA 24, Yala Province

Y édnideiauinmsensnniiy naidvnisineas a.nvaleSu a1nen 93ns nganne 10900
Y plant Protection Research and Development Office, Department of Agriculture, Phahonyothin Rd., Lat Yao, Chatuchak,
Bangkok 19000. Thailand
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