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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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luA F1uuUdemuIn (antennae) 3UT199U
(setae) LU Yu3UNTIY (conical setae) YusoU
YUALaN (auxiliary setae) uLT817 (flagellate
setae) JULUUTDSS (pores) WU JNANLUUMANEYRY
(multilocular dis pores) gamm?{am (trilocular
pores) 3lUTaUaY (translucent pores) §nay
(discoidal pores) §UwuuvBvi® (tubular ducts)
WU Viaws U (oral collar tubular duct) vieweuud s
(oral rim tubular duct) S1uIungueietvnanLdy
wdarug198167 (cerari) 3Us19v899001UA
(ostioles) dnwauzIUIUUaIBdIUBY (anal ring)
uauUaTeEIuvag (anal bar) dnvazvasasulans
dauties (anal lobes) MnTudavuuImsidads
silmnasuds ana Planococcus wazdmnudlas
Tunaesldalas dnAvsnuliluiisdusiuuas
lnguwvadunuaangmiundnaina wazdnvi

mngLavveiieguiazaladiiadugiutoya
Tun1sdeBamaIneeanssiely

NANISNAABINAZIANTAl

Fumurashegandewdsena Aanococcus
mmma'wqﬂﬁﬁuﬁﬁﬂﬁ’m (Figure 1) Tutwniluil
A1ANAN9 WU F9inaseys Tewin 9iiesdl
LaENIUNNUNIUAT Ao 1w Faudn
Wedlvyl wazd1Ue nanziueanideunie Wy
FIMTAUATIIVEN YIUBIATY kazUNIAITAY
AMARTTUDRN WU YaYT kavdunys nangTunn
LU AN WATINYIYS 1AL LU UTEaIuAITUS

YUNS UardIeg3511 uTiusudegalavidy
60 #eee adlukeanaged 95% ufieg 1Tl
Tugiiusnwigamall -20°.

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

4 2138153 8uas L1153y UN 1 alui 1 nsngiau - Nueey 2568



Sruunvfiawdsudslu ana Planococcus
AEdgIUINeI
ihlafuvesndsudlaiinduneunisade
fBuieuvhaladanisifield Truunyiln
Tnednumsnsduguineiiddgyroandouts
a@na Planococcus (Figure 2) fisaziBonded
Aadudemamdesusianauniegule
drulngdnuin 8 Uaes aasgiulaftnnuy
51Us suaq (translucent pores) vuddadlauan
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trilocular

pore ‘ '
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Oral rim tubular duct

8167 (ceraril) 91174 18 @ 138 36 S uravdu
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antenna

hind leg

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

morphological characters used for species identification.
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(Cockerell, 1905) 2. Planococcus minor (Maskell,
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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 ArOUNGT VUIVA.......c.cuiiiiiiriicice e et e 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

31089 UALATANYUSNE1AYVDY
wiagulaudazyiln

1. Planococcus citri (Risso, 1813)

wasudedu (citrus mealybug)
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.................................................... P. minor (Maskell)

undenuingadadaau 291 3 ¢ deeuien 1
wapuMlaTInsINIfsouiedu 9

ANWMENI9BYNIUISIU (Figure 4)
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3.0 - 3.3 4. NN 2.2 - 2.5 143 NN 8 UAo9
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LA ULDIINATT 5 Vieoy sEninanuan 2 919
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1NN A3luseiasusnalauniasntiudaiive
dnuayAAIEYoVOULDY F1UU 1 § W3eNINNIT
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36 N WingnauilidurusUnTIy 31U 2 1Eu
N30UINNINALLANIUTIVNE W waziluay
Uangaiumies
Wy Il wasnuNadsse
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Figure 3 Field observation of Planococcus citri (Risso, 1813), showing adults, immature

stages, and ovisacs on Clerodendrum sp.

E—
100 pm
A
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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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2. Planococcus lilacinus (Cockerell, 1905)

wasudaniun (coffee mealybug)
anwauzlusssuif (Figure 5)
dududemadly sUlensenout9nay

A181IUsENN 2.6 - 3.1 1l 1379 2.1 - 2.5 W,
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Feanmsouenduduuoviiimaneudianiig
wardaau seudilduutedu q S1uau 36 W
vde 18 ¢ Wdundsiegduinediadniiuem
snnniduudsiegiuiradnden o1 3 4
syggeiagau JUlY drdieiUsvan
1.0 - 2.5 1s.vundl 6 - 8 Udes wilsdsdthema
saunseddy Unaqueigluwdsdend duudsseu
Sinflvundeudiaduuarlidaeu uivsingdu
wdafruinediadaiau a3 4 faseuieil 1
wasusldsansaninfseutedu |

ANYUENIPYNINISIU (Figure 6)
fadudauwedls Ul a1de1Uszun
2.6 -3.1 34 N9 2.2 - 2.6 Ui 1IN 8 Ude
TouuderoudneeuuNTsdIf IR UL T
AU IIANAINAINLIININATIAMUATI
Usvanay 2.1 - 2.8 i1 A5l auaausiulauan
Lagnt1ude J3nauUUUNAI8YRIUUATUENY
YBIHIUSLIUEIUNA19DIYBe LaaUnAsnd
1 4050 2 uad UhawesUdosd 4 wuvuuds
871U LIAUNTIAAIA 1UUY TVBuHULTISEIINg
wuan 2 919 Ydedlauvgnansdiviownuwds fvie
anvauzadeviorouwdy nquateizndnduwds
ALY 18 ¢ 138 36 NaY udaznauiliduwy
JUNTI9TIUIU 2 LU Lnglanizusiand 1unia
pnduvunden wazuauuangdiusio
Wya1913 anle dene Uaenu iseu ndde

a99n94 wazlnsuseeu

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).
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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 lesg.

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

3. Planococcus minor (Maskell, 1981)

A sudauu@fn/nd sutleianasa (Pacific
mealybug/passion fruit mealybug)
anwauzlusssuyid (Figure 7)

fufuTamendle sUlY drdeUseana
3.0 - 3.3 4y, 19719 2.1 - 2.3 wy. ¥andl 8 Udas
wilsdiadimaseunieddy Unaquiaeluus
#9117 o fuuIuA 9na1anLe1IeIEIR T
annsomoaiuiuuauitniauay q soudii
fiduuts $10u 36 1du wie 18 ¢ duudediog
suvhedwasianunnndnduueiieg snudng
intes H1 3 @

svegdlgeu UlY ddieniussanu
1.1- 28 3. vndl 6 - 8 Udes il masou
wseddu Unmauengluudsdun duudssaudis

funmrdeudisdunarladniou uivsingduuts
shuvhedddniau o 3 ¢ foouieil 1 ndoush
IHsmsaninshseutedy 1
ANWMENI98YNTUISIY (Figure 8)
gududomady sUla deniuszinm
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ViowHuL RNl 5 vivegseninanuan 2 919
Udoslauvignarsfiviewnuuwdsiasnda 6 vie
fslUsauasusnalauniiasminugs dviednuuy
PANEYIBTEULTY 91U 1 § viseNININ naueTeae
HasduLdan Uty 18 f w30 36 nqu
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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.

© 50pm
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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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wazdszaunisalvesdnaunsuisiulunis
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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.

Table 1 Nucleotide sequence analysis of Planococcus samples amplified using the

mitochondrial CoxI gene with primer pair PcoF1/LepR1.

No. Code Scientific Nucleotide sequence

name

ATCATTAAATGAATATATTCAACTAATCATAAAAATATTAGATTAATATACTTATTATTTGGATTTTGATC
TGGATTAATAGGTTTATCAATAAGATTTATTATTCGAATTGAACTAATAAATTTAAATAATAATTTTAATA
minor ATAATATAATTTATTATATAATAATTACTATTCATGCTTTTATTATAATTTTTTTTATAACTATACCTATC
ATTATTGGAAGATTAAGAAATTGACTCTTACCATTAATATTAATATCATCAGATTTAATTTTTCCTCGAT
TAAATAATTTTAGATTTTGATTATTAATTCCATCACTTATTTTAATAATAATAAATATAATATTATCTAAT
AATATTAATACCGGTTGAACACTTTATCCCCCTTTAATTAATCAAAATTTTATTACATTAAATTTTATTAT
TTTTTCTTTACATTTAAATGGGATTTCTTCTATTTTTAGATCAATTAATTTTATTTCATCAATTTTTATTA
TTAATAATAATAACTTTTTTTTAAATAATATTACT TTATATATTTGATCCATTATTATTACAACTATTTTA
TTAATTATTTCTATTCCAATTTTATCAAGAGCAATTACTATAATTATTTTAGATAATAATCTTAATATAAA
TTTTTTTAATCCATTAGGAAATGGTAATCCAATTTTATATCAACATTTATC
ATCATTAAATGAATATATTCAACTAATCATAAAAATATTAGATTAATATACCTTTTATTTGGATTTTGATC
TGGATTAATAGGTTTATCAATAAGATTTATTATTCGAATTGAACTAATAAATTTAAATAATAATTTTAATA
citri ACAATATAATTTATTATATAATAATTACTATTCATGCTTTTATTATAATTTTCTTTATAACTATACCTATC
ATTATTGGAAGATTAAGAAATTGACTTTTACCATTAATATTAATATCATCAGATTTAATTTTTCCCCGAT
TAAATAATTTTAGATTTTGATTATTAATTCCATCACTTATTTTAATAATAATAAATATAATATTATCTAAT
AATATTAATACAGGTTGAACACTTTACCCTCCTTTAATTAATCAAAATTTTATTACATTAAATTTTATTAT
TTTTTCTTTACATTTAAATGGAATTTCTTCTATTTTTAGATCAATTAATTTTATTTCATCAATTTTTATTA
TCAATAATAATAATTTTTTTTTAAATAATATTACTTTATATATTTGATCTATTATTATTACAACTATTTTA
TTAATTATTTCTATTCCAATTTTATCAAGAGCAATTACTATAATTATTTTAGATAATAATCTTAATATAAA
TTTTTTTAATCCATTAGGAAATGGTAATCCAATTTTATATCAACATTTATTTATTA
ATTATTAAATGATTATATTCAACTAATCATAAAAATATCAGT TTAATATATTTACTTTTTGGATTTTGATC
CGGTTTAATAGGATTATCAATGAGATTTATTATTCGAATTGAATTAATAAATTTAAATAATAACTTTAAT
lilacinus AATAATATAATTTATTATATAATAATTACTATTCATGCTTTTATTATAATTTTTTTTATAACTATACCAAT
TATTATTGGAAGAATAAGAAATTGATTATTACCATTAATATTAATATCTTCAGATTTAATTTTTCCTCGAT
TAAATAATTTTAGATTTTGATTATTAATTCCTTCATTAATTTTAATAATATTAAATATAATTTTAATAAAT
AATATTAATACGGGTTGAACTTTATACCCTCCATTAATTAATCAAAATTTTATTACATTAAATTTTATTAT
TTTTTCATTACATTTAAATGGAATTTCTTCAATTTTTAGATCAATCAATTTTATTTCATCAATTTTTATTA
TTAATAATAATAATTTTTTTTTAAATAATATTTCTTTATATATTTGATCAATTATTATTACTACAATTTTA
TTAATTATTTCTATTCCTATTTTATCAAGAGCAATTACTATAATCATTTTAGATAATAATTTAAATATAAA
TTTTTTTAATCCTTTAGGAAATGGTAATCCTATTCTCTATCAACATTTAAAT

1 PM1 Planocccus

2 PC1 Planoccus

3 PL1 Planoccus
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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.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
. B ) 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
1.00 - 1.07 0
5.Ratio length hind = tibia + tarsus to
1.08 - 1.17
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.
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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

Y ngufiguardniner ddnddeiauinisersnuiie nsudyinisinuns a.avaleSu a1ae13 a9dns nganne 10900

Y Entomology and Zoology Group, Plant Protection Research and Development Office, Department of Agriculture,
Phahonyothin Rd., Lat Yao, Chatuchak, Bangkok 19000. Thailand

7 nauidulsaiiy drdndderiamnnisensnuity nsiyn1snens a.nvalesu a1nend a9INgT NTUNNE 10900

¥ plant Pathology Research Group, Plant Protection Research and Development Office, Department of Agriculture,
Phahonyothin Rd., Lat Yao, Chatuchak, Bangkok 19000. Thailand

¥ fnupiaiisvitenAs sl dinarvanitway Tann sinuns NsHAYINISNERT 0. uvaleBu a1Re13 AANT NFUMNY 10900
¥ Suvarnabhumi Airport Plant Quarantine Station, Office of Agricultural Regulation, Department of Agriculture, Phahonyothin
Rd., Lat Yao, Chatuchak, Bangkok 10900. Thailand

* Corresponding author: yuvarin9320@gmail.com

Journal of Plant Protection Research and Development Vol. 1 No.1 July - September 2025 15



UNANED

wuasTuneslss Bactrocera correcta
wazuas iUl Zeugodacus cucurbitae W udng i
fidAresuszimalnouazidudngiiofniy
Guaaﬂizmmjﬁmmaﬂizmmﬁaqmﬂmmma%N
AnUdemeaeNsinLasnalidioan 1SR
NUSE8EAINUOUIUAUA NN YATDIAEINANTENU
semsdseanatnwn wikilosnndnuuedug
VDIRINUBULA ALITATAINUAR1YAAIA U
nsuunvialagldanyuenisduguing1dvi
#enn sAdeitaiiingUsvasdifleianmada
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fumaila conventional PCR 91u3 a4 3 afl
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i Lysis buffer G3 U395 200 piL e 9
LazUused 70°. Uty 10 w1 wdeanYuLRy
absolute ethanol U31nns 210 pL e lmaniu
wazthlldlunedninsasnautluwiesd 11,000 ¢
U 1 U1 d19mea A28 Wash buffer GW1
V337915 500 pL wastusiesdl 11,000 ¢ w1 wdi
wauAinsedldie wardnsneduende Wash
buffer GW2 U315 600 pL Juwd aadi 11,000 ¢
w1y 1wt uaztlugrdnaddalaiduansazane
iiaran ethanol inndns deundrenedulluld
Tunaenlval wazvrdneddulenensiy Elution
buffer G Agulil 70°w. USuns 50 uL Uui
QaunNIes 5 UM watluwiesii 11,000 g U
2 Wil psRFeUUBInMarANUTAYE TSR ue
soedosanlnsllndines Ingldrnisgandu
a7l A260/A280 waziieansliianuidudy
10 wlunsusiopl ATIVEBUAUNINYDIALOULD

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

fanalddensiuUsinatuamiu cox Tngld
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2.1 YAFBUANLTMINZE VDI lNT IS
wagnagounulala (Validation) veslnsiues
SNz u s outasTunes s B. corecta was
WHAITULAY Z cucurbitae IMNUTTEADUNT
(873UNT UazAny, 2564; 2566) (Table 1) lngyin
mInegdeufuiIsgutasiunaldd sausiuann
QiAAg 9 veslsunalng

2.2 M@n1ET muzaud s un1 gLy
USinuaoute (duplex condition optimization)
diglimaaeulszavsnmnninuiAten duplex
PCR Tneld lnsluad s n12 2094089 uNe 965
B. correcta waglhiaaiuLes Z cucurbitae Aty
UnSenneniu ANBUATINADUANUT U8
Tnswesaouuasryunaliivdnd ufisl sreaunuly
Usewmelng

2.3 TASIERRANA NN NTB15A 187D
Wwasanlaslisdavuernlsaaannudutu 2 %
ket RedSafe™ dye (iNtRON Biotechnology, USA)
Tuthen 1X TAE buffer Tnernuausiliiindianny
finadng 100 Taad 1Jutian 45 Ui msr9deu
wauAduenelinasdanshiloan wastuiingg
F81A3 0301811 Gel Documentation XR $u
Universal Hood Il (Bio-Rad, USA) w3aulusunsy
ATILRAMNENY
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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 a4
TTC 83
2  Zcur-Rl  AGCCGGGTCGAAGAAAGAGGTG 580 - 601 22 60 59

Noted: F= Forward primer, R= Reverse primer

3. NAgaUA LW NAAIINTIUNILIANLAIAD
WaAIUNBIETY B. correcta WATUANAIIULAY

Z. cucurbitae $ufiuglnsiuasdu 9 demaila

multiplex PCR
Fnsfadenlnswesidmmusnzanza
AowasiuNalividanng 9 99138 Uiang, 2015;
Afroz et al., 2022) NA@BUS LA ULNTLUBS TN
YouNaITuNawlss B. correcta wazUATTULAY
Z. cucurbitae il eWmumasia multiplex PCR
dusunisnsrvitadenuasiunalivansvialu
UfAsended Inofiansanglnsweiidgumgd
annealing InalAgsiulaznanA g g o15uu0
Aaiuet e naY WelrauIsaLenLaURLE L
IRt TARUNaRATIEiINaR 8RB AN InSINS B a
mATedvmsUSumuenu u T enzauves
a15.A8 warlnsiues NAABUAINUUNIEANYDY
g fifldluduneu annealing vosUjAzen
multiplex PCR st 55 - 60° Litovna g amn i
winnzanlunisnsianuasl unaly vianevd aly
USRI UaensIRaeunnudngYedions
Tneldetauariuralsifidnenululssndlng
ATITRHAN AU NT 1S A2LaadLanlas NS T4
UUNLIERaANUUNTY 2.5% W&l RedSafe™
dye Tui1en 1X TAE buffer Tngldauniloisi i
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AUEeAng 100 Thad Wunan 45 w1l asiadeu
waudLduenelduasdansiiilaannazuiin
Naﬁaﬁlm%mm&lmwwa Gel Documentation XR
'i;u Universal Hood Il (Bio - Rad, USA) wSaulusnsy
AT NG

NALALITUNANISNAADY

1. NaNTaNARLAULEAINARE 1A TUN ALY
nsanaRLBuLINAIBg 1A TuNalsl
Tundsillinadnsidamnmi lnefidinisgandu
LasfisnsIdIu A260/A280 aglute 1.7 - 1.9
(Table 2) uansiABuiefiardnldfinmuiavdlu
seufinunzavdmsunisilvldlumada
N15AN¥IM9eUTITNY1 (molecular biology)
LaznannIsi nUsuaR s ued e lnsiues
LCO1490/HCO2198 Fudu universal primers Y8
cox1 (cytochrome c oxidase subunit 1) @14158
veneufdueldvuauszana 650 - 700 diua
Fadutrsvueiangaudmdunislalunisy
Aduweurslanuuasiunalsl (Hebert et al, 2003)
uena1nd nsTiasizviasuiinalelnd ves
NARA T RT 0157 L uansA1Al1uLil oy
(sequence identity) futayalugiutayaaina
Tusgau 99 - 100% guduinmainnsanauay
A5 aUsuadswenildlunuiseddainy
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gnees ulug awnsadwunvidalaeg1ed  egrdedwmsuldlunisdwunvilauuadieis
UsednSnn HansAnuilaenndoaiusneeu
Aountnfiszyindu cox! \uduniaunasias

TusgAv intra-species WadAMULANANTITALIY

DNA barcoding %3 8n15Waunlnsiues 910n0g
dmiunsitadulumaiiasig ¢ 1w conventional
PCR, multiplex PCR 158 LAMP (Folmer et al.,
5¥MINUA (inter-species divergence) Jansnzan  1994; Armstrong and Ball, 2005)

Table 2 Concentration of DNA of fruit flies for this study

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

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
a4 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 2.12 284.18 279.66 281.92
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) 2.11 212 2.12 1438.03 1367.55  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
Atwsiuas Tun13v1U§iTen duplex PCR #ia
LUAIIUNDINSS B. correcta HashiladIULAg

Z. cucurbitae

2.1 maawﬂmma%ﬁaﬁwammwia
LUAINOINT I B. correcta LazWUAITULA
Z. cucurbitae mﬂgﬁmmm 9 YosUszielng

MInAaBUUEENS NUBdlnslues TN
AmSUlIATTUMBINS S B. correcta WazILATTULAS
Z cucurbitae AHIUN15AUA 19819910 UT291NT
nnilneresUsumelne lud aenans My ueen
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AARZTUAN ANARZTUDDNLA BNLUTlD AALA LAz
mewtle lagldglnsiosdumedmivusazyiin
wAnAu PCR Tilfgrainssisenadidnlaslngda
WU bwsues Trmzd s ukua s Tune Il
B. correcta Win@nsiaual PCR vu1n 141 fLua
(Figure 1) vausdilwsiassumzdmiuntasiuuns
Z cucurbitae TAnanA 91 PCR Yu1A 83 ALUd
(Figure 2) laglutAauaulddninigiangas
(non-specific bands) Fawanedanudnmziay
Usgnsnmlunisesiaseuriaiuasiunaliain
nauUsEnIingiimanslasg1adaiau
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Figure 1 PCR product of Bactrocera correcta from six Thai biogeographical regions (Central,
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
300 bp

200 bp
100 bp

300 bp
200 bp
100 bp

Central

10 11 12
300 bp
200 bp
100 bp

300 bp
200 bp
100 bp

Northeast

300 bp
200 bp
100 bp

300 bp
200 bp
100 bp

(F) 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,0. Positive control sample
was Z. cucurbitae. Lane M: D2000 Marker
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nansnageulandliiiiuinglnswesd
sonuuulisunesouasiumelss B. correcta
MAZULATIULAN Z. cucurbitae BN3N50RTIVEDU
Areg1antasiunalidannyngdininvesuseina
Inelaeg9fiuss@nsain Tnsnuuwaundnd
figenf vurn 141 glua dmunuasiuness
B. correcta Lag 83 ALUA @M ULUAITULAS
Z. cucurbitae W@ WSAINa MIAZIDURIAIIUTINE
(specificity) wazawLaf g (stability) veslnsiues
ﬂgqaaqq' dan1en1siinugAselinumnay
wiazdauuana e dmansuasiugnssy
UNUizmsig‘mfNﬂizﬁmmumau@iazqﬁmﬂﬁmu
anudnslunsfinusunufiuevewuasiy
naliannuszeinslugiinieang 9 wandliiudn
Twswesildoonuuuduiiausimzaizasiu
Gﬁwﬂaﬁuﬁﬁmmmﬁqﬂ (highly conserved
regions) G adundnmsddnlunisesnwuulnsues
dnsunsidedeluseiuringsaenadaatunis
518971UV89 Rogriguez et al. (2015) fina11
nseenwuubnsueswarinsuduiadeiiddy
figndusumaia PCR uanaIniinismeaaaumu
Tlavesnsunaglnsiwesnouarldniinnud Ay
wufudwdiagldlusunsuiiyvnd edeluns
POALUUAATL

2.2 F3msiimunzaudmsun1snsIvdeu
SAnUNaTIUNDINSI B. correcta LavLIATIULAS
Z. cucurbitae fewatia duplex PCR Tamiiiums
Tagla species-specific primers maqaﬁgﬂaawﬁm
swiulunsesiafegnuasiunaldsdngng o
Fnuluuszmelng Tnefinisivundiunauves
UN5817%015 (Table 3) waganiizljnsen
il wunzaudnsun1svin duplex PCR (Table 4)
NANISNARDINUIITTAINA1IEIUITALENVTA
wuasTuNoIls s B correcta WaTLUAITULAS
7. cucurbitae sana1nuwuasTunabivdasu
Taog1etaay lnondndasifigdensiladann
uuasiuneslss B. correcta fvuna 141 glua
LASHAMAUNVDILNAITUWRY Z cucurbitae
flvwn 83 Aiua dwiunuasiunalddifiniedn
18 wilndinaaeu léun Bactrocera albistrigata,
B. carambolae, B. dorsalis, B. (atifrons, 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 wag Z. tau Ty
NAMA PCR Laneliiuianinudnigiatgas
younadadlunisnsiaasvrinuuasiunalsl
e (Figure 3) lngluifinnauinais (False
Positive) fuuyasTunaliivfindy |

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

200 bp
100 bp

M

-
=

200 bp =

12 13 14 16 17 18 19 20

- +Bcor +Zcur M

- +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) wasfiddauanisnaaes
lanuuaundndueiigensia q lungusdiegis
wuastunaldeindusiuau 18 wila nsldny
nandusivind uusegluana (Genus) iioady
dzoudsnunlugrlunisesnuuulnsiues
fanunsawenvidadmungldlaglifinansenu
nuuasTuraldAdsuiiduedlndife i
LLﬂﬂﬂﬁLﬁuj11WiLMai‘ﬁgﬂﬁ®Q@jﬁﬂﬁﬂmﬁﬂLW’]W]IE)SU‘IC:!G]
(species-specific) a3 wagliinmainujisendu
(cross-reactivity) FuwnasTunaldednduid
anwagnedugIuIng mseRugnssulndlAgaiy
Fadunnaniifiddyuounaiamedaluana
TilusuiueynsuIsnu MuindunvwaznIs
MFIVADUAUAEDDN

3. namsvasaUE IwswesdANNEIWIE
11zR9AauNaITUNBESY B. correcta uas

WNBIIULAN Z. cucurbitae S lnsiuasau o

faewmalla 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‘ﬁlﬁaaﬂqummmﬁﬁmuﬁwﬁ’u
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Iwswies BBDF, B. tuberculata tag BZCIF (Table 5)
laeddrunanvealisen PCR (Table 6) was
anmzUfAzen Multiplex PCR imngasdniu
uunuuasiuralisaeds PCR wudngngumd
Tudumounis annealing fLunzaunonisifiu
USUaudLdueus iy cox! vasudasiunaly
4 4 ofin wiouruigaumndl 60°v. fvuatunou
wazaluufizen PCR cycle (Table 7) uagiile
SarmegeusuariualiRinemulussmdle
20 ain lawn B. albistrigata, B. carambolae,
B. correcta, B. dorsalis, B. latifrons, B. limbifera,
B. tuberculata, B. umbrosa, B. zonata, D. longicornis,
D. spaeroidalis, Z. apicalis, Z. caudatus, Z. cilifer,
Z. cucurbitae, Z. hochii, Z. incisus, Z. isolatus,
Z platamus Wag Z. tau NIATREDUANUTUNL
LR1EIVBTIDNIIAIUNITATIVEOUNE AN T NT D15
fgiSIea0dalnslis T nunlnaunanan e
fPenTuuaUszInm 216, 225, 159 uag 113 fiud
(Figure 4) Foduruiaveswuasiunalsl 4 win
lown B. dorsalis, B. tuberculata, Z. cilifer wag
Z. cucurbitae aua1u laglainufisendu

3

wvasiunalivdndu q DainvuInNanA
nsvaaTIuNalsl B dorsalis way B tuberculata
dlvunilnddesdiunsog1elsAniudaiuisn

U
G

= 2

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
FILUNAIBENYULNIIFUFIUINGT Ualnsiuas
AflAuTINIZL91399R oA I TUN OIS
B. correcta 1uldanunsnunuwaungau iy
uidedY 9 iesannlianunsamamungfiv
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 3214  58.10
TTC
BZCIF-F GGCTGTAAA ATCACTACAGTC  56.27 56.27 159 Afroz et al,,
BZCIF-R CGGTCTGTCAAAAGTATAGTAATG 55.40  55.40 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) 12.5
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 pM 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
2. Denaturation

3. Annealing

4. Extension

5. Final - extension

95 3 min
95 30 sec
55-60 45 sec
72 45 sec
72 5 min

1

30

500

200

50

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
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nsdnuadsilduszgndliglnsuesid
AUANNIZHDLNAITULAN Z. cucurbitae TIAU
qlwsiwesATunizdounasiunaliving u
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
N15M529deULTBIAS LA §auansdanany
winzaulun1sesnuuuainulnsiuesaran1iy
U381 (PCR conditions) malla Multiplex PCR
AWMU ua LS uve onEn T e DNA
loegretaau lnelilaundndusingansaun
216 gjwa (B. dorsalis), 225 fjlfua (B. tuberculata),
159 gjwa (Z cilifer) waz 113 @'wa (Z cucurbitae)
a1ua1fu wazlifinisiiawaudildsmiz iy
wiarfunaldviinsuiinaaouii 16 via Fasauds
viiad ogluanaifeiu uazvidalndiAanis
wugnssy wadnsduansldifudnlusiwes 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
InsiwesiliAnuiAserdudu (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
Huegned egrlsfiany nswesfisinizee
e unesls B, correcta lanansoniutau
deUszgndldiumaiia multiplex saAulnsies
duldl flesmnnliianunsaimungamgfl annealing
funngaudnsunisinusiniuveddnsiues
nnyalaglianneuuszansamnisiy 3eie
Judedrindrdgueinisesnwuulnswesiides
yMausufuvennaida multiplex PCR 7 604
AiTedamnunuisauaslnsiuos i dus 1w
AMUTUNTE YUIATRIlNTNeT uazgumvgiily
MU aunamilionanananundieadaniu
gasariuivaludy Colveuuasiunonsy
B. correcta funuasiunaliiafindy 1 fuilnn
TndAssturmidniseonuwuulnsiuesia
AT IIIzgwilaen (Jiang et al., 2013) Falu
puIAnenUsrynel by inAlA realtime PCR
WUV probe-based 141 TagMan aaunsosiiy
AanuTnziazaulilafanit uazgaiunly
Fuunvianuasiunalidlungy Bactrocera way
Zeugodacus haengiiiugn (Kayattukandy et al,,
2025) visemsltieRomaneymsius nssnEudy o
Aflaudumzuaranuligandn uaglsifing
cross-reaction L 8u ATP6 wag ND2 Lﬁal,ﬁm
ANLLIUEILAEANATEUARNIUNITATIFTILUN
yilaunasiunalyl (Castellanos et al,, 2025)

Fou uisedsaiunuisousnidl
n15Uszenei LYinAla multiplex PCR @113y
A13R5999UNE U cox! vasuuasTunaldis
4 win (Z. cucurbitae, Z. cilifer, B. dorsalis wag
B. tuberculata) lansaununtslunisnaasu
deseduier Tngldlnaiwesiifinnudnmegsly

'
aaa a

anguisenmunegan nan1s@nwiillaiies
WAAI LA LA U NNAT AR INAIIEINUITOL NV
wUANA L AP IMUUTILALIINTE WATILARILIA

wiudsdnanmluniswauies el ol daden
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U3endaaIuasd un uuInnIINITATIUUY
conventional PCR  # 9981518910 wag
ﬂﬁﬂ’ﬁmuﬁamﬂﬁgq (Lab Life-Real-time PCR,
2015) uenanifadunisantuneulunisimioy
Aage NM3TINUASEY PCR Tianunsansivaey
lanateydaluasiifes wazn1sldinaia
wadianlnslEFaiiowanaldogadaay

NANISNAABILAZINT

wAtlA duplex PCR AT uluauive
fannsonsivaeunasduunwiasiunaldfn iy

=

Adrdny 1w wuasiuneslss 8. correcta way
wHAITUWAS Z. cucurbitae TanSaununielunis
yUFAzeRe Ingldyelnamesidasumzge
Usznaufunszuiunsanamewe nsiiuusune
AOULDALNALA PCR LAYNISILATITUNAR Y
wadanlnslnsda Jelvnaudusn s9a157 uas
a1u1saUszgndldiudeg 19NN iiniAves
Usunelneldogsiluszansam Snstslnsied
AUt udmuLuasuLne Z cucurbitae
Faanunsaldsudulnswesainanuiseduluns
MSIABULNATUNALIDN 3 ¥UA (B. dorsalis,
B. tuberculata was Z. cilifer) neluuAsenien
Jagrefiudssansamlunisidededngiialy
HarAniiensaeen wedadananitelaiUseunia
conventional PCR lus1unisand unou 12an
wagdunulunisnsaaoy sedsanunsavlld
nviladediegeiiegluszegly Mmuou vive
frud dsliasnsasiwunsinldmisdnuazmig
dugiuinenieseg1auied Janusdmsy
Uszgndldluaueynsaiisnu Anfduiy mstseds
LAZNITATUANAMNINEUALNYASABUNTEIDDN
ogsfluszans nmiitelviaenadosiuuinsgu
n13A1TenIeUsenalutagdu wazanunsase
goaieltiuunasdngiivsindu 9 Tuouranls
peneliusEANTA N
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TuswianAIs U sWRILINATlA
real-time PCR (gPCR) Worinauansaly
A5 IUNYE AL DRt UABUNTIATIVTIAT I
\{109910 real-time PCR @13150957930A512 %
Suunsdauuaciunalildlaglideseliduan
UjA3en wiolidewmsnaeuneliwaddniasli e
nIoAITWAILUILYNALA LAMP (Loop-Mediated
Isothermal Ampilification) ‘ﬁ'a’m’]mﬂszqﬂﬁ%
Tuneawulalaglldoddindas thermal cycler
mmﬁgqmadqLa'%umiﬂ’wuwgmm’mﬁ’%%agﬂiu
ULV lateral flow %38 chip-based a1
nydeuktaIdngiylavatevilianioudulay
lLiideaondei{ifoavgraniznig Javggaoidiu
UssAvamilunsitadouasdng fieluszduiiud
LAZAIUATINAUA LN BATIA 08 19Tl UsEavE ATWaIN
597w uaznan1sAnwE i eedlianuddads
Fvmslunisidadeviauuasiunaldognauiugn
mndsenusarhluldasslusnuindune nsliseg s
N13ATUANANAINAUANEIDRN wazNITatiuayy
JEUUNIATIVEOUA WU yvasUsemndlney
fognafiusvansnmuazdsbu

AUBUAN

YOUVBUAMTITIVNT WHNITUIIYNITHAL
AN NANUBUNTUITIW NANA UAZFRIINeN
dninidewmuinisersnviny nnvinudmiy
Augremdovinliauideluaedansa
wazgalumen
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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 tefI 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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Ui

Wosmarwadddluana Trichoderma
(Ascomycetes, Hypocreales) fiA1UE1A YN
wAswgha lalanignisdunsinensidanisly
Wos1 Tuana Trichoderma \Juansdasfngt
(biocontrol agent) (de los Santos-Villalobos et al.,
2013; Kindermann et al., 1998; Mbarga et al., 2012)
suiesmnanauantilunisdudvdosang
Tsmity Tnendos Trichoderma Wudesiionsn
N3 ed1esansalaisudu L%@i’]ﬁ’]m&l
Tspigansyin Jevilidvuszansninlunisues
T¥ansemmnsuasiuilunisiesy swdedeeuse
eansens uazadnludulovedonavelsaiiy
(mycoparasite) uonani W31 Trichoderma
Feadeansufueiianansadudinisiaigues
Wosannalsafivvarevia wazansfiiies
Trichoderma @3193 ufsdwansefy Insyae
TunsiaSaudule (plant growth) saudsnseruliidiy
ﬁmmLL%ame'aﬂﬁLsﬂ’wﬁawsuaaLéﬁyaiwmma
15aN% (plant defence responses) it 1Wes
Trichoderma 3afudnmadonuilsiigniianld
lunsaurulsaiiy legldnalvifianadowniie
wazdwanden wazdasannisldaisailunis
Uasiuminlsaia

Trichoderma asperellum Huid a1
Juiisdnluana Trichoderma wazdinnsvanld
lunisaiuaulsanvlnediifeg 19uns viane
Fafinsduasulildlunisdestumdalsadiy
Tneitsnaniasguazionyu saudedinsudnly
W9NITAT NTATIABUAINYNABIYDITTAVDS
e T. asperellum Safimnudrdayduograds

mniimsldvlinveatosn Trichoderma liignsias
wislidulumuingUszasd 1w finnsuuidou
wsenskaniuveesujinduinnin 1 viia
rdINANTENUABNAUTEANT A MUATAINT 1B
& d -
YDINTAIUANY AR LIANY (Druzhinina et al.,
2010) luilagtuiiveneussvanvetiumsdeutasiom
T an Al g el 9931 NYULAURANG
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mwé’mgmf‘mmmaaLf?fyaiﬂuaqa Trichoderma
Tusiruuandsiisadndes Savildensdonis
uunlusyavalad

mi%’mm,um%yaiw Trichoderma @115
Tuunla faea nwazdugIuinel (Rifai, 1969;
Bissett, 1984: Bissett, 1991a-c; Bissett, 1992) 1y
JUSNANYUELAYIWIAYBY conidia & SNYMERT
conidia (ornamentation) SNYALAITUANA IR
nsnesudulaluy sterile 3o fertile ANB17
fidueeninaniiugaued uivied dnvauzaim
uanANSTIRNTTBUS el snantaansald
WENANLANA 19 98 19T ALaud s vU9al T &
wsi lianansausnauuana 9l veellruaguese
SEWIN strain VBIUWEUTE (Singh et al., 2014)

N5TATILUNLATT TAUINISYE LT 837
Trichoderma Laglda nyueEN19A 1N UTNTTY
(DNA) fins@nuwfunnnd u Tnedaulangld
W internal transcribed spacer (ITS) (Dodd
et al., 2000; Kindermann et al., 1998) LANUIN
A15EIMUNGI8 TS Wiiaand siunisldaunse
LYNAULANA19E NI 851 Trichoderma
V19aUTdlE esanides Trichoderma wianiu
3 Yaunsilnddesiu Snaziinundionds
viofldnuwarmedugiuine ilndidssiuiin
Wy 49789771 T. asperellum W complex
species (Hannn31 1 aUTdneléde T, asperellum)
WATANYUENNFUFIWINGT WY aNEUEVD
conidia lianunsalddneds wiewSeudisuiite
Fuunviald udillolddnuagmsiuiugnssy
(DNA) 31U 4 A1uuUUS e wn the Internal
Transcribed Spacer (ITS) translation elongation
factor 1 (tef1) RNA polymerase subunit 2 (mb2)
wag actin (ACT) Tun159aankun (Samuels and
Ismaiel, 2009) WUdﬂL%@ﬁWﬁﬂﬁﬂszﬂaﬂUﬁw
T. asperellum wazT. asperelloides 3l#5unns
Vuinidusnadddvead 051 Trichoderma
(Samuels et al., 2010) Yonanmuin e
g inevesivaesalidl danulndifes
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oganniude T, yunnanense LAYENNTOLYN
AnusanatlalaeIsuiisutoyavefidue
wintfu (Samuels et al., 2010) @udutd 57
T. harzianum 14 Chaverri et al. (2003) ¥1n15
WU EUR NYMENIIR 1URUTNITUIN
4 g s lawn TS tefl calmodulin kag actin
‘& 8351 Trichoderma Aiwvluuszimasuiie
Srurunanglelaani Snsuundednuasnig
FugnAnerindu 7. viide wiidloliteyaves
ALOULDAINFIUNU S [TS LAY elongation factor
wuindesumaniineiiesn T. asperellum vi3e
T. asperelloides (Sriram et al., 2013) INNITA NN
Snwazves conidia V0uToT1 T, harzianum Wuin
farulndideety conidia veudesn T, viride
TAYTANULANA 1L 89LE N1 B8V IA N UMY
ALY LaLanEYEs conidia BRTT LTes7
T. viride §siinulnal@eeny T. asperellum
Fadu Snuarnisdugiuine launsalddneds
dednsuunogadaauls (Singh et al., 2014)
UagUuladianunergruwmunnaia
ffimuuduginazsiniaiionsisaouaia
W Trichoderma wiu M3l isozymes MsUseuiiiey
avuihmdlelnavesdu uag random amplified
polymorphic DNA (RAPD) (Zamir and Chet, 1985;
Grondona et al., 1997; Miyazaki and Tsunoda,
2003) Weiimsasiaaeulngldinadia Polymerase
Chain Reaction (PCR)-based wazlnsiuesd
ANNINNzd N3l lunsnsiageustaues
Lﬁ'ﬁyammmqiiﬂﬁ%mmﬁ?u (Devi et al., 2017;
Mazzaglia et al., 2001; Konstantinova et al., 2002)
Felumsfnuniliingusvasd ewwuisns

a a

M3I9@ULYBIY T. asperellum NAUTENT AW

s auaziinuuiugge wetluussyndly
INTIVABULY D19 INATIUANTVIN UNA UL VU
N UUAUNTLATINITINEAT

gUunsaluazdsnig

1. usudayasianugnssuvaatesluana
Trichoderma

1.1 pusndeyasiaiugnasuvend 031
luana Trichoderma INNN 591 LTAN Y
war culture collection voInguidelsaily
dinideiauinisensnundiy

nunufeaswendeliuians
weonidesn T, asperellum Al§Susnann

Witsinuailsaiy wag culture collection YaeNg
Tdulsan e d@1dnITeWmUINITONTAVINY
Iﬁ‘ucﬁqwcﬁg 10835 sindle spore isolation &neaUesien
suaﬂL%a'iw T. asperellum Lﬁymawummi
Potato dextrose agar (PDA) Uuﬁqm%qﬁ
HosUFtRn1s wiu 7 - 21 Yu minlifimsudlou
gausasnilunisanafioule L%@ﬁw%ﬁyﬂﬂﬂ
aU05LA 87 9LWINITHENLE BIUUBIMAS PDA
mﬂﬁy'uﬁ%%aﬁqw‘éﬁlﬁ Aesunes PDA Slant
Tuvaesui Wulifieamnd 15%. wield@nwsioly

annAduLe

Feduloveaden T asperellum Madey
UUDI11T PDA ual81vasluvasadiusvana
AU LiY class beads aslurapaudIlvgnieg
TissueLyser imud 30 seUeIUT Uy 3 Wil
wagynsaiafdue AuIsyas Meyer et al
(2012) way Doungsa-ard et al. (2015) 1AUSNY
Aduelifionmgi -20 v -40%s.

Polymerase Chain Reaction (PCR)

WRduefiataldainusazfegne uvh

nsiulSnasidued e the Intemal
Transcribed Spacer (ITS) @ the translation
elongation factor 1-alpha (tef1) f1e35 Polymerase
Chain Reaction (PCR) a1 Taq DNA Polymerase
(biotechrabbit™) 14 cycling wag condition U4
Ui nanuuzi fvuelden annealing
temperature 56°. AFIRAOUNARS AT Ida1nN13
¥ PCR Tngns1adeurunnuess uauvesiiEue
fifeinIfe3sEnnsInEda dawdndue PCR
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U138 Macrogen Usswannd iiedunsisi

anuihndlolna
NMsIATZilazaTdaua R utralelng
ihdeyadiduiinalelndildainnis

NABDINIVINNTIATIEI Tt forward sequence
LAz reverse sequence i b uUSEU LBy
Taelelusunsy Geneious Prime 2020 (Kearse
et al,, 2012) Tuiintayavesdiduilinilelng
TugUuuulig FASTA vihnsasiaaeuaignaes
vesrinvesqaunisiinisdnuidugiuteya
NNINUTNTITU 191 Mycobank GenBank lagLien
WUTUNBUAY type sequence

1.2 sauriudeyadduiuaread asily
d@na Trichoderma 310 GenBank 33U U8Ya
famalolndsiunds ITS way tefl 10T 031
luana Trichoderma tnsianiznguvedd e
T. asperellum complex ﬁmugmsﬁaaﬂa GenBank
59084 type sequence i puUSeuLiBURU
Yoyasviaiugnssuiildainde 1.1

1.3 msdnisssasuihndlelng

11 contig Yasa1AuilAd lalnasiwnila
ITS waw tefl TlHaNNsARBIMaLAINMITIUTI
Toyaundnsenielusunsy MAFFT 6.611 (Katoh
and Toh, 2008) 91N UATIAABUNIITALS /s
(alignment) 1neA5 MUSCLE Tulusinsy MEGA12:
Molecular Evolutionary Genetics Analysis
version 12 (Kumar et al., 2024)
2. sanuuulnswassmneradion T, asperellum

genuuulnswesidaus et

T. asperellum Tasnsfinsanyndeyavontos
luana Trichoderma waz 14lUswnIu GPRIME
lun1seeniuu tngesnwuuimuwvisiveg nnelu
ALY TS ey tefl
3. nadoulnsiuas

3.1 NAadUUTEANT AINLAEAIUT N
vaslnsmoifioenuuuldiuiifuelugiutoya
19U GenBank
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3.2 maawﬁ’ualﬁul,asuau%aiw T. asperellum
wawitosluana Trichoderma Mnfifisfnsilseiie
way culture collection ¥eanauIdelsAny
dinisewaunnisersnufie Tnesuiunis sl

Polymerase Chain Reaction (PCR)

ihduefiataldainusasiegne uvh
MafinUsaf S uemunef U TS uwae
tef1 ulwsiues ITS1/ITSA (White et al., 1990)
kay EF1-728F/EF1-986R (Carbone and Kohn,
1999) EF1-728F (Carbone and Kohn, 1999)/EF-2
(O’Donnell et al., 1998) wazlnsiuasiiinis
DONLUVUUGAILAUY ITS Lag tefl #1875 PCR
1aely Tag DNA Polymerase (biotechrabbit™)
1% cycling way condition maqﬂﬁﬁ%ﬂmuﬁ@ AR

wugth MuuAldAn annealing temperature 91 56°.
Nested Polymerase Chain Reaction
AR A9 PCR 7 LA 910151 PCR

e ITS eldlnsimes ITSLATSA uag dumi
tef1 Fildlnsies EF1-728F/EF1-986R way EF1-
728F/EF-2 211 Nested PCR lagld lnsiuos
fivniseenuuulagld Tagq DNA Polymerase
(biotechrabbit™) 14 cycling uag condition ¥84
UfAsomiiganuuzii fvualden annealing
temperature 56°%. A529AOUNARS 7 b0
1391 PCR TAem31980UUINY09% LAV
ASuedideimsiieissdnivslneda duwdnsos
PCR lUS3U38W Macrogen Useinanng iiavi
TvinAnArust PCR U3aws wagmarduinadlelnd
4. msfmaaummgns’fawawﬁmmL?“;'a'm
Trichoderma #lwswassiniznsiaduld
teyaaduiiandlelvdvessiegeain
clean culture fivUATeRUlnswes AT
Bz iUl T, Asperellum 1191113
a1 laeidn forward sequence Wag reverse
sequence 7 lduUssuiisuiisuiu Tneld
1UsNSY Geneious Prime 2020 (Kearse et al.,
2012) azdufindeyavesardviindlolnd lu
sUnuulng fasta vinnsasiaeuriln 1neds
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phylogenetic reconstruction U84 combined dataset
FilF1nsunus ITS uae tef! faewnasst Maximum
Likelihood (ML) Tnawnseulng .phy Talusunsu
RAXML v8.1.15 (Stamatakis, 2014) Tun1931A31s%
AnuAA1 model of evolution WUU GTRGAMMA
7LAS129 A8 rapid bootstrap (command -f a)
5u31A51395 970 random starting tree was
fmuaA 1000 §1 dmSu maximum likelihood
bootstrap A5 zsinaLionsIvaeuviindignies
flwswessmzasaduld

NANISNAABINAZINTAl

1. uTIudayasianusnIsuvauyasluana
Trichoderma

o Glm’ﬁ%‘ﬂ’ﬁm’s"\]ﬂ@UL‘??@i’] T. asperellum
FluMI5IUTIEETT Trichoderma snuenite
Tiu3gns 1dsuau 115 lelaian adndiduie
WaEyin PCR fiwmls ITS, tefl wag rpb2 Magann
sequencing lAdaya sequence 299,495
T. asperellum 7 115 lolmian $1u2u 3 fwml

wvhmsaTdeuiiosuuntiladedd phylogenetic
reconstruction LU3guLgUAY @18WUgAULUY
(type sequence) mausﬁaiﬂuaqa Trichoderma
FadABnsildinnsgusasdauusiugngs
namssuunein wuildfegwoadon
ﬁaﬁ'j ﬂa: UVDN T. harzianum complex T. asperellum
complex waglunguves Longibrachiatum Fauans
Tufuiadesena uil Tenunainvatsuay
wrauTiaadeur NSz vedlngles
filfoanuuy 1l 8nsI9a8UAIINTUNIZH DNA
yoadosiimang
2. EJ?JﬂLLUUlWSL&J?J%QOWL‘I/\I’]%Gial,%laiﬁ T. asperellum

99NLUUINS IO I UM B UUB UALMIS TS
ey tefl yoaides T, asperellum voucher CBS
433,97 Fadu type isolate Yoo T, asperellum
Famsld type isolate Aluguuuuluniseenuwuy
Inswefiduisnsfigndesmiundnnisnig

ounsuism ilviidlaldilnswesildagdumg
Wzt Ul el mane Talnswesarnmumnis
ITS 37U 10 A wagdunis tefl lA3uU 6 ¢
(Table 1) $unuglnswesldvilsiifudoniuns
thluneaeuyszavsmmuazidengnsesiniian
AmsumsiauIS NI TvEeUsioly
3. nadaulnsiues
yhmavageulndwesfuguteyaid e
Trichoderma TusgaUaD type sequences e
Twswesiismzreides T asperellum szu
VYDINFU complex UUAIUNUS ITS 91U 2 A
lAuA Trias3-F/Triasd-R Wwag Trias3-F/ITS4 (Figure 1)
wagdunusdueeslngiues Triasl-F Trias2-R
Trias3-F wae Triasd-R VUMY TS 109d 037
T. asperellum CBS 433.97 (Figure 2) Inglnsiues
1713\1 3 @j 3 annealing temperature finvaufe
56 - 60°. Uagsuvinla tef? 3113U 1 ¢ e TritefLF/EF2
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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, tefl: Tritef1F/EF2

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

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

asperellum/ T. asperelloides

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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1. AY3B0912 1_Trichoderma_asperelium_CBS_433§
2 KF4257541_Trichoderma_ssperethum_CGUCC_6
3 NR_165848.1_Trichoserma_kunminoense_YUF_1
4 GU19B301.1_Trchoceema_sspereliondes_GJS_04
5 N1335531_Trichaderma_ssperetiontes_GJS_04
5.0P3287711_Trchoderma_asperetoides_Tr2

7. MH383059 1_Tchoderma_pseudoasperelioides_
B.MH2625871_Trichocerma_pseudoasperelioldes_
8.NR_134413 1_Trichoserma_yurnanense_C8S_1%
10, AY241822 1_Trichoderma_yunnanense_YMF1.01
11 AFOS7606.1_Trichoderma_harzanum_CES_226-
12 FJ4425791_Trichoderma_hacsanum_GJS_05-1(
13 NR_124371.1_Trichodsrma_hamatum_DAOM_1(
14, MH1135251_Trchodsema,_insigne

15 UH113927 1_Trichocsema_insigne

16 MH113926.1_Trichoderma,_anischamatum

17. MH262595 1_Trichoosema_anisohamatum_YUF
18 MH262583 1_Trichoderma_aneschamatum_YMF
10 MHBB2505 1_Trichodeema_aovnde_culture_CB
20, NR_138456.1_Trichoosima_koningi_ATCC_642
21 NR_144858 1_Trichodeema_lentiforme_CBS_10¢
22 NR_120297 1_Teichodeema_teesel
2200323409 1_Trichederma_Konings_GIS_00-18
24 MHBSTBS5 1_Trchaderma_virens_culture_C8S2
26 NR_128441.1_Trichooeima,_wrice_CBS_119325
1, AF456907.1_Trichoderma_asperellum_CBS_4339
2. KF425756.1_Trichoderma_asperellum_CGMCC,_6-
3, GU248412.1_Trichoderma_asperelioides_GJS_04
4.GU198294 1_Trichoderma_asperelioices_GJS_04
5. JN133571.1_Trichoderma_asperelloides_GJS_04-
6, KI742802.1_Trichoderma_kunmingense_YMF1.021
7. MK775504.1_Trichoderma_psseudoasperelioldes_\
8. MH247183 1_Trichoderma_pseudoasperelioides_*
9.GU198243 1_Trichoderma_yunnanense_CBS_121
10. AY941825.1_Trichoderma_yunnanense_YMF1.01(
1. AF469195.1_Trichoderma_lentdorme_GJS_88-6
12 AF401004.1_Trichoderma_teesei_OM_6a

13 AY750891.1_Trichoderma_wrens_DAOM:167652
14.D0672615.2_Trichoderma_wiride_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 AF348101.1_Trichoderma_hardanum_CBS_226.¢
19.FJ463329.1_Hypocrea_lii_GJS_05-107

20 AF456911.1_Trichoderma_hamatum_DAOM_167(
21, MH177911.1_Trichoderma_insigne_YMF1.00207
22 WH183185.1_Trichocerma_insigne_YMF 100351
23 MH177912.1_Trichoderma_anisohamatum_YLF1
24 UH236495.1_Trichoderma_anisohamatum_YF 1
25 UH236494.1_Trichoderma_anisohamatum_YLF1

GCCCTAAATACAGTGGCGGTC!
CCCCTAAATACAGTGGCGGTC!
[CCCCTAAATACAGTGGCGGTC!

PO0O00NNO000D00OROODD000

NOOO00000
000000000
nnnnnnnnnﬂn

S cai
_GGCTTVTAGTGGGG'GTCAA
GGCTTTTAGTGGGGTGTCAA
BGGCTTTTAGTGGGGTGTCA

MGGCTTTTAGYGGGGTGTCA

BEEBCGCTTITTAGTGGGGTGTCAA
f'l GGCTTTTAGTGGGGTGTCAA

Figure 1 The specificity of the designed primers
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CCGAGTTTACAACTCCCAAACCCAATGTGAACGTTACCAAACTGTTGCCTCGGCGG6GGTCATC
7 O % & i 0
cccccocGocoTGCGOoTCGCAGCCCCODGOGAACCAGGCGCCCGCCGSGAGGAACCAACCAAACTCTTTEC
] i % i o w
TG&GTAGTCCCCTCG C GG ATTCAAAATGAATCAAANA
™ ™ m
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= %= % e
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S = = £ ™
TCTGGCGEGG6G6CATGECCTGETCCGAGCGTCATTTCAACCCTCGOGAACCCCTCCG GG6G6GATCGGCGT
= ™ % ™ = ™
TGGGGATCGOGG6ACCCCTCACACGGGTGCCOCGGCCCCTAAATACAGTGGCGG TCTCGCCGCAGEC
“ = = ™ = w
CTCTCCTGCGCAGTAGTTTGCACAACTCGCACCGGGAGCGLGCGGCOCGCGTCCACGTCCGTAAAA
% 5w o
CACCCAACTTTCTOGAAATG

Figure 2 Binding sites of the Trias1

F, Trias2 -

R, Trias3 - F, and Triasd - R primers on the ITS

gene sequence of Trichoderma asperellum (CBS 433.97, type)
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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=
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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
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Y Entomology and Zoology Group, Plant Protection Research and Development Office, Department of Agriculture,
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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
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Figure 2 Dermal application of a spore suspension of Trichoderma harzianum DOA-TH50 at

an acute dose of 2,000 mg/kg. 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.)
female 2,000 225.00 1.0
2 female 2,000 226.70 1.0
3 female 2,000 228.50 1.0
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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)

9031N15018 (Mortality)
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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
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body weight change)
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Table 5 Changes in body weights of rats orally administered a spore suspension of

Trichoderma harzianum DOA-TH50.

Body weight (g.)

No. of . Weight Mean
ex
animal Day0 Dayl Day2 Day7 Day1l14 gain(g) (g)
1 female 315.00 321.10 328.60 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 27880 28590  298.80 25.70
Acute Oral Toxicity
,E 32; ﬁ’ , §_
%"‘ 300 §
= 2 w 2
-§ 280 gl
: .
.J Dayd I Day1i I Day2 I Day3 I Dayd I Day 5 I Day 6 I DayT Day8 I Day® II}ay‘ltlI Dayii IDay‘lZ IDay‘l3 I Dayid
Food consumption
—g—Fatno.l
P2tz
—g—-Fatnol

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

Trichoderma harzianum DOA-TH50 in relation to food consumption.

MInsRERUANYALININEA YRR Ty
aenilan (Gross examination)

Tuiudt 16 vesnsmaaeua Ll ufiv
MYUINRa 3 @2 azgnvinisensrmsiduiian
1fu LLamj’wm%’aﬂfmﬁﬂdauﬁwmsmqmamm
lnsn1slinunaassganuingasveulneenlyd
(COp) Anfun s INTYNAGeY HIYBIBILAY
Yosoniletugnsvin waggauiaunfves

pivazntelu lawn Yom Wala fu 913 nszinng
913 anldvindrudu la uagnuazsely way
GEON B\Iaﬂﬁmlﬁ%’m‘méLLiVlﬁllﬁ%lUﬂ"liﬂauﬁ’ﬁ
wiuaeealas T. harzianum aneug DOA-TH50
firnududy 5,000 un./nn. ﬁmﬁﬂﬁaw PUI
aiiznelureanyusnynda ldauiaung
YoIdNEAILABUDN Telu Yo TN
el auneieng uazdveseeag (Figure 4)

48 2136715398UaTWAILIRIFNVINY TN 1 atunl 1 AsngAx - Augneu 2568



Organs : Acute Oral Toxicity

Lung Heart Liver Spleen

Gastric

Uterus and
Kidney Brain
ovaries

Duodenum

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

different organs after oral administration.
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ARYInIsLAtLaNITUINYRIR Ty wsvly
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DINSUALLAYDINITUINTYDIN U VB Draize et al.
(1944) (Table 6)
9M51N15018 (Mortality)
mendinisldansuivassalasinang
WUYU 2,000 Un./NN. 5114%9%1/1‘15 wUrUURINTa
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3 ¢ Lifinnsaeiiedu (Table 7)
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Day 1 Day 5

Day 7
Figure 5 Dermal irritation in rats following administration of Trichoderma harzianum DOA-TH50,

Day 14

with complete recovery observed after 7 days.

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

USunaensuazinfiny wazn1siUdsuunlas
ﬁ’l%ﬁ'ﬂﬁ"a (Food and water consumption and
body weight change)
miﬁummmazugwawyjLLwnmﬁh
Aaunuvlddde Tnednsdaiminemsuas
sy nudmyusniildsuasuriuaosales
T. harzianum @neWug DOA-TH50 Ainnsitadiu
2,000 wn./nn. ﬁmﬁ’ﬂﬁ’my LULUS IR INS

annsanuemsuavinlgiuund dredunisiu
2MNININY 15.55, 16.51 uaz 16.65 n. M1uUa1aUu
LarilAadun1sAuLwiafy 41.60, 46.40 way
39.33 ya. auansu Tnedimindiiuiueas
fADATTYLLIAMAZEU 14 TU WNNU 52.60, 38.40
way 57.00 N/ auasu (Aady 49.33 n./5)
(Table 8) warwuinnsiasunlasmesindnga
LﬁﬁﬂﬁLﬁu%uaama”mﬁ’umm%m@uim (Figure 6)
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Table 8 Changes in body weights of rats dermally administered a spore suspension of

Trichoderma harzianum DOA-TH50.

Body weight (g.)

No. of Weight Mean
. Sex .
animal Day0 Dayl Day2 Day7 Dayl4 gain(g) (g)
1 female 225.00 23210 23550 25840  277.60 52.60
2 female 226.70 231.10 23430 247.30 265.10 38.40 49.33
3 female 22850 23740 24110 26330  285.50 57.00
Acute Dermal Toxicity
T . 8
%\- 250 L §
g 240 8 _g
§ 230 8 %
: .
- Day 0 I Day 1 I Day2 I Day3 I Dayd I Day5 I Day & I Day T IDayB I Day® IDay‘ltl IDa},."l‘l IDa}"lZ IDay‘lB IDay‘lt Food consumpton
—g—Fatnol
—m—FEtNo2

Figure 6 Changes in body weights of rats dermally administered a spore suspension of

Trichoderma harzianum DOA-TH50 in relation to food consumption.

msnsIRdauanEuEmMImMenwvaseieazmely  nszwigens aldandiuiu lo uagnuazsaly

feaLlan (Gross examination)

Tudud 16 vesn1snadounindufiv
VDIAITUVIURBEAUDS wuﬁLLinq 3§17 NI
Msonownsduian 1 Ay uaziundsginin
NAUNINITNITUEIN LAgNITIAINYLINEAAY
fingensuaulngenlas (COp) AMHIUMIHIBINVIULY
K1YoaTipIlazYeanifiedugniein wazgam
Raunfveseisnznglu laun Yoa wila du dhu
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WAZANDY NANITHIYINYLINALATUNITHUE AT
wuaewaleas T. harzianum aeug DOA-TH50
a a o a v v

USIURINLY 71 A2 udY 2,000 Un./nn.
wtindvy nud elerzngluremylsnnne
Tuwragnisnaaeu lufiauiinunfvesanwuy
Aeuan YNluAuYesiwsiliedsisnely wun
9187 Lavdvuesadviz (Figure 7)
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Organs : Acute dermal Toxicity

Uterus and
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ovaries
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| ( . B -
/ \ 74 ‘ /
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Results = Normal

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

organs after dermal exposure.
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Fisemuind mswwj{ﬂaaﬁ Ao Trichoderma spp.
F1uu 3 518 Inenuseslsauufimige (esan
mnﬁmmmu'%ﬁasum'ﬁrﬁ‘yﬁmﬂ’asuawg’ﬂm
mmaaﬂé’umﬁuﬂiﬁﬂumwé’a aamnueIns
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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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wazduaflveada
N13fnwAuaudAnIedugIuIne,
#3591 wardaailvendeuvaiiSeunclsznis
MNLIBNNVBY Laboratory Guide for Identification
of Plant Pathogenic Bacteria Third Edition
(Schaad et al., 2001) laun n1sdeudunsy
mawdeud (motility) nedey oxidation-fermentation
nsiasayfigaumgdl 40%. Msa¥eens fluorescence
N1585719 levan N151A3QYUUDIMIT TTC A1Tas9
oulwsl oxidase toulwal amylolytic uagioulasl
pectolytic
4. ﬂ’]’iﬁl’i?f\]ﬁaUL‘%}aLLUﬂﬁL%EJﬁ’]LWGﬂiﬂIUQWUEN
winuazuzamAnewmala PCR
mnaaw‘??ammaimim;mmw%mmz
Nrl¥omAn19mAlA PCR M1UT1891U989
Koenraadt et al. (2009) way Ning (2012) Inglu
n15911 PCR I USu1m559% 20 pl Usenausie
MfueveuonuATiZuANuTuty 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) LaE/ 3396 Y
fiduwendlduas gansilleiandeinias UVITEC
Cambridge Platinum (Uvitec Ltd., UK) laedl
fduevendsuuaihiseduuuy (type strain)

lawn Xanthomonas vesicatoria NCPPBA22, X.
hortorum pv. gardneri NCPPB881, X. euvesicatoria
pv. perforans NCPPB4321 Uay X euvesicatoria
pv. euvesicatoria NCPPB2968 a1nan1yduThe
National Collection of Plant Pathogenic Bacteria
(NCPPB) ans1wo104149ns tluganiuau (positive
control)
5. m3suunviaiauuaiieanglsaluga
YDININWASUZLYDLNA
msafauasiuUsnaAue
afafsuadonunaiiseanunlsalugn
VBININUATUZITaNARIBYAANA QlAamp DNA
Mini kit (Qiagen, USA) nduenataladudiy
USuuBu atpD, dnak, efP wag gyrB MIus189IU
284 Roach et al. (2017) Inglumsvih PCR 1331015
599 50 pl Usznausie Aduleveadenuniiise
ATULTUTU 10 ng/pl, OnePCR Master Mix
(GeneDirex Inc., Taiwan) wazlnwsiwesviinay
0.2 uM LﬁmﬁmmﬁLSuLaﬁwLﬂ%amU@mqmmﬁ
Biometra TAdvanced (Analytik Jena GmbH,
Germany) Muungamgiuaziiailiiudunen
angfduLeniuy (denaturing) ﬁqm‘wqﬁ 95°4.
Wuan 2 undl $1uau 1 soU wenatefdule
wiwuusetigamadl 9d°eJunan 30 Jundl Inswes
Bugudugiufidueusiuuy (annealing) fauan
Tu Table 1 1Jutian 15 7l duasgifioule
(extension) Agamafl 72°0. 1Jutian 2 unil
91U 30 59U wadUATIZRAOWBTOUAYINY
(final extension) figaumgdl 72°. 1unan 5 unfl
U 1 59U
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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

AN5A5FDUNANN U9 PCR

o a & Y °

1A L9 ULET LA A1NN15Y PCR 419579
a & vV aqa a o aa E%4
WATIEYAEITarNLsaRadantass T taaly
2% agarose 1u 0.5X TBE ldnszualninfien
ANNANANE 100 Taad U1 25 UIT ATIFQUAY
a3 v 1 a
Adutenielduasgansililawansiowns g
UVITEC Cambridge Platinum (Uvitec Ltd., UK)
dauanAg PCR NdALduavu1atdmuigly
Ans1gvatauilindlelnaiusen Macrogen
USEANINALS M5IaauaIfunlInalalnafla
Tneseuisununleluswnsy BioEdit (Hall, 1999)
%) =1 ¥ o U a ! L 6
Jufindeyavesdrduiiipilolnaluguuuulild
yilp fasta wazileuiiiguiugiudeya GenBank

ANSILATIZAAUTUNUSLTIIVAUINAS
KN UNYUALUATIS Y

o a dy a a YVaa

ANSILUNTRAVDILT BwuATiLSelds
multilocus sequence analysis (MLSA) lagdn
WSeaa1nuianalelnednlalusensy MEGA 12
(Kumar et al., 2024) ag3AS1EnANUFUNUS
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FaiTaunsdfiedaduwuneiinuseuiieuiu
wuAiSEanEugFuLUY (type strain) fifls1e9y
aglugiudeya GenBank JtAT18VvRYALUY
Maximum Likelihood (ML) sglusinsa RAXML
v 8.1.15 (Stamatakis, 2014) IaaA1vus model
of evolution UU GTRGAMMA LagA1RuUAAI
maximum likelihood bootstrap 37121 1,000 ﬂ%ﬂ

NANISNAABILAZINTAl

1. TusmdauvafiGeaunlsaluganinuas
UL UaLNA
vinsd1srauaziiudegaiddnvue
21138 1815ALUYAVDINT WAL ULLTBLNARN
uvidsUgnitdndey dausinaneu 2564 - funas 2568
tuuenideluiesu fodnsldidouuaiise
Xanthomonas spp. Q‘fﬂﬁﬁﬂwmziﬂiaﬁﬂamuﬁu
dwdes veusey Auduium S 69 leluan
Fausnldndiegeiiivaindminvuesang
79019 @NAUAT UATWUL YNATNIT VBULAY
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a

$ouldn uansan auas1yonll elaziny Jaqd

Y
q3uns U3Tud e wasysal Mualan aseys

UATINYFU UATUTY FNTTUYT UATANTIA glavie
MEYILYT AN T1YT INYTYT UsenIuAstus wns

(%
=

1 = 1 IS 3 o d’i’
U Wesing Lagldeese sauviavinn sy

Y
¢

wuafieamglsalugaiiivinulilugudii
fnwndofugadunidnguidelsafiy doudd
WA, 2544 - 2564 91U 27 lolalan SINwUAiilse
A lunsiseranun s1uau 96 lelean Tnadu
lalagianannnin 91u7u 77 loloian wagain
uzownd 91uu 19 lalyian

2. MAdauANEINIsalunsialsa
(Pathogenicity test)

i suuaiiisunadounuaINnse
TunsnelsAfunsnuazuzidowmd nu3d e
wuAfiesis 96 Toluwian ausanolsalunintuy
LazuzomAnusaala (Table 1, Figure 1)
Tnglalaanannusidamanaliiinlsaaniy
wzidowna Tuvaziilolaianainninneliiinlse
Igislundnuazuzifoma

cial infection

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

3. AnwAaandaniedugiuinel d359nen
uazBuafivaade
naFUAMANTRMMITUgIAINeY d55INeN
Fuall V19UIEMIVRIRUATIS 8 Xanthomonas spp.
ain LsAlUYAUBINE NUALLT U BINARNLAIE NIV
Schaad et al. (2001) Wu3MUATILT 8 Xanthomonas
nelspiunsnuazszl omellAasauTR g niinen
#3581 Puadiveauaiiiseluana Xanthomonas
Felduenariuuandnaanuuaiileilalaid
Amdodu 9 fe uvafiBeduunmuay susraduien
waeuiild wialngldeendiau awnsaasns Levan
WAL QYUUBINIT 0.1% TTC 1o wuaiisell
aunsaasidulafigamadl 40, liadrseansiFos
wara (fluorescence) uaglilasnaeulal oxidase

nsduundeuuaiiifsannnlsalugalagld
AuautAn1sas1soulyd amylolytic uas
pectolytic nuinannsautaiooaniiu 3 nqu
fo nuusnibudefiadaeuledldisaesuin
d1uau 15 lelawan wilunsidoma nguitaoniu
Feitliatneuleivisaosia S 73 leluan
wuluwin Tnevisaesnguiaonadeatiuseay
¥4 Vauterin et al. (1990) wag Stall et al. (1994)
(Table 2) daunguiianndudodiaseuluild
diosrialavdands $1uru 8 loluan wuisly
winuazuziewna dsaenndadfiunis@nuives
Bouzar et al. (1994) fis189unsTuung o
sanu 3 nauludnuaziieaiu
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4. ﬂﬂi@li’af\]ﬁa‘UL‘?}lﬁ]LLUﬂﬁL%EJﬁ%‘WGﬂiﬂiUQWUEN
wInuazuziamAdematin PCR
A19MTI9@9UAIE PCR MIUTI89IUVD
Koenraadt et al. (2009) wu31lelatanainwin
Wamum war DOAC-B2179 Fwwenldainuziieme
Us1nwaufLdulovuin 173 bp (Figure 2A)
Fagumzrowunilise X. euvesicatoria pv.
euvesicatoria @ 1ulolglanainuzid aina
Liusinguaudidule usiilensiaaeuuuaiie
Tolgananuatlowmanielnsiues HpaF-f/HpaF-r

200 bp

A1US1891U4V84 Ning (2012) Wud1UsInguau
FL8uLovuIA 300 bp 3TN TH ouUATILSY
X euvesicatoria pv. perforans (Table 2, Figure 2B)
ﬂzymmimmaauﬁaé’w PCR 1451891494
Koenraadt et al. (2009) lun1snaassilliua
donAd aanuNan1snaaauUlay Roach et al. (2017)
fimuilnsies Bs-XpF/BS-XpR (Koenraadt et al.,
2009) li@usarinusunaiiduevenie
X. euvesicatoria pv. perforans 1unﬂawaﬁ’u§maau

12 13 PC NTC M

S S S S R R R e R R e e e e

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

300 bp

11 12 13 PC NTC

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).

5. MssuunsiadeuvaiiiFeavglsaluga
YBININUAZULL VDN
MN1IANIANNFUNUS LTI TRIUINS
YDIWUATILTY Xanthomonas awslsalugatunin
wazuzidawma 31U 96 lolwian laadlasivi
anuthralelnauisdiuwestiu atpD, dnak, efp
WAy gyrB FWANETIRIAY 2,251 bp ntuadng
Phylogenetic tree 638n1534ATIEN V0 ALUY
Maximum Likelihood (ML) tfiaiU3euifisuu
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ToyadiuiindlelndveuuaiiiSeanmelsalugn
TunSnuazugidonaangius A uluy laun
X. euvesicatoria pv. euvesicatoria NCPPB 2968,
X. euvesicatoria pv. perforans NCPPB4321",
X vesicatoria LMG911" g X. hortorum pv. gardneri
NCPPB881T saud st oy aaeiug i ds1e91uly
Usgineang 9 wasidovilndu 9 9Ing1udeya
GenBank (Hamza et al, 2010; Hamza et al,,
2012; Roach et al., 2017)
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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).

NANISAN®YY WU LT DIY 96 LalaLan
wuseanidu 2 ngundn (Figure 3) fadl

1. ﬂq'&l X euvesicatoria pv. euvesicatoria

(Xee) 9111 78 lolaian Usenauniuloleian
AMNNENTavIR uag DOAC-B2179 anusifeine
nauiutsdoseenitu 2 naueen Idun

naugosd 1 lelaamnnwdnuazasidoime
Tavlalganainninlulvediulngiay DOAC-
B2179 :nuziewna dneglunaguiedfvaneiug
AUWUU X euvesicatoria pv. euvesicatoria NCPPB
2968" (anSgeKI3nT) wazaneiugand1aUsEme
WU LMG909 (la103 Laash), ICMPI086 (§3n13),
LA127-1 (5gtlen), LD128-2 (swveed), LES2-2 (103 e,
ICMP5051 (1@uaus), BRIP38997 (aaainsiie)
wazganeugay 9 srudsmeiugainuzdoma
LW CFBP5597 (French West Indies), LMG922
(avisgeluin), JW6 (5aileq), LB226-1 (Aelulsa),
LMG914 (wiuria) wae NCPPB1227 (waslvisln)

naugeei 2 wuiamgluwin liun ICMP3381
(Buiie), LMG918 (Buidy) wag LD53 (Ln5hunn)
laull DOAC-B1685 tivedlolaianiagdainine
Auansnuduiuslnddo

ndutoeves Xee fnulunidoiaenndes
flun1sAinwlag Hamza et al. (2010) wag Roach
et al. (2017) Feanesiusaulngjoglunguiendv
gL drunguaneiusidfutiinen
SulfsnazingiuafLananuLANm90819
Forauananewug duuuuty wuirludy atpd
voenguilifivinadiinmsuandsuiusnssm
(recombinant region) Tu%mzﬁawﬁuﬁ:é}’mmuﬁ
UTIUAINA1 (Hamza et al,, 2010; Hamza et
al., 2012) uenanigamuinilelsananninly
Usemelneifiodlolaanisidneglungueosil
Feusddsmnudululdvesnisedeudede
5EMIUTEVANIUNSHAANT BN TA NG AN US
desanlnednmshidsdaiugannduie
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2.ng31 X euvesicatoria pv. perforans (Xep)

T1uqu 18 loleian Usznauaie lolganain
undommiun ngleleananuzdomalulne
diulngdneglunquifeiiualeugauluy
X. euvesicatoria pv. perforans NCPPBA4321"
(AV3FRLNTNT) waga1eRUTIINAUTENA LYY
BRIP62398 (eaalnsiae), LB273-2 (W18an),
LB101-1(isad), LH3 (Wesitua) LLazmsJﬂ’uﬁ:?i'u ‘
d40AAR 03N UNIIANYT Roach et al. (2017) wa
naugesdsiiamzlolmananuseimealne
AMIANEENUTNT D Xee uaz Xep Ty
auvgnanveslsalugalundnuasuzidemealy
Uszinelne Taewde Xep nuamizluusidema
d1uide Xee wuszuralunsnidudiulug steil
WU DOAC-B2179 9 nugidemeiiiasloluianiien
fidnoglunquide xee Fudovindarunsaid
yaneldtans nuaruzifomna egaslsiny
INN1TANYIVBY Jones et al. (1998) Wuindnig
LU?&JMLUM%QM@QL%@?MLwﬂsﬂluqﬂmm%mm
Tuviaeion Tneifuide Xee \Wumweieswinden
wiluta9d 1991-1994 Fadusvezinadios 3 ¥
wui g o Xep nanend UANAR NG NWNUNIS
Wasuwdasiomfannemuaunsavente Xep
Tun1suanuunfisledu (bacteriocin) Segaeiuss
15135 YA ULAUDY Xee dmalyt Xep dA11u
IEuTeulunsudsdumilodoviindu (Hert et al,
2005; Lue et al,, 2010) uenv1ni 1We Xep &ail
mmqumaLﬁwﬁmﬁaqmmﬁqﬁq 30°%. (Aratjo
et al,, 2011) Aua1u15atuN1SUSUR Y AU
paungiigelitsonatisatuayumaunissuinves
B Xep Walufiuilandeu aniadeneaesd
pradumanadivhlinuide xee iitosloluian
Werinelsalugauzidemelulsemealne
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o Xep LHuanvamdnvaslsalugalunzidome
Tnefisonuasusnlusgnasion ansgawsnm
{07 1991 wazilagUuldunsnszanglusialan
sufdluiuiflinenulsaunouainnisine
9949 Timilsina et al. (2025) 1A ¥11n1531A5129%
STunvoude Xep s1uau 270 Telaian 91n
13 Uszina wuindnsudanguidessnidunas
cluster Tneido Xep anfluindaudaiugly
Uszinelnednoglu cluster 10 2ufuidaain
113158 donndpeiuNsANE1VeY Preangtong et al.
(2025) wagdanulu cluster 5 (FsUsznoudae
lelaanaining ansgewsn Wndln wazusda)
Wolu cluster 10 dA2uuANA1MIaTUE NT5Y
(genetic divergence) 98 NTALIU LAZIINITNTIINY
effector xopAJ @slainuly cluster B 4 Snwauil
vlfidonquil desldsunsiseTadufiey
iesnenawannlugaeriuglmiifamuaninsa
Tun1sdelsngedu nievauidsanfidiuniuld
vlsinnsmueulsaeniy

agdlsfinu wudeyansdnwves Jibrin
et al. (2022) s¥ydle Xep aneiug NI1 Tulu3ise
\Ju race T5 aneiuglusves Xep lagnwuan LPS
cluster ¥99a@18Wug NIl JA31uAd 87U
X. translucens pv. translucens %ﬂL‘f]uL%/aﬁaI‘m
Tudunfiad uagny effector MAnnuLanzly
X. hortorum pv. gardneri v%u AvrHah1 wag
XopAQ luanesiug NIt JauuaiiiZsuiadsnann
Laipgnussuinludsemelng n1swu effector
naudnuaeddudunsiAn recombination wiane
afwuariinnsuanudsutunaresialaladue Xep
Way Xee w5189 xanthomonads 3u 9 il
ARAMUNAINTAIENINNUTNTTUGS waznalvilin
aeuslyaiidaansRuaniananewusAy
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LMG673" Xanthomonas cassavae

pv. rap

pV. ji

Xanthomonas hortorum pv. pelargonii i

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.
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= v
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AswuLde Xep luuszmelneyadn
Uszimelngoraduni duuvasdnde viedu
Lma'aazaumwamamwmamqﬁuqmimaaL%ya
nawil flesain cluster 10 Famumsnszanedily
2wihin uilanudssiiozunsnszangludsginie
B 9 undaiugvensiseminessma n1s7
Fornuszwalnedaoglunguiidauunneis
eRugNIINEs wandiiudsaudidglunig
13 TAEATIABUAIUVAIN VB VBIAN NS
Heaterariles ieluuUamdanaanuazuiag
HARUEANUE AIUA MUAUNIATNISAIUALILAY
A3IERUANTUT ULl -dsoanag1uduean
dellastumsunsnszanednaniiy Srvismseniuayy
n31deduluUeiug Wedadenaneiug
usidemaiishunurienumusiodelunguil

fiail lunsnwiadaddslanunisssun
voudfofidnoglunguieniu X. vesicatoria was
X. hortorum pv. eardneri Tuuseinalng Tnende
X. vesicatoria §51891un19n529188 000U
3 nqu lawn nuaeRugAuLUUkaT AN
Tduaunuaziedlole nauaenuganawisnle
waztoSlowly wasnguaneiugMNUMAYNIBULAY
ariunnidodld (Timilsina et al, 2015) wiulte
X. hortorum pv. gardneri Wulmuﬁuﬁﬁﬁmmgd
m'ﬁzd’uu%mma (Aratjo et al., 2017) wazdl
AUTULIIINNT L pavnlsalugeeiindy 4
ﬁqmwﬁﬁ 20°9. (Aratjo et al., 2011) YagUunuin
de X hortorum pv. gardneri Wag X. vesicatoria
fnsunsnszaadiviulugfinielndifes e
X. hortorum pv. gardneri wuluuva g nuzid ene
ienselunaide (Rashid et al, 2016) veusd]
W o X vesicatoria wululgwyy (Lue et al,, 2010;
Burlakoti et al,, 2018) waveaawsiae (Roach et al,
2017) wenanil Sslaimuidelundy X campestris
ov. raphani wag X. arboricola @afisnea1uly
peUsemeadatunsanabiiiialsalunsnuas
uglawmeld (Punina et al., 2009; Myung et al,,
2010; Roach et al., 2017)
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Han1snaaeuAMatdin1sasaeuley
amylolytic uag pectolytic lianansalduenyina
yeudeldatsaaunuseuues Jones et al
(2004) pgnslsinu NMsnTIvdeUMemAla PCR
NUANEDAAR BIAUNANITILATIZE MLSA lag
lolgtananuzilowad1ulugnsianuuay
ABuedunizves Xep Wleldisnusisauves
Ning (2012) aauzit leleanannwsn sauvialeleotan
DOAC - B2179 91n1g o ASIaNULaUALEuLe
IUNLVOI Xee MINITNTUDY Koenraadt et al.
(2009) Fuisaeiizlinafidenndasiunissiuun
¥iinnae MLSA uandliliuin nsnsiageunie
PCR snuA5 A i nmsneanufananannsaUszynd
1 duad osdofifiuszansnmuazsinsalunis
Suunuiindoamlseluanluninuazuzdome

dyunan1Innaay

PNMITIUTIUEeLUATISE Xanthomonas
avlsntuatunsnuazusioma laen15d159
‘ﬁuﬁﬂgﬂﬁmssLwﬂlwml,azmﬂqus?t,ﬁu%’ﬂmLﬁ'??a
fusaAun3s sevingd WA 2504 - 2568 WUl
S 96 Tolwan wenldannmsn 77 lelean
wazanuzidewmd 19 lolowan Wortmunaanse
nelsaluiiala laglolganainninaiunsanslsa
Tgwalunsnuazuzidoma vz lelaianain
uzwomenslsalaanigluuzidowmea

n13nsIvdeuAandanueulydinuid
Tolgananuzidawmeadiulwgauisaasiaeulsyd
amylolytic way pectolytic 1a d@auleolaianann
winaulng/ldanunsaadraevledisaewiai
HANITATIRERUABATIA PCR WUl Lolglan
Nnusdomdliuauiiduerun 300 bp Fadume
$10 Xanthomonas euvesicatoria pv. perforans
vouzdiloloianainninuas DOAC-B2179 910
uzidoina Tuauruin 173 bp F95unzee

X. euvesicatoria pv. euvesicatoria
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samshuunsiaiofensieneiteya
WUU Maximum Likelihood (ML) wuindesuun
9w 2 ngu ldwA X euvesicatoria pv. euvesicatoria
$1uau 78 lolewan wululelwanainnsntianun
uaz 1 lolwananuzileing uaz X euvesicatoria
pv. perforans 91U 18 lolalan wutanizlu
L o MWUL%@iuﬂzju X vesicatoria, X. hortorum
pv. gardneri, X. campestris pv. raphani L8 ¥
X. arboricola Twdszndlne dafu Weuuaiide
anvnlsalugaluninuazuzidemaiinulu
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9uA Xanthomonas euvesicatoria pv. euvesicatoria
ey X. euvesicatoria pv. Perforans
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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

Oxalis latifolia Kunth, commonly known as fishtail oxalis, is an invasive alien species
that has spread into Thailand. It is a perennial dicotyledon that reproduces through
underground bulbs. Under greenhouse conditions, this species produced 15 bulbs per plant
within 20 weeks after planting, with a bulb sprouting percentage of 91.5%. Based on its one-
year life cycle, O. latifolia is estimated to produce approximately 2,000 bulbs in the first year,
increasing to about 7,000,000 bulbs in the second year. This study examined the destruction
of bulb viability using heat treatment. Bulbs mixed with planting media were heated at 40°C
to 60°C for 24 hours and then allowed to sprout under greenhouse conditions for 35 days.
Heat treatments at 40°C, 45°C, and 50°C reduced sprouting percentages to 75.0%, 47.5%, and
15.8%, respectively, compared with 91.7% sprouting in untreated bulbs. Complete mortality

of underground bulbs was achieved at 55 - 60°C, at which no sprouting occurred.

Keywords: invasive alien plant species, Garden Pink - sorrel, ornamental plant, weed,

propagation
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ANLIUABNYUN YSORNLIUADY (Oxalis
latifolia Kunth) Wufiwsnsdu Whuunsnszane
Tuuszinalng 1Juvluid vag angvansd
Ygenuglaeiilanu luanmisounnass yvile
danunsandaiald 15 Wasedu luszeziag
20 dUamivasugn tnedldauiilesidudnissen
91.5% WINAIUAINININITTIN 1 Vveerinwiy
AonvuNANIaRAnTRLlARuliUTELN 2,000 3
wagsuausiiiutudu 7,000,000 ¥ Tulfiaes
MIANYINTYINaNeNISHT IRV NI ILAB YUY
shernuieu Tnsmseurimdonanuan figamai
40°%. - 60°9. \JuszazIaUI 24 Y. uazlasy
Tiildausanluaniniounnassuiu 35 fu
wud1 AT eud gamqd 40, 45 uaz 50°.
a11150a U uAN1SIeNaNNaD 75.0, 47.5
uay 15.8% mudy WelTeuiguiusadille
Sumnudeudianansnsenls 91.7% uaziilolesy
ANUTOU 55 - 60°%. @1U150VINA8NITLTINTD
wilanulsauysel fetivldaunsasenta

AdnARy: Wwsadugnsu inuiunes lseu
Ty n15vERUG

Uni

ANLIUADNYUN T HNLIUABY N3B
Aderws vielluih ffeandfynwdngquuaneie
11 Garden Pink - sorrel, Broadleaf Woodsorrel,
broadleaf wood - sorrel, fishtail oxalis, large - leaf
wood - sorrel, pink shamrock, purple - flowered
oxalis, shamrock %’ﬂa&ﬂmaﬁ Oxalidaceae
i3 oinermansiiduiivonsuluiagiu de
Oxalis latifolia Kunth fi§ aWesnarede vy
Acetosella violacea subsp. latifolia (Kunth)
Kuntze, lonoxalis latifolia (Kunth), ag Oxalis
violacea subsp. latifolia (Kunth) Kuntze fidusidn
Tulwasouvesaiuininie fedruvuaminila
W endnes lasude w3 Jagdunuluvany
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Usena franfouuaziunevgu vaniialan
gALIULBUASNFANT (GBIF, 2023; POWO, 2025;
PIER, 2006) ﬁﬂLLdumaﬂ%quﬂuiﬁLﬁaéau 21881
naegg A51nkAI3UI19ARELATEN AA3laGY
(bulb) Auuuressnui wldduaiisluagn
15 10 @ Avaglvaivages (bulbi) lutdu
Tudszneu 3 Tuges lugesguaumden laififu
Tugee vauluseu Yangluning (Ussunad 2 wi
o) Yidundnfuiifinansesruniig
lauluaeu ilviiulugesusiazluiigusnemdie
wigdan Auluensn 10 - 25 gu. penesniduy
19N32AN 5 - 12 Aan vufuteneniidng1aniy
Aulu vliiugeneniau aenfiniunensid
iy ndudesdides S1uau 5 ndu ndusen
5 nau dvay - 19 laundunendiden inasineg
10 $u wiadu 2 4 yaaz 5 Su wuegrini
ianefiu vseaenInnaseally inasneadesalydl
5 983 Audtuginas 58w nanuldwes 1Uu
uAlgadiTer unniiloud ansodamdneenluls
lnadia 40 wu. wanguly &y - wmdendy Tdu
MAET 2 LEULAZANLYIRTININLNN (PIER, 2006)
nsveneiusveIinwIunenyuEIulvey
Wunisveneiuguuuliendaine (PIER, 2006)
fafifwsiaduluanaifieadu 1wy Oxalis
comiculata L. Foandynwilnefe dunu duds
Fnuin vieduaunn Jeatnsinguiivatsde
19U creeping woodsorrel, procumbent yellow
sorrel %39 sleeping beauty GRERFIAGERRELE
Frurusnlunauuuiinduan vieunnidedurda
windegnAneenun viliudndaluiudodi
Yl vivodunsyaing q 16 wuitwsdadtutly
Tnsamgiuiifaruiu Tuvasfidnuiusenyuy
Anuludsemelnglinunsadama vereiudie
waldau lnednuiunenauygnsteauindu
ffisnsulunangysena agatios 37 Useine
WU pRaLnsLaY UiTuaus dulallde uade
dAlUs ansgeuiini (GBIF, 2003) Holm et al. (1997)
senuitieriatiduTefiefinoialuiuiionnegn
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wnasgnliiing uazulasiusou [Wulymwaniu
fudUgnds $13lne $1715 Turl$a nunl Sayfie
g8 wariainlugunual (Plantwise, 2016) @136
i AulanelA T uagluanmAusig ¢ Au
deudiinuiunenvuniduiviigludvminems
mndinsszuiadluuvasiisviesduiivedai
annsaUnaquiteiesiutulddenafiuiumun
(Weber, 2003) lainuUsgifuazannenisun
Anudunensuidunlulseinalng 1nn1s
d1519009A3 NS wazAny (2559) nudunuasd
vialufiufinuasiigdlunanide léud Oxalis
corymbosa DC. (Jaqiuifud eWesves Oxalis
debilis Kunth) Wag Oxalis latifolia Kunth 8 adeen
warAy (2562) T18unulnwIunenvuly
wdasUgniiun’s anselue’ fiwdn uaylinenly
fufiinunsfigeimindodnl uandoms uay
wusmusduldaenuazladUszau Tuunas
Fmtens sl lulnn JUnaIuAs wasedl
enumaunsnsznadludiuiitheyindues
Uszwlve @ninddeniseusndUnliiuaziugiiy,
2562) L.Lazlaiwmwmmﬁmgﬁiimﬂammﬁwﬁmﬁ
Tutsznalne Fedusduldannnisdrsadilany
04508M1591A1891NUNAY uANULT 31 AHY
Puccinia sp. 8gauasly luieaanld
TusssuwAnuiadnuiunenyuyd adudau
mmaﬂ’uﬁ:ﬁéﬁmwmmmﬂ TS uAsLaYS Y TUN
(2562) d159UA¥TIUTINIVOIRNLIUABN YL
91nTaniadessiewazifeslml weniieandu
4 NgY MUTUINAIUNTIIVRIRD Lown A nT19
11NN31 9.0 4a. B 1319 6.1 - 9.0 wa. C A9
5.0 - 6.0 wa. waz D N39UENIN 5.0 Wa. NAFOU
ANNIBNIUANTNLTBUNAGDY NUTT VWA LY
(A, B uay C) 13us0mianinvuiman (D) Tuse
wazAnE (2567) in1sAnwnisasyLaulalay
ANUAINIsatunsa avlsveneiug luann
Sounaaes wuldl dnwdunenvuniiiuiuluse
FugeaelutasdUawid 11 - 13 ndsugn Taovhil
vualngfiga foruruludosugegn 33 1u

ndsanduluuisdinezis unde swazuisnne
bidnuinluanasawnasiiies ¢ Tuaenulu
dUamifl 20 vagn uazensnsanaaildAlieRe
5 Wartesu wenaniddlsnadeugrimeadlanis
vaslukagiurnuIunensuy taeuluniaiiu
luwis widn 0.01, 0.05, 0.1 uag 0.5 n. ldsening
Fuvesansarareiu (0.3%) 10 va. wagldiudn
lugswsndFuenduiwnageu wWisuisudy
nstaTgvessnuaziuedlussusnyivgnly
ansazangiueg A (YAAIUAL) WUl NSRS
vossnuazuluesudndgndudmnnd umi
é’m’nfmﬁ'ﬂmmﬁﬂLLiumaﬂﬁumm‘ﬁLﬁ'wﬁu Tneluwiia
ansadudsnsiasayresnldunnindulud
iy wagluuks 0.5 n. anansadudsns
wigvesnuazaulueswdndlaegsauy ol
LagivszharAuy (2568) ANYINITIBNUBINI
ﬁﬂLLdumaﬂ%mmﬁisﬁuﬁﬂ 0, 5, 10, 15, 20 way
25 a1, nAAU TudgnwiEounaaes W 42 dUan
wud fisgduiafufivaiunsosenliuiniae
uarmssenanasiiossiumuAniiaity wissesom
luusnlvawuiuldianuiudiossdunudn
Mnfduiiudu Tnswafiegsedudn 0 - 5 v
PNRIAU onuANlUFUALIA a'au‘i?iaijﬁﬂ 10,
15, 20 way 25 9y, senfuAuludun1vial 2, 2, 3
LAy 4 ANNaINY Iﬂ&ﬁﬁﬁ@@jﬁﬂmﬂﬁjau 0, 5, 10,
15, 20 way 25 . Mesduinssenludunnmid
6 Winfiu 100, 99, 94, 85, 70 Uay 14% AMLERU
‘uaﬂmﬂﬁﬁﬂlﬁwmaammaﬂmaaﬁaﬁﬂLLduﬂaﬂsuuw“
lugnmisouneass neladaneay 5 via lawn
WaaRnen 119913 wnaudu unauwn uaglugy
qEdu WSsusuiumssenuesiailsifiedlsunegu
wudn FadnuIunenvun i Uadewaradine
iunsnsendunlfauduaamsmenes usiiiog
meldTaneaudu leiun whedn unauAu unausn
luglm® warliiunagu anansasenta 63, 69, 64,
68, 64 uag 82% MUFINU Ruth et al. (2007)
Hoyle and McElroy (2012) wag Norsworthy et al.
(2020) e meliarafeulurasnaivanyay
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UnseueA bdaudgnniouiiinuiunanyuiy
Milugauausounaiuaugumgil 1ngIauHUNNT
maamwwé‘amjuamuﬂaaﬁ (Randomized Complete
Block Design; RCB) 413U 4 91 (¥1ag 3 nszuy)
U3 6 N3IUTT Loun
asa a o,
N35UI59 1 gaumgdl 40°w.
N351757 2 gaunil 45°.
aaa a o
N351357 3 gl 50°.
N35UI59 4 gaumngil 55%.
aa a o
N353357 5 gaun il 60°.
N351359 6 YAPUAN - 9RUNNTEUNARES
Tuusagnssuifgninsludavauiou
Duszeznaiuu 24 vu. anduilundduseu
neaes AU wazdufinnissenyn 7 Ju Wuimn
1 i Jayaiilduhlumuwinulesidudniusen
ANTIUNITNAGBY U 1TOUNARDY NG NITBTYNY
dinideWauin1sensnuiiy nsuIvINIsnYns
NTWNNUNIUAT TENTN LADU FINAY 2566 -
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1. ANUAENTATUNNTHARTIYRIRNLIUADN YUY
TuanwiSounnass
Anudunenyuii3usonlagunisinesn
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viusl @eiafioauanysal (wunnlug): A uay B)
arliduiiinisadesnuasluannuagsianiam
IANAN (C) waziangn () Tt 1 - 5 dUan
wsnilunmsasadulnlaenisasielu Seladfinng
as1afagon Sunuiigosveaiivuielng was
uIAnNae (A, B uay O) ludunvd 6 naelgn
sniiuiiiifvuinéngn (D) sunuiagesly
FUnniil 8 naalgn Ingnunsaineingegves
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Figure 1 Bulbil formation from four bulb size grades (original bulbs or mother bulbs) of fishtail

oxalis at 3 and 20 weeks after planting.
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no.bulbi/plant

18
16
14

12

time (weeks after planting)

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

original bulbil size ——A ——B ——C —e—D

A, B, C, and D bulb size grades: A > 9.0 mm; B = 6.1-9.0 mm; C = 5.0-6.0 mm; and D < 5.0 mm.

Figure 2 Bulbil production from fishtail oxalis bulbs grown in pots over a 20-week period.

New leaf

Figure 3 New leaves arising from bulbils while still connected to the mother bulb: A) and B)

new leaves from bulbils in pots, and C) in the field.
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Table 1 Predicted bulbil production of fishtail oxalis from bulbs of various sizes.

Cyele Large (A) Medium-large (B) Medium © Small (D)

Sprout 91.5% sprout 91% sprout 82% sprout 68.5%
1 (20 weeks) 15 12 5 il
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

Note: Large (A) > 9.0 mm, medium-large (B) 6.1-9.0 mm, medium (C) 5.0-6.0 mm, and small (D) < 5.0 mm.

Table 2 Germination of fishtail oxalis bulbs after heat treatment at various temperatures for

24 hours.

Germination (%)Y
7 DAPY 14 DAP 21 DAP 28 DAP 35 DAP

Treated temperature

40 °C 49.2 a 71.2b 733 b 74.6 b 75.0b
45 °C 22.1b 44.6 c 46.7 c 46.7 c 47.5 c
50 °C 37c 14.6d 15.0d 154d 158 d
55°C 0.0 c 00e 0.0e 0.0e 0.0e
60 °C 0.0c 0.0e 00e 00e 00e
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

“Means followed by a common letter are not significantly different at the 95% level by DMRT.
“DAP = days after planting.
GHT 28 °C = Greenhouse temperature 28 °C

dsunan1snaasy sadumniviaidiasyaulndasslusssuyia

inutunenansatenuas s yiLln florvadreidldunnnini delddoyaiilddnu
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ansainludssendlddesiunazaunuiyiy

sindnaly

laaluanmgamgiunivesUssinalng weinn
Ihsunnuseu 55 - 60°%. g srallosuy 24 v,
anunsavinanesialylvsenls wsevinaneaIy
Ainvaainle EfﬂLL’jumaﬂﬁnumwﬁQﬁummmmﬁm
mlaaulunszanala 15 9 Tuian 20 U
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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, group
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 Neu 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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Y plant Pest Management Research Group, Plant Protection Research and Development Office, Department of Agriculture,
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(Triton X - 100) $751 0.05 1a./a. §istl

1. @3 fipronil 5% SC (nqy 2B)

#ns1 50 war 100 wa/Ah 20 a.

2. #15 dinotefuran 10% WP (ngy 4A)

#sws1 40 war 80 n./dn 20 a.

3. @13 tolfenpyred 16% EC (nau 21A)

#ms1 30 war 60 ua/Ah 20 a.

4. @13 profenofos 50% EC (nqu 1B)

#ins1 50 war 100 wa.Ah 20 a.

5. @13 acetamiprid 20% SP (Ngu 4A)

#sm51 30 waz 60 n./4 20 a.
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6. @3 carbaryl 85% WP (nay 1A)
78031 60 waw 120 n./1h 20 a.

7. @59ulu (Triton X - 100) (control)
71551 0.05 wa/a.
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wa v luazdrundmiduguiananauin
dusiudnans 5.5 o, msgaluaziniignea
Hudu q asluluansidauuaseinng q Asas
wuguasisnanududugesinvasdnsinis
Wizl U 10 Ju9 druganluay (control)
Pulupgdlutifinavansduly diluazdafiau
ansfdauuaiazi sasliusiouds lalunseyn
wanadnfifdUavuaduntugudnans 5 g,
a9 6 . nazdnay 1 bu mnduladamainly
wiaznszdn q ag 10 67 Yasnszdnlviaiin
Uasuaavdadnanduluagdiyvaisiy
WoauuRnisdulaan 48 wu. uaavinnstudin
Woestdusnisanguesnsnindnlagldnaas
qanssen] fandadindilineuaussienisdeves
Uangiiiuaggnitansuinng
nsUuNNARazILAIITH
Tuiniues9udn1sn18v09n 199 aRn
uazilowuinusaslugamua (control) mMesiny
5% laivinnsusua winane 5 - 20% vinnsusu
AnUesidusnisaielagld Abbott’s formula
(Abbott, 1925) wA®IANIENINAT 20% 91N1S
naaodll
gn3 Abbott’s formula :
% Corrected Mortality = % test mortality -

% control mortality x 100

100 - % control mortality
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deyailesiduinsmevessimdadnlunsay
HufumnAade wagen standard deviation (SD)
nsnaaesiUsTuALEIUNIUYe IdemsTAlin
Tufiemsnansmarlneuvadu 3 sy il

- 1Uas g UM N1sAN8Y 9 60 - 100%
Faduansifinadenisaedeudisgs - gaun
Wioflausunius (low resistance)

S Wesi§udnismeaiuid safuluyas
0 -40%, 40 - 60% 7589 60 - 100% Yarduans
ffiuasionismeuiunans - Aeudssseiing
FunIuUIUNa1 (moderate resistance)

- Wesifudnsanedie 0 - 40% Jaduy
4157 AR ONIIAIEE - BININ 95 el A

é’humuqa (high resistance)

NaN1SNAABILAZIANTA

JeUm1AUA TUNIUAITAITALLAITDY
anadnihaneiivasegansuanhliinunsns
doddansiiauuadludninfigeiu uaztanady
dwalifunuifiuanty Snvidamaidedeguain
PouNuRINILarasInden Jaymaudiuniu
ansidnutasaninsaudllddieniniansiiuias
Lddanusumugenlduuunyuisy nMsnsu
TayanUAUNIURBAITITALLAITiAcIg 9
nnsUszuaua Ul wea. 2568 vinli
nsuivhmadniivinaefivnszgansvailuusas
Nufidaruduniuseasidauuausazuin
WANE9Y

=

Tufiud shuathun sunaidiesnigauys
Fanfanigauys wuin arsfidrandaing
Wesduinsmeliunad - s vie Anudum
Urunang lawn @1s fipronil (57.50 - 95.42%)
@13 profenofos (58.72 - 68.24%) @13 dinotefuran
(45.55 - 52.50%) Waiwans tolfenpyrad (44.36 - 54.17%)
dwivansiisradadniifivesdudnsmesiiunn
%39 ANUAIUMIUGIN lln @15 acetamiprid
(5.24 - 8.02%) wawans carbaryl (0 - 16.61%) (Figure 2)
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Figure 1 Cruciferous plantation collected striped flea beetle, Phyllotreta sinuata Stephens in

Thailand in year 2025.
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INSECTICIDES AND DOQOSES TESTED
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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.

Tufiudl suatafisuie s1nevingig
Forimayauy3 wuinansiidamdadndivesidud
MANEEI - GaNIN 3D AUFILNIUGN - Hhann
1aun @3 fipronil (100%) @13 profenofos (96.67
- 100%) @13 dinotefuran (89.15 - 89.64%) Lazdns
acetamiprid (72.65 - 83.36%) a157igaandain
Hiesidudnismeuiunais ¥5e ANUAIUNIU
Urunans Lol @13 tolfenpyrad (43.64 - 46.15%)
wawas carbaryl (56.07 - 68.47%) (Figure 3)

Tuiiuil suasianes sunevidag Samin
Agyauy3 nudnarsficamdadndivesidud
IR vise AmuFiunILen leun ans fipronil
(69.17 - 81.519%) ansfifiosidudnismetunany
%30 AN uuUIUnans lawn @19 profenofos
(39.33 - 60.36%) dvsuansfismiadnd wesidusd
A1SANEAN - AL MTOANLAUNILGA - F9Hn
loun @19 dinotefuran (27.38 - 42.09%) @15
tolfenpyrad (15.34 - 21.46%) @15 acetamiprid
(0-6.67%) way @15 carbaryl (1.39 - 11.90%)
(Figure 4)
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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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Tufiuil suadiulen Sunalennsysal
Foromvsysal wuinansiidimtadniiesidusd
15ANBES - 9N w30 ANFILNIUEN TeuA
@195 fipronil (97.73 - 100%) @15 dinotefuran
(85.68 - 86.22%) W@ @3 profencfos (97.73 - 97.50%)

druansidedifudnisaieviunais nie
fanusuniuliuna laun @19 tolfenpyrad
(57.69 - 75.68%) Wa& @13 acetamiprid (61.59- 65.91%)
asfi8nsInsaesn vide Avmdumugs Teun
@135 carbaryl (19.32 - 30.69%) (Figure 5)
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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.

Tuiiuil sfruateuna Sunonduii Savda Tuilufl shuavussyuiion SunedlomuesUs
wasysal wudiansiisamdadndivesidud  famiauasugy nuinansishatadniliesidus
MsmeUIuna - Aeudnei wiedauduniy
Urunans laun @ profenofos (42.69 - 56.44%)

a3 fipronil (30.34 - 56.40%) dwi¥uansiismiagn

MANEEI - geunn vie Tanudumiusn Lo
@13 fipronil (91.89 - 95.80%) @15 profenofos
(96.41 - 97.92%) waw 13 dinotefuran (63.38 - 67.35%)

druansiifiilesidudnmsmeyiunans wiefianu
AruyuUIunas laun @15 tolfenpyrad (43.08
- 43.49%) way ansiiflesifusnnsanes nied
AUAIUMINEGS laln a1 acetamiprid (21.49 -
32.08%) wawans carbaryl (1.67 - 21.66%) (Figure 6)
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fiefiudnisnie w1 - sauan wse Ay
Auvugs lawn a13 dinotefuran (15.85 - 38.33%)
e @13 tolfenpyrad (24.20 - 36.24%) @13 acetamiprid
(5.83 - 7.27%) wazans carbaryl (0 - 2.27%) (Figure 7)
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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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Tuitudl Muadiunia s1insuiang
Fawriadedlnl wuinansfiselaindivesius
NSANEES - §9N w3aflAuduniusi Taun
@19 fipronil (100%) @15 profenofos (100%) @19
dinotefuran (74.14 - 77.44%) ez @13 tolfenpyrad

(76.04 - 88.14%) dmSuansfiied i udnismie
fdeUunans wiedlanudiuniuliunans
@15 acetamiprid (28.98 - 85.68%) Wazdns carbaryl
(48.90 - 79.30%) (Figure 8)
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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.

Tuiluf fualvauss snewsisy Smdn
WBodluyd wudarsidaamdadniiiesidud
M998 - geunn iedauduniu Lo
@13 fipronil (100%) @135 profenofos (100%) &3
dinotefuran (91.03 - 95.42%) @15 tolfenpyrad
(97.50 - 100%) wazans acetamiprid (92.95 - 97.50%)
dmfuansiifedidusnisaiesi niedaiy
A1UN1UE LakA @15 carbaryl (22.50 - 51.82%)
(Figure 9)
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Tuitud fruawieidll sunadeaiuih
Frilessne wudnansfisnamsiadniilesidus
MImege - qamnw’%aﬁmmﬁmmwfmfm laun
#@193 tolfenpyrad (100%) &5 fipronil (97.92 - 100%)
dinotefuran (95.42 - 100%) @15 profenofos
(91.75 - 97.73%) way @15 acetamiprid (87.08 -
95.45%) a1sfitiuadidudnsmeuiunans wied
ANFUIUUILNANS LALA @1 carbaryl (62.27
- 85.00%) (Figure 10)
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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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Tufiudl suaniaiueen §1naunts
Fondavuestadng wuinensisneladniiesidus
nsPnege visedieusuvus T6uA ans fioronil
(80.00 - 95.00%) @13 dinotefuran (65.91 - 80.68%)
Wawans profenofos (80.55 - 95.23%) ansiidiesudus

N19918UUNAN ®TBUANATUNIUUIUNAY
lauA a3 tolfenpyrad (59.85 - 61.12%) uavans
acetamiprid (61.14 - 70.00%) @193 ua157 i
Wesldudnismes videdimmdumugs Téun
@135 carbaryl (17.05 - 25.83%) (Figure 11)
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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

Chinese kale leaves dipped with insecticides in year 2025.

Tuiufl fuaiuss snetuld e
YouwAy nuarsicemiadniiivesi§udns
P18 - gaundedianudiumiuei liun s
fipronil (98.44 - 100%) @15 dinotefuran (67.61
- 79.02%) kag @15 profenofos (98.21 - 100%)
a1sfidesiduinisaeuiunas niedainy
AruyuUIunans laun @19 tolfenpyrad (62.24
- 60.43%) dauansiifiesidudinisaesi wied
ANNAIUNIUES LALA @15 acetamiprid (37.47 -
52.88%) was @19 carbaryl (15.83 - 21.86%)
(Figure 12)
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PNANTIIN 11 AT wudrensihdausag
fsandadniivinanefivnsznanguaiiiaim
Fuvmusin Susuusn 4 fe ans profenofos, fipronil
waz dinotefuran tasuansaudIunIusly
9 WUl a0 11 Wuil (Fieure 2 - 12) deandasiiu
TIEUVBIIDUA TWAkATAME (2550) fiwuinans
profenofos &1 uanslivesidudnismeg sy
wanefiui luananami enoua s uiy wansld
wiulnwasnsd shifinisldansaanananndn il
gelaifndgmarmdadndumnuneansmdauuas
Tuusiazituil §eannsaldasiananaulduuy
viudsuanaiietestullgmarusunuld
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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.

JoyananIsvaaed (Figure 2 - 12) Flokuiu
Fansmdaunasiidamtadnianuduniu -
Urunans wazanunsatunadeguuuunisivans
wuunyuleule

widelgndamianigyauy3 Tuflufisua
U1 dnedloanigyauys baun profenofos,
fipronil, dinotefuran, tolfenpyrad suaInIsuLIe
S1N9¥11324 19lA profenofos, fipronil, dinotefuran
38 acetamiprid, tolfenpyrad wa carbaryl fiua
Viava3 816N kA fipronil wag profenofos

uwiasgndmiamesysal lulufisua
Uulan anedioanysysal laun fipronil,
dinotefuran %38 acetamiprid, profenofos way
tolfenpyrad fUaTIUIa 9ILARUALLAT lAWA
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wiasugndan el Tuiuiisua
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%39 acetamiprid, tolfenpyrad Way carbaryl
waaUgnianinigeesig Tufiufisua
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profenofos, dinotefuran 38 acetamiprid
wiasugndaminvuesdiig Tufiufisua
H1ENUEen 81LNaUTIY Taln tolfenpyrad, fipronil,
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oealsAin ansisnamiadndamuduni
Uunansannsnthuldldnuieuduadasn
wsgansfsansiadndaudiuniuiunans
mngainalfuosnss enavinlidamdainatie
Arudunugeiuldegenat
arsmdaunasiidnaniadniviaied
pszganzvardiuefidudnismemiediaany
AUNUGIAE @15 carbaryl (NG 1A) LAAIAIY
Frumugiadiemiainly 8 fufl 910 11 fiud
(Figure 1 - 12) #0AARBANUTIBINUVDINONFTNA
uazAnz (2550) Anuindamsiadnluuvasgn
flamenansydrdmriafivaglan twsysel unsassd
gnIAng AN LTeslnd Lasuunys wudn funiu
M@ carbaryl mnﬁqm FaTuuzNEAINg
Tuufindaymenadadngunmuseanssana
Tfanldnseannasld a3 carbanyl i oluiliiAn
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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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