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Interception on ‘Candidatus Liberibacter solanacearum’

the quarantine pest Associated with imported Seed Potatoes
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Abstract
Diagnosis of ‘Candidatus Liberibacter solanacearum’ the cause of Zebra chip
disease in seed potatoes. The sampling of imported seed potato during 2021 to 2023
has been imported from 6 countries: 1) Commonwealth of Australia imported 49 times,
total weight 4,316,320,000.00 kilograms. 2) Canada imported 10 times, total weight
2,349,000,000.00 kilograms. 3) Kingdom of the Netherlands imported 7 times, total
weight 337,500,000.00 kilograms. 4) Kingdom of New Zealand imported 3 times. times,
total weight 175,000,000.00 kilograms, 5) Kingdom of Scotland, imported 62 times,
total weight 12,422,750,000.00 kilograms, and 6) United States, imported 3 times, total
weight 390 kilograms, by examining symptoms of Zebra chip disease from seed potato
imported using the technique Biomolecules No symptoms of disease from the tubers
and the causative agent were found using the Nested-PCR technique and monitoring
of imported seed potato in the planting area. Wiang Pa Pao District, Thoeng District,
Chiang Rai Province, Mae Chaem District, Chiang Mai Province, Phop Phra District, Tak
Province, Chiang Kham District, Phayao Province, Phang Khon District, Mueang District,
Sakon Nakhon Province and Wang Yang District Nakhon Phanom Province Zebra chip

symptoms has not been found in potato fields.
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I INeeEns (Scientific Names) ‘Candidatus Liberibacter solanacearum’ Liefting et al., 2009
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¥e1Ugy (Common Name) Zebra chip
FaIngAansau (Other Scientific Names) ‘Candidatus Liberibacter psyllaurous’
Hansen et al., 2008 Liberibacter psyllaurous Liberibacter solanacearum
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waeliug B. trigonica Wuuuamme

MNTBNUNANTTISEMaNsuMdmUITe ‘Ca L. Solanacearum’ Sftwendannalaile
PNARNIZIUNTIANS AL UBWA (Solanaceae) LazNTNARNNT (Apiaceae) WUKNANITANYN
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Waad ela wn: Aegopodium podagraria, Anthriscus cerefolium, Anthriscus sylvestris,
Apiumgraveolens var. rapaceum, Apium graveolens, Capsicum annuum, Capsicum
frutescens, Chenopodium album, Datura stramonium, Daucus aureus, Daucus carota,
Fallopia convolvulus, Foeniculum wvulgare, Galium sp., Heracleum sphondylium,
Lycium barbarum, Nicotiana tabacum, Pastinaca sativa, Persicaria lapathifolia,
Petroselinum crispum, Physalis ixocarpa, Physalis peruviana, Physalis virginiana,
Solanum americanum, Solanum betaceum, Solanum dulcamara, Solanum elaeagnifolium,
Solanum lycopersicum, Solanum melongena, Solanum pseudocapsicum, Solanum tuberosum,

Solanum umobelliferum, Urtica dioica
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AeeAnTUNANAALATENLIBU 100 LWasiaud

N13AUAY

asldanstlestuidausadaesathlufiusammengundsliudlusudSuazuasen
nstmneduisineslunisinnisisalaegneiuse@nsain (Munyaneza, 2012; De Winter,
2019)

WINTN1TATUGUVBUNTINY

v ¥ dy éj v v s @ ) cgl’ A al I
1151157115089 UNSNNR R Bl WINUSTUNSIAITUIINHUNNlLdnSSEUe

9

v v

v olluagiiiugdudSsasAndoninings wndnisuidiuuainsegniglanisindu

]

AENFINIANAY (post-entry quarantine) dauiurFeNUNTUNONTHUTIUN@AAMNTTY

windy wenanildauuziliuszinanigeg aRsssuualuaunsmivguaseauIfg iy

wiad Bactovera cockerelli way ‘Candidatus Liberibacter solanacearum’ (nglaniyaena

'
a

83d193U haplotypes A wag B) tauntasnisszuinveslsatiluiulisiazaasdinisaiiunig

a a

@Ej’]ﬂi’mL%’JLLﬁ%ﬁUiSaVIGﬂ’]WMWﬂLﬂﬂﬂ’ﬁi%‘U']ﬂ?l@ﬂIﬁﬂﬁ

'
v o

2. duiiagneiiiugunsnd1annnussmaniuunsgiu ISPM 31 (Methodologies for
sampling of consignments) 1A8yNNSEUFAI8E199INAIUATIINYHS 9 NTN1TUNLTY 600
MIMOATY

'
o [

3. vugTussaRn s RausT e, 2564 Fe wa. 2566 fnsiudian 6 Usene Tiud
1) in¥egoeamade thidrdau 31 ada dwiingam 2,806,750.00 Alandu 2) wewen s
8 A3 NI 1,936,000.00 Alansy 3) S1¥DIUITNTULEDSHAUA UNII1TIUIU 7 g
Ywingan 10,025,750.00 Alansa 4) S19e1an3nsinduaus tidisiuiu 3 ade tveing
513,000.00 Alansy 5) 51¥91U19NTANDALAUA UINLT191UIY 4 AYq mnsa
12,422,750.00 Alan3u 6) ansgelusni Udndnuau 2 %y thsidnga 375.5 Alandy uag 7)

anT1veIUIANT YN 6 ASY WmtingIwn 9,115,500.00 Alansy Iaevinisguiiugiu
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dSssu 600 Ftends elddmsumansaasulsafuiaiug nisnnaseuidesiulnenis
AaRaeUmenan wagsinsulSadudaunneinis zebra chip melusfunss dufindoya
#19 9 wazdufinam massanudnuazeinsiduaeiiasds diudsdudgniiiedans
p1Msuaziiviietsluniefunanaidadonazdnduundely annisnsavasuiied
tidrarnite 6 Uszna ldud 1) s1wenandnsanenuaud 2) uawian 3) in3esgeeansids 4)
swerandnsiusesuaus 5) svenaninsifuaud 6) andgeing Ulnuseuriudiuns
fidnuarsesnszunvizesosfiinanvesiiau uasflenisiuinazuisi dimviufnudntes
uagviiugidi1ananenuaus wudnunreIn1s powdery scab udliiAuieulviiusyive
Tnormun uagidlonasiusiflodanndnuaze1nis zebra chip (1wl 2) lanudnway
oInsiasde (evhdidnuurundlifians (nwdl 3) dwiiusluvgnueaeululsadeulgnity
iledunnornssioly

v
(Y IS

4. NM15R5IINARYTB ‘Candidatus Liberibacter solanacearum’ Ingldwaiia Nested-PCR
ANUITNSA9L
v a s v v v U o Y . ]
4.1 M5afAARLEINIINUTTUTIIUINILEA.1AT zebra chip WAYENATIIAN
WA us 71 ki wua1nis a1835 CTAB n1uifnisuansgiuves PM 7/143 (1) ‘Candidatus
Liberibacter solanacearum’ (EPPO, 2020) #191984la8 Munyaneza wagAgg, 2010 n15aia

v 1

ﬁlﬁmamﬂﬁawuﬁqﬁuw%’w%nzul,‘ﬁvaL?Ja vascular ring (mwﬁ 1 uay 7) 3D cetyltrimethyl
ammonium bromide (CTAB) #1335n135989 European and Mediterranean Plant Protection
Organization (Munyaneza et al., 2010) Ingvnileid efivduriedudosimin 0.5 nfude
a1savany CTAB 1 fiadans (100 mM Tris, pH 8.0, 1.4 M NaCl, 50 mM EDTA, pH 8.0, 2%
(w/v) CTAB, 1% (w/v) polyvinylpyrrolidone (PVP)-40 and 0.2 % (v/v) 2-mercaptoethanol)
valtazBendudodontu unsgransazansadlunasannassuuin 1.5 faddns tiluynd
gunindl 65 sseniwaidea W 30 wiit fdlilhuionmgivies tilutumismnag
mouTiALLE 12,000 SOUABUNT WU 10 uidl andulaldlunasniniusuins 500 lulasdns
wazlAnansazaiy Chloroform: isoamyl (24:1) U3uns 500 lulasans wanaisazarelmd
fushenisnanndunaenlian waztludumiswmnazneuiininuds 12,000 seusewi wu
10 u#t gegulasiuuuldlunasnlml uifuslgatszaaiy isopropanal Futfulsunes 1
wihwesansazanedulanayndumasaldunliasazarsdniuasdunaiunisnnaynouyes
Tuanafduedmndudureduanafiduiegs nduhlddunismnagneufiduied
ANUL57 14,000 SRUABUA WU 5 Ui wauansaranelanawdidenenouns ueaelon
ueaduindudu 70 Wodidud aosnds warthneneufduelumnlifeungivosumsazans

LDANDTOTILMYAULIATN FNAZNDUALBULLIAZA8AI8UNN AUTET USRS 20 — 50
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lulasdns iWonzneufidueazarsduddahluifiulifigavnfl -20 ssrwadoaiiiovild
p5I9MITe “Candidatus Liberibacter solanacearum’ #einaiia Nested-PCR stely

4.2 muﬁmﬂ%mmmaﬁuqﬂiimau%@ ‘Candidatus Liberibacter solanacearum’
Frewafia Nested-PCR agldglnawosdifiaudumzianzastude uasglnswosdmiviu
165 bacterial and Plant chromosomal Lﬂuﬂgﬂﬂmﬂumﬂlu Internal control A3835N15U84
MU 897U Prepared for Subcommittee on Plant Health Diagnostic Standards (SPHDS) , 2012
Uszinaooanside 4 19Tun 159U 561 Nested-PCRAT 97 1 A2 lnsiued OA2
(GCGCTTATTTTAATAGGAGCGGCA) Ua Ol2c (GACTCGCGACTTCGCAACCCAT) Tk nsiaust PCR w1nm
1160 bp UfASnns s 2 daeelnsied Lib16SO1F (TTCTACGGGATAACGCACGG) uaw Lib16S01R
(CGTCAGTATCAGGCCAGTGAG) Tinansiaudt PCR 580 bp lagldansazarslunisvinugisen
PCR fastoluiife ansazanedsagudmiurhufiten PCR DreamTaq Green Master mix 2X
(Thermo Scientific™) Usums 12.5 lulasans (ul) ansezanelwswesanudntu 1 lulasluans (M)
Tansazanefiduie 3 lulasans wazthndudsideuiung 7.5 lilasdng UTunssaiaun
Tumsvhufazeniriu 25 lulasang (U thasazaievuisennssd 1 anglnses 0A2
uaw Ol2c fewedas PCR Tigumindidusiu 94 ssaueaidoa wiu 5 w1t warludumeumsiiia
Usinaudidued gamall 94 ssrwaidea w45 3uit guvndl 60 esmiwalioa uiu 45
A1 gaunil 72 s walded U1 1w TnerhuUfAseiamunsiua 40 sov wastuneu
anvhefigumgll 72 ssmwaiBea Uiy 7 undl uay thansaganeyinufisennded 2 AILALNT
wo5 Lb16S01F uaw Lib16S01R feiA3es PCR figamniisudu 94 ssrwaidoa um 5 unil
warludumeuniniuysinuiidued 9Nl 94 BeFwaLBYd WIW 30 FWN gumngil 58
psraLdoa uiu 30 3unit gamqdl 72 ssanealdea wiu 45 Jundl TnsvhufAseienue

a

$117U 40 90U uaztumeuAATETigUNgT 72 ssmiwaldea i 7 wfl
4.3 N15MSIdUNARTMIIALBUL (PCR product) Aewailalaadidninlnsda (gel

electrophoresis) mutumouR

4.3.1 iw3suozmlsaiaa 2 Wesidud Tnedsmaiueznilsa 2 nfu azanely
lle$ 0.5X TBE buffer USu1ms 100 dadans ilvidesuazazareiduasararsdioinies
lulasiad aandutharsazansfunavansdendfiduie (Redsafe™ Nucleic Acid Staining
Solution) asluansazangLIaNBUNITNAAUUIIAEVSUMTULLHLLIR

4.3.2 tansavansnanduginoue (PCR-Product) Usuns 10 Tulasdns ag
Tuaindeuliuasldfdulonmsgiuuuin 100 bp DNA ladder WusiIouifisuruinves

nAnS AU warlvinseualudii 100 Thad 1Wuian 45 ui
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4.3.3 psradsunauAto uonelAunas UV aletasee gel documentation

Ly

uiinam wathldiesgiina
4.3.4 feg i Usnguavkuuvesiiduerdmuneienuavandunis
p379a0U vhmsiuUSinuasiugnssudnadafiodatesndluinsgidiuiandlelng
4.3.5 thwanslnswianauiedlelnalu s sudeuiulugudeyares GenBank
5. fanunsiageunendnsiigi Tnevinisinmunsiaaeulusdaswesuisndivnglu
Sunoldudn Jrinedlund gneesUit oneiis Jmindessy snellesa 39l
N1 BNDNILAN BUNBLLDY IRENAUAT LAz ILNDTIU WIAUATINUL NANISAAAIL

Tuntasandslanueimsasdovedlsa zebra chip luiiui

d3Unan1ImaaeLasALUzn
1NMIATIRABUENYITeIN1Tvaslsa Zebra chip vuiiugiunsainddslinungs
91M3904l5A LAYAIIMTITABUMNATTHUENITTDUT DA A A EIMATA Nested-PCR 91
dedorieddssdmmidimntlinuasiugnisuveandeanus ‘Candidatus Liberibacter

solanacearum’ ANNITANHIATINUININITATIDINATUIEmALlA Nested-PCR 1Humatianil

A1ula (sensitivity of detection) Tun19ms1an L8 eaime laluseayu 10° 103931040

'
& =

‘Candidatus Liberibacter solanacearum’ \udngiundslaiusinglulszwmealneuasziining

Y

\deaganaginuniuiiiuddulSnunasgniidnseugndndiann 7 Ysewme s Jagdu

9 v 9

JuharsiugnssuAduevesdeamnlsafliainnisdunszidounuuiassanaiuiang

v a

Tolndweaderliu positive control WuunuvesgeaanaNsssun@ lngdedanainuil
mﬁialmﬁmﬂg’msﬁ'ayja NCBI No. EU935004.1 ‘Candidatus Liberibacter solanacearum’
16S ribosomal RNA gene and 16S-23S ribosomal RNA intergenic spacer, partial
sequence; and tRNA-Ile and tRNA-Ala genes, complete sequence 2,049 bp WagnN1s
AnnuRsIRaeUNeraensU luwrasgniiugud Selainudnuareinisnauveddse
. Y o o v ad v A & o oAl o P
Zebra chip vuauduNss dmUITNMsanafd UV RT aa I NFUMUITINUNINTAnAD
drufletfoviod e vascular ring Hudanunisuulouvesounadawtaainiaiue g
(X v A @ J o a = Y ! £% a
ndRINNIsanaduenauiatsazatefdueilg1lUnTIvEeuAemALlia Nested-PCR

msiaasazarsfowe ideududuinmnzannowi lUldluufisen PCR Jeszdiv

Y a & d'

ANUNTURLIE U TN EaNT 1:10 %30 1:100 ieylganuSunaeynALlaanidun s

[
v o aaa ¢

Iann1sdugamsvinanuveseuleiuazyisenvesansiadiluseninenssuiun siiududaiu

v a

Unafdue dannadnfduemeynarinfduediiagurlinredudazgimdnusunamts

£ | 1

Mwdsunvililadiduiefiusansninisnsaiasmeansazais CTAB uaazdiduyusenie

9
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o

3iaN15n579M8e 19 AeludsmsiinsfnyiauigunsalnmsiiufmegsulleBomiugiiy

'
o

5 slaazanTIn$inngeunInsigluiinnfndanuriewulviod a9 NI ueSe wazels

3

AWNIBNNIATII@RUN T aA MR IEINATlA Quantitative real tine-PCR (GPCR) Wiaun g

v A

ISnTatafeuLeNazAINTINSINING T Y 9819l5ARILAINT1897U Takashi wazAz (2020)

WUILWe ‘Candidatus Liberibacter solanacearum’ lalgnevanniuniaudaiugveaiuasen

MnfMegnduasamaaiugihdieUgnvesdsemeddu mnduiissnsuulsufinuiu

= a

@ 1y 4 1 gj . . [~ Vo dy [ 1 v o w 1
WanTugWIIY (seed contamination) Fedanundululaindadinanidegndrdanisung
szUnlUFIsEningduiy vsaserinaivadedudinsmosotdeuuasnivsinaslnuaiduduas
Tinrsunsnszatevande Wiadunisdesdululminanudemelidunandadanali

aaa ! b (Y

anudAylumstesiumdauuasmingiJundnuazisousiume wagmnazenssauanIug

v o

myitinduvesseimalneAdafianuddgysluwinisiisgiaaznisfinnudsiasiauua
&
i

I Y a A [ J 1 = 1 1 1
waglnwdvlansenuduuiamiveaignealsausingluivdsgnuseld winindeyanis

=) ¥ 1

duAunuirvdavenndslnwdidunuasminsvessalivsngnissieaunululsemelne

Fatiuiuanmsidue 1989319 A 09N AN YA TIDUNAINIUE NEDUNITATINEDULALAAA

a v

a1nslsalundasugniliurss Wynsenaninusiloma asiunseNannd uazAnwide35n1s

o w < v &Y aa ] ' o v = a al v o o & A <]
UVNUANANNUTAIYITNA LTU NITUTUITDU nIeasialnasatasiumdnaenuuileauun

fudniudmnnunisuuleusniuiudiuveafiaiing

AUBUAN

a

YBYDUAMIMUINAIUATIINYAIANTEUIRATAIUATIINYVINBINAB UG ITTUYT

a o

dinmuaNiivuar TanNISNERs NTUIYINTTNEAT N91WILAINAEAINTUNITEURTIAMBE
luiesiuiaziideineg1aundwiasd JUAn1snquIdensniniiy warewiasesiliveayans
ntiiugiulSuaneun LarvereunAMdsINMUITNvIuTouATIEigUnTel anuiiuay

TiUsnudeyarudngiivuarisnsnsvaeulisudusnsunuingUszasdvedasinis

LaNEN381989
nsATIASIAEAS. 25520, UsemAnsadvniaaeas 3ee [eulvmstdiiugiunsaan
Taduaud w.a. 2558 Usenaa a udl 9 nsngiay 2552 $19R99IUNYY. LA 126
poulAY 110 4. asiuil 6 AsmAy 2552, i 19
NeAMINISNYAS. 25529, Useniansuivnainens 3es Weulunsiudiiiusiiud$aann
vednTusesaus wa. 2552 Usenia a Sudl 13 ngadnneu 2552 5197991

YU, 18y 126 meufiey 182 a. astudl 21 Sunnau 2552, i 68.
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nsAATINITIAEAS. 25520, UsgniAnsadviniinems 1ee eulunstdwiugiiunaann
anonuaust 1A, 2552 Uszna s ufl 9 nsngIAL 2552 SRR UAY. LA 126
peufivay 110 4. asiufl 6 Awnau 2552. wih 33.

nsAATINITIAEAS. 25529, Usgniansudvinisinuns Bes Beulunsindiiiugiungaain
angolnn1 wa. 2552 Usene a Juil 13 ganau 2552 $19R99lUne. 1da 126
eufiAy 170 9. avuil 23 wgadnneu 2552, wih 55-56.

NFUAYINTNEAT. 25529, Usen1ANsUdYINTITnEnT 1509 Ldﬂ‘aulmmiﬂﬂLsﬁﬂﬁ”aﬁuﬁﬁuﬂ%ﬁﬁ]m
\Sesgeeamsidn WA, 2552 Uszna a Sufl 15 nsnguan 2552 $18AUN.
s 126 moufivay 114 4. asiufl 14 Fwnay 2552. wih 56.

nsaAvIASIAEAS. 25520, UsemAnsadvnisineas 13ee eulunsidwiiusiiudsaann
$5Basea w.a. 2552 Usznia o Tuil 9 nangau 2552 T1wRILUATY. 1Y 126
peufivay 110 4. asiuil 6 Awnau 2552. wih 54.

NFUAYINTNEAT. 2559, UseNIANTUIYINITNEAT 1309 ﬁ'auhmiﬂﬂL%’ﬂﬁaﬁuﬁ:ﬁuﬁ\l%ﬁmﬂ
LALAT WA, 2559 Usznia o Yufl 28 Augnou 2559 1AL, 1y 133 Aeu
ey 221 4. aetufl 30 fueneu 2559. nih 32-33.
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Table 1 Volume and value of seed potato imports from Thailand during 2021 - 2023

Year 2021 Year 2022 Year 2023
importing  Quantity Value  Quantity Value  Quantity Value
country (Ton) (Million (Ton) (Million (Ton) (Million
Bath ) Bath ) Bath )
Australia 1,917.00 56.24 1,650.00 54.92 749.32 24.69
Canada 513.00 11.26 729.00 18.51 1,107.00 32.18
Netherlands 137.50 3.81 125.00 3.83 75.00 2.50
Scotland 4,433.00 133.18 5,011.75 165.42 2,899.84 90.38
New - - 25.00 0.96 150.00 5.80
Zealand
United - - 0.37 0.34 0.02 0.13
States of
America
37U 7,000.50 204.49 7,541.12 24398 4,981.18 155.68

Table 2 List of important pests in potatoes (EPPO, 2024)

Type of Pest

Quantity

Pest

Acari

3

1)
2)
3)

Aculops lycopersici
Aculops lycopersici (as Solanaceae)

Tetranychus evansi

Bacteria

20

1)
2)

3)
4)
5)

6)
7)
8)
9)
10)

Xanthomonas vesicatoria

'‘Candidatus Arsenophonus
phytopathogenicus'

Clavibacter michiganensis

Erwinia chrysanthemi

Potato marginal flavescence agent (as
Solanum)

Potato purple-top roll agent

Potato purple-top roll agent (as Solanum)
'‘Candidatus Liberibacter solanacearum’
Clavibacter sepedonicus

Dickeya dianthicola
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Type of Pest

Quantity

Pest

11) Pectobacterium polaris

12) Potato marginal flavescence agent

13) Ralstonia pseudosolanacearum

14) Ralstonia solanacearum

15) Ralstonia solanacearum race 1 (no longer
in use)

16) Ralstonia solanacearum race 3 (no longer
in use)

17) Ralstonia solanacearum species complex

18) Ralstonia syzygii

19) Ralstonia syzygii subsp. indonesiensis

20) Xanthomonas vesicatoria (as Solanum)

Fungi

21

1) Dematophora bunodes

2) Fusarium foetens

3) Phymatotrichopsis omnivora

4) Phytophthora cryptogea

5) Phytophthora erythroseptica

6) Septoria malagutii (as Solanum)
7) Stagonosporopsis crystalliniformis
8) Synchytrium endobioticum (as Solanum)
9) Aecidium cantense

10) Boeremia foveata

11) Polyscytalum pustulans

12) Puccinia pittieriana

13) Rhizoctonia solani

14) Septoria malagutii

15) Spongospora subterranea

16) Stagonosporopsis andigena

17) Synchytrium endobioticum

18) Thecaphora solani
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Type of Pest | Quantity Pest
19) Stagonosporopsis andigena (as
Solanaceae)
20) Stagonosporopsis andigena (as Solanum)
21) Thecaphora solani (as Solanum)
Insect 88 1) Agrius convolvuli

2) Agrotis segetum

3) Anthonomus eugenii (as Solanum)

4) Aonidomytilus albus (as Solanum)

5) Asproparthenis punctiventris

6) Bagrada hilaris

7) Beastie the Bug

8) Bemisia tabaci (as Solanaceae)

9) Brachyplatys subaeneus

10) Cacoecimorpha pronubana

11) Ceratothripoides brunneus

12) Chrysodeixis eriosoma

13) Circulifer tenellus

14) Clavigralla tomentosicollis

15) Conoderus rufangulus

16) Dacus bivittatus

17) Diabrotica undecimpunctata howardi

18) Diabrotica undecimpunctata
undecimpunctata

19) Diabrotica virgifera zeae (as Solanum)

20) Epicaerus cognatus

21) Epilachna vigintioctomaculata (as
Solanaceae)

22) Epiphyas postvittana

23) Epitrix hirtipennis

24) Helicoverpa armigera

25) Helicoverpa zea
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Type of Pest

Quantity

Pest

26) Jacobiasca lybica

27) Keiferia lycopersicella

28) Leucinodes orbonalis

29) Leucinodes ugandensis (as Solanum)
30) Liriomyza bryoniae

31) Liriomyza huidobrensis

32) Liriomyza trifolii

33) Listroderes costirostris

34) Listroderes difficilis

35) Lobesia botrana

36) Megalurothrips usitatus

37) Naupactus leucoloma

38) Naupactus xanthographus

39) Neoceratitis cyanescens

40) Opogona sacchari

41) Pentastiridius leporinus

42) Phenacoccus solenopsis

43) Phthorimaea operculella (as Solanaceae)
44) Phyrdenus muriceus

45) Premnotrypes latithorax (as Solanum)
46) Premnotrypes sanfordi (as Solanum)
47) Premnotrypes solani (as Solanum)
48) Premnotrypes suturicallus (as Solanum)
49) Premnotrypes vorax (as Solanum)
50) Prodiplosis longifila

51) Rhigopsidius tucumanus

52) Scirtothrips dorsalis

53) Spodoptera eridania

54) Spodoptera frugiperda

55) Spodoptera litura

56) Spodoptera ornithogalli
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Type of Pest | Quantity Pest

57) Spodoptera praefica

58) Thrips angusticeps

59) Thrips palmi

60) Thrips parvispinus

61) Thrips setosus

62) Trialeurodes ricini

63) Tuta absoluta

64) Bactericera cockerelli

65) Diabrotica speciosa

66) Epilachna vigintioctomaculata
67) Epitrix cucumeris

68) Epitrix papa

69) Epitrix similaris

70) Epitrix subcrinita

71) Epitrix tuberis

72) Heteronychus arator

73) Leptinotarsa decemlineata
74) Limonius californicus

75) Liriomyza sativae

76) Melanotus communis

77) Omophlus lepturoides

78) Phthorimaea operculella
79) Premnotrypes latithorax
80) Premnotrypes sanfordi
81) Premnotrypes solani

82) Premnotrypes suturicallus
83) Premnotrypes vorax

84) Pseudococcus viburni

85) Russelliana solanicola

86) Spodoptera littoralis

87) Tecia solanivora
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Type of Pest

Quantity

Pest

88) Spodoptera praefica (as Solanum)

Nematode

17

1) Radopholus similis

2) Ditylenchus dipsaci

3) Meloidogyne enterolobii
4) Meloidogyne graminicola
5) Meloidogyne luci

6) Meloidogyne minor

7) Rotylenchus buxophilus
8) Trichodorus viruliferus
9) Xiphinema americanum sensu stricto
10) Xiphinema rivesi

11) Ditylenchus destructor
12) Globodera pallida

13) Globodera rostochiensis
14) Meloidogyne chitwoodi
15) Meloidogyne ethiopica
16) Meloidogyne fallax

17) Nacobbus aberrans sensu lato

Phytoplasma

1) 'Candidatus Phytoplasma americanum'’
(as Solanum)

2) 'Candidatus Phytoplasma australiense'

3) 'Candidatus Phytoplasma fraxini'

4) 'Candidatus Phytoplasma trifolii'

5) 'Candidatus Phytoplasma trifolii’ (as
Solanum)

6) 'Candidatus Phytoplasma americanum’

7) 'Candidatus Phytoplasma solani’

Viroid

1) Columnea latent viroid
2) Potato spindle tuber viroid (as Solanum)
3) Chrysanthemum stunt viroid

4) Pepper chat fruit viroid
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Type of Pest | Quantity Pest
5) Pepper chat fruit viroid (as Solanaceae)
6) Potato spindle tuber viroid

Virus 60 1) Cheravirus arracaciae oca strain (as

Solanaceae)

2) Pepino mosaic virus

3) Tobacco streak ilarvirus potato strain (as
Solanaceae)

4) Tomato brown rugose fruit virus

5) Tomato infectious chlorosis virus

6) Tomato yellow vein streak virus

7) Alfalfa mosaic virus

8) Alphanucleorhabdovirus tuberosum

9) Beet curly top virus

10) Cheravirus arracaciae oca strain (as
Solanum)

11) Cheravirus avii

12) Cucurbit yellow stunting disorder virus

13) Lucerne enation virus

14) Nepovirus arabis

15) Nepovirus betasolani

16) Nepovirus nigranuli

17) Nepovirus nigranuli (as Solanum)

18) Orthotospovirus arachianuli

19) Orthotospovirus impatiensnecromaculae

20) Orthotospovirus tomatozonae

21) Pepper ringspot virus

22) Phenacoccus peruvianus

23) Potato deforming mosaic virus (Argentina)
(as Solanum)

24) Potato leaflet stunt agent

25) Potato leaflet stunt agent (as Solanum)
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Type of Pest

Quantity

Pest

26) Potato mop-top virus

27) Potato mop-top virus (as Solanum)

28) Potato virus P

29) Potato virus Y tobacco veinal necrosis
strain

30) Potato virus Y tobacco veinal necrosis
strain (as Solanum)

31) Potato yellow mosaic virus

32) Potato yellow vein virus (as Solanum)

33) Tobacco rattle virus

34) Tobacco streak ilarvirus potato strain (as
Solanum)

35) Tobacco streak virus

36) Tomato chlorosis virus

37) Tomato yellow leaf curl virus

38) Tymovirus dulcamarae (as Solanum)

39) Alphanucleorhabdovirus melongenae

40) Cheravirus arracaciae oca strain

41) Comovirus andesense

42) Nepovirus solani

43) Orthotospovirus tomatomaculae

44) Potato deforming mosaic virus (Argentina)

45) Potato latent virus

46) Potato leafroll virus

47) Potato rugose stunting virus

48) Potato virus H

49) Potato virus T

50) Potato yellowing virus

51) Potato yellow vein virus

52) Tobacco streak ilarvirus potato strain

53) Tomato leaf curl New Delhi virus
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Type of Pest

Quantity

Pest

Solanaceae)

Solanum)

54) Tomato yellow mosaic virus
55) Tymovirus dulcamarae

56) Tymovirus latandigenum
57) Tymovirus mosandigenum

58) Alphanucleorhabdovirus tuberosum (as

59) Alphanucleorhabdovirus tuberosum (as

60) Potato yellowing virus (as Solanum)

Table 3 The status of pest of ‘Candidatus Liberibacter solanacearum’ (EPPO, 2024)

Countries that allow the

import of seed potato

Status of
‘Candidatus Liberibacter

Reported

solanacearum’
in country

Australia Absent -

Canada Present -Alberta Present, few
occurrences
-Saskatchewan Present, no
details

Netherlands Absent Absent, confirmed by
survey

Scotland UK Present Present, no details

New Zealand Present Present, restricted
distribution

United States of America Present -Arizona Present, no details

-California Present, no details
-Colorado Present, no details
-ldaho Present, no details
-Kansas Present, no details
-Montana Absent, unreliable

record
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-Nebraska Present, no details
-Nevada Present, no details
-New Mexico Present, no
details

-North Dakota Absent,
unreliable record

-Oregon Present, no details
-Texas Present, no details
Absent, unreliable record
-Washington Present, no
details

-Wyoming Present, no details

Israel

Present

Present, restricted distribution

Table 4 Diagnosis of ‘Candidatus Liberibacter solanacearum’ infected from imported

seed potato between 2021 to 2023.

Country Quantity Quantity Zebra Other Pest Pest of Frequency
of sample (Ton) chip status in
Thailand
Australia 49 4,316.32 Not Rhizoctonia Present 2
solani
Canada 10 2,349.00 Not Not - 0
Netherlands 7 3,37.50 Not Not - 0
Scotland 62 12,344.59 Not  Streptomyces  Present 1
scabies
New Zealand 3 175.00 Not Not - 0
United States 3 0.39 Not Not - 0
of America
Total 134 19,522.80
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Table 5 Monitoring of Zebra chip disease from imported seed potato in the field.

No. ID sample Area Location Results of a
(XY : GPS) survey of
District Province zebra chip
disease

1 PVP1 Wiang Pa Chiang Rai 19.209906,99.524330 Not
Pao

2 PVP2 Wiang Pa Chiang Rai 19.212894,99.533905 Not
Pao

3 PMC1 Mae Chiang Mai 18.505785,98.348495 Not
Chaem

a4 PMC2 Mae Chiang Mai  18.516085,98.356354 Not
Chaem

5 PMC3 Mae Chiang Mai  18.516088,98.356400 Not
Chaem

6 PMC4 Mae Chiang Mai 18.503693,98.355118 Not
Chaem

7 PCH1 Chiang Phayao 19.460657,100.336754 Not
Kham

8 PCH2 Chiang Phayao 19.458719,100.336143 Not
Kham

9 PCH3 Chiang Phayao 19.463728,100.340408 Not
Kham

10 PCH4 Chiang Phayao 19.470993,100.337334 Not
Kham

11 PTT1 Thoeng Chiang Rai  19.680710,100.264610 Not

12 PTT2 Thoeng Chiang Rai  19.707636,100.286598 Not

13 PPT1 Phop Tak 16.593417,98.776481 Not
Phra

14 PPT2 Phop Tak 16.593586,98.775317 Not
Phra

15 PPT3 Phop Tak 16.529611,98.746911 Not
Phra

16 PPT4 Phop Tak 16.554108,98.823697 Not

Phra



30

No. ID sample Area Location Results of a
(XY : GPS) survey of
District Province zebra chip
disease
17 SKH1 Muang Sakon 17.125953,104.290058 Not
Nakhon
18 SKH2 Muang Sakon 17.131453,104.287633 Not
Nakhon
19 SKH3 Muang Sakon 17.131328,104.302286 Not
Nakhon
20 SKH4 Muang Sakon 17.131447,104.287642 Not
Nakhon
21 SKH5 Phang Sakon 17.354119,103.760042 Not
Khon Nakhon
22 NKH1 Wang Yang  Nakhon 17.063889,104.368097 Not
Phanom
23 NKH2 Wang Yang  Nakhon 17.062417,104.373553 Not

Phanom
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Figure
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Figure 1 Vascular ring of Potato tuber (Oey, 2016)
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Figure 2 Transmission electron micrograph of bacteria-like organisms in phloem
cells in the stem of ‘Candidatus Liberibactor solanacearum’

(Lieftin et al., 2009)



Figure 3 A) and B) Bactericera cockerelli adults with eggs and white granule excrements (EPPO,
2024) C) and D) 3-4 th instar potato psyllid (Bactericera cockerelli, vector of ‘Candidatus
Liberibacter solanacearum') (CABI, 2024) E) Psyllid Bactericera nigricornis vector (Erik J. W.
and Arash R., 2022) F) Psyllid Bactericera trigonica (EPPO, 2024) and G Psyllid Trioza
apicalis vector (EPPO, 2024)



Figure 4

Figure 5
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Symptoms of zebra chip disease on potato tuber A) Zebra chip infected
potato tuber shows brown color in vascular tube B) Zebra chip

symptoms on fried chips (EPPO, 2024)

Symptoms of zebra chip on Potato

A) Potato plant infected with ‘Candidatus Liberibacter solanacearum’ the
shoot show purple (EPPO, 2024)

B) Aerial tuber formation in potato plants infected with ‘Ca. L.
solanacearum’. (Binoy, 2022; credits: Dr. Lia Liefting)

Q) Potato plants mortality due to zebra chip (EPPO, 2024)

D) “Pink belly”, sign of severe zebra chip damage (Pink belly) (EPPO, 2024)
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Figure 6 A and B Symptoms of zebra chip on Carrot (EPPO, 2024)

C and D Symptoms of zebra chip on Celery (EPPO, 2024)
E Symptoms of zebra chip on Cape gooseberry (EPPO, 2024)
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Figure 7 A B and C Symptoms of zebra chip on tomato (Liefting et al., 2009)

D and E Symptoms of zebra chip on peper (Liefting et al., 2009)
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'‘Candidatus Liberibacter solanacearum' (LIBEPS)

2024-03-17

O Present @ Transient () EPPO https://gd.eppo.int

Figure 7 Distribution map of ‘Candidatus Liberibacter solanecearum’
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Figure 8 Seed potato imported form Scottland UK
A) Seed potato B) Healthy of seed potato
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Figure 9 The cutting
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Figure 10 :  Dilution of Synthesis of ‘Candidatus Liberibacter solanacearum’

(Lso) positive DNA by Nested-PCR
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Figure 11 :  PCR Product of 16S bacterial and plant chromosomal by CTAB Extraction

from Vascular ring of Potato seed

Lane 1 and 2 : DNA of Potato seed form Kingdom of Scotland
Lane 3 : DNA of Potato seed form Australia

Lane 4 : DNA of Potato seed form Canada

Lane 5 : DNA of Potato seed form Kingdom of Netherlands
Lane 6 : DNA of Potato seed form New Zealand

Lane 7 : DNA of Potato seed form United States
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igure 12 Sampling of seed potato imported from the Kingdom of Scotland.
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Figure 13 Potato planting plot from imported seed potatoes A) Wiang Pa Pao
District Chiang Rai Province B) Theing District, Chiang Rai Province C) Chiang Kham
District, Phayao Province D) Phop Phra District, Tak Province E) Mae Chaem District,
Chiang Rai Province F) Phop Phra District, Tak Province G) Mueang Sakon Nakhon
District



