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N1SLARDUNKAENITINENAANQEIBNAURNTA Columnea latent viroid

Movement and Horizontal Transmission of Columnea latent viroid
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Abstract

Columnea latent viroid (CLVd) is a causative agent of an important disease in tomato. There was
reported of CLVd infection in the Northeastern and Northern tomato fields in Thailand which might be come
from imported seed of CLVd hosts. In this study, the movement and horizontal transmission by “razor
slashing method” of CLVd in two commonly grown tomato varieties, “Cherry” and “Seedathip 4”, were
investigated by symptom observation and reverse transcription-polymerase chain reaction technique
confirmation on inoculated tomato plants. The results indicated that the CLVd moved to the apical shoots
before migrating downward. The viroid could effectively be transmitted horizontally through mechanical
mode until plant number 10 from a single CLVd infected Seedathip 4 tomato plant. This suggested that
mechanical route via contaminated cutters or other tools were likely caused CLVd transmission in field

condition.

Keyword: Pospiviroid, transmission, movement, contamination, distribution

'nATNT3ANT ANINEAT AUASUAL NUINENAEINEATANERT INENTANUNIUAL B. NUNIUAY 2. 4ATLFN 73140
*AudmAtulagTon mnEss InANENALINERIANART INUTATUNILAY 8. TUNILAY 2.UATUTN 73140
*Audrnnuiidudasinunatulagionininess dinimuniudndnwuazddasiuingmans uazmalulad
AMNIUANIZNITNNIINIYANANE NFUNN 10900

*Corresponding author, Email: agrknr@ku.ac.th



NNIANTINHATNIZABNLNAN 33

o

AN

Columnea latent viroid (CLVd) Fdnsniziilu RNA gngiifisnasiln Tt smuviadia G o
anlelmanusninLanngi Columnea erythropae (Fualamn) Wm%\umﬂlm”g Maryland UszinAguigamsnn
uuiALaRndelineliinensasisn LLﬁiLﬁaﬁmmmiﬂﬁqu:ﬁ@Lwﬂmﬂﬁuﬁj‘Rutgers nud1ensvesisn
‘ﬁlme\m@ﬂumﬁ@mmmgﬁuﬁ: Rutgers aziAnuARNaARariU Potato spindle tuber viroid (PSTVd) Wsa1n1s
Azlaigusavin PSTVA @nesilgiuus (Owens et al., 1978) WazaINNNIANIIAULAINRANARTUE N TN A
Ty 4 FaninAe Tusanin @anauas TeULIL ag NviaIany T 2548 wude CLVA Wuasusnlutlsymalng
WUANHUEAINIRALUNALUNLABMARANARINITEIARANE (necrosis) fsnndy fuluuasie sennndu
lunnangd lududdoag (Usiawg, 2548) Lﬁﬂmm@ummL?ﬁwwmmm@mﬁmmmﬁ@mﬁﬁuﬁfm@ﬁ;
uaz Aoning 3 lulsedeunmaesmudnfunzidemeildsunsLlgnite CLVA wupaidemeveananantes
a2 WugrAnilu 46.68 uay 44.04 wefifusiniuaisiy memmmﬁmmmLf%mimmqmﬁmﬁutﬂﬁ
(AAUszN", 2551) u@nmnﬁl,%ﬂ cLvd ﬂvaﬁﬁmmﬁﬂﬁféﬂﬁﬁyimﬂmimmmmm Hammond et al. (1989)
widn leTmanaeside CLVA andudtainanunsadnemantsalidad Gynura UAINT N2LTBLNA nazsTuls
nsinenanvadelasensllgdulvsituanunsautiseantd 2 gUuuuAe 1. Horizontal transmission
LﬂugﬂLL‘].I‘].IZ%Wﬁﬂg“ﬂ@ﬂﬂ’]iLLWfﬂi%@’]ﬂ‘ﬂ'ﬂﬂL%fﬂi’ai@ﬁmﬁmﬂzﬂuiﬂm;@mﬁm@’mﬂﬂﬁ‘ﬂuLﬁ@u‘W’NLﬂ%@\iﬁ@
NNMNINEAT LAF09ENST qunand (1w nsslndafe lianewuda) vidausinsziadla feile uay dafnirdaaus
e anansaidusnansliidelasessftinanenlalagiang mafmwmﬂuﬂmﬁuﬁﬂﬁ’wmsmw?Lmuﬁm‘?ﬂqlﬁ'm
“luﬁuﬁ&uj%ﬁmwumLuimmﬁuﬁqﬂismmﬁm*ﬁﬁmqmﬁﬁLau@@;\i fuasulifiAnnnsdnananide
‘lumm‘wLLﬂmﬂQﬂvLﬁﬁLL@tL%@Mmsadmm@miﬂﬁumﬁmﬁuq’ ﬁ’fwLuﬁ;ﬁﬁﬂﬁﬁﬂﬁLLwéixmmmfam,%fa
Tuszaglnalalnama lUfumannnun1eanisdinssudnedssina (Hadidi et al., 2017) gﬂLL‘LI‘LI‘ﬁ 2 A9 Vertical
transmission LﬂugﬂLL‘uumaﬁdwmmm@\u%@timmqLuﬁmmmmmmm%‘qﬁmmmlﬂf;ifﬂﬂﬁ%mmwmm
WA Avsunviroidae wulu 2 L%'aﬁ’a Avocado sunblotch viroid (ASBVd) Wwax Peach latent mosaic viroid
(PLMVd) Rignsnsndnemansnunisazeasings (Flores ef al, 2011) e CLVA A1enunnsanemannig
Lmﬁmimmmq@mﬂﬁum’h‘ﬁ'mmﬂLu@“mﬁioﬁ”@mﬁuﬁmL%@ﬁmﬂmﬂ@ﬂs’ﬁum’mmwmmmﬁq 5.3-100 %
lunzi@ema (Matsushita and Tsuda, 2016) mﬂmmu@ﬂummmﬂmlummﬂmsm aumsnsTaNede
melufunzidamatesiie CLVd uaz Anstnamenlia CLVA lnedanaiiunisldludnlussidemna
RUGARANE 4 LL@zwqum@ii Walsinauszaziaannisdivnansedde winiAanisanenaalaeiang
adlfrndnunasrasdeldiuaan
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mmﬁmmummwémmwmmL%@%ﬁwﬁqmﬂmiﬂgﬂL%@nﬂﬁﬂmﬁﬁwmﬂﬁﬂ reverse transcription
- polymerase chain reaction (RT-PCR) ?iiuuuu@ﬂu@'Nﬂumrﬂuﬁ'gﬂﬂgﬂL%@LL@stuzﬁ”ﬂmﬁﬁim WAty
wilauazarsasld daluannluis (Figure 1)

nsanAngAtiaARaANN b

nnsafpanfidueannlunsi@ems 1neds CTAB method MN38N13204 Scottish Agricultural Science
Agency Taeifinlulmsiaumaslugnatneiia 100 Haan5u UAUNsyiaatnsazBenAs CTAB extraction
buffer (2% CTAB, 100 mM Tris-HCI, pH 8.0, 20 mM EDTA, 1.4 M NaCl, 1.0% Na SO way 2.0% PVP-40
(Na_SO_uaz PVP-40 Lmunau‘mmmmu) 13u1ms 700 lulAsans mnuumiﬂuw 65 °C Wwaan 30 W
(wmmamiﬂmwn 10-1517) Faina 13110 7 phenol 350 lalAsams LaziAn chloroform : isoamyl alcohol
(24:1) 15unms 350 lulasans nanlsidniu shluiunnmeneufinanass 13,000 seuseund Qg 4 °C
s 15 Wi geaasmatdauladauuuiuamns 550 ulasans ldvaanlu anntuiis chioroform :
isoamyl alcohol (24:1) U3u1ms 550 lulasans wanlidnmu ilflupnnznew AanuLEe 13,000 aUARUNT
'ﬁlﬂqmmﬁ 4°C ifluaan 15 w9 gaasaivianladauuu 400 nTnsans lduaenlmianniuiis 5M NaCl U3unns
0.5 W2a3UTNNAT41TaZAY LAY LAY isopropanol fugifiu Bunsvindugnsazane nanuaeniiieli
anrazanednfuuazLing -20°C duAu i liunnaznaufinanuisa 13,000 sausewnd Whinan 15 Wi #
BN 4°C mrasmaadaulaissislilimznaulnann azaranzneudag TE buffer ilsznavdias 1% SDS
1B,z 200 T13lATART 1A 5 M NaCl 1Bunms 100 Tailnsans wae isopropanol utifi 300 lulnsans wan
viaanltuitenanlfan s fuannsisin e -20°C Wuaan 1 40l wastiumnazneufinaiba 13,000
sauAewT 1Thiaan 15 Wil ilennAzneuilnrdsa densneunsniiondandas 70% ethanol 1BunAs 400
lulnsang anind \NABFN7 WaT isopropanol 8N thlufumnaznewfing1ai3e 13,000 sauseNT Thiaan
5 wnil i ethanol wazANAznawilandaAliule azanaRzneufaatLRaNERE nuclease sunms 100
[YGERER Lﬁuﬁ'gmms‘i -20°C (Jeffries and Tina, 2004)

m%"a’qa@uﬁ’ﬂﬁ"mmﬂﬁﬂ reverse transcription-polymerase chain reaction (RT-PCR)

F1A31297 cDNA 19438 laseeifannsetinsen fidueiafnldlngnisld Infue Fapus i zse
u?mmmamﬁm:?mmL%@"Lqmﬂﬁiuﬂﬁsmmamﬁlﬂwﬂm%CL—P2 (cCL-P2: 5 CTG CAG CCATGC AAA GA
(17) 3, hCL-P2 : 5" GGT CAG GTG TGA ACC AC (17) 3')(ﬁaﬂ§'?¢ﬂ’], 2551) ﬁﬁmmﬁnmwwim%@ CLvd ﬁ
ralfiAnlznlunzdemadelfuouduedugng 1un 368 dia

dumaun19in RT-PCR

{ea¥aant cDNA anidelasasd dfisentszneudaelnsimesany cCL-P2 panidudu 2 pmole
Bunnu 5 Talasdns faetneenfidue 1.75 Tulasans didniedes thermal cycler Tedallsunsunisingny
7 96 °C WU 5 1T AT UTEN LT 11 5 wT udatindnuees 37 °C wu 15 WiFt annthuineen
WFNENTAT reverse transcription buffer 2.0 Tulasans, 10 mM dNTPs 1.0 lulasans, 200 U/ul reverse
transcriptase 0.25 TailAsamstinEdNATes thermal cycler ing Faltlsunsunngyinen 42 °C ifliaan 1 Falua tin
cDNA fidainmezflfunifanfunnnl §aendszneludnmirnduilsinga 9.4 lulnsans, 10X PCR buffer 2.0
lulas@ing, 256 mM MgCl_ 1.6 lulasdims, 10 mM dNTPs 0.5 lulasdas, Tnaiues cCL-P2 uaz hCL-P2 AN
wudu 2 pmole/ul ﬂ?mmmmm 2.0 ulasdns, 2 U/pl Tag DNA polymerase 0.5 lulAsams uaz cDNA 2.0
lulpsang sidnuases Thermal cycler Tnes g ungid iy pre-denature ‘w 92 °C W 3 U7 denature 71 92
°C 1flunan 40 3wt annealing 7 60 °C Wunan 40 3unFl wax extention 7 72 °C 1Thuaan 40 31Tt Su9u
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35 99U WAZAINGAE extention N1 72 °C luaan 7 wiW 1 seUATIAAELIIUIATEINAKARAINUTFEN PCR
NlAdaenaiia Gel electrophoresis Tneinsld 2% agarose gel Néfaudag ethidium bromide LLmﬂﬂﬂ@Lm‘u
YB9ALBULBAIELATES Gel Documentation UV-transilluminator T4asia@ndea it L1edn d1uenauin
13z 370 fiua
AnEnisanananlanfinaualda CLVd AasiRE razor blade contamination

PRINNN1981292 UKL ALNHATNINLIMINNLBINN9NG9F 83118 N19289 CLV Aaznwu lududn
ldanuiugsdanuduldldnnsundszuinaziinannnissaussluannfudulsaseansmnsng ase9nng
AneannsAmuaeluanFuRA@eil e CLVd azanunsadnanenisaldldanndu (Figure 2)

a v & o e A o  aa a X ° ¥ Al vl A o v a

WwRNEUNZA B ATUEAR TN 4 NAN9RATe CLVA Auaw 1 6 AldEnIsnsatiudusoamaila
RT-PCR vinnssvysinumbanazin inaunalugdosnansansuauliliszunn 30 wusimns ive il uumasses
dalunistnananisn LazERENAUNSAANATUEAANTANG 4 A1 30 AU (T18z 10 ) INeI1ARINI9RA
@aa1nNN19FAwAslUNT @D A

o 1 a dl a a a dl val d‘/ d’j :‘/ o val

seyinuiuuluiaiudnadanalulinssas 1 musmng nayliinisdutewmeantiuin i ayluy

dauma CLVd Aaen13 i Al aLusunfni@ia a1uau 10 A5 uazdnflutdesdn 5 a5 anniduin luniueua
% e~ ad‘ a ¥ o Yo v d' =KX v d‘ 3 1 d’ld 95 v al 3

vusiunz@eamalnAnwEan S Hunaldiusun 1 audesui 10 induiian 2 91 desluinauazgn (s
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Figure 1 Diagram of collected tomato leave at post inoculation in CLVd movement test. (WPI) = weeks post

inoculation, (IL) = inoculated leaf, (AS) = apical shoot and Arrows = collected leaves.
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Figure 2 Horizontal transmission test on Seedathip 4 tomato plant. (A) 30 cm long location on CLVd
infected tomato plant for performing of contaminated blade, (B) 1 cm long at on the CLVd

contaminated tip blade and (C) mechanical inoculation on healthy tomato plant.
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Anwszaziammsuwsnszanawadia Columnea latent viroid lusunzidiaime

Mﬁamnﬂgm,%ﬂ CLVd aeuului 8 uaz 9 m@qmﬁ@mﬂ%mmﬁuﬁjﬁuﬁ@x 5 fundeannti 2 dulanot
uzdemea 2 fufFunanseInsilugen Mnisdufinuanisuansennisiloynludoainludl 1 duann
luanatulugluuil 16 uazluten anu Table 1 uaz 2 azwudInTAWIBYTE CLVA Azl unsnszanglu
L‘ﬁ’ﬂ@l@ﬁﬁ’]ﬁ\iL@?‘Q_,ILﬁuiﬁlﬁ'ﬂuﬁ@iﬂﬂ@6’117‘1‘LL&]ﬂ@@ﬂuﬂﬁﬁiﬂﬂﬂluitﬂtm@ﬁ 2 dpii nezesfunnesnsnlusl
ﬁ'ﬂ’m’]iLLN@iﬂﬁﬁLﬁuiuﬂu@mLﬁﬂ"‘l lugesfiuaneanunlumifanadnas uazludngdan (Figure 3A, 3B)
Iummﬁiumqﬁmmniuﬁﬂ@ﬂL’%@ﬁuvl,si LaneeIN3ln7 Tuushe 2 g Lr'“ﬁu“lu”l,ﬂmq@iuﬂ“umaﬁm%@r;’w’qmm AR
RT-PCR wieanntiu @ﬂm‘wmmmmvmvmﬂmmniuummamlummmiﬂ (Figure 3C, 3D) me‘u
SLU@N’Q’]T]SL‘LIVM@HL‘H@VL‘JJM?Q@ﬁ".l?;lmﬂuﬂ RT-PCR fifflsiuaiuan nasanniudianyid 4 ‘Mmmiﬂ@mﬂjfawu
armsluisnngiu usznulufuaneanuldmugenluzeslud 5 uaz 6 Senwmslusaeuasiiennis
ifdunandly Anfvluseuiizenlud 5 uaz 6 1esuzdamaeiaesiuglnma dmngimuide CLVd
dleuRaudianlud 10 uaz Wil 11 2ae 2 g Wudawid 7 8 uaz 9 nudwiugAnfing 4 uapsanniadn
ﬂdﬂﬁuﬁ:ﬁﬂ@ﬁl
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Figure 3 Symptoms caused by CLVd on Seedathip 4 and Cherry tomato: necrotic spot on leaf veins,
epinasty leaves and apical shoot abnormality on (A) Seedathip 4 as well as (B) Cherry and
lateral shoot distortion on (C) Seedathip 4 as well as (D) Cherry.

annamasesnudnuszazoan 2 dlanindinisdgnisenzilemaAuansainisieenlui 2 wug
wiluARNdNluN 8 waz 9 nAusalulananistaNengIatiuTuNaffEATA RT-PCR R399 lWLm a1y
Weniu nnsedeunrede lhsedasin1sunsnszate e uuy Systemic Aannsunsnszang luvianasiulng
indeunanmaauil dumaddrahsmdantiutaunsnszanelinudoausine) iavissu (Hadidi, 2003) i
Tunspdeunveda PSTVd aznudadeunanluasauglusenlageiny phloem (Palukaitis, 1987) uaz
NN3ANEN84 Zhu et al. (2001) Wu9Nia PSTV azindaud lddaluinmasiinaasodu inus ldwui lufvmmn
c A o d v e e . X oA . e d 5 4
WA Tegenndaiunimaaestinmnalidnude CLVA luluaneadeln1swmunaes lufiuiudaansinean
a \ Iy . 2 o X A Ao o - a A o
nusnaanunludaudaluaaslun 5 way 6 dundunmanumailasaniiulunniasinisasyruinvirads
. e Y, ., X . X wd oo ons
W lfniuazainnimeaedluafailninliimsudme CLVA dnsnsaunsnszaneida llvinsiasulanielu
srazinan 4 dUand
o dy dl A o o=l a Cd dl o o ¥ v dl ell
wasannistgniefluses lunzidamanugaanding 4 1lasng 30 Sunawannisfinandn dadui
zif\uﬂmmﬁqmiﬂ@m%@ 2 ﬁﬂmvﬂuﬁ@ﬂ'mﬁ@sluﬁﬁ’]miﬂ@nL%mj"\ivl,mmmmmm@vmfmiﬂwuL%mmvﬁ
mquum CLVd #ilutien 4 1 5 FulunzilamAnuganaing 4 LA 2 Tu 5 Aulune L%@LﬂﬁwuﬁL‘ﬁ’ﬂi‘é‘LL@“’
A9aNLIEe CLVA RlusianAsLsa 5 muluﬁﬂmw 3 ummsﬂ@mmﬂ FannnAdasiUNMARDIIeITa CEVY
wﬁnmmm@@uwLL@vnmwuﬂ?mnm@'lumu@@u@wq 4 §Uainsaagausag 75 RT-qPCR assay \{usvey
a1 5 Fundinisgniafiudnalausi lnansananumad 3 doume douansiu snuazly wudn innsmsma
H 4a X R o4 2 .4 PR P
wuieLFauulaeuIuaenTe CEVA NN INGEe | Ausdun 1 audeiuin 5 usnsaanuided
snludun 3 wazamanunlulaluiun 5 A linsudnda CEVA wnasunas it unannneauiag
waaunglusen (Hajeri et al., 2011) uazaanARBITUNIINAAST8S Bani Hashemian et al. (2010) AiANH
d’l s a dl d’l o o | Y 1 dl dl ds/ & dl dl
dalasead 6 alaniduded Ay luignsznady wudinisndeuisedalasessfanisandeuiuiy
Long-distance movement l#anqaninnistgniiatinunisidausen wasainnslgniae 4 1houw Asany e
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CEVd dnsindeuiiadlifisiume (rootstock) uazindaungdauuuiiiuaeniugsa (scion: Etrog citron) Tne

4 P P A . 2w Ay = T ) aa
VNNARN19IAREUTNNY interstock Tailudaui liinnsnsanuigevzanmanuitatiaasnlaeis Northern
hybridization @4 interstock (Hluug iUse@ninnlunisniselasesfazaisnsnazanuasiiuFunmaes
Ha o asda A e 4 X y v oo 4 o
deldusdeaniimelinsndouiiiuld Tanisnfeunau uarasesdeiiu unisndeuiing phloem uas

HauinendesiunisindfisenduiusesadefuiainaainnisAnuues Gomez and Pallas (2004) Anwn

Twite Hop stunt viroid wuAsnaadesasllsiiy CsPP2 (Ribonucleoprotein Complex) AaMNLLANINI
MnaadasiuniaedeuniuNndausan 16

Table 1 Intensity of leave’s symptoms on Seedathip 4 and RT-PCR results of CLVd at 8 weeks post

inoculation.
Intensity of leaf’'s symptoms and RT-PCR results
WPI
1 2 3 4 5 6 7 IL 10 11 12 13 14 15 16 AS
- - +
2 - - - - - - - - - - - - -
(0/5) (0/5) (4/5)
- +++
3 - - - - - - + - -(0/B5) + + ++ ++ 4+
(0/5) (5/5)
- + +++
4 - - - - - - + - - ++ A A
(0/5) (1/5) (5/5)
- +++
5 - - - - - - + - - ++ +++ A+ A+ A
(0/5) (5/5)
- +++
6 - - - - - - + - - At A +++ A+ A+
(0/5) (5/5)
7 - ) - - - - - + - R o
(0/5)
8 N - - - - - -+ - e e o I
9 N - - - - - -+ - S S o S e e o

(-) = no symptoms, (+) = slight necrosis on leaflet vein, (++) = necrosis on over leaflet, (+++) = necrosis on over the entire

leaf, 0/5-5/5 = number of CLVd positive tomato plant /number of tested plant, (N) = no recording because of leaf droping,

(WPI) = weeks post inoculation, (IL) = inoculated leaf, (AS) = apical shoot.
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Table 2 Intensity of leave’s symptoms on Cherry and RT-PCR results of CLVd at 8 weeks post inoculation.

Intensity of leaf's symptoms and RT-PCR result

WPI
1 2 3 4 5 6 7 1L 10 11 12 13 14 15 16 AS
- - ++
2 - - - - - - - - - - - - -

(0/5) (0/5) (2/5)
- - +++

3 - - - - - -+ - + + 4+
(0/5) (0/5) (5/5)
- + +++

4 - - - - - -+ - - R o S o e S
(0/5) (2/5) (5/5)

- ++
5 - - - - - -+ - - ++ +++  HH+ A+
(0/5) (5/5)
- +++
6 - - - - - -+ - - ++ -+ +++ A+
(0/5) (5/5)
7 - ! - - - - S S o S R R o S o S o
(0/5)

8 N N - - - - S S o S R e e s o S o o
9 N N - - - - R S o e o o S o S o o S o S o o S e S o

(-) = no symptoms, (+) = slight necrosis on leaflet vein, (++) = necrosis on over leaflet, (+++) = necrosis
on over the entire leaf, 0/5-5/5 = number of CLVd positive tomato plant /number of tested plants,
(N) = no recording because of leaf dropping, (WPI) = weeks post inoculation, (IL) = inoculated leaf,

(AS) = apical shoot.

2. Anwnisanananlasiinauadiia CLVd Aqe3s razor blade contamination
[~3 o [ o s £ o rdl 1 d” = o
annmafiusetemandUaviauivdiammsinnghanmstgnizelranisldlufiaiiue
= = o o o = = o ' = 4 X

1 FUNNNANTIANANFURAZNNIFA ITUTWN AR BRLUNTAALFY L LT89N RN NENNT LWL IRTEe CLVd
Tiugunsaliinusiens udslvinunauaalvifusiulngll Fees) aansiun 1 Tdaudesiun 10 1 3 4 lvuaunn
snarulllunsazan Inelumni 1 psaanLme CLVA iedwA 3 Fi (Andlu 30%) Aefun 3 TudUaniin 2 uda
ANILIAKA LATHUN 4 uaz 5 WUIUAUANYN 5 WAz 6 AMNAIAU UAINITNILNALNS Z9UluE17 2 AFaanL
7e CLVA FauAZUAI N 2 na9ann1sniunaulalusium 1, 2, 3, 6, 9 waz 10 doufui 5 aanuludunif
#1 6 Aniilu 70% e sRaTauazgaTing uE 3 AeaanLaIwIU 5 B Andu 50% Beansiadeanluiie
el fun 1, 2 waz 3 AanuludUai 6 Aun 8 way 9 Amanuludilannyin 3 anuanisAne luasall
mﬂimﬁmﬂLfn@mﬁmmmnwaﬂ%mmmwﬂumuﬂnmmmLﬂn@”lmummuw 10 memuwmmwuvnﬂ'lua“ﬂmm
7 3, 5 uay 6 (Table 3) uumwunuﬂ?uﬂmmwuammnm’mmime_l?mmmelumuwLml,m ‘vmmm
Frumnusedaluudazdusneiy e linmanudedn wazduiinsalinude cLvd mauumwuagnu
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Table 3 RT-PCR results of CLVd mechanical transmission by razor slashing method.

Weeks?
Rep”
No.1¥ No. 2 No.3 No.4 No.5 No.6 No.7 No.8 No. 9 No.10
I - - 2 5 6 - - - - -
Il 2 2 2 - 6 2 - - 2 2
I 6 6 6 - - - - 3 3 -
L1 = first replication, Il = second replication, Il = third replication.

Z(CLVd detection by RT-PCR technique every week for 8 weeks post inoculation.

#inoculated plant no. 1-10 by razor slashing method.
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