
• A NEW VIRUS THREAT TO SEED-POTATO 
CERTIFICATION IN BRAZIL: THE WHITEFLY-
TRANSMITTED TOMATO CHLOROSIS VIRUS  

(GENUS: CRINIVIRUS) *  

• Jose A Caram Souza-Dias1; C Jeffries2;  JAM. Rezende3.; MF. Lima4 
•   

•  1-APTA/IAC-CPD-Fitossanidade, Campinas, SP (Brazil);  2-SASA-UK Potato Quarantine Unit, Edinburgh, Scotland (UK); 3-ESALQ-USP, Dept of 
Plant Pathology, Piracicaba, SP (Brazil); 4-Embrapa- Vegetables, Brasília, DF (Brazil). 1,3,4-CNPq  Fellows. 

• E-mail: jcaram@iac.sp.gov.br 

•  *Supported by FUNDAG/Souza Cruz S.A/MICROGEO/ ABBA/ABVGS 

 

mailto:jcaram@iac.sp.gov.br


Central potato pots with plants showing PLRV-lime symptoms are ToCV infected progeny 
tubers (PCR+/Dr J.Rezende,  ESALQ-USP), from a grown on test performed by Natalino 

Shymoyama, CEO of  the Potato Assoc of Brazil (ABBA) 

Exposition on a recent Whitefly Seminar,  organized by the Potato 

Association of Brazil (ABBA), held in   
Uberlândia – Minas Gerais (Brazil), 4-5/November/2013 



“The potato production in Brazil, before and after the 
identification of  the whitefly-transmitted 

 Tomato chlorosis virus – ToCV: Some factors and facts “  

 -Original title:  A bataticultua no Brasil, antes e depois de constatada 

a mosca branca transmitindo o  Tomato chlorosis virus (ToCV): Fatores e fatos 
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PLRV, cirulative persistantly. 
Transmitted by few aphid 
Species; mainly Myzus persicae. 
 

Aphid Transmission is dependent  
on chaperonin GroEL proteins 
Produced by endosymbiotic bacteria 
Genus Buchnera  

2ry 

1ry 



Potato virus Y –PVY,  Potiviridae , genus  Potevirus, not circulative-
persistant transmitted bay various  species of aphids.  

PVYntn =  circular necrotic superficial  
Rongs, or curves  on the tuber epiderm. 
Sensitive cvs: Monalisa, Caesar, Mondial 

Normal, without virus symptom 

PVY infected  

PVY,  stream  “N” = PVYn PVY, stream  “O” = PVYo 



Bemisia tabaci on leaves of potato plant: High (huge) infestation 
associated mostly with PLRV-like symptoms; in  field fields where 

aphids were on  “total” absence  (unseen all season long).  



Revista Cultivar 8(55):23-28, 2009 

US$ 5 billion 
loss 

“ The pest of the Centuries” 



21 - 45 days; 
300 eggs =  
 
27 million  
 
in 90 days 

Whitefly (Whitefly (Bemisia tabaciBemisia tabaci) Bio cycle) Bio cycle  
highly adapted and colonizing on potato plantshighly adapted and colonizing on potato plants  

General Aspects:  General Aspects:    
Large  genotype diversity: Large  genotype diversity: Bemisia tabaci (biotype B, Q,etc), Trialeirodes vaporariarum, T. spp Bemisia tabaci (biotype B, Q,etc), Trialeirodes vaporariarum, T. spp   
Large host rangeLarge host range: > 600 plant species: > 600 plant species  
Efficient virus vectorEfficient virus vector: : > 70 virus species > 70 virus species   



Geminivirus identificado em batatal no Brasil 
ToYVSV, 1996 (Souza-Dias et al.) and 1997 (Farias, et al.) 
ToSRV (2008 (Souza –Dias et al.) = Não tem sido  um 
problema para a bataticultura como tem sido para 
outras solanaceas (ex.:Tomateiro) 



From begining 2000, basically without any aphid presence throughout the season, 
near 40% PLRV-like symptomatic potato plants, in cerfied tuber/seed lot, started to 
observed in association with high infestation of whiteflies (Bemisia tabaci). Suspects of 
whitefly-transmitted PLRV were raised. 



POTATO LEAFROLL VIRUS - PLRV:  
WOULD IT BE RE-EMERGING IN POTATO 

FIELDS AFTER  A DECADE OF NEAR 
ABSENCE ?  
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Preliminary experiments to evaluate potato cvs response to tomato whitefly 
transmitted viruses 



Preliminary experiments on evaluation of potato cvs response to tomato whitefly 
transmitted viruses 



Greenhouse 2 – Evaluating  whitefly transmitted potato viruses to seven potato cvs (10 plants 
random distribuited per cv),  inside commercial tomato greenhouses (with history of high 

whitefly and Begomoviruses and Crinivirus)  
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D. stramonium = Interveinal yellowing on large, older leaves, 
similar to Potato leafroll virus – PLRV, Luteovirus , known to be 

aphid transmitted , circulative, persistent). Crinivirus (ToCV), 
not suspected during this trials 
D. metel =  Most  symptomless , a few with shrinks (waving) on 
top leaves. 
Tomate cv Ikran =  mid and bottom leaves showing yellow 
(interveinal and blotches). Older leaves crispy and rolled 
upward, Similar to PLRV symptom in tomato plants 



Symptom similarities in Datura stramonium indicator (test) plants, wich has been 
exposed in potato fields to monitor PLRV and ToCV (the presence of whitefly and 

absence of aphids would indicate ToCV 

Interveinal yellow and rolled upward of older leaves, crispy tisssues   



Tomato plants (cv Ikran) showing  interveinal 
yellow on bottom leaves, due to ToCV infection. 

At right, a normal (symptomless) tomato leaf 

ToCV Healthy 

These symptoms are just like those described to PLRV in tomato plants, 

confirmed by bio (Costa, 1964), imuno (Souza Dias & Costa, Summa 

Phytopatologica 21(1):50, 1994),   and molecular assays (Souza-Dias et al, 2003) 



Tomato chlorosis virus (ToCV) 
symptoms similar to Potato Leafroll virus  (PLRV) 



Evaluation of 7 
(seven) potato cv s 
Inside a ommercial 
tomato greenhouse 
(Oct 2010-Jan 2011) 

with history of 
high level of 
whitefly 
transmitted 
viruses 



Sprout evaluation (tuber progenies from potato cvs on the Tomato 
greenhouses ) . PLRV-like symptoms were confirmed ToCV postivie 

by PCR (performed in ESALQ-USP, at Dr Rezende’s Lab) 

Potato plants Cv Mondial growing from 
sprout , detached from a tuber produced by a 
plant that had shown yellow  
deforming mosaic symptoms, at the  
Tomato experiments. Confirmed Begomovirus 

Sprout growing plant from a PLRV-like mother 
plant at the tomato grenhouse experiments) . 
For most of the seven potato  cvs, PLRV-like 
symptoms (as above) were randomly chosen 
for PCR testes and confirmed ToCV+ and PLRV- 



Sprout evaluation of tuber progenies from  seven potato cvs inside  tomato  greenhouses, for 
whitefly transmitted viruses (May-June 2011. Meanwhile, Dr. Rezende’s student Debora 

Freitas identified Crinivirus in potato plants showing PLRV-like symptoms for the first time in 
Brazil (Freitas, et al.  2012). Some PLRV-like  plants in this picture were PCR tested and 

confirmed ToCV+ (by Dr Rezende/ESALQ-USP) 

Eng. Agr. Jefferson, like many other extensionists came to visit 
examining plant progenies from the tomato x whitefly x virus 
experiments . Symptoms of deforming mosaic begomovirus (ToSRV 
and  ToYVSV) and leafroll with interveinal yellowing (PLRV-like): May-
June 2011. 

Begomovirus 

Crinivirus 

Sadia 





Tuber progenies (tuber and sprouts) under evaluation for whitefly 
transmitted virus from seven potato cvs: Preliminary experiments 

inside tomato greenhouses at Sumaré county.  
 

Deforming 
yellow 
mosaic, in 
potato 
progenies 
of cvs. 
Itararé, 
and 
Mondial  
(putative 
ToSRV),  



Tuber progenies from the seven potato 
cvs on grown on test (inside greehouse – 

May-June 2011). 
Potato plants grown on from seed-

tubers perpetuating ToCV and 
Begomovirus,  were both molecularly   

confirmed.  
ToCV + (showing PLRV–like symptoms), 
were negative for PLRV (ELISA kits from 

SASA, AGDIA, DSMZ) 
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By June 2011, when tuber x sprouts 
progenies from the seven potato cvs  
produced inside the tomato greenhouses, 
were grown on tested , PLRV was ELISA 
testes (due to typical symptom 
expression), but results were negative for 
PLRV.  
Meanwhile, with the first discover of ToCV 
in potato crops associated with huge 
whitefly infestation,  draw attention to 
ToCV to be tested in these potato 
progenies.  
PCR and sequencing analysis, were 
performed by Debora Freitas, a PhD 
student at Dr Jorge Rezende (ESALQ-USP) 
lab). Only ToCV, but not PLRV was 
confirmed molecularly. 

CRINIVIRUS  ToCV 
All potato cvs, except ‘Cupido’, showed 
similarly  moderate susceptibility to ToCV. 
For  Begomovirus,  results indicated good 
resistance  among the seven potato cvs 
(inoculum pressure was considerably high 
inside greenhouses) 



Like performed with potato plants in the  tomato greenhouses, PLRV-like  symptoms in potato plants were checked for PLRV, 
only. Most negative results, until mid June/2011, when ToCV was first identified in potato plants (Cristalina region, Goiás 

State) showing PLRV-like  symptoms, in field with no aphid records, but huge whitefly infestation. The pictures shows ELISA  
on sentinels plants (Datura stramonium and Datura metel ) exposed within potato fields for virus bio-monitoring, nearby 

tomato plantations.   



Some evidences on Tomato chlorosis virus – ToCV, genus Crinivirus  
(in Latim, Crini = “hair”) 

• Wisler, G.C., et al., Plant Disease 82:270, 1998. 

•  “...Potato plants showed symptoms symilar to those 
caused by Potato leafroll virus (PLRV) when 
experimentally infected with ToCV from tomato.” 

 

• Tomato plants infected with ToCV shows an irregular 
chlorotic mottle that appears first on lower leaves and 
gradually advances towards the growing point. Interveinal 
yellow areas on leaves also develop red and brown necrotic 
flecks  





Greenhouse 2 



Conclusion 
• The seven potato cultivars 

in the two trials showed a 
moderate good resistance 
to the predominate  
Tomato Begomovirus 
(putatively ToSRV and 
ToSRV). 

• Cv Cupido showed the 
lowest Begomovirus 
incidence among the other 
six cvs, as observed on 
grown on tests.   

• PLRV-like symptomatic 
plants (PCR+ for ToCV) 
showed a tendency of 
small tubers to be less 
infected (symptomless 
plants, tested PCR and 
graft into test plant, 
were free of ToCV). 

• Uneven distribution of 
ToCV within and among 
daughter-tubers sustain 
previous observation 
(Fortes & Navas –Castillo, 2012) 

 



ELISA kits for whitefly transmitted 
viruses: Has become a priority demand 

for seed-potato certification in Brazil 

ELISA kits were obtained soon after ToCV was first identified in potato crops in major potato producing 
areas of the State od Goipas (Brazil). Kits supplied by Dr Stephan Winter (DSMZ, Germany), with support 

from: FUNDAG/ IHARABRAS and  Souza Cruz S.A. 



Since 2003, potato fields planted with basic class seed-potato tuber lots, at the Southeast and West Center regions of Brazil,  
have been rising frequency of records  for: 

 (1) Plants showing PLRV-like symptoms (primary = top yellow, erect and rolled up leaflets; and secondary = stunted and 
bottom leaves crisp and rolled, some interveinal yellowing, may also show purple color on leaf edges); and  

(2)  APHIDS controlled to “total absent” ,throughout the season, but highly infested with whitefly (Bemisia tabaci). 

PLRV 
symptoms: 
Secondary, 
seed-tuber  
perpetuation 
Primary,  
curent season 



Feb. 2011 – South of the State of Minas Gerais (Southeast region): Absence of 
aphids but hight whitefly infestation (considered uncontroled). Potato cvs 

Agata and Asterix showing > 80% PLRV-like symptoms of 1ry and 2rd types. 

Soybean plantation  favor whitefly 
population exponential increase and 
constant movement into  seed-potato 
field, nearby. 

>45%  PLRV (1ry)-like symptoms 
on plants cv Asterix.  
No rizoctoniose damaged stems. 



Results from real time 
PCR, performed at 
SASA (Scotland), 

confirming only ToCV 
in potato samples cv 

Agata,  showing PLRV-
like symptoms in a 

Brazilian major potato 
region (Perdizes, MG) 
in Brazil (Aug 2012) 



Table 1 – Bio-assays: 1=Mecanic; 2=Graft, for viruses in potato ´plants showing PLRV-like symptoms, from  differente cvs in the states of MG and 
SP (Brazil) . Confirmation of potato viruses  by molecular (PCR) analysis  were carried  at  ESALQ-USP (Brazil) and SASA .(Scotland, UK).   

Crop Regions Cultivars Symptoms on foliage 
PLRV-like  Mosaic Def.Ylw Mos 

ToCV ck+ / potato 

ToCV ck - / potato 

ToCV ck+ / potato 

ToCV ck - / potato 

Test plant/bio-assays 1 and 2:  records 45 days after inoculation(*)   
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(*) inoculated at 15-20 cm high: symptoms legend : FE = graft failure; AI = Interveinal Yellow(ToCV +PCR); SS = no 
symtpoms (ToCV-PCR) - foot notes on next slide -    



Table 2 – Immuno assay (ELISA) on virus identification in potato plants showing PLRV-like symptoms, from  differente cvs in the states of MG and 
SP (Brazil) . Confirmation of potato viruses via molecular (PCR) analysis  were carried at  ESALQ-USP (Brazil) and SASA .(Scotland, UK).   

Crop 
Regions 

Cultivars Symptoms on foliage 

PLRV-like Mosaic Def Ylw Mos 

ELISA results (2 x > ck- =+ positive). Kit from DSMZ (Germany): ToCV,  
TYLCV/gemini-grp), TSWV; from SASA (UK): PLRV, PVY, PVX, PVS 

Y
ES

 fo
r 

al
l(

*)
 

no 

Y
ES

 f
o

r 
al

l 
Y

ES
 fo

r 
al

l 

ToCV ck+ / potato 
ToCV ck - / potato 

PLRV ck+ / potato 
ToCV ck +/D.stram 

ToCV ck+ / potato 
ToCV ck - / potato 

(*) All eleven samples of cv Agata, showed Real Time PCR positive for ToCV, only; and, negative for TICV (another Crinivirus). PCR negative also 
for PLRV, and Begomovirus . (?) PLRV not confirmed by PCR, but did confirm  ToCV/ELISA; thus, confirming a satisfactory efficacy of the ELISA kit 
to detect ToCV.. 
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“What to do, so?" 
• Breeding resistant/tolerant commercial 

potato varieties; Applying IPM whitefly 

strategies, as virus vector.   

• But in addition: 

• It should now become 
mandatory: 

• 1-  To include ToCV tests (ELISA) on seed-

potato certification; 

• 2-To apply the Sprout/Seed-
Potato Technology (Souza –Dias & 

Costa, 1985. Summa Phytop. 11:52; PAA & 
EAPR congs) for a safety,  no virus 
degeneration  multiplication  rate of virus-
free basic (imported or tissue culture) 
seed-potato stocks –  Therefore,  no more 
delay  on having the SPROUT /SEED-POTATO as 
an official seed-potato propagating material . 



For considering whitefly not a virus vector to potato plants, most seed-potato 
producer and certification agents considered as “low or normal” countings of  20-30 
whiteflies per leaf. But “very  intolerable”   countings of  a few aphid , as they are 

well recognized as virus-vector (PLRV, PVY) 



In Central and Southeastern Brazil,  an increasing 
number of  potato fields have shown  typical  primary 

or secondary Potato leafroll virus (PLRV)-like 
symptoms on 20-100%  of plants, with zero aphid 
counts, but with heavy whitefly (Bemisia tabaci) 

presence. 

2009 Cultivated 
area 
(Hectars = 
ha) 

 Production 
metric tons 

Productivity 
tons/ha 

Northeast (NE) 8,102 293,730 36.25 

Southeast (SE) 69,019 1,816,002 26.31 

South (S) 57,829 1,076,643 18.61 

West Center 
(WC) 

6,027     232,250 38.53 

Whole 
Country  

140,987 3,418,625 24.25 

NE 

SE 

S 

WC 

. Main Potato Producing 

Regions of Brazil   
(Source Agrianual 2011) 



Tomato 

Potato 

Sweet pepper 

Evidences  

Barbosa et al., 2011 
Barbosa, Rezende, Bergamin Filho não publicado 
Freitas et al., 2012 

BA 

MG 

ES 

RJ 

GO 

SP 

PR 

SC 

BRAZIL: Sites of ToCV identifications 
(photo courtesy of Dr. Jorge A. M. Rezende / ESALQ-USP)  

Abreu, H. et al., Tomato chlorosis virus infecting the weed 

Physalis angulata within tomato fields in São Paulo State, 

Brazil.  45°Cong Bras. Fitopatologia.  Amazonas , MA, 18-

23/08/2012 

Rezende, J.A.M et al. 2013. Tomato chlorosis virus (ToCV) infecting solanaceous  crops in Brazil: occurrence, epidemiology and 

management . 46° Cong Bras Fitopatologia, Ouro Preto, MG, CD rom, 20-25/10/2013. “…ToCV is transmitted most efficiently  by 

Bemisia tabaci biotypes A, B; Trialeurodes vaporariorum, T. abutilonea (not present in Brazil) .  

  

Lourenção, A.L./APTA-IAC, personal communication : T. vaporariorum is also present in field crops in Brazil. 



1989 

2002 2000 

1998 

2001 

2007 

2001 

2006 

2006 

2007 

2003 
2011 

2008 2005 2013 

2000 

2004 

1998 

1995 

Navas-Casillo et al. 2011 Annual Review Phytopathology New Disease Report- Plant Disease-APS 

2001 

2006 

USA 
1997 

ToCV – A worldwide spread  
by year of first record 

(photo courtesy of Jorge A. M. Rezende. ESALQ-USP)  

- BRAZIL is seed-potato importer  for  basic  

(virus-free) seed-potato stock renewal – annually 

-Imported or national  virus-free stocks must be   

Multiplied (G-0;>G-1>G2 up to G3 or more?)  

Brazil 



ToCV recommended detection: Combining DAS-ELISA in a first 
test and then triplex RT-PCR assay can achieve a realiable 

diagnosis for tomato Crinivirus (ToCV x TICV) 
(Jacquemond, M. et al., 2009. Plant Pathology 58:210-220) 



 

Field visit and  sampling for PLRV-like potato plants has 
become normal (routine) in most warmer regions of Brazil 

(Southeast, Central and Northeast –Chapada). These 
scenario of no aphids but huge whitefly population has been 
increasing, repeating in most major potato producing areas 

and cultivars. ToCV detection has been increasing and 
constant in various phyto-diagnose labs in Brazil. 
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Bio-monitoring insect-transmitted potato virus via exposition of Datura metel & D stramonium 
(flower removal are recommended and done at weekly inspections) 



The Sprout/Seed-potato Technology  
(Souza-Dias et al, 2000-2012 have been presenting at 

 PAA and  EAPR Meetings) 

It is ready to become a new (Innovative) safe movement of  

basic seed-potato stocks 

(www.carambatatasemvirus.blogspot.com.br) 



The sprout/seed-potato technology: similar 
performance on yield of minituber as compared with 

tissue culture plantles (in vitro) 



The Sprout/Seed-Potato system for large scale, virus-free, (mini)tuber/seed-potato production.   
The picture below shows production of a single sprout, detached from virus free (basic class) 

tuber-seed-potato (imported stock, cv Agata):  
Planted on  15/May/2013; Harvested on 01-05/Aug/2013 



Field production of tuber/seed-potato which had 
sprouts removed x not removed, cv Agata 

Sprout not removed Sprout  removed 

24 tubers 
26 tubers 



Thank you!  
Questions?  

Special thanks to  my 
research support from: 

APTA-IAC; 
CNPq;  
FUNDAG/ 
Souza Cruz S.A.; 
MICROGEO; 
ABBA; ABVGS) 
 


