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‘Ca. Liberibacter’ genus 

- ‘Ca. Liberibacter’ is a genus in the family Rhizobiaceae , class α–Proteobacteria, 

that lives in intimate association with eukaryotic cells.  

  

- Gram negative, non-culturable bacteria, restricted to the plant’s phloem and 

insect’s hemolymph. 

- Transmitted by graft, cuscuta, infected potato tubers, carrot seeds 

and by arthropod vectors (psyllid species) in a persistent, circulative 

manner. 
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Importance of carrot (Daucus carota) in Spain 

Approx. 9,000 ha (74.000 t) 

Carrot is cultivated along the year 

in open field in areas coexisting 

with celery, leek, potato, and other 

horticultural crops (even citrus). 

 

The main cvs are: Maestro, 

Bangor, Soprano, Romance,… 
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Carrot is mainly cultivated in three 

cycles (early, medium and late) along 

the year.  

 

Early: March to July 

Medium: May to December 

Late: July to January next year 

 

It is commercialized for the industry  

and after selection in packing houses 

for fresh consumption 



2007: Vegetative disorders were noticed 

for the first time in carrots in Canary 

Islands and in mainland Spain.  

Symptoms: curling, yellowing, abnormal 

proliferation and purple discoloration of 

leaves, stunted growth of shoots and 

roots, proliferation of secondary roots 

and filiform root a the end. 
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Diseases caused (associated) by 

 ‘Ca. Liberibacter solanacearum’ (2) 

3) Yellows decline (Carrot) 
4) Vegetative Disorders 

(Carrot, celery and parsnip) 

Haplotypes C, D and E 

- Detected in Finland (2010), Spain (2012), 

France (2014) and Morocco (2014) and 

should be present where carrots are grown.  

- Vectored by Trioza apicalis (Findland) and 

B. trigonica and probably by B. tremblayi 

and B. nigricornis (Spain). 

Haplotypes C, D and E 

- Detected in Spain (2014). 

 

- Vectored by B. trigonica and 

probably by B. tremblayi and       

B. nigricornis (Spain). 
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Symptomatology in celery crops in 2008 

Abnormal number of shoots  Curling of stems  Yellowing 
 

Commercial production losses were up to 70% 



Phytopathology 104, 804-811.  



CaLsol 

Haplotypes 

detected in 

Spain (D and E) 



‘Candidatus Liberibacter solanacearum’  

in carrot, celery and parsnip  

(associated to yellows decline, psyllid 

yellows and vegetative disorders).  

 

High inoculum (prevalence) in Apiaceae  due 

to carrot seed transmission. 

 

The disease is naturally transmitted by B. 

trigonica (proved vector) and very probably 

by B. tremblayi, B. nigricornis and 

Bactericera sp. 



Development of a real-time PCR 

protocol and validation by a 

Performance study of a complete kit for 

direct detection of                                              

‘Ca. Liberibacter solanacearum’ 

(without DNA purification)  

Phytopathology 104, 804-811. (2014) 
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(CTAB, Qiagen, MOBIO…) 

REAL-TIME PCR 

(leaves or seeds) 

Water 

CaLsol detection 



Performance study (Ring-Test) 
• 27 Laboratories / 17 countries: Austria, Argentina, Bolivia, Brazil, 

Costa Rica, France, Greece (2), Hungary, Israel, Italy, New Zealand, 

The Netherlands, Spain (9), Turkey, UK, Uruguay and USA (2)  

 

• 10 blind samples (5 positives and 5 negatives) immobilized on paper 

one month before the performance study and stored at room temp.   

 

• Total 53 results / 530 data (in 4 laboratories no amplification occurred 

and some laboratories make repetitions). 

 

• A complete kit sent by courier at room temperature in November 2012 

(travelling days at room temperature: 3-7).  
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  Ref: CaLsol/100 

 

 

http://www.plantprint.net/


Calculation of diagnostic parameters 

(FN) 

(FP) 

(TN) 

(TP) 

- Sensitivity: 0.87  - Specificity: 0.99 

- Accuracy: 93 % 

(TP+TN / N) 



EPPO/OEPP (2014) 
 
 
Flow diagram for 
detection of ‘Ca. L. 
solanacearum’ spp.  
 
(In press) 



 

- CaLsol has probably been introduced by carrot seeds in Spain and 

transmitted by psyllid vectors among carrots and from carrot to celery 

and parsnip. The bacterium should be present in all areas growing 

carrot. 

 

- There is a real risk of natural transmission to solanaceous hosts 

(potato, tomato, aubergine and pepper) from infected carrot. 

 

- We are studying the ability of different psyllid species in feeding in the 

phloem of different psyllid plant hosts and no hosts (monitored by 

Electrical Penetration Graph-EPG). 

 

- Experimentally Bactericera trigonica is able to transmit CaLsol from 

carrot to carrot and celery (high efficiency) and from carrot to potato 

and tomato (low efficiency, but with detected infection in plants), 

showing the risk of natural transmission from carrot to solanaceous 

crops. In fact CaLsol was detected in symptomatic potato tubers. 

Risk assessment: 









Analysis (2013-2014) of potato seed lots (200 navel tubers/lot) 

according to EU protocol for testing quarantine bacteria. 

(Tested by Plant Print Diagnòstics CaLsol/100 kit) 

Phase A: 215 frozen extracts = negative real-time PCR. 

 

Phase B: 1,772 visually inspected potato lots (section in the navel 

area) = 12 lots showed symptomatic tubers.  

9 tested positive against CaLsol using real-time PCR.  

 

The symptomatic tubers in positive potato lots (1,5%) were grown in 

pots. The plants than emerged from positive tubers were weak and 

phyliphorm. When tubers were produced (in few plants) they were 

symptomatic and small. 

 

Currently the disease is not epidemic and it was not observed in the 

field (only sporadically in tubers). The natural spread is associated 

to a vector with poor efficiency to transmit haplotype E to potato 

(may be B. trigonica).       



Potato cvs found positive : Fontane (1), 
Arran Banner (1), Kennebec (4) y Red 

Pontiac (3) 





Mitigation strategies (I): 

1) In order to prevent the introduction of the bacterium in new areas, 

to reduce the inoculum in carrot fields and to mitigate the spread to 

other potential hosts: control of the bacterium in seed lots (that are 

sold in Europe and worldwide) is required.  

 

Therefore, investigations are required into carrot seed production in 

pest-free areas or under insect-proof facilities, to ensure seed is 

free from ‘Ca. L. solanacearum’. In addition, research is needed into 

seed treatments that could inactivate the bacterium in infected seed. 

 

 

2) Strategies are required to reduce the populations of psyllid vector 

species and the spread of ‘Ca. L. solanacearum’ to other crops (i.e. 

horticultural mineral oils, kaolin…). 



Mitigation strategies (II):   

3) In Spain extensive areas (in cooperation with Agricola Villena Coop. 

V., the main producer of fresh carrots) were established in 2014 using 

carrot seed lots that tested negative for CaLsol by real-time PCR 

(Teresani et al., 2014).  No prevalence of CaLsol was observed in the 

first cycle of cultivation (March to July). Only a prevalence of 1 to 2 % of 

the plants is detected in the second cycle of cultivation (May to 

December, prevalence estimated at the middle of September). 

 

 

4) Already the Committee on Sanitary and Phytosanitary Measures  of 

the World Trade Organization (G/SPS/N/AUS/345 August 21th, 2014) 

notified in Australia as an emergency measure: the mandatory analysis 

by real-time PCR of carrot seed lots (20,000 seeds/lot) and in vitro carrot 

and celery plants, before the entry to the country. 

 

5) A modification of the quarantine status of CaLsol (including non-

solanaceous haplotypes) is expected in the EU to protect socio- 

economically important solanaceous crops. 



Thank you 

very much 

for your 

attention! 


