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I V I ANSTITUTO ALENCIANO DE NVESTIGACIONES GRARIASImportance 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
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Agricola Villena Coop. V. Villena-Alicante, (Partner of IVIA/ICIA 
projects) commercializes 20% of the carrots consumed in Spain  
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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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2008: Increase of symptoms in carrot and first observation of 
symptoms in celery. Detection of phytoplasmas, virus and 
‘Ca. Liberibacter solanacearum’ (CaLsol).

2009: High prevalence of symptoms in both crops and 
detection of phytoplasmas and CaLsol in carrot in different   
regions. Up to 70% yield losses in celery.

2010: Symptoms in carrot and celery are associated with the 
detection of CaLsol (and with phytoplasmas in carrot but 
neither with phytoplasmas nor with viruses in celery).

2011: Beginning of a national research project funded by INIA-
Ministry of Agriculture. Symptoms in celery drastically 
decreased but not in carrot. 

2012: Beginning of PHYLIB-EUPHRESCO project. CaLsol is only 
consistently detected in carrot with symptoms. The 
vegetative disorders and the detection are again scarce in 
celery. No detection neither in other crops nor in weeds. 

Overview  of the situation: 
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Celery (Apium 
graveolens) a new    
‘Ca. Liberibacter 

solanacearum’ host
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ACTIVITIES
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Performance study on a 
complete kit for direct detection 

(without DNA purification) of                                              
‘Ca. Liberibacter solanacearum’ 

by real-time PCR
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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 44 results / 440 data (in 4 laboratories no amplification occurred 
and some laboratories make repetitions).

• A complete kit sent by courier at room temperature in November 2012 
(traveling days at room temperature: 3-7)



I V I ANSTITUTO ALENCIANO DE NVESTIGACIONES GRARIAS



I V I ANSTITUTO ALENCIANO DE NVESTIGACIONES GRARIAS



I V I ANSTITUTO ALENCIANO DE NVESTIGACIONES GRARIAS



I V I ANSTITUTO ALENCIANO DE NVESTIGACIONES GRARIAS

(Plant Print Diagnostics) / www.plantprint.net
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www.antonio-olmos.com/diagnosis/parameters/online/calculator.html
Diagnostic parameters calculation
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PARAMETERS DETERMINATION

ACCURACY (TP+TN/Total)= 95 %
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Carrots: 
Experimental plots (at least one from                     
each cultivation cycle):
- In some plots  neither symptoms 

nor CaLsol is detected.
- In other plots, typical and frequent 

symptoms are observed and  
CaLsol is consistently detected in 
more than 65 % of the plants 
cultivated in open field (no 
detection in plants cultivated 
under insect-proof protection).

Celery:
- Experimental plots (at least one 

from each cultivation cycle): 
- - No symptoms and scarce 

CaLsol detections.

Systematic surveys in experimental plots 
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Sampling

Leaves from the medium part of the plant (one leaf 
from small plants; 2-3 leaves from adult plants) 
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Sampling
Samples were introduced 

into  plastic bags 
containing a thin net  

(Bioreba or Plant Print) 
and transferred at 6-10ºC 

to the laboratory
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Extract preparation
1) 5 mL of PBS, pH 7,2 are added to each plastic bag 

containing the sample ( approx. 1weight : 5-10  volumes).
2) Homogenization is semi-automatically performed by using 

Homex 6 (Bioreba).
3) 1,5 mL of the crude extract is immediately used or stored 

at -20ºC until use. 
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Spots

1) 5 ÕL of the extract are directly spotted on a piece (0,3 
cm2) of 3MM Whatman filter paper contained into an 
Eppendorf tube.

2) Let to dry for 5 min. at room temperature and 
immediately used or stored at room temperature in an 
obscure and dry place or at -20ºC, until use.
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Add 100 µL of distilled water to 
the spotted-immobilized sample 

and vortex 

Transfer 3 ÕL of the extract 
(as template) for real-time 

PCR amplification

Direct real-time PCR
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Sticky plant method

Monitoring arthropods 
visitors/landing on the 
plants every 7-10 days
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Absolut and relative abundance of 
arthropods landing on sticky celery plants  (2011)

Nº %
Aphididae Diuraphis noxia 394 18,32

other Aphididae 368 17,11
total Aphididae 762 35,43

Cicadellidae Typhlocybinae 338 15,71
other Cicadellidae 221 10,27
total Cicadellidae 559 25,98

Psylloidea 715 33,24
Fulgoromorpha 115 5,35

TOTAL 2.151 100

total Psylloidea
total Fulgoromorpha
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arthropods

Psylloidea Yellow traps Sticky plant
2009 2010 2011

Triozidae: 95 % 99,37 % 99,43 %
Bactericera sp. 85 % 99,14 %
Trioza sp. 10 % 0,23 %
Psyllidae: 5 % 0,63 % 0,57 %
Cacopsylla pyri 5 % 0,56 %
TOTAL 25.836 26.140 527

Villaescusa et al. (2011). Bol. San. Veg. Plagas 37, 163-171. 
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Monitoring of arthropods landing 
on early cycle celery plants 
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Monitoring of arthropods landing 
on medium cycle celery plants
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Monitoring of arthropods landing 
on late cycle celery plants
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Aphididae: 2 main peaks (half of May and half of June).

Cicadellidae Typhlocybinae: 2 main peaks ( at the end of September 
and at the beginning of November).

Cicadellidae no Typhlocybinae: 1 main peak (end of June).

Psylloidea: 2 main peaks (at the end of July and mainly half of August).

Arthropods caught in 2012 are under identification.
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By Cuscuta campestris in controlled 
greenhouse conditions
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PROTOCOL FOR 
CaLsol DETECTION IN 

SEEDS
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- comminuted in PBS, pH 7,2 
into a plastic bag

- DNA purification with CTAB

- Real-time PCR

- 1 g (approx. 500 carrot seeds)
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The question of seed 
transmission of CaLsol.

- Carrot (1,080)

- Celery (360)

Nº analysed seedlings with 
negative detection of CaLsol:
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1) There are positive and negative seed lots.

2) CaLsol is consistently detected in seed lots but no yet in the 
analyzed seedlings. 

3) Negative lots of seeds when cultivated in isolated areas or under 
insect proof nets are not showing symptoms and CaLsol is not 
detected.

4) On the contrary: symptomatic plants (CaLsol +) come from CaLsol 
+ seed lots in the vast majority of the cases.

5) Lot of seeds are being produced from infected plants in order to 
asses the transmission.

6) EM is being performed from seeds collected from + lots in order to 
localize the bacteria.
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Potato surveys (2012)
-Laboratory of Salamanca (analyses of samples from imported lots and 
from national potatoes): 658 samples

-Laboratory of Valencia (analyses of imported lots and local lots of 
early potato samples): 89 samples

-Laboratory of Tenerife (potato samples cultivated close to infected 
carrots): 50 samples  

-IVIA Reference Laboratory (potato samples cultivated close to 
infected carrot or celery crops): 32 samples

All assayed samples tested negative for CaLsol by spot real-time PCR 
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Host of CaLsol detected in Spain:
Carrot and celery

Set up of a rapid and accurate detection method/kit real-time 
PCR based (commercially available) validated in 24 
laboratories

Hyphotesis:
CaLsol has been introduced by carrot seeds and 
transmitted by vectors among carrots and from carrot to 
celery. 

There is a real risk of natural transmission to other hosts.

We are studying the ability of different psyllid species in 
feeding in the phloem of different psyllid plant hosts and no 
hosts.

CONCLUSIONS and COMMENTS
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Thank you very 
much for your 

attention


