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Food security in the 

Mediterranean region
Raise awareness on phytosanitary
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Develop knowledge on innovative methods 
and tools for early pest detection & 

sustainable control



HUANGLONGBING
CITRUS GREENING

Ca Liberibacter asiaticus
Ca Liberibacter africanus
Ca Liberibacter americanus 

Quarantine pests in Europe (Directive 2000/29/EC)
EPPO A1 list of pests absent from the EPPO region

A potential BIOTERRORISM AGENT under the 
Agricultural Bioterrorism Protection Act

HLB is the most severe threat of the citrus 
industry worldwide 

No effective control measures are available except the 
eradication of infected trees and vector control

Citrus pathologists say: 

if HLB enters an area, citrus can no longer be grown

Phloem-restricted 
pathogenic bacteria

Species

Host plants belong to Rutaceae family 

Sweet orange and mandarin are very susceptible



Symptoms are severe in nursery, 

replants and on pruned branches

M. Keremane (USDA, Riverside, CA)
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üLopsided fruits with color inversion

üAborted seeds

Yellow shoots

Leaf blotchy mottle

HLB
yellow shoot/ yellow branch 

disease



HUANGLONGBING

1st description in China 

Reported in more than 40 countries

Prior to 2004 was known in 

Á Asiafrom Japan to 
southern China

Á Southeast Asia
Á the Indian subcontinent 

to Pakistan
Á Arabian Peninsula
Á Africa

In 2004 was first reported in
the Western Hemisphere in Brazil
In 2005 in the United States in Florida



HUANGLONGBING

Persistently 

transmitted by 

several psyllid 
vectors

Diaphorinacitri
Asian citrus psyllid: A1 list

Triozaerytreae
African citrus psyllid: A2 list

heat tolerant

heat-sensitive

New Zealand, Australia, and the Mediterranean basin 
ŎǳǊǊŜƴǘƭȅ ōŜƛƴƎ ǘƘŜ ǿƻǊƭŘΩǎ ƻƴƭȅ I[.-free citrus regions

Pseudopsyllacitrisuga: new HLB vector in China
Diaphorinacommunis: new HLB vector in Buthan



Primarily by MAN
Through the 
movement of 

infected propagating 
material

1083448600

by dodder 
(Cuscutapentagona)

HLB is persistently transmitted 
by psyllid vectors: nymphs & 

adults (small insects 3-4mm in lenght)

Diaphorinacitri

Triozaerytreae

Salivary glands and hemolymph contain the 
pathogen which multiplies within its vector 

Adults can live for several months and in a 
lifetime females deposit up to 800 eggs

http://edis.ifas.ufl.edu/EDISImagePage?imageID=913615361&dlNumber=XC004&tag=IMAGE%20XC:CSPRO11&credits=


In an orchard, diseased trees are clustered 
together, with secondary infections occurring 
25ς50 m away.

Ca Liberibacterhost 
range includes two 
types of plants: 

Áthose that support 
psyllid vectors

Áthose that allow the 
bacterial pathogen to 
multiply

Once infected, the vector can 
transmit the bacterium through 
feeding as it flies from one host 
plant to another in the 
environment. 

Regardless of 
rootstock, almost 

all cultivars of 
citrus, particularly 

commercial 
varieties, are 

susceptible to HLB

HOST PLANTS



In the LAB

REALTIMELAMP
LOOP-MEDIATEDISOTHERMALAMPLIFICATION

DTBIA
DIRECTTISSUEBLOTIMMUNOASSAY

TISSUEPRINTREALTIMEPCR



Real-Time LAMP

Rapid and onsite
pathogen
detection with
plant tissues

DISC of LEAF MIDVEIN 

Two types of plant samples for testing 
ÅDisc of leaf midvein
ÅDisc of printed membrane

DISC of PRINTED MEMBRANE

LLlASLIBEAS

Real-Time LAMP

Rapid and onsite
pathogen
detection with
plant tissues

DISC of LEAF MIDVEIN 

Two types of plant samples for testing 
ÅDisc of leaf midvein
ÅDisc of printed membrane

DISC of PRINTED MEMBRANE

LLlASLIBEAS

(Enbiotech, Italy)



Rapid and onsite
pathogen
detection with
plant tissues

Recombinase polymerase-based 
isothermal amplification combined with 
lateral flow assay (HLB-RPA-LFA) for rapid 
detection of "Candidatus Liberibacter
asiaticus"

HLB-RPA-LFA

AmplifyRP® Acceler8

hƴƭȅ олΩ

Ghosh et al., 2018



Rapid and onsite
pathogen
detection with
plant tissues

Rapid and onsite
pathogen
detection with
plant tissues



HUANGLONGBING

M. Keremane (USDA, Riverside, CA) 13

As part of an initial diagnosis the visual 

inspection of symptomatic plants is the 

routine method for HLB surveillance. 

HLB identification in the field is the most 
challenging task for the growers as the 
symptoms of asymmetrical, blotchy mottling 
patterns on leaves are often confused 
with(zinc, iron, manganese deficiencies) or 
with other diseases (e.g. Citrus tristeza, 
Stubborn, Citrus Blight)

Scouting HLB symptoms in the 
field for tree infected removal 
by:
- Tractor or pickup mounted 
platform (taller trees)
- Tractor (medium size trees) 
- Walking (young trees)



HUANGLONGBING

São Paulo Brazil 
2004

Vector control

Vector monitoring

Scouting

by well trained staffEradication of symptomatic trees



HUANGLONGBING

Florida
2005

Asian citrus psyllidsmove on unprocessed fruits

Lime industry is gone, difficult to impossible to raise citrus

15
The type of groves are not suitable for 

large scale control as in Brazil
M. Keremane (USDA, Riverside, CA)



HUANGLONGBING

Florida
2005

Monitoring the infection by testing psyllids

Positive psyllid samples from plants for sale
in Florida Counties (about 10% in 2005-2009)

In Florida, HLB symptoms found nine months after 
positive psyllidswere detected

Sources of contaminationÅMurrayaexoticaplants
ÅProbable spread within retail

üCollect psyllids, add ethanol and test fresh or frozen 
psyllids by real time LAMP ( Notomiet al., 2000) 

Smart DART/LAS v1.0

University of 
Hawaii at Manoa

USDA 
Logo

http://manoa.hawaii.edu/
http://www.usda.gov/


Grower 
involvement in 
Field Testing

Early pathogen 
detection using 
vectors

ÅThe ONSITELAMP-based field testing system 
capable of detecting all HLB -associated 
Liberibacter populations from both psyllids 
and plants
ÅThe sticky traps have served well for 

monitoring psyllid populations; they are not 
good for liberibacter testing from the 
captured psyllids.
ÅTraditionally psyllids are hand collected 

using aspirators and stored in alcohol. These 
are excellent for Las testing.

SmartTraps provide testable psyllids.
ÅSmartTraps are expected to be better 

than hand collections since psyllids 
represent those from over several days 
rather than a specific day.
ÅSince the bacterial titer in psyllid 

population varies rapidly over time, 
SmartTrap collected psyllids 
may improve our ability to detect the 
pathogen early.



Grower 
involvement in 
Field Testing

Promote the use of LAMP assay and
provide training to growers, nurserymen,
pest control agents, extension workers and
other stakeholders for widespread testing
of Liberibacters as a component of an
overall IPM program (or surveillance
program if HLBis not present yet).

Yaseen et al ., 2015
Ben Moussa et al ., 2016

Nucleic acid extraction

LAMP reaction preparation

Genetic amplification &
detection of the results

Handheld device

hƴƭȅ олΩ

Early pathogen 
detection using 
vectors



The spyvector
approach

Monitoring the psyllid vectors and testing 
can reveal the presence of the pathogen in 
the area (Spy vectors) before symptoms 
development in host plants.

¢ƘŜ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ǘƘŜ Ψ{Ǉȅ ƛƴǎŜŎǘǎΩ Ŏŀƴ 
increase the probability to early detect the 
presence of HLB agentsin areas which are 
apparently pathogen-free because of the 
absence of symptoms.

To this aim can be very effective to 
integrate:
- forecasting models to decide the 
monitoring period of the vector
- smart traps
- onsite detection assays



. D. Thakuria et al.

.Citrus intercropped with 
guava (Psidium guajava L.) 
has lower the incidence of 
Diaphorina citri and HLB 
disease, but the 
mechanisms are still 
unknown (Siquan et al., 
2022)

Frequentapplication of 
neemproducts, soft and 
organic foliar insecticides 
help in reducing the spread 
of the disease 

Protecting plants in the 
root system with the 
appropriate antagonist

Antibacterial Management 
using antibacterial products 
(e.g., STP: streptomycin; 
OXY: oxytetracycline )



. D. Thakuria et al.HLB symptoms are 
minimized by foliar 
micronutrient treatments, 
particularly Mg, Zn, and Mn 

.Use of two psyllid parasitoids 
viz., Tamarixia radiata and 
Diaphorencyrtus aligarhensis

Daily irrigation 
significantly improves the 
water up take of the 
infected trees

Better performance if 
irrigated with moderately 
acidic water and the soil 
pH near 6.0 



HUANGLONGBING
&

THE MEDITERRANEAN 
REGION  Agents of HLB are not yet present but I they are nearby

T. erytreae

D. citri

LIBEAF LIBEAS



Actions to be taken 
at National & 
Mediterranean 
levels

To avoid the introduction 

and spread of HLB-

infected material & 

vectors

Use of certified Citrus propagating material (HLB-

free)

Early pathogen surveillance programme 

through efficient :

- efficient quarantine programmes at the borders

- communication system for raising awareness 

- systematic monitoring of HLB pathogens & 

vectors at the risky points

- rapid, simple and efficient diagnostic 

methods

Early eradication of infected plants

Vector control

ü The Mediterranean 
region: the 4th for citrus 
production and the 1st  for 
fresh fruit export

ü Florida citrus industry is 
gone while Brazilian 
industry is struggling 
against HLB

USA

Brazil



is an application for 
sampling (plant 

material & vectors ) 
and onsite data 

collection

Ap3est

4 MODULES
Sample

Map
Find
Send

DATA
VGeolocalization
VAcquisition
VMapping
VStorage
VTransmission



Module  SAMPLE

Plant  sampling

Vector  sampling

Site inspection

PHOTO



REMOTE SENSING,
GIS, AI, 

Modellingééé.

Remote sensing applications in pest surveillance
üplant host mapping 

üpest outbreak monitoring 

The challenge is to early detect the pathogen 
before symptoms/damages occur 

Analysis of RS images enables to:

ü understand problem evolution (spatial and temporal)
ü support decisions for efficient application of control measures
ü Assess the efficacy of interventions

ü identify the problem, thus guiding ground inspections

non-free satellite programmes (e.g. WORDVIEW 2, 

GEOEYE 2,3,4) provide more accurate data, but the costs 

are still high, and qualified skills are needed for data 

interpretation, therefore are less used in plant health

Due to certain constraints, including the cost of data, a lot of 

the work focused on freely available satellite data (e.g. 

LANDSAT, EU Copernicus programme)



Automatic tree 
counting

Planing& sampling

Sampling scheme Spatial distribution 
of the infection

RS & GIS

An automatic procedure
for individual tree
identificationusing

GeoEye-1 sensor data



Proximal sensing
THE VISION SENSOR could detect the infection

without being in contact with leaves. HLB

infection within the zinc-deficient leaves was

identified.

AHANDHELD DEVICE was developed for collecting 
multicolor fluorescence and multispectral 
reflectance images of leaf synchronously

ADABOOST ALGORITHM FOR THE PREDICTION MAP 



What RS methodologies are now applicable 
in HLB monitoring programmes?

üSentinel series of satellites (part of the EU 

Copernicus programme) are freely available for large 

area  classification (vegetation classification mainly of  

pest-host plants) and higher temporal resolution.

üOther platforms provide higher resolution images 

(hyperspectral, thermal) but are expensive.

üProximal sensing tools can be adopted to find 

symptomatic plants

üApplication of semi-automatic and automatic tree 

counting (e.g. plant mapping; precise sampling 

procedures)

üApplication of pathogen recognition procedures (e.g. 

predictions maps)



Over the manifestation of plant diseases, plants 
experience phenotypic and metabolic fluctuations

Early-stage Late-stage

AsymptomaticInfected Symptomatic Symptomatic Dead

Knowledge transfer

TheSpectranomic
Approach

the future of remote 
sensing application in 

plant health by 
drone & aircraft


