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Raise awareness ghytosanitary
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and tools for early pest detection &
sustainable control
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for the implementation of Precision Decision
Support Systems (DSS)




HUANGLONGBING
CITRUS GREENING

Phloemrestricted
pathogenidacteria

Species
Caliberibactemsiaticus
Caliberibactemfricanus
Caliberibactemmericanus

HLB is the most severe threat of the citrus
industry worldwide

Host plants belong to Rutaceae family
Sweet orange and mandarin are very susceptible

No effective control measurese available except the

eradication of infected trees and vector control

Quarantineppests in EureBirective 2000/29/EC)
EPPO Al list of pests absent from the EPPO regic

A potentialBIOTERRORISM AGHtNEr the
Agricultural-Bioterrorism:Protection Act

Citrus pathologists say:

If HLB enters an area, citrus can no longer be grg




HLB

yellow shoot/ yellow branch
disease

Yellow shoots

Leaf blotchy mottle
e gy 3
' U Lopsided fruits with color inversion
U Aborted seeds

Symptoms are severe in nursery,
replants and on pruned branches

o

M. Keremane (USDA, Riverside, CA) 4|::|1_15.:'-|~.h-1



1st description in China
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HUANGLONGBING

was known in

Asiafrom Japan to
southern China
Southeast Asia

the Indian subcontinent
to Pakistan

Arabian Peninsula
Africa

In 2004was first reported in
the Western Hemisphere in Brazil
In 2005in the United States in Florida
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'‘Candidatus Liberibacter africanus' (LIBEAF)

O Present @ Transient 2025-01-27

(c) EPPO https://gd.eppo.int



HUANGLONGBING

Py Diaphotinacitri |
(€ T Asian citrupsyllid A1 list ‘
heattolerant
Persistently New Zealand, Australia, and thiglediterranean basin
transmitted by OdzNNBy ut e 0SAY 3I-freekittus eFdoNs
several psyllid

vectors

‘Candidatus Liberibacter africanus' (LIBEAF)

Triozaerytreae

O Present @ Transient (c) EPPO https://gd.eppo.int

African citrugpsyllid A2 list
heat-sensitive

Pseudopsyllaitrisuga new HLLB/vectoriniChina
Diaphorinacommunis new HLBvecton iButhan




Primarily by MAN
Through the
movement of

Infected propagating
material
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HLB is persistently transmitted
by psyllid vectors: nymphs &
adults (small insects-@mm inlenght)

Salivary glands and hemolymph contain t
pathogen which multiplies within its vecto

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

Diaphorinacitri

Triozaerytreae



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

HOST PLANTS

CalLiberibacterost
range includes two
types of plants:

A those that support
psyllid vectors

A those that allow the
bacterial pathogen to
multiply

Regardless of
rootstock,almost
all cultivars of
citrus, particularly
commercial
varieties,are
susceptible to HLB

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

In an orchard, diseased trees are clustered
together, with secondary infections occurring
25¢50 m away.



In the LAB
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Two types of plant samplesfor testing

A Disc of leaf midvein
A Disc of printed membrane

DISCof PRNTED MBVIBRANE

Primting [rane) E straction

Ivsthermal Amplification & Resubts

LAMP Mix Preparation

x ICGome Plus Ome LIBEAS
Y . 8.

—



RCLJOREofSIICAN ~  Recombinase polymerabesed

pathogen isothermal amplification combined with
: : ‘ W lateral flow assafHL BRPALFAfor rapid
detection with @ detection of "Candidatusiberibacter

plant tissues @) B3 asiaticus

Step 2 (a).

HLBRPALFA

AmplifyRP® Acceler8™

Ghosh et al., 2018 [Freery-yem=

Result Lateral Flow Strip Reaction

Positive Control and Test lines are both visible.

Control line is visible. Test line not visible.

Control line not visible.



Rapid andonsite
pathogen
detection with
plant tissues

Judgement of negative or positive with
fluorescence

Visual detection f ?
0 ‘d

Negative: Positive:
Red Green

a2 |
Examples \ I U

HLB DETECTION KIT

-
4 .
HLB

DETECTION KIT

%
%

Description

Loop mediated isothermal amplification (LAMP) detection kit for Huanglongbing (HLB. aka citrus greening) from psyllid. Utilizes LAMP primers as outlined in this

written with the USDA-ARS




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

HUANGLONGBING

As part of an initial diagnosis the visual
Inspection of symptomatic plants is the
routine method for HLB surveillance.

Scouting HLB symptoms the
field for tree infected removal
by:

- Tractor or pickup mounted
platform (taller trees)

- Tractor (medium size trees)

M. Keremane (USDA, Riverside, CA) - Walk'”g (young treES) 13

CIHEAM




HUANGLONGBING!

Vector monitoring

Sao Paulo Brazil
2004
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Scouting
by well trained staff




HUANGLONGBING

Florida
2005

Huang.ongﬁz‘;"fazs‘éﬁzuzg‘;:zr:;,mm AS|an mtruspsylhds*nove on unprocessed fruits

ﬂ"\

Lime industry is gone, difficult to impossible to raise citrus
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lFewisiGriffin Rd —— ‘LeWis G?lfﬁn Rd

Thetypecofgroves are notisuitable for

R PelRiistside Ch) large secale @ontralsas inBrazil



Florida
2005

......

Sections (TRS) Positive for

T Huanglongbmg (HLB Cnrus Greening) in Florida

ﬂ"\

NN cReNe:lNel Monitoring theiinfectiorbby:testingspsyllic

In Florida, HLB symptoms found nine months after
positivepsyllidswere detected

Positive psyllid samples from plants for sale
In Florida Counties:(about10% in) 2ZTN9)

Sources Of contaminatiéﬁ/'“”ayanOt'Caplar.‘tS.
N robable spread within rete

U Collect psyllids, add ethanol and test fresh or froze
psyllids byeal time LAMHK Notomiet al., 2000)

USDA UNIVERSITY

of HAWAI'l
ANOA



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

Earlypathogen
detectionusing
vectors

Grower _
involvement in
Field Testing

Current Standard ”Trap’”

Yellow sticky car

- Expensive

- Not reusable

AThe ONSITE.AMRDbased field testing system
capable of detecting all HLB -associated
Liberibacter populations from both psyllids
and plants

AThe sticky traps have served well for
monitoring psyllid populations; they are not
good for liberibacter testing from the
captured psyllids.

ATraditionally psyllids are hand collected
using aspirators and stored in alcohol. These
are excellent for Las testing.

SmartTraps provide testable psyllids.

ASmartTraps are expected to be better
than hand collections since psyllids
represent those from over several days
rather than a specific day.

ASince the bacterial titer in psyllid
population varies rapidly over time,
SmartTrap collected psyllids
may Improve our ability to detect the
pathogen early.



Earlypathogen Promote the use of LAMP assay and

provide training to growers, nurserymen,
det?ctlonusmg pest control agents, extension workers and
Veclors other stakeholders for widespread testing

of Liberibacters as a component of an
overall IPM program (or surveillance
program if HLBIs not present yet).

Grower
iInvolvement in
Field Testing

[ Nucleic acid extractim}

[ LAMP reaction preparatio%

II LL
. Genetic ampllflcatlon &
detection of the results

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

Handheld device




Thespyvector
approach

Monitoring the jpsyllid vectorsrand:testing
can reveal the presence of the pathogen in
the area((Spy«vectordefore symptoms
development in host plants.

CKS Y2VAUENBYRYy2RTS QUIKAS
Increasetthe probability-to early-detectthe
presence -oHLB-agents areas which are
apparently pathogedree because of the
absence of symptoms.

To this aim can be very effective to
Integrate:

- forecasting modelgo decide the
monitoring period of the vector

- smart traps

- onsite detection assays



Citrusintercroppedwith
guava(Psidiumguajaval.)
haslower the incidenceof
Diaphorinacitriand HLB
diseasebut the
mechanismare still
unknown(Siquanet al.,
2022)

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

Antibacterial Management
using antibacterial products
(e.g.,STPstreptomycin
OXYopxytetracycling)

Protecting plants in the
root system with the
appropriate antagonist

Control strategies of HLB disease
Dwipendra et al., 2023

l Cultural Methods l

U Inclusion of alternate host

O Use of healthy saplings
O Removal of diseased tree

U Intercropping with repellent
plants Genetic manipulation
Chemical Control

U Induced expression of

Q Antibiotics defense related genes
O Nano-Zinc Oxide (NPR1, thionins, cecropin B,
O Broad spectrum insecticide attA, GRP1.8)

[ J Neem products ] U Use of Cas9-sgRNA

Management
Practices
Biological Control
. __Nutrition Application
[ Q Parasitoids ]

d Zn, B, & Mn treatment

U antimicrobial peptide
J Mn & Zn treatment

U rhizomicrobiome manipulation
O Gibberellin, Uric acid, rutin

Q Xylella fastidiosa strain

d Mg, Zn, & Mn treatmen]

Thermotherapy

U Citrus seedlings treated
to continuous heat of
40-42°C for 48h



Use of two psylligharasitoids
viz., Tamarixiaradiata and
Diaphorencyrtusligarhensis

£ \ .
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HLB symptoms are
minimized by foliar
micronutrient treatments,
particularly Mg, Zn, and

Dailyirrigation

significantly improves the

water up take of the
infected trees

Better performance if
Irrigated with moderately
acidic water and the soill
pH near 6.0

Control strategies of HLB disease
Dwipendra et al., 2023

| Cultural Methods |

4 Inclusion of alternate host

O Use of healthy saplings
U Removal of diseased tree

O Intercropping with repellent
plants Genetic manipulation
Chemical Control

Q Antibiotics

O Nano-Zinc Oxide

QO Broad spectrum insecticide
[Cl Neem products ]

Q Induced expression of
defense related genes

(NPR1, thionins, cecropin B,
attA, GRP1.8)
U Use of Cas9-sgRNA

Management
Practices
Biological Control [ > S J
[ Q Parasitoids
— - . d Mg, Zn, & Mn treatment
U antimicrobial peptide
- : : - - d Zn, B, & Mn treatment
O rhizomicrobiome manipulation S .
Q Gibberellin, Uric acid, rutin 1= 2h Tedten
Q Xylella fastidiosa strain
Thermotherapy

Q Citrus seedlings treated
to continuous heat of
40-42°C for 48h



HUANGLONGBING
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U TheMediterranean
region the 4" for citrus
production and the ¥ for

freshfruit export

Floridacitrusindustryis
gonewhile Brazilian
Industryisstruggling
againstHLB

Use of certified Citrus propagating material (HLB-
free)

Early pattiogearsurveititiiceqarogrampas

Actions to be taken S
: tihnaughheffitieintnt:
at National & O
- efficient quass

Mediterranean .
levels n S\O\ fof
oring of HLB pathogens &

- rapid, simple and efficient diagnostic
methods

Early eradication of infected plants
Vector control



= Aplest
is an application for L.:

sampling (plant "u \
material & vectors ) / “'

and onsite data | \‘ ) 8 LATITUDE: 39.469041
| Bl LONGITUDE: -0.371435

CO | | e Ctl O n ‘ ! ‘ SPECIES: Citrus sinensis - Sweet orange

SYMPTOM: Strong

SAMPLE

4 MODULES DATA
Sample VGealmr.alllzarmmﬁ
P V Acquisitionn
Map V Mapping?
Find V Storage:

Send V Tramsmissionn



Module

€ SAMPLE

Associated species:

Spacing between plants [m] 3

example of note

SAMPLE

€ SAMPLE
SMITH
23/11/2018
16.878166
41.054013
GPS ON

SAMPLING: PLANT
)

Pathogen: Ca liberibacter (HLB)
Species: Citrus sinensis - Sweet orange

Rootstock:

Symptom:  Absent
Age: 510 10 years

Phenological stage:  SFL ¢

T PHENOLOGICA

Crop status:  SELECT COLTURAL
Irrigation:  [RRIGATION STAT
Latest coltural operations: SELECT LAST COLTURAL OF.
Main species of the field:

Associated species:  SELECT ASSOCIATED SP

Spacing between plants [m] 3 x 3

Plantt samplingrg

¢ SAMPLE

JOHN SMITH

1 23/11/2018

16.878166 é
41.054013

GPS ON
SAMPLING: INSECT

-

Pathogen: Ca liberibacter (HLB)
Species:  Diaphorina citri -

Amount:

example of note

Vectonr sampling g

€ SAMPLE
JOHN SMITH
1 23/11/2018
16.878166 &
41.054013
GPS ON
SAMPLING: SITE INSPECTION
e & 60

Pathogen: Ca liberibacter (HLB)

example of note

Site= imspeetiono 1
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REMOTE SENSING,
GIS, Al,

Model |l i ngeé

Spaceborne "36,000kmf 5

i 85

Multi- 58

- Hyperspectral g_g
SAR 700-900 km

Satellite Constellation

~ Space Shuttle
SAR
Airborne albome
AL 10-12 km
Hyperspectral
SAR

LiDAR
Aerial 1.2-3.5 km
h h
cloaaply 0.3 km

UAV (drone)
Ground-based Hyperspectral -w 150m
LiDAR

m SRS L, 10900, |

Remaotessensingrapplicationsgnspest \surveillance
U plant host mapping
U pest outbreak monitoring

Analysis of RS images enables to:
identify the problem, thus guiding ground inspections

u
U understand problem evolution(spatial and temporal)
u
u

support decisiondor efficient application of control measures
Assess the efficacy of interventions

The challengesisdeearly«detechthe:paibog
before sympiomsittlamages occur

Due to certain constraints, including the cost of data, a lot of
the work focused on freely available satellite data (e.qg.
LANDSAT, EU Copernicus programme)

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



RS & GIS

International Jowrnal of Digital Earth,
fol. 00, No, 00, Month 2001, 1-10

aylor & Francis
A tree counting algorithm for precision agriculture tasks
Franco Santoro®, Eufemia Tarantino”*, Benedetto Figorito

stefania Gualano®
Anna Maria D'Onghia’
Cenire International de Haute MO Scli
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Aaning& sampling

An automatic procedure
for iIndividual

tree
identification using

GeoEyel sensor data

Sam pling:,shreme-

Spatial distributiomnn
of the infectionn




Proximal ssensing

THE VISION SENSOR could detect the infection
without being in contact with leaves. HLB
Infection within the zinc-deficient leaves was
identified.

A HANDHELDDEYMW&S developed for collecting
multicolor fluorescence and multispectral
reflectance images of leaf synchronously

Sensors 2013, 13, 2117-2130: doi:10.3390/5130202117
OPEN ACCESS

sensors

ISSN 1424-8220

www.mdpi.com/journal/sensors
Article

Huanglongbing (Citrus Greening) Detection Using Visible,
Near Infrared and Thermal Imaging Techniques

Sindhuja Sankaran, Joe Mari Maja, Sherrie Buchanon and Reza Ehsani *

Prediction models for HLB

ADABOOST ALGORITHM FOR THE PREDICTION M#
T comeenoneone e N

Comparison of machine learning methods
for citrus greening detection on UAV
multispectral images

Deng ®® 8 B, Zihao Zhu b ¢, Huasheng Huang ®




What RSwméthadalegiesranesnowsapplicable
in HLEBrmoeniteningpregrammes?

U Sentinel 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.

Spaceborne ~36,000kmf §
Satellite '

e mmmﬂmv i U Other platforms provide higher resolution images
T (hyperspectral, thermal) but are expensive.

| | U Proximal sensing tools can be adopted to find
N - dest waa|l  Symptomatic plants

LIDAR

Ae ? 1.2-3.5 km s . . . . .
smems® | U Application of semi-automatic and automatic tree
Ground-based D o counting (e.g. plant mapping; precise sampling

s, |  Procedures)

ob Bt
U Application of pathogen recognition procedures (e.qg.
predictions maps)




The Specimranomic
Approach

Over the rmanitesiationcofpplantidiseases)plants
experiencepphenofypican chmetabali¢ fluctuations

the future of remote
sensing application in
plant health by

- Knowledge transfer
9

Infected Symptomatic Symptomatic Dead
Early-stage Latestage

=
drone & aircraft < b




