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Diagnostics Procedures



Rules for collecting samples
• The accuracy of a diagnosis (including insect 

identification) can only be as good as the 
sample and information provided.

• Samples need to be collected and preserved 
with care. The data needs to be recorded at 
the time of collection (at least the location, 
date, host, collector).

• The samples must be representative of the
symptoms and severity in the field and must
contain the right infected or damaged
material or associated specimens



Not good sample



Good sample



Good sample

• Samples should be fresh and in good
condition (intact invertebrate specimens and
plant samples).

• Rapid delivery of diseased specimens to the
laboratory is critical for plant pathogens;
proper preservation is needed for
invertebrates; appropriate part of the plant for
botanical specimens.



How to pack

• Pack to keep the specimen as fresh and intact 
as possible or appropriately preserved

• Don’t put soft and fragile specimens in an 
envelope….but in a box!



Packing invertebrates

• Protect plastic and glass jars.

• Seal liquid as required by delivery agents

• Send pinned specimens in a secure box with 
shock absorption!



Rules of sample collection …

• Don’t forget to include healthy specimens or
plant parts (controls) if relevant.

• Take photos of symptoms, whole plants,
affected plant parts particularly if plant
pathogens are suspected,

• Record location, distribution within the field,
severity or population density, surrounding
environment, weather patterns and so on.

Take as many notes as you can.



Diagnostic tools

• Plant pathologists, entomologists and weed
scientists work with different types of
organisms and the steps to make a diagnosis
or identification can be quite different.

• Entomologists generally deal with injury more
than disease.



Disease caused by injury



Diagnostics of invertebrates

• If the pest is still present
on its host, the
identification can be done
by following morphological
keys and comparing with
validated specimens
(classic morphologically
based taxonomy). Keys are
used up to species levels

• Bean Lycaenid

Euchrysops cnejus (Fabricius, 1798)



Damage caused by invertebrates

• What type of damage is 
present? Some damage is 
typical of some 
invertebrates orders or 
families;

• Identifying the host helps 
narrowing down possibilities 
(e.g. polyphagous vs 
monophagous);



Symptoms and signs caused by pathogens

• Plant pathologists work 
with diseases caused by 
pathogens that induce a set 
of symptoms in their hosts. 

• Description and analysis of 
any symptom and/or sign is 
essential to help in 
identification of the causal 
agent.



Symptoms and signs caused by pathogens

• If the pathogen is
sporulating for instance,
it can help with
identification (e.g.
rusts), however it is not
enough to formulate a
definitive diagnosis.



Koch’s Postulates

• In plant pathology, there
is a need to perform the
Koch’s postulates to
confirm the identity of
the causal organism.

• Step 1: Observe and
describe the set of
symptoms on host plant.



Koch’s Postulates …

• Step 2: The disease
causing pathogen needs
to be isolated to prove
that it is the causal
agent responsible for
the original symptoms.



Koch’s Postulates …

• Step 3: Re-inoculate healthy 
hosts with purified cultures 
of the pathogen (Koch’s 
postulates) and observe the 
same symptoms as seen 
previously.



Koch’s Postulates …

• Step 4: Re-isolate the
organism from the
inoculated host. Both
should be the same!



Koch’s Postulate



Diagnostics in the context of Biosecurity

• Why do we do diagnostics? 

• To determine if an organism is a pest or not, 
detect its presence or absence to:

• Establish pest status (Routine diagnostics that 
supports general surveillance);

• Testing of material for compliance with 
certification schemes;

• Surveillance.



Diagnostics in the context of Biosecurity

• For a phytosanitary certification; 

• For routine identification of an interception; 

• Identification of a pest detected from an area 
where it is not known to occur.



What makes a diagnostic test?

• Specificity;

• Sensitivity;

• Feasibility;

• Reproducibility.

• More than one technique or tool may be 
needed for a given pest.



What makes a good diagnostic test?

• Note that a positive PCR for a pathogen does 
not show that the pathogen is living IN or ON 
the host, if it is DEAD or ALIVE, pathogenic 
(able to cause disease) or not. It only shows 
that the pathogen’s nucleic acids were present 
at the time of testing (e.g. viruses).



What makes a good diagnostic test?

All techniques and assays need validation before 
use in routine testing. 

Successful diagnostic capability relies on: 

• Competency and skills/experience of the
diagnostician.

• Capacity of the laboratory (including
equipment, access to literature, resources,
support etc…).



Take Note

Diagnosis is based on critical evaluation of the
plant’s symptoms, signs and damage but also its
interaction with its host(s) and the environment.

To diagnose the cause of a disease or damage,
one needs:

• Good observational skills, 

• Solid scientific knowledge, 

• Competency and knowledge of the taxa, and 
LOTS of experience. 



What you need to know
• Know what is normal: What does a healthy plant 

look like? 

• Collect the relevant information: host (e.g. 
cultivar resistance, culture practices), weather, 
soil and history;

• Check and describe for symptoms and signs, 

• Observe patterns; 

• Retrieve information from databases, use 
taxonomic keys and expert advice;

• Conduct laboratory testing e.g. Koch's postulates 
or additional testing.



Context of Biosecurity
3 important questions:

• “What is the name of the causal agent?” 

• “Is it a pest?” 

• “What are the consequences?” 

Depending on the answer, one might chose: 

• develop new or amend old relevant 
regulations, 

• protection, prevention, eradication, control,

• do nothing.

• Diagnostic need to timely



Sources of information
• Plant Wise CABI https://www.plantwise.org/
• PaDIL: Plant Pest and Disease Image Library 

www.padil.gov.au/
• The BugWood Network www.bugwood.org/
• NPDN National: National Plant Diagnostics Network (US) 

https://www.npdn.org/
• Plant Disease Diagnostic Clinic Cornell University 

http://plantclinic.cornell.edu/
• APHIS Plant Health
• https://www.aphis.usda.gov/wps/portal/aphis/ourfocus/pl

anthealth
• CRC Plant Biosecurity: National Diagnostic Protocols 

http://www.pbcrc.com.au/members/
• diagnostic-protocols   

https://www.plantwise.org/
http://www.padil.gov.au/
http://www.bugwood.org/
https://www.npdn.org/
http://plantclinic.cornell.edu/
https://www.aphis.usda.gov/wps/portal/aphis/ourfocus/planthealth


Lunch Break



Asian Citrus Psyllid



What is an Asian citrus psyllid? 

• Like the African citrus psyllid, the Asian citrus
psyllid (Diaphorina citri Kuwayama) is a sap-
sucking insect that can transmit the lethal
citrus disease, huanglongbing— also known as
‘citrus greening’.

• While the insect itself is not known to be a
major citrus pest, huanglongbing is a serious
threat to citrus-producing areas worldwide.
The Asian citrus psyllid, African citrus psyllid
and huanglongbing are not found in Australia.



What does Asian citrus psyllid look like? 

Adults 
• Adults are small (3–4 mm), 

brownish, sap-sucking insects.
• The forewings are distinctively 

patterned with mottled brown 
patches.

• The abdomen has a pointed 
shape when viewed from 
above.

• Adults have a distinctive 
feeding posture, with the head 
down, almost touching the 
plant surface, and the body 
lifted at 45˚.

• Photo courtesy of A. Beattie, University of 
Western Sydney 



Nymphs 
• Nymphs are dull orange with red

eyes.
• They can secrete white, string-like

honeydew that may melt to form
droplets at temperatures above 36
˚C.

• They can be difficult to see
because they are small, flat, and
close to the surface of twigs and
leaves.

• They are mainly found on buds,
leaves and stems of young flushing
growth less than 50 mm long.

• Photo courtesy of A. Beattie, University of 
Western Sydney



Eggs 

• Eggs are bright yellow-
orange and almond-
shaped.

• They are laid in groups on
buds and young flush tips
less than 10 mm long.

• Photo courtesy of A. Beattie, 
University of Western Sydney



What symptoms does Asian citrus psyllid 
cause on plants? 

• In the Americas, high numbers of nymphs
distort the growth of leaves and stems and
may cause death of new growth. Notching of
leaves may also occur. These symptoms are
not common in Asia.

• The honeydew produced by Asian citrus
psyllid can lead to sooty mould growth on
plants.



Which host plants are affected? 
• All citrus cultivars are hosts of the psyllid (e.g. orange,

grapefruit, mandarin, tangelo, lemon, lime, kumquat,
pomelo, trifoliate orange and native citrus species). Some
species and varieties are better hosts than others. Murraya
spp. (native and ornamental forms of mock orange/orange
jasmine) and Bergera koenigii (curry leaf) are also favoured
hosts.

• Asian citrus psyllid can also feed on Afraegle spp. (Gabon
powder-flask, Nigerian powder-flask), Atalantia buxifolia
(Chinese box-orange), Balsamocitrus dawei (Uganda
powder-flask), Citropsis spp. (west African cherry-orange,
Gillet’s cherry- orange), Limonia acidissima (wood apple,
elephant apple), Merrillia caloxylon (Malay lemon), Naringi
crenulata (hesperethusa), Pamburus missionis, Swinglea
glutinosa (tabog), Triphasia trifolia (lime berry), Clausena
spp. (e.g. wampee), Toddalia asiatica (orange-climber,
forest pepper) and Vepris lanceolata (white ironwood).



Asiatic Citrus Psyllid Distribution

• Asiatic citrus psyllid occurs throughout Asia,
and in parts of North, South and Central
America, and some islands off Africa. Closer to
Australia, it is found in Indonesia (including
Papua), East Timor and north-western Papua
New Guinea.



How does Asian citrus psyllid spread? 

• Long distance spread most commonly occurs
via the movement of plant material infested
with the psyllids. Ornamentals and food plants
such as mock orange/ orange jasmine
(Murraya) and curry leaf (Bergera koenigii),
respectively, have been known to spread
psyllids. Tropical storms and cyclones may also
lead to long distance spread.



How do I look for Asian citrus psyllid? 
Regularly monitor common host plants, such as citrus, 
Murraya spp. and curry leaf: 
• Inspect new flushing growth (from 5–50 mm long) for

adults, nymphs and eggs, particularly in spring, within 14
days of flower buds opening.

• While adults can be found all year round, eggs and nymphs
will only be found when plants are producing new flushing
growth.

• Eggs will often be nestled in crevices of unfolded leaves.
• Look for the cause of sooty mould or honeydew on plants.
• Look for the cause of leaf distortion or brown shrivelled

shoot tips.
• Look for adults on mature leaves, especially the underside

of leaves in between flush events, in regions with distinct
winters.



How can I protect my farm from Asian 
citrus psyllid? 

There are simple steps you can take to protect your farm: 
• To avoid introducing Asian citrus psyllid onto your

property, establish new plantings with reputable pest-
free and disease-free nursery stock. On receipt of any
new plants, check that they are free from pest and
disease. If Asian citrus psyllid is detected, isolate the
nursery stock from healthy plants until official checks
are completed.

• Do not illegally import plant material from overseas.
• Make sure that you and your farm workers are familiar

with all life cycle stages of the psyllid, its characteristic
honeydew, and deformed flush growth. Regularly
check your orchard and report any unusual or
unfamiliar symptoms. Be conscious that the psyllid can
transmit the lethal citrus disease, huanglongbing.



What HLB?

• Huanglongbing (HLB) means “yellow shoot 
disease” in Chinese. 

• HLB is caused by a Bacterium of the genus 
Candidatus. 

• Candidatus in scientific classification is a formal 
word that is placed before the genus and species 
name of bacteria that cannot be maintained in a 
Bacteriology Culture Collection. 

• Such type of bacteria are also known as fastidious 
bacteria (nonculturable)



What is HLB? …

• HLB outbreaks is dependent on(i) vector 
populations,(ii) extent of the inoculum 
reservoir, and (iii) age of the grove at first 
infection.

• •The disease progress in the orchard can be 
relatively fast, with more than 95% incidence 
in 3 to13 years after onset of the first 
symptoms



The HLB causing bacterium

Three important species are described.

• Candidatus Liberibacter asiaticus - Clas (Asia)
heat-tolerant, produces symptoms in either
warm or cool climates

• Candidatus Liberibacter africanus - Claf
(Africa) heat-sensitive, produces symptoms in
cool climates

• Candidatus Liberibacter americanus - Clam
(Brazil 2004) characterization still under study



Worldwide distribution of HLB



HLB Symptoms

• Leaves with HLB disease
express yellowing along the
veins a blotchy yellow
pattern that is not the same
on both sides of the leaf.

• Leaves with nutrient
deficiencies (Zinc or iron)
have similar yellow pattern
on both sides of the leaf
and should not be confused
with HLB.



HLB Symptoms



HLB Symptoms

• HLB leaf symptoms can range from slight to 
nearly completely yellow



HLB Symptoms
• Look on both sides of the leaf. Leaf miner can 

mimic HLB chlorotic symptoms



HLB Symptoms

• Symptoms may not show up
in the tree until 1 to 2 years
after it becomes infected

• Within 3 to 5 years after
HLB infection, the tree stops
bearing fruit and eventually
dies.

• There is no cure for the
disease



Detection of Citrus Psyllid



Detection …

• While adults can be found all year round, eggs 
and nymphs will usually be found when plants 
are actively flushing and producing new 
growth.

• Look closely at host plants with a white 
dusting of excreted

• honeydew pellets to identify the cause.

• Look closely at host plants for leaf distortion, 
curling, or yellowing to identify the cause.



Losses due to HLB
• In some areas in Kenya, whole orchards were lost 

due to HLB, while mild infestations caused up to 
25% yield loss

• South Africa 30-100% crop losses recorded in 
some areas.

• In Florida, direct output (revenue impact) loss to
growers due to ACP was estimated at $1.66
billion over 5 years, or $331 million annually,
representing 19% of average grower revenues.

• In California the total loss due to ACP is estimated
to be $2.7 billion

• under a do-nothing approach and $2.2 billion
under an aggressive action approach
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