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Six fundamental steps to disease management 

2. How?
• Identify the cause(s) of the 

disease
•

• Introduced invasive threats 
(Quarantine) – Emergency and 
Response Team 

• Existing or emerging disease

1. What?
•Recognise that 
trees are 
diseased
•Describe 
symptoms
•Train surveyors 
symptom 
recognition 

3. Where

• Survey and 
establish 
distribution 
and incidence 
of the disease

• Damage 
assessment

4. Rate 

•Establish 
databases
•Develop rapid 
testing 
methods
•Raise 
awareness
•Monitor 

5. Understand :  Why?
• disease epidemiology and rate of spread, keep monitoring 
• host range,
• disease drivers
• risks (losses and impacts – monetary and environmental)
• economics, social attitudes 

6. Possible Actions

Derive and carry out 
management research and 
engage in management 
guidance activities



1. Recognise that trees are diseased and describe the symptoms



2009:

2014:





2. Identify the cause(s) of the disease

• Primary diseases – no/little host defence – single pathogen - Phytophthora

• Secondary diseases – cause disease in weakened hosts - Armillaria

• Opportunistic diseases – need a wound 

• Complex aetiology diseases – different stages on different plants  

• Decline diseases – interaction with multiple factors allowing biotic 
deterioration of weakened trees

• Pathobiome – consortium of micro-organisms that all contribute something 
to degrading tree tissue  

Not always straight forward!! Maybe more than 1 factor, 
novel pathogens, involvement of insects??



2. Identify the cause(s) of the disease (10 years! And still working on it )



31/03/2023 8

2. Identify the cause(s) of the disease: Rear beetles in captivity for research 

and testing

Insectory Breeding cages

Hatching larvaeEggsMating



Updated Decline Disease 
Spiral Model

Denman et al, 2022

Decline: Arises from interactions of interchangeable, specifically ordered, abiotic and biotic 
factors that produce a gradual general deterioration, often ending in death of trees. 

Began

Back track 
to the 
drivers



N ational

F  orest

I  nventory

Sites elected for 2014 survey

Data: Woodland Sources 
+ CSR

Training and survey

3+4. Distribution – where is it – Survey – National Scale + rapid diagnostic 

Verification – rapid diagnostics and photo identifications

Data base and analyses
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Within site disease 
development

Rate + direction of 
spread 
.

Correlations with 
environmental 
factors
.

Risk mapping –
landscape scale
.

National & site scale 
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5. Understand how the disease works – spatial epidemiology
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.

Correlations with environmental factors: Models, Testing specific factors – e.g. drought 
.

5. Understand how the disease works – Current research Bac-Stop

Need controlled trials for:
• Soil amelioration with 

chemicals and
• Synthetic rhizosphere 

microbiomes 
• Natural soil rebalancing 

Planned PhD: Natural C:N 
rebalancing, decompaction, 

rhizosphere effects

Role of Agrilus & host range of 
trees affected by AOD 
associated bacteria

Investigating practitioner 
attitudes and actions 

regarding development and 
implementation of AOD 
management practices

Genetic approaches from the 
host aspect – Kew GWAS

Gaps:



Suggested 
new 

research

General Principles: Disease management decision process / options

6. Derive and carry out management research and engage in management guidance activities

Protection

Chemical?



Disease management Conclusions

Trees are:
• long lived, hardy 
• grown for a wide variety of reasons (crop, environmental protection / improvement; biodiversity, amenity) 
• Have multiple parts, don’t only suffer from a single infliction

Management decisions - many considerations to take into account
There will be costs (not only financial, but environmental, social, economic and unknown?) to management 
practices
No single solution to management for improved health, can’t be prescriptive, management is an evolution
AOD research has delivered 1-5 and is busy with stages 5-6 

How can researchers help?
• Present information (steps 1-5) 
• Keep up with new technologies, try new things – time, cost, many unknowns, risks
• Can be supportive
How can practitioners help? 
• Be involved 
• Talk to the researchers, join discussion groups, share ideas and experiences



With thanks to 
our funders, 
supporters, 
critics, and fellow 
scientists who 
help move the 
frontiers forward

Let’s help each other to help trees help themselves. Together we can make things better.



General Principles: Disease management decision process / options

Ameliorate environments
Reactive/curative 

management

Cultural: Help trees help themselves

Improve drainage

Air circulation - spacing

Soil decompaction *

Soil nutritional rebalancing –
natural or fertilisers *

Thinning – reduce competition 
dependent upon environment 
and management objectives

Apply sanitation – lower 
inoculum levels, prevent 
spread (beetles and inoculum)

Fell infected trees, burn/disinfect

Sweep up leaves, compost

Disinfect tools

Boot & vehicle biosecurity

Avoid transporting firewood

What if the bacteria 
are everywhere?

6. Derive and carry out management research and engage in management guidance activities
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Armillaria thinning 
trial
•No model plant
•Enough trees for 

statistical 
replication
•Time taken until 

results



Disease management decision process tree

Preventative management

Exclusion:
• Legislation -

Phytosanitary 
regulations & 
Inspections

• Avoid 
international 
purchase

Cultural

Indirect methods Direct methods: Avoidance
Chemical

Boost tree health proactively

Awareness & 
keeping up to 
date

Monitoring –
Sentinel traps & 
trees

Avoid high risk environments
(risk maps and analyses)

Use genetically resistant stock

Apply good silvicultural 
practices:
• Sanitation
• Stand densities
• Avoid decompaction
• Ensure optimal growth 

conditions
• Monitor tree health and 

pest levels IPM = Integrated 
Pest Management

…..cides/antibiotics sprays & 
injections – very damaging 
non-target effects

BCA’s / Synthetic microbiome

Felling & thinning

Reactive management (therapy / curative actions)

Cultural

BCA’s / Synthetic microbiome

Single agent BCA, 
hypovirulent viruses, 
endophytes. Partial control, 
environmental conditions, 
reapplications, single 
organisms, lose efficacy, 
resistance

Native – manipulated 
microbiomes - rebalance 
disturbed microbiomes, can 
improve host own defence & 
fitness, as well as counter 
pathogenic action

Natural amelioration of 
environment

Novel technologies

Mixed plantings

Genomic molecules – RNAi-
interference and blockage of 
pathogen signals

Pest: Agrilus: Trapping, relocating


