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A description of the symptoms of Acute Oak Decline in Britain and a
comparative review on causes of similar disorders on oak in Europe
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Acute Jok Decling (A00) is o relatively new decline-disease affecting both notive ook spadies (Quarcus roburand
O, petroea) in BriLtair, The kay airm of tis sludy wos Lo describe the symplams, and signs of A00, 1o sel o boseline.

DRTE T PO

NEW DEFINITIONS AND NEW EPISODES IN BRITAIN

Sandra Denman and Jean Wehber provide sn update on the lates developments
snd clarity some of the contusion surfoundiag this wonying problem,
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Figure 7 A mature ook with ocduded AOD
lesions. The outer bark has fallen away from
the ocduded areas gving o pock-marked
appsarance to the stem.

Figure9 (a) External symptoms of AODon barkpane! mmoved for further analyses. (b} Stem bleedsin
the sub-surfoce outer bark showing good correlation with external bieed points (a). (c) Lesions inthe
inner bark. Note the greater extent of necrosis than the weeping potch (o and b) indicates. (d)
Lesions still present but reducing the outer sapwood and cambium layers where the Agrilus galleriss
bacome evident (dark blue arrows).

Figure 8 X-S through AOD issions on tree
trunk: ocduded area (red arrow), lesion and
cavity formed in a subsequent attock (sky
biue amow), original AOD lesion (green
arrow} and Agrilus larvol galleries (dark blue
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Figure 3 P& pupaliana of Agrils Diguitatus, Sxposed within its pupal ¢
excovated in the outer bork of hoat ook tree.

A review of Agrilus biguttatus in UK forests and its relationship
with acute oak decline

Figure 2 Agritus biguttobus lonva.

necr to the surface, whese they overwinter n a folded poston
(Figure 3}, Pupation ocaurs in the ring, toking ~14 days (Habar
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Distribution and abundance
Agrius biguttatus is widespreod ocross central Europe, extending
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2. Identify the cause(s) of the disease

* Primary diseases — no/little host defence — single pathogen - Phytophthora

e Secondary diseases — cause disease in weakened hosts - Armillaria

e QOpportunistic diseases — need a wound

e Complex aetiology diseases — different stages on different plants

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

e 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 )

M e v Leer)

N ]

Sone g
Trestrar

The ESME Jasrnal | 2018) 12, 385320
WA B COmy e

ORIGINAL ARTICLE

Microbiome and infectivity studies reveal complex
polyspecies tree disease in Acute Oak Decline

Sandra Denman"®, James Doonan®®, Emma Ransom-Jones®, Martin Broberg®,

Sarah Plummer', Susan Kirk', Kelly Scarlett', Andrew R Griffiths™*, Maciej Kacemarek?,
ack Forster', Andrew Peace', Peter N Golyshin®, Francis Hassard®, Nathan Brown®,

}Dhl‘l G Kenny® and James E McDonald?

'Forest Research, Centre for Forestry and Climate Change, Farnham, UK; *School of Biological Sciences,
Bongor University, Bangor, UK; *School of Ocean Sciences, Bmgor University, Bangor, UK; *Deportment of
Computationa! and Systems Biology, Aothamsted Research, Horpenden, UK and *Centre for Genomic
Research, Institute of Integrative Biology, University of Liverpool, Liverpool, UK

Systernatic and Applied Microbiology 33 (201 0] 444-450

EISEVIER

Contants lists availabla at SciancaDiract

Systematic and Applied Microbiology

journal homepage: www.elsevier.de/syapm

Description of Gibbsiella quercinecans gen. nov., sp. nov., associated with Acute

0ak Decline”

Carrie Brady?, Sandra Denman®*, Susan Kirk ", Stephanus Venter?, Pablo Rodriguez-Palenzuela®,

Teresa Coutinho?

2 Departmers of Mioroblalogy and Plaret Pathodegy, Forestry and Agricelnral Bistechmalogy insticute (FAB L University of Pretorfa, Pretoria D002, Soeth Aftica
& Forest Ressarch, Cenfre for FaresiTy and Climate Change, Alie Holt Lodge, Farnham, Surrey GUTE 4LH, United Kingrom
= Centrode Biotecsiogia ¥ Gendmica de Flantas UPM-TMLA. Campes de Mordeganceds, Autovia M-40 Km 38, 268223 Pacuelo de Alarodn, Madrid, Spain

o paper no, |e03TET9  charesworth ref: [e037870

Mew Taxa - Proteocbacteria

Intermational Jownal of Systemabe and Dwolubionany Micrebrology (20123 82, 000-000 DO 10, 1080 Q03T BY -0

Correspondence
Sandra Denman

Sarndr .“'.ljn-.|1|r|i:|'|&j'|.|1| el :.l.usi.u: .

uk

Brenneria goodwinii sp. nov., assoclated with acute
oak decline in the UK

Sandra Denman,' Carrie Bran:i"-..f,2 Susan Kirk,' llse Cleenwerck,?
Stephanus Venter,‘; Teresa Coutinho® and Paul De Vos®

'Forest Research, Centre for Forestry and Climate Change, Alice Holt Lodge, Famham, Surrey
GUIO 4LH, UK

‘BOCMALME Bacterda Collectinn, Ghent University, K. L Ledeganckstrazt 35, B30 Ghent,
Belgium
‘JDepartM&ﬂt cf Microbickogy and Plant Pathalogy, Forestry and Agricuttural Biotechrology Institute

(FABI, University of Pretoria, Preforia 0002, South Africa
{:* Forest Research




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

Insectory

31/03/2023

Hatching larvae



Decline: Arises from interactions of interchangeable, specifically ordered, abiotic and biotic

factors that produce a gradual general deterioration, often ending in death of trees.
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3+4. Distribution — where is it — Survey — National Scale + rapid diagnostic

Data: Woodland Sources Training and survey
+ CSR .

i,

Data base and analyses

d Forestry Commission

N ational
F orest

Nauonal

| nventory &S

&

WOODLAND

TRUST wildlife

TRUSTS

Formx Loology and Managsment 360 (201 6) 7= 100

Corteart lixte svsilabia st Somneslirect
e
Forest Ecology and Management =l
e
Journal homepage: www elosevieroomdlocanme/foresoo T 3
Spatial and temporal patterns in symprom expression within eight @,_ —

woodlands affected by Acute Oak Decline

Mathan Brown “™5* Mike Jeger®, Susan Kirk", Xiangming Xu*. Sandra Denman®

Verification — rapid diagnostics and photo identifications
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5. Understand how the disease works — spatial epidemiology

Within site disease

development
Rate + direction of
spread
Correlations with
environmental
factors
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5. Understand how the disease works — Current research Bac-Stop

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

Investigating practitioner
attitudes and actions
regarding development and
implementation of AOD
management practices

Gaps:

Need controlled trials for:

 Soil amelioration with
chemicals and

 Synthetic rhizosphere
microbiomes

* Natural soil rebalancing

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

Genetic approaches from the
host aspect — Kew GWAS
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Planned PhD: Natural C:N
rebalancing, decompaction,
rhizosphere effects
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6. Derive and carry out management research and engage in management guidance activities

General Principles: Disease management decision process / options

Indirect methods AEW Chemical | Cultural
: : : — research _ : : :
: i Cultural: | f Felling & thinning
 Exclusion:

- R : P! injections — very damagin : e = : :
« Legislation - Avcid high risk environments ! y ging Natural amelioration of
g l _ non-target effects ) ¢
Phytosanitary (risk maps and analyses) | environmen

. BCA's / Synthetic microbiome
regulations & Use genetically resistant stock - /Sy Mixed plantings
Inspections . e - Single agent BCA, ]
. Avoid Appl\,f good silvicultural 1 hypovirulent Viru%iES, B pest: Agrilus: Trapping, relocating
international practices: : endophytes. Partial control,

8 * Sanitation - :'=| environmental conditions,

» Stand densities i reapplications, single

: ' . i ‘ W organisms, lose efficacy, i — i
Awareness & AU CEEE I 3 g Y. Genomic molecules — RNAi

: § * Ensure optimal growth B N resistance ¥ interference and blockage of

keeping up to " O )
date conditions : Native — manipulated pathogen signals

——— § * Monitor tree health and ‘ — microbiomes - rebalance : :
Monitoring — pest levels Protection disturbed microbiomes, can

Sentinel traps & improve host own defence &
BCA’s / Synthetic microbiome ical?
trees / Sy Chemical: fitness, as well as counter

Boost tree health proactively pathogenic action

purchase 3 Novel technologies




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?

 Beinvolved

* Talk to the researchers, join discussion groups, share ideas and experiences




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

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

: : : : : 2] : : : Ir) Fnl:vr,qm : . : :
R S T T _ B e . [
i s PaCoemmen il B SR : }:fr'i\ffﬂm ﬁ ':J—ERYST"&?:IE 3l Bristol ."“:..:, s :

UNIVEREITY



6. Derive and carry out management research and engage in management guidance activities
- . o . Improve drainage

General Principles: Disease management decision process / options

Air circulation - spacing
Reactive/curative _ , Soil decompaction
Ameliorate environments
management Soil nutritional rebalancing —

natural or fertilisers

Cultural: Help trees help themselves S Thinning — reduce competition
dependent upon environment

and management objectives

Apply sanitation — lower
inoculum levels, prevent Fell infected trees, burn/disinfect
spread (beetles and inoculum)

Sweep up leaves, compost

_ . Disinfect tools
What if the bacteria

are everywhere?

Boot & vehicle biosecurity

Avoid transporting firewood

{:* Forest Research
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Disease management decision process tree

Preventative management

Indirect methods

Exclusion:

* Legislation -
Phytosanitary
regulations &
Inspections

* Avoid
international
purchase

Awareness &
keeping up to
date

Monitoring —
Sentinel traps &
trees

Direct methods: Avoidance

Cultural

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

BCA’s / Synthetic microbiome

Boost tree health proactively

Reactive management (therapy / curative actions)

cides/antibiotics sprays &
injections — very damaging
non-target effects

BCA’s / Synthetic microbiome

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

Cultural

Felling & thinning

Natural amelioration of
environment

Mixed plantings
Pest: Agrilus: Trapping, relocating

Novel technologies

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

Genomic molecules — RNAI-
interference and blockage of
pathogen signals




