





Theyear was...

7/0's, 80s?
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Organism new to science

Origin unknown

Biology unknown

Symptoms caused unknown
Immediately though highly regulated
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I EUFmestly: a nursery.
ISsue, But alse present In
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e Q: Wheredoesit come from?

A: While area of origin is still unknown, commercial plant nurseries
were unequivocally identified as sources of original introduction
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Fig. 3 Meighbour-joining tree illustrating the relationships between
statistically significantly differentiated Phytophthora  ramorum
population samples and meta-samples, formed by clustering
samples according to minimum @,
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How do sporangia move?

e Alrborne

e \Waterborne/soilborne/ movement of
Infected plants

e Can move 100-200 m, but in strong winds
up to 2 km



Reconstruction of the Sudden Oak Death epidemic in
California through microsatellite analysis of the pathogen
Phytophthora ramorum
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Fig. 4 Spatial autocorrelation analysis of genetic and geographical
distance in Phytophthora ramorum. Moran's IHindex, averaged over
lod, was calculated from the repeat number at each of four
vatiable microsatellite loci.
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When do
sporangia infect
new hosts?

 Temperature and |leaf wetness

Lesion size
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| nfection occurs....
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Traps testing positive
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Most severe levels of disease and
many plants species infected

 In proximity of infected bay laurels
e Tanoaks started were reported dead in 1995

e Coast live oak and black oaks 1n 2000
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Oaks

Quercus agrifolia
Black oak

Q. kellogii
Shreve’s oak

Q. parvula var. shrevei
Canyon Live oak

Q. chrysolepis






Redwood-Tanoak forest

llaneaks ofi all ages
canleelnfecied
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% Mortality of Tanoak by Stem Size Class

[ P.ramorum absent

[ P.ramorum present

10.7 11.8

1B

1-<5

28.5

4.1

5-<10

4.8

10-<20

Tanoak stem diameter size class (cm)
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Life Cycle of the West Nile Virus

SUMMER

Warm, wet weather

produces large mosquito

populations /
el i

Virus amplified 3
among birds ' Some birds die

and mosquitoes

SPRING FALL

Mosquito po tions
decline, birds migrate

Virus overwinters
locally or is
reintroduced




Stream Monitoring Detection of
Phytophthora ramorum
2004-2009

Legend

& gl stream monitoring siles i | P. r. negalive watersheds
- new manitoring watersheds 2010 - P. r. positive watersheds
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= [hytobogise Research

Evidence for the role of synchronicity between host
phenology and pathogen activity in the distribution

of sudden oak death canker disease
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maximum and minimum lesion szes are
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Date of inoculation Standard errors are shown as vertical bars.
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Is variation in susceptibility to Phytophthora ramorum
correlated with population genetic structure in coast live

oak (Quercus agrifolia)?

Richard 5. Diedd", Diariel Hoberli®, Wad Deuhermikeff . Tarmar Y Harrik?, Zara Afral-Rafi® and
Mlarmeo Garbelotm!
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Known Host Range of Phytophthora ramorum

Andrew's clintonia bead lily

Bigleaf maple
Blueblossom
Californiabay laurel
Californiablack oak
Californiabuckeye
Cdlifornia coffeeberry
California hazelnut
California honeysuckle
Californiamaidenhair fern
California nutmeg
Californiawood fern
Camellia species
Camphor tree

Canyon live oak
Cascara

Chinese witchhazel
Coast live oak

Coast redwood
Douglas fir

Drooping leucothoe
European ash
European beech
European turkey oak
European yew
Evergreen huckleberry

False Solomon’s seal
Formosa firethorn
Fetterbush

Goat willow
Grand fir
Griselinia

Holly olive

Holm oak

Horse chestnut
Hybrid witchhazel
Japanese evergreen oak
Laurustinus

Lilac

Madrone
Magnolia varieties
Manzanita
Michelia
Mountain laurel
Northern red oak
Oleander

Oregon ash

Osmanthus
Pacific yew
Persian ironwood
Pieris varieties

Planetree maple
Poison oak

Portuguese laurel
cherry

Red fir

Red tip photinia
Redwood ivy
Rhododendron
species

Roble beech
Rugosa rose
Salal
Salmonberry
Scotch heather
Sessile oak
Sheep laurel
Shreve oak
Southern red oak
Spicebush
Spreading
euonymus

Star magnolia

Strawberry tree
Striped bark maple
Sweet bay laurel

Sweet chestnut
Sweet Cicely
Sweet olive
Tanoak

Toyon

Viburnum varieties
Victorian box

Vine maple
Western maidenhair
fern

Western starflower
White fir

Winter's bark
Witch hazel

Wood rose

Yew



Problems

Host lists started expanding ( now over 100)
In all plant families and ferns

Symptoms |ooked extremely different on
different hosts

|solation of organism from symptomatic
tissue often not possible

| solation success extremely different in
different seasons



DINA=aSEd dIi2gnResES
Designed 2 sets off P. ramerumi SPECIic PHMENS (Www primers software)

= phyiel-phyied (dstreund PCR)
= Righly sSpeciiic e P ramorum
= GV pNragmeEnt

s  phyieZ-phyies  (2nd reund PCR)
= pested in phyiel-4 amplicen; Speciic ior Phyiophthera spp.
=\ 200 priragment (infeiveecnyellevw aiiews)
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Culitreversus nesied PCR

1.0
0.9
D)
= 08
= 07
5 0.6
— 0.5
=
5 0.4
‘s 03
) 0.2
T, 0.1
0.0
Sig

|
] PCR Pos

[1 Culture Pos

A

Total Foliar:
(N=216) Not Bay
(N=116)

e £
Foliar: Bay ¥ Wood
(N=36) (N=65)

niticant etfect ot AIagNOSTIC Lype (P <0:001)ranalsample Lype (IP=0.0056)



The assay we developed became

the first DNA assay to diagnose

nonviral plant pathogens. Now

diagnosis of most microbes will
be DNA based



What el se have we |earned thanks
to DNA analysis

e P.ramisintroduced
e P. ram reproduces clonally in CA forests
e P.ram comesin three“varieties’

e P.ramin CA forestsisnot the same “variety” as
In European nurseries

e P.ramisevolving through mutations

e P.ram wasintroduced multiple timesin
California from the same nursery source

o P.ramis“breathing” even if it does not grow
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*US forest isolates
clearly distinct from EU
nursery isolates, also
have different mating

type

o|solates from nurseries
iIn WA, OR, & BC both
of the US and EU types

ePotential for XXX sex
and recombination in
US nurseries

*US forest population
IS genetically very
homogeneous,
trademark of an
Introduced species
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Rate

clade 1

usa 1 clade 3







EFFECTS OF SOD

Ecological and sociological impacts: tanoaks at
risk of extinction: change in forest structure and
composition

Biota linked to vanishing trees highly impacted
Hydrogeol ogical impact

Climate and nutrient cycle impact

Hazard to humans and properties

Added cost because of intense regulation of
pathogen: cleaning, prescriptions, testing

Affecting trade



@UHIGEK
» Pathogen

— No clear trade- off between virulence and transmission. Predict an
Increase in virulence, aready supported by some preliminary data

e Hogt

— Bays: seem to be favored by SOD, their presence likely to increase

— Qaks: climate change predicted to lengthen the window of
maximum susceptibility

— If resistance present it will take thousands of years to become
significant, hampered by long distance host gene flow

e Environment
— Warmer winters may mean infection may be rampant in winter



Yana Valachovic
UC Cooperative Extension

Sudden Oak Death in Forestlands:
Management Options?




Outline

What you can expect from this disease
Is there hope

Results of management trials
Stand-scale management approaches
Landscape management approaches



What you can expect

Tanoak mortality in high numbers
Fuels and fire risk problems
Regeneration problems?
Market restrictions?
Wildlife habitat and forage loss, how will this
affect listed species?
Loss of cultural resources
Re_?trictions on movement of plant materials/
s0ils
Costs to businesses for requlatory compliance
and sanitation
Aesthetic issues
Continued spread unless management occurs



Is there hope?

(infected tree)

n <P o STOP!
—_—  ————— This means YOU.
™ Q\ RIS

— —»W‘;@

It depends, on what you are trying to achieve . Requires an
understanding of the stand and the landscape dynamics.



Is there hope?

More options outside of the infested area
Some tools are emerging within the infested
areas

Always risk and uncertainty in any treatment
effort

Not much time to take action

Only 10% of at-risk area in CA has been
impacted and much less in the north coast



Humboldt Risk Map — Humboldt - Mendocino Risk Map
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P. ramorum Management Considerations

Treatments have to be designed to address:
Stand structure: pathogen needs moisture to survive

Species composition: favors bay and tanoak, which
serve as reproductive platform (aka- seed head)

Treatments must be responsive

Disease expands rapidly during wet spring conditions
Monitoring is critical

Small infestations can grow rapidly
Long-term habitat needs

No tanoak resistance observed to date



2005 and 2006 were highly supportive for pathogen

spread, what will happen this year?

Monthly precipitation at Redway, 10/04-1/10
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Southern Humboldt Tanoak Mortality -2004-2008
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Outline

What you can expect from this disease
Is there hope

Stand scale management approaches
Landscape management approaches



Tree/ pIant
removal by:

chainsaw
herbicides
fire
girdling
Reforestation
planting
promoting
seed trees
Agri-Fos
Creativity
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Bucket traps

Soil'samples
New sprouts- bioassay




Oregon: —
-Eradication

Humboldt and Mendocino:

- Hot spot approach
- Slow the spread
- Tanoak survival

Greater bay area:
-Impact management
-Tanoak/ oak survival
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Treatment

1. Hack & squirt tanoak to prevent
stump sprouting (except on BLM
land)

2. Cut tanoak, rhododendron,

huckleberry Sﬂmeumes myl‘tle




All Plots on Sites Treated 2001-2007
(n=119)
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Pos Pr Soils only Pos Pr Soils and Veq Pos PrVeg only

P ramorum recovery on plots

59 percent plots No Pr detected
31 percent Pr+ soils* only
7 percent Pr+ soils* and vegetation

3 percent Pr+ veqetation onlv OSU soil baiting only



Sudden Oak Death 1n Oregon Forests
31 December 2008

—e— Infected Tanoak

—a— Infested Acres”

2001 2002 2003 2004 2005 2006 2007 2008




California Approaches

Strategic Protection of
Minimizing Property Tanoak Islands, Old- Suppression of

Impacts from Sudden Growth Tanoak, or Phytophthora ramorum
Oak Death Particular Geographic and Limitation of Spread
Areas

Manual removal of
Manual removal of bay laurel and tanoak
bay laurel only (+/- prescribed
underburning)

Dead tree removal

Modified fuel hazard
Reforestation Agri-fos® application reduction removal

(+/- bay girdling)

Treatment
Maintain some C . ..
Combination of Herbicide host
tanoak
. . manual removal of removal
with thinning .
. bay laurel and Agri- (bay laurel and
(manual or by Agri- o .
fos® ) fos® application tanoak)

Combination treatments to address site specific goals




Known hosts in north coast

Bigleaf maple

Blue blossom ceanothus
California bay
California black oak
California buckeye
California hazel
Canyon live oak

Coast redwood
CoffeeberrK

Evergreen huckleberry
Hairy and common ma
Inside-out flower
Maidenhair fern
Pacific yew
Salmonberry

Sweet cicely

Tanoak

Toyon

Vine maple

Western star flower
Wood rose

Mendocino Onl
Pacific Yew
Coast Live Oak
Shreve Oak







Hot Spot Treatment Strategy

“Fire Control Model”

Forth project tied to a community fire protection project






P. ramorum management

156 TPA, 187 Ft2BA, 62% Canopy Cover 108 TPA, 131 Ft2 BA, 51% Canopy Cover
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What does it take?




Humboldt Summary

Data after 4 seasons post-treatment
Significant re-sprouting, but few symptoms observed

Prescribed burn sites had the most material consumed, likely
more effective

No spread observed north of bay removal zone on Ave of the
Giants

Evidence mounting to be able to control the pathogen at the
backyard to smaller site scale

Bay removal appears most effective (though not appropriate in
all situations). Herbicide bay removal is questionable. Imazapyr
+ glophosate.

Results are very weather dependent

Recommendations still very site specific and reflect landowners
long-term goals.









Wildland trials
Six counties, treatment by
Agri-Fos versus control

Island treatment strategy,
assessing treatment in two
old-growth stands of
tanoak




Outline

What you can expect from this disease
Is there hope

Results of management trials

Landscape management approaches



Stand-scale approaches

Prioritize your property
What is most at risk, least at risk?
Are you inside or outside of the infested area?

Work strategically
Don’t bring it home



Management options depend on

goals and stand conditions

Remove infected hosts to stop spore production
Change species composition

Change stand structure and canopy cover, to dry a
location

Use Agri-fos to protect high value tanoak or oak

trees

Remove bay adjacent to high value tanoak or oak
trees, stump treat bay to prevent sprouting

Install a reduced or no-host zone to prevent tree to

tree spread
Integrate SOD management into other activities



Outline

What you can expect from this disease
Is there hope

Results of management trials
Stand scale management approaches



Humboldt Risk Map — Humboldt - Mendocino Risk Map
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Tools in the Tool Box

Strategic Protection of
Minimizing Property Tanoak Islands, Old- Suppression of

Impacts from Sudden Growth Tanoak, or Phytophthora ramorum
Oak Death Particular Geographic and Limitation of Spread
Areas

Manual removal of
Manual removal of bay laurel and tanoak
bay laurel only (+/- prescribed
underburning)

Dead tree removal

Modified fuel hazard
Reforestation Agri-fos® application reduction removal

(+/- bay girdling)

Treatment
Maintain some C . ..
Combination of Herbicide host
tanoak
. . manual removal of removal
with thinning .
. bay laurel and Agri- (bay laurel and
(manual or by Agri- o .
fos® ) fos® application tanoak)

Combination treatments to address site specific goals




Curry, Humboldt and Mendocino

Acres

12000
10000 -
8000
Wi
|
g 6000 - —4—Humboldt
< —#—Mendocino
4000 == Curry - Infested
2000 Curry - Treated
2004 2005 2006 2007 2008
Year




P. ramorum management

Remember that it has mostly been a disease of the
unmanaged landscape!

Coordinated action in Oregon is producing results

We still have options in the north coast

We need to work together to have regulatory support to take
action

Monitoring disease development is essential

We are developing forecasting tools, to help managers make
decisions
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Ways that are being investigated
to control P. ramorum




Ways that were suggested to us
to control P. ramorum

sPIevVeEnuveschHemical treatment
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Transmission of SOD
through pruning:

| *Brancﬁesltreeﬂ -

C],D Br‘aﬁches




Transmission of SOD Through Pruning




AgriFos and
PentraBark 5
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SYSTEMIC FUNGICIDE
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Agrifos vs. Azomite Treatments

Mature CLOs Detached Branch Assay Treatments




Efficacy of curative treatments (% control)

plotted against time elapsed between
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Shell Beach

Long Term
reatment o SDSF
Tanoaks
Santa Lucia x2
- 32 Field Plots Goetz

- 6 Sites in 3 Counties
- 672 Tanoaks > 8cm DBH
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I2eng liermrAE e atiment ofi Tanoaks

1.
. % Asymptomatic Control 56.5312 t-Ratio -4.50771

% Asymptomatic treatment 74.9062 DF 15 _‘
Mean Difference -18.375 Prob > [t| 0.0004
Std Error 4.07635 Prob >t 0.9998
‘ Upper95% -9.6865 Prob <t 0.0002
Lower95% -27.064
N 16
" Correlation 0.86547
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Bicycles for Cargo Transport







NATURAL RESISTANCE?

Figure 1. Longitudinal lesion lengths of coc —

o 4
i
[HH
I
1
I
) —
4o
. %
. |
. |
. |
. |
|
ILO1 E—ll

TO cont [
WO h

WO cont |
ILO2 |

ILO1 cont |m
ILO2 cont [

Tree sppl/ir




Population genetics of host can help determine

nature, frequency, and distribution of possible

l l - | Table 5 Mantel R comelation coefficents between ampl fled
fragment length polymorphism molecular similanty dasses of

U 100 UL a 0.4 0.025 U.LHK Ciuercus agrifolia and Euclid ean distances In leslon size of Q. agrifolia
O; after Inoculation with Phytophthora ramaorum for each of four trals
— el
pAolecular simillariey  Trial 1 Tral 2 Trial 2 Trial 4
San Juan
Up to 99%
Leslon » genatype 0.022 0.040 -0.019  —0.04
Soquel Up to 95°%
Leslon = genotype - 0.05 0.03  -0.102° 0.05
. China Camp LI o S0 %%
Leslon = genotype  —0.05  —0.01 ~0.053 0.070
. Up to 75%
Nicasio Leslon = genotype 004 —0.04 0.05 —0.04
Up to 50%
o an Pacheco Leslon = genotype 0.0 0.02 0.02 0.10°
* P i0s,

San Ysabella
Flg. 5 wpowa tree based on distances between populations estimated
from Mels unblased genetic distance of ampliflied fragment length
polymorzhism (&FLFY fragments. Support for branches Is glven by

bootstrap percentages for recalculated genetic distances from 1000
bootstrap replicates.

COImmon FDFIULIFjDH l'.l'.lEJ'l'.II:H.'..I.'E]'li.FI Fi:l'.l'.l-uli.l'.li.'.d. Sjgl']j:Fl.C-\lDt l:Dl' |.+LE

25% small lesion size class for all trials.









Bay removal reduces but does not

eliminate inoculum

California Bay Laurel Removal for SOD Control

SDSF Bay Removal Experiment

5/21/09
||
Redwood
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Redwood
Tanoak
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LT2T

Control
Bay Removed
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Elimination of all bays not feasible or

desirable:

Eliminate bays near Eliminate bays
identified as hotspots
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Isolated at least 3 out of 4 sampling periods




PREVENT: Diagnose

LAB CULTURES
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Spread Risk

o 2 Large Water
<~ Bodies

’_’_‘ Counties

Meentemeyer et al., 2004



‘ REVENGE: OF THE': PHGSFHGNATEE
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SORRY ABOUT THIS MR. LUCAS. PLEASE DON'T SUE US.
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