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Q 1881 1927 Q 1970’s - 1990’s

Oak wilt symptoms first
described

Oak wilt greatly expands
its impacts in the Lake
States and in Texas

S S . S

Chalara quercina id as the
Dying oaks detected in WI causal agent; later the Taxonomic revision of
& Ml sexual stage was found Ceratocystis-> Bretziella

and named Ceratocystis fagacearum (only species
O 1912 O fagacearum O in Bretziella).

1944 2017

Dying oaks first noticed
in WI



Distribution =~

Found in 24 states; = ° ;’h‘
829 counties '
Concentrated in TH
mid-west US states -~
1000’s oaks ' ‘
killed/year 8 T
v

Forests, wooded
lots. LT




Oak wilt in Michigan

*  Oaks comprise 10% of forest
volume in Ml

e 149 million red oak

— 20 million acres forested land

e Red oak timber worth
$1.6 billion in Ml

e Recommended restrictions on oak
related activities

— pruning
— utility & right-of-ways

— firewood

DNR 2016



Oak wilt — a tree disease of unknown origin

Scenario 1: Native in NA Scenario 2: Exotic in NA

* Relatively static distribution * Low genetic diversity

* Notable extension of disease * Absence of closely related
range may reflect altered species

ecosystems (land use change

: , * Ongoing expension of the
and fire suppression)

disease

* Highly susceptible red oak
species

Juzwik, J., Harrington, T. C., MacDonald, W. L., & Appel, D. N. (2008). The origin of Ceratocystis fagacearum,
the oak wilt fungus. Annu. Rev. Phytopathol., 46, 13-26.



Disease Cycle

Aboveground

spread of fungus . /l
beetles : ,‘
Beetles A
5 Y
Fungus forms sweet \ @

smelling spore mats ﬁ&

Fungus grows through
water conducting
channels in the tree

SYMPTOMS

Belowground
spread of fungus

root-to-root contact
Source: USDA Forest Service



The pathogen identity

C. manginecans CMW17570

C. eucalypticola CMW11536

C. fimbriata CMW15049 Ceratocystis
C. pirilliformis CMW6579 sensu stricto
C. albifundus CMW4068

C. smalleyi CMW14800
Chalaropsis sp.1 CMW22738
Chalaropsis sp.1 CMW22737

C. thielavioides CMW22738

A fungal species
relative to the o
sapwood deep stainers e

1001 |- E. coerulescens CMW26365

/1 E. douglasii CMW26367
E. resinifera CMW20931

84099~ D. neocaledoniae CMW3270 ]|
D. eucslypti CMW3254
D. australis CMW2333
D. virescens CMW17339
T. musarum CMW1546
T. ethacetica CMW37775
T. paradoxa CMW36689
T. radicicola CMW1032
H. savannae CMW17300
H. decipiens CMW30855
H. bhutanensis CMW8217
H. moniliformis CMW10134 _|

A. xylebori CBS110.61 ] Ambrosiella
A. beaveri CMW26179
C. adiposa CMW2573
B. fagacearum CMW38759 ]|
10001|| B. fagacearum CMW2658

60s, -

LSu, - 4

MCM7

Chalaropsis

Endoconidiophora

Davidsoniella

781
7211

aeaoeplsAaojeia)

Thielaviopsis

84n

Huntiella

Bretziella
B. fagacearum CMW2039
7510.98 B. fagacearum CMW2656 _|
P. ferruginea CBS460.82 1 Phialophoropsis i

K. proteae CMW738

K. cecropise CMW22991

G. laricis CMW5601
G. fabiforme CMW30626

] Knoxdaviesia

de Beer ZW, Marincowitz S, Duong TA, Wingfield MJ (2017) Bretziella,
a new genus to accommodate the oak wilt fungus, Ceratocystis
fagacearum (Microascales, Ascomycota). MycoKeys 27: 1-19. 55

:| Graphium



Red oaks can die within 6 weeks of infection

‘ Red oaks most susceptible **

%

Bur oaks moderate susceptibility**
. White oaks generally no mortality |
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Symptoms- leaves

Top down,
outside in

One-sided

Edges of leaves start to
brown _
Leaves wilt and drop off i
during summer of
infection

Roger Mech
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white oak

Symptoms- necrotic vascular tissue

* Dark discoloration (annual ring)
in the wood just inside the
cambium.

» Targeted for sample collection.

* Vascular streaking mostly visible
in white oak.



e ~1 year after tree death

Sym ptoms ve rtical * Mycelium (“pressure pad”) grows

between cambium & bark &

crack causes the bark to crack vertically




Signs mycelial mat

* Spores develop on the mycelial
mat.

* Pressure pad forms (=pressure-
> bark crack).

* Insects attracted to strong

odor. =
7 ¥




Adaptation of the pathogen to insect dispersa




e Caused by the fungus Bretziella
fagacearum

A vascular wilt disease vectored by insects
* Vascular wilt
» disease that kills or blocks the

conducting tissue in a plant

* Produces a distinctive mycelial mat
* Vectored by insects
» nitudulid beetles
» ”picnic” or “sap”




Initiated by insects

April-September in Lake
States

Oak wilt spreads

In two ways

Root graft transmission

Occurs throughout the
growing season




Belowground transmission

* Oaks in the same group
(sub-genus) tend to form
root grafts easily.

* Root grafts between white
and red oaks are extremely
rare.

* Most mortality
 39ft/year




Overland transmission
- human vectors

* Mycelial mats can still form on
firewood cut from dead or R
dying oaks

 Source of long distance spread
< 185mi.
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Prevention — Don’t move firewood

/ Assingle piece

g~ offirewood
* (an DESTROY

millions of trees.

Moving firewood, even just a few kilometres away,
can spread invasive insects and diseases to our forests.

DON'T MOVE
FIREWOOD

Buy it locally. Burn it on site. Never bring it back home.

For more information call 1-800-442-2342 or visit www.inspection.gc.ca

i1
[ ] Ry ol Canada



Prevention — Don’t prune in the highest risk period




Prevention - Chemical treatment of exported logs

* Methyl bromide fumigation
* 240 g/m3 for 72 hours

e Currently being phased out of use
because it leads to degradation of
the Earth’s stratospheric ozone.

R -
oy

(Source: USDA-FS)



Prevention - Vaccum steam as an eco-alternative

treatment to methyl bromide

* Vaccum Steam treatment of logs
 Saturated steam at 90 C
* Pressure = 100 mm Hg
Time=6.4h

* Energy required 0.052 Kwh/kg of
log mass

Leads to > 56 C for > 30 minutes
at the centre of 23-49 diameter
logs

Juzwik, Jennifer; Yang, Anna; Chen, Zhangjing; White, Marshall S.; Shugrue, Sarah; Mack, Ronald. 2019.
Vacuum Steam Treatment Eradicates Viable Bretziella fagacearum from Logs Cut from Wilted Quercus rubra .
Plant Disease. 103(2): 276-283. https://doi.org/lO.1094/PDIS-O7-18-1252-RE.



https://www.nrs.fs.fed.us/pubs/57265

Prevention — Fungicide treatment of high value trees

* No curative fungicides, will not work if tree already infected.

* Preventative fungicides

» propiconazole
-every 2-3 years
-labor intensive
-expensive
(510-20 + per inch DBH)
-injections wound trees
-pesticide certification may
be required for applicator
-pesticide most be registered for this application




Trenching as a curative method to disrupt oak wilt
infection centers
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With appropriate measures, yes we can stop it!

Colonization

Infection

Bretziella life cycle
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