Ailanthus altissima (tree-of-heaven) and Verticillium wilt

Rachel Brooks, Scott Salom, & Anton Baudoin




Current distribution

(Kowarik et al. 2007)



Ailanthus in Virginia

Roadways Forests Urban areas Agricultural lands
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Presentation Notes
Roadways: blocks line-of-sight
Forests: outcompetes native veg, decreases native species richness
Urban: messy yard tree, produces allergenic pollen, cause contact dermatitis
Agricultural: invades field lands�
Control: widespread and long-term = losing battle, not realistic, ineffective
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Current Control Options

General “rules”:
e Combination of mechanical and LB
chemical treatment CONTROL AND UTILIZATION
. . OF TREE-OF-HEAVEN
o Ta rget Seed-bea rlng trees flrst A Guide for Virginia Landowners

e Resurvey and retreat yearly
e Costly and time consuming

VIRGINIA DEPARTMENT OF FORESTRY
WWW.DOEVIRGINIA.GOV
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Presentation Notes
Manual/Mechanical: 
Pulling, cutting, digging, girdling, chopping, cutting, mowing, scarification, etc.
Chemical:
Foliar spray, cut stump treatments, hack-and-squirt, etc.
Can be costly!! 
$25,000 spent in Shenandoah NP
$8,750/ha (Kok et al. 2008)
General “rules”:
Combination of mechanical and chemical
Target seed-bearing trees first
Resurvey and retreat yearly
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Areas of decline

Causing severe damage only on Ailanthus
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Presentation Notes
*Field observations show no other species impacted!
Using what is already here 
No permitting! 
Less risk!
Insects
Damage “insignificant” 
Pathogens
Very rare
One major disease: Verticillium Wilt




Disease symptoms




Verticillium wilt disease

Verticillium dahliae (Vd) Verticillium nonalfalfae (Vn)
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Verticillium wilt disease cycle
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Resting structures in soil
Root exudate stimulates growth, fungi penetrates root tip
Hyphae colonize root cortex and enter stem xylem
Dungus produces conidia (asexual) to spread through xylem
Vascular stem compromised
Foliage wilts and dies
Restring structures develop within dead plant tissue
Resting structures return to soil


Studies in PA are promising!

Vn > Vd

Spreads through roots
Host specific
Inoculation is easy

Inoculation can occur
year round

Effectively removes
Ailanthus from a forest
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My research: regional inoculations

Are Verticillium fungi effective
biocontrol agents in Virginia?

Are there any variables that might
limit their success?




Latitude

39-
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VA specific sites

—82.5 -80.0 775
Longitude

e Radford Army Ammunition Plant (RA)
e Little North Mountain WMA (GM)
e McCormick Farm AREC (SV)
e Powhatan State Park (PW)
e Sailor’s Creek Battlefield State Park (SC)
e  White Oak Mountain WMA (WM)

~75.0



Meters

Site layout
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Meters

Site layout
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Meters

Site layout
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Meters
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Meters

Site layout

Site GM

Site PW

Site RA

Site WM
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Hack n squirt inoculation method
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(Photo Courtesy of Wayne National Forest)
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Months Post

Inoculation
(June 2017)




2

)
v
O
(ol
Vs
-
s’
C
O
=

IoN

Inoculat

(July 2017)



Months Post

Inoculation
(Aug 2017)




13

)
(Vs
O
o
Vs
-
s’
C
O
=

IoN

Inoculat

(June 2018)



15

)
v
O
o
Vs
-
s’
C
O
=

IoN

Inoculat

(Aug 2018)



From Above
14 months
post
inoculation

Kevin Heffernan VA DCR)




Meters

Preliminary results
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Which direct inoculation treatments
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Which treatments are effective at

spreading (if any)?




Which direct inoculation treatments are most effective?

A A B C
—g— ®
400 o .
@)
ead o
°/06 )
400 g S 3001 .
or SV <
00
C
.= 200- j
(¢0)
oc
Q
(Vs
© 100
R
() O
0 o

vn Both Vd Control
Treatment
AUDPC~treatment+site

Vn and Both treatments are the most effective! s 14)-32.64,0-0.00000009



Which treatments are spreading (if any)?
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Vn and Both are both spreading!

AUDPC~treatment+site
F(8,14)=4.797,p=0.005287



Meters

Are there any variables that might limit this regionally?

e Stand: Average DBH (diameter at breast height)
* Temperature: Average temperature

e Moisture: Total rainfall

Site GM Site PW Site RA Site SC Site SV Site WM
104 <
54 - o ® 3
04 @ e oo ° =
Bl o 2 4 g 8y |2
-101 )
104
5_
o o - ® %o | 5B :
-5- - os =
_10_
104
54 % @ > E
04 [o] ‘9@ 6 % g
_‘10_
104
54 o‘%% 0
0+ % -] Q%% ® 3
CIRR - (. . B (-
_10_

-10-5 0 510 -10-50 510 -10-50 5 10 -10-50 5 10
Meters

-10-5 0 5 10 -10-5 0 5 10

Meters

Site GM Site PW Site RA Site SC Site SV Site WM
8 e a0
S Y N el R E

o ..‘:. L} i'..h- y .
L Rl Mﬁs ? %
o T

dE

e .'
"w

-i0-5 0 510 -10-50 510 -10-50 510 -10-50 5 10 -10-50 5 10 -10-5 0 5 10
Meters




DBH, temperature, or rainfall?

Direct inoculations

Treatment
o] == \/n
=0= Both
200 4 -0~ Vd

=0= Control

Disease Rating (AUDPC)

5 10 15 20

Average DBH (cm)

DBH may slow down disease progression

Spread

No variables play a
significant role in disease
spread!



What is “both” treatment?

Verticillium dahliae (Vd) Verticillium nonalfalfae (Vn)
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Preliminary results are promising!
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Vn appears ideal with no indication it wouldn’t be effective regionally!

(1 more field season left)



Vn biocontrol next steps

\"I-';EPA Egjfi?'gnsn:litrﬁsal Protection
ency
Environmental Topics Laws & Regulations About EPA _ Q,

. . . . CONTACTUS  SHARE (f) (w) (?) (=)
Pesticide Registration

Requirements

Requirements for All Applicants

Overview of Requirements for Pesticide Registration and Registrant Obligations
Data Requirements

Labeling
e Forms

Additional Requirements for Biopesticides

e Additional Considerations for Biopesticide Products (Chapter 3 of the Pesticide Registration
Manual)
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Registration Process

e Goal: registration as a minor use pesticide
e USFS taking lead

e Cooperative agreement with Dr. Charu

e APHIS has approved a quarantine permit to import V. nonalfalfae into the ARS lab
e Sylvan Bioproducts, PA has expressed interest in producing fungal inoculum

e Obtained APHIS funds for additional host-range testing

e Prelim agreement developed with the EPA in 2018

e Est. ¥3+ years until potential registration
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Presentation Notes
USFS taking lead
Cooperative agreement with Dr. Charu (retired University of Florida professor who has lead other previous registration of pathogens)
APHIS-PPQ has approved a quarantine permit to import V. nonalfalfae into the ARS lab at Fort Pierce, FL
Sylvan Bioproducts, PA (experts in producing fungal products for research and sales) has expressed interest in producing fungal inoculum for them
Obtained APHIS funds for additional host-range testing according to the EPA guidelines
Met with US-EPA in 2018 and developed a prelim agreement and path forward for registration (est. 3 eyars)
Goal: registration as a minor use pesticide (pesticides for forestry use)
Government shutdown causing delays



Inoculum preparation




Agrilus smaradgifrons
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Presentation Notes
The stereoscope images are of the specimen collected from the Taylor Preserve, Burlington Co. NJ and an illustration of the male aedeagus. - Ryan Rieder, NJ Dep of Ag



(tree of heaven)
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Biological vs chemical control

_ Biological Control Chemical Control
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Presentation Notes
Balsam Woolly Adelgis, Adelges piceae. 25 predators released over 35 years (1933-1969) in Canada and the US, no control (why? Highly susceptibility of Albes in NA, the wrong predators were imported, didn’t look in the right place (NE Turkey and Caucusus Mtns)
(ex: Balsam Woolly Adelgid) (ex: proximity to sensitive habitat)



. . . 41
Obtain permission for release

e All documents submitted in 2018

e USDA APHIS Plant Protection & Quarantine (PPQ) and the Technical Advisory
Group for Biocontrol Agents of Weeds (TAG) advisory committee will review

. Pendmg government response
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The invasion curve
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Presentation Notes
Invasion curve, does not become invasive instantly. 
Introduced – first off
Detected – later, after it is already here
Public is aware – wayyy later
The Tens rule, only a small percentage of non-native species are actually invasive. Scientisits refer to this phenomenon as the “tens rule” in which at each stage of an invasion (being transported from their native range, establishing in their new environment, and then causing an impact) a small subset (roughly 1 in 10 species) is successful. 



# of individuals or area infested

Where are we with Ailanthus?

time
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Invasion curve, does not become invasive instantly. 
Introduced – first off
Detected – later, after it is already here
Public is aware – wayyy later
The Tens rule, only a small percentage of non-native species are actually invasive. Scientisits refer to this phenomenon as the “tens rule” in which at each stage of an invasion (being transported from their native range, establishing in their new environment, and then causing an impact) a small subset (roughly 1 in 10 species) is successful. 
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The invasion curve: management tools

Chemical Control Biological Cc

al management

©
Q
=
n
&
=
©
)
£ .
©
S
@)
2D
O
>
o
2
©
=
G
@]
B =



Presenter
Presentation Notes
Invasion curve, does not become invasive instantly. 
Introduced – first off
Detected – later, after it is already here
Public is aware – wayyy later
The Tens rule, only a small percentage of non-native species are actually invasive. Scientisits refer to this phenomenon as the “tens rule” in which at each stage of an invasion (being transported from their native range, establishing in their new environment, and then causing an impact) a small subset (roughly 1 in 10 species) is successful. 



Biological vs Chemical Control

_ Biological Control Chemical Control
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Presentation Notes
Balsam Woolly Adelgis, Adelges piceae. 25 predators released over 35 years (1933-1969) in Canada and the US, no control (why? Highly susceptibility of Albes in NA, the wrong predators were imported, didn’t look in the right place (NE Turkey and Caucusus Mtns)
(ex: Balsam Woolly Adelgid) (ex: proximity to sensitive habitat)
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