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Project Information

Program Submission (FY) Additional Project ID
Project Number: BCIP - 2018 - ’

Project Title: Garlic mustard biocontrol: developing a screening protocol to prevent accidental field release of a parasitoid

Principle Investigator: Elizabeth J. Katovich /Cooperators: Roger Becker and George Heimpel

Proposed Budget Summary (This table is auto-generated from Budget Information sections)

Year 1 BCIP Total Year 2 BCIP Total Year 3 BCIP Total Total BCIP Funds Total Funds (All)

$ 13,563 $0 $0 $ 13,563 $ 27,126

Subject Description

Target Invasive Plant: Biological Control Agent(s):

Non-Native Invasive Ceutorhynchus scrobicollis

Common and Scientific Names:
garlic mustard, Alliaria petiolata

BCIP Priorities Addressed (checkall that apply)

@ Developing improved rearing, host range testing, distribution and post-release monitoring techniques for a biological
control agent.

Development and/or implementation of technologies for monitoring/assessing plant trends and quantitative assessment
of biological control impacts.

| Integrated weed management with a biological control component that is part of a methods technology development
approach to determine efficacy and is not considered an operational treatment.

Development of biological control strategies through funding of pilot projects.
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Define the project being developed (e.g., what is the technology, goal and objectives and who will maintain the tool if
maintenance is necessary?) (250 words):

Project Goal: Develop a screening protocol to prevent accidental introduction of an adult parasitoid
along with field release of Ceutorhynchus scrobicollis, a biocontrol agent of garlic mustard.

Perilitus conseutor (Hymenoptera, Braconidae) has been identified as an endoparasitoid of C.
scrobicollis adults (Haeselbarth, unpublished) and its only host. Field collected adults in Europe can
have P. conseutor parasitism rates of up to 20% and it is not possible to outwardly detect which
adults are parasitized (Gerber et al. 2009). The possible presence of P. conseutor in field collected C.
scrobicollis means that a minimum of one generation should be reared in a containment facility to
ensure that any potential parasitoids can be eliminated prior to field release in North America.

Objective: Determine the length of time between C. scrobicollis oviposition and egg hatch at an
optimal oviposition temperature in containment.

Perilitus endoparasitoids attack adult or larval hosts but not eggs (Obrycki et al.1985, Shaw 1988). In
our C. scrobicollis containment rearing protocol we will remove all adult weevils from garlic mustard
plants after oviposition. We want to isolate C. scrobicollis eggs (before they hatch) from possibly
parasitized adults to prevent any parasitoids from attacking the next generation of larvae or adults.
To accomplish this, it is critical to determine the length of the C. scrobicollis egg stage. If we know
more precisely when to remove adults from caged plants, we can maximize the period of female
oviposition while minimizing the risk of parasitoid attack to the next generation of C. scrobicollis.

Provide background, justification, and urgency (e.g., Describe the management problem, impacts of the invasive plant,
supportive research) (250 words):

Justification: Garlic mustard (Alliaria petiolata) is an introduced invasive plant, native to Europe
and poses a threat to native herbaceous and woody plants in the forest understory in North
America (Cavers et al. 1979). Garlic mustard is identified as one of the top three invasive plants in
northern forests by the USFS (Kurtz and Hansen 2014, Oswalt et al. 2015), has spread to 38
states and 6 Canadian provinces, and has the potential for a wider distribution (Welk et al. 2002).
Garlic mustard is listed as a noxious weed in eight states (USDA NRCS 2015).

In February 2017, the USDA-APHIS Technical Advisory Group for Biocontrol of Weeds (TAG)
recommended the crown-mining weevil, C. scrobicollis for release in the U.S. We are currently
working towards the next steps in the approval process to ensure compliance with the Endangered
Species Act through U. S. Fish and Wildlife Service (USFWS) and the National Environmental Policy
Act through Animal Plant Inspection Service (APHIS) as well as tribal compliance.

Urgency: Host-specificity testing of C. scrobicollis for biological control of garlic mustard has been
supported with funding from the Technology Development for the Biological Control of Invasive
Native and Non-Native Plants program. Now with TAG approval, we ask for modest funding for a
single objective; to determine the length of the egg stage in C. scrobicollis reared in containment.
With this knowledge, we could finalize the development of a protocol to screen an adult
endoparasitoid from C. scrobicollis and prevent its accidental release into North America.
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Methods/Approach (750 words):

Methods: Garlic mustard plants will be propagated outdoors or in a greenhouse
(Katovich, unpublished). Plants that are a minimum of three months old will be used
in experiments.

Ceutorhynchus scrobicollis adults will be field collected in the fall, i.e. during the
oviposition period, in the vicinity of Berlin, Germany and shipped to the Biosafety
Level 2 containment facility at the University of Minnesota. Experiments will be
conducted in a growth chamber at 15/14 C day/night temperature regime with a 9.5
h photoperiod since C. scrobicollis lay the maximum number of eggs at 15 C (Gerber
et al. 2002). Prior to inclusion in any test, all females will be checked to ensure that
they are laying eggs.

Ten females each will be placed on 20 caged garlic mustard plants. After 24 hours,
all females will be removed from each plant. At 24 hour intervals, a leaf from five
randomly selected plants will be sampled. Presence and position of eggs on a leaf or
petiole will be recorded as well the presence of first larval instars. The experiment
will be continued until all samples contain first larval instars. The experiment will be
replicated five times for each sampling period and will be repeated in time. The
experiment will be a completely random design. Data will be analyzed with ANOVA
and means separated with the appropriate means separation method to determine
the date when first larval instars are present.
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Describe stakeholder involvement in development of the proposal and application of the new technology (e.g., How involved are
managers in the project?) (150 words):

Stakeholders in our garlic mustard biocontrol project are public and private
landowners and managers in the U.S. and Canada with the need for garlic mustard
control, including the USDA-Forest Service.

Describe technology assistance/transfer, outreach and the expected impacts to Forest Health/Forest Management (e.g., How will
the technology be shared and how will it change current management?) (150 words):

Expected impacts to forest health: Currently, the only management options for garlic mustard
are cultural or herbicidal control, both of which are costly and labor intensive, with limited
long-term success, and often with non-target effects on associated woodland plant species.
Land managers consider the implementation of biological control their best option for
species-specific management of A. petiolata. We anticipate that release of C. scrobicollis in
will significantly reduce garlic mustard in forests and natural areas throughout North America.

Technology transfer: For the outreach component of this proposal, we will present our results
at professional meetings and update the online version of the FHTET publication; Biology and
Biological Control of Garlic Mustard to include a C. scrobicollis rearing protocol for rearing in a
containment facility.

Products/Publications/Technology Transfer (e.g., Provide timeline of expected project accomplishments) (150 words):

April 30, 2019-Complete experiments in containment facility
September 2019- Complete outreach efforts
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Year 1 Budget Information (For a summary of total project costs, see page 1)

Fiscal Year (FY): 2018

Budget Type

Requested BCIP
Funding

Non-Federal Match**  Leveraged Funds*** Match Source Leveraged Source

ADM'NISTRAT'ON Salary $ 9 ’ 8 66 $ 1 3 ’ 5 6 3 10% salary and benefits-Roger Becker

Travel for Data Collection

Travel to Meetings*

Travel for Other

PROCUREMENT Contracting
Equipment
Supplies $ 500
INDIRECT Overhead
Other $ 3,197
SUBTOTAL 1 13,563 $ 13,563 $0
Overhead Rate % (Describe in Notes): Year 1 Total: $ 27, 126

Year 1 Notes (2000 characters):

Salary includes; 0.12 FTE Project Scientist, partial coverage of labor costs to conduct the research (salary: $7179,
fringe: $1967), 60 hours @ $12/hour for student help ($720) for a total of $9866. University Lab and Medical
Services (Other services); greenhouse, containment facility and field space rental fees an estimated $1200 per
month ($3000) plus $197 estimated for partial coverage for watering charges and other service charges for
greenhouse and field space ($600/yr) for a total of $3197. Supplies include costs for pots, screen cages, soil to
propagate garlic mustard, rear insects ($500). 100% non-federal match through 10% salary and benefits for
Roger Becker ($12,593 salary and $970 benefits). The requested funding is for one year only.

* Funds allocated for “Travel to Meetings”in year 1 will only be approved for proposals requesting a single year of funding.
** Non-Federal Matching (cost sharing) funds are raised from outside sources to increase the level of support provided by the Federal Government. This includes both cash and in-kind contributions.
*** | everaged Funds are raised from outside sources to increase the level of support provided by the Federal Government (including cash and in-kind contributions) beyond the non-Federal matching requirements.
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Year 2 Budget Information (For a summary of total project costs, see page 1)

Fiscal Year (FY):

Requested BCIP

Budget Type Funcing

Non-Federal Match Leveraged Funds Match Source Leveraged Source

ADMINISTRATION Salary

Travel for Data Collection

Travel to Meetings

Travel for Other

PROCUREMENT Contracting
Equipment
Supplies
INDIRECT Overhead
Other
SUBTOTAL $ 0 $ 0 $ 0

Overhead Rate %: Year 2 Total: $ 0

Year 2 Notes (2000 characters):
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Year 3 Budget Information (For a summary of total project costs, see page 1)

Fiscal Year (FY):

Requested BCIP

Budget Type Funeing)

Non-Federal Match Leveraged Funds Match Source Leveraged Source

ADMINISTRATION Salary

Travel for Data Collection

Travel to Meetings

Travel for Other

PROCUREMENT Contracting
Equipment
Supplies
INDIRECT Overhead
Other
SUBTOTAL $ 0 $ 0 $ 0

Overhead Rate %: Year 3 Total: $ 0

Year 3 Notes (2000 characters):
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Project Contacts (a single Funding Coordinator must be selected)

FHP/BCIP Regional/Station/Area Contact
John Kyhl

Entomologist and Pesticide Coordinator

Name: Title:

institution: JODA Forest Service phone. 051-649-5265
email: JKYhI@fs.fed.us

Technical Monitor:

Principal Investigators

Name: J€anie Katovich Tile. RESEarcher 6
Institution: JNiversity of Minnesota phone. /63-843-6786
Email: K@tov002@umn.edu Time commitment. 12%0

Project Role:

Name: ROgGEr Becker

Institution: University of Minnesota

becke003@umn.edu

Email:

Project Role:

Assist and advise where appropriate in the conduct of this research

Title:

Funding Coordinator:

%)

Professor, Agronomy and Plant Genetics

612-625-5753

Phone:

1%

Time commitment:

Name: G€0rge Heimpel

Institution: University of Minnesota

heimp001@umn.edu

Email:

Project Role:

Title:

Associate Professor, Entomology

Funding Coordinator: O

612-624-3480

Phone:

1%

Time commitment:

Assist and advise where appropriate in the conduct of this research

Cooperators

Name:

Institution:

Email:

Project Role:

Title:

Funding Coordinator:

Phone:

Time commitment:

Name:

Institution:

Email:

Project Role:

Title:

Funding Coordinator:

Phone:

Time commitment:

Name:

Institution:

Email:

Title:

Funding Coordinator:

Phone:

Time commitment:

Project Role:
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O
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List additional documents being sent in support of the project. (e.g., curriculum vitae, letters from stakeholders, spreadsheets,
etc.) (not more than one page):

Elizabeth J. Katovich-curriculum vitae

Keywords (50 words):

garlic mustard, Alliaria petiolata, biological control, Ceutorhynchus scrobicollis,
Perilitis, rearing
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	TechDev: Project Goal: Develop a screening protocol to prevent accidental introduction of an adult parasitoid along with field release of Ceutorhynchus scrobicollis, a biocontrol agent of garlic mustard.

Perilitus conseutor (Hymenoptera, Braconidae) has been identified as an endoparasitoid of C. scrobicollis adults (Haeselbarth, unpublished) and its only host.  Field collected adults  in Europe can have P. conseutor parasitism rates of up to 20% and it is not possible to outwardly detect which adults are parasitized  (Gerber et al. 2009). The possible presence of P. conseutor in field collected C. scrobicollis means that a minimum of one generation should be reared in a containment facility to ensure that any potential parasitoids can be eliminated prior to field release in North America.

Objective: Determine the length of time between C. scrobicollis oviposition and egg hatch at an optimal oviposition temperature in containment.  
 
Perilitus endoparasitoids attack adult or larval hosts but not eggs (Obrycki et al.1985, Shaw 1988). In our C. scrobicollis containment rearing protocol we will remove all adult weevils from garlic mustard plants after oviposition.  We want to isolate C. scrobicollis eggs (before they hatch) from possibly parasitized adults to prevent any parasitoids from attacking the next generation of larvae or adults.  To accomplish this, it is critical to determine the length of the C. scrobicollis egg stage.  If we know more precisely when to remove adults from caged plants, we can maximize the period of female oviposition while minimizing the risk of parasitoid attack to the next generation of C. scrobicollis.

	Background: Justification: Garlic mustard (Alliaria petiolata) is an introduced invasive plant, native to Europe and poses a threat to native herbaceous and woody plants in the forest understory in North America (Cavers et al. 1979). Garlic mustard is identified as one of the top three invasive plants in northern forests by the USFS (Kurtz and Hansen 2014, Oswalt et al. 2015), has spread to 38 states and 6 Canadian provinces, and has the potential for a wider distribution (Welk et al. 2002). Garlic mustard is listed as a noxious weed in eight states (USDA NRCS 2015). 

In February 2017, the  USDA-APHIS Technical Advisory Group for Biocontrol of Weeds (TAG) recommended the crown-mining weevil, C. scrobicollis for release in the U.S.   We are currently working towards the next steps in the approval process to ensure compliance with the Endangered Species Act through U. S. Fish and Wildlife Service (USFWS) and the National Environmental Policy Act through Animal Plant Inspection Service (APHIS) as well as tribal compliance. 

Urgency:  Host-specificity testing of C. scrobicollis for biological control of garlic mustard has been supported with funding from the Technology Development for the Biological Control of Invasive Native and Non-Native Plants program.  Now with TAG approval, we ask for modest funding for a single objective; to determine the length of the egg stage in C. scrobicollis reared in containment.  With this knowledge, we could finalize the development of a protocol to screen an adult endoparasitoid from C. scrobicollis and prevent its accidental release into North America.

	PrjNumber: BCIP-2018- 
	Methods: Methods: Garlic mustard plants will be propagated outdoors or in a greenhouse (Katovich, unpublished).  Plants that are a minimum of three months old will be used in experiments.

Ceutorhynchus scrobicollis adults will be field collected in the fall, i.e. during the oviposition period, in the vicinity of Berlin, Germany and shipped to the Biosafety Level 2 containment facility at the University of Minnesota. Experiments will be conducted in a growth chamber at 15/14 C day/night temperature regime with a 9.5 h photoperiod since C. scrobicollis lay the maximum number of eggs at 15 C (Gerber et al. 2002).  Prior to inclusion in any test, all females will be checked to ensure that they are laying eggs.

Ten females each will be placed on 20 caged garlic mustard plants.  After 24 hours, all females will be removed from each plant.  At 24 hour intervals, a leaf from five randomly selected plants will be sampled.  Presence and position of eggs on a leaf or petiole will be recorded as well the presence of first larval instars. The experiment will be continued until all samples contain first larval instars.  The experiment will be replicated five times for each sampling period and will be repeated in time.  The experiment will be a completely random design.  Data will be analyzed with ANOVA and means separated with the appropriate means separation method to determine the date when first larval instars are present.

	Timeline: April 30, 2019-Complete experiments in containment facility
September 2019- Complete outreach efforts

	TechTransfer: Expected impacts to forest health: Currently, the only management options for garlic mustard are cultural or herbicidal control, both of which are costly and labor intensive, with limited long-term success, and often with non-target effects on associated woodland plant species. Land managers consider the implementation of biological control their best option for species-specific management of A. petiolata.  We anticipate that release of C. scrobicollis in will significantly reduce garlic mustard in forests and natural areas throughout North America.

Technology transfer: For the outreach component of this proposal, we will present our results at professional meetings and update the online version of the FHTET publication; Biology and Biological Control of Garlic Mustard to include a C. scrobicollis rearing protocol for rearing in a containment facility.  

	StakeholderInvolvement: Stakeholders in our garlic mustard biocontrol project are public and private landowners and managers in the U.S. and Canada with the need for garlic mustard control, including the USDA-Forest Service. 
	Citations: Cavers PB, Heagy MI & Kokron, RF (1979). The biology of Canadian weeds.  35.  Alliaria petiolata  (M. Bieb.) Cavara and Grande.  Can. J. Plant Science.  59, 217-229.

Gerber E, Cortat G, Hinz HL, Blossey B, Katovich E & Skinner L (2009). Biology and host specificity of Ceutorhynchus scrobicollis (Curculionidae; Coleoptera), a root-crown mining weevil proposed as biological control agent against Alliaria petiolata in North America. Biocontrol Science and Technology. 19, 117-138.

Kurtz CM, Hansen MH (2014). An assessment of garlic mustard in northern U.S. forests. Res. Note NRS-199. Newtown Square, PA: U.S. Department of Agriculture, Forest Service, Northern Research Station. 5 p.

Obrycki JJ, Tauber MJ & Tauber CA (1985).  Perlitis-Coccinellae (Hymenoptera, Braconidae) - Parasitization and development in relation to host-stage attacked. Annals of the Entomological Society of America 78, 852-854.

Oswalt CM, Fei S, Guo Q, Iannone III BV, Oswalt SN, Pijanowski BC, Potter KM (2015). A subcontinental view of forest plant invasions.  NeoBiota 24, 49–54. doi: 10.3897/neobiota.24.8378. 

Shaw SR (1988). Euphorine Phylogeny - The Evolution of Diversity in host-utilization by parasitoid wasps (Hymenoptera, Braconidae). Ecological Entomology 13, 323-335.

USDA, NRCS. The PLANTS Database (http://plants.usda.gov, 16 October 2015 National Plant Data Team,

Welk E, Schubert K & and Hoffman MH (2002). Present and potential distribution of invasive garlic mustard (Alliaria petiolta) in North America. Diversity and Distributions 8, 219.

	Notes1: Salary includes; 0.12 FTE Project Scientist, partial coverage of labor costs to conduct the research (salary: $7179, fringe: $1967), 60 hours @ $12/hour for student help ($720) for a total of $9866. University Lab and Medical Services (Other services); greenhouse, containment facility and field space rental fees an estimated $1200 per month ($3000) plus $197 estimated for partial coverage for watering charges and other service charges for greenhouse and field space ($600/yr) for a total of $3197. Supplies include costs for pots, screen cages, soil to propagate garlic mustard, rear insects ($500).  100% non-federal match through 10% salary and benefits for Roger Becker ($12,593 salary and $970 benefits).  The requested funding is for one year only.
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