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2025 Plan for Committee Activities

Goals for 2025:

e Revisit/revise and update Norsworthy paper on BMPs — lan Burke is working with Jason
Norsworthy and a team to update the BMP paper. WSSA support ($10,000 previously allocated) would
be used to support this effort.

e Members will participate on subcommittee charged with reviewing and updating definitions of
Herbicide Resistance, Herbicide Tolerance and other related definitions.

e Amy Asmus and Katie Dentzman are working with the lowa Pest Resistance Management Program
(IPRMP) group. Members of this committee will collaborate with the lowa project when possible and
will look to learn from this group as a case study in community engagement.

e PNW community efforts are continuing.

e Continue to engage with federal partners and other professional organizations.

e Continue to communicate with the WSSA-Endangered Species and Herbicide Resistance Committees
with goal to complement activities and avoid duplication of efforts.

Recommendations for Board/Society Action:

Funds requested for 2024:

The committee requested to spend up to $10,000 to support activities that could not be undertaken due to
COVID-19 in 2022 that carried into 2023-24. A subcommittee of committee members (see meeting notes
of June 6, 2023 meeting attached below) decided that the funds are best spent to review and update the
Norsworthy BMP paper. A budget for this activity is in progress. The board will be kept appraised of
proposed activities with requests for approval.

Other requests for the Board and society:

Consider developing additional mechanisms to remain in a leadership position addressing and articulating
the complex issues impacting agriculture and natural resources because of pest resistance.

Feedback on directions the committee is taking, on partnerships being developed, and on the published
material we have developed.

The PPDC Resistance Workgroup recommended to EPA that pesticide label reform is needed to address
resistance issues. The E-12b committee requests that the Board support the label reform movement by
ensuring stakeholder input to the ongoing work and small sub-groups that are moving forward based on the
workgroup recommendations. In addition, the committee recommends active WSSA engagement to
establish effective partnerships to ensure the recommendations from the second workgroup are realized.
WSSA must, in collaboration with HRAC, weed science extension, consultants, EPA and USDA, address
the disconnect in messaging among parties with regard to definitions of resistance and resistance discussed
at the meeting and which is the charge to the special committee.

Research that continues to document herbicide resistance to an ever increasing number of herbicides applied
in all manners reenforces the need for the revised BMP manuscript that looks at management from a whole
farm IPM perspective.

In general, communication and messages are inconsistent and need to be addressed across the society.

The Endangered Species discussion and messaging need to include the potential impacts on and messaging
around how tools to address herbicide resistance must be part of the discussion.

The website committee needs relevant, updated content for the website. Please provide this content to Sarah
Lancaster or message her for how to provide content.



e WSSA needs to engage with the Entomology and Plant Pathology societies on common issues around pest
management and pesticide resistance.

Summary of 2024 Activities — The current state of the committee’s projects and activities

1.

2.

David Shaw and Jill Schroeder continue to represent weed science and WSSA on the EPA Pesticide
Program Dialogue Committee (PPDC), an advisory committee representing EPA stakeholders.

Amy Asmus, HRE Committee member and past member of the PPDC representing WSSA, is the Chair
of the Agricultural Retailers Association.

Schroeder was invited to serve on an advisory committee for the NRCS IPM Project Advisory
Committee. The [PM and Conservation Programs project is funded through a cooperative agreement
with NRCS to develop educational and outreach modules aimed at making better use of [IPM practices
through NRCS conservation programs. The purpose of the project is to increase access and support for
producers’ work in using IPM practices.

Agenda for the 2024 full committee meeting held on January 21, 2025 virtually:

The meeting covered a range of topics including herbicide resistance education, EPA recommendations, and the
revision of definitions related to herbicide resistance and tolerance. Discussions also focused on the importance
of effective communication and collaboration across disciplines in pest management, as well as the impact of
the Endangered Species Act on herbicide strategies. The committee agreed to continue working on various
projects and to keep each other updated on progress and upcoming events.

1.

Review of the PPDC (Pesticide Program Dialogue Committee) workgroup report on pesticide resistance
recommendations to EPA -- Cameron Douglass

Several committee members spent the past several years working on two separate Resistance
Management workgroups as part of EPA’s Pesticide Program Dialogue Committee (PPDC). The goal of
these workgroups was to make recommendations to EPA on what the Agency could do to more
effectively aid pesticide resistance management. Recommendations from the first workgroup were
discussed in the publication:

Shaw, David, Amy Asmus, Jill Schroeder and David Ervin. 2023. Changing the Paradigm for
Pesticide Resistance Management. Pest Management Science (wileyonlinelibrary.com) DOI
10.1002/ps.7709

The latest (second) workgroup made recommendations in 2024 that fall into four thematic areas:
1) EPA should strengthen partnerships within and outside the federal government, including through the
creation of a new Resistance Management Coordinator position to lead these efforts; 2) EPA should
integrate more quantitative resistance cost/benefit assessments into their decision making on pesticide
registrations; 3) EPA should work with pesticide registrants and external stakeholders to improve the
rigor and transparency of resistance data; and, 4) EPA should explore opportunities for removing
regulatory barriers to alternatives to conventional pesticides. The full report is attached to this committee
report.

Outcomes of the second PPDC report:

a. Report authors will make a presentation in the Regulatory Section of the 2025 annual meeting,
Tuesday February 25 at 2:30-3:00 PM, Parksville: Summary of the Final Report of EPA’s Pesticide
Program Dialogue Committee (PPDC) Resistance Management Workgroup 2.0. A key aspect of
this presentation will be a challenge to WSSA membership and leaders to actively engage in a
discussion about how we partner more effectively to assist EPA and other groups to make these
recommendations ‘real’. The goal of the presentation is based on a challenge issued by D. Shaw to ask
WSSA ‘what are the next steps’ that the society can engage in to help address resistance issues and
provide a follow up to the report.



b. D. Shaw and J. Schroeder will request that EPA provide an update on agency plans/steps to
address the report recommendations at the spring meeting.

c. WSSA must continue to express interest in these recommendations, develop effective
partnerships to provide robust data and information to EPA on the current state of resistance and current
management recommendations, and urge EPA to use this information and implement the
recommendations of the workgroup.

d. C. Douglass is working through the Federal IPM Coordinating Committee to identify federal
agencies to help author a resistance management roadmap modeled after and complimentary to the
Federal IPM Roadmap (NATIONAL ROADMAP FOR INTEGRATED PEST MANAGEMENT

(IPM)).

2. update on the revisions to the BMP paper and PNW community project - lan Burke

a. Pacific Northwest HR Weed project: lan shared updates on the resistance initiative in the Pacific
Northwest, highlighting the success of community groups focused on diversification and harvest
weed seed control. He encouraged further engagement and shared the committee's website that
describes the project and links to the annual report ( PNW Herbicide Resistance Initiative).

b. BMP paper: lan discussed the progress of the BMP paper revision, which was a collaborative
effort involving a team of scientists. He expressed optimism about the paper's potential impact.
The broad-based team had 2 meetings in 2024 that brainstormed how a revision/update could
provide impact. They decided that the focus should be on reasons why BMPs are not widely
adopted, thinking through and concentrating on constraints and opportunities. The group feels
that the update needs an agricultural systems context and must include specialty crops as an
additional focus. The group will be recruiting reviewers as the document takes shape.

3. Update on definitions for herbicide resistance and herbicide tolerance discussion -- Caio Brunharo
Caio led a discussion about revisiting the definitions of herbicide resistance and tolerance, aiming to
increase clarity in communication within and beyond the scientific community. The committee,
currently comprising 15 members, is working on four objectives:

a. defining herbicide resistance and tolerance,

b. defining cross resistance and multiple resistance,

c. revisit how resistance should be reported and detected in the field, and
d. standardizing resistance reporting in the literature.

The committee plans to meet again before the WSSA and will be seeking feedback from the broader
membership. Craig Alford (HRAC) and Ramon Leon expressed their support for the committee's work and
the need for diverse perspectives. The group had extensive discussion about who is/are the target
audience(s) and the challenges posed by trying to accommodate the needs of diverse audiences. Key is that
scientists must have science-based terminology but also are challenged to translate that knowledge into
definitions and information that matters for the end users. All groups must ensure consistent messaging
across all sectors. At some point in the discussion, it will be imperative to have conversations with the
Entomology Society and Plant Pathology Society.

Also of importance will be for the Best Management Practices team to coordinate with the
Definitions Team. This is important to be able to think about BMPs from a whole farm approach and to
address conflicting recommendations and definitions.

The committee also considered the role of trust in communication and the importance of aligning
values with the source of information. Amy A. brought up the importance of meeting each audience where
they are and to realize that implementation of BMPs must be at the field level: identify the pest and treat
that pest as needed using IPM. There will be no easy answers.

4. ESA and herbicide resistance update - Bill Chism
Bill discussed the herbicide strategy, noting that it now offers more options and is more functional. The
ESA committee has a small group looking at the feasibility of the mitigations which seem to be manageable
for large agronomic crops. He also mentioned that specialty crops growers might be more impacted by the
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strategy due to the fact that they have fewer options for management. Required buffer distances will differ
depending on the crop and herbicide. The ESA committee will be working to address the mitigations and
herbicide strategy in research programs. Kelly clarified the maximum buffer distances for ground and aerial
applications, and suggested that both geographic relief and starting points could impact specialty crops
growers. Bill expressed his belief that it would take up to 15 years for all herbicides to go through re-
registration and consider ESA impacts. Amy raised a concern about the collaboration between EPA and the
Fish and Wildlife Services, questioning whether the collaboration would provide more confidence in the
strategies' approval. Kelly explained that the intent of the collaboration was to ensure that the strategies
would be acceptable to Fish and Wildlife Services.

Bill informed the group that there will be a symposium Wednesday afternoon “EPA’s Herbicide
Strategy, Communication Resources, and Scientific Information Useful to Regulators™ at the annual
meeting and invited all to attend.

5. HRAC — Craig Alford. There was a recent HRAC election installing a new team of officers in the
organization (PROTECTING CROP YIELDS AND QUALITY WORLDWIDE | Herbicide Resistance
Action Committee). HRAC is interested in engaging in the terminology discussion led by Caio. HRAC
is also offering a symposium at the WSSA annual meeting Tuesday afternoon on “Contribution of
Genomics to Nontarget Site Resistance Knowledge and Management”

6. GROW project — Emily Unglesbee was not able to join the meeting due to conflict but send a brief
update. Our biggest news is that, via a new grant with USB, we’re adding a new website this year,
within this one (www.growiwm.org), where all the USB-funded Take Action Herbicide Resistance
Management resources will be maintained and updated by GROW and those researchers. So really
looking to provide the industry and farmers with a one-stop shop for all science-backed, Extension-
vetted weed management information and resources!

7. Mark VanGessel provided an update that Pat Tranel would be giving a webinar on resistance for EPA
staff the following week.

8. Other discussion around where to from here — from Aaron Hager:

A topic that should be addressed is the “messaging” about utilizing soil-residual herbicides. They
are a tremendously useful tool, but we cannot solve a problem caused by using herbicides simply by
using them differently. I would argue resistance to soil-applied herbicides is as common, if not more
common, than resistance to foliar-applied herbicides (at least in Amaranthus). We, in Illinois, initiated a
new project in 2023 to estimate the geographic extent of resistance to Group 15 herbicides in Illinois
waterhemp populations. We collected inflorescences from 127 fields that represent 84 of Illinois’ 102
counties. My student has screened 47 populations with a discriminating dose in the greenhouse so far,
and approximately 42% of those would be advanced to detailed does response experiments to calculate a
resistance ratio. We suspect this resistance is much more common than most realize.

Key messages to WSSA are listed at the beginning of this report.

Publications:

1.  McCurdy, J.D., Bowling, R.G., de Castro, E.B., Patton, A.J., Kowaleski, A.R., Mattox, C.M., Brosnan,
J.T., Ervin, D.E., Askew, S.D., Goncalves, C.G., Elmore, M.T., McElroy, .M., McNally, B.C., Pritchard, B.D.,
Kaminski, J.E., Gannon, T.W., Unruh, J.B., and Bagavathiannan, M.V. 2024. Poa annua ecology, biology, and
integrated weed management practices in turfgrass. 27 December. https://doi.org/10.1002/cft2.70019

2. Sun, H.; Hurley, T.; Frisvold, G.B.; Dentzman, K.; Ervin, D.;Everman, W.; Gunsolus, J.; Norsworthy, J.;
Owen, M. 2024. How Does Herbicide Resistance Change Farmer’s Weed Management Decisions? Evidence
from the Roundup Ready Experiment. Agronomy, 14, 2720. https:// doi.org/10.3390/agronomy 14112720
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3. Frisvold GB, Agme C, Ervin D, Allen J, Askew S, Bowling RG, Brosnan J, Elmore M, Gannon T, Kaminski
J, McCarty L, McCurdy JD, Patton AJ, Taylor J, Unruh JB, Bagavathiannan M. 2023. Extension

event attendance increases adoption of weed management practices by sports field managers. Weed Technol.
doi: 10.1017/wet.2023.66

4. Nicolas T. Bergmann, lan C. Burke, Chloe B. Wardropper. Herbicide-resistance management: a common
pool resource problem? Weed Science, Volume 72 / Issue 2, March 2024, pp 117 — 124.
doi:10.1017/wsc.2024.12 Published Online on 20 February 2024

What information was posted on the WSSA website?

o Nothing new at this time except that the link to the APHIS sponsored publications was restored after we
were contacted by APHIS:

Vencill et al. 2012. Herbicide Resistance: Toward an Understanding of Resistance Development and the Impact of
Herbicide-Resistant Crops. Weed Sci., Special Issue: 2-30.

Norsworthy et al. 2012. Reducing the Risks of Herbicide Resistance: Best Management Practices and Recommendations.
Weed Sci., Specia Issue: Issue: 31-62

Relevant content continues to be needed to populate the new website if WSSA is to remain the primary
resource for agencies and other organizations.

What amount of funds were requested? How much was spent?

e WSSA funding in the amount of $10,000 was requested. The funds will be spent to bring the authors
together to revise and update the Norsworthy paper.

What was the impact of the committee activities/accomplishments on the following: membership, publication,
policy, legislation, and/or education?

e Herbicide resistance has received substantial attention from a number of federal agencies, as well as Capitol
Hill. WSSA has been placed in a prominent leadership role because of our efforts.

e Educational products have been used extensively for training purposes. We have partnered with a number of
commodity groups to extend our reach.

e Many members have been involved in committee and subcommittee activities and have engaged with new
groups of stakeholders. The activities have engaged audiences (examples include AAAS and NAS) that
were not aware of resistance as an issue comparable to the antibiotic resistance that has been an issue of
great concern to these scientists. A number of additional members have been involved in 2022.

e EPA and USDA agencies continue to look to WSSA as the authoritative source for technical information
and education in regards to herbicide resistance management strategies.

e Members of the Entomology Society of America have been engaged as a partner to continue collaboration
and partnership on resistance outreach activities.

e The PNW has been working with local partnership NRCS reps to brainstorm outreach and education, as
well as designing a herbicide resistance program for integration into their current Conservation Activity
Plan program. The IMRMP has been pursuing similar work with the lowa State NRCS, and continues to
develop plans for communication, outreach, and economic impact assessments.



Report of the Second Resistance Management Workgroup
to EPA’s Pesticide Program Dialogue Committee (PPDC)

Submitted to PPDC at the Fall 2024 Meeting, November 13-14, 2024
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Glossary

Following is a list of technical words used in this document, along with definitions, in order to
optimize the readability of this report.

e Consumer surplus — the difference between what consumers would be willing to pay for a
good or service and what they actually do pay. Changes in consumer surplus are a
standard metric used in economics to measure consumer benefits or losses from market
changes

e Diffusion of innovations — the process by which new ideas or practices (i.e., innovations)
are communicated through certain channels over time, and are either adopted or rejected
by, member of a social system over time (per Rogers 2003)

e Integrated pest management (IPM) — an ecosystem-based strategy that focuses on long-
term prevention of pests or their damage through a combination of techniques such as
biological control, habitat manipulation, modification of cultural practices, and use of
resistant varieties (per University of California 2024)

e Mode of Action (MoA) — series of events that takes place at the cellular or molecular level
after an organism is exposed to a pesticide. In other words, the mechanism by which a

pesticide kills an organism

e Pesticides — any substance or mixture of substances intended for preventing, destroying,
repelling, or mitigating any pest

e Producer surplus — measures the net returns producers receive from supplying products,
e.g., in an agricultural context this is equivalent to farm income

e Selection pressure — an evolutionary force that causes a particular phenotype (observable
characteristics of an individual) to be more favorable in certain environmental conditions

e Site of Action (SoA) — specific cellular or molecular processes targeted by a pesticide.
Synonymous with “MoA”

e \Vector borne diseases — diseases that result from a pathogen transmitted to humans and
other animals by blood-feeding arthropods (e.g., mosquitoes, ticks)
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Executive Summary

The development of resistance amongst pests — whether they be animals, insects, fungi,
microbes, pathogens, or weeds — to pesticides poses serious biological and economic problems
across agriculture, human health care, and environmental conservation efforts. Resistance is
often described as a “wicked” problem because it has multiple complex causes and does not
lend itself to simple or straightforward solutions (Gould et al. 2018; Jussaume and Ervin 2016;
Shaw 2016). This workgroup views the serious threat that resistance poses to these key sectors
of our society as being analogous to EPA’s oft-cited comment that failure to comply with
Endangered Species Act obligations threatens the conventional use of many pesticides. If we
collectively do not prioritize and devote the resources necessary to more effectively manage
resistance, then pesticides will no longer effectively control the intended target pests, thus
threatening agriculture, public health, and entire ecosystems.

Because of the far-reaching potential for serious impacts from pesticide resistance, any hope of
proactively avoiding or delaying the development of resistance, and of successfully limiting the
spread of resistance once it develops, requires complete and broad engagement from all
stakeholders. Affected parties who must play significant roles include not only federal and state
governments, but also pesticide registrants, pesticide applicators and many other stakeholders
from agriculture, natural habitat management and health care industries.

Pesticides are an important tool for managing any pest and form a key component of integrated
pest management (IPM) programs, and the loss of any component can imperil the success of an
entire IPM program. It is the view of this workgroup that IPM principles offer the greatest
promise for avoiding/delaying resistance and managing it when it does occur, and so these
principles are reflected throughout this report.

In this context, this workgroup offers the following recommendations for consideration and
action by EPA (note that these are ranked in ascending order with respect to the workgroup’s
assessment of the relative number of obstacles to EPA’s implementation of these
recommendations. Recommendations that the workgroup believes are the highest priority —
regardless of feasibility — are noted in bold):

Minimally Challenging

e EPA should take maximum advantage of the scientific expertise provided by existing
professional society liaisons, especially with regards to BMPs for pesticide resistance
management, and explore whether there are additional professional societies with
which EPA should establish relationships.

e EPA should explore opportunities for future collaboration with Resistance Action
Committees (RACs) on pest-specific resistance management standard practices, and
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explore grant programs that could foster innovation in resistance management,
including community-based resistance management networks.

e EPA should more actively coordinate with both federal partners (such as the USDA) and
external stakeholder groups already actively engaged in pesticide resistance
management education and training; this should include discussing with grant-offering
groups opportunities for prioritizing innovative pesticide resistance management
research.

e EPA should critically assess whether existing regulatory incentive programs for non-
conventional pesticides (including bio-pesticides, organic pesticides and biological control
agents) are effective, and whether novel incentives (e.g., expanded voucher programs)
could better promote the development of new non-conventional pesticides and pesticide
devices that have IPM and resistance management benefits.

e EPA should expeditiously publicize the updated process for the FIFRA 25(b) minimum
risk pesticide submission process.

Moderately Challenging (some time or resources required)

e EPA should collaborate with regional IPM centers to support the development of and/or
updating of Crop Profiles (CPs) and Pest Management Strategic Plans (PMSPs) with specific
information on potential costs of resistance.

e EPA should develop and strengthen partnerships with external organizations and parties to
help foster innovation in the development of non-conventional pest control devices and
products.

e EPA should create a classification committee in the Biopesticides and Pollution Prevention
Division (BPPD) to help guide uncertain non-conventional pesticide cases through the
registration process; this committee would operate prior to the new active ingredient
submission process.

e EPA should explore opportunities for supporting the development of pesticide resistance
surveillance tools.

e EPA should include registrant-submitted data on pesticide resistance submitted per FIFRA
6a2 in the public Incident Data System (IDS) website.

Very Challenging (significant time or resources required)

e EPA should request the development of a National Road Map for Pesticide Resistance
Management under the auspices of the Federal IPM Coordinating Committee (FIPMCC).
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e EPA OPP should create a new position (or devote a partial full-time equivalent (FTE)
towards a new position) of the Resistance Management Coordinator, who would be
responsible for leadership within and outside EPA on pesticide resistance management
issues.

e EPA should quantitatively account for resistance management implications in pesticide
registration and cancellation decisions, and create a pesticide-specific priority system for
doing so.

e EPA should collaborate with federal partners, academia, agricultural retailers,
agronomist/consultants, and RACs to develop standardized checklists for cases of
suspected resistance that could be used as a decision support tools by growers and
other pesticide users and explore whether these checklists could be developed into
thresholds that could be used to aid in the collection of data on cases of suspected
resistance.

1. Introduction.
1.1. Scope

This report pertains only to pesticides whose uses are regulated by the Biological and Pollution
Prevention Division (BPPD), the Pesticide Re-evaluation Division (PRD), and the Registration
Division (RD). Therefore, they are not intended to address resistance issues related to products
solely regulated by the Antimicrobials Division (AD) of the Office of Pesticide Programs. The
workgroup developed this caveat to acknowledge assertions by some members of the PPDC
that the target organisms for pesticide uses regulated by AD are sufficiently different so as to
warrant separate and more focused work outside of this workgroup.

There is indeed considerable ongoing work by registrants and other stakeholders on the issue of
managing antimicrobial resistance, including efforts to develop protocols to predict and
understand bacterial resistance to microbicides that are under development by the
International Organization for Standardization (ISO). Additional research is underway by the
European Union (EU) and has been discussed at the Organization for Economic Cooperation and
Development’s (OECD) Working Party on Biocides.

Because this report does not specifically address resistance issues related to products solely
regulated by AD, we leave here for discussion by PPDC two options for possible next steps:

e Option 1: PPDC could form a new workgroup to focus only on antimicrobial resistance
issues that affect the products regulated by AD.
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e Option 2: Instead, PPDC could simply allow ongoing antimicrobial resistance management
efforts to continue, with the informal suggestion made that AD should ensure that its staff
are engaged in and fully participating in these external antimicrobial resistance efforts and
participating in the proposed interagency framework on antimicrobial resistance.

1.2. What is pesticide resistance?

Over the years the scientific community has come to appreciate that the development of
pesticide resistance is much more complicated and sophisticated than once thought. Resistance
to almost any pesticide can develop in any given pest population when it is exposed repeatedly
to pesticides with the same “mode of action” (also known as “site of action”). The development
of such resistance is a natural and inevitable outcome of evolutionary selection pressures that
favor survival until reproduction, but scientists have documented that in some organisms, the
development of resistance is not quite as linear or predictable as once thought.

1.3. Who is affected by pesticide resistance?

Simply put, we are all affected directly or indirectly by the development of pesticide resistance.
Whether it is resistance to pesticides used in agriculture that leads to increased food prices,
resistance to pesticides amongst insect or vertebrate vectors of human and livestock diseases,
resistance to antibiotics that can negatively impact human health, or risks of increased exposure
to pesticides from the mismanagement of resistant pests, we are all touched by pesticide
resistance. As such, while this report necessarily focuses on this workgroup’s recommendations
for actions that EPA could take to improve its existing efforts to promote resistance
management, all of us must appreciate that we all have an equally vital role to play in tackling
pesticide resistance management.

The members of this workgroup urge readers to consider what work they and their organization
can do to support EPA’s implementation of the recommendations in this report, and what else
you can do to work in parallel to EPA to constructively manage pesticide resistance. We are
running out of time in some cases to successfully manage resistance in some pests. The
proliferation of resistant microbes, insects, and weeds requires us all to consider systemic
changes in how we produce food, how we manage ecosystems, and how we manage pesticide
resistance alongside public health concerns. We will all bear the costs if growers are unable to
sustainably manage herbicide resistance in weeds, or if public health professionals are no longer
able to keep vector-borne diseases under control in urban areas or control pathogens in health
care settings.

EPA should play a central role in addressing resistance, given its statutory authority to license
and regulate pesticides in the United States. It is important to acknowledge that EPA has made
strides in its efforts to further resistance management. While this workgroup applauds EPA for
what it has already done, the recommendations in this report (not to mention those of the first
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Resistance Management Workgroup, highlight the need for more action by EPA to help
successfully address pesticide resistance going forward.

1.4. PPDC Resistance Management Workgroup 1.0

EPA’s Pesticide Program Dialogue Committee (PPDC) first approved the formation of a resistance
management-focused workgroup at the Fall 2020 meeting, with the following charge questions:

e Are there current EPA policies that positively or negatively affect conventional pesticide
resistance management? What policies could be re-worked to more positively address
resistance management?

e Are there current industry programs that positively or negatively affect conventional
pesticide resistance management? Would EPA have a role in those programs, and what
might that be to positively influence industry?

e Are there incentives (for registrants or pesticide users) that could be considered related
to conventional pesticide regulation that might positively affect resistance
management? Are there other ways in which the agency can work with stakeholders
(e.g., growers, commodity groups, academics) to cooperatively address resistance
management?

e Are there elements from EPA’s Bt plant incorporated protectant (PIP) resistance
management program that could be used in conventional pesticide resistance
management?

After working on these issues for a year the first PPDC Resistance Management Workgroup
recommended that:

1) EPA should explore changes in pesticide labels to make them more uniform across
manufacturers. Labels need to contain clear and concise language so all needed
information to implement resistance management is easily found and understood by
end users such as crop consultants, pesticide decision makers, and commercial and
private pesticide applicators.

2) EPA should conduct a thorough review of EPA policies and regulations that impact
resistance management and remove contradictions and situations that hinder effective
resistance management to the maximum extent possible.

3) EPA should expand collaboration and outreach efforts with other federal agencies and
convene panels of relevant stakeholders to address specific priority issues and questions
associated with resistance and resistance management.

4) EPA should explore how it can encourage proactive pesticide resistance management
and prevention programs in cooperation with industries and universities through
cooperative agreements, updated training materials, and grant programs.

5) EPA should explore the creation of incentive programs for assistance to pesticide users
and their educators in overcoming the hurdles associated with resistance management,
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in particular incentives to researchers, users and supplies for accurate early detection
and timely adoption of regionally specific resistance management actions.

The PPDC Resistance Management Workgroup 1.0’s final report and recommendations were
presented at the May 2022 PPDC meeting. OPP leadership responded to the workgroup’s
recommendations at that same meeting with a request for further assistance in prioritizing
these recommendations, and in developing suggestions that could help EPA implement “low
hanging fruit” amongst the workgroup’s recommendations. It is remarkable that OPP desires
this second workgroup to assure policy development and implementation.

1.5. PPDC Resistance Management Workgroup 2.0

At the May 2022 PPDC meeting the following charge questions were approved as the basis for a
second PPDC Resistance Management Workgroup:

e Assist EPA in developing implementation strategies from the first workgroup
recommendations.

e Develop a framework for the quantification of risks and benefits from resistance to
conventional pesticide active ingredients.

e Explore leveraging IPM strategies for resistance management.

As this workgroup has carried out our deliberations, we have been sure to keep in our minds
that EPA has relatively limited authority in this domain. EPA arguably has only a few regulatory
tools by which they can affect pesticide resistance management, namely pesticide labels
themselves and the terms and conditions for the registration of those pesticides. However,
beyond these few regulatory tools, EPA also has a major role to play in supporting education,
outreach and coordination with other federal, state, and tribal authorities, as well as extension
advisors and growers, to support resistance management activities. Our recommendations
address both how EPA could improve the accounting for resistance management in the context
of its limited regulatory tools, and how EPA could improve its existing education, outreach and
coordination work related to pesticide resistance management.

In light of these overarching considerations, and in response to this workgroup’s charge
guestions, we recommend the following overarching recommendation themes (organized
within the context of the original charge questions for this workgroup):

e Assist EPA in developing implementation strategies from the first workgroup
recommendations.

Recommendation Theme #1. EPA should strengthen partnerships within and outside

the federal government, including through the creation of a new Resistance
Management Coordinator position to lead these efforts.
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e Develop a framework for the quantification of risks and benefits from resistance to
conventional pesticide active ingredients.

Recommendation Theme #2: EPA should integrate resistance cost/benefit assessments
into their decision making on pesticide registrations.

Recommendation Theme #3: EPA should work with pesticide registrants and external
stakeholders to improve the rigor and transparency of resistance data.

e Explore leveraging IPM strategies for resistance management.

Recommendation Theme #4: EPA should explore opportunities for removing
regulatory barriers to alternatives to conventional pesticides.

Additionally, we note that the highest priority recommendation of the first Resistance
Management Workgroup was label reform. This iteration of the PPDC Resistance Management
Workgroup has deliberately not continued to work on this specific recommendation given the
ongoing work of PPDC’s Label Reform Workgroup, which as we understand it specifically
includes new language on resistance management.

As our workgroup discussed the charge questions and how to arrive at consensus
recommendations, a central theme that emerged and ended up forming the thesis of our
recommendations was the integral relationship between pesticide resistance management and
Integrated Pest Management (IPM). It’s important to note that as we discussed IPM in the
context of this report we did so with the following definition in mind:

“IPM is an ecosystem-based strategy that focuses on long-term prevention of pests or their
damage through a combination of techniques such as biological control, habitat
manipulation, modification of cultural practices, and use of resistant varieties. Pesticides are
used only after monitoring indicates they are needed according to established guidelines,
and treatments are made with the goal of removing only the target organism. Pest control
materials are selected and applied in a manner that minimizes risks to human health,
beneficial and nontarget organisms, and the environment (University of California 2024).”

This workgroup also appreciates that the application of IPM can vary for different types of pests,
and as one example acknowledges the growing body of literature and practice on Integrated
Weed Management (Norris 1999; Norsworthy et al. 2012; Sanyal et al. 2008; Swanton and
Weise 1991).

1.6. Interconnectedness of resistance management and Integrated Pest Management (IPM)

Pesticide resistance is frequently described as a classic example of a “wicked problem” in that
there are no singular causes or solutions. To acknowledge this, the workgroup puts forth the
premise that IPM principles offer a path forward to sustainably managing pesticide resistance.
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To build on the understanding of pesticide resistance as a “wicked” problem, though, we must
briefly consider the root causes of pesticide resistance. The increasing reliance on a very limited
number of pesticidal modes of action to control pest populations is a clear primary driver of
pesticide resistance (Thia et al. 2023). There are, however, other factors that have arguably
exacerbated the spread and impact of pesticide resistance, such as the reduction of natural
enemies of pests, a rapidly changing increasingly unpredictable legal and regulatory landscape
with regards to pesticides, and a complex web of socio-economic factors. All of these confound
pest management decision making (Dentzman 2021; Sun et al. 2017). To acknowledge the
myriad factors that drive pesticide resistance and hinder management of resistance, it was
recognized as early as the 1970s that IPM offered an optimal approach to addressing pesticide
resistance management. Indeed, it is suggested that IPM and resistance management are twins,
with the importance of the former rising from the growing failure to effectively curtail the latter.

The focus on IPM resulted in widespread research that was translated into successful programs
through EPA, USDA and CDC, as well as other federal agencies and departments (Kogan 1998;
Olsen et al. 2003). However, many of these programs were temporary in nature (as many
federal programs are); these early efforts offer examples though of how strong federal
investment in IPM programs can benefit agricultural production systems and health care
systems alike. Commonalities amongst these early and successful programs included emphasis
on optimizing the judicious use of pesticides (i.e., using these tools only when necessary), and
model programs for the diffusion of IPM research and knowledge via existing and experienced
change agents. It is this last point that this workgroup built on for our first recommendation,
which centers on building on existing relationships within and outside of the federal
government to further work on resistance management.

2. Recommendation #1: EPA should strengthen partnerships within and outside
the federal government, including through the creation of a new Resistance
Management Coordinator position to lead these efforts.

The establishment of groups coordinating IPM work, both within EPA and the broader federal
government and external to the federal government, has resulted from the decades-long history
of IPM-related work in the U.S. This workgroup proposes that EPA should focus on better
leveraging internal and external relationships and partnerships to further EPA’s understanding of
resistance management. EPA needs to proactively engage with federal and external
stakeholders, understand what they are already doing related to pesticide resistance
management, and identify novel opportunities for collaboration moving forward. These
stakeholders are often experts in outreach and education, so the experience and
knowledgebase of practitioner-facing stakeholders will be critical to make collective progress on
resistance management. The appointment of a specific Resistance Management Coordinator
within EPA’s Office of Pesticide Programs would enhance EPA’s ability to implement this first
recommendation.
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2.1. Leverage existing external partnerships and relationships
2.1.1. Professional scientific societies

EPA has already established close working relationships with several professional societies,
including via the appointment of specific liaisons from the American Phyto-pathological Society
(APS), the Entomological Society of America (ESA), and the Weed Science Society of America
(WSSA). For these three societies, the appointed liaisons coordinate work with EPA on scientific
matters related to the control of weeds, insects, and plant pathogens. The presence of these
existing relationships between EPA and APS, ESA, and WSSA highlight the expertise that these
societies and their members offer on pest management issues, including on resistance
management and IPM. EPA should take maximum advantage of this valuable scientific expertise
and their capacity to communicate with other experts on resistance management science.

Management of pesticide resistance is complicated and requires inter-disciplinary knowledge.
As such, we would strongly encourage EPA to reach out to and establish liaisons with other
professional societies whose expertise in social sciences and collaborative decision making
could benefit our collective progress on resistance management. A few examples of such
professional societies include the Agricultural and Applied Economics Association (AAEA), the
American Public Health Association (APHA) and the American Rural Sociological Society (RSS).

Specific topics that we recommend that EPA discuss — on an ongoing basis — with existing and
new professional societies are:

e Whether professional societies have Best Management Practices (BMPs) or
recommendations for pesticide resistance management in their discipline that EPA could
adapt and integrate into PRN or label updates. Additionally, could EPA and professional
societies better coordinate on outreach and communication materials related to
pesticide resistance management?

e How EPA might support and encourage the development of decision support tools to
help farmers assess the benefits and costs of resistance management on their
operations. Examples of these tools include the University of Arkansas Palmer Amaranth
Management (PAM) (Lindsay et al. 2017) or the Ryegrass Integrated Model RIM in
Australia (Lacoste and Powles 2014).

e Encourage the development of quantitative field-level “action thresholds” that would
serve as the baseline applied definition for “resistance” with respect to registrant’s
adverse incident reporting obligation under FIFRA 6a2.

Recommendation 1.1: EPA should identify whether there are additional professional scientific
societies with particular expertise and knowledge in pesticide resistance management, or
scientific outreach and extension activities, that it could establish a formal relationship with
through the appointment of a liaison to OPP.

Page 13 of 37



Recommendation 1.2: EPA should take maximum advantage of the scientific expertise
provided by the professional society liaisons to bring their members’ knowledge of resistance
frequency, recommended management practices, and barriers to adoption of resistance
management practices, so as to inform EPA’s regulatory decisions. The agency should use
these connections to gain insight with regard to BMPs specific to insecticides, fungicides, and
herbicides, as well as with regard to extension outreach on resistance management, including
the development of grower decision support tools.

2.1.2. Resistance Action Committees (RACs)

The RACs include the Herbicide Resistance Action Committee (HRAC), the Insecticide Resistance
Action Committee (IRAC), and the Fungicide Resistance Action Committee (FRAC). These
industry associations are administered by CropLife International and have extensive technical
expertise on resistance management, resources and capabilities for outreach and education,
and a history of collaboration with both EPA (and other federal partners) and academics on
resistance management.

Recommendation 1.3: EPA should explore opportunities for future collaboration with RACs on
pest-specific resistance management standard practices, and explore grant programs that
could foster innovation in resistance management, including the development of local field-
level action thresholds to assist grower decisions and community-based resistance
management networks.

2.1.3. Work with other external stakeholders to support resistance management
education and outreach and develop grant programs that could be used to
promote innovation in resistance management activities.

Besides professional scientific societies and the RACs, there are many other organizations
outside the federal government already actively engaged in resistance management across
disciplines and sectors. These include groups such as the American Mosquito Control
Association (AMCA), the Biological Products Industry Alliance (BPIA), the IPM Institute of North
America, the National Alliance of Independent Crop Consultants (NAICC), the various
commodity organizations, and similar groups who engage with farm workers and with urban
pest management issues.

The largest group of key external collaborators are academics, especially those with extension-
oriented appointments who provide valuable insight to assist EPA and other professionals. In
addition, the USDA-funded but independently operated Regional IPM Centers are important
intermediaries between extension pest management specialists across the U.S. and federal
agencies. The IPM Centers produce Crop Profiles (CPs) and Pest Management Strategies Plans
(PMSPs), which can be critical sources of information for EPA on crop production practices and
pest management issues, including resistance management. See Recommendation 2.3 for a
related specific suggestion on how EPA could work with Regional IPM Centers to improve the
coverage of resistance management in CPs and PMSPs.
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In addition to key expertise on education and outreach, there is also a long history of grant
funding provided by some of these external organizations to promote IPM and other
innovations. Some examples include: 1) annual grants funded by the Regional IPM Centers that
funds projects focusing on leveraging IPM for pest-resistance management; 2) annual grants
funded by commodity organizations; and, 3) the Center for Regulatory Science in Agriculture,
which supports innovative agricultural research and training programs, including those touching
on resistance management.

Recommendation 1.4: EPA should more actively coordinate with other external stakeholder
groups already actively engaged in pesticide resistance management education and training;
this should include discussing with grant-offering external stakeholders opportunities for
prioritizing innovative pesticide resistance management research, especially on topics with
relevance to EPA’s regulatory authorities.

2.2. Leverage and expand on existing internal (i.e., within the federal government)
partnerships and relationships.

2.2.1. Coordinate with grant-offering agencies to prioritize innovative pesticide
resistance management research.

Innovation and research to advance resistance management, like IPM in general, has to be
supported primarily by the federal government, simply because there’s little short-term
financial gain to be had but enormous longer-term costs to our society and economy if pesticide
resistance management efforts are unsuccessful. This is the classical common pool resource
problem associated with the “wicked problem” discussed earlier. As such, it is imperative that
EPA and other federal agencies that provide funding to support research and implementation
projects coordinate and prioritize innovation in research to support pesticide resistance
management. Perhaps even more importantly is the need for research to understand barriers to
and drivers of implementation of pesticide resistance management. To some degree we can
argue that we already collectively understand the basics of how to manage pesticide resistance
in various disciplines, but we continue to fail at acknowledging and studying why resistance
management efforts continue to fall short even when we understand what to do.

There are numerous federal agencies and departments with whom EPA could better coordinate
to ensure that pesticide resistance management becomes a more consistent funding priority,
these include the Centers for Disease Control (CDC), National Institute of Health (NIH), National
Science Foundation (NSF), the Small Business Innovation Research (SBIR) and Small Business
Technology Transfer (STTR) programs, and USDA’s National Institute of Food and Agriculture
(NIFA).

This workgroup would argue though that simply coordinating with other federal agencies and
departments to ensure that pesticide resistance management is a funding priority falls short of
reflecting the major threat that failing to make progress on resistance management poses.
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Therefore, this workgroup makes several more specific and far-reaching recommendations to
better lay the groundwork for EPA and other federal agencies to take serious steps on
coordination on pesticide resistance management.

2.2.2. Work with federal partners on the Federal IPM Coordinating Committee to
develop a National Road Map on Pesticide Resistance Management, one
Component of Which is the Formation of Centers for Excellence for Research and
Practice of Resistance Management.

2.2.2.1.  Build on existing participation in FIPMCC

The Federal Integrated Pest Management Coordinating Committee (FIPMCC) provides
leadership, management, and coordination on pest management issues, including Integrated
Pest Management (IPM) and resistance management (USDA 2020). The committee is composed
of representatives of federal agencies with IPM research, implementation, or education
programs but also includes public and private sector participants as appropriate, such as the
USDA-funded Regional IPM Centers.

2.2.2.2. |Initiate the development of a National Road Map for Pesticide Resistance
Management.

As an existing active member of FIPMCC, EPA should request that FIPMCC ask for volunteers to
work on the development of a National Road Map for Pesticide Resistance Management. This
effort could look to several existing documents as precedents:

e National Road Map for Integrated Pest Management, the goal of which “is to increase
the adoption and efficiency of effective, economical and safe IPM practices” and is
“facilitated through information exchange and coordination among federal and non-
federal researchers, educators, technology innovators, IPM practitioners and service
providers, including land and natural resource managers, agricultural producers,
structural pest managers, and public and wildlife health officials (FIPMCC 2018).”

e National Public Health Strategy to Prevent and Control Vector-Borne Diseases in People,
which is guided by the stated vision of “A nation where vector-borne diseases no longer
threaten the health of people (US DHHS & CDC 2024).”

e USDA Strategy to Address Antimicrobial Resistance, the purpose of which is to “serve as
a guide to USDA agencies and their collaborators on priorities to accelerate our
understanding of an minimize the risk from antimicrobial resistance (USDA 2023).”

While this workgroup does not wish to pre-suppose the focus or contents of the National Road
Map for Pesticide Resistance Management, we suggest that EPA and the other federal partners
who participate in the FIPMCC consider the following:
e Whether the creation of Centers of Excellence for Research and Practice of Resistance
Management — modeled after similar Centers of Excellence (CoEs) created and managed
by US CDC - could help to form a centralized system of federally-led research, education
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and training on pesticide resistance management issues. Rather than creating new
entities, we would recommend that FIPMCC consider leveraging existing experts already
working on this topic housed within CDC’s Centers of Excellence, EPA’s Office of
Research and Development (USEPA/ORD), USDA’s Agricultural Research Service (ARS),
or even the Regional IPM Centers.

e The Road Map should include discussions on how to manage the intersections of
pesticide resistance management with other current pressing issues, including risks to
the effectiveness of human and animal drugs posed by certain pesticides (USEPA 2023),
and trade-offs between pesticide resistance management and compliance with the
Endangered Species Act (ESA).

Recommendation 1.5: EPA should actively engage with federal grant-agencies and advocate
for the prioritization of innovative pesticide resistance management research and
management programs, especially on topics with relevance to EPA’s regulatory authorities.

Recommendation 1.6: EPA should request the development of a National Road Map for
Pesticide Resistance Management under the auspices of FIPMCC.

2.3. Devote specific OPP resources towards resistance management

The recommendations proposed thus far for action by OPP are extensive, and will require
additional resources to come to fruition and be successful; again, we acknowledge though that
the burden of greater resources and commitments needed to tackle pesticide resistance
management falls on all of us collectively and not just EPA.

Therefore, this workgroup also proposes several recommendations regarding how EPA could re-
allocate existing resources to better benefit pesticide resistance management, and how EPA
could optimally devote new resources to help achieve the goals set out in these
recommendations.

2.3.1. Explore whether additional investments in existing IPM programs could allow
these programs to better support progress on pesticide resistance management.

Within OPP’s Biopesticides and Pollution Prevention Division (BPPD) there already exist funding
and staff resources focusing on IPM, both within the Environmental Stewardship Branch and the
Center for IPM. One activity some of the workgroup members undertook was to assess the
current activities and strategic plans of these offices within BPPD, in part by having a dialogue
with BPPD IPM-focused staff on the following questions:

1. What are the current IPM, volunteer/non-regulatory (e.g., IPM Center and/or PESP)

related activities in BPPD which could augment Agency efforts to implement pesticide
resistance management?
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2. Is there a current strategic plan that can demonstrate success that specifically
addresses the national implementation of volunteer/non-regulatory IPM (e.g., IPM
Center and/or PESP)?

3. Who coordinates that plan or activities with the Regions and/or other Offices (e.g. OAR)
regarding the consistent implementation of IPM?

4. How does the Pollution Prevention Act apply to IPM in relation to BPPD?

Responses to these questions are summarized in more detail in Appendix I. Generally, this
dialogue was instrumental to the development of the following recommendations. Our
workgroup further suggests that BPPD consider whether its existing IPM-focused programs,
including regular webinars?, could more inclusively address the utilization of IPM for pesticide
resistance management.

It would be important, however, for EPA BPPD to recognize key differences in pest resistance
management with conventional pesticides compared to Plant Incorporated Protectants (PIPs)
and clearly address these differences, as well as the different approaches to resistance
management required by each pest group, in their programs.

To support these efforts this workgroup requests that EPA evaluate whether existing funds could
be re-allocated to support the expansion of existing IPM-specific activities and roles to include
pesticide resistance management. In particular, the workgroup respectfully suggest that the
existing Pesticide Environmental Stewardship Program (PESP) could focus moving forward on
resistance management through IPM, including through its grants program (which awarded
$780,000 not quite 18 months ago).

2.3.2. Appointment of a new resistance management coordinator position

For this first recommendation to be optimally effective, this workgroup recommends that a
central point person within EPA be tasked with the responsibility of managing and enhancing
the existing relationships and partnerships outlined above. Therefore, this workgroup
recommends that EPA demonstrate its commitment to addressing pesticide resistance, and
promoting more sustainable management of pesticide resistance, by devoting the resources
necessary to fund one staff member who would be appointed to the role of “Resistance
Management Coordinator.” A legacy plan ought to be put in place to ensure the continuation of
resistance management work at EPA should this designated individual need to be replaced.

The Resistance Management Coordinator would be responsible for leading the effort to improve
coordination on resistance management issues within EPA. Having a committed individual who
has clear responsibility for coordination of internal capacity would greatly improve the EPA’s
ability to respond and be proactive in addressing resistance management. The Coordinator

L https://www.epa.gov/ipm/upcoming-integrated-pest-management-webinars
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would also manage collaboration with federal partners on resistance management issues,
including through FIPMCC.

EPA interacts with external groups regularly on resistance management issues, including
professional societies and the RACs. The EPA Resistance Management Coordinator would be the
Agency point person responsible for coordination and information exchange with these external
stakeholders. The Coordinator could assemble information obtained through these external
interactions for use by EPA divisions to guide their assessments of new registrations and
registration review. Also, the Coordinator could lead EPA’s efforts to develop a framework to
assess how a pesticide, as potentially labeled, will fit into IPM programs designed to address
resistance management and asses whether the pesticide, as labeled, would actually be effective
in the field to address resistance. This information will also be valuable input for Workgroup
Recommendation #2, which is to conduct more quantitative benefit-cost assessments for
resistance-related impacts of regulatory actions.

Recommendation 1.7: EPA OPP should create a new position (or devote a partial full-time
equivalent (FTE) towards a new position) of the Resistance Management Coordinator, who
would be responsible for leadership within and outside EPA on pesticide resistance
management issues.

3. Recommendation #2: EPA should integrate resistance cost/benefit
assessments into their decision making on pesticide registrations.

There are long-established tools that economists have used to estimate the impacts of pesticide
cancellations. These tools can be fruitfully applied to measuring resistance management
benefits and costs. Benefit-cost analysis for resistance management is complicated by
intertemporal considerations. Managing resistance often entails short-run costs, while the
resulting benefits accrue only in future years. The net benefits of resistance management
depend crucially on how fast resistance would occur absent management and how many years
the resistance management strategies delay resistance onset. Economists have used both
sophisticated bio-economic models and simpler-to-implement ad hoc models to account for
these critical timing issues. Each approach has relative strengths and weaknesses. There is scope
for combining methods, using simpler methods if justified and resorting to more complex
methods if not. Additional details on a possible approach for conducting pesticide resistance
cost/benefit analyses is presented in Appendix II.

It is quite feasible to conduct benefit-cost analysis of resistance management policies for
individual compounds or classes of compounds. It is not feasible, however, for EPA to conduct
such analyses for every pesticide (or even large numbers of them), and so we offer some
suggestions for the creation of a prioritization scheme.
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Recommendation 2.1a: EPA should formally account for resistance management implications
in pesticide registration and other regulatory decisions.

Every registration or cancellation decision is going to have implications for resistance
management. Simply noting this fact in decisions is not especially helpful in accounting for the
role of resistance management. The following information would be helpful for EPA to explicitly
consider in its decisions:
e How does registration or cancellation affect the diversity of effective MOAs that are
available?
e |If use of a compound were cancelled, what would growers most likely use instead?
e What is the resistance status of these other compounds (e.g. is there already resistance
in certain states and cropping systems)?
e How much would the increased use of substitute compounds increase their likelihood of
facing resistance problems?
e How do the costs per acre of applications of substitute compounds compare with the
compound under consideration?
e Are there studies of yield performance of substitute compounds relative to the one
under consideration? If yes, what are the estimated yield differences?
e For new compounds being considered for registration, do they increase the existing
diversity of effective MOAs? Would they alleviate specific pre-existing resistance
problems? How might they ward off potential resistance problems?

Recommendation 2.1b: EPA should create a priority system to identify specific pesticide active
ingredients for which benefit-cost analysis of resistance management would be carried out
first.

Priority could be given to pesticide and cropping system combinations where:

a) There is a lack of economical substitutes for the compound that may face resistance,

b) The national value (both in an economic and a social valuation context, e.g. public health
benefits of mosquito control) of uses in aggregate (and potential economic impact) is
large,

c) Specific target pests controlled by the active ingredient have an outsized negative
impact,

d) The percentage-change in production and income from resistance costs are relatively
large; e.g., for many specialty crops, resistance could generate large percentage losses,
even though the crop is a small share of national total sales or acreage; or,

e) Active ingredients pose relatively higher risk for resistance to evolve more rapidly, or
primary target pests of an active ingredient have characteristics that make them
particularly prone to developing resistance.

Page 20 of 37



Other considerations might include how pesticide usage or resistance in one cropping system
might spill over to other cropping systems. An example was concern over how Bt corn and Bt
cotton might affect resistance to foliar Bt sprays in organic vegetable crop production.

Some of the information needed to set these priorities would include sales volumes, the area
treated, the share of sales volumes, and the share of the area treated (shares would provide
some information about the availability of substitutes). Much of this information could be
gleaned from materials supplied by registrants, as they must document how their compounds
are improvements over systems that exclude their products.

Recommendation 2.2: Collaborate with regional IPM centers to support the development of
and/or updating of Crop Profiles (CPs) and Pest Management Strategic Plans (PMSPs) with
specific information on potential costs of resistance.

These documents are natural places to collect and report such information. There was an initial
round of extensive reporting on the heels of the Food Quality Protection Act (FQPA). In the last
decade, however, the number of CPs and PMSPs has dropped off considerably (Boudwin et al.
2022). EPA and USDA are often able to get useful information on typical specialty crop
production practices from CPs and PMSPs, but these documents could better focus on
resistance management practices and EPA could help the regional IPM centers with cost benefit
analyses that could be incorporated into these documents. This recommendation builds on
suggestions made in Recommendation 1.4.

4. Recommendation #3. EPA should work with pesticide registrants and external
stakeholders to improve the rigor and transparency of resistance data.

There are currently limited sources of quantitative data on the occurrence and spatial
distribution of pesticide resistance; this is in sharp contrast to the sophisticated and
comprehensive surveillance of antimicrobial resistance to animal and human drugs through the
National Antimicrobial Resistance Monitoring System (NARMS)?2. Sustainable management of
pesticide resistance is arguably impossible without public access to high quality data on
pesticide resistance cases to support both grower decision-making and also to inform state and
federal pesticide regulatory efforts. Better pesticide resistance data could be used by regulatory
authorities both to support Section 18 Emergency Exemption petitions and to aid regulatory
discussions with regards to the implications of potential mitigations.

There continues to be a disconnect between the timescale at which pesticide users recognize
and must react to suspected pesticide resistance, and the timescale necessary to fully confirm
resistance using established scientific protocols. EPA should engage with stakeholders already
working on the development of standardized checklists in cases of suspected resistance to
better understand the implications of this asynchrony for regulatory and policy purposes. In the
context of agriculture, many agronomist/consultants already utilize versions of these checklists

2 https://www.fda.gov/animal-veterinary/antimicrobial-resistance/national-antimicrobial-resistance-monitoring-
system

Page 21 of 37



to screen for suspected resistance, and there has been some work done already to codify these
into standard indicators of possible resistance, e.g., Norsworthy et al. (2012) for weeds:
e “Failure to control a weed species normally controlled by the herbicide at the dose
applied, especially if control is achieved on adjacent weeds;
e A spreading patch of noncontrolled plants of a particular weed species; and,
e Surviving plants mixed with controlled individuals of the same species.”

Recommendation 3.1: EPA should collaborate with federal partners, academics, agricultural
retailers, agronomist/consultants, and RACs to develop standardized checklists for cases of
suspected resistance that could be used a decision support tools by growers and other
pesticide users, and explore whether these checklists could be developed into thresholds that
could be used to aid in the collection of data on cases of suspected resistance.

Recommendation 3.2: EPA should explore opportunities for supporting the development of
pesticide resistance surveillance tools.

As of mid-2023 EPA began sharing pesticide incident data publicly via the Incident Database
System?3, and the underlying data should include any adverse incident reports submitted to EPA
by pesticide registrants that involve cases of pesticide resistance. These data are currently the
best available data on the spatial distribution of resistance, and so we strongly suggest that EPA
undertake any necessary steps to ensure that these data are included and clearly identified in
IDS.

Recommendation 3.3: EPA should include registrant-submitted data on pesticide resistance
submitted per FIFRA 6a2 in the public Incident Data System website.

5. Recommendation #4: EPA should explore opportunities for removing
regulatory barriers to alternatives to conventional pesticides.

A foundational tenet of IPM is the combination of biological, cultural, mechanical, and chemical
pest control methods, with the acknowledgement that appropriate combinations of these
various types of control methods works better than any single control method on its own
(University of California 2024). While increasing the effectiveness and durability of pest control
is a key goal of IPM, alternating and/or combining types of pest control methods also “reduce(s)
the evolution of pest resistance to pesticides and other pest management practices” (FIPMCC
2018).

The availability of effective physical, biological, and any other non-conventional pesticide pest
control measures and devices is critical to achieving this foundation of IPM, and is a core
statutory obligation of EPA. It is important to remember that under the Federal Fungicide,
Insecticide and Rodenticide Act (FIFRA), EPA has broad authority to license both “pesticides”

3 https://ordspub.epa.gov/ords/pesticides/f?p=359:1::::::
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and “devices,”* both of which are commonly used components of IPM. Therefore, EPA can
improve its support of IPM by (1) encouraging the development of alternative pest control
products and methods through appropriate regulatory incentive programs and partnerships,
and (2) streamlining the process for FIFRA registration or 25(b) exemptions for biological control
agents, and novel or atypical biopesticides.

5.1. Encourage the development of alternative pest control products and methods through
appropriate regulatory incentive programs and partnerships.

To encourage the development of non-conventional pest control products or devices, EPA
should:

1. Develop regulatory incentive programs to encourage the development and
dissemination of non-conventional pest control devices or products. EPA can work
together with pesticide registrants and equipment manufacturers to achieve this. For
organic pesticides and bio-pesticides there are already reduced registration
requirements in terms of fees and testing requirements (compared with conventional
pesticides), but EPA could explore providing additional opportunities (e.g., through
expansions of its Reduced Risk Program for conventional pesticides® or the Vector
Expedited Review Voucher Program®) for these non-conventional pesticides to offer
registrants a more rapid path to commercialization. With regards to devices’, the past
few years have seen an explosion in the marketing of air purification devices, seed
destruction equipment and electric weeding machines, with little awareness by the
equipment manufacturers that these devices are regulated by EPA. To bring stability to
the marketplace this workgroup would propose that EPA actively engage with this
community of manufacturers and work collaboratively with them to improve clarity
regarding regulation of these products.

2. As stated earlier in Recommendation #1, EPA should strengthen external partnerships
with groups that can help to promote the development and dissemination of non-

4 FIFRA Sec. 2 [7 U.S.C. 136] Definitions:

- Device: “The term ‘device’ means any instrument or contrivance (other than a firearm) which is intended for
trapping, destroying, repelling, or mitigating any pest or any form of plant or animal life (other than man and
other than bacteria, virus, or other microorganism on or in living man or other living animals); but not including
equipment used for the application of pesticides when sold separately therefrom.

- Pesticide(s): “The term ‘pesticide’ means (1) any substance or mixture of substance intended for preventing,
destroying, repelling, or mitigating any pest, (2) any substance or mixture of substances intended for use as a
plant regulator, defoliant, or desiccant, ... .”

5 https://www.epa.gov/pesticide-registration/conventional-reduced-risk-pesticide-
program#:~:text=0P)%20Alternative%20Status-
,What%20is%20the%20Conventional%20Reduced%20Risk%20Pesticide%20Program%3F,environment%20than%20
existing%20conventional%20alternatives.

5 https://www.epa.gov/mosquitocontrol/vector-expedited-review-voucher-verv-
program#:~:text=Under%20the%20Vector%20Expedited%20Review,0r%200ther%20insecticide%2Dresistant%20m
osquitoes

7 https://www.epa.gov/pesticides/pesticide-devices-guide-
consumers#:~:text=1t%20is%20generally%20unlawful%20to,%C2%A7%20152.25%20).

Page 23 of 37



conventional pest control devices or products. These partners may include the Regional
IPM Centers, land grant university cooperative extension programs, and other academic
institutions (e.g., the Center of Excellence for Regulatory Science in Agriculture at North
Carolina State University and Louisiana State University).

Recommendation 4.1: EPA should critically assess whether existing regulatory incentive
programs for non-conventional pesticides (including bio-pesticides, organic pesticides and
biological control agents) are effective, and whether novel incentives (e.g., expanded voucher
programs) could better promote the development of new non-conventional pesticides and
pesticide devices that have IPM and resistance management benefits.

Recommendation 4.2: EPA should develop and strengthen partnerships with external
organizations and parties to help foster innovation in the development of non-conventional
pest control devices and products.

5.2. Streamline the process for FIFRA registration or 25(b) exemptions for biological control
agents, and novel or atypical biopesticides.

Building on the previous recommendation and suggestion, arguably the biggest incentive EPA
has at its disposal for non-conventional pesticide and pesticide devices is the addition of a
specific product or device to the list of “Minimum Risk Pesticides” under FIFRA 25(b). Barriers
exist to registration for novel and atypical biopesticides, innovative pesticide devices, and
biological control agents, all of which represent important alternatives to conventional chemical
controls. Although there is already a reduced list of testing requirements for microbial
pesticides (relative to conventional pesticides), existing regulatory requirements represent a
hurdle to the wider use of these products, which arguably offer outsized benefits relative to
very minimal real risks. As such, a more streamlined process for 25(b) exemption for such
products is urgently needed.

To accomplish this goal, EPA should:

1. Provide guidance, including detailed expectations, for the FIFRA 25(b) minimum risk
pesticide submission process. In 2021, EPA requested® public comments and suggestions
on the petition process for FIFRA Section 25 exemptions. Process improvements
following that request for input is still needed. In some cases, conventional chemical
alternatives exist that do not have a clear pathway to FIFRA registration (e.g., due to lack
of commercial viability) and do not appear to require FIFRA registration due to their risk
profile. In these cases, a pathway to FIFRA exemption under 40 CFR 152.252 is needed.
The most recent addition'? to the 25(b) minimum risk pesticide list followed a review

8 https://www.regulations.gov/docket/EPA-HQ-OPP-2020-0537

% https://www.ecfr.gov/current/title-40/chapter-l/subchapter-E/part-152/subpart-B/section-152.25

10 https://www.epa.gov/pesticides/epa-adds-chitosan-list-active-ingredients-eligible-minimum-risk-pesticide-
exemption
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process that took four years. Biological control agents are exempt!! from FIFRA
regulation with the following exceptions: eucaryotic microorganisms, including protozoa,
algae, and fungi; procaryotic microorganisms, including bacteria; and viruses. For these
types of biological control agents, there may not be a clear path for a FIFRA Section 3
registration and there is no precedent for FIFRA 25(b) exemption. In that regulatory
environment, these important conventional pesticide alternatives can remain out of
reach for pesticide users, hindering IPM and resistance management. EPA should
develop a more efficient process and provide guidance for FIFRA 25(b) exemption
petitions for all types of pesticides, including biological control agents.

2. Create a classification committee in the Biopesticides and Pollution Prevention Division
(BPPD) to guide uncertain cases through, and prior to, the new active ingredient
submission process. Registrants intending to submit novel biopesticides to EPA for FIFRA
registration can face uncertainty in whether their product will be classified as a
biochemical or microbial pesticide, what data requirements will apply, and how to
adequately fulfil those requirements. Those uncertainties can result in regulatory delays
and barriers to entry in some cases. For example, fermentation products may have
different materials that go into the fermentation media relative to the output that make
it unclear how to classify the product and what needs to be tested. BPPD should create a
committee to deal with these uncertain cases so that a consistent decision process is
followed, and a point of contact exists outside of the risk management branches. This
type of committee could serve a purpose internal to BPPD similar to the bio-
classification committee that determines whether a submission would be handled by
BPPD or the Registration Division.

Recommendation 4.3: EPA should expeditiously publicize the updated process for the FIFRA
25(b) minimum risk pesticide submission process.

Recommendation 4.4: EPA should create a classification committee in the Biopesticides and
Pollution Prevention Division (BPPD) to help guide uncertain non-conventional pesticide cases
through the registration process. This committee would operate prior to the new active
ingredient submission process.

11 https://www.ecfr.gov/current/title-40/chapter-l/subchapter-E/part-152
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Appendix |. EPA/OPP/BPPD Responses to PPDC Resistance Management
Workgroup 2.0’s IPM Sub-group Questions

1. What are the current IPM, volunteer/non-regulatory (e.g., IPM Center and/or PESP),

2.

activities in a BPPD which could augment Agency efforts to implement pesticide resistance
management?

BPPD has limited capacity to augment Agency efforts to implement pesticide resistance
management through non-regulatory efforts for non-Bt plant-incorporated protectant (PIP)
pesticides. The division would consider any collaborative opportunities around resistance
management that would fit within current resources and leverage existing outreach and
education expertise.

Existing efforts include:

e The Center for IPM, which has four staff who have some capacity to support resistance
management outreach efforts; this group also hosts the IPM webinar series, which has
been very successful;

e The Pesticide Environmental Stewardship Program (PESP), though resource limitations
have substantially scaled back activities of this group, especially related to resistance
management activities. In 2022 PESP allocated $780,000 in grants to six different
projects, namely:

o University of Tennessee: Creating a National Framework for Delivering and
Assessing Pollinator Protection Trainings

o Oregon State University: Delivering Herbicide Resistance Training Through Web-
Based and In-Person Workshops to Pacific Northwest Agricultural Professionals

o University of Florida: Integrating Pest and Pollinator Management Strategies for
Ornamental Plant Production

o University of Vermont: A Smart, Sensible and Sustainable Approach to
Neonicotinoid Seed Treatments

o Purdue University: Implementing Arthropod IPM on Watermelon Farms for
Pollinator Protection

o West Virginia University: Improving Knowledge about Integrated Pest
Management and Pesticide Safety

Is there a current strategic plan that can demonstrate success that specifically addresses
the national implementation of volunteer/non-regulatory IPM (e.g., IPM Center and/or
PESP)?

There is no current BPPD strategic plan addressing national implementation of non-
regulatory IPM; past strategic plans on IPM focused primarily on schools. However, there
were relevant activities reflected in recent BPPD workplans, including in FY24: oversight of
PESP grants; IPM webinar series; cross-office and regional outreach support; ombudsman
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services for BPPD; and, contract oversight/COR services for BPPD. Past non-regulatory
efforts included the Strategic Agricultural Initiative, IPM in Schools program, and IPM for
structures, agriculture, and vector management. Each of these attained some level of
success while identifying the need for ongoing federal investments to implement and
sustain non-regulatory IPM.

Who coordinates that plan or activities with the Regions and/or other Offices (e.g. OAR)
regarding the consistent implementation of IPM?

BPPD’s Environmental Stewardship Branch has historically maintained engagement with
OAR and EPA’s Office of Children’s Health Protection (OCHP), but this coordination is
limited. OAR and OHCP have sought to include IPM in their outreach activities. BPPD is
exploring new opportunities, especially around extramural programs. There is ongoing
regional coordination with regular engagement between EPA Region staff and IPM center
staff, and past National Program Managers (NPM) guidance to the Regions supported IPM-
centric programs.

How does the Pollution Prevention Act apply to IPM in relation to BPPD?

EPA’s broad mandate to “... support the adoption of IPM ...” comes from FQPA (U.S. Code
Title 5, Section 135r-1), and EPA’s Office of Pollution Prevention and Toxics (OPPT) has
specific agency responsibility for managing EPA’s Pollution Prevention Act funds (PPA).
Historically PPA programs and funding have been used by OPPT to evaluate risks associated
with new and existing chemicals and explore ways to prevent and reduce pollution. To date
there has been no crossover specifically of PPA programs run out of OPPT, and IPM
programs, which historically are run out of OPP/BPPD.
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Appendix Il. Additional Details on a Pesticide Resistance Cost/Benefit Analysis
Framework

What to measure?

The benefits of resistance management are the avoided costs of resistance. What then are the
costs of resistance? Usually, growers must shift to control tactics that (a) are less effective at
optimizing yields, (b) less effective at maintaining crop quality, (c) more costly to use, or (d)
combinations of all three. Costs of resistance in the first year of field failures can be substantial,
as growers make expenditures on tactics that prove ineffective, are “caught by surprise,” and
must incur additional, unplanned expenses to protect their crops. Additional social costs can
occur if producers shift to substitute compounds with greater environmental or human health
risks. Resistance to one MOA can reduce the diversity of effective tactics and lead to heavier
reliance on other MOAs and, in turn, hasten resistance to those MOA:s. If these avoided costs
are the benefits of resistance management, what are the costs of resistance management?
These are often quite similar in nature to the costs of resistance. Growers must shift to tactics
that are less effective, more costly, or both to maintain the efficacy of existing MOAs.

How can one translate these effects into economic values for benefit-cost analysis? A direct
consideration is the effects on farm income (producer surplus). Growers may have lower sales
revenues from lower yields or receive lower prices if crop quality is reduced. Further, their
production costs may increase. Next, there are effects on consumers (consumer surplus).
Consumers face losses because less of the agricultural commodity is available (some consumers
must do without). Then, what is available in the market may now have a higher price.
Consumers may also lose from lower product quality. There are standard and established
economic methods for estimating how changes in pesticide availability or effectiveness affect
producer and consumer surplus.

How might one evaluate effects on environmental or human health risks? One could compare
risks under three scenarios:

1. Risks before resistance occurs — these would be the risks associated with the use of the
current pesticide (at risk for resistance),

2. Risks once resistance occurs — resistance to one pesticide may increase reliance on other
pesticides, which will have their own, different risk profiles,

3. Risks if resistance management is implemented and resistance is avoided — this could
include risks associated with other pesticides in an effort to diversify pesticide-based
control; it could also include risk changes if non-chemical methods are part of the
resistance management strategy.

Estimates of different risk factors for different compounds would be available from pre-existing
risk analyses conducted for product registration (and any subsequent risk analyses). One could
attempt to estimate economic values for these risks. This would involve exercises to monetize
health risks or non-market valuation techniques to estimate economic values of changes in
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environmental quality. Again, there are commonly used economic approaches to assigning
economic values to health risks and changes in environmental quality. Compared to estimating
changes in consumer and producer surplus, there is less consensus among economists about
the appropriateness of some of these approaches. Alternatively, one could present direct
estimates of risk trade-offs to decision makers without assigning dollar values to these. The
economic impact estimates for producers and consumers could be combined with risk
information to estimate the cost-effectiveness of risk-reducing options (Osteen 1992). For
example, without assigning a dollar value to a particular risk, one could estimate that “risk X
could be reduced by Y percent at a cost of Z dollars.”

In principle, one could compare the path of producer surplus, consumer surplus, and
environmental and health risks over a multi-year time horizon with and without resistance
management practices in place. The net benefits of adopting resistance management practices
hinge on two questions of timing. When would resistance develop absent the proposed
resistance management strategies? How long might the resistance management strategies be
expected to delay the onset of resistance?

Steps to measuring the costs of resistance

The costs of resistance are similar to the costs of pesticide cancellations. As such, resistance
costs can be estimated in ways similar to estimating cancellation costs. There are long-
established methods that economists use to estimate costs of cancellations. If a compound is
cancelled, producers must shift to different compounds or to non-chemical control methods.

These alternatives may
a. be more costly,
provide less yield protection (affecting production),
provide less quality protection (affecting price),
have potentially greater environmental or human health risks, or
combinations of these four problems.

oo o

The first step in quantifying cancellation (and therefore resistance) costs is to identify substitute
control methods and quantify their production performance. This can be done via expert
opinion surveys or interviews of growers, crop advisors, pesticide dealers, applicators, extension
advisers, commodity group representatives, produce packers and distributors, and university
researchers (Sunding 1996). This information can be supplemented with data on historical
market shares of products with similar applications. Simulated impacts may be based on
assessments of the single, best substitute, analytical models, or field trial and demonstration
farm data. For substitute compounds, environmental and human health risk profiles are usually
available from pre-existing risk assessments of these compounds.

A next step is to use changes in production attributes of substitute control measures as inputs
into partial budgeting models or regional or national commodity supply and demand models
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(Carlson 2008; Carpenter et al. 2000; Fernandez-Cornejo 1998; Liu and Carlson 1996; Liu et al.
1995; Mitchell et al. 2014; NAPIAP 1993; Taylor et al. 1979). Partial budgeting models can
capture changes in yields and per acre costs, keeping price fixed, and may be appropriate for
effects confined to regions that do not account for a large share of national production. For
larger-scale impacts that could affect national prices, market supply and demand models are
more appropriate. Yield and per acre cost changes can enter into these as supply curve shifts.
Changes in quality would be modeled as demand curve shifts. Shifts in supply and demand
curves translate into changes into production, prices, and separate dollar-valued impacts on
consumers and producers. Past research suggests the costs of cancellations can vary
significantly across different crops and regions (Lichtenberg et al. 1988; Sunding 1996). Such
variation is also likely to occur in the case of resistance.

Steps involved in quantifying resistance management costs are similar to quantifying costs of
resistance. Resistance management usually involves adopting alternative chemical or non-
chemical treatments. These are often similar to alternatives that growers would resort to after
resistance occurs. Again, estimates of effects of the alternatives on yields, product quality, and
per acre costs would need to be estimated. These changes could then be inputs into partial
budgeting or regional or national commodity supply and demand models. Environmental and
human health risk profiles could be obtained from pre-existing risk assessments.

It is possible, in principle, to conduct a benefit-cost analysis of resistance management policies.
Usually, resistance practices lead to lower short-run returns, but by delaying resistance, can
provide larger returns over a longer time horizon. In a supply-demand framework, resistance
management may generate small, negative short-run supply shocks in order to avoid larger,
negative long-run supply shocks. One could conduct standard multi-year benefit cost analysis
and estimate the net present value and benefit-cost ratios for resistance management following
EPA principles and guidelines (USEPA 2016). There is a long history of estimating the impacts of
pesticide cancellations. The National Agricultural Pesticide Impact Assessment Program
(NAPIAP) (disbanded in 1998) involved collaboration between the USDA and land-grant
universities to estimate costs of pesticide cancellations to aid EPA regulatory decision making.
Many of the methods used to evaluate pesticide cancellations could be readily applied to
measure effects of resistance.

An additional complication for assessing the benefits and costs of resistance management are
intertemporal differences in benefits and costs. Resistance management often entails short-run
costs, but longer-term benefits. There are standard methods outlined in the EPA principles and
guidelines for discounting future costs and benefits (USEPA 2016). Figure 1 illustrates costs and
benefits of resistance management over time. To simplify matters we assume resistance to this
pesticide affects an area small enough so that there are no national market price effects. We
then ignore price effects on consumers and only consider effects on farm income. We consider a
20-year time horizon. The path of discounted farm income without resistance management is
shown by the broken blue line. Without resistance management, we assume that resistance
would occur after 12 years. The blue income line falls after year 12 because resistance lowers
farm income. Annual farm income with resistance management practices in place is shown by
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the green line. Under each strategy, future farm income is discounted. The process of
discounting literally places less weight on benefits and costs that occur farther in the future
relative to the near term.

Figure 1. Benefits and costs of resistance management over time.

Farm Income Annual farm income
without resistance
management

¢ = cost of resistance management
b = benefit of resistance management

Annual farm income with
resistance management b

Year when resistance occurs : ——

N

0 12 20
year

Before resistance, income under resistance management is lower (perhaps because farmers are
using more diverse tactics that are less profitable in the short run). The green line lies below the
blue line. In year 12, after resistance occurs, income is higher under resistance management
(green line now above the blue one) because resistance has been avoided. In this example,
annual returns are lower under resistance management before year 12, but greater after year
12. The cost of resistance management is shown by area c. This is short-run income foregone by
managing resistance. The benefit of resistance management is shown by the area b. The net
benefit of resistance managementis b —c.

In this example, it is assumed that resistance management prevents resistance from occurring
for at least eight years longer than if were not implemented. From Figure 1, one can see that
the size of b (benefits) relative to c (costs) will increase if the year of resistance occurs earlier
and that they will decrease if resistance occurs later than year 12. The long-term, net benefits of
adopting resistance management practices thus hinge on (a) when resistance would occur if the
resistance management were not adopted, and (b) by how many years do the resistance
management practices delay the onset of resistance? Different approaches have been used to
address questions (a) and (b). One is to use bioeconomic modeling that integrates economic
decision-making with the path of resistance over time (Cho et al. 2024; Hurley et al. 2001;
Laxminarayan and Simpson 2002; Livingston et al. 2004; Livingston et al. 2016; Monjardino et al.
2003; Qiao et al. 2008). Another is to make assumptions about the year of resistance onset with
and without resistance management, and then to estimate net benefits based on different
assumed values. The date of resistance onset may be based on external biological models
(Weersink et al. 2005; Miranowski and Lacy 2016) or ad hoc assumptions (Frisvold and Reeves
2008; Frisvold et al. 2017). This first approach has a stronger scientific grounding but requires a
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significant amount of data and modeling capacity. Findings may not be generalizable to other
production settings. Applying this approach over a large number of settings would have
significant time and resource costs.

The second approach — simply assuming different dates of resistance onset -- is much simpler to
implement. Benefit and cost estimates can be derived simply in Excel, for example. This
approach lends itself to conducting sensitivity analysis — examining how changes in a host of
assumptions about the timing of resistance onset, costs of alternative pest control strategies,
consequences of resistance on yields, costs, prices, the rate of discount, and other factors affect
the long-run net benefits of resistance management. Yet, results based on ad hoc assumptions
about resistance timing would be harder to defend and so, may be less useful to decision-
makers.

One approach might be to combine approaches. Start with analysis based on simple, ad hoc
assumptions about the timing of resistance. Then conduct sensitivity analysis to see how much
timing assumptions affect the benefit-cost ratio of resistance management policies. If the net
benefits of resistance are large and are relatively insensitive to assumptions about resistance
timing, then the simple approach may suffice. If, however, net benefits of resistance
management are highly sensitive to small changes to the timing of resistance, this would
represent a case were more rigorous bio-economic modeling is warranted. A number of
economic studies have estimated net benefits of resistance management strategies. Many have
focused on the costs and benefits of refuge policies for Bt crops (Hurley et al. 2001;
Laxminarayan and Simpson 2002; Livingston et al. 2004; Frisvold and Reeves 2008; Qiao et al.
2008), while others have examined herbicide resistance in weeds (Monjardino et al. 2003;
Weersink et al. 2005; Miranowski and Lacy 2016; Livingston et al. 2016; Frisvold et al. 2017).
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