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RE: ESA WORKPLAN UPDATE: Nontarget Species Mitigation for Registration Review and 

Other FIFRA Actions EPA-HQ-OPP-2022-0908 
 

Dear Ms. Biscoe: 

Established in 1933, CropLife America (CLA) represents the developers, manufacturers, formulators, and 
distributors of pesticides and plant-science solutions for agriculture and pest management in the United 
States. CLA’s member companies produce, sell, and distribute nearly all the pesticide and biotechnology 
products used by American farmers. CLA appreciates the opportunity to provide comments on the U.S. 
Environmental Protection Agency’s (EPA’s or the Agency’s) Endangered Species Act (ESA) Workplan 
Update (Workplan Update or Update).  

The Workplan Update is a major step in the Agency’s strategy to improve the ESA review process and 
reflects EPA’s new direction of using ESA mitigations in the Federal Insecticide, Fungicide, and 
Rodenticide Act (FIFRA)-portion of pesticide review (FIFRA Interim Ecological Mitigations),1 and in 
particular, in EPA’s interim decisions (IDs) during the FIFRA registration review process. The Workplan 
Update is complex and uses a new approach for introducing measures to reduce offsite movement of 
pesticides, which would reduce pesticide exposure to all non-target species, before the evaluation and 
consultation process is complete. It also requires the consideration and review of experts and 
stakeholders familiar with the subject matter, including the US Department of Agriculture (USDA) and 
the U.S. Fish and Wildlife Service (FWS) and National Marine Fisheries Service (NMFS) (collectively, the 
Services). Furthermore, the Update presents mitigations specifically to protect ESA-listed species and 
their habitat that, taken together, may disrupt how farming is done today. Thus, it is incumbent upon 
the Agency to ensure that all parties can understand the proposed changes and how they will affect all 
stakeholders, including those stakeholders who will be required to implement any new mitigation 
measures added to product labels.  

While CLA recognizes EPA’s efforts to provide upfront protections for species while the Agency 
discharges its duties under both FIFRA and ESA, EPA must be able to justify the proposed mitigation 

 
1 CLA’s use of the term “interim” in this document reflects EPA’s use of the term, not an endorsement of how EPA interprets 
“interim.” Throughout the substantive comments below we refer to mitigations intended to be applied at the PID stage as 
“early” or “upfront,” to describe them more accurately.   
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measures with the best available science and must make plain the link between the measures required 
and benefits to species. Importantly, EPA must also be open to feedback on whether some measures 
included in the Update might be more conservative than the science supports, and to refining, 
modifying, or removing those measures at later stages of the consultation process, and as supported by 
the best available science. Although the Agency only invites public comment on the Appendix to the 
Update, the Workplan Update informs the Appendix; therefore, comments on the Update itself may 
inform any necessary changes to the Appendix.  

General Policy Recommendations 

The following broadly applicable principles provide the foundation for CLA’s more detailed comments: 

Broad mitigation measures should not supplant appropriate risk assessment.  

While early mitigation measures are proposed as a bridge to full ESA compliance, they should not 
supplant product-specific risk assessments that could confirm the need for a particular measure or 
reveal that less stringent mitigations are necessary. As such, broad mitigation measures should not 
automatically be incorporated into risk assessments as baseline conditions, which appears to be under 
consideration, such as where EPA states: “Another way to view these measures is that EPA is raising the 
baseline for ecological mitigation measures….” Workplan Update at 9. While EPA is correct that “if early 
mitigation significantly reduces or eliminates the probability of a future jeopardy or adverse 
modification finding, formal consultation is simplified and listed species receive earlier protection,” id. at 
6, EPA must be able to demonstrate that mitigation efforts are required to avoid a no-jeopardy or 
adverse modification (J/AM) finding at the conclusion of the consultation process, rather than assume 
that whatever early mitigation is adopted is necessary. 

Relatedly, it is imperative that EPA right-size mitigations early on in this proposed ID (PID)/ID process 
and remain open to adjusting the default mitigations as the Agency proceeds through the stages of the 
registration process. Adopting an overly conservative approach early on can hinder the eventual 
development of more appropriate and product-specific mitigations. Indeed, EPA states that finalizing 
ESA obligations associated with registration review might include “incorporating any additional 
mitigation the Services deem necessary,” Workplan Update at 7, suggesting that EPA might not intend 
to revisit measures required in a PID or ID, even if they prove to be unnecessary. Instead of 
automatically building upon the early mitigations, EPA needs to acknowledge that full consultation with 
the Services may reveal that removing unnecessary mitigations may be an appropriate result.  

Consider advances in chemical and application technology when grouping pesticides.  

EPA should clarify what information the Agency plans to consider in determining whether pesticides 
have “similar exposure pathways, uses, and ecological risk profiles.” Id. at 9. If EPA has already 
developed a methodology in this regard, it should make such methodology publicly available so that all 
stakeholders may comment on it. If EPA has not yet developed a methodology, it should include all 
stakeholders in that process. When evaluating whether to group certain pesticides together, it cannot 
be assumed that the entire class of pesticides is expected to have uniform effects on listed species. 
Different chemistries, even if in the same class or with similar modes of action, may behave very 
differently, both at the molecular level and depending upon the application method employed. 
Grouping, therefore, should be based on the relevant properties of the molecules and their effects, 
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considering application technologies, and supported by appropriate risk assessments. EPA must not 
group pesticides together without evaluating and accounting for these distinctions. CLA looks forward to 
working with the agency on developing a grouping methodology that is both supported by the science 
and that supports further development of knowledge of the products. 

On the other hand, CLA fully supports and would encourage attempts to develop groups of ESA-listed 
species that may respond in similar ways to chemical exposure, or that are more likely to be found near 
agricultural landscapes, so that they can be addressed at the outset and narrow the range of listed 
species for which individual consultation is required.  

Findings from prior EPA and Service regulatory analyses need to be applied at the early mitigation 
stage.  

EPA and the Services have put much time and effort into preparing science-supported ESA analyses, e.g., 
Biological Evaluations (BEs), and have developed a new approach to evaluating effects on species, e.g., 
whether J/AM may occur. This process has revealed, for example, that county-level bans are inefficient, 
overly broad measures that discourage growers from proactively engaging on avoiding exposure to 
nontarget species. Thus, they should not be an option going forward; taking them off the table will allow 
all parties to focus on appropriate and effective solutions. Likewise, other lessons learned from 
preexisting analyses and evaluations—and feedback from on-the-ground implementation—must be 
reflected in any label revisions going forward. In short, EPA should recognize that it is not starting from 
scratch each time it enters registration review.  

Incorporate stakeholder input to determine feasibility of mitigation measures along with providing 
flexibility to growers.  

When EPA considers mitigations, growers must be involved. Without specific education on what the 
new provisions are, why they are being implemented, and how to comply with the label mitigations 
(leveraging other resources such as the USDA), grower support is unlikely to be robust. EPA must ensure 
that engagement occurs. For example, discussions with growers about technological advances should be 
iterative and continuous, so that EPA can incorporate these advances, many of which are already 
implemented by growers, into the mitigation evaluation and risk assessment processes. CLA is well 
positioned to provide scientific expertise, novel tools (e.g., models), agricultural knowledge, 
farmer/applicator interaction information, and other relevant information to help EPA establish the 
scientific foundation for Agency findings during the entire registration and consultation process. 
Relevant stakeholders should have meaningful opportunities to participate in a manageable, efficient, 
defensible, and transparent process to share information to protect vulnerable species, provide 
regulatory certainty, and support agriculture and pest control.  

EPA must engage in robust training and outreach to grower groups so that upfront mitigation 
practices can be successfully adopted.  

Implementation of upfront mitigations requires grower training, education, and engagement. In this 
regard, EPA can and should leverage USDA’s depth of knowledge and experience, along with the 
university extension system, to translate EPA’s pick list requirements into on-the-ground specifications.  
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EPA and the Services must establish efficient and predictable procedures to complete the entire 
registration/consultation process. 

CLA agrees that “EPA must adopt more efficient approaches to meeting its ESA obligation,” Workplan 
Update at 5, but the agency cannot do that alone. While upfront mitigation may be one way to achieve 
some efficiencies, the process is expedited only if registrants provide input on how best to refine 
upfront mitigation measures that modify the proposed action based on their knowledge of the product, 
its use patterns, and field practices. It is important for EPA and the Services to keep in mind that, as ESA 
applicants, registrants must be involved every step of the way. See, e.g., 50 C.F.R. § 402.10-.14. EPA 
cannot simply add mitigation measures to a label without consulting registrants because such changes 
alter the action under consultation—the registration request that the applicant has put forward. EPA is 
correct that “[e]ach round of label amendment submission, review, and approval creates additional 
work for both EPA, pesticide registrants, and state agencies to register amended pesticide products.” 
Workplan Update at 14. That is precisely why it is so important that the Services and the registrants be 
included in discussions with EPA at Steps 1 and 2 of the 3-Step ESA consultation process2 to come to 
agreement on mitigations before finalizing labels. 

Comments on Additional Strategies to Expedite Progress on ESA Workplan Initiatives 

Herbicide & Rodenticide Strategy 

CLA appreciates the additional information EPA has provided regarding its approach to developing an 
herbicide strategy—including developing multiple suites of mitigation measures and applying criteria to 
determine when mitigation is needed based on physical-chemical-fate properties and potential effects. 
EPA should not wait until summer 2023, however, to take suggestions from stakeholders. Rather, EPA 
should be open to receiving feedback leading up to the proposal, so that the proposal can be better-
informed from the start. EPA can also incorporate what it is learning as it prepares the rodenticide PIDs 
where they may translate to herbicides.  

Using EPA’s Vulnerable Species Pilot to Extend Mitigation from One Chemical to a Similar One or from 
One Vulnerable Species to Other Vulnerable Species 

CLA supports the efficiencies that may be gained by bridging mitigation strategies across chemistries and 
species. It is critical as EPA takes that approach, though, that the Agency establish clear guidelines to 
determine when such bridging is appropriate. It also goes without saying that stakeholder input is 
necessary every step of the way.  

Regional Strategies 

As a general matter, CLA supports EPA’s efforts to achieve more no effect determinations for species 
and appreciates that the Hawaii strategy is one way the Agency is attempting to streamline the process.  

In that regard, CLA has developed a pre-processing “step zero,” i.e., a path for “off-ramping” certain 
species and pesticide reviews through a shorter more efficient review where repeated analyses of the 
same species aren’t needed. (See CLA Step-Zero White Paper, previously shared with the Agency.) For 
example, EPA could incorporate existing site-specific and species-specific use protection measures and 

 
2 See “Revised Method for National Level Endangered Species Risk Assessment Process for Biological Evaluations of Pesticides” 
(EPA, 2020), available at https://www3.epa.gov/pesticides/nas/revised/revised-method-march2020.pdf.  

https://www3.epa.gov/pesticides/nas/revised/revised-method-march2020.pdf
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safeguards previously developed through Federal and State land and resource management plans to 
rule out the potential for exposure for certain species. EPA could also identify areas where pesticides are 
unlikely to be used, or areas where the species are not present—as EPA recognizes is already the case in 
Hawaii. This approach should be employed at the problem-formulation phase, as an initial triage step to 
remove species if there’s a reasonable certainty of no exposure or clear evidence of no anticipable 
adverse effects. To the extent EPA continues to evaluate strategies on a geographic basis, updated 
pesticide use and usage data—including from a methodology CLA has developed to quantify pesticide 
usage at the county level—will be key. In sum, the combination of off-ramping and more refined, 
granular use and usage data would go a long way to streamlining the consultation process, allowing EPA 
and the Services to focus resources where they are most needed, i.e., on the species where exposure 
and potential effect are most possible.3  

Programmatic Approaches to Consultation 

CLA supports the development of programmatic approaches to pesticide registration consultation and 
believes that programmatic approaches to consultation should have as broad a reach as the science can 
support to maximize the efficiency of front-loading ESA analyses. Such consultations must have clear 
goals and objectives defined so that the results are useful for individual pesticide registrations, and must 
involve all stakeholders, from registrants to regulators to end users. We look forward to learning more 
about various strategies EPA is developing in this regard. Broad stakeholder input, particularly from the 
product user community, will be important in developing this approach, and we look forward to working 
with EPA in the future. 

Offsets 

CLA strongly supports EPA and the Services developing one or more programs to offset any impacts to 
listed species that may be anticipated even after the implementation of reasonable, scientifically 
supported avoidance, minimization, and mitigation measures. CLA recommends that EPA and the 
Services focus efforts on offset programs that “function as a programmatic approach to mitigation that 
cover[] multiple pesticides and even multiple species,” Workplan Update at 19, instead of expending 
resources on a species-by-species basis. CLA looks forward to collaborating with EPA and the Services to 
achieve programs that provide predictable, consistent results for all stakeholders while also benefitting 
the environment. 

Comments on Early Mitigation Approaches and Proposed Label Language Changes/Workplan 
Appendix 

CLA recognizes EPA’s position that proceeding on a chemical-by-chemical and species-by-species basis 
when it comes to product registration and ESA consultation “creates an unmanageable workload.” 
Workplan Update at 8. CLA believes that EPA’s attempt to make progress in addressing ESA obligations 
through the PID/ID process is directionally correct.  

However, all stakeholders would benefit from additional explanation about the “menu of FIFRA Interim 
Ecological Mitigation measures” EPA has developed. Workplan Update at 8. EPA states that its risk 
managers will consider the risks and benefits of a pesticide in determining which measures are 

 
3 The Step-Zero White Paper also includes a case study concerning aquatic species risk assessment, which may aid the 
development of a standard operating procedure for EPA biological evaluations under the ESA. 
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appropriate but has not identified what assumptions and risk assessments will be used to justify a 
specific mitigation. Whether the Agency is developing criteria or is proceeding on an ad hoc basis, all 
stakeholders must be able to understand the connection between mitigation measures and effects on 
species. Additionally, EPA must give meaning to its promise to consider the benefits of a pesticide’s use 
in the mitigation analysis.4 This process must be predictable and science-based, so that all stakeholders 
can plan accordingly.  

CLA is also concerned with the lack of detail surrounding EPA’s intent “to adapt this process to FIFRA 
decisions not covered by this workplan update, in particular conventional pesticide new use 
registrations.” Workplan Update at 8. Because the Workplan Update is directed specifically at the 
registration review process, EPA must make clear precisely how EPA proposes to adapt this process to 
other actions under FIFRA, including, importantly, how EPA will involve registrants. EPA should consider 
carefully whether it should focus first on applying this process to registration review and learning from 
the process and results before incorporating this early mitigation framework into other FIFRA decisions.  

Finding an appropriate balance between efficacious pesticide use and effective mitigation strategies is 
critical to government regulators, growers, and industry. Mitigations aim for avoidance, minimization, 
and/or offsets in general, but must be practical and operational so that growers have access to a robust 
toolkit that allows them to appropriately address pest pressures. From a practical perspective, the easier 
mitigations are to communicate and to put into place, the more species and habitat protection will 
occur. In this regard, some of the mitigations proposed are general agronomic practices beyond 
pesticide applications that have the support of and are promoted by USDA. As such, close coordination 
with USDA will be imperative.  

Additionally, CLA supports proactive mitigations that are supported by ecological risk assessments with 
sufficient detail and data refinement as to permit evaluation of the need for, and positive impact of, 
mitigations without being unduly conservative. Proposing mitigations in the absence of a detailed 
analysis has the potential to greatly diminish transparency with stakeholders, and EPA must avoid that 
to the greatest extent possible. Additionally, mitigations to support reduced exposure potential are 
already in place in many product labels (e.g., buffer zones from adjacent waterbodies and other spray 
drift prevention measures). In this regard, EPA must keep in mind that reaching a no-jeopardy or 
adverse modification finding need not be an entirely quantitative exercise. EPA can consider qualitative 
mitigations that are directionally correct in reaching no J/AM conclusions.  

CLA also understands that upfront mitigations associated with regulatory actions may provide a more 
efficient evaluation process for the Agency. However, there remains a clear need to direct resources into 
assessments that are well supported, reduce uncertainty, and link the outcome of an assessment to 
specific mitigations. The value and implications of upfront mitigations should also be clearly trackable in 
EPA decisions so that registrants can directly evaluate the merits of proactively volunteering those 
mitigations in other contexts. CLA believes that registrant-submitted data and information continues to 

 
4 EPA emphasizes in the Update (e.g., at 5, 7) that the ESA does not involve a risk-benefit analysis vis-à-vis mitigation measures. 
This is an overgeneralization that creates a false dichotomy between FIFRA mitigation and ESA mitigation. Mitigation analysis 
under the ESA—for example, when identifying reasonable and prudent alternatives—requires consideration of economic and 
technical feasibility. E.g., Dow Agrosciences, Inc. v. NMFS, 707 F.3d 462, 473-75 (4th Cir. 2013); 50 C.F.R. § 402.02. While such 
consideration is not the same as the risk-benefit analysis incorporated into FIFRA, EPA should not be operating under the 
presumption that the potential negative effects or externalities of a particular alternative or mitigation measure are irrelevant 
to the ESA analysis. 
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play an essential role in supporting this effort to develop robust risk assessments, as well as manageable 
and meaningful mitigations. 

Overall, EPA should strive to provide growers with predictability and flexibility to ensure that they are 
able to make the most efficient use of their land and continue to provide food, fuel, and fiber that is so 
essential for our economy and our nation, while also taking appropriate steps to protect species. Below 
we provide some feedback regarding the feasibility of EPA’s proposed mitigation options. In addition, 
please refer to Attachment-1 (ESAWorkplanComments spreadsheet) for specific comments on the 
Agency’s proposed mitigations.  

1. Bulletins Live! Two (BLT) 

CLA appreciates EPA’s efforts to limit certain pesticide use restrictions to particular geographic areas 
where they are found necessary and acknowledges that BLT is EPA’s chosen method to convey these 
restrictions. However, as EPA recognizes, “there may be applicators who are unfamiliar with this 
system.” Workplan Update at 13. EPA does not explain how it plans to familiarize applicators with this 
system beyond including language on labels directing them to BLT. While of course applicators know 
that they must carefully review all label requirements, it is important that EPA educate applicators on 
any label changes that may be unfamiliar to applicators. EPA should also invest in solutions to make BLT 
more user-friendly and supported by best-in-class information technology infrastructure. CLA 
recommends that EPA provide additional explanation regarding how it intends to announce these 
changes and that EPA involve stakeholders such as USDA in determining what will be most effective. 

Also critical to this location-specific approach is EPA’s use of the best available data on overlap between 
pesticide use and species location to generate a relevant and reliable representation of risk that 
effectively justifies a need for mitigation. This should include using the most up-to-date Services-
endorsed pesticide use limitation areas (PULAs), species range maps, regional and landscape relevant 
product use, species natural history, and spatial relationships between likely habitats and potential 
product use sites. Refining this data will also help develop practical and implementable mitigations in 
BLT. 

EPA has recognized in prior ESA consultations (e.g., methomyl) that large portions of many defined 
ranges include areas within which species are highly unlikely to occur (e.g., waterbodies for land-
dwelling species, urbanized areas for most species, elevation/climate preferences, etc.). As a result, 
further refinement to identify specific areas requiring protection is necessary. CLA supports EPA and the 
Services using potentially suitable habitat as one determinant in identifying where listed species are 
mostly likely to occur, and therefore to inform specific mitigations in those areas.  

As with other aspects of the Workplan Update, though, additional detail regarding how EPA will 
determine appropriate language for BLT would be useful. EPA suggests that stakeholders should 
comment on future Bulletins through EPA’s pilot chemicals project; additional information regarding 
methodology for how it will evaluate what language is most relevant and effective would facilitate such 
comments. 

Finally, while CLA appreciates EPA’s concern that “[a] physical label cannot feasibly accommodate … 
lengthy mitigation instructions,” Workplan Update at 12, if EPA nevertheless “expects that including 
Bulletins language is necessary for most outdoor use pesticide labels,” id. at 13, EPA may want to 
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consider whether an alternative approach to notifying applicators of these requirements may be more 
effective and efficient. For instance, electronic digital label updates and other emerging technologies, 
which are being explored in other aspects of the program, may also be worth exploring here. 

2. Interim Ecological Mitigation #1: Surface Water Protection Statements and Conservation Measure 
Pick List to Reduce Ecological Risks from Surface Water Runoff  

CLA agrees that surface water runoff should be avoided where possible and recognizes that growers 
may be able to take reasonable measures to help avoid such runoff. However, some specific elements of 
EPA’s surface water protection requirements merit further consideration:  

Precipitation  

While a directive not to apply product when it is raining is commonsense, easily implemented 
mitigation, not applying “when a storm event likely to produce runoff from the treated area is 
forecasted … to occur within 48 hours following application” is not. Several issues are readily apparent: 
What qualifies as a “storm event”? How are applicators supposed to determine when is a storm event 
“likely to produce runoff”? The 48-hour time constraint is unreasonable, as it could rule out application 
during critical growing windows, even if no precipitation occurs. EPA cites one of its own studies 
regarding the effectiveness of a 48-hour rain restriction (at 26) but does not provide any explanation 
regarding whether EPA considered or evaluated a different length of time or why specifically 48 hours 
are necessary. EPA should not force stakeholders to look elsewhere for the support for EPA’s action. 
Rather, EPA should leverage existing resources, including USDA research, to support any precipitation-
related mitigations identified in a pick list. 

Runoff Mitigation Pick List 

As with the 48-hour restriction, where EPA provides some data regarding efficacy, CLA encourages EPA 
to provide additional information regarding how the different pick list measures work, including the 
scientific basis for and data regarding efficacy overall and in different regional contexts. CLA also 
suggests that EPA provide more flexibility regarding the pick list, accommodating distinctions among 
geographies and crops. For example, in some instances growers may not own or control the land that 
would be necessary to implement these measures, and so may not have all necessary rights to do so. 
Additionally, some of the approaches included in the Appendix are already well-understood, and 
consistently applied, and it will be important for EPA to build on these examples and maximize 
consistency as growers apply new practices to their farms.  

Finally, EPA should provide more clarity regarding how it intends to apply a risk/benefit analysis to these 
measures. EPA states that it will propose less stringent measures when benefits are higher, and vice 
versa, but more detail would provide stakeholders with a better understanding of how this approach will 
work in practice.  

3. Interim Ecological Mitigation #2: Surface Water Protection Statements and Conservation Measure 
Pick List to Reduce Ecological Risks from Soil Erosion 

Like Mitigation #1, EPA could provide more specificity regarding how it will engage in a risk/benefit 
analysis for these measures. Likewise, in addition to describing general attributes of pick list measures, 
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EPA should also provide data regarding efficacy and necessity. CLA’s comments for the prior mitigation 
apply equally here. 

4. Interim Ecological Mitigation #1 and #2: Runoff and Erosion Mitigation Pick List Descriptions 

As a general matter, CLA supports a pick list approach to provide upfront mitigations for the PID process 
while maintaining a certain level of flexibility for growers. However, some of the practices suggested on 
the pick list may not be viable in certain parts of the country or with certain agronomic practices. For 
example, the Update explains that “[t]he cover crop must be planted and remain on the field up to the 
field preparation for planting the crop.” Workplan Update at 31. EPA should acknowledge that cover 
crops might not be appropriate for certain crops and growing regions.  

EPA should also document the benefits from these mitigations with respect to the species and habitat 
protection goal(s). Mitigation evaluation should be based on reasonable and realistic assumptions, 
conducted using refined methods, and thus provide the means to focus on the most effective forms of 
mitigation. The focus should also be on operationalizing these practices and including what is already 
being accomplished by growers. 

CLA has recently invested in the Mitigation Strategy Tool (MiST, https://mitigationstrategytool.org) 
which was developed as a research guide to identifying mitigation practices and providing the best 
available practice data to help the user evaluate the effectiveness and potential application of various 
mitigations. The MiST is continuously being updated with new research to include additional mitigation 
approaches. To allow the Agency to provide growers with more flexibility, we have also conducted a gap 
analysis between mitigations suggested in the Workplan Update document and MiST (Appendix-I). The 
Agency can add these strategies during a future update to the Workplan document. 

5. Interim Ecological Mitigation #3: Reducing Ecological Risks from Spray Drift 

Many growers and other pesticide applicators are accustomed to implementing measures to reduce 
spray drift, up to and including aerial application prohibitions. As above, EPA should build on approaches 
already being successfully implemented to enhance consistency and efficacy for all growers. Typically, 
however, such measures are only implemented on labels after a full FIFRA registration process with 
interaction between registrants and EPA. It is no less important that, in the context of PIDs and IDs, 
registrants, growers, and all other stakeholders understand the justification for spray drift measures. It is 
also incumbent on EPA to document why it may make sense to apply these measures more broadly than 
it already has. While we recognize that timeliness and efficiency in decision making may not always 
allow for quantitative certainty, mitigations that are familiar, consistent and that qualitatively make 
sense to growers and other stakeholders are best placed to avoid jeopardy and adverse modification 
under the law and in practice. 

  

https://mitigationstrategytool.org/
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6. Pesticide-Treated Seed: Proposed Label Language and Considerations for Future Ecological 
Mitigation 

Stewardship 

CLA, in collaboration with the American Seed Trade Association (ASTA), published a comprehensive, 
widely distributed seed treatment stewardship guide with best practices for handling treated seed.5 CLA 
recommends that EPA strive for consistency with this and other resources of proven, industry-adopted 
standards. 

Pesticide Dust-Off 

The entire seed treatment value chain is invested in developing, promoting, and using new seed-
planting technologies to reduce nontarget organisms’ exposure to dust from treated seed. EPA has 
recognized these technologies, including methods for cleaning and de-dusting treated seed and 
enhancements in polymer coatings and other seed-flow lubricants. At this time, CLA respectfully 
suggests that EPA avoid additional regulatory action that would increase regulatory burdens or cause 
confusion among end users.  

Ingestion Avoidance 

EPA proffers suggestions to reduce exposure to nontarget organisms through ingestion of treated seed, 
including burial and disposal. However, it is not clear that EPA has sufficiently grounded such proposals 
in the science. For example, EPA cites 7 C.F.R. § 301.89-12 to support requiring burying seeds at 2’, but 
that requirement was imposed not in response to species concerns, but rather a fungal pathogen. 
Moreover, given the cost of treated seed, and the ability to return full bags for credit, EPA should 
reconsider or, at a minimum, provide more flexibility surrounding, any burial or disposal requirements.  

In sum, EPA should carefully weigh any additional regulatory burdens against the protections already 
being provided by current seed-treatment practices. 

7. Promoting Pollinator Stewardship: Proposed Advisory Language  

Including pollinators as a general group rather than bees specifically, as on the current labels, can mean 
that label advisory language includes a large list of insects (flies, beetles, moths, wasps, etc.), causing 
more confusion. Instead of casting the net too widely, EPA should limit advisory language to managed 
pollinators such as honeybees. Even though the language is advisory, it can be difficult to distinguish 
between advisory and mandatory language, such that overly broad advisory language can unnecessarily 
dissuade growers from appropriate product use.  

8. Ecological Incident Reporting Label Language 

CLA understands the desire to have an effective incident reporting system. But it is a mistake to assume 
that all ecological incident reports necessarily involve pesticide applications, and that no specific finding 
of cause points to a pesticide incident by default. As such, mere reporting is not sufficient; rather, it is 
necessary that ecological incidents be investigated to determine causes and develop appropriate 
responses. Anecdotal evidence without corroborating data should not be conflated with actual 

 
5 See ASTA & CropLife America, “The Guide to Seed Treatment Stewardship: Handling, Planting and Disposal of Treated Seed,” 
available at https://seed-treatment-guide.com/wp-content/uploads/2021/02/ASTA_SeedGuide_Farmers_Update2021.pdf. 

https://seed-treatment-guide.com/wp-content/uploads/2021/02/ASTA_SeedGuide_Farmers_Update2021.pdf
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scientifically vetted and supported research. Rather, EPA should be providing guidance to their 
reviewers for minimum quality standards before incident reports can be deemed a reliable source of 
information. Moreover, when EPA is reviewing and aggregating information received from multiple 
sources, it is imperative that the Agency carefully evaluate the potential for duplication among reports, 
to prevent one incident from being counted multiple times. Finally, transparency is key: independent 
reviewers should be able to reproduce EPA’s analysis and conclusions, instead of being left guessing why 
EPA made certain findings. 

CONCLUSION  

CLA and its members remain engaged in the ESA assessment process with views representative of 
developers, manufacturers, formulators, and distributors of pesticides and plant science solutions for 
agriculture and pest management in the United States. We look forward to continuing to work with our 
federal partners on ESA issues, participating in the implementation of the Workplan and its updates, and 
helping facilitate more engagement with a broad range of stakeholders (e.g., industry, grower groups, 
other agricultural groups, applicator partners, and non-governmental organizations). The input from 
these stakeholders and organizations is crucial to achieving a process that is protective of species, 
efficient, transparent, and scientifically defensible. From the outset of the registration and consultation 
processes, pesticide registrants have a major role to play in developing pragmatic proactive mitigations. 
CLA thanks EPA for considering these comments and looks forward to reviewing and commenting on 
future updates. 

Thank you for consideration of these comments. If you have any questions, please feel free to contact 
me at mbasu@croplifeamerica.org or (202) 296-1585. 

 

Respectfully,  

 

Manojit Basu  
Vice President, Science Policy  
CropLife America 
  

mailto:mbasu@croplifeamerica.org


12 
 

APPENDIX-I: Mitigation Strategy Tool 

EPA has requested feedback on each of their mitigation language appendices. The mitigation strategy 
tool (MiST, www.mitigationstrategytool.org) is a publicly available tool housing a suite of pesticide 
mitigation measures and supporting documentation for these practices. The tool is sponsored by Crop 
Life America and is: 

• actively maintained by Compliance Services International, 
• available for any public user to upload supporting resources associated with a given practice at 

any time after creating a free account, 
• continuously expanding with monthly literature searches and new resources.  

For these reasons, CLA believes the tool can be used by EPA and interested stakeholders now and into 
the future to continue using the best available data to support the pick-list measures identified in the 
workplan update. CLA intends to assist stakeholders in utilizing the platform to streamline delivery of 
supporting data for mitigation measure effectiveness.  

CLA is happy to discuss with EPA how the tool can be better adapted to their needs (ex: data and 
citation export options, additional query options to search the database, etc.). The tool identifies two 
available mitigation categories: label language changes and landscape practices changes. The selection 
of practices is then filtered for different loss pathways: solution runoff, adsorbed runoff, drift, and 
leaching (Figure 1). A definition is provided for each practice and a description of the practice is included 
in the hyperlinked practice name. For each practice, we have compiled available best management 
practices (BMPs) that mention the practice and literature resources (Literature) that have evaluated, 
reviewed, or studied the benefits of the practice, including but not limited to, pesticide specific efficacy 
studies.   

 

Figure 1. Screenshot of the mitigation strategy tool and example output table. 

http://www.mitigationstrategytool.org/
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CLA has used the mitigation strategy tool to answer the following questions in the workplan for which 
EPA is soliciting comments: 

Are the descriptions of the pick list mitigation measures in Section 4 clear? If not, please suggest 
alternative language.  

The pick list mitigation measure descriptions are aligned in most cases with the definitions in the 
Mitigation Strategy Tool; however, there are some mitigation measures that, while similar, have 
different terminology used for the same practice. We have generated a comparison of the descriptions 
and practices that are included in the Mitigation Strategy Tool; however, we would encourage EPA to 
visit the Mitigation Strategy Tool as new data sources are added regularly. 

Are there other measures that are effective in controlling dissolved runoff that should be included in 
the pick list? Please include supporting data with any suggestions. 

Soil Amendments – Biochar: 

Biochar has demonstrated high efficacy at increasing sorption of pesticides, particularly polar or 
aromatic compounds. It is currently recommended in climate smart agriculture practices for its various 
benefits to water holding capacity, carbon capture, and sorption. Recognizing its role in reducing 
pesticide runoff and bioavailability will provide growers greater flexibility for meeting pick-list 
requirements that are compatible with other conservation initiatives they are already addressing. A 
select number of sources from the Mitigation Strategy Tool are provided here but additional sources will 
continue to be uploaded into the tool: 

• Aldana, Gerardo Ofelio. “Biochar Use for Reducing Agrochemical Leaching in Tropical 
Agricultural Soils.” Newcastle University, 2020. http://theses.ncl.ac.uk/jspui/handle/10443/5050  

• Ali, Neelum, Sardar Khan, Huaiying Yao, and Juan Wang. “Biochars Reduced the Bioaccessibility 
and (Bio)Uptake of Organochlorine Pesticides and Changed the Microbial Community Dynamics 
in Agricultural Soils.” Chemosphere 224 (June 1, 2019): 805–15. 
https://doi.org/10.1016/j.chemosphere.2019.02.163. 

• Liu, Yuxue, Linson Lonappan, Satinder Kaur Brar, and Shengmao Yang. “Impact of Biochar 
Amendment in Agricultural Soils on the Sorption, Desorption, and Degradation of Pesticides: A 
Review.” Science of The Total Environment 645 (December 15, 2018): 60–70. 
https://doi.org/10.1016/j.scitotenv.2018.07.099. 

• Yan, Peng, Zhenhao Zou, Xin Li, Liping Zhang, Lan Zhang, Jianyu Fu, and Han Wenyan. “Biochar 
Changed the Distribution of Imidacloprid in a Plant–Soil–Groundwater System.” Chemosphere 
307 (November 1, 2022): 136213. https://doi.org/10.1016/j.chemosphere.2022.136213. 

Irrigation Water Management: 

Irrigation water management is the process of determining and controlling the volume, frequency, and 
application rate of irrigation water. Irrigation water management including timing pesticide application 
in relation to soil moisture, anticipated weather conditions, and irrigation schedules to achieve the 
greatest efficiency and reduce the potential for off-site transport through dissolved runoff. Avoiding 
pesticide application when soil moisture status or scheduled irrigation increases the possibility of runoff 
or deep percolation. Additionally, after application, managing irrigation to reduce the possibility of 
erosion or leaching which may transport pesticide from the target site. When an irrigation water 

http://theses.ncl.ac.uk/jspui/handle/10443/5050
https://doi.org/10.1016/j.chemosphere.2019.02.163
https://doi.org/10.1016/j.scitotenv.2018.07.099
https://doi.org/10.1016/j.chemosphere.2022.136213
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management plan is developed with conservation experts, significant reductions in off-site transport can 
be achieved. A select number of sources from the Mitigation Strategy Tool are provided here but 
additional sources will continue to be uploaded into the tool: 

• Abdi, Damon E., James S. Owen, P. Christopher Wilson, Francisca O. Hinz, Bert Cregg, and R. 
Thomas Fernandez. “Reducing Pesticide Transport in Surface and Subsurface Irrigation Return 
Flow in Specialty Crop Production.” Agricultural Water Management 256 (October 1, 2021): 
107124. https://doi.org/10.1016/j.agwat.2021.107124. 

• Chartzoulakis, Konstantinos, and Maria Bertaki. “Sustainable Water Management in Agriculture 
under Climate Change.” Agriculture and Agricultural Science Procedia, Efficient irrigation 
management and its effects in urban and rural landscapes, 4 (January 1, 2015): 88–98. 
https://doi.org/10.1016/j.aaspro.2015.03.011. 

• Christen, E. W., and J. E. Ayars. Subsurface Drainage System Design and Management in 
Irrigated Agriculture: Best Management Practices for Reducing Drainage Volume and Salt Load. 
Vol. 21. CSIRO Land and Water Clayton South, 2001. 

• DeLaune, P. B, P. Mubvumba, S. Ale, and E. Kimura. “Impact of No-till, Cover Crop, and Irrigation 
on Cotton Yield.” Agricultural Water Management 232 (April 1, 2020): 106038. 
https://doi.org/10.1016/j.agwat.2020.106038. 

• Dumroese, R. Kasten, and David Wenny. Forest Research Nursery Wastewater Management 
Plan, Integrated Pest Management Plan and Pesticide Safety, 1992. 

• “Irrigation Water Management Plan - An Overview — The Webinar Portal.” Accessed February 
13, 2023. https://conservationwebinars.net/webinars/irrigation-water-management-plan-an-
overview/. 

• Peralta, R. C., M. A. Hegazy, and G. R. Musharrafieh. “Preventing Pesticide Contamination of 
Groundwater While Maximizing Irrigated Crop Yield.” Water Resources Research 30, no. 11 
(1994): 3183–93. https://doi.org/10.1029/94WR01724. 

• Ristvey, Andrew G., Bruk E. Belayneh, and John D. Lea-Cox. “A Comparison of Irrigation-Water 
Containment Methods and Management Strategies Between Two Ornamental Production 
Systems to Minimize Water Security Threats.” Water 11, no. 12 (December 2019): 2558. 
https://doi.org/10.3390/w11122558. 

• Tan, C. S., C. F. Drury, J. D. Gaynor, and T. W. Welacky. “Integrated Soil, Crop and Water 
Management System to Abate Herbicide and Nitrate Contamination of the Great Lakes.” Water 
Science and Technology 28, no. 3–5 (August 1, 1993): 497–507. 
https://doi.org/10.2166/wst.1993.0453. 

• USDA Conservation of Natural Resources Training Portal: 
https://conservationwebinars.net/webinars/irrigation-water-management-plan-an-overview/  

• Watanabe, Hirozumi, My Hoang Tra Nguyen, Komany Souphasay, Son Hong Vu, Thai Khanh 
Phong, Julien Tournebize, and Satoru Ishihara. “Effect of Water Management Practice on 
Pesticide Behavior in Paddy Water.” Agricultural Water Management 88, no. 1 (March 16, 
2007): 132–40. https://doi.org/10.1016/j.agwat.2006.10.009. 

  

https://doi.org/10.1016/j.agwat.2021.107124
https://doi.org/10.1016/j.aaspro.2015.03.011
https://doi.org/10.1016/j.agwat.2020.106038
https://conservationwebinars.net/webinars/irrigation-water-management-plan-an-overview/
https://conservationwebinars.net/webinars/irrigation-water-management-plan-an-overview/
https://doi.org/10.1029/94WR01724
https://doi.org/10.3390/w11122558
https://doi.org/10.2166/wst.1993.0453
https://conservationwebinars.net/webinars/irrigation-water-management-plan-an-overview/
https://doi.org/10.1016/j.agwat.2006.10.009
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Are there other measures that are effective in controlling erosion that should be considered?  

Soil Amendments – Anionic Polyacrylamide (PAM) Erosion Control: 

PAM has been studied since 1996 as an additive to irrigation water for erosion control. There are a large 
number of studies that demonstrate the effectiveness of PAM with significant reductions in soil erosion 
and a number of studies further addressing changes to the environmental fate of pesticides, particularly 
in vegetable cropping systems. Several BMPs also site the practice.  A select number of sources from the 
Mitigation Strategy Tool are provided here but additional sources will continue to be uploaded into the 
tool: 

• Bahr, G. L., T. D. Stieber, and K. Campbell. "Reduction of nutrient and pesticide losses through 
the application of polyacrylamide in surface irrigated crops." Proceedings: Managing Irrigation-
induced Erosion and Infiltration with PAM (1996): 6-8. 
http://stormwater.ucf.edu/fileRepository/docs/chemicaltreatment/documents/rdct_of_losses_
app_pam_irr_crops.pdf  

• Cahn, Michael D., and Bryn Phillips. “Best Management Practices for Mitigating Pesticides in 
Runoff from Vegetable Systems in California.” In Pesticides in Surface Water: Monitoring, 
Modeling, Risk Assessment, and Management, 1308:519–39. ACS Symposium Series 1308. 
American Chemical Society, 2019. https://doi.org/10.1021/bk-2019-1308.ch026. 

• Long, Rachael, Allan Fulton, and Blaine Hanson. Protecting Surface Water from Sediment-
Associated Pesticides in Furrow-Irrigated Crops. University of California, Agriculture and Natural 
Resources, 2010. https://doi.org/10.3733/ucanr.8403. 

• Oliver, Danielle P., Rai S. Kookana, Danielle P. Oliver, and Rai S. Kookana. “Minimising Off-Site 
Movement of Contaminants in Furrow Irrigation Using Polyacrylamide (PAM). I. Pesticides.” Soil 
Research 44, no. 6 (September 15, 2006): 551–60. https://doi.org/10.1071/SR05197. 

• Sojka, R. E., D. L. Bjorneberg, J. A. Entry, R. D. Lentz, and W. J. Orts. “Polyacrylamide in 
Agriculture and Environmental Land Management.” In Advances in Agronomy, edited by Donald 
L. Sparks, 92:75–162. Academic Press, 2007. https://doi.org/10.1016/S0065-2113(04)92002-0. 

• Sojka, R. E., James A. Entry, and Jeffry J. Fuhrmann. “The Influence of High Application Rates of 
Polyacrylamide on Microbial Metabolic Potential in an Agricultural Soil.” Applied Soil Ecology 32, 
no. 2 (June 1, 2006): 243–52. https://doi.org/10.1016/j.apsoil.2005.06.007. 

• Sojka, R. E., and R. D. Lentz. “Reducing Furrow Irrigation Erosion with Polyacrylamide (PAM).” 
Journal of Production Agriculture 10, no. 1 (1997): 47–52. 
https://doi.org/10.2134/jpa1997.0047. 

• Watwood, Mary E., and Jeanine L. Kay-Shoemake. “Impact of Polyacrylamide Treatment on 
Sorptive Dynamics and Degradation of 2,4-D and Atrazine in Agricultural Soil.” Journal of Soil 
Contamination 9, no. 2 (January 1, 2000): 133–47. 
https://doi.org/10.1080/10588330008984180. 

  

http://stormwater.ucf.edu/fileRepository/docs/chemicaltreatment/documents/rdct_of_losses_app_pam_irr_crops.pdf
http://stormwater.ucf.edu/fileRepository/docs/chemicaltreatment/documents/rdct_of_losses_app_pam_irr_crops.pdf
https://doi.org/10.1021/bk-2019-1308.ch026
https://doi.org/10.3733/ucanr.8403
https://doi.org/10.1071/SR05197
https://doi.org/10.1016/S0065-2113(04)92002-0
https://doi.org/10.1016/j.apsoil.2005.06.007
https://doi.org/10.2134/jpa1997.0047
https://doi.org/10.1080/10588330008984180
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Although artificial mulches are commonly used in agriculture, EPA is limiting mulches to natural 
materials. Should EPA also consider artificial mulches as a pick list measure? If so, to what extent do 
artificial mulches reduce erosion? Please provide references for supporting data. 

The Mitigation Strategy Tool includes references for both natural and artificial mulch: 

• Chalker-Scott, Linda. “Impact of Mulches on Landscape Plants and the Environment — A 
Review.” Journal of Environmental Horticulture 25, no. 4 (December 1, 2007): 239–49. 
https://doi.org/10.24266/0738-2898-25.4.239. 

• Gan, J., Y. Zhu, C. Wilen, D. Pittenger, and D. Crowley. “Effect of Planting Covers on Herbicide 
Persistence in Landscape Soils.” Environmental Science & Technology 37, no. 12 (June 1, 2003): 
2775–79. https://doi.org/10.1021/es026259u. 

• Rice, Pamela J., Cathleen J. Hapeman, Laura L. McConnell, Ali M. Sadeghi, John R. Teasdale, C. 
Benjamin Coffman, Gregory W. McCarty, Aref A. Abdul-Baki, and James L. Starr. “Evaluation of 
Vegetable Production Management Practices to Reduce the Ecological Risk of Pesticides.” 
Environmental Toxicology and Chemistry 26, no. 11 (2007): 2455–64. 
https://doi.org/10.1897/06-656R.1. 

• Rice, Pamela J., Laura L. McConnell, Lynne P. Heighton, Ali M. Sadeghi, Allan R. Isensee, John R. 
Teasdale, Aref A. Abdul-Baki, Jennifer A. Harman-Fetcho, and Cathleen J. Hapeman. “Runoff Loss 
of Pesticides and Soil: A Comparison between Vegetative Mulch and Plastic Mulch in Vegetable 
Production Systems.” Journal of Environmental Quality 30, no. 5 (2001): 1808–21. 
https://doi.org/10.2134/jeq2001.3051808x. 

• Siedt, Martin, Andreas Schäffer, Kilian E. C. Smith, Moritz Nabel, Martina Roß-Nickoll, and Joost 
T. van Dongen. “Comparing Straw, Compost, and Biochar Regarding Their Suitability as 
Agricultural Soil Amendments to Affect Soil Structure, Nutrient Leaching, Microbial 
Communities, and the Fate of Pesticides.” Science of The Total Environment 751 (January 10, 
2021): 141607. https://doi.org/10.1016/j.scitotenv.2020.141607. 

Should EPA consider reduced distances for spray drift buffers when other drift reduction technology is 
used (e.g., drift reducing agents/adjuvants)? If so, to what extent do other drift reduction 
technologies reduce spray drift such that buffer distances can be reduced? Please provide references 
for supporting data. 

There are a number of drift reducing technologies included in the Mitigation Strategy Tool including, but 
not limited to, the use of hooded sprayers and spray drift reducing adjuvants. A select number of 
sources from the Mitigation Strategy Tool are provided here but additional sources will continue to be 
uploaded into the tool: 

Hooded Sprayers: 

• Canella Vieira, Bruno, Maxwel Coura Oliveira, Guilherme Sousa Alves, Jeffrey A Golus, Kasey 
Schroeder, Reid J Smeda, Ryan J Rector, Greg R Kruger, and Rodrigo Werle. “Hooded Broadcast 
Sprayer for Particle Drift Reduction.” Pest Management Science 78, no. 4 (2022): 1519–28. 
https://doi.org/10.1002/ps.6770. 

• Chen, Shengde, et al. "Research advances of the drift reducing technologies in application of 
agricultural aviation spraying." International Journal of Agricultural and Biological 
Engineering 14.5 (2021): 1-10. http://www.ijabe.org/index.php/ijabe/article/view/6225  

https://doi.org/10.24266/0738-2898-25.4.239
https://doi.org/10.1021/es026259u
https://doi.org/10.1897/06-656R.1
https://doi.org/10.2134/jeq2001.3051808x
https://doi.org/10.1016/j.scitotenv.2020.141607
https://doi.org/10.1002/ps.6770
http://www.ijabe.org/index.php/ijabe/article/view/6225
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• Foster, Henry C., Benjamin P. Sperry, Daniel B. Reynolds, Greg R. Kruger, and Steve Claussen. 
“Reducing Herbicide Particle Drift: Effect of Hooded Sprayer and Spray Quality.” Weed 
Technology 32, no. 6 (December 2018): 714–21. https://doi.org/10.1017/wet.2018.84. 

• S. Henry, Ryan, S. Claussen, and Greg R. Kruger. “A Comparison of an Unhooded and Hooded 
Sprayer for Pesticide Drift Reduction.” GSTF Journal on Agricultural Engineering 1, no. 1 
(February 1, 2014). https://doi.org/10.5176/2345-7848_1.1.6. 

Spray Drift Reducing Adjuvants: 

• Chapple, Andrew C., Roger A. Downer, and Franklin R. Hall. “Effects of Spray Adjuvants on Swath 
Patterns and Droplet Spectra for a Flat-Fan Hydraulic Nozzle.” Crop Protection 12, no. 8 
(December 1, 1993): 579–90. https://doi.org/10.1016/0261-2194(93)90120-8. 

• Gaskin, R. E., and K. D. Steele. “A Comparison of Sticker Adjuvants for Their Effects on Retention 
and Rainfastening of Fungicide Sprays.” New Zealand Plant Protection 62 (August 1, 2009): 339–
42. https://doi.org/10.30843/nzpp.2009.62.4809. 

• Griesang, Fabiano, et al. "How much do adjuvant and nozzles models reduce the spraying drift? 
Drift in agricultural spraying." American Journal of Plant Sciences 8.11 (2017): 2785-
2794.10.4236/ajps.2017.811188. 

• Jomantas, Tadas, Kristina Lekavičienė, Dainius Steponavičius, Albinas Andriušis, Ernestas 
Zaleckas, Remigijus Zinkevičius, Catalin Viorel Popescu, Calin Salceanu, Jonas Ignatavičius, and 
Aurelija Kemzūraitė. “The Influence of Newly Developed Spray Drift Reduction Agents on Drift 
Mitigation by Means of Wind Tunnel and Field Evaluation Methods.” Agriculture 13, no. 2 
(February 2023): 349. https://doi.org/10.3390/agriculture13020349. 

• Lu, Wei, Ling Zhong, and Caroline Woelfle-Gupta. “Sticker Adjuvant Development with Enhanced 
Performance in Rainfastness and Efficacy.” In Pesticide Formulation and Delivery Systems: 40th 
Volume, Formulation, Application and Adjuvant Innovation, 162–76. ASTM International, 2020. 
https://doi.org/10.1520/STP162720190111. 

• Preftakes, Collin J., Jerome J. Schleier Iii, Greg R. Kruger, David K. Weaver, and Robert K. D. 
Peterson. “Effect of Insecticide Formulation and Adjuvant Combination on Agricultural Spray 
Drift.” PeerJ 7 (June 19, 2019): e7136. https://doi.org/10.7717/peerj.7136. 

• Thacker, J Richard M, and Roderick D F Young. “The Effects of Six Adjuvants on the Rainfastness 
of Chlorpyrifos Formulated as an Emulsifiable Concentrate.” Pesticide Science 55, no. 2 (1999): 
198–200. https://doi.org/10.1002/(SICI)1096-9063(199902)55:2<198::AID-PS867>3.0.CO;2-R. 

• Wang, Xiaonan1, Xiongkui1 He, Jianli1 Song, and Andreas.Herbst2. “Effect of Adjuvant Types and 
Concentration on Spray Drift Potential of Different Nozzles.” Transactions of the Chinese Society 
of Agricultural Engineering 31, no. 22 (November 1, 2015): 49–55. 
https://www.ingentaconnect.com/content/tcsae/tcsae/2015/00000031/00000022/art00007  

 

  

https://doi.org/10.1017/wet.2018.84
https://doi.org/10.5176/2345-7848_1.1.6
https://doi.org/10.1016/0261-2194(93)90120-8
https://doi.org/10.30843/nzpp.2009.62.4809
https://doi.org/10.4236/ajps.2017.811188
https://doi.org/10.3390/agriculture13020349
https://doi.org/10.1520/STP162720190111
https://doi.org/10.7717/peerj.7136
https://doi.org/10.1002/(SICI)1096-9063(199902)55:2%3c198::AID-PS867%3e3.0.CO;2-R
https://www.ingentaconnect.com/content/tcsae/tcsae/2015/00000031/00000022/art00007
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MITIGATION STRATEGY TOOL - SELECTION OF RELEVANT SOURCES (www.mitigationstrategytool.com) 
*does not include sources already cited above for specific practices 

1. Arora, Kapil. “Pesticide Retention by Buffer Strips Receiving Simulated Runoff Containing 
Different Sized Sediment.” Doctor of Philosophy, Iowa State University, Digital Repository, 
2014. https://doi.org/10.31274/etd-180810-3663. 

2. Bhattarai, Rabin, Prasanta Kumar Kalita, and Mita Kanu Patel. “Nutrient Transport through a 
Vegetative Filter Strip with Subsurface Drainage.” Journal of Environmental Management 90, 
no. 5 (April 1, 2009): 1868–76. https://doi.org/10.1016/j.jenvman.2008.12.010. 

3. Borin, Maurizio, Matteo Passoni, Mara Thiene, and Tiziano Tempesta. “Multiple Functions of 
Buffer Strips in Farming Areas.” European Journal of Agronomy, Cropping Systems Design: new 
methods for new challenges, 32, no. 1 (January 1, 2010): 103–11. 
https://doi.org/10.1016/j.eja.2009.05.003. 

4. “Multiple Functions of Buffer Strips in Farming Areas.” European Journal of Agronomy, 
Cropping Systems Design: new methods for new challenges, 32, no. 1 (January 1, 2010): 103–
11. https://doi.org/10.1016/j.eja.2009.05.003. 

5. Brown, Colin D., and Wendy van Beinum. “Pesticide Transport via Sub-Surface Drains in 
Europe.” Environmental Pollution, Persistent Organic Pollutants in Mountainous Areas, 157, 
no. 12 (December 1, 2009): 3314–24. https://doi.org/10.1016/j.envpol.2009.06.029. 

6. Burant, Aniela. “Best Management Practices for Agricultural Pesticide Runoff.  Part II.,” n.d. 
https://www.awqa.org/wp-
content/reports/6_DPR_BMPs%20for%20Agricultural%20Pesticide%20Runoff%20AWQA%20
Meeting.pdf  

7. Cahn, Michael D., and Bryn Phillips. “Best Management Practices for Mitigating Pesticides in 
Runoff from Vegetable Systems in California.” In Pesticides in Surface Water: Monitoring, 
Modeling, Risk Assessment, and Management, 1308:519–39. ACS Symposium Series 1308. 
American Chemical Society, 2019. https://doi.org/10.1021/bk-2019-1308.ch026. 

8. U.S. Environmental Protection Agency, “NONPOINT SOURCE PROGRAM SUCCESS STORY: 
Implementing Best Management Practices Improves Water Quality,” n.d (2012). 
https://www.epa.gov/sites/default/files/2015-10/documents/nc_clear.pdf  

9. Carver, R. Elliott, Nathan O. Nelson, Kraig L. Roozeboom, Gerard J. Kluitenberg, Peter J. 
Tomlinson, Qing Kang, and David S. Abel. “Cover Crop and Phosphorus Fertilizer Management 
Impacts on Surface Water Quality from a No-till Corn-Soybean Rotation.” Journal of 
Environmental Management 301 (January 1, 2022): 113818. 
https://doi.org/10.1016/j.jenvman.2021.113818. 

10. Caswell, Katherine, John M. Wallace, William S. Curran, Steven B. Mirsky, and Matt R. Ryan. 
“Cover Crop Species and Cultivars for Drill-Interseeding in Mid-Atlantic Corn and Soybean.” 
Agronomy Journal 111, no. 3 (2019): 1060–67. https://doi.org/10.2134/agronj2018.08.0511. 

11. Caswell, Margriet, Keith O. Fuglie, Cassandra Ingram, Sharon Jans, and Catherine Kascak, eds. 
Adoption of Agricultural Production Practices: Lessons Learned from the U.S. Department of 
Agriculture Area Studies Project. Agricultural Economic Report No. 792, 2001. 
https://doi.org/10.22004/ag.econ.33985. 

12. Christen, Evan, and J.E. Ayars. “Subsurface Drainage System Design and Management in 
Irrigated Agriculture: Best Management Practices for Reducing Drainage Volume and Salt 
Load” 38–01 (January 1, 2001). https://www.researchgate.net/profile/Je-

http://www.mitigationstrategytool.com/
https://doi.org/10.31274/etd-180810-3663
https://doi.org/10.1016/j.jenvman.2008.12.010
https://doi.org/10.1016/j.eja.2009.05.003
https://doi.org/10.1016/j.eja.2009.05.003
https://doi.org/10.1016/j.envpol.2009.06.029
https://www.awqa.org/wp-content/reports/6_DPR_BMPs%20for%20Agricultural%20Pesticide%20Runoff%20AWQA%20Meeting.pdf
https://www.awqa.org/wp-content/reports/6_DPR_BMPs%20for%20Agricultural%20Pesticide%20Runoff%20AWQA%20Meeting.pdf
https://www.awqa.org/wp-content/reports/6_DPR_BMPs%20for%20Agricultural%20Pesticide%20Runoff%20AWQA%20Meeting.pdf
https://doi.org/10.1021/bk-2019-1308.ch026
https://www.epa.gov/sites/default/files/2015-10/documents/nc_clear.pdf
https://doi.org/10.1016/j.jenvman.2021.113818
https://doi.org/10.2134/agronj2018.08.0511
https://doi.org/10.22004/ag.econ.33985
https://www.researchgate.net/profile/Je-Ayars/publication/228865030_Subsurface_drainage_system_design_and_management_in_irrigated_agriculture_Best_management_practices_for_reducing_drainage_volume_and_salt_load/links/0046353358f020ee3a000000/Subsurface-drainage-system-design-and-management-in-irrigated-agriculture-Best-management-practices-for-reducing-drainage-volume-and-salt-load.pdf
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Ayars/publication/228865030_Subsurface_drainage_system_design_and_management_in_irr
igated_agriculture_Best_management_practices_for_reducing_drainage_volume_and_salt_lo
ad/links/0046353358f020ee3a000000/Subsurface-drainage-system-design-and-management-
in-irrigated-agriculture-Best-management-practices-for-reducing-drainage-volume-and-salt-
load.pdf  

13. Cristan, Richard, W. Michael Aust, M. Chad Bolding, Scott M. Barrett, John F. Munsell, and Erik 
Schilling. “Effectiveness of Forestry Best Management Practices in the United States: 
Literature Review.” Forest Ecology and Management, Special Section: Forest Management for 
Climate Change, 360 (January 15, 2016): 133–51. 
https://doi.org/10.1016/j.foreco.2015.10.025. 

14. Cristan, Richard, W. Michael Aust, M. Chad Bolding, Scott M. Barrett, and John F. Munsell. 
“National Status of State Developed and Implemented Forestry Best Management Practices 
for Protecting Water Quality in the United States.” Forest Ecology and Management, Current 
advances in plant water relations research: Implications for forest management and 
restoration, 418 (June 1, 2018): 73–84. https://doi.org/10.1016/j.foreco.2017.07.002. 

15. Cryer, Steven A., Michael A. Fouch, Alan L. Peacock, and Patrick L. Havens. “Characterizing 
Agrochemical Patterns and Effective BMPs for Surface Waters Using Mechanistic Modeling 
and GIS.” Environmental Modeling & Assessment 6, no. 3 (September 1, 2001): 195–208. 
https://doi.org/10.1023/A:1011978420760. 

16. Dabrowski, James M, Sue K. C Peall, Adriaan Van Niekerk, Adriaan J Reinecke, Jenny A Day, 
and Ralf Schulz. “Predicting Runoff-Induced Pesticide Input in Agricultural Sub-Catchment 
Surface Waters: Linking Catchment Variables and Contamination.” Water Research 36, no. 20 
(December 1, 2002): 4975–84. https://doi.org/10.1016/S0043-1354(02)00234-8. 

17. ———. “Predicting Runoff-Induced Pesticide Input in Agricultural Sub-Catchment Surface 
Waters: Linking Catchment Variables and Contamination.” Water Research 36, no. 20 
(December 1, 2002): 4975–84. https://doi.org/10.1016/S0043-1354(02)00234-8. 

18. DeLaune, P. B, P. Mubvumba, S. Ale, and E. Kimura. “Impact of No-till, Cover Crop, and 
Irrigation on Cotton Yield.” Agricultural Water Management 232 (April 1, 2020): 106038. 
https://doi.org/10.1016/j.agwat.2020.106038. 

19. Delgado, J. A., and C. J. Gantzer. “The 4Rs for Cover Crops and Other Advances in Cover Crop 
Management for Environmental Quality.” Journal of Soil and Water Conservation 70, no. 6 
(November 1, 2015): 142A-145A. https://doi.org/10.2489/jswc.70.6.142A. 

20. Desmarteau, Dean A, Amy M Ritter, Paul Hendley, and Megan W Guevara. “Impact of Wind 
Speed and Direction and Key Meteorological Parameters on Potential Pesticide Drift Mass 
Loadings from Sequential Aerial Applications.” Integrated Environmental Assessment and 
Management 16, no. 2 (2020): 197–210. https://doi.org/10.1002/ieam.4221. 

21. Ecological Basis of Agroforestry. Boca Raton (Fla.): CRC press, 2008. 
22. Oregon Department of Agriculture “Examples of Common Pesticide Risk Mitigation 

Measures,” n.d. (2020) 
https://www.oregon.gov/ODA/programs/Pesticides/RegulatoryIssues/Documents/Documents
/ChlorpyrifosWorkgroup/RiskMitigationExamples.pdf  

23. Farahani, Saeid, Farshad Fard, and Mohammad Asoodar. “Effects of Contour Farming on 
Runoff and Soil Erosion Reduction: A Review Study.” Elixir Agriculture, December 18, 2016. 

https://www.researchgate.net/profile/Je-Ayars/publication/228865030_Subsurface_drainage_system_design_and_management_in_irrigated_agriculture_Best_management_practices_for_reducing_drainage_volume_and_salt_load/links/0046353358f020ee3a000000/Subsurface-drainage-system-design-and-management-in-irrigated-agriculture-Best-management-practices-for-reducing-drainage-volume-and-salt-load.pdf
https://www.researchgate.net/profile/Je-Ayars/publication/228865030_Subsurface_drainage_system_design_and_management_in_irrigated_agriculture_Best_management_practices_for_reducing_drainage_volume_and_salt_load/links/0046353358f020ee3a000000/Subsurface-drainage-system-design-and-management-in-irrigated-agriculture-Best-management-practices-for-reducing-drainage-volume-and-salt-load.pdf
https://www.researchgate.net/profile/Je-Ayars/publication/228865030_Subsurface_drainage_system_design_and_management_in_irrigated_agriculture_Best_management_practices_for_reducing_drainage_volume_and_salt_load/links/0046353358f020ee3a000000/Subsurface-drainage-system-design-and-management-in-irrigated-agriculture-Best-management-practices-for-reducing-drainage-volume-and-salt-load.pdf
https://www.researchgate.net/profile/Je-Ayars/publication/228865030_Subsurface_drainage_system_design_and_management_in_irrigated_agriculture_Best_management_practices_for_reducing_drainage_volume_and_salt_load/links/0046353358f020ee3a000000/Subsurface-drainage-system-design-and-management-in-irrigated-agriculture-Best-management-practices-for-reducing-drainage-volume-and-salt-load.pdf
https://www.researchgate.net/profile/Je-Ayars/publication/228865030_Subsurface_drainage_system_design_and_management_in_irrigated_agriculture_Best_management_practices_for_reducing_drainage_volume_and_salt_load/links/0046353358f020ee3a000000/Subsurface-drainage-system-design-and-management-in-irrigated-agriculture-Best-management-practices-for-reducing-drainage-volume-and-salt-load.pdf
https://doi.org/10.1016/j.foreco.2015.10.025
https://doi.org/10.1016/j.foreco.2017.07.002
https://doi.org/10.1023/A:1011978420760
https://doi.org/10.1016/S0043-1354(02)00234-8
https://doi.org/10.1016/S0043-1354(02)00234-8
https://doi.org/10.1016/j.agwat.2020.106038
https://doi.org/10.2489/jswc.70.6.142A
https://doi.org/10.1002/ieam.4221
https://www.oregon.gov/ODA/programs/Pesticides/RegulatoryIssues/Documents/Documents/ChlorpyrifosWorkgroup/RiskMitigationExamples.pdf
https://www.oregon.gov/ODA/programs/Pesticides/RegulatoryIssues/Documents/Documents/ChlorpyrifosWorkgroup/RiskMitigationExamples.pdf


20 
 

https://www.semanticscholar.org/paper/Effects-of-Contour-Farming-on-Runoff-and-Soil-%3A-
A-Farahani-Fard/64ac60b6bb42347cd2a1f67d0c33cd03aa7d0692  

24. Forbes, Ve, R Brain, D Edwards, N Galic, T Hall, J Honegger, C Meyer, et al. “Assessing Pesticide 
Risks to Threatened and Endangered Species Using Population Models: Findings and 
Recommendations from a CropLife America Science Forum: Population Modeling of 
Threatened and Endangered Species.” Integrated Environmental Assessment and 
Management 11, no. 3 (July 2015): 348–54. https://doi.org/10.1002/ieam.1628. 

25. U.S.EPA, “Fugitive Dust Control Measures and Best Practices,” n.d. (2022) 
https://www.epa.gov/system/files/documents/2022-02/fugitive-dust-control-best-
practices.pdf  

26. Gali, Rohith K., Steven A. Cryer, Nicholas N. Poletika, and Praveen K. Dande. “Modeling 
Pesticide Runoff from Small Watersheds through Field-Scale Management Practices: 
Minnesota Watershed Case Study with Chlorpyrifos.” Air, Soil and Water Research 9 (January 
1, 2016): ASWR.S32777. https://doi.org/10.4137/ASWR.S32777. 

27. Garrett, Harold E. “Gene,” Kevin J. Wolz, W. D. “Dusty” Walter, Larry D. Godsey, and Robert L. 
McGraw. “Alley Cropping Practices.” In North American Agroforestry, 163–204. John Wiley & 
Sons, Ltd, 2021. https://doi.org/10.1002/9780891183785.ch7. 

28. Gene, S. M., P. F. Hoekstra, C. Hannam, M. White, C. Truman, M. L. Hanson, and R. S. Prosser. 
“The Role of Vegetated Buffers in Agriculture and Their Regulation across Canada and the 
United States.” Journal of Environmental Management 243 (August 1, 2019): 12–21. 
https://doi.org/10.1016/j.jenvman.2019.05.003. 

29. Gregorio, Eduard, Xavier Torrent, Santiago Planas, and Joan R. Rosell-Polo. “Assessment of 
Spray Drift Potential Reduction for Hollow-Cone Nozzles: Part 2. LiDAR Technique.” Science of 
The Total Environment 687 (October 15, 2019): 967–77. 
https://doi.org/10.1016/j.scitotenv.2019.06.151. 

30. Grella, Marco, Paolo Marucco, Marco Manzone, Montserrat Gallart, and Paolo Balsari. “Effect 
of Sprayer Settings on Spray Drift during Pesticide Application in Poplar Plantations (Populus 
Spp.).” Science of The Total Environment 578 (February 1, 2017): 427–39. 
https://doi.org/10.1016/j.scitotenv.2016.10.205. 

31. Hamilton, Healy, Regan L. Smyth, Bruce E. Young, Timothy G. Howard, Christopher Tracey, 
Sean Breyer, D. Richard Cameron, et al. “Increasing Taxonomic Diversity and Spatial Resolution 
Clarifies Opportunities for Protecting US Imperiled Species.” Ecological Applications 32, no. 3 
(2022): e2534. https://doi.org/10.1002/eap.2534. 

32. Hancock, Jaclyn, Matthew Bischof, Todd Coffey, and Margaret Drennan. “The Effectiveness of 
Riparian Hedgerows at Intercepting Drift from Aerial Pesticide Application.” Journal of 
Environmental Quality 48, no. 5 (2019): 1481–88. https://doi.org/10.2134/jeq2018.12.0447. 

33. Herman, Matthew R., A. Pouyan Nejadhashemi, Fariborz Daneshvar, Dennis M. Ross, Sean A. 
Woznicki, Zhen Zhang, and Abdol-Hossein Esfahanian. “Optimization of Conservation Practice 
Implementation Strategies in the Context of Stream Health.” Ecological Engineering 84 
(November 1, 2015): 1–12. https://doi.org/10.1016/j.ecoleng.2015.07.011. 

34. Hille, Sandra, Dagmar Kappel Andersen, Brian Kronvang, and Annette Baattrup-Pedersen. 
“Structural and Functional Characteristics of Buffer Strip Vegetation in an Agricultural 
Landscape – High Potential for Nutrient Removal but Low Potential for Plant Biodiversity.” 

https://www.semanticscholar.org/paper/Effects-of-Contour-Farming-on-Runoff-and-Soil-%3A-A-Farahani-Fard/64ac60b6bb42347cd2a1f67d0c33cd03aa7d0692
https://www.semanticscholar.org/paper/Effects-of-Contour-Farming-on-Runoff-and-Soil-%3A-A-Farahani-Fard/64ac60b6bb42347cd2a1f67d0c33cd03aa7d0692
https://doi.org/10.1002/ieam.1628
https://www.epa.gov/system/files/documents/2022-02/fugitive-dust-control-best-practices.pdf
https://www.epa.gov/system/files/documents/2022-02/fugitive-dust-control-best-practices.pdf
https://doi.org/10.4137/ASWR.S32777
https://doi.org/10.1002/9780891183785.ch7
https://doi.org/10.1016/j.jenvman.2019.05.003
https://doi.org/10.1016/j.scitotenv.2019.06.151
https://doi.org/10.1016/j.scitotenv.2016.10.205
https://doi.org/10.1002/eap.2534
https://doi.org/10.2134/jeq2018.12.0447
https://doi.org/10.1016/j.ecoleng.2015.07.011


21 
 

Science of The Total Environment 628–629 (July 1, 2018): 805–14. 
https://doi.org/10.1016/j.scitotenv.2018.02.117. 

35. “Structural and Functional Characteristics of Buffer Strip Vegetation in an Agricultural 
Landscape – High Potential for Nutrient Removal but Low Potential for Plant Biodiversity.” 
Science of The Total Environment 628–629 (July 1, 2018): 805–14. 
https://doi.org/10.1016/j.scitotenv.2018.02.117. 

36. Hilz, Emilia, and Arnoldus W. P. Vermeer. “Spray Drift Review: The Extent to Which a 
Formulation Can Contribute to Spray Drift Reduction.” Crop Protection 44 (February 1, 2013): 
75–83. https://doi.org/10.1016/j.cropro.2012.10.020. 

37. Juventia, Stella D., Isabella L. M. Selin Norén, Dirk F. van Apeldoorn, Lenora Ditzler, and Walter 
A. H. Rossing. “Spatio-Temporal Design of Strip Cropping Systems.” Agricultural Systems 201 
(August 1, 2022): 103455. https://doi.org/10.1016/j.agsy.2022.103455. 

38. Kang, B. T., and Dennis A. Shannon. “Agroforestry with Focus on Alley Cropping.” In Sustaining 
Soil Fertility in West Africa, 197–224. John Wiley & Sons, Ltd, 2001. 
https://doi.org/10.2136/sssaspecpub58.ch10. 

39. Kladivko, Eileen J., Larry C. Brown, and James L. Baker. “Pesticide Transport to Subsurface Tile 
Drains in Humid Regions of North America.” Critical Reviews in Environmental Science and 
Technology 31, no. 1 (January 1, 2001): 1–62. https://doi.org/10.1080/20016491089163. 

40. Klein, Grant J., and Robert L. Green. “A Survey of Professional Turfgrass Managers in Southern 
California Concerning Their Use of Turfgrass Best Management Practices.” HortTechnology 12, 
no. 3 (January 1, 2002): 498–504. https://doi.org/10.21273/HORTTECH.12.3.498. 

41. Krutz, L. Jason, Martin A. Locke, and R. Wade Steinriede Jr. “Interactions of Tillage and Cover 
Crop on Water, Sediment, and Pre-Emergence Herbicide Loss in Glyphosate-Resistant Cotton: 
Implications for the Control of Glyphosate-Resistant Weed Biotypes.” Journal of 
Environmental Quality 38, no. 3 (2009): 1240–47. https://doi.org/10.2134/jeq2008.0342. 

42. Lacas, Jean-Guillaume, Marc Voltz, Véronique Gouy, Nadia Carluer, and Jean-Joël Gril. “Using 
Grassed Strips to Limit Pesticide Transfer to Surface Water: A Review.” Agronomy for 
Sustainable Development 25, no. 2 (2005): 253. 
https://link.springer.com/chapter/10.1007/978-90-481-2666-8_30  

43. Lee, Sangchul, In-Young Yeo, Ali M. Sadeghi, Gregory W. McCarty, W. Dean Hively, and Megan 
W. Lang. “Impacts of Watershed Characteristics and Crop Rotations on Winter Cover Crop 
Nitrate-Nitrogen Uptake Capacity within Agricultural Watersheds in the Chesapeake Bay 
Region.” PLOS ONE 11, no. 6 (June 28, 2016): e0157637. 
https://doi.org/10.1371/journal.pone.0157637. 

44. Leeb, Christoph, Carsten Brühl, and Kathrin Theissinger. “Potential Pesticide Exposure during 
the Post-Breeding Migration of the Common Toad (Bufo Bufo) in a Vineyard Dominated 
Landscape.” Science of The Total Environment 706 (March 1, 2020): 134430. 
https://doi.org/10.1016/j.scitotenv.2019.134430. 

45. Lintern, Anna, Lauren McPhillips, Brandon Winfrey, Jonathan Duncan, and Caitlin Grady. “Best 
Management Practices for Diffuse Nutrient Pollution: Wicked Problems Across Urban and 
Agricultural Watersheds.” Environmental Science & Technology 54, no. 15 (August 4, 2020): 
9159–74. https://doi.org/10.1021/acs.est.9b07511. 

46. Liu, Yaoze, Bernard A. Engel, Dennis C. Flanagan, Margaret W. Gitau, Sara K. McMillan, and 
Indrajeet Chaubey. “A Review on Effectiveness of Best Management Practices in Improving 

https://doi.org/10.1016/j.scitotenv.2018.02.117
https://doi.org/10.1016/j.scitotenv.2018.02.117
https://doi.org/10.1016/j.cropro.2012.10.020
https://doi.org/10.1016/j.agsy.2022.103455
https://doi.org/10.2136/sssaspecpub58.ch10
https://doi.org/10.1080/20016491089163
https://doi.org/10.21273/HORTTECH.12.3.498
https://doi.org/10.2134/jeq2008.0342
https://link.springer.com/chapter/10.1007/978-90-481-2666-8_30
https://doi.org/10.1371/journal.pone.0157637
https://doi.org/10.1016/j.scitotenv.2019.134430
https://doi.org/10.1021/acs.est.9b07511


22 
 

Hydrology and Water Quality: Needs and Opportunities.” Science of The Total Environment 
601–602 (December 1, 2017): 580–93. https://doi.org/10.1016/j.scitotenv.2017.05.212. 

47. Lizotte, Richard, Martin Locke, Ronald Bingner, R. Wade Steinriede, and Sammie Smith. 
“Effectiveness of Integrated Best Management Practices on Mitigation of Atrazine and 
Metolachlor in an Agricultural Lake Watershed.” Bulletin of Environmental Contamination and 
Toxicology 98, no. 4 (April 1, 2017): 447–53. https://doi.org/10.1007/s00128-016-2020-3. 

48. Long, Rachael, Allan Fulton, and Blaine Hanson. Protecting Surface Water from Sediment-
Associated Pesticides in Furrow-Irrigated Crops. University of California, Agriculture and 
Natural Resources, 2010. https://doi.org/10.3733/ucanr.8403. 

49. Mayer, P M. “Riparian Buffer Width, Vegetative Cover, and Nitrogen Removal Effectiveness: A 
Review of Current Science and Regulations,” n.d. (2005) 
https://www.epa.gov/sites/default/files/2019-02/documents/riparian-buffer-width-2005.pdf  

50. Mickelson, Steven K., James L. Baker, Kapil Arora, and Akhilesh Misra. “Effectiveness of Buffer 
Strips in Reducing Herbicide Losses.” In Proceedings of the Integrated Crop Management 
Conference, 11934253. Iowa State University, Digital Press, 1994. 
https://doi.org/10.31274/icm-180809-481. 

51. Miller, P. C. H, and M. C Butler Ellis. “Effects of Formulation on Spray Nozzle Performance for 
Applications from Ground-Based Boom Sprayers.” Crop Protection, XIVth International Plant 
Protection Congress, 19, no. 8 (September 12, 2000): 609–15. https://doi.org/10.1016/S0261-
2194(00)00080-6. 

52. Miranda-Fuentes, Antonio, Antonio Rodríguez-Lizana, Emilio Gil, J. Agüera-Vega, and Jesús A. 
Gil-Ribes. “Influence of Liquid-Volume and Airflow Rates on Spray Application Quality and 
Homogeneity in Super-Intensive Olive Tree Canopies.” Science of The Total Environment 537 
(December 15, 2015): 250–59. https://doi.org/10.1016/j.scitotenv.2015.08.012. 

53. Moore, M. T., E. R. Bennett, C. M. Cooper, S. Smith, F. D. Shields, C. D. Milam, and J. L. Farris. 
“Transport and Fate of Atrazine and Lambda-Cyhalothrin in an Agricultural Drainage Ditch in 
the Mississippi Delta, USA.” Agriculture, Ecosystems & Environment 87, no. 3 (December 1, 
2001): 309–14. https://doi.org/10.1016/S0167-8809(01)00148-7. 

54. Muñoz-Carpena, Rafael. “VFS Effec)Veness to Mi)Gate Pes)Cides: Mechanis)c Analysis with 
VFSMOD,” n.d. 

55. Muñoz-Carpena, Rafael, Amy Ritter, and Garey A. Fox. “Comparison of Empirical and 
Mechanistic Equations for Vegetative Filter Strip Pesticide Mitigation in Long-Term 
Environmental Exposure Assessments.” Water Research 165 (November 15, 2019): 114983. 
https://doi.org/10.1016/j.watres.2019.114983. 

56. Ogutu, Maurice Okendo. “Developing Methods of Strip Cropping Cucumbers with Rye/Vetch,” 
November 20, 2000. https://vtechworks.lib.vt.edu/handle/10919/37220. 

57. Otto, S., D. Loddo, C. Baldoin, and G. Zanin. “Spray Drift Reduction Techniques for Vineyards in 
Fragmented Landscapes.” Journal of Environmental Management 162 (October 1, 2015): 290–
98. https://doi.org/10.1016/j.jenvman.2015.07.060. 

58. Otto, Stefan, Simone Gottardi, Massimiliano Pasini, Luca Menaballi, Rita Bradascio, and Olivier 
de Cirugeda Helle. “Effectiveness of Grassed Buffer in Reducing Spinosad Runoff: Real Data 
and FOCUS Output.” Journal of Environmental Protection 11, no. 03 (March 9, 2020): 169. 
https://doi.org/10.4236/jep.2020.113011. 

https://doi.org/10.1016/j.scitotenv.2017.05.212
https://doi.org/10.1007/s00128-016-2020-3
https://doi.org/10.3733/ucanr.8403
https://www.epa.gov/sites/default/files/2019-02/documents/riparian-buffer-width-2005.pdf
https://doi.org/10.31274/icm-180809-481
https://doi.org/10.1016/S0261-2194(00)00080-6
https://doi.org/10.1016/S0261-2194(00)00080-6
https://doi.org/10.1016/j.scitotenv.2015.08.012
https://doi.org/10.1016/S0167-8809(01)00148-7
https://doi.org/10.1016/j.watres.2019.114983
https://vtechworks.lib.vt.edu/handle/10919/37220
https://doi.org/10.1016/j.jenvman.2015.07.060
https://doi.org/10.4236/jep.2020.113011


23 
 

59. Parajulee, M. N., and J. E. Slosser. “Evaluation of Potential Relay Strip Crops for Predator 
Enhancement in Texas Cotton.” International Journal of Pest Management 45, no. 4 (January 
1, 1999): 275–86. https://doi.org/10.1080/096708799227680. 

60. “PESTICIDE TRANSPORT WITH SURFACE RUNOFF AND SUBSURFACE DRAINAGE THROUGH A 
VEGETATIVE FILTER STRIP.” Accessed February 10, 2023. 
https://doi.org/10.13031/2013.13602. 

61. U.S. Environmental Protection Agency,  “NONPOINT SOURCE PROGRAM SUCCESS STORY: 
Implementing Agricultural Conservation Practices Improves Turbidity Levels in Otter Creek 
(Tillman County,” n.d (2016). 
https://19january2017snapshot.epa.gov/sites/production/files/2016-
09/documents/ok_ottercreek_508.pdf  

62. Prosser, R. S., P. F. Hoekstra, S. Gene, C. Truman, M. White, and M. L. Hanson. “A Review of 
the Effectiveness of Vegetated Buffers to Mitigate Pesticide and Nutrient Transport into 
Surface Waters from Agricultural Areas.” Journal of Environmental Management 261 (May 1, 
2020): 110210. https://doi.org/10.1016/j.jenvman.2020.110210. 

63. Ramesh, Rasika, Latif Kalin, Mohamed Hantush, and Abhishek Chaudhary. “A Secondary 
Assessment of Sediment Trapping Effectiveness by Vegetated Buffers.” Ecological Engineering 
159 (January 15, 2021): 106094. https://doi.org/10.1016/j.ecoleng.2020.106094. 

64. “A Secondary Assessment of Sediment Trapping Effectiveness by Vegetated Buffers.” 
Ecological Engineering 159 (January 15, 2021): 106094. 
https://doi.org/10.1016/j.ecoleng.2020.106094. 

65. Hofman, Vern and Elton Solseng, “Reducing Spray Drift,” n.d. (June 2001) 
https://library.ndsu.edu/ir/bitstream/handle/10365/5111/ae1210.pdf?sequence=1  

66. Reichenberger, Stefan, Martin Bach, Adrian Skitschak, and Hans-Georg Frede. “Mitigation 
Strategies to Reduce Pesticide Inputs into Ground- and Surface Water and Their Effectiveness; 
A Review.” Science of The Total Environment 384, no. 1 (October 1, 2007): 1–35. 
https://doi.org/10.1016/j.scitotenv.2007.04.046. 

67. Reichenberger, Stefan, Robin Sur, Carolin Kley, Stephan Sittig, and Sebastian Multsch. 
“Recalibration and Cross-Validation of Pesticide Trapping Equations for Vegetative Filter Strips 
(VFS) Using Additional Experimental Data.” Science of The Total Environment 647 (January 10, 
2019): 534–50. https://doi.org/10.1016/j.scitotenv.2018.07.429. 

68. “Review of Filter Strip Performance and Function for Improving Water Quality from 
Agricultural Lands.” Accessed February 10, 2023. https://doi.org/10.13031/trans.14169. 

69. “Review of Filter Strip Performance and Function for Improving Water Quality from 
Agricultural Lands.” Accessed February 10, 2023. https://doi.org/10.13031/trans.14169. 

70. Sahu, Mahesh, and Roy R. Gu. “Modeling the Effects of Riparian Buffer Zone and Contour 
Strips on Stream Water Quality.” Ecological Engineering 35, no. 8 (August 1, 2009): 1167–77. 
https://doi.org/10.1016/j.ecoleng.2009.03.015. 

71. “Modeling the Effects of Riparian Buffer Zone and Contour Strips on Stream Water Quality.” 
Ecological Engineering 35, no. 8 (August 1, 2009): 1167–77. 
https://doi.org/10.1016/j.ecoleng.2009.03.015. 

72. Salazar, Osvaldo, Liliana Balboa, Kiri Peralta, Michel Rossi, Manuel Casanova, Yasna Tapia, 
Ranvir Singh, and Miguel Quemada. “Effect of Cover Crops on Leaching of Dissolved Organic 
Nitrogen and Carbon in a Maize-Cover Crop Rotation in Mediterranean Central Chile.” 

https://doi.org/10.1080/096708799227680
https://doi.org/10.13031/2013.13602
https://19january2017snapshot.epa.gov/sites/production/files/2016-09/documents/ok_ottercreek_508.pdf
https://19january2017snapshot.epa.gov/sites/production/files/2016-09/documents/ok_ottercreek_508.pdf
https://doi.org/10.1016/j.jenvman.2020.110210
https://doi.org/10.1016/j.ecoleng.2020.106094
https://doi.org/10.1016/j.ecoleng.2020.106094
https://library.ndsu.edu/ir/bitstream/handle/10365/5111/ae1210.pdf?sequence=1
https://doi.org/10.1016/j.scitotenv.2007.04.046
https://doi.org/10.1016/j.scitotenv.2018.07.429
https://doi.org/10.13031/trans.14169
https://doi.org/10.13031/trans.14169
https://doi.org/10.1016/j.ecoleng.2009.03.015
https://doi.org/10.1016/j.ecoleng.2009.03.015


24 
 

Agricultural Water Management 212 (February 1, 2019): 399–406. 
https://doi.org/10.1016/j.agwat.2018.07.031. 

73. Schappert, Alexandra, Miriam H. Messelhäuser, Marcus Saile, Gerassimos G. Peteinatos, and 
Roland Gerhards. “Weed Suppressive Ability of Cover Crop Mixtures Compared to Repeated 
Stubble Tillage and Glyphosate Treatments.” Agriculture 8, no. 9 (September 2018): 144. 
https://doi.org/10.3390/agriculture8090144. 

74. Schilling, Erik B., Angela L. Larsen-Gray, and Darren A. Miller. “Forestry Best Management 
Practices and Conservation of Aquatic Systems in the Southeastern United States.” Water 13, 
no. 19 (January 2021): 2611. https://doi.org/10.3390/w13192611. 

75. Sekellick, Andrew J., et al. "Spatial and temporal patterns of Best Management Practice 
implementation in the Chesapeake Bay watershed, 1985-2014." Scientific Investigations 
Report-US Geological Survey 2018-5171 (2019). 
https://www.cabdirect.org/cabdirect/abstract/20193397832  

76. Scott, G. I., M. H. Fulton, D. W. Moore, E. F. Wirth, G. T. Chandler, P. B. Key, J. W. Daugomah, 
et al. “Assessment of Risk Reduction Strategies for the Management of Agricultural Nonpoint 
Source Pesticide Runoff in Estuarine Ecosystems.” Toxicology and Industrial Health 15, no. 1–2 
(1999): 200–213. https://doi.org/10.1191/074823399678846673. 

77. Singh, B. B., and H. Ajeigbe. “Improved Cowpea-Cereals-Based Cropping Systems for 
Household Food Security and Poverty Reduction in West Africa.” Journal of Crop Improvement 
19, no. 1–2 (March 15, 2007): 157–72. https://doi.org/10.1300/J411v19n01_08. 

78. Sittig, Stephan, Robin Sur, Dirk Baets, and Klaus Hammel. “Consideration of Risk Management 
Practices in Regulatory Risk Assessments: Evaluation of Field Trials with Micro-Dams to 
Reduce Pesticide Transport via Surface Runoff and Soil Erosion.” Environmental Sciences 
Europe 32, no. 1 (June 1, 2020): 86. https://doi.org/10.1186/s12302-020-00362-1. 

79. Sojka, R. E., D. L. Bjorneberg, J. A. Entry, R. D. Lentz, and W. J. Orts. “Polyacrylamide in 
Agriculture and Environmental Land Management.” In Advances in Agronomy, edited by 
Donald L. Sparks, 92:75–162. Academic Press, 2007. https://doi.org/10.1016/S0065-
2113(04)92002-0. 

80. “Soybean Production: Cost-Effective Pest Management Practices.” Accessed February 10, 
2023. https://extension.sdstate.edu/soybean-production-cost-effective-pest-management-
practices. 

81. Stolpe, Neal B., Mark S. Kuzila, and Patrick J. Shea. “IMPORTANCE OF SOIL MAP DETAIL IN 
PREDICTING PESTICIDE MOBILITY IN TERRACE SOILS1.” Soil Science 163, no. 5 (May 1998): 394. 
https://journals.lww.com/soilsci/Abstract/1998/05000/IMPORTANCE_OF_SOIL_MAP_DETAIL_
_IN_PREDICTING.7.aspx  

82. Strock, J. S., P. M. Porter, and M. P. Russelle. “Cover Cropping to Reduce Nitrate Loss through 
Subsurface Drainage in the Northern U.S. Corn Belt.” Journal of Environmental Quality 33, no. 
3 (2004): 1010–16. https://doi.org/10.2134/jeq2004.1010. 

83. Swieter, Anita, Maren Langhof, and Justine Lamerre. “Competition, Stress and Benefits: Trees 
and Crops in the Transition Zone of a Temperate Short Rotation Alley Cropping Agroforestry 
System.” Journal of Agronomy and Crop Science 208, no. 2 (2022): 209–24. 
https://doi.org/10.1111/jac.12553. 

https://doi.org/10.1016/j.agwat.2018.07.031
https://doi.org/10.3390/agriculture8090144
https://doi.org/10.3390/w13192611
https://www.cabdirect.org/cabdirect/abstract/20193397832
https://doi.org/10.1191/074823399678846673
https://doi.org/10.1300/J411v19n01_08
https://doi.org/10.1186/s12302-020-00362-1
https://doi.org/10.1016/S0065-2113(04)92002-0
https://doi.org/10.1016/S0065-2113(04)92002-0
https://extension.sdstate.edu/soybean-production-cost-effective-pest-management-practices
https://extension.sdstate.edu/soybean-production-cost-effective-pest-management-practices
https://journals.lww.com/soilsci/Abstract/1998/05000/IMPORTANCE_OF_SOIL_MAP_DETAIL__IN_PREDICTING.7.aspx
https://journals.lww.com/soilsci/Abstract/1998/05000/IMPORTANCE_OF_SOIL_MAP_DETAIL__IN_PREDICTING.7.aspx
https://doi.org/10.2134/jeq2004.1010
https://doi.org/10.1111/jac.12553


25 
 

84. Tabaglio, Vincenzo, Adriano Marocco, and Margot Schulz. “Allelopathic Cover Crop of Rye for 
Integrated Weed Control in Sustainable Agroecosystems.” Italian Journal of Agronomy 8, no. 1 
(February 26, 2013): e5–e5. https://doi.org/10.4081/ija.2013.e5. 

85. Tatum, Vickie L., C. Rhett Jackson, Matthew W. McBroom, Brenda R. Baillie, Erik B. Schilling, 
and T. Bently Wigley. “Effectiveness of Forestry Best Management Practices (BMPs) for 
Reducing the Risk of Forest Herbicide Use to Aquatic Organisms in Streams.” Forest Ecology 
and Management 404 (November 2017): 258–68. 
https://doi.org/10.1016/j.foreco.2017.08.046. 

86. Ucar, Tamer, and Franklin R Hall. “Windbreaks as a Pesticide Drift Mitigation Strategy: A 
Review.” Pest Management Science 57, no. 8 (2001): 663–75. https://doi.org/10.1002/ps.341. 

87. Vincent-Caboud, Laura, Léa Vereecke, Erin Silva, and Joséphine Peigné. “Cover Crop 
Effectiveness Varies in Cover Crop-Based Rotational Tillage Organic Soybean Systems 
Depending on Species and Environment.” Agronomy 9, no. 6 (June 2019): 319. 
https://doi.org/10.3390/agronomy9060319. 

88. Wallace, Carlington W., Dennis C. Flanagan, and Bernard A. Engel. “Quantifying the Effects of 
Conservation Practice Implementation on Predicted Runoff and Chemical Losses under 
Climate Change.” Agricultural Water Management 186 (May 31, 2017): 51–65. 
https://doi.org/10.1016/j.agwat.2017.02.014. 

89. Wan, Michael T. “Ecological Risk of Pesticide Residues in the British Columbia Environment: 
1973–2012.” Journal of Environmental Science and Health, Part B 48, no. 5 (May 1, 2013): 
344–63. https://doi.org/10.1080/03601234.2013.742373. 

90. Ward, Andy, Andrew Sharpley, Kayla Miller, Warren Dick, James Hoorman, John Fulton, and 
Gregory A. LaBarge. “An Assessment of In-Field Nutrient Best Management Practices for 
Agricultural Crop Systems with Subsurface Drainage.” Journal of Soil and Water Conservation 
73, no. 1 (January 1, 2018): 5A-10A. https://doi.org/10.2489/jswc.73.1.5A. 

91. Watanabe, Hirozumi, My Hoang Tra Nguyen, Komany Souphasay, Son Hong Vu, Thai Khanh 
Phong, Julien Tournebize, and Satoru Ishihara. “Effect of Water Management Practice on 
Pesticide Behavior in Paddy Water.” Agricultural Water Management 88, no. 1 (March 16, 
2007): 132–40. https://doi.org/10.1016/j.agwat.2006.10.009. 

92. White, Michael J., and Jeff G. Arnold. “Development of a Simplistic Vegetative Filter Strip 
Model for Sediment and Nutrient Retention at the Field Scale.” Hydrological Processes 23, no. 
11 (2009): 1602–16. https://doi.org/10.1002/hyp.7291. 

93. Wolz, Kevin J., and Evan H. DeLucia. “Black Walnut Alley Cropping Is Economically Competitive 
with Row Crops in the Midwest USA.” Ecological Applications 29, no. 1 (2019): e01829. 
https://doi.org/10.1002/eap.1829. 

94. Wolz, Kevin J., Sarah T. Lovell, Bruce E. Branham, William C. Eddy, Keefe Keeley, Ronald S. 
Revord, Michelle M. Wander, Wendy H. Yang, and Evan H. DeLucia. “Frontiers in Alley 
Cropping: Transformative Solutions for Temperate Agriculture.” Global Change Biology 24, no. 
3 (2018): 883–94. https://doi.org/10.1111/gcb.13986. 

95. Xun, Lu, Francisco Garcia-Ruiz, Francesc Xavier Fabregas, and Emilio Gil. “Pesticide Dose Based 
on Canopy Characteristics in Apple Trees: Reducing Environmental Risk by Reducing the 
Amount of Pesticide While Maintaining Pest and Disease Control Efficacy.” Science of The 
Total Environment 826 (June 20, 2022): 154204. 
https://doi.org/10.1016/j.scitotenv.2022.154204. 

https://doi.org/10.4081/ija.2013.e5
https://doi.org/10.1016/j.foreco.2017.08.046
https://doi.org/10.1002/ps.341
https://doi.org/10.3390/agronomy9060319
https://doi.org/10.1016/j.agwat.2017.02.014
https://doi.org/10.1080/03601234.2013.742373
https://doi.org/10.2489/jswc.73.1.5A
https://doi.org/10.1016/j.agwat.2006.10.009
https://doi.org/10.1002/hyp.7291
https://doi.org/10.1002/eap.1829
https://doi.org/10.1111/gcb.13986
https://doi.org/10.1016/j.scitotenv.2022.154204


26 
 

96. Zhang, Xuyang, and Minghua Zhang. “Modeling Effectiveness of Agricultural BMPs to Reduce 
Sediment Load and Organophosphate Pesticides in Surface Runoff.” Science of The Total 
Environment 409, no. 10 (April 15, 2011): 1949–58. 
https://doi.org/10.1016/j.scitotenv.2011.02.012. 

97. Zhu, Xiai, Wenjie Liu, Jin Chen, L. Adrian Bruijnzeel, Zhun Mao, Xiaodong Yang, Rémi Cardinael, 
et al. “Reductions in Water, Soil and Nutrient Losses and Pesticide Pollution in Agroforestry 
Practices: A Review of Evidence and Processes.” Plant and Soil 453, no. 1 (August 1, 2020): 45–
86. https://doi.org/10.1007/s11104-019-04377-3. 

98. ———. “Reductions in Water, Soil and Nutrient Losses and Pesticide Pollution in Agroforestry 
Practices: A Review of Evidence and Processes.” Plant and Soil 453, no. 1 (August 1, 2020): 45–
86. https://doi.org/10.1007/s11104-019-04377-3. 

99. Zwertvaegher, Ingrid, Aude Lamare, Jean-Paul Douzals, Paolo Balsari, Paolo Marucco, Marco 
Grella, Amedeo Caffini, et al. “Boom Sprayer Optimizations for Bed-Grown Carrots at Different 
Growth Stages Based on Spray Distribution and Droplet Characteristics.” Pest Management 
Science 78, no. 4 (2022): 1729–39. https://doi.org/10.1002/ps.6792. 

 

 

 

https://doi.org/10.1016/j.scitotenv.2011.02.012
https://doi.org/10.1007/s11104-019-04377-3
https://doi.org/10.1007/s11104-019-04377-3
https://doi.org/10.1002/ps.6792

