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NOTICE

This RegenPGC project quarterly report was prepared by lowa State University (ISU) and
RegenPGC research colleagues from Corteva, Inc. (Corteva), Kansas State University (KSU),
The Land Institute (TLI), University of Kentucky (UK), University of Missouri (UM), and
University of Wisconsin-Madison (UW-Madison) in the course of performing academic research
supported by Agriculture and Food Research Initiative Competitive Grant No. 2021-68012-
35923 from the USDA National Institute of Food and Agriculture (“USDA-NIFA”).

The opinions expressed in this report do not necessarily reflect those of ISU and RegenPGC
research colleagues from Corteva, KSU, TLI, UK, UM, and UW-Madison, and reference to any
specific product, service, process, or method does not constitute an implied or expressed
recommendation or endorsement of it.

Further, ISU and RegenPGC research colleagues from Corteva, KSU, TLI, UK, UM, and UW-
Madison make no warranties or representations, expressed or implied, as to the fitness for a
particular purpose or merchantability of any product, apparatus, or service, or the usefulness,
completeness, or accuracy of any processes, methods, or other information contained, described,
disclosed, or referred to in this report.

ISU and RegenPGC research colleagues and the authors make no representation that the use of

any product, apparatus, process, method, or other information will not infringe privately owned
rights and will assume no liability for any loss, injury, or damage resulting from or occurring in
connection with, the use of the information contained, described, disclosed, or referred to in this
report.
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ABSTRACT

Achieving the SAS program goal of transforming the US agricultural system to sustainably
increase production by 40% requires large-scale production agriculture, across multiple crops, to
profoundly change its bare-soil winter-fallow practices. These conventional practices negatively
impact soil health and natural resources conservation — the pillars of agricultural systems
sustainability. A scalable solution to this challenge is the implementation of perennial
groundcover (PGC) cropping systems, which use an ecologically complementary, permanent
groundcover in fields where annual cash crops are grown. This transformative approach to large-
scale agricultural production increases the duration and extent of groundcover on cropland,
enhancing resiliency and improving the quality of water, air, and soil. Working closely with
farmer, NGO, and industry stakeholders, this project will develop and refine PGC approaches
enabling high-yielding row-crop production while improving soil and water quality, providing
large increases in the availability of lignocellulosic feedstocks, and preserving or increasing farm
income. This project will develop best management practices for growing crops and suppressing
weeds with PGC, develop improved crop and groundcover genetics, develop appropriate soil and
nutrient management practices, quantify the environmental impacts, and determine the policy
and socioeconomic implications of adoption of PGC approaches. Knowledge gained through this
project will be used to educate a new generation of undergraduate and graduate students who
recognize the opportunities to enhance agriculture through the use of perennial groundcovers.
We will provide a multi-pronged extension effort using a combination of hands-on field days,
farmer meetings, and online resources to educate practitioners about the opportunities and
challenges of the system.

iii Quarterly Progress Report: February 2022



A REGENPGC

- N

VT
Regenerating America’s Working Landscapes to Enhance Natural

Resources and Public Goods through Perennial Groundcover (RegenPGC)

(AFRI Competitive Grant No. 2021-68012-35923)

DIRECTOR’S REFLECTIONS

RegenPGC received initial funding on Sep. 15, 2021, and since then, the team has done an
outstanding job of coalescing and beginning the work of the project. We detail in this report the
activities of our objective areas and our cross-cutting themes. Two key points that may not
emerge from the report alone are as follow: (1) The collaborative and positive attitudes of all
CoPDs through this intense launch phase. (2) The willingness of these scientists and engineers,
across a wide array of institutions, to genuinely engage and learn from each other. Both of these
are crucial to the long-term success of the project.

Achieving the RegenPGC vision could hinge on a few key technological breakthroughs — for
example, if a readily-senescing, easily planted, high-density perennial groundcover could be bred
and made available at a low price, adoption of PGC approaches would likely skyrocket. But such
a quantum leap in groundcover is unlikely in the near term. Instead, PGC adoption is more likely
going to occur due to a combination of improved genetic materials, insights as to how to better
manage the groundcover and row-crop, understanding and inventorying of the ecosystem
services provided by these systems, modeling the potential impact of PGC in ways that can
inform policy, and understanding the interests, capacities, and desires of farmers and landowners.
That understanding can come from our sociologist team, and this interweaving of science,
engineering, economics, and sociology makes this project so intellectually exciting and
fundamentally transdisciplinary.

Despite USDA-NIFA’s generosity and the excellence of our team, plenty of challenges lie
between our current state and our goal of perennializing significant portions of our working
lands. We will need to be nimble, work together well, and be a bit lucky to fully achieve the
vision we are pursuing. That said, if the first two quarters are any indication, this project is
shaping up to be a uniquely collaborative venture, and I remain optimistic about our ability to
achieve our goals.

PROJECT ADMINISTRATION AND GOVERNANCE

Personnel

Raj Raman, Project Director and Anne Kinzel, Deputy Director. Project Evaluator Heather
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Dantzker also collaborates extensively with Raman and Kinzel.

A Reminder of our Goal & Structure...

1. Crop 2. Plant 3. Soil Health 4. Ecosystem 5. Socioecon.
Ecology & Breeding & & Nutrient Services & Impacts &
Management Genetics Management Modeling Policy
Research J
I
Education !‘
T ”
Extension
I I T
Commercialization J
Perennialize working lands, thereby improving soil
conservation and water quality, while maintaining or —_— ,],A
increasing profitability, enhancing biomass production, and REG E N P G C
improving overall system resilience v,l e

Figure 1. RegenPGC Transdisciplinary Approach

Tasks

= Launch the project (budgetary & intellectual).

= (Create the Stakeholder Advisory Board (SAB).

= Organize Co-PD and SAB Meetings.

= (reate website.

Progress

1. Launch the project (budgetary & intellectual)

In the first quarter of the project, the PD focused on creating the deputy director (DD)
position and hiring CoPD Kinzel for that role. During the first two quarters, subcontracts
were executed for all CoPDs and the external evaluator, and internal ISU supplemental award
line budgets were created for ISU CoPDs.
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Regular communications with the entire project team started immediately with the notice that
the project had been funded. A digital workspace (MS Teams) was created and used for
collaboration. Critical documents, including required NIFA boilerplate acknowledgments and
similar materials, are posted there. A virtual all-hands + letter writers kickoff meeting was
held at the end of Q1, with strong attendance and participation.

Throughout Q2, the PD has communicated with virtually all CoPDs to ensure people feel
included and understand their role in the project. The PD has a standing monthly onboarding
session for the project that has been attended by six current or potential grad students/post-
docs. This onboarding meeting will continue through at least PY4and is a critical part of the
PD’s approach to de-siloing this project by ensuring new personnel is immediately familiar
with the big picture, the challenges, and their role in the project.

Stakeholder Advisory Board and Farmer/Landowner Advisory Group

The SAB was fully constituted in late January. The SAB was polled to set up quarterly
meeting times, and the first meeting was set for Mar. 3, 2022. This meeting focused on SAB
member introductions, a discussion (and approval) of the vision for the subsequent meetings,
and a brief review of the next 12 months of key project activities.

We have been working with Commercialization Theme Leader Sara Lira to recruit
participants to the Stakeholder Advisory Board (SAB) and a Farmer/Landowner Advisory
Group (FLAG). We anticipate completing recruitment by mid-February 2022 (See below).

Meetings
A. Theme Leader Meetings

The four theme leaders meet with Raman and Kinzel every two weeks to provide project
updates, evaluate progress and resolve outstanding issues.

B. All Hands Meetings

We have scheduled bi-monthly all-hands meetings for the PY 1. These monthly meetings
will continue throughout the project. The meetings allow time for each project theme and
objective to update the team on their progress towards their project goals. The meeting
will allow for substantive Q&A time to discuss project logistics. We are especially
cognizant of including the voices of project graduate students, post-docs, and fellows and
the need to promote trans-disciplinary exchange of information. To this end, these
meetings will have a common format: (1) Overall project updates and reminders (7 min.);
(2) objective updates (25 min); (3) theme leader updates (20 min).

C. Year 1 Annual Face-to-Face Meeting

Quarterly Progress Report: February 2022
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We have started the process of organizing our Year 1 annual meeting. The meeting will
take place in late fall 2022 at Jowa State University in Ames, lowa. The original date was
set based on team availability, but as Kinzel began exploring options, we discovered this
conflicted directly with a fall football game at the ISU campus, making the original date
selection untenable. We have now selected Oct. 20 -21, 2022, as the date that optimizes
attendance. We have created a draft agenda and reserved spaces on campus for this event.

4. Evaluation

We have engaged Dr. Heather Dantzker (Dantzker Consulting, LLC, Arlington, VA) as the
project evaluator. Raman and Kinzel will meet bi-weekly with Dantzker throughout the third
and fourth quarters of PY1. We anticipate using her evaluations throughout the project to
ensure that we achieve project milestones and that the work accomplished will lead to
significant PGC long-term impacts. Dantzker has been and will continue to participate in
meetings (Theme Leader, All Hands, SAB, and Annual) to help familiarize herself with the
project participants.

5. Website

We have entered into a contract with a website developer, Model Farm to create a RegenPGC
website (https://www.model-farm.com/). We expect to have a functioning website by mid-
April 2022. Thanks to the DD, we have an excellent template from which the developer is
working.

6. Additional Plans for Next Quarter
¢ Finalize one remaining subcontract (for FFA education).

e Continue regular meetings with groups of CoPDs and ad hoc meetings with individual
CoPDs to answer questions and help create bridges across objectives.

e Support field days.

o Attend the NIFA CAP meeting in Kansas City, MO, including creating excellent
presentations/posters to communicate the project to others effectively.

e Meet with two biorefining companies (separately) to discuss RegenPGC and possible role
in projects pursued by the companies (late March).

e Meet with the new CTO of Biorenewable Products within the ISU VPR office to discuss
RegenPGC (early April 2022).

e Discuss RegenPGC as part of a panel for the ISU Foundation Board of Governors (late
April 2022).
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to share ideas (early April 2022).

e Define a PGC taxonomy that will define specific criteria and constraints for PGC,
indicating how they differ between some key taxonomic variants.

e Continue to work on a field-operations visualizer to enable easier communication of the
PGC “farmer time” value proposition.

7. Publications, Presentations, Stakeholder Engagement, and Submitted Proposals

e Raman presented the RegenPGC project to the lowa Nutrient Research Center Council
(10 attendees, early Nov. 2021)

e Raman presented the PGC vision at the 2022 Towa Pork Congress (est. 30 attendees) as
part of a panel (Jan. 2022).

e Raman presented the RegenPGC project to the Plant Breeding seminar program in the
Agronomy department (~30 online attendees, late Jan. 2022)

e Raman will introduce PGC to North Carolina Sierra Club members (April 2022).

e Raman will give a PGC presentation at the Osher Lifelong Learning Institute at lowa
State University (ISU), (May 2022).

THEME 1. RESEARCH AND DEVELOPMENT THEME

The cross-cutting Research and Development Theme focuses on establishing organizational
structures for data management and modes of communication among the research teams and
individual participants — the foundation of integrated research.

Personnel

Brandon Schlautman (The Land Institute) leads this theme.

Theme 1 Tasks: Years1-5

= C(Create a Single Data Repository for all PGC-related Research (Task D.1.a).
= (Create Formal and Informal Communication Structures (D.1.b).

Research and Development Theme Progress

1. Create a Single Data Repository for all PGC-related Research (Task D.1.a).

5 Quarterly Progress Report: February 2022
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A. Planned Activities
Initiate efforts to create a RegenPGC data repository.
B. Actual Accomplishments

We formed a Data Management Team, which includes a leader from the five research
objectives and four cross-cutting themes. Data Management Team members continu4
discussions with Breedbase and the Breeding Insights teams about setting up a data
instance for RegenPGC.

C. Explanation of Variance
We note no variance from our plans, and are accomplishments are on schedule.
D. Plans for Next Quarter

e Set up a Breedbase instance and initiate conversations with developers about PGC-
specific features.

e Develop an initial version of a PGC ontology.
Create Formal and Informal Communication Structures (Task D.1.b)
A. Planned Activities

e Develop an informal communication strategy open to any RegenPGC CAP
researcher, participant, and stakeholder.

e Develop a formal communication strategy that makes project information and
decision-making transparent and accessible.

B. Actual Accomplishments

e We launched RegenPGC Café, an informal virtual meeting every Friday (9 am CST).
Discussions, which are open-ended and include participants from all research
objectives, have been educational for project members and continue to reveal
opportunities for cross-cutting engagement.

e We launched a RegenPGC Microsoft Teams site. We use the Teams app to make
announcements to the entire project team, host conversations within and across
research objectives, and house relevant documents (e.g., meeting notes, shared
images/references, etc.).

C. Explanation of Variance

Quarterly Progress Report: February 2022
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We have not experienced any variances, and accomplishments are on schedule.
D. Plans for Next Quarter
e Launch bimonthly formal meetings with all project participants.
3. Publications, Presentations, Stakeholder Engagement, and Submitted Proposals
e Proposals

“Using perennial groundcovers for improved soil health and nutrient retention in corn/soy
production.” NCR SARE Partnership Grant. $39,692

THEME 2. EXTENSION

This cross-cutting theme focuses on extending the project’s reach by developing a robust
platform to share science-based knowledge, existing and potential commercial opportunities, and
policy recommendations to an expanded set of stakeholders.

To strengthen and ensure PGC adoption, our comprehensive extension education efforts will
target five stakeholder groups:

e Extension educators

e Farmers

e Technical service providers and crop advisers

e The scientific community

e The general public
Personnel
Dan Andersen (Iowa State University) leads this theme.
Theme 2 Tasks: Years1-5

RegenPGC outreach activities will be tuned to individual audiences, with background and
collaboration that brings them together. We will focus on these tasks:

= Develop and deliver in-field crop-specific hands-on field days explaining the PGC system at
its stage of development in each of the project years (Task D.2.a).

7  Quarterly Progress Report: February 2022
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= Develop and deliver winter workshops and farmer meetings explaining the PGC system at its
stage of development in each of the project years (Task D.2.b).

= Develop and make available online a series of educational modules explaining the PGC

system at its stage of development in each of the project years (Task D.2.c).

Extension Theme Progress

1. First Quarter

A. Planned Activities

Schedule fall field days to discuss planting and ground cover suppression (Q1).

Develop quick on-farm soil health assay documents that farmers, 4-H participants,
and FFA students can use to evaluate soil properties for enriching environmental
health curriculums (Q1 and Q2).

Schedule spring field days to discuss planting and ground cover suppression (Q2).

Evaluate machinery challenges and formulate a plan for a demonstration of planting
options for planting corn into perennial ground cover (Q2).

B. Actual Accomplishments

We held a field day to demonstrate perennial groundcover water quality impacts and
show new research plots Q1).

We agreed to a rough framework for presenting soil health measurements possible by

farmers and high school students that help discuss how to measure different aspects
of soil health Q1).

Field demonstrations and visits have been planned for early to mid-May 2022 at two
project locations. Discussions about system management, improved water utilization
demonstrations, and farmer options and concerns for their farms are also scheduled

(Q2).

Thus far, we have generated three draft protocols for farmers and high school students
that help discuss how to measure different aspects of soil health. We plan to develop
five more protocols and then post them on the project website with information on
how they can share their “citizen science” results (Q2).

We are at the early stages of understanding different no-till planting units and which
companies to contact to see how we can engage them in a project demonstration (Q2).

8 Quarterly Progress Report: February 2022
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C. Explanation of Variance
None noted.
D. Plans for Next Quarter

e Develop an on-farm test protocol to help farmers evaluate how to set up trials on their
farms (Q1).

e Publish on-farm soil health assay documentation online and develop a “citizen
science” data-sharing platform (Q1).

e Develop a draft protocol for demonstrating no-till planting row units and what will be
measured to help ensure success and encourage project collaboration (Q2).

e Publish on-farm soil health assay documentation online and develop a “citizen
science” data-sharing platform (Q2).

e Develop an on-farm test protocol to help farmers evaluate how to set up trials on their
farms (Q2).

E. Publications, Presentations, Stakeholder Engagement, Submitted Proposals

e We held a field day in Nashua, Iowa, at perennial ground cover sites, where we
reported initial results on yield and held a water quality demonstration. The water
quality demonstration was recorded and shown to 5000 lowa manure applicators as
part of Manure Applicator Certification training to demonstrate soil health
improvements and discuss impacts on nutrient movement and nitrogen use efficiency.

e Andersen, Dan. “Perennial ground cover: What it is and what is happening.” lowa
Pork Congress, Manure Application & Cover Crops: Panel Discussion, Des Moines,
1A, Jan. 27, 2022.

THEME 3. EDUCATION

The cross-cutting Education Theme coordinates educational efforts impacting students from pre-
college to undergraduate and graduate students at multiple institutions. The aim of each of the
educational programs is tuned to the audience. The Educational Theme Coordinator and the
project Objective Leaders will ensure that these programs are not siloed and provide rich cross-
disciplinary training and engagement opportunities for undergraduate and graduate students to
meet the workforce education and training requirements for successful adoption of PGC
production systems.

9 Quarterly Progress Report: February 2022
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Personnel

Ken Moore (ISU) leads this theme, and Maureen Griffin (ISU) serves as a collaborator.

Tasks

Educational activities span all project objectives and are conducted under the following tasks:

Instructional Development. (Task D.3.a).
Undergraduate REU Program (Task D.3.b).
Undergraduate Internship Program (Task D.3.c).
RET Program (Task D.3.d).

Graduate Student Community (Task D.3.e).

FFA and 4H Programs (Task D.3.1).

Education Theme Progress

Our Q1 and Q2 activities put us on track to meet our Theme goals. During Q3, we will hold a
meeting of principals involved in educational activities to develop logic models for each
audience category and a values statement to inform decision-making relative to educational
programs.

1.

Instructional Development (Task D.3.a).

A. Planned Activities

This task is related to all others within the education theme as instructional materials
developed across all objective areas will be shared and repurposed across subtask areas.
During Q2, we planned to begin the conversation with subtask leaders about their content
and format needs.

B. Actual Accomplishments

All planned activities are complete.
C. Explanation of Variance

None noted.

D. Plans for Next Quarter

10 Quarterly Progress Report: February 2022
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We will discuss specific aspects of the instructional materials to be used across
educational programs during our meeting. We will decide on acceptable formats for
learning modules and develop a plan for sharing them.

2. Undergraduate REU Program (Task D.3.b).
A. Planned Activities

Hire a program coordinator for the REU program and begin discussions on program
design and implementation.

B. Actual Accomplishments

We hired Maureen Griffin to lead and develop the REU program. Maureen coordinates
REU programs for ISU’s Office of Biotechnology and has extensive experience working
with REU programs.

Although we did not plan to begin the REU program until Project Year 2, we decided to
run a pilot program this coming summer. Maureen has been working on developing the
recruiting materials and coordinating potential placements for the students. We have
decided to focus on recruiting science education students to the REU program. The
rationale is that this will lead to more high school students being aware of research
opportunities in agroecological research and better prepared to enter undergraduate
programs related to it.

C. Explanation of Variance

We decided to initiate a pilot for the Undergraduate REU Program and started work on
those activities during Q2.

D. Plans for Next Quarter

We will recruit two to three students to participate in the REU and place them with
project CoPds in the summer of 2022.

3. Undergraduate Internship Program (Task D.3.c).

No activities are currently planned in this subtask. Activities will start in fall 2022,
concurrent with the beginning of the academic year for each cooperating higher education
institution.

4. RET Program (Task D.3.d).

A. Planned Activities

11 Quarterly Progress Report: February 2022
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During this quarter, we planned to hire a program coordinator for the RET program and
begin discussions on designing and implementing it.

B. Actual Accomplishments

Maureen Griffin will also be coordinating this activity, and like the REU program, we
decided to implement a pilot program this summer. Maureen is currently identifying and
recruiting high school teachers to work with two project co-PDs in the summer of 2022

C. Explanation of Variance

We decided to initiate pilot programs for the RET Program and started work on those
activities during Q2.

D. Plans for Next Quarter

We will recruit two teachers to participate in the RET and place them with project CoPds
for a summer 2022 program.

5. Graduate Student Community (Task D.3.e).

No activities are currently planned in this subtask. The work will begin late summer of 2022
with a summit for all graduate students participating in RegenPGC.

During Q3, we will plan for the graduate student summit, which will take place in August
2022.

6. FFA and 4H Programs (Task D.3.f).
A. Planned Activities

During this quarter, we planned to initiate subcontracts with Dennis Miller (FFA) and
Maya Hayslett (4H), who will collectively lead the development of instructional
programs under this subtask.

B. Actual Accomplishments

All planned activities are complete.
C. Explanation of Variance

None noted.
D. Plans for Next Quarter

We will initiate work on developing curricular materials.

12 Quarterly Progress Report: February 2022
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7. Publications, Presentations, Stakeholder Engagement, Proposals Submitted

None to report.

THEME 3. COMMERCIALIZATION
Our goals are to:

=  Work with Project Director Raj Raman and Deputy Director Anne Kinzel to engage
stakeholders by establishing a Stakeholder Advisory Board (SAB) and a Farmer/Landowner
Advisory Group (FLAG). (Task D.4.a).

= Establish on-farm trials and conduct field days with producers to gain input and advice on
how to make PGC approaches more practical, reliable, and profitable (Task D.4.b).

= Engage ag sector commercial entities in research partnerships and further identification of
investment and development opportunities (Task D.4.c).

Personnel
Sara Lira (Corteva Agrisciences) leads this theme.
Commercialization Theme Progress
A. Planned Activities
e Define areas of work for our commercialization efforts.
e Develop protocol(s) for on-farm trials.
e Develop the Farmer/Landowner Advisory Group (FLAG).

e Source and deliver corn/soy seed for farmer cooperators.

Schedule field days.
B. Actual Accomplishments
e Develop protocol(s) for in-field trials.

¢ FLAG Internet Group. The site is up and running, members have been invited, and we
are developing content.

e Source and deliver corn/soy seed for farmer cooperators

13 Quarterly Progress Report: February 2022
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e A spring 2022 field day has been scheduled, but nothing is yet planned for the fall of
2022.

e Ecosystem Services Monitoring/Modeling. Determine what validation data/models are
needed to ensure producers can receive credits from existing carbon programs.

e Equipment Strategy. Two “paths” are needed, one for smaller producers with Dan
Andersen and Brandon Schlautman and one for larger producers in partnership with John
Deere (maybe). In both paths, we will give options for modification/use of current
equipment or for building new equipment. We will use feedback from our farmer-
cooperators.

e Agronomy Challenges (to be addressed with the FLAG, equipment strategy, and
chemical trials in 2022/23 research trials): No-till groundcover management, reliable
groundcover suppression with Liberty, and bluegrass establishment.

C. Additional Activities in Support of the Entire Project
e Hired student labor for 2022 soil and plant sampling, weather data collection, etc.
e Coordinated soil sampling strategy for all RegenPGC on-field trial and research sites

e Developed the Objective 3 research experiment protocol, packaged 2022 seed, and
identified 2023 expansion sites.

e Hired a graduate student intern to develop an insect/plant pathogen survey
strategy/protocol for the in-field trials.

e Connected Jason DeBruin (Corteva carbon specialist) to the project.
D. Explanation of Variance

No variance was noted.
E. Plans for Next Quarter

e Planting and data collection in the on-field trials.

e Hold two field days, one in York, NE, and one in Nashua, TA.

e Ecosystem Services Monitoring/Modeling. Meet with Objective 4 to understand carbon
credit requirements and the potential for N2O credits.

¢ Equipment Strategy. Outline next steps to develop equipment strategy.

14 Quarterly Progress Report: February 2022
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OBJECTIVE 1. CROP ECOLOGY & MANAGEMENT

This Objective focuses on developing and testing best management practices for cash crop
establishment in PGC systems and managing the transition from current practices. Objective 1
will improve PGC economics by tuning and integrating the groundcover and cash crop
management, thereby reducing risk.

Our primary goal is to elucidate key mechanisms related to:

= (Cash crop and PGC interference

= Early cash crop growth and development in PGC systems
= Pest dynamics

Objective Personnel

= Leadership

Erin Haramoto (University of Kentucky) and Scott Flynn (Corteva Agrisciences) lead this
Objective.

= Collaborators
e Lucas Borras (Corteva)
e Susana Goggi (ISU)
e Ken Moore (ISU)
e Jose Rotundo (Corteva)
= Commercial Partners
e Corteva Agriscience
e WinField United
Objective 1 Tasks: Years 1-5
= Develop and test best management practices for PGC-maize (Task C.1.1).
= Identify and Overcome Practical Barriers to PGC Adoption (Task C.1.2).

= Develop educational modules for post-secondary education (Task C.1.3).

15 Quarterly Progress Report: February 2022
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Crop Ecology & Management Progress
1. Planned Activities

e Initiate planning meetings for Objective 1 experiments.

e Develop experiments in support of Objective 1.

e Start a communication channel between Objective 1 participants.
2. Actual Accomplishments

e We held a planning meeting in lowa in November 2021. All key Objective 1 personnel
attended the meeting.

e We have discussed the initial plans for Objective 1 experiments.

e Objective 1 personnel are using Microsoft Teams to communicate regarding project
details.

e We have established Bluegrass PGR for the 2022 plots.
3. Explanation of Variance
None noted
1. Plans for Next Quarter
e We will start preliminary data collection at existing PGC trials in the spring of 2022.
e We will establish corn in PGR plots in KY, MO, and IA.
o We will finalize experimental plans for Fall 2022.
4. Publications, Presentations, Stakeholder Engagement, Submitted Proposals

None to date.

OBJECTIVE 2. PLANT BREEDING & GENETICS

This Objective focuses on PGC cropping system optimization by screening for superior

groundcovers and maize hybrids that minimize competition as each occupies its own temporal or
spatial niche. This can enhance PGC economic viability through yield improvement and reduced
management requirements while increasing ecosystem impacts via reduced chemical inputs. Our
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work will also enable the design of novel breeding strategies and allow for the development of
dedicated breeding programs for PGC hybrids and varieties.

Objective Personnel
= Leadership
Shuizhang Fei and Thomas Lubberstedt (Iowa State University) lead this Objective.
= Collaborators
e Brandon Schlautman (TLI)
e Sara Lira (Corteva Agriscience)
= Grad Students
e Memis Bilgici (Fall 2022)
= Commercial Partners
e WinField United,
e Radix Evergreen LLC
e Corteva Agriscience
e GO Seed
e DLF PickSeed
e Green Cover
= Nonprofit Partner
e The Land Institute
Objective 2 Tasks: Years 1 -5
* Identify and design superior PGC germplasm (Task C.2.1).
=  Evaluate maize x PGC (GxM) interactions (Task C.2.2).
= Plant breeding education (Task C.2.3).
= Test maize hybrids and soybean varieties PGC system(s) (Task C.2.4).

Plant Breeding & Genetics Progress
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Shuizhang Fei Group
1. Research Planning

e Cultivar trial evaluating the compatibility of Kentucky bluegrass and Poa bulbosa
with maize.

o We have made plans to continue to evaluate the suitability of Kentucky bluegrass
cultivars or cultivar blends (SR2100, Fielder, Granite, Mercury, Geisha, Blue Ghost,
Geronimo, Dauntless/Jackrabbit, Award/Bluecoat) and a cultivar of Radix Hybrid
bulbosa (Radix55) as PGC for maize production. Maize grown conventionally
without PGC will serve as the control.

The plot size will be 20 x 22.5 ft with eight (8) cornrows and will be replicated four
times at the Sorenson Farm. Data to be collected for PGC include the percentage of
ground coverage, canopy height, plant height (with inflorescence), genetic color, and
the presence of weeds. Data to be collected for maize include:

» Seedling emergence rate and uniformity,
» Maize plant height and development (stage),
» Leaf color measured by the SPAD meter, and

» Grain yield.

In addition, we will collect data on soil moisture and nutrient status. We also discussed
with Brandon Schlautman the testing of some warm-season grasses such as buffalograss
and blue and sideoats grama for their suitability as PGC.

e Investigate genetic variation of summer dormancy in Poa bulbosa

We have established three plants from each of the 75 USDA GRIN accessions of Poa
bulbosa in the greenhouse for observation of germination, tillering ability, leaf color and
texture, dormancy induction and release, flowering time, and the formation of bulbs. In
late summer, additional plants (30 plants) will be established in the greenhouse. These
plants will be transplanted to the field in fall 2022 for field observation for summer
dormancy and other important agronomic traits for 2-3 years. Data collected will be
analyzed for genetic diversity and to guide future plant breeding efforts. If additional
funding is acquired to identify candidate genes for summer dormancy in Poa bulbosa,
these field data will be used for trait-marker analysis.

e Investigate Kentucky bluegrass herbicide sensitivity.
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To identify Kentucky bluegrass cultivars that can be effectively and reliably suppressed
by herbicides labeled for field crops, we made a plan to test the efficacy of an herbicide
combination (Gramoxone+Glufosinate) by using a panel of ~80 Kentucky bluegrass
cultivars. Cultivars with strong resistance or extreme sensitivity will be investigated
further for their morphological and physiological characteristics.

2. Student Recruiting

We have recruited a Ph.D. student, Caleb Ardoin, who is currently pursuing an online MS
degree in Plant Breeding at ISU. We are recruiting additional students for fall 2022
enrollment.

3. Publications, Presentation, Stakeholder Engagement, and Submitted Proposals

Shuizhang Fei has been invited to give a presentation on the screening of cool-season
turfgrasses for PGC-based maize production at the National Association of Plant Breeders
annual meeting in the fall of 2022.

Liibberstedt Group

Throughout the project, the Liibberstedt Group’s research contributions will be conducted under
objective tasks C.2.2a and C2.2b.

1. Conduct a genome-wide association study (GWAS) of seed and seedling traits relevant
for maize in PGC (Task C2.2a).

The complete germplasm enhancement of maize (GEM) panel, consisting of 200 publicly
available genotypes developed in a joint USDA and ISU effort through introgression of
exotic lines into elite genetic backgrounds, will be evaluated for germination under cold
conditions and for SAR.

We will conduct seedling cold and SAR tests in the ISU Enviratron climate chambers, which
allow temperature gradient and shade experiments under various red/far-red light ratios.
GWAS studies with this panel have been successful for seedling (Hu et al., 2017; Sanchez et
al., 2018), agronomic, and kernel quality traits (Vanous et al., 2018a, b: Sanchez et al., 2018).
We will identify superior GEM germplasm and provide DNA marker information pertinent
to the genomic-assisted selection of agronomic, kernel/seed characteristics identified in Task
C.1.3, cold tolerance, and SAR traits.

2. Evaluate significance and mechanisms for GxM interactions (Task C.2.2.b)

We will evaluate two sets of maize germplasm under PGC and conventional conditions: 1)
the most promising 50 GEM lines from Task C.2.2.a, and 2) the ERA panel that includes a
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set of 70 well-characterized modern and historic Corteva Agriscience commercial maize
hybrids (Duvick et al., 2004; Reyes et al., 2015).

In PY 2-5, we will evaluate the ERA panel and 50 GEM lines under PGC and conventional
conditions in at least one location in IA, KS, NE, WI, and MO in collaboration with
WinField United and Corteva Agriscience. Grain yield is the target trait, but we will measure
other site-relevant agronomic traits. Corteva Agriscience will evaluate the ERA panel in four
additional sites representing moderate rainfall conditions often observed during grainfill in
the western corn belt and in two sites where root lodging events will be simulated with a
wind machine. These trials will reveal the relative importance of GxM and GXExM
interactions, evaluate the role of population insensitivity and drought tolerance in PGC
adaptation, and characterize root lodging risk in PGC.

3. Conduct a genome-wide association study (GWAS) of seed and seedling traits relevant
for maize in PGC (Task C2.2a)

This part is about genome-wide association studies under controlled conditions for traits that
we consider relevant for maize grown with perennial ground cover (PGC). We will use >200
genotyped BGEM lines, which have been used in previous research (cited below). We will
conduct seed multiplication during the summer of 2022 to ensure sufficient seed is available
for subsequent experiments. Ph.D. student Memis Bilgici, who is planning to arrive in Ames
by Aug. 1, 2022, will conduct this work. At this point, there is no need for resources from
other groups for this part of the project.

4. C2.2b. Genotype x Management interactions in field trials (PGC vs. conventional
management regime)

Liibberstedt suggests using a subset of 50 BGEM lines based on findings in C2.2a. However,
we intend to replace those 50 BGEM lines with 50 BS39-derived lines developed by
Anderson Verzegnazzi (Verzegnazzi et al. 2021, Santos et al. 2022). The main reason is that
we have active breeding efforts for this BS39 material going on in a USDA OREI project.
Moreover, we evaluated 400 BS39 derived lines for testcross / hybrid performance, and both
agronomic data from multilocation field trials and genotype data are available. Also, a subset
of “best lines” was tested under organic conditions. Finally, we do have sufficient testcross
seed (>2000 kernels / line) in storage for most of the lines and are thus “ready to go” for field
trials as soon as PGC sites become available (for BGEM, it could take until the end of 2023,
to reach the same stage).

We want to evaluate those 50 BS39-testcrosses in at least three PGC environments, which
could be three (3) years at ISU (2023-25), and three (3) different locations in 2023 (ISU, TLI,
Cort.), or others. A question is whether we still need to evaluate under conventional
conditions (probably yes, to have the same year(s)), as Anderson already did this.
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For each environment, including two (2) replications in RCBD, we would like to use 4-row
plots, from which the two (2) center rows would be harvested. Space between rows: 2.5 feet,
row length: 18 feet, 4-row plot size: 10x18 = 180 square feet. Thus, 2x50x180 = 18,000
square feet per environment are needed (=0.413 acres or 0.167 ha). If we feel this is overkill
and not doable, it would be possible to use two-row plots (instead of four (4) rows and only
use two (2) center rows). In this case, we would need only half the acreage.

Regarding PGC environments: we would need input on what would be the best option. Our
thinking was to use a PGC system, which is most practicable/likely to succeed in farmers’
fields at this time.

OBJECTIVE 3. SOIL HEALTH & NUTRIENT MANAGEMENT

Objective 3 focuses on understanding how and quantifying the degree to which different PGC
approaches impact soil health and nutrient use / loss. Because soil health drives crop productivity
and environmental impacts, this knowledge is crucial both to better managing PGC systems and
to characterize the indirect economic benefits associated with PGC, which in turn inform policy
and deployment.

Objective Personnel
= Leadership

Marshall McDaniel (Iowa State University) and Morgan Davis (University of Missouri) lead
this Objective.

= Collaborators
Daniel Andersen (ISU)
Objective 3 Tasks: Years 1-5

= Quantify changes in physical, chemical, and biological indicators of soil health achieved by
PGC, which relate to water movement, soil fertility, and carbon storage (Task C.3.1).

= Quantify the benefits of PGC to improve nutrient cycling, retention, and plant availability
(Task C.3.2).

Soil Health & Nutrient Management Progress

1. Planned Activities

e Initiate planning meetings for our experiments.
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e Develop experiments in support of our Objective goals.

e Start a communication channel between Objective 3 participants and other project
objectives.

e Hire students/postdocs.
2. Actual Accomplishments
e We discussed initial plans for our experiments.
e We started using Microsoft Teams to communicate about project details.
3. Explanation of Variance
No variance occurred.
4. Plans for Next Quarter
o We will start preliminary data collection in spring 2022 at the existing RegenPGC trials.
e We will finalize experimental plans for Fall 2022.
5. Publications, Presentations, Stakeholder Engagement, Submitted Proposals

None to date

OBJECTIVE 4. ECOSYSTEM SERVICES & MODELING

This Objective focuses on quantifying the provision of ecosystem services derived from PGC
implementation. We consider a wide range of ecosystem services, including improved water
quality, flood and drought mitigation, protection from soil erosion, carbon sequestration, and
provision of biofuel feedstock and/or fodder. Quantification is crucial to incentivize farmers for
ecosystem services.

Objective Personnel
= Leadership

Amy Kaleita-Forbes (Iowa State University) and Rob Anex (University of Wisconsin-
Madison) lead this Objective.

= Collaborator(s)

¢ Randy Clark (Corteva)
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= Graduate Student(s)

= Oluwatuyi S. Olowoyeye
= Nonprofit Partners

e Field-to-Market

e Practical Farmers of lowa

e Keystone Policy Center
Objective 4 Tasks: Years 1 -5

* Quantify decreased flood risk and improved drought resiliency compared to conventional
cropping systems (Task C.4.1).

* Quantify PGC impacts on water quality (Task C.4.2).

* Quantify PGC ecosystem service sustainability indicators and compare them with
conventional systems (Task C.4.3).

= Quantify the limits on PGC maize stover removal (Task C.4.4).
Ecosystem Services & Modeling Progress

1. Quantify decreased flood risk and improved drought resiliency compared to
conventional cropping systems (Task C.4.1).

A. Actual Accomplishments

e Recruited and onboarded a Ph.D. student to investigate hydrology and water quality
modeling

e Completed a preliminary literature review of the integration of intercropping into
process-based models capable of simulating hydrology

B. Explanation of Variance
None noted.
C. Plans for Next Quarter

e Identify which model(s) meets the project needs and will enable meeting modeling
objectives.

¢ Run preliminary model tests of PGC vs. cover crops vs. conventional cropping.
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2. Quantify PGC impacts on water quality (Task C.4.2)
Nothing to report.

3. Quantify PGC ecosystem service sustainability indicators and compare them with
conventional systems (Task C.4.3)

A. Plans for Next Quarter
Recruit graduate student(s) to work on Tasks C.4.3 and C.4.4.
4. Quantify the limits on PGC maize stover removal (Task C.4.4).
Nothing to report.
5. Publications, Presentations, Stakeholder Engagement, Submitted Proposals

Nothing to report.

OBJECTIVE 5: SOCIOECONOMIC IMPACTS AND POLICY

This Objective evaluates the conditions under which the proposed practices are economically
sustainable for farmers and input suppliers in the PGC supply chain and wellbeing-enhancing for
farmers and consumers and which integrates them by considering how PGC fits into existing
policy frameworks. Functionally, the Objective synthesizes information from other Objectives
and quantifies the overall value proposition for various versions of PGC.

Objective Personnel
= Leadership

Cornelia Flora (Kansas State University) and Keri Jacobs (University of Missouri) lead this
Objective.

= Collaborators
e Amani E. Elobeid (ISU)
e Cynthia A. Bartel (ISU)
= Graduate Student
e James Melich

Objective 5 Tasks: Years 1 -5
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Evaluate the economic feasibility of PGC systems for maize/soybean producers (Task C.5.1).

Evaluate the market and aggregate welfare effects of PGC approaches (Task C.5.2).

Identify the barriers and facilitators to PGC deployment (Task C.5.3.).

Explore the role of input supply agribusinesses in the PGC supply chain (Task C.5.4).
Socioeconomic Impacts and Policy Progress

Our anticipated activities for the first and second quarter of Year 1 were to begin establishing the
data needs and variables we will collectively need from other objective areas and communicate
those and a mechanism for receiving them.

The team met to discuss a strategy, and we are working individually to identify data needs and
measurement standards.

We will continue data discussions and work toward finalizing our data needs. Once we have a
good understanding of our data needs, we will communicate with Data Management Team.

1. Evaluate the Economic Feasibility of PGC Systems for Maize/soybean Producers (Task
Cs.0)

A. Planned Activities
Begin developing draft enterprise budgets to assess PGC economic feasibility.
B. Actual Accomplishments

e We are completing an initial draft of an enterprise budget to assess PGC’s economic
feasibility. We will develop and revise this enterprise budget as the project
progresses.

e We developed the perennial groundcover enterprise budget in collaboration with the
Iowa Soybean Association (ISA) for PGC system inclusion in the IS4 Cover Crop
Economic Simulator, a tool to assist farmers in identifying financially solvent
management strategies for cover cropping (See:
https://analytics.iasoybeans.com/cool-apps/CoverCropEconSimulator/).

C. Plans for Next Quarter

We will submit our draft enterprise budget manuscript for review and publication.
D. Explanation of Variance

None noted.
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2. Evaluate the Market and Aggregate Welfare Effects of PGC Approaches (Task C.5.2)

We are currently developing a plan of work for this task.

3. Identify the Socioeconomic Barriers and Potential Facilitators to PGC Adoption (Task
C.5.3)

A.

Planned Activities

Team members planned to disseminate PGC-related findings at the two events during Q1
and Q2. The goal is to provide outreach and education on the PGC system to farmer and
stakeholder audiences.

Actual Accomplishments

Team members disseminated PGC-related findings at two events during Q1 and Q2 for
the purposes of outreach and education on the PGC system to farmer and stakeholder
audiences (See “Publications, Presentations,...” below).

. Plans for Next Quarter

We are currently developing plans.
Explanation of Variance

None noted.

4. Explore the Role of Input Supply Agribusinesses in the PGC Supply Chain (Task
C.5.4).

A.

Planned Activities

Begin compiling firm- and plant-level data on ag input supply cooperatives in Missouri
and Iowa.

Actual Accomplishments
We have hired a student to assist with this task beginning in the summer of 2022.
Plans for Next Quarter

We will continue with data collection and begin reviewing the literature to understand the
current state of knowledge.

Explanation of Variance

None noted.
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5. Publications, Presentations, Stakeholder Engagement, Submitted Proposals

e Bartel, Cynthia, A. 2022. “Merging Scalable Soil and Water Conservation with High-
Yield Row Crop Production: An Overview of System Development and Application.”
Natural Resources Conservation Service Conservation Innovation Grants Informational
Farmer Facing Meeting. Waterloo, 1A, Feb. 7, 2022. ~25 attendees.*

* Note: while this presentation specifically pertained to PGC system deployment under
CIG, it also included the distribution of PGC-related information and stakeholder
outreach similar to RegenPGC.

e Bartel, Cynthia, A. 2021. “Session B4: Look to the Future with a Systems Approach to
Achieving Soil and Water Conservation with High-Yield Row Crop Production.” Co-
presentation with Corteva Agriscience and the Iowa Soybean Association at the 5%
Annual Iowa State University Extension and Outreach Women in Ag Leadership
Conference: Lead Like Someone Left the Gate Open, Ames, IA, November 30, 2021.
~20 attendees.
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Ronald DeJongh
e Verbio North America

Ron leads VERBIO Agriculture and is responsible for managing the agricultural relationships of the
organization, including feedstock origination, risk management, and marketing of byproducts and
agronomic solutions. Ron has 30 years of experience at large, domestic, and international firms with
expertise in risk and supply chain management, including production agriculture, grain handling, and
trading and logistics. Prior to joining VERBIO in 2020, Ron was the EVP of Grain for Landus
Cooperative where he led grain marketing, origination, logistics and operations; and previously at
Columbia Grain International, Ltd. Ron holds a BS degree (Agricultural Business) from the University
of Minnesota.

Ray Gaesser
e Gaesser Farms

Ray has 54 years of farming experience. Ray and Elaine farm in partnership with their son Chris and
wife Shannon. Chris and Shannon manage the agronomy, technology, and offices of Gaesser Farms.
Ray has advocated locally, nationally, and globally for lowa and US agriculture as president of the
lowa Soybean Association and American Soybean Association. Leader of Solutions From the

Land. Co-chair - lowa Smart Agriculture, lowa Conservation Infrastructure Initiative and Chair of lowa
Conservative Energy Forum, president of lowa Master Farmer Association 2021-2022

The Gaessers farm approximately 5,400 acres in a corn/soybean rotation and grow rye seed for their
cover cropping needs, plus they sell rye seed to others. Two-thirds of the land is planted to cover
crops each year with the goal of 100% cover.

Gaesser Farms has a long history of on-farm research, co-operating with lowa State University, lowa
Soybean Association, lowa Corn Growers Association, along with several Agriculture industry
partners. This research allows us to test and often implement the latest innovations in agriculture.
The goal is to sustainably intensify our crop production. Caring for the land is a priority

Bill Goldner
e USDA NIFA

Dr. William (Bill) Goldner joined the Office of the Chief Scientist (OCS) on September 30, 2019, as the
USDA's Senior Advisor for Renewable Energy, Natural Resources, and Environment. Prior to joining
OCS, Bill served as National Program Leader for Bioenergy, Bioproduct, and Bioeconomy Systems
(B3S) for USDA's National Institute of Food and Agriculture (NIFA) USDA. Bill provided leadership for
NIFA's Bioenergy, Biobased Products and Bioeconomy (B3) portfolio as Team Lead for the Agriculture

RegenPGC is supported by Agriculture and Food Research Initiative Competitive Grant No. 2021-68012-35923 from the
USDA National Institute of Food and Agriculture.



and Food Research Initiative (AFRI), Regional Bioenergy and Bioproduct Coordinated Agricultural
Project (CAP) Program. The CAP Program has invested ~$196 M in ten regional public-private
consortia projects that focus on facilitating the development of sustainable production systems for
biofuels, industrial chemicals and polymers, and biobased products. The approach integrates research
and development; demonstration; education/workforce development;
Extension/outreach/technology transfer; and sustainability analysis (economic, environmental, and
social).

Theo Gunther
e |owa Soybean Association

Theo Gunther provides leadership and support for the development and growth of local, regional,
and statewide initiatives aimed at improving agronomic and conservation systems on farms and in
watersheds across lowa. Theo also works to advance solutions for growing the ISA Research Center
for Farming Innovation internal and external programming. He has a BS (Agronomy & Environmental
Science and an MS (Crop Production and Physiology), both from lowa State University.

Erin Meier
e Green Lands Blue Waters

Erin Meier is the Director of Green Lands Blue Waters (GLBW), a collaborative initiative focused on
shifting the agricultural landscape of the Upper Mississippi River Basin to more acres of marketable
continuous living cover (CLC) to improve water quality, soil health, agricultural and community
resilience, and the long-term stability of the Basin to the Gulf of Mexico. GLBW is housed at the
Minnesota Institute for Sustainable Agriculture at the University of Minnesota. Previously, Erin served
for 14 years as Executive Director of the UMN Southeast Regional Sustainable Development
Partnership. She has over 20 years of experience and training in sustainable agriculture, local food
systems, food access, natural resource conservation, clean energy, community engagement and
development, and facilitating cross-sector workgroups and networks. Erin holds an MS in Sustainable
Agriculture from lowa State University and is a geographer at heart with a BS in Geography from the
University of Illinois and past experience as a cartographer and GIS analyst.

Kevin Morris
e National Turfgrass Evaluation Program (NTEP)

Mr. Morris received his bachelor's degree in agriculture from the University of Maryland in 1981.
Upon receiving his degree, he was employed by the Maryland Environmental Service for one year and
then started with the National Turfgrass Evaluation Program, Beltsville, MD, in 1982 as Technical
Coordinator. Mr. Morris was National Program Coordinator before being named Executive Director of
the NTEP in July 1998. His duties include leadership, administration, and coordination of national
tests for seventeen grass species at approximately seventy test sites across the United States and
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Canada. Also, as President of the National Turfgrass Federation, Inc., Morris interacts with Congress
and the federal government, representing the turfgrass industry. Currently, Mr. Morris is heavily
involved in promoting the turf industry via Grass Roots, an outdoor turfgrass exhibit at the U. S.
National Arboretum in Washington, DC. Mr. Morris is the Crop Science Society of America 2018
winner of the Fred V. Grau Turfgrass Science Award. Mr. Morris has provided consultation to
turfgrass managers at facilities such as Laurel and Pimlico racecourses, and he also has eight years
experience as co-owner of a lawn service company.

Hillary Olson
e NRCS

Hillary Olson was raised on a family grain and farrow-to-finish hog farm in Central lowa. She received
a BS in Animal Science and an MS in Soil Science at lowa State University. She has worked for NRCS as
a Soil Conservationist in various field offices across the state. She and her husband farm in Central
lowa and have a row crop operation and a cow-calf herd. She started in the State Soil Health
Specialist role for lowa NRCS in 2020.

Kelly Young
e Field to Market

Kelly Young leads Field to Market's work educating farmers and farm advisors on sustainability
issues and practices. Kelly oversees the development and curation of educational tools, resources,
and training materials for use by the agricultural supply chain to catalyze continuous improvement.
Kelly earned both her B.S. in Biology and M.S. in Botany from Arizona State University.

Page 3 of 3



The long-term goal of this project

is to develop and de-risk a
transformative method for increasing
groundcover on working landscapes,

thereby realizing urgently-needed
environmental benefits.

Our vision is to develop a perennial
cover-cropping system that requires
less labor, provides equal or more
ecosystem benefits, and increases
resiliency while having an overall
economic profile that is equivalent to,
or better than conventional
row-crop practices.

D. Raj Raman
RegenPGC Project Director
Morrill Professor of Agricultural and Biosystems Engineering
lowa State University
3356 Elings
605 Bissell Rd
Ames, IA 50011-1098
rajraman@iastate.edu

Anne Kinzel, JD
RegenPGC Deputy Director
1140p Biorenewables Lab
lowa State University
617 Bissell Rd Ames IA 50011-1098 M : 1
akinzel@iastate.edu ' N, SRR Ty e -
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