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LEGAL 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
farmers, NGOs, 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.
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Regenerating America's Working Landscapes to Enhance Natural

Resources and Public Goods through Perennial Groundcover (RegenPGC)
(AFRI Competitive Grant No. 2021-68012-35923)
February 1 — April 30, 2022

DIRECTOR'S REFLECTIONS

Now that the project is up and running, the RegenPGC Team has focused on achieving our long-
term objective of developing a robust perennial ground cover system. This third quarter report
details the broad range of activities that our objective areas and cross-cutting themes have
engaged in during the third quarter of our first year. Efforts have shifted from an emphasis on
start-up administrative work toward experiment planning, field-day planning, selecting
participants for key educational efforts, and website development.

Critically, there have been multiple substantive interaction across Objectives and Themes. Our
Friday morning RegenPGC Cafés have helped foster these interactions, as have the all-hands
(CoPD) meetings. We have recruited several graduate students, some of whom have already
started their work with our team and others who will begin in the Fall of 2022.

During the fourth quarter, we will continue interacting with the interested public. The project
will host two Research Experience for Undergraduates (REU) students and one RET (Research
Experience for Teachers) participant. Field research at multiple sites will be initiated (or
continued). We are preparing for two field days in May 2022, one in lowa and one in Nebraska.
We are also preparing a major exhibit at the 2022 Farm Progress Show in Boone, lowa, where
we hope to expose many people to the PGC concept.

PROJECT ADMINISTRATION AND GOVERNANCE

1. Personnel

D.Raj Raman (lowa State University) is the Project Director, and Anne Kinzel (lowa State
University) is the Deputy Director. Project Evaluator Heather Dantzker also collaborates
extensively with Raman and Kinzel. Figure 1 shows the project's transdisciplinary approach.

1 Quarterly Progress Report: June 2022
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Fig. 1. RegenPGC Transdisciplinary Approach

Planned Activities

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

Continue website development.
Support field day planning.

Meet with interested parties in both academia and industry regarding the RegenPGC
vision.

Work with Project Evaluation to develop her role more fully within the project.

Actual Accomplishments

We continued website development. We have developed website content and worked
with our website developer (Model Farm of Ames, 1A. To establish a web presence
before our June 2022 official website launch, we built a landing page containing basic
information about the project.

Supported field day planning in Nashua, IA (Mon May 23) and York NE (Thu May 26).

We met with the Project Evaluator to fully develop her role in the project.
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e Continued work on the PGC taxonomy that will define specific criteria and constraints
for PGC, indicating how they differ between some key taxonomic variants.

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

e Meetings
o Theme Leader Meetings

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

o All Hands Meetings

We continued to host bi-monthly all-hands meetings throughout the third quarter. The
meetings are well attended by objective and theme leaders, and there has been a
comprehensive exchange of information at these meetings. As more graduate students
join the project, we will be sure to include them in these all-hand meetings and
encourage their participation.

o Year 1 Annual Face-to-Face Meeting

The Year 1 annual will take place October 20-21 at lowa State University's Memorial
Union. The entire project team will be joined by the Stakeholder advisory board and
by other special guests who have an interest in the outcome of the project. RegenPGC
will host a reception on October 201 where we will be inviting interested parties
from lowa and lowa State University.

o NIFA CAP Meeting (Kansas City, MO)

PD Raman, Dep. Director Kinzel and theme leaders Brandon Schlautman (Research
and Development), Sara Lira (Commercialization), and Ken Moore (Education)
attended the NIFA CAP meeting in Kansas City, MO, in April 2022. We introduced
the PGC concept to several new colleagues in the CAP community (Figure 2).

4. Plans for Next Quarter

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 Continue meeting with interested parties in both industry and academia. Raman will give
a PGC presentation at the Osher Lifelong Learning Institute at lowa State University.
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Figure 2. RegenPGC poster for the 2022 FIFA Cap annual meeting in Kansas City (April 2022)

e Support field days and work on further developing RegenPGC presence at the 2022 Farm
Progress Show.

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

e Met with the new CTO of Biorenewable Products within the ISU VPR office to discuss
RegenPGC.

e Discussed RegenPGC as part of a panel for the ISU Foundation Board of Governors (late
April 2022).

e Met with key ISU faculty members on an adjacent NIFA CAP w/ cover crop expertise to
share ideas.

e Raman introduced PGC to North Carolina Sierra Club members.

THEME 1. RESEARCH AND DEVELOPMENT THEME
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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. Brandon Schlautman (The Land
Institute) leads this theme.

Research and Development Theme Progress — February 1, 2022 — April 30, 2022

1.

5

Planned Activities

Launch bimonthly formal meetings with all project participants.

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

Develop an initial version of a PGC Ontology.

Actual Accomplishments

We initiated crop ontology discussions with the Data Management group. We now have a
strategy in place for accumulating terms into the ontology.

We hosted meetings with the breedbase team and curator (Lukas Mueller, Cornell
University) about setting up a PGC instance and including the RegenPGC applications
developer in their weekly lab meetings. We also posted a job to hire an applications
developer/data manager at The Land Institute to facilitate the creation of a PGC database
and put the developed ontology into practice. We interviewed two candidates and sent a
formal offer to one candidate.

We hosted meetings with Objectives 1-4 about current and upcoming RegenPGC small-
plot and on-farm trials. Amani Elobeid (Objective 5) led a discussion about economic
modeling related to RegenPGC goals.

Explanation of Variance

We have experienced no variance from our plans, and are accomplishments are on schedule.

Plans for Next Quarter

Set up a formal breedbase instance and initiate conversations with developers about PGC-
specific features.

Share the draft ontology with other RegenPGC researchers and ask for comments.

Hire an applications developer/data manager, introduce them to the RegenPGC team, and
conduct onboarding.

Quarterly Progress Report: June 2022
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Begin fall 2022 PGC trial planting discussions and experimental design processes.

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

Presentations

Schlautman, Brandon. "Using perennial groundcover for improved soil conservation in

row-crop agriculture.” Feb. 16, 2022, Regen Organic Summit, Omaha, NE.

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. Dan Andersen (lowa State
University) leads this theme.

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

Extension educators

Farmers

Technical service providers and crop advisers
The scientific community

The general public

Extension Theme Progress — February 1, 2022 — April 30, 2022

1. Planned Activities

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

Publish on-farm soil health assay documentation online and develop a "citizen science™
data-sharing platform.

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

2. Actual Accomplishments

6 Quarterly Progress Report: June 2022
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Spring field day at Nashua, lowa, with local farmers (18 attendees) showing the perennial
groundcover crops with discussions on implementation opportunities and challenges.

Video of two soil health measurements conducted to demonstrate soil differences
between perennial ground cover and control plots (need to edit and publish yet).

Drafted a protocol for evaluating no-till planting units into perennial ground cover
systems.

3. Explanation of Variance

None noted.

4. Plans for Next Quarter

Publish 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.

Develop a perennial ground cover module for the Crop Advantage series in lowa.

Develop a demonstration plan to evaluate no-till planting into perennial ground cover
systems.

Publish an on-farm trial guide.

5. Publications, Presentations, Stakeholder Engagement, Submitted Proposals

We held a field day in Nashua, lowa, 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.

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.

7  Quarterly Progress Report: June 2022
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Ken Moore (ISU) leads this theme, and Maureen Griffin (ISU, focused on REU and RET),

Dennis Miller (independent contractor, focus on FFA), and Maya Hayslett (1SU, focus on 4H)
serve as collaborators.

Education Theme Progress — February 1, 2022 — April 30, 2022

During the third quarter, we planned to 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.

Variance from Planned Activities

We completed almost the entirety of our planned activities. We could not hold the meeting with
all the principals involved in educational activities because subcontracts and accounts had not
been completed. We have drafted logic models for the Undergraduate REU program, the
Undergraduate Internship Program, the RET program, and the Graduate Student Community
activities.

1. Instructional Development
A. Planned Activities

During our meeting, we will discuss specific aspects of instructional materials to be used
across educational programs. We will decide on acceptable formats for learning modules
and develop a plan for sharing them.

B. Actual Accomplishments

We held informal discussions with other Theme leaders about specific aspects of
instructional materials to be used across educational programs. We have not decided on
acceptable formats for learning modules or developed a plan for sharing them. However,
we have discussed and explored several options. The most straightforward approach is to
create the materials as Word documents from which content can be shared for multiple
purposes. These files will contain referenced materials, including text, photos, and
graphic illustrations. A meeting was held with Aubrey Streit Krug, Director of
Ecosphere Studies at The Land Institute (TLI), and Research Theme Leader Brandon
Schlautman to discuss TLI educational programs and technology. The developing idea is
to leverage learning materials and resources between the two programs.

C. Plans for Next Quarter

During Q4, the REU program coordinator Maureen Griffin will work with each REU to
sustain ongoing connections with the program by:

8 Quarterly Progress Report: June 2022
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o We are checking in virtually the first Tuesday of each month from 6:00 pm CST —
7:00 pm CST with other RET participants and lead teachers.

o We will attend field days where the project, or other similar projects, are discussed
with farmers and other interested parties in Boone, IA, on August 30, 2022.

o We will attend a "Partners in Science National Conference™ in California in January
2023.

e Through Zoom, we will participate in subsequent one-on-one bi-monthly meetings
with the program coordinator throughout the academic year.

2. Undergraduate REU Program
A. Planned Activities

This quarter, we will recruit two to three students to participate in the REU and place
them with project PDs for a research experience. We will develop a focused onboarding
experience for the REUs to support their research work and pedagogical learning. We
will arrange all contracts and logistics for a positive research experience according to
university protocol. We will develop the details of the summer learning experience and
order the necessary materials for a creative summer learning experience.

B. Actual Accomplishments

This summer, two undergraduate pre-service STEM education majors were recruited to
participate in two different project labs. The summer REU will begin on June 13th and
continue until July 27th. In addition to the research experience, the REUs will participate
in professional development alongside 20 RETs engaged in research projects with a
similar focus. All contracts and details required by the University have been completed.
All materials have been ordered, and the summer learning program details are in
progress.

C. Plans for Next Quarter

The summer REU will begin on June 13th and continue until July 27th. In addition to the
research experience, the REUs will participate in professional development alongside 20
RETSs engaged in allied research projects. A detailed calendar was developed and is
attached to this report. All contracts and details required by the University are completed.
All materials have been ordered, and the summer learning program details are in
progress.

3. Undergraduate Internship Program

9 Quarterly Progress Report: June 2022
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No activities are planned under this subtask which will commence in fall 2022, concurrent
with the beginning of the school year for each cooperating institution of higher education.

4. RET Program
A. Planned Activities

We will recruit two teachers to participate in the RET this quarter and place them with
project PDs for a summer program. We will develop a focused onboarding experience for
the RETS to support their research work and pedagogical learning. Details of the summer
learning will be developed, and materials ordered for a creative summer learning
experience.

B. Actual Accomplishments

One teacher was recruited and will do research at Corteva this summer and professional
learning on the lowa State campus with other RETs and REUs. Contracts are complete,
materials have been ordered, and a calendar of activities for the summer has been
developed. Special events have been coordinated with REUs for learning purposes, such
as a panel discussion on research ethics, weekly presentations by researchers who share
their work and findings, and nationally recognized science education experts joining the
program to share their knowledge and guide pedagogical learning.

C. Plans for Next Quarter

During Q4, the REU program coordinator will work with the RET to sustain ongoing
connections with the program and research mentors by:

e Implementing an activity created during the summer professional learning time and
gathering student feedback on that experience.

e Checking in virtually the first Tuesday of each month for 1 h with other RET
participants and lead teachers.

o Attending field days where the project, or other similar projects, is discussed with
farmers and other interested parties in Boone, IA, on August 30, 2022.

o Make plans for attending a "Partners in Science National Conference™ in California in
January 2023.

« Participating in subsequent one-on-one bi-monthly meetings with the program
coordinator throughout the academic year via Zoom.

5. Graduate Student Community

10 Quarterly Progress Report: June 2022
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Planned Activities

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

. Actual Accomplishments

Project PDs and collaborators are still recruiting graduate students to work under the
various project objectives. As of now, five students are in residence and have begun their
degree programs. Project Director Raman meets with each new student in an onboarding
meeting to provide an overview of the RegenPGC vision and project. Hence, they
become aware that their work fits within the broader scope of RegenPGC. During Q3, we
had tentatively planned to develop a graduate student summit that would occur during
August. However, many students will not start working until the fall semester begins. It is
unlikely that there will be a critical mass of students to meet the team-building goal,
which was the primary objective of the summit. Instead of a summit this coming quarter,
the Theme leaders decided it would be more beneficial to engage available students in
staffing a PGC exhibit at the Farm Progress Show. Sara Lira, Commercialization Theme
Leader, is coordinating the exhibit with her company Corteva Agriscience. The event will
occur in early September after most students have begun coursework. Students will be
briefed about the exhibit and paired with a co-PD or Corteva employee with PGC
experience so that they can engage with producers and others that visit the exhibit. Our
thinking is that this experience will provide a thorough introduction to RegenPGC.

6. FFA and 4H Programs

A.

Planned Activities

During this quarter, subtask leaders Dennis Miller (FFA) and Maya Hayslett (4H) will
initiate work on developing curricular materials.

Actual Accomplishments

During this quarter, subtask leaders received access to funds and initiated work on
developing curricular materials.

Plans for Next Quarter

During Q4, new graduate students will continue to be onboarded by PD Raman. (This
entails a 1 h meeting where PD learns a little about the new student(s) or staff member(s),
and reviews the overarching goals, history, and structure of the project) All students will
be invited to participate in the Farm Progress Show in September, 2022. A virtual
seminar series will commence in the fall to engage students with the project and foster
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community among all participating students. The fall semester will focus on presentations
from the Project Director and Objective CoPDs to orient students to the full scope of the
project. The spring semester will involve presentations from the students about the work
they are planning and implementing.

7. Publications, Presentations, Stakeholder Engagement, Proposals Submitted

None to report.

THEME 4. 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).

= 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.

= Engage ag sector commercial entities in research partnerships and further identification of
investment and development opportunities.

Sara Lira (Corteva Agrisciences) leads this theme.
Commercialization Theme Progress — February 1, 2022 — April 30, 2022
A. Planned Activities
o Planned activities:
e Refine and execute the protocol for OFTs based on the first-year experiences.
o Ensure cooperators are planting and comfortable with protocols.
e Host Field Days.
B. Actual Accomplishments
o Refine and execute the protocol for OFTs.
e Changed sampling and herbicide recs to reflect delayed grass planting in spring.

o Data collection is underway.

12 Quarterly Progress Report: June 2022
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o Cooperators are all planted, and trials are underway. Two growers are on hold until fall
due to a delay in contracted grass planting.
C. Explanation of Variance

We did not meet with Objective 4 to understand carbon credit requirements and the potential
for N20 credits. Due to a reorganization at Corteva, the industry partners were not available;
it appears they may not be available in the next quarter either, so we will proceed without
them until they have the bandwidth to consult with us.

We did not outline the next steps for an equipment strategy because the John Deere meeting
was canceled due to planting delays/field conditions. The visit is rescheduled for early July,
2022.

D. Plans for Next Quarter
« Continue data collection in OFTSs.
o Built content in the FLAG/development plan to connect the Objective 5 team to
e producers.

e Meet with Objective 4 to understand carbon credit requirements and the potential for N2O
credits.

« Outline the next steps to develop an equipment strategy.

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. The primary goal is to elucidate key mechanisms related to
a) cash crop and perennial ground cover interference (PGC), b) early cash crop growth and
development in PGC systems, and c¢) pest dynamics.

Erin Haramoto (University of Kentucky) and Scott Flynn (Corteva Agrisciences) lead this
Obijective. Collaborators are Lucas Borras (Corteva Agrisciences), Susana Goggi (ISU), Ken
Moore (ISU) and Jose Rotundo (Corteva Agrisciences).

Crop Ecology & Management Progress — February 1, 2022 — April 30, 2022

1. Planned Activities
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Start preliminary data collection in spring 2022 at the existing PGC trials.
Establish corn in PGC plots in KY, MO, and IA.

Finalize experimental plans for Fall 2022.

Actual Accomplishments

Continued planning experiments for Fall 2022
Monitoring in KY
Tillage x PGC x hybrid x N fertilizer rate study established with Corteva.

o A soil sampling crew led by Jason DeBruin (Corteva) sampled the established plot
areas on April 15 and 25 for baseline measurements. Phosphorous and potassium
fertilizer were applied to the research area on April 28" at a rate of 80 Ib. of P and
100 Ib. of K per acre.

Site identification of demonstration plots at the Farm Progress Show location (Sara Lira
and Doug Mertz from Corteva; Roger Hintz from ISU). A site with both grass and a
legume was identified, and the area was marked for future use.

Explanation of VVariance

Late planting combined with suboptimal winter and spring weather led to poor survival
of PGC in KY and MO.

Plans for preliminary experiments in KY have been altered, leading to a delay in corn
planting.

Plans for Next Quarter

Submission of FFAR full proposal (July 2022)
Prep for planting the next round of PGC in late summer/early fall 2022.
Kentucky

Strip tillage and corn planting in May 2022, with different residual herbicide treatments,
will allow us to determine the impact of these on PGC establishment in Fall 2022.

Missouri
Strip tillage and corn planting in May 2022 in areas with spotty PGC survival.

lowa
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o Continuation of tillage x PGC x hybrid x N fertilizer rate study with Corteva. Strip
tillage and planting are planned for May 2022.
o Plot layout for demonstration plots at Farm Progress Show in May 2022.
o Three treatments:
= Strips of grass PGC (tall fescue)
= Strips of legume PGC (white clover)
= Conventional tillage with no PGC.

o Plots will be fertilized with phosphorous and potassium fertilizer and tilled with
appropriate tillage equipment, then planted, and N fertilizer applied in bands over the
COrnrows.

o Initial field prep (tillage plus fertilization) for Fall 2022 PGC planting.

o CoPds Ken Moore and Susana Goggi have recruited an M.S. and a Ph.D. student for
the ISU program. The Master's student's application is well underway for Fall 2022
admission. The Ph.D. student will take the English Proficiency Test to be admitted to
the Graduate College.

5. Publications, Presentations, Stakeholder Engagement, Submitted Proposals

e Submitted Proposals

We submitted an FFAR pre-proposal in March 2022. The proposed work will leverage
this grant for additional funding to expand PGC research on ecosystem services.

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's economic viability through yield improvement and
reduced management requirements while increasing ecosystem impacts via reduced chemical
inputs. Our work will also enable the design of novel breeding strategies and allow for the
development of dedicated breeding programs for PGC hybrids and varieties. Shuizhang Fei
(ISU) and Thomas Lubberstedt (ISU) lead this Objective and Brandon Schlautman (TLI) and
Sara Lira (Corteva Agriscience) serve as collaborators.

Shuizhang Fei Group
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1. Research Planning

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

The maize hybrid DeKalb DKC57-75 was planted on May 14, 2022, on grass-free strips
for the bluegrass evaluation trial that includes nine 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). Maize grown conventionally without PGC will serve as the control.

A trial is underway to evaluate the compatibility of nine species or species mixture of
warm-season plants. The species include buffalograss (cv. Bison and Cody), nimblewill,
Sideoats grama (cv. El Reno), Blue grama (cv. Hachita and Lovington), Illinois
Bundleflower (Mixed Seed), Illinois Bundleflower +Bison Buffalograss+Nimblewill+EI
Reno Sideoats grama. Kentucky Bluegrass (cv. Milagro) will serve as a cool-season grass
control along with a no-PGC control. This trial will be conducted in The Land Institute in
Kansas and Ames, lowa.

Investigate natural genetic variation of summer dormancy in Poa bulbosa wild
accessions obtained from USDA GRIN

Previously we 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.
An additional three plants from each accession were grown in the greenhouse for
observation.

Additional plants (30 total) will be established in the greenhouse in late summer. 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 subsequent plant breeding efforts.

Additional Poa species with summer dormancy will be requested from USDA GRIN for
field evaluation for their potential as perennial groundcovers.

Investigate Kentucky bluegrass herbicide sensitivity.

No activities were undertaken this quarter.

2. Student Recruiting

An additional Ph.D. student has been recruited. The student will start in the fall of 2022.
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3. Publications, Presentation, Stakeholder Engagement, and Submitted Proposals

The Fei Group hosted a RegenPGC field visit for five visitors from the Barenbrug Group
(https://www.barenbrug.com), a leading internal grass breeding company (April 27, 2022).

Libberstedt Group

1. A genome-wide association study (GWAS) of seed and seedling traits relevant for maize
in PGC

No activities took place during Q3.
2. Evaluate significance and mechanisms for GxM interactions

No specific activities took place during Q3. Most of the activities will occur in Project Years
2-5.

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

Libberstedt encountered research from Professor Schnurbusch at IPK Gatersleben during the
third quarter, studying SAR in wheat. Schnurbusch employs greenhouse rooftop coverage
with green plastic to simulate shade conditions, confirmed by the altered light spectra
underneath. We will consider this approach to study SAR in maize, and graduate student
Memis Bilgici may connect with Schnurbusch.

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

Libberstedt suggested 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 have sufficient
testcross seed (>2000 kernels/line) in storage for most of the lines and are thus prepared 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 Verzegnazzi already did this.
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For each environment, including two (2) replications in RCBD, we intend to use 4-row plots,
from which two (2) center rows will 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). A respective PGC field (Kentucky
Bluegrass) is being established by Roger Hintz at ISU in 2022 (weather permitting, as early
as spring 2022) for a first trial in 2023. Brandon Schlautman is evaluating four selected BS39
TC hybrids at The Land Institute in Kansas (cura clover). The purpose is to evaluate the
adaptation of this BS39 TC material to environmental conditions in Kansas. If this material
performs reasonably well, then a minimum of two PGC environments can be employed
(2023, 2024), and results can be obtained in two instead of three years.

OBJECTIVE 3. SOIL HEALTH & NUTRIENT MANAGEMENT

Obijective 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 to better managing PGC systems and
characterizing the indirect economic benefits associated with PGC, which inform policy and
deployment. Marshall McDaniel (lowa State University) and Morgan Davis (University of
Missouri) lead this Objective. Daniel Andersen (ISU) serves as a collaborator.

Objective 3 Tasks: Years1-5

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

= Quantify the benefits of PGC to improve nutrient cycling, retention, and plant availability.
Soil Health & Nutrient Management Progress — February 1, 2022 — April 30, 2022
1. Planned Activities
e Continue integrating projects with other project objectives.
e Develop further experiments in support of our objective's goals.
2. Actual Accomplishments
e We will obtain 1.5 years of on-farm soil measurements with our industry partners.
e We hired three individuals to carry out measurements and analyses

e We have a plan for intensive sampling in 2023, where we will get input from all
partners.
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3. Explanation of Variance
No variance occurred.
4. Plans for Next Quarter
o We will have collected and processed all on-farm soil measurements.
o We will finalize experimental plans for 2023.
5. Publications, Presentations, Stakeholder Engagement, Submitted Proposals
o Gave a presentation to Blackhawk, County, I1A stakeholders

e Our NRCS CIG proposal was successful, and an account initiation is pending.

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. Amy Kaleita-Forbes (ISU) and Rob Anex (University of Wisconsin-
Madison) lead this Objective. Additional participants are Randy Clark (Corteva Agrisciences)
and graduate student Oluwatuyi S. Olowoyeye (ISU)

Objective 4 Tasks: Years1-5

= Quantify decreased flood risk and improved drought resiliency compared to conventional
cropping systems.

= Quantify PGC impacts on water quality.

= Quantify PGC ecosystem service sustainability indicators and compare them with
conventional systems.

= Quantify the limits on PGC maize stover removal.
Soil Health & Nutrient Management Progress — February 1, 2022 — April 30, 2022

1. Quantify decreased flood risk and improved drought resiliency compared to
conventional cropping systems

A. Planned Activities
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o ldentify which model(s) meet the project's needs and will enable meeting modeling
objectives.
e Run preliminary model tests of PGC vs. cover crops vs. conventional cropping.
B. Actual Accomplishments

e Model evaluation is ongoing, and potential models have been narrowed down to
EPIC, APSIM, and Agro-IBIS.

e Preliminary implementation of PGC in EPIC is underway.
C. Explanation of Variance
None noted.
D. Plans for Next Quarter
e Implement PGC in EPIC.
o Qualitatively evaluate EPIC for the ability to simulate PGC and cover crops.
« Continue to investigate how to implement PGC in APSIM and Agro-1BIS.
2. Quantify PGC Impacts on Water Quality

We are developing an experimental protocol for rainfall simulation and event-based erosion
measurement at the Nashua field plot site.

3. Quantify PGC Ecosystem Service Sustainability Indicators and Compare them with
Conventional Systems

We currently have no planned activities, but we were successful in recruiting a graduate
student to work on this task and task "Quantify the limits on PGC maize stover removal."

4. Publications, Presentations, Stakeholder Engagement, Submitted Proposals

Grad student Tuyi Olowoyeye presented a poster at the 2022 1SU Graduate and Student
Senate Poster Symposium, Ames, 1A, Apr. 7, 2022.
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Photo 1. RegenPGC graduate student Oluwatuyi Olowoyeye presents his
work at the 2022 ISU Graduate and Student Senate Poster Symposium.

[OWA STATE UNIVERSITY St P S s

Agricultural and Biosystems Engineering

Oluwatuyi Olowoyeye, Amy Kaleita, Raj Raman, Robert Anex

OPPORTUNITIES AND CHALLENGES WITH MODELLING SOIL EROSION IN A PERENNIAL GROUND COVER(PGC) SYSTEM

WHY WE NEED TO MODEL

0 It eradicates the limitation with experimenting all
scenarios on farm field.

0 Suitable for representation of physical features
such as crop, perennial grass, soil.

0 It provides platform for comparison of PGC
process and other conventional systems of
farming.

0 Annual crops with perennial ground cover (PGC)
would significantly reduce soil erosion and would
foster river pollution abatement (Moore et al.,
2019, Schlautman et al., 2021).

0 Development of a suitable simulation to estimate
erosion under PGC will allow us to evaluate cost-
benefits of PGC.

OPPORTUNITIES

0 APSIM model has been deployed to model
intercropping condition of plants in the past
(Bartel et al., 2020).

0 The model allows for scenario evaluation in the
following areas:

0 PGC(Perennial Ground Cover) is a new system that
has not yet been fully investigated.
0 The systems makes it possible to have land
underneath vegetation all year round.
0 Itis deployed to minimize bare soil farm practices «Row crops and perennial ground cover . Bare Land
around the world. . (grasses) can be plan‘ted . Traditi |(Soyb: dc
simultaneously through different raditional(Soybean and Corn)

- . - seasons of the year. ) « Annual Crop and Cover Crop
- a «There are plethora of physical and « Perennial ground cover system under varying
agricultural systems models dedicated ‘ conditions.
for erosion estimations.

(Sehlautman etal, 2021 « Different dataset/parameters such as
weather, soil types, practices are
readily available .

0 Validation of model is difficult and limited, so we
would be comparing outputs/result with

0 Potential higher crop yield. conventional cover crops.
0 Advantageous in Soil and water conservation. 0 Complexities in landscape systems modelling for
0 Aids in Carbon Sequestration. a plot-based assessment.

0 Greater threshold for bioenergy production.

*Modelling the water dynamics and
soil erosion in a perennial grass
grown simultaneously with a row crop.

Bartel, C. A, Acchontoulis, S. V. Lenssen, A. W., Moore, K. J., Huber, I L, Laird, D. A.,
Dixon, P. M. (2020). Modeling perennial groundcover effects on annual maize grain crop
growth with the Agricultural Production Systems siMulator. Agronomy Journal, 112(3),
y 1895-1910. https://doi.0rg/10.1002/agj2.20108

- - Deguchi, 5., Uozurmi, S., Touno, E., Uchino, H., Kaneko, M., & Tawaraya, K. (2017). White
* Rate of erosion reduction under a ‘ clover living muich reduces the need for phosphorus fertilizer application to corn.

0 The Perennial Ground Cover enhances generation of
top-soil and it is a protective shield against soil loss.

typical Perennial Ground Cover European Journal of Agronomy, 86, 87-92. htps://dol.org/10.1016/].¢ja.2017.03.006

0 In Previous research by Siller et al. (2016) where Systems Siller, A. R. S., Albrecht, K. A, & Jokela, W. E. (2016). Soil Erosion and Nutrient Runoff in
) N Y Com Siage Production with Kura Clover Living Mulch and Winter Rye. Agronomy

Kura Clover was used , there was a drastic reduction «What would happen to the soil health Journal, 108(3), 989-999. https://doi.org/ 10.2134/agronj2015.0488
; o : . b Schiautman, B., Bartel, G, Diaz Garcia, L, Fei, S., Flynn, S, Haramoto, E., Moore, K., &
in the runoff up to 50%. A if the PGC systems is maintained for Raman, D. R. (2021 Perennial goundeovers: an emergng teonnologs for s
0 Improved water quality as researched by Deguchi et another 5 years. conservation and the sustainable intensification of agriculture. Emerging Topics in Life

Sciences, 5(2), 337-347. [IDS/7d0L0re/ 10 1042761 70200319

al. (2017). Moore, K. L, et al(2019). Regenerating Agricultural Landscapes with Perennial

Groundcover  for Intensive  Crop _ Production.  Agronomy,  9(8),  458.

0r/10.3390/agronomy9080458

Acknowledgement: work is supported by Agriculture and Food Research Initiative Competitive Grant no. 202 SDA National Institute of Food and Agricult

Figure 3. RegenPGC Graduate student Oluwatuyi Olowoyeye poster “Opportunities and challenges with modelling
soil erosion in a perennial ground cover (PGC) system.”
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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. It 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. Cornelia Flora (Kansas
State University) and Keri Jacobs (University of Missouri) lead this Objective, and Amani E.
Elobeid (ISU) and Cynthia A. Bartel (ISU) serve as collaborators.

Our overall team direction focuses on continuing data discussion and working toward finalizing
the data, then communicating it to the Data Management Team.

1. Evaluate the Economic Feasibility of PGC Systems for Maize/soybean Producers
A. Planned Activities
Draft enterprise budget manuscript will be submitted for review and publication.
B. Actual Accomplishments

We revised the draft enterprise budget for PGC systems and conventional corn to include
2020, 2021, and 2022 production costs. The lowa State University Extension and
Outreach files' "Estimated Costs of Crop Production in lowa — 2022" (File A1-20) and
"lowa Farm 2022 Custom Rate Survey" (File A3-10) were released in April 2022, which
allowed us to capture the recent spikes in input costs as detailed in those resources. The
budget is lowa-focused with concrete costs for implementation (with an lowa-specific
chart), with opportunities to specify where the cost pieces may differ across regions in
our paper.

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

The team has identified the Applied Economic Perspectives and Policy journal as a target
for manuscript submission. Our enterprise budget will include a policy component to
discuss the impact incentives have on practice adoption, as well as possible points of
entry into the federal farm bill framework under the working lands program umbrella. We
will ensure findings are palatable to a broad range of practitioners for solicitation of
feedback for our working budget and system. We will include stover revenue and try to
discuss/capture natural resource benefits with enhanced land stewardship through system
adoption.
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2. Evaluate the Market and Aggregate welfare Effects of PGC Approaches
A. Planned Activities
We will continue to build on the work we started in quarters 2 and 3.

B. Actual Accomplishments

e Work continues updating and calibrating the parameters of the agricultural modeling
system to the most recent historical data in preparation for establishing a baseline for
scenario analysis (updating macroeconomic variables, supply and utilization
variables, prices, policies, etc.)

e Work continues updating the cost of production model linked to the agricultural
modeling system

o Discussions and literature review on incorporating cellulosic feedstock into the
modeling system.

C. Explanation of Variance
None noted.
D. Plans for Next Quarter
« Evaluate the market and aggregate welfare effects of PGC approaches
o Establishing a baseline in the U.S. agricultural modeling system
« Running sensitivity analyses to check for robustness.

e Preparing the models for input from other objectives in terms of yields, cost of
production, farming practices, etc.

« Incorporating cost of production data from the PGC systems budget described in
"Evaluate the Economic Feasibility of PGC Systems for Maize/soybean
Producers' 8B, above.

e Running preliminary scenarios if input from other objectives is available
3. ldentify the Socioeconomic Barriers and Potential Facilitators to PGC Adoption
A. Planned Activities

Conduct a literature review focused on identifying a series of capital attributes of farmers
that are related to adopting conservation practices.
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B. Actual Accomplishments

We identified the following capital attributes.

e Natural Capital
o Perceived soil quality.
o Land ownership, rental, or contract farming.
o Length of contract (less than two years vs. more than two years).
o Presence of livestock to graze cover crops.
o Dryland vs. irrigated production.
o Degree of on-farm biodiversity.
o Personal experience of climate change.

e Cultural Capital
o The value given to making more money.
o The value given to ecosystem health.
o Religious values related to the land and farming.
o Concern for climate change.
o Sources of identity.
o Degree of embedded agency.

e« Human Capital

o Are children or other relatives working with them on the land, or will they inherit
it or farm it?

o Degree of knowledge of soil quality and ability to measure it.
o Capacity to manage land and water.

o Auvailability of labor.

o Health and vigorousness of operator.

o Economic and ecological risk tolerance.
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Interest in innovating.

Access to information.

e Social Capital

o

(©]

Association with farmers who share similar values related to the land, both formal
and informal

Affiliation with a church that stresses the ecosystem and/or concern for climate
change.

Family and community networks that value conservation.

« Political Capital

(@]

(©]

Participation in farm programs that stress productivity.

Participation in farm programs that stress conservation.

« Financial Capital

o

o

(@]

©)

Degree of indebtedness.

Focus on accumulating wealth.
Sources of income.

Access to credit and savings
Access to markets.

Insurance requirements

e Built Capital

(@]

©)

Compatibility of machinery with cover cropping.

Presence of confinement buildings.

C. Plans for Next Quarter

We are currently developing our latest plans.

D. Explanation of Variance

None noted.
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4. Explore the Role of Input Supply Agribusinesses in the PGC Supply Chain

Continue with data collection and begin reviewing the literature to understand the current
state of knowledge.

A. Planned Activities

We are collecting information about the location and facilities of input supply and
marketing co-ops in MO. These activities are ongoing.

B. Actual Accomplishments

This work is ongoing. We are collecting information about input supply and marketing
co-op locations and facilities in MO.

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

« Continue with data collection and begin reviewing the literature to understand the
current state of knowledge.

e Preparing a postdoctoral position announcement that will dovetail work for this
project as well as a broader project on consolidation impacts in agribusiness. The
objective is to document the supply chain infrastructure and identify how
consolidation among agribusiness firms has impacted prices to farmers and market
sizes.

PROJECT EVALUATION

Dr. Heather Dantzker is the RegenPGC External Evaluator. PD Raman and Deputy Director
Kinzel meet with Dr. Dantzker regularly to review her work and plan future evaluation activities.
Our goal is to use these activities to fine-tune the performance of the RegenPGC team.

1. Planned Activities
« Participation in regular and ad hoc evaluation-focused meetings with Raman and Kinzel.

o Participation in RegenPGC bi-monthly CoPd meetings.
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o Design an interview protocol for use in conducting PY 1 baseline interviews with the
RegenPGC team and Stakeholder Advisory Board (SAB), including human subjects’
consent language appropriate to project evaluation.

e Schedule and implement PY 1 baseline evaluation interviews with the RegenPGC team
and SAB members via Zoom.

e Analyze qualitative data from YR1 baseline evaluation interviews

2. Actual Accomplishments
« Participated in regular and ad hoc evaluation-focused meetings with PD and Deputy PD.
« Participated in RegenPGC bi-monthly calls.

o Designed an interview protocol for use in conducting Year 1(PY1) baseline interviews
with the RegenPGC team and Stakeholder Advisory Board (SAB), including human
subjects' consent language appropriate to project evaluation.

e Scheduled and implemented PY1 baseline evaluation interviews with the team and SAB
members via Zoom (n=30 total interviews completed).

e Analyzed qualitative data from PY1 baseline evaluation interviews.

o Participated (remotely) in the NIFA Directors' Meeting (April 19-20, 2022) sessions
focused on evaluation and best practices for program management.

3. Explanation of Variance
None noted
4. Plans for Next Quarter

« Continue and complete analysis of qualitative data from PY1 baseline evaluation
interviews, including identifying potential process and outcome indicators.

o Prepare and present findings from the PY1 baseline evaluation interviews with the team
and SAB to Raman and Kinzel.

o Develop/refine the RegenPGC logic model and potential indicators to be used for project
evaluation.

e Work with project Education Theme on evaluation planning and development.

5. Publications, Presentations, Stakeholder Engagement, and Proposals Submitted
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o Stakeholder Engagement. External Evaluator Heather Dantzker conducted individual
hour-long interviews with eight out of nine members of the RegenPGC SAB as part of
PY1 baseline evaluation activities.

« Joined the NIFA Directors' Annual Meeting remotely; actively engaged in the evaluation-
and best practices-focused sessions.
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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
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