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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 to move away from the
bare-soil winter-fallow practices that characterize the current system. These conventional
practices negatively impact soil health and natural resources conservation — the pillars of
agricultural systems sustainability. A scalable solution to this challenge could be the widespread
adoption 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 would increase 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 educate and inspire a
new generation of undergraduate and graduate students who recognize the opportunities to
enhance agriculture using perennial groundcovers. Further, this knowledge will be disseminated
through 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!
Year 3 — 3rd Quarter Project Activities

February 1, 2024 — April 30, 2024

PROJECT ADMINISTRATION AND GOVERNANCE

1. Actual Accomplishments

e Meetings

PD Raman attended and or hosted the following project meetings:

@)

@)

Theme Leader Meetings — Ad hoc (averaging 1 per week)

Deputy Director meetings — Weekly

Data Management — Monthly

Budget Updates — Monthly

All CoPd Meetings — Quarterly

Meetings with Objective leaders — ad hoc (two or three per quarter)

Meetings the project with the External Evaluator to discuss strategy, results, and logic
models — ad hoc

Stakeholder Advisory Board (SAB) Meetings. No SAB this spring. Multiple 1:1
contacts with key SAB members, and perhaps most importantly, recruiting a
replacement for the bioenergy representative on the SAB.

e FEducational Activities

1 RegenPGC is supported by Agriculture and Food Research Initiative Competitive Grant No. 2021-68012-
35923 from the USDA National Institute of Food and Agriculture. Any opinions, findings, conclusions, or
recommendations expressed in this publication are those of the author(s) and do not necessarily reflect the
view of the U.S. Department of Agriculture.
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o Held bi-weekly meetings with an ISU first-year engineering student honors student
who began working on small-scale erosion experiments with graduate student
Oluwatuyi Olowoyeye (Ecosystem Services and Modeling Objective).

o Attended and participated in several RegenPGC Graduate Student Community
meetings.

e  Outreach Activities

o Worked with the Extension Theme Day to organize several Perennial Groundcover
Field Days.

= Blackhawk SWCD Perennial Groundcover Field Day, June 13, 2024 (See Exhibit
1).

= Gaesser Farm - Perennial Groundcover Field Day, Aug. 7, 2024 (See Exhibit 2).

= Field Extension Education Lab - Perennial Groundcover Field Day, Aug. 14, 2024
(See Exhibit 3).

e Project Leadership

o Conducted focused one-on-one meetings with Research Theme Leader Dr. Brandon
Schlautman to discuss multiple aspects of the project, including how to characterize
groundcover density better.

o Continued close collaboration with Commercialization Theme Leader Dr. Sara Lira
to discuss budget changes and responses to the US-DOE regarding new DOE
competitive funding awarded for further PGC work. Also met with Dr. Lira and the
DOE grant liaison.

2. Plans for Next Quarter
e Continue to build on the work stated above.
3. Awards

RegenPGC Graduate Education Community member Hallie Sandeen was named the
University of Kentucky Martin-Gatton College of Agriculture, Food and Environment
“Integrated Plant and Soil Sciences Outstanding New MS Student, 2023-2024.” We also
want to acknowledge RegenPGC CoPd Erin Haramoto for her role as a mentor to Hallie.
Learn more about Hallie’s graduate school journeywork in her video “Perennial Cover
Crops: Evaluating Poaceae Species’ Establishment and Weed Suppression Potential.”

4. Publications

2 Year 3 — Q3 - Quarterly Progress Report
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“Productivity Meets Conservation with Perennial Groundcovers and Strip-Till.” Strip-Till
Farmer (Digital Flip Book) 2024 Spring Edition, p. 12. Martin, Charles.

Productivity Meets Conservation with
Perennial Groundcovers & Strip-Till

Planted only once, perennial groundcovers offer same benefits
as traditional cover crops but require less management
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THE PGC CYCLE. This diagram shows the cycle of (PGC) systems
with strip-till. The perennial cover crop Is planted once and remains for mul Idple years alongside annual cash crops.

Figure 1. A graphic from the article “Productivity Meets Conservation with Perennial Groundcovers and Strip-Till.”

THEME 1. RESEARCH AND DEVELOPMENT

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 Update
1. Planned Activities

e Host a graduate student training session to improve their participation in the project-wide
RegenPGC machine learning model calibration.

e Transitioning RegenPGC Café to include 10-minute updates from each graduate student
on the project.

e Build out a framework for improved meta-analysis frameworks, including measurements
of the PGC environment and specific suppression methods used.

3 Year 3 — Q3 - Quarterly Progress Report
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2. Actual Accomplishments

PD Raj Raman took 11 graduate students on an educational tour of research and on-farm
trials at The Land Institute (Salina, KS) and Henderson, NE. This tour included time for
learning and discussion about the broad goals and outcomes of RegenPGC, as well as
demonstrations of existing limits to scalable adoption on-farm.

Students and PIs virtually attended an image analysis “hackathon” to annotate images for
the matching learning image analysis algorithm and to learn how to use the algorithm to
gather data about the PGC environment present in their research trials.

We had presentations from three students about their planned summer research projects at
the RegenPGC Café spanning topics from greenhouse gas measurements from the soil to
herbicide screens for PGC suppression.

We initiated an effort to design field meta-data standards for describing and curating field
preparation and PGC suppression activities.

3. Explanation of Variance

None noted.

4. Plans for Next Quarter

Collaborate with an ISU graduate student and Corteva staff to curate data from on-farm
research trials in preparation for the October 2024 all Co-PI meeting the University of
Missouri-Columbia.

Apply appropriate planned PGC suppression practices to the network of small-plot trials
in lowa, Nebraska, Kansas, and Kentucky.

Use large publicly available crop image data sets for corn and grass+clover mixtures to
future refine the PGC machine learning image model.

Publications, Presentations, Stakeholder Engagement, Proposals Submitted

We had discussions with POET about potential collaborative trials.

THEME 2. EXTENSION

This cross-cutting theme extends the project’s reach by developing a robust platform to share
science-based knowledge, existing and potential commercial opportunities, and policy

Year 3 — Q3 - Quarterly Progress Report
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recommendations to an expanded set of stakeholders. Dan Andersen (Iowa State University)
leads this theme.

Our comprehensive extension education efforts, which are geared towards ensuring and
strengthening PGC adoption, target five stakeholder groups:

Extension educators

Farmers

Technical service providers and crop advisers

The scientific community

The general public

Planned Activities

Gaesser Farms, Corning, IA, July 24, 2024
Borlaug Learning Center, Nashua, IA, August 7, 2024

Field Extension Education Lab/Sorensen Farm, Boone, August 14, 2024

Actual Accomplishments

Iowa Learning Farms On-Line Virtual Field Day — March 21, 2024

The virtual field day had 171 participants. The program — delivered by Dan Andersen and
Raj Raman — covered an overview of the proposed PGC system, management options and
perspectives, and the potential benefits a PGC system can bring to a farming operation.

Iowa Learning Farms Conservation Webinar — June 5, 2024

The webinar had 88 synchronous attendees and amassed another 56 views in archived
form as of June 27, 2024. The program — delivered by recent PhD graduate Gabby Myers
(major professors, Raj Raman and Dan Andersen) — discussed the results of field trials at
ISU’s Northeast Research Farms and was titled Assessing the Impact of Perennial
Groundcover and Interseeded Annual Cover Crops on Corn Yield and Drainage Water

Quality.

3. Explanation of Variance

None noted.

4. Plans for Next Quarter

5
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e Conduct three field days across lowa.

e Record a podcast on water quality results with Gabby Myers.

e
i \\Fi"".

. N Sila®
IOWA LEARNING FARM IOWA NUTRIENT RESEARCH CENTER

A New Direction in Cover Crops:
Developing Perennial Ground Cover for Corn Systems in the Midwest
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Figure 2. Virtual Poster for “New Direction in Cover Crops Developing
Perennial Ground Cover for Corn Systems in the Midwest.”

5. Publications, Presentations, Stakeholder Engagement, Submitted Proposals

¢ Presentations

Andersen, Dan. 2024. “New Direction in Cover Crops Developing Perennial Ground
Cover for Corn Systems in the Midwest.” Virtual Field Day, lowa Learning Farms and
Iowa Nutrient Research Center, Mar. 2023. YouTube, 15:36.

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

6 Year 3 — Q3 - Quarterly Progress Report
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meet the workforce education and training requirements to successfully adopt PGC production

systems.

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 (ISU, focus on 4H)
serve as collaborators.

Education Theme Progress

1. Imstructional Development (Moore)

Development of instructional materials related to the science and practice behind PGC
systems to be used at all levels of instruction.

A.

Planned Activities

We continue to develop instructional materials related to the science and practice behind
PGC systems to be used at all levels of instruction.

Actual Accomplishments

Development of instructional materials related to the science and practice behind PGC
systems to be used at all levels of instruction is ongoing.

Explanation of Variance
No variance was encountered.
Plans for Next Quarter

We will continue developing instructional materials. Modules will be shared in the
project’s Teams directory as they are finalized.

2. Undergraduate REU Program (Griffin)

Undergraduate interns will participate in coordinated summer research experiences.

A.

B.

Planned Activities

Program recruitment for the summer 2024 cohort will close on March 1, 2024. Selection
letters will be sent out to prospective participants by March 15%. Host labs will be
notified in April of the RET they will be paired with. Plans for mentoring training will be
scheduled with a point person for each lab in April. Also, plans for 2024 professional
development programming are ongoing for the summer of 2024.

Actual Accomplishments

Year 3 — Q3 - Quarterly Progress Report
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Recruitment for the summer 2024 program is complete. Two REUs were selected to join
two research teams. We finalized participant onboarding via Zoom the week of April
22nd, followed by research team onboarding the week of May 6,

Participants and mentors have been introduced by email and are preparing for summer
research projects. Griffin created a mentoring binder to guide research, which will be
shared with lead mentors in face-to-face meetings the week of May 20', along with a
companion website. This initiative stemmed from feedback gathered over the past two
summers.

REUs will begin research on June 10", Programming for the summer is finalized, with
the calendar distributed to all labs. The RegenPGC REUs will be part of a larger ISU
cohort of 24, including three other REUs and 19 RETs.

C. Explanation of Variance
We completed all planned activities.
D. Plans for Next Quarter

The program kicks off with participants arriving on campus, settling into apartments, and
starting summer learning with Griffin and Hall, the professional development team.

Research Experience for Undergraduates (REU) will meet their mentors on June 11 for
field and lab work. They'll be joined by Research Experience for Teachers (RETs) on
June 19 for three days of professional learning with the entire cohort of 24 educators.

Plans to complete the Intercultural Development Inventory (IDI) and engage in learning
sessions with our DEI lead, Theressa Cooper, are scheduled. A summer events calendar is
attached. Highlights include a talk by Will Richardson early on, focusing on reshaping
the school experience for modern times. Mid-summer, Mark Windschitl, professor of
science teaching and learning at the University of Washington, will connect REUs’
research skills to future classroom teaching, particularly climate change education.

3. Undergraduate Internship Program (Moore)

This program was again discontinued due to insufficient interest by undergraduate
students working in project co-director labs.

4. Research Experience for Teachers (RET)

The Research Experience for Teachers (RET) program is aimed at middle and high school
teachers working with underrepresented students. We will recruit and encourage future post-
secondary students interested in developing sustainable agricultural systems.

8 Year 3 — Q3 - Quarterly Progress Report
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A. Planned Activities

Program recruitment for the summer 2024 cohort will close on March 1. Selection letters
will be sent out to program applicants by March 15 to perspective participants. Host labs
will be notified in April of the REU they will be paired with. Plans for mentoring training
will be scheduled with a point person for each lab in April. Also, plans for 2024
professional development programming are ongoing for the summer of 2024.

B. Actual Accomplishments

Recruitment for the summer 2024 program is complete. Three RETs were selected to join
three research teams. Participant onboarding via Zoom was finalized the week of April
22nd, followed by research team onboarding the week of May 6",

Participants and mentors have been introduced by email and are preparing for summer
research projects. Griffin created a mentoring binder to guide research, to be shared with
lead mentors in face-to-face meetings the week of May 20, along with a companion
website. This initiative stemmed from feedback gathered over the past two summers.
RETs will begin research on June 19, Programming for the summer is finalized, with
the calendar distributed to all labs. The RegenPGC RETs will be part of a cohort of 24.

C. Explanation of Variance
We completed all planned activities.
D. Plans for Next Quarter

The program kicks off with participants arriving on campus, settling into apartments, and
starting summer learning with Griffin and Hall, the professional development team.
Research Experience for Teachers (RET) will meet their mentors on June 21% for field
and lab work. Research Experience for Undergrads (REUs) will join them on June 19%
for three days of professional learning with the entire cohort of 24 educators.

Plans to complete the Intercultural Development Inventory (IDI) and engage in learning
sessions with our DEI lead, Dr. Theressa Cooper, are scheduled. A summer events
calendar is attached. Highlights include a talk by Will Richardson early on, focusing on
reshaping the school experience for modern times. Mid-summer, Mark Windschitl,
professor of science teaching and learning at the University of Washington, will connect
REUSs’ research skills to future classroom teaching, particularly climate change
education.

5. Graduate Student Community (Moore)

Build a community of graduate students engaged in topics broader than their research.

9 Year 3 — Q3 - Quarterly Progress Report
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A. Planned Activities

The Graduate Student Community will continue meeting weekly for the remainder of the
spring semester for professional development seminars and social events.

B. Actual Accomplishments

The community met weekly for a RegenPGC seminar throughout the spring semester.
During this quarter (March 28-29, 2024), eleven students participated in a trip to the Land
Institute in Salina, Kansas, led by PD Raman, where they learned about the Institute’s
mission and research being conducted there. During the trip, they also visited some of the
on-farm research sites in Nebraska.

Photo 1. RegenPGC graduate students Rickiel Franklin, Jack Moran, and Prathyusha Cheguri at The Land Institute

10

Arrangements were made for the graduate students to take the Intercultural Development
Inventory. Dr. Theressa Cooper met with the students during the weekly seminar to
discuss intercultural competencies and provided a group debrief of their combined
assessment scores. Heather Dantzker (Project Evaluator) is conducting individual
debriefs for students in which she discusses their individual IDI results and ways to
enhance intercultural competencies.

C. Explanation of Variance

Year 3 — Q3 - Quarterly Progress Report
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We completed all planned activities.
Plans for Next Quarter

The graduate student community will only meet occasionally over the summer months as
students are actively engaged in their research projects. However, the students will get
together for social events, and a picnic is scheduled for late June. Some students will
participate in field days, while others will participate in k-12 activities over the summer.

6. FFA and 4H Programs (Hayslett, Miller)

11

This program develops PGC crop production systems curricula for FFA high school students
and 4H K-12 participants.

A.

Planned Activities

Activities in the third quarter will focus on revising lesson plans and preparation for day
camp pilots. Day camp pilots will be held in the summer (June-August) with the goal of
finishing revisions and publishing all lesson plan materials by the end of the year
(Hayslett).

Plans for the third quarter are to complete the development of research materials and
distribute materials to all high school agriculture departments in lowa (Miller).

Actual Accomplishments

Materials have been developed to introduce high school agriculture students to research
methodology and The RegenPGC research project. A meeting was scheduled with the
director of the FFA Headquarters. All the developed materials were loaded on the FFA
website so that all 263 agriculture programs in lowa could access them.

The FFA Director was going to develop a method so we could determine how many
agriculture programs downloaded the materials. We could identify the programs that used
the materials for follow-up material evaluations.

Explanation of Variance

Some additional youth programs were added due to an opportunity from a county
extension office.

Plans for Next Quarter

We will pilot a day camp curriculum at three locations over the summer. Revisions to
lesson plans will continue with a goal of publishing by the end of the year. Initially, the
citizen science program was scheduled to start this summer. Due to low enrollment, this

Year 3 — Q3 - Quarterly Progress Report
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program will be canceled. We will consider starting the program again next year with a
targeted group of youth instead of advertising statewide.

E. Publications, Presentations, Stakeholder Engagement, and Proposals Submitted
e Stakeholder Engagement

Perennial Groundcover youth program held at Prairie Rose State Park in Shelby
County for 200 6'"-grade youth as part of their county 6th-grade Field Day.

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.
1. Planned Activities
e Hire a part-time agronomist (Brent Wilson, Corteva).
e Continue engaging with on-farm cooperators.
e Continue sequencing project for Poa bulbosa.
e Continue data collection in on-farm and research trials.
e Continue ongoing summarizing soil and plant data collected for growers.
2. Actual Accomplishments
e Data collection continues as an ongoing activity, but we are caught up on milestones.
e _Research sites are being managed.
3. Explanation of Variance

12 Year 3 — Q3 - Quarterly Progress Report
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e No variance was noted.

4. Plans for Next Quarter
e Continue working with cooperators to collect yield and practice information.
e Continue data collection in on-farm and research trials.

e Continue summarizing soil and plant data collected to date for growers for 2024 and
beyond planning.

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

None to this quarter.

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 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
Objective. CoPDs are Susana Goggi (ISU) and Ken Moore (ISU), while collaborators are
Lucas Borras (Corteva Agrisciences) and Jose Rotundo (Corteva Agrisciences).

1. Planned Activities
e Kentucky

o Kiera Searcy (Graduate Student) has a committee meeting to refine plans for her
experiments.

o Continue with data collection on ground cover (weeds and desired grass).
o Both experiments have spring herbicide applied to control emerged broadleaf weeds.

o Finalize plans for summer 2024 experiments (suppression techniques for Hallie
Sandeen (Graduate Student); herbicides for suppression and corn weed control for
Kiera Searcy)

o Scout KBG field established in 2022 and flag areas for plots and data collection.

13 Year 3 — Q3 - Quarterly Progress Report
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Continue with RegenPGC Cafe meetings.
Fertilize areas for fall- and summer experiments based on soil test results.

Receive corn seed and herbicides needed.

Towa

Frost seeding and early spring seeding treatments in the ‘Timing of Establishment’
study will be planted as weather and soil conditions allow.

Make land requests for research areas to keep current field research and expand for
newly designed experiments.

Inventory inputs for experiments (fertilizer, crop protection chemicals, and seed) and
purchase additional resources to meet research needs for the upcoming growing
season.

Select and hire undergraduate assistants to help with field research.

Researchers from all objectives performing fieldwork involving Objective 1 plots,
resources, and personnel will meet to coordinate 2024 research activities and needs.

2. Actual accomplishments

14

Kentucky

Kiera Searcy had a committee meeting to refine plans for experiments. Both Kiera
and Hallie Sandeen have had email correspondence with committee members to
refine their experimental plans.

Overhead photos were taken biweekly to use for ground cover estimation.

Both experiments had spring herbicide applied to control emerged broadleaf weeds
(dicamba).

Summer 2024 experiments finalized (suppression techniques for Hallie Sandeen,
herbicides for suppression, and corn weed control for Kiera Searcy).

Continue with RegenPGC Cafe meetings.
Fertilized areas for fall- and summer experiments based on soil test results.
Received corn seed and herbicides as needed.

Data collection and field operations in experiments:
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» Hallie Sandeen Suppression Techniques. The plots were laid out. Initial
groundcover and biomass samples were taken. Experimental treatments imposed
— a combination of spray volume and nozzle patterns.

= Hallie Sandeen PGC Species Trial. Collected biomass samples, separated into
grass and weeds, completed first suppression with glufosinate and strip-tilled.

» Kiera Searcy PGC Establishment Herbicide Trial. Collected biomass samples,
separated into grass and weeds, completed first suppression with glufosinate,
strip-tilled.

= Kiera Searcy Corn Herbicide Trial. Collected initial biomass sample, separated
into grass and weeds, completed first suppression with glufosinate, strip-tilled.

o Award

RegenPGC Graduate Education Community member Hallie Sandeen was named the
University of Kentucky Martin-Gatton College of Agriculture, Food and Environment
“Integrated Plant and Soil Sciences Outstanding New MS Student, 2023-2024.” Learn
more about Hallie’s graduate journey in her video “Perennial Cover Crops:
Evaluating Poaceae Species’ Establishment and Weed Suppression Potential.”

Photo 2. Hallie Sandeen receives the University of Kentucky Martin-Gatton College of Agriculture,
Food & Environment “Integrated Plant and Soil Sciences Outstanding New MS Student, 2023-2024.”
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e Jowa

Planted frost seeding and early spring seeding treatments in the ‘Timing of
Establishment’ study.

Granted land requests for research areas to keep current field research and expand for
newly designed experiments.

Ordered inputs for experiments (fertilizer, crop protection chemicals, and seed) and
received for the upcoming growing season.

Interviewed and hired Undergraduate assistants.

Researchers from all objectives performing fieldwork involving Objective 1 plots,
resources, and personnel met to coordinate 2024 research activities and needs.

Unseasonably warm and dry conditions allowed field preparation activities to begin
in February with the application of phosphorous and potassium fertilizer and strip
tillage on many of the existing PGC plots.

Corn was planted in several PGC experiments before a turn to rainy, wet conditions
that halted fieldwork.

Greenhouse and growth chamber experiments were initiated upon the establishment
of various PGC species.

Explanation of Variance

Weather delayed accomplishing some tasks.

Plans for Next Quarter

e Kentucky

o

Hallie Sandeen will submit a grant proposal to Southern SARE (May 2024).

Plant corn and spray pre-emergence herbicides in all trials listed above. All trials
except Kiera Searcy’s Corn Herbicide Trial received a blanket application of the
same product and rate. Kiera Searcy’s trial will receive different pre-emergence
herbicide treatments.

Take plot and overhead photos to estimate the degree of suppression.

Collect grass biomass samples prior to corn canopy closure.
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Collect corn plant samples at the V3 stage to measure height, internode distance, and
root and shoot biomass.
Measure insect herbivory at V3.
Assess corn stand and plant development.

Implement an additional trial on the number of suppression applications that PGC can
tolerate.

Towa

Plant corn in the remainder of the PGC experiments.
Apply chemical suppression treatments at appropriate timing in the PGC plots.
Band nitrogen fertilizer over corn rows.

Band herbicides over corn rows to reduce weed competition in most PGC
experiments. This is an expansion of successful weed control observed in one
experiment last year.

Begin data collection on all plots, including plant height, date of emergence, biomass
of PGC, soil water content, and many other measurements.

Begin field tours in June for various groups interested in PGC.

Make assessments on continuing research on some experiments without a principal
research graduate student assigned to them because of the weak performance of
treatments. Data will be taken on plots prior to abandonment for the sake of sorting
out any valuable information for future research.

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

None this quarter.

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

17
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inputs. Our work will also enable the design of novel breeding strategies and the development of
dedicated breeding programs for PGC hybrids and varieties.

Shuizhang Fei (ISU) and Thomas Liibberstedt (ISU) lead this Objective, and Brandon
Schlautman (TLI) and Sara Lira (Corteva Agriscience) are CoPDs.

Shuizhang Fei Group
1. Continuing Projects
A. Field Trial Evaluating Four POA Species Suitability with Corn

Field trials evaluating the compatibility of various PGC species with corn are maintained,
but no research activities took place in Q3. The following is a list of trials:

e A field trial evaluating the suitability of 4 Poa species, including 10 Kentucky
bluegrass cultivars or cultivar blends, one Radix Hybrid Bulbosa cv. PB55, a blend of
Sandberg bluegrass, cv. ‘Vale’ and cv ‘Hanford’ and two cultivars of rough
bluegrass(‘Havana’ and a naturalized population).

e A field trial evaluating the compatibility of five Sandberg bluegrass cultivars with
maize.

o A field trial evaluating the compatibility of 10 warm-season plant species with maize.
e A field trial evaluating Species x Suppression Methods.
B. Growth Chamber Studies

Sexual Floret and True Seed Formation in Poa bulbosa: Previously, we determined
the photothermal combinations that induce normal flower formation in P. bulbosa. We
have expanded the research to include more accessions to generate publishable results.
These results will help us to improve the species through traditional plant breeding.

C. Greenhouse Study

Seedlings of 180 Poa secunda accessions from USDA GRIN were grown in containers in
the Horticulture greenhouse and have recently been transplanted to a spaced-plant trial at
the Sorenson farm near Ames, IA. This field trial will be used for future genetics studies.

2. Plans for Next Quarter

Active research and data collection in all four field trials are already underway and will
continue throughout the summer.
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3. Student Advising

Table 1. Dr. Shuizhang Fei - Graduate Student Advising & Undergraduate Student Education

Name Degree Program and Major Year Started
Prathyusha Cheguri Ph.D., Genetics & Genomics Fall 2022
Bandana Bhusal Ph.D., Bioinformatics & Computational Biology Summer 2023
Modestos Modestu Ph.D., Crop Production & Physiology Summer 2023
Vipul Kumar Ph.D., Plant Breeding Fall 2023
Undergraduate Student Education
Caroline Strawhacker First-Year Honors Program Spring 2024
Liibberstedt Group

1. Research Report

19

A. Genotype x Management Interactions with Experimental Hybrids

We have conducted research for the growth season 2024 across our three locations in
Iowa (IA), Nebraska (NE), and Kansas (KS), comparing PGC versus conventional
methods. Our collaboration with Land Institute (Dr. Brandon Schlautman) and Corteva
(Dr. Sara Lira) involved sending seeds for study.

. Collaboration and New Agreements

We have forged a new partnership to test Corteva ERA hybrids and a selection of BS39-
DH testcross hybrids, co-developed with ISU (Prof. Dr. Thomas Liibberstedt) and
Corteva (Dr. Sara Lira). This collaboration marks a significant step forward in our maize
breeding research efforts.

In our Growth Chambers Study for Corteva ERA Hybrids, we examined the impact of
low red (R/FR) ratio light versus white light on ERA hybrids using growth chambers.
Our findings revealed that light conditions significantly influence key phenotypic traits
such as stomata, height, leaf area, stem diameter, root length, chlorophyll content,
anthocyanin color on the stem, and dry biomass. We observed significant differences
among genotypes and their responses to light conditions. Notably, certain genotypes
demonstrated superior performance under R/FR ratio light and white light. This research
provides valuable insights for the study and breeding of maize under varying light
conditions.

. Plans for Next Quarter
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continue throughout the summer.

D. Student Advising

e Memis Bilgici is taking the Special Topic class. Additionally, we are actively working

on a review paper and data analysis which has been collected this year.

e For the RET/REU summer research program, Maggen Lint will join Dr. Liibberstedt's
lab for six weeks on June 20, 2024. Dr. Elnaz Ebrahimi will contribute at a level of 1

month/year.

Table 2. Dr. Thomas Liibberstedt - Graduate Student Advising & Undergraduate Student Education

Name Degree Program and Major Year Started
Memis Bilgici Ph.D., Plant Breeding Fall 2022
Leticia Prada de Miranda Visiting PhD Student Fall 2023
Yu-Ru Chen Post-Doc Fall 2024
Diego Caixeta Visiting PhD Student Spring 2024

Publications, Presentations, Stakeholder Engagement, and Submitted Proposals

Presentations
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Cheguri, Prathyusha. 2024. Photothermal Effects in Inflorescence Development in Poa

Bulbosa. From Code to Cure Bridging the Gap in Biological Sciences. 2nd Annual

Interdisciplinary Biological Sciences Symposium — lowa State University Ames, A, Apr. 3,
2024. https://www.regenpgc.org/wp-content/uploads/2024/04/2024-3-22-Cheguri-Poster-RF-

Baker-Poster.pdf

Cheguri, Prathyusha. 2024. Photothermal Effects in Inflorescence Development in Poa
Bulbosa. From Code to Cure Bridging the Gap in Biological Sciences. 2nd R.F. Baker Plant
Breeding Symposium — Iowa State University Ames, 1A, Mar. 22, 2024.
https://www.regenpgc.org/wp-content/uploads/2024/04/2024-3-22-Cheguri-Poster-RF-

Baker-Poster.pdf
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Photo 3. RegenPGC Graduate Student Prathyusha Cheguri presents her research

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

1. Preliminary Results and Outputs.

e Eness is working on finishing up M.S. Thesis. [defending Nov 2024; submitted by Dec
2024]

e @Galland, Dutter, Fei, Moore, & McDaniel are working on a publication on Kentucky
Bluegrass varieties, Poa bulbosa effects on crop yield and soil water/nutrients. [submitted
by Dec 2024]

¢ Dutter, Eness, & McDaniel are working on an intensive soil/root sampling manuscript
from June 2023 sampling. [submitted by Dec 2024]
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¢ Dutter and many on the RegenPGC team, esp. Lira and Schlautman are working on
solidifying a 2-3 year dataset from on-farm trials. [submitted by May 2025]

1. Planned Activities

e Graduate student Malcolm St Cyr will measure soil nitrous oxide emissions from the
Sorensen Farm, long-term PGC, and Waterloo, A farms (part of NRCS CIG).

2. Preliminary Results and Outputs

e Graduate student Max Eness is finishing his M.S. Thesis and will defend in November
2024, with the thesis submitted by December 2024.

e Project collaborator Patrick Galland, postdoc Cole Dutter, CoPds Shuizhang Fei, Ken
Moore, and Marshall McDaniel are working on a publication on KBG varieties and Poa
bulbosa effects on crop yield and soil water/nutrients. The manuscript will be submitted
by December 2024.

e Dutter, Eness, and McDaniel are working on an intensive soil/root sampling manuscript
from our June 2023 sampling. The manuscript will be submitted by December 2024.

¢ Dutter and many others on the RegenPGC team, especially CoPds Sara Lira and Brandon
Schlautman, are working on solidifying a 2-3 year dataset from on-farm trials. This will
be submitted by May 2025.

3. Explanation of Variance
No variance occurred.
4. Plans for Next Quarter
e Continue work on the objectives stated above.

5. Publications, Presentations, Stakeholder Engagement, Submitted Proposals/Funded
Grants

None this quarter.

OBJECTIVE 4. ECOSYSTEM SERVICES AND 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
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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: Years 1 -5

1. Quantify Decreased Flood Risk and Improved Drought Resiliency Compared to
Conventional Cropping Systems

23

A.

Planned Activities

e Start calibration in the EPIC and APSIM model using the result from the summer
experiment for the five treatments.

e Test for the accuracy of the models (EPIC and APSIM) for both soil erosion and
runoff.

e Start a new erosion pad experiment to help temporal data to calibrate the model.
Actual Accomplishments
e (Calibration of EPIC and APSIM model is still ongoing.

e Fixed borders and placed 55 erosion pads on different plots with PGC and other
cropping systems.

Explanation of Variance

No test of accuracy will be done yet until calibration is completed.
Plans for Next Quarter

e Complete the work on erosion pad data collections.

e Analyze the data to check the treatment effect of PGC compared to other
management practices.

Quantify PGC Impacts on Water Quality

A.

Planned Activities
Prepare an experimental plan for the indoor rain simulation.

Actual Accomplishments
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Indoor rainfall simulator to test for runoff and erosion across these grass covers.
o Planted different varieties of Radix Poa Bulbosa in the greenhouse.

C. Explanation of Variance
None noted.

D. Plans for Next Quarter

After the grasses grow, they will be tested under different rain intensities using the
simulator.

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

A. Planned Activities
e Incorporate calibrated KBG model in intercropping simulation with corn.
e (alibrate model to Wiggins et al data (2012).

e Simulate several precipitation scenarios of intercropped KBG-maize to predict the
effects of soil-water competition.

B. Actual Accomplishments
e The STICS model calibrated to KGB data of Zhang et al. (2013) was finalized.

e Data from Wiggans et al. (2012) were used to investigate how well STICS could
replicate the observed plant water use and soil moisture trends in a corn/KBG
intercrop.

o Overall, STICS predicted the trends observed in the field, but not with high
fidelity. The study included 2008 and 2010, which had well above average
precipitation, and 2009 had average precipitation.

o With this limited number and range of observations, it is premature to say whether
STICS can reproduce accurately the differences between the control plot and the
corn/KBG plot.

o There are limitations to STICS’ ability to implement the management practices
typical in a PGC system. Notably, PGC suppression through herbicide application
in the spring cannot currently be modeled.
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o Preliminary results suggest that STICS, with proper calibration, can predict
intercropping yields and water balance with reasonable accuracy. As more data
become available, a better measure of the model’s performance will be possible.

Explanation of Variance

None noted.

Plans for Next Quarter

e Recruit a new student to work on the project.

e Evaluate experimental data that will be available this fall and develop a modeling
plan.

4. Quantify the Limits on PGC Maize Stover Removal

A.

Planned Activities

We had not planned to undertake activities during this quarter.
Actual Accomplishments

No activities were undertaken this quarter.

Plans for Next Quarter

Explore modeling opportunities using GREET.

5. Publications, Presentations, Stakeholder Engagement, Submitted Proposals

Olowoyeye, Oluwatuyi. S. & Amy Kaleita. 2024. Investigating Erosion Reduction Rate
under the Perennial Ground Cover (PGC) system using the Rainfall simulation
Agricultural and Biosystems Engineering Symposium, Poster Presentation. Ames, lowa,
Feb. 16, 2024,

Olowoyeye, Oluwatuyi. S. & Amy Kaleita. 2024. Can Perennial Groundcover (PGC)
Improve Soil Health? FFAR Fellowship Residential Session, Oral Presentation Raleigh,
North Carolina, Apr. 18, 2024.

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
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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 and Soybean Producers
A. Planned Activities
e Continue work on the Ag Decision Maker information file and decision tool.

e Continue analyses for Applied Economic Perspectives and Policy (AEPP) journal
paper.

e Continue to monitor progress on groundcover input and suppression costs.
B. Actual Accomplishments

e Continue preparing for publication submission of the Ag Decision Maker information
file and decision tool.

C. Explanation of Variance

The Ag Decision Maker information file and decision tool submission was delayed for
one quarter to include findings from spring 2023 groundcover suppression trials so that
we can disseminate the most recent findings to farmer audiences.

D. Plans for Next Quarter
e Submit the Ag Decision Maker information file and decision tool for publication.
e Complete the AEPP draft.
2. Evaluate the Market and Aggregate Welfare Effects of PGC Approaches.
A. Planned Activities
e Complete work on incorporating the PGC costs in the cost of production model.

¢ Run the model using the PGC costs (both optimistic and pessimistic scenarios).
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B. As data becomes available from other objectives, prepare to calibrate the model in terms
of yields based on the appropriate management practice and begin prep work to
incorporate the cellulosic module in the CARD.? Agricultural Modeling System (CAMS).

C. Actual Accomplishments
Continue work on the PGC budget tool.
D. Explanation of Variance
None noted.
E. Plans for Next Quarter
e Complete work on incorporating PGC costs in the cost of production model.
¢ Run the model using the PGC costs (both optimistic and pessimistic scenarios).

e As data becomes available from other objectives, prepare to calibrate the model in
terms of yields based on the appropriate management practice and begin prep work to
incorporate the cellulosic module in CAMS.

3. Identify the Socioeconomic Barriers and Potential Facilitators to PGC Adoption
A. Planned Activities

e Prepare case studies of communities where PGC is being implemented and
communities where it is not.

e Analyze lowa farmer practices data to determine correlates of cover cropping.

e Develop the 3C dataverse: Community capitals, cover crops, & conservation
agriculture.

e Interview 20 farmers, ag-adjacent personnel, and community and political leaders in
Pottawatomie County (KS).

B. Actual Accomplishments

e Continued developing the 3C dataverse: community capitals, cover crops, and
conservation agriculture, and ran certain descriptive and inferential statistics
(https://ksuemailprod-

2 CARD is the lowa State University “Center for Agricultural and Rural Development”
(https://www.card.iastate.edu),
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my.sharepoint.com/:x:/g/personal/treel 1 _ksu edu/ETPb8WNmMGEBJQTrTYQRLSw
BdzQj8YOqYMhzSQi-_ uG2NQ?rtime=Fni9M9I6L3Eg)

e Conducted 15 interviews and coded them.
C. Plans for Next Quarter
Continue to Run analyses on CCF, Conservation ag, and PGC, and write up results.
D. Explanation of Variance
None noted.
Explore the Role of Input Supply Agribusinesses in the PGC Supply Chain.
A. Planned Activities

Continue working with postdoc Austin Landini on existing data sets and potential data
needs.

B. Actual Accomplishments
Austin Landini is up to speed on existing data.
Publications, Presentations, Stakeholder Engagement, Submitted Proposals
e Publications
NA this Quarter
e Upcoming Presentations

o Miller-Klugesherz, Jacob A. July 2024. Good for the Soil, but Good for the Farmer?
Addiction and Recovery in Transitions to Regenerative Agriculture. 86th Annual
Meeting of the Rural Sociological Society. Madison, WI.

o Miller-Klugesherz, Jacob A. July 2024. Cultivating Community Capitals and
Conservation Agriculture Among Farmers, Ag-adjacent Persons, and Community
Leaders in a Rapidly Developing Pottawatomie County, Kansas (poster), 86th Annual
Meeting of the Rural Sociological Society. Madison, WI.

o Miller-Klugesherz, Jacob A. July 2024. The 2021 Kansas Rural Grocery Survey:
Reevaluating Extension’s Role in Rural Grocery Issues. 86th Annual Meeting of the
Rural Sociological Society. Madison, WI.
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o Miller-Klugesherz, Jacob A. July 2024. Community Capitals & Perennial

Groundcover Adoption in the U.S. corn-belt: A Quantitative & Exploratory Analysis
of the Interrelated Health of Soil, People, and Communities. 86th Annual Meeting of
the Rural Sociological Society. Madison, WI.

Miller-Klugesherz, Jacob A. June 2024. Local Sourcing Innovation in Independent
and Locally-Owned Groceries (Poster). National Rural Grocery Summit.
Montgomery, AL.

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

A. RegenPGC - Overall Project Activities

Finalize analysis of leadership + SAB interviews.
Prepare evaluation and report-out to project leadership (PPT presentation).

Participate in regular and ad hoc evaluation-focused meetings with the Project
Director and Deputy Project Director.

Participate in RegenPGC bi-monthly calls (Co-PDs and SAB).

Continue to engage with other Theme Leaders around evaluation activities and
planning.

Plan additional evaluation activities through Year 4 - Q1 in collaboration with the
Project Director and Deputy Project Director.

Participate in the NIFA - SAS Program Meeting in Madison, W1, April 14 — 16, 2024.

B. RegenPGC — Education Theme Focus

Continue to participate in monthly planning meetings with Education Theme Leaders.

Plan for Spring 2024 data collection with RegenPGC-affiliated graduate students
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Begin individual interviews with RegenPGC-affiliated graduate students in mid-April
2024.

2. Actual Accomplishments

A. RegenPGC - Overall Project Activities

Finalized analysis of the leadership + SAB interviews.
Completed evaluation report-out to project leadership (PPT presentation)

Participated in regular and ad hoc evaluation-focused meetings with the Project
Director and Deputy Project Director.

Participated in RegenPGC All Co-PD calls in Feb, March, and April 2024.
Updated project logic model in collaboration with Project Director and Co-PDs.

Planned for additional evaluation activities in collaboration with the Project Director
and Deputy Project Director (graduate student IDI debriefs and individual
interviews).

Participated in the NIFA-SAS Program Meeting in Madison, W1, April 14 — 16, 2024.

B. RegenPGC — Education Theme Focus

Continued to meet in monthly planning meetings with Education Theme Leaders.

Planned for Spring 2024 data collection with RegenPGC-affiliated graduate students,
including providing Intercultural Development Inventory (IDI) individual 30-minute
debrief sessions coordinated with Dr. Theressa Cooper, Assistant Dean, Diversity,
ISU; developed interview guide.

3. Explanation of Variance

Evaluation planning across additional project objectives and themes is ongoing and
flows from the updated logic model.

4. Plans for Next Quarter

A. RegenPGC - Overall Project Activities

Qualitative analysis and initial report out of findings from graduate student interviews
to project leadership.

Participate in RegenPGC leadership calls (Co-PD and SAB).
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e Data analysis to track project progress and milestones with the updated logic model.

¢ Plan additional evaluation and reporting activities through Year 4 Q2 including
project annual meeting, in collaboration with the Project Director and Deputy Project
Director based on findings.

B. RegenPGC — Education Theme Focus
e Continue to meet in monthly planning meetings with Education Theme Leaders.

e Schedule and conduct individual 1-hour interviews with RegenPGC-affiliated
graduate students.

e Schedule and conduct individual debriefs as part of Intercultural Development
Inventory (IDI) programming with the RegenPGC graduate student cohort (in
conjunction with qualitative interviews), including review of individual IDI
assessment results and facilitation of reflective discussions with each student.

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

Participated in the April 2024 SAS Program meeting in Madison, which included
NIFA staff.
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PERENNIAL
GROUNDCOVER
FIELD DAY

WEDNESDAY, 24 JULY

11:30 AM

GAESSER FARM
2507 QUINCE AVE
CORNING, IA 50841

PERENNIAL
GROUNDCOVER
FIELD DAY

WEDNESDAY, 7 AUG

11:30 AM

BORLAUG LEARNING CENTER
3321 290TH STREET
NASHUA, IOWA
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FIELD DAY

WEDNESDAY, 14 AUG.

11:30 AM

FIELD EXTENSION EDUCATION LAB
1928 240TH ST
BOONE, IOWA
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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, |1A 50011-1098
rajraman@iastate.edu

Anne Kinzel, JD
RegenPGC Deputy Director
1140p Biorenewables Lab
lowa State University
617 Bissell Rd Ames IA 50011-1098
akinzel@iastate.edu

TWITTER: @PerennialCovers

RegenPGC is supported by Agriculture and Food Research
Initiative Competitive Grant No. 2019-69012-29851 from the USDA
National Institute of Food and Agriculture. Any opinions, findings,
conclusions, or recommendations expressed in this publication
are those of the author(s) and do not necessarily reflect the view

of the U.S. Department of Agriculture.




