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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 the 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 using 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)
4TH QUARTER PROJECT ACTIVITIES

(May 1, 2023 — July 31, 2023)

PROJECT ADMINISTRATION AND GOVERNANCE

1. Planned Activities

2.

1

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

Actual Accomplishments

0

0

Continued ad-hoc meetings with/ all team members (as-needed basis).
Participated in the RegenPGC Graduate Student Summit (See Exhibit 1).

Virtually onboarded Research Experience for Undergraduates (REU) and Research
Experience for Teachers (RET) participants.

Supported CoPD Lira as she led an effort to apply for DOE funds to extend the
RegenPGC effort. (Funded, see pg 4 for details)

Continued meeting with the external evaluator (Dantzker) to provide feedback on the
logic model and guidance on evaluation foci.

Meetings

o Theme Leader Meetings. The four theme leaders continued meeting with Raman
and Kinzel on an ad-hoc basis during the summer to provide project updates, evaluate
progress, and resolve outstanding issues.

o All Hands Meetings. We continued to host bi-monthly all-hands meetings
throughout the quarter. The meetings are well attended by objective and theme
leaders, and there has been a comprehensive exchange of information at these
meetings.

o PGC Café. The Research Theme Leader (Schlautman) continued hosting virtual PGC
Cafés every Friday. These continue to be well attended, especially by graduate
students. The informal setting leads to good exchanges.

Year 2 — Q4 - Quarterly Progress Report
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o PGC Weekly Research Meetings. The Research Theme Leader (Schlautman)
proposed a series of weekly research meetings that the PD hosts. These began in
January 2023 and focused on specific field-research questions (e.g., how to best
collect and process groundcover images). The meetings were well attended and
extended into the first few weeks of this quarter.

o Stakeholder Advisory Board Meetings. We held a quarterly SAB meeting in the
second quarter (May 25, 2023). The meeting was well attended by SAB, objective,
and theme leaders. Theme leaders each gave a short update followed by a general
Q&A.

o Year 2 Annual Face-to-Face Meeting. We have refined our Year 2 annual meeting
plans. As reported, this meeting will occur on October 26 and 27 on Corteva’s
campus in Johnston, IA. The meeting will differ from Year 1 in that we will not do
Objective and Theme reports per se. Instead, we will do a series of one-hour mini-
symposia for each Objective, using a 10-minute overview by Objective leaders, a 30-
minute poster session featuring all Objective-relevant posters (and attended by the
entire project), and a reconvening for a 20-minute panel discussion.

3. Plans for Next Quarter

0

Run a successful Q4 SAB meeting, focused on updating them on the status at the end of
Year 2 and plans for the Year 2 Annual Meeting.

Engage CoPDs at the September All-CoPD meeting to focus on some of the key
learnings from the first two years, our plans and goals for the Year 2 Annual Meeting,
and possibly presenting a SWOT analysis (by Theme Leaders) of our two most likely
pathways-to-scale.

Communicate to all graduate students about the opportunity to present a poster at the
Year 2 Annual Meeting and the support (dollars and mentoring) available for poster
preparation.

Finish the detailed planning and lead a highly engaged and focused Year 2 Annual
Meeting.

Continue working with the Data Management team on a summary of yield-compared-to-
control in PGC trials to date. Also, work with them to update the experiment inventory —
i.e., which instances of PGC are being explored in RegenPGC trials. Share these data
with appropriate audiences (per the above bullets).

Mentor Philip E. Rockson (MS Candidate, Ag & Biosystems Engineering, ISU) as he
works on approaches to visualizing field operation timing on farms. Rockson is

2 Year 2 -Q4 - Quarterly Progress Report
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RegenPGC funded and working with PD Raman and CoPd Andersen on this effort,
which aims to provide a better way of representing the timing advantages of PGC for
farmers (See Figure 1).

T[] Continue monthly budget meetings with ISU Finance Delivery to monitor grant spending.

[J Continue onboarding project newcomers.

Field Operations Visualizer (FOV) Development

RegenPGC Extension Cross-Cutting Theme
Philip E. Rockson, Daniel S. Andersen, Mark A. Licht, and D. Raj Raman, lowa State University

Project Rationale & Goals Criteria: Constraints: ) ) )
+ Conventional row-crop production causes multiple soil and water quality challenges « Conveys sequencing of operations, * Input must be tabular data organized one operation per row, with the
+ Sustainable farming practices have gained popularity, driven by Increasing awareness about the negative + Conveys duration of operations following information in each column: (a) Field operation name; (b)Target
environmental impact of the existing cropping systems and policy « Conveys leeway of operations. midpoint date of operation [MM/DDVYYI' (c) operation window size in
+ Novel cropping systems make unique demands on farmers time - but representing time demands is + Conveys time-sensitivity, days; (d) Type of operation {tillage, pianting, chem appiication, harvest)
challenging « Stand-alone + Total number of operations up to 40 allowable
+ Visualization can be used to communicate compiex information - including timing and uncertainty - in readily * Easily used in multiple formats + Default duration of 1 crop year (user can define start) but can be
understandable ways adjusted to up to 4 years.
+ Goals: To develop and test a suite of Farm Operations Visualizers (FOVs) that readily communicate and
represents Yequirements of ropping systeste Results & Discussion Ranking of FOV approaches
Materials & Methods * Asof late June 2023, survey has been conducted et et
wiith three groups: resporse rates of 63.6% for Phase :
DeveiopmentProcems Timelie: e 1,84.6% for Phase 2, and 60.5% for Phase 3,
e 1 e * Preferred FOV varied among groups of participants,
canfirming importance of user background on

approach that influenced their chaices - e.g. a

preference I l ‘ J l
« Participants identified design elements in each . . l b H .
preference for Approach B due ta its simplicity T

C ication of cropping sy using
the FOV

» To showcase the functionality of the FOV, we
present three cropping systems {conventional corn,
no cover crop; conventional com with annual cover
crop; corn with perennial groundcover {PGC) in year
2+

Conclusions Ack +
: :::iriimzl SN e s 80 Fidla O Gabrielle M. Myers for assistance with
I fi ial visual
< @ « Preferences for style of FOV are highly varied thus far deas b refine Initial visuallation
X5 + Future work examining a wider audience - including
— fanmers - is crucial
y’ R + You can participate by sharing your insight using the QR
4 s {1 h % Code below!
| : : . — N
oW 3 U ’A

Figure 1. Field Operations Visualizer (FOV) Development, Philip Rockson (Graduate Student) Poster presented at
the 2023 Annual International Meeting of the American Society of Agricultural and Biological Engineers, Omaha,
NE. The poster is available at https://www.regenpgc.org/wp-content/uploads/2023/07/2023-07-14-Rockson-
ASABE-2023-Poster-.pdf
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4. Publications, Presentations, Stakeholder Engagement, and Submitted Proposals
[l Publications

o “Scientists lead gquest for perennial cover tailored to conventional cropping systems.”
Iowa State University College of Agriculture & Life Sciences: Nutrient Research
Center, June 21, 2023 (See Exhibit 2).

[l Stakeholder Engagement

o Presented the RegenPGC vision at the lowa Nutrient Research Center 10th
Anniversary Researcher Open House.

o Hosted Amazone DE (German machinery group) during a visit to lowa and presented
RegenPGC vision.

o Onboarded four new team members (grad students and visiting scholars — on May 26,
three more on June 29, and two more on Aug 2.

o Met with the ISU VPR office Chief Technology Officer - Digital and Precision Ag
Biosciences Platform to explain the RegenPGC project.

o Met with the Collaborative Ag Team (east-cost vegetable growers using PGC-type
approaches) to brief on the project.

o Joined 12 other ISU faculty at a collaboration meeting with Corteva Agriscience to
discuss RegenPGC.

o Met with ISU horticulture faculty member (Nair) to discuss the RegenPGC project
and implications for vegetable growers.

[l Proposals Submitted

o The US DOE has funded ($3,404,663) a project submitted by CoPD Dr. Sara Lira and
multiple RegenPGC colleagues, along with bioprocessing leader POET.!

o The project, Feedstocks for Advanced Biofuels from Perennial Ground Cover

Systems: FAB-PGCs seeks to reduce the carbon intensity of corn stover by growing
perennial groundcover (PGC) crops in between the rows of corn, thereby decreasing
nitrous oxide (N20) emissions and increasing soil carbon storage.

' The major participants are Corteva Agriscience, lowa State University, C. Bartel Inc., The Land Institute, University
of Missouri, University of Nebraska, University of Wisconsin, and POET.
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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

0

Curate data from first year on-farm trials and previous PGC related studies to create
updated summary information about PGC effectiveness as a comparison of yield with
and without PGC using appropriate field management and PGC suppression methods.

Deploy PGC image-based phenotyping platform to analyze early PGC establishment
images.

Engage researchers in planning for new fall 2023 initiated trials focusing on PGC
establishment challenges and opportunities.

2. Actual Accomplishments

0

Completed collecting and curating the 2022 on-farm data in Germinate and began
creating a system of functions for meta-analyses related to yield in PGC systems that can
be added to throughout the remainder of the project.

Curated spring images were collected to monitor PGC suppression and establishment
across on-farm and research station trials in KS, NE, IA, and KY.

Continued improving a machine learning algorithm that recognizes weeds, PGC (grass
or clover), soil, and corn.

Planned for 2 new PGC establishment studies and began sourcing seed and commercial
seed treatment options.

3. Explanation of Variance

None noted.

4. Plans for Next Quarter

0

Plant new perennial groundcover establishment trials.
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'] Finish meta-analysis of 2022 (and earlier) perennial groundcover small-plot and on-farm
research.

[]  Refine the perennial groundcover machine learning image analysis model.

'] Explore new modeling/simulation approaches to understand the scalability of proposed
management practices.

5. Publications, Presentations, Stakeholder Engagement, Submitted Proposals

None this quarter.

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
recommendations to an expanded set of stakeholders. Dan Andersen (ISU).

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

'] Extension educators
[l Farmers
'] Technical service providers and crop advisers
'] The scientific community
'] The general public
1. Planned Activities
Preparing for Fall 2023 RegenPGC Field Days
2. Actual Accomplishments
[l Created a Fall 2023 Field Day Schedule
o Ames, IA - September 5 (Tuesday)

Themes: Establishing PGC, Field Activities Timeline, and Research Highlights

6 Year 2 -Q4 - Quarterly Progress Report
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o Nashua, IA - September 27 (Wednesday)?

Themes: Establishing PGC and Challenges, Field Activities Timeline, Opportunities,
and Cover Cropping Options

o Pine River, IA - October 9 (Monday)

Themes: Cover Crop Opportunities, What is PGC? Field Activity Timelines, Potential
in Corn Silage Rotations

o Corning, IA - October 18 (Wednesday)
Themes: Establishing PGC, Field Activities Timelines, Yield Comparisons

'] Field Activities Visualization for Understanding Benefits and Risks of Perennial
Cover Crop vs. Annual Cover Crops

One of the challenges with cover crops is how they alter farm schedules and the time
crunch of completing field activities within available windows. We need a greater
understanding of farmer workload and how that relates to farmers’ ability to do critical
fieldwork in the time available. We hope to collect feedback on several different data
presentation methods at the Fall 2023 field days on which versions provide the clearest
information to farmers.

3. Explanation of Variance
None noted.
4. Plans for Next Quarter
Continue outreach activities with farmers.
5. Publications, Presentations, Stakeholder Engagement, Submitted Proposals

None this quarter.

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-

2 As of September 27, 2023, this event had to be cancelled due to
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disciplinary training and engagement opportunities for undergraduate and graduate students to
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

Moore will continue developing instructional materials. Modules will be shared in the
Teams directory as they are finalized.

B. Actual Accomplishments

We developed instructional materials specifically for FFA and 4-H K-12 students.
Development of learning materials continued in support of other educational activities
across the project.

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

The team will continue developing instructional materials. Modules will be shared with
RegenPGC collaborators via the project’s Teams directory as they are finalized.

8 Year 2 -Q4 - Quarterly Progress Report
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Photo 1. RegenPGC Summer 2023 Youth Activities (Credit: Maya Hayslett, RegenPGC)

2. Undergraduate REU Program (Griffin)
Undergraduate interns will participate in a coordinated summer research experience.

A. Planned Activities

Summer undergraduate research interns will be in residence at ISU from June 5 — July 26.
They will work with RegenPGC mentors on an individualized research project and
participate in weekly professional development activities. They will present the results of
their research at a poster session during the last week of the program.

B. Actual Accomplishments

A cohort of five candidates successfully secured positions in the summer research
program, which commenced on June 5th and concluded on July 26th. These candidates,
hailing from Minnesota, Tennessee, and lowa, were undergraduate students specializing
in STEM fields. Throughout the program, they engaged in 32 hours of immersive

9 Year 2 -Q4 - Quarterly Progress Report
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research experiences, alongside an additional 8 hours per week dedicated to professional
development. This development segment was curated to enhance their understanding of
pedagogy, facilitated by expert educators.

Preceding their participation in the program, the candidates underwent pre-program
surveys, which encompassed assessments such as the Intercultural Development
Inventory (IDI). A welcoming picnic marked the initiation of their journey, followed by
weekly “Adventures in Science” sessions and regular team research meetings. The
culmination of their efforts resulted in the creation of a research poster that encapsulated
their summer research findings. Furthermore, they crafted a practical deliverable that
correlated their research outcomes with an educational activity designed for future
classroom application or practicum experiences.

The program’s success was attributed to the guidance provided by Project PD Dr. Raj
Raman and CoPds Dr. Thomas Liibberstedt, Dr. Sara Lira, Dr. Ken Moore, and their
research teams. These teams played a pivotal role in facilitating the candidates’
laboratory experiences during the summer, ensuring a rich and productive learning
environment.

Table 1. 2023 RegenPGC REU Students

REU Student Research Institution Mentor/Supervisor*
Logan Carlson | Perennial Groundcover's Impact on lowa State Univ. Raj Raman
Future Farming *Philip Rockson
Alyssa Cone Comparative Analysis of Growth and lowa State Univ. Thomas Liibberstedt
Development in Maize under Red (Shade *Memis Bilgici

Avoidance Response) and Control-

White Light Conditions and Under
Perennial Ground Cover Crop

Alioune Diop Maize Plant Leaf Azimuth Response Bethel (TN) Univ. Ken Moore
to Perennial Ground Cover *Roger Hintz
Grace Mullins | Perennial Groundcover's Impact on lowa State Univ. Raj Raman
Future Farming *Gabby Myers
Grace Nelson Analysis of Decomposition Rates for St. Olaf Univ. Marshall McDaniel
Maize, Kura Clover, and Kentucky *Max Eness
Bluegrass

*REUs are mentored by project CoPds and supervised in the lab /field by project graduate students or
research staff

10 Year 2 - Q4 - Quarterly Progress Report


https://www.regenpgc.org/wp-content/uploads/2023/09/2023-08-17-Logan-Carlson-and-Grace-Mullins-REU-Poster.pdf
https://www.regenpgc.org/wp-content/uploads/2023/09/2023-08-17-Logan-Carlson-and-Grace-Mullins-REU-Poster.pdf
https://www.regenpgc.org/wp-content/uploads/2023/09/2023-08-17-Alyssa-Cone-REU-Poster.pdf
https://www.regenpgc.org/wp-content/uploads/2023/09/2023-08-17-Alyssa-Cone-REU-Poster.pdf
https://www.regenpgc.org/wp-content/uploads/2023/09/2023-08-17-Alyssa-Cone-REU-Poster.pdf
https://www.regenpgc.org/wp-content/uploads/2023/09/2023-08-17-Alyssa-Cone-REU-Poster.pdf
https://www.regenpgc.org/wp-content/uploads/2023/09/2023-08-17-Alyssa-Cone-REU-Poster.pdf
https://www.regenpgc.org/wp-content/uploads/2023/09/2023-08-17-Alioune-Diop-REU-Poster.pdf
https://www.regenpgc.org/wp-content/uploads/2023/09/2023-08-17-Alioune-Diop-REU-Poster.pdf
https://www.regenpgc.org/wp-content/uploads/2023/09/2023-08-17-Logan-Carlson-and-Grace-Mullins-REU-Poster.pdf
https://www.regenpgc.org/wp-content/uploads/2023/09/2023-08-17-Logan-Carlson-and-Grace-Mullins-REU-Poster.pdf
https://www.regenpgc.org/wp-content/uploads/2023/09/2023-08-17-Grace-Nelson-REU-Poster.pdf
https://www.regenpgc.org/wp-content/uploads/2023/09/2023-08-17-Grace-Nelson-REU-Poster.pdf
https://www.regenpgc.org/wp-content/uploads/2023/09/2023-08-17-Grace-Nelson-REU-Poster.pdf

- N

EGg'Ig Pg C
Table 2. 2023 RegenPGC RET Participants
RET Teacher Research Institution Mentor/Supervisor*
Joe Carey Generating & Accessing Data for Dowling Catholic Amy Kaleita
Environmental Modeling of Agricultural HS *Oluwatuyi
Landscapes Olowoyeye
Cameron Simulating PGC System with Astroturf Southeast Polk HS | Ken Moore
Krumm activates the Shade Avoidance Response *patrick Galland
in Maize
Jared Kentucky Bluegrass Perennial Johnston HS Sara Lira
Martinsen Groundcover Impact on Moisture
Availability in Corn and Soybean
Production
*RETs are mentored by project CoPds and supervised in the lab /field by project graduate students or
research staff

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

Our commitment to maintaining ongoing connections with the Research Experience for
Undergraduates (REUs) will be realized through several communication avenues. A
prominent one is our monthly meeting, scheduled for the first Tuesday of each month
(FToM), during which a speaker from the summer program will share insights and lead
discussions. Additionally, REUs have the option to engage with Griffin every other week.
Griffin’s guidance is designed to assist them as they embark on education courses,
practicum experiences, and student teaching endeavors.

Among our participants, we are providing supplementary support to two seniors. To
further their educational journeys, one will be awarded a mini-grant, aiding this student’s
teaching in the upcoming fall term. Simultaneously, another senior will receive a
scholarship enabling attendance at the Soil Science Society of America annual meeting,
set to take place in St. Louis from October 29 to November 1 under the mentorship of Dr.
Marshall McDaniel. He will present a research poster stemming from the summer
program and participate in a graduate school forum, aligning with his desire to become a
research scientist in soil science.

To maintain a sense of unity and continued learning, we have planned a comprehensive
virtual learning day on November 11th. This event will bridge the REUs with the
Research Experience for Teachers (RETs) and their respective mentors. Moreover, the

11 Year 2 - Q4 - Quarterly Progress Report
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REUSs will have the opportunity to share their summer experiences at the RegenPGC
annual meeting, slated for October.

3. Undergraduate Internship Program (Moore)

We will develop an undergraduate internship program focusing on students at institutions
engaged in the project.

A. Planned Activities
This activity has been deferred.
B. Actual Accomplishments

This program was again deferred due to insufficient interest by undergraduate students
working in CoPD labs.

C. Explanation of Variance
Deferred due to lack of interest.
E. Plans for Next Quarter
None anticipated.
4. Research Experience for Teachers (RET)
A. Planned Activities

Teachers will be in residence at ISU from June 5 — July 26. Teachers will work with
RegenPGC mentors on an individualized research project and participate in weekly
professional development activities. They will present the results of their research at a
poster session during the last week of the program.

B. Actual Accomplishments

Four participants from lowa and Maryland joined a larger cohort of 22 Research
Experience for Teachers (RETs) in the summer program hosted at ISU. The program was
enriched by the contributions of CoPDs Dr. Amy Kaleita, Dr. Marshall McDaniel, Dr.
Ken Moore, and Dr. Sara Lira and their teams, who facilitated diverse research
experiences that proved highly beneficial for the attending RET participants. These
educators, specializing in math and science, engaged in 32-hour workweeks within
laboratory settings. They received mentorship support and often collaborated with
Research Experience for Undergraduates (REU) participants.
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Each RET participated in a comprehensive professional development session held every
Friday throughout the program. This component equipped them with strategies to
integrate their research experiences into their teaching, allowing them to learn and grow
collectively. Participants undertook pre-program surveys to gauge their individual and
group growth and completed the Intercultural Development Inventory (IDI), a tool
designed to enhance their cultural competency.

A dedicated diversity, equity, and inclusion lead led a session aimed at enhancing cultural
competency, presenting the group’s aggregate results, and identifying areas for further
growth. As a culmination of their efforts, each RET showcased their research through a
poster presentation at the program’s conclusion. Additionally, they crafted curriculum
components that they planned to implement in their classrooms during the upcoming
academic year.

One of the key goals was to foster partnerships between the RET participants and their
respective research teams. This initiative aimed to facilitate future collaborations,
potentially bringing scientists directly into the classrooms of these educators during the
school year. This collaboration between educators and researchers sought to enrich
student learning experiences and promote the practical application of scientific concepts.

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

As the new school year commences, Griffin will actively engage bi-weekly, providing
coaching and mentorship to individuals. Alongside this, the Research Experience for
Teachers (RETs) will be involved in the “First Tuesday of the Month” (FToM)
gatherings and are set to participate in a virtual learning day in November alongside the
Research Experience for Undergraduates (REUs).

To facilitate the integration of their summer research experiences into their classrooms,
each RET participant has been awarded a mini-grant of $500. This funding aims to
support the seamless transition of their new learning back to their educational
environments. Moreover, each RET will be invited to share their summer experiences at
the RegenPGC annual meeting, set to take place in October, alongside their counterparts
from the REU program.?

® Due to scheduling issues, we may reschedule the meeting with the 2023 RETs and REUs to our December
2023 Stakeholder Advisory Board meeting.
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Our collaboration with the Diversity, Equity, and Inclusion (DEI) coordinator will persist
throughout the academic year. This collaborative effort aims to heighten awareness and
implementation of strategies that foster more equitable classroom environments, thereby
catering to the diverse needs of all students. In line with this, we remain committed to
encouraging researchers’ involvement in classrooms. By doing so, we hope to share the
concepts of sustainable agriculture, underscore the significance of data-driven
agricultural stories, and promote the design of experiments that serve as the basis for
scientific inquiry.

5. Graduate Student Community (Moore)
Build a community of graduate students engaged in topics broader than their research.
A. Planned Activities

Students will work on their respective research projects during the summer growing
season. A Graduate Student Summit will be held June 15-16 in Ames. The agenda
includes student presentations about their research projects, a field trip to research plots, a
data collection demonstration and workshop, a presentation on USDA farm programs and
how they influence the adoption of new technologies, a presentation on best practices for
managing field trials, and a student-led strategic planning discussion.

B. Actual Accomplishments

RegenPGC held a Graduate Student Summit June 15-16, 2023, at ISU. The agenda
included student presentations about their research projects, a field trip to research plots,
a data collection demonstration and workshop, a presentation on USDA farm programs
and how they influence the adoption of new technologies, a presentation on best practices
for managing field trials, and a strategic planning discussion. An all-project picnic was
held as part of the summit that brought together all participants in the project, including
RET/REU participants.

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

The academic year graduate community seminar will resume in August and occur
monthly throughout the fall semester.

6. FFA and 4H Programs (Hayslett, Miller)
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This program will develop curricular materials related to PGC crop production systems for
FFA high school students and 4H K-12 participants.

A. Planned Activities

(Hayslett) Continue to test and optimize hands-on activities. Finish evaluation plan and
survey instruments for youth programs. Test all lessons with youth at a workshop in
Wright County. Recruit more citizen science youth teams and finish one summer of data
collection for the project.

B. Actual Accomplishments

(Hayslett) We conducted additional testing and optimization of hands-on activities. We
also created evaluation plans and survey instruments for the youth programs. All lessons
were piloted with youth at a workshop in Wright County. Additional pilot programs were
scheduled for September. We were unable to recruit youth teams for the citizen science
project.

C. Explanation of Variance

(Hayslett) We were unable to recruit youth teams for the citizen science project. Likely
this is because we did not advertise enough in advance. Next year, we will recruit teams
again and start much earlier in the year. Early recruitment will be easier because we have
all the materials in place.

Our FFA lead, Dennis Miller, experienced a medical emergency that delayed progress for
the FFA program this quarter. He is recovering and will resume working when he is well.

D. Plans for Next Quarter

(Hayslett) Continue piloting youth hands-on activities and lesson plans at four events in
September with over 600 youth total. Revise lesson plans based on observations and
feedback. Promote lesson plans and citizen science projects through 4-H and FFA
communication channels (newsletters, webinar, Youthfest conference).

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

None to report.

THEME 4. COMMERCIALIZATION

Sara Lira (Corteva Agrisciences) leads this theme.
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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.

1. Planned Activities
[ Field day with a few growers and the CIG team in Northeast lowa.
[] Presentation of PGC system at Dubuque County field in June

[J Continued data collection: biomass of KBG & corn, weather, and soil data, KBG
suppression success

[ Interviews with on-farm cooperators
2. Actual Accomplishments
[l Visited eight growers/sites during the CIG field day.
[1 RegenPGC personnel gave a PGC presentation made at the Dubuque County field day.
[1 Completed all the planned data collection.
[] Poa bulbosa sequencing approved at Corteva.
3. Explanation of Variance

Grower interviews were delayed due to some replanning of a graduate student’s project
goals.

4. Plans for Next Quarter
'] Hire a part-time agronomist (Brent Wilson).
'] Conduct interviews with on-farm cooperators

[] Begin a sequencing project for P. bulbosa.
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[1 Continued data collection in on-farm and research trials

[J Summarize soil moisture sensor data and deliver it to the Objective 4 Team at the

University of Wisconsin.

[J Summarize soil and plant data collected to date for growers and for 2024 and beyond

planning.

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

Presentation at Dubuque County field day

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. Collaborators are Lucas Borras (Corteva Agrisciences), Susana Goggi (ISU), Ken
Moore (ISU) and Jose Rotundo (Corteva Agrisciences).

1. Planned Activities

11 Kentucky

o May 2023 — Plant Year 1 site to corn.

>

>
>
>

Fertilize with K according to soil test results, and fertilize with N, as needed.
Strip tillage
Plant and apply atrazine.

At POST (around V5 growth stage), apply more atrazine and glufosinate to
suppress bluegrass IF bluegrass is sufficiently established (emphasis added).

Establish Year 2 of a trial measuring how corn residual herbicides affect bluegrass
establishment.

o May-July 2023
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» Continue with overhead photos at the Year 1 site (corn plus bluegrass) to measure
groundcover.

» Maintain corn as needed (side-dress, pest management).
» Test protocols for sampling disease, pests, and beneficial insects.

June 2023 — Kiera Scott will begin working on the project before the graduate
program starts.

[ Missouri

o

All research moved to lowa.

[] JIowa

o

Plant corn in all appropriate experiments and apply fertilizer and crop protection
chemicals per protocols.

Begin collecting data on PGC and corn characteristics per each experiment protocol.

Maintain corn and soybean crops in areas to be seeded to PGC in establishment
experiments following grain harvest in late September or early October.

2. Actual accomplishments

11 Kentucky

o

Kiera Searcy (Scott) started working on the project in June 2023. Kiera will enter the
Integrated Plant and Soil Sciences graduate program at the University of Kentucky in
August 2023.

Virtual meetings continued with project personnel to plan 2023 field experiments.
The Year 1 site was planted to corn in May 2023

» Fertilized with K and N.

» Strip tillage

» Planted and applied atrazine at planting for weed control.

» Applied Atrazine plus glufosinate at V5 for weed control and to provide some
Kentucky bluegrass (KBG) suppression.

Collected data from plots with no PGC and with PGC. In plots with PGC, some
data was collected from corn rows immediately adjacent to PGC (I.e., the planter row
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did not line up with the strip-tiller) and where the corn row is farther from PGC
(planter row right down the center of the tilled strip). The data included:

» Overhead photos

PGC biomass prior to POST herbicide application
Corn height, growth stage

Corn root disease ratings

Corn internode distance (2-3 and 3-4)

vV V VvV VY V¥V

Distance from PGC to cornrow

o Spectral data was collected from drone imagery to determine areas with poor yield
potential. Future experiments will avoid these areas.

[l Missouri
o All trials have been shifted to lowa due to poor establishment.
o Sara Lira’s intern has installed three herbicide trials in lowa.
] Iowa

o Performed strip tillage, planted corn in all appropriate experiments, and applied
fertilizer and crop protection chemicals per protocols.

o Trained graduate and undergraduate students on field safety and important work-
related items.

o Laid sod in an experiment to measure the effect of distance from corn to PGC and
maintained sod throughout the growing season.

o Installed red LED lights and generator as treatment in one experiment protocol.
o Maintained spaced-plant study with mechanical tillage and hand weeding.
o Began collecting data on PGC and corn characteristics per each experiment protocol.

o Planted and maintained corn and soybean crops in areas to be seeded to PGC in
establishment experiments following grain harvest in late September or early
October.

o Finished designs and ordered seed for the fall establishment studies.
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o Poster presentation by REU and RET participants.
3. Explanation of Variance
None noted.
4. Plans for Next Quarter
11 Kentucky

o A second KBG field will be planted in September 2023. This field will be used for
suppression trials in Spring 2025.

o Hallie Sandeen enters the IPSS graduate program in August 2023 as a master’s
student.

o Planned experiments for planting in September 2023

» Fall #1: Other potential species to be used as perennial groundcovers (compare
tall fescue varieties and perennial ryegrass to KBQG).

» Fall #2: Weed control methods to use during KBG establishment (herbicide
programs, Nurse crops).

o Some data will be collected in September and October 2023.

» Overhead photos and ratings for percent groundcover in Fall #1 and Fall #2
experiments.

» Weed control ratings in Fall #1 and Fall #2 experiments.

o Harvest corn in Year 1 experiments — plots with and without PGC. Generate yield
map.

o Continue with weekly and monthly planning meetings.

o Co-PD Haramoto and two graduate students attend the yearly project meeting in
Ames, IA.

o Graduate students submit titles for presentations at the North Central Weed Science
Society meeting (in December)

Ll Towa
o Hand and machine harvest of plots and calculations of final yields.
o Processing of data and entering information into shared files.
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o Establishment of new fall-seeded experiments focusing on alternative PGC species,
seeding rate and the ratio of binary combinations of PGC grasses, timing of
establishment of the PGC, and comparison of seeding implements/methods for best
PGC establishment.

o Establishment of summer dormant PGC grass (Poa bulbosa) for corn genetics
evaluation.

o Establishment of multi-species experiment with and without chemical suppression.
o Host the annual project meeting in late October at Corteva in Johnston, lowa.
5. Publications, Presentations, Stakeholder Engagement, Submitted Proposals

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
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) serve as collaborators.

Graduate Students and PostDocs
'] Shuizhang Fei Group
o Kavi Raj Acharya, Ph.D. student - Genetics and Genomics (Fall 2023)

o Bandana Bhusal, Ph.D. student - Bioinformatics and Computational Biology (Summer
2023)

o Prathyusha Cheguri, Ph.D. student - Genetics and Genomics (Fall 2022)
o Marina Costa Visiting Ph.D. student - Scholar Student (Summer 2023)
o Vipul Kumar, Ph.D. student - Plant Breeding (Fall 2023)

o Modestos Modestou, Ph.D. student - Crop Production and Physiology (Summer 2023)
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Liibberstedt Group

o

o

Memis Bilgici, Ph.D. student Plant Breeding (Fall 2022)
Alyssa Cone, Undergraduate REU Program (Summer 2023)
Alice Santana, Visiting Ph.D. Scholar Student (Summer 2023)

Alison Uberti, Visiting Ph.D. Scholar Student (Summer 2023)

1. Research Report

'] The field trial evaluating the suitability of KBG (Poa pratensis) cultivars, bulbous

bluegrass (Poa bulbosa), Sandberg bluegrass (Poa secunda), and rough bluegrass (P.
trivialis) PGC for maize (Pioneer 1185) production is ongoing. Data on ground coverage
and red/far red ratio of reflective lights of PGC are continuously collected. Maize
seedling count, plant height and staging, and leaf chlorophyll content are measured and
being analyzed.

The field trial evaluating the compatibility of 5 cultivars of Poa secunda (Hanford, High
Plains, Sherman, Vale, and UP/Colorado Plateau) with maize (Pioneer 1185) is ongoing.
Data on ground coverage will be measured. Data on ground coverage and red/far red ratio
of reflective lights of PGC are continuously collected. Maize seedling count, plant height
and staging, and leaf chlorophyll content are measured.

Greenhouse-raised Poa bulbosa plants were transplanted on May 25, 2023, to fill in for
the missing plants. Most of them are in the middle of summer dormancy.

The field trial evaluating the compatibility of nine species or species mixture of warm-
season plants, including some native species, is ongoing. Six rows of Pioneer 1185 corn
were planted on May 3, 2023, into the PGC with an application of Prowl and 2, 4-D
herbicides. Data on ground coverage and red/far red ratio of reflective lights of PGC are
continuously collected. Maize seedling count, plant height and staging, and leaf
chlorophyll content are measured and being analyzed.

2. Undergraduate Student Education

Three First-Year Honors Program students, Tristan Weers, Sarah Crowley, and Saumya
Balaji researched environmental and genotypic effects on true flower formation in P. bulbosa
(Balaji and Crowley) and on the effect of seed size on germination speed and uniformity in a
minicore collection of P. pratensis (Weers).

3. Publications, Presentations, Stakeholder Engagement, and Submitted Proposals
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'] Undergraduate Presentations.

o Liebing, Olivia. 2023. “The effect of seed size on germination speed, uniformity and
seeding vigor in Poa bulbosa.” Oral Presentation, Science with Practice, May 2023.

o Balaji, Saumya & Sarah Crowley. 2023. “Photothermal Controls in Flower Formation
and Dormancy Induction in Poa Bulbosa.” Iowa State University Undergraduate
Research Symposium, Oral presentation. Apr. 21, 2023.

[J Fei, Shuizhang. 2023. “Summer-Dormant Cool-Season Grasses as Perennial
Groundcover for Maize Production.” Iowa Nutrient Research Center Symposium, May
2023.

[] Olowoyeye, Oluwatuyi, Amina Moro, Memis Bilgici, Philip Rockson, Prathyusha
Cheguri, Gabrielle Myers. “Can we regenerate our land and water systems using the
perennial groundcover (PGC) system? An overview.” Poster presentation, 78th Soil &
Water Conservation Society International Annual Conference “Healthy Land, Clean
Water,” Ankeny, IA, Aug. 7, 2023.

Liibberstedt Group
1. Research Report
[l Genotype x Management Interactions with Experimental Hybrids

Ph.D. student Memis Bilgici is closely interacting with Brandon Schlautman to plan 2023
trials to compare 52 BS39-derived experimental hybrids from ISU + 2 hybrid checks
from Corteva side-by-side on perennial groundcover (PGC) and conventional locations.
We decided to use three environments in 2023: Iowa (IA), Nebraska (NE), and Kansas
(KS). In NE and KS, two different PGCs will be used: grasses and clover. We have used
a Lattice design in the project. We have already sent all seeds (52 BS39-DH derived
experimental hybrids from ISU + 2 hybrid checks from Corteva) to all locations (ISU:
Roger Hintz, Jode Edwards; KS: Brandon Schlautman; NE: Sara Lira). In TA, 54 hybrids
X 2 envelopes (144 seeds + 80 seeds = 224 seeds) X 2 locations (Conventional + PGC)
648 envelopes and experimental design maps. In NE, 54 hybrids X 2 envelopes (72 seeds
+ 72 seeds = 144 seeds) X 3 locations (Conventional + Clover + PGC) X 2 Replication in
total 648 envelopes and all experimental design maps. In KS, 54 hybrids X 4 envelopes
(18 seeds + 18 seeds + 18 seeds + 18 seeds) X 3 Locations (Conventional + Clover +
PGC) X 2 Replication in total 1296 envelopes and all experimental design maps.

'] Evaluation of Traits with Potential Impact on Maize Cultivation in PGC
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BGEM seed produced in summer 2022 is available for GWAS experiments of traits such
as shade avoidance tolerance. Memis Bilgici is working with Elnaz Ibrahimi on an
outline for a review of factors that may impact maize grown in PGC. This is also meant
to inform future experiments. Notably, the Department of Agronomy used infrastructure
funding to remove all old climate chambers and received new Conviron chambers (with
LED lights), which have been operational since December 2022 — just in time for Memis’
experiments. We started a pilot study using PHB47 and PHZ51 publicly available Ex-
PVP (Plant Variety Protection) in the growth chambers. Briefly, a protocol was
established for seedlings of maize inbred lines and hybrids grown in the climate chamber
under a 14-hour light/ 10-hour dark cycle at 600 umol/m2/s of light intensity at 25 C/15C
until the V5 stage for 2-3 weeks. Treatment “Red Light” combines white light with a low
intensity of 200 umol/m?/s + full red light for 14 hours per day.

[l Additional Q3 Activities.

Memis Bilgici and Thomas Liibberstedt visited the locations in NE and KS and had
discussions with Brandon Schlautman at the Land Institute in June. We conducted
measurements for our experiment in Ames, IA, focusing on plant height, leaf area, and
other early-stage traits. The data was compared with the growth chamber experiment
involving 54 hybrids. These measurements were taken at all our locations (Conventional
and PGC), namely IA, NE, and KS. We collected data for seedling counts, PGC coverage
percentage images for analysis and staging, leaf chlorophyll content, plant height, ear
height, leaf angle, and stalk lodging. All measurements are currently being analyzed. We
encountered issues with PGC germination in NE and KS. Memis visited the Corteva
location in Johnston, IA, and NE with Sara Lira and Brandon Schlautman in August. As a
result, we are collaborating with both to devise a plan for data sharing and grain harvest.

During a pilot study, we established a protocol for seedlings of maize inbred lines and
hybrids. These have grown in a climate chamber under a 14-hour light/10-hour dark
cycle, with a light intensity of 600 umol/m2/s at 25°C/15°C until reaching the V5 stage
over a period of 2 weeks. The “Red Light” treatment combined white light with a low
intensity of 200 umol/m?/s and full red light for 14 hours per day. Traits of the maize
seedlings were collected at the V5 leaf stage. Our ongoing growth chamber research
involves red light (SAR) and white light (light) conditions with 54 hybrids to explore
correlations or interactions between PGC and Growth Chambers.

Memis Bilgici performed testcross seed production in our breeding nursery for new
inbreds (52 hybrids) for planting next year in IA, NE, and KS. Mutant plant seed
(Phytochromes A, B, and C) responsible for SAR were obtained from the stock center
and subjected to crosses and seed production.
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During this summer in 2023, we had a single participant in the Research Experience for
Undergraduates (REU) Program, Alyssa Cone. Together, we conducted research and
created a poster titled “Comparative Analysis of Growth and Development in Maize
under Red (Shade Avoidance Response) and Control-White Light Conditions and Under
Perennial Ground Cover Crop (PGC).” In summary, our study aimed to compare the
growth and development of 16 hybrid maize varieties under conditions of red light and
white light within a controlled growth chamber and under the influence of a real
environmental setting with PGC. The results of our research revealed several key
findings. Notably, plant height and leaf area exhibited an increase under the influence of
red light.

In contrast, root length and biomass experienced a decrease when exposed to red light
conditions. This investigation underscores the potential to contribute to developing new
inbred lines and hybrid maize varieties, focusing on sustainable maize production
characterized by high plant density and intercropping with PGC. For more detailed
information, please visit the following link: 2023 REU Participants - Biotechnology
Outreach Education Center (iastate.edu)

For 2024, we plan to establish a new PGC (Poa Bulbous Bluegrass) site in lowa this fall.
2. Student Advising

Memis Bilgici formed his POS committee members and presented his Ph.D. project in June.
Memis and other PGC students presented a poster (Moro, Amina, Prathyusha Cheguri, Philip
Rockson, Memis Bilgici, Oluwatuyi Olowoyeye & Gabrielle Myers. 2023. “Can we
regenerate our land and water systems using the perennial groundcover (PGC) system? An
overview.” Soil & Water Conservation Society 78th SWCS International Annual Conference,
Des Moines, IA. Aug. 6-9, 2023).

Memis also took the summer course on Field Methods in Plant Breeding (Agron 522). He
will be enrolled in the upcoming fall semester’s Population and Quantitative Genetic
Breeding class. Additionally, we are actively working on a review paper.

3. Additional Personnel and Activities

A Research Scientist I position with the hiring of Jianru “Jane” Chen, who has been working
at the ISU Seed Science Center on seed and seedling evaluation. Jane helped Memis in the
breeding nursery and will primarily focus on controlled climate chamber experiments with
seed and seedlings. Dr. Elnaz Ebrahimi spent one summer month working with Memis on a
review paper. There is still a vacant 2-year Post Doc position we hope to fill by spring 2024.

4. Publications, Presentations, Stakeholder Engagement, and Submitted Proposals
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None this quarter.

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 a collaborator.

1. Actual Accomplishments

Graduate student Lyndsey Diehl (University of Missouri-Columbia) has joined the Objective
team.

[l Preliminary Results

o The Co-PD’s and teams sampled Dr. Fei’s site for “PGC Effects on Soil Health and
Root Distribution” (PSHARD) via an intensive sampling in June 20213 when corn
was at the V6 growth stage.

o Cole Dutter (PostDoc) has finished sieving and extracting on-farm soils from Spring
2023. Data visualization and analysis is underway. There are interesting effects of
PGC on microbial biomass carbon, soil water content, and nutrients.

o Max Eness (Graduate Student) has grown samples for calibrating NIR identification.
o Eness started a decomposition study of various root types used in PGC.
o Eness has processed samples to be prepped for NIR analysis.
o Data was collected for a method comparison of soil gas flux.
o Soil gas flux data is being analyzed, and a manuscript is being prepared.

2. Explanation of Variance

None noted.
3. Plans for Next Quarter

[J Malcolm St Cyr (Graduate Student) is planning an N study starting in the Spring of 2024.
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4. Publications, Presentations, Stakeholder Engagement, Submitted Proposals/Funded
Grants

[] A publication is underway from Patrick Galland’s Master’s thesis focused on water and
nutrient limitation in un-suppressed KBG and poa bulbosa (advised by CoPD Dr. Fei).

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
biofuel feedstock and/or fodder provision. 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

A. Planned Activities

] Set up the field’s erosion pad to monitor the sediment rate generated over selected
plots after 2 inches of rainfall.

'] Conduct analysis and comparisons between the data collected from rainfall simulation
plots and the output from our models.

[1 Evaluate APSIM simulation of soil water content.
B. Actual Accomplishments

[l Created a protocol for the process of placing the erosion pads on the plots and
distributed the pads to different groups within RegenPGC.

'] Analyzed data sampled from the field on rainfall simulation, infiltration, and
sediment captured.

[J Set up models that represent the condition of the field at the time of the experiment to
enhance comparison between output from the model and results from the edge of
field experiment.
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Simulated soil water content in APSIM for “Continuous Corn” and PGC.

C. Explanation of Variance

None noted.

D. Plans for Next Quarter

0

Conduct statistical analysis and comparisons to establish differences between various
treatments from the rainfall simulation experiment.

Parameterize the EPIC model based on the field conditions during the edge-of-field
experiment.

Calibrate and validate with points data collected from the field experiment over the
summer and establish the relationship between them.

2. Quantify PGC Impacts on Water Quality

A.

Planned Activities

0

0

Onboard and provide a project for a Research Experience Teacher (RET).

Collect runoff and soil erosion data on the plots under different treatments (bare land,
grass, corn, and PGC).

Actual Accomplishments

0

Successfully onboarded the RET. He was mentored over the summer on field
experiments and computer modeling. The knowledge he garnered will be relevant to
his high school students.

Carried out a rainfall simulation experiment, a steady state infiltration experiment,
and sediment analysis on five different treatments inclusive of the Perennial PGC
system.

Explanation of Variance

None noted.

Plans for Next Quarter

0

Set up sediment transport components in the EP/C models, comparing them with data
retrieved from the field rainfall simulation and the corresponding measurement in the
lab.
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[J Set up an erosion pad on the field to monitor soil movement on different treatment
plots.

3. Quantify PGC Ecosystem Service Sustainability Indicators and Compare them with
Conventional Systems and Quantify the limits on PGC maize stover removal.

A. Planned Activities

(] Simulate the PGC system studied by Wiggans et al. (2011). This system included
unsuppressed PGC.

[J Explore modifications of the ST/ICS model to represent chemical suppression of PGC.

'] Explore modifications of the ST/CS model to represent rainfall portioning by crops.
B. Actual Accomplishments

[J Simulated the PGC system with corn and tall fescue as a model perennial grass.

o Observed significant differences between tall fescue and KBG and began the
process of parameterizing the model for KBG.

'] Held a series of meetings with turf and grass scientists to gather KBG data.

o Searched the Turfgrass Information File database for publications reporting KBG
growth data.

o Developed initial KBG calibration data through analogy with tall fescue and
parameters gathered from the literature and discussions with grass scientists.

C. Explanation of Variance
None noted.
D. Plans for Next Quarter
'] Continue a literature search for KBG experimental data.
[ Calibrate STICS model for sole-crop KBG.
'] Incorporate calibrated KBG model in intercropping corn-KBG simulation.
4. Quantify the Limits on PGC Maize Stover Removal
A. Planned Activities
We had not planned to undertake activities during this quarter.
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B. Actual Accomplishments

We reviewed Wiggans et al. (2012) to determine if the study and associated data can be
used in a preliminary modeling exercise to develop a more widely applicable model
capable of quantifying soil quality and maize yield aspects of stover removal with PGC.

The initial review was unfavorable due to limited soil quality/carbon measurements. Soil
quality impacts are not measured relative to baseline.

C. Plans for Next Quarter
None.
D. Explanation of Variance
We were able to get a jump on activities.
5. Publications, Presentations, Stakeholder Engagement, Submitted Proposals

Olowoyeye, Oluwatuyi. S. & Amy Kaleita. (2023). “Towards Modeling a Perennial Ground
Cover Cropping System.” Oral Presentation, American Society of Agricultural & Biological
Engineering, Annual International Meeting. July 12, 2023, Omaha, Nebraska, USA.

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.

Year 2 Executive Summary
Objective 5’s major accomplishments this year were to:

1. Quantify much of the PGC economic cost data to evaluate the economic profile of the
PGC system,

2. Begin surveying producers to identify the socioeconomic factors impacting adoption, and

30 Year 2 - Q4 - Quarterly Progress Report



——— REGENPGC
e~ 4

- N

3. Formalize and integrate crop conservation and crop insurance policy considerations in
our approach and modeling. A significant effort awaits Objective 5 in years three, four,
and five to incorporate PGC costs, yield impacts, and cellulosic impacts into the CARD
Agricultural Modeling System (CAMS). Thereafter, our CAMS expert began calibrating
the CAMS model, and our team spent considerable time identifying how to integrate
other objectives’ outputs and findings in the models we use to understand how adoption
of'a PGC system impacts same and cross-commodity prices and production nationwide.

Our major activities include:

'] Finalized response metrics for USDA RMA for crop insurance consideration of PGC
systems.

'] Finalized plans for working lands (conservation) practice standards relevant to PGC
with NRCS.

'] Met with the lowa Soybean Association to discuss revenue from low CI-biofuels
feedstock and Cover Crop Economic Simulator updates.

'] Drafted what will soon be an ISU Extension & Outreach Ag Decision Maker
information file and cost comparison of the PGC system.

Publications and Presentations

(] Bartel, C.A., Moore, K. J., Raman, D. R. 2023. How’s the Weather? Invited article on
ability of PGC to navigate weather events for Lake Geneva Living, summer edition.
Circulation ~10,000 copies.

[J Bartel, C. A. How Does Perennial Groundcover Fit into US Agriculture Policy?
RegenPGC Graduate Student Summit. Ames, lowa. June 16, 2023. ~30 attendees.

[] Bartel, C. A. Soil testing reports & delivery to on-farm collaborators. USDA
Conservation Innovation Grant (CIG) Field Tour for ‘Perennial Groundcover: A Scalable
Systems Approach to Achieving Soil & Water Conservation with High-Yield, Row Crop
Production in Iowa. grant, Waterloo, lowa. June 12, 2023. ~10 attendees.

[J Bartel, C. A., Moore, K. J., Fei, S., Lenssen, A. W., Hintz, R. L., & Kling, S. M.
“Evaluating chemical suppression treatments to alter the red:far-red ratio in perennial
groundcovers for maize production.” Oral presentation at the American Society of
Agronomy, Crop Science Society of America and Soil Science Society of America Annual

Meeting, Land Management and Conservation: Cover Crop Management, Baltimore,
MD. November 9, 2022.
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'] Bartel, Cynthia A. 2023. lowa State University Biomass Cropping Systems Lab Growing
Food Crops with Perennial Groundcover Field Day. The Economics of Perennial
Groundcover. Boone, lowa, Sep. 15, 2022.

4™ Quarter Activities
1. Evaluate the Economic Feasibility of PGC Systems for Maize/soybean Producers
A. Planned Activities
[J Submit the Ag Decision Maker information file and decision tool.
'] Reorganize AEPP analyses.
'] Monitor progress on groundcover input and suppression costs.
B. Actual Accomplishments

[] Prepared the lowa State University Extension & Outreach Ag Decision Maker
information file and decision tool for publication.

[J Monitored recent findings from spring 2023 groundcover input and suppression
methods trials for impact on the enterprise budget.

'] AAEPP analyses were restructured.
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 and to
disseminate the most recent findings for farmer audiences.

D. Plans for Next Quarter
(] Submit the Ag Decision Maker information file and decision tool for publication.
'] The AEPP draft will be completed this quarter.
2. Evaluate the Market and Aggregate Welfare Effects of PGC Approaches
A. Planned Activities

[] The team will meet to ‘calibrate’ the model to include the appropriate management
practices and their impacts on yield and costs so the model can appropriately reflect
PGC system realities. (Calibrate the exogenous parameters).
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'] Perform initial budget and yield scenarios using the CARD Agricultural Modeling
System (CAMS). The model is divided into regions, so we will concentrate on the
Corn Belt, making changes to the cost structure in that region. We will need to make
decisions on the management practices that will be accounted for in the model and
updates to yield expectations.

B. Actual Accomplishments

With the completion of the PGC enterprise budget, the team met to discuss the alignment
of the PGC cost structure into the cost of production module of CAMS, which currently
projects costs for conventional corn. Two budgets were estimated: an optimistic scenario
and a pessimistic scenario. Work has begun on incorporating the PGC costs into the
model.

C. Explanation of Variance
None noted.

D. Plans for Next Quarter
'] Complete work on incorporating the PGC costs in the cost of production model.
[J Run the model using the PGC costs (both optimistic and pessimistic scenarios).

'] 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

Planned fieldwork, surveys, and interviews regarding the adoption of perennial grass
Crops.

B. Actual Accomplishments

Barriers and facilitators have been analyzed in the following categories: natural, cultural,
human, social, political, financial, and built. All categories provided barriers and
facilitators. Cultural capital was an important facilitator, reinforced by social capital,
while built capital, particularly existing large machinery, proved to be a substantial
barrier.

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

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

4. Explore the Role of Input Supply Agribusinesses in the PGC Supply Chain.
A. Planned Activities
Onboard postdoc and familiarize with existing data sets and data needs.
B. Actual Accomplishments
Began onboarding a new postdoc and sharing data and approaches for ongoing analyses.
C. Explanation of Variance
None noted.
D. Plans for Next Quarter
Begin collecting data to augment agribusiness demographic and other data for analyses.
E. Publications, Presentations, Stakeholder Engagement, and Proposals Submitted

'] Flora, Cornelia. 2023. “Barriers and Facilitators in Adoption of Perennial Cover
Crops: The importance of Community Capitals.” Presentation, 85th Annual Meeting
of the Rural Sociological Society, Burlington, VT, Aug. 3, 2023.

[ Bartel, Cynthia. 2023. “How Does Perennial Groundcover Fit into US Agriculture
Policy?” Presentation, RegenPGC Graduate Student Summit. Ames, lowa, Jun. 16,
2023. ~30 attendees.

[ Bartel, Cynthia. 2023. “Soil testing reports & delivery to on-farm collaborators.
USDA Conservation Innovation Grant (CIG) Field Tour for ‘Perennial Groundcover:
A Scalable Systems Approach to Achieving Soil & Water Conservation with High-
Yield, Row Crop Production in lowa.” Grant, Waterloo, lowa. June 12, 2023. ~10
attendees.

U] Bartel met with the lowa Soybean Association to discuss revenue from low CI-
biofuels feedstock and Cover Crop Economic Simulator updates.
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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. Research Team

A. Planned Activities

0

0

0

Participate in regular and ad hoc evaluation-focused meetings with PD Raman and
Deputy PD Kinzel.

Participate in RegenPGC bi-monthly calls (Co-PD and SAB).
Continue to engage with other theme leads around evaluation activities and planning.

Develop an interview guide to use in team and SAB interviews in YR3Q1.

B. Actual Accomplishments

0

Participated in regular and ad hoc evaluation-focused meetings with PD Raman and
Deputy PD Kinzel.

Participated in RegenPGC bi-monthly call (SAB and Co-PD).

Continued refinement of overall RegenPGC project logic model/theory of change,
including incorporating input from the PD/Co-PDs.

Further planning for data collections and reporting for 2023.

Regular participation in SAS Community of Practice (CoP) calls, webinars, and
related calls with fellow CoP participants (i.e., other SAS evaluators).

Drafted Version 1 of the interview guide for team and SAB interview participants (for
YR3QI).

C. Explanation of Variance

None noted.

D. Plans for Next Quarter

0

0

Participate in regular and ad hoc evaluation-focused meetings with PD Raman and
Deputy PD Kinzel.

Participate in RegenPGC bi-monthly calls (Co-PD and SAB).
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Continue to engage with other theme leads around evaluation activities and planning.
Finalize interview guide and conduct team and SAB interviews.

Analyze/integrate findings and prepare an evaluation report for the Year 2 Annual
Meeting.

Debrief evaluation findings with project leadership ahead of the Annual Meeting.

Present evaluation findings at RegenPGC Annual Meeting (October 2023).

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

See above.

2. Education Theme

A. Planned Activities

0

Continue participation in monthly Education-theme focused subgroup planning
meetings and related planning activities.

Design and implement pre-program surveys for REU/RET Summer 2023 participants
and their mentors.

Review and report survey results to/with the Education team, PD Raman, and Deputy
PD Kinzel.

Design/develop post-program surveys to be administered to REU/RET Summer 2023
participants and their mentors in YR3Q1 (August).

B. Actual Accomplishments

0

0

Continued participation in monthly Education-theme focused subgroup planning
meetings.

Designed and administered pre- and post-summer session online surveys for REU
program participants.

Designed and administered post-summer session focus groups of REU participants.

Conducted Intercultural Development Inventory (IDI) debriefs (individual) with REU
participants.

Reviewed evaluation instruments for 4-H sub-task activities.

C. Explanation of Variance
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None noted.
D. Plans for Next Quarter
71 Analyze post-summer session survey data from REU participants.
7 Analyze post-summer session focus group data from REU participants.
71 Integrate findings into the annual evaluation presentation (see above).

"1 Review/provide input on evaluative instruments for Education Theme tasks as
needed.

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

See above.
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Scientists lead quest for perennial cover tailored to conventional cropping systems | lowa Nutrient Research Center 10/2/23, 2:53 PM

[OWA STATE UNIVERSITY

College of Agriculture and Life Sciences Exhibit 2
lowa Nutrient Research Center

Scientists lead quest for perennial cover
tailored to conventional cropping
systems

June 21, 2023

AMES, Iowa —
Iowa State
University
researchers are
leading a quest
to develop a
farming system
that integrates
cash crops with
a cover crop that
would only need
to be planted
once every five
to 15 years. It’s a
tall order, but
one the research

team thinks can Amina Moro, master's student in agronomy working with professors A. S. Goggi

and K T Mnanra ctandc in a tact nlat cha ic 1neino tn avalnata haw tha dictanca
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soon be realized.

between a perennial groundcover and corn impacts crop growth. Photo
The proj ect goes by Gabrielle M. Myers, Iowa State University.
by the name,
RegenPGC @, short for Regenerating America’s Working Landscapes to Enhance
Natural Resources and Public Goods through Perennial Groundcover. The large
team of scientists and engineers all share a vision of seeing year-round cover on
cropland in the Midwest become the norm rather than the exception.

“We want to develop groundcover systems, where a perennial cover crop is
planted once and then persists for multiple years alongside annual crops. The
cover crops would be alive during the six to nine months when fields are often
bare between harvest and planting, yet would pose little or no competition to the
cash crops.” said project leader Raj Raman, Morrill Professor of agricultural and
biosystems engineering at Iowa State.

“If we’re successful, we believe this could encourage more widespread adoption of
cover crops to reduce the unintended consequences of conventional cropping
systems in a way that is convenient and low-cost for farmers,” he said.

Like regular one-season cover crops, the most evident benefits of perennial
groundcover would be to protect and enhance soil, reduce nutrient export into
water and enhance the potential for carbon sequestration. There could be some
weed or insect suppression effects, leading to reduced need for herbicides or
insecticides, Raman said.

There might also be harder-to-anticipate advantages, Raman said. For example,
in 2020, there were anecdotal reports that corn growing in perennial test plots
stood up better to high winds than corn in adjacent, conventional plots.
Researchers hypothesized that the corn’s reduced “lodging” in the test plots could
be due to improved soil health that led the corn to develop a more robust root
system.

Experiments led by RegenPGC team members Kenneth Moore and Shui-zhang
Fei set the stage. Moore, a Charles F. Curtiss Distinguished Professor in

https://www.cals.iastate.edu/inrc/scientists-lead-quest-perennial-cover-tailored-conventional-cropping-systems Page 2 of 5
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Agriculture and Life Sciences at Iowa State, and Fei, professor of grass genetics
and breeding in horticulture, have tested more than 30 perennial species for
compatibility. They found that some perennials grew and provided ecosystem
benefits without sacrificing crop yields — but only under ideal circumstances.

The group’s primary goal now is to find the perennial that will work reliably
under the varied conditions farmers face across years.

e Will the cover crop candidate survive through multiple seasons yet go
dormant in time for corn or soybean planting?

o If the perennial doesn’t go dormant at the right time, what will it take to
suppress so it won’t compete with the primary crops during the growing
season?

o If the perennial works under field conditions in Iowa, what about drier
climates in Nebraska or Kansas, or colder temperatures in Wisconsin?

On their quest, the team is conducting field research and computer modelling,
backed by a five-year, $10 million grant from the USDA National Institute of
Food and Agriculture’s Agriculture - Food Research Initiative that started in
2021. Earlier funding from the Iowa Nutrient Research Center supported the field
trials by Moore and Fei that provided a nucleus for the larger grant, Raman said.

Almost a dozen other Iowa State faculty, staff and graduate students are working
on the new RegenPGC project, along with counterparts at universities in Kansas,
Kentucky, Missouri and Wisconsin. Other research and commercialization
partners come from The Land Institute & in Kansas and Corteva Agriscience &
while Iowa 4-H and FFA are involved in the project’s wide-ranging education
programs.

“Perennial groundcover systems offer a viable pathway for the near-term
perennialization of annual row-crop agriculture that complements The Land
Institute’s long-term work to create perennial grain crops,” said Brandon
Schlautman, RegenPGC’s research theme director and a lead scientist with The
Land Institute.

https://www.cals.iastate.edu/inrc/scientists-lead-quest-perennial-cover-tailored-conventional-cropping-systems Page 3 of 5



Scientists lead quest for perennial cover tailored to conventional cropping systems | lowa Nutrient Research Center 10/2/23, 2:53 PM

The project also aligns with Corteva’s mission to help farmers sustainably grow
food, fuel and fiber, according to Sara Lira, RegenPGC’s commercialization theme
leader and a senior research scientist with Corteva Agriscience. “Public-private
partnerships are critical to solving the big challenges in agriculture, and we’re
thrilled to bring our expertise and support to make this vision for year-round
green cover on farms a reality.”

“With perennial groundcover, farmers can continue to leverage the amazing yield
gains made through corn and soybean breeding and agronomic research, while
also protecting the environment on their farm, in their community and
downstream,” she said.

This summer, the team expects to further narrow down the list of perennial
species worth studying. Top candidates at this time include varieties of Kentucky
bluegrass and a species called Poa bulbosa, which goes dormant based on
daylength.

Many of the test plots are on Iowa State research farms in central and northeast
Iowa. There are also research sites in Kansas and Nebraska and about 20 on-farm
trial sites where farmers are testing perennial groundcovers systems.

Several scientific publications have already come from the effort. They are listed

can use to indicate interest in participating in field trials.

“If we succeed in developing a perennial groundcover system that works, we also
need to make sure it works within the policy context that constrains farmers’
choices,” Raman said. “Crop insurance is central to that, as is working with ag
retailers to provide affordable seed. Members of our team are already starting to
engage on these next steps.”

HHAH

Bonus Content: Watch the short INRC video, "Perennial Groundcover
Approaches to Pressing Conservation Challenges."
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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.




