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colleagues from AURI, CoverCress, Inc., ISU, SIU, OSU, USDA-ARS, UI, UMN, and the UW
Platteville and reference to any specific product, service, process, or method does not constitute
an implied or expressed recommendation or endorsement of it.
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USDA-ARS, UI, UMN, and the UW Platteville make no warranties or representations, expressed
or implied, as to the fitness for a particular purpose or merchantability of any product, apparatus,
or service, or the usefulness, completeness, or accuracy of any processes, methods, or other
information contained, described, disclosed, or referred to in this report.

WIU and IPREFER research colleagues from AURI, CoverCress, Inc., ISU, SIU, OSU, USDA-
ARS, UL, UMN, and the UW Platteville and the authors make no representation that the use of
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Integrated Pennycress Research Enabling Farm and Energy Resilience
(AFRI-CAP 2019-69012-29851)

Quarterly Report: November 1, 2023 — January 31, 2024

PROJECT ADMINISTRATION AND GOVERNANCE
1. Planned Activities

e Post and publicize 2023 intern posters on the project website (See 2023 IPREFER
Undergraduate Interns).

¢ Finalize protocols for data management deposits to UMN data banks.
e Continue organization of in-person meetings with ISU for 2024.
2. Actual Accomplishments
e Posted the 2023 intern posters on the project website.
e Created an [IPREFER LinkedIn page.

e Advertised the IPREFER summer 2024 intern program on the project website and with
national search websites Indeed and LinkedIn to increase participation and diversity of
summer internship participants.

e Completed protocols for data management deposits to UMN data banks. Initiated
registering PIs on the UMN GEMS data management system.

e Hired five undergraduate students to assist with greenhouse and laboratory experiments.

e Continue organization of the 2024 annual meeting to be hosted by ISU in August 2024.
3. Explanation of Variance

Western Illinois University (WIU) is back to normal for all research activities and events.
4. Plans for Next Quarter

e Continue to improve the project website and integration with social media platforms.

e Begin uploading project data to the UMN GEMS web-based platform with the ultimate
goal of having the final project data reside in the MN DRUM data repository.

Yr. 5 — Quarterly Progress Report: November 2023 — January 2024 1
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e Interview and make selections for three summer IPREFER internships with project

collaborators.

e Continue organization of the Year 5 annual meeting of IPREFER (July 30-31, 2024, at
ISU in Bloomington-Normal, IL).

5. Publications, Presentations, and Proposals Submitted
e Stake Holder Engagement:

o Sent black and golden pennycress seed, seed meal, biomass, and oil to the National
Renewable Energy Lab for testing.

o Sent black and golden pennycress seed and biomass to John Ralph, University of
Wisconsin, for whole cell wall 2D-NMR analyses.

OBJECTIVE 3.1 - AGRONOMIC MANAGEMENT

1. Objective 3.1.1 - Yield Trade-off Leveraging Corn Relative Maturity and Desiccants
(CRM)!

Recent work suggests that corn grain yield and grain moisture at harvest are increased by 88
kg ha'! (1.4 bu ac!) and 0.5%, respectively, per one-day increase in corn relative maturity
(CRM). Although early-maturing corn hybrids have lower yield potential than full-season
counterparts, they can be harvested earlier (e.g., late August). Applying desiccants can
further shorten the time for corn to reach harvestability. The team will assess corn and
pennycress yield trade-offs by evaluating a range of corn CRM by assessing varieties
differing in relative maturity in Ohio, Minnesota, and Illinois during Project Years 1 - 3.
Minnesota (USDA and RROC), WIU, OSU, and ISU.

A. Planned Activities
e Compile and analyze data.

¢ Produce a draft manuscript on economics of CRM study and circulate this draft
manuscript among the co-authors for inputs and comments.

B. Actual Accomplishments

! Russ Gesch (USDA-ARS) leads the CRM team.

Yr. 5 — Quarterly Progress Report: November 2023 — January 2024 2
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e Data were compiled and analyzed.

¢ A manuscript on the economics of CRM study was produced and circulated among
co-authors and updated following their comments and inputs.

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

We will submit a manuscript, “Economic evaluation of integrating pennycress into corn-
soybean rotations,” to the Agronomy Journal in February 2024.

2. Objective 3.1.2 - Corn Residue Management (DISC)?

Due to ecological and economic benefits, an increasing number of farms are now practicing
no-tillage and other conservation tillage farming. Establishing pennycress in no-till fields is a
struggle primarily due to the sheer amount of corn residue remaining after harvest. Several
corn residue treatments will test the hypothesis that the residue can be sized small enough not
to interfere with pennycress establishment. Pennycress establishment and subsequent seed
yield in high-residue environments will be compared to reduced-surface stover treatments
where its production has proven successful (e.g., silage corn removal and prepared seedbeds).
Minnesota (USDA and RROC), WIU, OSU, and ISU.

A. Planned Activities

e Analyze Cycle 1 data and send a draft manuscript to co-authors for their input and
comments.

e Compile harvested soybean data to finish Res Mngt Version II.

B. Actual Accomplishments
e Work is in progress on producing the draft manuscript from Cycle 1.
e Data submissions were compiled, and a draft was initiated.

C. Explanation of Variance

2 DISC is the abbreviation we use for the IPREFER corn stover management project. Nicholas Heller (ISU) leads
this IPREFER objective.
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Sending out the draft manuscript to co-authors was delayed due to the overlap of field
and teaching activities.

D. Plans for Next Quarter
We will complete the previously delayed working manuscript.

3. Objective 3.1.3 - Novel Seed Treatment for Improved Pennycress Performance
(PELLET)?

The field activities were conducted at Minnesota (USDA and RROC), WIU, OSU, and ISU,
UW-Platteville. The field activities of this study are completed, and the recent activities are
shown below.

A. Planned Activities
e Conclude the pellet research using AVR1 seed.
e Prepare a final manuscript from the interns’ and AVRI project.
B. Actual Accomplishments
e We finished the pellet research using AVR1 seed.
e We prepared the final manuscript from the interns’ and AVR1 project.
e We submitted a manuscript to Crop Science for review.
C. Explanation of Variance
None noted.
D. Plans for Next Quarter
e Finalize the Crop Science publication.
e Upload final datasets to the GEMS database.

4. Objective 3.1.4 - Tools for Integrated Weed Management (WEEDS)*

3 PELLET” is the abbreviation we use for the “Novel Seed Treatment for Improve Pennycress Performance” part of
the project. This IPREFER objective is led by Alex Lindsey at OSU.
4 Mark Bernards (USDA-Morris) leads the WEEDS Team.

Yr. 5 — Quarterly Progress Report: November 2023 — January 2024 4
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This study was initiated at WIU. Currently, it is being conducted at USDA-ARS in Morris,
MN.

A. Planned Activities
e Submit manuscript with corn herbicide carryover to pennycress data.

e Present on pennycress weed management at annual meetings of the North Central
Weed Science Society (Dec 11-14, 2023) and Weed Science Society of America (Jan
21-24,2024)

e Begin greenhouse studies examining soybean residual herbicide effects on pennycress
stand and biomass.

e Collect Canopeo data in PRE herbicides for pennycress field study.

e Collect stand counts (Morris) or Canopeo data (Waseca) on pennycress following
residual soybean herbicide study.

B. Actual Accomplishments

e Presented papers at the North Central Weed Science Society meeting (Dec. 12, 2023)
and at the Weed Science Society of America meeting (Jan. 22, 2024).

e Collected Canopeo data for PRE herbicides in Pennycress field study.

e Collected stand counts for pennycress following residual soybean herbicides in
Morris. G. Johnson collected Canopeo data on the companion study in Waseca.

e Completed greenhouse dose-response studies simulating herbicide carryover to
pennycress for:

o Widely used corn herbicide premixes (Acuron, Resicore, TriVolt, Verdict,
Capreno, Armezon Pro, Maverick Corn herbicide)

o Group 5/6 herbicides (atrazine, simazine, metribuzin, pyridate, bromoxynil, and
bentazon)

e Initiated greenhouse dose-response studies simulating herbicide carryover to
pennycress for

o Group 2 herbicides used in soybean (cloransulam, chlorimuron, imazethapyr,
Imazamox, imazaquin, thifensulfuron, flumetsulam)

Yr. 5 — Quarterly Progress Report: November 2023 — January 2024 5
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o Representative soybean herbicide premixes (Trivence, Fierce MTZ, Authority
First, Tendovo, Warrant Ultra, Zidua Pro, Warrant+Mauler+Dicamba)

C. Explanation of Variance

We still need to complete the manuscript, but we have made progress. We are still
working through dose response data analysis in R.

D. Plans for Next Quarter
e We will submit a manuscript with corn herbicide carryover to pennycress data.

e We will repeat greenhouse studies with Group 5/6, Group 2, and soybean premix
herbicides to have publishable data (2 runs of each experiment)

e  We will collect spring stand counts and Canopeo measurements on PRE herbicides
for pennycress and pennycress response to soybean herbicide carryover field studies.

e We will apply postemergence residual herbicide treatments to pennycress and collect
crop response data.

5. Objective 3.1.5 - Contribute to the identification and development of soybean varieties
specifically adapted to pennycress inter-cropping systems (SELECT)?

For farmers to adopt pennycress as a cash cover crop, research must be done to characterize
how this winter annual can be incorporated into summer annual rotations. In the Midwest, the
relay species in double cropping systems is typically soybeans due to their high levels of
plasticity. The shorter growing season in the upper Midwest necessitates this double cropping
shift to an intercropping system where soybeans are planted into pennycress stands before
flowering. This environment, under a pennycress canopy, is stressful and necessitates the
development of soybean varieties adapted to a pennycress intercropping system. Further,
some soybean varieties might be highly competitive and decrease the yield potential of the
cover crop. Taken together, those findings highlight the possibility of optimizing the cover
crop-cash crop associations by identifying summer crop-cover crop cultivar combinations
that maximize yields. To address the yield gap, a soybean selection (i.e., SELECT) was
initiated in the fall of 2019 and planted into skip rows of the pennycress cultivar ‘MN106-
nonshatter’. Forty soybean varieties, representing diverse accessions and industry cultivars,
are slated for relay cropping into pennycress for three years, starting in the spring of 2020,
with the expressed goal of revealing large variations in soybean yield response to relay
planting. A plethora of soybean traits will be recorded to characterize how pennycress

5 Aaron Lorenz (University of Minnesota) leads the SELECT Team.

Yr. 5 — Quarterly Progress Report: November 2023 — January 2024 6
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intercropping affects soybean development. These results, accompanied by agronomic data,
will identify superior cultivars for this system. Minnesota (RROC and USDA)

A. Planned Activities

e The remaining images from 2022 will be processed for branch number, pod number,
and internode spacing.

e The manuscript summarizing the first three years of the SELECT experiment was
delayed while waiting for the image analysis, but it will be submitted.

e Start imaging the SELECT2.0 plants.
B. Actual Accomplishments
e Image processing continued but still needs to be completed.

e Progress on the manuscript summarizing the first three years of the SELECT
experiment continued.

e A large greenhouse project was started, screening over 400 soybean genotypes from a
diversity panel for allelopathy tolerance to elucidate the genetic architecture
underlying allelopathy resistance in soybeans.

C. Explanation of Variance

The first replicate of the greenhouse project was completed, and numerous traits in
soybeans were affected by pennycress allelopathy. These include plant height, vegetative
stage, adventitious shoot number, aboveground biomass, chlorophyll content, and
internode spacing. Explanation of variance will commence when three more replications
are complete.

D. Plans for Next Quarter

e Graduate student Lucas Roberts will present his research at the 2024 Soybean
Breeders Workshop in St. Louis (Feb. 12-14).

e We will finish replicate two of the greenhouse screens and start replicate three.
e The SELECT manuscript will be finalized for internal reviewers.

6. Objective 3.1.6 - Evaluating agronomic and economic performance of pennycress in
regionally adapted cropping systems (OILSYSTEMS)

The research sites are Minnesota (RROC, USDA), WIU, OSU, and ISU.

Yr. 5 — Quarterly Progress Report: November 2023 — January 2024 7
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A. Planned Activities
e Collect green cover and plant count from each plot of the study.

e Process double-crop soybean samples in the lab (sample cleaning, weighing,
moisture, test weight, TKW).

¢ Analyze double-cropped soybean samples for N, carbon, and oil content.

e Analyze pennycress samples harvested from the first cycle of the study for oil
content.

e Organize data received from other sites.
B. Actual Accomplishments
e Collect green cover and plant count from each plot of the study.

e Analyze pennycress samples harvested from the first cycle of the study for oil
content.

e Organize data received from other sites.

C. Explanation of Variance
None noted.

D. Plans for Next Quarter
e Collect green cover and plant counts in the field at green-up.
e Apply 50 Ibs/ac N as urea on plots after spring assessment.
e Prepare sampling equipment for pennycress harvest.
e Purchase soybean/corn seed for fallow and double cropping treatments.
e Fertilize and plant fallow plot treatments.

7. Objective 3.1.7 - Pennycress Seeding Date Trial using the golden pennycress (SDT)

The golden pennycress has several better qualities than MN106, but information on the
seeding for the golden pennycress is missing. Pennycress with more fall establishment than
spring date tends to show increased pennycress seed yield than spring germination. This
increased germination in fall may depend on the type of pennycress cultivar used. So far,
most of the pennycress seeding date trials were evaluated using the pennycress line

Yr. 5 — Quarterly Progress Report: November 2023 — January 2024 8
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‘MN106”. The objective of this study is to evaluate several seeding dates ranging from the
end of August to the first week of November. Collaborators are from Minnesota (RROC,
USDA-Morris), ISU, and UW-Platteville.

A. Planned Activities
e Collect green cover and plant count from each plot of the study.

e Process double-crop soybean samples in the lab (sample cleaning, weighing,
moisture, test weight, TKW).

e Analyze double-cropped soybean samples for N, carbon, and oil content.
e Analyze pennycress samples harvested from the first cycle for oil content test.
e Organize data received from other sites.
B. Actual Accomplishments
e Green cover and plant count from each plot collected.

e Double-crop soybean samples were processed in the lab (sample cleaning, weighing,
moisture, test weight, TKW).

e Pennycress samples harvested from the first cycle were tested for oil content.
e Double-cropped soybean samples were analyzed for N, carbon, and oil content.
e Data received from other sites compiled.
C. Explanation of Variance
None noted.
D. Plans for Next Quarter
e Collect green cover and plant counts in the field at green-up.
e Apply 50 Ibs/ac N as urea on plots after spring assessment.
e Purchase soybean/corn seed for fallow and double cropping treatments.
e Plant fallow plot treatments.

e Organize data received from other sites.

Yr. 5 — Quarterly Progress Report: November 2023 — January 2024 9
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E. Publications, Presentations, Proposals Submitted, and Stakeholder Engagement
e Publications

A. de V. Gomes*, V.; Kennedy{, A.; Darcey], A.; Lindsey, A. (2024). Hormone
type, soaking duration and pelleting process affect dormancy breakage and
germination of pennycress (7hlaspi arvense L.) lines. Crop Science [Submitted, in
review].

e Presentations

o Bernards Mark L. 2023. “Developing weed management strategies for the new
winter oilseed crops pennycress (Thlaspi arvense) and camelina (Camelina
sativa).” North Central Weed Science Society Proceedings, 78:160, Minneapolis,
MN, Dec. 12, 2023

o Bernards Mark L. & Ramon G. Leon. 2024. “Current weed management tools,
challenges, and opportunities for the new winter oilseed crops camelina, carinata,
and pennycress.” Weed Science Society of America 64th Annual Meeting,
Abstract #331, San Antonio, TX Jan. 22-24, 2024.

e Funded Proposals

Received funding from the UMN Forever Green Initiative to conduct herbicide
carryover research for wheat, dry bean, silage, and sweet corn herbicides to
pennycress and camelina. The field trials will begin in April and May 2024, weather
permitting. The lead P.I. on the proposal is IPREFER collaborator Gregg Johnson
(UMN).

OBJECTIVE 3.2 - BREEDING AND GENOMICS — PENNYCRESS IMPROVEMENT
1. Illinois State University
A. Planned Activities

Our research teams have generated high-yielding pennycress breeding lines through multi-
state testing and identified/validated trait-improving mutations and natural variants. These
were our planned activities for the first quarter:

e Utilize marker-assisted selection and CRISPR gene editing to complete the
introgression of these traits into elite breeding lines.

Yr. 5 — Quarterly Progress Report: November 2023 — January 2024 10
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e Extend our replicated yield testing program to a cooperative regional program and
rapidly identify the best lines for each Midwest location (IL, MN, OH, WI) in
conjunction with a commercial launch.

e Perform field evaluations and seed increases of lines with commercial potential.

e Develop additional genetic/genomic resources for long-term breeding program
success.

B. Actual Accomplishments
Field plots continue to look good due to an abnormally warm winter.

Progress has been made in characterizing CRISPR and EMS-induced mutations in genes
aimed at improving pennycress seed germination under water stress conditions and when
planted at greater depths.

Data are looking promising regarding pennycress mutations/mutants targeted for
reductions in sinapine (sinapoylcholine) content in seeds. Sinapine is a secondary
metabolite found in Brassica seeds, which confers a bitter taste and poor palatability.
Consuming large amounts can cause serious growth and reproduction problems, thereby
limiting inclusion in feeds. Moreover, consumption by chickens that lay brown eggs
imparts a fishy odor to the eggs.

C. Explanation of Variance

We were limited in what we could plant in the field due to USDA APHIS restrictions on
field planting lines containing simultaneously introduced CRISPR edits. We look forward
to hearing if USDA APHIS makes their proposed changes to the SECURE rules where up
to four simultaneously introduced mutations (all of which are deletions) would not be
regulated.

D. Plans for Next Quarter
Continue work on the aims stated above.

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

Yang, Liangcheng, Tuba Yasmin Lubna, Michael A. Moklak, Barsanti Gautam,
Nicholas J. Heller, Robert L. Rhykerd, David E. Kopsell & John C. Sedbrook. (2024)
Impacts of harvest date and concurrent alkali pretreatment and ensiling on anaerobic

Yr. 5 — Quarterly Progress Report: November 2023 — January 2024 11
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digestion of pennycress biomass. Fermentation 10: 96.
https://doi.org/10.3390/fermentation10020096

e Presentations

o Sedbrook, John. “Rapidly domesticating pennycress into the oilseed cash cover
crop, CoverCress.” Invited seminar (oral presentation), Bayer Crop Sciences,
Chesterfield, MO, Nov. 3, 2023.

o Gautam, Liza (presenter), Brice Jarvis, Dalton Williams, Ryan Bayliss, Spencer
O’Flaherty, Amanda Darcy, Autumn Salmon, Shengjung Liu & John Sedbrook.
“Decreasing seed glucosinolate content in oilseed plant, pennycress (Thlaspi
arvense L.).” (Poster presentation). Plant & Animal Genome (PAG) Conference,
San Diego, CA, Jan 13-17, 2024.

o Sedbrook, John. “Domestication of pennycress as a winter oilseed crop and its
commercialization as CoverCressTM.” (Oral presentation) Plant and Animal
Genome (PAG) Conference, San Diego, CA, Jan.13, 2024.

e Stakeholder Engagements

Rhykerd, Rob. “Developing pennycress into the oilseed cash cover crop named
CoverCress.” (Oral presentation) Illinois Fertilizer and Chemical Association (IFCA)
Winter Convention, Peoria, IL, Jan. 16, 2024.

2. University of Minnesota
A. Planned Activities

Our research teams have generated high-yielding pennycress breeding lines through
multi-state testing and identified/validated trait-improving mutations and natural variants.
These were our planned activities:

e Utilize marker-assisted selection and CRISPR gene editing to complete the
introgression of these traits into elite breeding lines.

e Extend our replicated yield testing program to a cooperative regional program and
rapidly identify the best lines for each Midwest location (IL, MN, OH, WI) in
conjunction with commercial launch.

e Perform field evaluations and seed increases of lines with commercial potential.

e Develop additional genetic/genomic resources for long-term breeding program
success.

Yr. 5 — Quarterly Progress Report: November 2023 — January 2024 12
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B. Actual Accomplishments

e [t is known that the low sinigrin mutant aop2 has a severe negative effect on the
fitness of the plant. A field experiment to optimize ammonium sulfate and nitrate
rates in a fully domesticated line of yellow seed and aop? is being established in the
2023-2024 field season in St. Paul, MN. The fall stand establishment in this
experiment is excellent.

¢ Domestication Trait Mutant Introgression to Elite Lines

We are introducing EMS-induced domestication genes alleles ind1, fael, rod1, and
112 to five elite MN lines by backcrossing. In winter 2023, the BC2F2 seeds were
harvested in 12/2023. From Jan-Feb, we have been genotyping the BC>F: plants to
select for plant homozygotes with different combinations of the four targeted by the
end of 2/2024. We have genotyped 2000 BC:F plants and generated 9000 marker
data points. 200 BC,F; plants homozygote of the domestication loci of two recurrent
elite lines, MN17077-2, X17014-64, were identified. Those plants are grown in
magnum square pots. We are continuing to genotype the BC2F2 of the rest three elite
lines now. We are on track to plant the domesticated elite lines containing yellow
seedcoat (7£2) shattering resistance (ind1) and +/- fael, +/- rodl in the 2024-25 yield
trials.

¢ FElite Breeding Pipeline Development

In the winter of 2023-2024, we continued expanding the germplasm pipeline by
creating 50 new breeding crosses. 2000 BCF; plants selected for at least one
domesticated gene using KASP markers of the ind1, fael, rodl, and tt2 were
harvested. The oil and meal quality of those plants were quantified with NIR.
Selections of those plants will be planted in the 2024-25 field nursery.

e The 2023-24 Field Experiments

In the 2023-24 field season, the yield trails of our most advanced materials were
planted in five MN locations and one ND location at three or four reps/loc. 236 single
plant selections from the F3 plants rows of the 2022-23 field were grown in an un-
replicated experiment using a diagonal checks design to obtain BLUPs of traits of
interest. The 2023-24 nursery has a total of 1440 single-row plots containing
germplasm observation and F3 single rows. Fall stand establishment in four of the six
yield trial locations is excellent. Stand establishment in two other locations was
variable in the field due to planter issues. The average temperature in the MN winter
0f 2023-24 has hit a record height. Plants in the field trials appeared healthy.
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C. Explanation of Variance
None noted.

D. Plans for Next Quarter
We will continue working on the aims stated above.

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

Phillips, Nadia, Sarah Korth & Julia Zhang. Inheritance of four domestication genes
in five elite pennycress breeding lines. Poster. 2024, International Plant & Animal
Genome Conference/PAG 31, San Diego, CA, USA. Jan 12-17, 2024.

3. Western Illinois University
A. Planned Activities
e Complete emergence and fall data collection on all field experiments in Macomb, IL.

e Meet with Southern Breeding Team members to identify breeding lines for winter
grow out in the greenhouse.

e Select and germinate advanced breeding lines with traits including compact flower
stem, early flowering, improved germination, stem thickness, heat tolerance, reduced
seed coat fibers, and enlarged seed pods.

e Complete computer algorithms for selecting larger seed pods on the Marvin seed
analyzer.

e Initiate greenhouse growing experiments.
B. Actual Accomplishments

e Completed emergence and fall data collection, including rosette diameters on all field
experiments in Macomb. (See Photos in Appendix)

e Completed field application of herbicides to control grasses in research plots. (See
Photos in Appendix)

e Completed all photography of each plot to calculate the percentage of green coverage
using CANPEO software. (See Photos in Appendix)
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e Met with ISU to identify breeding lines needed for seed increases at the WIU
greenhouses during the winter months. (See Photos 1-5, below)

e Selected and germinated advanced breeding lines with traits including compact
flower stem, early flowering, improved germination, stem thickness, heat tolerance,
reduced seed coat fibers, and enlarged seed pods.

o Completed computer algorithms for measuring pennycress seed pod dimensions on
the Marvin seed analyzer.

o Initiated all greenhouse growing experiments, including vernalization duration
experiment and advanced crosses to integrate the tt8t gene into non-shattering lines
and increase seed pods.

Photo 1 .Aerial photo of WIU research plots in Macomb, IL.
Variety trials, fertilizer experiments, and breeding line growouts. Jan. 31, 2024.

Yr. 5 — Quarterly Progress Report: November 2023 — January 2024 15
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Photo 2. Aerial drone application of grass herbicides to control volunteer of cereal rye
in WIU pennycress research in Macomb, IL. Nov. 11, 2023.

Photo 3. Tad Wesley evaluating WIU research plots for emergence and rosette size before dormancy
in Macomb, IL, using CANPEO software to calculate the percentage of green coverage. Dec. 8, 2023.
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Photo 4. WIU professor Dr. Win Phippen and student worker Andrea Padilla,
measuring rosette diameters on 1,506 plots of pennycress in Macomb, IL. Dec. 15, 2023.

Photo 5. WIU student workers planting pennycress in WIU research greenhouses in Macomb, IL. Jan. 23, 2024.

C. Explanation of Variance
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WIU is back to normal for all research activities and events.
D. Plans for Next Quarter
e Complete greenhouse vernalization experiment.
¢ Conduct controlled crosses of advantageous traits into golden pennycress lines.
e Organize in-person field days at WIU farms for May 23, 2024.

e Begin spring assessment of WIU research plots for winter survival and flowering
dates.

e Maintain research plots with hand weeding and plot labeling.

e In collaboration with Blue Sun Scientific, initiate scanning IPREFER 2020-2023 seed
samples by NIR to create calibration curves for total oil, sinigrin, fatty acids, and
protein.

e Install live camera feed of pennycress research plots by March 15, 2024.
E. Publications, Presentations, Proposals Submitted, and Stakeholder Engagement
e Publications

Forcella Frank, M. Petersen, William Perry, Samantha Wells, Alex Hard, Russ Gesch,
Yesuf A. Mohammed, Cody Hoerning, Tad Wesley, E. Ambrosi, & Winthrop B.
Phippen. 2024. Flies Associated with Floral Canopies of the New Oilseed Crop,
Pennycress, in the Midwestern U.S.A. The Great Lakes Entomologist 56 (3): 154-
162. https://scholar.valpo.edu/cgi/viewcontent.cgi?article=2481&context=tgle

e Presentations

Wesley Tad L., Mary E. Phippen, William L. Perry, Tommy L. Wood, & Winthrop
Phippen. 2023. Effect of Nitrogen and Phosphorus Fertilizer Application on
Greenhouse Grown Field Pennycress (Thlaspi arvense L.). (Poster). ASA-CSSA-
SSSA 2023 International Annual Meeting, St. Louis, MO. Oct. 31, 2023.
https://scisoc.confex.com/scisoc/2023am/meetingapp.cgi/Paper/152131

OBJECTIVE 3.3 — CHARACTERIZATION OF PENNYCRESS ECOSYSTEM SERVICES

The goal of the Ecosystem Services group's water quality component is to assess pennycress’s
potential as a cover crop. Throughout Year 5, we will present findings from our Soybean Cyst
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Nematode, Nutrient Sequestration, and Soil Carbon Sequestration research activities at local and
national meetings.

1. Nutrient Sequestration
A. Planned Activities

o We established a robust crop of pennycress following silage corn last fall. We are
excited to see the potential for pennycress to assimilate nutrients with robust growth
early in the spring.

o We will begin sampling the replicated nutrient sequestration plots for:
= Biomass — weeds, and pennycress
= Soil porewater nutrients — nitrate, ammonia, and phosphorus
= Subsurface drainage water runoff

= We are still waiting for SCN-type results from last fall to see if the races changed
in the presence of pennycress.

o Using tensiometers and new R code, we are exploring new methods for estimating
water flux and associated nutrient transport in unsaturated soils.

o We will be submitting the first manuscript on soil porewaters in February.

o In March, we will also submit the second manuscript comparing the mineralization of
pennycress relative to other cover crops.

o Ryan Meyer, a master’s student, will graduate in May 2024.
B. Actual Accomplishments

o We harvested silage corn from the plots, and this early harvest allowed us to drill
golden pennycress and establish a robust cover crop in pennycress.

o Wereceived the results from the fall sampling for SCN in pennycress, nutrient-added
pennycress plots, and reference fallow plots. There was no significant difference
between SCN levels in any of the treatments, and densities were lower after silage
corn this year than in the past year after soybeans (Fig. 1).
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Figure 1. SCN counts in the fall of 2022 and 2023 and silage corn 2-23. Note the scale differences in 2022 to 2023.

o We have finished a manuscript on soil porewater nutrient changes under pennycress
and nutrient-amended pennycress plots, and it will be submitted in February.

o We piloted a new data management system at UMN and have uploaded all data
pertaining to the nutrient sequestration plots.

C. Explanation of Variance

o Due to a spring drought in 2023, we terminated the pennycress cover crops and thus
have little to report from that part of the experiment.

o We sampled soils under the reference and treatment plots but were unaware that the
ISU farm had fertilized the plots before sampling. Therefore, data will be reported but
not analyzed in manuscripts.

2. Soil Carbon Sequestration
A. Planned Activities

o CoPD Bill Perry (ISU) will be sampling the replicated ecosystem plots for soil carbon
in the top 30 cm.

o CoPD Rob Rhykerd (ISU) had begun studying soil organic carbon as an unfunded
component of the USDA Cap grant and now has funding from the Illinois Nutrient
Research and Education Council grant (NREC). Rhykerd will continue to report the
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results of the accumulation of soil organic carbon changes between replicated crops
of wild-type pennycress, golden pennycress, a pea clover radish oat cover crop, cereal
rye, and annual rye. These results from the NREC funding will help inform what is
happening in USDA-funded plots.

o Rhykerd will also collect data comparable to the replicated nutrient sequestration
plots.

B. Actual Accomplishments
o We will be analyzing soil samples from the fall.
o Soil sample data on soil organic carbon will be analyzed to prepare a manuscript.
o We will monitor cover crops and prepare for spring sampling.

e Explanation of Variance
o None noted.

3. Pollinators and Honeybees
A. Planned Activities

e Prepare for field research examining pennycress pollen collection and transport by
potential pollinators, especially flies.

e Prepare for field research examining honeybee pollen collection. That is, using pollen
traps attached to honeybee hives located near and far from pennycress fields, monitor
honeybee collection rates of pollen during pennycress flowering in early spring as
well as collection of pollen of other species for the remainder of the growing season.

B. Actual Accomplishments

e Continued analysis of differential insect attraction to yellow- and black-seeded
pennycress.

e Continued analysis of pennycress flowering phenology using data sets from four sites
for each of four years (2020-2023). Phenologies were compared using GDD (growing
degree days), GDD+PPT, and day length.

e Published manuscript dealing with flies as potential pollinators of pennycress.

C. Explanation of Variance
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None noted.

4. Plans for Next Quarter
We will continue working on all the projects listed above.

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

Forcella, Frank, M. Petersen, William L. Perry, Samantha Wells, Alexander Hard, Russ
W. Gesch, Yesuf A. Mohammed, Cody Hoerning, Tad L. Wesley, E. Ambrosi &
Winthrop B. Phippen. 2023. Flies associated with floral canopies of the new oilseed crop,
pennycress, in the Midwestern U.S.A. The Great Lakes Entomologist 56:154-165.

OBJECTIVE 3.4 - LIFE CYCLE SUPPLY CHAIN DEVELOPMENT

The Supply Chain Management objective is focused on research and activities that ultimately
enable various pathways for the commercialization of pennycress/CoverCress™.

Objective contributors have compiled a diverse list of research and commercial projects for
breakout discussions. We invite all participants to engage with the Supply Chain contributors
regarding these or any other Supply Chain / commercialization-oriented topics.

1. Planned Activities
A. CoverCress, Inc.
e Conduct initial field visits for stand counts.
e Host a logistic planning meeting with Bunge.
e Host a “Whole Grain Purchase Planning” meeting with a poultry partner.

e Commercial Operations focus is shifting towards baselining/defining supply chain
activities:

o Accounting/COGs for seed and grain production and inventory practices.
o Grain Logistics (inbound from field & outbound to customer).
o Grain Conditioning (dry, clean, store).

e Systems Support: Custom-built platforms are in place and ready to be tested in 2024.
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B. AURI

e Life Cycle Analysis: Graduate student Kathryn Phillips (UMN) is collating data and
translating it into findings. She also presented a comprehensive update on her work at
this year’s IPREFER Annual Meeting and is getting closer to finalizing her work.

e Storage Studies: multiple small-scale studies are still underway to assess the
performance of seed, oil, and meal across various storage conditions.

e New Partner: Innovation Center in Crookston, MN. A new ag innovation center
opened this summer with near-term projects focusing on soy processing projects first.

2. Actual Accomplishments
A. CoverCress, Inc.

e Launched the Intermediate Oilseed Crop Alliance (IOCA), an industry trade
association comprising CoverCress Inc., Global Clean Energy, Nuseed, Vision
Bioenergy Oilseed (VBO), and Yield 10 Genetics. Delivered two introductory letters
to the Senate & Congress Ag Committee and the US Department of Energy

e Conducted early winter field visits for initial stand count assessment.
e Held Jan/Feb recruitment meetings for legacy and interested agent prospects.
e Hosted quarterly logistics and supply chain planning meetings with Bunge.

e Conducted annual Marketing Budget and Planning meetings to align with agency
partners.

e Held a “Whole Grain Purchase Planning” meeting with a poultry partner to secure
delivery terms.

e Updated CCI FAQs for IPREFER site, including CoverCress’ new “Registration” ®

e Commercial Operations focus is shifting towards baselining/defining supply chain
activities:

o Accounting/COGs for seed and grain production and inventory practices.
o Grain Logistics (inbound from field & outbound to customer).
o Grain Conditioning (clean, dry, store).

e Systems Support: Custom-built platforms are in place and ready to be put to the test
in 2024.
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B. AURI

e AURI’s commercialization team met with multiple researchers and companies
involved in winter oilseeds market development to identify opportunities for
collaboration and alignment of efforts.

e AURI also connected with potential winter oilseed growers and processors, including
the Ag Innovation Campus in Crookston, Minnesota, to assess production plans and
scaling options.

e AURI is coordinating the production of an informational video on post-harvest
handling of winter oilseeds, including pennycress, for farmers and end users.

e AURI is participating in the new Minnesota Working Group for Climate-Smart
Commodities and is making connections with stakeholders developing carbon and
ecosystem services market models to explore how pennycress production may fit into
these emerging opportunities.

e Data collection on shelf-life studies of pennycress seed, meal, and oil.
3. Explanation of Variance
No variances were noted at Covercress, Inc. or AURI.
4. Plans for Next Quarter
A. CoverCress, Inc.
e Ongoing: recruitment of dedicated agents and farmer partners to plant 2024-acre base.
e Finalize Grain Harvest/Production Plan & SOPs from field to receiving location.

e Finalize the Seed Harvest/Production Plan with Production Partners, including
activating inventory systems and scheduling for receiving, cleaning, drying, color-
sorting, storing, and packaging.

e Finalize the downstream delivery plan of whole grain product to the poultry feed
customer.

e Ongoing: End-Use Product Sampling to fulfill requests for meal and oil samples to
end-use customers and customer prospects.

e Regulatory/Freedom to Operate (FTO) — confirm Regulatory Status Review (RSR)
approvals.
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e Finalize any commitments to participate in federal grant opportunities.
e Apply Renewable Fuel Standard (RFS) to EPA via Chevron/REG.

e Planned Engagements: Clean Fuels Alliance America (MS), BioSTL ReACH Ag
Innovation Summit (MD), RSB Roundtable (ML), Agribusiness Assoc of [A (MD),
StLCC Training Eval for BCSI (RK), USDA Ag Outlook Forum (ML), CRISPR
AgBio Congress (RC & KR), Purdue Career Fair (RR), Commodity Classic (MD),
Auburn College of Ag (CCI Host), Univ MO Career Fair (RR), Bayer/USB Event
(MD, DS, CA), 39N Networking Event (CCI Host), U of IL Career Fair (RR). Field
Days (TBD)

B. AURI
e Continued shelf-life studies of pennycress seed, meal, and oil over 12 months.

e A post-harvest handling training video (Part 2 of 3 on Novel and Specialty Crops)
will be promoted on our AURI Connects: Fields of Innovation webinar series in
April.

5. Publications, Presentations, Proposals Submitted, and Stakeholder Engagement
A. Engagement - CoverCress, Inc.
e Hosted Rep. Louis Riggs, Missouri District 5
e Represented CCI at Wells-Fargo IN2 Investors Event (RC)
e Hosted 39N inaugural Holiday Happy Hour & Ecosystem Networking (CCI)
e Spoke at International Plant & Animal Genome Conf. (RC & KR)
e Spoke at Farm Foundation Roundtable (MS)
B. AURI

AURI staff participated in multiple meetings and events with the Forever Green Initiative
to coordinate winter camelina market development efforts.

OBJECTIVE 3.5 — EDUCATION, EXTENSION, AND OUTREACH

1. Planned Activities

e Continue work to publish the 4-H Cover Crop Science Project Book nationally, including
an addendum for using the book with blind students or students with low vision.
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e Continue work on the cover crop perceptions study, including completing phase 1
(producer interviews) and phase 2 (telephone surveys) planning.

e Continue to work with IPREFER collaborators to identify internship positions for 2024.

e Continue promoting the 2024 internship program. Pursue personal contacts to recruit
students from underrepresented minority groups and diverse academic disciplines.

e Prepare a code of conduct for mentors and others who will interact with interns.
e Speak with mentors to identify effective ways to provide mentor training.

e Develop activities, schedules, and materials for the orientation program and online
meetings during the 2024 summer program.

e Revise interview questions for the 6-month post-internship interviews of the 2023 intern
cohort.

e Complete 6-month post-internship interviews of the 2023 intern cohort by mid-January
2024.

e Continue the development of the script for seeding videos and begin to dub in audio for
these videos. Collect video on early season growth on fields filmed for seeding protocols.
Collect stand and growth stage training videos and crop evaluation expectations for fall
crop development. Hopefully, we can get the audio dubbed in these videos in January.

2. Actual Accomplishments

e Work continued on the 4-H Cover Crop Science Project Book. The review panel
requested additional changes to facilitate use by formal educators. These changes will be
implemented, and the book will be resubmitted for National 4-H peer review.

e Work continued on the cover crop perceptions study, with producer interviews completed
successfully. Phase 2 (telephone surveys) is set to finish in April, with phase 3 (focus
groups) set to begin in May/June.

e Forty-five applications were received for the 2024 internship program. Interviews will be
conducted in February, and offers will be made.

e We contacted more than 12 project IPREFER collaborators and invited them to work
with undergraduate interns during the summer of 2024. Five collaborators agreed to
mentor interns. They are Julia Zhang, Samantha Wells, Krishan Rai, Win Phippen, and
Mark Bernards.
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e A draft code of conduct has been prepared. It will be discussed and considered for
adoption at the next Education Team meeting.

e Despite the UMN budget cut, an internship orientation will be held at WIU in May. The
skills-based workshops and weekly meetings with interns during the summer program,
June 6 — July 25, will continue to be hosted by UMN.

e We refined the questions for the 6-month post-internship interview with the 2023 intern
cohort. The new questions will help us gain insights into students’ research competency,
awareness of differences among disciplines in research methods, and appreciation for
skills that contribute to collaboration and the ability to be effective in cross-disciplinary
research projects.

e We have contacted all interns from 2023. Four virtual interviews have been conducted,
and at least two more are scheduled. We expect to complete all interviews by the end of
February.

e The following videos were scripted, recorded, and edited. They should be ready to
publish by the end of March.

o Seeding CoverCress with a spreader after vertical tillage in corn stalks
o Seeding CoverCress with a drone in standing soybeans.

o Seeding CoverCress with a vertical tillage tool with a seeder unit on the vertical
tillage tool in corn stalks

o Seeding CoverCress with a grain drill after vertical tillage in corn stalks.

e Engaged and trained farmers and new agents to deploy CoverCress in Illinois, Indiana,
Missouri, and Kentucky.

3. Explanation of Variance

Due to the UMN budget cut, Drs. Gina Hunter and Kara Baldwin, ISU and UMN,
respectively, will not be able to provide mentor training in 2024. To assist mentors and
ensure that interns have a positive experience, we will hold an informal discussion of lessons
learned from previous years and best practices for undergraduate mentoring.

4. Plans for Next Quarter

e Continue work to publish and disseminate the 4-H Cover Crop Science Project Book
nationally, including an addendum for using the book with blind/low-vision students.
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e Submit a poster about adapting the 4-H Cover Crop Science Project Book for blind/low-
vision students to the American Association for Agricultural Education (AAAE) 2024
Conference.

e Conduct play tests of a cover crop and garden-based card game with youth throughout
[linois.

e Continue work on the cover crop perceptions study, including completing phase 2
(telephone surveys) and phase 3 (focus groups) planning.

e Hold a meeting of mentors in April to share mentoring practices and learn best practices
from each other.

¢ Finalize the summer 2024 internship program schedule, complete preparation of skill
workshops, and revise material for weekly meetings.

e Complete transcription and thematic analysis of 6-month, post-program interviews of
students who participated in the program in 2023 program.

e Complete preparation of a manuscript summarizing survey responses and interviews with
students who participated in the Integrated Plant Systems Undergraduate Research
Experience, 2019 — 2023.

e Capture video on early season growth on fields filmed for seeding protocols. Capture
stand and growth stage training videos and crop evaluation expectations for spring
development. Capture videos for spring activities such as fertilization.

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

CoverCress, Inc. and its representatives met with over 100 farmers and agents in 6
meetings this quarter.

B. Publications, Presentations, & Proposal Submitted

Developing Cross-Disciplinary Competency through Collaborative Research. Poster
presentation abstract. Submitted to the National Association of College Teachers of
Agriculture, Annual Conference, June 2024.
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