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NOTICE
This IPREFER project quarterly report was prepared by Western Illinois University and
IPREFER research colleagues from CoverCress, Inc., Illinois State University, McLean County
Soil and Water Conservation District, The Ohio State University, United States Department of
Agriculture-Agricultural Research Service, University of Illinois, University of Minnesota, and
the University of Wisconsin-Platteville in the course of performing academic research supported
by Agriculture and Food Research Initiative Competitive Grant No. 2019-69012-29851 from the
United States Department of Agriculture National Institute of Food and Agriculture ("USDANIFA).
The opinions expressed in this report do not necessarily reflect those of Western Illinois
University, USDA-NIFA, CoverCress, Inc., Illinois State University, McLean County Soil and
Water Conservation District, The Ohio State University, United States Department of
Agriculture-Agricultural Research Service, University of Illinois, University of Minnesota or the
University of Wisconsin-Platteville and reference to any specific product, service, process, or
method does not constitute an implied or expressed recommendation or endorsement of it.
Further, Western Illinois University, USDA-NIFA, CoverCress, Inc., Illinois State University,
McLean County Soil and Water Conservation District, The Ohio State University, United States
Department of Agriculture-Agricultural Research Service, University of Illinois, University of
Minnesota or the University of Wisconsin-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.
Western Illinois University, USDA-NIFA, CoverCress, Inc., Illinois State University, McLean
County Soil and Water Conservation District, The Ohio State University, United States
Department of Agriculture-Agricultural Research Service, University of Illinois, University of
Minnesota or the University of Wisconsin-Platteville and the authors make no representation that
the use of any product, apparatus, process, method, or other information will not infringe
privately owned rights and will assume no liability for any loss, injury, or damage resulting from,
or occurring in connection with, the use of information contained, described, disclosed, or
referred to in this report.
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Integrated Pennycress Research Enabling Farm and Energy Resilience
(AFRI-CAP 2019-69012-29851)
Quarterly Report: February 1, 2020 – April 30, 2020
PROJECT ADMINISTRATION AND GOVERNANCE
We accomplished the following project governance and administrative tasks during the third
quarter.
1. Planned Activities
•

Continue the search for a plant breeder.

•

Complete the purchase of a pulsed NMR and a plot combine.

•

Leverage funding for other program purchases.

•

Continue building content for the IPREFER website and social media channels.

•

Continue Advisory Board, Executive Leadership Team, and program manager meetings.

•

Organize spring outreach events.

2. Actual Accomplishments
•

Continued the search for a plant breeder. A new job posting closes on May 6, 2020.

•

We are continuing to conduct weekly meetings with program manager Anne Kinzel and
monthly meetings with ELT. An Advisory Board meeting is scheduled for June 19, 2020.

•

We have added content to the IPEFER website, as well as to the IPREFER YouTube
channel (https://www.youtube.com/channel/UClIn60frdoFUyXGF1pVH0SQ) and
Twitter account (@IPREFER_CAP / https://twitter.com/IPREFER_CAP).

•

We have created a project photo repository account on the Flick.com platform where we
will deposit and curate all project photos (See Exhibit 1).

•

We have created a project newsletter, the "PennyPulse." The newsletter, hosted by
MailChimp, will be published bi-monthly. The goal is to keep project participants
committed and connected to the broader goals of the project. Two issues have been
distributed (See Exhibit 2).
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•

We continue to work on negotiating an agreement with Southern Illinois University (SIU)
to conduct experiments on SCN.

3. Explanation of Variance
Western Illinois University closed on March 20, 2020, to all teaching and research activities
due to restrictions imposed by the State of Illinois due to the Coronavirus pandemic. The
University granted special permission to the School of Agriculture to continue essential
operations, including watering plants in greenhouses and labs and taking field notes of
developing pennycress plants at the University farm. However, access to undergraduate
student labor has been greatly diminished, and we were unable to complete some scheduled
project projects. Each of the project partner institutions had some form of restrictions
imposed on their activities (See Exhibit 3).
4. Plans for Next Quarter
•

Complete the plant breeder hiring.

•

Continue building content for the IPREFER website and social media channels.

•

Continue Advisory Board, Executive Leadership Team, meetings.

•

Continue the development of online videos highlighting WIU pennycress research.

•

Begin organizing the 2020 annual meeting, which will be hosted by the University of
Minnesota on August 3-5, 2020. Due to pandemic restrictions, we will investigate online
meeting options.

5. Publications, Presentations, and Proposals Submitted
•

Professional Conferences and Meetings
o Houghton, Dean. "A Place for Pennycress." The Furrow, Fall 2019,
https://www.johndeerefurrow.com/2020/01/07/a-place-for-pennycress/.
o Phippen, Winthrop B. "IPREFER: New USDA-NIFA CAP Program Overview."
Presentation at Carinata 2020 and SPARC Annual Meeting, Tampa Bay, FL,
February 25-26, 2020.

OBJECTIVE 3.1 - AGRONOMIC MANAGEMENT
1. Agronomy Team
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COVID-19 brought the entire agronomic management program to a halt. Team members
spent the month of March trying to figure out how to safely conduct their activities while
following CDC guidelines. Not all sites were able to conduct planned activities. In addition,
there has been a hiring freeze in effect at the University of Minnesota; freezes may still be in
effect at other universities. COVID-19 limited our ability to hire and has slowed down
Agronomy Management spending. We anticipate that most sites will be able to do research,
and with hiring freezes lifted, we will be able to get back on target. We have initiated all
field-based projects.
A. Planned Activities
•

For Rosemount, MN only, we planned on planting the soybean panel in the
SOYSELECT project.1 We also planned on applying 50 lb ac to the pennycress in the
SOYSELECT project at Rosemont.

•

Nitrogen fertility was applied at RROC, and soybeans were planted in the
SOYSELECT project.

•

We planned on planting corn in the CRM project mid-April. We also planned on
applying BMP fertility and weed control for all CRM sites.

•

We planned on planting corn in the DISC project mid-April.2 We planned on
applying BMP fertility and weed control for all DISC sites.

B. Actual Accomplishments
All sites planted corn except for Wisconsin. All sites applied BMP fertility. Nitrogen
fertility was applied at RROC, and soybeans were planted in the SOYSELECT project.
C. Explanation of Variance
COVID-19 brought the entire program to a near halt. We spent the month of March
trying to figure out how to safely operate the program under CDC guidelines. Not all sites
were able to participate. We were not able to hire due to hiring freezes still in effect, at
least in Minnesota, and for the federal government. Due to the hiring issues and other
difficulties, we have been slow on spending. Now that most programs can do research

1

SOYSELECT is a soybean-based project where MN IPREFER personnel evaluate a panel of soybean phenotypes,
and max diversity lines for competitive advantage in a pc relay cropping system environment.

2

DISC is the abbreviation we will use for the IPREFER corn stover management project. Nicholas Heller
(University of Minnesota) leads this IPREFER objective.
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and hiring freezes are being lifted, we will be able to get back on target. There were no
changes in the workplan other than limiting undergrads involvement and delaying
graduate student hiring (See Exhibit 4).
D. Plans for Next Quarter
Weed control will be an issue. All leads are watching the corn closely to make sure that
herbicide-resistant weeds are removed while limiting herbicides to POST applied nonresidual herbicides. We are deploying hand weeding teams at RROC and Morris, to
ensure corn remains weed-free. The pennycress in the SOYSELECT project will be
harvested, and soybean measurement will also start. In addition to maintaining the plots,
members from the Agronomy Team, CoverCress, and the UMN Forever Green team will
host a 3-day Virtual Field Day highlight oilseed production systems.
2. Novel Seed Treatment for Improved Pennycress Performance ("PELLET) and Tools
for Integrated Weed Management ("WEEDS")
We have nothing to report for this quarter.
3. Monitor Soybean Cyst Nematode (Heterodera Glycines, SCN) in the cropping rotation
("SCN")
Pennycress has been reported to be a poor to moderate host for SCN in greenhouse studies.
Research is underway to determine its impact on SCN populations under field conditions in
the corn-soybean production systems. Preliminary results indicate that there was no increase
of SCN population density in pennycress as compared with no cover crop treatment. It is
possible that pennycress as a winter cover crop does not support SCN reproduction, or it may
even function as a trap crop during the cool season. Currently funded research is
investigating the ability of SCN to infect pennycress in the field and is evaluating the role of
temperature in SCN reproduction. Field-scale and microplot experiments are being
conducted to evaluate the reproduction and life cycle development of SCN in the fall and
spring months. Pennycress's role as a trap crop or alternate host will be discovered through
these experiments.
A. CoverCress
•

Planned Activities
None this quarter. Tasks are set to take place in May 2020 around the time of harvest
(See Exhibit 5 for CoverCress Field Day plans).

•

Actual Accomplishments
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See above.
•

Explanation of Variance
None noted.

•

Plans for Next Quarter
We will collect soil samples as well as plants at harvest stage. Samples will be
analyzed, and we will hold a meeting to discuss the data once the Minnesota harvest
is final.

•

Publications, Presentations and Proposals Submitted
None at this time.

B. Minnesota
•

Planned Activities
Prepare the four sites for planting of the multi-state SCN experiment. Define
methodology and approve contracts.

•

Actual Accomplishments
The four sites were planted into corn to start the experiment. The sites are at
Belleville, IL, Carbondale, IL, Rosemount, MN, and Lamberton, MN. Methods,
materials, and contracts were finalized.

•

Explanation of Variance
None.

•

Plans for Next Quarter
Harvest corn as silage and plant pennycress at respective planting dates into the field
experiments. Begin full-scale SCN field sampling.

•

Publications, Presentations and Proposals Submitted
None at this time.

4. Contribute to the identification and development of soybean varieties specifically
adapted to pennycress intercropping systems
A. USDA-ARS
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Due to COVID-19 concerns we will report on all activities for the period Feb 1-April 30,
2020 in the next quarterly report
B. University of Wisconsin – Platteville (UWP)
IPREFER collaborators were not allowed to participate in field research due to COVID19 restrictions at the University of Wisconsin - Platteville site.
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 second quarter:
•

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

•

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.

•

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

•

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

B. Actual Accomplishments
•

We continue to make good progress in stacking the core domestication traits (low
erucic, low fiber, low glucosinolate) into top breeding lines, using different genetic
combinations to determine which are the best performing. We have confirmed
solutions for reducing seed oil erucic acid and fiber, and now have promising
candidate mutations for reducing glucosinolate without hampering plant growth.

•

Reducing seed glucosinolate levels has proved challenging due to genetic
redundancies and possible fitness issues with some genetic changes. Therefore, we
increased our efforts in this area, and those efforts have generated promising results.
We are currently assessing mutations in seven glucosinolate biosynthetic genes
(individual mutations and combinations) to determine which may be commercially
viable. Field trials are looking promising for at least a few of the mutants/mutant
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combinations, with plants growing indistinguishable from wild type in the field this
spring.
•

We are working to find a CRISPR-based solution to reducing pod shatter by carrying
out "promoter bashing" and base substitution experiments. Transformants are in hand
and analyses are forthcoming. An EMS solution continues to look promising.

•

Have isolated homozygous CRISPR-induced mutations that we predict will provide
tolerance to herbicide carryover. We have collected seeds from these plants. We hope
to soon be able to initiate testing in the lab for increased tolerance.

•

In April, two hard frosts occurred in central Illinois at times when pennycress lines
were in full bloom, affording an opportunity to assess abiotic stress resilience of the
various domestication trait lines. All key lines and wild types exhibited remarkable
resilience in that no changes were observed in flower fertilizations and subsequent
seed pods fill.

C. Explanation of Variance
COVID-19 lockdown restrictions greatly hampered laboratory work.
D. Plans for Next Quarter
We will continue work as stated above, as much as is possible, given the severe
restrictions associated with the COVID-19 lockdown. Laboratory activities will likely
continue to suffer due to social distancing restrictions –only a few people are allowed in
the lab at a given time, which means graduate students have had to work in shifts and at
home, and undergraduate activities have been severely limited.
E. Publications, Presentations and Proposals Submitted
Publications
Sedbrook, J.C. and Durrett, T.P. (2020) Pennycress, carbon wise: Labeling experiments
reveal how pennycress seeds efficiently incorporate carbon into biomass. J. Exp. Botany,
71: 2842-2846. https://doi.org/10.1093/jxb/eraa136.
Presentations
•

Sedbrook, John. USDA NIFA/DOE Project Director/Principal Investigator Meeting,
Poster Presentation, "Advancing Field Pennycress as a New Oilseed Biofuels
Feedstock that Does Not Require New Land Commitments." Washington, D.C., Feb.
24, 2020.
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•

Williams, Dalton (Graduate student). "Elucidating the roles of the HIGH
ALOPHATIC GLUCOSINOLATE (HAG) genes in glucosinolate production in
pennycress (Thlaspi arvense)." Illinois State University Cell and Molecular Biology
Seminar series, Normal, IL, Mar. 25, 2020.

Grant Proposal Submitted
"Interrogating pennycress natural and induced variation to improve abiotic stress
tolerance and oilseed bioenergy crop resilience." DOE – Systems Biology Research to
Advance Sustainable Bioenergy Crop Development. FOA NUMBER DE-FOA-0002214.
$15 million. Submitted Apr. 1, 2020.
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.
We will:
•

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

•

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.

•

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

•

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

B. Actual Accomplishments
•

Traits of interest have been crossed into the pennycress line MN106. Seeds were
collected from advanced lines containing combinations of reduced erucic acid and
glucosinolates along with reduced seedpod shatter or early maturity. The effect of
these traits on plant establishment, flowering time and stature was assessed.

•

The 2019-2020 variety strip trial in Rosemount and Morris, MN, was evaluated
during this period. We collected spring emergence scores in all breeding plots and
completed stand counts in the IPREFER variety trial
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•

Approximately 250 M2 plants were selected for whole-genome sequencing. We have
collected DNA from at least 200 plants, and these will be submitted for sequencing in
June 2020.

Fig. 1. Stacked mutants grown in the St. Paul Field.
Genes combined in these plots represent low erucic, high oleic, and reduced shatter.

•

To generate genomic resources, we tagged 1,300 plants to genotype for at least 50
unique genes. This information will be useful in identifying additional genetic
resources for long-term breeding program success.

C. Explanation of Variance
Laboratory work was delayed starting in March due to COVID-19. Beginning in midMarch UMN labs were shut down except for essential work. We were allowed to
maintain pennycress plants during this period, but our ability to use molecular methods to
follow selected traits was restricted.
D. Plans for Next Quarter
We will continue moving forward the projects at a reduced pace. We have been approved
to continue field work, but molecular work in the lab will be reduced to 30 percent of full
activity. During the upcoming harvest season, we will evaluate yields on the variety strip
trial in two locations and our mutant lines in four locations. In addition, we will be
collecting harvest index on some of our stacked lines.
E. Publications, Presentations and Proposals Submitted
•

Publications
None to report.

•

Professional Conferences /Meetings
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None to report.
•

Submitted Proposals
We received funding for a proposal ($50,000) to characterize the pennycress protein
flavor and quality through Plant Protein Innovation Centre at the University of
Minnesota.

3. Western Illinois University
A. Planned Activities
•

Begin greenhouse breeding line seed increases for ISU for traits of interest, including
seed coat color, early flowering, stem thickness, and seed oil traits.

•

Begin conducting field evaluations of research plots.

B. Actual Accomplishments
•

We evaluated WIU research plots for winter survival, stand counts, first flower dates,
and stem height at flowering.

•

We initiated the shooting of weekly drone footage of research plots to track growth
and development.

•

We grew 1,000 ISU pennycress plants in the WIU greenhouse for evaluation and seed
increase. Traits of interest included: stem thickness, early flowering, seed size,
compact floral stem, and early maturity.

•

We initiated the production of field day videos in lieu of in-person field days due to
the Coronavirus pandemic (See E6).

C. Explanation of Variance
Western Illinois University closed on March 20, 2020, to all teaching and research
activities. The University granted the School of Agriculture special permission to
continue essential operations, including watering plants in greenhouse and labs and
taking field notes of developing pennycress plants at the University farm. However,
access to undergraduate student labor has been greatly diminished and we were unable to
complete some projects.
D. Plans for Next Quarter
•

We will harvest all pennycress plants in the greenhouse and send seeds to ISU for
genomic evaluation.
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•

We will complete field operations for all WIU research plots on nitrogen applications,
fungicides, advanced breeding line evaluations, wild population evaluations, and bulk
seed increases.

•

We will take delivery of:
o A new plot combine to harvest plots.
o A pulsed NMR to begin non-destructive seed oil analysis.
o An optical seed sorter for cleaning seed and separating gene-edited lines (yellow
seed) from wild types (black seed).

E. Publications, Presentations and Proposals Submitted
•

Publications
None to report.

•

Professional Conferences /Meetings
Phippen, W. B. "IPREFER: New USDA-NIFA CAP Program Overview." Carinata
2020 and SPARC Annual Meeting, Tampa Bay, FL. Feb. 25-26, 2020.

•

Press
Coulter, Phyllis. "Farmers could add dollars with pennycress." Illinois Farmer Today,
April 16, 2020. https://www.agupdate.com/illinoisfarmertoday/news/crop/farmerscould-add-dollars-with-pennycress/article_c4f1a470-7e83-11ea-922527c2de0f2c69.html

•

Proposals Submitted
None to report.

OBJECTIVE 3.3 - CHARACTERIZATION OF PENNYCRESS ECOSYSTEM SERVICES
The primary goal of the ecosystem services project at Illinois State University was to ensure
good stands of pennycress growing on the plots and apply spring nitrogen as the weather
dictated.
1. Planned Activities
We planned for the following activities to take place during the third quarter:
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•

Obtain baseline cover crop biomass estimates with a drone fitted with a multispectral
sensor. We also planned to obtain a high-resolution digital elevation model for the site
(+/- 2.5 cm) to estimate soil loss.

•

Install water samplers to sample tile water starting in the spring from each plot beginning
in February as the soil begins to thaw, and runoff occurs.

•

Install lysimeters to sample pore water of each treatment plot to understand the
effectiveness of pennycress in central Illinois compared to Minnesota and other
experimental areas. This will allow us to compare the responses of porewater nutrient
concentrations, which may respond faster to pennycress as a cover crop than tile water
nutrient concentrations.

2. Actual Accomplishments
The objectives of the ecosystem water services component of the USDA CAP grant were to
assess pennycress and weed growth, soil porewater, soil organic carbon, and fertility in the
replicated plots. From samples collected in Q1, we were able to develop a digital elevation
map of the site with a 2 cm resolution (Fig. 2). In the future, we will use this map and
subsequent maps to estimate erosion form the reference and treatment plots with imagery
immediately after crop harvest in the fall and after pennycress harvest in the spring when the
soil is exposed.
In Q1 immediately after plant harvest, we determined soil fertility and carbon content. Of
greatest interest was soil nitrate nitrogen in the plots (Fig. 3) showing the differences
between the plots prior to manipulation. The north plots had higher soil organic carbon and
also higher soil nitrate nitrogen. We are still working up the data on soil fertility prior to
manipulation and we will present this information in the Q4 report.
In Q2 we had hoped to begin sampling dissolved nutrients and discharge in subsurface
drainage. We have installed the supports and enclosures for the automated samplers prior to
the spring rains when equipment could be in the field (Fig. 4). We also added 50 lb/acre (52
kg/ha) of nitrogen fertilizer to the plots of pennycress with nitrogen supplements to increase
yields (Fig. 5a). Pennycress biomass and weed biomass were estimated two times in the past
quarter and one to two more samples will be collected in the current quarter (Fig. 5B). The
biomass has been dried at 100C, and when complete, tissue will be sent for carbon and
nitrogen content in the biomass.
Due to the lack of continuous subsurface drainage sampling, we installed lysimeters (Fig.
8A) to sample soil pore water. A vacuum was applied to lysimeters 24hrs before samples
were taken after a soil saturating rain event. A hand vacuum pump was used to apply
pressure to the lysimeters and eject soil pore water samples (Fig. 8B). The laboratory will be
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processing these samples this week. Due to the pandemic IPREFER collaborator Bill Perry
conducted all fieldwork as graduate students were not allowed to participate in fieldwork.

Fig. 2. Digital elevation map of the replicated plot system at the ISU Research Farm in Lexington, IL. The
plots on the bottom of the figure are referred to as the south plots (A) and the replicate plots on the top
right of the figure (B) are referred
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Fig. 3. Map of soil organic nitrate nitrogen in the plots immediately after harvest. The
south plots (A) had soybeans and the north plots (B) had silage corn on the plots.
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Fig. 4. A) Installing supports for autosamplers in enclosures. B) Support with enclosure
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Fig. 5. A) Fertilizing pennycress treatment plots. B) Sampling pennycress biomass in April 2020. C) Drone
with multispectral sensor and calibration panel in the lower left – Wondy Seyoum working with drone. D)
Installing lysimeters to sample soil pore
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Fig. 6. An RGB orthomosaic of the north plot illustrating the 3 cm resolution of the multispectral sensor. The
blotchy purple material in the bottom of the enlargement and the bottom of the overview of the north plot
is Henbit.
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Fig. 7. NDVI (Normalized Difference Vegetation Index) directly linked to plant biomass. Values greater than
0.3 (yellow-green in the map) indicates healthy biomass. The greener the color the higher the biomass, and
the red (value <0.3) is bare soil with scattered weeds. The map has 3 cm resolution.
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A)

B)

Fig. 8. A) installing lysimeters to sample soil pore water after rains and B)
removing soil porewater after a rain.

3. Explanation of Variance
The Coronavirus pandemic limited our purchase of the automated sampling equipment, but
all facilities are in place and ready to have the samplers installed. The equipment supplier
(Chicago, Illinois) was essentially shut down during the early stages of the pandemic. Now
we are working with ISU to purchase these samplers, and then we will be on track to collect
subsurface drainage in the fall when tiles begin flowing again.
4. Plans for Next Quarter
The ISU water ecosystem services group will:
•

Collect soil carbon and fertility samples after termination of pennycress cover crops to
determine if the biomass present was able to immobilize N relative to reference plots.

•

Analyze data for pennycress biomass in m2 quadrats and determine a relationship with
drone multispectral sensor.

•

Analyze pennycress carbon and nitrogen content related to drone imagery form the
multispectral sensor.

•

Determine the potential effects of pennycress on weed biomass and diversity in treatment
relative to reference plots.
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•

Analyze soil pore water dissolved nutrient in treatment relative to reference plots.

5. Publications, Presentations and Proposals Submitted
•

Publications
None to report.

•

Professional Conferences /Meetings
None to report.

•

Proposals
o We will submit a proposal to the Illinois Nutrient Research Education Council on
June 4, 2020, for approximately $750,000 to expand the studies of the ecosystem
services aspect of the IPREFER grant and agronomy research to Southern Illinois at
the University of Southern Illinois – Edwardsville and to Western Illinois University.
o Jack Wang, Stephanie Van Wolvelear, and Bill Perry. 2020. Development of
infrastructure to test sustainable farming practices using a new cash cover crop
(pennycress) to reduce nutrient export to streams. Student Sustainability Fund
Application. ISU. 25,677. The project was not funded due to the lack of funds at the
ISU Foundation.

OBJECTIVE 3.4 - LIFE CYCLE SUPPLY CHAIN DEVELOPMENT
1. Planned Activities
The team had two virtual meetings to discuss LCA and economic analysis. Design of the
complete supply chain was also discussed and should be described by the next virtual
meeting in July.
2. Actual Accomplishments
CoverCress has shared the life cycle analysis (LCAs) it had worked on to give the whole
team and initial view of work that needs to be done. CoverCress also shared data on grain
drying efforts inside grain bins. We have not made decisions on future tests with this grain.
3. Explanation of Variance
COVID shutdowns interfered with meetings, but in early June the team was able to join
virtual field days hosted by the University of Minnesota.
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4. Plans for Next Quarter
The plan for next quarter is to put together a complete value chain analysis with specific
tasks, dates, and people responsible for the topics.
5. Publications, Presentations and Proposals Submitted
None at this time.

OBJECTIVE 3.5 AND 6 - EDUCATION, EXTENSION, AND OUTREACH
1. Planned Activities
A. Illinois State University
ISU planned to create an inventory of existing cover crop educational materials,
write/draft one 4H module in the first two months, promote and implement it in spring
2020.
B. Ohio State University
OSU planned to develop four modules for inclusion in agronomy courses, support intern
selection, and collect images for educational materials.
C. University of Minnesota
UMN planned to continue to work with other members of the education team to develop
curriculum for the Summer Research experience, build awareness and understanding of
the program among all IPREFER project members, recruit qualified students and
coordinate program implementation. UMN also planned to implement the cropping
system design case study during the spring semester 2020 in FDSY 2101 (anticipated
enrollment of 50 students).
2. Actual Accomplishments
A. Illinois State University
ISU IPREFER personnel completed an inventory of existing “Ag in the Classroom”
resources and compiled the information into a curriculum map poster. IPREFER
collaborator Matthew Hagaman gave a presentation on the curriculum map at Bradley
University's 2020 STEM Education Conference. The session also included a photo
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classification activity, discussion about cover crops' potential in science education, and a
seed oil extraction activity.
ISU also completed an outline for a 4-H Cover Crops project book, and we are currently
drafting 12 new cover crop lessons. 4-H participants could use the project book for selfguided or leader-driven projects centering primarily around pennycress. These projects
could then be shared and county- and state-level 4-H shows. Hagaman is communicating
with Maggie Roberts, STEAM in the Classroom Extension Program Coordinator at the
Extension & Public Engagement Connection Center (Champaign, IL), about creating a
virtual workshop on cover crops that would be delivered via Zoom. This would serve as
an alternative to IPREFER's face-to-face 4-H clubs that had planned before the
Coronavirus pandemic. IPREFER Co-PI Rebekka Darner also successfully wrote,
submitted, and obtained approval for IRB protocols to evaluate the internship program
and public events, such as field days. We have already disseminated the pre-internship
survey.
B. Ohio State University
All planned activities have been accomplished, except that the building of the modules
for the agronomy courses is still underway. IPREFER Collaborator Alex Lindsey is in the
process of collecting images from the 2020 season to develop a staging module and is
planning to build a module on planting using images from fall 2020. He is also in the
process of building another module on seed treatment and pelleting.
C. IPREFER - INTERNSHIPS (2020) Integrated Plant Systems Undergraduate
Research Experience
University of Minnesota IPREFER collaborators identified eight opportunities for
undergraduate research within the project. They include, along with the host institution:
•

CoverCress Inc.
o Molecular genetics of pennycress
o Breeding of pennycress
o Field management of pennycress

•

Illinois State University
This opportunity ultimately had to be withdrawn due to the COVID-19 pandemic.
o Ecosystem services of pennycress with focus on water quality
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•

The Ohio State University
o Pelletizing pennycress seed for improved germination

•

University of Minnesota
o Molecular genetics of pennycress traits
o Lifecycle of Soybean Cyst Nematode in pennycress

IPREFER developed an online application site, and recruitment information was
disseminated via social media. We received 21 applications to the 2020 Undergraduate
Research Experience. The applicant pool included:
•

Thirteen female and eight male applicants.

•

Three applicants from racial/ethnicity groups underrepresented in STEM fields.

•

Eight biology majors, six biochemistry or molecular/cellular biology majors, five
plant science or crop science majors, one zoology major, and one environmental
science major.

•

Students from 16 different schools throughout the U.S.

IPREFER extended internship offers to five students, and all five students accepted (See
Table 1. Integrated Plant Systems Undergraduate Research Experience Interns for 2020.).
We have made arrangements for student travel, housing, and stipends. Interns will begin
working with researchers during the third or fourth week of May 2020. Internship
training activities will include online seminars on pennycress research and development,
integrated plant systems and the biofuel industry, online discussion of and presentation of
student research, participation in virtual field days and annual project meeting. Interns
were invited to complete the 2020 Integrated Plant Systems Undergraduate Research
Experience Survey, which will provide information that will be used in internship
program evaluation.
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Table 1. Integrated Plant Systems Undergraduate Research Experience Interns for 2020
Name

Email

Institution

Internship Location
and Research Topic

Internship
Contact

Serena Gjesvold

Gjesv006@umn.edu

University of
Minnesota –
Biology

UMN - Pennycress
genetics

David Marks

Alex Hafner

Awhafne@ilstu.edu

Illinois State
University

Covercress Inc.,
Pennycress genetics
and breeding

Chris Aulbach

Justin Larkin

Larki120@umn.edu

University of
Minnesota – Plant
Science

Covercress Inc. Pennycress genetics
and breeding

Chris Aulbach

Cori Lee

Cori.lee24@gmail.com

Ohio State
University

OSU – Pennycress
seed pelletizing

Alexander
Lindsey

Kayla Vittore

kaylamv2@illinois.edu

University of Illinois,
Urbana –
Champaign

UMN – Soybean cyst
nematode lifecycle in
pennycress

Cody Hoerning

3. Explanation of Variance
A. Illinois State University
The Cover Crop Scientists SPIN Club that IPREFER collaborators Rebekka Darner and
Matthew Hagaman were planning to deliver in March-May 2020 was canceled due to the
Coronavirus pandemic. We hope to conduct these activities in a modified form in late
summer or early fall 2020.
B. Ohio State University
The harvesting module is now planned for next spring due to the inability to field
combine this year due to a lack of bulk seeded areas to calibrate/adjust the combine.
C. University of Minnesota
To ensure the safety of undergraduate research interns during the COVID 19 pandemic,
we communicated with project researchers to ensure that safety plans and procedures are
in place and that interns are informed of these procedures. Plans for an on-site training
program for interns in late May were canceled due to the University of Minnesota policy
that prohibits on-campus meetings during the pandemic. Instead, we will hold online
seminars and meetings so that students gain an understanding of the IPREFER project,
biofuel research and development, and the nature of interdisciplinary research.
4. Plans for Next Quarter
Quarterly Progress Report: February 2020 – April 2020

24

A. Illinois State University
We plan to:
•

Complete drafts of 12 lessons for the 4-H Cover Crops project book, share the project
book draft with 4-H staff for early review, pilot activities from the project book with
youth through virtual STEAM workshops in the McLean and/or Peoria County 4-H
units, and pilot activities from the project book with youth through a Cover Crops
Scientists SPIN Club, provided we can resume in-person 4-H clubs.

•

We also plan to extend the inventory of cover crops curricula beyond Ag in the
Classroom lessons. Darner also intends to complete the Year 1 evaluation of the 2020
Undergraduate Research Experience.

B. Ohio State University
We plan to begin assembling the module on pennycress staging as well as advising an
IPREFER intern in research activities during the summer of 2020.
C. University of Minnesota
Plans for this upcoming quarter are to:
•

Ensure safe and successful completion of all undergraduate research experiences
during the 2020 Undergraduate Research Experience.

•

Identify tools to evaluate the development of interdisciplinary skills and attitudes of
undergraduate researchers.

•

Obtain student evaluation of research experiences, and use feedback to improve the
program, identify internship experiences for Year 2 and initiate planning for secondyear recruitment to the program.

In response to the restrictions imposed by the Coronavirus pandemic, IPREFER Co-PI
Scotty Wells is planning a virtual pennycress field day. Darner will work with Wells to
adjust the evaluation procedure for a virtual experience.
5. Publications, Presentations, & Proposals Submitted
•

Publications
Nothing to report.

•

Proposals
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Nothing to report
•

Professional Conferences /Meetings
Hagaman Matthew & Rebekka Darner. "Hands-on with Cover Crops & Biofuels:
How Cover Crops are Changing Education & Agriculture." Bradley University
STEM/STEAM Conference for K-12 Educators: Innovations in K-12 STEM
education and Green Chemistry. Peoria, IL, Mar. 7, 2020.

D. University of Minnesota – Wells Team
•

Planned Activities
In addition to maintaining research plots, members from the Agronomy Team,
CoverCress, and the UMN Forever Green team will host a 3-day Field Day highlight
oilseed production systems.

•

Actual Accomplishments
The MN and USDA teams met to determine how to move forward with building a
virtual field day. We worked with a video consultant and decided that we would
capture video from a hybrid field day. To ensure people do not become fatigued, we
decided to break the full day event into three more manageable field days.

•

Explanation of Variance
COVID-19 slowed some of our activities and forced us to a virtual field day format.
Team members spent the month of March trying to figure out how to safely conduct
their activities while following CDC guidelines. Not all sites were able to conduct
planned activities. In addition, there has been a hiring freeze in effect at the
University of Minnesota; freezes may still be in effect at other universities. COVID19 limited our ability to hire and has slowed down Agronomy Management spending.
We anticipate that most sites will be able to do research, and with hiring freezes
lifted, we will be able to get back on target.

•

Plans for Next Quarter
The Agronomy Team, CoverCress, and the UMN Forever Green team will host a 3day Virtual Field Day highlight oilseed production systems.

•

Publications, Presentations and Proposals Submitted
None at this time.
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Exhibit 1

Western Illinois University strip trials, MN106 ﬁrst ﬂowers, Apr. 5,
2020 (Credit: Henry Phippen)

Western Illinois University Drone, April 5, 2020
(Credit: Henry Phippen & Win Phippen)

Exhibit 2
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Welcome to the IPREFER Newsletter
Integrated Pennycress Research Enabling Farm Energy and Resilience

IPREFER Vol. 1 - February 2020

Welcome and a Challenge

Welcome to the first issue of our IPREFER Team newsletter. This newsletter is
a work in progress, and some of you may well think 'there is a good reason she
went to law school and did not become a graphic designer!' Yet, I persist!
The goal for this bimonthly team newsletter is to promote a sense of belonging
to a larger whole —the IPREFER project and our big hairy goal of commercially
launching pennycress as a cash cover crop in 2021. After all, working as a
team is the only way we will accomplish our mission of "Optimizing off-season
pennycress oilseed production by overcoming production and supply chain
bottlenecks."
Each bimonthly edition will cover topics that inform the entire team on progress
towards our research and commercialization goals. We will celebrate
successes we are achieving as well as address the challenges we face. I will
be connecting with you to develop story ideas throughout the project. Of
course, I hope you will send me suggestions for topics that you would like to
see addressed!
But first, a CHALLENGE…We need a name for our newsletter. Win Phippen
has suggested The PennyPod. Not bad, but I'm counting on the creativity of our
team to come up with something even better! The name needs to lend itself to
fitting in a banner at the top of the newsletter. So game on! Submit your entries
to anne.kinzel@iprefercap.org for your chance at immortality!

Anne Kinzel, IPREFER Program Manager
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The few, the proud, the IPREFER Summer Interns
Mary Brakke, from our Education Team, is deep into recruiting our first cohort of
eight summer 2020 undergraduate interns. She is doing a great job, but we
need some help from the entire IPREFER team.
Undergraduate internships are a highlight of NIFA-CAP projects, and with
Mary’s work and your help, we are going to add to this proud legacy. Our goals
are ambitious, and they should be as we are educating the next generation of
scientists, and we hope, some future pennycress experts and enthusiasts. We
may have a goal of pennycress commercialization in 2020, but we are in this for
the long haul, and nothing proves it better than educating young people.
You can check out our recruitment page on the IPREFER website. Students
can apply directly on the web through February 28, 2020. You can read the
internship descriptions available to students on our website. You will note we
currently have five internships, and we need eight this year. Please contact
Mary Brakke and let her know that you are willing to host an internship and
ready to work with her to create it.
We have seen increased web traffic on our Education Objective webpage and
quite a bit of activity in our Twitter account (@IPREFER_CAP) since we started
tweeting to public and private four-year colleges in Illinois, Iowa, Minnesota,

Ohio, and Wisconsin.
Also, please be sure to use the flyer that I recently sent you to recruit students
by that tried and true method of posting on bulletin boards. You can download
the flyer here.

Click on the report to access the online PDF

IPREFER Q1 Report: A Successful Launch
Our first-quarter report is in the hands of USDA-NIFA and available on the web.
Thanks to everyone for their diligent work with a new format. I spoke with Dr. Ali
Mohamed, Director of NIFA's Division of Environmental Systems, on February
7, and he was impressed with both the work accomplished to date and the
report itself.
While no one is ever very enthusiastic about writing project reports, the
quarterly format is an attractive option for large, complex USDA NIFA-CAP
projects. The fact that our teams are spread over several states means
communication and information sharing is vital to accomplishing our heady fiveyear research and education/extension goals.
Coming together to answer the critical report format questions helps keeps
teams focused and communicative. This kind of reporting allows everyone in
the project to gain an understanding of the bigger picture. Not to mention, there

is no crazy scramble to put together a very large and time-consuming annual
report!
What are your team's planned activities for the quarter?
What has your team actually accomplished?
How have the team's accomplishments varied from your planned
activities?
What are your team's plans for the next quarter?
What publications, presentations, and proposals have team members
submitted for the quarter?
Our next quarterly report covers the period November 1, 2019, through
January 31, 2020. See the entire five-year schedule here.

FAQs and Updates
FAQs - Frequently Asked Questions - Can they be more than a cheap
replacement for customer service?
At IPREFER, we hope to answer that question with a resounding yes. We
believe we can put that website ephemera to better use!
We are using the FAQ page on our website to conduct an informal education
series on pennycress. With the help of Chris Aulbach and Cris Handel from

CoverCress, we have come up with a first-round list of 15 questions and
answers regarding IPREFER and pennycress itself. We will be building on
these as the project progresses. If you have a Q&A to add to our list please
send it to Anne Kinzel. The FAQs are also featured on our social media
platforms. Be sure and follow IPREFER on Twitter at @IPREFER_CAP.
2020 IPREFER Annual Meeting - Save the
Date. The 2020 IPREFER Annual Meeting date is
set for August 3-5, 2020, in Minneapolis. Scotty
Wells, from our Agronomy/Crop Management
Objective, will host the meeting. The entire IPREFER
team —the Advisory Board, collaborators,
undergraduate interns, project graduate students,
and representatives from USDA-NIFA will have a
chance to share Year 1 results and challenges.
We will kick off the meeting with an all-hands reception and undergraduate
intern poster session on the evening of August 3rd. On the 4th, each objective
will provide updates from their 2020 work portfolio. Each update session will
allow for Q&A. A project dinner will be held that evening.
We will hold a half-day session on the 5th. We anticipate that each of the
objectives will hold 2021 planning meetings. We will also allow time for a
feedback presentation by the Advisory Board as well as by NIFA
representatives. Stay tuned, as information regarding lodging will be available
early this spring. Question? Contact Anne Kinzel.

HELP WANTED
Research Agronomist
The candidate will provide support for all activities in an oilseed breeding
program including laboratory, greenhouse, growth chamber, and field
experiment. The position is located in Macomb, Illinois.
Required Qualifications

B.S. in plant genetics and breeding, plant physiology, or closely related
disciplines with at least 2 years of experience in field research
Basic understanding of agronomic principles, plant breeding, and crop
production
Must have excellent organizational skills, with the ability to work
independently, initiate and complete research projects
Excellent verbal and written communication skills
Mechanical aptitude to effectively operate research equipment
Start date: March 1, 2020, or later
Questions regarding the position may be directed to Dr. Win Phippen, wbphippen@wiu.edu

IPREFER is supported by Agriculture and Food Research Initiative Competitive Grant
2019-69012-29851 from the USDA - National Institute of Food and Agriculture
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Integrated Pennycress Research Enabling Farm Energy and Resilience
PennyPulse Vol. 2 - April 2020

Challenging Times
It's official, our newsletter is now known as the "PennyPulse." You can credit our project
director Win Phippen with the name. For any naysayers, you had your shot, but with Win
the sole entrant in our contest, I can say it was not close!
The second issue of the PennyPulse is coming out at what will undoubtedly be the most
memorable public event in our lifetimes. How do we stay focused on our goal of an initial
Pennycress commercial launch in 2021 during a pandemic? Everyone on the team will
have to find their own answer.
A positive development for IPREFER is that we recently heard from USDA-NIFA that
Daniel Cassidy has been assigned to serve as our National Program Leader. I have
worked with Daniel since 2011 when the first bioenergy CAP programs rolled out. Daniel is
extremely knowledgeable about CAPS and is a true champion of what we are all trying to
accomplish. He will be a wonderful resource for IPREFER.
Each of the IPREFER locations and objectives will be impacted by the public health
mitigations imposed to limit the spread, morbidity, and mortality of the coronavirus. This
PennyPulse issue will provide some updates and also take us back to earlier times when
the challenges of improving pennycress were our most pressing concerns.
We also have some good news to share and some tools for you to use as we move
forward in these new times. I think you will find some uplifting news in CoverCress'
Founding Farmers initiative among other articles. We also have a field day template for you
to use in wither 'real' or 'virtual' field days and we are introducing a way for the IPREFER
team to have access to and share images.
If you have news to share with the IPREFER community through the PennyPulse, or just
have some thoughts on how to improve this modest publication, please contact me
atanne.kinzel@iprefercap.org or by the newly popular telephone at 515.554.6021.

Anne Kinzel, IPREFER Program Manager
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IPREFER COVID-19 Response
Each of our IPREFER sites is experiencing its own unique set of COVID-19
restrictions. Here are some updates from our team as of April 20, 2020.

Western Illinois University – Win Phippen (Project Director)
All administrative aspects of IPREFER are running as normal. Anne Kinzel and
I are still meeting weekly. WIU administrative staff are ensuring all funds and
requests are completed in a timely manner to the sub-awardees. The IPREFER
website is still well maintained by Anne with support from the WIU IT folks. As
far as research is concerned, our access to the farm, greenhouses and
research buildings has been restricted only slightly (WIU staff is required to
pass a temperature check prior to entering campus and no groups over 10).
Most IPREFER research is proceeding as planned. Some students are still
available to complete greenhouse research with Dr. Bernards. Only hiring new
staff has been delayed due to travel restrictions. We hope to be hiring a
research agronomist shortly. The annual WIU pennycress field day is
scheduled for May 21 and is still on until further notice.
Illinois State University – Bekka Darner (Extension/Education/Outreach)
Due to the COVID-19 pandemic, both planned 4H clubs and research
internships have been impacted. All 4H meetings in Illinois have been
canceled, resulting in the canceling of the planned “Cover Crop Scientists”
SPIN club that was scheduled for this spring in Farmington and Normal. In lieu
of being able to run 4H clubs, Matthew, Emily, Bekka, and Willy are writing
activities to incorporate into a Cover Crops 4H book, which we hope to have
drafted by the end of summer. By that time, these activities will not have been
piloted, but piloting can resume in the fall, provided 4H clubs are able to begin
meeting again. Regarding summer research internships, five internship offers
have been extended to students. All students have accepted. We will refrain
from making a determination of whether these will occur until mid to late April. If
the university and private sector work-from-home measures continue, it is
possible these internships will not be able to occur. Students have been
informed of this situation.
ISU – Bill Perry (Ecosystem Services)
In light of the COVID-19 restrictions, the ecosystem group is continuing to
install field experiments and collect data. We are still moving forward just a bit
slower. Pennycress is starting to grow this spring. When it begins to flower,
Frank Forcella will have beehives out in Minnesota with pollen traps to
determine the flowers the bees are visiting.

The pennycress cover crop planted in mid-October is doing well. The later
October crop is doing better, and the pennycress planted in February is up and
starting. We have SCN Race typing back and we have HG 2.5.7 and HG 7 in
the north fields and will see if selection by pennycress leads to changes in
numbers overall and of either type. Soybean cyst nematode sampling is
planned, and Cody Hoerning has finished his written comprehensive
examinations for his Ph.D.
The ability of pennycress to function as a cover crop and reduce pore water
nitrate and tile water nitrate and phosphate losses is underway. We are
struggling a bit and grad students are not in the field, so it is limiting our
progress a bit.
We are ordering the Isco samplers is on hold as the rep is ill and we are
behind due to some ISU issues.
The water sampling will be delayed due to pandemic and ordering the
water samplers. Samples that are collected are being frozen and stored
until ISU is open again.
We have made the lysimeters and will be installing this weekend
We have installed the platforms for the water samplers and the
enclosures are in place and a bit more construction is needed.
MN – Frank Forcella (Ecosystem Services, 4/10/20)
Visiting the pennycress field at the Rosemount MN site next week.
Flower buds should be present, but no open flowers.
If there are flowers, I will make the first of my expected weekly pollinator
and flower density surveys.
We will contact the UMN Bee Lab in case we can get the hives placed
next to pennycress fields. The Bee Lab withdrew from the project this
year because of COVID-19 but they are still interested in future
participation.
Hives are at Rosemount not immediately adjacent to pennycress fields
but are within flight distance.
I may try to fit some pollen traps onto some of the hives.
Cody Hoerning (Ecosystem Services, 4/14/20)
1. Our SCN field projects are on track are continuing as planned with social

distancing per University regulation.
2. Greenhouse projects (as they are new projects) are currently on hold until
the restrictions lifted
3. We started sampling our SCN microplot experiments and field
experiments.
4. Later planting date (October 15) has ~90% reduction in emergence in
comparison to earlier (September 15th) plant date.
ISU – John Sedbrook (Breeding and Genetics)
We are very fortunate that our university considers research to be essential.
This means our lab has remained open albeit with strict rules to maintain social
distances and reduce possible touch transmission by washing hands frequently.
Each person using different sinks. Regarding social distancing, graduate
students have staggered their hours as well as are performing computer work
either at home or in distant locations. We have decided not to have undergrads
in the lab until further notice to avoid crowded and/or close-contact
teaching/learning situations. We have, however, had an undergraduate student
help with field plot measurements and maintenance, which was her designated
semester project.
University of Minnesota - Scotty Wells (Agronomy)
All activities are moving forward for now. The College of Food, Agricultural and
Natural Sciences dean has approved IPREFER research to move forward as
long as CDC guidelines are followed for physical distancing. The dean has
indicated that if there is a COVID-19 case that turns up, they may move to
stricter measures, up to closing down the college. For now, everything is pretty
easy as long as one to two people only go in the field. Things may become
more difficult for collection activities. Extension activities have been canceled
through the end of June.
Ohio State – Alex Lindsey (Agronomy & Extension/Education/Outreach)
I received notice that I was approved to do limited research activities. I will do
my best to continue phenotyping the field pennycress this spring and to
facilitate planting for the corn agronomic research trials.

How do you get producers to adopt new technologies and new crops? This is
the question that has been at the heart of every USDA-NIFA Bioenergy CAP
since 2011. (1) It's why CAPs are required to spend one-third of their awards on
outreach, extension, and education. Our friends at CoverCress have taken on
the challenge and time will tell if pennycress can come close to what Henry
Wallace accomplished with hybrid corn! After all, the first hybrid that Wallace
sold was 'Copper Cross.' (2)
The Founding Farmers. CoverCress is appealing to farmers in their target
zone and who are interested in growing the Midwest's first cash cover crop.
Their plan is to connect this summer with farmers who
have completed their corn/soy planting and invite them
to become “Founding Farmers.”
The plan is for CoverCress to spend the next two
years creating an environment where farmers and CoverCress can learn from
each other. This will allow CoverCress to evaluate what farmers need to be
successful in adding their version of pennycress (aka CoverCress) onto the
land. In return, farmers will have an opportunity to work with the crop while
getting valuable feedback.
From its earliest beginnings, CoverCress has listened carefully to farmers. The
Founding Farmers initiative will allow them to pursue that ethic with even more

vigor.
If you are interested in learning more about this effort, contact IPREFER's
CoverCress liaison Chris Aulbach (caulbach@covercress.com).
(1) Thanks to CoverCress for sharing the content for this article.
(2) See: Brown, William L. "H. A. Wallace and the Development of Hybrid Corn." The Annals of Iowa47
(1983), 167-179. Available at https://ir.uiowa.edu/cgi/viewcontent.cgi?article=8990&context=annals-ofiowa

IPREFER Field Day Templates
IPREFER's best-laid plans have been put on hold by the pandemic and we will
not be holding any field days in May. Stay tuned for updates as some teams are
working on 'virtual field days.' As soon as we have additional news, we will
share it with you. If you have thoughts on how to hold unconventional field
days, please contact Win Phippen and Anne Kinzel.
In preparation for 2020 field days, Win Phippen and Anne Kinzel collaborated
on designing an IPREFER field day template for any IPREFER location to use.
The two-page template is in Microsoft Word format. Page 1 is for you to fill in

with information about your field day, and page 2 contains 'stock' information
about IPREFER to introduce the project to attendees.
Please use your creative energy to modify the first page, but if you can, leave
the footer intact. The second page should stay as is. Of course, you can add
additional pages between the current pages 1 and 2!

The template and some example pages are located on the IPREFER website in
the "Login" page (https://www.iprefercap.org). The password for the page is
"ipreferpennycress". Once in, the templates are available for download in the
2020 Flyers and Brochures section.

Mike Blaine, CCA, Beck's Hybrid Seeds; Katie Black: M.S. Student UMN; Cody Hoerning: Ph.D. Student
UMN; Vivian Wauters: Ph.D. Student UMN; Luther Smith: ASA, CSSA, SSSA Director of Business
Relations

IPREFER in Action: Cody Hoerning Goes to DC
IPREFER's Cody Hoerning (Agronomy Team, UMN) was among the 70
professionals who received support from the Tri Societies (ASA-CSSA-SSA) to
attend a 'Congressional Visits Day' event in Washington DC.
Staff from the Tri-Societies welcomed the group to DC on March 1st, where
they started a hectic Day 1 focused on networking. Monday was devoted to
training. Attendees learned about the ins and outs of USDA and other research
funding. Cody says the most memorable part of the training was learning how
Congress appropriates research dollars, from AFRI's $425M to the funding
caps in the farm bill.
"As a citizen, I liked it because I felt active in the process."
Cody Hoerning

Cody was surprised at how much advocacy goes on in the appropriations
process. His group asked elected officials to support $480M in AFRI funding.
Cody says that the mentioning of such a large amount was surreal! Cody was
also able to slip in a mention of IPREFER when he met with staff from the
office of Tina Smith, the junior senator from Minnesota and Representative Jim
Hagedorn (MN-01).
The ASA, CSSA, ASA sponsor these visits every year. You can learn more on
their website and get ready to apply for support for the 2021 Congressional
Visit.

IPREFER Images: A Project Resource
If there is no image, did it really happen? This may well be the world our
grandchildren will inherit in our increasingly media-centric landscape. The good
news is that IPREFER is building a substantial body of pennycress evidence
with our image library.
Many of you have generously submitted images of pennycress and any number
of agronomic activities involving pennycress. We are currently at 94 images in
our Flickr account and growing every day. You can access these images
at https://www.flickr.com/gp/iprefercap/W96ff0 and freely download them and
share and use them as specified under the terms of our license.

Digital Rights. We have placed our images in the Creative Commons digital
rights license known as Attribution-ShareAlike
CC BY-SA. Functionally, this license lets you remix, adapt, and build upon the
IPREFER images even for commercial purposes, as long as you credit
IPREFER and any other source specified in the photo description. Any new
creation that you make must be licensed under identical terms. You can learn
more about this license at https://creativecommons.org/licenses/.
If you have images to submit, please send them to anne.kinzel@iprefercap.org.
We need you to submit them with the highest resolution available to you. So
that IPREFER colleagues can make the best use of your images we ask that
you provide the following information with your submission:
Photo Title, Date, & Geographic Location (approximate).
A brief description of the imagery.
The names and affiliation of any individuals in the photo, to the extent
known.
A proto credit, either individual or institutional.

IPREFER Q2 Report: The Good Work Continues
Our second-quarter report is now complete. We are now eight months into the

project and moving quickly towards the goal of a pennycress commercial
launch in 2021! You can now access the report on the IPREFER website.
I want to thank everyone for your work in putting this report together. I can see
that the team is getting more familiar with the format. The report makes two
things very clear about IPREFER. First, that a lot of valuable work is going on
throughout the project, and second, we have some excellent writers on the
team. Here is a brief Q & A about the report. If you have additional questions,
please let me know.
Where does this format come from?
In 2011, when the first NIFA Bioenergy CAPs were awarded, NIFA did not have
a report format but stirred the participants up with a call for quarterly reports.
Ken Moore, project director at CenUSA Bioenergy, one of the original CAPs,
came up with the format. USDA-NIFA did not object to his jumping in!
What is your job with the report?
My job is to take what each IPREFER team has submitted, and while
respecting your individual voices, give the report a consistent tone and voice.
So far, everyone has made that an easy task!
Who reads the report?
Great question and one that has been the source of speculation for a number of
CAP wits. Of course, we hope IPREFER team members give it a read so that
you can see what is going on with the project as a whole. The report is shared
with USDA-NIFA, and I can say from past experience that Bill Goldner always
knew what we were up to when I worked at CenUSA, so we know it was being
read.
Since the report is a publicly available report on the website, we hope members
of the interested public and the pennycress 'community' access it as well. We
publicize its release on our Twitter feed as well (@IPREFER_CAP)
Our next quarterly report covers the period February 1, 2020, through April
30, 2020. See the entire five-year schedule here.

IPREFER Goes Cinematic

IPREFER Collaborator Dr. Pamela Tas (Wisconsin-Platteville) has produced a
three video series featuring IPREFER and her undergraduate students.
Biodiesel Lecture (Part 1)
Biodiesel Transesterification Part 2
Biodiesel Measuring Soap Content (Part 3)
You can view and share the series on our new IPREFER YouTube
channel. https://www.youtube.com/channel/UClIn60frdoFUyXGF1pVH0SQ

IPREFER In the News
IPREFER was featured in a few prominent ag magazines in early 2020 and in a
few other outlets as well. Please let us know if you have the opportunity to
engage with the media about your participation in IPREFER. We share this
information with USDA-NIFA in both our quarterly and annual reports.

Coulter, Phyllis, "Farmers could add dollars with pennycress," Illinois
Farmer Today, April 18, 2020.
Houghton, Dean, "Cover Crops: A Place for Pennycress," John Deere The Furrow, Winter 2020.
"CoverCress gets $5M in new financing for low CI crop development,"
Biodiesel Magazine, April 13, 2020,

IPREFER is supported by Agriculture and Food Research Initiative Competitive Grant
2019-69012-29851 from the USDA - National Institute of Food and Agriculture
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Western Illinois University greenhouse ISU Mutant line
evaluaKons, April 9, 2020 (Credit: Win Phippen)

Western Illinois University Aerial, April 5, 2020
(Credit: Henry Phippen)

2020 Pennycress Variety Trials at the Western Illinois University
Research Farm, April 2, 2020 (Credit: Win Phippen)

Minnesota Pennycress Spring 2020, April 14, 2020
(Credit: Cody Hoerning)

Illinois State University graduate students Maliheh Esfahanian and
Hannah PoVer analyzing domesKcated varieKes of pennycress April 2020. Photo credit, John Sedbrook

Honey bee on Pennycress bloom, Macomb, Illinois, April
19, 2020 (Credit: W. Phippen)

IPREFER COVID-19 Responses
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Each of our IPREFER sites is experiencing its own unique set of COVID-19 restrictions. Here are
some updates from our team as of April 20, 2020.
Western Illinois University – Win Phippen (Project Director)
All administrative aspects of IPREFER are running as normal. Anne Kinzel and I are still meeting
weekly. WIU administrative staff are ensuring all funds and requests are completed in a timely
manner to the sub-awardees. The IPREFER website is still well maintained by Anne with support
from the WIU IT folks. As far as research is concerned, our access to the farm, greenhouses and
research buildings has been restricted only slightly (WIU staff is required to pass a temperature
check prior to entering campus and no groups over 10). Most IPREFER research is proceeding as
planned. Some students are still available to complete greenhouse research with Dr. Bernards.
Only hiring new staff has been delayed due to travel restrictions. We hope to be hiring a
research agronomist shortly. The annual WIU pennycress field day is scheduled for May 21 and
is still on until further notice.
Illinois State University – Bekka Darner (Extension/Education/Outreach)
Due to the COVID-19 pandemic, both planned 4H clubs and research internships have been
impacted. All 4H meetings in Illinois have been canceled, resulting in the canceling of the
planned “Cover Crop Scientists” SPIN club that was scheduled for this spring in Farmington and
Normal. In lieu of being able to run 4H clubs, Matthew, Emily, Bekky, and Willy are writing
activities to incorporate into a Cover Crops 4H book, which we hope to have drafted by the end
of summer. By that time, these activities will not have been piloted, but piloting can resume in
the fall, provided 4H clubs are able to begin meeting again. Regarding summer research
internships, five internship offers have been extended to students. All students have accepted.
We will refrain from making a determination of whether these will occur until mid to late April.
If the university and private sector work-from-home measures continue, it is possible these
internships will not be able to occur. Students have been informed of this situation.
ISU – Bill Perry (Ecosystem Services)
In light of the COVID-19 restrictions, the ecosystem group is continuing to install field
experiments and collect data. We are still moving forward just a bit slower
Pennycress is starting to grow this spring. When it begins to flower, Frank Forcella will have
beehives out in Minnesota with pollen traps to determine the flowers the bees are visiting.
he pennycress cover crop planted in mid-October is doing well. The later October crop is doing
better, and the pennycress planted in February is up and starting.
IPREFER is supported by Agriculture and Food Research Initiative
Competitive Grant No. 2019-69012-29851 from the National Institute of Food and Agriculture

We have SCN Race typing back and we have HG 2.5.7 and HG 7 in the north fields and will see if
selection by pennycress leads to changes in numbers overall and of either type.
Soybean cyst nematode sampling is planned, and Cody Hoerning has finished his written
comprehensive examinations for his Ph.D.
The ability of pennycress to function as a cover crop and reduce pore water nitrate and tile
water nitrate and phosphate losses is underway. We are struggling a bit and grad students are
not in the field, so it is limiting our progress a bit.
•
•
•
•

We are ordering the Isco samplers is on hold as the rep is ill and we are behind due to some
ISU issues.
The water sampling will be delayed due to pandemic and ordering the water samplers.
Samples that are collected are being frozen and stored until ISU is open again.
We have made the lysimeters and will be installing this weekend
We have installed the platforms for the water samplers and the enclosures are in place and
a bit more construction is needed.

MN – Frank Forcella (Ecosystem Services, 4/10/20)
Visiting the pennycress field at the Rosemount MN site next week.
• Flower buds should be present, but no open flowers.
• If there are flowers, I will make first of my expected weekly pollinator and flower density
surveys.
• Will contact Bee Lab in case we can get the hives placed next to pennycress fields. UMN Bee
Lab withdraw from the project this year because of COVID-19 but they are still interested.
• Hives are at Rosemount not immediately adjacent to pennycress fields but are within flight
distance.
• I may try to fit some pollen traps onto some of the hives.
Cody Hoerning (Ecosystem Services, 4/14/20)
1. Our SCN field projects are on track are continuing as planned with social distancing per
University regulation.
2. Greenhouse projects (as they are new projects) are currently on hold till the restrictions
lifted
3. We started sampling our SCN microplot experiments and field experiments.
4. Later planting date (October 15) has ~90% reduction in emergence in comparison to
earlier (September 15th) plant date.
ISU – John Sedbrook (Breeding and Genetics)
We are very fortunate that our university considers research to be essential. This means our lab
has remained open albeit with strict rules to maintain social distances and reduce possible

touch transmission by washing hands frequently. Each person using different sinks. Regarding
social distancing, graduate students have staggered their hours as well as are performing
computer work either at home or in distant locations. We have decided not to have undergrads
in the lab until further notice to avoid crowded and/or close-contact teaching/learning
situations. We have, however, had an undergraduate student help with field plot
measurements and maintenance, which was her designated semester project.
University of Minnesota - Scotty Wells (Agronomy)
All activities are moving forward for now. The College of Food, Agricultural and Natural Sciences
dean has approved IPREFER research to move forward as long as CDC guidelines are followed
for physical distancing. The dean has indicated that if there is a COVID-19 case that turns up,
they may move to stricter measures, up to closing down the college. For now, everything is
pretty easy as long as one to two people only go in the field. Things may become more difficult
for collection activities. Extension activities have been canceled through the end of June.
Ohio State – Alex Lindsey (Agronomy & Extension/Education/Outreach)
I received notice that I was approved to do limited research activities. I will do my best to
continue phenotyping the field pennycress this spring and to facilitate planting for the corn
agronomic research trials.

Hard/Wells

Gesch

Bernards

4/17

4/17

Tas

Heller

4/17

4/17

Last Name

Date
No travel. No in-person events on campus
through Aug 1 (currently). Agricultural
exemption allows work to continue at the
ISU Research Farm (at this point) unaltered.
Campus is currently under restricted
operations. Essential and non-essential
employees/students are allowed to access
lab and complete field work. Strict
adherence to social distancing policies is
required. CFANS Dean has stated that
college has a zero-COVID case policy, if a
case is found, operations will be restricted
further/cancelled.
The research is considered mission critical,
so can be done. However, in order to do so,
Minnesota/CDC guidelines have to be
followed to socially distance, which includes
one person/ vehicle and distancing ourselves
when preforming plot work and using PPE
when necessary.

CRM - Corn Relative Maturity
(Gesch)
DISC - Residue Management
(Heller)
CRM - Corn Relative Maturity
(Gesch)
DISC - Residue Management
(Heller)

CRM - Corn Relative Maturity
(Gesch)
DISC - Residue Management
(Heller)

CRM - Corn Relative Maturity
(Gesch) DISC - Residue
Management (Heller) Weeds
(Greenhouse/field; Bernards)

USDA

Western
Illinois
University,
Macomb, IL

UW-Platteville

UMN

ISU,
Normal, IL

Examples of essential research include
research that has the potential to address

"All on-site research activities must be
approved by a dean or director, who are
directed to only approve essential research.

Telecommuting preferred. May be on
campus with supervisor's permission and
after passing a health (temperature) check.
Agricultural activities may continue but
require temperature checks. At this point I
am expecting to have undergraduate
summer help.

Please outline your state and institutions
restrictions.

Location

Even with COVID restrictions, can
plant the following

IPREFER Agronomy Team – COVID Responses
(as of April 17, 2020 - Subject to change)

I am able to finish my current study as
long as students or myself go to the
field in isolation.

We have all the materials necessary to
initiate CRM and DISC and will do so
once the weather cooperates.

None. Excited to get into the field!

Other feedback
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Tas

Lindsey

4/17

4/17

OSU,
Columbus, Oh

UW-Platteville
/ UW-Madison

CRM - Corn Relative Maturity
(Gesch) DISC - Residue
Management (Heller)

Page 2 of 2

Travel restrictions in place, research
exemptions required. Achieved both for
now.

In talking with the Field Directors they are
not approving any new studies at this time
unless absolutely essential.

Examples of essential research includes
research that has the potential to address
the COVID-19 crisis, human-subjects
research that would endanger research
participant lives if stopped, or projects
where termination of the research would
lead to loss of long-running experimental
data, critical time-series or time-sensitive
data, loss of equipment, or to the loss of life
of critical research-related organisms."

"All on-site research activities must be
approved by a dean or director, who are
directed to only approve essential research.

Talking with the Field Directors, they are not
approving any new field studies unless
absolutely deemed necessary.

the COVID-19 crisis, human-subjects
research that would endanger research
participant lives if stopped, or projects
where termination of the research would
lead to loss of long-running experimental
data, critical time-series or time-sensitive
data, loss of equipment, or to the loss of life
of critical research-related organisms."

Breeding trial is flowering in Ohio

At this time, I am able to finish the
multistate trail, as long as students or
myself are completely isolated.
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CoverCress Field Day Spring 2020
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11th Annual Pennycress Field Day
May 20, 2020 - 10am-12pm

WIU Agriculture Field Laboratory, Macomb, IL

Field Day and Tour
Agenda:

FOR ILLUSTRATIVE PURPOSES
ONLY (FIELD DAYS ARE CURRENTLY
POSTPONED DUE TO COVID-19

9:30-10:00am - Networking- Coffee, juice, Danishes, and donuts
10-10:30am – Update from previous growing season
10:30-12pm – Field tour of research plots*
*Hay wagons will be used to transport attendees to field plots. Some walking in
the field is required to see all research plots. Appropriate footwear is required.

2019 Research Results
MEAN of 3 reps - total seed yield (lbs/acre)
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= ISU
= WIU
= UMN
= WIU and ISU
= CoverCress, Inc
= Commercial Standards

2020 Research Plot
Tour
Variety trails of breeding
lines and wild populations
of pennycress (3 reps)
Nitrogen application rates
Of 0N, 50 lbs. N, 100
lbs.N, 50 lbs.N applied
Fall + 50 lbs. N applied
Spring, 50 lbs.N + 10 lbs.
sulfur, and 10 lbs. sulfur
(3 reps)
Multi state variety trials
including top ten breeding
lines from WIU, ISU, UM,
and CoverCress, Inc. (3
reps)
Fungicide (Priaxor) trials
with leading breeding
lines MN106 and
ARV001. Single
application prior to flower.
(3 reps)
Demonstration of new
Plot combine for
pennycress harvest and
state trials.
Large strip trials of top 10
winter and spring
breeding lines from 2019
Greenhouse tour

FOR ILLUSTRATIVE PURPOSES ONLY (FIELD DAYS ARE
CURRENTLY POSTPONED DUE TO COVID-19

Pennycress – The Midwest’s First Cash Cover Crop
Pennycress (Thlaspi arvense L.) is a high-yielding oilseed crop that can be grown as an ecosystem
benefiting winter cash cover crop throughout the U.S. Midwest Corn Belt. Pennycress is unique
among cover crops in that it can generate income, which will incentivize farmer adoption. Integration
of pennycress into existing corn-soybean rotations would extend the growing season on established
croplands, avoiding food crops displacement, while yielding up to 2 billion gallons of oil annually
towards the 25-year goal of 50 billion gallons of biofuels.
IPREFER is a USDA-National Institute of Food and Agriculture Coordinated Agricultural Project
funded at the $10 million over five years (2019-2024). CAP projects facilitate the development of
regionally-based industries producing advanced biofuels, industrial chemicals, and other biobased
products. IPREFER’s 49-member research and extension/outreach team concentrate on optimizing
off-season pennycress production and overcoming supply chain bottlenecks, with an overarching
goal of commercializing pennycress as the Midwest’s first “cash cover crop” within five years.
The IPREFER research program focuses on improving pennycress germplasm and agronomic
management, ecosystem services characterization, and supply chain establishment with an
emphasis on post-harvest seed management. We are developing education and extension networks
that enhance pennycress adoption and profitability by providing science-based guidance to producers
and other stakeholders, training farmers, workers, and scientists, and highlighting new career
opportunities.
At IPREFER, we place a strong emphasis on working directly with producers and industry. This
relationship will integrate research-based knowledge to improve on-farm economics and highlight
environmental benefits. The integration of pennycress as a cash cover crop will positively impact the
profitability of production agriculture and contribute to the economic health of rural communities.
Pennycress production also has the potential to decrease soil erosion and nutrient runoff, support
pollinator health and biodiversity, suppress spring weeds, and increase energy security by
diversifying the nation’s energy portfolio.
Learn more about the IPREFER project at our website iprefercap.org and by following us on Twitter
at @IPREFER_CAP.

IPREFER is supported by Agriculture & Food Research Initiative Competitive Grant no. 2019-69012-29851 from The National Institute of Food & Agriculture.
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AGRICULTURAL GENETICS

From stinkweed to oilseed
Up to now, creativity, ingenuity, time and more than a little luck have been essential for transforming a wild plant
into a new food crop. Building on the understanding of gene function in Arabidopsis, the process of domestication
can be rapidly accelerated.

Anne B. Britt

T

he domestication of a wild plant species
begins with the identification of rare,
desirable, heritable changes, followed
by many generations of inter-crossing and
phenotypic screening to combine, or ‘stack’,
the improved traits. This process, employed
to generate leafy vegetables, oil seed crops
and root crops from the wild species
Brassica rapa1, traditionally could have taken
place over hundreds of years. In the twentieth
century, the development of artificial
mutagens greatly accelerated the rate of
discovery of improved or novel traits, and the
invention of DNA-marker-assisted selection
allowed breeders to identify segregates of
interest by seedling genotyping rather than
waiting for trait expression in mature plants1
— thereby saving time, space and resources.
This process is used to improve existing
crops, but the development of a really new
crop is a rare event.
In this issue of Nature Food, Chopra et al.2
describe progress in the rapid domestication
of pennycress (Thlaspi arvense) leveraging
the extensive knowledge gained from the
model plant Arabidopsis thaliana. Like
B. rapa, pennycress is a member of the
Brassicaceae family — which also includes
Arabidopsis. There has been substantial
investment in Arabidopsis, a plant that
will never become a crop, as a model for
understanding flowering plant molecular
biology and metabolism3. As the authors
reveal, some of that investment is paying off.
Pennycress possesses attractive traits
as a winter cover crop. Overwintering
as a green, ground-hugging rosette, it is
hardy to very low temperatures, bolting
and flowering in early spring3. Planting
pennycress after the corn or soybean
harvest in autumn would stabilise the soil,
help retain nutrients from runoff, and act
as a mulch to suppress weeds in the spring4.
However, importantly, with this model
pennycress is not harvested profitably.
Although it produces oil-rich and
potentially nutritious seeds, pennycress
possesses many unattractive features:
weediness and an unpleasant odour for
starters (hence ‘stinkweed’). Furthermore,
24

its growth-time to maturity fits poorly with
the growing season for corn and soybean;
it harvests poorly, as the pods are likely to
shatter and disperse seeds; and it has high
concentrations of sinigrin and erucic
acid that render it unsuitable for human
and animal consumption4. The work
of Chopra et al. presents a pipeline,
potentially applicable to other species,
for the rapid domestication of this wild
species to a substantially altered cover
crop that can also be harvested as an
oilseed for human consumption.
This pipeline began with the creation
of a large population of plants that were
mutagenized with ethyl-methanesulfonate
(EMS) as seeds (20,000 plants, representing
60,000 independently mutagenized, seedproducing cell lineages, each carrying
approximately 1,000 base changes)5.
The progeny of these self-pollinated plants,
many now homozygous for new mutations,
were grown, self-pollinated again and
harvested individually, producing
‘seed families’ that may be uniformly
homozygous for new traits. Given that
each plant produces several thousand seeds,
these 15,000 families provide plenty of
material for phenotypic screening in the
field and the lab. Families with useful new
traits are retained. As described so far, this
approach is identical to classical mutagenesis
as would be performed on a smaller scale
by Arabidopsis researchers6, and resembles
a screen for novel features as could be
performed in any self-fertile crop.
New traits can be combined through a
series of crosses, screening the descendants
for the desired qualities. The incorporation
of five important new traits described by
Chopra et al. — stacked together into a
single lineage, while also outcrossing to
reduce the contaminating undesirable
mutations — requires many generations.
Screening each generation for phenotype
would be extremely challenging, as all of
the traits of interest appear at the time of
seed maturation — hence the desirability
of DNA-marker-assisted identification of the
genotype of interest. But the development

of these markers requires mapping of the
causal mutation (and, again, phenotypic
screens of large adult populations). Instead,
Chopra et al. leverage the investment already
made in Arabidopsis to rapidly identify the
mutations underlying their phenotypes,
eliminating the need for mapping, and then
use the sequences of the causal mutations
themselves as markers.
To identify the causal mutation, the
authors sequence the entire genome of
each line of interest, identifying all basechanges (typically, 1,000 per plant). The
subclass of mutations predicted to affect
gene function are then identified in silico
and ‘candidate’ genes are hand-picked
from among these, based on their known
function in Arabidopsis. Co-segregation of
homozygosity for the mutant allele and the
recessive phenotype provides additional
confidence that the causal base-change
has been identified. The sequence of the
mutation itself immediately provides a
DNA-based marker for the accelerated
stacking of traits, allowing the breeder
to identify those seedlings carrying the
useful alleles, even as heterozygotes. Again,
the authors’ very rapid progression from
phenotype to causal genotype (and therefore
facile tracking of the allele on outcrossing
and stacking) relies on published research
from pennycress’s cousin, Arabidopsis.
Much of the applied aspect of investment
in Arabidopsis has been justified as a means
to ‘rationally design’ crop biology. Genes
would be identified in Arabidopsis, and
their homologues identified in (potential)
crop species. Those homologues would
then be modified to produce the designed
phenotype. One might wonder whether
this ‘reverse genetic’ approach, facilitated
by CRISPR-based mutagenesis of wild
proto-crops, might provide a faster
and easier route to the creation of new
crop species. However, several of the
genes identified here were not originally
considered candidates for domestication.
It was the isolation of randomly generated,
useful mutations in these genes that made
the investigators think twice. In addition,
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some of the mutations identified are subtle
changes: amino acid substitutions rather
than gene knockouts, causing a reduction
or modification of gene function rather than
its elimination. These subtler mutations are
far more difficult to anticipate, as well as
challenging to engineer.
The creation of a new crop species
requires substantial insight and creativity.
The pipeline described by Chopra et al.
makes the downstream (‘post idea’) process
easier. This same pipeline could be applied
to other wild or cultivated members of the
Brassicaceae family. It remains to be seen
whether expansion beyond that clade requires
a similar investment in other models.

Cover crops are typically grown for the
benefit of the soil. They provide a host of
ecological services, from improving soil
quality and reducing erosion to nitrogen
fixing and promoting a good growing
environment for future crops. The new
pennycress goes further, allowing farmers
to diversify their outputs and income
streams, while also contributing towards
new sources of feed for animals and food
for our growing population.
❐
Anne B. Britt

Department of Plant Biology, College of Biological
Sciences, University of California - Davis, Davis,
CA, USA.

Nature Food | VOL 1 | January 2020 | 24–25 | www.nature.com/natfood

e-mail: abbritt@ucdavis.edu

Published online: 13 January 2020
https://doi.org/10.1038/s43016-019-0016-y
References

1. Jiang, G. L. in Advances in Plant Breeding Strategies: Breeding,
Biotechnology and Molecular Tools (eds Al-Khayri, J. et al.)
431–472 (Springer, 2015).
2. Chopra, R. et al. Nat. Food https://doi.org/10.1038/s43016-0190007-z (2019).
3. Provart, N. J. et al. New Phytol. 209, 921–944 921 (2016).
4. Cubins, J. A. et al. Agro. Sust. Dev. 39, 46 (2019).
5. Chopra, R. et al. Plant J. 96, 1093–1105 (2018).
6. Page, D. & Grossniklaus, U. Nat. Rev. Genet. 3, 124–136 (2002).

Competing interests
The author declares no competing interests

25

Dr. Winthrop B Phippen
Project Director
Professor of Plant Breeding and Genetics
Western Illinois University
School of Agriculture
1 University Circle
Macomb, IL 61455-1390
Phone: 309.298.1251 or 309.298.1080
Email: wb-phippen@wiu.edu

Anne Kinzel
Project Manager
Western Illinois University
School of Agriculture
Email: anne.kinzel@iprefercap.org

“Our mission is to optimize 0ff-season pennycress oilseed production
By overcoming production and supply chain bottlenecks.”

